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Purpose: Biliverdin reductase A (BLVRA) is a pleiotropic enzyme that converts biliverdin-
IX-alpha into the antioxidant and anti-nitrosative compound, bilirubin-IX-alpha. It is related
to various diseases, including cancer. It is overexpressed in many types of cancers and
promotes cancer development and metastasis, but the effects of BLVRA in colorectal cancer
have not been researched at present. This study was aimed to investigate the effects of
biliverdin reductase A (BLVRA) in vivo and vitro experiments and its possible mechanism.
Methods: The clinical samples of CRC patients and CRC cell lines HT-29 and SW620 were
chosen to perform the experiments. ELISA and Immunohistochemistry (IHC) were applied
to test the level of BLVRA in patients. HT-29 knockdown of BLVRA and SW620 over-
expression of BLVRA was established by the lentiviral vector transfection. Reverse tran-
scription-quantitative real-time polymerase chain reaction and Western blotting were
performed to examine the expression of BLVRA. MTT was used to detect the proliferation
of CRC cells. Flow cytometry was applied to assess the rate of apoptosis. Transwell assay
was performed to examine the capacity of migration and invasion. Immunofluorescence
staining was adopted to assess the expression of E-cadherin and vimentin. Western blotting
was utilized to detect the expression of apoptosis-related proteins, EMT-related proteins and
target proteins of Wnt/B-catenin signaling pathway.

Results: Analysis of the clinical samples revealed that BLVRA was overexpressed in CRC
patients and implied poor prognosis. BLVRA overexpression in the in vitro studies revealed that
it increased the potential of CRC cells for proliferation, migration and invasion; augmented
EMT; and hindered apoptosis. In addition, BLVRA overexpression was found to upregulate
positive target genes and downregulate negative target genes of the Wnt/B-catenin signaling
pathway, which implied that the biological effects of BLVRA in CRC were mediated by this
pathway. In contrast, knockdown of BLVRA manifested the opposite effects.

Conclusion: Our results suggested that BLVRA might be a promising prognostic marker
and a potential therapeutic target in CRC.

Keywords: biliverdin reductase A, colorectal cancer, cancer progression, Wnt/B-catenin
signaling pathway

Introduction

Colorectal cancer (CRC) is a common malignancy of the digestive tract." Among
all types of malignant tumors, it has the third-highest incidence, both worldwide
and in China, and the second- and fifth-highest death rates, respectively.”*> CRC is
characterized by occult onset, easy metastasis, and poor prognosis. Although early
diagnosis techniques and clinical treatment methods have greatly progressed, the
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overall treatment efficacy and survival rate of CRC are
still rather poor.* Therefore, the discovery of new targets
and the development of additional therapies are urgently
needed.

Biliverdin reductase (BVLR or BVR) is a well-char-
acterized enzyme of the heme degradation pathway. Its
name-giving activity is the conversion of biliverdin-IX-
alpha into bilirubin-IX-alpha.” As the latter is a potent
antioxidant, BLVRA is important in maintaining the cel-
lular redox balance. Biliverdin reductase A (BLVRA), the
major isoform of BVR, is a pleiotropic enzyme. In addi-
tion to catalyzing the aforementioned reaction, it can also
modulate signal transduction, either directly through its
serine/threonine/tyrosine kinase activities or indirectly by
acting as a scaffold/bridge and intracellular transporter of
kinases that mediate cell growth and proliferation. This
multitude of activities allows it to influence thousands of
genes, including genes involved in signaling pathways and
apoptosis, as well as cyclins.”®

Overexpression of BLVRA has been reported in many
diseases, including cancers. The level of BLVRA is rather
high in many cancers, including liver cancer,®’ lung
cancer,” breast cancer,'® skin cancer,!' and esophageal
cancer.'? However, the role of BLVRA in CRC has not
yet been fully elucidated.

In this study, we first demonstrated that CRC patients
displayed increased BLVRA levels. Moreover, we used
CRC lines to investigate the biological functions of
BLVRA in CRC cells. Finally, we established that
BLVRA exerted its actions by modulating the Wnt/p-cate-
nin signaling pathway.

