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Low expression of long non-coding RNA LET inhibits 
carcinogenesis of cervical cancer
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Abstract: Introduction: Long non-coding RNAs (lncRNAs) have been demonstrated to play key roles in tumorgenesis, 
and the lncRNA LET is down-regulated in several cancers. However, little is known about the function of lncRNA LET 
in human cervical cancer. The aim of this study was to investigate the clinical significance of lncRNA LET expression 
in cervical cancer. Methods: We examined the expression of lncRNA LET in 94 cervical cancer tissues and matched 
adjacent non-tumor tissues using quantitative real-time PCR and analyzed its correlation with the clinicopathologi-
cal features. Results: The results showed that lncRNA LET expression in cervical cancer tissues was significantly 
down-regulated compared with the adjacent non-tumor tissues (P < 0.05). Decreased lncRNA LET expression was 
significantly correlated with FIGO stage, lymph node metastasis, and depth of cervical invasion (P < 0.05), but not 
other clinical characteristics. Moreover, cervical cancer patients with lncRNA LET lower expression have shown 
significantly poorer overall survival than those with higher lncRNA LET expression (P < 0.05). Univariate and mul-
tivariate analyses suggested that lncRNA LET expression served as an independent predictor for overall survival. 
Conclusions: Our data provided the first evidence that lncRNA LET may represent a prognostic marker and a poten-
tial therapeutic target for cervical cancer.
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Introduction

Cervical cancer is the third most common can-
cer in women worldwide and is one of the main 
causes of cancer-related death in the develop-
ing countries [1]. Cervical cancer accounts for 
approximately 12% of all cancers in women. 
Annually, approximately 500,000 women devel-
op cervical cancer worldwide, and approximate-
ly 200,000 die of the disease [2]. The clinical 
stage is very important in relation to the prog-
nosis for patients with cervical cancer. The 
prognosis depends on the stage of the disease 
at the time of diagnosis, and the 5-year survival 
rate for all stages of cervical cancer combined 
is approximately 70%, however, patients with 
lymph node metastasis is only 20% to 30% [3]. 
Therefore, it is still urgently for us to find new 
and effective biomarkers for early stage diag-
nosis and potential targets for cervical cancer.

With the development of whole genome sequ- 
encing technology, it was determined that less 
than 2% of the mammalian genome is in pro-

tein encoded regions and the remainder is in 
non-coding RNAs [4]. Among them are long non-
coding RNAs (lncRNAs), which are more than 
200 nucleotides in length and unable to be 
translated into proteins [5]. Recently, many 
lncRNAs are known to play important roles in 
cellular development, differentiation, and many 
other biological processes [6-8]. For example, 
Gupta et al showed lncRNA HOTAIR was 
increased in expression in primary breast 
tumors and metastases, and HOTAIR expres-
sion level in primary tumors was a powerful pre-
dictor of eventual metastasis and death [9]. Shi 
et al suggested that GAS5 was a tumor sup-
pressor in non small cell lung cancer (NSCLC), 
and the action of GAS5 was mediated by 
p53-dependent and p53-independent path-
ways. GAS5 could serve as a potential diagnos-
tic marker for NSCLC and may be a novel thera-
peutic target in patients with NSCLC [10]. Lai et 
al showed MALAT1 was an independent prog-
nostic factor for hepatocellular carcinoma 
recurrence after liver transplantation. Depletion 
of MALAT1 in HepG2 cells reduces cell viability, 
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motility, and invasiveness and increases the 
sensitivity to apoptosis pointing towards a func-
tional role of MALAT1 in liver cancer progres-
sion [11]. Zhang et al demonstrated that lncRNA 
SPRY4-IT1 was up-regulated in renal cancer 
and associated with advanced clinical stage 
and poorer prognosis, in vitro assay they 
showed knockdown SPRY4-IT1 expression 
could reduce renal cell proliferation, invasion, 
and migration [12]. However, to our knowledge, 
the prognostic significance of lncRNA LET in 
cervical caner is still unknown.

