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Abstract: Background: Cancer stem cells (CSCs) play an important role in tumor recurrence, metastasis, and chemo-
resistance. CSCs can shift between non-CSC and CSC states in certain tumor microenvironments. The mechanisms 
of this shift are not well understood. We previously demonstrated that platelet-activating factor (PAF), a lipid media-
tor of inflammation in the tumor microenvironment, can promote ovarian cancer progression and induce chemo-
resistance via PAF/PAFR-mediated inflammatory signaling pathways. Here, we investigated the role of PAF/PAFR 
signaling in the stemness of ovarian cancer cell. Methods: The effects of PAF and PAFR antagonists on the stemness 
of SKOV3 and A2780 cells were evaluated using sphere-formation assays, FACS analysis and real-time PCR in vitro 
and a SKOV3 tumor-formation experiment in nude mice in vivo. The potential mechanism of the PAF effect on the 
stemness of ovarian cancer cells was evaluated by human cytokine antibody microarray analysis. Results: PAF can 
promote spheroid formation and inhibit the transition of quiescent ovarian cancer cells into the cell cycle. The per-
centage of cancer stem cells increased significantly, and the expression of stemness genes increased in PAF-treated 
group. These effects could be blocked by PAFR inhibitors. Ginkgolide B (GB) inhibited tumor growth and decreased 
the CSC percentage in vivo. Human cytokine antibody microarray analysis showed that some stemness-maintaining 
proteins increased in PAF-treated group. Conclusion: Our results suggest that PAF can regulate the stemness of 
ovarian cancer cells through the PAF/PAFR pathway, suggesting a new target for the treatment of ovarian cancer.
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Introduction

Ovarian cancer is the most common gyneco-
logical malignancy and is the eighth most com-
mon cause of cancer in women. More than  
75% of patients are diagnosed at late stages 
due to the incipient protracted nature of the 
disease and the lack of specific diagnostic 
symptoms or biomarkers. Despite aggressive 
surgical debulking and cytoreduction, 50-85% 
of patients experience recurrences with limited 
treatment options and poor survival [1-5].

Cancer stem cells (CSCs) are tumor cells that 
have the principal properties of self-renewal, 
clonal tumor initiation capacity and clonal long-
term repopulation potential. In recent years, 

there has been increasing evidence that CSCs 
play an important role in tumor recurrence, 
metastasis, and chemoresistance [6]. Recent 
studies have indicated that chemotherapy can 
induce CSCs through a variety of mechanisms. 
Our previous study demonstrated that cisplatin 
induces the upregulation of PAFR in ovarian 
cancer cells. The blockade of PAFR can induce 
cell apoptosis and inhibit cell proliferation, pro-
moting the efficacy of CDDP. Therefore, we 
believe that PAFR may regulate the stemness of 
ovarian cancer cells.

One of the hallmarks of cancer is the effect of 
inflammation on the tumor microenvironment 
[7]. In ovarian cancer, an inflammatory state is 
considered a risk factor and can be associated 
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with ovarian cancer development, drug resist-
ance, and metastasis [8]. Platelet-activating 
factor (PAF), is one of the most potent inflam-
matory molecules [9]. PAFR is the main target 
of PAF. PAF/PAFR signaling is involved in onco-
genic transformation, anti-apoptosis, metasta-
sis and angiogenesis in several types of can-
cers [10]. We demonstrated that PAF/PAFR 
signaling is commonly activated in non-muci-
nous ovarian cancer cells and contributes to 
cancer progression and drug resistance [11]. 
Based on current reports, we postulated that 
PAF can regulate the stemness of ovarian can-
cer cells via the PAF/PAFR pathway [12].

In this study, we examine the effect of PAF  
on the stemness of SKOV3 and A2780 cells. 
The PAFR-specific antagonist Ginkgolide B (GB) 
and WEB2086 were found to inhibit cancer 
stemness in vitro and in vivo. Our results show 
that PAF can maintain cancer stemness via the 
PAF/PAFR pathway.

