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Background: Ovarian cancer (OvCa) is the leading cause of death of gynecological
malignancies worldwide. Vascular endothelial growth factor A (VEGFA), the most potent
angiogenic factor, is responsible for tumor growth and angiogenesis, but its role in OvCa
chemotherapy resistance remains unclear.

Methods: RT-PCR and Western blot were used to detect VEGFA expression in tumor cells
and normal ovarian surface epithelial cells. Gene Ontology (GO) enrichment analysis was
used to analyze GO terms correlated with VEGFA. In in vitro experiments, we knockdown
VEGFA in tumor cells and detected the tumor cell viability and apoptosis after chemotherapy
drug treatment by MTT assay and flow cytometry. Western blot was used to detect autophagy
and apoptosis related proteins.

Results: We proved that VEGFA was highly expressed in tumor cells comparted with
normal ovarian surface epithelial cells, and enriched GO analysis of VEGFA showed that
VEGFA was involved in anti-apoptotic process. Further in vitro experiments confirmed that
expression of VEGFA was correlated with chemotherapy resistance and this effect was
mediated by autophagy. Meanwhile tumor cells treated with chemotherapy drugs also
promoted the expression of VEGFA. Knockdown VEGFA inhibited autophagy of tumor
cells and thus potents the killing efficiency in DDP resistant tumor cells and this effect could
be reversed by the addition of recombinant VEGFA.

Conclusion: Taken together, our study demonstrates that VEGFA is involved in anti-
apoptosis of tumor cells to chemotherapy, killing partly through autophagy, indicating that
VEGFA may serve as a potential target to improve chemotherapy treatment.
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Introduction

Ovarian cancer is one of the most common cancers in women. It is also one of the most
lethal gynecological cancers due to frequent late-stage diagnosis and disease
heterogeneity." The standard treatment for OvCa includes surgery followed by che-
motherapy. Initially, OvCa is chemotherapy-sensitive, and up to 80% of patients
achieve remission following primary surgery and adjuvant platinum-based chemother-
apy. However, approximately 75% of patients who respond to such therapy ultimately
experience a relapse from recurrent and drug-resistance.’> Additional chemotherapy
using platinum-and paclitaxel-based therapies are often required, but their effectiveness
becomes limited in more aggressive forms of OvCa.® Interventions that can overcome
drug resistance and improve OvCa therapy are urgently required.
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VEGFA is known to mediate vasculogenesis and
angiogenesis by regulating the activity of endothelial
cells.” Accumulating evidence suggests that VEGFA is
highly expressed in a range of human cancers, including
liver, ovary, kidney, and colon cancers and is associated
with tumor progression and poor prognosis.®'! In addition
to regulating angiogenesis, VEGFA also promotes tumor
growth, metastasis, and survival directly.” In OvCa,
VEGFA overexpression is associated with poor survival
and has been proposed as a biomarker for subsets of

. 12 . . .
advanced ovarian tumors.~ Various therapies against

VEGFA have been used for anti-cancer treatment.*'
However, the role of VEGFA in chemotherapy resistance
is still not clear.

A variety of chemotherapy resistance mechanisms have
been reported in tumors. They include increased repair of
DNA damage drug

% Recent studies have also proved that

and decreased intracellular
accumulation.
autophagy can prevent the killing effect of chemo- or
radio-therapy on tumors.'>'® Autophagy, the process of
self-digestion of large macromolecules, including orga-
nelles in the cytoplasm of cells, plays a vital role in cell
growth and function. The underlying mechanisms through
which autophagy contributes to chemotherapy resistance is
not very clear. Furthermore, the correlation between
VEGFA and autophagy in ovarian cancer is not well
understood.

In this study, we found that VEGFA promoted che-
motherapy resistance of OvCa cells through autophagy.
We found a strong correlation among VEGFA expression,
autophagy induction, and OvCa cancer cell chemoresis-
tance. These results highlight the importance of VEGFA in
chemotherapy resistance and indicate that VEGFA is
potential therapeutic target in OvCa.

