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LncRNA BX357664 inhibits cell proliferation and invasion
and promotes cell apoptosis in human colorectal cancer cells
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Abstract. Colorectal cancer represents a great burden for
patients worldwide. Long noncoding RNA BX357664 is an
RNA that was identified by microarray technique in renal cell
carcinoma. The function of BX357664 in solid tumors remains
largely unknown. The present study aimed to investigate the
expression profile and functional role of BX357664 in human
colorectal cancer progression. The transcription levels of
BX357664 were initially examined in vivo and in vitro. An
overexpression plasmid was constructed in order to examine
the effects of BX357664 overexpression on cell proliferation,
apoptosis, migration and invasion. The results demonstrated
that BX357664 was significantly downregulated in clinical
colorectal cancer tissues and cell lines. Overexpression of
BX357664 decreased cell proliferation rates and cell colony
formation capacities in HCT116 and HT-29 cells. Following
BX357664 overexpression, HCT116 and HT-29 cells exhibited
reduced migration and invasion capacities. Would closure was
also blunted by >50% following overexpression of BX357664 in
HCT-116 and HT-29 cells. In addition, the cell cycle regulators
Cyclin B1, CDC25C and Cyclin D1 as well as the mesenchymal
marker N-cadherin were downregulated, whereas the epithelial
marker E-cadherin was upregulated by BX357664 overexpres-
sion. Finally, HCT116 and HT-29 cell apoptosis was induced
and activities of caspase-3 and caspase-9 increased signifi-
cantly following BX357664 overexpression. The present data
suggested that BX257664 negatively regulated cell proliferation
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and metastasis and promoted cell apoptosis in colorectal cancer.
These observations provided novel evidence that BX357664
might serve as a tumor suppressor and a potential therapeutic
target in the treatment of colorectal cancer in the clinic.

Introduction

Colorectal cancer (CRC) is one of the most common causes
of cancer-related deaths worldwide, with high mortality and
morbidity in both genders (1-3). Current therapeutic strategies
against CRC consist of curative surgery and postoperative
adjuvant chemotherapy. Despite the slow and steady improve-
ment in the overall 5-year survival rate during the past
decades (3,4), prognosis of patients with CRC remains poor
due to post-surgical recurrence and fatal distant metastasis.
According to a recent statistic, the 5-year relative survival
ranges from >90% for patients with stage I disease to slightly
>10% in patients with stage IV disease (5). Therefore, it is a
great urgency to search for novel biomarkers, suitable inter-
vention strategies in order to improve patient outcomes.

With the rapid development of genome and transcriptome
sequencing technologies and implementation of genomics
consortiums, such as ENCODE and FANTOM, the classic
view of the transcriptome landscape and its mRNA-centric
paradigm for transcript annotation has undergone a funda-
mental change (6). Current knowledge has well recognized that
the vast majority of genome serves as the template for the tran-
scription of noncoding RNAs. For example, small noncoding
RNAs, particularly microRNAs, have been extensively
investigated for several decades, and their biological functions
in various cancers have been uncovered (7). However, as the
fundamental elements of noncoding RNAs, long noncoding
RNAs (IncRNAs) has not received a wide recognition and the
function of IncRNAs in numerous cancers still remains to be
elucidated.

LncRNAs are defined as a class of RNAs with length >200
nucleotides. Ever since its discovery, IncRNAs have been
identified as key regulators of various biological processes,
including cell proliferation, differentiation, apoptosis, migra-
tion, and invasion (8). The IncRNA UCC, for instance, has
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recently been identified to promote CRC cell growth and inva-
sion by sponging miR-143 (9).

LncRNA BX357664 is a novel IncRNA that has been
identified from the analysis of normalized microarray
data and further quantitative polymerase chain reaction
(qPCR) analysis. BX357664 might be a potential biomarker
involved in renal cell carcinoma (10). Furthermore, it was
demonstrated that BX357664 regulates cell proliferation and
epithelial-to-mesenchymal transition (EMT) via inhibition of
transforming growth factor (TGF)-f1/p38/heat shock protein
(HSP) 27 signaling in renal cell carcinoma (11). These data
implicated that BX357664 might have critical roles in human
tumorigenesis. However, the role of BX357664 in other types
of solid tumors remains largely unknown.

