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Abstract: Long noncoding RNAs (lncRNAs) have been found to be involved in tumorigenesis of different tumors. 
Expression patterns and prognostic significance of lncRNA FTX in gastric cancer remain unclear. This study found 
lncRNA FTX expression was significantly increased in gastric cancer tissues, compared to adjacent normal tissues. 
Moreover, lncRNA FTX expression was significantly associated with larger tumor size, deeper depth of invasion, 
advanced pathological stage, and lymphatic metastasis. lncRNA FTX expression was correlated with overall survival 
in gastric cancer. In addition, upregulation of lncRNA FTX promoted cell proliferation and invasion in gastric cancer 
cells. Overexpression of lncRNA FTX was associated with progression and prognosis of gastric cancer and may rep-
resent a potential molecular biomarker for predicting outcome of patients. 
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Introduction

Gastric cancer is a common malignancy and 
the second leading cause of cancer-related 
deaths worldwide [1]. In most cases, gastric 
cancer is diagnosed at late stage, presenting 
with malignant proliferation, extensive inva-
sion, and distant metastasis. Although signifi-
cant progress has been achieved in therapy of 
early gastric cancer, outcomes for advanced 
stage gastric cancer are still rather poor [2]. 
Characteristic progressive tumorigenesis and 
distant metastasis may contribute to the over-
all poor prognosis for gastric cancer. Previously, 
TNM stage was considered as an indicator to 
predict prognosis of patients. Recent studies 
have revealed that this criteria alone is not suf-
ficient for estimating clinical outcomes [3, 4]. 
Thus, it is very important to discover novel bio-
markers for predicting prognosis in gastric 
cancer. 

With fast development of the sequencing tech-
nique and completion of ENCODE (encyclope-
dia of DNA elements) project, it has been found 
that less than 2% of the mammalian genome 
are in protein-encoded regions, while others 

are in non-coding RNAs (ncRNAs) [5]. Among 
them are a new group of RNAs, known as long 
non-coding RNAs (lncRNAs). LncRNAs are more 
than 200 nt in length with no or limited protein-
coding capacity. Mounting evidence has indi-
cated that lncRNAs play important roles in re- 
gulation of multiple cellular processes, includ-
ing stem cell pluripotency, cell growth, cell 
apoptosis, cell differentiation, and cell invasion 
[6-10]. Recent studies have demonstrated that 
lncRNAs are involved in the process of tumori-
genesis and metastasis. For example, it was 
found that MALAT1 expression was increased 
in both hepatocellular carcinoma tissue sam-
ples and cell lines. Moreover, patients with high 
levels of MALAT1 had a relatively higher risk of 
tumor recurrence [11]. In another study, it was 
found that HOTAIR expression was higher in 
colorectal cancer tissues than in adjacent non-
cancerous tissues and higher HOTAIR expres-
sion was markedly correlated with liver metas-
tasis in colorectal cancer patients [12]. In 
gastric cancer, Yang et al. found that lncRNA 
H19 was upregulated in tumor tissues and 
cells, compared with normal controls. Moreover, 
forced expression of H19 promoted cell growth 
[13]. More recently, Sun et al. reported that 
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expression of GAS5 was significantly downregu-
lated in gastric cancer and low expression of 
GAS5 was associated with adverse disease-
free survival and overall survival of patients 
with gastric cancer. In addition, overexpression 
of GAS5 inhibited gastric cancer cell prolifera-
tion and induced apoptosis both in vitro and in 

RNA extraction and real-time PCR analysis

Total RNA was extracted from tissues samples 
using TRIZOL Reagent (Invitrogen, Carlsbad, 
CA), according to manufacturer protocol. For 
qRT-PCR, 1 µg RNA was reverse transcribed 
into cDNA using a Reverse Transcription Kit 

