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Biologists make skin cells work like stem cells
NICHOLAS WADE

In asurprising advance that could sidestep the ethicd debates surrounding stem cell biology, researchers have come much closer toa
major god of regenerative medicine, the conversion of a patient’s cellsinto specidized tissues that might replace those lost to disease.

The advanceis an easy-to-use technique for reprogramming askin cell of amouse back to the embryonic state. Embryonic cdlls can be
induced in the laboratory to develop into many of the body’s mgor tissues.

If the technique can be adapted to human cdlls, researchers could use a patient’s skin cedllsto generate new heart, liver or kidney cells
that might be transplantable and would not be rejected by the patient’simmune system. But scientists say they cannot predict when they
can overcome the considerable problems in adapting the method to human cells.

Previoudy, the only way to convert adult cdllsto embryonic form has been by nuclear trandfer, theinsertion of an adult cdll’s nucleus
into an egg whose own nucleus has been removed. The egg somehow reprograms the nucleus back to an embryonic state. That
procedure is known as thergpeutic cloning when applied to people, but no one has yet succeeded in doing it.

The new technique, developed by Shinya Yamanaka of Kyoto University, depends on inserting just four genesinto askin cell. These
accomplish the same reprogramming task asthe egg does, or at least onethat seemsvery smilar.

The technique, if adaptable to human cdlls, is much easier to apply than nuclear transfer, would not involve the expensive and
controversid use of human eggs, and should avoid al or dmost dl of the ethicd criticism directed at the use of embryonic sem cdlls.

“From the point of view of moving biomedicine and regenerative medicine faster, thisis about asbig adeal asyou could imagine” said
Irving Weissman, aleading stem cell biologist at Stanford University, who was not involved in the new research.

David Scadden, astem cell biologist at the Harvard Medica School, said the finding that cdlls could be reprogrammed with smple
biochemical techniques“istruly extraordinary and frankly something most assumed would take a decade to work out.”

The technique seems likely to be welcomed by many who have opposed human embryonic stem cell research. It “raises no serious
moral problem, because it creates embryoniclike stem cells without creating, harming or destroying human lives at any stage,” said
Richard Doerflinger, the United States Conference of Catholic Bishops spokesman on stem cell issues. In themselves, embryonic stem
cdls“have no mord status,” and the bishops objections to embryonic stem cdll research rest solely on thefact that human embryos
must be harmed or destroyed to obtain them, Mr. Doerflinger said.

Ronad Green, an ethicist a Dartmouth College, said it would be “very hard for people to say that what is created hereis anascent form
of human life that should be protected.” The new technique, if adaptable to human cdlls, “will be one way this debate could end,” Mr.
Greensaid.

Biologigts learned how to generate human embryonic stem cdllsin 1998 from the few-day-old embryos discarded by fertility clinics, a
procedure the embryos did not survive. This source proved controversia, and biologists supported by federal financing were unable to
explore the new opportunity until August 2001 when President Bush, in apoalitical compromise, decreed that research on human
embryonic stem cells could begin, but only with cdll lines aready in existence by that date.

The redtrictions have caused considerable frustration among biologists and other supporters of research on embryonic stem cells.
Indeed, the House is expected to vote today to increase federad fundsfor such research. If gpproved, the bill, smilar to one approved by
the Senate, would go to the president. The White House has dready said that the president will veto it.

The new technique, when adaptable to human cells, should sidestep all these problems. James Battey, vice chairman of the Nationd
Ingtitutes of Health stem cell task force, said he saw “no impediment a al” to federa support of researchers using the new technique on
human cells.

Ever since the creation of Dolly the sheep, the first cloned mamma, scientists have sought to lay hands on the mysterious chemicas
with which an egg will reprogram amature cdll nucleusinjected into it and set the cdll on the same path of embryonic development as
when egg and sperm combine.