The present study aimed to investigate the role of
BX357664 in human CRC. To this end, the expression levels of
BX357664 in human CRC tissues and in CRC cell lines were
examined. Expression of BX357664 was then modulated in
order to assess the functional changes of CRC cells in response
to BX357664 alteration. Cell survival was also examined. The
present data imply that BX357664 may be a critical tumor
suppressor that might serve as a drug target in the treatment of
CRC in the clinic.

Materials and methods

Human samples. Colorectal cancer tissues from 80 patients
(age range, 40-80 years; mean age, 58 years; male:female ratio,
47:33), admitted to the Department of General Surgery, Qilu
Hospital of Shandong University (Jinan, China) between March
2016 and March 2017, were collected via surgical resection,
frozen into liquid nitrogen immediately once dissected from
patients, and stored at -80°C. Matched adjacent non-cancerous
tissues were also obtained from each CRC patient. All patients
expressed their full intentions to participate in the present study
and written consent forms were obtained from each patient.
The present study was approved by the Ethics Committee of
the Anqiu People's Hospital (Weifang, China).

Cell culture and plasmid transfection. Control cells HIEC-6
were purchased from the American Type Tissue Collection
(Manassas, VA, USA). CRC cell lines COLO 205, HCT116
and HT-29 were purchased from the Cell Bank of Chinese
Academy of Sciences (Shanghai, China). All of the cell lines
were cultured in DMEM (Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) as
well as 1% antibiotics (penicillin/streptomycin). The cell lines
were cultured in a 37°C incubator with 5% CO, and the culture
media were replaced every other day, otherwise as stated.
The full sequence of BX357664 was cloned from human
genome extracted from normal human liver, and then cloned
into pcDNA 3.1 vector (catalog no., 52535; Addgene, Inc.,
Cambridge, MA, USA) at the sites of the restriction enzymes
EcoRI and Xhol. The correct sequence was confirmed by
sequencing using the T7 promoter forward primer (Shenggong
Biology Engineering Technology Service, Ltd., Shanghai,
China). The transfections were performed with Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according
to the manufactures' instructions, using a dose of 2.5 ul for
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1.5 pg plasmid DNA. Six h following transfection, the culture
medium was replaced with fresh DMEM.

RNA isolation and reverse transcription (RT)-gPCR. Total
RNA from CRC patient tissues and cultured CRC cells were
extracted with TRIzol reagent (Takara Biotechnology Co.,
Ltd., Dalian, China) in a dilution of 1 ml for each well in a
six-well plate. The RNA quality and quantity were determined
using a Nanodrop 2000 spectrophotometer (Thermo Fisher
Scientific, Inc.) at the absorbance of 260 and 280 nm. Reverse
transcription of first-strand cDNA was performed with
PrimeScript RT Master Mix (Perfect Real Time; Takara
Biotechnology Co., Ltd.), following the manufacturer's
protocol. All PCR reactions were performed in an ABI
PRISM 7900 Real-Time system (Thermo Fisher Scientific,
Inc.) with the SYBR Premix Ex Taq kit (Takara Biotechnology
Co., Ltd.). The thermocycling protocol was as follows: Initial
denaturation at 95°C for 2 min, followed by 35 repeats of
the three-step cycling program consisting of 30 sec at 95°C
(denaturation), 1 min at 53°C (primer annealing) and 30 sec at
72°C (elongation), followed by a final extension step for 10 min
at 72°C. The housekeeping gene GAPDH was included as an
internal control. Primers were purchased from Shenggong
Biology Engineering Technology Service, Ltd. (Shanghai,
China) with the following sequences: BX357664, forward,
5-GGCGTGGTTTTGATGGAGTG-3', and reverse, 5-AGG
CTGCAGAGTTGAGATCG-3'; GAPDH, forward, 5'-GTG
GACATCCGCAAAGAC-3" and reverse, 5'-AAAGGGTGT
AACGCAACTA-3". All quantitative data were normalized to
GAPDH using the 244 method (12).

