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ABSTRACT: 

Muscular dystrophy refers to a collection of 

inherited conditions that cause a progressive 

wasting away of muscular tissue as well as a 

weakening of the affected muscles. There are 

around 30 different forms of muscular dystrophies, 

however the two most common are as follows: 

Muscular dystrophy of the Duchenne type, 

Muscular dystrophy of the Becker type. 

A faulty gene located on the 23rd OX chromosome 

is responsible for the development of muscular 

dystrophy. This flaw causes the body to be unable 

to manufacture dystrophin, a muscle protein that is 

necessary for normal muscle function. The 

incidence of the condition is significantly lower in 

females than to males. The muscle is unable to 

withstand the stress because it does not have 

enough dystrophin protein. This leads to calcium 

influx and oxidative stress, both of which cause 

damage to the muscle cells and tissues. 

Patients suffering from muscular dystrophy can 

have their quality of life improved through the 

implantation of stem cells. Stem cells are cells that 

have not undergone differentiation, which means 

they do not perform a particular role in the body. 

They are capable of transforming into a wide 

variety of cell types. In most cases, hematopoietic 

stem cells are employed for the procedure. These 

cells are obtained from the patient's bone marrow, 

then centrifuged, engineered, and transformed by 

the application of transcription factors. After that, it 

is implanted into the patient's body once more. 

When the regeneration of muscle cells and tissues 

following transplantation is observed. In the 

following discussion, the specific mechanism of 

stem cells in individuals with muscular dystrophy 

is explored in detail. 
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I. INTRODUCTION: 
The term "muscular dystrophy" refers to a 

collection of inherited conditions that are 

characterised by a progressive loss of muscle mass 

and strength. (1) There are over 30 different types 

of muscular dystrophies, with Duchenne Muscular 

Dystrophy (DMD), Becker's Muscular Dystrophy 

(BMD), Facioscapulohumeral Muscular Dystrophy 

(FSHD), Limb-Girdle Muscular Dystrophy 

(LGMD), and Myotonic Muscular Dystrophy 

(MMD) being the ones that affect people the most 

frequently (MMD). (1) There are three possible 

inheritance patterns for muscular dystrophies: X-

linked recessive, autosomal recessive, and 

autosomal dominant; nonetheless, boys are more 

likely to be affected than girls. (2) Males are more 

likely to be affected than females, and the disease 

may not manifest itself until the first, second, or 

fourth decades of life. (2) Of the different types of 

muscular dystrophies, Duchenne muscular 

dystrophy is the most frequent and severe form. (3) 

Mutations in the DMD gene are the root of the 

problem. There is a protein called dystrophin that 

assists in the regeneration of muscle fibers, 

activates the satellite cell pool, anchors and bridges 

the inflow of ions, and does all of these things 

simultaneously. It can be found in the deepest part 

of the sarcolemma as well as the most superficial 

part of the muscle fibers. Duchenne Muscular 

Dystrophy is caused by the absence of dystrophin 

in its whole. Becker's Muscular Dystrophy is 

caused by dystrophin that functions improperly or 

just partially. (4) When a person has an injury or 

trauma, the absence of dystrophin or a partial loss 

of dystrophin causes the satellite cells in the injured 

area to remain dormant and prevents them from 

becoming activated and contributing to the 

regeneration of muscle fibers. In addition to this, it 

causes aberrant abnormalities, such as asymmetric 

division along with defective myogenic 

differentiation. (4) Dystrophin and other proteins of 

a similar nature are members of a complex that is 

called the dystrophin glycoprotein complex (DGC). 
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Its activities include the mechanical stabilization of 

the cytoskeleton as well as signaling tasks that are 

involved in mediating interactions between the 

cytoskeleton, the membrane, and the extracellular 

matrix. (5) A particular form of muscular dystrophy 

is caused when the Dystrophin Glycoprotein 

Complex undergoes any kind of protein deficiency 

or structural change (3). There is currently no cure 

for muscular dystrophy; however, there are several 

treatments that can help alleviate the symptoms of 

the disease, such as glucocorticoids, stem cell 

therapies, gene-based therapies, and so on. In this 

study, we discuss the significance of stem cell 

therapy in the treatment of muscular dystrophy as 

well as the action mechanism of stem cells in the 

treatment of muscular dystrophy. 

