MOLECULAR MEDICINE REPORTS 20: 4073-4080, 2019

BNIPL-2 expression is correlated with the prognosis and
regulates the proliferation of colorectal cancer through CD44
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Abstract. Colorectal cancer (CRC) currently leads to many
deaths worldwide. The regulatory mechanism, however,
remains largely unclear. In the present study, bioinformatics
methods were used to identify genes associated with CRC
prognosis and to detect the molecular signals regulating the
cell cycle in two CRC cell lines. It was revealed that BNIPL-2
expression was higher in CRC tissues than in adjacent tissue
samples. Upregulation of BNIPL-2 was correlated with poor
prognosis and the adverse malignant stages T and M. BNIPL-2
was also associated with signaling pathways involved in
cancer cell growth. BNIPL-2 overexpression promoted cell
proliferation and increased the proportion of cells in the
G2/M phase. Knockdown of BNIPL-2 inhibited cell prolif-
eration. CD44 was regulated by BNIPL-2 and promoted
cell proliferation. Downregulation of CD44 suppressed cell
proliferation and rescued the cell proliferation promoted by
BNIPL-2. Overexpression of CD44 restored the cell prolifera-
tion suppressed by BNIPL-2 knockdown. The present study
not only suggested that BNIPL-2 may be a potential biomarker
of CRC but also indicated that BNIPL-2 regulates CRC cancer
proliferation via CD44, which could be a diagnostic and
clinical treatment target.
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Introduction

Colorectal cancer (CRC) is the third most common cancer
worldwide. Although there have been marked improvements
in clinical treatment methods, CRC still causes many deaths
every year, especially in developed countries (1,2). Great
efforts to understand the complicated pathogenesis of CRC
have been made, however it is still largely unknown, and
critical regulatory molecules that are important for monitoring
CRC tumor progression and detecting efficient therapeutic
targets for future clinical treatments are required.

Rapid growth, migration and invasion are critical
characteristics that induce malignant tumor genesis and devel-
opment (3-5). Many signaling pathways have been reported to
be closely related to these biological processes. For example,
the upregulation of Sox2 in breast cancer tissues was asso-
ciated with lymph node metastasis, pathological grade and
TNM classification (6). Kisspeptin suppressed cancer growth
and metastasis by activating EIF2AK?2 in CRC (7). Cyclin
D2/miR-1297 signaling was associated with the growth and
metastasis of CRC (8). miR-184 inhibited cell proliferation and
metastasis in CRC by targeting IGF-1R (9). MACCI1 was iden-
tified as a biomarker of metastasis and disease prognosis (10).
BNIPL-2 was revealed to interact with Bcl-2 and Cdc42GAP
to regulate apoptosis in cells (11). Additionally, BNIPL-2
promoted cell migration, invasion and metastasis in hepatocel-
lular carcinoma (HCC) cells (12). However, whether BNIPL-2
is also a potential critical regulator that is associated with CRC
progression and prognosis remains largely unknown.

CD44 is reported to be an important regulator of cell
proliferation. CD44 regulates endothelial cell proliferation
by modulating CD31 and VE-cadherin (13). Knockdown of
CD44 suppressed breast cancer cell proliferation (14). CD44
is also a potential biomarker for predicting hepatic metastases
and survival (15). Upregulation of CD44 is associated with
a metastatic CRC phenotype (16). However, whether CD44
directly regulates CRC proliferation and the related upstream
regulators remains largely unknown.

It was hypothesized that BNIPL-2 and CD44 may regulate
CRC proliferation, and the present study aimed to identify
whether BNIPL-2 is associated with CRC prognosis and can be
a potential biomarker by bioinformatics methods. The effects
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of BNIPL-2 and CD44 on cell cycle regulation and their regu-
latory relationship were also determined. In the present study,
transcriptome data analysis of patient samples from the Cancer
Genome Atlas (TCGA) dataset was performed to investigate
potential gene expression correlations with CRC prognosis
and progression. It was revealed that compared with that in
adjacent tissues, BNIPL-2 was upregulated in CRC tissues.
A higher expression level of BNIPL-2 was associated with
greater malignant cancer progression and a poorer prognosis
and was also closely correlated with the activation of signaling
pathways involved in tumor growth, invasion and migration.
The present study not only revealed the potential relationship
between BNIPL-2 and CRC during CRC proliferation but
also suggested the potential diagnostic value of BNIPL-2 as
a biomarker and treatment target for CRC in future clinical
therapy.

