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TOKYO—Growing human body parts in 

pigs could alleviate a worldwide short-

age of donated organs. But are such organ 

farms ethical?

Last week, a Japanese ethics panel 

decided that they are, recommending that the 

government lift a ban on certain experiments 

that mix human cells with those of other 

animals. But the scientist who is pioneer-

ing this research area and who pushed for an 

end to the ban, stem cell biologist Hiromitsu 

Nakauchi of the University of Tokyo, is plan-

ning to set up a lab in California, bringing the 

debate—and the possible benefits—to the 

United States. 

Nakauchi has been pursuing the idea of 

implanting human pluripotent stem cells into 

pig embryos genetically engineered to be 

incapable of developing their own pancreases. 

These cells could be either embryonic stem 

cells or, preferably, induced pluripotent stem 

(iPS) cells. iPS cells derived from a patient’s 

own skin or other tissue should avoid immune 

rejection, because the generated organ would 

genetically match the recipient. If all goes 

to plan, the stem cells would develop into 

human pancreases in the pig fetus. (Mouse 

experiments have shown that pluripotent 

cells can fi ll the developmental niche opened 

by the absence of an organ.) After the pig-

let’s birth, the pancreas would be harvested 

and islet cells isolated for transplantation into 

human type 1 diabetes patients, whose islets 

either no longer produce insulin or produce 

too little of the sugar-regulating hormone.

“The construction of tissues and organs 

in chimeric animals is a very promising 

approach,” says Markus Grompe, a stem cell 

scientist at Oregon Health & Science Univer-

sity in Portland. “If successful, [Nakauchi’s] 

method would clearly be superior to in vitro 

differentiation.” But the work is ethically 

fraught. “I suspect that a lot of scrutiny would 

be given to this research,” says Nancy King, 

a bioethicist at Wake Forest University in 

Winston-Salem, North Carolina.

In a milestone on the road to a human-pig 

chimera, Nakauchi’s team in a paper in Cell 

in 2010 described using rat stem cells to grow 

pancreases in apancreatic mouse embryos. 

“This work paves the way to the generation 

of human replacement organs within devel-

oping animals,” wrote John Gurdon, a devel-

opmental biologist and Nobel laureate at the 

University of Cambridge in the United King-

dom, and colleagues last October in Current 

Opinion in Genetics & Development. 

Nakauchi’s group has since gone further, 

generating pancreases for one pig species in 

apancreatic embryos of a different pig spe-

cies, as they reported in the Proceedings of 

the National Academy of Sciences in Febru-

ary. Pig organs are similar in size to ours, so it 

should be possible to harvest a human organ 

grown for transplantation when it is the right 

size for an intended recipient. Getting the 

technique to work in pigs “is quite remark-

able,” says stem cell researcher Sean Wu of 

Stanford University in California, who feels 

that there is “a very reasonable chance” of 

generating human tissues from iPS cells. If 

the approach succeeds, Nakauchi and others 

Chimeric Embryos May Soon Get Their Day in the Sun
ST E M  C E L L  R E S E A R C H

And a side of pancreas, please. To alleviate a shortage of donated organs, researchers aim to grow human 

organs in pigs. First up are pancreases. Human pluripotent stem cells would be implanted in pig embryos inca-

pable of developing their own pancreases; the stem cells should develop into human pancreases in the pig fetus.

the United Kingdom, a member of MUGAS. 

An as-yet unpublished analysis by Van-Tam’s 

group of observational data from around 

the world has shown that Tamifl u prevented 

deaths during the 2009 H1N1 pandemic, a 

hectic period in which randomized studies 

would have been hard to organize or get ethi-

cal approval for.

Roche has promised MUGAS full access 

to all its Tamifl u data, but is also bankroll-

ing the effort with an unrestricted grant. 

That, and some members’ current or past 

fi nancial ties to the company, make the new 

review problematic, Jefferson says. More-

over, many of the members have been long-

time advocates of Tamifl u, making it diffi -

cult for MUGAS to do an unbiased exam-

ination, says epidemiologist Peter Doshi 

of Johns Hopkins University in Baltimore, 

Maryland, another member of the Cochrane 

group. Given the billions spent, “there’s a 

strong incentive to come to a conclusion that 

supports their earlier position,” he says. 

Osterhaus promises that the panel he chairs 

will let the data speak and says MUGAS is 

transparent about its confl icts of interest; the 

review will be published regardless of the out-

come. The group may tackle other issues as 

well, such as infl uenza vaccines—which the 

Cochrane group has also criticized as being 

far less effective than widely assumed. Can 

MUGAS settle such debates? “I’m not sure,” 

says Hayden, who’s also a member. “I’m 

afraid it will be our story and the Cochrane 

story—and the confusion will continue.” 

–MARTIN ENSERINK

Published by AAAS
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Many African-Americans and Hispanics 
who pursue a career in science must wrestle 
with a dearth of role models, a lack of oppor-
tunity, and sometimes even outright discrim-
ination. One factor not typically on that list 
of barriers to entry is the cost of a Ph.D. But 
a new study suggests that it should be, and 
that those groups, traditionally underrepre-
sented in science, also owe much more than 
their white and Asian counterparts by the 
time they graduate.

