
Am J Transl Res 2019;11(9):5404-5416
www.ajtr.org /ISSN:1943-8141/AJTR0100442

Original Article
Lidocaine inhibits cervical cancer cell proliferation  
and induces cell apoptosis by modulating the  
lncRNA-MEG3/miR-421/BTG1 pathway

Jinming Zhu1, Shichao Han2

1Affiliated Zhongshan Hospital, Dalian University, Dalian 116000, China; 2Department of Gynecology, The 2nd 
Affiliated Hospital of Dalian Medical University, Dalian 116021, China

Received July 31, 2019; Accepted August 7, 2019; Epub September 15, 2019; Published September 30, 2019

Abstract: This study aimed to explore the effect of lidocaine on the growth of cervical cancer cells (HeLa) and the 
underlying molecular mechanisms. Cell counting kit-8 (CCK-8) and flow cytometry (FCM) were used to detect the 
cell viability and apoptosis of cervical cancer cells after lidocaine treatment. Lidocaine inhibited cell viability and 
promoted apoptosis in HeLa cells. Long noncoding RNA maternally expressed gene 3 (lncRNA-MEG3) was signifi-
cantly downregulated in cervical cancer cells, and lidocaine increased the expression of lncRNA-MEG3 in HeLa cells. 
Quantitative reverse transcription-polymerase chain reaction (qRT-PCR), CCK-8, and FCM assays were used to test 
indicators. MEG3-shRNA promoted the cell viability and inhibited apoptosis, while the effect of lidocaine was the op-
posite. The effects of lidocaine on HeLa cells were reversed by MEG3-shRNA. The level of miR-421 in cervical cancer 
and normal cervical cells was detected using qRT-PCR. The MEG3-plasmid could inhibit cell viability and induce cell 
apoptosis, but these effects were reversed by miR-421 upregulation. Hence, lidocaine suppressed tumor growth by 
regulating cell viability and inducing apoptosis. The results indicated that BTG anti-proliferation factor 1 (BTG1) was 
a direct target of miR-421. HeLa cells were transfected with inhibitor control, miR-421 inhibitor, control-shRNA, or 
BTG1-shRNA. The negative effects of the miR-421 inhibitor or knockdown BTG1 on cell viability and apoptosis were 
identified using CCK-8 assay and FCM. The miR-421 inhibitor improved cervical cancer progression by regulating 
BTG1 expression. The results suggested that lidocaine inhibited the growth of cervical cancer cells by modulating 
the lncRNA-MEG3/miR-421/BTG1 signaling pathway, providing opportunities for treating cervical cancer.
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Introduction

Cervical cancer is one of the most common 
malignancies among women worldwide, with 
more than 500,000 new cases globally each 
year statistically [1]. Although the incidence of 
cervical cancer has declined over the past 10 
years, the 5-year survival rate of patients is still 
low [2, 3]. Therefore, new and effective treat-
ment strategies targeting cervical cancer are 
urgently needed. Lidocaine is a common local 
anesthetic mainly used for anesthesia and an- 
algesia [4]. In recent years, it has been sho- 
wn to have anti-neoplastic effects on several 
cancers [5, 6]; however, whether it has an inhib-
itory effect on cervical cancer has not been 
reported. This study investigated the effects of 
lidocaine on cervical cancer cell growth and the 
relative mechanism of action.

MicroRNAs (miRNAs) are a class of small RNAs 
with 20-22 nucleotides. They are involved in the 
development of tumors as oncogenes or tumor 
suppressor genes [7, 8]. miR-421, one of the 
miRNAs, has been shown to play critical roles in 
several cancers [9-13]. However, the role of 
miR-421 in cervical cancer remains unknown.

Long noncoding RNAs (lncRNAs) are usually 
defined as the RNA molecules that are longer 
than 200 nucleotides and that lack biological 
functions [14]. Up to date, lncRNAs have been 
identified to participate in cancer processes, 
such as cell proliferation, apoptosis, differentia-
tion, migration, and invasion by targeting onco-
genes or tumor suppressors [15-17], indicating 
that they may play important roles in the regu- 
lation of the eukaryotic genome. Maternally 
expressed gene 3 (MEG3) represents a tumor 
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suppressor gene located on chromosome 14- 
q32 [18]. The MEG3 gene has been found to 
suppress the progression of cervical cancer via 
regulating cell proliferation and apoptosis [19, 
20]. However, very little is known about the bio-
logical role of MEG3 in cervical cancer treat-
ment using lidocaine.