Figure 1. lncRNA FTX was significantly upregulated in gastric cancer tissues. 
A. Real-time PCR analysis showed increased expression of lncRNA FTX in 
tumor tissues than normal tissues (P < 0.001); B. Real-time PCR analysis 
showed higher expression of lncRNA FTX in tissues with distant metastasis 
than that without distant metastasis (P < 0.001). 

vivo [14]. However, expression 
patterns and prognostic impli-
cations of lncRNA FTX in gas-
tric cancer have not been 
reported. This study mea-
sured expression levels of 
lncRNA FTX in gastric cancer 
and adjacent normal tissues. 
Correlation of lncRNA FTX 
expression and clinicopatho-
logical characteristics and 
overall survival of gastric can-
cer patients was analyzed. 
Results indicate that lncRNA 
FTX is involved in progression 
of gastric cancer. 

Materials and methods

Patients and tissue samples

Ninety-three paired gastric 
cancer tissues and adjacent 
normal tissues were obtained 
from patients that had under-
gone surgery at the Depart- 
ment of Gastroenterology, 
Affiliated Hospital of Jianghan 
University, between 2011 and 
2013. All patients were patho-
logically diagnosed with gas-
tric cancer and none of the 
patients received any treat-
ment prior to surgery. Tissue 
specimens were immediately 
frozen in liquid nitrogen and 
stored at -80°C until use. St- 
age of patients was evaluat- 
ed according to the Seventh 
Edition of the AJCC Cancer 
Staging Manual. This study 
was approved by the Medical 
Research Ethics Committee 
of Renmin Hospital of Wu- 
han University. Informed con- 
sent was obtained from all 
participants.

Table 1. Correlation between clinicopathological parameters and 
lncRNA FTX expression in 93 gastric cancer patients
Characteristics n High expression Low expression P value
Age 0.420
    < 60 37 21 16
    ≥ 60 56 27 29
Gender 0.989
    Male 60 31 29
    Female 33 17 16
Tumor size < 0.001
    < 4 cm 44 13 31
    ≥ 4 cm 49 35 14
Differentiation < 0.001
    Well 19 7 12
    Moderate 41 14 27
    Poor 33 27 6
Lymph node invasion 0.189
    Absent 33 14 19
    Present 60 34 26
Distant metastasis 0.008
    Absent 74 33 41
    Present 19 15 4
TNM stage 0.015
    I-II 34 12 22
    III-IV 59 36 23
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(Takara, Dalian, China). Real-time PCR amplifi-
cations were performed for 40 cycles of 94°C 
for 30 seconds, 60°C for 30 seconds, and 
72°C for 30 seconds with 1.0 μL of cDNA using 
SYBR Premix ExTaq II kit (Takara, Dalian China) 
and an ABI7900 system (Applied Biosystems, 
Foster City, USA). Results were normalized to 
expression of GAPDH. 

Primers (Invitrogen) were designed as follows: 
for human lncRNA FTX, the forward primer was 
5’-CAAAGCTGGTCCTGTGCCTG-3’ and reverse 
primer was 5’-ATTGAGTGTGGCATCACCTCC-3’; 
for human GAPDH, the forward primer was 
5’-CCCACTCCTCCACCTTTGAC-3’ and reverse 
primer was 5’-ATGAGGTCCACCACCCTGTT-3’. 
Relative quantification of RNA expression was 
calculated using the 2-ΔΔCT method. Each sam-
ple was tested in triplicate.

Construction and transfection of expression 
vector for FTX

LncRNA FTX sequences were synthesized and 
subcloned into the pcDNA3.1 (Invitrogen, 
Shanghai, China) vector. pcDNA constructs or 
the empty vectors were transfected into AGS 
cells and cultured on six-well plates, according 
to manufacturer instructions. The empty vec- 
tor was used as control. Expression level of 
lncRNA FTX was detected by qRT-PCR. Stably 
transfected clones were detected by G418 
selection (Promega). A stable transfectant of 
the pcDNA3.1 empty vector was used as a  
control. For transfection, complexes of Lipo- 
fectamine 2000 (Invitrogen Corp, Carlsbad, 
USA) and one of the plasmids mentioned above 

was prepared, according to manufacturer in- 
structions. Levels of lncRNA FTX expression 
after transfection were assayed by real-time 
PCR.

