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Abstract

Stem cells hold great promise for cell therapy to treat a wide spectrum of intractable

diseases. Despite enthusiasm for stem cell therapy, the clinical and translational

research of stem cells overall has been a slow and cumbersome process. This article

uses the “technological system” as a framework to analyze the Tianjin model of stem

cell translational medicine. It shows how heterogeneous elements interact with one

another and relate to scientific, technological, social, economic, and political variables

in order to fulfill the system goal of producing cell therapy in China. Then the strengths

and weaknesses of the Tianjin model are compared with translational programs in

other countries and the implications for the cell therapy industry are discussed.
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Significance statement

This articles uses the Tianjin model of stem cell translational medicine as a case to show the

complexities in bringing scientific discoveries to clinical settings. The Tianjin model represents a

microcosm of stem cell research in China and offers rich experience for the development of

translational medicine.

1 | INTRODUCTION

Stem cells hold great promise for cell therapy to treat a wide spectrum

of intractable diseases and to improve human health. Many countries

have invested heavily in the stem cell field to translate basic and clini-

cal research to stem cell therapies and clinical practice. In the past

decade, stem cell clinical trials have been rapidly evolving and carried

out worldwide using various stem cell types, such as mesenchymal

stem cells (MSCs), induced pluripotent stem cells (iPSCs), and human

embryonic stem cells.1 As of February 2021, more than 8000 clinical

trials on stem cells have been registered at ClinicalTrials.gov; most of

these are in phase 1 or 2, with only approximately 10% in phase 3.

MSCs have generated interest among scientists and have become

popular cell types for stem cell clinical trials. More than 900 of the

registered clinical trials used MSCs on a wide range of diseases and

injuries. MSCs are also debated in the scientific literature with regard

to their meaning and so their defining biomarkers.2-4 Despite enthusi-

asm in stem cell therapy, the clinical and translational research of stem

cells overall has been slow and cumbersome due to translational gaps

and innovation challenges.5,6 Only a small number of stem cell-based

products have demonstrated sufficient scientific evidence and clinical

benefits to be approved for the market worldwide. Most of these

products are based on MSCs and are mainly produced in North Amer-

ica and Europe; none are from China.7

Early on, China made stem cell research a priority in its science

and technology policies. It launched various programs to fund stem
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cell research and attract talent back home from overseas.8 In recent

years, both local and national stem cell policies and programs have

advocated for stem cell translational research and industry.9 Tianjin, a

city in North China, has expended considerable effort in building a

“stem-cell city” based on its local advantages in hematology, stem cell

research, and applications at the Institute of Hematology and Blood

Diseases Hospital (IH) of the Chinese Academy of Medical Sciences

(CAMS) and Peking Union Medical College (PUMC).10 After working

in France for nearly 10 years, Professor Zhongchao Han, a specialist

in hematology and stem cells, returned to China to work at the IH in

1997. Han then began to design and develop the Tianjin model of

stem cell translational medicine. Professor Tao Cheng, a renowned

researcher in the biology of hematopoietic stem cell biology and

regenerative medicine, returned to the IH from the University of Pitts-

burgh (Pittsburgh, Pennsylvania) in 2007. Cheng took over Han's

duties to continue stem cell translational medicine in Tianjin.

I performed a case study of the Tianjin model of stem cell transla-

tional medicine in 2008.11,12 Using data from my fieldwork in Tianjin

and other Chinese cities and secondary sources from 2006 to now,

this article aims to revisit the Tianjin model and to discuss the

strengths and weaknesses of the Tianjin model in the national and

global contexts. Adopting the “technological system”12,13 as an ana-

lytical framework, it shows that stem cell translational medicine is a

technological system that contains complicated and problem-solving

components: various organizations (such as research institutes, hospi-

tals, enterprises), physical artifacts (such as laboratory equipment, raw

materials, storage infrastructure), and nonphysical artifacts (such as

industry standards and specifications, business model, regulatory

strategy, workforce development). These disparate elements interact

with one another and relate to scientific, technological, social, eco-

nomic, and political variables. Thus, fulfilling the common system goals

of producing innovative, safe, effective, and affordable regenerative

medicine products requires no less than reordering the material world.

