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 Mesenchymal stromal cells, or MSCs, are

 Multipotent stromal cells that can

 Differentiate into a variety of cell types,

 Adipocytes, 

 Cartilage,

 Bone, 

 Tendons, 

 Muscle, 

 Skin etc.





 The International Society for Cellular Therapy (ISCT) has

proposed a set of standards to define MSCs.

 A cell can be classified as an MSC

 if it shows plastic adherent properties under normal

culture conditions and has a fibroblast-like morphology.

 Express CD73,CD90 and CD105 surface markers.

 Lacks the expression of CD11b, CD14 , CD19, CD34,

CD45, CD79a , HLA-DR surface markers.[ Dominici M]





 Major sources of human mesenchymal stem 
cells (MSC)

 Bone marrow was the first source of adult 
MSC but in recent years other sources 
have been identified.

 Among the most significant are MSC 
derived from UCT Whartons Jelly

 Adipose SVF derived



 WJ-MSCs presented a higher suppressive capacity compared 

to BM-MSCs, regardless of the stimuli used to activate T-cells 

(cellular or mitogenic stimuli). 

 Furthermore, WJ-MSCs showed faster proliferation and 

greater expansion capabilities compared to BM-MSCs [Najar et 

al].

 significantly inhibited the proliferation of both CD4+ and 

CD8+ activated T-cells [Castro et al]
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 The youngest, most primitive MSCs can be obtained from the

umbilical cord tissue, namely Wharton's jelly .

 The umbilical cord is easily obtained after the birth of the

newborn, is normally thrown away, and poses no risk for

collection.

 The umbilical cord MSCs have more primitive properties than

other adult MSCs obtained later in life, which might make

them a useful source of MSCs for clinical applications.[zhohu et al]



 MSCs lacks the expression of major

histocompatibility complex class II (MHC-II).

 Express low levels of MHC-I.

 Furthermore, MSCs do not express costimulatory

molecules such as CD40, CD80, and CD86, which are

necessary for T-cell activation.[Krampera et al]



Immunomodulatory capabilities of mesenchymal stem cells (MSCs)

Karantalis et al 



Type 1 T helper (Th1) cells produce interferon-gamma, interleukin (IL)-2, 

and tumour necrosis factor (TNF)-beta, which activate macrophages and 

are responsible for cell-mediated immunity and phagocyte-dependent 

protective responses. 

By contrast, type 2 Th (Th2) cells produce IL-4, IL-5, IL-10, and IL-13, 

which are responsible for strong antibody production, eosinophil activation, 

and inhibition of several macrophage functions, thus providing phagocyte-

independent protective responses

Schematic representation of the immuno modulatory effects of msc

Sppressor T cells, are a subpopulation of T cells which modulate 

the immune system. Tregs are immunosuppressive, and generally suppress 

or down-regulate induction and proliferation of effector T cells



MSCs suppress proliferation of both T helper (T
H
) and cytotoxic T cells

(Tc).

In addition, differentiation to T
H
2 and regulatory T-cells (T

reg
) is triggered,

resulting in an anti-inflammatory environment.

Maturation of dendritic cells (DC) is inhibited.

Monocytes induced by MSC to differentiate into M2 phenotype.
IL-10 produced by the M2 macrophages

boost the formation of T
reg

,

suppress the proliferation of Natural Killer (NK) cells.

B-cell proliferation is inhibited and the production of antibodies is
reduced.



The main mechanisms involved in T-cell suppression by MSCs 

include cell-cell contact,

generation of regulatory lymphocytes,

and release of soluble factors, 



• 1)Cell-Cell Contact

• MSCs express adhesion molecules on their cell surface such as

• integrins,

• intercellular adhesion molecules (ICAM-1, ICAM-2)

• vascular cell adhesion protein (VCAM)-1

• and lymphocyte function associated antigen type 3 (LFA-3) , on their

surface

• being able to bind to T lymphocytes with high affinity .

• In the first four hours of culture, activated T lymphocytes bind to MSCs and

remain trapped for up to 60 h .[Barda-Saad et al]





 PD-1 inhibits the induction of phosphatidylinositol-3-kinase (PI3K) activity 
and downstream activation of Akt

 (45). 

 PI3K and Akt activity are required  for glucose transport and glycolysis, 

 so PD-1-mediated inhibition of these signaling molecules can hamper cell 
bioenergetics. 

 Engagement of PD-1 by either of its ligands during TCR signaling can block T-cell

proliferation, cytokine production and cytolytic function, and impair T-cell survival .

 PD-1 engagement prevents the induction of the cell survival factor Bcl-xL as well as

expression of transcription factors associated with effector cell function.[Francisco et al]





 MSCs produced several chemokines in large amounts,

including CXCL-9 and CXCL-10 .

 Chemoattract macrophages, T cells, NK cells, and dendritic

cells.