Materials and Methods

Clinical Samples

The study was carried out using samples from 110 patients
who were histopathologically diagnosed as colorectal ade-
nocarcinoma cases at the Affiliated Hospital of Yangzhou
University and Yangzhou TCM Hospital from 2015 to
2017. As controls,110 healthy volunteers joined in this
study. The tissues and the plasma of peripheral blood
were acquired before the first treatment. The group con-
sisted of 2 I stage, 31 II stage, 40 III stage and 37 IV stage
of the patients. Ethical approval (NO.2020-YKL-017) was
granted from the Ethical Committee of the hospital and
fully informed consents were asked from all patients
before sample collection. All participants (not just the
patients) provided written informed consent, and this

study was conducted in accordance with the Declaration
of Helsinki.

Enzyme-Linked Immunosorbent Assay
(ELISA)

The concentration of BLVRA in serum was detected with an
ELISA system kit (Fengxiang Biotechnology, Shanghai,
China). Each measurement was performed three times.

Immunohistochemistry (IHC)

Specimens were fixed in formalin and embedded in paraf-
fin. Afterward, they were cut into 2—3 mm thick slides
with a slicer and deparaffinized with xylene. After block-
ing the endogenous peroxidase activity, the sections were
incubated with anti-BLVRA (Proteintech, Wuhan, China,
dilution 1:100) at 4°C overnight, followed by incubation
with the secondary antibodies for 30 min at room tempera-
ture. Sections were then stained with a DAB chromogenic
kit (Changdao Biotechnology, Shanghai, China) and
restained with hematoxylin. Cells stained brown and yel-
low were considered as positive. Positive results were
evaluated on digital microphotographs. The percentage of
positive cells was described as follows:'* 0-5% for 0
score, 6-25% for 1 score, 26-50% for 2 scores, and
more than 50% for 3 scores. The staining intensity was
described as follows: 0 score for no staining, 1 score for
weak staining, 2 scores for moderate staining, and 3 scores
for strong staining. The scores from the percentage and
intensity were added to an overall score. BLVRA protein
with an overall score of 0—2 was defined as ‘low’, and with
an overall score of 3—6 was defined as ‘high’.

Cell Lines and Cell Culture

Five human CRC cell lines and normal fetal human cells
(FHC) cells were obtained from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China). All
cell lines were cultured in the appropriate media supple-
mented with 10% FBS and 1% penicillin/streptomycin, in
a humidified incubator at 37°C with 5% CO,.

Cell Transfection

Lentiviral vector overexpressing BLVRA or BLVRA-specific
siRNAs, as well as the appropriate negative controls (NC),
were purchased from Shanghai Genechem (Shanghai,
China). HT-29, and SW620 cells (1.5x10° cells per well)
performed with FuGENE HD
Transfection Reagent (Promega, USA).

transfections  were
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Cell Proliferation Assay

Transfected HT-29 and SW620 cells, as well as blank
controls and negative controls, were seeded in 96-well
plates at 3x10° cells per well. Immediately or after cultur-
ing for various times (24 h, 48 h, or 72 h), 20 uL MTT (5
mg/mL) was added to each well and incubated for 4 h.
Afterward,150 pnL. DMSO was added to each well and OD
values were measured at 490 nm with a microreader.

Flow Cytometric Assessment of
Apoptosis

Cells were collected after being cultured for 24 h in six-
well plates. After the addition of 10 uL. Annexin V-FITC
and 5 pL PI (Fcmacs, Nanjing, China), cells were incu-
bated at room temperature in the dark for 15 minutes.
Apoptotic cells were quantified by fluorescence-activated
flow cytometry (FACS).

Transwell Assays

For migration and invasion assays,1x10° cells were seeded
in the upper chambers with 200 pL serum-free medium or
Matrigel (BD Biosciences, San Jose, CA, USA), respec-
tively. Corning Costar filters (Corning, NY, USA) with a
pore size of 8 um were inserted into the lower chambers
with medium containing 20% FBS. After 24 h incubation,
each well was dyed with a crystal violet solution
(Beyotime Biotechnology, Shanghai, China) for 30 min,
and cells on the top filter were wiped off with a cotton
swab. The numbers of migratory or invasive cells were

counted in five randomly picked fields by microscopy.

Real-Time Polymerase Chain Reaction
(RT-PCR)

Total RNA was extracted with Invitrogen Trizol (Thermo
Fisher Scientific, Waltham, MA, USA) and quantified
using a UV spectrophotometer. After reverse transcription
(Transgen, Beijing, China), RCR amplification was per-
formed by Real-Time PCR using the Fermentas SYBR
Green PCR reagent (Thermo Fisher Scientific, Waltham,
MA, USA), according to the manufacturer’s instructions,
in an ABI 7300 Real-Time PCR system (Thermo Fisher
Scientific). Results were processed using the ABI 7300
SDS software (Thermo Fisher Scientific) and normalized
to GAPDH mRNA levels. Each reaction was performed in

triplicate.

