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Purpose: Long non-coding RNA plasmacytoma variant translocation 1 (PVT1) has been
revealed to involve in the progression of CRC. However, the precise mechanisms of PVT1 in
action remain unclear.

Methods: The expression of PVT1, microRNA-106b-5p (miR-106b-5p) and four jointed
box 1 (FJXI) was measured using quantitative real-time polymerase chain reaction (qRT-
PCR) or Western blot, respectively. Cell proliferation was investigated by 3-(4,5)-
dimethylthiahiazo (—z-y1)-3,5-di-phenytetrazoliumromide assay. Transwell assay was used
to determine cell migration and invasion. The correlation between miR-106b-5p and PVT1
or FJXI was confirmed using luciferase reporter assay. The effects of PVT1 in vivo were
assessed using mice xenograft model.

Results: PVT1 was up-regulated in CRC tissues and cell lines, especially in CRC tissues
with high-grade, and highly expressed PVT1 predicted worse prognosis. Functional experi-
ments demonstrated that PVT1 deletion inhibited CRC cell proliferation, migration and
invasion in vitro and suppressed tumor growth in vivo. MiR-106b-5p was confirmed to be
a target of PVTI1, and inhibition of miR-106b-5p reversed the inhibitory effects of PVT1
knockdown on CRC cell malignant phenotypes. In addition, we found miR-106b-5p directly
targeted FJXI, and miR-106b-5p-mediated inhibition on CRC cell proliferation, migration
and invasion was attenuated by FJXI up-regulation. Importantly, it was also proved that
PVT1 could indirectly regulate FJXI expression via targeting miR-106b-5p.

Conclusion: Knockdown of PVT1 impaired cell proliferation, migration and invasion in
CRCs via regulating miR-106b-5p/F.JX] axis, which provided a novel insight into the
development of therapeutic strategies for CRC patients.
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Introduction
Colorectal cancer (CRC) is one of the leading causes of cancer-related mor-
tality worldwide and has grown rapidly in China in recent years.' Despite the
development in systemic therapy and liver-directed treatments, about 86% of
patients with advanced disease still die within 5 years after diagnosed.”
Therefore, a better understanding on molecular mechanisms and genetic altera-
tions underlying CRC to find out the novel therapeutic strategies in treating
CRC is of great importance.

Long non-coding RNAs (LncRNAs) are a class of non-coding ribonucleic acids
(RNAs), which are longer than 200 nts in size. LncRNAs are recognized as vital
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participants in epigenetic regulation, gene transcription
regulation, and other essential biological processes,
which are involved in tumorigenesis.>* LncRNA plasma-
cytoma variant translocation 1 (PVT1), encoded by the
human PVTI gene, is located on chromosome 8q24.21
proximity to c-Myc, which implicates in the susceptibility
and progression of cancer.” PVTI gene displayed frequent
amplification at genome level and concordant transcrip-
different

Increasing evidence has revealed the carcinogenic effects

tional up-regulation in malignancies.®’
of PVT1 on various tumors, such as non-small-cell lung
cancer, hepatocellular cancer, leukemia, ovarian and breast
cancer.* " In CRC, several studies suggested that PVT]
functioned as an oncogene to promote CRC tumorigenesis
through regulating cell biological behavior.'*'* However,
the precise mechanisms of PVT1 in action remain unclear.

The IncRNA-miRNA-mRNA network has

revealed to be a vital step toward understanding where

been

IncRNAs fit into the biological processes behind tumor
development.'"  Up to various microRNAs
(miRNAs) were found to directly involve in PVTI-
mediated tumorigenesis. For example, the amplification

now,

of PVTI1 promoted ovarian cancer cell proliferation by
binding to miR-140;'* PVTI promoted cell proliferation,
invasion and epithelial-mesenchymal transition (EMT) in
renal cell carcinoma via mediating the down-regulation of
miR-16-5p.'> MiR-106b-5p, a member of miR-106b ~ 25
clusters, has also been identified to be up-regulated in
CRC tissues and implicate in the invasion and metastasis
of CRC cells.'®"” Four jointed box 1 (FJXI) is a notch-
inducible secreted ligand, which is homologous to the
Drosophila four-jointed (fj) gene.'® Although the exact
biological function of FJX/ in human cancers remains
unclear, studies of different species indicate that FJXI
participates in carcinogenesis and FJXI gene amplification
as well as subsequent mRNA expression have been found,
besides, FJXI has also been considered as a candidate for
regulation of angiogenesis in several human cancers,
including CRC."”! However, whether specific crosstalk
existed between PVTI1 and FJX! through competition for
miR-106b-5p binding in CRC is unclear.

