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Abstract. – OBJECTIVE: Evidence has indi-
cated that long noncoding RNA (lncRNAs) may 
have significant roles in cancer. In this study, we 
aimed to investigate the expression pattern and 
prognostic value of a noncoding RNA named as 
HMMR antisense RNA 1 (HMMR-AS1) in epitheli-
al ovarian cancer (EOC).

PATIENTS AND METHODS: Differences in 
the expression of HMMR-AS1 between EOC and 
matched normal tissues were analyzed using 
RT-PCR. The correlation between HMMR-AS1 
levels and the clinicopathological factors of 
the EOC patients was analyzed by x2-test. Ka-
plan-Meier analysis and Cox proportional haz-
ards regression models were explored to reveal 
the correlations of HMMR-AS1 expression with 
survival of patients.

RESULTS: HMMR-AS1 was significantly up-
regulated in human EOC tissues compared with 
adjacent normal tissues (p < 0.01). Clinicopath-
ologic analysis revealed that high expression of 
HMMR-AS1 was associated with advanced FIGO 
stage (p = 0.013) and positive lymphatic metas-
tasis (p = 0.010). Moreover, patients with higher 
HMMR-AS1 expression displayed shorter overall 
survival time (p = 0.0075) and progression-free 
survival time (p = 0.0013) than those with lower 
HMMR-AS1 expression. More importantly, multi-
variate analysis suggested that high expression 
of HMMR-AS1 was an independent prognostic 
indicator for EOC patients. 

CONCLUSIONS: Our data suggested that HM-
MR-AS1 may be considered a novel prognostic 
factor in EOC and a specific diagnostic indicator 
for patients with EOC.
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Introduction

Ovarian cancer is one of the most common 
causes of death from all cancers among wom-
en with high morbidity and mortality rates1,2. 
Epithelial ovarian cancer (EOC) is the most 
common type of ovarian cancer. It is reported 
that ovarian cancer is associated with multistep 
changes in the genome3. Despite the significant 
advances in the research and treatment, the ma-
jority of patients are diagnosed with advanced 
disease, and the five-year survival rate for EOC 
is about 30%4,5. In China, clinical outcomes 
vary significantly between patients and can be 
difficult to predict. Therefore, it is necessary to 
search for novel markers for EOC, which can 
accurately identify the biological characteristics 
of tumors, enhance cancer detection and predict 
clinical outcome. Long noncoding RNAs (ln-
cRNAs) are a diverse set of transcripts, which 
are defined as encompassing more than 200 
nucleotides6. Although lncRNAs have no pro-
tein coding capacity, lncRNAs play functional 
roles in many biological processes such as cell 
development, proliferation, metastasis, angio-
genesis, cell cycle, differentiation, invasion and 
migration7,8. In human cancers, there is growing 
evidence that lncRNAs are involved in cancer 
cell proliferation, invasion and apoptosis by 
regulating oncogenes and/or tumor suppressor 
genes9,10. Of note, several important functional 
lncRNAs have been well investigated in various 
including EOC, such as lncRNA HOTAIR11, ln-
cRNA HOXA11-AS12, and lncRNA DUXAP1013. 
However, there are still many lncRNAs whose 
expression and function remain unknown. HM-
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MR antisense RNA 1(HMMR-AS1), a novel 
dysregulated lncRNA located at 5p34, is the 
antisense transcript of hyaluronan-mediated 
motility receptor (HMMR). Recently, upregu-
lated expression of HMMR-AS1 and its onco-
genic role have been reported in breast cancer 
and glioblastoma14,15. However, whether HM-
MR-AS1 was dysregulated in EOC, and its func-
tion as well as clinical significance in EOC have 
not been investigated. In this study, for the first 
time, we reported the possibility of HMMR-AS1 
as a novel diagnostic and prognostic biomarker 
for EOC patients. 

