
Cancer is a highly prevalent, life-threatening disease that 

aff ects people around the world. Th e major limitation of 

cancer therapeutic strategies is the lack of tumor 

specifi city [1]. Pre-clinical and clinical studies have 

shown that stem cell-based therapies hold tremendous 

promise for the treatment of human disease [2]. Mesen-

chymal stem cells (MSCs) have been considered as 

potential therapeutic cells for tissue repair, bone fracture, 

cartilage defects, graft-versus-host disease (GVHD), 

infl am matory disorders and type I diabetes [3-5]. Th e 

potency of MSCs for diff erentiation is the basic premise 

on which regenerative medicine is established. MSCs 

have the ability to diff erentiate into osteocytes and 

chondro cytes. Because of their multipotency, MSCs have 

also been used for treating heart failure and for neural 

repair [6,7]. In addition to their ability to diff erentiate 

into damaged tissues, MSCs secrete cytokines and chemo-

kines that provide the benefi cial eff ects of regenera tive 

medicine [8].

Recently, the extension of the therapeutic potential of 

MSCs to cancer therapy has raised great interest. For 

cancer gene therapy, it is important to achieve the 

expression of the therapeutic gene at specifi c tumor sites. 

Gene vectors are vehicles that deliver and express the 

corrective genes to specifi c sites. To date, gene vectors 

can mainly be divided into two categories: viral and non-

viral. Although there has been intensive research focus 

on developing cancer cell-targeting viral and non-viral 

vectors, the benefi ts are still modest. MSCs have inherent 

tumor-tropic migratory properties, which allow them to 

serve as vehicles for delivering eff ective, targeted therapy 

to primary tumors and metastatic sites [2]. Despite their 

tremendous potential, the eff ects of MSCs as therapeutic 

agents in cancers still need to be explored. Expression of 

exogenous anticancer molecules in MSCs by retroviruses 

or lentiviruses raises concerns regarding the potential 

risks associated with insertional mutation. In addition, it 

remains controversial whether unmodifi ed MSCs pro-

mote tumorigenesis.

Bimodal nature of MSCs in tumorigenesis

Confl icting reports within the literature have indicated 

that MSCs act to either promote or inhibit cancer 

progression. Th e reason for this discrepancy is still 
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unknown. It is important to elucidate the eff ects of MSCs 

on tumor progression before they are considered for use 

in clinical trials for cancer therapy.

Th ere is substantial evidence supporting an inhibitory 

role of MSCs on cancer progression. MSCs are thought 

to inhibit tumor growth by increasing infl ammatory 

infi ltration [9], inhibiting angiogenesis [10], and sup-

press ing Wnt signaling [11,12] and AKT signaling [13], 

which have been reviewed in detail elsewhere [14]. 

Human MSCs have been shown to inhibit the prolifera-

tion of tumor cells and induce apoptosis in tumor cells in 

vitro via soluble factors [15]. Agents derived from 

extracts of umbilical cord MSCs have been reported to 

have tumor-inhibitory properties [16]. Additionally, 

human skin-derived MSCs signifi cantly inhibit glio blas-

toma growth in two diff erent tumor models by releasing 

high amounts of transforming growth factor-β and 

down-regulating vascular endothelial growth factor, 

which might contri bute to decreased tumor cell invasion 

and the number of tumor vessels [17]. Bone marrow-

derived MSCs can be safely expanded in vitro and are not 

susceptible to malignant transformation, suggesting these 

cells are suitable for cancer cell therapy [18].

On the other hand, the role of MSCs in promoting 

cancer progression is also supported by several studies. 

Th ere is evidence suggesting that some cancers may 

originate from normal stem cells [19]. Although genomic 

stability of MSCs in long-term cell cultures has been des-

cribed, concerns regarding the possibility that MSCs 

undergo malignant transformation have still been raised. 

Spontaneous malignant transformation of MSCs in vitro 

was reported in adipose tissue and bone marrow-derived 

MSCs [20-22]; however, one of these that reported malig-

nantly transformed MSCs was later confi rmed to be 

cross-contaminated with human fi brosarcoma or osteo-

sarcoma cell lines during the primary culture [9]. Murine 

MSCs have been shown to be less stable and more prone 

to malignant transformation than their human counter-

parts [23]. MSCs have been described to localize to 

tumor sites, where they integrate into the tumor-

associated stroma [24,25]. MSCs interact with tumor 

cells to promote tumor growth directly or indirectly in an 

autocrine or paracrine manner. Cancer cell-derived 

cytokines induce secretion of soluble factors by MSCs. 

