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Cytokines secreted by human Wharton's jelly stem cells inhibit
the proliferation of ovarian cancer (OVCAR3) cells in vitro
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Abstract. Cytokines enhance tumour cell recognition via
cytotoxic effector cells and are therefore effectively used
in cancer immunotherapy. Mesenchymal stem cells have
efficient homing potential and have been used to target and
inhibit various types of cancer mediated by the release of
soluble/bioactive factors. Initial evaluation of the human
Wharton's jelly stem cell conditioned medium (hWJSC-CM)
and cell lysate (hWWJSC-CL) against an ovarian cancer cell
line (OVCAR3) demonstrated their inhibitory effect in vitro.
The secreted cytokine profile was then studied to understand
whether the OVCAR3 inhibitory effect was mediated by the
cytokines. Expression of cytokines in OVCAR3 following
48 h treatment with hWJSC extracts, namely the hWJSC-CM
(50%) and hWJISC-CL (10 ug/ml), was evaluated using multi-
plex cytokine assay. Paclitaxel (5 nM) was used as a positive
control. Cytokines tumour necrosis factor a, interleukin
(IL)-4, IL-6, IL-8, IL-10, IL-13, IL-17, IL-1P and granulocyte
colony-stimulating factor, reported to be involved in tumour
growth, invasion and migration, were significantly decreased.
Cytokines with antitumour effects, namely IL-1 receptor
antagonist (IL-1RA), IL-2, IL-2 receptor, IL-5, IL-7, IL-12,
IL-15, interferon (IFN)-a and IFN-vy, were mildly increased
or decreased. Only the increases in IL-1RA (with paclitaxel,
hWIJSC-CM and hWJSC-CL) and granulocyte-macrophage
colony-stimulating factor (with hWJSC-CL) were statisti-
cally significant. The chemokines monocyte chemoattractant
protein 1, macrophage inflammatory protein (MIP)-1a,, MIP-13
and Regulated Upon Activation, Normally T-Expressed, and
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Secreted were significantly decreased while monokine induced
by IFN-vy, IFN-y induced protein 10 and Eotaxin demonstrated
mild decreases. The growth factors basic fibroblast growth
factor, vascular endothelial growth factor and hepatocyte
growth factor were significantly decreased. Heatmaps demon-
strated differential fold changes in cytokines and hierarchical
cluster analysis revealed 3 major and 7 minor sub-clusters
of associated cytokines, chemokines and growth factors. In
conclusion, the hWJSC extracts decreased the expression of
oncogenic cytokines, chemokines and growth factors, which
mediated the inhibition of OVCAR3 cells in vitro.

Introduction

Ovarian cancer is the fifth leading cause of cancer-associated
mortality among women with >20,000 new cases and
14, 000 mortalities estimated in the USA in 2018 (1). Ovarian
cancer has an asymptomatic onset and the majority of cases
are detected in the late stages, when tumour metastasis has
occurred (2). Despite the best possible treatment, the mortality
rate remains high, and the 5-year overall survival rate is <40%.
Early diagnosis leads to a better prognosis, with a 95% survival
rate if the disease is confined to the ovary, 79% if there is adja-
cent tissue infiltration, and 28% if the disease is advanced (3).
Industrialized nations have been reported to have higher
incidence of ovarian cancer due to environmental factors. It
has also been observed that the risk of developing epithelial
ovarian cancer (EOC) is ~1.5-fold higher in women who have
never breastfed, compared to those who have breastfed for
>18 months. This observation is linked to the reduction in
ovarian cancer incidence observed with the use of oral contra-
ceptives (4,5). Overall, ~90% cases of ovarian cancer arise
from the epithelium, 3% from the germ cells and 2% from
the sex-cord stromal cells. EOC is histologically subdivided
into serous (70%), endometrioid (10%), mucinous (6%) and
clear cell (6%), differing in their genetic status and therapeutic
response (6).

Despite conventional debulking surgery and the develop-
ment of adjuvant chemotherapy using platinum/taxane-based
drugs, no significant improvement has been noted in



4522

ovarian cancer prognosis. This is largely due to the emer-
gence of multidrug resistance, predisposing the patient to
relapse (7). Novel agents and molecules are currently being
investigated, and, notably, mesenchymal stem cells (MSCs)
and their soluble factors are reported to exhibit beneficial
anticancer effects (8,9). MSCs migrate to damaged tissues,
sites of inflammation and tumour sites, and contribute either
directly or indirectly towards restoring homeostasis (10).
These cells generally have low immunogenicity and escape
immune surveillance, enabling them to reach the intended
site of action (11). Within the tumour environment, MSCs are
reported to dynamically interact with tumour-associated cells
and release soluble factors (cytokines, chemokines and growth
factors) with autocrine and paracrine functions (12). However,
the interaction between MSCs and tumour cells depends on
a number of factors, and the overall outcome determines
whether the tumour subsides or progresses.

