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Abstract
Background: We aimed to study the effects of lncRNA TRPM2-AS in bladder cancer (BLCA) by interacting
with its downstream effectors miR-22-3p and GINS2 mRNA.

Methods: Online bioinformatic tools were used to identify the key lncRNA, miRNA and mRNA of interest in
BLCA. TRPM2-AS, miR-22-3p and GINS2 mRNA expression was measured by qRT-PCR in bladder tissues
and selected cell lines. Subcellular localization of TRPM2-AS in T24 and 5637 cell lines was identi�ed
using a cellular fractionation method. Luciferase reporter assay, RIP assay and RNA pull-down assay
were employed to validate the direct binding relationship between TRPM2-AS, miR-22-3p and GINS2
mRNA. Cell viability, proliferation and apoptosis were measured by a series of cell functional experiments
in T24 and 5637 cells.

Results: TRPM2-AS was primarily located in cell cytoplasm and signi�cantly up-regulated in BLCA tissues
and cell lines. TRPM2-AS knockdown signi�cantly inhibited cell viability and proliferation, but promoted
cell apoptosis. miR-22-3p, a signi�cant downstream target of TRPM2-AS, showed a lower expression level
in BLCA tissues and cell lines. miR-22-3p inhibition resulted in a signi�cant enhancement of BLCA cancer
cell phenotypes. Lastly, GINS2 mRNA was a downstream target of miR-22-3p, and was signi�cantly up-
regulated in BLCA. The knockdown of GINS2 led to a signi�cant suppression of BLCA cancer cell
phenotypes.

Conclusions: TRPM2-AS was a tumor promoter and ful�lling its role through binding to miR-22-3p to
increase GINS2 expression. This novel interactome in BLCA might become a new therapy in BLCA.

Background
Bladder cancer (BLCA) is a urinary system-originated malignancy, ranking 10 among all cancers all over
the world [1], happening more frequently in males [1]. Although the occurrence and death rate of BLCA is
usually the highest in South Europe, the rate of occurrence and death in China has been obviously
increased within the recent 10 years [1, 2]. At present, surgery, chemotherapy and radiation therapy are
employed to treat BLCA while the survival rate of BLCA patients have not been improved apparently [3, 4].
Therefore, gene biomarkers and target therapy have been developed, and it is imperative to discover new
targets to diagnose and treat BLCA.

Long non-coding RNA (lncRNA), containing more than 200 bp of nucleotides, has been demonstrated to
be an essential participant during the development of malignancies [5-9]. The host gene of TRPM2-AS,
transient receptor potential cation channel subfamily M member 2 antisense RNA, consists of 3 exons
and locates at chromosome 21q22.3. TRPM2-AS was �rst discovered to be up-regulated in melanoma in
2008 [10], and it was gradually found that to be a cancer-promoting gene in more other tumors including
reproductive system tumors, digestive system tumors and respiratory system tumors [11-17]. Yet, there
have been no researches exploring how TRPM2-AS implements a marked effect in BLCA. Therefore, we
are interested in studying the mechanism of TRPM2-AS in BLCA.
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In the last ten years researches have demonstrated that a plethora of small RNAs participate in the
progression of human neoplasms [18]. Small RNAs include miRNAs, small interfering RNAs PIWI-related
RNAs, and they are usually at the length of 18-29 nucleotides [19, 20]. Among them, miRNAs have been
frequently referred to important gene expression regulators and play essential roles in cancer progression.
During the last three years, miR-22-3p’s role in BLCA started to emerge and be studied, although it had
been discovered to act as a tumor suppressor in neoplasms that occur in reproductive system, digestive
system and respiratory system before [21-27]. But it is no research regarding the involvement of miR-22-
3p in a lncRNA-related interactome complex in BLCA. Thus, we aim to study a novel lncRNA-miR-22-3p
interactome in BLCA.

The host gene of GINS2 (GINS complex subunit 2) locates on chromosome 16q24.1, and consists of �ve
exons that belongs to GINS complex family [28]. GINS complex is a member of DNA replication helicase
family that participates in the initiation of chromosome replication [29, 30]. At present, various studies
have uncovered that GINS2 was anomalous to promote cancer progression [31-39]. However, the function
of GINS2 in BLCA has not been studied.