In the present study, we focused on investigating the
role and molecular mechanism of PVT1 in CRC cell pro-
liferation and metastasis, and further explored the potential
regulatory relationship among PVTI1, FJX/ and miR-
106b-5p in the progression of CRC in vivo and vitro,
which might provide a potential therapeutic target for
CRC treatment.

Methods

Patients and Specimens

A total of 62 primary CRC tissues (31 cases of grade I-II,
31 cases of grade III-1V according to WHO grading sys-
tem) and corresponding non-tumor tissues were obtained
from CRC patients who underwent surgery at Affiliated
Hospital of North Sichuan Medical College. All CRC
specimens were diagnosed by two independent patholo-
gists and did not receive any preoperative treatment.
Specimens were immediately stored at —80°C until further
study.

The clinical features, including age, gender, tumor size,
TNM stages, lymphatic metastasis, vascular invasion, and
distant metastasis were collected from the recruited cases.
Follow-up was conducted regularly every 3 months in the
first 2 years after surgery, and reduced to once every 6
months from the third year. The last follow-up was carried
out in July 2017. The study was approved by the Ethics
Committee of Affiliated Hospital of North Sichuan
Medical College and written informed consent has been
obtained from all subjects.

Cell Culture and Transfection

Colorectal carcinoma cell lines HCT116 and HT29 were
purchased from the American Type Culture Collection
(ATCC; Rockville, MD, USA). Human NCM460 colono-
cytes were obtained from Shanghai Cell Bank of the
Chinese Academy of Science (Shanghai, China). HT-29
and HCT-116 cells were maintained in McCoy’s 5A med-
ium (HyClone, Logan, UT). NCM460 were cultured in
Dulbecco’s Modified Eagle Medium (DMEM; Gibco,
Carlsbad, CA, USA). All media were supplemented with
10% fetal bovine serum (FBS; Gibco) and 1% penicillin/
streptomycin (Gibco). All cells were incubated at 37°C
with 5% CO,.

The short hairpin RNA (shRNA) targeting PVTI
(sh-PVT1) and shRNA scramble control (sh-NC),
pcDNA3.1 empty vector (vector), pcDNA3.1-PVT1
overexpression vector (PVT1), pcDNA3.1-FJX1 over-
(FJX1) were synthesized by
China). The miR-106b-5p
mimic (miR-106b-5p), mimic negative control (miR-
NC), miR-106b-5p inhibitor (anti-miR-106b-5p) and
inhibitor negative control (anti-NC) were purchased
from RIBOBIO (Guangzhou, China). All oligonucleo-
tides or vectors were transfected into HCT116 and

expression vector

Genepharma (Shanghai,

HT29 cells by using Lipofectamine™ 2000 reagent
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(Invitrogen, Carlsbad, CA, USA), respectively. Then,
cells were harvested for 48 h for the subsequent study.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was extracted from CRC tissues and the
treated HCT116 and HT29 cells using TRIzol reagent
(Invitrogen) according to the manufacturer’s introduc-
tions. The cDNA was synthesized from extracted RNA
by using the PrimeScript Reverse Transcription Kit
(Invitrogen). Then, qRT-PCR was performed using the
SYBR Green PCR Master Mix kit (Takara, Dalian,
China) on a PRISM® 7300 system (Applied
Biosystems, Foster City, CA, USA). U6 or glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) was used
as endogenous control and the 274" method was
applied to calculate the relative expression levels. The
special primers for miR-106b-5p or U6 were purchased
from Qiagen (Hilden, Germany) and the following pri-
mers  were listed: PVTI 5-TG
AGAACTGTCCTTACGTGACC-3" and reverse 5'-
AGAGCACCA AGACTG GCTCT-3"; GAPDH forward
5'-CCGGGAAACTGTGGCGTGATGG-3" and reverse
5'-AGGTGGAGGAGTGGGTGTCGCTGTT-3"; FJXI
forward 5'-CGTGC TGGCACAGTAAAGAA-3" and
reverse 5'-CAAAGTTCTGGGAGGACG-3'.

