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C R I T I C A L FOCUS
Brian J. Ford

Still Waiting for Cures After All These Years
Little has been done to harness the magical potential of stem cells for treating disorders. 

Research in U.S. is restricted, while their unregulated use by others has become a racket.

What is our principle ally in medicine? Body scan-
ners? Antibiotics? That friendly physician whose 

charm and charisma settles the soul? A big budget from 
your medical insurance? None of these. It is something 
that doesn’t cost a cent, can make decisions that elude 
the cleverest doctor, carries out meticulous tasks no ro-
bot could replicate, and with which you come already 
equipped — the living cell. Now we are harnessing the 
magical capacity of stem cells, the most miraculous of 
all cell types. So far, we have done little to capture their 
potential, but it is the study of stem cells that is set to 
revolutionize medicine. We take a lot of credit for our 
medical expertise. Most of it we don’t deserve. We say 
how well we can heal a sore, close a wound, mend a 
bone, treat a trauma; but usually the human doctor 
plays a minor role. Our main task is not to bring about 
the miracle through intellectual ingenuity, but to har-
ness the ability of stem cells to do the work for us. 

Although many have heard of stem cells, nobody 
seems to know what they are or understand what 
they can do. Ask the public and they will respond 
with a blank look. When I raised the subject in a live 
program, I reduced the interviewer to spluttering si-
lence. That was 10 years ago, when I was asked about 
these astonishing cells in a BBC broadcast, which in-
troduced a lecture that I was due to give at Cambridge 

University that day. The interviewer, Jim Naughtie, 
added a question that demanded a succinct answer. 
“So,” he asked, “what are the implications for stem 
cells, which everybody is talking about?” 

I hadn’t expected that, so I replied; “The, the stem 
cell, for example, viewed in my model, is seen as a hu-
man in microbe form. I don’t see us, you see, as bodies 
divided up into cells; I see us as great communities of 
independent, almost free-thinking cells that come to-
gether to produce the effect that we know of as human 
life.” There was a stunned silence. Broadcasters try to 
avoid silence; this one was telling. I prompted him to 
speak: “Jim, you’ve gone suddenly almost speechless, 
which I have to say is uncharacteristic of you.” Naugh-
tie was spluttering: “Well, no, I mean, they just, you 
know, um … after a description of what is the nature 
of life it’s a question of where you go next, really.” 

“I think you need to go to — sport,” I said, as 
Naughtie was laughing: “Professor Brian Ford, with, 
um, we know you are lecturing at Cambridge today, 
that, um, that really was, er, an extraordinarily interest-
ing conversation. Thanks very much indeed.” You see? 
It took stem cells to reduce that distinguished broad-
caster to a state of incoherence. The BBC selected this 
for their Pick of the Week compilation, in which they 
described this as a “meeting of minds,” which had re-
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sulted in a “momentous encounter.” It was certainly 
an electrifying moment in broadcasting, and it re-
minded us all of a crucial truth: people are uncomfort-
able with stem cells. They don’t know what stem cells 
are, or what they do, and politicians hate dealing with 
the subject because they do not know anything about 
them. We are so imbued with an image of ourselves as 
a kind of elaborate piece of machinery, that any image 
of tiny beings existing within us makes people uncom-
fortable. What I said in that interview was a fact we 
rarely face: a stem cell is a microbe that represents an 
entire human being. Indeed, my first published text-
book, Microbiology and Food (1970), had a section titled 
“Man as Microbe,” when my mind was just beginning 
to meander down this path. We can best model our be-
havior by envisaging people as communities of cells, 
yet our mechanistic model in this digital age persists 
in presenting the body as a machine. We are taught to 
view ourselves as a skin pouch full of organs, with two 
of everything down the edges (like limbs and kidneys) 
and one of everything down the middle (like your 
nose and a bladder). The most recent TV series on the 
topic, called “The Human Body: Secrets of Your Life 
Revealed,” was released by the BBC in September 2017 
and is now showing around the world. It is a perfect 
presentation of the standard view, filled with referenc-
es to nerve impulses running like a telephone exchange 
across the synapses, waves of chemical stimuli erupt-
ing as wind ripples across a wheat field, and hormones 

spilling out as if you had split open a bag of beans. Liv-
ing cells are hardly seen, and most that are included are 
cartoon images (though nobody tells you that’s what 
they are). This is how medicine currently conceives of 
human complexity, and it is wrong. We are more than 
mere machines. We are microbial miracles. 

