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At the end of 2004, starting another company was the furthest 
thing from our minds. We—Roger and Maynard—were easing 
into retirement. Over the last three decades, we had successfully 
launched five companies together. At this point in our lives, non-
profit ventures occupied the majority of our time, punctuated by 
our active involvement in competitive hockey and an occasional 
round of golf at the courses near our San Diego homes.

We were not the only members of our family who had settled 
in Southern California. Our brother David, a physician, ran a thriv-
ing private practice in El Cajon. Our eldest brother Ron ran a quiet 
bed-and-breakfast with his wife Arlene in the small town of Julian. 
Our brother Bruce was president of a nutraceutical company. We 
remained close to our sisters Mary, Janet and Gloria who lived in 
other locations. We spent a significant amount of time together, 
and as the year drew to a close, we made plans to spend Christmas 
with each other, as a family. When we went to sleep on December 
4th, 2004, we believed that our lives had settled into a familiar rou-
tine. The next day, this illusion was shattered.

Introduction

A Personal Story

Introduction: A Personal Story
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The Accident
The people of Julian had not experienced a December snowstorm 

that strong in years. Snowflakes blanketed the roads, while furious 
winds made navigating the narrow winding roads almost impos-
sible.

It was through this storm that our sister-in-law Arlene was driv-
ing her minivan. She had just picked up three workers to help clean 
the family’s bed-and-breakfast. On the way back home, Arlene 
noticed that a sharp curve loomed in the road ahead. She applied 
the brakes, but the build-up of ice and snow was deeper than she 
thought. 

The van suddenly went into an uncontrollable slide. In a second 
it had careened to the other side of the road. A brief moment later, 
the van was tumbling down an 80-foot ravine. 

When the van stopped, Arlene lay motionless, suspended in 
the upside-down vehicle. The three other occupants were able to 
escape through the window, but Arlene remained pinned, her body 
trapped within the twisted wreckage of the automobile’s front seat.

Another motorist had witnessed the crash and quickly called 
911 for assistance. Several hours later, Arlene was in the emergency 
unit of the nearest hospital, while doctors anxiously determined her 
condition.

Meanwhile, Ron waited nervously for his wife to return home. 
After several hours had gone by, Ron called the husband of one of 
Arlene’s passengers, who gave him the news that sent him rushing 
to the hospital.

Ron was soon to discover that Arlene’s condition was critical. Her 
spinal cord had been severely damaged and her vertebrae cracked 
and separated from their normal alignment. He listened, shocked 
and numb, as her attending physician gave his prognosis: “If Arlene 
makes it, she will be a quadriplegic.”

When we received the news, we rushed to be with our brother 
and sister-in-law at the hospital. After tearfully embracing us, Ron 
walked us over to Arlene’s bed. We barely recognized her. Scores 
of tubes, bandages, and machines surrounded her bedside. Our 
conversation with her physician and nurses was very direct and 
extremely discouraging. 

In the days and weeks following, our extended family and 
friends offered prayers, support and hope for Arlene’s recovery. Her 

Arlene Howe in the hospital.
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dedicated medical team worked around the clock to keep her with 
us. Arlene’s courage and fortitude, persistence and faith gave her the 
strength to fight for life, and to begin the long and difficult road 
to recovery.

When Arlene finally stabilized, our family brought all our 
resources to bear to help her improve her condition. We drew upon 
our years of experience and networking in the medical field to 
arrange for the best physical therapy, hospital and home care avail-
able. In spite of these excellent resources, Arlene made very little 
progress. Her life seemed destined to confinement in a bed and a 
specialized wheelchair.

Watching our brother and sister-in-law struggle daily with her 
spinal cord injury, we were determined to do all we could to help. 
We asked all the medical experts we knew if there were treatment 
options besides physical therapy. A few of our physician friends 
admitted that there was some exciting work coming out of Russia 
that might offer hope for Arlene. They explained that physicians 
in Moscow had been successfully treating spinal cord injuries for a 
number of years using stem cell therapies.

Peering Behind the Iron Curtain
Moscow. For our generation, that word brought up memories of 

a childhood spent during the Cold War. We reminisced about the 
fears we had of the Soviet Union, remembering school day drills of 
ducking under the desks to protect ourselves from Soviet missiles. 
We reminded each other of the weeks we had spent digging a bomb 
shelter in our yard, fortifying it with concrete and steel walls and 
supplying it with enough food to last our family for days in the 
event of a nuclear attack.

As a family growing up in the rural Midwest, 
we had been taught to view the Russians as 
the Soviet enemy. Our teachers, parents, and 
ministers had warned us that communism was 
spreading quickly and could one day take over 
the world. During our childhood, to think that 
Russian scientists and physicians could provide 
help to anyone in the United States would have 
been unimaginable. How ironic, we reflected, 
that the country we feared in our youth could 
offer hope and healing to our family later in life.

Children conducting a safety drill 
in the mid 1950s.
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Nervous but resolute in our determination to improve Arlene’s 
condition, we took the long journey to Moscow. There we met 
with Dr. Nikolai Mironov (MD, PhD), an internationally renowned 
neurologist who, through approved clinical studies, had performed 
hundreds of adult stem cell treatments. After examining Arlene, Dr. 
Mironov agreed to enroll her in a clinical study he was conducting, 
using adult stem cells to treat spinal cord injury. Later on in this 
book, we will reveal her results. But on that windy day in Moscow, 
we were not sure ourselves what to expect from Arlene’s treatment.

Anxious and uncertain, we spoke to Dr. Mironov at length about 
the history of stem cell treatments in Russia. Our investigations did 
not stop there; we delved into an exhaustive examination of stem 
cells and their potential therapeutic uses. We spoke with respected 
scientists and physicians who had worked with stem cells. These 
were not second-rate doctors operating in fly-by-night clinics; 
instead, these were members of the Russian Academy of Science 
who maintained prestigious positions at top research institutes and 
hospitals across the country.

Although Russian researchers have been conditioned to be cau-
tious after decades behind the Iron Curtain, slowly the Moscow 
scientists and physicians we spoke with began revealing the details 
of an amazing story. 

The Russian Discovery
Physicians at one of the most prestigious hospitals in Moscow, 

these researchers explained, had saved the lives of Kremlin leaders 
and other top officials through stem cell therapies they had per-
fected over several years. Their early research and pre-clinical stud-
ies used fetal and bone marrow-derived stem cells. As their research 
progressed, they advanced their technology to include stem cells 
taken from healthy adult volunteers. 

Realizing that any understanding of stem cell medicine was 
incomplete without the patient perspective, we asked if we could 
view some of the clinical results firsthand. We were encouraged by 
what we observed. Spinal cord injury patients presented a spectrum 
of improvement. Some seemed to have gained significant benefits, 
others moderate or fair benefits. Even more important, despite 
asking repeatedly, we did not uncover any problems with safety. 
After reviewing the spinal cord injury results, we were allowed to 
interview patients who had been treated for conditions such as 
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Alzheimer’s, Parkinson’s, stroke, serious diseases of the eye, and 
other debilitating conditions. Dozens of these patients described 
various degrees of clinical improvement, confirming what we had 
previously learned.

Medical doctors and researchers often use the term “anecdotal” 
when referring to these isolated case studies. Without large scale, 
well-designed clinical trials it is difficult to draw conclusions on 
how a treatment will impact a larger population. At this point, how-
ever, we could not ignore the body of positive clinical evidence pre-
sented to us—especially as it pertained to helping our sister-in-law.

Restoring Lives
After our return from Moscow, we began to report our findings 

to some of our business associates. In addition, we met with several 
physicians and scientists who expressed a great deal of interest but 
remained highly skeptical of our report.

The more conversations we had, the more we noticed a recur-
ring theme. When sharing our story with a group of people, we 
would often mention other medical conditions for which stem 
cell treatments seemed especially promising. After we were done 
talking, a member of the group would invariably come up to us 
and acknowledge that they had a family member or a friend who 
suffered from one of these conditions. As this experience repeated 
itself, we began to realize the prevalence of some of these chronic 
diseases, for which adult stem cells may hold the answers. Together, 
we started brainstorming ways to make this revolutionary stem cell-
based medicine available to wider segments of society.

While many physicians, scientists, businessmen, friends and 
associates tried to discourage us from moving forward with our 
efforts to build a stem cell company, our spirits were bolstered by 
many others who offered encouragement, financial support and 
professional guidance. Privately, many physicians confided in us 
that they were frustrated by the lack of medical options they could 
provide to patients suffering from incurable conditions. They 
expressed to us the hope that stem cell therapy would allow them 
to provide treatment to their patients. We were guided not only by 
their support, but also by the knowledge that a clinically validated 
stem cell product could potentially treat thousands, perhaps mil-
lions of people with debilitating, incurable conditions.

Privately, many physicians 
confided in us that they 
were frustrated by the lack 
of medical assistance they 
could provide to patients 
suffering from incurable 
conditions. They expressed 
to us the hope that stem 
cell therapy would allow 
them to provide treatment 
to their patients.
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The tragedy and despair of Arlene’s accident gave birth to a 
vision of hope and promise. This vision was to develop a medical 
technology dedicated to saving, restoring and improving the qual-
ity of life for patients who had no other significant options. Our 
vision led us to Dr. Nikolai Tankovich (MD, PhD), a surgical oncolo-
gist and physicist and former high-level Russian researcher, to form 
Stemedica Cell Technologies, Inc. 

What You Will Learn
This book is a continuation of that vision, an attempt to better 

educate different audiences on the therapeutic potential of mod-
ern stem cell therapy. As you read through these pages you will 
discover that:

• Thousands of people have already received stem cell therapy  
in clinical studies around the world.

• Stem cells offer significant potential for renewal of injured  
or degenerated tissue.

• Stem cell research has a long and storied history, which  
encompasses decades of work on several continents.

• Stem cell-based treatments are likely to become widely  
available in the near future.

This information is useful for every member of society. But 
chances are, you picked up this book for more specific reasons. 
Different readers will be interested in different aspects of this book.

If you or a loved one are suffering from a condition for which cur-
rent medicine offers little hope, this book will teach you:

• How stem cells may offer hope to “no-option” patients.

• How far stem cells have come along the path of “clinical  
translation.”

• Which clinical trials have been, or are currently being,  
conducted for stem cell therapy.

• What to keep in mind when considering a stem cell treatment.

If you are a medical professional who wants to expand his or her 
knowledge of how stem cells are affecting the medical field, this 
book will assist you in understanding:

• The mechanism(s) of action by which stem cells can affect  
cellular repair.

• Which clinical conditions are most likely to respond to stem 
cell therapy.
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• What research has already been com-
pleted on stem cells for clinical appli-
cations, and what conclusions can be 
drawn.

• Which stem cells are most suited for 
different clinical applications.

If you are a public policy professional, 
this book will help you assess:

• The magnitude and variety of societal 
health conditions that currently have 
no meaningful treatment options, for 
which stem cells may be clinically per-
tinent.

• How stem cell medicine could reduce 
health care costs and increase patient 
independence and quality of life, 
resulting in societal benefit.

• How (and why) different research centers, educational institu-
tions, and even national governments have embarked upon 
stem cell research programs.

If you are a financial analyst, this book will show you:

• The potential financial impact of even a single stem cell product.

• How stem cells may drastically affect the health care industry, 
biopharmaceutical industry, and insurance industry.

• How future innovation will almost certainly increase the effec-
tiveness and availability of stem cell-based therapeutic options.

Given such a varied audience, many of the terms used in this 
book will be unfamiliar to some of our readers. You will find select-
ed words boldfaced and defined in the margin.

What is a Miracle?
In many ways, stem cells are the ultimate scientific mystery. 

Exploring how stem cells work provides a look at the healing pro-
cess of our own bodies; of how we grow and age as human beings. 
When we look into the possibilities of stem cells, we are studying 
the highly versatile building blocks of life itself, as well as a set of 
the most powerful healing tools available to the human body. These 
tiny cells offer the secrets to the origins of life and the replenish-
ment of our vitality. 

Many of the terms used in this 
book will be unfamiliar to some 
of our readers. You will find 
selected words boldfaced and 
defined in the margin.

When we look into the 
possibilities of stem cells, 
we are studying the highly 
versatile building blocks 
of life itself, as well as a 
set of the most powerful 
healing tools available to 
the human body.
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Looking at these stem cells under a microscope, one can scarcely 
believe their incredible potential. Stem cells are how every one of us 
began our lives. That is one reason why this book is entitled, “The 
Miracle of Stem Cells.” But a miracle is in the eye of the beholder. 
For a spinal cord injury patient who has not moved their arms or 
legs in months or even years, the ability to prepare their own meals 
is a miracle. For a stroke patient who was previously unable to 
speak, the chance to once again say even a few words is a miracle. 
For the diabetic retinopathy patient with degenerating vision, the 
ability to regain some measure of sight is a miracle.

If you were told that you could never walk again, how would you 
feel if you were able to graduate from a wheelchair to a walker? How 
would you react after learning that a family member who previously 
could not comprehend what they were reading, was now cognizant 
of everyday news events? Answer these questions honestly, and you 
will understand how the advance of stem cell research and the use 
of stem cell treatments may seem like a miracle to patients who 
have resigned themselves to a life with a serious and permanent 
condition.

So whether you are a patient or a doctor, a researcher or a health 
care consumer, if you wish to better understand the miraculous 
nature of these stem cells and the therapeutic options they provide, 
read on.
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On September 28, 1928, by complete accident, medical science 
made a tremendous leap forward. It was on that day that Scottish 
scientist Alexander Fleming discovered that he had made a mistake 
and forgotten to cover his petri dish from the night before. The dish 
was being used to grow Staphylococcus, a common bacteria, but 
Fleming’s mistake had allowed a blue-green mold 
to grow on the dish. Before Fleming could throw 
out his contaminated results, he realized that the 
bacteria had stopped growing in the areas where the 
mold was present. This unexpected observation led 
to the realization that penicillin, the mold, could be 
used to treat bacterial infections, giving birth to the 
use of antibiotics as a medical treatment.

The accidental discovery of antibiotics saved 
millions of lives by enabling doctors to effec-
tively treat bacterial infections for the first time. 
Before 1928, there was no effective treatment for 

Alexander Fleming receiving the 
Nobel Prize in 1945 from King 
Gustavus Adolphus of Sweden.
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bacterial infection. It was not unusual for a minor wound to 
become life-threatening. In 1924, for example, President Calvin 
Coolidge’s adolescent son died from an infected blister he had 
acquired while playing tennis. Antibiotics turned the impossible 
into the possible; medicine was suddenly able to offer solutions, 
instead of condolences. When penicillin became widely available 
in the 1940s, healthcare took a large and permanent step forward. 
Antibiotics were nothing short of a medical revolution.

Unlike antibiotics, stem cells were not discovered by chance; in 
fact, scientists have been researching stem cells for over a century. 
The word “stem cell” is almost 150 years old, and the first major 
stem cell discovery occurred over 100 years ago.1 There was no 
fortuitous accident that made today’s stem cell treatments pos-
sible. But antibiotics and stem cells have much in common. Like 
penicillin, stem cells are poised to usher in a new medical revolu-
tion, one that will be used to treat some of the most prevalent and 
debilitating diseases of this century.

Stem Cells: The New Medicine
Today, stem cells offer the possibility to effectively treat or 

stop the progression of dozens of diseases and conditions. Many 
of these conditions currently have no effective medical treat-
ment. People who have experienced a spinal cord injury, for 
example, have limited ability to reverse their permanent neuro-
logical damage. Those who have lost sight from eye conditions 
such as retinitis pigmentosa or diabetic eye disease are rarely able 
to improve their vision. Human beings do not have the ability 
to regrow entire organs, or to heal significant wounds without 
disfiguring scars.

Millions of people suffer from conditions that lack effective 
treatment options. Almost one million Americans with diabetic 
retinopathy have vision that is considered threatened.2 Over 
50,000 Americans die each year from traumatic brain injury.3 
Stroke affects another 795,000 annually.4 In the U.S. and around 
the world, people are crying out for another medical revolution.

Stem cells will be the penicillin of the 21st century. Adult 
stem cells have already been used to successfully treat a range of 
conditions, from spinal cord injury to stroke to cardiac disease. 
The possible applications of stem cell treatment may well be 
limitless. In fact, stem cells are being tested for many conditions. 
In this book, we will confine our discussion to research and 

Antibiotics and stem cells 
have much in common. 
Like penicillin, stem cells 
are poised to usher in a 
new medical revolution, 
one that will be used to 
treat some of the most 
prevalent and debilitating 
diseases of this century.



Chapter 1— Understanding the Promise of Stem Cells

11

treatment being done in four areas:

1.  Neurological conditions, such as stroke, traumatic brain injury, 
Alzheimer’s, Parkinson’s and spinal cord injury.

2.  Cardiovascular conditions, such as heart disease and peripheral 
artery disease.

3.  Ophthalmic (vision-related) conditions, such as diabetic retino-
pathy, macular degeneration, and retinitis pigmentosa. 

4.  Wound care, such as burns, and chronic skin ulcers  
related to diabetes, vascular disease or pressure sores.

In these areas especially, medical science has made significant 
strides with adult stem cells, and there is a growing consensus that 
stem cell therapy may offer solutions to previously unsolvable 
medical dilemmas.

“Ten Years Away?”
Stem cell research has advanced to the point where many major 

universities and research centers have set up their own stem cell 
laboratories. Thousands of scientists are involved in bench-top 
research that advances the scientific community’s understanding of 
how these cells work. Seen through the viewpoint of the bench-top 
researcher alone, stem cell treatments may seem a decade away. But 
theirs is not the only viewpoint to take into account. There is also 
an entire community of clinicians and medical specialists, includ-
ing the FDA, who are currently exploring innovative new ways to 
treat disease with stem cell-based therapies. In order to understand 
how close we are to a legitimate set of stem cell treatments, it is 
necessary to look beyond the laboratory benchtop.

Stem cells have been used, and are currently being used, in hun-
dreds of clinical trials and studies around the world. In fact, a search 
of the National Institutes of Health’s (NIH) database of clinical trials 
reveals over 3,000 clinical trials, in the United States alone, using 
stem cells to treat various conditions.5 This list includes clinical trials 
that will occur in the future, are ongoing, or have already been com-
pleted. And the NIH’s list only shows clinical trials that occur within 
the United States; trials have been, and continue to be, conducted in 
other countries as well.

While there is still progress to be made before stem cells transi-
tion to mainstream treatment, it is already a fact that thousands of 
patients around the world have been treated, or are currently being 
treated, with stem cells. Behind each patient is a face, a name, a 

A search of the National 
Institutes of Health’s 
(NIH’s) database of 
clinical trials reveals over 
3,000 clinical trials using 
stem cells to treat various 
conditions in the United 
States alone.

Cell Based Therapy
Stem cells fall into the larger 
category of cell-based regen-
erative medicine products. 
Since 1988, approximately 
a third of a million patients 
have received treatment with 
regulatory agency approved 
cellular products. These treat-
ments involved over 675,000 
units of Good Manufacturing 
Practice produced therapies.6
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story. Within the pages of this book, the reader will uncover the 
stories of:

•  A former professional athlete who suffered a serious and debilitat-
ing stroke. Stem cell treatments helped him regain his freedom of 
movement, ability to speak, and active lifestyle.

•  A real estate developer from Montana who was diagnosed with 
Parkinson’s several years ago. Stem cell transplantations drasti-
cally reduced his symptoms and have allowed him to maintain an 
active lifestyle almost a decade after his diagnosis.

•  An award-winning engineer from Russia who f ught diabetes all 
his life, eventually losing much of his sight to the disease. Stem 
cells improved his vision, cut his insulin dosage in half, and 
allowed him to return to work.

•  A housewife from southern California who acquired cerebral palsy 
during her birth, and who suffered from severe spasms, muscular 
pain, lack of mobility and other neurological complications for 
over 49 years. After receiving stem cell treatment she regained bal-
ance, significantly reduced her muscle spasms, decreased her pain 
and regained some range of motion. 

Their results give testimony to the fact that stem cell treatments are 
not “ten years away.” The case studies mentioned above demonstrate 
that stem cells offer tangible promise for these “no-option” patients. 

For the lay reader, these results will probably arouse a sense of basic 
curiosity: Where do stem cells come from? How do scientists isolate 
and cultivate them? What stem cell types are most likely to make the 
transition into mainstream medicine?

None of these questions can be answered without first providing a 
response to the most basic question of all: What are stem cells?

A Stem Cell Overview
Every living organism is made up of cells; they are the fundamen-

tal building blocks of life. A simple bacteria may be composed of five 
to ten cells, while the human body is formed by perhaps 100 trillion 
cells (although scientific opinions vary on how many cells make a 
human body), but these two organisms are like a small house and a 
skyscraper; they are both built with the same materials.7 

In order to grow and regenerate, cells reproduce by a process of 
division; one cell becomes two, and so on. This allows an organism 
to grow, and for organs to replenish themselves. Cells within a taste 

Disclaimer
Patient names and per-
sonal information have been 
changed in order to protect 
and maintain confidentiality. 
Relevant medical history has 
not been altered and was 
used and provided with per-
mission.
This text is provided solely 
for the purpose of dissemi-
nating information on stem 
cells and stem cell medicine. 
Accordingly, nothing con-
tained within this text is to 
be interpreted as claim of 
effectiveness of stem cells for 
the treatment of any medical 
condition.

o
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bud, for example regenerate every 10-14 days. Skin cells turn over 
every 14-28 days. 

There are many different types of cells within the human body. 
Blood cells are different from neuronal cells, which are different 
from the cells that compose muscle or fat. The distinctions go even 
further, as these general cell categories are broken down into even 
more specialized cell types.

In fact, it takes many different types of cells to make a human 
body function correctly. But these different cell types have a com-
mon originator. Just as separate branches will grow from the same 
tree trunk, so will different cell types arise from a common cell pro-
genitor. These progenitor cells, the tree trunk from which different 
branches of cells arise, are what we refer to when we use the term 
“stem cells.”

The Definition of a Stem Cell
In order to be considered a stem cell, two criteria must be met: 

differentiation and self-renewal. Differentiation refers to a stem 
cell’s ability to transform into a different type of cell. For example, 
a hematopoietic stem cell (often referred to as an HSC) is a stem cell 
that grows in the bone marrow and is the common originator for all 

Hematopoietic stem cells can dif-
ferentiate into red blood cells, 
white blood cells or platelets.
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blood cells. Discovered by Russian scientist, Dr. Alexander Maximov  
(MD), (whose story will be explored in the next chapter), an HSC 
can differentiate into red blood cells, white blood cells, or platelets. 
Once created, these more specialized blood cells can only reproduce 
into copies of themselves; a platelet can only form platelets, and 
so on. But with differentiation, stem cells are capable of amazing 
transformations that make their presence invaluable to the health 
of the human body.

In addition to differentiation, a stem cell must also have the 
capacity for self-renewal. If differentiation is a stem cell’s ability to 
give birth to another type of cell, then self-renewal is its ability to 
give birth to more stem cells. After all, if stem cells could only turn 
into other cell types, then one day we would all run out of stem 
cells. However, all stem cells have the ability to go through cell 
division without differentiating into other cell types. A stem cell 
that has not transformed into another cell type is referred to as an 
“undifferentiated stem cell,” or a stem cell in an “undifferentiated 
state.” It is in this state that stem cells are capable of self-renewal. 
Once a stem cell gives rise to another cell type, those new cells can-
not naturally transform back into stem cells.

While all stem cells have the same capacity for self-renewal, 
not all stem cells have the same level of differentiating ability. Put 
simply, some stem cells have the ability to differentiate into more 
cell types than others. The term “potency” describes the range of 
differentiation options available to a stem cell, and different stem 
cells have different levels of potency.8

Stem Cell Sources: Embryonic Stem Cells
One source of stem cells comes from human embryos. These 

embryonic stem cells (ESCs) are cultivated from the innermost cell of 
a blastocyst, a four-day-old fertilized egg. These stem cells are known 
to possess high potency levels, and when it was discovered that 
human ESCs could be isolated and grown in cell cultures, many sci-
entists believed they had found the perfect cell source for clinical use.

However, embryonic stem cell research is a controversial issue 
within a wider society. The source for most of these stem cells are 
embryos stored in fertilization clinics; when couples decide not to 
use their embryos, they may donate these embryos to scientific 
research. Scientists who support embryonic stem cell research point 
out that blastocyst-derived cells are a valuable source of stem cells, 

Colored scanning electron 
micrograph (SEM) of an embry-
onic stem cell. Embryonic stem 
cells are pluripotent; they are 
able to differentiate into almost 
any cell type.
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and allow for the possibility of advanced scientific breakthroughs 
that would later translate into life-saving treatments.

Opponents of embryonic stem cell research argue that it is 
unethical to use embryos, potential human lives, as a mere means 
to perform research. Pro-life advocates often equate embryonic 
research with abortion. Some religious traditions perceive embry-
onic research as a slippery slope that devalues unborn human life 
in favor of scientific advancement. 

While society debates the ethical and religious considerations 
of embryonic stem cell use, clinicians have all but abandoned the 
idea of putting embryonic stem cells in human beings. Currently, 
there are few clinical trials underway that use embryonic stem cells 
to treat human beings for any disorder or condition. The reason 
has less to do with societal opprobrium, and more to do with the 
therapeutic unsuitability of the cells themselves.

Teratomas
The essential problem in using ESCs is this: these powerful 

stem cells appear to be too potent—and hence, uncontrollable. 
Embryonic stem cells can form any cell within the adult human 
body, which is incredibly exciting from a research standpoint. 
When placed within a patient, however, there is a likelihood that 
they will run amok, and cause a type of tumor known as a teratoma. 

The word teratoma comes from the Greek word for “monstrous 
tumor,” and that is exactly what they are; monstrous tumors that 
arise when stem cells disobey the cues from their environment and 
begin forming random tissue. Usually manifesting as a congenital 
defect, these teratomas may be present at birth, and often contain 
tissue or organ components. Teratomas have been found contain-
ing hair or teeth; in some rare cases, even entire organs have been 
found encapsulated in these tumors. 

While it has been established that teratomas may arise as a 
potential consequence of embryonic stem cell use, media and 
scientific attention has not focused on this possibility. A partial 
explanation for this lack of focus may be because teratomas are not 
often well known beyond medical circles. Teratomas usually result 
in spontaneous abortions, meaning that they are rarely seen in liv-
ing humans.

Since teratomas are caused by misbehaving stem cells, it stands 
to reason that embryonic stem cell therapy might introduce the 
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danger of inducing teratomas in a patient. Unfortunately, that fear 
is not unfounded. In a British study on laboratory rats, researchers 
attempted to use embryonic stem cells to treat Parkinson’s disease. 
While the results were very encouraging, there was a disheartening 
side effect: 20% of the treated rats developed teratomas. Doctors 
who reviewed the results were forced to admit that, with such a 
high instance of dangerous side effects, human trials were out of 
the question.9

Embryonic stem cells lend themselves well to basic scientific 
research, and in fact appear to be an exciting new tool for drug 
discovery. Different scientific teams have begun working on the 
hypothesis that newly created drugs could be tested on these cells, 
which would be designed to simulate different cell populations 
within the human body. Thus, medicinal researchers could note the 
efficacy of the drug, and its side effects, all without running a clini-
cal trial. The societal benefit of using these cells for drug discovery 
may be enormous, as it will drastically reduce the amount of money 
and time needed to bring a new drug to market.

All of these considerations ensure that embryonic stem cells will 
play a vibrant role in the burgeoning stem cell research movement, 
but with such a high incidence of potential side-effects such as 
teratomas, they simply cannot be trusted as a potential therapeutic 
option for humans. An ideal stem cell would be easier to control, 
with well-established lines of differentiation. It is this rationale 
that has led scientists and clinicians to adult stem cells as the most 
promising source for treating patients.

Adult Stem Cells
A recent Fortune magazine article accurately highlights some of 

the major conclusions that the scientific community has arrived at 
regarding the clinical suitability of adult versus embryonic stem cells:

When it comes to stem cells, the public—and the media—tend 
to focus on embryos. But researchers and analysts say market-
able therapies already are emerging from less controversial work 
with stem cells.

Adult cells make up the lion’s share of the stem cell space, 
mainly because they are easier to come by than embryonic cells, 
and less expensive to run in clinical trials. They are also derived 
from mature tissue, like bone marrow or umbilical cord blood, 
so they avoid the ethical debate that surrounds embryonic cells.
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To be sure, many researchers consider embryonic stem cells to 
be more versatile, and they may someday be more useful than 
adult stem cells in treating diseases. But researchers also hope 
adult stem cells can help them combat a variety of maladies 
from diabetes to heart disease.

In fact, adult stem cells are currently the only type of stem 
cells used in transplants to treat diseases, such as cancers like 
leukemia.

Furthermore, researchers are far closer to commercializing 
drugs based on adult stem cells than any product based on 
embryonic stem cells.10

All these points underscore the fact that, while embryonic stem 
cell research offers advantages of its own, the significant thrust of 
medical advancement currently lies with adult stem cells, which 
are more useful for clinical application and are removed from the 
ethical controversy and medical complications that surround their 
embryonic counterparts. After years of tests with adult stem cells, 
with multiple clinical trials on thousands of patients, there have 
been only a handful of reports of tumor formation. Furthermore, 
a review of these reports reveals that all but one of these tumors 
were caused by hematopoietic stem cell transplantation, in a phe-
nomenon known as donor cell leukemia.11 This procedure is very 
similar to a blood or bone marrow transplant; in fact, bone marrow 
transplants can also cause donor cell leukemia.12 Just as with a bone 
marrow transplant, proper screening of blood samples for pre-leu-
kemic indicators can negate the risk of donor cell leukemia during a 
hematopoietic stem cell transplantation.12 The remaining situation 
of donor-derived tumorigenic tissue (see page 26) resulted from a 
case where the patient should not have been eligible to receive stem 
cells, and where the cells were apparently improperly cultivated.

Given an understanding of context, the current risk of donor-
derived tumor formation from adult stem cells appears to be negli-
gible. These figures stand in stark contrast to embryonic stem cell 
pre-clinical trials, which have shown ESCs to be unsuitable for use 
in humans, due to their unsuitably high likelihood of side effects.

Adult Autologous Cells
Adult stem cells used for therapeutic purposes can come from 

two sources: the patient’s own body, or a donor. These stem cells 

Bone Marrow 
Transplantation
One of the primary ways that 
a bone marrow transplanta-
tion works is by replenishing 
the patient’s supply of stem 
cells. In fact, a bone marrow 
transplantation can be seen 
as one of the earliest forms of 
stem cell treatment.
The first American bone mar-
row transplantation was per-
formed almost 50 years ago. 
In a touching though bitter-
sweet story, a five-month old 
boy was saved from a terrible 
immunodeficiency syndrome 
through a successful trans-
plant of bone marrow stem 
cells. The boy, who had lost 
eleven members of his family 
to the same disease, grew up 
to become a healthy adult.
Dr. Robert Good (MD), who 
performed the surgery back 
in 1962, is considered one 
of the trailblazers of mod-
ern immunology. Since his 
groundbreaking procedure, 
bone marrow transplants 
have been an option for 
patients suffering from leu-
kemia, Hodgkin’s lymphoma, 
aplastic anemia, and even 
radiation poisoning.13
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are referred to as autologous and allogeneic stem cells, respectively. 
Autologous stem cells are taken from the patient’s body, and then 
reinserted back into the patient. 

When dealing with any autologous stem cell source, the major 
advantage involves immunocompatibility. There is no danger that 
the patient will reject an autologous stem cell transplant, since they 
are the patient’s own cells. However, there are some disadvantages 
that complicate autologous use. For many autologous stem cells 
that are cultivated from older or ill patients, there is the problem 
of senescence, which reduces the quality and potency of the cells.

People often wonder why, the older someone is, the longer it 
takes them to heal from a wound. As we age, the number of stem 
cells in our body diminishes. In addition, the stem cells that remain 
in our body become weaker. Simply put, the older the stem cells 
are, the less effective they will be. Thus, while there may be value 
in using an autologous source of cells from an older patient, an 
optimal source would contain a population of younger cells with 
less senescence. 

Senescence is not the only disadvantage to autologous stem cell 
treatment. If a patient is being treated for a degenerative condition, 
then the effectiveness of an autologous procedure may be limited. 
Parkinson’s disease, for example, may contain a genetic compo-
nent, and the patient’s own stem cells would contain the same 
Parkinson’s-prone malformation as the cells they are attempting to 
replace. For these and other reasons, therapies using allogeneic stem 
cells may provide a better alternative for a positive clinical response.

Adult Allogeneic Stem Cells: Stem Cell Medicine
With allogeneic stem cell therapy, cells are taken from a donor 

and administered to a patient. There are several advantages that 
allogeneic sources have over autologous sources. Allogeneic sources, 
if properly cultivated and developed, are less senescent than autolo-
gous stem cells, as the allogeneic cells are often from significantly 
younger donors. They also show more promise for treating degen-
erative disease. This is because allogeneic cells, if properly screened, 
will not be prone to the same condition as cells from a patient with 
a degenerative disorder.

Similarly, many diseases negatively affect the potency of a per-
son’s endogenous stem cells, making the difference between autolo-
gous and allogeneic stem cell therapy even more pronounced.

Senescence: the state or process 
of growing and becoming old. 
Specifically, a cell’s loss in the 
ability to divide and grow.
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As well, autologous stem cells can only be used to treat one 
patient. That means that there is little incentive to perform rigor-
ous testing of the cell population, or go through cell culturing and 
priming techniques that could enhance the efficacy of the cells.

In contrast, one population of allogeneic stem cells—known as a 
master cell bank—could be used to treat hundreds of thousands, if 
not millions, of patients. For that reason, proprietary and cutting-
edge cultivating techniques are used to make sure these cells are as 
therapeutically effective as possible. In the same way that pharma-
ceutical companies will utilize a variety of proprietary techniques to 
make sure that their products are better than the generic brand, so 
can allogeneic stem cells be of superior clinical benefit when com-
pared to autologous cells from an aged donor.

The process of ensuring that allogeneic 
stem cells are both effective and safe is a long 
one; scientists must isolate a population of 
stem cells from donated tissue, develop a 
master cell bank, and cultivate the cells for 
pre-clinical or clinical use. Throughout, the 
cells need to undergo several rounds of com-
prehensive safety testing. It all starts with 
the stem cell sources themselves.

Where do Allogeneic  
Stem Cells Come From?

A stem cell donation program is very 
similar to any other donation program; in 
fact, stem cell donations must follow the 
same guidelines as an organ transplant. 
This is because allogeneic stem cells are 
all cultivated from donated organs. From 
donated brain tissue, for example, scientists 
can isolate neural stem cells. From the bone 
marrow, they can derive mesenchymal stem 
cells as well as hematopoietic stem cells and 
endothelial progenitor cells, three distinct 
and potent cell lines.

Although it was previously an axiom of 
medical science that most organs could not 
regenerate themselves, we know today that 

Eye

Brain

Cord Blood

Bone Marrow

Skin

Below are some of the sources of 
allogeneic stem cells.



20

Chapter 1— Understanding the Promise of Stem Cells

many organs contain their own source of stem cells. Scientists 
have a variety of tissue sources to choose from if they want to 
cultivate a stem cell population. However, different populations 
appear to be more effective for different medical conditions. The 
stem cells of the heart, for example, are more effective for treating 
cardiac conditions. Other stem cell types, such as mesenchymal 
stem cells, have a wider range of utility from a therapeutic stand-
point. This issue will be covered in depth in later chapters, but 
for now it suffices to know that if a scientist is aiming to develop 
stem cells for use in a variety of conditions, he or she will need a 
variety of tissue sources.

Fetal Stem Cells
In addition to utilizing tissue from adult donors, allogeneic 

stem cell researchers sometimes use fetal cells as a tissue source. 
These fetal stem cells come from miscarriages or therapeutic abor-
tions. In the same way that parents may donate their children’s 
organs if the child passes away, organs from fetuses can also 
be donated. Organ donation is tightly regulated by the Federal 
Government. With proper cultivating techniques, one fetal tissue 
donation can yield enough stem cells to treat hundreds of thou-
sands of potential patients.

Fetal cells are a particularly powerful stem cell source. These 
cells have not even begun the process of senescence, and thus are 
more powerful than cells that come from other adult tissue sourc-
es. Furthermore, it takes time for the fetus to develop the HLA 
proteins that determine immunogenicity, the signals by which 
the immune system recognizes resident versus foreign tissue. If 
the stem cells are removed before the fetal tissue has developed its 
HLA, then these cells will not encounter the same histoincompat-
ibility issues as other adult cells. These characteristics make them 
very useful from a therapeutic standpoint. 

A paper published in the journal Stem Cells illustrates all these 
points. A team of researchers, led by Dr. Zhi-Yong Zhang (PhD) of 
the National University of Singapore, compared stem cells taken 
from fetal bone marrow to stem cells derived from fully formed 
adult bone marrow. The stem cell type for both sources was mes-
enchymal stem cells, a type this book will discuss in greater detail. 
Zhang et al. found that the fetal stem cells reproduced more than 
three times as quickly as the more adult stem cells (32.3 hours ver-
sus 116.6 hours, on average). The fetal cells were also more likely 

With proper cultivating 
techniques, one fetal 
tissue donation can yield 
enough stem cells to treat 
hundreds of thousands of 
potential patients.

Fetal Stem Cells
It may seem confusing that 
fetal stem cells are placed in 
the category of adult stem 
cells. Fetal cells are consid-
ered adult cells because, 
unlike embryonic cells, they 
are advanced to the point 
where they can only differen-
tiate into cells of one primary 
tissue type. The blastocyst is 
divided into three primary 
tissue layers, and any adult 
cell will fall into one of these 
three categories.
This distinction helps us 
understand why embryonic 
stem cells are prone to tera-
toma formation, while fetal 
stem cells are not. Teratomas 
usually contain tissue from all 
three primary tissue layers, 
something that could only 
result from a misbehaving 
embryonic cell.
Given the confusion over the 
term adult stem cell, some 
scientists prefer to use the 
term somatic stem cell in its 
place. This book will utilize 
the former term.
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to form cell colonies, proliferated more readily, and were appar-
ently more potent than their adult counterparts. Furthermore, the 
research team confirmed that the fetal cells were more immuno-
compatible than adult cells.14 

All of these characteristics represent significant advantages 
for using fetal stem cells during allogeneic transplants. The cells’ 
greater potency and proliferative capacity means that they can 
effect a greater clinical result, while their immunocompatibility 
makes it more likely that the body will not reject the transplanta-
tion.

Eliminating Tissue Dependency
Stem cell researchers often struggle from tissue dependency; 

they must have a source of tissue with which to isolate their stem 
cells. For autologous stem cell scientists, this is an especially seri-
ous problem. For autologous stem cells, one tissue source equals 
one treatment: doctors draw out the patient’s bone marrow, isolate 
the stem cells, and then treat the patient. Because most facilities 
are not allowed to manipulate cells, if the doctor wants to provide 
a second treatment, they would need to draw more bone marrow. 
And if they wanted to treat a different patient with that bone mar-
row, then they would no longer be operating within the realm of 
autologous treatment. Autologous stem cells from some sources, 
such as fat or cord blood, can be harvested in larger quantities and 
banked for later use.

Allogeneic stem cell researchers are able to cultivate many 
different treatments from one tissue source. The number of treat-
ments that can be derived from one source varies, depending on 
the cultivating techniques used. Using proprietary technology, the 
most skilled allogeneic stem cell researchers can develop a popu-
lation of stem cells which can be used to treat hundreds of thou-
sands of individuals, all from one tissue source.

Since one tissue source can yield so many treatments, it is 
important that the original tissue source be a healthy one. For this 
reason, scientists arrange their first round of tests at this stage of 
the stem cell production process. The patient and the donated tis-
sue are screened for a battery of viral and infectious diseases, all 
before the stem cells are isolated. Only if the donated tissue passes 
through this gauntlet of safety tests does the process move on to 
the isolation phase. (See the figure on page 25.)

In Vitro vs. In Vivo
Scientists use twin terms to 
discriminate between cells 
that are inside or outside of 
the human body. Cells within 
the body are in vivo, or “in 
the living.” Cells outside of 
the body are known as in 
vitro, or “in the glass.”
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Building a Master Cell Bank
Using centrifugal techniques and magnetic beads, 

researchers isolate the desired stem cell population 
from other cell types. Isolation of the stem cell popula-
tion is fairly straightforward, but a lot of thought goes 
into developing proper centrifugal techniques. A previ-
ous generation of stem cell isolation techniques used 
mechanical segregation, while today the stem cells are 
isolated using a series of enzymes. With enzymatic sepa-
ration, dead cells are also removed from the cell popula-
tion, resulting in a healthier group of stem cells. 

After isolation, another round of testing is initi-
ated. The stem cell population is examined in detail, 

in order to determine all of the cells’ characteristics. Researchers 
measure which bio-markers are expressed, whether the cells appear 
to contain immune-privileged capacities, whether there are any 
chromosomal abnormalities that might lead to adverse events, and 
so on. In the same way that a doctor might give a new patient a 
comprehensive physical exam, researchers study all the qualities 
of these newly isolated cells. The entire population is also exam-
ined as a whole, to make sure that no other cell types are present. 
This ensures that, during clinical studies, clinicians only inject the 
appropriate cell type.

After their basic properties are determined, the stem cells are 
tested for potency. Their ability to differentiate into various cell 
types is measured and analyzed. The cells are also tested for their 
migratory ability: if injected in vivo, will they successfully reach the 
area of injury?

If the answer to this question is yes, and if the stem cell popula-
tion performs superlatively in all other areas, then the researchers 
can begin building a master cell bank. The master cell bank, the 
population of allogeneic stem cells from which all treatments will 
later derive, should be marked by high potency, immuno-privileged 
status, and appropriate bio-markers. Above all else, however, it 
should contain no abnormalities that would suggest the possibility 
of adverse events or side effects. This includes key safety tests for 
tumorigenicity, as well as acute and chronic toxicity. These tests 
will be repeated several times over to ensure that the cells are not 
prone to tumor formation or the creation of a toxic environment 
when used in vivo. Once a master cell bank of safe and effective stem 
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cells has been created, the stem cells can be further expanded, and 
prepared for use in pre-clinical or clinical trials.

Expansion
Expansion involves putting these cells through a number of cell 

passages, with each pass representing a multiplying of the number 
of cells.

At this point researchers must be especially careful to avoid senes-
cence. Just as senescence occurs in stem cells within the human 
body, it can also occur in vitro. After a certain number of passes, the 
stem cells will have hit their peak; each subsequent pass will make 
the stem cells more senescent, and thus less effective. Thus, many 
research institutions and private companies have struggled with the 
trade-off: should they make fewer doses of stem cells at therapeutic 
strength, or create larger numbers of weaker stem cells?

Thankfully, given the right techniques, a cell population can be 
cultivated in large numbers without losing potency. Advances in 
proprietary technology have brought us to the point where stem 
cells can be expanded to therapeutic amounts without sacrificing 
their strength. Again, this requires rigorous testing, with research-
ers measuring the characteristics of their cell population after it has 
been expanded. This testing of the cells at the expansion phase also 
further ensures that no abnormalities have developed.

After expansion, the cells are ready to be cryogenically preserved 
and stored for later clinical or pre-clinical use. But there is one more 
optional process that these cells can undergo if researchers wish to 
exert further control over their behavior, a 
process known as cell priming.

Cell Priming
Through the process of priming, scientists 

can affect a stem cell’s behavior, making its 
effects more predictable. Stem cells can be 
primed to preferentially differentiate into a 
certain type of cell. For example, if a scien-
tist wanted to create a stem cell treatment 
for Bernard-Soulier syndrome, which affects 
platelet formation and function, he may 
wish to induce hematopoietic stem cells to 
differentiate into platelets only. Through 
cell priming, this is possible. Other examples 

Photo of primed  
neuroprogenitor cells.
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of cell priming might include inducing stem cells to release large 
amounts of certain growth factors, known as up-regulation, or to 
not release those factors at all.

How is this accomplished? One way involves changing the 
attributes of the cells themselves. Another way involves creating a 
specialized medium for the cell culture. Scientists can place differ-
ent nutrients or biochemical signals, such as specific growth factors, 
in the cell medium. The stem cells will differentiate distinctively, 
based on what is available to them and on what signals they receive. 
In the same way that feeding a human being a certain diet will 
change that person’s body shape, feeding stem cells a certain mix 
of nutrients will change their behavior. 

In manipulating the cultured medium, scientists can also insert 
communication molecules into the culture, exerting a further level 
of control over what commands the stem cells receive. In order 
to coordinate their actions, cells will communicate using specific 
molecules. Dr. Larry Goldstein (PhD), director of the University 
of California, San Diego’s Stem Cell Program, refers to these coor-
dination-molecules as a “molecular call signal,” allowing cells to 
recognize other cells of the same type.15 With the right call signal, 
scientists can better prime their stem cells. It is through these tech-
niques and others that scientists can effect a greater measure of 
control over the stem cells’ actions when placed within the body.

After expansion and priming (if priming is necessary), the cells 
are cryopreserved; different research institutions and companies 
have developed proprietary technologies to ensure that the cells are 
appropriately stored and viable upon thawing. When scientists and 
clinicians around the world need a source of stem cells, they now 
only need to thaw out the cells, and administer them to the patient. 

Why is This Important?
Through appropriate cultivating, expansion, and priming tech-

niques, scientists can develop a stem cell line that is uniquely suited 
to treat a range of diseases. By consistently testing for safety and 
efficacy, these researchers can work to develop a high-quality line 
of stem cells with enhanced efficacy and proliferative capacity. Only 
after the master cell bank has yielded enough stem cells to form a 
working stem cell line, and after these cells have been repeatedly 
tested and approved by the appropriate government regulatory 
agencies and organizations, only then are they ready for in vivo use. 

Minimal Manipulation
Many autologous cell proce-
dures fall into the category 
of the practice of medicine. 
An example is removing fat 
from a patient and, during 
the same procedure, trans-
planting the fat (and stem 
cells) to another area of the 
body. The FDA exerts its 
authority when the cellular 
product has gone beyond 
what they term “minimal 
manipulation.” Citing the 
Federal Food, Drug, and 
Cosmetic Act (FDCA) and/or 
the Public Health Service Act 
(PHSA), the FDA asserts that 
cellular expansion and adul-
teration must take place in 
the carefully controlled and 
regulated cGMP environ-
ment. The FDA is currently 
prosecuting a case against 
Regenerative Sciences for 
non-cGMP manufacturing.16
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This process may seem lengthy and complicated, and it is, but it is 
also a vitally important step in bringing us much closer to main-
stream stem cell treatment.

It is impossible to correctly ascertain how effective stem cells are as 
a treatment without ensuring that they were manufactured correctly. 
While different companies and research institutions have unique 
manufacturing processes, regulations and accreditations allow for a 
measure of uniformity that is necessary for examining a stem cell 
treatment’s clinical results. One important regulatory step involves 
ensuring compliance with current good manufacturing practices 
(cGMP). Good manufacturing practice guidelines aim to establish, 
among other things, that:

•  Manufacturing processes are clearly defined and controlled, with 
explanations for any later changes to the process.

•  Manufacturing staff has the necessary training and qualifications 
to competently perform their jobs.

•  Records are kept to make sure that the manufacturing process 
does not deviate from standard procedure. 

•  The product is consistently evaluated to ensure safety and efficacy.

ASSuRINg STEM CELL SAFETY

Donor is tested prior to tissue collection for viral & infectious diseases 
in accordance with FDA Safety Panel: HIV (Types I&II), HBV, HCV, 
HTLV (Types I&II), WNV,  CMV,  Syphilis, Mycoplasma.

Karyotyping of cells for any chromosome abnormalities and Mycoplasma 
testing are conducted.

Full safety, purity, potency testing per applicable US Federal guidelines 
including HIV (Types I&II), HBV, HTLV (Types I&II), CMV, EBV, B19,  
Contaminant & Adventitious Viruses, Syphilis, Sterility, Mycoplasma, 
Endotoxin.

Prior to release, cells undergo a final set of safety testing for sterility, 
Mycoplasma and Endotoxin. For MSCs VEGF production is also tested.

Cell lines are tested in independent GLP certified labs and audited by a 
third party certified auditing lab.

1. DONOR SCREENING: 

2. TISSUE SPECIMEN 
PROCESSING & CELL 
EXPANSION:

3. MASTER CELL BANK:

4. PRE-TRANSPLANTATION  
PREPARATION:

5. TUMORIGENICITY 
& ACUTE/CHRONIC 
TOXICITY TESTING:
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In California, the state Food and Drug Branch has the right 
to grant cGMP certification to stem cell manufacturers. The 
cGMP license demonstrates that the manufacturing facility is 
compliant with all applicable state and federal laws and that the 
cells are ready for human use once governmental permission is 
obtained. 

Not just in the United States, but in countries around the 
world, governments have increasingly realized the significance 
of regulation for the stem cell industry, and have insisted that 
companies become cGMP compliant in order to be considered 
legitimate. This license is one important step towards establish-
ing uniformity in the stem cell manufacturing field.

Currently, not enough stem cell manufacturers have gone 
through the process of becoming cGMP licensed. This is a seri-
ous issue for clinicians and patients around the world who 
study the results of other clinical trials in order to enhance their 
own understanding of how stem cells can work therapeutically. 

The Importance of Patient Selection and Safe Cells
In 2009, a study conducted by an international group of research-
ers, led by Dr. Ninette Amariglio (PhD), was published in the Public 
Library of Science (PLoS) journal, the results of which struck stem cell 
scientists like a bombshell.17 A thirteen-year-old Israeli boy with ataxia 
telangiectasia had developed benign tumors after receiving fetal neu-
ral stem cells. Amariglio et al.’s brain study revealed that the tumors 
were undoubtedly a result of the stem cell transplantation. 

Ataxia telangiectasia (A-T) is a neurodegenerative disorder that results 
from a genetic disability. This disability also predisposes patients to 
genetic mutations that could cause tumors, a clear contraindication 
for cell-based treatment. Given A-T’s propensity towards genetic 
mutation, many clinicians believe this patient should never have been 
considered a viable candidate for stem cell therapy.

Even more shocking, the protocols that were used to make the stem 
cells were poorly established and seriously flawed. The stem cell 
manufacturers skipped mandatory safety testing procedures, and 
used potentially toxic antibiotics during the manufacturing process. 
Furthermore, the stem cells were crudely cultured.

Given the patient’s particular condition, it is possible that even prop-
erly cultured cells could have caused an adverse effect. Currently, 
this is the only known case of a donor-derived brain tumor, and 
more investigation is needed. Either way, the “PLoS case,” as it is 
often referred to in research circles, is a clear indication that proper 
manufacturing techniques are vital to ensuring the health of future 
patients.



Chapter 1— Understanding the Promise of Stem Cells

27

Without knowing how the cells were made, clinicians cannot 
reach firm conclusions about the safety and efficacy of these 
trials, regardless of whether the findings were exemplary or 
lackluster. In a field where clearly understood clinical results are 
essential, improperly regulated manufacturing slows the rate of 
progress.

With stem cells, however, the necessity for proper manufac-
turing procedures is even more pronounced. Poor manufactur-
ing processes can result in a stem cell product of dubious safety 
and efficacy. In the same way that the ingredients of a drug must 
be correctly mixed together, a stem cell must be appropriately 
manufactured. There is no excuse for manufacturing stem cells 
without going through the appropriate safety and regulatory 
processes.

Translational Medicine
A properly regulated manufacturing process allows for exami-

nation of the cell’s behavior in vitro, and provides researchers 
with a preliminary understanding of how the cells might behave 
in the human body. It is only after the cells are manufactured 
that they are ready for in vivo use, and that is when the clinical 
work begins. Scientists and clinicians the world over have been 
using autologous and allogeneic stem cells to perform hundreds 
of clinical trials, testing their ability to treat various medical 
conditions. The cell sources and protocols may be different, and 
there are debates over which diseases are most likely to respond 
to treatment, but stem cell clinicians share the same goal: to use 
these cells to create a new, more effective medicine for the mil-
lions of people suffering from serious diseases.

There is a term for translating scientific research into medical 
treatment, and appropriately enough it is called “translational 
medicine.” Translational medicine refers to the journey between 
an original scientific discovery and an available drug or treat-
ment option that is ready for widespread use. It is often a long 
road from bench to bedside, but for this particular voyage, the 
destination is far closer than many people think. Stem cell treat-
ments are not ten years away; in fact, for thousands of people 
across the globe who have participated in clinical studies, these 
treatments are already here. And soon, they will be available to 
society at large. 

Without knowing how 
the cells were made, 
clinicians cannot reach 
firm conclusions about 
the safety and efficacy of 
these trials, regardless of 
whether the findings were 
exemplary or lackluster.
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In subsequent chapters we will detail the results of pre-clin-
ical and clinical studies which demonstrate how stem cells can 
provide a therapeutic effect for different diseases. We will show 
how dedicated scientists and doctors around the world have 
painstakingly laid the groundwork for a future where stem cells 
can be used to treat catastrophic conditions and change lives for 
the better. But before that, we would like to share with you the 
remarkable and true story of how stem cell research began.
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It was 1917, and Alexander Maximov  
needed to get out of Russia.

The Bolsheviks were seizing control of the country in a series 
of bloody revolutions. The turmoil had begun in Maximov’s home 
city of St. Petersburg, when the members of the Russian Parliament, 
known as the Duma, declared that they would no longer answer to 
the emperor.A The Imperial military, already embroiled in the midst 
of World War I and facing waves of mutinous soldiers, was power-
less to stop the coup. Czar Nicholas II abdicated and Russia was left 
in a precarious balance of power, with the Provisional Government 
directing policy while the Soviets mobilized the people.

This balance of power shifted in November, when the Bolsheviks 
overthrew the Provisional Government and declared communist 
rule. Again, the epicenter of the revolution was St. Petersburg, 
where Maximov was born and where he had been teaching for 
over a decade. As a professor at the Military Medical Academy, 

Chapter 2

A Russian Story
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Maximov would have been in the middle 
of the swirling political violence that made 
scientific pursuit impossible. On December 
19th, 1917, he wrote to a friend in America: 

The recent events going on in Russia 
have not only interrupted my scien-
tific work, but they have rendered life 
altogether impossible for a University 
professor or any cultured man. I have 
one hope left—to emigrate at the first 
possibility after the end of the war and 
to apply elsewhere my scientific knowl-
edge and experience.1 

This decision signified the beginning of a new chapter in 
Maximov’s already storied life. As a brilliant artist, an avid moun-
tain climber, and a Russian nobleman, Maximov was a true 
Renaissance man. But his grand passion and greatest legacy was his 
lifelong pursuit of science.

Maximov certainly had the opportunity to pursue whatever 
vocation he wanted. Born to a noble family in St. Petersburg in 
1874, young Alexander began life with the Russian equivalent of a 
silver spoon. Being a member of the Russian nobility ensured that 
he would be one of the privileged few allowed to study at presti-
gious educational institutions. Growing up in St. Petersburg meant 
that he was at the very capital of the powerful Russian Empire.

Little is known about Maximov’s parents; it is known that 
Alexander shared an affectionate relationship with his older sister 
Claudia, who took seriously the role of the supportive older sibling. 
This relationship would later invert itself, with Claudia following 
her younger brother into self-imposed exile from Russia.

While no one could have predicted the upcoming commu-
nist rule, Russia in the late 19th century was already a hotbed of 
political dissent and social change. In 1861, a mere thirteen years 
before Alexander’s birth, the czar had ended the institution of 
serfdom, effectively abolishing slavery in the Empire. Along with 
the Industrial Revolution, an influx of newly freed serfs swelled 
the boundaries of St. Petersburg. A growing anarchist movement 
preached violent resistance to Imperial power. In March 1881, when 
Maximov was just seven years old, an anarchist wielding home-

Bolsheviks overthrew the 
Provisional Government and 
declared communist rule.  
As a professor at the Military 
Medical Academy, Maximov  
was put in a precarious position. 
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made hand grenades assassinated the Russian czar. The assassina-
tion, conducted in full view of the public in the streets of the city, 
was a hint of future violence to come.

However, the same social upheaval that was destabilizing 
Russia as a nation also ushered in a flowering of Russian culture. 
The growth of a new group of young, educated Russians brought 
in a “Silver Age” of artistic expression.2 It was during this time 
that Tchaikovsky, Stravinsky, and Rakhmaninov began to create 
their music, Dostoevsky and Tolstoy penned their great works of 
literature, and Chekhov embarked on his career as a playwright.

The world of science also grew by leaps and bounds. Dr. Ivan 
Pavlov (PhD), the Nobel Prize-winning scientist, conducted his 
seminal experiments on conditioned behavior, training dogs to 
salivate at his command. Dr. Dmitri Mendeleev (PhD), the inven-
tor of the periodic table, refined his theories on chemistry from 
his post at St. Petersburg University. Russian scientist, Dr. Ilya 
Mechnikov  (PhD), undertook his experiments in immunology 
in Odessa, for which he would later win his own Nobel Prize. 
Mechnikov served as scientific director of the Pasteur Institute in 
France. During a difficult financial time, he was able to keep the 
Institute afloat with funds from his Nobel Prize.

It was into this world of distinguished scientific pursuit 
that Alexander Maximov entered when he began studying at 
the Imperial Military Medical Academy in 1891. The Military 
Academy, situated at the heart of St. Petersburg on the banks of 
the Neva River, was the premiere institution for medical study 
in Russia. Impossibly out of reach for all but the select few, the 
Academy offered a top-notch scientific education and the oppor-
tunity for rapid advancement through the ranks of the Russian 
military. These two factors ensured a successful and distinguished 
career in Imperial Russia; if you could pass muster at the Academy, 
you could make your mark on the world of science.

However, Maximov did not just succeed at the Military 
Medical Academy; he excelled. He was awarded a gold medal 
for his student work on amyloid degeneration of the liver, and 
graduated in 1896 at the head of his class.3 As a reward his name 
was engraved on a marble plaque in the main building of the 
Academy. At the age of 22, Alexander had already distinguished 
himself as one of the most promising young scientists that Russia 
had to offer.

Amyloid: a waxy protein sub-
stance generally formed in 
straight, nonbranching fibrils. 
These may be arranged in 
either bundles or meshwork, 
and are comprised of identi-
cal polypeptides. Amyloids may 
deposit in organs or tissues due 
to abnormal conditions, such as 
Alzheimer’s.

Rudolph Virchow is referred to 
as “the father of pathology.” His 
often cited phrase,“Omnis cellula 
e cellula” means “Every cell origi-
nates from another cell.”
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Maximov continued his studies by gaining his medical degree, 
working as an assistant professor in the Academy’s Department of 
Pathology, and writing and defending his doctoral dissertation. 
Having successfully passed all the academic hurdles that the Academy 
had to offer, the young scientist moved to Germany in 1900 in order 
to study embryology and experimental pathology.4 At this point in his 
career, Maximov began to distinguish himself in histology, the study 
of tissues and cells.

On the Frontlines of Science
While our scientific understanding of human cells has been greatly 

developed in modern times, in Maximov’s day histology was a relative-
ly new field. The theory that all plants and animals are formed by tiny 
building blocks called cells (a theory that is commonly accepted today) 
was proposed in 1839 by the German scientists, Drs. Theodor Schwann 
(MD) and Matthias Jakob Schleiden (PhD). Dr. Rudolf Virchow (MD), 
another German scientist, expanded upon the theory decades later. 

Virchow, a controversial figure among his contemporaries due to 
his radical politics, made several important advances in various scien-
tific fields. In 1858 he published the essay, “Omnis cellula e cellula.” 
This Latin phrase, meaning, “Every cell originates from another cell,” 
reflected his theory that cell division is responsible for the creation of 
new cells. Before Virchow there were disparate theories about the ori-
gin and growth of certain organisms; one popular belief was that mag-
gots could suddenly appear, fully formed, in rotten food. Virchow’s 
pronouncement of cell division as the origin of new cell formation 
discredited this myth, and also filled in the missing piece of classical 
cell theory.

When Alexander Maximov began studying histology in Germany, 
cell theory had only existed as a unified concept for less than half 
a century. The field of histology may have been established, but it 
still needed new pioneers to blaze a trail of discovery. In Germany, 
Maximov created the term “polyblasts,” which he used to refer to 
the wandering white blood cells within the body.3 Much of his work 
focused on inflammation, the body’s natural reaction to injury.

It is almost certainly during his time in Germany that Maximov 
learned of the research of Dr. Valentin Häcker (PhD), the German 
zoologist whose work with crustaceans had created an interest-
ing new concept for biologists. Häcker, who had been studying the 
reproductive biology of the Cyclops crustaceans, examined the early 
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embryonic cell of these millimeter-
length creatures. Drawing from the 
vision of mid-nineteenth century 
German biologist, Dr. Ernst Haeckel 
(MD, PhD), who saw the fertilized 
egg as a stem which branched off 
into different reproductive cell lin-
eages, Häcker dubbed this humble 
crustacean embryo a “stammzelle.”5 
Häcker’s proclamation occurred in 
1892; shortly afterwards, Häcker’s 
fellow zoologist, Dr. Edmund 
Beecher Wilson (PhD), of Columbia 
University, published a book which 
translated the German neologism 
into “stem cell.”4, 5 While many scientists of the time first came 
across this new word in Wilson’s book, it is more likely that 
Maximov learned of the concept of a “stammzelle” through 
Häcker’s original discovery. 

It is also almost certain that Maximov’s work in Germany 
brought him into contact with the work of hematologist, Dr. Artur 
Pappenheim (PhD), the German physician who would go on to 
found the great scientific journal Folia Haematologica. Pappenheim 
was one of the first scientists to ask whether blood cells came from 
a single common source. This single source, Pappenheim believed, 
could be considered a “stammzelle” in its own right.5 Pappenheim 
pursued all his studies in Germany, and was conducting some of 
his most important research during the time that Maximov was in 
the country. There is no proof that the two like-minded scientists 
ever met personally, but Maximov was surely aware of the German 
doctor’s work. It was Pappenheim’s hypotheses that would provide 
much of the underpinnings for Maximov’s subsequent scientific 
theories.

In 1903, Maximov returned to the Military Medical Academy in 
St. Petersburg as a Professor in Histology and Embryology. In just 
seven years, he had gone from being a graduate of the prestigious 
Academy to a respected professor at the same institution. Here his 
interests broadened; he continued to study the process of inflam-
mation and its effects on the body, but also began studying blood 
and connective tissue.

Maximov (right) in his tissue  
culture laboratory at the  
Military Medical Academy  
in St. Petersburg (1915).
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During this time Maximov rose to the position of a general, or 
state councilor in the Russian Imperial Army.3 He was, after all, 
a respected and influential teacher at one of Russia’s most presti-
gious military institutions. Maximov’s bust at the Pirogov National 
Medical Surgical Center in Moscow, shows a serious and meticulous 
young man wearing his military uniform. With his high forehead, 
well-groomed mustache and elegant attire, Maximov cut a dash-
ing figure that would have fit well within Russian high society. 
But it was his scientific work on blood and tissue that proved to be 
Maximov’s enduring legacy, as well as the birthing ground of one 
of his most exciting and respected discoveries: the unitarian theory 
of hematopoiesis.

The Unitarian Theory of Hematopoiesis
The term hematopoiesis refers to the formation of blood cells 

in the body, and until Maximov, it was undetermined how differ-
ent types of blood cells were formed. While red blood cells, which 
carry oxygen throughout the body, are the most common type of 
blood cells, there are also white blood cells, which are a major part 
of the body’s immune system, and platelets, which are an integral 
part of wound healing. Since the blood cells were so different, it was 
assumed that the cells originated from different sources. Through 
his research Maximov uncovered the fact that, while blood cells may 
develop differently and thus become completely distinct from each 
other, they actually have the same origin as other kinds of blood 
cells.