Patients and Methods

Patients 
EOC and matched adjacent non-tumor tissues 

were obtained from 152 patients who underwent 
surgery at the Hebei General Hospital between 
September 2013 and February 2014. Tissue sam-
ples were immediately stored in liquid nitrogen 
for RNA extraction. None of these EOC pa-
tients had received other therapeutic treatments 
prior to surgery. All histological diagnoses for 
EOC and matched normal tissues were reviewed 
and recognized by three pathologists. Patients 
signed an informed consent and their clinical 

information is summarized in Table I. Prior 
informed consent was obtained, and the study 
protocol was approved by the Ethics Committee 
of Hebei General Hospital.

RNA Extraction and Quantitative 
Real-Time Polymerase Chain Reaction

Total RNA was extracted from EOC tissues 
using the TRIzol reagent according to the pro-
tocol and was quantified with NanoDrop 2000 
(Thermo Fisher Scientific, Waltham, MA, USA). 
Total RNA (500 ng) was reverse transcribed in 
a final volume of 10 mL using random primers 
under standard conditions for the PrimeScript 
RT reagent Kit (TaKaRa, Otsu, Shiga, Japan). 
Quantitative Real-time PCR (qPCR) was per-
formed using TaqMan Universal Master Mix 
II (ABI) with a 7300 Real-Time PCR System 
(ABI). PCR was performed with the following 
thermocycling conditions: an initial of 3 min 
at 95°C, followed by 40 cycles of 95°C for 10 
s, 60°C for 30 s. The relative expression of 
HMMR-AS1 was calculated and normalized 
using the 2-ΔΔCt method relative to glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH). 
Each sample was analyzed in triplicate pattern. 
The primer sequences used in this study are 
shown in Table II. 

Table I. Correlation of HMMR-AS1 expression with clinicopathological features of EOC.

			                            HMMR-AS1 expression

	 Variables	 No. of cases	 High	 Low	 p-value

Age (years)				    NS
    ≤ 55	 73	 41	 32	
    > 55	 79	 34	 45	
Size (cm)				    NS
    ≤ 5	 89	 41	 48	
    > 5	 63	 34	 29	
FIGO stage				    0.013
    I-II	 96	 40	 56	
    III-IV	 56	 35	 21	
Poor histologic differentiation				    NS
    Yes	 55	 31	 24	
    No	 97	 44	 53	
Vascular invasion				    NS
    Yes	 49	 27	 22	
    No	 103	 48	 55	
Lymphatic metastasis				    0.010
    Yes	 46	 30	 16	
    No	 106	 45	 61	
Distant metastasis				    NS
    Yes	 47	 27	 20	
    No	 105	 48	 57	



Increased expression of lncRNA HMMR-AS1 in EOC

8147

Statistical Analysis
Statistical analyses were performed using 

Prism 7 (GraphPad, La Jolla, CA, USA) and the 
SPSS 16.0 statistical software (SPSS Inc., Chica-
go, IL, USA). The comparison of the expression 
levels of HMMR-AS1 between EOC tissues and 
adjacent normal tissues were performed using 
the two-sample Student’s t-test. x2-test was used 
to analyze the relationship between HMMR-AS1 
expression levels and the clinicopathological 
characteristics. Survival curves were plotted us-
ing the Kaplan-Meier method and compared us-
ing the log-rank test. The significance of survival 
variables was evaluated using a multivariate Cox 
proportional hazards regression analysis. A p < 
0.05 was considered statistically significant.

Results

HMMR-AS1 is Highly Expressed in 
EOC Tissues

Firstly, we performed RT-PCR to explore 
whether HMMR-AS1 was dysregulated in EOC 
patients. As shown in Figure 1, as compared to 

matched normal tissues, HMMR-AS1 expression 
was highly expressed in EOC tissues (p < 0.01). 
Those data indicated that HMMR-AS1 might 
play an oncogenic role in EOC progression.