 

Stem Cells: 

There is a substantial likelihood that stem 

cells will one day be put to use for therapeutic 

reasons in the context of tissue regeneration and 

repair. This prospect is largely based on the fact 

that stem cells are able to contribute to the 

development of every type of tissue in the human 

body. In order for cells to be referred to as "stem 

cells," they need to display not just one but two 

essential characteristics. This is a need. To get 

things rolling, stem cells have to be able to 

replicate themselves endlessly and produce 

progeny that are genetically indistinguishable from 

the parent cell from which they originated. This 

property is also shared by cancer cells, which 

divide in an uncontrolled manner, in contrast to the 

highly regulated manner in which stem cells 

replicate themselves. Cancer cells proliferate in an 

unregulated manner. Because of this, it is vital to 

be aware of additional criteria for stem cells: they 

must be capable of giving birth to a specialized cell 

type that eventually becomes a component of the 

healthy animal. In other words, stem cells must be 

able to pass on their genetic information. (6) The 

umbrella term known as "stem cell" refers to a vast 

array of distinct types of cells. These cells can 

come from embryonic or adult sources. Adult stem 

cells, which are more appropriately referred to as 

"somatic" stem cells meaning "from the body," can 

be found in the foetus, the placenta, the blood from 

the umbilical cord, and babies. Other sources of 

adult stem cells include umbilical cord blood. The 

terms "embryonic" and "adult" are frequently used 

to differentiate stem cells based on the 

developmental stage of the animal from which they 

originate. However, these terms are becoming 

insufficient as new research has discovered how to 

turn fully differentiated adult cells back into 

embryonic stem cells. (7) As a consequence of this 

study's findings, stem cells are going to be divided 

into two categories: pluripotent stem cells and 

multipotent stem cells. These categories will be 

determined by the biological characteristics that set 

pluripotent and multipotent stem cells apart from 

one another. We investigate their beginnings, 

characteristics, ways in which they are distinct 

from one another, and therapeutic applications. 

 

PLURIPOTENT STEM CELLS: 

The phrase "embryonic stem cells" comes 

from the fact that the vast majority of pluripotent 

stem cells used in research today come from 

embryos, which is also where the name "embryonic 

stem cells" originates. Only 10–15 percent of the 

cells in the "inner cell mass" of pre-implantation 

embryos that have only been grown for a few days. 

These embryos have only been in culture for a few 

days. These pluripotent cells can be isolated and 

then cultured above a layer of "feeder" cells, which 

provide unidentified stimuli for multiple rounds of 

growth while yet allowing the isolated cells to 

preserve their pluripotent status. 

Recently, two independent groups of 

scientists used molecular manipulation to put adult 

cells back into the pluripotent state, which yielded 

"induced pluripotent stem cells." These so-called 

"induced pluripotent stem cells" (iPS) exhibit some 

of the same properties as embryonic stem cells, 

including proliferation, shape, and gene expression, 

among other similarities. Also, these "induced 

pluripotent stem cells" have the ability to develop 

into a variety of other cell types. (8-12) Both teams 

of researchers used retroviruses to insert genes for 

transcription factors into adult cells. These genes 

were transported into the cells by retroviruses. 

These genes are transcribed and translated into 

proteins that influence the expression of other 

genes. The end goal of this process is to 

reprogramme the adult nucleus so that it is in the 

same state as an embryo. Both of them were 

accountable for the development of the embryonic 

transcription factors known as Sox2 and Oct4 and 

their introduction. Although the other group was 

responsible for the discovery of Lin28 and Nanog, 

the first group was also responsible for Klf(9) and 

c-Myc (7). (10) As many of the early animal 

studies resulted in the creation of odd solid tumours 

known as teratomas, pluripotent stem cells have not 

yet been used therapeutically in people. This is due 

to the fact that many of the early animal trials. 

