
7178

Abstract. – OBJECTIVE: Circular RNAs (cir-
cRNAs) have been identified as important reg-
ulators in regulating cancer progression. The 
study aims to investigate the expression of cir-
cular RNA_LARP4 (circ LARP4) and clinical sig-
nificance in ovarian cancer (OC).

PATIENTS AND METHODS: The expression of 
circ LARP4 was detected in a total of 78 paired 
ovarian cancer tissue and adjacent normal tissue 
samples using quantitative Reverse Transcrip-
tion-Polymerase Chain Reaction (qRT-PCR) anal-
yses. The chi-square test was used to assess the 
association between expression of circLARP4 
and clinical-pathological parameters. Survival 
plot was evaluated using the Kaplan-Meier meth-
od. The multivariate Cox analysis model was used 
for tumor prognosis analysis.

RESULTS: We identified that circLARP4 expres-
sion was significantly down-regulated in ovari-
an cancer tissues compared with corresponding 
controls. Furthermore, we found that circLARP4 
expression was significantly associated with In-
ternational Federation of Gynecology and Obstet-
rics (FIGO) stage and lymph node metastases. 
Lower circLARP4 expression was associated with 
poor prognosis of OC patients. Moreover, multi-
variate Cox analysis showed that lower circLARP4 
was an independent risk for OC prognosis.

CONCLUSIONS: These results indicated that 
circLARP4 expression was lower and highlight-
ed that circLARP4 was identified as a potential 
biomarker of ovarian cancer prognosis.
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mor prognosis.

Introduction 

Ovarian cancer (OC) is a highly lethal gyne-
cologic malignancy of the female reproductive 
system worldwide1. Patients who are diagnosed to 
confine to the ovary have about 90% event-free 
survival rates. However, more than 70% of cases 
are diagnosed at an advanced stage and the 5-year 

survival rates for disease are approximately 20-
30%2,3. Thus, to identify crucial molecules for 
predicting and diagnosing of OC is needed.

Circular RNAs (circRNAs) are covalently clo-
sed, single-stranded transcripts that may regula-
te gene expression in mammals4. Circular RNAs 
(circRNAs) are endogenous RNA species formed 
by spliceosomal joining of the downstream 5’ 
splice site of an exon with the 3’splice site of ei-
ther the same or an upstream exon, in a process 
known as back-splicing4,5. Recently, circRNAs are 
identified as biomarkers in some types of tumors6. 
For instance, high circUBAP2 expression is si-
gnificantly correlated with human osteosarcoma 
progression and prognosis7. CircRNA-MYLK is 
significantly up-regulated bladder cancer. Impor-
tantly, circRNA-MYLK levels are related to the 
progression of stage and grade of bladder cancer 
patients8. Circular RNA_LARP4 (circLARP4) is 
identified to sponge miR-424 by circRNA expres-
sion profile and bioinformatics analysis and as-
sociates with pathological stage and unfavorable 
prognosis of gastric cancer patients9. However, 
the underlying clinical role of circLARP4 expres-
sion in OC remains undetermined.

In this work, we identified that circLARP4 
expression was significantly down-regulated in 
ovarian cancer tissues. Lower circLARP4 expres-
sion was significantly associated with poor pro-
gnosis of OC patients. Lower circLARP4 expres-
sion was identified as an independent risk for OC 
prognosis. Therefore, these results indicated that 
circLARP4 was down-regulated and may serve as 
a potential biomarker of ovarian cancer prognosis.

Patients and Methods

Patients and Tissue Samples
A total of 78 paired ovarian cancer tissue and 

adjacent normal tissue samples were collected 
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from patients (age, ranks from 26 to 68 years) 
who underwent primary surgical resection at 
Department of Gynaecology, Guizhou Provin-
cial People’s Hospital between July 2010 and De-
cember 2014. The normal tissues were located at 
more than 5 cm away from the tumors. Fresh tis-
sue samples were snap-frozen in liquid nitrogen 
after surgery and stored at -80°C immediately 
for the RNA analysis. The investigation was ap-
proved by the Ethics Committee of Guizhou Pro-
vincial People’s Hospital. The written informed 
patients’ consent was obtained from each case 
before the study. The clinical data are shown in 
Table I.

