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Abstract. Stem cells offer a promising therapeutic strategy to not only treat several incurable diseases but also regenerate
damaged tissues. The current global boom in the field of stem cell and regenerative therapies had led to India becoming a
global hotspot for stem cell-based therapies. In this review, we assess the current status of stem cell therapy trials in India
and show that the bone marrow-derived stem cells, like mesenchymal stem/stromal cells (MSCs), are predominantly used.
Phase 1 and 2 clinical trials have also used MSCs to alleviate symptoms of severe novel coronavirus infections. Recent
breakthroughs in gene editing technologies, combined with stem cell therapy, can be effectively harnessed to devise large-
scale and affordable treatments for haematological diseases that are highly prevalent in India, like beta-thalassemia and sickle
cell diseases. Innovations in stem cell therapy in India can make treatments more affordable to address the needs of in-country
patients.
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ABBREVIATIONS disease models for developing novel therapies. For

e.g., by growing patient-derived induced pluripotent
NA Data not available stem cells (iPSC) and generating organoids, scien-
MSC Mesenchymal stem/stromal cells tists have generated models mimicking cystic fibrosis
MNC Mononuclear cells and Alagille syndrome [1, 2]. Stem cell therapy has
HSC Hematopoietic stem cells shown promising results in preclinical and clinical
Ad-MSC Adipose derived-MSC trials for several diseases including, Parkinson’s dis-

ease, diabetes mellitus, Crohn’s disease, and various
hematological disorders [3—6]. Nevertheless, many

INTRODUCTION hurdles remain, and considerable efforts are needed

to address some of the key issues in stem cell ther-

The contribution of stem cells to modern medicine apy like immune rejection, genetic instability of stem

is immense as they can not only replace damaged cells and ethical issues concerning the use of embry-
cells or tissues but can also help create relevant onic stem cells for therapy [7-9].

A growing the number of chronic diseases like
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Fig. 1. Stem cell types and characterization: Totipotent stem cells can form embryonic and extra embryonic tissue, and zygotic cells
are the best example of such totipotent cells. Totipotent cells of the zygote develop into a blastocyst, and the cells of the inner cell
mass can be isolated and cultured as embryonic stem cells (ESC), which are pluripotent (i.e., can form embryonic cells but not extra
embryonic cell types). Multipotent stem cells like MSCs and HSCs can give rise to multiple cell types, and MSCs can be found in the
developing fetus, umbilical cord, and in adult tissues like the bone marrow. Terminally differentiated cells can be reprogrammed to become
pluripotent cells by exposing them to certain signals called the reprogramming factors, and such cells are called induced pluripotent stem cells

(iPSC).

cell-based regenerative therapies that need to be
affordable and accessible to most Indians. In this
review, we assess the current scenario of stem
cell-based therapies in India and the conditions tar-
geted based on data available in the public domain.
We found that bone marrow-derived stem cells,
such as mesenchymal stem/stromal cells (MSC)
or Hematopoietic stem cells (HSCs), are predom-
inantly used as cell sources, and that the use of
other stem cells, like embryonic stem cells (ESC)
or iPSCs, is negligible. As India continues to show
progress in information technology and biotechno-
logical research, it is also likely to show similar a
trend and bring innovation to stem cell-based thera-
pies that are efficient, scalable, and affordable.

CLASSIFICATION OF STEM CELLS AND
THEIR CHARACTERISTICS: INDIAN
PERSPECTIVE

Stem cells are, by definition, undifferentiated cells
that have the ability to self-renew and differentiate
into all cell types of the organism. Stem cells can
be isolated from the early stages of embryos, such
as from the blastocyst, or from certain adult tissues,
like the bone marrow, adipose tissue, or skin. Impor-
tantly, their differentiation potential depends on their
origin, and readers are requested to refer to extensive