System builders play a crucial role as “heterogeneous engi-

neers”14 in the invention, development, and consolidation of techno-

logical systems. To build a successful technological system, system

builders need a systematic approach to relate everything to a single

central vision. They use organizing principles to integrate heteroge-

neous factors and components, and they coordinate a team of diverse

professional backgrounds. These are people who are consistently

committed to solving a blend of scientific, technological, financial,

business, political problems that hinder the growth of the technologi-

cal system.13 The next sections show how Zhongchao Han and Tao

Cheng, two such system builders, constructed the technological sys-

tem of stem cell translational medicine in Tianjin.

2 | METHODS

This article draws upon data from my ethnographic research on the

governance of stem cell translational medicine in Tianjin in October to

December 2008 and follow-up studies of the Tianjin model in June

to July 2018 and August 2020. Tao Cheng offered the access that

allowed my study in Tianjin to go forward. He introduced me to the

heads and main figures of various departments and sectors in

the Tianjin stem cell translational medicine network. I interviewed

these people, having numerous personal communications with some

of them and with Tao Cheng, either face to face or through phone

calls, emails, and WeChat (the most popular mobile communication

tool in China in recent years). I visited research labs, hospitals, cord

blood banks, companies, national platforms, and other facilities within

the network, collecting both internal and published documents. This

article has also been informed by my research on the governance of

stem cell translational medicine in China since September 2006. I have

conducted interviews with stakeholders, including scientists, clini-

cians, entrepreneurs, patients, and policymakers. I have followed the

evolution of stem cell policies and the development of stem cell

research in China through participant observations at seminars, work-

shops, and conferences that I attended, and through multiple forms of

secondary data, including publicly available news, reports, policy docu-

ments, and scientific publications. Interview transcripts and observa-

tion notes were subject to thematic analysis15 to understand the

Tianjin model and its embedded social, economic, and political

environment.

3 | FINDINGS

3.1 | The Tianjin model

The core component of the Tianjin model is IH, which was founded by

clinical hematologist Jiadong Deng in 1957. IH is the national center

of excellence in hematology research and education, and the top-

ranked specialty hospital for clinical care and scientific impact in

hematology in China. In 1986, Wenwei Yan and her team performed

the first autologous hematopoietic stem cell transplantation (HSCT) in

patients with acute leukemia in China.16 HSCT laid the cornerstone of

stem cell biology and regenerative medicine in IH. The State Key Lab-

oratory of Experimental Hematology (SKLEH), which specializes in

hematology, hematological cancers, and stem cell biology, was for-

mally established in 1991 by the Ministry of Science and Technology,

People's Republic of China, and is housed at IH.16 Zhongchao Han

acted as the director of IH (1997-2004) and SKLEH (1998-2008) and

is the first system builder of the Tianjin model.

Han had the vision to transform the results of good scientific

research to technological products and social benefits. He devoted his

career to translating stem cell knowledge gained from laboratories to

stem cell products and industrialization. Han and his team have con-

ducted innovative research in this field, winning several local and

national science and technology progress awards.16 In the early days,

they worked on blood stem cells and tried autologous transplantation

of peripheral blood stem cells in the treatment of patients with severe

lower-limb ischemia.17-19 Han proposed that perinatal tissues, includ-

ing cord blood, umbilical cord, and placentas, are important natural

sources of MSCs.20 In 2002, under Han's leadership, IH and the inves-

tors built one of the largest stem cell bank in the world, the Tianjin
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cord blood stem cell bank, and established a standardized process for

banking human umbilical cord-derived mesenchymal stromal cells

for therapeutic uses.21 Following MSC safety studies for clinical appli-

cations, they conducted clinical studies on umbilical cord-derived

MSCs to treat diseases, such as mild graft vs host disease (GVHD)22

and refractory hematologic malignancy.23 Most recently, Han and his

team have been pioneers in building placenta-derived stem cell banks

and have carried out translational research, product development, and

application.24-26

As a system builder, Han has made great efforts to set up the

essential components for the ecosystem in early 2000. IH, in collabo-

ration with Shanghai Wangchunhua Group (now Vcanbio Cell & Gene

Engineering Co., Ltd.), in 2001 founded the Tianjin Union Stem Cell &

Gene Engineering Co., Ltd., which runs the cord blood stem cell bank.

