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| Abstract: Luteolin (LUT) is a flavone universally presented in plants. It shows an anti-carcinogenic effect in different cancers and could increase the sensitivity
of cisplatin in colorectal cancer cell lines through Nrf2 pathway. However, the effect of luteolin on the sensitivity to ovarian cancer cells has not been studied. In
this study, luteolin was found to suppress autophagy with reduced expression of LC3-II, but enhanced the inhibition of cell vitality and promoted apoptosis induced
by cisplatin, leading to restoration of the sensitivity to cisplatin in ovarian cancer cells through CCK-8, flow cytometry and immunofluorescent assays. Although
cisplatin elevated the PARP1 for cell survival, the cisplatin-induced expression of PARP1 was inhibited by luteolin a dose- and time- dependent manner through
Q-PCR and WB assays. Further, PARP1 siRNA could further improve the LUT-induced inhibition of cell vitality and restore the sensitivity to cisplatin with reduced
LC3-II levels. Our present work demonstrate that LUT can suppresses autophagy but enhance apoptosis induced by cisplatin and promote the sensitivity to cisplatin

through suppressing the expression of RARP1 in ovarian cancer.

((ey words: Ovarian cancer; Luteolin; Cisplatin; Autophagy; Chemosensitivity.

/

Introduction

Ovarian cancer has the highest mortality rate among
gynaecologic cancer. It is estimated that 22,280 new
diagnoses and 14,240 deaths from this neoplasm occur-
red in United States in 2016 (1). Although surgery and
platinum-based chemotherapy show a good therapeutic
effect, about 70% patients are suffering disease recur-
rence and require further treatment (2,3). And recurrent
and metastatic ovarian cancer often shows insensitivity
to standard platinum-based chemotherapy and threate-
ned patients’ health. Thus, it is important to develop a
method to improve the sensitivity of ovarian cancer to
cisplatin.

Flavonoids have been widely investigated on their
potent of increasing chemical sensitivity of cancer cells
(4). Luteolin (LUT) is a common flavonoid found in
many fruits, vegetables and herbs such as such as celery,
carrot and honeysuckle. Luteolin exist in the form of
glycosides and are metabolized by intestinal bacteria,
cleaved and glucuronated during absorption. Recently,
luteolin was reported to show cancer preventive and
therapeutic function in glioblastoma, colorectal can-
cer and several other cancers (5-7). On ovarian cancer,
luteolin is reported to enhance ovarian cancer cells to
paclitaxel and down-regulate the epithelial-to-mesen-
chymal transition. The activities of luteolin appear to be
cell type dependent in different tumorigenesis especial-
ly (8, 9). However, whether luteolin could increase the
sensitivities of ovarian cancer to cisplatin has not been

studied yet. Therefore, we take out this study to observe
the effect of luteolin on the sensitivity of cisplatin on
ovarian cancers and explore the mechanism.

Autophagy is an important survival mechanism in
response to several types of stress. Previous studies
have demonstrated that autophagy plays key role in
various types of cancer cells in response to anticancer
therapies (10). Microtubule-associated protein 1 light
chain 3 (LC3)-II is a marker of autophagy and increased
LC3-II levels indicate that the autophagy has been ini-
tiated. Elucidating the mechanisms involved in auto-
phagy may provide effective strategies for cancer the-
rapy(11). Moreover, previous studies found that PARP1
inhibition may permit a substantial lowering of cisplatin
concentrations without diminishing treatment efficacy,
potentially reducing systemic side effects (12, 13).
More and more researchers using microRNA-PARPI,
involved in cisplatin resistance in ovarian cancer, which
could be regarded as a potential sensitizer in cisplatin
chemotherapy (14).

PARP1 (poly(ADP-ribose) polymerase-1) is an im-
portant nuclear enzyme in repairing the single-strand
damage of DNA, which can bind to DNA by two zinc
finger motifs and transfer chains of ADP-ribosyl moie-
ties/NAD+ to chromatin- associated receptor proteins
(15). The inhibition of PARP in the presence of HR
deficiency leads to cell death from gross genetic disar-
ray due to a process called ‘synthetic lethality’ (12, 16).
Previous studies found that PARP inhibitors can be used
to potentiate chemotherapy and regulate cancer proli-
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feration and apoptosis through inducing autophagy in
different type of cancers such as nasopharyngeal carci-
noma cells (17). Moreover, it is reported that PARP1 in-
hibition could permit a substantial lowering of cisplatin
concentrations without diminishing treatment efficacy,
potentially reducing systemic side effects (18).

