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Abstract. Ovarian cancer (OC) is the fifth leading cause of 
cancer‑associated mortality among women in developed 
countries. Numerous microRNAs are aberrantly expressed 
in epithelial (E) OC, and are involved in EOC formation and 
progression. As such, microRNAs may be investigated as diag-
nostic and prognostic molecular biomarkers, and therapeutic 
targets for patients with EOC. For instance, microRNA‑455 
(miR‑455) is abnormally expressed in various types of human 
cancer. However, details on the expression level, biological 
roles and underlying mechanism of miR‑455 in EOC remain 
unclear. In the present study, the expression of miR‑455 in 
EOC was detected, and its association with clinical charac-
teristics was analysed. The functional roles and underlying 
mechanisms of miR‑455 in EOC were also investigated. The 
results revealed that miR‑455 expression in EOC tissues and 
cell lines was significantly downregulated. Furthermore, 
miR‑455 downregulation was correlated with tumor size, 
International Federation of Gynecology and Obstetrics stage 
and lymph node metastasis of patients with EOC. Restoration 
of miR‑455 expression efficiently inhibited cell proliferation 
and invasion in vitro. Notch1 was identified as a direct target 
of miR‑455 in EOC. The mRNA and protein expression 
levels of Notch1 were higher in EOC tissues compared with 
in normal ovarian epithelial tissues. Spearman's correlation 
analysis indicated that miR‑455 expression was negatively 
correlated with the mRNA level of Notch1 in EOC tissues. 
Notch1 overexpression was able to restore the EOC cell 

proliferation and invasion abilities suppressed by miR‑455. 
The present study provided evidence that the dysregulation 
of the miR‑455/Notch1 signalling pathway may be essen-
tial for EOC occurrence and development. In addition, the 
results confirmed the tumor‑suppressive roles of miR‑455 in 
modulating EOC proliferation and invasion through regula-
tion of Notch1 expression. Thus, miR‑455 may be a novel 
miRNA‑based therapeutic target to treat patients with EOC.

Introduction

Ovarian cancer (OC) is the fifth leading cause of cancer‑related 
deaths among women in developed countries and the primary 
cause of gynecological cancer death (1). Epithelial OC (EOC), 
the most common type of OC, accounts for approximately 90% 
of all OCs (2). According to histological origins, EOC can be 
divided into many different subgroups, including serous, muci-
nous, endometrioid, undifferentiated, clear cell and Brenner 
carcinomas  (3,4). EOC is generally called a ‘silent killer’ 
because it does not create symptoms in patients with EOC; 
consequently, numerous patients are diagnosed in advanced 
stage with metastasis  (5). Although advancements in the 
diagnosis of EOC patients in early stages have been achieved 
and efficient treatments have been developed, the prognosis of 
patients with EOC remains poor, and their 5‑year survival rate 
is less than 50% (6). The exact mechanisms underlying EOC 
formation and progression are also unknown (7). Thus, further 
investigations on the molecular mechanism of EOC occur-
rence and development may be advantageous to identify novel 
biomarkers and therapeutic strategies to improve the survival 
of patients with this disease.

MicroRNAs (miRNAs) are endogenous, single‑stranded, 
noncoding and short RNA molecules of approximately 22 
nucleotides long (8). miRNAs serve as critical gene regula-
tors by binding to the 3'‑untranslated regions (3'‑UTRs) of 
their target gene mRNAs in a base pairing sequence‑specific 
manner; as a result, translational repression or mRNA degra-
dation occurs (9). More than 60% of human protein‑coding 
genes have been regulated by miRNAs (10). Half of the human 
miRNAs are located in cancer‑related genomic regions, such 
as regions of homozygous deletion, loss of heterozygosity, 
oncogene and around tumor suppressor gene, breakpoint area 
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and amplified region, and are implicated in tumorigenesis and 
tumor development (11). miRNAs are also involved in modu-
lating different cancer‑related biological processes, such as cell 
proliferation, cycle, apoptosis, angiogenesis, invasion, migra-
tion and metastasis  (12‑14). Moreover, numerous miRNAs 
are aberrantly expressed in various kinds of human cancers, 
such as EOC (15), cervical cancer (16), gastric cancer (17), 
lung cancer (18) and bladder cancer (19). miRNAs may act 
as either oncogenes or tumor suppressors in tumor initiation 
and progression on the basis of the biological roles of their 
target genes (20). Therefore, miRNAs can be investigated as 
diagnostic markers or potential therapeutic targets for various 
cancers.

miR‑455 is abnormally expressed in several types of 
human cancer  (21‑23). This finding suggests that miR‑455 
may play important roles in these types of cancer. However, 
the detailed expression level, biological roles and underlying 
mechanism of miR‑455 in EOC remain unknown. In this 
study, the miR‑455 expression in EOC was detected, and its 
association with clinical characteristics was analysed. The 
functional roles and underlying mechanisms of miR‑455 in 
EOC were also investigated.

