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NANTONG, CHINA—Mounted to the entrance 
of the Jiangsu Key Laboratory of Neuro-
regeneration is a plaque listing two dozen 
grants—a total of $2.87 million over 18 years, 
impressive for a lab in the somewhat obscure 
Nantong University here, a few hours’ drive 
from Shanghai. A sparkling 4000-square-
meter complex outfi tted with millions of dol-
lars’ worth of equipment, as well as a kitchen, 
recreation room, and locker 
and shower facilities, is 
an even greater testament 
to the success of the lab’s 
director, Gu Xiaosong. An 
expert in peripheral nerve 
regeneration, he’s pushed 
to make neuroregeneration 
“a distinguishing charac-
teristic of our school.” 

But in some regards, 
Gu’s lab is not that unusual. 
It is one of dozens to capi-
talize on a recent Chinese 
government push in tis sue 
engineering.

Chinese leaders see tis-
sue engineering as a prom-
ising area for innovation, 
says Cui Fuzhai, a bone and 
brain tissue engineering specialist at Tsinghua 
University in Beijing: “They feel it is impor-
tant to the economy—that it has clear applica-
tions.” In recent years, China’s national grant 
programs have singled out this fi eld, along 
with other aspects of biomaterials research, 

for growth. From 1999 to 2009, according to 
a recent analysis by the Boston-based tech-
nology consulting fi rm Lux Research, more 
than $80 million from various government 
channels went to tissue engineering and stem 
cell research in the country. While the govern-
ment tends not to release funding totals for 
specifi c research areas, intensive government 
investment in stem cells didn’t pick up until 

2011, says Ma Zhun, an 
analyst with Lux Research 
in Shanghai. With calls for 
the Chinese biomedical 
materials industry to quin-
tuple its share of the global 
market by 2050, such 
funding will almost cer-
tainly increase in decades 
to come. 

Chinese tissue engi-
neering research dates 
back to the 1990s, as the 
field was coming into its 
own internationally. Chi-
nese scientists established 
a national Society of Tis-
sue Engineering in 1999. 
That same year, they held 
the first national confer-

ence on the topic in Shanghai. But resources 
were limited. Myron Spector, a biomaterials 
scientist at the VA Boston Healthcare System 
and Brigham and Women’s Hospital in Bos-
ton, recalls visiting Cui’s lab in the late 1990s. 
Even at Tsinghua, one of China’s top univer-

sities, researchers did not have suffi cient sup-
port. “They didn’t get journals, and when they 
did get them, they were old,” Spector says. He 
remembers returning to Boston and pricing 
out what it would cost to send boxes of the 
leading biomaterials journals to China.

Within a few short years, things changed. 
In 1997, plastic surgeon Cao Yilin, now 
one of China’s leading tissue engineering 
researchers, made headlines when he was 
among a group of researchers in Boston to 
publish a paper in Plastic and Reconstruc-

tive Surgery relating his team’s success in 
growing a human ear—comprised of tissue-
engineered cartilage made from a biodegrad-
able polymer seeded with chondrocytes—
on a mouse. Cao was based in the United 
States at the time, working with prominent 
tissue engineer Joseph Vacanti at Massachu-
setts General Hospital, but he returned to 
China soon after. Others say his achievement 
helped prove the worth of the fi eld to the Chi-
nese government. 

In 2001, a government grant program tar-
geting research with commercial potential—
the 863 Program—started explicitly funding 
tissue engineering. From 2002 to 2005, it sup-
ported an initial 11 projects in the fi eld, accord-
ing to Cui. The program currently sponsors 
48 projects, says Guo Quanyi, who oversees 
the 863 Program’s tissue engineering grants. 
The boom in funding has been matched by 
a steep increase in the number of professors 
and assistant professors in China working on 
tissue engineering, Cui says, from roughly 
100 in the 1990s to some 300 today.

Cui was among those to benefi t from the 

Valued for their innovation potential, biomaterials efforts in China prosper

China’s Push in Tissue Engineering
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Translational pioneer. Medical 

researcher Gu Xiaosong was early in tak-

ing artifi cial nerve grafts to the clinic.
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sudden onset of funding. When Spector revis-
ited the Tsinghua professor’s lab a few years 
later, he was shocked at the improvement in 
available resources and science being con-
ducted. He listened in awe as Cui’s gradu-
ate students described innovative biomateri-
als they were developing to treat defects in 
the brain resulting from conditions such as 
stroke. “I had just never heard anything like 
it,” Spector recalls. “I thought, ‘This is really 
out there.’ ”

Returning to the United States, he logged 
into the publication database PubMed and 
searched in vain for related research. He 
realized then that the Chinese scientists had 
pulled ahead of their Western counterparts in 
that particular subfi eld. “What happened in 
the West over many decades has been com-
pressed into 2 decades” in China, Spector 
says. “There is defi nitely work in China that 
I would say is leading the rest of the world.”