 This chemokine elicits its effects by binding to the cell surface

chemokine receptor.[Ren et al]

 By producing IL10





 Regulatory T cells are a subpopulation of T cells

 which modulate the immune system,

 maintain tolerance to self-antigens

 suppress induction and proliferation of effector T cells.

 characterized by surface expression of the IL-2 receptor (CD25) and, more

specifically, by the presence of high levels of the transcription factor

forkhead box P3 (CD4+CD25+Foxp3+). [sakaguchi et al]



• MSCs possess ability to expand Tregs through

• The secretion of human leukocyte antigen G (HLA-G) 5

• Production of TGF-β

• leukemia inhibitory factor (LIF)

• activation of Notch-1 pathway

• MSCs sustained the differentiation of monocytes into

macrophage type 2 cells, which secrete CCL 18 and IL-10.

This process contributes indirectly to Treg generation.[Haddad et al]



• MSCs also exert their immunomodulation by releasing 
soluble factors .

• More than thirty soluble factors have been associated with 
the immunomodulation capacity on T-lymphocyte 
activation and proliferation by MSCs such as

• Indoleamine 2,3-dioxygenase (IDO) , 

• Prostaglandin E2 (PGE2) , 

• Galectin (Gal)-1 , and Gal-9 .

• Transforming growth factor-β (TGF-β) , 

• Hepatic growth factor (HGF), 

• IL-10 





 Human MSCs produce IDO to suppress T-cell proliferation.

 Indoleamine-pyrrole 2,3-dioxygenase is a heme-

containing enzyme

 This enzyme catalyzes the degradation of the essential amino

acid L-tryptophan.

 Tryptophan is essential for T cell growth.

 depletion of tryptophan which can cause halted growth of T

cells.





 Explanation- Prostaglandin E2

 Prostaglandins are small-molecule derivatives of arachidonic acid (AA),

produced by cyclooxygenases (COX

 MSC-derived PGE2 plays a role in the Tregs proliferation.

 MSC PGE2 secretion reprograms M1 via two independent pathways to

M2 macrophages

 [Macrophages that encourage inflammation are called M1 macrophages,

 whereas those that decrease inflammation and encourage tissue repair

are called M2 macrophages]

 IL-10 produced by the M2 macrophages can boost the formation of T
reg

,

suppress the proliferation of Natural Killer (NK) cells

 PGE2 prevents the differentiation of naive T-cells into proinflammatory

Th17 cells.

 Also, MSCs act directly on Th17 cells promoting the differentiation of

these cells into Tregs.





• Galectin (Gal)-9, which was shown to be released by

MSCs upon stimulation with IFN-γ.

• MSCs with Gal-9 knockdown loose a significant

portion of their antiproliferative effects on T-cells .

• Apoptosis of effector T cells.

• Promote Foxp3+ T regulatory cell production.





 TGF-β by MSCs, is involved in the inhibition of T-cell 

proliferation ..
 TGFβ superfamily ligands bind to a type II receptor, which recruits 

and phosphorylates a type I receptor.

 The type I receptor then phosphorylates receptor-regulated SMADs (R-

SMADs) which can now bind the coSMAD SMAD4.

 R-SMAD/coSMAD complexes accumulate in the nucleus where they act 

as transcription factors and participate in the regulation of target gene 

expression.

 TGF-β favored a switch of CD8+ T-cells phenotype  to a T reg cells

 TGF-β inhibits B cell proliferation. The exact mechanism is unknown





• In the presence of MSCs, IFN-γ leads to the

suppression of T-cell proliferation.

• Thus, IFN-γ is an essential factor to licensing (or

priming) MSCs to exert their immunoregulatory

functions against T, B, and NK cells .

• IFN-γ activates the synthesis and transcription of

IDO-1 and augments the expression of hepatocyte

growth factor (HGF) and TGF-β by MSCs.



• Also, IFN-γ acts directly on MSCs leading to

increased levels of programmed death ligand 1 (PD-

L1PDL-2, in their surface, inhibiting effector T-cell

function through the ligands of PD-1.

• IFN-γ allows MSCs to survive in the Inflammatory

environment.



 Uses multiple suppressor mechanism

 IL-10 inhibit CD-28 co stimulation by preventing

phosphorylation of CD28 .

 IL-10 inhibits CD28 tyrosine phosphorylation, the initial step

of the CD28 signalling pathway

 By producing TGF-β

 Through upregulation of PD1

 (Cezmi A Akdis and Kurt Blaser. Mechanisms of interleukin-10-mediated immune suppression.Immunology. 2001 Jun; 103(2): 131–

136.)

http://www.ncbi.nlm.nih.gov/pubmed/?term=Akdis%20CA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Blaser%20K%5Bauth%5D


 HGF reduces acute and chronic rejection of allograft with the

increased expression of TGF-β and IL-10, indicating that HGF might

induce allograft tolerance

 Treatment with HGF both in vitro and in vivo potently suppressed

DC functions such as Ag-presenting capacity, thus down-regulating

Ag-induced Th1- and Th2-type immune responses.