forward

Cell Proliferation Ability

Cell proliferation ability was determined using the
3-(4,5)-dimethylthiahiazo (—z-y1)-3,5-di-phenytetrazo-
liumromide (MTT; Beyotime, Shanghai, China) assay.
In brief, transfected cells were seeded into 96-well
plate with a density of 5 x 10> cells/well and incubated
for 0 h, 24 h, 48 h or 72 h. At different time points,
each well was added with 20 pL of MTT solution for 4
h, followed by the addition of DMSO to resolve the
generated formazan. Finally, the absorbance was mea-
sured at 490 nm using a microplate reader (Bio-Rad,
Hercules, CA, USA).

Cell Migration and Invasion Assay

Cell migration and invasion abilities were measured
using transwell assay. For cell migration assay, trans-
fected HCT116 and HT29 cells were resuspended and
adjusted to the cell concentration to 1x10°/mL. Then,
cells were seeded on the upper transwell chamber with
5A medium

a noncoated membrane in McCoy’s

without serum, and complete medium supplemented
with 10% FBS was added to the lower chamber as
a chemoattractant. After incubation for 24 h, the cells
in the upper membrane were removed with a dry cotton
swab, and cells located on the lower surface of the
membrane fixed with 4% paraformaldehyde and stained
with 0.1% crystal violet. The cells number of five
selected fields
a microscope (Olympus, Tokyo, Japan). For the inva-

randomly were counted under
sion assay, the method of measurement was similar to
the process of cell migration, except that upper trans-
well chambers were pre-coated with Matrigel (BD, San

Jose, CA, USA) for 1 h at 37°C.

Luciferase Reporter Assay

The PVT1 mRNA and FJXI 3'-UTR containing wild-
type (WT) or mutant (MUT) binding sequence of miR-
106b-5p were cloned into the psiCHECK™-2 luciferase
plasmid (Promega, Shanghai, China), respectively. Then,
HCT116 and HT29 cells were cultured in 96-well plates
and co-transfected with 20 pmol of the miR-106b-5p
mimic or miR-NC mimic, and 50 ng of luciferase repor-
ters or 50 ng of a control luciferase plasmid using
Lipofectamine™ 2000. After transfection for 48 h,
a dual-luciferase assay kit (Promega) was used to inves-
tigate the luciferase activity according to the manufac-
turer’s instructions.

Western Blot Assay

Western blot assays were carried out as previously
described.”? Cells were lysed with RIPA lysis buffer
(Beyotime, Shanghai, China) and quantified by using
acid (BCA) protein
(Beyotime) according to the manufacturer’s instruc-

a bicinchoninic assay kit
tions. Approximately 25 pg of extracted proteins were
subjected to 10% SDS-polyacrylamide gels electro-
phoresis, transferred onto nitrocellulose membranes
(Millipore, Billerica, MA, USA). Interaction with pri-
mary antibodies FJIX1 and GAPDH, and followed by
incubation with the appropriate horseradish peroxidase
(HRP)-conjugated secondary antibody. Immunoreactive
signals visualized Enhanced

were using

Chemiluminescence (ECL).

Murine Xenograft Assay

BALB/c-nu/nu mice (5-week-old) were bought from
Vital River Laboratory Animal Technology (Beijing,
China). All research involving animals complied with
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protocols was approved by the Animal Research
Committee of Affiliated Hospital of North Sichuan
Medical College and was carried out according to the
guidelines of the National Animal Care and Ethics
Institution. HCT116 cells (1 x 10°) transfected with
the lentivirus containing short hairpin RNA targeting
PVT1 (sh-PVT1) or negative control (sh-NC) were
subcutaneously transplanted into the mice and the
tumor volumes were detected and calculated 0 d, 7 d,
14 d, 21 d and 28 d after injection. After 30 d, all mice
were sacrificed and tumor samples were weighted and
used for further molecular analysis.

