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Abstract. - OBJECTIVE: To elucidate the ex-
pression and influence of Linc00702 on the de-
velopment and progression of colorectal can-
cer (CRC).

PATIENTS AND METHODS: The expression
of Linc00702 was evaluated using quantitative
Real Time-Polymerase Chain Reaction (qRT-
PCR) in 91 paired CRC tissue samples and ad-
jacent normal tissue samples, as well as in
CRC cell lines. Cell proliferation in Caco2 and
SW620 cells was detected using colony forma-
tion assay and 5-Ethynyl-2’-deoxyuridine (EdU)
assay. Wound-healing assay and transwell anal-
ysis were utilized to assess the abilities of cell
migration and invasion. Western blot analysis
was employed to further explore the underlying
mechanism of Linc00702 in CRC.

RESULTS: Linc00702 was lowly expressed
in CRC tissues and cells. Over-expression of
Linc00702 reduced cell proliferation, migration,
and invasion of Caco2 cells, while knockdown
of Linc00702 promoted cell growth and metasta-
sis of SW620 cells comparing to control group,
relatively. PTEN was verified as the target for
Linc00702 in CRC, and Linc00702 promoted PTEN
expression to inhibit the PI3BK/AKT pathway.

CONCLUSIONS: Linc00702 was downregulat-
ed in CRC and inhibited cell proliferation, migra-
tion, and invasion by repressing the PI3K/AKT
pathway via promoting PTEN expression. This
might provide a new target for the biological
treatment for CRC.
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Introduction

Colorectal cancer (CRC), one of the most
common malignant tumors of the digestive sys-

tem, ranks third in the incidence and mortality
of cancer in the United States, according to an
assessment by the American Cancer Society in
2019'2, Its prognosis remains poor due to its
high rates of postoperative invasiveness and
metastasis. The occurrence of CRC is controlled
by a variety of genes and factors, and is a multi-
stage complex process®*. In recent years, sev-
eral novel diagnosis and treatment markers for
CRC have received great attention, including
non-coding RNAs.

Long non-coding RNA (IncRNA) is a kind of
non-coding RNA longer than 200 nucleotides
with transcriptional regulation function®‘. Dis-
orders of IncRNAs occur in various types of
cancer, such as breast cancer, liver cancer, lung
cancer, bladder cancer, and CRC. Consistently,
in aggressive breast cancer, IncRNA LIMT is
downregulated, which inhibits the cancer pro-
gression by targeting EGF’. In human liver can-
cer, IncRNA IncTCF7 activates the Wnt signaling
to promote the self-renewal of stem cells®. In
bladder cancer, IncRNA HCG22 reduces cell
growth and metastasis via regulating PTBP1°.
In addition, IncRNA FAL1 could promote the
proliferation and metastasis via epithelial-mesen-
chymal transition (EMT) by regulating the PTEN
(gene of phosphate and tension homology deleted
on chromosome ten) signaling pathway'’. In CRC,
IncRNA CCAL regulates tumor progression by
reduction of activator protein 2a to activate the
Wnt/B-catenin signaling''.

Linc00702, located on 10pl5.1, has been re-
ported to participate in the progression of ma-
lignant meningioma, non-small cell lung cancer
(NSCLC), and endometrial cancer'>'*. However,
its expression and function in CRC have not been
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mentioned before. Here, we first measured the rel-
ative expression of Linc00702 in 91 CRC tissues
comparing to adjacent normal colorectal tissues.
Also, expression of Linc00702 in five CRC-de-
rived cell lines was detected using quantitative
Real Time-Polymerase Chain Reaction (QRT-PCR)
comparing to the normal colonic epithelial cells
NCM460. Using Caco2 and SW620 cells, we stud-
ied the influence of Linc00702 on cell prolifera-
tion, migration, and invasion by functional experi-
ments in vitro. Furthermore, PTEN was identified
as a target for Linc00702 in CRC. Downstream
molecular factors of PTEN were measured by
Western blot. In this study, we first demonstrated
Linc00702 expression and function in CRC, which
might provide a novel target for the biological di-
agnosis and treatment for CRC.

