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Abstract. Cervical cancer (CC) is one of the most common
malignant tumors among women worldwide and it imposes a
notable clinical burden. Current traditional treatment methods
have certain limitations. Mesenchymal stem cells (MSCs),
due to their notable biological properties, have shown broad
application prospects in the field of regenerative medicine. The
unique tumor homing characteristics and immune regulatory
capabilities of MSCs have made them an important research
direction for targeted cancer treatment. As the key mediator
of MSC functions, their derived exosomes serve an important
role in intercellular communication and disease regulation.
However, MSCs and their exosomes, as important compo-
nents of the tumor microenvironment, may have potential
tumorigenic risks, which also restrict the progress of related
therapies towards clinical application. Therefore, the present
review aimed to systematically elaborate on the molecular
mechanisms by which MSCs and their exosomes exert both
promoting and inhibitory effects in CC and further explore the
possible reasons behind this contradictory phenomenon.
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1. Introduction

Cervical cancer (CC) is the third most common malignant
tumor among women worldwide (1). It has been reported
that ~600,000 novel cases are diagnosed annually, leading to
~340,000 mortalities (2). Human papillomavirus (HPV)-based
screening and prophylactic vaccination have become critical
interventions. Despite continuous advancements in screening
technologies, 5-11% of CC cases are unassociated with HPV
infection (3). These cases, characterized by distinct histo-
pathological, molecular and clinical features, are referred
to as HPV-independent CCs, with major subtypes including
gastric-type adenocarcinoma, clear cell, mesonephric and
endometrioid carcinoma (4). Current treatment strategies
for CC vary by disease stage, with surgical intervention
being the primary approach for early-stage disease, while
advanced-stage disease relies on chemotherapy, radio-
therapy and immunotherapy (5). However, challenges such
as surgery-related complications, damage to normal tissues
caused by chemotherapy, radiotherapy and immunotherapy, as
well as the pervasive issue of drug resistance, remain notable
obstacles in the clinical management of CC (6,7). Therefore,
the exploration of novel therapeutic strategies has emerged as
a critical direction in current research.

Mesenchymal stem cells (MSCs) are a type of adult stem
cells with self-renewal and multi-directional differentiation
potential (8). Over the past 3 decades, their unique biological
properties and broad therapeutic potential have garnered
extensive attention in various diseases (9). For instance, MSCs
have demonstrated potential therapeutic value in fields such
as tuberculosis (10), osteoarthritis (11), and oral (12), neurode-
generative (13), kidney (14) and rheumatic diseases (15). More
importantly, MSCs possess innate tumor-homing capabilities
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and potent immunomodulatory functions, positioning them
as notable research subjects in cancer therapy (16). As key
mediators of MSC function, their derived exosomes can serve
a central role in regulating the tumor microenvironment
(TME) (17,18) and influencing resistance to cancer therapies,
including chemotherapy, radiotherapy, targeted therapy and
immunotherapy (19,20), by mediating intercellular communi-
cation (21).

Selecting CC as a model to investigate the role of MSCs
and their derived exosomes is supported by unique scientific
rationale. Firstly, persistent infection with high-risk HPV,
particularly HPV-16 and HPV-18, is the primary driver
of cervical carcinogenesis (22,23). This viral oncogenic
mechanism fundamentally shapes the TME of CC. HPV
oncoproteins, such as E6 and E7, while disrupting cell cycle
regulation, also compromise host immune surveillance,
thereby establishing a chronic inflammatory and immunosup-
pressive microenvironment conducive to tumorigenesis (24).
The potent immunomodulatory properties of MSCs offer
distinct advantages in this context for CC therapy (25).
Secondly, the TME of CC is characterized by complex inter-
actions between infected epithelial cells and various stromal
components, including cancer-associated fibroblasts and
infiltrating immune cells (26,27). MSCs and their derived
exosomes are known to be recruited to tumor sites and can
differentiate into cancer-associated fibroblasts, promoting
tissue remodeling and tumor progression (16). In CC, persis-
tent viral stimulation further complicates these interactions,
potentially inducing plasticity in the functions of MSCs and
their derived exosomes, leading to dual pro-tumorigenic or
antitumorigenic effects (28,29).

