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Abstract. Ropivacaine, one of the most commonly used local 
anesthetics in clinical practice, has shown potent antitumor 
activity in multiple types of cancer cells. However, its effect 
on cervical cancer cell growth remains unknown. In the 
present study, it was found that ropivacaine inhibited cervical 
cancer cell growth by suppressing cell cycle progression and 
promoting cell apoptosis, as determined by CCK-8 assay, 
cell cycle and apoptosis analyses. Western blot analysis and 
luciferase assay demonstrated that ropivacaine abrogated 
the phosphorylation and transcriptional activation of signal 
transducer and activator of transcription 3 (STAT3), and that 
STAT-3C overexpression reversed the inhibition of cervical 
cancer cell viability mediated by ropivacaine. Furthermore, 
our results revealed that the increased expression of mater-
nally expressed gene 2 (MEG2) caused by ropivacaine led 
to STAT3 dephosphorylation. Finally, we found that ropi-
vacaine upregulated MEG2 by decreasing the expression of 
microRNA-96 (miR-96). Taken together, our results describe 
a novel mechanism for the anticancer activity of ropivacaine 
and suggest ropivacaine as a potential therapeutic agent for 
cervical cancer patients.

Introduction

Signal transducer and activator of transcription 3 (STAT3) 
is the vital member of the STAT family, which participates 
in various cellular processes such as proliferation, apoptosis, 
migration and differentiation (1). In response to multiple 

extracellular stimuli that include diverse growth factors as 
well as cytokines, cytoplasmic STAT3 becomes phosphory-
lated at the residue Tyr705 by Janus-associated kinase (JAK), 
forms homo- or heterodimers and translocates to the nucleus. 
In the nucleus, STAT3 activates transcription of target genes 
by binding to their promoters (2). Due to its importance in 
cellular processes, STAT3 phosphorylation is tightly regu-
lated. Phosphorylated STAT3 can be dephosphorylated by 
multiple protein tyrosine phosphatases (PTPs), including PTR 
receptor type D (PTPRD), PTR receptor type T (PTPRT), Src 
homology region 2 domain-containing phosphatase-1 (SHP1), 
Src homology region 2 domain-containing phosphatase-2 
(SHP2) or maternally expressed gene 2 (MEG2), resulting in 
its inactivation (3).

Cervical cancer is the second most commonly diagnosed 
malignant tumor in women worldwide and the third-leading 
cause of cancer-related deaths among women in less-developed 
countries (4). Despite therapeutic advances in recent years, the 
mortality and relapse rates of cervical cancer remain high. 
Therefore, it is urgent to develop novel effective therapeutic 
approaches to improve the outcome of cervical cancer treat-
ment. STAT3 has been reported to be abnormally activated in 
cervical cancer, and a high level of STAT3 phosphorylation 
predicts poor clinical prognosis (5-7). Furthermore, aberrant 
activation of STAT3 has been shown to promote the growth of 
cervical cancer cells (8). All these findings suggest that STAT3 
is a promising molecular target for the treatment of cervical 
cancer.

Ropivacaine, a voltage-gated sodium channel inhibitor, 
is widely used as a local anesthetic to relieve pain in clinical 
practice (9). Apart from the anesthetic advantages, increasing 
clinical evidence demonstrates that the use of local anesthetics 
during cancer surgery may decrease the risk of recurrence 
and metastasis (10,11). In addition, recent studies show that 
ropivacaine exhibits anticancer properties in multiple types 
of cancers, including leukemia (12), hepatocellular carci-
noma (13), colon cancer (14), pancreatic cancer (14), gastric 
cancer (15), esophageal cancer (16) and lung cancer (17) by 
diverse molecular mechanisms. However, whether and how 
ropivacaine suppresses cervical cancer cell growth remains 
unknown. In the present study, ropivacaine was found to 
exert an inhibitory effect on the viability of cervical cancer 
cells by suppressing cell cycle progression and promoting 
cell apoptosis. Mechanistically, ropivacaine inhibited 
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cervical cancer cell growth by targeting the microRNA-96 
(miR-96)/MEG2/pSTAT3 axis.

Materials and methods

Cell lines and cell culture. The human cervical cancer cell 
lines Siha and Caski were obtained from Fengh Bio. Inc. 
(Changsha, China) and EK-Bioscience, Inc. (Shanghai, China), 
respectively. The cells were maintained in Dulbecco's modified 
Eagle's medium (DMEM; HyClone, Thermo Fisher Scientific, 
Inc.) supplemented with 10% fetal bovine serum (FBS) (Gibco, 
Life Technologies Inc., Thermo Fisher Scientific, Inc.) and 1% 
penicillin/streptomycin (Sigma-Aldrich; Merck KGaA) in a 
humidified incubator with 5% CO2 at 37˚C.

