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Abstract: The purpose of this study was to determine the expression of long non-coding RNA (lncRNA) FTX and 
analyze its prognostic and biological significance in colorectal cancer (CRC). A quantitative reverse transcription 
PCR was performed to detect the expression of long non-coding RNA FTX in 35 pairs of colorectal cancer and corre-
sponding noncancerous tissues. The expression of long non-coding RNA FTX was detected in 187 colorectal cancer 
tissues and its correlations with clinicopathological factors of patients were examined. Univariate and multivariate 
analyses were performed to analyze the prognostic significance of Long Non-coding RNA FTX expression. The effects 
of long non-coding RNA FTX expression on malignant phenotypes of colorectal cancer cells and its possible bio-
logical significances were further determined. Long non-coding RNA FTX was significantly upregulated in colorectal 
cancer tissues, and low long non-coding RNA FTX expression was significantly correlated with differentiation grade, 
lymph vascular invasion, and clinical stage. Patients with high long non-coding RNA FTX showed poorer overall sur-
vival than those with low long non-coding RNA FTX. Multivariate analyses indicated that status of long non-coding 
RNA FTX was an independent prognostic factor for patients. Functional analyses showed that upregulation of long 
non-coding RNA FTX significantly promoted growth, migration, invasion, and increased colony formation in colorectal 
cancer cells. Therefore, long non-coding RNA FTX may be a potential biomarker for predicting the survival of colorec-
tal cancer patients and might be a molecular target for treatment of human colorectal cancer.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon malignant tumors worldwide. According to 
the result of IARC (International Agency for 
Research on Cancer), approximately 1.36 mil-
lion CRC patients were diagnosed yearly world-
wide and 0.6 million CRC patients died in 2012 
[1]. Colorectal carcinogenesis is a multistep 
process characterized by genetic and epigene-
tic alterations that influence key cellular path-
ways involved in growth and development [2]. 
Thus, elucidation of the molecular mechanisms 
involved in CRC development will be helpful to 
exploit potential, molecular, diagnostic, and 
prognostic markers. Many studies have been 
conducted to search for disease features that 
can help to predict disease outcome and treat-
ment response, but no robust tumor markers 
have yet been identified.

Proteins are considered to be the major mole-
cules carrying out essential biologic actions [3], 
yet only 2% of the human genome contains the 
codes for proteins. Most genomic sequences 
are now understood to be transcribed, though 
without translation capability [4]. These non-
protein coding transcripts are involved in many 
biologic processes and cellular activities. 
Recently, longnon-coding RNAs (lncRNAs) were 
recognized as a new class of non-coding RNAs 
with important biologic functions [5-10]. 
LncRNAs exert their actions through interac-
tions with chromatin in the regulation of gene 
expression [11-13], modulation of epigenetic 
regulation pre- and post-transcriptionally [14-
16], and influences on activities and locations 
of other functional molecules such as proteins 
and other RNA species [7, 10, 17-21]. Studies 
have shown that disruption of lncRNA action 
occurs in certain diseases including cancer 
[22-27].
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We searched the literature and found no infor-
mation on long non-coding RNA FTX with regard 
to its biological functions and associations with 
CRC or other diseases. To determine the clini-
cal relevance of long non-coding RNA FTX in 
CRC and to assess its biologic effects on breast 
cancer cells, we measured long non-coding 
RNA FTX expression in more than 100 CRC 
samples to analyze its association with clinical 
and pathological features of CRC, independent 
clinical studies to confirm the findings of our 
clinical study, and transfected a FTX expression 
vector into CRC cells to assess the FTX’s effects 
on cell growth and migration. In this report, we 
describe the findings of long non-coding RNA 
FTX in our clinical study and in vitro 
experiments.

Materials and methods

Tissue collection

Paired CRC and adjacent normal colorectal tis-
sue were obtained from 187 patients who had 
undergone surgical CRC resection between 
2008 and 2010 at the department of gastroin-
testinal surgery, provincial hospital affiliated to 
shandong university, China. Local or systemic 
treatment had not been performed in these 
patients prior to the operation, and the clinico-
pathological characteristics of the patients 
with CRC are recorded. Samples were immedi-
ately macrodissected at the time of surgery 
and placed directly in RNALater stabilization 
solution (Qiagen, Hilden, Germany). All of the 
tissues were stored at -80°C until total RNA 
was extracted. The differentiation grade, path-
ological stage, grade and nodal status were 
appraised by an experienced pathologist. 
Clinicopathological characteristics including 
tumor-node-metastasis (TNM) staging were 
also scored. The non-tumorous tissues were 5 
cm from the edge of the tumor, contained no 
obvious tumor cells and were also evaluated by 
the pathologist. All of the experiments were 
approved by the Research Ethics Committee of 
the Provincial Hospital Affiliated to Shandong 
University and written informed consent was 
obtained from all patients.

