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A B S T R A C T

Background: Cervical cancer is the common gynecological deadly malignancy worldwide. Here we attempted to
evaluate the effects and mechanisms of microRNA-501-5p (miR-501) on the cell proliferation, migration, in-
vasion and the clinical significance in the cervical cancer.
Methods: Cervical cancer HeLa cells were transfected with miR-501 mimic or inhibitor or siRNA against
Cylindromatosis (CYLD) using Lipofectamine 2000. miR-501 expression was assessed in HeLa cells and cervical
cancer specimens by real-time qRT-PCR. The functional roles of miR-501 were determined by CCK-8, colony
formation, scratch wound healing and transwell assays. The apoptosis rate was detected by flow cytometry
assay. CYLD, BCL-2, BAX, NF-κB p65 and phosphorylated p65 (p-p65) proteins were examined by Western
blotting. CYLD expression was evaluated by immunohistochemistry in cervical cancer tissues.
Results: miR-501 was upregulated, whereas CYLD protein was downregulated in cervical cancer tissues com-
pared to normal cervical tissues. miR-501 overexpression and CYLD protein downregulation were positively
correlated with poor differentiation, tumor size, International Federation of Gynecology and Obstetrics (FIGO)
stage and lymph node metastasis. CYLD was downregulated by miR-501 at both mRNA and protein levels in
HeLa cells. miR-501 promoted cell proliferation, migration and invasion in cervical cancer, while inhibited the
apoptosis. This is possibly due to the downregulation of CYLD and subsequent activation of NF-κB p65.
Conclusions: miR-501 upregulation and CYLD downregulation are associated with the development and pro-
gression of cervical cancer. miR-501 promotes cervical cancer cell proliferation, migration and invasion possibly
via downregulating CYLD and subsequently activating NF-κB p65. miR-501 might be a potential therapeutic
target for cervical cancer.

1. Introduction

Cervical cancer is a common gynecological malignancy that has
been reported to be a leading cause of cancer-related mortality among
women worldwide [1–3]. Human papilloma virus (HPV) is believed to
play a major role in the etiology of cervical cancer, though some other

factors may also be involved [4]. Currently surgery, radiation and
chemotherapy combination improve the prognosis of cervical cancer,
however, a considerable number of patients at late stage still suffer
from the metastasis and recurrence [5].

microRNAs (miRNAs) are a class of endogenous short noncoding
RNAs that inhibit post-transcriptional gene expression by binding to
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target mRNA at their 3′-untranslated region (3′-UTR) [6]. They are key
players in various critical cellular processes such as proliferation, cell
cycle progression, apoptosis and differentiation [7–11]. During the past
decade, miRNAs aberration has been found to be involved in the tu-
morigenesis and progression in various types of malignancies including
cervical cancer [12–18]. miRNAs may be the optimal candidates as the
biomarkers for diagnosis and prognosis, and may also be the potential
therapeutic targets [19,20].

Recently discovered oncomir microRNA-501-5p (miR-501) is a non-
conserved miRNA emerging as a potential key player in tumorigenesis.
miR-501 was found to be overexpressed in hepatocellular carcinoma
(HCC) HepG2 cells and tissues with high-hepatitis B virus (HBV) re-
plication [21]. Huang et al. [22] also reported that miR-501 is upre-
gulated in the HCC cells and tissues, and miR-501 enhances the pro-
liferation of HCC cells in vitro through decreased Cylindromatosis
(CYLD) and increased cyclin D1 and c-myc expressions. Recently Zhang
et al. [23] screened the key miRNAs for HCC using miRNA-mRNA
functional synergistic network and found that miR-501 is the most
significantly upregulated miRNA in HCC tissues. Another study de-
monstrated that miR-501 is overexpressed in gastric cancer cell lines
and human gastric cancer tissues, and high miR-501 expression could
be a poor overall survival predictor in gastric cancer patients. In ad-
dition, miR-501 promotes gastric cancer stem cell like phenotype by
directly targeting DKK1, NKD1 and GSK3β and subsequent activated
Wnt/β-catenin signalling [24]. miR-501 is also reported to be upregu-
lated in the conjunctival malignant melanoma and retinoblastoma
[25,26]. However, the impacts and underlying mechanisms of miR-501
on the cervical cancer have not been explored.

CYLD was originally identified as a gene mutated in familial cylin-
dromatosis (FC) which is described as a genetic disorder predisposing
for the development of tumors of skin appendages, termed cylindroma
[27]. CYLD gene is map on chromosome 16q12.1 and its C-terminal
region contains a catalytic domain with sequence homology to ubi-
quitin-specific peptidases (USP) family members [27,28]. CYLD gene
mutations are also associated with multiple familial trichoepithelioma
(MFT) and multiple myeloma [29–31]. Additionally, comparative
genomic hybridization (CGH) assay revealed reduced copy number of
CYLD in kidney cancer, HCC and glassy cell carcinoma cell lines of the
uterine cervix [32–34]. Meanwhile, suppressed CYLD gene expression
was found in the colorectal cancer, breast cancer and lung cancer
[35–37]. Thus, CYLD is considered as a tumor suppressor. Moreover,
CYLD has been reported to bind to IKK gamma, a component of the
IkappaB kinase (IKK) complex, and negatively regulate the nuclear
factor-kappa B (NF-κB) activity [38].