Th e resulting factors operate in an autocrine manner to 

induce expression of a group of cytokines by the MSCs, 

then proceed to act in a paracrine fashion on the cancer 

cells [26]. Th ese cancer-promoting eff ects are mostly 

dependent on infl ammatory cytokines secreted by MSCs 

[24]. MSCs could be involved in cell survival, invasion, 

and motility through cytokine signaling [24,27,28]. MSCs 

are effi  cient in the chemoattraction of endothelial cells 

and promote angiogenesis [29] and are also able to 

diff erentiate into endothelial cells and vessel pericytes, 

thus contributing to neovasculogenesis [30-32]. Th e 

immunosuppressive properties of MSCs can also partly 

explain their cancer-promoting functions. A discrepancy 

also exists between in vitro and in vivo behavior, suggest-

ing the involvement of the tumor microenvironment [33].

Some research has attributed the discrepancy of the 

eff ects of MSCs on tumorigenesis to the timing of MSC 

introduction into tumors [14]. In vivo studies were 

performed injecting mixed MSCs and cancer cells or 

MSCs alone into animal models with established tumors. 

Th e presence of MSCs during early tumor growth may 

facilitate angiogenesis [14]. Th e injection timing actually 

refl ects the ratio of MSCs and cancer cells. In many co-

injection studies, MSCs are usually injected at an equal 

number with their cancer counterparts, whereas when 

injected into the established tumor animal model, much 

fewer MSCs reach the tumor site compared to the cancer 

cells. When MSCs are the primary component of the 

tumor microenvironment, they have a tendency to 

promote metastasis [24,27,34]. Th e minimized direct 

contact of MSCs during tumor initiation may have a 

tendency to inhibit tumor cell growth [14]. Th is fi nding 

strongly indicates that the interaction between MSCs and 

tumor cells is important to fully understand the impact of 

MSCs on tumor progression. MSCs along with other 

bone marrow-derived cells migrate to the sites of the 

primary tumor and prime distant tissues for tumor cell 

implanta tion and proliferation [24,35,36]. MSCs that are 

recruited to the tumor stroma create a cancer stem cell 

niche via cytokine networks [26,37]. Th ey interact with 

cancer cells and tumor-resident neighbors such as 

fi broblasts and macrophages. Th ey also provide the 

homing sites for meta static cells, leading to the 

establishment of meta static foci. Th e primary tumor-

derived vascular endothe lial growth factor, placental 

growth factor (PlGF) or recently recognized exosomes 

induce reprogrammed bone marrow progenitors toward 

a pro-vasculogenic phenotype and support tumor growth 

and metastasis [36,38,39]. Th e multipotent diff erentiation 

of MSCs may be the decisive factor aff ecting cancer 

behavior. In addition to having the potential to diff er-

entiate into osteocytes, chondrocytes and adipocytes, 

MSCs have been described to have the potential to 

diff erentiate into neurocytes, heart cells and tumor-

associated fi broblasts (TAFs). TAFs are part of the tumor 

stroma and provide functional and structural support for 

tumor progression and develop ment. In addition to 

promoting angiogenesis and the proliferative capacity of 

tumor cells, TAFs have been implicated in enhancing 

tumor cell invasiveness, possibly through the induction 

of epithelial-mesenchymal transition [40]. Th ere are 

several suggested origins for TAFs, including tissue-

resident cells, circulating cells and epithelial-mesen-

chymal-transformed cells [25]. It is postulated that TAFs 
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are derived from a subset of ‘specialized’ MSCs due to the 

high degree of similitude between the two cell types 

[25,41]. It was reported that under long-term tumorigenic 

conditions in vitro, MSCs expressed TAF-like proteins 

[25]. MSCs are supposed to lack hematopoietic cell 

markers such as CD34 and CD45; however, under 

tumorigenic conditions, CD11b, CD34 and CD45 were 

also expressed in MSCs [42,43]. When co-implanted with 

metastatic cancer cells, all bone marrow-derived MSCs 

persisted and integrated into tumor stroma, but only 

CD11b-positive subsets of MSCs signifi cantly promoted 

tumor growth and metastasis [42]. Under tumorigenic 

conditions, MSCs underwent hematopoietic diff erentia-

tion and showed characteristics of macrophage cells [43]. 

