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1 | INTRODUCTION

Primary liver cancer is the seventh most common can-
cer and the second most common cause of cancer death
in the world.! Globally, hepatocellular carcinoma (HCC)
is the main histological type of liver cancer, accounting
for more than 75% of the total number of liver cancers.?
Liver cancer stem cells (LCSCs), recognized by certain
surface markers, are responsible for the tumorigenesis,
recurrence, metastasis, chemotherapy resistance and poor
prognosis of HCC.?

| Ying Zhu' | Wei Wen?

Hepatocellular carcinoma (HCC) is the most common type of liver malignant
tumor, with high recurrence and mortality rates. Mesenchymal stem cells (MSCs)
are multipotent cells that can be recruited into the tumor microenvironment
(TME). What is known, TME plays a vital part in tumor progression. In recent
years, accumulating studies have found that MSCs have a dual role of promo-
tion and inhibition in the occurrence and development of HCC. In this review,
we analyzed the role of MSCs in TME and summarized the relationship between
MSCs and liver cancer stem cells, the molecular signaling pathway mechanisms
of MSCs promoting and inhibiting HCC, and the latest research progress of MSCs
in the treatment of HCC.

combination therapy, hepatocellular carcinoma, liver cancer stem cells, mesenchymal stem
cells, signaling pathway, tumor microenvironment

Increasing evidence supports the great effects of the
tumor microenvironment (TME) on the generation, devel-
opment and metastasis of HCC. TME is composed of diver-
sified cells and non-cellular components.* Mesenchymal
stem cells (MSCs), an integral part of TME, are considered
to be a key factor in tumor progression and metastasis.
MSCs are also referred to as “mesenchymal stromal cells”,
which can further be induced to differentiate into osteo-
blasts, chondrocytes, adipocytes, and other cells in vitro.’
Recently, massive research has been devoted to exploring
the association between HCC and MSCs. The function of
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MSCs in the occurrence, development and treatment of
HCC is quite controversial. A growing body of research
illustrated that MSCs have the dual characteristics of sup-
pressing and promoting tumors through different molec-
ular signaling mechanisms. Even in different stages of
HCC, MSCs also play a contradictory role. In the early
stage of HCC, they can reduce DNA damage and ROS ac-
cumulation to play a tumor suppressor effect. However,
in the late stage, MSCs manifested as a tumor promoter
on HCC by promoting the stem cell-like properties and
epithelial-mesenchymal transition (EMT).®

Abundant studies results in vitro or in vivo suggest that
MSCs increase the number and tumorigenicity of CSCs in
varied tumors, including human ovarian tumors,’ breast
cancer,® prostate cancer,” Ewing's sarcoma,'® and colorec-
tal Tumor,'" etc. Undoubtedly, HCC is no exception. In ad-
dition, the intrinsic ability of MSCs to treat HCC has been
reported. Therefore, in this review, we stressed the role of
MSCs in TME, the links between MSCs and LCSCs, the
molecular signaling pathway mechanisms of MSCs acting
on HCC (Table 1), and the current research status of MSCs
in the treatment of HCC (Table 2).

2 | MSCs IN THE TME

As a member of TME, MSCs have been reported in vari-
ous tumor tissues such as pancreatic cancer, colon can-
cer, breast cancer, and gastric cancer.® ™ A large number
of studies have found that MSCs can also home to liver
TME."*"'® MSCs usually exist in a variety of human tissues,
including bone marrow, adipose tissue, liver, intestine,
lung, connective tissue, spleen, skin, placenta, umbilical
cord and other tissues.*” Therefore, the homing property
of MSCs makes the source of MSCs in TME diversified, in-
cluding cells not only in liver situ but also recruited from
a distance. Perhaps relatedly easier access, the current re-
search on HCC-related MSCs mainly obtained from bone
marrow, fat, and umbilical cord.

