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Abstract. – OBJECTIVE: Long non-coding RNAs 
MNX1-AS1(MNX1-AS1) has been proved to be associ-
ated with ovarian cancer proliferation and invasion. 
However, the clinical significance of MNX1-AS1 in epi-
thelial ovarian cancer (EOC) patients remains un-
known. The aim of this study was to investigate the 
prognostic value of the MNX1-AS1 expression in EOC.

PATIENTS AND METHODS: We first measured 
MNX1-AS1 expression level in 177 paired of EOC and 
matched normal tissues by Real-time quantitative 
RT-PCR. The relevance of MNX1-AS1 expression to 
the clinicopathological factors was assessed. Over-
all survival (OS) and relapse-free survival (RFS) were 
analyzed by log-rank test, and survival curves were 
plotted according to Kaplan-Meier. Univariate and 
multivariate analyses were performed to analyze the 
prognostic significance of MNX1-AS1 expression.

RESULTS: We found that the levels of MNX1-AS1 
were higher in EOC tissue than in matched normal 
tissues (p<0.01). In addition, MNX1-AS1 expres-
sion level was significantly positively correlated 
with FIGO stage (p=0.005), grade (p=0.040) and 
distant metastasis (p=0.000). Kaplan-Meier sur-
vival curves demonstrated that patients with high-
MNX1-AS1 expression showed poorer progres-
sion-free survival and overall survival than those 
with low-MNX1-AS1 expression (p<0.0001 and 
0.0003, respectively). Then, Cox regression analy-
sis revealed that FIGO stage, distant metastasis, 
and MNX1-AS1 expression were independent 
prognostic factors of both overall survival and pro-
gression-free survival for patients with EOC.

CONCLUSIONS: Our findings indicated, for the 
first time, that MNX1-AS1 expression may be a use-
ful marker for predicting the outcome in patients 
with EOC.
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Introduction

Ovarian cancer is the fifth most common gy-
necologic malignancy and it has a high mortality 
rate among women in the world1,2. Epithelial 

ovarian cancer (EOC) is a common entity ac-
counting for 80-90% of ovarian cancer cases3. If 
diagnosed and treated while localized (stages I 
and II), the 5-year survival rates can reach over 
90%4. As most of the patients in the early-stage 
setting are free of any symptoms, most EOC pa-
tients are diagnosed with advanced disease (stag-
es III and IV)5. Despite recent advances in cancer 
treatments, the 5-year survival of EOC patients 
remains poor6. In clinical practice, identification 
of better underlying molecular makers for EOC 
could guide clinicians in designing personalized 
treatment strategies.

Non-coding RNAs consist of snRNA, snoR-
NA, tRNA, rRNA7. Long non-coding RNAs (ln-
cRNAs) comprise the mainstream of transcripts 
that are larger than 200 nucleotides (nt) and not 
translated into proteins8. Although the function 
and mechanism of most lncRNAs remain un-
known, recent evidence shows that lncRNAs are 
involved in a wide range of biological processes, 
such as cell growth, tumorigenesis, apoptosis, 
metastasis, and angiogenesis9-11. More important-
ly, during the last decade, scientists have demon-
strated that abnormal expression of lncRNAs 
may serve as a tumor suppressor or oncogenes 
according to their targeting genes12. Recently, 
emerging studies reported that functional ln-
cRNAs may be used for diagnosing cancer and 
determining prognosis. Some lncRNAs have 
been well studied, such as lncRNA MALAT113, 
lncRNA ANRIL14, and BCAR415. However, the 
role and function of most lncRNAs in EOC re-
mains unknown.

MNX1-AS1 (MNX1 antisense RNA1) is an 
lncRNA located on chromosome 716. To our best 
knowledge, there is only one work that reported 
the abnormal expression of MNX1-AS1 in EOC17. 
However, the clinical significance of MNX1-AS1 
has not been investigated. We aimed to study the 
prognostic value of MNX1-AS1 in patients with 
EOC.
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Patients and Methods

Patients and Specimens
Epithelial ovarian cancer tissues were ob-

tained from 177 patients with EOC who un-
derwent surgical resection at the Linyi People’s 
Hospital from 2004 to 2009. Patients’ ages ranged 
from 24 to 71 years, and the average age was 
(52.32±11.33) years. All samples were immedi-
ately snap-frozen in liquid nitrogen and stored at 
a bio-freezer at -80°C until they were processed. 
The histopathologic diagnoses were determined 
by the hospital’s pathologist. None of the patients 
recruited in this study had undergone preopera-
tive chemotherapy or radiotherapy. The follow-up 
period ranged from 3 to 60 months with an av-
erage of 40 months and a median of 27 months. 
The clinicopathologic features of all the patients 
were summarized in Table I. The research was 
approved by the Ethics Committee of the Affiliat-
ed Hospital of Linyi People’s Hospital and the in-
form consents were signed by all the participants.

