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Summary

Purpose: To investigate the effects of long non-coding ri-
bonucleic acid (IncRNA) colorectal cancer (CRC)-associated
transcript 2 (CCAT2) expression on proliferation and apop-
tosis of colorectal cancer (CRC) cells.

Methods: Data of IncRNA expression in CRC were down-
loaded from the cancer genome atlas (TCGA) database for
differential expression and survival analyses, and real-time
fluorescence quantitative polymerase chain reaction (qRT-
PCR) was employed to analyze the expression level of IncR-
NA CCAT2 in 80 cases of CRC and adjacent tissues collected
as well as normal colorectal cells and CRC cell lines selected.
The cells successfully transfected were collected for the de-
tection of the effects on apoptosis and proliferation. Then,
immunofluorescence assay was performed to measure the
protein expression levels of apoptotic protein markers B-cell
lymphoma 2 (Bcl-2) and Bcl-2-associated X protein (Bax).

Results: It was found through differential expression anal-
ysis that the expression of IncRNA CCAT2 showed a sig-
nificant difference in CRC tissues, and CRC patients with a

Introduction

Colorectal cancer (CRC) is currently the third
most common malignant tumor in the world and
also the fourth leading cause of cancer-related
death, with a yearly increasing incidence rate [1-
3]. Significant achievements have been made in the
treatment of early CRC, but the long-term survival
rate of advanced CRC is still low. In the current
medical environment, the effective survival rate

high expression level of IncRNA CCAT2 had poor prognosis.
Based on the results of qRT-PCR assay, IncRNA CCAT2 was
significantly highly expressed in CRC tissues. After transfec-
tion with mimic and NC, its expression was obviously higher
in mimic group than that in NC group, and cell lines with
over-expressed IncRNA CCAT2 were successfully constructed.
The flow cytometry results showed that the proportion of
apoptotic cells was 5% in mimic group and about 13% in
NC group. According to the results of immunofluorescence
assay, Bax was mainly located in the cytoplasm, and the
fluorescence intensity was decreased significantly in mimic
group, indicating that Bax expression was inhibited.

Conclusions: LncRNA CCAT2 is differentially expressed in
CRC, and its expression is significantly upregulated in CRC.
LncRNA CCAT?2 can promote the growth and proliferation
and suppress the apoptosis of CRC cells. The changes in IncR-
NA CCAT2 expression are associated with poor prognosis.
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of CRC is increasing, which is mainly related to
chemotherapy with 5-fluorouracil (5-FU) and oxali-
platin, and chemotherapy before surgery has been
used as standard therapy [4,5]. However, recurrence
is detected in 20-40% of patients with advanced
CRC after radical operation [6,7], which is mainly
caused by lack of biomarkers for early clinical di-
agnosis and postoperative prognosis as well as spe-
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cific molecules for targeted therapy, and decreased
treatment effectiveness at present [5]. Therefore,
finding out biomarkers to improve the sensitivity
of diagnosis of CRC remains the focus of intense
research.

According to results of whole genome sequenc-
ing, about 2% of genes in mammalian genomes can
encode proteins, and most of the remaining genes
regulate the proteins encoded by genes and are
called as non-coding ribonucleic acids (ncRNAs).
Detailed studies on the functional mechanisms of
ncRNAs have revealed that long ncRNAs (IncRNAs)
containing over 200 nucleotides are regarded as di-
agnostic biomarkers and prognostic factors [8-10].
Previous studies have identified a range of IncRNAs
abnormally expressed in cancers [11,12]. Elevated
relative expression of IncRNA HOTAIR in primary
tumors and blood of CRC patients is correlated with
poor prognosis [13]. LncRNA metastasis-associated
lung adenocarcinoma transcript 1 (MALAT1) has
been proven to be upregulated in clinical CRC tis-
sue samples and highly expressed in CRC, and the
prognosis of CRC patients with high expression of
MALAT]1 is particulary poor, so it is an independ-
ent risk factor for CRC [13,14].

