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Abstract: The present paper is an attempt to explore the emerging stem cell innovation 

system in India. It is contended that the social capital in terms of linkages of various 

sorts can no longer be ignored to strengthen the innovation system and that the co-

evolution of technology and institutions is yet to emerge. It seems that given the nature 

of complex technologies involved, there is a greater need felt for R&D and training col-

laboration and hence linkages of various types are taking place. For shaping futures for 

a balanced growth of this sector, the institutions in India will have to be geared towards 

greater coordination, promotion of greater knowledge flows at national as well interna-

tional levels. This paper also analyses the strengths and barriers in the development of 

rapidly growing stem cell research in India along with future challenges.
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IntroduCtIon

In recent years Stem cell has emerged as a 
sector with potential to treat a wide range 
of debilitating diseases and disability. 
Stem cell innovations have become a ma-
jor focus not only for government policy 
initiatives and investment but have also 

heralded benefits for both health care 
and biotechnology industries. Globally, 
the stem cell industry is a billion dollar 
market. The global market size for stem 
cell therapy in 2006 was estimated to be 
US $26 billion and is projected to reach 
US $96 billion by 2015 (Business Stan-
dard, 2008) and consequently stem cell 
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scientific research into viable therapeutic 
applications requires significant amount 
of funding, human resources and infra-
structure. Simultaneously commercial-
ising of R&D requires rigorous clinical 
testing and consumer demand.

Stem cell research does involve sev-
eral contentious issues posing challenges 
of socioeconomic, political and ethical 
in nature. The commercial path of stem 
cells entails trust of international scien-
tific, industrial and financial communi-
ties. If trust disappears market vanishes 
(Salter et al., 2007). It has become most 
crucial after the South Korea’s Hwang 
affairs. In this back drop, the present pa-
per has attempted to analyse the stem cell 
sector in India using sectoral system of 
innovation as an analytical framework. 
The main thrust of this paper is to trace 
out the linkages among different players 
in Indian stem cell sector, along with an 
overview of stem cell research in India. 

The paper is divided into 6 sections. 
Section 2 deals with the analytical frame 
work. Section 3 discusses the structure of 
stem cell research in India. Role of institu-
tions is highlighted in section 4. Section 5 
explores the emerging scenario of stem cell 
research in India, Finally, it is contended 
that the social capital in terms of linkages 
of various types can no longer be ignored to 
strengthen the innovation system and that 
the co-evolution of technology and institu-
tions is yet to emerge.

analytICal FrameWorK

The present study is carried out from 
a perspective of the sectoral system of 

research is becoming increasingly compet-
itive. Research in the United States, Eu-
ropean Union and Asia is moving apace 
with increasing level of government sup-
port (UKSCI report, 2005). The stem cell 
sector has witnessed a rapid growth world-
wide. This is reflected from the fact that 
merely in a four-year period, the figure for 
number of firms has increased from 33 
(Laysaght and Hazlehurst, 2003) to 166 
during 2002-06 (Martin et al., 2006).

Given the huge “disease burden” 

(Darr et al., 2007; Reddy et al., 2005), 
the need for cell therapy, diagnostics and 
medicines, the claim of the stem cells 
need to be exploited to the fullest. Coun-
tries across the world have evolved their 
own policies to take advantage from the 
stem cell development. 

India has also taken significant steps 
to establish an advantageous position in 
global stem cell market. Indian stem cells 
market is growing at a rate of 15 percent 
per annum and is expected to hit US 
$540 million by the year 2010 ( Express 
Pharma, 2007). The government of India 
is very much supportive of the stem cell 
research, which is clear from the fact that 
the government has invested US $500 
million during the period 2004-2007. 
The private players have not lagged be-
hind and have made significant invest-
ments (Express Pharma, 2007). Thus, it is 
not surprising that India is projected as a 
global player in this sector.

However, given the nature of stem 
cell research that involves complex tech-
nologies also demands a commensu-
rate R&D support. Transforming basic 
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argued that these linkages would provide 
adequate understanding of the interac-
tions between the international institu-
tional factors, R&D collaboration, migra-
tion and return migration of knowledge 
workers and other linkages. 

Many scholars pursuing sectoral 
system approach view the interactions 
between: a) knowledge & technology 
domain; b) actors & networks; c) insti-
tutions and d) learning as essential com-
ponents for innovation (Malerba, 2005). 
According to them the successful innova-
tion is heavily dependent upon the role 
of ‘organisation’ (firms as well as non-
firm organisations) and the prevalent ‘in-
stitutions’ (rules of the game). Firms are 
viewed as key actors in the innovation 
process. However firms do not innovate 
in isolation. In the innovation process 
firms interact with other firms as well as 
non-firms organisation. Here institutions 
play an important role in their linkages. 
The linkages are viewed as key elements 
of the innovative and production pro-
cesses. Moreover, the SSI perspective pro-
vides a focus on the sectoral specificities 
like in this case the challenges of the spe-
cial raw material that is being used. It is in 
the preceding context that the structure 
of stem cell research in India is analysed.

