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LncRNA UNC5B-AS1 promotes malignant
progression of prostate cancer by competitive

binding to caspase-9
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Abstract. - OBJECTIVE: This study aims to in-
vestigate the expression of LncRNA UNC5B-AS1
in prostate cancer (PCa) and to further investi-
gate whether it can prompt malignant progres-
sion of PCa via regulating caspase-9.

PATIENTS AND METHODS: Quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR)
was conducted to examine UNC5B-AS1 expres-
sion in 50 pairs of tumor tissue specimens and
paracancerous ones collected from PCa pa-
tients, and the interplay between UNC5B-AS1 ex-
pression and clinical indicators of PCa was also
analyzed. Meanwhile, UNC5B-AS1 levels in PCa
cell lines were also further verified by qRT-PCR.
In addition, UNC5B-AS1 knockdown model was
constructed using lentivirus in PCa cell lines,
and cell counting kit-8 (CCK-8), 5-Ethynyl-2’-de-
oxyuridine (EdU), transwell and flow cytome-
try assays were performed to figure out the im-
pact of UNC5B-AS1 on the biological function of
PCa cells. Finally, cell recovery experiment was
conducted to explore the underlying mechanism
and the association between UNC5B-AS1 and
caspase-9.

RESULTS: QRT-PCR results suggested that
UNC5B-AS1 expression in PCa tissue samples
was remarkably higher than in adjacent ones,
with a statistically significant difference. Com-
pared with patients with low expression of UN-
C5B-AS1, patients with highly-expressed UN-
C5B-AS1 had a higher incidence of distant
metastasis and more advanced pathological
stage. At the same time, proliferation and in-
vasion, as well as migration ability of cells in
sh-UNC5B-AS1 group, was conspicuously at-
tenuated while cell apoptosis ability was con-
versely enhanced. Furthermore, qRT-PCR re-
sults revealed that caspase-9 and UNC5B-AS1
showed a negative correlation in gene expres-
sion level in PCa tissues. The results of the lucif-
erase reporter gene experiment demonstrated
that UNC5B-AS1 can be targeted by caspase-9
through their binding site. Additionally, cell re-
covery experiment indicated that UNC5B-AS1
and caspase-9 can be mutually regulated, which
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then together affect the malignant progression
of PCa.

CONCLUSIONS: UNC5B-AS1 expression was
found remarkably increased in both PCa tissues
and cell lines, which was remarkably associat-
ed with pathological stage and incidence of dis-
tant metastasis of PCa patients. In addition, UN-
C5B-AS1 was able to accelerate the malignant
progression of PCa by modulating caspase-9 ex-
pression.
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Introduction

Prostate cancer (PCa) is one of the most com-
mon malignant tumors in male worldwide, rank-
ing the second in morbidity and the sixth in mor-
tality, seriously threatening the health of elderly
men'3, Although the incidence of PCa in China
is lower than in European and American coun-
tries, its growth rate is very rapid. It is expected
that by 2020, the incidence of PCa will be close
to the average level in European and American
developed countries, reaching 401.1 million male
population®. Due to the concealed symptoms, do-
mestic patients with PCa have been in advanced
stage at the time of diagnosis, and more than 50%
of patients have had local or distant metastasis.
However, in the United States, more than 80%
of PCa patients are diagnosed at an early stage.
Apart from the fact that PSA screening has not
been widely spread in China, racial difference is
also an important reason’>¢. Data from the Surveil-
lance, Epidemiology, and End Results (SEER)da-
tabase from 2006 to 2012 showed that the 5-year
survival rate of localized PCa was 100%, while
that of metastatic PCa was only 29.3%"8. There-
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fore, it is of great significance to explore early di-
agnostic markers of PCa to improve the diagnosis
and treatment of PCa*'°.