This study aimed to explore the regulatory 
effect of lidocaine on the growth of cervical 
cancer cells and the relationship between lido-
caine treatment and lncRNA-MEG3/miR-421 
signaling pathway. First, the inhibitory effect of 
lidocaine on cervical cancer cells and the pro-
motion of lncRNA-MEG3 were examined. The 
study confirmed that miR-421 directly bound to 
lncRNA-MEG3. The overexpression of MEG3 
suppressed cell proliferation and induced the 
cell apoptosis of human cervical cancer cells, 
while these effects were reversed by a miR-421 
mimic. Moreover, BTG1 was found to be a tar-
get of miR-421 in cervical cancer cells. The 
downexpressed miR-421 could inhibit prolifera-
tion and increase cell apoptosis, while the 
effect could be reversed by BTG1-shRNA. Taken 
together, the study demonstrated the inhibitory 
effect of lidocaine on cervical cancer cells and 
its related mechanisms of action, providing 
new ideas for treating cervical cancer. The 
study also demonstrated the role of MEG3 and 
miR-421 in the growth of cervical cancer cells, 
thus providing a new perspective for the treat-
ment of cervical cancer.

Materials and methods

Cell culture

Human cervical cancer cells HeLa and the nor-
mal cervical cell line H8 and 293T cells were 
purchased from the American Type Culture 
Collection (VA, USA). All cell lines were cultured 
in Dulbecco’s modified Eagle medium (Gibco, 
Grand Island, NY, USA) containing 10% fetal 
bovine serum (Gibco), 1% penicillin/streptomy-
cin and incubated at 37°C in a humidified 
atmosphere of 5% CO2.

Cell transfection assay

HeLa cells were seeded at a concentration of 5 
× 104 cells/mL in six-well plates and incubated 
overnight. According to the manufacturer’s pro-
tocol, control-shRNA, MEG3-shRNA (GenePh- 
arma, Shanghai, China), MEG3-plasmid, con-
trol-plasmid, miR-421 mimic, mimic control, 
MEG3-plasmid+miR-421 mimic (GenePharma, 

Shanghai, China), inhibitor control, miR-421 in- 
hibitor, BTG1-shRNA, control-shRNA, or miR-
421 inhibitor+BTG1-shRNA (GenePharma) was 
transfected into HeLa cells using Lipofectamine 
2000 reagent (Invitrogen, Carlsbad, CA, USA). 
The cells were transfected for 48 h at 37°C, fol-
lowing which they were collected for further 
experiments. The cell transfection efficiency 
was detected using quantitative real-time poly-
merase chain reaction (qRT-PCR) and/or We- 
stern blot analysis.

miRNA target analysis and dual-luciferase re-
porter assay

The relationship between miR-421 and lnc-
MEG3 or BTG1 was identified using Starbase 
(http://starbase.sysu.edu.cn/) and TargetScan 
Release7.2 (www.targetscan.org/vert_72). For 
miR-421 and lncMEG3, the 3’-UTR products of 
lncMEG3 containing the target sequence of 
miR-421 were obtained by qRT-PCR and fused 
to a pmirGLO vector (Promega, Madison, MI, 
USA) to construct the reporter vector MEG3-
wild-type (MEG3-wt). Similarly, the vector ME- 
G3-mutated-type (MEG3-mut) was formed. The 
293T cells cultured for 24 h were co-transfect-
ed with MEG3-wt or MEG3-mut, and mimic con-
trol or miR-421 mimic, using Lipofectamine 
2000 reagent (Invitrogen) for 48 h. The lucifer-
ase activity was analyzed using a dual-lucifer-
ase reporter assay system (Promega) following 
the manufacturer’s manual. The consistency 
was tested to investigate whether BTG1 was a 
direct target of miR-421. The experiment was 
performed at least three times.

RNA extraction and qRT-PCR

Total cellular RNA was extracted from the cells 
using TRIzol reagent (Invitrogen) and reverse 
transcribed to first-strand cDNA using a cDNA 
Synthesis Kit (Invitrogen). All reactions were 
performed to quantify the relation expression 
of mRNA/miRNA using a Prism 7000 Real-Time 
PCR system with SYBR qPCR Master Mix 
(Vazyme, NJ, USA) according to the protocol. 
The primers were provided by Sangon Biotech 
(China). The amplification conditions included a 
step of 5 min at 95°C followed by 40 cycles of 
95°C for 10 s and 60°C for 30 s. GAPDH and 
U6 were used as the internal controls. The rela-
tive gene expression was calculated by the 
2-ΔΔCt method [21]. All the experiments were 
performed in triplicate at least.  
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Figure 1. Effects of lidocaine on cervi-
cal cancer cell proliferation and apop-
tosis. A. The proliferation of HeLa cells 
was measured to evaluate the roles 
of lidocaine through CCK-8 assay. 
(**P<0.01); B and C. Flow cytometry 
was performed to determine the ef-
fect on apoptosis in HeLa cells, and 
the apoptosis rate was calculated and 
presented. Each bar in the histogram 
represented the mean ± SD, *P<0.05; 
**P<0.01 vs. Control.