As a IncRNA, colon cancer-associated tran-
script 2 (CCAT2), mainly located in the nucleus,
is tissue- and cell type-specific, which is a RNA of
1,752 bases transcribed from the 8q24 region of the
human genome and contains a single nucleotide
polymorphism (SNP) rs6983267 [15] that is related
to an increased risk for CRC and other cancer types,
including prostate, ovarian and breast cancer [16-
18]. The molecular and cellular mechanisms such
a SNP mutation in increasing the risk for cancers
are unclear, but it is discovered that there are de-
oxyribonucleic acid (DNA) enhancer elements in
the genomic regions spanning rs6983267, such as
transcripts binding to transcription factor 7-like 2
(TCF7L2) [19]. It has been reported that CCAT?2 is
remarkably overexpressed in many tumors includ-
ing CRC, breast and lung cancer. Currently, CCAT2
has been reported to be able to reduce the sensi-
tivity to chemical drugs, and promote the growth
and metastasis of tumors, which is an attribute re-
lated to cancer stem cells (CSCs) [20,21]. This study
mainly aimed to explore the expression of CCAT2
in CRC, its effects on the proliferation and apopto-
sis of CRC cells, and its potential as a prognostic
marker of CRC.

Methods

Materials

Dimethyl sulfoxide (DMSO) (Sigma-Aldrich, St. Lou-
is, MO, USA), a fully automatic microplate reader (Ther-

mo, Waltham, MA, USA), a flow cytometer (Miltenyi, Ber-
gisch Gladbach, Germany), a RNA isolation purification
kit (Roche, Basel, Switzerland), MTS reagent (Promega,
Madison, WI, USA), B-cell lymphoma 2 (Bcl-2) and Bcl-
2-associated X protein (Bax) antibodies (CST, Danvers,
MA, USA), and a centrifuge (Hitachi, Tokyo, Japan).

Subjects and grouping

CRC and adjacent tissues were collected from pa-
tients with surgery alone operated in our hospital from
July 2014 to January 2016. Colorectal cancer cell line,
FHC cell line, HT29 cell line, Lovo cell line and HCT-
116 cell line were used in this study. With CRC as the
research object, colon cancer HCT-116 cells were select-
ed as the objects of the study, transfected with IncRNA
CCAT?2 negative control (NC) and IncRNA CCAT2 mimic,
and divided into NC group and mimic group according
to different genes transfected. This study was approved
by the Ethics Committee of the Affiliated Hospital of
Qingdao University. Signed written informed consents
were obtained from all participants before the study
entry.

Downloading and processing of CRC IncRNA data from
public database

To find colorectal-associated IncRNAs, all CRC-
related IncRNA data were downloaded from the cancer
genome atlas (TCGA) public database and then screened
based on the significance in expression and prognosis.
Analysis methods: An expression matrix was established,
with expression level of each gene as the row name and
each sample as the column name. Then differential
expression analysis was carried out using the Limma
package in R language to screen out differentially ex-
pressed IncRNAs. The clinical progress of CRC patients
was downloaded for survival analysis in combination
with the expression level of IncRNAs, so as to find out
differential IncRNAs related to the CRC prognosis.

Real-time fluorescence quantitative polymerase chain reac-
tion (qRT-PCR)

Cell pellet was collected to extract the total RNAs
using the Pure Link kits, and then the quality of extracted
RNAs was evaluated based on A, /A, - Next, the RNAs
were reversely transcribed into complementary DNAs
(cDNAs), followed by amplification. SYBR Green PCR Kit
and Mastercycler® Ep Realplex2 were used for reverse
transcription (RT)-qPCR under 95°C for 10 min, 95°C
for 15 s, and 60°C for 1 min for 40 cycles, with cDNAs
(2 pL) as a template. With glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as an internal reference, the
relative expression level of IncRNA CCAT2 was calcu-
lated by 244 method. The primer pairs used: LncRNA
CCAT2-F: 5-AGACAGTGCCAGCCAACC-3’; R: 5-TGC-
CAAACCCTTCCCTTA-3". GAPDH-F: 5'-AATGGACAACTG-
GTCGTGGAC-3’; R: 5’-CCCTCCAGGGGATCTGTTTG-3".