Cell lines 

The human colorectal cancer cell lines HT-29, 
SW1116, SW480, and COLO205 were obtained 
from American Type Culture Collection 
(Manassas, VA). All of the cell lines were grown 

and maintained in RPMI Medium 1640 
(Invitrogen) Supplemented with 10% fetal 
bovine serum, 100 U/ml penicillin, and 100 
mg/ml streptomycin (Invitrogen, Shanghai, 
China) at 37°C in a 5% CO2 atmosphere.

qRT-PCR analysis

Purified total RNA was obtained from the micro-
dissected cells, total RNA was extracted using 
Trizol solution. Reverse transcription (RT) was 
performed in a 20-μL reaction according to the 
manufacturer’s recommendations (Qiagen). 
Real-time qRT-PCR analyses were performed 
using primers as follows: 5’-CAAAGCTGGTCCT- 
GTGCCTG-3’; 5’-ATTGAGTGTGGCATCACCTCC-3’. 
Transcript expression levels were determined 
by quantifying the intensity of the PCR product 
normalized to U6 expression. Quantitative mea-
surement of mRNA levels was performed using 
the ABI Prism 7000 (Applied Biosystems, Foster 
City, USA). These data were analyzed by using 
the comparative Ct method.

Construction and transfection of expression 
vector for FTX

The FTX sequences were synthesized and sub-
cloned into the pcDNA3.1 (Invitrogen, Shanghai, 
China) vector. The pcDNA constructs or the 
empty vector were transfected into CRC cells 
cultured on six-well plates according to the 
manufacturer’s instructions. The empty vector 
was used as the control. The expression level of 
FTX was detected by qRT-PCR. SW480 CRC cell 
lines were used for the overexpression studies. 
We obtained stably transfected clones by G418 
selection (Promega). A stable transfectant of 
the pcDNA3.1 empty vector was used as a con-
trol. For transfection, complexes of Lipofecta- 
mine 2000 (Invitrogen Corp, Carlsbad, USA) 
and one of the plasmids mentioned above was 
prepared according to the manufacturer’s 
instructions, and these complexes were direct-
ly mixed with cells in 24-well cell culture plates 
at a density of 4 × 104 cells per well. The level 
of FTX expression after transfection was 
assayed by real-time PCR.

Cell growth and soft agar colony formation as-
say

CRC cells (2 × 103 cells) were incubated with 
100 μL of culture medium in 96-multiwell 
plates for one day at 37°C in 5% CO2. The cells 
were transfected with the plasmid for 24, 48, 
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(Dojindo, Japan). Briefly, CCK-8 (10 μL) was 
added to each well. After 1 h of incubation at 
37°C, absorbance at 450 nm was measured 
using the ARVO MX plate reader (PerkinElmer, 
Massachusetts, USA). The number of cells was 
determined by the relative absorbance at 450 
nm.

CRC cells were trypsinized to single-cell sus-
pensions of 3 × 103 cells and then were plated 
in six-well plates in complete culture medium 
containing 0.3% agar layered on top of 0.6% 
agar. The plates were incubated at 37°C in the 
presence of 5% CO2 for 16 days. Colonies con-
taining at least 50 cells were scored. The data 
are presented as the mean ± standard devia-
tion of five randomly scored fields.

Invasion and migration assays

Cell invasion and migration assays were per-
formed using SW480 cells. Cell culture was 
performed in transwell chambers (Corning, NY, 
USA). For the invasion assay, the insert mem-
branes were coated with diluted Matrigel (San 
Jose, CA, USA). Cells (1 × 105) were added to 
the upper chamber and were cultured for 48 h. 
For the migration assay, the insert membranes 
were not coated with Matrigel but were cultured 
under the same conditions. Finally, the insert 
membranes were cut and stained with crystal 
violet (0.04% in water; 100 ml), and the migrat-
ed cells were counted under an inverted micro-
scope and were photographed.

