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Abstract
Background. Long non-coding RNAs (lncRNAs) are involved in the development of many cancers, including 
colorectal cancer (CRC). FEZ family zinc finger 1 antisense RNA 1 (FEZF1-AS1) is a key lncRNA in the regulation 
of CRC progression, but its potential molecular mechanisms need to be further explored.

Objectives. To investigate the mechanism of lncRNA FEZF1-AS1 in the progression of CRC.

Materials and methods. Quantitative real-time polymerase chain reaction (qRT-PCR) was performed 
to measure FEZF1-AS1 and miR-363-3p expression. Cell proliferation, migration and invasion were analyzed 
using Cell Counting Kit-8 (CCK-8) and transwell assays. Protein expression of epithelial–mesenchymal 
transformation (EMT)-related markers and paired-related homeobox 1 (PRRX1) were determined using 
western blot analysis. The interactions among FEZF1-AS1, miR-363-3p and PRRX1 were verified with dual-
luciferase reporter assay. A xenograft model was constructed in vivo to confirm the role of FEZF1-AS1 in CRC 
tumor growth.

Results. We demonstrated that FEZF1-AS1 expression was upregulated in CRC, and its silencing reduced 
CRC cell proliferation, migration, invasion, and EMT. MiR-363-3p could be inhibited by FEZF1-AS1, which 
inhibitor could reverse the suppressive effect of FEZF1-AS1 silencing on CRC progression. Paired-related 
homeobox 1 could be targeted by miR-363-3p, and the inhibitory effect of FEZF1-AS1 knockdown on CRC 
progression could also be eliminated by PRRX1 overexpression. Furthermore, interference of FEZF1-AS1 
reduced the tumor growth of CRC in vivo.

Conclusions. Our data demonstrate that FEZF1-AS1 regulated PRRX1 expression to promote CRC progression 
via inhibition of miR-363-3p.
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Background

Globally, colorectal cancer (CRC) is one of  the most 
common malignant tumors, with more than 1.2 million 
new CRC patients diagnosed annually.1,2 The age of CRC 
patient tends to be older (41–65 years), and is more com-
mon in females.3 At present, the leading cause of death 
in CRC patients was tumor metastasis,4 a process driven 
by  epithelial–mesenchymal transformation (EMT).5 
Therefore, it is urgent to explore the mechanism affect-
ing CRC metastasis.

Currently, increasing evidence reveals that long non-cod-
ing RNAs (lncRNAs) are involved in the regulation of can-
cer progression, including CRC.6,7 The lncRNA is a kind 
of non-protein coding RNA with a length of more than 200 
nucleotides (nts),8 and mainly participates in the regula-
tion of gene expression as a competitive endogenous RNA 
(ceRNA) that adsorbs microRNAs (miRNAs).9,10 Studies 
have shown that a variety of lncRNAs (such as NKILA, 
BLACAT2 and MEG3) are abnormally expressed in CRC, 
which can modulate its occurrence and development.11–13

FEZ family zinc finger 1 antisense RNA 1 (FEZF1-AS1) 
was found to be aberrantly expressed in various cancers, 
such as prostate cancer, retinoblastoma and oral squa-
mous cell carcinoma.14–16 In nasopharyngeal carcinoma 
cells, FEZF1-AS1 silencing was discovered to significantly 
inhibit the EMT process of cancer cells, and played a role 
in promoting cancer cell proliferation and metastasis.17 
Furthermore, FEZF1-AS1  has been confirmed to  up-
regulate the invasion and EMT of human hepatocellular 
carcinoma cells.18 However, few studies have examined 
the role and potential molecular mechanism of lncRNA 
FEZF1-AS1 in CRC.

Objectives

Our research aimed to explore the function and mecha-
nism of FEZF1-AS1 in CRC, so as to provide new ideas for 
the pathogenesis and therapy of CRC.

