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Overexpression of the long non-coding RNA BLACAT1 promotes
cell proliferation and invasion in colorectal cancer
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Background: Recent evidence demonstrates that the long non-coding RNA (IncRNA) BLACATI is
associated with the progression and development of various cancers; however, its effect on tumorigenesis
of colorectal cancer (CRC) is still poorly understood. The aim of the present study was to investigate the
expression and function of BLACATT in CRC.

Methods: Expression data from the GEO and GEPIA databases and results obtained from clinical samples/
patients were used to determine the correlation between BLACAT1 expression, and CRC metastasis and
overall survival (OS). Furthermore, we knocked down BLACAT1 using short interfering RNA (siRINA) and
observed its biological functions using quantitative reverse transcription-polymerase chain reaction (qQRT-
PCR), cell counting kit-8 (CCK-8) assay, tumor cell clone formation, and Matrigel invasion assays in the
HCT116 cell line.

Results: BLACAT1 level was higher in CRC tissues and cell lines than in normal colon mucosal tissues
and cell lines. Correlation of data from the GEO and GEPIA databases with several clinical parameters
revealed that CRC patients with high BLACATI expression showed poor OS. Multivariate analysis indicated
that high BLACATI expression is an independent risk factor in patients with CRC. Furthermore, siRNA-
mediated knockdown of BLACAT1 suppressed proliferation and invasion of CRC cells iz vitro. This in turn
was associated with reduced expression of cyclin D1, CDK6, and vimentin, and enhanced expression of
E-cadherin.

Conclusions: BLACATI may play an important role in the progression and development of CRC, and

may serve as a potential therapeutic target for patients with CRC.
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Introduction

Colorectal cancer (CRC) is the third-most prevalent
cancer worldwide, with an estimated 0.7 million mortalities
in 2012, which considerably affects human health (1,2).
With the improvement and development of therapeutic

approaches for CRC, substantial progress has been made
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in its treatment in the past decades; however, CRC-
related mortality rate has not changed as expected (3). The
progression and development of CRC is a multistep process
and involves genetic as well as environmental factors,
which cause dysregulation of many genes associated with
apoptosis, proliferation, and differentiation (4-6). With
the increasing popularity of molecular therapy, several
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studies have investigated the mechanisms underlying
pathogenesis of CRC, thereby providing new insights into
the progression and development of this cancer (7,8).

Long non-coding RNAs (IncRNAs) are >200 nucleotides
long, lack functional open reading frames (ORFs), and
rarely encode functional short peptides (9,10). Currently,
IncRNAs have attracted attention for their effect on cell
behavior, especially those of tumor cells. Accumulating
evidence shows aberrant expression of IncRNAs in several
cancers, such as cervical (11) and gastric cancers (12),
non-small cell lung cancer (NSCLC) (13), and CRC (14).
Thus, dysregulated IncRNAs can be used as biomarkers
for diagnosis and can act as potential therapeutic targets in
various cancers.

The bladder cancer associated transcript-1 (BLACATT)
on chrlq32.1 encodes a 2,616 bp long IncRNA. Emerging
evidence indicates that BLACATI is associated with
tumorigenesis of various cancers, including gastric (15),
thyroid (16), and cervical cancers (17), and NSCLC (18);
however, its specific role in the progression and development
of CRC is poorly understood. In this study, we observed
BLACAT1 overexpression in CRC tissues and cell lines. In
addition, using information from Gene Expression Omnibus
(GEO) and Gene Expression Profiling Interactive Analysis
(GEPIA) databases, we observed that CRC patients with
high BLACATI expression showed poor overall survival
(OS). Furthermore, BLACAT1 knockdown inhibited the
proliferation and invasion of CRC cells iz vitro, suggesting
a role of BLACATI in the progression and development
of CRC.