Cui himself is more circumspect about 
China’s prospects. “Our lab conditions are 
comparable to those in the West. We are 
very good in some specifi c areas.” But, he 
adds: “The overall research level in China is 
still behind the United States by 20 years.” 
Others contend, however, that thanks to 
generous funding and a strong government 
emphasis on tissue engineering, the gap is 
closing very quickly. 

Funding boom
Gu’s lab exemplifi es this progress. About 
3% of trauma patients suffer from periph-
eral nerve damage that paralyzes them or 
impairs movement. Surgeons can repair 
such injuries by removing a nerve from else-
where in the patient, from a leg, for example, 
and transplanting it at the site of the dam-
aged nerve. But this approach entails two 
surgeries and the loss of one nerve segment 
in order to gain another. The alternative, arti-
fi cial nerve grafts, can typically only bridge 
gaps of less than 30 millimeters, ruling out 
their use for more severe injuries.

So when Gu and colleagues began engi-
neering nerve grafts that could bridge lon-
ger distances, the work attracted attention. 
His team was among the fi rst in the world to 
develop nerve grafts using chitosan, a mate-
rial usually derived from shrimp or crab shells, 
and the fi rst to take such grafts to the clinic. 

At the time, other teams around the world 
were working on chitosan-based nerve 
grafts. But Gu’s method allowed scientists 

to control the speed at which the chitosan 
conduit biodegrades—a quality “important 
for the repair of nerve defects with varying 
length, location, and diameter,” says Yang 
Xiongli, a neuro scientist at Fudan University 
in Shanghai. 

Gu was also the fi rst to translate this artifi -
cial nerve research to the clinic. China’s State 
Food and Drug Administration (SFDA) gave 
approval for clinical trials in 2010. A trial is 
now under way at four Chinese hospitals, 
with 35 grafts completed. Gu expects that it 
will conclude next year. 

He’s also combining his chitosan-based 
grafts with mesenchymal stem cells extracted 

from bone marrow. In a study forthcoming 
in Biomaterials, Gu and colleagues describe 
how this approach bridged a 50-millimeter 
median nerve gap in rhesus monkeys. In addi-
tion, his team is developing other synthetic 
nerve grafts, including a material derived 
from a very Chinese substance: silk proteins. 
“The biocompatibility is better than with chi-
tosan,” Gu says. 

Gu has pushed hard to make this progress. 
It hasn’t hurt that for the past 3 years, he has 
served as Nantong University’s Communist 
Party secretary, a powerful administrative 
post that ensures him a personal driver, access 
to education offi cials, and infl uence over key 
planning decisions, and that for the 4 years 
prior to that, he was the university’s president. 
He is unabashed about steering resources 
toward nerve regeneration research: “Sci-
entists who come here tend to end up doing 
neuro regeneration,” he says. 

Government largesse helped Gu con-
struct his new lab, which he modeled after 

the Max Planck Institute of Neurobiology in 
Martinsried, Germany. And Gu has benefi ted 
from generous funding from China’s two 
major grant programs, 863 and 973, as well 
as from the National Natural Science Foun-
dation of China. The 973 Program focuses 
on basic research, and from 2009 to 2011, its 
funding for nanotechnology, a category that 
encompasses advanced materials, advanced 
diagnostics, electronics, and tissue engineer-
ing, totaled more than $82 million, according 
to Lux Research. From 2006 to 2011, the 863 
Program poured $77 million into tissue engi-
neering and stem cell research.

The sums given by the U.S. National Insti-

tutes of Health and the Armed Forces Insti-
tute of Regenerative Medicine for tissue engi-
neering research in the United States often 
exceed those awarded in China, says Liu Wei 
of the Shanghai Key Laboratory of Tissue 
Engineering, who cautions that it is diffi cult 
to compare funding in the two countries. But 
Chinese scientists often get matching funds 
from the local and provincial governments to 
sweeten the deal. The infl ux of cash means 
that China is positioned to “become one of 
the major players in this fi eld,” says James 
Yoo, a regenerative medicine specialist at the 
Wake Forest Institute for Regenerative Medi-
cine in Winston-Salem, North Carolina. 

Push toward translation
Gu’s team is now trying to figure out why 
peripheral nerves can regenerate in people 
while other human nerves, such as the spi-
nal cord, can’t—a question that still perplexes 
researchers around the world. But such basic 
research questions may soon fall by the way-

Mighty mouse. An artifi cial ear grown on a mouse by a U.S.-based team including Cao Yilin (fourth row, 

second from left) in the 1990s helped persuade China to invest in tissue engineering.