Cell counting kit-8 (CCK-8) assay

Cell viability was assayed by CCK-8 (Dojindo, 
Kumamoto, Japan) according to the manufac-
turer’s protocols. Briefly, HeLa cells were seed-
ed into 96-well plates in triplicate and incubat-

ed overnight. After specific treatment, 10 μL of 
CCK-8 solution was added to each well and 
incubated for 2 h at 37°C. Further, 100 μL of 
dimethyl sulfoxide (DMSO) was added to each 
well to solubilize the formazan product. The 
absorbance was then recorded at 450 nm us- 
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ing a microplate reader (Bio-Rad, CA, USA). The 
relative cell viability was normalized with the 
control group using optical density values.

Apoptosis assay

HeLa cells were seeded into six-well plates and 
incubated overnight. After specific treatment, 
the cells were collected by trypsinization, 
washed once with phosphate-buffered saline 
(PBS), and then resuspended in 1 × binding bu- 
ffer at a density of 1 × 106 cells/mL. Next, 100 
µL of cell suspension was transferred to a 5-mL 
tube, and 5 μL of fluorescein isothiocyanate 
(FITC)-Annexin V and 5 μL of propidium iodide 
(Cat no. 70-AP101-100; MultiSciences, Hang- 
zhou, China) were added according to the man-
ufacturer’s protocol. The stained cells were 
analyzed by flow cytometry (BD FACS Aria; BD 
Biosciences, MA, USA) within 1 h. Data were 
analyzed using FlowJo software (version 7.6.1; 
FlowJo LLC). All of the samples assayed were in 
triplicate.

Western blot analysis

HeLa cells were lysed with Radio Immuno 
Precipitation Assays (RIPA) buffer (Beyotime, 
Shanghai, China) after washing with cold PBS 
twice. The cracking products were centrifuged 
at 12,000 rpm and 4°C for 15 min to get the 
total protein, which was quantified using a 
bicinchoninic acid protein kit (Pierce, Rockford, 
IL, USA). The equal amount of protein was sepa-
rated using 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis gel and then 
transferred to polyvinylidene difluoride mem-
brane. The membrane was blocked for 1 h with 

PBST containing 5% nonfat milk. Then, it was 
incubated with BTG1 (Cat no. 151740; dilution 
rate: 1:1000; Abcam, MA, USA), p-Akt (Cat no. 
4060; dilution rate: 1:1000; Cell Signaling 
Technology, MA, USA), Akt (Cat no. 4585; dilu-
tion rate: 1:1000; Cell Signaling Technology), or 
β-actin (Cat no. 4970; dilution rate: 1:1000; 
Cell Signaling Technology) antibody at 4°C over-
night. The membrane was washed three times 
with PBST and incubated with horseradish per-
oxidase-conjugated secondary antibody anti-
rabbit IgG (1:2,000; cat. no. 7074; Cell Signaling 
Technology) for 1 h at 37°C. The protein bands 
were visualized using an enhanced chemilumi-
nescence (ECL) luminescent substrate (Pierce, 
Rockford, IL, USA) according to the manufac-
turer’s protocol. The experiment was repeated 
three times at least.

Statistical analysis

Data were presented as the mean ± standard 
deviation of at least three independent experi-
ments. Statistical analyses between groups 
were estimated by the Student t test or one-
way analysis of variance followed by the Tukey’s 
post-hoc test using SPSS 18.0 software pack-
age (SPSS Inc, IBM, Armonk, NY, USA). A P value 
less than 0.05 was considered as significant.

Results

Lidocaine inhibited cell proliferation and pro-
moted apoptosis in human cervical cancer 
cells

The study investigated the effects of lidocai- 
ne on cell proliferation and apoptosis using a 