The homing mechanisms of MSCs have been reported
widely (Figure 1). Many soluble molecules secreted by
hepatoma cells can induce MSCs migration toward HCC.
Bayo et al. found that the migration of MSC to HCC is re-
lated to the chemotaxis axis of CXCLS8/IL-8, CXCL1-2-3/
GRO, CCL2/MCP-1 and AMF. Factors secreted by HCC
regulate the chemotactic potential and gene profile of
MSCs, thereby promoting their recruitment.”® CCL15, se-
creted by human HCC, has a chemotactic effect on hMSCs
in vivo and in vitro via the CCL15/CCR1 axis.’! Lejmi et al.
reported that MIP-16 and MIP-3a are involved in the mi-
gration of pluripotent mesenchymal cells induced by liver
cancer cells which may be related to the migration and
evolution of MSCs to myofibroblasts around the tumor.>

CXCR4/ CXCL12 and TGF-B/TGF-pR signals also play an
important role in the migration of MSCs to HepG2 cells.>
Interestingly, thyroid hormones can also increase hMSC
migration to HCC stroma via integrin avf3.>* Interestingly,
Chengying et al. found that HCC cells up-regulated the ex-
pression of EGF, CXCL9, CCL25, and MMP-9 in vivo and
in vitro, which promoted the preferential transplantation
of MSCs to the metastatic area rather than the primary
tumor site.”> In addition, the induction of hypoxia and
hyperthermia is also the reason for the enhancement of
MSCs’ recruitment ability.”**’ Although the phenomenon
of pluripotent mesenchymal stem cells homing to tumors
has been confirmed in succession, its tropism mechanism
still needs to be further elucidated.

More and more evidence shows that MSCs can promote
immune suppression by secreting varieties of cytokines in
TME, such as IL-10, TGFp, nitric acid, indoleamine 2,3 di-
oxygenase and prostaglandin E2.%*° IFN-y and TNF-« also
play important roles in the immunosuppression of MSCs,
for example, inhibiting the differentiation of dendritic
cells (DC)® and promoting the polarization of M2 mac-
rophages,®’™® thereby promoting tumor growth.®**> The
direct cell-to-cell interaction between MSCs and natu-
ral killer cells (NK) changes the phenotype and inhibits
proliferation and cytokine secretion of NK cells.®® In ad-
dition, the soluble factors secreted by MSCs have been
shown to inhibit the proliferation of T cells and b cells,
while increasing the apoptosis of activated T cells.®” %
Meaningfully, Tumor secreted factors induce MSCs to dif-
ferentiate into CAF phenotype through the TGF-/Smad
signaling pathway.”””" CAFs inhibit lymphocyte tumor
infiltration, increase the activity of immunosuppressive
regulatory T cells, and induce monocyte apoptosis to pro-
mote immune tolerance to the tumor environment.””"*
In addition, it has been reported that CAFs damage the
anti-tumor function of T cells by activating neutrophils.”
A large amount of evidence indicates that MSCs can sup-
press the immune response to support tumor growth,
whether it is induced by direct cell interaction or indirect
differentiation.

Interestingly, MSCs also play a role in suppressing tu-
mors by positively regulating the immune response. MSCs
inhibit tumor growth by increasing the infiltration of
monocytes and granulocytes in TME.”® In addition, bone
marrow mesenchymal stem cells (BMSCs), which stim-
ulate resting T cells and act as antigen-presenting cells,
activated by toll-like receptor 3 (TLR3) enhance neutro-
phil function.””””® MSCs may also function in recruiting
different immune groups into TME, changing the ratio of
Treg and myeloid-derived suppressor cells to CD8" T cells,
and shifting the balance to an anti-tumor state.”” GPC3-
ENG MSCs redirected T cells to gpc3-positive tumor cells
and induced antigen-dependent tumor cell killing, and
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FIGURE 1 Chemotaxis mechanisms
mediating mesenchymal stem cells
(MSCs) migration to the hepatocellular
carcinoma (HCC) microenvironment.
MSCs. Chemokines in the TME (dark
yellow) and external physical factors
(purple) promote the migration of MSCs
to the HCC microenvironment