Materials and methods

Cell culture and chemical reagents

The ovarian cancer cell line SKOV3 and A2780 
(purchased from the Cell Bank of the Chinese 
Academy of Science, Shanghai, China) were cul-
tured at 37°C in a humidified 5% CO2 atmos-
phere in RPMI-1640 medium with 10% fetal 
calf serum (Gibco, Invitrogen, Carlsbad, CA, 
USA) 100 IU/ml penicillin G and 100 mg/ml 

ning, NY, USA) at a density of 5000 cells per 
well and cultured in serum-free medium at 
37°C in a humidified 5% CO2 atmosphere. Cells 
were treated with 100 nmol/l PAF or 100 μmol/l 
WEB2086. After 14 days, the number of sp- 
heres (≥75 μm) was counted in all wells, and 
differences in the average number per well 
were evaluated.

RNA extraction and quantitative real-time PCR

Total RNA was isolated using TRIzol reagent 
(Invitrogen, USA) according to the manufactur-
er’s instructions. Quantitative real-time PCR 
and real-time PCR analyses were performed 
with SYBR premix Ex Taq (TaKaRa, Osaka, 
Japan) on a 7900 Real-time PCR system 
(Applied Biosystems Inc., Foster, CA, USA) The 
conditions for qPCR were as follows: 95°C for 
30 s; followed by 40 cycles at 95°C for 5 s and 
60°C for 30 s; and a final cycle at 95°C for 5 s, 
60°C for 1 min and 95°C with continuous 
mode. The primer sequences used for detec-
tion are shown in Table 1.

Flow cytometry

Surface marker expression: A2780 and SKOV3 
cells were cultured with serum-free medium for 
48 h and digested with trypsin enzyme, and 
then centrifuged at 350 g for 5 min at 4°C; the 
cell density was adjusted to 1 × 106 cells per 
assay for flow cytometric analysis. Cells were 
labeled with fluorochrome antibodies CD44-

Table 1. The primer sequences for RT-PCR
Klf4 Forward Primer CCCACATGAAGCGACTTCCC

Reverse Primer CAGGTCCAGGAGATCGTTGAA
Nanog Forward Primer TTTGTGGGCCTGAAGAAAACT

Reverse Primer AGGGCTGTCCTGAATAAGCAG
Oct4 Forward Primer CTGGGTTGATCCTCGGACCT

Reverse Primer CCATCGGAGTTGCTCTCCA
c-myc Forward Primer GGCTCCTGGCAAAAGGTCA

Reverse Primer CTGCGTAGTTGTGCTGATGT
CD24 Forward Primer CTCCTACCCACGCAGATTTATTC

Reverse Primer AGAGTGAGACCACGAAGAGAC
CD34 Forward Primer CTACAACACCTAGTACCCTTGGA

Reverse Primer GGAGAACACTGTGCTGATTACA
ALDH1 Forward Primer GCACGCCAGACTTACCTGTC

Reverse Primer CCTCCTCAGTTGCAGGATTAAAG
Lgr5 Forward Primer CTCCCAGGTCTGGTGTGTTG

Reverse Primer GAGGTCTAGGTAGGAGGTGAAG

streptomycin sulfate (Sigma-Aldrich, St. 
Louis, MO, USA); the medium was changed 
every three days. Serum-free medium 
(DMEM/F12 medium with 2% B27 (Gibco, 
Invitrogen, Carlsbad, CA, USA), 20 ng/ml 
epidermal growth factor (R&D Systems, 
Oxon, U.K.), 20 ng/ml fibroblast growth 
factor (R&D Systems, Oxon, U.K.), 2 ng/ml 
heparin (R&D Systems, Oxon, U.K.), and 
1% insulin (Gibco, Invitrogen, Carlsbad, CA, 
USA)) was used when measuring the 
stemness of ovarian cancer cells [13]. PAF, 
GB, and WEB2086 (PAFR antagonists) 
were purchased from Sigma-Aldrich.

