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Clinical significance of up-regulated IncRNA
NEAT1 in prognosis of ovarian cancer
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Abstract. - OBJECTIVE: The purpose of the
present study was to examine the expression
levels of IncRNA NEAT1 in fresh ovarian cancer
(OC) tissue and matched adjacent normal tissue
specimens, and investigate the clinical signifi-
cance of NEAT1 in OC.

PATIENTS AND METHODS: NEAT1 levels in
OC tissues and matched adjacent normal tis-
sue specimens were tested by qRT-PCR. Then,
statistical analysis was performed to explore
the associations of NEAT1 expression with the
clinical features and the prognosis of OC.

RESULTS: NEAT1 is upregulated in ovarian
cancer tissues compared with the correspond-
ing adjacent non-neoplastic tissues. The ex-
pression level of NEAT1 was positively correlat-
ed with FIGO stage (p = 0.004), tumor grade (p =
0.009) and distant metastasis (p = 0.000). Also,
the Kaplan-Meier survival curves revealed that
high NEAT1 expression was associated with
poor prognosis in OC patients. Multivariate Cox
regression analysis showed that NEAT1 expres-
sion level (p < 0.001) was an independent factor
in predicting the overall survival of OC patients.

CONCLUSIONS: These results suggest that
NEAT1 has a potential to function as a clinical
biomarker for predicting disease invasiveness
and prognosis of patients with OC.
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Introduction

Ovarian cancer (OC) is one of the most com-
mon tumors of the female reproductive system,
and the mortality rate of this disease ranks first
among gynecological malignant tumors"2. Despite
advances in surgery and chemotherapy, the overall
survival of OC patients remains unsatisfactory,
with a five-year survival rate of only 30%?°. One
of the most important reasons that lead to the poor
outcome of OC patients is most cases diagnostic at

an advanced stage. Therefore, the identification of
novel diagnostic and prognostic biomarkers, and
potential therapeutic targets is crucial for improv-
ing the prognosis of OC patients.

Long non-coding RNAs (IncRNAs), a member
of the non-coding RNAs family, are greater than
200 nucleotides in length and do not code for pro-
teins, but IncRNAs can regulate gene expression
in transcriptional or post-transcriptional level*. In
recent years, always more evidences showed that
the expression levels of some IncRNAs were asso-
ciated with recurrence, metastasis, and prognosis
of cancers™. Gupta et al® showed that IncRNA
HOTAIR expression was increased in primary
breast tumors, and HOTAIR expression level in
breast tumors was a powerful predictor of eventu-
al metastasis and death. Zhang et al'® determined
that upregulation of long noncoding RNA TUGI
promotes osteosarcoma cell growth and inhibits
apoptosis. Qiu et al'! found that overexpression
of long non-coding RNA HOTAIR predicts poor
patient prognosis and promotes tumor metastasis
in epithelial ovarian cancer. Unfortunately, the
emerging functional role of IncRNA NEATI in
OC remains largely unknown.

In the present study, we examined the ex-
pression level of NEAT1 in OC tissues by using
gRT-PCR. Next, we analyzed the relationships
between NEATI expression and clinicopatholog-
ical features. Our research revealed that NEAT1
involved in the progression of RCC.

Patients and Methods

Patients and tissue samples

All tumor and matched normal ovarian sur-
face tissue samples were obtained from 149 OC
patients who underwent surgery at Linyi People’s
Hospital in January 2006 and December 2011.
None of the patients recruited in this study had
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undergone preoperative chemotherapy or radio-
therapy. All patients had complete 5-year fol-
low-up. After surgical resection, the specimens
were put immediately into liquid N2 for 10 min
and then into a -70°C ultra-freezer. The clinico-
pathological features of the patients are summa-
rized in Table 1. This work was approved by the
Research Ethics Committee of Linyi People’s
Hospital. Written informed consent was obtained
from all of the patients.

