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Abstract: Introduction: Recent studies have demonstrated that lncRNA CCAT1 was increased in many types of can-
cers and was involved in various cellular processes related to carcinogenesis. However, the clinical significance and 
prognostic value of lncRNA CCAT1 in breast cancer (BC) haven’t been investigated. Methods: Expression levels of 
lncRNA CCAT1 in 92 pairs of BC cancer tissues and adjacent normal tissues were detected by quantitative real-time 
PCR. In order to determine its prognostic value, overall survival and progression-free survival were evaluated using 
the Kaplan-Meier method, and multivariate analysis was performed using the Cox proportional hazard analysis. 
Results: Expression levels of lncRNA CCAT1 in BC tissues were significantly higher than those in adjacent normal 
tissues. High expression of lncRNA CCAT1 was associated with differentiation grade, TNM stage, and lymph node 
metastases. Kaplan-Meier analysis with the log-rank test indicated that high expression of lncRNA CCAT1 had a de-
creased overall survival and progression-free survival. Multivariable analysis was further identified high expression 
of lncRNA CCAT1 as an independent prognosis factor for overall survival and progression-free survival. Conclusions: 
Our findings provided that the expression of lncRNA CCAT1 was up-regulated in BC and associated with overall sur-
vival as well as progression-free survival, suggesting that lncRNA CCAT1 could be a potential prognostic biomarker 
for BC progression.
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Introduction

Breast cancer (BC) is the most prevalent can-
cer among women and affects approximately 
one million women worldwide [1]. Although 
improvements in early detection and treatme- 
nt have decreased breast cancer mortality 
rates in recent years, prevention and therapy of 
breast cancer remain a major public health 
concern [2]. In China, breast cancer mortality 
has doubled over the past 30 years [3]. Th- 
erefore, a better understanding of the molecu-
lar mechanisms involved in BC progression will 
be helpful to exploit useful prognostic biomark-
er and therapeutic target for BC therapy.

It is well known that protein-coding genes 
account for only 2% of the total genome; where 
as the vast majority of the human genome can 
be transcripted into non-coding RNAs [4]. 
Among them there are long non coding RNAs 
(lncRNAs), which are more than 200 nucleotide 

in length with limited or no protein-coding 
capacity [5]. LncRNAs are often expressed in a 
disease-, tissue- or developmental stage-spe-
cific manner making these molecules attractive 
therapeutic targets and pointing toward specif-
ic functions for lncRNAs in development and 
diseases, in particular human cancer [6-8]. 
More and more evidence have revealed the 
contribution of lncRNAs as having oncogenic 
and tumors suppressor roles in tumorigenesis. 
Recently, lncRNA CCAT1 has been shown to be 
up-regulated in some types of cancers, such as 
colon cancer, gastric cancer, gallbladder cancer 
and hepatocellular carcinoma [9-12]. However, 
the clinical significance of lncRNA CCAT1 in BC 
has not yet been elucidated. Thus, the aim of 
this study was to investigate the diagnostic and 
prognostic values of lncRNA CCAT1 in BC.

In the present study, the expression levels of 
lncRNA CCAT1 in human BC tissues and adja-
cent normal tissues were examined by quanti-



lncRNA CCAT1 expression in BC

9441 Int J Clin Exp Pathol 2015;8(8):9440-9445

tative real-time PCR (qRT-PCR), and the correla-
tion between lncRNA CCAT1 dysregulation and 

further analysis. cDNAs were synthesized using 
the PrimeScript™ RT reagent kit with gDNA 
Eraser (Takara) according to the manufactur-
er’s protocol. Briefly, 1 μg total RNA, 2 μl 5× 
gDNA Eraser Buffer, 1 μl gDNA Eraser and 
RNase Free dH2O, were combined in a total 
reaction volume of 10 μl and incubated at 42°C 
for 2 min to eliminate the genomic DNA. Ten 
microliters of reverse-transcription reaction 
mixture was then added, and the mixture was 
incubated at 37°C for 15 min, followed by 85°C 
for 5 s to generate the cDNA.