For stable overexpression of STAT-3C, SiHa cells were 
transfected with the pCMV-2B-STAT-3C vector using 
Lipofectamine™ 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) following the manufacturer's protocol. SiHa cells trans-
fected with the pCMV-2B backbone were used as control 
cells. Stable transformants were selected with 800 µg/ml G418 
(Calbiochem) for two weeks before subsequent experimentation.

Antibodies and reagents. STAT3 (cat. no. #9139, dilution 
1:2,000), phospho-STAT3-Tyr705 (cat. no. #4093, dilution 
1:500), cyclin D1 (cat. no. #2922, dilution 1:2,000), survivin 
(cat. no. #2802, dilution 1:1,000), JAK2 (cat. no. #3230, 
dilution 1:500) and phospho-JAK2-Tyr1007 (cat. no. #4406, 
dilution 1:500) antibodies were purchased from Cell Signaling 
Technology. PTPRT (cat. no. ab115848, dilution 1:1,000), 
SHP-1 (cat. no. ab124942, dilution 1:1,000) and SHP-2 
(cat. no. ab131541, dilution 1:1,000) antibodies were purchased 
from Abcam. PTPRD (cat. no. LS-C153706, dilution 1:1,000) 
antibody was purchased from Life Span BioSciences. γ-tubulin 
(cat. no. sc-7396, dilution 1:500) antibody was obtained from 
Santa Cruz Biotechnology. MEG2 (cat. no. MAB2668, dilution 
1:1,000) was purchased from R&D Systems, Inc. Ropivacaine 
was obtained from Selleck Chemicals. Pervanadate were 
purchased from Sigma Aldrich; Merck KGaA.

Western blot analysis. Protein was harvested from cells 
and the protein concentration was measured using the 
BCA method (Pierce Chemical; Thermo Fisher Scientific, 
Inc.). Protein (50 µg) was resolved by 10% sodium dodecyl 
sulphate-polyacrylamide (SDS-PAGE) gel electrophoresis and 
transferred to a nitrocellulose membrane. After being blocked 
with 5% nonfat milk in TBST for 2 h at room temperature, 
the membrane was incubated with the primary antibody 
at 4˚C overnight, followed by incubation with the corre-
sponding HRP-conjugated secondary antibody for 2 h at room 
temperature. After being incubated with freshly prepared 
chemiluminescence solution for 1-5 min, the membrane was 
observed using enhanced chemiluminescence (ECL) detec-
tion reagent (Thermo Fisher Scientific, Inc.) in an ImageQuant 
LAS4000 chemiluminescence imager (GE Healthcare Life 
Sciences). Image Lab version 3.0 software (Bio-Lab) was used 
to perform the densitometric analysis of blots. Tubulin was 
used as the loading control.

Nuclear fraction isolation. The nuclear proteins of SiHa or 
Caski cells were extracted using the NE-PER Nuclear and 

Cytoplasmic Extraction Reagents (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions. Briefly, after 
being washed with ice-cold PBS and centrifuged at 500 x g at 
4˚C for 3 min, the cells was treated with CER I, shaken vigor-
ously for 15‑30 sec and incubated at 4˚C for 10 min. Then, 
CER II was added into the lysis, followed by vigorous vortexing 
for 10 sec and incubation on ice for 1 min. After centrifugation 
at 16,000 x g at 4˚C for 5 min, nuclear extraction reagent was 
added to the pellet followed by incubation at 4˚C for 40 min with 
occasional vortexing. The nuclear fraction was finally harvested 
following centrifugation at 16,000 x g at 4˚C for 10 min.

Luciferase assay. SiHa and Caski cells were seeded in 24-well 
plates at a density of 2x104 cells/per well. On the second 
day, the cells was co-transfected with 200 ng of pAPRE-luc 
reporter plasmid and 20 ng pRL-TK plasmid as an internal 
control. After 24 h, the transferred cells were treated with 
different concentrations (0, 0.25, 0.5, 1 mM) of ropivacaine 
for 72 h. Then, the cells were collected for luciferase activity 
measurement with the Dual-Luciferase Reporter Assay system 
(Promega) according to the manufacturer's instructions.

