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Abstract. Ovarian cancer is one of the most lethal cancer types
in American women. The platinum agent cisplatin, and/or
paclitaxel, remains the first-line chemotherapy for ovarian
cancer, but the treatment success is severely limited by chemo-
resistance. As previously reported, persistent STAT3 signaling
is associated with resistance to cisplatin and paclitaxel. To
investigate whether the STAT3 small molecule inhibitor
LLL12 can enhance the treatment effect of cisplatin and pacli-
taxel in ovarian cancer cells, A2780, SKOV3, CAOV-3 and
OVCARS cells were treated with LLL12, cisplatin and pacli-
taxel, alone or combination, and cell viability, cell migration,
cell growth and protein expression levels were then evaluated.
It was found that, for all four human ovarian cancer cell lines,
STAT?3 phosphorylation was significantly inhibited by LLL12.
The combined treatment of LLL12 with paclitaxel or LLL12
with cisplatin exerted significantly greater inhibition of cell
viability, cell migration and cell growth than did monotherapy.
In addition, LLL12 and cisplatin in combination, or the three
drugs in combination, also led to greater inhibition of cell
viability and cell migration than combined cisplatin and pacli-
taxel treatment, a standard treatment for ovarian cancer. The
present results demonstrated that the STAT3 small molecule
inhibitor LLLI12 is a potent inhibitor of STAT3 phosphoryla-
tion, cell viability and migration in human ovarian cancer
cells. Combining LLL12 with cisplatin or paclitaxel may be
a viable therapeutic approach in the treatment of patients with
ovarian cancer exhibiting persistent STAT3 signaling.
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Introduction

Ovarian cancer accounts for ~5% of global cancer incidence
and mortality among women, and is the fifth leading cause
of cancer death among American women (1). The standard
treatment regimen is cytoreductive surgery followed by a
platinum-based regimen of primary chemotherapy (2). This
chemotherapy regimen greatly improves patient five-year
survival. However, the effect on long-term survival for
advanced tumors is not as marked (3-6). The limited response
to chemotherapy remains a major obstacle in the treatment of
patients with advanced ovarian cancer (3).

For ovarian cancer, chemotherapy with cisplatin and/or
paclitaxel remains the first-line treatment. Cisplatin can induce
cell apoptosis by interfering with DNA repair mechanisms (7),
while paclitaxel promotes the assembly of microtubules and
inhibits microtubule depolymerization (8). However, the
relapse rate of patients with advanced ovarian cancers is ~70%,
due to chemoresistance (3,4). To enhance the chemosensitivity
and reduce the recurrence rate, many types of combina-
tion therapies have been assessed (7). However, no ‘perfect’
therapeutic targets have been discovered. Therefore, there is
an urgent need to find new therapeutic targets to overcome
cisplatin and/or paclitaxel resistance.

As key mediators of cytokine signaling, STAT proteins
have become a research focus due to their contribution to
oncogenesis (9-12). In many human malignancies, STAT
proteins, especially STAT3, are constitutively activated,
and the activation rate in ovarian cancer is 94% (13). Many
studies suggest that constitutively activated STAT3 partici-
pates in various processes key to malignant progression, such
as promoting migration, invasion, cell proliferation, angiogen-
esis, epithelial-mesenchymal transition (EMT) and metastasis,
and it can also induce multidrug chemoresistance (13-18). In
particular, cisplatin resistance and paclitaxel resistance has
been reported to be associated with the overexpression of
STAT3 (13,19-22). Therefore, inhibitors of STAT3 may be used
as novel anticancer therapeutics, combined with conventional
chemotherapy.


https://www.spandidos-publications.com/10.3892/or.2020.7667

ZHANG et al: A SMALL MOLECULE TARGETS STAT3 IN OVARIAN CANCER CELLS

STAT3 activation is induced by phosphorylation of the
tyrosine 705 (Tyr705) residue. A STAT3 inhibitor, LLL12,
was previously developed through structure-based drug
design. Using Computer models with docking simulation, we
found that LLLI12 directly binds to the phosphoryl tyrosine
705(pTyr705) binding site (23-24). Numerous experiments
have been performed on LLL12, and it can inhibit STAT3
phosphorylation (Tyr705) and STAT3 activity in various
human malignant tumors: Multiple myeloma cells, breast
cancer cells and pancreatic cancer cells (23-24). STAT3 down-
stream targets are consequently downregulated to induce cell
apoptosis and the inhibition of cell proliferation, migration
and colony formation (23-24). However, in ovarian cancer, the
function of LLLI2 remains unclear.