StruCture oF Stem Cell  
reSearCh In IndIa

India is an emerging player in the stem cell 
arena. The research and therapeutic ap-
plications of stem cell has been growing 
rapidly in recent years. In 2000 there were 
very few authored papers in terms of stem 
cells by Indians, but by the beginning of 

innovation (SSI) without assigning any 
causal priority as against other perspec-
tives like the national innovation system 
(NIS) or international system of innova-
tion (ISI) (Desai, 2009). The innovation 
system in any country consists of Insti-
tutions (laws, regulations, rules, hab-
its, etc.), the political process, the pub-
lic research infrastructure (universities, 
research institutes, support from pub-
lic sources, etc.), financial institutions, 
skills (labour force), etc. that affect how 
it generates, disseminates, acquires and 
applies knowledge. “To explore the tech-
nological dynamism of innovation, its 
various phases, and how this influences 
and is influenced by the wider social, in-
stitutional, and economic frameworks 
has been the main focus of this type of 
analysis”(Fagerberg, 2005). Tapping glob-
al knowledge is another powerful way to 
facilitate technological change through 
channels such as FDI, technology trans-
fer, trade, and technology licensing. The 
NIS approach that rightly recognized the 
interactions between socioeconomic, po-
litical and institutional factors within 
the national boundaries has not only vi-
sualized its crucial role in the develop-
ing countries but also the increasing sig-
nificance of international cooperation in 
the catching up process (Freeman, 1995). 
However, the relationship between NIS 
and ISI has been de-emphasised. There 
are other scholars (Desai, 2009; From-
hold-Eisebith, 2006) who perceive the ef-
fective linkages between the NIS, region-
al innovation system and ISI as beneficial 
for evolving balanced science, technology 
and innovation policies for the develop-
ing countries. Without assigning any 
causal priority to any of these levels, it is 
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cells is being carried out through public sec-
tor especially government research laborato-
ries. Presently, more than 40 academic insti-
tutions and research laboratories including 
government and private hospitals are in-
volved in stem cell research. At least twen-
ty private firms are also active in this area. 
Most of them are engaged in the area of 
stem cell cord blood banking. The reason 
might be that stem cell cord blood bank-
ing requires less expertise in comparison 
to technologies required for the embryonic 
and adult stem cells.

Research laboratories

Stem cell research is mostly being carried 
out by public research laboratories in In-
dia. The focus is mainly on the adult stem 
cell research. Different research laborato-
ries are engaged in different areas of adult 
stem cells. In comparison to adult stem 
cells, a few research laboratories are work-
ing in the area of embryonic stem cells, 
even after the favourable environment 
compared to the western countries.

Institute for Stem Cell Biology and 

2007, in a single year, there were around 
100 authoring papers, as shown by the 
Web of Science database (Chakraborty et 
al., 2009). In terms of publication India is 
placed under top 10 countries of the world 
(see figure 1). During the period 2006-10, 
Indian scientists published 412 papers in 
the area of stem cell. Out of these, there 
were 142 internationally collaborated pa-
pers and the major collaborators were 
from USA, Japan, France, Canada and 
the UK (ISI Web of Science, 2011). In-
dia’s growing strength in the field of stem 
cell is also reflected by its significant pat-
enting activity compared to other emerg-
ing players (Table 1). Indian stem cell mar-
ket is growing rapidly with promising stem 
cell therapies. India is seen as a potential 
player in the global stem cell market by of-
fering cost effective treatments in compari-
son to developed countries. There are sig-
nificant numbers of research laboratories, 
hospitals and firms that are active in this 
area (Greenwood, et al., 2006; Lander et 
al., 2008; Sharma, 2009) and a few univer-
sities have also taken initiatives. 

Most of research in the area of stem 

Figure 1: Publications in Stem Cell Research (2000-2008)
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Sciences, University of Kyoto, Japan. The 
National Centre for Biological Sciences, 
Bangalore is also involved in this collab-
orative research programme. In addition 
inStem has also signed a MoU with US-
based California Institute for Regenera-
tive Medicine to develop a jointly funded 
research project. 

National Centre for Biological Scienc-
es (NCBS) Bangalore is one of the leading 
research laboratories in the country. It is 
active in embryonic as well as adult stem 
cells. Its three human embryonic stem cell 
(hESC) lines are eligible for National Insti-
tute of Health (NIH) funding. However at 
present it is not available for the researcher 
(NIH website). 

Jawaharlal Nehru Centre for Ad-
vance Scientific Research (JNCASR) is 
a multidisciplinary research institute 
in Bangalore. Research scientists at this 

Regenerative Medicine (inStem) is an 
autonomous institute recently estab-
lished by the Department of Biotech-
nology (DBT) in Bangalore. It is viewed 
as an India’s first dedicated institute for 
the research in stem cells in the country 
(Sharma, 2009; Times of India, 2009). 
The aim of inStem is to provide a sin-
gle platform for scientists and clinicians 
to work together in the area of stem cell 
biology and regenerative medicine. It is 
working in collaboration with Centre for 
Stem Cell Research at Christian Medi-
cal College (CMC) Vellore, a centre en-
gaged in translational stem cell research. 
It is also engaged in promoting public-
private partnership with the help of an-
other newly established Centre for Cellu-
lar and Molecular Platform Technologies 
(C-CMAP), Bangalore. Soon after the in-
ception inStem announced the launch of 
a collaborative research programme with 
the Institute for Integrated Cell Material 

Source: McMahon et al. (2010) 
Table 1: International comparison of the number of stem cell patents granted by the USP-
TO (Based on inventor country and/or assignee country)

Source: Glänzel et al (2004).
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pluripotent stem (iPS) cells. This is seen 
as a path breaking research in India where 
adult stem cells are modified in such a way 
that they can behave like embryonic stem 
cells. India is the fifth country after Japan, 
US, China and the UK in terms of devel-
oping this technology (Menon, 2009). 

