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Radix ranunculus temate saponins sensitizes ovarian
cancer to Taxol via upregulation of miR-let-7b
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Abstract. A common cause of treatment failure in ovarian
cancer is acquired drug resistance. Therefore, effective
novel drugs against chemoresistance need to be developed.
MicroRNAs (miRNAs or miRs) serve key regulatory roles
in tumorigenesis and chemoresistance. The objective of the
present study was to explore the role of miR-let-7b in ovarian
cancer chemoresistance, and to develop novel strategy for the
treatment of drug-resistant ovarian cancer. For this purpose,
reverse transcription-quantitative PCR was performed to
evaluate the expression level of miR-let-7b in fresh ovarian
cancer tissues and cell lines. miR-let-7b mimic was transfected
into ovarian cancer cell lines. Functional experiments, cell
apoptosis and cell viability assays were carried out to identify
the tumor-suppressor function of miR-let-7b. The treatment
effect of Radix ranunculus temate saponins (RRTS), one of the
primary constituents extracted from the traditional Chinese
medicine radix Ranunculi ternati, was identified in vitro and
in vivo. The results revealed that miR-let-7b was downregu-
lated significantly in chemoresistant ovarian cancer patients.
miR-let-7b overexpression suppressed cell growth and inva-
sion and enhanced sensitivity to Taxol of ovarian cancer cells.
Furthermore, miR-let-7b levels in ovarian cancer tissue were
inversely associated with collagen type III al chain (COL3A1)
levels. COL3A1, a non-fibrillar collagen associated with
chemoresistance, was targeted by miR-let-7b. RRTS showed
cytotoxic effects on ovarian cancer cells through inducing
miR-let-7b expression and decreasing COL3A1 expression.
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In addition, RRTS sensitized ovarian cancer to Taxol both
in vitro and in vivo. In conclusion, the present results revealed
synergistic cytotoxicity of RRTS and Taxol on against ovarian
cancer cells via upregulating expression of miR-let-7b.
Combination of Taxol and RRTS may be a novel treatment
strategy for patients with TR ovarian cancer.

Introduction

Ovarian cancer is the most lethal gynecological malignancy;
>70% patients diagnosed with stage III and IV cancer show
poor survival rate due to treatment failure, worldwide (1,2).
Cytoreductive surgery is the main surgical method for patients
with advanced stage ovarian cancer, followed by combined
chemotherapy with paclitaxel and platinum, and is considered
to be the standard treatment for ovarian cancer (2-4). However,
one common cause for treatment failure is acquired drug resis-
tance due to post-surgery chemotherapy (5-7). Therefore, it is
crucial to identify the mechanism of acquired drug resistance
in patients with advanced ovarian cancer and to develop novel
targets for the treatment of drug-resistant ovarian cancer.

MicroRNAs (miRNAs or miRs) are small non-coding
RNAs that negatively regulate target genes at the post-
transcriptional level (8). Numerous studies have demonstrated
the regulatory role of miRNAs in multiple biological processes,
including tumorigenesis (9-11). Specific miRNA expression
patterns are involved in tumor progression, which includes
processes such as cell proliferation, differentiation, migration,
immune suppression and drug resistance (12,13). miR-let-7b
belongs to the let-7 family and functions as a tumor suppressor
gene (14-16). Previous studies have reported significant down-
regulation of miR-let-7b in several types of cancer, such as
multiple myeloma, glioma and osteosarcoma (16-18). However,
the impact of miR-let-7b on carcinogenesis of ovarian cancer
remains unclear.

In traditional Chinese medicine, radix Ranunculus ternati
is applied in the treatment of numerous types of disease,
including scrofula, tuberculosis and pharyngitis (19), and
comprises saponins, polysaccharides and certain fatty
substances (20,21). Radix ranunculus temate saponins (RRTS)
has shown satisfactory in vitro ability to suppress gastric
cancer cells growth and proliferation (22,23). However, its
underlying molecular mechanisms need to be elucidated.
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In the present study, the roles of miR-let-7b in ovarian
cancer were investigated. We further explored the effect of
RRTS on ovarian cancer and discovered its role suppressing
ovarian cancer cells.

