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Abstract
Recent researches have reported that long noncoding RNA (lncRNA) five prime to Xist (FTX) plays a crucial role in the
initiation and progression of cancers. In the current study, the clinical significance and functional roles of lncRNA FTX in
colorectal cancer (CRC) progression were investigated. A significant increase of lncRNA FTX expression in CRC tissue and
cell lines was observed. Overexpression of lncRNA FTX was significantly associated with the bigger tumor diameter, the
advanced TNM stage, the lymph node, and distant metastasis, and also predicted poor prognosis of patients with CRC.
Functional analyses demonstrated that knockdown of lncRNA FTX markedly inhibited CRC cell proliferation, migration,
and invasion in vitro. Mechanistically, FTX directly interacted with miR-215 and suppressed miR-215 expression. FTX also
bind to vimentin and reduced its phosphorylation level on Ser83 in CRC cells. Finally, using siRNAs against lncRNA FTX
could dramatically inhibit CRC growth and distant metastasis in vivo. Taken together, our data demonstrated an oncogenic
role of lncRNA FTX in CRC tumorigenesis and progression via interaction with miR-215 and vimentin. Then, a promising
therapeutic target for CRC was provided.

Introduction

Colorectal cancer (CRC) is one of the most commonly
diagnosed cancers. Although the mortality rate of CRC has
declined for several decades, CRC is still the third leading
cause of cancer death in both men and women in the United
States [1]. Even though the advancement of CRC treatment
has been achieved, the 5-year overall survival rate of CRC
patients is still low [2]. Hence, revealing the underlying
molecular mechanisms in the pathogenesis of CRC is vital
for the development of effective treatment.

Long noncoding RNAs (lncRNAs) are defined as tran-
scripts larger than 200 nucleotides in length without or with
limited protein coding potential [3]. lncRNAs take in the
modulation of gene expression as microRNA sponges or
scaffolds in some physiological processes, including cell

proliferation, migration, invasion, autophagy, and differ-
entiation [4–6]. It has been found that lncRNAs are
abnormally expressed in cancers. For instance, the expres-
sion of lncRNA SNHG3 is dramatically increased in CRC
tissue, and is associated with shorter survival time of
patients with CRC. Mechanistically, SNHG3 promotes the
growth and metastasis of CRC by functioning as the com-
peting endogenous RNA (ceRNA) of oncoprotein c-Myc
[7]. lncRNA five prime to Xist (FTX) is a kind of evolu-
tionarily conserved lncRNA and locates within the X-
inactivation center [8]. The function of FTX in different
cancers is paradoxical. In hepatocellular carcinoma (HCC),
lncRNA FTX inhibits proliferation and invasion by asso-
ciating with MCM2 and miR-374a [9]. Conversely, FTX
facilitates the growth and metastasis in glioma cells through
sponging miR-342-3p [10]. However, to date, the functional
roles and molecular mechanisms of FTX in CRC progres-
sion remain unclear. Here, the expression pattern and
functional roles of FTX in the malignant development of
CRC were explored. Our data demonstrated the upregula-
tion of lncRNA FTX in CRC tissue and cell lines. Further
investigation revealed the underlying mechanism of FTX in
CRC progression via targeting miR-215 and vimentin.
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Results

lncRNA FTX is upregulated in CRC tissue and
predicts poor prognosis

Firstly, FTX expression in 80 paired CRC tumors and
corresponding adjacent non-tumor tissue was detected. The
results of qRT-PCR exhibited a significant increase of
lncRNA FTX expression in CRC tumor tissue compared
with that in non-tumor tissue (Fig. 1a). Next, lncRNA FTX
levels in five CRC cell lines and a normal colon epithelial
cell line were examined. CRC cells expressed a higher level
of FTX than FHC cells did (Fig. 1b). To reveal the asso-
ciation between lncRNA FTX expression and clin-
icopathological features of CRC patients, patients were
divided into two groups as the median of CRC tissue’s FTX
expression: the high FTX expression group and the low
FTX expression group. As shown in Table 1, high FTX
expression was more frequent to be detected in tumors with
the bigger tumor diameter, the advanced TNM stage, lymph
node metastasis, and distant metastasis. However, lncRNA
FTX expression was not correlated with age, gender, his-
tological differentiation, and primary tumor sites.

