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Purpose

Adipose stromal cells (ASCs) play an important regulatory role in cancer progression and
metastasis by regulating systemic inflammation and tissue metabolism. This study exam-
ined whether visceral and subcutaneous ASCs (V- and S-ASCs) facilitate the growth and
migration of ovarian cancer cells.

Materials and Methods

CD45- and CD31" double-negative ASCs were isolated from the subcutaneous and visceral
fat using magnetic-activated cell sorting. Ovarian cancer cells were cultured in conditioned
media (CM) obtained from ASCs to determine the cancer-promoting effects of ASCs. A
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay, Boyden chamber
assay, and western blotting were performed to determine the proliferative activity, migration
ability, and activation of the JAK2/STAT3 pathway, respectively.

Results

CM from ASCs enhanced the migration of the ovarian cancer line, SKOV3, via activation of
the JAK2/STAT3 signaling pathway. Interestingly, in response to ASC-CM, the ascites cells
derived from an ovarian cancer patient showed an increase in growth and migration. The
migration of ovarian cancer cells was suppressed by blocking the activation of JAK2 and
STAT3 using a neutralizing antibody against interleukin 6, small molecular inhibitors (e.g.,
WP1066 and TG101348), and silencing of STAT3 using siRNA. Anatomical differences
between S- and V-ASCs did not affect the growth and migration of the ovarian cancer cell
line and ascites cells from the ovarian cancer patients.

Conclusion
ASCs may regulate the progression of ovarian cancer, and possibly provide a potential target
for anticancer therapy.
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Introduction

Ovarian cancer is commonly resistant to chemotherapeutic
treatments and is prone to subsequent relapse [1]. Although
ovarian cancer is relatively less common among gynecologic
cancers, it has one of the highest mortality rates because
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patients are usually diagnosed at an advanced stage [2].
Ovarian cancer disseminates mainly into the peritoneal cav-
ity and abdominal organs including the omentum via the
physiological movement of peritoneal fluid [3,4]. Given the
epidemiological data indicating that 80% of patients with
serious ovarian carcinoma show abdominal dissemination
including the omentum, the intra-abdominal fat is believed
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to act as a major regulator of ovarian cancer metastasis [4-6].
Fat tissue has been reported to be a source of cytokines,
which stimulates tumor growth and migration, and metabo-
lites to meet the high-energy demands of tumors [6,7]. There-
fore, understanding the molecular mechanisms through
which fat depots regulate the phenotype of ovarian cancer
cells may provide important clues for the development of
anticancer therapies for this disease.

Fat tissue consists of a range of cell types, including mature
adipocytes, pre-adipocytes, immune cells, endothelial cells,
and adipose stromal cells (ASCs) [8]. ASCs resemble bone
marrow mesenchymal stem cells (MSCs), as indicated by
their surface markers and differentiation potential into mes-
enchymal lineages. Accumulating evidence suggests that
ASCs as well as adipocytes, endothelial cells, and macro-
phages in fat tissue can be a major source of cytokines and
chemokines [9-11]. ASCs produce and secrete specific growth
factors and pro-inflammatory cytokines, such as interleukin-
6, hematopoietic colony-stimulating factors, and macrophage
colony-stimulating factor, which promote cell proliferation,
vascularization, and angiogenesis in endometrial, breast, and
prostate cancers [12-14]. Therefore, ASCs may be linked to
the progression of cancer by producing a more attractive
microenvironment for tumor growth. On the other hand, the
relationship between ASCs and ovarian cancer and the
molecular mechanisms underlying any interaction between
these cells have not been established. This paper reports that
ASCs are involved in promoting the growth and migration
of ovarian cancer cells via activation of the interleukin 6
(IL-6)/JAK2/STAT3 pathway.