DEVELOPING CELL POTENTIAL

Stem cells can develop into specialized tissues. The 
embryonic stem cell is completely unspecialized and 
has a quality we define as totipotential, since it has the 
capacity to develop into any type of specialized cell 
within an adult. As the body starts to develop, the stem 
cells found within the tissues have an increasingly re-
stricted potential and can develop into a range of dif-
ferentiated cells, though only those within one of the 
three germ layers: ectoderm (skin and nervous system), 
mesoderm (bone, muscle, blood, and the urinogenital 
organs), and endoderm (forming the gastrointestinal 
tract and lungs). These are designated pluripotential 
stem cells. Subsequent specialization limits the range 
still further in the multipotent stem cells; for example, a 
hematopoietic stem cell can itself differentiate only into 
blood cells — megakaryocytes, macrophages, granulo-
cytes, erythrocytes monocytes, and lymphocytes. How-
ever, the genes within each of those cell nuclei remain 
the same; it is epigenetic regulation that makes the dif-
ference. It is not the mere presence of the genes that is 

Left: A new BBC series, “The Human Body: Secrets of Your Life Revealed,” uses extensive computer graphic imagery to illustrate 
muscle fibers (pictured) and other living cells. Right: Real striated muscle as seen through a light microscope shows the intricate beauty 
of the muscle cells, which cannot be matched by an artist’s guesswork.
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crucial, but the extent to which each is expressed. The 
aim of stem cell research is to set back the develop-
mental clock and to induce multipotency in cells that 
are ordinarily specialized, or to induce pluripotential-
ity in multipotent cells. 

The ultimate aim, of course, would be to induce 
a cell to become totipotential. Then you would have 
stem cells that could develop into any cell type in the 
body. These cells, by conversing with those around 
them, would learn to differentiate into tissues that 
could, in theory, replace those that have been dam-
aged by disease or lost through trauma. Currently, the 
ways of inducing these changes are poorly defined 
and largely unsuccessful. In any event, it is the cells 
themselves that will eventually perform the miracu-
lous cure we seek, while our intervention is a crude at-
tempt to trigger the potential that each cell embodies. 

The first totipotential stem cell of all is the fertil-
ized ovum from which we all began. The moment it is 
fertilized, it triggers an entire human being. This sin-
gle cell decides for itself how to multiply, until there 
are 30 trillion cells working together. But remember, 
the nucleus of any cell in the body contains all the 
genes needed to make every other cell, and this poses  
a paradox. The single zygote is just one cell, yet it  
possesses the full potential to become all the others. 
So, is that cell a person? Or is it just a cell? The way 
specialization takes place was a philosophical matter 
that I addressed in 1976. 

I produced a diagram of one cell, showing that 
specific components have been developed to carry out 
individual tasks — movement, sensation, nutrition, 
etc. The way in which I explained specialization was 
to show how, in organs of a multicellular species, one 
of these specialties would be specifically developed 
while the others were bypassed, or remained dor-
mant. In this way, we could easily comprehend how 
an organism made of billions of cells could be related 
to the potential lurking within an isolated cell, living 
its own life, like a microorganism … a human zygote. 
And there we have it: the zygote is a microbe. When 
we develop our germinative cells — spermatozoa and 
ova — microbes are what we again become. It is an  
astonishing prospect that we begin life as microbes 
and revert to microbes when we reproduce. During 
our lives, we function as colonies of microbes that 
know when to specialize so that they perform specific 
functions. We are not an engineering system made up 
of organs that function like factories; we are a com-
munity of cells that cooperate. And everything in the 
body starts with a stem cell. 

Their discovery was a major breakthrough in mi-
croscopical science — indeed, it was one of the greatest 
revelations of all. The name that leaps to mind over 
stem cell research is Sir Martin Evans, until recently the 
Chancellor of Cardiff University (and a good friend). 

In 2007, he jointly won a Nobel Prize for his work 
on stem cells. He showed how cells from mouse em-

Left: This diagram of a single-celled protozoan illustrates how different zones of the cell carry out designated functions. Right: In many-
celled organisms, specific cells specialize in one principle function, while retaining some capacity for others. Stem cells retain the  
capacity for everything. (Both diagrams are from my book Microbe Power, published in 1976.)



162 THE MICROSCOPE  65 (2017)

bryos could be cultured, genetically modified, and 
reintroduced into adult female mice, so that geneti-
cally modified offspring would be produced. At the 
same time, Gail R. Martin was researching stem cells 
in Berkeley, California; she is the scientist who first 
coined the now-familiar term “embryonic stem cell.”

ACCIDENTAL DISCOVERY

That was not the start of stem cell research. Cana-
dians are quick to point to the work at the University 
of Toronto in 1961 of James Till, a biophysicist, and Er-
nest McCulloch, a hematologist. They found ways to 
culture hematopoietic stem cells and realized they had 

the potential to differentiate into disparate types of 
cells — but they made their discovery by accident, not 
by design. Till and McCulloch were originally mak-
ing a study of recovery after nuclear irradiation and 
had experimented by injecting bone marrow cells into 
mice whose tissues had been bombarded by radiation 
and whose hematopoietic cells had all been destroyed. 
They noticed that tiny granules of tissue appeared in 
the spleen tissue of the treated mice, which they de-
scribed as “spleen nodules.” Till and McCulloch also 
discovered that the injected cells could form these 
macroscopic colonies, or nodules, and observed that 
each colony appeared as a cluster of actively dividing 
hematopoietic cells that could specialize into three cell 
lines, giving rise to erythrocytes, granulocytes, and 
megakaryocytes. Because each nodule derived from 
hematopoietic cells, they logically reasoned that each 
of them must surely have arisen from a single cell 
from the injected bone marrow. Each of those was a 
stem cell. At the Ontario Cancer Institute, they went on 
to publish studies that proved they were potentially 
transplantable. The Canadians claim this as the dawn 
of stem cell research and regularly state that these two 
investigators “proved the existence of stem cells” — 
but that isn’t correct. Theirs was a fortuitous discovery, 
written up as an interesting observation, and nobody 
took any notice of the research. Furthermore, neither 
of the researchers referred to them as “stem cells.”

