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Surgery or androgen deprivation therapy can be used for prostate cancer (PCa)

However, PCa remains a deadly malignancy
2,3

treatment for patients at early stages.'
for males in many countries and is even worse in developing countries.
Therefore, it is essential to explore mechanisms underlying PCa progression to
help better control PCa.

In recent years, many studies have indicated that long non-coding RNAs
(IncRNAs) influence carcinogenesis.* The improvements in high-throughput
sequencing technology and bioinformatic analysis methods have identified numer-
ous abnormally expressed IncRNAs in cancers.>®

HAND?2 antisense RNA 1 (HAND2-AS1) is a IncRNA reported to function as
tumor suppressive IncRNA in numerous cancers. For instance, HAND2-AS1 could
serve as a sponge for microRNA-340-5p to regulate BCL2L11 expression in ovarian
cancer.” In esophageal squamous cell carcinoma, HAND2-AS|1 overexpression could
result in cancer cell proliferation, migration, and invasion inhibition by regulating

miR-21.% In chronic myeloid leukemia, HAND2-AS1 was shown to inhibit cancer
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cell proliferation and promote apoptosis via regulating miR-
1275.° It is unclear whether HAND2-AS]1 has a role in PCa.

miR-106a-5p is an miRNA reported to have decreased
expression in renal cell carcinoma tissues and cells.'® It
was found that the inhibition of miR-106a-5p expression
could promote cancer cell migration and invasion through
interacting with PAK5.'® On the other hand, elevated miR-
106a-5p expression was identified in glioblastoma, and the
miR-106a-5p overexpression could facilitate cancer inva-
sion via regulating adenomatosis polyposis coli.'" These
data appear to be contradictory as miR-106a-5p acted as
oncogene in some cancers and tumor suppressor in others,
which might be explained by the imperfect binding
between miRNAs and targets.'®!" It has been revealed
that RNA binding motif protein 24 (RBM24), which is
an RNA binding protein, could directly interact with p21
and enhance the mRNA stability.'> Moreover, RBM24
was revealed to have decreased expression in nasopharyn-
geal carcinoma and functioned as a direct target for
miR-25 to inhibit cancer progression.'?

In this study, we found decreased expression of HAND2-
AS1 in PCa tissues and cells. Moreover, we showed
HAND2-AS1 could regulate PCa cell proliferation, colony
formation, and cell apoptosis in vitro. Moreover, the inte
tion of HAND2-AS1, miR-106a-5p, and RBM24 and the
influences on PCa cell behaviors were further inv ted to
explore the mechanisms of HAND2-ASI in

Materials and Method

Cell Lines
PCa cells LNCaP, PC3 an

; Invitrogen) was used to
moist incubator containing

Cell Transfection
The full length of HAND2-AS1 or RBM24 was cloned into
pcDNA3.1 by GenScript (Nanjing, Jiangsu, China). miR-

106a-5p mimic, miR-106a-5p inhibitor and negative control
(NC-mimic, or NC-inhibitor) were purchased from RiboBio
(Guangzhou, Guangdong, China). Small interfering RNA
against HAND2-AS1 (si-HAND2-AS1) and negative control
(NC-siR) were also obtained from RiboBio. Cell transfection

was performed using Lipofectamine 2000 (Invitrogen). After
48 h of transfection, cells were collected for functional
analyses.

Detection of HAND2-ASI, miR-106a-5p,
and RBM24 Expression in Tumor Tissues

and Normal Tissues

Expression levels of HAND2-AS1, miR-106a-5p, and
RBM?24 in PCa tissues and normal tissues were analyzed
at ENCORI (http://starbase.sysu.edu.cn/).

Cell Proliferation Assa
Cells were plated in 96-well p

6-well plates and incubated for 14 days
hen, methanol was used to fix colonies,

umbers were counted using a microscope.

low Cytometry Assay

lls were collected, treated with trypsin, and stained with
Annexin V-FITC and PI (Beyotime) in the dark following the
supplier’s instructions. Cell apoptosis rate was analyzed
using flow cytometry (BD Biosciences, San Jose, CA, USA).