Because of this unintended consequence, 
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researchers were unable to employ pluripotent stem 

cells in human patients. Teratomas are a form of 

tumour that are made up of several different cell 

types that start in the early germ layers of the 

embryo. After that, successful animal research 

made use of pluripotent cells that had been 

modified to have a more mature phenotype, which 

reduces the cells' ability to multiply. This allowed 

the researchers to study the effects of ageing on 

animal behaviour. Cells that were derived from 

pluripotent cells were the ones that proved to be 

most successful when applied to the treatment of 

animals. It has been demonstrated that the 

generation of insulin-producing cells that are 

sensitive to levels of glucose can be a successful 

treatment for diabetic animals, for example. In 

addition, the generation of new myelinated neurons 

or retinal epithelial cells has been shown to be 

effective in curing animals suffering from acute 

damage to the spinal cord or visual impairment, 

respectively. These treatments have been tested on 

both humans and animals. Regarding the possibility 

of continuing with human trial testing, commercial 

companies and the FDA are currently in the process 

of conducting negotiations with one another. 

Further study has been carried out on animals in 

order to explore the efficacy of prospective 

treatments for a wide range of illnesses, such as 

heart failure, muscular dystrophy, and Parkinson's 

disease. (13,14,15,16) 

It is the hope of those working in the field 

of medicine that stem cell therapy will one day be 

able to improve cardiac function. This 

improvement will be accomplished by 

incorporating newly produced cardiac myocytes 

that are beating into the myocardium, which will 

allow the myocardium to produce more force. 

Patches of cardiac myocytes produced from human 

embryonic stem cells have the ability to develop 

healthy human myocardium (14), and some of 

these patches have even showed evidence of 

electrical integration when they are transplanted 

into animals. (15),(16) Damaged mice hearts 

revealed a modest increase in their capacity to 

conduct cardiac function after being injected with 

cardiac myocytes produced from human embryonic 

stem cells. This was observed after the injection. 

(18) It is likely that only a fraction of the 

improvement in function is directly attributed to the 

incorporation of new heart cells that are beating, 

despite the fact that the specific processes that are 

behind the improvement in function are not totally 

known. Because of effects known as paracrine, 

which are advantageous to other cardiac cells that 

are already present, this is more likely to occur. 

 

MULTIPOTENT STEM CELLS: 

In the future, it is feasible that multipotent 

stem cells will find use in many therapeutic 

contexts. These cells have the potential to 

differentiate into any of the progenitor cells that 

comprise a particular germ layer. Alternatively, 

they can be instructed to differentiate into just one 

or two types of specialised cells that comprise a 

particular tissue. Both of these possibilities are 

possible. The embryo has the multipotent stem cells 

that have the greatest ability to differentiate into 

various cell types at the stage of development 

known as gastrulation. This is the stage at which 

the embryo is known (day 14-15 in humans, day 

6.5-7 in mice). Because these cells are responsible 

for the birth of all of the cells that make up their 

particular germ layer, they maintain the capability 

to differentiate in a manner that is both flexible and 

adaptable. These cells are no longer capable of 

differentiating into cells that belong to any of the 

three germ layers; hence, it is impossible to classify 

them as pluripotent stem cells. On the spectrum of 

cell plasticity, unipotent cells are at the very 

beginning of the process. These cells have the 

potential to differentiate into a single type of 

specialised cell, such as muscle stem cells or skin 

stem cells, for example. In most cases, you may 

look for these stem cells within the tissues of their 

respective organs. Even though their capacity for 

differentiation is limited, the few progenitor cells 

that they contain serve a key role in the 

preservation of tissue integrity by replenishing cells 

that have been destroyed or that have aged. This 

ensures that the tissue can continue to function 

normally. There are a large number of other 

subtypes of multipotent stem cells, and each of 

these subtypes is capable of a different amount of 

differentiation than the others. For example, 

multipotent cells that are produced from the 

mesoderm of the gastrula go through a 

differentiation stage that limits them to just 

becoming muscle and connective tissue. This 

happens because this step reduces their ability to 

become other types of cells. However, further 

differentiation causes an increase in the cells' level 

of specialisation towards only connective tissue, 

and so on and so forth, until the cells are able to 

give rise to only cartilage or only bone. 