Yet the U.S. press had been reporting on stem 
cells years earlier. The Southeast Economist in Chica-
go published a feature on May 14, 1959 (page 4) that 
stated: “The origin of all blood cell formation begins 
with a stem cell.” They were echoing a report printed 
six years earlier in the Chicago Star on May 8, 1953 
(page 19), which used precisely the same words. The 
public interest stemmed from studies by Myron S. 
Arrick in Chicago, who had published a paper us-
ing the term 15 years before the Canadian research. 
The paper, “Stem cell lymphoma of the newborn,” 
appeared in 1946 in the Archives of Pathology, Chicago 
(42, pp 104–110). Arrick had a varied career and was 
a far-sighted researcher; he was investigating ways of 
administering steroid hormones decades before most 
doctors were using it. (Arrick, M.S.; et al. “Sublingual 
or Buccal Administration of Steroidal Hormones,” 
Postgraduate Medicine, 8:5, pp 393–400, 1950.) 

Yet the term “stem cell” dates back much earlier 
and was used by a Russian histologist, Alexander A. 
Maximov, at the Congress of the Hematologic Society 
held in Berlin in 1908, to describe the progenitor of 
all blood cells. Maximov was born in St. Petersburg 
in 1874 of a wealthy and aristocratic family, and as 

Sir Martin Evans (left) was jointly awarded a Nobel Prize for 
his work in culturing embryonic stem cells from mice that could 
produce genetically modified offspring in adult female mice.

Biophysicist James Till (left) and hematologist Ernest McCulloch 
are celebrated in Canada for their groundbreaking method to 
culture hematopoietic stem cells.
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a teenager had won a gold medal for a paper titled 
“Histogenesis of experimentally induced amyloid de-
generation of the liver in animals.” He was the first 
person to show that all the varied hematopoietic cells 
are derived from a common ancestral cell type, and the 
nature of this primordial type as a stem cell followed 
logically from that. After the Russian Revolution of 
1917, Maximov became frustrated by the restrictions 
imposed on science, and in 1922, he fled to America 
and became renowned as the professor of anatomy at 
the University of Chicago. 

HAECKEL’S “PARENTS”

Stem cells date back even further than that. In the 
1850s, the brilliant German physician Rudolf Virchow 
embarked on the study of living cells. As a young man 
he had been destined for the ministry, but had a weak 
speaking voice. He decided to take up medicine in-
stead and soon became one of the greatest pioneers 
of cell research. Virchow began to envisage the cells 
of the body acting like citizens of a nation, and coined 
the term Zellenstaat (cell state). He liked to remind 
readers that the brain itself does not regulate every-
thing in the body, that each cell has its own role to 
play. The Zellenstaat is a loose analogy and neglects 
the fact that humans select partners with whom to re-
produce and eventually raise other humans, whereas 
cells vegetatively divide, and that the material struc-
ture of a human settlement has no homology with the 
creation by cells of a single organism. Even so, it was a 
farsighted view, and Virchow greatly influenced one 
of his students, Ernst Haeckel. 

Haeckel was appointed professor of zoology at 
Jena and soon specialized in the microscopy of living 
cells. He set out to study the philosophical relation-
ship between single cells and multicellular organisms. 
Like Virchow, he saw protozoa as the phylogenetic 
forebears of more complex forms of animal life, and 
in his lectures he gave these primordial precursors a 
revolutionary new name: Stamzellen — stem cells. The 
year was 1868. Haeckel’s view was that the simplest 
animal organisms were the Monera, single-celled mi-
crobes simpler than amoebae. He perceived homol-
ogy between the way that a zygote develops into an 
adult human and the way that a hypothetical mon-
eran cell evolves over millions of years to become a 
vertebrate. This led to his ingenious idea that on-
togeny (the development of an organism) recapitu-
lates phylogeny (the evolutionary history of the spe-
cies). It is brilliant: we pass from the moneran stage, 
the zygote; on through coelenterates, when we are a 

blastula; to mirror Amphioxus as the neural tube in-
vaginates; through the fish stage around five weeks of 
gestation, when we develop pharyngeal pouches; and 
past our ape-like ancestors when, at 20 weeks, the hu-
man fetus is covered with fine hair, or lanugo. In his 
book, Anthropogenie oder Entwickelungsgeschichte des  
Menschen (Anthropogeny or the Developmental His-
tory of Humanity), published in Leipzig in 1877, 
Haeckel wrote: “The name stem cell seems to me the 
most fascinating, because all other cells in the organ-
ism form from it, and because it is, in the most genuine 
sense … the ancestor of all the countless generations 
of cells from which later the multicellular organism is 
composed.” To Haeckel, the mystery was solved: stem 
cells were the “parents” of all those that were to fol-
low. This revolutionary theory of recapitulation was 
widely criticized. Ludwig Rütimeyer, a zoologist in 
Basel, Switzerland, pointed out that Haeckel had used 
figures describing disparate species that had actually 
been printed from the same woodblock. Printers some-
times did this to economize on the labor-intensive 
process of making new blocks. Haeckel acknowledged 
this as “foolishness” and made sure new blocks were 
cut before the second edition was printed. We cannot 

Ernst Haeckel was a controversial German embryologist who first 
recognized the regenerative capacity of living cells. He coined 
the term “stem cell” in 1868. 
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carry his recapitulation concept too far — for instance, 
the pharyngeal pouches of an embryo never function 
as gill slits in a fish — but his concept was brilliant and 
can still teach us much about human evolution. 