Immunofluorescence Staining

CRC cells were seeded into 24-well plates containing glass
coverslips and fixed with 4% paraformaldehyde, permea-
bilized with Triton X-100, and blocked with 5% bovine
serum albumin. Cells were then incubated with the pri-
mary antibody (Cell Signaling Technology, Inc, Shanghai,
China; 1:200) overnight at 4°C, followed by incubation
with Alexa Fluor 647-conjugated secondary antibody
(Thermo Fisher Scientific) for 1 h. Cell nuclei were stained
with DAPI. Images were captured under an inverted fluor-
escence microscope.

Western Blot Analysis

Proteins were extracted from samples with RIPA buffer
(KeyGEN BioTECH, Nanjing, China) according to the man-
ufacturer’s protocol. Total protein concentrations were mea-
sured using the BCA assay. Equal amounts of proteins were
separated by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred onto
PVDF membranes, which were blocked in 5% BSA for 1.5
h, followed by overnight incubation at 4°C with different
antibodies (BLVRA 1:1000, cyclin D1 1:1000, Bel2 1:1000,
Bax 1:5000, survivin 1:1000, caspase-7 1:1000, E-cadherin
1:1000, vimentin 1:1000, snail 1:1000, Wnt5a 1:1000, (-
catenin 1:1000, p-B-catenin 1:1000, p-GSK-33 1:1000,
p-PTEN 1:1000, C-myc 1:1000, COX-2 1:1000, and
GAPDH 1:5000).After incubating with the corresponding
secondary antibodies for 2 h, protein bands were visualized
using a Western blotting analysis system.

Statistical Analysis

All data were analyzed with GraphPad Prism statistical
software and the results were expressed as the mean +
standard deviation (SD). Analysis of statistical signifi-
cance was performed with Student’s #-test for two groups
and one-way ANOVA for more than two groups; p values
<0.05 were considered statistically significant. NS was
considered as no significance.

Results
BLVRA Is Highly Expressed in CRC

Patients

ELISA revealed that the serum level of the BLVRA pro-
tein was significantly higher in CRC patients than in
healthy volunteers (Figure 1A). Moreover, tumors dis-
played significantly more widespread IHC staining for
BLVRA than adjacent tissues (Figure 1B-D).
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We also examined whether the levels of BLVRA dif-
fered among tumors of different clinical stages and posi-
tions. Results showed that the serum levels (Figure 1E)
and the size of the stained area (Figure 1F) had signifi-
cantly higher values in samples from stage III/IV tumors
than from stage I/Il tumors. With respect to position,
neither the serum levels (Figure 1G) nor the size of the
stained area (Figure 1H) significantly differed between
right- and left-sided colon cancer. In addition, the high
expression of BLVRA was associated with poor progres-
sion-free survival and overall survival of CRC patients
(Figure 1I and J).

HT-29 and SW620 Cell Lines Were

Selected for the Following Experiments
To choose the appropriate line for each experiment, their
endogenous BLVRA expression levels had to be deter-
mined. Real-time polymerase chain reaction (RT-PCR)
and Western blotting showed that BLVRA expression
was higher in all CRC cell lines than in FHC cells.
Among the CRC cell lines, SW620 exhibited the lowest
and HT-29 the highest expression of BLVRA; thus, they
were chosen for the overexpression and the knockdown
experiments, respectively (Figure 2A—C).

Overexpression of BLVRA in SW620
Cells Promoted Proliferation, Stimulated
Migration/Invasion, Accelerated EMT, and
Inhibited Apoptosis

To further investigate the function of BLVRA in CRC, we
infected SW620 cells with a BLVRA overexpression len-
tivirus or the corresponding negative control. The specific
cell line was selected because its relatively low (compared
to the other four tested CRC lines) endogenous BLVRA
expression should make for more easily observed over-
expression results. Both RT-PCR analysis and Western
blotting confirmed the overexpression of BLVRA in the
transfected cells (Figure 3A).

We first examined whether BLVRA overexpression
affected proliferation in CRC cells. MTT assays demon-
strated that BLVRA overexpression significantly increased
the proliferation of SW620 cells (Figure 3B). Next, we
investigated the effect of BLVRA on migration and invasion.
Transwell assays showed that overexpression of BLVRA
significantly promoted both processes (Figure 3C-D).

