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Abstract
Ovarian cancer is the deadliest gynecological malignancy due to its symptomless early

stage, metastasis, and high recurrence rate. The tumor microenvironment contributes to

the ovarian cancer progression, metastasis, and chemoresistance. Adipose-derived stem

cell in the tumor microenvironment of ovarian cancer, as a key player, interacts with ovarian

cancer cells to form the cancer-associated fibroblasts and cancer-associated adipocytes,

and secretes soluble factors to activate tumor cell signaling, which can promote ovarian

cancermetastasis and chemoresistance.We summarize in this review the recent progress in

the studies of interactions between adipose-derived stem cell and ovarian cancer, thus, to

provide some insight for ovarian cancer therapy through targeting adipose-derived stem

cell.
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Introduction

Ovarian cancer (OC) is the most lethal disease among all
gynecological malignancies. The incidence of OC in the
United States and Europe is 11.7–12.1 per 100,000 individ-
uals, and a little lower in Middle East and Asia.1 More than
90% of malignant ovarian tumors originate from the epi-
thelium of ovary and/or fallopian tubes. There are six
major entities of OC classified by the World Health
Organization (WHO), such as endometroid, mucinous,
serous, clear cell, squamous, and transitional cell cancer.2

OC has bad prognosis with a less than 40% five-year sur-
vival rate due to its early dissemination in the abdomen,
late detection, and high recurrence rate. With modest
symptoms in the early stage, most patients are diagnosed
when the tumor already has extensive spreading in the
peritoneal cavity, which is considered an advanced stage.

OC is typically highly sensitive to chemotherapy. However,
most patients suffer from a recurrence of the disease after a
combination of debulking surgery and first-line chemother-
apy. Early metastasis and high relapse rate contribute to the
disastrous prognosis and significant mortality of OC.

In the progression of malignant tumor, cancer cells inter-
act with adjacent cell populations and extracellular matrix
in the tumor microenvironment (TME). Increasing studies
has demonstrated the contribution of TME in regulating the
malignant phenotypes of OC.3 As an important component
of TME of OC, adipose-derived stem cells (ADSCs) exert a
key function in OC metastasis and chemoresistance.
Herein, we review recent development of the studies
about ADSCs in OC TME, discuss the interaction between
ADSCs and OC cells, and the possible molecular
mechanisms.

Impact statement
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present review pulls together and dis-
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Tumor microenvironment and cancer
progression

The TME is a complex network consisting of extracellular
matrix (ECM), mesenchymal stem cells (MSCs), fibroblast,
adipocytes, and immune cells. Current studies demonstrat-
ed the importance of TME as a player in the progression of
cancer. Interaction with TME causes genetic and functional
changes of cancer cells and regulates cancer cell prolifera-
tion, metastasis, and chemoresistance, making TME a
potential therapeutic target.4–6

As an important component of TME, MSCs play a crit-
ical role in regulating tumor progression.7,8 MSCs are adult
multipotent cells that have the capabilities of self-renewal
and differentiation intomultiple cell lineages including adi-
pocytes, chondrocytes, osteoblasts, and fibroblasts. Based
on the organ or tissue origin of MSCs these cells are named,
for example, adipose-derived mesenchymal stem cells
(ADSCs) and bone marrow-derived mesenchymal stem
cells (BMSCs). The multilineage differentiation property
of MSC suggests that MSCmay be the precursor of multiple
cell components in the TME. Based on recent evidence, the
influences of MSCs on cancer cells are controversial. It has
been demonstrated that MSCs in the TME induce the
aggressive malignant phenotypes of different malignant
tumors, such as breast cancer and colon cancer.9,10

However, MSCs also showed inhibitory effects on lung
cancer and liver cancer.11,12 Different sources of MSCs,
types of cancer, and methods of study can be ascribed to
this dichotomous function of MSCs.