Methods
Bioinformatic analysis

Microarray profiles and datasets of primary CRC were
acquired from the GEO with the following entries:
GSE23878 (19), GSE9348 (20), GSE22598 (21),
GSE18105 (22), and GSE17538 (23) (Affymetrix Human
Genome U133 Plus 2.0 platform). GSE9348 consisted of
70 primary CRC samples and 12 normal colon samples;
GSE23878 consisted of 35 primary CRC samples and 24
normal colon samples; GSE22598 contained 17 pairs of
CRC and adjacent non-tumor tissues; GSE18105 consisted
of 44 metastatic CRC samples and 67 non-metastatic CRC
samples (in the GE17538, the 44 metastatic CRC samples
were from 44 cases identified as patients with metastatic
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CRC, and the 67 non-metastatic CRC samples were
from 67 patients with non-metastatic CRC); GSE17538
was divided into the low BLACAT1 (n=146) and high
BLACAT expression groups (n=85).

Cell culture and transfection

The human CRC cell lines (HCT116, SW480, SW620,
CaCO,) and normal colon mucosal cell line NCM460
used in this study were obtained from the American Type
Culture Collection (ATCC, Manassas, USA). HCT116
cells were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS, Invitrogen, USA). The other cell lines
(NCM460, SW480, SW620, and CaCO,) were cultured
in Roswell Park memorial Institute (RPMI)-1640 medium
(Invitrogen, USA) supplemented with 10% FBS. When
cell densities were ~60%, 50 nM siRNAs were transfected
using Lipofectamine 3000 (Invitrogen, USA) according
to the manufacturer’s instructions. The sequences of the
BLACATI1-targeting siRNAs were: BLACAT1-si-1: 5'-AG
GCUGGUUUCUGCCCUCAUCCUUU-3"; BLACATI-
si-2: 5'-GCCCAGCUUCUAGUCCUCUCCUUAU-3";
Sequences of non-target scrambled controls were provided

by RiboBio (Guangzhou, China).

Quantitative reverse transcription-polymerase chain
reaction (qRT-PCR)

RNA was isolated from tissue and amplified as described
previously (24). Total RNA from cells was isolated from
using the Trizol reagent (Invitrogen, The Netherlands). For
qRT-PCR, RNA was reverse transcribed to cDNA using
a Revert Aid first strand ¢cDNA synthesis kit (Fermentas,
Canada). qRT-PCR was performed using a SYBR_Premix
ExTaq II kit (Takara, China) and a CFX96 real-time
PCR detection system (Bio-Rad, USA) to determine the
relative expression levels of target genes. The sequences
of the qRT-PCR primers are as follows: BLACAT1
forward 5'-GTCTCTGCCCTTTTGAGCCT=-3", reverse
5'-GTGGCTGCAGTGTCATACCT-3'; human GAPDH
forward 5'-TGCACCACCAACTGCTTAGC-3', reverse
5'-GGCATGGACTGTGGTCATGAG-3"; human B-actin
forward 5'-ATCATGTTTGAGACCTTCAA-3', reverse
5'-CATCTCTTGCTCGAAGTCCA-3"; human U6
(nuclear) forward 5'-CTCGCTTCGGCAGCACA-3',
reverse 5'-AACGCTTCACGAATTTGCGT-3".
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Cell proliferation assay

Cell proliferation was assayed using the cell counting kit-
8 (CCK-8) (Dojin Laboratories, Japan), and the operating

steps were performed as described previously (25).

Tumor cell clone formation assay

The tumor cell clone formation assay was performed as
described previously (26). Briefly, 24 h after transfection of
the si-Control and si-BLACATI, 1x10° HCT116 cells were
seeded per well in a 6-well plate and cultured for 14 days.
Colonies were stained with hematoxylin. The number
of clones formed per well was calculated. The histogram
represents data from three independent experiments.

Transwell matrigel assays

Colorectal cell invasiveness was determined using a 24-
well transwell plate (8 pM pore size; Costar), as described
previously (27). Briefly, 5x10* cells were placed on the upper
chamber of each insert coated with 200 mg/mL Matrigel
(BD Biosciences, CA, USA). After 48 h, the invaded cells
were stained with hematoxylin and counted. The number of
invasive tumor cells was calculated from the total number
of cells from three randomly selected 20x fields for each
experiment. The histogram represents data from three
independent experiments.