Materials and Methods

Cells and Reagents

HOSEpiC (Catalog No.7310) was obtained from ScienCell
Research Laboratories (San Diego, CA). OAW42 cells
were purchased from the Cell Banks in Cancer Institute
and Cancer Hospital, Chinese Academy of Medical
Sciences (Beijing, China). The human ovarian adenocarci-
noma cell lines, OVCAR3, CAOV3, and SKOV3, were
provided by the China Center for Type Culture Collection
(Wuhan, China). OvCa cell lines (A2780 and JHOS4) and
cisplatin (DDP)-resistant OvCa lines (SKOV3/DDP and
CAOV3/DDP) were purchased from the Cell Biology of

the Chinese Academy of Sciences (Shanghai, China).
DDP, Adriamycin (ADM), and Paclitaxel (PTX) were
purchased from Sigma Corporation. Bafilomycin Al
(ab120497) and Recombinant VEGFA (ab117230) were
purchased from Abcam Corporation. 3- (4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
[MTT, (M2128)]
Corporation and used as a measure of cell viability. B27
(17,504-044), epidermal growth factor (RP-8661), and
bFGF (RP-8628) were purchased from Invitrogen.
Heparin (9041-08-1) was purchased from Sigma-Aldrich.

was obtained from the Sigma

Antibodies

Anti-VEGFA (ab1316), anti-caspase-3 (ab179517) antibo-
dies, and anti-cleaved caspase-3 (ab2302) were purchased
from Abcam (USA). Anti-p62 antibodies were purchased
from Santacruz (CA). Anti-LC3B/MAPILC3B (NB100-
2220) and anti-Beclinl/ATG6 (NB500-249) antibodies
were purchased from Novus Corporation. Anti-f-actin
antibodies were purchased from Santacruz (CA).
Annexin V-FITC Apoptosis Detection Kit (#4830-01-k)
were purchased from R&D Systems (USA).

Bioinformatics Analyses

The Cancer Genome Atlas (TCGA) level 3 OvCa mRNA
sequencing data were downloaded from UCSC Xena
(http://xena.ucsc.edu/). The expression of VEGFA in
tumor and normal tissue, including normal tissue from

the Genotype-Tissue Expression (GTEx) database were
analyzed with an online website Gene Expression
Profiling Interactive Analysis (GEPIA, http://gepia.cancer-
pku.cn/)."” Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway

For Gene
enrichment analyses, the genes correlated with VEGFA
were first calculated using R and the top 200 genes
selected to perform GO and KEGG analysis on DAVID
website (https://david.ncifcrf.gov/). The RNAs-seq and
microarray data of tumor cell lines were downloaded

from Cancer Cell Line Encyclopedia (CCLE, https://por
The
R package was used to perform heatmap analysis.

tals.broadinstitute.org/ccle/about).'® pheatmap

Short Hairpin RNA (shRNA) Transfection
shRNA targeting sequence were purchased from Gene
Pharma Company (Shanghai, China), the shVEGFA
sequence  were forward:  5'-ccggGCAGATTATGC
GGATCAAACCTTCAAGAGAGGTTTGATCCGCATA-

ATCTGCTTTTTTGGTACC-3, reverse: 3'-CGTCTAA
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TACGCCTAGTTTGGAAGTTCTCTCCAAACTAGGC-

GTATTAGACGAAAAAACCATGGttaa-5', NCshRNA:
forward: 5'-ccggGTTCTCCGAACGTGTCACGTCAA
GAGATTACGTGACACGTTCGGAGAATTTTTTGGT-

ACC-3',  reverse: 3-CAAGAGGCTTGCACAGTGC
AGTTCTCTAATGCACTGTGCAAGCCTCTTAAAAA-

ACCATGGttaa-5'. The shRNA was inserted into the
pGV248-hu6-GFP+ Puro vector plasmid. For shRNA
transfection, the tumor cells were seeded into the 6 wells
for 24h, and 500 ul of the pGV248-hu6-shVEGFA or
pGV248-hu6-shNC lentiviruses added before incubation
for 48h. The VEGFA expression was confirmed by
Western blotting.