Cytokines are low-molecular-weight glycoproteins
produced by immune and non-immune cells. Functionally,
these proteins are pleotropic, and the expression of receptors
to various cytokines on the cell surface facilitates cell-cyto-
kine interactions. Dysregulation of cytokines may result in
disease or a pathological state, and the measurement of their
levels helps monitor disease severity or therapeutic interven-
tion (13). Research on cytokines has evolved rapidly in the
last decade, contributing to molecular and immunological
insights in health and disease. Cancer is a state of chronic
inflammation, and signalling involving tumour progression,
inhibition, metastasis or immunomodulation is partially regu-
lated by cytokines and/or chemokines (14). A previous study
has suggested that EOC is immunogenic, as indicated by the
presence of tumour-reactive T cells in the tumour microenvi-
ronment, which is associated with higher production of IFN-y
induced monkine and secondary lymphoid tissue chemokine
contibuting to improvement in the overall survival rate (15).

Considering the beneficial effects of MSCs against cancer,
and the role of cytokines in tumour inhibition and therapeutics,
the in vitro effect of human Wharton's Jelly stem cell condi-
tioned medium (hWJSC-CM) and cell lysate (hWISC-CL)
against an ovarian cancer cell line (OVCAR3) was evaluated.
The two hWJSC extracts inhibited OVCAR3 cell prolifera-
tion, partly mediated by their soluble factors, leading to the
decreased expression of oncogenic cytokines, chemokines and
growth factors.

Materials and methods

Ethical approval. The present study was performed in accor-
dance with the recommendations of the Bioethics Committee
of the King Abdulaziz University, Jeddah, Saudi Arabia. All
subjects provided written informed consent, in accordance
with the Declaration of Helsinki. The protocol for the deriva-
tion and use of hWJSCs, and the commercial human ovarian
cancer cell line (OVCAR3) was approved by the Bioethics
Committee of the King Abdulaziz University (approval no.
33-15/KAU).

Derivation of hWJSCs. Human umbilical cord specimens
(n=5) were collected from patients undergoing full-term
delivery at the Department of Obstetrics and Gynaecology,
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King Abdulaziz University Hospital. The hWJSCs were
derived as previously described (16,17). Briefly, the umbilical
cord was cut into ~2-cm pieces, opened lengthways, and the
blood vessels were removed. The cut pieces were treated with
an enzyme cocktail containing 2 mg/ml collagenase type-I,
2 mg/ml collagenase type-IV and 100 IU hyaluronidase for
30 min (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany).
The matrix contents were gently scraped and the medium
containing the cells was centrifuged at 500 x g for 5 min.
The cell pellet was washed twice with PBS and centrifuged at
500 x g for 5 min again. The resultant pellet was resuspended in
hWISC culture medium comprised of high-glucose Dulbecco's
Modified Eagle's Medium (DMEM; Sigma-Aldrich; Merck
KGaA) supplemented with 10% fetal bovine serum (FBS;
Sigma-Aldrich; Merck KGaA), 2 mM Glutamax (Thermo
Fisher Scientific, Inc., Waltham, MA, USA), 1% non-essential
amino acids (Thermo Fisher Scientific, Inc.), 16 ng/ml basic
fibroblast growth factor (bFGF; Sigma-Aldrich; Merck KGaA)
and 1% antibiotics (50 IU/ml penicillin and 50 pg/ml strep-
tomycin, Sigma-Aldrich; Merck KGaA), and incubated under
standard culture conditions of 37°C in a 5% CO, incubator. The
cultures were left undisturbed until cell growth was evident,
except for gentle changes of the growth medium every 72 h.

CD marker analysis. Cultures of hWJSCs were analyzed for
expression of MSC related cluster of differentiation (CD)
markers as reported earlier (18). Briefly, monolayer cultures of
hWISCs were dissociated using 0.25% Trypsin-EDTA (Life
Technologies, Carlsbad, CA, USA) for 3 min. Trypsin activity
was inhibited by addition of culture medium containing 10%
FBS (Sigma-Aldrich; Merck KGaA). The cell suspension
was centrifuged at 300 g x 5 min and the cell pellet was then
resuspended in phosphate buffered saline without calcium and
magnesium (PBS-) containing 3% FBS to obtain single cell
suspension. Separate aliquots (2x10° cells) were used for MSC
isotype cocktail (Miltenyi Biotec GmbH, Bergisch Gladbach,
Germany), MSC phenotyping cocktail (Miltenyi Biotec
GmbH) or in combination with other primary monoclonal
antibodies (CD44, CD29; BD Biosciences, Franklin Lakes,
NJ, USA) to avoid interference with same fluorochromes. The
MSC isotype cocktail comprised of fluorochrome conjugated
monoclonal antibodies, namely mouse IgG1-FITC, mouse
IgG1-PE, mouse IgG1-APC, mouse IgG1-PerCp and mouse
1IG2a-PerCp. The MSC phenotyping cocktail comprised of
both positive (CD73-APC, CD90-FITC, CD105-PE) and
negative (CD34/CD45/CD14/CD20-PerCp) fluorochrome
conjugated monoclonal antibodies. The cells were incubated
with respective antibodies at 1:10 dilution for 15 min at 4°C;
then washed with 1 ml of 3% FBS and centrifuged at 300 g x
5 min. The supernatant was discarded, and the cells were
resuspended in 500 ul of 3% FBS before analysis using a FACS
Aria IIT instrument (BD Biosciences), which is equipped with
a 488 nm (blue) laser and a 561 nm (yellow-green) laser for
uncoupled excitation and detection of FITC and PE fluoro-
chromes.