Correlation of HMMR-AS1 Expression 
with Clinicopathological Factors of 
EOC Patients

Then, we explored the clinical association be-
tween HMMR-AS1 expression and clinicopatho-
logic factors of EOC patients. The median value 
of HMMR-AS1 in all EOC tissues was 2.65 and 
was used as a cutoff value, and all patients were 
divided into two groups high-HMMR-AS1 ex-
pression group (n = 75) and low-HMMR-AS1 ex-
pression group (n = 77). As shown in Table I, we 
found that high expression of HMMR-AS1 was 
positively associated with FIGO stage (p = 0.013) 
and lymphatic metastasis (p = 0.010) in EOC 
patients. However, there were no significant asso-
ciations of HMMR-AS1 expression with patients’ 
age and size, poor histologic differentiation, vas-
cular invasion and distant metastasis (p < 0.05). 
Thus, our results indicated that HMMR-AS1 may 
be a functional lncRNA in clinical progression 
of EOC.

Prognostic Values of HMMR-AS1 
Expression in EOC

To further investigate the correlation of HM-
MR-AS1 expression with the prognosis of EOC 
patients, Kaplan-Meier analyses were performed. 
As shown in Figure 2 and 3, patients with higher 
expression of HMMR-AS1 showed significantly 
shorter overall survival (OS) (p = 0.075) and 
progression-free survival (PFS) (p = 0.013) than 
those with lower expression, suggesting that HM-
MR-AS1 might be associated with prognosis. 
Then, we further explored whether HMMR-AS1 
could be an independent prognostic factor for 
EOC patients. Univariate analysis showed that FI-
GO stage, lymphatic metastasis and HMMR-AS1 
expression were associated with both OS and 
PFS of EOC patients (Table III and IV). Further 
multivariate analysis confirmed that HMMR-AS1 

Table II. Sequence of the primers used in this study.

	 Genes	 Primer sequences (5’-3’)

HMMR-AS1: Forward	 AACTCGCCTATTTAGCCTGGG
HMMR-AS1: Reverse:	 ATACCAGGAACCAGGAGTTGTGT
GAPDH: Forward	 CGGAGTCAACGGATTTGGTCGTAT
GAPDH: Reverse:	 AGCCTTCTCCATGGTGGTGAAGAC

Figure 1. HMMR-AS1 was upregulated in EOC tissues. 
Tumor tissues and adjacent normal tissues were extracted 
from 152 EOC patients. The expression of HMMR-AS1 was 
compared by qRT-PCR.
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expression was an independent prognostic factor 
for both OS (HR = 3.233, 95% CI: 1.232-4.564, 
p = 0.018) and PFS (HR = 3.652, 95% CI: 1.169-
4.732, p =0.009) of EOC patients (Table III and 
IV). Taken together, our results revealed that 
HMMR-AS1 may be a novel prognostic biomark-
er for EOC patients. 

Discussion

In China, EOC accounted for 52000 new pa-
tients and 22000 deaths in 2017, which is the 
highest mortality rate among gynecologic can-
cers16. Prediction of prognosis of EOC patients 
is very important for the management of EOC 
treatments17. Up to date, several clinicopathologic 
features have been the standard for determining 
the clinical outcome of EOC patients, and sev-

eral molecules and genetic alterations have also 
been reported as potential markers18-20. However, 
satisfactory prognostic methods for EOC have 
not been achieved. With the development of mi-
crochip analytical procedures, lncRNAs become 
ideal candidates for its dysregulation and critical 
roles in progression of EOC21,22. In addition, 
researches reported that lncRNAs can be used 
as a potential biomarker for the prognosis of an 
individuals’ disease as well as a guide to deter-
mine what is the most appropriate therapy23,24. 
However, a large number of lncRNAs remain to 
be elucidated. Dysregulation of lncRNAs was 
frequently reported in EOC and its forced ex-
pression could suppress or promote tumor pro-
gression, thus suggesting the potential applica-
tion of lncRNAs as diagnostic biomarkers and 
treatments targeting25,26. For instance, lncRNA 
NEAT1, a well-studied lncRNA in various tu-

Figure 2. Kaplan-Meier survival curves of patients with 
EOC based on HMMR-AS1 expression level. Patients in 
the high expression group had significantly poorer overall 
survival than those in low expression group (p = 0.0075, 
log-rank test).