This dualistic and paradoxical role inherent to MSCs and
their derived exosomes underscores the complexity that must
be addressed prior to their clinical translation. Therefore, the
present review aims to systematically elucidate the specific
mechanisms of action of MSCs and their derived exosomes
in cervical carcinogenesis and progression, delve into the
underlying reasons for their dual effects and summarize recent
advances in therapeutic research based on these findings.

2. MSCs and MSC exosomes (MSC-Exos)

MSCs. The origin of MSCs can be traced back to the mid-to-late
20th century (30). After decades of exploration, researchers
have now developed a relatively systematic understanding of
these cells (Fig. 1). As early as 1960-1975, researchers first
identified a type of non-hematopoietic stem cell in the bone
marrow with clonogenic capacity and adherence-dependent
growth (31). Friedenstein et al (32) were the first to systemati-
cally isolate and characterize these cells, which is considered
the starting point of research on MSCs. This discovery demon-
strated for the first time that within the complex hematopoietic
microenvironment of the bone marrow, there exists a unique
group of non-hematopoietic precursor cells, laying the theo-
retical foundation for subsequent studies on MSCs.

From 1975 to 1980, research further elaborated on the
biological characteristics of MSCs, such as the cloning forma-
tion characteristics and radiation resistance (33). Further studies
gradually revealed the multi-lineage differentiation potential
of these cells. In 1988, Grigoriadis ez al (34) found that a subset

of mesenchymal progenitor cells could differentiate into four
distinct cell types, namely, muscle, adipose tissue, cartilage
and bone, in vitro under the induction of glucocorticoids. This
discovery suggested that MSCs possessed multi-directional
differentiation capabilities, thus opening up the possibility of
application in regenerative medicine. In 1995, research further
confirmed the presence of MSCs in periodontal tissues (35).
This finding indicated that the source of MSCs expanded from
bone marrow to other tissues, providing an important basis for
the subsequent isolation of MSCs from various tissues, such
as fat and the umbilical cord, and also revealed the extensive
distribution of MSCs in the body.

From 2000 to 2015, the mechanisms of MSCs were
extensively explored and researchers gradually recognized
that MSCs possessed multiple functions in disease contexts,
including immunomodulation, inflammation suppression,
promotion of repair (for example, repairing bones, cartilage,
tendons and cardiac muscle) and specific homing to tumor
sites (36,37). In 2006, the International Society for Cellular
Therapy proposed the minimal defining criteria for MSCs:
i) Adherence to plastic; ii) specific expression of CDI105,
CD73 and CD90; iii) lack of expression of surface markers
CD45, CD34, CD14, CD11b, CD79a, CD19 and human
leukocyte antigen-DR isotype; and iv) multi-lineage differ-
entiation potential. This criteria established a foundation in
standardizing research on MSCs (38). The proposal of this
standardized definition marks a notable milestone in the
development of this field. It enables the results of different
researchers to be similar and establishes standards for the
basic research of MSCs.