Materials and methods

Clinical tissue samples. This study was approved by the 
Ethical Committee of the Sixth People's Hospital of Jinan, and 
written informed consent was obtained from all of the patients 
prior to the study. A total of 45 paired EOC tissues and their 
adjacent normal ovarian epithelial tissues were obtained from 
patients who received surgical resection at the Sixth People's 
Hospital of Jinan between January 2014 and February 2016. 
None of these EOC patients were treated with radiotherapy, 
chemotherapy or immunotherapy prior to operation. After 
surgery was completed, all of the tissue samples were imme-
diately snap‑frozen in liquid nitrogen and then stored at ‑80˚C 
until use.

Cell lines, culture conditions and transfection. Four EOC 
cell lines, namely, OVCAR3, SKOV3, ES‑2 and CAOV‑3, 
were purchased from the Cell Bank of Type Culture 
Collection of the Chinese Academy of Sciences (Shanghai, 
China) and cultured in Dulbecco's modified Eagle's medium 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) supplemented with 10% fetal bovine serum (FBS), 
100 U/ml penicillin and 100 mg/ml streptomycin (all from 
Gibco; Thermo Fisher Scientific, Inc.). Human normal ovarian 
epithelial NOEC cell line was obtained from the American 
Type Culture Collection (Manassas, VA, USA) and grown 
in Ham's F‑12 with 20% FBS, 120 mg/ml streptomycin and 
120 U/ml penicillin (Gibco; Thermo Fisher Scientific, Inc.). 
All of the cells were grown at 37˚C in a humidified environ-
ment with 5% CO2.

miR‑455 mimics and negative control miRNA mimics 
(miR‑NC) were synthesised by Shanghai GenePharma 
Co., Ltd. (Shanghai, China). Notch1‑expressing vector 
(pcDNA3.1‑Notch1) and empty vector (pcDNA3.1) were 
obtained from RiboBio (Guangzhou, China). The cells were 
seeded in a 6‑well plate (Corning, Inc., Corning, NY, USA) at 
a density of 60‑70% confluence, incubated overnight at 37˚C 

and transfected with Lipofectamine 2000 (Invitrogen Life 
Technologies, Carlsbad, CA, USA) according to the manufac-
turer's instructions.

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). The total RNA of tissue 
samples and cell lines was extracted according to the instruc-
tion manual of TRIzol reagent (Invitrogen Life Technologies). 
To quantify miR‑455, total RNA was reverse‑transcribed using 
a TaqMan MicroRNA Reverse Transcription kit (Applied 
Biosystems, Foster City, CA, USA) to synthesize cDNA, and 
qPCR was performed with TaqMan MicroRNA PCR kit 
(Applied Biosystems). For Notch1 mRNA expression, cDNA 
was synthesized using a PrimeScript RT Reagent kit (Takara 
Biotechnology Co., Ltd., Dalian, China), and quantification of 
Nocth1 mRNA was performed using a SYBR Premix Ex Taq™ 
kit (Takara Biotechnology Co., Ltd.). U6 and GAPDH were 
used as the internal control for miR‑455 and Notch1 mRNA, 
respectively. The primers used for miR‑455 were 5'‑GAA​CTG​
CAG​TCC​ATG​GGG​ATA‑3' (forward) and 5'‑GCA​GGG​TCC​
GAG​GTA​TTC‑3' (reverse). The primers for U6 5'‑CTC​GCT​
TCG​GCA​GCA​CA‑3' (forward) and 5'‑AAC​GCT​TCA​CGA​
ATT​TGC​GT‑3' (reverse). The primers for Notch1 were 5'‑GTG​
GAT​GAC​CTA​GGC​AAG​TCG‑3' (forward) and 5'‑GTC​TCC​
TCC​TTG​TTG​TTC​TGC‑3' (reverse). The primers for GAPDH 
were 5'‑GCA​CCG​TCA​AGG​CTG​AGA​AC‑3' (forward) and 
5'‑TGG​TGA​AGA​CGC​CAG​TGG​A‑3' (reverse). 2‑ΔΔCT method 
was used to calculate the relative expression (24).

