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Abstract 

Mesenchymal stem cells (MSCs) have attracted considerable interest as a promising approach for cancer treatment 
due to their ability to undergo tumor-trophic migration. MSCs possess the unique ability to selectively migrate 
to tumors, making them an excellent candidate for targeted delivery of oncolytic viruses (OVs) to treat isolated tumors 
and metastatic malignancies. OVs have attracted attention as a potential treatment for cancer due to their ability 
to selectively infect and destroy tumor cells while sparing normal cells. In addition, OVs can induce immunogenic cell 
death and contain curative transgenes in their genome, making them an attractive candidate for cancer treatment 
in combination with immunotherapies. In combination with MSCs, OVs can modulate the tumor microenvironment 
and trigger anti-tumor immune responses, making MSC-releasing OVs a promising approach for cancer treatment. 
This study reviews researches on the use of MSC-released OVs as a novel method for treating cancer.
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Graphical Abstract

Introduction
 Cancer therapy has witnessed significant advancements 
in recent years, leading to improved prognosis for cancer 
patients. Timely detection of specific cancer types and the 
development of targeted therapies have played a crucial 
role in this progress [1, 2]. However, certain limitations 
such as the short half-life of cancer-specific drugs, lim-
ited distribution to specific tumors, and adverse effects 
on healthy tissues have posed significant challenges to 
the effectiveness of these treatments [3–6]. Hence, there 
is a pressing need to design anticancer drugs that can 
precisely target cancerous cells while minimizing damage 
to normal tissues [7]. Furthermore, despite the decline in 
cancer mortality rates reported by the American Cancer 
Society from 2017 to 2018, achieved through advances 
in early detection and treatment [1], there remains a 
demand for innovative approaches to further improve 
cancer treatment outcomes.

In recent years, several new targeted therapies have 
been approved by the U.S. Food and Drug Administration 
(FDA) for the treatment of various types of cancer, exem-
plified by lung, breast, and bladder cancer [2–4]. These 
approvals underscore the ongoing efforts to enhance can-
cer treatment approaches. However, considering the lim-
itations of existing modalities, such as systemic adverse 

effects and drug resistance, the development of innova-
tive therapeutic approaches that prevent the spread of 
cancer is crucial [8, 9].

Viruses have gained attention not only for their poten-
tial to trigger oncogenesis but also for their application 
in immunotherapeutic approaches and the advancement 
of adoptive T-cell immunotherapies targeting cytomeg-
alovirus. In this context, viruses can serve as therapeu-
tic agents for attacking tumor cells [10, 11]. Oncolytic 
viruses (OVs) refer to viruses that occur naturally or are 
genetically altered to replicate specifically within can-
cer cells and cause their destruction, while sparing nor-
mal cells [12]. OV therapy, as a novel approach to cancer 
treatment, has shown promise in preclinical and clini-
cal studies [13]. A variety of viruses, including reovirus, 
Newcastle disease virus, adenovirus, measles virus, vesic-
ular stomatitis virus, herpes simplex virus, and vaccinia 
virus, have been used for this therapy [14, 15]. In addition 
to inducing direct lysis of cancer cells, OVs are known 
to activate or reactivate cytotoxic immune responses in 
patients, leading to therapeutic responses [16]. However, 
the effectiveness of OVs in reaching cancerous tissues is 
influenced by various factors, including immune system 
elimination processes and the uptake of viruses by tissues 
and organs [17]. Therefore, it becomes crucial to enhance 
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treatment efficacy by utilizing effective delivery vehicles 
for OVs to reach tumor sites [18].

Mesenchymal stem cells (MSCs) have demonstrated 
potential in the treatment of various diseases, including 
cancer, owing to their antitumor substances that inhibit 
the proliferation of cancer cells. Moreover, due to their 
tumor-homing capabilities, MSCs have been employed 
as carriers, facilitating safe transport and release of the 
virus at the tumor site [19, 20]. The use of MSCs as deliv-
ery vehicles for OVs offers the potential to increase the 
amount of OV administered to patients, thereby mini-
mizing side effects and obviating the need for direct 
injection into the tumor [21]. Therefore, the primary 
objective of this review is to investigate the potential of 
OVs delivered via MSCs as a novel approach to cancer 
therapy. This review aims to highlight the advantages 
and limitations of using MSCs as delivery vehicles for 
OVs, while also providing an overview of their effects on 
tumors.