The mechanisms involved in the protumor roles of MSCs
include MSCs differentiating into tumor supporting cancer-
associated fibroblasts (CAFs), promotion of epithelial-
mesenchymal transition (EMT) and metastasis, activation
of angiogenesis and cancer cell survival, and stimulation of
cancer stem cells (CSCs). CAFs constitute a big portion of the
local stroma of tumor and contribute substantially to cancer
progression.13 MSCs have been shown to differentiate into
CAFs through transforming growth factor b (TGFb) signaling
in prostate carcinoma and breast cancer.14,15MSCs also secrete
soluble factors capable of promoting angiogenesis, cancer cell
proliferation, and survival.16 MSCs promote angiogenesis
through induction of the extracellular signal-regulated
kinase1/2 (ERK1/2) pathway, which enhances the expression
of vascular endothelial growth factor (VEFG) and C-X-C che-
mokine receptor4 (CXCR4) in cancer cells.16 Another study
showed that MSCs promote the viability and proliferation of
glioblastoma cells significantly.17 EMT is a process during
which epithelial cells gain mesenchymal properties through
multiple changes. The mesenchymal properties include
mobility and migration from the primary site, which is a
key step for cancer cell metastasis. MSCs can activate EMT
through promoting the secretion of matrix metalloproteinase
(MMPs) in breast cancer cells.18 It has also been demonstrated
that MSCs enrich CSC population in various cancer types,
such as breast cancer and gastric cancer.19,20

Althoughmost studies demonstrate the protumor role of
MSCs in TME, other studies showed evidence of the anti-
tumor effects of MSCs. In a rat model of colon cancer, MSCs
inhibited tumor growth by regulating immune response

which results in increased monocytes and
granulocytes infiltration in the TME.21 MSCs showed an
anti-tumor effect on mouse insulinoma, hepatoma, and
lymphoma cells through the induction of apoptosis of
tumor cells.22

Interaction between ADSCs and OC

The TME has been gaining gradual recognition as a player
in OC metastasis and chemoresistance and can contain
potential biomarkers and targets for diagnosis and therapy,
respectively. Unlike other solid malignant tumors that usu-
ally metastasize through the vasculature, OC predominant-
ly metastasizes via dissemination directly from the primary
tumor to organs in the abdomen and beyond the pelvic
cavity.23 The TME of OC establishes a communication net-
work that enhances cancer cell invasion and metastasis via
interactive signaling, which contributes significantly to OC
progression. ADSCs in the TME, by secreting soluble fac-
tors, enhance the EMT and angiogenesis signaling, there-
fore promoting the progression of OC. Meanwhile, OC cells
induce proliferation, migration, and differentiation of
ADSCs into CAFs and other cells, which in turn create a
favorable microenvironment for tumor progression.

Role of ADSCs in OC progression, metastasis, and
chemoresistance

ADSCs are MSCs that reside in the adipose tissue and they
share most features of MSCs. ADSC is the progenitor of
adipocyte and has the potential to differentiate into osteo-
blast, chondrocyte, myocyte, etc. The protumor effects of
ADSCs have been demonstrated in in vivo studies.
Muehlberg et al. showed that intravenous injected ADSCs
promote breast cancer cell growth and metastasis in a
mouse model.24 These effects of ADSCs on malignant
tumor cells have been observed in murine models of pan-
creatic cancer, prostate tumor, endometrial tumor, and lung
cancer.25–29 Soluble factors or chemokines secreted by
ADSCs, such as platelet-derived growth factor (PDGF)
and VEGF promote endothelial cell proliferation and angio-
genesis, thus helping tumor growth.30,31