Patients and Methods

CRC Tissue and Paired Adjacent Normal
Tissue Species

From January 2015 to June 2018, 91 CRC
patients undergoing surgery in our hospital who
were confirmed by postoperative pathology were
enrolled. None of them received preoperative ra-
diotherapy or chemotherapy. Tumor tissues, and
the adjacent normal tissue at 10 cm away from
the tumor edge were collected. Informed contents
were written by the patients or their family mem-
bers and the investigation was approved by the
Ethics Committee of our hospital..

Cell Lines

SW620, SW480, HT29, HCT116, and Caco2
cells were purchased from the Basic Cell Cen-
ter of Chinese Academy of Medical Sciences
(Shanghai, China). Normal colonic epithelial cell
NCM460 was purchased from American Type
Culture Collection (ATCC; Manassas, VA, USA).
All the six cell lines were maintained in Roswell
Park Memorial Institute-1640 (RPMI-1640; Gib-
co, Grand Island, NY, USA) medium mixing with
10% fetal bovine serum (FBS; Gibco, New York,
NY, USA) in a 5% CO,, 37°C incubator.

Cell Transfection

Lentivirus and siRNA for Linc00702 and
each control (LV-Linc00702, LV-Empty, siR-
NA-Linc00702, siRNA-NC) were synthesized by
Ribobio Co. Ltd. (Guangzhou, China). Transfection
of siRNA in SW620 cells was performed using Li-
pofectamine 3000 (Invitrogen, Carlsbad, CA, USA)

transfection kit and transfection of LV-Linc00702
in Caco2 cells was conducted using polybrene (Ri-
bobio, Guangzhou, China). Cells were cultured to
a density of 40-50% and the Lentivirus or siRNA
were added into the medium according to the man-
ufacturers’ instructions. The efficiency of transfec-
tion was confirmed using qRT-PCR.

RNA Isolation and Quantitative
Real Time-Polymerase Chain Reaction
(GRT-PCR)

The total RNA of CRC cells and tissues were
extracted from each group with TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). The cDNA of
each tissue and cell sample was synthesized by
reverse transcription using PrimeScripts RT re-
agent kit (TaKaRa Bio, Inc., Otsu, Shiga, Japan).
PCR detection was performed by ABI 7500 PCR
instrument (Applied Biosystems, Foster City, CA,
USA) with reaction conditions: 50°C for 2 min
and 95°C pre-denaturation for 10 min, followed
by 40 cycles at 95°C for 15 s, and 65°C for 1 min.
All experiments were repeated 3 times, and the
expression level was calculated using the 244
method. Primers for Linc00702 and internal con-
trol glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) were as follows: Linc00702, Forward
primer 5-CCATGGAATGGGCAGGGATT-3’
Reverse primer 5’-TGGCCTAGCCTCACTACT-
CA-3’; GAPDH, Forward primer 5-GGGAG-
CCAAAAGGGTCATCA-3* Reverse primer
5’-GCCAAATTCGTTGTCATACTTCT-3".

Colony Formation Assay

Cells were inoculated in a 6-well plate at a den-
sity of 3000 cells per well, and cultured for 2 to 3
weeks. The culture was terminated when the col-
onies were visible. Cells were washed twice with
phosphate-buffered saline (PBS), fixed with 4%
paraformaldehyde for 15 min, and stained with
crystal violet for 30 min. Colonies containing
more than 50 cells were count and analyzed under
a microscope (Olympus Corp., Tokyo, Japan).

5-Ethynyl-2"-Deoxyuridine (EdU) Assay

Cell growth was measured by the EAU Cell
Proliferation Assay Kit (Ribobio, Guangzhou,
China) according to the manufacturers’ instruc-
tions. Briefly, after 48 h of transfection, cells were
incubated with 50 pmol/L of EdU reagent for
2 h, followed by fixation and permeabilization.
Thereafter, the cells were observed by laser con-
focal microscopy to determine the proportion of
EdU-positive cells (%).
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Wound-Healing Assay

The transfected Caco2 and SW620 cells were
separately cultured in a 6-well plate. After cell
growth into a monolayer, a 200 pL pipette tip was
used to scrape a vertical scratch of approximately
200 um in diameter. Caco2 and SW620 cells were
washed three times with PBS and incubated at
37°C. After 36 h, the average migration distance
of the cells was observed under an inverted mi-
croscope. Each experiment was performed in
parallel three times.

