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Abstract. Charged multivesicular body protein 4C 
(CHMP4C), as a subunit of endosomal sorting complex 
required for transport‑III, is important for the abscission 
checkpoint in cell division, preventing premature cell division 
and genetic damage. The present study aimed to assess the 
role of CHMP4C in cervical cancer and the associated mecha‑
nisms. The levels of CHMP4C in normal and cervical cancer 
tissues were detected by immunohistochemistry. The MTT 
assay, apoptosis, wound‑healing assay, and cell invasion assay 
were performed. Western blotting was performed to analyze 
the level of cancer‑related proteins following CHMP4C 
downregulation and the CHMP4C expression following E6 
downregulation and miR‑543 upregulation. The transfec‑
tion effectiveness of siRNA, plasmid, and miRNA mimic as 
well as the expression of miR‑543 after silencing E6 were 
assessed by RT‑PCR. The dual‑luciferase reporter assay was 
used to demonstrate a connection site between CHMP4C and 
miR‑543. The results demonstrated that CHMP4C expression 

in cervical cancer tissues was significantly higher than that 
in normal tissues. Furthermore, downregulation of CHMP4C 
expression significantly reduced the proliferation, migra‑
tion and invasion of cervical cancer cells and significantly 
increased the rate of apoptosis compared to the si‑scramble 
group. Comparison with the si‑scramble group, silencing 
CHMP4C expression also significantly reduced the expression 
of Bcl2, Bcl‑xL and Survivin, and was associated with a signif‑
icant increase in Caspase‑7 expression. After the knockdown 
of human papillomavirus (HPV)‑encoded E6, in comparison 
to the si‑scramble group, microRNA (miR)‑543 expression 
was significantly elevated and CHMP4C expression signifi‑
cantly decreased. Moreover, a connection site was detected 
between miR‑543 and CHMP4C. These findings indicate that 
CHMP4C accelerates the tumorigenesis and progression of 
cervical cancer through the HPV E6/miR‑543 axis.

Introduction

Cervical cancer accounts for a considerable proportion of 
gynecological malignancies. Cervical cancer ranked fourth 
among female cancer‑related morbidity and mortality, with 
661,021 new cases and 348,189 deaths in 2022 (1). According 
to GLOBOCAN 2022, cases in China accounted for 22.7% and 
16.0% of global morbidity and mortality rates, respectively, 
with 150,659 new cases and 55,694 deaths (2). In addition, 
due to the low population coverage rate (21.4%) for cervical 
cytology and the low human papillomavirus (HPV) vaccina‑
tion rate, eliminating cervical cancer is a challenging task (3). 
Currently, cervical cancer is treated with a comprehensive 
conventional approach that includes surgery, radiotherapy and 
chemotherapy (4). However, this strategy is not effective in 
patients with advanced cancer, and there is a high incidence 
of recurrence and metastasis. The 5‑year disease‑free survival 
is approaches 100% for patients with stage IA cervical cancer, 
70‑85% for those with stage  IB1 and smaller IIA lesions, 
50‑70% for those with stages IB2 and IIB, 30‑50% for those 
with stage III, and 5‑15% for those with stage IV (5). Therefore, 
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it is important to elucidate the mechanisms of cervical cancer 
development and identify specific tumor markers.

It has been established that the activation of proto-onco‑
genes and the inactivation or mutation of tumor suppressor 
genes are involved in the tumorigenesis of cancer  (6). 
Therefore, genes related to cervical cancer were screened 
out using the Gene Expression Profiling Interactive Analysis 
(GEPIA) database. CHMP4C, as a subunit of endosomal 
sorting complex required for transport‑III, is essential for the 
Aurora B‑mediated abscission checkpoint (NoCut) and can 
delay the abscission time and reduce the accumulation of DNA 
damage (7,8). A previous study also reported that CHMP4C is 
undetectable in normal tissues but overexpressed in ovarian 
cancer tissues (9). Moreover, there are higher expression levels 
of CHMP4C in the extracellular vesicles of prostate cancer 
with a high Gleason score, which may promote the progres‑
sion of prostate cancer (10). However, the relationship between 
CHMP4C and cervical cancer remains to be studied. Therefore, 
the present study aimed to assess the role of CHMP4C in the 
development of cervical cancer and evaluate the regulatory 
pathways in which CHMP4C may be involved.

Materials and methods

Bioinformatics analysis. GEPIA (gepia.cancer‑pku.cn/index.
html) was used to screen genes overexpressed in cervical 
squamous cell cancer, developed survival curve, and auto‑
matically calculate Log‑rank and HR. Additionally, targetscan 
(https://www.targetscan.org/vert_72/), mirDIP (http://ophid.
utoronto.ca/mirDIP/), and miR‑Gator (http://mirgator.kobic.
re.kr/), to suggest miRNA with binding sites to target genes.

