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ABSTRACT: 

Stem cell therapy is emerging as a potentially revolutionary new way to treat disease and injury, with wide-
ranging medical benefits. It aims to repair damaged and diseased body-parts with healthy new cells provided 
by stem cell transplants.  They are unspecialized cells that develop into the specialized cells that make up the 
different types of tissue in the human body. They are characterized by the ability to renew themselves through 
mitotic cell division and differentiating into a diverse range of specialized cell types. They are vital to the 
development, growth, maintenance, and repair of our brains, bones, muscles, nerves, blood, skin, and other 
organs .Stem cells are found in all of us, from the early stages of human development to the end of life. Stem 
cell research holds tremendous promise for the development of novel therapies for many serious diseases and 
injuries. While stem cell based treatments have been established as a clinical standard of care for some 
conditions, such as hematopoietic stem cell transplants for leukemia and epithelial stem cell-based treatments 
for burns and corneal disorders, the scope of potential stem cell-based therapies has expanded in recent years 
due to advances in stem cell research. It has been only recently that scientists have understood stem cells well 
enough to consider the possibilities of growing them outside the body for long periods of time. With that 
advance, rigorous experiments can be conducted, and the possibility of manipulating these cells in such a way 
that specific tissues can be grown is real. 
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INTRODUCTION 

Stem cells are distinctive and versatile type of cells that can divide indefinitely and have a unique capacity to 

renew and to give rise to specialized cell types. Although most cells of the body, such as heart cells or themselves 

skin cells, are committed to conduct a specific function, a stem cell is uncommitted and remains uncommitted, 

until it receives a signal to develop into a specialized cell. Their proliferative capacity combined with the ability 

to become specialized makes stem cells unique. And they are capable of becoming almost all of the specialized 

cells of the body and, thus, may have the potential to generate replacement cells for a broad array of tissues and 

organs, such as the heart, the pancreas and the nervous system. Thus, this class of human stem cell holds the 
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promise of being able to repair or replace cells or tissues that   are damaged or destroyed by many of our most 

devastating diseases and disabilities.  

 

STEM CELL 

A stem cell is a non-specialized, generic cell that has the ability to divide (self replicate) for indefinite periods-

often throughout the life of the organism. Under the right conditions, or given the right signals, stem cells have 

the potential to develop into mature cells that have characteristic shapes and specialized functions. They are 

characterized by self renewal and potency i.e. - the ability to renew themselves through mitotic cell division and 

differentiating into a diverse range of specialized cell types. They are vital to the development, growth, 

maintenance, and repair of our brain, bones, muscles, nerves, blood, skin and other organs. 

 

PRINCIPLES OF STEM CELL THERAPY 

Autologous therapy: It involves collection, cryopreservation, and reinfusion of a patient's own stem cells. 

Allogenic therapy: Refers to the infusion of stem cells collected from either HLA-matched or -mismatched 

donors. 

 

PROPERTIES OF STEM CELLS 

Proliferation: Stem cells are able to divide and multiply for extended periods of time. 

Self-renewal: After division, the resulting cell can continue as a stem cell, like the parent stem cell. 

Differentiation: Stem cells are unspecialized and can give rise to specialized cells. Both internal and external 
stimuli are important in this process. Internal stimuli are controlled by the cell’s genetic material. External 
stimuli are regulated by chemical factors secreted by other cells in the environment, by physical contact with 
neighboring cells, and by other molecules in the environment. 

 

CLASSIFICATION OF STEM CELLS ON THE BASIS OF SOURCES 

The easiest way to categorize stem cells is by dividing them into two types: Early or embryonic and mature or 
adult. Early stem cells, often called embryonic stem cells, are found in the inner cell mass of a blastocyst after 
approximately five days of development. Mature stem cells are found in specific mature body tissues as well as 
the umbilical cord and placenta after birth. 

