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Dynamin 3 overexpression suppresses the proliferation,
migration and invasion of cervical cancer cells
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Abstract. Dynamin 3 (DNM3) functions as a tumor suppressor
in various malignancies. However, the underlying mechanism
of DNM3 in cervical cancer remains to be elucidated. The
present study aimed to indicate the function of DNM3 in
cervical cancer. The expression of DNM3 in cervical tissues
and cells was measured using bioinformatics analysis, immu‑
nohistochemistry and reverse transcription‑quantitative PCR.
The pcDNA3.1 plasmid was used to overexpress DNM3 in
SiHa and C33A cells. The effects of DNM3 overexpression
on cell proliferation, migration, invasion and apoptosis was
detected by the CCK-8, clone formation, Transwell, flow
cytometry and western blotting assays. In the present study,
it was revealed that DNM3 was expressed at significantly low
levels in cervical cancer tissues and cell lines compared with
normal cervical tissues and cell lines. In addition, the low
expression of DNM3 was significantly associated with high
pathological grading of cervical cancer. The overall survival
rate of patients with low DNM3 expression was significantly
improved compared with patients with high DNM3 expres‑
sion. In addition, the overexpression of DNM3 significantly
inhibited the proliferation, migration and invasion of cervical
carcinoma cells and induced cell apoptosis. The findings of
the present study further revealed that the overexpression of
DNM3 may inhibit cell migration and invasion by inactivating
the epithelial mesenchymal transition process. In summary,
the present study demonstrated that DNM3 was a tumor
suppressor in cervical cancer progression and that it may serve
as a potential prognostic biomarker for patients with cervical
carcinoma.
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Introduction
Cervical cancer is one of the most common malignan‑
cies, threatening women's physical and mental health
worldwide, especially in developing countries (1). A total of
~570,000 cases of cervical cancer and 311,000 deaths from the
disease occurred globally in 2018 (2). Cervical cancer is the
fourth most common cancer among women, after breast cancer
(2.1 million cases), colorectal cancer (0.8 million) and lung
cancer (0.7 million) (2). China and India together contribute
more than a third of the global cervical cancer burden, with
106,000 cases in China and 97,000 cases in India, and 48,000
deaths in China and 60,000 deaths in India (2). Cervical cancer
is divided into squamous cell carcinoma, adenocarcinoma,
adenosquamous carcinoma and neuroendorine carcinoma
according to pathological characteristics (3). Almost all
cervical cancer is induced by human papillomavirus infection
(HPV) 16 and 18, which generally spreads through sexual
activity and an impaired immune system (4,5). In recent years,
regular Pap smear screening has detected cervical cancer at an
earlier stage to reduce the number of associated deaths (6,7).
However, advanced cervical cancer still has a high mortality
rate, which results in 5‑year survival rates ranging from
16% (stage IVA) to 58% (stage IIB) (8). Hence, it is of great
importance to explore the molecular mechanisms, potential
prediction and treatment targets of cervical cancer.
The dynamins family belongs to the guanylate triphos‑
phatases superfamily, which is involved in the regulation
of the pathogenesis of a variety of carcinomas (9). For
example, dynamin‑2 upregulation is associated with the
progression of bladder cancer (10). Dynamin 1 and 2 can
promote the proliferation and metastasis of cancer cells,
whereas dynamin 3 (DNM3) is generally considered as a
candidate tumor suppressor (11). The sequence analysis of
the DNM3 promoter demonstrated that the DNM3 promoter
is hypermethylated in hepatocellular carcinoma (HCC)
tissues and DNM3 is expressed at significantly lower levels
in these tissues (12). Patients with HCC with low expression
of DNM3 generally have a poorer prognosis compared with
those with high DNM3 expression (12). Furthermore, over‑
expression of DNM3 induces cell cycle arrest and reduces
cell proliferation of HCC cell lines by activating p53 (13). In
addition, DNM3 overexpression can activate nitric oxide (NO)
synthases to generate NO, and the increased NO production
can induce reactive oxygen species accumulation and activate
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cell apoptosis of HCC cells (14). However, the precise tumor
suppressive mechanisms of DNM3 in cervical cancer remain
unclear.
The present study aimed to investigate the expression
pattern and biological functions of DNM3 in cervical cancer.
The findings of this study may be beneficial for the prognosis
or treatment of cervical cancer.
Materials and methods
Bioinformatics analysis. The mRNA expression level of
DNM3 was analyzed in 306 cases of cervical squamous
cell carcinoma and endocervical adenocarcinoma (CESC)
tissues and 13 cases of normal cervical tissues using the
online Gene Expression Profiling Interactive Analysis
(GEPIA) database (http://gepia.cancer‑pku.cn/) (15). RNA
sequencing data analyzed by GEPIA is generated by large
consortium projects, such as The Cancer Genome Atlas
(TCGA) and Genotype‑Tissue Expression project (GTex),
using the output of a standard processing pipeline for
RNA sequencing data (15). For survival analysis, GEPIA
uses the log‑rank test (Mantel‑Cox test) for hypothesis
evaluation (15).
Tissue collection. A total of 41 pairs of fresh cervical cancer
tissues and normal adjacent tissues (<3 cm) were collected
from patients diagnosed with cervical cancer who underwent
surgical resection at Linyi Cancer Hospital (Linyi, China)
between July 2018 and May 2019. The age range of the partici‑
pants was 19‑67 years, with a median age of 56 years. The
exclusion criteria of the patients were: i) Had any other malig‑
nant tumors or serious lesions; and ii) received radiotherapy
or any other preoperative treatment. The Ethics Committee of
Linyi Cancer Hospital approved the study and all the partici‑
pants provided written informed consent.
Immunohistochemistry (IHC). Clinical samples that had been
collected were fixed in formalin at 4˚C for 12 h and then
embedded in paraffin. Subsequently, the tissue was cut into
4‑µm paraffin sections using a cryostat. The paraffin sections
were dewaxed, rehydrated and blocked with 0.3% H 2O2.
Antigen retrieval was performed by microwaving in 0.01 M
citrate buffer for 10 min. After blocking with 5% goat serum
for 1 h at room temperature, the slides were exposed to
rabbit anti‑DNM3 (1:100; cat. no. 14737‑1‑AP; Proteintech
Group, Inc.) for 2 h at room temperature and subsequently
incubated with horseradish peroxidase (HRP)‑labeled goat
anti‑mouse/rabbit IgG polymer (1:5,000; cat. no. 160101405L;
Fuzhou Maixin Biotech Co., Ltd.) at room temperature for
20 min. Immune response was detected by the enhanced DAB
chromogenic kit (cat. no. 1705252031; Fuzhou Maixin Biotech
Co., Ltd.) at room temperature for 3 min, and hematoxylin
was used for counterstaining at room temperature for 5 min.
Finally, a light upright microscope system (Nikon Corporation)
was used to obtain images.
The immunostaining score of DNM3 was the product
of the score of the positive staining cells ratio (R) and the
staining intensity score (S). R was divided into 4 levels:
i) 0 (<5%, negative); ii) 1 (5‑25%, sporadic); iii) 2 (25‑50%,
focus); and iv) 3 (>51%, diffuse). S was also divided into