In this study, we found that luteolin can suppress cell
autophagy and improve sensitivity of ovarian cancer
cells to cisplatin. Furthermore, the autophagy-related
mechanism was detected and found that luteolin can re-
duce the expression of PARP1 and influence autophagy
process in ovarian cancer, demonstrating that luteolin
could improve ovarian cancer cells to cisplatin.

Materials and Methods

Cell culture, transfection and reagents.

Human ovarian cancer cell line (SKOV3 cell) was
purchased from ATCC and cultured in DMEM (Hy-
Clone, USA) supplemented with 10% fetal bovine se-
rum , (HyClone, USA) and 1% penicillin-streptomycin
at 37°C with 5% CO,. Lipofectamine 2000 (Invitrogen,
USA) was used for transfecting cells according to the
manufacturer’s protocol. DNA plasmids or PARP1 siR-
NA: 5-GAGCACUUCAUGAAAUUAUUU-3, NC:
5’-UUCUCCGAACGUGUCACGUUU-3" (Ruibo,
Guangzhou, China) were mixed with Opti-MEM me-
dium and Lipofectamine 2000 reagents before transfec-
tion. After added to the cells, the medium was replaced
6h later.

Drug treatment

The four groups in this study was described as fol-
lows: 1) no drug in the control (blank) group, 2) luteolin
(20 and 40 pM) in the Icariin group, 3) Cisplatin (0, 1,
2.5, 5, 10, 20, 40, 80 uM, Sigma-Aldrich), 4) Cisplatin
followed by luteolin 2 h later in the combination (Cis-
platin + luteolin) group.

Quantitative real time PCR (qRT-PCR)

Total RNA was extracted using Trizol (Takara, Ja-
pan) and cDNA synthesis using Superscript I reverse
transcriptase (Takara, Japan) was primed with random
hexamer primers following the manufacturer’s proto-
cols. Quantitative real-time RT-PCR (qRT-PCR) was
performed via 2-*4“ method to estimate relative expres-
sions of PARP1, which were normalized to GAPDH for
gene expression. The primers for PARPI are F: 5°-CG-
GAGTCTTCGGATAAGCTCT-3’ and R: 5’-TTTC-
CATCAAACATGGGCGAC -3°; and for GAPDH
are F: 5-GGAGCGAGATCCCTCCAAAAT-3" and
R: 5-GGCTGTTGTCATACTTCTCATGG-3" (San-
gon, China). Real-time PCR for mRNA detection were
performed using Stratagene Mx3000P Real time PCR
(Agilent).

Western blotting

After transfected with the designated plasmids or
siRNA, cells were harvested into universal protein ex-
traction lysis buffer (Beyotime, China) containing pro-
tease inhibitor cocktail (Roche, Switzerland). We next
measured protein concentrations and equal amounts of
protein were prepared for SDS-PAGE, transferred to
PVDF (Millipore, USA) and detected with primary an-

tibody of PARP1(1:2000, ab32138, Abcam, USA) and
GAPDH and horseradish peroxidase-conjugated secon-
dary antibodies (1:10000, #51332, CST, USA). Specific
proteins were visualized using an enhanced chemilumi-
nescence (ECL, Millipore, USA) western blot detection
system.

Fluorescence microscopy

Cells cultured in 6-well chamber slides were washed
three times with cold PBS, fixed with 4% parafor-
maldehyde in PBS for 15 min, permeabilized with 0.5%
Triton X-100 in PBS for 12 min. Rabbit polyclonal anti-
PARP1, mouse monoclonal anti-LC3, rabbit polyclonal
anti-GAPDH primary antibodies and second antibodies
were purchased from Cell Signaling Technology.A stock
solution of cisplatin was prepared in DMSO at 1 mg/
mL and was further diluted to the final working concen-
trations with antibiotic-free RPMI-1640 medium. After
blocking 30min with BSA, SKOV3 cells incubated with
primary antibodies overnight at 4°C and followed with
related-labeled secondary antibodies for 1 h at room
temperature. The cells were detected with DAPI (Sig-
ma) for nuclear staining and the images were acquired
with laser scanning confocal microscope (Olympus).

Annexin V-FITC

Apoptosis was detected by translocation of phospha-
tidylserine to the cell surface using an Annexin V-FITC
apoptosis detection kit (Beyotime, China) according to
the manufacturer’s protocol. Briefly, after treatment for
24 h, cells were harvested and washed twice with ice-
cold PBS, then evaluated for apoptosis using a FACS-
Calibur flow cytometer with Annexin V-FITC. Fluo-
rescence was observed with an excitation wavelength
of 480 nm through FL-1 filter (530 nm) and FL-2 filter
(585 nm).