Materials and methods

Gene expression analysis of TCGA data. Data for the analysis
of BNIPL-2 expression differences and the RSEM value of
BNIPL-2-related regulatory signaling pathways in clinical
CRC samples with related genome transcriptomic profiles
were obtained online from TCGA (http:/cancergenome.nih.
gov/). All data regarding patients was obtained from TCGA.

Stratification of high or low levels of BNIPL-2 expression
in patients. To determine the relationship between clinical
malignancy stage, related signaling, and survival rate
and BNIPL-2 expression in CRC patients, the CRC tissue
samples were categorized according to high and low
BNIPL-2 expression, as related to the median. Patients with
higher BNIPL-2 expression than the median were classi-
fied into the high expression group, and those with lower
BNIPL-2 expression than the median were classified into the
low expression group.

Gene Set Enrichment Analysis (GSEA) using CRC tissues.
GSEA was performed with the msigdb.v6.0.symbols.gmtgene
set. A total of 10,000 permutations were used for P-value
statistics.

Cell culture. The CRC cell lines SW480 and HCT116 were
obtained from the American Type Culture Collection and
cultured in DMEM (HyClone; GE Healthcare Life Sciences)
supplemented with 10% FBS (Gibco; Thermo Fisher
Scientific, Inc.). Cells were cultured at 37°C in an atmosphere
with 5% CO,.

Overexpression of BNIPL-2. Total RNA was isolated from
SW480 cells and used to synthesize cDNA with a reverse
transcription PCR kit (Takara Bio, Inc.). The CDS sequence
of BNIPL-2 mRNA was amplified from the cDNA and
inserted into the Fugw vector (Addgene, Inc.). The primer
sequences were as follows: forward, 5'-GGCGGATCCATG
CGCAAGCGTCTTTCTGC-3' (BamH]1 site) and reverse,
5-GGCGAATTCCTATGTCCCTCCTGAGCCATGGAG-3'
(EcoR1 site). The vector was transfected into cells to overex-
press BNIPL-2 using Lipofectamine 2000 (Thermo Fisher
Scientific, Inc.).
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Knockdown of BNIPL-2. The siRNA sequences were as
follows: Control siRNA, 5-UUCUCCGAACGUCUCACG
U-3"; siRNA-1-BNIPL-2,5'-CGCGUAGACAUGACUGUC
AUU-3'; siRNA-2-BNIPL-2,5-CCUUUGCAUGACCCUACU
UUC-3'; and negative siRNA control, 5-UUCUCCGAACGU
GUCACGUTT-3.

Knockdown of p53. siRNA-p53: Sense sequences 5'-GACUCC
AGUGGUAAUCUACATT-3' [sequence was referenced by
a previous study (17)] was transfected into HCT116 cells to
downregulated p53 expression.

Overexpression of CD44. The CDS sequence of BNIPL-2 was
amplified to insert into the Fugw vector. The primer sequences
were as follows: Forward, 5'-GGCACCGGTATGGACAAG
TTTTGGTGGCACG-3' (Agel site) and reverse, 5'-GGCGAA
TTCTTACACCCCAATCTTCATGTCCACA-3' (EcoR1 site).

Knockdown of CD44. For CD44 knockdown, two siRNAs
were used. The sense sequences for CD44 siRNA were as
follows: siRNA control, 5SSUUCUCCGAACGUCUCACGU-3";
siRNA-1-CD44, 5'-UGCCUUUGAUGGACCAAUU-3'; and
siRNA-2-CD44, 5-UAUUCCACGUGGAGAAAAATT-3.

Flow cytometric assay. Cells were digested into a cell suspen-
sion and washed with PBS. Then, the cells were fixed with
70% alcohol at 4°C for 2 h. RNase A (20 mg/ml final concen-
tration) was used to degrade whole RNA for 30 min at room
temperature. Then, the cells were incubated with a propidium
iodide solution (final concentration 50 mg/ml) for 15 min in
the dark to stain the DNA. The cell cycle was analyzed using
a Cytomics FC 500 instrument (Beckman Coulter, Inc.). The
data were analyzed by FlowJo 7.6.1 software ( FlowJo LLC).