In the present study, we investigated the roles of miR-501 on cer-
vical cancer in vitro and its correlation with the clinicopathologic fea-
tures. We found that CYLD was downregulated by miR-501 at both
mRNA and protein levels in the cervical cancer HeLa cells. The in vitro
experiments showed that miR-501 promoted cervical cancer cell pro-
liferation, migration and invasion, while inhibited apoptosis. NF-κB
p65, phosphorylated p65 (p-p65) and BCL-2 expressions were increased
and BAX was decreased while CYLD was downregulated by miR-501. In
addition, miR-501 was overexpressed and CYLD protein was reduced in
the cervical squamous cancer tissues compared to the adjacent normal
cervical squamous epithelium. Furthermore, miR-501 overexpression
and CYLD downregulation were positively correlated with poor differ-
entiation, tumor size, International Federation of Gynecology and
Obstetrics (FIGO) stage and lymph node metastasis. Therefore, our re-
sults suggest that miR-501 promotes cervical cancer cell proliferation,
migration and invasion possibly through downregulating CYLD and
activating NF-κB p65. miR-501 upregulation and CYLD downregulation
were associated with the development and progression of cervical
cancer. miR-501 might be a potential therapeutic target for cervical
cancer.

2. Materials and methods

2.1. Cell culture

Human cervical cancer cell line HeLa (ATCC, USA) was cultured in
DMEM supplemented with penicillin/streptomycin and 10% fetal bo-
vine serum (Omega, China), and incubated in a humidified incubator at
37 °C with 5% CO2.

2.2. Human cervical cancer specimens

Forty-nine formalin-fixed human cervical carcinoma tissue samples
were collected from the Department of Pathology, Dalian Municipal
Central Hospital, Dalian, China, and embedded in paraffin for real-time
qRT-PCR and immunohistochemistry analysis. The relevant guidelines
and experimental protocols regarding the use of human samples for
clinical and experimental research were approved by the Medical Ethics
Committee of the Dalian Municipal Central Hospital. The clinical and
pathological diagnoses as well as malignancy classifications were de-
termined by pathologists, based on the FIGO classification system.
Cervical cancer specimens were earlier examined histologically by he-
matoxylin and eosin (H&E) staining. Paired adjacent normal cervical
tissues from the patients under study were obtained and used as ne-
gative control.

2.3. Cell transfection

At 24 h prior to transfection, HeLa cells were plated into 6-well
plates at a density of 5× 105 cells per well and were then transfected
with 100 nM of miR-501 mimic (miR-501) or nonspecific sequence
control (NC) using Lipofectamine 2000 (Invitrogen, USA) according to
the manufacturer's protocol. siRNA against CYLD (siCYLD, GeneChem,
China) transfection was achieved in a similar manner. The non-trans-
fected HeLa cells (Control) was also a negative control. The transfected
cells were prepared for RNA and protein extraction at 24 h and 48 h
after transfection, respectively.

Knock-down of endogenous miR-501 was obtained through trans-
fection with miR-501 inhibitor (501i) at a final concentration of 100 nM
by Lipofectamine 2000 (Invitrogen, USA) in six-well plates
(5×105 cells/well). The scrambled miRNA inhibitor (NCi), un-ma-
nipulated HeLa cells (Control), and co-transfections of miR-501 in-
hibitor and siCYLD (501i + siCYLD) were the negative controls. The
transfected cells were harvested for RNA and protein extraction at 24 h
and 72 h after transfection, respectively.

2.4. RNA extraction and real-time qRT-PCR

Total RNA was extracted from the parental and transfected HeLa
cells respectively using Trizol (TransGen Biotech, China) reagent in
accordance with the manufacturer's protocol. For the cervical cancer
tissues, prior to RNA extraction, totally 5 sections of formalin-fixed and
paraffin-embedded (FFPE) tissues (8–10 μm each) were deparaffinized
with 100% xylene and 100% alcohol, digested by digestion buffer and
protease (Invitrogen, USA), and incubated in an incubator at 55 °C for
1 h. Then total RNA was isolated using Trizol reagent according to the
manufacturer's instructions.

For the real-time qRT-PCR analysis of miRNA, cDNA was synthe-
sized using the TaqMan microRNA Reverse Transcription Kit (Life
Technologies, USA). Quantitative PCR was carried out with MX3000P
machine (Agilent Technologies, USA). PCR was carried out under the
following conditions: 45 cycles of denaturation for 30 s at 95 °C, an-
nealing for 30 s at 55 °C, and extension for 30 s at 72 °C. The miR-501
and endogenous control RNU6B primers were purchased from Ambion
(Austin, USA). The expression value of miR-501 was normalized to
RNU6B and was calculated using the 2(−ΔΔCT) formula.