During his experiments, Maximov came upon one type of cell 
that acted like no other blood cell type. These “primitive blood 
cells,” as he first called them, were completely separate and unique 
from other parts of the blood. As Maximov explained in a lecture:

These primitive bloods cells, which is what I call them, con-
trary to what would commonly be expected are not erythro-
blasts [a type of red blood cell] but completely undifferentiated 
elements with a round bright nucleus and narrow basophilic 
cytoplasm. These are neither red nor white blood corpuscles.6 

He went on to observe their behavior, realizing:

These primitive blood cells differentiate into two kinds of 
cells. One type—which makes up the majority—produces 
hemoglobin in their cytoplasm, and thus become the so-called 
primitive erythroblasts….Another fraction of the primitive 

Hematopoiesis: the formation 
and development of blood cells. 
In the embryo and fetus this 
occurs in a multitude of areas 
throughout the body including 
the liver, spleen, lymph nodes, 
thymus and bone marrow. 
Throughout the remainder of life, 
it occurs mainly in the bone mar-
row, with a portion occurring in 
the lymph nodes.

This bust of Maximov shows 
him as a general in the  Russian 
Imperial Army. The bust is placed 
at Pirogov National Medical 
Surgical Center’s Department of 
Hematology and Cellular Therapy 
in Moscow.
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blood cells remains hemoglobin-free. These cells now possess 
a large, bright nucleus with nucleoli, and a thin, ameboid, 
strongly basophilic rim of cytoplasm. In histological terms, 
they resemble large lymphocytes. These are the first embryonic 
leukocytes that first appear as lymphocytes.6

Maximov was fully aware of the wide-ranging implications of 
what he had witnessed. A previously unexplored cell transformed 
into both red blood cells and white blood cells; thus, it was the ori-
gin for different lineages of blood cells.

Subsequent research revealed that these “primitive cells” were 
actually responsible for all the various cell types within the blood. 
For Maximov, this cemented his realization that he had discovered 
something monumentally different from other blood cells. In 1909, 
while speaking of his research with chicken blood, he warned his 
listeners not to think of these “primitive cells” as just another type 
of red blood cell: 

Despite the fact that these lymphocytes produce erythroblasts, 
they should not be considered erythroblasts themselves; as, 
in addition to the production of hemoglobin-containing cells, 
they also give rise to megakaryocytes [platelets] and diverse 
other elements in the yolk sack, which have nothing to do 
with the red blood corpuscles.6 

Maximov’s research convincingly demon-
strated that all blood cells had a com-
mon origin. This original cell was able 
to exist as a unique cell type, but 
also proved to be the stem from 
which the different branches of 
blood cells would all grow. With 
this concept in mind, Maximov 
knew exactly what to call his 
new discovery.

In the early 20th century, 
German was the scientific lan-
guage of the day. So Maximov, whose 
native language was Russian and who 
also spoke German, French, and English flu-
ently, decided to publish his results in the language 
that would allow scientists from all over the world to 

Drawing by Maximov of cells as 
viewed through his microscope.
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study them. Thus, in 1909, Maximov submitted a summary of his 
research to Pappenheim’s,7 Folia Haematologica, under the wordy 
German title “Der Lymphozyt als gemeinsame Stammzelle der 
verschieden Blutelemente in der embryonalen Entwicklung und 
im post fetalen Leben der Säugetiere.” The title translates to “The 
Lymphocyte as a Stem Cell, Common to Different Blood Elements 
in Embryonic Development and During the Post-Fetal Life of 
Mammals.”6 

In all the dry scientific language, it is easy to miss the presence 
of one word, “stammzelle,” or stem cell. It was a word that, only 
fourteen years before, had been used mainly to refer to the embry-
onic cell of a crustacean that was barely visible with the naked eye. 
Maximov had taken this exotic and little-known concept of a stem 
cell and placed it squarely within the human body. He had breathed 
life into a concept that offers, even today, exciting new prospects 
for science, medicine, and technology.

In his lecture on June 1st of that year, Maximov proudly con-
cluded: “In mammalian organisms a single type of cell exists…
which both looks different and may produce a variety of differ-
entiation progeny depending on their current location and sur-
vival factors.”6 The lecture, given at a special meeting of the Berlin 
Hematological Society, announced Maximov’s unitarian theory of 
hematopoiesis and established his position as a founding father of 
stem cell research.

That is not to say that Maximov’s new theory wasn’t controver-
sial. Dr. Alexander J. Friedenstein (PhD), the discoverer of mesen-
chymal stem cells and ideological defender of Maximov, explained 
that “Maximov’s theory was far ahead of its time and, although 
Maximov was highly respected by the scientific community, his 
concept of local stromal conditions was met with skepticism.”7 In 
fact, Maximov had declared himself squarely on one side of a sci-
entific controversy which had been brewing for decades. 

Stem cell scientists Drs. Miguel Ramalho-Santos (PhD) and 
Holger Willenbring (MD, PhD), both of the University of California, 
San Francisco, believe that the debate began in 1879. At that point, 
the two co-authors explain in a 2007 paper, newly developed cell-
staining techniques “enabled the identification of different white 
blood cell lineages, splitting investigators of hematopoiesis into 
two camps. Dualists did not believe in the existence of a stem cell 
common to all hematopoietic lineages.”4

Drawings by Maximov of cells as 
viewed through his microscope.
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“By contrast,” the authors continue, “accord-
ing to the unitarian model of hematopoiesis, a 
cell existed that represented the common origin 
of erythrocytes [red blood cells], granulocytes, and 
lymphocytes [both white blood cell types]. Thus, 
Unitarians were naturally poised to introduce a 
term that captured the developmental potential of 
such a cell.”4 

With his presentation, Maximov proudly 
declared that “stammzelle” was the term that 
Unitarians were looking for. In fact, Maximov 
explicitly rejected the dualist point of view, declar-
ing in his presentation: “There is no reason to 
assume the existence of two clearly distinct cell types, i.e., the myelo-
blasts and the lymphoblasts.”5 Though Maximov’s theory made him a 
hero to those who suspected that various blood cell types came from 
a single source, other scientists refused to accept his results. However, 
contemporary accounts make it clear that even die-hard dualists who 
did not accept Maximov’s conclusions held only the highest esteem 
for his reputation.

A Homeland in Turmoil
While the 1909 meeting in Berlin demonstrated that Maximov’s 

professional life was on the rise, other events signaled success in his 
personal life. Cementing his position on the high rung of Russia’s 
social ladder, Maximov married a ballerina of the Russian Imperial 
Ballet and adopted her son from a previous relationship.2 Maximov 
was now a family man, whose scientific successes offered not just 
prestige but a measure of financial security for his loved ones.

Maximov began writing down some of his observations and theo-
ries regarding histology, turning to the content of his academic lec-
tures for inspiration. He was hoping to write a textbook, which would 
both demonstrate his academic prowess and provide a lasting gift 
to future generations of doctors. He accomplished his goal in 1914, 
when The Essence of Histology was published. It quickly became the 
standard text for Russian histology students. Basking in his literary 
success, Maximov took a summer trip to South America.

In his absence, his homeland and the continent of Europe explod-
ed into violence. On July 28, 1914, Austria-Hungary declared war 

Maximov’s book The Essence  
of Histology published  
in 1914.
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on the tiny nation of Serbia, exactly a month after 
a Serbian patriot had assassinated the Archduke 
of Austria and his wife. Serbia, which had long 
resented being cast under the shadow of the power-
ful Austro-Hungarian Empire, stood little chance of 
winning any conflict alone. 

Days before the conflict, Prince Regent Alexander 
of Serbia sent off a desperate telegram to the czar of 
Russia, explaining that Austro-Hungarian demands 
were “unnecessarily humiliating for Serbia and 
incompatible with her dignity as an independent 
State.”8 Expecting war, the Serbian leader begged the 
Russian czar for aid: 

It is impossible for us to defend ourselves, and 
we supplicate your Majesty to give us your aid 
as soon as possible. The highly prized good 
will of your Majesty, which has so often shown 
itself toward us, makes us hope firmly that 
this time again our appeal will be heard by his 
generous Slav heart.

In these difficult moments I voice the senti-
ments of the Serbian people, who supplicate 
your Majesty to interest himself in the lot of the 
Kingdom of Serbia.8 

The impending war forced Russia’s hand. A powerful and aggres-
sive Austro-Hungarian Empire, poised on Russia’s border, was a 
threat impossible to ignore. In contrast, Serbia had always been a 
loyal ally to the Russian Empire. But beyond that, the Serbian peo-
ple were ethnically Slavic, just like the Russians. It was more than a 
question of realpolitik; it was a question of blood.

On the same day that war began between Serbia and Austria-
Hungary, Russia prepared to fight. Recruiters fanned across the 
country, ordering young men to heed the call of their motherland. 
Russia’s large territory made mobilization a costly and time-con-
suming enterprise, but its large population would result in over-
whelming military force.

Germany, fully cognizant of Russia’s potential power and loyal 
to its Austrian allies, declared war on the czar just days later. On 

Russian troops awaiting 
German attack.
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August 3, 1914, German troops invaded Russia. Maximov’s homeland 
was suddenly and irrevocably plunged into the midst of a great war.

Maximov learned about the outbreak of World War I while he was 
in Rio de Janeiro.3 A loyal patriot and lover of his country, he immedi-
ately returned to Russia, knowing that his skills as a doctor and as an 
army officer would be needed in the motherland. 

World War I was almost certainly a stressful time in Maximov’s life, 
a catastrophic event that presaged worse times to come. Upon arriv-
ing in Russia, Maximov would have learned of the harrowing ordeal 
of Dr. Nikolai Anichkov (MD), one of his brightest pupils and dearest 
friends. Studying in Germany at the outbreak of the war, Anichkov 
was promptly arrested by German authorities and thrown into a 
prisoner-of-war camp. After his German colleagues arranged for his 
release, Anichkov escaped to Sweden in order to return to the Russian 
army.9 Maximov would have no doubt been amazed by Anichkov’s 
escape, never suspecting that his old pupil would later help him make 
a similar bid for freedom.

Anichkov went quickly to the front line, serving as head physician 
for a medical evacuation train.9 Similarly, Maximov’s pupils, who were 
all trained in a military academy, were expected to serve the mother-
land in the war that had mobilized the entire country. Maximov had 
this constant fear over his head; any day, he might receive the news 
that one of his students had been killed by an enemy bullet.

Unfortunately, the Great War was the first in a chain of events 
that would irrevocably change the future of Russia, bringing an end 
to Imperial power and divorcing Maximov from the land of his birth. 
During Maximov’s life, Russia had already been embroiled in several 
wars: The Russo-Crimean war of 1877-1878, which occurred just years 
after Maximov’s birth; The Boxer Rebellion of 1900, in which Russian 
troops fought against a widespread Chinese rebellion; and the Russo-
Japanese War of 1904-1905, in which Russia was soundly defeated and 
put to shame by an Oriental power. But all of these wars were limited 
in their effect; the military was involved, but the people were scarcely 
touched.

Not so in World War I, a war in which Russia was invaded by a 
powerful German army intent on bending Russia to its will. The Soviet 
demographer Boris Urlanis put the number of Russian military deaths 
at over 1,800,000.10 Perhaps more staggering is the estimated 1,500,000 
civilians who died during the war, due to famine, disease, warfare 
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and the first use of toxic gas by the 
Germans.

Even in a country as large as 
Russia, the loss of so many people 
was shocking. But the Russian Empire 
was hit with another blow that shook 
the foundations of the country. 
Domestic unrest had been foment-
ing for over a decade. Anarchists 
assassinated prominent supporters of 
the Imperial regime; at their height, 

these radicals were killing thousands of people each year.11 Labor 
forces went on strike, with occasionally violent results. Knowledge 
spread that the Communists, who had already spearheaded an 
abortive revolt in 1905, were again gathering power.

It is in the context of this impending doom that Maximov 
struggled to continue his life as a peaceful man of science. Even 
during the war, Maximov was able to continue his work and 
maintain his coveted position as Professor of the Department of 
Histology and Embryology at the Military Medical Academy in St. 
Petersburg.12

This hope was dashed during the 1917 Revolution. That year 
the violence spilled into the streets. The city of St. Petersburg 
became a war zone, and when the dust cleared, the Bolsheviks were 
in power. 

Maximov held no illusions that he would be treated well by the 
Bolshevik regime. He had been a high-ranking army officer in the 
Imperial Army. Even worse, he was of noble birth. If there was any 
question as to how the nobles were to be treated during the start 
of the Communist regime, “the answer would be obvious—the 
Bolsheviks exterminated them brutally… just like other ‘enemies 
of the revolution’,” explains Vladislav Kalyuzhny, member of the 
Russian Nobility Association in America.B With the Russian regime 
change, Maximov suddenly became a target.

At the same time, Maximov’s reputation as one of Russia’s fore-
most scientists afforded him a powerful measure of protection. 
His professional status, already greatly admired, continued to rise. 
In 1920, he was chosen as a member of the Russian Academy of 
Sciences. His nomination for membership was supported by none 
other than the Nobel Prize-winning Professor Ivan Pavlov.12 

Miliary Medical Academy in St. 
Petersburg where Maximov was a 
professor.
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Maximov had become a fixture of Russia’s scientific establish-
ment, an event that normally would ensure one’s status as com-
pletely untouchable by the government. But in a society where 
everything was judged by the State, no one could assume that they 
were beyond the reach of the Communist Party. Maximov, whose 
powers of observation had been honed by years in the laboratory, 
could not have missed the signs that his position of Imperial privi-
lege had suddenly shifted.

But even without the Soviet threat of punishment hanging over 
his head, Maximov’s life under Soviet rule was miserable. Although 
the Communists quickly signed a peace treaty ending their involve-
ment in World War I, the Bolshevik takeover did not end the fight-
ing in Russia. Anti-Bolshevik forces fought to regain the country, 
plunging Russia into a civil war that took six years to resolve.

Conditions inside St. Petersburg were abysmal. Dr. Igor 
Konstantinov (MD, PhD), a cardiac surgeon at Australia’s Royal 
Children Hospital and chronicler of Russian medical history, writes 
that between 1914 and 1920, “Russia suffered more from starvation, 
civil disorder, physical and mental suffering than all the nations 
combined, exhibiting a higher mortality from disease than it had 
sustained from the World War and subsequent bloodshed. During 
the famine period 10 million died from starvation alone.”13 

Maximov’s position as a scientist allowed him to survive the 
famine, but still substantially lowered his standard of living: “In the 
larger cities, learned professors shoveled snow and stood in the bread 
line while the less-favored tried to be put in jail to be rationed.”13 

For Maximov, who grew up in urban nobility, who had rubbed 
shoulders with some of the most powerful men in the world and 
married a privileged ballerina, the sudden descent into poverty 
would have been a painful psychological blow. Maximov began to 
send letters to his friends outside the country, begging to get out. In 
a telling display of the man’s personality, he complained not about 
his own poverty-stricken state, but only about how the country’s 
conditions had made it impossible for him to continue his research. 
Such was his dedication to his work. 

Escape
In desperation Maximov turned to his friend Dr. George 

Huntington (MD), a professor at Columbia University and a fel-
low man of science. Huntington and Maximov, who shared an 
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academic and professional interest in anatomy, appear to have 
met at a conference in Boston in 1908.2 Years later Maximov wrote 
his American colleague to ask “as to whether it be possible to 
receive a suitable position as University professor of Histology and 
Embryology or some similar post in the United States or elsewhere 
in the wide world.”1 

Maximov first wrote his friend for help in 1917. Huntington 
appears to have diligently taken up the scientist’s cause by contact-
ing Professor Robert Bensley, Professor Emeritus of Anatomy at the 
University of Chicago, and exhorting him to act on his friend’s 
behalf. Professor Bensley, realizing the significant contribution 
Maximov could make to the University, offered Maximov a position. 

It took Maximov until 1919 to learn that he had been offered 
a position in America. In a letter in March of that year, Maximov 
wrote to Bensley:

Dear Professor Bensley:

 From a letter from Professor I have learned that you have 
been so kind as to offer me a position in the University of 
Chicago. But your letter never reached me. We have no postal 
communication at all as the other countries do so I use a very 
rare opportunity to post this letter somewhere in Finland or 
Sweden. But, for reasons that you will certainly understand I 
am unable to write more than I do. I wish to express you my 
sincerest thanks for your kind offer. Unfortunately there is no 
physical possibility of leaving Petrograd now. I hope to remain 
alive until there will be such a possibility, and then perhaps 
there will still be found somewhere a suitable position for me. 
In any case my resolution to leave this country remains more 
fixed than ever.

Yours very truly,

A. Maximov C, 14

Maximov’s situation was far from unique; for scientists and intel-
lectuals trapped in Soviet Russia, escaping the country was nearly 
impossible. Sergei Fedorov, another Russian scientist, wrote to his 
American friends during that time, “I have no hope at all of ever 
having a chance to visit America. Firstly, because we are not allowed 
to leave Russia and, secondly one needs money for traveling. You 
are probably aware that all valuable property and money have been 
confiscated and, naturally, the same fate has overtaken all I had.”13 

Cellular drawing by Maximov.
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While other scientists resigned themselves 
to their fate, Maximov was not content to 
remain in a country where he could no longer 
carry out his life’s work. In the winter of 1922, 
he hatched a plot to escape the country.

Leaving his remaining belongings with his 
pupil Nikolai Anichkov, the professor took his 
wife, his sister and his adopted son up to the 
Lake of Ladoga.13 The frozen lake stretched 
from the north of St. Petersburg almost all the 
way to the Finnish border. If Maximov could 
cross the lake, he would be able to escape Russia. Of course that was 
contingent on his ability to cross the frozen lake, in the middle of 
the merciless Russian winter, with his family in tow.

Having been parted from almost all that he owned, 
Maximov had very little with which to bribe the border 
guards who patrolled the edges of the lake. Thankfully, the 
guards were more than happy to accept what he did have: 
alcohol, perhaps originally used for lab purposes.13 Maximov and 
his family then sledged across the frozen lake, braving the cold 
in order to escape to non-Soviet Finland. Even taking the short-
est route, Maximov would have had to travel almost two hundred 
kilometers with his family in order to cross the lake itself. From 
there, the Maximovs continued on foot past the Finnish border to 
freedom.13 

The Brief, Second Life of Alexander Maximov
From Finland, Maximov crossed into Sweden and arranged trans-

port to Chicago.13 Once there he was surely relieved to discover that 
his American colleagues had remained true to their word, offering 
him a job as Professor of Anatomy at the University of Chicago. 
Grateful for the opportunity to renew his life’s work, Maximov 
threw himself into his duties as a professor and as a scientist. He 
began work on a definitive textbook of histology. The Bloom and 
Fawcett: A Textbook of Histology, as it is now called, has been used by 
biomedical investigators for more than three-fourths of a century. 
Maximov, who based the textbook on his earlier Russian writings, 
used his own handmade drawings for many of the scientific depic-
tions of cells.

Maximov was a gifted artist and his drawings demonstrate the depth 
of both his poetic spirit and his highly disciplined, scientific mind. 

Crossing the frozen  
Lake of Ladoga.

St. Petersburg

Finland
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In a time when cameras were still uncommon, Maximov drew pre-
cise illustrations of tissue that could only be seen with a microscope. 
His drawings, which can be seen as works of art as well as medical 
materials, are still studied today by aspiring doctors.

But Maximov’s work at the University was not confined to pieces 
of paper. In the laboratory he was recognized as a dedicated profes-
sional, while his American students soon came to think of him as 
a brilliant but demanding tutor. Contemporary descriptions of the 
professor insist that he was a captivating teacher, “always surround-
ed by his young disciples,” who at the same time held his pupils to 
an exacting standard.3 One such pupil was William Bloom, a star stu-
dent who completed the histology textbook after Maximov’s death.

No one could have predicted that Bloom and Maximov would 
work so closely together. For one thing, before Maximov’s arrival, 
Bloom had believed that Maximov was dead. In Bloom’s introduc-
tion to a histology course, his professor, Dr. Florence Sabin (PhD), 
had described the discoveries of the great Alexander Maximov, 
before going on to explain that Maximov had died in the Russian 
Revolution. One can imagine Bloom’s shock when he later learned 
that Maximov was not only alive, but teaching at the University. 
Recognizing an opportunity to study under a master scientist, Bloom 
convinced a reluctant Maximov to become his mentor. It was the 
beginning of a relationship that would affect both men for the rest 
of their lives.

With Bloom by his side, Maximov soon threw his hat back into 
the ring of scientific controversy. With both a detached scientific 
demeanor and a calm determination, he battled those who dis-
agreed with his theories, including many learned men who rejected 
his unitarian theory of hematopoiesis. Contemporary documents 
show that even scientists who were familiar with Maximov’s work 
disagreed with his findings. In a 1929 letter to one of Maximov’s 
pupils, the German professor, Dr. Karl Aschoff (MD), writes, “As 
much as I respect Maximov, I cannot agree with him on the origin 
of polyblasts from lymphocytes.”D, 13 

Maximov’s role was that of a warrior with few allies, tirelessly 
studying the origins of different blood cells in order to defend his 
theories against his academic detractors. While he never managed 
to achieve scientific consensus on his theories during his lifetime, 
through his own struggles Maximov was able to bring other scien-
tists to his point of view.
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Especially illuminating is a letter to Maximov from Professor 
Nathan Chandler Foot (MD), who taught at the University of 
Cincinnati, College of Medicine. Dr. Foot, who had publicly dis-
agreed with Maximov, had written to apologize:

Your work with lymphocytes, reinforced by that of your pupil 
Bloom, has astonished me and has forced upon me the fact 
that I owe you a public acknowledgment; you will remem-
ber that I stated, in 1925, that if you would relinquish your 
claims as to the lymphocytic origin of the ‘polyblast’, no bet-
ter name for this cell could be devised. How completely have 
you confounded me! Now that you have not only failed to 
relinquish your claims, but have actually proved them, there 
is nothing left for me to do but crawl into a hole and hide my 
shamed head! However, you know that I was perfectly sincere 
and unbiased in my criticism and that I shall be most glad to 
acknowledge my mistake, both to you and in public.15 

Dr. Foot, who also compliments Maximov on the stunning qual-
ity of his scientific drawings, continues to offer his humblest apolo-
gies:

This necessity for recasting all my conceptions has come to me 
like an epoch-making event, to you it will be merely one more 
scalp to your belt… Thanking you again for your kindness in 
sending me these interesting papers and hoping that you won’t 
laugh too immoderately when you read this letter (I say this 
ruefully) I remain, with admiration and best regards,

Very sincerely yours,

Chandler Foot15 

In keeping with the humility of his character, Maximov did not 
gloat over his victory, simply writing back:

My dear Dr. Foot,

Please accept my thanks for the kind letter you wrote me. I am 
very glad that you have acknowledged the developmental abili-
ties of the lymphocyte. I am glad not because I have advanced 
this theory years ago, but because your change of attitude will 
certainly tend to clarify one of the most important and con-
fused questions of morphological hematology and pathology.16 

Maximov’s response was written on June 22, 1927. A little over a 
year later, he passed away from coronary sclerosis and myocarditis.13 

Drawings by Maximov of cells as 
viewed through his microscope.
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During the later part of his life, the Professor suffered from severe 
coronary arteriosclerosis, an ironic fact considering that Maximov’s 
prize pupil Nikolai Anichkov was one of the pioneers in exploring 
the causes of this disease.13 

Maximov’s condition did not keep him from his passion of 
mountain climbing; the summer before he died, he traveled to 
Madonna di Campiglio, a mountain resort in the Italian Alps. Dr. 
Bloom, who accompanied him on the trip, wrote of his mentor, “By 
1928, hiking at this altitude was too strenuous for him, but he was 
able to enjoy the magnificent scenery as he rode on a mule along 
the steep trail to the foot of one of the glaciers.”2 For Maximov to 
even travel to such a high altitude, with his serious cardiovascular 
conditions, demonstrates his firm resolve to enjoy life regardless of 
his ill health. 

Correspondences by his friends make it equally clear that 
Maximov knowingly sacrificed his health to further the pursuit of 
his scientific studies. Dr. Hal Downey (PhD) of the University of 
Minnesota wrote to Bloom after Maximov’s death, saying, “Your 
report on Maximov’s condition makes him more of a hero than 
ever. It is difficult to understand how a man could work at such 
high pressure with the pathology he had.”17 Maximov was a sci-
entist until the end; at the time of his death, he was performing 
a series of experiments on in vitro collagen formation. He was also 
close to finishing his textbook of histology.

Unfortunately, he would not live to see the completion of either 
project. Alexander Maximov died in his sleep on December 3, 1928. 
He was 55 years old. While the scientific world was dismayed by 
the loss of a legendary researcher, Maximov’s closest friends and 
family suffered another stunning blow just days later. On December 
18th Maximov’s sister, Claudia, took her own life. Contemporary 
accounts describe Claudia as devoted to her successful younger 
brother; she often worked as a lab assistant in his experiments. 
Claudia also reportedly felt alienated from Maximov’s demand-
ing and pampered wife.2 She was buried next to her brother in 
Chicago’s Oak Wood Cemetery.2 

While many medical and academic professionals were present 
at Maximov’s funeral, it took decades for the scientific establish-
ment to uniformly accept Maximov’s theory of hematopoiesis. It 
would take until the 1960s for Maximov’s theory to be vindicated. 
Two Canadian scientists, Drs. Ernest McCulloch (MD) and James 
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Till (PhD), published a paper proving the existence of stem cells. 
Their results demonstrated the veracity of Maximov’s findings from 
over half a century before. McCulloch and Till, who began their 
research by studying the effects of radiation on mice, eventually 
discovered “multipotent” cells from which colonies of cells origi-
nated. Similarly, it was not until 1988 that Maximov’s more specific 
hypotheses concerning the hematopoietic stem cell were confirmed 
by pathologist Dr. Irving Weissman (MD), a Stanford University 
professor who isolated the hematopoietic stem cell in both mice 
and humans. While appreciation for their own work is duly earned 
and well recognized, we feel obliged to mention that these eminent 
researchers were exploring a trail that had been blazed by Maximov 
decades before.

Alexander Alexandrowitsch Maximov was a general, a mountain 
climber, an artist, a socialite, a professor, and a Russian nobleman. 
But above all, he was a superlative man of science, who dedicated 
himself to answering some of the most perplexing medical prob-
lems of the day. His work, performed with exacting discipline and 
immersive academic curiosity, advanced the frontiers of medical 
science and provided the origin of our understanding of how stem 
cells work. For this, we consider Maximov to be the father of stem 
cell research.

Letter from Maximov
On the next page is 
an image of the previ-
ously discussed letter 
that Maximov sent to 
Professor Huntington at 
the University of Chicago. 
The image is courtesy of 
the Special Collections 
Research Center, Univer-
sity of Chicago Library.
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After Maximov’s death, the stem cell story becomes inextricably 
tangled with the intrigue and danger of the Cold War. Separated 
by the immovable barrier of the Iron Curtain, Maximov’s students 
in the West were cut off from his scientific inheritors in the Soviet 
Union. American disciple William Bloom dedicated himself to fin-
ishing his teacher’s textbook, which would eventually run to seven 
editions. Bloom and Fawcett: A Textbook of Histology, as it is now 
known, is still in use today, albeit in substantially altered form. The 
textbook has been Maximov’s enduring legacy to the field he loved.

In the USSR, however, Maximov’s name was almost forgotten, 
the result of Soviet policy. As Communist ideology permeated the 
Russian scientific establishment, biologists were judged not by their 
merits but by their political affiliations. Dr. Boris Afanasyev (MD, 
PhD), Director of St. Petersburg’s Institute of Child Hematology 
and Transplantology, explains, “In the history of histology and 
hematology in the USSR, Maximov’s name had been given a nega-
tive connotation when he was mentioned together with a group of 

Chapter 3

From Disaster to Recovery

The Purge
In 1928, the year Maximov 
died, a Soviet scientist named 
Trofim Lysenko proposed a 
new agricultural technique 
that catapulted him to Soviet 
stardom. 
Eventually, those who dis-
agreed with Lysenko’s view 
of science were sent to 
the gulag, no matter their 
research. Lysenko held a spe-
cial contempt for biologists, 
accusing them of deliberately 
undermining Sovietism.2 This 
policy greatly contributed to 
Maximov’s post-mortem fall 
from grace in his homeland.
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other ‘reactionary’ scientists.”1 With Maximov viewed as a traitor 
to the Communist cause, his good name, and more importantly his 
work, was on the verge of falling into obscurity.

The irony was that while Maximov was all but forgotten in  
Russia, his insights into the human body had become more impor-
tant than ever. In both the Soviet Union and America, politics 
would soon push stem cell research to the forefront of the govern-
ment’s consciousness. Our understanding of stem cells would not 
be nearly as advanced as it is today, were it not for the outbreak of 
the Cold War.

The Rising Threat of Radiation
In the aftermath of World War II, the entire world realized the 

devastating consequences of the atomic bomb and the enormous 
monopoly of power that it conferred upon the United States. That 
monopoly was short-lived. Russia tested its first atomic bomb in 1949, 
and suddenly the world had two nuclear superpowers. Both sides real-
ized that atomic warfare had become a real and terrifying possibility. 

Soviet leaders were already academically aware of the damage 
that a nuclear explosion could cause. Besides being able to vapor-
ize entire cities, atomic bombs release life-altering radiation energy. 
Radiation has a devastating effect on the human body: organs fail 
and the body’s systems shut down. Large doses of radiation can 
kill a human being almost immediately, but even smaller doses 
can have disruptive effects. Many people who survive the initial 
exposure later develop immune problems, cancer, and other serious 
medical conditions. As well, the effect that radiation has on DNA 
means that terrible mutations may occur in children of those who 
were previously exposed. 

To better understand the consequences of radiation, Russia sent 
hundreds of their key scientists to Japan to study the victims of the 
atomic bomb. But, the Soviets gained firsthand experience of radia-
tion’s lethal effects in 1957. In an incident that was kept secret by 
the Soviet government for decades, the USSR suffered its first radia-
tion contamination disaster. Even today, few people know about the 
harrowing events that occurred in the closed town of Ozyorsk, near 
the Ural Mountains. What happened there affected thousands of 
people, and provided an impetus for Soviet research into radiation.

In 1942, Soviet scientist 
Georgii Flerov informed 
Stalin of his suspicions that 
the Americans were building 
a powerful weapon. Flerov 
had noticed that scientists in 
Allied countries had stopped 
publishing any papers on 
nuclear fission; it was as if all 
nuclear research in America 
and Britain had simply 
stopped. Flerov correctly 
concluded that the American 
government had begun a 
project to harness nuclear 
technology for military use, 
and he urged the Soviet 
Premier to do the same. Thus 
began the Soviet effort that 
would eventually lead to their 
successful production of a 
nuclear weapons arsenal.
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Kyshtym: The Unknown Radiation Disaster
In September of 1957, the cooling system at the Mayak nuclear 

fuel reprocessing plant failed, and the temperature in one of the 
storage tanks began to rise uncontrollably. The resulting non-
nuclear explosion released a massive radioactive cloud into the air, 
which eventually spread hundreds of kilometers from the reprocess-
ing plant.

The Mayak nuclear plant was located deep within the middle of 
Russia, near the Ural Mountains. The plant itself was not placed on 
any maps; nor was the town of Ozyorsk, which officially did not 
exist. The nearest open town was Kyshtym, a small town which 
nevertheless held thousands of inhabitants.

The spread of radioactivity threatened the lives of everyone in 
the vicinity, and the Russian authorities responded inadequately. 
It took the government a week to evacuate the 10,000 people near 
Kyshtym. Even today, details on how many people died in this acci-
dent are hazy. In 1977 Dr. Leo Tumerman (PhD), the former head 
of the Biophysics Laboratory at the Institute of Molecular Biology 
in Moscow, who at that point was living in Israel, reported that 
the nuclear disaster had killed and injured hundreds.3 Dr. Zhores 
Medvedev (PhD), another high-level Russian researcher and Soviet 
dissident, would go on to expose the Kyshtym explosion to the 
world in 1979, years after being exiled from the Soviet Union; his 
book, A Nuclear Disaster in the Urals, paints a harrowing picture of 
the massive fallout.4

The Kyshtym disaster can be seen as the Soviet Union’s wake-up 
call. Reports of the radiation brought home to Soviet officials the 

Mayak nuclear plant

Moscow
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fact that a single nuclear accident had the potential to essentially 
destroy part of the country. The prospect of nuclear war, further-
more, meant a likelihood of radiation that could devastate entire 
regions, poisoning millions of people. Without an effective medical 
response to radiation, the Soviets were looking at the possibility 
that a single technical or political misstep could destabilize the 
regime and cause massive damage.

But what if radiation could be combated? What if the human 
body contained its own defense mechanisms against radiation? 
Could medical science find a way to fight the effects of radiation 
exposure, thereby limiting one of the major effects of nuclear fallout? 
The Soviet government was eager to answer this question, and to 
have a medical treatment that would give them the edge in any 
potential nuclear war. 

One American scientific researcher, Dr. Bruce Carlson (MD, 
PhD) of the University of Michigan, concluded after visiting the 
USSR during 1965-66, “The restoration of function in irradiated 
tissues has been a priority subject in many areas of Soviet biomedi-
cal research for a number of years.”5 Carlson went on to describe 
the “considerable effort” that had been put into the field.5 While 
prevention was best, Soviet researchers also hoped to treat radia-
tion exposure, if and when it occurred. To this end, Soviet scientists 
looked for biological protectors against radiation. 

In searching for these cellular protectors, researchers followed 
three lines of inquiry, searching for cells that could:

•  Reduce DNA mutation. Nuclear radiation can break apart DNA 
strands, or alter the nucleotide building blocks of DNA, the 
result is genetic mutation. Soviet researchers looked for ways to 
arrest radiation’s effect on the DNA.

•  Scavenge free radicals. Ionizing radiation creates unstable mol-
ecules, which look to stabilize themselves by stealing electrons 
from other molecules. The resulting chain reaction disrupts 
cells and weakens the body. We know today that a diet rich in 
antioxidants helps clean up free radicals; scientists were looking 
for other ways to do so.

•  Replace damaged cells. Radiation blasts the cells of the body 
into oblivion. Entire organs, like the thyroid, can be destroyed. 
Important somatic systems shut down. The body is suddenly 
robbed of the mechanisms it needs to function.

But what if radiation 
could be combated? 
What if the human 
body contained its own 
defense mechanisms 
against radiation?  
Could medical science 
find a way to fight  
the effects of radiation 
exposure, thereby 
limiting one of the  
major effects of nuclear 
fallout?
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The Soviet government aimed to accomplish the third goal by 
replenishing the blood system. A treatment that could accomplish 
this, they reasoned, could theoretically be developed into a thera-
peutic regimen that could fight against the effects of radiation. To 
accomplish this monumental task, the Soviet government turned 
to their most distinguished researchers, biologists and histologists 
who had risen to the top of the Soviet scientific establishment. A 
good part of this scientific dream team consisted of researchers 
who had made significant stem cell breakthroughs.

Chief among this number were two Jewish microbiologists from 
the St. Petersburg Military Academy. Dr. Joseph Chertkov (PhD) 
would make important contributions to our understanding of the 
stem cell microenvironment. Alexander Friedenstein would almost 
single-handedly resurrect Maximov’s work, and also make one of 
the most important cellular discoveries of the century: that of the 
bone marrow stromal cell, better known as the mesenchymal stem 
cell, or MSC.

Alexander Friedenstein: Another Russian Giant
Alexander Friedenstein began his medical career in the vener-

able halls of Maximov’s old university, the St. Petersburg Military 
Academy, and began studying epidemiology and microbiology in 
the 1950s. Friedenstein’s work, which focused on the interaction 
between the bone marrow and the blood, led him unwaveringly to 
Maximov’s extensive body of research.

While Friedenstein, seen as “the other giant in Russian hematol-
ogy,” did not always agree with Maximov’s conclusions, it is clear 
that he had a great respect for his Russian predecessor.6 Friedenstein 
“can be credited today for having contributed to the restoration 
of Maximov’s good name by highlighting the great significance of 
Maximov’s fundamental studies in hematology,” explains Dr. Boris 
Afanasyev, a Russian stem cell clinician.1 Later in life, Friedenstein 
published a paper focusing on Maximov’s ideas, describing the sci-
entist’s theory as “far ahead of its time” and defending Maximov 
against his detractors.7 

Friedenstein’s respect may have been motivated by more than 
just professional courtesy; like Maximov, Friedenstein was mistrust-
ed in the USSR by virtue of his birth. Maximov was a nobleman in 
a profoundly anti-elitist system; Friedenstein was a Jew in a country 
that held deep-rooted anti-Semitic prejudices. Dr. Robert Gale (MD, 
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PhD), a distinguished American transplant surgeon and friend of 
Friedenstein, explains, “Anybody who was Jewish and wanted to 
leave the USSR to emigrate to Israel was known as a ‘refusnik’. If 
they received permission to immigrate,” Gale continues, “they 
would immediately be fired from their jobs.”A Essentially, express-
ing a desire to move to Israel was considered a lower form of treason 
in the eyes of the Politburu. Although Friedenstein did not appear 
to be a refusenik himself, the Soviet government kept him on a 
tight leash, unwilling to lose such an important researcher.

Despite the pressure he may have felt, Friedenstein continued his 
work without any signs of discontent. He served in a high capacity, 
heading an immunomorphological laboratory at the N. F. Gamaleya 
Institute of Epidemiology and Microbiology in Moscow for over a 
quarter of a century. At the same time, he enjoyed performing the 
routine work of the lab; personal and academic accounts describe 
him as “a true bench-worker, personally doing tissue culture and 
transplantation experiments, preparing tissue sections, performing 
immunochemical stainings, etc.”8 

Dr. Alex Kharazi (MD, PhD), Chief Technology Officer at 
Stemedica Cell Technologies, Inc. and a former Soviet researcher 
who worked with Friedenstein’s laboratory group on several collab-
orative projects over the years, concedes that Friedenstein “could 
come off as a bit of an intense personality, at times.”B Nevertheless, 
Kharazi declares, the biologist “was tremendously respected in 
Russian scientific circles. His work was well known even in the 
medical community, although he wasn’t a medical doctor. The man 
was universally acknowledged to be a genius.” With his thin frame, 
slender hands, high forehead and intelligent eyes, Friedenstein was 
every inch the figure of the brilliant scientist.

Discovering Mesenchymal Stem Cells
Friedenstein’s brilliance manifested itself in his research. During 

the course of his examinations into the working of the bone 
marrow, he discovered a type of cell he had never seen before. It 
appeared to be some type of stem cell, but Friedenstein quickly real-
ized that it was not a hematopoietic stem cell, which was the only 
known stem cell type at the time.

The scientist prepared several of these mysterious cells for in 
vitro experiments, hoping that each cell would grow into a fully 
functional colony of cells that would lend itself to further study. 

Multipotent Cells
As for the original cells that 
gave birth to entire MSC col-
onies, Friedenstein awarded 
them another name: colony-
forming-unit fibroblast, or 
CFU-F.8 The concept of a 
colony-forming unit is an 
especially important one for 
the current generation of 
stem cell researchers, who 
need to grow entire colo-
nies of cells in order to run 
scientific studies and clinical 
trials. Because all stem cells 
are able to self-replicate, 
any mesenchymal stem cell 
is theoretically capable of 
becoming a colony-forming 
unit. One CFU, if removed 
from its natural location and 
put into an in vitro environ-
ment (or another organism) 
can grow an entire colony of 
cells.  
When measuring a patient’s 
overall health, doctors will 
sometimes measure the 
person’s  colony-forming 
efficiency, or CFE. A below-
average CFE within the bone 
marrow would imply a sub-
standard number of mesen-
chymal stem cells. Dramatic 
CFE changes can indicate 
blood disorders such as leu-
kemia or anemia, or that the 
body has been exposed to 
radiation. As a human being 
ages, the CFE number drops 
as the person’s stem cell 
population becomes more 
senescent. 
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And grow these cells did; within 10-12 days, there were thousands 
of cells in each colony.8

Examining his results, Friedenstein realized that these newly 
grown cells were multipotent, able to differentiate into several dis-
tinct types of cells. In contrast to hematopoietic cells, these new 
cells were responsible for forming connective tissue rather than 
blood cells. Later studies, by Friedenstein and others, would reveal 
an additional ability; these cells could greatly aid in healing already-
damaged tissue. 

Friedenstein named his new cells BMSC, or “Bone Marrow 
Stromal Cells.” He was reluctant to use the term “stem cell” for his 
new discovery, possibly so that it would not be seen as merely an 
expansion of Maximov’s work. In fairness to Friedenstein, however, 
the term “Bone Marrow Stromal Cell” is an accurate encapsulation 
of the cells’ origin and basic function. Later, the cells would just be 
called MSC, or marrow stromal cells. As time progressed, the acro-
nym MSC shifted, and now many scientists use the term MSC to 
mean mesenchymal stem cells.

As previously discussed, mesenchymal stem cells, or MSCs, are 
potent stem cells that are responsible for forming the connective 
tissue of the body. They are multipotent, and thus able to differ-
entiate into a variety of cell types. For example, MSCs can become 
chondrocytes and instigate collagen repair. They can become osteo-
blasts, the type of cell responsible for bone formation. Or they can 
form adipocytes, those much-maligned cells that are responsible for 
storing fat.

Friedenstein measured mesenchymal stem cell activity in mice, 
rats, guinea pigs, and other species, including human beings. His 
experiments led not only to the discovery of MSCs, but also to an 
understanding of their ability to self-propagate both within and 
outside of the body. 

Chertkov and the Microenvironment
Across town from the Gamaleya Institute, Friedenstein’s col-

league Dr. Joseph Chertkov (MD, PhD) studied different aspects of 
both hematopoietic stem cells and MSCs. Even after the discovery 
of MSCs, very little was known about them. Chertkov was the first 
to describe the physiological characteristics of MSCs—the aspects 
of their composition that allowed them to carry out their basic 
functions. His research deepened our understanding of the differ-

Stroma: the framework or sur-
rounding substance (which is 
usually made of connective tis-
sue) of which an organ is made. 
It is also the protoplasmic frame-
work from which some cells may 
be made, e.g. red blood cells.

Mesenchymal stem cell (MSC): 
a multipotent stem cell. More 
specifically, cells that are undif-
ferentiated and have the capacity 
to become a variety of other cells, 
including, but not limited to: bone 
(osteoblasts), cartilage (chondro-
cytes), and lymphatic (lympho-
cytes).
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ences between HSCs and MSCs, cementing the fact that there are 
different types of stem cells. But Chertkov, who was Senior Scientist 
at Moscow’s Hematological Scientific Center, was particularly inter-
ested in studying the stem cell’s microenvironment.9

The stem cell microenvironment, sometimes referred to more 
loosely by researchers as the stem cell niche, is a location that 
gives the cells their marching orders. As Dr. David Scadden (MD), 
Professor at Harvard Medical School, explains, the stem cell is 
informed by its niche as to “whether or not it will start to regener-
ate, generate new offspring, try to repair tissue, or build new tissue. 
In that case,” he continues in an online interview, “a niche is a 
combination of a functional and an anatomic definition.”12 The 
stem cell niche provides an important role in managing the stem 
cell’s behavior within the body.

We owe a good deal of our understanding of stem cell microenvi-
ronments to Chertkov, who studied the stromal microenvironment 
and its effect on HSCs. His 1984 paper entitled “Hematopoietic Stem 
Cell and its Microenvironment” was a seminal work in developing 
an understanding of how stem cells interact with their microenvi-
ronment.9, 13 Chertkov’s work helped demonstrate that the niche 
was another variable in the ever-evolving stem cell equation. 

Pushchino
Friedenstein, Chertkov, and others were not working in a vacuum; 

they were leaders of highly disciplined teams of scientists who had 
been assembled by the Soviet government. They were given whatever 
equipment they needed; money and resources were no object. The 
study of stem cells was given top priority by the Soviet government. 

Friedenstein and others had already realized that it was possible 
to grow new organs with stem cells; although Friedenstein’s greatest 
inventions occurred in the 1960s, according to some Russian scien-
tists, he was already growing new bone from gall bladder stem cells 
back in the 1950s.C He believed that stem cells had amazing healing 
powers that, combined with medical application, offered an inge-
nious method for treating radiation exposure. 

Friedenstein headed the stem cell research effort at the N. F. 
Gamaleya Institute for Microbiology and Epidemiology, but this 
was just one of the institutions that had been tasked by the Soviet 
government with the monumental directive of discovering anti-
radiation protection mechanisms, including stem cell treatment. 

The stem cell is informed 
by its niche as to 
“whether or not it will 
start to regenerate, 
generate new offspring, 
try to repair tissue, or 
build new tissue...”
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There was the Research Center for Blood Transfusion and Bone 
Marrow Transplants in Moscow, where Chertkov did much of his 
work. Researchers there studied how to effectively perform trans-
plants from donor to patient. The Institute of Biophysics studied 
the effects of radiation, in order to learn how to combat it. In 
Oblinsk, which contains the world’s first nuclear power plant, sci-
entists performed in vivo animal radiation studies. Together, these 
four centers had hundreds of scientists working on research related 
to stem cell treatment.

But if one wants to understand the magnitude of this scientific 
undertaking, one should remember only one word: Pushchino. 
This city, one hundred twenty miles south of Moscow, was simply 
a sleepy town for hundreds of years. But in 1962, the government 
changed all that. 

That year, members of the National Academy of Sciences met to 
discuss their various projects. Undoubtedly, the Kyshtym incident, 
which had occurred a mere five years earlier, was on the minds of 
many of the scientists. As well, some of the researchers would have 
heard about a cutting-edge study coming out of Canada, with two 
scientists claiming to have proven the existence of stem cells within 
the bone marrow. At their meeting, these prestigious associates of 
the Academy decided that they needed to found a new research 
center, one that would: 

Allow for the creation of a new powerful center of biological 
research, having the necessary physical plant and supplied 
with state-of-the-art equipment. The creation of such a 
center will provide great possibilities for the use of biophysics 
and biochemistry in various branches of biology and for the 
conduct of deep, integrated theoretical research, the results of 
which will serve as the basis for the development of practical 
recommendations for the application of the achievements of 
the biological sciences in agriculture and medicine.14

The Academy decided on Pushchino, which was close enough 
to Moscow to provide for constant communication, but far enough 
from any major urban center to escape the notice of prying eyes. 
Overnight, the small town became a city of scientists, existing 
almost solely for the purpose of advancing research into the effects 
of radiation and how to combat them. Puschino enjoyed another 
advantage being located twenty kilometers from, at that time, the 
largest cyclotron in the world.

The Stem Cell Niche
Chertkov was not the discov-
erer of the stem cell niche. 
That honor goes to Roy 
Schofield, a British scientist 
who conducted much of his 
research at the renowned 
Paterson Laboratories (now 
the Paterson Institute for 
Cancer Research). In 1978, 
Schofield was studying the 
actions of hematopoietic 
stem cells in the spleen. He 
realized that the HSCs acted 
differently in the spleen than 
they did in other parts of the 
body. In order to explain this 
discrepancy, he hypothesized 
that the stem cell’s behavior 
was partly determined by 
the cells around it. It was 
in his 1978 paper on the 
subject that he applied the 
term “stem cell niche” to 
his hypothesis.11 Although 
previous experiments had 
suggested the existence of 
a stem cell niche in animal 
models, Schofield was the 
first to apply it to mamma-
lian hema-tology.12

A review of both Chertkov 
and Schofield’s work demon-
strates how great scientific 
minds may often focus on 
the same problems. It also 
brings up the question: how 
much more quickly would 
stem cell research have 
advanced, if researchers had 
not been divided by the Iron 
Curtain?
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Almost a third of the scientists living in Pushchino were biolo-
gists. While not all of these scientists were assigned to stem cell 
projects, a significant portion of them were focused on research 
that directly or indirectly advanced Soviet knowledge of stem cells. 
These teams of researchers worked in isolation from the outside 
world, though they communicated frequently with their counter-
parts in Moscow. 

The USSR’s willingness to establish an entire city dedicated 
to scientific research dealing with the problem of nuclear fallout 
shows how seriously they were considering the concept of stem cell 
treatment. Stem cell researchers were given every consideration; no 
expense was considered too lavish. The entire state was focused on 
making sure the scientists had everything they needed.

The Canadian Discovery
The Soviets were not the only ones who recognized the potential 

of forming cellular “protectors” to combat the effects of radiation. 
America and its Cold War allies were also hard at work encouraging 
their own scientists to make breakthroughs in regenerative science. 
In fact, one of the most important pieces of the stem cell puzzle fell 
into place neither in the USSR nor in America, but rather in Canada.

In 1961, two Canadian scientists, Drs. James Till (PhD) and 
Ernest McCulloch (PhD) were conducting studies with the goal of 
measuring the effects of radiation on mice; like their Soviet coun-
terparts, they were motivated by the possibility of discovering ways 
to survive nuclear war. Till declared in an interview, “This was the 
late-1950s, early 1960s. The memories of Hiroshima and Nagasaki 
were still fresh. There was much concern about the threat of nuclear 
weapons, that we might have to fight an atomic war. So, being able 
to ameliorate the effects of total-body irradiation by having a bank 
of marrow was a big deal.” Till acknowledged that their research was 
supported by the government, declaring “Some of our very early 
funds came from the Defence Research Board of Canada.”17

Till and McCulloch knew that their work was timely, but they 
could not have predicted the result of their study. What started as 
an attempt to reduce the effects of radiation turned into a eureka 
moment not unlike Fleming’s discovery of antibiotics. Examining 
the spleens of irradiated mice, McCulloch noticed clumps of cells 
that corresponded with the bone marrow injections the mice had 
been given. The two researchers, after further study, decided they 

In 1925, the Russian Academy 
of Sciences, which had exist-
ed since 1724, was renamed 
the Academy of Sciences of 
the USSR. The Soviet govern-
ment afforded the Academy 
a great deal of respect, rec-
ognizing it as the premiere 
scientific organization in the 
Union. That did not stop it 
from forming a government 
commission in 1929 to purge 
the Academy of counter-
revolutionary elements. After 
that point, Soviet control over 
the agenda of the Academy 
was solidified.15 Recently 
declassified CIA documents 
demonstrate that, during the 
Cold War, the goals of the 
Academy were very much in 
keeping with the goals of the 
Soviet government.16

Even with governmental 
interference, the Academy of 
Sciences remained the elite 
scientific organization of the 
USSR. Today, the organization 
is once again known as the 
Russian Academy of Sciences.
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had stumbled upon some of “the active cells” in the bone mar-
row.17 They realized that these miraculous cells were responsible for 
the formation of entire cell colonies. Their announcement to the 
world, entitled “Cytological Demonstration of the Clonal Nature of 
Spleen Colonies Derived from Transplanted Mouse Marrow Cells,” 
vindicated Maximov’s work and provided the impetus for stem cell 
research. Two years later, the duo fleshed out their theory and pre-
sented it to the world at large.

There is no doubt that Till and McCulloch’s discovery was a 
fundamental event in the course of stem cell research. Friedenstein 
discovered bone marrow stem cells after Till and McCulloch’s find-
ings, for example. Perhaps if he had not been inspired by Till and 
McCulloch’s work, he may never have delved into such an exhaus-
tive investigation of this previously undiscovered cell type. These 
two Canadian researchers were the architects of a new scientific 
field; they took the barely blazed trail of stem cell science and paved 
the way for future breakthroughs.

But to see Till and McCulloch as the scientists who began stem 
cell science is to forget that Friedenstein, Chertkov and others had 
been following similar lines of research before the Canadians had 
their breakthrough. It is to ignore previous pioneers like Maximov 
and Virchow, who laid the first stones of this great scientific edifice. 
It is to forget the long train of scientific inquiry that began over a 
century ago, and is still ongoing in centers around the world.

As much as the USA and USSR may have wanted it to appear 
that their respective sides in the Cold War were solely responsible 
for the scientific breakthroughs that characterize the beginning of 
stem cell science, a complete picture must include both Westerners 
and Soviets. 

Governments at War, Scientists at Peace
Much of the work on stem cells during the Cold War era was 

classified. Scientists who pursued involvement with stem cells saw 
portions of their research withheld from the public and from fellow 
scientists. Official reports on clinical studies would sometimes be 
altered, limiting the number of people who knew the true results. 
Important Soviet researchers, especially, rarely travelled abroad; the 
government did not want to let these state assets out of their sight. 

But there were some startling moments of peace and mutual 
cooperation between stem cell researchers during the Cold War. 
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The scientific journals remained open, and American researchers 
were able to learn about Soviet advances through the pages of such 
publications as Washington, D.C. – based Science News.8 Similarly, 
Russian scientists read about the advances in research that occurred 
in North America, including Till and McCulloch’s seminal work.

Not all scientific cooperation occurred indirectly, through the 
pages of scientific journals. Some scientists did brave their gov-
ernments’ disapproval and travel abroad. Friedenstein, despite his 
valued status as a top-notch Russian scientist, was able to attend a 
few European scientific conferences.19 Americans traveled to Russia 
to work side by side with Soviet scientists, although they each felt 
the troubling sensation that they were under constant surveillance. 
One American doctor even flew to Russia to assist the country dur-
ing one of its darkest hours.

This American doctor, Dr. Robert Gale, recalls, “We were all very 
anxious to have scientific collaboration,” but he admits that some 
scientists were more accessible than others. “People who were part 
of the [Soviet] system, scientist apparatchniks, you could collabo-
rate with openly. In fact, that was even encouraged. I had many 
collaborations with Soviet hematologists, and those collaborations 
were encouraged and funded by the United States, and encouraged 
by the Soviet government. But non-apparatchniks were not encour-
aged; you could not openly work with them.”

Friedenstein was one such non-apparatchnik, Gale remembers. 
“We could have social discussions in his apartment, but if we want-
ed to have any serious discussion, we would have to conduct that 
conversation in the street.”

Still, the amount of cooperation between these two opposed 
powers was remarkable, given the political climate. One would 
like to think that Russian and Western scientists were able to work 
together because of some inherent altruism in the heart of the polit-
ical bureaucrats. The motivations were probably more pragmatic; 
government leaders on both sides realized that if they wanted sci-
entific breakthroughs, they had to encourage scientific innovation. 
Stifling academic cooperation, by keeping their researchers from 
participating in wider scientific forums, would only ensure intellec-
tual stagnation. In essence, a breakthrough treatment for radiation 
poisoning was too valuable a goal for either side to risk failure by 
playing politics as usual.

One would like to 
think that Russian and 
Western scientists were 
able to work together 
because of some inherent 
altruism in the heart of 
the political bureaucrats. 
The motivations 
were probably more 
pragmatic; government 
leaders on both sides 
realized that if they 
wanted scientific 
breakthroughs, they  
had to encourage 
scientific innovation.
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The Mystery of Soviet Clinical Studies
Both Soviet and American researchers performed hundreds of 

tests on irradiated subjects. Of course, the vast majority of these 
subjects were animals; scientists could not ethically expose humans 
to life-altering radiation in order to conduct their experiments.

At a certain point, however, human subjects were required 
to advance scientific understanding of the ways in which ionic 
radiation interacted with the human body. In the Soviet Union, 
there were a plethora of citizens who were exposed to radiation. 
Those affected by the Kyshtym disaster numbered in the thousands. 
Recent research has revealed that even before the disaster, people 
who worked in or lived near Kyshtym were exposed to radiation. 
The nuclear fuel reprocessing plant had very few security measures 
in place to protect its workers, and much of the nuclear waste 
was dumped into the nearby river, which affected communities 
downstream.20 

Furthermore, the Communist authorities responded to the 
Kyshtym disaster by sending over 1,000 ethnic Tatar families to 
perform clean-up operations. Some of these liquidators have since 
taken the Russian government to court, and they describe a har-
rowing story of farmers with bleeding hands and discolored bodily 
fluids, victims of radiation.21

From this instance alone, we know that Soviet stem cell research-
ers would have been able to find a patient population for clinical 
trials. Did they do so? Because so many documents remain classi-
fied, any assumption that they did perform stem cell treatments 
of any kind on Soviet subjects suffers from lack of evidence. 
There are, however, indications that clinical studies did occur. 
Valentin Grischenko, a former member of the National Academy 
of Sciences of the Soviet Union (now a member in the Academy of 
the Ukraine) has reported that late in his life, the Russian Premier 
Leonid Brezhnev received stem cell therapy in order to augment 
his failing health.22 Speaking to the well-regarded Russian newspa-
per Komsomolskaya Pravda about Brezhnev’s treatment, Grischenko 
explained, “That medication was called ‘Elixir of Immortality’ and 
was produced from bone marrow. Theoretically, that cell therapy 
should stimulate all defense forces of organism [sic] and rejuvenate 
it.”22

Similarly, Andrey Bredihin—the Press Secretary of the Laboratory 
of Immunology of the Scientific Center for Obstetrics, Gynecology, 
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and Perinatology at the Russian Academy of Medical Science—con-
firmed to the newspaper Pravda that Soviet Premier Boris Yeltsin had 
also received cell therapy, and named another prominent member 
of the Academy as the doctor who administered the treatment.23 For 
Soviet scientists to perform this procedure on two separate heads of 
state implies that they had knowledge of how stem cells would act 
within the human body.

Acute Radiation Syndrome (ARS): The Problem
For their leaders, the Soviet clinicians were simply attempting 

to turn back the clock. For Russian villagers and workers who were 
exposed to radiation, the targeted condition was acute radiation 
syndrome. 

Of all the organs damaged by acute radiation syndrome, the 
blood system is the hardest hit. Even a small dose of radiation (25 
rems in a short period of time) will lead to chnages in the blood. 
White blood cells die, leaving the body more susceptible to infec-
tion. Red blood cells die, and the body is no longer receiving the 
nutrients it needs to function. The bone marrow is decimated; the 
body is no longer able to renew its blood supply. Without function-
ing bone marrow, production of mesenchymal and hematopoietic 
stem cells plummets. The body is unable to repair the damage it has 
suffered.

When the bone marrow is functioning correctly, however, it has 
the ability to help regenerate the body. German radiobiologist Dr. 
Albright M. Kellerer (PhD) points out: 

A large number of studies have made it clear that bone mar-
row stem cells are remarkably pluripotent, that a substantial 
fraction—of the order of 1%—circulates in the peripheral 
blood, and that they can migrate to various tissues to prolifer-
ate and differentiate there.20 

Stem cells from the bone marrow, with their high potential for 
differentiation, make an excellent “emergency response team” for 
the body.

Cold War-era scientists hoped this cellular emergency response 
would include a way to treat some levels of acute radiation syn-
drome (ARS), the clinical name for the changes which occur to the 
body in the wake of radiation exposure. For an ARS-affected patient, 
the hypothesis was that both hematopoietic and mesenchymal 
stem cells could not only cleanse the blood stream but could even-

Pluripotent: able to change 
into a variety of capacities—par-
ticularly, differentiating into one 
of several different cell types. 
Also, a cell’s ability to possibly 
differentiate into a multitude of 
tissues or organs.
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tually help out other areas of the body struggling with radiation 
poisoning by differentiating into needed cell types. Stem cells could 
be the protector cells for regenerating damaged tissue that everyone 
had been looking for.

When someone is exposed to radiation, however, the stem cells 
suffer just like any other cell. With the bone marrow thoroughly 
irradiated, there are not enough stem cells to replenish the body’s 
damaged tissues. The bone marrow needs to go through a process 
of myelopoiesis, reforming itself and producing new blood cells. But 
in the meantime, the bloodstream is left without a source of new 
blood cells. No new HSCs or MSCs are being produced. The body is 
unable to use its stem cells, one of its most powerful regenerative 
tools, to fight radiation sickness.

The more the Soviet researchers learned about stem cells, the 
more they realized how vital a role they played within the body. 
Increasingly, they began to wonder if a transplant of stem cells to 
the bone marrow of the afflicted patient could battle acute radiation 
syndrome. Fortunately, a new procedure had recently been devel-
oped to do just that.

Bone Marrow Transplantation
In a bone marrow transplant (BMT), the patient’s compromised 

bone marrow is injected with stem cells. If the body does not reject 
the transplant, then the stem cells can proliferate and differentiate, 
seeding themselves in the depleted bone marrow and providing a 
jump-start to the body’s blood system. It is a reset button for the 
body, which cannot be healthy without a functioning blood system.

In the United States, the first bone marrow transplants began in 
1939. They were highly experimental, and mainly utilized animal 
studies, although there were a few small-scale clinical studies.24 

Meanwhile, Friedenstein, Chertkov, and others were conducting 
similar studies in the Soviet Union. Early on, authorities from both 
sides of the Cold War recognized the importance of this research. 
Dr. Edward Donnall Thomas (MD), the Nobel laureate who con-
ducted much of the seminal research on BMT, acknowledged in his 
Nobel lecture that “because of concern about irradiation exposure 
our early funding came through the Atomic Energy Commission.”24 
In many ways, this funding from the Atomic Energy Commission 
paralleled the Soviet efforts to support regenerative research in the 
Soviet Union.
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The Soviets and the Americans were paying especially close 
attention, then, when five Yugoslavian researchers from the Vinca 
research reactor were flown to France to undergo experimental bone 
marrow transplantation. The five researchers had been exposed to 
deadly doses of radiation when the reactor unintentionally went  
critical. The French transplant team, led by Dr. Georges Mathé 
(MD), managed to save four of the five patients, but critics believed 
that the benefits of the operation were marginal, at best.24, 25

Another major breakthrough occurred when the first successful 
bone marrow transplant for treating immune deficiency syndrome 
was performed on a young boy at the University of Minnesota in 
1968. Soon after, BMT was used to treat lymphoma. Studying the 
recent advances that had been made in the bone marrow transplant 
protocols, doctors around the world began to wonder if BMT could 
be used to replenish irradiated bone marrow cells and fight the 
effects of radiation. 

While both American and Soviet doctors were attempting to 
better understand the possibilities of BMT, it took a terrible tragedy 
before medical science was offered an opportunity to clearly study 
the results. In May 1986, thirteen patients received bone marrow 
transplants at the simply named Moscow Hospital 6. The attend-
ing doctors included some of the best hematologists and transplant 
surgeons from both the United States and the USSR. 

In contrast to the multinational character of the attending 
medical team, the thirteen patients all came from a small Ukrainian 
town named Pripyat. Pripyat, with a population of only 50,000, 
had been founded in 1970 to house the workers who operated the 
nearby nuclear power plant. The power plant, which supplied much 
of Ukraine’s electricity, went by the official name of The V. I. Lenin 
Nuclear Power Station. But it is better known by its other name: 
Chernobyl.
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Chernobyl
In an event that has high-

lighted for the world the dan-
gers of nuclear power, on the 
morning of April 26, 1986, the 
Chernobyl Nuclear Power Plant 
experienced a catastrophic acci-
dent. An explosion at reactor 
Number 4 released a significant 
amount of radioactive material 
into the air. Plant workers were 
immediately exposed to high 
doses of radiation, resulting in 
textbook cases of acute radi-
ation syndrome (ARS). More 
than 30 separate fires broke out; 
some of these fires threatened 
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A view of the Chernobyl 
Nuclear Power Plant. The 
Geiger counter shows even 
after 15 years had passed 
(date of the image) there 
were still detectable levels of 
radiation.
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to consume the other three nuclear reactors, an event that could 
have caused subsequent explosions.