The results of the Human Genome Project show
that only about 19,000 genes encode proteins, ac-
counting for 1-2% of the entire genome, and the
remaining 99.99% are non-coding sequences''.
With the maturity of Nextgeneration sequencing
(NGS), long non-coding RNA (IncRNA), initial-
ly considered as transcription noise, gradually
shows its important role'>. LncRNAs make ge-
nomic regulation unusually complex and give full
play to cell biological functions. LncRNA is a
kind of RNA with a transcript length of more than
200 bases and does not encode proteins. It has a
broad tissue expression profile, strong tissue, and
cell expression specificity, and can regulate gene
expression and protein function at multiple levels
such as epigenetic, transcriptional, and post-tran-
scriptional'>. LncRNA can regulate gene func-
tion through multiple pathways, thereby affecting
the biological function of tumor cells and playing
a role in promoting or inhibiting tumor'*'°. At the
same time, a large number of IncRNAs are also
used for the early diagnosis and identification of
PCa molecular typing'™'®. At present, domestic
and foreign literatures rarely report IncRNA UN-
C5B-ASI in the development process of tumor®.
Therefore, this investigation comprehensively
analyzed the expression and biological effect of
UNC5B-ASI in PCa and preliminarily discussed
the molecular mechanism of its tumor regulatory
effect.

In recent years, many studies have found ab-
normal expression of caspase-9 in tumor tissues,
which is closely related to the occurrence, devel-
opment, metastasis, and prognosis of tumors?*2.,
LncRNA complements with the 3 ‘non-coding re-
gion of the mRNA to degrade or silence the target
mRNA after transcription and inhibit its protein
synthesis, thus negatively regulating the post-tran-
scriptional level of the target gene. Therefore, this
work discusses whether UNC5B-ASI can medi-
ate the malignant progression of PCa by modulat-
ing caspase-9 to provide an experimental basis for
its clinical application.

Patients and Methods

Patients and PCa Samples

50 pairs of tumor tissue specimens and paracan-
cerous ones from PCa patients were collected.
According to the 8" edition of UICC/AJCC PCa
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tumor, node and metastasis (TNM) staging cri-
teria, all patients were diagnosed as PCa by post-
operative pathological analysis and did not pre-
operatively receive anti-tumor treatment such as
radiotherapy or chemotherapy. This investigation
has been approved by the Ethics Oversight Com-
mittee. Patients and their families had been fully
informed that their specimens would be used for
scientific research and then signed relevant in-
formed consent.

Cell Lines and Reagents

Four human PCa cell lines (PC-3, DU-145,
22RV1, Lncap) and one human normal prostate
matrix immortalized cell (WPMY-1) were pur-
chased from American Type Culture Collection
(ATCC; Manassas, VA, USA). F-12k, 1640 me-
dium, and fetal bovine serum (FBS) were pur-
chased from Life Technologies (Gaithersburg,
MD, USA). Cells were cultured at 37°C with 5%
CO, in F-12k or Roswell Park Memorial Insti-
tute-1640 (RPMI-1640) medium (HyClone, South
Logan, UT, USA) containing 10% fetal bovine se-
rum (FBS; Gibco, Rockville, MD, USA).

Transfection

The negative control sequence (shRNA) and
the lentivirus containing the UNC5B-ASI knock-
down sequence (sh-UNC5B-ASI) were purchased
from Shanghai Jima Company (Shanghai, China).
Cells were plated in 6-well plates and grown to
a cell density of 40%, and then transfection was
performed according to the manufacturer’s in-
structions. After 48 h, the cells were collected for
quantitative Real Time-Polymerase Chain Reac-
tion (QRT-PCR) analysis and cell function exper-
iments.

Cell Proliferation Assay

After 48 h of transfection, the cells were resus-
pended and plated into 96-well plates at 2000 cells
per well. They were cultured for 24 h, 48 h, 72 h,
and 96 h respectively, and then added with THE
cell counting kit-8 (CCK-8; Dojindo Laboratories,
Kumamoto, Japan) reagent. After incubation for 2
h, the optical density (OD) value of each well was
measured in the microplate reader at 490 nm.

5-Ethynyl-2-Deoxyuridine (EdU)
Proliferation Assay

To test the ability of cell proliferation, the
EdU proliferation assay (RiboBio, Nanjing, Chi-
na) was performed according to the manufac-
turer’s requirements. After transfection for 24
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h, the cells were incubated with 50 um EdU for
2 h, then stained with AdoLo and 4°,6-diamidi-
no-2-phenylindole (DAPI), and the number of
EdU-positive cells was detected by fluorescence
microscopy. The display rate of EAU positive was
shown as the ratio of the number of EdU positive
cells to the total DAPI chromogenic cells (blue
cells).