Statistical Analysis

All data were expressed as the mean + standard devia-
tion (SD). The differences between groups were ana-
lyzed with Student’s ¢-test using the GraphPad Prism 7
(GraphPad Inc., San Diego, CA, USA). The correlation
between PVT1 and clinicopathological features of the
CRC patients was analyzed with the chi-square test.
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Kaplan—Meier survival curves were plotted and the
difference in survival between two groups was ana-
lyzed by the Log rank test. The linear relationship
between miR-106b-5p and PVT1 or FJXI mRNA was
determined via Pearson’s correlation analysis. P<0.05

indicated statistically significant.

Results

PVTI is Up-Regulated in CRC Tissues
and Cell Lines and Highly Expressed
PVTI| Predicts Poor Prognosis

The mRNA expression of PVT1 was detected in CRC
tissues and adjacent noncancerous tissues using qRT-
PCR, results showed PVT1 was greatly elevated in
CRC tissues compared with
(Figure 1A), and the expression of PVTI1 in the high-
grade CRC tissues (grade III-IV, n=31) was signifi-
cantly higher than that in the low-grade CRC tissues
(grade I-1I, n=31) (Figure 1B). Additionally, the
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Figure | PVTI is up-regulated in CRC tissues and cell lines and highly expressed PVT| predicts poor prognosis. (A, B, D) The expression of PVTI in CRC tissues with
different grades, corresponding non-tumor tissues, CRC cell lines (HCT116 and HT29) and human NCM460 colonocytes. (C) The role of PVTI| in CRC prognosis was

analyzed by Kaplan—Meier method. *P<0.05.
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Table | Correlation Between PVT| Expression and Clinical
Clinicopathological Parameters of CRC Patients (n=62)

Parameters Case | PVTI Expression P value®
Low High
(n=31) (n=31)
Age (years) 0.442
<60 35 19 16
>60 27 12 15
Gender 0.799
Female 29 15 14
Male 33 16 17
Tumor size 0.011*
<5 cm 30 20 10
>5 cm 32 I 21
TNM stages 0.0001*
111 35 25 10
-1V 27 6 21
Lymphatic 0.005*
metastasis
Negative 29 20 9
Positive 33 Il 22
Vascular invasion 0.400
Absent 24 14 10
Present 38 18 20
Distant metastasis 0.002*
Mo 26 19 7
M, 36 12 24

Notes: *P < 0.05; *Chi-square test.
Abbreviations: CRC, colorectal cancer; TNM, tumor-node-metastasis.

correlation between the expression of PVT1 and clin-
icopathological features in 62 CRC patients was ana-
lyzed (Table 1). The results showed that PVTI
expression was closely correlated to CRC tumor size,
TNM stages, lymphatic metastasis, and distant metas-
tasis while not associated with age, gender and vascu-
lar invasion. Moreover, the correlation between the
PVTI1 expression and overall survival (OS) was ana-
lyzed using Kaplan—Meier analysis and Log rank test
in 62 CRC patients and the data suggested that highly
expressed PVTI1 predicted worse prognosis (Figure
1C). Subsequently, PVTI mRNA expression in CRC
cells was measured, qRT-PCR analysis showed com-
pared with the normal human NCM460 colonocytes,
PVT1 expression was also up-regulated in CRC cell
lines including HCT116 and HT29 (Figure 1D). Thus,

all the results suggested PVT1 was increased in CRC
and might be associated with the progression of CRC.

PVTI| Deletion Inhibits Cell Proliferation,

Migration and Invasion Abilities in CRC
To explore the biological function of PVT1 in CRC, CRC
cells were transfected with sh-NC or sh-PVT1 and then the
transfection efficiency was measured by qRT-PCR with the
results of decreased PVT1 mRNA expression in HCT116
and HT29 cells transfected with sh-PVT1 (Figure 2A).
Then, cell proliferation activity was measured using
MTT assay and results showed that knockdown of PVTI
suppressed the proliferation of HCT116 and HT29 cells
(Figure 2B and C). Subsequently, transwell assay exhib-
ited that transfection with PVT1 shRNA markedly
repressed the migration and invasion abilities of HCT116
and HT29 cells (Figure 2D and E). Besides that, HCT116
and HT29 cells also were transfected with PVT1 or Vector
to conduct gain-of-function research. As expected, PVTI
transfection significantly increased the level of PVT1 in
HCT116 and HT29 cells (Fig. S1 A), then MTT assay
showed PVTI1 overexpression remarkably promoted the
proliferation of HCT116 and HT29 cells (Fig. SI B, C).
These results indicated that PVT1 silencing inhibited cell
proliferation, migration and invasion in CRC.

