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Long non-coding RNAs (LncRNAs) can regulate physiological and pathological functions, exhibiting a wide range
of roles in cell biology. Moreover, many IncRNAs are dysregulated in various cancers, including colon cancer. In
this study, we investigated the role of the IncRNA LINC00355 in colon cancer, after first establishing its interaction
with GTF2B, and ITGA2 on the LncMap database. The predicted relationships between the IncRNA LINC00355,
GTF2B, and ITGA2 were identified using luciferase reporter assay, RIP, and ChIP experiments. Western blot
analysis and RT-qPCR were applied to determine expression pattern of IncRNA LINC00355 and ITGA2 in colon
cancer cells. Additionally, EAU, TUNEL, Cell-adhesion and Transwell assay was used for the detection of the
effects of this axis on proliferation, apoptosis, adhesion, chemotaxis and metastasis. LncRNA LINC00355 targeted
IGFBP2 through the recruitment of GTF2B. LncRNA LINC00355 was highly expressed in colon cancer cells, and
overexpression of IncRNA LINC00355 increased the expression of IGFBP2 and GTF2B, and thereby promoted
the proliferation, chemotaxis, invasion, and migration in colon cancer. In summary, downregulation of IncRNA
LINC00355 in colon cancer inhibited tumor growth in colon cancer through effects on the GTF2B/IGFBP2 axis.

Introduction

Colon cancer is one of the most frequently reported causes of cancer-
related death, accounting for 6.1% of cancer incidence and 9.2% of can-
cer mortality in 2018 [1]. Colon cancer often develops from a local ade-
noma in the intestinal epithelium, developing to an aggressive malig-
nant tumor that may metastasize to the liver [2]. Its incidence is increas-
ing, with a predicted annual incidence of 2.2 million newly diagnosed
cases by 2030, which shall place a huge burden on society [3]. There
is evidence that intestinal microbiota alterations are linked with the de-
velopment of colon cancer [4]. While treatable if detected early, there
is a great risk for distant metastasis and poor outcome, in part due to
the lack of reliable metastatic biomarkers [5]. Recently, much attention
has been drawn to emerging predictive biomarkers, which may prove
to be of vital importance for the timely treatment of colon cancer [6].
Long non-coding RNAs (IncRNAs) are among the emerging biomarkers
predictive of cellular changes in the progression of colon cancer [7,8].
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LncRNAs constitute a class of the allogeneic RNAs, which include in-
tergenic IncRNAs, antisense transcripts, and enhancer RNAs [9]. Recent
years have seen a growing appreciation of the importance of IncRNAs in
the control of cell growth, apoptosis and metastasis [10], and an aware-
ness that alterations in the function of IncRNAs contribute to tumor
growth in many cancers [11]. Therefore, analysis of IncRNA alterations
enables obtaining a better understanding of initiation and progression in
colon cancer. For example, silencing of IncRNA LINC00659 is reported
to inhibit cell growth and augment apoptosis in colon cancer [12]. In-
terestingly, IncRNA LINC00355 has poor expression in colon cancer,
thus correlating inversely with disease progression [13], and present-
ing it as a noninvasive marker for colon malignancies. Moreover, the
present study revealed integrin alpha-2 (ITGA2) to be a target of IncRNA
LINCO00355. Integrins are a family of heterodimeric cell surface adhesion
molecules, each composed of one of eight possible beta-strands and one
of 18 possible alpha-chains [14], which can potently mediate biologi-
cal processes such as cell adhesion, migration, and proliferation [15].
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In particular, ITGA2 contains a highly conserved plexin-brain signaling-
integrin (PSI) domain [16]. Findings obtained from some studies have
shown that ITGA2 has an extensive impact on apoptosis in a variety of
cancers such as gastric cancer [17,18] and glioblastoma [19]. ITGA2
has been reported to play an important role in a variety of tumors, in-
cluding the promotive effect on tumor proliferation and migration. For
example, ITGA2 promotes tumor migration and invasion by ITGA2 in
hepatocellular carcinoma via effects on the extracellular matrix, and
the interaction of extracellular matrix is greatly reduced after blocking
ITGAZ2 on the cell surface [17,20]. In our study, we attempted to deter-
mine new aspects of ITGA2 as a potential therapeutic target on colon
cancer, focusing on interactions with transcription factors (TFs). For ex-
ample, previous research reported that TBX5 is a novel tumor suppres-
sor gene whose epigenetic inactivation is closely related to colon cancer
[21]. Additionally, TF c-My and CDX2 play pivotal roles in regulation
in colon cancer [22]. At the same time, general transcription factor II-B
(GTF2B), a member of TF, has been identified as marker for the diagnosis
of colon cancer [23]. Intriguingly, results from the IncMAP database im-
plicate GTF2B in the regulation of IncRNA LINC00355 expression. Based
on the above results, we aimed to test the hypothesis that the IncRNA
LINC00355 may regulate ITGA2 via recruiting GTF2B to promote tumor
growth in colon cancer.