LLLI12 was assayed in four ovarian cancer cell lines
(SKOV3, CAOV-3, A2780 and OVCARS). Although none
of these are cisplatin-resistant (or paclitaxel-resistant)
ovarian cancer cloned cells, according to the published
literature (25,26) and the authors' preliminary results
(Figs. S1 and S2), SKOV3 and CAOV-3 cells are more resistant
to cisplatin and paclitaxel than A2780 and OVCARS cells. In
particular, of the high-grade serous human ovarian cancer cell
lines, CAOV-3 is considerably more resistant to cisplatin and
paclitaxel than OVCARS.

The present study provides evidence that LLL12 inhibits
STATS3 phosphorylation (Tyr705) to decrease the survival of
human ovarian cancer cells, and targeting the STAT3 axis
may enhance the chemotherapeutic efficiency of cisplatin and
paclitaxel in ovarian cancer cells, which may also be key to
overcoming cisplatin and paclitaxel resistance.

Materials and methods

Materials. The STAT3 inhibitor, LLL12, was synthesized
by Professor Chenglong Li at the College of Pharmacy, Ohio
State University (Columbus, OH, USA). The stock solution
was 20 mM (in sterile DMSO) and was stored at -20°C.

Cell lines. Human ovarian cancer cell lines (A2780, SKOV3,
CAOV-3 and OVCARS), were purchased from the American
Type Culture Collection. A2780, SKOV3 and CAOV-3 were
maintained in DMEM (Corning, Inc.; cat. no. 10-013-CV)
with 10% FBS (Sigma-Aldrich; Merck KGaA; cat. no. F2442)
and 1% penicillin/streptomycin (PS); OVCARS cells were
maintained in RPMI1640 medium (Corning, Inc.; cat.
no. 10-040-CV) with 10% FBS and 1% PS. All cell lines were
grown in a humidified 37°C incubator with 5% CO,.

Western blot analysis. Ovarian cancer cells were seeded in
10-cm plates at ~70% cell density. They were treated with
LLL12 (A2780: 0.25, 0.5 or 1.0 uM; SKOV3: 1.0, 2.5 or
5.0 uM; CAOV-3: 1.0, 2.5 or 5.0 uM; and OVCARS: 0.25,0.5
or 1.0 uM) or DMSO. Then, the cells were cultured overnight
before being harvested for western blot analysis. Ovarian
cancer cells were lysed in cold lysis buffer (Cell Lysis Buffer,
Cell Signaling Technology, Inc.; 0.5% 0.2 M PMSF, 0.5%
0.2 M NaF,0.5% 0.2 M NaPP, 0.5% 0.1 M Na;VO, and 4% 25X
CP1) and determined using a Microplate BCA Protein Assay
kit (Thermo Fisher Scientific, Inc.; cat. no. 23252). Then, equal
amounts of proteins (40 ug) were separated by 10% SDS-PAGE.
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Proteins were transferred to a PVDF membrane at 350 mA
for 110 min, and then were blocked with 5% milk for 1 h at
room temperature and incubated with antibodies overnight at
4°C: Anti-phosphorylated (p)-STAT3 (Tyr705) (Cell Signaling
Technology, Inc.; rabbit mAb; cat. no. NC-CST-9145S), STAT3
(Cell Signaling Technology, Inc.; Rabbit mAb; cat. no. 4904)
and GAPDH (Cell Signaling Technology, Inc.; Rabbit mAb;
cat. no. 2118S). All primary antibodies were diluted 1:1,000
in 5% milk. After washing in TBS with Tween-20 three times
for 5 min, the membranes were blotted with the horseradish
peroxidase-conjugated anti-rabbit IgG secondary antibody
diluted 1:10,000 in 5% milk (Cell Signaling Technology, Inc.;
cat. no. 7074) at room temperature for 1.5 h. The p-STAT3
protein were detected by West Femto Maximum Sensitivity
Substrate (Thermo Fisher Scientific, Inc.; cat. no. 34096);
the STAT3 and GAPDH proteins were detected by enhanced
chemiluminescence substrate (PerkinElmer, Inc; cat.
no. NEL104001EA). All membranes were scanned with a
Storm Scanner (GE Healthcare). The basal level of p-STAT3
in all four cell lines were also tested using the same method.

