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Abstract: Background: Dysregulation of long non-coding RNAs (lncRNAs) plays critical roles in tumor progression. The 
purpose of this study was to investigate the relationship between lncRNA CCAT2 expression and cervical squamous 
cell cancer susceptibility and prognosis. Methods: Expression levels of lncRNA CCAT2 in 123 cervical squamous 
cell tumor specimens were determined by quantitative real-time PCR (qRT-PCR), to clarify the clinical significance 
of lncRNA CCAT2 in cervical squamous cell cancer, we further discussed the relationship between lncRNA CCAT2 
expression and overall survival (OS) and progression-free survival (PFS). Results: In the present study, we found 
that lncRNA CCAT2 was up-regulated in cervical squamous cell cancer tissues compared to the adjacent non-tumor 
tissues. In addition, the high lncRNA CCAT2 expression was significantly associated with the FIGO stage, lymph 
node metastasis and depth of cervical invasion (P<0.05). Furthermore, patients with high expression of lncRNA 
CCAT2 had poor OS (HR=2.813, 95% CI: 1.504-6.172; P=0.017), and PFS rates (HR=3.072, 95% CI: 1.716-8.174; 
P=0.008). Multivariate Cox proportional hazard model analysis demonstrated that high lncRNA CCAT2 expression 
was an independent poor prognostic factor for cervical squamous cell cancer patients. Conclusions: Our study sug-
gested that high expression of lncRNA CCAT2 is related to the prognosis of cervical squamous cell cancer; it may be 
a new prognostic biomarker and potential therapeutic target for cervical squamous cell cancer intervention.
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Introduction

Cervical cancer is the second leading cause of 
death among women worldwide, with an esti-
mated 530000 deaths per year [1]. Although  
it has made a notable progress with treat- 
ment developed, including surgical techni- 
ques, chemotherapy, and radiotherapy in the 
past two decades, there are still some early 
cases appeared invasion and metastasis, 
which directly affected the prognosis of cervi-
cal cancer [2]. In recent years, the incidence  
of cervical cancer increases every year, most  
of them are squamous cell carcinoma, and 
patients tend to be increasingly younger, it had 
became a serious threat to women’s lives  
and health [3]. Therefore, an exploration of the 
molecular pathogenesis of cervical cancer and 
the identification of potential markers for early 
detection may play a significant role in treat-
ment and prognosis.

The long non-coding RNAs (lncRNAs) are a  
class of non-coding RNA over 200 nucleotides 
with no protein-coding potential [4]. Recently, 
increasing evidence showed that lncRNAs play 
crucial roles in the regulation of multiple biologi-
cal processes, including development, differen-
tiation, and carcinogenesis [5, 6]. For example, 
Jiang et al. showed that lncRNA DEANR1 could 
facilitate human endoderm differentiation by 
activating FOXA2 expression [7]. Xie et al. 
showed that decreased lncRNA SPRY4-IT1 con-
tributed to gastric cancer cell metastasis partly 
via affected epithelial-mesenchymal transition 
[8]. Wang et al. showed that up-regulated 
lncRNA UCA1 contributed to progression of 
hepatocellular carcinoma through inhibition of 
miR-216b and activation of FGFR1/ERK signal-
ing pathway [9].

In the present study, we focus on lncRNA CCAT2, 
a novel long non-coding RNA transcript encom-
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passing the rs6983267 SNP, which was highly 
over-expressed in microsatellite-stable colorec-
tal cancer and promotes tumor growth, metas-
tasis, and chromosomal instability [10]. Re- 
cently, Redis et al. showed that lncRNA CCAT2 
represent a valuable predictive marker of clini-
cal outcome (shorter MFS and OS) for breast 
cancer patients, and high levels of lncRNA 
CCAT2 indicated that these patients will not 
benefit from CMF adjuvant chemotherapy [11]. 
However, little is known about the role of 
lncRNA CCAT2 in cervical cancer.

The aim of this study is to identify the role of 
lncRNA CCAT2 in the progression of cervical 
cancer; we investigated the relationship of 
lncRNA CCAT2 expression with clinicopathologi-
cal features, including the survival of patients. 
Our results indicated that lncRNA CCAT2 ex- 
pression levels were higher in tumor tissues 
than those in adjacent non-tumor tissues. 
Moreover, the relatively higher expression of 
lncRNA CCAT2 was significantly correlated with 
malignant status and poor prognosis of cervical 
cancer patients.

Materials and methods

Tissue specimens

Squamous cell cervical cancer tissue and adja-
cent non-tumor tissue were obtained from 123 
consecutive patients with cervical squamous 
cell cancer that was confirmed by histo-patho-
logical analysis at the Department of Gyne- 
cology and Obstetrics, The Second Affiliated 
Hospital of Soochow University, between 2006 
and 2009. All specimens were immediately  
frozen in liquid nitrogen and stored at -80°C 
until RNA extraction. None of enrolled partici-
pants were exposed to radiotherapy before  
the samples were collected. The clinical stage 
was classified according to the International 
Federation of Gynecology and Obstetrics crite-
ria. Written informed consent was obtained 
from all patients prior to participation in the 
study. The medical ethics committee of The 
Second Affiliated Hospital of Soochow Univer- 
sity approved the study.