Colony formation assay

Gastric cancer cells were trypsinized to single-
cell suspensions of 3 × 103 cells and plated in 
six-well plates in a complete culture medium 
containing 0.3% agar layered on top of 0.6% 
agar. Plates were incubated at 37°C in the 
presence of 5% CO2 for 16 days. Colonies con-
taining at least 50 cells were scored. Data are 
presented as mean ± standard deviation of five 
randomly scored fields.

Invasion assays

Cell invasion assays were performed using  
AGS cells. Cell culture was performed in Tr- 
answell chambers (Corning, NY, USA). Insert 
membranes were coated with diluted Matri- 
gel (San Jose, CA, USA). Cells (1 × 105) were 
added to the upper chamber and were cultur- 
ed for 48 hours. Finally, the insert membran- 
es were cut and stained with crystal violet 
(0.04% in water; 100 mL) and migrated cells 
were counted under an inverted microscope 
and photographed.

Statistical analysis

Statistical analysis was performed using SPSS 
version 16.0 and GraphPad 5.0 software. Ex- 
pression levels of lncRNA FTX in tumor tissu- 
es were compared with adjacent normal tis-
sues by Wilcoxon test, while correlations 
between lncRNA FTX expression and clinico-
pathological characteristics were evaluated  
by Chi-square test. Overall survival analysis 
was conducted using the Kaplan-Meier method 
with log-rank test. The independent prognostic 
factor was analyzed by performing Cox multi-
variate proportional hazards model. Two-tailed 
P < 0.05 is considered statistically significant.

Results

Expression of lncRNA FTX significantly upregu-
lated in gastric cancer

This study first determined lncRNA FTX expres-
sion levels in 93 paired human gastric cancer 
and adjacent normal tissues by real-time PCR. 

Figure 2. lncRNA-FTX expression associated with 
overall survival of gastric cancer patients, patients 
with high lncRNA FTX expression presented with 
worse overall survival (P = 0.005). 
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As shown in Figure 1, after normalization to 
GAPDH expression levels, expression levels of 
lncRNA lncRNA FTX were markedly upregulated 
in tumor tissues, compared to normal tissues 
(P < 0.001). Moreover, expression of lncRNA 
FTX was more increased in patients with dis-
tant metastasis than those without metastasis 
(P < 0.001). These data indicate that abnormal 
lncRNA FTX expression may be involved in gas-
tric cancer pathogenesis.

Relationship between lncRNA FTX expression 
and clinicopathological factors in patients with 
gastric cancer

Median level of lncRNA FTX expression was 
used as a cutoff value to divide all 93 patients 
into two groups. Gastric cancer patients that 
expressed lncRNA FTX at levels higher than the 
cutoff value were assigned to the high expres-
sion group (n = 48, lncRNA FTX expression level 
≥ cutoff point) and those with expression low- 
er than the cutoff value were assigned to the 
low expression group (n = 45, lncRNA FTX ex- 
pression level < cutoff point). Next, this study 
analyzed association between expression of 
lncRNA FTX and clinicopathological parameters 
of gastric cancer patients. As shown in Table 1, 
lncRNA FTX expression was significantly asso-
ciated with tumor size (< 4 cm vs. T ≥ 4 cm; P < 
0.001), differentiation (P < 0.001), distant 
metastasis (P = 0.008), and TNM stage (P = 
0.015). However, there was no correlation 
between lncRNA FTX expression levels and age 
(< 60 vs. ≥ 60, P = 0.420), gender (female vs. 
male, P = 0.989), and lymph node invasion (P = 
0.189).

