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Abstract: Background we intended to explore the functional implication of microRNA-183 (miR-183) in predicting 
clinical prognosis and regulating cancer proliferation and bufalin sensitivity in epithelial ovarian cancer (EOC). Meth-
ods In 75 EOC patients, miR-183 expression was examined, by quantitative RT-PCR (qRT-PCR), between paired EOC 
tumors and adjacent normal tissues, and between tumor samples from patients at early clinical stages and those at 
advanced clinical stages. The association of serum miR-183 and patients’ clinicopathological variables were exam-
ined. The overall survival (OS) was estimated by Kaplan-Meier model. And the possibility of miR-183 as a prognostic 
biomarker for EOC was examined by cox proportional hazard regression model. In EOC cell lines SKOV3 and ES-2 
cells, lentiviral transduction was conducted to genetically suppress miR-183. The effect of miR-183 downregulation 
on EOC in vitro growth, bufalin sensitivity and in vivo tumorigenicity were examined. Results MiR-183 was highly 
expressed in EOC tumors, as well ass in patients at advanced clinical stages. Serum miR-183 was significantly asso-
ciated with major clinicopathological variables in EOC patients, such as clinical stage and lymph node metastases. 
High level of serum miR-183 was associated with poor OS in EOC patients, and proved to be a potential biomarker 
for EOC. In EOC cell lines, functional assays demonstrated that miR-183 downregulation inhibited cancer prolifera-
tion, enhanced bufalin sensitivity and reduced tumorigenicity in vivo. Conclusion MiR-183 may be a prognostic bio-
marker for EOC, and inhibiting miR-183 may have therapeutic effect to inhibit tumor growth in EOC.
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Introduction

Epithelial ovarian cancer (EOC) is the sixth most 
common and seventh most lethal gynecologi-
cal cancer in the world [1-3]. Both genetic and 
environmental factors may contribute to the 
development of EOC, and clear cell carcinomas 
are the most common EOC sub-type among 
Asian patients [1, 2]. Due to high metastasis 
rate and lack of diagnostic techniques to iden-
tify early symptoms, patients of EOC often 
experienced poor prognosis and high malignan-
cy [3-5]. Therefore, much is needed to unravel 
the underlying mechanisms of EOC etiology, as 
well as identify efficient biomarker for early 
diagnosis of EOC.

MicroRNAs (miRNAs) are noncoding small RNAs 
(~18-25 nucleotides in length) that regulate 
various cellular or molecular mechanisms by 

binding the 3’-untranslated region (3’-UTR) of 
target genes to suppress gene expression or 
induce protein degradation [6, 7]. In human 
EOC, aberrant expression patterns of miRNA, 
either downregulated or upregulated, were 
found to be closely associated with tumors in 
EOC patients [8]. Also, a study on 42 women 
with serous epithelial ovarian cancer found 
more than dozens of miRNA were aberrantly 
expressed in patients’ sera [9]. Most recently, 
several miRNAs, such as miR-25, miR-23b, miR-
200, miR-335, were found to be independent 
prognostic factors in EOC [10-13]. Among the 
family of EOC-associated miRNAs, microR-
NA-183 (miR-183) was suggested to be highly 
expressed in EOC tumors [14, 15]. However, the 
exact mechanism of miR-183, either as inde-
pendent circulating biomarker or functional 
cancer regulator, is largely unknown.
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In this study, we collected the clinical samples 
from 75 patients and applied qRT-PCR to defini-
tively define the expression pattern of miR-183 
in EOC. The correlation of miR-183 with clinico-
pathological variables of EOC patients, as well 
as the potential prognostic factors to indepen-
dently predict patients’ overall survivals were 
analyzed. Furthermore, we applied lentivirus to 
genetically downregulate endogenous miR-183 
in EOC cell lines, SKOV3 and ES-2 cells. The 
possible tumor-suppressive effects of miR-183 
downregulation on EOC in vitro development, 
bufalin sensitivity and in vivo tumorigenicity 
were examined.

Materials and methods

Ethic statements

In this study, all experimental procedures were 
conducted in accordance with the Declaration 
of Helsinki, and the laws and medical practice 

regulations in People’s Republic of China. All 
experimental procedures were approved by the 
Human Research & Ethic Committees at the 
Liaocheng People’s Hospital in China. All pa- 
tients signed consent forms before the enroll-
ment of the study.