Utilizing MSCs as a vehicle for OV delivery
I. Tumor‑homing ability of MSCs
In the 1970s, a new type of stem cells with the potential 
to generate multiple lineages was discovered in the mar-
row stroma. These cells, called colony-forming unit fibro-
blasts, were fibroblast-like cells that were able to produce 
colonies in vitro and differentiate into a range of mesen-
chymal and non-mesenchymal cell types in both in vitro 
and in vivo settings [22]. During the late 1980s, additional 
research was conducted to investigate the heterogene-
ity of the marrow stromal cell population. This led to the 
discovery of a stem cell subset that belongs to the meso-
dermal germ layer lineage and is involved in the devel-
opment of connective tissue, skeletal muscle cells, and 
the vascular system. These stem cells, identified as bone 
marrow-derived MSCs (BM-MSCs), have been found to 
play a crucial role in these physiological processes [23, 
24]. The distinctive immunomodulatory characteristics 
of BM-MSCs in allogeneic transplantation have piqued 
significant interest [25].

II. Protection of OVs from clearance
The use of OVs as a systemic treatment for cancer faces 
several obstacles that hinder their successful implementa-
tion. For example, after administration into the systemic 
circulation, OVs can undergo filtration and accumulate 
in specific tissues, primarily the liver. In addition, OVs 
present in the bloodstream can be recognized by the 
immune system and eliminate them. Furthermore, OVs 
must overcome the tumor vasculature and interstitial 
fluid pressure to enter the extracellular space. Ultimately, 
the tumor microenvironment poses various obstacles 
that restrict viral penetration and propagation [26–28]. 

Several strategies, including the use of cell carriers, are 
being developed to overcome these challenges [26]. 
Using cell carriers as a vehicle for systemic transport of 
OVs to both primary tumors and metastases is an appeal-
ing strategy. This is because cell carriers can provide 
protection to OVs from complement or neutralizing anti-
bodies, which are the principal means of viral clearance 
in the bloodstream [29, 30]. Furthermore, administering 
cell-loaded OVs systemically can circumvent filtration 
by organs and cross the endothelial barrier via migration 
towards various tissues and organs [31]. Finally, certain 
types of cells have attracted attention due to their unique 
ability to specifically migrate toward tumors. These cell 
types include immune cells, progenitor cells, cancer cells, 
neural stem cells, extracellular vesicles (EVs), and MSCs. 
Out of these, MSCs are especially intriguing because of 
their inherent characteristics [32, 33].

OVs can potentially be delivered to cancer cells 
through MSCs. There are different strategies for using 
MSCs to deliver OVs, but one approach involves engi-
neering the MSCs to express and secrete the OV. The 
modified MSCs can then be injected into the patient’s 
bloodstream, where they will migrate toward the tumor 
site. Once at the tumor site, the MSCs can release the OV 
directly into the tumor microenvironment, allowing it to 
infect and kill the cancer cells. This approach has several 
potential advantages, including increased targeting of 
the OV to the tumor, reduced toxicity to healthy tissues, 
and the ability of MSCs to home in on sites of inflamma-
tion. However, there are also challenges associated with 
this approach, such as the need to optimize the delivery 
of the MSCs and ensure that they survive long enough 
to release the OV within the tumor microenvironment. 
Additionally, there is a risk that the MSCs themselves 
could contribute to tumor growth or metastasis if they 
are not fully characterized and controlled. The loading 
capacity of MSCs with OVs can vary depending on sev-
eral factors such as the type of virus being used, the MOI 
(multiplicity of infection) used during loading, and the 
size of the MSCs. Generally, studies have reported that 
MSCs can effectively deliver and release OVs, with load-
ing capacities ranging from 10 to 1000 viral particles per 
cell.