Considering the close relation ship between macrophages 

and tumor cells, the roles of MSCs in tumor progression 

become more elusive. Th e hematopoietic diff erentiation 

potential of MSCs makes cancer and the tumor micro-

environment more complex.

Phenotypically and functionally heterogeneous MSCs

MSCs are highly heterogeneous and diff er in their surface 

marker composition, shape and capacity for proliferation 

and diff erentiation [44]. It is possible that only a subset of 

MSCs within a population possesses multipotent diff er-

en tiation potential and promotes tumorigenesis, while 

another subset inhibits tumorigenesis. Th e expansion of a 

primitive subset of these cells was not established until 

the development of fl uorescence-activated cell sorting 

(FACS) and magnetic-activated cell sorting (MACS). 

Diff erent cell markers may be used to determine cell 

diff erentiation potency (Figure  1). Th e expression of 

CD71, CD73 and CD105 does not seem to be important 

for chondrogenic diff erentiation in adipose tissue-derived 

MSCs [45]; how ever, MSCs derived from synovial 

membranes, especially the CD105(+) subpopulation, 

have a superior chondro genic capacity [46]. CD73 was 

found to be expressed exclusively during osteogenesis but 

not adipogenesis in murine MSCs [47]. CD133 is 

considered to be a marker of neural hematopoietic stem 

cells; however, CD133-positive MSCs can also be isolated 

from mobilized peripheral blood, umbilical cord blood 

and bone marrow. Th is cell fraction is considered to have 

high proliferative potential [48]. CD133-positive cells 

from human bone marrow were demonstrated to have a 

wide range of diff er en tiation potential, encompassing not 

only mesodermal but also ectodermal (neurogenic) cell 

lineages [49]. Less than 30% of MSCs contributed to 

cardio myocyte diff erentiation. MSCs that diff erentiate 

into cardiomyocytes expressed the early cardiac markers 

GATA4 and NKX2.5 but not cTnT, alpha-actin, CD44 

and CD90 and had no potential for adiopogenesis, osteo-

genesis or chondrogenesis after induction [50]. Increased 

tumor-homing properties were found in a specifi c MSC 

subpopulation that exhibited an enhanced multipotent 

capacity and increased cell surface expression of specifi c 

integrins (integrins alpha2, alpha3 and alpha5) [51].

Th e isolation methods and sources of MSCs vary in 

diff erent labs. Bone marrow is the main source of MSCs. 

In addition, MSCs can be isolated from adipose tissue, 

human umbilical cord Wharton’s jelly, and synovial 

membranes. Although putative surface markers can be 

found on MSCs, the specifi city of these markers is always 

under a shadow of doubt. Th ese surface markers can also 

be found on non-stem cells. In addition, a particular 

marker may only be expressed on stem cells at a certain 

stage or under certain conditions [52]. Th is discrepancy 

of surface marker expression as well as other hetero-

geneous properties of MSCs may be attributable to the 

isolation method and source of MSCs. MSCs isolated 

from human umbilical cord Wharton’s jelly by the 

collagenase/trypsin method are enriched in expression of 

C-kit and Oct-4 [53]. MSCs from bone marrow and 

Hoff ’s fat pad show a high potential to diff erentiate into 

chondrocytes whereas MSCs from subcutaneous fat 

demon strate a poor potential for chondrogenesis [54]. 

Rabbit and sheep MSCs were able to diff erentiate into 

chondrocytic lineages much more easily than human 

MSCs [45]. Traditional culture medium for MSCs 

includes Dulbecco’s modifi ed Eagle’s medium (DMEM) 

or minimum essential medium alpha (MEM-α) supple-

mented with fetal bovine serum (FBS). Growth factors 

such as basic fi broblast growth factor (bFGF) are some-

times added to keep the MSCs undiff erentiated. Because 

of the complexity of FBS, the undefi ned components in 

FBS may cause inconsistent results [55]. Some alternative 

serum free media with recombinant growth factors such 

as platelet-derived growth factor (PDGF), bFGF and 

transforming growth factor-β were confi rmed to retain 

the phenotype, diff erentiation and colony-forming unit 

potential of MSCs [55]. Th e presence of glucose in the 

medium aff ects the diff erentiation status and senescence 

of MSCs [56]. Although MSCs have been isolated on the 

basis of plastic adherence in most studies, some 

researchers isolated a low-adherent subfraction of MSCs 

with the CD45(-)CD14(+)CD34(+) phenotype that also 

express common MSC markers. Th ey confi rmed that this 

subpopulation of MSCs is capable of diff erentiating into 

endothelial cells that highly express angiogenic markers 

and exhibit functional properties of the endothelium 

[57]. Endometrial MSCs express genes involved in angio-

genesis/vasculogenesis and steroid hormone/hypoxia 

responses [58].

