"One day we'll be able to grow an eyeball from a stem cell." -Dr, Curt Civin

What's Bred in the Bone
Dr. Curt Civin's revolutionary stem cell treatment changed the medical landscape.
Today the struggle continues, against cancer-and
abortion politics. By Lawrence Osborne
Six-year-old Judith looks older than her age.
Her eyebrows have gone, her blond ringlets
have turned to wisps, and the legs peeping
out from under a blanket emblazoned with
Santa Clauses are stick-thin, with obvious
blue veins. In the room she shares with another child who also has T-cell leukemia, her
form seems especially puny, as if pared down
to a fraction of its normal size. Her enormous pale eyes have a nervous wariness that
only abates when the subject of cable TV
bingo comes up. Twiddling one of her
emaciated toes, Dr. Curt Civin asks her if
she's going to win this time.
"Dun no," she whispers.
"I think you are. You look like a lucky girl."
"Arn ]1"

"Well, those nosebleeds stopped. didn't
they?"
One of the world's foremost experts in
children's cancers, Civin has the manner
of a house-hopping GP of times gone by.
Small and intense, with merry brown eyes,
the 51-year-old cancer researcher bowls
from bed to bed in the intensive care ward
of the Johns Hopkins pediatric oncology
unit with energy more like that of a male
Florence Nightingale than of a cuttingedge scientist. The ward is called the Variety Club, after the charitable organization
of show-biz benefactors, and Civin seems
to be comfortably in his element. He moves
through the chaos of worried parents, spilled
toys, and roving infants in plastic cars

like a fish darting through familiar coral.
Judith (for reasons of privacy, the children's
names have been changed) was diagnosed
last October, he explains, and on this occasion she's been in the Variety Club for the last

four days. Her mother has a foldout bed next
to hers. Although her prognosis would ordinarily be a grim one, Judith is now receiving
a revolutionary treatment known as stem
cell therapy. a unique way of facilitating bone

marrow transplants that was first tentatively
developed by Civin himself back in 1984.
Stem cells are the active agents in bone
The next "magic bullet." Above: A
colorized scanning electron micrograph
of stem cells from human bone marrow.
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marrow that generate all other blood cells'as well as the immune system itself. A traditional bone marrow transplant often triggers a hostile and sometimes deadly response
from the recipient's immune system called
"graft-versus-host disease" or GVHD;a transplant using purified stem cells culled from
a donor or the patient is relatively harmless,
so the hugely expensive and toxic drugs
needed to suppress GVHD become irrelevant. Best of all, stem cells regenerate their
host's precious marrow after damaging
chemotherapy, and flood the body with pure
new blood. The therapeutic horizons for the
21st century, doctors say, are dazzling. Stem
cell therapy may provide treatments capable of practically rebuilding the immune system from scratch. Some
are calling it the next "magic bullet."
Thanks to stem cell research, the
rate of cure for some children's cancers and some genetic blood diseases
has shot upward over the past two
decades. In 1979, for instance, only
25 percent of yaung patients with the
most common types of childhood
leukemia could be cured; the figure is
now nearer 75 percent. And the man
most responsible for this remarkable
inversion is Civin himself.
"This research," he says, tweaking another of Judith's toes, "is about
Judith. We can dose her with as much
chemotherapy as we want and then
replace her blood cells safely. I mean,
this is not abstract science, as you
can see."
But despite a decade of spectacu"This
lar successes, stem cell research
Civin
has met with some significant opposition. The reason is that most valuable donor stem cells are found in the rich
tissue of fetuses, obliging scientists to cull
them from aborted "waste matter." And this
pushes one of the Bush administration's hot
buttons: abortion.
One of President Bill Clinton's first
acts when he took office in 1993 was to
revoke the ban on federally funded fetal
tissue research, and now scientists, Civin
among them, wonder what the impact of
George W. Bush's presidency may be on the
next few years of research. The threat
has not been veiled. Bush spokesman Scott
McClelland recently elaborated the new
president's stand: "He opposes federal funds
for research that involves destroying living
human embryos."
Another issue galvanizing opposition is
the specter of scientists cloning embryos to
cultivate stem cells. Such a possibility is at
least a decade away from being a reality,
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and yet the dread words "baby farming" are
enough to raise concerns. Some scientists,
Civin among them, have argued in turn that
much-needed organs or tissues could be
grown from early embryonic cells and subsequently genetically altered to avoid incompatibility between recipient and donor.
Stem cells, in other words, could be used to
grow whole organs for transplant-organs
perfectly genetically matched to their hosts.
The possibilities are endless. Civin uses as
an example the eyeball: "It's a long way off,"
he says, "but one day we'll be able to grow
an eyeball from a stem cell. Why not?" Ditto
kidneys, lungs, pancreases, even hearts. Neurons could be grown to replace those