In the scientific literature of the English language, 
the words “stem cell” were first used by an American 
physician at the University of Pennsylvania in Phila-
delphia, William Sedgwick, an enthusiastic amateur 
botanist. Sedgwick used the term in 1886 to describe 
the cells from which plant tissues can regenerate. So 
we can all applaud those Canadian scientists who acci-
dentally observed the pluripotential capacity of hema-
topoietic stem cells in 1961. But we should also bear in 
mind Maximov’s pioneering research that dates back 
110 years; Sedgwick, who realized their importance in 
1886; and Haeckel, the man who first coined the term 
“stem cell” 150 years ago. We have been waiting ever 
since to fully harness them.

Little attention was paid to any of the earlier 
work, nor to the research on bone marrow by Till and  
McCulloch, until an experiment in 1968 at the Univer-
sity of Minnesota by Robert A. Good, who injected a 
young boy, suffering from an immune deficiency, with 
hematopoietic cells taken from his sister. The young 
patient was cured and grew to be a healthy adult. This 
wasn’t research into stem cells; it was an attempt to 
replace the damaged tissue. However (even if Good 
didn’t realize the fact), it was the stem cells in the bone 
marrow that brought about the cure. The main thrust 
of research was led by Edward Donnall Thomas at the 

Mary Imogene Bassett Hospital in Cooperstown, New 
York, who investigated the transplantation of bone 
marrow into irradiated mice in the 1960s, just as Till and 
McCulloch were attempting their own experiments. 
Thomas later moved to the Fred Hutchinson Cancer 
Research Center in Seattle, where he and his journal-
ist wife Dottie Thomas worked together pioneering the 
use of bone marrow transplants in the treatment of leu-
kemia patients. Edward Thomas was jointly awarded 
a Nobel Prize for the work on bone marrow in 1992. In 
2005, he and his wife celebrated with a vast reunion of 
many of their successfully treated patients in Seattle. 
Both Edward and Dottie lived to the age of 92.

By this time, stem cells were beginning to invade 
the field of medical research. If an objective observer 
anticipated a steady rise in research with a lengthy list 
of success stories, they would be wrong. Matters came 
to a head with the crucial case in the U.S. Supreme 
Court of Roe v. Wade in 1973, which made abortion le-
gal across the nation, and it was obvious that fetal tis-
sue destined for the incinerator would provide an ob-
vious source of stem cells. Research was on the point 
of rapid expansion until 1974, when the National Re-
search Act was passed and imposed a moratorium 
on all studies using fetal cells. During the following 
year, the Department of Health, Education and Wel-
fare issued regulations to limit all federally funded re-
search using fetal tissues. Congress, under President 
Bill Clinton, gave the National Institutes of Health 
(NIH) the authority to fund human embryo research 
in 1993. The following year, however, the president’s 
office saw a barrage of correspondence from objectors, 
which led to a halt in federal support. In 1995, Con-
gress used the Dickey-Wicker Amendment to ban all 
federal funding for research on embryos. By this time 
it was obvious that Congress did not understand the 
point of the research, or the distinction between an 
embryo and fetal tissue, and had not the least idea of 
what a stem cell might be. 

In 1998, the first human embryonic stem cell 
was created by James Thomson at the University of 
Wisconsin. George W. Bush, as a presidential candi-
date, announced that he was opposed to embryonic 
stem cell research, so matters remained on hold. The 
NIH guidelines, “Research Using Human Pluripo-
tent Stem Cells,” came into effect in 2000, however, 
President Bush soon banned all federal funding of 
research with stem cells derived after August 9, 2001 
and signed an executive order to restrict federally 
funded stem cell research on embryonic stem cells to 
previously established cell lines. From then on it was 
like watching a tennis match. In 2004, voters in Cali-

Edward Donnall Thomas and his wife Dottie, who began her 
professional life as a journalist, pioneered the use of bone  
marrow in treating leukemia. 

Fred Hutch Archives, 1989
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fornia passed Proposition 71, promising $3 billion in 
state funds over 10 years for embryonic stem cell re-
search. Congress passed two versions of the Stem Cell 
Research Enhancement Act in 2005 and 2007, both of 
which were promptly vetoed by President Bush. In 
2006, Sen. Rick Santorum introduced the Alternative 
Pluripotent Stem Cell Therapies Enhancement Act, 
which made it through the Senate but failed in the 
House. At about the same time, the state of Missouri 
passed an amendment that sanctified the use of stem 
cell therapy permitted under federal law, while ban-
ning human cloning. In 2007, the California Institute 
for Regenerative Medicine awarded some $45 million 
in research grants. Then in 2008, Michigan passed a 
proposal permitting research into embryonic stem cell 
cultures from excess embryos donated from fertility 
treatments in the state. The U.S. Food and Drug Ad-
ministration (FDA) approved clinical trials for human 
embryonic stem cell therapy, and in 2009, President 
Barack Obama finally signed an executive order that 
reversed all federal opposition to research on embry-
onic stem cells. There have been protests since, but 
limited research is now permitted. 

