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Abstract

Background: Long non-coding RNA bladder cancer associated transcript | (BLACATI) is oncogenic in several types of
cancers. However, little is known concerning its expression and function in prostate cancer. Methods: Paired prostate cancer
samples were collected, and the expression levels of BLACATI, miR-29a-3p and disheveled segment polarity protein 3
(DVL3) were examined by quantitative real-time polymerase chain reaction (QRT-PCR); BLACAT | shRNAs were transfected
into PC-3 and LNCaP cell lines, and proliferative ability was detected by cell counting kit-8 (CCK-8) assay; qRT-PCR and
Western blot were used to analyze the changes of miR-29a-3p and DVL3; dual-luciferase reporter gene assay was used to
determine the regulatory relationships between miR-29a-3p and BLACAT I, and miR-29a-3p and DVL3. Results: BLACAT |
expression was significantly up-regulated in cancerous tissues of prostate cancer samples and positively correlated with
the expression of DVL3, while negatively associated with miR-29a-3p. After the transfection of BLACATI| shRNAs into
prostate cancer cells, the proliferative ability and metastatic ability of cancer cells were significantly inhibited; BLACAT |
shRNAs could reduce the expression of DVL3 on both mRNA and protein expressions levels, the luciferase activity of
BLACATI reporter was inhibited by miR-29a-3p, and DVL3 was validated as a target gene of miR-29a-3p. Conclusion:
BLACATI expression is abnormally up-regulated in prostate cancer tissues. BLACATI can modulate the proliferative and
metastatic ability of prostate cancer cells and have the potential to be the “ceRNA” to regulate the expression of DVL3 by
sponging miR-29a-3p.
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Long non-coding RNA (IncRNA) is a type of non-coding
RNA, named for its length of more than 200 nucleotides and
the lack of protein coding ability.” Accumulating studies
authenticate that IncRNAs figure prominently in epigenetic
regulation, cell cycle regulation, cell differentiation and protein
metabolism.> Besides, some studies confirm that there are dif-
ferences in the expression profile of IncRNA between normal
cells and tumor cells.* Bladder cancer associated transcript 1
(BLACATT1) is located on human chromosome 1q32.1. It is
identified for the first time that in bladder cancer, it is over-
expressed in many cancers and can promote the proliferation,
migration and invasion of cancer cells.’

MicroRNA (miRNA) is a kind of non-coding RNA with a
length of about 22 nucleotides. It is widely involved in multiple
biological processes.® A large number of studies unearth that
the abnormal expression of miRNAs is closely related to the
tumorigenesis and progression of tumors, including PCa.” For
example, the down-regulation of miR-564 expression is
involved in the progression of PCa by modulating the proto-
oncogene MLLT3.® The expression and role of miR-29a-3p in
gastric cancer, thyroid cancer and other cancers have been
studied.”!" However, the regulating mechanism of miR-29a-
3p in PCa has not been fully elucidated.

Wnt signaling pathway is a key pathway to maintain stem
cell-like characteristics such as stem cell growth and self-
renewal. Abnormal activation or mutation of Wnt signaling
pathway is closely related to tumorigenesis.'>'> As important
proteins widely existing in the cytoplasm, disheveled (DVL)
family members also participate in the regulation of Wnt sig-
naling pathway. It is revealed that the high expression of
DVL3, which is a member of DVL family, is associated with
the high risk of recurrence in PCa patients.'* However, the
molecular mechanism of DVL3 dysregulation in PCa needs
further study.

This study aimed to explore the expression changes of BLA-
CAT1 and miR-29a-3p in PCa, and also tried to delve into their
roles in PCa. We demonstrated the oncogenic function of BLA-
CAT1/miR-29a-3p/DVL3 axis in the progression of PCa,
which provided potential biomarkers and therapy targets for
clinical diagnosis and treatment of this disease.

Materials and Methods

Tissue Specimens

We selected 42 patients with PCa who underwent PCa surgery
in the Affiliated Hospital of North Sichuan Medical College
from January 2017 to January 2018 to get the cancerous and
adjacent normal tissue samples. The tissue samples were
immediately preserved in liquid nitrogen at -196 °C after the
surgical excision.