Between 2015 and 2020, extracellular vesicles (EVs)
secreted by MSCs, particularly exosomes, were identified as
key carriers mediating their effects and gradually became a
research hotspot in regenerative medicine as an alternative
to cell therapy (39). From 2020 to the present, clinical trials
associated with MSCs have been widely conducted. Certain
studies have demonstrated that MSCs exhibit notable thera-
peutic efficacy (40,41), while others have reported potential
negative effects; for instance, there are complex interactions
between MSCs and tumor cells, which can create a microenvi-
ronment conducive to tumor cell proliferation, angiogenesis,
migration, invasion and metastasis, thereby promoting tumor
progression (42). Furthermore, in another study, it was found
that MSCs co-cultured with colorectal cancer cells exhib-
ited enhanced invasiveness and proliferation ability due to
changes in their tumor protein p53/transforming growth
factor 31 (p53/TGF-B1) levels (43). The core contribution
of this stage is that it has pushed the research on MSCs to
enter a novel phase from ‘verification of effectiveness’ to
‘precision of treatment’ (44). These results have prompted
researchers to reflect, suggesting that this bidirectional
nature of effects may be associated with factors such as cell
source, route of administration and dosage (45,46). Of note,
MSCs can be isolated from various biological tissues. In
addition to common sources such as bone marrow, adipose
tissue, umbilical cord, amniotic fluid, placenta and menstrual
blood (47-51), several studies have also reported that MSCs
can be successfully extracted and isolated from teeth (52),
tonsils (53), as well as visceral tissues including the brain,
spleen, kidney and liver (54-56).
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Figure 1. Development history of MSCs. The figure was generated using Figdraw (www.figdraw.com). MSCs, mesenchymal stem cells; MSC-Exos, exosomes

derived from mesenchymal stem cells.

Exosomes. EVs are heterogeneous collections of particles
enclosed by a lipid bilayer membrane. EVs are typically classi-
fied into three main types based on their biogenesis pathways
and size (57). Among them, exosomes are small nanovesicles
(diameter, 30-150 nm) derived from the endosomal system (58),
which distinguishes them from the larger microvesicles (diam-
eter, 100-1,000 nm) and the distinctively originating apoptotic
bodies (diameter, 500-5,000 nm) (59,60) (Fig. 2A). The biogen-
esis of exosomes is a complex process (Fig. 2B). It begins
with endocytosis at the cell membrane surface, forming early
endosomes. Early endosomes further mature, receive trans-
port vesicles from organelles such as the Golgi apparatus and
undergo processes such as acidification to transform into late
endosomes. Within late endosomes, the membrane invaginates
inwardly a second time, forming multiple intraluminal vesicles
(ILVs) through budding (61-63). Late endosomes containing
numerous ILVs are termed multivesicular bodies (MVBs).
MVBs undergo either of two pathways: Most MVBs fuse with
lysosomes, leading to the degradation of the ILVs, while a small
portion of MVBs fuse with the plasma membrane, releasing
the ILVs into the extracellular environment. These released
ILVs are termed exosomes (61,64,65). Similar to MSCs, the
sources of exosomes are diverse (Fig. 3). Besides being present
in MSCs and various immune cells (66-68), exosomes are also
widely found in tumor cells (69,70). Furthermore, exosomes
exist in various bodily fluids, including blood, urine, breast

milk and semen (71,72). Exosomes have also been detected in
certain foods and plants (73-77).

3. Tumor-promoting mechanism of MSCs and their
derived exosomes in CC

In the initiation and progression of CC, the role of MSCs
appear to be more extensively documented compared with
that of their derived exosomes. MSCs primarily exert
pro-tumorigenic effects through multiple mechanisms,
including promoting tumor cell proliferation, inducing tumor
angiogenesis and suppressing the immune response of the
body, working in synergy (78-80) (Table I).

Promoting the proliferation of tumor cells. The abnormal
proliferation of tumor cells is a central aspect of tumor
progression. A study based on in vitro cell models found that
MSCs derived from CC cells (CC-MSCs) upregulated the
expression level of CD73 in tumor cells, thereby accelerating
the progression of CC (78). Another study using both in vitro
and in vivo models further revealed that the expression level of
the transcription factor NANOG in CC cell-derived MSCs can
promote the proliferation of CC SiHa cells, thereby driving
CC growth (81). Notably, further research has observed that
the effect of bone marrow-derived MSCs (B-MSCs) on the
proliferation of CC cells exhibits a dose-dependent pattern:
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Table I. Mechanisms by which MSCs promote the occurrence and development of CC.

Source

Research type

Mechanism of action

(Refs.)