III. Trojanhorse strategy
Recent preclinical studies have shown that MSCs 
are effective carriers for OVs, providing a promising 
approach for improving the efficiency of oncolytic viro-
therapy [34]. MSCs possess several characteristics that 
make them an ideal alternative for OV chaperoning in 
cancer treatment, including their inherent anticancer 
properties, tumor-homing ability, ability to preserve OVs 
from neutralizing antibodies, and capacity to distribute 
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OVs to tumor sites via a Trojan horse strategy [35, 36]. 
Numerous studies have demonstrated that MSCs can 
migrate to sites of injury, ischemia, and tumors through 
chemotaxis, although the precise mechanisms of their 
migration remain unclear [37]. Various cytokine/recep-
tor pairs, including SDF-1/CXCR4, PDGF/PDGFR, 
HGF/c-Met, VEGF/VEGFR, SCF/c-Kit, HMGB1/RAGE, 
and MCP-1/CCR2, regulate MSC migration [38, 39]. In 
addition, soluble molecules released by immune cells 
and cancer cells within the tumor microenvironment 
(TME) can directly influence MSC chemotaxis [40]. In 
addition, the efficiency of MSC migration to these sites 
can be influenced by factors such as the vasculariza-
tion, oxidative state, and inflammatory condition of the 
tumor. As an example, interleukin-6 (IL-6) can enhance 
MSC attraction to cancerous areas, whereas MSC migra-
tion in glioma is dependent on IL-8. TME plays a cru-
cial role in cancer progression and treatment response. 
Recent studies have also demonstrated that MSCs can 
regulate TME by modulating immune cell function, angi-
ogenesis, extracellular matrix remodeling, and inflam-
mation. Specifically, MSCs can secrete factors such as 

cytokines, chemokines, growth factors, and extracellu-
lar vesicles that can influence the behavior of neighbor-
ing cells within TME [41, 42]. Furthermore, tumors may 
attract MSCs from other tissues such as adipose tissue 
(AD-MSCs) and bone marrow (BM-MSCs) and encour-
age their integration into the tumor microenvironment 
through inflammatory signals [41, 42]. Factors present 
in the local environment, such as hypoxia, Toll-like 
receptor (TLR), and cytokines ligands, can activate the 
recruited MSCs to proliferate and secrete growth factors 
that augment tissue regeneration [43, 44]. MSCs have 
been shown to be attracted to glioma, breast cancer, and 
hepatic carcinoma (Fig. 1) [45–47].

Utilizing MSCs as carriers for cellular delivery for 
drugs offers several advantages, including site-specific-
ity and the potential for tailored, constant drug release, 
which can circumvent biological drug half-life limitations 
[48–50]. This approach can also address the challenge of 
maintaining effective drug concentrations near tumors 
for extended periods, Especially when it comes to brain 
tumors, substances may not be able to pass through the 
blood-brain barrier [50]. Using MSCs as OV carriers is a 

Fig. 1 MSC-based delivery for tumor immunotherapy
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new strategy to overcome these challenges, which allows 
for a more accurate and long-lasting therapeutic response 
compared to traditional delivery methods. Furthermore, 
MSCs can also act as biological factories for viral genome 
replication, resulting in an increased virus titer [51]. As 
a result, even a small initial amount of OVs loaded into 
MSCs can deliver a substantial viral dose to the tumor 
microenvironment. Nonetheless, the mechanisms by 
which OV replication occurs within MSCs are yet to be 
understood. When MSCs transport OVs, they leverage 
their inherent attraction for reaching tumor sites, thereby 
enhancing OV homing and facilitating oncolysis [52].

Utilizing MSCs as carriers for OVs involves a complex 
interplay of molecular interactions that facilitate their 
migration to tumor sites. Several key mechanisms have 
been identified that contribute to the transport of OVs by 
MSCs, enhancing their tumor-homing ability and facili-
tating effective oncolysis. MSC migration is primarily 
driven by chemotaxis, a process wherein cells respond 
to chemical gradients. Various cytokine/receptor pairs 
play a crucial role in regulating MSC migration towards 
tumor sites. Examples include the stromal cell-derived 
factor-1 (SDF-1) and its receptor CXCR4, platelet-
derived growth factor (PDGF) and its receptor PDGFR, 
hepatocyte growth factor (HGF) and c-Met receptor, vas-
cular endothelial growth factor (VEGF) and VEGF recep-
tor (VEGFR), stem cell factor (SCF) and c-Kit receptor, 
high-mobility group box  1 (HMGB1) and receptor for 
advanced glycation end products (RAGE), and mono-
cyte chemoattractant protein-1 (MCP-1) and its recep-
tor CCR2. These interactions regulate the migration of 
MSCs towards the tumor microenvironment (TME), 
guided by the chemotactic signals released by immune 
cells and cancer cells within the TME. The local envi-
ronment within the tumor, characterized by factors like 
hypoxia, Toll-like receptor (TLR) ligands, and cytokines, 
plays a crucial role in activating and recruiting MSCs. 
Inflammatory signals can attract MSCs from other tis-
sues, such as adipose tissue (AD-MSCs) and bone mar-
row (BM-MSCs), to integrate into the TME. Factors like 
interleukin-6 (IL-6) and IL-8 released by the tumor can 
enhance MSC attraction to cancerous areas and glioma, 
respectively. Additionally, the vascularization, oxidative 
state, and inflammatory condition of the tumor influ-
ence the efficiency of MSC migration to tumor sites. Cell 
adhesion molecules (CAMs) play a vital role in mediat-
ing the interaction between MSCs and the components 
of the tumor microenvironment. CAMs such as integ-
rins, selectins, and cadherins are involved in the adhe-
sion of MSCs to endothelial cells, extracellular matrix 
proteins, and tumor cells. These interactions facilitate 
the migration and extravasation of MSCs towards tumor 
sites. EVs released by MSCs contribute to intercellular 