Bimodal eff ect of unmodifi ed MSCs on 

immunoregulation

Th e bimodal nature of unmodifi ed MSCs is not exclusive 

to tumorigenesis, for MSCs have bimodal function with 
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regard to immunoregulation [59]. MSCs are considered 

to be ‘immunologically privileged’, as they express a 

relatively small complement of the molecules that are 

required for fully activating T cells [60]. Th ese cells have 

a reduced expression of both class I and II major histo-

compatibility complex (MHC) as well as a lack of surface 

expression of the co-stimulatory molecules CD80, CD86 

and CD40 [60]. Th ese properties allow the use of mis-

matched MSCs in vivo without provoking a proliferative 

T-cell response [61].

GVHD is a major complication of hematopoietic stem 

cell transplantation. Co-transplantation of MSCs and 

hematopoietic stem cells results in fast engraftment and 

100% donor chimerism [4]. Both preclinical and clinical 

studies have shown that allogeneic transplantation of 

adipose-derived stem cells is able to control GVHD [62]. 

Our previous work showed that tumor-bearing mice 

withstood persistent engraftment of xenogeneic bone 

marrow-derived MSCs for an extended period of time 

[63]. Immunosuppression occurs most eff ectively under 

conditions in which MSCs make physical contact with an 

allogeneic tissue and release soluble factors [59]. 

Adipose-derived stem cells have been shown to lack 

MHC II expression and its immunosuppressive eff ects 

mediated by prostaglandin E2. Th e suppressive eff ects of 

MSCs on immune cells, including T cells, B cells, natural 

killer (NK) cells and dendritic cells suggest MSCs may be 

used as a novel therapeutic tool for GVHD and other 

autoimmune disorders [64]. However, MSCs apparently 

play multiple roles in immunoregulation in a circum-

stantial manner. For example, they can act as immune 

suppressors or stimulators and their expression of MHC-

II can either increase or decrease following IFN-gamma 

stimulation [65]. Additionally, the immunosuppressive 

property of bone marrow-derived MSCs is altered when 

they are diff erentiated [66]. Diff erentiated MSCs in the 

tumor microenvironment may show diff erent allogeneic 

or xenogeneic responses [43]. MSCs from diff erent 

patients show functional heterogeneity in immuno regu-

lation. Th e immunosuppressive eff ect of chronic myelo-

genous leukemia-derived MSCs on T-cell proliferation is 

dose dependent [67]. Chronic myelogenous leukemia 

patient-derived Flk1(+)CD31(-)CD34(-) MSCs have a 

normal morphology, phenotype and karyotype but 

Figure 1. Heterogeneous mesenchymal stem cells hold multipotent potential. Less than 30% of MSCs contributed to cardiomyocyte 

diff erentiation. The MSCs that diff erentiate into cardiomyocytes express the early cardiac markers GATA4 and NKX2.5. The low-adherent subfraction 

of MSCs with a CD45(-)CD14(+)CD34(+) phenotype is capable of diff erentiating into endothelial cells enriched in angiogenic marker expression 

and exhibiting functional properties of endothelium. MSCs from synovial membranes, especially the CD105(+) subpopulation, have a superior 

chondrogenic capacity. CD73 was found to be expressed exclusively in osteogenesis but not in adipogenesis in murine MSCs. Increased tumor 

homing properties were found in a specifi c MSC subpopulation that exhibited enhanced multipotent capacity and increased cell surface 

expression of specifi c integrins (integrins alpha2, alpha3, and alpha5). The CD133-positive MSC fraction contains more MSCs with high proliferative 

potential.
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appear to have an impaired capacity for T lymphocyte 

inhibition [68]. In comparison to normal MSCs, MSCs 

from multiple myeloma patients exhibit a normal 

capacity for diff erentiation and long-term hematopoietic 

support but show reduced effi  ciency in inhibiting T-cell 

proliferation and produce abnormally high amounts of 

IL-6 [69]. MSCs from immune thrombocytopenic purpura 

patients have been shown to have an impaired prolifera-

tive capacity and a lower capability of inhibiting activated 

T-cell proliferation in comparison to cells isolated from 

healthy donors. Additionally, caspase 9 expression is 

higher in MSCs from these patients [70].