Patients 

Serum and clinical samples from a total of 75 
EOC patients were included in this study be- 
tween December 2006 and December 2011. 
All patients’ clinical stages and histological 
grades were evaluated by a group of indepen-
dent pathologists and oncologists in accor-
dance with criteria of International Federation 
of Gynecology and Obstetrics (FIGO). Paired 
clinical samples from each EOC patient includ-
ed tumorous tissue, and adjacent normal tis-
sue extracted at least 3 cm from the clear ed- 
ge of tumor. Upon extraction, all samples we- 
re immediately snap-frozen in liquid nitrogen 
and stored at a bio-freezer at -80°C until proce- 
ssed.

RNA extraction and qRT-PCR

Total RNA was extracted from samples with a 
Trizol reagent (ThermoFisher Scientific, USA) 
according to the manufacturer’s protocol. The 
reverse transcription was conducted using a 
TaqMan MicroRNA Reverse Transcription Kit 
(Applied Biosystems, USA) according to the 
manufacturer’s protocol. The reaction condi-
tions were 16°C for 30 min, followed by 42°C 
for 30 min and 85°C for 5 min, then held at 
4°C. The detection of hsa-miR-183 gene 
expression was conducted by quantitative 
reverse-transcription polymerase chain reac-
tion (qRT-PCR), with a TaqMan Human MicroRNA 
assay kit (Applied Biosystems, USA) on an ABI 
PRISM 7000 Sequence Detection System 
(Applied Biosystems, USA) according to the 
manufacturer’s protocol. U6 snRNA was used 
as internal standard. The reaction conditions 
for qRT-PCR were 95°C for 30 s, followed by 35 
cycles of 95°C for 5 s, and 62°C for 40 s. Fold 
changes of miR-183 were quantified by 2-∆∆Ct 
method.

Cell lines

Two EOC cell lines, SKOV3 and ES-2 cells, were 
purchased from American Type Culture Colle- 
ction (ATCC, USA). They were maintained in 
RPMI-1640 medium (ThermoFisher Scientific, 
USA) supplemented with 15% fetal calf serum 

Figure 1. MiR-183 is upregulated in EOC. A. Tumor 
tissues and adjacent normal tissues were extracted 
from 75 EOC patients. The expression of miR-183 
was compared by qRT-PCR (*: P < 0.001). B. The tu-
mor tissues were divided into two groups. One was 
from the patients at early stages (I & II, N=34). The 
other was from the patients at advanced stages (III & 
IV, N=41). The expression of miR-183 was compared 
between two groups by qRT-PCR (*: P < 0.001).
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(ThermoFisher Scientific, USA), 1% non-essen-
tial amino acid (NEAA, ThermoFisher Scientific, 
USA), 100 U/ml penicillin and 100 μg/ml strep-
tomycin (ThermoFisher Scientific, USA) in a tis-
sue incubator with 5% CO2 at 37°C.

MiR-183 downregulation

The lentivirus expressing human miR-183 
inhibitor (L-miR183-inhibitor), and an empty le- 
ntivirus (L-Blank) were purchased from RiboBio 
(RiboBio Biotech, China). SKOV3 and ES-2 cells 
were transduced with 100 nM lentiviruses with 
8 μg/ml polybrene with multiplicity of infection 
(MOI) of 15~30. 72 h after transduction, lentivi-
rus-induced miR-183 downregulation was ass- 
essed by qRT-PCR.

Cancer proliferation assay

The in vitro proliferations of SKOV3 and ES-2 
cells were measured by a 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
assay (ThermoFisher Scientific, USA) according 
to the manufacturer’s protocol. After lentiviral 
transduction was stabilized, SKOV3 and ES-2 
cells were suspended, re-plated in 96-well 
plates (5,000 cells per well), and maintained 
for 5 days. At every 24 h interval, cells were 

weekly measurement of tumor volumes (mm3) 
using equation, length × width2/2, for five con-
secutive weeks.

Statistical analysis

All experiments were performed in biological 
triplicates and data were presented as mean 
+/- S.E.M.. Statistical analysis was performed 
using a SPSS software (SPSS, USA). For analy-
sis on two groups of samples, Student’s t-test 
was used. For analysis on more than two groups 
of samples, one-way ANOVA with post hoc test 
was used. For analysis on association of serum 
miR-183 and clinicopathological variables of 
patients with EOC, Chi-squared test was used. 
Analysis on patients’ overall survival was per-
formed using Kaplan-Meier model with log-rank 
test. Hazard ratios and confidence intervals at 
95% was analyzed using cox proportional haz-
ard regression model. Statistical significance 
was determined if P < 0.05.