Materials and Methods

1. Isolation of CD45/CD31- ASCs

All protocols were reviewed and approved by the Seoul
National University Hospital Institutional Review Board.
Human subcutaneous and visceral adipose tissues were sur-
gically obtained from four patients with benign urologic or
gynecologic diseases. The adipose tissues were dissociated
(37°C, 1 hour) with collagenase type IA solution (Sigma-
Aldrich, St. Louis, MO). The cells were centrifuged (500 xg,
4 minutes) and the stromal vascular fraction (SVF) was col-
lected as a pellet. The SVF was treated with ammonium-chlo-
ride-potassium lysing buffer (Lonza, Muenchsteiner-strasse,
Switzerland) at room temperature for 2 minutes, and then
centrifuged. The resulting cell pellet was diluted with a mag-
netic-activated cell sorting (MACS) buffer (MiltenyiBiotec,
Teterow, Germany). To avoid contamination with hemato-

poietic stem cells and endothelial cells, the cells were incu-
bated (room temperature, 15 minutes) with anti-CD45 and
anti-CD31 antibodies attached to the microbeads (BD Bio-
sciences, San Jose, CA). The CD45- and CD31-negative cells
were collected from the SVF using MACS (Fig. 1A).

2. Culture of ASCs and ovarian cancer cells

The human ovarian cancer cell line, SKOV3, was pur-
chased from the American Type Culture Collection (Rock-
ville, MD). The ASCs were cultured in Dulbecco’s modified
Eagle medium (DMEM)/F12 (Life Technologies, Gaithers-
burg, MD) supplemented with 10% fetal bovine serum (FBS;
Life Technologies), 100 U/mL penicillin, and 100 g/mL
streptomycin (1% PS; Life Technologies) [9]. The SKOV3 cells
were cultured in the same culture medium as that of the
ASCs to minimize the differences caused by the different cul-
ture media. The cells were maintained at 37°C in a humidi-
fied atmosphere of 5% CO..

3. Isolation and culture of ascites cells from an ovarian can-
cer patient

Ascites aspirated from an ovarian cancer patient at an
advanced stage was diluted with an equal volume of phos-
phate buffered saline (PBS) and centrifuged (4°C, 1,400 xg,
30 minutes). The cells were gently overlaid onto Ficoll-
Paque-PREMIUM and centrifuged (4°C, 1,400 xg, 30 min-
utes). The cell layer was washed with PBS and suspended in
DMEM/F12 supplemented with 10% FBS and 1% PS. The
ascites cells were maintained at 37°C in a humidified atmos-
phere of 5% CO..

4. Immunophenotype of ASCs

The ASCs (1x10° cells) were incubated with the antibodies
or matching isotype control (20 minutes, 4°C). After washing
the cells, propidium iodide was added to identify the dead
cells. The labeled cells were isolated using a FACSCanto II
flow cytometer, and analyzed using BD FACS Diva software
(BD Biosciences). The antibodies were phycoerythrin (PE)-
conjugated mouse anti-CD45, -CD90, -CD73, and -CD166,
and fluorescein isothiocyanate (FITC)-conjugated mouse
anti-HLA-DA, -CD31, -CD34, and -CD105. The isotype con-
trols were PE- and FITC-conjugated mouse IgGlxk.

5. In vitro differentiation of ASCs into adipogenic, chon-
drogenic, and osteogenic lineage

The ASCs were seeded onto 12-well plates (1x10° cells/

well) and cultured in an induction medium. For adipogenic
differentiation, the subcutaneous and visceral ASCs (S- and
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Fig. 1. ASCsisolated from human subcutaneous and visceral fat. (A) The SVF was isolated from subcutaneous and visceral
fat tissue. To remove the endothelial and hematopoietic cells from the SVF, CD31- and CD45-negative ASCs were isolated
by MACS. (B) The morphologies of S- and V-ASCs were evaluated by an inverted phase-contrast microscope (x40 objective)
at passage 2. (C) The S- and V-ASCs were able to differentiate into adipogenic, osteogenic, and chondrogenic lineages under
induction conditions. (D) One hundred S- and V-ASCs were cultured on a 100-mm plate for 7 days, and the number of clones
was counted after staining with 0.5% crystal violet. ASC, adipose stromal cell; SVF, stromal vascular fraction; MACS, mag-
netic-activated cell sorting; S-ASC, subcutaneous adipose stromal cell; V-ASC, visceral adipose stromal cell. ¥p < 0.05,

S-ASC vs. V-ASC.