Flow Cytometry Analysis of the Cell
Apoptosis

The renal cell carcinoma cells in logarithmic
growth phase were seeded into 6-well plates. Af-
ter 24 h, the cells were collected, washed twice
with phosphate-buffered saline (PBS), and resus-
pended in the binding solution. Once incubated
at room temperature for 15 min in the dark, 5 pL
of AnnexinV -FITC (fluorescein isothiocyanate)
and Propidium lodide (PI) was added and mixed
gently, and cell apoptosis rate was determined
through flow cytometry (Partec AG, Arlesheim,
Switzerland).

Transwell Cell Migration and Invasion
Assay

After transfection for 48 h, the cells were tryp-
sinized and resuspended in serum-free medium.
After cell counting, the diluted cell density was
adjusted to 2.0x10°/mL, and the transwell cham-
ber with or without Matrigel was placed in a 24-
well plate. 200 pL of cell suspension was added
to the upper chamber, and 500 pL of the medi-
um containing 10% FBS was added to the lower
chamber. After 48 h, the transwell chamber was
taken out, washed 3 times with 1xPBS, and placed
in methanol for cell fixation for 15 min. After that,
the chamber was stained in 0.2% crystal violet for
20 min, and the cells on the upper surface of the
chamber were carefully wiped off with a cotton
swab. The perforated cells stained in the outer
layer of the basement membrane of the chamber
were observed under the microscope, with 5 fields
of view randomly selected.

ORT-PCR

After the cells were treated accordingly, 1 mL of
TRIzol (Invitrogen, Carlsbad, CA, USA) was used
to lyse the cells, and the total RNA was extract-
ed. The initially extracted RNA was treated with
DNase I to remove genomic DNA and repurify the
RNA. RNA reverse transcription was performed
according to the Prime Script Reverse Transcrip-
tion Kit (TaKaRa, Otsu, Shiga, Japan) instructions,
Real Time PCR was performed according to the

SYBR" Premix Ex Taq™ (TaKaRa, Otsu, Shi-
ga, Japan) kit instructions, and the PCR reaction
was performed using the StepOne Plus Real Time
PCR System (Applied Biosystems, Foster City,
CA, USA). The primers used were as follows: UN-
C5B-ASI: F: 5-GATCCTGCCTCAGGGAAA-3,
R: 5°>-GCTCAAGAGGTTGGGACT-3’; caspase-9:
F: 5-ACCACCCAATACCACAGGAA-3, R:
5’-CATTGGGAGCTGATGAGGAT-3";  Glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH):
F: 5-GGTCGGAGTCAACGGATTTG-3’, U6: F:
5’-CTCGCTTCGGCAGCACATAT-3’, R: 5> TTG-
CGTGTCATCCTTGCG-3". The Bio-Rad PCR in-
strument was used to analyze and process the data
with the software 1Q5 2.0 (Bio-Rad, Hercules, CA,
USA). The GAPDH and U6 genes were used as
internal parameters, and the gene expression was
calculated by the 224t method.

Dual-Luciferase Reporter Assay

A reporter plasmid was constructed in which
a specific fragment of the target promoter was
inserted in front of the luciferase expression se-
quence. The transcription factor expression plas-
mid to be detected was co-transfected with the re-
porter gene plasmid into 22RV1 and Lncap kidney
cancer cells or other related cell lines. A specific
luciferase substrate was added, and luciferase re-
acted with the substrate to generate fluorescence.
By measuring the intensity of the fluorescence,
the Iuciferase activity could be determined to fig-
ure out whether the transcription factor interacted
with the target promoter fragment.

Statistical Analysis

Statistical analysis was performed using
GraphPad Prism 5 software (GraphPad Soft-
ware, La Jolla, CA, USA). Statistical differenc-
es between the two groups and multiple groups
were analyzed using Student’s ¢-test and one-way
analysis of variance (ANOVA), respectively. In-
dependent investigations were repeated at least
three times for each experiment and data were
expressed as mean + standard deviation. p<0.05
was considered statistically significant.

