
Malays J Med Sci. 2024;31(5):56–82
www.mjms.usm.my © Penerbit Universiti Sains Malaysia, 2024
This work is licensed under the terms of the Creative Commons Attribution (CC BY)  
(http://creativecommons.org/licenses/by/4.0/).

56

To cite this article: Shamsul Kamal AA, Fakiruddin KS, Bobbo KA, Ling KH, Vidyadaran S, Abdullah S. Engineered 
mesenchymal stem cells as treatment for cancers: opportunities, clinical applications and challenges. Malays J Med 
Sci. 2024;31(5):56–82. https://doi.org/10.21315/mjms2024.31.5.5

To link to this article: https://doi.org/10.21315/mjms2024.31.5.5

Abstract
The insufficient and unspecific target of classical chemotherapies often leads to therapy 

resistance and cancer recurrence. Over the past decades, discoveries about mesenchymal stem cell 
(MSC) biology have provided new potential approaches to improve cancer therapy. Researchers 
have utilised the multipotent, regenerative and immunosuppressive qualities of MSCs and 
tropisms towards inflammatory, hypoxic and malignant sites in various therapeutic applications. 
Although MSC-based therapies have generally been demonstrated safe, their effectiveness remains 
limited when these cells are used alone. However, through genetic engineering, researchers have 
proven that MSCs can be modified to have specialised delivery roles to increase their therapeutic 
efficacy in cancer treatment. They can be made to overexpress therapeutic proteins through 
viral or non-viral genetic modification, which enhances their innate properties. Nevertheless, 
these engineering strategies must be optimised to increase therapeutic efficacy and targeting 
effectiveness while minimising any loss of MSC function. This review underscores the cutting-edge 
methods for engineering MSCs, discusses their promise and the difficulties in translating them 
into clinical settings, and offers some prospective suggestions for the future on achieving their full 
therapeutic potential.

Keywords: mesenchymal stem cells (MSCs), cell-based therapy, exosome-based therapy, tissue engineering, 
genetic modification

Engineered Mesenchymal Stem Cells as 
Treatment for Cancers: Opportunities, 
Clinical Applications and Challenges

Aishah Amirah Shamsul Kamal1,3, Kamal Shaik Fakiruddin2, 
Khadijat Abubakar Bobbo1,3, King Hwa Ling3,5, Sharmili 
Vidyadaran4, Syahril Abdullah1,3,6

1 UPM-MAKNA Cancer Research Laboratory, Institute of Bioscience, 
Universiti Putra Malaysia, Selangor, Malaysia

2 Haematology Unit, Cancer Research Centre, Institute for Medical  
Research, National Institutes of Health, Ministry of Health Malaysia, 
Selangor, Malaysia

3 Department of Biomedical Sciences, Faculty of Medicine and Health 
Sciences, Universiti Putra Malaysia, Selangor, Malaysia

4 Department of Pathology, Faculty of Medicine and Health Sciences, 
Universiti Putra Malaysia, Selangor, Malaysia

5 Malaysian Research Institute on Ageing, Universiti Putra Malaysia, 
Selangor, Malaysia

6 Malaysia Genome and Vaccine Institute, National Institutes of  
Biotechnology Malaysia, Selangor, Malaysia

Submitted:  13 Feb 2024
Accepted: 27 Jun 2024
Online: 8 Oct 2024

Review Article

https://doi.org/10.21315/mjms2024.31.5.5
https://doi.org/10.21315/mjms2024.31.5.5


www.mjms.usm.my 57

Review Article | Mesenchymal stem cells and cancer therapy

Introduction

Cancer is the most frequently diagnosed 
disease worldwide, accounting for more 
than 9 million deaths in 2020 (1). Third-
generation compounds, such as vinorelbine 
and gemcitabine, paired with traditional 
chemotherapies and platinum drugs, like 
cisplatin or carboplatin, have been demonstrated 
to increase the overall survival rate of cancer 
patients. However, acquired chemoresistance 
and microscopic tumour spread would ultimately 
cause these treatments to fail (2).

Cancer stem cells (CSCs) are a rare 
subpopulation of cells within tumours that 
are known to promote tumour recurrence 
and chemoresistance (3). Nanoparticles  
(4–8) or antibody-conjugated nanoparticles 
(4, 5) have recently been used to target these 
CSCs. Although these approaches may appear 
promising, safety problems such as cellular 
toxicity and lack of specificity (6, 7) are some of 
the issues that may hinder their development 
toward clinical application. Due to the 
limitations of the current conventional therapies, 
the need to venture into alternative therapeutic 
strategies, such as cellular therapy, became 
necessary. For example, T cells genetically 
modified to express a receptor that identifies a 
specific antigen, known as the chimeric antigen 
receptor (CAR) T cells, have led to advancements 

in treating the tumour microenvironment (TME). 
CAR-T cells target the origin of tumours on the 
vascular side of inflammatory cytokines, where 
the TME forms and blocks immunosuppressive 
checkpoints. However, the efficacy of CAR-T 
cell treatment remains controversial because 
its toxicity damages organ structures, including 
neurological, pulmonary, cardiac and muscular 
structures, and causes fatal abnormalities (8).

Another form of cellular therapy is the 
utilisation of mesenchymal stem cells (MSCs) 
as an initiative for targeted therapy. The 
International Society for Cellular Therapy 
(ISCT) specifies a set of basic criteria for defining 
human MSCs. First, MSCs must acquire plastic 
adherence when maintained under standard 
culture conditions. Second, MSCs must lack 
the expression of CD45, CD34, CD14 or CD11b, 
CD79 or CD19, and human leukocyte antigen-
DR (HLA-DR) isotype surface molecules while 
expressing CD105, CD73 and CD90. Third, MSCs 
must have multi-lineage potential, enabling them 
to differentiate into adipocytes, chondrocytes and 
osteoblasts (9). Many sources of human MSCs 
(hMSCs) have been used in clinical settings. 
Figure 1 depicts that MSCs are derived from 
two sources. The first type is adult MSCs, which 
include bone marrow (BM), adipose-derived 
(AD) tissue and dental pulp, while the other is 
neonatal tissue-derived MSCs, obtained from the 
placenta, amniotic fluid and umbilical cord (10).

Figure 1. Sources of MSCs. MSCs can be obtained from various neonatal and adult tissues. Created in Biorender.
com (11)
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Currently, the experimental and clinical 
utilisation of MSCs encompasses many diseases 
and conditions, accompanied by potentially 
positive outcomes. MSC-based therapeutics 
has garnered vast interest and its application in 
cancer therapy continues to expand. However, 
the inability of transplanted MSCs to reach their 
maximum therapeutic potential is partially due 
to their lack of proliferative and differentiation 
ability associated with a lengthy culture period, 
inability to sufficiently migrate to the target 
site and inability to encounter hostility within 
the transplanted microenvironment, resulting 
in reduced engraftment time (12–15). These 
challenges led to the approach of engineering 
MSCs as an intervention. 

Although various significant therapeutic 
findings have been linked to MSC-based therapy, 
there is always room for improvement to 
enhance the inherent properties and overcome 
the confronted challenges. The modification 
of MSCs has resulted in a highly specific and 
improved therapeutic approach in many 
experimental studies, while clinical trials are still 
in initial phases with preliminary objectives of 
assessing feasibility, efficacy and safety (16–18).

This review outlines an up-to-date report 
on preconditioning and genetic modification of 
MSCs as applied across several types of cancer. 
We discuss the application of MSCs in cancer, its 
limitations and why genetic engineering of MSCs 
is needed to enhance its antitumourigenic effects.

Mesenchymal Stem Cells Features that 
Make Them Suitable for Cancer Therapy

Tumour Site-Specific Homing and Migration

Previous research has demonstrated that 
intravenously administered MSCs can home at 
specific tissues, encompassing tumour and injury 
sites. Migration of MSCs towards the tumour bed 
is activated by a signalling cascade similar to that 
in a chronic wound (19). Directional migration 
of MSCs towards the targeted tumour site is 
initiated in response to various poorly defined 
chemotactic stimuli released by inflamed tissues. 
Besides MSC-intrinsic factors, such as expression 
of migratory molecules, cell population 
heterogeneity and cell culture conditions, the 
tropism of MSCs towards cancerous sites is 
influenced by tumour site-intrinsic properties, 
such as inflammatory status, degree of 
vascularisation and oxygenation status (20).

Several types of molecules could influence 
the migration of MSCs to tumour sites. They 
include growth factors and their receptors, such 
as epidermal growth factor (EGF), fibroblast 
growth factor (FGF), hepatocyte growth factor 
(HGF), platelet-derived growth factor-AB 
(PDGF-AB), transforming growth factor β1 
(TGF-β1), insulin-like growth factor 1 (IGF-1), 
vascular endothelial growth factor A (VEGF-A); 
chemokines, such as C-X-C motif chemokine 
ligand 12 (CXCL12), C-C motif chemokine 
ligand 2 (CCL2), CCL3 and their receptors (e.g. 
C-C motif chemokine receptor 4 [CCR4] or 
C-X-C motif chemokine receptor 4 [CXCR4]); 
cytokines, such as interleukin-6 (IL-6), IL-8 
and tumour necrosis factor-alpha (TNF-α); and 
intercellular and vascular adhesion molecules 
(ICAM and VCAM) (21). These molecules 
are secreted by tumours and create a TME 
that mimics a wound-healing environment, 
enhancing the migration of MSCs to tumour 
sites. 

The interaction between CXCR4 and 
stromal cell-derived factor 1 (SDF-1) was vital 
for the migration of MSCs within the BM (22). 
Interestingly, one major signal modulating 
MSC tropisms towards the TME is the binding 
of CXCR4 to macrophage migration inhibitory 
factor secreted by cancer cells. Previous in vivo 
research revealed that the downregulation of 
CXCR4 or macrophage migration inhibitory 
factor expression caused the migration of MSCs 
towards the pulmonary tumour metastatic site 
to be abrogated (23). There is evidence that the 
tumour tropism characteristics of MSCs are 
associated with additional receptors expressed 
by MSCs. For example, through paired CXCR4 
and CXCR7 interaction with SDF-1, MSCs can get 
trapped in the lungs, rendering them incapable 
of migrating towards pulmonary cancer nodules 
(24). A study further confirmed the correlation 
that CXCR7 enhances MSC adhesion and 
migration toward osteosarcoma cells in vitro 
(25). Pathways such as CXCL16 binding with the 
CXCR6 receptor expressed by MSC can mediate 
cell docking into tumour sites (26). Tumour 
tropism characteristic of MSCs is influenced by 
several other vital signalling pathways, such as 
proteinase-activated matrix metalloproteinase-1 
(MMP1) receptor 1 (27), urokinase-type 
plasminogen activator receptor (28, 29) and 
phosphoinositide 3-kinase (PI3K) (30). 



www.mjms.usm.my 59

Review Article | Mesenchymal stem cells and cancer therapy

Immunomodulation/Immunosuppression

It is generally accepted that allogeneic 
MSCs display low immunogenicity, allowing 
them to be transplanted to an allogeneic host 
without immunosuppression. The mechanism 
of action is based on their immunomodulatory 
properties and immunosuppressive activity. They 
can suppress the proliferation and activation 
of different immune system cells. These 
interactions may occur directly, such as in cell-
cell interaction or indirectly via soluble factors.

The immunomodulating effect of MSCs 
is reflected in many T cell properties, such as 
activation and proliferation, and in this way, 
they efficiently suppress an immune response 
(31). The MSCs suppress the proliferation 
of activated T cells by secreting substances, 
such as indoleamine 2,3-dioxygenase (IDO) 
and prostaglandin E2 (PGE2) (32). They also 
suppress the development of pro-inflammatory 
Th17 cells and stimulate regulatory T cells 
by secreting immunosuppressive cytokines, 
including IL-6, IL-8, IL-10, TGF-β and HGF. 
In addition, the non-classical HLA class I 
molecules (HLA-G) expressed by MSCs exert 
immunosuppressive effects on various immune 
cells by inhibiting T cell proliferation and 
cytotoxic T lymphocyte-mediated cytolysis. 
Furthermore, they also induce the development 
of tolerogenic dendritic cells (DCs) and inhibit 
natural killer (NK) cell cytolytic functions (33, 
34).

MSCs also regulate Th1/Th2 balance 
(T helper cells) by affecting the IL-4 and 
interferon-γ (IFN-γ) levels in effector T cells. 
MSCs disturb the maturation, differentiation 
and functions of DCs through cytokine 
secretion, which plays a crucial role in antigen 
presentation. There is also evidence that MSCs 
inhibit the proliferation, differentiation, and 
chemotaxis of B cells (35). Because of their 
immunoregulatory properties, MSCs are also 
protected against cell lysis and the cytotoxic 
effects of the host’s immune system.

The immunoprivileged and immunomodulatory 
nature of MSCs suggests that large quantities 
of these cells can be harvested from a healthy 
donor, expanded and manipulated ex vivo prior 
to infusion into multiple allogeneic patients 
as an ‘off-the-shelf’ therapy (36). The latter 
point not only renders this therapeutic strategy 
more practical in terms of time and cost but 
also alleviates ethical considerations related to 

re-infusing the cancer patient’s (autologous) 
cells about their potential to influence tumour 
malignancy.

Manipulation of Mesenchymal Stem Cells  

Another impressive property of MSC is 
its ability to be genetically engineered (18), 
making it flexible as a drug carrier (37) while 
retaining its stemness characteristics. MSCs 
can be genetically manipulated to carry a range 
of molecules without changing their intrinsic 
properties. Hence, there has been a rise in 
MSC-based clinical trials, especially for cancer 
treatment (38). Several compounds have 
been tagged onto MSCs in vitro as a potential 
treatment for various disorders, including 
cancer. These compounds, which include 
chemicals, cytokines, hormones, proteins and 
vitamins, are introduced into MSCs via various 
methods (39). MSCs have been engineered with 
various antitumour molecules, including genes, 
oncolytic viruses, anticancer drugs and drug-
encapsulated nanoparticles (40), as detailed 
in the next section. Importantly, MSCs have 
minimal side effects either with MSC-transfusion 
alone (41) or as an in-site drug delivery vehicle 
(42), exhibiting an extensive safety profile. 
Finally, the long-time culture of MSC for clinical 
applications such as transfusion showed little or 
no genomic alteration and genotoxicity (37).

Enhancement of Mesenchymal Stem Cells 
for Cancer Therapy 

Numerous in vitro and in vivo studies 
using MSCs in cancer therapy have been 
conducted. MSCs have been identified as a 
great tool for carrying and delivering several 
antitumour agents. The studies reported several 
modifications of MSCs for cancer treatment, 
among them viral and non-viral genetically 
engineered MSCs to deliver suicide genes such as 
TNF-related apoptosis-inducing ligand (TRAIL), 
which have shown strong antitumour activity in 
different types of cancers (43). Other genes can 
either knock down the expression (carrier for 
RNAi) or overexpress certain cytokines like the 
ILs or IFNs, especially IL-2, IL-12, IL-21, IFN-α, 
IFN-β or IFN-γ. Other modifications on MSCs 
are as carriers of established anticancer drugs, 
such as paclitaxel, gemcitabine or doxorubicin, 
or as a carrier for oncolytic viruses. Moreover, 
MSC-derived extracellular vehicles (EVs), such 
as the soluble TRAIL (sTRAIL) and exosomes, 
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were explored recently. These therapeutic 
strategies were designed either as a stand-alone 
or combinatorial chemotherapy. 

 Delivery of Cytokines (ILs and IFNs)

Proinflammatory cytokines employed in 
tumour immunotherapy play an important role 
at every stage of the cancer immunity cycle. 
They can repair antigen priming, increase the 
number of effector or immune cells in the TME, 
and improve their cytolytic abilities. Here, we 
analysed some of the most current studies on 
MSC-based cytokine delivery for cancer therapy.

 Interleukins

In previous research, Nakamura and 
colleagues (44) discovered that MSCs exhibit 
migratory properties in tumour areas in 9-L 
glioma-carrying mice models via the corpus 
callosum, eventually invading the TME in vivo. 
Intratumoural injection of MSCs greatly slowed 
the growth of 9-L tumours and significantly 
extended the lifetime of 9-L glioma-bearing mice 
(44). Moreover, the results proved that injection 
of MSCs via an adenoviral vector expressing 
human IL-2 boosted anticancer effects and 
increased overall survival rates in tumour-
bearing murine models, suggesting that MSCs 
can be used as cytokine delivery vehicles in 
anticancer therapy (44).

The upregulated expression of IL-2 in 
BM-MSCs slowed tumour progression in B16 
melanoma-bearing mouse models. However, the 
parental BM-MSCs had no inhibitory effects on 
tumour formation in the transplanted models 
(45). Furthermore, injection of MSCs expressing 
IL-2 into B16 melanoma-bearing animals 
suppressed tumour progression by CD8 and NK 
cells but not by the activation of CD4 cells (45). 