National Centre for Cell Sciences 
(NCCS), Pune has conducted animal 
and preclinical research for pancreatic 
regeneration using bone marrow stem 
cell. NCCS scientists are interested in 
the clinical trials for diabetes. They are 
in the process to establish a team of cli-
nicians, scientists, and patients for con-
ducting the stem cell based trials (Lander 
et al., 2008). NCCS has also developed 
the deposition facility for stem cell lines. 
Two hESC lines developed by the Nation-
al Institute for Research in Reproductive 
Health, Mumbai has been deposited in 
NCCS (Sharma, 2009) 

Centre for Cellular and Molecular 
Biology (CCMB), Hyderabad is also one 
of the leading research laboratories in the 
field of stem cells. It has set up a stem 
cell facility centre in association with 
Department of Science & Technology 
(DST) and Nizam’s Institutes of Medi-
cal Sciences (NIMS), Hyderabad. The fa-
cility centre will work in both basic and 
applied research. The role of NIMS is to 
provide patient pool for the CCMB (The 
Financial Express, 2006). CCMB has 
started a collaborative cardiac stem cell 
transplantation project with NIMS. The 
other partners of this project are Madurai 
Kamaraj University and The Wellcome 
Trust Sanger Institute UK (The Financial 
Express, 2009).

centre have derived two human embryon-
ic stem cell (hESC) lines which are depos-
ited in the UK stem cell bank. These cell 
lines are available for the research com-
munity to do further research. The stem 
lines were derived from the discarded em-
bryo obtained from Bangalore Assisted 
Conception Centre (BACC), Bangalore. 
The NCBS was also a part of this col-
laborative project (Inamdar et al., 2009). 
The JNCASR website shows that “this 
project will be part of the International 
Stem Cell Initiative 2 (ISCI) project to 
identify the common genetic changes 
that occur in hES lines on prolonged cul-
ture. This will be the first time that India 
is represented on an ISCI project (http://
www.jncasr.ac.in/newsview.php?id=51)”. 

Centre for Stem Cell Research 
(CSCR) is supported by the CMC, Vel-
lore and the DBT, Government of India, 
located in the CMC campus. The centre 
is interested to understand human dis-
eases and develop stem cell based thera-
pies for some of the diseases. It has set up 
four goals for the stem cell based research 
and therapy (http://www.cscr.in/): a) to 
have scientific faculty involved in basic re-
search that will have translational poten-
tial, mostly with adult stem cell at present; 
b) To develop a training programme for 
students and scientists who will contrib-
ute to the manpower required for this 
field in the country; c) To develop cellular 
and animal models of diseases to test hy-
pothesis generated from our understand-
ing of stem cell biology and d) To clinical 
trials with stem cells produced under cur-
rent good manufacturing practice (GMP) 
conditions. In 2009 a scientist at CSCR 
has succeeded in the creation of induced 



7Emerging Scenario and Future Challenges

Central Leather Research Institute, 
Chennai is presently focused on “engi-
neering tissue by seeding scaffolds with 
stem cells” (Lander et al., 2008:12). It is 
interested in to have collaboration with 
private sector to further development 
of their research findings (Lander et al., 
2008).

National Brain Research Centre, 
Manesar is active in the area of neural 
stem cells. The centre is also working in 
the area of embryonic stem cell research.

Institute of Immunohematology, 
Mumbai conducts research in the field of 
Haematopotic stem cells. It has two US 
and two Indian patents and it filed one 
US and Indian patent respectively. (Per-
sonal communication, Dipika Mohanty)1 

Hospitals

In India quite significant numbers of 
public and private hospitals are involved 
in stem cell research and therapy. They 
are involved in both basic and applied 
research. They are also offering various 
kinds of stem cell based therapies to the 
patients. Hospitals have linkages with 
the various stem cells firms and research 
laboratories. In this way knowledge flows 
from basic researcher to the clinicians.

India’s one of the largest research- 
intensive hospital, All India Institutes 
of Medical Sciences (AIIMS), New Del-
hi conducts basic and applied research. 
They are also involved in clinical trials 
and pilot treatments. The Stem Cell Fa-
cility was established in 2005. AIIMS is 
working in the area of adult and cord 

blood stem cells. Limbal, Haematopot-
ic, Mesenchymal, Cancer and Epidermal 
stem cells is the main focus. It offers vari-
ous therapies to the patients. So far more 
than 300 patients are under gone stem 
cell transplantation for various diseas-
es (Express Healthcare, 2007). It is also 
active in the research on umbilical cord 
blood banking. AIIMS has developed an 
in-house umbilical cord blood bank for 
this purpose (The Hindu, 2009).