Close at hand. Long tissue-engineered nerve grafts 
are being evaluated in clinical trials in China.

Published by AAAS

D
ow

nloaded from
 https://w

w
w

.science.org on M
ay 23, 2023



16 NOVEMBER 2012    VOL 338    SCIENCE    www.sciencemag.org 902

BiomaterialsBBBBBiiiiioooomateriiiiiiaaaaaalllllssss

side in China as more money becomes avail-
able for clinical research. “Five or 6 years ago 
it was enough for us simply to publish,” Gu 
says. “Now the government wants us to trans-
late our research into clinical applications.”

China’s $56 billion biomedical materi-
als industry is largely driven by foreign tech-
nology; domestic companies accounted for 
a mere 3% of global market share in 2011. 
Government leaders have decided that’s too 
little, Ma says: “The current target is to com-
mercialize tissue engineering technologies 
and bridge the gap between academia and 
industry.” Eyeing a lucrative market with 
potential for growth, the Chinese government 
recently set a goal of increasing China’s share 
of the global biomedical materials market to 
10% to 15% by 2050. 

As government interest in tissue engineer-
ing research shifts toward clinical translation, 
the funding split is changing as well. Tissue 
engineering “is a fi eld with a huge capacity 
for innovation, and it promises solutions to a 

lot of problems that modern medicine hasn’t 
been able to solve,” Guo says. He says the 
current batch of government-funded projects 
span cartilage, nerve, bone, heart, ligament, 
eye, and skin research. 

Already, Gu has been particularly effec-
tive at applying his research, say scientists 
familiar with his work. “He understands the 
clinical needs,” says Yoo, whose institute 
signed an agreement earlier this year with the 
Jiangsu Key Laboratory of Neuroregenera-
tion to establish a joint center. 

And Gu is hardly alone. In 2007, SFDA 
approved China’s first tissue-engineered 
product: ActivSkin. Developed by research-
ers at the Fourth Military Medical Uni-
versity in Xi’an, it made China the sec-
ond country in the world, after the United 
States, to possess artificial skin technol-
ogy. Products approved since then include 
a bone repair scaffold developed by Cui that 
cleared SFDA in 2010. The material has 
been used by 30,000 patients in China and 
its application is being pursued elsewhere in 
the world, he says. 

Translational research promises to become 
one of China’s strengths in tissue engineer-
ing, says Cao, the plastic surgeon whose work 
on cartilage engineering originally helped 
spark interest in the fi eld. Now director of the 
Shanghai Key Laboratory of Tissue Engineer-
ing, he and Liu are working on clinical appli-
cations of engineered cartilage, bone, tendon, 
skin, and blood vessel grafts. 

But the regulatory hurdles can still be 
substantial in China. Individual compo-
nents of the grafting process require safety 
approvals before any clinical trials can start. 
Thus, Cao and Liu have yet to receive SFDA 

approval to start clinical trials on any of 
their products. Moreover, SFDA staff mem-
bers are reluctant to green-light trials for 
tissue-engineered devices that haven’t fi rst 
been approved outside of China, Ma says. 
As a result, some Chinese scientists now 
apply for trials in Australia or the United 
States before seeking permission to work in 
patients domestically. 

But the approval process for clinical trials 
can drag on for years. For many Chinese sci-
entists, a lack of experience navigating their 
country’s regulatory agencies is an obstacle, 
says Dai Kerong, director of Shanghai Jiao 
Tong University’s Bone and Joint Research 
Center: “From bench to bedside—everybody 
knows it’s important, but most physicians 
don’t know how to do it.”

Bureaucratic intransigence may be only 
temporary. SFDA is investing money in 
developing more coherent regulatory stan-
dards, Ma says. And Dai is spearheading a 
series of seminars for tissue engineering sci-
entists on how to navigate the trial applica-
tion process and steer their research toward 
the clinic. “The important thing is China 
now has the funding mechanisms, both pub-
lic and private, and the SFDA is now acting 
judiciously,” Spector says. But it could take 
time before more scientists achieve the suc-
cess that Gu has had in moving their research 
into the clinic. “The central government has 
put a lot of money into this fi eld,” says Dai, 
who mentored some of China’s younger tis-
sue engineering researchers and remembers 
when things were very different. “The prob-
lem has become how to use it—so we don’t 
waste it.”

–MARA HVISTENDAHL 

Tissue engineering hot spots. Thanks to a 
boost in funding, China is home to research 
in a variety of areas, such as artifi cial skin 
and engineered organs.
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Bone doctor. Cui Fuzhai (right) developed a bone 
repair scaffold that has been used by 30,000 patients.
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