Furthermore, increased production of 
proinflammatory cytokines and enhanced 
peripheral blood mononuclear cells (PBMC) 
activation were observed in human IL-2 
overexpressing adipose-derived MSCs (AD-
MSCs) compared to parental stem cells. 
Conversely, the co-culture of human IL-2-
producing AD-MSCs inhibited the viability of 
SH-SY5Y neuroblastoma cells in vitro (46). 
However, the finding suggested that AD-MSC-
secreting IL-2-mediated therapeutic effects could 
be hampered by increased expression of pro-
oncogenes, along with the natural potential of 
AD-MSCs to form malignancies (46).

Besides IL-2, injecting MSC-secreting IL-12 
into animal models yields encouraging benefits. 
Previous studies show that subcutaneous, 
intratumoural and intravenous administration 
of IL-12-secreting MSCs elicited stronger 
anticancer properties and T-cell response with 
high tumour specificity compared to the injection 
of parental MSCs in murine models bearing 
B16F10 melanoma and TC-1 cervical tumour, 
respectively. However, the antitumour effect of 
intravenous and subcutaneous administration 
was significantly lower than intratumoural 
injection in both models. IL-12-secreting MSCs 
embedded in Matrigel (MSC-IL-12-Matrigel) also 
inhibited tumour growth in immunodeficient 
murine models, such as the severe combined 
immunodeficient murine (SCID) model, and 
beige/nude/X-linked immunodeficiency (BNX) 
mice lacking T and B lymphocytes (T and B cells) 
and NK cells, but not in IFN-γ knockout murine 
models (47).

Furthermore, the injection of MSCs 
engineered to overexpress IL-12 in B16F10 
melanoma-bearing mice models significantly 
reduced melanoma lung metastases by inducing 
the activation and proliferation of NK cells 
(48). Moreover, significant inhibition of tumour 
progression and enhanced survival rate was 
observed following subcutaneous administration 
of IL-12-secreting MSCs into tumour-bearing 
mice (48). Due to the ability to home to tumours 
and generate local IL-12, systemic injection 
of BM-MSCs transduced with a recombinant 
adenoviral vector expressing murine IL-12 in 
mice models bearing renal cell carcinoma (RCC) 
slowed tumour growth and markedly prolonged 
mouse survival (49). According to the findings, 
the antitumour effects in animal models were 
linked to the presence of IFN-γ and NK cells 
(49).

Aside from the evidence exhibiting the 
therapeutic potency of IL-12-secreting BM-
MSCs in Ewing sarcoma tumours (50), another 
study indicated their anticancer effects in murine 
metastatic hepatoma established by HCA-I and 
Hepa 1–6 cells. The underlying mechanisms for 
the modified MSC-exerted anticancer effects 
were described as an upregulated expression of 
monocyte chemoattractant protein-1 (MCP-1/
CCL2) and enhanced stimulation of NK cells 
and cytotoxic T lymphocytes (CTL) in tumour 
tissues (51). Furthermore, treatment suppressed 
pulmonary metastasis and improved survival 
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rates in tumour-bearing mice by inducing 
apoptotic activity in tumour cells by activating 
the proliferation of effector immune cells (51).

Current research suggests that utilising 
MSCs to deliver IL-21 could exert anticancer 
effects in many malignancies by regulating 
immune cell proliferation and activation. For 
example, systemic injection of umbilical cord-
derived MSCs (UC-MSCs) secreting IL-21 into 
A2780 ovarian cancer-bearing mice models 
increased cytotoxicity towards NK cells and 
the number of IFN-γ-producing splenocytes 
in transplanted models (52). On the contrary, 
the intervention improved the survival rates 
of tumour-bearing mice and inhibited tumour 
development (52). 

Similarly, the administration of human 
UC-MSCs secreting IL-21 into SKOV3 nude 
mice with ovarian tumours reduced tumour 
burden in the transplanted mice, as seen by the 
decreased tumour size (53). It is noteworthy 
that the delivery of IL-21 by human UC-MSCs 
altered the expression of TNF-α and IFN-γ in the 
murine serum, increased the expression of major 
histocompatibility (MHC) class I polypeptide-
related sequence A (MICA) and NK group 2D 
(NKG2D) molecules in tumour tissues, and 
finally reduced the expression of cyclin-D1 and 
β-catenin in the tumour, resulting in hampered 
tumour growth post-transplantation (53). Local 
administration of MSCs secreting IL-21 into 
B-cell lymphoma BALB/c murine models was 
reported to prolong anticancer effects, inhibiting 
the formation of tumour nodules (54). 

Nevertheless, although the activation of 
NK and effector T cells by IL-21-MSC treatment 
reduced tumour progression and improved 
survival in transplanted mice, no significant 
anticancer responses were observed following the 
injection of MSCs with recombinant adenovirus-
expressing IL-21 (rAD/IL-21) in the mice (55). 

 Interferons

MSCs, according to previous research, 
have a high potential to deliver IFNs to tumour 
tissues to induce immune cell antitumour 
characteristics (56). A previous study discovered 
that IFN-⍺-overexpressing BM-MSCs may inhibit 
lung metastasis in B16F10-bearing C57BL/6 
mice with metastatic melanoma. As a result, in 
experimental models, administration of IFN-
producing MSCs via systemic infusion slowed 
tumour progression and prolonged survival. 
Immunohistochemistry evaluation revealed 
increased apoptotic activity and decreased 

proliferation and blood vasculature, indicating 
that adult IFN-overexpressing MSCs can slow 
the progression of melanoma lung metastasis 
(57). Previous research also revealed that even 
a relatively small population of MSCs capable 
of producing IFN-α may significantly slow the 
progression of B16 tumours in xenograft models 
due to the activated CD8-positive T cells and NK 
cells (58). 

Researchers have also incorporated 
different IFNs with MSCs. Yang et al. (59) 
hypothesised that MSCs that continuously 
produce IFN-γ could kill tumour cells by 
continuing to activate the TRAIL pathway, which 
induces apoptosis. In turn, IFN-γ-modified MSCs 
could produce a large amount of functional 
IFN-γ, resulting in the prolonged production 
secretion of TRAIL and subsequent activation of 
the caspase cascade in tumour cells. For instance, 
after improving TRAIL expression in tumour 
cells in vitro, IFN-γ-secreting MSCs selectively 
activated the apoptotic pathway in lung tumour 
cells by upregulating caspase-3 activation. 
Furthermore, in xenograft murine models, MSCs 
producing IFN-γ slowed the progression of lung 
carcinoma (59).

In a previous study, murine macrophages 
were polarised to the M1 phenotype by MSCs 
producing IFN-γ in vitro, and these IFN-γ-
secreting MSCs additionally inhibited tumour 
growth in neuroblastoma tumour cell-bearing 
xenografts, resulting in ameliorated overall 
survival (60). Furthermore, co-culturing IFN-γ-
overexpressing BM-MSCs with human chronic 
myelogenous leukaemia (CML) K562 cells 
resulted in strong inhibition of leukemic cell 
apoptosis and cell proliferation, along with the 
induction of G1 phase cell cycle arrest (61). 

MSC-producing IFN-β exhibited a more 
efficient antitumour impact than IFN-α and 
IFN-γ gene delivery by MSCs. Intravenously 
injected MSC can migrate to the breast tumour 
region and secrete high amounts of IFN-β 
into the tumour stroma, according to previous 
research on breast tumour xenografts (62). 
Meanwhile, intratumorally generated IFN-β was 
found to suppress primary tumour growth and 
attenuate pulmonary and hepatic metastases 
by downregulating activation of matrix 
metalloproteinase-2 (MMP-2), signal transducer 
activator transcription factor 3 (Stat3), cellular 
Myc (c-Myc), protein kinase B (Akt), and 
proto-oncogene tyrosine-protein kinase (Src) 
expression in tumour cells (62). 
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Furthermore, evaluation of the antitumour 
effects of combined therapy with canine 
AD-MSCs producing IFN-β and cisplatin in 
B16F10 melanoma-bearing mice revealed 
that intratumoural administration of cisplatin 
combined with subcutaneous injection of 
engineered AD-MSCs exhibited superior effects 
compared to the administration of modified AD-
MSCs or cisplatin alone in terms of melanoma 
tumour development inhibition and survival 
rate (63). Moreover, positive results from the 
treatment of human U87 glioma-bearing murine 
models with MSCs secreting IFN-β indicated that 
MSCs can migrate into brain tissue following 
local or systemic delivery, allowing for the 
treatment of human glioma (64). Furthermore, 
injection of IFN-overexpressing MSCs resulted 
in a remarkable decrease in tumour volume 
in a xenograft model of prostate cancer lung 
metastasis (57) and a xenograft model of 
squamous cell carcinoma (65).

Suicide Gene

Several studies have used viral vectors for 
directed enzyme prodrug therapy (GDEPT) or 
suicide gene therapy. MSC-targeted suicide gene 
therapy is a two-step process. Transduction of 
MSCs targets the gene for the foreign enzyme 
(bacterial, yeast or viral) to the tumour in the 
first step. Transcription of the gene encoding the 
prodrug-drug converting enzyme will produce a 
deadly substance at the tumour site in the second 
step. According to earlier research, the retroviral 
suicide gene construct is frequently employed 
for MSC transduction, with CD and HSV-TK 
being the most transduced suicide genes. AD-
MSCs and BM-MSCs have been used as delivery 
vectors for anti-neoplastic drugs (66). In terms 
of proliferation, differentiation, tumour-homing 
potentials and surface antigenicity, modified 
MSCs exhibited no differences apart from naïve 
MSCs (67).

MSCs, like most healthy tissues, exhibit very 
low amounts of receptors and are unaffected by 
TRAIL-induced apoptosis. Hence, recruiting 
MSCs that secrete TRAIL leads to excellent 
cancer treatment outcomes (68). Furthermore, 
co-transfection of the TRAIL gene with various 
double suicide gene techniques (e.g. HSV-
TK) that face challenges such as antagonistic 
antitumor activity could boost the tumouricidal 
effect efficacy (69). The median volume of 
injected therapeutic cells is suggested to be 

less than 10% of the tumour mass to promote 
efficient MSC homing to the tumour location 
(70). 

Subsequently, it is practical to employ 
multiple low-dose injections of therapeutic cells 
rather than a single high-dose injection. Kim  
et al. (71) demonstrated that mice with metastatic 
RCC exhibited a 50% and 100% survival rate 
following two and three small-divided doses of 
MSC/TRAIL-TK injections. Another study looked 
at the effectiveness of consecutive suicide gene 
therapy, verifying that repeated administrations 
of Cdy: UPRT-AD-MSC into the cerebrum 
resulted in an 88% increase in the survival period 
of rats with glioblastoma (GBM) (72). 

Some studies used combined therapeutic 
approaches for the treatment of malignant 
disease. In some circumstances, combining 
suicide gene-MSCs with chemotherapeutic drugs 
produces satisfactory results. Ando et al. (73) 
discovered that when the proteasome inhibitor 
bortezomib was combined with MSC-Ad.iC9, 
non-small cell lung cancer (NSCLC) development 
was prevented. When administered on its 
own, the medication is unsuccessful in treating 
NSCLC. Meanwhile, another investigation 
used MSCs-TK and valproic acid (VPA) to treat 
glioma-bearing mice (74). In the murine model, 
the combined treatment significantly inhibited 
tumour growth and increased the survival rate. 

RNA Interference

 MSCs have piqued the interest of 
researchers and exhibited good potential as a 
cellular treatment and RNAi targets. RNAi has 
been employed to ameliorate the therapeutic 
benefits of MSCs in many disorders and one such 
strategy is RNAi-based functional modification 
(75). MicroRNA (miRNA) regulates stem cell 
migration and homing capabilities (76) and 
its alteration could improve the efficiency of 
MSC-based therapy. RNAi-based stem cell 
modification could effectively control restrictions 
to stem cell application, such as stem cell-related 
fibrosis, which is generated by spontaneous 
fibroblastic differentiation of stem cells (77, 78). 
The secretion of specific cellular factors could 
be induced by RNAi-mediated gene silencing. 
Suppression of miR-383 can increase glial 
cell line-derived neurotrophic factor (GDNF) 
production, which could assist human bone 
marrow-derived MSCs to repair spinal cord 
damage more effectively (79). 
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 Oncolytic Viruses

As a novel cancer treatment technique, 
virotherapy has various advantages, including 
the possible lack of cross-resistance with 
conventional therapies and the ability to 
promote tumour elimination through various 
mechanisms. The self-preserving characteristic 
of oncolytic viruses (OVs) acts as a superior 
approach for inserting the therapeutic transgene, 
regardless of the unique properties that 
distinguish them from other treatment options. 
The utilisation of MSCs as a non-systemic 
carrier of OVs for treating many clinical diseases 
has been studied successfully. The powerful 
anticancer effects of the OVs delivered by MSCs 
into tumour tissues are discussed in this section.

Oncolytic Adenovirus 

In the research investigating the immune 
reaction to oncolytic adenovirus-transduced 
MSCs (MSC-oAd) in semi permissive cotton 
rat (CR) model, Ahmed and colleagues (80) 
discovered that CR-MSCs can maintain the 
replication of oncolytic adenovirus (oAd) in vitro. 
Moreover, CR-MSCs can limit IFN-γ production 
by activated T cells while promoting the 
distribution and persistence of oAd compared 
to viral injection alone in vivo. This suggests 
that utilising MSCs as a delivery method for 
oAd could have multiple benefits, including 
supported delivery, increased distribution, and 
reduced virus persistence by inhibiting antiviral 
immune responses (80). 

Furthermore, intravenous injection of MSC-
oAd was demonstrated to home in xenograft 
hepatocellular carcinoma (HCC) tumours, 
inducing virion accumulation in the tumours, 
subsequently resulting in a significant tumour 
growth inhibition (81). In both hypoxic and 
normoxic conditions, MSC-oAd can induce 
apoptosis in HCC cells in vitro, implying that 
MSC-linked systemic oAd transport is a potential 
means of achieving synergistic antitumor efficacy 
with enhanced safety profiles (81). Similarly, 
MSC-oAd exhibited antitumor properties in 
orthotopic mouse models of breast and lung 
tumours after systemic injection, resulting in 
enhanced survival of xenograft models, whereas 
only transduction of the liver was observed after 
the administration of oAd without MSCs as a 
vector (82). 

When human MSCs transduced with 
conditionally replicating adenoviruses (CRAds) 
were systemically administered into SCID 
murine xenograft metastases model of breast 

tumours, enhanced migration of injected cells 
into tumour site was observed in in vivo models, 
ameliorating murine survival rates compared 
to murine models treated with only CRAds, 
where this observation is suggested to be linked 
to MSCs facilitating viral amplification (83). 
On the contrary, Guo and his colleagues (84) 
discovered that MSCs derived from menstrual 
blood (Men) and loaded with oAd could have 
strong inhibitory effects on the progression of 
colorectal cancer (CRC) tumours in mice models, 
possibly due to viral amplification, as exhibited 
by higher amounts of viruses accumulating in the 
TME. Besides exhibiting inhibitory properties on 
prostate cancer cell proliferation in vitro, MSC-
oAd displayed tumour-homing characteristics 
in prostate cancer mouse models, accompanied 
by tumour growth suppression in experimental 
models. This result was consequentially obtained 
from the consistent replication of the virus, 
allowing the commencement of cell lysis (85). 

Oncolytic Herpes Simplex Virus 

MSCs transduced with oncolytic herpes 
simplex virus (oHSV, MSC-oHSV) can develop 
oHSV progeny capable of lysis of GBM cells in 
vitro and in vivo, potentially through a dynamic 
oHSV infection and tumour eradication pathway 
(86). Furthermore, biocompatible synthetic 
extracellular matrix (sECM)-encapsulated MSC-
oHSV can induce enhanced anti-GBM potency 
compared to direct utilisation of isolated oHSV 
in the xenograft model, resulting in an extended 
lifespan in animal models (86). Furthermore, 
MSC loaded with oHSV-TRAIL can trigger 
apoptosis-related death and prolong survival in 
mice with oHSV-TRAIL-resistant GBM (86).

Likewise, systemic administration of MSCs 
infected with a HER2-retargeted oHSV led to the 
propagation of the oHSV progeny from MSCs to 
tumour cells in ovarian cancer and metastatic 
breast murine models (87). The presence of 
a significant concentration of MSCs and viral 
genomes in the lungs of mice was confirmed 
through observation, as was the reduced tumour 
development in nude mice (87).

MSCs infected with HF10, an HSV-1 
mutant, exhibited antitumour properties in 
vitro when combined with the tyrosine kinase 
inhibitor erlotinib, revealing that combination 
therapy exerted significant cytotoxic activity 
toward human pancreatic cell line BxPC-
3. However, no significant cytotoxicity was 
observed against human pancreatic cell line 
PANC-1 cells (88). In the subcutaneous tumour 
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model, the combination of MSC-HF10 and 
erlotinib supported sustained viral proliferation 
in tumour regions and more significant 
suppression of tumour progression than utilising 
either alone (88).