Colony formation assay. HCT116 and HT-29 cells were
transfected with pcDNA 3.1 vector with or without BX357664
sequence in six-well plates with a density of 200 cells/well.
After 2 weeks in a 37°C incubator, cell colonies that contained
>50 cells were counted by staining with crystal violet (0.5%,
10 min) and observation under a light microscope with a
magnification of x200 (Nikon Corporation, Tokyo, Japan).

Cell cycle analysis. Prior to cell cycle analysis, HCT116 and
HT-29 cells were transfected with empty vector plasmid or
BX357664 plasmid for 48 h. Next, cells were collected with
low speed centrifugation (840 x g, 5 min, 4°C) and fixed
with pre-iced ethanol (70%) for 10 min at 4°C. The cells
were washed and re-suspended in cold PBS and incubated at
37°C for 30 min with 10 mg/ml RNase and 1 mg/ml prop-
idium iodide (PI; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany). The % of cells in each phase of the cell cycle was
determined using the Cell Quest Pro acquisition software (BD
Biosciences, Franklin Lakes, NJ, USA).

Cell viability determination. Both HCT116 and HT-29 cells
were seeded in a 96-well plate at a concentration of
1,000 cells/well. Following incubation for 24 h, cells were
transfected with BX357664-expressing plasmid or control
vector. Cell proliferation was examined in consecutive
5 days with a Cell Titer 96 AQueous Non-Radioactive Cell
Proliferation kit (Promega Corporation, Madison, WI, USA),
as per the manufacturers' protocol. The cell proliferative rate
in each group was determined by measuring the absorbance
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at 490 nm using a microplate reader (Tecan, Mannedorf,
Switzerland). For data presentation, absorbance for control
cells at the first day was set as 1 and used for normalization.
Absorbance values for other groups were then normalized to
that of control at the first day. Therefore, cell viability ratio was
calculated as the absorbance in others groups relative to that in
control group at the first day.

Transwell assay. For cell migration assays, HCT116 and
HT-29 cells were transfected with corresponding plasmid for
48 h and then trypsinized, collected by low-speed centrifu-
gation (840 x g, 4°C, 5 min) in serum-free medium. A total
of 1x10*cells (200 ul) were seeded into the upper chamber
of a Corning Transwell chamber (8 uym pore). The lower
chamber was filled with 600 ] medium containing 10% FBS.
Afterwards, the plate was incubated at 37°C and the cells
are allowed to migrate for 24 h. Afterwards, the membrane
was fixed with pre-cooled methanol and stained with crystal
violet (1%) for 5 min at room temperature. Cell migration was
assessed by counting the cells that had migrated through the
membrane. Five random fields were selected and images were
captured under a Nikon light microscope (Nikon Corporation,
Tokyo, Japan) at a magnification of x100. For cell invasion
assays, the membrane was pre-coated with Matrigel (Corning
Incorporated, Corning, NY, USA) for 6 h in 37°C incubator.

Wound-healing assay. HCT116 and HT-29 cells were transfected
with BX357664-expressing or control plasmid, cultured in
DMEM in a six-well culture plate at a density of 5x10° cells/well
and allowed to grow to a confluence of 90% overnight. Next
day, the culture medium was replaced with serum-free DMEM,
and then two lines were scratched in the single cell layer with a
10 ul pipette tip and the cells were washed with PBS three times.
Following incubation for 12 h, images of the migrating cells
were observed and captured using a Nikon light microscope at
the cross of two straight lines.

Western blot analysis. Molecules included in the process of
EMT and cell cycle progression were evaluated by western blot
analysis. Briefly, HCT116 and HT-29 cells were transfected with
BX357664-expressing plasmid for 48 h, and then total proteins
were prepared with lysis buffer (RIPA; Beyotime Institute of
Biotechnology, Nantong, China) on ice and quantified using
a Bio-Rad protein assay reagent (Thermo Fisher Scientific,
Inc.). Equal amounts of protein (50 ug) were separated with
10% SDS-PAGE and transferred to a nitrocellulose membrane
(EMD Millipore, Billerica, MA, USA). The membrane was
blocked for 1 h with 5% skimmed milk at room temperature
and then incubated with primary antibodies overnight at 4°C.
The primary antibodies against Cyclin Bl (cat. no. sc-70898;
1:1,000), cell-division cycle (CDC) 25C (cat. no. sc-327,
1:1,000), Cyclin D1 (cat. no. sc-4074; 1:1,000), E-Cadherin
(cat. no. sc-71009; 1:1,000), N-Cadherin (cat. no. sc-53488;
1:1,000) and GAPDH (cat. no. sc-32233; 1:1,000) were
purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX,
USA). After washing with TBST for 4 times (8 min each), the
membrane was incubated with secondary goat-anti-rabbit (cat.
no. sc-2004) or goat-anti-mouse (cat. no. sc-2005) antibody
(Santa Cruz Biotechnology, Inc.) for 1 h at 37°C with a dilution
of 1:1,000. Finally, the proteins were quantified using ECL
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Prime Western Blotting Detection reagent (GE Healthcare,
Chicago, IL, USA) and an ImageQuant LAS 4000 Mini
Biomolecular Imager (GE Healthcare).