In the present study, qRT-PCR assay was per-
formed to detect the expression of lncRNA LET 
in cervical cancer and adjacent non-tumor tis-
sues. Moreover, the correlations of lncRNA LET 
expression with clinicopathologic features of 
cervical cancer patients were statistically ana-
lyzed. Finally, we determined the potential role 
of lncRNA LET in cervical cancer prognostic 
prediction. Our data showed that lncRNA LET 
was significantly down-regulated in cervical 
cancer and could be served as a potential 
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RNA extraction and quantitative real-time PCR 
analyses

Total RNAs were extracted from tissues using 
Trizol (Invitrogen) following the manufacturer’s 
protocol. RT and qPCR kits were used to evalu-
ate expression of lncRNA LET from tissue sam-
ples. The 20 μL RT reactions were performed 
using a PrimeScript® RT reagent Kit (Takara) 
and incubated for 30 min at 37°C, 5 s at 85°C, 
and then maintained at 4°C. For real-time PCR, 
1 μL diluted RT products were mixed with 10 μL 
of 2×SYBR® Premix ExTaq™ (Takara), 0.6 μL 
forward and reverse primers (10 μM), and 8.4 
μL Nuclease-free water in a final volume of 20 
μL according to manufacturer instructions. The 
primers used in this study were 5’-CCTT- 
CCTGACAGCCAGTGTG-3’ (forward) and 5’-CA- 
GA-ATGGAAATACTGGAGCAAG-3’ (reverse). All 
reactions were run on the Eppendorf Master- 

Table 1. Association between lncRNA LET expression and 
different clinicopathological features of human cervical 
cancers
Clinicopathological 
features Total

lncRNA LET expression P 
valueLow High

Age
    < 35 44 23 21 0.867
    ≥ 35 50 27 23
Tumor size (cm)
    < 4.0 38 20 18 0.929
    ≥ 4.0 56 30 26
Histology
    Squamous 72 39 33 0.732
    Adenocarcinoma 22 11 11
Differentiation
    Well + Moderate 50 22 28 0.057
    Poor 44 28 16
FIGO stage
    Ib~IIa 48 16 32 0.000
    IIb~IIIa 46 34 12
Lymph node metastasis
    No 63 27 36 0.004
    Yes 31 23 8
Depth of cervical invasion
    < 2/3 56 19 37 0.000
    ≥ 2/3 38 31 7

molecular biomarker for the prediction 
of poor prognosis.

Materials and methods

Patients and specimens

A total of 94 cervical cancer tumors 
and matched adjacent non-tumor tis-
sues were collected at the Department 
of Gynaecology and Obstetrics of The 
First Affiliated Hospital of Xinxiang 
Medical University between 2005 and 
2008. All patients recruited in this 
study were not subjected to preopera-
tive radiotherapy and/or chemothera-
py and were diagnosed as infiltrating 
carcinoma by pathology. The tumor 
stage was classified by two experi-
enced gynecological oncologists acco- 
rding to the International Federation of 
Gynecology and Obstetrics (FIGO) 
staging system for cervical cancer 
[13]. Clinical and pathological vari-
ables analyzed are shown in Table 1. 
All patients were regularly followed up, 
with a mean observation period of 46 
months. After surgical resection, 
tumor specimens and adjacent non-
tumor tissues were collected and 
stored in liquid nitrogen until use. The 
study was approved by the Medical 
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cycler EP Gradient S (Eppendorf). Real-time 
PCR was done in triplicate, including no-tem-
plate controls. Amplification of the appropriate 
product was confirmed by melting curve analy-
sis following amplification. Relative expression 
of lncRNA LET was calculated using 2−ΔΔCT meth-
od with GAPDH as the endogenous control to 
normalize the data.