Materials and methods

Patients and tissues

Seventy-one CRC patients were recruited from 
the  Third Hospital Affiliated to  Hebei Medical Uni-
versity (Shijiazhuang, China). The  clinicopathologi-
cal parameters of CRC patients are shown in Table 1. 
The CRC tumor tissues and adjacent normal tissues were 
preserved at −80°C. Each patient provided informed con-
sent. This study was authorized by the Ethics Committee 
of the Third Hospital Affiliated to Hebei Medical Uni-
versity and was carried out in accordance with the 1964 
Declaration of Helsinki.

Cell culture and transfection

The CRC cell lines (LOVO, HCT116, SW480, and SW620) 
and normal human intestinal epithelial cells (HIEC-6) were 
obtained from American Type Cell Culture (ATCC, Manas-
sas, USA) and cultured in  RPMI-1640 medium (Gibco, 
Waltham, USA) containing 10% fetal bovine serum (FBS; 
Gibco) and 1% penicillin-streptomycin at 37°C with 5% CO2. 
Lentiviral short hairpin RNA (shRNA) against FEZF1-AS1 
(sh-FEZF1-AS1) and its negative control (sh-NC), miR-363-3p 
mimic and inhibitor (miR-363-3p and anti-miR-363-3p) 
or their negative controls (miR-NC and anti-NC), FEZF1-
AS1 and paired-related homeobox 1 (PRRX1) overexpression 
vectors or their negative controls (vector) were synthesized 
by Genechem (Shanghai, China). Cell transfection was per-
formed using Lipofectamine 3000 (Invitrogen, Carlsbad, 
USA) according to the manufacturer’s instructions.

qRT-PCR

Total RNA was isolated using TRIzol reagent (Invitrogen) 
and cDNA was synthesized using the Reverse Transcrip-
tion Kit (HaiGene, Harbin, China). Quantitative real-time 
PCR (qRT-PCR) was carried out using SYBR Green reagent 
(HaiGene); β-actin or U6 was used as the endogenous control. 
The primers sequences that were used are as follows: FEZF1-
AS1, Forward (F), 5’-AGGGGATCGACGAGTTGAGA-3’ 
and Reverse (R), 5’-TTGTCCCCGAGTCATTGGTG-3’; 

Table 1. Correlation between FEZF1-AS1 expression and 
clinicopathological parameters of colorectal cancer (CRC) patients

Parameters Patients
(n, %)

FEZF1-AS1 
high
(n, %)

FEZF1-AS1 
low

(n, %)
p-value

Gender

Female
Male

29 (40.85)
42 (59.15)

12 (41.38)
24 (57.14)

17 (58.62)
18 (42.86)

0.192

Age [years]

≥60
<60

39 (54.93)
32 (45.07)

23 (58.97)
13 (40.63)

16 (41.03)
19 (59.37)

0.124

Tumor size [cm]

≥4
<4

47 (66.20)
24 (33.80)

27 (57.45)
9 (37.50)

20 (42.55)
15 (62.50)

0.112

TNM stage

I–II
III–IV

35 (49.30)
36 (50.70)

13 (37.14)
23 (63.89)

22 (62.86)
13 (36.11)

0.024*

Tumor grade

T1–T2
T3–T4

30 (42.25)
41 (57.75)

10 (33.33)
26 (63.41)

20 (66.67)
15 (36.59)

0.012*

Differentiation

Poor and moderate
Well

50 (70.42)
21 (29.58)

29 (58.00)
7 (33.33)

21 (42.00)
14 (66.67)

0.058

Distant metastasis

Yes
No

19 (26.76)
52 (73.24)

15 (78.95)
21 (40.38)

4 (21.05)
31 (59.62)

0.004*
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PRRX1, F, 5’-TGATGCTTTTGTGCGAGAAGA-3’ and R,  
5’-AGGGAAGCGTTTTTATTGGCT-3’; β-actin, F,  
5’-CATGTACGTTGCTATCCAGGC-3’ and R, 5’-CTCCT- 
TAATGTCACGCACGAT-3’; miR-363-3p, F, 5’-TCGGCAG-
GAATTGCACGGTATCCA-3’ and R, 5’-CTCAACTGGT-
GTCGTGGA-3’; U6 F 5’-GCTTCGGCAGCACATATAC-
TAAAAT-3’, R 5’-CGCTTCACGAATTTGCGTGTCAT-3’. 
Relative expression was determined using the  2−ΔΔCt 
method.