Statistical analysis

All statistical analyses were performed using SPSS version
18.0 and presented using the GraphPad Prism software.
Data were expressed as mean = standard error of mean
(SEM). Differences between two independent groups were
tested using Student’s 7-test. OS was calculated using the
Kaplan-Meier method, and the results of the analysis were
considered significant in a log-rank test if P<0.05.

Results
BLACAT1 is upregulated in CRC tissues and cell lines

We analyzed three previously published primary CRC
datasets, namely, GSE9348, GSE23878, and GSE22598,
generated using the Affymetrix HG_U133 plus 2 arrays

to identify IncRNAs dysregulated in CRC. We observed
significant upregulation of BLACATI in all the analyzed
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datasets (P<0.001, Figure 14,B,C). Subsequently, BLACAT1
levels in five CRC cell lines (SW480, CaCO,, HCT116,
and SW620) and the normal colon mucosal cell line
NCM460 were determined using qRT-PCR. We observed
that BLACATI expression was higher in CRC cell lines than
in NCM460 (P<0.05, Figure 1D). In addition, the highest
BLACATTI expression was observed in HCT116 cells.

Upregulation of BLACAT1 predicts poor prognosis and is
an independent predictor of OS in CRC

Next, we assessed the correlation of BLACATI expression
with the pathological stages of CRC using the GEPIA
database. We observed that BLACATI was significantly
upregulated in colon (COAD) and rectum adenocarcinoma
(READ) (Figure 2A4). Furthermore, high BLACAT1I
expression correlated significantly with the pathological
stages of CRC (P=0.00105, Figure 2B). Next, we assessed
the role of BLACATI in CRC metastasis; we used samples
from GSE18105 and the Affymetrix HG_U133 plus 2
arrays to identify IncRNAs dysregulated in CRC. We
observed that high BLACAT]I level correlated significantly
with distant CRC metastasis (P=0.0149, Figure 2C).

To assess the prognostic value of BLACATI expression
in patients with CRC, we investigated the association
between BLACATI expression and OS using Kaplan-Meier
analysis with the log-rank test. A previously published
GEO dataset, GSE17538, was used for this analysis. Results
revealed correlation of BLACATT expression with OS in
patients with CRC (P=0.0295, Figure 2D). Patients with
high BLACATI expression displayed lower OS. Taken
together, these data indicate that high BLACATI level is an
independent risk factor for patients with CRC.

BLACAT1 knockdown inbibits cell proliferation and
invasion of CRC

To understand BLACAT1 function in colon cancer cells, we
first determined the silencing efficiency of si-BLACATI.
Highest reduction in BLACAT1 expression was observed in
cells co-transfected with si-BLACATI-1 and si-BLACAT1-2
compared to either si-BLACATI-1 or si-BLACAT1-2 alone
(Figure 3A4). Therefore, co-transfection of si-BLACATI-1
and si-BLACATI-2 in HCT116 cells was used in further
knockdown studies. Effect of BLACATI knockdown on
CRC cell proliferation was determined using the CCK-8
proliferation assay. BLACATI knockdown significantly
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Figure 1 BLACAT1 is highly expressed in CRC tissues and cell lines. BLACATI expression, as measured using Affymetrix microarray, was
higher in CRC tissues than in normal colon mucosal tissues in (A) GSE22598 (consisting of 17 pairs of CRC tissues and corresponding
normal colorectal tissues) samples from the GEO database, (B) GSE23878 (consisting of 24 normal colorectal tissues and 35 CRC tissue
biopsies), and (C) GSE9348 (consisting of 12 normal colorectal tissues and 70 CRC tissue biopsies). (D) BLACATI expression increased
significantly in CRC cell lines (SW480, SW620, HCT'116, and CaCQO,) compared to in NCM460, a normal colon mucosal cell line. Data
show mean = SEM. *, P<0.05; **, P<0.01; ***, P<0.001 compared to control. CRC, colorectal cancer.

inhibited HCT116 cell proliferation compared to control
cells (P<0.05, Figure 3B and Figure S1). In addition,
compared to control cells, suppression of BLACATI
inhibited the clone-forming ability of HCT116 cells
(P<0.05, Figure 3C).