Figure 3. Kaplan-Meier survival curves of patients with 
EOC based on HMMR-AS1 expression level. Patients in the 
high expression group had significantly poorer progression-
free survival than those in low expression group (p = 0.0013, 
log-rank test).

Table III. Univariate and multivariate analysis of clinicopathological factors for overall survival.

			   Univariate analysis			  Multivariate analysis	

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

Age ≤ 55 vs. > 55	 1.477	 0.658-2.213	 0.327	 -	 -	 -
Size ≤ 5 vs. > 5	 1.846	 0.733-2.543	 0.179	 -	 -	 -
FIGO stage I-II vs. III-IV	 3.667	 1.563-5.328	 0.008	 3.015	 1.126-4.164	 0.019
Poor histologic differentiation Yes vs. No	 1.643	 0.893-2.336	 0.139	 -	 -	 -
Vascular invasion Yes vs. No	 1.832	 0.654-2.347	 0.115	 -	 -	 -
Lymphatic metastasis Yes vs. No	 3.699	 1.473-5.664	 0.005	 3.126	 1.177-4.673	 0.009
Distant metastasis Yes vs. No	 1.546	 0.932-2.137	 0.127	 -	 -	 -
HMMR-AS1 expression High vs. Low	 3.842	 1.547-5.327	 0.007	 3.233	 1.232-4.564	 0.018
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mors, was reported to be upregulated in ovarian 
cancer and be associated with poor prognosis. 
Functionally, lncRNA NEAT1 was confirmed to 
promote cell proliferation and migration through 
sponging miR-506 in high-grade serous ovar-
ian cancer27. Other lncRNAs, such as lncRNA 
GAS528, lncRNA TUBA4B29, and lncRNA H1930, 
were also reported to be functional regulators in 
EOC behavior and serve as potential prognostic 
biomarkers. HMMR-AS1, as a newly identified 
lncRNA, was firstly reported to be dysregulated 
in breast cancer and glioblastoma. In glioblas-
toma, knockdown of HMMR-AS1 inhibited cell 
migration and invasion16. In breast cancer, HM-
MR-AS1 was found to act as a tumor promot-
er15. These results highlighted the possibility of 
HMMR-AS1 as a potential important targeting 
for tumors. However, to our best knowledge, 
the roles of HMMR-AS1 on EOC progression 
have not been reported. In this study, in order to 
explore whether HMMR-AS1 was dysregulated 
in EOC patients, we collected EOC tissues and 
matched normal tissues from 152 EOC patients 
from our hospital, and performed RT-PCR: we 
found that HMMR-AS1 expression was signifi-
cantly upregulated in EOC tissues. This trend of 
expression was similar with previous results in 
breast cancer and glioblastoma. Then, we further 
study the clinical significance of HMMR-AS1 
by analyzing relationship between clinicopatho-
logical characteristics and HMMR-AS1 expres-
sion, finding that high HMMR-AS1 expression 
was significantly associated with advanced FIGO 
stage and positive lymphatic metastasis, indi-
cating that HMMR-AS1 may act as a positive 
regulator in progression of EOC. Moreover, we 
performed Kaplan-Meier analyses to further 
demonstrate the prognosis value of HMMR-AS1 
in EOC and the results indicated that the OS/PFS 

for patients in the high HMMR-AS1 expression 
group was significantly lower than that of the low 
HMMR-AS1 expression group. More important-
ly, Cox proportional regression analysis indicated 
that HMMR-AS1 was an independent prognostic 
factor for the EOC patients. However, one of the 
limitations of this study is that the sample size 
is relatively small. Further studies on a great 
number of patients are required to confirm our 
findings.

Conclusions

We showed that high expression of HM-
MR-AS1 is an independent factor for poor sur-
vival in newly diagnosed patients with EOC, and 
targeting HMMR-AS1 may be of benefit to EOC 
patients.
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