Figure 2. Lidocaine up-regulated lncRNA-MEG3 expression in cervical cancer cells. A. The expression of lncMEG3 
in HeLa cells and H8 normal cervical cells was detected by qRT-PCR assay. B. Lidocaine treatment (500 �������μM�����) en-
hanced the expression of lncRNA-MEG3 in HeLa cells. The data were expressed as the mean ± SD. **P<0.01 vs. 
H8; ##P<0.01 vs. Control.
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Figure 3. Lidocaine inhibited viability and promoted apoptosis of cervical cancer cells by 
up-regulating lncRNA-MEG3. A. The expression of lncMEG3 was detected by qRT-PCR assay. 
B. Cell viability of HeLa cells was measured by CCK-8 assay. C and D. The cell apoptosis 
of HeLa cells was measured by FCM analysis and the apoptosis rate was calculated and 
presented. The data were expressed as the mean ± SD. ##P<0.01 vs. Control; &&P<0.01 vs. 
500 μM lidocaine.
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CCK-8 and an Annexin V-PE apoptosis detec-
tion kit, respectively. HeLa cells were treated 
with 50, 100, 500, or 1000 µM lidocaine for 
12, 24, and 48 h. The results indicated that 
500 and 1000 µM lidocaine significantly de- 
creased HeLa cell proliferation in 12, 24, and 
48 h (Figure 1A). Next, the increased apoptotic 
rate of HeLa cells was measured by flow cytom-
etry analysis when the cells were cultured with 
500 and 1000µM lidocaine for 24 h (Figure 1B 
and 1C). The cells were treated with 500 µM 
lidocaine for 24 h in the following experiments.

Lidocaine increased the expression level of 
lncRNA-MEG3 in human cervical cancer cells

In advance, the expression level of lncRNA-
MEG3 in human cervical cancer cell line HeLa 
and normal cervical cell line H8 was detected 
by qRT-PCR. The results showed that the 
expression of lncRNA-MEG3 was obviously 
downregulated in HeLa cells compared with H8 
normal cervical cells (Figure 2A). Then, the rel-
ative gene expression of lncRNA-MEG3 after 
the cells were treated with 500 µM lidocaine 
for 24 h was examined using qRT-PCR. The 
treatment group had higher lncRNA-MEG3 ex- 

pression in HeLa cells compared with the con-
trol group (Figure 2B).

Lidocaine influenced cell proliferation and 
apoptosis by upregulating lncRNA-MEG3 in 
human cervical cancer cells

HeLa cells were transiently transfected with 
control-shRNA or MEG3-shRNA and then treat-
ed with or without lidocaine (500 µM) for 24 h. 
Compared with the control group, the expres-
sion of lncRNA-MEG3 was significantly down-
regulated in the MEG3-shRNA transfection gro- 
up, and 500 µM lidocaine significantly upregu-
lated the level of lncRNA-MEG3 in HeLa cells, 
while lncRNA-MEG3 expression was significant-
ly downregulated in the MEG3-shRNA + lido-
caine group compared with the lidocaine-treat-
ment-alone group (Figure 3A). According to the 
results of CCK-8 and apoptosis assays, MEG3-
shRNA promoted the cell viability and inhibited 
the apoptosis of cervical cancer cells (HeLa) 
compared with the control group. Rather, lido-
caine inhibited the HeLa cell viability and pro-
moted apoptosis, and MEG3-shRNA + lidocaine 
(500 µM) promoted the cell vitality and inhibit-
ed apoptosis more markedly compared with 
lidocaine treatment alone (Figure 3B-D). 

Figure 4. miR-421 bint to the 3’UTR of lncRNA-MEG3. A. The position of miR-421 target site in 3’-UTR of lncRNA-
MEG3. B. Dual-luciferase reporter assay was performed to reveal the binding sites between LncRNA-MEG3 and 
miR-421. C. The expression of miR-421 in cervical cancer cells (HeLa) and H8 normal cervical cells was detected by 
qRT-PCR. The data were expressed as the mean ± SD. **P<0.01 vs. mimic control; ##P<0.01 vs. H8.
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Figure 5. LncMEG3 regulated cervical cancer cell functions by regulating miR-421. A. HeLa cells were transfected with MEG3-plasmid or control-plasmid for 48 h. 
The mRNA expression of MEG3 in HeLa cells was detected by qRT-PCR analysis. B. HeLa cells were transfected with miR-421 mimic or mimic control for 48 h. The 
expression of miR-421 in HeLa cells was detected by qRT-PCR analysis. C. HeLa cells were transfected with control-plasmid, MEG3-plasmid, or MEG3-plasmid + 
miR-421 mimic for 48 h. The expression of miR-421 in HeLa cells was detected by qRT-PCR analysis. D. The cell viability of HeLa cells was measured through CCK-8 
assay. E. Flow cytometry was performed to determine the influence on apoptosis in HeLa cells. The data were expressed as the mean ± SD. **P<0.01 vs. Control; 
##P<0.01 vs. MEG3-plasmid.