Transmission electron microscopy

The autophagy of SKOV3 cells were evaluated by
autophagosome screening under a JEM-1010 transmis-
sion electron microscope (Matsunaga Manufacturing,
Co., Ltd., Gifu, Japan). SKOV3 cells were digested
with 0.25% trypsin and collected in centrifuge tubes,
and fixed with 2.5% glutaraldehyde, and post-fixed in
1% phosphate buffered osmium tetroxide. After being
embedded, sectioned, and double-stained with uranyl
acetate and lead citrate, images were captured with a
transmission electron microscope (EM902A, Carl Zeiss
Microlmaging GmbH, Germany).

Statistical analysis

Experiments were repeated three times. Statistical
analyses were performed using SPSS version 17.0. Dif-
ferences between experimental groups were determined
using Students’ t test or One-way ANOVA. Values of P
< 0.05 were considered as significant and indicated by
asterisks in the figures.

Results

Luteolin enhances the sensitivity of cisplatin and
promoted apoptosis of ovarian cancer cells

To investigate the effect of luteolin on cisplatin sen-
sitivity of ovarian cancer, we performed the cell proli-
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Figure 1. Luteolin promotes apoptosis and suppresses autophagy
to enhance the sensitivity of cisplatin. (A) SKOV3 cells were
grown in 96-well plates with treatment of different concentration
of cisplatin 0, 1, 2.5, 5, 10, 20, 40, 80 uM until 50% confluent, and
then treated with DMSO(control), 20uM and 40uM luteolin for
24h, respectively. The absorbance was detected at 490 nm. (B-C)
Cell apoptosis were detected through flow cytometry assays with
annexin V-FITC and PI staining for control, luteolin, cisplatin and
luteolintcisplatin treatment. The test was repeated three times and

the image presented was typical of these three independent tests.

feration assays to administration luteolin (20, 40 uM)
with cisplatin (0 - 80 pM) in ovarian cancer SKOV3
cells. The results showed that the SKOV3 cell viability
obviously decreased in both added 20 pM and 40 uM
luteolin group compared with control group under the
high concentration of cisplatin. However, luteolin (40
uM) was more efficient than luteolin (20 uM) to en-
hance the cisplatin-induced inhibition of cell vitality in
relative low dose of cisplatin. Thus the luteolin (40 pM)
was selected for further apoptosis analysis (Fig. 1A).
Then SKOV3 cells were incubated with luteolin (40
uM) and cisplatin (20 M) and flow cytometry was fol-
lowed to observe the up-regulation of cisplatin-induced
apoptosis by luteolin (Fig. 1B-C). The results showed
that luteolin can enhance cisplatin-induced inhibition of
cell vitality and cell apoptosis.

Luteolin suppresses the autophagy of SKOV3 cells
induced by cisplatin

To investigate the effect of luteolin on cisplatin sen-
sitivity further, the autophagy of SKOV3 cells were
evaluated by autophagosome screening under a trans-
mission electron microscope to detect whether luteolin
regulates this autophagy process. 3-MA was a inhibi-
tor of autophagy and was used as positive control. The
morphology of intracellular autophagosomes following
treatment with cisplatin and luteolin co-treatment is
shown in Fig. 2A. The results showed that luteolin
further decreased autophagy induced by cisplatin. Fur-
thermore, immunofluorescence assay for LC3-II was
taken to verify the effect of luteolin on SKOV3 cells.
As Fig 2B shown, compared to incubate with cisplatin
alone, the expression of LC3-II in cells incubated with
luteolin and cisplatin was less than that with cisplatin
alone, illustrating autophagy induced by cisplatin was
decreased when incubated with luteolin. Together, these
results showed that luteolin can suppresses autophagy
but enhance apoptosis induced by cisplatin and promote
the sensitivity of cisplatin in ovarian cancer.
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Figure 2. Luteolin suppresses autophagy induced by cisplatin.
(A) With or without the treatment of autophagy inhibitor 3-MA (2
mM), electron micrographs of SKOV3 cells after for 24h incubated
with cisplatin and luteolin. (B-C) With or without the treatment
of autophagy inhibitor 3-MA (2 mM), SKOV3 cells were treated
with luteolin and cisplatin and then observed with fluorescence
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microscopy to detect LC-II expression.