Preparation of h(WJSC-CM. Early passages of hWJSCs (P2-P4)
were grown under standard culture conditions and the medium
was changed every 48 h. When the cells were 70% confluent,
the culture medium was replaced with fresh medium and the
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cells were cultured for up to 72 h. The hWISC-CM was then
harvested, sterilized using 0.2 ym syringe filters and stored in
aliquots at 4°C until further use (17).

Preparation of hWJSC-CL. The hWJSCs were grown as
described above, and at 80% confluence the cells were trypsin-
ized, pelleted, washed twice in PBS, and centrifuged at 500 g
for 5 min. The resultant cell pellet was lysed in cell lysis buffer
(Sigma-Aldrich; Merck KGaA) with a protease inhibitor cock-
tail. The cells were gently pipetted up and down to lyse the
membranes and release the cellular contents. The cell lysate (in
2 ml Eppendorf tubes) were then placed on ice and continuously
agitated in a rocker platform for 15 min. The cell suspension was
then centrifuged at 25,000 g for 15 min and the clear supernatant
was collected and stored in aliquots at 4°C until further use. The
total protein content was quantified using a NanoDrop™ 2000
spectrophotometer (NanoDrop Technologies; Thermo Fisher
Scientific, Inc.) (17).

Culture of OVCAR3 cells. The commercial human ovarian
cancer OVCAR3 cell line was purchased from the European
Collection of Authenticated Cell Cultures (Salisbury, UK).
The OVCARS3 cells were rapidly thawed in a 37°C water bath
following the standard cell-thawing procedure and cultured
at optimal conditions of 37°C in a 5% CO, incubator. The
cells were cultured in low-glucose Dulbecco's Modified
Eagles Medium DMEM supplemented with 10% FBS, 2 mM
Glutamax and 1% penicillin-streptomycin.

Cell morphology. OVCAR3 cells were seeded at a density of
2x10* cells/well in a 24-well plate and tested with hWJSC-CM
(25, 50 and 75%), hWISC-CL (5, 10 and 15 pg/ml) and pacli-
taxel (2.5, 5 and 10 nM). The control and experimental groups
were then cultured at 37°C in a 5% CO, incubator for 24-72 h
and any changes in cell morphology were observed using an
inverted-phase contrast microscope (Nikon Corporation, Tokyo,
Japan).

Cell proliferation. OVCAR3 cells were seeded at
2x10* cells/well in a 24-well plate and allowed to attach over-
night. The culture medium was then replaced with medium
containing various concentrations of hWJSC-CM (25, 50 and
75%), hWISC-CL (5, 10 and 15 ug/ml) or paclitaxel (2.5, 5 and
10 nM) for 24, 48 and 72 h. The control cells were cultured in
normal culture medium without any pharmacological agents.
The cell proliferation/inhibition under various experimental
conditions was analysed using the MTT assay according to
the manufacturer's instructions. Briefly, the culture medium
was removed and 200 ul fresh medium containing 10 ul MTT
reagent (Sigma-Aldrich; Merck KGaA) was added, followed by
incubation under standard culture conditions for up to 4 h. The
medium was removed and 200 ul solubilisation reagent was
added. The absorbance at 570 nm, with a reference wavelength
of 630 nm, was measured using a SpectraMax i3 Multimode
Reader (Molecular Devices, LLC, Sunnyvale, CA, USA).
The differences between the treated and control groups were
analyzed with one-way analysis of variance with Bonferroni's
multiple comparisons post hoc analyis using SPSS version 22.0
(IBM Corp., Armonk, NY, USA). The results are presented
as the mean + standard error of the mean from 3 replicates
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for individual assays and P<0.05 was considered to indicate a
statistically significant difference.