< 0.001). Moreover, to determine whether 
expression of lncRNA FTX was an independent 
prognostic factor for gastric cancer patients, 
univariate and multivariate analyses were car-
ried out. Univariate analysis demonstrated th- 
at distant metastasis (P = 0.013), TNM stage  
(P = 0.023), and lncRNA FTX expression lev- 
els (P = 0.005) were significantly associated 
with overall survival of gastric cancer patients 
(Table 2). However, multivariate analysis, us- 
ing the Cox proportional hazards model for all 
variables that were significant in univariate 
analysis, showed that only lncRNA FTX expres-
sion level was an independent prognostic fac-
tor for patients with gastric cancer (P = 0.028, 
Table 2).

lncRNA FTX promotes cell proliferation and 
invasion in gastric cancer cells

As lncRNA FTX was significantly upregulated in 
gastric cancer tissues, it was suspected that 
lncRNA FTX might be involved in regulating cel-
lular biology. This study first detected expres-
sion levels of lncRNA FTX in six gastric cancer 
cell lines (MKN-45, MKN-48, AGS, BGC823, 
BGC803, SGC7901) and a normal gastric epi-
thelial cell GES-1. Results showed that all gas-
tric cancer cell lines displayed higher expres-
sion of lncRNA FTX, compared to normal cell 
GES-1 (Figure 3A). To analyze the effects of 
lncRNA FTX on gastric cancer cells, AGS cells 
were transfected with lncRNA FTX expressing 
vector to overexpress lncRNA FTX (Figure 3B). 
Ectopic expression of lncRNA FTX increased 
colony formation number of AGS cells, as dem-
onstrated by colony formation assays (Figure 

Table 2. Univariate and Multivariate analysis of various potential 
prognostic factors in 93 gastric cancer patients

Characteristics
Univariate analysis Multivariate analysis

HRb (95% CIc) P HRb (95% CIc) P 
Age 0.83 (0.70-1.29) 0.158 - -
Gender 1.12 (0.81-1.73) 0.536 - -
Differentiation 1.15 (0.72-1.49) 0.173 - -
Tumor size 1.07 (0.81-1.42) 0.512 - -
Tumor location 1.15 (0.83-1.42) 0.095 - -
Lymph node invasion 1.12 (1.02-1.80) 0.112 - -
Distant metastasis 1.58 (1.15-2.17) 0.008a 1.27 (1.09-1.97) 0.102
TNM stage 1.29 (1.07-2.01) 0.015a 1.16 (1.08-1.92) 0.127
lncRNA FTX level 1.91 (1.57-2.69) 0.005a 1.35 (1.19-2.37) 0.028a

aP < 0.05, bHR: hazard ratio, cCI: confidence interval.

lncRNA FTX overexpres-
sion associates with poor 
prognosis in patients with 
gastric cancer

Kaplan-Meier analysis with 
the log-rank test was per-
formed to determine ex- 
pression of lncRNA FTX  
on survival of gastric can-
cer patients. As shown in 
Figure 2, patients with high 
level expression of lncRNA 
FTX tended to have worse 
overall survival than those 
with low level lncRNA FTX 
expression (log-rank test, P 
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3C). Next, the effects of lncRNA FTX expres- 
sion on invasion of gastric cancer cells were 
explored. Transwell assay indicated that inva-
sion ability markedly increased in AGS cells 
after ectopic expression of lncRNA FTX (Figure 
3D). Data suggests that overexpression of 
lncRNA FTX could promote proliferation and 
invasion of gastric cancer cells. 