Specimens. The present study obtained 19 normal cervical 
tissues, 88 cervical squamous cell carcinoma tissues and 8 
cervical adenocarcinoma tissues from hospitalized patients in 
the Third Affiliated Hospital Guangzhou Medical University 
(Guangzhou, China) between 2014‑2019. Patients diagnosed 
with metastatic cervical cancer or other malignant tumors, 
or with a history of radiotherapy and chemotherapy before 
surgery were excluded. The patients agreed to use the tissue 
removed during surgery for general scientific research and 
signed an informed consent form. The Ethics Committee of 
the Third Affiliated Hospital Guangzhou Medical University 
approved the present study (approval no.  2019‑037). The 
tissues were scored according to the degree of staining and 
the percentage of positively stained cells, and the final scores 
were added.

Cell culture. The HPV16‑positive cervical cancer SiHa cell line 
(National Infrastructure of Cell Line Resource) was cultured 
in RPMI1640 medium (HyClone; Cytiva), and the human 
cervical epithelial immortalized H8 (Jennio Biotech Co., Ltd.), 
HPV16‑positive cervical cancer Caski (National Infrastructure 
of Cell Line Resource) and HPV18‑positive cervical cancer 
HeLa (Pricella®; Wuhan Elabscience Biotechnology Co., 
Ltd.) cell lines were cultured in DMEM medium (HyClone; 
Cytiva), containing 10% fetal bovine serum (Shanghai Excell 
Biological Technology Co., Ltd.). The cells were plated in 
petri dishes and cultured in an incubator at 37˚C and 5% CO2 
atmosphere.

Small interfering (si)RNA transfection. siRNAs (Sigma-
Aldrich; Merck KGaA) against target genes were used 
to knockdown the expression of the target genes, and 
Lipofectamine™ 3000 (Thermo Fisher Scientific, Inc.) 
was used as a cell transfection reagent. A total of 50 nM 
siRNA was transfected into SiHa and HeLa cells at 37˚C 
for 48  h immediately before subsequent experiment. The 
target genes and corresponding siRNA sequences were as 
follows: CHMP4C, 5'‑CAG​AUU​GAU​GGC​ACA​CUU​UdT​
dT‑3' (forward) and 5'‑AAA​GUG​UGC​CAU​CAA​UCU​GdT​
dT‑3' (reverse); HPV16 E6, 5'‑GAG​UAU​AGA​CAU​UAU​UGU​
UdT​dT‑3' (forward) and 5'‑AAC​AAU​AAU​GUC​UAU​ACU​CdT​
dT‑3' (reverse); and HPV18 E6, 5'‑CAG​ACU​CUG​UGU​AUG​
GAG​AdT​dT‑3' (forward) and 5'‑UCU​CCA​UAC​ACA​GAG​UCU​
GdT​dT‑3' (reverse). The scrambled siRNA sequences used for 
the control were as follows: 5'‑UUC​UCC​GAA​CGU​GUC​ACG​
UTT​dTdT‑3' (forward) and 5'‑ACG​UGA​CAC​GUU​CGG​AGA​
ATT​dTdT‑3' (reverse).

Plasmid and mimics transfection. Full‑length cDNAs of 
human CHMP4C were synthesized by Guangzhou Dahong 
Biotechnology Co., Ltd. and cloned into the expression vector 
pCMV‑MCS‑3Flag (Guangzhou Dahong Biotechnology Co., 
Ltd) (Fig. 1). When cell confluence reached 80‑90%, the plas‑
mids were transfected using Lipofectamine 3000 and p3000 
reagents (Thermo Fisher Scientific, Inc.), following the manu‑
facturer's protocol. A total of 50 nM microRNA (miRNA/miR) 
and negative control mimics (Guangzhou RiboBio Co., Ltd.) 
were transfected into SiHa and HeLa cells using Lipofectamine 
3000 reagent. A total of 48 h after transfection at 37˚C, the 
transfection efficiency was immediately assessed using reverse 
transcription‑quantitative PCR (RT‑qPCR). The sequences of 
the miR‑543 mimic were 5'‑AAA​CAU​UCG​CGG​UGC​ACU​
UCUU‑3' (sense), 5'‑UUU​GUA​AGC​GCC​ACG​UGA​AGAA‑3' 
(antisense). The sequences of the negative control mimic were 
5'‑UUU​GUA​CUA​CAC​AAA​AGU​ACUG‑3' (sense), 5'‑AAA​
CAU​GAU​GUG​UUU​UCA​UGAC‑3' (antisense).