MSCs overexpressing sirtl also attracted CD8" T cells
approach.?*

2.1 | The relationship between
MSCs and LCSCs

CSCs could be isolated from tumor cell lines transformed
from MSCs, speculating the possibility of CSCs origin
from mutant MSCs.**® The mutual transformation and
influential mechanism of MSCs and CSCs have been re-
ported in various tumors. For instance, the soluble media-
tor secreted by adipose-derived mesenchymal stem cells
(ADMSCs) advance cell proliferation and the phospho-
rylation of PI3K/Akt and MAPK signal-related proteins
in bladder cancer stem cell-like cells.*” Lung adenocar-
cinoma stem cells are positively controlled by MSCs de-
rived from Wharton's Jelly (WJMSCs) through a paracrine
mechanism.®

The relationship between MSCs and LCSCs has also
been demonstrated. Studies have found that the pheno-
type and genotype of BMSCs are changed through HCC
cells paracrine effects, generating a population of spher-
ical stem cells with CSCs characteristics termed cancer-
induced stem cells (CiSCs). The Wnt/p-catenin signaling
pathway and TGF-p may exert an enormous function on
the transformation of BMSCs to CiSCs.* SK cells are con-
sidered to be a human liver cancer cell line with properties
of mesenchymal origin. Not only can they differentiate
into osteoblasts and adipocytes like BMSCs and ADMSCs,
but they show the relative homogeneity of CSCs, suggest-
ing the feasibility of normal MSCs polarized into LCSCs
with metastasis and self-renewal capabilities.*> HCC cells
turn into a more aggressive phenotype when co-cultured
with MSCs, which promotes HCC stemness and tumor

. 935
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metastasis.'® It has been reported that the IncRNA HULC
and IncRNA MALAT-1 play a certain part in both LCSCs
and MSCs. LCSCs growth is boosted by both IncRNAs,
and the synergistic effect of the two is more noticeable.*
MSCs overexpressed HULC represent stronger capabilities
of proliferation, migration and invasion. Meaningfully,
the proliferation, angiogenesis and immunosuppressive
properties of MSCs are prominent by MALAT1 inducing
VEGF and IDO.*”®® Therefore, HULC and MALAT-1 may
be potential mechanisms in the interaction of MSCs and
LCSCs. In addition, Hou et al. documented that irradiated
MSCs (IR-MSCs) can maintain the stemness of LCSCs
through the Wnt/p-catenin signaling pathway.** In addi-
tion to HCC, exosomal miR-126 derived from hepatoblas-
toma cells promotes the occurrence of hepatoblastoma by
inducing BMSCs to differentiate into CSCs.”

3 | MECHANISMS OF MSCs
PROMOTING THE PROGRESSION
OF HCC

3.1 | The MAPK signaling pathway

The activation of the MAPK signaling pathway has been
found in the progression of HCC. Human mesenchy-
mal stem cells (hMSCs) promote the growth of HCC by
activating the MAPK pathway to increase the expres-
sion of proliferation-related proteins Ki-67, pHH3, and
PCNA, and boost the metastasis of HCC through EMT
and ITGAS. Additionally, tissues treated with hMSCs
showed a significant decrease of NK cell marker CD56
expression and an increase of TNF-a and IL-6 expres-
sion, which may contribute to tumor growth and me-
tastasis.'? Of course, the effect between MSCs and HCC
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is mutually influential. When MSCs migrate to TME,
MSCs are induced evolution into tumor-associated mes-
enchymal stem cells (TA-MSCs) by tumor cells through
paracrine. After exposure to HCC conditioned medium
(HCC-CM), hADMSCs inhibit cell proliferation and en-
hance glycolysis by blocking the cell cycle and activat-
ing the mitochondrial apoptotic pathway, which can be
reversed by withdrawing from HCC-CM. Interestingly,
the migration and invasion ability of hADMSCs is ir-
reversibly enhanced under the action of HCC-CM. On
mechanism, changes in the phenotype and metabolism
and permanent tumor-promoting properties of hADM-
SCs are controlled by the ROS/MAPK/HIF-1a signaling
pathway."