V-ASCs) were incubated in an adipogenic induction medium
consisting of DMEM/F12, 0.5 mM isobutylmethylxanthine
(Sigma-Aldrich), 50 pM indomethacin (Sigma-Aldrich),
5 mM dexamethasone (Sigma-Aldrich), 10% FBS, and 1% PS.
The medium was changed every second day and the cells
were cultured for 3 weeks. Oil Red O staining was performed
to visualize the lipid droplets. For chondrogenic differentia-
tion, S- and V-ASCs (1x10° cells) were cultured in a chondro-
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genic induction medium, consisting of DMEM (HyClone,
Logan, UT) containing 500 ng /mL bone morphogenetic pro-
tein 6 (R&D Systems, Minneapolis, MN), 10 ng/mL trans-
forming growth factor B3 (R&D Systems), 100 nM dexa-
methasone, 50 pg/mL ascorbate-2-phosphate (Sigma-Ald-
rich), 40 pg/mL proline (Sigma-Aldrich), 100 pg/mL pyru-
vate (Sigma-Aldrich), 1x mixture of recombinant human
insulin, transferrin, and sodium selenite liquid media
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(Sigma-Aldrich), 10% FBS, and 1% PS. After 3 weeks, depo-
sition of sulfated glycosaminoglycans was detected with
toluidine blue. For osteogenic differentiation, the cells were
cultured in an osteogenic induction medium consisting of
DMEM/F12 supplemented with 1 nM dexamethasone, 10
mM B-glycerolphosphate (Sigma-Aldrich), 50 uM ascorbate-
2-phosphate, 10% FBS, and 1% PS. After 3 weeks, calcium
accumulation was visualized with Alizarin Red S.

6. Measurement of relative cell growth

The conditioned medium (CM) was collected from 2x10°
cells/cm? of ASCs cultured for 48 hours. The SKOV3 cells
were seeded onto 96-well plates to determine their cell
growth in S-ASC-CM, V-ASC-CM, and control medium.
The proliferation of SKOV3 and ascites cells in S-ASC-CM
and V-ASC-CM was compared with the control medium.
After plating for 24 hours, the ascites cells were cultured in
S-ASC—CM and V-ASC-CM and control medium for 7 days.
The cultured cells were treated (37°C, 3 hours) with 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide
(MTT, 50 uL; Amresco, Solon, OH). After incubation, MTT
was solubilized with dimethyl sulfoxide at room tempera-
ture for 30 minutes. The absorbance was measured spec-
trophotometrically at 540 nm.

7. Wound healing assay

The SKOV3 cells were cultured in 6-well plates for 24
hours. After the complete medium was changed to ASCs-CM
or control medium, the cell layer was scraped with a pipette
tip to produce a wound. The wound closure distance was
measured using Image] software.

8. Migration assay

To assess the influence of the ASCs on the migratory ability
of SKOV3 and ascites cells, the Boyden chamber with a trans-
parent PET membrane (8 um pore size; BD Biosciences) was
used. The cancer cells were seeded onto the inserts, and the
inserts were then transferred to ASC-CM or control medium.
After 24 hours (48 hours for ascites cells), the migratory cells
were fixed with 4% formaldehyde, and stained with 0.5%
crystal violet.

9. Depletion of secreted IL-6

The control medium and ASCs-CM were incubated with
500 ng/mL of a goat polyclonal anti-recombinant human (rh)
IL-6 (R&D Systems, Minneapolis, MN) or a normal goat IgG
control (R&D Systems) on a shaker at 4°C for 3 hours. The
media were used in the migration assays, as described above.

10. Western blotting

The cultured SKOV3 were harvested and lysed with the
protein extraction buffer. The proteins were separated on a
6% sodium dodecyl sulfate polyacrylamide gel electrophore-
sis and transferred to a nitrocellulose membrane. The mem-
brane was blocked with 5% skim milk in Tris-buffered saline
containing 0.1% Tween 20 (TBS-T) and incubated (overnight,
4°C) with the primary antibodies. After washing three times
with TBS-T, the membrane was incubated with peroxidase-
conjugated secondary antibody and visualized using a west-
ern blot detection kit (Ab Frontier, Seoul, Korea).