CCK-8 assay

LOVO and HCT116 cells were seeded into 96-well plates. 
At a specific time point (0 h, 24 h, 48 h, and 72 h), an equal 
amount of Cell Counting Kit-8 (CCK-8) solution (Beyo-
time, Shanghai, China) was added to each well. The pro-
liferation ability of cells was measured at an absorbance 
of 450 nm.

Transwell assay

Briefly, 8-μm polycarbonate membranes of Transwell 
chambers (Corning Inc., Corning, USA) were coated with 
BD Matrigel (Corning Inc.) for cell invasion, and un-
coated for cell migration. Serum-free media was filled 
in the upper chambers, while media containing 10% FBS 
was added to the lower chambers. After 24 h, the cells 
were fixed and stained with crystal violet. The numbers 
of invading or migrating cells were counted with an in-
verted light microscope at ×100 magnification (Shoif, 
Shanghai, China).

Western blot analysis

The cells were lysed with lysis buffer (Beyotime). Proteins 
were separated using sodium dodecyl sulphate–polyacryl-
amide gel electrophoresis (SDS-PAGE) and transferred onto 
polyvinylidene fluoride (PVDF) membranes. After blocking 
with skim milk powder, the membranes were incubated 
with anti-E-cadherin (1:500; Yubo Bio, Shanghai, China), 
anti-N-cadherin (1:1000; Yubo), anti-vimentin (1:750; Yubo), 
anti-PRRX1 (1:500; Yubo), or anti-β-actin (1:750; Yubo) 
overnight at 4°C. Then, membrane were incubated with 
an horseradish peroxidase (HRP)-conjugated secondary 
antibody (1:1000; Yubo), and protein signals were observed 
using electrochemiluminescence ECL solution (Beyotime).

Dual-luciferase reporter assay

The wild-type (WT) and mutant-type (MUT) reporter 
vectors of FEZF1-AS1 or PRRX1 were constructed using 
pmirGLO reporter vector. Lipofectamine 3000 was used 
to transfect the above vectors into CRC cells with miR-
363-3p mimic and miR-NC. Luciferase activities were mea-
sured using the Dual-Luciferase Assay Kit (Yubo) after 
transfection for 48 h.

Animal experiments

HCT116 cells transfected with sh-FEZF1-AS1 or sh-NC 
were administered subcutaneously into male BALB/c nude 
mice (purchased from Shanghai Laboratory Animals Cen-
ter, Shanghai, China). Tumor volumes were calculated 
every 5 days. After 30 days, the tumors were removed for 
further analysis. All experiments involving animals were 
authorized by the Animal Care Committee of the Third 
Hospital Affiliated to  Hebei Medical University and 
performed according to the Guide for the Care and Use 
of Laboratory Animals.

Statistical analyses

All experiments were performed in triplicate. Data are 
presented as the mean ± standard deviation (SD) and ana-
lyzed using a Student’s t-test or one-way analysis of vari-
ance (ANOVA) followed by Tukey’s post hoc test. Statisti-
cal analyses were performed using GraphPad Prism v. 5.0 
software (GraphPad Software, San Diego, USA). Accord-
ing to the median cutoff of FEZF1-AS1 expression, pa-
tients were divided into low and high groups for analysis. 
The χ2 test was used to estimate the correlation between 
FEZF1-AS1 expression and clinicopathological parameters 
of CRC patients. Kaplan–Meier analysis was used to ana-
lyze the association between FEZF1-AS1 expression and 
the overall survival of CRC patients, determined by the log-
rank test. A value of p < 0.05 was defined as statistically 
significant.

