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Stem Cells
Although embryonic stem cell 
science had its beginnings in the 
U.S., the rest of the world is fighting 
to take the lead. With one of the 
most research-friendly climates in 
Europe, the U.K. allows scientists 
to extract stem cells from embryos 
left over from in vitro fertilization as 
well as to clone embryos specifically 
for study.1

China has pioneered a potentially 
groundbreaking technique that 
produces cloned human embryos by 
mixing human skin cells with eggs 
of rabbits, which are more easily 
obtained than human eggs.  And 
in Singapore, towering laboratory 
buildings of its Biopolis were created 
in 2001 to jump-start Singapore’s 
biotechnology industry. Academic 
grants, corporate development 
money, laws that ban reproductive 
cloning but allow therapeutic cloning, 
and a science-savvy workforce are 
among the lures attracting stem cell 
researchers and entrepreneurs to this 
island-nation.

What some see as a shift of 
research overseas comes in the 
wake of ethical concerns that have 
led to U.S. funding restrictions. But 
many countries, such as Austria and 
Ireland, have also strongly opposed 
embryonic work. The loudest no 
vote booms from the Vatican, which 

has deemed embryonic research, like 
abortion, a gravely immoral act.

Adult Stem Cells
The adult body has a small number 
of stem cells in many tissues and 
organs—where they lie low until 
activated by illness or injury.

Adult stem cells have been 
found in the brain, blood, cornea, 
retina, heart, fat, skin, dental pulp, 
bone marrow, blood vessels, skeletal 
muscle, and intestines. In general, 

Table 1.  Adult stem cell progress: so far only adult stem cells have been tested in  
 humans, though research on both adult and embryonic cells progresses apace.   
 (Adapted from National Geographic, July 2005).

adult stem cells are scarcer in the 
body and harder to culture than 
embryonic cells, yet large numbers 
are needed for therapies.  Unlike 
embryonic stem cells, adult stem 
cells have not been proven able to 
morph into every kind of cell and 
may be limited to becoming cell 
types within their tissue of origin. 
An adult stem cell in the brain, for 
example, can become a neuron or 
glial cell—both neural cells—but not 
a bone or liver cell.2

Disease Stem-cell Potential

Heart disease Adult bone marrow stem cells injected into heart arteries are 
believed to improve cardiac function in victims of heart attack or 
heart failure.

Leukemia
and other cancers

In various studies leukemia patients treated with stem cells from 
bone marrow and umbilical cord emerged free of disease; donor 
blood stem cells have also reduced non-Hodgkin’s lymphoma, and 
pancreatic and ovarian cancer in some patients.

Rheumatoid 
arthritis

Adult stem cells may be helpful in jump-starting repair of eroded 
cartilage. In human trials, joint pain lessened temporarily after 
donor stem cell therapy in some patients, and some then responded 
better to standard drug therapies.

Parkinson’s disease Since fetal tissue implants had mixed success in reducing 
neurological symptoms, some researchers say the best hope is that a 
patient’s own neural stem cells may eventually be coaxed to mature 
into the dopamine-producing cells needed to treat the disease.

Type I diabetes Basic research is focused on understanding how embryonic stem 
cells might be trained to become the type of pancreatic islet cells 
that secrete needed insulin. Recent developments using proteins to 
spur cell differentiation may speed progress.
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Cord Blood Stem Cells
Stem cells from a newborn’s cord 
blood produce only blood cells: 
platelets, red blood cells, and white 
blood cells. Recently though, cord 
tissue has been found to contain 
mesenchymal cells capable of 
generating bone and cartilage.

Cord b lood t ransp lant—
considered an adult stem cell therapy 
because the cells come from infants, 
not embryos—have been performed 
since 1988. Like bone marrow, which 
doctors have been transplanting since 
1968, cord blood is richly endowed 
with a kind of stem cell that gives 
rise to oxygen-carrying red blood 
cells, disease-fighting white blood 
cells, and other parts of the blood 
and immune system.