Real-Time PCR (RT-PCR) Analysis

RT-PCR was used to determine VEGFA mRNA levels, as
previously described.'® Briefly, the OvCa cell lines A2780,
0OAW42, SKOV3, JHOS4, OVCAR3 and CAOV3, and
non-OvCa HOSEpiCs were seeded into 24-well plates
and allowed to adhere for 8 h. Total RNA was extracted
using RNA pure kits (Bioteke, Beijing, China) and cDNA
generated using MLV- reverse transcriptase (Invitrogen
Inc, Carlsbad, USA) at 50 °C for 30 min. RT-PCR ampli-
fications were performed using the Applied Biosystems
7500 RT-PCR System (ABI, Foster City, USA). The reac-
tion conditions were as follows: 95 °C for 15 min, 35
cycles of denaturation at 94 °C for 1 min, annealing at
53.6 °C for 30 s, and extension at 72 °C for 30 s, followed
by a final extension at 72 °C for 5 mins. The PCR primers
included: VEGFA: 5'-CTCACCAAGGCCAGCACAT
AGG-3' (forward) and 5-ATCTGGTTCCGAAAACCCT
GAG-3' (reverse). B-actin: 5 -GAGAAGATGACCCA
GATCATGT—3' (forward) and 5-ACTCCATGCCCAG
GAAGGAAGG-3' (reverse).

Cell Viability Assays

Cell viability was measured using MTT assays as pre-
viously described.?® The IC50 values of cytotoxicity
were assessed using Graphpad 5.0 software. Briefly,
OvCa cells were seeded into 96-well plates for 48 hours.
Cells were then treated with various DDP concentrations
(1-50 uM) for 24, 48, or 72 hours. The MTT reagent (20
pL per well, 5 mg/mL) was added to each well and
incubated for 40 minutes. The media was then removed,
and 150pL of DMSO added in each well to dissolve the
residual MTT reagent. Absorbance values were measured
at 490 nm to determine cell viability.

Sphere Formation Assay

SKOVE, SKOV3/DDP, CAOV3, and CAOV3/DDP cells
were harvested and re-suspended into a single cell suspen-
sion. After that, cells were filtered with a 40um sieve.
Cells were plated in a ultra-low attachment at a density
of 2x103 mL with DDP (5uM), serum-free DMEM/F12
(Gibco) medium supplemented with 2% B27, 20 ng/mL
epidermal growth factor,20 ng/mL basic fibroblast growth
factor, and 4 pg/mL heparin for 7 days. The spheres were
photographed using an inverted fluorescence microscope.

Western Blot Analysis

The OvCa cells were seeded into 48-well plates for 8h and
treated with the chemotherapy drugs, DDP, PTX, and ADM
(50, 40, and 20 pM). The cells were incubated for 48 h after
which they were washed 3 times in PBS. The lysis buffer
containing with protease and phosphatase inhibitors were
added into the wells and incubated on ice for 5 min. A total
of 15 pg (15 pL volume) proteins were added into the gel and
separated by 10% SDS-PAGE electrophoresis before transfer-
ring to PVDF membranes. Membranes were blocked in 5%
non-fat dry milk in TBST and probed with primary antibodies
at 4 °C for 12—18h. The membranes were then washed with
TBST and labeled with the appropriate HRP-conjugated sec-
ondary antibodies at room temperature for 1 h. The membranes
were exposed to highly sensitive ECL luminescent liquid and
imaged using the Bio-Rad ChemiDoc™ XRS+ System.