11. Statistical analysis

The data are presented as meantstandard error of mean of
four ASC samples (n=4). One-way ANOVA and a Student’s
t test were used for statistical analyses. Significant differences
among the experimental groups were analyzed using
Scheffe’s post hoc test. All analyses were conducted using
IBM SPSS ver. 20 (IBM Co., Armonk, NY).

Results

1. ASCs isolated from subcutaneous and visceral fat depots
share similar features to MSCs

S- and V-ASCs exhibited a similar morphology to that of
MSCs with a fibroblast-like shape (Fig. 1B). The adipogenic,
osteogenic, and chondrogenic differentiation assays were
performed to confirm the differentiation abilities of ASCs.
S- and V-ASCs formed lipid droplets, sulfated glycosamino-
glycans, and accumulated calcium in the cytoplasm under
the adipogenic, chondrogenic, and osteogenic differentiation
conditions, respectively (Fig. 1C). No differences in morphol-
ogy and differentiation ability were observed between S- and
V-ASCs. On the other hand, the colony-forming ability of
S-ASCs was higher than V-ASCs (Fig. 1D). S- and V-ASCs
expressed CD73, CD90, CD105, and CD166, but did not
express the hematopoietic and endothelial cell markers
(CD45 and CD31), CD34, and HLA-DR (Fig. 2). These results
show that CD45 and CD31-negative ASCs have similar char-
acteristics to the MSCs, and subcutaneous fat contains more
ASCs than visceral fat.
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Fig. 2. S- and V-ASCs express specific surface markers of MSCs. The S- and V-ASCs were labeled with CD45, CD73, CD90,
and CD166 antibodies conjugated to PE and with CD31, CD34, CD105, and HLA-DR antibodies conjugated to FITC at passage
3. The labeled ASCs were analyzed by flow cytometry. IgGlk-conjugated to PE and to FITC were used as the isotype controls.
Both S- and V-ASCs expressed CD90, CD166, CD73, and CD105, but did not express CD45, CD31, CD34, and HLA-DR.
S-ASC, subcutaneous adipose stromal cell; V-ASC, visceral adipose stromal cell; MSC, mesenchymal stem cell; PE, phyco-
erythrin; FITC, fluorescein isothiocyana.
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Fig. 3. Conditioned media from S- and V-ASCs promote the migration of ovarian cancer cells. (A) SKOV3 cells were cultured
in S-ASC-CM and V-ASC-CM for 24, 48, 72, and 96 hours. The relative cell growth of the SKOV3 cells in S-ASC-CM and
V-ASC-CM compared to the control medium was determined using an MTT assay. (B) The migration of SKOV3 cells was
determined using a Boyden chamber assay. (C) The wound healing ability of SKOV3 cells was verified by measuring the
wound closure distance in 12 hours. S-ASC, subcutaneous adipose stromal cell; V-ASC, visceral adipose stromal cell; CM,
conditioned media; MTT, 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide; S, S-ASC-CM; V, V-ASC-CM.

3p < 0.05, control vs. Svs. V.

2. ASC-CM enhances the migratory ability of ovarian can-
cer cells with no difference between S-ASC-CM and
V-ASC-CM

The proliferation of SKOV3 cells was not influenced by the
presence of S-ASC—CM and V-ASC-CM compared to control

the medium (Fig. 3A). However, the SKOV3 cells migrated
more readily across the membrane of the insert in S-ASC-
CM and V-ASC-CM than in the control medium (Fig. 3B),
and the wound healing ability was also increased in ASC-
CM relative to the control (Fig. 3C). Overall, these results
suggest that certain paracrine factors secreted from S- and V-
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Fig. 4. S- and V-ASCs enhance the migration of ovarian cancer cells through an IL-6-mediated pathway. (A) Messenger
RNA expression of adipokines including IL-6, TNF-o0, adiponectin, and leptin was measured by RT-PCR. GAPDH was used
as a reference gene. (B) An ELISA assay was conducted to detect the secretory IL-6 present in the control medium, S-ASC-
CM, V-ASC-CM, and subcutaneous and visceral differentiated adipocytes (S- and V-adipo-CM). Complete medium was
used as a control. (C) SKOV3 cells were cultured in S-ASC-CM and V-ASC-CM with or without anti-IL-6 Ab (500 ng/mL).
The migration ability was determined using a Boyden chamber assay. Control medium with rh-IL-6 (50 ng/mL) was used
as a positive control. S-ASC, subcutaneous adipose stromal cell; V-ASC, visceral adipose stromal cell; IL-6, interleukin 6;
TNF-0, tumor necrosis factor o; RT-PCR, reverse transcription polymerase chain reaction; GAPDH, glyceraldehyde 3-phos-
phate dehydrogenase; ELISA, enzyme-linked immunosorbent assay; CM, conditioned media; rh, recombinant human; S,
S-ASC-CM; V, V-ASC-CM; ns, not significant; Ctrl, control. ¥p < 0.05.