Cell Counting Kit‑8 (CCK-8) assay. CCK-8 assay (Dojindo 
Molecular Technologies, Inc., Kumamoto, Japan).was used 
for analyzing the cell proliferation following the manufac-
ture's instructions. Briefly, transfected cells were collected at 
24 h post‑transfection, and reseeded into 96-well plates at a 
density of 3x103 cells/well. Cells were incubated at 37˚C and 
cell proliferation was examined every 24 h according to the 
manufacture's instructions (0, 24, 48, 72 h). 10 µl of CCK-8 
solution was added into each group of cells and incubated at 
37˚C for 4 h. The absorbance of each sample was determined 
at a wavelength of 450 nm using an automatic multi‑well 
spectrophotometer (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA). All samples were analyzed in triplicate and repeated 
three times.

Cell invasion assay. Cell invasion assays were conducted using 
Transwell chamber inserts (Costar; Corning Life Sciences, 
Cambridge, MA, USA) with Matrigel (BD Biosciences, San 
Jose, CA, USA) according to the manufacturer's protocol. In 
briefly, transfected cells were collected at 48 h post‑trans-
fection, and seeded into the upper chamber of the insert at a 
density 5x104 in 200 µl FBS‑free medium. The bottom of the 
insert was filled with DMEM containing 20% FBS to serve as 
chemoattractant. After 20 h of incubation, the cells remaining 
on the upper membrane were carefully removed using cotton 
swabs. The invasive cells were fixed in 100% methanol, stained 
with 0.5% crystal violet, washed with PBS, and dried in air. 
Photographs of five manually selected fields of the invasive 
cells were taken at x200 magnification and counted under 
an inverted light microscope (Olympus Corporation, Tokyo, 
Japan).
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miR‑455 target prediction. miRNA target prediction algo-
rithms: TargetScan (release 7.0, http://www.targetscan.org/) 
and PicTar (http://pictar.mdc‑berlin.de/) were used to forecast 
the putative targets of miR‑455.

Luciferase reporter assay. Luciferase reporter vector, 
pGL3‑Notch1‑3'UTR wild-type (Wt) and pGL3‑Notch1‑3'UTR 
mutant (Mut), were synthesized by Shanghai GenePharma Co., 
Ltd. For luciferase assays, cells were plated in 24‑well plates 
at a density of 1.5x105 cells/well, and then were co‑transfected 
with pGL3‑Notch1‑3'UTR Wt or pGL3‑Notch1‑3'UTR Mut, 
and miR‑455 mimic or miR‑NC, using Lipofectamine 2000 
following to the manufacturer's instructions. After 48  h 
of incubation, luciferase activity was detected using the 
Dual‑Luciferase reporter assay system (Promega, Mannheim, 
Germany) according to the manufacturer's protocol. Renilla 
luciferase activity was used to normalize to firefly luciferase 
activity.

Western blot analysis. Protein was extracted from tissues 
or cells with radioimmunoprecipitation assay lysis buffer 
(Beyotime Institute of Biotechnology, Haimen, China) 
containing proteinase inhibitor (Sigma-Aldrich; Merck 
KGaA, Darmstadt, Germany) on ice for 30  min. After 
centrifugation at 4˚C for 15 min at 13,000 rpm, the protein 

concentration in the supernatant was examined using the 
BCA protein assay (Pierce Biotechnology, Inc., Rockford, IL, 
USA). Equal amounts of protein were resolved on a 10% SDS 
denaturing polyacrylamide gel and transferred onto polyvi-
nylidene difluoride membranes (EMD Millipore, Billerica, 
MA, USA). Subsequently, the membranes were blocked with 
5% nonfat milk in Tris‑buffered saline with 0.05% Tween‑20 
(TBST) for 1 h at room temperature, and next incubated with 
primary antibodies overnight at 4˚C: Mouse anti‑human 
monoclonal Notch1 antibody (dilution, 1:1,000; cat 
no. sc‑373891) and mouse anti‑human monoclonal GAPDH 
antibody (dilution, 1:1,000; cat no. sc‑47724) (both from Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA). The membranes 
were then washed with TBST and incubated with horseradish 
peroxidase (HRP)‑conjugated goat anti‑mouse IgG second 
antibodies (dilution, 1:5,000; cat no.  sc‑2005; Santa Cruz 
Biotechnology, Inc.) at room temperature for 2 h. Finally, 
bands were visualized using an enhanced luminol‑based 
chemiluminescence detection kit (Pierce Biotechnology, Inc.). 
GAPDH was used as a loading control.