Quantitative Real-time PCR (qRT-PCR)
Total RNA was extracted using TRIzol Reagent 

(TaKaRa, Dalian, China). cDNA was synthesized 
using SuperScript II Reverse Transcriptase (In-
vitrogen, Carlsbad, CA, USA) subsequently. The 

qRT-PCR was performed on ABI 7500 system 
(Applied Biosystems, Foster City, CA, USA) ac-
cording to the manufacturer’s instructions. glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) 
was used as an endogenous control to normalize the 
data. Primer sequences were designed as follows: 
MNX1-AS1, 5’-CCCGCATTTTCAGATTCAC-3’ 
(sense) and 5’- GCTCTCAGCCTCGCCATA-3’ 
(antisense); GAPDH, 5’-GTCAACGGATTTG-
GTCTGTATT-3’ (sense) and 5’-AGTCTTCTGG-
GTGGCAGTGAT-3’ (antisense). the relative ex-
pression of MNX1-AS1 was determined by the 
2-ΔCt method.

Statistical Analysis 
Statistical analysis was done using SPSS 16.0 

(SPSS Inc., Chicago, IL, USA). Two-tailed Stu-
dent’s t-tests were used to evaluate differences 
between groups. The correlation of MNX1-AS1 
expression with the clinicopathologic data was 
analyzed using a x2-test. Kaplan-Meier method 
was used to calculate the survival rate and the 
log-rank test was performed to compare survival 
differences. The univariate and multivariate anal-
ysis were carried out using Cox’s proportional 
hazards regression models. A two-tailed p-value 
less than 0.05 was considered to have statistical 
significance.

Table I. MNX1-AS1 expression and clinicopathologic features in EOC patients.

Clinicopathologic	 Number       	                     MNX1-AS1 levels		 p-value
  variables	 of cases			 
		  Low expression	 High expression	

Age (years)				    NS
      <50	 88	 41	 47	
      ≥50	 89	 49	 40	
Ascites				    NS
      <100	 76	 36	 40	
      ≥100	 101	 54	 47	
CA125 level (U/ml)				    NS
      <600	 79	 43	 36	
      ≥600	 98	 47	 51	
Tumor size (cm)				    NS
      ≤ 10	 124	 67	 57	
      > 10	 53	 23	 30	
FIGO stage				    0.005
      I + II	 112	 66	 46	
      III + IV	 65	 24	 41	
Grade				    0.040
      G1	 115	 65	 50	
      G2 + G3	 62	 25	 37	
Distant metastasis				    0.000
      Yes	 113	 69	 44	
      No	 64	 21	 43	
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Results

MNX1-AS1 upregulation 
in EOC specimens

To investigate whether any difference of 
MNX1-AS1 expression existed in EOC and 
matched normal tissues, qRT-PCR was per-
formed. As shown in Figure 1, we found that 
expression of MNX1-AS1 was increased in EOC 
samples (p < 0.01), compared to normal ovarian 
tissues. The result hinted that MNX1-AS1 might 
be a potential tumor promoter in human EOC.

MNX1-AS1 expression in EOC 
and its relationship with 
clinicopathological factors

To screen suspicious factors correlated to 
MNX1-AS1 expression, we further analyzed the 
correlation between MNX1-AS1 expression and 
the clinicopathological characteristics of EOC 
patients. EOC tissues expressing MNX1-AS1 at 
levels less than the median expression level (3.74) 
were ascribed to the low expression group (n = 
90), and other tissues with expression above the 
median value were ascribed to the high expression 
group (n = 87). As indicated in Table I, MNX1-
AS1 expression level was significantly positively 
correlated with FIGO stage (p = 0.005), grade 
(p = 0.040) and distant metastasis (p = 0.000). 
However, there were no significant associations 
between MNX1-AS1 expression and other clin-
ical features including age, ascites, CA125 level 
and tumor size (all p > 0.05).