Oncolytic Measles Virus 

Human MSCs infected with oncolytic 
measles virus (oMV, MSC-oMV) have already 
been shown to produce targeted therapeutic 
effects in a range of human cancers, such 
as ovarian cancer (89). In this regard, 
investigations in SKOV3ip.1 ovarian tumour 
xenografts exhibited that MSCs administered 
intraperitoneally may migrate directionally 
towards peritoneal tumours, home to the 
tumour parenchyma, subsequently transmitting 
virus infection to tumours in both measles-
naive and passively immunised murine 
models. Surprisingly, the MSC-oMV, but not 
an uninfected MSC or a naked virus, increased 
the survival rates of orthotopic ovarian cancer 
models upon administration (89). Furthermore, 
Mader and colleagues (90) also discovered that 
patient-derived MSC can be pre-infected with 
oMV, frozen in liquid nitrogen and thawed prior 
to being administered without the risk of efficacy 
deterioration.

In addition, when BM-MSC-oMV is 
systemically administered into human HCC 
SCID murine models, significant tumour 
growth inhibition was observed in both measles 
antibody-naive and passively immunised SCID 
animals. Nevertheless, administration of MV 
viruses alone induced antitumour effects only in 
measles antibody-naive SCID mice, indicating 
that MSC-oMV could be utilised to treat human 
liver cancers (91). MV transport via MSCs 
holds promise for treating haematological 
cancers despite the positive results seen in 
solid tumours. As a result, systemic injection 
of the BM-MSC-oMV in xenograft models of 
acute lymphocytic leukaemia (92) and multiple 
myeloma (93) induced antitumor responses, 
such as suppression of cancer progression 
through induced apoptosis of malignant 
cells, contributing to enhanced survival in 
transplanted models.

Anti-Angiogenic Agents

Angiogenesis is a key process in the 
development and progression of gliomas. One 
of the glioma therapeutic approaches is thought 
to involve agents that suppress angiogenesis. 
Pigment epithelial-derived factor (PEDF) is a 

secreted glycoprotein with a molecular weight 
of 50 kDa, which can initiate the activation of 
the Fas/FasL pathway to trigger endothelial 
apoptosis and maintain the balance between 
angiogenesis inducers and inhibitors (94, 
95). Zhang et al. (96) reported that PEDF was 
involved in the angiogenesis and tumourigenesis 
of gliomas. Meanwhile, Wang et al. (95) 
demonstrated in 2013 that MSCs expressing 
PEDF successfully triggered tumour cell death 
and blocked angiogenesis, shrinking the volume 
of the tumour site and increasing the survival 
rate of glioma-bearing murine models. However, 
the molecular mechanism of PEDF triggers 
anti-angiogenic activity and apoptosis in glioma 
is still unknown. Engineered MSCs operate 
as an inhibitory molecular carrier in gliomas, 
promoting apoptosis and inhibiting angiogenesis, 
and may have therapeutic potential stem cell 
treatment against gliomas in clinical settings.

Pro-Apoptotic Ligands and Proteins 
(TRAIL)

Despite the possibility of adverse 
consequences, apoptosis is an effective 
mechanism for tumour therapy. TRAIL, 
otherwise known as Apo-2 ligand (Apo2L), is 
an ideal anticancer cytokine due to its unique 
ability to target specific targets and exert its 
effect on cancer cells while sparing normal cells. 
Figure 2 illustrates that TRAIL binds with two 
receptors, TRAIL-R1 (alternatively known as 
DR4) and TRAIL-R2 (alternatively known as 
TRICK2, KILLER, Apo2, and DR5), to induce 
the formation of a death-inducing signalling 
complex (DISC). This complex comprises a 
trimerised receptor and the adaptor protein Fas-
associated protein with death domain (FADD). 
FADD recruits procaspase-8 to DISC, which 
activates caspase-8 by auto-catalytic cleavage 
and formation of homodimers. Upon release 
from DISC, activated caspase-8 cleaves and 
activates caspase-3, the ‘effector’ of the extrinsic 
apoptosis pathway. Further on, an intrinsic 
apoptotic pathway is activated by TRAIL through 
the cleaving of BH3 interacting-domain death 
agonist (BID) into truncated BID (tBID), which 
translocates to the mitochondria, rendering 
the release of Smac/DIABLO and cytochrome 
c. Apaf-1 and cytochrome c activate caspase-9, 
which subsequently activates caspase-3 
(97). In contrast to TRAIL, most traditional 
chemotherapeutics and radiotherapeutics 
require the activation of p53 to induce intrinsic 
apoptosis pathways (98). Therefore, TRAIL 
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is superior to conventional cancer therapy to 
induce apoptosis in tumours with p53 deletions 
or mutations.

In addition to TRAIL-R1 and TRAIL-R2, 
TRAIL can also bind to two non-DD-containing 
membrane receptors called TRAIL-R3 (decoy 
receptor 1, DcR1) and TRAIL-R4 (decoy 
receptor 2, DcR2) (99, 100). TRAIL-R3 is 
a glycosylphosphatidylinositol-anchored 
receptor without an intracellular domain, and 
TRAIL-R4 contains a truncated, non-functional 
DD in its intracellular domain. Compared to 
most transformed cell lines, high expression 
of TRAIL-R3 is observed in normal cells, such 

as the placenta, BM, kidney, liver, heart, lung, 
spleen, and peripheral blood lymphocytes (101). 
The extracellular domains of TRAIL-R3 and 
TRAIL-R4 do not possess the capability to induce 
the apoptotic pathway despite their similar 
characteristics to the extracellular domains of 
TRAIL-R1 and TRAIL-R2. When TRAIL-R3 and 
TRAIL-R4 are highly expressed, these decoy 
receptors with non-functional or truncated DD 
will compete with the death receptors (DRs) 
TRAIL-R1 and TRAIL-R2 harbouring the 
functional DD, leading to the inhibition of the 
TRAIL-induced apoptotic pathway (102, 103). 

Figure 2. The TRAIL-induced apoptosis pathway and its regulation. Activation of DR4 and DR5 by TRAIL 
induces the extrinsic apoptosis pathway (left). The intrinsic pathway (right) is activated by various 
stimuli, rendering the secretion of proapoptotic proteins from the mitochondria. The interaction 
between the two pathways is initiated when caspase-8 activated by the DRs can cleave BID, which then 
activates the intrinsic pathway. Contrariwise, caspase-3 can cleave and activate caspase-8 in a feedback 
loop, amplifying the apoptotic signal. Decoy receptors do not induce apoptotic pathways due to the 
absence of functional death domains. Created in Biorender.com (97)
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As mentioned, TRAIL receptors, known as 
DRs, are predominantly expressed in cancer cells 
(100, 104). In this context, both the wild full-
length membrane-bound protein (FL-TRAIL) 
or a modified or recombinant soluble TRAIL 
(sTRAIL) have been explored, with remarkable 
preclinical antitumor results (105, 106). Homing, 
short half-life and reduced bioavailability were 
the main clinical limitations of sTRAIL, hence 
the option of an MSC as the delivery vehicle. 
Tracking and biodistribution of 89Zr-oxine 
labelled MSC-TRAIL with PET/CT imaging 
in metastatic lung adenocarcinoma xenograft 
models demonstrated effective delivery of MSC-
TRAIL up to one-week post-injection (105).

Compared to cells expressing FL-TRAIL, 
MSC-sTRAIL can significantly induce more 
potent apoptosis-inducing activity. Although 
TRAIL can stimulate the expression of 
prometastatic molecules like CXCL5/ENA-78 
and IL-6 in prostate cancer cells, this effect can 
be countered using an AKT inhibitor combined 
with TRAIL (107). As a result, combining MSC-
sTRAIL with small-molecule drugs could 
sensitise tumour cells to TRAIL while reducing 
the risk of cytokine secretion, which can cause 
side effects (107). In contrast, another study 
found that MSC-FL-TRAIL may cause higher 
cytotoxicity against cancer cells than MSC-
sTRAIL, as well as resistance of cancer cells 
towards recombinant TRAIL, implying that 
MSC-FL-TRAIL is superior to MSC-sTRAIL 
for cancer therapy (108). Besides, AD-MSCs 
engineered to express sTRAIL were found to 
induce apoptotic pathways in pancreatic ductal 
adenocarcinoma (PDAC) BxPC-3, primary 
PDAC cells, and MIA PaCa-2 cell lines [109]. 
On the other hand, sTRAIL secreted by AD-
MSCs migrated into the tumour stroma and 
significantly hampered tumour development in 
vivo with an antiangiogenic effect and significant 
reduction in tumour size (109).

MSC-derived extracellular vesicles (EVs) 
transporting TRAIL are considered a promising 
anticancer therapeutic approach. EVs derived 
from MSC-TRAIL were found to exhibit 
cytotoxicity against neuroblastoma cell line 
(SHEP-TET), human breast adenocarcinoma 
line (MDAMB231), renal cancer lines (HA7-RCC 
and RCC10), malignant pleural mesothelioma 
lines (H2818, H2810, H2804, and H2795) and 
lung cancer lines (NCI-H727, NCI-H460 and 
A549) without any cytotoxic effects towards 
primary human bronchial epithelial cells (108). 
Importantly, EVs formed from MSC-sTRAIL 

induced significant apoptosis in TRAIL-resistant 
cancer cells, which was enhanced using a CDK9 
inhibitor, implying that MSC-derived EVs could 
be used as an effective antitumour therapy (99).

Similarly, intravenous or intraperitoneal 
injections of MSC-sTRAIL into a mesothelioma 
xenograft mouse encouraged tumour shrinkage 
while reducing local inflammation. These 
proof-of-concept studies suggest that MSC-
sTRAIL may be useful in treating malignant 
mesothelioma (110). Furthermore, MSC-TRAIL 
targeting CD133-positive cancer stem cells 
(CSCs) revealed a potential function of altering 
apoptosis-related genes in NSCLC (111). Despite 
their multipotency, MSC-TRAIL exposure to 
CSCs significantly reduced their proliferation 
and triggered tumour cell apoptosis in vitro, 
owing to the activation of the apoptosis intrinsic 
pathway in CSCs (111). Results of molecular 
analysis exhibited that altering the expression 
of harakiri (HRK), DNA damage-inducible 
alpha (GADD45A), growth arrest, MCL1, BAG 
cochaperone 3 (BAG3), and NF-κB1 in CSCs 
was found to be responsible for the antitumour 
effects of MSC-TRAIL (112).

Engineered MSCs-Derived Exosomes for 
Cancer Therapy 

Inhibiting Tumour Growth

In recent decades, the role of MSCs-Exo 
on tumour growth has received much attention. 
According to previous data, miRNA in MSCs-Exo 
has been linked to the suppression of cancer cell 
proliferation. Adipose MSCs-Exo is capable of 
suppressing prostate cancer growth by delivering 
miRNA-145 to diminish Bcl-xl activity and boost 
tumour cell apoptosis via the caspase-3 and 
caspase-7 pathways (113). MiR-302A-loaded 
UC-MSCs-Exo was reported to suppress the 
proliferation and migration of endometrial 
cancer cells by inhibiting the expression of 
cyclin D1 and the AKT signalling pathway 
during endometrial cancer treatment (114). 
Similarly, Wu et al. (115) found that exosomes 
from UC-MSCs inhibited the development of 
bladder carcinoma cells by upregulating cleaved 
caspase-3 and downregulating Akt protein kinase 
phosphorylation. 

Exosome-mediated communication 
is indispensable for maintaining normal 
physiological functions. MSCs-Exo can indirectly 
regulate tumour progression through their 
effects on signalling pathways. For instance, 
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microRNA-100 carried by MSCs-Exo can 
inhibit angiogenesis and, consequently, breast 
cancer progression via the mTOR/HIF1A/VEGF 
signalling axis (116). miRNAs may have similar 
tumour-suppressive effects in haematological 
malignancies. BM-MSCs-Exo directly target the 
IRF2 gene by secreting miR-222-3p, negatively 
regulating the IRF2/INPP4B pathway in  
THP-1 cells, leading to the suppression of 
leukaemia cell proliferation, the promotion 
of apoptosis, and the prevention of leukaemia 
progression (117). Another study investigated the 
therapeutic role of engineered hUC-MSCs-Exo 
enriched with miR-302a in endometrial cancer 
(EC). The authors reported that these exosomes 
could inhibit EC cell proliferation and migration 
by suppressing the expression of cyclin D1 and 
the AKT signalling pathway (114). miRNA-146b 
derived from MSCs-Exo was shown to attenuate 
the growth of glioma xenografts in the rat brain. 
However, the underlying mechanism was not 
elucidated in the study (118). Similarly, exosomal 
circ_0030167 derived from BM-MSCs can 
inhibit the invasion, migration, proliferation, and 
stemness of pancreatic cancer cells by sponging 
miR-338-5p and targeting the Wif1/Wnt8/β-
catenin axis (119). In general, miRNAs carried 
by MSCs-Exo can regulate tumour progression, 
perhaps providing a novel paradigm for future 
tumour therapy (120).

Enhancing Drug Sensitivity

Because of their natural intercellular 
communication function, strong tumour tropism, 
low immunogenicity, low toxicity, biodegradable 
characteristics and capability to escape from 
clearance and cross biological barriers, MSC-
derived exosomes have emerged as promising 
carriers of various biomolecules and chemical 
agents in cancer treatment. Bioengineered 
MSC-derived exosomes can encapsulate 
desired therapeutic cargoes, such as miRNAs, 
proteins, and drugs. It has been observed that 
MSCs transfected with synthetic miRNAs can 
enhance the chemosensitivity of cancer cells 
by transferring specific miRNAs via exosomes. 
For example, exosomes derived from miR-199-
modified ADMSCs can improve sensitivity to 
DOX by inhibiting the mTOR signalling pathway 
in hepatocellular carcinoma in vitro and in vivo 
[121]. In glioma, miR-199a, a downregulated 
miRNA in both glioma tissues and cells, 
has been found to inhibit the proliferation, 
invasion, and migration of U251 cells in vitro. 

Furthermore, miR-199a-overexpressing MSC-
derived exosomes inhibited glioma progression 
and enhanced sensitivity to temozolomide 
(TMZ) by suppressing AGAP2 expression in 
vitro and in vivo (122). Furthermore, Wharton’s 
jelly-derived MSC (WJ-MSC)-derived exosomes 
transfected with miR-124 have been confirmed 
to sensitise GBM cells to TMZ and inhibit 
GBM cell proliferation and migration by 
directly targeting CDK6 in vitro (123). It has 
been observed that miR-193a expression was 
downregulated, whereas LRRC1 expression was 
upregulated in DDP-resistant NSCLC tissues 
and cells. Meanwhile, BMSC-derived exosomes 
could inhibit NSCLC progression through 
upregulating miR-193a and downregulating 
LRRC1 in vitro and in vivo. Furthermore, BMSC-
derived exosomes transfected with miR-193a 
mimic impaired DDP resistance and inhibited 
proliferation, migration and invasion by 
inhibiting LRRC expression in NSCLC (124). 

Inhibiting Metastasis/Invasion

The inhibitory property of MSCs-Exo in 
metastasis and the premetastatic environment 
has also been investigated. BMSCs were 
found to induce dormancy in invasive breast 
cancer cells by secreting exosomes containing 
miRNAs (125). Exosomes are made up of 
multifunctional proteins. MSCs-Exo carries 
all three immunoproteasome subunits and all 
seven chains of the 20 S proteasome, implying 
that exosomes potentially target tumour cells by 
proteasome transfer (126). MSCs-Exo was also 
modified to overexpress microRNA-34c-5p (miR-
34c) to reveal its effect on the tumour. MSCs-Exo 
overexpressing miR-34c inhibited the growth of 
nasopharyngeal carcinoma (NPC) by dampening 
NPC invasion, migration, proliferation, and 
epithelial-mesenchymal transition (EMT) 
process in both in vivo and in vitro experiments, 
confirming that MSCs-Exo overexpressing miR-
34c can be utilised to suppress the progression 
of NPC by attenuating NPC invasion, migration, 
proliferation and EMT process (127). 

Although MSCs-Exo has a tumour-
inhibiting function, research has demonstrated 
that it promotes tumour growth in time (128). 
The variances could be due to several factors, 
including standardised MSC culture conditions, 
which could impact the overall properties of 
released bioactive components. Furthermore, 
the diverse sources of MSC-secreted exosomes 
are a significant factor. Exosomes produced from 
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BMSCs of patients with multiple myeloma, for 
example, were able to increase the proliferation 
of multiple myeloma cells, indicating that other 
variables, such as high levels of cytokines and 
adhesion molecules, in addition to elevated 
miRNA, likely had a role in tumour promotion 
(129). In contrast, exosomes derived from 
healthy human BM-MSCs suppressed the growth 
of multiple myeloma cells by delivering low 
amounts of miRNA-15a, implying that the origin 
of MSCs is important for tumour suppression or 
promotion (130).