RNA Extraction and Quantitative Reverse 
Transcription Polymerase Chain Reaction 
(qRT-PCR)

The total RNA was extracted from frozen ova-
rian epithelial carcinoma tissue and adjacent nor-
mal tissue samples using Trizol (Invitrogen, Car-
lsbad, CA, USA). The RNA concentration was 
detected with a NanoDrop 1000 spectrophotome-
ter (Thermo Scientific, Wilmington, DE, USA). 
Complementary DNA (cDNA) was obtained by 
reverse transcription with RNA using one step 
Prime Script miRNA cDNA Synthesis Kit (Ta-
KaRa, Otsu, Shiga, Japan). Quantitative Reverse 

Transcription-Polymerase Chain Reaction (qRT-
PCR) reaction was performed using SYBR-Green 
kit (TaKaRa, Otsu, Shiga, Japan) on an ABI 7500 
quantitative PCR instrument (Applied Biosy-
stems, Foster City, CA, USA). Relative mRNA 
expression of circLARP4 was determined using 
the 2-ΔΔCT methods. The relative primer sequences 
was as follow: circLARP4-forward: 5’-GGGCA-
TCAGGAGCAAACTTA-3’. circLARP4-reverse: 
5’-CTGGCGAATTAAAGCCATTC-3’. GAPDH-
forward: 5’-AACTTTGGGATTGTGGAAGG-3’, 
GAPDH-reverse: 5’-ACACATTGGGGGTAGGA-
ACA-3’. GAPDH was used as an internal control.

Statistical Analysis
Statistical analyses were performed using the 

SPSS software (SPSS, Inc., Chicago, IL, USA). 
The results were presented as the mean ± stan-
dard deviation (SD). The Student’s t-test was used 
to assess the statistical significance for compa-
ring two groups. The chi-square test was used 
to assess the association between expression of 
circLARP4 and clinical pathological parameters. 
Survival plot was evaluated using the Kaplan-
Meier method and log-rank test. The multivaria-
te Cox analysis model was used for the survival 
analysis. The p < 0.05 was considered as statisti-
cal significance.

*p < 0.05.

Table I. The association between circLARP4 expression and clinicopathological parameters.

  circLARP4 expression  

Clinicopathological parameters Total (n=78) Higher (n=40) Lower (n=38) p-value

Age    0.822
 ≤50 45 23 22 
 >50 33 17 18 
Serum CA125    0.962
 ≤319 31 16 15 
 >319 47 24 23 
Tumor size (cm)    0.353
 ≤4 32 14 18  
 >4 46 26 20 
Tumor grade     0.874
 higher  33 18 15 
 moderately 24 12 12 
 lower 21 10 11 
FIGO stage    0.012*
 I/II 48 30 18 
 III-IV 30 10 20 
Lymph node metastasis    0.002*
 Negative  43 29 14 
 Positive 35 11 24 
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Results 

The Expression of circLARP4 is 
Downregulated in OC Tissue Samples

In the study, we detected the expression of 
circLARP4 in 78 paired ovarian epithelial carci-
noma tissue and adjacent normal tissue samples 
using qRT-PCR analyses. As shown in Figure 1, 
the expression of circLARP4 in ovarian cancer 
tissues was significantly down-regulated compa-
red to adjacent normal tissue samples (p < 0.01).

The Expression of circLARP4 Associates 
With FIGO Stage and Lymph Node 
Metastases of OC Patients 

We further assessed the expression of cir-
cLARP4 whether associated with clinical pa-
thological parameters in OC. We divided the 
patients with ovarian cancer into two groups (hi-
gher expression or lower expression group) ac-
cording to its median expression. The chi square 
test was used to assess the association between 
expression of circLARP4 and clinical pathologi-
cal parameters. As shown in Table I, the lower 
circLARP4 expression positively associated 
with tumor advanced FIGO stage (p = 0.012; 
Table I) and lymph node metastases (p = 0.002; 
Table I). However, we did not detect a marked 
relationship between circLARP4 expression and 
age, serum CA125, tumor size, or tumor grade 
(p >0.05, Table I).

Association Between circLARP4 
Expression and Prognosis of OC Patients

We then analyzed the association between the 
expression of circLARP4 and prognosis. Kaplan-
Meier curve and log-rank test results showed that 
patients with lower expression of circLARP4 had 
significantly worse disease free survival (DFS) (p 

<0.05; log-rank test, Figure 2A) and overall survi-
val (OS) (p <0.05; log-rank test, Figure 2B).