reviews on stem cells [8, 10]. Briefly, totipotent cells
such as zygotic cells can differentiate into all the three
germ layers, namely the ectoderm, the mesoderm,
and the endoderm, and also into extra embryonic
tissues like the placenta. Stem cells derived from
blastocysts in the inner cell mass (i.e., 5-6 days post
fertilization) are called human embryonic stem cells
(hESCs), are pluripotent, and can differentiate into
all 3 germ layers but not into extra-embryonic tissues
(Fig. 1) [8]. In India, multiple hESC lines have been
established from embryos deemed not suitable for in
vitro fertilization. They reflect the genetic diversity
of the Indian population and are available through
stem cell repositories. For example, BJNhem?20 is a
hESCline, developed by the Jawaharlal Nehru Center
for Advanced Scientific Research (JNCASR), Ban-
galore, has been submitted to the UK stem cell bank
(UKSCB R-08-021), and is listed in the European
Pluripotent Stem Cell registry and the National Insti-
tutes of Health (NIH) Human Embryonic Stem Cell
Registry (NIH Approval No. NIHhESC-10-0084)
[11, 12]. Several other well-characterized hESC lines
from India include BJNhem19, KIND1, KIND2, and
Relicell hES1-4, which have been developed by var-
ious publicly funded labs and private companies [11,
13, 14].

Pluripotency can also be induced under cer-
tain conditions, e.g., by treating somatic cells with
a combination of induction factors like OCT3/4,
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Sox2, Klf4a, and c-Myc, and such cells are called
iPSCs. These inducing factors are also referred to
as Yamanaka factors or reprogramming factors and
are named after the author of the seminal paper that
identified these factors (Fig. 1) [15]. In India, sev-
eral iPSC lines from healthy individuals (example,
NCCSi005A and NCCSi006A), and patient-derived
cell lines have been established to study famil-
ial Alzheimer’s disease (example, NCBSi001-A,
NCBSi002-A) from a well-characterized demen-
tia cohort in the Indian population [16, 17]. A
biorepository has been established as a resource in
India (https://www.ncbs.res.in/adbs/bio-repository)
to store iPSC lines covering five major mental
illness, namely, addiction, dementia, obsessive com-
pulsive disorder, bipolar disorder, and schizophrenia,
along with cognate control cell lines. Further, multi-
institutional collaborations between stem cell labs in
India and the Centre for iPS Cell Research and Appli-
cations (CiRA), Kyoto, Japan, have been established
for iPSC technology and knowledge dissemination.

Stem cells are not restricted to embryos— they
are also found in the developing foetus and in adult
organs where their functions are to maintain tissue
homeostasis and repair damage tissues. Multipo-
tent stem cells, such as HSC, are found in adult
bone marrow and can differentiate into all cell types
of the blood lineage, during which unipotent or
bipotent progenitor intermediates are generated. Mul-
tipotent stem cells are also found in other tissues
like the gut, where intestinal stem cells located at
the base of the crypts in the adult intestinal epithe-
lium can give raise to enterocytes, goblet cells,
enteroendocrine, and Paneth cells upon differentia-
tion [8, 18, 10].

Mesenchymal stem cells, also known as mesenchy-
mal stromal cells (hereafter abbreviated as MSCs),
are a heterogenous mixture of multipotent stem cells
that can differentiate into several lineages, includ-
ing adipose tissue, osteoblasts, and muscles. MSCs
are present in wide variety of tissues like bone mar-
row, adipose tissue, cord tissue, and dental pulp [19].
Multiple publically funded labs and biotech com-
panies in India have generated allogenic MSCs to
treat various disease conditions [20, 21]. In con-
trast to multipotent stem cells, unipotent stem cells
have a restricted ability to differentiate, i.e., they can
only give rise to one particular cell type. For exam-
ple, the cornea acts as a protective barrier against
infectious agents and Limbal Epithelial Stem Cells
(LESC) are found in the limbal region of the cornea
where their primary role is to maintain normal tis-

sue homeostasis and to replace damaged cells [22].
Such unipotent stem cells are also present in various
other tissues, for example, spermatogonial stem cells
present in the testis that can only make sperm. In tis-
sues like the bone marrow, skin, or the gut, there is
a high turnover of cells (with shorter lifespan) and
the stem cells reside in a “stem cell niche”, which is
a micro-environment that favours their self-renewal
and facilitates constant supply of differentiated cells
to their respective tissues. In certain tissues like the
brain, the stem cells are limited in number and they
contribute to the cell types with low turnover/longer
lifespan [23].