Methods
Ethics statement

The institutional Experimental Animal Ethics Committee approved
our study. All animal studies were undertaken in accordance with the
principle to minimize the number and discomfort of the experimental
animals.

Bioinformatics analysis to predict the differentially expressed genes (DEGs)

Clinical data and transcriptome data for colon cancer were down-
loaded from the TCGA database (https://portal.gdc.cancer.gov/). DEGs
along with IncRNA LINC00355 expression in colon cancer cells were
identified by means of the limma package in R language, where |log2
fold change (FC)| > 2.0 and FDR-Val < 0.05 served as the threshold.
LncRNALINCO00355 was predicted using LncMap database (http://bio-
bigdata.hrbmu.edu.cn/LncMAP/index.jsp), and its relationship with TF
and target genes was identified.

Cell treatment

Colonic epithelial cell line CCD841CON and colon cancer cell lines
SW480, HT29, SW620, COLO205, HCT116 and T84 (American Type
Culture Collection, Manassas, VA, USA) were cultured with 1640 Dul-
becco’s Modified Eagle Medium (DMEM) comprised of 10% fetal bovine
serum and penicillin-streptomycin solution diluted to 1:1 to a final
concentration of 100 U/mL at 37 °C in a 5% CO, incubator. The cells
were detached with 0.25% trypsin whereupon they were plated into
a 6-well plate (3x10° cells/well), and then collected upon attaining
about 70 - 80% confluence. The cell line with highest expression IncRNA
LINC00355 detected by RT-qPCR assay was used in subsequent experi-
ments.

Cell lines in logarithmic growth phase were added to a 6-well
plate (4 x 10° cells/well). Two lentivirus vectors, including pLV-EGFP-
N (overexpressing vector) and pSIH1-H1-copGFP (silencing of gene
vector), were used in our study. When cells attained 30% conflu-
ence, we implemented infection with pSIH1-H1-copGFP expressing
negative control (NC), pLV-EGFP-N,pLV-EGFP-N-LINC00355, pSIH1-
H1-copGFP-LINC00355, pLV-EGFP-N-LINC00355 + pSIH1-H1-copGFP-
short hairpin RNA (shRNA) targeting ITGA2, pSIH1-H1-copGFP-
LINCO00355 + pLV-EGFP-N-ITGA2, or pLV-EGFP-N-LINC00355 + pSIH1-
H1-copGFP-sh-GTF2B. In the pre-experiment, we detected the silenc-
ing efficacy of three different shRNAs for ITGA2 and GTF2B to choose
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Table 1
Primer sequences for RT-qPCR.
Gene Primer sequence
LINC00355 F:GTTGGTGCCTGCTTTTCCAC R:GGCGTGATACAACTGTCTGC

GAPDH F:GCTCCCTCTTTCTTTGCAGC R:ACCATGAGTCCTTCCACGAT

Note: RT-qPCR, reverse transcription quantitative polymerase chain reaction;
LncRNA LINC00355, long non-coding RNA00355; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase; F, forward; R, reverse.

the shRNA with best silencing efficacy, and sh-ITGA2-1 and sh-GTF2B-1
were selected for the experiments (Supplementary Fig. 1).

RNA isolation and quantitation

Trizol (15596018, Beijing Solarbio Science and Technology Co., Ltd.,
Beijing, China) was used for total RNA extraction from liver tissues and
cells. Primers used in the assay were prepared by TaKaRa Biotechnol-
ogy Co., Ltd (Dalian, China) (Table 1). As per the instructions in the
cDNA Synthesis Kit (K1622, Beijing Ya’anda Biotechnology Co., Ltd, Bei-
jing, China), reverse transcription was implemented. The RT-qPCR as-
say was performed using a ViiA 7 PCR instrument (Daan Gene Co., Ltd.,
of Zhongshan, University Guangzhou, China). The relative expression of
target genes was calculated with the 2-22Ct method, with normalization
to U6 snRNA and GAPDH mRNA levels, respectively.