The following year, IH collaborated with Tianjin Economic and Tech-

nological Development Zone and set up the IH-affiliated TEDA

Research Center for Life Science and Technology. The National Cen-

ter of Stem Cell Engineering and Technology was approved by the

Ministry of Science and Technology in 2002; Tianjin AmCellGene

Engineering Co., Ltd was established as the legal entity of the National

Engineering Research Center of Cell Products, which was approved

by the National Development and Reform Commission in 2004. The

Tianjin model integrated research institutes, specialized hospitals,

stem cell banks, enterprises, and national centers for stem cell tech-

nology and products.10,11 It became the earliest and largest stem cell

industry cluster in China.

3.2 | The Tianjin model revisited

Tao Cheng, the current director of IH and SKLEH, continues to

expand and optimize the Tianjin model. Within the CAMS and PUMC

system, Cheng established the Center for Stem Cell Medicine at

CAMS in 2009 to facilitate the collaboration of basic science, clinical

research, and the commercialization of stem cells. To promote talent

cultivation, Cheng founded the Department of Stem Cell and Regen-

erative Medicine and created the “stem cell and regenerative medi-

cine” discipline under clinical medicine at PUMC in 2012.16 The new

department recruits undergraduate students with clinical backgrounds

to study for their master's and doctoral degrees. These programs

invite experts from multiple disciplines, including basic medicine, clini-

cal medicine, quality control, cell manufacture, industry, and bioethics,

to teach courses in the department. In 2019, the Regenerative Medi-

cine Clinic was created to serve patients and to lead the development

of hospital-based regenerative medicine discipline. To strengthen

international cooperation, exchange, and influence, Cheng has initi-

ated international cooperation with foreign research institutes, invited

top-level scholars in the fields of hematology and stem cell to visit IH,

and organized a series of international conferences and forums on

stem cell and hematology in Tianjin.16

Limitations of personnel, expertise, space, and funds of IH

prompted Cheng to seek external resources, as well. He realized that

quality-related biological research and standard formulations are key

to promote the benign development of stem cell products and indus-

try. But China has no national quality-control standards for the pro-

duction of stem cell products, which has been a barrier in stem

cell translational medicine. In 2020, IH signed a cooperation

agreement with the Tianjin Institute of Materia Medica affiliated Joint

Innovation Biotechnology Inc. to jointly establish a Research Center

for Cell Product Quality Control, in order to promote the develop-

ment, quality control, and applications of cell products (interview,

August 19, 2020).

Given that cell therapy is one of the most promising fields in the

biomedical industry, the People's Government of Tianjin Binhai New

Area planned the Cell Valley project to accelerate technological inno-

vation in the cell industry. IH takes the lead in constructing the Cell

Valley, which will consist of four areas: core industry, achievement

transformation, academic exchange, and supporting services. Its infra-

structure is currently under construction. The concept and develop-

ment logic of Cell Valley is similar to Silicon Valley, a global center for

high technology and innovation in Northern California, USA, which

brings in all the essential components, such as innovative enterprises,

top talents, venture capital, research projects, and preferential poli-

cies. The design of Cell Valley refers to the U.S. cell manufacturing

roadmaps to 2025 and 2030 (interview, February 22, 2021).

3.3 | Heterogeneous and interacting variables

Bridging translational gaps between bench and bedside is difficult and

has been likened to crossing the “valley of death”.27 Four key

aspects—active program leadership; substantive and productive inter-

disciplinary collaborations; innovative research resources; and train-

ing, education, and community engagement—were identified as

crucial in advancing clinical and translational research.28 Two system

builders of the Tianjin model, Han and Cheng, are hands-on leaders

who have worked hard to transform IH from an academic research

institute and hospital into an active hub in the integrated network of

clinical and translational research. They used systematic approaches

to resolve the challenges in the full chain of stem cell therapy and

industry.

Han is a scientist-entrepreneur who designed and developed the

Tianjin model. He was instrumental in IH forming partnerships with

industry; constructed national infrastructures for stem cell technology

and industrialization; established companies to run stem-cell-related

business; and set up commercial stem cell banks of cord blood, umbili-

cal cord, and placenta. Cheng is more like a scientific conductor who

endeavored to rejuvenate the previous Tianjin model of stem cell

translational medicine through integrating and expanding various

resources. He ignited interdisciplinary and multisite collaborations

with domestic and foreign institutes; set up education and training

programs to cultivate young researchers; and participated in building

the Cell Valley to give full play to the original advantages and to

assemble more resources. Although IH was the first to promote stem

cell industry in China and has laid a good foundation, the Tianjin

model has not yet led to clinical products not seen elsewhere in

S6 CHEN



China's stem cell sectors. In the following, this article analyzes a range

of heterogeneous and interacting scientific, technological, social, eco-

nomic, and political variables contributing to the Tianjin model's cur-

rent situation.