Luteolin suppresses the expression of PARP1 in ova-
rian cancer

PARPI is a key enzyme in cell apoptosis and auto-
phagy. To investigate the mechanism of luteolin on cis-
platin sensitivity, the effect of lutoelin on PARP1 was
explored. And this hypothesis was confirmed by wes-
tern blot assays and RT-PCR assays. Western blot and
QPCR assays were taken to observe the effect of lutoe-
lin on PARPI1. As Fig. 3A-D shown, the expression of
PARP1 of SKOV3 cells treated with luteolin was shown
a dose- and time- dependent manner at both protein and
mRNA levels. Moreover, PARP1 and LC3-II was detec-
ted when SKOV3 treated with luteolin and cisplatin.
It is shown that reveal that cisplatin can significantly
increase expression of PARP1. However, when luteo-
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Figure 3. Luteolin suppresses the expression of PARP1 in ovarian
cancer. (A) SKOV3 cells were treated with 10 uM, 20 uM and
40 uM luteolin for 24h (PBS as a bank control). Lysates were
measured by Western blotting (A) and Real-time PCR (C) for
PARP1. SKOV3 cells were treated with 40uM luteolin and then
cultured with different time 0, 12, 24 and 28 h. Lystates were
measured by Western blotting (B) and Real-time PCR (D) for
PARPI. (E) RT-PCR assays reveal that cisplatin can significantly
increase expression of PARP1. However, when luteolin was co-
treated, cisplatin can no longer increase the expression of RARP1.
(F) Western blotting assay show that cisplatin can enhance the
expression of PARP1 and LC3II. But added luteolin can suppress
these expression induced by cisplatin.
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lin was co-treated, cisplatin can no longer increase the
expression of RARP1 (Fig. 3E). It is also found that cis-
platin can enhance the expression of LC3II. But added
luteolin can suppress these expression induced by cis-
platin (Fig. 3F). These results suggested that luteolin
can decrease the expression of RARP1 which participa-
ted in autophagy induced by cisplatin.

Luteolin can promote sensitivity of cisplatin through
suppressing the expression of PARP1 in ovarian can-
cer.

To confirm whether luteolin down-regulates the ex-
pression of PARP1 to influence cell autophagy and the
sensitivity of cisplatin, PARP1 siRNA was synthesized
and transfected into SKOV3 cells to knockdown the
expression of PARP1. Through Western blot and QPCR
assays, it is found that when PARP1 was silenced by
PARP1 siRNA and the inhibitory effect of luteolin was
decreased (Fig 4A-B). For the sensitivity of cisplatin,
the cell proliferation assays revealed that both siPARP1
and luteolin could decrease cell viability at the same
concentration of cisplatin compared with control. And
the effect of luteolin on cisplatin sensitivity decreased
when PARP1 siRNA was transfected (Fig. 4C). Fur-
thermore, to detect the effect of luteolin through PARP1
pathway on SKOV3 cell autophagy, Western blot and
immunofluorescence assays were taken and found
that co-treatment of luteolin and siPARP1 can further
decrease autophagy but the inhibitory effect of luteo-
lin was decreased when PARP1 was transfected (Fig
4B,D). These results indicated that luteolin can promote
sensitivity of cisplatin and decrease autophagy through
suppressing the expression of RARP1 in ovarian cancer.

Discussion

The introduction of platinum-based drugs was land-
mark developments and cisplatin as the front-line che-
motherapy in the treatment of ovarian cancer (19, 20).
Therefore, more and more researchers have focused on
enhancing the sensitivity of cisplatin to improve the-
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Figure 4. Luteolin can promote sensitivity of cisplatin through
suppressing the expression of RARP1 in ovarian cancer. (A-B)
Luteolin can enhance the knockdown-results induced by siPARP1
in SKOV3 cells. (C) Cell proliferation assays reveal SKOV3 cell
viability with treatment of siPARP1, luteolin and luteolin/siPARP1
at different concentration of cisplatin. (D) Immunofluorescence

assays further detect autophagy results in SKOV3 cell line through
anti-LC3II antibody.
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rapy-efficiency.