Apoptosis Assays

SKOV3/DDP or shVEGFA SKOV3/DDP cells (6x10° cells/
well) were seeded into six-well plates for 48 hours under the
drug treatment. Cells (adherent and non-adherent) were col-
lected and washed in ice-cold PBS. They were then stained
with Annexin V-FITC, followed by PI staining for 15 minutes
in the dark using the Annexin V-FITC/PI Apoptosis Detection
Kit. Apoptotic cells were detected using FACs flow cytometry
(BD, San Diego, CA, USA, FACSCanto II).

Statistical Analysis

Statistical Package for Social Science version 17.0 for
Windows (SPSS, Chicago, IL, USA) and GraphPad
Prism was used for all statistical analyses. Data were
presented as the Mean =+ Standard Deviation (SD).
Differences between and among test groups were com-
pared using t-test and one-way ANOVA, respectively.
Independent groups were compared using the two-tailed
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Student’s #-test. A p-value of p<0.05 (P* <0.05, P**
<0.01) was deemed statistically significant.

Results

VEGFA is Highly Expressed in OvCa Cells
VEGFA mRNA expression levels in OvCa tumor and normal
tissue were analyzed to explore the expression of VEGFA in
OvCa. RNA-sequencing data from TCGA and GTEXx revealed
that higher expression of VEGFA in tumor tissue than normal
tissue (Figure 1A). From the RT-PCR analysis results, all
OvCa cells displayed increased expression of VEGFA at the
mRNA level (> 2.5 fold increase in OVCAR3, JHOS4 and
CAOV3 cells, and > 4 fold increase in SKOV3, A2780, and
OAW42 cells, p<0.05) compared to non-OvCa HOSEpiC cells
(Figure 1B). Additionally, SKOV3 and CAOV3 cells had the
highest and lowest expression of VEGFA, respectively. These
results were confirmed by tumor cell line RNA-sequencing
and microarray data from the CCLE database (Figure 1C). To
further confirm the expression of VEGFA, Western blot

analysis was used to detect VEGFA protein expression in all
OvCa cell lines and HOSEpiCs cells (Figure 1D). Consistent
with the above results, VEGFA was highly expressed in tumor
cells.

High Expression of VEGFA Increased

Chemotherapy Resistance of OvCa Cells
To investigate the function of VEGFA on tumor progression,
the top 200 genes that positively correlated with VEGFA in
OvCa from the TCGA database were selected. The GO enrich-
ment analysis of these genes revealed some known biological
functions of VEGFA, including response to hypoxia, negative
regulation of the apoptotic process, and angiogenesis
(Figure 2A). The KEGG analysis showed that VEGFA was
mainly involved in HIF-1 signaling pathways (Figure 2B).
This suggests that VEGFA is responsible for tumor growth.
Chemotherapy resistance is the major cause of treatment fail-
ure; thus, we selected OvCa cells with different VEGFA
expression (SKOV3, A2780, CAOV3), and treated them
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Figure | Analysis of VEGFA expression in OvCa tissue and cell lines. (A) VEGFA expression in tumor tissue and normal tissue analyzed by TCGA and GTEx database. (B)

RT-PCR analysis of VEGFA in OvCa tumor cell lines and normal ovarian epithelial cell

line. (C) heatmap of VEGFA expression in tumor cell lines using RNA sequencing and

microarray data in CCLE database. (D) Western blotting analysis of VEGFA in the tumor cell lines. B-actin was used as a loading control. Representative Western blots are
shown. Results are representative of three independent experiments. *P <0.05, **P <0.01.
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Figure 2 VEGFA expression promote chemotherapy resistance in OvCa cells. (A) GO enrichment analysis of top 200 genes correlated with VEGFA. (B) KEGG pathway
analysis of top 200 genes correlated with VEGFA.(C-E) MTT assay of tumor cells under DDP (50uM), PTX (40uM), ADM (20uM) treatment. (F) Western blotting analysis of
VEGFA in tumor cells treated with DDP, PTX and ADM for 48 hours. (G) VEGFA/B-actin ratios were determined using Image ] software; (H) SKOV3 and CAOV3 cells were
treated with DDP (50uM) for 12, 24 and 48 hours and assessed by Western blotting. (I) VEGFA/B-actin ratios were determined using Image | software. Data are presented
as the mean * SD of three independent Western blots, comparison between the two groups by t-test. Results are representative of three independent experiments.