For the real-time qRT-PCR analysis of mRNA, the reverse
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transcription of purified RNA from the samples was performed using
TransScript RT II one step gDNA Removel Reagent Kit (TransGen
Biotech, China). The amplification for mRNA was carried out using
2×TransStar Top Green pPCR SuperMix (TransGen Biotech, China) on
an Agilent MX3000P instrument. The quantification of gene transcript
was normalized to GAPDH and was calculated using the 2(−ΔΔCT) for-
mula. All the real-time qRT-PCR experiments were done in triplicate.
The sequences of primer pairs for CYLD and GAPDH were listed in the
Supplementary Table 1.

2.5. Western blotting

Cells were harvested and washed twice with ice-cold PBS. Total
proteins were extracted and then quantified by the BSA method using
Bradford spectrometer (Sigma-Aldrich, USA). Same amounts of proteins
prepared into equal volumes were loaded onto a gel (SDS-PAGE) and
separated by electrophoresis. Using pre-stained protein molecular
weight ladder as a guide, portions of the gel corresponding to the
molecular weights of CYLD and β-tubulin proteins were sectioned out
and transblotted onto a PVDF membrane (Millipore, USA). The mem-
brane was blocked in 5% non-fat milk for one hour and then probed
with polyclonal anti-rabbit CYLD antibody (1:1000, Proteintech,
China), polyclonal anti-rabbit BCL-2 (1:400, Boster, China), polyclonal
anti-rabbit BAX (1:400, Proteintech, China), polyclonal anti-rabbit NF-
κB p65 (1:400, Boster, China), polyclonal anti-rabbit p-p65 (1:500,
Abcam, China), and monoclonal anti-rabbit β-tubulin (1:500, Abgent,
USA) primary antibodies overnight at 4 °C. After washing the mem-
brane, HRP-conjugated rabbit anti-IgG secondary antibody (LI-COR
Biosciences, USA) was applied to the above-mentioned proteins for 1 h
and the bright bands were captured by Li-Cor Odyssey Infrared Imaging
System (Version 3.0 software, LI-COR Biosciences, USA).

2.6. CCK-8 assay

The effects of miR-501 on HeLa cell proliferation was measured
using CCK-8 cell proliferation kit (Sigma-Aldrich, USA). Twenty-four
hours after transfection, triplicates of 3×103 cells per well were
seeded in 96 well plates and cell proliferation was measured at 0 h,
24 h, 48 h and 72 h. The absorbance at 450 nm was measured at 2 h
after adding 10 μl of CCK-8 reagent using Multiskan Go spectrometer
(Thermo Fisher, USA).

2.7. Colony formation assay

To further assess the growth potential of the various group of cells
mentioned above, colony formation assay was performed. Five hundred
cells per well in triplicate were seeded in 6-well plates containing
complete medium (DMEM with 10% FBS) and incubated for 7 days. The
colonies were then fixed in 4% formalin, stained with 1% crystal violet
for 20min and then counted. This experiment was repeated 3 times to
ensure reproducibility of the results.

2.8. Scratch wound healing assay

Scratch wound healing assay was performed to further interrogate
the effects of miR-501 on migratory ability of cervical cancer cells.
HeLa cells (2× 105/well) were seeded into 6-well plates and trans-
fected with miRNAs, miRNA inhibitors or siRNA respectively as men-
tioned as above. At 80% confluence of growth, the wounds were cre-
ated with the aid of 200-μl pipette tip at the middle of each well and the
debris was washed off with PBS. Cells were cultured in the serum-free
medium for 24 h, 48 h, and 72 h. The wound closures were observed at
the various aforementioned time points and the pictures of re-
presentative scrape lines were taken. Duplicate wells for each condition
were examined, and each experiment was repeated for three con-
secutive times.

2.9. Transwell migration and invasion assays

Cells at a density of 1× 105 cells per well in triplicate were plated
in the upper chamber of the 24 well plate (pore size 8 μm, Corning,
USA) containing 200 μl of serum-free DMEM medium. For invasion
assay the base of the upper chambers was coated with extracellular
matrigel (BD Biosciences, USA) to serve as artificial membrane. The
lower chambers were filled with 700 μl complete medium to serve as a
chemoattractant. The plates were incubated for 16 h at 5% CO2 at 37 °C
in a humidified incubator. Cells were fixed in methanol for 10min,
stained with 1% crystal violet for 20min, and upper inserts were
swabbed with dry cotton and dried for 30min. The cells penetrating
through the inserts were assessed by randomly choosing 5 fields under
the microscope (Olympus IX73; Olympus Corporation, Japan).