3.2 | The Wnt/p-catenin
signaling pathway

Numerous research has been done on the transduction
of the Wnt/p-catenin signal as the pathogenic basis of the
occurrence and development of HCC.”! The vital role of
the Wnt/f-catenin signaling pathway between MSCs and
HCC also cannot be ignored. Moreover, various IncRNAs
have been revealed to advance the progress of HCC. Yan
et al. discovered a new type of IncRNA named IncRNA-
MUF, which is highly expressed in HCC tissues and
strongly associated with poor prognosis. MSCs contrib-
ute to HCC's biological function through the interaction
of IncRNA-MUF with ANXA2 and miR-34a. The Wnt/p-
catenin signaling pathway and EMT are activated by the
bind between LncRNA-MUF and ANXAZ2. In addition,
IncRNA-MUF, as a ceRNA competing with miR-34a,
leads to the up-regulation of Snaill and the activation of
EMT, and ultimately promotes the malignancy of HCC."

3.3 | The IL-6/STAT3 signaling pathway
The IL-6/STATS3 signaling pathway is also involved in the
beneficial behavior of MSCs to HCC. Large amounts of
IL-6 are secreted from BMSCs to stimulate IL-6/STAT3
pathway signal transduction and significantly increase the
invasion rate of liver cancer cells, which can be reversed
by anti-IL-6 antibodies. Therefore, MSCs may strengthen
the metastasis and invasion of HCC by activating the IL-6/
STATS3 signaling pathway."’

3.4 | YAP related signaling pathways

Studies have found that the stimulation of YAP exerts a
pivotal part in the effect of MSCs on HCC. Intriguingly,

extensive literature indicated the active role of adipose tis-
sue, adipose cells or ADMSCs in liver cancer progression.
The progression of HCC can be induced by Hypoxic MSCs
via activating YAP and regulating YAP-mediated adipo-
genesis via the COX2/PGE2/EP4 axis. The mechanism is
that hypoxia increases the expression of COX2 in MSCs
and the secretion of PGE2, which then provokes YAP in
HCC cells, leading to the proliferation of HCC cell lines
and the growth of xenograft tumors. Simultaneously,
adipogenesis in HCC cell lines is accelerated by YAP up-
regulating the AKT/mTOR/SREBP1 axis. Importantly,
EP4 mediates the effect of a low concentration of MSCs on
YAP activation and lipogenesis of HCC cells.'* Moreover,
some phosphorylated kinases and NF-«B signaling path-
ways, which are activated by exosomes from liver cancer
cells, make adipocytes differentiated from MSCs have
tumor-promoting properties.”” Teshima et al. also eluci-
dated the positive influence of AT-MSCs soluble factors,
such as TGFp1, EGF, HGF, PDGFp, VEGFA, IGF2, on the
proliferation and invasion of canine hepatocellular carci-
noma cells."”

3.5 | Other molecular mechanisms

AQP1 is a known water channel that promotes me-
tastasis and angiogenesis. Researchers found that the
AQP1 level of liver cancer cells increased after expo-
sure to BMSCs-CM. In contrast, under the condition of
AQP1 inhibitors, the migration and invasion of BMSCs-
mediated tumor cells were blocked, indicating that the
HCC cell malignant behavior may be caused by the re-
cruitment of BMSCs into the TME through AQP1 par-
ticipation.'® Besides, CXCR4 also exerts a regulating
role to hBMSCs and umbilical cord mesenchymal stem
cells (UCMSCs) on HCC." 3D culture experiments have
confirmed that TGF-f participates in the metastasis and
invasion progress of HCC advanced by UCMSCs that
make no effect on liver cancer cell growth, drug resist-
ance, and stem cell-related gene expression.”’ However,
the reasons behind this apparent discrepancy need to be
further investigated.

Most research is verified by conditioned medium or
co-cultivation experiments, so we should pay more at-
tention to the interaction between MSCs and HCC. As
researchers have discovered, HCC cells recruit MSCs
and induce the phenotype of CA-MSCs by expressing
various cytokines that enhance migration. Liver cancer
cells are empowered with excellent proliferation and
migration by CA-MSCs supernatant, demonstrating that
MSCs may have a direct paracrine effect on tumor cells,
thereby strengthening tumor angiogenesis, invasion and
metastasis.
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4 | MECHANISMS OF MSCs
INHIBITING THE PROGRESSION
OF HCC