CCK‑8 assay. SiHa or Caski cells were plated into 96-well 
plates at a density of 2,000 cells per well. On the following day, 
the cells were treated with different concentrations (0, 0.25, 0.5, 
1 mM) of ropivacaine for 72 h. Then, the viability of the cells 
was detected by measurement of absorbance at 450 nm with 
the Cell Counting Kit-8 (CCK-8) (Dojindo Laboratories) assay 
following the manufacturer's instructions. The experimental 
optical density (OD) value was normalized to the control OD 
value. Assays were performed in triplicate, and the results are 
presented as means ± standard deviation (SD).

BrdU incorporation assay. SiHa or Caski cells (2,000 cells/well) 
were plated into 96-well plates. On the second day, the cells 
were treated with the indicated concentrations (0, 0.25, 0.5, 
1 mM) of ropivacaine for 72 h. Then, the cells were further 
incubated in culture medium with 10 µM BrdU for an additional 
10 h. Subsequently, the cells were fixed, and BrdU incorpora-
tion was determined using a BrdU Cell Proliferation ELISA 
kit (cat. no. 11647229001, Roche Applied Science) following 
the manufacturer's protocol. The BrdU density was analyzed 
by measurement of absorbance at 450 nm. The experiments 
were performed in triplicate and the results are presented as 
means ± standard deviation (SD).

Colony formation assay. SiHa and Caski cells were seeded 
into 6-well plates at a density of 2,000 cells per well. Cells 
were allowed to grow in DMEM/10% FBS medium with 
different concentrations (0, 0.25, 0.5, 1 mM) of ropivacaine for 
72 h for 2 weeks. After being fixed with ice‑cold methanol and 
stained with 0.5% crystal violet solution for 20 min at room 
temperature, the colony numbers were calculated using ImageJ 
software, version 1.49 [National Institutes of Health (NIH), 
Bethesda, MD, USA]. Assays were performed in triplicate, and 
the results are presented as means ± standard deviation (SD).

Cell cycle analysis. SiHa and Caski cells (1x105 cells/well) were 
seeded into a 6-well plate. The following day, the cells were 
treated with different concentrations (0, 0.25, 0.5, 1 mM) of 
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ropivacaine for 72 h and then collected by trypsinization. After 
being washed twice with ice-cold phosphate-buffered saline 
(PBS), the cells were fixed with 70% EtOH overnight. After 
incubation with 200 µg/ml DNase-free RNase A for 30 min at 
37˚C, the cells were stained with 0.05 mg/ml PI for 15 min in the 
dark at room temperature, followed by flow cytometric analysis.

Cell apoptosis analysis. SiHa and Caski cells (1x105 cells/well) 
were seeded into a 6-well plate. After 24 h, the cells were 
treated with different concentrations (0, 0.25, 0.5, 1 mM) of 
ropivacaine for 72 h and then harvested by trypsinization. The 
cells were washed twice with ice-cold PBS, and then stained 
with Annexin V and propidium iodide (PI) using an Annexin 
V-FITC Apoptosis Detection Kit (BD Biosciences). Apoptosis 
was measured by flow cytometric analysis according to the 
manufacturer's protocol. Data were analyzed using FlowJo 
software version 10 (Tree Star, Inc.).

siRNA transfections. siRNA for MEG2 was purchased 
from Invitrogen; Thermo Fisher Scientific, Inc. SiHa cells 
were transfected with MEG2 siRNA or NC siRNA with 
Lipofectamine RNAiMAX (Invitrogen; Thermo Fisher 
Scientific, Inc.) following the manufacturer's instructions.

Transient transfection of miR‑96 mimics. miR-96 mimics 
(Ribo Company) were transfected into SiHa cells using 
Lipofectamine RNAiMAX Transfection Reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instructions. At 18 h post-transfection, the cells were used for 
subsequent experiments.

Quantitative real‑time PCR. miRNA was isolated with 
a mirVana miRNA Isolation Kit (Ambion) according to 
the manufacturer's protocols. Expression of miRNAs was 
measured with the PrimeScript miRNA RT-PCR kit (Takara) 
following the manufacturer's instructions. U6 was used as 
an endogenous control. The forward primer for miR-24 was 
5'-TGG CTC AGT TCA GCA GGA ACA G-3'. The forward 
primer for miR-96 was 5'-TTT GGC ACT AGC ACA TTT TTG 
CT-3'. The forward primer for miR-126 was 5'-TCG TAC CGT 
GAG TAA TAA TGC G-3'. The forward primer for miR-181a-5p 
was 5'-AAC ATT CAA CGC TGT CGG TGA GT-3'. The forward 
primer for miR-613 was 5'-AGG AAT GTT CCT TCT TTG CC-3' 
and the reverse primer for miRNAs was the UnimiRqPCR 
Primer (Takara). The forward primer for U6 was 5'-ATT GGA 
ACG ATA CAG AGA AGA TT-3' and the reverse primer for U6 
was 5'-GGA ACG CTT CAC GAA TTT G-3'.

