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Editorial

Stem Cell Research in India:

From hype and hope to reality

Among the advances in the treatment of human disease in the modern era, few have

been perceived to hold as much promise as therapy with stem cells for a wide variety

of conditions. Stem cells are defined as cells that generally lack specialized function

themselves but can self-renew and have the capacity to evolve into differentiated cells

of multiple lineages with specialized functions. The science of cellular therapy is not

new. Haematopoietic stem cell transplants have been successfully performed for over

3 decades. Yet the cause for the current enthusiasm and excitement about this

approach is the new understanding of the biology of these cells in terms of their ability

to regenerate damaged tissues coupled with our ability to characterize, collect, purify

and even expand these cells in vitro for treating diseases previously considered to be

untreatable. The major difference with this approach is that while previous therapy

with chemicals or recombinant protein products was aimed at modifying or improving

the function of existing but defective cells or organs, stem cell therapy attempts to

provide new cells to replace the defective ones, supplement their function or add a

hitherto absent function, if genetically modified stem cells are used. All this can be

potentially achieved without actually carrying out organ transplantation. Depending

on whether autologous or allogeneic cells are used, immunosuppression may or may

not be necessary to ensure the continued presence and function of the newly provided

cells.

What made this possible?

The past decade has seen some major advances in the understanding of the

developmental biology of stem cells (both embryonal and adult) and molecular

genetics. The ability of a fertilized ovum or the zygote to evolve into a complete

organism has long been recognized. The technology for cloning entire animals using

the technique of somatic cell nuclear transfer has also been established for many

years. More recently, embryonal stem cells have been shown to differentiate in culture

into cells of different lineages.1 The possibility of creating entire organs exists, if

provided the right scaffold and vascularity. Though this potential is believed to be

greater with embryonal than adult stem cells, it has been demonstrated in the past few

years that most adult organs have stem cells and that these stem cells are not

necessarily restricted to generating tissue-specific cells.2 They retain some ability for

trans-differentiation to other tissues (plasticity) depending on the milieu to which they

are exposed. Based on this and other possible mechanisms (cell fusion or angiogenesis),

these cells are being extensively evaluated in repairing damaged organs—the rapidly

evolving field of regenerative medicine. Added to this are the recently recognized

immunomodulatory effects of mesenchymal stem cells (MSC).3 This has opened new

possibilities of their use for tolerance induction in organ transplantation. Finally,

using molecular genetic techniques, transduced stem cells can be used as vehicles for

gene transfer so as to induct missing genes into individuals lacking a particular

protein. This has been successfully done with CD34+ autologous haematopoietic

stem cells in patients with severe combined immune deficiency due to adenosine

deaminase deficiency.4 So far, bone marrow-derived adult stem cells (haematopoietic,
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mesenchymal or endothelial) are the most evaluated in clinical studies, perhaps due

to their ease of accessibility.

The potential in India and its relevance

The current therapy of many common conditions such as myocardial infarction,

congestive cardiac failure, cerebrovascular accidents, diabetes mellitus and various

hereditary conditions such as thalassaemia and haemophilia or degenerative disorders

such as Parkinson and Alzheimer disease, to name a few, is inadequate with a lifelong

therapeutic burden that is only partially effective. Potentially curative, possibly one-

time therapies with stem cells in these conditions certainly make suitable subjects for

research. They are particularly relevant in a society where support for healthcare is

limited and managing chronic conditions can be a devastating burden on families.

The crucial elements for the development of stem cell therapies are availability of

good cell and molecular biologists interested in basic and translational research with

stem cells, physicians enthusiastic about such work in a scientific and ethical way,

large numbers of patients to conduct appropriate studies after adequate preclinical

data are available, a regulatory body that is informed and supportive, government

policies and a social environment that can find consensus around controversies

associated with some aspects of work in this field, along with the funds necessary to

conduct such research. There are many advantages and some limitations in India on

all these fronts.

A number of basic science institutes in India already have or are developing the

infrastructure required for stem cell research. A few scientists in these institutions are

working on interesting possibilities with stem cells, both embryonal and adult.

However, we need to attract more scientists to work in this field and ensure that they

are adequately skilled to carry out research that is contemporary and has the potential

for translation relevant to the needs in India. It will also help to build centres that will

focus exclusively on stem cell research and have a critical number of scientists with

access to state-of-the-art infrastructure for cutting-edge research to be done. Such

centres should work in consonance with medical institutions where applications can

be evaluated. The Department of Biotechnology (DBT), Government of India is

currently supporting the establishment of one such centre and planning the next larger

one. It is critical that as we develop these facilities, we also take appropriate measures

to nurture the human resources that will be required to make them functional.

On the clinical side, there are many physicians in different fields of medicine who

have been enthused by the potential of stem cells. Some of them have already used

such cells, particularly autologous bone marrow-derived stem cells, to treat patients

with a variety of conditions. Here we need to avoid a rush in offering such therapies

outside of well designed and monitored clinical trials before adequate preclinical data

are available to justify human studies.4,5 Therefore, it is important that we learn to

create appropriate animal models, if needed, for initial studies. Clinical trials should

then focus on the safety and feasibility aspects. Data from such initial work should not

be taken as proof of long term efficacy. Larger studies with longer follow up should

then be done and only after robust data are available from such trials should we

consider these approaches to be standard therapy.

A good example is the use of autologous bone marrow stem cells for repair of the

damaged myocardium after acute myocardial infarction. After initial reports of

mostly successful use in small numbers of patients, results of four larger randomized

controlled trials were recently reported.7–10 A total of 446 patients were evaluated in

these studies in different conditions of myocardial ischaemia. Improvement in

ejection fraction and global myocardial function was reported in two of these

studies;7,8 while one reported improvement in myocardial remodelling only,9 the

other did not find any benefit.10 It would be reasonable to conclude at this stage that

there is potential in this mode of therapy that needs to be exploited. The task now is

to carefully identify patients who are most likely to benefit as well as the cell types,

dosage, route and timing of administration. A randomized multicentre study, larger

than any other reported so far, is being initiated in India and should be completed over
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the next 18–24 months. A total of about 240 patients with acute myocardial infarction

are to be evaluated in two arms.

When adequate data are available and such therapy becomes the standard of care,

a major challenge will be to have access to cells processed to GMP (good manufacturing

practice) standards for human use. This requires either the establishment of centralized

facilities that will provide the requisite cells or institutions that wish to conduct such

research and provide cellular therapies to develop GMP facilities for processing cells

to be used in clinical applications. To facilitate this approach, we need comprehensive

guidelines for research using stem cells, adult and embryonic, in India. This is being

done jointly by the Indian Council of Medical Research (ICMR) and the DBT.11 We

also require a regulatory body that has adequate capability to monitor clinical trials

in this field.

Finally, it should be appreciated that research on stem cells and their therapeutic

potentials requires adequate time and funds. It is fortunate that at present funding is

not a major constraint for good studies to be carried out in India. In the public sector,

there is tremendous support for stem cell research from all the major funding

agencies. Apart from DBT, which provides the major quantum of funds available for

research in this field in India, the Council for Scientific and Industrial Research

(CSIR) and ICMR are also supporting stem cell research. The private sector too is

involved with at least two major groups working in this area. With the right support,

it should be possible to coordinate the successful development of this science through

good basic and translational research that is locally relevant and internationally

competitive.
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