MTT assay. A2780, SKOV3, CAOV-3 and OVCARS cells were
seeded in 96-well microtiter plates at a density of 3,000 cells
in 100 ]l medium/well. On the second day, the cells were
treated in each well with LLL12 (0.1, 1.0, 0.1 and 0.01 M for
A2780, SKOV3, CAOV-3 and OVCARS, respectively), cisplatin
0.5,2.5,2.5 and 2.5 uM for A2780, SKOV3, CAOV-3 and
OVCARS, respectively), paclitaxel (5, 0.25, 0.5 and 0.25 uM
for A2780, SKOV3, CAOV-3 and OVCARS, respectively), a
combination or the vehicle control (DMSO) at 37°C. After 72 h,
20 ul MTT (Roche Diagnostics) was added to each well. After
being incubated for 4 h at 37°C, each well was supplemented
with 150 pl N,N-dimethylformamide (certified ACS; Fisher
Chemical; Thermo Fisher Scientific, Inc.) solubilization solu-
tion, followed by an incubation overnight protected from light
at room temperature. The cell viability was assessed using the
absorbance at 595 nm of each well. The DMSO cells were set at
100% and the cell viability of drug-treated cells was determined
relative to that of DMSO cells. CompuSyn software (www.
combosyn.com; 2005 release for Windows) was used to deter-
mine the combination index (CI). The CI value indicates an
additive effect when equal to 1, an antagonistic effect when >1,
and a synergistic effect when <1, based on the theorem of Chou
and Talalay (27). The half-maximal inhibitory concentration
(IC50) of cisplatin, paclitaxel and LLLI12 in the four cell lines
was also tested using the MTT assay. The cells were treated
with at least five different concentrations of the corresponding
drugs and the IC50 was calculated using GraphPad Prism 7
software (GraphPad Software, Inc.).

Wound healing/cell migration assay. A2780 and SKOV3
cells were seeded in 6-well plates, followed by incubation at
37°C overnight. When the cells reached 100% confluence,
the monolayer was scratched using a 100-ul pipette tip. After
washing with PBS twice, new medium (10% FBS) with DMSO,
or LLL12, cisplatin, paclitaxel or a combination was added to
each well. Cells were incubated at 37°C until the wounds in the
DMSO wells were healed (18 h for SKOV3; 56 h for A2780).
The inhibition of migration was observed by microscope
(Nikon TS100 inverted microscope; Nikon Corporation; x10
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magnification) and measured using ImageJ software (National
Institutes of Health; version 1.52). The formula for percentage
wound healing was as follows: 100-[(final area/initial area)
x100%] (28). An accompanying MTT assay was performed at
the same time; 20,000 cells/well were seeded in 96-well plates
and treated with the same drugs to evaluate cell viability. The
timepoints and the drug concentrations were the same as those
for the migration assay.