RNA isolation and quantitative real-time PCR 
(qRT-PCR)

Total RNA was extracted from tumor tissue and 
adjacent non-tumor tissues by Trizol reagent 

(Invitrogen), according to the manufacturer’s 
instructions. After purification, cDNA was syn-
thesized from 10 μg total RNA using the Prime 
Script RT Master Mix (Takara). The primers 
were designed as follows: for CCAT2, the for-
ward primer was 5’-CCACATCGCTCAGACACCAT- 
3’ and the reverse primer was 5’-ACCAGGCGC- 
CCAATACG-3’. For human GAPDH, the forward 
primer was 5’-CGCTCTCTGCTCCTCCTGTTC-3’ 
and the reverse primer was 5’-ATCCGTTGACT- 
CCGACCTTCAC-3’. The RT-PCR was conducted 
by SYBR Premix Ex TaqTMII (Takara) on Light- 
Cycler (Roche). Relative quantification of RNA 
expression was calculated by using the 2-ΔΔCt 

method. Each experiment was performed in 
triplicate.

Follow-up

All the patients on the study were regularly  
followed-up for survival analysis until death  
or until the closing date of study. The median 
follow-up time among the 123 patients was  
48 months, ranging from 6 to 60 months. 
Clinical records of the patients were obtained 
from the Second Affiliated Hospital of Soochow 
University. Examinations conducted during the 
follow-up period included pelvic MRI, color 
Doppler ultrasound of the abdominal and uri-
nary tract, chest X-rays for every 3 months for 2 
years, at 6 months intervals in years 3 to 5 
thereafter, and annually thereafter. Progression-
free survival (PFS) was defined as the interval 
from the date of surgery to confirm local recur-
rence or distant metastasis, and overall surviv-
al (OS) was defined as the interval from the 
date of surgery to death due to any cause or to 
the date of last contact.

Statistical analysis

All statistical analyses were performed using 
SPSS 18.0 software (IBM). Data are expressed 
as the mean ± SD from at least three separate 
experiments. The association between the lnc- 
RNA CCAT2 and clinicopathologic features was 
tested using the chi-square test. The relevance 
between lncRNA CCAT2 expression and the 
OS/PFS of patients were assessed by the  
log-rank test with the Kaplan-Meier method.  
A Cox proportional hazard model was con-
structed to evaluate the association of lncRNA 
CCAT2 expression with OS and PFS, respective-
ly. Differences were considered statistically sig-
nificant when P was less than 0.05.
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Results

Up-regulation of lncRNA CCAT2 in cervical 
cancer

qRT-PCR was performed to detect the expres-
sion levels of lncRNA CCAT2 in 123 pairs of cer-
vical cancer and adjacent non-tumor tissues 
normalized to GAPDH. As shown in Figure 1A, 
the expression levels of CCAT2 were found to 

be distinctly increased in cervical cancer tis-
sues compared to adjacent non-tumor tissues 
(P<0.05). Those data indicated that CCAT2 
might play an oncogenic role in cervical cancer 
progression.

Correlation of lncRNA CCAT2 expression with 
clinicopathological features

In order to investigate the relationship between 
lncRNA CCAT2 expression and clinicopatho- 
logical features in cervical squamous cell can-
cer. The median expression level of CCAT2 was 
used as a cutoff point to divide all 123 patients 
into two groups: cervical cancer patients ex- 
pressing CCAT2 less than the median expres-
sion level were assigned to the low expression 
group (n=61), and those samples with expres-
sion equal or above the median expression 
level were assigned to the high expression 
group (n=62) (Figure 1B). The relationships 
between CCAT2 expression levels and clinico-
pathological features were shown in Table 1. 
High CCAT2 expression was observed to be 
closely associated with FIGO stage, lymph node 
metastasis and depth of cervical invasion 
(P<0.05). In contrast, there was no association 
between CCAT2 expression and other clinical 
factors, such as age, tumor size, and histology 
grade (P>0.05).

Relationship between lncRNA CCAT2 expres-
sion and cervical cancer patients’ survival

To further verify the potential clinical utility of 
the lncRNA CCAT2 high expression, we evalu-
ated the prognostic power of lncRNA CCAT2 on 
OS and PFS in 123 cervical squamous cell  
cancer patients. The Kaplan-Meier method and 

Figure 1. LncRNA CCAT2 expression is up-regulated in cervical cancer tissues. A. lncRNA CCAT2 expression was ex-
amined by qRT-PCR in 123 paired cervical cancer tissues and adjacent non-tumor tissues. B. The 123 total cervical 
patients included in the study were divided into a high CCAT2 expression group and a low CCAT2 expression group 
according to the median value of relative CCAT2 expression. *P<0.05.