Subsequently, we also investigated the effect of
BLACATI knockdown on invasiveness of CRC cells. The
transwell Matrigel assay was performed to assess the effect
of BLACATT on the invasiveness of CRC cells. Our results
indicated that compared to the control group, BLACATI
knockdown significantly inhibited invasiveness of HCT116
cells (P<0.01, Figure 4).

BLACAT1 knockdown suppresses proliferation and
expression of epithelial-mesenchymal transition (EMT)
markers in CRC

To elucidate the molecular mechanism underlying
BLACATI1-mediated suppression of proliferation and
invsion of CRC cells, the expression levels of proliferation
and EMT markers were determined. The mRNA and
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protein levels of the epithelial marker E-cadherin,
mesenchymal marker vimentin, and proliferation markers
cyclin D1 and CDK6 in HCT116 cell line were quantified
using qRT-PCR and western blotting. BLACAT1
knockdown significantly inhibited the expression of the
proliferation markers cyclin D1 and CDK6 (P<0.05,
Figure 5A4,B). On the other hand, BLACATI knockdown
significantly decreased the expression of the mesenchymal
marker vimentin and enhanced that of the epithelial marker
E-cadherin (P<0.05, Figure 5C,D), thereby inhibiting
EMT. Thus, these results indicate that BLACAT1 regulates
proliferation and expression of EM'T markers.

Discussion

CRC is one of the most common and leading causes of
cancer-related mortality worldwide (28), especially in
developed countries. It is estimated that in 2015, there
will be approximately 0.8 million new cases and 0.4
million deaths from CRC in developed countries (29).
With advancements in basic and clinical investigation, the
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Figure 2 Relationship between BLACATI expression and clinicopathological features. (A) The GEPIA database was used to analyze the
expression of BLACATT in colorectal cancer tissues; COAD stands for colon adenocarcinoma and READ for rectal adenocarcinoma;
(B) the GEPIA database was used to analyze the relationship between BLACAT'1 expression and pathological stages of CRC; F value is
representative of the F-test; (C) relative expression of BLACATI in non-metastatic and metastatic human CRC tissues was obtained from
the GEO database (#GSE18105, non-metastasis, n=67; metastasis, n=44); (D) the GEO database was used to analyze the clinical effect of
BLACATTI expression on CRC patient survival in a colorectal cancer specimen expression profile dataset [#GSE17538, the specimen was

divided into two groups: group 1, low expression of BLACAT1, n=146, deaths (N) =50; group 2, high expression of BLACAT1, n=85, deaths

(N) =42]. Data show mean = SEM. *, P<0.05 compared to control. CRC, colorectal cancer.

mechanisms underlying tumorigenesis are beginning to
be understood and therapeutic strategies against CRC are
being considerably improved. However, the mortality and
morbidity rates associated with CRC remain high, possibly
owing to postsurgical recurrence and metastasis of primary
tumors. Therefore, CRC treatment requires identification
of novel therapeutic targets to better monitor its recurrence
and metastasis.

LncRNAs act as important regulators of various
biological processes by modulating gene expression at the
epigenetic, transcriptional, and posttranscriptional levels
(30,31), thereby regulating the fate of cellular processes,
including apoptosis, proliferation, and differentiation (32).
Recently, several studies have revealed that disruption or
dysregulation of IncRNAs strongly correlated with the
occurrence and development of malignant tumors, cancer
cell proliferation, drug resistance, and EMT (33,34). As
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IncRNAs are easy to extract and can be detected with
high specificity and sensitivity in blood and other tissues
harboring steady state levels of the IncRNAs (35), they can
act as novel biomarkers for predicting cancer diagnosis,
recurrence, and chemo-sensitivity. Certain IncRNAs, such
as MALAT1 (36), HOTAIR (37), IncARSR (38), GAS5 (39),
NEAT1 (40), and TUGI1 (41), have been shown to be
differentially expressed in CRC and are associated with
poor prognosis.