Materials and methods

Patient samples and clinical data. A total of 57 females (age,
32-75 years; stage I to IV) were enrolled and pathologically
diagnosed with high-grade serous ovarian cancer at Sun
Yat-sen University Cancer Center (SYSUCC) in Guangzhou,
Guangdong, China, from October 2008 to May 2016. Written
informed consent was provided by all patients. The present
study was approved by the Research and Ethical Committee
of Guangdong Provincial People's Hospital and complied with
all relevant ethical regulations. All specimens were confirmed
as primary ovarian cancer by pathological examination. None
of the patients had received chemotherapy before the surgery.
Fresh samples were collected <30 min following surgical
removal during routine surgery and stored at -80°C in the
cancer resource bank of SYSUCC. Total RNA was extracted
using TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.).

To compare the expression of miR-let-7b in tumor and normal
tissues, fresh high-grade ovarian serous cancer and matched
normal fallopian tube tissue were collected from six female
patients (age, 39-67 years, stage I and II) who received compre-
hensive surgical staging (which is the main surgical method
for patients with early-stage ovarian cancer), or cytoreductive
surgery at SYSUCC, between November 2010 to August 2015.
Matched normal fallopian tissues were used as healthy tissues.

In addition, fresh high-grade ovarian serous cancer
tissue samples were collected from 12 female patients (age,
44-71 years, stage 111 and IV) who received cytoreductive
surgery and subsequent chemotherapy at SYSUCC, between
October 2008 and April 2011 to identify the expression levels
of miR-let-7b in chemo-sensitive and -resistant ovarian cancer.
Patients with recurrent tumor <6 months following chemo-
therapy were considered TR.

High-grade ovarian serous cancer tissue samples
were collected from 39 female patients (age, 32-75 years,
stage III and IV) who received comprehensive staging or
cytoreductive surgery at SYSUCC, between October 2008 and
May 2016, to investigate the association between miR-let-7b
and COL3A1 in ovarian cancer.

Cell lines and culture. Ovarian cancer cell lines (A2780,
A2780/TR, OVCAR3, SK-OV-3 and SK-OV-3/TR) were
acquired from American Type Culture Collection. A2780,
A2780/TR and OVCAR3 cells were cultured in Dulbecco's
modified Eagle's medium (DMEM; Gibco; Thermo Fisher
Scientific, Inc.) containing 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.) in an incubator at 37°C
with 5% CO,. SK-OV-3 and SK-OV-3/TR cells were cultured
in Roswell Park Memorial Institute (RPMI)-1640 (Gibco;
Thermo Fisher Scientific, Inc.) containing 10% FBS in an
incubator at 37°C with 5% CO,.

Transient miRNA transfection. miRNA-let-7b mimic
(5'-UGAGGUAGUAGGUUGUGUGGUU-3") and negative
control (5'-UUUGUACUACACAAAAGUACUG-3") were

synthesized by Ribobio. A2780, OVCAR3 and SK-OV-3
cells (1x10° cells/well) were divided into groups, namely
the control group (Mock), the negative control (NC) group
and the miR-let-7b group. Cells in the miR-let-7b group
were transfected with miRNA-let-7b mimic (50 nM) using
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. Cells in the
NC group were transfected with negative control. The control
group was left untreated. After 48 h transfection, cells were
used for subsequent experimentation.