Mesenchymal Stem Cells-Based Cancer 
Therapies in Clinical Trials 

A modest number of registered clinical 
trials using MSCs to treat solid tumours are 
currently being conducted. Although some 
outcomes are yet to be published, many trials 
were motivated by successful preclinical trials. 

Gastrointestinal Cancer

The first clinical trial of genetically modified 
MSCs in humans for gastrointestinal cancers has 
been published (TREATME1), which uses MSCs 
to deliver HSV-TK under the control of the CCL5 
promoter. The phase I/II clinical trial has been 
completed (131). 

Ovarian Cancer

Ovarian cancer was the target of another 
clinical research employing MSCs. Human 
MSCs transfected with IFN-β (MSCs-IFNβ) were 
used in phase I clinical trials sponsored by M.D. 
Anderson Cancer Centre. The goal of this clinical 
trial is to determine the maximally tolerated 
dose of human MSCs-IFNβ that may be given 
to ovarian cancer patients while also testing its 
safety (NCT02530047).

Anthracycline-Induced Cardiomyopathy (Post-
Anticancer Treatment)

SENECA is the first clinical trial to utilise 
direct cardiac injection of a cell product to treat 
anthracycline-induced cardiomyopathy, a well-
known side effect of anticancer treatment defined 
by a gradual loss of heart function that eventually 
leads to dilated cardiomyopathy (DCM). The 
safety and feasibility of administering all-MSCs 
transendocardial in a patient population with 
few therapy options and a poor prognosis will 
be assessed in this phase I trial. SENECA will 
inform future larger trials of this new therapeutic 
technique if the results are promising (132).

Lung Cancer

Allogeneic MSCs expressing a full-length 
form of TRAIL have been employed in a 
therapeutic strategy for treating lung cancer. The 
objective of MSCs as a gene therapy vehicle is to 
deliver TRAIL. TACTICAL is a phase I/II trial 
evaluating the safety and efficacy of MSC-TRAIL 
paired with combination therapy in patients with 
stage IIIB/IV metastatic lung adenocarcinoma. 
The goal of phase 1 is to determine the 
recommended phase II dose (RP2D) of MSC-
TRAIL when used with pemetrexed/cisplatin 
chemotherapy. Phase 2 will evaluate the 
safety and preliminary efficacy of MSC-TRAIL 
in combination with pemetrexed/cisplatin 
chemotherapy. TACTICAL is the first clinical 
trial of this innovative cell and gene therapy, 
and if the clinical study results are successful, 
the findings will present an opportunity for 
allogeneic MSC therapy in cancer in the future 
(133).

Paediatric Tumours

A previous study discussed the findings of 
a first-in-human, first-in-child trial of Celyvir, 
an advanced therapeutic drug that combines 
autologous MSCs with oAd for patients with 
relapsed solid tumours. Celyvir was created 
using a bone marrow aspirate and administered 
intravenously. According to the findings, it 
is a safe technique for systemically providing 
repeated doses of oncolytic virotherapy, 
suggesting further investigation in a phase 2 
context. MSCs could be utilised to boost the 
amount of OVs given to patients while limiting 
side effects and avoiding direct tumour injections 
(134).

 Prostate Cancer

Allogeneic bone marrow-derived MSCs 
were injected in men with localised prostate 
cancer in the phase I clinical trial. The main 
aim of the research was to determine the safety 
and cancer-homing potential of MSCs. MSCs, 
however, did not home to primary tumours in 
sufficient numbers to kill cancer cells or slow 
tumour growth in this investigation (135).

Cancer Inducing Potential of 
Mesenchymal Stem Cells 

Many anticancer molecules and agents 
have been tested as a potential treatment for 
multiple cancers. However, a major setback 
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is the declining efficacy, resulting in relapse 
due to a short-half life. Increasing the dosage 
can overcome the problem but often results in 
serious side effects such as off-target cytotoxicity 
(136). This led to the utilisation of MSC as a tool 
for delivering therapeutic agents in oncology 
(40). Apart from their endogenous ability to 
suppress tumour formation and proliferation, 
MSCs can successfully home to inflamed/tumour 
sites and express anti-inflammatory abilities. 
In addition, MSCs are readily available and 
can be largely reproduced while considerably 
maintaining their characteristics (40). In the 
last decade, MSC has been at the forefront of 
many clinical applications for their relevance 
in personalised cell-based therapy either as 
an engineered or non-engineered MSC with 
remarkable pre-clinical outcomes and promising 
clinical potential for cancer. Regardless, the 
therapeutic applications of MSCs are not without 
challenges. These include the lack of consistency 
and efficacy of MSCs for MSC-based therapy 
across research groups (137), which might largely 
be associated with the heterogeneity in the 
isolating procedure, donor age and cultivation 
(expansion and storage protocol) among 
laboratories, resulting in different non-clonal 
cultures of MSCs (138). 

Other setbacks might be due to the 
unspecified optimal doses and routes of 
cell administration (138), the high risk of 
pro-tumorigenic, immune rejection, and 
disturbed differentiation capacities. Moreover, 
differentiating into undesirable tissues that 
might have a short survival after implantation 
and their less impressive improvements 
(139) were also recorded as obstacles. Other 
detrimental factors include the off-target 
accumulation and cellular toxicity associated 
with therapeutic MSCs (139). 

There is growing evidence that MSC 
supports tumour proliferation, differentiation, 
motility, invasion, and metastasis (140, 141). 
However, the contributory role of MSC in 
tumour progression and metastasis is not 
fully understood, considering the massive 
potential of MSC. An inventive unravelling 
of its paracrine secretion and mechanism is 
vital to understanding the limitation of MSC-
based therapy, especially in oncology (138, 141), 
as many of the clinical values of MSCs were 
earlier primarily associated with the immune 
suppressor’s component of the MSCs known as 
extracellular vesicles made up of exosomes, the 

multitude of chemokines, and growth factors 
(142). 

The paracrine signalling secretion of MSCs 
is vital for clinical applications such as treatment 
for sepsis, graft-versus-host diseases, and diverse 
autoimmune diseases. These same paracrine 
components might also support tumorigenesis, 
motility, and invasiveness in addition to the 
formation of metastatic niches at potential 
secondary sites (140) and de novo carcinogenesis 
(143). Hence, the two-edged sword potential 
characteristic of MSC in cancer (128). Paracrine 
secretion of chemokine C-C motif ligand 5 
(CCL5), or RANTES, assists MSC migration 
to the TME. Both the ligand and direct MSC-
tumour environment contact interaction enhance 
the neoplastic properties of tumour cells (140). 
This subsequently enhances motility, invasion, 
and metastasis of pre-existing tumours (144). 

MSC plays a role in de novo carcinogenesis 
and cancer development, as evident in their 
ability to induce EMT, increasing the cancer 
stem cells (145). A few studies reported that 
MSC enhanced metastasis through EMT of 
breast cancer cells (146), lung cancer cells 
(147) and leukaemia cells (148). Some studies 
have also shown that MSCs protect cancer 
cells from ROS-induced apoptosis while 
inducing aerobic glycolysis (149). This is 
achieved through the upregulated secretion 
of stanniocalcin-1 (STC1). The stanniocalcin-1 
reduces the intracellular ROS and mitochondrial 
membrane protein (MMP) while increasing 
lactate production and accumulation due to 
reduced pyruvate metabolism (149), shifting the 
metabolism towards activating higher conserved 
mammalian uncoupling protein 2 (UPC2) in 
the microenvironment, and facilitating aerobic 
glycolysis known as the Warburg effect (150). 
Other tumour formation and progression 
enhancers include MSC angiogenic and anti-
apoptotic factors, including Bcl-2, Akt, VEGF, 
HGT, STC1 and IGF (43). 

Several studies have shown the possible 
adverse effects of MSCs on cancer development. 
Unfortunately, studies exhibiting the correlation 
between engineered MSCs and tumour 
development are still scarce. However, due to the 
ability of MSCs to retain their original phenotype 
and genetic characteristics post-modification, 
we speculate that engineered MSCs may also 
provide cancer-inducing risk in cancer therapy, 
similar to wild type MSCs (wt-MSCs).
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Overcoming Cancer Causing Potentials of 
Mesenchymal Stem Cells 

For cell-based clinical applications, MSCs 
undergo in vitro expansion. Interestingly, 
while MSCs retain their properties, some cases 
revealed that culture expansion might lead to 
the generation and accumulation of cytogenetic. 
The condition could lead to molecular alterations 
that could ultimately result in cell malignant 
transformation (151). Also, the migration ability 
of MSCs might significantly be reduced or 
inhibited during culturing. This was reported to 
be associated with the upregulation of TIMP-3, 
which inhibits MMP-2, ultimately decreasing 
trans-endothelial migration (152). As mentioned 
earlier, the MSC homing mechanism is still not 
fully understood, and off-targeted migration tend 
to occur. Evidently, this was reported by previous 
studies, reporting off-target biodistribution of 
Odot-labelled hBM-MSCs (153). 

Therefore, selecting and preconditioning 
candidate cells should be the first step to 
overcome the limitations associated with wt-
MSCs and engineered MSCs for cell-based 
therapy. The donor’s age and health status 
should be considered, as MSCs from an aged 
donor have reduced stemness properties. This 
might deteriorate the disease severity and display 
senescence-associated secretory phenotype 
(SASP). Cells derived from aged donors could 
induce inflammation by recruiting immune 
cells, contributing to the ageing progress of cells 
in the lesion microenvironment, and impairing 
regenerative functions (154).

Selection of MSC with primitive properties, 
such as young cells derived from by-products 
at delivery, including umbilical cord blood 
or WJ, should be used (155). Also important 
is the need to enhance strategies toward 
their survival in vivo while maintaining their 
properties, including stemness, engraftment, 
and immunomodulatory functions (156). It is 
also important to strictly adhere to the MSC 
standard as defined by the ISCT and to perform 
several quality controls to ensure the safety 
and efficacy of MSCs for cell therapies (151). 
Another strategy is to precondition the MSCs by 
genetic manipulation to enhance the functions, 
either with cytokines, growth factors, immune 
receptors or hypoxia. The genetic manipulation 
preconditioning could also be in the form of co-
administration with engineered biomaterials 
such as a scaffold or tagging the MSCs with drugs 
(154). 

Challenges of Mesenchymal Stem Cells-Based 
Therapy in Clinical Trials

Although experimental and clinical 
trial applications of MSCs showed promising 
outcomes in chronic inflammatory and 
autoimmune diseases, they might still fail to 
deliver the expected results and are not free from 
potential adverse events (157). Duijvestein and 
colleagues (158) reported that at week 6 after 
MSC administration, three participants had to 
undergo surgical procedures due to worsening 
disease. Similarly, 7/12 patients experienced 
serious adverse events when given a single 
MSC intravenous infusion (159). However, 
upon further investigation, exacerbation of the 
condition was observed in 5/7 participants, 
while adverse effects in the other 2 participants 
were probably due to MSC infusions. Locally 
inoculated allogeneic MSCs in patients suffering 
from refractory CD and complex fistulas have 
also been associated with certain adverse 
reactions like uterine leiomyoma and anal 
abscess (160−162). 

Furthermore, severe adverse events were 
noticed in moderate to severe UC patients 
who received multistem therapy comprising 
nonembryonic tissue and adult bone marrow 
sources (NCT01240915). These raise concerns 
about the efficacy and safety of MSC transplants. 
The ability of MSCs to get engrafted and/or 
concentrate at the target site, like homing to 
the mucosa of the intestine and differentiating 
into epithelial and other cells to promote direct 
mucosal damage repair, is highly desirable (163). 
However, relatively few MSCs intravenously 
administered get engrafted at these target injury 
sites. Experiments in rodent and dog models 
have shown that these MSCs get caught up in 
lung capillaries, during which most are largely 
cleared, with few going through to the injured 
target tissue (164). The therapeutic effects 
produced by MSCs are also known to be short-
lived in some studies. Long-term retrospective 
follow-up investigation expanding a phase II trial 
indicated recurrence of fistulas in a significant 
proportion of the study population, with only 
7/12 initial responders sustaining complete 
fistula closure (165, 166).

In addition to the observed adverse events, 
discrepancies in documented results, and poor 
migration and engraftment of transplanted 
MSCs, the therapy is also confronted with 
unconfirmed long-time adverse events. Again, 
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factors like source, type, and preparation of 
MSCs, route, quantity, duration, and frequency 
of administration, as well as other disease 
and microenvironment factors, need further 
clarity. Cellular inherent factors and intestinal 
microenvironment factors that enhance 
MSC migration, adhesion, proliferation, and 
cytokine effects need further exploration. MSC 
modification or engineering techniques and 
efficiently combined therapeutic approaches 
should be highlighted to overcome the challenges 
mentioned.

Conclusion 

Although cancer management has greatly 
improved in the last couple of years, the efficacy 
of most treatment options is poor. MSCs and 
their secreted exosome, in general, have shown 
huge potential in clinical applications for many 
ailments, including cancer. Nevertheless, it is 
also saddled with several shortfalls, especially 
in tumour therapy. Several engineered MSCs 
have been designed for cancer treatment and 
have been extensively investigated in the last 
few decades. However, the majority did not 
pass the clinical trials. One of the major clinical 
challenges is MSCs’ double-edged sword role 
in tumour therapy. We recommend that this 
challenge be overcome by performing standard 
quality controls to test the safety and efficacy of 
MSCs for cell therapies, including maintaining 
a standard protocol for selecting, maintaining, 
storing MSCs, and strictly adhering to the MSC 
standard as per the ISCT definition.

Acknowledgements

None.

Conflict of Interest

None.

Funds

None.

Authors’ Contributions

Conception and design: AASK, KSF, SA
Analysis and interpretation of the data: AASK
Drafting of the article: AASK, KAB
Critical revision of the article for important 
intellectual content: KSF, SA
Final approval of the article: KSF, LKH, SV, SA

Correspondence

Ms. Aishah Amirah Shamsul Kamal
MSc Molecular Biotechnology  
(Universiti Putra Malaysia)
UPM-MAKNA Cancer Research Laboratory, 
Institute of Bioscience, Universiti Putra Malaysia, 
43400 UPM Serdang, Selangor, Malaysia. 
Tel: +603 97692423
E-mail: aishahamirah119@gmail.com

and

Associate Professor Dr. Syahril Abdullah
D.Phil. in Molecular Medicine (University of Oxford)
Department of Biomedical Sciences, Faculty of 
Medicine and Health Sciences, Universiti Putra 
Malaysia, Selangor, Malaysia.
Tel: +603 97692423
E-mail: syahril@upm.edu.my

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer 
statistics, 2022. CA Cancer J Clin. 2022;72(1): 
7–33. https://doi.org/10.3322/caac.21708

2. Mascaux C, Tomasini P, Greillier L, Barlesi F. 
Personalised medicine for nonsmall cell lung 
cancer. Eur Respir Rev. 2017;26(146):170066. 
https://doi.org/10.1183/16000617.0066-2017

3. Hong IS, Lee HY, Nam JS. Cancer stem cells: the 
‘Achilles heel’ of chemo-resistant tumors. Recent 
Pat Anticancer Drug Discov. 2015;10(1):2−22. 
https://doi.org/10.2174/157489280966614112917
2658

https://doi.org/10.3322/caac.21708
https://doi.org/10.1183/16000617.0066-2017
https://doi.org/10.2174/1574892809666141129172658
https://doi.org/10.2174/1574892809666141129172658


Malays J Med Sci. 2024;31(5):56–82

www.mjms.usm.my72

4. Ning ST, Lee SY, Wei MF, Peng CL, Lin SYF, 
Tsai MH, et al. Targeting colorectal cancer 
stem-like cells with anti-CD133 Antibody-
Conjugated SN-38 Nanoparticles. ACS Appl 
Mater Interfaces. 2016;8(28):17793−17804.  
https://doi.org/10.1021/acsami.6b04403

5. Mandal T, Beck M, Kirsten N, Lindén M, Buske C. 
Targeting murine leukemic stem cells by antibody 
functionalized mesoporous silica nanoparticles. 
Sci Rep. 2018;8(1):989. https://doi.org/10.1038/
s41598-017-18932-4.