Fluorescence in situ hybridization (FISH)

After the cells had undergone culture in a 24-well plate (5x 103
cells/well) for a period of 24 h, the supernatant was removed. The cells
were fixed with methanol and added with PBS containing 0.5% Triton X-
100. The pre-hybridization solution was blocked at 37 °C and hybridized
with the IncRNA LINCO00355 probe (M-030232-00) overnight at 37 °C.
Next, hybridization solution was used for cell washing in the dark at
42 °C, followed by DAPI staining. The experimental specimens were ob-
served under a laser confocal microscope (LEXT OLS4100, Olympus,
Tokyo, Japan).

Western blot analysis

Total issue or cellular protein was isolated using RIPA lysis
buffer. After separation by SDS-PAGE, the isolated proteins were
transferred to PVDF membranes, and then blocked for 1h with 5%
BSA. The PVDF membrane and diluted primary antibodies to ITGA2
(ab133557, 1:50,000, Abcam, Cambridge, UK) and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH; ab8245’ 1:800, Abcam) were incu-
bated overnight at 4 °C. After washing, the membrane underwent ad-
ditional incubation with goat anti-rabbit IgG (ab205718, 1:20,000, Ab-
cam, Cambridge, UK) labeled with horseradish peroxidase (HRP) for
1 h. Next, the membrane was developed by conventional methods and
exposed, followed by gray scale analysis with ImageJ 1.48 u Software
(National Institutes of Health). The relative ratio was calculated, with
GAPDH serving as the internal reference.

Targeting relationship evaluated by dual luciferase reporter assay

The promoter sequence and the full sequence of ITGA2 was obtained
from the NCBI database (http://www.ncbi.nlm.nih.gov/gene).The pro-
moter region of ITGA2 was cloned into pmirGLO (attained from
Promega, Madison, WI, USA) luciferase vector, after which a re-
combinant vector of ITGA2-wild type (WT) (pmirGLO-ITGA2 prom
WT) was obtained. Moreover, sh-GTF2B was obtained from Shang-
hai GenePharma Co., Ltd (Shanghai, Suzhou, China). pmirGLO-ITGA2
prom WT was co-transfected into cells with negative control (NC),
sh-GTF2B + NC, pLV-EGFP-N-IncRNA LINC00355, GTF2B, pLV-EGFP-
N-IncRNA LINCO00355 + GTF2B, and sh-GTF2B + pLV-EGFP-N-IncRNA
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LINCO00355, respectively. After transfection for 24 h, luciferase activity
was measured using Renilla luciferase used as an internal reference us-
ing the dual luciferase reporter gene assay system (Promega, Madison,
WI, USA).

ChIP assay

Cells were fixed with 4% formaldehyde and sonicated, followed by
addition of rabbit anti-human GTF2B antibody (ab109106, 1:100, Ab-
cam, Cambridge, UK) to combine with the GTF2B-ITGA2 promoter.
Next, Protein Agarose/SaLmon Sperm DNA was added to precipitate
the complex of GTF2B antibody and GTF2B-ITGA2 promoter. Precipi-
tated DNA-protein complex was eluted and de-crosslinked, after which
the DNA fragments were purified and analyzed by RT-qPCR.

RIP experiment

Cells were lysed in RIP lysis buff. Rabbit anti-human GTF2B anti-
body (ab109106, 1:100, Abcam, Cambridge, UK) was incubated with
magnetic beads to the bead-GTF2B antibody complex, which was then
mixed with the lysed cells. The magnetic bead-GTF2B antibody-GTF2B-
LINCO00355 complex was obtained by immunoprecipitation, and the im-
munoprecipitated RNA was isolated and purified, and then measured by
RT-qPCR assay.

EdU assay

After seeding in 24-well plates, with 3 replicate wells set in each
group, the cells were incubated with EAU at a final concentration of
10 M, and then incubated for 2 h. Following fixation in PBS containing
4% paraformaldehyde for 15 min, the cells were incubated with 0.5%
Triton-100 in PBS for 20 min, followed by 2 washes with PBS contain-
ing 3% BSA after the incubation. The washed cells were stained at room
temperature in the dark for 30 min, followed by two washes in PBS con-
taining 3% BSA, followed by DAPI staining. The positive cells in each
field of view were counted under a FM-600 fluorescence microscope
(Shanghai Pudan Optical Chemical Instrument Co., Ltd.).

TUNEL assay

Cells were seeded in 24-well plates. Upon attaining the logarithmic
growth phase, cells were subject to transfection with the interfering
sequence and cultured for 48h. After supernatant removal, the cells
were rinsed with PBS rising and fixed in 4% paraformaldehyde fixation
for 15 min, followed by immersion in PBS. Cell apoptosis was assessed
with the TUNEL Apoptosis Detection Kit (Boehringer Mannheim Gmbh,
Mannheim, Germany) as per the manufacturer’s instructions.