MTT assay. After the SiHa and HeLa cells were digested and 
collected, 3x103 cells and 100 µl medium were added to each 
well in a 96‑well plate. After the cells had adhered, the experi‑
mental group was transfected with CHMP4C siRNA, whereas 
the negative control group was transfected with scramble 
siRNA. A total of 20 µl MTT solution was then added to each 
well, followed by incubation at 37˚C for 4 h. The liquid was 
then aspirated from the well, and 150 µl dimethyl sulfoxide 
was added. Finally, a microplate reader (BioTek; Agilent 
Technologies, Inc.) was used to measure the optical density 
value of each well at 490 nm.

Wound‑healing assay. SiHa and HeLa cells were inoculated in 
a six‑well plate. When the cell density reached ~80%, a 200 µl 
pipette tip was used to scratch the cells, and then serum‑free 
medium was added. Images of the scratches were captured 
under a microscope (Olympus IX73; fluorescence microscope; 
Olympus Corporation and Leica DMi1; light microscope; 
Leica Microsystems GmbH) and then processed using cellSens 
Version 2.1 (Olympus Corporation) and Leica Application 
Suite X Version 4.12 software (Leica Microsystems GmbH). 
The wound area was measured using Image J software 
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Version 1.52a (National Institutes of Health). The following 
formula was used to assess the level of wound‑healing: 
Mobility=(starting area‑final area)/starting area x100%.

Apoptosis assay. The transfected SiHa and HeLa cells were 
collected using EDTA‑free trypsin and washed once with PBS. 
The cells were resuspended in 100 µl binding buffer (1X) and 
5 µl Annexin V‑FITC/PI staining solution (BD Biosciences) and 
placed in the dark. After the addition of 400 µl binding buffer 
(1X) to each tube, apoptosis was detected using flow cytometry 
(BD FACScanto™ II Clinical Flow Cytometry System; BD 
Biosciences, and Attune NxT Flow Cytometer; Thermo Fisher 
Scientific, Inc.). FlowJo software (version 10.8; BD Biosciences) 
and Attune NxT Flow Cytometry Software (version 2.6; Thermo 
Fisher Scientific, Inc.) were used for analysis.

Cell invasion assay. Matrigel (BD Bioscience) was diluted 
at a 1:15 ratio with cold serum‑free medium (RPMI‑1640 or 
DMEM; HyClone; Cytiva) refrigerated at 4˚C and 30 µl was 
plated into the filters of the Transwell chambers (Corning, 
Inc.). Then the chambers were placed in a 24‑well plate in a 

37˚C incubator for 4 h. Cells were suspended at a density of 
4x104 in 200 µl serum‑free medium (RPMI1640 or DMEM, 
HyClone; Cytiva) and plated in the upper chamber, whilst 
600 µl medium supplemented with 10% fetal bovine serum 
(Shanghai Excell Biological Technology Co., Ltd. Bio) was 
added to the lower chamber. After incubation at 37˚C for 48 h, 
the chamber was fixed with 4% formaldehyde for 30 min 
and stained with 1% crystal violet for 15 min both at room 
temperature. Photographs were captured under a micro‑
scope (Olympus IX73, fluorescence microscope, Olympus 
Corporation), and the invasive cells were manually counted. 
Each experiment was performed in triplicate, and images of 3 
fields of view were captured for each replicate.

Immunohistochemistry. The normal and cervical cancer 
tissues were fixed in 4% paraformaldehyde (at room tempera‑
ture for 24 h, embedded in paraffin wax, and cut into 4 mm 
slices. The paraffin‑embedded tissue sections were heated in a 
65˚C incubator for 4 h and dewaxed with xylene (Foshan Bodi 
Chemical Reagent Co., Ltd) for 20 min twice at room tempera‑
ture. Then they were immersed into 100% alcohol (Foshan 

Figure 1. CHMP4C plasmid. Full‑length cDNAs of human CHMP4C were cloned into the expression vector pCMV‑MCS‑3Flag.
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Bodi Chemical Reagent Co., Ltd) for 5 min, 95% alcohol for 
2 min, 85% alcohol for 2 min, 75% alcohol for 1 min, and 
finally turned into distilled water for 3 min 3  times, so as 
to fully hydrate. The sections were immersed in an EDTA 
antigen retrieval solution and heated in a pressure cooker for 
5 min with the cover unlocked. Then the cooker was locked, 
removed from the heat source 3 min after the pressure reaches 
the highest. After then, the sections allowed to cool at room 
temperature. After inactivation of endogenous catalase activity 
using 3% hydrogen peroxide, the sections were blocked with 
5% BSA (BEIJING SOLARBIO Technology Co., Ltd.) in 
a 37˚C incubator for 40 min. The sections were then incu‑
bated with anti‑CHMP4C antibodies (1:400; #GTX122876; 
GeneTex, Inc.) overnight at 4˚C. The following day, the sections 
were re‑warmed at room temperature for 30 min and washed 
three times with PBS. Horseradish peroxidase‑conjugated 
anti‑rabbit antibodies (1:800; cat. no. ab97051; Abcam) were 
then added and the sections were incubated for 45 min in a 
37˚C incubator. After diaminobenzidine coloration and hema‑
toxylin staining at room temperature for 10 min, the sections 
were dehydrated, sealed with a neutral resin and imaged under 
a microscope (Leica Microsystems GmbH).