2.10. Annexin V/Propidium iodide apoptosis assay

In order to assess the influences of miR-501 on the survival of cer-
vical cancer cells, Annexin V/Propedium iodide (PI) apoptosis assay
(BD Biosciences, USA) using flow cytometry was employed. In sum-
mary, duplicate of 5×105 cells/well of HeLa cells (Control), negative
Control (NC), miR-501 mimic (miR-501), siCLYD, miR-501 inhibitor
(501i) and co-transfections of miR-501 inhibitor and siCLYD
(501i + siCYLD) were plated in 6-well plates containing DMEM with
10% FBS. After 24 h of incubation, cells were detached with trypsin,
washed twice with ice-cold PBS and concurrently stained with 5 μl of
Annexin V-FITC and 5 μl of propidium iodide (50 μg/ml) (KenGen,
China) for 15 min at room temperature in the dark. The population of
Annexin V-positive cells was evaluated by FACS Calibur flow cytometry
(BD Biosciences, USA).

2.11. Immunohistochemistry

The expression of CYLD protein in cervical cancer specimens was
analyzed by immunohistochemistry. Five micrometers blocky paraffin
sections of cervical cancer and adjacent normal tissues were cut and
mounted on poly-L-lysine-coated slides (Tianjin Fuyu Fine Chemical Co.
Ltd, Tianjin, China). Subsequently, sections were deparaffinized, rehy-
drated and treated with citric acid buffer (pH 6.0) at 95–100 °C, 10min
for antigen retrieval. Endogenous peroxidase activity was blocked by
incubation in 3% H2O2 for 20min. Tissues were then incubated with
primary polyclonal anti-rabbit CYLD antibody (1:100; proteintech,
China) in a humidified chamber overnight at 4 °C. The following day
the slides were washed with PBS and incubated with secondary anti-
body (Santa Cruz Biotechnology, USA) for 30min. After washing, de-
tection was determined by a Non-Biotin Horseradish Peroxidase
Detection System and DAB substrate (Dako, USA). The sections were
counterstained by hematoxylin (Tianjin Fuyu Fine Chemical Co. Ltd,
Tianjin, China) and mounted in DPX (Tianjin Fuyu Fine Chemical Co.
Ltd, Tianjin, China).

Immunohistochemistry results of CYLD expression in cervical tis-
sues were observed and evaluated by 2 pathologists independently.
CYLD protein was located on the cytoplasm of cervical squamous
cancer cells and normal stratified squamous epithelial cells. The ex-
pression of CYLD was evaluated using a semi-quantitative im-
munohistochemical score (0–12 points) depending on the intensity (0–3
points) and proportion (0–4 points) [39]. The staining intensity was
classified as following: 0=negative staining, 1=weak staining,
2=moderate staining and 3= strong staining. The proportion of po-
sitive staining was scored as following: no staining was 0,< 25% was
1, 25–50% was 2, 51–75% was 3 and > 75% was 4. The staining scores
were calculated by multiplying the intensity score by the extent of
positive cells staining, which yielded a range from 0 to 12 points. The
cutoff number of positive CYLD expression was set as> 2.
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2.12. Statistical analysis

SPSS version 15.0 and Graph Pad Prism version 5 (Graph Pad
Software. Inc., USA) were used for the data analysis. Two matched
clinical sample groups were analyzed by paired t-test and two unpaired
groups were analyzed by unpaired t-test. One-way ANOVA followed by
a Bonferroni-Dunn test was used to compare more than two groups.
Chi-square test was used to assess the associations among the positive
staining of CYLD and clinicopathological indices. The data were pre-
sented as mean ± SD and statistical significance was set at P < 0.05.

3. Results

3.1. miR-501 expression is increased and positively correlated with some
clinicopathologic features of cervical cancer

To determine the clinical significance of miR-501 in the cervical
cancer development and progression, we detected the expression of
miR-501 in 49 paired of cervical cancer specimens and the corre-
sponding normal cervical tissues. The real-time qRT-PCR results
showed a significant increase in the expression of miR-501 in tumor
tissues compared with normal tissues (P=0.021, Fig. 1A and B). Fur-
thermore, the relationship between miR-501 and the clinicopathologic
characteristics of cervical cancer cases was studied and showed in
Table 1. Each case was subdivided into a low-expression group and a
high-expression group using the median value (2.31) of miR-501 as the
cutoff number. Our results demonstrated that miR-501 expression was
positively correlated with poor tumor differentiation (P=0.043),
tumor size (P=0.026), FIGO stage (P=0.019) and lymph node me-
tastasis (P=0.010). No significant correlation between miR-501 ex-
pression and age and HPV infection was observed (P > 0.05). These
data indicate that miR-501 is associated with the development and
progression of cervical cancer.