Flow cytometric analysis of cell apoptosis. The annexin
V/PI assay was performed as per the manufacturer's instruc-
tions (Invitrogen; Thermo Fisher Scientific, Inc.). Briefly,
HCT116 and HT-29 cells were plated into 6-well plates and
transfected with control or BX357664-expressing plasmid for
48 h. Afterwards, cells were washed with cold PBS, trypsin-
ized, and re-suspended in 100 pl of binding buffer with 2.5 ul
fluorescein isothiocyanate (FITC)-conjugated annexin V
and 1 ul PI (100 pg/ml). Afterwards, cells were incubated at
room temperature for 15 min in the dark. A total of at least
10,000 cells were collected and analyzed by flow cytometry
for both cell lines (Cell Quest Pro acquisition software, BD
Biosciences, Franklin Lakes, NJ, USA).

Determination of caspase activities. The activities of caspase-3,
caspase-8 and caspase-9 were determined by specific caspase
activity kits (Beyotime Institute of Biotechnology), following
the manufacturer's instructions. Briefly, cells were transfected
with plasmids for 48 h. Afterwards, cell lysates were collected
by low speed centrifugation (840 x g, 5 min, 4°C). An equal
amount of 10 pl proteins from each sample were added into
96-well plates and mixed with an aliquot of 80 ul reaction
buffer supplied with caspase substrates (2 mM). Following
incubation at 37°C for 4 h, caspase activities were determined
using a Tecan plate reader at an absorbance of 450 nm.

Statistical analysis. All experiments were repeated at least
three times in triplicate, showing reproducible results. All
data were presented as the mean + standard deviation, except
if otherwise stated. Student's t-test analysis was used for the
comparison of numerical variables between two groups.
One-way analysis of variance was used for comparisons of
numerical variables among multiple groups, followed by the
LSD post hoc test. Data were analyzed with GraphPad Prism
6 (GraphPad Software Inc., San Diego, CA, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

BX357664 is downregulated in CRC patient tissues and
cell lines. Initially, the expression profile of BX357664 was
examined in clinical CRC tissues. To this end, a total of
80 cases with clinically diagnosed CRC were collected.
Adjacent non-cancerous tissues were included in the analysis
as a control. As illustrated in Fig. 1A, the transcription levels
of BX357664 in cancerous tissues were significantly lower
compared with adjacent normal tissues. The mean transcrip-
tion level of BX357664 in cancerous tissue was only 25-50%
of that in the adjacent ones (Fig. 1A; P<0.001). Furthermore,
compared with the normal intestinal epithelial control HIEC-6
cells, the expression of BX357664 in CRC cell lines (COLO205,
HCT116 and HT-29) was significantly reduced (Fig. 1B). These
data suggested that BX357664 was downregulated in CRC.