*P <0.05, **P <0.01, **P<0.001.
Abbreviation: ns, not significant.

with the chemotherapy drugs DDP (20uM), PTX (40uM), and
ADM (20pM) for 48 hours. The expression level of VEGFA
was positively correlated with chemotherapy resistance in
terms of tumor cells with higher expression of VEGFA was
more resistant to DDP (Figure 2C—E). Moreover, we observed
from the densitometry analysis of Western blots that DDP,
PTX, and ADM treatment resulted in at least a 2-fold upregu-
lation of VEGFA expression in tumor cells (Figure 2F and G).
These effects were further confirmed through the assessment

of the time-dependent increase of VEGFA levels in SKOV3
and CAOV3 cells treated with DDP (20uM) for 12, 24, and 48
hours. The VEGFA expression increased with time in both cell
types (Figure 2H and I). These results demonstrate that
VEGFA expression contributes to chemotherapy resistance
and can be induced by chemotherapeutic drugs. This could
be reflecting the adaptive stress responses by which tumor cells
protect themselves from being killed by the chemotherapy
drug.
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VEGFA Knockdown Promotes DDP to
Kill Tumor Cells

Since the expression of VEGFA correlated with chemotherapy
resistance, we further detected its expression in SKOV3,
CAOV3, and their DDP resistant cells. Tumor cells were
treated with different concentrations of DDP for 24, 48, and
72 hours, and the IC50 of DPP-induced toxicity assessed. The
DDP resistant cells were found to have a higher survival
percentage than parental tumor cells. The IC50 values of
SKOV3 were 27.76, 15.16, and 8.13uM for 24, 48, and 72
hours respectively. SKOV3/DDP had IC50 values of 41.51,
27.19,and 15.22 uM for 24,48, and 72 hours, respectively. The
IC50 values for 24, 48, and 72 hours were 22.49, 20.9, and
8.172 pM, respectively for CAOVE and 33.99, 30.32, and
15.83 uM for CAOV3/DDP (Figure 3A-D). This confirmed
that DDP resistant tumor cells were tolerant to DDP killing.
Additionally, DDP-resistant cell had more stronger ability to
form spheres under DDP treatment (Figure 3E and F). Western
blot analysis revealed a high expression of VEGFA in DDP
resistant cells than their parental tumor cells (Figure 3G and H).
To further investigate the role of VEGFA in chemotherapy
resistance, we knocked down VEGFA in SKOV3/DDP and
CAOV3/DDP tumor cells. The knockdown of VEGFA signif-
icantly reduced the protein level of VEGFA (Figure 3I) and
promoted killing sensitivity to chemotherapy drugs. The DPP
IC50 values were significantly lower in shVEGFA DDP resis-
tant tumor cells than in control tumor cells following 48 hours
of drug treatment (shVEGFA SKOV3/DDP: 12.82 vs. NC:
23.4; shVEGFA CAOV3/DDP: 12.23 vs. NC: 37.01uM,
respectively) (Figure 3J and K). These findings suggested
that VEGFA promoted chemotherapy resistance of OvCa cells.

Chemotherapy Drugs Induce Autophagy
in DDP-Resistant Cells

Several chemotherapeutic drugs have been reported to induce
autophagy.”' > This has been proposed to be a cytoprotective
response of cancer cells to cope with the cellular stress imposed
by anti-cancer drug treatment. To determine whether autop-
hagy was involved in chemotherapy resistance, the expression
of characterized autophagy biomarkers was compared between
SKOV3 and SKOV3/DDP as well as CAOV3 and CAOV3/
DDP cells. Higher levels of Beclin-1 and LC3-II and lower
levels of p62 were observed in SKOV3/DDP and CAOV3/
DDP tumor cells than in SKOV3 and CAOV3 cells. This
suggested that autophagy was more active in chemotherapy
resistant tumor cells (Figure 4A). Next, we examined the
expression of these autophagy-related proteins following