Statistical analysis

Statistical analysis was performed using 
SPSS15.0 software (SPSS Inc, USA). Data are 
expressed as the mean ± standard deviation 
from at least three separate experiments. 
Associations of long non-coding RNA FTX with 
clinical, and pathologic were determined using 
the Chi-square test or Cox proportional hazards 
regression model, as appropriate. Kaplan-
Meier survival curves were constructed to show 
survival differences according to long non-cod-
ing RNA FTX expression. The survival time for 
either overall or time to recurrence was calcu-
lated as the time from surgery until the occur-
rence of death and relapse, respectively. The 
Mann-Whitney U test was used for comparing 
differences in cell counts and migration. 
Spearman correlation coefficients were calcu-
lated for correlation analysis. A value of P < 
0.05 was considered statistically significant.

Figure 1. qRT-PCR detection of long non-coding RNA 
FTX expression in CRC tissues. A. qRT-PCR detection 
of long non-coding RNA FTX expression in 35 pairs of 
CRC (T) and corresponding noncancerous colorectal 
tissues (N). The mean level of long non-coding RNA 
FTX in 35 pairs of colorectal cancer and correspond-
ing noncancerous tissues was 18.85±11.62 and 
11.62±10.21, respectively. The relative level of long 
non-coding RNA FTX expression in BC tissues was 
significantly upregulated, compared with that in cor-
responding noncancerous tissues. B. Kaplan-Meier 
overall survival curves of patients with CRC tissues 
according to the level of long non-coding RNA FTX. 
The overall survival rate of the long non-coding RNA 
FTX low-expression group was significantly higher 
than that of the high expression group after 60 
months. C. Time to recurrence of the long non-cod-
ing RNA FTX high-expression group was significantly 
shorter than that of the low expression group. Each 
experiment was performed at least in triplicate.

72, 96, and 120 hours. Cell number was 
assessed using the cell counting kit-8 (CCK-8) 
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Results

Long non-coding RNA FTX was significantly 
upregulated in CRC tissues

To determine the status of long non-coding RNA 
FTX expression in CRC, a qRT-PCR assay was 
performed to determine the expression of long 
non-coding RNA FTX in 35 pairs of CRC and cor-
responding noncancerous tissue samples. The 
expression levels of long non-coding RNA FTX 
was 18.85±11.62 and 11.62±10.21, respec-
tively in CRC and corresponding noncancerous 
tissue samples. Results showed that the rela-
tive level of long non-coding RNA FTX expres-
sion in CRC tissues was significantly upregulat-
ed, compared with that in corresponding non-
cancerous tissues (Figure 1, P < 0.05).

Correlation of long non-coding RNA FTX ex-
pression with clinicopathologic factors of CRC 
patients

To further analyze the clinicopathological sig-
nificance of long non-coding RNA FTX in CRC, 
the expression of long non-coding RNA FTX was 
determined in another 187 cases of CRC tis-
sues. The median value of long non-coding RNA 
FTX in all CRC tissues was 2.00 and was used 
as a cutoff value, and all patients were divided 
into two groups high-long non-coding RNA FTX 
expression group (≥2.00; n = 75) and low-long 
non-coding RNA FTX expression group (< 2.00; 
n = 112). Table 1 showed the correlation 
between long non-coding RNA FTX expression 
and clinicopathological factors of CRC patients. 

Table 1. The correlations between long non-coding RNA FTX expression and clinicopathological fac-
tors of CRC patients

Factors High expression 
(n = 75)

Low expression 
(n = 112)

Relative FTX expression
P value

High expression low expression
Age (years) 2.85
    ≤50 34 64 2.54±0.21 0.84±1.09
    >50 41 48 2.75±1.52 1.31±2.16
Sex 0.327
    Male 14 31 5.62±0.35 1.34±2.4
    Female 28 57 8.21±2.51 1.84±1.04
Differentiation grade 0.042*

    Well 9 24 3.26±1.36 1.52±0.17
    Moderate 28 37 3.14±2.04 0.73±1.62
    Poor 38 51 15.26±0.26 1.68±0.04
Tumour histology 0.361
    Adenocarcinoma 41 72 2.25±0.16 1.57±0.74
    Mucinous adenocarcinoma 34 40 3.17±3.16 0.73±2.58
Lymph vascular invasion 0.0057*