Cell-adhesion assay

The target tumor cells were incubated in a digestive solution (Sigma-
Aldrich, St. Louis, MO, USA). Next, the cell suspension was centrifuged,
whereupon the supernatant was removed, and the pellet was washed
and resuspended with Hank’s solution. Portions of cell suspension (100
uL, containing about 15,000 cells) was seeded in a 96-well flat-bottom
non-cell culture plate pre-coated with rat tail collagen type I CoL
(4 ug/well) overnight and blocked with 0.1% BSA. The next day, the
non-adherent cells were removed by washing with Hanks’ solution, and
the number of adhered cells was counted by the BCA method.

Transwell assay

The cell invasion capacity was assessed with a Transwell chamber
coated with Matrigel (MatrigeL: DMEM = 1:2), while migration was as-
sessed in a Transwell chamber without Matrigel. The Transwell cham-
ber was placed in an incubator at 37 °C for 4-5h. After coagulation,
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the infected cells were diluted in 100 yL serum-free medium to pre-
pare a cell suspension with a concentration of approximately 1 x 10°®
cells/mL. Then the cells were seeded in the apical chamber, with ad-
dition of 600 uL complete medium containing 20% FBS to the basolat-
eral chamber. There were 3 duplicates for each well. After 24-h incu-
bation at 37 °C with 5% CO,, the Transwell chamber was washed twice
with PBS, fixed with 5% glutaraldehyde for 30 min, and stained with
0.1% gentian violet at 4 °C. The stained cells were counted in 5 ran-
domly selected fields of view under an inverted fluorescence microscope
(TE2000, Nikon, China).

Tumor xenografts in nude mice

Thirty-five 4-6-week old BALB/c nude mice (weighing 18-22g,
attained from Shanghai Lingchang Company, Shanghai, China) were
reared in the animal housing of Guangdong Pharmaceutical Uni-
versity. Cells were infected with pSIH1-H1-copGFP-NC, pLV-EGFP-
N, pLV-EGFP-N-LINC00355, pSIH1-H1-copGFP-LINC00355, pSIH1-H1-
copGFP-sh-ITGA2, pSIH1-H1-copGFP-LINC00355 + pLV-EGFP-N-ITGA2
with titer of 2 x 108 PFU/mL, with a group without any treatment serv-
ing as a control. Mice were subcutaneously inoculated with 0.2 mL cell
suspension containing 5 x 107 cells/mL under the left armpit with a sy-
ringe (1 mL). Tumor growth was observed and recorded on days 7, 14,
21, 28 and 35 after inoculation. Volume changes in nude mice were
recorded using the formula: volume = z(a%b) /6, where a is the short di-
ameter and b is the long diameter of the tumor. The terminal tumor mass
was also weighed by a balance. After tumor formation, RNA and pro-
teins were extracted from each tumor tissue of different groups for the
subsequent RT-qPCR and Western blot analysis of LINC00355, GTF2B,
and ITGA2 expression.

Statistical analysis

All data were expressed as mean + standard deviation and analyzed
by SPSS 19.0 statistical software (IBM Corp., Armonk, New York, USA).
The difference between two groups was tested with paired t-test for
paired data or unpaired t-test for unpaired data, after confirming normal
distribution and homogeneity of the data. Differences between multi-
ple groups were tested by one-way analysis of variance (ANOVA) with
Tukey’s post hoc test. Statistical analysis for data at different time points
was conducted by repeated measure ANOVA, with Bonferroni correc-
tions. For all statistical tests, a value of p < 0.05 was accepted as statis-
tically significant.

Results

The potential participation of IncRNA LINC00355 in colon cancer
progression

Clinical data and transcriptome data for colon cancer were down-
loaded from the TCGA database, which revealed 480 cases of cancer
tissues and 41 cases of adjacent tissues. A total of 2400 DEGs were
obtained, of which 1281 genes were highly expressed and 1119 were
poorly expressed (Fig. 1A). The IncRNA LINC00355 is known to partici-
pate in the regulation of competing endogenous RNA (ceRNA) network,
and shows very extensive alterations at each stage of colorectal cancer,
implying it to be a promising target for colon cancer diagnosis and treat-
ment [24]. LncRNA LINC00355 expression is associated with lymphatic
metastasis, distant metastasis, and tumor stage, and IncRNA HULC was
linked to tumor stage and lymphatic metastasis [13]. Present differen-
tial analysis results indicated that IncRNA LINC00355 was upregulated
in colon cancer (Table 2).