Transwell Assay

The migration and invasion assays were done
in strict accordance with the manufacturers’ in-
structions. For migration, transfected Caco2 and
SW620 cells were seeded in the top chamber of
the 8-um insert (Corning, Corning, NY, USA)
with serum-free medium. The bottom of the
insert was immersed in RPMI-1640 containing
10% FBS. After 24 h culture, the cells were fixed
with methanol for 10 min, followed by staining
with 0.5% crystal violet for 15 min. Caco2 and
SW620 cells that failed to migrate and invade
were wiped out. Penetrating cells were observed
and analyzed with a microscope in five random
visions. For cell invasion assay, the top chamber
of the insert was pre-covered with Matrigel (BD
Biosciences, San Jose, CA, USA).

Western Blot

The total protein was extracted using radioim-
munoprecipitation assay (RIPA) reagent (Beyo-
time, Shanghai, China) and analyzed using bicin-
choninic acid (BCA) Kit (Beyotime, Shanghai,
China). A total of 40 pg of protein in each sample
was added to the well of 10% sodium dodecyl
sulfate-polyacrylamide gel (SDS-PAGE) for gel
electrophoresis. After electrophoresis, the pro-
tein was transferred to polyvinylidene difluoride
(PVDF) membranes (Millipore, Billerica, MA,
USA). 0.5% bovine serum albumin was applied
to block non-specific antigens on the membrane
for 2 h. Then, the membrane was incubated
with PTEN [1:2 000, Cell Signaling Technolo-
gy (CST), Danvers, MA, USA), PI3K (1:1 000,
CST, Danvers, MA, USA), p-PI3K (1:500, CST,
Danvers, MA, USA), AKT (1:1 000, CST, Dan-
vers, MA, USA), p-AKT (1:500, CST, Danvers,
MA, USA), GAPDH (1:2 000, CST, Danvers,
MA, USA) overnight at 4°C. The membrane was
washed 3 times and incubated with secondary
antibody (1:2 500, CST, Danvers, MA, USA) for
2 h at room temperature. Chemiluminescence
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detection kit (ECL; Millipore, Billerica, MA,
USA) was applied to test the relative expression
of proteins.

Statistical Analysis

Data were analyzed using Statistical Prod-
uct and Service Solutions (SPSS) 22.0 statistical
analysis (IBM Corp., Armonk, NY, USA) and
displayed using GraphPad 6.0 Software (La Jolla,
CA, USA). Measurement data were described as
mean + standard deviation (SD). Comparison be-
tween multiple groups was done using One-way
ANOVA test followed by post-hoc test (Least
Significant Difference). p<0.05 was considered
statistically significant.

Results

Linc00702 Was Lowly Expressed in
Colorectal Cancer (CRC) Tissues and Cells

To explore the expression level of Linc00702 in
CRC, we collected 91 CRC tissue and paired ad-
jacent normal tissue samples. Linc00702 expres-
sion was found to be significantly lower in CRC
tissues comparing to the adjacent normal tissues
(Figure 1A). Also, Linc00702 was downregulated
in five CRC-derived cell lines comparing to the
NCM460 cells (Figure 1B). These data indicated
that Linc00702 might function as a tumor sup-
pressor in CRC.

Next, we over-expressed Linc00702 lev-
el using LV-Linc00702 in Caco2 cells and si-
lenced Linc00702 level using siRNA-Linc00702
in SW620 cells. After transfection of LV-
Linc00702, Caco2 cells expressed significantly
higher Linc00702 level than LV-Empty group
(Figure 1C). SW620 cells transfected with siR-
NA-Linc00702 showed a markedly reduced
Linc00702 expression (Figure 1D).