Reverse transcription-quantitative (RT-q) PCR. Total RNA
was extracted from tissues or cells (A2780, OVCAR3 and
SK-OV-3) using TRIzol® (Thermo Fisher Scientific, Inc.)
according to the manufacturer's instruction, followed by deter-
mination of the RNA concentration. PrimeScript RT reagent
kit (Takara Biotechnology Co., Ltd.) was used to synthesize
the complementary DNA. Mature miRNAs in the sample were
reverse-transcribed to cDNA using TagMan Advanced miRNA
cDNA Synthesis kit (Thermo Fisher Scientific, Inc.). RT-qPCR
was performed using SYBR Green (Takara Biotechnology
Co., Ltd.). GAPDH and U6 were used to normalize mRNA
and miRNA levels, respectively. The PCR process was: Initial
denaturing 10 min at 95°C; denaturation 10 sec at 95°C;
annealing 20 sec at 60°C; and extension 15 sec at 72°C; for
40 cycles. The relative expression levels of genes were calcu-
lated using the 2244 method (24). All assays were performed
in triplicate. Each test was repeated three times. The primer
sequences were as follows: miR-let-7b forward, 5'-GGGTGA
GGTAGTAGGTTGTGTG-3' and reverse, 5'-CAGGGAAGG
CAGTAGGTTGT-3'; U6 forward, 5'-CTCGCTTCGGCAGCA
CA-3' and reverse, 5-AACGCTTCACGAATTTGCGT-3";
COL3A1 forward, 5'-GCCAAATATGTGTCTGTGACT
CA-3' and reverse, 5-GGGCGAGTAGGAGCAGTTG-3' and
GAPDH forward, 5-GTCTCCTCTGACTTCAACAGCG-3'
and reverse, 5'-ACCACCCTGTTGCTGTAGCCAA-3'.

Cell Counting Kit (CCK)-8 assay. CCK-8 assay was used to
detect the viability of cells.

To identify the role of miR-let-7b in ovarian cancer cells,
A2780 cells overexpressing miR-let-7b or control miRNA
were seeded into a 96-well culture plate at a density of
1x10* cells/well and grown in DMEM supplemented with
10% FBS at 37°C. The cells were treated with Taxol (0.00,
6.25, 12.50, 25.00, 50.00, 100.00 nM) for 16 h, then were
detected by CCK-8 assay.

To investigate the treatment effect of RRTS, A2780 and
SK-OV-3 cells were seeded into a 96-well culture plate at a
density of 1x10* cells/well and grown in DMEM or RMPI-1640
supplemented with 10% FBS at 37°C. These cells were
treated with RRTS (0.00, 6.25, 12.50, 25.00, 50.00, 100.00,
200.00 pg/ml) for 48 h, then were detected by CCK-8 assay.

To investigate whether RRTS sensitizes ovarian cancer
cells to Taxol, A2780, A2780/TR, SK-OV-3 and SK-OV-3/TR
cells were seeded into a 96-well culture plate at a density of
1x10* cells/well and grown in DMEM or RMPI-1640 supple-
mented with 10% FBS at 37°C. These cells were pre-treated
with 25 pg/ml RRTS for 24 h, followed by Taxol (0.000, 3.125,
6.250, 12.500, 25.000, 50.000 and 100.000 nM) for a further
24 h, then were detected by CCK-8 assay.
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For CCK-8 assay, 20 pul CCK-8 reagent (Shanghai Yeasen
Biotechnology Co., Ltd.) was added to each well. The plate
was incubated for 2 h, followed by measurement of the optical
density at 450 nm.

MTT assay. MTT assay was used to detect the metabolic
activity of cells. A2780, OVCAR3 and SK-OV-3 cells over-
expressing miR-let-7b or control miRNA were seeded into a
96-well culture plate at a density of 500 cells/well and grown
in DMEM or RMPI-1640 supplemented with 10% FBS. MTT
reagent (Sigma-Aldrich; Merck KGaA) was dissolved in
PBS (5 mg/ml). Medium was replaced with fresh DMEM or
RMPI-1640 + 10% FBS + 10% MTT and incubated for 4 h
at 37°C. After removing the incubation medium, formazan
crystals were dissolved in 200 1 DMSO. Optical density was
measured at 570 nm.