Quantitative real-time PCR

The expression of lncRNA CCAT1 was quanti-
fied using SYBR® Premix Ex Tag™ II (Takara) 
according to the manufacturer’s instructions on 
the ABI 7500 Real-Time PCR System (Applied 
Biosystems). Briefly, the 20 μl reaction mixtures 

Table 1. Relationship between lncRNA CCAT1 expres-
sion level and clinicopathologic features of BC

Variable Number
lncRNA CCAT1 

expression P value
Low High

Age (years) 0.919
    <50 38 18 20
    ≥50 54 25 29
Tumor size (cm) 0.510
    <2.5 61 30 31
    ≥2.5 31 13 18
ER 0.492
    Positive 59 26 33
    Negative 33 17 16
PR 0.537
    Positive 67 30 37
    Negative 25 13 12
HER-2 0.224
    Positive 49 20 29
    Negative 43 23 20
Differentiation grade 0.003
    G1/G2 63 36 27
    G3 29 7 22
TNM stage 0.000
    I/II 54 35 19
    III 38 8 30
Lymph nodes metastasis 0.004
    No 74 40 34
    Yes 18 3 15
ER = estrogen receptor; PR = progesterone receptor; HER-2 = 
c-erb B-2.

clinical characteristics and prognosis were 
analyzed.

Methods

Patients and surgical specimens

92 pairs of BC tissue and matched adja-
cent normal tissue specimens were collect-
ed from patients who underwent surgery 
between 2005 and 2008 in the Liaoning 
Cancer Hospital and Institute. The fresh tis-
sue specimens were collected and immedi-
ately placed in liquid nitrogen until use. The 
clinicopathological variables of patients 
were shown in Table 1. None of the patients 
recruited in this study had undergone pre-
operative chemotherapy or radiotherapy. 
This study was approved by the Research 
Ethics Committee of the Liaoning Cancer 
Hospital and Institute. Written informed 
consent was obtained from all patients. All 
specimens were handled and made anony-
mous according to the ethical and legal 
standards.

RNA isolation and cDNA synthesis

Total RNAs were extracted from tumor tis-
sues and adjacent normal tissues using 
Trizol reagent (Invitrogen) according to the 
manufacturer’s instructions. The yield and 
quality of total RNA was evaluated by mea-
suring the absorbance at 260 and 280 nm. 
Only samples with an A260:A280 ratio 
between 1.8 and 2.1 was considered for 

Figure 1. The relative expression level of lncRNA 
CCAT1 in BC tissues and adjacent normal tissues. 
lncRNA CCAT1 expression was significantly higher in 
BC tissues compared with adjacent normal tissues. 
Results are expressed as mean ± SD for three repli-
cate determination. *P<0.05.
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were incubated at 95°C for 30 
s for the initial denaturation 
stage, followed by 40 cycles  
at 95°C for 5 s and 60°C for 
34 s. Small nucleolar RNA U6 
was used to normalize the tar-
get gene expression. The ΔCt 
method was used to calcula- 
te the relative expression of 
lncRNA CCAT1 in BC tissues in 
comparison with paired nor-
mal tissues, respectively. Each 
sample was examined in tripli-
cate. The primers used in this 
study were synthesized by In- 
vitrogen with the sequences 
as follows: 5’-TCACTGACAAC- 
ATCGACTTTGAAG-3’ (Forward) 
and 5’-GGAGAAAACGCTTAGC- 
CATACAG-3’ (Reverse) for CC- 
AT1; 5’-GCGCGTCGTGAAGCGT- 
TC-3’ (Forward) and 5’-GTGC- 
AGGGTCCGAGGT-3’ (Reverse) 
for U6.

Statistical analysis

Statistical analysis was con-
ducted using the SPSS 18.0 
for windows. The correlation 
between lncRNA CCAT1 ex- 
pression and clinicopathologi-
cal features were evaluated by 
the chi-square test. Overall 
survival and progression-free 
survival were calculated by 
Kaplan-Meier survival analysis 
and compared by the log rank 
test. All data were presented 
as mean ± SD. P values less 
than 0.05 was considered sta-
tistically significant.