4 levels: i) 0 (negative); ii) 1 (weak); iii) 2 (medium); and
iv) 3 (strong). Finally, a total of 0‑3 was considered to repre‑
sent low expression and 4‑9 was considered to represent high
expression.
Cell culture and transfection. Human cervical cancer cell
lines (Caski, SiHa, Hela and C33A) and normal cervical cell
line H8 used in the present study were purchased from the
ATCC. The cells were cultured in RPMI‑1640 (Hyclone; GE
Healthcare Life Sciences) supplemented with 10% fetal bovine
serum (FBS) (Gibco; Thermo Fisher Scientific Inc.), 100 U/ml
penicillin and 0.1 mg/ml streptomycin (Sigma‑Aldrich; Merck
KGaA). The cells were grown in a humidified incubator with
5% CO2 at 37˚C. When the cells were in their exponential
growth phase, they were washed with PBS and treated with
trypsin‑EDTA (Beijing Solarbio Science and Technology Co.,
Ltd.), and then the cells were resuspended and seeded into
6‑well plates with a density of 5x104 for further experiments.
DNM3 cDNA was cloned into pcDNA3.1 plasmid
(DNM3, 5 nM) (V87020; Thermo Fisher Scientific, Inc.).
The empty pcDNA3.1 plasmid (Thermo Fisher Scientific,
Inc.) was used as a negative control (NC, 5 nM). When the
cell density reached 80% confluence, plasmid transfection was
performed according to the manufacturer's instructions using
Lipofectamine 2000 ® (Invitrogen; Thermo Fisher Scientific,
Inc.) at 37 C for 6 h. After 6 h, medium was changed to
complete medium, and the cells were cultured for a further
24 h prior to subsequent experimentation.
RNA extraction and reverse transcription‑quantitative (RT‑q)
PCR. Total RNA from cells was extracted using a TRIzol kit
(Thermo Fisher Scientific, Inc.) according to the manufac‑
turer's instructions. The isolated RNAs were used as templates
and reverse transcribed to obtain the first‑strand cDNA using a
HiFiScript cDNA Synthesis kit (CoWin Biosciences) according
to the manufacturer's instructions. Quantitative real‑time
PCR analysis was performed using the Magic SYBR mixture
(CoWin Biosciences). The cycling conditions were as follows:
Denaturation at 95˚C for 5 min, followed by 40 cycles of 95˚C
for 30 sec, 60˚C for 45 sec and 72˚C for 30 sec. The relative
quantification was performed by the 2‑∆∆Cq method (16). β‑actin
was used as the internal reference. The primer sequences were
as follows: DNM3 forward, 5'‑GCTCACCATCAGCAACAT
TGGC‑3' and reverse, 5'‑CCGA ACT TTCAGGTTGTCCAA
GG‑3'; and β‑actin, forward, 5'‑CCCGAGCCGTGTTTCCT‑3'
and reverse, 5'‑GTCCCAGTTGGTGACGATGC‑3'.
Immunof luorescence assay. SiHa and C33A cells
(1,000 cells/well) were plated in 6‑well chamber slides.
After 24 h, cells were fixed in 4% paraformaldehyde for
30 min at room temperature and permeabilized with 0.1%
Triton X‑100. Cells were probed for DNM3 primary anti‑
bodies (1:1,000; cat. no. 14737‑1‑AP; Proteintech Group,
Inc.) overnight at 4˚C and FITC‑labeled secondary antibody
(1:200; cat. no. CL488‑66484; Proteintech Group, Inc.) for
1 h at room temperature. Cell nuclei were stained with DAPI
(Sigma‑Aldrich; Merck KGaA) for 5 min in the dark at room
temperature. Images were captured using a fluorescence
microscope (IX2‑SL; Olympus Corporation) (magnification,
x400).
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Cell Counting Kit‑8 assay. Following transfection, SiHa