Wound healing assay. Wound healing assay was used to detect
cell migration ability. A2780, OVCAR3 and SK-OV-3 cells
overexpressing miR-let-7b or control miRNA were seeded
into 6-well culture plates and grown in DMEM or RMPI-1640
supplemented with 10% FBS until 90% confluence. Confluent
cells were scratched with a pipette tip. Culture medium was
removed and cells were rinsed with PBS, then incubated in
DMEM or RMPI-1640 without FBS. Images were captured
using a Nikon Coolpix camera at 0 and 24 h. The scratch
area (SA) was measured using Image-Pro Plus 6.0 (NIH) and
wound healing rate was calculated as follows: Wound healing
rate=(initial SA-final SA)/initial SA.

Matrigel invasion assay. Cell invasion was determined using
Matrigel-coated Transwell cell culture chambers (Corning,
Inc.). Matrigel (BD Biosciences) was thawed on ice over-
night and diluted in serum free-cold DMEM or RMPI-1640
(2 mg/ml). Diluted Matrigel (100 ul) was placed into upper
chamber of 24-well Transwell and incubated at 37°C for 4 h for
gelling. A2780, OVCAR3 and SK-OV-3 cells overexpressing
miR-let-7b or control miRNA were serum starved for 12 h
at 37°C, then trypsinized, resuspended in serum-free DMEM or
RMPI-1640. Cells (1x10°) were seeded in the upper chamber of
the Transwell insert coated with Matrigel. The lower chamber
was filled with DMEM or RMPI-1640 containing 10% FBS
as a chemoattractant. Following incubation for 24 h at 37°C,
cells were fixed with methanol and stained with crystal violet
for 30 min at room temperature. Noninvaded cells on the top
of the Transwell were scraped off with a cotton swab. The
number of cells in five randomly selected fields of view were
imaged under a photomicroscope (light) and counted using
Image-Pro Plus 6.0 (Media Cybernetic, Inc.).

Western blotting. A2780 cells overexpressing miR-let-7b or
control miRNA were lysed in RIPA buffer (25.0 mM Tris-HCI,
pH 7.6, 150.0 mM NaCl, 1.0 NP-40, 1.0 sodium deoxycholate
and 0.1% SDS) containing protease and phosphatase inhibi-
tors. Protein quantification was performed by BCA Protein
Assay (Pierce; Thermo Fisher Scientific, Inc.). Then 20 ug of
soluble protein were loaded onto each lane of 10% Bis-Tris
gel. The proteins were transferred to polyvinylidene fluoride
(PVDF) membrane. For the immunoblot, the membranes were
blocked with 5% skimmed milk (Bio-Rad Laboratories, Inc.)

in TBST (0.5% Tween) for 1 h, at room temperature. Primary
antibodies (1:1,000 dilution) in 5% bovine serum albumin
(BSA) were added and incubated overnight in 4°C on a shaker.
The membranes then were washed with TBST and incubated
with secondary antibody (1:5,000 dilution) in 5% skimmed
milk at room temperature for 1 h. The membranes then were
washed with TBST and incubated with ECL mix (Epizyme;
cat. no. SQ202). The membrane was removed from the ECL
mix and placed between layers of plastic. The membrane
was then exposed to autoradiography film (Kodak) using an
OPTIMAX X-Ray Film Processor (Protec GmbH) in a dark
room. Rabbit antibody against COL3A1 (cat. no. 22734),
mouse antibody against GAPDH (cat. no. 60004) and horse-
radish peroxidase-conjugated secondary antibodies (cat. no.
SA00001-1 and SA00001-2) were obtained from ProteinTech
Group, Inc.

Flow cytometry assay. Apoptotic rate was detected by
flow cytometry using an Annexin V apoptosis detection kit
(Invitrogen; Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocol. A2780 cells overexpressing
miR-let-7b or control miRNA were treated with Taxol (0,
6.25,12.5, 25, 50, 100 nM) for 16 h, then were collected for
detection. A2780, A2780/TR, SK-OV-3 and SK-OV-3/TR cells
were pre-treated with 25 pg/ml of RRTS for 24 h, followed
by 25 nM of Taxol for a further 24 h, then were collected for
detection.