Sphere-formation assay

The sphere-formation assay was per-
formed as described previously [14]. Ce- 
lls were plated in 24-well ultralow attach-
ment plates (Corning Incorporated, Cor- 
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FITC and CD133-APC (BD Bioscience). The 
experimental procedures were performed in 
accordance with a standard protocol on a 
CytoFLEX flow cytometer (Beckman Counter). 
The data are presented as the percentage of 
positive cells.

Cell cycle analysis: Treated cells were fixed in 
70% ethanol and stored at 4°C overnight; the 
cells were labeled with propidium iodide (50 
μg/ml) and RNase (100 μg/ml) for 30 min 
before flow cytometric analysis; the experiment 
was repeated for three times.

Western blot analysis: Cellular extracts were 
prepared in modified radioimmunoprecipita- 
tion assay (RIPA) buffer (50 mM Tris-HCl pH 7.4, 
1% NP-40, 0.25% Na-deoxycholate, 150 mM 
NaCl, 1 mM EDTA, 1 mM PMSF, and protease 
inhibitor cocktail). The protein concentrations 
of the cellular extracts were measured using a 
Bio-Rad protein assay kit. Then, cellular 
extracts were subjected to SDS-PAGE. Proteins 
were transferred to PVDF membranes. After 
blocking for 1 h at room temperature in 5% 
BSA, the blots were probed with the primary 
antibody and incubated overnight at 4°C. 
Subsequently, the blots were washed three 
times and incubated for 1 h at room tempera-
ture with a 1:5000 dilution of secondary perox-
idase-conjugated antibodies. The detection 
primary antibodies were: rabbit anti-human 
IGF-1R (1:100, CST 3024), rabbit anti-human 
SIGIRR (1:100, Abcam, ab177937), rabbit anti-
human albumin (1:100, Abcam, ab151742), 
rabbit anti-human actin (1:100, CST, 3700). 
Following three washes, immunoreactive bands 
were detected using electrochemilumines-
cence (ECL).

Human cytokine antibody microarray analysis: 
SKOV3 cells were incubated in fresh serum-
free medium overnight at 37°C in a humidifi- 
ed chamber with PAF (100 nM) treatment. Cells 
were harvested after 24 h of treatment by 
washing twice with phosphate-buffered saline 
(PBS) and then lysing with ice-cold cell lysis 
buffer (Cell Signaling Technology), supplement-
ed with protease inhibitors. To simultaneously 
detect and semi-quantify 440 inflammatory 
markers in the cell lysates, G-Series Human 
Cytokine Antibody Array 440, from RayBiotech 
(Boechout, Belgium), was used. 40 µg of pro-
tein from cell lysates was incubated on the 

slide for 2 h and then incubated with a bioti-
nylated antibody cocktail for 2 h, followed  
by incubation with the appropriate Cy3 dye-
conjugated streptavidin label for 1 h. The si- 
gnal intensity of each array was scanned us- 
ing an InnoScan 300 Microarray Scanner (exci-
tation frequency = 532 nm). The signal was 
analyzed with the microarray analysis soft- 
ware GSH-CAA-440. The different proteins 
were examined by Gene Ontology (GO) analysis 
and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment pathway analysis.

Tumor formation in nude mice

Animals and treatment: All experimental proce-
dures were conformed to the NIH Guide for  
the Care and Use of Laboratory Animals and 
were approved by the Animal Care and Use 
Committee of Fudan University. A total of 12 
female BALB/c nude mice (4 to 6 weeks old) 
were obtained from the Laboratory Animal 
Center of the Shanghai Institutes for Biologi- 
cal Sciences of the Chinese Academy of 
Sciences, housed in a pathogen-free environ-
ment and used for ovarian cancer cell xeno-
graft experiments. Xenografts were establi- 
shed by the subcutaneous injection of a total  
of 5 × 106 cells into the shoulder of each nu- 
de mouse. The animals were randomly divided 
into two groups. GB (Sigma) was dissolved in 
dimethyl sulfoxide (DMSO, Sigma) at a con- 
centration of 10 mg/ml. The mice in the GB 
group were intraperitoneally injected with the 
PAFR antagonist GB for 14 days at a dose  
of 1 mg/mice.d (100 μl/d) for the duration of 
the animal experiment, while the mice in  
the control group were injected with DMSO 
(100 μl/d). Tumor sizes were measured 3 times 
per week. The tumors were measured using 
callipers, and tumor volumes were calculated 
using the following formula: tumor volume 
(mm3) = (tumor length) × (tumor width)2/2. The 
weights of the mice were recorded 3 times per 
week.