Firemen, knowing full well the possible deadly consequences of 
radiation poisoning, rushed to the scene.1 Russian analyst, Robert 
Ebel, explains that these heroes put themselves in harm’s way to 
limit the effect of the blast: 

The danger that the fire would travel along the roof of the 
turbine hall meant that the initial fire-fighting efforts were 
concentrated on the roof. It was during this action that many 
of the firefighters received what were eventually fatal doses 
of radiation… The firemen lacked proper protective gear, the 
roof was built of highly flammable materials, and the fire-
fighting trucks were not equipped to attack fires on buildings 
of this height, in some places reaching 235 feet. The chance 
of survival for those firemen who made it to the rooftop was 
minimal; it was for many a sentence of death.1

Firefighters, plant workers, doctors and even passersby—those 
who were near the power plant that day received fatal doses of radi-
ation. While the Pripyat citizenry were evacuated, the ARS victims 
needed immediate medical attention. Eighty-four patients were 
treated at hospitals in nearby Kiev, Ukraine. Another 115 patients 
were sent to Moscow. In fact, almost all of the most seriously ill 
patients went to Moscow. The very worst cases were sent to one 
hospital in particular, Moscow Hospital 6.

Moscow Hospital 6 was primarily known as a hematology-
oncology ward. But it had an unusual specialty: treating radiation-
afflicted patients. The evening of April 26, deputy director, Dr. 
Angelina Guskova (MD, PhD), was connected to Chernobyl medical 
officials via a direct hotline. Dr. Guskova was assisted by American 
transplant surgeon, Dr. Robert Gale, who had offered his services to 
the Soviets upon learning of the nuclear disaster. Gale and Guskova 
were looking at individuals who had taken on an incredible amount 
of radiation. Twenty of the patients had suffered from Level IV 
exposure—between 6 and 16 Grays (Gy) of radiation. The chance 
of survival from ARS becomes negligible when exposure exceeds 6 
Gy. For others who had experienced 4-6 Gy, the chances of survival 
were less than 50%.

Facing such dire medical circumstances, the doctors decided to 
perform bone marrow transplants on several of the patients, hop-
ing that new stem cells would reverse bone marrow failure and give 
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these patients a chance at life. They chose only the patients who 
were suffering from “an extremely severe and irreversible degree of 
myelodepression.”2 (Myelodepression is the clinical term for com-
promised bone marrow activity.) Thirteen patients, all suffering from 
Levels III and IV doses of radiation, received stem cell injections. 

Unfortunately, for most of the patients, it was too little, too 
late. The patients had all suffered severe radiation burns. Seven of 
the thirteen patients died from injuries to the skin, gastrointestinal 
tract, and lungs, while four others died from viral-bacterial infec-
tions. While the bone marrow transplants may have been able 
to help restore the patients’ bone marrow function, they proved 
unable to save the patients’ lives. 

Of the thirteen patients who received bone marrow transplants 
in the aftermath of Chernobyl, two survived. These two were dis-
tinctly fortunate; they both had sisters whose bone marrow could 
be used for donation. Even then, the bone marrow transplants were 
only a temporary measure; both patients rejected the donated cells 
after several weeks, but by then, they had begun producing their 
own stem cells.2

Another six patients received fetal liver cell transplants, with the 
hope that this source, rich in stem cells, would be less likely to trig-
ger graft-versus-host disease and that they would be accepted by the 
body. Unfortunately, all but one patient who received these trans-
plants died from skin and intestinal injuries. The last patient, who 
had received between 8-10 Gy of radiation, clung to life for several 
days after her transplant, before finally passing away. Her autopsy 
revealed that her own cells had begun the process of myelopoiesis 
(production of bone marrow, bone marrow cells, or blood cells in 
bone marrow); her body had begun forming new bone marrow. 
Given the complexity of the situation, doctors were unable to deter-
mine whether the results were from the transplant. 

For the two patients who survived, it is impossible to know 
whether the transplants were the reason for their recovery, or 
whether they would have survived without the stem cell injection. 
Dr. Guskova decided that “in an emergency situation like the one 
described, the group of persons for whom bone marrow transplants 
would be indicated with a reasonable prospect of success is extreme-
ly limited.”2

Comparison of the BMT-patients with the non-treated control 
group leads to few conclusions.  In both groups, receiving over 9 Gy 
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was an automatic death sentence. For those who received between 
6.5-9 Gy, one patient from each group survived. But for those 
receiving less than 6.5 Gy, survival rates were better for those who 
did not receive a bone marrow transplant. All five patients in this 
category, without the transplant, survived. In contrast, out of four 
patients who received BMT, only one lived.2

It seems that in several cases, the stem cell transplants were 
rejected, resulting in graft-versus-host disease (GVHD), which fur-
ther weakened the body. This disease, combined with infection, 
was established as the cause of death for several patients. Dr. Gale 
explained in a report published soon after the accident that these 
patients might have developed graft-versus-host disease precisely 
because they had not received higher doses of radiation. As Gale 
describes, the higher probability that the lower dose of radiation 
did not completely ablate the patients’ bone marrow made it more 
likely that there would be enough cells remaining to provoke an 
immune reaction from the donated bone marrow. 

The more irradiated the bone marrow is, the less likely it is to 
reject bone marrow transplants from non-matching donors. It is 
imperative to use stem cells that are less likely to be rejected by 
the body. Dr. Gale had hoped that transplantation with fetal liver 
cells could be effective in the Chernobyl patients, explaining that, 
“Since the immune system is not fully developed at this time, histo-
incompatible fetal liver cells are less likely to cause graft-versus-host 
disease than comparable mismatched adult bone marrow cells.” 
Whether they would have worked on the Chernobyl patients is 
impossible to know; the patients all died from unrelated causes. Dr. 
Gale was reluctantly forced to conclude that this may always be the 
case: 

Regardless of the interpretation of these cases, it is certain 
that bone marrow transplantation can only save a small pro-
portion of victims of radiation accidents; irreversible damage 
to other organs is likely to limit the success of this approach.3

Further, the transplant surgeon was compelled to acknowledge, 
“Although transplantation of hematopoietic stem cells can facili-
tate bone marrow recovery, this procedure is associated with such 
complications as graft-versus-host disease, interstitial pneumonitis, 
and iatrogenic immune suppression.”3 In other words, it was still a 
dangerous treatment option that exposed the patient to GVHD and 
potential infection. 

Beyond Chernobyl
After Chernobyl, Western 
doctors as well as analysts 
and policymakers asked 
themselves: how did the staff 
of Moscow Hospital 6 know 
so much about radiation 
exposure?1 Dr. Gale admits 
that he was exposed to infor-
mation that had not previ-
ously traveled outside the 
confines of the Soviet Union, 
saying, “The value of hav-
ing me accurately report the 
accident results, in the eyes 
of [Soviet Premier] Gorbachev 
and the Politburu, was far 
greater than the value of 
withholding prior information 
from me.”A

It was partly through scrutiny 
of the actions of Moscow 
Hospital 6 that the world 
became more aware of the 
fact that the Soviet Union 
had amassed a significant 
body of knowledge pertain-
ing to radiation exposure, 
a fact that further indicated 
that the Soviets had been  
less than open about previous 
nuclear incidents within  
their borders.
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It would be disingenuous to call Chernobyl a success in the 
advancement of stem cell treatment, but it was still an important 
event for stem cell research. It was one of the first times that stem 
cell treatments were performed on more than a few individuals, 
and it provided both Soviet and Western doctors an opportunity to 
refine their procedures. It also demonstrated how much researchers 
had yet to understand before stem cell-based therapy offered a legiti-
mate treatment option. 

Chernobyl was just one event within the wider backdrop of 
the Cold War, which spurred stem cell research on both sides of 
the Atlantic. Tragically, the atmosphere of mutual mistrust meant 
that many scientists who could have worked together as colleagues 
instead kept the full extent of their discoveries classified. Still, there 
were significant moments of cooperation, breakthroughs in stem 
cell research, and an early exploration of the concept of the stem 
cell as a treatment option for serious disease. As the Iron Curtain 
fell, however, there were still major hurdles to overcome. It would 
take another generation of medical scientists to develop stem cell 
treatments that would forever relegate these early results to the 
annals of history.

The Fall of the Iron Curtain
With the fall of Soviet Russia, there began a new era of stem cell 

research. Reminiscent of Russia in 1917, the collapse of the Soviet 
Union and subsequent political upheaval meant that funding for sci-
entific research disappeared, practically overnight.4 Dr. Vadim Repin 
(PhD), a former Soviet researcher and current correspondent member 
of the Russian Academy of Medical Sciences, acknowledges that with 
the transition, “It was very difficult to live in Russia without a decent 
base of funding and support.”B Repin is the author of two excellent 
stem cell books published in 2003 and 2010. Repin transitioned into 
a private company in Russia, but for many of his colleagues, there was 
no pressing reason to continue research at home when the facilities of 
the entire world were available. Soviet researchers suddenly had the 
freedom to travel, and with the technological expertise they had, the 
world was at their fingertips. The Soviet diaspora provided an impetus 
for burgeoning stem cell research programs around the world.

Removed from the context of the Cold War, there was no longer 
any urgent reason to continue stem cell research. But scientists had 
already had a glimpse at the tantalizing prospects of stem cells, and 
they knew that there was more to accomplish.
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The next decade was marked by a dazzling series of scientific 
breakthroughs that awakened widespread interest and brought stem 
cells to the forefront of public discourse. From a research standpoint, 
these breakthroughs have been tremendous, and they represent some 
of the most fascinating discoveries in all of science. 

From a therapeutic standpoint, however, their effect has been less 
pronounced. Several of the most exciting breakthroughs involve the 
isolation of a new source of stem cells, an event that inevitably pre-
saged a wave of optimism and excitement. Later, as researchers turned 
a more skeptical eye to the new cell source, they would realize that it 
was unsuitable for clinical applications, or useful for treating only a 
small collection of rare diseases, at best.

This roller-coaster of expectations has characterized the world’s 
understanding of stem cell research since the late 1990s. The event 
which was perhaps most responsible for expanding public knowledge 
of stem cells was the isolation of embryonic stem cells (ESCs).

Embryonic Stem Cells
Stem cell research has a long and storied history that stretches 

over a hundred years. However, it was only in 1998 that stem cells 
exploded onto the front page of the newspapers and the forefront of 
public consciousness. It was then that University of Wisconsin profes-
sor, Dr. James Thomson (PhD, VMD) isolated cells from the inner cell 
mass of human blastocysts, or early-stage embryos. Using these cells, 
sometimes referred to as the embryoblast, Thomson created a line of 
embryonic stem cells. These cells had the advantages of differentiat-
ing into almost any other cell type; they were pluripotent.

That same year, Dr. John Gearhart (MD), professor and director of 
Pediatric Urology at Johns Hopkins University, discovered another 
source of pluripotent stem cells, derived from cells in fetal human 
tissue.5 More specifically, these cells came from the germ cells of 
fetal reproductive tissue.6 Using different cells, both Thomson and 
Gearheart’s teams had created a new source of pluripotent stem cells 
that offered a tantalizing possibility of future scientific breakthroughs. 
It was the end of the twentieth century, Dolly the sheep had been 
cloned only two years earlier, and suddenly the future seemed more 
like a utopian science fiction novel, thanks to stem cells. A 1999 issue 
of Science magazine declared pluripotent stem cell research to be the 
scientific breakthrough of the year.6 Embryonic stem cell research 
captured the public’s imagination, and, as we know, also set off a 
firestorm of controversy that rages to this day.
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Thomson, when interviewed by MSNBC in June of 2005 regarding 
his legacy, admitted that “embryonic cells would play a more impor-
tant role in fundamental research than in transplantation therapies.”7 
He also acknowledged that different stem cell lines were needed for 
breakthroughs in translational medicine, stating that the stem cell 
lines at the time were not adequately suited for such applications.7 
Thomson believed that ESCs (which at that time he called ESs) would 
be a useful platform for testing experimental drugs. In fact, he went 
on to found a biotechnology company in order to follow this line of 
inquiry. Thomson explained that:

[Embryonic stem cells] will be a pervasive research tool that 
anybody interested in understanding the human body will use. 
And that will lead to knowledge, for the development of new 
drugs or whatever, that has absolutely nothing to do with trans-
plantation. This will change human medicine in ways that 
don’t make the front pages. And people will not even realize 
it’s happened. My prediction is that that will be the long-term 
legacy of these cells.7

It is Thomson himself, who is considered the founder of the 
embryonic stem cell concept, who argues, along with many others 
in the scientific community, that the role of ESCs is in research, not 
translational medicine. There are a few clinical trials in the United 
States that are using ESCs or ESC derived products. So from what 
avenue can we find breakthroughs in stem cells’ ability to offer 
medicinal benefits? The answer to that question appears to lie with 
adult stem cells.

Dr. Darwin J. Prockop (MD, PhD), Director of Texas A&M’s Institute 
for Regenerative Medicine, explained in 2006 that: 

...adult stem cells may be more useful for repairing damage to 
tissues by trauma, disease, or perhaps uncomplicated aging. 
Recent observations are providing increasing evidence for the 
concept that adult stem cells are part of a natural system for 
tissue repair.8

Despite the fact that embryonic stem cells are more poised for 
breakthroughs in the field of scientific inquiry than medical advance-
ment, the furor regarding ESCs was responsible for a renewed surge 
of academic interest in the field. The events of 1998 caused scientists 
to take another look at the possibilities that stem cells offered. A 2002 
special report on stem cells in the Journal of Pathology summates: 

It is Thomson himself, 
who is considered the 
founder of the embryonic 
stem cell concept, who 
argues, along with many 
others in the scientific 
community, that the role 
of ESCs is in research, not 
translational medicine.
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Ever since the first reports 4 years ago that pluripotential 
embryonic stem cells can be extracted and successfully propa-
gated from early human blastocysts and aborted fetuses, both 
the general public and the scientific community have been 
gripped by the potential promise of stem cell-based therapies 
for the treatment of a wide variety of diseases that affect our 
vital organs.9

It is ironic to think that the discovery of human embryonic stem 
cells has helped fuel further research into the clinical uses of human 
adult stem cells, but it also demonstrates the extent to which the aca-
demic community has been focused on this field in the last couple 
decades.

Induced Pluripotent Stem Cells
In 2006, Dr. Shinya Yamanaka (MD, PhD), Professor at the 

Institute for Frontier Medical Sciences at Kyoto University, declared 
that he had discovered a way to regress fully formed adult mice cells 
into a stem cell-like state. The next year, he announced that he had 
performed a similar procedure with human cells, transforming adult 
fibroblasts into stem cells. His announcement was followed soon after 
by Professor Thomson’s, who again made headlines by announcing 
that he had created a similar stem cell population. The resulting 
stem cells, termed induced pluripotent stem cells (iPS cells), had 
the potency of embryonic cells, without being derived from human 
embryos. 

The media quickly announced that a “truce” had arrived in the 
“stem cell war” between those who favored ESC research and those 
who opposed it. With iPS cells, there was no need to destroy human 
embryos in order to access pluripotent stem cells.

Scientific enthusiasm, however, faded somewhat after a research 
study by biologist, Dr. Robert Lanza (MD), suggested that iPS cells 
were more senescent than embryonic stem cells. Lanza’s research also 
indicated that iPS cells had less proliferative capacity, and were more 
likely to commit apoptosis (cellular death), than their embryonic 
counterparts.10 Lanza declared soon after his study was completed 
that, “There was a 1,000 to 5,000-fold difference” between the prolif-
erative ability of these two cell types.11

While iPSs allowed scientists to sidestep the ethical debate sur-
rounding stem cells, their reduced proliferative ability hinted that 
they were not an effective therapeutic option. 

Induced pluripotent stem 
cell (iPS): adult stem cells 
that are genetically altered into 
becoming embryonic stem cells, 
and expressing the traits that are 
inherent to embryonic stem cells.
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Furthermore, iPS cells are even more prone to safety concerns 
than their embryonic counterparts. A Japanese research team, which 
included Dr. Yamanaka, acknowledged in the Proceedings of the 
National Academy of Sciences that “iPS cells are likely to carry a higher 
risk of tumorigenicity than ES [embryonic stem] cells, due to the 
inappropriate reprogramming of these somatic cells, the activation of 
exogenous transcription factors, or other reasons.”12

The process of reverting an adult cell into a pluripotent stem cell 
is a complicated one; the cell is essentially being coaxed to do some-
thing against its nature. This is not the case for cancer cells that revert 
backwards from a differentiated state to a nondifferentiated one. The 
cell is artificially aged as it goes through different cell culturing pro-
cedures which forces it to drastically alter its behavior. Some or all 
of these factors may contribute to the iPS cell’s greater likelihood of 
malformation.

Researchers continue to test different iPS cell lines on animal 
models, and so far there are certain lines that have not shown any 
tendency to turn tumorigenic.12 It seems possible that, if the iPS cells 
are cultivated differently, they may become more suitable for poten-
tial therapeutic uses.

Umbilical Cord Blood and Placenta Banking
Concomitant with embryonic stem cell research, scientists began 

wondering if the stem cells within umbilical cord blood (CB) could 
be used to treat serious disorders. Umbilical cord blood, it was revealed 
in 1978, contained its own source of hematopoietic stem cells. Using 
this knowledge, a medical team led by Dr. Elaine Gluckman (MD, 
PhD), of the Hematology Hospital Saint Louise in Paris, used umbili-
cal cord blood-derived stem cells to treat a young boy with Fanconi’s 
anemia.13 The stem cells came from the boy’s HLA-identical sister, 

making the first umbilical cord stem cell treatment an allogeneic one. 

After a baby is delivered, the mother’s body releases the placenta, 
the temporary organ that transfers oxygen and nutrients to the baby 
while in utero. Until recently, in most cases the umbilical cord and 
placenta were discarded after birth without a second thought. But 
during the 1970s, researchers discovered that umbilical cord blood 
could supply the same kinds of blood-forming hematopoietic and 
mesenchymal stem cells as a bone marrow donor. With umbilical 
cord stem cells, it is possible to perform either autologous or alloge-
neic treatments: families can bank their child’s cord blood and use it 

Umbilical cord blood  
(CB–cord blood): blood 
that is contained in the 
umbilical cord, which 
connects mother to fetus 
throughout pregnancy. This 
blood is rich in stem cells, 
and is either stored for later 
use or discarded after birth.
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if the child becomes ill, or turn to a registry of HLA-matched donors 
otherwise. And so, umbilical cord blood began to be collected and 
stored.

A group of Cleveland researchers, led by Dr. Mary J. Laughlin 
(MD), helped bring this cell source closer to a clinical translation 
in 2001, when they used CB from an allogeneic source to treat leu-
kemia and aplastic anemia in adults. Before then, medical science 
had already established umbilical cord blood as a treatment option 
for children with blood disorders. But as Dr. Laughlin explained, 
“Researchers have wondered whether the small amount of stem cells 
in cord blood can create a whole new immune system in fully grown 
adults, who are also more likely than children to reject a less-than-
perfect transplant.”14

As Laughlin describes, the concerns of the scientific community 
were manifold. But one of the major concerns had to do with incom-
patibility. If the stem cells were allogeneic, would the host’s body 
just reject the transplant? This concern was definitively addressed by 
Laughlin’s study, which demonstrated that “just two ounces of blood 
harvested from an umbilical cord can create a new blood-producing 
system, and we do not even need a perfect match for a successful 
transplant because of the immature nature of cord blood stem cells.”14 
Laughlin’s study showed 90% of the treated patients growing new, 
healthy blood cells after the transplant.C The incidence of GVHD, 
a significant concern in stem cell transplants, was also lower than 
expected. 

Cord Blood Stem Cells: The Limitations
Today, there have been over 20,000 cord-blood transplants per-

formed to treat a variety of disorders.15 However, it is worth noting 
that cord-blood transplantations are most often performed in lieu 
of bone-marrow transplantations; that is to say, their use may be 
restricted to certain types of blood disorders. In fact, umbilical cord 
blood and placental stem cells are considered most valuable for treat-
ing chronic blood-related disorders, and scientists note that their abil-
ity to differentiate into non-blood-related cells is “far from proven in 
a clinical sense.”15, 16

The debate still rages as to whether umbilical cord blood contains 
enough stem cells to effect a therapeutic result. While Laughlin et al.’s 
study showed clinical benefit for adult patients, scientists, like Indiana 
University, School of Medicine’s professor, Dr. Hal Broxmeyer (PhD), 
still worry that CB contains a “low, and sometimes limiting, number 

The debate still rages as 
to whether umbilical cord 
blood contains enough 
stem cells to affect a 
therapeutic result.
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of cells collected in single donor units which can be less than optimal 
for engraftment of many adults and higher–weight children.”15

Despite these difficulties, successful cultivating techniques may 
be able to produce enough cord blood-derived stem cells to create a 
therapeutic benefit. But for now, it seems that umbilical cord blood 
and placenta-derived stem cells are useful mainly for treating blood 
disorders.

Pushing the Field Forward
In a 2010 forum on stem cell research and its potential affect on 

the healthcare industry, Dr. George Daley (MD, PhD), the Samuel E. 
Lux IV Chair in Hematology at Harvard Medical School, was asked to 
determine whether embryonic or adult stem cell research was more 
important to the stem cell field. His answer: “Scientists don’t engage 
in those debates. Scientists see all this research as very fertile space, 
which all needs to be pushed forward.”D

Politicians and media figures are quick to describe researchers of 
different stem cell types as opposed to each other’s work. Metaphors 
like the “stem cell war” and the “stem cell race” depict the main 
dynamic among researchers and clinicians as antagonistic. The truth 
is that a breakthrough in one area of stem cell research advances the 
knowledge base of the entire field.

Embryonic stem cells and induced pluripotent stem cells may 
not be the right choice for therapeutic applications, while umbilical 
cord-derived stem cells may be limited to blood-borne disorders. But 
the discovery of these cell types has led to an explosion of interest 
in stem cell research, which has ultimately brought us closer to stem 
cell-derived treatment applications. The research that has been done 
with these cells, and the research that is continuing to be performed, 
offers the scientific community a collection of unique insights that 
help all researchers perform their jobs more effectively. Each stem 
cell discovery provides inspiration to other researchers, and creates 
kinetic energy which pushes the field inexorably forward.

Adult stem cell researchers have also created their own kinetic 
energy, advancing their knowledge base at a dizzying rate. Since the 
days of Chernobyl, the field of adult stem cells has made a quantum 
leap. A new generation of hematologists, neuroscientists, pathologists 
and others have discovered new adult stem cell types and made clini-
cal breakthroughs that make allogeneic stem cell therapy possible 
today.

The truth is that a 
breakthrough in one 
area of stem cell research 
advances the knowledge 
base of the entire field.
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Advancing to Allogeneic Treatment
Drawing from the lessons of bone marrow transplants, stem cell 

researchers who hoped to use adult stem cell treatments in a clinical 
setting realized two things. First, a source of healthy allogeneic stem 
cells could be useful in a medical emergency. Second, these alloge-
neic cells would only be useful if they were accepted by the body 
and, in the case of bone marrow-derived stem cells, if they refrained 
from initiating graft-versus-host disease. 

With bone marrow transplantations, the risk of rejection is 
reduced through the use of immunosuppressant drugs and serotype 
matching. Unfortunately, immunosuppressants can leave trans-
plant patients vulnerable to infections. Similarly, patients must wait 
until an organ that matches their serotype becomes available, an 
event that often occurs too late. 

For allogeneic stem cell treatment, the ultimate goal has been to 
develop a master cell bank that can be used to treat anyone, without 

Chapter 5

A Quantum Leap



78

Chapter 5— a Quantum Leap

Although research into the 
function and behavior of 
HLAs advanced notably 
with the advent of genomic 
mapping, scientists have 
been aware of leukocyte 
antigens for over 50 years. 
It was in 1958 that Dr. Jean 
Dausset (MD), who was 
the head of the Immuno-
haematology Laboratory 
at the National Blood 
Transfusion Centre of 
France, discovered the first 
leukocyte antigen, HLA-A2. 
Seven years later, he would 
discover that these antigens 
were part of larger genomic 
groups, which he dubbed 
the Major Histocompatibility 
Complexes (MHC). These 
and other discoveries 
earned Dr. Dausset the 
Nobel Prize in 1980.

danger of rejection and without the need for serotype matching or 
immunosuppressants.

A better understanding of how to accomplish this goal requires 
a better understanding of the problem. How does the body know 
which cells are its own, and which cells are foreign? The answer can 
be summed up in three letters: HLA. 

Human Leukocyte Antigens (HLAs):  
The Body’s Secret Passwords

In the 1990s, private and public groups began work on mapping 
the human genome. The decoding of the genome, completed at the 
turn of the millennium, was a massive project, the ramifications 
of which affected scientists of various disciplines. One result of 
these genome sequencing projects was an advanced understanding 
of nucleotide sequencing. More specifically for stem cell research-
ers, these scientific advancements helped them better identify the 
different HLA proteins which act as identification signals to the 
body. HLAs, or human leukocyte antigens, are still not completely 
understood today, but research has allowed us to reach certain con-
clusions.1 

HLA are like the body’s secret passwords: the human leukocytes 
encode proteins that appear on the outer portion of the body’s cells. 
Killer T-cells, the white blood cells tasked with ridding the body of 
foreign pathogens, interpret these proteins as signals. The right sig-
nal leads to acceptance; the wrong signal causes the T cell to attack. 
In a transplant, the HLA that are of the same type as the patient 
will be accepted by the body. HLA that encode a different protein 
will send off the wrong signal. Conversely, in GVHD, if the body 
does not have the right type of HLA proteins as the bone marrow 
transplant, the donated T-cells will attack.

But if T-cells only react if the wrong signal is given, what hap-
pens if there is a poor or no signal at all? T-cells are engineered to 
react only when they recognize an HLA-encoded protein. But stem 
cells, if cultivated early enough and with the proper methodology, 
will not develop much HLA. During Chernobyl, the Russian clini-
cal team used fetal liver cells on several patients, partly because, 
“During the second trimester of gestation, [the] fetal liver is a rich 
source of hematopoietic stem cells. Since the immune system is 
not fully developed at this time, histoincompatible fetal liver cells 
are less likely to cause graft-vs-host disease than comparably mis-
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matched adult bone marrow cells.”2 But, these fetal tissue trans-
plants represented a cross-section of cells that may have already 
been in more advanced stages of tissue development.

With a better understanding of how HLA proteins work, sci-
entists were able to better understand why previous transplant 
procedures failed. Drawing from this, stem cell researchers have 
since worked to determine the optimal parameters for cultivat-
ing immune-privileged fetal-derived stem cells, ones that would 
remain multipotent and controllable without inducing an immune 
response from the patient’s body. By doing so, some researchers 
have found a solution to transplant rejection, simply by circum-
venting the HLA proteins that make other transplant procedures 
risky.

A good understanding of how fetal stem cells work has also 
required a better understanding of fetal cell biology. Dr. Vadim 
Repin, the former Soviet researcher who has published several 
reviews on fetal cell therapy, points out that “fetal cell biology is a 
very specific area that combines areas of knowledge from genetics, 
embryology, biochemistry, modern cell biology, and medicine.”A

 With such an interdisciplinary focus required, it was not an 
easy task to determine the suitability of fetal stem cell transplant 
procedures. Today, however, we know that fetal stem cells—when 
harvested at the proper time and under the appropriate proce-
dures—are not only immune privileged, but also have more prolif-
erative capacity and less senescent tendencies than their counter-
parts, qualities that make them ideal for stem cell treatment. Dr. 
Repin stated, “If you have the possibility of receiving a treatment 
from an available bank of fetal [stem cell] tissue, that would be the 
primary echelon of treatment.” But not all stem cells come from 
fetal origins. Bone marrow-derived stem cells, for example, usu-
ally come from adults. In the United States, treatments with fetal-
derived stem cells are not currently available; so, could clinicians 
develop a therapeutic adult stem cell regimen that would not rely 
on fetal tissue?

It turns out that they can. There is one stem cell type that can 
be used in the treatment of a broad variety of diseases, and does 
not need to be cultivated from fetal sources in order to bypass the 
body’s immune response. In the 1980s and 1990s, several teams of 
researchers would reveal the surprising attributes of mesenchymal 
stem cells, one of the most valuable stem cell type for clinical use.

How does the body know 
which cells are its own, 
and which cells are 
foreign? The answer can 
be summed up in three 
letters: HLA.
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Mesenchymal Stem Cells 
and Continued Research

After Friedenstein’s groundbreaking discoveries in the 1960s and 
1970s, a biophysicist from the United Kingdom took up the baton 
and considerably advanced our knowledge of mesenchymal stem 
cells. Dr. Maureen Owen (PhD), of the Department of Orthopaedic 
Surgery at the Nuffield Orthopaedic Centre in Oxford, England, was 
already a well-recognized expert in the field of bone tissue research 
when she started investigating MSCs. Poring over Friedenstein’s 
research, she quickly realized the full potential of these cells. 

Alone and in collaboration with Friedenstein, Owen started look-
ing more closely at the possibility of modifying mesenchymal stem 
cell behavior by modifying their in vitro conditions.3 For example, 
Owen would use epidermal growth factor to increase the colony 
size of cell populations, or use hydrocortisone to prime the cells to 
differentiate into osteocytes, the cells which comprise bone.4 Her 
research created a solid understanding of how to work with MSCs 
and prepare them for eventual in vivo use.

Another researcher, Dr. Arnold Caplan (PhD) of Case Western 
Reserve University, ushered in a new era for mesenchymal stem 
cells by using them to perform clinical trials in the United States. 
During the early ‘90s, Caplan’s focus on mesenchymal stem cells 
was so exhaustive that other scientists began referring to MSCs 
as “Caplan cells.”5 Recognition of Caplan’s efforts provided these 
cells with a nickname, but it was Caplan himself who gave them 
the name “mesenchymal stem cells” in a 1994 paper published 
in the Clinics in Plastic Surgery journal.6 Friedenstein had used the 
term bone marrow-derived multipotent marrow cells, while Owen 
preferred the name “stromal stem cells.”3 But it was Caplan’s name 
that eventually stuck, giving us the nomenclature we use today, and 
explaining the use of the acronym MSC.

In 1995, Caplan led the Phase I clinical trial which demonstrated 
to the world that mesenchymal progenitor cells (MPCs) could be 
isolated, expanded and placed in vivo, thus establishing a poten-
tial protocol for stem cell-based treatments. Twenty-three patients 
received autologous MPCs which were cultivated and then re-inject-
ed into their bone marrow. Caplan’s team proudly concluded in a 
Bone Marrow Transplantation paper that “no adverse reactions were 
observed with the infusion of the MPCs. MPCs obtained from can-
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cer patients can be collected, expanded in vitro and infused intrave-
nously without toxicity.”7 Caplan’s results demonstrated that MSCs 
were ready to begin the process of transitioning into the clinic.

The MSC as a Peacemaker
Caplan’s work put Case Western Reserve University on the cut-

ting edge of mesenchymal stem cell research, and more clinical tri-
als began. In 2000, a Case Western Reserve University team began 
a clinical trial to study the effects of MSCs in breast cancer patients 
who had received high doses of chemotherapy.8 The researchers, 
led by Drs. Omer Koç (MD) and Hillard Lazarus (MD), again used 
autologous MSC transplantation on a group of patients. The doc-
tors were hoping that the MSCs might assist in “hematopoietic 
stem cell rescue,” bringing HSC levels up. And it worked; hema-
topoietic stem cells recovered rapidly, and platelet and neutrophil 
(a type of white blood cell) levels rose.9 The researchers could not 
safely attribute their results to the mesenchymal cells, however, 
as the patients had received the MSCs as part of an ongoing treat-
ment regimen.9 With the patients receiving other blood cells as 
well, there were too many variables for scientists to reach any firm 
conclusions.

But this and other studies helped open the floodgates. A 2001 
article pointed out “the pivotal role of MSCs in the bone marrow 
microenvironment and their ability to support hematopoiesis first 
sparked Bone Marrow Transplantation physicians’ interest in these 
cells.”9 Physicians wondered: How can the insertion of MSCs into 
the bloodstream activate hematopoietic stem cells, an entirely dif-
ferent type of stem cell?

Part of the answer has to do with an unexpected property of  
MSCs. These cells are immunomodulators; they have the potential 
to lessen the immune system’s response to a perceived threat.10 
With this ability, MSCs can play the role of the peacemaker in a 
transplant operation, preventing host tissue and donated tissue 
from going to war with each other. 

In contrast to a full bone marrow transplant, which contains a 
collection of different cells with varying levels of HLA, a mesen-
chymal stem cell transplant will not trigger immune rejection or 
GVHD. The implications of this discovery were significant; if MSCs 
were able to accomplish some of the benefits of a bone marrow 
transplant without any of the drawbacks, then they could lend 
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themselves to therapeutic regimens for dozens of diseases. Koç 
and Lazarus pointed out back in 2001 that “the number of MSCs 
is estimated to be too few in an average bone marrow graft,” sug-
gesting that additional injections of just MSCs could be useful for 
BMT patients.9 In a subsequent paper, Koç and others explained 
that these miraculous cells offered “potential therapy to enhance 
allogeneic hematopoietic engraftment and prevent graft-versus-
host disease.”11 

A Treatment for Acute Radiation Syndrome (ARS)
This new generation of studies had revealed a useful treatment 

for acute radiation syndrome: using MSCs in conjunction with, or 
instead of, bone marrow transplants. Repin, who has written several 
books on stem cells, explained that: 

During the Chernobyl tragedy, we didn’t have the necessary 
knowledge regarding the real potency of stromal cells dur-
ing irradiation damage. Without this knowledge, there was 
not much the doctors in Moscow could do to help, especially 
because the radiation was so high; the patients received mega-
doses of radiation; it was Armageddon.

It was only later, maybe 15 years later, that we learned the 
role of mesenchymal stem cells. Now we have the knowledge 
to apply mesenchymal stem cells in the case of acute radiation 
syndrome.B

Studies from Case Western Reserve University and other insti-
tutions have demonstrated that MSCs have four mechanisms of 
action which can be used to combat acute radiation syndrome:

1. Anti-inflammatory effects: Following ARS, the immune system is 
damaged and fails to provide regular immunomonitoring func-
tions. This in turn leads to the increased incidence of infection 
and an inflammatory response. MSCs are proven to produce 
anti-inflammatory factors such as IL-10 (interleukin 10), which 
may alleviate pathological consequences and symptoms.

2. Support for hematopoiesis: As a result of acute radiation, the 
blood cells are damaged and need to be restored. Bone marrow-
derived MSCs can accelerate new blood cell production by 
either direct interaction with hematopoietic stem cells in the 
bone marrow or by production of chemical factors such as 
G-CSF/GM-CSF (colony stimulating factors.)

Dr. Koç and others 
explained that these 
miraculous cells 
offered “potential 
therapy to enhance 
allogeneic hematopoietic 
engraftment and 
prevent graft-versus-host 
disease.”
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3. Mobilization of the patient’s own stem cells: Injected MSCs have 
a capability to migrate inside damaged organs and attract the 
patient’s own stem cells to the site of injury by producing fac-
tors such as SDF-1 (stromal cell-derived factor 1). This may sig-
nificantly enhance post-radiation regeneration.

4. Anti-apoptotic effect: Radiation can induce cell death via apop-
tosis. MSCs can rescue the damaged cells from apoptotic death 
by forming a gap junction with these cells and delivering anti-
apoptotic factors such as SDF-1 and G-CSF.

These four mechanisms of action are beneficial in many condi-
tions, not just the treatment of ARS. For example, brain trauma 
often causes a hypoxic (oxygen deprived) environment and results 
in cell apoptosis. Anemia of chronic disease can lead to a depletion 
of blood cells. Congenital conditions are often marked by a mal-
function of the body’s own, endogenous, stem cells.

Originally, research into MSCs was motivated by a desire for cel-
lular protectors against ARS. Today, a collection of leading clinicians 
believe that allogeneic MSCs can be viewed not just as protectors, 
but as cellular repairmen, working to undo the damage caused by 
trauma or degeneration.

Regulating the Microenvironment
Yet another advantage of MSCs is that they appear to have a ben-

eficial role in forming and regulating the stem cell microenviron-
ment, or niche. Ever since  Schofield and Chertkov’s exploration of 
the idea of the niche, scientists have continued to investigate how 
a stem cell’s interaction with an environment can help shape the 
eventual role the cell will have in the body. 

The microenvironment is one of the main mechanisms through 
which stem cells receive their marching orders, responding appro-
priately to the needs of a certain area of the body. As a Transfusion 
Medicine and Hemotherapy paper explains: 

Various intrinsic programs and pathways facilitate the unique 
characteristics of stem cells, and these programs, in charge 
of everything from maintenance, to proliferation, to eventual 
differentiation of the stem cells, have to be tightly controlled 
by the microenvironment.12 

But if the microenvironment is damaged or altered, the stem cells 
will not be as effective. 

Allogeneic MSCs can 
be viewed not just 
as protectors, but as 
“cellular repairmen.”

Various intrinsic 
programs and pathways 
facilitate the unique 
characteristics of 
stem cells, and these 
programs have to be 
tightly controlled by the 
microenvironment. 
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Dr. Kharazi, who spent eight years as chief scientist of the 
Immunotherapy Laboratory at St. Vincent Medical Center in Los 
Angeles, explains the concept of a faulty microenvironment-stem 
cell interaction with a simple metaphor: 

Just as a social environment might affect a child, a microenvi-
ronment affects a stem cell. If you take well-behaved children 
and suddenly transplant them into a terrible school or a bad 
neighborhood, social science has taught us that this can have 
an effect. These environmental factors can stunt their full 
potential.C

Kharazi continues the metaphor by elaborating: 

You need a good environment, you need good influences, in 
order to ensure that these kids reach their potential. In stem 
cell science, there’s a similar idea as to the effect the micro-
environment has on stem cells. If the environmental factors 
aren’t right, the stem cells will be less effective.

Reciprocally, mesenchymal stem cells have the potential to bring 
a stem cell niche to full operating strength. Just as a good neighbor-
hood requires good teachers, police officers, and paved roads, so 
does a microenvironment have several different types of cells that 
serve as regulatory components for stem cells. For example, hema-
topoietic stem cells have their primary niche in the bone marrow. 
The hematopietic stem cell niche, researchers have discovered, has 
several different components which affect the role that HSC cells 
will play in the body.12 These components include osteoblasts and 
stromal cells, which result from MSC differentiation, illustrating 
how MSCs contribute to a positive microenvironment for hemato-
poietic stem cells.13

The ability of MSCs to work with HSCs is evidence of the mes-
enchymal stem cell’s remarkable ability to work with other cells to 
help the body heal. It is evidence that stem cells are not just biologi-
cal superstars; they are also team players.

Expanding the Field
While some scientists continued to explore the uses of MSCs and 

HSCs, others turned their attention to newer arrivals to the stem 
cell field, in the form of newly discovered stem cell types.

Exploring the potential of these new stem cell populations was 
not always a simple task. In several cases, a fundamental conceptual 

Osteoblasts: originating from 
fibroblasts, these cells, when 
mature, aid in bone production.
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shift had to occur before scientists were able to realize these discov-
eries. This was certainly the case when it came to the discovery, iso-
lation, and subsequent use of neural stem cells, the stem cells that 
are responsible for forming neurons. In the same way that Maximov 
would not have been able to conceive of hematopoietic stem cells 
without first becoming an adherent of the unitarian theory of 
hematopoiesis, researchers would probably not have considered 
using neural stem cells for clinical applications, if it were not for 
significant breakthroughs in the theory of neurogenesis.

Adult Neurogenesis 
Can neurons in the brain regenerate themselves? Until the end of 

the last century, the answer was presumed to be “no.” It was widely 
believed that we entered the world with approximately 100 billion 
neurons, and that the number simply dwindled from there, with-
out any generation of new, functional neurons. Previous scientific 
research had suggested that this might not be true for all animals; 
Dr. Joseph Altman (PhD) of Massachusetts Institute of Technology 
(MIT) discovered neuron generation (neurogenesis) in rats in 1962.14 
Altman went on to hypothesize that the adult brain was capable of 
creating new neurons, a process called adult neurogenesis. Working 
with fellow scientist Dr. Gopal Das (PhD), Altman went on to dis-
cover adult neurogenesis in other species, further cementing his 
hypotheses.15 In a drama familiar to students of medical history, his 
results were mostly dismissed by the scientific community. Many 
scientists refused to accept the idea of adult neurogenesis, which 
meant that very few research institutions were interested in studying 
the proliferative capacity of different brain cells.

This institutional complacency was shaken again in the 1980s, 
when Dr. Fernando Nottebohm (PhD), a professor at Rockefeller 
University in New York, found similar evidence of adult neuro-
genesis in birds. He admitted to The New Yorker journalist Michael 
Specter that his findings were “a real shock, because we had all been 
taught that an adult brain was supposed to stay the same size, with 
the same cells, forever.”16

With the body of research amassed by Nottebohm, scientists 
were forced to revise one of their most commonly held assump-
tions; that the adult brain was incapable of regeneration. Altman, 
whose own studies were initially marginalized by the scientific 
community, was later seen as a scientific visionary when a new 

Can neurons in the 
brain regenerate 
themselves? Until 
the end of the last 
century, the answer was 
presumed to be “no.”  
It was widely believed 
that we entered 
the world with 
approximately 100 
billion neurons, and 
that the number simply 
dwindled from there, 
without any generation 
of new, functional 
neurons.

Neurogenesis: the development 
of the nervous system, including 
nerves and nervous tissue.
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generation of neurologists acquainted themselves with his work. 
But many argued that Altman and Nottebohm’s results could not be 
applied to humans. Dr. Charles Gross (PhD), a Princeton professor, 
acknowledges, “People basically said, ‘Even if this is true, big deal. 
It’s just birds. All they do is fly around.’”16 In contrast to the brain 
of a small animal, the human brain was viewed as far too complex 
to go through the process of adult neurogenesis.

Neurobiologist Dr. Fred Gage (PhD), of the Salk Institute for 
Biological Studies, elaborated in an interview the reasons why sci-
entists held to these beliefs, even without evidence to support their 
theories: 

First of all, neurons are very complex cells—long branches, 
receiving hundreds of thousands of connections. The idea that 
confused people is how something as complex as a neuron 
could undergo cell division. This idea was not well integrated 
with the emerging notion that maybe some primitive cells 
remained and that those were doing the dividing… The other 
roadblock was that there were several prominent statements 
in the literature contending that adult neurogenesis couldn’t 
happen, because the brain and structures like the hippocam-
pus need to be stable for memory to be stable. If new brain 
cells were added, that would make it hard to store long-term 
memories. It was a loose statement, but it resonated with 
many people.17

Gage was instrumental in proving these beliefs wrong. In 1998, 
Gage, with Swedish neuroscientist Dr. Peter Eriksson (PhD), pub-
lished a paper in the scientific journal Nature Medicine. The paper, 
entitled “Neurogenesis in the Adult Human Hippocampus,” estab-
lished that the human hippocampus (the part of the brain respon-
sible for much of our memory, as well as our spatial orientation) 
could generate new neurons.18 

Neural Stem Cells
As the concept of adult neurogenesis evolved, researchers 

began further experimenting with an exciting new multi-
potent line of stem cells which had been discovered in the 
brain. Dr. Evan Snyder (MD, PhD), Director of the Program 
in Stem Cell and Regenerative Biology at the Burnham 

Institute for Medical Research, was one of the researchers 
whose work in the late 1980s and early 1990s was seminal in estab-
lishing the properties of these neural stem cells (NSCs).19, 20

Hippocampus

The hippocampus is the part of 
the brain responsible for memory 
and spacial orientation.
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Snyder explains that his early experiments with these cells com-
pelled him to accept the newly-developing theory of adult neuro-
genesis:

Initially, I was simply trying to build a brain; it was my origi-
nal intention merely to place various cell types within a dish, 
and then mix-and-match them to see if I could build an in 
vitro brain structure for research purposes. But I never got to 
that point, because I would start with one cell that would dif-
ferentiate into other cell types.D

Because the theory of adult neurogenesis had not been fully 
sketched out, Snyder and his colleagues were originally skeptical 
that they were watching a neural stem cell in action. 

My colleagues believed that I had used a tissue culture arti-
fact, that my results were a byproduct of trying to grow cells in 
a dish. After a while, I said, ‘I don’t think this is a mistake. I 
actually think this is how the brain is put together.’

Snyder’s realization represented a serious breakthrough for 
stem cell research, but his were not the only results that boded 
well for the potential of neural stem cells. Other pioneers include 
Drs. Carlos Lois (MD, PhD) and Arturo Alvarez-Buylla (PhD), who 
tracked the migration of neural progenitor cells to different areas of 
the adult brain.21 Lois and Alvarez-Buylla, who are now professors at 
Massachusetts Institute of Technology and University of California, 
San Francisco, respectively, acknowledged, “The generation, migra-
tion, and differentiation of neurons are generally thought to end 
soon after birth.”22 But their research demonstrated that neuronal 
cells may have the ability to migrate from one area of the brain to 
another well into adulthood.

Considering NSCs for Treatment
Before the new theory of adult neurogenesis had been articu-

lated, the dominant paradigm was that the brain could not heal 
itself after an injury. The studies that demonstrated that the brain 
was able to produce new neurons during adulthood, as well as 
studies that demonstrated that neuronal precursors were capable 
of migration, had researchers asking, “Since it is now evident that 
new neurons are constantly being generated in the adult, why does 
the mature brain display only a very limited capacity to repair?”21 

Scientists attempting to answer this very question quickly learned 
that there is a proliferation of neural precursors after an injury to 
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the body’s central nervous system. It is believed that the reaction of 
these precursors, which include neural stem cells as well as neural 
cells in their very first stage of differentiation, represent the body’s 
attempt to repair the damage. 

But an adult nervous system has significantly fewer stem cells 
than the nervous system of, say, a young child. Thus, “the small 
population of endogenous neural stem cells seem unable to recon-
stitute fully and restore function after damage.”21 There are not 
enough NSCs in place to make the repairs; more are needed. 

With this realization came another important question: could 
introducing new NSCs into the brain affect brain injury, or even 
injury to the nervous system in general? Preliminary studies with 
fetal neural cells, and their effect on Parkinson’s disease, left “little 
doubt that under appropriate conditions, cellular grafts can inte-
grate and function in the brain.”21, 23 Scientists began conceiving of 
potential neural stem cell therapy treatments for a host of neuro-
logical conditions. This fueled the massive amount of pre-clinical 
and clinical research from which stem cell clinicians draw upon 
today. Later research revealed that the central nervous system 
(CNS), consisting of the brain and the spinal cord, possesses a level 
of immune-privilege: the cells of the immune system will not cross 
the blood brain barrier (BBB) that separates the brain from the rest 
of the body. This characteristic makes it possible to use allogeneic 
stem cell treatments for neurodegenerative diseases.24 Admittedly, 
this situation becomes more complicated in the case of trauma to 
the CNS, which can rupture the BBB, a fact which argues for the use 
of fetal neural stem cells for treatments of traumatic injury to the 
central nervous system.

Although other organs do not share the brain’s inherent immune-
privileged status, many contain their own population of stem cells, 
which can be isolated and cultivated. Scientists have found stem 
cells for the lining of the nose, hair follicles, reproductive organs, 
the cardiac system, the skin, even for mammary glands. It stands 
to reason that these stem cells can be used to repair damage to the 
appropriate tissue. And if a body can use its own stem cells, it also 
has the potential to use donated stem cells of the same type, as long 
as those cells exhibit immune-privileged characteristics. 

In science, a major discovery is often accompanied by a shift in 
thinking. Maximov’s discovery of hematopoietic stem cells went 

With every clinical 
study and bench-top 
breakthrough, the vision 
of stem cell treatment 
becomes more closely 
aligned with reality. 
More and more, people 
are beginning to accept 
that, with stem cells, 
we have the tools to 
counter an epidemic 
of degenerative and 
traumatic conditions.
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hand in hand with the nascent unitarian theory of hematopoiesis; 
the Russian aristocrat’s theory put him on the front lines of an intel-
lectual debate which took decades to resolve. Similarly, the theory 
of adult neurogenesis represented a shift in scientific dogma with-
out which clinicians would not have been able to grasp the impli-
cations of neural stem cell therapy. More generally, the idea that 
the human body contains many distinct populations of stem cells 
required scientists and doctors to re-evaluate several basic biologi-
cal concepts. But today, what was once a far-out theory has become 
fact; stem cells have transitioned from a hypothetical concept to a 
biological truth.

A conceptual shift is occurring as policymakers and medical 
experts increasingly realize the potential of stem cell-based clinical 
treatment. With every clinical study and bench-top breakthrough, 
the vision of stem cell treatment becomes more closely aligned with 
reality. More and more, people are beginning to accept that, with 
stem cells, we may have the tools to counter an epidemic of degen-
erative and traumatic conditions.

The metaphor of stem cells as tools is, in fact, an apt one. If there 
is a problem with the heart, it stands to reason that cardiac stem 
cells will be the appropriate tool for the job. But if we advance our 
understanding of stem cells, we will see that, just as a complicated 
task may require several different tools, seriously compromised 
tissue may require several different stem cells in order to heal. 
This concept may sound both simple and logical, however, it also 
represents a shift in our understanding of how to use stem cells to 
achieve optimal clinical results. 

Multi-cell Treatment
Consider the human brain as the body’s engine. Composed 

of hundreds of billions of neurons, the brain requires intricate 
chemical and biological processes to maintain its full power. Like 
an engine, it is meant to be handled with the utmost care. So what 
if something goes wrong with your engine? If you use just a screw-
driver, you can perhaps fix some of the problem. But you’ll need 
several different tools, perhaps even a whole toolbox, in order to 
restore the engine’s function.

The same concept applies to multi-cell treatment. If the brain suf-
fers an injury, neural cells will most likely be required. Proponents 
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of multi-cell therapy argue, however, that neural stem cells are not 
enough. They point to mesenchymal stem cells, which can restore 
the microenvironment, and hematopoietic stem cells, which enrich 
the blood supply, as examples of other stem cell types that could 
play a useful supporting role in effecting repair for a neurological 
injury. Astroglia may also provide neuron support.

Previous studies have demonstrated that MSCs have an incred-
ible ability to regulate and strengthen the stem cell niche, so that 
other stem cells can be used to their optimal ability. In his inter-
view, Kharazi further explains this concept:

Take the situation of a stroke. In a stroke, significant numbers 
of neurons have died off. Logically, we need to apply neural 
stem cells to the area. These NSCs will differentiate into neu-
rons, to replace the neurons that have died off. But if these 
neurons don’t have the appropriate environment to proliferate 
and differentiate in, the overall effect will be diminished. The 
theory is that MSCs can create that kind of environment. The 
microenvironment of the brain is shifted to accommodate 
neural stem cells and promote differentiation.

People need food, clothes and shelter to operate. Stem cells, 
similarly, need a proper environment. They cannot differenti-
ate in a vacuum.

The inter-relationship between different stem cells can grow 
beyond just creating optimal environmental factors. Research has 
shown that the relationship between two sets of stem cells is far 
more complicated than a simple linear connection. Instead, it is 
more like a dense, inter-connected web, where thousands of con-
nections work synergistically.

Cells can produce growth factors, inhibitors, and stimulatory 
factors, proteins and enzymes. Kharazi gives one example: 

Mesenchymal stem cells often produce VEGF, or vascular 
endothelial growth factor. The main purpose of VEGF is to 
stimulate the growth of new blood vessels. Mesenchymal stem 
cells can both produce and respond to VEGF. When one MSC 
emits this signal, other MSCs modulate their behavior upon 
detecting this growth factor. Now, there are 22 sub-populations 
of VEGF, different variations on the same signal. And some of 
these sub-populations are also expressed by other stem cells. 
So, if MSCs are emitting a certain VEGF-upregulating signal, 
other stem cells might respond.
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And this, Kharazi continues, is just one of the growth factors that 
MSCs can stimulate. Currently, medical science has not yet fully 
mapped out the complicated inter-relationships between different 
cell factors. But Kharazi notes: 

We know that cells can work not just by themselves, but syn-
ergistically with each other. One cell may produce some factor, 
a growth factor for example, to which another cell responds. 
So if you’re just introducing one type of stem cell into the 
body, and you don’t have that second cell type to produce that 
growth factor, you won’t trigger the necessary response from 
the first cell type. You have to introduce both cells to the body 
in a conjunctive treatment regimen, so that one cell promotes 
the working mechanism of another.

The Realization of Dr. Nikolay Mironov
This basic idea, that different stem cells can constitute a whole 

that is more than the sum of the parts, is what originally drove 
Dr. Nikolay Mironov (MD, PhD), currently an associate professor 
of Neurology at the University of Post Graduation Education of 
the Kremlin’s Presidents Hospital in Moscow, to begin crafting the 
concept of multi-cell treatment. Mironov began his involvement in 
the stem cell field in the 1970s, studying the ways that stem cells 
could be used to treat a range of disorders. Primarily working with 
neurological disorders such as stroke, Parkinson’s and trauma to the 
spine, Mironov sought and eventually received permission to start 
treating patients approximately 20 years ago. His first patient was 
an American baseball player, whom Mironov treated for a neurolog-
ical condition. Later, Mironov went on to treat prominent members 
of the Soviet establishment.E Provided with regulatory approval for 
small-scale clinical studies in Moscow, Mironov has continued to 
advance his clinical protocols, the most important of which is his 
pioneering use of multi-cell treatment.

For patients with CNS disorders, Mironov and his colleagues 
began by first using neural transplantation techniques. As his 
protocols evolved and as new developments occurred in the field, 
Mironov was able to use more sophisticated culturing techniques. 
His patients responded to neural stem cell treatment alone, but 
Mironov felt he could achieve better results. One problem, he real-
ized, was that: 

The administration of neural cells alone does not address the 
endothelialization that needs to occur in order to support the 
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endogenous and transplanted cells with a blood supply. What 
is needed therefore is a treatment therapy that addresses both 
the regeneration of damaged or lost neurons, and the regen-
eration of the endothelial framework for the damaged area.26

In other words, the neural stem cells were reaching the afflicted 
area, but they did not have enough blood to operate. The neural 
stem cells were, as Kharazi put it, good kids suddenly thrust into a 
bad neighborhood.

Mironov realized that in order to effect more significant repair 
of neurological injuries or conditions, he also needed to boost the 
endothelial framework that would allow the injected NSC cells a 
chance to thrive. Realizing that mesenchymal stem cells had the 
ability to differentiate into connective tissue and thus re-energize 
the vascular system, Mironov tried a new procedure; he inserted 
NSCs into the central nervous system, as he had before, but this 
time he also administered MSCs through the patient’s circulatory 
system. The results, he found, were better than when he had used 
neural stem cells alone.

Neurological disease is just one possible application of multi-cell 
therapy. Another example includes the treatment of diabetic reti-
nopathy. While the obvious choice of cells for treating eye diseases 
would be retinal pigment epithelium (RPE) cells, mesenchymal 
stem cells can also be used to great effect. Dr. Paul Tornambe (MD), 
former president of the American Society of Retina Specialists, 
explains, “Diabetes is a disease of small blood vessels, and diabet-
ics go blind because of poor profusion in the eye.”F The clinical 
hypothesis is that the MSCs may be able to strengthen the underly-
ing blood vessels.

In fact, Mironov’s multi-cell treatment concept lends itself to 
many different therapies. When treating traumatic injury, it is 
almost always beneficial to clean up the microenvironment of the 
injured area and increase blood flow. In instances of organ failure 
such as heart failure, different populations of stem cells have been 
shown to achieve benefit. 

Today, clinical studies involving multiple stem cell treatment are 
being performed outside the United States. Results of selected case 
studies can be found in the chapters ahead. In the United States, 
however, the FDA’s policy has been to start with single-cell use for 
consideration in clinical trials. The FDA’s position is to first fully 
understand all the properties of individual stem cells, before study-

Fate and Trophic Factors
What is the fate of the mes-
enchymal cells that are inject-
ed into the blood stream? 
Dr. Jeffrey Karp (PhD), of the 
Harvard Stem Cell Institute, 
and James Ankrum, a gradu-
ate student at Harvard-MIT 
Division of Health Sciences 
and Technology, note that 
only a small percentage of 
the cells reach the target tis-
sue. Most are entrapped in 
the capillaries within the liver, 
spleen and lungs. The MSCs 
exert their primary action 
based on immunomodula-
tory properties as opposed 
to the ability to engraft and 
differentiate. This effect 
occurs through the secretion 
of many trophic factors. For 
example, micro-embolisms in 
the lungs create a local injury 
that activates the MSCs to 
secrete TSG-6, a powerful 
anti-inflammatory protein. 
The researchers note that the 
secretion of this protein from 
MSCs is 120-fold greater 
than that of fibroblasts 
obtained from the same 
donor.27
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ing their properties in conjunction. But when these administrative 
hurdles are cleared, multi-cell therapy will offer a treatment option 
that would bring even greater results to those who have been afflict-
ed by serious conditions.

From the Past to the Present
The development of multi-cell therapy, in conjunction with 

many other scientific breakthroughs, has brought us to where we 
are today. We are on the threshold of a medical revolution, one 
that stands to help millions in the future. In the next few chapters, 
we will offer you a scientific explanation of how and why stem cell 
treatments are able to achieve results, demonstrating these improve-
ments with a collection of clinical case studies. In conjunction with 
our explanation of the science behind stem cell treatments, these 
patients’ stories will bear powerful testament to this life-changing 
therapy.

These pages will reveal not only their stories, but the stories of 
their doctors, their caretakers, their family members and friends, 
revealing an emotional aspect of stem cell research that cannot be 
shown through facts and figures. The patients who have benefitted 
from stem cell therapy stand today not just as a representation of 
the power of science, but of the power of the human will to over-
come significant challenges and to never accept “no” as an answer.

Placebos and 
Primary Endpoints
One of the confounding fac-
tors in understanding the 
results of both investigator-
initiated clinical studies and 
more rigorously designed 
clinical trials is the placebo 
factor. It is well-known, 
though not well under-
stood, that the control 
group often improves, to a 
degree, without treatment. 
Individual patients may also 
improve with treatments 
that do no harm, but have 
no effect.
With clinical trials there is 
also the challenge of study 
design and the selection 
of the primary endpoints, 
or outcome measures. It is 
possible for patients to have 
clinical improvement in a 
variety of areas, however, if 
this improvement is not the 
primary endpoint, then the 
trial is deemed unsuccess-
ful. Careful inclusion criteria 
must also be applied to 
clinical trials. These factors 
complicate our understand-
ing of stem cell treatment 
efficacy.
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JB’s Story
Life was going well for 66-year-old JB. A retired professional ath-

lete in two sports, he was still fit, active and engaged in community 
events. But something happened that would change JB’s life for 
the worse. It started with a small warning sign; he had gone to bed 
the night before with a feeling of numbness in his right hand. He 
assumed that it had something to do with his earlier session with 
the chiropractor. But at 4 AM, he woke up to an increased feeling 
of numbness and weakness. His right hand seemed unresponsive 
to his brain’s commands. He drifted back to sleep, waking up again 
at 7:30 AM. His wife noticed that he was acting odd, responding 
incoherently to her questions and apparently unable to dress him-
self. Concerned, she called the paramedics, who rushed JB to the 
hospital.

In the emergency room, doctors established that JB had expres-
sive aphasia, the clinical diagnosis of a patient’s inability to speak. 

Stroke
Chapter 6

Aphasia: an impairment or loss 
of ability to use language, either 
expression or comprehension, 
including writing, speech and 
signs. This generally occurs due 
to disease or injury to the brain, 
possibly stroke.
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He was also found to be profoundly weak on the right side of his 
body. An MRI revealed a lack of perfusion down the left middle cere-
bral artery of JB’s brain. In JB’s case, the lack of perfusion was caused 
by a blood clot in the artery.

The results of this stroke were all-encompassing and devastat-
ing. Integral cells in JB’s brain had died from lack of blood, leaving 
a lesion of dead tissue. Previously completely healthy, JB was struck 
with a series of cognitive and physical symptoms that greatly affected 
his quality of life. The most he could utter were a few words, and 
even that required substantial concentration. JB had previously been 
a world-class athlete, and even at his advanced age (65 at the time 
of the stroke), he had normal physical function. But after his stroke, 
he walked with a pronounced stoop, favoring his left side, while his 
right forearm had contracted against the chest in a permanent posi-
tion.

Following his stroke, JB went through extensive therapy, work-
ing with physical rehabilitation experts and speech therapists. But 
after over five years of dedicated work, he was still unable to perform 
everyday tasks that others would take for granted. For JB, who was 
used to commanding his body to perform extreme feats, the lack of 
progress was frustrating. Therapy is a vital part of recovery after any 
traumatic neurological event, but there is only so much that it can 
accomplish in undoing massive damage to the brain. And in JB’s case, 
the magnitude of his stroke meant that his gains in therapy would 
be minimal.

Seeking help with his condition, JB was referred to cardiologist Dr. 
Jackie See (MD) of the Laguna Cardiovascular Institute. Dr. See won-
dered whether improvements in clinical stem cell therapy might help 
JB. Aware of an existing human clinical stem cell study being con-
ducted for stroke in Moscow, See worked with Russian researchers to 
have JB enrolled in the clinical study. In Moscow, JB was treated with 
mesenchymal stem cells (MSCs), delivered to his body intravenously; 
in addition, neural stem cells (NSCs) were administered through a 
lumbar puncture.  The mesenchymal stem cells would course through 
the entire blood stream; the neural cells would directly enter the cere-
brospinal fluid and make their way to the brain.  As a precaution, the 
day before the therapy, JB received an immunosuppressant drug to 
reduce inflammation at the site of the lumbar puncture.

Doctors waited by his side, monitoring his condition. An hour after 
the procedure, the patient declared that he was resting comfortably 
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and there were no observable side effects. After 24 hours, the 
attending doctors noted: 

Patient states as if a cloud has been lifted from his brain. He 
has real clarity of thought. Contracture in the forearm has 
significantly relaxed and his gait is much steadier. Antalgic 
posture [limping] is reduced. There are no adverse events 
observed. At discharge patient was happy and whistling, 
something he has been unable to do since his stroke. Gait and 
balance visibly improved, no adverse side effects noted and no 
negative experienced [sic] by the patient.1

Follow-up with JB found that he was feeling fine, with no nega-
tive side effects. His therapist reported progress with his physical 
recovery. He was able to walk with much better balance. Physical 
strength had improved; he was working out two times a week with 
a personal trainer. JB admitted that the ability to renew a physical 
health routine was comforting to him; as a former athlete, he took 
pride in working out to ensure his physical health. While the right 
fingers in his hand had not shown much progress, his forearm was 
more relaxed than before. JB was more talkative, readily responding 
to questions, albeit with one–word answers. 

JB was excited to see if a second stem cell treatment could offer 
further improvement. In March 2007 he returned to Moscow, where 
he received another stem cell treatment, again consisting of an 
intravenous injection of MSCs, and NSCs injected into the cerebro-
spinal fluid. JB again showed no negative reaction to the stem cell 
transfusion.

At 24 hours after the second procedure, an examination revealed 
that JB had better balance, and he again reported feeling a new 
sense of clarity. Follow-up found him making physical progress 
with his therapy. His speech therapist declared that his speech had 
further improved, to the point where he could say two– or three– 
word phrases. In addition, his mental acuity increased significantly. 
By January of 2009, he was able to actively participate in conversa-
tions that previously would have daunted him. Now he was able to 
pronounce short phrases and sentences. His balance and strength 
returned to the point where he could practice his pitching and 
putting golf skills. Furthermore, JB declared that he was walking 
farther than before, and that the pain he had previously felt in his 
hip and back had been dramatically reduced (although pain in his 
left shoulder still occasionally troubled him).