Based on the augmenting effect of BLVRA on cell
invasion and migration, we next asked whether BLVRA

also affected the expression of EMT (endothelial to
mesenchymal transition)-related proteins in CRC cells.
Western blotting (Figure 3E) and immunofluorescence
staining (Figure 3F—G) revealed that BLVRA overexpres-
sion significantly downregulated E-cadherin, whereas it
upregulated vimentin and snail. These results strongly
indicated that the overexpression of BLVRA could accel-
erate the EMT of CRC cells.

Finally, FACS analysis showed that BLVRA overex-
pression significantly reduced the ratio of apoptotic cells
(Figure 3H). Consistently, Western blotting revealed that
the transfected SW620 cells had higher expression level of
the anti-apoptotic proteins, Bcl-2 and Survivin, and lower
expression levels of Caspase 7 and the pro-apoptotic BAX
protein (Figure 31 and J).

BLVRA Knockdown in HT-29 Cells
Reduced Proliferation, Suppressed
Migration/Invasion, Hindered EMT, and

Promoted Apoptosis

For this set of experiments, we used the HT-29 line. As
mentioned above, HT-29 cells had the highest endogenous
BLVRAexpression among the tested CRC lines; therefore,
we expected that the results of BLVRA knockdown would
be more easily observable in the specific cells. The success
of the knockdown was confirmed by RT-PCR and Western
blotting analysis (Figure 4A).

BLVRA knockdown in HT-29 cells had the exact oppo-
site effects compared with the BLVRA upregulation in
SW620 cells. Specifically, it markedly decreased prolifera-
tion of HT-29 over time (Figure 4B), significantly reduced
the migration and invasion potential of HT-29 cells
(Figure 4C-D), delayed EMT (Figure 4E-G), and enhanced
apoptosis (Figure 4H-J).

BLVRA Exerts Its Effects in CRC Cells via
the Wnt/B-Catenin Signaling Pathway

Our next step was to establish the pathway(s) that mediate
the observed effects of BLVRA. Our previous experiments
showed that survivin is downregulated by BLVRA. This
finding, combined with the fact that survivin is a known

14,15 made

target of the Wnt/B-catenin signaling pathway,
us focus on the said pathway.

Overexpression of BLVRA in SW620 cells increased
the levels of Wnt5a and B-catenin, and reduced the levels
of p-B-catenin (Figure 5A), suggesting that BLVRA indeed

activated the Wnt/B-catenin signaling pathway. Additional

submit your manuscript

2700

Dove

Cancer Management and Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove Mao et al

3000+
15000, A < B =~
-y o4
£ >
2 il @ 2000
5 10000+ 5
> g
m ©
‘5 50004 .g 10004
(] -
g =
3 3 T
> [
0 o T
& & L A
o&z‘ .&o‘ S o (&'b
& * . ®
15000, E | — : Fi =
— ] 4000+
£ O L g
£ >
1 3000
< 10000- o
l =
['4 [S)
= S 2000
o &
% 5000+ o
>
® = 1000
3 b=
S &
0- 0-
& N Q
Stage Stage
NS
15000, G NS H
= 3000+
E e e
2 >
-
= 10000+ o
§ — 2000+
S =}
'} ©
G |
‘s 5000+ © 1000-
o >
3 3
©
> <
0- 0- .
AN & x
< X
V ® q._\é‘
Location Location
— Low - Low
3 - High -1 High
£ >
: 3
= o
o <
. - g
Latatid L
0 i b PP
y g i 0 T T T 1
. o i) o 0 2 40 60 80

Progression-free survival(months) Overal survival(months)

Figure | (A) BLVRA levels in the plasma of CRC patients and healthy controls as determined by ELISA; (B) Graph showing the size of the positive areas in tumors and
adjacent normal tissues; anti-BLVRA immunochemical staining in tumors (C) and adjacent normal tissues (D) of patients (200x); (E) Levels of BLVRA in the plasma of
patients with CRC at various stages as determined by ELISA; (F) Size of positive areas after anti-BLVRA immunohistochemical staining of tumors of different stages; (G)
Levels of BLVRA in the plasma of patients with left- or right-sided CRC; (H) Size of positive areas after anti-BLVRA immunohistochemical staining of left- or right-sided CRC
tumors. ¥p<0.01; ¥*p<0.001; NS, no significance; (I) Progression-free survival in patients with low or high level of BLVRA; (J) Overall survival in patients with low or high
level of BLVRA.