U n l i k e  a  s i m p l e  b l o o d 
transfusion, which provides a batch 
of cells destined to die in a few 
months, the stem cells found in bone 
marrow and cord blood can—if all 
goes well—burrow into a person’s 
bones, settle there for good, and 
generate fresh blood and immune 
cells for a lifetime.

Amniotic Fluid Stem Cells
Researchers, led by Dr. Anthony 
Atala, director of the Institute for 
Regenerative Medicine at Wake 
Forest University School of Medicine 
in Winston-Salem, North Carolina, 
have found stem cells in amniotic 
fluid—the liquid that cushions babies 
in the womb.  These stem cells appear 
to have many of the key features of 
embryonic stem cells.3

Another advantage is that unlike 
embryonic stem cells, which can 
form tumors when implanted in lab 
animals, amniotic fluid stem cells 
do not appear to do so. But it is still 
unclear whether stem cells from 
amniotic fluid can give rise to the 
full range of cells that embryonic 
stem cells can produce. So far Atala’s 

Figure 2.   In the Yamanaka technique, the process begins with a large number of adult skin cells.   
 The skin cells are exposed to viruses, each carrying one of the four critical genes.  
 Cells that absorb all the four genes are somehow converted to stem cells. Researchers  
 remove any unconverted cells, leaving only viable stem cells.

group has been successful with every 
cell type they have attempted to 
produce from these stem cells.

For example, researchers have 
biochemically prompted the cells to 
become brain cells and injected them 
into the skulls of mice with diseased 
brains. The new cells filled in diseased 
areas and made new connections 
with nearby healthy neurons. When 
coaxed to become bone cells and 
seeded onto a gelatin scaffold that 
was then implanted in a mouse, 
the cells calcified and turned into 
dense, healthy bone.  Under other 
conditions, they became muscle, fat, 
blood vessel and liver cells.

The research shows that 
amniotic fluid-derived stem cells 
can be isolated as early as 10 weeks 
after conception from fluid extracted 
during tests done to detect birth 
defects.4

Skin Cells as Stem Cells
In a surprising advance in 2006, 
Shinya Yamanaka’s team at Kyoto 
University developed an easy-to-use 
technique for reprogramming a skin 

cell of a mouse back to the embryonic 
state. The technique would later be 
adapted to human cells.5

Previously, the only way to 
convert adult cells to embryonic 
form has been by nuclear transfer, the 
insertion of an adult cell’s nucleus 
into an egg whose own nucleus has 
been removed. The egg somehow 
reprograms the nucleus back to an 
embryonic state.(Figure 1)

This new technique depends 
on inserting just four genes into 
a skin cell. These accomplish the 
same reprogramming task as the egg 
does, or at least one that seems very  
similar.(Figure 2) The technique, 
when adapted to human cells, is 
much easier to apply than nuclear 
transfer, would not involve the 
expensive and controversial use of 
human eggs, and should avoid all 
or almost all of the ethical criticism 
directed at the use of embryonic 
stem cells.

The Tortuous Path to Magic 4
Ever since the creation of Dolly 
the sheep, the first cloned mammal, 

Figure 1. In existing therapeutic cloning, the nucleus of an adult skin cell is inserted into  
 an unfertilized egg whose nucleus has been previously removed. The egg reprograms  
 the adult nucleus back to its embryonic state and the egg begins to divide. After  
 several days, a blastocyst forms. Stem cells can be harvested from the inner cell  
 mass, a process which destroys the embryo.
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scientists have sought to lay hands on 
the mysterious chemicals with which 
an egg will reprogram a mature cell 
nucleus injected into it and set the 
cell on the same path of embryonic 
development as when egg and sperm 
combine.