SCAMS AND SCANDALS

Those stem cell regulations have been regularly 
flouted because people know there is a lot of money 
to be made. In 2016, the Department of Health and 
Human Services investigated a typical case in which 
Medicare had paid claims for bone marrow and stem 
cell transplant procedures, only later finding that 
more than 100 of those claims did not fit the necessary 
requirements, and Medicare had paid out $6.3 million 
that should never have been sanctioned. In Texas, a 
licensed midwife running a maternity clinic collected 
umbilical cord blood, rich in stem cells, telling any 
mothers who inquired that it was “just for research.” 
The blood was sold to a laboratory in Arizona, which 
then sent it to a highly paid consultant in South Caro-
lina. The consultant extracted stem cell products and 
marketed them back to the laboratory, which in turn 
sold them to someone claiming to be a licensed physi-
cian. This person then traveled to Mexico, where he 
carried out stem cell procedures on desperate patients 
with diseases, including multiple sclerosis and cancer. 
Money was made at every stage of these transactions; 
more than $1.5 million had been paid out by the pa-
tients that were treated. None of the procedures was 
legal in the U.S. “Scammers like those offer false hope 
to people with incurable diseases in order to line their 
own pockets with money,” said Special Agent Patrick 

J. Holland of the Kansas City Field Office of the FDA’s 
Office of Criminal Investigations. He added: “The 
FDA will continue to aggressively pursue perpetra-
tors who expose the American public to the dangers of 
unapproved stem cells and ensure that they are pun-
ished to the full extent of the law.” 

They will have their hands full: everybody’s doing 
it. I have followed websites that promise certain cures 
and which are taken down when the authorities inter-
vene, only to re-emerge with a slightly different name 
shortly afterwards, with the clinical claims mildly 
modified but just as tempting. And it is not only the 
snake-oil salesmen who exaggerate — the universities 
do so all the time. There was one particularly interest-
ing piece of research by two Canadians, Janet Rossant 
and Andras Nagy, which revealed the power of cells 
to take decisions. They produced early embryos with 
double the normal complement of chromosomes and 
added normal embryonic stem cells to these tetraploid 
embryos. The normal diploid stem cells took over the 
entire embryo and replaced the tetraploid cell line. 
Cells could be subcultured and produce further gen-
erations of viable embryos, though the proportion that 
were viable diminished with time. I know what you’re 
thinking: this is a neat demonstration and teaches us 
more about the potential applications of stem cells. 
True, it does. But that’s not how the research has been 
presented. The Canadian authorities plainly state that 
“Dr. Janet Rossant and Dr. Andras Nagy proved the 
pluripotency of embryonic stem cells,” which is a ri-
diculous exaggeration. This isn’t some rogue compa-
ny overselling its wares; it is a statement by the official 
Canadian Stem Cell Foundation (http://stemcellfoun-
dation.ca/en/about-stem-cells/canadas-contribution/). 
Almost every country running research on stem cells 
claims to be the greatest in the world, but Canada may 
win the award for hyperbole.

Not only are scientists exaggerating their claims, 
some are suffering damaging consequences, and a 
couple have even met a gruesome death. Take the 
case of Haruko Obokata, a brilliant 30-year-old cell bi-
ologist at the Riken Institute in Japan. She began her 
studies as an undergraduate at Waseda University in 
Tokyo, which awarded her a Ph.D. She was later ac-
cepted at Harvard, where she soon became a rising 
star in the scientific universe. Obokata was then in-
vited back to Japan by Yoshiki Sasai, a distinguished 
cell biologist and deputy director of the Riken Center 
for Developmental Biology in Kobe. He had been the 
first person to grow an optic cup from stem cells. After 
three years of research, Obokata began to announce 
simple means of transforming cells extracted from 
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mature tissues into stem cells through the application 
of a simple “squeezing” stimulus. She named the tech-
nique as the “stimulus-triggered acquisition of pluri-
potency” and coined the handy acronym STAP cells 
for the result. This heralded a cheap and rapid means 
of producing stem cells at will, which would have 
been a major milestone in the search for cures. Her 
head of department, Sasai, appeared as co-author of 
her papers, and this team were suddenly being lauded 
as pioneers in this cutting-edge area of research. The 
results she claimed were published in Nature (Obo-
kata, H.; et al. Nature, 505, pp 641–647, 676–680, 2014), 
and the scientific community was electrified. Yet all 
was not well, and alarm bells soon began to sound. 
The results proved impossible to repeat, and the un-
published research notes were incomplete and undat-
ed — so the Riken Institute were obliged to launch an 
inquiry. Sasai, who was ultimately responsible, was 
devastated and seemed mentally exhausted by the 
pressures of the investigation. He sought the advice 
of counselors, but there was no good news to follow 
and he became increasingly distressed. Obokata was 
still insisting that her research was correct and said 
she had produced STAP cells more than 200 times. She 
told everyone her results could be repeated, so Riken 
set up a dedicated laboratory where Obokata could 
be monitored continually and her research recorded 
by television cameras. There has been no precedent 