Results

MicroRNA-183 is highly expressed in EOC

Previous microarray studies suggested that 
miR-183 was likely upregulated in EOC [14, 15]. 

Table 1. Association of serum miR-183 with clinicopatho-
logical variables in 75 patients with epithelial ovarian 
cancer

Variables
miR-183 expression 

P-valueLow miR-183 
(N=36) N (%)

High miR-183 
(N=39) N (%)

Age (years)
    < 50 27 (75.0%) 28 (71.8%) 0.539
    ≥ 50 Clinical Stage 9 (25.0%) 11 (28.2%)
    Stage I/II 25 (69.4%) 9 (23.1%) 0.008*

    Stage III/IV 11 (30.6%) 30 (76.9%)
Histology
    Serous 11 (30.6%) 8 (20.5%) 0.533
    Mucinous 15 (41.7%) 19 (48.7%)
    Other 10 (27.7%) 12 (30.8%)
Histological Grade
    1 12 (34.4%) 15 (38.5%) 0.178
    2 17 (47.2%) 17 (43.6%)
    3 7 (19.4%) 7 (17.9%)
Lymph node metastases
    Negative 24 (66.7%) 14 (35.9%) 0.011*

    Positive 12 (33.3%) 25 (64.1%)
*P < 0.05.

incubated with MTT solution (5 mg/mL) 
for 4 h. After medium aspiration, di- 
methyl sulfoxide was added into cul-
ture for 30 mins. Plates were then 
mounted and the optical density (O.D.) 
at 570 nm was measured using a 
Synergy 2 multi-mode microplate read-
er (BioTek, USA).

Bufalin assay

After lentiviral transduction, SKOV3 
and ES-2 cells were treated with four 
concentrations of bufalin (0, 1, 10, 100 
ng/mL) for 48 h. The relative viability of 
the cells was assessed by MTT assay. 
The measured O.D. values were then 
normalized to values with no bufalin 
treatment (0 ng/mL).

In vivo tumorigenicity assay

After lentiviral transduction, SKOV3 
cells were suspended from culture 
plates, and subcutaneously inoculated 
into the left flanks of female athymic 
mice (6-week old). The in vivo growth of 
EOC transplant was monitored by 
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In this study, we used qRT-PCR to compare miR-
183 expression level between paired tumors 
and adjacent normal tissues in 75 patients 
with EOC. It showed that miR-183 was generally 
upregulated in EOC tumors than in adjacent 
normal tissues (Figure 1A, *: P < 0.001). MiR-
183 expression was also compared between 
EOC patients at different clinical stages. Among 
all the enrolled patients with EOC, 34 of them 
were at early stages (stage I & II). The remaining 
41 patients were at advanced stages (stage III 
& IV). Analysis of qRT-PCR demonstrated that 
miR-183 was upregulated in patients at ad- 
vanced stages than in patients at early stages 
(Figure 1B, *: P < 0.001). 

Serum miR-183 is correlated with clinicopath-
ological variables of EOC patients 

The clinicopathological variables of 75 EOC 
patients were analyzed in correlation with dif-
ferential expression level of miR-183 in serum 
samples. Based on mean serum miR-183 level, 
there were 36 patients with low serum miR- 
183 and 39 patients with high serum miR- 
183. Upon analysis, there were no statistically 
significant correlations between serum miR-
183 and patients’ age (P=0.539), histology 
(P=0.533), or histological grade (P=0.178) 
(Table 1). However, we found there were stro- 
ng correlations between serum miR-183 and 
some of the key clinicopathological variables  
of EOC patients, including clinical stage (P= 
0.008) and lymph node metastases (P=0.001) 
(Table 1).

lation of patients’ clinicopathological variables 
and overall survival to identify possible prog-
nostic factors. We discovered, through univari-
ate analysis, that clinical stage (P=0.003), his-
tology type (P=0.008), lymph node metastasis 
(P=0.002) and serum miR-183 expression level 
(P=0.001), were significantly associated with 
prognosis (Table 2). Furthermore, multivariate 
Cox analysis identified that clinical stage 
(P=0.019, HR=2.841, 95% CI=1.346~4.529), 
lymph node metastasis (P=0.009, HR=2.893, 
95% CI=1.563~5.897) and serum miR-183 
expression level (P=0.003, HR=3.862, 95% 
CI=2.774~7.963) were independent prognostic 
factors of EOC (Table 2).