Methyl thiazolyl tetrazolium (MTT) assay

Cells were seeded in a 96-well plates at 3000 cells/
well, with three replicates set in each group. During the
assay, the absorbance of cells was monitored and record-
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ed for 6 days. At certain time points after cell growth,
the supernatant was gently discarded, and the cells were
added with an equal volume of MTT reagent and incu-
bated for 2 h. The relative absorbance in each group was
calculated by the following formula:

Relative absorbance= optical density (OD)mimic-
ODbla.nk control group/ ODNC - ODbla.nk control group

Apoptosis determined through flow cytometry

The cells were trypsinized after the fusion rate
was over 80%. After the digestion was terminated, they
were centrifuged at 1200 g for 5 min, and the cell pellet
was collected, re-suspended and washed twice with pre-
cooled phosphate-buffered saline (PBS). Subsequently,
appropriate volumes of FITC and propidium iodide (PI)
were added, based on the volume of the cell pellet for in-
cubation for 3 min and 10 min, respectively. Finally, the
cells were detected by flow cytometry (Beckman Coulter,
Brea, USA).

Transfection with IncRNA CCAT2 NC and IncRNA CCAT2
mimic

Serum-free medium was prepared, and the trans-
fection reagents were taken out and thawed. Then, cells
were inoculated into a 6-well plate at 200,000 cells/well
and cultured for 24 h. After the cells were stably at-
tached, transfection was started using Lipofectamine®
2000 Transfection Reagent (10 pL/250 pL mimic and
NC) (Invitrogen, Carlsbad, CA, USA). About another 24 h
later, the medium containing the mixture and the fresh
medium containing 10% fetal bovine serum (FBS) were
placed in advance. RT-qPCR was utilized to evaluate the
transfection efficiency.

Immunofluorescence assay

The assay was performed over three days. On the
first day, cells were seeded into 6-well plates at a den-
sity of 20,000 cells/well, and sterile slides were placed.
On the next day, the cells were collected, fixed with 4%
paraformaldehyde, blocked with 5% bovine serum al-
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bumin (BSA), and added with Bax and Bcl-2 antibodies.
On the third day, the cells were added with correspond-
ing secondary antibodies, washed with PBS at least for
three times to ensure that they were thoroughly cleaned,
and incubated with fluorescein-labeled rabbit secondary
antibodies. Thereafter, 4’,6-diamidino-2-phenylindole
(DAPI) staining solution was added dropwise for 5 min
for staining, and then images were acquired.

Statistics

SPSS 17.0 software (SPSS Inc., Chicago, IL, USA)
was used to process and analyse the research data ob-
tained from assays. Data are shown as mean+SD. The
t-test was used for analysis of the measurement data.
Differences between two groups were analysed using
Student’s t-test. Comparisons between multiple groups
was done using one-way ANOVA test, followed by post-
hoc test. P<0.05 indicated that there were significant dif-

ferences in the experimental results.

Results

LncRNA CCAT2 served as a biomarker for colorectal
cancer prediction

According to CRC analysis IncRNAs via TCGA
database, CCAT2 was markedly overexpressed
in CRC tissues. The correlation between IncRNA
CCAT?2 expression level and survival of CRC pa-
tients was analyzed, and it was revealed that the
survival of CRC patients with a high expression
level of IncRNA CCAT2 was shortened, with se-
verely poor prognosis (p<0.05) (Figure 1).

LncRNA CCAT2 expression was elevated in colorectal
cancer tissues and cells

gRT-PCR was adopted to quantify the expres-
sion of IncRNA CCAT2 in 80 cases of CRC tissues,
corresponding adjacent tissues and CRC cell lines.
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Figure 1. A: Expression of IncRNA CCAT2 in CRC based on TCGA database, and B: Association between IncRNA CCAT2

and CRC prognosis.
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The results demonstrated that the expression level
of IncRNA CCAT2 was clearly higher in CRC tis-
sues than in adjacent tissues (p<0.01), and it was
higher in CRC cells than in FHC cells. Compared
with HT29 and LOVO cell lines, HCT-116 cell line
had a relatively low expression level of IncRNA
CCAT2 (p<0.05) (Figure 2).