STEM CELL THERAPY

Stem cell-based therapies offer great potential as
novel therapeutic agents to restore and regenerate
damaged or injured tissues. Currently, various types
of stem cells, including embryonic and iPSCs, and
diverse adult stem cells, are being used to treat various
diseases across the globe. HSCs have been exten-
sively used over the last 60 years in the form of bone
marrow transplants to treat various hematological
cancers and blood disorders; thus, HSCs are the most
used stem cell type in the clinic. In the 1960s, Tim and
McCulloch defined two hallmarks of HSCs, namely,
(1) they can self-renew, and (ii) they can give rise to
all types of blood cells [24], and thus opened the field
of stem cell biology. The ease of isolating HSCs from
various sources, like bone marrow, peripheral blood,
and cord blood, among others, makes them an excel-
lent stem cell type for transplantation and for treating
various blood disorders. Currently, more than 50,000
bone marrow transplants are being performed annu-
ally worldwide and such transplants are the defined
standard of care for several hematological disorders
[25].

After HSCs, MSCs are the most widely used and
preferred cell type for therapy due to ease of isola-
tion from various tissues. Further, several preclinical
studies have demonstrated the anti-inflammatory and
immune modulatory role of MSCs, leading to them
being more frequently used in transplantation studies.
Over 1000 clinical trials using MSCs to treat various
disease conditions have been registered at ‘clinicaltri-
als.gov’ (see recent review by Levy et al., 2020 [26]).
However, several MSC-based clinical trials have not
been able to reach their primary endpoint and have
showed low-to-negligible effects in alleviating the
targeted condition.
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APPROVED MSC-BASED STEM CELL
THERAPY PRODUCTS

Despite several clinical trials with MSCs not
resulting in desired outcomes, multiple MSC-based
stem cell products have been approved for clini-
cal use. Alofisel®, a therapeutic product developed
by TiGenix/Takeda, is based on adipose-derived
MSCs (AT-MSCs) and is used to treat complex
perianal fistulas in Crohn’s disease (CD). In the
trials, patients were injected with 120 million allo-
genic AT-MSC in a single dose and saline was
used as placebo control (NCT01541579). As admin-
istration of Alofisel® showed significant remission
in CD patients, it was granted clearance as a
novel therapeutic agent by the European Medicines
Agency (EMA) in 2018 and became an allo-
genic stem cell medical therapeutic product that is
authorized and has been provided orphan medical
product designation [27]. Although the mechanism
of action of Alofisel® is not completely under-
stood, data from preclinical studies show an increase
in anti-inflammatory cytokines and a decrease in
pro-inflammatory cytokines through the induction
of indoleamine 2,3 dioxygenase (IDO) [28]. Apart
from Alofisel®, several other MSC-based therapies
have been approved in various countries such as
Prochymal® (bone marrow-derived MSC for graft-
versus-host disease (GvHD, approved in Canada and
New Zealand), Temcell® HS (bone marrow-derived
MSC for GvHD, Japan), Cartistem® (Umbilical
cord-derived MSCs for knee articular cartilage
defects, South Korea), Cellgram® (bone marrow-
derived MSC for acute myocardial infarction, South
Korea), and Stemirac® (bone marrow-derived MSC
for spinal cord injury, Japan) [26].

In India, Stempeucel®, a human bone marrow-
derived MSC-based therapy was approved in 2016
as treatment for critical limb ischemia and is the only
stem cell therapy product currently approved in India
[26]. In future, it is expected that several other MSC-
based cell therapy products will be available in India
as, currently, Stempeutics is conducting multiple clin-
ical trials, in various phases, to treat atherosclerosis,
osteoarthritis, diabetic foot ulcers, and perianal fis-
tula due to Crohn’s disease. Other private companies
in India like Advancells, Reelabs, Regenexx, and sev-
eral others offer stem cell-based therapies for variety
of diseases like leukaemia, thalassemia, sickle cell
anaemia, several hematological cancers, orthopedic
and eye disorders, among others. Regrettably, details
about clinical outcome(s), treatment parameters like

number of cells infused, and infusion mode and fre-
quency, are not available in the public domain or in
peer reviewed publications.