Reverse transcription-quantitative (RT-q) PCR. Total RNA
was isolated by RNAiso plus (Takara Biotechnology Co.,
Ltd.). cDNA was subsequently reverse-transcribed with
M-MLV reverse transcriptase (Takara Biotechnology Co.,
Ltd.). RT-PCR included 40 cycles of amplification using
SYBR Green qPCR mix (BioRad Laboratories, Inc.). Relative
gene expression (2°24¢9) (18) was normalized to GAPDH. The
primer sequences used were as follows: GAPDH (forward,
5'-CTGGGCTACACTGAGCACC-3' and reverse, 5'-AAG
TGGTCGTTGAGGGCAATG-3"); cyclin E (forward, 5'-CGC
CTGCCGGGACTGGAG-3' and reverse, 5-TCTTCCTGG
AGCGAGCCG-3"); cyclin D (forward, 5'-GACCACCGAGGA
GTTTAATCG-3' and reverse, 5-GGGTGATCCCCTGAT
CCTTTG-3"); p21 (forward, 5-TGTCCGTCAGAACCCATG
C-3'; and reverse, 5~ AAAGTCGAAGTTCCATCGCTC-3"),
BNIPL-2 (forward, 5'-GAGTCTGACTAAGGGGCCTG-3'
and reverse, 5'-CTCCGAGTCTGAAGGTGTCT-3"); and
CD44 (forward, 5'“TTGCTGCACAGATGGAGTTGG-3'
and reverse, 5'-GAAAGCTCTGAGCATCGGATTTG-3").
Thermocycling conditions were: Initial denaturation: 95°C for
30 sec, 95°C for 5 sec, 60 °C for 34 sec for 30 cycles.

Western blot analysis. Cells were lysed with SDS Lysis
buffer (Beyotime Institute of Biotechnology, Inc.) and heated
at 95°C for 10 min. A BCA Protein Assay Kit (Beyotime
Institute of Biotechnology, Inc.) was used for protein amount
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Figure 1. BNIPL-2 is upregulated in CRC tissues and correlated with poor prognosis. (A) BNIPL-2 was significantly higher in 459 CRC samples than in 41
adjacent tissues. P=2.22e-12. (B) The survival rate was lower for high-BNIPL-2 expression CRC patients than for low-BNIPL-2 expression patients. P=0.046.

CRC, colorectal cancer.

determination. 10 pg protein was used for electrophoresis in
agarose gel (12.5%; Epizyme, Inc.) Protein was transferred
onto the PVDF membrane (Bio-Rad Laboratories, Inc.).
The membrane was blocked by using 3% BSA (Epizyme,
Inc.) for 1 h at room temperature and then incubated with
primary antibodies against CD44 (Abcam, ab157107, Rabbit
polyclonal antibody, 1:1,000 dilution), BNIPL-2 (Novus
biologicals, NBP1-79502, Rabbit polyclonal antibody,
1:1,000 dilution) and GAPDH (Cell signaling technology,
14C10 2118, Rabbit polyclonal antibody, 1:2,000 dilution)
respectively at room temperature for 2 h. Membrane was then
incubated by secondary antibodies (Thermo, Inc, G-21234,
1:3,000 dilution) at room temperature for 1 h. Results for
signaling visualization was detected by enhanced chemilu-
minescence (ECL) western blotting substrate (Thermo, Inc.)
and analyzed using the Bio-Rad ChemiDoc system (Bio-Rad
Laboratories, Inc.).

Cell proliferation analysis. Cells were seeded at a density
of 3x10° cells/well) in 96-well plates and used to perform a
proliferation assay according to the Cell Titer 96 AQueous
One Solution Cell Proliferation Assay instructions (MTS)
(Promega Corporation). A microplate reader was used to
detect the absorbance at 490 nm.

Statistical analysis. T-tests were used to determine statistical
significance. Fisher's exact test was used to determine TMN
stage differences. Prognosis analysis was performed using
the Kaplan-Meier method. The values are presented as the
mean =+ standard deviation. P<0.05, P<0.01 and P<0.001 were
considered to indicate statistically significant differences.

Results

BNIPL-2 is upregulated in CRC tissues and correlated with
poor prognosis. To determine whether BNIPL-2 expression
was associated with CRC, the expression level of BNIPL-2 was
analyzed in 41 adjacent tissue samples and 459 cancer samples
from TCGA and significantly higher BNIPL-2 levels were

revealed in CRC samples than in adjacent tissues (Fig. 1A).
A Kaplan-Meier survival curve was used to analyze whether
the different levels of BNIPL-2 expression were related to the
prognosis of CRC patients. Patients were assigned into two
groups corresponding to low and high BNIPL-2 expression,
which was defined according to the median patient expres-
sion, and it was revealed that there was a significantly poorer
survival rate for the high BNIPL-2 expression group than for
the low BNIPL-2 expression group. Additionally, the five-year
survival rate of patients with low expression of BNIPL-2 was
approximately 10% higher than that of patients with high
BNIPL-2 expression (Fig. 1B).