Years of patient research have 
identified many of the genes that 
are active in the embryonic cell 
and maintain its pluripotency, or its 
ability to morph into many different 
tissues. In 2006, Dr. Yamanaka and 
his colleague Kazutoshi Takahashi, 
both at Kyoto University, published a 
remarkable report relating how they 
had guessed at 24 genes responsible 
for maintaining pluripotency in 
mouse embryonic stem cells.

When they inserted all 24 genes 
into mouse skin cells, some of the 
cells showed signs of pluripotency. 
The Kyoto team then subtracted 
genes one by one until they had a 
set of four genes that were essential. 
The genes are inserted into viruses 
that infect the cell and become 
active as the virus replicates. The skin 
cell’s own copies of these genes are 
repressed since they would interfere 
with its function.

An immediate issue is whether 
the Yamanaka technique can be 
reinvented for human cells. One 
problem is that the mice have to 
be interbred, which cannot be done 
with people. Another is that the 
cells must be infected with the gene-
carrying virus, which is not ideal for 
cells to be used in therapy. A third 
issue is that two of the genes in the 
recipe can cause cancer. Indeed 20% 
of Dr. Yamanaka’s mice died of the 
disease. These challenges were soon 
overcome.

And Down to Two
In 2007, several teams of scientists, 
including the teams of Shinya 
Yamanaka and Rudolf Jaenisch, 

reported finding a handful of genes 
that can transform ordinary skin cells 
into iPS cells (induced pluripotent 
stem cells), which look and act like 
embryonic stem cells.  To get these 
genes into the cells, they have had 
to use retroviruses, which integrate 
their own genetic material into 
the cells they infect.  This can be 
dangerous and can cause tumors and 
perhaps other effects.6,7

Then in September 2008, U.S. 
researchers did the same thing using 
a harmless virus called an adenovirus, 
but the method was not efficient.  
And the following month, Shinya 
Yamanaka used a loop of genetic 
material called a plasmid to reformat 
the cells.8,9

Soon Danwei Huangfu, a 
postdoctoral researcher in Doug 
Melton’s lab, found a shortcut using 
chemicals. By “sprinkling” valproic 
acid to unravel the chromatin—
the physical structure of the 
chromosomes—it is possible to get 
in and alter the DNA more easily. 
After adding the chemical, it only 
took two of the usual four genes to 
reprogram ordinary human skin cells 
into more powerful iPS cells.  This is 
advantageous because the other two 
genes can promote cancer.10

T h e  M e l t o n  t e a m  u s e d 
retroviruses to carry the two genes 
in but suggested they might not 
be necessary. These results support 
the possibility of reprogramming 
through purely chemical means, 
which would make therapeutic use 
of reprogrammed cells safer and 
more practical.

Huangfu said, “We may need 
two types of chemicals, one to 
loosen the chromatin structure, and 
one to reprogram. We are looking 
for that reprogramming chemical, 
and it should be possible to find it 
eventually.”11

Regeneration And Fibrosis
Primitive people were likely cognizant 
of and probably wondered over the 
ability of certain food animals, such 
as male deer and elk to regenerate 
antlers, and crayfish or lobsters to 
regenerate limbs.  They were also 
undoubtedly aware of the fact that 
hair and nails on their bodies grow 
continually.

Scientists, marveling at how 
animals like salamanders regenerate 
lost limbs, have long toyed with the 
futuristic possibilities of regrowing 
worn-out or injured human parts. But 
regeneration did not become a focus 
of systematic scientific investigation 
until the 18th century. In 1744 
Abraham Trembley (1710–1784) 
performed detailed experiments 
on the regeneration of fresh water 
hydra or polyp, while René Antoine 
Ferchault de Réaumer (1683–1757) 
and Lazzaro Spallanzani (1729–1799) 
reported their observations on the 
regeneration of limbs in crustaceans 
and newts, respectively.12 

Over the past decade, researchers 
began fashioning better scaffold-like 
platforms that hold growing cells and 
dissolve inside the body.  The study 
of stem cells, which can mature into 
all the body’s other tissues, has also 
supercharged progress in regenerative 
medicine.13,14