Sir Ganga Ram Hospital, New Del-
hi is active in stem cell transplantation. 
It has tied up with Life Cell a cord blood 
banking firm based in Chennai for the 
stem cell therapy (Lalchandani, 2006). 
It was reported that the doctors at this 
hospital have treated at least 60 patients 
through stem cell based therapy by the 
beginning of the year 2011 (Jha, 2011).

Sankara Nethralaya, an eye hospital 
based in Chennai is working in the area 
of corneal and retinal stem cell research. 
Recently it has obtained a process patent 
internationally for growing stem cells of 
the cornea on synthetic gel which claims 
to be useful in the stem cell transplant 
(The Times of India, 2010). 

L V Prasad Eye Institute (LVPEI) 
is a non-profit hospital located in Hy-
derabad. It started work in the area of 
stem cells in the year 2001 focusing on 
the corneal and limbal adult stem cells 
(Mason and Manzotti, 2010). LVPEI has 
developed its own ocular surface recon-
struction method. Over the years LV-
PEI has been treated 750 patients with 
the overall success rate of 67 per cent. 
It was stated that some of the patients 
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concern (Amelia, 2007; Cohen and Co-
hen, 2010; Khullar, 2009).

Firms

Reliance Life Sciences Pvt. Ltd. (RLS), 
Mumbai, Stempeutics Research Pvt. Ltd., 
Bangalore and Nichi-In Centre for Re-
generative Medicine (NCRM), Chen-
nai are leading firms in India which are 
active in the different areas of stem cell 
research i.e. embryonic, adult and cord 
blood stem cells.

Reliance Life Science Pvt. Ltd.

RLS is the initiative of Reliance group, 
one of the largest private sector enterpris-
es in India. It is engaged in embryonic, 
adult as well as cord blood stem cells. 

RLS is playing a key role in develop-
ing the stem cell technology in India. It 
has three US and five Indian patents in 
the field of stem cells (USPTO & IPO 
data base). Its seven hESC lines are eli-
gible for US federal funding along with 
NCBS, Bangalore. However the cell lines 
developed by RLS are yet too categorised. 

RLS has collaborated with different 
government research laboratories and 
hospitals for the stem cell research. It de-
posited its embryonic stem cell lines at 
NCCS Pune that can be obtained from 
the NCCS for the research purpose. Sim-
ilarly stem cell facilities are offered by 
the RLS in collaboration with NCBS, 
Bangalore. 

In the area of ophthalmology it is 
collaborated with AIIMS, New Delhi and 

were treated free of charge (Lander et al., 
2008; Vemuganti and Sangwan, 2010). 
The treatments at LVPEI are supported 
by the DBT, the Hyderabad eye research 
foundation and the Champalimuad 
foundation. 

However, the work of LVPEI was 
criticised by an international team of 
ophthalmologist for using animal/hu-
man materials during transplantation 
(Schwab et al., 2006). 

The Nu Tech Mediworld is a private 
stem cell therapy clinic run by an obstratri-
cian Dr. Geeta Shroff in Delhi. Dr Shroff 
claims to treat over 800 patients from 35 
different countries using embryonic stem 
cell for the disease conditions like spinal 
injuries, eye disorders, diabetes, cardiac 
problems, and Parkinson’s disease. She 
also emphasised that all of her patients 
have shown improvement without any 
adverse effects. Dr. Shroff has filed a pat-
ent claiming that “Terminal disease and 
other disorders or conditions that may 
be treated or ameliorated according to 
the present invention include, without 
limitation, cancer, liver and kidney disor-
ders, nervous system disorders, skin dis-
orders, autoimmune disorders, genetic 
disorders, eye disorders, musuloskeletal 
disorders, fertility and reproductive dis-
orders and cardiovascular disorder” (WO 
2007141657 20071213). Altogether her 
patent application listed nearly 80 dis-
eases which may be treated by this new 
invention (Sipp, 2011). It is pertinent to 
highlight that though she has filed a pat-
ent but has refused to publish her find-
ings in peer reviewed journals and conse-
quently offers national and international 
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group in Manipal (India) and Kuala Lum-
pur (Malaysia). Stempeutics focuses on 
adult and embryonic stem cell research. 
In adult stem cells it is basically focus-
ing on mesenchymal stem cells (MSCs) 
derived from sources like bone marrow, 
adipose tissue, Wharton’s jelly and dental 
pulp. Its main goal is to develop stem cell 
based products i.e. drugs. Currently the 
main focus of Stempeutics is on MSCs de-
rived from bone marrow which reached at 
the stage of clinical trials. The MSCs de-
rived from other sources like adipose tis-
sue, Wharton’s jelly and dental pulp at 
the moment is at basic research level.

Presently Stempeutics is conducting 
clinical trial for the four indications: a) 
Mayocardial Infarction; b) Critical Limb 
Ischemia; c) Cerebral Stroke and d) Os-
teoarthritis. The first two is being con-
ducted in India and the rest in Malaysia. 
The trail in India which was started in 
2009 for Critical Limb Ischemia (CLI) is 
figure out as India’s first true stem cell tri-
als approved by the Drug Controller Gen-
eral of India (DCGI) (Jayaraman, 2009). 
It has completed initial phase I/II clinical 
trial in April 2010 and now came up with 
a product named “Stempeucel-CLI”. For 
marketing of its different stem cell prod-
ucts, Stempeutics has signed a MoU with 
India’s leading pharmaceutical company, 
Cipla. 

