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Abstract
Despite recent advances in diagnosis and treatment, colorectal cancer (CRC) remains one of the leading causes
of cancer-related deaths due to therapy resistance. Traditional treatment methods for colon cancer include
surgery, chemotherapy, and radiation therapy. However, due to the unspecific target of these strategies and
the presence of therapy-resistant colon cancer stem cells in the tumor microenvironment, nearly 50% of
patients exhibit tumor recurrence. Therefore, there is an urgent need for alternative methods, and targeted
cell-based therapies are emerging as promising agents for the treatment of heterogeneous malignancies. In
particular, mesenchymal stem cells (MSCs) have been widely investigated for their therapeutic potential in
regenerative medicine due to unique biological features, including self-regeneration and differentiation
potential, tumor homing capacity, and immunomodulatory and paracrine functions. However, the exact role of
MSCs in cancer treatment remains controversial as they have been shown to be involved in tumor progression
and inhibition at the preclinical level. This review summarizes current findings on the application of MSCbased therapy for colon cancer, with a focus on the mechanisms of action of MSCs as therapeutic agents,
including paracrine action, the capacity of migration, and impact on the regulation of the human immune
system. It also discusses strategies to improve MSCs therapeutic effectiveness through genetic engineering and
potential risks that should be considered before clinical use.
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Introduction
Colorectal cancer (CRC) is the third most common cancer worldwide, accounting for nearly two million
cases in 2020 with approximately 50% mortality [1-2]. Also referred to as colorectal adenocarcinoma,
CRC typically emerges from the glandular epithelial cells of the large intestine [2]. Colorectal
carcinogenesis is driven by the sequential acquisition of genetic and epigenetic alterations during which
normal colonic epithelium is converted into metastatic carcinoma. The progression of normal colorectal
mucosa to adenoma to adenocarcinoma has been well defined, with initiating mutations in the
adenomatous polyposis coli tumor suppressor gene (APC) and/or the DNA mismatch repair gene (MMR)
[3]. Early-stage adenomas will progress to more advanced stages if mutations such as the K-Ras gene
(KRAS) are expressed [4]. Consequently, loss of function of other apoptotic and regulatory genes may
accrue, leading to more invasive adenocarcinomas. It is important to note that CRC is not a single
disease but a heterogeneous group of malignancies, with different genetic characteristics of the tumors
determining prognostic outcome and response to targeted therapies [4-5]. In colon cancer, the
migratory phenotype of cancer cells leads to the development of distant metastases, for which there are
limited treatment options [6]. The survival rate of patients with CRC is mainly dependent on the stage at
which the tumor is first diagnosed. According to GLOBOCAN 2018 data, the 5-year survival rate for
patients diagnosed with stage I colon cancer is 93.2%, which drops significantly to 8.1% for patients with
stage IV [4,5]. Currently, the most common methods of therapy for CRC include surgery, chemotherapy,
and radiotherapy. However, several studies have shown that conventional methods are ineffective in
preventing drug resistance, disease recurrence, and metastasis [7]. Like other solid tumors, colonic
tumor cells display great heterogeneity in their morphology, differing in expressed cell surface markers,
chemoresistance, proliferation capacity, and tumor-promoting effects [8]. The ability to identify which
tumor characteristics promote the metastatic potential of CRC remains limited, and the subsequent lack
of personalized cell-based strategies leads to high rates of CRC-related mortality [6,7].
Colon cancer stem cells (CCSCs), with high multi-differentiation and self-renewal capacities, represent
the most drug-resistant subset of cancer cells. The cancer stem cell theory points to this self-renewing
subpopulation of cancer cells as the main drivers of CRC development, resistance, and metastasis. The
ability of CSCs to resist traditional methods of therapy has been attributed to their heterogeneous and
dynamic nature, which enables them to adapt to new environments and migrate to different tissues.
Initially, the investigation of CRC carcinogenesis focused on epithelial cells alone, but the role of the
tumor stroma and has become increasingly relevant due to its potential role in promoting colorectal
tumorigenesis [6-8]. The colonic tumor microenvironment is composed of various cell types, including
stromal, endothelial, and immune cell populations that influence the survival and growth of tumors [9].