To determine the relationship between lncRNA FTX
expression and CRC patients’ prognosis, the Kaplan–Meier
analysis and the log-rank test were performed. The results
showed that patients with higher FTX levels had shorter
overall survival time than those with lower FTX levels
(Fig. 1c). These data clarified that upregulated FTX might
be involved in CRC progression.

Knockdown of lncRNA FTX suppresses CRC cell
proliferation

It was probed that lncRNA FTX expression was relatively
higher in SW480 and HCT116 cell lines than that in HT29,
HCT8, and LS513 cells (Fig. 1b). Thus, SW480 and

Fig. 1 lncRNA FTX is upregualted in CRC and is associated with poor
prognosis. a lncRNA FTX expression was measured by qRT-PCR in
80 pairs of CRC and the adjacent non-tumor tissues. b lncRNA FTX

expression was measured by qRT-PCR in different cell lines. c
Kaplan–Meier survival analysis reveals overall survival rate in the two
crowds of CRC patients

Table 1 The association between lncRNA FTX expression and
clinicopathological parameters in colorectal cancer

Characteristics lncRNA FTX
expression

P value

High Low

Age (years)

≤50 18 16 0.651

>50 22 24

Gender

Male 27 26 0.813

Female 13 14

Tumor
diameter(cm)

≥4 26 17 0.044

<4 14 23

Tumor
differentiation

Well-moderate 28 26 0.633

Poor 12 14

Tumor location

Rectum 13 14 0.813

Colon 27 26

TNM stage

I/II 14 23 0.044

III/IV 26 17

Lymphatic
metastasis

Yes 27 15 0.007

No 13 25

Distant
metastasis

Yes 25 12 0.004

No 15 28

Vessel invasion

Yes 10 9 0.793

No 30 31
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HCT116 cell lines were selected for the following loss-of-
function studies. To further investigate the role of FTX in
CRC cells, the lentiviral particles that expressed FTX
shRNA were transfected into SW480 and HCT116 cells. As
shown in Fig. 2a, cells that transfected shFTX obviously
reduced the FTX RNA expression level compared with the
control cells. CCK-8 assays were conducted to determine
the effect of FTX on the proliferation of CRC cells, and the
results exhibited that silence of FTX apparently suppressed
the proliferative ability of both SW480 and HCT116 cells
(Fig. 2b). Similarly, the results of the colony formation
assay indicated that CRC cells that expressed FTX shRNA
dramatically suppressed the colony numbers (Fig. 2c).
Then, flow cytometry analysis was made to investigate
whether FTX is involved in CRC cell apoptosis. Knock-
down of FTX significantly increased the apoptotic rate of
the CRC cell (Fig. 2d). These data showed that FTX
facilitates proliferation and inhibits apoptosis in CRC.

lncRNA FTX knockdown inhibits cell migration and
invasion in CRC

To examine the effect of FTX on cell migration and inva-
sion, transwell assays were conducted in SW480 cells and

HCT116 cells. Downregulation of FTX dramatically atte-
nuated cell migratory capability of SW480 and HCT116
cells compared with the control group (Fig. 3a). Moreover,
matrigel transwell invasion assay was performed to explore
the effect of FTX on the invasiveness of CRC cells. The
result showed that silence of FTX significantly inhibited cell
invasion (Fig. 3b). To sum up, these data suggest that
lncRNA FTX plays a crucial role in CRC migration and
invasion.

lncRNA FTX physically associates with miR-215

lncRNAs function as microRNA sponges to suppress the
targets of microRNAs. The TargetScan software predicted
that miR-215, a known tumor suppressor microRNA [11–
13], may be a target of lncRNA FTX. It was speculated that
lncRNA FTX may act as a molecular sponge of miR-215.
qRT-PCR showed that silence of FTX markedly upregu-
lated the expression of miR-215 (Fig. 4a). Transfection of
miR-215a caused a significant decrease in luciferase activ-
ities of the wild-type FTX, but not the mutant-type FTX
reporter vector (Fig. 4b). An anti-AGO2 RIP assay was
performed to examine whether FTX and miR-215 are in the
same RNA-induced silencing complex (RISC). Both FTX