Results

lncRNA CCAT1 was significant-
ly up-regulated in BC tissues

We analyzed the expression 
levels of lncRNA CCAT1 in 92 
pairs of BC tissues and adja-
cent normal tissues from BC 
patients. As revealed by qRT-
PCR analysis, lncRNA CCAT1 

Figure 2. Kaplan-Meier curves for survival time in patients with BC divided 
according to lncRNA CCAT1 expression. Overall survival and progression-free 
survival of patients with high vs. low lncRNA CCAT1 expression levels are 
shown. A. The 5-year overall survival rate of BC patients with high lncRNA 
CCAT1 was significantly poorer compared to those patients with low lncRNA 
CCAT1 (P<0.05). B. The 5-year progression-free survival survival rate of BC 
patients with high lncRNA CCAT1 was significantly poorer compared to those 
patients with low lncRNA CCAT1 (P<0.05).
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expression level was significantly higher in BC 
tissues compared with adjacent normal tissues 
(Figure 1, P<0.05). The mean lncRNA CCAT1 
expression level of all breast cancer cases was 
2.94, which was utilized to divide breast cancer 
patients into two groups. 43 cases were as- 
signed to the low-expression group; the remain-
ing 49 cases were assigned to the high-expres-
sion group.

Association between lncRNA CCAT1 expression 
and the clinicopathological features of BC

Subsequently, the correlation of lncRNA CCAT1 
expression with clinicopathological features of 
BC patients was shown in Table 1. By statistical 
analyses, our results indicated that high lnc- 
RNA CCAT1 expression was significantly corre-
lated with differentiation grade, TNM stage, 
and lymph node metastases (P<0.05) of BC 
patients. However, the expression of lncRNA 
CCAT1 was not associated with other clinico-
pathological factors of BC patients, including 
age, tumor size, ER, PR, as well as HER-2 
(P>0.05). These data indicated that up-regula-
tion of lncRNA CCAT1 might play a critical role in 
BC progression.

Association between lncRNA CCAT1 expres-
sion and survival in BC patients

To further investigate the correlations of lnc- 
RNA CCAT1 expression level with survival of BC 
patients, Kaplan-Meier analyses were perfor- 
med. As shown in Figure 2A, the 5-year overall 
survival of high lncRAN CCAT1 expression group 
was significantly shorter than that of low lncRAN 
CCAT1 expression group (P<0.05). Moreover, 
the 5-year progression-free survival of high 

lncRAN CCAT1 expression group was also sig-
nificantly shorter than that of low lncRAN CCAT1 
expression group (Figure 2B, P<0.05). Furth- 
ermore, in a multivariate Cox model, we found 
that lncRAN CCAT1 expression was an indepen-
dent poor prognostic factor for both 5-year 
overall survival (HR=2.891, CI=1.483-6.215, 
P=0.019, Table 2) and 5-year progression-free 
survival (HR=3.593, CI=1.997-7.835, P=0.005, 
Table 2) in BC patients.

Discussion

A growing number of novel treatment strategies 
have been developed for BC, including molecu-
lar targeted therapy, gene therapy, and immu-
notherapy. However, satisfactory therapeutic 
outcomes have not been achieved, and breast 
cancer remain a major public health concern. 
Recently, more and more studies has been 
intensely focused on the roles of dysregulated 
lncRNA expression in various human cancer 
types including human BC [13, 14]. Lots of 
studies showed that aberrant lncRNAs were 
associated with proliferation, apoptosis, me- 
tastasis, and chemoresistance of breast can-
cer cells, For example, Shi et al revealed that 
SPRY4-IT1 was significantly upregulated in 
breast cancer; the knockdown of SPRY4-IT1 
significantly suppressed proliferation and cau- 
sed apoptosis of breast cancer cells in vitro 
[15]. Rajnish et al showed that HOTAIR was 
increased in breast cancer, and HOTAIR expres-
sion level in breast cancer is a powerful predic-
tor of eventual metastasis and death [16]. Shi 
et al found that lncRNA-ATB promotes trastu-
zumab resistance and invasion metastasis cas-
cade in breast cancer [17]. Thus, identification 