Overexpression of BX357664 inhibits cell growth and arrests
cell cycle in HCTI116 and HT-29 cells. Next, BX357664 was
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Figure 1. BX357664 is downregulated in colorectal cancer in vivo and in vitro. (A) RT-qPCR analysis of BX357664 transcript levels in 80 patient cases of
CRC tissues and their matched adjacent non-cancerous tissues. The x axis represents the case serial number (nos. 1-80). ““P<0.001 vs. adjacent non-cancerous
tissues. (B) RT-qPCR analysis of BX357664 transcript levels in HIEC-6 cells (control) and three CRC cell lines (COLO205, HCT116 and HT-29). “P<0.05 vs.
HIEC-6. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; CRC, colorectal cancer.
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Figure 2. Overexpression of BX357664 inhibits cell growth and arrests cell cycle in HCT116 and HT-29 cells. (A) An overexpression plasmid was established to
increase the expression of BX357664 in HCT116 cells and HT-29 cells. Reverse transcription-quantitative polymerase chain reaction analysis was performed to
confirm the efficiency of the plasmid transfection. (B-D) Control non-transfected cells (control), cells transfected with empty vector (vector) or cells transfected
with BX357664-expressing plasmid were subjected to colony formation assay or cell viability assays. (E, F) Control non-transfected cells (control), cells
transfected with empty vector (vector) or cells transfected with BX357664-expressing plasmid were subjected to cell cycle analysis. Cell proportions (%) in
each phase of the cell cycle were determined. "P<0.05 vs. HCT116 vector group; “P<0.05 vs. HT 29 vector group. OD, optical density.
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Figure 3. Overexpression of BX357664 inhibits cell migration and invasion in HCT116 and HT-29 cells. (A) Transwell migration assays were performed to
assess cell migration capacities with or without BX357664 overexpression. Representative images from the transmigrated cells at the bottom of the chambers
are shown (magnification, x100). (B) Cell numbers in the lower membrane of the migration transwell chambers were quantified from five random fields for
each group. (C) Transwell invasion assays were performed to assess cell invasion capacities with or without BX357664 overexpression. Representative images
from the invaded cells at the bottom of the chambers are shown (magnification, x100). (D) Quantification data from averaging five random fields for each
group. (E) Wound healing assay was performed for HCT116 cells and HT-29 cells with or without BX357664 overexpression. Twelve h following the artificial
scratch, would closure was photographed and the rate of wound closure was calculated and normalized to the vector-transfected group. "P<0.05 vs. HCT116

vector group; "P<0.05 vs. HT 29 vector group.

overexpressed in HCT116 and HT-29 cells by transfection of
an overexpression construct. Analysis of transcription levels of
BX357664 revealed that the overexpression construct success-
fully elevated the expression of BX357664 in both cell lines by
up to 2-3 fold, compared with the cells transfected with empty
vector (Fig. 2A). With the aid of this overexpression system,
colony formation and cell viability assays were performed.
As presented in Fig. 2B, it was observed that transfection of a
vector plasmid resulted in insignificant changes on cell capaci-
ties to form colonies. However, compared with an average of
150 colonies in control HCT116 cells and 135 in control HT-29
cells, BX357664-overexpressing cells exhibited a significantly
reducedaverageof S0colonies (Fig.2B).Inthecell viability assay,
it was observed that the number of BX357664-overexpressing
cells was ~70% of control HCT116 cells on the 5th day
(Fig. 2C), while the number of BX357664-overexpressing cells
was ~65% of control HT-29 cells on the 5th day (Fig. 2D). In
addition, cell cycle progression was assessed in control and
BX357664-overexpressing cells. Following transfection of
BX357664 into HCT116 cells, the % of cells in the GO/G1
phase was significantly increased, whereas the % of cells in
the S and G2/M phases was decreased accordingly (Fig. 2E).
Likewise, in the HT-29 cells, cells were more accumulated
in the GO/G1 phase following overexpression of BX357664,
whereas control HT-29 cells were significantly more accumu-
lated in the S and G2/M phases (Fig. 2F). These data suggested
that overexpression of BX357664 led to cell growth inhibition
and cell cycle arrest at the GO/G1 phase.

Overexpression of BX357664 inhibits cell migration and inva-
sion in HCTI116 and HT-29 cells. The effects of BX357664