In addition to above mentioned clin-
ical trials, Stempeutics recently obtained 
DCGI approval for phase II clinical trial 
for chronic obstructive pulmonary dis-
ease, liver cirrhosis, osteoarthritis and di-
abetes mellitus (http://www.stempeutics.
com/). 

Aditya Jyot Eye Hospital, Mumbai for the 
clinical trials. It has collaboration with 
Sir Hurkisondas Nurrotumdas Hospital, 
Mumbai for cardiac stem cells. RLS pro-
vides its services to hospital in extraction 
of stem cells from bone marrow (Dutta, 
2006). The RLS has set up stem cell re-
search laboratory at this hospital for the 
purpose.

RLS is carrying out clinical trials for 
application of stem cell-based therapies 
for stable vitiligo, non-healing diabetic 
ulcers, Parkinson’s disease spinal cord 
injury and autologous stem cell conjuc-
tival graft. It has developed some stem 
cell products in recent years. For example 
a) ReliNethra to cure corneal blindness; 
b) ReliHeal – G, (biopolymeric hydro-
gel wound management product) which 
claims to useful in early wound healing by 
promoting migration of new epidermal 
cells across the wound surface and c) Car-
dioRel for heart attack (Bisserbe, 2010).

RLS has been offering ReliCord™ 
programme for umbilical cord blood 
banking. There are two types of services 
under this programme: a) ReliCord ‘S’ 
Sibling Donor Program, and b) ReliCord 
‘A’ Allogenic, voluntary donor program. 
It has recently launched India’s first cord 
banking services under the Relicord ‘M’ 
program, which stores umbilical cord de-
rived mesenchymal stem cells. 

Stempeutics Research Pvt. Ltd.

Stempeutics Research Pvt. Ltd. is a group 
company of Manipal Education and Med-
ical group India. It is basically based in 
Bangalore, however it has also a small 
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enhancing the knowledge base in the area 
stem cell research. 

Nichi-In Centre for Regenerative 
Medicine

NCRM is an Indo-Japan join venture 
firm. It is spin -off from Nichi-In bio-Sci-
ence Ltd. It is established in 2005. NCRM 
mainly focuses on autologous adult stem 
cells. Limbal, Haematopotic, Mesenchy-
mal Liver and Corneal endothelial precur-
sors stem cells. They are not conducting 
any research work either on embryonic 
stem cells or umbilical cord blood stem 
cells. It works in collaboration with differ-
ent institutes in Japan which include both 
public and private. The institute in Japan 
either prepares the basic materials or tech-
nology for the NCRM. It is active in col-
laboration for either research or clinical 
application of stem cells.

In India it has collaboration in both 
research and clinical application of stem 
cells in different areas with different hos-
pitals and institutes. The collaboration is 
basically for two purposes. The first one 
is in the area of stem cell research and 
second one for the stem cell treatments. 
In stem cell treatment collaboration, 
NCRM provides services such as stem 
cell isolation and NK cells expansion etc. 
to the hospitals based on MoU. The re-
sponsibility of the NCRM is limited at 
the service stage and documentation of 
the same only. The hospitals take care of 
clinical assessment, harvesting and appli-
cation of stem cells.

NCRM is also engaged in academics 
and various training programmes in the 

As per information provided on 
company’s website it has filed 13 patent 
applications in India and 6 PCT appli-
cations. It has been recently received a 
patent in India on “An in vitro human em-
bryonic model and a method there of” for po-
tential application in toxicological studies 
and drug screening. Stempeutics aims to 
market its products in the European and 
North American markets.

Stempeutics’ stem cell facility cen-
tre in Malaysia has been awarded the Bi-
onexus Status by the Malaysian Biotech-
nology Corporation. BioNexus Status 
provides certain rights to the companies 
mentioned within the BioNexus Bill of 
Guarantees. Some of these rights are: 
a) freedom of ownership; b) freedom to 
source funds globally; c) eligibility to re-
ceive assistance for international accredi-
tation and standards and d) a strong in-
tellectual property regime. Stempeutics 
also has received National Pharmaceuti-
cal Control Bureau approval in Malaysia 
which facilitates the way to go in nearly 
20 other countries which come under the 
purview of the Organisation of Islamic 
Conference without any further clinical 
trials (Biospectrum, 2011). 

Stempeutics, with the support of the 
Malaysian Biotechnology Corporation 
in April 2008, launched the Stem Cells 
Operational & Professional Excellence 
(SCOPE) programme in Malaysia. This 
SCOPE programme is basically related to 
talent creation in the field of stem cells.

The Manipal Institute of Regen-
erative Medicine which is also a part of 
Manipal group helps Stempeutics in 
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Research on neural stem cells is pro-
gressed at University of Hyderabad.

Acharya Nagarjuna University, Gun-
tur is recognised the first Doctorate pro-
gramme on stem cells in the country at 
Nichi-In Centre for Regenerative Medi-
cine, Chennai. 

Sri Ramachandra University, Chen-
nai in collaboration with Life Cell a 
stem cell bank company, established ‘Tri 
Cell’ stem cell centre for the research on 
stem cell therapy related to hematologi-
cal diseases. These are the efforts by the 
private players to enhance their knowl-
edge base through interaction with the 
universities. Universities are also bene-
fited by their strong infrastructure.