Results

FEZF1-AS1 is highly expressed in CRC

Compared to normal adjacent tissues, we discovered 
that FEZF1-AS1 was upregulated in CRC tissues (Fig. 1A). 
Based on the median FEZF1-AS1 expression in CRC tis-
sues, we divided tissues into those with high FEZF1-
AS1 expression and low FEZF1-AS1 expression. Analysis 
of the correlations between FEZF1-AS1 and clinicopatho-
logical parameters of CRC patients demonstrated that 
high FEZF1-AS1 expression was positively correlated 
with TNM stage, tumor grade and distant metastasis 
in CRC patients (Table 1). Kaplan–Meier analysis re-
vealed that high FEZF1-AS1 expression was associated 
with poor overall survival of  CRC patients (Fig. 1B). 
Moreover, we also analyzed the expression of FEZF1-AS1 
in CRC cell lines in vitro (LOVO, HCT116, SW480, and 
SW620) and normal intestinal epithelial cells (HIEC-6), 
and discovered that FEZF1-AS1 expression was promoted 
in 4 CRC cell lines (especially in LOVO and HCT116 
cells) compared to that in HIEC-6 cells (Fig. 1C). These 
data suggest that FEZF1-AS1 could act as an oncogene 
in CRC.
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Fig. 1. FEZF1-AS1 expression in colorectal cancer (CRC) tissues and cells. A. Expression of FEZF1-AS1 in CRC tissues (CRC, n = 71) and adjacent normal tissues 
(normal, n = 71) was shown using quantitative real-time polymerase chain reaction (qRT-PCR); B. Kaplan–Meier survival analysis was used to investigate 
the overall survival of all CRC patients according to FEZF1-AS1 expression; C. FEZF1-AS1 expression in CRC cells (LOVO, HCT116, SW480, and SW620) and 
normal human intestinal epithelial cells (HIEC-6) was detected using qRT-PCR, *p < 0.05

Fig. 2. FEZF1-AS1 knockdown regulated colorectal cancer (CRC) progression. HCT116 and LOVO cells were transfected with sh-FEZF1-AS1 and 
negative control (sh-NC). A. The quantitative real-time polymerase chain reaction (qRT-PCR) was used to measure FEZF1-AS1 expression; B and C. CRC 
cell proliferation was measured with Cell Counting Kit-8 (CCK-8) assay; D and E. Representative images and statistical results described cell migration and 
invasion abilities; F. Western blot analysis was performed to assess E-cadherin, N-cadherin and vimentin protein level, *p < 0.05
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FEZF1-AS1 knockdown hindered CRC 
proliferation, migration, invasion, and EMT

To explore the effects of lncRNA FEZF1-AS1 on CRC pro-
gression, FEZF1-AS1 expression was silenced in HCT116 
and LOVO cells using sh-FEZF1-AS1. The quantitative 
real-time polymerase chain reaction (qRT-PCR) results 
indicated that sh-FEZF1-AS1 had a significant silencing 
capacity on FEZF1-AS1 expression in both cells (Fig. 2A). 
The  CCK-8 assay demonstrated that compared with 
the sh-NC group, downregulation of FEZF1-AS1 could 
suppress cell proliferation in HCT116 and LOVO cells 
(Fig. 2B,C). Furthermore, the ability of cells to migrate 
and invade was significantly reduced following silenc-
ing FEZF1-AS1 in HCT116 and LOVO cells (Fig. 2D,E). 
At the same time, we explored the levels of EMT-related 
proteins and found that the epithelial marker E-cadherin 
level was increased, while mesenchymal markers N-cad-
herin and vimentin levels were decreased in HCT116 and 
LOVO cells following FEZF1-AS1 silencing (Fig. 2F). Hence, 
these data demonstrated that silenced FEZF1-AS1 could 
hinder the proliferation, metastasis and EMT of CRC.

FEZF1-AS1 acted as miR-363-3p sponge

To further study the mechanism of FEZF1-AS1 in CRC 
progression, we predicted the potential targeted miRNAs 
of FEZF1-AS1 using the StarBase tool (http://starbase.sysu.
edu.cn/). As shown in Fig. 3A, the potential complemen-
tary binding sites between FEZF1-AS1 and miR-363-3p 
are presented, and the WT and MUT FEZF1-AS1 vectors 

were constructed. Dual-luciferase reporter assay results 
showed that miR-363-3p mimic restrained the luciferase 
activity of FEZF1-AS1 WT vector, while not affecting that 
of the FEZF1-AS1 MUT vector in HCT116 and LOVO 
cells (Fig. 3B,C). Furthermore, we explored the impact 
of FEZF1-AS1 expression on miR-363-3p, and showed 
that FEZF1-AS1 knockdown could promote, while over-
expression could inhibit the expression of miR-363-3p 
(Fig. 3D,E). Furthermore, we determined that miR-363-3p 
had a lower expression in CRC tissues (Fig. 3F), and cor-
relation analysis showed that this was negatively corre-
lated to FEZF1-AS1 expression (Fig. 3G). These results 
revealed that miR-363-3p could interact with FEZF1-AS1 
in CRC cells.