Dual‑luciferase reporter assay. As the presence of a binding 
site between CHMP4C and miR‑543 was predicted (data 
not shown), a CHMP4C 3'‑untranslated region (3'‑UTR) 
containing a miR‑543‑binding site sequence was designed. 
293T cells (Pricella®; Wuhan Elabscience Biotechnology Co., 
Ltd.) were seeded into 24‑well plates and transfected with 
600  ng SV40‑dual‑luciferase vector (Shanghai Genechem 
Co., Ltd.) expressing a wild type CHMP4C 3'‑UTR using 
Lipofectamine™ 3000 (Thermo Fisher Scientific, Inc.), whilst 
the mutant type acted as a control. At the same time, 50 nM 
miR‑543 or negative mimics (Shanghai Genechem Co., Ltd.) 
were co‑transfected. The sequence of the miR‑543 mimics were 
5'‑AAA​CAU​UCG​CGG​UGC​ACU​UCUU‑3' (sense) and 5'‑AAG​
AAG​UGC​ACC​GCG​AAU​GUUU‑3' (antisense). The sequences 
of the negative control mimic were 5'‑UUU​GUA​CUA​CAC​
AAA​AGU​ACUG‑3' (sense), 5'‑AAA​CAU​GAU​GUG​UUU​UCA​
UGAC‑3' (antisense). After 48 h, the Dual‑Luciferase® Reporter 
Assay System (Promega Corporation) was used to detect the 
level of luciferase activity. The relative luciferase intensity was 
normalized to renilla luciferase activity.

RT‑qPCR. Total RNA was extracted from SiHa and HeLa 
cervical cancer cells using the TRIzol reagent (Takara Bio, Inc.). 
After separation, precipitation, washing and dissolution, the 
concentration of RNA was detected using a spectrophotometer 
[Unico (Shanghai) Instrument Co., Ltd.]. For mRNA analysis, 
2 µg total RNA was reverse‑transcribed to synthesize comple‑
mentary (c)DNA using random primers and avian myeloblastosis 
virus transcriptase (PrimeScript™ RT reagent Kit (Perfect Real 
Time); Takara Bio, Inc.). The reverse transcription program was 
set at 37˚C for 15 min, 85˚C for 5 min, and finally cooled to 4˚C. 
qPCR amplification of the cDNA was then performed using the 
SYBR® Premix Ex Taq™ II kit (Takara Bio, Inc.) with 18S as an 
internal control. The amplification conditions were as follows: 
Initial denaturation at 95˚C for 30 s, followed by 40 cycles of 
95˚C for 5 s and an 60˚C for 30 sec. The Hairpin‑it™ miRNAs 
qPCR Quantitation Kit (Shanghai GenePharma Co., Ltd.) was 

used to detect miRNA expression according to the manufac‑
turer's protocols, and U6 was used as the internal reference. 
The relative expression of CHMP4C or miR‑543 was calculated 
using the 2‑ΔΔCq method (11). The sequences of the primers 
used were as follows: CHMP4C, 5'‑GAG​AAG​CCC​TGG​AGA​
AC‑3' (forward) and 5'‑CAC​CAA​AGC​CAA​CCC‑3' (reverse); 
18S, 5'‑CTT​AGT​TGG​TGG​AGC​GAT​TTG​TC‑3' (forward) and 
5'‑CGG​ACA​TCT​AAG​GGC​ATC​ACA‑3' (reverse); miR‑543, 
5'‑GAG​AAG​TTG​CCC​GTG​TT‑3' (forward) and 5'‑CGC​GAA​
TGT​TTC​GTCA‑3' (reverse); and U6, 5'‑CGC​TTC​GGC​AGC​
ACA​TAT​AC‑3' (forward) and 5'‑AAA​TAT​GGA​ACG​CTT​CAC​
GA‑3' (reverse).