As the largest port city in North China, Tianjin is often where new

overseas technology and culture land. In the late 1990s, Tianjin acted

with foresight to bring in Han to develop stem cell research and indus-

try with the hope of securing a leading position in the field. Han's cen-

tral vision was to promote the stem cell industry, which united the

main forces in the early stem cell field of China. Tianjin model's

strengths embrace the IH's solid foundation in stem cell research and

banking, and national platforms for stem cell technology and cell prod-

ucts. Part of its weaknesses comes from Tianjin's culture and social

environment; its conservative political culture and lack of funds are

the most salient features. Tianjin borders Beijing, China's capital city

and political center. It is relatively conservative and less risk tolerant

compared with cities like Shenzhen, which lies in the Pearl River Delta

and is a technological and institutional innovation demonstration

zone. Tianjin's government-supported funds are limited, and private

capital is not active, while other life science centers in cities such as

Shanghai and Shenzhen could attract more public and private funds

(interviews, August 19, 2020; January 31, 2021; February 22, 2021).

Despite the great expectations for stem cells, delivering stem cell

therapies faces overwhelming obstacles. Among these obstacles are

the scientific novelties and complexities of stem cells. Each cell type

has its own strengths and weaknesses in the development of stem cell

therapies. Although they are promising cell types for clinical transla-

tion, MSCs have yet to overcome various scientific and technical

issues in the development of future MSC-based therapies, such as the

origin of MSC tissue sources, MSC donor-related variability, and isola-

tion procedures.2 Cell therapy, including stem cell therapy and chime-

ric antigen receptor T-cell therapy, has enormous potential to address

unmet medical needs and represents considerable market opportuni-

ties. It is also a transformative and disruptive technology that con-

fronts unprecedented innovation challenges. For example, the

business models and necessary infrastructures for the cell therapy

industry are distinct from those of the pharmaceutical, biotechnology,

and medical device industries, and are not yet in place. Therefore, the

3Rs (regulation, reimbursement, and realization of value) of cell ther-

apy are vital elements for the success of a technological system of

stem cell therapies.29

Regulations have been a major challenge, sometimes becoming a

hindrance for stem cell translational medicine.30 This problem was

salient in the Chinese context. China's controversial, inconsistent, and

protracted regulations on stem cell therapies have long impeded the

progress of this field.31 Only in 2017, did the National Medical Prod-

ucts Administration (NMPA, former China Food and Drug Administra-

tion, CFDA) stipulate the “cells-as-drugs” approach for cell therapy.32

Han and his team's application for umbilical cord-derived MSC clinical

trials on GVHD in 2006 was suspended due to pending regulations

and a lack of experience in reviewing stem cell therapies. After

approximately 12 years' delay, many new studies and corresponding

adjustment of proposals, the investigational new drug—an umbilical

cord-derived MSC product to treat refractory GVHD—was finally

approved in 2020 by the NMPA for clinical trials.

Moreover, scientists dominate in decision-making in the process

of the development planning of stem cell technology, and in the

establishment and evaluation of major technological innovation

projects in China; the absence of entrepreneurs and engineers in the

process has impeded China's stem cell innovation.33 The Tianjin model

also faces these problems. Meanwhile, Tianjin faces stiff competition

from its Chinese and international counterparts, as other institutions

and regions have also amassed all kinds of resources to stimulate

translational programs to produce cell therapy.

4 | DISCUSSION

To address stem cell innovation challenges and enhance global com-

petitiveness in the stem cell and regenerative medicine industry, some

countries have issued favorable policies and initiated translational pro-

grams. In addition to the conventional “cells-as-drugs” approach,

which was first adopted by the United States in 2007, several expe-

dited regulations for cell and regenerative medical products have been

instituted in the United States, Japan, and the European Union, known

as the Breakthrough Therapy Designation (2012), the Sakigake Desig-

nation (Pharmaceuticals and Medical Devices Agency, 2015), and

PRIME (PRIority Medicines) (European Medicines Agency, 2016),

respectively. Each regulatory agency has its original framework but

also adopts others' regulatory strategies.34 The translational programs

include, for example, the Cell and Gene Therapy Catapult (CGTC) in

the United Kingdom6,35 and the iPSC research network in Japan.36

This section comparatively analyzes the advantages and disadvan-

tages of the CGTC program, the iPSC research network, and the Tian-

jin Model in their respective settings, then discusses the implications

for the cell therapy industry.