Stem cell therapy for COVID-19

Clinical trials of MSC-based therapy for treat-
ing COVID-19 have been approved by the USFDA
and more than sixty studies are registered at clin-
icaltrial.gov. Severely affected patients who needed
ventilators or those who developed Acute Respiratory
Distress Syndrome (ARDS) were treated with these
MSCs [29]. ARDS is the leading cause of death asso-
ciated with COVID-19 disease wherein excessive
production of proinflammatory mediators results in a
cytokine storm and subsequent multiple organ failure.
In a phase 1/2a randomized trial from Miami Uni-
versity involving 24 subjects, umbilical cord-derived
MSCs (100 million cells/infusion) were administered
twice, with a 72-hour gap between infusions. MSC
administration led to a significant reduction in proin-
flammatory cytokine levels and improved survival
rates in patients with COVID-19-associated ARDS
[30]. Additionally, a few other studies from China
have confirmed the beneficial effects of MSC-based
cell therapy in alleviating severe complications due
to COVID-19 [31, 32]. Various biotech and phar-
maceutical companies like Mesoblast and Nestcell
have been granted regulatory approval for MSC-
based therapy for COVID-19 in the US and in other
countries. In parallel, other cell types like natural
killer cells, dendritic cells, and cord blood-derived
mononuclear cells have been tested as potential ther-
apy options against COVID-19 [33]. Interestingly,
several ongoing clinical trials are exploring the use
of MSC-derived exosomes to treat COVID-19 as
these cell-free exosomes are considered safer than
MSC themselves due to the absence of actual cells
[34].

In India, Reelabs Pvt. Ltd, have received approval
to conduct randomized placebo-controlled phase 1
trials to treat COVID-19 with MSCs obtained from
the placenta and the umbilical cord (CTRI/2020/
08/027043). This study will involve 20 patients, 10
in each group, such that patients will be provided
100 million or 200 million MSCs, as per their group
allocation. Two doses of cells (on days 1 and 4) will
be administered, and the safety and efficacy of MSC
administration, effect on oxygenation index, multi
organ function, and progression to severe ARDS will
be studied. Bangalore-based Stempeutics Research
Private limited, along with the East European part-
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ner Educell, aim to attempt cell-based therapy to
treat COVID-19-associated ARDS in India and
in Europe.

STEM CELL THERAPY IN INDIA

A pioneering study to successfully accomplish
ocular surface regeneration using corneal limbal pro-
genitor cells was conducted in India in 2003 [35].
Simple Limbal Epithelial Transplantation (SLET), a
novel therapeutic strategy, was established by Sang-
wan et al, where limbal tissue harvested from six
donor eyes were used for autografting into eyes
with unilateral stem cell deficiency following ocular
burns. Limbal tissue was extracted from the healthy
donor eye (2 x 2 mm tissue), chopped into tiny pieces
(8-10 pieces), and secured on the recipient eye over
a human Amniotic membrane (hAM) graft, which
is an in vivo cultivation method mimicking in vitro
petri dish expansion. Limbal epithelial cells grew
multi-directionally on the explant and generated a
confluent stratified sheet of epithelium on the corneal
surface by 2 weeks where the hAM became the
new basement membrane for the regenerated cornea.
Importantly, in this autografting procedure, all six
patients showed improved vision, and none devel-
oped any complications in the donor eye, thus making
it an effective technique in treating unilateral lim-
bal stem cell deficiency following ocular burns [36].
Compared to Cultivated Limbal Epithelial transplan-
tation (CLET), an autologous stem cell expansion
method culturing stem cells on fibrin scaffold in
vitro [37], SLET showed better anatomical and func-
tional success [38]. Further, Holoclar®, a limbal stem
cell-based therapeutic product to repair damaged
cornea, is the first stem cell-based product approved
by the European Medicines Agency. The therapeutic
potential of Limbus-derived mesenchymal/stromal
cells (LMSCs), along with other sources of MSC,
have been used to treat various corneal stromal
pathologies through pre-clinical and early clinical
studies. For example LMSCs (derived from cadav-
eric corneal scleral rims) transplanted into mouse
corneas prevented scar formation [39]. Further, a
pilot clinical trial examined the safety and efficacy of
LMSCs in corneal stromal regeneration in superficial
corneal pathologies like scars, ulcers and burns (NCT
02948023).