To further investigate the regulatory mechanism of IncRNA
LINCO00355 in colon cancer, we employed the LncMap database to pre-
dict the possible targets of IncRNA LINC00355, in conjunction with lit-
erature screening. Existing literature has shown that ITGA2 had a sig-
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Fig. 1. LncRNA LINC00355 affects colon cancer via positively regulating ITGA2-mediated GTF2B. A, Volcano map representing differentially expressed IncRNAs
related to colon cancer, the abscissa indicates logFC, the ordinate indicates log10 p value; each point in the Figure represents a gene, where red dots indicate up-
regulated genes, and green dots indicate downregulated genes; B, Expression pattern of TF and genes, the ordinate indicating the readings per kilobase length from

a given gene per million reads, and the abscissa indicating group information.

Table 2

Expression of IncRNA LINC00355 in colon cancer tissue samples.
LncRNA symbol logFC AveExpr t P value Regulated
IncRNA LINC00355 3.291689 —2.06986 2.700689 0.007662 Up-regulated

Table 3

Possible participation of IncRNA LINC00355, GTF2B and ITGA2 in colon cancer predicted by LncMap database.

Cancer type LncRNA symbol TF ID TF symbol Gene symbol Mediated pattern
COAD LINC00355 ENSG00000101412 E2F1 ITGA2 -+

COAD LINC00355 ENSG00000137947 GTF2B ITGA2 +++

COAD LINC00355 ENSG00000164754 RAD21 ITGA2 + -

COAD LINC00355 ENSG00000175387 SMAD2 ITGA2 + -

Note: COAD, colon adenocarcinoma; LncRNA, long non-coding RNA; TF, transcription factors; LncRNA LINC00320, long intergenic
non-protein coding RNA 355; E2F1, E2 promoter binding factor 1; GTF2B, general transcription factor II-B; Smad2, Sma- and Mad-

related protein 2; ITGA2, Integrin alpha-2.

nificant effect on apoptosis in gastric cancer and glioblastoma [17,19].
Therefore, we selected ITGA2 as an entry point to investigate the possi-
ble TFs whereby IncRNA LINC00355 might regulate ITGA2 expression.
Through the prediction results from the IncMAP database, we identi-
fied 4 TFs involved in the regulation of IncRNA LINC00355, namely
E2F1, GTF2B, RAD21, and SMAD2 (Table 3). Additionally, it has been
confirmed previously that GTF2B is a significant factor in the diagnosis
of colon cancer [23]. GTF2B and ITGA2 were highly expressed in the
present cancer samples compared with normal samples, as predicted by
LncMap (Fig. 1B). Therefore, we hypothesized that IncRNA LINC00355
might promote the proliferation of colon cancer via regulating ITGA2
by GTF2B.

LncRNA LINCO00355 is amplified in colon cancer

Colon cancer cell lines COLO205, SW620, T84, SW480, HCT116 and
HT29 were selected to test the expression of IncRNA LINC00355. The
result (Fig. 2) showed that all 6 colon cancer cell lines showed highly-
expressed IncRNA LINCO0355 relative to the normal colon epithelial cell
line CCD841CON, with the highest seen in the COL0O205 cell line. Thus,
COLO205 was selected for further experiment.
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Fig. 2. LncRNA LINCO00355 is overexpressed in colon cancer cells. Transcription
level of IncRNA LINC00355 measured by RT-qPCR in colon cancer cell lines. *p
< 0.05 vs. CCD841CON cell line. Data were expressed as mean + standard devi-
ation. Data comparison between groups was performed using one-way ANOVA
with Tukey’s post hoc test.
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Fig. 3. LncRNA LINCO00355 contributes to the development of colon cancer. A, Transcription level of IncRNA LINC00355 measured by RT-qPCR in each tissue sample;
B, EdU assay showing proliferation of the transfected cells; C, TUNEL assay for the detection of the apoptosis of the transfected cells; D, Absorbance in chemotaxis
test. E, Number of invaded cells by Transwell. F, Number of migrated cells by Transwell. * p < 0.05 vs. cells treated without anything. Data were expressed as mean
+ standard deviation. Data comparison between groups was performed using one-way ANOVA with Tukey’s post hoc test.