With strong government support, the CGTC was established in

2012 in the UK as a center of excellence to cross the translational gap

between scientific research and the commercialization of cell therapy.

As an innovation accelerator agency and an intermediary agency, the

CGTC has advantages to coordinate various activities and expertise to

overcome business, manufacturing and supply chain, clinical, and reg-

ulatory barriers so as to speed the development, delivery, and com-

mercialization of cell therapy, and to secure the UK's global leadership

in this important industry.6,35 Among the disadvantages of the CGTC

program is that it has also generated competing values and priorities

among the stakeholders. For example, the commercialization of bio-

logical material has given rise to a debate concerning public good vs

private ownership.6

Capitalizing on its strength in iPSCs, Japan has focused on

supporting the development and commercialization of iPSC-based

regenerative medicine products (RMPs). With generous research

funding from the government, the iPSC research network was

established in the early 2010s to foster collaboration among acade-

mia, industry, and government agencies, and to expand clinical

research infrastructure. To accelerate the commercialization of RMPs,
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Japan has also revised regulatory policies, including conditional,

time-limited approval for RMPs, and alternative schemes to provide RMPs

under early-stage, small-scale human clinical research.36 The iPSC initiative

and flexible and expedited regulations are conducive to Japan's leadership

in the global cell therapy market. The disadvantages include that the safety

and efficacy of RMPs are not yet assured, the clinical application of RMPs

may burden the Japanese health insurance system,37 and international col-

laboration using clinical-grade iPSCs is challenging.36

Consistent with global development trends, recent years have

witnessed the emphasis of translational research and the revival of the

cell therapy industry in China.9 China's regulatory strategies for cell ther-

apy are generally similar to but slower than those of other developed

countries. Parallel to the “cells-as-drugs” approach for cell therapy, the

CFDA and the National Health and Family Planning Commission

(NHFPC) issued regulations on stem cell clinical research in 2015 as an

alternative and flexible approach. This allows investigators from the desig-

nated stem cell clinical research institutes to apply for stem cell clinical

research. Once investigators gather sufficient scientific evidence and clini-

cal benefits from these clinical studies, they can use these data to apply

for clinical trials through the “cells-as-drugs” approach.38,39 The Measures

for the Administration of Drug Registration (revised 2020) develop the

accelerated and conditional review and approval procedures for break-

through therapy and priority medicines.40

Similar to the UK's CGCT program and Japan's iPSC research net-

work, the Tianjin model has also capitalized on IH's core advantages in

the field of stem cell and established a translational research network to

bridge multiple translational barriers. But the development of the Tianjin

model is more restricted by local and national factors such as policy, econ-

omy, society, and expertise, which makes it lag behind other programs in

the commercialization of cell therapy at present. To further develop and

consolidate the Tianjin stem cell technological system to produce cell

therapy, system builders need to function as “heterogeneous engineers.”
They can then take the lead in associating entities ranging from profes-

sions with a variety of expertise and related organizations, to physical and

nonphysical artifacts, and assemble them in appropriate ways, in order to

tackle scientific, technological, social, economic, and political problems.

On the whole, the global field of stem cells has been subject to

the institutionalization of commercialization pressure.41 The main pur-

pose of establishing the translational programs in each country is to

promote the commercialization of cell therapy. Nevertheless, these

translational programs have pros and cons. They could facilitate col-

laborations across diversified disciplines, expertise, institutions, and

artifacts to foster knowledge translation, generate value, and speed

product development. At the same time, they could also create con-

flicts of interest among various stakeholders, such as researchers,

industry partners, patients, and the public. Therefore, the issues of

commercialization need to be addressed in a timely and constructive

manner to realize the maximum benefits of translational programs.

5 | CONCLUSION

This article presents a case study of the Tianjin model of stem cell

translational medicine from the perspective of a technological system.

The system builders have implemented a variety of initiatives to

invent and develop the technological system, and they have gathered

momentum for its growth and consolidation. As a large, novel, and

daunting technological system, however, it met with a mass of inter-

actions with an array of scientific, social, economic, and political vari-

ables. The Tianjin model embodies similar advantages and

disadvantages with translational programs in other countries. The

Tianjin experience could serve as a valuable and instructive reference

for other institutions in stem cell translational medicine.
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