Bone marrow
CcC
Adipose tissue

CC

CC
Umbilical cord

CC
CC

In vitro cell model

In vitro cell model

In vitro cell models and
in vivo animal models
In vitro cell model

In vitro cell models and
in vivo animal models
In vitro cell models and
in vivo animal models
In vitro cell model

In vitro cell model

At low doses, MSCs can promote the proliferation of CC cells
Increases the expression level of CD73 in tumor cells
Activates the NF-«xB signaling pathway and promotes
angiogenesis in CC

Promotes the secretion of TGF-f1 and the expression level of
PD-L1, thereby inhibiting the antitumor activity of CD8* T
lymphocytes

Expression level of transcription factor NANOG can promote
the proliferation of CC SiHa cells

Secretion of VEGF to enhance in vivo angiogenesis of CC HeLa
cells

Enhances the ability of M2 type macrophages to polarize
High expression levels of CD39 and CD73, promoting the
occurrence of immune escape

(46)
(78)
(79)

(80)

(81)

(83)

(84.85)

(86)

CC, cervical cancer; MSCs, mesenchymal stem cells; NF-xB, nuclear factor k-light-chain-enhancer of activated B cells; VEGF, vascular
endothelial growth factor; TGF-f1, transforming growth factor 31; PD-L1, programmed death-ligand 1.
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Figure 2. Classification of extracellular vesicles and the biogenesis of exosomes. (A) Classification of extracellular vesicles. (B) Biological occurrence process
of exosomes. The figure was generated using Figdraw (www.figdraw.com). MV Bs, multivesicular bodies.

Low doses can promote proliferation, whereas high doses
inhibit proliferation; this phenomenon may be associated with

the modulation of the mitogen-activated protein kinase/phos-
phatidylinositol 3-kinase (PI3K) signaling pathways (46). This
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Figure 3. Sources of MSCs and exosomes. The figure was generated using Figdraw (www.figdraw.com). MSCs, Mesenchymal stem cells; MSC-Exos, exosomes

derived from mesenchymal stem cells.

finding suggested that the dosage of MSCs used may be one of
the key factors influencing whether MSCs exert pro-tumor or
antitumor effects.

Promoting tumor angiogenesis. Due to the high demand for
oxygen and nutrients by tumor cells, tumor angiogenesis is
key to sustaining the early stages of tumor development and
its progression (82). Previously, a study based on in vitro and
in vivo models reported that adipose tissue-derived MSCs
(AD-MSCs) may promote CC angiogenesis by activating
the nuclear factor k-light-chain-enhancer of activated B cells
signaling pathway, thereby accelerating tumor growth and
metastasis (79). Similarly, umbilical cord-derived MSCs
(UC-MSCs) may enhance in vivo angiogenesis in CC HeLa
cells by secreting vascular endothelial growth factor (VEGF),
thereby promoting the progression of CC (83).

Suppressing the immune response. MSCs can promote cancer
progression by modulating the immune response within the
TME. For instance, CC-MSCs exhibit a stronger ability to
induce M2 macrophage polarization compared with MSCs
derived from normal cervical tissue, thereby fostering an
immunosuppressive microenvironment (84,85). Furthermore,
ithas been reported that CC-MSCs can promote the secretion of
TGF-p1 and the expression level of programmed death-ligand
1 through an adenosine-dependent pathway, subsequently
inhibiting the antitumor activity of CD8" T lymphocytes and

contributing to cancer promotion (80). Another study also
revealed that, compared with MSCs from normal cervical
cells, MSCs derived from CC cells highly express CD39
and CD73 on their cell membrane. These molecules serve a
notable role in extracellular adenosine generation and immune
evasion (86). However, the aforementioned mechanisms are
primarily based on in vitro experiments and their in vivo
effects require further validation.

4. Antitumor mechanisms of MSCs and their derived
exosomes in CC

Consistent with their tumor-promoting effects, MSCs and their
derived exosomes can, under specific conditions, exert anti-
tumor effects by inhibiting tumor cell proliferation, inducing
apoptosis, regulating immune responses and suppressing
tumor angiogenesis (Table II).