MiR-363-3p inhibition reversed 
the suppressive effect of FEZF1-AS1 
silencing on CRC progression

Subsequently, we verified the effect of miR-363-3p 
expression on CRC progression and confirmed whether 
FEZF1-AS1 regulated CRC progression by  spong-
ing miR-363-3p. Here, miR-NC or miR-363-3p mimic 
were transfected into HCT116 and LOVO cells, and 
sh-FEZF1-AS1 and anti-miR-363-3p were co-trans-
fected into the same cells. MiR-363-3p mimic mark-
edly increased miR-363-3p expression, and its inhibitor 
could also significantly reduce miR-363-3p expression 
in  the presence of  sh-FEZF1-AS1 (Fig. 4A,B). Results 
of the CCK-8 assay indicated that overexpression of miR-
363-3p blocked the proliferation of CRC cells, while 

Fig. 3. MiR-363-3p could interact with FEZF1-AS1. A. The binding sites between FEZF1-AS1 and miR-363-3p; B and C. The interaction between FEZF1-AS1 and 
miR-363-3p was confirmed using dual-luciferase reporter assay; D and E. The expression of miR-363-3p in HCT116 and LOVO cells transfected with sh-FEZF1-
AS1 and FEZF1-AS1 overexpression vector was determined using quantitative real-time polymerase chain reaction (qRT-PCR); F. miR-363-3p expression 
in colorectal cancer (CRC) tissues (CRC, n = 71) and adjacent normal tissues (normal, n = 71) was detected using qRT-PCR; G. The correlation analysis 
between miR-363-3p and FEZF1-AS1 expression were determined with Pearson correlation coefficient analysis, *p < 0.05
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anti-miR-363-3p could inhibit CRC cell proliferation, 
as promoted by FEZF1-AS1 silencing (Fig. 4C,D). Simi-
larly, transwell assay also revealed that miR-363-3p 
overexpression could hinder HCT116 and LOVO cell 
migration and invasion, while its inhibitor also could 
abolish the suppression effect of FEZF1-AS1 knockdown 
(Fig. 4E,F). Moreover, western blot analysis showed that 
the  miR-363-3p increased E-cadherin protein level, 
while decreasing N-cadherin and vimentin protein levels 
in HCT116 and LOVO cells. Finally, miR-363-3p inhibi-
tor could reverse the increased E-cadherin expression 
and the decreasing effect on N-cadherin and vimen-
tin expression when FEZF1-AS1 was knocked down 
(Fig. 4G,H). Hence, these data indicated that FEZF1-
AS1 sponged miR-363-3p to regulate CRC progression.

PRRX1 was a target of miR-363-3p

Then, StarBase tool was used to  predict the  down-
stream target of miR-363-3p, and PRRX1 3’UTR was found 
to have binding sites for miR-363-3p (Fig. 5A). Further 
experiments identified that miR-363-3p mimic suppressed 

the luciferase activity of PRRX1 WT vector in HCT116 
and LOVO cells, while not affecting that of the PRRX1 
MUT vector (Fig. 5B,C). Furthermore, western blot anal-
ysis demonstrated that the protein level of PRRX1 was 
significantly reduced by miR-363-3p overexpression, and 
promoted by miR-363-3p inhibition in HCT116 and LOVO 
cells (Fig. 5D,E). These data suggested that miR-363-3p 
could target PRRX1 in CRC cells.