3.2. CYLD is downregulated by miR-501 in cervical cancer cells

In a previous study, luciferase reporter assay results demonstrated

that CYLD mRNA-3′UTR is directly targeted by miR-501 in HCC [22].
The predominant binding sites between miR-501 and the 3′-UTR of
CYLD mRNA were shown in Fig. 2A. To confirm the expression of CYLD
is regulated by miR-501 in cervical cancer, we transfected miR-501
mimic into HeLa cells. The real-time qRT-PCR analysis showed that
miR-501 was dramatically upregulated compared to Control and NC
groups (Supplementary Fig. 1A, P < 0.001), indicating that miR-501 is
successfully transfected. CYLD was significantly reduced by miR-501
both at mRNA and protein levels shown by real-time qRT-PCR and
Western blotting analyses, while similar results were observed in the
siCYLD group (Fig. 2B and C, P < 0.01). There was no significant
difference between Control and NC groups (Fig. 2B and C, P > 0.05).

Fig. 1. miR-501 is overexpressed in cervical squamous
cancer specimens. (A) RNA was extracted from the FFPE
cervical cancer samples (Tumor, n = 49) and miR-501 were
measured by real-time qRT-PCR. The paired adjacent
normal cervical tissue (Normal, n = 49) was the negative
control. Data were expressed as mean ± SD, *P < 0.05.
(B) The relative quantification of miR-501 in each in-
dividual paired sample was shown.

Table 1
Relationship between miR-501 expression and clinicopathologic characteristics in cer-
vical cancer.

Characteristics No. of cases miR-501 expression P value

<2.31 ≥2.31

Age (year) 0.517
>50 22 9 13
≤50 27 12 15
Tumor size (cm) 0.026∗

>4 31 13 18
≤4 18 15 3
FIGO stage 0.019∗

I 30 17 13
II 19 4 15
HPV infection 0.072
Yes 21 12 9
No 28 9 19
Lymph node metastasis 0.010∗

Yes 17 2 15
No 32 19 13
Differentiation 0.043∗

Well 14 8 6
Moderate 11 7 4
Poor 24 6 18

*P< 0.05.
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These results indicate that CYLD is downregulated by miR-501 at post-
transcriptional level in the cervical cancer cells.

Except the gain-of-function analysis, we also used loss-of-function
experiments to confirm the regulatory relationship between miR-501
and CYLD. The miR-501 expression was blocked by the inhibitor as
shown in Supplementary Fig. 1B (P < 0.01). Knockdown of miR-501
resulted in significant upregulation of CYLD both at mRNA and protein
levels (Fig. 2D and E, P < 0.01). The expressions of CYLD in the
Control, NCi and 501i + siCYLD groups were comparable (Fig. 2D and
E, P > 0.05). These data further verify the negative regulatory be-
tween miR-501 and CYLD.

3.3. miR-501 promotes cell proliferative potential of cervical cancer via
downregulating CYLD

To determine the influences of miR-501 on the cervical cancer, we
first examined the cell proliferative capacity by CCK-8 and colony
formation assays. As Fig. 3A and B shown, there was an overwhelming
increase in both cell proliferation and average colony count in the miR-
501 and siCYLD groups compared with the Control and NC groups
(P < 0.01). No significant difference was observed when the Control

group was compared with the NC group (Fig. 3A and B, P > 0.05).
Similar results were noticed after comparing the miR-501 group with
the siCYLD group (Fig. 3A and B, P > 0.05).

On the contrary, significant decrease in cell proliferation and
average colony count was observed in the 501i group compared with
the Control, NC and 501i + siCYLD groups (Fig. 3C and D, P < 0.01),
while the results were comparable in the Control, NC and 501i + si-
CYLD groups (Fig. 3C and D, P > 0.05). In summary, the viability
experiments reveal that miR-501 enhances the cervical cancer cell
growth possibly through targeting CYLD.

3.4. miR-501 promotes the migratory and invasive abilities of cervical
cancer cells through downregulating CYLD

Next, we aimed to interrogate whether miR-501 influences cervical
cancer cell migratory and invasive capacities using scratch wound
healing and Corning transwell assays. Scratch wound healing experi-
ment determined the extent of cell migration by inferring to closure or
narrowing of wound area in culturing cells at time points of 24 h, 48 h
and 72 h respectively. Our results showed a significant decrease in
wound area of miR-501 and siCYLD compared to Control and NC,