communication and play a role in their migration to 
tumor sites. These small membrane-bound vesicles carry 
bioactive molecules, including proteins, nucleic acids, 
and lipids, which can modulate the tumor microenviron-
ment and promote tumor-homing of MSCs. MSCs pos-
sess inherent tumor-homing ability, although the precise 
mechanisms behind this phenomenon are not yet fully 
understood. The migration of MSCs towards tumors may 
involve a combination of chemotactic signals, receptor-
ligand interactions, and the unique characteristics of the 
tumor microenvironment.

Suppressive effects of mscs on the immune system
Several studies have shown that MSCs possess immu-
nosuppressive and anti-inflammatory properties [52–
54]. Research has indicated that MSCs can mitigate 
renal damage in diabetic nephropathy by inhibiting 
CD103 + DCs and CD68 + CD11c + macrophages within 
the kidneys [55]. Furthermore, MSCs have the abil-
ity to hinder the maturation of CD14 + monocytes and 
CD34 + progenitor cells into mature DCs, thus constrain-
ing both the differentiation and functionality of DCs, and 
promote the development of regulatory immune sub-
types, such as CD4 + CD25 + FOXP3 + T lymphocytes 
(Tregs), IL-10-producing B lymphocytes, CD8 + CD28-T 
lymphocytes, and IL-10-producing DCs [56, 57].