Preparation and analysis of tissues: The mice 
were euthanized by CO2 inhalation followed by 
cervical dislocation. All the subcutaneous 
tumor tissues were removed, minced and incu-
bated for 90 min in the presence of colla-
genase/hyaluronidase enzyme mix. After diges-
tion, cell clumps were sieved through a 40-μm 
cell strainer (Falcon) to generate single-cell sus-
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pensions, washed with PBS containing 2%  
FBS from plates, and centrifuged at 350 g at 
4°C for 5 min, and the cell pellets were collect-
ed. The cell density was adjusted to 1 × 106 
cells per assay for the flow cytometry assays. 
Cells were labeled with fluorochrome antibod-
ies CD44-FITC and CD133-APC (BD Bioscience). 
The experimental procedures were performed 
in accordance with a standard protocol on a 
CytoFLEX flow cytometer (Beckman Counter). 
The data are presented as the percentage of 
positive cells.

Immunohistochemistry: Tumor tissue sampl- 
es were fixed in 10% formalin and then pa- 
raffin embedded. Each tissue block was serially 
sectioned in 4-μm sections for further immuno-
histochemistry assays. The sections were 
dewaxed in xylene, rehydrated in graded alco-
hol, and rinsed in water. For antigen retriev- 
al, the sections were immersed in 0.01 M of  
citrate buffer, pH 6.0, in a high-pressure cook- 
er for 20 min, and the tissue sections were 
cooled at room temperature. A peroxidase 
block reagent was applied on the specimen 
according to the tissue size and it was incubat-
ed for 5-10 min at room temperature. After 
incubation with goat blocking serum for 15 min 
at room temperature, the processed slides 
were then incubated at 4°C overnight with the 
intended primary antibodies: dilution Ki-67 
(1:100; Abcam ab245113) and CD34 (1:100; 
Abcam ab8158). After washing with PBS, the 
slides were incubated with horse radish pe- 
roxidase-labeled secondary antibody Detection 
Reagent (BioSun) and incubated at room tem-
perature for 30 min. The resultant bound anti-
body complexes were stained with diaminoben-
zidine for 3-5 minutes or until appropriate for 
microscopic examination, followed by counter-
staining with hematoxylin for 30 seconds, and 
then mounted. The staining images were pro-
cured with an Olympus microscope at 200 × 
magnification.

Statistical analysis

All statistical analyses were performed using 
GraphPad Prism 6.0. All experiments were per-
formed at least three times. The data are 
expressed as the “mean ± SD”. When appropri-
ate, the data were subjected to unpaired two-
tailed Student’s t-tests. Differences were con-
sidered significant when P < 0.05.

Results

Effect of PAF on SKOV3 and A2780 sphe-
roid formation and the inhibitory effects of 
WEB2086

Spheroid formation ability is considered a sign 
of self-renewal. CSCs have been reported to 
have a high ability to form spheroids in culture 
with serum-free media. To examine the sphere-
forming ability of the reprogrammed cells, cells 
were plated in 24-well ultralow attachment 
plates and cultured for 14 days. As shown in 
Figure 1A, 1B and Supplementary Figure 1A, 
1B, PAF (100 nM) treatment enlarged the 
sphere numbers and sizes, and PAF promoted 
spheroid formation by SKOV3 and A2780. The 
promotion effect could be blocked by the PAFR-
specific antagonist WEB2086 (100 µM). These 
data indicated that PAF promotes the spheroid 
formation ability of ovarian cancer cells at least 
in part via the PAF/PAFR pathway.

