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Introduction
Bladder cancer (BC) is one of the most common malignant tumors in the urinary
system."” The incidence and recurrence rate of BC are both high but the cause is
not fully clear.® Therefore, clarification of the underlying molecular mechanisms
will be beneficial to the diagnosis and treatment of BC. Recent studies have found
that long non-coding RNAs (IncRNAs, >200nt) play important roles in the regula-
tion of gene expression in normal cells and tumor cells. Abnormal expression of
IncRNAs is closely related with tumorigenesis and cancer progression.**
LncRNAs were originally thought to be “noise” or “transcriptional waste” of
genomic transcription.*” With the deepening of researches and the development of
sequencing technologies, more and more IncRNAs have been discovered.®
LncRNAs can regulate gene expression through multiple pathways, which then
affect the occurrence and development of diseases including tumors.’ The involve-
ment of IncRNAs in BC has also attracted more attention.'® LncRNAs can parti-
cipate in the regulation of bladder tumor cell proliferation, invasion and metastasis

submit your manuscript

Dove n

http:

Y in O

OncoTargets and Therapy 2020:13 1182711838 11827
© 2020 Thao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http: i g/li /by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



mailto:qt1060@163.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Zhao et al

Dove

through the action of oncogenes or tumor suppressor
genes.'! LncRNA can be used as a diagnostic and prog-
nostic indicator for BC, and is expected to become a new
target for disease treatment.'"'?> LncRNA HCP5 (human
major histocompatibility complex p5) has been reported as
a novel genetic loci in clinical thyroid disease.'>'
LncRNA HCP5 has been verified to elicit tumor-
promoting function including proliferation, migration and
chemotherapy resistance in lung adenocarcinoma, color-
ectal cancer, pancreatic cancer and prostate cancer.'” "’
LncRNA

promoting function including proliferation, migration and

HCP5 has been verified to elicit tumor-

chemotherapy resistance in lung adenocarcinoma, color-
ectal cancer, pancreatic cancer and prostate cancer.'” "’
However, the functions of IncRNA HCP5 in BC have
not been studied. This study was to investigate the roles
of IncRNA HCP5 in BC and the underlying mechanisms
of cancer development and progression.

MicroRNAs (miRNAs, ~20 nt) are a class of non-coding
small RNAs that are highly conserved in evolution.**!
Increasing evidence has shown that miRNAs regulate
gene expression at the post-transcriptional level and play
important roles in cell proliferation and tumor formatio
Down-regulation of tumor-inhibiting miRNAs or u

regulation of miRNAs in tumors can causg

of HGMBI1, which
or 4 (TLR4) to induce
on. Intracellular HMGBI
A and involved in transcriptional

cytokine pro is exten-
sively bound to
regulation, DNA reflication and repair, telomere main-
tenance, and nucleosome assembly. Studies showed that
the relationship between miRNAs and occurrence of
tumors by targeting HGMB1.2%%’

In the present study, the roles of IncRNA HCP5 and
miR-29b-3p in human BC were investigated. Their regula-
tions involved in cell invasion and migration were also

assessed by targeting HGMB1/TLR4.

Materials and Methods

Tissue Samples and Cells Information

A total of 28 BC patients (22 males and 6 females, with the
age of 55-70 years old) admitted at Xiangya Hospital,
Central South University between 2018 and 2019 were
included in this study. Bladder tumor tissues and adjacent
normal tissues were collected. None of the patients received
chemotherapy or radiotherapy before surgery. For tumor
size, 14 patients had tumors less than 3 cm, and 16 of
them were diagnosed at pathology stages of pTa-Ptl, and

12 at pT2-T4. For lymphatic metasig atients were

pvided by
ATCC, USA. Cells
Modified Eagle’s
at 37°C with 5

equence was used as negative control (sh-NC).
he pcHCPS5 construct was produced by GenePharma,
ina. Cells were transfected with lipofectamine 3000
(Life Tech. USA). Cells were then cultured with G418
(Sigma, USA) and harvested after 35 days. MiR-29b-3p-
mimic, NC-mimic, miR-29b-3p-inhibitor and inhibitor NC
were produced by GenePharma and were transfected to
RT4 cells. Cells were collected after 3 days of transfection.

CCK-8 Assay for Cell Viability

Cells were plated in 96-well plates (5000 cells/well). Cell
Counting Kit-8 (CCK-8) was used and 10 pL. CCK-8 solution
was added for incubation at 37°C with 5% CO, for 1 hour.
UV-vis was used to measure the absorbance at 450 nm.