High expression of BNIPL-2 is associated with the malig-
nant stage characteristics of CRC. Due to the relationship
between high BNIPL-2 expression and poor prognosis, it was
hypothesized that BNIPL-2 expression would be associated
with malignant stage characteristics. It was revealed that
tissues with higher expression of BNIPL-2 stratified at the
more adverse stage IV, whereas tissues with lower levels of
BNIPL-2 stratified at stages II and III (Fig. 2A). TNM staging
was further analyzed and it was revealed that there were more
tissues with high BNIPL-2 expression classified as M1 than as
MO compared to low BNIPL-2 expression (Fig. 2B). There was
no significant difference between BNIPL-2 expression and N
staging classification (Fig. 2C). However, T staging analysis
revealed that more cancer tissues with high BNIPL-2 expres-
sion were in the T4 stage than CRC tissues with low BNIPL-2
expression (Fig. 2D).

BNIPL-2 promotes the proliferation of the CRC cell line
SW480. The tumor genesis- and development-related regula-
tory pathways associated with BNIPL-2 expression were
detected in CRC transcriptomic profiles by gene set enrich-
ment analysis (GSEA) and the results revealed that the cell
migration-related signaling pathway was activated in BNIPL-2
high-expression tissues but not in BNIPL-2 low-expression
tissues (Fig. 3A). Overexpression of BNIPL-2 (Fig. 3B) in
SW480 cells upregulated the expression of cyclin D1 and
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Figure 2. High expression of BNIPL-2 is associated with the malignant stage characteristics of CRC. (A) More CRC tissues with high expression of BNIPL-2
were stratified at stage IV than CRC tissues with low expression levels of BNIPL-2. (B) More BNIPL-2-high expression tissues were stratified at the M1 stage
than at the MO stage compared to the BNIPL-2-low expression tissues. (C) There was no significant difference between the expression of BNIPL-2 and the N
staging classification. (D) T staging analysis revealed that more cancer tissues with high expression of BNIPL-2 were in the T4 stage. CRC, colorectal cancer.

cyclin El and downregulated the expression of the cell cycle
inhibitor p21 (Fig. 3C). The proportion of cells was decreased
in the G1 phase and increased in the S and G2/M phases by
the overexpression of BNIPL-2 (Fig. 3D). An MTS prolif-
eration assay revealed that cell proliferation was promoted by
BNIPL-2 overexpression (Fig. 3E).

BNIPL-2 also promotes the proliferation of the CRC cell
line HCT116. To further confirm the function of BNIPL-2 in
regulating CRC proliferation, BNIPL-2 was overexpressed in
another CRC cell line, HCT116, and the results revealed that
proliferation was also promoted (Fig. 4A). The critical cell
cycle-related genes cyclin DI and cyclin E1 were higher, and
p21 was lower in BNIPL-2-overexpressing cells than in control
cells (Fig. 4B). Downregulation of CD44 did not induce
changes in BNIPL-2 mRNA (Fig. 4C) and protein (Fig. 4D)

expression, which suggested that there was no reverse
regulation of BNIPL-2 and CD44.

CD44 is regulated by BNIPL-2 and promotes CRC
proliferation. Overexpression of BNIPL-2 increased the
protein level of CD44 in SW480 cells (Fig. 5A). Overexpression
of CD44 (Fig. S1A) promoted SW480 cell proliferation
(Fig. 5B) and increased the expression of the cell cycle-related
genes cyclin D1 and El and decreased the expression of p21
(Fig. 5C). CD44 knockdown (Fig. S1B) inhibited proliferation
(Fig. 5D), increased p21 expression and decreased cyclin D1
and E1 expression (Fig. 5SE). In order to demonstrate the effect
of transfection, a positive siRNA experimental group was
also employed. siRNA-p53 [sequence was referenced by a
previous study (17)] was transfected into HCT116 cells and the
downregulation of p53 was detected to confirm the effective
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Figure 3. BNIPL-2 promotes the proliferation of the CRC cell line SW480. (A) GSEA revealed that the cell migration-related genes were enriched in the
BNIPL-2 high-expression tissues compared with those in the BNIPL-2 low-expression tissues. (B) Overexpression of BNIPL-2 in SW480 cells by transfection
with a BNIPL-2 ectopic expression vector. Ctrl indicates the Fugw empty vector, which was confirmed by qPCR (left panel) and western blotting (right panel).
(C) Detection of the cell cycle-related genes cyclin D1, cyclin El and p21 in BNIPL-2 overexpression and control cells. (D) A flow cytometric assay indicated
that the proportion of cells in the G1 stage was decreased by BNIPL-2 overexpression. The proportion of cells in the G2 stage was increased compared to the
Ctrl. (E) An MTS proliferation assay revealed that cell proliferation was promoted by BNIPL-2 overexpression. The data presented are the means + SD (n=3).
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“P<0.05, “P<0.01 and ““P<0.001 vs. the corresponding control. CRC, colorectal cancer.

transfection system (Fig. S1C). It was further determined
that CD44 overexpression (Fig. S1D) promoted HCT116 cell
proliferation (Fig. S1E), and CD44 knockdown (Fig. S1F)
suppressed HCT116 cell proliferation (Fig. S1G).