and C33A cells were cultured for 24 h. Next, the cells were
digested by trypsin‑EDTA solution, resuspended and counted.
The cells (1,000/well) were seeded into 96‑well plates, each
well containing 100 µl RPMI‑1640 medium (10% FBS). The
plates were cultured in a humidified incubator with 5% CO2
at 37˚C. Cell viability was measured every 24 h. For each
measurement, 10 µl CCK‑8 (Beijing Solarbio Science and
Technology Co., Ltd.) reagent was added into the wells and
incubated for 1.5 h. Finally, absorbance was measured by a
microplate reader at 450 nm and the growth curve drawn.
Plate clone formation assay. Following transfection for 24 h,
C33A and SiHa cells were resuspended and counted. The cells
were seeded into 60‑mm plates (500 cells/plate) containing
5 ml RPMI‑1640 medium (10% FBS) and cultured for 2 weeks
at 37˚C. Finally, the cells were fixed with 4% paraformalde‑
hyde for 30 min at room temperature and then stained with
0.1% crystal violet at room temperature for 30 min. Images
of visible colonies were captured with a HP Scanjet G4010
scanner (HP Spectre) and counted manually.
Transwell migration and invasion assays. Cell migration and
invasion detection was performed using Transwell chambers
(EMD Millipore). The transfected C33A and SiHa cells were
resuspended in serum‑free medium. For the invasion assay,
1x105 cells in 100 µl serum‑free medium were seeded into
the top chamber coated with Matrigel (BD Biosciences).
Complete medium (500 µl) containing 10% FBS was added
to the bottom wells. After incubating for 12 h at 37˚C, the
non‑invaded cells in the upper chamber were removed with
a cotton swab. Subsequently, the invaded cells were stained
with 0.1% crystal violet at room temperature for 10 min. Five
fields per filter were counted using a light microscope (Nikon
TE2000; Nikon Corporation) (magnification, x40). For the
migration assay, 5x103 cells were added to the top chambers.
Except for the Matrigel coating, the migration assay was the
same as the invasion assay. Matrigel (10 µl) (1:8) was added to
the upper chamber for 4 h at 37˚C.
Analysis of apoptosis by flow cytometry. Following transfec‑
tion, C33A and SiHa cells were cultured in complete medium
for 24 h at 37˚C, and then cultured in serum‑free medium
for another 24 h at 37˚C to induce apoptosis. The cells were
digested with EDTA‑free trypsin, and collected with the
1X binding buffer. The cell density was adjusted to 1x106/ml
and then 5 µl Annexin V/FITC (Beijing 4A Biotech Co., Ltd.)
was added to a 100 µl cell suspension and incubated at room
temperature for 5 min. After that, 10 µl propidium iodide (PI)
and 400 µl PBS buffer were added to the cell suspension. The
analysis of apoptosis was used a FACSCalibur Flow Cytometer
(BD Biosciences). Data were analyzed using FlowJo (v.4.5;
TreeStar, Inc.).
Western blotting. After 48 h of transfection, C33A and SiHa
cells were lysed with RIPA lysis buffer (CoWin Biosciences)
with protease inhibitor cocktail (CoWin Biosciences) to
collect total protein. The protein concentration was measured
by using bicinchoninic acid (BCA) protein assay kit (CoWin
Biosciences). The samples were boiled at 95˚C for 5 min in
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Table I. DNM3 expression in cervical cancer tissues (n=41)
compared with normal adjacent tissue.