Cell growth assay. For the cell growth assays, A2780, SKOV3,
CAOV-3 and OVCARS cells were seeded in 12-well plates.
The cell density was dependent on the growth ability of the
cells (A2780: 0.5x10* cells/well; SKOV3: 1x10* cells/well;
CAOV-3: 2.5x10* cells/well; and OVCARS5: 1x10* cells/well).
Then, the cells were treated with DMSO (1 ul), or LLL12,
cisplatin, paclitaxel or a combination. A2780 cells were treated
with DMSO, or LLL12 (0.05 gmol/l), cisplatin (0.25 gmol/l),
paclitaxel (10 nmol/l) or a combination. SKOV3 cells were
treated with DMSO, or LLL12 (0.25 gmol/l), cisplatin
(0.5 umol/l), paclitaxel (10 nmol/I) or a combination. CAOV-3
cells were treated with DMSO, or LLL12 (0.05 pgmol/l),
cisplatin (0.25 ymol/l), paclitaxel (10 nmol/l) or a combina-
tion. OVCARS cells were treated with DMSO, or LLL12
(0.05 umol/l), cisplatin (0.25 pgmol/l), paclitaxel (10 nmol/l) or
a combination. Cell numbers were counted on days 2, 4, 6 and
8 after treatment. Then, growth curves were drawn and the cell
numbers on day 8 were compared.

Statistical analysis. Significance was determined using
GraphPad Prism 7 software (GraphPad Software Inc.). The
data are expressed as the mean + SD from three repeats. One-
and two-way ANOVA with Tukey's test was used to analyze the
statistical differences between groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

STAT3 phosphorylation is inhibited by LLLI2 in ovarian
cancer cells. To examine the ability of LLL12 to inhibit
STAT3 phosphorylation (Tyr705), western blot analysis was
performed in ovarian cancer cells (A2780, SKOV3, CAOV-3
and OVCARYS). Compared with DMSO control, the p-STAT3
expression in A2780, SKOV3, CAOV-3 and OVCARS ovarian
cancer cell lines was decreased after treatment with LLL12
(0.25-1.0 uM) (Fig. 1). Compared with cisplatin or paclitaxel
alone, the combination of LLL12 with cisplatin or/and pacli-
taxel led to a greater inhibitory effect on p-STAT3. These
results confirmed that in human ovarian cancer cell lines,
LLL12 is a potent STAT3 inhibitor.

LLLI2 combined with cisplatin or paclitaxel synergistically
inhibits the cell viability of ovarian cancer cells. The first
line chemotherapy for ovarian cancer is cisplatin combined
with paclitaxel. Therefore, the present study first investigated
whether LLL12 and cisplatin or paclitaxel could generate
a more potent suppression of cell viability than any single
agent alone in ovarian cancer cells. All four ovarian cancer
cell lines were treated with different concentrations of LLL12,
cisplatin, paclitaxel or a combination. After 72 h of treat-
ment, the combination treatment of LLL12 with cisplatin or
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paclitaxel induced greater inhibition of cell viability than
that of any monotherapy (Fig. 2). The CI values were <1 for
all the combination treatments, which indicated that the cell
viability of ovarian cancer cells was synergistically inhibited
by LLL12 combined with paclitaxel. Compared with the stan-
dard ovarian cancer combination treatment of cisplatin with
paclitaxel, the combination treatment of LLL12 with cisplatin
or/and paclitaxel also generated greater inhibitory effects on
cell viability, and the combination of the three drugs elicited
the greatest inhibitory effects (Fig. 2).

LLLI2 combined with cisplatin inhibits the cell migration
of ovarian cancer cells. For tumor invasion and metastasis,
cell migration is an important process. Previous studies have
indicated that the inhibition of STAT3 may reduce cancer
cell migration (16-18). Therefore, the present study evalu-
ated the effect of LLL12 combined with cisplatin, compared
with a paclitaxel and cisplatin combination, on cell migra-
tion. Representative images are shown in Figs. 3 and 4. The
A2780 cells were treated with different drugs for 60 h until
the wound in the DMSO control group was healed; the
combined LLL12 and cisplatin treatment had a more signifi-
cant inhibitory effect on wound healing/cell migration than
either monotherapy (Fig. 3). Compared with the combination
treatment of cisplatin with paclitaxel, the combination treat-
ment of LLL12 with cisplatin or/and paclitaxel generated a
more significant inhibitory effect on cell migration, and the
combination of the three drugs elicited the greatest inhibitory
effect (Fig. 3). Consistently, in SKOV3 ovarian cancer cells,
the combined LLLI12 and cisplatin or/and paclitaxel treatment
also exerted a greater inhibitory effect on cell migration than
the monotherapies or the paclitaxel and cisplatin combination,
and the combination of the three drugs elicited the greatest
inhibitory effect (Fig. 4). The accompanying MTT assay was
performed at the same time (20,000 cells/well were seeded in
96-well plates, then treated with the same drugs to evaluate
cell viability; the timepoints and the drug concentrations were
the same as those of the migration assay), and there were no
significant differences in cell viability between the groups.
This indicated that the inhibition of cell proliferation had little
effect on this experiment.