    Absence 47 78 21.16±2.05 1.17±0.51
    Presence 28 34 16.13±2.15 0.26±0.06
Perineural invasion 0.258
    Absence 46 76 11.24±1.03 1.85±1.05
    Presence 29 36 13.16±5.12 1.27±0.7
Tumour site 0.83
    Rectum 35 47 3.72±1.52 1.36±0.03
    Colon 40 65 2.15±0.05 1.82±1.21
Lymph node metastasis 1.85
    Absent 29 41 6.26±0.15 0.62±0.8
    Present 46 71 2.05±4.16 1.32±0.27
Clinical stage 0.031*

    I + II 31 62 2.73±0.52 1.52±1.49
    III 44 60 14.83±1.26 0.75±0.35
*P < 0.05.
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By statistical analyses, low-long non-coding 
RNA FTX expression was found to be signifi-
cantly correlated with differentiation grade, 
lymph vascular invasion, and Clinical stage (P = 
0.042, 0.0361, 0.0057, and 0.031, resp.). 
However, there were no significant correlations 
between long non-coding RNA FTX expression 
and other clinicopathological factors of 
patients, such as age, sex, tumour histology, 
perineural invasion, tumour site, and lymph 
node metastasis (P = 2.85, 0.57, 1.85, 0.076, 
and 0.83, resp.). These data indicated that 
downregulation of long non-coding RNA FTX 
might play a critical role in CRC progression.

Correlation of long non-coding RNA FTX ex-
pression with prognosis of CRC patients

Overall survival curves and time to recurrence 
(TTR) curves were plotted according to the 
expression level of long non-coding RNA FTX by 
the Kaplan-Meier method. As in Figure 1B and 
1C, Kaplan-Meier survival analysis indicated 
that high long non-coding RNA FTX group had a 
remarkable shorter overall and time to recur-
rence than low long non-coding RNA FTX group 
(P < 0.05). The median survival months were 
33.32±2.78 and 41.60±1.63, respectively 
(Figure 1B, P < 0.05).

Correlation between long non-coding RNA FTX 
expression and prognosis of CRC patients

Univariate and multivariate analyses of factors 
related to prognosis of CRC patients were 
shown in Table 2. Univariate regression analy-
sis indicated that status of long non-coding 

RNA FTX expression (relative risk (RR), 1.261; 
95% confidence interval (CI), 1.593-2.478; P = 
0.0007) was significantly correlated with OS of 
BC patients, along with differentiation grade (P 
= 0.018), and clinical stage (P = 0.038). 
Furthermore, multivariate regression analysis 
indicated that status of long non-coding RNA 
FTX expression (RR, 2.371; 95% CI, 1.42-2.739; 
P = 0.00041) was an independent predictor for 
the prediction of OS, as well as differentiation 
grade (RR, 1.273; 95% CI, 2.83-4.278; P = 
0.029) and clinical stage (RR, 1.05; 95% CI, 
1.581-2.372; P = 0.018).

Upregulation of long non-coding RNA FTX pro-
motes growth and reduces colony formation 

At first, we screened long non-coding RNA FTX 
expression in four CRC cell lines by real-time 
PCR. Different long non-coding RNA FTX 
expressing levels were found in CRC cell lines 
(Figure 2A). To analyze the effects of long non-
coding RNA FTX expression on malignant phe-
notypes of CRC cells, long non-coding RNA FTX 
vector (SW480/FTX) or control vector (SW- 
480/C) was stably transfected into CRC cells 
(SW480), which was named SW480/FTX (or 
SW480/C). After transfection, we examined 
expression of long non-coding RNA FTX on 
SW480 cells by real-time PCR. The expressing 
level of long non-coding RNA FTX was up-regu-
lated (P < 0.05, Figure 2B) in SW480 cells. 
Results from CCK-8 assays indicated that 
upregulation of long non-coding RNA FTX could 
significantly promote growth of CRC cells (P < 
0.01, Figure 2C). The capacity of colony forma-
tion in SW480/FTX cells was significantly 

Table 2. Univariate and multivariate analysis for OS of CRC patients

Variables
Univariate analysis Multivariate analysis

RR (95% CI) P value RR (95% CI) P value
Age (year) 0.625 (0.462-2.512) 1.57
Sex 0.452 (0.721-1.835) 0.76
Tumour site 0.937 (0.682-2.317) 2.65
Tumour histology 0.720 (0.839-3.371) 3.06
Clinical stage 2.326 (1.417-3.282) 0.038* 1.05 (1.581-2.372) 0.018*