RNA isolation and quantitative r
eal-time PCR (qRT-PCR)

Total RNA was extracted from OC tissues
using Trizol reagent (Invitrogen, San Diego,
CA, USA) according to the manufacturer’s
protocol. The isolated total RNA was revers-
ing transcribed using PrimeScirpt RT Mas-
ter Mix (Takara, Pudong, Shanghai, China)
according to the manufacture’s protocol. The
primers for NEAT1 and reference gene GAP-
DH were as following: NEAT1 Forward-5-TG-
GCTAGCTCAGGGCTTCAG-3’, NEAT1 Re-
verse-5’-TCTCCTTGCCAAGCTTCCTTC-3%
GAPDH Forward-5-TGAACGGGAAGCT-
CACTGG-3’, GAPDH Reverse-5-TCCACCAC-
CCTGTTGCTGTA-3". The expression level of
NEAT-1 was measured by quantitative real-time
PCR (qRT-PCR), which was performed using the
Applied Biosystems 7900HT (Invitrogen, San
Diego, CA, USA) with 1.0 pl of cDNA and SYBR
Green Real-time PCR Master Mix (Takara, Pud-
ong, Shanghai, China). The relative expression of
NEATI1 was calculated and normalized using the
244 method about GAPDH.

Statistical Analysis

All statistical analyses were performed using
SPSS 20.0 software (SPSS Inc., Chicago, IL,
USA). Data are expressed as the mean + SD from
at least three separate experiments. Differences
between groups were analyzed using Student’s
t-test or chi-square test analysis. Kaplan-Meier
and Cox regression analyses were utilized to de-
termine the association between IncRNA NEATI1
and overall survival as well as the prognosis of
OC. p-values less than 0.05 were considered sta-
tistically significant.

Results

IncRNA NEATT is Significantly
Up-regulated in OC Tissues

gRT-PCR was used to measure NEATI expres-
sion levels in a total of 149 patients with ccRCC.
Data showed that the expression of NEAT1 in OC
tissues was higher than in adjacent non-tumor
tissues (p < 0.01, as shown in Figure 1).

Correlation between NEATI]
Expression and Clinicopathologic
Features in Patients with OC

We next assessed the association between
NEAT]1 expression and clinicopathologic fea-
tures of OC patients. NEAT1 expression in
OC tissues was categorized as low or high ac-
cording to the median level. As shown in Table
I, the results showed that NEATI expression
was significantly associated with poor clini-
copathologic features including FIGO stage (p

Table I. Associations between IncRNA NEAT1 expression and clinicopathological characteristics in ovarian cancer.

Characteristics Group Number IncRNA NEAT1 p-value
High Low

Age (years) <55 66 35 31 0.464
>55 83 39 44

Histological subtypes Serous 112 55 57 0872
Endometrioid 13 7 6
Mucinous 9 4 5
Clear cell 9 6 3
Others 6 2 4

FIGO stage I+1I 53 18 35 0.004
I +1v 96 56 40

Grade Gl 60 22 38 0.009
G2 +G3 89 52 37

Distant metastasis Yes 56 45 11 0.000
No 93 29 64

Tumor size (cm) <10 85 41 44 0.688
>10 64 33 31
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Figure 1. LncRNA NEAT] expression levels assessed by
gRT-PCR in ovarian cancer tissue and adjacent non-tumor
tissues.

= 0.004), tumor grade (p = 0.009) and distant
metastasis (p = 0.000). In contrast, there was
no association between NEATI expression and

other clinical factors, such as age and tumor
size (p > 0.05).

Correlation between NEAT]
Expression and Prognosis
of OC Patients
Then, we evaluated the prognostic signifi-
cance of NEATI expression in patients with OC.
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Figure 2. Kaplan-Meier curves for survival time in patients
with ovarian cancers divided according to NEAT1 expres-
sion: significantly shorter survival times for patients with high
NEATI! expression than for those with low NEAT1 expression
(p=10.001).