Group
Cervical cancer
Normal adjacent

DNM3 expression
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Low, n (%)
High, n (%)
23 (56.1)
10 (24.4)

18 (43.9)
31 (75.6)

P‑value
0.007a

P<0.01, χ2 test. DNM3, dynamin 3.

a

LDS sample buffer (Invitrogen; Thermo Fisher Scientific, Inc.).
Protein (20 µg) samples was loaded onto the 10% SDS‑PAGE
gel. After electrophoresis, the protein was transferred to
a PVDF membrane (EMD Millipore). After transferring,
the PVDF membrane was blocked with 5% skimmed milk
for 1 h at room temperature. Then, the membranes were
incubated with primary antibodies against DNM3 (1:1,000;
cat. no. 14737‑1‑AP; Proteintech Group, Inc.), Bcl‑2 (1:2,000;
cat. no. 60178‑1‑Ig; ProteinTech Group, Inc.), Bax (1:1,000;
cat. no. 50599‑2‑Ig; ProteinTech Group, Inc.), cleaved caspase3
(1:1,000; cat. no. 19677‑1‑AP; ProteinTech Group, Inc.);
E‑cadherin (1:1,000; cat. no. ab194982; Abcam), N‑cadherin
(1:1,000; cat. no. ab18203; Abcam), vimentin (1:1,000;
cat. no. ab8978; Abcam) and GAPDH (1:500; cat. no. ab8245;
Abcam) at 4˚C overnight, followed by incubation with
anti‑rabbit IgG (1:2,000; cat. no. GTX300119; GeneTex, Inc.) or
anti‑mouse IgG (1:2,000; cat. no. GTX300120; GeneTex, Inc.)
secondary antibodies for 1 h at room temperature. Finally, the
protein bands were visualized by ECL reagents (Proteintech
Group, Inc.). GAPDH was used as a protein‑loading control.
Data were analyzed by Quantity One software (v.4.6; Bio‑Rad
Laboratories, Inc.).
Statistical analysis. SPSS 18.0 (SPSS Inc.) software was used
for statistical analysis. All assays were performed in tripli‑
cate. The data from individual experiments was presented
as the mean ± SD. The difference between the two groups
was determined by unpaired Student's t‑test. The difference
between multiple groups was determined by one‑way analysis
of variance (ANOVA) and a post hoc Scheffe's test. Table I
was analyzed by the χ2 test, and Table II was analyzed by
the Fisher's test. Kaplan‑Meier survival analysis was used to
evaluate the prognosis. The log‑rank test was used to compare
the survival curves. P<0.05 was considered to indicate a
statistically significant difference.
Results
DNM3 is significantly expressed at low levels in human
cervical cancer tissues and cells compared with normal
cervical tissues and cells. First, the GEPIA online database
was used to analyze the mRNA level of DNM3 in CESC
tissues (n=306) and normal cervical tissues (n=13). Expression
analysis demonstrated that the mRNA expression of DNM3
in CESC tissue was significantly lower compared with that in
normal cervical tissue (P<0.05; Fig. 1A). In addition, 41 clinical
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Table II. DNM3 expression associated with clinicopathological parameters of patients with cervical cancer.
Clinicopathological parameters
Age, years
<45
≥45
Tumor diameter, cm
<3
≥3
Pathological grading
I‑II
II‑III