Statistical analysis. All data were analyzed using the SPSS 17.0 
software (SPSS, Inc.) and are shown as mean ± standard 
deviation (SD). The unpaired Student's t-test and one-way 
ANOVA followed by Dunnett's test were used to determine 
the statistical significance for comparing two groups and more 
than two groups, respectively. P-values <0.05 were considered 
statistically significant.

Results

Ropivacaine inhibits the growth of cervical cancer cells. To 
explore the effects of ropivacaine on the viability of cervical 

cancer cells, we treated two cervical cancer cell lines, SiHa and 
Caski, with ropivacaine at different concentrations (0, 0.25, 0.5 
and 1 mM) for 72 h, and then measured cell growth using a 
Cell Counting Kit-8 (CCK-8) assay. The results showed that 
ropivacaine significantly inhibited the growth of both SiHa and 
Caski cell lines in a dose-dependent manner (Fig. 1A and B). 
Accordingly, it also significantly suppressed incorporation of 
5-bromo-2'-deoxyuridine (BrdU) into both SiHa and Caski 
cell lines (Fig. 1C and D), confirming its inhibitory effect on 
the proliferation of cervical cancer cells. Furthermore, the 
results of colony forming assays indicated that ropivacaine 
significantly attenuated the survival ability of both SiHa and 
Caski cell lines (Fig. 1E and F). Together, these data indicated 
that ropivacaine exhibited a significant inhibitory effect on 
cervical cancer cell growth.

Ropivacaine suppresses the cell cycle and promotes the 
apoptosis of cervical cancer cells. Both cell cycle suppression 
and an increase in cell apoptosis lead to reduced viability in 
cancer cells. Therefore, we next examined the effect of ropiva-
caine on the cell cycle and apoptosis of cervical cancer cells. 
As shown in Fig. 2A, ropivacaine significantly decreased the 
percentage of cells in the S-phase in a dose-dependent manner. 
Consistent with these results, cyclin D1 expression was also 
suppressed by ropivacaine treatment, confirming the drug's 
inhibitory effect on the cell cycle of cervical cancer cells 
(Fig. 2B). We next determined the effect of ropivacaine on the 
apoptosis of cervical cancer cells via an Annexin V apoptosis 
detection assay. As shown in Fig. 2C, ropivacaine significantly 
induced accumulation of apoptotic cells in both the SiHa and 
Caski cell lines in a dose-dependent manner. Accordingly, 
expression of survivin, a vital anti-apoptosis regulator, was 
suppressed in a dose-dependent manner as well (Fig. 2D). 
Taken together, these results indicated that ropivacaine's inhib-
itory effect on cervical cancer cell growth was mediated by the 
decrease in cell cycle progression and an increase in apoptosis.

Ropivacaine suppresses phosphorylation and transcriptional 
activation of STAT3. We next investigated the relevant 
signaling pathways that mediated ropivacaine's inhibition of 
cervical cancer cell viability. STAT3 is reported to be abnor-
mally activated in cervical cancers and to contribute to the 
initiation and development of such cancers by controlling the 
expression of cell cycle and anti-apoptosis regulators (7,8). 
Thus, we hypothesized that ropivacaine might attenuate 
the viability of cervical cancer cells by suppressing STAT3 
activation. To test this hypothesis, we first detected the 
effect of ropivacaine on phosphorylation of STAT3 Tyr705 
(pSTAT3-705), which is essential for STAT3 activation. As 
shown in Fig. 3A, ropivacaine decreased the phosphorylation 
of STAT3. Since the translocation of STAT3 from the cyto-
plasm to the nucleus is modulated by its phosphorylation, we 
next examined whether ropivacaine affected the expression 
of nuclear STAT3. Consistent with the decrease in STAT3 
phosphorylation, nuclear STAT3 expression was markedly 
inhibited by ropivacaine treatment (Fig. 3B), while the expres-
sion of total STAT3 protein was unchanged (Fig. 3A). To 
further investigate whether the reduction in nuclear STAT3 
affected its transcriptional activity, we used an acute-phase 
response element (APRE) luciferase reporter, which responds 
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to STAT3 activation. The results showed that ropivacaine led 
to a significant decrease in luciferase activity in both SiHa and 

Caski cell lines (Fig. 3C), indicating that the drug suppressed 
phosphorylation and transcriptional activation of STAT3.

