
In the 1960s and 1970s, Alexander Frie-
denstein, a histologist at the USSR Acade-
my of Medical Sciences, isolated a unique 
type of stromal cells from the bone marrow 
of mice. When cultured in vitro and trans-
planted in animals, these spindle-shaped 
cells differentiated into bone, cartilage, 
and fat cells (1). This observation led to the 
discovery of MSCs. Later, scientists found 
that while MSCs are primarily present in 

bone marrow, they also reside in other tissu-
es, such as fat, the umbilical cord, peripheral 
blood, and the dental pulp (2). 

Unlike embryonic stem cells, which 
can develop into any cell type in the body, 
MSCs are multipotent. This means they 
can di�erentiate into a selected range of 
cell types, including epithelial cells, muscle 
cells, neurons, and connective tissues like 
bone, cartilage, and fat (2). MSCs possess 

self-renewal capabilities, allowing them to 
replicate and maintain their population over 
extended periods and supporting ongoing 
tissue regeneration.

Beyond their self-renewal and di�erenti-
ation potential, MSCs play a crucial role in 
modulating immune responses, particularly 
in inflammatory environments such as infec-
tions or wounds. For example, when inflam-
mation occurs, MSCs migrate to the a�ected 

tissues, where they aid in tissue repair by 
releasing specific cytokines and mediators 
that inhibit effector T cells’ activity and 
activate immune-suppressing regulatory T 
cells, restoring immune homeostasis. Addi-
tionally, MSCs exhibit antifibrotic properties 
by remodeling the extracellular matrix and 
reducing myofibroblast activity. They also 
secret pro-angiogenic factors that promote 
the formation of new blood vessels (3).

Since the discovery of stem cells, scientists 
have sought to exploit their self-renewal and 
di�erentiation ability for disease treatment. 
Mesenchymal stem cells (MSCs) are 
particularly appealing. Their availability from 
various sources, ease of culturing, and unique 
immunomodulatory properties have sparked 
over 1,000 clinical trials exploring their 
therapeutic potential. However, questions 
about the safety of MSC therapies persist. 
As scientists deepen their understanding of 
MSCs’ complex roles in health and disease, 
safer and more e�ective MSC therapies 
may be on the horizon.

WHAT IS 
MESENCHYMAL  
STEM CELL THERAPY?

What are mesenchymal stem cells (MSCs)?

Born to di�erentiate and heal, mesenchymal  
stem cells carry great potential for treating  
a wide spectrum of diseases. 
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The various sources from which MSCs can be isolated, their ability to 
di�erentiate into diverse cell types, and their immunological properties 
make MSCs attractive therapeutic tools. Regulatory agencies worldwide 
have approved twelve MSC-based therapies, and over 1,000 clinical trials 
have been conducted or are underway to explore their potential in treating 
a wide range of diseases (4). 

In bone regeneration, MSCs present a promising alternative to traditio-
nal autogenous bone grafts, which have limitations such as unpredictable 
absorption, prolonged recovery time, and pain at the harvest site. Clinical 
studies have shown that bone marrow- and umbilical cord-derived MSCs 
can improve healing in bone fractures and alleviate pain in osteoarthritis 
(5,6). In wound healing, MSCs have shown e�cacy in enhancing tissue 
regeneration and reducing scarring by promoting fibroblast and endothe-
lial cell growth. Several clinical trials have reported successful results 
in healing chronic wounds, ulcers, and vocal fold scarring with minimal 
severe side e�ects (7,8). 

Meanwhile, scientists are investigating MSCs’ role in treating neurolo-
gical disorders such as amyotrophic lateral sclerosis, Parkinson’s disease, 
and stroke (9–11). In these diseases, MSCs may help repair damaged 
motor neurons and improve functional recovery. Cardiovascular diseases 
also benefit from MSC therapies, with studies showing that transplanting 
MSCs to patients with myocardial infarction elevates myocardial viabi-
lity and heart blood flow (12). Additionally, MSCs’ have been tested in 
treating autoimmune diseases, such as rheumatoid arthritis and type 1 
diabetes, where they may modulate overactive immune responses, and 
cancer, where genetically modified MSCs could target tumor sites and 
deliver anti-tumor agents (13,14).