Multiplex cytokine analysis. Multiplex cytokine analysis
was performed using the Human Cytokine Magnetic 30-Plex
Panel (LHC6003M; Thermo Fisher Scientific, Inc.). The
assay was performed on the cell culture supernatant of
OVCARS3 cells collected at 48 h following treatment with
50% hWIJSC-CM, 10 pg/ml hWISC-CL and 5 nM pacli-
taxel. The assay was performed in a 96-well plate format,
according to the manufacturer's instructions. Briefly, the
antibody-coated polystyrene magnetic beads in solution
(with different spectral intensities) were vortexed for 30 sec
and sonicated for 30 sec for 5 min (at 50Hz; 37°C). Then
25 ul of the antibody-coated polystyrene magnetic beads
was added to the 96 well flat bottom plate and washed twice
with 1X wash buffer. The standards (1:3 serial dilution) and
samples (undiluted cell culture supernatants) were prepared,
added to the beads and incubated at room temperature (RT)
on an orbital shaker at 500 RPM for 2 h to enable the capture
of analytes. The plate was then incubated at RT with bioti-
nylated detection antibodies (100 ul/well) for 1 h, followed
by streptavidin-R-phycoerythrin antibodies (100 ul/well) for
30 min (both antibodies are supplied with the kit-LHC6003M
as 10X concentration and were diluted to 1X using respective
diluents). Between incubations with different antibodies,
the plate was washed twice with wash buffer. All washing
steps were performed using a hand-held magnetic bottom
in order to facilitate the retention of the magnetic antibody
beads. Finally, the plate was washed three times, the beads
resuspended in wash buffer and analysed using the Luminex
MAGPIX® instrument (Luminex Corporation, Austin, TX,
USA). The data obtained were analysed using the Luminex
xPONENT® multiplex assay analysis software (v.4.2.1324.0,
Luminex Corporation).

Heatmaps and hierarchical cluster analysis. The differential
expression of cytokines, chemokines and growth factors,
calculated based on the log,-fold change between the control
and the experimental groups, was used as an input for Genesis
Software (Graz University of Technology, Graz, Austria) (19)
to generate the heatmaps. Furthermore, the hierarchical clus-
tering function with the complete linkage method in Genesis
was used to generate the hierarchical clusters of pro- and
antitumour cytokines, chemokines and growth factors.

Results

Derivation and culture of hWJSCs. The hWJSCs were
successfully derived from all human umbilical cords and their
primary cultures were established. The hWJSCs appeared as
epitheliod cells that resembled short fibroblasts in the initial
passages, and transformed to long fibroblasts in subsequent
passages (Fig. 1A-F).

Culture of OVCARS3 cells. Following thawing, the OVCAR3
cells exhibited minimal attachment and slow growth. However,
with subsequent passages they displayed improved prolif-
eration rates and demonstrated their characteristic epithelial
morphology in culture (Fig. 1G and H).
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Figure 1. Representative images of human Wharton's Jelly stem cells (hWWJSCs) derivation procedure, showing the (A) whole umbilical cord, (B) umbilical cord
pieces of ~2 cm length, (C) umbilical cord pieces opened lengthwise and (D) the separated umbilical cord blood vessels. Representative phase contrast images
of the hWISCs in (E) early and (F) late passages showing the characteristic short and long fibroblastic appearance. The commerical human ovarian cancer cell
line (OVCAR3) in (G) early culture and (H) later subculture showing the characteristic epitheloid cells.

Surface marker characterization of hWJSCs. The derived
cells analyzed for CD markers expression demonstrated high
percentages of positive MSC related CD markers, namely
CD73 (99.54%), CD90 (91.67%), CD105 (84.67%), CD44
(84.25%) and CD29 (99.76%) compared with respective
isotype matched controls (Fig. 2A and B). These cells were
negative for CD34 and CD45, the haematopoietic stem cell
related CD markers (Fig. 2C).

Morphology of OVCAR3 cells (phase contrast microscopy).
The OVCAR3 cells exhibited various morphological changes
leading to cell death following exposure to hWJSC-CM (25,
50 and 75%); hWISC-CL (5, 10 and 15 pg/ml) and paclitaxel
(2.5,5 and 10 nM) for 24, 48 and 72 h (Fig. 3A-C). An overall
decrease in live cells was observed, demonstrating morpho-
logical changes, including cell shrinkage, membrane damage
and cell death. These cellular changes were more pronounced
in the cells treated with paclitaxel, followed by those treated
with hWJSC-CL and hWJSC-CM. The morphological changes
and cell death were time- and concentration-dependent.

OVCAR3 cell proliferation (MTT assay). A concentra-
tion-dependent decrease in the proliferation of the OVCAR3
cells was revealed following exposure to hWJSC-CM (25,
50 and 75%); hWISC-CL (5, 10 and 15 pug/ml) and paclitaxel
(2.5, 5 and 10 nM) for 24, 48 and 72 h. The mean decrease in
OVCARS cells observed following treatment with 25, 50 and
75% hWISC-CM was 7.14, 13.27 and 26.53%, respectively at
24 h; 7.48, 17.76 and 36.45%, respectively at 48 h; and 8.93,
26.79 and 45.54%, respectively at 72 h (Fig. 3D). The mean
decrease in OVCAR3 cells observed with the 50% hWISC-CM
at 48 and 72 h, and the 75% hWJSC-CM atall three time points
was statistically significant (P<0.05) compared with the control.