leg that antibiotics couldn't cure. "We purified his cells," Civin whispers, holding the
boy's hand as he sleeps. "His body was colonized by organisms for which we have no
medication. But now he's healing." In another room an ll-year-old boy with a kidney tumor lies hooked up to drips and monitors, torpidly rolled onto his side. But Civin
is happy: "Another success story." Next door,
a six-month-old baby lies asleep on a hightech cot. She has just had a bone marrow
transplant using stem cells donated by her
mother. "See?"the doctor beams. "She'sgrown
all her hair back."
But nothing, not even the presence of
these children who have been saved, can
allay the palpable parental tension in
the air. Civin threads his way among
the parents, who are anxious to have a
word with him, shaking their hands
tightly and talking close to their ears.
Everyone has a life-or-death question.

Blood has been a mystery since Western medicine began. Coursing through
60,000 miles of arteries and veins in a
single body, this amazingly complex
substance has still not yielded all its
secrets. Yearly the body produces its
own weight in blood, 260 billion cells
a day, but like a nation at war it can
instantaneously raise the production
level tenfold when the body is threatened by an infection. The dozens of
different types of blood cells, moreover,liveand die at vastlyclliferingrates.
Platelet cells, which enable coagulation, live about two weeks, while
white cells last
is not abstract science, as you can see." Dr. Curt infection-zapping
only a few hours. Oxygen-packed red
with a young patient, Baltimore, January 2001.
cells, on the other hand, can live for
up to four months. And these different cells
destroyed by Parkinson's disease. It would
are synchronized with miraculous precision
be the surgical equivalent of cloning a milto sustain and defend the organism.
lion sheep in order to feed the world's hungry.
All blood cells originate deep in bone
marrow; the principal sources are the marWhile we speak of the future, on the far side
row of the skull, pelvis, ribs, and sternum.
of the curtain partition another of today's
There, a thick stew of assorted cells is conpatients, a lO-year·old boy, sits with his
cocted by what science mellifluously calls
grandmother. His phone is constantly busy.
the "hematopoietic system" (from the Greek
"Bobby's room," he snaps. "This is Bobby's
words hema, blood, and poiein, to make).
room." The bingo game has started on the
in-house Tv. and Civin pulls me away. "They This system is literally the source of our life.
The crucial function of the hematopoietic
get very involved with the bingo. Being sick
system was first noted in studies of radiation
is a terrible boredom for kids, you know."
poisoning. Experiments in the 1950sshowed
Johns Hopkins's pediatric oncology team
that mice could be irradiated and then saved
treats approximately 140children a year, with
using marrow transplants-which suggested
up to 20 young patients occupying rooms at
that the marrow was also the key to the reanyone time. The diseases are various. In one
juvenation of cells.
room we see an 18-year-old boy with an inIn 1961 two Canadian researchers named
herited genetic disorder that destroyed his
James Tilland Ernest McCulloch microscopicinfection-fighting neutrophil cells. The really examined the spleens of mice receiving
sult was a giant abscess eating into his right
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these transplants and noticed odd granules
, clinging to their surfaces. These nodules contained thousands of blood cells of different
types. Tilland McCulloch took pieces of these
granules and with them were able to create
whole new colonies of blood cells in different mice. Some kind of queen bee cell, they
conjectured, was breeding all the others. The
hematopoietic stem cell, as it was now called,
had been officially discovered.
The problem was that stem cells are extremely rare, constituting perhaps one in
every 10,000bone marrow cells. Like pins in
the proverbial haystack, they evade easy detection amid all the other cells-at best, scientists could see where they had been at
work, but they couldn't actually see one
through a microscope. Stem cells were as
elusive as quarks.
Enter the young Curt Civin. When Civin
was an undergraduate at Amherst, in the late
'60s, his mother died of cancer, setting him
off on a personal quest to unravel the disease. Later, while studying at Harvard Medical School, he became fascinated by both
the immune system and by his daily interaction with young patients at Children's
Hospital in Boston. "I had this feeling all the
time," he recalls, "that cancer wasn't being
treated the right way. I saw that with my
mother, and it gnawed at me. 1 knew in my
bones that somehow the immune system
could be used against cancers in more subtle and effective ways. There had to be something beyond crude chemotherapy."
After graduating from Harvard, Civin
took a fellowship at the National Cancer Institute, from 1976 to 1979. Exciting things
were happening in the arcane world of blood
research. In 1975 Dr. Cesar Milstein at Cambridge University in England had created a
technique for detecting what are now called
"monoclonal antibodies," revolutionizing
medical research almost overnight. Milstein
had found that different kinds of cellshowever obscure or difficult to find-could
be tagged, isolated, and identified by deliberately provoking them to breed antibodies. Thus, he reasoned, certain cells could
be picked out from very complex mixtures.
As foreign infective substances-such
as
bacteria, viruses, or proteins--enter the body,
the body responds by sending hordes of antibodies to destroy them. The antibodies do
this by binding to the foreign substance and
setting off biochemical reactions that activate other immune cells, dragging them into
the battle as well. What's peculiar about antibodies is that they are highly specific to
each different kind of intruder. Thus they
can be cunningly used to identify inversely
the cells that produce them.