PVTI| Directly Targets MiR-106b-5p and
Negatively Regulates Its Expression in

CRC Cells

Through the prediction of Starbase program, miR-106b-5p
was found that might be a potential target of PVT1 with
a putative binding site (Figure 3A). To verify this predic-
tion, luciferase reporter assay was performed and we
found miR-106b-5p mimic significantly suppressed the
luciferase activity of PVT1-WT, while there was no appar-
ent change in PVT1-MUT reporter after overexpression
miR-106b-5p in HCT116 and HT29 cells (Figure 3B and
C). Then, qRT-PCR was used to examine the effects of
PVTI1 on miR-106b-5p mRNA expression in HCT116 and
HT29 cells, the results suggested that PVT1 silencing
promoted miR-106b-5p expression, while PVT1 overex-
pression inhibited miR-106b-5p expression in HCT116
and HT29 cells (Figure 3D). Furthermore, a negative cor-
relation between miR-106b-5p and PVT1 mRNA expres-
sion was investigated in CRC (Figure 3E). Taken together,
we confirmed that PVTI1 directly bound to miR-106b-5p
and negatively regulated its expression in CRC cells.

Cancer Management and Research 2020:12

submit your manuscript

8777

Dove


https://www.dovepress.com/get_supplementary_file.php?f=260537.docx
https://www.dovepress.com/get_supplementary_file.php?f=260537.docx
https://www.dovepress.com/get_supplementary_file.php?f=260537.docx
http://www.dovepress.com
http://www.dovepress.com

Liu et al Dove
A 1.5- 8 control B 1.5- HCT1 16 C 2.0- T29
5 & sh-NC | -~ control " [ control
v B sh-PVT1 £ & sh-NC T | shne
o € |-+ sh-PyT1 € 45/ ShPVT
S 1.0 & 1.0- 3
s < o <
1] [}
E % %1.0-
o > =]
o 9-51 < 0.5- =
= > > 0.5-
s a a
o) o [e)
& 0.,0- 0.04— . ' . 0.01— . " .
HCT116 HT29 Oh 24h  48h  T2h Oh 24h  48h  72h
D control
© I control
= @ 200955 sh-NC
5 3 m sh-PVT1
c £ 150
s| T §
1 I
©
S T , 2 100-
5 h""é" !
= f ,‘; 2 i u
=| o W« 7 5 g
e i § 50
I s £
) =]
& 2 ol
{8 e HCT116 HT29
E
(I
-
; n 250 1mmm control
(8] 3 B sh-NC
I 8 00 == sh-PVT1
s
@ 150-
>
£
% 100-
o 3
N -E 504
'_ =
L 2
0-
HCT116 HT29

Figure 2 PVTI deletion inhibits the proliferation, migration and invasion abilities of

CRC cells. (A) The expression of PVT| was measured using qRT-PCR to check the

transfection efficiency after transfection with sh-PVTI or sh-NC. (B and C) The proliferation activity was detected by MTT assay in HCT116 and HT29 cells. (D and E)

Transwell assay was used to determine the migration and invasion abilities of HCT 1|

PVT1 Silencing Inhibits the Proliferation,
Migration and Invasion Abilities of CRC
Cells Through Regulating MiR-106b-5p
Expression

To investigate whether the effect of PVT1 on CRC cell
biological behaviors was mediated by miR-106b-5p,
HCT116 and HT29 cells were transfected with sh-NC,
sh-PVTI1, sh-PVT1 + anti-miR-NC or sh-PVT1 + anti-

6 and HT29 cells. ¥P<0.05.