The mean decrease in OVCAR3 cells following treat-
ment with 5, 10 and 15 yg/ml hWJSC-CL was 12.75, 30.39
and 39.22%, respectively at 24 h; 20.69, 40.52 and 51.72%,

respectively at 48 h; and 16.80, 51.20 and 58.57%, respectively
at 72 h (Fig. 3E). The mean decrease observed with all three
concentrations of hWJSC-CL at all three time points was
statistically significant (P<0.05) compared with the control.

The mean decrease in OVCAR3 cells observed with 2.5,
5 and 10 nM paclitaxel was 34.29, 48.57 and 58.10%, respec-
tively at 24 h; 43.33, 48.89 and 62.22%, respectively at 48 h;
and 53.16, 72.15 and 79.75%, respectively at 72 h (Fig. 3F). The
mean decrease following treatment with all three concentra-
tions of paclitaxel at all three time points was statistically
significant (P<0.05) compared with the control.

Cytokine secretion profile in OVCAR3 cells treated with
hWJSC extracts. The analysis of the cell culture supernatant of
OVCARS3 cells following treatment with hWJISC-CM (50%),
hWISC-CL (10 pg/ml) and paclitaxel (5 nM) for 48 h, demon-
strated a decrease in the secreted cytokines, chemokines and
growth factors compared with the untreated control.

The levels of cytokines that are reported to be involved
in tumour growth, invasion and migration, namely interleukin
(IL)-1pB, IL-4, IL-6, IL-8, IL-10, IL-13, IL-17, interferon
(IFN)-v, tumour necrosis factor a (TNF-a) and granulocyte
colony-stimulating factor (G-CSF), were decreased following
treatment with hWJSC extracts and paclitaxel (Fig. 4). The
mean decrease following treatment with 5 nM paclitaxel, 50%
hWIJSC-CM and 10 ug/ml hWISC-CL was as follows: IL-1p
by 14.73,22.33 and 26.17%; IL-4 by 55.56, 50.48 and 45.40%;
IL-6 by 92.55, 87.38 and 83.54%; IL-8 by 95.61, 81.08 and
46.97%; 1L-10 by 73.78, 69.90 and 66.16%; IL-13 by 42.74,
24.51 and 42.74%; 1L-17 by 15.27, 7.60 and 19.17%; TNF-a
by 35.59, 46.23 and 46.23%; and G-CSF by 19.73, 7.55 and
15.39% respectively. Of these, the decrease in IL-1p with
hWIJSC-CL alone; IL-4, IL-6, IL-8, IL-10, IL-13, IL-17 and
TNF-a with paclitaxel, hWJSC-CM and hWIJSC-CL; and
G-CSF with paclitaxel alone, were statistically significant
(P<0.05) compared with the control.
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Figure 2. Representative Fluorescent activated cell-sorting analysis showing the CD marker expression pattern in human Wharton's Jelly stem cells (hWJSCs).
(A) Respective isotype controls; (B) Middle panel: MSC positive CD markers; (C) lower panel: MSC negative CD markers.
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Figure 3. Representative phase contrast images of OVCAR3 cells treated with (Aa-Al) hWJSC-CM; (Ba-Bl) hWISC-CL and (Ca-Cl) paclitaxel for (a-d) 24 h;
(e-h) 48 h and (i-1) 72 h, showing increase in dead translucent cells (indicated by thin black arrows) with increasing time and concentrations of hWJSC-CM,
hWISC-CL and paclitaxel. Cell proliferation assay of OVCAR3 cells treated with (D) hWJSC-CM; (E) hWJSC-CL and (F) paclitaxel for 24 to 72 h. The
OVCAR3 cell proliferation was inhibited by hWJSC-CM (at higher concentrations), htWJSC-CL and the standard anticacner drug paclitaxel that were both time
and concentration dependent. The values are expressed as mean + SEM of three different experiments. "P<0.05 vs. the control. hWJSC-CM, human Wharton's
jelly stem cells conditioned medium; hWJSC-CL, human Wharton's jelly stem cell lysate.

The levels of cytokines that are reported to exhibit anti-  (GM-CSF), either increased or decreased following treatment
tumour effects, namely IL-1 receptor antagonist (IL-1RA),  with hWJSC extracts and paclitaxel (Fig. 5). Of these, only
IL-2, IL-2 receptor (IL-2R), IL-5, IL-7, IL-12, IL-15, IFN-a, the changes in IL-1RA with paclitaxel (32.47% increase),
IFN-y and granulocyte-macrophage colony-stimulating factor hWJSC-CM (32.47% increase) and hWJSC-CL (16.47%
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Figure 4. Expression levels of cytokines in the cell culture supernatant of OVCARS3 cells following treatment with hWJSC-CM (50%), hWJISC-CL (10 pg/ml)
and paclitaxel (5 nm) for 48 h, and analyzed using multiplex cytokine assay. The following cytokines namely, (A) IL-1, (B) IL-4, (C) IL-6, (D) IL-8, (E) IL-10,
(F) IL-13, (G) IL-17, (H) TNF-o and (I) G-CSF that are reported to increase tumour growth and progression were decreased. The values are expressed as
mean = SEM of three different experiments. “P<0.05 vs. the control. htWJSC-CM, human Wharton's jelly stem cells conditioned medium; hWJSC-CL, human