“The first time I saw him 
he could barely walk and 
needed assistance and 
couldn’t talk. Actually, 
after I found out the 
extent of [the stroke],  
I didn’t know that he 
would even survive it,” 
said one of JB’s friends.2
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Encouraged, JB went to Moscow for his third treatment. Just as 
he had done twice before, he boarded a plane and made the long 
trip to the Moscow clinic. But there was one difference. Previously, 
JB had been accompanied by a caretaker, to assist him in his jour-
ney. This time, his family decided that he had regained enough 
independence to make the trip by himself. At the clinic, the same 
procedure was repeated, and no negative symptoms were reported. 
More improvements followed. JB’s facial symmetry returned, and he 
reported that his mind was clearer. He was able to work harder at 
his physical therapy, with the eventual goal of getting back to the 
golf course.

JB’s friends and family, but also his therapists and caretakers, 
noted improvement. His cognitive skills had improved, he had 
regained some of his physical abilities, and he was able to communi-
cate again, using short sentences. Since the treatments, JB has even 
been able to renew his passion for golf. 

JB was not “cured” of his stroke, but he was able to make 
meaningful progress with his condition, thanks to his treatments. 
JB’s story is an inspiring one, yet he is just one example of stroke 
patients who have been treated with stem cells, through clinical 
studies across the globe. Unfortunately, he’s just one among many 
Americans who suffer from stroke in an epidemic that claims more 
lives every year.

Stroke: The Numbers 
Every year in the United States alone, almost 800,000 people 

suffer a stroke. Of that number, more than 137,000 will die from 
a stroke, making it the third highest cause of death in the United 
States.3 African-Americans are at almost twice the risk of suffering a 
stroke, compared to Americans of European descent. While the risk 
of stroke may disproportionately affect different segments of soci-
ety, once a stroke hits, the possible ramifications of such a debilitat-
ing event are all too predictable.

Stroke occurs when the brain is deprived of oxygen. This is due 
to a blood vessel being blocked or when a blood vessel breaks. If the 
blood vessel is blocked, usually through a blood clot, then the blood 
flow is halted. Imagine a golf ball stuck in a garden hose and you 
will have a fairly good visual image of what a blood clot can do to an 
artery. The stroke that results from a blocked blood vessel is called 
an ischemic stroke and it accounts for about 87% of stroke cases.
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Another type of stroke is a hemorrhagic 
stroke, which occurs when the blood ves-
sel ruptures. Blood leaks into the brain and 
builds up, putting pressure on the brain tis-
sue and damaging it. A third type of stroke 
is called a transient ischemic attack (TIA). It 
is often referred to as a “mini-stroke” or a 
“warning stroke” because its effects are not 
permanent but can warn of a much greater 
likelihood of an actual stroke; about one third 
of those who suffer a TIA have another, more 
serious stroke within a year.

There is much that one can do to prevent 
a stroke. Exercise and nutrition, the staples 
of a healthy body, are an important start. 
Because a stroke is caused by a cardiovascular 
problem, anyone who is concerned about pre-
venting a stroke should have a series of con-
versations with their doctor. Certain drugs, 
such as anti-platelet agents, can mitigate the 
blood’s ability to create a clot and lessen the chance of stroke. In 
addition, certain surgical procedures can help clean out blockage 
from blood vessels. To learn about other ways to reduce your risk 
for stroke, we recommend a visit to the website of the American 
Stroke Association (www.strokeassociation.org).

But while there are many ways to lower your risk of a stroke, 
there is essentially no good option for undoing the damage caused 
once a stroke hits. Prompt medical care has saved millions of lives. 
But the brain damage that is caused by stroke cannot be repaired, 
or undone, with traditional medical techniques. There is no drug 
that rebuilds destroyed brain tissue. Americans alone pay over $73 
billion a year to handle the medical and disability costs associated 
with stroke, but none of that money can erase a stroke’s effects.4

The greater the magnitude of the stroke, the greater the 
damage a patient is likely to suffer. This is to say, the more 
blood vessels that are sealed off or constricted by an isch-
emic stroke, or the more blood that piles onto the brain as 
the result of a hemorrhagic stroke, the greater the size of the 
lesion. Every minute wasted in getting to the hospital wors-
ens the effects of a stroke; as the American Stroke Association 

A stroke occurs when the blood 
supply to part of the brain is dis-
turbed, which deprives the brain 
of oxygen and nutrients, causing 
a decrease in brain function. A 
large infarct (area of dead tissue, 
red) is seen in the sylvian fissure 
of the right hemisphere (seen 
here on the left as the brain is 
viewed from below). 
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puts it, “time lost is brain lost.”4, 5 The effects of a stroke, then, are 
worse for some than for others. 

Effects of a stroke can include involuntary contraction of the 
muscles, loss of balance, and even consistent and debilitating pain, 
known as central pain syndrome. Stroke sufferers can develop apha-
sia, as a result of damage to the language center in the brain. This 
can severely impact the ability to speak. Stroke victims can even 
lose their ability to swallow correctly. A stroke that affects one side 
of the brain can cause loss of contact with one side of the body, 
effectively causing partial paralysis. 

Besides the physical changes, there is also what stroke survi-
vor Dr. Arthur Gottlieb (MD) calls “the psychological and emo-
tional setbacks of a stroke.”6 Stroke survivors can become severely 
depressed when, because of this one event, they lose the ability 
to perform basic tasks. After a stroke, survivors can lose interest 
in things that used to excite them or become frustrated by their 
inability to participate in activities they previously enjoyed. These 
feelings of helplessness and disconnection can spread and affect the 
loved ones of the stroke victim as well. Gottlieb, author of a book 
on stroke, explains that “the forced identity change from loved one 
to caregiver can be as stressful as a stroke itself.”6

Recovery from these effects is slow, drawn-out, and painful. 
Patients can participate in years of physical therapy 
and voice therapy, and only experience minimal 
gains. Having lost the brain cells responsible for some-
times-crucial functions, physical therapy patients 
must relearn how to perform tasks that were previ-
ously mundane, such as eating or bathing. Depending 
on the extent of the damaged brain tissue, survivors 
may not be able to live without assistance, even with 
rehabilitation.

And, in a cruel twist of fate, many stroke sufferers 
trying to recover find themselves in a race against 
time. “With Medicare, there’s a calculation based on 
certain benchmarks for healing,” explains physical 
therapist Dr. Manuel Soto (DPT, GCS): 

Although we know that every body heals dif-
ferently, and at a different rate, these recovery 
benchmarks are based on averages. After a stroke, 
insurance companies will use these benchmarks to 

CT scan of a 66-year-old female’s 
brain, showing a hemorrhage in 
the left posterior temporal area of 
the brain
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measure a patient’s progress. If a patient does not hit a certain 
benchmark by a certain time, the insurance company may 
decide that the patient’s body has healed as much as it can.A 

The unfortunate result of this formula is that some stroke suffer-
ers, whose bodies are trying to repair the neurological damage but 
cannot do so in time, receive no more insurance money for physical 
therapy, even when continued physical therapy would continue to 
help them. “With the system we have in place, if physical therapy 
doesn’t achieve results fast enough, or if someone’s recovery pla-
teaus for a while, insurance will be able to stop payments” says Soto.

Dr. Pamela Duncan (PT, PhD), a doctor in the Physical 
Therapy Division of Duke University School of Medicine, agrees. 
“Reimbursement for stroke therapy is not consistent with what we 
know about the neurophysiologic basis of recovery [after a stroke],” 
she declares.B 

This problem demonstrates the need for an efficacious and safe 
treatment that could accelerate the painstaking gains that stroke 
survivors must work for in physical therapy. Soto explains that such 
a treatment would not only ease the substantial physical suffering 
of the stroke victims, and the emotional toll on the patient and 
the patient’s caregiver, but also would lift a financial burden on the 
patient’s family: 

From the vantage point of a physical therapist, these stem 
cell treatments help accelerate the process of recovery. That 
means less time spent in physical therapy for a recovery break-
through. This offers a more cost-effective series of treatments 
for the patient. 

But stem cell therapy may be able to offer even more. By building 
new neural cells in the afflicted patient’s brain and saving injured 
or nutrient-starved cells, stem cells could enable stroke patients to 
reach new heights of recovery. 

Stem Cells and their Mechanism of Action
Let us return to the case of JB. Since stem cells have an array 

of mechanisms by which they catalyze healing in the body, it is 
impossible to accurately depict everything that the neural cells 
accomplished when they were introduced to JB’s nervous sys-
tem. While not all the actions of neural stem cells (NSCs) on the 
central nervous system are completely understood, it is possible 
that some of the following actions took place. The NSCs, upon 

But stem cell therapy 
may be able to offer even 
more. By building new 
neural cells in the afflicted 
patient’s brain and saving 
injured or nutrient-starved 
cells, stem cells could 
enable stroke patients 
to reach new heights of 
recovery.
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reaching the affected area:

1. Grafted onto the injured area to form working neurons.

2. Accepted, transmitted, produced and released signals that 
helped the body’s own (endogenous) stem cells better respond 
to the injury.

3. Differentiated into neurons and a variety of glial cells, a type 
of brain cell that produced a beneficial effect on damaged but 
salvageable tissue operating in the penumbra of the dead-tissue 
area.

4. Secreted biochemical factors that worked to rebalance the cell 
microenvironment. 

The first action, forming working neurons, is perhaps the most 
straight-forward. The lasting effects of a stroke result from the 
death of brain cells, including neurons (the brain cells that both 
receive and process information and send signals to the rest of the 
body), and glial cells, which provide a variety of support functions 
for the neurons. The human brain contains approximately 100 bil-
lion neurons, and many more glial cells. But a stroke can dramati-
cally lessen the number of working cells in the brain; every minute 
a stroke goes untreated, approximately two million brain cells will 
die.7 Some of these brain cells will be the all-important neurons. 

Transplanted stem cells, upon reaching the area most affected 
by the stroke, will encounter the brain lesion, a sphere of dead 
brain tissue where the stroke has hit hardest. In order to effect any 
meaningful healing, the tissue will need to be completely replaced. 
Stem cells have the capability of affecting this replacement, and 
transplanted neural cells offer the exciting possibility of beating 
back the effects of a stroke.

It is important to note that, while there has been a reduction 
in the amount of dead tissue, this patient has not been restored to 
pre-stroke status; a stem-cell injection cannot erase the effects of a 
stroke or other significant neurological events. But there is promis-
ing evidence that further developments in stem cell research will 
allow us to effect even greater repair to the brain in the future. 

Recently, for example, researchers in the United Kingdom per-
formed a study using stem cells to repair brain damage in stroke-
afflicted rats. They added one step, however, by placing the stem 
cells on a “cell scaffolding,” a polymer-based structure that the 
stem cells cling to. With this added layer of control over the stem 

Factor: an element or substance 
that actively contributes to 
the functioning of a particular 
physiological process or 
biological system.
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cell’s behavior, the researchers, led by Dr. Mike Modo (PhD) of the 
Institute of Psychiatry of King’s College in London, hoped to pre-
vent transplanted stem cells from migrating to surrounding tissue, 
thus assuring a better result.

Their hypothesis was confirmed when they found the rats’ 
affected brain tissue fully repaired after stem cell treatment, in just 
seven days.8 In a press statement, Modo laid out the implications 
of his discovery. “We would expect to see a much better improve-
ment in the outcome after a stroke if we can fully replace the lost 
brain tissue, and that is what we have been able to do with our 
technique.”9

Joe Korner, Director of Communications at The Stroke 
Association, based in the United Kingdom, was one of those who 
hailed the study as a promising development for the future of stem 
cell treatments, saying: 

This research is another step towards using stem cell therapy 
in treating and reversing the brain damage caused by stroke. 
It is exciting because researchers have shown they are able 
to overcome some of the many challenges in translating the 
potential of using stem cells into reality. The potential to 
reverse the disabling effects of stroke seems to have been 
proved.10

However, there is a big difference between a successful animal 
trial and a successful human trial. It is possible that what leads 
to clinical success in rats could have side effects in humans. We 
still have a ways to go before advancing stem cell treatments to 
the point where they can completely replace dead tissue, but the 
promise of such a treatment is very encouraging.

While transplanted stem cells have proven capable of replacing 
destroyed tissue, they do much more than that. Neural stem cell 
transplants can set off a healing cascade within the brain, working 
with the stem cells that are already present.

The Chaperone Effect
Dr. Fred Gage explained in a 2005 interview: 

Everything I have done so far in the CNS leads me to believe 
that the nervous system tries to repair itself after an injury. It 
does this at one level or another, and usually it accomplishes 
some moderate level of recovery.11
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After a neurological injury, our body’s own stem cells do respond 
to the damage. So why does the body not replace its damaged neu-
rons after a stroke?

For one thing, the damage is just too great. As we age, the num-
ber and quality of our stem cells decline as the cells become more 
senescent. With strokes occurring mainly in older people, the stem 
cells that are tasked with repairing the damage are far beyond their 
prime, resulting in a woefully inadequate response to a major trau-
ma. A stroke can kill off millions of brain cells; meanwhile, Gage 
and Eriksson found that neurogenesis in elderly patients created 
only hundreds of new neurons.12 These hundreds of neurons are a 
drop in a bucket, compared to the tidal wave of damage the stroke 
has caused. 

There remains some concern that the body’s neural stem cells 
stay dormant, not responding effectively to significant neurologi-
cal injury. If all the cells in a certain area are completely killed off, 
it affects which signals reach the endogenous neural stem cells. 
Receiving few signals, not all the stem cells respond to the injury. 

In his interview, Gage affirmed that the exis-
tence of endogenous stem cells does not guar-
antee their effective response: 

Our conclusion is that there are neu-
ral stem cells all over the brain and 
in the spinal cord, but they don’t give 
rise to neurons under normal condi-
tions because the local environment 
doesn’t provide them with the appropri-
ate cues.11

If the microenvironment of the injured site 
does not send out the appropriate signals, the 
stem cells will not know anything is wrong. 

Scientists have noted that a brain’s stem 
cell response to an injury seems inherently 
limited.13 Endogenous NSCs are lying dor-
mant, seemingly not responding to the 
injured signals sent out by affected brain 
tissue. Some scientists wonder if “such limita-
tions may simply be a progressive muting of 
responsiveness in the aging brain rather than 
an inherent ‘deafness’ to injury cues on the 

Transplanted stem cells are able 
to spur the endogenous stem 
cells to action. It is a phenom-
enon called the Chaperone Effect.

The body’s own neural stem cells

Transplanted 
neural stem cell

Neurons

Glia

Astrocytes

Oligodendrocytes
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part of the neural stem/progenitor cells.”13, 14, 15 The brain’s progeni-
tor cells, it is alleged, are either lazy or deaf; either way, they fail to 
adequately respond to a major trauma.

But transplanted stem cells are able to spur the endogenous stem 
cells to action. It is a phenomenon called the Chaperone Effect; 
a term coined by a group of researchers in 2002. The researchers, 
investigating whether NSCs could rescue dysfunctional neurons, 
learned that the transplanted NSCs were able to rescue host cells 
that previously were lying dormant. The group declared, “These 
observations suggest that host structures may benefit not only from 
NSC-derived replacement of lost neurons but also from the ‘chaper-
one’ effect of some NSC-derived progeny.”16

Dr. Evan Snyder, one of the authors of the 2002 study, believes 
that the Chaperone Effect illustrates an important truth about the 
power of stem cells: ability to coordinate and catalyze the effects of 
other cells is perhaps even more important than the direct effect 
they can have on damaged or aging tissue. “That may actually be 
the low-hanging fruit in the stem-cell field—taking advantage of 
this [the Chaperone Effect], and not the cell-replacement aspect 
that we always thought would be the key to stem-cell biology in 
regenerative medicine.”17

By forming new neurons themselves, transplanted NSCs are 
like the cavalry reinforcements for the brain, rushing to the site of 
injury to effect immediate repair. But with the Chaperone Effect, 
these stem cells also function like generals, leading the previously 
inactive endogenous cells into battle. Their effect does not extend 
only to other stem cells, however; instead, they can spur different 
sets of cells to “carry out normal organ maintenance and initiate 
damage control.”17 Transplanted stem cells, then, do not just cata-
lyze the endogenous cells’ formation of new neurons, but also help 
stabilize the environment.

We have previously stressed the importance of a working micro-
environment and its relationship to the healthy functioning of 
cells in a given area. After a stroke, however, this microenviron-
ment is terribly damaged. Dr. Snyder explains, “Toxic processes 
that can destabilize a system following stroke include free radicals, 
inflammatory cytokines, excitotoxins, lipases, peroxidases, etc.”13 

Essentially, the microenvironment’s chemical balance has been 
skewed. But stem cells engage in “neurotrophic, neuroprotective, 
and anti-inflammatory actions” to rebalance the microenvironment 

Progenitor cells: a variation of 
the stem cell, that is partially pre-
determined as to what cell it will 
differentiate into. Another distinc-
tion, progenitor cells are more 
senescent than stem cells.

By forming new neurons 
themselves, transplanted 
NSCs are like the cavalry 
reinforcements for the 
brain, rushing to the 
site of injury to effect 
immediate repair. But 
with the Chaperone Effect, 
these stem cells also 
function like generals, 
leading the previously 
inactive endogenous cells 
into battle.

Stem cells engage 
in “neurotrophic, 
neuroprotective, and 
anti-inflammatory 
actions” to rebalance the 
microenvironment and 
allow clear signals to flow 
to the requisite cells.  
By releasing their own 
set of signals, they can 
stabilize the system. 
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and allow clear signals to flow to the requisite cells.13 By releasing 
their own set of signals, they can stabilize the system. 

To use a metaphor, a stroke can cause a major traffic jam in the 
biochemical environment of the brain. Chemical factors are no 
longer flowing effectively, and cells are either not receiving their 
signals or not responding to them. By regulating the microenviron-
ment, stem cells are both the traffic officers, getting traffic moving 
again, and the engineers that work to correct any damage to the 
road itself. 

Through the Chaperone Effect, stem cells function in a directive 
capacity, clearing the way for other cells to do their work and cata-
lyzing the reactions that will lead to a stable system. In their third 
mechanism of action (differentiating into glial cells), transplanted 
stem cells function in a supportive capacity. 

Saving the Penumbra
When we focus on neurons and their integral contributions to 

brain function, it is easy to forget the role of other brain cell types. 
Glial cells (or glia), for example, account for around 90% of all 
brain tissue. The glial cells are often referred to as the “glue” of the 
nervous system (glia means “glue” in Greek), and the metaphor is 
fairly accurate. Glial cells work to hold neurons in place and insu-
late neurons from one another. They are also responsible for sup-
plying nutrients and oxygen to the neurons, destroying pathogens 
in the nervous system, removing debris from dead neurons, and 
regulating cross-synaptic communication across neurons. Other 
glial cells, such as oligodendrocytes and Schwann Cells, surround 
the neuronal axons with myelin sheaths, a protective material that 
ensures that the CNS is functioning properly. Damage to these 
myelin sheaths results in multiple sclerosis.

These are several examples of how glial cells, the unsung heroes 
of the central nervous system, regulate the health of the entire sys-
tem by modulating neuronal behavior. A healthy set of glial cells 
enables the neurons to do their job correctly. 

A stroke affects all brain cells, however, not just neurons. During 
a stroke, glial cells die off, depriving neuronal cells, which might 
otherwise function normally, of crucial nutrients. This is not a prob-
lem for the cells within the lesion of the stroke itself; dead neurons 
do not need nutrients. But surrounding the lesion is an area of brain 
tissue that is not dead, but severely weakened. This area is called the 

Penumbra

The blue area represents the 
pneumbra at the edge of the 
dead brain tissue in orange.

Glia: the supporting formations 
of nervous tissue.
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penumbra of a stroke, or the ischemic boundary zone (IBZ), and it 
is a serious concern for stroke patients. As a result of the damaging 
effects of the stroke, the tissue in the penumbra is struck by circula-
tory hypoxia, meaning that the cells are receiving an inadequate 
oxygen supply. With insufficient oxygen, neurons within the pen-
umbra of the stroke are struggling to survive. A new set of glial cells 
could create a healthier infrastructure for these neurons, helping 
the penumbra repair itself. New glial cells may also reduce the risk 
of a future stroke; many strokes occur when blood vessels in the IBZ 
of an old stroke shut down or become congested with dead tissue.

Transplanted NSCs can differentiate into these glial cells, provid-
ing the support structure that the penumbra needs to recover after a 
stroke. In this situation, neuronal cells get the nutrients and oxygen 
they need to operate more effectively, and the danger of another 
stroke is lessened. 

Mesenchymal Cells and the Nervous System
JB and other patients within the Moscow clinical study received 

both neural stem cells and mesenchymal stem cells. We have 
explained the mechanisms of action for NSCs, but what about the 
mesenchymal cells? Just like neural cells, mesenchymal cells play 
varied roles. Their own mechanisms of action include: 

• Restoring homeostasis,

• Repairing the vascular structure,

• Repairing and regulating neural stem cell differentiation, form-
ing gap junctions with neurons and releasing repair proteins 
and important genes, and

• Repairing damaged neurons.

We know that a stroke unbalances the microenvironment of the 
brain. Transplanted neural cells are able to release a set of biochemi-
cal factors that can help get endogenous brain cells back on track. 
Mesenchymal stem cells are able to release their own set of factors 
that re-establish the correct proportions of biochemical signals in 
the brain. 

After a stroke there is a profusion of hypoxia-inducible factor 
1 (HiF1). This factor, released in response to the hypoxia in the 
brain, helps reduce the brain’s response to lessened blood flow. 
HiF1 will up-regulate, or encourage the expression of certain fac-
tors while down-regulating or discouraging others. One group of 
factors it up-regulates is VEGF, vascular endothelial growth factor. 

Up/down-regulation: the 
change in behavior or structure 
in order to adapt to changed 
conditions. In particular, the 
control of the type and ratio of 
a cellular process by manipulat-
ing the activity of specific and 
individual genes. Up-regulation 
meaning an increase in cellular 
process, down-regulation mean-
ing decrease.

Vascular endothelial growth 
factor (VEGF): a protein factor 
that contributes to, and stimu-
lates the growth of blood vessels. 
VEGF also helps in tissue vascular-
ization.
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This factor increases the profusion 
of blood vessels, builds new blood 
vessels, and increases vascular per-
meability. At certain times, it is 
necessary to increase the amount 
of VEGF in the brain (as we will 
see in a later chapter). An up-regu-
lation of VEGF, while promoting the 
increase of new blood vessels, can 
also lead to leaky blood vessels that 
will further worsen the effects of a 
stroke. In an acute hemmorhagic 
stroke situation, the up-regulation 
of VEGF can cause some harm.

By increasing vascular permeability after a hemmorhagic 
stroke, VEGF induces blood to pour into the affected area, caus-
ing edema that can damage cell tissues and cause swelling which 
puts pressure on the brain, killing even more brain cells. This side 
effect of VEGF is just one example of how the body’s attempt to 
heal itself after this neurological insult can end up causing more 
harm; through its immunological response, the body may be 
destroying more of the brain in an effort to repair it.

Mesenchymal stem cells, through their immunomodulatory 
properties (see Chapter 4), could possibly mitigate the over-reac-
tion of the body’s immune response. They release another set 
of factors that protect the vasculature from the VEGF–induced 
plasma leaking. The main growth factor that prevents this effect 
appears to be angiopoetin-1, while other protagonists include 
the growth factor endostatin, which prevents blood vessels 
from overdeveloping.18 Through the secretion of their own set 
of signals, MSCs can up-regulate or down-regulate other growth 
factors back to optimal proportions. Targeting the ischemic zone 
of a stroke, mesenchymal stem cells can induce more blood to 
the affected tissue. They can increase the percent of oxygen in 
the brain, lessening the degree of hypoxia. With so many chemi-
cal factors at their disposal, MSCs seem to be able to develop a 
nuanced response to a complex neurological situation.

The MSCs may also be able to catalyze the growth of new 
blood vessels from existing vessels in the brain. The growth 
of new vessels from pre-existing ones (a process called angio-

Neuron Astrocyte (glial cell)

Oligodendrocyte (glial cell)

Axon

Angiogenesis: the creation and 
differentiation of new blood ves-
sels. This process is also known 
as angiopoiesis and vasculogen-
esis.
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genesis) allows for better blood profusion and helps the brain 
recover from a stroke.19 A stroke damages blood cells, which may 
be starved for blood after an ischemic instance, or broken after a 
hemorrhagic stroke. 

Moreover, macrophages trying to repair the damage may 
attack blood vessels in the IBZ. Macrophages, a type of immune 
cell, are like the police officers of the body’s cellular system. They 
are designed to attack foreign invaders, like bacteria or viruses. 
They also clean up cellular debris, consuming dead cells so that 
new cells can grow in their place. Normally, they recognize that 
healthy endogenous cells should not be targeted. Because of 
damage to the blood brain barrier during a stroke, macrophages 
can penetrate into the brain. In a toxic post-stroke environ-
ment, these police cells are thrown into a volatile situation with 
no clear orders, and their discriminating nature is lost, causing 
attacks on cells that may otherwise survive an acute stroke. This 
is another example of how the immune system’s over-reaction to 
a neurological injury can cause increased harm.

Even though the brain undergoes angiogenesis on its own, it is 
not enough to affect significant revascularization. A 2009 paper 
by a team of American researchers, led by Dr. Jieli Chen (MD) 
of the Henry Ford Health Sciences Center in Detroit, explains, 
“Under normal circumstances after stroke, the contribution of 
angio-genesis to the brain capillary network is insufficient to 
support the brain plasticity required for functional recovery.”20

Chen and her team set out to explore how MSCs could increase 
angiogenesis. In their animal study using human MSCs to treat 
stroke-afflicted rats, they found that MSCs promoted certain 
growth factors, including VEGF, therefore contributing to the 
revascularization of the ischemic boundary zone.20 Their report 
also uncovered “significant increases in numbers of enlarged and 
thin walled blood vessels and numbers of newly formed capil-
laries at the boundary of the ischemic lesion in rats treated with 
hMSCs.”20 That is to say, new blood vessels had formed around 
the brain tissue that had been killed off by the stroke.

These results suggested that MSC treatments for stroke may 
offer meaningful healing to the injured area, and not just in 
terms of rehabilitation: “Stroke patients with a higher cerebral 
blood vessel density make better progress and survive longer 
than patients with lower vascular density.”20
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Migration, Regulation, and Transdifferentiation
In 2006, researchers from Case Western Reserve University set 

up an in vitro study designed to explore why MSCs were able to 
stimulate enhanced NSC response to a CNS injury. To shed some 
light on the subject, they placed MSCs in the same cultured medi-
um as a set of NSCs. In a cultured medium, NSCs will often form 
what is called a neurosphere, a spherical structure in which all the 
NSCs cluster together. The Case Western researchers hypothesized 
that the MSCs, through a process of cell-signaling, would stimulate 
the NSCs to migrate from the neurosphere and spread out across 
the medium. They were right; after several hours, the neural cells 
began to drift away from the neurosphere and spread themselves 
across the entire culture.21

The researchers declared that this stimulated migration explained 
how MSCs “provide one type of critical trophic support to neuro-
sphere derived cells.”21 If the same process occurs in vivo as it does 
in vitro, then this study helps delineate the process by which MSCs 
encourage NSCs to spread out and find the site of injury in the 
central nervous system, and subsequently act to repair the damage. 

The researchers also found evidence of increased development of 
different brain cell types in the mediums co-cultured with MSCs, as 
opposed to the mediums that just had NSCs. The scientists looked 
for two cell types in particular: neurons, which gather and transmit 
information, and oligodendrocytes, a type of glial cell which insu-
late and protects the axons of the neuron by forming the protective 
myelin sheath. The researchers found that, in comparison to the 
control group of just NSCs, the co-cultured mediums had extensive 
development of neurons and oligodendrocytes.21

The study authors concluded, “MSCs have a direct and pro-
nounced effect on the genesis of neurons and oligodendrocytes 
from NSCs in vitro.”21 They further concluded that the MSCs ‘com-
municated’ with the NSCs through the release of soluble factors, 
not through cell surface interactions. That is to say, the mesenchy-
mal stem cells released biochemical signals that prompted the neu-
ral stem cells to respond; they did not need to be in direct contact 
with the neural cells.

The above examples clearly demonstrate the potential for MSCs 
to promote neurological wound healing in conjunction with NSCs, 
through a variety of tactics. There is evidence of another way 

“MSCs have a direct and 
pronounced effect on the 
genesis of neurons and 
oligodendrocytes from 
NSCs in vitro.” 
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the MSCs may help heal neurological wounds: by turning into 
neuronal-type cells.22, 23 In vitro studies of MSCs have resulted in 
these mesenchymal cells differentiating into neural derivatives, 
while other studies have suggested that MSCs can differentiate into 
Schwann cells, the glial cells responsible for insulating the axons 
of the peripheral nervous system.24, 25 The phenomenon of one cell 
type turning into a cell that is not within its path of differentiation 
is called transdifferentiation, or plasticity. These studies and others 
suggest that MSCs have a certain degree of plasticity and that they 
can thus form cells that normally would be differentiated only from 
neural progenitors. 

While this may occur in stroke patients treated with MSCs, its 
effect is probably not that pronounced. In their 2006 study, the Case 
Western scientists explain that “the proportion of MSCs that can be 
directed towards a neural fate appears to be relatively small.”21 

Dr. Chen’s research team came to similar conclusions in their 
own study of how MSCs could be used to treat stroke. They wrote:

Bone marrow stromal cells also likely contain a subpopula-
tion of stem-like cells, which can differentiate into brain cells. 
However, these cells are a minor subpopulation of the hMSCs 
we use and do not contribute to the restoration of function, 
and only a very small percentage of the hMSCs assume paren-
chymal [a term used to denote functional tissue, as opposed to 
structural tissue] cell type.19

The level of plasticity that MSCs may have is currently being 
debated by scientific circles around the world, and it is likely that 
it is other mechanisms of action by which MSCs affect the greatest 
degree of change in the CNS.26, 27

Through their multiplicity of actions, neural stem cells and mes-
enchymal stem cells both seem to be able to repair the brain on 
many different levels after a stroke. Together their effects are even 
more pronounced. But this stem cell combination is not limited to 
dealing with stroke alone; there are many other neurological condi-
tions that can be treated with multi-cell treatment therapy.

Through their multiplicity 
of actions, neural stem 
cells and mesenchymal 
stem cells both seem to be 
able to repair the brain 
on many different levels 
after a stroke. Together 
their effects are even more 
pronounced.
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It could be the result of a fall down the stairs, or an automobile 
accident. It could have been initiated by a sports-related injury, or 
violence, or even a birth defect. There are many causes of a spinal 
cord injury (SCI), but regardless of the cause, the effects can be 
devastating. Over one million people in the United States cur-
rently have a spinal cord injury. These injuries will almost always 
include some form of paralysis, often severe. Thirty-five percent 
of Americans suffering from spinal cord injury report significant 
difficulty moving; another 13% report being unable to make any 
movements whatsoever.1

The resulting paralysis can be a jarring transition. In contrast 
to stroke, where lifestyle factors can reduce the risk of occurrence, 
there are very few preventive measures one can take in order to 
reduce the risk of spinal cord injury. While those who engage in 
extreme sports are at higher risk for injuries to the central nervous 
system, any traumatic blow to the spinal cord may be sufficient to 
cause permanent nerve damage. In a single moment, a person can 

Spinal Cord Injuries
Chapter 7

Chapter 7— Spinal Cord Injuries
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lose the ability to walk, to play 
sports—to move at all.

And the toll is not just physical. 
The Christopher & Dana Reeve 
Foundation, an organization cre-
ated on behalf of SCI patients 
and others affected by paraly-
sis, was created by the late actor 
and stem cell research advocate, 
Christopher Reeve, and his wife. 
Today, the Foundation declares 
that the amount an SCI patient 
will end up paying for healthcare 
can easily run to millions of dol-
lars. For those afflicted with quad-
riplegia, healthcare costs for the 
first year alone can range from 
$500,000 to over $750,000. Those 
afflicted with paraplegia can be 
expected to pay over $280,000 in 
the first year. These costs saddle 

the family of an SCI patient with a tremendous financial burden. 

But family members and caregivers of SCI patients take on a 
set of responsibilities that are more than financial. A Time maga-
zine article featured the story of Eddie Canales, whose son Chris 
received a paralyzing spinal cord injury while playing football:

Eddie, the director of operations at the University of Texas 
at San Antonio bookstore, quit his job to tend to his son. He 
turned him over every two hours to prevent bedsores because 
the insurance company initially refused to pay for a pressure-
supported mattress. He inserted a catheter every three hours. 
He gave Chris medications every six hours. He slept on the 
floor next to Chris. His care commenced at 7:30 AM and did 
not end until 3:30 the following morning.2

While many family members will take on these responsibili-
ties without complaint, they should not have to. A meaningful 
treatment option for spinal cord injury would not only help SCI 
patients themselves, but help relieve the demands placed on their 
loved ones. 

Causes of Spinal Cord Injuries

Unknown/No response 
109,000  9%

Other 76,000  6%

N= 1,275,00

Birth defect 
34,000  3%

Natural disaster 
8,000  1%

Victim of 
violence 
57,000  4%

Sporting/Recreation 
accident 206,000  16% Accident working 

362,000  28%

Motor vehicle accident 
311,000  24%

Fall 112,000  9%
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What is a Spinal Cord Injury?
A spinal cord injury is far more serious than an injury to the spi-

nal bone structure itself. A person can receive a fracture to the spine, 
for example, and not have a spinal cord injury. That is because the 
backbone, composed of rings of vertebrae, is actually in place not 
only to support the trunk of the body but also to protect the spinal 
cord. The spinal cord is a major grouping of nerves that perform two 
primary tasks: they transmit sensory perception from the body to 
the brain, and transmit orders from the brain to the body.

The spinal cord is part of the central nervous system (CNS), 
along with the brain. It is an electrical highway, the only means of 
communication between the body and the brain. There are twelve 
cranial nerves that connect parts of the head (such as the eyes and 
nose) directly to the brain; otherwise, the spinal cord is the primary 
way of sending nerve transmissions.

Putting your hand on a hot stove illustrates the importance of 
the spinal cord. The nerves in the hand immediately signal that 
something is wrong. This signal travels from the peripheral nervous 
system to the spinal cord, which then relays the signal directly to 
the brain. The brain processes this information, devises a reaction, 
and sends a signal down the spinal cord, which relays it on to the 
arm. Your arm jerks away from the stove, and you are protected 
from further damage to your hand. 

If the spinal cord is injured to the point where it can no longer 
transmit nervous signals, the brain no longer receives sensations 
from the body, and the body no longer receives information from 
the brain. At the point where the spinal cord has sustained injury, 
any motor and sensory function below that point can be impaired. 
An SCI patient can no longer feel sensation in these parts of the 
body, or even command those parts to move at all. This loss of func-
tion can even include bowel and bladder control.

With a complete spinal cord injury, a patient will lose all func-
tion below the injured area. In contrast, an incomplete spinal cord 
injury will usually leave a patient with some function, but that per-
son’s ability to move and to feel will still be compromised.

The closer the injury is to the base of the skull, the worse the 
functional deficit will be. For example, an injury to the thoracic 
region, located in the upper back, may leave someone paraplegic. 
A paraplegic is typically unable to move his or her lower body. 

Anatomy of the human spine.

Cervical

Thoracic

Lumbar
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However, an injury to the 
cervical region, within the 
neck, will often leave an SCI 
patient quadriplegic. With 
quadriplegia, a patient tradi-
tionally loses function from 
the neck down, including the 
arms and legs.

The actual site where the 
SCI occurred is referred to as 
the spinal cord lesion. The 
segments of the spinal cord 
below the lesion are affected 
as well. Although they still 
receive their nutrients from 
the circulatory system, their 
lack of contact with the brain 

causes them to degenerate; the medical term for these isolated 
segments is “degenerating tracts.” But it is not just the rest of the 
spinal cord that suffers. The rest of the body, no longer receiving 
signals from the brain, begins to wither. This is part of the reason 
that a paraplegic’s legs will appear wasted; the degeneration of the 
affected body part, combined with lack of use, impacts the body’s 
overall health.

In our introduction, we shared with you the story of our sister-
in-law, Arlene. As a result of her automobile accident, Arlene’s spine 
was shattered. The force of the car crash had caused damage that 
went past her vertebrae, past the cerebrospinal fluid that might 
have absorbed the shock of a lesser blow, and straight to the bundle 
of nerves itself. It was this injury to the nervous system that left her 
unable to move, with an all-but-complete SCI. The uppermost dam-
aged spinal cord segment was at the sixth cervical vertebrae in the 
neck. For this reason, Arlene was left quadriplegic. Fortunately for 
her and for us, stem cells offered a meaningful treatment therapy.

The Human Face of SCI — Arlene’s Story
There are millions of families worldwide with their own stories 

of a loved one suffering from this debilitating injury. For us, it was 
our sister-in-law, Arlene Howe. After her accident, Arlene under-
went fifteen months of intensive physical therapy. Despite all these 
efforts, she could do little more than move her thumb and fore- 

Arlene’s spine 
was shattered 
at the sixth 
cervical 
vertebrae in 
the neck. For 
this reason, 
Arlene was left 
quadriplegic.

With complete 
spinal cord injury 
(SCI) the body 
looses function 
below site of 
injury.

Site of injury 
spinal cord 
lesion.
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finger. Arlene relied on a motorized wheelchair, and needed 
constant assistance from caretakers. When in bed, she had to be 
turned every two hours, so that the pressure of her body against 
the bed did not cut off circulation to her underside (a condition 
known as pressure sores, or more colloquially as bedsores). She 
lacked the ability to perform basic physical functions including 
bowel and bladder control. She had also repeatedly expressed 

IS INjURy 
COMpleTe?

IS INjURy  
MOTOR  

INCOMpleTe?

(yes=voluntary anal contraction or 
motor function more than three levels 
below the motor level on a given side.)

Are at least half of the key muscles below the  
(single) neurological  level graded 3 or better?

NO

YES

YES

NO

AIS=A

If

If

AIS=bIf

YES
If

If

NO
If

If sensation and motor function 
is normal in all segments

YES
If

Note: AIS-e is used in follow up testing when an individual with a documented SCI has 
recovered normal function.  If at initial testing no deficits are found, the individual is  
neurologically intact; the ASIA Impairment Scale does not apply.
American Spinal  Injury Associat ion: Internat ional  Standards for Neurological  Class i f icat ion of Spinal  Cord Injury, 
revised 2000; At lanta GA. Reprinted 2008.

A Complete: No motor or sensory 
function is preserved in the 
sacral segments S4-S5.

b Incomplete: Sensory but not 
motor function is preserved 
below the neurological level and 
includes the sacral segments 
S4-S5.

C Incomplete: Motor function is 
preserved below the neurologi-
cal level, and more than half of 
key muscles below the neuro-
logical level have a muscle grade 
less than 3.

D Incomplete: Motor function 
is preserved below the 
neurological level, and at least 
half of key muscles below 
the neurological level have a 
muscle grade of 3 or more, up 
to 5* (muscles able to exert, in 
examiner’s judgement, sufficient 
resistance to be considered 
normal if identifiable inhibiting 
factors were not present).

E Normal: Motor and sensory func-
tion are normal.

ASIA ImpAIrmENt SCAlEStEpS IN ClASSIfICAtION

AIS=C AIS=D

AIS=E
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frustration with her lack of improvement despite her most sincere 
efforts in physical therapy. 

Arlene’s first treatment was in April, 2006, sixteen months after 
her accident. Three months following her treatment, in which she 
received both mesenchymal stem cells and neural stem cells, Arlene 
began to feel sensations in her back and lower extremities. In fact, she 
called her physician to complain of lower back pain. She was surprised 
when he explained that this was actually a good sign; quadriplegics are 
typically unable to feel lower back pain, as the sensations that would 
transmit this information must go through the spinal cord. Arlene also 
informed her family that her therapy was progressing more smoothly, 
and that it was easier to transfer from her bed to her wheelchair. 

Enthusiastic about Arlene’s success, her family and friends impa-
tiently waited to see the results of her second treatment, which she 
received in March of 2007. A month later, she brought home a note 
from her physiatrist Dr. John Jahan (MD): 

She can now walk approx. 150 feet with aided balance transi-
tions to turn around. She can now walk with a high rolling 
walker but still needs assistance getting in and out of bed and in 
and out of her wheelchair. Bowel function continues to improve 
with both bladder and bowel.3

Dr. Jahan also reported that, using the American Spinal Cord Injury 
Association (ASIA) rules of classification, Arlene was now in category 
ASIA-C. This category, which signifies “some sensory and motor pres-
ervation,” was an improvement from her previous classification of 
ASIA-B, a more pronounced category of impairment used to denote a 
sensory-only level of function below the spinal cord lesion.4 This was 
a measurable step up for Arlene, and a strong sign that her treatment 
program was having an effect.  

A couple of months after Dr. Jahan’s observations, Arlene’s recov-
ery had progressed to the point where she could pull herself out of 
her wheelchair unassisted, as well as transition from the bed to the 
wheelchair by herself, a development which meant one less responsi-
bility for her husband. Arlene reported that she had regained bladder 
and bowel sensations; something that rarely occurs through physical 
therapy alone. The family noted that Arlene seemed happier, more 
satisfied with the progress of her recovery and more at peace with 
her physical situation. The incremental changes in Arlene’s physical 
condition seemed to fuel her motivation; she became determined to 
succeed in her physical therapy regimen.

Over time, with stem cell 
treatment and physical therapy, 
Arlene was able to perform 
many of the tasks of daily living. 
She was able to comb her hair, 
walk with assistance, and drive a 
specially outfitted car.
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Arlene regained her ability to perform many everyday tasks, such 
as fixing herself a meal, pouring a cup of coffee, and even putting in 
her own contact lenses. She drove a specially outfitted automobile, 
and was able to walk brief distances with assistance. Using her index 
fingers, Arlene was able to type on a computer. For Arlene, these 
everyday tasks represented a great change from her previous months 
of helplessness.

The Human Face of SCI — CT’s Story
The Russian clinical study team that treated Arlene has used the 

neural/mesenchymal stem cell combination to treat several other 
patients from around the world. One such patient, whom we will 
call CT, was a 25-year-old man from Florida who suffered a spinal 
cord injury in October 2006. CT was in a car crash that left him 
with drastically reduced function from his C4 vertebrae down. The 
C4 vertebra is in the neck, and a spinal cord injury at that location 
usually results in quadriplegia; he was no exception.

Before receiving a treatment in April of 2008, CT could not per-
form any basic tasks without assistance. He used the computer and 
phone through a voice-activated control program; he was mainly 
confined to his bed or his electric wheelchair. For his wheelchair, he 
relied on a chin-control mechanism to move. Although CT did have 
some function below his neck, it was extremely limited. 

For many quadriplegics, physical therapy is a long and difficult 
program that offers minimal gains. However, it is one of the few 
ways in which SCI patients can attempt to recover some function 
after their debilitating injury. For CT, the spinal cord injury had 
interfered with his brain’s ability to regulate his blood pressure. If 
he was placed in an upright position for more than 30 seconds, his 
blood pressure would drop, and he would pass out. This vasovagal 
response made it impossible for CT to enroll in any comprehensive 
physical therapy sessions. Faced with a lack of traditional treatment 
options, CT enrolled in a stem cell study like the one in which 
Arlene participated.

After his stem cell transplantation, CT reported an increase in 
sensation, being able to feel someone holding his hand. He sat 
straighter; before, his head was slumped to the side, affecting his 
breathing. With a simple change in posture, he was able to breathe 
easier, a change that positively affected his oxygen intake. His fam-
ily and caretakers reported that his stamina, sensory perception, 
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and body awareness had improved. Before the treatment, CT stated 
that everything below his neck felt “dead.” After the treatment, he 
reported that his body felt alive again. Eventually, he was able to 
stay in an upright position for up to six to seven hours at a time, a 
substantial difference from before.

Arlene and CT both received their first stem cell transfers more 
than a year after their original injury. Although no two patients are 
alike, it is important to note that they had similar injuries, and both 
improved as a result of a stem cell treatment using a combination 
of neural and mesenchymal stem cells. A review of recent scientific 
breakthroughs regarding our understanding of SCI will explain why.

The evolving Science of SCI
When scientific researcher Dr. Noelle Huskey’s (PhD) brother 

became paraplegic in 2001, she began studying the uses of stem cells 
to treat spinal cord injuries. Huskey, who currently conducts studies 
at University of California, San Francisco, discovered that “Spinal 
cord injury research represents a new and rising field—more progress 
has been made in the last five years then in the previous fifty. This 
sudden success resulted from the new understanding of stem cell 
technology.”5

Amazing leaps have been made within the past couple decades. 
It was in 1995 that a team of Swedish researchers led by Dr. Jonas 
Frisén (MD, PhD) discovered expression of nestin in rats that had 
received significant injuries to the central nervous system (CNS), 
including spinal cord injuries. Nestin, a protein that induces axon 
growth, is associated with neural stem cells. In fact, nestin’s asso-
ciation with neural stem cells is so pronounced that it is often 
utilized by scientists as a marker to follow the migration of neural 
progenitor cells. If nestin is present in the CNS, it is usually because 
neural stem cells are producing the protein. The increased presence 
of nestin in the CNS after a spinal cord injury, then, is evidence of 
activation and proliferation of neural stem cells trying to heal the 
spinal cord. As Frisén’s team put it: 

Although by no means proven, our data taken together, may 
suggest the existence of a cell population endowed with progen-
itor or stem cell qualities which can be identified by virtue of 
nestin expression and which is recruited to the area of injury.6

This cell population, Frisén’s evidence suggested, was trying to 
repair the damage in the spinal cord. His discoveries contributed to 

Johansson and Momma’s 
discovery that NSCs were 
only producing astrocytes 
after a spinal injury 
strongly implied that the 
spinal cord’s stem cells 
are mostly interested in 
performing “clean-up” 
operations after  
a spinal insult.
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the mounting evidence against the widespread scientific belief (as 
noted in chapter 5) that the CNS was incapable of repair.

As with other CNS injuries, the endogenous stem cell response is 
not strong enough to effect meaningful healing on its own. A later 
study by Swedish scientists Drs. Carina Johansson (PhD) and Stefan 
Momma (PhD) provided an explanation for why this is the case 
in spinal cord injuries. Johansson and Momma were investigating 
ependymal cells, cells that line the central canal of the spinal cord 
and are involved in producing spinal fluid. Johansson and Momma 
discovered that these cells were neural stem cells, but their conclu-
sions did not stop there. Their studies led them “to observe that only 
astrocytes and not neurons are formed from stem cells in response to 
injury.”7 Astrocytes are the glial cells whose functions involve produc-
ing scar tissue and disposing of the debris of dead cells. Johansson and 
Momma’s discovery that NSCs were only producing astrocytes after 
a spinal injury strongly implied that the spinal cord’s stem cells are 
mostly interested in performing “clean-up” operations after a spinal 
insult. What is really needed after a spinal cord injury, however, is 
neurogenesis, the rebuilding of the neurons in the spinal cord.

In their paper, Johansson and Momma speculated that “the utiliza-
tion of endogenous stem cells to generate new neurons or glial cells 
in the treatment of nervous system diseases is therefore a tantalizing 
possibility.”7 Their hope, that neural stem cells could be coached into 
producing greater numbers of the correct cell types, has since been 
realized, but not with endogenous stem cells. Instead, it is in vitro-
grown stem cells that can be primed into various paths of differentia-
tion.

In most clinical situations, it behooves the patient to have a trans-
plant with as undifferentiated a set of stem cells as possible. That 
way, it is the patient’s own body that gives the stem cells their orders, 
optimizing the results of their operations in the affected area. And the 
stem cells already have an understanding of what they are supposed to 
do. Dr. Joseph Yanai (PhD), a medical scientist at Jerusalem’s Hebrew 
University-Hadassah Medical School, has pointed out that, for exam-
ple, “stem cell therapies are ideal for treating birth defects where the 
mechanism of damage is multifaceted and poorly understood.”8 Yanai 
illustrates that stem cells themselves are very capable in their own right: 
“they are your little doctors. They’re looking for the defect, they’re 
diagnosing it, and they’re differentiating into what’s needed to repair 
the defect.”8 

Stem cells themselves are 
very capable in their own 
right: “they are your little 
doctors. They’re looking 
for the defect, they’re 
diagnosing it, and they’re 
differentiating into what’s 
needed to repair the 
defect.”
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In most cases then, stem cells are more than capable of direct-
ing themselves, and do not need to be primed into specific 
differentiation pathways beforehand. A spinal cord injury, how-
ever, is not one of those cases. After an SCI, the body’s response 
of producing more astrocytes actually ensures that there will be 
limited prospects for neurogenesis. 

Astrocytes essentially surround the injury site with thick walls 
of scar tissue, called glial scars. While this protects the injured 
area from another accident and infection, it essentially walls off 
the spinal cord lesion from the rest of the body. The axons that 
were previously connected to the injured area attempt to reach 
across the site of injury and reestablish the connections of the 
central nervous system, but they cannot get through the scar 
tissue. Later in the healing process, neural stem cells that could 
build new neurons within the injury site are unable to reach the 
lesion.

In addition, astrocytes express several molecules such as 
tenascin C and proteoglycans, molecules suspected to be growth 
inhibitors.9 These growth inhibitors further ensure a lack of axo-
nal activity around the lesion site, stifling efforts to regenerate 
the spinal cord’s neuronal connections. These factors all help 
explain why glial scars block neural regeneration.

The increased proliferation of astrocytes after a spinal cord  
injury, combined with other biological processes designed to 
prevent the spread of damage from a wound, ends up hurting 
the body’s prospects of recovering neurological function.9 In 
order to effect meaningful repair, some researchers believe that 
stem cells need to get to the spinal cord lesion before it is walled 
off by glial scar tissue. But the CNS’s endogenous stem cells are 
too busy differentiating into the same astrocytes that are mak-
ing that scar tissue in the first place, in a somewhat misguided 
attempt to limit the extent of injury.

A stem cell treatment, with neural stem cells already primed 
to differentiate into neurons and oligodendrocytes, is what 
many believe the CNS needs. And through the process of prim-
ing, it is possible to cultivate this specific set of stem cells. For 
this reason, a stem cell treatment might achieve its best results 
when delivered closer to the time of injury. This may help to 
restore neuronal connections before significant muscle atrophy 
sets in. 

Glial cells-
Astrocytes

The glial cells-astrocytes 
form scar tissue and the 
neurogenesis of a dam-
aged nerve is prevented 
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lesion

Body’s own NSCs 
cannot get through



Chapter 7— Spinal Cord Injuries

123

On the other hand, it is during the acute phase of a spinal cord 
injury that the affected area experiences extreme inflammation. This 
inflammatory environment could kill off the transplanted stem cells 
before they have a chance to engraft themselves within the treated 
area. Some scientists believe that the optimal treatment window 
would occur in the sub-acute phase of the spinal cord injury, after 
the cellular environment has been somewhat stabilized.

The fact that scientists and physicians have not yet determined 
the exact parameters of the optimal treatment window for spinal 
cord injury illustrates that there is still much to be learned about 
stem cells. Educational and research institutions around the world 
work daily to expand our body of knowledge, so that we may have 
the answers to these and other unresolved questions. And once these 
questions are answered, stem cell treatments will have taken one step 
further along the pathway of translational medicine.

Regenerative Strategies
Arlene and CT received their stem cell treatments more than a 

year after their original injuries, demonstrating that even with sub-
stantial amounts of glial scarring, stem cell transplants may still offer 
significant improvement to SCI patients. There is encouraging but 
preliminary evidence that stem cell transplants may induce axons 
to either circle around the scarred area to re-establish neuronal con-
nections, or “push through” the glial scars and into the spinal cord 
lesion, apparently through the up-regulation of neurotrophic growth 
factors. Separate studies have shown that neurotrophic growth fac-
tors, such as neurotrophin-3, can cause axons to grow around the 
site of a spinal cord lesion, and even penetrate several millimeters 
into the lesion itself, illustrating repair at the very site of injury.10, 

11 Another study, published in The Journal of Neuroscience, demon-
strated that a similar list of neurotrophic growth factors can promote 
the proliferation of endogenous oligodendrocytes, the glial cells that 
are responsible for myelination.12 Myelination involves the creation 
of a type of insulation for electrical conduction involving the axons. 
Without appropriate myelination, these newly formed axons would 
only be able to transmit electrical impulses at a fraction of their 
original speed. (Myelination will be discussed further in Chapter 9.)

Stem cells can effect a significant amount of repair to the spinal 
cord partly because, after an SCI, there is a lot that needs repairing. 
According to Dr. Fred Gage (mentioned previously) and Dr. Philip 
Horner (PhD) of the University of Washington’s Institute for Stem 

Glial Scars
The fact that glial scars inter-
fere with neuroregeneration 
was noticed as far back as 
1928, when Spanish neuro-
scientist (and Nobel laure-
ate) Santiago Ramón y Cajal 
noted: “Neither is it rare to 
see conductors that turn 
back on encountering the 
scar, near which they accu-
mulate, forming complicated 
plexuses, as though the edge 
of the nerve presented an 
obstacle that the cones find it 
very difficult to cross.”10
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Cell and Regenerative Medicine, a CNS injury will set off: 

A cascade of events that can lead to neuronal degeneration 
and cell death… Following a specific traumatic or chemotoxic 
event, or as a result of ongoing degenerative processes, long-
term structural and functional deficits occur in the adult CNS. 
In severe cases, these insults are not repaired or compensated 
for by surviving systems. On a cellular level, these deficits 
include demyelination, degeneration, abortive or aberrant 
sprouting, and cell death.14 

Part of the reason all these deficits occur is due to the nature of 
the injury itself. Any traumatic event to the CNS, such as an SCI, 
will have a large impact on the afflicted tissue and the surrounding 
area. Just as in a stroke, the microenvironment of the spinal cord 
is put into a severe state of imbalance and the injured area of the 
spinal cord often suffers from cell-killing hypoxia (oxygen depri-
vation). Also comparable to a stroke, the body’s natural immune 
response after an SCI can worsen the situation. Besides building 
scar tissue that limits the extent of axonal regeneration, the body’s 
immune response includes an over-mobilization of phagocytic 
cells that end up attacking neuronal cells which would otherwise 
recover from their damage, and promoting inflammation of the 
injured area. While inflammation is often a beneficial immune 
response, swelling of an affected area within the CNS will often put 
pressure on nearby cells, damaging them. 

Multi-Cell Therapy for Spinal Cord Injury
Dr. Ivan Cheng (MD), Assistant Professor at Stanford University 

School of Medicine, believes that an MSC/NSC combination therapy 
could potentially be useful in bringing a functional improvement to 
chronic spinal cord injuries that may not respond as well to single-
cell therapy. 

The environment where a spinal cord injury occurs becomes a 
very toxic environment. It is inhibitory towards the survival of 
pre-existing cells, as well as applied cells. This is an environ-
ment which is not ideally conducive to the re-establishment 
of neural pathways.

The thinking is that mesenchymal stem cells could foster 
a more favorable environment for healing. If we can apply 
the mesenchymal stem cells, even intravenously, they could 
find their way to the site of injury and create a better milieu. 

phagocytic cells: a cell that 
surrounds and consumes 
microorganisms and debris, 
e.g. white blood cells. The 
consumption process is known as 
phagocytosis.
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We would subsequently apply neural stem cells directly to 
the site of injury, and these cells would benefit from a better 
microenvironment.A

In the same way that one must remove weeds for a garden to 
grow properly, the MSCs would clean up the toxic injury site so that 
the NSCs could better take root. Cheng, a spine surgeon, illustrates 
some potential clinical situations where multi-cell treatment would 
be most beneficial:

Patients who come in with multiple injuries, as well as a 
spinal cord injury, may be unstable from a medical stand-
point. We may need to reduce the number of surgeries we 
perform in the sub-acute or acute phase. It would be fairly 
straightforward to inject cells intravenously, but then we 
could bring these patients back at a later time for the surgical 
application of stem cells directly at the site of the spinal cord 
injury. Another example would be military personnel who are 
wounded on the battlefield. It may be impossible to treat them 
on an acute basis, but once we had them at the right medical 
facility, then we could proceed with treatment.

Cheng envisions performing multi-stem cell studies in his 
Stanford laboratory in the near future. He and other scientists hope 
to uncover more definitive answers regarding the effectiveness 
of stem cells at different points in the chronology of spinal cord 
injury. So far, it seems that there may be a window within which 
administration of stem cells would be best for patient outcomes.

Walking Again?
Horner and Gage explain that the list of regeneration strategies 

for a CNS injury include “cellular replacement, neurotrophic factor 
delivery, axon guidance and removal of growth inhibition, manipu-
lation of intracellular signaling, bridging and artificial substrates, 
and modulation of the immune response.”14 Stem cells have the 
potential to achieve all of these actions.

Through their effects on the microenvironment, transplanted 
stem cells can rewire the intracellular signaling mechanisms of the 
affected area, remove growth inhibition factors and secrete their 
own set of growth factors. Stem cells also can modulate the immune 
response, and neural cell-derived oligodendrocytes can help ensure 
that new axon growth bridges the gap caused by SCI. But the first 
regeneration strategy, cellular replacement, is perhaps the most 

Stem cells have the 
potential to achieve all 
of these strategies—
”cellular replacement, 
neurotrophic factor 
delivery, axon guidance 
and removal of growth 
inhibition, manipulation 
of intracellular signaling, 
bridging and artificial 
substrates, and 
modulation of the immune 
response.”
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exciting use of stem cells for treating SCI, partly because no other 
type of treatment can create new neurons. 

After an SCI, even if injured axons are repaired and the gap 
caused by the spinal cord lesion is successfully bridged, there are 
still dead cells that need to be replaced. As Horner and Gage put 
it, “No matter how well the lesion is bridged or re-innervated, the 
target motor neurons that project to the muscles are irrevocably 
lost.”14

Stem cells are perhaps the only way to replace dead cells within 
the CNS. Cheng says, “Stem cells really have a unique ability, not 
only to home into sites of injury and aid in the survival of injured 
tissues and cells, but also to differentiate into the necessary tissue 
in that area.”B 

Cheng was part of a Stanford research team whose results were 
recently recognized by the Orthopedic Research and Education 
Foundation, as well as the Orthopedic Research Society, which 
jointly awarded the team First Place in Basic Science Research at a 
2010 research symposium. Cheng and others presented the results 
of their recent study, entitled “The Acute Transplantation of Human 
Neuronal Stem Cells Following Spinal Cord Injury.”

Cheng explains that the study was designed to apply stem cells 
to different locations in a rat model of spinal cord injury: “We used 
an acute rat model, and we were testing to see if we could improve 
function. We injected Stemedica Technologies’ stem cells locally at 
the site of the injury, and we also applied stem cells intrathecally, 
distal to the site of the injury.” In applying the stem cells distally, in 
this case towards the lower part of the spine as opposed to directly 
within the injured portion of the spine, the researchers hoped to 
learn whether the cells could migrate to the site of the injury and 
effect repair. “It’s been established that these cells have an innate 
ability to migrate through the cerebrospinal fluid and engraft them-
selves to sites of injury,” Dr. Cheng elaborates, “but previous studies 
had never attempted to measure functional changes.”

By measuring the rat’s function, Cheng and his fellow research-
ers were hoping to discover if distally-applied stem cells would actu-
ally help the rats regain sensation and movement. The results? “We 
saw significant improvement.” Dr. Cheng says: 

Many of [the rats] were walking again by the end of the six 
week testing period. We also saw significant improvement 

“The first regeneration 
strategy, cellular 
replacement, is perhaps 
the most exciting use of 
stem cells for treating SCI, 
partly because no other 
type of treatment can 
create new neurons.”
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for the distal application of cells. Statistically, there was no 
significant difference. Both sets of rats had a significant func-
tional recovery.

Cheng acknowledges that his own results offer meaning that 
goes beyond the laboratory: “These are devastating injuries in 
patients, and it’s a situation where they otherwise have little hope 
of functional recovery. We have promising results that these stem 
cells will restore these patients’ function, and even give them the 
ability to walk again.” And Stanford is just one of the many institu-
tions around the world that is investigating how to better unlock 
the full potential of stem cell therapy’s promise for spinal cord 
injury patients.
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“I was on a table just flopping around like a fish,” former NFL 
player Kyle Turley confided to sportswriter Michael Silver. “I was 
fully conscious and knew what I wanted to say, but I couldn’t 
speak… it was definitely the scariest experience of my life.”1

Turley was referring to his experience in August 2009, when 
he was rushed to the hospital after passing out and later vomiting 
uncontrollably. Doctors believed that Turley’s condition was a result 
of the multiple concussions he had received while playing profes-
sional football. Turley, faced with the ever-present fear that his 
mental faculties could degenerate, has become one of the increas-
ingly louder chorus of ex-football players speaking out against the 
NFL’s culture of apathy towards brain injury.

Turley and others have legitimate cause for grievance. The chance 
that an average 30- to 49- year-old man will develop a memory 
related disease is 1 in 1,000. For ex-football players of the same age, 
the chances are 1 in 53.2 Researchers at the Center for the Study of 
Traumatic Encephalopathy at Boston University, studying the brains 

Chapter 8 

Traumatic Brain Injury
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of deceased football players, have noticed that the brains contain 
irregular build ups of tau protein similar to those in Alzheimer’s 
patients (see Chapter 9). 

Dr. Ann McKee (MD), the co-director of the Center, explained to 
CNN in a 2009 interview that the brains she has examined resemble 
those of an elderly dementia patient. But many of the players who 
donated their brains were only in their 30s or 40s when they died. 
One football player was only eighteen. “I knew what traumatic 
brain disease looked like in the very end stages, in the most severe 
cases,” admitted McKee, “to see the kind of changes we’re seeing in 
45-year-olds is basically unheard of.”3

Researchers have a name for the condition that is presumably 
causing this damage: chronic traumatic encephalopathy, or CTE, 
a condition that can induce memory loss, reasoning problems, 
and severe emotional disturbance. Andre Waters, whose brain was 
donated to Boston University’s Center for the Study of Traumatic 
Encephalopathy, was an NFL defensive back for the Philidelphia 
Eagles and the Arizona Cardinals. Waters committed suicide in 
2006; a neuropathologist from the University of Pittsburgh exam-
ined his brain and reasoned that Waters was combating depression 
brought on by CTE.4 His is just one case of ex-NFL players struggling 
with emotional stress attributed to CTE.3

Although the study of traumatic encephalopathy is still in its 
infancy, experts are fairly uniform in their agreement that the major 
cause of CTE appears to be serial instances of head trauma, a fact 
that explains why boxers are another segment of the population at 
risk for the disease. For football players, this head trauma usually 
occurs in the form of a traumatic brain injury (TBI).

It is not uncommon for an athlete who participates in football 
or other contact sports to receive a concussion from a blow to the 
head during a game. A concussion is another name for a mild trau-
matic brain injury, and it was previously commonly believed that 
the effects were temporary. 