Cell Culture

Human PCa cell lines DU145, LNCap, PC-3 and normal pro-
static epithelial cell line RWPE-1 were purchased from the

Table 1. Primer Sequences Used in this Study.

Name Primer sequences(5°-3’)
BLACATI1 Forward: CAAGAGGAGCCGGCTTAGCATCTA
Reverse: ACGGTTCCAGTCCTCAGTCAG
miR-29a-3p Forward: AGCACCAUCUGAAAUCGGUUA
universal primer: GTGCAGGGTCCGAGGT
DVL3 Forward: CCATCACCAGCTCCATCC
Reverse: CTGCTGCGTGTAGTGTGG
GAPDH Forward: TGATGGGTGTGAACCACGAG

Reverse: CTGATGGGTGTGAACCACGAG
8[) Forward: CTCGCTTCGGCAGCACA
Reverse: AACGCTTCACGAATTTGCGT

Institute of Biochemistry and Cell Biology, Chinese Academy
of Sciences (Shanghai, China). RWPE-1 cells were cultured in
prostate epithelial cell medium (ScienCell, Carlsbad, CA, USA).
All the cancer cells were cultured in RPMI-1640 medium
(Gibco, Carlsbad, CA, USA) containing 10% fetal bovine serum
(FBS; Gibco, Carlsbad, CA, USA) at 37 °C in 5% CO2. The
medium was changed at the intervals of every 3 d.

Cell Transfection

PCa cells in logarithmic phase were seeded into 6-well
plates with 2.5 x 105 cells per well. Cell transfection was
carried out according to the instruction of LipofectamineTM
2000 (Thermo Fisher Scientific, Rockford, IL, USA).
shRNAs targeting BLACAT1 (BLACAT1_shRNA1 and
BLACATI1_shRNA2), BLACATI over-expression plasmid
(pcDNA-BLACAT!1), miR-29a-3p mimics, miR-29a-3p
inhibitor and their negative controls (shRNA_control,
blank vector, mimics control and inhibitor control) were
transfected into the corresponding cells, respectively. The
vectors and shRNAs mentioned above were designed and
constructed by GenePharma (Shanghai, China). MiR-29a-3p
mimics and inhibitors were purchased from RiboBio
(Guangzhou, China).

Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR)

Total RNA was extracted and purified from tissues and cell
lines using TRIzol reagent (Invitrogen, Carlsbad, USA), and
then reversely transcribed to cDNA with SuperScript First
Strand cDNA System (Invitrogen, Grand Island, NY, USA).
qRT-PCR was then conducted on ABI 7300 instrument
(Applied Biosystems, Foster City, CA, USA) with SYBR
Green PCR Master mix (Thermo Fisher Scientific, Rockford,
IL, USA). GAPDH and U6 were used to normalize the expres-
sions, and the relative expressions of BLACAT1, miR-29a-3p
and DVL3 were calculated by 2-AACt method. Primers used in
this study are listed in Table 1.
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Figure 1. Expressions of BLACAT1 and miR-29a-3p in PCa. (A-B) qRT-PCR was used to detect the expressions of BLACAT1 and miR-29a-3p
in 42 pairs of cancer tissues. n = 42, ** P <0.01 and *** P <0.001. (C-D) qRT-PCR was used to detect the expressions of BLACAT1(C) and
miR-29a-3p(D) in normal prostate epithelial cell line and PCa cell lines. ** P < 0.01 and *** P < 0.001. All the experiments were replicated

3 times.

Cell Counting Kit-8 (CCK-8) Assay

HCT-116 and SW480 cells (3000 cells per well) were incu-
bated in 96 well plates, and cultured for 1, 2, 3 and 4 d, respec-
tively. On each day, 10 pL CCK-8 kit (Beyotime, Beijing,
China) was added, with which the cells were incubated for 1
h. Then the absorbance (OD value) of each well was measured
at 450 nm using a microplate reader. The average of OD values
from 3 wells in each group was calculated and the proliferation
curve was drawn.