ASCs may regulate the migration of ovarian cancer cells, but
the difference in their fat origin does not affect the migration
of ovarian cancer cells.

3. IL-6 enhances the migration of ovarian cancer cells
The mRNA expression of several adipokines including
IL-6, tumor necrosis factor o, adiponectin, and leptin were

screened to determine the cancer-promoting effects of ASCs.
As shown in Fig. 4A, IL-6 was strongly expressed in S- and
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V-ASCs, but the expression of the other adipokines was
either marginal or undetectable. The concentration of secre-
tory IL-6 was higher in ASC-CM than in adipocytes CM and
control medium (Fig. 4B). However, there was no difference
between the S- and V-ASCs with respect to their effects on
the proliferation and migration of cancer cells. To determine
if IL-6 present in ASC-CM influences the migratory ability of
SKOV3 cells, the anti-IL-6 antibody was added to ASC-CM.
The anti-IL-6 antibody decreased the number of migratory
cells present at the bottom of the Boyden chamber inserts
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Fig. 5. Activation of JAK2 and STAT3 in response to IL-6 from ASCs increases the migration of ovarian cancer cells. (A) The
total JAK2, p-JAK2 (Y1007), total STAT3, and p-STAT3 (Y705) were determined by western blot analysis. (B) After the
depletion of IL-6 using anti-IL-6 Ab (500 ng/mL), the total JAK2, p-JAK2, STAT3, and p-STAT3 were analyzed by western blot.
The control medium with rh-IL-6 (50 ng/mL) was used as a positive control. (C) After the SKOV3 cells were incubated in
S-ASC-CM and V-ASC-CM with the addition of 2 uM WP1066 or 1 uM TG101348 for 12 hours, a Boyden chamber assay was
conducted. (D) Silencing of STAT3 using siRNA reduces the migration of SKOV3. SKOV3 was transfected with Scrb RNA (100
nM) and siRNA for STAT3 (STAT3-siRNA1 and 2, 100 nM), and cultured in S-ASC-CM and V-ASC-CM for the migration
assay. The expression of p-STAT3 and total STAT3 was inhibited after the silencing of STAT3 using siRNA. (E) After the inhi-
bition of STAT3 using siRNA2, the migratory cells were determined by a Boyden chamber assay. (Continued to the next page)
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(Fig. 4C). These results suggest that IL-6 from the ASCs may
play an important role in the migration of ovarian cancer
cells.

4.JAK2/STAT3 signaling is activated by IL-6 secreted from
ASCs in ovarian cancer cells

The activation of the JAK2/STAT3 pathway in response to
IL-6 secreted from ASCs was evaluated. The levels of phos-
phorylated JAK2 and STAT3 in SKOV3 cells, but not the total
JAK2 and STAT3, were increased in 30 minutes, and then
started to decrease in 1 hour (Fig. 5A). To confirm that the
IL-6 from ASCs affects JAK2/STAT3 signaling in SKOV3
cells, an anti-IL-6 neutralizing antibody was added to ASC-
CM. The addition of IL-6 to the control medium activated
JAK2 and STAT3 in the SKOV3 cells as did the ASC-CM, and
JAK2/STAT3 activation was attenuated by the anti-IL-6 neu-
tralizing antibody (Fig. 5B). To confirm the relationship
between JAK2/STAT3 and the migration of ovarian cancer
cells, the SKOV3 cells were treated with a JAK2/STAT3
inhibitor (WP1066) and JAK2 inhibitor (TG101348). Both
treatments reduced the number of migratory cells along with
the inhibition of phosphorylated JAK2 and STAT3 (Fig. 5C
and F). In addition, the inhibition of endogenous STAT3
using siRNAT and 2 specific to STAT3 was confirmed by
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western blot analysis (Fig. 5D). Silencing STAT3 using
siRNA2 reduced the migration of SKOV3 cells (Fig. 5E).
These results support the finding that IL-6 secreted from
ASCs may promote the migration of ovarian cancer cells
through the activation of JAK2/STATS3.