Inhibiting the proliferation of tumor cells and inducing
tumor cell apoptosis. MSCs and their derived exosomes can
inhibit the growth of CC through multiple signaling path-
ways. For example, in vitro cell models have reported that
UC-MSC-Exos can induce apoptosis in CC HeLa cells and
suppress the expression levels of epithelial-mesenchymal
transition (EMT)-related proteins, thereby exerting anti-
tumor effects (87). Additionally, microRNA (miR)-370-3p
carried by such exosomes can inhibit the proliferation and
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First author, Product
year Source administered Research type Mechanism of action (Refs.)
Abas et al, Umbilical cord MSC-Exos In vitro cell model Induces apoptosis in CC HeLa cells and (87)
2022 inhibits the expression levels of proteins
associated with epithelial-mesenchymal
transition and as an effective delivery
carrier for paclitaxel, it enhances its
antitumor efficacy
Lietal, Umbilical cord MSC-Exos In vitro cell model miR-370-3p inhibits the proliferation and (88)
2024 migration of CC cells by targeting
DHCR24
Lietal, Umbilical cord ~ MSC-Exos In vitro cell model Activates the Notch signaling pathway, (89)
2023 promotes the squamous differentiation of
CC CaSki cells, thereby inhibiting tumor
proliferation and metastasis
Kenarkoohi  Adipose tissue MSCs In vitro cell models  Carries the HSV-TK lentiviral vector to (90)
et al,2020 and in vivo animal induce apoptosis in CC cells
models
Meng et al,  Bone marrow MSC-Exos In vitro cell models ~ miR-144-3p inhibits the proliferation and ()]
2021 and in vivo animal invasion of CC cells and promotes their
models apoptosis by targeting CEP55
Liu et al, Menstrual MSCs In vitro cell models  Inhibition of CC HeLa cell proliferation 92)
2019 blood and in vivo through the TGF-p1-mediated JNK/p21
animal models signaling pathway
Yi et al, Umbilical cord ~ MSC-Exos In vitro cell model Reduces the expression levels of pro- (96)
2024 inflammatory factors while increasing
the expression levels of anti-inflammatory
factors
Zhou et al, Amniotic MSCs In vitro cell model Inhibits tumor angiogenesis 7
2023 fluid
Yang et al, Bone MSC-Exos In vitro cell models  Delivers miR-331-3p to regulate the 99)
2022 marrow and in vivo animal methylation level of LIMS2 in CC cells

models

CC, cervical cancer; MSCs, mesenchymal stem cells; MSC-Exos, exosomes derived from mesenchymal stem cells; DHCR24, 24-dehydrocho-
lesterol reductase; HSV-TK, herpes simplex virus thymidine kinase; CEP55, centrosomal protein 55; TGF-B1, transforming growth factor 31;
JNK/p21, c-Jun N-terminal kinase/p21; LIMS2, LIM and senescent cell antigen-like domains 2; miR, microRNA.

migration of CC cells by targeting 24-dehydrocholesterol
reductase in in vitro cell models (88). It has also been
reported that UC-MSC-Exos can promote squamous differ-
entiation of CC CaSki cells by activating the Notch signaling
pathway, thereby inhibiting their growth and metastasis (89).
In in vivo animal models, AD-MSCs carrying the herpes
simplex virus thymidine kinase lentiviral vector can induce
cancer cell apoptosis, thereby delaying CC progression (90).
Furthermore, miR-144-3p in B-MSC-Exos can inhibit
the proliferation and invasion of CC cells and promote
their apoptosis by targeting centrosomal protein 55 (91).
Menstrual blood-derived MSCs can inhibit the prolifera-
tion of CC HeLa cells through the TGF-f1-mediated c-Jun
N-terminal kinase/p21 signaling pathway, thereby exerting
antitumor effects (92).