Using Kaplan-Meier method and log-rank test,
we found that the overall survival rate was sig-
nificantly shorter in patients with high NEAT1
expression compared to those with low NEATI1
expression (p = 0.001, Figure 2). Univariate anal-
ysis identified tumor grade, distant metastasis,
FIGO stage, and high expression of NEATI as
prognostic factors. Furthermore, multivariate
analysis confirmed that NEATI expression was
an independent risk factor for OS (p < 0.001; Ta-
ble II) in OC patients.

Table Il. Univariate and multivariate analyses for overall survival by Cox regression model.

Variable Univariate analysis Multivariate analysis
Risk ratio 95 % CI p-value Risk ratio 95 % CI p-value
Age (years)
>55vs. <55 1.461 0.554-2.569 0.582
Histologic grade 1.633 0.791-2.451 0.619
Serous vs. (Endometrioid
+ Mucinous + Clear cell
+ Others)
Tumor size (cm) 1.216 0.765-2.418 0.715
<10vs.>10
Tumor grade
Gl vs.G2+G3 3.336 1.591-5.458 0.012 3.149 1.417-7.766 0.001
Distant metastasis
Yes vs. No 4.231 1.688-7.221 0.003 3.515 1.592-6.449 <0.001
FIGO stage
[+1Ivs. IIT+1V 2.558 1.231-5.477 0.006 2.443 1.398-6.129 0.002
IncRNA NEAT1
High vs. low 3.443 1.459-7.257 0.005 3.039 1.342-5.784 <0.001
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Discussion

Ovarian cancer is the seventh most common
cancer and the eighth most common cause
of death from cancer in women'?. Although
a combination of chemotherapy and surgery
would improve survival, OC that is associated
with malignant metastasis and migration, has
an unusually poor prognosis. Thus, discov-
ering more molecular markers associated with
the relapse and prognosis of OC is essential.
LncRNAs, a group of transcripts without pro-
tein coding potential, have gained massive
attention in recent years for potentially new
and crucial player in gene regulation. In re-
cent years, always more evidences revealed the
contribution of IncRNAs as having oncogenic
or tumor suppressor roles in tumorigenesis®.
An investigative focusing on these LncRNAs
and their functions in the pathogenesis of OC
is warranted.

NEATI, a nuclear-restricted long non-cod-
ing RNA, encodes two isoforms: 3700-nucleo-
tide (nt) NEAT1 1 and 23,000-nt NEAT1 2'.
Recently, many studies revealed that NEATI1
play an important role in the progression of the
tumor. Chen et al'? found that the expression of
NEAT1 was up-regulated in esophageal squa-
mous cell carcinoma tissues and enhanced ex-
pression of NEATI1 stimulated the proliferation
of esophageal squamous cell carcinoma cells.
Guo et al'® showed that NEAT1 might promote
tumorigenesis and metastasis in hepatocellular
carcinoma. Chai et al” found that NEAT1 was
up-regulated in OC patients and cell lines, and
NEATI, whose expression was collaboratively
controlled by HuR and miR-124-3p, could reg-
ulate ovarian carcinogenesis. All those findings
revealed that NEAT1 served as a tumor promot-
er in OC.

We found that NEAT1 expression in OC
tissues was significantly higher than that in
matched normal adjacent tissues. We next an-
alyzed the association between the NEATI ex-
pression and various clinicopathologic factors
of the OC patients. We also found that increased
NEATI expression in OC tissues was signifi-
cantly correlated with aggressive clinicopath-
ologic features. Kaplan-Meier analysis showed
that glioma patients with high NEAT!1 expres-
sion level had distinctly shorter OS. Moreover,
Cox regression analysis proved that NEATI
could be an independent prognostic indicator for
NSCLC patients.

3376

Conclusions

We demonstrated that NEAT1 expression was
significantly upregulated in OC, and the high
expression of NEAT1 was associated with worse
prognosis. Our results suggested that increased
NEATI1 expression could be a valuable marker
of tumor progression and for prognosis of OC.
Further research is needed to clarify the exact
mechanism of NEAT1 in OC.
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