Statistical analysis

All computations were carried out using the 
software of SPSS version 18.0 (IBM). Data were 
expressed as mean ± SD. The analysis of vari-
ance (ANOVA) was used to determine the statis-
tical differences among the groups. The 
Kaplan-Meier method was used to estimate 
survival rates, and the log-rank and the 
Wilcoxon rank sum tests were used to assess 
survival differences between groups. Variables 
with a value of P < 0.05 in univariate analysis 
were used in subsequent multivariate analysis 
on the basis of Cox proportional hazards model. 
A two-sided P value of less than 0.05 was con-
sidered to statistically significant.

Results

lncRNA LET was down-regulated and associ-
ated with poor prognosis in patients with cervi-
cal cancer

LncRNA LET expression was detected in 94 
pairs of human cervical cancer and adjacent 
non-tumor tissues by qRT-PCR. As shown in 
Figure 1, the expression level of LncRNA LET in 

cervical cancer tissues was significantly lower 
than that in adjacent non-tumor tissues (P < 
0.05). To identify the clinical relevance of 
lncRNA LET expression in cervical cancer, cor-
relation between lncRNA LET expression and 
clinicopathological features such as age, tumor 
size, histology, tumor differentiation, FIGO 
stage, lymph node metastasis and depth of 
cervical invasion was examined. The mean 
expression level of LncRNA LET was used as a 
cutoff point to divide all patients into two 
groups: cervical cancer patients who express 
LncRNA LET at levels less than the cutoff value 
were assigned to the low expression group, and 
those with expression above the cutoff value 
were assigned to the high expression group. 
Our results showed that decreased lncRNA LET 
expression was significantly correlated with 
FIGO stage, lymph node metastasis, depth of 
cervical invasion (P < 0.05), but not associated 
with other clinicopathologic factors such as 
age, tumor size, histology, and tumor differen-
tiation (P > 0.05).

lncRNA LET down-regulation associated with 
poor prognosis in patients with human cervical 
cancer

The association between lncRNA LET expres-
sion and survival of cervical cancer patients 
was investigated by Kaplan-Meier analysis and 
log-rank test. As shown in Figure 2, our result 
showed that cervical cancer patients with low 
lncRNA LET expression tend to have shorter 

Figure 1. lncRNA LET expression in 94 pairs of cervi-
cal cancer and adjacent non-tumor tissues were re-
spectively detected by qRT-PCR. After normalization 
to GAPDH, the expression level of lncRNA LET in cer-
vical cancer tissues was significantly lower than that 
in adjacent non-tumor tissues. *P < 0.05.

Figure 2. Kaplan-Meier survival curves according to 
lncRNA LET level. Patients with low lncRNA LET ex-
pression had a significantly poorer prognosis than 
those with high lncRNA LET expression.
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overall survival than those with high lncRNA 
LET expression (log-rank test, P < 0.05). 
Univariate analysis demonstrated that FIGO 
stage, lymph node metastasis, depth of cervi-
cal invasion and lncRNA LET expression were 
significantly associated with overall survival of 
cervical cancer patients (P < 0.05, Table 2). No 
significant associations were found for age, 
tumor size, histology, and tumor differentiation 
and patient outcome. Multivariate analysis 
using the Cox proportional hazards model for 
all variables that were significant in the univari-
ate analysis showed that FIGO stage, lymph 
node metastasis, depth of cervical invasion, 
and lncRNA LET expression were independent 
prognostic factors for patients with cervical 
cancer (P < 0.05, Table 2). 

Discussion

Cervical cancer remains one of the leading 
causes of cancer death in women worldwide 
[14]. In spite of the development of advanced 
therapeutic strategies, the prognosis in 
patients with this cancer varies significantly 
and is hard to predict. Treatment outcome still 
depends primarily on early detection and diag-
nosis. Recent studies have demonstrated that 
some abnormal molecular biology changes 
may play central roles in the tumorigenesis and 
the development of cervical cancer [15]. For 
example, Luo et al found that miR-497 is a 

potential prognostic marker in human cervical 
cancer and functions as a tumor suppressor by 
targeting the insulin-like growth factor 1 recep-
tor [16]. Liao et al demonstrated that low 
expression of long non-coding XLOC 010588 
indicates a poor prognosis and promotes prolif-
eration through up-regulation of c-Myc in cervi-
cal cancer [17]. Huang et al reported that 
lncRNA HOTAIR was frequently up-regulated in 
cervical cancer tissues, and as an independent 
prognostic factor in patients with cervical can-
cer [18]. Therefore, it is critical to identify bio-
markers for the early diagnosis and the early 
identification of patients with a high risk of 
treatment failures, in order to modify therapeu-
tic methods for improving overall survival of 
patients with cervical cancer.