MiR-183 downregulation modulates EOC cell 
line proliferation and bufalin sensitivity 

As we discovered miR-183 was highly expressed 
in EOC tumors, we wondered whether downreg-
ulating miR-183 would have tumor-suppressive 
effect on EOC development. We transduced 
two EOC cell lines, SKOV3 and ES-2 with lentivi-
ral vector (L-miR183-inhibitor) to knock down 
the endogenous expression of miR-183. The 
control EOC cells were transduced with an 
empty lentivirus (L-Blank). By comparing the 
endogenous miR-183 expression using qRT-
PCR, we confirmed that L-miR183-inhiibtor sig-
nificantly downregulated miR-183 expressions 
in SKOV3 and ES-2 cells (Figure 3A, *, P < 0.05, 
student’s t-test). We then used a MTT assay to 
assess the proliferation in EOC cells with miR-
183 downregulation. Five days after MTT assay, 

Serum miR-183 is corre-
lated with overall survival 
in EOC patients

The overall survivals (OSs) 
of 75 EOC patients were 
assessed using Kaplan-
Meier model, and then ana-
lyzed in correlation with dif-
ferential expression level of 
serum miR-183 (Figure 2). 
Our data demonstrated th- 
at EOC patients with high 
serum miR-183 had signifi-
cantly shorter OS than th- 
ose patients with low ser- 
um miR-183 (Log-rank test, 
P < 0.05).

We then used Cox’s haz-
ards analysis on the corre-

Figure 2. Serum miR-183 correlates overall survival in EOC patents. Kaplan-
Meier model was used to analyze the overall survivals for EOC patients with low 
serum miR-183 (red), and the patients with high serum miR-183 (blue).
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Table 2. Univariate and multivariate Cox’s hazards analysis on possible prognostic factors for patients 
with epithelial ovarian cancer. HR, hazard ratio. CI, confidence interval

Univariate analysis Multivariate analysis
Factors P-value HR (95% CI) P-value HR (95% CI)
Age (years) < 50 vs. ≥ 50 0.471 2.093 (1.451~2.699)
Clinical Stage I & II vs. III & IV 0.003* 4.891 (3.991~7.902) 0.019* 2.841 (1.346~4.529)
Histology Serous vs. Others 0.008* 3.766 (2.891~6.226) 0.264 1.578 (0.783~2.582)
Histology grade 1 & 2 vs. 3 0.079 1.482 (1.028~3.782)
Lymph node metastasis Negative vs. Positive 0.002* 4.752 (2.672~8.921) 0.009* 2.893 (1.563~5.897)
Serum miR-183 Low vs. High 0.001* 7.541 (5.885~11.329) 0.003* 3.862 (2.774~7.963)
*P < 0.05.

Figure 3. MiR-183 regulates EOC growth and bufalin sensitivity in vitro. A. SKOV3 and ES-2 cells were transduced 
with L-miR183-inhibitor or L-Blank. QRT-PCR demonstrated that lentiviral transduction was efficient to downregulate 
miR-183 in both cell lines (*P < 0.05). B. After lentiviral transduction, in vitro proliferation of SKOV3 and ES-2 cells 
were assessed by MTT assay for 5 days (**P < 0.05, one-way ANOVA). C. After lentiviral transduction, SKOV3 and 
ES-2 cells were treated with bufalin (0~10 ng/mL) for 48 h, followed by MTT assay to assess cancer cell viability 
(**P < 0.05, one-way ANOVA).
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it showed that cell proliferations in both SKOV3 
and ES-2 cells were significantly inhibited by 
miR-183 downregulation (Figure 3B, **, P < 
0.05, one-way ANOVA). We also examined the 
effect of miR-183 downregulation on EOC sen-
sitivity to bufalin. Using a gradient concentra-
tion assay, we discovered that in both SKOV3 
and ES-2 cells, bufalin-induced apoptosis was 
significantly enhanced by miR-183 downregula-
tion (Figure 3C, **, P < 0.05, one-way ANOVA).