But recent research from the Center for the Study of Traumatic 
Encephalopathy and others has called this belief into question. 
Doctors now acknowledge that even a mild TBI may cause symp-
toms that can last for over a year, symptoms such as memory loss, 
concentration problems, and even significant emotional problems. 
A severe traumatic brain injury will often manifest itself in far 
worse symptoms, including aphasia, loss of perception, seizures, 

Tau proteins: found in all cells, 
however particularly prevalent 
in axons and neurons, these 
proteins aid in microtubule 
construction and stability.

TBI Legislation
The call for new legisla-
tion aimed at protecting 
soldiers from the effects of 
TBIs echoes the support for 
a recent bill that hopes to 
protect youth athletes. The 
Lystedt Law, which is in 
effect in Washington state, 
requires that youth athletes 
with a concussion or head 
injury during a game or prac-
tice must refrain from par-
ticipation in the sport until 
they are cleared by a medical 
expert.5

The bill is named after young 
athlete Zackery Lystedt, who 
received a concussion during 
a 2006 football play. After 
continuing to play, Zackery 
suffered a brain hemorrhage 
and went into a month-long 
coma. Zackery lived through 
his experience, but remains 
partially paralyzed today.
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and a host of other physical and cognitive deficits. Traumatic brain 
injuries can also cause emotional changes, such as aggression or 
depression. Even if one traumatic brain injury manifests none of 
these symptoms, TBIs can lead to neurological conditions like CTE 
farther down the road. 

Once one understands how a TBI can occur, it becomes clear 
why football players are in such danger of receiving these injuries. 
In the same way that a blow which passes through the bones of the 
spine can cause a spinal cord injury, a force which passes through 
the skull will cause damage to the brain. This damage can result in 
a traumatic brain injury, whether or not the skull actually fractures. 
The Center for Disease Control and Prevention estimates that 1.5 
million people in the United States receive a traumatic brain injury 
each year. This number includes 50,000 people who will die from 
such an injury, and 85,000 who will suffer long-term disabilities.6

The Brain Goes to War
The top three causes of traumatic brain injury are car acci-

dents, firearm-related injuries and falls. For American servicemen 
and women currently fighting overseas, there are other potential 
causes of TBI, including bomb blasts from improvised explosive 
devices. “Traumatic brain injury,” says a 2008 New England Journal 
of Medicine paper, “has been labeled a signature injury of the wars in 
Iraq and Afghanistan.”7 The paper details the results of a study con-
ducted among over 2,500 soldiers returning from combat. Among 
their results:

• Approximately 15% of soldiers reported an injury during deploy-
ment with loss of consciousness or altered mental status, clinical 
signs of a traumatic brain injury.

• Mild TBI is strongly associated with Post-
Traumatic Stress Disorder (PTSD) and physi-
cal health problems three to four months after 
injured soldiers return home.

• Soldiers with mild TBI reported significantly 
higher rates of physical and mental health prob-
lems than did soldiers with other injuries.7

This study aimed to measure the effects of mild 
traumatic brain injury. The mental and emotional 
toll on soldiers with severe TBI is presumably much 
higher. The numbers of soldiers returning home C
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Traumatic brain injury is the 
“signature injury” for service-
men and women in the Iraq and 
Afghanistan wars.

Post Traumatic Stress 
Disorder (PTSD): a 
psychological, anxiety disorder 
which may develop after 
encountering a deeply traumatic 
event; examples include, but 
are not limited to, assault, rape, 
military combat, natural disasters, 
accidents and illness. The onset of 
PTSD may not appear for months 
or even years after the event has 
occurred. PTSD manifestations 
may include reexperiencing the 
traumatic event (nightmares, 
flashbacks, or other), avoiding 
stimuli that are or have been 
associated with the trauma, 
an overall anesthetizing of 
emotional response, and a state 
of hypervigilance.



132

Chapter 8— Traumatic Brain Injury

with traumatic brain injuries are staggering; the military estimates 
that over one hundred thousand service members have suffered a 
TBI since 2002.8

American military leadership has been increasingly compelled to 
acknowledge the serious impact that TBI has on the country’s armed 
forces. In June of 2010, General Peter W. Chiarelli, Army Vice Chief 
of Staff, appeared before the Senate Armed Services Committee to 
discuss how the armed forces are dealing with brain injuries and 
mental health problems. General Chiarelli acknowledged that trau-
matic brain injury and PTSD have a high rate of co-morbidity. He 
also mentioned that, of the Army’s most severely wounded soldiers, 
at least 60% are diagnosed with PTSD or TBI.9 

Statistics like these have led some legislators and journalists to 
question if the military needs to take a more active approach to 
dealing with combat-related TBIs. Days before the Armed Services 
Committee hearing in June, House Representatives Tom Rooney 
(R-Florida) and Michael McMahon (D-New York) called upon the 
military to implement legislation that would improve detection of 
TBI and related injuries, declaring in a joint press release, “our troops 
and veterans deserve action to improve screening and detection 
of traumatic brain injuries.”10 Similarly, National Public Radio and 
ProPublica have produced a series of articles alleging that the military 
has failed to diagnose brain injuries in troops returning from com-
bat, under-representing the severity of the problem.11 The articles 
also quoted soldiers who felt their problems were “swept under the 
carpet,” and that the military system is indifferent to their injuries.12 

The images that these articles depict, of soldiers struggling to 
return to normalcy after combat-related brain injuries, are poignant: 
“a sergeant who once commanded 60 men in battle got lost in a 
supermarket,” “a soldier who once plotted sniper attacks could no 
longer assemble a bird house.” The reporters go on to point out that 
all of the soldiers they spoke to perceived their treatment as inad-
equate for the severity of their condition.12

Given the seriousness of the problem, Representatives Rooney 
and McMahon are right in calling for better detection efforts for TBI. 
Soldiers returning home with traumatic brain injury also deserve 
better treatment options. Stem cell medicine has the potential to be 
one such option. 

An important proof-of-principle study for stem cells and TBI was 
completed in Russia in 2005.13 There, doctors used fetal neural and 
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Coup contra coup stages  
of injury:
A. Head and neck in hyper-
extension with frontal region 
impacting the inner surface of 
the skull.
B. Head and neck in hyper-
flexion with the occipital 
region impacting the skull.
C. Resulting brain damage 
to the frontal and occipital 
regions of the brain.
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of skull
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liver-derived hematopoietic (blood) cells to treat 38 patients who had 
received severe traumatic brain injuries. As a result of their injuries, 
these patients had fallen into a coma. Traditional therapeutic inter-
vention had done nothing to restore consciousness, and by the time 
the fetal cells were administered, the patients had been comatose for 
between five to eight weeks, with no signs of improvement. In fact, 
the researchers explained, “The probability of the development of a 
long-term vegetative status was high for all patients.”14

The doctors treated these patients with the mixture of fetal neu-
ral and hematopoietic cells, delivering the cell mixture via lumbar 
puncture, and then compared the results to a control group of 38 
untreated TBI patients who had gone into a similar comatose state. 
The results were momentous. Among the study’s conclusions:

• The death rate in the treated group was 5%, while the death rate 
in the control group was 45%.

• Using the Glasgow Outcome Scale (GOS), researchers found 
that 87% of the treated patients had a favorable outcome, as 
opposed to 39% in the control group.

• Statistical analysis showed improvement of the treated patients 
compared to the control patients.13

The researchers noted that 33 of the 38 comatose patients had 
received a favorable outcome. What that means, they explained, 
was that these patients all regained consciousness between three and 
seven days after the stem cell procedure. Within the next five days 
after regaining consciousness, the patients were able to contact med-
ical personnel and their families. Functional restoration occurred 
within two to three weeks of treatment.13 For the two patients who 
died, the researchers attributed the cause of death to be “extracranial 
complications,” presumably unrelated to their brain injuries. This is 
in juxtaposition to the results of the control group, where 17 of the 
38 patients died and only 15 had a favorable result.13

The researchers, led by Dr. Victor Seledtsov (MD, DSc) of the 
Institute of Clinical Immunology at the Russian Academy of Medical 
Sciences, published their results in 2005 and 2006. They expanded 
on their previous results by conducting a follow-up review of both 
treated and control patients for four to six years after the stem cell 
procedure. They found that, for 20 of the 25 treated patients includ-
ed in the follow-up review, mental status was completely restored 
one year after the original traumatic brain injury. The researchers 

33 of the 38 comatose 
patients regained 
consciousness between 
three and seven days 
after the stem cell 
procedure.

Glasgow Outcome 
Scale(GOS): a 5-point scale 
that was used for the general 
assessment of individuals who 
had suffered from a TBI. The 
five classes were: good recovery, 
moderately disabled, severely 
disabled, vegetative and dead. 
There is also an extended version 
of the scale. GOS, as a succinct 
description of the patient, has 
been replaced by the Disability 
Rating Scale (DRS). However, it is 
still used in some literature and 
studies.
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also found that treated patients appeared to have a significantly 
higher quality of life than control patients, with a difference of 80% 
to 55% on the Karnofsky Performance Status Scale.14

Dr. Seledtsov’s team studied the results and hypothesized why 
the cell transplants had been so successful. They surmised that, 
“since apparent [signs] of recovering of patient’s consciousness typi-
cally occurred as early as within 7 days after CT [cell transplanta-
tion] treatment, the effects of a CT therapy on brain functionality 
are most likely due to a release by grafted cells of mediators stimu-
lating coordinative work of various brain structures.” The research-
ers continue, “This suggestion is consistent with the published data 
indicating an ability of neural progenitor cells to elaborate essential 
neurotrophic factors and promote, thereby, both survival and func-
tionality of degenerating neurons after traumatic brain injury.”13

The researchers also hypothesized that their treatment was par-
ticularly effective because it had utilized cells of both neural and 
hematopoietic cell lineage. They were thus led to conclude that: 

In general, to our opinion, the cell [transplant] composed of 
various types of stem and progenitor cells may be much more 
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Karnofsky Performance 
Status Scale: a performance 
scale designed by Dr. David A. 
Karnofsky and Dr. Joseph H. 
Burchenal in 1949. The system 
assesses on a scale of 0 to 100 
the normal functions of a patient, 
where 0 is death and 100 is 
entirely normal functioning.
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effective in repairing an injured tissue in comparison with the 
[transplant] consisting only of one type of stem or progenitor 
cells.13

It is an opinion which supports the idea that multi-cell therapy 
is the most effective mechanism for treating neurological diseases 
with stem cells.

Seledtsov et al.’s 2005 study helped establish proof-of-principle 
for clinical studies with stem cells; at the same time, other research-
ers have been performing pre-clinical studies on animals with TBI. 
The Neurosurgery Department at the Henry Ford Health Sciences 
Center in Detroit, for example, has been conducting studies of 
MSC transplantation in TBI-afflicted rats since 2001. Their animal 
study, led by neurosurgeon Dr. Asim Mahmood (MD), found that 
the transplantation led to “a statistically significant improvement 
in the outcome of MSC-treated rats compared to control rats.”15 
Mahmood’s research team found that, after the MSCs had been 
delivered to the brain, the injured rats showed higher expression 
of three key trophic factors: nerve growth factor (NGF), brain-
derived neurotrophic factor (BDNF), and basic fibroblast growth 
factor (bFGF). 

In their paper on the subject, the researchers point out, “These 
compounds have shown neuroprotective and beneficial effects on 
the functional outcome in animal studies of ischemia and traumatic 
brain injury,” with NGF being linked to spatial memory retention, 
BDNF to increased motor function, and bFGF to improved cognitive 
function.15 All three trophic factors have also been shown to have 
histological effects on the brain, helping prevent apoptosis (cell 
death), reduce the size of lesions, and promote regeneration.15

Mahmood et al. (2004) point out that previous studies have 
consistently acknowledged that bone marrow-derived MSCs have 
shown functional improvement in rats.15 It is a paradigm of sci-
ence that later scientific studies often confirm the results of their 
predecessors. For Mahmood, whose research spans almost a decade, 
this is no different. His hypothesis that MSCs are able to induce 
functional recovery in a TBI model by up-regulating certain growth 
factors was given additional support by a more recent study. 

In 2010, doctors at the Ajou University School of Medicine in 
Korea published a paper detailing the results of their own animal 
study, using MSCs to treat a rat model of traumatic brain injury. 

Nerve growth factor (NGF): a 
small protein that is secreted and 
supports the development of the 
sensory and sympathetic nervous 
systems. It is required for the 
preservation and maintenance of 
sympathetic neurons. 

Basic fibroblast growth 
factor (bFGF): one of several 
growth factors that promote the 
proliferation of endothelial cells 
and angiogenesis.

Brain-derived neurotrophic 
factor (BDNF): a neurotrophin 
factor that impacts many 
neuronal systems by aiding 
in growth, development and 
maintenance. It is purported 
that BDNF may also play a role 
in cognitive and emotional 
functioning.
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They also found that MSC treatment induces expression of neu-
rotrophic growth factors, results which “strongly suggest that the 
therapeutic effects of hMSC transplantation may involve promo-
tion of anti-apoptotic activity as a result of secreted growth fac-
tors.”16 While the Korean team’s results disagreed slightly with 
Mahmood’s findings—mostly in concluding that bFGF was not one 
of the up-regulated neurotrophic factors—the two studies agree that 
MSCs appear able to provide a therapeutic effect for TBI.16

Another study at the Southern Medical University in China was 
recently completed using endothelial progenitor cells, or EPCs, to 
treat a rat model of traumatic brain injury. EPCs are the cells that 
differentiate into endothelial cells, the cells that comprise the inner 
lining of blood vessels. The term progenitor cell is used to refer to 
EPCs because they have less differentiation capacity than stem cells, 
being already committed along the endothelial pathway. However, 
they are similar to other stem cell types not only in their potency 
but in their ability to secrete growth factors and manifest reparative 
effects on injured tissue.

Attempting to see if EPCs could promote functional recovery 
for TBI patients, the Southern Medical team treated rats with EPCs 
cultivated from adipose (fat) tissue. They found that “these cells 
participated in adult brain neovascularization, and promoted tissue 
reconstruction. Transplantation of EPCs resulted in improvement in 
behavioral performance and reduction of volume of injury cavity.”17

While pre-clinical trials have gone well, stem cell solutions for 
TBI have been slow to advance to the clinical stage. In 2005, the 
University of Texas Health Science Center in Houston began a clini-
cal study of autologous (from same patient) stem cell treatment for 
traumatic brain injury in children. The trial was completed July 
2010; the results have not yet been published. To our knowledge, 
there are no other clinical studies being conducted for allogenic 
stem cell-based treatment of traumatic brain injury.

Traumatic brain injury can affect professional athletes, mili-
tary members, and everyday citizens, alike. Organizations like 
TraumaticBrainInjury.com exist to help those who are affected by 
TBI. Meanwhile, legislators, journalists and TBI patients continue 
to courageously advocate for reform, in professional sports and the 
military, which would more seriously protect against the effects of 
traumatic brain injury. 

Endothelial progenitor cells: 
a rare type of progenitor cell 
that circulates in the blood and 
has the ability to differentiate 
into endothelial cells (the cells 
that make up the lining of blood 
vessels.)
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While these efforts are laudable and should unquestionably be 
supported, there is more that can be done to ease the burden that 
TBI places on families around the world. Stem cell therapy has 
impressive proof-of-principle and pre-clinical trial results, indicat-
ing that it could provide therapeutic relief for current and future 
patients. If this country is serious about protecting the mental and 
physical health of those who serve overseas, among others, then 
scientific research into traumatic brain injury, including stem cell 
research, should be made a major priority.

CH’s Story
“For CH, the perfect day was a few hours of work, then tennis, a 

couple rounds of golf, and a game of polo,” his wife acknowledges. 
“He was always very active.” 

She was referring to her husband, a retired business owner in his 
early 70s. CH was a self-starter, a successful businessman who loved 
nothing more than to be out in the sun playing sports. Above all 
else, his true passion was horses; CH was an expert polo player who 
had been riding most of his life.

It was on the polo field that he received his traumatic brain 
injury. In August of 2005, CH was on summer vacation with his fam-
ily. He was playing a polo match, as he had done hundreds of times 
before. This time, his horse stumbled and fell, and CH was thrown.

CH was rushed to the nearest hospital, where he stayed for several 
days, rendered comatose by his fall. The doctors did not need to hear 
the bystanders’ accounts to know that CH had received a serious 
traumatic brain injury, one that would permanently and significantly 
affect his brain function. They monitored him closely, waiting for 
him to wake from his coma. After his condition was stabilized and he 
regained consciousness, CH was flown to a hospital near his home, 
where he began the process of rehabilitation.

Originally, CH was unable to admit that anything was wrong. 
Doctor’s reports make it clear that his responses were “quite impov-
erished and vague,” and his memories of his fall were hazy at best. 
CH insisted that “he was having no problems other than a slight 
change in his balance.”A The doctors found themselves speak-
ing to the family, having to ask them what CH’s symptoms were. 
His wife admitted that CH was not participating in conversation, 
seemingly disengaged from family events. Furthermore, CH was 
found to be constantly off balance, and his cognition was suffering. 
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He experienced long-term memory deficits (forgetting his children’s 
ages) and short-term memory problems (being unable to recall what 
he had eaten for dinner). He spoke less and less, withdrawing from 
the outside world, partly because he had trouble forming sentences 
but also as an emotional consequence of his injury.

CH was put on a strict regimen of rehabilitative therapy, but its 
effect seemed limited. “Dad hated working out,” explains his son. 
“Before the fall, he hadn’t worked out a day in his life. He played 
sports every day! So for him, the idea of staying in one room and 
lifting weights for an hour was torture.”

Realizing that CH was not responding well to traditional therapy, 
his family looked for other treatment options. They changed CH’s 
therapy regimen while setting up different opportunities to keep 
him more active. After hearing from friends about stem cell therapy, 
they began looking into whether it could help CH.

Three months after his treatment, his family noticed the chang-
es. His wife said: 

At first he was angrier, because he was more cognizant of all 
the things he couldn’t do. But he later became much more 
manageable. He was speaking closer to full sentences. He was 
hearing us shout questions from thirty feet away, in another 
room, and he was answering. For him this was previously a 
fairly difficult task.

Building on these improvements, CH’s family decided to put 
him back in the saddle in October of 2009, working with a physical 
rehabilitation group that uses horseback riding as a mechanism to 
stimulate their patients. “People couldn’t believe the change,” his 
wife declares. “His attitude becomes completely different when he 
rides.” Riding again helped CH manifest improvements in his coor-
dination and focus, and his attitude brightened.

Months later, CH went for another treatment. “His balance is 
better, he’s walking better, and he seems to feel better,” his son 
points out today. 

CH’s wife agrees. “We’ve seen him talk more at length, and he’s 
more aware of his surroundings. One of the biggest things, for me, 
is that he is looking people in the eye again when they speak to 
him.” She also points out that they have stepped up his physical 
therapy regimen. CH’s physical therapist reinforces the importance 
of aggressive rehabilitative therapy following stem cell treatment. 
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“The important thing about stem cell therapy is to build on the 
results with rehabilitation afterwards.”

For CH’s wife, her only regret was that they did not begin the 
stem cell regimen sooner. As for CH himself, he is back where he 
belongs: on the back of a horse. His rehabilitation is still progress-
ing, but with each riding session, CH becomes a little more assertive 
and self-reliant. Recently, he has started hitting the polo ball again, 
though it often takes him a few swings to connect. It is possible that 
the stem cell treatments and aggressive physical therapy have helped 
CH reconnect with his old passions: a passion for sports, a passion 
for horses, and a passion for life.
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The previous neurological examples—stroke, spinal cord injury 
and traumatic brain injury—are the result of a trauma to the central 
nervous system (CNS). In such a situation, stem cells hold the poten-
tial to repair injured cells, restore homeostasis to the wounded area, 
and differentiate into new cells. But stem cells can also be used to 
treat conditions that do not result from traumatic injury. Conditions 
such as Parkinson’s disease (PD) and Alzheimer’s disease (AD) are not 
the result of a life-altering neurological insult; instead, the body’s 
own cells have an inherent malfunction, resulting in a problem 
within the CNS.

Parkinson’s and Alzheimer’s are two well-known examples of 
this type of condition; they are both prevalent within the general 
population. Parkinson’s disease affects over one million people in the 
United States alone, with over 50,000 new cases diagnosed each year. 
The international number is much higher; four to six million people 
suffer from PD worldwide.1 Alzheimer’s is an even more statistically 
daunting disease. Approximately 5.3 million Americans have AD.

Chapter 9 

Parkinson’s, Alzheimer’s 
& Other Neurological 
Conditions
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Researchers Drs. Lamya Shihabuddin (PhD) and Isabelle Aubert 
(PhD) explain that the two diseases “share a number of characteris-
tics, the most obvious being neuronal loss. Neuronal degeneration 
eventually leads to devastating cognitive and motor deficits in AD 
and PD, respectively.”2 

Parkinson’s strips people of their ability to move, while 
Alzheimer’s destroys memory and cognition. Parkinson’s sufferers 
have a mortality rate that is two to five times higher than non-PD-
affected individuals.3 Alzheimer’s is a fatal disease and is the sixth 
leading cause of death in the United States.4 

The toll of destruction from both these conditions goes beyond 
the mental and physical effects on the patient. In the United States, 
medical bills for Alzheimer’s patients amount to $172 billion a 
year.4 This does not include the financial costs of an estimated 9.9 
million unpaid caregivers. Meanwhile, PD costs the United States 
over $26 billion a year in disability costs and lost productivity.5 
These conditions are a serious societal problem, and they are get-
ting worse. The prevalence of Alzheimer’s is expected to more than 
double within forty years, while the societal costs of Parkinson’s is 
expected to increase as the Baby Boomer Generation ages.4, 5 

The exact cause of both diseases has not yet been determined, but 
they appear to have a strong genetic component. This makes it dif-

ficult for people to protect themselves from 
the disease through deliberate lifestyle 

choices. There is currently no effec-
tive medical cure for Parkinson’s 

or Alzheimer’s, although medi-
cations can help control the 
symptoms and slow the spread 
of the diseases. Once patients 
are diagnosed with either PD or 

AD, they will struggle with the 
disease for the rest of their lives. 

Before we look at how stem 
cell treatments may offer PD or AD 

patients the tools to better fight these dis-
eases, let us take a look at how these conditions 

affect the brain.

Parkinson’s disease (PD) is a 
neurodegenerative condition 
where neurons within the 
striatum and the substantia nigra, 
the parts of the brain responsible 
for motion and other functions, 
begin to die off.

© 2001 Terese Winslow 
(assisted by Lydia Kibiuk)

Striatum

Lateral 
ventricles

Putamen

Substantia 
nigra

Caudate 
nucleus

Nigro-striatal 
neurons 



143

Chapter 9— Parkinson’s, Alzheimer’s & Other Neurological Conditions

Parkinson’s/Alzheimer’s: What Goes Wrong
Parkinson’s disease (PD) is a neurodegenerative condition where 

neurons within the striatum and the substantia nigra, the parts of 
the brain responsible for motion and other functions, begin to die 
off. The afflicted neurons are usually dopaminergic neurons; they 
produce the neurotransmitter dopamine.

Dopamine is one of the many neurotransmitters necessary to 
regulate the proper functioning of the brain. It plays several roles 
in the brain, but perhaps the greatest involves movement coordi-
nation. Other roles include cognition, regulation of the pituitary 
gland, and focus. If the production of this neurotransmitter is 
severely depressed, all these behaviors may be affected.

Without dopamine to control movement coordination, the 
PD-affected brain will lose its ability to control the motions of the 
body. PD patients will typically suffer from four motor symptoms:

• Tremor – Involuntary shaking of the limbs,

• Rigidity – Abnormal stiffness in the limbs,

• Bradykinesia – The slowing down of voluntary movements, and

• Postural instability – The loss of balance.

In addition to these effects, there may be other physical, cog-
nitive, or even emotional symptoms. While the motor symptoms 
of Parkinson’s can be partially controlled through drugs or other 
therapies, there are currently no options for treating the non-
physical manifestations of PD, or counteracting the progression of 
the disease.6 

Alzheimer’s disease also causes the atrophy of brain cells, but its 
impact is not focused on the substantia nigra. Instead, AD causes 
cell death and tissue loss throughout the brain. Over time, this tis-
sue loss becomes even more pronounced, manifesting increasingly 
more severe symptoms. This cerebral tissue loss is believed to be a 
result of two issues: the build-up of the protein called beta-amyloid, 
which causes large plaques that interfere with cell signaling, and 
the formation of neuronal tangles, which block brain cells from 
receiving nutrients. Although it is not known what triggers these 
two processes to occur, they appear to be the prime culprits for the 
causes of Alzheimer’s disease.

As the plaques and tangles spread through the brain, so does 
the disease. First, cells start dying off in the parts of the brain 
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responsible for learning, memory, and long-term cognition. As 
the disease progresses, the damage to affected areas gets worse, 
and spreads to other parts of the brain. Memory and cognition are 
further damaged, and speech and spatial awareness may also be 
affected. By the time the disease draws to its fatal conclusion, the 
brain has suffered widespread damage. The effects of Alzheimer’s 
are so pronounced that physical changes can be seen in the brain of 
AD patients. The comparative illustration on page 150 shows how 
destructive Alzheimer’s can be.

Since PD and AD kill off brain cells, researchers are attempting to 
learn whether infusion of new cells could halt, slow down or even 
reverse the spread of the disease. For this reason, stem cell therapy 
has been seen as a promising candidate to treat these debilitating 
neurodegenerative diseases. But the ultimate goal of stem cell ther-
apy is not merely to add new cells for these diseases to eventually 
consume; it is to introduce a healthy source of new cells that rec-
ognize the faulty neurodegenerative processes and work to combat 
them. For Parkinson’s, producing new dopaminergic neurons might 
stave off the disease. The best result may come from cells that also 
can save the endogenous neurons which are in danger of dying. For 
Alzheimer’s, new cells should stop the neurodegenerative processes, 
not just add an extra layer of cells to be destroyed.

The cells that offer the greatest potential are allogeneic cells. 
In neurodegenerative diseases, the patient’s own brain is some-
how malfunctioning and allowing a harmful condition to arise. 
An autologous stem cell transplant may perpetuate the problem. 
As American neurologists, Drs. Jeffrey Rothstein (PhD) and Evan 
Snyder (previously noted), pointed out in their research, autologous 
stem cell transfusions “may not be optimal for genetically based 
diseases—one may be reimplanting adult stem cells that contain the 
same genetic defect present in the target tissue and with the same 
susceptibility to degeneration.”7 Rothstein and Snyder continue by 
pointing out that: 

An alternative to autografts is the use of established, somatic 
stem or progenitor cell lines that might serve as ‘universal 
donor cells’. These have the appeal of being homogeneous, 
stable off-the-shelf reagents, well characterized and main-
tained under good manufacturing practices, readily available 
in limitless quantities for the acute phases of an injury or 
disease and documented to be safe.7 

Autologous stem cell 
transfusions “may not be 
optimal for genetically 
based diseases—one may 
be reimplanting adult 
stem cells that contain 
the same genetic defect 
present in the target 
tissue and with the 
same susceptibility to 
degeneration.”
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The scientists go on to warn about the issue of immune incom-
patibility with adult allogeneic cells, a warning that reinforces the 
importance of proper cultivation and testing techniques for any 
allogeneic stem cell line.

The principle behind using stem cells to treat PD has been 
understood as far back as the late 1970s, when researchers used 
fetal human brain tissue to treat rats with Parkinson’s-like condi-
tions. The rats were given induced lesions in their nigrostriatal 
tissue, so that their brains would take on the same qualities as a 
human afflicted with PD. In these and subsequent animal studies, 
the transplants were shown to “reverse or ameliorate impairments” 
in behaviors caused by PD-like brain damage.8 

Based on these and other animal studies, fetal cell grafts were used 
to treat patients in 1987.8 Most of the grafts were placed within the 
putamen, a part of the striatum which is also greatly interconnected 
with the substantia nigra; in Parkinson’s, the putamen is one of the 
areas where dopamine-producing neurons die off in great numbers.

Several studies reported that the patients benefitted from the 
grafts, with some patients even withdrawing from their L-dopa reg-
imen.9 L-dopa is a drug used to supplement the naturally-occurring 
dopamine production of PD patients; a patient withdrawing from 
L-dopa marks a superb clinical result.

Swedish neuroscientists Drs. Olle Lindvall (PhD) and Anders 
Björklund (MD, PhD) reviewed the results of several of these stud-
ies. They concluded that the fetal grafts were inducing symptomatic 
relief for PD patients, although clinical outcomes varied. They wrote, 
“Human fetal mesencephalic DA (dopamine) neurons survive trans-
plantation into the brain of PD patients. Significant increases of FD 
uptake in the grafted striatum have been observed in several studies, 
and in one patient, uptake was normalized after transplantation.”9 By 
FD uptake, the neuroscientists are referring to fluorodopa, dopamine 
that is “tagged” with fluorine so that it will show up on brain scans.

What does FD mean?
Lindvall and Björklund went on to explain that: 

Histopathological analyses have confirmed survival of the 
dopaminergic grafts and demonstrated their ability to rein-
nervate the striatum… The grafts can also restore regulated 
release of DA in the striatum… [and] the fetal DA neuron 
grafts can become functionally integrated into neural circuit-
ries in the PD patient’s brain.9 

Levodopa (L-dopa or 
L-DOPA): an isomer of dopa 
(a compound generated by the 
oxidation of tyrosine) that has 
been used in the treatment of 
Parkinson’s disease for approxi-
mately 30 years. It is adminis-
tered orally and converted into 
dopamine by dopaminergic neu-
rons using dopa-decarboxylase. 
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These various positive results, drawn from approximately 350 
patients who received fetal cell grafts, were considered “proof-of-
principle,” evidence that cell therapy as a concept offered a mean-
ingful treatment option for Parkinson’s. But fetal brain tissue is 
not a realistic wide-spread treatment option, whereas neural stem 
cells can be primed to be dopaminergic. These neural cells have the 
potential to restore dopamine production and slow the progression 
of Parkinson’s.

But, the best Parkinson’s treatments will require more than 
just neuronal replacement. The hope is that allogeneic stem cell 
transplants will not just create new cells, but through their immu-
nomodulatory properties and trophic growth factors, also stop the 
neurodegenerative disease from progressing. Olle Lindvall explains 
in a paper with fellow Swedish neuroscientist, Dr. Zaal Kokaia (PhD), 
that with PD: 

Stem cell-based approaches could be used to provide therapeutic 
benefits in two ways: first, by implanting stem cells modified 
to release growth factors, which would protect existing neurons 
and/or neurons derived from other stem cell treatments; and sec-
ond, by transplanting stem cell-derived DA neuron precursors/
neuroblasts in the putamen, where they would generate new 
neurons to ameliorate disease-induced motor impairments.6

GR’s Story
A 56-year-old man, whom we will refer to as GR, had retired from 

the real-estate business and maintained an active lifestyle. He rode 
horses, skied in the winter, and often went on long hikes across the 
Montana countryside. With his active lifestyle, GR was used to wak-
ing up with sore muscles and perhaps even a headache. But in August 
of 2003, he woke up with something else: a tremor in his left hand. 
GR was quickly diagnosed as being in the early stages of Parkinson’s 
disease.

Before his first treatment in November of 2006, GR’s condition 
had progressed, and he was manifesting several classic PD symptoms, 
including bradykinesia, as well as rigidity and tremors along his left 
side. GR was not taking traditional medication for his PD; he feared 
that the side effects would further impinge upon his quality of life. 
Instead, he was taking a second-tier medication that, while still 
offering some symptom relief, was less effective than many other 
medication options. 
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GR underwent a stem cell treatment, and for a month, his trem-
ors essentially disappeared. But there were setbacks unrelated to 
the stem cell treatment; GR contracted pneumonia and was hospi-
talized for several weeks. Soon after, GR was thrown off a mule he 
was riding and was hospitalized for a second time. The attending 
surgeon said that GR was lucky to be alive. 

After recovering from this last setback, GR had his second stem 
cell transfusion seven months later. He received another injection 
of neural and mesenchymal stem cells. A week after his second 
treatment, GR reported the disappearance of his tremor and rigid-
ity, and continued to state that his tremors were stabilized for sev-
eral months thereafter. 

Nine months later, however, he informed his physicians that 
his tremors had started to recur. Over the next three months, his 
tremors progressively increased. He confided to his friends that he 
felt he should have had another treatment three months before, 
to maintain his asymptomatic status. His tremors and rigidity, 
although not as severe as before, were still bothering him. 

GR received a third treatment. A week later, he indicated that 
his tremors had again disappeared, along with the rigidity. And 
again, for several months after, he described his PD symptoms as 
being significantly diminished. 

GR’s fourth treatment differed from his previous treatments in 
one important respect. Parkinson’s primarily affects dopaminergic 
neurons, which meant that GR might benefit more from a set of 
these particular cells. GR’s previous treatments consisted of undif-
ferentiated NSCs; this time, half of the NSCs were primed to differ-
entiate into dopaminergic neurons, while the other half remained 
completely undifferentiated. 

For approximately a month and a half after his fourth treat-
ment, GR was entirely asymptomatic. In late February of 2009, he 
reported that his tremors had gradually returned, but he could stop 
them at will. His shaking was also much less intense, and he had 
reduced the amount of drugs he was taking to control his symp-
toms. He and his wife stated that these were the best results thus 
far, and that this treatment seemed to take effect faster than the 
previous two. 

In June of 2009, GR received a deep brain stimulation (DBS) pro-
cedure, where surgeons placed a medical device within his brain. 
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The medical device, called a “brain pacemaker,” sends electrical 
impulses to the affected parts of the patient’s brain and has had 
success in mitigating the symptoms of PD. GR reports that he is 
receiving half the voltage levels of other patients with comparable 
results. He has also exclaimed his amazement at feeling “as good 
as I did pre-diagnosis 7 years ago,” while watching others from his 
Parkinson’s support group further degenerate in their condition.A, 10

GR believes that the stem cell treatments were a major part of 
his ability to control the advancement of this degenerating disease. 
Admittedly, GR was also on a pharmaceutical regimen, as well as 
deep brain stimulation; therefore, it is impossible to attribute a spe-
cific percentage of GR’s success to his stem cell regimen. However, 
the ability for GR to continue his active athletic lifestyle, seven 
years after being diagnosed with Parkinson’s, illustrates a result not 
often achieved with traditional medical approaches alone. GR’s pat-
tern of asymptomatic expression of PD for an amount of time after 
each stem cell transfusion strongly suggests a causal link.

This clinical result rests on top of decades of scientific studies 
that demonstrate the “proof of principle that neuronal replacement 
can work in PD patients.”6 If more patients participate in clinical 
studies, advances can be made in our understanding of:

• What mechanisms of action stem cells use to combat PD,

• What level of efficacy we can expect from stem cell treatments,

• How specialized the NSC cells used to treat PD should be, and

• What treatment intervals will ensure an optimal result.

These are questions that subsequent scientific and clinical 
research has yet to fully answer. But years of groundwork have 
already been laid, and isolated Parkinson’s patients have already 
benefited from approved clinical study treatments.

Parkinson’s: An Argument  
for Periodic Treatment

GR noticed that an interval of eight to nine months between 
treatments was best for controlling his tremors and rigidity. GR’s 
results mirror those of patients in a clinical study performed at the 
neurology departments of three different hospitals within Russia in 
the 1990s.

Eighty-six patients with Parkinson’s participated in this study, 
which aimed to treat PD with fetal brain cells. Of these patients, 

GR believes that the 
stem cell treatments 
were a major part of 
his ability to control 
the advancement of this 
degenerating disease. 
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twenty received stem cells introduced into the spinal fluid by lum-
bar injection. 

In the Russian study, “the follow-up of patients showed that 
there was a decrease in illness severity in all patients, as well as in 
motor disturbances to different extents.”11 This is consistent with 
GR’s results. Also in accordance with GR’s results was the inter-
esting fact that “improvement was seen in these patients for 6-9 
months after the procedure, and then an increase in severity [of the 
condition] was observed.”11 The doctors concluded, “The follow-
up of patients after the intralumbar transplantation showed that 
[improvement was noted] in all patients from the first month after 
the procedure on average for 6-10 months. This was evident in a 
decline in disease severity.”11 

The cell transplants seemed to reduce the severity of disease for 
a while, but then patients slowly lost their neurological gains over 
a period of time. This is consistent with our understanding of neu-
rodegenerative diseases, which continue to progress over time. In 
these cases, the stem cell transplants appear to successfully effect 
neurological change for a matter of months. But these transplants 
are not a cure; Parkinson’s continues its degenerative influence even 
after the cells have fully engrafted. And while the cells release neu-
rotrophic factors to slow the disease’s progression, Parkinson’s is a 
fearsome adversary.

Part of the problem may be that PD spreads its pathology to the 
engrafted neurons, so that even new brain cells eventually succumb 
to it. Fortunately, this takes time to occur; several independent 
studies have shown that, while PD can spread into new neurons, 
“propagation of pathology would take time to develop in graft.”12 
The concern that PD might affect transplanted cells is greater in an 
autologous transplant, which “carries the risk of developing pathol-
ogy after transplantation due to any genetic deficiency that is car-
ried by PD patients.”12

It may be that NSC transplants keep patients’ dopaminergic cells 
above a certain threshold of cells needed to function. We know that 
“clinical symptoms of PD do not manifest until 60-80% of dopa-
mine neurons degenerate.”12 Part of the stem cell therapy’s appar-
ent success could be explained by an ability to keep the number of 
degenerated neurons below that percentage. 

Preliminary results suggest an optimal model of stem cell ther-
apy for PD; a treatment every nine months might effectively stave 
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off progression. For GR, it was a matter of several months before his 
tremors manifested at levels approaching his pre-treatment state. 
PD patients, then, could benefit from a continuing treatment regi-
men. In the same way that a cancer patient is tested periodically in 
order to make sure the cancer does not resurge, a PD patient could 
hypothetically receive an infusion on a periodic basis to maintain 
a symptom-free or symptom-lessened state. Similarly, those who 
are at genetic risk for Parkinson’s could receive stem cell treat-
ments before manifesting symptoms, keeping dopaminergic neu-
rons at functional levels and preventing their genetic tendency for 
Parkinson’s from ever developing into active disease. 

Alzheimer’s
Alzheimer’s (AD) is another disease in which the use of stem 

cell technology still poses many scientific 
challenges. Alzheimer’s is the most common 
form of dementia (a blanket term for loss of 
cognitive function). Since different forms of 
dementia manifest the same symptoms, it is 
often difficult to determine whether a patient 
is suffering from Alzheimer’s, or a different 
form of dementia.

The problem is compounded by the fact 
that the cause of AD is still debated. The pre-
dominant hypothesis involves tangles and 
plaques in and around the neurons, which are 
caused by protein abnormalities.13 The plaque 
build-up is composed of beta-amyloid (A-beta, 
amyloid-ß or Aß) proteins, while the tangles 
result from a malfunction in the tau protein. 
To date, medical science has been unable to 
accurately explain how these malfunctions 
ultimately cause AD. 

Recent scientific studies have pointed to 
the role that stem cells may play in treat-
ment of AD. A 2008 study led by Drs. Jong Kil 
Lee (PhD), Hee Kyung Jin (DVM, PhD) and 
Jae-sung Bae (DVM, PhD) of the Stem Cell 
Neuroplasticity Research Group at Kyungpook 
National University in South Korea, found that 

“Clinical symptoms of 
PD do not manifest until 
60-80% of DA neurons 
degenerate.”

The brain of a normal person 
shown above. Note the shrinkage 
and destruction of  
an Alzheimer’s brain below.
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intra-cerebrally delivered MSCs can reduce the amount of A-beta in 
the brain. In order to test the effect of MSCs on Alzheimer’s, the 
researchers injected A-beta into the brain of several mice, artificially 
inducing an AD-like condition. Later, they injected bone marrow-
derived MSCs (BM-MSCs) into the injured area. They compared their 
results to a control group that received only peripheral blood (PBS) 
or dead cells: 

The levels of Aß deposition could not be detected [emphasis 
added] at 7 days BM-MSCs post-transplantation in an acutely 
induced AD model, but the levels of A-beta deposition in PBS 
or dead-cell treated mice remained high.14 

Examining their results, the researchers concluded that the MSCs 
had reduced the A-beta deposits in the brain. It is a promising 
result, but how did it work? The researchers noticed their findings 
“demonstrated that BM-MSCs transplantation seems to strongly 
induce endogenous microglia/macrophage activation rather than 
differentiation of microglia/macrophages from BM-MSCs.”14 The 
researchers concluded that this was most likely the effective mecha-
nism of action; the MSCs had stimulated the microglia within the 
brain to act against the malfunctioning A-beta plaques.

This is another example of the Chaperone Effect at work; trans-
planted stem cells induce endogenous cells to “wake up” and respond 
more forcefully to the body’s condition. Microglia, the immune cells 
of the central nervous system, are able to devour broken or malfunc-
tioning material and clean up the brain. With AD, microglia appear 
to be uniquely able to eliminate the plaques, formed by broken frag-
ments of A-beta, which clog inter-neuronal pathways.15 

In the 2008 study, the MSCs were introduced directly into the 
brain, bypassing the blood brain barrier (BBB), which keeps outside 
cells from entering the central nervous system. But other studies 
have shown that MSCs can cross the BBB and even differentiate 
into perivascular microglia, one of the three types of microglia.15 
Other studies have demonstrated the brain’s microglial reaction can 
be stimulated by immune cells that surround the BBB, or that cyto-
kines in the blood stream can activate a CNS immune response.15 
Furthermore, bone marrow-derived cells, upon crossing into the 
CNS, “are preferentially attracted to regions afflicted by neurode-
generation or neurological insults.”15 These studies illustrate that 
MSCs do not have to be placed directly within the brain in order to 
affect a clinical result for AD patients.

Dementia: with a variety of 
forms and types, dementia is a 
generally progressive condition 
which is noted with a loss in 
mental abilities, including, but 
not limited to, impairment of 
memory, aphasia, and an inability 
to perform or initiate complex 
tasks.

Testing for Alzheimer’s
On January 20, 2011, an 
advisory committee to the 
Food and Drug Administration 
(FDA) unanimously approved 
a brain scan test created by 
Avid Radiopharmaceuticals.
This brain scan is the first test 
that is capable of showing 
plaques in live Alzheimer’s 
patients. Prior to this technol-
ogy, the only way to know if 
plaques were present was dur-
ing autopsy.16
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MSCs are able to both stimulate endogenous microglial cells and dif-
ferentiate into microglial cells as well, and “in the case of AD, increas-
ing the infiltration of blood-derived microglial cells seems to be a good 
therapeutic approach since they are able to eliminate or prevent the 
formulation of ß-amyloid deposits.”15 

The scientific consensus on the role of microglial cells in AD pathol-
ogy is far from uniform. We have already explained that sometimes 
these cells can make a neurological condition worse; in the case of a 
stroke, for instance, their effects need to be modulated. Similarly, some 
studies have “demonstrated that Aß can activate microglia to produce 
cytokines and neurotoxins, hence promoting degeneration.”17 Other 
studies “have suggested that microglia are actually beneficial by secret-
ing neurotrophic agents and eliminating toxic Aß by phagocytosis.”17 It 
is not surprising to any neuroscientist that the same cell type can have 
wildly different and sometimes contradictory effects when dealing with 
a neurological condition. Some researchers have even hypothesized that 
different types of microglia may play various beneficial or detrimental 
roles at different points in the pathology of AD.15

With such a diversity of viewpoints, it was vitally important to con-
firm that MSC transplantation, which seemed to stimulate endogenous 
microglial cells, was actually benefiting an AD-afflicted brain. For this 
reason, the Korean team of researchers who studied BM-MSCs effect on 
beta-amyloids in 2008 released a follow-up report in 2010. The research-
ers explained that “based on this somewhat contradictory literature, 
we decided to examine the relationship of elevated microglia BM-MSC-
transplanted AD mice and decreased Aß deposits in more detail.”17

In this subsequent report, the researchers confirmed their previous 
findings: 

Our results suggest that BM-MSCs enhance Aß clearance by 
increasing the levels of Aß-degrading enzymes secreted by microg-
lia… In agreement with other reports, our results demonstrate that 
plaque-associated alternative activated microglia produced follow-
ing BM-MSC transplantation could reduce Aß toxicity.17

Beyond confirming that MSCs induced microglia to protect the 
brain against Aß-buildup, the new report found that MSC transplanta-
tion also helped with the other suspected causal factor of Alzheimer’s 
(neuronal tangles caused by malfunctioning tau proteins). The study 
found that “compared with PBS-treated mice [control group injected 
with dead blood cells], both the cortex and hippocampus exhibited a 

Amyloid Plaques-
accumulation of amyloid 
plaques between nerve 
cells (neurons) in the brain. 
Amyloid is a general term for 
protein fragments that the 
body produces normally. In 
a healthy brain, these pro-
tein fragments are broken 
down and eliminated. In 
Alzheimer’s disease, the frag-
ments accumulate to form 
hard, insoluble plaques.

Neurofibrillary tangles 
are insoluble twisted fibers 
found inside the brain’s 
cells. These tangles consist 
primarily of a protein called 
tau, which forms part of a 
structure called a microtu-
bule. The microtubule helps 
transport nutrients and other 
important substances from 
one part of the nerve cell 
to another. In Alzheimer’s 
disease, however, the tau 
protein is abnormal and the 
microtubule structures 
collapse.

Normal

Alzheimer’s

Amyloid 
Plaques

Neurofibrillary  
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significant decrease of 35% and 39%, respectively” of malfunctioning 
tau proteins.17

The discoveries did not stop there. By conducting memory and learn-
ing exercises on the treated mice, the researchers also proclaimed that 
“the results indicated that BM-MSC transplantation is able to reduce the 
cognitive impairment of spatial memory associated with the accumula-
tion of Aß peptide.”17

While MSC transplantation can mitigate the advancement of 
Alzheimer’s in an animal model, neural stem cell transplants can be 
used to replace the neurons that have already been lost. A 2009 study 
conducted by scientists at the University of California, Irvine declared, 
“NSC transplants in the hippocampus of animals with Aß plaques and 
neurofibrillary tangles survive (at least for 1 month) and rescued spatial 
learning and memory deficits via brain-derived neurotrophic factor 
(BDNF) related mechanisms.”18, 19 BDNF, a neurotrophic factor, has been 
shown to rescue neurons and improve compromised cognitive func-
tion.20 By up-regulating BDNF, transplanted neural stem cells can help 
save dying endogenous neurons. This is in addition to their own abilities 
to differentiate into new neurons, to replace those that have died off. 

Unfortunately, it seems that the NSCs themselves cannot undo the 
tangles and plaques that are causing neurons to die; the same research 
that demonstrates the possibility of NSCs affecting rescue of dying 
neurons also “suggest[s] that increasing BDNF’s levels is unlikely to 
reverse Aß pathology.”19 A 2010 review of previous studies concluded, 
“For short-term treatments, BDNF-based therapies could be beneficial to 
rescue neurons and cognitive functions. For longer treatments over the 
course of the disease with increasing Aß pathology, BDNF and anti-Aß 
therapies may need to be combined for optimal efficacy.”19

These results add support to the therapeutic potential of multi-cell 
therapy. In the case of AD, a combined regimen of NSCs and MSCs 
may deliver a more beneficial result than a single-cell treatment. 
The NSCs work to replace dead neurons and rescue dying ones 
through differentiation and up-regulation of neurotrophic factors, while 
MSCs fight Aß and tau pathology, slowing the progression of the disease.

RH’s and KM’s Stories
RH started losing his memory at 73. His Alzheimer’s disease 

advanced for almost two decades before he received stem cell treat-
ment. RH was extremely forgetful, constantly disoriented, and 
could not accurately answer questions about his past. He slept 

In the case of AD,  
a combined regimen 
of NSCs and MSCs 
may deliver a more 
beneficial result than 
single-cell treatment. 
The NSCs work to 
replace dead neurons 
and rescue dying ones 
through differentiation 
and up-regulation of 
neurotrophic factors, 
while MSCs fight Aß  
and tau pathology, 
slowing the progression 
of the disease itself. 
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for much of the day, he was disengaged from daily living, and he 
required constant supervision. RH received his first and only stem 
cell treatment at the age of 89. 

The day after his first treatment, RH reported a renewed clarity 
in his brain. Other patients, treated for different neurological disor-
ders, have reported the same feeling of a “fog lifting.”

After the treatment, RH’s balance improved, and his attention 
span also showed great improvement. RH began completing daily 
crossword puzzles, an activity usually precluded by AD patients’ 
decreased attention spans. His sleeping schedule stabilized, and his 
daughter could now leave the house for a few hours at a time with-
out worrying about him. His improvements included an enhanced 
ability to perform daily tasks. He was more focused on his surround-
ings, and manifested improved balance. 

An amusing anecdote on RH’s part demonstrates the fact that, 
although his memory had not materially changed, his ability to 
function normally had improved. RH had previously lived in a 
town 180 miles from his daughter’s home. One day, he decided to 
visit his old home, driving his car without his daughter’s knowl-
edge. RH made the 180-mile trip without incident, despite the fact 
that he had not driven in several years. 

While the incident was a scare for RH’s daughter, it is remark-
able that someone who had suffered from Alzheimer’s for almost 
two decades could drive three hours, from one specific location to 
another, successfully. 

RH’s road trip also helps illustrate the fact that the family of a 
neurodegenerative patient is often profoundly affected by the dis-
ease. This was evident, in a far more serious manner, with KM, a 
75-year-old woman whose dementia caused her to lash out at her 
loved ones. KM’s family had noted for a while that her memory was 
slipping. She began forgetting where she was born, where she lived, 
even who she was. As the years went by, KM’s dementia worsened. 
She began neglecting her appearance, exhibiting aggressive behav-
ior, and becoming unresponsive to requests by family and friends.

Dementia is often linked with behavioral disorders; in fact, it 
is estimated that noncognitive mental and behavioral issues affect 
approximately three-fourths of dementia sufferers.22 Aggression, 
in particular, has been estimated to affect 15-20% of all dementia 
patients.23, 24 Other behavioral symptoms include depression and 
apathy. In KM’s case, it was clear that her dementia was wreaking 

Looking Good Versus 
Doing Well
One of the reasons that may 
explain the failure of early 
studies treating neurological 
conditions with NSCs has to 
do with the dilutive effect 
of multiple stem cell passes. 
The cells look good, acquire 
markers, but they do not 
function properly.
A Stemedica funded study, 
conducted at the Institute 
of Developmental Biology in 
Moscow and independently 
reviewed at the University 
of Lausanne has demon-
strated the potentcy of fetal 
stem cell-derived neurons 
produced by Stemedica. It 
was shown that the cells: 1. 
produced electrical potential, 
2. transferred this potential 
to another cell and, most 
importantly, 3. released the 
appropriate neurotransmit-
ters. The after photo below 
shows florescence transfer as 
a result of these three steps.21

Image courtesy of Stemedica.



155

Chapter 9— Parkinson’s, Alzheimer’s & Other Neurological Conditions

havoc not only on her cognition, but her emotions, and her rela-
tionship with her loved ones.

In 2006, KM received her first stem cell treatment. KM’s case was 
a complicated one; she was officially diagnosed with Alzheimer’s, 
but her doctors suspected that she also had vascular dementia. 
Vascular dementia, the second most common type of dementia 
behind Alzheimer’s, is caused when blood flow to parts of the brain 
is impaired, depriving brain cells of oxygen. 

Experts have increasingly begun to realize that vascular demen-
tia and Alzheimer’s often occur in the same patient. The evidence 
comes from brain autopsies which have shown that up to 45% 
of people with dementia have signs of both Alzheimer’s and 
vascular disease.25 To describe a patient with vascular dementia 
and Alzheimer’s, doctors use the term mixed dementia. The 
Alzheimer’s Association urges doctors to suspect mixed dementia if 
an Alzheimer’s patient has cardiovascular issues, since the causes of 
vascular dementia can almost always be traced back to a problem 
with blood flow to the brain. In KM’s case, her physicians noted 
that she had underlying cardiac disease.

Many of the drugs approved to treat Alzheimer’s have shown a 
similar benefit in addressing vascular dementia. Likewise, a stem 
cell treatment for KM’s Alzheimer’s may hold the potential to treat 
her vascular dementia. In the same way that stem cells can improve 
the cellular microenvironment after a stroke and prevent cell 
apoptosis through the Chaperone Effect, KM’s cell treatment could 
strengthen blood flow and undo hypoxia in oxygen-starved areas 
of the brain, while also treating her Alzheimer’s. At least, that was 
what her doctors hoped would occur. That June, KM received her 
stem cell treatment, and her family waited to see the results.

The results of her two different PET scans are shown on page 
156. Color denotes metabolic activity; blue and green areas of the 
brain are inactive, while red and orange areas of the brain are active. 
Essentially, the more blue/green a PET scan shows, the less brain 
activity is occurring. Conversely, the more orange/red seen, the 
more evidence there is that the brain has increased activity.

Before her treatment, KM’s PET scans revealed a pronounced lack 
of metabolic activity; the dementia had essentially shut off some 
portions of the brain. The second set of PET scan images, taken two 
months after KM’s treatment, showed significantly more activity, 
even in areas of the brain that previously were unable to function. 

Mixed dementia: a form 
of dementia that involves 
both Alzheimer’s and vascular 
dementia. Mixed dementia 
becomes more common with 
advanced age.
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If the results of the PET scan were remarkable, 
the changes in KM’s behavior were even more strik-
ing. Speaking to the doctors, KM’s granddaughter 
exclaimed, “It’s like night and day… her memory 
has been restored and she’s self-sufficient. Now she’s 
cooking, washing clothes and doing household 
chores.” KM’s memory improved soon after her 
treatment. After the treatment, KM required signifi-
cantly less supervision and regained a greater degree 
of independence and well-being. Her unresponsive 
and sometimes aggressive behavior towards others 
ceased. She was able to completely recognize her 
family, friends and caretakers, and she no longer 
required their assistance full-time.

Today, KM’s family is able to enjoy more quality 
time with her, thanks to the cognitive and behavioral gains she 
achieved after her stem cell treatment. As for RH, he passed away 
three years after one treatment, from natural causes. He was 92. 
RH went from requiring constant supervision to regaining many of 
his activities of daily living, from being unengaged in the outside 
world to more fully participating in events with his loved ones. 
As our understanding of Alzheimer’s (and other dementia types) 
advances, and as we learn more about how stem cells interact with 
the AD-afflicted brain, we hope to have a better understanding of 
how stem cells can effect even more repair. But even so, current 
clinical results indicate that patients may be able to increase their 
quality of life after these treatments. 

Other Neurological Conditions
Cerebral Palsy (CP) 

“My mother was in labor for at least 27 hours,” explains GA, 
speaking to us from her home in Southern California. “This was 
before fetal monitoring. I was born eight weeks early while my mom 
was sick with a staph infection.”

For GA, the circumstances of her birth help explain why she has 
cerebral palsy, a condition with which she has struggled for her 
entire life. Cerebral palsy is an umbrella term for a group of symp-
toms and syndromes that affect the brain and nervous system, caus-
ing a series of physical and cognitive disabilities. The condition is 
characterized by abnormal brain development within the first two 

KM’s PET images before (A) and  
two months after (B) stem 
cell treatment. The increase in 
orange/red shows more brain 
activity.
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years of life. Cerebral palsy is not progressive, but it is life-long, and 
there is no known cure. 

There is no typical cerebral palsy patient; each person may suffer 
from a host of disorders. GA, for example, had suffered from cerebral 
palsy all her life, and at 49, she manifested the following symptoms:

• Nystagmus, or involuntary eye movements,

•	 Swollen ankles,

•	 Uncontrolled muscle spasms, including flailing arms,

•	 Dizziness,

•	 Headaches,

•	 Chronic joint pain,

•	 Leg cramps, and

•	 Lower extremity paralysis.

For GA, the worst symptoms of her cerebral palsy were the 
spasms; the muscles of her body would suddenly contract uncon-
trollably, robbing her temporarily of control of her movements and 
leaving her in pain. “I was told to count my spasms,” GA explains. 
“After 15 minutes, when I got past 20 spasms I would quit count-
ing.” 

GA’s cerebral palsy was so severe that she had surgery to release 
her tendons and ease the pressure on her joints. Many CP patients 
look into surgery to relieve some of the pain and to increase move-
ment, but, as a result of her CP, GA went through more than the 
average number of operations. All in all, GA had undergone 38 sur-
gical procedures in order to reduce the symptoms of her condition. 
A few years ago, GA decided “I was getting too old to go through 
all those surgeries any more. It was too much stress on my body.”

GA started making some changes to her life in 2008. She began 
a medically supervised diet that would lead her to lose over 60 
pounds. In August of that same year, GA received a stem cell treat-
ment. She reported a significant decrease in her muscle spasms, 
and also improved her balance and the fluidity of her movements. 
Before her treatment, she was having approximately 25-30 spasms 
every 40 minutes. After her treatment she demonstrated long-term 
improvement with her spasms; more than a year later, she was hav-
ing only 3-4 spasms an hour. “It’s huge for me,” GA explains, “that 
I can go places and not have my legs jerk uncontrollably and have 
people see that. It’s been fantastic.” 
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GA also reported a decrease in overall muscle pain, from 6/10 to 
4/10 in a subjective pain rating scale. Her leg strength improved, as 
did her balance and her aerobic conditioning. Another unexpected 
benefit, GA mentions, was that “I’m now an inch and a half taller 
than before. That’s not because I’ve grown. My muscles have relaxed 
to the point where I can pull myself up into a straighter position.”

GA attributes her ability to “still walk, drive, and ferry my two 
boys around” to the combined results of her new health regimen and 
her stem cell treatment.B She points out, “I’m 50 years old. In the 
cerebral palsy world, I’m a senior citizen. Most people my age right 
now, with my condition, are in assisted living.” For GA, stem cell 
treatments may have helped keep her from that outcome.

Huntington’s Disease (HD)
Huntington’s disease, a genetic neurodegenerative disorder, is 

caused by abnormalities in the “Huntingtin” gene which eventually 
results in damage to specific regions of the brain. Although the genet-
ic component of Huntington’s means that stem cell treatments would 
be more effective in mitigating the disease than in treating it, some 
researchers believe that Huntington’s is an especially compelling 
candidate for stem cell therapy. Neuroscientist Dr. Steven Goldman 
(MD, PhD), of the University of Rochester Medical Center, has argued 
“While the promise of stem cells is broadly discussed for many dis-
eases, it’s actually conditions like Huntington’s—where a very specific 
type of brain cell in a particular region of the brain is vulnerable—
that are most likely to benefit from stem cell-based therapy.”26

Goldman is one of the researchers who has looked into using brain 
derived-neurotrophic factor (BDNF) to treat Huntington’s. His team 
received promising results in a 2007 animal study that used BDNF 
and a neural induction protein to activate new neuron growth in the 
brain.27 BDNF, notably, is one of the neurotrophic factors that can be 
up-regulated through stem cell therapy. 

Another study conducted with five Huntington’s disease patients 
showed improvement with fetal neural grafts. Three of the five 
patients treated showed a “striking recovery observed at 2 years in 
frontal and prefrontal cortices [which] persisted over time.”28 In 
another clinical trial where fetal neural cells were used, the patient’s 
brain was autopsied after death and it was noted that “the disease 
[did] not appear to induce HD-like neurodegeneration within the cell 
implant.”29 These results may suggest that the transferred fetal brain 

Myelinated nerve. Colored trans-
mission electron micrograph 
(TEM) of myelinated nerve fibers 
and Schwann cells. Myelin (red) 
is an insulating fatty layer that 
surrounds nerve fibers (axons, 
yellow), increasing the speed at 
which nerve impulses travel. It 
is formed when Schwann cells 
wrap around the fiber, depositing 
layers of myelin between each 
coil. The outermost layer consists 
of the Schwann cell’s cytoplasm 
(green) and is known as the neu-
rolemma or sheath of Schwann. 
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tissue remained free of the effects of Huntington’s disease. These 
clinical studies hint at a therapeutic result that could be achieved 
with stem cells.

Multiple Sclerosis & ALS 
Multiple sclerosis (MS), the most common of the demyelinating 

diseases, affects approximately 400,000 individuals in the United 
States and about 85,000 in the United Kingdom.30 It is estimated 
that the annual U.S. healthcare costs for this disease are $6.8 billion; 
European costs run almost twice this amount.31

The pathology of MS is complex and not well understood. The 
condition results when the immune system attacks the protec-
tive myelin sheath around the nerve fibers of the central nervous 
system. Myelin and Schwann cells are` responsible for the rapid 
transmission of the neural impulses; in MS, the myelin eventually 
becomes destroyed and is replaced by scar-like tissue.

The optimal stem cell-based clinical treatment would presum-
ably aim to repair the myelin sheath, while modulating the deviant 
immune response. Dr. Divya Chari (PhD), lecturer for the School of 
Medicine at Keele University in England, pointed out that several 
stem cells and other precursor cells are able to achieve significant 
remyelination, including oligodendrocyte precursor cells, olfac-
tory ensheathing cells (progenitor cells found within the inside of 
the nose), neural stem cells, and bone marrow-derived stem cells.25 
Furthermore, NSCs and MSCs are known to induce anti-inflamma-
tory effects, and stem cell treatments can also reduce glial scarring 
around the injured tissue which would prevent subsequent repair. 
For demyelinating diseases, it is hoped that transplanted NSCs 
could differentiate into new oligodendrocytes, the cells which 
work to produce new myelin, in order to repair previous damage.

Most recently, a research team led by Dr. Neil Scolding (MD, 
PhD), of the University of Bristol, presented promising Phase I safe-
ty data with a small group of six MS patients. The group members 
were treated with autologous bone marrow cells without previous 
immunosuppressive preconditioning. Each of the six patients had 
relapsing-progressive MS. Over the 12 months that the patients 
were followed, clinical disability scores showed either no change 
or improvement. Other tests showed neurophysiological improve-
ments. Furthermore, MRI scans did not show any disease progres-
sion over a three month period.31

Oligodendrocyte precursor 
cell: a cell from which 
oligodendrocyte cells develop. 
An oligodendrocyte is a glial cell 
which is similar to an astrocyte, 
however it is smaller and has 
fewer branches than its larger 
counterpart.

Olfactory ensheathing glia 
(OG): a type of glia cell which 
is present in the olfactory bulb 
and mucosa (the area of the 
brain which allows us to perceive 
smells). Also nicknamed olfac-
tory Schwann cells, olfactory 
ensheathing glia assist in the 
regeneration of the axon. These 
glia express Lyz proteins that 
play a role in immunoprotection; 
these cells are exposed directly to 
the external environment.
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Amyotrophic lateral sclerosis, also known as ALS or Lou 
Gehrig’s Disease, is a fatal neuromuscular condition where the 
motor neurons of the central nervous system die off. The result 
is muscle atrophy, which eventually results in important muscle 
groups shutting down. ALS is associated with a genetic defect, but 
the cause of the disease is still not clearly understood.