High MNX1-AS1 levels are correlated 
with poor prognosis in EOC patients

To explore whether MNX1-AS1 expression 
was associated with OS and PFS, we utilized 
Kaplan Meier survival analysis and log-rank 
test. Survival information of 177 patients with 
EOC was obtained through hospital follow-up. 
As shown in Figure 2 and 3, we found that the 
group with high level of MNX1-AS1 expression 
was significantly associated with poor OS (p = 
0.0003) and PFS (p < 0.0001). Subsequently, in 
univariate analysis of OS, FIGO stage (HR 3.672, 
95% CI: 1.671-6.228, p = 0.001), distant metasta-
sis (HR 4.138, 95% CI: 1.893-8.224, p = 0.001) 
and MNX1-AS1 expression (HR 3.213, 95% CI: 
1.572-5.932, p = 0.001) were prognostic indicators 

Figure 1. Relative MNX1-AS1 expression levels in EOC 
tissues and matched normal tissues. MNX1-AS1 expression 
was and normalized to GAPDH. The expression levels of 
MNX1-AS1 in EOC samples were much higher than those 
in normal ovary samples (p<0.01).

Figure 2. Survival curves in patients with EOC according 
to MNX1-AS1 expression levels. Patients with high MNX1-
AS1 expression had significantly shorter OS compared to 
low MNX1-AS1 patients (p=0.0003).

Figure 3. Survival curves in patients with EOC according 
to MNX1-AS1 expression levels. Patients with high MNX1-
AS1 expression had significantly shorter PFS compared to 
low MNX1-AS1 p atients (p<0.0001).
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(Table II). In univariate analysis of PFS, FIGO 
stage (HR 3.321, 95% CI: 1.482-5.321, p = 0.001), 
distant metastasis (HR 3.729, 95% CI: 1.673-
6.323, p = 0.001) and MNX1-AS1 expression 
(HR 2.983, 95% CI: 1.873-5.632, p = 0.001) were 
prognostic indicators (Table III). Furthermore, 
multivariate analysis confirmed that FIGO stage, 
distant metastasis, and MNX1-AS1 have the po-
tential to independently predicate OS (p = 0.002) 
and PFS (p = 0.004) in EOC (Table II and III).

Discussion

The research for effective molecular markers 
for diagnosis and prognosis of EOC is very im-
portant for prognosis of patients. In the last de-
cade, miRNAs and related genes have been well 
studied18,19. However, most lncRNAs have not 
been identified. Dysregulation of lncRNAs was 
reported to be associated with the progression of 
human malignancies20. Recently, lncRNAs were 
considered to be novel biomarkers for types of 

human cancer, including EOC. For instance, Bi et 
al21 found that lncRNA PCAT-1 over-expression 
promoted proliferation and metastasis in gastric 
cancer cells through regulating CDKN1A and 
was associated with poor prognosis of patients 
with gastric cancer. Zhou et al22 reported that 
forced expression of lncRNA SPRY4-IT1 pro-
moted hepatocellular carcinoma cell proliferation 
and invasion by activating EZH2, suggesting that 
lncRNA SPRY4-IT1 might be considered as a 
therapeutic target in hepatocellular carcinoma. 
Chen et al23 reported that lncRNA NEAT1 was 
significantly up-regulated in ovarian cancer and 
associated with FIGO stage and distant metasta-
sis; in addition, the NEAT1 expression level was 
an independent factor in predicting the overall 
survival of ovarian cancer patients. Those results 
highlighted the potential of lncRNAs as biomark-
ers for predicting the prognosis of tumor patients.

Unlike some well-studied lncRNAs, so far, on-
ly one paper reported the role of MNX1-AS1 in 
tumors. Lv et al17 reported that MNX1-AS1 was 
significantly highly expressed in EOC and that the 

Table II. Univariate and multivariate analyses for OS in EOC patients.