SKOV3 treatment with DDP (50uM), PTX (40uM), and
ADM (20 uM) for 48 h (Figure 4B). The results revealed
increased levels of Beclin-1 and LC3-II lipidation, confirming
that the chemotherapy drugs could also induce autophagy. To
assess whether the expression of VEGFA in OvCa cells
induced autophagy, the expression of the autophagy biomar-
kers in SKOV3/DDP cells was assessed by VEGFA knock-
down, autophagy inhibitor 3-MA as a positive control. The
knockdown of VEGFA decreased LC3B-II and Beclinl levels
and increased p62 levels (Figure 4C). To further explore the
mechanisms that VEGFA mediate DDP-resistance, we
detected both pre and cleaved caspase3 expression. We found
that knocking down VEGFA increased the expression of
cleaved caspase3 in tumor cells. This effect can be reversed
by the addition of 3-MA, while, when addition of bafilomycin
Al increased LC3II expression, while, no difference was
detected in cleaved-caspase3 expression, indicating that
VEGFA may promote the formation of autophagosomes.
Next, we added recombinant VEGFA protein in shVEGFA
SKOVE/DDP cells, we found that the addition of recombinant
VEGFA decreased cleaved-caspase3 expression and increased
LC3II expression (Figure 4D). We further examined the effects
of VEGFA knockdown and 3MA treatment on SKOV3/DPP
cell viability through the assessment of Annexin V and PI
staining (Figure 4E). VEGFA knockdown increased the num-
ber of early-, late- and total- apoptotic cells (Figure 4F).
Moreover, VEGFA knockdown was a more potent inducer of
SKV03/DPP cell apoptosis than 3-MA treatment, as evidenced
by the higher levels of total apoptosis. This indicated that
VEGFA mediated chemotherapy resistance is partly through
autophagy. These results confirmed the roles for both VEGFA
and autophagy in the survival of SKVO03/DPP cells. The
VEGFA expression protects tumor cells from chemotherapy
killing by stimulating autophagy. Therefore, targeting VEGFA
could be a potential therapeutic strategy to enhance chemother-
apy treatment in ovarian cancer patients.

Discussion
The overexpression of VEGFA in OvCa has previously been
reported and is not limited to gynecological cancers.”* >’
However, the mechanisms by which VEGFA promotes tumor-
igenesis and cancer cell survival remained controversial, most
likely due to its tissue-specific roles. Recurrence and drug
resistance in OvCa are frequent, but the cellular mechanisms
of chemotherapy resistance were poorly characterized.

This study has proved that VEGFA is highly expressed
in OvCa tumor tissue and cell lines compared to normal
tissue and immortalized ovarian surface epithelium cells at
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Figure 3 VEGFA knockdown enhances DPP induced cytotoxicity. (A—D) Concentration response curves for the cytotoxicity of the OvCa cell lines and DDP resistant cell
lines were assessed by MTT analysis.(E) Images of spheres formed by SKOV3, SKOV3/DDP, CAOV3, CAOV3/DDP cells under DDP treatment.(F) Statistical analysis of
spheres. (G) VEGFA expression in SKOV3, CAOV3 and their DDP resistant cells were detected by Western blotting. (H) VEGFA/B-actin ratios were determined using
Image ] software. (I) VEGFA expression was analyzed by Western blotting after transfected with shVEGFA or control. (J-K) Concentration response curves for the
cytotoxicity of the SKOV3/DDP CAOV3/DDP and shVEGFA SKOV3/DDP CAOV3/DDP tumor cells assessed by MTT analysis. Data are representative of three independent
experiments and are presented as the mean * SD. IC50 values of cytotoxicity were assessed using Graphpad 5.0 software. Results are representative of three independent

experiments. *P <0.05, **P <0.01.