Discussion

Increasing studies have demonstrated that 
dysregulated lncRNA expression may be a 
major contributor to tumorigenesis and that 
aberrant expression of specific lncRNAs could 
mark the spectrum of disease progression. 
These lnRNAs may serve as independent bio-
markers for diagnosis and prognosis [15, 16]. 
More recently, lncRNAs have been found to be 
involved in gastric cancer progression [17, 18]. 
For example, Xu et al. reported that lncRNA 

nostic significance remain unclear. Thus, the 
aim of this study was to investigate correlation 
of lncRNA FTX expression with clinicopatholog-
ic features and prognosis of gastric cancer 
patients.

This study explored the clinicopathological role 
of lncRNA FTX in gastric cancer patients. 
Results demonstrated that lncRNA FTX expres-
sion was significantly upregulated in gastric 
cancer tissues, compared with that of adjacent 
normal tissues. Moreover, increased lncRNA 
FTX expression was associated with tumor size, 
differentiation, distant metastasis, and TNM 
stage, suggesting that upregulation of lncRNA 
FTX plays a critical role in gastric cancer patho-
genesis. This is in accordance with reports con-
cerning other tumor entities [22, 23]. In addi-
tion, results showed that patients with high 
lncRNA FTX expression had worse overall sur-
vival than those with low lncRNA FTX expres-

Figure 3. lncRNA FTX promotes cell proliferation and invasion in gastric can-
cer cells. A. Expression level of lncRNA FTX in gastric cancer cell lines (*P < 
0.05); B. Real-time PCR confirmed upregulation of lncRNA FTX in AGC cells 
(*P < 0.05); C. Ectopic of lncRNA FTX promoted colony formation in AGS cells 
(*P < 0.05); D. Ectopic expression of lncRNA FTX promoted invasion of AGS 
cells (*P < 0.05). 

FENDRR expression was as- 
sociated with deeper tumor 
invasion, higher tumor stage, 
and lymphatic metastasis in 
gastric cancer. Moreover, up- 
regulation of FENDRR inhibit-
ed tumor cell migration and 
invasion by downregulating 
FN1 and MMP2/MMP9 ex- 
pression [19]. Hu et al. found 
that lncRNA GAPLINC (gastr- 
ic adenocarcinoma predictive 
long intergenic noncoding 
RNA) was significantly up- 
regulated in gastric cancer 
samples, compared to pair- 
ed normal adjacent normal 
samples. Furthermore, lnc- 
RNA GAPLINC overexpression 
could promote gastric cancer 
cell proliferation and invasion 
[20]. lncRNA FTX is located at 
the upstream of XIST, which is 
within the X-inactivation cen-
ter (XIC). It produces a spliced 
long non-coding RNA that can 
positively regulate expression 
of XIST [21]. Recent studies 
have indicated that lncRNA 
FTX plays important roles in 
the progression of colorectal 
cancer [22]. However, the sta-
tus of lncRNA FTX expression 
in gastric cancer and its prog-
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sion. More importantly, both univariate and 
multivariate survival analyses indicated that 
high lncRNA FTX expression was correlated 
with poor overall survival in gastric cancer 
patients, indicating that lncRNA FTX is an inde-
pendent prognostic marker for patients with 
gastric cancer. Finally, this study determined 
the biological role of lncRNA FTX in gastric can-
cer. First, representative gastric cell lines were 
chosen and lncRNA FTX expression was mea-
sured in these cell lines. It was found that the 
SGC7901 presented with high levels of lncRNA 
FTX, whereas AGS cells presented with low ex- 
pression of lncRNA FTX. Upregulation of lncRNA 
FTX promotes colony formation and invasion in 
AGS cells. Present data proves that lncRNA FTX 
might be an important modulator involved in 
gastric cancer progression.

In conclusion, the present results offer the first 
evidence that lncRNA FTX plays critical roles in 
progression of gastric cancer and overexpres-
sion of lncRNA FTX could independently predict 
poor overall survival of patients. Results imply 
that lncRNA FTX might be a potential marker for 
further risk stratification. However, further stud-
ies are necessary to explore the molecular 
mechanisms of lncRNA FTX in gastric cancer.