Afterwards, the multivariate Cox analyses in-
dicated that lower circLARP4 expression (HR, 
2.669, p<0.05, Table II), International Federation 
of Gynecology and Obstetrics (FIGO) stage (HR, 
2.155, p<0.05, Table II), and lymph node metasta-
ses (HR, 2.443, p<0.05, Table II) were indepen-
dent prognostic factors of DFS in OC patients. 
The same was observed for OS survival in OC 
patients (p <0.001, respective, Table II). Thus, 
these results indicated that circLARP4 expression 
was identified as an independent prognostic fac-
tor for OC.

Discussion

In recent years, next-generation sequencing te-
chniques, especially RNA-seq, have showed great 

*p < 0.05.

Table II. Multivariate Cox regression analysis of parameters determining DFS and OS.

 Disease free survival (DFS) Overall survival (OS)

Factors HR (95% CI) p HR (95% CI) p

Age (years) 0.546 (0.154-1.211) 0.954 0.611 (0.221-1.144) 0.907
Serum CA125 1.108 (0.654-1.766) 0.513 1.211 (0.788-1.987) 0.456
Tumor size (cm) 0.836 (0.467-1.566) 0.698 0.912 (0.599-1.766) 0.619
Tumor grade 1.122 (0.688-1.876) 0.488 1.235 (0.865-1.886) 0.402
FIGO stage 2.155 (1.212-3.669) 0.001* 2.465 (1.611-3.588) 0.001*
Lymph node metastasis 2.443 (1.669-3.808) 0.001* 2.583 (1.884-3.996) 0.001*
Lower circLARP4  2.669 (1.422-4.199) 0.001* 2.818 (1.515-4.899) 0.001*

Figure 1. The expression of circLARP4 was downregulated 
in 78 paired ovarian epithelial carcinoma tissue and adjacent 
normal tissue samples using qRT-PCR analyses, *p<0.01.
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abundance and dysregulation of many circRNAs 
in many diseases10,11. Aberrant circular RNA is 
found to play crucial regulators in tumors develop-
ments12. In the previous study, Zhou et al13 found 
that downregulation of hsa_circ_0011946 sup-
presses the migration and invasion of the breast 
cancer cell line MCF-7 by targeting RFC3. Kun-
Peng et al14 showed that overexpressed circPVT1 
contributes to doxorubicin and cisplatin resistan-
ce of osteosarcoma cells by regulating ABCB1. 
Zhu et al15 demonstrated that circ_0067934 pro-
motes tumor growth and metastasis in hepatocel-
lular carcinoma through regulation of miR-1324/
FZD5/Wnt/β-catenin axis. Circular RNA circ-I-
TCH inhibits bladder cancer progression by spon-
ging miR-17/miR-224 and regulating p21, PTEN 
expression16. Silencing of hsa_circ_0007534 sup-
presses proliferation and induces apoptosis in co-
lorectal cancer cells17. These studies showed that 
circRNAs were involved in tumor initiation and 
progression and may be a prognostic maker or po-
tential therapeutic target of tumors.

In the present work, we first detected the 
expression of circLARP4 in 78 paired ovarian 
cancer tissue and adjacent normal tissue sam-
ples. The results showed that the expression of 
circLARP4 in ovarian cancer tissues was signi-
ficantly downregulated compared to adjacent 
normal tissue samples. Furthermore, the lower 
circLARP4 expression positively associated with 
tumor advanced FIGO stage and lymph node me-
tastases. Patients with reduced expression of cir-
cLARP4 had significantly worse disease free sur-
vival and overall survival. In the previous study, 
by circRNA expression profile and bioinformatics 

analysis, circLARP4 was high expressed in ga-
stric cancer and inhibited biological behaviors of 
gastric cancer cells by sponging miR-424. The 
expression of circLARP4 was lower in GC tissues 
and represented an independent prognostic factor 
for overall survival of GC patients9. In this resear-
ch, our results also showed the important clinical 
value of circLARP4 in OC.

Conclusions

We first found that circLARP4 expression was 
low expression in OC tissues. Lower circLARP4 
expression associated with poor prognosis of OC 
patients. Thus, these results demonstrated that 
circLARP4 expression may be identified as pro-
gnostic maker of OC.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

 1) Bookman ma. Optimal primary therapy of ovarian 
cancer. Ann Oncol 2016; 27 Suppl 1: i58-i62.

 2) maldonado l, Hoque mo. Epigenomics and ova-
rian carcinoma. Biomark Med 2010; 4: 543-570.