N

DNM3 Low, n (%)

DNM3 High, n (%)

P‑value

17
24

10 (0.588)
15 (0.625)

7 (0.412)
9 (0.375)

0.930

15
26

9 (0.600)
14 (0.538)

6 (0.400)
12 (0.462)

0.956

28
13

12 (0.429)
11 (0.846)

16 (0.571)
2 (0.154)

0.030a

P<0.05, Fisher's test. DNM3, dynamin 3.

a

Figure 1. DNM3 is expressed at significantly low levels in human cervical cancer tissues and cells compared with normal cervical tissues and cells.
(A) Bioinformatics analysis of the expression profile of DNM3 in cervical squamous cell carcinoma and endocervical adenocarcinoma and normal tissues.
All data are from the GEPIA online database. (B) Immunohistochemistry staining of DNM3 protein in human cervical cancer tissue specimens. (C) Overall
survival curve of the human cervical cancer patients with different DNM3 expression levels. All data are from the GEPIA online database. (D) The endogenous
expression of DNM3 in cervical carcinoma cell lines (Caski, SiHa, Hela and C33A) was higher compared with that in the normal cervical cell line H8, as
determined by RT‑qPCR. (E) Immunofluorescence staining for DNM3 protein in C33A and SiHa cells (magnification, x400). *P<0.05, **P<0.01. DNM3,
dynamin 3; GEPIA, Gene Expression Profiling Interactive Analysis; RT‑q, reverse transcription quantitative; t, tumor; n, normal; HR, hazard ratio.

pairs of cervical cancer and corresponding adjacent normal
tissues were used for IHC analysis of DNM3. The findings
demonstrated that DNM3 was expressed at high levels in 75.6%
(31/41) of adjacent tissues and 43.9% (18/41) of cervical cancer
tissues (P=0.007; Fig. 1B; Table I). These data suggested that
DNM3 was expressed at a significantly lower level in human
cervical cancer tissues compared with that in normal tissues.
In addition, the low expression of DNM3 was significantly
associated with high pathological grading of cervical cancer

(P=0.030; Table II). However, the expression level of DNM3
had no significant association with patient age (P=0.792)
or tumor size (P=0.956; Table II). In further analysis of the
association between DNM3 expression and the progression of
cervical cancer, it was found that the survival of patients with
low DNM3 expression was significantly improved compared
with patients with high DNM3 expression (log‑rank P=0.0068;
Fig. 1C). The information regarding patients survival times
were obtained from the GEPIA online database. The results
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Figure 2. DNM3 overexpression suppresses the proliferation of cervical cancer cells. (A) DNM3 expression in C33A and SiHa cells was determined by
RT‑qPCR after plasmid transfection. (B and C) Proliferation of C33A and SiHa cells was detected by CCK-8 assay after DNM3 expression plasmid or NC
plasmid transfection. (D) Colony formation assay of C33A and SiHa cells transfected with NC or DNM3 expression plasmid. (E) Statistical analysis of cell
numbers of colony formation assay. *P<0.05, **P<0.01. DNM3, dynamin 3; RT‑q, reverse transcription quantitative; NC, negative control; OD, optical density.