Fig. 2 Knockdown of FTX suppressed proliferation of CRC cells. a
One shRNA targeting lncRNA FTX were tested for its knockdown
efficiency by qRT-PCR. *p < 0.05. b Cell proliferation was analyzed
using Cell Counting Kit-8 (CCK-8). Knockdown of FTX inhibits cell
proliferation. c Cell colony formation was analyzed. FTX-silencing

cells have a decreased capacity of colony formation compared with the
parallel control cells. *p < 0.05. d Cell apoptosis was analyzed by flow
cytometry analysis. Compared with the control cells, knockdown of
FTX significantly increased the CRC cell apoptotic rate. *p < 0.05
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and miR-215 could be significantly enriched by anti-AGO2
antibody (Fig. 4c). Furthermore, the MS2-RIP was carried
out to pull down endogenous microRNAs associated with
FTX, and demonstrated that the FTX RIP in SW480 and
HCT116 cells was significantly enriched for miR-215
compared with the empty vector (MS2), IgG and mutant-
type FTX (Fig. 4d). The direct interaction of miR-215 and
FTX was further confirmed by the RNA pull-down assay
(Fig. 4e).

Next, the qRT-PCR assay was conducted to examine the
miR-215 expression in 50 pairs of CRC tumors and corre-
sponding non-tumor tissue. CRC tissue expressed lower
miR-215 levels than non-tumor tissue (Fig. 4f). The
Spearman correlation analysis demonstrated an inverse
correlation between miR-215 and FTX expression in CRC
tissue (r=−0.4758, p= 0.0001, Fig. 4g). These data sug-
gest that lncRNA FTX directly interacts with miR-215 and
suppresses its expression.

The function of lncRNA FTX in CRC cells is partially
dependent on miR-215

To further determine whether the effects of FTX in CRC
cells are dependent on miR-215, rescue experiments were
performed. The suppression of cellular proliferation medi-
ated by FTX knockdown was abolished by co-transfection
with the miR-215 inhibitor (Fig. 5a). However, the FTX-
silencing-induced migration and invasion inhibition were
partially rescued by miR-215 knockdown (Fig. 5b), indi-
cating that other mechanisms were involved in FTX-
mediated migration and invasion.

lncRNA FTX reverses the miR-215-mediated
suppression of target mRNAs

The targets of miR-215 include ZEB2, HOXB9, NOB1 and
YY1, which are critical for cancer initiation and progression
[12–15]. Then, it was speculated that lncRNA FTX may

Fig. 3 Silencing of FTX abrogated migration and invasion of CRC
cells. a Cell migration was analyzed using transwell chamber without
matrigel. FTX downregulation suppresses cell migration. *p < 0.05. b

Cell invasion was analyzed using a transwell chamber with matrigel.
FTX downregulation suppresses cell invasion. *p < 0.05
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modulate these kinds of gene expression through suppres-
sion of miR-215. The depletion of FTX decreased ZEB2,

HOXB9, NOB1, and YY1 mRNA levels, while miR-215
inhibitor abolished these effects (Fig. 6a). In contrast,

Fig. 4 lncRNA FTX is physically associated with the miR-215. a The
effect of FTX knockdown on miR-215 expression was analyzed by
qRT-PCR. *p < 0.05. b Luciferase activity in SW480 cells cotrans-
fected with miR-215 and luciferase reporters containing nothing,
lncRNA FTX or mutant transcript. *p < 0.05. c Anti-AGO2 RIP was
performed in CRC cells. *p < 0.05. d MS2-RIP followed by

microRNA qRT-PCR to detect miR-215 endogenously associated with
FTX. *p < 0.05. e CRC cell lysates were incubated with biotin-labeled
FTX; after pull-down, miR-215 was extracted and assessed by qRT-
PCR. *p < 0.05. f miR-215 expression was measured by qRT-PCR in
50 pairs of CRC and the adjacent non-tumor tissues. g The correlation
between miR-215 and lncRNA FTX expression in CRC tissues
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overexpression of FTX promoted ZEB2, HOXB9, NOB1,
and YY1 expression, whereas miR-215 mimics attenuated
this upregulation (Fig. 6b). These data reveal that lncRNA
FTX regulated miR-215-targeting mRNA expression.