Homeostatic Mechanism
Richard J. Goss (1925–1996) 
has succinctly summarized the 
relationship between life, death, 
reproduction and regeneration: 
“If there were no regenerations 
there could be no life. If everything 
regenerated there would be no 
death. All organisms exist between 
these two extremes. Other things 
being equal, they tend toward the 
latter end of the spectrum, never 
quite achieving immortality because 
this would be incompatible with 
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reproduction.”15 
Unless a significant proportion of 

a population avoids premature death 
and attains reproductive maturity, 
perpetuation of the species is not 
possible. This requires a homeostatic 
mechanism to maintain relatively 
stable conditions in the system (such 
as blood temperature in the body) 
by internal processes that counteract 
any departure from the normal 
(entropic processes) and to maintain 
the integrity of tissues and organs. 
This mechanism is the regeneration 
that we have been talking about.

There  a re  two  types  o f 
regeneration: tissues that undergo 
cellular turnover—such as blood and 
epithelia, regenerate continually—
in a process called maintenance 
regeneration; these tissues, as well 
as some others, also regenerate on a 
larger scale when injured, in a process 
called injury-induced regeneration.

Besides regeneration, nature 
also provides us with a much more 
common mechanism—fibrosis—
for injury-induced repair. Fibrosis 
patches a wound with scar tissue, 
and in so doing, lowers its functional 
capacity. It is the result of an 
inflammatory response that produces 
a fibroblastic granulation tissue that 
is then remodeled into a collagenous 
scar.

Tissues that do not regenerate 
spontaneously and tissues that suffer 
wounds of a size that exceeds their 
regenerative capacity are repaired by 
fibrosis. Furthermore, regenerative 
ability can be compromised by or 
regenerative incompetence results 
from chronic degenerative diseases.  
Compromise and incompetence also 
lead to fibrotic repair. Well-known 
examples of tissues that undergo 
fibrotic repair after damage are 
articular cartilage, the dermis of the 
skin, the pancreas, the spinal cord 
and most regions of the brain, the 

neural retina and lens of the eye, 
cardiac muscle, lung, and kidney 
glomerulus.

Regrowth
All organisms regenerate to different 
degrees.  The degree of regenerative 
ability varies among species and with 
the level of biological organization 
within the individual organism. For 
example, a single carrot cell can 
regenerate a whole carrot. Some 
species, such as planaria and hydra, 
can regenerate whole organisms 
from fragments of the body. Certain 
amphibians can regenerate complex 
structures such as limbs and tails, as 
well as many other tissues. Compared 
to these life forms, the regenerative 
capacity of mammals, including 
the human, is limited, but no less 
vital.16,17

M a n y  s p e c i e s ,  n o t a b l y 
amphibians and certain fish, can 
regenerate a wide variety of their 

body parts. The salamander can 
regenerate its limbs, its tail, its upper 
and lower jaws, the lens and the 
retina of its eye, and its intestine. 
The zebra fish will regrow fins, scales, 
spinal cord and part of its heart.

Mammals, too, can renew 
damaged parts of their body. All can 
regenerate the liver. Deer regrow 
their antlers, some at the rate of 2 
centimeters a day, said to be the 
fastest rate of organ growth in 
animals. In many of these cases, 
regeneration begins when the mature 
cells at the site of a wound start to 
revert to an immature state. The 
clump of immature cells, known as 
a blastema, then regrows the missing 
part, perhaps by tapping into the 
embryogenesis program that first 
formed the animal.(Figure 3)

Initiation of a blastema and the 
formation of the embryo are obviously 
separate biological programs, but the 
processes must converge at some 

Creature Regenerative Abilties

Spider Can grow missing leg or parts of leg.

Deer Can regenerate antlers.

Starfish Can grow arms and, sometimes, large areas of body.

Zebra fish Can regenerate spinal cord, retina, scales, fins and heart muscles.