We aimed to study the potential BLCA-regulatory mechanism of TRPM2-AS, miR-22-3p and GINS2 mRNA
interactome. We hypothesized that TRPM2-AS was a tumor promoter through binding miR22-3p to
increase GINS2 mRNA expression in BLCA. Our results may provide a novel diagnosis and therapy
approach to BLCA.

Material And Methods
Bioinformatic analysis

GEPIA (http://gepia.cancer-pku.cn), an online gene expression pro�ling interactive analysis tool, was used
to analyze the expression of TRPM2-AS and GINS2 mRNA in tumor and normal bladder tissues.
GSE37815 data series downloaded from GEO database provided the mRNA expression pro�le in bladder
cancer. ENCORI (http://starbase.sysu.edu.cn/panCancer.php) was used to predict the miRNAs that could
bind to TRPM2-AS, and TargetScan Human v7.2 algorithm was used to predict the target regulatory
miRNAs that could bind to the 3’UTR of GINS2 mRNA.

Tissue samples collection

We collected BLCA tissues and corresponding adjacent tissues of 38 patients who were diagnosed with
BLCA in The First A�liated Hospital of Zhengzhou University hospital during the last three years. The
processing of clinical tissue samples is in strict compliance with the ethical standards of the Declaration
of Helsinki, and the ethics committee of the authors’ institutes. All the patients signed the informed
content, and their clinical characteristics were summarized in Table 1.

qPCR

http://gepia.cancer-pku.cn/
http://starbase.sysu.edu.cn/panCancer.php
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Total miRNA was dissociated using miRcute miRNA Isolation Kit (DP501, Tiangen Biochemical, China)
based on the manufacture protocol with checking the purity of the RNA by using gel electrophoresis. MiR-
22-3p reverse transcription was conducted using miRcute Plus miRNA First-Strand cDNA Kit (KR211,
Tiangen Biochemical, China), while TRPM2-AS and GINS2 reverse transcription was carried out following
the instruction of PrimeScript RT reagent Kit (Takara, RR037A, Japan). After reverse transcription,
quantitative PCR was conducted using TB Green Premix Ex Taq II (Takara, RR820A, Japan). 2−ΔΔCt

method was used to calculate RNA levels.We used GAPDH as the reference gene for TRPM2-AS and
GINS2 mRNA, and U6 for miR-22-3p. All the primers were provided by GeneCopoeia (Guangzhou, China),
and their sequences were provided in Table 2.

Cell line acquisition and cell culture

Both cancerous and normal cell lines were used in this study. The human BLCA cell lines RT4, T24, J82
and 5637, and normal urothelial epithelial cell line SV-HUC-1 were all acquired from the Cell Resource
Center, Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences. They were cultured in
RPMI 1640 media with 10% serum in a humidi�ed incubator with 5% CO2 at 37℃.

Subcellular fractionation location

Cytoplasmic and nuclear RNA of T24 and 5637 cells was separated by Invitrogen PARIS Kit
(ThermoFisher, AM1921, USA) following speci�cations with GAPDH serving as a cytoplasmic control and
U2 as a nuclear control. The expression levels of TRPM2-AS, GAPDH, and U2 were measured using qPCR.
Each experimental procedure was processed at least three times.

Cell transfection

Negative control (NC) plasmids, miR-22-3p inhibitor, and small interfering RNAs for TRPM2-AS (si-
TRPM2-AS) and GINS2 (si-GINS2) were acquired from GeneCopoeia (Guangzhou, China). The
transfection of these molecules into T24 and 5637 cells (plated in 6-well plates, 3x104/mL) was
conducted using Lipofectamine 2000 reagent (Cat#: 11668027, ThermoFisher, USA). Then transfection
lasted 48 hours.