Figure 1. Ropivacaine exhibits an inhibitory effect on the growth of cervical cancer cells. (A) SiHa and (B) Caski cells were treated with indicated concentra-
tions (0, 0.25, 0.5 and 1 mM) of ropivacaine. After treatment for 72 h, cell viability was determined using CCK-8 assay. (C) SiHa and (D) Caski cells were 
treated with the indicated concentrations of ropivacaine for 72 h and then BrdU incorporation assay was performed to measure cell proliferation. (E) SiHa and 
(F) Caski cells were treated with the indicated concentrations of ropivacaine for 2 weeks and then colony forming assay was conducted to evaluate the effect 
of ropivacaine treatment on cervical cancer cell survival ability. Results are shown as means ± SD of triplicate measurements. P-values were determined using 
one-way ANOVA followed by Dunnett's test in comparison with 0 mM ropivacaine-treated cells. *P<0.05.

Figure 2. Ropivacaine suppresses the cell cycle and promotes apoptosis of cervical cancer cells. (A) SiHa and Caski cells were treated with indicated concen-
trations (0, 0.25, 0.5 and 1 mM) of ropivacaine for 72 h and then collected for flow cytometry analysis of cell cycle distribution. (B) Western blot analysis of 
cyclin D1 expression in SiHa and Caski cells treated with various concentrations of ropivacaine for 72 h. Tubulin was used as a loading control. (C) SiHa and 
Caski cells were treated with the indicated concentrations of ropivacaine for 72 h and then Annexin V staining assay was performed to detect cell apoptosis. 
(D) Western blot analysis of survivin expression in SiHa and Caski cells treated with various concentrations of ropivacaine for 72 h. Tubulin was used as a 
loading control. Results are shown as means ± SD of triplicate measurements. P-values were determined using one-way ANOVA followed by Dunnett's test in 
comparison with 0 mM ropivacaine treated cells. *P<0.05. NS, not significant.
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Inhibition of cervical cancer cell growth mediated by 
ropivacaine is dependent on suppression of STAT3 activation. 
To test whether the decreased transcriptional activation of 
STAT3 led to the inhibitory effects mediated by ropivacaine 
on cervical-cancer cell viability, we established SiHa cells 
stably expressing STAT-3C (STAT-3C), a constitutive active 
form of STAT3 (Fig. 4A). We treated both SiHa STAT-3C and 

Vector (control cells) transfected cells with 0.5 mM ropiva-
caine for 72 h and then performed a CCK-8 assay. Consistent 
with a previous report (8), STAT-3C overexpression promoted 
the viability of cervical cancer cells. Interestingly, it also 
markedly reversed ropivacaine's inhibition of cell viability 
(Fig. 4B). Additionally, the forced expression of STAT-3C 
effectively abrogated ropivacaine-mediated suppression of cell 

Figure 3. Ropivacaine suppresses the phosphorylation and transcriptional activation of STAT3. (A) After 72 h of ropivacaine (0.5 mM) treatment, the expres-
sion of indicated proteins in SiHa and Caski cells was detected by western blot analysis. Tubulin was used as a loading control. (B) SiHa and Caski cells were 
treated with ropivacaine (0.5 mM) for 72 h, followed by nuclear protein isolation and western blot analysis of STAT3 expression levels in the nucleus. Histone 
H3 was used as a loading control. (C) Luciferase reporter assays. SiHa and Caski cells were transfected with pAPRE-luc reporter plasmid for 24 h and then 
cells were treated with ropivacaine (0.5 mM) for 72 h, followed by luciferase activities measurement. Results are shown as means ± SD of triplicate measure-
ments. The unpaired Student t-test was used to analyze the data. *P<0.05. STAT3, signal transducer and activator of transcription 3.