In addition, MSCs secrete a diverse range of soluble 
cytokines, such as IL-6, IL-10, TGF-β1, heme oxyge-
nase-1 (HO-1), inducible nitric oxide synthase (iNOS), 
and indoleamine-2-dioxygenase-3 (IDO), which are 
crucial in impeding the immune response [58]. MSCs’ 
cytokine secretion can impede B lymphocyte matura-
tion, diminish their ability to produce immunoglobulin, 
hinder helper T cells from releasing cytokines, lower the 
cytotoxicity of effector T lymphocytes, and suppress NK 
cell proliferation, cytokine production, and cytotoxicity 
[59]. The immune modulatory characteristics of MSCs 
play a vital role in suppressing inflammation in the vicin-
ity during virotherapy. This, in turn, enables the OV to 
proliferate and eliminate cancer cells unobstructed by 
the immune system [60]. The immunosuppressive effects 
of MSCs in oncolytic virotherapy OV are crucial. MSCs 
enhance viral replication and oncolysis by suppressing 
immune cells, enabling efficient virus spread within the 
tumor microenvironment. They also produce factors 
that induce cancer cell apoptosis, further promoting OV 
efficacy. MSCs mitigate immune responses against OV 
by inhibiting immune cell activation, reducing inflam-
mation, and modulating the functions of dendritic cells 
and macrophages. However, context-dependent factors 
must be considered, and a balance between enhancing 
OV effectiveness and preserving an effective anti-cancer 
immune response is essential [53, 54].
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MSC properties inhibiting tumor growth
Numerous studies have confirmed that MSCs can hin-
der the growth of tumors [61]. By functioning as a pro-
inflammatory agent, the combination of MSCs and 
tumor cells stimulates the influx of monocytes, granulo-
cytes, and T lymphocytes, thereby promoting intercel-
lular communication between these immune cells and 
adjacent tissues [62]. This process leads to the genera-
tion of various chemokines by the immune cells and the 
inflamed tissues, which can attract activated lymphocytes 
through the corresponding receptors, further stimulating 
anti-cancer immune responses [62]. Multiple investiga-
tions have reported that oncolytic virus-loaded MSCs 
specifically target tumor xenografts, resulting in reduced 
tumor sizes and improved survival rates in treated ani-
mals. However, the effect of MSCs on tumor growth 
appears to vary depending on several factors, such as 
tumor type, MSC preparation, as well as the duration and 
amount of MSC administration [63]. Researchers con-
ducted a study comparing the effectiveness of modified 
MSCs called MSCs-E1s to unmodified MSCs in deliver-
ing adenoviral vectors for tumor treatment. MSCs-E1s, 
which contained essential genes for adenoviral replica-
tion, demonstrated superior antitumor activity in labo-
ratory experiments compared to unmodified MSCs [64]. 
The presence of E1s in MSCs-E1s facilitated a higher pro-
duction of progeny vectors, resulting in a greater number 
of infected and killed tumor cells. Further analysis using 
mice models with prostate tumors revealed that both 
genetically modified MSCs loaded with conditionally 
replicating adenoviruses (CRAds) and MSCs loaded with 
Adbic (a therapeutic gene) successfully packaged, repli-
cated, and delivered the adenoviral vectors to the tumor 
site. MSCs-E1s displayed a preference for integrating into 
the tumors, effectively spreading within the tumor envi-
ronment and suppressing the growth of prostate tumors 
in the mice models [63]. These findings suggest that uti-
lizing adenoviral vector-loaded MSCs-E1s holds promise 
as a targeted and efficient approach for treating prostate 
tumors. Although MSCs have been found to boost the 
growth of certain tumor cell lines in vivo, they can also 
restrict tumor progression by interfering with the cell 
cycle, suppressing the PI3K/AKT pathway, and express-
ing suppressor genes [65, 66]. For example, in a murine 
model of melanoma, bone marrow-derived MSCs dem-
onstrated cytotoxic effects on tumors by generating 
reactive oxygen species when interacting with capillary 
endothelial cells, resulting in delayed tumor growth and 
apoptosis of endothelial cells. However, these cytotoxic 
effects of MSCs were only noticeable in significant quan-
tities [67]. In a different investigation, using a mouse 
model of breast cancer metastasis, researchers discov-
ered that umbilical cord-derived MSCs (UC-MSC) and 

AD-MSCs could impede lung metastasis and decelerate 
tumor progression by inciting apoptosis through PARP 
and caspase-3 cleavage [68].

In a murine model of Kaposi sarcoma, human MSCs 
(hMSCs) were injected intravenously and successfully 
targeted cancer sites, leading to a substantial reduc-
tion in tumorigenesis by impeding Akt signaling and 
E-cadherin-mediated cell contact. Additionally, in  vitro 
and melanoma murine models have demonstrated that 
MSCs display anti-angiogenic traits. However, the effects 
of AD-MSCs are seemingly contradictory in breast and 
prostate cancer as they exhibit both pro- and anti-cancer 
abilities [69, 70]. In the presence of tumor cells, MSCs 
function as a pro-inflammatory factor by amplifying the 
infiltration of monocytes, granulocytes, and T lympho-
cytes into the neighboring tissues. This heightened infil-
tration augments communication between the immune 
cells and surrounding tissues, resulting in the generation 
of various chemokines that lure activated lymphocytes 
possessing corresponding receptors, ultimately pro-
moting anti-cancer immunity. However, the functional 
impact of MSCs on tumor growth may fluctuate based 
on several factors, underscoring the significance of fur-
ther research [71–73]. In  vitro, studies with the murine 
C3H10T1/2 (C3) MSC line and primary MSCs demon-
strated their immunosuppressive properties in a mixed 
lymphocyte reaction. This immunosuppressive effect was 
mediated by soluble factors secreted by activated MSCs 
in the presence of splenocytes. CD8 + regulatory cells 
were identified as being responsible for inhibiting allo-
geneic lymphocyte proliferation, thereby contributing to 
immunosuppression. Furthermore, it was observed that 
implantation of C3 MSCs expressing the human bone 
morphogenetic protein 2 (hBMP-2) differentiation factor 
into various allogeneic immunocompetent mice was not 
rejected and was still capable of differentiating into bone. 
The study also investigated the impact of MSCs on tumor 
growth using a murine melanoma tumor model. It was 
found that subcutaneous injection of B16 melanoma cells 
led to tumor growth specifically in allogeneic recipients 
when MSCs were co-injected [74].