Mesenchymal stem cells (MSCs) are multipotent stromal cells that act as essential constituents of the
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fibroblasts within the stroma. They have been shown to exert diverse suppressive actions against
metastatic cells via paracrine signaling by soluble factors and by maintaining the integrity of the
extracellular matrix (ECM) [9]. The significance of the interplay between cancer cells and TME is
supported by Paget's 1989 "seed and soil" theory that a cancer cell will only proliferate when the tumor
microenvironment is suitable. The microenvironment undergoes pathological changes that provide
cancer stem cells with "soil" that contributes to the complexity of colon cancer. The dynamic interaction
between CCSCs and the tumor microenvironment plays a critical role in regulating CCSC self-renewal [910]. Therefore, understanding the stromal-epithelial interactions in colon cancer is crucial to develop
novel therapeutic agents that will take into account the extensive heterogeneity seen in CRC [11].

Colon Cancer Stem Cells
Colorectal cancer comprises heterogeneous cell populations that differ in gene expression and tumorpromoting activities [13]. While colon cancer stem cells (CCSCs) represent a small fraction of the cells in
heterogeneous tumors, evidence suggests they play a fundamental role in tumor initiation, progression
metastasis, and cancer recurrence [8]. Recent studies have shown that colon cancer stem cells are a
dynamic population of cells that are continuously altered by a number of factors, including genetic and
epigenetic changes, microenvironmental factors, and interactions between tumor cells [14]. This
population of cells acquires a series of mutations in specific tumor suppressor genes and oncogenes that
provide them different erratic abilities, including stemness, multidrug resistance, apoptosis resistance,
expression of unique cell surface markers, and enhanced DNA repair capacity [8,14]. In addition, their
intrinsic property of pluripotency allows them to generate tumor cells expressing different phenotypes,
resulting in the growth of the primary tumor and production of new tumors [15]. Normal intestinal stem
cells and cancer stem cells share their key signaling pathways, but when the microenvironment of the
stem cells is altered unfavorably, normal stem cells may transform into CSCs, leading to the formation of
malignant tumors [16]. More specifically, the aberrant activation of signaling pathways such as Wnt/ βcatenin, Jack/Stat, bone morphogenetic protein (BMP), TGF-β, Notch, sonic hedgehog, epidermal
growth factor receptor (EGFR)/mitogen-activated protein kinase (MAPK), NF-κB, and Akt/mTOR play
essential roles in the evolution and progression of CCSCs [17]. Most of these pathways are
interconnected and participate in self-renewal and in epithelial to mesenchymal transition (EMT)
initiation, which plays a vital role in cancer initiation and metastasis. A deep understanding of the
regulatory mechanisms, specific cell markers, heterogeneity, and signaling pathways of CCSCs and their
interactions with the components of the tumor microenvironment is necessary to enhance treatment
strategies for colon cancer and improve patient outcomes [15,17].