CD44 mediates the function of BNIPL-2 in regulating CRC
proliferation. A rescue experiment was then performed to detect
whether BNIPL-2 promotes cell proliferation through CD44. It
was revealed that CD44 knockdown significantly blocked the
promotion of proliferation caused by overexpressing BNIPL-2
in SW480 cells (Figs. 6A and S2A). The expression of cell
cycle-regulated genes was also restored by CD44 downregula-
tion (Fig. 6B). BNIPL-2 knockdown downregulated CD44 at
the mRNA (Fig. 6C) and protein levels (Fig. 6D) and inhibited

cell proliferation (Fig. 6E). CD44 overexpression rescued the
proliferation caused by BNIPL-2 knockdown in both SW480
cells (Fig. 6F) and HCT116 cells (Fig. S2B and C).

Discussion

Colorectal cancer has become one of the most frequent types
of malignant cancers worldwide (2). An improved under-
standing of the risk factors of CRC is of great importance to
improve the future diagnosis and treatment of the disease. In
the present study, it was revealed that a high level of BNIPL-2
is a critical factor involved in the adverse T and M stages and
poor prognosis and is correlated with cell growth, migration,
and invasion regulatory signaling pathways.
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and ""P<0.001 vs. the corresponding control.

BNIPL-2 has been reported to promote the invasion and
metastasis of human hepatocellular carcinoma cells (12).
However, apoptosis and growth inhibition-related genes were
upregulated, and cellular proliferation was downregulated
in Hep3B cells overexpressing BNIPL-2 (19). These studies
indicated the complicated function of BNIPL-2 in regulating
cancer physiology. It was revealed that upregulation of
BNIPL-2 in CRC tissues suggested a poor prognosis. These
results are the first to indicate the critical relationship between
BNIPL-2 and CRC.

BNIPL-2 interacts with Bcl-2 and Cdc42GAP (11), which
are both important apoptosis- and proliferation-related genes
in many types of cancers (20,21). These studies indicated the
critical regulatory function of BNIPL-2 in cancer cell growth.
TMN stage analysis was performed and a correlation between
higher BNIPL-2 expression levels and adverse T and M stages
was revealed, which suggested the potential function of
BNIPL-2 in the regulation of cell growth involved in prolifera-
tion and apoptosis. It was further detected that gene enrichment
for tumor genesis and development, including cell growth,
migration, and invasion, were all stratified in the BNIPL-2

high expression tissues. BNIPL-2 was also critically involved
in regulating CRC cell proliferation. BNIPL-2 upregulated the
expression of cyclin D1 and cyclin El and downregulated the
expression of p21. The proportion of cells was increased in
the G1 phase and decreased in the S and G2/M phases upon
overexpression of BNIPL-2. The present results indicated the
critical function of BNIPL-2 in regulating CRC proliferation
and cell cycle processes.

CD44 has been reported to promote cell proliferation in
non-small cell lung cancer (16). vCD44 regulated prolifera-
tion in lung cancer PDL cells, possibly through BMP-2, FGF-1
and ICAM-1 (22). In cutaneous squamous cells, miR-199a
targeted CD44 and reduced proliferation (23). These studies
indicated the function of CD44 in regulating cell proliferation.
In the present study, it was confirmed that CD44 mediated
the function of BNIPL-2 in regulating CRC proliferation.
BNIPL-2/CD44 signaling plays an important role during CRC
growth.

Additionally, there are some limitations to this study. It will
further be determined whether BNIPL-2 can be a transcrip-
tional factor that regulates the expression of CD44 by ChIP
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and luciferase reporter gene assays in the future. Additionally,
the BNIPL-2/CD44 signaling axis regulation of CRC cell
proliferation in vivo will be verified. The present results not
only indicated the important roles of BNIPL-2 in CRC genesis
and development and cell cycle and proliferation regulation
but also suggested the potential function of BNIPL-2 as an
efficient biomarker or treatment target for future therapy.
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