of RT‑qPCR demonstrated that the mRNA level of DNM3 in
the cervical cancer Caski, SiHa, Hela and C33A cell lines was
significantly lower compared with that of the normal cervical
cell line H8 (P<0.01; Fig. 1D). Two cervical cancer cell lines,
C33A and SiHa, with low DNM3 expression were selected for
follow‑up experiments. In addition, the results of the immu‑
nofluorescence assay demonstrated that DNM3 was mainly
located in the cytoplasm (Fig. 1E).
DNM3 overexpression suppresses the proliferation of
cervical carcinoma cells. DNM3 expression plasmid was
transfected into C33A and SiHa cells to upregulate the
expression of DNM3 (P<0.01; Fig. 2A). Results of the CCK-8
experiment demonstrated that the proliferation of C33A and
SiHa cells with DNM3 overexpression was significantly
inhibited compared with that of the control group (P<0.01;
Fig. 2B and C). Similarly, the results of plate clone formation
demonstrated that DNM3 overexpression greatly reduced the
number of cell clones compared with the control group in both
cell lines (P<0.01; Fig. 2D and E). These data indicated that
the overexpression of DNM3 suppressed the proliferation of
human cervical carcinoma cells.
DNM3 overexpression suppresses the migration and invasion
of cervical carcinoma cells. Cancer cells are generally charac‑
terized by aberrant motility (17). In order to further investigate
the role of DNM3 in regulating cancer cell motility, Transwell
assays were performed. The invasion and migration abilities
of C33A and SiHa cells with high expression of DNM3 were
inhibited significantly compared with those of the control
group (P<0.01; Fig. 3).
DNM3 overexpression induces apoptosis of cervical carci‑
noma cells. Flow cytometry and western blotting were
performed to evaluate the effect of DNM3 overexpression on
the apoptosis of C33A and SiHa cells. The results of flow

cytometry demonstrated that DNM3 overexpression signifi‑
cantly promoted the apoptosis of C33A (P<0.01; Fig. 4A)
and SiHa (P<0.01; Fig. 4B) cells compared with the negative
control (NC) group, respectively. These findings were further
validated by western blotting. Bcl2 is an antiapoptotic
protein, Bax is a proapoptotic protein and caspase‑3 is an
apoptotic executioner (18). The aforementioned proteins serve
an important role in the process of apoptosis (19,20). The
results demonstrated that following DNM3 overexpression,
the level of Bcl2 was downregulated, while the expression
of Bax and cleaved caspase‑3 was upregulated in both cell
lines compared with the NC group (P<0.01; Fig. 4C). These
data indicated that DNM3 promoted the apoptosis of cervical
cancer cells.
DNM3 overexpression suppresses the EMT of cervical carci‑
noma cells. EMT is a developmental program and related to
the progression and metastasis of cancer (21). The present
study investigated the involvement of EMT in cervical cancer
tumor progression. Epithelial and mesenchymal markers were
assessed by western blotting and the results demonstrated
that C33A and SiHa cells overexpressing DNM3 exhibited a
significant upregulation of E‑cadherin expression; meanwhile
the expression of mesenchymal markers N‑cadherin and
vimentin was significantly downregulated compared with the
NC group (P<0.01; Fig. 4D).
Discussion
DNM3 serves a vital role in the regulation of tumor progres‑
sion (22). Numerous emerging studies have demonstrated
that DNM3 exhibits decreased expression in some types of
tumor tissues, such as colon cancer (22) and hepatocellular
carcinoma (10). By contrast, one study demonstrated that the
expression of DNM3 is upregulated in glioblastoma multi‑
forme (GBM). In GBM orthotopic xenograft models, DNM3
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Figure 3. DNM3 overexpression suppresses the migration and invasion of C33A and SiHa cells. (A and B) C33A and SiHa cells were transfected with NC or
DNM3 expression plasmid. Cell migration and invasion were analyzed by Transwell assays. Statistical analysis of cell numbers of migration and invasion assay
are presented (magnification, x40). **P<0.01. DNM3, dynamin 3; NC, negative control.