Characteristics of Mesenchymal Stem Cells
Stem cells derived from different sources vary in their proliferation, differentiation, and migration
capacities, which determine their efficacy in anti-cancer treatment strategies. Mesenchymal stem cells
(MSCs) are non-hematopoietic multipotent stromal cells that can differentiate into a variety of cell
lineages, including osteocytes, fibroblasts, adipocytes, and chondrocytes in vitro [18]. Although MSCs
were originally found in the bone marrow, they can be obtained from a wide variety of tissues, including
umbilical cord blood, adult muscle, peripheral blood, placenta, and adipose tissue [19]. According to the
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International Society of Cell Therapy (ISCT) criteria, human MSCs express the surface markers CD105,
CD44, CD90, and CD73, but do not express CD45, CD34, CD19, CD14, CD11b, CD79a, or human leukocyte
antigen (HLA)-DR [20]. It is important to note that MSCs isolated from different tissues display different
surface antigen molecules, which play an important role in determining the functional characteristics of
MSCs. Currently, the most frequently used sources of MSCs used in clinical trials are derived from the
bone marrow, adipose tissue, and umbilical cord due to accessibility, ease of isolation, and MSC-based
treatment efficacy [12]. The multi-directional differentiation potential observed in MSCs is among the
most critical characteristics to consider when discussing therapeutic utility because different tissue
sources vary in their differentiation and proliferation capacities [11-12]. Moreover, depending on the
tissue of origin, MSCs display significant differences in the levels of several paracrine factors [12]. To
date, most preclinical studies have been done with BM-MSCs; however, their application in the clinical
setting is limited due to decreased migration capacity and complex extraction methods [18]. The
harvesting of bone marrow requires an invasive procedure that yields a small number of cells, and the
number, differentiation potential, and viability of bone-marrow-derived MSCs are dependent on donor
characteristics, such as patient age [18]. In recent years, MSCs derived from adipose tissue have become
highly attractive due to the ease of isolation, high initial cell yields, and favorable proliferation ability in
vitro. Studies have revealed that the expansion and differentiation capacity, as well as the
immunophenotype of adipose tissue-derived MSCs (AD-MSCs), is nearly the same as that seen in bonemarrow-derived MSCs (BM-MSCs) [12]. Umbilical cord blood-derived MSCs (UCB-MSCs) exhibit
additional biological advantages relative to other adult sources, including their capacity to withstand
longer culture times and enhanced anti-inflammatory effects [18]. Research has also shown that MSCs
taken from birth-related tissues demonstrate increased expansion and engraftment capacity in target
tissues.
MSCs have become an attractive tool within regenerative medicine due to many of their intrinsic
properties, such as their ease of extraction/isolation, their ability to differentiate into almost any endstage lineage cells, and their immunological properties, including anti-inflammatory, immunoregulatory
capacities [18,20]. Also, with the ability to home into tumor sites and secrete cytokines via paracrine
activity, MSCs can be recruited as biological vehicles to deliver anti-tumor drugs and therapeutic agents
[11]. However, due to the differences in immunomodulatory function, migration capacity, and secreted
cytokines of MSCs from different tissue sources, MSCs have been shown to have bidirectional effects on
tumor growth and metastasis in animal models. Khakoo et al., investigated the antitumorigenic effects
of BM-MSCs in vivo conditions by injecting MSCs into mice with Kaposi's sarcoma and co-culturing the
MSCs and sarcoma cells in vitro [21]. Results showed decreased levels of proliferation of sarcoma cells
through inhibition of Akt-signaling. In contrast, Xu et al., examined the potential of BM-MSC-therapy for
osteosarcoma by injection of MSCs into nude mice and found increased stimulation of tumor growth
[22]. It is hypothesized that the discrepancies in results are related to different characteristics of
derivation source of MSCs such as AD-MSC, BM-MSC, and UCB-MSC. Moreover, it could be due to tumor
type and MSCs characteristics [20,22]. It should also be noted that MSCs derived from different sources
have been shown to display different capacities to modulate the immune response and promote tissue
repair. For example, UCB-MSCs exhibited higher production of TGF‐β (transforming growth factor‐β) and
lower levels of VEGF‐α (vascular endothelial growth factor‐α) and EGF (epidermal growth factor) relative
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to AD-MSC, suggesting distinct pro-angiogenic and immunomodulatory potential among the different
tissue-specific MSC subpopulations [11,20]. In the following sections, the primary mechanisms of
therapy of MSCs for colon cancer are discussed.