 Mechanisms of oncolytic viruses for cancer treatment
Tumor cells possess dissimilar genetic and physiological 
characteristics compared to normal cells, such as abnor-
mal antiviral capability and signaling pathways, tumor-
specific promoters or mRNAs, and distinct expression 
of genes related to apoptosis or surface receptor proteins 
[75]. These features enable OVs to specifically target 
tumor cells without reproducing in normal cells, result-
ing in their safe usage for clinical purposes. The IFN path-
way, an antiviral signaling pathway in healthy cells, can 
eliminate viruses. However, malfunctions and deletions 



Page 7 of 11Ghaleh et al. Cell Communication and Signaling          (2023) 21:228  

in critical protein-coding genes of these signaling path-
ways in tumor cells alter the pathways, leading to the pro-
motion of viral replication, infection, and dissemination 
[76]. As an example, the matrix (M) protein of Vesicular 
stomatitis virus (VSV) performs a crucial function in 
virus assembly and repression of host gene expression. 
Variants of the M protein can specifically propagate in 
tumor cells having impaired IFN immune responses but 
are unable to do so in healthy tissue cells due to the acti-
vation of the IFN signaling pathway [77, 78]. Likewise, 
the activation of ELK, a downstream protein of RAS, can 
regulate the expression of ICP4, a critical protein essen-
tial for HSV replication. This enables a mutant HSV to 
specifically reproduce in tumor cells where the RAS sign-
aling pathway is activated [79, 80]. Reovirus, a wild-type 
virus, can naturally target tumor cells with hyperactive 
RAS without requiring modification. In oncolytic viro-
therapy, some promoters can regulate the expression 
of crucial viral replication genes, thus restricting virus 
propagation in tumor tissues [81]. Employing promoters 
like E2F-1, hTERT, and HIF-1, which exhibit high expres-
sion levels in tumor tissues but low levels in normal tis-
sues, can intensify the virus’s specificity. By positioning 
crucial viral replication genes like E1A and E1B under 
these promoters, the genes’ expression is triggered in 
tumor tissues [82].

In addition, tissue-specific miRNA sequences can be 
incorporated into the genome of the oncolytic virus to 
regulate the expression of critical genes, thereby inhib-
iting virus reproduction in normal tissue cells. For 
instance, miR199 is observed to be downregulated in 
hepatocellular carcinoma (HCC) compared to normal 
liver tissues. As a result, Adenovirus-199T (Ad-199T), a 
genetically modified adenovirus, has copies of DNA seg-
ments complementary to miR199 introduced into the 
crucial adenovirus replication gene E1A. This insertion 
allows Ad-199T to propagate in cells devoid of miR-199, 
thereby inducing virus replication and cytolytic effects 
that are exclusively selective for HCC cells [83].

 To ensure viral selectivity, targeting essential genes 
for viral replication in normal cells that are irrelevant 
to viral reproduction in tumors is a feasible approach. 

The E1B-55 K protein, which prevents premature apop-
tosis, is expressed in natural adenoviruses. In healthy 
cells, the p53 gene is a critical apoptosis-inducing 
gene, whereas inactivation of the p53 gene is integral 
to tumor cells. Viral replication hinges on host cell 
apoptosis inhibition, which is connected to p53 func-
tion. Hence, an oncolytic adenovirus with an E1B 
gene deletion cannot reproduce in normal cells due 
to the loss of apoptosis inhibition, whereas its replica-
tion in p53-deficient tumor cells remains unaffected. 
Another method of rendering a virus selective to 
tumors involves genetically modifying the viral cap-
sid protein to allow binding exclusively to tumor cells 
[84]. The MV-h-uPA construct comprises an added 
fragment that binds to uPAR, a receptor with high 
expression levels on the surface of various tumor cells, 
closely associated with tumor invasiveness and angio-
genesis (Table  1). This receptor-ligand pathway allows 
for selective infection of tumor cells exhibiting elevated 
uPAR expression. Furthermore, incorporating lysine 
residues into ciliated proteins permits virus binding to 
tumor cells with widespread heparin sulfate receptors. 
For example, HER-2 is overexpressed in 15–20% of 
mammary and ovarian carcinomas. By substituting the 
Ig-folded core in the receptor-binding virion glycopro-
tein D with an anti-HER-2 single-chain antibody, HSVs 
can be modified to target HER2. Combining engineered 
viral glycoproteins, gD and gB, enables HSVs to trig-
ger highly efficient infection in glioblastoma cells that 
exhibit high EGFR expression (Table  2) [85–89]. Two 
major challenges include immune system-mediated 
viral clearance and barriers in the tumor microenviron-
ment that restrict viral penetration and propagation. To 
overcome these challenges, potential technologies to 
explore include immunomodulatory strategies, tumor 
microenvironment modulation, combination therapies, 
genetically engineered OVs, and virotherapy delivery 
systems [90, 91].