lncRNA LET, a newly identified lncRNA, was 
found to be down-regulated in hepatocellular 
carcinomas, colorectal cancers, and squamous 
cell lung carcinomas [20]. Yang et al showed 
down-regulation of lncRNA-LET was found to be 
a key step in the stabilization of nuclear factor 
90 protein, which leads to hypoxia induced can-
cer cell invasion [19]. Ma et al found that 
lncRNA LET was a positive prognostic factor 
and exhibits tumor-suppressive activity in gall-
bladder cancer [20]. Therefore, we hypothe-
sized that expression of lncRNA LET might 
decrease and associate with prognosis in cervi-
cal cancer patients.

Table 2. Univariate and multivariate analysis of clinicopathological features for overall survival

Clinicopathological features
Univariate analysis Multivariate analysis

Risk ratio 95% CI P Risk ratio 95% CI P
Age (years)
    ≥ 35 vs. < 35 1.418 0.739-2.016 0.374
Tumor size
    ≥ 4 cm vs. < 4 cm 1.833 0.814-2.916 0.179
Histology
    Squamous vs. Adenocarcinoma 0.947 0.672-1.663 0.538
Differentiation
    Poor vs. Well + Moderate 2.719  0.687-3.918 0.097
FIGO stage
    IIb-IIIa vs. Ib-IIa 2.614 1.373-3.615 0.017 1.886 1.174-2.905 0.006
Lymph node metastasis
    Yes vs. No 3.817 1.862-7.027 0.010 3.019 1.411-5.739 0.004
Depth of cervical invasion
    ≥ 2/3 vs. < 2/3 2.218 1.305-4.647 0.021 1.975 1.174-3.376 0.019
LncRNA LET 
    Low vs. High 2.894 1.615-6.427 <0.001 2.483 1.339-4.728 0.003
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To test this hypothesis, in the present study we 
performed a qRT-PCR assay to explore the 
expression profile of this lncRNA as well as to 
investigate its association with clinicopatho-
logical features of cervical cancer patients. Our 
results showed that lncRNA LET expression 
was significantly lower in cervical cancer tis-
sues compared with that in adjacent non-tumor 
tissues. In addition, lncRNA LET expression 
was associated with FIGO stage, lymph node 
metastasis, and depth of cervical invasion 
which strongly suggested that lncRNA LET was 
involved in the invasion and metastasis of cer-
vical cancer. More importantly, we found that 
lncRNA LET expression was significantly associ-
ated with overall survival of patients with cervi-
cal cancer. In support of this, Kaplan-Meier 
analysis of overall survival showed that patients 
with low lncRNA LET expression had a signifi-
cantly poorer prognosis than those with high 
lncRNA LET expression. More importantly, both 
the univariate and multivariate survival analy-
ses demonstrated that low lncRNA LET expres-
sion was correlated with shorter overall survival 
in cervical cancer, which was also consistent 
with the prognostic significance of lncRNA LET 
in other human malignancies, such as hepato-
cellular carcinomas and gallbladder cancer. 
These results indicated that lncRNA LET might 
be an important modulator involved in cervical 
cancer development.

Taken together, the current study indicates that 
lncRNA LET is down-regulated in cervical can-
cer tissues and might be an independent 
molecular biomarker for predicting the progno-
sis of cervical cancer patients. This new find-
ings indicated that lncRNA LET may be used as 
a potential target for diagnosis and gene thera-
py of cervical cancer. However, the precise 
molecular mechanisms of lncRNA LET that 
involved in cervical cancer need to be further 
studied.
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