Apart from these, several hospitals 
who also provided graduate and post 
graduate degree to the medical students, 
also engaged in developing knowledge 
about stem cells, such as AIIMS, New 
Delhi and CMC, Vellore.

role oF InStItutIonS

The Indian government is viewed as a 
dominant player in encouraging stem cell 
R&D activity and innovation in the coun-
try. This is evident from the new Nation-
al Health Policy, 2002 that lays emphasis 
on equity, ethics and the futuristic con-
cerns. These concerns are also reflected 
in the new health research policy (ICMR 
Bulletin, 2004) that accords high prior-
ity to emerging scientific developments 
such as modern biotechnology (genom-
ics, human genetics, new drug develop-
ment and stem cell research). Some of the 

area of stem cells. It has started a PhD 
programme in the area of stem cell in col-
laboration with Acharya Nagarjuna Uni-
versity, Guntur, Andhra Pradesh in the 
year 2008. For its PhD student NCRM 
has launched a web-based training pro-
gramme in regenerative medicine with 
the help of University of Toronto. This 
training programme will cover areas like 
organ failure, stem cell biology, ethics 
and translation (The Hindu, 2008). 

Academic Institutions

Some of the universities in India ei-
ther started courses on stem cell biol-
ogy or engaged themselves in stem cell 
research.

For instance, Special Centre for Mo-
lecular Medicine, Jawaharlal Nehru Uni-
versity (JNU) New Delhi in their Pre-PhD 
course included a topic on ‘Stem cell 
research and its application in human 
health’. School of Life Sciences at JNU 
is also interested in multipotent adult 
progenitor stem cell research (JNU Web-
sites). Guru Gobind Singh Indraprastha 
University, New Delhi included the top-
ic ‘Stem cells in health care’ in the cur-
riculum for the master of technology de-
gree (Greenwood et al., 2006). University 
of Madras, Chennai started one year PG 
Diploma in ‘Molecular cell biology and 
stem cell technology’ in the Department 
of Zoology. 

University of Delhi is engaged in the 
study of basic mechanisms of stem cell 
function in association with Indian Insti-
tute of Nuclear Medicine and Allied Sci-
ences, New Delhi (Lander et al., 2008). 
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•	 To organise world class science 
conferences/meetings;

•	 To provide opportunity of overseas 
training to young people;

•	 Supporting public-private partnership 
research in R&D area and

•	 Promote global partnerships.

Government of India has started an 
exchange programme with the University 
of California to train Indian university fac-
ulty and students in stem cell research. In 
this programme faculty will be trained in 
California and the faculty member of the 
University of California will come to India 
to train Indian Students (Indiainfo, 2008).

In India, stem cell research is largely 
governed by the DBT, ICMR and DCGI. 
DBT and ICMR have jointly prepared 
the Guidelines for Stem Cell Research 
and Therapy in November 2007. The 
Guidelines is approved by the Law Min-
istry and subject to the approval by the 
Cabinet (Pandya, 2008).

The guidelines classified stem cell 
research in to three categories, a) Per-
missible; b) Restricted; and c) Prohib-
ited research area. These guidelines are 
perceived largely as permissive. It allows 
hESC, therapeutic cloning and chime-
ra studies subject to the approval of the 
committees. To review and monitoring 
of the stem cell research and therapy, the 
Government of India is formulated two 
committees. The committee at National 
level is called as National Apex Commit-
tee for Stem Cell Research and Therapy 

important actors in the National Health 
Research System are the DBT, Indian 
Council of Medical Research (ICMR), 
Department of Science & Technology 
(DST) and Council of Scientific and In-
dustrial Research (CSIR). Out of these 
DBT is sharing a major responsibility. 

DBT is currently supporting more 
than 55 stem cells programme at various 
research laboratories including hospitals 
in India. City clusters programme is pro-
moted by DBT to take advantage from the 
clinical application of stem cell research. 
Delhi, Vellore, Pune, Bangalore and Hy-
derabad are included in the city cluster 
programme. The main aim of the city clus-
ters programme is to share information, 
explore collaboration between basic re-
searchers and clinicians. The focus is also 
on emerging policy issues discussion. The 
stem cell city cluster programme at Ban-
galore will consist of the Indian Institute 
of Science (IISc), NCBS, Banglore, Mani-
pal Hospital, CMC Vellore and one local 
company. For the training in embryonic 
and adult stem cells DBT has established 
a centre at NCBS & JNCASR, Bangalore. 

DBT has formulated the strategy for 
the development of stem cells. The key 
components of DBT strategy are;

•	 Development of skilled and brilliant 
pool of scientists;

•	 Establishment of Centre of Excellence 
in basic science institutes, medical in-
stitutes and  selected animal institutes;

•	 To establish an autonomous stem cell 
institute in India;
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for applications in cardiovascular thera-
pies. Novo Nordisk is working with its 
wholly owned subsidiary Zymogenetics 
in the generation of beta cells for trans-
plantation and “stem cell factors” for on-
cology and blood and immune system 
applications.

emergIng SCenarIo oF Stem Cell 
SeCtor In IndIa

This section is based on an on-line sur-
vey. The questionnaire was sent by e-mail 
to the leading scientists/policymakers 
and entrepreneurs, engaged in various ar-
eas of stem cells in India.