In 2009, a group of Italian researchers, led by Dr. Letizia Mazzini 
(MD) of Eastern Piedmont University, convened to discuss the 
prospects of stem cell therapy for ALS. Their opinion, published 
in the journal Expert Opinion on Biological Therapy, was that stem 
cells had therapeutic potential for ALS. They reasoned that trans-
planted stem cells could produce neurotrophic and growth factors 
to enhance the survival and function of endogenous brain cells, 
differentiate into neurons and supporting glial cells, and also pro-
tect against neurotoxicity and harmful immune response.33

Mazzini et al. also pointed out that several animal studies have 
achieved positive results. Some of these are summarized on page 
162. Furthermore, some clinical trials such as a 2009 hematopoiet-
ic stem cell transplantation study have shown promise, although 
results from other clinical trials are conflicting.34, 35

Mazzini and her colleagues ended their opinion piece by declar-
ing that there are still questions that need to be answered before 
stem cell therapy fully crosses the translational medicine gap. 
These questions, they argue, can be answered by “develop[ing] 
new small meaningful Phase I clinical trial[s],” which would “rep-
resent a hope and an answer for these patients” who suffer from 
ALS.33 The same argument can be made for multiple sclerosis or 
Huntington’s disease, or indeed, for any of the neurological dis-
eases currently being investigated. Well-conducted clinical trials 
advance the scientific understanding of how stem cells interact 
with different pathological states, and hasten the day that a large-
scale stem cell product can be available for patients around the 
world. While it is impossible to predict which condition will have 
a stem cell-based treatment soonest, it is inarguable that patients 
suffering from any of these conditions deserve better treatment 
options than what is currently available. This is why it is morally 
imperative that continual efforts are made to push forward with 
scientific research and clinical trials that may unlock the answers 
to handling this epidemic of neurological diseases. And, stem cells 
may well be the key to doing so.
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The causes for different neurological conditions are diverse. 
Conditions like Alzheimer’s disease, for example, appear to contain 
a strong genetic component, while other conditions such as spinal 
cord injury occur due to trauma. Other neurological problems may 
be triggered by environmental conditions, abnormal fetal develop-
ment, drug abuse or infection.

Because the causes and pathologies of neurological conditions 
are so diverse, researchers and clinicians know that stem cells may 
not work for all neurological diseases. The neurological diseases 
detailed above, and in previous chapters, are those which may be 
most receptive to allogeneic stem cell treatment. 
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In degenerative diseases like ALS, a disturbance of the balance between 
glial cells and neurons occurs, leading to the death of motor neurons. The 
chart below shows how stem cells can be neuroprotective in SOD1 mice, 
delaying onset and progression of disease and extending survival.

 

 
1
2
4
9

Table 1. Preclinical transplantation studies of stem cells in animal models of ALS.
Cell source

Human UCBs
(pooled donors)

Wild-type mice BMCs

Human UCBs

Human UCBs

Wild-type mice versus
SOD1 (G93A) BMCs
(mesenchymal)

Human bone marrow
MSCs from adult donors

NSCs from spinal cord
of human embryo
(8 weeks old)

Wild-type mice
embryonic stem cells

Wild-type adult mice
NSCs (purified from
adult brain and primed 
into a motor neuron 
phenotype)

Wild-type mice NSCs
from embryonic
spinal cord

Disease model

Presymptomatic,
irradiated sod 1
(G93A) mice

Presymptomatic,
irradiated sod1
(G93A) mice

Presymptomatic,
SOD1 (G93A) mice

Presymptomatic,
SOD1 (G93A) mice

Presymptomatic,
irradiated SOD 1
(G93A) mice

Presymptomatic,
SOD1 (G93A) mice

Presymptomatic,
immunosuppressed
SOD1(G93A) mice

Adult rats with 
chronic diffused mo- 
tor neuron deficiency 
(sindbis virus)

Presymptomatic,
immunosuppressed
SOD1(G93A) mice

Presymptomatic nmd
mice (animal model
of SMARD1)

Route of delivery

Intravenous
(retro-ocular)

Intravenous
(retro-ocular)

Intravenous

Intravenous

Intraperitoneal

Bilateral lumbar 
spinal cord injection, 
different levels

Bilateral lumbar 
spinal cord 
injections

Bilateral lumbar spinal
cord injections, one site

Bilateral lumbar spinal
cord injections, one site

Intrathecal
delivery

Number of cells

34.2 - 35 x 106

5 x 106

106

10 x 106

25 x 106

50 x 106

3 x 106

Total amount 105

Four sites,
5 x 104  cells/site

6 x 104

104

2 x 104

Proposed therapeutic
mechanism

Immunomodulation/
providing non mutant 
(functional) sod1 enzyme

Immunomodulation/
providing non 
mutant(functional) 
sod1 enzyme

Neuroprotection by 
modulation of 
autoimmune processes

Modulating the host
immune inflammatory 
system response

Positive ‘non-neuronal
environmental’ effects

Increasing neuron 
survival and preventing 
astrogliosis and microglia 
activation

Differentiation of NSCs 
into neurons, initial 
networks with
host nerve cells, release 
of growth factors

Motor neurons 
differentiation, forming 
junctions with host muscle

Neuronal and glial
differentiation, release of 
growth factors
(trophic support)

Neuronal and glial
differentiation, release of 
growth factors
(trophic support)

Outcomes

Delay in disease onset 
(22 days) and increased 
lifespan (21 days)

Delay in disease onset 
(7 days) and increased 
lifespan (12 -13 days)

Delayed disease progression 
(at least 2 - 3 weeks) and 
modestly increased lifespan 

Dose of 25 x 106 cells 
increased lifespan by 20 - 
25% and delayed disease 
progression by 15%

Delay in onset (14 days) 
and increased lifespan (12 
-13 days) on wild-type 
BMCs, no effect of SOD1 
mice BMCs

Increased motor neuron 
count, decreased astroglosis 
and microglia activation, 
increased lifespan in males,  
amelioration of motor 
performances

Delay in onset (7 days) and 
increased average lifespan 
(11 days)

Partial recovery from 
paralysis

Delay in onset (21 days) 
and increased average 
lifespan (22 - 23 days) 
(unchanged progression), 
delayed loss of lumbar 
motor neurons

Delayed onset and 
increased average lifespan 
(18 - 19 days), decreased 
loss of motor neurons

Ref
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BMC: Bone marrow cell; GRP: Glial-restricted precursor; h: Human; MSC: Mesenchymal stem cell; MSC (GDNF): MSC engineered to 
secrete glial cell line-derived neurotrophic factor; NSC: Neural stem cell; NSC (GDNF): NSC genetically modified to release GDNF; 
SMARD1: Spinal muscular atrophy with respiratory distress type 1; UCB cell: Umbilical cord blood cell. Mazzini, Expert Opinion on 
Biological Therapy, 9: 1245-1258, © 2009, with permission from Informa Healthcare Communications.

EXAMPLES OF PRECLINICAL TRANSPLANTATION STUDIES OF STEM CELLS IN ANIMAL MODELS OF ALS



Chapter 10— Cardiovascular Conditions

163163

“He was relatively young for heart problems,” recalls Dr. Nabil 
Dib (MD). “He was only 55.”A Dr. Dib, director of Cardiovascular 
Cell therapy at the University of California, San Diego, is speaking 
of CS, a patient from Arizona who learned firsthand the potential 
life-saving effects of stem cell therapy. CS, Dib remembers, “had suf-
fered a heart attack in the past, and one day he came to the hospital 
with heart failure. His blood pressure was between 70 and 80.” A 
systolic measurement of less than 90 millimeters, Dr. Dib explains, 
indicates hypotension. Low systolic blood pressure cannot profuse 
the heart and brain tissue, resulting in ischemia and cell death. CS’s 
blood pressure was too low, and he was in danger of going into 
shock. “We immediately admitted him,” Dib says, “and put him on 
a support device, an intra-aortic balloon pump, in order to get him 
through.”

Dib and his team performed bypass surgery on the ailing patient. 
They also performed a stem cell transplant in the area of the heart 
attack.

Chapter 10

Cardiovascular Conditions
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Months later, Dib compared CS’s PET scans to the new scans after 
the procedure. “At six months,” Dib explains, “you can see evidence 
of new viable tissue, in the area of transplantation. This is tissue 
that was previously scar tissue and now is viable.” The transplant 
had created new, living cells in the area of the heart attack, and 
replaced scar tissue with new muscle, all of which helped treat CS’s 
heart failure. “Today,” Dib says, “this patient is not only still alive, 
the guy is playing basketball.” 

CS is just one of the many people in the United States who have 
received stem cell treatments for cardiac conditions. From animal 
studies, potential stem cell treatments for diseases such as heart 
failure have already progressed to clinical trials. At present, most of 
the treatment efforts are focused on autologous (same patient) stem 
cells. The lower regulatory barrier and ease of stem cell acquisition 
facilitates these treatments. Cardiovascular conditions have a major 
effect on a significant percentage of American society. 

The Prevalence of CVD in Society
Over 81 million Americans suffer from one or more types of car-

diovascular disease (CVD). More than eight million people in the 
United States are struggling with the consequences of a heart attack, 
and over five million have heart failure. Cardiovascular disease 
(including stroke, which is caused by a problem in the blood ves-
sels of the brain), accounts for more than one-third of all deaths in 
the United States. In fact, cardiovascular disease has been the main 
cause of death in the United States for over a century.B

As a society, we are paying the price for this epidemic. The total 
costs of CVD for 2010 are estimated to be $500 billion, for the 
United States alone. This includes hospital fees, nursing homes, 
and drug expenditures. Heart disease can create a severe financial 
hardship for a family. A pacemaker, for example, costs over $50,000, 
while coronary bypass surgery is at least $100,000. These procedures 
are not just costly, they also have associated medical risks. The 
in-hospital death rate of a coronary bypass, for example, is over 3 
percent.1

Many lifestyle choices can prevent or reduce the effects of car-
diovascular disease, such as smoking cessation, regular exercise, and 
a healthy diet. There are also pharmacological options; for example, 
millions of people take drugs to control their blood pressure or 
modify their cholesterol levels. But as a recent article in the popular 



Chapter 10— Cardiovascular Conditions

165

press candidly acknowledges, the limitations of current medical and 
lifestyle techniques for repairing a heart that has already been dam-
aged are quite limited:

[You can] downshift your daily life so that watering the gar-
den ranks as your most strenuous activity, or get in line with 
the other 3,000 Americans waiting for one of the 2,200 donor 
hearts available annually. The human heart may be one of 
our most mechanically sophisticated organs, but it’s just not a 
good healer. With its own electrical system and unique muscle 
tissue beating 100,000 times a day, the heart is just too com-
plex and too busy to repair itself significantly.

Deprive critical cardiac tissue of oxygen, even for just a few 
minutes, and it dies. Weaken a single chamber or a single 
valve, and pumping efficiency plummets. Allow the damaged 
parts to dip below a certain baseline level of functioning, and 
they only become worse, never better.2

So, how do you repair the damage to a heart injured by cardio-
vascular disease? How do you significantly increase perfusion to 
areas where the vascular system is too weak to convey blood flow? 
How do you build new blood vessels, or strengthen essential heart 
muscles? These questions are not easily answered. Even surgery, a 
costly and invasive option, cannot solve all cardiovascular prob-
lems. And while there are many ways to lower the risk of a subse-
quent heart problem after a heart attack, it is not as simple to undo 
the damage once it has been done. Stem cells hold a promise of fill-
ing in the gaps where medical science has not yet found a solution 
to cardiovascular problems. 

Acute Myocardial Infarction (AMI)  
and Heart Failure

Everyone knows that a heart attack (known clinically as a myo-
cardial infarction, or MI) can often be fatal. On the other hand, few 
people are completely aware of the extent to which a myocardial 
infarction, if survived, profoundly affects the health of the person 
who had the attack. It is estimated that a heart attack reduces life 
expectancy by up to fifteen years.1 Part of the reason is due to the 
damaging effect on the muscles of the heart.

During a myocardial infarction, the vessels supplying blood to 
the heart become blocked. Much as a blocked blood vessel in the 
brain will cause brain cells to die, the blockage of a major blood 

So, how do you 
repair the damage 
to a heart injured 
by cardiovascular 
disease? How do you 
significantly increase 
perfusion to areas where 
the vascular system 
is too weak to convey 
blood flow? How do you 
build new blood vessels, 
or strengthen essential 
heart muscles?

Stem cells hold a 
promise of filling in 
the gaps where medical 
science has not yet 
found a solution 
to cardio vascular 
problems.
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vessel to the heart causes the cardiac muscles to die, due to a lack 
of oxygen. If blood flow to the heart is not quickly re-established, 
the heart will often stop beating, a condition referred to as cardiac 
arrest. 

Many people believe that the terms “heart attack” and “heart 
failure” refer to the same event, which is incorrect. Heart failure is 
a condition where the heart is unable to pump adequate amounts 
of blood to the body. A person with heart failure is like an engine 
perpetually running on low battery; a heart failure patient may feel 
perpetually weak and run down, and his or her quality and even 
longevity of life suffers as a result. 

While there are many contributing factors to heart failure, the 
most prominent is a heart attack, when the muscles of the heart are 
irrevocably damaged and unable to adequately circulate the blood 
throughout the body. Surviving a heart attack, then, usually leaves 
the cardiovascular system severely compromised. “The typical pro-
gression of the disease after heart attack,” explains Dib, “is that the 
inflammatory process ends up damaging many of the heart cells. 
Simultaneously, the cells of the heart go through continuous apop-
tosis—cellular death—even years after the original heart attack. 
The heart goes through a remodeling process and enlarges itself. It 
enlarges until it finally fails, at which point you have heart failure.” 
Dib further says: “Out of all patients who survive a myocardial 
infarction, only one-third will have a full recovery. The remaining 
two-thirds of all patients will have to deal with the consequences of 
their heart attack, and those consequences primarily include heart 
failure.”

After heart failure, a heart attack, or other types of heart 
disease, the body attempts to repair the damage on its own. 
Cardiomyocytes, the muscle cells of the heart, begin proliferating 
at a vastly increased rate. For example, “in patients with end-stage 
ischemic heart disease, the rate [of proliferation] rises 10-fold.”3 The 
problem is that there are not enough cardiomyocytes present in the 
heart to begin with. According to a paper published by the National 
Academy of Sciences, it is estimated that the rate of proliferation of 
cardiomyocytes in the human heart is fourteen cells per million.4 
Even with a ten-fold increase, the amount of endogenously regener-
ated muscle tissue is underwhelming. The number of endogenous 
cardiac stem cells (CSC), the stem cells best able to differentiate into 
new cardiomyocytes, is even less impressive: “Cardiac stem cells are 

Narrowed coronary artery.
Colored coronary angiogram 
(X-ray) of a 54 year old patient 
with severe stenosis (narrowing, 
arrowed) in the left anterior inter-
ventricular coronary artery. The 
coronary arteries are found on 
the surface of the heart, and sup-
ply blood to the heart muscle. 
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rare with an average of one cardiac stem cell per 18,000 cardiomyo-
cytes.”5 Without enough endogenous cells to do the job of repairing 
the heart muscles, a failing heart could use some outside help, in 
the form of a stem cell transplantation. 

While autologous stem cells have been used in an attempt to 
repair cardiac damage, they have significant limitations, as dicussed 
in Chapter 1. Heart problems usually strike those of more advanced 
age; the older the patient is, the older his stem cells are. We know 
that as we age, our stem cells suffer from senescence (see Chapter 1), 
and thus become less effective. Dr. Victoria Ballard (PhD), principal 
scientist at healthcare company GlaxoSmithKline, explains: 

Human EPCs from older individuals have impaired prolif-
erative and survival capacity compared to those from young 
subjects. The cardiac differentiation capacity of bone marrow 
cells from old versus young mice is also impaired, suggesting 
that aging stem cells have a more limited capacity for repair 
via cardiac regeneration.3

As a result of this reduced capability of autologous stem cells, 
some in the medical field believe that allogeneic stem cells hold the 
promise of a more potent treatment alternative. Even after deter-
mining the optimal cell source, however, clinicians have the option 
of selecting several different stem cell types to choose from. 

Endothelial Progenitor Cells (EPCs)
The endothelial progenitor cells (EPCs) mentioned by Dr. Ballard 

can differentiate into various types of endothelial cells, with endo-
thelial cells comprising the lining of several blood vessels, and offer 
great promise for cardiac conditions.

A German study led by Dr. Nikos Werner (MD) suggested a cor-
relation between EPCs and cardiac repair: “During the observational 
period of 12 months, a significantly higher incidence of death from 
cardiovascular causes was observed in patients with low baseline 
levels of endothelial progenitor cells.”6 The basis for this hypoth-
esis was first conceived after an earlier study demonstrated that 
EPCs were mobilized in response to ischemic insult in humans.7 
In another published study, Dr. Lael Werner, of the Department 
of Cardiology at Tel-Aviv Sourasky Medical Center, used EPCs to 
treat rats with dilated cardiomyopathy (a common form of heart 
failure). Dr. L. Werner found that the EPCs “partially attenuated 
myocardial damage induced by experimental myocarditis.”8 The 
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results demonstrated that EPCs might be 
useful in the treatment of various heart 
conditions. These and other early stud-
ies created a body of scientific literature 
which suggested that EPCs, administered 
hours after a heart attack, “have a favor-
able impact on the preservation of left 
ventricular function.”9

In 2008, Dr. Takayuki Asahara 
(MD, PhD) of Japan’s Riken Center for 
Developmental Biology published a 

review of the literature, examining the potential of EPCs for use in 
“strategies for vascular regeneration and the future direction of vas-
cular regeneration including cardiac regeneration.”10 He noted that 
the biggest challenge with using endothelial progenitor cells was 
that there simply were not enough of them in the body: 

In order to provide enough EPCs to affect [sic] a good clinical 
result, the cells need to be cultured and put through several 
rounds of division. With some stem cell types such as hema-
topoietic stem cells, there is a large enough population of 
stem cells within the body, and thus few rounds of division 
are needed to gain enough cells for a transfusion. With EPCs, 
however, it is difficult to have enough of the cells for therapeu-
tic purposes, without going through many rounds of division. 
And generally with each division, the stem cells lose some of 
their potency and efficacy. In the same way that old stem cells 
become senescent within the body, stem cells that have gone 
through too many divisions become less effective.

Asahara and his Riken Center colleague Dr. Satoshi Murasawa 
(MD) concluded in their review that, “the primary scarcity of a 
viable and functional EPC population constitutes a potential limi-
tation of therapeutic vasculogenesis based on the use of ex vivo 
expansion alone.”10 But research has shown that one of the most 
significant ways in which stem cells effect repair is by releasing tro-
phic and protective growth factors. What if, instead of using large 
numbers of weak EPCs, clinicians used smaller numbers of EPCs 
that were engineered to release more growth factors?

Scientists who have attempted to answer this question have 
found promising results. One animal study used EPCs to treat limb 
ischemia, a condition where a blood vessel in the limb is blocked. 

Photo of endothelial cells (bovine 
pulmonary artery) under a micro-
scope. Nuclei are stained blue, 
microtubles are marked green by 
an antibody, and actin filaments 
are stained red.
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These EPCs were genetically modified to produce significantly 
more VEGF than they would normally make. Drs. Murasawa and 
Asahara call VEGF (a growth factor that catalyzes the production of 
new blood vessels) “the most critical factor for vasculogenesis and 
angiogenesis.”10 

The results were encouraging: limb necrosis and auto-ampu-
tation were reduced by 63.7% in comparison with controls. The 
interesting part of the study, however, is that the researchers had 
used one-thirtieth the amount of EPCs they would normally use 
to get the same result. Thus, EPCs modified to produce more 
growth factors can be far more effective than EPCs without these 
modifications, allowing EPC transplantation to remain “one of the 
promising therapies in clinical situations regarding vasculogenic 
properties.”10

Mesenchymal Stem Cells (MSCs)
It appears that EPCs are able to effect significant change by 

secreting growth factors, which is consistent with what much of 
modern science has taught us about the stem cell’s mechanisms 
of action. In terms of differentiation, however, EPCs are designed 
to become endothelial cells, the cells that line the inner surface of 
the blood vessels. Endothelial progenitor cells cannot differentiate 
effectively if blood vessels are not already in place, and the stem 
cells responsible for building the blood vessels are mesenchymal 
stem cells. Dr. Dib explains the rationale behind MSC therapy:

The idea of stem cell transplantation for acute myocardial 
infarction is to delay or halt the inflammatory process that 
happens immediately after a heart attack. Currently, the idea 
is to use stem cells within 4-7 days of the heart attack. We 
know that bone marrow-derived stem cells can delay or even 
halt the inflammatory process. Through this mechanism, they 
would potentially be able to affect the remodeling of the heart 
and avoid, or at least delay, heart failure as a consequence of 
heart attack.

For these and other reasons, MSCs are another good candidate 
for treating cardiovascular disease. A review article, written by an 
established team of researchers led by Dr. Ahmed Abdel-Laftif (MD) 
of the University of Louisville, examined eighteen different clini-
cal studies using bone marrow-derived cells for cardiac repair after 
acute myocardial infarction. These eighteen studies, with almost 
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one thousand patients between them, used a variety of cells, includ-
ing MSCs. Other cell types included EPCs, peripheral blood stem 
cells, and mononuclear cells (which derive from HSCs). The results 
were encouraging:

Compared with controls, BMC transplantation improved left 
ventricular ejection fraction (pooled difference, 3.66%; 95% 
confidence interval [CI], 1.93 to 5.40%; P<.001); reduced 
infarct scar size (-5.49%; 95% CI, -9.10% to -1.88%; 
_=.003); and reduced left ventricular end-systolic volume 
(-4.80 mL; 95% CI, -8.20 to -1.41 mL; P=.006).11

The hearts of patients in all eighteen studies showed improve-
ment in three key areas.

1. Improved left ventricular ejection fraction (LVEF). Ejection fraction 
is the amount of blood pumped out with each heartbeat. After 
a heart attack, the muscles of the left ventricle are weakened, 
and the LVEF is lower than normal. A normal LVEF should be 
somewhere between 50% and 70%; the heart is able to pump 
out more than half the blood stored within it with each heart-
beat. After a heart attack, this percentage can plummet, easily 
losing an additional 20% of output. The more heartbeats it 
takes to pump blood out of the heart, the more the patient’s 
tissues suffer from delayed reception of oxygen and vital nutri-
ents. Thus, a clinical result of almost 4% improved LVEF is sig-
nificant. 

2. Reduced infarct scar size. The scar tissue that forms in response 
to an AMI needs to be replaced with healthy cardiomyocytes 
(properly working muscle tissue that will help the heart regain 
its function). In some studies, the transplanted cells delivered 
an almost 10% reduction of scar tissue.

3. Reduced left ventricular end-systolic volume (LV-ESV). The LV-ESV 
is the amount of blood still in the left ventricle after it has just 
finished contracting. A high LV-ESV indicated that the ven-
tricle is weak, as it was not able to pump out more blood. The 
cell transplants reduced this number by almost five milliliters, 
on average.

Two years later, several of the same researchers conducted a 
follow-up review, including studies that had occurred since the pre-
vious review was published. The follow-up confirmed that “analysis 
of pooled data indicates that BMC therapy in patients with acute 
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MI and chronic IHD [ischemic heart disease] results in modest 
improvements in left ventricular function and infarct scar size with-
out any increase in untoward effects.”12

The reviews demonstrate that bone marrow-derived cell therapy 
shows clinical benefit, but the studies utilized a variety of differ-
ent cells. In order to reach any significant conclusions regarding 
MSCs alone, it is necessary to examine studies that only used mes-
enchymal stem cells. A study published in the American Journal of 
Cardiology, for example, discussed 34 patients who received autolo-
gous bone marrow-derived MSCs after a myocardial infarction. After 
their heart attack but before their stem cell treatment, their LVEF 
was at an average of 49 percent. Three months after receiving MSCs, 
their LVEF was at an average of 67 percent. The control group, three 
months after receiving saline solution, was only at an average of 53 
percent.13 

A later study led by Dr. Qun Li (PhD) of the University of 
Wyoming found that “MSCs transplantation can indeed restore 
MI-induced heart dysfunction.”5 This is not surprising; the research-
ers acknowledged that their findings were in line with other similar 
research. The Wyoming team, however, went on to explain why 
MSCs are able to help heal the heart. “Our work revealed for the 
first time that the improved myocardial contractile function follow-
ing MSC transplantation may be due to, at least in part, the ben-
eficial effect of cell transplantation in individual cardiomyocytes 
from the area at risk.”5 In other words, the MSCs had a beneficial 
effect on the heart muscle cells that were in danger of dying—the 
Chaperone Effect in action. The researchers argued that MSCs were 
making “possible contributions of anti-apoptosis and angiogenesis 
in MSCs-exerted myocardial effect following MI.” The transplanted 
mesenchymal cells were preventing cell death and creating better 
vascularization, helping to rescue injured cells.

Li et al. found that, in addition to improving the LVEF and 
LVEDV parameters, the MSCs also improved fractional shortening, 
a mathematical measure of how well the left ventricle is function-
ing. Their results were further proof that stem cells may be most 
effective as a treatment option not because of their own ability 
to differentiate, but because of the various means of support they 
provide to other cells. Dib points to an animal study: “The mesen-
chymal precursor cell, as shown in a sheep model, can stimulate 
the division of the cardiac stem cells themselves, in the heart. 

Left ventricular end-diastolic 
volume (LVEDV): the volume 
of blood left in the left ventricle 
of the heart directly preceding a 
contraction.
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We call this ‘endogenous cardiac stem cell stimulation.’” In this 
case, the mesenchymal stem cells are providing the signals that the 
endogenous stem cells need in order to reproduce. If part of the 
MSCs’ effects are achieved by stimulating an endogenous cardiac 
stem cell population, therapeutic improvements could perhaps be 
achieved by transplanting these cardiac stem cells themselves into 
the heart of an AMI patient.

Cardiac Stem Cells (CSCs)
Both mesenchymal stem cells and endothelial progenitor cells 

have demonstrated clinical efficacy in helping to repair the heart 
after an AMI. But the heart has its own population of stem cells, 
known as cardiac stem cells (CSCs). The hypothesis is that a trans-
fusion of CSCs themselves could be a useful therapeutic tool for 
treating cardiac diseases.

These cardiac stem cells have a few drawbacks, however. Dib 
explains:

It’s not easy to get a sample of cardiac stem cells, and once 
you have a sample, you still have a very limited number of 
cells. There are significant limitations in terms of obtaining 
the number of the cells that are required for cell transplanta-
tion. A myocardial infarction can destroy around 800 million 
cells. So it’s necessary to have a large number of stem cells to 
replace that amount.

Cardiac stem cells alone are not numerous enough. Cardiac stem 
cells are a recently discovered addition to the stem cell family; they 
were first uncovered in 2004, meaning that CSC researchers have 
some catching up to do.14 

But cardiac stem cells have one powerful advantage over other 
stem cell types; they can differentiate into cardiomyocytes, the 
cardiac muscle cells that become damaged by a heart attack. 
Technically, they are not the only stem cells that can form cardio-
myocytes. There is evidence that different types of stem cells can 
transdifferentiate into cardiomyocytes, essentially jumping into a 
different cell lineage to produce the cells that the body truly needs. 
But the hypothesis of transdifferentiation is a contentious one, and 
most scientists will acknowledge that, if the process of transdiffer-
entiation occurs, it does not take place in large numbers. Therefore, 
for direct replacement and renewal of cardiomyocytes, cardiac stem 
cells may be the optimal choice.
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In 2007, a group of researchers led by Dr. Claudia Bearzi (PhD), 
now an instructor at Brigham and Women’s Hospital, set out to 
prove that CSCs were really stem cells. After confirming that the 
cells were “self-renewing, clonogenic, and multipotent,” and thus 
that they fit the definition of stem cells, the researchers continued 
by using human CSCs (hCSCs) to treat the infarcted myocardium of 
rats and mice.15 They found that the hCSCs resulted in “an increase 
of ejection fraction, attenuation of chamber dilation, and improve-
ment of ventricular function.”15 This research demonstrates both 
the potential of CSCs, and the work that the scientific establish-
ment has yet to accomplish.

CSCs have since progressed from animal studies to clinical tri-
als. In 2009, doctors at the Cedars-Sinai Heart Institute completed 
the first procedure to use CSCs for treatment of a post-AMI patient. 
They biopsied patients who had suffered a heart attack and, over 
the course of four weeks, cultured each patient’s cells in order to 
gain a therapeutic dose of CSCs. The autologous cells were then 
used for treatment. The results of the study are not yet available, 
but much is expected. Dr. Eduardo Marbán (MD), director of the 
Cedars-Sinai Heart Institute, says of the trial, “Five years ago, we 
did not even know the heart had its own distinct type of stem 
cells. Now we are exploring how to harness such stem cells to help 
patients heal their own damaged hearts.”14 

More recently, the team at Cedars-Sinai has been using magnetic 
targeting to guide the CSCs to the site of infarction. Imbuing the 
CSCs with iron microparticles, the doctors use a magnet to help the 
cells home in on the injured area. This development represents a 
possible solution to one of the problems that still vexes stem cell 
researchers: how to make sure the stem cells stay within the area of 
injury. Marbán says, “This remarkably simple method could easily 
be coupled with current stem cell treatments to enhance their effec-
tiveness.”14 This exciting concept could later be expanded to other 
cell types, as well as cardiac-derived cells.

Compared to other cell types, however, autologous CSCs may 
be less ideal for use in treatment. After all, “heart failure is most 
prevalent among older individuals, and a growing body of evidence 
suggests that with increasing age, cardiac stem and progenitor cells 
undergo senescent changes that impair their regenerative capa-
bilities.”16 There is an advantage to using allogeneic, as opposed to 
autologous, stem cells, provided that the allogeneic CSCs are undif-
ferentiated enough to not display significant HLA. 
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Cardiac stem cells are a relatively new discovery, and there is 
much excitement in the scientific community regarding the com-
bination of these cells with other cell types for potential AMI treat-
ments. The hypothesis is that a multi-cell solution may offer the best 
treatment option for AMI patients. CSCs could rebuild the muscles 
of the heart, while MSCs and EPCs revascularize the injured tissue 
and provide a variety of trophic effects to increase the efficacy of the 
result. Using cell priming processes and new techniques for “guid-
ing” the cells to the site of injury, such as the use of cell matrices 
to keep the stem cells within the area of the injury, the result could 
be magnified. With these new techniques, clinicians may be able to 
achieve a therapeutic result with a sub-therapeutic number of cells. 

Peripheral Artery Disease (PAD) and Limb 
Ischemia

Stem cell treatments can be useful for more peripheral cardio-
vascular problems, as well, such as limb ischemia. In dealing with 
these conditions, cardiac stem cells are of limited utility; they are 
designed to reconstruct only the cells of the heart. But mesenchy-
mal stem cells build new connective tissue, while endothelial pro-
genitor cells are designed to differentiate into the cells that form the 
innermost part of the different circulatory pathways. 

Dr. Nikos Werner’s study established that the number of func-
tioning EPCs within the body “predicts the occurrence of cardio-
vascular events and death from cardiovascular causes and may help 
to identify patients at increased cardiovascular risk.”6 This begs 
the question, if higher numbers of EPCs are associated with better 
cardiovascular health, then wouldn’t an EPC injection improve the 
cardiovascular system? 

That was the question that Dr. Christoph Kalka (MD), research 
leader at the University of Bern, and others set out to answer. They 
expanded a population of human EPCs and transplanted them in 
nude mice with hind limb ischemia. Kalka et al. found that the 
EPC-treated nude mice had a greater recovery in bloodflow and 
enhanced collateral density, which is to say that the blood vessels of 
the mice were strengthened in response to the ischemic insult. But 
perhaps most significantly, the research team found that, in 60% of 
the EPC-treated injuries, they were able to save the limb from being 
amputated. This is in comparison to just 7% limb salvage for the 
control group.17

Ischemia: a restriction in blood 
supply, generally due to factors in 
the blood vessels, with resultant 
damage or dysfunction of tissue. 
It also means local anemia in a 
given part of a body sometimes 
resulting from vasoconstriction, 
thrombosis or embolism (as in 
limb ischemia).
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This animal study was meant to mimic the conditions of limb 
ischemia in humans, with limb ischemia being one major conse-
quence of peripheral artery disease (PAD). PAD occurs as a result of 
plaque build-up in the arteries, and reduces blood flow to the limbs. 
Peripheral artery disease often co-presents with coronary artery 
disease and other types of cardiovascular disease. In fact, a patient 
with cardiovascular disease is far more likely to die of cardiovascular 
issues if he or she has PAD as well.18

Peripheral artery disease is a killer itself, since it often leads to 
severe limb ischemia. In the same way that a heart attack can kill 
off muscle cells in the heart or a stroke can kill off brain cells, limb 
ischemia shuts off the blood flow to a limb, leading to cell death 
and debilitating pain. Thirty percent of all cases of limb ischemia 
end in amputation. In the United States, that means approximately 
120,000 major leg amputations a year. In Europe, the number is 
slightly smaller, with 100,000 major leg amputations a year. Of that 
number, 30% will die as a direct or indirect result of the operation, 
while another 40% will die within the next five years.19

With limb ischemia proving to be such a huge challenge for 
modern medicine, Kalka et al.’s animal study raises hope that EPCs 
can save lives by instituting vascular repair in ischemic limbs. Other 
animal studies involving hind limb ischemia have used MSCs, EPCs, 
and other cell sources on murine and rabbit models. A review of 
twenty such studies has found that each experiment reported an 
improved outcome.19 

Clinical Trials for PAD
From this pre-clinical data, researchers have moved to small-

number clinical trials, using a mixed population of bone marrow-
derived cells as proof-of-concept for larger trials aiming to treat 
PAD. This cell population, known as bone marrow-derived mono-
nuclear cells (BM-MNCs or BMCs), represents a cross-section of 
the cells that are normally found in the bone marrow, including 
hematapoietic stem cells, mesenchymal stem cells, and endothe-
lial progenitor cells.

The first pilot study, performed by Dr. Eriko Tateishi-Yuyama 
(MD), a professor at Kansai Medical University in Osaka, and his 
team found that the BM-MNC cell treatment showed improve-
ment in several major parameters.20 Patients treated with the 
bone marrow-derived mononuclear cells performed better on 

Thrombosis of the superfical 
femoral vein and popliteal vein. 
Colorised arteriography.
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tests designed to determine blood pressure, reported less pain, 
and were able to walk pain-free for farther distances.20 (See figure 
at left.) Tateishi-Yuyama and his colleagues followed up with 
a randomized controlled study, which found similar results.20 
Tateishi-Yuyama hypothesized that the population of EPCs with-
in the BMC population was responsible for much of the repair, 
in conjunction with pro-angiogenic factors released by the bone 
marrow-derived cells.20 Those who reviewed the study also noted 
that the bone-marrow cell population contained approximately 
500 times the number of hematopoietic stem cells as the cell 
population received by the control group.19

Since Tateishi-Yuyama et al.’s study, eighteen other clinical 
studies have been conducted which used a similar composition 
of bone marrow-derived cells. Taken together, these studies com-
prise hundreds of patients. Sixteen of the eighteen studies showed 
clinical improvement in one or more areas, whereas two of the 
eighteen studies showed equivocal results.19 In many instances, 
the percentages of amputations decreased, while patients report-

ed feeling less pain.19

These results are encouraging, and indi-
cate that stem cell-based therapies may play 
a role in treating peripheral artery disease 
and its symptoms, including limb ischemia. 
Such a therapy would reduce the number of 
amputations performed in the United States 
and abroad, and increase overall vascular 
health for hundreds of thousands of at-risk 
patients.

But few of these clinical trials have been 
randomized controlled studies, and each trial 
has involved a small number of participants. 
To translate these results into a therapeutic 
treatment, larger trials are needed.

Meanwhile, large trials are already under-
way to bring a stem cell-based cardiac treat-
ment to market. In fact, though it may seem 
cutting edge, clinical trials using stem cells 
for treating heart failure have been going on 
in the United States for over a decade. 

Angiographic analysis of 
collateral vessel formation 
after bone marrow-
derived mononuclear cell 
transplantation.
Collateral branches were strik-
ingly increased at (A) knee and 
upper-tibia and (B) lower-tibia, 
ankle, and foot before and 24 
weeks after marrow implantation. 
Contrast densities in suprafemo-
ral, posterior-tibial, and dorsal 
pedal arteries (arrows) are similar 
before and after implantation.20
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The History of Clinical Trials  
for Heart Failure

“We had our first patients in the United States in 2000,” Dib 
remembers, “and we weren’t even the first ones. The first patients 
who received stem cells for heart failure were in France, under Dr. 
Philippe Menasche, (MD), then of the Bichat Hospital, in Paris. The 
United States started immediately after.”

Menasche and his team took stem cells from the thigh muscles 
of seven patients and placed them within the patients’ hearts dur-
ing a bypass operation. The results suggested that these muscle 
cells were differentiating into viable cardiomyocyte-like cells. At 
around the same time, Dr. Patrick Serruys (MD, PhD), increased a 
patient’s ejection fraction by 6 percent with a stem cell treatment 
in a research trial in the Netherlands.21 

In the first United States-based clinical trial, Dib took a similar 
approach to Menasche’s: 

At that time the cells we took were from the muscle. They are 
called skeletal muscle-derived stem cells, or myoblasts. We 
transplanted these myoblasts into the hearts of patients who 
were undergoing bypass surgery. The trial was, firstly, proof of 
feasibility and safety. These cells survived in the heart, made 
new muscles, and expressed proteins that make them fatigue 
resistant, just like heart muscles.

Fatigue resistance is not an important attribute for skeletal mus-
cles, but cardiac muscles can never rest. For the stem cell-derived 
muscles to develop fatigue resistance was a major accomplishment. 
“It’s important,” Dib affirms. “It means that the environment is 
interacting with these cells, and that the cells are responding to 
appropriate cues and signals.” 

Those earlier trials demonstrated that stem cells, in this case cells 
taken from skeletal muscle, can offer improved clinical outcome for 
patients. The stem cells that were used—myoblasts—differentiated 
into cells that helped the heart regain function. Today’s clinical tri-
als have built upon these original proof-of-principle tests, bringing 
us inexorably closer to a mainstream treatment, and expanding our 
knowledge of how various stem cells can treat different aspects of the 
same disease. A decade ago, clinicians investigated using myoblasts 
as a tool to repair the heart. Today, we are exploring several different 
cells, building a veritable stem cell toolbox for cardiac repair.
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Researchers around the world have begun the process of passing 
stem cell-based treatments through these tripartite trials. In Germany 
and Switzerland, Phase II of a clinical trial, the Repair AMI trial, was 
recently completed. This trial used bone marrow-derived progenitor 
cells to treat patients with acute myocardial infarction. Presenting 
the conclusions of the trial back in 2005, Dr. Volker Schachinger 
(MD), professor at Johann Wolfgang Goethe University in Frankfurt, 
Germany, declared that the result “shows for the first time that it 
is possible to regenerate damaged heart tissue.”22 A larger trial, he 
explained, would allow his team “to see whether these effects trans-
late into reductions in clinical end points. If these are successful, this 
would open up a whole new way of treating heart disease.”22

Schachinger’s team is currently looking into conducting a Phase 
III clinical trial.22 Dr. Dib affirms the importance of a larger clinical 
trial. “The results demonstrated improvement in heart function and 
showed a better clinical outcome. Based on that, the research team 
in Germany is planning to move forward with a Phase III clinical 
trial.” And once that trial is completed, if the results are in keep-
ing with the previous two trial phases, this stem cell treatment can 
become available to the world at large. 

Moving Toward Allogeneic Trials
The Repair AMI trial used a cross-section of bone marrow-derived 

progenitor cells, comprising a mixture of different stem cell types 
as well as more differentiated cells, as its cell source. This is similar 
to the methodology of the trials aiming to repair limb ischemia 
and treat peripheral artery disease. While the use of bone marrow-
derived mononuclear cells has shown some benefit, a new genera-
tion of clinical trials has turned towards allogeneic stem cells with 
the goal of effecting even greater repair.

“In the United States, we are now in a Phase II, large clinical 
trial, with over 200 patients,” Dib explains, “We are applying bone 
marrow-derived stem cells to patients within seven days of a myo-
cardial infarction.” The difference is that while the Repair AMI trial 
used autologous stem cells, the American study uses allogeneic 
stem cells. “The ability to use allogeneic stem cells,” continues Dib, 
“represents a major advancement in this field, for acute myocardial 
infarction and for stem cell therapy in general. With allogeneic 
stem cells, one donor can provide enough stem cells for between 
10,000 and 20,000 treatments.” With more advanced technology, it 
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is now possible to expand that number twenty-fold, so that several 
healthy donors could be the cell source for millions of heart failure 
patients.

The first clinical study using allogeneic mesenchymal stem cells, 
a Phase I clinical trial led by Dr. Joshua Hare (MD) of the University 
of Miami, was concluded in 2009. The results of the randomized 
controlled study demonstrated that “in 4 specific areas of pre-spec-
ified safety monitoring—cardiac arrhythmias, pulmonary function, 
cardiac performance, and patient global symptomatic status—the 
treated patients exhibited significantly improved outcomes relative 
to the placebo group, consistent with a therapeutic benefit.” The 
treated patients also experienced an average 6.7% improvement in 
LVEF after six months.23 

In a paper published in the Journal of the American College of 
Cardiology, Hare and his team explain why these cells are advan-
tageous compared to other cell sources, most notably autologous 
bone marrow mononuclear cells:

The use of allogeneic hMSCs (human mesenchymal stem 
cells) has a number of important advantages. They likely rep-
resent an enriched population of cells with therapeutic capac-
ity. They are readily prepared from healthy donors and may be 
used as an allogeneic, and thus ‘off-the-shelf’ agent. They are 
easy to administer, as evidenced by the intravenous approach 
used in this study. Finally, and most compelling, there are a 
wealth of pre-clinical data in rodent and larger animal models 
supporting their efficacy in cardiac repair.23

The Future
Dib is the principal investigator of a study utilizing mesenchy-

mal precursor cells to treat heart failure patients. In this capacity, 
he oversees clinical trials at six different medical sites in the United 
States, including the Texas Heart Institute, the Minneapolis Heart 
Institute, and a site at the University of Pittsburgh. His current study 
is just one of the 21 clinical trials, in different phases, currently being 
conducted at 43 different research institutions around the country.2

Recent research that Dib finds exciting, uses a myocardial matrix 
to deliver stem cells directly to the infarcted area of an AMI-affected 
heart. “The limitation right now for stem cells is that their retention 
rate is low in the area of transplantation. Even with direct injection, 
retention rate does not exceed 15%.” A low retention rate means 
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that not all the cells are staying in place; rather, many migrate away 
from the center of the damage. While stem cell treatments offer 
promise for cardiac conditions, they may be vastly more effective if 
more stem cells stayed within the targeted area. “If we mix the stem 
cells with the matrix, we have a much higher likelihood of having a 
much higher retention rate,” he says. 

Other studies have caught Dib’s attention, including a clinical 
trial on using CD34+ stem cells, a type of hematopoietic stem cell, 
to treat patients with coronary artery disease. The results from the 
164 patients enrolled in the trial, Dib remarks, “show some hope 
and promise” and hint at the possibility of using stem cells to 
enhance bloodflow in the heart, easing chest pain and increasing 
longevity for patients who grapple with coronary artery disease.

With several studies nearing their post-Phase III finish line, it 
seems likely that stem cell therapy will soon find its way routinely 
into the cardiology units of hospitals around the world. These 
treatments have the potential to save limbs by affecting peripheral 
blood flow, and similarly may save lives by treating heart failure and 
related cardiac conditions.

Hare, director of the University of Miami’s Interdisciplinary 
Stem Cell Institute and one of the pioneers of allogeneic stem cell 
therapy for heart conditions, believes that these studies will begin 
a major medical transition in the cardiac arena. “Stem cell therapy 
shifts the whole paradigm for treating heart disease, whether it’s 
caused by heart attack, arrhythmia, or cardiomyopathy,” he said in 
a 2010 interview. “My prediction is that in 10 to 15 years, thanks 
to this new ability to repair damage, heart disease will no longer be 
the number one killer in the country.”2

Fighting back against the number one killer of Americans is a 
laudable goal, and one that deserves widespread support. As a num-
ber of stem cell-based clinical trials near completion, there may be 
good reason to believe that all of society will soon benefit from stem 
cell solutions to this serious problem. 
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It was MA’s sight that left him first. The vision in his left eye dete-
riorated, while the vision in his right eye became dark and blurry. 
MA, an engineer, was constantly using his computer for work-related 
activities, but the words on the screen became more and more dif-
ficult to read. “The words started doubling,” he explained. “Not just 
a little, but significantly. I could hardly work. After 40 minutes, it 
became difficult to work on the computer.” Straining his eyesight in 
order to continue working, MA soon developed a series of unbear-
able headaches.A

MA knew that his vision loss was due to an enemy he had been 
fighting all his life: diabetes. He had developed the systemic disease 
in childhood and had learned how to manage it, just as millions of 
other patients do, with regular insulin shots to regulate his blood 
sugar. But MA was now in his late fifties, and he could feel the dis-
ease taking its toll on his body. He felt his arms and legs growing 
weaker and he began having trouble moving, eventually coming to 
the point where he could not walk without assistance. 

Chapter 11

Ophthalmic Conditions
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But it was his vision loss that eventually forced MA to 
take time off from his job. MA knew that he was in 

danger of losing his livelihood and his sight to dia-
betes. With this in mind, he began looking into 

whether stem cells could give him the upper 
hand against the disease. MA is one of the few 

people who have received stem cell trans-
plantation to restore their sight. 

There are many warning signs that 
indicate someone is at risk for losing 
their sight: a loss in the ability to see at 

night, dark spots that float across the field 
of vision, or trouble identifying details. These 

are all early symptoms for three common ophthalmic 
diseases: retinitis pigmentosa, diabetic retinopathy, and macular 
degeneration. All three conditions are degenerative, leading to wors-
ened vision and even blindness over time. None of these conditions 
currently has a cure.

For MA, the condition that threatened his sight was diabetic 
retinopathy, one of the leading causes of blindness in the United 
States today.1 The vast majority of diabetics are at risk of develop-
ing diabetic retinopathy (DR); there are over 23 million diabetics in 
the United States alone.2, 3 Diabetes affects the entire body, which 
means that those afflicted by DR are already struggling to manage 
the other complications of diabetes. Diabetic retinopathy adds a 
significant financial burden for these people; medical costs incurred 
from diabetic retinopathy in the United States are estimated at over 
$500 million a year.4

Diabetic Retinopathy: The Pathology
Diabetic retinopathy (DR) is a condition caused by diabetes mel-

litus, commonly known as diabetes. Diabetes, a systemic disease, 
occurs when the body is unable to adequately process glucose due 
to insulin deficiency or a malfunction in the receptors that would 
normally respond to insulin triggers. Since a diabetic is unable to 
process excess glucose, high levels build up in the blood. The hyper-
glycemic blood begins degrading vascular cells, like those support-
ing the small blood vessels within the eye. These small blood vessels 
are thus deprived of a support structure. Meanwhile, in the blood 
vessels themselves, the glucose-altered blood slows the flow and 
may cause ischemia. A vessel that is clogged with thick and viscous 
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blood, similar to one that is blocked by a blood clot, will lead to the 
death of nearby cells that are deprived of important nutritional sup-
port. Furthermore, the hyperglycemic blood of a diabetic will also 
cause small vessels to hemorrhage. The extravagated blood gets into 
other parts of the eye and unbalances sensitive retinal cells. Beyond 
pooling into unwanted areas, these blood cells contain iron, which 
is an important component of hemoglobin but can also create a 
toxic microenvironment if not controlled. In proximity to a collec-
tion of damaged cells, the iron will promote a stronger inflamma-
tory response, causing even more damage.

Diabetic retinopathy occurs when the vascular cells in the retina 
of the eye begin to die due to these diabetes-induced irregularities 
with the eye’s blood flow. A DR-afflicted eye will often have a series 
of abnormal new blood vessels, which form as a result of the body’s 
attempt to bring more blood to the back of the eye.5 

“When the original small blood vessels deteriorate, they can’t 
bring oxygen to the retinal tissue,” explains Dr. Paul Tornambe 
(MD), an ophthalmologist who serves as a clinical researcher and 
director of the Retina Research Foundation of San Diego. Tornambe, 
former president of the American Society of Retina Specialists, 
elaborates on the retinal tissue’s response: “The tissue either dies, or 
screams for more oxygen and nutrition, and the body responds to 
that by bringing abnormal blood vessels into the retina, which then 
hemorrhage.”B These abnormal blood vessels are fragile and perme-
able, and their hemorrhaging causes further damage to the eye.

Retinal cells are a type of brain-derived neural cell and are respon-
sible for converting light into electrical signals that the brain can 
interpret as vision. When they die, the brain no longer receives these 
signals, and a diabetic’s vision becomes more and more blurred, 

Fundus photos show a normal 
eye on the left and prolifera-
tive retinopathy on the right. 
This occurs when abnormal 
new blood vessels and scar tis-
sue form on the surface of the 
retina.
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often leading to complete blindness.  The first set of symptoms 
includes specks of debris such as blood or vitreous opacities in the 
visual field, often referred to as floaters. Eventually, these floaters 
may become larger, and more permanent, as the vessels of the eye 
continue to leak blood. 

Fortunately, the pathophysiology for diabetic retinopathy is 
well understood, and thus a possible solution to the problem of DR 
presents itself: improve the circulation of the eye by repairing and 
strengthening the pre-existing small blood vessels. While this does 
not address the systemic disease, it may provide improvements in 
the retinal damage.

Using Stem Cells to Treat Diabetic Retinopathy
To determine the potential impact that stem cell treatments 

may have on DR, Tornambe reviewed the data from a clinical study 
using mesenchymal stem cells to treat seven people with diabetic 
retinopathy. “What the study showed,” Tornambe says, “is that the 
eyes that were treated with stem cells saw improved blood flow to 
the retina. This was demonstrated very objectively with Doppler 
flow velocity studies,” which use ultrasonic bursts to measure the 
velocity of blood flow in a certain area—in this case, the ophthalmic 
artery. Tornambe continues, “When the circulation is improved to 
the retina, the retina gets oxygen and nutrition, and it does not die. 
It does not make abnormal blood vessels that bleed. And, hopefully, 
it will preserve vision.”

The study that Tornambe referred to used MSCs, which have well-
established vasculotrophic properties. MSCs produce the growth fac-
tors that modulate the development of new blood vessels, such as 
the protein endostatin. Recent research has shown that endostatin’s 
effects extend to the arena of the eye, inhibiting abnormal neovas-
cularization in the tissue area responsible for supplying nutrients 
to the retina.6 There is interesting research supporting the inverse 
correlation between endostatin and diabetic retinopathy.8 Down’s 
Syndrome, a condition associated with a decreased risk of diabetic 
retinopathy, is known to increase endostatin levels.7 The current 
hypothesis is that the up-regulation of endostatin caused by Down’s 
Syndrome is the reason diabetic retinopathy is less likely in these 
individuals.9 The MSCs may have the ability to up-regulate end-
ostatin and other angiogenic inhibitors, and therefore reduce the 
formation of abnormal blood vessels. MSCs also produce trophic 
factors, such as angiopoietin-1, which strengthen pre-existing blood 

The top photo represents 
what a person with nor-
mal vision would see, the 
bottom is vision impaired 
by diabetic retinopathy.
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vessels, bolstering them against the degrading effects of hypergly-
cemic blood.10 MSCs also release additional trophic factors such as 
ciliary neurotrophic factor (CNTF), which “modulates survival of 
retinal neuronal cells,” ensuring the survival of threatened neuronal 
cells.10 Recently, an Oregon-based research group examined how 
MSCs were able to address retinal degeneration through the use of 
these growth factors. The team concluded, “MSCs may prove to be 
the ideal cell source for auto-cell therapy for retinal degeneration 
and other ocular vascular diseases.”10

Stem Cells as “Little Doctors”
Previously, we have explained that MSCs promote angiogenesis. 

In this case, however, they work to inhibit neovascularization. These 
results seem contradictory, but in reality illustrate the versatility of 
stem cells. Stem cells work to restore homeostasis to an area of the 
body that is in disequilibrium. If the area needs more blood vessels, 
stem cells can up-regulate pro-angiogenic factors. If the area has aber-
rant vascularity, the stem cells can induce the opposite effect. This is 
one advantage that stem cell-based medicine has over pharmacologic 
solutions to disease: a cell can change its behavior to better treat the 
underlying pathophysiology. A drug cannot. It is this versatility that 
Dr. Yanai of Jerusalem’s Hebrew University-Hadassah Medical School 
was referring to when he described stem cells as “little doctors.”11

MSCs are not the only “little doctors” that can treat ophthalmic 
conditions. Retinal cells are derived from neural stem cells, so NSCs 
and their derivates may also prove to be a potent treatment option. 
NSCs would be able to differentiate into new retinal cells, to replace 
dead ones. As well, their Chaperone Effect could rescue cells in dan-
ger of dying. Some research has indicated that allogeneic neural stem 
cells are immuno-privileged, meaning “the immune system will not 
attack them,” and thus have excellent implications for the treatment 
of CNS disorders as well as retinal disorders such as diabetic retinopa-
thy.12 

Dr. Michael Young (PhD) of Harvard Medical School explained 
that our growing understanding of the immuno-privileged status of 
NSC cells “could have an enormous effect on how we perform brain 
or retinal transplantations in the future.”13 

Just as the MSC-NSC combination has offered improvement in 
case study patients for stroke and spinal cord injury, similarly it may 
offer a powerful treatment option for diabetic retinopathy and other 
degenerative eye diseases. 

Ciliary neurotrophic  
factor (CNTF): is a protein that 
in humans is encoded by the 
CNTF gene. The protein encod-
ed by this gene is a polypeptide 
hormone and nerve growth fac-
tor whose actions appear to be 
restricted to the nervous system 
where it promotes neurotrans-
mitter synthesis and neurite 
outgrowth in certain neuronal 
populations including astrocytes. 
The protein is a potent survival 
factor for neurons and oligoden-
drocytes and may be relevant in 
reducing tissue destruction dur-
ing inflammatory attacks. 
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Restoring Sight
Tornambe had studied the results of seven patients, several of 

whom had received NSCs in addition to MSCs. MA, whose story was 
presented at the beginning of the chapter, was one such patient.  

He enrolled in a clinical study in June 2006, receiving three 
stem cell treatments over a period of two years. During the first 
treatment, he received an injection of neural progenitor cells in 
each eye, as well as an infusion of mesenchymal stem cells. For the 
subsequent two treatments, he received just neural cells, again in 
each eye. 

MA started noting improvements within a few weeks after 
his first treatment. In post-treatment follow-ups, conducted in 
August and September 2006, doctors noticed improvement as well. 
Clinicians observed that the electric response threshold of the retina 
in both of MA’s eyes had decreased. The electric response threshold 
is a measure of how much stimulation is needed before any type of 
excitable cell transmits an electrical impulse. For retinal cells, this 
measurement refers to the amount of light that is needed before 
the retina sees that a light is shining. For MA, his lowered response 
threshold meant that he was able to see in dimmer light, resulting 
in clearer vision. MA’s response threshold decrease was shown at 3 
months to be approximately “25% below pretreatment level in the 
right eye; 50% below pretreatment level in the left eye.”14 The thick-
ness of his retinal nerve fiber layer had also increased significantly, 
indicating greater numbers of healthy retinal cells.15 Further tests, 
conducted in April 2007, confirmed that his eyes were improving.15

MA noticed the 
difference; he had 
fewer headaches and 
reported that his 
vision had improved 
approximately 80%.

The graph to the right illus-
trates MA’s improvements 
after stem cell therapy.
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MA noticed the difference; he had fewer headaches and reported 
that his vision had improved approximately 80%. “The double 
vision is greatly reduced, and I can see much better,” he said in a 
follow-up session.16 He was eventually able to read up to five hours 
without taking a break. MA’s improvements eventually enabled him 
to return to work.

MA was engaged in a clinical study to address his diabetic reti-
nopathy, but a treatment that would reduce the manifestations of 
diabetes in the eye could possibly reduce the problems diabetes 
caused in other parts of the body, as well. It appears that the MSCs 
were able to do more for MA than just treat his diabetic retinopathy; 
they may also have reduced the severity of his diabetes. After his 
first treatment, MA started reporting better mobility, but he also was 
able to reduce his insulin intake by 50 percent.

The results of the patients in this study, Tornambe noted, seemed 
to show that “this treatment could be used to treat a large spec-
trum of the diabetic population, regardless of duration of disease or 
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Left columns of the same 
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patient’s right eye, right col-
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Retarding Diabetic 
Retinopathy
The following chart sum-
marizes the three year follow 
up results of four patients 
with diabetic retinopathy. 
The patients had a single 
treatment with neural and 
mesenchymal stem cells and 
were serially evaluated at 
the Federov Eye Institute in 
Moscow. These preliminary 
results indicate that stem cell 
treatment may help stabi-
lize or improve eye function 
above baseline for extended 
periods of time.
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Electrooculography eye data (Arden ratio) for patients with  
diabetic retinopathy following stem cell treatment
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disease severity.”17 MA’s result also illustrates that stem cell treat-
ments may improve function in other areas affected by diabetes.

As scientists further develop cell matrices and other methods to 
influence stem cells’ homing abilities, the future for diabetic reti-
nopathy patients may become even brighter.

Macular Degeneration
Age-related macular degeneration, or AMD, is the foremost cause 

of blindness among the elderly. Dr. Robert Klein (MD), a professor 
at the University of Wisconsin, Department of Ophthamology and 
Visual Sciences, recently completed a study on the prevalence of 
macular degeneration in the United States. One in fifteen Americans 
aged 40-years and older have signs of AMD, approximately 7.2 mil-
lion people.18 However, this is a 9% decrease in the prevalence since 
a prior study was done in 1994; this may be attributable to improve-
ments in diet, exercise and blood pressure.18 While the exact cause 
of AMD is still debated, it generally occurs when the macula, a sec-
tion of the retina, becomes damaged.

There are two forms of macular degeneration:

1.  Central Geographic Atrophy, or “Dry” Macular Degeneration: For 
reasons that are not yet fully explained, the cells of the macula 
begin to break down. The problem may originate with the reti-
nal photoreceptor cells themselves, or with the retinal pigment 
epithelium (RPE) cells, which supply the retina with oxygen and 
nutrients and which also remove waste products from the eye. 
Whatever the cause, the result is a build-up of cellular debris 
called “drusen” and the gradual failing of key retinal cells. As 
Tornambe describes it, “the retina basically wears out.”

2.  Neovascular or Exudative (“Wet”) Macular Degeneration: As a con-
sequence of “dry” AMD, the body will often try to supply the 
affected area with more blood. Thus, factors like VEGF are up-
regulated while other inhibiting factors go through abnormal 
changes, an occurrence that may result in aberrant blood vessel 
growth. These weak blood vessels begin leaking blood onto the 
macula, destroying retinal cells and creating scar tissue within 
the retina. Although not all cases of dry AMD will lead to a wet 
form of the disease, the presence of central geographic atrophy 
is a pre-requisite for neovascular macular degeneration. 

Both forms of macular degeneration cause the loss of central 
vision, in many situations making it impossible to recognize faces. 

Macular degeneration:  
top early intermediate (dry), 
middle intermediate (dry) and 
lower neovascular (wet).
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The dry form of the disease is far more prevalent, with approxi-
mately 90% of all macular degeneration cases being dry. However, 
wet macular degeneration is far more likely to result in blindness.

Both forms of macular degeneration are mainly linked to age, 
so much so that many physicians often refer to macular degenera-
tion as age-related macular degeneration. In the United States, the 
National Eye Institute cautions that almost a third of all people 
above the age of 75 are at risk for AMD.19 Both the wet and dry 
forms of AMD are progressively degenerative, and they both lack 
effective treatment options. There is currently no cure for AMD.

In the United Kingdom, where over 500,000 people are affected 
by macular degeneration, a research group known as The London 
Project to Cure Blindness has been working diligently to advance 
stem cell treatments for AMD. The group began with animal trials, 
restoring sight to a group of rats that suffered from an AMD-like 
condition. The results were encouraging, but rat models of AMD 
have long been acknowledged to be imperfect indicators of AMD in 
humans. The researchers realized they needed to move forward with  
human trials, in order to have a good indication as to whether the 
stem cell treatments would work.

The Project advanced their work by using autologous cells to 
treat a small group of AMD patients. The results were encouraging. 
“In some cases, the transplants were so successful that the patients 
were able to read, cycle and use a computer,” reported a journalist 
who spoke with scientists from the Project.20 Currently, the Project 
is preparing to investigate the use of embryonic stem cells to treat 
AMD in a clinical setting. The Project’s clinical trial, expected to 
start at the beginning of 2011, is only the second clinical trial with 
embryonic stem cells for any clinical condition ever attempted (as 
of the date of this publication).21, 22 The London Project acknowl-
edges that, “considering that these will be the first human embry-
onic stem cell trials in man in the UK, the project really will be 
breaking new ground.”23

The Project is attempting to use stem cells to produce new reti-
nal pigment epithelial cells, which are among the hardest affected 
by macular degeneration. It is the failure of the RPE cells, in AMD 
and in other retinal diseases, which cause other cell types to sub-
sequently die off. Replace the atrophying RPE cells with healthy 
ones, the researchers of the Project maintain, and an efficacious 
treatment for AMD will have been created. Pharmaceutical research 

The top photo represents 
what a person with 
normal vision would 
see, the bottom is vision 
impaired by age related 
macular degeneration.
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giant, Pfizer, seems to agree; they announced their financial backing 
of the Project in April of 2009.21

The researchers have discovered how to place the stem cells 
on an artificial membrane, which is then inserted in the back of 
the retina, negating the need for the cells to home to the site of 
the degeneration. Dr. Pete Coffey (PhD), Director of the London 
Project and Professor of Cellular Therapy and Visual Sciences at the 
University College London, believes that the treatment, which has 
already shown effective proof-of-principle with the previous adult 
autologous trials, could quickly transition to mainstream medicine, 
saying, “This could have a tremendous effect on a huge population 
who have no current therapy.”20 And although 14 million people 
have been rendered legally blind due to AMD in Europe alone, 
Coffey envisions this potential treatment as not limited to one con-
tinent, but “as a global therapy.”23

Other Stem Cells and Macular Degeneration
Other research has found additional possibilities for stem cell 

therapy. Dr. Martin Friedlander (MD, PhD), of the Scripps Research 
Institute, in San Diego, California, has delivered hematopoietic stem 
cells (HSCs) to mice with abnormal vasculature in the eye, a model 
resembling diabetic retinopathy and wet AMD. The cells subsequent-
ly “stabilized and prevented deterioration of the eye. In addition to 
rescuing blood vessels, the cells had a ‘neurotrophic rescue effect’ in 
which neurons of the eye were saved,” not unlike the neurotrophic 
effect manifested by stem cells in other clinical treatment situations.5 
Furthermore, these cells appeared able to differentiate into microglial 
cells, promoting vascular repair.5

The reparative role of microglia has been disputed, but a study 
from a Japanese research group based in Kyoto University provided 
further evidence that transplanted microglial cells, such as those 
differentiated from transplanted HSCs, actually “play a protective 
role in retinitis pigmentosa” and similar retinal diseases.24 The more 
microglial cells in the retina, then, the better, and HSCs appear to be 
able to differentiate into these supportive cells. A study published in 
the American Journal of Pathology also demonstrated that HSCs may 
be able to transdifferentiate into RPE and other cells that could assist 
in retinal repair, providing further support for the hypothesis that 
“HSCs could serve as a therapeutic source for long-term regeneration 
of injured retina and choroid in diseases such as age-related macular 
degeneration and retinitis pigmentosa.”25

“HSCs could serve as a 
therapeutic source for 
long-term regeneration 
of injured retina and 
choroid in diseases such 
as age-related macular 
degeneration and 
retinitis pigmentosa.”