Conventional wisdom holds that most 

students can earn a doctoral degree in a sci-
ence, technology, engineering, and mathe-
matics (STEM) fi eld without amassing large 
amounts of debt. This so-called free ride 
comes courtesy of a variety of mechanisms—
notably student fellowships, institutional sup-
port, and research positions funded by grants 
to faculty members—designed to meet both 
the cost of tuition and living expenses. That 
fi nancial freedom stands in sharp contrast to 
the widely publicized heavy debt often taken 
on by students obtaining advanced degrees in 

the arts and humanities or those trained in the 
law, medicine, and other professions.

However, a new study of 19,000 newly 
minted Ph.D.s by a team at the American 
Institutes for Research (AIR) in Washington, 
D.C., suggests that the conventional wisdom 
is wrong and that minorities face a steeper 
climb onto the STEM career ladder. It fi nds 
that only 51% of African-Americans and 64% 
of Hispanics earning STEM Ph.D.s in 2010 
graduated debt-free. In comparison, 73% of 
white and Asian STEM Ph.D.s avoided debt. 

Minorities Run Up Signifi cant Debt in Earning STEM Ph.D.s

U. S .  G R A D U AT E  E D U C AT I O N

say, it might be applied to other organs, 
including kidneys and hearts. 

Wu explains that there are diffi cul-
ties getting stem cells to properly mature 
in vitro and challenges in generating 
them in the quantities needed for large 
organs. David Ayares, CEO of Revivi-
cor, a regenerative medicine company in 
Blacksburg, Virginia, agrees that grow-
ing complex organs in vitro “requires 
more research.” Ayares says the chal-
lenges of growing tissues in vitro and the 
shortage of donated human organs has 
led several groups, including Revivicor, 
to study xenotransplantation: the trans-
fer of living cells, tissues, or organs from 
one species, usually pigs, to humans. 
Nakauchi’s method is another alterna-
tive that could reach the clinic fi rst. But 
working out the details of growing human 
organs in pigs, Wu warns, will be “extremely 
difficult.” There is a risk of inadvertently 
transplanting harmful pig pathogens into a 
human along with an organ.  And the recip-
ient’s immune system could reject a trans-
planted organ—even a genetic match—if it 
carries stray pig cells. 

In Japan, current national guidelines 
governing stem cell research allow mix-
ing human and animal material in vitro for 
14 days but forbid in vivo experiments. “I 
have been asking the government to change 
the guidelines for 2-and-a-half years,” 
Nakauchi says. On 18 June, the Expert Panel 
on Bioethics of the Council for Science and 
Technology Policy, the nation’s highest sci-
ence advisory body, took a step in that direc-
tion by recommending an overhaul.  

Panel members acknowledge that a 
revision is long overdue. “The guidelines 
were written over 10 years ago, when there 
weren’t any examples of the kind of research 
Nakauchi wants to do,” says panelist Kaori 

Muto, a research ethicist at the University of 
Tokyo. She says that the panel was respond-
ing not just to Nakauchi, but also to concerns 
that current restrictions are impeding sev-
eral promising lines of stem cell research. 
The panel, which unanimously endorsed the 
decision, feels current rules are too restrictive 
and that ethical judgements should be based 
on “the specifi c research plan and the tech-
nology involved,” Muto says. The action now 
moves to an education ministry committee 
that will revise the guidelines—a process that 
Muto says could take a year or more. 

Nakauchi is already anxious. His team’s 
papers offer a road map for exploiting the 
approach, and he knows of at least one group 
in China planning to follow up. To maintain 
momentum, Nakauchi is now negotiating 
to set up a lab at Stanford University, using 
a $6.2 million, 6-year grant he has just won 
from the California Institute for Regenera-
tive Medicine. (Such grants have to be used 
within California.)

U.S. approval for the controversial 

research is not guaranteed. King notes 
that there are no relevant national laws, 
and the U.S. National Academies’ 
Guidelines for Human Embryonic Stem 
Cell Research do not prohibit creating 
human-animal chimeras. But they do 
flag for special attention any experi-
ments that could introduce human cells 
into a chimera’s germ line—the genetic 
material passed on to offspring—or into 
the brain. According to the guidelines, 
the concern is that “human characteris-
tics might be exhibited in the animal.” 
A worst-case scenario, Grompe says, is 
that “in theory we could end up with a 
human embryo gestating in a pig.”

The academies’ guidelines recom-
mend that chimeras be prevented from 
breeding, to ensure human cells do not 

enter an animal’s germ line. Keeping human 
cells from migrating to the brain of a chi-
meric embryo might be more problematic. 
Nakauchi says that there are proven ways of 
doing this. One is attaching a “suicide gene” 
to the human stem cells that would destroy 
any differentiated cell that starts express-
ing neural proteins. Grompe says that an 
approach he is exploring—making chimeric 
embryos using differentiated cells—is less 
ethically contentious.

Nakauchi recognizes that he is step-
ping into controversial territory. “People 
think we’re making a human-pig monster,” 
he acknowledges, although he says most 
accept the idea once he explains what his 
team is trying to do. He is confi dent that he 
can make just as convincing a case to Stan-
ford University’s review boards overseeing 
experiments involving human subjects, ani-
mals, and stem cells. “I haven’t submitted a 
research plan,” Nakauchi says, “but I’m sure 
they will allow it.” 

–DENNIS NORMILE

Chomping at the bit. After pushing the Japanese government 

to lift a ban on experiments essential to moving his research 

forward, Hiromitsu Nakauchi may continue his work at Stanford. 

Published by AAAS
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