Focus areas of Stem Cell Research

During the survey it was found that Indi-
an Stem Cell sector is dominated by the 
adult stem cells. This has revealed greater 
interest towards the haematopotic stem 
cells & bone marrow mononuclear cell 
followed by neural, mesenchymal and liv-
er stem cells (Figure 2).

In response to the questions regard-
ing preference in stem cell sector, most of 
the respondents showed their inclination 
towards the development of strategies 
and techniques for stem cell therapies in 
comparison to extraction and characteri-
sation of stem cells as potential or busi-
ness goal (Figure 3).

Preference for raw materials

The development of any sector is very 
much dependent on the availability of 
raw materials. In this field, the problem 
is not so much of the adult and cord 

(NAC-SCRT) and at the Institutional 
level the committee is named as Insti-
tutional Committee for Stem Cell Re-
search and Therapy (IC-SCRT).

Clinical research is very important 
part of the stem cell science. The safety 
and efficacy is essential for clinical re-
search. For the stem cell clinical research 
DBT has constituted four separate com-
mittees: a) Human Studies Committee; 
b) National Bioethics Committee; c) 
Task Force on Stem Cells and Regenera-
tive Medicine; d) Programme Advisory 
Committee.

International collaboration

Recently, India has become a major des-
tination of FDI in R&D. This may not 
be due only to deregulation of economy 
but also because of strengthening of In-
dia’s innovation system. The Govern-
ment of India now permits 100% FDI 
under the automatic route for both ‘re-
search and development services’ as well 
as ‘health-related services’. However, 
harmonisation in international collabo-
ration might be required, as the Draft 
ICMR Guidelines provide that, ‘Collab-
oration will be permitted only after the 
joint proposal with appropriate MoU 
is approved by the Health Ministry’s 
Screening Committee following clear-
ance by the Apex Committee’. 

In the area of stem cell research, 
Johnson & Johnson and Novo Nordisk 
are the two players to have liaised with 
specialists for basic research work. John-
son & Johnson has tied up with Neuro-
nyx for adult derived stem cell research 
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the first choice, while 36% preferred stem 
cell culture methods and 21% the growth 
factors as their first preference (Figure 5).

Collaboration in stem cell sector 
in India

In order to inquire about the collabora-
tion, scientists/ entrepreneurs were asked 
their engagement, it was discovered that 
85.7 percent research institutes/firms have 
some kind of collaboration with others.

On the interest of their collaboration 
it was revealed that they are more or less 
equally like to have collaboration with na-
tional public as well as private research in-
stitutes. On the question of international 
institutes they showed their interest more 
in public research institute in comparison 
to private research institutes. The prefer-
ence is also equal in the case of nation-
al and international universities. Public 
hospitals are more preferable than private 
hospitals for collaboration.

blood stem cell as it is of the embryon-
ic stem cell. During the survey, it was 
found that Indian stem cell scientists 
prefer IVF embryos for the research 
where the ethical issues are not so tick-
lish (Figure 4). 

Patenting

Patenting is a crucial factor that deter-
mines what gets commercialised and by 
whom. The Indian scientists/entrepre-
neurs are more interested in patenting 
than publication of their research materi-
als. Out of the total respondents, 80% in-
dicated patenting as their first preference 
while only for 66.7% publication was the 
first preference. This reflects dominance 
of Zimanian mode over Mertonian mode 
of science. The response also revealed 
that the stem cell lines and preparation 
have more potential for patenting than 
stem cell culture methods and growth fac-
tors. 43% of the scientists/entrepreneur 
ranked the stem cell and preparation as 

Figure 2: Area of Adult Stem Cells



15Emerging Scenario and Future Challenges

and organisational structure are the main 
challenges of collaboration followed by 
other factors like maintaining access to 
additional funding, delayed accomplish-
ments and increased competition be-
tween groups (Figure 6). The questions 
were also asked to rank the advantages 
of collaboration. On an average the gen-
eral opinion was that meeting technical 
know-how is one of the most important 
advantages of collaboration. Lowering 
R& D and human resource manage-
ments ranked a second followed by mar-
ket access and government connections. 
Only a few indicated collaboration with 
the suppliers as important and to a cer-
tain extent.

Barriers to commercialisation

Indian stem cell sector is at an early stage 
of development. Hence, it is at this stage 
that it is meaningful to identify the criti-
cal barriers in the commercialisation pro-
cess. The survey has revealed that the In-
dian stem cell sector is facing shortage 

It is observed from this analysis that 
preference for collaboration depends very 
much upon the nature of organisation 
and it varies according to their mandate. 
For example a leading eye hospital who is 
working in the area of retinal and limbal 
stem cells does not prefer any type of col-
laboration with any other hospitals. Simi-
larly a firm in India which is spin-off from 
a foreign firm prefers collaboration with 
international public and private research 
institutes. It also showed their interest in 
private hospitals, the reason here might 
be for the clinical trials.

The scientists associated with public 
research laboratories in India gave impor-
tance to the national and international 
research institutes/universities for the 
collaboration. No one was interested in 
collaboration with any kind of hospitals.