LncRNA CCAT2 promoted proliferation of colorectal
cancer cells

HCT-116 cells were selected for exogenous
overexpression of IncRNA CCAT2, and qRT-PCR
assay was carried out. The results revealed that
the expression level of CCAT2 was significantly
higher in the mimic group than in the NC group
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Figure 2. Expression level of IncRNA CCAT2 in CRC tissues and cells. A: The expression level of IncRNA CCAT2 is evi-
dently higher in CRC tissues than in adjacent tissues (p<0.01), and B: Such a level is elevated in CRC cell lines (p<0.001),
and HCT116 cell line has a lower expression level of IncRNA CCAT2 than HT29 and LOVO cell lines (p<0.05) (*p<0.05,
**p<0.01, ***p<0.001).
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Figure 3. Effects of IncRNA CCAT2 on proliferation of CRC cells. A: Changes in IncRNA CCAT2 expression in NC group
and mimic group. The expression of IncRNA CCAT2 is raised in mimic group compared with NC group (p<0.01). B: Ef-
fects of IncRNA CCAT?2 on the proliferation of CRC cells. Mimic group exhibits a greater proliferation rate in comparison
with NC group (p<0.05) (*p<0.05, **p<0.01).
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Figure 4. Effects of IncRNA CCAT2 overexpression on the migration of cells. A and B: The intercellular distance is
shorter in the mimic group than in the NC group (magnification: 10x) (*p<0.05).
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(p<0.001). The changes in cell growth were detect-
ed for 6 consecutive days, and it was discovered
that a difference was detected in cell proliferation
between mimic group and NC group from the third
day (p<0.05), which was most evident on the sixth
day (p<0.001) (Figure 3).

LncRNA CCAT?2 overexpression facilitated migration
of colorectal cancer cells

The changes in cell migration distance were
detected after 24 h. The results revealed that
the intercellular distance in the mimic group
was shortened, and that in the NC group was
basically unchanged, suggesting that IncRNA
CCAT2 promotes the migration of CRC cells
(Figure 4).

N
o
J

LncRNA CCAT2 overexpression suppressed the apop-
tosis of colorectal cancer cells

The results of flow cytometry demonstrated
that the percentage of apoptotic cells was 5% in
the mimic group and about 13% in the NC group.
Immunofluorescence assay results showed that in
the mimic group Bax was mainly located in the
cytoplasm, with overtly reduced fluorescence in-
tensity, indicating that Bax expression is inhib-
ited. Besides, red fluorescent cells were observed
in the cytoplasm, and the fluorescence intensity
was stronger than in the NC group, suggesting that
the protein expression level of Bcl-2 in the mimic
group was significantly increased (p<0.05), and that
IncRNA CCAT2 was capable of repressing the apo-
ptosis of CRC cells (Figure 5).

13.6 las

o

LT
72.3

133

Apoptotic cell ratio(%)

mimic

mm NC
E mimic

The expression of
Apoptotic protein marker
s & &

Bax Bcel-2

Figure 5. Effects of IncRNA CCAT2 overexpression on CRC cells. A and B: The apoptosis ratio of CRC cells is obviously
smaller in the mimic group than in the NC group (p<0.05) (magnification: 400x). C and D: mimic group has a dramati-
cally decreased expression level of Bax and a remarkably raised expression level of Bcl-2 based on immunofluorescence

assay detection (p<0.05) (*p<0.05 vs. mimic group).
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Discussion

Recent studies have manifested that IncRNAs,
as new regulatory mechanisms, have attracted in-
creasing attention and play crucial roles in vari-
ous diseases and even cancers. LncRNA CCAT?2
has been first identified as a region in the 8q24
chromosome position, which contains a nucleotide
polymorphism and is expressed in CRC with stable
microsatellite. It is overexpressed in CRC, promotes
the growth and metastasis of tumors, reduces the
sensitivity to chemotherapy of CSC and is co-reg-
ulated by miR-145 and miR-21 [22]. The role of
IncRNAs has been understood by more and more
people, and its coexpression with other genes and
assembly with cell structures have also been exten-
sively studied. However, their specific mechanisms
still need to be further investigated [22-24].