Cancer Management and Research 2020:12 submit your manuscript 2701
Dove


http://www.dovepress.com
http://www.dovepress.com

Mao et al

Dove

A SW620 SW480

HT29 HCT116 LOVO FHC

BLVRA s - G- S— a—

G - G — —

o
©
1
w

Relative protein of BLVRA
o o o o
L L e (s

*
i q ¥
T
i 1%

:

. i

Relative BLVRA mRNA levels

0.08- C
*k%k
0.06 .
*kk
0.04 T s
-
*
0.02- i
0 00" T T T
Q o &) o o o
Vv 3 YV N Q &
©! W A N o <
N &N T &S
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The expression of BLVRA was normalized to GAPDH. *p<0.05; **p<0.01; **p<0.001.

supporting evidence was the observed increases in C-myc,
COX-2, cyclin D1, and p-GSK-3p levels, all of which are
positive targets of this pathway, and the reduced level of
p-PTEN, which is a negative target of the pathway
(Figure 5A). As expected, knocking down BLVRA in
HT-29 had the opposite effects on the levels of the afore-
mentioned proteins (Figure 5B). As a whole, these results
strongly indicated that BLVRA induced the progression of
CRC cells by regulating the Wnt/B-catenin signaling
pathway.

Discussion

In this study, CRC tissues were found to express higher
levels of BLVRA than adjacent healthy tissues. Moreover,
patients had higher serum levels of the protein than
healthy controls. The serum and tissue levels positively
correlated with tumor stage, which means they were indi-
cative of poor prognosis; in contrast, they did not differ
between left- and right-sided CRC. Our results indicated
that BLVRA had a tumor-promoting effect in CRC,
prompting us to determine which biological properties of
these cells were directly affected by BLVRA. In vitro
overexpression and knockdown experiments using two
CRC cell lines asserted that BLVRA increased prolifera-
tion and augmented the migration and invasion potential of

CRC cells. These results were consistent with those of
BLVRA knockdown studies in other malignancies.”"°
Apoptosis, a conserved mechanism of programmed cell
death, is malfunctioning in several cancers. Emerging evi-
dence has shown that defective apoptosis not only pro-
moted tumorigenesis but also brings about resistance of
cancer cells to treatment. In the current study, we showed
for the first time that BLVRA hindered apoptosis in CRC
cells by upregulating the anti-apoptotic proteins, Bcl-2 and
Survivin, and downregulating the pro-apoptotic proteins,
BAX (which is necessary for the activation of the mito-
chondria-dependent apoptosis pathway) and caspase-7
(which is an executor of apoptosis).'®'” It is worth noting
that these functions may be interconnected, i.e., one med-
iating another. Survivin, which is also a target of the Wnt/

B-catenin signaling pathway, 14,15

is another anti-apoptotic
gene. For example, knocking down survivin in breast
cancer has been shown to induce apoptosis by upregulat-
ing caspase-7 and caspase-3. Therefore, it was possible
that BVR was propitious to the emergence of tumor resis-
tance by inhibiting apoptosis and may serve as a specific
target for cancer diagnosis and treatment. This anti-apop-
totic effect is consistent with a previous study reporting
that BLVRA may mediate the hypoxia-induced inhibition
of apoptosis.'®
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EMT is a pivotal step in the process toward tumor characteristics, which is accompanied by the shift from an

recurrence and metastasis. It involves the loss of cell-to-  epithelial to a mixed epithelial/mesenchymal or mesench-

cell adhesion and the adoption of migratory and invasive  ymal phenotype, respectively.'” E-cadherin is a major
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player in cell-cell adhesion; as such, its downregulation is  mesenchymal cells that is considered a typical EMT mar-
essential for EMT and cell migration. In contrast, vimen-  ker, as well as snail are upregulated during EMT.*° In our
tin, a type-IIl intermediate filament protein expressed in CRC lines, BLVRA downregulated E-cadherin while it
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Figure 4 (A) Confirmation of BLVRA knockdown in transduced HT-29 cells by Western blotting and RT-PCR analysis; (B) Proliferation of HT-29 as determined using the
MTT assay (n = 3); (C, D) Migration and invasion of HT-29 cells as determined by transwell assays (100%); Progress of EMT as assessed by Western blotting (E) and
immunofluorescence staining (100x) (F, G); (H) FACS Annexin V-FITC/PI apoptosis analysis; (I) Western blot analysis of apoptosis-related genes; (J) Graph showing the
quantification of the bands in (I). The protein and mRNA levels of GAPDH were used for normalization is Western blot and RT-PCR analysis, respectively. *p <0.05; **p
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Figure 5 The effects of BLVRA overexpression in SW620 cells (A) and BLVRA knockdown in HT-29 cells (B) on the levels of Wnt5a, total and phosphorylated f-catenin,
and various proteins whose expression is controlled by the Wnt5a/B-catenin pathway, as assessed by Western blotting. *p <0.05; **p <0.01; ***p <0.001.