Lymph node metastasis 0.472 (0.621-2.371) 1.75
long non-coding RNA FTX expression 1.261 (1.593-2.478) 0.0007* 2.371 (1.42-2.739) 0.00041*

Lymph vascular invasion 0.571 (0.489-1.804) 0.47
Differentiation grade 1.427 (1.904-2.074) 0.018* 1.273 (2.83-4.278) 0.029*

Perineural invasion 1.581 (1.342-2.581) 0.053
*P < 0.05. HR: hazard ratio; 95% CI: 95% confidence interval.
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increased, in comparison with that in the con-
trol cells (P < 0.05, Figure 2D). These data 
showed that upregulation of long non-coding 
RNA FTX could promote growth and reduced 
the capacity of colony formation in CRC cells.

Upregulation of long non-coding RNA FTX sig-
nificantly promotes migration and invasion of 
CRC cells

Next, we explored the effects of long non-cod-
ing RNA FTX expression on migration and inva-
sion of CRC cells. Migration assay indicated 
that the migration of SW480/FTX cells was 
markedly increased in comparison with that of 
SW480/C cells (P < 0.05, Figure 3A). Similarly, 
matrigel invasion assays indicated that the 
invasion of SW480/FTX cells was significantly 
reduced in comparison with that of SW480/NC 
cells (P < 0.05, Figure 3B). Thus, upregulation 
of long non-coding RNA FTX could increase the 
capacity of migration and invasion in CRC cells.

Discussion

The conventional view of gene regulation in 
biology has centered on protein-coding genes 
until the discovery of thousands of lncRNAs. 
Numerous reports of dysregulated lncRNA 
expression across numerous cancer types sug-
gest that abnormal lncRNA expression may be 
a major contributor to tumorigenesis. The aber-
rant expressions of specific lncRNAs in cancer 
could mark the spectrum of disease progres-
sion and these lnRNAs may serve as indepen-
dent biomarkers for diagnosis and prognosis 
[28, 29]. More recently, lncRNAs have been 
implicated in CRC pathogenesis [30, 31]. 
However, the prognostic values of lncRNAs in 
CRC have not yet been investigated. A better 
understanding of the genetic and molecular 
characteristics of CRC is urgently needed for 
early diagnosis, choice of the appropriate treat-
ment and an improved prognosis for patients 
with CRC. Recent studies have demonstrated 

Figure 2. Effect of long non-coding RNA FTX transfection on SW480 cells. A. The different expression levels of long 
non-coding RNA FTX in four colorectal cancer cell lines. B. Expression of long non-coding RNA FTX was upregulated 
in SW480 cells upon FTX vector transfection relative to the control. C. Overexpression of long non-coding RNA FTX 
promote to cell growth as determined by the CCK-8 assay. D. Colony formation rates were significantly different be-
tween FTX-transfected cells and controls in SW480 cells. *P < 0.05. Each bar represents the mean value ± standard 
deviation from three independent experiments.
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that a class of non-protein-coding RNAs 
(ncRNAs), which are known as long non-coding 
RNAs (lncRNAs), participates in cell fate deter-
mination and human disease pathogenesis [7, 
9, 18, 32]. An increasing body of evidence has 
suggested that lncRNAs are key regulators in 
several biological processes and are increas-
ingly recognized as diagnostic or prognostic 
cancer biomarkers, including in CRC. For exam-
ple, Ma Y et al identified colorectal cancer-
associated lncRNA (CCAL) as a key regulator of 
CRC progression. Patients whose tumours had 
high CCAL expression had a shorter overall sur-
vival and a worse response to adjuvant chemo-
therapy than patients whose tumours had low 
CCAL expression. CCAL promoted CRC progres-
sion by targeting activator protein 2α (AP-2α), 
which in turn activated Wnt/β-catenin pathway. 
CCAL induced multidrug resistance (MDR) throu- 
gh activating Wnt/β-catenin signalling by sup-
pressing AP-2α and further upregulating 
MDR1/P-gp expression. In addition, we found 
that histone H3 methylation and deacetylases 
contributed to the upregulation of CCAL in CRC 
[33]. BRAF activated non-coding RNA (BANCR), 
a long non-coding RNA (lncRNA) expression 
was significantly down-regulated in colorectal 
cancer tissues compared with normal tissues, 
and overexpression of BANCR suppressed 
colorectal cancer cell growth in vitro and in 
vivo. We also determined that pCDNA-BANCR-
mediated colorectal cancer cell proliferation 
was associated with induction of G0/G1 cell-