Effect of lidocaine on cervical cancer

5411	 Am J Transl Res 2019;11(9):5404-5416

miR-421 directly bound to lncRNA-MEG3 and 
was upregulated in human cervical cancer 
cells

To study the molecular mechanisms of action 
of lidocaine in cervical cancer cells, the direct 
target of lncRNA-MEG3 was identified using  
the bioinformatics tool. The predicted results 
showed the binding sites of miR-421 and 
lncRNA-MEG3 (Figure 4A). In addition, a lucifer-
ase reporter assay was performed in 293T 
cells co-transfected with a luciferase vector 
plasmid to demonstrate the predicted binding 
sites of miR-421 on lncRNA-MEG3 3’-UTR. The 
miR-421 mimic significantly decreased the 
luciferase activity of lncRNA-MEG3 wild-type 
3’-UTR but had no obvious effect on lncRNA-
MEG3 3’UTR mut-type compared with the con-
trol group (Figure 4B). These results indicated 
that lncRNA-MEG3 was a direct target of miR-
421. Then, the expression of miR-421 was ex- 
plored in cervical cancer and normal cervical 
cells using qRT-PCR analysis. The results show- 
ed that the expression of miR-421 was signifi-
cantly upregulated in HeLa cells compared  

pared with the control group (Figure 5B). In 
addition, the MEG3-plasmid significantly de- 
creased the level of miR-421 in HeLa cells; 
however, the effects were reversed by the miR-
421 mimic (Figure 5C). 

MEG3-plasmid reduced the cell viability and 
induced apoptosis in human cervical cancer 
cells by downregulating miR-421 expression

The CCK-8 assay was used to detect the viabil-
ity of HeLa cells after transfection with MEG3-
plasmid, control-plasmid, or MEG3-plasmid + 
miR-421 mimic. The results indicated that the 
MEG3-plasmid significantly reduced the viabili-
ty of HeLa cells, and the effect was reversed by 
co-transfection with the miR-421 mimic (Figure 
5D). Next, the apoptotic rate of cervical cancer 
cells was measured by flow cytometry analy- 
sis. The MEG3-plasmid significantly increased 
HeLa cell apoptosis compared with the control 
group, and the effect was reversed by the miR-
421 mimic (Figure 5E). The results confirmed 
that lncMEG3 inhibited cell viability and en- 
hanced cell apoptosis by inhibiting the expres-
sion level of miR-421.

Figure 6. BTG1 was a target of miR-421. A. The binding sites between miR-
421 and BTG1 were predicted using TargetScan. B. Dual-luciferase reporter 
assay was performed to reveal the binding sites between miR-421 and 
BTG1. **P<0.01 vs. mimic control.

with the normal cervical cells 
(Figure 4C).

MEG3-plasmid inhibited the 
miR-421 expression 

MEG3-plasmid, control-plas-
mid, miR-421 mimic, or mimic 
control was transfected into 
HeLa cells for 48 h to examine 
the effect of miR-421 and 
MEG3 on cervical cancer ce- 
lls. After transfection, the ce- 
lls were divided into six gro- 
ups: control, control-plasmid, 
MEG3-plasmid, mimic control, 
miR-421 mimic, and MEG3-
plasmid and miR-421 mimic 
co-transfection. The transfec-
tion efficiency was detected 
using the qRT-PCR assay. The 
expression level of MEG3 re- 
markably improved in the ME- 
G3-plasmid group (Figure 5A) 
compared with the control 
group. The level of miR-421 
significantly increased in the 
miR-421 mimic group com-



Effect of lidocaine on cervical cancer

5412	 Am J Transl Res 2019;11(9):5404-5416

BTG1 was a direct target of miR-421

TargetScan was used to explore the relation-
ship between BTG1 and miR-421. The results 
showed that BTG1 was a potential target of 
miR-421 (Figure 6A). Therefore, the luciferase 
reporter assay was used in 293T cells co-trans-
fected with a luciferase vector plasmid contain-
ing wild-type or mutated 3’-UTR of BTG1 togeth-
er with the miR-421 mimic or mimic control. 
The miR-421 mimic significantly decreased the 
luciferase activity of BTG1 wild-type 3’-UTR but 
had no obvious effect on BTG1 3’UTR mut-type 
compared with the control group (Figure 6B). 
The results illustrated the fact that BTG1 was a 
direct target of miR-421.

miR-421 downexpression upregulated the 
expression of BTG1 in human cervical cancer 
cells

To determine the role of miR-421 and BTG1 in 
cervical cancer cells, HeLa cells were transfect-
ed with inhibitor control, miR-421 inhibitor, 
BTG1-shRNA, control-shRNA, or miR-421 inhibi-

tor + BTG1-shRNA for 48 h. The qRT-RCR assay 
and/or Western blot assay were performed to 
detect the cell transfection efficiency. The 
results showed that the miR-421 inhibitor sig-
nificantly reduced the expression of miR-421 in 
HeLa cells compared with the control group 
(Figure 7A). Further, the mRNA and protein ex- 
pression levels of BTG1 more markedly de- 
creased in the BTG1-shRNA group than in the 
control group (Figure 7B and 7C). Compared 
with the control group, the mir-421 inhibitor sig-
nificantly promoted the expression of BTG1 at 
the mRNA and protein levels, and this improve-
ment was reversed by BTG1-shRNA co-trans-
fection (Figure 7D and 7E).