While limbal stem cell-based therapy to treat
corneal blindness in India represents a success story,
similar advancements in stem cell therapy for other

diseases remain limited. We performed a system-
atic database search of clinicaltrials.gov and Clinical
Trials Registry India (CTRI) using the words “stem
cells” to identify stem cell therapy trials from India
that are recruiting, ongoing, or have been completed.
Our aim was to compile all reported stem cell trials
to evaluate these studies based on cell origin and cell
type used, phase of the study, and disease/condition
targeted.

We found 29 studies in total, of which 18 have been
completed and the remaining 11 are in the recruiting
stages (as of January 2021; Supplementary Table 1).
Bone marrow-derived stem cells like MSCs, HSCs, or
a combination of both were the predominantly used
sources (Fig. 2). Bone marrow-derived cells were
most frequently chosen because they can be obtained
from non-controversial sources, and exhibit both ease
of use and evidence of anti-inflammatory function.
Autologous cell transplants were more common (19
/29 studies) than allogenic transplants (9/29 stud-
ies). A total of 22 conditions were targeted for stem
cell-based therapy and type 2 diabetes was the most
common condition (n=4), followed by critical limb
ischemia (n=3), liver cirrhosis (n=2), and spinal
cord injury (n=2). We found only 1 trial each for
several other diseases (Fig. 2).

Of the 18 studies that have been completed, only
10 (10/18; 55%) have posted results while no data
is available for the others. Regardless of trial out-
come, researchers should disclose the results (either
positive or negative) as this will help the research
community learn important lessons and design better
clinical trials in the future. Importantly, the reported
results show that it is safe to administer bone marrow-
derived stem cells without any adverse effects and
that treatment resulted in moderate-to-no improve-
ment for certain disease conditions (Supplementary
Table 2). Multiple reasons are attributed to such
moderate or suboptimal outcomes and they include
potential immune rejection by monocytes within 24
h after injection resulting in poor graft survival,
inadequate efficacy data from animal model studies,
and a poor understanding of the underlying mech-
anism(s) of action. Preclinical studies have used
various administration strategies, stem cell homing
strategies, or bioengineered encapsulation methods to
protect MSCs, which show better survival and func-
tion in host tissue [40, 41]. Thus, the trend in India
is restricted to bone marrow-derived stem cells as
the primary source and other stem cell sources like
pluripotent stem cells are rarely used (1 out of 47
trials with iPSCs, globally) [42].
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STEM CELL BANKING

Umbilical cord blood (UCB) is collected and
stored as the new-born is delivered and it is a potential
source of hematopoietic stem and progenitor cells;
these stem cells are cryopreserved in private or public
stem cell banks. Cord blood-derived stem cells serve

ell therapies are Phase 2 studies (16 out of 29), with 5 studies in phase 3,

as an alternate source to bone marrow transplantation
that benefit patients with hematological disorders.
The first umbilical cord blood transfusion to treat
Fanconi anaemia was successfully conducted in 1988
and the recipient survived for over 25 years with
complete hematological and immunological donor
cell reconstitution [43]. Globally, by 2013, more
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than 30,000 hematopoietic stem cell transplantations
using cord blood-derived stem cells have been per-
formed and over 600,000 cord blood samples have
been stored [(44)]. A survey of 281 clinical trials for
advanced cell therapy that were registered between
2005 to 2015 showed that perinatal tissue-derived
cells, mostly MSCs from cord blood, were predomi-
nantly used for hematopoietic disorders, followed by
various neurological conditions [45].