Cell viability assay

Cell viability was detected using WST-8 method. Brie�y, 4,800 transfected T24 and 5637 cells were
seeded into 96-well plates, and grown for 24, 48, 72 hours, respectively. The 10μL cell counting kit-8
reagent (MedChemExpress, HY-K0301, China) was added to the cells for 4 h in the cell culture incubator.
Lastly, the optical absorbance of every well was read at 450 nm under a microplate reader.

BrdU incorporation ELISA assay

BrdU DNA incorporation assay was used to evaluate cell proliferation ability. 3×104/mL T24 and 5637
cells were seeded into 96-well plates to grow for a day, and 10μL BrdU (5-bromo-2'-deoxyuridine, a
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thymidine analog, Abcam, ab126556, UK) was added to each well for 4 h. Thereafter, the �xing solution
was added to each well to denature the cellular DNA. Then, every well was aspirated and washed. 100
μL/well anti-BrdU primary antibody was added to every well to allow a 1 h reaction. Every well was
aspirated and washed again, and 100 μL/well Peroxidase conjugate Goat Anti-Mouse IgG secondary was
added to incubate for 0.5 h. 100 µL/well TMB Peroxidase substrate was added and incubated for 0.5 h in
the dark. The BrdU incorporated cells will be visible in blue, and the intensity of the blue color represents
the proliferating abilities. To further quantify the proliferation, 100 µL of Stop Solution was added to each
well, and the optical absorbance of each well was read at 450 nm under a spectrophotometric microtiter
plate reader. All procedures were conducted at room temperature, and experiments in every group were
repeated for at least three times.

Flow cytometry assay

Flow cytometry was an important method to measure cell death and identify the early and late apoptotic
cells. Brie�y, 1×105/mL T24 and 5637 cells in every group were rinsed in PBS for three times, and �xed in
cold methanol for 30 min at 4 °C. Subsequently, the cells were suspended in 100 μl 1×binding buffer. PBS
was subsequently added to each well to wash the cell suspension for three times. Then, the cells were
incubated with 5 μL Annexin V-FITC and PI staining solution for 20 min in the dark. The cells then went
through the FACS scan �ow cytometer (Cyto�ex, Beckman Coulter) within the next one hour. Both early
(Annexin V positive and PI negative populations) and late apoptosis (Annexin V positive and PI positive
staining) rate were counted as the apoptosis rate in this study.

Caspase-3 activation assay

Caspase-3 activation is an essential process during cell apoptosis. This assay was conducted in our
study to further investigate into the cell apoptosis conditions in every group. The caspase-3 activation
was assessed using a Colorimetric Caspase-3 Assay Kit (Cat#: ab39401, Abcam, UK). Brie�y, 1×106

transfected T24 and 5637 cells were suspended in 50 μL cold cell lysis buffer for 10 minutes. The protein
concentration was detected and adjusted to ~150 μg protein /50 μL reaction buffer.  Then, 50 μL reaction
buffer containing 10 mM DTT and 5 μL 4 mM DEVD-p-NA substrate was added to the cell lysates for an
hour. Lastly, the optical absorbance was read at 405 nm using a spectrometer.

Luciferase reporter assay

The plasmids containing the wild strains and mutants of TRPM2-AS and GINS2 mRNA that contain the
predicted binding sequences were constructed by and purchased from GeneCopoeia (China). These
plasmids were transfected into the T24 and 5637 cells using Lipofectamine 2000 reagent (Cat#:
ThermoFisher, 11668027, USA). Then, miR-22-3p mimic or NC were co-transfected into the transfected
T24 and 5637 cells using Lipofectamine 2000 reagent. 48 h later, the cells were gathered to be lysed
using lysis buffer. The dual-luciferase reporter assay system (Cat#: LF031, GeneCopoeia, China) was
used to analyze the relative luciferase activity.
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RNA immunoprecipitation (RIP)

RIP immunoprecipitation assay was performed using the Magna RIP RNA-Binding Protein
Immunoprecipitation Kit (Millipore, 17-700, USA). Brie�y, the BLCA cells were lysed in RIP lysis buffer
including magnetic beads conjugated with anti-Argonaute2 (AGO2) or anti-IgG antibodies. Samples were
incubated with Proteinase K and the immunoprecipitated RNA was isolated with TRIzol Reagent
(ThermoFisher, 15596026, USA). Finally, the enrichment of TRPM2-AS and miR-22-3p was measured by
qRT-PCR.