Wharton's jelly stem cell lysate.
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paclitaxel (5 nm) for 48 h, and analyzed using multiplex cytokine assay. The following cytokines namely, (A) IL-1RA, (B) IL-2, (C) IL2R, (D) GM-CSF, (E) IL-5,
(F) IL-7, (G) IL-12, (H) IL-15, (I) IFN-a and (J) IFN-y were either increased or mildly decreased. The values are expressed as mean + SEM of three different
experiments. ‘P<0.05 vs. the control. hWJSC-CM, human Wharton's jelly stem cells conditioned medium; hWJSC-CL, human Wharton's jelly stem cell lysate.

increase); GM-CSF with hWJSC-CL (35.08% increase); and
IL-5 with hWJSC-CL (38.66% decrease) were statistically
significant (P<0.05) compared with the control.

The levels of chemokines that are primarily associated
with tumour progression, namely monocyte chemoattractant

protein 1 (MCP-1); macrophage inflammatory protein
(MIP)-1a; MIP-1B; Regulated Upon Activation, Normally
T-Expressed, and Secreted (RANTES); monokine induced
by INF-y (MIG); INF-y induced protein (IP-10) and Eotaxin,
decreased following treatment with hWJSC extracts and
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Figure 6. Expression levels of chemokines in the cell culture supernatant of OVCARS3 cells following treatment with hWJSC-CM (50%), hWJISC-CL (10 pug/ml)
and paclitaxel (5 nm) for 48 h, and analyzed using multiplex cytokine assay. The following chemokines namely, (A) MCP-1, (B) MIP-1a, (C) MIP-1p,
(D) RANTES, (E) MIG, (F) IP-10 and (G) Eotaxin, that are reported to increase tumour growth and progression were decreased. The values are expressed as
mean + SEM of three different experiments. "P<0.05 vs. the control. hWJSC-CM, human Wharton's jelly stem cells conditioned medium; hWJSC-CL, human

Wharton's jelly stem cell lysate.
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Figure 7. Expression levels of growth factors in the cell culture supernatant of OVCAR3 cells following treatment with hWJSC-CM (50%), hWJSC-CL
(10 pg/ml) and paclitaxel (5 nm) for 48 h, and analyzed using multiplex cytokine assay. The following growth factors namely, (A) bFGF, (B) VEGF, (C) HGF
and (D) EGEF, that are reported to increase tumour growth and progression were decreased. The values are expressed as mean + SEM of three different
experiments. "P<0.05 vs. the control. h(WJSC-CM, human Wharton's jelly stem cells conditioned medium; hWJSC-CL, human Wharton's jelly stem cell lysate.

paclitaxel (Fig. 6). The mean decrease was as follows:
MCP-1 by 55.36, 43.87 and 24.20%; MIP-1a by 50.65, 50.65
and 42.13%; MIP-1f by 46.29, 42.27 and 34.31%; RANTES
by 3.47, 3.47 and 8.39%; MIG by 27.45, 27.43 and 40.78%;
IP-10 by 15.90, 17.73 and 14.90%; and Eotoxin by 6.17, 2.04
and 6.18%, following treatment with 5 nM paclitaxel, 50%
hWJSC-CM and 10 ug/ml hWIJSC-CL, respectively. Of
these, only the decrease in MCP-1, MIP-1a. and MIP-1f3 with
paclitaxel, hWJSC-CM and hWJSC-CL; and RANTES and
MIG with hWJSC-CL was statistically significant (P<0.05)
compared with the control.

The majority of the growth factors known to support
oncogenic activity, namely bFGF, vascular endothelial growth
factor (VEGF), hepatocyte growth factor (HGF) and epidermal
growth factor (EGF), decreased following treatment with
hWISC extracts and paclitaxel (Fig. 7). The mean decrease
was as follows: bFGF by 70.65, 37.41 and 63.98%; VEGF by
48.92, 44.49 and 31.20%; and EGF by 9.59, 13.68 and 8.34%
following treatment with 5 nM paclitaxel, 50% hWJSC-CM

and 10 pg/ml hWJSC-CL, respectively. HGF only exhibited
a decrease by 33.11% with hWJSC-CL. Of these, only the
changes observed with bFGF, VEGF and HGF were statisti-
cally significant (P<0.05) compared with the control.