Transwell Experiment

In invasion assay, 1 day before the inoculation, the chambers
were coated with Matrigel (BD, San Jose, CA, USA) on the
basal membrane, while the Matrigel was not needed in migra-
tion assay. In the lower chamber, RPMI-1640 medium with
10% FBS was added, and in the upper chamber, cell suspension
without FBS was added. After the incubation for 24 h, the cells

that failed to migrate or invade were removed from the upper
chamber. The migrated or invaded cells were fixed with 4%
polyformaldehyde for 10 min and then stained with 0.5% crys-
tal violet. After that, the cells were observed under an inverted
microscope. The cells were counted in 6 random visual fields,
and the average value was obtained.

Flow Cytometry Analysis

Flow cytometry was used to detect cellular apoptosis in this
study. After 24 h of culture, the cells were washed twice with
PBS buffer, fixed with 70% ethanol, and stored overnight at
4 °C. After dyeing with 10 pL. Annexin V staining solution and
5 uL PI staining solution (Yeasen Biotech Co., Ltd., Shanghai,
China), the cells were fully mixed and incubated in the dark at
room temperature for 15 min. Following the culture, binding
buffer was then added and the apoptosis rate of cells in each
group was detected.
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Figure 2. The function of BLACAT1 in PCa. (A) qRT-PCR was used to detect the expression of BLACAT]1 after transfection. (B-C) CCK-8
assay was used to examine cell proliferation. (D) Flow cytometry was used to detect cell apoptosis. (E-F) Transwell method was used to detect
cell invasion and migration. * P < 0.05, ** P <0.01 and *** P <0.001. In B, ** P <0.01 shRNA_control group vs BLACAT1_shRNA1 group;
&& P < 0.01 shRNA_control group vs BLACAT1_shRNA2 group. All the experiments were replicated 3 times.

DuaI.Luciferase Reporter Assay incubated with the secondary antibody (1:2000, Santa Cruz
Biotechnology) conjugated with horseradish peroxidase (HRP)
for 1 h at room temperature. ECL chemiluminescence sub-
strates A and B (Millipore, Bedford, MA, USA) were mixed
in equal volumes and added to the membranes, and an auto-
matic developer (ChemiDoc XRS imaging system) was used to
detect the signal.

Luciferase reporter assay system (Promega, Madison, WI,
USA) was used to validate the bind sites. The target fragments
of wild type (wt) BLACAT1 and mutated (mut) BLACATI1
were constructed and integrated into psiCHECK-2 plasmids
(Promega, Madison, WI, USA), respectively. BLACAT1-wt
plasmid or BLACATI1-mut plasmid was co-transfected with
miR-29a-3p mimics or negative controls into HEK293 T cells.
After 48 h of transfection, luciferase activity was determined Statistical Analysis

according to the manufacturer’s instruction. Similar method  SpSS18.0 statistical software (SPSS Inc., Chicago, IL, USA)
was used to construct DVL3-wt and DVL3-mut, and detect the a5 used for data analysis. All data were expressed as mean +
binding relationship between miR-29a-3p and DVL3. SD. Student’s #-test was used for statistical analysis. P < 0.05

was considered to have statistical significance.

Western Blot

Cells were lysed with RIPA buffer containing PMSF (Beyo- Result
time, Shanghai, China). After high-speed centrifugation, the . . .

supernatant was collected and heated in a water bath at Expressions of BLACATI and miR-29a-3p in PCa

100°C for 10 min to denature the protein. Protein samples were We conducted qRT-PCR to detect the expressions of BLA-
then separated by SDS-PAGE and transferred to nitrocellulose CAT1 and miR-29a-3p in 42 pairs of PCa tissues and adjacent
membrane (Millipore, Bedford, MA, USA). Blocked by 5% tissues. The results showed that the expression of BLACATI in
fat-free milk, the membranes were then incubated with anti- cancer tissues was significantly higher than that in adjacent
DVL3 (diluted 1:1000, Cell Signaling Technology) and anti- normal tissues (Figure 1A), while the expression of miR-29a-
GAPDH (diluted 1:2000, Santa Cruz) antibodies, respectively.  3p was markedly lower than that in the adjacent normal tissues
Next, the membranes were washed by TBST 3 times and then  (Figure 1B). Further detection in cell lines showed that the
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Figure 3. BLACAT]1 targeted on miR-29a-3p. Base pairing relationship between BLACAT1 and miR-29a-3p as predicted by LncBase