6. Shen C, James SA, de Jonge MD, Turney TW, 
Wright PF, Feltis BN. Relating cytotoxicity, zinc 
ions, and reactive oxygen in ZnO nanoparticle-
exposed human immune cells. Toxicol Sci. 
2013;136(1):120−130. https://doi.org/10.1093/
toxsci/kft187

7. Uboldi C, Urbán P, Gilliland D, Bajak E, Valsami-
Jones E, Ponti J, et al. Role of the crystalline form 
of titanium dioxide nanoparticles: rutile, and not 
anatase, induces toxic effects in Balb/3T3 mouse 
fibroblasts. Toxicol In Vitro. 2016;31:137−145. 
https://doi.org/10.1016/j.tiv.2015.11.005

8. Farooq A, Abbasi MH, Khawar MB, 
Sheikh N. Overview of the advantages and 
disadvantages of chimeric antigen receptor  
T cell therapy in the tumor microenvironment.  
BMRAT. 2022;9(10):5341−5350. https://doi.
org/10.15419/bmrat.v9i10.772

9. Viswanathan S, Shi Y, Galipeau J, Krampera 
M, Leblanc K, Martin I, et al. Mesenchymal 
stem versus stromal cells: International 
Society for Cell & Gene Therapy (ISCT®) 
Mesenchymal Stromal Cell committee 
position statement on nomenclature.  
Cytotherapy. 2019;21(10):1019−1024. https://
doi.org/10.1016/j.jcyt.2019.08.002

10. Klingemann H, Matzilevich D, Marchand 
J. Mesenchymal stem cells - sources 
and clinical applications. Transfus Med 
Hemother. 2008;35(4):272−277. https://doi.
org/10.1159/000142333

11. Dzobo K. Recent trends in multipotent human 
mesenchymal stem/stromal cells: learning from 
history and advancing clinical applications. 
OMICS. 2021;25(6):342−357. https://doi.
org/10.1089/omi.2021.0049

12. García-Sánchez D, Fernández D, Rodríguez-
Rey JC, Pérez-Campo FM. Enhancing survival, 
engraftment, and osteogenic potential of 
mesenchymal stem cells. World J Stem Cells. 
2019;11(10):748−763. https://doi.org/10.4252/
wjsc.v11.i10.748

13. Ocansey DKW, Pei B, Yan Y, Qian H, Zhang X, 
Xu W, et al. Improved therapeutics of modified 
mesenchymal stem cells: an update. J Transl 
Med. 2020;18(1):42. https://doi.org/10.1186/
s12967-020-02234-x

14. Huang YC, Leung VY, Lu WW, Luk KD. The 
effects of microenvironment in mesenchymal 
stem cell-based regeneration of intervertebral 
disc. Spine J. 2013;13(3):352−362. https://doi.
org/10.1016/j.spinee.2012.12.005

15. Huang J, Zhang Z, Guo J, Ni A, Deb A, Zhang 
L, et al. Genetic modification of mesenchymal 
stem cells overexpressing CCR1 increases 
cell viability, migration, engraftment, and 
capillary density in the injured myocardium.  
Circ Res. 2010;106(11):1753−1762. https://doi.
org/10.1161/CIRCRESAHA.109.196030

16. Lee WY, Wang B. Cartilage repair by 
mesenchymal stem cells: clinical trial update and 
perspectives. J Orthop Translat. 2017;9:76−88. 
https://doi.org/10.1016/j.jot.2017.03.005

17. Pollock K, Dahlenburg H, Nelson H, Fink KD, 
Cary W, Hendrix K, et al. Human mesenchymal 
stem cells genetically engineered to overexpress 
brain-derived neurotrophic factor improve 
outcomes in Huntington’s disease mouse models. 
Mol Ther. 2016;24(5):965−977. https://doi.
org/10.1038/mt.2016.12

18. Wei W, Huang Y, Li D, Gou HF, Wang 
W. Improved therapeutic potential of 
MSCs by genetic modification. Gene Ther. 
2018;25(8):538−547. https://doi.org/10.1038/
s41434-018-0041-8

19. Dvorak HF. Tumors: wounds that do not heal-
redux. Cancer Immunol Res. 2015;3(1):1−11. 
https://doi.org/10.1056/NEJM198612253152606

https://doi.org/10.1021/acsami.6b04403
https://doi.org/10.1038/s41598-017-18932-4.
https://doi.org/10.1038/s41598-017-18932-4.
https://doi.org/10.1093/toxsci/kft187
https://doi.org/10.1093/toxsci/kft187
https://doi.org/10.1016/j.tiv.2015.11.005
https://doi.org/10.15419/bmrat.v9i10.772
https://doi.org/10.15419/bmrat.v9i10.772
https://doi.org/10.1016/j.jcyt.2019.08.002
https://doi.org/10.1016/j.jcyt.2019.08.002
https://doi.org/10.1159/000142333
https://doi.org/10.1159/000142333
https://doi.org/10.1089/omi.2021.0049
https://doi.org/10.1089/omi.2021.0049
https://doi.org/10.4252/wjsc.v11.i10.748
https://doi.org/10.4252/wjsc.v11.i10.748
https://doi.org/10.1186/s12967-020-02234-x
https://doi.org/10.1186/s12967-020-02234-x
https://doi.org/10.1016/j.spinee.2012.12.005
https://doi.org/10.1016/j.spinee.2012.12.005
https://doi.org/10.1161/CIRCRESAHA.109.196030
https://doi.org/10.1161/CIRCRESAHA.109.196030
https://doi.org/10.1016/j.jot.2017.03.005
https://doi.org/10.1038/mt.2016.12
https://doi.org/10.1038/mt.2016.12
https://doi.org/10.1038/s41434-018-0041-8
https://doi.org/10.1038/s41434-018-0041-8
https://doi.org/10.1056/NEJM198612253152606


www.mjms.usm.my 73

Review Article | Mesenchymal stem cells and cancer therapy

20. Najar M, Raicevic G, Fayyad-Kazan H, Bron D, 
Toungouz M, Lagneaux L. Mesenchymal stromal 
cells and immunomodulation: a gathering 
of regulatory immune cells. Cytotherapy. 
2016;18(2):160−171. https://doi.org/10.1016/j.
jcyt.2015.10.011

21. Musiał-Wysocka A, Kot M, Majka M. The pros and 
cons of mesenchymal stem cell-based therapies. 
Cell Transplant. 2019;28(7):801−812. https://
doi.org/10.1177/0963689719837897

22. Wynn RF, Hart CA, Corradi-Perini C, O’Neill L, 
Evans CA, Wraith JE, et al. A small proportion 
of mesenchymal stem cells strongly expresses 
functionally active CXCR4 receptor capable 
of promoting migration to bone marrow. 
Blood. 2004;104(9):2643−2645. https://doi.
org/10.1182/blood-2004-02-0526

23. Lourenco S, Teixeira VH, Kalber T, Jose RJ, Floto 
RA, Janes SM. Macrophage migration inhibitory 
factor-CXCR4 is the dominant chemotactic axis 
in human mesenchymal stem cell recruitment to 
tumors. J Immunol. 2015;194(7):3463−3474. 
https://doi.org/10.4049/jimmunol.1402097

24. Pessina A, Leonetti C, Artuso S, Benetti A, Dessy 
E, Pascucci L, et al. Drug-releasing mesenchymal 
cells strongly suppress B16 lung metastasis in a 
syngeneic murine model. J Exp Clin Cancer Res. 
2015;34(1):82. https://doi.org/10.1186/s13046-
015-0200-3

25. Han Y, Wu C, Wang J, Liu N. CXCR7 maintains 
osteosarcoma invasion after CXCR4 suppression 
in bone marrow microenvironment. Tumour 
Biol. 2017;39(5):1010428317701631. https://doi.
org/10.1177/1010428317701631

26. Jung Y, Kim JK, Shiozawa Y, Wang J, Mishra A, 
Joseph J, et al. Recruitment of mesenchymal 
stem cells into prostate tumours promotes 
metastasis. Nat Commun. 2013;4:1795. https://
doi.org/10.1038/ncomms2766

27. Ho IA, Chan KY, Ng WH, Guo CM, Hui KM, 
Cheang P, et al. Matrix metalloproteinase 
1 is necessary for the migration of human 
bone marrow-derived mesenchymal stem 
cells toward human glioma. Stem Cells. 
2009;27(6):1366−1375. https://doi.org/10.1002/
stem.50

28. Vallabhaneni KC, Tkachuk S, Kiyan Y, 
Shushakova N, Haller H, Dumler I, et al. 
Urokinase receptor mediates mobilization, 
migration, and differentiation of mesenchymal 
stem cells. Cardiovasc Res. 2011;90(1):113−121. 
https://doi.org/10.1093/cvr/cvq362

29. Gutova M, Najbauer J, Frank RT, Kendall 
SE, Gevorgyan A, Metz MA, et al. Urokinase 
plasminogen activator and urokinase 
plasminogen activator receptor mediate human 
stem cell tropism to malignant solid tumors. 
Stem Cells. 2008;26(6):1406−1413. https://doi.
org/10.1634/stemcells.2008-0141

30. Chen J, Crawford R, Chen C, Xiao Y. The key 
regulatory roles of the PI3K/Akt signaling 
pathway in the functionalities of mesenchymal 
stem cells and applications in tissue regeneration. 
Tissue Eng Part B Rev. 2013;19(6):516−528. 
https://doi.org/10.1089/ten.teb.2012.0672

31. Song C, Choi S, Oh KB, Sim T. Suppression of 
TRPM7 enhances TRAIL-induced apoptosis 
in triple-negative breast cancer cells. J Cell  
Physiol. 2020;235(12):10037−10050. https://
doi.org/10.1002/jcp.29820.

32. Gao F, Chiu SM, Motan DA, Zhang Z, Chen 
L, Ji H-L, et al. Mesenchymal stem cells and 
immunomodulation: current status and future 
prospects. Cell Death Dis. 2016;7(1):e2062. 
https://doi.org/10.1038/cddis.2015.327

33. Ding DC, Chou HL, Chang YH, Hung WT, Liu 
HW, Chu TY. Characterization of HLA-G and 
related immunosuppressive effects in human 
umbilical cord stroma-derived stem cells.  
Cell Transplant. 2016;25(2):217−228. https://
doi.org/10.3727/096368915X688182

34. Kim JH, Jo CH, Kim HR, Hwang YI. Comparison 
of immunological characteristics of mesenchymal 
stem cells from the periodontal ligament, 
umbilical cord, and adipose tissue. Stem 
Cells Int. 2018;2018:8429042. https://doi.
org/10.1155/2018/8429042

35. Fan L, Hu C, Chen J, Cen P, Wang J, Li L. 
Interaction between mesenchymal stem cells and 
B-cells. Int J Mol Sci. 2016;17(5):650. https://
doi.org/10.3390/ijms17050650

https://doi.org/10.1016/j.jcyt.2015.10.011
https://doi.org/10.1016/j.jcyt.2015.10.011
https://doi.org/10.1177/0963689719837897
https://doi.org/10.1177/0963689719837897
https://doi.org/10.1182/blood-2004-02-0526
https://doi.org/10.1182/blood-2004-02-0526
https://doi.org/10.4049/jimmunol.1402097
https://doi.org/10.1186/s13046-015-0200-3
https://doi.org/10.1186/s13046-015-0200-3
https://doi.org/10.1177/1010428317701631
https://doi.org/10.1177/1010428317701631
https://doi.org/10.1038/ncomms2766
https://doi.org/10.1038/ncomms2766
https://doi.org/10.1002/stem.50
https://doi.org/10.1002/stem.50
https://doi.org/10.1093/cvr/cvq362
https://doi.org/10.1634/stemcells.2008-0141
https://doi.org/10.1634/stemcells.2008-0141
https://doi.org/10.1089/ten.teb.2012.0672
https://doi.org/10.1002/jcp.29820.
https://doi.org/10.1002/jcp.29820.
https://doi.org/10.1038/cddis.2015.327
https://doi.org/10.3727/096368915X688182
https://doi.org/10.3727/096368915X688182
https://doi.org/10.1155/2018/8429042
https://doi.org/10.1155/2018/8429042
https://doi.org/10.3390/ijms17050650
https://doi.org/10.3390/ijms17050650


Malays J Med Sci. 2024;31(5):56–82

www.mjms.usm.my74

36. Brennen WN, Denmeade SR, Isaacs JT. 
Mesenchymal stem cells as a vector for the 
inflammatory prostate microenvironment. Endocr 
Relat Cancer. 2013;20(5):R269−R290. https://
doi.org/10.1530/ERC-13-0151

37. Maacha S, Sidahmed H, Jacob S, Gentilcore G, 
Calzone R, Grivel JC, et al. Paracrine mechanisms 
of mesenchymal stromal cells in angiogenesis. 
Stem Cells Int. 2020;2020:4356359. https://doi.
org/10.1155/2020/4356359

38. Margiana R, Markov A, Zekiy AO, Hamza MU, 
Al-Dabbagh KA, Al-Zubaidi SH, et al. Clinical 
application of mesenchymal stem cell in 
regenerative medicine: a narrative review. Stem 
Cell Res Ther. 2022;13(1):366. https://doi.
org/10.1186/s13287-022-03054-0

39. Naji A, Eitoku M, Favier B, Deschaseaux F, 
Rouas-Freiss N, Suganuma N. Biological 
functions of mesenchymal stem cells 
and clinical implications. Cell Mol  
Life Sci. 2019;76(17):3323−3348. https://doi.
org/10.1007/s00018-019-03125-1

40. Takayama Y, Kusamori K, Tsukimori C, Shimizu 
Y, Hayashi M, Kiyama I, et al. Anticancer 
drug-loaded mesenchymal stem cells for 
targeted cancer therapy. J Control Release. 
2021;329:1090−1101. https://doi.org/10.1016/j.
jconrel.2020.10.037

41. Pittenger MF, Discher DE, Péault BM, Phinney 
DG, Hare JM, Caplan AI. Mesenchymal stem cell 
perspective: cell biology to clinical progress. NPJ 
Regen Med. 2019;4:22. https://doi.org/10.1038/
s41536-019-0083-6

42. Babajani A, Soltani P, Jamshidi E, Farjoo MH, 
Niknejad H. Recent advances on drug-loaded 
mesenchymal stem cells with anti-neoplastic 
agents for targeted treatment of cancer. Front 
Bioeng Biotechnol. 2020;8:748. https://doi.
org/10.3389/fbioe.2020.00748

43. Hmadcha A, Martin-Montalvo A, Gauthier BR, 
Soria B, Capilla-Gonzalez V. Therapeutic potential 
of mesenchymal stem cells for cancer therapy. 
Front Bioeng Biotechnol. 2020;8:43. https://doi.
org/10.3389/fbioe.2020.00043

44. Nakamura K, Ito Y, Kawano Y, Kurozumi K, 
Kobune M, Tsuda H, et al. Antitumor effect 
of genetically engineered mesenchymal 
stem cells in a rat glioma model. Gene Ther. 
2004;11(14):1155−1164. https://doi.org/10.1038/
sj.gt.3302276

45. Stagg J, Pommey S, Eliopoulos N, Galipeau J. 
Interferon-gamma-stimulated marrow stromal 
cells: a new type of nonhematopoietic antigen-
presenting cell. Blood. 2006;107(6):2570−2577. 
https://doi.org/10.1182/blood-2005-07-2793

46. Chulpanova DS, Kitaeva KV, Tazetdinova LG, 
James V, Rizvanov AA, Solovyeva VV. Application 
of mesenchymal stem cells for therapeutic 
agent delivery in anti-tumor treatment. 
Front Pharmacol. 2018;9:259. https://doi.
org/10.3389/fphar.2018.00259

47. Seo S, Na K. Mesenchymal stem cell-based 
tissue engineering for chondrogenesis. J Biomed 
Biotechnol. 2011;2011:806891. https://doi.
org/10.1155/2011/806891

48. Elzaouk L, Moelling K, Pavlovic J. Anti-tumor 
activity of mesenchymal stem cells producing IL-
12 in a mouse melanoma model. Exp Dermatol. 
2006;15(11):865−874. https://doi.org/10.1111/
j.1600-0625.2006.00479.x

49. Gao P, Ding Q, Wu Z, Jiang H, Fang Z. 
Therapeutic potential of human mesenchymal 
stem cells producing IL-12 in a mouse xenograft 
model of renal cell carcinoma. Cancer Lett. 
2010;290(2):157−166. https://doi.org/10.1016/j.
canlet.2009.08.031

50. Duan X, Lu L, Wang Y, Zhang F, Mao J, Cao M, 
et al. The long-term fate of mesenchymal stem 
cells labeled with magnetic resonance imaging-
visible polymersomes in cerebral ischemia. 
Nanomedicine. 2017;12:6705−6719. https://doi.
org/10.2147/IJN.S146742