In India, only umbilical cord blood is banked,
and this is the primary source of preserved stem
cells. Several private companies are involved in the
cryopreservation of cord blood-derived stem cells.
In such private banks, stem cells are preserved for
use by a particular individual, e.g., for autologous
transplantation. In contrast, public cord blood banks
serve as arepository of HLA-matched donor samples
that are made available to anyone in need. Jeevan, the
only public cord blood bank in Chennai, India, has
cryopreserved cord blood stem cells from about 6400
donors; unfortunately, it is not acquiring new samples
due to paucity of funds. Therefore, public cord blood
banking facilities with HLA typing of samples need
to be funded by the government to address the grow-
ing needs for stem cell transplantation. Interestingly,
in Japan, HLA-typed iPSC stock cells that match
major HLA loci in the Japanese population are being
created and, in principle, these HLA-matched iPSCs
could be readily used for any type of regenerative
therapy [46]. Such banks of iPSCs that match the
diverse Indian population will be a valuable resource
for regenerative therapies in India.

Recently, MSCs cells have been identified in dental
pulp, human exfoliated deciduous teeth, periodontal
ligament, molars, and incisors, and these cells are
also a potential stem cell source that can be banked
[47]. Further, MSCs from dental tissues offer various
advantages, in that they are a natural and non-invasive
source of stem cells that can not only be used for
dental applications but also for other stem cell-based
therapies where MSCs are used. Long-term cryop-
reservation of dental stem cells is becoming a popular
stem cell banking strategy that appears to be similar
to cord blood-derived stem cell banking, i.e., MSCs
are isolated from dental tissue, expanded by in vitro
culture, and cryopreserved for long term storage. Sev-
eral public- or private-funded, FDA-approved stem
cell banks that store cells derived from dental tissues
are present in the USA, like BioEDEN, StemSave,
National Dental Pulp Library. Similarly, dental stem
cell banks are present in countries like Japan, Norway,
and India [48].

REGULATORY AFFAIRS FOR CELL
THERAPY IN INDIA

Several countries like China, Mexico, Panama, and
Thailand are preferred destinations for “stem cell
tourism”, which involves procedures with no rele-
vant regulation or meaningful scientific oversight.
Similarly, unproven stem cell therapies are practiced
in hundreds of clinics in India even though there
are strict guidelines and regulations against fraud-
ulent advertisements and clinical practice [49]. In
the US, multiple business and clinics are engaged
in ‘direct-to-consumer’ marketing of unproven stem
cell therapies [50].

In India, the “National Stem Cell Guidelines”
is the regulatory document prepared by the Indian
Council of Medical research (ICMR) and Depart-
ment of Biotechnology (DBT). It was first published
in 2007 and later revised in 2013 and in 2017 (http://
dbtindia.gov.in/sites/default/files/National _Guidelin
es_StemCellResearch-2017.pdf). However, neither
departments have jurisdiction over violators who are
liable to be punished. In India, laboratories involved
in stem cell research and or those involved in clinical
trials need to be approved by the Institutional
Committee for Stem Cell Research (IC-SCR) and
by the National Apex Committee for Stem Cell
Research and Therapy (NAC-SCRT). Further, these
stem cell laboratories must also be certified for Good
Laboratory Practices (GLP) and Good Manufac-
turing Practices (GMP). For clinical trials, IC-SCR
and NAC-SCRT approval and trial approval by the
Cell Biology-Based Therapeutic Drug Evaluation
Committee (CBBTDEC), are essential. The hospital
and the clinical trial site must obtain IEC and
IC-SCR approvals and the trials must be registered
at the clinical trials registry of India (CTRI). A data
safety monitoring board must be appointed, and its
members must have the independence to monitor
any serious outcome(s) from the trial.

POTENTIAL INNOVATIONS IN STEM
CELL THERAPY

Stem cell therapy is associated with high costs
across the globe; for example, Prochymal® (a bone
marrow derived allogeneic MSC treatment for GYHD
or Provenge® (an autologous cell therapy of dendritic
cells from metastatic forms of prostate cancer), cost
anywhere between US $100,000 and US $200,000
[51]. According to the International Society for Stem
cell Therapy, a single dose of cell therapy can cost
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about €30,000 to €40,000 [52], which is an exorbi-
tant cost, especially for a country like India. Mass
production of allogenic stem cells like MSCs and
improving methods for graft survival can serve to
bring down the cost.