RNA pull-down assay

The 5×106 T24 and 5637 cells were treated with 0.5 mL of 25 mM Tris-HCl, 0.05% NP-40, 70 mM KCl, 2.5
mM EDTA, 80 U/mL RNase inhibitor and 1×protease inhibitor cocktail on ice for 20 minutes. After
centrifugation, the supernatant was collected and incubated with biotin-coupled miR-22-3p (bio-miR-22-
3p) or biotin-coupled NC (bio-NC) for 2 hours. After incubation, the cell lysate containing bio-miR-22-3p or
bio-NC was incubated with streptavidin magnetic beads. After 4 hours, the beads were washed with
reaction buffer to isolate the bound RNAs in the pull-down complex, and the expression of pull-down RNA
was detected by qRT-PCR.

Western blot assay

The protein of cells was extracted using RIPA Lysis Buffer containing 5 mM EDTA and PMSF (P0013B,
Beyotime, China). Different groups of proteins were quanti�ed by a spectrophotometer so that the
proteins were at the same level. 20μg of total protein in these groups was separated by 10% SDS-PAGE
gel. Total protein was transferred onto PVDF membranes (Millipore, MA, USA) with 5.0% evaporated milk
handled for 1 hour at 37 °C. Next, PVDF membranes were incubated with the primary antibodies against
GINS2 (1:500, Cat#: ab197123, Abcam, UK) and GAPDH (1:5000, Cat#: ab175781, Abcam, UK) at 4°C
overnight. Next day, the PVDF membranes were washed with PBS three times and incubated with Goat
Anti-Rabbit IgG H&L secondary antibody (1:5000, Cat#: ab205718, Abcam, UK) at room temperature for 1
hour. ECL Substrate Kit (Cat#: ab133406, Abcam, UK) was used to strengthen the band signals.
FluorChem FC2 software (Media Cybernetics, Inc., Rockville, MD, USA) was used to read the intensities of
the protein bands.

Statistical analyses

We analyzed our results using the Graphpad Prism v7.0 software. Data came from at least three
independent results of every experiment, and were presented as mean±SD. The Wilcoxon test method
was used to identify the signi�cance of the differences between two groups, while one-way ANOVA with
Dunnett’s post hoc method was used to identify the signi�cance of the differences among multiple
groups. 0.05 was the cut-off value for statistical signi�cance.

Results
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The identi�cation of genes of interest in this study

By interrogating GEPIA database, we found that lncRNA TRPM2-AS was signi�cantly upregulated
(log2|FC|=1.892, q=1.64x10-6) in bladder cancer (Figure 1A), implying its positive association with BLCA
progression. Interestingly, TRPM2-AS has been proved to be a tumor promoter in colon cancer [13], gastric
cancer [12], breast cancer [14] and lung cancer [17] by interacting with miRNAs; however, it has never been
studied in BLCA. By interrogating GSE37815 data series from GEO database, we found that GINS2 was
among the top 5 most DEGs with a log2FC=1.99 and adjusted P value=0.00462. Like TRPM2-AS, we
found that GINS2 was considered to be a signi�cant tumor promoter in thyroid cancer [32] lung cancer
[33], cervical cancer [40], ovarian cancer [38], breast cancer [34], triple-negative breast cancer [35], and
leukemia [39]. Based on these �ndings, we thus hypothesized that GINS2 might be a tumor promoter in
BLCA as well. Figure 1C-D shows the relative expression of TRPM2-AS and GINS2 in BLCA tissues and the
healthy tissues. Both TRPM2-AS and GINS2 were found to be signi�cantly upregulated in BLCA tissues.
Lastly, to identify a potential bridge miRNA between TRPM2-AS and GINS2, we intersected the predicted
targets of TRPM2-AS from ENCORI starbase and those of GINS2 from TargetScan Human 7.2. Among
the top 5 out of the total 13 common miRNAs, we found that miR-22-3p was once considered to suppress
BLCA [41].