51. Jeong KY, Lee EJ, Kim SJ, Yang SH, Sung YC, 
Seong J. Irradiation-induced localization of IL-
12-expressing mesenchymal stem cells to enhance 
the curative effect in murine metastatic hepatoma. 
Int J Cancer. 2015;137(3):721−730. https://doi.
org/10.1002/ijc.29428

https://doi.org/10.1530/ERC-13-0151
https://doi.org/10.1530/ERC-13-0151
https://doi.org/10.1155/2020/4356359
https://doi.org/10.1155/2020/4356359
https://doi.org/10.1186/s13287-022-03054-0
https://doi.org/10.1186/s13287-022-03054-0
https://doi.org/10.1007/s00018-019-03125-1
https://doi.org/10.1007/s00018-019-03125-1
https://doi.org/10.1016/j.jconrel.2020.10.037
https://doi.org/10.1016/j.jconrel.2020.10.037
https://doi.org/10.1038/s41536-019-0083-6
https://doi.org/10.1038/s41536-019-0083-6
https://doi.org/10.3389/fbioe.2020.00748
https://doi.org/10.3389/fbioe.2020.00748
https://doi.org/10.3389/fbioe.2020.00043
https://doi.org/10.3389/fbioe.2020.00043
https://doi.org/10.1038/sj.gt.3302276
https://doi.org/10.1038/sj.gt.3302276
https://doi.org/10.1182/blood-2005-07-2793
https://doi.org/10.3389/fphar.2018.00259
https://doi.org/10.3389/fphar.2018.00259
https://doi.org/10.1155/2011/806891
https://doi.org/10.1155/2011/806891
https://doi.org/10.1111/j.1600-0625.2006.00479.x
https://doi.org/10.1111/j.1600-0625.2006.00479.x
https://doi.org/10.1016/j.canlet.2009.08.031
https://doi.org/10.1016/j.canlet.2009.08.031
https://doi.org/10.2147/IJN.S146742
https://doi.org/10.2147/IJN.S146742
https://doi.org/10.1002/ijc.29428
https://doi.org/10.1002/ijc.29428


www.mjms.usm.my 75

Review Article | Mesenchymal stem cells and cancer therapy

52. Lou S, Duan Y, Nie H, Cui X, Du J, Yao 
Y. Mesenchymal stem cells: biological  
characteristics and application in disease 
therapy. Biochimie. 2021;185:9−21. https://doi.
org/10.1016/j.biochi.2021.03.003

53. Zhang Y, Wang J, Ren M, Li M, Chen D, Chen J, 
et al. Gene therapy of ovarian cancer using IL-
21-secreting human umbilical cord mesenchymal 
stem cells in nude mice. J Ovarian Res. 2014;7:8. 
https://doi.org/10.1186/1757-2215-7-8

54. Hassanzadeh A, Altajer AH, Rahman HS, 
Saleh MM, Bokov DO, Abdelbasset WK, et al. 
mesenchymal stem/stromal cell-based delivery: 
a rapidly evolving strategy for cancer therapy. 
Front Cell Dev Biol. 2021;9:686453. https://doi.
org/10.3389/fcell.2021.686453

55. Kim N, Nam YS, Im KI, Lim JY, Lee ES, Jeon 
YW, et al. IL-21-expressing mesenchymal stem 
cells prevent lethal B-cell lymphoma through 
efficient delivery of IL-21, which redirects the 
immune system to target the tumor. Stem  
Cells Dev. 2015;24(23):2808−2821. https://doi.
org/10.1089/scd.2015.0103

56. Ahn Jo, Lee Hw, Seo Kw, Kang Sk, Ra Jc, 
Youn Hy. Anti-tumor effect of adipose tissue 
derived-mesenchymal stem cells expressing 
interferon-β and treatment with cisplatin in a 
xenograft mouse model for canine melanoma.  
PLoS ONE. 2013;8(9):e74897. https://doi.
org/10.1371/journal.pone.0074897

57. Ren G, Zhang L, Zhao X, Xu G, Zhang Y, Roberts 
AI, et al. Mesenchymal stem cell-mediated 
immunosuppression occurs via concerted 
action of chemokines and nitric oxide. Cell  
Stem Cell. 2008;2(2):141−150. https://doi.
org/10.1016/j.stem.2007.11.014

58. Xu C, Lin L, Cao G, Shou P, Huang Y, Han Y, et 
al. Interferon-α-secreting mesenchymal stem 
cells exert potent antitumor effect in vivo. 
Oncogene. 2014;33(42):5047−5052. https://doi.
org/10.1038/onc.2013.458

59. Yang X, Du J, Xu X, Xu C, Song W. IFN-γ-
secreting-mesenchymal stem cells exert an 
antitumor effect in vivo via the TRAIL pathway. 
J Immunol Res. 2014;2014:318098. https://doi.
org/10.1155/2014/318098

60. Relation T, Yi T, Guess AJ, Perle KL, Otsuru 
S, Hasgur S, et al. Intratumoral delivery of 
interferonγ-secreting mesenchymal stromal cells 
repolarizes tumor-associated macrophages and 
suppresses neuroblastoma proliferation in vivo. 
Stem Cells. 2018;36(6):915−924. https://doi.
org/10.1002/stem.2801

61. Li Q, Pang Y, Liu T, Tang Y, Xie J, Zhang B, 
et al. Effects of human umbilical cord-derived 
mesenchymal stem cells on hematologic 
malignancies. Oncol Lett. 2018;15(5):6982−6990. 
https://doi.org/10.3892/ol.2018.8254

62. Ling X, Marini F, Konopleva M, Schober 
W, Shi Y, Burks J, et al. Mesenchymal stem 
cells overexpressing IFN-β inhibit breast 
cancer growth and metastases through Stat3 
signaling in a syngeneic tumor model. Cancer  
Microenviron. 2010;3(1):83−95. https://doi.
org/10.1007/s12307-010-0041-8

63. Seo KW, Lee HW, Oh YI, Ahn JO, Koh YR, Oh 
SH, et al. Anti-tumor effects of canine adipose 
tissue-derived mesenchymal stromal cell-
based interferon-β gene therapy and cisplatin 
in a mouse melanoma model. Cytotherapy. 
2011;13(8):944−955. https://doi.org/10.3109/14
653249.2011.584864

64. Nakamizo A, Marini F, Amano T, Khan A, 
Studeny M, Gumin J, et al. Human bone 
marrow-derived mesenchymal stem cells in 
the treatment of gliomas [published correction 
appears in Cancer Res. 2006 Jun 1;66(11):5975.  
Cancer Res. 2005;65(8):3307−3318. https://doi.
org/10.1158/0008-5472.CAN-04-1874

65. Du L, Liang Q, Ge S, Yang C, Yang P. The 
growth inhibitory effect of human gingiva-
derived mesenchymal stromal cells expressing 
interferon-β on tongue squamous cell carcinoma 
cells and xenograft model. Stem Cell Res Ther. 
2019;10(1):224. https://doi.org/10.1186/s13287-
019-1320-z

66. Amara I, Touati W, Beaune P, de Waziers 
I. Mesenchymal stem cells as cellular 
vehicles for prodrug gene therapy against  
tumors. Biochimie. 2014;105:4−11. https://doi.
org/10.1016/j.biochi.2014.06.016

https://doi.org/10.1016/j.biochi.2021.03.003
https://doi.org/10.1016/j.biochi.2021.03.003
https://doi.org/10.1186/1757-2215-7-8
https://doi.org/10.3389/fcell.2021.686453
https://doi.org/10.3389/fcell.2021.686453
https://doi.org/10.1089/scd.2015.0103
https://doi.org/10.1089/scd.2015.0103
https://doi.org/10.1371/journal.pone.0074897
https://doi.org/10.1371/journal.pone.0074897
https://doi.org/10.1016/j.stem.2007.11.014
https://doi.org/10.1016/j.stem.2007.11.014
https://doi.org/10.1038/onc.2013.458
https://doi.org/10.1038/onc.2013.458
https://doi.org/10.1155/2014/318098
https://doi.org/10.1155/2014/318098
https://doi.org/10.1002/stem.2801
https://doi.org/10.1002/stem.2801
https://doi.org/10.3892/ol.2018.8254
https://doi.org/10.1007/s12307-010-0041-8
https://doi.org/10.1007/s12307-010-0041-8
https://doi.org/10.3109/14653249.2011.584864
https://doi.org/10.3109/14653249.2011.584864
https://doi.org/10.1158/0008-5472.CAN-04-1874
https://doi.org/10.1158/0008-5472.CAN-04-1874
https://doi.org/10.1186/s13287-019-1320-z
https://doi.org/10.1186/s13287-019-1320-z
https://doi.org/10.1016/j.biochi.2014.06.016
https://doi.org/10.1016/j.biochi.2014.06.016


Malays J Med Sci. 2024;31(5):56–82

www.mjms.usm.my76

67. Park YH, Yun JI, Han NR, Park HJ, Ahn 
JY, Kim C, et al. Mass production of early-
stage bone-marrow-derived mesenchymal 
stem cells of rat using gelatin-coated matrix.  
Biomed Res Int. 2013;2013:347618. https://doi.
org/10.1155/2013/347618

68. Golinelli G, Mastrolia I, Aramini B, 
Masciale V, Pinelli M, Pacchiioni L, et 
al. Arming mesenchymal stromal/stem 
cells against cancer: has the time come?  
Front Pharmacol. 2020;11:529921. https://doi.
org/10.3389/fphar.2020.529921

69. Martinez-Quintanilla J, Bhere D, Heidari P, He 
D, Mahmood U, Shah K. Therapeutic efficacy and 
fate of bimodal engineered stem cells in malignant 
brain tumors. Stem Cells. 2013;31(8):1706−1714. 
https://doi.org/10.1002/stem.1355

70. Huang GT, Gronthos S, Shi S. Mesenchymal 
stem cells derived from dental tissues vs. 
those from other sources: their biology 
and role in regenerative medicine.  
J Dent Res. 2009;88(9):792−806. https://doi.
org/10.1177/0022034509340867

71. Kim N, Cho SG. Clinical applications of 
mesenchymal stem cells. Korean J Intern Med. 
2013;28(4):387−402. https://doi.org/10.3904/
kjim.2013.28.4.387

72. Altaner C, Altanerova V, Cihova M, Ondicova 
K, Rychly B, Baciak L, et al. Complete 
regression of glioblastoma by mesenchymal 
stem cells mediated prodrug gene therapy 
simulating clinical therapeutic scenario.  
Int J Cancer. 2014;134(6):1458−1465. https://
doi.org/10.1002/ijc.28455

73. Ando M, Hoyos V, Yagyu S, Tao W, Ramos, Dotti 
G, et al. Bortezomib sensitizes non-small cell lung 
cancer to mesenchymal stromal cell-delivered 
inducible caspase-9-mediated cytotoxicity. Cancer 
Gene Ther. 2014;21(11):472−482. https://doi.
org/10.1038/cgt.2014.53

74. Ryu CH, Park KY, Kim SM, Jeong CH, Woo JS, 
Hou Y, et al. Valproic acid enhances anti-tumor 
effect of mesenchymal stem cell mediated HSV-
TK gene therapy in intracranial glioma. Biochem 
Biophys Res Commun. 2012;421(3):585−590. 
https://doi.org/10.1016/j.bbrc.2012.04.050

75. Sam MR, Azadbakhsh AS, Farokhi F, Rezazadeh 
K, Sam S, Zomorodipour A, et al. Genetic 
modification of bone-marrow mesenchymal 
stem cells and hematopoietic cells with human 
coagulation factor IX-expressing plasmids. 
Biologicals. 2016;44(3):170−177. https://doi.
org/10.1016/j.biologicals.2016.01.002

76. Wen Z, Huang W, Feng Y, Cai W, Wang 
Y, Wang X, et al. MicroRNA-377 regulates 
mesenchymal stem cell-induced angiogenesis 
in ischemic hearts by targeting VEGF.  
PLoS ONE. 2014;9(9):e104666. https://doi.
org/10.1371/journal.pone.0104666

77. Qi X, Yu D, Jia B, Jin C, Liu X, Zhao X, et al. 
Targeting CD133(+) laryngeal carcinoma cells 
with chemotherapeutic drugs and siRNA against 
ABCG2 mediated by thermo/pH-sensitive 
mesoporous silica nanoparticles. Tumour Biol. 
2016;37(2):2209−2217. https://doi.org/10.1007/
s13277-015-4007-9

78. Huleihel L, Sellares J, Cardenes N, Álvarez 
D, Faner R, Sakamoto K, et al. Modified 
mesenchymal stem cells using miRNA 
transduction alter lung injury in a bleomycin 
model. Am J Physiol Lung Cell Mol Physiol. 
2017;313(1):L92−L103. https://doi.org/10.1152/
ajplung.00323.2016

79. Wei GJ, An G, Shi ZW, Wang KF, Guan Y, 
Wang YS, et al. Suppression of microRNA-383 
enhances therapeutic potential of human bone-
marrow-derived mesenchymal stem cells in 
treating spinal cord injury via GDNF. Cell Physiol 
Biochem. 2017;41(4):1435−1444. https://doi.
org/10.1159/000468057

80. Ahmed AU, Rolle CE, Tyler MA, Han Y, 
Sengupta S, Wainwright DA, et al. Bone marrow 
mesenchymal stem cells loaded with an oncolytic 
adenovirus suppress the anti-adenoviral 
immune response in the cotton rat model.  
Mol Ther. 2010;18(10):1846−1856. https://doi.
org/10.1038/mt.2010.131

81. Yoon AR, Hong J, Li Y, Shin HC, Lee H, Kim 
HS, et al. Mesenchymal stem cell-mediated 
delivery of an oncolytic adenovirus enhances 
antitumor efficacy in hepatocellular carcinoma.  
Cancer Res. 2019;79(17):4503−4514. https://doi.
org/10.1158/0008-5472.CAN-18-3900

https://doi.org/10.1155/2013/347618
https://doi.org/10.1155/2013/347618
https://doi.org/10.3389/fphar.2020.529921
https://doi.org/10.3389/fphar.2020.529921
https://doi.org/10.1002/stem.1355
https://doi.org/10.1177/0022034509340867
https://doi.org/10.1177/0022034509340867
https://doi.org/10.3904/kjim.2013.28.4.387
https://doi.org/10.3904/kjim.2013.28.4.387
https://doi.org/10.1002/ijc.28455
https://doi.org/10.1002/ijc.28455
https://doi.org/10.1038/cgt.2014.53
https://doi.org/10.1038/cgt.2014.53
https://doi.org/10.1016/j.bbrc.2012.04.050
https://doi.org/10.1016/j.biologicals.2016.01.002
https://doi.org/10.1016/j.biologicals.2016.01.002
https://doi.org/10.1371/journal.pone.0104666
https://doi.org/10.1371/journal.pone.0104666
https://doi.org/10.1007/s13277-015-4007-9
https://doi.org/10.1007/s13277-015-4007-9
https://doi.org/10.1152/ajplung.00323.2016
https://doi.org/10.1152/ajplung.00323.2016
https://doi.org/10.1159/000468057
https://doi.org/10.1159/000468057
https://doi.org/10.1038/mt.2010.131
https://doi.org/10.1038/mt.2010.131
https://doi.org/10.1158/0008-5472.CAN-18-3900
https://doi.org/10.1158/0008-5472.CAN-18-3900


www.mjms.usm.my 77

Review Article | Mesenchymal stem cells and cancer therapy

82. Hakkarainen T, Särkioja M, Lehenkari P, 
Miettinen S, Ylikomi T, Suuronen R, et al. Human 
mesenchymal stem cells lack tumor tropism 
but enhance the antitumor activity of oncolytic 
adenoviruses in orthotopic lung and breast 
tumors. Hum Gene Ther. 2007;18(7):627−641. 
https://doi.org/10.1089/hum.2007.034

83. Stoff-Khalili MA, Rivera AA, Mathis JM, Sanjib 
Banerjee N, Moon AS, Hess A, et al. Mesenchymal 
stem cells as a vehicle for targeted delivery of 
CRAds to lung metastases of breast carcinoma. 
Breast Cancer Res Treat. 2007;105(2):157−167. 
https://doi.org/10.1007/s10549-006-9449-8

84. Guo Y, Zhang Z, Xu X, Xu Z, Wang S, Huang 
D, et al. Menstrual blood-derived stem cells 
as delivery vehicles for oncolytic adenovirus 
virotherapy for colorectal cancer. Stem Cells Dev. 
2019;28(13):882−896. https://doi.org/10.1089/
scd.2018.0222

85. Muhammad T, Sakhawat A, Khan AA, Ma L, 
Gjerset RA, Huang Y. Mesenchymal stem cell-
mediated delivery of therapeutic adenoviral 
vectors to prostate cancer. Stem Cell Res Ther. 
2019;10(1):190. https://doi.org/10.1186/s13287-
019-1268-z

86. Duebgen M, Martinez-Quintanilla J, Tamura 
K, Hingtgen S, Redjal N, Wakimoto H, et 
al. Stem cells loaded with multimechanistic 
oncolytic herpes simplex virus variants for 
brain tumor therapy. J Natl Cancer Inst. 
2014;106(6):dju090. https://doi.org/10.1093/
jnci/dju090

87. Leoni V, Gatta V, Palladini A, Nicoletti 
G, Ranieri D, Dall’Ora1 M, et al. Systemic 
delivery of HER2-retargeted oncolytic-
HSV by mesenchymal stromal cells 
protects from lung and brain metastases.  
Oncotarget. 2015;6(33):34774−34787. https://
doi.org/10.18632/oncotarget.5793

88. Yamamura K, Kasuya H, Sahin TT, Tan G, 
Hotta Y, Tsurumaru N, et al. Combination 
treatment of human pancreatic cancer xenograft 
models with the epidermal growth factor 
receptor tyrosine kinase inhibitor erlotinib 
and oncolytic herpes simplex virus HF10. Ann  
Surg Oncol. 2014;21(2):691−698. https://doi.
org/10.1245/s10434-013-3329-3