Recent advances in gene editing technologies like
CRISPR, and the recent demonstration of CRISPR-
edited BCL11A gene in autologous HSCs, have
opened possibilities to autologously treat thalassemia
using a patient’s own cells [6]. Similarly, short
hairpin-based interference of the BCL11A gene in
an erythroid-specific manner has been shown to
be effective and beneficial in patients with sickle
cell anaemia [53]. These advances in gene editing
and transcriptional silencing can help patients on
a large scale by using autologous HSCs. In India,
currently, 97 transplant centres report to the Indian
Society for Blood and Marrow Transplantation with
the database showing that 19,000 transplants have
been conducted to treat various disorders; however,
the waiting list to undergo HSC transplantation is
long in several centres [54]. Bringing down the cost,
increasing availability of transplantation centres, and
enabling HLA-matched donor banks will improve
these current trends. One such initiative would be the
re-establishment of public cord blood banking facil-
ities with HLA typing of samples that is funded by
the government to address the growing need for HSC
transplantation in patients with thalassemia, sickle
cell anaemia, and hematological cancers. Addition-
ally, banks of matched-iPSCs that reflect the diverse
Indian population will also be a valuable resource for
regenerative therapies in India.

PROSPECTS FOR STEM CELL THERAPY
IN INDIA

Our assessment of clinical trials in India clearly
showed that a majority of the studies were restricted
to bone marrow-derived cells and that only a few dis-
eases were targeted. India has over 100,000 patients
suffering from beta thalassemia and about 150,000
with sickle cell anaemia, and tremendous opportuni-
ties exist for treating several hematological disorders
with HSC transplantation. However, such treatments
are unaffordable to many due to high process-
associated costs such as stem cell banks, HLA typing,
etc. For example, only 20-30 % of aplastic anaemia
patients get the current standard of care i.e., HSC
transplantation and immunosuppression [55]. Inno-
vative approaches are required to reduce the cost of

cryopreserving HSCs, retrieving them, HLA typing,
and ensuring availability of transplantation facili-
ties across the country. Relevant changes must occur
at multiple levels and include (1) fostering a high
quality research environment at graduate and post-
graduate levels; (2) encouraging ideas and building
entrepreneurship as spin offs from graduate to doc-
torate levels; (3) infrastructure and knowledge base to
develop research and clinical grade products within
the country such as cell culture reagents, enzymes
and medical devises, as currently all these items are
imported which results in increased cost and waiting
time; (4) training medical professionals to enhance
their expertise and improving availability of trans-
plantation specialists across the country; (5) foster
closer relations between scientists and clinicians to
understand available opportunities to innovate and
address local issues; (6) developing transplant pro-
grams in government-funded hospitals that can make
treatment more affordable for many patients. On a
brighter note, research articles on stem cells from
India have increased over the years and several stem
cell lines, including human embryonic stem cell lines,
have been derived in India [56]. As most stem cell
research is conducted in government-funded Insti-
tutes and universities, students at the undergraduate
level onwards should be exposed to relevant scientific
methods and research environment to help establish
strong R &D capabilities.

CONCLUDING REMARKS

Stem cell therapy can be a game changer in ad-
dressing the growing numbers of chronic diseases,
especially in countries like India that have alarge pop-
ulation size, genetic diversity, and a complex social
structure. Chronic diseases are projected to account
for 53% of all deaths in India, with diabetes and heart
disorders predicted to be major contributors. Stem
cell therapy has the potential to offer transformative
treatments for several incurable diseases, but the cost
of such remedies is currently not scalable for wide
use; thus, many biotech companies have focused on
making stem cell therapy more affordable. For exam-
ple, Eyestem a Bangalore-based biotech company
is aiming to bring cell-based therapy to treat Dry
Age-related Macular degeneration (Dry AMD) by
providing Retinal Pigment Epithelium cells. In India,
an estimated 15 to 45 million people suffer from Dry
AMD, and blurred vision in the earlier stages can
progress to complete blindness [57, 58]. Increasing
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research funding after the COVID-19 pandemic and
encouraging a ‘start-up’ milieu for biotech industries
will lead to a paradigm shift in stem cell-based ther-
apy from developing economies like India. Nurturing
and developing R & D expertise, by strengthening
the education system with research focus will also
open opportunities to bring cutting-edge therapies to
clinics in India.
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