4.1 | The anti-tumor mechanism of
UCMSCs

In recent years, the inhibitory effect of UCMSCs in the ini-
tiation and development of HCC has been demonstrated
consecutively. Liu et al. described the inhibition effect of
UCMSCs and UCMSCs-CM on the growth, migration,
metastasis and angiogenesis of HCC cells.) The anti-
tumor characteristic of BMSCs and UCMSCs to HCC, es-
pecially UCMSCs, is also pointed out by Alshareeda et al.*
Mechanism studies disclosed that exosomes derived from
hUCMSCs (hucMSC-Ex) reduce the oxidative stress level
of liver tumors, thereby suppressing the acute liver injury
and fibrosis induced by CCl4 and the growth of liver tu-
mors, and significantly reducing tumor size and inflam-
mation infiltration area.?® Tang et al. found that UCMSCs
may restrain the growth of co-cultured hepatocarcinoma
cells by down-regulating AFP, Bcl-2 and Survivin, and
accelerate cell apoptosis which is related to the apopto-
sis signal pathway. Furthermore, UCMSCs function in a
time-dependent and cell-number-dependent manner.**

4.2 | The anti-tumor
mechanism of ADMSCs

Interestingly, numerous previous literature reported the
promotion function of ADMSCs on liver cancer. However,
Serhal et al. investigation highlighted its tumor suppres-
sor effect on HCC. When HCC cells are co-cultured with
ADMSCs or treated with ADMSCs-CM, the apoptosis rate
of HCC increases and the proliferation is significantly
hindered, which is accompanied by the up-regulation
of P53 and retinoblastoma mRNA, as well as the down-
regulation of c-Myc and hTERT mRNA levels. Notably,
ADMSCs and ADMSCs -CM inhibit the expression of two
important HCC carcinogenic markers- AFP and DCP.
Furthermore, the level of migration and invasion of liver
cancer cells was remarkably reduced, which may be due
to the increased expression of TIMP-1/2/3.

4.3 | Tumor suppressor signaling
pathways of other types of MSCs

In addition, varieties of signaling pathways are involved
in the process of MSCs inhibiting HCC. Previous litera-
ture showed that MSCs could regulate HCC prolifera-
tion negatively through NF-«xB, Notchl, Akt, and TGF-f

. 937
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signaling pathways.”**® Currently, other signaling path-
ways have also been discovered consecutively. Human
amniotic mesenchymal stem cells (hAMSCs) have nota-
ble anti-tumor effects both in vivo and in vitro. hAMSCs
paracrine a variety of cytokines, such as DKK-3, DKK-1
and IGFBP-3, which suppress the proliferation and pro-
mote the apoptosis of liver cancer cells by blocking the
Wnt/p-catenin and IGF-1R/PI3K/AKT signaling path-
ways.” Factors released by MSCs, such as DKK-1, com-
pete with Wnt for binding to LRP5/6, thereby inhibiting
the Wnt signaling pathway.””*® The abundance and dis-
tribution of 5-hmC and 5-mC in the regulatory region are
regulated by Human menstrual blood-derived stem cells
(MenSCs) to silence PI3K/AKT and MAPK carcinogenic
pathways and chemotherapy resistance-related genes in-
cluding ID4 and HMGAL1 and activate tumor suppressors.
The inactivation of the MAPK pathway further destroys
the c-Myc-mediated EMT. Briefly, HCC growth is con-
trolled by MenSCs, especially function in enhancers and
promoters.”® The tumor suppressor effect of some genes
on MSCs has also been confirmed. For example, MSCs
overexpressing the pro-inflammatory regulator sirtl se-
crete chemokines to repress iNOS in an inflammatory en-
vironment, which further attract CD8" T cells to approach
without inhibiting their proliferation. Ultimately, the anti-
tumor effect is driven by its pro-inflammatory ability.*®

5 | THE MSCs-BASED HCC
THERAPIES

Accumulating studies with in vitro experiments and ani-
mal models have shown the ability of MSCs homing to
TME. The migration capacity of MSCs is raised by highly
tumorigenic HCC cells, which makes MSCs an ideal car-
rier for targeted therapy of liver cancer.”” Compared with
anti-tumor monotherapy, the superiorities of synergistic
combination therapy are including promoting the effi-
ciency and specificity of MSCs-mediated anti-cancer, re-
versing drug resistance, improving radiotherapy potential
and safety.