Predicted v.2 database. Luciferase gene reporter assay was used to verify the targeting binding relationship between BLACAT1 and iR-29a-3p.
The correlation between the expression of BLACAT1 and miR-29a-3p in PCa tissues (n = 42). Detection of the expression of miR-29a-3p after
BLACATI1 knockdown or overexpression of BLACAT1 by qRT-PCR in PCa cell lines. ** P < 0.01, *** P < 0.001 and NS P > 0.05. All the

experiments were replicated 3 times.

expression of BLACAT1 in PCa cell lines (DU145, LNCap and
PC-3) was significantly higher than that in normal prostate
epithelial cells RWPE-1, whereas the expression of miR-29a-
3p was observably lower than that in RWPE-1 group
(Figure 1C and D).

BLACAT | Promoted the Proliferation, Invasion and
Migration, and Inhibited the Apoptosis of PCa Cells

To verify the effects of BLACAT1 in PCa, we knocked down
and up-regulated BLACAT]1 expression in LNCap and PC3
cell lines, respectively (Figure 2A). CCK-8 assay was used to
detect the proliferation of PC3 cells. We found that knockdown
of BLACAT] significantly slowed down the proliferation of
LNCap cells. Conversely, overexpression of BLACAT1 could
promote the proliferation of PC3 cells (Figure 2B and C). Flow
cytometry was used to detect cellular apoptosis, the results of
which showed that apoptosis of PC3 cells was decreased after
the overexpression of BLACATI, while the apoptosis of
LNCap cells was increased after the knockdown of BLACATI1
(Figure 2D). Transwell assay was used to detect the effect of
BLACAT]1 on the migration and invasion of PCa cells. The
results showed that overexpression of BLACAT] significantly
increased the migration and invasion ability of PC3 cells, while
after knocking down BLACAT1, the migration and invasion of
LNCap cells were decreased markedly (Figure 2E and F).

BLACATI Targeted miR-29a-3p

To further pinpoint the downstream mechanism of BLACATI,
we searched the LncBase Predicted v.2 database and found that
BLACATI1 had a potential binding site with miR-29a-3p
(Figure 3A). In order to verify whether BLACAT1 can directly
adsorb miR-29a-3p, dual-luciferase reporter assay was per-
formed, and we demonstrated that miR-29a-3p markedly
reduced the luciferase activity of wild-type BLACAT]1 repor-
ter, but had no significant effect on the mutated BLACATI1
reporter (Figure 3B). In addition, we found that BLACAT1
was negatively correlated with the expression of miR-29a-3p
in PCa samples (Figure 3C, r2 = 0.524, P < 0.05). Moreover,
the expression of miR-29a-3p was significantly down-
regulated after the overexpression of BLACATI, while up-
regulated by knocking down BLACATI in PCa cells
(Figure 3D). Collectively, these data indicated that BLACAT1
could be a sponge of miR-29a-3p and reduce its expression
in PCa.

MiR-29a-3p Inhibited the Proliferation, Invasion and
Migration, and Promoted the Apoptosis of PCa Cells
To investigate the role of miR-29a-3p in PCa, we up-regulated

or inhibited miR-29a-3p expression in LNCap and PC3 cell
lines, respectively (Figure 4A). We found that the transfection
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Figure 4. Function of miR-29a-3p in PCa. qRT-PCR was used to detect the expression of miR-29a-3p after transfection. (B-C) CCK-8 assay was
used to examine the cell proliferation. (D-E) Transwell method was used to detect cell invasion and migration. Flow cytometry was used to
detect cell apoptosis. qRT-PCR was used to detect the expression of BLACAT1 after the transfection of miR-29a-3p mimics or inhibitors in PCa

cells. * P <0.05, ** P <0.01 and *** P < 0.001. All the experiments were replicated 3 times.

of miR-29a-3p mimics could inhibit the proliferation of LNCap
cells; conversely, transfection of miR-29a-3p inhibitors could
promote the proliferation of PC3 cells (Figure 4B and C).
Transwell assay showed that the transfection of miR-29a-3p
mimics significantly reduced the migration and invasion of
PCa cells, while the transfection of miR-29a-3p inhibitors
markedly promoted these processes (Figure 4D and E). Flow
cytometry analysis showed that the transfection of miR-29a-3p
mimics promoted apoptosis of LNCap cells, and the transfec-
tion of miR-29a-3p inhibitors reduced apoptosis of PC3 cells
(Figure 4F). These data implied that miR-29a-3p was a tumor
suppressor in PCa. Additionally, we also found that miR-29a-
3p could not change the expression of BLACATI1, which
proved that miR-29a-3p was a downstream molecule, rather
than an upstream molecule of BLACAT1 (Figure 4G).