overexpression on cell migration and invasion were next
examined. In the transwell migration assay, there were
visibly less cells migrated to the lower chamber observed in
the BX357664-transfected group (Fig. 3A). Quantification
of transmigrated cells demonstrated that almost 340 cells
migrated to the lower chamber in the control groups, while
only ~100 cells with BX357664 overexpression were observed
in the lower chamber, indicating a 70% decrease of migra-
tion capacity (Fig. 3B). Similarly, in the transwell invasion
assay, cells that invaded into the lower chamber were visibly
fewer in the BX357664-transfected HCT116 and HT-29 cells
(Fig. 3C). In fact, an average of 126 control HCT116 cells were
counted in the lower chamber while 34 cells were counted
in the lower chamber of the BX357664-overexpressing
HCT116 cells (Fig. 3D). For the HT-29 cell line, only 36 cells
invaded through the Matrigel compared with ~128 cells in
the control groups (Fig. 3D). Finally, in the wound healing
assay, BX357664-overexpressing cells displayed signifi-
cantly reduced capacities to recover the scratched wound,
as evidenced by the lower rate of wound closure compared
with the control groups (Fig. 3E). These findings suggested
that overexpression of BX357664 inhibited cell migration and
invasion in CRC cells.

Overexpression of BX357664 alters cell cycle regulator and
EMT marker expression. In view of the above observations,
the expression of key cell cycle regulators and EMT markers
was examined in HCT116 and HT-29 cells with or without
BX357664 overexpression. In HCT116 cells, overexpression
of BX357664 decreased the protein levels of Cyclin BI,
CDC25C and Cyclin D1 (Fig. 4A). In addition, expression
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Figure 5. Overexpression of BX357664 promotes cell apoptosis in HCT116 and HT-29 cells. (A) Cell apoptosis was detected in control, vector or
BX357664-transfected cells. The cell apoptosis rate was calculated and plotted for each group. The activities of (B) caspase-3, (C) caspase-8 and (D) caspase-9
were determined in control, vector and BX357664-overexpressing HCT116 and HT-29 cells. "P<0.05 vs. HCT116 vector group; “P<0.05 vs. HT 29 vector group.

of the epithelial marker E-cadherin was upregulated, while
expression of the mesenchymal marker N-cadherin was inhib-
ited following overexpression of BX357664 (Fig. 4A). Similar
results were also observed in HT-29 cells (Fig. 4B). These data
suggested that overexpression of BX357664 altered the cell
cycle progression and EMT processes.

Overexpression of BX357664 promotes cell apoptosis in
HCTI116 and HT-29 cells. Since BX357664 overexpression
arrested cell cycle at GO/G1 phase, we further assessed whether

cell apoptosis was regulated by BX357664 overexpression. The
results demonstrated that the cell apoptosis rate was ~2-fold
increased following transfection of BX357664 into HCT116
cells or HT-29 cells, compared with the control groups
(Fig. 5A). Detection of key apoptosis executors revealed that
the activity of caspase-3 was significantly enhanced following
BX357664 overexpression in both CRC cell lines (Fig. 5B).
The activity of caspase-8 remained largely unchanged among
the treatment groups (Fig. 5C). The activity of caspase-9 was
significantly enhanced by overexpression of BX357664 in
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both HCT116 cells and HT-29 cells (Fig. 5D). These findings
suggested that cell apoptosis was significantly induced by
BX357664 overexpression in CRC cells.

Discussion

Colorectal cancer (CRC) represents a great burden for patients
worldwide. It is reported that >1.2 million patients are diag-
nosed with CRC annually, of which ~600,000 die from the
disease (5). The cornerstone of therapy for CRC is surgery;
however surgery is effective predominantly for localized
CRC. In patients suffering from metastatic CRC, only 10-25%
is applicable for surgical resection (13). Despite neoadjuvant
radiotherapy (for patients with rectal cancer) and adjuvant
chemotherapy (for patients with stage III/IV and high-risk
stage II colon cancer), only 30-40% of patients survive 5 years
and over (14). Therefore, new diagnostic and prognostic tools
and a detailed understanding of colorectal carcinoma develop-
ment need to be explored as soon as possible (15).

Accumulating evidence has demonstrated that a body of
IncRNAs exert its tissue specificity in various types of cancer
and serve an important role in human tumorigenesis and cancer
progression (16,17). Emerging IncRNAs have been identified
to associate with tumor progression or suppression of CRC,
including IncRNA UCC (9), IncRNA CHREF (18) and IncRNA
TUSCT7 (19). BX357664 was initially identified by microarray
analysis in renal cell carcinoma, and its full-length is 650 nt.
BX357664 was predicted to have the least potential of protein
coding by the online Coding Potential Assessment Tool (20).
BX357664 was reported to be downregulated in renal cell
carcinoma and to negatively regulate the cell proliferation and
EMT processes (11). However, the role of BX357664 in other
solid tumors remains largely unknown. In view that the same
molecule may play different roles in different types of cancer,
the role of BX357664 in other tumors merits further explo-
ration. This detailed information would largely enhance our
understanding of human tumorigenesis and of the functional
roles of BX357664 in human cancers.