Because of the therapeutic applications 

that began using stem cells in the 1960s, 

multipotent stem cells, such as those that can be 
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found in bone marrow, have become the most well-

known type of stem cell. 

(17) (their potential will be examined in 

greater detail in a later section) (their potential will 

be discussed in greater detail in a later section). 

According to the findings of a recent study, the 

placenta and the blood from the umbilical cord both 

have the potential to become new sources of 

multipotent stem cells that have improved 

flexibility. (18) In addition, stem cells that have the 

potential to develop into cardiac myocytes have 

been discovered in the heart, an organ that was 

thought to be devoid of stem cells until quite 

recently. These stem cells were found in areas of 

the heart that were previously thought to be devoid 

of stem cells. (19) Along these same lines, neuro-

progenitor cells have been uncovered within the 

human brain. (20) \s. These cells are essential in the 

process of developing bone as well as cartilage. It 

is anticipated that in the not too distant future, 

multipotent stem cells will be of service in the 

treatment of a wide variety of additional clinical 

conditions and illnesses. This is due to the fact that 

these cells have the potential to differentiate into 

any type of cell in the body. In order to treat a 

variety of heart diseases, clinical trials are currently 

being conducted using stem cells that have been 

isolated from bone marrow. (21) The upcoming 

review of this series will devote greater attention to 

this subject matter and provide more in-depth 

coverage of it. 

The potential for stem cells to reverse the 

effects of cell death is an exciting development. 

These cells have the potential to develop into 

muscle stem cells, which subsequently aids in the 

process of tissue regeneration. In the treatment of 

muscular dystrophy, mononuclear stem cells 

generated from bone marrow, also known as 

hematopoietic stem cells, are the type of stem cells 

that are currently being used for transplantation. 

Because it is not only risk-free but also practical, 

efficient, and has little negative effects. (22) 

Another study found that patients with Duchenne 

muscular dystrophy have a population of cells in 

their blood and muscles that are CD133+ and have 

myogenic potential. Isolated from DMD patients, 

these CD133+ cells were then genetically modified 

and transduced with lentiviral vectors. When the 

cells are transplanted into mdx mice, they improve 

the dystrophic phenotype and result in dystrophic 

expression, as well as a recovery of muscle 

function. The cells are delivered by intramuscular 

and intraarterial delivery. (23) 

 

Physiology of Muscle Repair: 

Satellite cells are another name for muscle 

stem cells. These cells can be found in the satellite 

cell pool, which is located just below the basal 

lamina of adult skeletal muscle fibres. (24) They 

are in a dormant stage, but they become active very 

quickly in response to any kind of tissue injury or 

traumatic event in order to repair the damaged 

tissue. (25) Satellite cells play a significant role in 

the process of myogenesis. Many genetic markers 

and muscle regulatory factors, including as Pax7, 

MyoD, MyoF, and Myogenin, are used to identify 

and classify muscle stem cells. These genetic 

markers and factors are also used to describe the 

muscle stem cells. Muscle Regulatory factors are 

another name for Pax-3 and Pax-7, which are both 

types of the Paired Hemobox factor. After an injury 

or trauma to the muscle tissue, the process of 

creating new muscle cells, also known as 

myogenesis, is helped along by muscle regulatory 

factors. This process is known as regeneration. (26) 

The regulation of myogenesis, often known as the 

process by which dormant cells become active, is 

not completely understood. The activation and 

maintenance of quiescent stem cells are both 

significantly impacted by the Notch signalling 

pathway. (27) The expression of Pax 7 happens 

during the stimulation of quiescent stem cells, and 

this expression then transcribes to Myf5 and 

MyoD. These transcripts participate in a dynamic 

way in the myogenic commitment process. (28) 