MSCs Mechanisms of Therapy
The therapeutic capacity of MSCs is largely dependent on their ability to migrate, adhere, and engraft
into damaged tissues [23]. Upon entry into the tumor microenvironment, the engrafted cells secrete a
variety of bioactive molecules such as growth factors, cytokines, and extracellular vesicles that can exert
anti-inflammatory, immunosuppressive, anti-apoptotic, and angiogenic effects [23-24]. Malignant
tumors and their associated microenvironments induce MSC migration and homing via mechanisms that
depend on the secretion of various inflammatory cytokines, chemokines, and growth factors [25]. There
is a solid and well-established correlation between chronic inflammation and the onset of colorectal
cancer, which has led many researchers to compare the tumor niche to "a wound that does not heal
[26]." Thus, the factors that organize the recruitment of MSCs to the TME are likely similar to that of the
injured tissue to counteract inflammation and promote healing [25-26]. Although the molecular
mechanism behind the tumor homing of MSCs is still not fully understood, research has shown that
various cytokines and their receptors regulate their migration capacity. Recent studies investigating the
recruitment of MSCs to tumors have identified the significance of different signaling molecules in this
mechanism, such as CXCR4, CXCR12, CXCCL12, MCP-1, and VCAM-1 [26]. For example, Ma et al.,
demonstrated that a subpopulation of MSCs expresses the C-X-C chemokine receptor type 4 (CXCR4)
that binds to its ligand, CXCL12, to mediate cell migration [23]. Gao et al., provided further support by
identifying the CXCR4/SDF1 signaling axis as an important stimulus for MSC migration towards tumorcell conditioned media [27]. In the context of colon cancer, recent studies have suggested that MSCs are
recruited from the bone marrow to the stroma of developing tumors, where they serve as integral
components of the tumor microenvironment [28]. Aside from their effects on the TME, MSCs have been
shown to modulate CRC cell growth via other mechanisms, including angiogenesis, metastasis, and
suppression of apoptosis. BM-MSCs pretreated with inflammatory cytokines IFN-α and TNF-α can elicit
VEGF expression secreted by CRC cells and promote angiogenesis in vitro. Hogan et al., revealed that a
higher presence of MSC-secreted PAI-1 level significantly increased the migration and proliferation of
HT-29 colon cancer cells [6,33]. While many studies have produced results showing MSCs ability to
promote CRC progression, the effect of MSCs remains controversial. As noted in the review of Hogan et
al., the HT-29 CRC cells displayed increased proliferation, while the HCT-116 cell line showed decreased
growth [6]. These results provide another example of the dynamic role that MSCs have in colonic
tumors.
Nishikawa et al., demonstrated that human MSCs secreted high levels of CCR5 ligands (i.e., CCL3, CCL4,
and CCL5) and that they promoted CRC growth in vivo via increased expression of CCR5. Moreover,
researchers found that the CCR5 inhibitor eradicated the MSC-induced tumor growth in vivo. These
results suggest that the inhibition of MSC-CRC interactions may provide the possibility of a novel
therapeutic strategy for CRC [25-26]. In vitro experiments analyzing the tropism toward parental colon
cancer cells CD133−/CD44− and colon cancer cells CD133+/CD44+ found that BM-MSCs migrated to
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CD133+/CD44+ colon cancer cells more readily, suggesting that CCSCs have an increased ability to
recruit BM-MSCs into the tumor sites. After co-culture with CD133+/CD44+ colon cancer cells, BM-MSCs
secreted significantly higher levels of interleukin 8 (IL-8), which is associated with liver metastases and
poor treatment outcomes in patients with CRC [29]. In addition, BM-MSCs were significantly
transformed into cancer-associated fibroblasts (CAF) after being recruited by CCSCs. It was observed
that IL-8 secreted by BM-MSCs promoted the homing of MSCs to colon CSCs by binding to CXCR2. This
idea led researchers to explore the effects of inhibiting of IL-8/CXCR2. Results showed that inhibition of
IL-8 in BM-MSC reduced the migration of BM-MSC toward colon CSC populations. These findings
highlight the dynamic role that MSCs can play in the progress of tumor growth and metastasis and
provide an additional benefit of using BM-MSCs as cell-based carriers of anti-cancer drugs to specifically
target CCSCs within the heterogeneous tumor mass [22, 29].