miR-106b-5p to conduct rescue assay. After transfection,
we found the introduction of miR-106b-5p inhibitor
reduced the expression of miR-106b-5p in sh-PVTI-
transfected HCT116 and HT29 cells (Figure 4A and
B). After that, results from MTT and transwell assays
indicated that miR-106b-5p inhibitor could reverse
PVT1 deletion-induced inhibitory effects on the prolif-
eration, migration and invasion of HCT116 and HT29
cells (Figure 4CF) (images for cell migration and
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were shown. (B and C) Luciferase reporter assay was used to demonstrate the relationship between PVT| and miR-106b-5p in HCT 116 and HT29 cells, respectively. (D)
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between miR-106b-5p and PVT| was analyzed using Pearson’s correlation analysis. *P<0.05.

invasion, Additional file 1: Fig. S2). Thus, we verified
that knockdown of PVT1 suppressed CRC progression

via regulating miR-106b-5p expression.

MiR-106b-5p Directly Targets FJXI and

Suppresses FJX| Expression

According to the prediction of Targetscan program, we
found that the 3'UTR of FJX/ contained the potential
binding sites for miR-106b-5p (Figure 5A). FJXI might
be a target of miR-106b-5p. Subsequently, to validate the

prediction, we conducted luciferase reporter assay and
results showed miR-106b-5p overexpression reduced the
luciferase activities of the FJXI-WT reporter vector but
not FJXI-MUT reporter vector in HCT116 and HT29 cells
(Figure 5B and C). In the meanwhile, the expression of
FJXI was measured using qRT-PCR and Western blot, and
we demonstrated that miR-106b-5p up-regulation inhibited
FJXI expression while miR-106b-5p down-regulation pro-
moted FJXI expression, whether the mRNA or protein
expression, in HCT116 and HT29 cells (Figure 5DF).
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Figure 4 PVTI silence inhibits the progression of CRC cells through regulating miR-106b-5p expression. (A and B) The expression of miR-106b-5p was measured using
qRT-PCR to verify the transfection efficiency after transfection with sh-NC, sh-PVTI, sh-PVTI + anti-miR-NC or sh-PVT| + anti-miR-106b-5p, respectively. (C and D) The
proliferation activity was examined by MTT assay in HCTI16 and HT29 cells. (E and F) Transwell assay was used to demonstrate the migration and invasion abilities of

HCT116 and HT29 cells. *P<0.05.

Besides that co-expression analysis exhibited a perfect
negative correlation between FJX/ and miR-106b-5p
mRNA expression in CRC (Figure 5G). Therefore, all
the data suggested that FJXI/ was a target of miR-106b-
Sp and was negatively regulated by miR-106b-5p in CRC
cells.

Overexpressed MiR-106b-5p Suppresses
the Proliferation, Migration and Invasion
Abilities of CRC Cells via Regulating FJXI

Expression

We then determined whether miR-106b-5p regulated cell
malignant phenotypes via the FJX/. HCT116 and HT29
cells were transfected with miR-NC, miR-106b-5p, miR-
106b-5p + FJX1, or miR-106b-5p + control vector, and
then qRT-PCR and Western blot analysis revealed the

expression of FJX/ at mRNA and protein levels were
reduced by miR-106b-5p re-expression, while this
reduction was rescued by FJXI overexpression (Figure
6AD). Thereafter, the proliferation, migration and inva-
sion abilities of CRC cells were detected. Results of
MTT assay showed that miR-106b-5p mimic inhibited
the proliferation activity, while FJXI up-regulation
could restore this effect in HCT116 and HT29 cells
(Figure 6E and F). Then, transwell assay showed that
FJX1 transfection attenuated miR-106b-5p re-expression
-induced suppression of the migration and invasion of
HCT116 and HT29 cells (Figure 6GJ) (images for cell
migration and invasion, Additional file 1: Fig. S3).

