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Abstract. – OBJECTIVE: miR-613 may sup-
press ovarian cancer development and progres-
sion. We wished to assess the potential prog-
nostic value of miR-613 expression analysis in 
ovarian cancer.

PATIENTS AND METHODS: A total of 236 
pairs of human ovarian cancer and matched nor-
mal tissue specimens were collected. Resected 
tissue specimens were obtained during the op-
eration and were snap-frozen in liquid nitrogen 
for subsequent RNA extraction. Total RNA was 
extracted from tissue specimens, and miR-613 
expression was quantified using TaqMan qPCR. 
The miR-613 expression was normalized to ex-
pression of U6 as an internal standard.

RESULTS: miR-613 expression in ovarian can-
cer tissue specimens was significantly (p < 0.001) 
lower than that in matched normal adjacent tis-
sue specimens. Furthermore, within ovarian 
cancer tissue specimens, 114 specimens exhib-
ited lower levels of miR-613 (“low expression” 
group), whereas 122 specimens showed high-
er levels of this miR (“high expression” group). 
Low expression of miR-613 showed significant 
associations with the FIGO stage (p < 0.001), tu-
mour grade (p < 0.001), and lymph node metas-
tases (p < 0.001). Furthermore, low miR-613 ex-
pression was associated with lower progres-
sion-free and overall survival (respectively, p < 
0.01 and < 0.0001). Finally, the multivariate anal-
ysis using the Cox proportional hazards mod-
el showed that miR-613 expression levels, FIGO 
stage, and lymph node metastases were inde-
pendently associated with progression-free and 
overall survival in patients with ovarian cancer.

CONCLUSIONS: miR-613 expression levels 
are low in ovarian cancer tissue and correlate 
with progression-free and overall survival. Thus, 
miR-613 may be useful as a prognostic marker in 
ovarian cancer.
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Introduction

As one of the most common gynecologic ma-
lignancies, ovarian cancer accounts for the ma-
jority of female cancer-related deaths1. Even with 
the advanced diagnostic and treatment strategies, 
including targeted therapy, chemo-radiotherapy, 
and combination chemotherapy, the overall 5-year 
survival rate remains poor2. This is likely because 
the vast majority of patients are diagnosed at an 
advanced metastatic stage of the disease. There-
fore, it is crucial to implement novel diagnostic 
and prognostic tools for ovarian cancer. 

MicroRNA (miR) are short non-coding RNA 
which plays an important role in tumour progres-
sion and development3. There is accumulating evi-
dence that many miR serve as tumour suppressors4. 
Thus, miR may be useful for diagnosis and progno-
sis of various cancers, including ovarian cancer. Il-
lustrating this, anomalous expression of miR-5035, 
miR-26b6, and miR-4947 were found to be associat-
ed with clinical prognosis. In line with this, miR-613 
has been reported to act as a tumour suppressor to 
inhibit proliferation and invasive potential of ovari-
an cancer cells8. Also, miR-613 has been shown to 
counter papillary thyroid cancer9. There have been 
no studies about the potential prognostic value of 
miR-613 in ovarian cancer. To fill this knowledge 
gap, we examined here the association between 
miR-613 and the outcomes of ovarian cancer.

Patients and Methods

Patients and Tissue Specimens
The study protocol was approved by the Re-

search Ethics Committee of The First People’s 
Hospital of Shangqiu. Written informed consents 
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were obtained from all patients. Patient data and 
tissue specimens were treated according to ethi-
cal and legal standards. 

A total of 236 pairs of human ovarian cancer 
and matched normal tissue specimens were col-
lected in the Department of Neurosurgery (The 
First People’s Hospital of Shangqiu) between 
2006 and 2013. Resected tissue specimens were 
obtained during the operation and were snap-fro-
zen in liquid nitrogen for subsequent RNA ex-
traction. 

The median patient age was 44 years (range: 
7-71 years). None of the patients received chemo-
therapy and radiotherapy before the surgery. 

qPCR Analysis of miR-613 Expression
Total RNA was extracted from tissue speci-

mens using the Trizol reagent (Life Technologies, 
Carlsbad, CA, USA) according to the manufac-
turer’s protocol. miR-613 primers and probe were 
purchased from Applied Biosystems, Carlsband, 
CA, USA). The TaqMan qPCR was conducted us-
ing the ABI 7300 HT Sequence Detection system 
(Applied Biosystems, Carlsbad, CA, USA). The 
expression of miR-613 was normalized to expres-
sion of U6 as an internal standard. The 2-ΔCT (ΔCT 
= CT[miR613] – CT[U6]) method was utilized to 
quantify relative expression of miR-613. 

Statistical Analysis
The SPSS software 16.0 (SPSS Inc., Chica-

go, IL, USA) was used for data analysis. The 
Student’s t-test was utilized to analyze the dif-

ferences in quantitative outcomes, whereas the 
Fisher’s test was used to test the differences in 
qualitative outcomes. The survival was calcu-
lated by the Kaplan-Meier method and the log-
rank test. The progression-free survival time 
was calculated from the date of the initial sur-
gery until the first evidence of local, regional, 
or distant tumour progression. The overall sur-
vival time was calculated from the date of the 
primary surgery to patient’s death. The Cox re-
gression model was used to perform multivari-
ate analysis of miR-613 as a potential prognos-
tic factor. Differences were considered signifi-
cant at the p < 0.05.