In this study, IncRNAs were first downloaded
from TCGA database for data analysis and process-
ing, and it was uncovered that IncRNA CCAT2 was
differentially expressed in CRC tissues, and its ex-
pression was elevated in CRC. Then, the relationship
between IncRNA CCAT2 expression level and CRC
survival was analyzed, and the results showed that
the survival of patients with a high level of IncRNA
CCAT?2 expression was overtly shortened, implying
that IncRNA CCAT2 has the potential to be a bio-
marker for poor prognosis of CRC. Next, three types
of CRC cells and 80 cases of CRC tissues were select-
ed, which revealed that IncRNA CCAT2 was mark-
edly overexpressed in CRC tissues and cells, while it
was relatively lowly expressed in HCT-116 cell line.
To explore the functions of IncRNA CCAT2, HCT-116
cells were transfected with IncRNA CCAT2 NC and
IncRNA CCAT2 mimic, the transfection efficiency
was confirmed, and the cell line with overexpressed
IncRNA CCAT2 were constructed. It has been proven
that IncRNA CCAT2 is obviously highly expressed
in other tumors and acts as an oncogene. However,
its role in CRC is rarely reported. In this study, the
changes in absorbance at 490 nm of the cell super-

References

1. Jotheeswaran AT, Lovakanth N, Nadiga S, Anchala R,
Murthy GV, Gilbert CE. Estimating the proportion of
persons with developing diabetic retinopathy in India:
A systematic review and meta-analysis. Indian J Endo-
crinol Metab 2016;20:S51-8.

2. Gong A, Huang Z, Ge H, Cai Y, Yang C. The carcinogenic
complex IncRNA DUXAP8/EZH2/LSD1 accelerates the

proliferation, migration and invasion of colorectal can-
cer. JBUON 2019;24:1830-6.

natant, which reflected the cell growth rate, were
continuously monitored, and it was observed that
the absorbance was significantly higher in the mimic
group than in the NC group since the third day, and
the difference was statistically significant from the
fourth day to the sixth day, and reached the maxi-
mum on the sixth day. These results indicate that
IncRNA CCAT?2 is able to promote cell growth and
proliferation. The changes in migration distance of
cells were examined at 24 h after scratching, and the
experimental data showed that in the mimic group
the intercellular distance was shortened, and the cell
migration became faster, supporting the conclusion
that IncRNA CCAT2 promotes the migration of CRC
cells. Finally, to investigate the effects on apoptosis,
cell suspension was collected and detected using a
flow cytometer. The proportion of apoptotic cells in
the mimic group was 5%, significantly lower than
in the NC group. In addition, the protein expression
levels of Bax and Bcl-2, apoptotic protein marker,
were also detected via immunofluorescence assay to
reflect changes in apoptosis. Compared with those
in the NC group, Bax protein expression level was
distinctly reduced, while Bcl-2 protein expression
level was substantially raised in the mimic group.
The results of the above two experiments showed
that overexpressing IncRNA CCAT?2 can inhibit the
apoptosis of CRC cells.

Conclusions

In conclusion, this study found that IncRNA
CCAT2 can facilitate the growth and proliferation
and repress the apoptosis of CRC cells. However, its
mechanisms will be further investigated in subse-
quent studies, so as to explore genes co-expressed
with IncRNA CCAT2 and functional molecular
mechanisms of IncRNA CCAT2.

Conflict of interests

The authors declare no conflict of interests.

3. Zhou JF, Wang HG, Ma TH et al. Long noncoding RNA
LINCO1510 is highly expressed in colorectal cancer
and predicts favorable prognosis. Eur Rev Med Phar-
macol Sci 2018;22:7710-5.

4. Knip M, Siljander H. The role of the intestinal micro-

biota in type 1 diabetes mellitus. Nat Rev Endocrinol
2016;12:154-67.

5. Sur D, Cainap C, Burz C et al. The role of miRNA -31-
3p and miR-31-5p in the anti-EGFR treatment effi-

JBUON 2020; 25(4): 1845



1846

LncRNA CCAT2 in CRC cells

10.