The problem for Milstein was keeping
antibodies alive in culture in the first place
so that these experiments could be doneantibodies are fragile things. But when Milstein fused a leukemia cancer cell {which Sillvives and breeds well}with an ordinary blood
cell, he created the first so-called "hybridoma,"
a hardy mutant that can thrive in the laboratory. The offspring of this microscopic
Frankenstein's monster were the first monoclonal antibodies. Civin leaped on this discovery with fervor, because he saw that he
could now use all kinds of readily available
antibodies to entice hidden cellsinto the open.
"It was the open door I had been looking for all along," he says. "I was sure I could
use monoclonal antibodies to track down
those quarklike stem cells that nobody could
find. It was a definite turning point." YetCivin
and his team still had to find a monoclonal
antibody that would bind specifically 10 the
stem cell. To do that they had 10 inject their
lab mice with something that would get their
stem cells aroused. But what?
Civin knew that leukemia cells are somewhat like stem cells: Both are primitive and
breed quickly. Leukemia cells are indeed
a bit like stem cells that have suffered
arrested development, or "frozen"-that
is, instead of producing healthy new cells

on stem cells in the journal of Immunology
in 1984, but the research was so avant-garde
that few took it seriously as a therapeutic
revolution. Moreover, marrow transplants
were a hazardous and tricky matter at that
time. Although more sophisticated "autologous transplants" (which used the patient's
own marrow) had arrived in the mid-'70s,
thus diminishing the incidence of GVHD,
doctors often found that sly cancer cells
would hide out in the marrow and then be
retransplanted back into the patient after
chemotherapy. The CD34 technique promised to circumvent this fatal problem, but
although the first stem cell transplants were
performed successfully on monkeys in 1989,
the FDA only approved this daring therapy
in 1996. "Of course," says Civin, "it's now
been used in thousands of transplants. We
were just a decade too early!"
As it turned out, one of the first stem cell
transplants on a human was performed at
Johns Hopkins on March 19, 1993,on a threeyear-old boy, Bryan Rusk. As soon as Civin
saw Bryan's enormous, cauliflowerlike stomach tumor, a lethal neuroblastoma, he knew
he wouldn't be able to cure it with traditional
methods. Bryan's last hope was something
that had never been tried at Johns Hopkins
before: Only a stem cell operation might be

"I saw that with my mother cancer wasn't being treated
the right way, and it gnawed at me," says Civin. "There
had to be something more than crude chemotherapy."
they simply reproduce themselves. They
might, then, possess chemical qualities similar to stem cells.
Civin injected his mice with leukemia
cells and so created a clutch of various monoclonal antibodies. He then laboriously set
out to see which cells these antibodies would
pick out in the bone marrow. Months went
by before he noticed one antibody in particular that seemed to recognize only a fraction of the cells-about one percent of them.
Then it stuck to a cell-surface molecule,
which Civin named CD34.
Civin then placed cells containing CD34
into petri dishes to see if they would multiply rapirlly, as good stem cells should. Sure
enough, the dishes immediately filled up
with a dizzying variety of blood cells: monocytes, granulocytes, red cells, platelets, etc.
Whatever was in the dish was a mother cell
spewing out thousands of different daughters.
"We almost had it," Civin remembers. "But
ultimately the only way to prove that CD34
cells included stem cells was to actually do
a marrow transplant. That way we could actually see if CD34s could create new blood."
Civin published his gtoundbreaking paper

able to save his life. As it turned out, the operation was a stunning success and opened
the door to a new era of cancer treatment.
Now, eight years later, Bryan leads a normal
life, and the transplant that saved him has
become an almost common procedure.
In his office Civin muses on the wider mysteries of cancer. "Every individual is different. And no one knows why cancer arises in
one person and not in another exposed to
the same forces, whether they be genetic or
environmental. We have a long way to go in
getting down to the molecular level to understand what all these differences really
mean. At least with stem cells we've made
a start."
As stem cell research blossoms in all
directions, rapidly becoming one of the key
medicines of the 21st century, Civin's saved
children provide the proof of his early
vision's power. Stopping in to say goodbye
to Judith, we shake her almost ghostly
hand and Civin tells her that bingo is all
about perseverance,
rather than luck.
"But then again, Judith," he says to her teasingly, "you have all the luck, don't you?" •
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