Fig. 2. miR-501 inhibits CYLD expression in cervical cancer cells. (A) The 3′-UTR of CYLD mRNA contains the putative binding sites of miR-501. (B) HeLa cells were transfected with miR-
501 mimic (miR-501) using Lipofectamine 2000. Nonspecific sequence miRNA (NC) and non-transfected HeLa cells (Control) were the negative control. The siRNA against CYLD (siCYLD)
was the positive control. The relative expression of CYLD mRNA was examined by real-time qRT-PCR after normalizing to GAPDH (n = 3), **P < 0.01. (C) The expression of CYLD
protein was determined by Western blotting after transfection described as in (B). β-tubulin was used as a loading control. The Western blotting results were analyzed by Odyssey infrared
imaging software. (D) HeLa cells were transfected with miR-501 inhibitor (501i) using Lipofectamine 2000. Non-transfected HeLa cells (Control), scrambled miRNA inhibitor (NCi) and
co-transfection of miR-501 inhibitor and siRNA against CYLD (501i + siCYLD) were the negative control. The relative expression of CYLD mRNA was measured by real-time qRT-PCR
after normalizing to GAPDH (n = 3), **P < 0.01. (E) The expression of CYLD protein was detected by Western blotting after transfection described as in (D). β-tubulin was used as a
loading control and the Western blotting results were analyzed by Odyssey infrared imaging software.
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following 48 h and 72 h of incubation (Fig. 4A, P < 0.01). No sig-
nificant difference in wound area was seen between Control and NC as
well as between miR-501 and siCYLD (Fig. 4A, P > 0.05). Conversely,
the wound area was larger in the 501i group compared to the Control,
NCi and 501i + siCYLD groups after 24 h (Fig. 4B, P < 0.05), 48 h and
72 h of incubation (Fig. 4B, P < 0.01). When the Control, NCi and
501i + siCYLD groups were compared, no significant difference in
wound closure was observed (Fig. 4B, P > 0.05).

Subsequently, we assessed the impacts of miR-501 on cervical
cancer cell migration and invasion using Corning transwell assays. Our
data showed that overexpression of miR-501 and silenced CYLD en-
hanced HeLa cells migration and invasion significantly compared to
Control and NC (Fig. 4C and D, P < 0.01). No significant difference
was observed between Control and NC and also, that of miR-501 and
siCYLD (Fig. 4C and D, P > 0.05). On the contrary, migration and
invasion was remarkably inhibited in 501i group compared to Control,
NCi and 501i + siCYLD groups (Fig. 4E and F, P < 0.01), while the cell
numbers penetrating through the inserts in the Control, NCi and
501i + siCYLD groups were comparable (Fig. 4E and F, P > 0.05).
These results indicate that miR-501 enhances the cervical cancer cell
migratory and invasive capacities via downregulating CYLD.

3.5. miR-501 inhibits the apoptosis of HeLa cells by downregulating CYLD

In order to reveal the underlying mechanism by which miR-501/
CYLD axis works on cervical cancer cell proliferation, migration and

invasion, we tested the apoptotic rate using flow cytometry. As Fig. 5A
shown, the significant decrease in early, late and total apoptosis was
observed after upregulation of miR-501 and knockdown of CYLD
(P < 0.05), especially in early apoptosis. No significant deference was
observed between Control and NC as well as miR-501 and siCYLD
(Fig. 5A, P > 0.05). However, a substantial decrease in cell survival
determined by Annexin V/PI experiment was observed in 501i as
compared to Control, NCi and 501i + siCYLD (Fig. 5B, P> < 0.01).
The significant decrease was seen in the early stage of apoptosis and
total apoptosis (P < 0.01). No significant difference was observed
when the Control, NCi, and 501i + siCYLD were compared with each
other (Fig. 5B, P > 0.05). The expressions of pro- and anti-apoptotic
genes, BCL-2 and BAX, were also examined by Western blotting. As
Fig. 5C shown, BCL-2 protein was increased while BAX protein was
decreased after miR-501 transfection. These data indicate that miR-501
is able to inhibit the apoptosis of cervical cancer cells likely via
downregulating CYLD.

We then determined whether constitutive activation of NF-κB p65 is
involved in the function of miR-501. Our results showed that NF-κB p65
and phosphorylated p65 (p-p65) proteins in the groups of miR-501 and
siCYLD were significantly elevated compared with Control and NC
groups (Fig. 5C, P < 0.05), suggesting that miR-501/CYLD axis might
stimulate NF-κB p65 activation, therefore suppress the apoptosis and
promote the cervical cancer cell proliferative, migratory and invasive
potentials.

Fig. 3. miR-501 promotes the proliferation of cervical cancer cells. (A) HeLa cells were transfected with miRNA mimics or siRNA described as above and then replated in 96-well plates.
The cell proliferative capacity was detected by the CCK-8 assay (n = 3), *P < 0.05, **P < 0.01. (B) HeLa cells transfected with miRNA mimics or siRNA were seeded in the 6-well plates
and incubated for 1 week. The cell colonies were fixed, stained and counted (n = 3), **P < 0.01. (C) and (D) HeLa cells were transfected with miRNA inhibitors described as above, and
the cell proliferative potential was determined by CCK-8 assay and cell colony formation assay (n = 3), *P < 0.05, **P < 0.01.
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3.6. CYLD expression is downregulated in the cervical cancer tissues and
negatively correlated with some clinicopathologic characteristics in cervical
cancer