Following the activation of muscle stem cells, the 

myogenic regulatory proteins Myf5 and MyoD 

were responsible for regulating the commitment of 

daughter myoblasts, which in turn produces the 

muscle lineage. (29) The daughter myoblasts begin 

to differentiate into myotubes and myofibers after 

they induce the expression of myogenesis and MRF 

4. This process causes the daughter myoblasts to 

proliferate. (30) 

 

Stem Cell Therapies in Muscular Dystrophy: 
Mesenchymal stem cells and 

hematopoietic stem cells have been shown to be 

more effective in treating muscular dystrophy than 

other types of stem cells due to their high growth 

potential, paracrine effects, immunomodulatory 

properties, and very few reported cases of adverse 

reactions. Other types of stem cells are also used to 

treat muscular dystrophy. (31) Mesenchymal stem 

cells are capable of undergoing self-renewal and 

differentiating into muscle lineages. They can also 

differentiate into several other types of cells, 

including endothelial cells, hepatocytes, and beta 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 8, Issue 3 May-June 2023, pp: 1313-1319  www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-080313131319  | Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 1317 

cells in the pancreas. (32) Hematopoietic stem 

cells, which are derived from bone marrow, are the 

cells that are now being employed to cure muscular 

dystrophy. Mesenchymal stem cells have the ability 

to develop into myoblasts and have a wide range of 

potential fates. (33) Mesenchymal stem cells have 

an extra effect on tissue regeneration and 

differentiation in the form of an anti-inflammatory 

and paracrine signalling function. (34) 

Mesenchymal stem cells have properties that 

prevent apoptosis and create chemicals that are part 

of the extracellular matrix. After receiving therapy, 

patients have a lower risk of getting malignancies, 

and there is no risk of developing a disease called 

Graft versus Host rejection. This is one of the side 

effects that has been described (GvHD). (35) The 

mesenchymal cells possess myogenic capacity, 

which means they contribute to the regeneration of 

muscle tissue and have the ability to colonise the 

niche in which stem cells are found. These cells 

also express CD 133+ cells. (36) Mesenchymal 

stem cells are responsible for the secretion of a 

variety of growth factors, including the vascular 

endothelial growth factor (VEGF), the transforming 

growth factor- (TGF-), the transforming growth 

factor-ß (TGF-ß), the epithelial growth factor 

(EGF), the basic fibroblast growth factor (BFGF), 

and the hepatocyte growth factor (HGF). These 

growth factors are responsible for cell proliferation 

and angiogenesis. (35) Mesenchymal cells have 

greater anti-inflammatory and immunomodulatory 

characteristics than other cell types. (36) Pro 

angiogenic potential, which means that they are 

active in the development of blood vessels and in 

the process of angiogenesis. Moreover, via direct 

differentiation, they produce or support the niche 

cells that are necessary for vascular regeneration. 

(36) I need to add extra points in this section, 

therefore let me just skip this section and 

concentrate on adding more points. 

In an open study, Sharma et al. and 

colleagues (37) selected 150 patients and 

performed an open study to determine the safety 

and efficacy of autologous bone marrow 

mononuclear transplantation either by intrathecally 

or intramuscularly with patients suffering from 

Becker's Muscular Dystrophy (BMD), Duchenne 

Muscular Dystrophy (DMD), and Lower Grid 

Muscular Dystrophy. The patients were given the 

transplantation either intrathecally or intramus 

(LGMD). (38) When a year had passed since their 

transplant, 87% of the patients out of the total of 

150 had exhibited functional improvement. 

 

I. 53% of cases shown an increase in trunk 

muscle strength. 

II. 48% of the patients shown an increase in 

upper limb strength. 

III. 59% of patients showed an increase in 

lower limb strength 

IV. 10% of patients showed an improvement 

in gait. 