Sea cucumber If cut into pieces, each one can grow into a new creature.

Figure 3.  Many animals can regenerate parts of their body to replace those that have been  
 damaged. Here are a few of these creatures and what they can regenerate.
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point. The blastema seems to derive 
its instructions from the wound-site 
cells from which it was formed, 
and is quite impervious to cues 
from new surrounding tissue if it is 
transplanted. If a blastema made by 
sectioning a salamander’s limb at the 
wrist is transplanted elsewhere in the 
body it will still grow just a wrist and 
paw, while a shoulder blastema will 
regrow the whole limb.

Humans, of course, cannot 
regrow their limbs like newts, and do 
not form blastemas, so the relevance 
of regeneration to medicine has long 
seemed remote. But the capacity for 
regeneration exists in such a wide 
variety of species that it is unlikely 
to have evolved independently in 
each. Rather, the machinery for 
regeneration must be a basic part of 
animal genetic equipment, but the 
genes have for some reason fallen 
into disuse in many species.

In support of this notion, humans 
are not wholly lacking in regenerative 
powers. There are reports that the 
tip of the finger can occasionally be 
regenerated, if the cut is above the 
last joint.  And people can vigorously 
repair damage to the liver. Even after 
75% has been removed in surgery, the 
liver regains its original mass in two 
to three weeks. It is not certain why 
other organs and limbs have lost this 
useful capacity, but perhaps only the 
liver was damaged often enough in 
evolution—from rotten food, plant 
toxins, viruses—during its owner’s 
lifetime to make a repair system 
worth the cost.

The liver can regenerate itself, 
when all else fails, from stem cells, 
the versatile cells that produce 
the mature cells of many organs 
and tissues.  But usually it relies 
on its own mature cells, which, 
like those of a blastema, possess a 
remarkable power to divide and 
multiply, even though they can only 

restore the organ’s mass, not its 
original structure.

A more specific reason for 
thinking regeneration is not a wholly 
lost ability comes from genes. In 
December of 2005, Mark Keating, 
a vice president at the Novartis 
Institutes for Biomedical Research 
in Cambridge, Massachusetts, and 
who studies regeneration in zebra 
fish, identified a gene that is essential 
for initiating blastema formation 
when the fish’s fin is cut. Both this 
gene, called fgf20, and another he has 
found, hsp60, also exist in humans, 
suggesting the genetic basis for 
regeneration may still be in place 
even though the body can no longer 
evoke it. 

If the genes that boot up the zebra 
fish blastema also exist in humans 
but are not switched on, perhaps 
some drug might be developed that 
goads them into action. Once a 
blastema had been induced at some 
wound site in the body, regeneration 
researchers suggest, it might regrow 
the missing limb or organ with no 
further intervention required.

Implant, Transplant, And 
Regenerative Medicine
The cost of tissue damage due 
to regenerative incompetence is 
enormous. In terms of healthcare, it 
is estimated to exceed $400 billion 
in the U.S. alone, including lost 
economic productivity, diminished 
quality of life, and premature death. 
The healthcare costs of spinal cord 
injuries, which are some of the most 
devastating known, exceed $8 billion 
per year or $1.5 million per patient 
over a lifetime in the U.S. Other 
major contributors to these fiscal 
and human costs are: diabetes, heart, 
liver, and renal failure, emphysema, 
macular degeneration, and other 
retinal diseases, diseases of the central 
nervous system such as Parkinson’s, 

Huntington’s, and Alzheimer’s, 
arthritis, burns, and various sports 
injuries that damage ligaments, 
tendons, and joints.