PRRX1 overexpression reversed 
the regulation of sh-FEZF1-AS1  
on CRC progression

To verify whether PRRX1 was involved in the regulation 
of FEZF1-AS1 on CRC cell progression, sh-FEZF1-AS1 
and PRRX1 overexpression vector were co-transfected 
into HCT116 and LOVO cells. The detection of PRRX1 
protein level showed that knockdown of FEZF1-AS1 de-
creased the  level of PRRX1, while this effect could be 
reversed by  the  overexpression of  PRRX1 (Fig. 6A,B). 
The CCK-8 and transwell assays revealed that the aber-
rant overexpression of PRRX1 recovered the inhibiting 

Fig. 4. miR-363-3p and FEZF1-AS1 regulated the progression of colorectal cancer (CRC) cells. The miR-363-3p mimic, miR-NC, sh-FEZF1-AS1, anti-NC, or anti-
miR-363-3p were transfected into HCT116 and LOVO cells. A and B. Expression of miR-363-3p was determined using quantitative real-time polymerase chain 
reaction (qRT-PCR); C and D. Cell proliferation following transfection was measured with Cell Counting Kit-8 (CCK-8) assay; E and F. Cell migration and invasion 
of transfected cells in transwell assays; G and H. Protein levels of E-cadherin, N-cadherin and vimentin as assessed with western blot analysis, *p < 0.05
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Fig. 5. PRRX1 was a target of miR-363-3p; A. The sequences of PRRX1-WT and PRRX1-MUT; B and C. Dual-luciferase reporter assay was employed to assess 
the interaction between PRRX1 and miR-363-3p; D and E. The protein level of PRRX1 in HCT116 and LOVO cells transfected with miR-363-3p mimic 
or inhibitor were examined with western blot analysis, *p < 0.05

Fig. 6. PRRX1 overexpression regulated colorectal cancer (CRC) progression. HCT116 and LOVO cells were transfected with negative control (sh-NC), 
sh-FEZF1-AS1, sh-FEZF1-AS1 + vector, or sh-FEZF1-AS1 + PRRX1. A and B. Protein levels of PRRX1 as detected with western blot analysis; C and D. Cell 
proliferation of transfected cells using a Cell Counting Kit-8 (CCK-8) assay; E and F. Cell migration and invasion of transfected cells as measured using 
transwell assay; G and H. Western blot analysis was used to determine the E-cadherin, N-cadherin and vimentin protein levels, *p < 0.05
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effects of FEZF1-AS1 knockdown on CRC cell prolifera-
tion, migration and invasion (Fig. 6C–F). Furthermore, 
PRRX1 overexpression also reversed the promoting effect 
of FEZF1-AS1 knockdown on E-cadherin expression, and 
the inhibiting effect on N-cadherin and vimentin expres-
sion in HCT116 and LOVO cells (Fig. 6G,H). The above 
results suggest that PRRX1 participated in the regulation 
of FEZF1-AS1 on CRC progression.

Interference of FEZF1-AS1 reduced CRC 
tumor growth

To further confirm the influence of FEZF1-AS1 on CRC 
progression, HCT116 cells transfected with sh-FEZF1-AS1 
were subcutaneously injected into nude mice. Following 
30 days of monitoring, the tumor volume of the sh-FEZF1-
AS1 group was reduced when compared to  the sh-NC 
group (Fig. 7A). Furthermore, tumor weight also reduced 
in the sh-FEZF1-AS1 group (Fig. 7B). Through detecting 
the expression of FEZF1-AS1 and miR-363-3p in the tu-
mors, we found that FEZF1-AS1 expression was signifi-
cantly decreased (Fig. 7C), while miR-363-3p was mark-
edly increased in the tumor tissues of the sh-FEZF1-AS1 
group (Fig. 7D). Moreover, western blot analysis showed 
that FEZF1-AS1 knockdown could block the protein level 
of PRRX1 in tumor tissues of mice (Fig. 7E), promote the E-
cadherin expression and reduce the N-cadherin and vi-
mentin expression (Fig. 7F). These results confirmed that 
FEZF1-AS1 had a cancer-promoting effect in CRC.