Effect of PAF on the cell cycle distribution of 
SKOV3 and A2780 cells and the expression of 
stemness genes and CSC markers

We examined the cell cycle distribution of 
SKOV3 and A2780 cells after treatment with 
PAF and WEB2086. As shown in Figure 2 and 
Supplementary Figure 2, there was a significant 
increase in G0/G1-phase cells after PAF treat-
ment compared with after DMSO or WEB2086 
treatment. This cell cycle delay was accompa-
nied by a decreased percentage of S-phase 
cells. Stem cells remain in the G0/G1 phase of 
the cell cycle for long periods of time; however, 
in our study, PAF inhibited the transition of qui-
escent ovarian cancer cells into the cell cycle 
[15]. The effect of PAF on stemness-related 
gene expression was examined. SKOV3 and 
A2780 cells were treated with PAF (100 nM), 
PAF (100 nM) + WEB2086 (100 µM) and 
WEB2086 (100 µM) for 24 h, and the expres-
sion of stemness genes were detected by 
RT-PCR. We observed an upregulation of the 
expression of several stemness genes (Oct4, 
nanog, klf4, c-myc, lgr5, CD24, CD34, and 
ALDH1) to varying degrees after PAF (100 nM) 
treatment for 24 h, as shown in Figure 3 and 
Supplementary Figure 3. The promotion effect 
could be blocked by the PAFR-specific antago-
nist WEB2086 (100 µM). Next, the CSC mark-
ers of SKOV3 were examined after PAF and 
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Figure 1. Effects of PAF on SKOV3 
spheroid formation and the inhibitory 
effects of WEB2086. A. PAF promoted 
the ability of spheroid-formation abil-
ity of SKOV3 cells, and PAF treatment 
increased the sphere numbers and 
sizes. The promotion effect could be 
blocked by the PAFR-specific antago-
nist WEB2086. B. Quantification of 
the SKOV3 spheroid numbers cul-
tured for 14 days. Scale bars: 100 
μm. All values are expressed as mean 
± SD and compared by Student’s t 
test. All experiments were repeated 
three times. *, P < 0.05; **, P < 0.01; 
***, P < 0.001. The same results 
were obtained in A2780.

Figure 2. Effect of PAF on the SKOV3 cell cycle. PAF inhibited the transition of quiescent SKOV3 cells into the cell 
cycle. PAF treatment increased the percentage of G0/G1-phase cells. The cell cycle delay was accompanied by a 
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WEB2086 treatment. We used CD44 and CD- 
133 as SKOV3 stem cell markers [16] and 
CD133 as the A2780 stem cell marker [17]. In 
SKOV3 cells, we observed a significant increase 
in the percentage of CD44+CD133+ cells after 
PAF (100 nM) treatment (Figure 4A, 4B), and in 
A2780, we observed a significant increase in 
the percentage of CD133+ cells after PAF (100 
nM) treatment (Supplementary Figure 4A, 4B). 
The promotion effect could also be blocked by 
the PAFR-specific antagonist WEB2086 (100 
µM).