for this anywhere in the history of microscopy. The 
conclusions were clear — her results had been faked. 
Nature ran a formal retraction of the papers it had pre-
viously published. The news was the last straw for Sa-
sai. Dressed neatly in slacks and a short-sleeved shirt, 
he went to his laboratory, placed his shoes carefully 
outside his office door, and hanged himself from the 
railings on the landing. Obokata was fired, and Wase-
da University revoked her Ph.D.

Although it is tempting to imagine that a scan-
dal with a serious loss of honor would occur only in  
Japan, it has also happened in America. In 1998, a  
paper titled, “Analysis of Mammalian P450 Catalytic 
Activity by Genetic Engineering and Expression in 
Yeast” was published by Alok Bandyopadhyay, a 
guest research worker at the Eunice Kennedy Shriver 
National Institute of Child Health and Human Devel-
opment, which is part of the NIH. His research had 
been validated by Howard J. Eisen, a senior scientist. It 
soon emerged that other researchers could not repeat 
Bandyopadhyay’s experiments, and doubts began to 
arise. Eisen was asked to launch an internal inquiry, 
and it soon became apparent that these results had 
been faked. Eisen, described as idealistic and a person 
of immense sensitivity, was overwhelmed by it all. 
Even though he was not personally involved in any 
fraudulent activity, the pressure of the investigation 
proved unendurable and, one morning at his home in 
Bethesda, he too hanged himself.

One of the most remarkable sagas from stem cell 
research came from South Korea in the case of Hwang 
Woo Suk, a research veterinarian at the National Uni-
versity in Seoul. Twenty years ago he embarked on a 
breathtaking series of experiments. In 1999, he report-
ed that he had cloned a cow, pointing out that this 
was only the fifth time this had been achieved. Yet a 
problem soon emerged: Hwang did not publish any 
verifiable findings but simply made announcements 
and held press conferences. The scientific world was 
nonplussed, but the public media loved it all. Within 
two months he had repeated this with a second calf, 
but again he did not publish any details. His next an-
nouncement was his creation of embryonic stem cells 
by transferring nuclei; he said he had used 242 ova in 
creating his revolutionary cell line. By now Hwang’s 
popular reputation was flourishing and his paper was 
published in Science (303:5664, pp 1669–1674, 2004). 
Then in May 2005, he claimed to have created 11 more 
human embryos, and that same year, Time honored 
him in their list of “People Who Mattered in 2004.” 
The following year he announced that he had success-
fully cloned an Afghan hound, and he was promptly 

Japanese cytologist Haruko Obokata claimed the ability to 
quickly convert somatic cells into stem cells by a “squeezing” 
stimulus technique. Her work was invalidated in 2014.
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appointed as the new director of the World Stem Cell 
Hub in Korea. Hwang was officially acknowledged as 
the “pride of Korea,” and the national mail office in 
Seoul printed stamps commemorating his astonish-
ing work. 

This growing list of achievements would certainly 
ensure Hwang a Nobel Prize, and he was now regard-
ed in the same terms as Charles Darwin and Francis 
Crick. Then, in a dramatic twist, matters suddenly 
started to unravel. Gerald Schatten had worked with 
Hwang for over two years and suddenly announced 
he was quitting. He was unhappy about the ethics 
of the research. It seemed that women, described as 
voluntary donors and participants, had actually been 
lured to donate eggs for substantial financial induce-
ments. His collaborators confessed that the research 
had been in breach of guidelines, and Hwang was 
forced to resign. He stated: “I was blinded by work 
and my drive for achievement” but denied allegations 
of coercement. His university disclosed that their in-
quiry had proved that every one of Hwang’s stem cell 
lines had been fabricated, and his two published pa-
pers were formally retracted by the editors of Science 
(Kennedy, D. “Editorial Retraction,” Science, 311:5759, 
p 335, 2006). Hwang appeared again in Time, now on 
the front cover with the title, “The Fallen Idol.” He re-
mained completely unabashed as he held a press con-
ference that was flashed over the national television 
networks. None of this was his fault, he insisted. He 
had lied about the source of the ova only to protect the 
donors, and all the blame lay with the dishonesty of 
his research team. His findings had been sabotaged, 
he said; essential items had been stolen, and he had 
been the innocent recipient of faked findings. 