Knockout of BTG1 reversed the inhibitory ef-
fect of the miR-421 inhibitor on human cervi-
cal cancer cells

To explore the biological behavior in cervical 
cancer cells co-regulated by BTG1 and miR-
421, experiments on cell viability and apopto-
sis were performed using CCK-8 assay and flow 
cytometry. The results revealed that the miR-

Figure 7. miR-421 negatively regulated the expression of BTG1 in cervical cancer cells. A. The level of miR-421 in 
HeLa cells transfected with inhibitor control or miR-421 inhibitor was detected using qRT-PCR; B and C. The mRNA 
and protein level of BTG1 in HeLa cells transfected with control-shRNA or BTG1-shRNA was detected using qRT-PCR 
and western blotting; D and E. The mRNA and protein level of BTG1 in HeLa cells transfected with inhibitor control, 
miR-421 inhibitor, or miR-421 inhibitor+BTG1-shRNA was detected using qRT-PCR and western blotting; The data 
were expressed as the mean ± SD. **P<0.01 vs. Control; ##P<0.01 vs. miR-421 inhibitor. 
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421 inhibitor significantly reduced the cell via-
bility in HeLa cells, while the effect was reversed 
by BTG1-shRNA (Figure 8A). The results of the 
apoptosis assay demonstrated that compared 
with the control group, the downregulation of 
miR-421 significantly induced HeLa cell apop-
tosis, and the change was markedly elimina- 
ted by co-transfection with BTG1-shRNA (Figure 
8B).

miR-421 inhibitor restrained the activation of 
the PI3K/Akt pathway

To further investigate the signaling pathway 
underlying the role of the miR-421 inhibitor in 
cervical cancer cells, the protein expression 
levels of p-Akt and Akt in HeLa cells was detect-
ed by Western blot analysis after transfection. 
The results showed that the miR-421 inhibitor 

Figure 8. BTG1 knockdown reversed the 
inhibitory effects of miR-421 in cervical 
cancer cells. HeLa cells transfected with 
inhibitor control, miR-421 inhibitor, or miR-
421 inhibitor+BTG1-shRNA for 48 h. Then 
(A) CCK-8 assay was performed to deter-
mine the viability of HeLa cells. (B and C) 
Flow cytometry analysis was performed to 
measure the apoptosis of HeLa cells, and 
the cell apoptosis rate was calculated and 
presented. The data were expressed as the 
mean ± SD. **P<0.01 vs. Control; ##P<0.01 
vs. miR-421 inhibitor. 
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significantly reduced the p-Akt protein (Figure 
9A) expression level and p-Akt/Akt ratio (Figure 
9B) compared with the control group. Moreover, 
the reduction effect on p-Akt protein expres-
sion and p-Akt/Akt ratio disappeared in the 
miR-421 inhibitor + BTG1-shRNA group (Figure 
9).  

Discussion

Lidocaine is a widely used amide local anes-
thetic. In recent years, many studies reported 
on its anti-tumor activity in vitro, such as in 
breast cancer, neuroblastoma, liver cancer, 
and oral cancer [22-25], but few reports are 
available on the effect of lidocaine on cervical 
cancer cell growth. The present study found 
that lidocaine significantly inhibited prolifera-
tion and induced apoptosis in cervical cancer 
cells. 

Several studies found lncRNAs dysregulation 
had an influence on epigenetic information, 
promoted cellular growth, and led to uncon-
trolled tumor growth [26], but the molecular 
mechanisms of lncRNAs affecting drug therapy 
in cancers are still unknown. Previous studies 
showed that lncRNA-MEG3 acted as a tumor 
suppressor in cervical cancer, and the present 
study proved that a certain dose of lidocaine 
repressed the cervical cancer cell growth by 
upregulating the expression of lncRNA-MEG3 in 

cervical cancer cells. miRNAs have attracted 
increasing attention because they are involved 
in tumor progression. A large number of studies 
showed that miRNAs acted as tumor suppres-
sors or oncogenes and participated in the post-
translational regulation of gene expression 
[27]. The present study demonstrated the 
MEG3-miR-421 activity using bioinformatics 
software analysis combined with dual-lucifer-
ase reporter assay. Further, miR-421 was found 
to be upregulated in cervical cancer cells. The 
upregulation of MEG3 inhibited cell activity and 
promoted cell apoptosis in HeLa cells, which 
proved its anti-tumor effect and further re- 
vealed that MEG3 led to the downregulation of 
the expression of miR-421 in HeLa cells. In 
addition, the miR-421 mimic could reverse the 
effects on HeLa cells induced by the MEG3- 
plasmid. 