Apoptotic Cells

Apoptotic cells were analyzed using Annexin V-FITC/PI
(Invitrogen, USA). Cells were washed, re-suspended, and
stained by 5 pL of Annexin VFITC and 10 pL of PI. After
15 min of incubation in dark, cells apoptosis was measured
through a FACScan (Beckman Coulter, USA) at 530 nm
wavelength.
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Transwell Assay for Cell Migrations and

Invasion

For migration assays, 24-well plates were placed below
Boyden chambers containing transwell membrane filters
(Millipore Bio; Massachusetts, US). For invasion assays,
a diluted Matrigel solution (356,234; BD Biosciences,
SanJose, CA, USA) was used. Approximately 1*10° trans-
fected cells were plated on 8 mm pore size top chambers in
200 puL serum-free, EGF-free RPMI 1640 medium. The
bottom chamber was filled with 800 pL. RPMI 1640 med-
ium containing 10% FBS. Migration and invasion were
assayed, and the cells were stained after 48 hours. The
experiment was repeated 3 times.

gRT-PCR
Total RNAs were extracted using Trizolreagents (Invitrogen).
Expression levels of miR-29b-3p were determined using
TagMan Kit. U6 was internal reference. Expression levels
were calculated with the2 “ method. Primers used are listed
as following: GAPDH, forward, 5'-GAAGGTGAAGGTCG
GAGTC-3', reverse, 5-GAAGATGGTGATGGGATTTCC
-3'; U6, forward, 5'-CTCGCTTCGGCAGCACA-3', reverse,
5-AACGCTTCACGAATTTGCGT-3"; miR-29b-3
ward, 5'-ACACTCCAGCTGGGTAGCACCATTTG

-3, reverse, 5-GTCGTATCCAGTGCGTGTCGTGG

BG1,5-ACAAGGCCCGTTATG
AGAGGAAGAAGGCCGAA

HCPS o B the binding site for miR-
29b-314 & o iR-report vector (Ambion,

. CS@@vere co-transfected with HCPS-wt/HCPS-
b-wt/HMGB1-mut and miR-29b-3p mimic/
P Lipofectamine 3000. A Dual Glo™
Luciferase Assay System (Promega) was used to measure

mut or HMG
mimic NC usi

the luciferase activity.

PCR was performed to amplify the partial sequences of
HCP5 which contained the putative binding sites of miR-
29b-3p. The sequences were then cloned into the pmirGLO
Dual-Luciferase miRNA Target Expression Vector (Promega
Corp., Fitchburg, WI, USA). Gene Art™ Site-Directed
Mutagenesis system (Thermo Fisher Scientific, Inc.) was

used to induce site-directed mutagenesis of miR-29b-3p
complementary bases in the sequences of HMGBI1. Then,
cells were transfected with the constructed wild-type (WT)
and mutant (MUT) reporter vectors, respectively, in the
presence of miR-29b-3p mimics or miR-NC. The activity
of luciferase was measured using the Dual-Luciferase Assay
system (Promega) and then normalized to Renilla luciferase
activity based on the manufacturer’s instructions. The assay
was performed in triplicate experiments.

RIP was performed using
IgG antibody (Millipore,

signals were detected with chemiluminescence.
H was used as an endogenous control.

Xenograft Mouse Model

Mouse experiment was performed according to Animals
Usage Guideline by the Committee of Xiangya Hospital,
Central South University. And the study has been approved
by the Ethics committee of Xiangya Hospital, Central South
University (No. XH202065433). Male athymic BALB/c
nude mice (45 weeks old) were used. To detect the effect
of HCP5 or miR-29a-3p on the growth and migration of BC
cells in vivo, the HCPS lentivirus vector or miR-29a-3p
inhibitor were stably transfected to luciferase labeled RT4
cells. Transfected cells were harvested and 2 x 10° cells
were injected subcutaneously into each mouse used (six to
eight-week-old mice). Tumors were collected six weeks
after injection. Both the weight and volume of the subcuta-
neously-induced tumors were measured, and the number of
organic tumors formed was counted.

Statistical Analysis

All experiments were performed in triplicates. Data analysis
was carried out using Graphpad Prism 6.0 (GraphPad,
USA). The data were shown as mean + standard deviation
(SD). The P-values were obtained using Student’s #-test,
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one-way analysis of variance (ANOVA), and Pearson corre-
lation coefficient test. Newman—Keuls tests were used post
hoc multiple comparison after ANOVA.

Results
Dysregulation of HCP5 and miR-29b-3p
in BC Samples and Cells

Our data presented that the expression of HCP5 was
elevated in bladder tumor samples compared to that in
normal samples (P< 0.001) (Figure 1A). The relationship
of HCP5 and miR-29b-3p in urinary BC samples was
reversely correlated (Figure 1C). To explore the clinico-
pathological value of HCP5 in BC, the relationship
between HCPS5 expression and clinicopathological fea-
tures of bladder cancer patients were analyzed by
Student’s #-test.
between HCPS levels and in patients with high histolo-

There is no significant difference
gical grade, tumor lymphoid node metastasis or tumor

stage T2-4 (Supplementary Table 1).