11.

12.

13.

14.

15.

cacy of wild-type K-RAS metastatic colorectal cancer.
Is it really the next best thing in miRNAs? JBUON
2019;24:1739-46.

Wong TY, Cheung CM, Larsen M, Sharma S, Simo R. Di-
abetic retinopathy. Nat Rev Dis Primers 2016;2:16012.

Kowluru RA, Mishra M. Contribution of epigenetics in
diabetic retinopathy. Sci China Life Sci 2015;58:556-63.

Kowluru RA, Kowluru A, Mishra M, Kumar B. Oxidative
stress and epigenetic modifications in the pathogenesis
of diabetic retinopathy. Prog Retin Eye Res 2015;48:40-
61.

Eshaq RS, Wright WS, Harris NR. Oxygen delivery, con-
sumption, and conversion to reactive oxygen species
in experimental models of diabetic retinopathy. Redox
Biol 2014;2:661-6.

Yu Y, Chen H, Su SB. Neuroinflammatory responses
in diabetic retinopathy. ] Neuroinflamm 2015;12:141.

Ajlan RS, Silva PS, Sun JK. Vascular Endothelial Growth
Factor and Diabetic Retinal Disease. Semin Ophthalmol
2016;31:40-8.

Dong H, Li Q, Wang M, Wan G. Association Between
IL-10 Gene Polymorphism and Diabetic Retinopathy.
Med Sci Monit 2015;21:3203-8.

Velloso LA, Eizirik DL, Cnop M. Type 2 diabetes mel-
litus--an autoimmune disease? Nat Rev Endocrinol
2013;9:750-5.

Vikse BE, Irgens LM, Leivestad T, Skjaerven R, Iversen
BM. Preeclampsia and the risk of end-stage renal dis-
ease. N Engl ] Med 2008;359:800-9.

de Waal MR, Haanen ], Spits H et al. Interleukin 10
(IL-10) and viral IL-10 strongly reduce antigen-specific
human T cell proliferation by diminishing the antigen-
presenting capacity of monocytes via downregulation

JBUON 2020; 25(4): 1846

16.

17.

18.

19.

20.

21.

22.

23.

24.

of class II major histocompatibility complex expres-
sion. ] Exp Med 1991;174:915-24.

Simpson L], Patel S, Bhakta NR et al. A microRNA
upregulated in asthma airway T cells promotes TH2
cytokine production. Nat Immunol 2014;15:1162-70.

Di Cristofano A, Pandolfi PP. The multiple roles of
PTEN in tumor suppression. Cell 2000;100:387-90.

Liu Y, Yang K, Shi H et al. MiR-21 modulates human
airway smooth muscle cell proliferation and migration
in asthma through regulation of PTEN expression. Exp
Lung Res 2015;41:535-45.

Do-Umehara HC, Chen C, Urich D et al. Suppression
of inflammation and acute lung injury by Mizl via re-
pression of C/EBP-delta. Nat Immunol 2013;14:461-9.

Altintas O, Kumas M, Altintas MO. Neuroprotective
effect of ischemic preconditioning via modulating the
expression of adropin and oxidative markers against
transient cerebral ischemia in diabetic rats. Peptides
2016;79:31-8.

Hausenloy DJ, Barrabes JA, Botker HE et al. Ischaemic
conditioning and targeting reperfusion injury: a 30 year
voyage of discovery. Basic Res Cardiol 2016;111:70.
Zheng Y, He M, Congdon N. The worldwide epidemic of
diabetic retinopathy. Indian J Ophthalmol 2012;60:42.8-
31.

Elahy M, Baindur-Hudson S, Cruzat VF, Newsholme
P, Dass CR. Mechanisms of PEDF-mediated protec-
tion against reactive oxygen species damage in
diabetic retinopathy and neuropathy. J Endocrinol
2014;222:R129-39.

Qing S, Yuan S, Yun C et al. Serum miRNA biomarkers
serve as a fingerprint for proliferative diabetic retinopa-
thy. Cell Physiol Biochem 2014;34:1733-40.