LLLI2 combined with cisplatin inhibits the cell growth of
ovarian cancer cells. It was demonstrated that LLL12 syner-
gistically inhibited the cell viability of ovarian cancer cells in
combination with cisplatin and paclitaxel. The present study
further evaluated the effect of LLL12 on cell growth combined
with cisplatin or paclitaxel. The results showed that LLL12
inhibited cell growth in all four ovarian cancer lines (Fig. 5).
The combined treatment of LLL12 with cisplatin had a more
significant inhibitory effect on cell growth than either mono-
therapy in all four human ovarian cancer cell lines (Fig. 5A).
Furthermore, the LLL12 and paclitaxel combination exerted
a greater inhibitory effect on cell growth than either single
agents alone in all four ovarian cancer cell lines (Fig. 5B).

Discussion

Ovarian cancer is the leading cause of cancer-associated
death in women in the US (1). Most patients are diagnosed at
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Figure 1. LLL12 inhibits p-STAT3 in human ovarian cancer cells. Ovarian cancer cell lines were treated with LLL12, and the levels of STAT3 phosphorylation
were decreased: (A) A2780; (B) CAOV-3; (C) SKOV3; and (D) OVCARS. Compared with cisplatin or paclitaxel alone, the combination of LLL12 with cisplatin
or/and paclitaxel appeared to have a greater inhibitory effect on p-STAT3 in (E) CAOV-3 and (F) OVCARS cells. p, phosphorylated.
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Figure 2. LLL12 combined with cisplatin or paclitaxel synergistically inhibits the cell viability of ovarian cancer cells. Cells were seeded in 96-well plate at a

density of 3,000 cells per well. Each well was treated with DMSO, or LLL12,

cisplatin, paclitaxel or a combination for 72 h. An MTT assay was performed to

evaluate cell viability. (A) A2780; (B) CAOV-3; (C) SKOV3; and (D) OVCARS5. "P<0.05, “P<0.01, “"P<0.001 and ***P<0.0001. CI, combination index; ns, not

significant.

a late stage, due to the lack of specific symptoms associated
with early-stage ovarian cancer. Standardized treatment for
late-stage ovarian cancers is cytoreductive surgery followed
by a platinum-based regimen of primary chemotherapy (3).
Cisplatin combined with paclitaxel is recognized as the
first-line chemotherapy for advanced ovarian cancer worldwide,
despite severe side effects (2). Although the treatment regimen
is effective and no adequate replacement has yet been found,