Expression of HCPS5 was significantly upregulated
in BC cells compared to normal cells (P< 0.05, P< 0.001)
(Figure 1D). The expression of miR-29b-3p was markedly
inhibited in BC samples (P< 0.001) (Figure 1B) and cells
(P<0.001)(Figure 1E).

HCP5 Enhanced Cell Viability, Migration

and Invasion

Expression levels of IncRNA HCP5 were detected by qRT-
PCR in RT4 cells transfected with pc-NC_pcHCPS, sh-NC
or shHCP5 (Figure 2A). The e P5 on cell

cells in compariso of pcNC.

Transfections of reased cell viabi-

ell assay demonstrated
cHCP5 markedly promoted
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Figure | Dysregulated HCP5 and miR-29b-3p in BC samples and cells. (A and B) HCP5 was overexpressed and miR-29b-3p was lower expression in BC tissues compared
with adjacent normal tissues; N=28. (C) The relationship of HCP5 and miR-29b-3p in urinary BC samples. (D and E) HCP5 and miR-29b-3p mRNA expression in BC cell

lines. N=3; *P< 0.001. ** P<0.05.
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Figure 2 HCP5 enhanced viability, migration and invasion. (A) qPCR assay of HCP5 expression in RT4 cells. (B) CCK-8 assay for cell viability under pcHCP5. (C) Colony
formation for the colony ability of cells under pcHCP5 or shHCPS. (D) Transwell assay for cell migration and invasion under pcHCP5 or shHCPS. (E) Flow cytometry used
to determine apoptotic cells. N=3; *P< 0.001, ** P<0.05.

migration and invasion of RT4 cells in comparison with  transfections of pc-HCP5 had no effect on cell apoptosis of
transfections of pcNC, while transfections of sh-HCP5 had  RT4; however, transfections of sh-HCP5 markedly
the reverse effects (Figure 2D). As shown in Figure 2E, increased cell apoptosis.
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HCP5 Negatively Regulated the
Expression of miR-29b-3p

Bioinformatic analysis predicted that HCPS could bind to
miR-29b-3p (Figure 3A). Expressions of miR-29b-3p in
RT4 cells were suppressed in miR-29b-3p inhibitor group
that indicated successful transfection (Figure 3B). The

A
HCPS5WT: 5
N
miRNA : 3°'
LEE e
HCP5MUT: 5°'
B o
g
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Fold enrichment of HCP5 ©

ucCACUGUGACUCUCCUACACCACCAu 3’
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luciferase activities in HCPS5-wt cells had transfection
with miR-29b-3p mimic notably decreased, in contrast to
that of HCP5-wt cells transfected with miR-29b-3p inhibi-
tor increased the luciferase activities (Figure 3C). HCPS
RIP in RT4 cells was enriched under miR-29b-3p compared
with Ago2 and IgG (Figure 3D). As shown in Figure 3E,
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Figure 3 HCP5 negatively regulate the expression of miR-29b-3p. (A) Bioinformatic analysis was performed to identify putative binding sites between HCP5 and miR-29b-3p.
(B) miR-29b-3p expression in RT-4 cells. (C) Relative luciferase activities in HCP5-WT and HCP5-MUT group. (D) HCPS5 RIP in RT4 cells. (E) miR-29b-3p expression levels in
RT-4 cells transfected with pcHCP5 and shHCP5. (F) HCP5 expression in RT-4 cells transfected with miR-29b-3p mimic and inhibitor. N=3; *P< 0.001.
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transfections of pcHCP5 markedly reduced the expression
of miR-29b-3p, while transfections of sh-HCP5 markedly
increased the expression of miR-29b-3p in RT4 cells. What
is more, that transfection of miR-29b-3p mimic clearly
reduced the expression of HCPS5, while transfection of
miR-29b-3p inhibitor increased HCP5 in RT4 cells
(Figure 3F). These results indicated that HCPS could nega-
tively regulate the expression of miR-29b-3p.

MiR-29b-3p Mediated the Effect of HCP5
on Cell Viability, Proliferation, Migration
and Invasion in RT4 Cells

As shown in Figure 4A and B, shHCPS5 decreased cell
viability and proliferation, which were attenuated by miR-
29b-3p inhibitor. Transwell assay showed the same results
for cell migration and viability (Figure 4C). Furthermore,
shHCPS5 induced apoptotic cells and miR-29b-3p inhibitor
could reduce cell apoptosis (Figure 4D).