Figure 4. Inhibitory effect of ropivacaine on the growth of cervical cancer cells is dependent on the suppression of STAT3 activation. (A) Successful expression 
of STAT-3C in SiHa cells with stable expression of STAT-3C, as assessed by western blot analysis. Tubulin was used as a loading control. (B-E) Control and 
SiHa cells with stable expression of STAT-3C were treated with ropivacaine (0.5 mM) for 72 h, followed by CCK-8 assay (B), BrdU incorporation assay (C), 
cell cycle analysis (D) and cell apoptosis analysis (E). (F) Western blot analysis of cyclin D1 and survivin expression in Control and SiHa cells with stable 
expression of STAT-3C treated with ropivacaine (0.5 mM) for 72 h. Tubulin was used as a loading control. Results are shown as means ± SD of triplicate 
measurements. The unpaired Student t-test was used to analyze the data. *P<0.05. NS, not significant; STAT3, signal transducer and activator of transcription 3.
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proliferation and cell cycle progression, as determined by BrdU 
incorporation assay and cell cycle analysis (Fig. 4C and D). 
Furthermore, the increased apoptosis of SiHa cells induced by 
ropivacaine was rescued by STAT-3C overexpression (Fig. 4E). 
Accordingly, although we observed reduced expression of 
cyclin D1 and survivin in the Vector cells in the presence 
of ropivacaine, we found no significant change in the SiHa 

STAT-3C transfected cells (Fig. 4F). Together, these results 
indicated that ropivacaine attenuated the growth of cervical 
cancer cells by suppressing STAT3 activation.

MEG2 mediates the inhibition of STAT3 phosphorylation 
by ropivacaine. To explore the molecular mechanism by 
which ropivacaine inhibits STAT3 phosphorylation, we first 

Figure 5. Inhibitory effect of ropivacaine on the phosphorylation of STAT3 is mediated by MEG2. (A) Western blot analysis of pJAK2 levels in SiHa cells 
treated with ropivacaine (0.5 mM) for 72 h. Tubulin was used as a loading control. (B) SiHa cells were treated with ropivacaine (0.5 mM) and pervanadate 
(50 µM), alone or in combination for 72 h, followed by western blot analysis of pSTAT3 levels. Tubulin was used as a loading control. (C) After 72 h of 
ropivacaine (0.5 mM) treatment, the expression levels of indicated proteins in SiHa cells were analyzed by western blot analysis. Tubulin was used as a loading 
control. (D and E) Successful depletion of MEG2 in SiHa cells transfected with MEG2 siRNA, as assessed by real-time PCR analysis (D) and western blot 
analysis (E). (F and G) SiHa cells transfected with NC siRNA or MEG2 siRNA were treated with ropivacaine (0.5 mM) for 72 h, followed by western blot 
analysis of pSTAT3 levels with tubulin as a loading control (F), and CCK-8 assay (G). Results are shown as means ± SD of triplicate measurements. The 
unpaired Student t-test was used to analyze the data. *P<0.05. NS, not significant; pJAK2, phosphorylated Janus associated kinase 2; pSTAT3, phosphorylated 
signal transducer and activator of transcription 3; MEG2, maternally expressed gene 2; PTPRD, PTR receptor type D; PTPRT, PTR receptor type T (PTPRT); 
SHP1, Src homology region 2 domain-containing phosphatase-1; SHP2, Src homology region 2 domain-containing phosphatase-2.
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examined its effect on the activity of JAK2, a key upstream 
protein kinase of STAT3 (2). As shown in Fig. 5A, ropivacaine 
had little effect on JAK2 phosphorylation, suggesting that the 
drug may instead modulate that of STAT3 via its negative 
regulators. Protein tyrosine phosphatases (PTPs) regulate the 
transcriptional activity of STAT3 by dephosphorylating it (18). 
To study whether PTPs participate in the reduction of STAT3 
phosphorylation by ropivacaine, we treated SiHa cells with 
0.5 mM ropivacaine, with or without the PTP inhibitor pervan-
adate, for 72 h and then performed western blot analysis. As 
shown in Fig. 5B, ropivacaine significantly decreased STAT3 
phosphorylation, a process that pervanadate completely 
reversed. Various PTPs, including PTPRD, PTPRT, SHP1, 
SHP2 and MEG2, have been reported to regulate STAT3 
phosphorylation in multiple types of cancers and be involved 
in carcinogenesis (2). To identify which PTP may mediate 
the effect of ropivacaine, we first assessed the expression of 
PTPRD, PTPRT, SHP1, SHP2 and MEG2 in SiHa cells after 
ropivacaine treatment. The results showed that ropivacaine 
markedly enhanced MEG2 expression, but we observed no 
significant changes in the other PTPs (Fig. 5C), suggesting 
that MEG2 mediates the ropivacaine-induced decrease in 
STAT3 phosphorylation. To test this possibility, we transiently 