RNA Extraction and Quantitative Real-
Time PCR (qRT-PCR)

RNA was extracted from cells using Trizol (Invitrogen)
Using the
PrimerScript kit, RNA was reverse transcribed into comple-
mentary DNA. qRT-PCR was performed with ABI 7500
(Applied Biosystems, Foster City, CA, USA) using SYBR
Green (Takara, Dalian, Liaoning, China). Primers used in this
work were as follows: HAND2-AS1: 5'-GGGTGTTTACG
TAGACCAGAACC-3' (forward) and 5'-CTTCCAAAAG
CCTTCTGCCTTAG-3' (reverse); RBM24: 5'-GGCCAAC
GTGAACCTGGCATACTT-3' (forward) and 5-GGCAGGT
ATCCCGAAAGGTCTTTGT-3' (reverse); GAPDH: 5'-ATC
ACTGCCACCCAGAAGAC-3' (forward) and 5-TTTCTA
GACGGCAGGTCAGG-3' (reverse); miR-106a-5p: 5'-
GATGCTCAAAAAGTGCTTACAGTGCA-3"  (forward)

following the manufacturer’s instructions.
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HAND2-AS1 with 499 cancer and 52 normal samples in PRAD
Data Source: starBase v3.0 project
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Figure | LncRNA HAND2-AS| was down-regulated in prostate cancer.

Notes: (A) The expression level of HAND2-AS| was decreased in PCa tissues compared with adjacent tissues.

regulated in PCa cell lines compared with normal cells. *** P < 0.001; ** P < 0.01.
Abbreviations: HAND2-ASI, HAND?2 antisense RNA |; PCa, prostate cancer.

and 5'-TATGGTTGTTCTGCTCTCTGTCTC-3' (reverse);
U6 snRNA: 5-AGAGCCTGTGGTGTCCG-3' (forward)
and 5-CATCTTCAAAGCACTTCCCT-3" (reverse). U6
snRNA was used as internal control for miR-106a-5p,
while GAPDH was used as control for the rest genes.

Dual-Luciferase Reporter Assay
miR-106a-5p ranks top for all the targets for HAND2
while RBM24 ranks top among targets forgaad

The biotin cled miR-106a-5p was synthesized by
RiboBio. The ®otin-miR-106a-5p was incubated with
cell lysate, and then incubated with streptavidin magnetic
agarose beads for 1 h. After washing the beads, RNA was
isolated with Trizol and then subjected to qRT-PCR.

Statistical Analysis

Data were analyzed with GraphPad Prism 6.0 and then
presented as mean + SD. Differences in groups were
analyzed using Student’s t-test or one-way analysis of
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ND2-BS| Expression Was Decreased
i ssues and Cells
ession level of HAND2-AST in PCa tissues and normal
s was analyzed with ENCORI and we found HAND2-
AS1 expression was decreased in PCa tissues compared with

tiss

normal tissues (Figure 1A). Meanwhile, qRT-PCR results
indicated that HAND2-AS1 expression was lower in PCa
cells than in normal cell line (Figure 1B).

HAND2-AS| Overexpression Inhibited

PCa Cell Growth

HAND2-AS1 expression level was elevated by pHAND?2-
AS1 transfection (Figure 2A). CCK-8 assay indicated
HAND2-AS1 overexpression inhibited cell proliferation
(Figure 2B) and the colony formation assay suggested
that HAND2-AS1 overexpression inhibited colony forma-
tion (Figure 2C). Moreover, flow cytometry analysis
revealed that pHAND2-ASI1 transfection promoted cell
apoptosis (Figure 2D).

HAND2-AS| Knockdown Promoted PCa

Cell Growth

qRT-PCR showed that introduction of si-HAND2-AS1
decreased the levels of HAND2-ASI in PCa cells
(Figure 3A). CCK-8 assay, colony formation assay,
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miR-106a-5p
The binding module of HAND2-AS1 and miR-106a-5p was
presented in Figure 4A. Luciferase activity reporter assay

unctioned as a Sponge for

indicated that miR-106a-5p overexpression inhibited lucifer-
ase activity in cells with HAND2-AS1-wt transfection
(Figure 4B). RNA pull-down assay indicated the direct inter-
action of HADN2-AS1 and miR-106a-5p (Figure 4C).
Moreover, we showed that miR-106a-5p expression level

pcDNA3.1

pHAND2-AS1

vel in PCa cells. (B) CCK-8 assay showed pHAND2-ASI group inhibited PCa cells’ proliferation. (C)
-AS| transfection. (D) Cell apoptosis rate of pHAND2-AS| group increased. *** P < 0.001; ** P < 0.01.
|; PCa, prostate cancer; CCK-8, cell counting kit-8.

ed that knockdown of  was increased in PCa tissues and cells (Figure 4D and 4E).

qRT-PCR showed that pHAND2-ASI transfection decreased
miR-106a-5p expression, while miR-106a-5p mimic trans-
fection increased miR-106a-5p expression (Figure 4F).
Functional assays showed groups with miR-106a-5p mimic
transfection exhibited higher cell growth ability compared
with the other groups (Figure 4G-I).