the mRNA and protein levels. Higher levels of VEGFA
expression were observed in drug-resistant OvCa cells
than in non-drug resistant cells. The chemotherapy drugs,
including DDP, PTX, and AMD, eclevated the expression
of VEGFA. Therefore, VEGFA expression could be an
adaptive response employed by OvCa cells to protect
themselves from chemotherapy-induced genotoxic stress.
Silencing VEGFA increased the potency of DDP to induce

OvCa cytotoxicity in SKOV3/DDP and A2780/DDP cells
significantly, hence confirming its role in DDP-resistance.
The VEGFA mediated drug resistance is in-part, mediated
by its ability to regulate autophagy induction. Thus, our
findings revealed that inhibition of VEGFA could improve
chemotherapy sensitivity in DPP resistant OvCa cells.
The overexpression of VEGFA in OvCa has previously

been reported and is not limited to gynecological cancers.>* 2’
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Figure 4 Knockdown VEGFA inhibited autophagy and increased apoptosis. (A) Western blotting analysis of autophagy biomarkers LC3I-Il, Beclin-1 and p62 in SKOV3 and
SKOV3/DDP cells. (B) Western blotting analysis of Beclin-1 and LC3I-Il in SKVOKS3 cells treated with DDP (50uM), PTX (40uM), and ADM (20uM) for 48 hours. (C)
Western blotting analysis of autophagy biomarkers LC3I-Il and p62 in SKOV3/DDP cells transfected with shVEGFA and treated with 3-MA. (D) Western blotting analysis of
apoptotic biomarkers caspase-3 and cleaved caspase-3 in SKOV3/DDP cells transfected with shVEGFA and treated with 3-MA. (E) Flow cytometry analysis of apoptosis of
SKOV3/DDRP cells after transfected with shVEGFA or control treated with 3-MA. (F) Statistical analysis of apoptosis ratio of SKOV3/DDP cells transfected with shVEGFA
and treated with 3-MA. Results are representative of three independent experiments. **P <0.01.

However, the mechanisms by which VEGFA promotes tumor-
igenesis and cancer cell survival have remained controversial
most likely due to its tissue-specific roles. Recurrence and drug
resistance in OvCa are common, but the cellular mechanisms
of chemotherapy resistance still remain poorly characterized.
The VEGFA is upregulated by OvCa cells as a response to the
genotypic stress induced by chemotherapeutic agents to pro-
mote cell survival. We observed that VEGFA knockdown in
chemotherapy-resistant OvCa cells restored the toxicity of
chemotherapy compounds. This indicates that sustained
VEGFA upregulation is an active survival process, as opposed
to a general response to chemotherapy-induced cell shock.
A higher expression of VEGFA was observed in malignant
tumor cells.”® Yao et al noted that VEGFA mRNA stability is
regulated by numerous effectors, including hypoxia-induced
growth factors that bind to stabilizing and destabilizing pro-
teins at AU-rich elements in the 3-UTR of VEGFA.
Furthermore, many microRNAs (miRNAs) regulate the
expression of VEGFA mRNA in many cancers. For instance,
miR-503, miR-497, and miR-185 regulate the expression of
VEGFA mRNA in prostate cancer, hepatocellular carcinoma,
and clear cell renal cell carcinoma, respectively.”?*** Further
understanding of VEGFA transcriptional regulation in OvCa is

required to reveal the mechanism(s) of enhanced VEGFA in
OvCa and its response to chemotherapy drugs. This will allow
for the discovery of new strategies to suppress VEGFA expres-
sion in OvCa tumors and potentially restoring their sensitivity
to chemotherapeutic agents.