Regulating immune responses and inflammatory
microenvironment. Due to the immunosuppressive properties
of MSCs, MSCs are often perceived more as tumor-promoting
rather than antitumor agents (93-95). However, research has
also suggested that MSCs may exert antitumor effects by
modulating inflammatory responses. For example, a previous
study by Yi et al (96) demonstrated that UC-MSC-Exos can
markedly reduce the expression levels of pro-inflammatory
factors such as tumor necrosis factor-o. (TNF-a), IL-1f and
IL-6, while increasing the expression of the anti-inflammatory
factor IL-10, thereby alleviating cervical inflammation and
potentially reducing the risk of carcinogenesis by inhibiting the
EMT process. This finding indicated that the anti-inflamma-
tory regulatory functions of MSCs and their derived exosomes
may be associated with their antitumor effects.



ONCOLOGY LETTERS 31: 225, 2026

7 [Inhibit CC|
® (CC cells apoptosis
@ |Increased expression of CD73
@ |Deliver paclitaxel
@ |Transcription factor NANOG
- CC cells miR-370-3p targets DHCR24
© |M2-type macrophage polarization /\\ Umbilical cord ' ' '
© (Inhibit CD8* T lymphocytes i : e Qgtt:':/;tai/the oteh signaing
- \ MSC-Exos
O |Increased expression of CD39 T8y @ |Regulate the levels of pro-
Bone marrow Bone marrow "“; !nflammatory/antl-
= - inflammatory factors
o / @ |miR-144-3p targets CEP55
MSC: o
syl ® [miR-331-3p regulates LIMS2
Adipose tissue
e Adipose tissue ‘
. T A A «,t;'“‘ Mscr >e |CC cells apoptosis
- DY N S
signaling pathway : '1 3 Menstrual
— & blood P

o |Secretion of VEGF |

TGF-B1 mediates the
JNK/P21 signaling pathway

L e

Amniotic fluid

o Ilnhibit tumor angiogenesis

-

Figure 4. Bidirectional regulatory mechanism of MSCs and their derived exosomes in CC. (A) Mechanism by which MSCs and their derived exosomes promote
the development of CC. (B) Mechanism by which MSCs and their derived exosomes inhibit the development of CC. The figure was generated using Figdraw
(www.figdraw.com). CC, cervical cancer; NF-kB, nuclear factor k-light-chain-enhancer of activated B cells; VEGF, vascular endothelial growth factor; MSCs,
mesenchymal stem cells; MSC-Exos, exosomes derived from mesenchymal stem cells; DHCR24, 24-dehydrocholesterol reductase; CEPSS, centrosomal
protein 55; LIMS2, LIM and senescent cell antigen-like domains 2; TGF-f1, transforming growth factor 31; JINK/p21, c-Jun N-terminal kinase/p21.

Inhibiting tumor angiogenesis. In contrast to the pro-angio-
genic effects of AD-MSC-Exos (79) and UC-MSC-Exos (83),
a previous study based on an in vitro cell model indicated that
amniotic fluid-derived MSC-Exos can inhibit the proliferation
of CC HeLa cells by suppressing tumor angiogenesis, thereby
exerting antitumor effects (97). This opposing role in tumor
vascular regulation exhibited by MSCs and their exosomes
derived from different tissues suggests that the cellular source
may be a key factor in determining their functional direction.

Delivering active substances. MSC-Exos inherently carry
various bioactive substances, such as lipids, proteins and
nucleic acids, serving as crucial mediators in intercellular
communication (98). Furthermore, following engineering
modifications, MSC-Exos can also function as drug delivery
systems to enhance therapeutic precision. For example,
UC-MSC-Exos can serve as effective delivery vehicles for
paclitaxel, augmenting its antitumor efficacy (79). Furthermore,
B-MSC-Exos can regulate the methylation level of LIM zinc
finger domain 2 in CC cells by delivering miR-331-3p, thereby
inhibiting tumor progression (99).

In summary, MSCs and their exosomes exhibit a distinct
dual role in CC (Fig. 4): MSCs and their exosomes can both
promote tumor cell proliferation, angiogenesis and immune

escape, as well as inhibit tumor cell proliferation, induce
apoptosis and modulate the immune microenvironment. This
bidirectional effect is likely closely associated with their tissue
origin, dosage, administration route and the specific signaling
molecules carried by the exosomes. These aspects will be
discussed in detail in the following sections.