Table 1. Clinicopathological features associated 
with lncRNA CCAT2 expression in 123 cervical 
squamous cell cancer patients

Clinicopathological 
features Total

LncRNA CCAT2 
expression P 

value
Low High

Age
    <45 59 27 32 0.415
    ≥45 64 34 30
Tumor size (cm)

    <4.0 52 24 28 0.514
    ≥4.0 71 37 34
Histologic grade
    G1 + G2 64 29 35 0.323
    G3 59 32 27
FIGO stage
    Ib~IIa 62 39 23 0.003
    IIb~IIIa 61 22 39
Lymph node metastasis
    No 78 50 28 0.000
    Yes 45 11 34
Depth of cervical invasion
    <2/3 70 44 26 0.000
    ≥2/3 53 17 36
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log-rank test was used to determine the rela-
tionship between lncRNA CCAT2 and prognosis, 
and we found the high expression of lncRNA 

patients [14]. Yang et al. showed that lncRNA 
CCHE1 could promote cervical cancer cell pro-
liferation via up-regulating PCNA [15]. Kim et al. 

Figure 2. Kaplan-Meier survival curves for cervical cancer patients according 
to the expression of lncRNA CCAT2. OS and PFS patients with high vs. Low 
CCAT2 expression levels are shown. A. OS rate of cervical cancer patients 
with high CCAT2 was significantly poorer compared to those patients with low 
CCAT2 (P<0.05). B. PFS rate of cervical cancer patients with high CCAT2 was 
significantly poorer compared to those patients with low CCAT2 (P<0.05).

CCAT2 was correlated with  
a shorter OS or PFS of pati- 
ents (P<0.05, Figure 2A and 
2B). Furthermore, multivari-
ate analyses were utilized to 
evaluate whether lncRNA CC- 
AT2 expression level and var-
ious clinicopathological fea-
tures were independent pro- 
gnostic parameters of cervi-
cal cancer patient outcomes. 
Our data revealed that lnc- 
RNA CCAT2 expression level 
was an independent prog-
nostic factor for OS (HR= 
2.813, 95% CI: 1.504-6.172; 
P=0.017), as well as PFS 
(HR=3.072, 95% CI: 1.716-
8.174; P=0.008) of cervical 
cancer patients (Table 2).

Discussion

Cervical cancer remains one 
of the leading causes of can-
cer death in women world-
wide [12]. Even though radio-
therapy, chemotherapy and 
surgery are used as standard 
treatment modalities for cer-
vical cancer patients, the pro- 
gnosis of patients is still un-
satisfactory. Therefore, char-
acterizations of identifiable 
molecular markers should be 
of diagnostic, prognostic and 
therapeutic value in the man-
agement of cervical cancer.

Many studies suggested that 
lncRNAs play critical roles  
in various physiological and 
pathological processes [13]. 
Recently, dysregulated exp- 
ression of lncRNA has been 
found in various types of can-
cers, including cervical can-
cer. For example, Cao et al. 
reported that lncRNA GAS5 
was decreased in cervical 
cancer and associated with 
poorer overall survival of 
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showed that lncRNA HOTAIR was up-regulated 
and associated with poor prognosis of cervical 
cancer, and in vitro analysis revealed that 
HOTAIR could promote tumor aggressiveness 
through the up-regulation of VEGF and MMP-9 
and EMT-related genes [16]. However, there 
were no reports about the clinicopathologic 
and prognostic significance of lncRNA CCAT2 
expression in human cervical squamous cell 
cancer.

In the present study, based on qRT-PCR data, 
we explored the association of lncRNA CCAT2 
expression with clinicopathological features 
and prognosis in cervical cancer. Our findings 
indicated that lncRNA CCAT2 was significantly 
increased in cervical squamous cell cancer 
compared with that in adjacent non-tumor tis-
sues. In addition, we found that lncRNA CCAT2 
expression was associated with FIGO stage, 
lymph node metastasis and depth of cervical 
invasion. More important, we found patient 
with high expression of CCAT2 was significantly 
associated with a shorter OS and PFS. These 
results strongly suggested that lncRNA CCAT2 
was involved in the progression and develop-
ment of cervical cancer. In fact, not only in cer-
vical cancer, CCAT2 over-expression also found 
to be associated with progression in other can-
cers. For example, Qiu et al. found that lncRNA 
CCAT2 was up-regulated in non-small cell lung 
cancer tissues and correlated with lymph node 
metastasis. Silencing CCAT2 by siRNA could 
inhibit the proliferation and invasion ability of 
lung cancer cells [17]. Zhang et al. showed that 
lncRNA CCAT2 was elevated in esophageal 
squamous cell carcinoma and associated with 
tumor progression [18]. Wang et al. that lncRNA 
CCAT2 was up-regulated in gastric cancer and 
correlated with advanced clinical features and 

shorter overall survival time [19]. Our study 
expanded the clinical value of lncRNA CCAT2 in 
cervical cancer progression.

In conclusion, our studies demonstrated that 
lncRNA CCAT2 was an independent prognostic 
factor of cervical squamous cell cancer pati- 
ents. These findings suggested that lncRNA 
CCAT2 may be a potential prognostic factor and 
therapeutic target in patients with cervical can-
cer. However, the molecular mechanisms of 
lncRNA CCAT2 that involved in cervical cancer 
need to be further studied.
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