Statistical analysis. Data are presented as the mean ± stan-
dard deviation and statistical analysis was performed 
with Student's t‑tests or one‑way analysis of variance 
plus multiple comparisons using SPSS 14.0 (SPSS Inc., 
Chicago, IL, USA). Spearman's correlation analysis was 
used to analyze the inverse relationship of miR‑455 and 

Figure 1. Expression of miR‑455 was downregulated in EOC tissues and 
cell lines. (A) miR‑455 expression levels in EOC tissues and their adja-
cent normal ovarian epithelial tissues were detected through RT‑qPCR. 
(B) RT‑qPCR analysis of the miR‑455 expression in four ovarian cancer cell 
lines (OVCAR3, SKOV3, ES‑2 and CAOV‑3) and normal ovarian epithelial 
NOEC cell line. *P<0.05 vs. normal tissue or cell line. EOC, epithelial ovarian 
cancer; miR, microRNA; RT-qPCR, reverse transcription-quantitative poly-
merase chain reaction.

Table I. Correlation between the expression of microRNA‑455 
and clinicopathological variables of epithelial ovarian cancer 
patients.

	 microRNA‑
	 455 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical variables	 Case no.	 Low	 High	 P-value

Age (years)				    0.300
  <50	 21	   9	 12	
  ≥50	 24	 14	 10	
Tumor size (cm)				    0.023
  <5	 20	   6	 14	
  ≥5	 25	 17	   8	
FIGO stage	 			   0.004
  I‑II	 25	   9	 16	
  III‑IV	 20	 14	   6	
Differentiation	 			   0.449
  I‑II	 21	 12	   9	
  III	 24	 11	 13	
Histological subtype	 			   0.242
  Serous	 38	 18	 20	
  Non‑serous	   7	   5	   2	
Lymph node	 			   0.020
metastasis
  No	 22	   8	 14	
  Yes	 23	 15	   8	

FIGO, International Federation of Gynecology and Obstetrics.
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Notch1 mRNA expression level. P<0.05 was regarded as 
statistically significant.

Results

miR‑455 is downregulated in EOC tissue samples and cell 
lines. miR‑455 expression was detected in 45 paired EOC 
tissues and their adjacent normal ovarian epithelial tissues 
through quantitative reverse transcription polymerase chain 
reaction (RT‑qPCR). Compared with the levels in adjacent 
normal ovarian epithelial tissues, miR‑455 was significantly 
downregulated in EOC tissues (Fig. 1A, P<0.05). Consistent 
with this observation, our results confirmed that miR‑455 was 

also downregulated in OVCAR3, SKOV3, ES‑2 and CAOV‑3 
in comparison to the normal ovarian epithelial NOEC cell 
line (Fig. 1B, P<0.05). These results suggested that miR‑455 
expression was impaired in EOC and might participate in 
EOC progression.

Association between miR‑455 and clinicopathological 
features in EOC patients. To evaluate the associations between 
miR‑455 downregulation and various clinicopathological 
features of EOC patients, we chose the median values of 
miR‑455 in EOC tissues as cutoff values and divided the EOC 
patients into low miR‑455 group (n=23) and high miR‑455 
group (n=22). In Table I, the low expression levels of miR‑455 

Figure 2. miR‑455 overexpression inhibited the proliferation and invasion of EOC cells. (A and B) Transfection efficiency of miR‑455 mimic in OVCAR3 
and CAOV‑3 cells, as revealed by reverse transcription-quantitative polymerase chain reaction 48 h after transfection with miR‑NC as a negative control. 
(C and D) CCK-8 assay was performed to examine the effects of miR‑455 on the proliferation of OVCAR3 and CAOV‑3 cells. Compared with the proliferation 
of the cells transfected with miR‑NC, the proliferation of OVCAR3 and CAOV‑3 cells transfected with miR‑455 mimic was reduced. (E and F) Cell invasion 
assay of OVCAR3 and CAOV‑3 cells transfected with miR‑455 mimic or miR‑NC. Representative images are shown with the quantification of five randomly 
selected fields. *P<0.05 vs. NC. EOC, epithelial ovarian cancer; CCK-8, Cell Counting Kit‑8; miR, microRNA; NC, negative control.
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were significantly correlated with the tumor size (P=0.023), 
FIGO stage (P=0.004) and lymph node metastasis (P=0.020) 
of patients with EOC. Conversely, no significant associations 
were identified between miR‑455 expression levels and other 
clinicopathological variables, including age (P=0.300), differ-
entiation (P=0.449) and histological subtype (P=0.242).