Years of patient research have identified many of the genesthat are active in the embryonic cdll and maintain its pluripotency, or ability
to morph into many different tissues. Lagt year, Dr. Yamanaka and his colleague Kazutoshi Takahashi, both at Kyoto University,
published aremarkable report relating how they had guessed at 24 genes responsible for maintaining pluripotency in mouse embryonic
semcdls.

When they inserted al 24 genesinto mouse skin cells, some of the cells showed signs of pluripotency. The Kyoto team then subtracted
genesone by one until they had a set of four genesthat were essential. The genes are inserted into viruses that infect the cell and
become active asthe virus replicates. The skin cdll’s own copies of these genes are repressed since they would interfere with its
function. “Wewere very surprised” that just four genes are sufficient to reprogram the skin cdlls, Dr. Yamanaka said.

Dr. Yamanaka sreport riveted the attention of biologists € sawhere. Two teams set out to repeat and extend hisfindings, oneled by
Rudolf Jaenisch of the Whiteheed Indtitute and the other by Kathrin Plath of the University of Cdlifornia, LosAngdes, and Konrad
Hochedlinger of Massachusetts General Hospital. Dr. Yamanaka, too, set about refining hiswork.

In articles published today in Nature and anew journa, Cell-Stem Cédll, the three teams show that injection of the four genesidentified
by Dr. Yamanaka can make mouse cells revert to cdllsindistinguishable from embryonic stem cells. Dr. Yamanaka s report of last year
showed that only some properties of embryonic stem cells were attained.

This clear confirmation of Dr. Yamanaka s recipe is exciting to researchers because it throws open to study the key process of
multicellular organisms, that of committing cellsto avariety of different roles, even though dl carry the same genetic information.

Recent studies have shown that the chromatin, the complex protein materia that clads the DNA in chromosomes, isnot passive
packaging materia but highly dynamic. It contains systems of switchesthat close down large suites of genes but allow othersto be
active, depending on therole each cdll is assigned to perform.

Dr. Yamanaka sfour genes evidently reset the switch settings appropriate for askin cell to ones that specify an embryonic stem cell.
The techniqueiseasy to use and “ should revol utionize the field since every small lab can work on reprogramming,” said Alexander
Meissner, aco-author of Dr. Jaenisch’s report.

Animmediate issue iswhether the technique can be reinvented for human cells. One problem is that the mice have to be interbred,
which cannot be done with people. Another isthat the cells must be infected with the gene-carrying virus, which is not ided for cdlsto
be used in thergpy. A third issue is that two of the genesin the recipe can cause cancer. Indeed 20 percent of Dr. Yamanaka's mice died
of the disease. Nonetheless, severd biologists expressed confidence that dl these difficulties would be s destepped somehow.

“Thetechnical problems seem approachable— | don't see anyone running into abrick wall,” said Owen Witte, astem cell biologist at
U.C.L.A. Dr. Jeenisch, in aWebcast about the research, predicted that the problems of adapting the technique to human cellswould be
solvable but he did not know when.

If ahuman version of Dr. Yamanaka's recipe is developed, one important research use, Dr. Weissman said, will beto reprogram
diseased cdlls from patients so as to study the molecular basis of how their disease develops.

Beyond that isthe hope of generating cellsfor thergpy. Researchers have learned how to make embryonic cdllsin the laboratory
develop into neurons, heart muscle cdlls and other tissues. In principle, these might be injected into apatient to replace or supplement
the cells of the diseased tissue, without fear of immune rejection. No one redlly knowsif the new cells would succumb to the same
disease process, or if they would be well behaved, given that they developed in alaboratory dish without recapitul ating the exact
succession of environments they would have experienced in the embryo.

Stll, repairing the body with its own cells should in principle be a superior form of medicine to the surgeon’s knife and the oncologists
poisons.

But thefirst fruit of the new techniquewill bein figuring out how cdllswork.
Thisand other methods will lead to an explosion of information that will “open the door for understanding how cells program and re-

programtheir fate,” Dr. Scadden predicted. If and when applicable to human cells, he said, the four-gene gpproach “will have profound
implications for new biology, regenerative medicine and will change the ethical debate around stem cells.”