One of the most critical mechanisms underlying MSC-based therapy for CRC is paracrine activity, which
involves the secretion of various soluble factors to exert immunomodulatory, angiogenic, and antiapoptotic effects [25,31]. Aside from their differentiation potential, MSCs can secrete specific trophic
factors such as growth factors and cytokines that modulate the activity of adjacent cells. This paracrine
activity includes the secretion of soluble molecules such as growth factors, cytokines, chemokines, and
the release of extracellular vesicles that contain a wide variety of molecules such as mRNA, proteins, and
microRNAs. Because of their paracrine function, mesenchymal stem cells exhibit immunosuppressive
properties that promote tumor targeting in heterogeneous malignancies, thereby circumventing current
obstacles in gene therapy [30].
In the correlation between colon cancer pathogenesis and inflammation, it was reported that chronic
inflammation plays a significant role in colorectal carcinogenesis [25]. While many studies have shown
the pro-tumorigenic effects of MSCs on colon cancer, recent investigations have observed the ability of
MSCs to inhibit inflammation. Following a stimulus, MSCs can secrete immunoregulatory factors or
enhance the immune response. For example, He et al., proved that IL-1β-primed MSCs could improve
inflammatory disorders on dextran sulfate sodium-induced colitis [31]. Francesco and colleagues
demonstrated that MSCs exhibit a potent therapeutic function in colitis-associated CRC by decreasing
the expression of Ki67 through inhibition of the Smad2 signaling pathway [32]. In contrast, Wu et al.,
reported that MSCs greatly enhanced CRC progression via AMPK/mTOR-mediated NF-κB activation [31].
The contradictory results in MSC clinical application may be due to the heterogeneity of MSCs, which is
the main factor that restricts their application in cancer therapy. The heterogeneity of MSCs is
influenced by key parameters of MSCs, including donor origin, tissue origin, passage number, expansion
dose, and delivery dose [14]. Furthermore, several factors, including the culture condition, the exact
disease intended to be targeted, and the local conditions of administration, may also affect the
immunomodulatory function of MSCs [32].

MSCs as Vehicles for Cancer Treatment
Among the different types of MSC-based therapies, the use of MSCs are vehicles to deliver therapeutic
factors represents an important step toward more efficient cancer treatments. Many of the commonly
used chemotherapy drugs lack tumor specificity, and the necessary doses to reach therapeutic levels are
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often cytotoxic to other healthy tissues [25]. MSCs are widely used as vehicles for carrying anti-cancer
agents or specific genes into tumor sites for the treatment of CRC [33]. In light of the tumor tropism
properties of MSCs, they can be modified to deliver specific anti-cancer agents to tumor sites. There are
many existing methods used to alter MSCs, with the most common mechanism being genetic
engineering. Exosomes are vesicles released by cells that can be manipulated to encapsulate various
anti-cancer agents, including proteins, miRNAs, or small drugs [32]. By using MSC-derived exosomes as
delivery vehicles, researchers look to exploit their tumor homing abilities to inhibit cancer development.
In addition, these vesicles are comprised of cell-free material, which decreases the risk of mutations
within the cell and the risk of immune recognition by the host system [31]. MSC-derived exosomes have
also been shown to play a significant role in the communication between MSCs and surrounding cell
populations [34]. For example, during in vitro culture with mononuclear cells from peripheral blood, BMMSC-derived exosomes suppressed the secretion of the pro-inflammatory factor’s TNF- and IL-1β,
while also increasing the concentration of the anti-inflammatory factor TGF- β [34-35]. Because of their
ability to modulate post-transcriptional gene expression, MicroRNAs (miRs) have gained a special
interest in cancer treatment. MSCs express various miRs that can be enclosed into exosomes and
delivered to injured sites to exert therapeutic effects. To take advantage of this property, MSCs have
been modified to carry specific miRs with anti-tumor properties [23,35]. For example, researchers
engineered MSCs to produce extracellular vesicles carrying increased levels of miR-124a, which had
effective anti-tumor action in glioma stem cell lines [23].