miR‑455 overexpression inhibits cell proliferation and 
invasion of EOC. The cells were transfected with miR‑455 
mimics to increase the endogenous miR‑455 expression and 
to investigate the potential biological roles of miR‑455 in 
EOC, OVCAR3 and CAOV‑3. Using RT‑qPCR, we found 
that miR‑455 was markedly upregulated in OVCAR3 
and CAOV‑3 cells transfected with the miR‑455 mimics 
compared with the cells transfected with miR‑NC (Fig. 2A 
and B, P<0.05). The effects of miR‑455 overexpression on the 

proliferation of EOC cells were examined through CCK-8 
assay. In Fig. 2C and D, the miR‑455 upregulation inhibited 
the proliferation of OVCAR3 and CAOV‑3 cells. A cell inva-
sion assay was conducted to evaluate the effects of miR‑455 
on the invasion capacity of EOC cells. In Fig. 2E and F, 
the restored expression of miR‑455 decreased the invasion 
capacities of OVCAR3 and CAOV‑3 cells (P<0.05). These 
observations revealed that miR‑455 functioned as a tumor 
suppressor in EOC.

Notch1 is a direct target of miR‑455 in EOC. Bioinformatics 
analysis was conducted to predict the putative targets of 
miR‑455 and to investigate the molecular mechanism by 
which miR‑455 repressed EOC cell proliferation and invasion. 
Numerous genes were identified as potential targets of miR‑455, 
and Notch1 (Fig. 3A) was selected for further confirmation 

Figure 3. Notch1 is a direct target gene of miR‑455 in EOC. (A) Putative binding sites of miR‑455 on the 3'‑UTR of Notch1. (B and C) Relative luciferase 
activity was detected in OVCAR3 and CAOV‑3 cells co‑transfected with Wt or Mut vector and miR‑455 mimic or miR‑NC after 48 h. (D and E) MRNA and 
protein expression levels of Notch in OVCAR3 and CAOV‑3 cells transfected with miR‑455 mimics or miR‑NC were determined through reverse transcription-
quantitative polymerase chain reaction and western blot analysis, respectively. *P<0.05 vs. NC. EOC, epithelial ovarian cancer; 3'‑UTR, 3'‑untranslated region; 
miR, microRNA; NC, negative control; Mut, mutant; wt, wild-type.
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because Notch1 was involved in EOC initiation and progres-
sion. A luciferase reporter assay was carried out to investigate 
whether Notch1 was a target for miR‑455. OVCAR3 and 
CAOV‑3 cells were co‑transfected with pGL3‑Notch1‑3'‑UTR 
Wt or pGL3‑Notch1‑3'‑UTR Mut and miR‑455 mimics or 
miR‑NC. We found that the upregulation of miR‑455 signifi-
cantly reduced the luciferase activity of pGL3‑Notch1‑3'‑UTR 
Wt (Fig. 3B and C, P<0.05). By contrast, the cells transfected 
with pGL3‑Notch1‑3'‑UTR Mut were unaffected. This finding 
suggested that miR‑455 could directly target the 3'‑UTR of 
Notch1. To confirm the endogenous regulatory role of miR‑455 
in relation to Notch1 in EOC cells, we determined the Notch1 
expression in OVCAR3 and CAOV‑3 cells transfected with 
miR‑455 mimic or miR‑NC. In Fig. 3D and 3E, the mRNA 
and protein levels of Notch1 were downregulated in OVCAR3 
and CAOV‑3 cells transfected with miR‑455 mimic (P<0.05). 
These results suggested that Notch1 might be a direct target of 
miR‑455 in EOC.