Results

miR-613 is Down-regulated in Ovarian 
Cancer Tissue Specimens

miR-613 expression in ovarian cancer tissue 
specimens was significantly (p < 0.001) lower 
than that in matched normal adjacent tissue spec-
imens (Figure 1). Furthermore, within ovarian 
cancer tissue specimens, 114 specimens exhibited 
lower levels of miR-613 (“low expression” group), 
whereas 122 specimens showed higher levels of 
this miR (“high expression” group, Table I). This 
specimen separation was done using the median 
expression level of miR-613.

We next examined potential associations be-
tween miR-613 expression levels and clinic-patho-
logical characteristics of patients with ovarian 
cancer. Low expression of miR-613 showed sig-
nificant associations with the International Feder-
ation of Gynecology and Obstetrics (FIGO) stage 
(p < 0.001), tumour grade (p < 0.001), and lymph 
node metastases (p < 0.001), but no associations 
with other tested clinical characteristics, includ-
ing histology, patient age, and the levels of CA125 
(Table I).

Low Expression of miR-613 is Associated 
with Poorer Prognosis

We, then, evaluated the prognostic value of the 
miR-613 expression in ovarian cancer. First, we 
performed the Kaplan-Meier and log-rank analy-
ses to test for differences in progression-free and 
overall survival in patients whose tissue spec-
imens expressed miR-613 at low or high levels 
(“low expression” and “high expression” groups, 
defined above). We observed that low expression 
levels of miR-613 were associated with lower pro-

Figure 1. Expression of miR-613 in ovarian cancer (EOS) 
or normal adjacent tissue.
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gression-free and overall survival (respectively, p 
< 0.01 and < 0.0001; Figures 2 and 3).

The multivariate analysis using the Cox pro-
portional hazards model showed that miR-613 ex-

pression levels, FIGO stage, and lymph node me-
tastases were independently associated with pro-
gression-free and overall survival in patients with 
ovarian cancer (Table II).

Table I. miR-613 expression vs. clinico-pathological characteristics.

Characteristics Low miR-613 High miR-613
 expression (n = 114) expression (n = 122) p

 Absolute % Absolute %
 number  number

Age (years)
   ≤ 55 60 52.6 58 47.5 0.434 
   > 55 54 47.4 64 52.5  

FIGO stage      
   I-II 35 30.7 82 67.2 0.0001 
   III-IV 79          69.3 40 32.8          
Histology      
   Serous 72 63.3 78 63.9 0.901 
   Non-serous 42 36.8 15 36.1  

Residual tumour size (cm)      
   < 1.0 65 57 83 68 0.08 
   ≥ 1.0 49 43 39 32  

Grade      
   Well 18 15.7 56 45.9 0.006 
   Moderate 43 37.7 54 44.2  
   Poor 53 46.4 12 9.8  

Lymph node metastases      
   Negative 64 56.1 88 72.1 0.01 
   Positive 50 43.8 34 27.9  

Serum CA125      
   < 319 54 47.4 67 54.9 0.246 
   ≥ 319 60 52.6 55 45.1

Figure 2. Post-surgery overall survival in patients with low 
vs high expression of miR-613.

Figure 3. Post-surgery progression-free survival in patients 
with low vs high expression of miR-613.
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Discussion

miR post-transcriptionally regulates gene ex-
pression, including that of genes involved in the 
development and progression of cancer10. Recent 
studies highlight the role of miR in cancer cell pro-
liferation and migration11,12. Here we assessed the 
prognostic value of expression of miR-613 in hu-
man ovarian cancer. We demonstrate that this miR 
may be used as a biomarker for ovarian cancer. 

As this is a newly discovered miR, the role of 
miR-613 in tumour progression remains poor-
ly understood. Expression of miR-613 was found 
down-regulated in esophageal squamous cell car-
cinoma which may be important in both diagno-
sis and prognosis of this cancer13. miR-613 was 
also down-regulated in papillary thyroid cancer, 
whereas miR-613 overexpression inhibited prolif-
eration of papillary thyroid carcinoma by target-
ing the FN1 gene9. It was also shown that miR-
613 functions as an anti-oncogene by controlling 
the Wnt pathway in gastric cancer14. Collective-
ly, these studies demonstrate that miR-613 ap-
pears to be involved in different types of cancer. 
A very recent report8 demonstrated that miR-613 
is down-regulated in human ovarian cancer cell 
lines and tissue specimens. In addition, it was 
demonstrated that overexpression of miR-613 in-
hibits ovarian cancer cell proliferation and inva-
sion by regulating KRAS. There have been no 
previous reports of the prognostic value of miR-
613 in patients with ovarian cancer, and our study 
aimed to fill this knowledge gap. Also, our results 
confirm that miR-613 expression is significantly 
decreased in ovarian cancer tissue, but we demon-
strated associations between miR-613 expression 
and clinicopathological characteristics in patients 

with ovarian cancer. Thus, low miR-613 expres-
sion was associated with the FIGO stage, tumour 
grade, and lymph node metastases. Furthermore, 
the Kaplan-Meier analysis revealed that patients 
with low miR-613 expression had significantly 
shorter progression-free and overall survival. The 
univariate and multivariate analyses confirmed 
that expression of miR-613 is a potential prognos-
tic biomarker for human ovarian cancer.

Conclusions
The miR-613 expression is low in ovarian can-
cer tissue. Expression levels of this miR correlate 
with progression-free and overall survival. Thus, 
miR-613 may be useful as a prognostic marker in 
ovarian cancer.
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