Human cytokine antibody microarray analysis

To further explore the potential underlying 
mechanism involved in the stemness of ovarian 
cancer cells after PAF treatment, we used a 
semi-quantitative protein array to examine pro-
tein expression in DMSO-treated and PAF-
treated SKOV3 cells. The Raybiotech human 
GS440 array contains more than 440 antibod-
ies raised against a wide variety of proteins rep-
resenting a broad range of biological functions, 
including signal transduction, cell cycle regula-
tion, gene transcription, and apoptosis. These 
arrays were used to examine protein expres-
sion in DMSO-treated and PAF-treated SKOV3 
cells. By excluding the protein spots with incon-
sistent fold changes, we found that when we 
used a 1.5-fold cut-off, after treatment with 
PAF (100 nM), the protein levels of 19 proteins 
decreased, while that of 26 proteins increased, 
compared with DMSO (Figure 5A). A heatmap 
of protein expression was used for the visuali-
zation and validation of the results of the above 
protein selection. The heatmap of the expres-
sion levels of these 45 significant proteins 
clearly indicated that the protein expression 
pattern of the PAF-treated cells was different 
from that of the DMSO-treated cells. In the 
heatmap, the expression levels of the red-col-
ored proteins were higher than those of the 
blue-colored proteins (Figure 5B). Western blot-
ting was used to confirm the antibody microar-
ray results of three proteins: albumin, IGF-1R 
and SIGIRR. Albumin and IGF-1R were signifi-
cantly upregulated, whereas SIGIRR was signifi-
cantly downregulated, in PAF-treated SKOV3 
cells; these data were consistent with the  
antibody microarray results (Figure 5C). Whole 

membranes of Western blot was shown in 
Supplementary Figure 5. The differential pro-
teins were analyzed by R; the top ten enriched 
GO terms are shown in Figure 5D. In addition, 
KEGG pathways were enriched in differential 
proteins, and the rich factor reflects the propor-
tion of mutated genes in a given pathway 
(Figure 5E). The STRING database was used to 
determine the most relevant networks of the 
proteins altered by PAF treatment. According to 
the network analysis, the top canonical path-
way was related to the ErbB and BMP receptor 
families (Figure 5F).

Effect of GB on the stemness of SKOV3 via the 
PAF/PAFR pathway in vivo

We finally investigated the in vivo activity of the 
PAFR antagonist GB in nude mice bearing 
SKOV3 cells that were grown subcutaneously 
as tumor xenografts. As shown in Figure 6A, 
6C, GB significantly inhibited the growth of 
SKOV3-derived subcutaneous tumors. The 
mouse weights recorded 3 times per week. 
Mice in the GB group had higher weights than 
did mice in the DMSO group (Figure 6B). As 
shown in Figure 6D, GB inhibited tumor growth 
and decreased the CSC percentage compared 
with the control group, and no obvious side 
effects were observed in the mice treated with 
GB. We investigated the effect of GB on the cell 
proliferation and blood vessel formation by 
immunohistochemistry. As shown in Figure 6E, 
we found slight decreases in Ki67 and CD34 in 
the GB-treated group, and GB can inhibit cell 
proliferation and angiogenesis in the ovarian 
cancer cells in vivo.

Discussion

Tumor heterogeneity is a major challenge to 
cancer therapy, and cancer stem-like cells are 
believed to explain intra-tumoral heteroge- 
neity. CSCs are regarded as a subset of cancer 
cells that have self-renewal capacity and can 
initiate and maintain long-term tumor growth, 
generating cellular heterogeneity, which may 
be responsible for resistance to therapy, tumor 
recurrence and metastasis. CSCs are now 
thought to shift between non-CSC and CSC 
states, and this shift depends not only on 

decreased percentage of S-phase cells. All values are expressed as mean ± SD and compared by Student’s t test. All 
experiments were repeated three times. *, P < 0.05; **, P < 0.01; ***, P < 0.001. The same results were obtained 
in A2780.
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Figure 3. Effect of PAF on the stemness genes of SKOV3 cells. Significant upregulation of the expression of several stemness genes, such as Oct4, nanog, klf4, c-
myc, lgr5, CD24, CD34, and ALDH1, was induced by PAF treatment. All values are expressed as mean ± SD and compared by Student’s t test. All experiments were 
repeated three times. *, P < 0.05; **, P < 0.01; ***, P < 0.001. The same results were obtained in A2780.
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genetic and epigenetic alterations but also on 
signals provided by the tumor microenviron-
ment and/or induced in response to therapy 
[18]. The stemness of cancer cells is controlled 
by many factors, and recent research has 
shown that the EMT is closely associated with 
CSCs. The stemness of cancer cells can be 
increased by TGF-β, HGF, EGF and FGF in the 
tumor microenvironment during EMT [19] and 
by EMT activators, such as those in the ZEB 
family [20]. CSCs are believed to reside in nich-
es, which are specialized microenvironments 
that maintain the principle properties of CSCs 
and induce angiogenesis, and these CSCs 
recruit immune and other stromal cells that 
secrete additional factors to promote tumor 
cell invasion and metastasis [21].