LncRNA LINC00355 promotes the colon cancer development

The results of RT-qPCR assay revealed that overexpression of
IncRNA LINC00355 significantly increased IncRNA LINCO0355 ex-
pression, while silencing IncRNA LINC00355 by the transfection of
pSIH1-H1-copGFP-IncRNA LINC00355 significantly decreased IncRNA
LINC00355 expression (p < 0.05; Fig. 3A). Subsequently, the EdU
(Fig. 3B), TUNEL (Fig. 3C) and chemotaxis (Fig. 3D) experiments exhib-
ited that knocking down IncRNA LINC00355 significantly inhibited cell
proliferation, promoted apoptosis, and reduce cell chemotaxis, while
overexpressing IncRNA LINC00355 significantly increased cell prolif-
eration, inhibited apoptosis, and increased cell chemotaxis. Transwell
assay results showed no significant difference in the number of invasive
and migrating cells between the transfection of pSIH1-H1-copGFP-NC
and pLV-EGFP-N compared with the blank group (p > 0.05). However,
the number of invasive and migrating cells decreased significantly af-
ter treatment with pSIH1-H1-copGFP-IncRNA LINC00355. In contrast,
the number of invasive and migrating cells treated with pLV-EGFP-N-
LINC00355 increased significantly (Fig. 3E and F).

LncRNA LINC00355 upregulates ITGA2 expression via recruiting GTF2B

The 2kb sequence upstream of the ITGA2 promoter was down-
loaded from the UCSC database, followed by prediction of the bind-
ing sites between ITGA2 promoter region and GTF2B using hTFtarget-
Database (http://bioinfo.life.hust.edu.cn/hTFtarget#!/), which yielded
multiple binding sites in the promoter region (Supplementary Table
1). Further analysis of the correlation between GTF2B and ITGA2 ex-
pression in TCGA colon cancer samples revealed a significant posi-
tive correlation (Fig. 4A). The results of FISH analysis showed that
IncRNA LINC00355 was present in the nucleus of malignant colon
tumor cells (Fig. 4B). Analysis by dual luciferase reporter gene as-
say (Fig. 4C) showed that the luciferase activity in pLV-EGFP-N-

LINCO00355 + ITGA2 prom WT, GTF2B+ITGA2 prom WT and pLV-
EGFP-N-LINC00355 + GTF2B + ITGA2 prom WT were all significantly
increased compared with NC +ITGA2 prom WT (p < 0.05), yet no sig-
nificant difference in luciferase activity was observed in pLV-EGFP-N-
LINCO00355 +ITGA2 PROM WT + sh-GTF2B compared with NC+ITGA2
PROM WT+ sh-GTF2B (p > 0.05). This result indicated that IncRNA
LINCO00355 played a regulatory role on ITGA2 through GTF2B.

The RIP test (Fig. 4D) displayed that IncRNA LINC00355 could di-
rectly bind to GTF2B protein, and ChIP assay results (Fig. 4E) showed
that LINC00355 binding to GTF2B was enriched in the ITGA2 promoter
region. Overexpression of IncRNA LINC00355 could increase the expres-
sion of ITGA2 protein as determined by Western blot assay (Fig. 4F and
G). When LINC00355 was overexpressed while GTF2B was silenced si-
multaneously (Fig. 4H), the promoting effects of LINC00355 on ITGA2
were blocked. These results suggested that GTF2B/ITGA2 was the down-
stream axis of LINC00355.

Up-regulation of IncRNA LINC00355 enhances proliferation, migration,
and invasion of colon malignant tumor cells via promoting GTF2B-mediated
ITGA2

The results of EAU depicted the promoting effect of IncRNA
LINC00355 overexpression in COLO205 cells on ITGA2 protein expres-
sion through GTF2B, with consequently enhanced cell proliferation,
whereas deletion of IncRNA LINCO00355 inhibited the expression of
ITGA2 protein, and significantly reduced the proliferative rate (Fig. 5A).
TUNEL assay results showed that knocking down IncRNA LINC00355
in COLO205 cells significantly inhibited ITGA2 expression and signif-
icantly increased the apoptosis rate, while overexpression of IncRNA
LINC00355 provoked opposite effects (Fig. 5B).

The chemotactic results displayed that knocking down IncRNA
LINC00355 in COLO205 cells significantly inhibited ITGA2 expression
and reduced the chemotactic adhesion of cells, while the overexpression
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Localization of IncRNA LINC00355 in cells by FISH; C, Luciferase signal of IncRNA LINC00355 in COLO205 cells detected by dual luciferase reporter gene assay; D,
IncRNA LINC00355 expression in COLO205 cells detected by RIP test; E, relative expression of ITGA2 promoter determined by CHIP assay; F, Expression of ITGA2 in
COLO205 cells measured by Western blot assay. G, ITGA2 protein expression detected by Western blot analysis. * p < 0.05 vs. cells infected with NC + ITGA2 prom
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with normal distribution and homogeneity between two groups and were compared
one-way ANOVA with Tukey’s post hoc test.

of IncRNA LINC00355 promoted ITGA2 expression through GTF2B and
strengthened the chemotactic adhesion of cells (Fig. 5C).