Ectopic Linc00702 expression Influenced
proliferation of CRC cells

To study the influence of Linc00702 on cell
proliferation, we employed colony formation as-
say and EdU assay. Significantly, Caco2 cells
overexpressing Linc00702 formed more colonies
than LV-Empty group (Figure 2A). In contrast,
SW620 cells showed a smaller number of colonies
after knockdown of Linc00702 (Figure 2B). Sim-
ilarly, EdU assay demonstrated that proliferation
ability in Caco2 cells was repressed by overex-
pression of Linc00702, and the opposite trend
was observed in SW620 cells with Linc00702
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Figure 1. Linc00702 was lowly expressed in CRC tissues and cells. A, QRT-PCR showed the Linc00702 expression level in
total of 91 CRC tissues and paired non-tumor tissues. B, Linc00702 expression level in CRC cell lines (SW620, SW480, HT29,
HCT116, and Caco2) and normal colonic epithelial cells NCM460. C, LV-Linc00702 or LV-Empty was transfected into Caco2
cells. D, SiRNA targeting Linc00702 (siRNA-Linc00702) or negative controls (siRNA-NC) was transfected into SW620 cells.

*#%p<0.001, **p<0.01 *p<0.05 compared to control group.

knockdown (Figure 2C, 2D). These results sug-
gested that Linc00702 could inhibit cell prolifer-
ation of CRC cells.

Linc00702 Affected Cell Migration and
Invasion of CRC Cells

We determined the effect of Linc00702 on
cell metastasis of CRC using wound-healing as-
say and transwell assay. Clearly shown in Figure
3, the wound-healing rate of Caco2 cells was
significantly reduced by LV-Linc00702 trans-
fection (Figure 3A, 3B), which was enhanced
in SW620 cells by knockdown of Linc00702
(Figure 3C, 3D). Transwell assay showed that
the ability of cell migration was inhibited by
Linc00702 over-expression in Caco2 cells, but
improved by Linc00702 down-regulation in
SW620 cells (Figure 4A, 4B), which corroborat-
ed with wound-healing assay results. Similarly,
cell invasion was inhibited in Caco2 cells over-
expressing Linc00702, which was stimulated

by knockdown of Linc00702 in SW620 cells
(Figure 4C, 4D). These results suggested that
Linc00702 could reduce cell migration and in-
vasion of CRC cells.

Linc00702 Improved the Expression of
PTEN to Regulate the PI3K/AKT
Signaling Pathway

Several studies have identified that PTEN
was involved in the regulation of CRC pro-
gression. Yu et al'* found that Linc00702 could
regulate PTEN in non-small cell lung cancer.
Herein, we detected the expression of PTEN in
the experimental cells. The expression of PTEN
was significantly upregulated in Caco2 cells
overexpressing Linc00702, and decreased in
SW620 cells transfected with siRNA-Linc00702
(Figure 5). This indicated that Linc00702 could
positively regulate PTEN expression in CRC.
The activity of PI3K/AKT signaling was deter-
mined using Western blot. The phosphorylation
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Figure 2. Linc00702 affected the proliferation of CRC cells in vitro. A, B, Colony formation assay showed the colony
formation ability of Caco2 cells transfected with LV-Linc00702 or LV-Empty (A), and SW620 cells transfected with siRNA-
Linc00702 or siRNA-NC (B). C, D, EdU assay showed the proliferation ability of Caco2 cells transfected with LV-Linc00702
or LV-Empty (B), and SW620 cells transfected with siRNA-Linc00702 or siRNA-NC (original magnification x200). **p<0.01,

*p<0.05 compared to control group.

of PI3K and AKT was significantly inhibited
in Caco2 cells transfected with LV-Linc00702.
However, in SW620 cells transfected with siR-
NA-Linc00702, the expressions of p-PI3K and
p-AKT were remarkably improved comparing
to control group (Figure 5). These suggested
that Linc00702 could promote the expression of
PTEN to regulate the PI3K/AKT, thus affecting
the progression of CRC.
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Discussion

LncRNA has been identified to play an import-
ant role in the growth, differentiation, prolifera-
tion, development, apoptosis, and metabolism of
cancer cells. It could act as a suppressor or onco-
gene in several tumors®. Abnormally expressed
IncRNA in a variety of malignant tumors plays
an important role in tumor development and pro-
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Figure 3. Linc00702 effected the wound-healing of CRC cells. Wound-healing assay indicated the wound-healing rate in established
Caco2 cells (A, B) and SW620 cells (C, D; original magnification x100). **p<0.01, **p<0.05 compared to control group.