transfected SiHa cells with MEG2 or normal-control (NC) 
small interfering RNA (siRNA) and then treated them with 
0.5 mM ropivacaine for 72 h. Successful depletion of MEG2 
in SiHa cells transfected with MEG2 siRNA (Si-MEG2) was 
confirmed by real‑time PCR analysis and western blot analysis 
(Fig. 5D and E). MEG2 silencing almost completely rescued 
the reduction of phosphorylated STAT3 induced by ropiva-
caine (Fig. 5F). Accordingly, MEG2 knockdown significantly 
attenuated the suppression of STAT3 transcriptional activa-
tion and cervical cancer cell viability mediated by ropivacaine 
(Fig. 5G). Taken together, these results indicated that MEG2 
mediated the inhibitory effect of ropivacaine on phosphoryla-
tion of STAT3.

Ropivacaine upregulates MEG2 by suppressing expression of 
miR‑96. We next investigated how ropivacaine enhances MEG2 
expression. Recent studies have shown that MEG2 expression 
in cancers is mainly controlled by microRNAs, including 
miR-24 (19), miR-96 (20), miR-126 (21), miR-181a-5p (22) and 
miR-613 (23). Therefore, we began by exploring the effect of 
ropivacaine on expression of these microRNAs. Interestingly, 
we found that the drug significantly increased the expres-
sion of miR-96 alone, observing no significant changes in 

Figure 6. Ropivacaine upregulates MEG2 via suppressing the expression of miR-96. (A) SiHa cells were treated with ropivacaine (0.5 mM) for 72 h, followed 
by real-time PCR analysis of miR-24, miR-96, miR-126, miR-181a-5p and miR-613. (B) Successful overexpression of miR-96 in SiHa cells transfected with 
miR-96 mimics, as assessed by real-time PCR analysis. (C) After 72 h of ropivacaine (0.5 mM) treatment, the expression of miR-96 in SiHa cells transfected 
with miR-NC or miR-96 mimics were analyzed by real-time PCR analysis. (D) After 72 h of ropivacaine (0.5 mM) treatment, the expression of MEG2 in 
SiHa cells transfected with miR-NC or miR-96 mimics were analyzed by western blot analysis. Tubulin was used as a loading control. (E and F) SiHa cells 
transfected with miR-NC or miR-96 mimics were treated with ropivacaine (0.5 mM) for 72 h, followed by western blot analysis of pSTAT3 levels with tubulin 
as a loading control (E) and CCK-8 assay (F). Results are shown as means ± SD of triplicate measurements. The unpaired Student t-test was used to analyze 
the data. *P<0.05. NS, not significant; pSTAT3, phosphorylated signal transducer and activator of transcription 3; MEG2, maternally expressed gene 2.
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the other microRNAs (Fig. 6A). This indicated that miR-96 
downregulation may lead to a ropivacaine-induced increase in 
MEG2. To test this, we transiently transfected miR-96 mimic 
into SiHa cells (Fig. 6B) and then measured the expression 
of MEG2 after ropivacaine treatment. As shown in Fig. 6C, 
real-time PCR analysis revealed the successful overexpres-
sion of miR-96 after ropivacaine treatment. Furthermore, 
transfection of miR-96 mimic completely reversed the 
ropivacaine-induced increase in MEG2 (Fig. 6D); accord-
ingly, transfection also completely abrogated the decrease in 
STAT3 phosphorylation caused by ropivacaine. Furthermore, 
transfection of miR-96 mimic markedly attenuated ropiva-
caine's inhibitory effect on STAT3 phosphorylation (Fig. 6E) 
and significantly abrogated its suppression of cervical cancer 
cell growth (Fig. 6F). Collectively, these results indicated that 
ropivacaine upregulated MEG2 by suppressing expression of 
miR-96.