The results of Transwell assay (Fig. 5D and E) indicated that, com-
pared to cells treated with pLV-EGFP-N-LINC00355, number of inva-
sion and migration cells was lower after treatment with pLV EGFP-
LINCO00355 + sh-ITGA2, pSIH1-H1-copGFP LINC00355+pLV EGFP-N-
ITGA2, pLV EGFP-N-LINC00355 +sh-GTF2B (p < 0.05). Relative to
treatment with the pSIH1-H1-copGFP-NC, the number of invasion
and migration significantly decreased in cells treated withpSIH1-H1-
copGFP LINCO00355. No significant difference was evident in the num-
ber of invasive and migrating cells upon treatment with pLV-EGFP-N-
LINCO00355 + sh-ITGA2 or pSIH1-H1-copGFP-LINC00355 + pLV-EGFP-
N-ITGA2 in comparison to treatment with pLV-EGFP-N-LINC00355 + sh-
GTF2B or pSIH1-H-copGFP-sh-NC (p > 0.05). This suggested that
overexpressing IncRNA LINC00355 promoted the expression of ITGA2
through GTF2B, thus increasing the invasion and migration potentials
of cells. Conversely, knocking down IncRNA LINC00355 inhibited the
expression of ITGA2, thus decreasing the invasion and migration of
cells. Taken together, these results revealed that IncRNA LINC00355 en-
hanced the expression of ITGA2 through GTF2B, thereby promoting the
proliferation, migration, and invasion associated with colon malignant
tumor cells and inhibiting apoptosis.

NC. Data were expressed as mean + standard deviation. Data were in compliance
using an unpaired t-test. Data comparison between groups was performed using

Overexpression of IncRNA LINC00355 promotes tumor growth in nude mice

To further characterize the impact of IncRNA LINC00355, GTF2B and
ITGA2 expression on the growth of colon malignant tumor in vivo, we
analyzed the tumor volume and weight in nude mice that were injected
with transfected cells. Results indicated no difference in tumor growth in
mice injected with cells treated with pSIH1-H1-copGFP-NC, pLV-EGFP-
N or pSIH1-H1-copGFP-LINC00355 + pLV-EGFP-NITGA2 relative to the
blank treatment group. A trend towards slower tumor growth was noted
in mice injected with cells treated with pSIH1-H1-copGFP-LINC00355 or
pSIH1-H1-copGFP-sh-ITGA2 relative to that in the blank group, as well
as smaller volume (seen in Fig. 6A) and mass (seen in Fig. 6B), while
tumor growth was faster, attaining a larger terminal volume (seen in
Fig. 6A) and mass (seen in Fig. 6B) in the mice injected with cells treated
with pLV-EGFP-N-LINC00355 than that in blank group (All p < 0.05).
Thus, overexpression of IncRNA LINC00355 accelerated tumor growth,
and knockout of IncRNA LINC00355 or inhibition of ITGA2 inhibited tu-
mor formation in vivo. Further RT-qPCR and Western blot (Fig. 6C and
D) results showed no significant difference in the IncRNA LINC00355
expression and ITGA2 protein level in the tumor tissues of mice with
pSIH1-H1-copGFP-NC and pLV-EGFP-N treatment compared with the
mice used as blank control. The mice with pLV-EGFP-N-LINC00355
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treatment showed the highest IncRNA LINC00355 expression and ITGA2
protein level, whereas lowest levels were seen in the mice with pSIH1-
H1-copGFP-LINC00355 treatment. In the mice undergoing pSIH1-H1-
copGFP-sh-ITGA2 treatment, the expression of LINC00355 exhibited no
significant difference, while the protein level of ITGA2 was decreased.
In the mice with pSIH1-H1-copGFP-LINC00355 + pLV-EGFP-N-ITGA2
treatment, the expression of LINC00355 was decreased, while the pro-
tein level of ITGA2 was not significantly altered.