Western blotting. SiHa and HeLa cell proteins were extracted 
using RIPA lysis buffer (Shanghai Bestbio Biotechnology 
Co., Ltd,) after transfection, and protein determination was 
performed by the BCA method. Proteins of different molecular 
weights were separated using 10% SDS‑PAGE in which 
40  µg protein was loaded to each lane, and subsequently 
electrotransferred to Hybond membranes (MilliporeSigma; 
Merck KGaA). Subsequently, 3% BSA (BEIJING SOLARBIO 
TECHNOLOGY CO., LTD) was used to block non‑specific 
sites at room temperature for 2 h, and anti‑CHMP4C (1:1,000; 
#16256‑1‑AP; Proteintech Group, Inc.), anti‑Bcl‑XL (1:2,000; 
#10783‑1‑AP; Proteintech Group, Inc.), anti‑Bcl2 (1:500; 
#66799‑1‑Ig; Proteintech Group, Inc.), anti‑Survivin (1:1,000; 
#10508‑1‑AP; Proteintech Group, Inc.), anti‑Caspase‑7 (1:1,000; 
#27155‑1‑AP; Proteintech Group, Inc.) and anti‑HPV16/18 E6 
(1:50; #sc‑460; Santa Cruz Biotechnology, Inc.) antibodies were 
added and incubated overnight at 4˚C. Anti‑β‑actin (1:10,000; 
#66009‑1‑Ig; Proteintech Group, Inc.), GAPDH (1:1,000; 
#60004‑1‑Ig; Proteintech Group, Inc.) or anti‑α‑tubulin (1:1,000; 
#80762‑1‑RR; Proteintech Group, Inc.) antibodies were used 
as controls. On the second day, the membrane was incubated 
with anti‑rabbit IgG (1:10,000; cat. no. #SA00001‑2; Proteintech 
Group, Inc.) or anti‑mouse (1:10,000; #SA00001‑1; Proteintech 
Group, Inc.) antibodies at room temperature for 2 h. The protein 
bands were visualized using the Enhanced Chemiluminescence 
kit (SuperSignal™ West Pico PLUS Chemiluminescence 
substrate; Thermo Fisher Scientific, Inc.).

Data analysis. SPSS 24.0 software (IBM Corp.) was used to 
perform the statistical analysis. All data are expressed as the 
mean ± standard deviation. The immunohistochemistry results 
were analyzed using Fisher's exact test. Comparisons between 
the experimental and control groups were performed using an 
unpaired double‑tailed t‑test, and multiple groups were compared 
using one‑way ANOVA and Dunnett's posttest. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Characteristics of CHMP4C in the tumorigenesis of cervical 
cancer. Bioinformatics analysis was used to assess the role of 
CHMP4C in cervical cancer. The GEPIA database and log‑rank 
tests demonstrated that a higher CHMP4C expression may have 
a worse clinical prognosis than those with a lower CHMP4C 
expression (Fig. 2A). Following this, immunohistochemistry 
was performed using normal cervical and cervical cancer tissues 
to further assess the expression of CHMP4C in cervical cancer. 
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The results revealed that the expression level of CHMP4C in 
malignant cervical tumor tissues was significantly higher than 
that in normal tissues (Fig. 2B‑D; Table SI; P<0.05). This finding 
indicates that CHMP4C may participate in cervical cancer 
tumorigenesis. Moreover, the level of CHMP4C was positively 
associated with the age of the patients (Table SII; P<0.05).

Effect of CHMP4C expression on the phenotype of cervical 
cancer cells. Firstly, expression of CHMP4C in each 
HPV‑positive cervical cancer cell line was detected using 
RT‑qPCR, and SiHa and HeLa cells were selected as the 
experimental objects as they had the highest expression 
of CHMP4C out of the cervical cancer cell lines assessed 
(Fig. 3A). Furthermore, western blotting demonstrated that 
the expression level of CHMP4C was significantly higher in 
cervical cancer SiHa and HeLa cells compared with that in the 
normal cervical H8 cells (Fig. 3B).

To evaluate the biological function of CHMP4C, SiHa and 
HeLa cells were transfected with si‑CHMP4C or si‑Scramble, 

and the transfection efficiency was determined using 
RT‑qPCR. The results demonstrated that the expression level 
of CHMP4C significantly decreased following siRNA trans‑
fection, compared with the control (Fig. 4A and B; P<0.05). 
Silencing of CHMP4C expression was also associated with a 
significant decrease in cell proliferation, compared with the 
control (Fig. 4C and D; P<0.05). This indicates that CHMP4C 
promotes cell proliferation. Moreover, the cell apoptosis assay 
revealed that after 48 h of transfection, the si‑CHMP4C cells 
had a significantly higher apoptosis rate than the control 
cells (Fig. 4E and F; P<0.05). A significant reduction in cell 
migration (Fig. 4G and H; P<0.05) and invasion (Fig. 4I and J; 
P<0.05) was also demonstrated in cells with downregulated 
CHMP4C expression, in comparison with the control cells. 
Conversely, the plasmid was transfected in the SiHa and HeLa 
cells to overexpress CHMP4C and assess the transfection effi‑
ciency of the plasmid using RT‑qPCR (Fig. 5A and B; P<0.05). 
The results revealed that, in comparison with the vector 
control, overexpression of CHMP4C resulted in a significant 