Embryonic stem cells: Embryonic stem cells are self-replicating pluripotent cells that are potentially immortal. 
They are derived from embryos at a developmental stage before the time of implantation would normally occur 
in the uterus. The embryos from which human embryonic stem cells are derived are typically four or five days 
old and are a hollow microscopic ball of cells called the blastocyst. 
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Adult stem cells: Adult stem cells are undifferentiated totipotent or multipotent cells, found throughout the 
body after embryonic development, that multiply by cell division to replenish dying cells and regenerate 
damaged tissues. The primary roles of adult stem cells in a living organism are to maintain and repair the tissue 
in which they are found. Unlike embryonic stem cells, which are defined by their origin (the inner cell mass of 
the blastocyst), the origin of adult stem cells in some mature stem cells still under investigation. 
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CLASSIFICATION OF STEM CELLS ON THE BASIS OF POTENCY 

 Stem cells can be classified by the extent to which they can differentiate into different cell types. These four 
main classifications are totipotent, pluripotent, multipotent, or unipotent. 

Totipotent: The ability to differentiate into all possible cell types. Examples are the zygote formed at egg 
fertilization and the first few cells that result from the division of the zygote. 

Pluripotent: The ability to differentiate into almost all cell types. Examples include embryonic stem cells and 
cells that are derived from the mesoderm, endoderm, andectoderm germ layers that are formed in the beginning 
stages of embryonic stem cell differentiation.  

 

 

Unipotent : The ability to only produce cells of their own type, but have the property of self renewal required 
to be labeled a stem cell. Examples include (adult) muscle stem cells. 
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Multipotent: The ability to differentiate into a closely related family of cells. Examples include hematopoietic 
(adult) stem cells that can become red and white blood cells or platelets. 

Oligopotent: The ability to differentiate into a few cells. Examples include (adult) lymphoid or myeloid stem 
cells.  

 

 

MECHANISM OF ACTION 

1. Cell replacement: Healthy stem cells can replace unhealthy or lost stem cells. 

2. Nutritional support: Healthy stem cells increase support to surrounding cells by secreting growth factors. 

3. Anti-apoptosis: Stem cells can regulate the degeneration of retinal cells and vessels by inhibiting apoptosis. 

4. Synapse formation: They can create new synaptic connections. 

 

DONATING AND HARVESTING OF STEM CELLS 

Bone Marrow: The classic source of hematopoietic stem cells (HSCs) is bone marrow. About 1 in every 
100,000 cells in the marrow is a long-term, blood-forming stem cell; The marrow is aspirated by using a bone 
aspiration needle under local anaesthesia. 

Peripheral Blood: As a source of HSCs for medical treatments, bone marrow retrieval directly from bone is 
quickly fading into history. For clinical transplantation of human HSCs, doctors now prefer to harvest donor 
cells from peripheral, circulating blood. 

Umblical cord stem cells:Umbilical cord blood stem cell transplants are less prone to rejection than either bone 
marrow or peripheral blood stem cells. This is probably because the cells have not yet developed the features 
that can be recognized and attacked by the recipient’s immune system. Also, because umbilical cord blood lacks 
well-developed immune cells, there is less chance that the transplanted cells will attack the recipient’s body, a 
problem called graft versus host disease. Both the versatility and availability of umbilical cord blood stem cells 
makes them a potent resource for transplant therapies. 
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APPLICATIONS        

The goal of any stem cell therapy is to repair a damaged tissue that can't heal itself. Ongoing research on stem 
cell therapies gives hope to patients who would normally not receive treatment to cure their disease but just to 
alleviate the symptoms of their chronic illness. Stem cell therapies involve more than simply transplanting cells 
into the body and directing them to grow new, healthy tissue. It may also be possible to coax stem cells already 
in the body to work overtime and produce new tissue 

Rebuilding the nervous system with stem cells: The past decade has seen impressive advances in the 

prevention and treatment of cerebrovascular disease. Several new therapies are under investigation to address 

the long-term disability of stroke survivors. Stem cell therapy offers exciting potential for ambitious cellular 

replacement to treat diseases such as Parkinson’s disease, Alzheimer’s disease or even replacement of the cell 

death that follows thromboembolic stroke. Longer-term safety and efficacy results should enhance our 

understanding of cell implantation therapy for the treatment of stroke. 

Brain cell transplantation: Stem cells can provide dopamine - a chemical lacking in victims of Parkinson’s 

disease. It involves the loss of cells which produce the neurotransmitter dopamine. The first double-blind study 

of fetal cell transplants for Parkinson’s disease reported .survival and release of dopamine from the transplanted 

cells and a functional improvement of clinical symptoms  However, some patients developed side effects, which 

suggested that there was an over sensitization to or too much dopamine. 