These costs are a driving force 
in seeking ways not only to prevent 
and cure the underlying diseases, 
but also to restore the structure 
and function of damaged tissues 
and organs. The current way to 
compensate for diseased or injured 
tissues is through bionic implants 
and organ transplants, even though 
regenerative medicine is already 
making rapid progress.18

Because of reduced functional 
capacity in tissues “repaired” by 
fibrosis, and the fact that mammals 
have hidden regenerative capacity 
that is suppressed, the ultimate 
goal is to be able to replace organs 
and appendages with bioartificial 
constructs or to guide the repair 
process along a regenerative pathway, 
rather than a pathway leading to 
scar tissue formation. The advancing 
cellular and molecular knowledge of 
the differences between regeneration 
and fibrosis, and the success in 
treating some conditions by cell 
therapy, bioartificial tissues and 
molecular agents are harbingers 
that within a decade or two, we will 
be able to add regeneration to our 
repertoire of medical treatments.

Regenerative medicine, touted 
as the next evolution of medical 
treatments, holds the realistic promise 
of regenerating damaged tissues and 
organs in vivo, that is, in the living 
body, through reparative techniques 
that stimulate previously irreparable 
organs into healing themselves. It 
also empowers scientists to grow 
tissues and organs in vitro, that is, in 
the laboratory, and safely implant 
them when the body is unable to be 
prompted into healing itself.19

Regenerative medicine has the 
potential to develop therapies for 
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previously untreatable diseases 
and conditions. Examples of such 
diseases include diabetes, heart 
disease, renal failure, osteoporosis 
and spinal cord injuries. In principle, 
virtually any disease that results 
from malfunctioning, damaged or 
failing tissues may be potentially 
cured through regenerative medicine 
therapies. Having these tissues 
available to treat sick patients gives 
rise to the concept of “tissues for 
life.”

What truly differentiates 
regenerative medicine from many 
current therapies is that regenerative 
medicine has the potential to provide 
a cure for failing or impaired tissues. 
Today’s increasing healthcare costs 
stem from recurring treatments for 
chronic diseases and their subsequent 
complications. For instance, insulin 
therapy for type 1 diabetes, and 
glucose therapy for type 2 diabetes. 
While insulin and glucose can help 
patients manage diabetes, these 
therapies do not cure diabetes, 
nor do they prevent long-term 
complications of the disease, such as 
kidney failures.

In diabetics, pancreatic islets do 
not produce the proper insulin levels. 
Through regenerative medicine, 
insulin-producing pancreatic islets 
could be regenerated in vivo or grown 
in vitro and implanted, creating the 
potential for curing the patient 
and completely eliminating the 
need for future treatments. Because 
regenerative medicine focuses on 
functional restoration of damaged 
tissues, not abatement or moderation 
of symptoms, it is expected to cut 
healthcare costs dramatically.

Regenerative Medicine 
Versus Stem Cell Therapy
Regeneration is studied in only a 
few laboratories. It was not even on 
the agenda of the research planning 

meeting held in October 2005 by the California Institute of Regenerative 
Medicine, which was dominated by stem cell biologists. One reason for 
this orphan status is that model animals used by most biologists, like the 
roundworm, the fruitfly and the mouse, happen to be ones that do not 
regenerate. The genetics of regenerating animals, like the salamander, are 
largely unknown. Hence the process of regeneration has received little 
attention from research biologists until recently.

Amidst all the excitement over the promise of regenerative medicine 
(RM) and stem cell therapy (SCT), many seem to have overlooked the fact 
that RM and SCT will not become a reality without a proper understanding 
of the basic mechanisms, which are driven by advances in molecular, cell 
and developmental biology, and information science and technology. This 
understanding is far from complete. The usual progress from fundamental 
research to applications is

Science → Technology → Commercialization

to emphasize that understanding the biology of regeneration and stem cells 
is prerequisite to establishing a medical application. In this progression, this 
new field of tissue restoration is now in the stage of “bioscience.”

The objective of regenerative biology is to define the factors that lead to 
a regenerative response and how these factors differ in a fibrotic response to 
injury. Regenerative medicine then seeks to apply this knowledge to devise 
therapies that will stimulate the functional regeneration of damaged human 
tissues that do not regenerate spontaneously, or whose regenerative capacity 
has been compromised.