Results

UNC5B-AS1 was Highly Expressed in PCa
Tissues and Cell Lines

To determine the role of UNC5B-ASI in PCa,
we detected the expression of UNC5B-AS1 in 50
pairs of PCa tumor tissues and adjacent tissues by
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Figure 1. UNC5B-ASI was highly expressed in prostate cancer tissues and cell lines. A, QRT-PCR was used to detect the
difference in expression of UNC5B-ASI in prostate cancer tissues and adjacent tissues. B, QRT-PCR was used to detect the
expression level of UNC5B-ASI in thyroid cancer cell lines. Data are mean + SD, *p<0.05, **p<0.01, ***p<0.001.

gRT-PCR. The results showed that UNC5B-AS1
expression was higher in the former than in the
latter (Figure 1A), suggesting that UNC5B-AS1
might act as an oncogene in PCa. In addition,
UNCS5B-ASI expression was found remarkably
higher in PCa cell lines compared to the human
normal prostate matrix immortalized cell line
(WPMY-1), and the difference was statistically
significant (Figure 1B).

UNC5B-AS1 Expression Was Correlated
With Pathological Staging and Distant
Metastasis In PCa Patients

Based on the mRNA levels of UNC5B-ASI in
50 pairs of PCa tumor and paracancerous tissues,
we divided them into high expression group and
low expression group, and analyzed the relation
between UNC5B-ASI expression and age, clin-
ical stage, and lymph node or distant metastasis

of PCa patients. As shown in Table I, the high ex-
pression of UNC5B-ASI was positively correlat-
ed with the pathological stage and the incidence
of distant metastasis of PCa patients.

Knockdown of UNC5B-AS1 Inhibited Cell
Proliferation, Metastasis, and Promoted
Cell Apoptosis

To investigate the function of UNC5B-ASI in
PCa, we constructed a UNC5B-AS1 knockdown
model through a lentiviral vector. After transfec-
tion of the UNC5B-ASI knockdown model in the
22RV1 and Lncap cell lines, qRT-PCR was per-
formed to verify the interference efficiency (Fig-
ure 2A). Subsequently, CCK-8, EdU, transwell,
and flow cytometry assays were used to detect
cell proliferation, invasion, migration, and apop-
tosis abilities of 22RV1 and Lncap cell lines, re-
spectively. The results showed that the prolifera-

Table 1. Association of IncRNA UNC5B-AS1 and caspase-9 expression with clinicopathologic characteristics of prostate cancer.

UNC5B-AS1 expression Caspase-9 expression
Number
Parameters of cases Low (%) High (%) p-value Low (%) High (%) p-value
Age (years) 0.166 0.413
20 12 8 7 13
30 12 18 14 16
T stage 0.008 0.007
30 19 11 8 22
20 5 15 13 7
Lymph node metastasis 0.059 0.084
33 19 14 11 22
17 5 12 10 7
Distance metastasis 0.048 0.035
30 19 12 9 21
20 7 14 12 8
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Figure 2. Silencing UNC5B-ASI inhibited malignant progression of prostate cancer cells. A, QRT-PCR verified the inter-
ference efficiency of UNC5B-ASI after transfection of the UNC5B-ASI1 knockout vector in the 22RV1 and Lncap cell lines.
B, CCK-8 assay detected the effect of silencing UNC5B-ASI1 on proliferation of prostate cancer cells in 22RV1 and Lncap cell
lines. C-D, EAU experimental assay detected the ability of UNC5B-ASI to silence prostate cancer cells in the 22RV1 and Ln-
cap cell lines (magnification: 200x). E, Transwell assay detected the effect of silencing UNC5B-ASI1 on invasion and migration
of prostate cancer cells in 22RV1 and Lncap cell lines (magnification: 40x%). F, Flow cytometry assay was performed to detect

the effect of UNC5B-ASI1 on apoptosis of prostate cancer cells in 22RV1 and Lncap cell lines. Data are mean & SD, *

tion, as well as invasion and migration abilities of
cells in sh-UNC5B-ASI group, was remarkably
attenuated compared to the control shRNA group
(Figures 2B-2E); on the contrary, cell apoptotic
ability was found enhanced (Figure 2F).