5. IL-6/JAK2/STAT3 pathway activated by ASCs enhances
the proliferation and migration of ovarian cancer patient-
derived ascites cells

The proliferation of ascites cells was significantly increased
in ASC-CM compared to that in the control medium
(Fig. 6A). Similar to the SKOV3 cells, ASC-CM increased the
migration of ascites cells, which was related to the IL-6/
JAK2/STAT3 pathway (Fig. 6B). The relationship between
IL-6 and the migration of ascites cells was determined by
small molecular inhibitors of JAK2 and STAT3 (WP1066 and
TG101348). The migration of ascites cells was inhibited when
either inhibitor was used (Fig. 6C). Therefore, the ASCs
enhance the proliferation and migration of ascites cells via
the IL-6/JAK2/STAT3 pathway.

Discussion

Two types of ASCs were isolated from the subcutaneous
and visceral fat depots to determine if the anatomical loca-
tion of the fat depots affects the functional difference of ASCs
because it has been reported that the different physiological
effects of S- and V-adipocytes are related to their anatomical
distribution [15]. ASCs depending on an individual’s fat dis-
tribution are distinct with respect to their genome-wide
mRNA expression profile, proliferative activity, and differ-
entiation potential [16,17]. The genome-wide expression pro-
files of primary preadipocytes from abdominal subcutane-
ous, mesenteric, and omental fat depots are also distinct,
while their morphological features are similar [18]. On the
other hand, ASCs obtained from subcutaneous, visceral, and
omental adipose tissue from the same subject share the typ-
ical markers with MSCs, and their ultrastructural features
and the pattern of cytokine secretion are similar [16,19]. In
line with previous studies, significant differences in the phe-
notypic character and in the secretion of cytokines, including
IL-6, were not observed between S- and V-ASCs. Therefore,
the cancer-promoting stimulation of ASCs may be independ-
ent of the fat depot. A possible reason for the discrepancy
between these findings and previous studies would be that
only IL-6 was focused without excluding the involvement of
other inflammatory cytokines/chemokines. Another reason
may be related to the use of cellular models derived from
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Fig. 6. ASCs enhance the proliferation and migration of ovarian cancer cells isolated from the ascites of an ovarian cancer
patient through activation of the IL-6/JAK2/STAT3 pathway. (A) Ascites cells were cultured in S-ASC-CM and V-ASC-
CM for 7 days. The proliferation of ascites cells was determined by an MTT assay. (B) Ascites cells were cultured in ASC-
CM with or without anti-IL-6 Ab (500 ng/mL), and in the control medium with rh-IL-6 (50 ng/mL) and/or anti-IL-6 Ab.
After culturing for 24 hours, the number of migratory cells were counted. (C) The ascites cells cultured in ASC-CM for 24
hours were treated with WP1066 and TG101348. Migration was determined using a Boyden chamber assay. ASC, adipose
stromal cell; IL-6, interleukin 9; S-ASC, subcutaneous adipose stromal cell; V-ASC, visceral adipose stromal cell; CM, condi-
tioned media; MTT, 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide; rh, recombinant human; Ctrl, control; S,

S-ASC-CM; V, V-ASC-CM. ¥p < 0.05.

subjects with a different body mass index, sex, or other dis-
eases. Visceral adipose tissue with a higher percentage of
large adipocytes is functionally distinct from the subcuta-
neous one in insulin resistance, free fatty acid generation,
and glucose uptake [20]. Unlike the differentiated adipo-
cytes, the fate of ASCs is not fully determined because ASCs
are undifferentiated cells. Therefore, the physiological func-
tions of S- and V-ASCs may be similar to MSCs rather than
adipocytes. These findings showed that S- and V-ASCs share
the expression of surface markers, differentiation abilities,
and gene expression of adipokines. Moreover, the anatomical
origin or distribution of ASCs is not be a critical factor for

stimulating the growth or migration of ovarian cancer cells.
Therefore, regardless of the ASC origins, a quantitative
increase in ASCs by obesity and vice versa could enhance the
proliferation or migration of ovarian cancer cells.