Figure 2. Influence of CHMP4C expression on the occurrence and development of cervical cancer. (A) Kaplan‑Meier analyses of the overall survival rate of 
patients with cervical squamous cell carcinoma and endocervical adenocarcinoma with high or low expression of CHMP4C, derived from the Gene Expression 
Profiling Interactive Analysis database. Representative immunohistochemical staining of cervical cancer tissues for CHMP4C expression: (B) Normal tissues 
showed weak immunostaining, (C) squamous cell carcinoma tissues showed strong immunostaining, and (D) adenocarcinoma tissue showed strong immunos‑
taining. CHMP4C, charged multivesicular body protein 4C; TPM, transcripts per million; HR, hazard ratio.
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increase in cell proliferation (Fig. 5C and D; P<0.05) and 
migration (Fig. 5E and F; P<0.05), and a significant reduc‑
tion in the rate of cell apoptosis (Fig. 5G and H; P<0.05). The 
observed changes in phenotype indicate that CHMP4C acts as 
a proto‑oncogene in cervical cancer cells.

CHMP4C expression is regulated by E6. The occurrence of 
cervical cancer is related to HPV (namely, high‑risk HPV16 
and HPV18) infection. Viral DNA is integrated into the host 
genome to encode oncogenic proteins, such as E6, which 
interfere with the cell cycle and apoptosis via regulation of 

Figure 4. Assessment of si‑CHMP4C transfection efficiency and the effect of silencing CHMP4C expression on cervical cancer cells. After transfection with 
si‑CHMP4C, reverse transcription‑quantitative PCR assessed the expression of CHMP4C in (A) SiHa and (B) HeLa cells. The MTT assay evaluated the effect 
of CHMP4C silencing on the viability of (C) SiHa and (D) HeLa cells. Flow cytometry was used to assess the effect of CHMP4C silencing on the apoptosis 
of (E) SiHa and (F) HeLa cells. The wound‑healing assay in (G) SiHa and (H) HeLa cells, and the cell invasion assay in (I) SiHa and (J) HeLa cells evaluated 
cell migration and invasion, respectively, in the presence of si‑CHMP4C. Experiments were repeated three times independently. *P<0.05. si, small interfering; 
CHMP4C, charged multivesicular body protein 4C.

Figure 3. Cell line selection and CHMP4C expression validation. (A) Expression of CHMP4C mRNA was assessed using reverse transcription‑quantitative 
PCR in the cervical cancer SiHa, HeLa and Caski cell lines. (B) Western blotting was used to evaluate the protein expression level of CHMP4C in the cervical 
cancer cell lines HeLa and SiHa, and in the normal cervical H8 cell line. Experiments were repeated three times independently. *P<0.05. CHMP4C, charged 
multivesicular body protein 4C.
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Bcl2 and Bcl‑XL (12‑14). Western blotting showed that the 
expression of Bcl2, Bcl‑xL, and Survivin was decreased when 
CHMP4C expression was silenced, but Caspase‑7 expres‑
sion was increased (Fig. 6A). Therefore, CHMP4C increased 
the susceptibility of cervical cancer through the regulation 
of Bcl2, Bcl‑XL, Survivin and Caspase‑7. Furthermore, to 
determine whether CHMP4C expression was associated with 
cervical HPV infection, HPV16 E6 expression was silenced in 
SiHa cells, and HPV18 E6 expression was silenced in HeLa 
cells through siRNA transfection. This resulted in a significant 
decrease in the expression of CHMP4C, compared with the 
controls (Fig. 6B‑D; P<0.05), and demonstrated that HPV 
infection may lead to increased expression of CHMP4C.