UNC5B-AS1 Bound to Caspase-9

As shown in Figure 3A, to further verify
the targeting of caspase-9 to UNC5B-ASI, a
luciferase reporter gene assay was performed.
The results showed that overexpression of

'p<0.05.

caspase-9 remarkably attenuated the lucif-
erase activity of the wild-type UNC5B-ASI1
vector (p<0.05), further demonstrating that
UNCS5B-ASI could be targeted by caspase-9
via this binding site.

Caspase-9 Was Lowly Expressed In PCa
Tissues and Cell Lines

The qRT-PCR result showed that the expression
level of caspase-9 in tumor tissues was remark-
ably lower than in PCa adjacent tissues (Figure
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Figure 3. Direct targeting of caspase-9 by UNC5B-ASI. A, Dual-Luciferase reporter gene assay verified the direct targeting
of UNC5B-ASI and caspase-9. B, QRT-PCR was used to detect the difference in expression of caspase-9 in prostate cancer
tissues and adjacent tissues. C, QRT-PCR verified the mRNA expression level of caspase-9 after transfection of UNC5B-AS1
in prostate cancer cell lines. D, Significant negative correlation between UNC5B-ASI and caspase-9 expression levels in pros-
tate cancer tissues. E, Silencing UNC5B-ASI expression significantly increased caspase-9 expression. Data are mean + SD,

£p<0.05, **p<0.01, **%p<0.001.

3B). And a similar result was observed in PCa cell
lines (Figure 3C). Therefore, we selected 20 pairs
of PCa tissue samples and detected the expres-
sion of UNC5B-ASI and caspase-9 in them. The
results indicated that the expression level of the
above two genes was negatively correlated (Fig-
ure 3D). Subsequently, after UNC5B-AS1 was
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down-regulated in PCa cells, caspase-9 expres-
sion was detected as remarkably increased, and
the difference was statistically significant (Fig-
ure 3E). At the same time, as shown in Table 1,
low expression of caspase-9 was found positively
correlated with pathological stage and distant me-
tastasis of PCa, but not with age and lymph node
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meastasis.
Overexpression of Caspase-9 Inhibited
Cell Proliferation, Metastasis, and
Promoted Cell Apoptosis

To investigate the function of caspase-9 in PCa,
we constructed a caspase-9 overexpression vector.
After transfection of the vector in 22RV1 and Ln-
cap cell lines, qRT-PCR was performed to verify
the transfection efficiency (Figure 4A). CCK-8,
EdU, and transwell assay were used to detect cell
proliferation, as well as invasion and migration
abilities of PCa cell lines. Results showed that the
overexpression of caspase-9 significantly inhibit-
ed these cell functions (Figures 4B-4E).

UNC5B-AS1 Modulated Caspase-9
Expression in PCa Tissues and Cell Lines
To further explore the ways in which UN-

22RV1

C5B-ASI promotes the malignant progression of
PCa, we found a possible relation between UN-
C5B-ASI and caspase-9 through relevant bioinfor-
matics analysis. In addition, to further explore the
interaction between UNC5B-AS1 and caspase-9
in PCa cells, we down-regulated caspase-9 in the
PCa cell line that had UNC5B-ASI silenced and
confirmed the transfection efficiency using qRT-
PCR assay (Figure 5A). Lastly, we used EdU and
transwell assay to find that caspase-9 could coun-
teract the effects of UNC5B-ASI on PCa cell pro-
liferation (Figures SB-5C).