 

II. CONCLUSION: 
Stem cells could offer hope in the 

treatment of Muscular Dystrophy. In its initial 

stages it has been difficult to identify whether the 

injected cells have been differentiated into 

myoblasts. Now in the latest research significant 

progress has been made. The injected stem cells 

could able to survive in the environmental and has 

the capacity and ability to regenerate on its own. 

Patients with Muscular Dystrophy after getting 

treated with Stem Cells shown to be improved in 

mobility, delaying symptoms and delays the cell 

death. Although there is no cure for Muscular 

Dystrophy several gene based treatments are 

promising and effective in the clinical trials. 

 

REFERENCE: 
[1]. Pandey SN, Kesari A, Yokota T, Pandey 

GS. Muscular Dystrophy: Disease 

Mechanisms and Therapies. Biomed Res 

Int. 2015;2015:456348. doi: 

10.1155/2015/456348. Epub 2015 Aug 24. 

PMID: 26380274; PMCID: PMC4561299. 

[2]. Chamberlain JS. Duchenne muscular 

dystrophy. Curr Opin Genet Dev. 1991 

Jun;1(1):11-4. doi: 10.1016/0959-

437x(91)80033-i. PMID: 1840869. 

[3]. Biressi S, Filareto A, Rando TA. Stem cell 

therapy for muscular dystrophies. J Clin 

Invest. 2020 Nov 2;130(11):5652-5664. 

doi: 10.1172/JCI142031. PMID: 

32946430; PMCID: PMC7598050. 

[4]. Sun C, Shen L, Zhang Z, Xie X. 

Therapeutic Strategies for Duchenne 

Muscular Dystrophy: An Update. Genes 

(Basel). 2020 Jul 23;11(8):837. doi: 

10.3390/genes11080837. PMID: 

32717791; PMCID: PMC7463903. 

[5]. Lapidos KA, Kakkar R, McNally EM. The 

dystrophin glycoprotein complex: 

signaling strength and integrity for the 

sarcolemma. Circ Res. 2004 Apr 

30;94(8):1023-31. doi: 

10.1161/01.RES.0000126574.61061.25. 

PMID: 15117830. 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 8, Issue 3 May-June 2023, pp: 1313-1319  www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-080313131319  | Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 1318 

[6]. National Institutes of Health resource for 

stem cell research. [July 21, 2008];The 

stem cell information Stem Cell 

[7]. Bajada S, Mazakova I, Richardson JB, 

Ashammakhi N. Updates on stem cells 

and their application in regenerative 

medicine. J Tissue Eng Regen 

Med. 2008;2(4):169–83. 

[8]. Takahashi K, Yamanaka S. Induction of 

pluripotent stem cells from mouse 

embryonic and adult fibroblast cultures by 

defined factors. Cell. 2006;126(4):663–76. 

[9]. Takahashi K, Tanabe K, Ohnuki M, et al. 

Induction of pluripotent stem cells from 

adult human fibroblasts by defined 

factors. Cell. 2007;131(5):861–72. 

[10]. Yu J, Vodyanik M, Smuga-Otto K, et al. 

Induced pluripotent stem cell lines derived 

from human somatic 

cells. Science. 2007;318(5858):1917–20. 

[11]. Park IH, Zhao R, West JA, et al. 

Reprogramming of human somatic cells to 

pluripotency with defined 

factors. Nature. 2008;451(7175):141–6.  

[12]. Aoi T, Yae K, Nakagawa M, et al. 

Generation of pluripotent stem cells from 

adult mouse liver and stomach 

cells. Science. 2008 Epub ahead of print. 

[13]. Laflamme MA, Chen KY, Naumova AV, 

et al. Cardiomyocytes derived from human 

embryonic stem cells in pro-survival 

factors enhance function of infracted rat 

hearts. Nat Biotechnol. 2007;25(9):1015–

24. 

[14]. Wernig M, Zhao JP, Pruszak J, et al. 

Neurons derived from reprogrammed 

fibroblasts functionally integrate into the 

fetal brain and improve symptoms of rats 

with parkinson’s disease. Proc Natl Acad 

Sci USA. 2008;105(15):5856–61. 