An in vivo study with BM-MSC-derived exosomes demonstrated how exosomes inhibited the
proliferation and migration and increased the apoptosis of colon cancer cells through decreased
expression of integrin alpha 2 [35]. The authors transfected miR-16-5p into the exosomes of BM-MSCs
and observed significant suppression of CRC growth. In another in vivo study, AD-MSCs injected in mice
treated with 5-fluorocytosine resulted in inhibition of tumor growth, suggesting that AD-MSCs have the
ability to deliver CD genes to the injured site and exert anti-tumor effects. In order to induce anti-tumor
effects, many studies have transduced MSCs with interferon-γ, interferon-β, TNF-related apoptosisinducing ligand (TRAIL), or chemokine ligand expressing vectors [36]. Because of the unique biology of
MSCs, they can be relatively easily transduced with adenoviral, oncoretroviral, and lentiviral vectors,
which are integral for the expression of therapeutic genes in MSCs [37].
Many recent studies have employed MSCs transduced with therapeutic factors such as TRAIL, a
transmembrane protein that can induce apoptosis in cancer cells [36-37]. Suicide gene therapy, also
known as gene-directed enzyme prodrug therapy (GDEPT), relies on a vector to deliver a therapeutic
transgene and prodrug to target the tumor cell [38]. The suicide gene is translated into an active enzyme
within MSCs, which converts the prodrug to its cytotoxic form. This conversion induces the death of the
MSCs as well as the death of nearby tumor cells through a mechanism known as the bystander effect.
Kalimuthu et al., studied the effects of suicide-gene transplanted MSCs on colon cancer growth in mouse
models using the herpes simplex virus type 1-thymidine kinase (HSV1-TK) and the drug ganciclovir. In
this study, researchers used the “Tet-On-3G” protein to increase the MSCs expression of the HSV1sr39TK suicide gene. The results showed increased apoptotic cell death in colonic tumors that were
injected with MSCs expressing the HSV1-sr39TK suicide gene. Suicide gene therapy can negatively affect
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normal tissues, but it does not harm the healthy cells if the gene is delivered precisely to the targeted
tumor cells. Therefore, using MSCs with the inducible Tet-On system to regulate transgene expression,
the prodrug can specifically target colon cancer cells with reduced bystander cytotoxic effects [37-38].
Kucerva et al., showed that AD-MSCs expressing the fusion yeast CD::UPRT gene combined with prodrug
5-FC yields potent cytotoxic effects on human colon adenocarcinoma HT-29 cells in vitro. These results
suggest that MSCs derived from adipose tissue can act as delivery vehicles for prodrug converting genes
in personalized cell-based cancer gene therapies [38]. Due to intrinsic properties, including their low
immunogenicity and tumor homing abilities, using MSCs engineered for tumor therapy is a promising
approach for colon cancer treatment. More specifically, using MSC-derived exosomes as cell-free
delivery agents makes MSCs an attractive tool for developing novel strategies for non-cell-based
therapies [34-37].

Future Directions
Mesenchymal stem cells have been widely investigated for their role in regenerative medicine due to
their ability to migrate to damaged tissues, differentiate into various cell types, and modulate the host
immune response. However, the therapeutic utility of MSCs for cancer is restricted by contradictory
results that reveal both anti- and pro-tumor effects in preclinical studies [23]. Despite these findings,
recent improvements in MSC-based cancer therapies bring new hope by providing highly effective,
personalized anti-cancer treatments. MSCs and their exosomes have been extensively studied for their
role in carrying therapeutic agents towards colonic tumors in preclinical murine models [39]. MSC-based
gene therapy that specifically targets the tumor has improved therapeutic efficacy due to the ability of
MSCs to migrate to primary and metastatic tumor sites and activation as a minipump that continuously
releases various anti-tumor agents into the TME [33-36].