In this flow cytometry assay, A2780, A2780/TR, SK-OV-3
and SK-OV-3/TR cells were rinsed with ice-cold PBS, followed
by rinsing with binding buffer and adjusted to 1x10° cells/ml.
Next, 100 gl of cell suspension was stained with 5 ul of Annexin
V-APC for 15 min in the dark at room temperature. Following
another rinse with binding buffer, 5 ul of PI was added to the
cells and incubated on ice for 5 min. Following filtration, the
cell mixture was analyzed using FASCcan Flow Cytometer
(BD Biosciences) and data were analyzed using FlowJo_V10
(FlowJo LLC).

Isobolographic analysis. Isobolographic analysis was
performed to characterize the extent of the interaction between
RRTS and Taxol in A2780 cells. The ICs, (half maximal inhibi-
tory concentration) of Taxol (32.5 nM) and RRTS (42 ug/ml)
were plotted on the x and y axes in a two-coordinate plot. In
order to connect the IC50 value of each drug alone and that
of the combination, a nonlinear regression analysis (equation
y=(top-bottom) x exp(-kx) + bottom) has been carried out by
GraphPad Prism 5 (GraphPad Software, Inc.) (25,26). The line
connecting these two points represented an additive interac-
tion. The concentrations of drugs used in combination were
placed in the same plot.

The effect was considered synergistic when the plot was
located below the line and antagonistic when the plot was
above the line.

In vivo ovarian cancer xenograft model. Animal protocols
were approved by the animal care committee of Guangdong
Provincial People's Hospital (approval no. GDREC2019582A).
This study was approved in 2019. A total of 36 mice were used
in this study. At the start of the study, the body weight ranged
from 18.5-20 g. Throughout the entire project, the mice were
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Figure 1. miR-let-7b contributes to Taxol resistance in ovarian cancer. (A) Levels of miR-let-7b in six pairs of ovarian cancer and matched normal fallopian
tube tissue. (B) miR-let-7b expression was decreased significantly in chemoresistant ovarian cancer patients. (C) miR-let-7b expression was decreased signifi-
cantly in A2780/TR cells. (D) Reverse transcription-quantitative PCR confirmed overexpression of miR-let-7b in A2780 cells. (E) miR-let-7b overexpression
increased the sensitivity of A2780 cells to Taxol. A2780 cells transfected with either miR-let-7b or control miRNA were treated with Taxol and cell viability
was assessed via Cell Counting Kit-8 assay. (F) A2780 cells transfected with miR-let-7b or control miRNA were treated with Taxol for 48 h. Cell apoptosis

was assessed by flow cytometry using Annexin V-PI dual-staining assay. "P<0.05, "P<0.01 and

TR, Taxol-resistant.

housed in standard polypropylene cages, at optimum density
and in standard laboratory conditions (temperature 25 + 1°C,
relative humidity 55 + 5%, and 12 h light/dark cycle). They
were allowed free access to standard granular diet and water.
A2780 cells (1x10° were injected subcutaneously into the
back of six-week-old BALB/c nu/nu female mice. At 3 weeks
post-inoculation, tumor formation was observed and nude
mice were randomly divided into 4 groups (n=9) as follows:
Control (saline); RRTS (25 mg/kg); Taxol (15 mg/kg) and
25 mg/kg RRTS + 15 mg/kg Taxol. Nude mice were intra-
peritoneally injected once/week for 6 weeks. Tumor volume
was recorded weekly for duration of experiment. Tumor
volume was estimated as follows: Volume=(longest diameter x
shortest diameter?)/2. The mice were euthanized humanely by
CO, asphyxiation at the end of the experiment or when tumor
growth was excessive (diameter =20 mm). A displacement rate
of 25% chamber volume/min was used for euthanasia.