It was speculated that miR-421 might be a tar-
get gene for lidocaine in the treatment of cervi-
cal cancer. The results of bioinformatics tools 
analysis demonstrated that BTG1 was the tar-
get mRNA of miR-421 in cervical cancer cells. 
Then, qRT-PCR and Western blot analysis were 
used to measure the BTG1 mRNA and protein 
expression levels, respectively. The results indi-
cated that BTG1 expression level was upregu-
lated by miR-421 inhibitor treatment, and this 
increase was reversed by BTG1-shRNA. The 
miR-421 inhibitor significantly inhibited HeLa 

Figure 9. miR-421 inhibitor inhibited the activation of PI3K/AKT signal pathway in HeLa cells. HeLa cells transfected 
with inhibitor control, miR-421 inhibitor, or miR-421 inhibitor+BTG1-shRNA for 48 h. Then, the protein expression of 
AKT and p-AKT (A) was detected by Western blot analysis. (B) The ratio of p-AKT/AKT was calculated and presented. 
The data were expressed as the mean ± SD. **P<0.01 vs. Control; ##P<0.01 vs. miR-421 inhibitor. 
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cell viability and induced cell apoptosis, and all 
these effects were significantly eliminated by 
BTG1 silencing. Finally, the effect of the miR-
421 inhibitor on the PI3K/AKT pathway in HeLa 
cells was investigated by detecting the protein 
expression of Akt and p-Akt using Western blot 
assay. The miR-421 inhibitor significantly de- 
creased the p-Akt protein expression level and 
p-Akt/Akt ratio, while the impact of these re- 
ductions was reversed by knocking down BTG1. 

In conclusion, the present study found that lido-
caine repressed the growth of cervical cancer 
cells by modulating the lncRNA-MEG3/miR-
421/BTG1 pathway. These findings suggested 
that the anti-tumor efficacy of lidocaine was 
positive, providing new opportunities for the 
clinical therapies for cervical cancer.

Disclosure of conflict of interest

None.

Address correspondence to: Shichao Han, De- 
partment of Gynecology, The 2nd Affiliated Hos- 
pital of Dalian Medical University, No. 467 Zhong  
Shan Road, Dalian 116021, China. E-mail: han-
shichao190509@163.com

References

[1]	 Vu M, Yu J, Awolude OA, Chuang L. Cervical 
cancer worldwide. Curr Prob Cancer 2018; 42: 
457-465.

[2]	 Peto J. Worldwide prevention of cervical can-
cer. Eur J Cancer 2014; 50: 7.

[3]	 Updates to the National Cancer Institute’s PDQ 
Information from Recently Published Oncology 
Research. J Natl Cancer Inst 2017; 109.

[4]	 Ngom PI, Dubray C, Woda A, Dallel R. A human 
oral capsaicin pain model to assess topical 
anesthetic-analgesic drugs. Neurosci Lett 
2001; 316: 149-152. 

[5]	 Li K, Yang J, Han X. Lidocaine sensitizes the 
cytotoxicity of cisplatin in breast cancer cells 
via up-regulation of RARβ2 and RASSF1A de-
methylation. Int J Mol Sci 2014; 15: 23519-
23536.

[6]	 Chamaraux-Tran TN, Mathelin C, Aprahamian 
M, Joshi GP, Tomasetto C, Diemunsch P, Akla-
dios C. Antitumor effects of lidocaine on hu-
man breast cancer cells: an in vitro and in vivo 
experimental trial. Anticancer Res 2018; 38: 
95-105.

[7]	 Bartel DP. MicroRNAs: Genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 
281-97. 

[8]	 Santulli G. MicroRNAs and endothelial (Dys) 
function. J Cell Physiol 2016; 231: 1638-44.

[9]	 Xue L, Yang D. MiR-421 inhibited proliferation 
and metastasis of colorectal cancer by target-
ing MTA1. J BUON 2018; 23: 1633-1639.

[10]	 Wang Y, Liu Z, Shen J. MicroRNA-421-targeted 
PDCD4 regulates breast cancer cell prolifera-
tion. Int J Mol Med 2019; 43: 267-275.