Because of their potential for differentiation, tumor homing capacity, and ability to produce
immunomodulatory, angiogenic, and anti-apoptotic factors, MSCs have exhibited promising clinical
potential for the treatment of advanced malignancies [8,11]. However, exogenous tissue-derived MSCs
such as BM-MSCs, AD-MSCs, and UCB-MSCs, have all displayed a tendency to promote tumor formation
and subsequent metastasis in animal models. Also, MSCs are a primary source of reactive stromal cells
that increase cancer progression in the tumor microenvironment [7-10]. It is also important to note that
MSCs have a limited proliferation potential and considerable donor variations. Even though MSCs can be
isolated and cultured relatively easily, their life span is often dependent on host characteristics, and it
can be a challenge to expand them to the high number that is required for clinical trials [23]. Moreover,
efficient engraftment into tumor sites and the viability of delivered MSCs are obstacles that limit their
therapeutic application. To address the limitations that hinder the potential applications of MSCs for
cancer therapy, researchers have investigated the efficacy of MSCs derived from human induced
pluripotent stem cells (iPSCs). Results showed that, compared with BM-MSCs, iPSC-MSCs exhibit the
same tumor tropism ability but do not promote EMT, invasion, or the stemness of cancer stem cells [40].
Moreover, iPSC-MSCs have been shown to expand more rapidly and to a greater extent than BM-MSCs.
In a recent clinical trial, researchers at the University of California at San Diego investigated the effects
of FT500, an iPSC-derived Natural Killer (NK) cell product, in patients with advanced solid tumors. The
preclinical data provides compelling evidence that this novel strategy to produce pluripotent stem-cellReview Article | Gallicchio VS, et al. J Stem Cell Res 2021, 2(2)-S4.
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derived NK cells can effectively eradicate cancerous cells in cell culture and murine models. Although
the concept of using iPSC-MSCs is in its early stages, iMSCs are emerging as a new source of MSCs that
could replace adult MSCs in regenerative medicine [41].

Conclusion
This review emphasizes the therapeutic role of mesenchymal stem cells and discusses their clinical
applications as well as their risks in the treatment of colorectal cancer. Despite recent advances in
screening, diagnosis, and treatment, there has been limited success in treating colon cancer with
therapeutic agents that solely target cancer cells, especially in advanced tumors [25]. With our current
understanding of colorectal cancer stem cells, it is clear that conventional methods of treatment only
induce partial or incomplete remission. Surgical excision of localized disease is currently the only
effective management strategy being employed against this heterogeneous population of cells [2].
Therefore, there is an urgent need to develop novel therapies that can target this unique population of
CCSCs [1-5]. In order to design completely effective treatment strategies to fight colon cancer, it is
imperative to understand the biology of CCSCs and their interactions with the TME. Research has shown
that CCSC formation is a result of accumulated intrinsic mutations and deregulated signaling pathways
within the TME. It was also regarded that colonic tumor growth and metastasis are highly dependent on
the presence of CCSCs in the tumor and the components of their microenvironment. Because of this
extensive heterogeneity, a complete and effective treatment must target CCSC, non-CCSCs, and
elements of the TME [8]. MSCs have emerged as a promising candidate for clinical application due to
their multi-differentiation potential, tumor homing capacity, and immunoregulatory properties. The
ability of MSCs to migrate to the sites of tumors while escaping immune surveillance is extremely
promising for personalized cell-based cancer treatments. However, the inherent qualities that make
MSCs attractive tools for anti-cancer strategies have also been shown to support tumor progression and
angiogenesis in CRC. Current research approaches utilize various methods to isolate and expand MSCs,
and results show considerable variation among the tumor models used. The time of MSC administration,
site of tumor injection, the proportion of each cell type, route of MSC administration, and length of
follow-up before animal sacrifice all affect the outcome of these MSC-based interventions. At present,
genetically modified MSCs have been utilized for colon cancer treatment. However, the effects of these
strategies have not been proven in humans in vivo. MSCs have been widely studied and applied in many
clinical trials within the field of regenerative medicine. However, the exact mechanism underlying the
interaction between MSCs and the colonic tumor is still misunderstood. There is a need for further
investigation into the dynamic interplay between MSCs and CCSCs, and the role of MSCs in CRC
progression will allow for safer and more effective treatment methods in the future.
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