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1. Introduction

Abstract

Mesenchymal stem cells (MSCs) have been demonstrated as an attractive cell
source for tissue engineering applications because of their ability to be easily
isolated and expanded from adult bone marrow, umbilical cord, adipose tissue
etc and their versatility for differentiation into multiple cells and tissues. The
research is conducted by studying 80 different articles and journals focusing
on the efficacy and success of MSC therapy for different disease like Verte-
bral Disc Regeneration, Craniofacial defects repairmen, Skeletal Muscle Re-
pairmen, Cardiovascular disease, Osteoarthritis, Renal Disease, Type 1 Dia-
betes, Multiple sclerosis, liver disease, Tendon & Ligament repair, Bone frac-
ture and also for treating COVID patients. Reports of multiple clinical trials
conducted upon more than 1,000 patients for treating diversified diseases has
been included in this review to study the effectiveness and limitations of MSC
Therapy. The results and discussion concluded with appreciative therapeutic
outcome of most of the clinical trials conducted and there were few cases in
which MSC Therapy failed to generate therapeutic response. Three major lim-
itations and governing factor were found out to the reasons behind the success
and failure of the therapy. This special issue has provided unprecedented in-
sights into the roles of human MSC in treating numerous diseases and high-
lighted the remaining challenges and possible strategies to enhance their ther-
apeutic potential. Despite significant advancements in MSC therapy under-
standing of the nature, function, mechanism, mode of isolation, and route of
administration as well as experimental handling of MSCs is important to im-
prove the therapeutic efficacy of MSCs. The therapeutic potential of MSCs
will attract further research investments in this area to resolve the challenges
and improve the effectiveness of medical treatment. Thus, it can be concluded
that MSC Therapy can open a vast field of exploring regenerative drug.
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Mesenchymal Stem cell (MSC) is also called mesenchymal stromal cells, are a subset of non-hematopoietic adult
stem cells that originate from the mesoderm. These cells were first characterized by Friedenstein and his colleagues
in 1974 [1]. MSCs are ubiquitously found throughout the human body and can be derived from multiple organ sys-
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tems including, but not limited to, bone marrow, heart, peripheral blood, adipose tissue, placenta, and umbilical
cord [2]. Mesenchymal Stem cell therapy is an application of Tissue Engineering. First named in the 1980s by Ar-
nold Caplan, mesenchymal stem cells (MSCs) and MSC based therapy have emerged as an extremely promising
therapy in adult medicine and combined with a wealth of additional preclinical data [3]. Initially the attention to-
wards MSC therapy began from the possibility of tissue regeneration and organ engineering based on the ability of
MSC:s to differentiate into bone and cartilage. Although some osteogenic and chondrogenic disorders do appear to
benefit directly from tissue regeneration, newer preclinical and clinical trials suggests that MSCs instead represent
“medicinal signaling cells” that secrete immunomodulatory, antiapoptotic, anti-inflammatory, proangiogenic,
promitogenic, and antibacterial factors [4]. With the advancement of preclinical studies, MSCs have been shown to
be effective in the treatment of many diseases, including both immune diseases and non-immune diseases. Stem
cells can be used to treat a variety of diseases and several recent studies in animal models demonstrate the potential
of bioengineering strategies targeting adult and embryonic stem cells [5]. In order to obtain the desired cells for
transplantation, stem cell bioengineering approaches entail the manipulation of environmental signals influencing
cell survival, proliferation, self-renewal and differentiation. In that regard, multivariate analytical approaches have
been used with success to optimize different stem cell culture processes [6]. The genetic or molecular enhancement
of stem cells is also a powerful means to control their proliferation or differentiation or to correct genetic defects in
recipients. Tissue engineering is an interdisciplinary field which applies the principles of engineering and the life
sciences in the development of biological substitutes that restore, maintain, or improve tissue function [7]. Every
year millions of patients suffer the loss or failure of an organ or tissue as a result of accidents or disease. Over 8
million surgical procedures are performed to treat these patients in the U.S each year and the overall cost of these
problems to the U.S economy is estimated to exceed $400 billion per year [8]. Tissue or organ transplantation is a
generally accepted therapy to treat these patients. An exciting strategy to treat patients who need a new organ or
tissue is the engineering of man-made organs or tissues. Tissues or organs can be potentially engineered with a
number of strategies [9].