Th e tumor microenvironment may infl uence the 

immuno suppressive properties of MSCs. Th e infl amma-

tory factor TNF-α is suffi  cient to reverse the immuno-

suppressive eff ect of MSCs on T-cell proliferation, and 

this eff ect was due to an increase in IL-6 secretion [71]. 

When co-cultured with MSCs at normoxic conditions, 

the percent of activated HLA-DR(+) T  cells is much 

higher than that observed under hypoxic culture condi-

tions (at 5% O
2
) [72]. Stro-1-enriched populations elicit a 

signifi cantly more profound dose-dependent inhibition 

of lymphocyte proliferation in a mixed lymphocyte reac-

tion than other populations of MSCs [73]. MSCs were 

also reported to be antigen presenting cells [65,74].

The immunological eff ect of mesenchymal stem 

cells may be a critical element in tumorigenesis

MSCs are a particularly attractive option for cell therapy 

and tissue engineering applications because they can be 

used in autologous or allogeneic transplantation, thus 

avoiding any complications associated with immune 

rejection. As mentioned above, several studies have 

demon strated the suppression of GVHD by MSCs in 

transplanted recipients [4]. Th e infusion of donor MSCs 

to engraftments in the recipient’s body may suppress the 

immune system. Unfortunately, this is the exact property 

that may promote cancer progression. For cancer 

therapies, it may be benefi cial to elicit the graft-versus-

tumor (GVT) eff ect. Doctors have found that patients 

with cancer achieved spontaneous remission following a 

severe infection. Patients who develop acute or chronic 

GVHD have lower cancer recurrence rates than patients 

who did not develop GVHD [75,76].

Although it is rarely reported that MSC transplantation 

poses a risk of eliciting GVHD, we have found signs that 

MSCs may elicit GVHD and as well as the GVT eff ect. In 

our previous research, Rif-1 fi brosarcoma-bearing syn-

genic C3H/HeN mice were xenotransplanted with rat-

derived MSCs. Surprisingly, tumors shrank after the 

xeno graft transplantation. Th e same transplanted mice 

showed acute liver necrosis (Figure  2). C3H/HeN and 

C3H/HeJ mice strains are always used in a wide variety of 

research areas, including cancer and immunology. C3H/

HeJ is known to diff er from C3H/HeN as a result of a 

mutation at the lps (lipopolysaccharide) locus. Murine 

mammary tumor virus or leukemia virus caused B-cell 

activation and increased nuclear factor κB activation by 

toll-like receptor 4 in C3H/HeN mice but not in C3H/Hej 

mice [77]. C3H/HeN is considered to be fully immuno-

competent. Th erefore, in the experiment described 

above, we presumed that MSCs may elicit GVHD and the 

GVT eff ect. Even in athymic nude mice, the xenogenic 

transplantation of MSCs resulted in well-diff erentiated 

tumor nodules, while acute liver necrosis occurred in the 

same mice (Figure 2). Acute liver necrosis and skin rash 

have been identifi ed as indicative of severe GVHD. Th is 

fi nding indicated that the xenotransplantation of MSCs 

resulted in the GVT eff ect and GVHD. Th e following 

may describe why GVHD and the GVT eff ect occurred: 

(1)  distinct MSC subsets express MHC I antigens and 

T  cells cultured with MSCs produce IFN-gamma, 

indicat ing alloantigen priming rather than tolerance 

induction by the MSCs [78]; (2)  distinct MSC subsets 

may diff erentiate into immune eff ector cells as described 

above; (3)  the MHC II antigen on MSCs may increase 

under tumorigenic conditions, presenting antigen to 

recipient T  cells. Th e interaction of MSCs and tumor 

cells increases the complexity of their immunological 

properties. Th e generation of soluble factors associated 

with the immune regulatory properties of MSCs changes 

when they are co-cultured with cancer cells.

Immunocompromised mice have mostly been used to 

evaluate the eff ect of MSCs on tumors, although it is 

diffi  cult to evaluate the immune response in immuno-

compromised nude mice. Xenotransplantation diff ers in 

a number of important respects from the growth of 

cancer cells [19]. Mouse growth factors and adhesion 

molecules sometimes do not bind human receptors [19]. 