5.1 | The combination therapy of
MSCs and sorafenib

Contrasted to sorafenib alone, sorafenib combined with
MSCs in the treatment of liver cancer gives rise to HCC
cell apoptosis and attenuates tumor cell proliferation.
Mechanism studies have discovered that MSCs reduced
and increased the concentrations of tumor-promoting
factors such as IL-1 and TNF-a, and tumor suppres-
sor IL-10 respectively. Conclusionally, the anti-tumor
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and anti-metastatic features of MSCs are retained by
combined with sorafenib.”* The inhibitory effect of
MSCs-CM on the growth of liver cancer cells has been
reported in several pieces of literature. Seyhoun et al.
further found that sorafenib combined with MSCs-CM
also has a negative result on the growth of liver cancer
cells. Meaningfully, the synergistic effect of sorafenib
and 80% MSCs-CM in HCC cells is of clinical signifi-
cance, allowing the use of lower doses of sorafenib and
being more effective than currently single use.*> More
precise drug-resistant targets have already arisen. For
example, GRP78, overexpressed in sorafenib-resistant
liver cancer cells, is used as a therapeutic target of
siGRP78-modified MSCs exosomes combined with
sorafenib in HCC cells, thereby weakening the growth
and invasion of cancer cells in vivo and in vitro, revers-
ing sorafenib resistance.

5.2 | The combination therapy of
MSCs and adriamycin

sFItl is a promising VEGF inhibitor, which is becom-
ing a new method to destroy angiogenesis. After genetic
engineering, MSCs that secrete sFItl possess a marked
anti-angiogenesis effect in HCC, thereby hindering tumor
growth. The growth of liver cancer and cell apoptosis can
be prevented and induced separately by combined treat-
ment of sFIt1 genetically engineered MSCs and continuous
low-dose adriamycin. Importantly, the effectiveness and
safety of this combination therapy are verified through in
vivo experiments.*** MiR-199a-3p, the third most highly
expressed miRNA in the normal liver, is down-regulated

in almost all HCC cells and associated with poor progno-
sis. And mTOR has been identified as the direct target of
miR-199a-3p. Besides, exosomes derived from MSCs have
tumor suppressor effects.'® Hence, Lou et al. observed the
adriamycin sensitivity of HCC was reinforced by mir-199a
modified adipose tissue-derived mesenchymal stem cell ex-
osomes (ADMSC-Exo-199a) through the mTOR pathway.**

5.3 | The combination therapy of
MSCs and radiotherapy

ADMSCs can enhance the potential of radiotherapy
(RT) for liver cancer. ADMSCs significantly destroy the
ability of liver tumors growth, migration and invasion,
and enhances the tumor regression effect of RT therapy
by inhibiting IFITM1 gene expression, which mecha-
nism is attributed to the down-regulation of STAT3 and
MMPs and the up-regulation of P53 and caspases.*® The
effectiveness of the combination treatment of NIS ge-
netically modified MSCs and 1131 in HCC has also been
confirmed. SMAD-NIS-MSCs have a high recruitment
rate in the tumor stroma. And the SMAD promoter
activity induced by TGFB1 takes with a strong biologi-
cal targeted NIS transgene expression in subcutane-
ous HuH7 tumors. The noticeable therapeutic effects,
including a delay in tumor growth and prolonged sur-
vival, are gained by the systemic application of SMAD-
NIS-MSCs followed by I131 injection. This remarkable
therapeutic effect is believed to be largely related to
TGFB1 which leads to highly selective and focused am-
plification of MSCs-based NIS expression in the tumor
environment.’”*
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FIGURE 3
therapies of mesenchymal stem cells
(MSCs) for hepatocellular carcinoma
(HCC). MSCs or their exosomes can be
genetically modified (yellow) or combined
with other treatments (purple) to inhibit
the proliferation and progression of

HCC cells through a variety of molecular
signaling mechanisms (green)