75% of patients experience recurrence of ovarian cancer (7),
and data show that the 5-year survival rate of patients with
ovarian cancer has remained almost unchanged after diagnosis
in the past 20 years (1,26). There are many reasons for cancer
recurrence, among which chemoresistance to cisplatin and/or
paclitaxel is the most commonly reported (29,30). Therefore,
there is a need to discover new therapeutic targets and new drugs
to enhance the cisplatin- and paclitaxel-mediated inhibitory
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Figure 3. LLL12 combined with cisplatin inhibits the cell migration of A2780 ovarian cancer cells. A wound healing assay for migration was performed
to evaluate the migration capability of A2780 cells treated with LLL12 (0.5 gmol/l), cisplatin (2.5 gmol/l), paclitaxel (5 nmol/l) or a combination, or the
vehicle (DMSO). Magnification, x100. An MTT assay was also performed: 20,000 cells/well were seeded in 96-well plates, then treated with the same drugs
to evaluate cell viability. The timepoints and the drug concentrations were the same as those for the migration assay. "P<0.05, ““P<0.001 and **"P<0.0001.
L, LLL12; C, cisplatin; P, paclitaxel; ns, not significant.
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Figure 4. LLL12 combined with cisplatin inhibits the cell migration of SKOV-3 ovarian cancer cells. A wound healing assay for migration was performed
to evaluate the migration capability of SKOV3 cells treated with LLL12 (1.0 gmol/l), cisplatin (2.5 gmol/l), paclitaxel (10 nmol/l) or a combination, or the
vehicle (DMSO). Magnification, x100. An MTT assay was also performed: 20,000 cells/well were seeded in 96-well plates, then treated with the same drugs
to evaluate cell viability. The timepoints and the drug concentrations were the same as those for the migration assay. “P<0.01, ““P<0.001 and **"P<0.0001.
L, LLLI12; C, cisplatin; P, paclitaxel; ns, not significant.

effect on ovarian cancer. Chemoresistance is multifactorial ~ the gene signatures associated with chemoresistance (30-32),
and complex. Many studies have been performed to explore  and no consistent results have been found.
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Figure 5. LLL12 combined with cisplatin and/or paclitaxel inhibits the cell growth of ovarian cancer cells. Ovarian cancer cells were seeded in 12-well plates,
and treated with DMSO, or (A) LLL12, cisplatin or a combination of the two; or (B) LLL12, paclitaxel or a combination of the two. Growth curves were drawn
according to the cell numbers on days 2, 4, 6 and 8 after treatment, and the cell numbers on day 8 were compared. “P<0.01 and “““P<0.0001 on day 8.

As reported, STAT proteins have become a research focus
due to their contribution to oncogenesis (9-12). In numerous
human malignancies, STAT proteins, especially STAT3, are
constitutively activated, and the activation rate in ovarian
cancer is 94% (13). Studies have reported that constitutive
activation of STAT3 is involved in various processes during
malignant progression, including migration, invasion, cell
proliferation, angiogenesis, EMT and metastasis, and it may
also induce multidrug chemoresistance (13-18). In particular,
cisplatin and paclitaxel resistance has also been reported to
be associated with the overexpression of STAT3 (13,19-22);

thus, inhibitors of STAT3 may be used as novel anticancer
therapeutics, in combination with conventional chemotherapy.

A previous study demonstrated that constitutive activation
of STAT3 is present in ovarian cancer cell lines, but not in
normal ovarian surface epithelial cells (33). Many studies
have shown that the STAT3 pathway is often overexpressed
and activated in cisplatin- and/or paclitaxel-resistant ovarian
cancer cells, as compared with paired parental cell lines
that are cisplatin- and/or paclitaxel-sensitive (16,17,19-21).
Inhibition of STAT3 enhances apoptosis induced by cisplatin
and paclitaxel in ovarian cancer cells (33,34). Furthermore,
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silencing of the STAT3 signaling pathway can reverse the
inherent and induced chemoresistance of human ovarian
cancer cells (35). It appears that STAT3 inhibitors may be
important for combatting chemoresistance to cisplatin and
paclitaxel. Many peptide-based inhibitors of STAT3 have been
synthesized and reported, but common problems are poor cell
permeability and in vivo stability, which have limited their
use (36,37). In addition, nonpeptide small molecule inhibitors
of STAT3 have also been synthesized, such as SD-1029 (38)
Stattic (39), STA-21 (40), S31-201 (41) and WP1066 (42) among
others.