Variable		  Univariate			   Multivariate

	 HR	 95% CI	 p-value	 HR	 95% CI	 p-value

Age	 0.832	 0.527-1.562	 0.378	 –	 –	 –
Ascites	 1.231	 0.711-1.923	 0.219	 –	 –	 –
CA125 level	 0.918	 0.488-1.672	 0.201	 –	 –	 –
Tumor size	 1.562	 0.833-2.213	 0.156	 –	 –	 –
FIGO stage	 3.672	 1.671-6.228	 0.001	 2.581	 1.218-5.129	 0.003
Grade	 1.983	 0.892-2.933	 0.083	 –	 –	 –
Distant metastasis	 4.138	 1.893-8.224	 0.001	 3.673	 1.562-6.893	 0.001
MNX1-AS1 	 3.213	 1.572-5.932	 0.001	 2.672	 1.193-4.228	 0.002
  expression	

Table III. Univariate and multivariate analyses for PFS in EOC patients.

Variable		  Univariate			   Multivariate

	 HR	 95% CI	 p-value	 HR	 95% CI	 p-value

Age	 0.721	 0.672-1.842	 0.322	 –	 –	 –
Ascites	 1.523	 0.821-2.231	 0.271	 –	 –	 –
CA125 level	 0.821	 0.517-1.772	 0.251	 –	 –	 –
Tumor size	 1.821	 0.727-2.342	 0.183	 –	 –	 –
FIGO stage	 3.321	 1.482-5.321	 0.001	 2.931	 1.132-4.273	 0.006
Grade	 1.723	 0.791-2.673	 0.091	 –	 –	 –
Distant metastasis	 3.729	 1.673-6.323	 0.001	 3.218	 1.382-5.931	 0.001
MNX1-AS1 	 2.983	 1.873-5.632	 0.001	 2.362	 1.362-4.213	 0.004 
  expression	
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expression level of MNX1-AS1 was correlated with 
EOC stage. Furthermore, they showed that down-
regulation of MNX1-AS1 suppressed cell prolifer-
ation, colony formation, and cell migration ability. 
Those results indicated that MNX1-AS1 served as 
a tumor promoter in EOC. However, the prognostic 
value of MNX1-AS1 in EOC remains unknown.

In the present study, it was identified that 
MNX1-AS1 expression in EOC was much higher 
than the normal ovarian tissues. Also, we found 
that high MNX1-AS1 expression was significantly 
associated with FIGO stage, grade, and distant 
metastasis. Moreover, our clinical results revealed 
that MNX1-AS1 level was inversely correlated 
with EOC patient survival time. To assess whether 
the expression of MNX1-AS1 was a tumor prog-
nostic biomarker, univariate and multivariate anal-
ysis was performed using Cox proportional haz-
ards model. The results indicated that MNX1-AS1 
expression were independent prognostic factors of 
both OS and PFS for patients with EOC. However, 
the present study was not related to the potential 
mechanism by which MNX1-AS1 impacted the 
outcome of EOC patients. Further studies should 
focus on exploring the contribution of MNX1-AS1 
in EOC through molecular mechanisms.

Conclusions

To our best knowledge, this work firstly 
demonstrated that increased MNX1-AS1 expres-
sion predicts poor OS and PFS of patients with 
EOC. Therefore, MNX1-AS1 may be an indepen-
dent prognostic marker for EOC patients.

Conflict of Interest

The authors declare no conflicts of interest.

References

    1)	Jemal A, Bray F, Center MM, Ferlay J, Ward E, For-
man D. Global cancer statistics. CA Cancer J Clin 
2011; 61: 69-90.

    2)	Jayson GC, Kohn EC, Kitchener HC, Ledermann JA. 
Ovarian cancer. Lancet 2014; 384: 1376-1388.

    3)	Vargas-Hernández VM, Moreno-Eutimio MA, Acos-
ta-Altamirano G, Vargas-Aguilar VM. Management 
of recurrent epithelial ovarian cancer. Gland Surg 
2014; 3: 198-202.

    4)	Gloss BS, Samimi G. Epigenetic biomarkers in 
epithelial ovarian cancer. Cancer Lett 2014; 342: 
257-263.

    5)	Kobayashi E, Ueda Y, Matsuzaki S, Yokoyama T, Kimura 
T, Yoshino K, Fujita M, Kimura T, Enomoto T. Bio-
markers for screening, diagnosis, and monitoring 
of ovarian cancer. Cancer Epidemiol Biomarkers 
Prev 2012; 21: 1902-1912.

    6)	Au KK, Josahkian JA, Francis JA, Squire JA, Koti 
M. Current state of biomarkers in ovarian can-
cer prognosis. Future Oncol 2015; 11: 3187-
3195.