Discussion

Recent studies have shown that lncRNAs functioned 
as tumor suppressors or promoters in CRC development 
and progression. For example, lncRNA MIR17HG promoted 
CRC progression,19 and lncRNA ROR1-AS1 enhanced CRC 
cell metastasis and proliferation, both of which played a role 
as oncogenes in CRC.20 However, lncRNA GAS5 inhibited 
metastasis and promoted autophagy of CRC cells to sup-
press CRC.21 In other CRC-related investigations, Bian et al. 
found that FEZF1-AS1 could bind to the PKM2 protein 
to promote aerobic glycolysis and activate STAT3 signaling 
to accelerate the progression of CRC.22 Also, Chen et al. 
proposed that FEZF1-AS1 may promote FEZF1 and in turn 
facilitate CRC proliferation, migration and invasion.23 Simi-
lar to these findings, our data confirmed that levels of ln-
cRNA FEZF1-AS1 were significantly upregulated in CRC. 
Higher FEZF1-AS1 was related to TNM stage, tumor grade, 
distant metastasis, and overall survival rate of CRC pa-
tients. Functional experiments showed that FEZF1-AS1 
knockdown restrained CRC cell proliferation, metastasis 
and EMT, and decreased CRC tumor growth. Consistent 
with the results of previous studies,22,23 our results verified 
that FEZF1-AS1 could be used as an oncogene in CRC, 
similar to its role in other cancers.24,25

To investigate the function of FEZF1-AS1 as a ceRNA, 
we performed bioinformatics predictions and found that 
miR-363-3p had complementary binding sites. Previ-
ous research has indicated that miR-363-3p took part 

Fig. 7. FEZF1-AS1 silencing regulated colorectal cancer (CRC) tumor growth. Tumor volume (A) and tumor weight (B) were measured in mouse xenograft 
models; C and D. The FEZF1-AS1 and miR-363-3p expression levels were examined using quantitative real-time polymerase chain reaction (qRT-PCR); 
E, F. The PRRX1, E-cadherin, N-cadherin, and vimentin protein levels were measured using western blot analysis, *p < 0.05
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in the regulation of various cancers, including glioma, 
osteosarcoma and gastric cancer.26–28 Furthermore, 
miR-363-3p has been shown to be related to the EMT 
process.29,30 In this, miR-363-3p was confirmed to have 
decreased expression in CRC. FEZF1-AS1 silencing hin-
dered miR-363-3p level in vitro and in vivo. Moreover, 
knockdown of FEZF1-AS1 had the same effect as miR-
363-3p overexpression, both of  which could promote 
the level of miR-363-3p and block proliferation, metastasis 
and EMT of CRC cells, while the miR-363-3p inhibitor 
could reverse the these effects. Therefore, we confirmed 
that miR-363-3p, as the absorption target of FEZF1-AS1, 
participates in the regulation of CRC progression though 
interactions with FEZF1-AS1.

Paired-related homeobox 1 was found to be an EMT 
inducer that participates in the metastasis of various can-
cers.31,32 Investigations by Takahashi et al. suggested that 
PRRX1 induced EMT and was involved in metastasis and 
poor prognosis of CRC patients.33 Interestingly, through 
prediction and verification, we discovered that PRRX1 
was a target of miR-363-3p. Furthermore, we also found 
that PRRX1 overexpression reversed the inhibitory func-
tions of FEZF1-AS1 silencing on CRC cell proliferation, 
metastasis and EMT. Additionally, we discovered that 
PRRX1 expression was positively regulated by FEZF1-AS1 
in vitro and in vivo. These data suggested that FEZF1-AS1 
regulated CRC progression by mediating the miR-363-3p/
PRRX1 axis.

Limitations

The limitation of this study is that we did not further 
detect classical signaling pathways that might be involved 
in the modulation of FEZF1-AS1/miR-363-3p/PRRX1 axis 
in CRC.

Conclusions

Our studies suggested that lncRNA FEZF1-AS1 upregu-
lated PRRX1 by sponging miR-363-3p to promote the pro-
liferation, metastasis and EMT of CRC. The discovery 
of  the  FEZF1-AS1/miR-363-3p/PRRX1 axis elucidated 
the mechanism of FEZF1-AS1 in CRC and provided new 
avenues of investigation into the determination of CRC 
therapeutic targets.
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