Similarly, the objective of stem cell biology is to define the factors that 
revert mature cells to embryonic state. Stem cell therapy then seeks to apply 
the knowledge to devise therapies that will coax the pluripotent embryonic 
cells into cell types in need.

Attempts to establish regenerative medicine have been ongoing for 
more than two decades now.  The vast majority of work has been done 
with experimental animals, although human clinical trials to restore several 
types of tissues, such as islet cells of the pancreas to cure diabetes and 
dopaminergic neurons of the substantia nigra to cure Parkinson’s disease, 
have been made as well.

Potential strategies of regenerative medicine, which attempts to replace 
damaged tissue parts, include stem cell transplantation, the construction in 
vitro (in the lab) of implantable bioartificial tissues (“tissue engineering”), 
and the induction of regeneration in vivo (from the body’s own cells).  In 
the latter case, regeneration can be induced, for example, by rendering the 
injury environment or responding cells, or both, regeneration-competent.

Many proponents of regeneration, while conceding they have a great deal 
more to learn, believe stem cell therapy too may not be as close to clinical use 
as its advocates sometimes suggest. Dr. Jeremy Brockes, a leading regeneration 
researcher at University College London, noted that the blastema’s reliance 
on internal information contrasts with a principal assumption of stem cell 
therapy, that stem cells inserted into a damaged tissue will use local cues to 
behave appropriately and integrate into the surrounding tissue. Stem cell 
therapists assume that injected cells can replace missing tissue with guidance 
from the invisible template supplied by chemical signals from nearby cells. 
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That is the solution a human engineer might logically think of, but evolution 
has chosen a different one (Figure 4).

The basic biology of regeneration is not yet fully understood, but nor is 
that of stem cells. Indeed, it may be premature to start thinking about how 
to use stem cells therapeutically.

Dr. Keating believes that the expense of stem cell therapy, should it 
work, is a major consideration.  Developing cells for every patient who needs 
them would be very expensive; switching on the regenerative process with 
drugs, should that prove possible, would be cheap by comparison.

Scientists who work on stem cells reject the idea that the blastema 
mechanism is the only way to repair the body’s tissues. “I agree that blastema 
regeneration models might have something to tell us, but I wouldn’t give up 
on normal stem cell regeneration,” said Irving Weissman, a leading expert 
on blood stem cells at Stanford University.

Bone marrow transplantation is the big success story on which much 
of the hope for stem cell therapy is based. The stem cells involved in bone 
marrow transplants can regenerate drastic loss of tissue. But regeneration 
researchers believe the bone-marrow example may be misleading because 
blood is not an organized tissue, and the marrow’s blood-making stem cells 
are not required to do anything much beyond their usual function.

In disagreement with this view, Dr. Weissman said that blood-making 
stem cells are highly versatile and have the ability to home in on the marrow 
and set up shop in their proper niche there, and that neural stem cells appear 
to have a similar degree of versatility.  Human neural stem cells, when put into 
embryonic mice, will migrate through the mouse’s brain and add insulation 
to mouse neurons that lack it.

In the light of new knowledge, some stem cell biologists are making more 
guarded predictions about the imminence of stem cell therapy. Ron McKay, 
an expert on neural stem cells at the U.S. National Institutes of Health, noted 
that stem cells inserted into the developing brain of a fetal animal become 
incorporated in an extraordinary way, as if local cues were controlling their 
behavior. But in the adult brain, nothing happens, suggesting that the concept 
of using stem cells to treat Alzheimer’s disease is still illusory. ■

Figure 4. In an embryonic stem cell process (top), a stem cell is removed from a developing  
 embryo at the blastocyst stage. Under different chemical signals and in different  
 environments, the stem cell specializes into different cell types. In a regeneration  
 process, adult cells near the wound revert to stem-like cells. The stem-like cells  
 then look to instructions within themselves that direct the type of cells they  
 will become.
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