“This could have a 
tremendous effect on 
a huge population 
who have no current 
therapy.”
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Writing in The Journal of Clinical Investigation, Friedlander’s 
team declared that the “profound vasculotrophic and neuro-
trophic effects” of the stem cells used in their investigation may 
offer hope not just to those who are going blind, but to those 
who have just started experiencing symptoms of retinal degen-
eration.26 They argued, “since nearly all of the human inherited 
retinal degenerations are of early, but slow, onset, it may be pos-
sible to identify an individual with retinal degeneration, treat 
them intravitreally with an autologous bone marrow stem cell 
graft, and delay retinal degeneration with concomitant loss of 
vision.”26

In other words, some type of stem cell preventive regimen 
could postpone blindness indefinitely for patients suffering from 
retinal degenerative diseases. While Friedlander’s team used 
autologous stem cells, allogeneic cells may offer the advantage of 
being less senescent than the cells taken from AMD patients. The 
average AMD patient is of a more advanced age, a fact reflected in 
the acronym AMD (age-related macular degeneration.) Immune-
privileged allogeneic stem cells from a younger donor may be 
more potent than the patient’s own stem cells.

Friedlander has more recently begun looking at the possibility 
of induced pluripotent stem cells, and how they might be used 
to treat AMD. His research is being funded by grants from the 
California Institute for Regenerative Medicine and the National 
Eye Institute, reflecting the degree of confidence state and federal 
authorities have in the potential of stem cell therapy to achieve 
clinical results. For Friedlander, who also works as a clinician, 
treating AMD is not just a scientific endeavor. “The clinical real-
ity,” he explained in a 2009 interview, “is that 6 to 8 percent of 
people over the age of 75 are legally blind from this disease.” 

And, by all accounts, AMD is likely to become a more serious 
problem in North America. “We are the age of the Baby Boomers,” 
Tornambe exclaimed. “You ain’t seen nothing yet.” 

Retinitis Pigmentosa
Compared to diabetic retinopathy and macular degeneration, 

retinitis pigmentosa (RP) is relatively less common. A genetic 
disorder, it affects approximately 1 in 4,000 people in the U.S. In 
retinitis pigmentosa, genetic mutations cause the malfunction of 
cells around the retinal pigment epithelium. Retinitis pigmentosa 

“We are the age of the 
Baby Boomers,” Dr. 
Tornambe exclaimed, 
“You ain’t seen  
nothing yet.”
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affects rod photoreceptor cells near the epithelium; as the photorecep-
tor cells die off, vision loss occurs. 

A person with an RP-expressed phenotype will usually lose the 
ability to see in the dark, a condition known as nyctalopia or night 
blindness. As more photoreceptors or epithelial cells die off, periph-
eral vision worsens, until an RP patient is only able to see through a 
“tunnel” of vision at the center of the visual field. 

There are many different genes that, through mutation, can cause 
RP. This mutation leads to visual degeneration, as unhealthy retinal 
cells begin dying off. A successful stem cell treatment must accom-
plish the task of replacing these dead photoreceptor cells with new 
ones. Professor of ophthalmology at the University of Oxford, Dr. 
Robert MacLaren (MD, PhD) explains that, because retinitis pigmen-
tosa only affects certain cell types, the resulting degeneration “ini-
tially leaves the inner neural circuitry intact and new photoreceptors 
need only make single, short synaptic connections to contribute to 
the retinotopic map.”27 However, maximum effect will be achieved 
only if the new cells are not deficient. This fact argues against the use 
of autologous stem cells to treat RP, as an autologous treatment would 
simply inject cells containing the same defect which resulted in the 
death of the original photoreceptor cells. 

The most promising stem cell treatment might be an allogeneic 
transfer of cells that have already been primed to produce photore-
ceptors. As an illustration of this possibility, MacLaren and his team 
conducted an animal study in which they transplanted retinal pro-
genitor cells from non-RP mice into mice with retinal degeneration. 
The transplanted cells were found to “differentiate, form functional 
synaptic connections with downstream targets in the recipient retina 
and contribute to vital function.”27

It is important to remember that retinal cells are actually neural 
cells; they are essentially the mediator between the rest of the eye and 
the brain. As such, retinal progenitor cells are derived from neural stem 
cells. Studies have also suggested that neural progenitor cells employ 
trophic effects to rescue endogenous retinal cells. For example, an 
animal study, led by Dr. Mark Kirk (PhD) of the University of Missouri, 
placed neural cells derived from embryonic stem cells within the eyes 
of retina-damaged adult mice. Kirk’s team found that the transplanted 
cells “enhanced survival of host retinal neurons, particularly photore-
ceptors.”28 Neural stem cells, through their neurotrophic effects, may 
also be able to enhance the survival of endogenous retinal cells. 

The top photo represents 
what a person with nor-
mal vision would see, the 
bottom is vision impaired 
by retinitis pigmentosa.
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Slowing the Progression of Retinitis Pigmentosa
Recently, Tornambe studied the results of a Stemedica-sponsored 

animal study that employed undifferentiated neural stem cells, along 
with retinal pigment epithelial progenitor cells and ciliary body pro-
genitor cells. “The study that we recently reviewed was with rats with 
retinal dystrophies. These rats were doomed to be blind at 36 weeks, 
but the stem cells were able to tremendously modify and slow the 
progression of the deterioration to the point that many of the cells 
looked normal.”

The ciliary body progenitor cells, which come from the triangular 
ciliary muscles that can be seen in the corner of the eye, were gener-
ally ineffective; in short, they were the wrong cell type to use for a 
retinal condition. But the RPE progenitor cells and neural stem cells 
were apparently able to effect repair. 

The RPE/NSC combination seems uniquely suited to offer an effec-
tive multi-cell solution to retinitis pigmentosa. The RPE progenitor 
cells work to strengthen the cell population that supports the reti-
nal cells, and thus restore balance to the retinal microenvironment. 
Epithelial cells play a primary role in regulating retinal homeostasis. 
They are the gatekeepers of the retina, determining which small mol-
ecules enter and exit. Their health is vital to the health of the retinal 
photoreceptors. As Tornambe summarized, the animal trial demon-
strated that “RPE stem cells injected into the suprachoroidal space 
prevented the animal’s RPE cell’s degeneration as well as preventing 
degeneration of the overlying photoreceptors.” Meanwhile, the NSCs 
are apparently able to differentiate into functioning photoreceptor 
cells, and through the Chaperone Effect they can rescue photorecep-
tor cells that otherwise would die off, treating the primary cause of 
the vision loss.

The rats in the animal study had a retinal dystrophy that was 
similar to retinitis pigmentosa. “In the animals that had the stem 
cells inserted, the retinal dystrophy progressed much more slowly,” 
explains Tornambe. “At the conclusion of the study, the histology 
of the retina was almost normal in the cases of those eyes that had 
the stem cells, compared to the controls, and the electro-physiologic 
studies showed responses in those eyes that had the stem cells insert-
ed, as compared with the control eyes.”

Electrophysiologic studies are a common tool to determine 
response in animal studies. “With an animal, you can’t just ask them 
to look at an E chart and tell you what they see,” Tornambe jokes. 

“The study that we 
recently reviewed was 
with rats with retinal 
dystrophies. These rats 
were doomed to be blind 
at 36 weeks, but the 
stem cells were able to 
tremendously modify 
and slow the progression 
of the deterioration to 
the point that many of 
the cells looked normal.”
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“But you can use techniques such as electrical stimulation, and then 
measure the subsequent impulse. And in places where the control rats 
had completely extinguished impulses, the stem cell-treated animals 
showed impulses as a result of the stimulation. So something was 
clearly happening.”

Tornambe was surprised by how effective the stem cells appeared 
to be in promoting the rats’ vision. “What’s even more exciting,” he 
explains, “and this is a real mystery to me, is that we would treat only 
one eye, and yet the untreated eye in these rats would also improve. 
There’s some crossover effect, and I’m still trying to figure out why 
that is.” One hypothesis is that the positive outcome of the untreated 
eye was achieved through the stem cells’ systematic release of cyto-
kines and other growth factors, inducing the endogenous stem cells 
of the untreated eye to mobilize.

This study represents one contribution to the field of stem cell 
research regarding ophthalmic disease. Other contributions include a 
recently-concluded study at the Columbia University Medical Center, 
where researchers used mouse embryonic stem cells to replace dis-
eased retinal cells in a mouse model of RP. The lead author of the 
resulting paper, Dr. Stephen Tsang (MD, PhD) declared, “This research 
is promising because we successfully turned stem cells into retinal 
cells, and these retinal cells restored vision in a mouse model of reti-
nitis pigmentosa.”29 

In the Columbia study, sight was restored in a quarter of the mice 
that received the ESCs. However, complications were found in some 
of the mice, including benign tumors.29 This is one of the concerns 
with using embryonic stem cells, and one of the reasons that adult 
stem cells may be a better choice for human use.

Tornambe sees stem cells as the future of RP treatments. “In some 
diseases where we can intervene in a slowly progressive disease, 
for example, like retinitis pigmentosa, instead of having to make 
completely new tissue, we might be able to re-model or re-engineer 
affected tissue with stem cells, so that it becomes healthy tissue. At 
this time,” he continues, “I don’t know of any other way to regener-
ate tissue. We’ve tried retinal tissue transplants, for example. That 
doesn’t work. With the exception of corneal transplants, we have had 
very limited success with transplanted eye tissue. Maybe in the future 
we will overcome the hurdles of retinal transplants, but I think that 
the answer is more likely to come from stem cells.”

“This research is 
promising because we 
successfully turned 
stem cells into retinal 
cells, and these retinal 
cells restored vision in a 
mouse model of retinitis 
pigmentosa.”

“What’s even more 
exciting, and this is a 
real mystery to me, is 
that we would treat 
only one eye, and yet the 
untreated eye in these 
rats would also improve. 
There’s some crossover 
effect, and I’m still 
trying to figure out why 
that is.”
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There is hope for the nearly 35 million patients worldwide who 
suffer annually from chronic wounds, as well as the estimated 6.5 
million with burns severe enough to require professional treat-
ment.1 Significant treatment advancements have occurred through 
the use of anti-infectives, skin ulcer management, moist dressings, 
pressure relief (including negative pressure) and biological dress-
ings. These technologies are helping to drive double digit growth 
in a wound care market set to hit $12.5 billion by 2012.2 

Many factors are fueling this growth, the key drivers being an 
aging population, an ever-rising epidemic of diabetes, and the 
prevalence of vascular disease. Chronic skin wounds are classically 
divided into three categories of ulceration: diabetic, pressure and 
venous. Each of these will be discussed in this chapter. First, how-
ever, it is helpful to take a closer look at the skin to understand 
both normal function as well as the pathology of a chronic wound. 

The skin is the largest organ in the body, comprising about two 
square meters (21.5 square feet) and 16% of the average person’s 
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body weight. It serves a variety of functions, the most critical of 
which is barrier protection. It keeps harmful agents, such as bacte-
ria, out. The skin regulates temperature through blood vessel dila-
tion—to dissipate heat, or contraction—to conserve heat. Sweat and 
sebum provide lubrication to the skin. Ultraviolet light stimulates 
the skin to synthesize Vitamin D that affects calcium and bone 
metabolism.

There are two layers to the skin. The epidermis is the outermost 
layer. It is a very thin layer varying in depth anywhere from 150 
to 300 microns. To put this in perspective, the diameter of a typi-
cal hair averages 80 microns. The epidermis contains the skin cells, 
or keratinocytes. They grow from the basal layer and shed between 
14 and 28 days. 

The dermis is 2-3 millimeters in depth. This layer is comprised of 
connective tissue in the form of collagen and 

elastin fibers. These substances 
are secreted by the fibroblasts 
in the extracellular matrix. The 
dermis contains nerves, blood 
vessels, glands and hair fibers. 
The macrophage cells that 
respond to inflammation are 
housed here. 

Stem and progenitor cells 
are found in four regions of the 
skin: the junction of the epi-

dermis and dermis, the bottom 
of the sebaceous gland, the bulge of 

the hair follicle, and the dermal papilla. 
These cells play a vital role in regenerating 

and repairing wounds.

Bulge

Dermal 
papilla

 Wound Worldwide CAGR*
 Type Prevalence 2007-2016

 Burns 6.5 million 1.3%

 Pressure Ulcers 8.5 million 6.9%

 Venous Ulcers 12.5 million 6.7%

 Diabetic Ulcers 13.5 million 9.3%

       *CAGR: Compound annual growth rate. Data is from MedMarket Diligence, LLC.1

Epidermis

Dermis

Adipose 
tissue

Stem and progenitor cells 
are found at the junction of the 
epidermis and dermis, the bottom of the 
sebaceous gland, the bulge of the hair follicle, 
and the dermal papilla.

Arrector 
pili muscle
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The Stages of Wound Healing
We are all familiar with the heat, redness, tenderness and swell-

ing that accompany a skin wound and the progression to healing. 
Wound healing takes place in a series of steps, the first of which is 
the inflammatory response that occurs within minutes of an injury. 
Once the skin is injured, a type of soluble signaling protein known 
as cytokines are secreted by the body’s white blood cells. Just as 
adrenaline prompts the central nervous system to immediately 
respond to a threat, the cytokines jump-start the wound healing 
process. They initiate a cascade of biological reactions that begins 
with homeostasis. Vessels constrict to control bleeding and platelets 
in the blood begin forming fibrin clots. Histamine, released from 
the body’s mast cells, enables serum to enter the wound, accompa-
nied by white cells (the primary type being neutrophils.)

The neutrophils begin a cleaning process, engulfing bacteria 
and other cellular debris. They then give way to another type of 
white  blood cell known as a monocyte. These white blood cells are 
transformed into macrophages. The macrophages are the vultures 
of the wound healing process. They secrete nitrous oxide that kills 
pathogens; they also secrete proteases, one class of which is known 
as matrix metalloproteinases (MMP) that break down the damaged 
tissue which they then ingest. 

Once the inflammatory process ceases, the stage of early wound 
repair begins. This is marked by three simultaneous events governed 
by a category of signaling proteins known as growth factors. The 
three events are epithelialization, neoangiogenesis and provisional 
matrix formation.A, 3 

• Epithelialization: This is the process whereby the body attempts 
to cover the denuded surface with skin. This process is directed 
by the fibroblasts in the dermis that influence the keratinocytes 
to proliferate and move to close the surface of the wound. The 
fibroblasts secrete the growth factor KGF-2 (keratinocyte growth 
factor) and the cytokine IL-6 (interleukin-6) working in con-
junction with nitrous oxide.

• Neoangiogenesis: This involves the creation of the endothelial 
cells and the capillaries necessary to supply the healing wound 
with blood flow. This process is started by the macrophages 
releasing cytokines, however in the early wound healing phase 
it is primarily the keratinocyte expression of VEGF (see Chapter 

Cytokines: small cell-signaling 
protein molecules that are 
secreted by numerous cells of 
the immune system and are a 
category of signaling molecules 
used extensively in intercellular 
communication. Cytokines can 
be classified as proteins, pep-
tides, or glycoproteins; the term 
“cytokine” encompasses a large 
and diverse family of regulators 
produced throughout the body 
by cells of diverse embryological 
origin.

Cytokines and Factors in 
Early Inflammation
The following cytokines and 
factors are released by the 
inflammatory neutrophils, 
and later, macrophages in 
the earliest stage of wound 
healing. The cytokines also 
serve to stimulate the fibro-
blasts, endothelial cells and 
the macrophages to secrete 
more cytokines.
•  PDGF: Platelet-derived 

growth factor 
•  IL-1: Interleukin-1
•  TNF-α: Tumor necrosis 

factor-a (assay)
•  G-CSF: Granulocyte colony-

stimulating factor
•  GM-CSF: Granulocyte-

macrophage stimulating 
factor
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10) that is responsible for this neoangiogenesis. Fibroblasts also 
express VEGF. 

• Provisional Matrix Formation: The matrix provides the structural 
support for the wound to contract. The macrophages initiate 
this formation through the secretion of cytokines TNF-α and 
PDGF. Fibroblasts then take over the process. In response to 
stimulation by PDGF they begin synthesizing the glycosamino-
glycans and fibronectin that are important components of the 
matrix. Over a 7-14 week period, TGF-ß induces the fibroblasts 
to form Type I collagen, allowing contraction of the wound to 
take place. This early contraction, along with the epidermal 
covering, closes the wound.

Late wound repair may continue for as long as a year. The col-
lagen meshwork becomes thicker and remodeled so as to gain 
additional strength. Fibroblasts do this work, stimulated by TGF-ß, 
which also inhibits some of the activity of the MMPs that were 
active in the early inflammatory phase. 

When the wound is large and unable to easily close, rather than 
become neatly organized and smooth, the collagen fibers proliferate 
and form a mass of tangled fibers that contain few pigmented cells. 
In short, the wound is healed with a scar. When this tightened tis-
sue occurs near a joint, it may result in a contracture, which restricts 
range of motion. Another type of disordered wound healing is 
known as a keloid, which is marked by an overproduction of dis-
organized collagen in response to a wound. Keloid-prone patients 
have alterations to their TGF growth factors. 

Understanding Chronic Wounds
Chronic wounds are those that exhibit delayed healing. There are 

many reasons for this—among them diabetes, infection, advanced 
age, friction, anemia, inadequate blood supply and nutritional defi-
ciencies. As we have noted, the major types of chronic wounds are 
diabetic, venous and pressure. 

• Diabetic Ulcers: Diabetes hardens blood vessels, impairs circula-
tion, and reduces peripheral nerve sensation. For these reasons, 
an ulcer that would normally heal quickly may result in a 
chronic wound in a diabetic. This can become life-threaten-
ing, especially when the wound is on the lower extremity, an 
extremely common occurrence. One study of diabetics found 
that 15% of the 150 million diabetics worldwide suffer from 

Growth Factor Signaling
Growth factors influence heal-
ing through three different 
signaling methods:

1.  Autocrine: the cell  
signals itself.

2.  Paracrine: the cell signals 
its immediate neighbors.

3.  Endocrine: one or more 
cells signal remote cells via 
the blood stream.

Dr. Robert Goldman (MD), 
Assistant Professor in the 
Department of Rehabilitation 
Medicine, University of 
Pennsylvania, notes that 
autocrine and paracrine com-
munication are important 
in coordinating the wound 
healing process and are effec-
tive at extremely low concen-
trations.3 These low concen-
trations are effective because 
of the avid and precise bind-
ing of growth factor proteins 
to cell surface receptors.4
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foot ulcerations.5 “Approximately 15 to 20 percent of the esti-
mated 16 million persons in the United States with diabetes 
mellitus will be hospitalized with a foot complication at some 
time during the course of their disease.”6 The wound, refusing 
to heal, becomes an entry point for infections that can spread 
to the rest of the body. Partially formed blood clots at the inju-
ry site may break apart and clog nearby blood vessels, causing 
ischemia. This helps explain why over 60% of all lower-limb 
amputations (excepting those that are necessary due to trauma, 
such as a car crash) occur in diabetics.7

• Pressure Ulcers: Pressure ulcers are also known as decubitus 
ulcers. They are a major problem for bedridden patients, par-
ticularly the elderly who are prone to having thin skin and 
longer wound healing time. The pressure sore forms as the 
result of tissue damage at the point where a bony prominence 
comes into contact with an object such as a bed or a chair. The 
most commonly involved areas are the pelvic bones, sacrum, 
hips, ankles, and heels. Pressure ulcers have been categorized 
by the National Pressure Ulcer Advisory Panel (NPUAP) into 
four stages, reflecting the amount of anatomical tissue lost (see 
chart). Preventing and effectively managing pressure ulcers is 
an important measure of quality for US healthcare facilities.

• Venous Ulcers: These skin ulcers are the most common type of 
leg ulcer. A venous stasis ulcer occurs when the valves in the 
veins of the leg malfunction, stretching the veins and allow-
ing blood to pool in a certain area. The epidermis over this 
area tends to thin and take on a discolored brown appearance 
as melanin and hemosiderin (iron containing pigment) get 
deposited in the tissue. The skin appears leathery and edema-
tous. The resultant ulcer often forms on the lower leg in an 
area where the neighboring blood vessels have already broken 
down, making the venous stasis ulcer particularly resistant to 
treatment. One of the most common areas is the inner ankle. 
As with the ulcers mentioned earlier, infection is likely. In addi-
tion to biological wound dressings, these wounds are treated 
by extrinsic compression that helps to reduce the swelling and 
extravagated blood. 

Chronic wounds (wounds that will not heal within a normal 
time period) pose enormous problems for affected individuals, their 
caregivers, and society at large. These wounds affect more than 
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five million Americans, and cost an estimated $20 billion a year.8 
Modern medicine has been unable to provide satisfactory answers 
to many of these five million Americans. “The best available treat-
ment for chronic wounds achieves only a 50% healing rate that is 
often temporary.”9

The Emergence of Biological Dressings
Biological dressings, comprising cells from an assortment of 

sources, are now routinely used in the management of skin wounds. 
These cell-based therapies assist in repairing and/or replacing the 
wounded tissue. Some cellular products can also help restore nor-
mal functionality to the skin such as sweating, sebum production, 
or hair replacement. 

Pressure ulCer FOur sTAGes

stage 1: Intact skin with non-blanchable redness 
of a localized area usually over a bony prominence. 
Darkly pigmented skin may not have visible blanch-
ing; its color may differ from the surrounding area.

stage 2: Partial thickness loss of dermis presenting 
as a shallow open ulcer with a red pink wound bed, 
without slough. May also present as an intact or 
open/ruptured serum-filled blister.

stage 3: Full thickness tissue loss. Subcutaneous 
fat may be visible but bone, tendon or muscle are 
not exposed. Slough may be present but does not 
obscure the depth of tissue loss. May include under-
mining and tunneling. 

stage 4: Full thickness tissue loss with exposed 
bone, tendon or muscle. Slough or eschar may be 
present on some parts of the wound bed. Often 
include undermining and tunneling.
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As more biological dressings come to market, scientific attention 
is increasingly being drawn to the type of cells used, as well as the 
sources of these cells. Improvements in wound healing outcomes 
will be driven by the choice of biological material used, as well as 
the wound healing factors they secrete. An additional important 
factor will be the delivery system used. Among the common alloge-
neic sources in commercially available products are:

• Acellular cadaver dermis,

• Porcine skin or small intestine mucosa,

• Foreskin fibroblasts and keratinocytes, and

• Donor keratinocytes.

These cells are layered or seeded onto a variety of matrixes that, 
depending upon the product, may include nylon mesh, silicone, 
bovine or horse collagen, polyglycolic acid, or hyaluronic acid. 

In addition to allogeneic sources, autologous skin fibroblasts 
and substitutes have been used in the treatment of leg ulcers. As 
with many types of autologous treatment, different levels of effi-
ciency are achieved.10 This is due, in large part, to the long time 
needed to cultivate the patient’s own tissue. With these limitations 
in mind, the selection of allogeneic cell type becomes paramount.

Fetal Cells: Enhanced Efficiency and Effectiveness 
for Wound Healing

It is no surprise that the search for an ideal allogeneic cell has 
focused on the study of fetal skin cells. Scientists have long known 
that an in-utero wound to a fetus heals without scarring, and with 
little concomitant inflammation. Could this benefit extend to 
the treatment of adult wounds with fetal skin cells? According to 
Dr. Lee Ann Laurent-Applegate (PhD), University Hospital CHUV, 
Department of Musculoskeletal Medicine, Cellular Therapy Unit, 
in Lausanne, Switzerland, fetal skin cells offer multiple advantages 
over other sources. Applegate has studied the application of fetal 
skin cells on a collagen matrix for chronic wounds and burns. 

In her studies with this technology, she has noted that the new 
wound collagen is deposited in a very organized pattern that is 
indistinguishable from uninjured tissue. Using fetal skin cells, it is 
possible to regenerate all layers of skin as well as normal append-
ages such as hair follicles, sebaceous and sweat glands.10 There are 
significant manufacturing advantages that fetal cells, taken at 14 

The photos above are of a 
14 month old female who 
suffered second and third 
degree burns from scalding 
coffee. She was treated with 
fetal cell constructs. Top: 
Before treatment; Second: 
Fetal cell construct after 
application; Third: 2 weeks 
post treatment; Bottom: 
Follow-up 15 months post 
treatment.11, 12
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weeks of gestation, have, including: 

• Rapid growth in culture,

• Resistance to oxidative stress,

• No expression of HLA (thus they are immune privileged and do 
not incur rejection),

• Expandability without potency loss: 900 million biological ban-
dages can be fabricated from one master bank, and

• Minimal initial tissue requirement: a master bank can be built 
from one skin organ donation (no need for multiple donors).

Applegate reported on the use of the fetal skin constructs to treat 
13 skin ulcers in 9 patients over 3 to 31 weeks. Of these 13 ulcers, 
eight closed completely, four were significantly ameliorated in size 
but not completely closed. One patient who noted substantial prog-
ress was lost to follow-up.10 In other studies, allogeneic skin substi-
tutes that used fetal foreskin have shown decreased healing times 
for diabetic foot ulcers and non-bearing wounds.13, 14

Applegate noted similar success using fetal skin constructs in a 
study of deep second and third degree burns in pediatric patients.11 

Complete closure of the burn occurred at just over two weeks with 
no hypertrophic granulation tissue. Furthermore, no retraction or 
secondary skin breakdown occurred. When the constructs were 
applied over extremities, the joints healed with full range of motion. 

Growth Factors: The Search for a Silver Bullet
We have seen how cell choice makes a difference in efficiency 

of wound healing. Because so much of the wound healing effect 
is mediated by growth factors, researchers have spent considerable 
time and attention in this arena. Similar to the drug discovery pro-
cess, the earliest research has centered around attempts to identify 
a singular growth factor, one that ultimately can be manufactured 
synthetically through a recombinant process. 

One of the first to be considered has been VEGF. In a study led 
by Dr. Robert Galiano (MD) of Northwestern Memorial Hospital in 
Chicago, topically applied VEGF was introduced to the wounds of 
diabetic mice. The VEGF-treated mice healed more than twice as 
fast as untreated mice, with the VEGF wounds showing “increased 
epithelialization, increased matrix deposition, and enhanced cel-
lular proliferation” compared to the control group.15 The research-
ers noted that the VEGF also induced a significant up-regulation 

The Difference Between 
Scarring and Scarless 
Collagen12

Why does an adult wound 
result in a scar, while an in-
utero fetal wound does not? 
The answer may be found 
in the type of collagen pro-
duced. In the fetus, the fibro-
blasts produce more type 
III collagen with the wound 
made up of 30-60% type III. 
Adult wounds comprised only 
10-20% type III, with a great-
er percentage of type I col-
lagen. In comparison to type 
I collagen, type III fibers are 
smaller and finer, allowing for 
a more organized deposition. 
The growth factor TGF-ß has 
also been shown to play an 
important role in this process.
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of platelet-derived growth factor-B and fibroblast growth factor-2. 
These two growth factors influence both platelet and fibroblast 
activity. 

Although the results of the animal study were uniformly 
positive, there was one small proviso: VEGF treatment originally 
induced some leakage in the newly formed vasculature near the 
wounds.15 It is possible that the concomitant application of other 
regulatory factors, such as angiopoietin, might have reduced this 
vascular reaction, but the study had only used one growth factor. 

VEGF is not the only singular growth factor that has been tested 
on wound healing. A study with the Sonic Hedgehog (SHH) protein, 
which regulates the interaction between the outer and inner lin-
ings of blood vessels, showed that the use of this peptide enhanced 
wound healing in a mouse model by promoting increased wound 
vascularity.B, 16 Other studies have focused on colony-stimulating 
factors and keratinocyte growth factors for venous stasis ulcers. The 
colony-stimulating factors aid wound healing by stimulating the 
macrophages and monocytes, leading to an increase in granula-
tion volume.17 Keratinocyte growth factor (KGF-2) studies of rats 
showed that this growth factor aids epithelialization, but does little 
for wound contraction.18

Of all the singular growth factor treatments, only one is approved 
for treatment by the FDA in the United States. Platelet-derived 
growth factor-BB (PDGF-BB) has been approved for the treatment 
of neuropathic diabetic ulcers; it is used off-label for other wound 
types. Known as becaplermin (REGRANEX® gel), it is produced from 
genetically engineered yeast cells in which the gene for the Beta 
chain of PDGF has been inserted. In a multicenter, randomized, 
prospective double-blind placebo-controlled trial, PDGF-BB demon-
strated 20% improvement in wound closure of lower extremity dia-
betic ulcers after 20 weeks of treatment.19 The best results appeared 
to be obtained in wounds that had been aggressively debrided.20

The Power of More than One Growth Factor
But why use just one isolated growth factor, when stem cells are 

able to up-regulate and secrete so many different factors? After all, 
“optimum healing of a cutaneous wound requires a well-orchestrat-
ed integration of the complex biological and molecular events of 
cell migration and proliferation and extracellular matrix deposition, 
angiogenesis, and remodeling.”9 That is to say, there are a lot of 

Why is Fetal Skin More 
Biologically Potent than 
Neonatal Foreskin?21

Differences in gene 
expression for cytokines 
and growth factors helps 
to explain the difference in 
biological effect of these two 
skin sources. Two of note: 
regulation for some of the 
TGF-ß genes were increased 
as much as six fold. Down-
regulation of the growth 
factor GDF-10 (important 
for wound healing) was 11.8 
times greater.

“Optimum healing of 
a cutaneous wound 
requires a well-
orchestrated integration 
of the complex biological 
and molecular events 
of cell migration and 
proliferation and 
extracellular matrix 
deposition, angiogenesis, 
and remodeling.”
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different variables that need to be understood, or rather optimized, 
for better clinical results. A stem cell, through its production of mul-
tiple types of growth factors with multiple mechanisms of action, 
may be far better suited to heal a complex wound than a single 
recombinant created protein. With this broader efficacy in mind, 
researchers turned their attention to a well-profiled stem cell: the 
mesenchymal stem cell. 

Mesenchymal stem cells, the cells that differentiate into connec-
tive tissue, have been used in conjunction with many other types 
of stem cells, partly to optimize the other cells’ results. In a wound-
healing situation, however, the connective tissue comprises much of 
the tissue in urgent need of repair. For this reason, MSCs are on the 
forefront of researchers’ efforts for wound treatment.

MSCs, HSCs and Wound Care
MSCs had already gained a well-established history in treating 

acute radiation syndrome, with mechanisms of action that promised 
additional benefits if applied to wound healing. But starting in 2003, 
several studies began piquing academic interest in the possibility of 
using MSCs, and other stem cell types, to repair dermal wounds. 

A pilot study in 2003, followed by a single-patient study in 2005 
and another small-number patient study in 2007, used bone marrow 
aspirate to treat chronic wounds.22, 23, 24 The results were encouraging, 
but it was hard to draw conclusions about which specific cells were 
inducing healing.

An animal study conducted at the University of Washington 
Medical Center helped explain the results. The Washington research-
ers, led by Dr. Carrie Fathke (MD), used bone-marrow cells in mice 
to measure collagen deposition and wound repair. The bone marrow 
cells included three stem cell types: EPCs, HSCs, and MSCs. The 
researchers sought to understand how these and other cells could 
work in concert to heal wounds, but they also attempted to exam-
ine each cell’s effects in isolation by separating the hematopoietic 
and mesenchymal cells and then treating mice with each cell type. 
Their results “suggest[ed] a potential divergence in the role of the 
two bone marrow components.”25 The hematopoietic cells produced 
more cells during the beginning of the wound healing process, but 
the mesenchymal cells worked to “maintain a stable population in 
the skin throughout the wound repair process.”25

The study demonstrated that “there is a unique contribution 
from both hematopoietic and MC lineages during the early phase of 
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wound healing and later remodeling phase.”25 The findings regard-
ing mesenchymal cells, however, were arguably more exciting, for 
three reasons. First, mesenchymal stem cells are far easier to obtain 
than most other cell types, making them a more compelling option 
for stem cell-based treatments.26 Second, HSCs have more immuno-
compatability issues than MSCs, again giving MSCs the advantage 
in translating scientific data to clinical results. And finally, the evi-
dence that MSCs were more useful for later stages of repair seemed 
applicable to a chronic wound situation where the original inflam-
matory response had not manifested effective healing. 

The University of Washington study, like the small-number clini-
cal studies, aroused scientific interest, but it also raised unresolved 
questions. Fathke et al. admitted that “because our MC [mesencyh-
mal cell] selection method enriches for MC without eliminating 
contaminating HC [hematopoietic cells], additional experiments 
are necessary to confirm these findings.”25 Similarly, additional 
experiments were needed to resolve which cellular elements of the 
bone marrow aspirate, in the clinical studies, were most responsible 
for effecting repair.

Though other stem cell types can replace injured cells, HSCs 
can differentiate into different blood cells to fight infection (white 
blood cells), nourish the wounded area (red blood cells), and begin 
the process of repair (platelets). The administration of HSCs may be 
especially useful during the early phases of wound healing, when 
the body needs white blood cells to fight off invading bacteria and 
cleanse cellular debris as part of the inflammatory response. A 2009 
review article points out that “the obvious source for the leukocytes 
that migrate to the wound site during the early, inflammatory phase 
are bone marrow-derived hematopoietic stem cells, which have long 
been recognized to give rise to all blood cell lineages.”27 Because 
HSCs express HLA that might cause an immunorejection or even 
graft-versus-host disease, however, HSCs may be one of the few stem 
cell types for which an autologous source is preferred. 

The scientific establishment is focusing much of its attention on 
the mesenchymal stem cell, conducting a variety of animal studies 
and clinical trials. In fact, animal trials using mesenchymal stem 
cells were already underway before Fathke et al. published their own 
findings on how MSCs compared to other cell types.

MSCs were used to treat mini-pigs with skin wounds.28 “The 
cells differentiated into vascular endothelial tissue,” explains a 2010 
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review, “forming new blood vessels and thus improving wound 
healing.”29 A contemporary study treated burn-wounded rats with 
autologous and allogeneic MSCs, resulting in “a rapid decrease in 
the burn area.”29, 30 In one study, researchers used human-derived 
MSCs to treat mice with injuries to the skin and spinal cord.31 
Improved healing was observed in the spinal cord (see Chapter 6) 
and the skin. Another study has shown that mesenchymal stem 
cells can form several different types of skin cells, including kera-
tinocytes.32 As scientific knowledge of MSCs use in wounds grew, 
researchers began wondering how MSCs might be used to treat 
burns.

The First Clinical Use  
of Stem Cells for Burn Victims

In 2005, a paper published in the Russian scientific journal 
Kletochnye Tecknologii v Biologii I Meditisine (Cell Technologies in 
Biology and Medicine) told the story of S., a 45-year old female patient 
who had suffered devastating burns two years earlier.

Dr. Masrur F. Rasulov (MD) and his team of scientists, from 
the Institute of Transplantology and Artificial Organs in Moscow, 
explain that S.’s clothes “inflamed during fire and stuck to the skin,” 
burning her at the “neck, left half of the face, left upper limb, left 
half of the chest, lower third of the left thigh, and anterior surface 
of both shins, total area up to 40% body surface.”33 Many of those 
burns were third degree burns.

“Despite the 20-day treatment,” Rasulov et al. wrote, “respira-
tory, cardiovascular, and hepatic [liver] insufficiency progressed.”33 
S. required repeated blood cell infusions in order to remain stable. 
In addition to traditional wound care, the hospital team performed 
multiple and extensive debridements (removal of dead tissue). 
However, necrosed tissue would re-form in different wound sites 
“because of poor blood supply and wound infection.”33 S.’s wounds 
were manifesting “weak epithelial growth at some sites (at the 
wound edges),” but the wound-healing process was moving at a 
frustratingly slow pace.

After approximately one month of limited improvement with 
traditional treatment, S. received an application of fibroblast-like 
mesenchymal stem cells (FMSC). These cells were allogeneic MSCs 
that had been primed to “pre-differentiate” into fibroblasts, the con-
nective tissue cells that stimulate collagen production and produce 

Combination Treatment 
of Hypertrophic Scars
This case study, presented 
at the 2008 meeting of 
the American Society for 
Laser Medicine and Surgery 
(ASLMS) by Dr. Nikolai I. 
Tankovich (MD, PhD) and 
colleagues shows before and 
after treatment of one-year 
old hypertrophic scar. The 
patient received two identi-
cal treatments two months 
apart. The after photo on the 
bottom (slightly enlarged) 
shows results at four months. 
The patient was treated, at 
the same session, with  
a 1540nm fractional non-
ablative laser along with 
an injection of fibroblast 
progenitor cells primed 
to produce collagenase. 
Collagenase is an enzyme 
that helps to break down the 
disordered scar tissue. 
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the extracellular matrix.33 Fibroblasts are integral to the wound heal-
ing process, and Rasulov et al. hypothesized that they would effect 
significant wound repair. They were right. In their own words detail-
ing S.’s condition, the researchers explained that, three days after the 
first FMSC transplant: 

The greater part of granulating surface of burn wounds was 
covered with granulations, patient’s status improved; she eas-
ier contacted with other people, pain in the burn wounds was 
relieved. Visually, numerous small bright red vessels appeared; 
these new capillaries were plethoric [filled with too much 
blood] and profusely bled even after careful dressing removal.33

With improved underlying tissue, S. was then able to undergo 
autodermoblasty, a painful but necessary process that remains an 
important part of wound repair for serious burn patients. It con-
sists of removing strips of the patient’s own skin, cultivated from 
unwounded areas of the body, and laying them on top of the wound-
ed area. The intention is that the body will reincorporate the skin 
into the wounded site, but the process is far from foolproof. 

The wounded area must develop working vasculature and an 
extracellular matrix to supply the grafted skin with oxygen and 
nutrients, and quickly, before the skin cells die off. New tissue must 
form to connect the skin to the wounded area. Meanwhile, debris 
in the wound will obstruct the healing process, even with regular 
debridement. Connecting a skin graft to a wound becomes much 
more difficult if there is a layer of dead tissue in the way.

Rasulov et al. hoped that the FMSCs would lay the groundwork 
for the skin grafts to successfully integrate themselves, or “take.” In 
November 2003, S. had skin removed from her thighs and placed 
onto the area of her burns, covering approximately 60% of the 
wound surface. At the same time, S. received additional transplants 
of FMSC on the wounds, and around the skin grafts. The first ben-
efit of the FMSC transplantation was seen a mere 30 minutes after 
the first autodermoplasty. “Due to formation of a protective film 
by transplanted FMSC covering the entire burn surface, plasmar-
rhea drastically decreased as early as during the first 30 min.”33 The 
study authors use the term “plasmarrhea” to refer to the weeping of 
plasma, the colorless fluid that forms part of the blood. The FMSC 
helped stop the plasma from leaking out of S.’s open wounds.33

Days later, the medical team observed the beginning of the gran-
ulation processes followed by new blood vessels and skin formation 

Earliest Tissue 
Replacement for Burns in 
the United States
In 1981, a burn patient was 
treated in Boston by first 
removing a small piece of 
skin. The cells were expanded 
outside the body, put on 
gauze and placed back on 
the wound.

According to Dr. Anthony 
Atala (MD), Director of the 
Wake Forest Institute for 
Regenerative Medicine, this 
is the earliest report for this 
treatment.38
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around the grafted areas, “due to high capacity of allogenic FMSC 
to stimulate epithelial and endothelial growth.” Ten days after the 
autodermoplasty, the researchers observed that 99% of the trans-
planted skin grafts had successfully reconnected to the subdermal 
tissue.33 

Thirteen days after her first autodermoplasty, S. received a sec-
ond set of skin grafts. Approximately two weeks after that, she 
was discharged from the hospital. The researchers concluded that 
“transplantation of allogeneic FMSC appreciably accelerated recov-
ery of homeostasis and promoted healing of thermal burn, thus 
accelerating convalescence of a patient with burns.” Furthermore, 
they proposed that autodermoplasty “can be performed sooner with 
more rapid take of SG” when fibroblast-like mesenchymal stem cells 
were used to stimulate wound healing in conjunction with the skin 
graft procedures.33

No treatment could restore S.’s skin to how it was before the 
fire, but allogeneic adult stem cells were able to contribute to her 
recovery, helping her integrate more healthy skin into the wound, 
accelerating healing, and assisting in getting her out of the hospital 
and back to reclaiming her life.

Chronic Wounds and Burns
The clinical studies continued to progress; in 2006, a diabetic with 

a foot ulcer received a combination of MSCs and fibroblasts.34 “The 
outcome,” explains a 2010 review, “was a steady decrease in wound 
size and increase in vascularity.”29 In 2007, a young Chilean victim 
of radiation burns was treated with locally applied autologous MSCs, 
and rapid wound healing was observed.35 The same year, skin cancer 
patients’ acute wounds were treated with autologous MSCs, and dem-
onstrated a “major decrease in wound size.”29, 36 The following year, 
twenty patients with chronic wounds received MSCs from a collagen 
sponge graft. Eighteen of the twenty patients experienced complete 
wound healing, a 90% success rate.37 More recently, research teams 
have begun cultivating mesenchymal stem cells from adipose tissue, 
comparing them to bone marrow-derived MSCs to see if different 
lineages of mesenchymal stem cells might produce different results.

With this growing body of research, clinicians have gained a bet-
ter understanding of how these stem cells are able to effect repair 
of chronic wounds. A scientific team at the University of Wisconsin 
notably summarized the role of mesenchymal stem cells:

“Transplantation 
of allogeneic FMSC 
appreciably accelerated 
recovery of homeostasis 
and promoted healing 
of thermal burn, 
thus accelerating 
convalescence of a 
patient with burns.”

Ten days after the 
autodermoplasty, the 
researchers observed that 
99% of the transplanted 
skin grafts had “taken,” 
successfully reconnecting 
to the subdermal tissue.
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Functional characteristics of mesenchymal stem cells that 
may benefit wound healing include their ability to migrate 
to the site of injury or inflammation, participate in regenera-
tion of damaged tissues, stimulate proliferation and differen-
tiation of resident progenitor cells, promote recovery of injured 
cells through growth factor secretion and matrix remodeling, 
and exert unique immunomodulatory and anti-inflammatory 
effects. Thus, in contrast to most pharmacologic agents target-
ing single pathophysiologic pathways, mesenchymal stem cells 
could affect tissue healing and regeneration through many dif-
ferent routes.39

The Wisconsin researchers also point out that mesencyhmal stem 
cells can address tissue hypoxia, inflammation, repetitive ischemic 
injuries, and cellular aging; all elements that can contribute to 
chronic wounds.39

Mesenchymal stem cells are remarkable for their ease of cultiva-
tion, immunocompatibility, and their ability to catalyze or advance 
healing pathways. They have shown promise in a variety of clinical 
indications, but in wound healing, their ability to create connective 
tissue and “provide the microenvironmental support for hematopoi-
etic cells” allows them to make an especially pronounced contribu-
tion.39 As previous chapters have demonstrated, however, no single 
type of cell has a monopoly on repair. Other types of adult stem 
cells that have shown promise include keratinocyte progenitor cells, 
abreviated as KSCs, endothelial progenitor cells, and hematopoietic 
stem cells. 

Keratinocyte Progenitor Cells and Wound Healing
It has been well established that different species have different 

rates of healing when it comes to dermal wounds. For example, “full 
thickness skin wounds heal more rapidly in rabbits than human 
beings, with greater contraction, and less scar formation,” noted 
a paper in British medical journal, The Lancet.39 Part of the reason 
seems to be that rabbits simply have more hair than humans. It 
was first noticed in 1976 that hair follicles could produce skin cells 
that would re-establish missing skin tissue, and more recent stem 
cell research has uncovered an explanation: hair follicles have their 
own source of progenitor cells.42 These keratinocyte progenitor 
cells reside in the part of the skin that sheaths the bulge of the fol-
licle itself. From there, they rally to the epidermis “during times 

Keratinocytes: make up 95% of 
epidermal cells, and are respon-
sible for the creation of keratin. 
Going from epidermis to dermis, 
keratinocytes are also known as 
prickle cells, granular cells, and 
basal cells.

MSCs and Wound 
Healing
MSCs exert their wound 
healing effects through the 
production of diverse growth 
factors that activate dermal 
fibroblasts causing them to 
increase proliferation and 
migration, as well as secrete 
collagen. The antioxidant 
effects of MSCs also protect 
fibroblasts from oxidative 
stress. Among the factors 
released by MSCs are vascu-
lar endothelial growth factor, 
hepatocyte growth factor, 
insulin-like growth factor, 
platelet-derived growth fac-
tor, and transforming growth 
factor ß.41
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of need,” such as a skin wound, where they can differentiate into 
needed skin cells.42 A 2005 study at the University of Pennsylvania 
School of Medicine found that “about one-third of the coverage of 
the wound came from the progenitor cells in the hair follicle.”43 Dr. 
George Cotsarelis (MD), the senior author of the resulting paper, who 
identified this source of stem cells back in 1990, expressed hope that 
“in the future, we think that we will be able to design treatments 
that enhance the flow of cells from the hair follicle to the epidermis 
in the hope of enhancing wound healing and treating patients with 
wounds.”43, 44

Epithelial, or keratinocyte, cells in the skin are located within the 
bulge of the hair follicle, around and below the arrector pili muscle. 
Cotsarelis has found these follicular stem cells to be an excellent tool 
for wound repair. Another main population of stem cells in the skin 
come from the basal layer of the epidermis and are often referred 
to as interfollicular epidermal stem cells. These skin stem cells were 
noticed in animal populations in the early 1980s, but a subsequent 
explosion of scientific studies into these interfollicular epidermal 
stem cells began in the next decade.44

Scientists have noted that the “two KSC [keratinocyte stem cell] 
populations are endowed with considerable plasticity and could 
be interchangeable to a certain extent,” implying that both stem 
cell types could offer similar clinical results for wound healing and 
other dermatologic issues.45 However, Dr. Pritinder Kaur (PhD), of 
the Epithelial Stem Cell Biology Laboratory at the Peter MacCallum 
Cancer Centre in Melbourne, Australia, cautions: 

An important factor often overlooked in KSC biology is that 
only a minute proportion of primary epidermal cells isolated 
from the skin actually adhere to tissue culture plastic and 
subsequently form a measurable colony… The limitations of 
current culture techniques then have profound implications for 
both basic stem cell research and clinical applications.44

Kaur continues by pointing out that scientific advancement is nec-
essary to move keratinocyte cells further along the transition from sci-
ence to medicine. “Clearly, a lot remains to be done to improve culture 
conditions for ex vivo expansion of patient keratinocytes so that more 
of the precious harvested cells are employed for therapy.”44

Other types of skin stem cells have been uncovered, as well. In 
2009, researchers at the Howard Hughes Medical Institute (HHMI) in 
Maryland confirmed the discovery of a new type of skin stem cell.47 

Skin Stem Cell Plasticity
Dr. Robert Hoffman, 
Professor of Surgery at the 
University of California, San 
Diego Medical Center, and 
his team were able to show 
that stem cells isolated from 
the hair-follicle bulge were 
able to differentiate into 
neurons, glia, keratinocytes, 
smooth muscle cells, and 
melanocytes in vitro. 
Furthermore, these cells were 
able to differentiate into neu-
rons after being transplanted 
into mice.
These cells also express the 
neural stem cell marker,  
nestin.46



Chapter 12— Wound Care

211

These cells, which researcher Dr. Freda Miller (PhD) dubbed skin-
derived precursors (SKP), reside in the dermis, below the epithelial 
region in which previous populations of stem cells have been located. 

This is not the first time that the Howard Hughes Medical 
Institute has induced a breakthrough in our understanding of skin 
stem cells. HHMI researcher Dr. Elaine Fuchs (PhD) is a well-known 
stem cell pioneer, having discovered an epidermal stem cell popula-
tion approximately a decade ago. Fuchs’s scientific explorations were 
first hailed as a possible cure for baldness; now, her insights are recog-
nized as having paved the way for current research into wound care.48

As Miller sees it, her dermal stem cells could be used in a comple-
mentary way to epithelial cells. The two cell types, dermal and epider-
mal, would be able to repair both levels of the skin in a wound care 
situation. “Stem cell researchers like to talk about building organs in 
a dish,” explained Miller in an interview last year. “If you have all the 
right players—dermal stem cells and epidermal stem cells—working 
together, you could do that with skin in a very real way.”47

Endothelial Progenitor Cells (EPC) and Beyond
Research into endothelial progenitor cells has revealed that, by 

secreting growth factors and cytokines, and through their promo-
tion of angiogenesis, EPCs “may be regarded as an attractive thera-
peutic option for the treatment of chronic wounds, which remain 
a major clinical problem, especially in diabetic patients.”49 An ani-
mal study conducted by a team of scientists at the Sungkyunkwan 
University School of Medicine in Seoul, Korea, demonstrated how 
EPCs induce wound healing. Their findings included:

• EPCs released significant levels of growth factors, including 
VEGF and platelet-derived growth factor BB (PDGF-BB). PDGF-
BB is known to stimulate fibroblasts to produce the extra-cellu-
lar matrix, effecting significant wound repair. In fact, PDGF-BB 
is sometimes administered to chronic wounds alone.

• EPCs “produced in abundance several chemoattractants of 
monocytes and macrophages that are known to play a pivotal 
role in the early phase of wound healing.”49 

• EPCs promote angiogenesis, being “directly involved in the 
formation of new capillaries in the granulation tissue.”49 The 
researchers noted that transplanted EPCs were not just up-regu-
lating angiogenic factors, but also differentiating into the endo-
thelial cells needed to grow new vascular tissue.
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EPCs, the researchers concluded, had the potential to effect 
meaningful repair to chronic wounds.

Though other stem cell types can replace injured cells, HSCs 
can differentiate into different blood cells to fight infection (white 
blood cells), nourish the wounded area (red blood cells), and begin 
the process of repair (platelets). The administration of HSCs may be 
especially useful during the early phases of wound healing, when 
the body needs white blood cells to fight off invading bacteria and 
cleanse cellular debris as part of the inflammatory response. A 2009 
review article points out, “the obvious source for the leukocytes 
that migrate to the wound site during the early, inflammatory 
phase are bone marrow-derived hematopoietic stem cells, which 
have long been recognized to give rise to all blood cell lineages.”27

Progenitor cells from other tissue sources are also being used in 
wound healing. Dr. Minori Ueda (DDS, PhD), from the Department 
of Oral and Maxillofacial Surgery, Nagoya University School of 
Medicine, has been conducting research on skin applications 
involving two different stem cell populations: deciduous teeth and 
gingival mucousal cells.41, 50, 51 In addition to being a rich source 
of growth factors, he has shown that these stem cells increase col-
lagen synthesis and activate the proliferation and migration of the 
fibroblasts.50

Delivery Systems
One of the remaining limitations of stem cell therapy is that 

there may not be enough cultured cells to effect a clinical result. 
With KSCs, in Dr. Kaur’s words, “What goes into a culture dish is 
not necessarily equivalent to what we read out.”44 Other stem cell 
types have similar problems with expansion, such as cardiac stem 
cells. And even if large numbers of stem cells are introduced to the 
body, not all of them home into the appropriate area. 

In order to mitigate or erase all of these problems, the clini-
cian tries to ensure that the stem cells home into the exact area of 
injury, and stay there. Promising advances in this area include cell 
matrices, genetically altered cells or cells that have been primed 
in a cell culture to act a certain way, and even imbuing cells with 
magnetic properties.

With dermal wounds, clinicians have different options for how 
to deliver the cells to the body, allowing for experimentation to 
discover which delivery mechanisms ensure that the stem cells will 

Limb salvage after mar-
row implantation. The top 
image shows a non-healing 
ulcer on the patient’s heel. 
Improvement can be seen in 
the bottom image 8 weeks 
after implantation.
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stay in place. Some of the stem cell delivery mechanisms that have 
been used to great effect with dermal wounds include:

•  Fibrin Spray: Dr. Vincent Falanga (MD) of the Departments of 
Dermatology and Biochemistry at Boston University School 
of Medicine, is credited with developing a fibrin spray used to 
deliver mesenchymal stem cells to cutaneous wounds. Fibrin is 
a protein which, in conjunction with platelets, forms the clot 
of a wound. Sprayed on a wound, the fibrin forms a mesh into 
which the stem cells are embedded. Falanga and a colleague, Dr. 
Jisun Cha (MD) of Roger Williams Medical Center, declared that 
the spray “may represent a rather ideal way of introducing cells, 
and not just stem cells (perhaps even soluble mediators), into 
injury sites.”26

• Mucosal epithelial cell spray: Taking advantage of the high prolif-
erative ability and long biological activity of mucosal epidermal 
cells, Ueda has created a sprayed application of cultured muco-
sal epithelial autografts. Ten patients with deep dermal burns 
were included in a prospective study. The average total-body-
surface burn was 17.7%; the average Abbreviated Burn Severity 
Index (ABSI) was 6.3 points. Patients had excellent results with 
the average period of epithelialization for the wound surface 
occurring at 12.5 days. The Vancouver Scar Scale at follow up 
was 1.5 points, which indicated an excellent cosmetic out-
come.51

• Matrices: A patient presenting a chronic ulcer received a collagen 
matrix seeded with bone marrow cells in 2005, before a skin 
graft. “Although, we recognize that a single clinical case is not 
the basis for solid conclusion,” the study’s authors admit, “the 
treatment successfully induced healthy granulation tissue with-
out any side effect and eventual closure of a nonhealing chronic 
wound that had not responded to a year of conventional ther-
apy.”23 In a previously mentioned 2008 clinical study, twenty 
patients with chronic wounds received their MSCs through a 
collagen sponge applied to the injured area; the wounds healed 
in 90% of the patients.37 Today, intelligent matrices are being 
designed to generate specific signals that will optimize cell 
homing, mobilization, and adhesion mechanisms.29

These delivery systems “may serve as a scaffold for mesenchymal 
stem cell attachment and native cell recruitment, with the potential 
to further improve tissue regeneration,” explain the doctors at the 

Limb salvage after marrow 
implantation. Top image 
shows ischemic necrosis on 
the patient’s big toe. The bot-
tom shows improvement 8 
weeks after implantation. Re
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Division of Plastic and Reconstructive Surgery at the University of 
Wisconsin-Madison.39

Addressing the Challenge of Scalability
For a stem cell or growth factor treatment to ultimately prove 

successful as a commercial product, it must be scalable. The treat-
ment should be easily deliverable to large populations in diverse 
settings. This presents a challenge for the delivery of allogeneic-live 
stem cell products. To maintain viability, these products must be 
kept frozen before being thawed out. Once thawed, the products 
must have the equivalent or near equivalent viability and potency 
of the fresh product. Years of developing proprietary technology has 
made this possible, representing the leadership position that several 
companies in the private sector now hold within the stem cell field. 

However, even with the best freezing techniques, there still exist 
limitations to delivery. The ideal cell-based product would have the 
following specifications: 

• Biologically active at room temperature,

• Containing all necessary growth factors for wound healing,

• Deliverable in a variety of formats,

• Scalable—able to be quickly reproduced in large amounts, and

• Produced under current Good Manufacturing Practices (cGMP) 
conditions.

Stemedica Cell Technologies has recently advanced the field 
of wound healing through the use of a proprietary patented stab-
alization technology. In this process, the cell is preserved, no lon-
ger living, and reduced to a dried powder that contains the full 
complement of cytokines and growth factors of the original stem 
cell. A unique advantage of this method is preservation of the cell’s 
microvesicles, small membrane-enclosed “bubbles” that can trans-
port key genes and proteins to neighboring cells. 

Treatment options are numerous for a dried, biologically active 
product with all the necessary factors for wound healing. The prod-
uct could be directly applied to a wound, integrated into a gel, or 
seeded onto a matrix of either a new or existing product. Rather 
than attempt wound healing with a single growth factor, the ratio-
nale is strong for applying a growth factor cocktail to the wound. 
One wound care study noted that: 

 
Microvesicles are small mem-
brane-enclosed “bubbles” 
which can transport key 
genes and proteins to neigh-
boring cells.
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Although many attempts have been made to improve chronic 
wounds by administering angiogenic growth factors such as 
VEGF, clinical results have been discouraging, with only mod-
est improvements in the length of time to closure, in breaking 
strength, and in neuropathy.49

Similarly, the release of a few growth factors with limited viabil-
ity is no comparison to a stem cell treatment that would utilize an 
optimal balance of over a hundred growth factors and cytokines. If 
stem cells are our “little doctors,” then their unique protein secre-
tions may be the best therapeutic regimen.

Preserving stem cell wound care factors through this proprietary 
technology has ramifications beyond the world of wound care, but 
for millions of people who deal with chronic wounds, this scalable 
and effective stem cell-based solution may offer significant healing.

Toward a New Future
Wound care is a field in which new solutions are urgently 

needed, but more than that, it is a field which would benefit from 
“a new paradigm of treatment.”29 Today, a variety of stem cell types 
have entered different phases of scientific exploration and clinical 
development. Simultaneously, clinicians are experimenting with 
new ways to apply stem cells. This has resulted in advancements in 
the number of stem cells that remain viable and that operate within 
the treatment area, or take, better optimizing clinical outcomes. 
Similarly, stem cell-based wound healing factor treatment may soon 
become another clinical breakthrough, one that could offer relief to 
millions.

With this new paradigm, stem cell treatments could become 
the standard of care for burn victims, diabetics, and the elderly. 
As these treatments become increasingly scalable due to innova-
tion in the private sector, stem cells may even find application on 
the battlefield healing the wounds of soldiers with combat-related 
injuries. No matter the patient, stem cells may offer a meaningful 
treatment option, especially for wounds that will not heal through 
conventional therapies.
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“You talk about the potential for cures with cell-based thera-
pies. If you look at the big picture, about three-quarters of health-
care expenditures are driven by chronic and degenerative diseases 
for which stem cells are potentially relevant. That includes dis-
eases like diabetes, like heart failure, etc,” explained Brock Reeve, 
Executive Director of the Harvard Stem Cell Institute, at a forum 
held at Harvard Business School on April 15, 2010. Reeve, who 
is also the half-brother of the late actor and stem cell research 
advocate Christopher Reeve, continued by saying: 

If stem cells ultimately are successful, there’s a big ‘whack’ 
out of healthcare costs that we can take with this sort of 
approach. And I would suggest that so far, a lot of the 
pharmaceutical treatments have only been able to deal 
with symptoms, as opposed to fundamental cures. So the 
promise of stem cells, an exciting part, is the promise for 
the cure. A, 1

Chapter 13 

The Future
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The group that Director Reeve was addressing included repre-
sentatives from the worlds of venture capital, medicine, pharma-
ceuticals, healthcare and even insurance. Reeve’s co-presenters also 
comprised a diverse group; he was followed by Dr. George Daley 
(MD, PhD) the decorated hematologist and past-President of the 
International Society for Stem Cell Research, but he was also pre-
ceded by Dr. Devyn Smith (PhD), Senior Director of one of Pfizer’s 
Strategic Management Groups.

The assorted collection of both speakers and attendees at this 
event helps to reflect that the possibilities of stem cell medicine 
have wide ramifications for the worlds of science and healthcare, 
but also for various other disciplines. Investor interest in the stem 
cell field is exploding, while “Big Pharma” wonders whether the 
next stem cell “cure” will help them develop a new product or per-
haps make some of their current drugs more effective. 

“Historically in this space, both the venture capital industry has 
under-invested, and the pharmaceutical industry has under-invest-
ed.” Reeve said. This is because “biotech companies are becoming 
product companies; they are not as oriented on R&D as they used 
to be.” But as the technology and knowledge base expands, so 
does investor interest in partnering with stem cell companies and 
research initiatives around the world. 

Within the next few years, adult cellular therapies are expected 
to transition from an industry worth tens of millions of dollars, 
to an industry whose revenues are measured in the billions.2 

Pharmaceutical companies have begun paying attention. For exam-
ple, Pfizer pledged in November 2009 to invest up to $100 million 
in regenerative research, a category which includes both adult and 
embryonic stem cells.2 If biotech companies are product-oriented 
companies, as Reeve says, then their increasing investment in stem 
cells reflects their belief that there will soon be a cell-based product 
entering the market.

Financially, the impact of a commercial stem cell product “would 
be staggering,” write University of Minnesota Medical School pro-
fessors Dr. Leo Furcht (MD) and William Hoffman. “To put this in 
perspective,” they elaborate, 

Consider that the global market for just one drug that makes 
more red blood cells from blood-forming stem cells—erythro-
poietin—is approximately $4 billion annually. Imagine the 
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value of a drug that could regenerate heart muscle for people 
who have had heart attacks or who have heart failure for 
other reasons.3

But biotech companies are doing more than simply imagining 
these drugs; they are working hard to bring them to the market 
today. Robin Young, a financial analyst who observes the stem cell 
market and who has been named one of the best analysts “on the 
street” by The Wall Street Journal, has predicted that sales for stem 
cell-based treatments will reach $8.5 billion by 2016.3 Kalorama 
Information, a market research company, predicts that stem cell 
technology will most likely reach more than $11 billion by the end 
of 2020.4

Hurdles to Progress
There are three major “gating factors” that can slow down the 

progress of a company as it attempts to get a stem cell-based therapy 
(SCBT) to market: technology, regulation, and investment. The 
development of safe and efficacious cell technology is a process that 
takes place within the company. Regulation, on the other hand, 
is a process with an extra set of variables, as companies work to 
meet the standards of regulatory agencies. Investment involves yet 
another set of variables, as private and public investors judge the 
likely success of a stem cell-based product.

For an allogeneic stem cell company, it is not enough to appro-
priately manufacture stem cells. There must also be a system in 
place to disseminate live cells on a global scale. Previously, a stem 
cell product made in California but sent to Europe or Asia would not 
survive the trip. Today, a new generation of proprietary cryogenic 
technology exists that allows for the cells to be frozen, shipped, 
and thawed, with a negligible difference in viability. It is due to this 
advance in technology that stem cell companies are able to realize 
the goal of global growth.

Furthermore, cutting-edge stem cell research has recently begun 
exploring the idea of using stem cells stabilized at room tempera-
ture. This proprietary process allows for the delivery of important 
stem cell factors without the need for freezing. Because freezing is 
not used, different application methods can be utilized to introduce 
the stem cell factors to the area of need. 

There are still some areas where stem cell companies can con-
tinue improvement. For example, more information is needed 
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to determine methods of delivery and dosimetry (the number of 
stem cells a patient should receive). Dozens of clinical studies have 
tried to answer this question, but more large-scale clinical trials are 
needed in order to further confirm and refine protocols.

While stem cell companies wrestle with these questions, they 
are beholding to national regulatory agencies. In the United States, 
this agency is the Food and Drug Administration (FDA), which is 
responsible for granting or withholding clearance to all new drugs 
or therapies in the United States market. Every stem cell company 
must embark upon the process of proving their cells’ safety and 
efficacy to the FDA.

Stem cell-based treatments fall under several categories of 
regulated products: biologic products, drugs, devices, xenotrans-
plantation products, and human cells, tissues, and cellular and 
tissue-based products.5 Additionally, since the advent of embryonic 
stem cells, the FDA has crafted a set of guidelines that apply more 
specifically to embryonic stem cells. All of these regulations are in 
place to ensure safety for the patient population, but unfortunately 
they also ensure that the regulatory road is a long one. A more 
streamlined process would be beneficial to getting stem cell based 
therapies into the market at a faster pace.

A recent Time magazine article repeated some of the more com-
mon criticisms of the FDA, among which are the allegations that 
“the FDA is just plugging along. It’s a small agency with a fine old 
tradition dwarfed in both budget and political power by the phar-
maceutical giants it is being asked to police.”6 These issues may 
manifest themselves during a review of SCBTs, when the “small 
agency” must make sure that it understands all of the issues regard-
ing a proposed new therapy, which is a difficult task given the 
complexity of stem cell biology. The result can be an unnecessarily 
elongated regulatory timeline. 