5. Analysis of the bidirectional role of MSCs and their
derived exosomes in CC

During the initiation and progression of CC, MSCs and their
derived exosomes serve a complex and dual-functional role.
Although, MSCs and their derived exosomes can promote
tumor progression through various mechanisms (78-80); by
contrast, under specific conditions, MSCs and their derived
exosomes exhibit antitumor effects (87,96,97,99). This func-
tional paradox suggests that their dual role may be regulated
by multiple factors, potentially including tissue origin, dosage
and administration methods (46,100,101).

Influence of organizational origin. The differences in tissue
origin may be an important factor influencing the direction
of the role of MSCs and their derived exosomes in CC. A
previous study by Song et al (102) demonstrated that MSCs
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from different sources exhibited notable differences in
their chemotactic ability towards CC cells. This research
conducted a series of in vitro experiments to compare the
chemotactic effects of MSCs from adipose tissue, umbilical
cord, amniotic membrane and chorion on CC cells. The
results demonstrated that the MSCs from chorion had the
strongest chemotactic ability. Underlying this phenomenon
may involve the epigenetic signatures carried by MSCs from
different tissue origins. A previous study demonstrated that
MSCs retain the epigenetic characteristics of their tissue
of origin during development, thereby influencing their
gene expression profiles and secretome (103). For instance,
B-MSCs may be more inclined to express factors associ-
ated with osteogenesis, whereas AD-MSCs are enriched
in molecules associated with lipid metabolism and angio-
genesis (104). This finding suggested that although MSCs
from different tissue sources are similar in morphology,
immunophenotype and basic activity, their biological func-
tions may differ, which was consistent with the conclusion of
Kern et al (100).

Influence of dosage. The different dosages used may also
result in opposite effects of the same source of MSCs on CC
cells. Long et al (46) conducted co-culture experiments of
B-MSCs with CC cells HeLa in vitro. The results indicated
that a low proportion of B-MSCs could promote the prolif-
eration of CC cells, while a high proportion inhibited their
proliferation. This dose-dependent effect may be associated
with a threshold effect in signaling pathways. Specifically, at
low doses, growth factors secreted by MSCs (such as VEGF
and TGF-B) might primarily activate pro-survival signaling
pathways (for example, PI3K/protein kinase B) in tumor cells,
thereby promoting proliferation. However, when the MSCs
dose increases to a certain level, the concentration of their
secreted factors also rises, potentially exceeding a threshold
and instead activating pro-apoptotic or anti-proliferative
signaling pathways (involving molecules such as interferon-y
or TNF-a). Nevertheless, this hypothesis requires further
investigation for confirmation. The aforementioned phenom-
enon suggests that when applying MSCs in CC therapy, the
selection of dosage is critically important and may directly
impact therapeutic outcomes.

Differences in functions between MSCs and their exosomes.
Although exosomes are derived from MSCs and share high
functional similarity with MSCs, they may exert different
or even opposing effects during the development of CC.
For instance, UC-MSCs can promote tumor progression by
inducing tumor angiogenesis (83), whereas their derived
exosomes demonstrate antitumor effects (87). This func-
tional discrepancy is closely associated with the distinct
mechanisms of action between the two. Specifically,
MSC-Exos can modulate their secretion and uptake behavior
through various means and interventions, thereby exhibiting
functional characteristics that differ from those of their
parent cells (105). This understanding suggests that in future
research, the relationship between the two should be regarded
as both interconnected and independent, warranting separate
investigation rather than being simplistically treated as a
single entity.