[15]. Darabi R, Gehlbach K, Bachoo RM, et al. 

Functional skeletal muscle regeneration 

from differentiating embryonic stem cells. 

[16]. Laflamme MA, Gold J, Xu C, et al. 

Formation of human myocardium in the 

rat heart from human embryonic stem 

scells. Am J Pathol. 2005;167(3):663–71. 

[17]. Good RA, Meuwissen HJ, Hong R, Gatti 

RA. Bone marrow transplantation: 

correction of immune deficit in 

lymphopenic immunologic deficiency and 

correction of an immunologically induced 

pancytopenia. Trans Assoc AM 

Physicians. 1969;82:278–85.  

[18]. Kogler F, Sensken S, Airey JA, et al. A 

new human somatic stem cell from 

placental cord blood with intrinsic 

pluripotent differentiation potential. J Exp 

Med. 2004;200(2):123–35. 

[19]. 21. Beltrami AP, Barlucchi L, Torella D, 

et al. Adult cardiac stem cells are 

multipotent and support myocardial 

regeneration. Cell. 2003;114(6):763–76. 

[20]. Greenfield JP, Ayuso-Sacido A, Schwartz 

TH, et al. Use of human neural tissue for 

the generation of 

progenitors. Neurosurgery. 2008;62(1):21

–37. 

[21]. Alhadlaq A, Mao JJ. Tissue-engineered 

osteochondral constructs in the shape of 

an articular condyle. J Bone Joint Surg 

Am. 2005;87(5):936–44. 

[22]. Sharma A, Gokulchandran N, Chopra G, 

Kulkarni P, Lohia M, Badhe P, Jacob VC. 

Administration of autologous bone 

marrow-derived mononuclear cells in 

children with incurable neurological 

disorders and injury is safe and improves 

their quality of life. Cell Transplant. 

2012;21 Suppl 1:S79-90. doi: 

10.3727/096368912X633798. PMID: 

22507683. 

[23]. Biressi S, Filareto A, Rando TA. Stem cell 

therapy for muscular dystrophies. J Clin 

Invest. 2020 Nov 2;130(11):5652-5664. 

doi: 10.1172/JCI142031. PMID: 

32946430; PMCID: PMC7598050. 

[24]. Usas A, Huard J. Muscle-derived stem 

cells for tissue engineering and 

regenerative therapy. Biomaterials. 2007 

Dec;28(36):5401-6. doi: 

10.1016/j.biomaterials.2007.09.008. 

PMID: 17915311; PMCID: PMC2095130. 

[25]. Yamakawa H, Kusumoto D, Hashimoto 

H, Yuasa S. Stem Cell Aging in Skeletal 

Muscle Regeneration and Disease. Int J 

Mol Sci. 2020 Mar 6;21(5):1830. doi: 

10.3390/ijms21051830. PMID: 32155842; 

PMCID: PMC7084237. 

[26]. Relaix, F., Bencze, M., Borok, M. J., Der 

Vartanian, A., Gattazzo, F., 

Mademtzoglou, D., Prola, A., C., P., & 

Rotini, A. (2021). Perspectives on skeletal 

muscle stem cells. Nature 

Communications, 12(1), 1-11. 

https://doi.org/10.1038/s41467-020-

20760-6 

https://doi.org/10.1038/s41467-020-20760-6
https://doi.org/10.1038/s41467-020-20760-6


 

 

International Journal of Pharmaceutical Research and Applications 

Volume 8, Issue 3 May-June 2023, pp: 1313-1319  www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-080313131319  | Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 1319 

[27]. Yang W, Hu P. Skeletal muscle 

regeneration is modulated by 

inflammation. J Orthop Translat. 2018 Feb 

7;13:25-32. doi: 

10.1016/j.jot.2018.01.002. PMID: 

29662788; PMCID: PMC5892385. 