The world of science was incredulous, though 
Hwang’s popularity soared and he was besieged by 
women offering to donate ova for his future research. 
There was even a rally outside his office, with 1,000 
of them chanting support. The authorities were not 
so easily impressed. Hwang’s home and office were 
raided by prosecutors, who took away documents and 
computers. Bookshops removed their lavish displays 
of biographies that had praised Hwang to the skies, 
and sales of the commemorative postage stamps were 
stopped. In May 2006, he was indicted on charges of 
fraud, embezzlement, and a breach of bioethics laws. 
It took two years for the trial to complete, and Hwang 
was given a suspended sentence of two years in jail, 
a spell that was later reduced to six months. And af-
terwards? It seemed that he had grossly exaggerated 
his findings as he rode the wave of self-aggrandize-
ment. Hwang was a fantasist, yet he had experienced 

some success. The Afghan hound, it turned out, had 
genuinely been cloned. He founded a new company, 
Sooam Biotech, which has since cloned more than 
700 dogs for doting owners, most of them Americans. 
And so Hwang soon rose again, working with Russian 
scientists in an attempt to bring a mammoth back to 
life, and in 2016, he entered into partnership with the 
Boyalife Group in Tianjin, China. They aim to harness 
Hwang’s success in stem cell research so that they can 
clone 100,000 cattle embryos each year in a 200 million 
yuan ($30 million) facility. 

Similar behavior goes on in America. Yiheng Per-
cival Zhang, who had been cloning cells in the hope of 
producing biofuels along with two scientist colleagues, 
Chun You and Zhiguang Zhu, was arrested in Septem-
ber 2017 on charges of defrauding the U.S. government 
out of $1 million. According to FBI sources, Zhang had 
been given funding by the National Science Founda-
tion (NSF) and the Department of Energy for research 

Veterinary researcher Hwang Woo Suk of South Korea rose to 
fame for his since-discredited embryonic stem cell research. He 
has never admitted fault despite being found guilty of violating 
bioethics laws.
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— but he had already secretly completed the investiga-
tions and, instead of passing money to the University, 
was alleged to have kept it for himself. Meanwhile, 
both You and Zhu have been accused of conspiring to 
defraud the NSF. These men now work at the Tianjin 
Institute of Industrial Biotechnology in China, where 
Zhang is one of their visiting researchers. 

ROADBLOCKS TO RESEARCH

The discerning reader may have figured out that 
Tianjin, China, is the current center of excellence in 
stem cell research. There is much industrial research 
going on in this important port city, which is a gateway 
to Beijing. Not all of it is properly regulated. In 2015, 
there was a massive explosion that killed 173 people 
and injured 1,000. It appears that, among countless 
other problematic substances, there were 700 tons of 
sodium cyanide released at the site (more than 70 times 
the maximum amount that should have been stored 
there). The Chinese government responded immedi-
ately. President Xi Jinping and Premier Li Keqiang 
vowed to launch a detailed investigation and prom-
ised “open and transparent information disclosure to 
the public.” This they did by taking down all websites 
and social media pages in which the words “Tianjin” 
and “explosion” both occurred, while downplaying 
the fatalities. Later, 50 officials were jailed for their 
failure to ensure safety, and one was even sentenced 
to death (though he was later reprieved). Chemical ac-
cidents can cause explosions that make world head-
lines, however, someone indulging in questionable 
conduct over stem cell research would be invisible to 
the media. That is where future problems lie.

Meanwhile, who is winning the race? It certainly 
isn’t the U.S. Although American scientists are among 
the best in the world, their research is confined by 
rules and regulations. Tiny cell aggregates, microbes 
to all intents and purposes but derived from human 
embryos, are given the moral status of babies. In a cul-
ture where abortion is regarded as the right of every 
pregnant woman, and viable children with faces, per-
sonalities, and a voice can be disposed of as easily as a 
half-eaten hamburger, the earliest colonies of cells — 
with less claim to intellectual life than a tadpole — are 
sanctified and protected by law. In America, it is the 
weight of bureaucratic regulation and the bewildering 
ignorance of the public government that stands in the 
way of progress. Meanwhile, bogus companies con-
tinue to offer unrealistic promises to hopeless people 
and are creaming off millions of dollars in the process. 
Some of these operators are detected and a few are 

fined, and they can well afford it.
There are several ways to obtain pluripotent stem 

cells. They can be harvested, either from cells in the 
umbilical blood, or from a blastula (the blackberry-
like cluster of cells into which a zygote first divides). 
They could perhaps be created from somatic cells by 
some external stimulus — this time a genuine proce-
dure (and not a dream) — or by genetically program-
ming a cell already differentiated to revert to the stem 
cell state. Harvesting cells is controversial; the after-
birth and placenta are regulated by legal restraints, 
which is curious for a waste product of parturition 
that is destined to be incinerated like a stained towel. 
The burden of legal restraint, often ill-considered and 
always misunderstood by the regulatory authorities, 
makes much of the research impossible in the West. 
And so our academic hopes and clinical aspirations 
are put on hold, leaving the field open to every un-
principled cowboy who is willing to exploit any des-
perate patient, whose pockets are as deep as their un-
derstanding is shallow. 

Hopes were raised by the 21st Century Cures Act 
passed by Congress. This was originally proposed by 
a Republican member, Rep. Fred Upton of Michigan, 
and although his bill was passed by the House, it had 
failed in the Senate at committee stage. It was later re-
vived, and President Barack Obama signed it into law 
in December 2016. This new act sanctions $6.3 billion 
for medical research, including $4.8 billion to support 
the NIH, partly funded by the sale of 25 million bar-
rels of crude oil from the Strategic Petroleum Reserve. 
Although drug development, brain research, and cur-
ing addiction are high on the list, there is far less em-
phasis on regenerative medicine. The Act provides a 
framework for the FDA to modernize its regulations 
and to speed up approval for methods in regenerative 
medicine, but with a total “not to exceed $30 million” 
of the $6.3 billion destined as matched funding for re-
search. This is a tiny proportion. Here we have an act 
for the 20th century, not the 21st. 