lncRNA FTX suppresses the phosphorylation of
vimentin

To investigate other mechanisms, by which FTX enhanced
CRC migration and invasion, we performed the RNA pull-
down assay with biotin-labeled FTX and mass spectral
analysis to search the endogenous proteins associated with
FTX. Vimentin was identified to bind lncRNA FTX in CRC
cells, when it is strongly associated with tumor metastasis.
The interaction of lncRNA FTX with vimentin was vali-
dated by the RIP assay. A significant association of FTX
with vimentin was observed (Fig. 7a). Then, a series of FTX
truncations was constructed to map its binding fragment
with vimentin, and it was identified that the 5′-end fragment
of FTX (0–172) was essential to bind vimentin (Fig. 7b).
However, FTX knockdown failed to affect the expression
levels of vimentin (Fig. 7c), which suggested that FTX
could not influence the stability of vimentin. Previous study
reported that lncRNA regulated the phosphorylation of its
interacting proteins [16]. The function of vimentin was also
regulated by its phosphorylation modification. Therefore, it

was speculated that FTX may affect the phosphorylation of
vimentin. Two antibodies against different phosphorylation
sites (Ser83 and Ser39) of vimentin were employed. Inter-
estingly, it was found that depletion of lncRNA FTX
upregulated the phosphorylation level of vimentin on Ser83
(Fig. 7c). However, the Ser39 phosphorylation of vimentin
on was not changed after FTX knockdown. Above all, FTX
inhibits the phosphorylation of vimentin on Ser83 in CRC
cells.

Knockdown of lncRNA FTX by siRNA delivery inhibits
growth and metastasis of CRC cells in vivo

Finally, the therapeutic potential of siRNA targeting
lncRNA FTX was determined. SW480 cells were injected
subcutaneously into one flank and the tail vein of nude
mice, respectively. After two weeks, mice were randomly
classified into two groups to receive either the cholesterol-
conjugated control scramble or FTX siRNAs via intraper-
itoneal injection for 30 days. It was found that xenograft
tumors with injection of FTX siRNA had smaller mean
volumes and weights than tumors grown with the injection
of control siRNA (Fig. 8a, b). Besides, the FTX siRNAs
significantly decreased the pulmonary metastasis compared
with the control group (Fig. 8c). Moreover, xenografts in
nude mice injected SW480 cells with FTX siRNAs

Fig. 5 The effects of lncRNA
FTX in CRC cells is dependent
on miR-215. a CCK-8 assay of
CRC cells treated with the
indicated treatments. b
Migration and invasion assay of
CRC cells treated with the
indicated treatments

326 Y. Yang et al.



expressed higher miR-215 and vimentin phosphorylation
than that in the control group (Fig. 8d). These results sug-
gest that lncRNA FTX can be adopted as an effective target
for CRC treatment.

Discussion

In the present study, the main findings showed that lncRNA
FTX was overexpressed in CRC tissue and CRC cell lines.
Depletion of FTX exerted suppressive effects on malignant
phenotypes of CRC cells, such as proliferation, migration,
and invasion. Further mechanistic investigations high-
lighted the important roles of FTX-miR-215 and FTX-
vimentin association in CRC progression.

lncRNA FTX was first identified in the HCC, and the
functional roles of lncRNA FTX were demonstrated in
some cancers. FTX was found to inhibit HCC growth and
metastasis through binding MCM2 and miR-374a [9].
However, in other cancers, lncRNA FTX functions as an
oncogene. For example, lncRNA FTX was upregulated and
promoted proliferation, migration, and invasion in renal cell
carcinomas [17]. lncRNA FTX also acted as a microRNA
sponge to suppress miR-342-3p activities, which subse-
quently enhanced the proliferative and invasive abilities of
glioma cells [10]. The present study is the first to system-
atically evaluate the roles of lncRNA FTX in CRC pro-
gression. The upregulation of lncRNA FTX in CRC tissue
and the relationship between lncRNA FTX expression and
clinicopathological features of CRC patients were demon-
strated. Loss-of-functional assays showed that knockdown
of lncRNA FTX suppressed CRC cell proliferation,
migration, and invasion, suggesting that lncRNA FTX
works as an oncogene in CRC.