Influence of the administration route. MSCs and their
derived exosomes can be administered through various
routes and the method of administration may influence
their ultimate effects. A previous study has reported that
in mouse models, local injection of B-MSCs exacerbate
tumor growth, whereas no notable difference was observed
between the treatment and control groups after intravenous
injection (101). Although this study was based on an ascites
cancer cell model, the results suggested that the route of
administration may affect the function of MSCs. Based
on this phenomenon, the present review hypothesizes that
local injection may result in a high concentration of MSCs
aggregating at the tumor site, yet the sphere of action may be
limited and MSCs might be induced to exhibit pro-tumor-
igenic effects due to pro-tumoral signals within the local
microenvironment. Furthermore, different routes of admin-
istration lead to distinct patterns of contact between MSCs
and the immune system of the host, potentially triggering
different rates of immune recognition and clearance (106).
This could, in turn, affect their persistence and functional
duration in vivo, which may also contribute to their differ-
ential effects. Therefore, using CC models in future research
is necessary to further elucidate the differential impacts of
various administration routes in CC.

6. Challenges and prospects

Although MSCs and their derived exosomes demonstrate
potential for application in CC treatment, their transla-
tion to clinical practice faces a series of notable challenges.
Currently, the large-scale and standardized production of
exosomes remains a considerable challenge (107). While
various isolation and extraction methods exist, such as
ultracentrifugation (108), ultrafiltration (109), size-exclusion
chromatography (110), precipitation-based separation (111),
immunoaffinity capture (112) and microchip-based tech-
niques (113), each of these approaches has its respective
advantages and drawbacks (114). None of the currently avail-
able methods can simultaneously meet the requirements for
high purity and efficiency, operational simplicity and low
cost. Therefore, achieving efficient, accurate and economical
isolation of high-purity exosomes remains a critical issue that
urgently needs to be addressed (115,116). Regarding in vivo
application, the pharmacokinetic profiles, targeted delivery
efficiency and tissue distribution patterns of MSCs and
their derived exosomes are still not well understood, which
markedly compromises the precision and controllability of
their therapeutic use. Furthermore, the long-term safety and
potential tumor-promoting risks require thorough evalua-
tion through systematic and rigorous preclinical and clinical
studies.

To address the aforementioned challenges, future research
could focus on the following directions: First, leveraging
multi-omics technologies to gain deeper insights into the
molecular composition and mechanisms of action of MSCs
and their derived exosomes, thereby providing a theoretical
foundation for their precise application. Second, developing
efficient and standardized isolation and extraction methods
to enable the large-scale, standardized production of
MSC-Exos. Additionally, in vivo experimental studies should
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be strengthened to further elucidate their pharmacokinetic
behavior, targeted delivery characteristics and tissue distribu-
tion patterns, providing a basis for optimizing administration
strategies. Notably, although MSCs and their derived exosomes
from natural sources hold potential in cancer therapy, their
targeting specificity remains limited. The emergence of
engineering modification techniques offers a novel strategy
to address this issue. MSCs and their derived exosomes can
be modified to express specific tumor-suppressive miRNAs
or cytokines by engineering, thereby enhancing their anti-
tumor activity (117). Concurrently, the feasibility and efficacy
of MSCs and their derived exosomes, whether employed as
monotherapy or as part of combination treatment strategies for
CC, should be systematically evaluated through well-designed
preclinical and clinical trials. This is essential to facilitate
their translation into clinical application. Beyond therapeutic
applications, MSC-Exos also demonstrate marked potential
in the diagnosis and prognosis of CC. As novel tools for
liquid biopsy, the molecular information carried by exosomes
can reflect tumor initiation, progression and response to
therapy (118).

7. Conclusion

MSCs and their derived exosomes serve a complex and
dual-regulatory role in the initiation, progression and metas-
tasis of CC. Their functions are closely associated with multiple
factors such as tissue origin, dosage and route of administra-
tion. A systematic and comprehensive understanding of this
bidirectional regulatory mechanism not only contributes to
further insight into their biological behavior but also provides
a theoretical foundation in developing novel diagnostic and
therapeutic strategies based on MSCs and their exosomes.
Although numerous challenges remain in their current clinical
application for CC, with the aid of advanced technologies
such as engineering modifications, MSCs and their derived
exosomes are expected to become important tools integrating
both diagnostic and therapeutic functions, thereby opening
new avenues for the diagnosis and treatment of CC in the
future.
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