ASIA’S INGENUITY

In East Asia, the culture views these things very 
differently. The Riken Institute in Japan, for instance, 
quickly threw off the scandal of Haruko Obokata and 
the tragic death of Yoshiki Sasai and operates under 
a legal framework that is far less restrictive. The Jap-
anese like to understand science. When I was intro-
duced to Emperor Akihito at a reception in Burlington 
House, London, he was known as an ichthyologist — I 
doubt whether many other world leaders have pub-
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lished research in the journal Gene — and he spoke to 
me of his wish to see every member of the Japanese 
public understand the world of biological science. Lit-
tle wonder Riken continues to thrive; this massive re-
search institute was set up under the name Kokuritsu 
Kenkyū Kaihatsu Hōjin Rikagaku Kenkyūsho back in 
1917, and it has produced four Nobel Prize winners: 
Hideki Yukawa in 1949, Shin’ichirō Tomonaga in 1965, 
Susumu Tonegawa in 1987 and Ryōji Noyori in 2001. 
After the Russians claimed to glimpse evidence for el-
ement 113 in 2003, it was finally produced by Riken 
in 2004 and named Nihonium (symbol Nh) in honor 
of the Japanese. It was at Riken that Kikunae Ikeda 
later worked, after his discovery of monosodium glu-
tamate and the new flavor everyone now calls umami, 
and where Umetaro Suzuki discovered vitamin B1.  
It was in 2006 that the production of pluripotent stem 
cells directly from mature somatic cells was perfected 
by Shinya Yamanaka in Kyoto, Japan. He introduced 
four specific genes that encoded transcription factors 
that induced adult cells to revert to pluripotent stem 
cells. He was awarded a Nobel Prize in 2012, along 
with my colleague Sir John Gurdon at Cambridge.  
At Riken, Masayo Takahashi successfully treated  
macular degeneration in 2017 with these induced plu-
ripotent stem cells (iPSC), and new research is now 
bubbling away. 

Meanwhile, China had enacted a new program 
under the “Ethical Guidelines for Human Embry-
onic Stem Cell Research” in 2003, which encouraged 
research on surplus gamete or blastocyst cells after  
in vitro fertilization or following somatic cell nuclear 
transfer, on fetal cells from abortions, and on volun-
tarily donated germ cells. They soon had programs 
running for the treatment of acute heart failure, liver 
failure and lower limb ischemia, though matters got 
out of hand, and in January 2012 the Chinese govern-
ment stepped back and banned all stem cell therapies 
that had not been granted official approval. They im-
posed a moratorium on clinical trials while they de-
vised a new framework for future experiments, though 
the ban was lifted after a few months. Currently, the 
attitude to stem cell research is far more accepting than 
it is in the West, and it has been known for some years 
that in China the research environment is at its most 
unconstrained (Cyranoski, D. “China’s Stem-Cell Rules 
Go Unheeded,” Nature, 484, pp 149–150, April 12, 2012; 
doi:10.1038/484149a). Many expatriate Chinese sci-
entists are now returning to their homeland because  
of the favorable climate for investigating stem cells. 

Much of this is culturally dependent. Confucian 
philosophy acknowledges that a new person comes 
into existence at birth, not before. Current attitudes 

in the West, though dismissive of an unwanted fetus, 
dignify the earliest embryo with a high moral status. 
Many traditions believe that new life begins at the mo-
ment of quickening, when the pregnant mother feels 
the movements of her developing fetus, though we 
currently construe the moment of fertilization as the 
dawn of a new life. The pragmatic answer is simpler: 
life begins when the dog dies and the children leave 
home. Nobody can argue with that. 

And so, while we are wondering whether it might 
be possible to take a peek at using cells that are oth-
erwise destined to be flushed away without a second 
thought, East Asian scientists have a far more open ap-
proach — and it is in China that the more rapid prog-
ress is going to be made, with Japan following close 
behind. China recently announced cloning apes; it is 
their 80th attempt, and another dubious milestone. 
The American public as a whole (and legislators in 
particular) don’t have a clue about stem cells — or any 
cells at all. This is a bountiful source of revolutionary 
medicine ready to be tapped, yet nobody knows what 
to do. There is nothing novel about stem cells. We have 
known about them for 150 years and have been aware 
of their capability for a century. 

While research in America is hidebound by super-
stitious restrictions, there are dubious practitioners all 
over the world. The big mystery to me is why we have 
waited for so long to harness the potential of stem 
cells. They are smart, and they know what to do when 
they are given the trigger to act. All they need is the 
perfect environment in which to flourish and where 
they can unleash all their miraculous powers to heal. 
They won’t find that in today’s America. 

Tens of thousands of desperate Chinese patients have been 
seeking dubious stem cell treatment. According to Nature, their 
government’s guidelines are widely ignored. 