Expression of BLACATI, a long non-coding RNA
(IncRNA), is reported to correlate with the occurrence of
cancers (42). BLACATT overexpression has recently been
identified as an independent predictor of OS in various
human cancers, such as gastric (15), thyroid (16), and
cervical cancers (17), and NSCLC (18). However, the
association of BLACAT expression with OS in patients with
CRC has seldom been reported. In our study, we aimed to

Transl Cancer Res 2019;8(1):35-43
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Figure 3 BLACATI knockdown inhibits proliferation of CRC cells. The interference efficiency of si-BLACATI was verified in HCT116
cells. HCT116 cells were transfected with either si-NC or si-BLACAT'1 (1#, 2#, 1+2#) for 48 h, following which BLACAT1 expression was
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Figure 4 BLACATI knockdown inhibits invasiveness of CRC cells. The cell invasion ability was determined using the transwell Matrigel assay
after transfecting HCT116 cells with si-NC or si-BLACAT1 for 48 h. Cells that had invaded through the filter pores were stained with 5%
crystal violet. The images were taken at x200. Data show mean = SEM. **, P<0.01 compared to the control group. CRC, colorectal cancer.

investigate whether BLACATI can be potentially developed prognostic factor for these patients.

into a novel biomarker for CRC diagnosis and prognosis. Convincing evidence shows that BLACATI plays critical
We reported that BLACATT expression in CRC tissues was roles in regulating cancer cell proliferation, metastasis,
significantly higher than those in matched adjacent normal cell cycle, apoptosis, stemness, and drug resistance,
tissues. Overexpression of BLACAT1 in patients with CRC thereby affecting the development and progression of
resulted in poor OS, which may act as an independent poor cancer (42). For example, Ye er 4/. demonstrated that
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Figure 5 BLACATY silencing suppresses proliferation and expression of EMT markers in CRC. HCT116 cells were transfected with si-NC

or si-BLACAT1-1 + si-BLACAT1-2 for 48 h, following which proliferation and expression of EMT markers were determined using western

blotting and qQRT-PCR. (A) Protein levels of cyclin D1 and CDK6 were determined using western blotting and (B) mRNA levels were

quantitated using QRT-PCR. (C) Protein levels of E-cadherin and vimentin were analyzed using western blotting and (D) mRNA levels were

determined using qRT-PCR. Data show mean = SEM. *, P<0.05; **, P<0.01 compared to the control group. CRC, colorectal cancer; qRT-

PCR, quantitative reverse transcription-polymerase chain reaction.

BLACATI was overexpressed in NSCLC tissues, and
knocking down BLACATI using small interfering RNA
(siRNA) significantly suppressed NSCLC proliferation,
migration, and invasion iz vitro (18). Wang er al. showed
that BLACATI upregulation promoted cervical cancer cell
proliferation, invasion, and migration by activating the
Wnt/B-catenin signaling pathway (17). Furthermore, Wu
et al. showed that BLACATI sponged miR-361 to prompt
the expression of ABCBI, thereby accelerating the growth
and inducing the oxaliplatin-resistance of gastric cancer (15).
However, the effect of BLACATI on CRC proliferation and
invasion is not well understood. Our results demonstrated
that inhibition of BLACATI suppressed proliferation and
invasion of the HCT'116 cell line.

In summary, our results indicated that BLACATI is
upregulated in patients with CRC, and that these patients
showed poor OS. In addition, multivariate analysis
indicated that a high level of BLACATI is an independent
risk factor for patients with CRC. We also demonstrated
that BLACAT1 mediated the proliferation and invasion of
CRC cells. BLACATI knockdown significantly suppressed
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the proliferative and invasive capacity of CRC cells.
Therefore, BLACATI may play a crucial role in regulating
the progression and development of CRC and may act as
a prospective target for development of novel therapies

for CRC.
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Figure S1 The interference efficiency of si-BLACATI was verified
in HCT116 cells. HCT116 cells were transfected with either si-
NC or si-BLACATTI for 48 and 96 h, following which BLACATI
expression was analyzed using QqRT-PCR. ***, P<0.001. qRT-PCR,

quantitative reverse transcription-polymerase chain reaction.
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