ADSCs from human omentum enhance OC growth and
metastasis. Nowicka et al. isolated omentum ADSCs from
OC patients and co-culture these ADSCs with OC cells;
they found that omentum ADSCs increase OC cell prolif-
eration, migration, and chemoresistance.32 In another study
with interactions between omentum ADSCs and OC cells,
co-culture of ADSCs and OC cells revealed that ADSCs
promote significant proliferation and invasion of OC cells
through stimulation of MMPs secretion from OC cells.33 As
reported, the surface marker of ADSCs, CD44, interacts
with some MMPs, which influence the ECM remodeling
and is associated with cancer cell infiltration.34 Selective
blocking of MMP2 and MMP9 by SB-3CT partially attenu-
ated the proliferation and invasion effects of ADSCs on OC
cells. This phenomenon has also been observed in a mouse
xenograft model of OC.33 Another study performed a pro-
teomics analysis in OC cells to evaluate their protein
expression when treated with ADSCs conditioned
medium. In this study, the authors identified thymosin
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beta 4 X-linked (TMSB4X) as one of the factors contributing
to the protumor effects of ADSCs. TMSB4X plays a part in
regulating actin polymerization and is also involved in cell
differentiation, migration, and proliferation. TMSB4X
levels in OC cells increased significantly when cultured in
ADSC-conditioned medium. Inhibition of TMSB4X attenu-
ated the protumor effects of ADSCs both in vivo and
in vitro.35 The same group reported that human omentum
ADSCs promote autophagy through activating the STAT3
signaling pathway. Knockdown of STAT3 with siRNA
decreased hypoxia-induced autophagy and reduced the
proliferation and metastasis of OC.36

ADSCs in TME can promote cancer progression by differ-
entiating into CAFs or cancer-associate adipocytes
(CAAs).37,38 CAFs have been proved to contribute to OC pro-
gression inmultiple ways. CAFs regulate collagen deposition
and other ECM component to facilitate cancer cell prolifera-
tion, invasion, and migration.6,39 CAFs also secrete soluble
factors, such as VEGF, TGF-b, IL-6, urokinase-type plasmin-
ogen activator (uPA), COX-2, and CXCL-1 to support growth
andmetastasis ofOC cells.40,41 CAAs interferewith both lipid
storage and signaling regulation. CAAs produce a variety of
growth factors and cytokines that aid in ECM remodeling,
invasion, resistance to treatment, and EMT.8 Nieman et al.
reported that co-cultures of OC cells and CAAs promoted
OC cell migration and invasion by increasing the production
of IL-8/fatty acid binding protein-4; CAAs provide energy
for rapid growth and metastasis of OC cells.42

ADSCs promoteOCprogression by increasing the number
of CSC. Studies by Coffman et al. showed that ADSCs, com-
pared to other MSCs, expressed high levels of bone morpho-
genetic proteins (BMPs) and promoted OC growth by rising
numbers of CSCs. They found a positive feedback loop when
OC cell-secreted Hedgehog (HH) induced the expression of
BMP4 in ADSCs, next when ADSCs secreted BMP4 they
observed an increase in the expression of OC cell HH.
Interruption of this loop prevented enrichment of CSCs and
reversed resistance to chemotherapy.43

ADSCs promote resistance of OC cells to chemotherapy.
The first-line chemotherapy for OC patient consists of the
combination of a platinum and a taxane, such as carbopla-
tin and paclitaxel, to kill cancer cells via inhibiting DNA
synthesis and cell dividing. Omental ADSCs-derived con-
ditioned medium from control adult females inhibited cis-
platin apoptotic effects via decreasing cleaved caspase-3
and platinum accumulation in epithelial OC cells.44

ADSCs conditioned medium from metastatic omentum in
OC patient induced levels of cytokines and growth factors
such as IL-6, IL-8, VEGF, and TNFa when compared with
non-metastatic omentum ADSCs, and promoted chemore-
sistance against cisplatin and paclitaxel. This chemoresist-
ance could be partially reversed by epigenetic drugs.45

Although most studies report the protumor effects of
ADSCs, few studies showed the inhibitory effects of
ADSCs on OC. An in vitro study by Khalil et al. used
MSCs from different origin, including BMSCs, ADSCs,
and MSCs from umbilical cord. Co-culture of these MSCs
and OC cell lines decreased the invasion and aggressive-
ness of OC cell lines, along with an increase in cellular apo-
ptosis.46 In another study, OC cell lines were treated with

ADSCs-derived conditioned medium and this blocked cell
cycle and activated apoptosis.47 The discrepancy of the
effects of ADSCs on OC cells might be attributed to differ-
ent OC cell lines, different culture conditions, or different
sources of ADSCs. As a baseline to understand the function
of ADSCs in OC, we first would need to differentiate and
classify what cytokines, growth factors, and pathways
within ADSCs may contribute to the inhibitory or stimula-
tory effects seen in OC.