Acknowledgements

This study was supported by the National 
Natural Science Foundation of China (No. 
81372570).

Disclosure of conflict of interest

None.

Address correspondence to: Jun He, Department  
of Pathology, School of Medicine, Wuhan University 
of Science and Technology, 947 Heping Avenue, 
Qingshan District, Wuhan 430065, Hubei, P.R. 
China. Tel: +86-27-87342235; Fax: +86-27-873- 
42367; E-mail: jhe0131@163.com

References

[1] Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieu-
lent J and Jemal A. Global cancer statistics, 
2012. CA Cancer J Clin 2015; 65: 87-108.

[2] Park do J, Han SU, Hyung WJ, Kim MC, Kim W, 
Ryu SY, Ryu SW, Song KY, Lee HJ, Cho GS and 
Kim HH. Long-term outcomes after laparosco-
py-assisted gastrectomy for advanced gastric 
cancer: a large-scale multicenter retrospective 
study. Surg Endosc 2012; 26: 1548-1553.

[3] Bornschein J, Rokkas T, Selgrad M and Malfer-
theiner P. Gastric cancer: clinical aspects, epi-
demiology and molecular background. Helico-
bacter 2011; 16 Suppl 1: 45-52.

[4] Yasui W, Oue N, Kuniyasu H, Ito R, Tahara E 
and Yokozaki H. Molecular diagnosis of gastric 
cancer: present and future. Gastric Cancer 
2001; 4: 113-121.

[5] Esteller M. Non-coding RNAs in human dis-
ease. Nat Rev Genet 2011; 12: 861-874.

[6] Guttman M, Donaghey J, Carey BW, Garber M, 
Grenier JK, Munson G, Young G, Lucas AB, Ach 
R, Bruhn L, Yang X, Amit I, Meissner A, Regev A, 
Rinn JL, Root DE and Lander ES. lincRNAs act 
in the circuitry controlling pluripotency and dif-
ferentiation. Nature 2011; 477: 295-300.

[7] Loewer S, Cabili MN, Guttman M, Loh YH, 
Thomas K, Park IH, Garber M, Curran M, Onder 
T, Agarwal S, Manos PD, Datta S, Lander ES, 
Schlaeger TM, Daley GQ and Rinn JL. Large in-
tergenic non-coding RNA-RoR modulates re-
programming of human induced pluripotent 
stem cells. Nat Genet 2010; 42: 1113-1117.

[8] Khaitan D, Dinger ME, Mazar J, Crawford J, 
Smith MA, Mattick JS and Perera RJ. The mela-
noma-upregulated long noncoding RNA SP- 
RY4-IT1 modulates apoptosis and invasion. 
Cancer Res 2011; 71: 3852-3862.

[9] Tsai MC, Manor O, Wan Y, Mosammaparast  
N, Wang JK, Lan F, Shi Y, Segal E and Chang 
HY. Long noncoding RNA as modular scaffold 
of histone modification complexes. Science 
2010; 329: 689-693.

[10] Wang KC, Yang YW, Liu B, Sanyal A, Corces-
Zimmerman R, Chen Y, Lajoie BR, Protacio A, 
Flynn RA, Gupta RA, Wysocka J, Lei M, Dekker 
J, Helms JA and Chang HY. A long noncoding 
RNA maintains active chromatin to coordinate 
homeotic gene expression. Nature 2011; 472: 
120-124.

[11] Lai MC, Yang Z, Zhou L, Zhu QQ, Xie HY, Zhang 
F, Wu LM, Chen LM and Zheng SS. Long non-
coding RNA MALAT-1 overexpression predicts 
tumor recurrence of hepatocellular carcinoma 
after liver transplantation. Med Oncol 2012; 
29: 1810-1816.