Recent studies have indicated that chemother-
apy can induce CSCs through a variety of mech-
anisms [22, 23]. For example, chemotherapy-
induced hypoxia-inducible factors (HIFs) enrich 

CSCs through IL-6 and IL-8 signaling [24]. 
Additionally, chemotherapy can activate Wnt 
signals in hypoxic regions, while a chemothera-
py-associated NF-kB-IL6-dependent inflamma-
tory environment can endow non-stem cancer 
cells with stem-like features [25]. Moreover, 
chemotherapy was shown to induce additio- 
nal Oncostatin M secretion, which may exacer-
bate the aggressive characteristics and treat-
ment resistance of CSCs [26]; chemotherapy-
induced senescence can alter the stem cell-
related properties of malignant cells [27].

Our previous studies have shown that PAFR is 
highly expressed in serous, clear cell and endo-
metrioid ovarian cancer cells; moreover, PAF 
can activate downstream signaling pathways 
via PAFR or transactivate EGFR and promote 
the proliferation and invasion of ovarian cancer 
cells [12, 28]. Additionally, PAF can modulate 
the cisplatin sensitivity of ovarian cancer cells 
[12, 29].

Figure 4. Effect of PAF on the CSC 
markers of SKOV3 cells. We used 
CD44 and CD133 as SKOV3 stem 
cell markers. The percentage of 
CD44+CD133+ cells was increased 
significantly after PAF treatment. 
The promotion effect could also be 
blocked by the PAFR-specific an-
tagonist WEB2086. All values are 
expressed as mean ± SD and com-
pared by Student’s t test. All experi-
ments were repeated three times. 
*, P < 0.05; **, P < 0.01; ***, P < 
0.001. The similar results were ob-
tained in A2780.
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Based on these studies, our results suggest a 
novel mechanism in terms of the inflammation 
microenvironment by which CSCs can be 
induced by the high concentration of PAF in the 
tumor microenvironment.

In this study, we explored whether PAF could 
induce the stemness of ovarian cancer throu- 
gh the PAF/PAFR signaling pathway and wh- 
ether PAFR antagonists could be a useful  
adjuvant therapeutic approach with a pos- 
sible inhibitory effect on CSCs. To this end,  
we used the PAF and PAFR-specific antago- 
nists GB and WEB2086, respectively, and 
examined the in vitro and in vivo effects on 
sphere formation, CSC markers and tumor 
growth in mice.

Our in vitro results clearly indicated that PAF 
could promote spheroid formation and inhibit 
the transition of quiescent SKOV3 cells into the 
cell cycle. The promotion effect could be 
blocked by PAFR-specific antagonist WEB2086. 
PAF could promote the stemness of ovarian 
cancer, the percentage of CD44+CD133+ cells 
and several stemness genes, namely, Oct4, 
nanog, klf4, c-myc, lgr5, CD24, CD34, and 
ALDH1 were upregulated significantly by PAF. 
Combined with our previous results, our data 
indicate that high PAF concentrations in the 
tumor microenvironment can upregulate the 
stemness of SKOV3 in vitro and in vivo th- 
rough the PAF/PAFR signaling pathway [26,  
27, 41]. In addition, we found that many pro-
teins that maintain stemness, such as such as 
RBP4 [30], IGF-1R [31], BMP4 [32], BMP7  
[33], ErbB2 [34], ErbB3 [35], ANGPTL3 [36], 
VEGFR2 [37], uPAR [38], ADAM12 [39], RANK 
[40], and MMP10 [41], were upregulated to  
varying degrees. Our network analysis review- 
ed the top canonical pathway was related to 
the ErbB and BMP receptor families. BMP sign-
aling participated in CSC-related tumor mainte-
nance and progression by influencing the CSCs’ 
functional properties, such as self-renewal, 
chemo-resistance, and tumor-initiating capaci-