What therapeutic potentials do MSCs offer?

The first step in generating MSC thera-
pies is isolating MSCs. Common sources 
include bone marrow, adipose tissue, 
and umbilical cord blood. MSCs can be 
autologous, obtained from the patient’s 
own tissue, or allogenic, sourced from 
healthy donors. To isolate MSCs from 
the collected tissue samples, scientists 
use mechanical and enzymatic methods 
to separate them from other cells. 

Once isolated, scientists expand the 
MSCs in vitro to produce a sufficient 
number of cells for therapeutic applica-
tions. Donor cells isolated from tissues 
typically need to be expanded to reach a 
population of one to nine billion cells for 
adult treatments. In research settings, 
scientists often conduct small scale expe-
riments using traditional cell culture tech-
niques to test various growth conditions. 

As the product transitions to commercial 
manufacturing, they often employ bioreac-
tors for large scale expansion. These bio-
reactors create a controlled environment 
that optimizes MSC growth by managing 
critical parameters such as temperature, 
pH, and nutrient levels, maintaining MSC 
integrity throughout the expansion process.

After achieving the desired cell expansi-
on, scientists harvest the cells and thoroughly 

characterize their identity, potency, and safe-
ty, which includes testing for surface markers, 
di�erentiation potential, and secreted factors 
that contribute to their therapeutic e�ects. 
With a su�cient number of high quality MSCs 
in hand, researchers can then investigate 
their therapeutic applications. In clinical set-
tings, patients can receive MSC therapies via 
various routes, such as intravenous injection 
or direct injection into target tissues. 

How do scientists generate MSC therapies? 

Wound repair

Neurological disorder

Cardiac regeneration

Cancer

Autoimmune disease

Orthopedic injury

Patient Healthy donor

Extracting MSCs from the body

MSC isolation

Cell culture

Or

Bioreactor

Patient treatment

In vitro expansion Product formulation

DRUGDISCOVERYNEWS.COM NOVEMBER 2024  |  29



Following administration, MSCs tra-
vel through the bloodstream and react 
to inflammatory signals such as chemo-
kines released by the damaged tissue. 
These chemokines create a gradient 
that directs MSCs toward the injury site 
and prompts the endothelial cells lining 
the blood vessels to express adhesion 
molecules on their surfaces. As MSCs 
flow by, they roll along the endotheli-
al surface and latch on these adhesion 
molecules via their surface receptors 
like integrins. Once securely adhered, 
MSCs squeeze through the endothelial 
barrier and continue to follow the chemi-
cal signals to reach the injury site (15). 

Once there, MSCs adapt to the local 
microenvironment and differentiate into 
the cell types needed to repair the injury.

In addition to directly turning into spe-
cialized cell types, MSCs play their the-
rapeutic role through paracrine signaling 
by secreting a wide array of bioactive 
molecules, including cytokines, growth 
factors, and extracellular vesicles con-
taining messenger RNAs, microRNAs, 
and peptides. These paracrine factors 
modulate the local microenvironment, 
promoting cell survival, proliferation, 
and tissue regeneration. For examp-
le, MSCs release vascular endothelial 
growth factor (VEGF), which facilitates 

angiogenesis, the formation of new 
blood vessels essential for supplying 
nutrients and oxygen to damaged tissu-
es. They also secrete antiapoptotic fac-
tors such as hepatocyte growth factor, 
interleukin-6 (IL-6), miRNA-25 to enhan-
ce cell survival, and antifibrotic factors 
like prostaglandin E2 (PGE2) and IL-10, 
which help reduce fibrotic scarring (16). 