[12] Kogo R, Shimamura T, Mimori K, Kawahara K, 
Imoto S, Sudo T, Tanaka F, Shibata K, Suzuki A, 
Komune S, Miyano S and Mori M. Long non-
coding RNA HOTAIR regulates polycomb-de-
pendent chromatin modification and is associ-
ated with poor prognosis in colorectal cancers. 
Cancer Res 2011; 71: 6320-6326.

[13] Yang F, Bi J, Xue X, Zheng L, Zhi K, Hua J and 
Fang G. Up-regulated long non-coding RNA 
H19 contributes to proliferation of gastric can-
cer cells. FEBS J 2012; 279: 3159-3165.

[14] Sun M, Jin FY, Xia R, Kong R, Li JH, Xu TP, Liu 
YW, Zhang EB, Liu XH and De W. Decreased 
expression of long noncoding RNA GAS5 indi-

mailto:jhe0131@163.com


lncRNA FTX in gastric cancer

8330 Int J Clin Exp Med 2018;11(8):8324-8330

cates a poor prognosis and promotes cell pro-
liferation in gastric cancer. BMC Cancer 2014; 
14: 319.

[15] Zhang X, Sun S, Pu JK, Tsang AC, Lee D, Man 
VO, Lui WM, Wong ST and Leung GK. Long non-
coding RNA expression profiles predict clinical 
phenotypes in glioma. Neurobiol Dis 2012; 48: 
1-8.

[16] Zhang XQ, Sun S, Lam KF, Kiang KM, Pu JK, Ho 
AS, Lui WM, Fung CF, Wong TS and Leung GK. 
A long non-coding RNA signature in glioblasto-
ma multiforme predicts survival. Neurobiol Dis 
2013; 58: 123-131.

[17] Shao Y, Chen H, Jiang X, Chen S, Li P, Ye M, Li 
Q, Sun W and Guo J. Low expression of lncRNA-
HMlincRNA717 in human gastric cancer and 
its clinical significances. Tumour Biol 2014; 
35: 9591-9595.

[18] Li H, Yu B, Li J, Su L, Yan M, Zhu Z and Liu B. 
Overexpression of lncRNA H19 enhances car-
cinogenesis and metastasis of gastric cancer. 
Oncotarget 2014; 5: 2318-2329.

[19] Xu TP, Huang MD, Xia R, Liu XX, Sun M, Yin L, 
Chen WM, Han L, Zhang EB, Kong R, De W and 
Shu YQ. Decreased expression of the long non-
coding RNA FENDRR is associated with poor 
prognosis in gastric cancer and FENDRR regu-
lates gastric cancer cell metastasis by affect-
ing fibronectin1 expression. J Hematol Oncol 
2014; 7: 63.

[20] Hu Y, Wang J, Qian J, Kong X, Tang J, Wang Y, 
Chen H, Hong J, Zou W, Chen Y, Xu J and Fang 
JY. Long noncoding RNA GAPLINC regulates 
CD44-dependent cell invasiveness and associ-
ates with poor prognosis of gastric cancer. 
Cancer Res 2014; 74: 6890-6902.

[21] Zhao Q, Li T, Qi J, Liu J and Qin C. The miR-
545/374a cluster encoded in the Ftx lncRNA is 
overexpressed in HBV-related hepatocellular 
carcinoma and promotes tumorigenesis and 
tumor progression. PLoS One 2014; 9: 
e109782.

[22] Guo XB, Hua Z, Li C, Peng LP, Wang JS, Wang B 
and Zhi QM. Biological significance of long 
non-coding RNA FTX expression in human 
colorectal cancer. Int J Clin Exp Med 2015; 8: 
15591-15600.

[23] Liu Z, Dou C, Yao B, Xu M, Ding L, Wang Y, Jia Y, 
Li Q, Zhang H, Tu K, Song T and Liu Q. Ftx non 
coding RNA-derived miR-545 promotes cell 
proliferation by targeting RIG-I in hepatocellu-
lar carcinoma. Oncotarget 2016; 7: 25350-65. 