 HLA-G also inhibits antigen-specific CD8+ T cell cytolytic function

 During human-organ transplantation, HLA-G expression correlates with 

improved allograft acceptance in cardiac, lung, combined liver–kidney, or 

kidney transplantations.

 T cells activated through engagement of their T-cell receptor (TCR) are 

inhibited by HLA-G,

 Studies on the immunological functions of HLA-G over the past few years 

have identified it as a key mediator in immune tolerance

 by protecting HLA-G+ target cells from NK cytolysis through interaction with 

killer inhibitory receptors (KIR)

 Killer-cell immunoglobulin-like receptors (KIRs), are a family of type

I transmembrane glycoproteins expressed on the plasma

membrane of natural killer (NK) cells and a minority of T cells

 Most KIRs are inhibitory, meaning that their activations uppresses the

cytotoxic activity of their NK cell





 The ability of DCs to initiate an immune response depends on
its transition from antigen processing to antigen-presenting
cell, during which it up-regulates MHC class II and
costimulatory molecules (CD80 and CD86) on the cell surface, a
process referred to as DC maturation.9

 This transition is indispensable for mounting an immune
response because immature DCs (imDCs) not only fail to prime
T cells effectively10 but also serve to promote tolerance
induction.1

 induced them into a distinct regulatory DC (regDC) population.

 they had lower expression of CD80, CD86,

http://www.bloodjournal.org/content/113/1/46?sso-checked=true#ref-9
http://www.bloodjournal.org/content/113/1/46?sso-checked=true#ref-10
http://www.bloodjournal.org/content/113/1/46?sso-checked=true#ref-11




• MSCs alter NK cell phenotype and suppress proliferation, cytokine

secretion, and cytotoxicity.

• MSCs have been shown to possess several mechanisms to counteract their

susceptibility to NK mediated killing, including

• Produces Serine Protease Inhibitor 9 (SERPINB9), which is a major defense

against granzyme B-mediated lysis

• MSCs sharply inhibit IL-2-induced proliferation of resting NK cells



 The therapeutic potential of MSCs in immunomodulation is 

being explored currently in several Phase I, II and III clinical 

trials .





Medwark’s work on rejection of skin grafts had

demonstrated the potency of the immune system

Dr.Joseph Murray (1956)performed the first successful

human kidney transplant on identical twins .

By 1980’s anti-rejection had improved to the point where

transplantation surgery becomes routine and less risky.

One limitation to transplantation then is the problem of

the immune response.



1998 to 2000, researchers at Osiris Therapeutics

presented a series of abstracts about the use of MSC

as Immune regulators.

In 2002, Liechty et al. reported the finding that human

MSCs could persist as long as 13 months after

intraperitoneal injection into pre-immune fetal sheep.

In 2004, Le Blanc et al. were among the first to

clinically administer allo-MSCs.

After 8 months Osiris Therapeutics began recruiting

patients for the first large-scale clinical trials of allo-

MSCs for the treatment of acute GvHD



In 2011, FBC-Pharmicell’s autologous MSC preparation,

Hearticellgram-AMI, gained approval in South Korea,

becoming the first culture-expanded MSC therapy to

receive regulatory approval.

Clinical trial conducted by Casiraghi et al (2014) reported

that MSCs induce tolerance in organ transplantation.

Study conducted by Vanikar et al in kidney

transplantation patients reported significantly better

graft and patient survival in stem cell group vs. controls

with additional benefits of minimization of

immunosuppression.

These reports suggest that transplantation of MSC could

be beneficial in patients with various disorders requiring

tissue regeneration, and provide evidence supporting the

tolerance of allogeneic MSC by recipients.



 In 2004, Le Blanc et al. were among the first to clinically 

administer allo-MSCs. 

 haplo-identical MSCs were harvested from the mother of 

a 9-year-old boy suffering from treatment-resistant, 

grade IV GvHD. 

 The boy received MSCs 73 and 170 days after bone 

marrow transplantation, with rapid recovery after each 

MSC infusion and survival beyond 1 year. 



 Just 8 months after the publication of Le Blanc et

al.’s Lancet article, Osiris Therapeutics began recruiting patients

for the first large-scale clinical trials of allo-MSCs for the

treatment of acute myocardial infarction.

 In 2011, FBC-Pharmicell’s autologous MSC preparation,

Hearticellgram-AMI, gained approval in South Korea, becoming

the first culture-expanded MSC therapy to receive regulatory

approval



 MSC potency assays must also be validated to ensure they are

predictive of patient outcomes.