Future directions and potential areas of research
The investigation of OVs delivered via MSCs for can-
cer treatment shows great promise and calls for further 

Table 1 MSC delivery of OVs in different cancer

Cancer OV MSC type Delivery method References

Hepatocellular carci-
noma (HCC)

Adenovirus Bone marrow-derived MSCs Intratumoral injection [83]

Ovarian cancer Newcastle disease virus Adipose-derived MSCs Intraperitoneal injection [26]

Breast cancer Vesicular stomatitis virus Umbilical cord blood-derived MSCs Intratumoral injection [68]

Glioblastoma Measles virus Bone marrow-derived MSCs Intracranial injection [49]

Prostate cancer Herpes simplex virus-1 Adipose-derived MSCs Intratumoral injection [69]
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research. Future directions include optimizing delivery 
platforms, evaluating safety profiles, exploring combi-
nation therapies with other modalities, understanding 
immunomodulation and immune responses, conducting 
preclinical and clinical studies, and assessing scalabil-
ity and cost-effectiveness. These efforts aim to enhance 
targeting efficiency, mitigate risks, improve therapeutic 
outcomes, elucidate mechanisms, validate efficacy and 
safety in humans, and pave the way for personalized 
cancer treatments. Continued exploration of this strat-
egy holds significant potential for revolutionizing cancer 
therapeutics.

Conclusion
In conclusion, the combination of MSCs with OVs 
presents a promising and targeted approach to can-
cer treatment. The utilization of MSCs’ migratory and 
tumor-targeting properties, along with the tumor cell-
destroying abilities of OVs, makes this strategy suit-
able for both localized and metastatic malignancies. 
Furthermore, the ability of OVs to induce immunogenic 
cell death and trigger anti-tumor immune responses 
enhances the therapeutic potential. Importantly, the 
combination of MSCs and OVs also offers the oppor-
tunity to modulate the tumor microenvironment, aug-
menting the effectiveness of immunotherapies. However, 
certain challenges remain to be addressed. Optimiza-
tion of delivery procedures, improvement of safety pro-
files, and enhancing OV efficiency are crucial aspects 
that require attention. Further studies are necessary to 
determine the optimal timing, dosage, and frequency of 

administering MSC-releasing OVs in different cancer 
types and stages. The prospects of MSC-releasing OVs 
appear promising, but their efficacy and safety must be 
validated through additional research and clinical trials. 
This comprehensive evaluation underscores the potential 
benefits of MSC-releasing OVs while acknowledging the 
importance of ongoing investigation in this field.
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Table 2 Oncolytic viruses and their mechanisms

Virus Viral Protein Mechanism Reference

Vesicular stomatitis virus (VSV) Matrix (M) protein Replication in tumor cells with defective IFN 
immune responses

[78]

ICP4 Protein Selective replication in tumor cells with acti-
vated RAS signaling pathway

[80]

Mutant Herpes Simplex Virus (HSV) Engineered glycoproteins gD and gB Highly efficient infection in glioblastoma 
cells with high EGFR expression

Reovirus NA Natural targeting of tumor cells with overac-
tive RAS

[81]

Recombinant Adenovirus (Ad-199T) DNA segments complementary to miR199 
inserted within E1A gene

Replication in cells lacking miR-199 in hepa-
tocellular carcinoma (HCC)

[83]

Oncolytic Adenovirus with E1B gene dele-
tion

E1B-55 K protein Inability to replicate in normal cells due 
to dysfunction of apoptosis inhibition

[84]

Modified Measles Virus (MV-h-uPA) Fragment added that binds to uPAR receptor Specific infection of tumor cells with high 
uPAR expression

[85]

Modified Herpes Simplex Virus (HSV) Anti-HER-2 single-chain antibody, gD and gB 
glycoproteins

Targets HER2 and mediates highly efficient 
infection in glioblastoma cells with high 
EGFR expression

[86]
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