To assess the clinical significance of CYLD protein in cervical cancer,
we investigated the expression of CYLD in 49 paired specimens (normal
and cervical carcinoma) using immunohistochemical staining method.
We found that CYLD was mainly expressed in the cytoplasm (Fig. 6A).
The immunohistochemical score of CYLD in the cervical normal tissue
was dramatically higher than that in the cervical cancer tissue (Fig. 6B,
P < 0.01). Meanwhile, the positive percentage of CYLD showed similar
trend in this cohort (Table 2, P < 0.05). Also, the relationship between
CYLD expression and the clinicopathologic parameters of cervical
cancer was studied. Each case was subdivided into CYLD positive group
(+) and negative group (−) based on the cutoff number of im-
munohistochemical staining. As Table 3 shown, CYLD expression was
negatively correlated with the tumor size (P=0.041), FIGO stage
(P=0.037), lymph node metastasis (P=0.016) and tumor differ-
entiation (P=0.020). No correlation was observed between CYLD ex-
pression and age and HPV infection (P=0.380 and P=0.292 respec-
tively). These data demonstrate that CYLD plays a role on inhibiting the
development and progression of cervical cancer.

4. Discussion

Although some advances have been made over the past decade,
cervical cancer is still a public health concern especially in lower so-
cioeconomic areas [40]. In this study, we investigated the oncogenic
role of miR-501 in cervical cancer and disclosed the underlying me-
chanism based on the results from cervical cancer cell line and clinical
specimens.

We firstly measured the level of miR-501 in cervical cancer samples
using real-time qRT-PCR and found a dramatic increase of miR-501 in
cervical cancer tissues than in adjacent normal tissues (Fig. 1). Ad-
ditionally, miR-501 upregulation was significantly correlated with poor
differentiation, tumor size, FIGO stage and lymph node metastasis
(Table 1), suggesting that miR-501 functions as a tumor promoter in
cervical cancer development and progression. We noticed that the re-
search about the function of miR-501 in the oncology area is limited till
now. In accordance with our results, miR-501 has been reported to be
overexpressed in HCC, gastric cancer, conjunctival malignant mela-
noma in Denmark and retinoblastoma tissues [25,26]. Moreover, Fan
et al. [24] found that miR-501 is a poor overall survival predictor in
gastric cancer. Larsen et al. [25] reported that miR-501 expression level
is associated with increased tumor thickness of Denmark conjunctival
malignant melanoma. Taken together, the clinical evidence indicates
that miR-501 is likely a critical promoter in the development, pro-
gression and metastasis of cervical cancer.

We then determined the functional role of miR-501 in the cervical
cancer cells. Through the in vitro experiments and based on the gain-of-
and loss-of-function analysis, we found that miR-501 promotes the
potentials of cervical cancer cell proliferation, migration and invasion,
whereas inhibits the cell apoptosis (Figs. 3–5). Huang et al. [22] re-
ported that miR-501 enhances HCC cell proliferation via targeting
CYLD and increased expression of cyclin D1 and c-myc. Fan et al. [24]
demonstrated that miR-501 promotes gastric cancer stem cell like
phenotype by directly targeting DKK1, NKD1 and GSK3β and activation
of Wnt/β-catenin signaling. Our study confirmed CYLD is down-
regulated by miR-501 in the cervical cancer cell line (Fig. 2). We also
observed that miR-501 is overexpressed, however, CYLD is down-
regulated, in the cervical cancer tissue compared to the normal cervical
tissue (Fig. 6 and Table 2), further demonstrates the regulatory

Fig. 4. miR-501 enhances the capacities of migration and invasion in cervical cancer cells. (A, C and D) HeLa cells were transfected with miRNA mimics or siRNA. Cell migratory and
invasive potentials were determined by scratch wound healing assay and transwell chamber assays with or without matrigel (n = 3), **P < 0.01. (B, E and F) The migratory and invasive
potentials in the miR-501 knockdown HeLa cells were evaluated by scratch wound healing assay and transwell assays with or without matrigel (n = 3), **P < 0.01. The representative
pictures were shown. The wound size and cell numbers passing through the filter were indicated as mean ± SD respectively.
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relationship between miR-501 and CYLD. Moreover, the enhancement
of cervical cancer cell proliferation, migration and invasion by miR-501
is likely due to the suppression of CYLD (Figs. 3 and 4).