Spinal Cord Disorders: Clinicians and scientists in the field of spinal cord injury research and medicine are 

poised to begin translating promising new experimental findings into treatments for people. Advances in stem 

cell research have led to several transplantation strategies that promote axonal regrowth and partial functional 

recovery in spinal cord injury. Christopher Reeve Paralysis Foundation (CRPF) funds research to treat or cure 

paralysis resulting from spinal cord injury or other CNS disorders. CPRF supports a Research Consortium, 

focus on stem cells, making a lot of progress 

Parkinsons disease: Although the ability to restore function in PD patients by DA-ergic neuron replacement 

has been demonstrated to some extent with hfVM tissue, the focus is now on producing standardized DA-ergic 

neuroblasts from SCs for transplantation. ESCs(embryonic stem cells) and iPSCs(induced pluripotent stem 

cells) seem the simplest to manipulate towards a DA-ergic fate and to produce large numbers of DA-ergic 

neurons in vitro, but fetal brain NSCs could also be useful for clinical application. Both iPSC-derived and 

directly converted DA-ergic neurons have one more advantage as they potentially can be used for autologous 

transplantation in PD patients 

OPHTHAMOLOGY: Stem cells hold promise to retinal degeneration, glaucoma and corneal disorders. 

Glaucoma: There are at least two mechanisms by which stem cell transplantation might be applied to glaucoma. 
The most noteworthy, prospective therapeutic power of stem cells lies in their ability to generate new cells of 
many types and to effect tissue regeneration. Thus, it is conceivable that stem cells may offer therapeutic hope 
for glaucoma via selective cell replacement of RGCs and optic nerve regeneration to restore function. In 
addition, certain types of stem cells possess protective properties capable of alleviating disease progression and 
promoting survival of endogenous tissue. 

Corneal disorders: It is believed that some corneal limbal cells may present stem cell-like properties and are 
capable of regenerating corneal epithelium. Therefore, cultivation of limbal cells and reconstruction of the 
ocular surface with these limbal cell grafts have attracted tremendous interest in the past few years. 
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Transplantation of limbal epithelium enriched in LESC is clinically used for corneal burns to achieve re‐
epithelialization, decrease inflammatory cell immigration, and suppress neovascularization.  For eyes with 
complete LESC failure, primarily due to burns, allogeneic penetrating limbo‐keratoplasty has been developed. 
The procedure consists of the transplantation of the central corneal button with LESC region by means of 
eccentric trephination of the donor cornea. 

Retinal diseases: There are numerous advantages of stem cell therapy in the eye. The amount of stem cells 
required is low, which is important in terms of cost. The surgical approach is quite easy.  Application of healthy 
stem cells in the place of degenerated retinal cells has promoted cell regeneration, creation of new intercellular 
connections, and improvement of visual function. Stem cells have the potential to differentiate into many cells 
in their environment, including the retinal neural cells and photoreceptors. Earlier experimental studies have 
shown that stem cells are very compatible with retinas and are able to adapt to Müller, amacrine, bipolar, 
horizontal, and glial cells, and photoreceptors. 

EAR 

Cochlear disorders: One approach to restore hearing might be to surgically place stem cells within the cochlea 
in such a way that they would fuse with the remaining cochlear structures and develop and function as hair cells. 
Scientists believe this is a viable approach because, unlike most organs that are destroyed by disease, the inner 
ear remains structurally intact—only the hair cells are lost.  They can generate hair cells in the millions, it could 
lead to significant scientific and clinical advances along the path to curing deafness in the future. A promising 
source of creating hair cells comes from induced pluripotent stem cells —adult cells, taken for example from a 
patient's own skin that have been genetically reprogrammed to revert back to stem cells. This breakthrough 
process represents a major opportunity to eventually treat a patient with his or her own cells. 

PULMONOLOGY: 

Cystic fibrosis: For stem cell therapy to serve as a viable therapeutic for CF the use of heterologous or gene 
corrected autologous stem cells which are capable of infusing back into the CF airways and perform the desired 
role of Chloride secretion would be required.  MSCs were shown to improve gross lung pathology and decreased 
the cellular recruitment into the lung, furthermore MSCs shifted the pulmonary cell predominance from 
neutrophils to an evenly distributed predominance of macrophages and neutrophils, thus promoting the 
resolution of infection in CF lung. 