    7)	Beermann J, Piccoli MT, Viereck J, Thum T. Non-cod-
ing RNAs in development and disease: back-
ground, mechanisms, and therapeutic approach-
es. Physiol Rev 2016; 96: 1297-1325.

    8)	Weinberg MS, Morris KV. Long non-coding RNA 
targeting and transcriptional de-repression. Nu-
cleic Acid Ther 2013; 23: 9-14.

    9)	Krishnan J, Mishra RK. Emerging trends of long 
non-coding RNAs in gene activation. FEBS J 
2014; 281: 34-45.

  10)	Zhang M, Wu WB, Wang ZW, Wang XH. lncRNA 
NEAT1 is closely related with progression of 
breast cancer via promoting proliferation and 
EMT. Eur Rev Med Pharmacol Sci 2017; 21: 1020-
1026.

  11)	Sánchez Y, Huarte M. Long non-coding RNAs: 
challenges for diagnosis and therapies. Nucleic 
Acid Ther 2013; 23: 15-20.

  12)	Shen XH, Qi P, Du X. Long non-coding RNAs 
in cancer invasion and metastasis. Mod Pathol 
2015; 28: 4-13.

  13)	Gutschner T, Hämmerle M, Eissmann M, Hsu J, Kim 
Y, Hung G, Revenko A, Arun G, Stentrup M, Gross 
M, Zörnig M, MacLeod AR, Spector DL, Diederichs 
S. The noncoding RNA MALAT1 is a critical reg-
ulator of the metastasis phenotype of lung cancer 
cells. Cancer Res 2013; 73: 1180-1189.

  14)	Kotake Y, Nakagawa T, Kitagawa K, Suzuki S, Liu N, 
Kitagawa M, Xiong Y. Long non-coding RNA AN-
RIL is required for the PRC2 recruitment to and 
silencing of p15(INK4B) tumor suppressor gene. 
Oncogene 2011; 30: 1956-1962.

  15)	Ju L, Zhou YM, Yang GS. Up-regulation of long 
non-coding RNA BCAR4 predicts a poor progno-
sis in patients with osteosarcoma, and promotes 
cell invasion and metastasis. Eur Rev Med Phar-
macol Sci 2016; 20: 4445-4451.

  16)	Goyal A, Myacheva K, Gross M, Klingenberg M, 
Duran Arqué B, Diederichs S. Challenges of CRIS-
PR/Cas9 applications for long non-coding RNA 
genes. Nucleic Acids Res 2017; 45: e12.

  17)	Lv Y, Li H, Li F, Liu P, Zhao X. Long Noncoding RNA 
MNX1-AS1 knockdown inhibits cell proliferation 
and migration in ovarian cancer. Cancer Biother 
Radiopharm 2017; 32: 91-99.

  18)	Xu L, Qi X, Duan S, Xie Y, Ren X, Chen G, Yang X, 
Han L, Dong Q. MicroRNAs: potential biomarkers 
for disease diagnosis. Biomed Mater Eng 2014; 
24: 3917-3925.

  19)	Su Z, Graybill WS, Zhu Y. Detection and monitoring 
of ovarian cancer. Clin Chim Acta 2013; 415: 341-
345.



lncRNA MNX1-AS1 and ovarian cancer

5623

  20)	Shi X, Sun M, Liu H, Yao Y, Song Y. Long 
non-coding RNAs: a new frontier in the study 
of human diseases. Cancer Lett 2013; 339: 
159-166.

  21)	Bi M, Yu H, Huang B, Tang C. Long non-coding 
RNA PCAT-1 over-expression promotes prolif-
eration and metastasis in gastric cancer cells 
through regulating CDKN1A. Gene 2017; 626: 
337-343.

  22)	Zhou M, Zhang XY, Yu X. Overexpression of the 
long non-coding RNA SPRY4-IT1 promotes tumor 
cell proliferation and invasion by activating EZH2 
in hepatocellular carcinoma. Biomed Pharmaco-
ther 2017; 85: 348-354.

  23)	Chen ZJ, Zhang Z, Xie BB, Zhang HY. Clinical sig-
nificance of up-regulated lncRNA NEAT1 in prog-
nosis of ovarian cancer. Eur Rev Med Pharmacol 
Sci 2016; 20: 3373-3377.