Table 2. Multivariate Cox proportional hazard model analysis of overall survival and progression-free 
survival in BC patients

Overall survival Progression-free survival
Hazard ratio 95% CI P Hazard ratio 95% CI P

Age (years) 1.318 0.692-2.218 0.352 1.176 0.497-1.865 0.217
Tumor size 1.926 0.615-5.228 0.119 1.685 0.536-4.882 0.086
ER 1.278 0.305-3.138 0.594 1.453 0.799-2.853 0.482
PR 2.037 0.514-3.863 0.085 3.213 0.677-4.947 0.139
HER-2 2.542 0.714-5.125 0.079 2.178 0.743-4.572 0.092
Differentiation grade 3.411 2.366-8.815 0.018 3.704 2.693-9.327 0.013
TNM stage 2.607 1.804-5.312 0.021 3.827 2.016-8.574 0.008
Lymph nodes metastasis 3.174 1.47-6.189 0.031 3.635 1.984-7.823 0.014
CCAT1 expression 2.891 1.483-6.215 0.019 3.593 1.997-7.835 0.005
ER = estrogen receptor; PR = progesterone receptor; HER-2 = c-erb B-2.
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of the important lncRNA expression signatures 
in BC development and progression will be 
helpful to find potential diagnostic and prog-
nostic markers for BC diagnosis and tre- 
atment.

LncRNA colon cancer-associated transcript 1 
(CCAT1) is a recently discovered 2628 nucleo-
tide lncRNA, which is located in the vicinity of a 
well known transcription factor c-Myc [18]. 
Xiang et al found that CCAT1-L locus was locat-
ed within a strong super-enhancer and was 
spatially close to MYC. Knockdown of CCAT1-L 
reduced long-range interactions between the 
MYC promoter and its enhancers. These results 
reveal an important role of lncRNA CCAT1 in 
gene regulation at the MYC locus [19].

He et al CCAT1 was significantly overexpressed 
in colon cancer tissues when compared with 
normal tissues, and its increased expression 
was correlated with patients’ clinical stage, ly- 
mph nodes metastasis, and survival time after 
surgery. Moreover, c-Myc could promote CCAT1 
transcription by directly binding to its promoter 
region, and upregulation of CCAT1 expression 
in colon cancer cells promoted cell proliferation 
and invasion [20]. Yang et al showed lncRNA 
CCAT1 were markedly increased in gastric car-
cinoma tissues; c-Myc induction of CCAT1 holds 
an important role in gastric carcinoma and 
implicate the potential application of CCAT1 in 
the treatment of gastric carcinoma [10]. How- 
ever, the role of lncRNA CCAT1 expression in 
the development and progression of BC is not 
fully understood.

In the present study, we focused on the expres-
sion and clinical significance of lncRNA CCAT1 
in BC. Our results showed that lncRNA CCAT1 
expression in BC tissues was significantly high-
er than that in adjacent normal tissues. The 
relationships of the lncRNA CCAT1 with various 
clinical features of BC were analyzed. We found 
that high expression of lncRNA CCAT1 was cor-
related with differentiation grade, TNM stage, 
and lymph node metastases, indicating that 
lncRNA CCAT1 might be involved in the carcino-
genesis and metastasis of BC. Furthermore, 
Kaplan-Meier analysis with the log-rank test 
indicated that high lncRNA CCAT1 expression 
had a significant impact on overall survival and 
progression-free survival. In a multivariate Cox 
model, our results demonstrated that lncRNA 
CCAT1 expression was an independent poor 

prognostic factor for both 5-year overall surviv-
al and progression-free survival, suggesting 
that high lncRNA CCAT1 level might be a prom-
ising non-invasive biomarker for prognosis of 
patients with BC.

In conclusion, we demonstrated that the up-
regulation of lncRNA CCAT1 may be correlated 
with aggressive disease progression and poor 
prognosis of BC patients, suggesting that 
lncRNA CCAT1 might be involved in breast can-
cer carcinogenesis and become a potential 
prognostic marker for BC patients. Further 
studies of the molecular mechanisms by which 
lncRNA CCAT1 contributes to the initiation and 
progression of BC are warranted.
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