Lung transplantation: Among the stem cell types investigated to improve lung transplantation outcome, MSCs 
gained a prominent role , in reason of their immunomodulatory and regenerative properties  by which tolerance 
to the transplanted organ is sought, mainly relying on upregulation of T-reg immune response . Such cell therapy 
approach is particularly interesting also with regards to the refinement or reduction of the use of 
immunosuppressants. . MSCs were administered both in the pulmonary artery or nebulized endobronchial, with 
the latter showing full restoration of pulmonary-vascular-resistance and oxygenation.  

ORTHOPAEDICS: It is now possible to repair articular cartilage using the patient’s own articular 
chondrocytes retrieved during arthroscopy and expanded in vitro. 

Repair of articular cartilage: Mesenchymal Stem Cells (MSC) obtained from bone marrow, synovium, fat, or 
umbilical cord, have also been proposed as a cell source for cartilage repair]. MSC from different sources may 
have distinct potential for differentiation into the chondrogenic lineage, and adipocyte-derived MSC have been 
suggested to be most chondrogenic . MSC may be differentiated into chondrocytes using growth factors such 
as Bone Morphogenetic protein (BMP), Transforming Growth Factor-Beta (TGF-β), Insulin-like Growth Factor 
(IGF) or fibroblast growth Factor (FGF) , or using scaffolds  which may release pro-chondrogenic signals such 
as TGF-β.  
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Osteoarthritis: The most common type of stem cells used for treating arthritis is mesenchymal stem cells. 
Mesenchymal stem cells are usually collected from the patient’s fat tissue, blood, or bone marrow. 

SKIN REPLACEMENT: 

The knowledge of stem cells has made it possible for scientists to grow skin from a patient’s plucked hair. Skin 
(keratinocyte) stem cells reside in the hair follicle and can be removed when ahair is plucked35. These cells can 
be cultured to form an epidermal equivalent of the patients own skin and provides tissue for an autologous graft, 
bypassing the problem of rejection. 

DIABETES MELLITUS: 

Affects millions of people in the world and is caused by the abnormal metabolism of insulin. Normally, insulin 

is produced and secreted by the cellular structures called the islets of langerhans in the pancreas. Recently, 

insulin expressing cells from mouse stem cells have been generated. In addition, the cells self assemble to form 

structures, which closely resemble normal pancreatic islets and produce insulin. Future research will need to 

investigate how to optimize conditions for insulin production with the aim of providing a stem cell-based 

therapy to treat diabetes to replace the constant need for insulin inject. 

CANCER THERAPY BY STEM CELLS: 

 Scientists and regulators now .see a narrow path for the research: designing stem cell studies bold enough.to 
find successful treatments without overreaching and. causing cancer. New discoveries suggest that stem cells 
in leukemia, breast, and colon cancer are at the root of many tumors. In the stem cell hypothesis,' cancer .is 
driven by specific cells that contain stem cell properties. These cells then reproduce and· replenish malignant 
tumors. Currently, most treatments target cancer cells, but not necessarily cancer stem cells.While the treatment 
may shrink the tumor and keep it in check for a while, eventually, the untreated cancer stem.cells proliferate 
into cancer cells, leading to a return-of the tumor and death.lf the treatments targeted the cancer stem cells, 
however, the tumor would lose the ability to generate new cancer . 

HIV: 

One of the current focuses in HIV/AIDS research is to develop a novel therapeutic strategy that can provide a 
life-long remission of HIV/AIDS without daily drug treatment and ultimately a cure for HIV/AIDS. 
Hematopoietic stem cell based anti-HIV gene therapy aims to reconstitute patient immune system by 
transplantation of genetically engineered hematopoietic stem cells with anti-HIV genes. Hematopoietic stem 
cells can self renew, proliferate and differentiate into mature immune cells. In theory, anti-HIV gene modified 
hematopoietic stem cells can continuously provide HIV resistant immune cells throughout the life of a patient. 
Therefore, hematopoietic stem cell based anti-HIV gene therapy has a great potential to provide a life-long 
remission of HIV/AIDS by a single treatment. Here, we provide a comprehensive review of the recent progress 
of developing anti-HIV genes, genetic modification of hematopoietic stem progenitor cells, engraftment and 
reconstitution of anti-HIV gene modified immune cells, HIV inhibition in vitro and in vivo animal models, and 
and human clinical trials.lls, eventually resulting in a cure 

 

 

 

 