MiR-29b-3p Negatively Regulated the
Expression of HMGBI|

The binding of miR-29b-3p with HMGBI ipdii
evaluated by luciferase reporter assay. V4
the luciferase activities of HMGB]-

3p had reverse effects. And
HMGBI1 and TLR4,

of BC in vivo
Our data indicated that shHCPS remarkably reduced the
tumor volume and weight at the beginning of the second

week compared to that in the control group (Figure 6A—C).
MiR-29b-3p inhibitor could blunt the effects of shHCPS5
on tumor growth. Ki-67 staining showed the same results
(Figure 6D). Western blot analysis of HMGBI1/TLR4
expression in tumor samples (Figure 6E).

Discussion

Recent studies have confirmed that certain IncRNAs are
up-regulated in tumors, while other IncRNAs are down-
regulated and have cancer-promoting or tumor-suppressing
effects.”® As a carcinogenic or tumor suppressor gene,
researchers have studied IncRNAs associated with BC,
including H19,”° UCAL,* MALAT-1,° MEG3,” and
SNHG16.%' In our study, we demonstrated that the expres-
sion of IncRNA HCP5 was elevated in bladder tumor
samples and cells.

LncRNAs play regulatory rq ors by affecting

otably decreased compared with
. HCP5 RIP in RT4 cells was enriched
b-3p in comparison with the control.
of pcHCP5 markedly reduced the expression
miR-29b-3p. Transfections of sh-HCP5 markedly
cd the expression of miR-29b-3p in RT4 cells. In
consistent with previous researches, our results established
that HCP5 negatively regulated the expression of miR-
29b-3p as a miR-29b-3p sponge.

LncRNA H19 was reported to enhance BC metastasis
by interacting with EZH2 and suppressing E-cadherin
expression.>* Up-regulated H19 levels promoted BC cell
migration.** Our results showed that transfections of sh-
HCP5 markedly decreased cell viabilities and proliferation
in RT4 cells compared with transfections of sh-NC.
Transfections of pcHCPS markedly promoted migration
and invasions of RT4 cells compared with transfections
of pcNC, while transfections of sh-HCPS had the reverse
effect. For the first time, we found that HCPS enhanced
viability, migration and invasion of BC cells.

It is well established that IncRNA H19 could regulate
the metastasis of BC by binding with miR-29b-3p.** Also,
it has reported that miR-29b had critically cancer suppres-
sor effects; however, in some certain conditions, it might
also act as an oncogene.®' It may depend on the situation,
such as the inter regulation of genes. We found that
shHCPS decreased cell viabilities and proliferation, and
these effects were attenuated by miR-29b-3p inhibitor. In
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Figure 4 MiR-29b-3p'
Colony formation used td
P<0.05.

addition, shHCPS induced apoptotic cells and miR-29b-3p
inhibitor could reduce apoptotic cells. Therefore, we con-
cluded that miR-29b-3p could mediate the effect of HCP5
on cell viability, proliferation, migration and invasion in
RT4 cells.

HMGB1 was demonstrated to successfully induce
autophagy and facilitate liver fibrosis.>® Previous studies

~ 254 B8 shHCP5+miR29 inhibitor
\c * *
" T
R
S 154
£
8 10
13
S 51
.. 1
10! 102 10° 104 < 0- T
Annexin-V-FITC

diated the effect of HCP5 on cell viability, proliferation, migration and invasion in RT4 cells. (A) CCK-8 assays used to detect cell viability. (B)
ect cell proliferation. (C) Transwell assay for cell migration and invasion. (D) Flow cytometry to determine apoptotic cells. N=3, *P< 0.001,**

have indicated that miR-29b-3p targeted and inhibited the
expression of HMGBI1.>® Our results revealed that miR-
29b-3p decreased the luciferase activities of HMGB1-wt
construct. Overexpression of miR-29b-3p reduced the
expression of HMGB1 and TLR4. Inhibition of miR-29b-
3p had an inverse effect. shHCPS reduced the expression
of HMGB1 and TLR4, while pcHCPS5 had an inverse
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Figure 5 MiR-29b-3p negatively regulated the expression of HMGBI by targeting HMGBI. (A) Bioinformatic analysis was performed to identify putative binding sites
between HMBGI and miR-29b-3p. (B) Relative luciferase activities in HMGBI-WT and HMGBI-MUT construct. (C and D) Western blot analysis of HMBGI| and TLR4

protein levels. N=3; *P< 0.001,** P<0.05.
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effect. Similar to what Zhang et al reported,’® we found
that miR-29b-3p negatively regulated the expression of
HMGBI by targeting HMGBI.

The in vivo experiments could provide a strong support
to the role of the IncRNA on the development of cancer.
According to our experiments, it indicated that shHCP5
reduced the tumor volume and weight. MiR-29b-3p inhi-
bitor could blunt the effects of shHCPS on tumor growth.

Conclusions

The findings in this study demonstrated that IncRNA
HCP5 could promote cell invasion and migration by
sponging miR-29b-3p in human BC.
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