CYLD is a known deubiquitinating enzyme that prevents the
cleaving of NF-κB from its complex, thus negatively regulates NF-κB
activation [41,42]. A previous study showed that CYLD deficiency can
induce marked activation of NF-κB in germ cells and heightened ex-
pression of anti-apoptotic gene, BCL-2, resulting in the inhibition of
apoptosis [41]. The blockade of NF-κB p65 promoted cell apoptosis via
modulating BCL-2 and BAX expression has been reported in breast
cancer [43]. In our current study, we found that miR-501 decreased the
cervical cancer cell apoptotic rate, especially early apoptosis (Fig. 5).
We then detected the commonest component of NF-κB, RelA (p65),
phosphorylated p65, BCL-2 and BAX using Western blotting. Our results
showed that NF-κB p65, phosphorylated p65 and BCL-2 expressions
were all increased significantly by miR-501, whereas BAX was de-
creased (Fig. 5). These findings suggest that miR-501 inhibits cervical
cancer cell apoptosis possibly through activation of NF-κB p65 and
increased BCL-2 mediated by downregulating CYLD. Inhibition of cell
apoptosis caused by miR-501 at least partially contributes to the

enhanced cervical cancer proliferation.
Except apoptosis, NF-κB regulates transcription of DNA, cytokine

production and cell survival as a protein complex [44,45]. Activation of
NF-κB is critical for cancer development and progression [46]. Deng
et al. [47] reported that overexpression of CYLD can augment anti-
tumor activity by suppressing NF-κB survival signaling in human lung
cancer cells. Our study demonstrated that miR-501 promotes the cer-
vical cancer cell proliferation, migration and invasion likely through
downregulating CYLD and subsequent activation of NF-κB p65. Except
NF-κB signaling pathway, a recent in vitro study found that over-
expression of CYLD inhibits SMAD7-mediated cell proliferation, mi-
gration and invasion in oral squamous cell carcinoma (OSCC) cells [48].

CYLD is referred to function as a tumor suppressor [49,50]. Our data
showed that CYLD was highly expressed in the normal cervical tissue
than cervical cancer tissue (Fig. 6, Table 2). In addition, CYLD down-
regulation was significantly correlated with tumor size, FIGO stage,
lymph node metastasis and tumor differentiation (Table 3). In line with
our results, CYLD has been reported to be downregulated in human
HCC and colorectal cancer tissues compared with the surrounding non-
malignant tissues, while it is correlated with metastasis [50,51].

Fig. 5. miR-501 inhibits the apoptosis of HeLa cells. (A) The apoptotic rate was determined by Annexin V/PI assay following ectopic expression of miRNA mimics or siRNA (n = 3),
*P < 0.05. (B) The apoptotic rate was detected as described above in the HeLa cells following knockdown of miR-501 (n = 3), *P < 0.05, **P < 0.01. (C) NF-κB p65, phosphorylated
p65 (p-p65), BCL-2 and BAX were analyzed using Western blotting. The relative quantities of these proteins were analyzed after normalization to β-tubulin.
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Moreover, Zhao et al. [52] reported a decrease tendency of CYLD ex-
pression from normal colorectal tissues, through benign adenomas to
malignant colorectal cancer lesions. Thus, CYLD downregulation is
possibly related to the development and progression of cervical cancer.

Persistent HPV infection is a widely recognized risk factor for cer-
vical cancer. The link between miRNAs and HPV infection in the cer-
vical cancer has been reported [53–55]. We also analyzed the role of
miR-501 on the HPV infection. Our results showed that miR-501 was
higher in the cervical cancer tissues with HPV infection, such as subtype
16, 18, 33, 35, and 52 (Table 1). But the difference did not reach the
significance (P=0.072), and this may due to the limited cases of our
cohort. We will expand the cervical cancer samples and investigate
further the relationship between miR-501 and HPV infection in the
cervical cancer.

5. Conclusions

In summary, we experimentally prove that miR-501 enhances cer-
vical cancer cell proliferation, migration and invasion upon down-
regulating CYLD and subsequent activation of NF-κB p65. miR-501 is
overexpressed in the cervical cancer samples and is inversely correlated
with the level of CYLD. miR-501 overexpression and CYLD down-
regulation contribute to the tumor size, FIGO stage, lymph node me-
tastasis and tumor differentiation of cervical cancer. This suggests that
miR-501 plays a key role in cervical cancer development and progres-
sion and therefore could be a potential therapeutic target for cervical
cancer.

Ethical approval and consent to participate

The use of human tissue samples was in accordance with the re-
levant guidelines and regulations and the experimental protocols were
approved by the Medical Ethics Committee of the Dalian Municipal
Central Hospital. All patients provided written informed consent prior
to participation in this study.

Fig. 6. CYLD protein is downregulated in the cervical cancer tissues. (A) CYLD protein was analyzed by immunohistochemistry in the normal cervical squamous epithelium (left) and
cervical cancer tissue (right). Cells with brown granules in the cytoplasm were identified as CYLD positive. The magnification was × 20 and × 40 respectively. Scale bar = 100 μm. (B)
The results of CYLD expression were evaluated by the staining scores. **P < 0.05.

Table 2
Expression of CYLD protein in the normal cervical tissue and cervical cancer tissue.

No. of cases Positive (%) Negative (%) P value

Normal 49 41 (83.67%) 8 (16.33%) *P < 0.05
Tumor 49 17 (34.69%) 32 (65.31%)

Normal group vs. tumor group (*P < 0.05).
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