Although cells were transplanted into the immuno-

compromised mice, even NOD/SCID mice retain an 

attenuated xenogeneic barrier, not to mention the fact 

that athymic nu/nu (nude) mice retain high NK cell 

activation. Th e xenotransplantation of cancer cells and 

MSCs may be subject to powerful xenogeneic immune 

responses in animal models. Tumor-bearing mice are 

believed to be immunosuppressed to allow the growth of 

xenogeneic tumors. However, when mice bear a sizable 

tumor burden, soluble antigenic proteins can elicit a 

CD4+ T  cell reaction, the development of CD8+ 

cytotoxic T lymphocytes and rejection of allogeneic and 

syngeneic tumors [79]. Th e immune system of recipients 

may cause damage to cancer cells as well as certain 

organs such as liver, gastrointestinal tract or skin. CD8+ 

cytotoxic T lymphocytes and NK cells are eff ector cells 

displaying cytotoxic activities that can eliminate cancer 

or infected cells. Nude mice have been considered to 

exhibit a profound defi ciency in T-cell function. However, 
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the xenogeneic mixed lymphocyte reaction peaks early 

when human blood lymphocytes and the spleen cells 

from nude mice are mixed, indicating the existence of T-

like cells in nude mice and thymus-independent 

prolifera tion of nude mice B cells in response to human 

histocompatibility antigens [80]. Gamma-delta T lympho-

cytes play an important role in the control of cancer, and 

they have been shown to be implicated in GVHD. 

Multipotent MSCs eff ectively suppress the ex vivo expan-

sion of gamma-delta T cells, although without inter fering 

with their cytotoxic activity [81]. CX3CL1 redirects 

immune response against tumors in T- and B-cell-

defi cient Rag1-/- mice but not in NK cell-defi cient beige 

mice and in CX3CR1-/- mice, suggesting a role of 

CX3CR1-expressing NK cells in the tumor rejection [82]. 

Galectin-9 also exerts antitumor activity through T-cell-

mediated immune responses in nude mice [83]. It has 

been reported that MSCs can promote the formation of 

NK cells and enhance their activity against tumor cells at 

lower doses, while MSCs suppress the formation of NK 

cells and attenuate their tumor-killing eff ect at higher 

doses [84]. Activation of NK cells induced liver injury, 

accompanied by massive hepatic necrosis and the eleva-

tion of transaminases [85]. Th e systemic infl ammatory 

response induced by this cytokine treatment is critically 

dependent on NK cells [86]. NKG2D ligand induction 

might participate in the amplifi cation loop that leads to 

tissue damage during GVHD. Th us, we presumed that 

Figure 2. Xenotransplantation of mesenchymal stem cells in tumor-bearing mice resulted in graft-versus-host disease and the graft-

versus-tumor eff ect. Tumors shrank after the xenograft transplantation of mesenchymal stem cells (MSCs) into immune-defi cient nude mice and 

immunocompetent C3H/HeN mice. These same mice showed acute liver necrosis. I: (A) Nude mice were subcutaneously injected with the cancer 

cell line HNE1 or co-injected with HNE1 and MSCs. (B) Representative images of hematoxylin and Eosin staining of tumor sections. When MSCs 

were co-injected with HNE1 cells, a well-diff erentiated tumor was formed that showed well-diff erentiated nests and cords of squamous epithelium 

with keratin pearls. (C) Representative views of liver biopsies. The MSC xenotransplantation resulted in liver necrosis. (D) Representative images of 

hematoxylin and eosin staining of liver section from the MSC xenotransplantation group and the control group. II: (A) the IVIS imaging system was 

used to monitor metastatic sites in the syngeneic C3H/HeN tumor model. MSC xenotransplantation into the syngeneic tumor model resulted in 

tumor shrinkage. (B) Representative views of liver biopsies. MSC xenotransplantation led to liver necrosis. (C) Representative images of hematoxylin 

and eosin staining of liver section from the MSC xenotransplantation group and the control group. PBS, phosphate-buff ered saline.
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xenotransplantation may activate NK cells and the 

remaining T-cell function in the nude mouse tumor 

model mentioned above (Figure 3).