The survey also tried to investigate 
the challenges of collaboration. Most of 
the scientists/policymakers and entrepre-
neurs believed that lack of shared vision 

Figure 3: Preference in stem cell sector
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entrepreneur opined that the lack of en-
abling technologies are most important 
barriers for the stem cell sector in India. 
Lack of venture capital was also identi-
fied as one of the important barriers in 
the commericialisation. The country 
needs strict legislation as so many con-
tentious issues are involved with the stem 
cells field. Some scientists and entrepre-
neur feels that there should be a clear cut 
IPR regime. Ethical issues did not figure 
as critical barriers in the development 

of human resources. Separate questions 
were asked concerning human resources. 
The response pointed to the fact that in 
most of the institutes only 1-5 scientists 
were engaged in the stem cell research. 
The number of students as well as techni-
cal staff varied between 1-5, except in one 
firm the number of technical staff was 
found ranging 5-10 in number.  

There is a lack of enabling technol-
ogies to support the sector. One of the 

Figure 4: Preference for raw materials in Indian stem cell sector

Figure 5: Potential for Patenting
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The question was also asked about 
a possibility of India being a global play-
er in the stem cell sector. Some of them 
feel that in the next 5 years India would 
be the global player while others are of 
the opinion that it is possible in the next 
10 or 15 years. Other responses also in-
cluded “No idea”. Thus, no consensus 
seemed to emerge on this issue. 

ConCluSIon

It is observed that though the Indian 
stem cell innovation system is in nascent 
stage, there are clear indications of rapid 
growth and the co-evolution of technol-
ogy and institutions is yet to emerge. The 
preceding analysis has identified the fol-
lowing features of the pathways to the fu-
tures of the Indian stem cell innovation 
system. 

A. The public research laboratories and 
hospitals have emerged as the domi-
nant actors in this sector and the uni-
versity system plays a moderate role. 

of stem cell research. Some of them ex-
pressed that “India lacks coherent nation-
al policy and has affected the develop-
ment of the sector”.

Regarding government funding is 
concerned, there is a general opinion that 
India lacks adequate government funding 
and there is a need of more funding.

Potential of Indian stem cell 
sector

Large patient pool in India is ranked as 
the most favourable condition. Skilled 
clinicians are also seen as the strength 
of India. Scientists on an average opined 
that there is a strong government support 
and favourable regulation in India. On 
the issues of availability of raw materials 
for the research, there is no consensus. 
Some of them treated it as potential but 
some of them feel that it is not so much 
influential. The unaddressed ethical is-
sues are not given so much importance as 
far as potential is concerned.

Figure 6: Challenges of Collaboration
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research centres of the respective cities. 
In the city cluster programme a local 
company is also included which could 
be a public–private linkages.

D. These linkages encourage knowledge 
flow among different players in the 
sector. However, the study finds that 
lack of shared vision and organisation-
al structure act as barriers in establish-
ing strong linkages.

E. The DBT-ICMR guidelines are con-
sidered to be relatively permissive 
compared to other countries. It large-
ly permits research on human embry-
onic stem cells, therapeutic cloning as 
well as chimeras studies. On the other 
hand, it prohibited reproductive clon-
ing and some other research on embry-
os. However, these guidelines are not 
stringent and legally binding. There are 
possibilities of violation and violator 
can’t be punished. The study finds that 
absence of effective legislation is one 
of the barriers in the development of 
stem cell research in India. It affects the 
international collaborations and com-
mercial linkages. 

F. Adult stem cells and cord blood bank-
ing turned out to be a dominant area 
of research in India rather than the em-
bryonic stem cell research. As the adult 
stem cells have lesser capacity of differ-
entiation than embryonic stem cells, the 
commercial value is not so high. The 
work in this area is not getting apace as 
it requires more focussed R&D.

G. There are noticeable efforts to build 
up human resource base as reflected 

Only a few private firms are engaged 
in research and are largely engaged 
in cord blood banking rather than 
the adult and embryonic stem cells 
research. As far as hospitals are con-
cerned, both private and government 
hospitals are conducting research of-
fering stem cell therapies to the pa-
tients. However, there are concerns 
over these therapies in the absence of 
peer review. 

B. Though there are conscious attempts 
by the Government of India to intro-
duce promotional and regulatory poli-
cies, it seems that the institutions have 
lagged behind technology. The stem 
cell sector in India is jointly governed 
by DBT, ICMR and DCGI. Because 
of multiple agencies, administration 
would be not very smooth and has-
sle free. In this context, perhaps In-
dia needs a single apex body for gov-
erning the stem cell science. Now the 
fully functional NAC-SCRT could be 
seen as a step forward in this direction 
(Sinha, 2011). It is pertinent to note 
here that the DBT had constituted 
many committees for governing the 
development of stem cells in the coun-
try. Out of these only a few commit-
tees have become functional.

C. Stem cell sector is technology inten-
sive; the sector needs strong knowledge 
and technology base. Keeping this in 
view, government seems to be active 
in enhancing knowledge base in this 
field. It has opened exclusive stem cell 
research centre. The DBT through its 
city cluster programme has attempted 
to establish linkages among the frontier 
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the institutions in India will have to be 
geared towards greater coordination, pro-
motion of greater knowledge flows at na-
tional as well international levels.
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