The treatment of chemotherapy-resistant-OvCa cells
with chemotherapy drugs led to increased autophagy
induction. We supposed that the ability of VEGFA to
confer protection to OvCa cells was through this pathway
since the knockdown of VEGFA inhibited autophagy and
led to enhanced OvCa cell apoptosis. Autophagy fre-
quently occurs during tumorigenesis and cancer che-
motherapy and is generally believed to confer protection
to cancer cells, leading to cancer drug resistance.
However, the role of autophagy in cancer development is
more complicated. It can be protective for cancer through
the removal of damaged organelles and the recycling of
degradation products under stress-induced scenarios such
as the hypoxic environment of a tumor and drug-induced
insult.>' Paradoxically, excessive autophagy can induce
cancer cells to undergo autophagic cell death and/or
apoptosis.”> Autophagy plays a dual role in the resistance
of cancer cells to chemotherapy. It is activated as
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a protective mechanism to mediate Multi-Drug Resistance
(MDR) during drug treatment, and as such, the inhibition
of autophagy can re-sensitize resistant cancer cells to
chemotherapeutic agents. Secondly, autophagy activation
can confer a protective phenotype during drug treatment
that prevents programmed cell death.

The role of autophagy in tumor cells is likely to be depen-
dent on both tumor type and stage, and thus must be considered
in the context of each cancer.>> We found that in OvCa cells,
VEGFA knockdown reduced LC3-II formation and p62 degra-
dation, and thus suppressed autophagy. However, the role of
p62 in DDP resistance is controversial. Yu et al reported that
SKOV3/DDP cells have much higher p62 levels, and binds to
ubiquitinated proteins for transport to autophagic degradation,
resulting DDP resistance.*® But, research results are opposite,
Zhang et al found that DDP treatment decreased p62
expression.>**3 P62 has a multifunction in regulating survival
and death of tumor cells according to the stress of the
environment,”® in our study, SKOVE/DDP and CAOV3/
DDP cells were maintained with in a low concentration of
DDP, this may cause the difference of observation. The DDP-
resistance OvCa lines displayed sustained and elevated levels
of both VEGFA and autophagy biomarkers, signifying the
importance of this pathway in OvCa drug resistance. This
study demonstrated the ability of VEGFA to confer OvCa
cell protection through sustained autophagy induction.
However, the mechanisms by which VEGFA regulates autop-
hagy warrant further investigation.

Inhibiting autophagy in OvCA tumors could represent
a viable strategy to alleviate chemotherapy resistance.
Numerous studies have demonstrated that autophagy can
be inhibited pharmacologically through targeting the early
or late stages of the autophagic process.® Inhibitors that
target the early stages include 3-MA, wortmannin, and
LY294002, which inhibit the class III PI3Kinase
(Vps34).®” These pathways appear to be intact in OvCa
tumors because we illustrated the ability of 3-MA to
inhibit autophagy and induce apoptosis in SKOV3/DPP
cells in this study. Based on targeting of autophagic survi-
val to promote the efficacy of anti-cancer therapy, several
clinical trials were conducted in which inhibitors of autop-
hagy were assessed for their ability to benefit renal, pros-
tate, and breast cancer patients.*® The findings of this
study suggest that similar trials should be launched in
OvCa patients to improve chemotherapy effectiveness

and patient prognosis.

Conclusions

In conclusion, our results show that VEGFA expression
is associated with chemotherapy resistance and is
induced by chemotherapy drugs. Knocking down
VEGFA in DDP-resistance OvCa cells enhances drug
sensitivity partly by inhibiting autophagy and inducing
cleaved caspase3 expression. This suggests that VEGFA
may be a novel OvCa therapeutic target. Given the
complexity of VEGFA alternative splicing to generate
different isoforms with varying bioavailability, future
studies should focus on the identification of the specific
VEGFA isoform(s) conferring OvCa drug resistance.
Emerging Next-Generation-Sequencing (NGS) technolo-
gies that can rapidly profile the molecular basis of OvCa
tumors make these experiments feasible. Interventions
that can inhibit VEGFA activity and impede its ability
to maintain OvCa autophagy are needed to restore the
effectiveness of chemotherapy treatments during OvCa
therapy.
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