Another key mechanism by which 
MSCs exert therapeutic effects is 
immunomodulation through a combi-
nation of secreted factors and direct 
cell-to-cell interactions. They secrete 
anti-inflammatory molecules such as 
transforming growth factor beta (TGFβ), 

PGE2, IL-10, and indoleamine 2,3-dioxy-
genase (IDO), which suppress the acti-
vity of T cells, B cells, dendritic cells, 
and natural killer (NK) cells. MSCs also 
influence the immune system through 
direct contact by expressing surface 
molecules like programmed death-li-
gand 1, which induces T cell apoptosis 
and promotes regulatory T cell devel-
opment. Additionally, MSCs can shift 
macrophages from a proinflammatory 
state to an anti-inflammatory state (17). 
By limiting inflammation, MSCs create 
an immunosuppressive environment for 
tissue to heal and regenerate.

How do MSCs exert their therapeutic effects in the body?
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Although numerous studies and clinical 
trials have generally reported that MSC the-
rapy is safe with minimal adverse e�ects, 
the possibility of tumorigenesis remains a 
significant concern. This is because MSCs 
share certain traits with tumor cells, such as 
prolonged proliferation and high resistance 
to apoptosis. Several factors, including the 
donor’s age and the recipient’s immune sta-
tus, can influence the risk of tumorigenesis 
after MSC transplantation. The manipulati-
on and prolonged culture of MSCs may also 
lead to genetic instability, increasing the 

likelihood of malignant transformation (18).
Animal studies have provided evidence 

that MSCs can promote tumor growth in 
various cancer models, highlighting a com-
plex interplay between MSCs and tumor 
biology. For instance, research has shown 
that metastatic breast carcinoma cells can 
stimulate MSCs to secrete the chemoki-
ne C-C motif ligand 5, facilitating tumor 
invasion. Other studies have revealed that 
pro-survival factors, such as VEGF and basic 
fibroblast growth factor released by MSCs 
can inhibit tumor cell apoptosis (19). 

MSCs also contribute to cancer progres-
sion by releasing inflammatory factors that 
induce immunosuppression in the tumor 
microenvironment. For example, MSCs iso-
lated from gastric tumors secrete IL-8, a pro-
inflammatory chemokine that promotes the 
recruitment of leukocytes, including macr-
ophages and neutrophils, to the tumor site, 
facilitating cancer initiation and progression. 
Additionally, MSCs secrete TGFβ, which pro-
motes macrophage infiltration and aids in the 
tumor’s immune evasion (19). 

Moreover, MSCs support tumor 

angiogenesis, a process that provides 
tumors with essential nutrients and oxygen 
by expressing angiogenic factors such as 
TGFβ, VEGF, and IL-6. In response to soluble 
factors released by cancer cells, particularly 
TGFβ, MSCs can di�erentiate into cancer-as-
sociated fibroblasts (CAFs), a cell type within 
the tumor microenvironment capable of 
promoting tumorigenesis (19). Given these 
potential risks associated with tumorigene-
sis, it is crucial to conduct careful research to 
fully understand MSC therapy’s implications 
in disease treatment.

To enhance MSC therapy’s efficacy and mitigate asso-
ciated side effects, researchers are actively exploring a 
variety of innovative strategies (20). One prominent appro-
ach involves genetic engineering techniques, such as viral 
transduction and CRISPR technology, which enable MSCs 
to produce beneficial cytokines and other therapeutic gene 
products. For example, scientists have engineered MSCs to 
generate thioredoxin-1, which enhances cardiac function, 
and IL-12, which has anticancer properties. Another promi-
sing strategy is priming, which involves exposing MSCs to 
specific cytokines, growth factors, or environmental condi-
tions to amplify their therapeutic potential. Ongoing clinical 
studies have shown that primed MSCs exhibit significantly 
improved therapeutic effects compared to their unprimed 
counterparts in treating neurodegenerative diseases. Addi-
tionally, researchers are utilizing advanced biomaterials to 
create supportive scaffolds that improve MSC adherence 
upon administration. These materials establish a nurturing 
microenvironment for MSCs that prolongs their therapeutic 
effects. Together, these approaches hold promise for advan-
cing MSCs’ clinical applications.
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