gression, including CRC'. LncRNA UPAT could
promote tumorigenesis of CRC via repressing
the UHRF1 degradation'”. LncRNA CCAT]1 and
CCAT2, which located on 8q.24.21, could func-
tion as important prognostic biomarkers for CRC

patients'. Also, IncRNA OCC-1 acts as a CRC
suppressor and reduces cell proliferation via de-
stabilizing HuR protein'®. LncRNA UICLM pro-
motes liver metastasis of CRC by sponging miR-
NA-215, and then regulates expression of ZEB2%.
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Figure 4. Linc00702 effected the migration and invasion of CRC cells. A, B, Transwell migration assay indicated the invaded
cell number in established Caco2 cells and SW620 cells. C, D, Transwell invasion assay showed the migrated cell number in
established Caco2 cells and SW620 cells (original magnification x100). **p<0.01, *p<0.05 compared to control group.

Here, we detected Linc00702 expression in 91
CRC tissues and cells for the first time. We found
that Linc00702 was lowly expressed in CRC tis-
sues and cells, which was similar to its expression
pattern in non-small cell lung cancer. Further,
we conducted functional experiments by alter-
ing Linc00702 expression in Caco2 or SW620
cells. Colony formation and EdU assays veri-
fied that over-expression of Linc00702 inhibited
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cell growth of Caco2 cells, and knockdown of
Linc00702 promoted cell proliferation of SW620
cells. Next, we found Linc00702 could inhibit
cell migration and invasion of CRC cells as well.
These indicated that Linc00702 acted as a tumor
suppressor in CRC, which could provide a target
for the treatment of CRC.

Besides, we found PTEN was a potential
target for Linc00702 according to the previous



Linc00702 inhibits cell growth and metastasis through regulating PTEN in colorectal cancer

A N B
o S
2 2 k5
o > £ ®] [
Q a | Zz 8
o ! X -
£ E < = g
= i = o w
3 i @ @ £
9
o]
[ S &
2
2
(]
p-PI3K g

PI3K

1
|

p-AKT

!
i
N

l
!
|
l

AKT

B-actin

i

Relative Protein Expression

Kk B LV-Linc00702
Il LV-Empty

PTEN p-PI3K PI3K p-AKT AKT

BN siRNA-Linc00702
Bl siRNA-NC .

PTEN p-PI3K PI3K p-AKT AKT

Figure 5. Linc00702 promoted expression of PTEN. Western blot assay indicated the PTEN, PTEN, PI3K, p-PI3K, AKT,
p-AKT protein expression in established Caco2 cells (A, B) and SW620 cells (A, C). **p<0.01, *p<0.05, ns non-sense compared

to control group.

study. Overexpression of Linc00702 promot-
ed expression of PTEN in Caco2 cells, while
knockdown of Linc00702 inhibited PTEN ex-
pression. PTEN is a classical tumor-suppressor
gene that is expressed in a variety of cancers and
encodes a phosphatase by negatively regulating
the PI3K/AKT/mTOR signaling pathway*' . In
CRC, it could act as a target for miRNAs and
IncRNAs, such as miRNA-543, Linc020232%,
Next, we measured the phosphorylation of PI3K
and AKT to confirm the effect of Linc00702.
Clearly, over-expression of Linc00702 inhibited
the phosphorylation of PI3K and AKT, while
knockdown of Linc00702 promoted the phos-
phorylation of PI3K and AKT. These confirmed
that Linc00702 could promote PTEN expression
to regulate the activation of the PI3K/AKT
signaling pathway. Herein, Linc00702 could in-
hibit the proliferation and metastasis of CRC.
Despite the lack of evidence for further in vivo
experiments, our study could still explain the
expression and role of Linc00702 in CRC from
a certain perspective.

Conclusions

Taken all together, our study elucidated the
low expression of Linc00702 in CRC tissues
and cells for the first time. Linc00702 could
reduce the proliferation, migration, and inva-
sion of CRC cells via repressing the PI3K/AKT
axis by positively regulating PTEN. This might
provide a novel target for the study of CRC
tumorigenesis and progression and biological
treatment for CRC.
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