ties in many cancers through BMP/Hedgehog 
signaling pathway and cross talk with Not- 
ch pathway and the Wnt pathway. ErbB fa- 
mily, especially EGFR, played an important  
role in the stemness of cancers through cross-
talk with IGF-1R, activation of mitogen-ac- 
tivated protein kinases (MAPKs) and phos- 
phorylated Akt in many cancers. GO analysis 
and Kyoto Encyclopedia of Genes and Genom- 
es (KEGG) enrichment pathway analysis indi-
cated that most proteins were enriched in the 
MAPK pathway and the PI3K/Akt signaling 
pathway.

Combined with our previous results, our data 
indicate that high PAF concentrations in the 
tumor microenvironment can promote the 
stemness of SKOV3 cells in vitro and in vivo 
through the PAF/PAFR signaling pathway. 
However, the mechanism involved in this pro-
cess is unknown, and further studies are need-
ed to investigate the exact mechanism to bet-
ter understand the anti-tumor activity of GB.

Conclusion

The results of this study shed light on the can-
cer stemness-promoting effects of PAF on 
SKOV3 from a molecular perspective. Both in 
vitro and in vivo analyses suggest that the PAF/
PAFR pathway plays an important role in the 
stemness of ovarian cancer. The specific PAFR 
inhibitors WEB2086 and GB may constitute a 
promising treatment strategy for non-mucinous 
ovarian cancer. A more thorough understand-
ing of the role of PAFR in ovarian cancer is 
essential. Further studies are required to con-
firm the molecular mechanism underlying the 
effects of PAF and PAFR inhibitors on tumor 
stemness.
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Supplementary Figure 1. Effects of PAF on A2780 spheroid formation and the inhibitory effects of WEB2086. A. 
PAF promoted the spheroid-formation ability of A2780, and PAF treatment increased the sphere numbers and sizes. 
The promotion effect could be blocked by the PAFR-specific antagonist WEB2086. B. Quantification of the A2780 
spheroid numbers cultured for 14 days. Scale bars: 100 μm. All values are expressed as mean ± SD and compared 
by Student’s t test. All experiments were repeated three times. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Supplementary Figure 2. Effect of PAF on the A2780 cell cycle. PAF inhibited the transition of quiescent A2780 cells into the cell cycle. PAF treatment increased the 
percentage of G0/G1-phase cells. The cell cycle delay was accompanied by a decreased percentage of S-phase cells. All values are expressed as mean ± SD and 
compared by Student’s t test. All experiments were repeated three times. *, P < 0.05; **, P < 0.01; ***, P < 0.001.

Supplementary Figure 3. Effect of PAF on the stemness genes of A2780 cells. Significant upregulation of the expression of several stemness genes, such as Oct4, 
nanog, klf4, c-myc, lgr5, CD24, CD34, and ALDH1, was induced by PAF treatment. All values are expressed as mean ± SD and compared by Student’s t test. All 
experiments were repeated three times. *, P < 0.05; **, P < 0.01; ***, P < 0.001.
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Supplementary Figure 4. Effect of PAF on the CSC markers of A2780 cells. We used CD133 as A2780 stem cell 
markers. The percentage of CD133+ cells was increased significantly after PAF treatment. The promotion effect 
could also be blocked by the PAFR-specific antagonist WEB2086. All values are expressed as mean ± SD and com-
pared by Student’s t test. All experiments were repeated three times. *, P < 0.05; **, P < 0.01; ***, P < 0.001.

Supplementary Figure 5. Whole membranes of Western blot. Western blotting analysis of albumin, IGF1R, and SI-
GIRR expression in SKOV3 cells treated with equal volumes of dimethyl sulfoxide (DMSO) or 100 nmol/l PAF for 24 
h. Albumin, and IGF1R were upregulated, whereas SIGIRR was downregulated after PAF treatment.