2. Materials and Methods

A systematic review was done to examine the effects of MSCs therapy on multiple patients for different indica-
tions. The following databases were searched in: PubMed, MEDLINE, Google Scholar. All the searches were lim-
ited to literatures published between 1997 and 2020. Information about study objectives, participants and type of
study were searched systematically with extensive keywords to optimize the sensitivity of data collection from
1974- 2020.

Inclusion and Exclusion Criteria:

Studies were included if they met all of the following criteria:

(1) Use of MSCs in at least one experimental group (animal models or clinical trials)

(2) Available in English language and

(3) Original data or a review

The flow of information from identification to inclusion of studies is summarized in following ways:

3. Results and Discussion

Donor variation in MSCs is unavoidable but variability can perhaps be minimised by determining standard selec-
tion criteria and MSC expansion methodology. Such measures are extremely necessary in order to ensure repro-
ducibility of MSC preparations and a high level of therapeutic efficacy [10]. Wound healing is the physiologic re-
sponse to a disruption in normal skin architecture and requires both spatial and temporal coordination of multiple
cell types and cytokines. This complex process is prone to dysregulation secondary to local and systemic factors
such as ischemia and diabetes that frequently lead to chronic wounds. Chronic wounds such as diabetic foot ulcers
are epidemic with great cost to the healthcare system as they heal poorly and recur frequently, creating an urgent
need for new and advanced therapies. Stem cell therapy is emerging as a potential treatment for chronic wounds
[11]. A basic study using an influenza model and a clinical study on influenza A and COVID-19 showed promising
results. With regard to the basic study on an influenza model it was reported the therapeutic efficacy of human um-
bilical cord tissue-derived MSCs using a model of acute lung injury (ALI) induced by the influenza A (HSN1) virus
(12). Despite the success of this therapeutics, most of the MSC therapies either have had no success in late-stage
clinical trials or did not progress beyond preclinical studies. While MSCs demonstrate an exceptional safety profile,
they have generally been therapeutically ineffective in humans. It was confirmed that UC-MSCs were effective in
restoring impaired alveolar fluid clearance and protein permeability of influenza A-infected alveolar epithelial cells.
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It was also confirmed that conditioned UC-MSC medium and UC-MSC exosomes have some therapeutic effects
and only UC-MSC:s slightly improved the survival of influenza A-infected mice [13]. A basic study using an influ-
enza model and a clinical study on influenza A and COVID-19 showed promising results. With regard to the basic
study on an influenza model it was reported the therapeutic efficacy of human umbilical cord tissue-derived MSCs
(UC-MSCs) using a model of acute lung injury (ALI) induced by the influenza A (H5N1) virus. It was confirmed
that UC-MSCs were effective in restoring impaired alveolar fluid clearance and protein permeability of influenza
A-infected alveolar epithelial cells. It was also confirmed that conditioned UC-MSC medium and UC-MSC
exosomes have some therapeutic effects and only UC-MSCs slightly improved the survival of influenza A-infected
mice. With regard to the clinical study on severe COVID-19 cases, it was reported that seven cases (two common,
four severe, and one critically severe case) were treated with MSCs. The trial concluded that MSCs significantly
improved the functional outcome of all seven patients without any adverse effects. The pulmonary function of these
seven patients significantly improved 2 days after MSC injection. Among them, two subjects with common
COVID-19 and one subject with severe COVID-19 recovered and were discharged 10 days after treatment [14].
Although the number of COVID-19 patients who underwent MSC treatment is very limited and there is a lack of
studies elucidating the underlying mechanisms, this study shows the potential application of MSC therapy for se-
vere COVID-19 cases [15]. Several companies including Mesoblast, Athersys, Pluristem, Stempeutics, Cynata, and
others are repurposing their MSC products for new indications. For example, Mesoblast has recently investigated
the use of remestemcel-L to treat coronavirus disease 2019 (COVID-19) patients with moderate to severe ARDS,
which is the major cause of death. The survival rate was 83% in ventilator-dependent COVID-19 patients when
treated with two intravenous infusions of remestemcel-L. By comparison, the survival rate was only 12% in venti-
lator-dependent COVID-19 patients receiving standard of care during the same period [16].