Statistical analysis. SPSS 16.0 (SPSS, Inc.) and GraphPad
Prism 5 (GraphPad Software, Inc.) were used for statistical
analysis. Paired t-test was used to compare ovarian cancer
and adjacent healthy tissue. An unpaired t-test was utilized
to analyze data conforming to normal distribution and homo-
geneity of variance between two groups. The association
between miR-let-7b and COL3A1 expression in tumor tissues
was analyzed using Spearman's correlation analysis. All
experiments were repeated three times unless stated otherwise.

ok

P<0.001. miR, microRNA; let, lethal; NC, negative control;

Data are presented as the mean + SD. Two-sided P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-let-7b modulates sensitivity of ovarian cancer to
Taxol. In the present study, miR-let-7b was detected in six
pairs of primary ovarian cancer and corresponding healthy
tissue. miR-let-7b was downregulated in tumors (Fig. 1A).
Further comparison between 12 chemo-sensitive and -resis-
tant ovarian cancer tissue found that miR-let-7b expression
levels were lower in patients with chemoresistance (Fig. 1B).
miR-let-7b expression was also decreased in A2780/TR cells
(Fig. 1C). These results suggested that miR-let-7b downregu-
lation may be involved in Taxol resistance of ovarian cancer.
miR-let-7b mimic or control miRNA was transfected into
A2780 cells (Fig. 1D) to confirm these results. Following
treatment with Taxol, viability and apoptosis of A2780 cells
overexpressing miR-let-7b were compared with control
miRNA-transfected cells. Cell viability decreased and apop-
tosis increased in a dose-dependent manner when cells were
exposed to Taxol. Cells with miR-let-7b overexpression were
more sensitive to Taxol. Following treatment with 100 nM
Taxol for 24 h, the viability of control miRNA-transfected
A2780 cells was decreased to 70.1%, while that of miR-let-7b
overexpressing A2780 cells was decreased to 50.4% (Fig. 1E).
Meanwhile, apoptosis rate was increased to 16.46% in control
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miRNA-transfected A2780 cells and 28.89% in miR-let-7b  that upregulated miR-let-7b expression sensitized ovarian
overexpressing A2780 cells (Fig. 1F). These results indicated  cancer cells to Taxol.
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assay. (B) RRTS treatment induced miR-let-7b expression in A2780 and SK-OV-3 cells. (C) RRTS treatment decreased COL3A1 expression in A2780 and
SK-OV-3 cells. RRTS (25 ug/ml) pre-treatment increased the sensitivity of (D) SK-OV-3 and (E) SK-OV-3/TR cells to Taxol. RRTS (25 pg/ml) pre-treatment
increased apoptosis of Taxol-treated (25 nM) (F) A2780 and A2780/TR and (G) SK-OV-3 and SK-OV-3/TR cells. Cell apoptosis was assessed by flow
cytometry using Annexin V-PI dual-staining. (H) Isobolographic analysis of the cytotoxic effect obtained with the combination of RRTS and Taxol at the
concentrations of 10 and 20 nM in A2780 cells. The same level of apoptosis can be induced by 32.5 nM Taxol and 42 ug/ml RRTS. (I) A2780 cells were
injected into nude mice. RRTS, Taxol or saline was intraperitoneally injected once/week for 6 weeks. Tumors were measured with Vernier Calipers. "P<0.05,
“P<0.01, "P<0.001. COL3A1, collagen type II a1 chain; miR, microRNA; let, lethal; NC, negative control; RRTS, Radix ranunculus temate saponins; TR,
Taxol-resistant.

miR-let-7b suppresses the aggressiveness of ovarian cancer  decreased the proliferation (Fig. 2B) of A2780, OVCAR3
cells. To assess the biological role of miR-let-7b in ovarian and SK-OV-3 cells, which indicated an anti-tumor effect
cancer, the proliferation ability of ovarian cancers cells of miR-let-7b in ovarian cancer. Subsequently, the effect of
overexpressing miR-let-7b or control miRNA was deter- miR-let-7b expression on migration and invasion of ovarian
mined (Fig. 2A). Overexpression of miR-let-7b significantly  cancer cells was assessed in vitro. miR-let-7b overexpression
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significantly suppressed migration and invasion of ovarian
cancer cells (Fig. 2C and D). These results demonstrated the
role of miR-let-7b in blocking progression of ovarian cancer
in vitro.

miR-let-7b supresses expression of COL3AI in ovarian cancer.
To test whether the regulating effect miR-let-7b on COL3A1 is
conserved in vivo, the present study analyzed the association
between expression of miR-let-7b and COL3A1 in samples
from 39 patients with primary ovarian cancer. COL3A1
expression was inversely associated with miR-let-7b expres-
sion (Fig. 3A). Ovarian cancer cell line was used to confirm
that miR-let-7b overexpression downregulated COL3A1
expression (Fig. 3B and C).