HAND?2-AS| Served as a Sponge of miR-
[06a-5p and Regulated RBM24

Bioinformatic tool showed RBM24 was a possible target
for miR-106-5p, as shown in Figure 5A. Luciferase
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ploration of RBM24 expression level in
PCa showed RBM24 levels were significantly decreased
in PCa tissues and cells (Figure 5C and D). Results of
qRT-PCR showed RBM24 expression level was stimu-
lated by pRBM24 but inhibited by miR-106a-5p mimic
(Figure 5E). Functional assays showed cell growth abil-
ity was highest in groups with miR-106a-5p mimic
transfection but lowest in those with pRBM24 transfec-
tion (Figure 5F-H).
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D2-AS| level in PCa cells. (B) CCK-8 assay showed si-HAND2-AS| group increased PCa cells’ proliferation. (C)
sfection. (D) Cell apoptosis rate of si-HAND2-ASI| group decreased. *** P < 0.001.
Ca, prostate cancer; CCK-8, cell counting kit-8; si-HAND2-AS|, small interfering RNA against HAND2-ASI;

Discussion

Numerous IncRNAs have been identified as aberrantly
expressed in PCa and participating in PCa progression.'*
For example, Jiang et al revealed IncRNA NEATI was
expressed at a high level in docetaxel-resistant PCa cells
and exerted an oncogenic effect by regulating ACSL4
expression through sponging both miR-34a-5p and miR-
204-5p."> Moreover, IncRNA CASC15 was also found to
be expressed at a high level in PCa tissues and cells.'®
Moreover, the knockdown of CASCI15 was found to sup-
press PCa cell migration and invasion through functioning
as a sponge for miR-200a-3p."°
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In this work, we first validated the downregulated
status of HAND2-AS1 in both PCa tissues and cells.
Gain-of and loss-of experiments indicated that HADN2-
AS1 overexpression inhibits PCa cell proliferation, colony
formation, and promotes apoptosis, whereas knockdown of
HADN2-AS1 exerted opposite effects on PCa cell

24 and miR-106a-5p. (B) The luciferase intensity of PCa cells transfected with RBM24-wt/RBM24-mt and miR-106a-5p
of RBM24 was decreased in PCa tissues compared with adjacent tissues. (D) The expression level of RBM24 was
normal cells. (E) RBM24 expression in PCa cells transfected with pcDNA3.|+miR-106a-5p mimic, pPRBM24+miR-[06a-5p

ce¥d with pcDNA3 I+miR-106a- Sp mimic, pRBM24+m|R-I06a 5p mimic, pRBM24+NC mimic, and pcDNA3.1+NC-mimic. (H) Flow
ell apoptosis rate in cells transfected with pcDNA3.1+miR-106a-5p mimic, pRBM24+miR-106a-5p mimic, pRBM24+NC-mimic, and pcDNA3.[+NC-

RNA binding motif protein 24; PCa, prostate cancer; CCK-8, cell counting kit-8; miR-106a-5p, microRNA-106a-5p; NC-mimic, negative control for

behaviors. These results suggested a tumor suppressive
role of HAND2-AS1 in PCa, which is consistent with its
role in cancers including ovarian cancer, esophageal squa-
mous cell carcinoma, and chronic myeloid leukemia.”” In
recent years, the competing endogenous RNA (ceRNA)
theory was used to understand the functions of IncRNA."”
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The connection of HAND2-AS1 and miR-106a-5p was 3.Guo T, Wang XX, Fu H, Tang YC, Meng BQ, Chen CH. Early
diagnostic role of PSA combined miR155 detection in prostate can-
. cer. Eur Rev Med Pharmacol Sci. 2018;22(6):1615-1621. doi:10.26
pull-down assay. Here, we showed miR-106a-5p overex- 355/currev 201803 14568

pression could stimulate — while mlR_106a_5p knockdown 4. Ponting CP, Oliver PL, Reik W. Evolution and functions of long
noncoding RNAs. Cell. 2009;136(4):629-641. doi:10.1016/j.cell.20
09.02.006

validated by luciferase activity reporter assay and RNA

could inhibit — PCa cell growth. These results indicated

that miR-106a-5p serves as an oncomiR in PCa, which is 5. Zhao X, Tang DY, Zuo X, Zhang TD, Wang C. Identification of
consistent with its role in glioblastoma.'" Moreover, rescue IncRNA-miRNA-mRNA regulatory network associated with epithe-

. . . lial ovarian cancer cisplatin-resistant. J Cell Physiol. 2019;234
experiments showed that miR-106a-5p was a functional (11):19886-19894. doi:10.1002/jcp. 28587
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target of HAND2-ASI. In addition, we found RBM24 was
a putative target for miR-106a-5p, and the overexpression
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inhibits cancer cell prola
gus squamous cell

Conclusion Biochem. 2019;1
To sum up, we identified that HAND2-AS1 was remarkably
decreased in PCa tissues and cells. Besides, HAND2-AS1
could inhibit PCa cell proliferation and colony formation by
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