Discussion

The advanced PCa progresses rapidly with a
poor prognosis, while the five-year survival rate
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Figure 4. Overexpression of caspase-9 inhibited malignant progression of prostate cancer cells. A, QRT-PCR verified the
interference efficiency of caspase-9 after transfection of caspase-9 overexpression vector in 22RV1 and Lncap cell lines. B,
CCK-8 assay detected the effect to overexpress caspase-9 on proliferation of prostate cancer cells in 22RV1 and Lncap cell
lines. C-D, EAU experimental assay detected the ability of overexpressing caspase-9 to proliferate prostate cancer cells in
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Figure 5. UNC5B-ASI regulated the expression of caspase-9 in prostate cancer tissues and cell lines. A, UNC5B-ASI ex-
pression levels in UNC5B-ASI1 and caspase-9 co-transfected cell lines were detected by qRT-PCR. B, EdU assay detected the
effect of UNC5B-ASI and caspase-9 co-transfection on the regulation of prostate cancer cell proliferation. C, Transwell assay
detected the effect of UNC5B-ASI and caspase-9 co-transfection on the invasion and migration of prostate cancer cells. Data

are mean + SD, *p<0.05.

of early PCa is close to 100%'*. Therefore, it is
the current consensus to optimize existing diag-
nostic strategies to find early PCa®. Serum PSA
is an important biomarker for PCa screening and
early detection; however, this marker is still not
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very suitable for that it is an organ-specific in-
dicator but not tumor-specific, and the presence
of inflammation, hyperplasia, or invasive proce-
dures in the prostate can also cause an increase
in serum PSA*". These defects have led to a large
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number of unnecessary punctures and excessive
treatment of PCa patients, which have brought a
huge psychological burden to patients and a sig-
nificant economic and social burden to society®®.
Therefore, it is a hot issue in this field to find ways
to make up for the defects of PSA, especially to
improve the diagnostic indicators of “grey area”
of the PSA diagnosis® .

Long non-coding RNA can be stable in body
fluids, timely reflect changes in tumor cells, and
can be detected continuously and stably, which
has a broad application prospect as a new tumor
diagnostic marker!"'3, UNC5B-AS1 is remark-
ably highly expressed in lung cancer'’, and its
high expression is associated with the malignant
progression and poor prognosis of patients with
thyroid cancer. In this work, UNC5B-AS1 was
selected as a candidate IncRNA associated with
the malignant progression of PCa, and PCa cell
lines with overexpression and knockdown of UN-
C5B-ASI were established by lentiviruses to an-
alyze the relation between UNC5B-ASI and the
occurrence and development of PCa. Up-regu-
lated UNC5B-ASI was confirmed to be able to
promote the development of the malignant pro-
gression of PCa. Through tissue verification, we
found that the expression of UNC5B-ASI in PCa
tissue was remarkably higher than in paracancer
tissue, and was positively correlated with patho-
logical staging and distant metastasis of PCa.
Therefore, we indicated that UNC5B-AS1 might
play a role in promoting cancer in PCa. To further
study the molecular mechanism of UNC5B-AS1
during the development of PCa, in vitro experi-
ments were conducted on cell lines. Subsequently,
CCK-8, EdU, transwell, and flow apoptosis assay
were performed. It was found that silencing UN-
C5B-ASI could inhibit the malignant progression
of PCa.

LncRNA can competitively bind miRNA and
thus affect the regulation of its target gene’*%.
Previous studies predicted the possible interac-
tion between caspase-9 and UNC5B-ASI1 through
bioinformatics analysis. As a key molecule in
the tumor pathway, caspase-9 was found to be
less expressed in PCa tissues and to inhibit PCa
malignant progression. In this research, we used
bioinformatics analysis to find that UNC5B-ASI
sequence contains a caspase-9 binding site. More-
over, the Dual-Luciferase reporter gene assay
confirmed that UNC5B-ASI could directly bind
to the downstream caspase-9. Furthemore, the ex-
pression levels of these two genes were found just
negatively correlated. Meanwhile, we found that

caspase-9 could offset the effects of UNC5B-AS1
on PCa cell biological functions. In summary, this
study suggested that UNC5B-AS1 could inhibit
the expression of caspase-9, thereby promoting
the malignant progression of PCa.

Conclusions

Briefly, we revealed that the expression of Ln-
cRNA UNC5B-ASI in PCa was found remark-
ably increased, which was correlated with the
pathological staging and distant metastasis of
PCa tissues. Furthermore, UNC5B-AS]1 might
promote the malignant progression of PCa by reg-
ulating caspase-9.
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