Altogether, these results suggested that overexpressed
miR-106b-5p could suppress the proliferation, migration
and invasion abilities of CRC cells via regulating FJX]

inhibition.
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Figure 5 MiR-106b-5p directly targets FJX| and suppresses F/X| expression. (A) The potential binding site between F/X| and miR-106b-5p were exhibited. (B and C)
Luciferase reporter assay was performed to demonstrate the relationship between F/X/ and miR-106b-5p in HCT116 and HT29 cells, respectively. (D=F) The relative level
of FJXI mRNA and protein were measured using qRT-PCR or Western blot assay in HCT |16 and HT29 cells transfected with miR-NC, miR-106b-5p, anti-miR-NC or anti-
miR-106b-5p. (G) The correlation between miR-106b-5p and F/X| expression was analyzed using Pearson’s correlation analysis. *P<0.05.

PVTI| Regulates FJX| Expression via
MiR-106b-5p

A perfect positive correlation between FJXI and PVTI1
mRNA expression was determined in CRC tissues (Figure
7A), indicating the potential regulatory relationship among
FJX1, miR-106b-5p and PVTI1. Afterward, co-expression
analysis using HCT116 and HT29 cell showed that the
expression of F.JJX1, whether mRNA or protein, was inhib-
ited by PVT1 deletion, while this condition was reversed
by miR-106-5p (Figure 7BD),
a feedback loop and a complex regulatory network
among PVT1/miR-106b-5p/FJX]I axis.

inhibitor suggesting

Knockdown of PVT| Suppresses CRC

Tumor Growth in vivo

To identify the effect of PVTI on CRC oncogenesis
in vivo, HCT116 cells, stably transfected with sh-PVTI
and sh-NC, were subcutaneously injected into nude mice
to establish mice xenograft model. As exhibited in Figure
8A, B, PVTI silencing significantly suppressed the growth
of CRC tumors, reflected by the reduction of tumor
volume and weight. Furthermore, molecular analyses
were conducted in harvested tumor tissues, qRT-PCR ana-
lysis revealed that sh-PVTI transfection decreased the

mRNA expression of PVT1 and FJX! in tumors, while
the mRNA expression of miR-106b-5p was up-regulated;
besides that, Western blot analysis exhibited the protein
level of also was down-regulated in tumor tissues form sh-
PVTI1-transfected mice (Figure 8CF), indicating PVTI1
might regulate FJXI expression by miR-106b-5p in vivo,
which was consistent with the results in vitro. Thus, we
demonstrated that knockdown of PVT1 might suppress
CRC tumor growth in vivo via regulating miR-106b-5p/
FJXI axis.

Discussion

Numerous studies have reported that IncRNAs are
involved in various aspects of cell biology and potentially
contribute to cancer development. The roles of IncRNAs
as drivers of oncogenic or anticancer function have been
demonstrated in diverse tumors.”* In CRC, many IncRNAs
have also been identified to be closely associated with
by
processes.”* For example, IncRNA CPSI1-IT1 suppressed

CRC  progression regulating cell biological

cell proliferation, invasion and metastasis in CRC;25
LncRNA-UCA1 enhanced cell proliferation and 5-fluor-
ouracil resistance in CRC by inhibiting miR-204-5p;*°
LncRNA CRNDE promoted CRC cell proliferation and
regulating miR-181a-5p/Wnt/B-

chemoresistance via
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Figure 6 Overexpressed miR-106b-5p suppresses the proliferation, migration and invasion abilities of CRC cells via regulating FJX| expression. (A=D) The expression of
FJXI mRNA and protein was measured using qRT-PCR or Western blot after transfected with miR-NC, miR-106b-5p, miR-106b-5p + control vector or miR-106b-5p + FJXI
in HCT116 and HT29 cells, respectively. (E and F) The proliferation activity was examined by MTT assay in HCT116 and HT29 cells. (G=J) Transwell assay was used to

demonstrate the migration and invasion abilities of HCT 116 and HT29 cells. *P<0.05.

catenin signaling.” All the studies revealed that IncRNAs
play important roles in CRC development.