ASCs have the features of multipotent MSCs providing
tumor cells with a functionally and structurally supportive
environment through the establishment of the pre-metastatic
niche, causing the induction of the metastatic phenotypes
[21,22]. ASCs also promote the progression of prostate can-
cer, and stimulate the migration and invasion of estrogen
receptor-negative breast cancer [12,23]. Recently, Nowicka et
al. [24] suggested that ASCs derived from omental fat tissue
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contribute to the proliferation and migration of ovarian can-
cer cell lines through the metabolic support of ASCs to ovar-
ian cancer cells. The present findings also showed that S- and
V-ASCs contribute to the increased migration of ascites cells
from ovarian cancer patients. Interestingly, ASCs enhanced
the proliferation of patient-derived ascites cells, but not
SKOV3. SKOV3 is frequently used as an in vitro model
instead of primary tumor cells, but Domcke et al. [25]
reported that SKOV3 has an overall genomic difference from
the high grade serous ovarian cancer. For this reason, there
could be a proliferative difference between SKOV3 and
ascites cells.

ASCs as well as adipocytes secrete many cytokines and
chemokines [9]. The mRNA of IL-6 among several cytokines
is strongly expressed in S- and V-ASCs. The IL-6 cytokine
family is involved in various biological responses, such as
inflammation, immune reaction, and oncogenesis by regu-
lating growth and differentiation. The binding of the ligand
to its common receptor subunit gp130 activates the JAK/
STAT pathway, which plays a central role in tumor cell
migration. In a previous study, the IL-6 receptor (IL-6R) was
strongly expressed in SKOV3 cells and exogenous IL-6 stim-
ulated STAT3 activation, increasing SKOV3 migration.
STAT3 was activated through the direct activation of EGFR
or IL-6R or the indirect induction of the IL-6R pathway in
high-grade ovarian carcinomas [26]. In these findings, the
IL-6-induced ovarian cancer cell migration was hampered
by blocking IL-6R with an IL-6 antibody or applying specific
inhibitors of STAT3 and JAK2, suggesting that IL-6 can play
a key role in the proliferation and migration of ovarian can-
cer cells. ASCs were found to express IL-6 mRNA and secrete
the IL-6 protein without any extrinsic stimulation. Based on
these results, it was concluded that the enhanced migration
and proliferation of ovarian cancer cells is due partially to
activation of the JAK2/STAT3 pathway by ASCs-derived
IL-6.JAK2 is involved in the progression and drug-response
of ovarian cancer. In our previous study, the next-generation
sequencing data showed that the JAK/STAT pathways were
amplified in primary and metastatic tumor clusters [27].
Other studies also reported that JAK2/STAT3 is activated in
high-grade ovarian carcinomas compared to normal ovaries

and benign tumors, and is involved in cancer progression
and EMT [26]. Moreover, the efficacy of cisplatin is depend-
ent on the JAK? activity [28]. In addition, it was reported that
CA125 is a useful predicting marker of ovarian cancer at
advanced stages [29]. This can bind JAK2 and activate
STATS, highlighting the importance of JAK2 in the patho-
genesis of CA125-expressing cancers [30]. Therefore, target-
ing JAK?2 using several inhibitors might be an important
therapeutic strategy to mitigate the dissemination of ovarian
cancer.

Conclusion

This paper provided direct experimental evidence that
IL-6 secreted from ASCs activates the JAK2/STAT3 pathway
and contributes to ovarian cancer progression. Targeting
both ovarian cancer cells and supportive stromal cells in adi-
pose tissue could be a new approach for ovarian cancer ther-

apy.
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