Inverse correlation between Notch1 and miR‑455 expres‑
sion in EOC tissues. To explore the association between 
Notch1 and miR‑455, we examined the Notch1 expression 
in 45 paired EOC tissues and their adjacent normal ovarian 
epithelial tissues through RT‑qPCR and Western blot anal-
ysis. The results showed that the expression of Notch1 was 
higher in EOC tissues at mRNA and protein levels than in 
normal ovarian epithelial tissues (Fig. 4A and B, P<0.05). 
Spearman's correlation analysis was conducted to validate 
the relationship between Notch1 mRNA and miR‑455 
expression in these clinical tissues. We found that miR‑455 
expression was negatively correlated with the mRNA level 
of Notch1  (Fig.  4C; r=‑0.6625, P<0.0001). This observa-
tion supported that Notch1 was a target gene of miR‑455 
in EOC.

Restored expression of Notch1 can rescue the inhibitory 
effects on EOC cells induced by miR‑455. pcDNA3.1‑Notch1 
was transfected into OVCAR3 and CAOV‑3 cells and rescue 
experiments were performed to validate whether Notch1 can 
mediate the tumor‑suppressive effects of miR‑455 on EOC 
cells. After transfection was completed, western blot analysis 
confirmed that Notch1 was significantly upregulated in 
OVCAR3 and CAOV‑3 cells transfected with pcDNA3.1‑No
tch1 (Fig. 5A, P<0.05). We also found that the upregulation of 
Notch1 could reverse the inhibitory effects of miR‑455 over-
expression on cell proliferation (Fig. 5B and C, P<0.05) and 
invasion (Fig. 5D and E, P<0.05) in OVCAR3 and CAOV‑3 
cells. Overall, these results implied that miR‑455 inhibited the 
cell proliferation and invasion of EOC partially by downregu-
lating Notch1.

Discussion

miRNAs play important roles in cancer by acting as tumor 
suppressors or oncogenes (25‑27). Many aberrantly expressed 
miRNAs have been reported in EOC and involved in EOC 
cell proliferation, invasion, migration, metastasis and apop-
tosis (13,28,29). Therefore, miRNAs may be investigated as 
diagnostic and prognostic molecular biomarkers and therapeutic 
targets for patients with EOC. In this study, the miR‑455 expres-
sion was downregulated in EOC tissues and cell lines. Low 
miR‑455 expression was correlated with the tumor size, FIGO 
stage and lymph node metastasis of EOC patients. In addition, 
the ectopic expression of miR‑455 inhibited the cell prolifera-
tion and invasion of EOC. Notch1 was also identified as a direct 
target of miR‑455 in EOC. These data suggested that miR‑455 
might be implicated in the carcinogenesis and progression 
of EOC.

Aberrant miR‑455 expression has been observed in various 
human cancers. For instance, miR‑455 is weakly expressed in 
hepatocellular carcinoma. miR‑455 expression is correlated 
with multiple tumor nodes, high Edmondson‑Steiner grading, 
advanced tumor node metastasis stage and venous infiltra-
tion of hepatocellular carcinoma patients. miR‑455 is also 
validated as a novel prognostic indicator to predict the 5‑year 
overall and disease‑free survival of hepatocellular carcinoma 
patients (21). In gastric cancer, the miR‑455 expression level 
is downregulated in tumor tissues and related to advanced 
clinical stage for patients with gastric cancer (22). miR‑455 

Figure 4. Notch1 was upregulated in EOC tissues and negatively correlated 
with miR‑455 expression. (A and B) mRNA and protein expression levels of 
Notch1 in EOC tissues and their adjacent normal ovarian epithelial tissues 
were examined through reverse transcription-quantitative polymerase chain 
reaction and western blot analysis, respectively. (C) Correlation between 
the expression of miR‑455 and Notch1 mRNA was evaluated through 
Spearman's correlation analysis. *P<0.05 vs. normal tissue. EOC, epithelial 
ovarian cancer; miR, microRNA.
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downregulation is also observed in nonsmall cell lung 
cancer (23) and colorectal cancer (30). However, miR‑455 
expression is increased in oral squamous cancer tissues and 
cell lines (31). These findings suggested that miR‑455 expres-
sion exhibits tissue specificity and may be a diagnostic and 
prognostic marker for cancers.

miR‑455 is implicated in the development of many 
tumors. Qin  et  al (21) found that miR‑455 upregulation 
suppresses cell migration and invasion in hepatocellular 
carcinoma. Liu et al (22) demonstrated that miR‑455 over-
expression inhibits gastric cancer cell proliferation and 
invasion in vitro. Li et al (23) revealed that enforced miR‑455 

expression attenuates the cell growth and metastasis of 
nonsmall cell lung cancer. Chai  et  al  (30) reported that 
the restored miR‑455 expression represses the cell prolif-
eration and invasion of colorectal cancer. On the contrary, 
miR‑455 performs oncogenic roles in oral squamous cancer 
by promoting tumor cell proliferation and invasion  (31). 
This contradiction may be explained by the ‘imperfect 
complementarity’ of the interactions between miRNAs and 
their target genes (32). These findings also suggested that 
miR‑455 is involved in the tumorigenesis and progression of 
these cancer types and is a promising therapeutic target for 
the treatment of cancer.