miR‑543 directly targets CHMP4C. E6 induction of the expres‑
sion of CHMP4C was assessed. A previous study reported that 
E6 could inhibit miR‑543 expression in human foreskin keratino‑
cytes (HFKs) (15). Accordingly, the findings of the present study 
demonstrated significant increases in miR‑543 expression after 
E6 siRNA transfection in cervical cancer cells, compared with 
that of the controls (Fig. 7A and B; P<0.05). Moreover, the results 
of bioinformatics analysis revealed that miR‑543 could bind with 
the 3'‑UTR of CHMP4C (Fig. 7C). In addition, the dual‑luciferase 
reporter assay demonstrated that the relative luciferase activity 
was significantly reduced in the group co‑transfected with 
wild‑type CHMP4C 3'‑UTR and miR‑543, compared with that 

of the control groups (Fig. 7D; P<0.05). These results imply that 
miR‑543 directly targets the 3'‑UTR of CHMP4C. Furthermore, 
after overexpression of miR‑543 by transfection of the miR‑543 
mimics in SiHa and HeLa cells, western blotting indicated that 
CHMP4C expression was significantly reduced compared with 
that in control cells (Fig. 7E‑G; P<0.05).

Discussion

The abscission checkpoint can inhibit the abscission of cells with 
spindle‑midzone defects and the lagging chromosomes promote 
CHMP4C phosphorylation by Aurora B. This affects its activity, 
leading to the failure of cytokinesis (16,17). It has been reported 
that radiation induces the expression of Aurora B and CHMP4C 
in non‑small cell lung cancer cells, thereby maintaining cell cycle 
checkpoints and cell viability, and resisting apoptosis. Inhibition 
of CHMP4C was reported to promote the proliferation of cancer 
cells by inhibiting DNA repair by reducing phosphorylated H2A 
histone family member X and p53‑binding protein 1 (53BP1) 
foci reacting to radiation stress (18). It has also been reported 
that the absence of CHMP4C‑dependent abscission checkpoints 
increases the accumulation of 53BP1‑associated DNA damage 
foci (6). The role of CHMP4C has received increasing attention 
in the field of cancer research. Pharoah et al (19) implicated 
CHMP4C as the most likely susceptibility gene candidate in the 
8q21 locus of a new locus associated with the risk of epithelial 

Figure 5. Evaluation of CHMP4C plasmid transfection efficiency and the effect of overexpressed CHMP4C on cervical cancer cells. The overexpression 
efficiency of CHMP4C in (A) SiHa and (B) HeLa cells was assessed using reverse transcription‑quantitative PCR. The effect of CHMP4C overexpression on 
the proliferation of (C) SiHa and (D) HeLa cells was evaluated using MTT assays. The effect of the overexpression of CHMP4C on the migration of (E) SiHa 
and (F) HeLa cells was evaluated using wound healing assays. Flow cytometry was used to assess the effect of the overexpression of CHMP4C on the apoptotic 
rate of (G) SiHa and (H) HeLa cells. Experiments were repeated three times independently, *P<0.05. CHMP4C, charged multivesicular body protein 4C.
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ovarian cancer. Moreover, human CHMP4C polymorphisms 
also increase the risk of prostate and skin cancer (8).

With regards to the relationship between CHMP4C 
and cervical cancer, the immunohistochemistry results of 
the present study demonstrated that the expression level of 
CHMP4C was higher in cervical cancer tissues compared with 
normal tissues. Analysis of the GEPIA database revealed that 
cervical cancer is associated with a poor clinical prognosis 
due to the increased expression of CHMP4C. Accordingly, in 
the present study, CHMP4C silencing in SiHa and HeLa cells 
resulted in a reduction in the level of cell proliferation, migra‑
tion and invasion, and an increase in the rate of apoptosis. 
Conversely, CHMP4C overexpression had the opposite effect 
on cell proliferation, cell migration and apoptosis. In addition, 
silencing of CHMP4C reduced the level of Bcl2, Bcl‑XL and 
Survivin expression, and increased the expression level of 
Caspase‑7. The process of apoptosis involves several genes, 
including those of the Bcl‑2 family, the caspase family and 
the inhibitor of apoptosis proteins (IAP) family (20). The Bcl2 
protein family is the key to the regulation and execution of 
mitochondrial‑mediated intrinsic apoptosis, among which Bcl2 
and Bcl‑XL belong to a group of pro‑survival proteins (21,22). 
Moreover, studies have revealed that the expression of Bcl2 
may be associated with the development of cervical cancer 
and provide prognostic information  (22,23). Survivin is 
a member of the IAP family of proteins and inhibits apop‑
tosis by binding directly to Caspase‑3 and Caspase‑7 of the 
caspase family to inhibit their activity (24). It is overexpressed 
in many cancers and serves an important role in promoting 

tumor cell proliferation, progression, angiogenesis, therapeutic 
resistance and poor prognosis  (25). A previous study also 
reported that overexpression of CHMP4C in cervical cancer 
cells accelerates cell migration and invasion by activating 
epithelial‑mesenchymal transition (26). The aforementioned 
results demonstrate that CHMP4C increases the susceptibility 
of cervical cancer and promotes tumorigenesis and progres‑
sion of cervical cancer.