TRPM2-AS silence suppressed cell viability and cell proliferation, but enhanced cell apoptosis in BLCA
cells

To explore the function of TRPM2-AS in BLCA, we �rst detected the expression of TRPM2-AS in BLCA
tissues from 38 patients who were diagnosed with BLCA. The results showed that the expression of
TRPM2-AS was increased by 3.6-fold in BLCA tissues compared with normal adjacent tissues (Figure 2A).
Similar to BLCA tissues, we found that TRPM2-AS expression was higher in four BLCA cell lines (RT4,
T24, J82 and 5637) than in normal urothelial epithelial cell line (SV-HUC-1) (Figure 2B). Due to the highest
expression of TRPM2-AS in T24 and 5637 cell lines, the T24 and 5637 cell lines were chosen to conduct
our study in depth. Then, the subcellular fractionation location assay was employed to observe TRPM2-
AS location in T24 and 5637 cell lines. The results showed that TRPM2-AS was majorly located in
cytoplasm (Figure 2C). Then, si-TRPM2-AS and NC plasmids were used to transfect T24 and 5637 cells,
showing that si-TRPM2-AS led to almost 70% decrease of TRPM2-AS expression in T24 and 5637 cells
compared with blank group (Figure 2D). In CCK-8 and BrdU assay, the cell viability and cell proliferation
were suppressed in si-TRPM2-AS group compared with blank groups (Figure 2E-F). Then, we employed
�ow cytometry and caspase-3 assay to observe the effect of si-TRPM2-AS on cell apoptosis in two BLCA
cell lines. The �ow cytometry assay results demonstrated that the apoptosis rate in si-TRPM2-AS group
was raised by approximately 2-fold in the two BLCA cell lines compared with blank groups (Figure 2G).
The caspase-3 activity in si-TRPM2-AS group was raised by approximately 3-fold in the two BLCA cell
lines (Figure 2H).

MiR-22-3p is a downstream target of TRPM2-AS
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By interrogating ENCORI, the binding site between TRPM2-AS and miR-22-3p was discovered (Figure 3A).
Luciferase reporter assay demonstrated that the �uorescence intensity was obviously reduced by half in
co-transfection of TRPM2-AS-wild type and miR-22-3p mimics while other groups had no differences in
T24 and 5637 cell lines (Figure 3B). Equally, RIP assay proved the TRPM2-AS expression with 4.6-fold
and 5.1-fold increase in T24 and 5637 cells, indicating that TRPM2-AS could combine with miR-22-3p
(Figure 3C). In addition, we found that miR-22-3p expression was decreased by 65.7% in BLCA tissues
compared with normal adjacent tissues (Figure 3D), at the same time, TRPM2-AS had a negative
association with miR-22-3p (Figure 3E). By qRT-PCR, the miR-22-3p expression was decreased by more
than 50% in T24 and 5637 cells compared with SV-HUC-1 cells (Figure 3F). And si-TRPM2-AS resulted in
the miR-22-3p expression to increase by more than 1.5-fold in T24 and 5637 cells (Figure 3G).