MiR-29a-3p Targeted and Down-Regulated DVL3
Expression in PCa

By querying TargetScan database, we noticed that 3’UTR of
DVL3 contained a potential binding site with miR-29a-3p
(Figure 5A). Subsequently, the luciferase report assay con-
firmed that miR-29a-3p could bind to the 3’UTR of DVL3
(Figure 5B). To further delve into the relationship between the
expression of DVL3 and miR-29a-3p expression in PCa, we
used qRT-PCR to detect the expression of DVL3 in PCa tissue.
We found that the expression of DVL3 was negatively corre-
lated with the expression of miR-29a-3p (Figure 5C, 12 =
0.687, P < 0.05). Afterward, with Western blot, we found that
the expression of DVL3 was decreased significantly after the
transfection of miR-29a-3p mimics, whereas increased
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Figure 5. MiR-29a-3p targeted on DVL3. Base pairing relationship between the 3’UTR of DVL3 and miR-29a-3p as predicted by TargetScan
database. Luciferase reporter assay was used to detect the targeting binding relationship between DVL3 and miR-29a-3p. The correlation
between DVL3 expression and miR-29a-3p expression in PCa tissues (n = 42). Detection of DVL3 expression after knockdown or over-
expression of miR-29a-3p by Western blot. ** P < 0.01 and NS P > 0.05. All the experiments were replicated 3 times.

observably after the transfection of miR-29a-3p inhibitors
(Figure 5D). Collectively, these data suggested that DVL3 was
a target of miR-29a-3p.

BLACAT | Knockdown Repressed PCa cell Viability,
Migration, and Invasion but Induced Cell Apoptosis via
Regulating miR-29a-3p and DVL3

In order to verify the role of BLACAT1/miR-29a-3p/DVL3
axis in PCa progression, BLACAT1 shRNA and miR-29a-3p
inhibitor were co-transfected into LNCap cells. The expres-
sions of BLACAT1 and miR-29a-3p in different groups of cells
were detected by qRT-PCR (Figure 6A and B). The results of
Western blot indicated that knockdown of BLACAT1 inhibited
the expression of DVL3, while co-transfection of miR-29a-3p
partly reversed it (Figure 6). Consistently, the functional assays
showed that knockdown of BLACAT1 weakened the malig-
nant phenotypes of LNCap cells, while co-transfection of miR-
29a-3p inhibitors abolished them (Figure 6D-H). These results
implied that BLACAT1 modulated the progression of PCa
dependent on miR-29a-3p and DVL3.

Discussion

LncRNA is proved to be involved in the development of a
variety of tumors and is also widely studied in PCa. For

example, the high expression of IncRNA HULC in PCa pro-
motes the proliferation and metastasis of cancer cells, and is
positively correlated with the unfavorable clinicopathological
features and poor overall survival of patients'’; IncRNA
FOXP4-AS1 is involved in the growth of prostate cancer by
regulating miR-3184-5p and FOXP4 expressions. 1 BLACATI
is a widely studied IncRNA with potential as a molecular mar-
ker and therapy target. Previous studies unveil that the high
expression of BLACATI is related to the poor prognosis of
cancers such as endometrial cancer and non-small cell lung
cancer.'"'® In osteosarcoma, overexpression of BLACAT]1 can
promote the proliferation and invasion of cancer cells via acti-
vating STAT3."? The expression of BLACAT] in cervical can-
cer is also significantly up-regulated and BLACAT1 promotes
cancer progression by activating Wnt/p-catenin signaling path-
way.”° In this study, we found that the expression of BLA-
CATI1 was significantly up-regulated in PCa tissues. In vitro
studies showed that overexpression of BLACAT1 could pro-
mote the proliferation, invasion and migration of PCa cells,
while opposite effects could be observed by knocking down
it. Our data indicated that BLACAT1 was an oncogenic
IncRNA, which is consistent with previous reports.