Figure 4. DNM3 overexpression promotes cell apoptosis and inhibits epithelial mesenchymal transition of C33A and SiHa cells. (A and B) C33A and SiHa cells
were transfected with NC or DNM3 expression plasmid, and then cell apoptosis was determined using double staining with Annexin V/PI by flow cytometry.
Statistical analysis of cell numbers after flow cytometry was presented. (C) C33A and SiHa cells were transfected with NC or DNM3 expression plasmid for
24 h. Next, the protein expression of Bcl2, Bax, cleaved caspase‑3 and GAPDH was assessed by western blotting. Relative amounts of proteins were normal‑
ized to GAPDH in C33A and SiHa cells. (D) Protein expression of E‑cadherin, N‑cadherin, vimentin and GAPDH by western blotting. Relative amounts of
proteins were normalized to GAPDH in C33A and SiHa cells. **P<0.01. DNM3, dynamin 3; NC, negative control; PI, propidium iodide; E‑cad, E‑cadherin;
N‑cad, N‑cadherin.

expression was increased in original tumors and exosomes.
The mRNA levels of DNM3 also increased in recurrence

tumors and exosomes from recurrent tumor xenografts (23).
To the best of our knowledge, there are no previous studies
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on the association between DNM3 expression and cervical
cancer. The present study evaluated the expression of DNM3
in cervical tumors. The expression of DNM3 decreased
in cervical cancerous tissues compared with that in normal
adjacent tissues. The present study also examined the mRNA
expression profile of DNM3 in four different cervical carci‑
noma cell lines (Caski, SiHa, Hela and C33A) and one normal
cell line (H8) by RT‑qPCR. The results demonstrated that the
expression of DNM3 was downregulated in cervical carcinoma
cells compared with that in normal cervical cells. In addition,
using immunofluorescence analysis in the present study, it was
demonstrated that DNM3 was located in the cytoplasm. In the
present study, the methylation status of the DNM3 promoter
region was not assessed in cervical cancer tissues and cells.
Promoter hypermethylation may be related to decreased
expression. This should be investigated by future studies.
In the present study, the function of DNM3 in cervical
cancer cells was assessed by function analyses, such as
proliferation, apoptosis, migration and invasion of SiHa
and C33A cells. The results of CCK‑8 and clone formation
assays demonstrated that DNM3 overexpression significantly
inhibited the proliferation of SiHa and C33A cells compared
with NC groups. Cervical cancer generally develops distant
metastases through the hematogenous route. In the present
study, the findings of the Transwell assay demonstrated that
the overexpression of DNM3 reduced cell migration and inva‑
sion of SiHa and C33A cells compared with NC groups. Flow
cytometry analysis revealed that the overexpression of DNM3
promoted the apoptosis of SiHa and C33A cells.
The present study demonstrated that the overexpres‑
sion of DNM3 inhibits the EMT process. EMT is a crucial
process in the regulation of cell migration and invasion (21).
Combined with the results of the Transwell assay, the present
study revealed that the overexpression of DNM3 may inhibit
the migration and invasion of cancer cells by suppressing the
EMT process. However, the association between DNM3 and
EMT needs further investigation.
In conclusion, the present study demonstrated the func‑
tions of DNM3 in cervical carcinoma cells. The expression of
DNM3 was downregulated in cervical cancer tissues and cells
compared with normal cervical tissues and cells. Meanwhile,
the overexpression of DNM3 inhibited the proliferation,
migration and invasion of cervical cancer cells and promoted
apoptosis. Based on the findings of the present study, DNM3
may be a new potential prognostic biomarker and therapeutic
target for cervical cancer.
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