Luteolin, universally known as a constituent of vege-
tables and herbs, has been demonstrated to have various
beneficial effects on health such as skin protection, anti-
inflammatory, anti-bacterial and anti-cancer activity.
Luteolin plays a key role in tumorigenesis process in
several tumors but its mechanism remains largely un-
known (21, 22). Our present study found that SKOV3
cell obviously decreased in Iuteolin group compared to
control group with the same concentration of cisplatin.
These results reveal that luteolin promote the sensitivity
of cisplatin-therapy in ovarian cancer. Previous studies
show that cisplatin is a chemotherapeutic drug mainly in
part by binding to and blocking the duplication of DNA
to induce cell apoptosis and autophagy (19). Further the
effect of luteolin in improving the sensitivity of cispla-
tin in ovarian cancer was detected. The autophagy of
SKOV3 cells was detected by transmission electron mi-
croscope and immunofluorescence assay and found that
luteolin can increase apoptosis and decreased autopha-
gy induced by cisplatin. Indeed, the interaction between
apoptosis and autophagy was extensively investigated.
On the one hand, some tumor cell enhanced the base
level of autophagy to maintain mitochondrial function
and energy homeostasis to meet the elevated metabolic
demand of growth and proliferation. On another hand,
autophagy-induced apoptosis is conceived to the treat-
ment of cancer. Autophagic cell death is another type
of cell death, which was morphologically different from
apoptosis and speculated to be caused by high levels of
autophagy (23, 24).

Deng et al. found that resveratrol can induce auto-
phagy partially via activation of PARP1-SIRT1 signa-
ling pathway (25). Chen et al. also found that PARP1
plays an important role in autophagy via AMPK/mTOR
pathway in CNE2 cells (26). In recent years, it is found
that PARP1 can influence the efficiency of cisplatin
medicated chemotherapy and cisplatin upregulated
the expression of PARPI in Lung cancer and gastric
carcinoma (27). Thus, we assume that luteolin could
suppress autophagy through PARP1 pathway. Our study
revealed that cisplatin can also promote the expression
of PARP1 in ovarian cancer. And it is found that luteolin
can inhibit the expression of PARP1 of SKOV3 cells
in dose- and time- dependent manner, suggesting that
PARP1 may involve in sensitizing cisplatin activity.

However, when co-treated of luteolin with cispla-
tin, cisplatin can no longer increase the expression of
RARPI. This result shows that luteolin can regulate cis-
platin medicated-PARP1 expression. Together with our
previous results that luteolin can suppress the expression
of PARP1 induced by cisplatin, we want to better confirm
that whether luteolin down-regulates the expression of
PARP1 to influence cell autophagy and the sensitivity of
cisplatin-therapy. We synthesized siRNA of PARP1 and
infected into SKOV3 cells to knockdown the expression
of PARPI1. The results showed that both siPARP1 and
luteolin can decrease the expression of PARPI at pro-
tein and RNA level. Meanwhile, we further found that
luteolin can enhance the knockdown-results induced by
siPARP1 when co-treatment of siPARP1 and luteolin.
This laboratory finding demonstrates that luteolin can
strongly decrease the expression of PARP1.

PARP1 inhibition may permit a substantial lowe-
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ring of cisplatin concentrations without diminishing
treatment efficacy, potentially reducing systemic side
effects (13). More and more researchers using microR-
NA-PARPI, involved in cisplatin resistance in ovarian
cancer, which could be regarded as a potential sensitizer
in cisplatin chemotherapy (12). Taken together the func-
tion of PARP1 in cisplatin-related therapy at several tu-
mors, we then speculate whether luteolin can promote
sensitivity of cisplatin through suppressing the expres-
sion of RARP1 in ovarian cancer. Our results revealed
that both siPARP1 and luteolin can obviously decrease
cell viability at the same concentration of cisplatin com-
pared with control. Meanwhile, there is the lowest cell
viability when co-treatment of siPARP1 and luteolin
from cisplatin concentration 5 pM to 40 uM. Our pre-
vious results reveal that luteolin affects the sensitivity
of cisplatin through autophagy. We next detect the me-
chanism of this process that whether PARP1 pathway
plays an important role in luteolin-medicated autopha-
gy. Western blot assays and Immunofluorescence assays
were involved and found that both luteolin and siPARP1
can decrease the expression of LC3II and suppress auto-
phagy, respectively. Furthermore, co-treatment of luteo-
lin and siPARP1 can further decrease autophagy. These
results indicated that luteolin can promote sensitivity of
cisplatin and decrease autophagy through suppressing
the expression of RARP1 in ovarian cancer.

In summary, the current study reveals that luteolin
can suppress autophagy but enhance apoptosis induced
by cisplatin and promote the sensitivity of cisplatin
through suppressing the expression of RARP1 in ova-
rian cancer. Our present work provides a novel insight
into improve the sensitivity of cisplatin-based therapy
in ovarian cancer and expands the knowledge of luteolin
in tumorigenesis.
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