RRTS sensitizes ovarian cancer cells to Taxol treatment.
The present study evaluated the cytotoxic effect of RRTS
on A2780 and SK-OV-3 cells. RRTS displayed a notable
cytotoxic effect on both cell lines; the inhibitory effect on
cell proliferation was dose-dependent, with an inhibition
rate of 82.6% (IC5,=37.22+3.54 ug/ml) in A2780 and 64.8%
at 200 pg/ml (IC5,=45.58+4.76 pug/ml) in SK-OV-3 cells
(Fig. 4A). These data suggested that RRTS killed tumor cells
effectively. RRTS treatment induced miR-let-7b expression in
A2780 and SK-OV-3 cells (Fig. 4B) and decreased COL3A1
expression (Fig. 4C). Subsequently, it was investigated whether
RRTS sensitizes ovarian cancer cells to Taxol. A2780,
A2780/TR, SK-OV-3 and SK-OV-3/TR cells were pre-treated
with 25 pg/ml RRTS for 24 h, followed by Taxol (0.000, 3.125,
6.250, 12.50, 25.000, 50.000 and 100.000 nM) for a further
24 h. Cell viability was decreased following sequential treat-
ment (Fig. 4D and E). In addition, cell apoptosis was increased
following sequential treatment with 25 pg/ml RRTS and 25 nM
Taxol (Fig. 4F and G). To determine the interaction between
RRTS and Taxol, a detailed isobolographic analysis was
performed. The combined treatment showed synergistic effect
in A2780 cells (Fig. 4H). The effect of combined treatment
was also assessed in vivo. A2780 cells were subcutaneously
injected into BALB/c nude mice. The mice were randomly
assigned into saline, RRTS, Taxol or combined treatment
groups when they developed palpable tumors (>5 mm diam-
eter; 3 weeks). RRTS (25 mg/kg), Taxol (15 mg/kg) or an equal
volume of saline were intraperitoneally injected once/week
for 6 weeks. Taxol inhibited tumor growth. Although RRTS
treatment showed no notable inhibitory effect, the combina-
tion of RRTS and Taxol induced a synergistic significant
decrease in tumor growth (Fig. 4I). These data indicated that
RRTS + Taxol synergistically killed ovarian cancer cells.

Discussion

Ovarian cancer is the leading cause of mortality in gyne-
cological malignancy (27). The front-line treatment for
ovarian cancer is primarily surgery, supplemented by
chemotherapy (28). Certain patients are treated with targeted
therapy (28). However, eventual tumor recurrence and devel-
opment of chemotherapy resistance shorten the long-term
survival of patients. Paclitaxel is one of the most widely used
chemotherapeutic agents in cancer treatment and acts by
blocking the cell cycle and inducing cell apoptosis (29). Taxol

resistance occurs during treatment and limits the therapeutic
effect, thus negatively affecting the prognosis of patients with
advanced ovarian cancer (30). Therefore, it is essential to
decrease chemoresistance in these patients. The mechanism of
Taxol resistance has been described before (31). Tumor-specific
cell cycle deregulation and alterations to tubulin structure are
associated with Taxol resistance (31). Taxol is a substrate for
ABC transporter, which functions as a drug-efflux pump;
overexpression of this transport system in breast cancer is
associated with resistance to Taxol (32). However, only a small
percentage of ovarian cancers show high level of ABCBI
expression after Taxok treatment (33), the underlying mecha-
nism for the development of Taxol resistance in ovarian cancer
remain to be elucidated.