Recently, researches revealed a new regulatory
mechanism between lncRNAs and miRNAs. lncRNAs
acted as a ceRNA to interact with miRNAs. Here, the
bioinformatics analysis revealed the potential interaction

between lncRNA FTX and miR-215, which was confirmed
by the RIP, luciferase reporters and RNA pull-down assays.
Knockdown of lncRNA FTX increased the expression of
miR-215 in CRC cells, and the miR-215 inhibitor rescued
the effect of lncRNA FTX in CRC cells, suggesting that
FTX promotes CRC progression via acting as a ceRNA of
miR-215, which is a known tumor suppressor in some
cancers. For example, miR-215 inhibited tumor metastasis
via directly targeting ZEB2 in human pancreatic cancer
[18]. miR-215 targeted HOXB9 to inhibit proliferation and
migration of CRC cells and lead to cell cycle arrest [11].
miR-215 also suppresses epithelial ovarian cancer growth
and metastasis [13]. In CRC, miR-215 significantly inhib-
ited cell proliferation, migration and invasion via targeting
YY1 [15]. These reports demonstrated a critical role of
miR-215 in inhibiting tumor progression. Our results
showed that overexpression of lncRNA FTX upregulated
ZEB2, HOXB9, NOB1, and YY1 transcripts, whereas miR-
215 mimics abolished this effect. An inverse correlation
between lncRNA FTX and miR-215 expression in CRC
tissue samples was also observed, and it strongly indicated
that lncRNA FTX acts as a ceRNA for miR-215 in CRC.

Intriguingly, rescue experiments showed that depletion
of miR-215 could not completely rescue the migration and
invasion decreased by FTX knockdown, indicating that
other mechanisms were involved in FTX-mediated migra-
tion and invasion. Vimentin is closely associated with tumor
metastasis. The phosphorylation level of vimentin is critical
for its function, such as Ser83 and Ser39 [19]. Here, it was
showed that FTX interacted with vimentin and down-
regulated the Ser83 phosphorylation level of vimentin. The
exact mechanisms, by which lncRNA FTX inhibits the
vimentin phosphorylation need further investigation.

In conclusion, our results revealed the oncogenic role of
lncRNA FTX in CRC progression via associating with miR-
215 and vimentin. Our finding provides new insight into the
function of lncRNA FTX in CRC tumorigenesis through
miR-215 and vimentin.

Fig. 6 FTX reverses the miR-
215-mediated suppression of
target mRNAs. a, b The ZEB2,
HOXB9, NOB1, and YY1
mRNA expression was
determined by qRT-PCR in
indicated cells. *p < 0.05
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Materials and methods

Tissue samples

All CRC tissue samples and their paired nontumor tissues
were collected in Second Hospital of Xi’an Jiaotong Uni-
versity from Oct 2014 to Dec 2016. All CRC tissues were
verified by histopathological dectection. Informed consent
had been received from all patients from Second Hospital of
Xi’an Jiaotong University before tissue collection. This
study was approved by the Research Ethics Committee of
the Second Hospital of Xi’an Jiaotong University.

Cell culture

Five CRC cell lines, including HT29, LS513, SW480,
HCT8, and HCT116, and normal colon epithelial FHC cell
line were obtained from American Type Culture Collection
(ATCC, USA) and cultured in DMEM supplemented with
10% fetal bovine serum.

Tranfection

The negative control and miR-215 mimic were purchased
from Ribobio (Guangzhou, China). Cell transfections were

performed by using Turbofect (Thermo) as the manu-
facturer’s instructions.

Cell proliferation assays

To detect the effect of FTX on cell proliferation, the CCK-8
assay and the colony formation assay were performed as
previous study described [10].

Migration and invasion assays

To detect cell migration and invasion, transwell assays were
performed as previously described [10].