The dysregulation of miRNAs is also involved in the tumor-
igenesis and progression of PCa.?'** It is reported that miR-
29a-3p suppresses the progression of several types of cancers.
For example, in hepatocellular carcinoma, miR-29a-3p targets
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Figure 6. BLACAT]1 promoted the expression of DVL3 and progression of PCa by targeting miR-29a-3p. (A-B) qRT-PCR was used to detect
the expressions of BLACAT1 and miR-29a-3p in LNCap cells, respectively, after the transfection; (C) Western blot was used to detect the
expression of DVL3 in LNCap cells after transfection. (D-E) CCK-8 assay was used to examine the cell proliferation of LNCap cells. (F) Flow
cytometry was used to detect LNCap cell apoptosis. (G-H) Transwell method was used to detect invasion and migration of LNCap cells.

* P <0.05, ** P <0.01 and *** P < 0.001. All the experiments were replicated 3 times.

insulin-like growth factor-1 receptor and participates in the
immune regulatory response in tumor microenvironment®?; in
gastric cancer, the expression of miR-29a-3p is significantly
down-regulated and its low expression contributes to the pro-
liferation, migration and invasion of cancer cells.” In this study,
we demonstrated that the expression of miR-29a-3p was
reduced in PCa and it could repress the malignant phenotypes
of PCa cells.

Mounting studies demonstrate that IncRNAs are able to
sponge miRNAs to influence the progress of cancer. For exam-
ples, in papillary thyroid cancer, IncRNA TUGI promotes the
proliferation and migration of cancer cells by targeting miR-
145, and participates in the process of epithelial-mesenchymal
transition®*; IncRNA ZEB2-AS] is highly expressed in bladder
cancer, and can promote bladder cancer by regulating the
expression of miR-27b.%° In this study, we identified the

binding site between BLACAT1 and miR-29a-3p, and demon-
strated that BLACAT! could negatively regulate miR-29a-3p
expression. Meanwhile, through rescue experiments, we con-
firmed that the oncogenic role of BLACAT1 was partly depen-
dent on regulating miR-29a-3p. Our data not only clarified the
downstream mechanism of BLACATI, but also decoded
the mechanism of miR-29a-3p dysregulation in cancers
including PCa.

In previous studies, several modulators of Wnt signaling
pathway, including DVL3, FZD3, FZD5, FRAT2 and
CK2A2, are identified as direct targets of miR-29 family
members.”® Previous studies confirm that DVL3 is highly
expressed in PCa, which can regulate cell proliferation, dif-
ferentiation and stem cell renewal by activating classical
Whnt/B-catenin signaling pathway, and inactivation of Wnt
signaling can inhibit the self-renewal of PCa stem cells.'**’
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Herein, we elucidated that miR-29a-3p could directly target
DVL3, and DVL3 was indirectly modulated by BLACATI1
with a “competing endogenous RNA (ceRNA)” mechanism.
Our results gave the evidence that the aberrant expression of
DVL3 in PCa tissues might be related to the disorder of
BLACATI1 and miR-29a-3p. Based on these results, we can
make a hypothesis that BLACAT1 may be a crucial IncRNA
in regulating Wnt signaling, which needs to be further
investigated and validated.

There are some limitations to this study. The relationship
between BLACATI and the clinicopathologic characteristics
of PCa patients remains unclear, and its relationship with
patients’ survival also requires investigation. Additionally, in
vivo data are needed to validate our conclusion in the future.
Besides, although the IncRNA-miRNA-protein interaction is
the most widely studied mechanism by which IncRNA partici-
pates in cancer biology, some other mechanisms are reported.
For example, in prostate cancer, the risk-associated SNP
rs11672691 mediates IncRNA PCATI19 expression, and
PCAT19 interacts with HNRNPAB to promote the aggressive
phenotypes of prostate cancer cells.”’° It remains unclear
whether BLACTAI can mediate the progression of PCa via
other mechanisms. Despite these drawbacks, we highlight that
BLACATI1 promotes the expression of DVL3 through spong-
ing miR-29a-3p, thus facilitating the progression of PCa. This
study provides a new theoretical basis for developing potential
therapeutic strategies for PCa.
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