mal tissues. Our data indicated that a low 
expression of this lncRNAs is correlated with 
differentiation grade, lymph vascular invasion, 
and clinical stage. However, there were no sig-
nificant correlations between long non-coding 
RNA FTX expression and other clinicopathologi-
cal factors of patients, such as age, sex, tumour 
histology, perineural invasion, tumour site, and 
lymph node metastasis, indicating that lncRNA 
FTX may be a promising prognostic biomarker 
for CRC patients. Overall survival curves and 
time to recurrence (TTR) curves were plotted 
according to the expression level of long non-
coding RNA FTX by the Kaplan-Meier method. 
Kaplan-Meier survival analysis indicated that 
high long non-coding RNA FTX group had a 
remarkable shorter overall and time to recur-
rence than low long non-coding RNA FTX group. 
Multivariate regression analysis indicated that 
status of long non-coding RNA FTX expression 
was an independent predictor for the predic-
tion of OS, as well as differentiation grade and 
clinical stage. Additionally, we speculated that 
FTX may play a significant role in tumor biology. 
First, we chose representative CRC cell lines 
and investigated FTX expression in CRC cell 
lines. We found that the HT-29 was high expres-
sion, whereas there was a low expression in 
SW480 cell lines. To further determine the 
roles of long non-coding RNA FTX in CRC devel-
opment, we analyzed the effects of long non-
coding RNA FTX on malignant phenotypes of 
CRC cells. From this study, restoring long non-

Figure 3. Upregulation of long non-coding RNA FTX significantly promotes 
migration and invasion of CRC cells. A. Cell migratory ability was promoted 
by migration assays in SW480 cells. B. Cell invasive ability was increased in 
the transwell assay in SW480 cells. *P < 0.05. Each bar represents the mean 
value ± standard deviation from three independent experiments.

cycle arrest and apoptosis 
enhancement through regula-
tion of p21, and its effects 
were most likely posttran-
scriptional [25].

LncRNAs FTX is located 
upstream of XIST, within the 
X-inactivation center (XIC). It 
produces a spliced long non-
coding RNA that is thought to 
positively regulate the expres-
sion of XIST, which is essen-
tial for the initiation and 
spread of X-inactivation [34]. 
Up to date, there is no report 
of lncRNAs FTX on CRC. In our 
study, we first found that 
lncRNAs FTX was significantly 
unregulated in CRC tissues 
compared with adjacent nor-
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coding RNA FTX expression in human CRC cells, 
we then determined whether long non-coding 
RNA FTX expression influences tumor-like char-
acteristics such as proliferation, colony forma-
tion, migration and invasion. Indeed, the upreg-
ulation of long non-coding RNA FTX promotes 
cell proliferation and increases colony forma-
tion in SW480 cell lines, whereas the ectopic 
expression of long non-coding RNA FTX signifi-
cantly enhances cell migration and invasion in 
SW480 cell lines. 

Taken together, we have found that long non-
coding RNA FTX is markedly up-regulated in 
human CRC. Low-long non-coding RNA FTX 
expression was significantly correlated with dif-
ferentiation grade, lymph vascular invasion, 
and clinical stage. Multivariate regression anal-
ysis indicated that status of long non-coding 
RNA FTX expression was an independent pre-
dictor for the prediction of OS, as well as differ-
entiation grade and clinical stage. Additionally, 
upregulation of Low-long non-coding RNA FTX 
could significantly promote growth, increase 
colony formation, and enhance migration and 
invasion of CRC cells. Thus, long non-coding 
RNA FTX could be a potential prognostic bio-
marker and therapeutic target for CRC. It 
implied that long non-coding RNA cannot be 
overlooked as a class of molecules on regulat-
ing biological functions and on human colorec-
tal cancer therapy. Our data enhance under-
standing the functions of long non-coding RNAs 
on CRC. Of course, this study has several limits. 
First, as the number of patients in this study is 
small, a larger case population is needed to 
confirm the prognostic value of Low-long non-
coding RNA FTX expression in CRC. Second, 
further studies are needed to identify other 
undefined long non-coding RNA FTX targets, 
which may also affect cellular phenotypes at 
other levels.
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