In the FDA’s defense, the task of regulating prospective SCBTs is 
made even more challenging when one considers how rapidly the 
stem cell field is advancing. It seems like new stem cell discoveries 
occur every week, and regulators must keep abreast of new develop-
ments that may offer insight into the safety or efficacy of a proposed 
treatment.

The FDA’s current approach is limited in its accommodation 
of a multi-cell treatment paradigm. Given current regulatory pro-
cedures, only one stem cell-based therapy is tested at a time. This 

In the FDA’s defense, 
the task of regulating 
prospective SCBTs 
is made even more 
challenging when one 
considers how rapidly 
the stem cell field is 
advancing. It seems like 
new stem cell discoveries 
occur every week, 
and regulators must 
keep abreast of new 
developments that may 
offer insight into the 
safety or efficacy of  
a proposed treatment.
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precludes effective measurement of a therapy that uses two or more 
stem cell types until each of the stem cells types have been individ-
ually approved for a certain indication. Yet years of clinical results 
have already shown that multi-cell treatment regimens can achieve 
better results than single-cell treatments.

But as the pace of research accelerates, so eventually will the 
transition through the regulatory path. Institutions are integrating 
stem cell medicine in a growing body of basic science, providing 
regulatory bodies with an enhanced understanding of how stem 
cells work within the body.

Similarly, the investment community’s confidence in stem cell 
treatments has grown as basic research has advanced. The biggest 
issue that has restrained the investment community from entering 
the stem cell space has been misunderstandings over the therapeu-
tic and financial capability of a stem cell-based treatment. More 
simply put, investors want to know, does it work? Can it be made 
into a major product? What is the timeline?

A review of the scientific literature, and a look at patient popu-
lations struck by an epidemic of degenerative and trauma-induced 
conditions, makes clear the fact that SCBTs offer the capability to 
provide measurable benefit to millions, if not billions of people. 
Increasingly, investors have come to this realization. Like most of 
the general public, investors see SCBT as a long-term proposition, 
an investment which would take decades to pay off. However, the 
many clinical studies around the world have demonstrated that 
stem cell treatments are already here. As the general public becomes 
better versed in the possibilities of stem cells, so too will investors 
realize that investment in SCBTs represents an exciting opportunity 
for financial growth.

Stem cell companies can tackle “orphan diseases” that major 
pharmaceutical companies have avoided, a fact that makes invest-
ment in SCBTs even more appealing than investment in traditional 
biotechnology ventures. An example is epidermolysis bullosa, a 
rare disease that can cause a patient’s skin to literally fall off when 
touched.7 Private companies and public institutions, noting that 
a certain disease has a very small patient population, are unwill-
ing to invest millions in researching a treatment. For traditional 
biopharmaceuticals, orphan diseases represent a losing invest-
ment. But, stem cell companies are able to approach the problem 
in a different way, because they are looking for a cell-based, not a 
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pharmacological, solution. As such, they are uniquely suited to offer 
realistic treatment solutions for orphan diseases, reaching out to a 
patient population that other biotechnology companies tradition-
ally avoid. 

The FDA appears to recognize this. Since 1983, the regulatory 
administration has been able to confer “Orphan Drug Status” on a 
company’s efforts to tackle an orphan disease. The privileged status 
conveys a series of government incentives. Today, the FDA has grant-
ed several companies in the stem cell space Orphan Drug Status, 
showing faith in SCBT’s ability to take on these small-scale diseases.8, 

9 From orphan diseases to conditions that strike down the elderly, 
the pace of stem cell research into clinical translation is accelerating.

As we come even closer to having stem cells enter the realm of 
mainstream medicine, we get a tantalizing glimpse of the future: 
new ways to apply stem cells, new treatment protocols for potential 
stem cell therapy, new uses of stem cells for drug discovery, and 
new players in the stem cell field. This final chapter explores these 
myriad possibilities, taking a comprehensive look at emerging trends 
and discussing the future of stem cells as medicine.

It’s a Stem Cell World
As we have pointed out, the patients that stand to benefit from 

these potential treatments are not limited to one country, nor is the 
scientific research. Stem cell research is quickly becoming the next 
Space Race, with various countries pouring money and resources 
into their research institutions. As Furcht and Hoffman wrote, 

In no field have governments and research universities pre-
pared to seize the emerging field for their own competitive 
advantage as much as in stem cell research. Some countries 
are well out of the starting gate; others are trying to find the 
racetrack.3

Many of the leading countries are situated in Asia. A Nature article 
explains that “many of the world’s leading stem cell biologists and 
cloning specialists hail from countries such as South Korea and 
Japan,” and that “these pioneers are willing to share knowledge and 
techniques with scientists from less developed neighbours in the 
region, who are keen to enter the game.”12

Whether developed or not, many of these countries see stem cell 
research as a way to firmly establish themselves as scientific lead-
ers, bringing in massive foreign investment and bolstering national 

Orphan Diseases
Most orphan diseases are 
“orphaned” because they 
are rare, affecting perhaps 
a few thousand people. But 
the term “rare disease” is 
quite misleading. There are 
thousands of rare diseases 
that affect the global popula-
tion. EURORDIS, an organiza-
tion dedicated to improving 
the lives of Europeans with 
rare diseases, has concluded 
that 6-8% of the European 
population suffer from a 
rare disease, a number 
encompassing some 30 mil-
lion people.10 In the United 
States, the number is slightly 
smaller. The Office of Rare 
Diseases, part of the National 
Institutes of Health, estimates 
that approximately 25 million 
Americans suffer from  
a rare disease.11
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prestige. Robert Higgins, a venture capitalist who moderated the 
aforementioned Harvard Business School event, recalled when Dr. 
Shinya Yamanaka (MD, PhD), of the Institute for Frontier Medical 
Sciences at Kyoto University, discovered induced pluripotent (iPS) 
stem cells. Immediately after this major scientific breakthrough he 
said, “The Japanese government showed up the next day, commit-
ted tens of millions of dollars, and built an entire institute around 
him. We’re talking about an enormous commitment, at the highest 
levels of government.”B, 1 Higgins, also a Senior Lecturer at Harvard 
Business School, continued: “The Japanese write about this in pas-
sionate, nationalistic terms. They see the stem cell area as the biggest 
opportunity for them in science and technology, and they are pour-
ing money into it.”

On the discussion panel, Dr. Daley explained that the Japanese 
are not the only ones who associate stem cells with national pres-
tige and success: “The other day, the former head of the Economic 
Development Board of Singapore, Philip Yo, called me and asked, 
‘What are you not able to do [with stem cells] in the United States? 
We want to invest in that!’”C, 1

Singapore, Japan, China, India, and South Korea are all well-
developed Asian countries which seem to possess the strong gov-
ernment support and technical prowess that allow for such rapid 
advancement in the stem cell field, and they are utilizing these 
advantages accordingly.12 China’s expenditure on scientific research 
has reached $44 billion, with stem cell research receiving priority 
funding.13 With more money comes more research; China now 
ranks fifth in the world in number of published stem cell studies.14 
Similarly, India’s stem cell sector, including research and stem cell 
therapies, is expected to surpass $500 million by the end of 2010.15 
Even less developed Asian countries are rapidly following in their 
footsteps. In 2006, for example, the Thailand Research Fund started 
a $50 million grant program for stem cell research.12

Asia is just one region in which national governments have 
begun exploring what stem cells could mean for their economies. 
The Middle East and Eastern Europe, even Latin America and the 
Caribbean, have become players in the stem cell field. Countries 
within the former Soviet Union, as well, continue to conduct 
research with the goal of clinical translation. While “we are still a 
major player” in the field of stem cell research, Dr. Daley explained, 
“we’d certainly do a lot better if we had an equal amount of capital” 

“The Japanese write 
about this in passionate, 
nationalistic terms. They 
see the stem cell area as 
the biggest opportunity 
for them in science and 
technology, and they are 
pouring money into it.”

China’s expenditure on 
scientific research has 
reached $44 billion, 
with stem cell research 
receiving priority 
funding.13 With more 
money comes more 
research; China now 
ranks fifth in the world 
in number of published 
stem cell studies.
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American hospitals have 
been losing their lead 
in medical tourism, as 
highly-trained doctors 
and new technology 
increasingly make their 
way overseas.

as researchers from other countries. “I’m envious of the freedom that 
some of my international colleagues have had.”

Part of this freedom comes from regulatory committees that are 
less restrictive of stem cell research, allowing scientists and clinicians 
from different countries to move at a faster pace. Some of this dif-
ference manifests itself in countries’ various attitudes towards using 
stem cells to treat patients. In the United States, stem cell-based 
treatments are not yet available, with the exception of clinical trials. 
Meanwhile, other countries may offer these same treatments. This 
regulatory mismatch has meant that two different countries may be 
worlds away from each other in terms of their approach to stem cell 
treatment, while remaining within traveling distance of one another. 
This fact has had profound ramifications for the stem cell world.

Medical Tourism
With the advancement of stem cell science and the proliferation 

of clinical studies all over the world, there has been a rise in “medi-
cal tourism” for stem cell treatments. Medical tourism refers to when 
patients travel abroad to receive medical procedures. Medical tourism 
is motivated by many rationales, and takes many forms. The patient 
who travels to Mexico to undergo a less expensive dental procedure is 
engaging in medical tourism, as is the patient who flies to Europe to 
receive a surgical procedure not covered by their insurance. Medical 
tourism is a fairly frequent phenomenon; up to 500,000 Americans 
receive a medical procedure abroad every year.16 Traditionally, medi-
cal tourism has been a two-way street; American hospitals treat tens 
of thousands of foreign patients, with annual revenue for American 
medical tourism totaling more than $1 billion.17 Recently, however, 
American hospitals have been losing their lead in medical tourism, as 
highly trained doctors and new technology increasingly make their 
way overseas.

Stem cell treatments have recently become a growing subset of 
medical tourism. Because stem cells for use in a therapeutic procedure 
have not yet been approved by the FDA, many Americans who believe 
their condition can be helped by stem cells have gone abroad for 
treatment. An entire industry has grown around this phenomenon, 
with companies arranging stem cell treatments at facilities around 
the world.

But with the sudden and rapid growth of interest in stem cell 
treatments, there have emerged many “hucksters” who seek to profit 
from the hope of the sick. These individuals may promise more than 
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they deliver, bypass critical safety studies, and take chances with the 
lives of patients. The infamous PLoS Case, described in Chapter 2, 
demonstrates the terrible effects that can occur if the cell cultivation 
or treatment protocol is inappropriate.

Any medical procedure has a risk of side effects, and these risks 
increase when the procedure is still developing. Stem cells are cross-
ing the bridge from science to mainstream medicine, but they are no 
panacea. Over the course of this book, we have presented you with a 
few examples of individuals whose lives have been positively affected 
by clinical treatment that has utilized stem cells as medicine. It is 
important to remember that all of these patients were enrolled in 
clinical studies, that these patients were observed and treated by high-
ly-qualified clinicians at respected and accredited institutions, and 
that many of the patients also participated in more traditional modes 
of therapy (such as physical therapy) during their stem cell regimen. 
Even more importantly, these patients received stem cells that were 
properly manufactured and were held to stringent safety standards.

Even with the most impressive results, none of the patients we 
have mentioned were cured of their condition; instead, they achieved 
functional improvements which allowed them to regain a measure 
of independence and dignity, and which raised their quality of life. 
There are some medical tourism companies that promise a stem cell 
cure for conditions such as Alzheimer’s and spinal cord injury. Others 
have promised cures for diseases, such as AIDS, for which little to no 
stem cell research has been done.18 To promise a cure to desperate 
patients is to prey on peoples’ sense of hope. Similarly, no doctor 
or scientist can be sure that a stem cell treatment will help any one 
individual, so companies or doctors who guarantee results from a 
stem cell treatment are acting unethically. The patient testimonials 
presented within the pages of this book are meant to illustrate the 
potential of stem cell therapy, but they reflect individual results, and 
any doctor will reinforce the fact that peoples’ bodies will respond 
differently to the same medicine.

Crossing the Great Divide
Many scientific and medical experts believe that no stem cell 

treatments should be performed anywhere, under any condi-
tions. Until the science has been fully explored, they argue, it is 
unethical to treat people. A similar, albeit less extreme, position 
is that stem cell treatments should be relegated to the province of 
clinical trials.
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Other members of the stem cell field view the problem differ-
ently. Rather than determining that all non-clinical treatment is 
wrong, they instead see a space for ethical and responsible appli-
cation of stem cells for the seriously ill. Drs. Olle Lindvall (MD, 
PhD), Professor at the Wallenburg Neuroscience Center in Sweden, 
and Dr. Insoo Hyun (PhD), Associate Professor of Bioethics at Case 
Western Reserve University, laid out this position in a 2009 paper in 
the journal Science.19 The authors point out that seriously ill patients 
may be unable or unwilling to enroll in clinical trials, and thus, 
require other treatment options:

From many patients’ point of view, consenting to medically 
innovative care may be preferable to enrolling in a clinical 
trial, especially where patient care is decidedly not the purpose 
of the trial—expanding knowledge is. Patients with precious 
little time might not care much about expanding knowl-
edge; what they care about is getting better and surviving. 
Demonizing stem cell tourism will never squelch this vital 
instinct. Acceptable channels must be made available to seri-
ously ill patients.19

“The difficulty,” the authors explain, “lies in being able to distin-
guish clearly between objectionable stem cell tourism and legitimate 
attempts at medically innovative stem cell-based interventions.”19 
Objectionable stem cell tourism, of course, should be unacceptable 
under all circumstances, but responsible stem cell-based interven-
tions could be acceptable if held to appropriate standards.

Responsible stem cell treatments could even perform a service 
for the medical community, Lindvall and Hyun argue: 

In the last 40 years, only 10 to 20% of all surgical techniques 
were developed through a clinical trial process. Some special-
ties, such as cardiac transplant and laparoscopic surgery, 
developed entirely without clinical trials. Responsible medical 
innovation could be an important avenue for the development 
of stem cell-based therapies that follow a surgical paradigm or 
otherwise do not fit neatly into the square peg of the clinical 
trial process.19

If there is a space for legitimate non-clinical trial stem cell 
therapy, the authors stress, it is only in the presence of “rigorous 
oversight and scientific integrity,” as well as standards that protect 
patients.19 The authors point out several requirements that must be 
in place for a stem cell therapy to be viewed as responsible. These 

No doctor or scientist 
can be sure that a stem 
cell treatment will help 
any one individual, so 
companies or doctors 
who “guarantee” 
results from a stem cell 
treatment are acting 
unethically.
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requirements echo those put forth by the International Society for 
Stem Cell Research (ISSCR), a nonprofit stem cell research organiza-
tion that published a list of guidelines for the clinical translation of 
stem cells, in December 2008.

The ISSCR, acknowledging the “distinction between the com-
mercial purveyance of unproven stem cell interventions and 
legitimate attempts at medical innovation outside the context of a 
formal clinical trial,” created a list of guidelines to steer responsible 
physician application of non-clinical trial treatments. 

The ISSCR also prepared an accompanying document, the Patient 
Handbook on Stem Cell Therapies, which helps inform prospective 
patients of what to look for to determine the legitimacy of an 
offered stem cell therapy. In the handbook, they include this advice:

To begin, ask for evidence that:

•   Preclinical studies have been published, and 
reviewed and repeated by other experts in the field.

•   The providers have approval from an independent committee 
such as an Institutional Review Board or Ethics Review Board 
to make sure the risks are as low as possible and are worth any 
potential benefits, and that your rights are being protected.

•   The providers have approval from a national or regional 
regulatory agency, such as the Food and Drug Administration 
or the European Medicines Agency for the safe conduct of 
clinical trials or medical use of a product for this disease.21

Drawing from our own experience in visiting dozens of stem cell 
manufacturing facilities, hospitals that have begun experimental 
stem cell treatments, and clinics from around the world, we must 
emphasize that any safe and efficacious stem cell treatment use stem 
cells that have been properly manufactured. This includes a battery 
of safety studies, as well as tests to ensure that the cell population 
is actually stem cells, as opposed to cells that have already been dif-
ferentiated. Previous clinical and pre-clinical trials which reported 
lackluster results may have used regular cells for their treatment, as 
opposed to multipotent stem cells. For both the health of the stem 
cell industry and that of prospective patients, hospitals must be able 
to guarantee that they are using true stem cells from a trusted and 
accredited manufacturer. Any institution that intends to offer stem 
cell therapy must meet all of these criteria, in order to be considered 
responsible and ethical.
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Below are the recommendations from the ISSCR’s 
Guidelines for Clinical Translation of Stem Cells:20

Recommendation 34: Clinician-scientists may provide unproven stem 
cell-based interventions to at most a very small number of patients out-
side the extent of a formal clinical trial, provided that:

(a) there is a written plan for the procedure that includes:
i.  scientific rationale and justification explaining why the procedure has 

a reasonable chance of success, including any preclinical  
evidence of proof-of-principle for efficacy and safety;

ii.  explanation of why the proposed stem cell-based intervention 
should be attempted compared to existing treatments;

iii.  full characterization of the types of cells being transplanted  
and their characteristics as discussed in Section 4, Cell Processing 
and Manufacture;

iv.  description of how the cells will be administered, including  
adjuvant drugs, agents, and surgical procedures; and 

v.  plan for clinical follow-up and data collection to assess the  
effectiveness and adverse effects of the cell therapy;

(b) the written plan is approved through a peer review process by 
appropriate experts who have no vested interest in the proposed  
procedure;

(c) the clinical and administrative leadership supports the decision  
to attempt the medical innovation and the institution is held  
accountable for the innovative procedure;

(d) all personnel have appropriate qualifications and the institution 
where the procedure will be carried out has appropriate facilities and 
processes of peer review and clinical quality control monitoring;

(e) voluntary informed consent is provided by patients who appreciate 
the intervention is unproven and who demonstrate their understanding 
of the risks and benefits of the procedure;

(f) there is an action plan for adverse events that includes timely  
and adequate medical care and if necessary psychological support ser-
vices;

(g) insurance coverage or other appropriate financial or medical resourc-
es are available to patients to cover any complications arising from the 
procedure; and

(h) there is a commitment by clinician-scientists to use their  
experience with individual patients to contribute to generalizable knowl-
edge. This includes:

i. ascertaining outcomes in a systematic and objective manner;
ii.  a plan for communication outcomes, including negative outcomes 

and adverse events, to the scientific community to enable critical 
review (for example, as abstracts to professional meetings or publi-
cations in peer-reviewed journals); and

iii.  moving to a formal clinical trial in a timely manner after  
experience with at most a few patients.

Excerpt from Patient 
Handbook on Stem Cell 
Therapies.
For further recommendations 
from the ISSCR, including 
questions that every patient 
should ask, you are encour-
aged to read the Patient 
Handbook online at: http://
www.isscr.org/clinical_trans/pdfs/
ISSCRPatientHandbook.pdf
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A stem cell treatment represents a serious medical procedure, 
and no person should even consider undergoing a treatment with-
out asking critical questions from the treatment provider, as well as 
independent specialists, and receiving clear answers. Whether con-
sidering a clinical trial or an innovative clinical study, prospective 
patients should always receive a medical opinion from their own 
doctor, as well as the opinion of medical specialists within the field. 
While stem cells represent an exciting advance in medical science, 
no one should let enthusiasm or hype unduly influence them to 
make an ill-informed decision regarding their health, or the health 
of their loved ones.

Cells and Drug Discovery
Stem cells have been much lauded for their ability to effect 

repair directly. But some scientists are equally or more excited by 
the stem cell’s ability to recreate perfect testing conditions for new 
drugs. Induced pluripotent cells (iPS), in particular, could be taken 
from diseased patients and grown into the offending cell type. For 
example, cells from Parkinson’s patients could be differentiated 
into motor neurons. The stem cell differentiation process, explains 
a Harvard Magazine article, would “allow researchers to watch a 
given disease unfold… The iPS cells will allow researchers to watch, 
over and over, how diseases progress, so they can test ways to inter-
vene.”22 Scientists could also introduce experimental drugs to the 
diseased cells, testing to see how they react. More elaborate drug 
testing models could even use the same stem cells to differentiate 
into cell types that might be adversely affected by the drugs, like 
liver or heart cells.

Using stem cells as a vehicle for drug testing would have several 
benefits. First, it would be safer than current drug testing models, 
which jump directly from animal studies to testing on humans. 
With stem cells, scientists could see the effects of a drug on a 
human cell before undergoing costly pre-clinical or clinical trials. 
Stem cells could also be used to screen for side effects of drugs that 
are already on the market. For example, if a heart failure patient is 
allergic to warfarin, the active ingredient in many blood thinners, 
testing a blood-thinning drug on that patient’s stem cells would 
reveal whether the drug would trigger an allergic reaction.

Second, stem cells could spur new medical research investment 
from pharmaceutical and venture capital companies, by dramatical-
ly lowering the barriers to entry for introducing a new drug to the 
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market. Research and biopharmaceutical companies often spend 
hundreds of millions of dollars attempting to get a new drug to 
market. These drugs must go through the gauntlet of FDA-mandated 
clinical trials, and many progress to Phase III trials, only to fail. One 
recent report conducted by Windhover Information, Inc., studied 
656 Phase III trials. Out of these trials, 278 failed, marking a failure 
rate of over 40%.23 For the companies financing these trials, this 
represents major financial losses. These dismal results help explain 
why even large companies are reticent to fund testing for new drugs 
that could help prospective patients, especially those suffering from 
orphan diseases. With a stem cell testing program, however, these 
companies would be able to know whether their drugs will work, 
at a fraction of the normal cost. With reduced barriers to entry, the 
pace of private research can be expected to dramatically accelerate.

And thirdly, stem cells would also be responsible for reducing 
the timeframe for new drug development. Arranging and conduct-
ing clinical trials for a new drug is often a drawn-out and elaborate 
process. In contrast, in vitro tests of new drugs on stem cell-derived 
cells would give researchers more immediate and more easily repro-
ducible results, hastening the process by which a new drug either 
fails to demonstrate efficacy or successfully enters the market.

Besides being directly applied as medicine, then, stem cells can 
also be seen as tools to further advance our knowledge of disease, 
and to create medical solutions to pressing health problems.

New Ways to Apply Stem Cells
Despite the incredible advances that have been made in stem cell 

science over the past decade, there are still areas where improvement 
could bring an enhanced clinical result. For example, administration 
of stem cells to the central nervous system (CNS) requires injections 
to the spine.

In order to be effective, transfused neural stem cells must cross the 
blood brain barrier (BBB), a protective barrier that keeps the sensitive 
CNS cells from being affected by the rest of the body. In the same way 
that a military base has its own checkpoints to prevent undesirables 
from entering, so does the BBB prevent “civilian” cells from entering 
the CNS. If clinicians wish to introduce stem cells to the brain or spinal 
cord, they must either introduce cells outside the CNS and hope that 
some cells get through the “checkpoints”, or they must break through 
the BBB and introduce the cells directly to the treatment area.

Stem Cell Clinical Trials
To see the list of ongoing 
and completed clinical trials 
in the United States, includ-
ing trials that are accept-
ing volunteers for stem 
cell procedures, visit www.
clinicaltrials.gov, a database 
maintained by the National 
Institutes of Health.
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But what if the transfused stem cells were given a special “pass” to 
enter the BBB, using an avenue that connects the CNS to the rest of the 
body? In that case, clinicians would be able to deliver stem cells more 
directly to the treated area.

Researchers from Tuebingen, Germany and St. Paul, Minnesota 
seemed to have discovered one such “pass” in 2009, by developing a 
novel stem cell delivery system. The researchers suspended stem cells 
in fluid, then used a nasal spray to deliver the cells to lab mice. In an 
article published that year, the researchers explained that “cells applied 
intranasally can migrate to the intact brain through the cribiform plate 
along the olfactory neural pathway and possibly along other routes 
of migration.”24 The olfactory neural pathway is a set of neurons that 
connects the nose to the brain; it is the pathway that allows our brain 
to process smells. In this situation, the olfactory neural pathway acted 
as a special “VIP checkpoint” giving permission for the stem cells to 
enter.

The researchers postulated that they could achieve even more 
potential clinical benefit by increasing the number of stem cells that 
successfully reached the brain through the olfactory neural pathway. 
They tried applying the nasal spray after pre-treating their lab animals 
with hyaluronidase. Hyaluronidase is known to increase tissue perme-
ability by breaking down hyaluronic acid. For this reason, hyaluroni-
dase has been used for years in order to remove cosmetic fillers made 
from hyaluronic acid in the instance of an over-injection. In this study, 
the researchers found that pre-treating the lab animals with hyal-
uronidase before applying the stem cell nasal spray nearly tripled the 
number of stem cells which reached the olfactory bulb of the brain.25

The success of the study “opens new avenues for the use of this 
method as a non-invasive alternative to the current traumatic surgical 
procedure of transplantation,” explain the authors of the study in their 
paper.24 “The IN [intranasal] delivery method provides the option of 
chronic treatments which may enhance the number of delivered cells 
in order to achieve therapeutic benefit.”24 And a nasal spray is just 
one conceivable way to deliver future stem cell treatments. Eyedrops, 
given the right formulation, could someday be used to deliver stem 
cells directly to the eye, a process which might be more useful for 
accelerating healing after eye surgery than for retinal degenerative dis-
eases. Or stem cells might conceivably be delivered through sublingual 
absorption, quickly entering the bloodstream without the need for an 
injection.

Cells applied 
intranasally can migrate 
to the intact brain 
through the cribiform 
plate along the olfactory 
neural pathway and 
possibly along other 
routes of migration.
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The effects of these 
laser devices could be 
multiplied, if they were 
used in conjunction 
with stem cells. The 
lasers would initiate 
skin remodeling by 
stimulating the wound 
response.

New topical applications are increasingly becoming a reality as 
well, as stem cell treatments appear to be poised for conjunctive use 
with dermatologic procedures. As we saw in the previous chapter, 
stem cells can be applied topically to injured skin, which has already 
been compromised. But in healthy skin, the stem cells cannot pen-
etrate the stratum corneum and enter the body. If another device 
were to temporarily open up passageways in the skin, however, the 
stem cells could enter the body and affect repair in a certain area 
without the need for injection.

Thankfully, the field of dermatology has developed an entire 
subset of devices designed to do just that. Chemical peels and 
microdermabrasion devices are designed to scrub away the top layer 
of the skin so that healthier skin can regrow in its place, while frac-
tional laser devices have been developed to create tiny holes in the 
skin so that it can optimally regenerate new, healthier tissue with 
minimal downtime. The advances in dermatology have allowed for 
more effective treatment of scars and disfiguring skin conditions, 
such as port wine stains.

But the effects of these laser devices could be multiplied, if they 
were used in conjunction with stem cells. The lasers would initiate 
skin remodeling by stimulating the wound response, while topical-
ly-applied stem cells and stem cell factors would bring their various 
mechanisms of action to bear, dramatically improving the result. 

In envisioning a future where stem cell therapy plays a part 
within mainstream medicine, the possibilities of combination ther-
apy are nearly limitless. Many pharmaceutical drugs, for example, 
aim to up-regulate certain molecular factors. Paired with stem cells, 
these effects could be multiplied, making the drugs far more effec-
tive. Or, as stem cells modulate the regulation of many different 
molecular factors, they could be used to mitigate side effects from 
a certain drug. For example, if stem cells were used as the delivery 
device for certain pharmaceutical compounds, they could modulate 
the compound’s toxicity, making the drug safer for long-term use. 
And through their ability to clean up the cellular microenviron-
ment, stem cells could provide more fertile ground for the drug’s 
mechanism of action to take effect. 

Stem cells have always been “team players,” initiating a 
Chaperone Effect that rescues and activates endogenous cells.26 
Much of the repair they effect in the body is through their encour-
agement of other cells, and through their ability to lay the ground-
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work for a healthier cellular environment to emerge. So it is no 
surprise that they are well poised to serve as an adjunctive treatment 
to other modalities.

A Bold Vision
As stem cells continue along this pathway to clinical transla-

tion, they offer to radically change the way we approach managed 
care. Diseases that previously were death sentences may soon meet 
their match, in the form of powerful cell-based medicine. Stem cell 
treatments could change the healthcare, insurance, and pharma-
ceutical industries. Old drugs that were aimed at delaying the onset 
of a disease would become relics, in favor of stem cells that could 
turn back the tide of pathogenesis. Patients with neurodegen-
erative diseases could schedule appointments for their neurologist 
several times a year, for an examination and a stem cell treatment 
in the same way that they schedule appointments for their dentist 
or dermatologist. For some conditions, patients will be able to take 
doses of stem cells in the same way that we now take daily pills, as 
scientists invent and perfect new methods of application. As our 
understanding of the human genome progresses, we may be able 
to detect genetic predispositions for disease in newborns. Knowing 
this, doctors could embark on a preventive stem cell treatment 
regimen for patients who are more likely to develop degenerative 
diseases. 

This is our vision for the future, and it is a profoundly ambitious 
one. We still have much work to do before we approach a world 
without any “no-option” patients. We are making strides toward 
this future, every day. Researchers around the world are exploring 
the stem cell’s mechanism of action, uncovering new pieces of this 
grand scientific puzzle. As our understanding of the cells themselves 
grows, so does our appreciation of their multitude of effects on the 
body. As more clinical trials and medical innovations take place, we 
begin to see how patients around the world can benefit from this 
potential therapy. There are still a multitude of questions that must 
be answered before stem cells are ready to be offered as medicine, 
but an entire community of scientists and doctors around the world 
are hard at work to provide answers.

Convergence
The phrase “clinical translation” refers to a long road connect-

ing scientific discovery to mainstream medicine. That road began 

As stem cells continue 
along this pathway to 
clinical translation, they 
offer to radically change 
the way we approach 
managed care. Diseases 
that previously were 
death sentences may 
soon meet their match, 
in the form of powerful 
cell-based medicine. 
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over 100 years ago, with Maximov’s discovery of hematopoietic 
stem cells. And as generations of scientists across the globe learned 
more about the potential therapeutic properties of these amazing 
cells, a destination emerged. With each clinical trial, stem cells take 
another step down the road to clinical translation, and the fields of 
stem cell science and stem cell medicine draw closer together. 

As the clinical translation road becomes increasingly well trav-
eled, so too have lines of communication and collaboration opened 
between different sectors of the stem cell field. Cross-discipline 
institutes are forming at major universities, whose research becomes 
the starting point for clinical trials at world-renowned hospitals, 
whose efforts may be funded by the government but whose cell 
lines may come from the private sector. State-based stem cell poli-
cies become national stem cell policies, while researchers from dif-
ferent nations join together to form international cooperatives like 
the International Society for Stem Cell Research. As Furcht and 
Hoffman put it:

It’s too soon to know which country will win the stem cell 
race. What is certain is that the power of biomedical imagi-
nation and information technology spills over international 
boundaries more freely than ever… The global exchange of 
stem cell research information is growing in tandem.3

Meanwhile, the political debate over embryonic/adult cells gives 
way to an ethic of intellectual curiosity in the scientific world. As 
previous generations of stem cell researchers remained united by 
their profession during the Cold War, so do today’s scientists refuse 
to be pulled in by political conflict over which stem cells are best. 
While embryonic stem cells fuel further breakthroughs at the lab 
bench, adult stem cells increasingly venture out into the arena of 
clinical trials and human treatment. 

And in an increasingly interconnected world, a global commu-
nity of researchers and clinicians has emerged to tackle the chal-
lenge of moving stem cells from bench to bedside. Convergence is 
the new paradigm. It is this spirit of convergence, of cooperation 
and shared hope for the future, which will further propel stem cells 
down the road of clinical translation. A century ago, stem cells 
emerged as a new scientific endeavor. Today, we are on the cusp of 
another endeavor, one that will revolutionize healthcare by estab-
lishing stem cells as medicine.

Creating New Organs
In a keynote speech to 
the 25th Army Science 
Conference, Dr. Anthony 
Atala discussed how his 
team has overcome three 
challenges to the creation 
of replacement organs: an 
inability to expand cells in 
vitro, inadequate biomateri-
als, and inadequate vascular-
ity. Wake Forest researchers 
began by targeting the cells 
that lead to regeneration 
during normal injury and 
expand these cells in vitro by 
using specific growth factors. 
They select the committed 
progenitor cells that are spe-
cific to each organ. The tis-
sue is integrated with specific 
3D scaffolds comprised of 
compatible biomaterials. This 
allows for the creation of arti-
ficial organs such as bladders 
or tracheas. The researchers 
have solved one of the great-
est challenges, providing 
adequate vascularity. Tissue 
larger than an eraser pencil 
will not grow unless it is 
provided with blood supply. 
Branching allows for this tis-
sue to obtain the necessary 
vascularity. To date, Wake 
Forest has created more than 
a dozen different tissues; the 
majority come from autolo-
gous sources; exceptions 
being nerves, livers and pan-
creas.27
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Stemedica is a world leader in developing, manufacturing and 
distributing allogeneic adult stem cell products for human use in 
clinical trials. These products address the debilitating nature of 
complex diseases and physical trauma. The Company was formed 
in 2005 by a management team with experience in building success-
ful organizations. Stemedica’s products and services are provided 
to decision makers in government regulatory agencies, hospitals 
(where there is regulatory approval), academic research institutions, 
pharmaceutical and healthcare companies.

Our explicit goal is to set the international standard for excel-
lence in safety, quality and efficacy. Stemedica’s developmental 
efforts stand on the shoulders of the rich history of stem cell dis-
covery and clinical experience of scientists and physicians from 
around the world. To this end, we are indebted to our colleagues 
from Russia, Europe, Canada, Japan, Korea, China, India, Finland, 
Indonesia, Switzerland, Kazakhstan and other countries whose 
research and clinical experience have proven to be invaluable.

About Stemedica 
Cell Technologies, Inc.

Multiple Cell Technology
Stemedica’s proprietary 
processes and procedures 
provide the company 
with the capability to 
isolate, extract, expand, 
manufacture and master 
bank multiple unique 
lines of immune privi-
leged and ischemic tol-
erant adult stem cells. 
These proprietary lines 
provide Stemedica with 
the ability to custom-
ize specialized formula-
tions that are required to 
address complex diseases 
and other debilitating 
conditions.
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About Stemedica
Stemedica’s core mission is to develop, 

manufacture and distribute adult stem cells 
that have the potential to save, restore and 
improve lives by reversing the debilitat-
ing nature of complex diseases and physi-
cal trauma. Stemedica’s management and 
employees are dedicated to executing this 
mission with great passion and with busi-
ness and scientific discipline. 

Stemedica has a deep appreciation for the 
impact its scientific and medical technolo-

gies have on the lives of patients, their families and friends. To this 
end, the Company will continue to strive for excellence in science, 
medicine, technology and in its business practices. 

Research and Product Development Focus
The Company’s research, product development and manufactur-

ing are focused on four primary medical areas:  

• Neurological Diseases: Diseases and conditions such as: 
Alzheimer’s, Parkinson’s, ischemic stroke, traumatic brain inju-
ry and spinal cord injury. 

• Sight Restoration: Diseases of the eye such as: diabetic retinopa-
thy, retinitis pigmentosa and age-related macular degeneration. 

• Cardiovascular: Functional improvement related to acute myo-
cardial infarction, cardiomyopathy and chronic heart failure. 

• Bone and Soft Tissue: Repair of bone and soft tissue conditions 
including: scars, burn scars and acute chronic skin wounds. 

Demand for Stemedica’s products is increasing as the world’s 
population continues to grow, traditional medical remedies fail to 
provide adequate results and people desire to experience a higher 
quality of life as they live longer. 

Technology Advantage
Stemedica has developed unique stem cell lines and related stem 

cell factors that allow researchers and clinicians to employ multiple 
formulations. The Company uses proprietary processes and proce-
dures for manufacturing and banking its adult stem cell products. 
These manufacturing processes and procedures are protected by a 
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comprehensive patent portfolio and are in full compliance with 
FDA and cGMP requirements. In addition, Stemedica operates 
under its license by the State of California’s Department of Public 
Health, Food and Drug Branch. Stemedica’s advantages include:

• Comprehensive vertical integration of cGMP manufacturing— 
from raw material to final product;

• Superior scalability from single source donations with minimal 
passages (only four passages for final product);

• Extensive pre-clinical research and FDA-approved clinical trials 
in the United States and regulatory approvals in several coun-
tries;

• Diverse and multiple proprietary product offerings including 
ischemic tolerant live cells derived from selected tissue source 
origins;

• Stem cells that are immune privileged—stem cell transplanta-
tion does not require immunosuppressant agents or human 
leukocyte antigens (HLA) matching; 

• Stem cells with proven viability, potency and migratory proper-
ties; 

• Proprietary master banking processes that insure cell preserva-
tion and cell viability; 

• Protocols, templates, training and educational programs related 
to stem cell transplantation;

• Extensive bio-safety testing at certified laboratories. Tests 
include infectious disease panels, tumorigenicity, acute chronic 
toxicity and others (see Chapter 1 for detailed list of tests);

• Proprietary preservation processes and procedures for live isch-
emic tolerant adult stem cell products;

• Proprietary cGMP processes for isolating, collecting and pre-
serving stem cell-derived factors used in clinical trials for a vari-
ety of medical and consumer applications;

• Comprehensive portfolio of intellectual property; and 

• Ability to safely and legally ship stem cells and stem cell prod-
ucts worldwide with FDA notification and authorization.

The Stemedica scientific team has developed technologies that 
enable our manufacturing and quality personnel to create master 
banks of multiple stem cell products. For example, extracting bone 
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marrow from one 19-year-old donor 
enables Stemedica to create enough 
stem cells for physicians to treat at 
least one million patients.

Manufacturing
Stemedica has been licensed by 

the State of California’s Department 
of Public Health, Food and Drug 
Branch to manufacture stem cells for 
human use under FDA and cGMP 
standards of compliance as well as 

Swissmedic and European Union guidelines. The Company is cur-
rently manufacturing and shipping stem cells to countries around 
the world that are conducting approved clinical trials. Patients suf-
fering from medical conditions such as those previously indicated 
are being treated in these trials. 

The Company has an unparalleled capability to manufacture 
quality stem cell products through its facilities in San Diego, 
California and in Lausanne, Switzerland. These facilities allow 
Stemedica to manufacture its multiple allogeneic stem cell products 
to meet international safety and quality standards.

Commitment to Quality
Stemedica employs rigorous and highly advanced controls, pro-

cesses and procedures that follow all the safety testing outlined in 
Chapter 1. All safety tests are audited and certified by independent  
laboratories.

In addition to exceeding the safety testing requirements of the 
FDA, Stemedica’s stem cells are tested for viability, potency and 
migratory properties. Tests conducted by independent research 
institutions have repeatedly demonstrated that Stemedica’s stem 
cells meet the highest standards of performance available.

Management, Advisors, and Board of Directors 
Stemedica has built an experienced team of international and 

domestic scientists and medical professionals who have been 
involved for the past nine years in extensive research and stem cell 
product development. These efforts include:

1. Confirming the safety, reliability and efficacy of the  
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Company’s science and technology;

2. Advancing the Company’s protocols for isolating, expanding, 
processing, manufacturing and master banking of stem cells; 
and 

3. Refining Stemedica’s methodologies and standard operating 
procedures used in clinical application.

The team has expertise in stem cell research and clinical trials, 
medically-based technology transfer from foreign countries, apply-
ing for and receiving FDA clearances, commercialization of new 
products and technologies, and the utilization of cutting-edge mar-
keting strategies.

A prominent Board of Directors and a Board of Scientific and 
Business Advisors support the Company’s management by provid-
ing a professional forum to review the Company’s management 
practices, business development tactics, product and service offer-
ings and long-term strategic objectives.

Stemedica’s Worldwide Reach
Stemedica’s management has established strategic relationships 

with regulatory agencies, ministers of health, leading hospital offi-
cials, scientists and physicians throughout the world, including 
Russia, Canada, Japan, Korea, China, India, Finland, Indonesia, 
Switzerland, Kazakhstan, and countries in Central and Eastern 
Europe, the Middle East, Central America, and South America. 
These alliances continue to help support our ongoing research and 
product development efforts.

These meetings have resulted in joint venture manufacturing, 
distribution agreements and clinical trials using Stemedica cells 
and protocols. Many countries have granted regulatory approval to 
import Stemedica’s stem cells as the product of choice to conduct 
clinical trials for varying debilitating injuries and diseases.

We have an opportunity to provide a better life for our fellow 
citizens around the world, our children, our grandchildren and 
ourselves. Diseases and medical conditions for which there are no 
effective treatment options may not be eradicated, but it is our 
sincerest belief that stem cells are the future of medicine, and the 
future is already here.
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Roger J. Howe, PhD, Founder and Executive Chairman & 
Maynard A. Howe, PhD, Founder, Vice Chairman & CEO

Drs. Roger and Maynard Howe bring a diverse background to 
Stemedica. Over the past 30 years, they have launched several suc-
cessful ventures in adult stem cell technology, medical devices, 
information systems, and behavioral sciences including marketing, 
customer and quality survey research. They have experience in: a) 
recruiting and leading exceptional teams of nationally and inter-
nationally recognized scientists, physicians, technicians, executive 
teams and board members; b) managing intellectual property, regu-
latory and FDA processes and procedures; and, c) setting up distri-
bution and managing sales channels throughout North America, 
Europe, South America and parts of Asia. They have also led fund 
raising initiatives to secure private, institutional and venture capital 
investments as well as coordinated and negotiated the exit strate-
gies and plans for each company.

Prior to serving as founders of Stemedica Cell Technologies, Inc., 
they were instrumental in launching Reliant Technologies (now 
Solta Medical, Inc., NASDAQ: SLTM) and Cardiovascular Systems, 
Inc. (NASDAQ: CSII).

Reliant Technologies (now Solta) is comprised of a team of scien-
tists, engineers and physicians that developed, tested and launched 
the revolutionary medical laser for skin rejuvenation known as 
Fraxel®. This device created a new category of aesthetic science 
known as fractional photothermolysis. Reliant Technologies has 
achieved a strong intellectual property position with several issued 
and pending patents. In addition, prior to its sale, Reliant secured 
multiple FDA clearances for its technology and established global 
distribution.

Cardiovascular Systems, Inc. (CSI) develops and commercializes 
interventional technologies for the treatment of cardiovascular dis-
ease. CSI is a leader in providing clinically proven, safe and effective 
vascular solutions, with its mission of saving limbs and restoring 

About the Authors
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patients’ ability to walk pain-free, remain productive and live inde-
pendently. CSI has FDA approval for peripheral artery disease and is 
currently in clinical trials for the treatment of the coronary artery. 
The company has a portfolio of over 83 international and U.S. pat-
ents issued and 74 pending.

In addition to Reliant Technologies and Cardiovascular Systems, 
the Howes also co-founded NIS, a leading customer, quality and 
market research company specializing in conducting branding 
campaigns, marketing assessments, and trend research in both busi-
ness-to-business and business-to-customer environments for major 
Fortune 500 corporations. NIS was selected by the U.S. Federal 
Government to execute its proprietary algorithm technology on 
behalf of the Equal Access Mandate (Judge Greene) for allocating 
telephone users to long distance carriers following the breakup of 
AT&T. This resulted in the surveying, processing, analysis and allo-
cation of over 100 million personal and business long distance users 
in North America. NIS was sold to National Computer Systems and 
later to Person, PLC (NYSE: PSO).

The Howes are co-authors of numerous articles and top selling 
business books. They are nationally and internationally recognized 
speakers and lecturers. Their benchmark book Quality on Trial: 
Bringing Customer Relationships into Focus, is in its second edition and 
has been published in several languages. Other books include a five 
part implementation manual series, Business to Business Marketing 
Management System, McGraw-Hill; Team Dynamics in Developing 
Organizations, Kendall-Hunt; Preventing Workplace Violence, Alliant 
Press; Building Profits Through Organizational Change, American 
Management Association.

Nikolai I. Tankovich, MD, PhD, FASLMS, Founder, 
President & Chief Medical Officer

Dr. Nikolai Tankovich was born in Siberia after his grandparents’ 
family had been deported there from the capital by the Bolshevik 
government. Graduating high school with honors, he was accepted 
to Moscow University where he received a master’s degree in Physics 
and a Doctorate (PhD) in Biophysics for his thesis, “Hydrodynamics 
and Mass Transfer of Magnetic Drug Carriers in Blood Flow.” After 
finishing his dissertation, Dr. Tankovich continued his education 
and graduated with honors from Moscow’s Medical Semashko 
University, specializing in general surgery. He completed residency 
training in oncology and became a surgical oncologist.
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Dr. Tankovich became Director of the Medical Biophysics Lab at 
the Kurchatov Atomic Energy Center (in 1982) where he conducted 
research on the use of laser and electromagnetic radiation in biol-
ogy and medicine. Working as a physician at the Cancer Research 
Center, he specialized in the diagnosis and laser treatment of malig-
nant tumors and bone marrow disease.

Following his publication on the use of magnetron’s electromag-
netic radiation for the resonance release of stromal and hematopoi-
etic stem cells from bone marrow into the blood flow, he was invit-
ed by the University of California, Irvine (UCI) to conduct research 
on stromal bone marrow release by millimeter electromagnetic 
wave radiation. This research was performed at the University of 
California, Santa Barbara using the free electron laser and presented 
at the International Center for Research on Cancer (Lyon, France). 
Dr. Tankovich was invited by Dr. Arnold Beckman and the Bechtel 
Corporation to further his work at the Beckman Laser Research 
Institute and Clinic as a visiting Professor of the Department of 
Surgery.

Dr. Tankovich has pursued many diverse applications for the use 
of lasers in medicine and surgery. Building upon his earlier discover-
ies in Russia, he pioneered laser hair removal. He was issued the first 
patent on hair removal by the U.S. Patent and Trademark Office in 
1993 which he licensed to the ThermoLase Corporation. Serving as 
vice-president of ThermoLase, the company in 1996 reached a mar-
ket capitalization of $1.6 Billion. As other companies moved into 
the hair removal space, ThermoLase sold its hair removal technolo-
gies and diversified into the biotech sector.

Pursuing a long-term interest in stem cells, in 1997 Dr. Tankovich 
completed a series of in vivo experiments employing stem cells to 
grow hair. He filed his first application on this technology that year 
and was granted a patent in 2000 for harvesting, expansion and 
implantation of stem cells to grow hair. He has also patented tech-
nology on laser use to remodel skin by attracting cell progenitors to 
the micro injured papillary dermis and epidermis. He licensed this 
technology to Reliant Technology, Inc. in 2004 (acquired by Solta 
Medical, Inc.)

Dr. Tankovich continues to explore the multiple applications 
of stem cells in medicine and is a frequent lecturer at univer-
sities around the world including Oxford University (United 
Kingdom), Kitasato University (Japan), University of New South 
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Wales (Australia), Université Claude Bernard (France), the University 
of Moscow (Russia), the University of Lausanne (Switzerland) and 
others.

He has over 50 scientific publications, is author of more than 
100 international and U. S. patents and has presented his research 
at more than 100 conferences and meetings. Dr. Tankovich has 
been awarded the Kurchatov’s Medal from the Atomic Energy 
Commission for his input into atomic science for medicine.

David A. Howe, MD, MBA, DC, CCN, President, 
Longevity Medicine, LLC

Dr. David Howe is currently President of Longevity Medicine, 
LLC. Previously, he served as Senior Vice President and Medical 
Director of Stemedica Cell Technologies, Inc. where he was involved 
in stem cell studies with internationally recognized stem cell sci-
entists and physicians in several different countries. He has docu-
mented successful outcomes and has assisted in the development 
of clinical protocols for the treatment of patients with Alzheimer’s, 
Parkinson’s, spinal cord injury, stroke, retinal eye conditions, mul-
tiple sclerosis, as well as several orphan diseases. In addition, he has 
trained physicians in several countries in stem cell transplantation 
methodologies using multiple cell lines to treat the diseases and 
conditions indicated above. 

In his former capacity, Dr. Howe worked with international med-
ical ethics committees, independent review boards and government 
regulatory agencies that approve treatment protocols and monitor 
the safety and efficacy of stem cell treatments. He is a frequent 
speaker, guest lecturer and panelist at national and international 
conferences on stem cell research, multiple cell technology and 
transplantation methodologies. As a practicing physician, Dr. Howe 
has long been interested in innovative treatment modalities for dis-
eases and conditions for which there are no cures. 

James R. Tager
James Tager has been writing professionally for eight years. He 

serves as a contributing editor of The Aesthetic Guide, and moderates 
THE Aesthetic Show, an annual conference on innovative cosmetic 
technologies. He specializes in the creation of online training pro-
grams for a variety of surgical and medical procedures as well as 
assisting physicians with their online marketing efforts.
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James has attended London School of Economics, the Universidad 
de San Pablo (Madrid, Spain), and Duke University where he 
received his BA in Political Science, cum laude in 2009. At Duke, he 
was the Recipient of the William J. Griffith University Service Award 
for “Outstanding Contributions to the Global Community” and the 
Robert S. Rankin American Government Award for “Leadership and 
Academic Achievement.” He has served as president of the Duke 
Human Rights Coalition and as a columnist and staff writer for 
various academic publications. He received his JD with honors from 
Harvard Law School in 2013 and continues to pursue his passion for 
safeguarding international human rights.
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Alex Kharazi, MD, PhD, Chief Technology Officer
Dr. Alex Kharazi completed his medical degree in Internal Medicine 

and Pathology in 1978 in Kiev at the Medical Institute in the Ukraine. 
From 1978 to 1981 he was a postdoctoral fellow at the Kiev Institute of 
Gerontology. Dr. Kharazi received extensive training in cell biology and 
immunology, including tissue culture and subsequently earned his PhD 
in Immunology. The research interests of the laboratory were focused 
on restoring immunity in aged mice using stem cells from young adult 
mice. While studying the role of the thymus in the development of 
the mouse immune system, he collaborated with A.J. Friedenstein’s 
lab in Moscow on the physiological contribution of chemical factors 
produced by thymic stromal cells (microenvironment). In 1989, he was 
invited to work as a research fellow in the Department of Pathology at 
the Tokyo Metropolitan Institute of Gerontology in Japan. There he 
studied early progenitors for adult thymic epithelial cells and success-
fully established adult thymic epithelial cell lines. He received exten-
sive training in immuno-cytology and flow cytometry.

In 1991, Dr. Kharazi was invited to the University of California, 
Los Angeles (UCLA) to serve as chief pathologist of a United States 
Environmental Protection Agency controlled study on the effects of 
magnetic fields on the incidence of lymphoma in mice. While at UCLA 
he received extensive training in Good Laboratory Practices (GLP) and 
regulatory affairs. The results of the study were reported to the United 
States Congress. From 1998 through 2006, Dr. Kharazi served as chief 
scientist of the Immunotherapy laboratory at St. Vincent Medical 
Center in Los Angeles, California. There, his research interests focused 
on cancer treatment using tumor vaccines, which were designed and 
manufactured to activate a patient’s own immune system. He success-
fully designed and prepared a breast cancer vaccine using genetic engi-
neering; the vaccine is currently in the patent application process. He 
also conducted scientific work on the role that dendritic cells play in 
the generation of anti-tumor immune response. Dr. Kharazi has exten-
sive experience in conducting FDA approved clinical trials.

About Stemedica’s 
Scientific & Medical Team
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His peer reviewed publications appear in over 20 scientific journals. 
In addition, his published abstracts are reported in 31 publications 
and he has contributed to several chapters in scholarly textbooks. 
Dr. Kharazi has presented his research at numerous national and 
international scientific conferences. He is an active member of many 
distinguished societies such as The American Association for Cancer 
Research. In addition, he served as a consultant to several research 
companies and he has also been a faculty member at the University 
of South California in Los Angeles, as well as other University of 
California institutions.

Lev Verkh, PhD, Chief Regulatory & Clinical 
Development Officer

Dr. Lev Verkh holds a PhD degree in Biophysics and a Master of 
Science in Physics from the State University of New York at Buffalo, 
and Bachelor of Science degree in Theoretical Physics from Odessa State 
University. He is author or co-author of over 40 peer-reviewed publica-
tions. His clinical and regulatory experience includes 23 years working 
for Pfizer, Baxter BioScience, Alliance Pharmaceutical Corporation and 
Alpha Therapeutic Corporation. He has directed national and multi-
national Phase I, II, III and IV clinical trials in cardiology, oncology, 
peripheral vascular diseases, hematology, blood disorders and imag-
ing methods. Through his efforts and the efforts of his teams, he has 
received FDA approval for several products that are currently on the 
market. Under his direction and leadership, Stemedica successfully 
worked with the FDA and received three Investigational New Drug 
approvals for ischemic stroke, acute myocardial infarction and cutane-
ous photoaging using Stemedica adult allogeneic bone marrow stem 
cells. Dr. Verkh is also responsible for assisting in the organization 
and supervision of clinical trials outside the United States that utilize 
Stemedica technology. He also assists foreign regulatory agencies in 
establishing guidelines for stem cell technologies in medicine.

Sergey Sikora, PhD, MBA, President & Chief Executive 
Officer, CardioCell, LLC (Stemedica Subsidiary)

Dr. Sergey Sikora has 12 years of biomedical research experience. 
His area of expertise is Diagnostics and Therapeutics in Cardiology. 
Prior to Stemedica, he worked at GenWay Biotech, Inc. between 2006 
and 2013 as Senior Vice President, in charge of Custom, Catalog, and 
the FirstMark Cardiology Diagnostics Divisions. Within a short period 
of time, he was able to establish business development related to 
GenWay’s proprietary IgY microbead technology, Seppro® system. He 



About StemedicA’S Scientif ic & medicAl teAm

249

also established and led the FirstMark Diagnostic Division at GenWay. 
He took the lead in forming partnerships, agreements and sales for 
GenWay’s custom services business, and he played a key role in the 
development of the Company’s diagnostic FirstMark business. He is 
currently Chair of the Scientific Advisory Board for FirstMark. In 2008, 
Dr. Sikora successfully divested two of the largest divisions of GenWay 
to Sigma-Aldrich.

Prior to joining GenWay, Dr. Sikora was a founder and VP of Business 
Development at MC-Fibers. During his tenure in MC-Fibers, he success-
fully established a customer base and developed a business strategy 
for the company. Dr. Sikora also worked with the Sanford-Burnham 
Medical Research Institute where he developed a novel bioinformat-
ics/experimental biology streamlining method for rapid experimental 
confirmation of computational predictions and analyzed the Severe 
Acute Respiratory Syndrome (SARS) genome which resulted in a U.S. 
patent and a number of published research articles.Dr. Sikora obtained 
his PhD in molecular biology from UCLA and his MBA from the Rady 
School of Management at the University of California, San Diego.

Ike W. Lee, PhD, President & Chief Executive Officer, 
StemCutis, LLC (Stemedica Subsidiary)

Dr. Ike Lee has experience and expertise in the development and 
commercialization of biomedical technologies, especially in the field 
of stem cells and regenerative medicine. Previous to his position with 
Stemedica, he was actively working in the establishment and opera-
tions of biotech start-up companies in the United States, Belgium and 
Korea, as well as consulting with the Korean government in develop-
ing biomedical R&D complexes. Dr. Lee has also successfully helped 
academic institutions in their efforts to secure government funding for 
the establishment of research centers. In his capacity as the executive 
of the biotech companies, Dr. Lee has led research and development 
activities, including management of intellectual properties, in the 
development of clinically relevant technologies of cell therapy, tissue 
regeneration and tissue engineering. His expertise and interests are cul-
minated in the generation of values of early-stage biotech companies. 

David Cheatham, Business Manager, Stemedica 
International, S.A. (Stemedica Subsidiary)

For more than 30 years, David Cheatham has been turning startups 
into market leaders. Most recently, he sold to SirsiDynix/Vista Equity 
Partners the company he co-founded in 1981, EOS International, 
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the leader in cloud-based library-automation and information-man-
agement software. As President, he expanded EOS globally to Paris, 
London, Singapore and San Diego and served thousands of custom-
ers, including nearly half of the world’s largest law firms, hundreds 
of Fortune 1000 companies, academic libraries and many U.S. gov-
ernment departments and agencies including the Pentagon, FAA, Air 
Force and Navy. Before that he was COO of Physician.com, a web 
portal offering a variety of information and services for doctors and 
patients. In addition, he served as president and CEO of Information 
Quest Inc., which was acquired by Rowecom, and CEO of Medical 
Information Network, which was acquired by Choicepoint (NYSE: 
CPS). He earned his B.A. in business from Principia College and his 
MBA from Pepperdine University’s Graziadio School of Business and 
Management.

Eugene Baranov, PhD, Vice President of Global Research
Dr. Eugene Baranov is an internationally recognized researcher, 

innovator and educator for application of physical chemistry, biophysi-
cal methods and imagining technology in cancer research and biotech 
related disciplines. He has published more than 60 articles (including 
publications in such highly-ranked scientific journals as Cell, Cancer 
Cell, and Proceedings of the National Academy of Sciences of the U.S.A.) 
He has presented the results of his research at over 30 conferences and 
seminars worldwide and has been an educator at several international 
universities and an inventor of three U.S. patents. He was also a con-
sultant for several U.S. companies specializing in nutrition, cosmetics 
and cancer research. Dr. Baranov’s research has been significant in 
many areas. These include: anthracycline drugs’ cell membrane trans-
port kinetics and their interaction with DNA; the development of vital 
fluorescent dye and laser based technology for early cancer diagnosis 
and clinical usage; the implementation of a double derivative method 
for data image analysis of collagen structure in normal and pathologi-
cal tissues (breast cancer and diabetes); the application of fluorescent, 
polarized and nanosecond time-resolved spectroscopy for studies of 
drug interactions and their molecular complexes with their targets.

Ludmila Kharazi, MD, PhD, Senior Scientist
Dr. Ludmila Kharazi received her medical degree from Kiev Medical 

Institute, Ukraine and her PhD from the Institute of Gerontology, 
Academy of Medical Sciences of Ukraine. Her research focused on age-
related changes of brain neuromediators, such as dopamine and sero-
tonin; during her postdoctoral work she researched Parkinson’s disease 
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using animal models. Dr. Kharazi continued to concentrate on the aging 
of the adult animal central nervous system and has produced over ten 
publications in the areas related to mechanisms of aging and longevity 
and the effects of stress. At the National Genetics Institute she focused 
her efforts on developmental tasks related to testing of blood samples 
for various viruses using PCR technology. At AmCyte Corporation, she 
was involved in research of gene expression by progenitors for insulin 
producing cells. She is one of the leading cell culture specialists and  
has developed proprietary processes, standard operating procedures 
and technologies for various stem cell cultures, as well as methods for 
their isolation, expansion, purification and characterization.

Alexei Lukashev, PhD, General Manager, Stemedica 
International, S.A. (Stemedica Subsidiary)

Dr. Alexei Lukashev has over 20 years of experience in advanced 
research and development in solid state and eximer lasers, nonlinear 
optics and interaction of laser radiation with matter. Dr. Lukashev 
currently works with a laser for hydrogen bond modification that was 
invented while he was working at Moscow’s General Physics Institute 
with Nobel Prize winner and academician A. Prokhorov. Dr. Lukashev 
has a track record of new product development for the medical and 
semiconductor industries including lasers for hair removal, vascu-
lar treatment and skin resurfacing. He has also participated in the 
development of optical methods of non-invasive cancer diagnostics 
and was the managing director of development and manufacturing 
of DermaChiller 4, an FDA-approved hand-held device for cooling 
the skin during laser and medical procedures. Dr. Lukashev currently 
holds 7 United States patents and has been published in 36 peer review 
journals and conference proceedings. He presents his works at inter-
national conferences such as SPIE Biomedical Optics, the Association 
of Research in Vision and Opthalmology (ARVO), and the American 
Society of Laser Medicine Surgery (ASLMS). He is currently developing 
methods of using laser radiation with stem cell therapy to treat poste-
rior eye dysfunctions such as retinitis pigmentosa, age-related macular 
degeneration and retinal vessels occlusion. Dr. Lukashev studies photo-
thermal and photomechanical mechanisms of releasing signaling pro-
teins, cytokines and endogenous stem cells in the retina with specially 
designed laser pulses.

Harris Brotman, PhD, JD, Vice President, Intellectual 
Property

Dr. Harris Brotman develops intellectual property strategies to 
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implement and execute Stemedica’s business plans. In industry and 
academia, he has broad strategic experience in biotech, therapeutics 
and diagnostic patent preparation, prosecution, and licensing for mon-
etizing intellectual property value. He earned a PhD in genetics from 
The University of California Davis, and joined the faculty of Cornell 
University as assistant professor of genetics. Dr. Brotman, as a free-
lance journalist, reported for the New York Times Magazine, the Los 
Angeles Times, and Chicago Tribune on new technologies in human 
reproduction. He received a law degree from Southwestern University 
in Los Angeles in 1989 and has been practicing patent law at partner 
level in major San Diego law firms prior to joining Stemedica.

Yuri Kudinov, MD, PhD, Laser Research Scientist
Dr. Yuri Kudinov received his medical degree in Internal Medicine 

from the National Medical University Kyiv, Ukraine and his PhD from 
the Institute of Gerontology, Academy of Medical Sciences of Ukraine 
specializing in Immunology and Allergy. As a research scholar at 
the University of Southern California, Saint Vincent Medical Center 
Immunotherapy Laboratory, he specialized in the development and 
preparation for administration of cancer vaccines in FDA approved 
clinical trials. His research and publication focused on resistant tumor 
cell lines of different histological origins related to mesothelioma, 
colon and hepatocellular carcinoma cells. Dr. Kudinov has a high 
level of proficiency in flow cytometry, general immunophenotyping, 
cytokine flow cytometry, cell analysis, apoptosis assays, immunohis-
tochemistry, in vitro cytotoxic assays, chromogenic endpoint limulus 
amoebocyte lysate testing and statistical analysis. He has extensive 
experience in rejuvenation of the aging immune system, stimulation 
of immunogenicity of whole-cell cancer vaccines, and quality control 
testing of multipotent stem cells including large scale expansion of 
mesenchymal stromal cells and neural progenitor cells in perfusion 
bioreactors. He is known for his ability to optimize cell culture condi-
tions to enhance production of therapeutic stem cell growth factors, 
as well as his expertise in the preservation and stabilization of isolated 
therapeutic stem cells and growth factors.

Grigory K. Vertelov, PhD, Research Scientist
Dr. Grigory Vertelov received his PhD in Organic Chemistry, and his 

Masters degree in Chemistry and Medicinal Chemistry from Moscow 
State University, Russia. His postdoctoral work as a research scholar 
in the Department of Chemistry, Princeton University (New Jersey), 
focused on the synthesis of phosphonic acids, oligothiophenes, surface 
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modification—monolayer deposition on the oxide surfaces and organic 
semiconductors and transistors. In addition to his research efforts, he 
has taught courses at the graduate level and participated in managing 
research projects in the departments of chemistry, biology, physics and 
materials engineering at Auburn University, the University of Alabama, 
Moscow University, Russia, and University of Nice Sophia Antipolis, 
France. The focus of Dr. Vertelov’s research efforts is on developing new 
chemical compounds to enhance transfection efficiency of mesenchy-
mal stem cells. He is capitalizing on his experience and expertise in 
working with nanoparticles to conjugate them with plasmid DNA and 
create complexes that will be introduced into mesenchymal stem cells. 
Following DNA translation, the cells are expected to secrete the cyto-
kines of interest to promote the healing process at the site of injury. He 
has over a dozen publications and abstracts.
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