Figure 5. Restoration of Notch1 rescued the effects of miR‑455 in EOC cells. (A) Notch1 protein was significantly upregulated in OVCAR3 and CAOV‑3 
cells transfected with pcDNA3.1‑Notch1. Cell proliferation (B and C) and invasion (D and E) were determined in OVCAR3 and CAOV‑3 cells transfected 
with miR‑NC, miR‑455 mimics or miR‑455 mimics with pcDNA3.1‑Notch1. *P<0.05 vs. NC. EOC, epithelial ovarian cancer; NC, negative control; miR, 
microRNA..
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miRNAs perform its biological roles by negatively regu-
lating their target genes (9). Therefore, the identification and 
characterisation of the targets of altered miRNAs may help 
elucidate the molecular mechanisms involved in carcino-
genesis and progression. Previous studies identified several 
miR‑455 targets, including Runx2  (21) in hepatocellular 
carcinoma, RAB18 (22) in gastric cancer, ZEB1 (23) in lung 
cancer, RAF1 (30) in colorectal cancer and UBE2B (31) in 
oral squamous cancer. In this study, Notch1 was validated 
as a novel direct target of miR‑455 in EOC. TargetScan and 
Pictar predicted that Notch1 was a potential miR‑455 target. 
Secondly, luciferase reporter assay revealed that miR‑455 
could directly target the 3'‑UTR of Notch1. Thirdly, RT‑qPCR 
and Western blot analysis revealed that miR‑455 reduced 
Notch1 expression at the mRNA and protein levels in EOC 
cells. Fourthly, Notch1 was upregulated in EOC tissues and 
inversely correlated with miR‑455 expression level. Finally, 
rescue experiments demonstrated that the Notch1 upregulation 
could reverse the inhibitory effects of miR‑455 overexpression 
in EOC cells. These findings indicated that miR‑455 was 
involved in EOC carcinogenesis and progression by directly 
targeting Notch1.

Notch signalling pathway consists of three components: 
Notch ligands, Notch receptors 1‑4 and downstream target 
genes (33). Notch1, a member of Notch receptors, is a highly 
conserved I type transmembrane glycoprotein (34). Notch1 is 
aberrantly and highly expressed in multiple human cancers, 
such as breast cancer  (35), colorectal cancer  (36), bladder 
cancer (37), gastric cancer (38), renal cell carcinoma (39) and 
oesophageal squamous cell cancer (40). Moreover, Notch1 
upregulation contributes to cancer cell proliferation, apoptosis, 
angiogenesis, migration, invasion and metastasis (41‑43). In 
EOC, Notch1 expression is higher in tumor tissues and cell 
lines than in matched normal tissues and normal tissues, 
respectively (44,45). Notch1 expression is associated with EOC 
tumor stage, differentiation status and FIGO stage (44,45). 
High EOC expression is correlated strongly with poor prog-
nosis (45). Functional assays revealed that Notch1 participates 
in regulating EOC cell proliferation, apoptosis, invasion 
and angiogenesis (46‑49). Indeed, our work confirmed that 
miR‑455 upregulation inhibited EOC cell proliferation and 
invasion through the negative regulation of Notch1. These 
findings suggested that the miR‑455/Notch1 signalling axis 
may provide efficient therapeutic targets for the treatment of 
EOC patients.

In conclusion, miR‑455 was downregulated in EOC tissues 
and cell lines. Low Notch1 expression was correlated with 
tumor size, FIGO stage and lymph node metastasis. miR‑455 
inhibited EOC cell proliferation and invasion by directly 
targeting Notch1. .However, the weakness of this study is 
that we do not explore the effects of miR‑450 on EOC cell 
growth and metastasis in vivo. Besides, future studies needed 
to investigate whether the miR‑455/Notch1 pathway might 
be exploited in a therapeutic approach for the treatment of 
patients with EOC.
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