[28]. Anderson JE. Key concepts in muscle 

regeneration: muscle "cellular ecology" 

integrates a gestalt of cellular cross-talk, 

motility, and activity to remodel structure 

and restore function. Eur J Appl Physiol. 

2022 Feb;122(2):273-300. doi: 

10.1007/s00421-021-04865-4. Epub 2021 

Dec 20. PMID: 34928395; PMCID: 

PMC8685813. 

[29]. Laumonier, T., & Menetrey, J. (2016). 

Muscle injuries and strategies for 

improving their repair. Journal of 

Experimental Orthopaedics, 3(1), 1-9. 

https://doi.org/10.1186/s40634-016-0051-

7 

[30]. Elhussieny A, Nogami K, Sakai-Takemura 

F, Maruyama Y, Omar Abdelbakey A, 

Abou El-kheir W, et al. Mesenchymal 

Stem Cells for Regenerative Medicine for 

Duchenne Muscular Dystrophy [Internet]. 

Muscular Dystrophy - Research Updates 

and Therapeutic Strategies. IntechOpen; 

2020. Available from: 

http://dx.doi.org/10.5772/intechopen.9282

4 

[31]. Sienkiewicz D, Kulak W, Okurowska-

Zawada B, Paszko-Patej G, Kawnik K. 

Duchenne muscular dystrophy: current 

cell therapies. Ther Adv Neurol Disord. 

2015 Jul;8(4):166-77. doi: 

10.1177/1756285615586123. PMID: 

26136844; PMCID: PMC4480531. 

[32]. Ding DC, Shyu WC, Lin SZ. 

Mesenchymal stem cells. Cell Transplant. 

2011;20(1):5-14. doi: 

10.3727/096368910X. PMID: 21396235. 

[33]. Ausems CRM, van Engelen BGM, van 

Bokhoven H, Wansink DG. Systemic cell 

therapy for muscular dystrophies : The 

ultimate transplantable muscle progenitor 

cell and current challenges for clinical 

efficacy. Stem Cell Rev Rep. 2021 

Jun;17(3):878-899. doi: 10.1007/s12015-

020-10100-y. Epub 2020 Dec 21. PMID: 

33349909; PMCID: PMC8166694. 

[34]. Castro-Manrreza ME, Montesinos JJ. 

Immunoregulation by mesenchymal stem 

cells: biological aspects and clinical 

applications. J Immunol Res. 

2015;2015:394917. doi: 

10.1155/2015/394917. Epub 2015 Apr 19. 

PMID: 25961059; PMCID: PMC4417567. 

[35]. Klimczak, A., Kozlowska, U. & Kurpisz, 

M. Muscle Stem/Progenitor Cells and 

Mesenchymal Stem Cells of Bone Marrow 

Origin for Skeletal Muscle Regeneration 

in Muscular Dystrophies. Arch. Immunol. 

Ther. Exp. 66, 341–354 (2018). 

https://doi.org/10.1007/s00005-018-0509-

7 

[36]. Augello A, De Bari C. The regulation of 

differentiation in mesenchymal stem cells. 

Hum Gene Ther. 2010 Oct;21(10):1226-

38. doi: 10.1089/hum.2010.173. PMID: 

20804388. 

[37]. Sharma A, Sane H, Paranjape A, 

Bhagawanani K, Gokulchandran N, Badhe 

P. Autologous bone marrow mononuclear 

cell transplantation in Duchenne muscular 

dystrophy - a case report. Am J Case Rep. 

2014 Mar 28;15:128-34. doi: 

10.12659/AJCR.890078. PMID: 

24711886; PMCID: PMC3976215. 

[38]. https://clinicaltrials.gov/ct2/show/record/N

CT02241434 

 

 

https://doi.org/10.1186/s40634-016-0051-7
https://doi.org/10.1186/s40634-016-0051-7
http://dx.doi.org/10.5772/intechopen.92824
http://dx.doi.org/10.5772/intechopen.92824
https://doi.org/10.1007/s00005-018-0509-7
https://doi.org/10.1007/s00005-018-0509-7