The combination
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5.4 | Therapy of genetic modified MSCs
Apoptin from the chicken anemia virus is a protein with
an inherent ability to dissolve cancer cells without harm-
ing normal cells. By modifying the adenovirus (Ad) vector,
therapeutic gene expression with low toxicity and high
transferability can be achieved. The proliferation of liver
cancer cells can be significantly restrained by both apoptin-
modified MSCs and CM in a dose-dependent manner.*’ In
addition, investigators described T cells were redirected
to GPC3* tumor cells by GPC3-ENG MSCs, which may
become a GPC3-targeted treatment method. GPC3-ENG
MSCs express CD80 and 41BBL, which activate human
T cells to produce IL2 in an antigen-dependent manner
and facilitate the proliferation of T cells, thereby kill-
ing the GPC3" tumor cells.* NK4 can not only limit the
growth, metastasis and invasion of tumor cells induced
by HGF, but suppress tumor angiogenesis independent
of the HGF/c-Met pathway. MSCs modified by rAd-NK4
apply negative effects on the growth and migration of liver
cancer cells and tumor angiogenesis, which are associated
with the inhibition of Erk1/2 phosphorylation, providing
a new strategy for HCC targeted therapy.** HMGA1 and
BYSL have also been found to be potential targets of ge-
netically modified MSCs for liver cancer treatment.*®

5.5 | Other combination therapies

MSCs-mediated systemic delivery of oncolytic adenovirus
(0Ad) is a promising strategy that can strengthen the ef-
ficacy of anti-liver cancer and improve safety at the same
time. The virus replication in the MSCs vector is active.
0Ad accumulates specifically due to the homing of MSCs

" TGF-p(smad3, snail), |
— N
VitaminD

- Bax.caspase-3, TIPM1
- e E———
( Bel2, survivin, IL1B, |
I [ NFKkB, VEGF, MMP9 |

to tumors, and because of the cargo-protective of MSCs,
the circulation of virus particles in the blood is extended.
Safety is improved by reducing liver sequestration and
liver toxicity, and the elimination of MSCs is advanced
through viral replication.* El-Magd et al. have elucidated
that Melatonin (Mel) maximizes the survival and thera-
peutic potential of MSCs in HCC possibly by inducing
cell apoptosis and eliminating inflammation and oxida-
tive stress.*’ In chemically induced HCC rats, the combi-
nation treatment of MSCs and vitamin D improves liver
function and the recovery of liver parenchyma with bet-
ter pathological images by hindering the TGF-f signaling
pathway.*?

6 | CONCLUSION

MSCs not only can be recruited into the TME to become
the HCC cell source, but launch the inhibition or pro-
motion effects on HCC progression through multiple
molecular signaling pathways (Figure 2). Yet, in spite of
considerable research data highlight the prospect of MSCs
and their secreted exosomes be modified or directly used
to treat HCC (Figure 3), but the two-way effect of MSCs on
tumor vicious process still should not be ignored. When
MSCs are used for treatment, the possibility that they may
induce tumor recurrence exists.'”"'> Moreover, the close
relationship between MSCs and LCSCs and their criti-
cal roles in drug resistance may lead to continued tumor
1‘elapse.103’104 Therefore, we should be more cautious in
MSCs-based therapies for HCC and dedicated to revealing
the mechanism of the MSCs bidirectional effect on HCC.
More data need to be acquired on whether MSCs functions
are in correlation with MSCs sources or HCC subtypes and
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what are the connections and differences between MSCs
and TA-MSCs? Intriguingly, the interaction of MSCs and
LCSCs may exert an enormous function on MSCs accel-
erating the progress of HCC. However, research about it
needs further to be done. In terms of treatment, we still
need to further disclose the molecular mechanism of
MSCs migration to improve recruitment efficiency and the
effectiveness of targeted therapy. The interaction between
MSCs and infiltrating immune cells also provides a new
perspective for future HCC treatment. Foremost, block-
ing the malignant transformation and tumor promotion of
MSCs in HCC targeted therapy is the key to making MSCs
an ideal therapy for HCC. We believe that based on the out-
standing properties of homing and inhibiting HCC, MSCs
or their exosomes may constitute a compelling treatment
or adjuvant therapy for HCC in the future.
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