Discussion

Most colon cancer patients present with distant tumor metastases,
which presents a great challenge for treatment [25]. Therefore, sensitive
non-invasive biomarkers promoting disease staging, detection, and pre-
dictive treatment outcomes are urgently needed to provide better sur-
vival and establish optimal treatment options [26]. Recently, evidence
has suggested that abnormally expressed IncRNAs can promote the oc-
currence of pathological events in the pathway for the development of
colon cancer [27-29]. Thus, obtaining a better knowledge in relation to
the mechanisms of IncRNAs may prove decisive to uncover more effec-
tive diagnostic and therapeutic means in colon cancer. In the present
work, we investigated the potential role of the IncRNA LINC00355 in
colon cancer.

Multiple IncRNAs extensively expressed in colon cancers, thereby
promoting colon cancer progression. For example, IncRNA MALAT1, an
upregulated IncRNA in colon cancer, facilitates tumor growth in colon
cancer cells [30]. Additionally, the IncRNA TUG1 is highly expressed
and works as an oncogenic gene in colon cancer due to its role in enhanc-
ing cell proliferation and migration in colon cancer cells [31]. Intrigu-
ingly, our present results also demonstrated that IncRNA LINC00355
expression was frequently amplified in colon cancer, and had the ca-

pacity to trigger proliferation, chemotaxis, invasion and migration of
colon cancers. More importantly, the present study found that block-
ing IncRNA LINC00355 expression arrested the proliferation, invasion
and migration of colon cancer cells and promoted apoptosis. Likewise,
a previous study has validated that inhibition of the IncRNA CCEPR im-
pedes invasion, proliferation, migration and cell cycle progression in
colon cancer cells [32]. Similarly, suppression of the IncRNA AWPPH
expression could suppress cell proliferation in colon cancer [33].

A few previous studies have found that high expression of ITGA2
plays a role of tumor-promoting properties in many cancers. For in-
stance, ITGA2 expression showed an upward trend in metastatic lymph
nodes and distant metastases, and its elevation predicted shorter over-
all survival in gastric cancer patients [18]. Similar results have been re-
ported in our study that ITGA2 was overexpressed in colon cancer and
exhibited a protective effect on proliferation, invasion and metastasis
of colon cancer cells. Furthermore, a previous study has identified high
expression of ITGA2 in gastric cancer, and that blocking ITGA2 inhibits
actin organization and cell migration in gastric cancer cells [17]. Con-
sistent with these results, we also found that knockdown of ITGA2 con-
tributed to inhibition of tumor growth in colon cancer. Intriguingly, the
IncRNA ENST00000455974 exerts carcinogenic effects by up-regulating
JAG2 in colon cancer [34], which was also partially consistent with our
findings that IncRNA LINC00355 could positively regulate ITGA2 to pro-
mote colon cancer. These findings strongly suggested the potential role
of IncRNA LINC00355and ITGA2 in tumorigenesis. However, their de-
tailed regulatory mechanisms in colon cancer are not well characterized.

Previously conducted studies have suggested many tumor-associated
antigens (TAA) such as 90K [35], 4D10 [36] and GTF2B [23] may
serve as targets for colon cancer therapy [37]. Moreover, the relation-
ship between GTF2B, IncRNA LINC00355 and ITGA2 was verified in
our study, which showed that overexpression of IncRNA LINC00355 was
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conducive to promoting the binding of GTF2B to ITGA2. After binding to
GTF2B, IncRNA LINC00355 was enriched in the ITGA2 promoter region,
thereby promoting its transcription and expression. All these findings
collectively suggested that IncRNA LINCO00355 could positively regu-
late ITGA2 via recruiting GTF2B. Besides, our data showed that knock-
down of IncRNA LINC00355 suppressed the expression of ITGA2 that is
positively regulated by GTF2B, thereby inhibiting the invasion, prolif-
eration, and migration of colon cancer cells and promoting apoptosis.

Conclusion

The present study determined the mechanistic roles of the IncRNA
LINCO00355/ITGA2/GTF2B axis in the regulation of colon cancer. In ad-
dition, we identified the effect of IncRNA LINC00355 in the occurrence
and development of colon cancer in a nude mouse model. LINC00355
promoted cell invasion, proliferation, and migration in colon cancer by
positively regulating ITGA2 through the recruitment of GTF2B (Fig. 7).
In contrast, silencing of IncRNA LINC00355 impeded cell proliferation,
chemotactic and metastasis. These results offer a potential basis for fur-
ther research towards novel targeted therapy of colon cancer, with the
caveat that our sample size was relatively small. Besides, it remains to
be established how ITGA2 controls cell progression in colon cancer.

Supplementary Figure 1 The silencing efficacy of different shRNAs
as detected by RT-qPCR. A, the silencing efficacy of three shRNAs for
ITGAZ2; B, the silencing efficacy of three shRNAs for GTF2B.
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