89. Mader EK, Maeyama Y, Lin Y, Butler GW, 
Russell HM, Galanis E, et al. Mesenchymal 
stem cell carriers protect oncolytic measles 
viruses from antibody neutralization in an 
orthotopic ovarian cancer therapy model. Clin  
Cancer Res. 2009;15(23):7246−7255. https://
doi.org/10.1158/1078-0432.CCR-09-1292

90. Mader EK, Butler G, Dowdy SC, Mariani A, 
Knutson KL, Federspiel MJ, et al. Optimizing 
patient derived mesenchymal stem cells as virus 
carriers for a phase I clinical trial in ovarian 
cancer. J Transl Med. 2013;11:20. https://doi.
org/10.1186/1479-5876-11-20

91. Ong HT, Federspiel MJ, Guo CM, Ooi LL, Russell 
SJ, Peng KW, et al. Systemically delivered measles 
virus-infected mesenchymal stem cells can evade 
host immunity to inhibit liver cancer growth.  
J Hepatol. 2013;59(5):999−1006. https://doi.
org/10.1016/j.jhep.2013.07.010

92. Castleton A, Dey A, Beaton B, Patel B, Aucher 
A, Davis DM, et al. Human mesenchymal 
stromal cells deliver systemic oncolytic 
measles virus to treat acute lymphoblastic 
leukemia in the presence of humoral  
immunity. Blood. 2014;123(9):1327−1335. 
https://doi.org/10.1182/blood-2013-09-528851

93. V. Marchica V, Donofrio G, Vescovini R, Tebaldi 
G, Rosamilia A, Guasco D, et al. Oncolytic 
virotherapy in multiple myeloma: a possible 
alternative role of bovine viruses. Blood. 
2016;128(22):2093. https://doi.org/10.1182/
blood.V128.22.2093.2093

94. Ren JG, Jie C, Talbot C. How PEDF prevents 
angiogenesis: a hypothesized pathway. Med 
Hypotheses. 2005;64(1):74−78. https://doi.
org/10.1016/j.mehy.2004.05.016

95. Wang Q, Zhang Z, Ding T, Chen Z, Zhang 
T. Mesenchymal stem cells overexpressing 
PEDF decrease the angiogenesis of gliomas.  
Biosci Rep. 2013;33(2):e00019. https://doi.
org/10.1042/BSR20110124

96. Zhang Q, Xiang W, Yi DY, Xue BZ, Wen WW, 
Abdelmaksoud A, et al. Current status and 
potential challenges of mesenchymal stem 
cell-based therapy for malignant gliomas.  
Stem Cell Res Ther. 2018;9(1):228. https://doi.
org/10.1186/s13287-018-0977-z

https://doi.org/10.1089/hum.2007.034
https://doi.org/10.1007/s10549-006-9449-8
https://doi.org/10.1089/scd.2018.0222
https://doi.org/10.1089/scd.2018.0222
https://doi.org/10.1186/s13287-019-1268-z
https://doi.org/10.1186/s13287-019-1268-z
https://doi.org/10.1093/jnci/dju090
https://doi.org/10.1093/jnci/dju090
https://doi.org/10.18632/oncotarget.5793
https://doi.org/10.18632/oncotarget.5793
https://doi.org/10.1245/s10434-013-3329-3
https://doi.org/10.1245/s10434-013-3329-3
https://doi.org/10.1158/1078-0432.CCR-09-1292
https://doi.org/10.1158/1078-0432.CCR-09-1292
https://doi.org/10.1186/1479-5876-11-20
https://doi.org/10.1186/1479-5876-11-20
https://doi.org/10.1016/j.jhep.2013.07.010
https://doi.org/10.1016/j.jhep.2013.07.010
https://doi.org/10.1182/blood-2013-09-528851
https://doi.org/10.1182/blood.V128.22.2093.2093
https://doi.org/10.1182/blood.V128.22.2093.2093
https://doi.org/10.1016/j.mehy.2004.05.016
https://doi.org/10.1016/j.mehy.2004.05.016
https://doi.org/10.1042/BSR20110124
https://doi.org/10.1042/BSR20110124
https://doi.org/10.1186/s13287-018-0977-z
https://doi.org/10.1186/s13287-018-0977-z


Malays J Med Sci. 2024;31(5):56–82

www.mjms.usm.my78

97. Kundu M, Greer YE, Dine JL, Lipkowitz S. 
Targeting TRAIL death receptors in triple-
negative breast cancers: challenges and strategies 
for cancer therapy. Cells. 2022;11(23):3717. 
https://doi.org/10.3390/cells11233717

98. Lowe SW, Bodis S, McClatchey A, Remington 
L, H Ruley HE, Fisher DE, et al. p53 
status and the efficacy of cancer therapy in  
vivo. Science. 1994;266(5186):807−810. https://
doi.org/10.1126/science.7973635

99. Marsters SA, Sheridan JP, Pitti RM, Huang A, 
Skubatch M, Baldwin D, et al. A novel receptor 
for Apo2L/TRAIL contains a truncated death 
domain. Curr Biol. 1997;7(12):1003−1006. 
https://doi.org/10.1016/s0960-9822(06)00422-2

100. Lemke J, von Karstedt S, Zinngrebe J, Walczak H. 
Getting TRAIL back on track for cancer therapy. 
Cell Death Differ. 2014;21(9):1350−1364. 
https://doi.org/10.1038/cdd.2014.81

101. Pan G, Ni J, Wei YF, Yu G, Gentz R, Dixit 
VM. An antagonist decoy receptor and a 
death domain-containing receptor for TRAIL. 
Science. 1997;277(5327):815−818. https://doi.
org/10.1126/science.277.5327.815

102. Mérino D, Lalaoui N, Morizot A, Schneider 
P, Solary E, Micheau O. Differential 
inhibition of TRAIL-mediated DR5-DISC 
formation by decoy receptors 1 and 2. Mol  
Cell Biol. 2006;26(19):7046−7055. https://doi.
org/10.1128/MCB.00520-06

103. Morizot A, Mérino D, Lalaoui N, Jacquemin 
G, Granci V, Iessi E, et al. Chemotherapy 
overcomes TRAIL-R4-mediated TRAIL 
resistance at the DISC level. Cell Death Differ. 
2011;18(4):700−711. https://doi.org/10.1038/
cdd.2010.144

104. Yamamoto J, Miyake K, Han Q, Tan Y, 
Inubushi S, Sugisawa N, et al. Oral recombinant 
methioninase increases TRAIL receptor-2 
expression to regress pancreatic cancer in 
combination with agonist tigatuzumab in 
an orthotopic mouse model. Cancer Lett. 
2020;492:174−184. https://doi.org/10.1016/j.
canlet.2020.07.034

105. Patrick PS, Kolluri KK, Zaw Thin M, Edwards 
A, Sage EK, Sanderson T, et al. Lung delivery 
of MSCs expressing anti-cancer protein TRAIL 
visualised with 89Zr-oxine PET-CT. Stem Cell Res 
Ther. 2020;11(1):256. https://doi.org/10.1186/
s13287-020-01770-z

106. Mielczarek-Palacz A, Kondera-Anasz Z, Smycz-
Kubańska M. Changes in the concentration 
of markers participating in the regulation 
of the apoptosis receptor pathway involving 
soluble tumour necrosis factor ligand inducing 
apoptosis (sTRAIL) and osteoprotegerin 
(OPG) in the serum of women with ovarian 
cancer-participation in pathogenesis or a 
possible clinical use? Cells. 2020;9(3):612.  
https://doi.org/10.3390/cells9030612

107. Mohr A, Chu T, Brooke GN, Zwacka RM. MSC.
sTRAIL has better efficacy than MSC.FL-TRAIL 
and in combination with AKTi Blocks pro-
metastatic cytokine production in prostate cancer 
cells. Cancers (Basel). 2019;11(4):568. https://
doi.org/10.3390/cancers11040568

108. Yuan Z, Kolluri KK, Sage EK, Gowers KH, 
Janes SM. Mesenchymal stromal cell delivery 
of full-length tumor necrosis factor-related 
apoptosis-inducing ligand is superior to 
soluble type for cancer therapy. Cytotherapy. 
2015;17(7):885−896. https://doi.org/10.1016/j.
jcyt.2015.03.603

109. Spano C, Grisendi G, Golinelli G, Rossignoli 
F, Prapa M, Bestagno M, et al. Soluble TRAIL 
armed human MSC as gene therapy for pancreatic 
cancer. Sci Rep. 2019;9(1):1788. https://doi.
org/10.1038/s41598-018-37433-6

110. Lathrop MJ, Sage EK, Macura SL, Brooks EM, 
Cruz F, Bonenfant NR, et al. Antitumor effects of 
TRAIL-expressing mesenchymal stromal cells in a 
mouse xenograft model of human mesothelioma. 
Cancer Gene Ther. 2015;22(1):44−54. https://
doi.org/10.1038/cgt.2014.68

https://doi.org/10.3390/cells11233717
https://doi.org/10.1126/science.7973635
https://doi.org/10.1126/science.7973635
https://doi.org/10.1016/s0960-9822(06)00422-2
https://doi.org/10.1038/cdd.2014.81
https://doi.org/10.1126/science.277.5327.815
https://doi.org/10.1126/science.277.5327.815
https://doi.org/10.1128/MCB.00520-06
https://doi.org/10.1128/MCB.00520-06
https://doi.org/10.1038/cdd.2010.144
https://doi.org/10.1038/cdd.2010.144
https://doi.org/10.1016/j.canlet.2020.07.034
https://doi.org/10.1016/j.canlet.2020.07.034
https://doi.org/10.1186/s13287-020-01770-z
https://doi.org/10.1186/s13287-020-01770-z
https://doi.org/10.3390/cells9030612
https://doi.org/10.3390/cancers11040568
https://doi.org/10.3390/cancers11040568
https://doi.org/10.1016/j.jcyt.2015.03.603
https://doi.org/10.1016/j.jcyt.2015.03.603
https://doi.org/10.1038/s41598-018-37433-6
https://doi.org/10.1038/s41598-018-37433-6
https://doi.org/10.1038/cgt.2014.68
https://doi.org/10.1038/cgt.2014.68


www.mjms.usm.my 79

Review Article | Mesenchymal stem cells and cancer therapy

111. Fakiruddin KS, Lim MN, Nordin N, Rosli R, 
Zakaria Z, Abdullah S. Targeting of CD133+ 
cancer stem cells by mesenchymal stem cell 
expressing TRAIL reveals a prospective role 
of apoptotic gene regulation in non-small cell 
lung cancer. Cancers (Basel). 2019;11(9):1261. 
https://doi.org/10.3390/cancers11091261

112. Fakiruddin KS, Lim MN, Nordin N, Rosli R, 
Abdullah S. Chemo-sensitization of CD133+ 
cancer stem cell enhances the effect of 
mesenchymal stem cell expressing TRAIL 
in non-small cell lung cancer cell lines.  
Biology (Basel). 2021;10(11):1103. https://doi.
org/10.3390/biology10111103

113. Takahara K, Ii M, Inamoto T, Ibuki N, 
Yoshikawa Y, Tsujino T, et al. MicroRNA-145 
mediates the inhibitory effect of adipose tissue-
derived stromal cells on prostate cancer.  
Stem Cells Dev. 2016;25(17):1290−1298. https://
doi.org/10.1089/scd.2016.0093

114. Li X, Liu LL, Yao JL, Wang K, Ai H. human 
umbilical cord mesenchymal stem cell-derived 
extracellular vesicles inhibit endometrial 
cancer cell proliferation and migration 
through delivery of exogenous miR-302a.  
Stem Cells Int. 2019;2019:8108576. https://doi.
org/10.1155/2019/8108576

115. Wu S, Ju GQ, Du T, Zhu YJ, Liu GH. 
Microvesicles derived from human umbilical cord 
Wharton’s jelly mesenchymal stem cells attenuate 
bladder tumor cell growth in vitro and in vivo. 
PLoS ONE. 2013;8(4):e61366. https://doi.
org/10.1371/journal.pone.0061366

116. Pakravan K, Babashah S, Sadeghizadeh M, 
Mowla SJ, Mossahebi-Mohammadi M, Ataei F, 
et al. MicroRNA-100 shuttled by mesenchymal 
stem cell-derived exosomes suppresses in vitro 
angiogenesis through modulating the mTOR/
HIF-1α/VEGF signaling axis in breast cancer 
cells. Cell Oncol (Dordr). 2017;40(5):457−470. 
https://doi.org/10.1007/s13402-017-0335-7

117. Zhang F, Lu Y, Wang M, Zhu J, Li J, Zhang 
P, et al. Exosomes derived from human bone 
marrow mesenchymal stem cells transfer miR-
222-3p to suppress acute myeloid leukemia 
cell proliferation by targeting IRF2/INPP4B.  
Mol Cell Probes. 2020;51:101513. https://doi.
org/10.1016/j.mcp.2020.101513

118. Katakowski M, Buller B, Zheng X, Lu Y, Rogers 
T, Osobamiro O, et al. Exosomes from marrow 
stromal cells expressing miR-146b inhibit glioma 
growth. Cancer Lett. 2013;335(1):201−204. 
https://doi.org/10.1016/j.canlet.2013.02.019

119. Yao X, Mao Y, Wu D, Zhu Y, Lu J, Huang Y, et al. 
Exosomal circ_0030167 derived from BM-MSCs 
inhibits the invasion, migration, proliferation and 
stemness of pancreatic cancer cells by sponging 
miR-338-5p and targeting the Wif1/Wnt8/β-
catenin axis. Cancer Lett. 2021;512:38−50. 
https://doi.org/10.1016/j.canlet.2021.04.030

120. Zhang F, Guo J, Zhang Z, Qian Y, Wang G, Duan 
M, et al. Mesenchymal stem cell-derived exosome: 
a tumor regulator and carrier for targeted tumor 
therapy. Cancer Lett. 2022;526:29−40. https://
doi.org/10.1016/j.canlet.2021.11.015

121. Lou G, Chen L, Xia C, Wang W, Qi J, Li A, et al. 
MiR-199a-modified exosomes from adipose 
tissue-derived mesenchymal stem cells improve 
hepatocellular carcinoma chemosensitivity 
through mTOR pathway. J Exp Clin Cancer Res. 
2020;39(1):4. https://doi.org/10.1186/s13046-
019-1512-5

122. Yu L, Gui S, Liu Y, Qiu X , Zhang G, Zhang X, et 
al. Exosomes derived from microRNA-199a-
overexpressing mesenchymal stem cells inhibit 
glioma progression by down-regulating AGAP2. 
Aging (Albany NY). 2019;11(15):5300−5318. 
https://doi.org/10.18632/aging.102092

123. Sharif S, Ghahremani MH, Soleimani M. 
Delivery of exogenous miR-124 to glioblastoma 
multiform cells by Wharton’s jelly mesenchymal 
stem cells decreases cell proliferation and 
migration, and confers chemosensitivity. Stem  
Cell Rev Rep. 2018;14(2):236−246. https://doi.
org/10.1007/s12015-017-9788-3

124. Wu H, Mu X, Liu L, Wu H, Hu X, Chen L, et al. 
Bone marrow mesenchymal stem cells-derived 
exosomal microRNA-193a reduces cisplatin 
resistance of non-small cell lung cancer cells via 
targeting LRRC1. Cell Death Dis. 2020;11(9):801. 
https://doi.org/10.1038/s41419-020-02962-4

https://doi.org/10.3390/cancers11091261
https://doi.org/10.3390/biology10111103
https://doi.org/10.3390/biology10111103
https://doi.org/10.1089/scd.2016.0093
https://doi.org/10.1089/scd.2016.0093
https://doi.org/10.1155/2019/8108576
https://doi.org/10.1155/2019/8108576
https://doi.org/10.1371/journal.pone.0061366
https://doi.org/10.1371/journal.pone.0061366
https://doi.org/10.1007/s13402-017-0335-7
https://doi.org/10.1016/j.mcp.2020.101513
https://doi.org/10.1016/j.mcp.2020.101513
https://doi.org/10.1016/j.canlet.2013.02.019
https://doi.org/10.1016/j.canlet.2021.04.030
https://doi.org/10.1016/j.canlet.2021.11.015
https://doi.org/10.1016/j.canlet.2021.11.015
https://doi.org/10.1186/s13046-019-1512-5
https://doi.org/10.1186/s13046-019-1512-5
https://doi.org/10.18632/aging.102092
https://doi.org/10.1007/s12015-017-9788-3
https://doi.org/10.1007/s12015-017-9788-3
https://doi.org/10.1038/s41419-020-02962-4


Malays J Med Sci. 2024;31(5):56–82

www.mjms.usm.my80

125. Ono M, Kosaka N, Tominaga N, Yoshioka Y, 
Takeshita F, Takahash RU, et al. Exosomes from 
bone marrow mesenchymal stem cells contain a 
microRNA that promotes dormancy in metastatic 
breast cancer cells. Sci Signal. 2014;7(332):ra63. 
https://doi.org/10.1126/scisignal.2005231