In order to solve the problems mentioned above, LLL12,
a small molecule STAT3 inhibitor, was synthesized (24).
According to previous work, LLL12 can inhibit STAT3
phosphorylation in many cancer cells, such as glioblas-
toma, pancreatic cancer, multiple myeloma and breast
cancer cells (23,24,43-46). Furthermore, LLL12 has good
cell permeability and stability in vivo, and demonstrated
marked inhibition of STAT3 phosphorylation in an animal
model (23,24,45). Compared with STAT3 inhibitors reported
previously, namely S3I-201 and WP1066, LLL12 was
demonstrated to be more potent in the inhibition of cancer
cell viability (43). It was also demonstrated that LLL12 had
a minimal apoptotic effect on normal human cells (23,24).
Therefore, LLL12 was assessed in ovarian cancer cells. STAT3
phosphorylation was decreased by LLL12 in all four ovarian
cancer cells. Cell viability, cell migration and cell growth
assays were performed; the results showed that, compared
with monotherapies, the combination of LLL12 and cisplatin
or paclitaxel led to more potent inhibition. Simultaneously, it
was found that the combination of cisplatin with LLL12 led to
more effective inhibition of cell viability and cell migration
than that of cisplatin with paclitaxel. The cell migration assay
was trialed under serum-starvation conditions, but the cells
of the DMSO control group died before the wound healed.
Therefore, 10% serum was used in this assay. CAOV-3 and
OVCARS cells were not tested in the wound healing/cell
migration assays, because their growth phenotype in a mono-
layer is not suitable for wound healing/cell migration assays.
The cell density for the cell growth assay was much lower
than that used for the western blot analysis; therefore, low
doses of LLL12 with cisplatin or paclitaxel were used. If a
higher dose of LLL12 is used, it alone could cause an almost
complete inhibition of cell growth, and therefore, it would
not be possible to verify whether LLL12 in combination with
cisplatin or paclitaxel could exert stronger inhibition than
either single agent alone.

Of the four cell lines, OVCAR-5 is a human epithelial
carcinoma cell line of the ovary, established from the ascitic
fluid of a patient with progressive ovarian adenocarcinoma
without prior cytotoxic treatment; this cell line had been used
as high-grade serous human ovarian cancer cell line since
1984 (47). However, there was a study published in 2016 that
provided some evidence that OVCAR-5 might be regarded
as non-ovarian, being gastrointestinal in origin (48). An STR
profile analysis was performed for the OVCARS cells. The
results demonstrated that the sample OVCARS cells shared
14 out of 14 alleles (100%) with the American Type Culture
Collection reference. Additionally, many studies have used
OVCARS as an ovarian cancer cell line since 20016 (49-51),
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so the experimental data for this cell line was retained in the
present study.

From the literatures, there are ovarian cancer cell that
were selected by gradually increasing the concentration of
cisplatin, and cloning the surviving cells as cisplatin-resistant
cells. However, such cisplatin- or paclitaxel-resistant cell
lines were unavailable for the present study. Nevertheless, the
SKOV3 and CAOV-3 ovarian cancer cell lines are more resis-
tant to cisplatin and paclitaxel than the A2780 and OVCARS
ovarian cancer cell lines, based on published literature (25,26)
and the authors' preliminary results. In particular, among
high-grade serous human ovarian cancer cell lines, CAOV-3 is
much more resistant to cisplatin or paclitaxel than OVCARS.
Notably, the basal levels of p-STAT3 (Fig. S3) and the IC50 of
LLLI12 (Fig. S4) were also higher in the SKOV3 and CAOV-3
ovarian cancer cell lines. These results further supported
the hypothesis that levels of p-STAT3 are positively associ-
ated with resistance to cisplatin and paclitaxel. The results
presented in this manuscript showed that LLL12 may enhance
the cisplatin- and paclitaxel-mediated inhibition of cell growth
and migration in the human ovarian cancer cell lines SKOV3
and CAOV-3, which are resistant to cisplatin or/and paclitaxel.

In conclusion, the present findings suggested LLL12 may
enhance the cisplatin- and paclitaxel-mediated inhibition of
cell growth and migration in human ovarian cancer cells. This
may be key to combatting cisplatin and paclitaxel resistance,
which requires further research. Translating these findings to
the clinical realm will require further investigation ensure the
safety of this potential treatment.
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