International Journal of Scientific Research and Review

Volume 7, Issue 12, 2018

ISSN NO: 2279-543X

Page No: 241



AUTOIMMUNE DISORDERS: 

S.No Disease or Animal 

model 

Species Source or 

mechanisms 

Effect 

1. Multiple sclerosis 

Acute EAE 

(experimental allergic 

encephalomyelitis) 

Mice, 

Guinea pig, 

Buffalo rat 

Myeloablation and 

Syngeneic bone 

marrow transplantation 

(BMT) 

Cure, decreased relapse 

rates or decreased 

severity 

2. Myasthenia gravis Rat Lethal dose 

cyclophosphamide, 

Syngeneic BMT 

Eliminates ongoing 

immune responses and 

reconstitutes the 

immune system in its 

original state 

3. Adjuvant and collagen 

induced arthritis 

Mice Irradiation, Syngeneic 

or Allogeneic BMT 

Especially, allogeneic 

BMT blocked the 

induction of CIA, 

suppressed the 

progression the 

arthritis 

4. Adjuvant arthritis Buffalo rat CY+ low dose TBI 

Autologous BMT 

Respond very well 

5. Adjuvant arthritis Rat TBI+ syngeneic or 

allogeneic BMT 

Treated effective 

International Journal of Scientific Research and Review

Volume 7, Issue 12, 2018

ISSN NO: 2279-543X

Page No: 242



 

 

6. 

 

 

Type 1 DM 

NOD mice 

(spontaneou

s model) 

Syngeneic 

hematopoitic stem cells 

transplantation (HSCT) 

or Congenic grafts 

Not cured 

 

Allogeneic HSCT Block allo- and 

autoimmunity 

7. NZB NZB mice Allogeneic BMT Reversal of 

autoimmune syndrome 

8. SLE MRL/lpr 

mice 

Bone marrow allograft 

BMT only 

BMT+bone grafts (to 

recruit donor stromal 

cells) 

Only transient effects 

(3 months) 

Prevent the recurrence 

of autoimmune disease 

9. SLE NZB/W 

F1fem 

Allogeneic HSCT  Improved survival. d 

 

TWO BIOLOGICALHURDLES TO STEM CELL THERAPY: 

 Any stem cell therapy will have to clear two hurdles. 

Immune Rejection: The first hurdle to clear is immune rejection. Patients receiving a graft of embryonic stem 

cells or adult stem cells sourced from unrelated donors would probably be treated in much the same way that 

organ transplant recipients are treated. The grafts would be matched to the individual patient and anti-rejection 

drugs would be used. If patients provide their own stem cells, then of course immune rejection is no problem. 

Leukaemia patients routinely rely on their own stem cells. After cancer therapy, which destroys stem cells, 

patients rely on the stored stem cells to rapidly restore their red and white blood cell counts to normal. 

Long Term Sequelae and Neoplastic Potential: Any stem cell, adult or embryonic, has the ammunition it 

needs to give rise to cancer: an explosive ability to grow and to change into other types of cells. In fact, 
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researchers now realize that at the heart of many common cancers lies an adult stem cell gone awry. Any stem 

cell lines injected into patients have to be carefully tested first in animals to see if they give rise to cancer. 

Lymphoproliferative disease may occur during the first year, leukemia and myelodysplastic syndromes develop 

after several years, whereas solid tumors occur even later as long term sequelae. Though cautious, researchers 

believe they will be able to tame the tendency of stem cells to form cancers. 

THE INDIAN STEM CELL BOOM: 

 Recently the Ruby Hall Medical Research Centre, a subsidiary of Pune-based Ruby Hall Clinic and Denmark 

based biotechnology company Mesibo are soon to form a 49:51 joint venture with an aim to establish India’s 

largest cord blood storage facility at Pune. These measures got a pat on the back when NIH announced its 

interest in funding research in stem cells in the country. Recently contribution from the Indian researchers in 

the field of stem cell therapy have been recognized worldwide.  

CONCLUSION: 

 We conclude that ongoing research on stem cell therapies gives hope to patients who would normally not 

receive treatment to cure their disease. Stem cells have a bright future for the therapeutic world by promising 

stem cell therapy. We hope to see new horizon of therapeutics in the form of bone marrow transplant, skin 

replacement, organ development, and replacement of lost tissue such as hairs, tooth, retina and cochlear cells. 
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