PVT]I has been identified to be elevated in CRC tissues
and correlated with poor prognoses in patients suffering
from CRC.*®?° In the current study, we discovered that
PVTI1 was up-regulated in CRC tissues, especially in the
high-grade CRC tissues, and its high expression predicted
worse prognosis which was consistent with previous stu-
dies. Additionally, PVT1 expression was closely correlated
to CRC tumor size, TNM stages, lymphatic metastasis,
and distant metastasis, while not associated with age,
gender and vascular invasion. Besides, PVT1 expression
was also increased in CRC cell lines, functional experi-
ments showed PVTI1 deletion inhibited the proliferation,

migration and invasion abilities of CRC cells in vitro. All
the findings indicated the potential regulatory role of
PVT1 in the development of CRC.

LncRNAs can act as “miRNA sponges” and sequester
miRNAs to inactivate these small regulatory RNAs and then
to reduce the expression of miRNA target genes.”* In the
prior studies, Shang et al found PVT1 acted as a competing
endogenous RNA (ceRNA) of miR-214-3p to promote cell
proliferation and invasion in CRC;** Zhang et al demon-
strated that PVT1 promoted colon cancer progression via
endogenous sponging miR-26b.*" In addition, PVT1 also
was revealed to regulate CRC tumor development by spong-
ing miR-455."* In the meanwhile, Zhuang et al indicated
MALAT1 sponged miR-106b-5p to promote the invasion
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Figure 7 PVTI regulates F/X| expression via miR-106b-5p. (A) The correlation between PVT| and F/X| expression was analyzed using Pearson’s correlation analysis. (B—D)
The expression of X mRNA and protein was detected using gqRT-PCR or Western blot in HCT 116 and HT29 cells transfected with sh-NC, sh-PVTI, sh-PVT1 + anti-NC

or sh-PVT| + anti-miR-106b-5p. *P<0.05.

and metastasis of CRC via SLAIN2 enhanced microtubules
mobility.'” In this study, we confirmed that PVTI1 directly
interacted with miR-106b-5p and negatively regulated miR-
106b-5p expression in CRC cells. Functional assay showed
overexpressed miR-106b-5p functioned as a tumor suppres-
sor in CRC cell progression by inhibiting cell proliferation
and metastasis. Subsequently, rescue assay showed that
down-regulated miR-106b-5p could reverse PVT1 silen-
cing-mediated inhibition on CRC tumorigenesis.

MiRNAs regulate post-transcriptional expression of
genes through binding to the 3'-UTR of their target
mRNAs.*! In the present study, using bioinformatics tools,
FJXI was confirmed to be a target of miR-106b-5p and was
negatively regulated by miR-106b-5p. Then, rescue assay
showed that FIX1 vector transfection attenuated miR-106b-

5p overexpression-induced suppression of cell proliferation,
migration and invasion abilities in CRC. Moreover,
a positive correlation between PVT1 and FJXI was illu-
strated and co-expression analysis suggested PVT1 could
regulate FJX] expression via targeting miR-106b-5p expres-
sion in vitro. Thus, a feedback loop consisting of PVT1/
miR-106b-5p/FJX1 in CRC progression in vitro was identi-
fied. Afterward, in order to consolidate our findings, the
effects of PVT1 in vivo were assessed using mice xenograft
model, the results showed that knockdown of PVT1 expres-
sion suppressed the growth of CRC tumor in vivo.
Furthermore, it was also observed that PVT1 could also
regulate FJXI expression by competitive binding to miR-
106b-5p in vivo, indicating the regulatory effects of PVT1/
miR-106b-5p/FJXI axis in CRC development.
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Figure 8 Knockdown of PVT| expression suppresses CRC tumor growth in vivo. HCT | 16 cells, stably transfected with sh-PVT| and sh-NC, were subcutaneously injected
into nude mice to establish murine xenograft models. (A) Tumor volume was measured at 0 d, 7 d, 14 d, 21d, and 28 d after injection. (B) Tumor weight was detected in
each group after killing the mouse. (C-F) The expression levels of PVTI, miR-106b-5p as well as F/X| were measured in two groups by qRT-PCR or Western blot,

respectively. *P<0.05.

Conclusion

In conclusion, PVT1 was found to promote cell prolifera-
tion, migration and invasion abilities in CRC via regulat-
ing miR-106b-5p/FJX1 axis. We firstly identified the
regulatory network of PVT1/miR-106b-5p/FJX1 axis in
CRC progression, which provided a potential therapeutic
target for CRC treatment.
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