 3) kim JH, Park CW, um d, Baek kH, Jo Y, an H, kim Y, 
kim TJ. Mass spectrometric screening of ovarian 
cancer with serum glycans. Dis Markers 2014; 
2014: 634289.

 4) asHWal-Fluss r, meYer m, PamudurTi nr, ivanov a, 
BarTok o, Hanan m, evanTal n, memCzak s, raJeWskY 

Figure 2. The expression of circLARP4 associated with tumor prognosis. (A) Kaplan-Meier curve results showed that pa-
tients with lower expression of circLARP4 had significantly worse disease free survival and (B) overall survival, log-rank test.



T. Zou, P.-L. Wang, Y. Gao, W.-T. Liang

7182

n, kadener s. circRNA biogenesis competes with 
pre-mRNA splicing. Mol Cell 2014; 56: 55-66.

 5) CorTes-loPez m, miura P. Emerging functions of cir-
cular RNAs. Yale J Biol Med 2016; 89: 527-537.

 6) Hansen TB, kJems J, damgaard Ck. Circular RNA 
and miR-7 in cancer. Cancer Res 2013; 73: 5609-
5612.

 7) zHang H, Wang g, ding C, liu P, Wang r, ding W, 
Tong d, Wu d, li C, Wei q, zHang X, li d, liu P, Cui 
H, Tang H, Ji F. Increased circular RNA UBAP2 
acts as a sponge of miR-143 to promote osteo-
sarcoma progression. Oncotarget 2017; 8: 61687-
61697.

 8) zHong z, Huang m, lv m, He Y, duan C, zHang l, 
CHen J. Circular RNA MYLK as a competing endo-
genous RNA promotes bladder cancer progres-
sion through modulating VEGFA/VEGFR2 signa-
ling pathway. Cancer Lett 2017; 403: 305-317.

 9) zHang J, liu H, Hou l, Wang g, zHang r, Huang 
Y, CHen X, zHu J. Circular RNA_LARP4 inhibits 
cell proliferation and invasion of gastric cancer 
by sponging miR-424-5p and regulating LATS1 
expression. Mol Cancer 2017; 16: 151.

10) BolHa l, ravnik-glavač m, glavač d. Circular 
RNAs: biogenesis, function, and a role as pos-
sible cancer biomarkers. Int J Genomics 2017; 
2017: 6218353.

11) Preusser C, Hung lH, sCHneider T, sCHreiner s, HardT 
m, moeBus a, sanToso s, BindereiF a. Selective re-

lease of circRNAs in platelet-derived extracellular 
vesicles. J Extracell Vesicles 2018; 7: 1424473.

12) zHang Hd, Jiang lH, sun dW, Hou JC, Ji zl. CircR-
NA: a novel type of biomarker for cancer. Breast 
Cancer 2018; 25: 1-7.

13) zHou J, zHang WW, Peng F, sun JY, He zY, Wu sg. 
Downregulation of hsa_circ_0011946 suppresses 
the migration and invasion of the breast cancer 
cell line MCF-7 by targeting RFC3. Cancer Manag 
Res 2018; 10: 535-544.

14) kun-Peng z, Xiao-long m, CHun-lin z. Overexpres-
sed circPVT1, a potential new circular RNA bio-
marker, contributes to doxorubicin and cisplatin 
resistance of osteosarcoma cells by regulating 
ABCB1. Int J Biol Sci 2018; 14: 321-330.

15) zHu q, lu g, luo z, gui F, Wu J, zHang d, ni Y. CircR-
NA circ_0067934 promotes tumor growth and meta-
stasis in hepatocellular carcinoma through regulation 
of miR-1324/FZD5/Wnt/beta-catenin axis. Biochem 
Biophys Res Commun 2018; 497: 626-632.

16) Yang C, Yuan W, Yang X, li P, Wang J, Han J, Tao J, 
li P, Yang H, lv q, zHang W. Circular RNA circ-I-
TCH inhibits bladder cancer progression by spon-
ging miR-17/miR-224 and regulating p21, PTEN 
expression. Mol Cancer 2018; 17: 19.

17) zHang r, Xu J, zHao J, Wang X. Silencing of hsa_
circ_0007534 suppresses proliferation and indu-
ces apoptosis in colorectal cancer cells. Eur Rev 
Med Pharmacol Sci 2018; 22: 118-126.