The present study examined the role of BX357664 in
human CRC, and it represents the first report about this
IncRNA in human CRC. Similarly to the report demonstrating
that BX357664 negatively regulated cell proliferation and
EMT in human renal carcinoma (11), the present study also
demonstrated a significant role of BX357664 on human CRC.
First, the present study examined the downregulation of this
IncRNA in human CRC tissues and cultured cells, which was
consistent with that in renal carcinoma (11). Second, based on
its lower transcript level in CRC, BX357664 was overexpressed
in two CRC cell lines, HCT116 and HT-29, and the effects
on cell proliferation, migration and invasion were examined.
Consistent with the observations in renal carcinoma (11), over-
expression of BX357664 led to significantly decreased cell
proliferation, migration and invasion capacities in CRC cells.

To further verify the observations in cell proliferation,
migration and invasion, additional cell cycle and western
blot analysis of cell cycle regulators and EMT markers were
performed. Cell cycle arrest is a hallmark of proliferation inhi-
bition and an indicator of tumor suppression (21). Cyclin Bl,
CDC25C and Cyclin D1 are key regulators of the cell cycle.
Deregulation of these proteins is associated with aberrant
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tumor growth (21). The present western blot analysis revealed
that the protein levels of Cyclin B1, CDC25C and Cyclin
D1 were consistently decreased following overexpression of
BX357664 in CRC cells, consistent with the proliferation inhi-
bition mediated by BX357664. Additionally, EMT, the process
where tumor cells obtain highly mesenchymal properties and
lose the epithelial phenotype, is significantly associated with
metastasis (21). N-cadherin is a mesenchymal marker and
E-cadherin is an epithelial marker (22). The present western
blot analysis detected that expression of the mesenchymal
marker N-cadherin was decreased while the epithelial marker
E-cadherin was increased following BX357664 overexpression
in CRC cells, consistent with the migration and invasion inhi-
bition effects mediated by BX357664. Therefore, the present
results strongly suggested that BX357664 exerted inhibition
effects on CRC proliferation, migration and invasion.

Third, cell cycle arrest results in cell apoptosis in human
cancers (23,24). Therefore, the role of BX357664 in cell apop-
tosis was further examined. The present results demonstrated
that BX357664 overexpression significantly increased cell
apoptosis rates, which further supported the cell cycle arrest
and cell proliferation inhibition mediated by BX357664 in
CRC cells. Taken together, the present findings were consis-
tent with the previous study in renal cell carcinoma (11), and
suggest that BX357664 may serve as a tumor suppressor in a
wide range of solid tumors.

The mechanisms by which BX357664 exerts its func-
tions in CRC remain to be elucidated. The present data
demonstrated that cell apoptosis was induced following
overexpression of BX357664. The activities of caspase-3 and
caspase-9, but not caspase-8, were significantly enhanced
by BX357664 overexpression. These data indicated that
BX357664 might inhibit CRC progression via a caspase-3 and
caspase-9-dependent apoptosis pathway. Since BX357664 is
a novel IncRNA whose role in solid tumors remains largely
unknown, and there exists only one previous study that
reported that TGF-B1/p38/HSP27 signaling was regulated by
BX357664 in renal cell carcinoma (11), the molecular mecha-
nisms by which BX357664 exerts its properties in CRC would
merit further investigation.

In summary, the present study demonstrated that BX357664
was downregulated in clinical CRC tissues compared with
adjacent normal tissues. Overexpression of BX357664
decreased cell proliferation, migration and invasion capacities
in CRC cells. The present data suggested that BX357664 might
have critical suppressive effects on human tumorigenesis and
serve as a tumor suppressor. These data provided evidence that
overexpression of BX357664 might be a valuable therapeutic
strategy for a wide range of solid tumors, such as CRC and
renal cell carcinoma.
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