Lentiviral production and transduction

shRNA targeting lncRNA FTX or scrambled oligonucleo-
tides were ligated into the pLKO.1 vector. The target
sequences of shRNAs were provided as follow: shFTX:
CTGCTACGACACTGAATTC. HEK293T cells were
cotransfected with lentiviral packaging vectors and the
lentiviral vectors using Turbofect (Thermo). After 48 h,
lentiviral particles in the supernatant were harvested. Cells
were then transfected with above lentivirus, respectively.

Fig. 7 FTX interacts with
vimentin and suppresses its
phosphorylation level. a
lncRNA FTX levels in
immunoprecipitates were
determined by qRT-PCR.
lncRNA FTX RNA expression
levels are presented as fold
enrichment values relative to
IgG immunoprecipitates. b
Deletion mapping of vimentin-
binding domain in FAL1. (Up)
The schematic diagram of full-
length and deleted fragments of
lncRNA FTX; (down) western
blot of vimentin in protein
samples pulled down by
different lncRNA FTX
fragments. c Western blotting
shows the protein expression of
vimentin and its phosphorylation
level on Ser83 or Ser39
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Stable cells were selected with puromycin (1 μg/mL) for
one week.

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

RNAs from CRC tissue and cells were isolated using Trizol
reagent (Invitrogen, Carlsbad, Calif, USA) as the standard
protocol. Subsequently, cDNA was synthesized by Reverse
Transcription System Kit (Invitrogen, Carlsbad, CA, USA).
The qRT-PCR analysis was performed on ABI StepOne
Plus. GAPDH mRNA was used as the endogenous control.
The primer sequences for target genes were shown as fol-
low: FTX-F: GTGTCTCTCTCTCTCTCTCTCTT, FTX-R:
CCTCTTCAGCAGTAGCATAGTT; ZEB2-F: CGCCAC
GAGAAGAATGAAGA, ZEB2-R: GATTACCTGCTCC
TTGGGTTAG; HOXB9-F: GGGACGCTTAGCAGCTAT
TAT, HOXB9-R: GTACTGGCCAGAAGGAAACT; NO
B1-F: GGAGGAGGAGGAGGAAGAAA, NOB1-R: CTG
CTGGATCTGCTTGATGT; YY1-F: GGATAACTCGGC
CATGAGAAA, YY1-R: GAAAGGGCTTCTCTCCAG
TATG. The relative expression levels were calculated using
2–ΔΔCt method.

RNA immunoprecipitation (RIP) assay

RIP assay was performed by using a Magna RNA-binding
protein immunoprecipitation kit (Millipore, Bedford, MA)
according to the manufacturer’s instructions. Cell lysates
were incubated with anti-AGO2 (Abcam, ab57113), anti-
GFP (Abcam,ab290) antibody, or negative control IgG
(CST, 2729).

Xenograft model in vivo

Six to eight week old male nude mice were used for the
xenograft assays. 1 × 106 SW480 cells were injected sub-
cutaneously into one flank of the mice. Two weeks later,
tumor size was measured and calculated by the formula V
=½ (L ×W2). The pulmonary metastasis was detected by
H&E staining. The animal study protocol was approved by
the Research Ethics Committee of the Second Hospital of
Xi’an Jiaotong University.

Statistical analyses

All experiments were repeated three times, and the results
were presented as the mean ± SD. The difference was ana-
lyzed by student’s t-test or multi-way classification
ANOVA tests by using the SPSS software (version 19.0,

Fig. 8 Knockdown of lncRNA FTX by siRNA delivery inhibits
growth and metastasis of CRC cells in vivo. a Tumor growth of
control and FTX siRNA-treated mice. b Tumor weight of control and
FTX siRNA-treated mice. c The number of pulmonary metastasis in

control and FTX siRNA-treated mice. d The miR-215 expression in
xenografts tumors treated with control and FTX siRNA. e The
vimentin phosphorylation level on Ser83 in xenografts tumors treated
with control and FTX siRNA. *p < 0.05

LncRNA FTX sponges miR-215 and inhibits phosphorylation of vimentin for promoting colorectal cancer. . . 329



SPSS Inc.). The Kaplan–Meier method and log-rank test
were used to determine the relationship between lncRNA
FTX expression and survival of CRC patients. P value less
than 0.05 was considered statistically significant.
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