Heatmaps and hierarchical cluster analysis. The mean
expression values of cytokines in OVCAR3 cells treated with
50% hWISC-CM, 10 ug/ml hWISC-CL and 5 nM paclitaxel
displayed variable fold changes as depicted by heatmaps,
where the blue and red colours indicate the lower and higher
expression limits, respectively (Fig. 8A-D). Certain oncogenic
cytokines revealed high fold changes with paclitaxel (IL-13
alone); hWJSC-CM (G-CSF > IL-17 > IL-13); and hWJSC-CL
(IL-8 alone), whereas other cytokines revealed moderate to
low fold changes (Fig. 8A). Certain antitumour cytokines
exhibited high fold changes with paclitaxel (IFN-y>IL-IRA>
IL-2>IFN-a); hWJSC-CM (IL-12>IL-1RA>IL-2>IFN-a
>[L-5>GM-CSF); and hWJSC-CL (GM-CSF>IL-12), whereas
other cytokines revealed moderate to low fold changes
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Figure 8. Heatmap and hierarchical cluster analysis of Cytokines, Chemokines and Growth Factors using Genesis Software. Heatmap of the differentially
regulated (A) pro-inflammatory cytokines; (B) anti-inflammatory cytokines; (C) chemokines and (D) growth factors. (E) Hierarchical Clustering of the
differentially regulated cytokines showing the major and minor clusters of closely interlinked cytokines.

(Fig. 8B). Certain chemokines exhibited high fold changes
with paclitaxel (RANTES alone); hWJSC-CM (RANTES
>Eotaxin); and hWJSC-CL (MCP-1 alone), whereas other
chemokines revealed moderate to low fold changes (Fig. 8C).
Certain growth factors exhibited higher fold changes with
paclitaxel (HGF alone); hWJSC-CM (HGF>bFGF); and
hWIJSC-CL (VEGF alone), whereas other growth factors
revealed moderate to low fold changes (Fig. 8D). Hierarchical
clustering was determined based on the level of fold changes
exhibited by the cytokines, chemokines and growth factors,
and the distances within and between each cluster (Fig. 8E).
A total of 29 clusters consisted of three major clusters linked
to 7 small sub-clusters, of which each was linked to =2 closely
associated cytokines, chemokines or growth factors (Fig. 7E).

Discussion

Tumour cells develop abilities to escape the immune surveil-
lance of the body and manage to proliferate, invade local
or adjacent tissues, and migrate to distant sites. MSCs have
gained a lot of attraction as an anticancer agent, with certain
protocols undergoing clinical trials (9). MSCs can be modified
to express antitumour cytokines, chemokines, growth factor
antagonists and apoptosis-inducing agents. Given their tumour
tropism, modified or naive MSCs have been used against a
number of tumours, including melanoma, colon cancer, hepatic
cancer, lung cancer, breast cancer, prostate cancer and ovarian
cancer (12,20). Compared with other currently available

MSCs, the hWJSCs isolated from within the human umbilical
cord present several advantages, including high proliferative
potential, long telomeres and multipotency (16). The present
study demonstrated the inhibition of the growth and prolifera-
tion of OVCAR3 cells in vitro in freshly prepared hWJSC-CM
and hWJSC-CL, which may partly be mediated by the soluble
factors/cytokines in the hWJSC extracts.

Overall, cancer is an inflammatory condition, and cell
growth, differentiation, migration and signaling are regulated
by numerous molecules, including cytokines, chemokines
and growth factors. The cytokine expression pattern may
vary according to the tumour type, and they can serve as
biomarkers for diagnosis and prognosis (14). The present
study revealed a decrease in cytokines that are reported to
have cancer-promoting properties, namely I1L-1f, IL-4, IL-6,
IL-8, IL-10, IL-13, IL-17, TNF-a and G-CSF. A prospective
randomized placebo-controlled multicenter trial that evalu-
ated the association between proinflammatory cytokines and
cancer incidence identified IL-1f, IL-6 and TNF-a to be asso-
ciated with increased risk of cancer (21). Cathespin, a cysteine
protease, promotes tumour growth and proliferation, and
IL-4 induces cathespin activity in tumour-associated macro-
phages (22). High levels of IL-6 and IL-8 were dectected in
patients with EOC and were associated with poor prognosis and
short disease-free survival time (23). Increased levels of IL-10
have been reported in patients with ovarian cancer, and IL-10,
being immunosuppresive, contributes to the disease progres-
sion (24).IL-13 enhanced the invasion of cancer cells that were
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IL-13 receptor subunit -2 (IL-13Ra2)*, but not IL-13Ra2, in
a murine model of human pancreatic cancer (25). Increased
levels of TNF-a in the tumour environment were associated
with ovarian cancer progression in humans and mice in a
1L-17-dependent manner (26). Furthermore, the treatment
of breast cancer MDA-MB231 and MDA-MB435 cell lines
with IL-17 resulted in enhanced Matrigel invasion (27). The
G-CSF receptor was highly expressed in serous epithelial
ovarian tumour and the stimulation of G-CSFR* OVCA429
and TOV21 G cells with G-CSF enhanced cell migration,
mediated by the tyrosine-protein kinase JAK2/signal trans-
ducer and activator of transcription 3 signaling pathway (28).
There appears to be efficient signaling and interaction between
the oncogenic cytokines, and their inhibiton, or a decrease in
their expression, as accomplished by hWISC extracts, may be
beneficial.