Records identified through database screening
(n=144)

Records after duplicate removed (n=19)

Records screened (n=125)

Records excluded after abstract screening for
clearly irrelevant (n=17)

Full text articles excluded due to not fulfilling
criteria (n=27) and Full text articles assessed for
eligibility (n=81)

This review shows multiple successful clinical trials following MSC Therapy. The above given pie chart reflects
the summary of diversified application of MSC Therapy for treating numerous diseases. From the Pie chart it is
seen that the most application and most number of patients of MSC Therapy is in case of Bone related defects
which is about 56%. Here the bone related defects includes repair cranial defects, posterior spinal fusion 17% re-
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ferred to application and success of MSC Therapy in different kidney disease. Next 10% is comprised of the clini-
cal trials conducted for Autoimmune disease which includes diseases like Rheumatoid Arthritis, Type 1 Diabetes,
Psoriasis vulgaris and the total number of patients were 105. 8 % was hold by Cardiovascular disease and Liver
disease. A small percentage of application is observed in case of COVID patients [17]. However, in case of in vivo
applications MSC still imposes limitations. There were some cases which were unsuccessful and did not provide
any therapeutic response. 6 such cases were considered in the Findings part in which MSC did not fulfill the re-
quired expectations.

Some recent research demonstrated limited therapeutic effects of MSC treatment, suggesting that the direct re-
generative potential of these cells related to their differentiation capacity may not be as effective as previously ex-
pected. Since several exogenous factors may greatly impact on the MSC biological properties and eventually on
their therapeutic abilities, optimized protocols for MSC isolation and ex vivo preparation for clinical use need to be
well established and standardized. Such comprehensive effort should be undertaken into consideration by a scien-
tific community focusing on the practical MSC applications in tissue repair in terms of optimal preparation of
MSC-based products for more effective therapies in patients [18].

This review also addresses the ways to overcome challenges in MSC Therapy. As the governing factors of the
therapy depends on Donor. Administration process and Recipients therefore further research on these factors can
lead to opening a wider field for MSC Therapy. From the future consumption reports it is clearly observed that the
demand for MSC Pharmaceutical products will keep increasing in future.

4. Conclusion

Over the past decades, numerous studies have focused on developing therapeutic strategies based on cell therapy.
As such a variety of tissue engineering approaches have been applied to develop advanced therapeutic strategies.
This special issue known as Mesenchymal Stem cell has given unprecedented insights into the roles of human MSC
in treating diversified diseases and highlighted the remaining challenges and possible strategies to enhance their
therapeutic potential. Though MSC therapy has shown significant advancements, but some factors like deeper in-
sights of the diverse origins of MSCs, the highly variable culture and cryopreservation conditions, the challenges
associated with administration of MSCs, and the challenges of the host environment can also lead to unwanted
therapeutic outcomes. Prolong exploration of engineering approaches that address these challenges should signifi-
cantly improve the therapeutic efficacy for a broad range of clinical indications. Though there are many obstacles
remain to overcome, I envision that the therapeutic potential of MSCs will attract further research investments in
this area to overcome the challenges and facilitate the effectiveness of medical treatment. It can be anticipated that
Mesenchymal stem cell therapy can confront many medical challenges facing humanity, increase our knowledge of
pathogenesis, allow us to screen for new drugs for safety and effectiveness, and treat a variety of diseases. It is
highly expected that deeper investigations of stem cell biology and clinical applicability will result in revolutions in
medical technologies. Therefore, MSC Therapy can open a vast field for exploring regenerative medicine.
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