[11]	 Li Y, Cui X, Li Y, Zhang T, Li S. Upregulated ex-
pression of miR-421 is associated with poor 
prognosis in non-small-cell lung cancer. Can-
cer Manag Res 2018; 10: 2627-2633.

[12]	 Liu L, Cui S, Zhang R, Shi Y, Luo L. MiR-421 in-
hibits the malignant phenotype in glioma by 
directly targeting MEF2D. Am J Cancer Res 
2017; 7: 857-868.

[13]	 Yang P, Zhang M, Liu X, Pu H. MicroRNA-421 
promotes the proliferation and metastasis of 
gastric cancer cells by targeting claudin-11. 
Exp Ther Med 2017; 14: 2625-2632.

[14]	 Batista PJ, Chang HY. Long noncoding RNAs: 
cellular address codes in development and 
disease. Cell 2013; 152: 1298-307.

[15]	 Peng W, Wang Z, Fan H. LncRNA NEAT1 im-
pacts cell proliferation and apoptosis of 
colorectal cancer via regulation of Akt signal-
ing. Pathol Oncol Res 2017; 23: 651-56.

[16]	 Chen J, Liu Y, Lu S, Yin L, Zong C, Cui S, Qin D, 
Yang Y, Guan Q, Li X, Wang X. The role and pos-
sible mechanism of lncRNA U90926 in modu-
lating 3T3-L1 preadipocyte differentiation. Int J 
Obes (Lond) 2017; 41: 299-308.

[17]	 Dhamija S, Diederichs S. From junk to master 
regulators of invasion: lncRNA functions in mi-
gration, EMT and metastasis. Int J Cancer 
2016; 139: 269-80.

[18]	 Qin R, Chen Z, Ding Y, Hao J, Hu J, Guo F. Long 
non-coding RNA MEG3 inhibits the prolifera-
tion of cervical carcinoma cells through the in-
duction of cell cycle arrest and apoptosis. Neo-
plasma 2013; 60: 486-92.

[19]	 Wang X, Wang Z, Wang J, Wang Y, Liu L, Xu X. 
LncRNA MEG3 has anti-activity effects of cervi-
cal cancer. Biomed Pharmacother 2017; 94: 
636-643.

[20]	 Zhang J, Yao T, Wang Y, Yu J, Liu Y, Lin Z. Long 
noncoding RNA MEG3 is downregulated in cer-
vical cancer and affects cell proliferation and 
apoptosis by regulating miR-21. Cancer Biol 
Ther 2016; 17: 104-13.

[21]	 Livak KJ and Schmittgen TD. Analysis of rela-
tive gene expression data using real-time 
quantitative PCR and the 2-ΔΔCT method. 
Methods 2011; 4: 402-8.

[22]	 Lirk P, Berger R, Hollmann MW, Fiegl H. Lido-
caine time- and dose-dependently demethyl-
ates deoxyribonucleic acid in breast cancer 
cell lines in vitro. Br J Anaesth 2012; 109: 200-
7.

mailto:hanshichao190509@163.com
mailto:hanshichao190509@163.com


Effect of lidocaine on cervical cancer

5416	 Am J Transl Res 2019;11(9):5404-5416

[23]	 Lu J, Xu SY, Zhang QG, Xu R, Lei HY. Bupiva-
caine induces apoptosis via mitochondria and 
p38 MAPK dependent pathways. Eur J Phar-
macol 2011; 657: 51-8.

[24]	 Mammoto T, Higashiyama S, Mukai M, Mam-
moto A, Ayaki M, Mashimo T, Hayashi Y, Kishi Y, 
Nakamura H, Akedo H. Infiltration anesthetic 
lidocaine inhibits cancer cell invasion by mod-
ulating ectodomain shedding of heparin-bind-
ing epidermal growth factor-like growth factor 
(HB-EGF). J Cell Physiol 2002; 192: 351-8.

[25]	 Sakaguchi M, Kuroda Y, Hirose M. The antipro-
liferative effect of lidocaine on human tongue 
cancer cells with inhibition of the activity of 
epidermal growth factor receptor. Anesth Analg 
2006; 102: 1103-7.

[26]	 Zhang K, Luo Z, Zhang Y, Zhang L, Wu L, Liu L, 
Yang J, Song X, Liu J. Circulating lncRNA H19 in 
plasma as a novel biomarker for breast cancer. 
Cancer Biomark 2016; 17: 187-94.

[27]	 Kozomara A, Griffiths-Jones S. miRBase: anno-
tating high confidence microRNAs using deep 
sequencing data. Nucleic Acids Res 2014; 42: 
D68-73.