MiR-183 downregulation modulates in vivo 
EOC tumorigenicity

Finally, we wondered whether downregulation 
of miR-183 would also have tumor-suppressive 
effect on in vivo development of EOC tumor. We 

applied much accurate quantitative method 
(qRT-PCR in current study vs. microarray in pre-
vious studies), and used much bigger sample 
size (75 in current study vs. 28 in previous 
study) to clearly demonstrate that miR-183 was 
indeed aberrantly upregulated in EOC. In addi-
tion, we found that miR-183 was also upregu-
lated in patients at advanced clinical stages 
than in patients at early clinical stages. This 
data is in line with another finding of our study, 
which shows miR-183 was significantly corre-
lated with the clinical stage of EOC patients. 
The aberrant overexpression of miR-183 was 
also seen in other cancers, such as synovial 
sarcoma, rhabdomyosarcoma and colon can-
cer [16]. Thus, it seems like miR-183 upregula-
tion may be the predominant aberrant expres-

Figure 4. MiR-183 regulates EOC growth in vivo. A. After lentiviral transduc-
tion, SKOV3 cells were subcutaneously injected into 6-week-old female athymic 
mice. The growth curves were monitored every week by measuring tumor vol-
umes (length × width2/2, mm3) (**P < 0.05, one-way ANOVA). B. 5 weeks after 
tumorigenicity assay, EOC tumors were extracted and compared.

used lentiviral transduced 
SKOV3 cells, which were tr- 
ansduced with either L-mi- 
R183-inhibitor or L-Blank, 
and injected them into the 
subcutaneous flanks of fe- 
male athymic mice. Volu- 
mes of EOC tumors were 
assessed every week, us- 
ing fomula: length × width2/ 
2, for 5 consecutive weeks. 
The growth curves in tumor-
igenicity assay showed that 
downregulation of miR-183 
significantly inhibited the in 
vivo development of EOC 
tumors (Figure 4A, **P < 
0.05, one-way ANOVA). The 
inhibitory effect of miR-183 
downregulation on in vivo 
EOC development was fur-
ther assessed by extracting 
the tumors at the end of 
tumorigenicity assay. It sh- 
owed that tumors trans-
duced with L-miR183-inhii- 
btor were significantly sm- 
aller than the tumors trans-
duced with L-Blank (Figure 
4B).

Discussions

It was suggested in previ-
ous microarray studies that 
miR-183 may be upregulat-
ed in EOC tumors [14, 15]. 
In the present study, we 
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sion pattern among various tumor types, which 
makes it an interesting candidate biomarker for 
general cancer detection or diagnosis.

Our data showed that high-level serum miR-
183 was closely associated with poor overall 
survival of EOC patients. Further statistical 
analysis demonstrated that miR-183 was an 
independent prognostic factor for EOC. To date, 
there are only a few miRNA candidates that had 
been identified as non-invasive biomarker for 
EOC prediction [10-12, 17-19]. The discovery of 
our study may help to develop more reliable 
combination of miRNA biomarkers for early 
diagnosis of EOC.

Also in this study, we reported for the first time 
that, miR-183 was a mechanistic regulator in 
EOC development. Functional assay on EOC cell 
lines, SKOV3 and ES-2 cells, demonstrated that 
down-regulating miR-183 had tumor-suppres-
sive effects on EOC development (both in vitro 
and in vivo) and bufalin sensitivity. MiR-183 has 
been shown to functionally mediate cancer 
development through various signaling path-
ways, such as EGR1/PTEN [16] or PDCD4/TGF-
b1 [20]. It would be interesting to find out, 
through future studies, which target genes or 
signaling pathways may be associated with 
miR-183 in regulating cancer development in 
EOC.

Overall, the data of current study demonstrated 
first-ever evidence that miR-183 was aberrantly 
overexpressed in EOC tumors, and miR-183 
expression was higher in EOC patients at 
advanced clinical stages. Also, we demonstrat-
ed that serum miR-183 might be acting as an 
independent prognostic factor for EOC. 
Furthermore, we used functional experiments 
to show that down-regulating miR-183 may act 
as a tumor suppressor to regulate cancer devel-
opment of EOC. These information may further 
our understanding on how miRNAs may be 
applied as cancer biomarker, as well as thera-
peutic targets for patients with EOC.
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