Infection with HPV is the underlying cause of invasive 
cervical cancer (27‑29). Viral DNA is integrated into the host 
genome to encode the oncogenic E6 and E7 proteins. E6 and 
E7 can interfere with cell cycle and apoptosis, which are critical 
factors in cellular transformation and carcinogenesis (12,13). 
Therefore, occurrence of cervical cancer is related to HPV 
infection, and CHMP4C increases the susceptibility to cervical 
cancer. To determine whether CHMP4C was related to cervical 
HPV infection, the present study knocked down E6 expression 
in cervical cancer cells and the results revealed that the expres‑
sion of CHMP4C was decreased in the E6‑knockdown cells. 
Thus, the E6 protein encoded by the HPV during cervical infec‑
tion may regulate CHMP4C expression.

According to a previous report, miR‑543 expression 
decreases after HPV16 E6 expression increased in HFKs (15). 
miRNAs are non‑protein‑encoding RNAs with a length of ~21 
nucleotides. They inhibit the expression of their target genes 
primarily through interaction with the corresponding 3'‑UTR of 
the mRNA, thereby regulating biological events, including cell 
proliferation, differentiation and apoptosis (30,31). Moreover, 
miRNA dysregulation is associated with the occurrence, 

Figure 6. Effect of CHMP4C and E6 silencing on the expression of Bcl2, Bcl‑XL, survivin and Caspase‑7 proteins in cervical cancer cells. (A) Western blotting 
assessed the effect of silencing of CHMP4C expression on the expression of the apoptosis‑related proteins Bcl2, Bcl‑XL, Survivin and Caspase‑7. Evaluation 
of CHMP4C knockdown using reverse transcription‑quantitative PCR in (B) SiHa and (C) HeLa cells. (D) Effect of the knockdown of HPV16 E6 in SiHa 
cells and HPV18 E6 in HeLa cells on the expression of CHMP4C. The experiments were repeated three times independently. *P<0.05. CHMP4C, charged 
multivesicular body protein 4C; HPV, human papillomavirus; si, small interfering.
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development, metastasis and drug resistance to cancer (32). 
Bioinformatics analysis revealed a potential connection site 
between the 3'‑UTR of CHMP4C and miR‑543, and this 
implies that E6 may regulate CHMP4C expression through 
miR‑543. After E6 was knocked down in SiHa and HeLa cells, 
the expression level of miR‑543 was elevated. Meanwhile, 

elevated miR‑543 expression was associated with reduced 
CHMP4C expression. Moreover, the dual‑luciferase reporter 
assay demonstrated that CHMP4C was the target of miR‑543. 
In addition, studies have reported that miR‑543 expression is 
decreased in cervical cancer, and its expression level is associ‑
ated with tumor size, FIGO stage and lymph node metastasis. 

Figure 7. CHMP4C as a direct target of miR‑543. Effect of the knockdown of (A) HPV16 E6 in SiHa cells and (B) HPV18 E6 in HeLa cells on the expression 
of miR‑543. (C) Bioinformatics analysis results for a potential binding site between miR‑543 and CHMP4C. (D) The dual‑luciferase reporter assay was used 
to assess the effect of the overexpression of miR‑543 on the luciferase activity of 293T cells transfected with wtCHMP4C. The overexpression efficiency of 
miR‑543 mimics was assessed using reverse transcription‑quantitative PCR in (E) SiHa and (F) HeLa cells. (G) Effect of the overexpression of miR‑543 on 
the expression of CHMP4C was evaluating using western blotting. The experiments were repeated three times independently. *P<0.05. CHMP4C, charged 
multivesicular body protein 4C; miR, microRNA; mu, mutant; wt, wild‑type; si, small interfering; NC, negative control; HPV, human papillomavirus.
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In line with the results of the present study, miR‑543 is known 
to inhibit tumor cell proliferation, invasion and migration, and 
also promote apoptosis, thereby inhibiting the development of 
cervical cancer (33). Based on these findings, we hypothesize 
that CHMP4C promotes the progression of cervical cancer 
through the HPV E6/miR‑543 axis.

In conclusion, the present research indicates that the 
HPV‑encoded E6 oncoprotein may reduce the expression level 
of miR‑543 and relieve the inhibitory effect of miR‑543 on 
CHMP4C. By contrast, high expression level of CHMP4C 
may inhibit apoptosis by regulating Bcl2, Bcl‑XL, Survivin 
and Caspase‑7 expression, thereby promoting the tumorigen‑
esis and progression of cervical cancer.
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