Changes in ADSCs induced by OC cells

The influences of cancer cells on ADSCs have also been
studied in several tumors. Pinilla et al. reported that
under the influence of breast cancer cells, human ADSCs
produced CCL5 which promoted the invasion of breast
cancer cells in vitro.48 Weigand et al. selectively isolated
ADSCs from normal breast and breast cancers and found
that ADSCs from breast cancers showed enhanced adipo-
genic differentiation.49

Evidence has shown that OC cells or OC TME can facil-
itate ADSCs to the phenotypes that provide a favorable envi-
ronment for tumor progression. In the TME of OC, the
presence of exosomes from OC cells can increase the expres-
sion of SDF-1, a-SMA, and TGF-b in ADSCs, indicating the
differentiation of ADSCs into CAFs. Moreover, exosomes
from different cells hold the ability to activate different sig-
naling pathways related to either phosphorylated-SMAD2
(SMAD-dependent pathway) or phosphorylated-AKT
(SMAD-independent pathway).37 SMADs conform a
family of transducers for receptors of the TGF-b family.
Mclean et al. identified the existence of cancer-associated
MSCs (CA-MSCs) in the tissue of human OC. These CA-
MSCs had a normal morphology and karyotype and were
not capable of forming tumors. However, CA-MSCs promot-
ed tumor growth more effectively than normal ADSCs by
increasing CSCs and expressed higher BMPs.50 RNA-seq
analysis of omental ADSCs and ovarian CA-MSCs found
that the latter one occur from OC-mediated reprograming
of ADSCs from local normal tissue. This process only hap-
pened in the in vivo ovarian TME.51

Conclusions and perspectives

OC is the deadliest gynecological malignancy due to an
insidious onset, early metastasis, and high rate of disease
relapse after standard care. With more and more attention
on the influences of TME on tumor progression, under-
standing the roles of ADSCs in OC progression becomes
more important. The interaction between ADSCs and OC
cells via direct or indirect reciprocal communications pro-
vides a leading force for OC cell proliferation, invasion,
metastasis, and even contribute to chemoresistance,
which make ADSCs in TME become an anti-tumor target
(Figure 1). ADSCs in tumor regions show increased expres-
sion of BMP2, BMP4, and BMP6. Therefore, inhibition of
BMP may be a good therapeutic option for OC.50

Furthermore, with the nature of ADSCs being in stroma
and activated by cancer cells and homing to cancer site,
ADSC has the potential to be a drug delivery tool.
Bioengineered ADSCs have been demonstrated to actively
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target both tumor necrotic regions and stroma of OC. This
may also be feasible for the therapy of other cancers, such
as liver, kidney, and GI tract. Moreover, ADSCs loadedwith
superparamagnetic iron oxide nanoparticles can be used by
surgeons to pre-mark the areas withmetastasis bymagnetic
resonance imaging.52

On the other hand, ADSC has become a popular source
material for regenerative medicine research because of its
abundant amount, multilineage differentiation potential,
easily isolating and expanding procedures, and immuno-
modulatory properties. The roles of ADSCs in OC or other
cancers should be considered in the application of ADSCs
in regenerative medicine. Further understanding of the net-
work crosstalk among ADSCs and OC cells will expand our
knowledge of the numerous functions of ADSCs in OC
progression and therapy response, thereby providing
development of more effective and safer ADSC-related
therapeutic strategies in both cancer treatment and regen-
erative medicine.
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