miRNAs are small non-coding RNAs that regulate the
expression of target genes, which take participate physiolog-
ical and pathological processes. Due to the specific expression
patterns that are associated with prognosis, miRNAs are
potential tumor markers (34,35). For example, high expression
of miR-221 and miR-let-7 is associated with good prognosis,
as opposed to elevated miR-137, miR-372 and miR-182,
which is associated with poor prognosis in patients with
lung cancer (36). Plasma miR-10b and miR-373 are potential
prognostic biomarkers for breast cancer (37). Additionally,
expression levels of miR-410 and miR-645 are negatively
associated with overall survival in advanced serous ovarian
cancer (38). The let-7 miRNA family is considered to be a
tumor suppressor gene based on its effects on decreasing
cancer aggressiveness, chemoresistance and radioresis-
tance (39). In multiple types of human cancer, such as multiple
myeloma, glioma and osteosarcoma, miR-let-7b expression is
downregulated and associated with tumor progression (16-18).
The present study found that miR-let-7b expression was signif-
icantly downregulated in ovarian cancer tissue, particularly in
patients with chemoresistance. Additionally, overexpression
of miR-let-7b increased the sensitivity of ovarian cancer cell
lines to Taxol.

Collagen is a primary component of the tumor microenvi-
ronment that favors tumor progression (40). In solid tumors,
increased collagen content is associated with chemotherapy
resistance via integrins, discoidin domain and tyrosine
kinase receptors and other signaling pathways (40). Collagen
serves as a barrier to limit diffusion of therapeutic agents
into tumor tissue (41,42). The diffusion speed of molecules
is inversely associated with levels of fibrillar collagen in
extracellular matrix (43,44). Certain cytostatic drugs, such
as methotrexate, vinblastine and paclitaxel, bind to collagen,
limiting their availability to tumor tissue (42). Knowledge
of collagen regulation may provide options for overcoming
chemoresistance.

Multiple types of collagen are highly expressed in ovarian
cancer (45,46). COL3Al1 is the most abundantly expressed
collagen in ovarian cancer cell lines (46). High expres-
sion of COL3Al is observed in paclitaxel-, topotecan- and
cisplatin-resistant cell lines, suggesting that COL3A1 is asso-
ciated with resistance of ovarian cancer to chemotherapy (46).
Previous studies also confirmed that COL3A1 is associated
with shortened overall survival of patients with ovarian carci-
noma (47,48). Collagen biosynthesis is regulated by tumor
cells via numerous signaling pathways, including mutated
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genes, transcription factors, signaling pathways and recep-
tors (40). miRNAs are associated with collagen in cancer.
Several collagens, such as COL1A1, COL1A2 and COL3Al,
are targets of miR-let-7b (49-51). The present results were
consistent with a previous study (49): COL3A1 mRNA was
inversely correlated with miR-let-7b levels in ovarian cancer
clinical specimens. Overexpression of miR-let-7b down-
regulated COL3A1 in ovarian cancer cell lines. These results
partially identified the role of miR-let-7b in chemotherapy
resistance of patients with ovarian cancer. The present find-
ings also suggested that the miR-let-7b/COL3A1 regulatory
pathway served a role in ovarian cancer aggressiveness and
chemotherapy resistance.

Radix Ranunculus ternati, a traditional Chinese herbal
medicine, has been used to treat numerous types of disease
and as an adjuvant therapy for cancer many years (19). The
pharmacology of Radix R. ternate depend on saponins
and polysaccharides (20,21). However, further evidence is
needed to prove their anti-tumor effect. The present study
demonstrated that RRTS induced miR-let-7b expression
to suppress the aggressiveness of tumor cells. No notable
side effects of RRTS (25 mg/kg) were observed in animal
experiments. Although RRTS exhibited no notable effect
on tumor growth, it enhanced the inhibitory effect of Taxol.
The present study aimed to evaluate the theraputic effect of
RRTS on human ovarian cancer cells with Taxol resistance
and demonstrated that RRTS may be a novel adjuvant for
Taxol chemotherapy.
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