Th e immunopathology of acute GVHD involves 

secretion of pro-infl ammatory cytokines and subsequent 

expression of danger signals by the injured host tissue 

[87]. Just like allogeneic hematopoietic stem cell trans-

plantation, the development of MSCs as cancer gene 

therapy may be aimed at avoiding lethal GVHD and 

improving the GVT eff ect of MSCs. Once the donor’s 

infection-fi ghting cells are established in the patient’s 

body they may recognize the patient’s tissue and cells, 

including any residual cancer cells, as being diff erent or 

foreign. In light of their heterogeneity, it is possible that 

only a subset of MSCs elicits GVHD, while another 

subset elicits the GVT eff ect and thus inhibits tumori-

genesis. Selective allodepletion has been used to disso-

ciate GVHD from the GVT eff ect [88] and is a strategy to 

eliminate host-reactive donor T cells from hematopoietic 

stem cell allografts to prevent GVHD [88]. Th e host 

dendritic cells, unselected peripheral blood mononuclear 

cells, can be used as a stimulator population. When co-

cultured with a stimulator population, host allospecifi city 

may be activated, causing the expression of diff erent 

surface-specifi c markers and the population with specifi c 

markers can be depleted using negative selection by 

Figure 3. The confl icting roles of mesenchymal stem cells in tumor progression may be explained by their functional heterogeneity on 

immunoregulation. The diff erentiation potential of mesenchymal stem cells (MSCs) is aff ected by cytokines in the tumor environment. MSCs 

demonstrate a capacity for hematopoietic lineage diff erentiation in the tumor microenvironment. They may have the ability to diff erentiate into 

macrophages or cytokine-induced killer (CIK) cells. The roles of macrophages on tumor progression are also heterogeneous. MSCs represent a 

heterogeneous subset of cells, indicated by a distinct color. Some subsets of MSCs suppress graft-versus-host disease (GVHD) and the graft-versus-

tumor (GVT) eff ect, while other subsets of MSCs elicit these. An important determinant that switches whether MSCs promote or inhibit tumor 

progression may be related to the immunoregulation of diff erent subsets of MSCs. It will be important to balance the impact of MSCs on GVHD and 

the GVT eff ect. Selective allodepletion may be used to dissociate GVHD and the GVT eff ect before the advancement of MSCs as a vehicle for cancer 

therapy.
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FACS. With regard to the heterogeneity of MSCs, it is 

possible that MSCs that are reactive against the host or 

the tumor will be present in the heterogeneous MSC 

population, which may result in the dissociation of 

GVHD from the GVT eff ect. Th e host-reactive MSCs can 

be eliminated by selective allodepletion. To elicit the 

GVT eff ect, the subset of MSCs with reactivity against 

the tumor can be positively selected by FACS following 

the co-culture of MSCs and tumor antigen (Figure 4).

Conclusion

MSCs have great potential for cancer therapy. Th ey can 

be used as gene carriers for targeted cancer gene 

therapy, and unmodifi ed MSCs demonstrate a marked 

capacity for inhibiting tumor progression in some cases. 

MSCs are a heterogeneous subset of stromal cells, and 

diff erences in their surface marker composition, diff er-

entiation ability and infl uence on immunoregulation 

establish this heterogeneity. Th ey exhibit diff erent 

characteristics in the tumor microenvironment. Th e 

phenotypic hetero geneity among MSCs may refl ect 

their functional hetero geneity. Th us, the discrepancies 

among research results may be explained by the 

heterogeneity of MSCs. An important determinant that 

switches the tumor promot ing and inhibiting roles of 

MSCs may be related to the immunoregulation of 

diff erent subsets of MSCs. It will be important to 

balance GVHD and the GVT eff ect of MSCs when 

considering MSC-mediated cancer therapy. Selective 

allodepletion may be used to dissociate GVHD and the 

GVT eff ect before the advancement of MSC-mediated 

cancer gene therapy.

Figure 4. Selective allodepletion may be used to dissociate graft-versus-host disease from the graft-versus-tumor eff ect in mesenchymal 

stem cell-mediated cancer therapy. When mesenchymal stem cells (MSCs) are co-cultured with a host stimulator population, host allospecifi city 

may be activated, causing the expression of diff erent surface-specifi c markers and the population with specifi c markers can be depleted using 

negative selection by fl uorescence-activated cell sorting (FACS). To elicit the graft-versus-tumor (GVT) eff ect, the subset of MSCs that are reactive 

against the tumor can be positively selected by FACS, following the co-culture of MSCs and tumor antigen. The sorted MSC population subsets can 

be used for cancer therapy.
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