 Below we provide methods for an ELISA-based IL-10 assay for in

vitro testing, a powerful tool to aid in determining the efficacy and

underlying paracrine mechanisms of MSC transplants and MSC-

based therapies.







 MSC-lysate is prepared and added to PBMCs freshly isolated from 
whole blood and plated in a 96-well plate. 

 The plate is incubated overnight at 37°C for 16–18 h. 

 The PBMCs are then stimulated with LPS for 5 h, at which time the 
plate is centrifuged and the supernatant stored for ELISA

 Perform ELISA for human IL-10 according to the manufacturer 

instructions.



 IL-10 is a well-known antiinflammatory cytokine that can

inhibit the secretion of proinflammatory cytokines and protect

cells from apoptosis and necrosis

 MSC-CM and lysate also substantially enhance IL-10 secretion

by peripheral blood mononuclear cells (PBMCs) in vitro and

have developed an assay based on this discovery.

 This assay allows for rapid and reproducible assessment of the

potency of MSCs and MSC molecular products in a manner

relevant to animal and human testing of cell therapy.



 1.Well characterized.

 2.Non-controversial.

 3.Diverse differentiation potential.

 4.Ease of growth in culture.

 5.Flexible propogation.

 6.Role as regulatory cells.

 7.Favorable immune status.



 Non-Controversial: MSCs avoid the ethical issues of

embryonic stem cells, as they can be derived from sources that

include adult bone marrow and adipose tissue, placenta.

 Well-Characterized: MSCs are a well-characterized

population of adult stem cells, with over 20,000 scientific

articles published about them.

 Diverse Differentiation Potential: MSCs can form a variety

of cell types in the laboratory, including those of both intra-

and extra-mesenchymal lineage. These cell types include: fat

(adipocytes), bone (osteoblasts), skin (dermal cells), nerve

(neural cells), cartilage (chondrocytes), muscle (skeletal

myocytes), tendons (tenocytes), marrow stroma, ligaments,

and more.



 Ease of Growth in Culture: Advanced 
knowledge exists for how to grow MSCs in 
culture, including protocols for isolation, 
expansion, and differentiation.

 Flexible Propagation: MSCs can be grown and 
propagated in culture for extended periods, 
without losing differentiation potential.

 Role as Regulatory Cells: MSCs synthesize 
and secrete a variety of macromolecules that 
are known regulators of hematopoietic and 
bone-resorbing cells.



 Favorable Immune Status: MSCs lack the co-
stimulatory molecules of the B7 family that 
are required to initiate an immune response.

 This allows the administration of MSC 
preparations across MHC barriers without 
concern for immunological rejection or the 
need for immunosuppression, making MSCs a 
universal cellular theraputics source.



 GVDH after BMT

 GVHD after Solid organ transplants

 BM rescue

iec/ DCGI and ICMR NAC-SCRT 

Phase 2 human trial (50 patients) 
INCLUSION AND 

END POINTS TO BE DETERMINED

Go for treatments 

IN 3 YEARS TIME

DONAR tissue 

INCLUSION / EXCLUSION 
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R



Mesoderm - Chondrogenesis Ectoderm – Neurological 
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C-Peptide Insulin Secreting Cells
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 Abundant literature support in several species of animals from
murine to caprine. Ref;

 Journal of Medical Engineering
Volume 2013 (2013), Article ID 832396, 7 pages
http://dx.doi.org/10.1155/2013/832396 Research Article

Transplantation of Nonexpanded Adipose Stromal Vascular Fraction
and Platelet-Rich Plasma for Articular Cartilage Injury Treatment in
Mice Model

Phuc Van Pham, Khanh Hong-Thien Bui, Dat Quoc Ngo, Lam Tan
Khuat, andNgoc Kim Phan1

Not needed as per latest GoI DCGI guidelines for research IND filing.

B

http://dx.doi.org/10.1155/2013/832396
https://www.hindawi.com/10862630/
https://www.hindawi.com/50684834/
https://www.hindawi.com/48287245/
https://www.hindawi.com/37453528/
https://www.hindawi.com/58692348/


1. Anti- apoptosis

2. Angiogenesis

3. Secretion of growth factors

4. Anti-fibrosis

5. Anti- inflammatory

6. Immunonaive

B



Fluorescence 
Tag

Markers % Gated (M2) Result

PE Isotype Control 0.39

CD 90 39.81 Positive

CD 34 12.58 Positive (very 
few cells)

FITC HLA DR 38.45 Positive

Isotype Control 1.37

B



Flowcytometry with CD90 Raw tissue

MSCs % 
B



Flowcytometry with CD 34 in Raw tissue B



Other characterizations of the MSCs batches

1. Chromosomal satbility/ abberations / Kraryotyping

2. MSC Functional immunomodulation tests

3. High Secretion of anti inflammatory cytokines IL10, IDO, TGFetc