Discussion

Accumulating evidence suggests that local anesthetics play a 
beneficial role in reducing cancer recurrence (24). Ropivacaine, 
a widely used local anesthetic, has been shown to suppress 
the growth of a variety of cancer cells via diverse molecular 
mechanisms. It can inhibit the growth of breast cancer cells 
by disrupting mitochondrial function (25), and it has been 
reported to suppress that of chronic myeloid leukemia by 
decreasing phosphatidylinositol-4,5-bisphosphate 3-kinase 
(PI3K)/protein kinase B (Akt)/mammalian target of rapamycin 
(mTOR) signaling (12). Ropivacaine has also been found to 
attenuate gastric cancer cell proliferation via downregula-
tion of extracellular signal-regulated kinase 1/2 (ERK1/2) 
signaling (15). Despite these reports of the drug's antitumor 
benefits, its effect on cervical cancer cell growth remains to 
be elucidated. In the present study, we found that ropivacaine 
exerted an inhibitory effect on cervical cancer cell growth. 
Our subsequent experiments demonstrated that its inhibition 
of cell progression and promotion of cell apoptosis led to 
suppression of such growth. In contrast with the previously 
elucidated molecular mechanism underlying the anticancer 
effect of ropivacaine, we found that ropivacaine attenuated 
cervical cancer cell growth by suppressing phosphorylation 
and transcriptional activation of signal transducer and acti-
vator of transcription 3 (STAT3). Since elevated levels of 
phosphorylated STAT3 are frequently found in cervical cancer 
tissue and are positively correlated with poor prognosis (5,6), 
our findings may provide novel insight into the treatment of 
cervical cancer. In addition, as ropivacaine has been reported 
to suppress migration and invasion of cancer cells in various 
types of cancers (26-28), and STAT3 activation contributes to 
migration and invasiveness of cervical cancer (29), it would 
be important to explore whether ropivacaine affects cervical 
cancer cell migration or invasion via suppression of STAT3 
activation in future investigations.

Phosphorylation and transcriptional activation of STAT3 
are precisely modulated by upstream protein kinase and phos-
phatase (2). Our results indicated that ropivacaine had little 
effect on the activation of Janus associated kinase 2 (JAK2), 
the key protein kinase for STAT3, suggesting that the drug 
may inhibit STAT3 phosphorylation by affecting protein 

tyrosine phosphatases (PTPs). In accordance with this hypoth-
esis, we found that the suppression of STAT3 phosphorylation 
mediated by ropivacaine was reversed by the PTP inhibitor 
pervanadate. Our further experiments demonstrated that 
maternally expressed gene 2 (MEG2) mediated the suppres-
sion of STAT3 phosphorylation induced by ropivacaine. 
Su et al first showed that MEG2 could dephosphorylate STAT3 
at Y705 via their direct interaction in breast cancer cells and 
that the inactivation of STAT3 by MEG2 decreased the growth 
of breast tumors (30). Subsequent studies demonstrated that 
dephosphorylation of STAT3 by MEG2 plays important 
roles in multiple physiological and pathological processes. 
Physiologically, MEG2 was reported to regulate erythroid-cell 
development by dephosphorylating STAT3 (31). Pathologically, 
MEG2-mediated STAT3 dephosphorylation is involved in the 
development of breast (30), prostate (32) and colorectal (33) 
cancers. However, whether the molecular mechanism is the 
same in the progression of cervical cancer remains unclear. 
We found that ropivacaine repressed STAT3 phosphorylation 
and cervical- ancer cell growth by increasing expression of 
MEG2, which established a functional link between MEG2 
and STAT3 phosphorylation in cervical cancer.

In a variety of cancer types, abnormal expression of MEG2 
is mainly caused by disordered miRNA expression. Liu et al 
revealed that MEG2 is negatively regulated by miR-181a-5p 
and is a tumor-suppressing gene in gastric cancer (22). By 
targeting MEG2, miR-24 and miR-96 suppress breast cancer 
cell growth and migration (19,20). In cervical cancer, miR-613 
has been shown to contribute to tumor progression by repressing 
expression of MEG2 (23). Therefore, we speculated that ropiva-
caine may increase expression of MEG2 by regulating that of 
these miRNAs. Interestingly, ropivacaine treatment markedly 
suppressed expression of miR-96 only, having little effect on 
that of other miRNAs. Consistent with these findings, miR‑96 
has been reported to be upregulated in human cervical cancer 
tissues and to function as an oncogene to promote carcinogen-
esis (34). Apart from cervical cancer, miR-96 has been shown to 
be involved in various other types of cancers (35,36). Whether 
ropivacaine exerts a similar anticancer effect on these cancer 
types deserves further investigation. In addition, the molecular 
mechanism by which it represses miR-96 expression remains to 
be clarified in further studies.

In conclusion, our results indicated that ropivacaine 
inhibited the growth of cervical cancer cells by suppressing 
the miR613/MEG2/pSTAT3 axis. These results revealed the 
potent anti-growth effect of ropivacaine in cervical cancer and 
provide novel insights into the molecular mechanism by which 
this drug exerts its anticancer activity. Our findings suggest 
that ropivacaine could have potential use as a novel agent to 
treat cervical cancer patients.
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