In the present study, the cytokines associated with
antitumour effects, namely IL-1RA, IL-2, IL2R, GM-CSF,
IL-5, IL-7, IL-12, IL-15 IFN-a and IFN-v, either increased
or slightly decreased following treatment with hWJSC-CM
and hWJSC-CL. Whereas IL-1 cytokines promote tumour
growth and progression, IL-1RA, a member of the IL-1 family,
blocks the IL-1 receptor competitively and supports tumour
inhibiton (29). It has previously been reported that IL-1R A also
inhibits the expression of VEGF in colorectal carcinoma (30).
Adoptive T cell therapy appears to be a promising strategy in
the inhibition of EOC. Tumour infiltrating lymphocytes (TILs)
were expanded in freshly resected ovarian tumours using
a combination of IL-2, anti-cluster of differentiation (CD)3
and anti-CD28 magnetic beads, and these TILs demonstrated
tumour-inhibitory effects (31). In a rodent model of orthoptic
liver tumour, a combination of IL-2 and GM-CSF adminis-
tered intratumourally or intravenously was more effective than
IL-2 monotherapy against the tumour, and these effects were
mediated by CD8* T cells, natural killer T cells and macro-
phages (32). The efficacy of IL-2 depends on its potential to
expand regulatory T cells, and this is mediated by its receptor,
IL-2R, which directs IL-2 back to the cell surface (33). IL-5
was demonstrated to be predominantly expressed in benign
ovarian neoplasms (14) and the antitumour effects of GM-CSF
were revealed to be mediated by cytokine receptors shared by
IL3 and IL-5 (34). The levels of IL-7, a cytokine essential for
the adaptive immune response, were significantly decreased
in the ascites compared with the plasma of patients with
advanced ovarian cancer (35). Furthermore, the administration
of cytotoxic T lymphocytes cultured with IL-7 and IL-15 led
to regression of melanoma and mammary tumours in a murine
model, compared with those cultured with IL-12 alone (36).
IFN-a and IFN-y have been used intraperitonealy (cytokine
therapy) against ovarian cancer with promising results; auto-
logus monocytes infusion (cellular therapy) has also been
reported to have antitumour effects, therefore the combination
of cytokine and cellular therapy may help overcome resistant
tumours (37).

The chemokines MCP-1, MIP-1a., MIP-13,RANTES, MIG,
IP-10 and Eotaxin, which are associated with tumour growth
and proliferation, decreased following treatment with hWJSC
extracts in the present study. MCP-1, MIP-1p and RANTES
are highly expressed in ovarian cancers having the presence
of T cells intraepithelially or in the tumour microenvironment,
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whereas IP-10 is expressed in tumours even in the absence
of tumour-infiltrating T cells (38). MCP-1 and MIP-1a are
expressed in a number of tumour tissues and are associated
with the regulation of cancer progression (39). Increased
overall survival was associated with a high expression of
MIG and IP-10 in high grade serous ovarian cancer, and the
tumour-suppresive effects were mediated by the recruitment
of tumour-infiltrating lymphocytes (40).

The growth factors bFGF, EGF, HGF and VEGF are impli-
cated in tumour cell proliferation, growth and differentiation.
Combined treatment of VEGF and HGF, or VEGF, HGF and
EGF was revealed to increase telomerase activity in ovarian
cancer cell lines (41), demonstrating the role of these growth
factors in tumour survival and progression. In the present
study, the levels of the majority of the cytokines, chemokines
and growth factors that have oncogenic effects decreased
following treatment with hWJSC extracts.

In conclusion, the tumour microenvironment serves an
important role in tumor progression or inhibibtion via cyto-
kine regulation, and MSCs and/or their secretory products
can contribute to tumour inhibition by modifying molecular
signalling pathways. The higher fold changes observed in
the heatmap with anti- and pro-oncogenic chemokines and
growth factors, and the hierarchical clustering between them,
indicate that hWJSC extracts inhibit OVCARS3 cells in vitro in
a coordinated manner, mediated by cytokines. MSCs and their
secretome are known to arrest various tumours by epithelial
mesenchymal transition inhibition, immune regulation, extra-
cellular matrix remodelling and through paracrine effects (42).
Given the inhibitory effects of tumour-promoting cytokines,
the hWIJSC extracts may be useful in the inhibition of solid
tumours. Unlike other existing stem cell types the hWJSCs has
several advantages as they, (i) can be harvested in abundance
without infliciting any pain as they are derived from umbilical
cords obtained following delivery; (i) are highly proliferative
with wide differentiation potenital; (iii) have no/less ethical
constraints compared to human embryonic stem cells; (iv) are
hypo-immunogeneic and non-tumorigenic (43). However,
evaluation on a single cancer line is a limitiation to the present
study and additional studies on different types of cancer
cell lines will be required to understand the real potential of
hWIJSCs in cancer inhibition.
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