126. Wandrey M, Jablonska J, Stauber RH, Gül D. 
Exosomes in cancer progression and therapy 
resistance: molecular insights and therapeutic 
opportunities. Life (Basel). 2023;13(10):2033. 
https://doi.org/10.3390/life13102033

127. Wan FZ, Chen KH, Sun YC, Chen XC, Liang RB, 
Chen L, et al. Exosomes overexpressing miR-
34c inhibit malignant behavior and reverse the 
radioresistance of nasopharyngeal carcinoma. 
J Transl Med. 2020;18(1):12. https://doi.
org/10.1186/s12967-019-02203-z

128. Vakhshiteh F, Atyabi F, Ostad SN. Mesenchymal 
stem cell exosomes: a two-edged sword 
in cancer therapy. Int J Nanomedicine. 
2019;14:2847−2859. https://doi.org/10.2147/
IJN.S200036

129. Zhang L, Lei Q, Wang H, Xu C, Liu T, Kong F, et 
al. Tumor-derived extracellular vesicles inhibit 
osteogenesis and exacerbate myeloma bone 
disease. Theranostics. 2019;9(1):196−209. 
https://doi.org/10.7150/thno.27550

130. Menu E, Vanderkerken K. Exosomes in 
multiple myeloma: from bench to bedside. 
Blood. 2022;140(23):2429−2442. https://doi.
org/10.1182/blood.2021014749

131. von Einem JC, Guenther C, Volk HD, Grütz G, 
Hirsch D, Salat C, et al. Treatment of advanced 
gastrointestinal cancer with genetically modified 
autologous mesenchymal stem cells: results 
from the phase 1/2 TREAT-ME-1 trial. Int  
J Cancer. 2019;145(6):1538−1546. https://doi.
org/10.1002/ijc.32230

132. Bolli R, Hare JM, Henry TD, Lenneman CG, 
March KL, Miller K, et al. Rationale and design 
of the SENECA (StEm cell iNjECtion in cAncer 
survivors) trial. Am Heart J. 2018;201:54−62. 
https://doi.org/10.1016/j.ahj.2018.02.009

133. Davies A, Sage B, Kolluri K, Alrifai D, Graham 
R, Weil B, et al. TACTICAL: a phase I/
II trial to assess the safety and efficacy of 
MSCTRAIL in the treatment of metastatic lung  
adenocarcinoma. JCO. 2019;37(15):TPS9116. 
https://doi.org/10.1200/JCO.2019.37.15_suppl.
TPS9116

134. Ruano D, López-Martín JA, Moreno L, Lassaletta 
Á, Bautista F, Andión M, et al. First-in-human, 
first-in-child trial of autologous MSCs carrying the 
oncolytic virus Icovir-5 in patients with advanced 
tumors. Mol Ther. 2020;28(4):1033−1042. 
https://doi.org/10.1016/j.ymthe.2020.01.019

135. Schweizer MT, Wang H, Bivalacqua TJ, Partin 
AW, Lim SJ, Chapman C, et al. A Phase I study 
to assess the safety and cancer-homing ability of 
allogeneic bone marrow-derived mesenchymal 
stem cells in men with localized prostate cancer. 
Stem Cells Transl Med. 2019;8(5):441−449. 
https://doi.org/10.1002/sctm.18-0230

136. Ioele G, Chieffallo M, Occhiuzzi MA, De Luca 
M, Garofalo A, Ragno G, et al. Anticancer 
drugs: recent strategies to improve stability 
profile, pharmacokinetic and pharmacodynamic 
properties. Molecules. 2022;27(17):5436. 
https://doi.org/10.3390/molecules27175436

137. Squillaro T, Peluso G, Galderisi U. Clinical trials 
with mesenchymal stem cells: an update. Cell 
Transplant. 2016;25(5):829−848. https://doi.
org/10.3727/096368915X689622

138. Lukomska B, Stanaszek L, Zuba-Surma E, 
Legosz P, Sarzynska S, Drela K. Challenges and 
controversies in human mesenchymal stem cell 
therapy. Stem Cells Int. 2019;2019:9628536. 
https://doi.org/10.1155/2019/9628536

139. Zhuang WZ, Lin YH, Su LJ, Wu MS, Jeng HY, 
Chang HC, et al. Mesenchymal stem/stromal cell-
based therapy: mechanism, systemic safety and 
biodistribution for precision clinical applications. 
J Biomed Sci. 2021;28(1):28. https://doi.
org/10.1186/s12929-021-00725-7

https://doi.org/10.1126/scisignal.2005231
https://doi.org/10.3390/life13102033
https://doi.org/10.1186/s12967-019-02203-z
https://doi.org/10.1186/s12967-019-02203-z
https://doi.org/10.2147/IJN.S200036
https://doi.org/10.2147/IJN.S200036
https://doi.org/10.7150/thno.27550
https://doi.org/10.1182/blood.2021014749
https://doi.org/10.1182/blood.2021014749
https://doi.org/10.1002/ijc.32230
https://doi.org/10.1002/ijc.32230
https://doi.org/10.1016/j.ahj.2018.02.009
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS9116
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS9116
https://doi.org/10.1016/j.ymthe.2020.01.019
https://doi.org/10.1002/sctm.18-0230
https://doi.org/10.3390/molecules27175436
https://doi.org/10.3727/096368915X689622
https://doi.org/10.3727/096368915X689622
https://doi.org/10.1155/2019/9628536
https://doi.org/10.1186/s12929-021-00725-7
https://doi.org/10.1186/s12929-021-00725-7


www.mjms.usm.my 81

Review Article | Mesenchymal stem cells and cancer therapy

140. Ahn SY, Park WS, Sung SI, Chang YS. 
Mesenchymal stem cell therapy for intractable 
neonatal disorders. Pediatr Neonatol. 
2021;62(Suppl 1):S16−S21. https://doi.
org/10.1016/j.pedneo.2020.11.007

141. Liang W, Chen X, Zhang S, Fang J, Chen M, Xu Y, 
et al. Mesenchymal stem cells as a double-edged 
sword in tumor growth: focusing on MSC-derived 
cytokines. Cell Mol Biol Lett. 2021;26(1):3. 
https://doi.org/10.1186/s11658-020-00246-5

142. Ankrum JA, Ong JF, Karp JM. Mesenchymal stem 
cells: immune evasive, not immune privileged. 
Nat Biotechnol. 2014;32(3):252−260. https://
doi.org/10.1038/nbt.2816

143. Frese L, Dijkman PE, Hoerstrup SP. Adipose 
tissue-derived stem cells in regenerative medicine. 
Transfus Med Hemother. 2016;43(4):268−274. 
https://doi.org/10.1159/000448180

144. Karnoub AE, Dash AB, Vo AP, Sullivan A, Brooks 
MW, Bell GW, et al. Mesenchymal stem cells 
within tumour stroma promote breast cancer 
metastasis. Nature. 2007;449(7162):557−563. 
https://doi.org/10.1038/nature06188

145. Babaei G, Aziz SG, Jaghi NZZ. EMT, cancer 
stem cells and autophagy: the three main 
axes of metastasis. Biomed Pharmacother. 
2021;133:110909. https://doi.org/10.1016/j.
biopha.2020.110909

146. Martin FT, Dwyer RM, Kelly J, Khan S, Murphy 
JM, Curran C, et al. Potential role of mesenchymal 
stem cells (MSCs) in the breast tumour 
microenvironment: stimulation of epithelial to 
mesenchymal transition (EMT). Breast Cancer 
Res Treat. 2010;124(2):317−326. https://doi.
org/10.1007/s10549-010-0734-1

147. Nam MW, Kim CW, Choi KC. Epithelial-
mesenchymal transition-inducing factors 
involved in the progression of lung cancers.  
Biomol Ther (Seoul). 2022;30(3):213−220. 
https://doi.org/10.4062/biomolther.2021.178

148. Qu S, Huang X, Guo X, Zheng Z, Wei T, 
Chen B. Metastasis related epithelial-
mesenchymal transition signature predicts 
prognosis and response to chemotherapy 
in acute myeloid leukemia. Drug Des  
Devel Ther. 2023;17:1651−1663. https://doi.
org/10.2147/DDDT.S415521

149. Ohkouchi S, Block GJ, Katsha AM, Kanehira M, 
Ebina M, Kikuchi T, et al. Mesenchymal stromal 
cells protect cancer cells from ROS-induced 
apoptosis and enhance the Warburg effect by 
secreting STC1. Mol Ther. 2012;20(2):417−423. 
https://doi.org/10.1038/mt.2011.259

150. Sage EK, Thakrar RM, Janes SM. Genetically 
modified mesenchymal stromal cells in cancer 
therapy. Cytotherapy. 2016;18(11):1435−1445. 
https://doi.org/10.1016/j.jcyt.2016.09.003

151. Fernández-Francos S, Eiro N, Costa LA, 
Escudero-Cernuda S, Fernández-Sánchez 
ML, Vizoso FJ. Mesenchymal stem cells as 
a cornerstone in a galaxy of intercellular 
signals: basis for a new era of medicine.  
Int J Mol Sci. 2021;22(7):3576. https://doi.
org/10.3390/ijms22073576

152. De Becker A, Heestermans R, De Brouwer 
W, Bockstaele K, Maes K, Van Riet I. Genetic 
profiling of human bone marrow mesenchymal 
stromal cells after in vitro expansion in 
clinical grade human platelet lysate. Front  
Bioeng Biotechnol. 2022;10:1008271. https://doi.
org/10.3389/fbioe.2022.1008271

153. Schmuck EG, Raval AN. Chapter 3 - Delivery 
and tracking considerations for cell-based 
therapies. In: Viswanathan S, Hematti P, editors. 
Mesenchymal stromal cells. Boston: Academic 
Press; 2017. pp. 61–96. https://doi.org/10.1016/
B978-0-12-802826-1.00003-9

154. Lee BC, Kang KS. Functional enhancement 
strategies for immunomodulation of 
mesenchymal stem cells and their therapeutic 
application. Stem Cell Res Ther. 2020;11(1):397. 
https://doi.org/10.1186/s13287-020-01920-3

155. Vasanthan J, Gurusamy N, Rajasingh S, Sigamani 
V, Kirankumar S, Thomas EL, et al. Role of 
human mesenchymal stem cells in regenerative 
therapy. Cells. 2020;10(1):54. https://doi.
org/10.3390/cells10010054

156. Fan XL, Zhang Y, Li X, Fu QL. Mechanisms 
underlying the protective effects of 
mesenchymal stem cell-based therapy. Cell  
Mol Life Sci. 2020;77(14):2771−2794. https://
doi.org/10.1007/s00018-020-03454-6

https://doi.org/10.1016/j.pedneo.2020.11.007
https://doi.org/10.1016/j.pedneo.2020.11.007
https://doi.org/10.1186/s11658-020-00246-5
https://doi.org/10.1038/nbt.2816
https://doi.org/10.1038/nbt.2816
https://doi.org/10.1159/000448180
https://doi.org/10.1038/nature06188
https://doi.org/10.1016/j.biopha.2020.110909
https://doi.org/10.1016/j.biopha.2020.110909
https://doi.org/10.1007/s10549-010-0734-1
https://doi.org/10.1007/s10549-010-0734-1
https://doi.org/10.4062/biomolther.2021.178
https://doi.org/10.2147/DDDT.S415521
https://doi.org/10.2147/DDDT.S415521
https://doi.org/10.1038/mt.2011.259
https://doi.org/10.1016/j.jcyt.2016.09.003
https://doi.org/10.3390/ijms22073576
https://doi.org/10.3390/ijms22073576
https://doi.org/10.3389/fbioe.2022.1008271
https://doi.org/10.3389/fbioe.2022.1008271
https://doi.org/10.1016/B978-0-12-802826-1.00003-9
https://doi.org/10.1016/B978-0-12-802826-1.00003-9
https://doi.org/10.1186/s13287-020-01920-3
https://doi.org/10.3390/cells10010054
https://doi.org/10.3390/cells10010054
https://doi.org/10.1007/s00018-020-03454-6
https://doi.org/10.1007/s00018-020-03454-6


Malays J Med Sci. 2024;31(5):56–82

www.mjms.usm.my82

157. Volarevic V, Markovic BS, Gazdic M, Volarevic 
A, Jovicic N, Arsenijevic N, et al. Ethical 
and safety issues of stem cell-based therapy.  
Int J Med Sci. 2018;15(1):36−45. https://doi.
org/10.7150/ijms.21666

158. Duijvestein M, Vos AC, Roelofs H, Wildenberg 
ME, Wendrich BB, Verspaget HW, et al. 
Autologous bone marrow-derived mesenchymal 
stromal cell treatment for refractory 
luminal Crohn’s disease: results of a phase  
I study. Gut. 2010;59(12):1662−1669. https://
doi.org/10.1136/gut.2010.215152

159. Dhere T, Copland I, Garcia M, Chiang KY, 
Chinnadurai R, Prasad M, et al. The safety of 
autologous and metabolically fit bone marrow 
mesenchymal stromal cells in medically refractory 
Crohn’s disease - a phase 1 trial with three doses. 
Aliment Pharmacol Ther. 2016;44(5):471−481. 
https://doi.org/10.1111/apt.13717

160. Molendijk I, Bonsing BA, Roelofs H, Peeters 
KCMJ, Wasser MNJ, Dijkstra G, et al. Allogeneic 
bone marrow-derived mesenchymal stromal 
cells promote healing of refractory perianal 
fistulas in patients with Crohn’s disease.  
Gastroenterology. 2015;149(4):918.e6−927.e6. 
https://doi.org/10.1053/j.gastro.2015.06.014

161. Panés J, García-Olmo D, Van Assche G, 
Colombel JF, Reinisch W, Baumgart DC, 
et al. Expanded allogeneic adipose-derived 
mesenchymal stem cells (Cx601) for complex 
perianal fistulas in Crohn’s disease: a phase 
3 randomised, double-blind controlled trial.  
Lancet. 2016;388(10051):1281−1290. https://
doi.org/10.1016/S0140-6736(16)31203-X

162. de la Portilla F, Alba F, García-Olmo D, 
Herrerías JM, González FX, Galindo A. 
Expanded allogeneic adipose-derived stem 
cells (eASCs) for the treatment of complex 
perianal fistula in Crohn’s disease: results from 
a multicenter phase I/IIa clinical trial. Int  
J Colorectal Dis. 2013;28(3):313−323. https://
doi.org/10.1007/s00384-012-1581-9

163. Kang J, Zhang L, Luo X, Ma X, Wang G, 
Yang Y, et al. Systematic exposition of 
mesenchymal stem cell for inflammatory bowel 
disease and its associated colorectal cancer.  
Biomed Res Int. 2018;2018:9652817. https://doi.
org/10.1155/2018/9652817

164. Toma C, Wagner WR, Bowry S, Schwartz 
A, Villanueva F. Fate of culture-expanded 
mesenchymal stem cells in the microvasculature: 
in vivo observations of cell kinetics. Circ Res. 
2009;104(3):398−402. https://doi.org/10.1161/
CIRCRESAHA.108.187724

165. Guadalajara H, Herreros D, De-La-Quintana 
P, Trebol J, Garcia-Arranz M, Garcia-Olmo D. 
Long-term follow-up of patients undergoing 
adipose-derived adult stem cell administration 
to treat complex perianal fistulas. Int  
J Colorectal Dis. 2012;27(5):595−600. https://
doi.org/10.1007/s00384-011-1350-1

166. Garcia-Olmo D, Herreros D, Pascual I, Pascual 
JA, Del-Valle E, Zorrilla J, et al. Expanded 
adipose-derived stem cells for the treatment of 
complex perianal fistula: a phase II clinical trial. 
Dis Colon Rectum. 2009;52(1):79−86. https://
doi.org/10.1007/DCR.0b013e3181973487

https://doi.org/10.7150/ijms.21666
https://doi.org/10.7150/ijms.21666
https://doi.org/10.1136/gut.2010.215152
https://doi.org/10.1136/gut.2010.215152
https://doi.org/10.1111/apt.13717
https://doi.org/10.1053/j.gastro.2015.06.014
https://doi.org/10.1016/S0140-6736(16)31203-X
https://doi.org/10.1016/S0140-6736(16)31203-X
https://doi.org/10.1007/s00384-012-1581-9
https://doi.org/10.1007/s00384-012-1581-9
https://doi.org/10.1155/2018/9652817
https://doi.org/10.1155/2018/9652817
https://doi.org/10.1161/CIRCRESAHA.108.187724
https://doi.org/10.1161/CIRCRESAHA.108.187724
https://doi.org/10.1007/s00384-011-1350-1
https://doi.org/10.1007/s00384-011-1350-1
https://doi.org/10.1007/DCR.0b013e3181973487
https://doi.org/10.1007/DCR.0b013e3181973487