upregulated vimentin and snail, suggesting that it pro-
moted EMT in CRC by Western blotting and immuno-
fluorescence staining. This result was consistent with those
of previous studies, in which BLVRA was shown to pro-
mote EMT in breast cancer'® and NSCLC’ by repressing
E-cadherin expression.

Our next step was the identification of the mechanism
through which BLVRA exerted its actions in CRC cells.
Beyond its namesake enzymatic activity, BLVRA participated

in several signaling pathways, such as the PRC-zeta and the
PI3K/AKT pathways.?'*> BVR was recently recognized as a
regulator of signal transduction pathways. It has been reported
that BLVRA may modulate PI3K/AKT signaling pathway in
renal fibrosis. It also regulates the ERK1/2 signal pathway in
breast cancer.'” On the other hand, multiple signaling
pathways are known to participate in CRC progression,
including Wnt/B-catenin, PI3K/AKT/mTOR, and Notch.***
The Wnt/B-catenin pathway is essential for development and
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microenvironment homeostasis in stem cells, and also plays a
major role in EMT and apoptosis.>> As such, mutations in its
components lead to multiple growth-related disorders and
cancer, including CRC.?*?® In the aforementioned study, we
discovered BLVRA could modulate apoptosis and EMT,
whether it took effects by activating Wnt/B-catenin pathway
remained indeterminate. This pathway, which is tightly regu-
lated in normal colon stem cells, can be derailed by various
factors, such as the abnormal expression of Wnt. Interestingly,
even non-protein regulatory factors, such as miR-27a and
miR-590-3p, reportedly promote the proliferation and inva-
siveness of colon cancer through this pathway.>’** Canonical
Wnt/B-catenin signaling is also directly linked to its extracel-
lular secretion for tumor progression of colon CSCs.”

In this pathway, without Wnt, B-catenin cannot accu-
mulate in the cytoplasm as it is phosphorylated by glyco-
gen synthase kinase 3-beta (GSK3p), then ubiquitinated
and degraded by the proteasome. In the presence of Wnt,
the stable,
nucleus to form an active complex with lymphoid enhan-
cer factor (LEF) and T-cell factor (TCF), thus leading to
the transcriptional activation of -catenin target genes such

non-phosphorylated f-catenin enters the

as the cyclin D1, c-Myc, cox-2, PTEN, and survivin. The
activated Wnt signaling pathway exerts critical functions
in malignant cancer progression, including the emergence
of radioresistance.*® Among Wnt ligands, there are more
than 19 closely related but distinct secreted cysteine-rich
glycoproteins. The basic expression level of B-catenin is
associated with a favorable or unfavorable prognosis in
several solid cancers. In our study, we discovered that
overexpression of BLVRA activated the Wnt/B-catenin
signaling pathway and affected its target genes to inhibit
apoptosis and induce EMT. In contrast, knockdown of
BLVRA inactivated the Wnt/B-catenin signaling pathway,
causing the opposite effects to its target genes compared to
overexpression. Overall, the complicated matrix of this
pathway’s target genes may lead to distinct roles in the
progression of CRC.

To sum up, BLVRA acted as a stimulator in CRC
progression, asserting this effect by regulating the Wnt/p-
catenin signaling pathway. Therefore, BLVRA could be
considered a novel prognostic factor in CRC. One may go
as far as to consider it as a potential target of chemother-
apy, especially since it has been found to be related to
chemotherapy resistance in other types of cancer, namely
gliomas.*'*> However, further investigation is required in
order to ascertain whether it can be utilized as a therapeu-
tic target for colon cancer treatment.

Abbreviations

BLVR or BVR, Biliverdin reductase; BLVRA, Biliverdin
reductase A; CRC, colorectal cancer; EMT, endothelial to
mesenchymal transition.
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