The effects of TRPM2-AS on BLCA cells by interacting with miR-22-3p

To explore whether TRPM2-AS could regulate BLCA cells malignancy phenotypes by regulating miR-22-
3p, we designed a series of rescue experiments. Before the experiments, the transfection e�ciency of
TRPM2-AS siRNA and miR-22p-3p inhibitor was con�rmed using qPCR (Figure 4A). Firstly, CCK-8 assay
results displayed that miR-22-3p inhibitor enhanced cell viability while si-TRPM2-AS weakened it. When
the BLCA cells were co-transfected with miR-22-3p inhibitor and si-TRPM2-AS, the cell viability had no
signi�cant differences from the blank group (Figure 4B). Equally, BrdU incorporation assay showed that
the cell proliferation ability in miR-22-3p inhibitor group increased by nearly 1.5 times, while the cell
proliferation ability in co-transfection group was similar to blank group (Figure 4C). As for cell apoptosis,
�ow cytometry results revealed that the cell apoptosis rate was declined by approximately 60% in miR-22-
3p inhibitor group, while the cell apoptosis rate was raised by approximately 2-fold in si-TRPM2-AS group
in T24 and 5637 cell lines. The cell apoptosis rate in co-transfection group was the same as that in blank
group (Figure 4D). We also employed caspase-3 assay to further study the effects of loss-of-function of
TRPM2-AS and miR-22-3p. The caspase-3 assay results showed that miR-22-3p inhibitor led to 40%
decrease of the caspase-3 activity, and si-TRPM2-AS led to 3-fold increase of the caspase-3 activity in
T24 and 5637 cells. When miR-22-3p inhibitor and si-TRPM2-AS were co-transfected into the T24 and
5637 cells, there was no signi�cant difference between the co-transfection group and blank group (Figure
4E).

GINS2 was a downstream target gene of miR-22-3p

By interrogating TargetScan Human 7.2, the complementary sequences of GINS2 mRNA 3’UTR and miR-
22-3p was obtained (Figure 5A). Thereafter, we conducted dual luciferase reporter gene assay and RNA
pull-down assay to verify the complementary binding relationship. The �uorescence intensity was
obviously reduced in of GINS2-wild type and miR-22-3p mimics co-transfection group, while other groups
had no differences in T24 and 5637 cell lines (Figure 5B). RNA pull-down assay also proved that miR-22-
3p could directly interact with GINS2 mRNA (Figure 5C). Interestingly, we found that GINS2 was
signi�cantly up-regulated in BLCA tissues compared with normal adjacent tissues (Figure 5D), indicating
a a negative correlation with miR-22-3p expression (Figure 5E). In addition, the expression of GINS2
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mRNA increased by 6.2-fold in T24 cells and 5.7-fold in 5637 cells compared to SV-HUC-1 cells (Figure
5F). At protein level, GINS2 expression was raised by 1.9-fold in T24 cells and 1.7-fold in 5637 cells
compared to SV-HUC-1 (Figure 5G). What’s more, the transfection of miR-22-3p mimic resulted in 50%
decrease of the GINS2 expression, while the transfection of miR-22-3p inhibitor resulted in almost 2-fold
increase of the GINS2 expression in T24 and 5637 cells (Figure 5H).

The suppression effects of GINS2 silence on BLCA cells malignancy phenotypes were reversed by miR-
22-3p inhibition

To explore whether the effects of GINS2 on BLCA cells was regulated by miR-22-3p, the miR-22-3p
inhibitor and si-GINS2 were transfected into T24 and 5637 cells. The transfection e�ciency of miR-22-3p
and GINS2 siRNA was con�rmed using qPCR (Figure 6A) and western blot method. The results of western
blot showed that the miR-22-3p inhibitor led to the approximately 1.5-fold increase of the expression of
GINS2 protein, while the expression of GINS2 protein in the si-GINS2 group was suppressed by
approximately 50%, indicating that the miR-22-3p inhibitor and si-GINS2 were successfully transfected
into both cell lines (Figure 6B). Then, the CCK-8 assay results showed that the si-GINS2 weakened cell
viability in T24 and 5637 cells, but the co-transfection with miR-22-3p inhibitor attenuated the effect of si-
GINS2 on cell viability in the two cell lines (Figure 6C). Equally, BrdU incorporation assay results showed
that the proliferation ability of T24 and 5637 cells was impaired by 50% in si-GINS2 group, but the
proliferation ability of the two BLCA cell lines in co-transfection group was the same as the blank group
(Figure 6D). For cell apoptosis, the �ow cytometry analysis results revealed that the apoptosis rate
induced by si-GINS2 was raised by 2.3-fold in T24 cells and 1.7-fold in 5637 cells compared to blank
group, while the apoptosis rate in co-transfection group did not show any signi�cant differences with
blank group (Figure 6E). Furthermore, we observed the caspase-3 activity in the transfected BLCA cells,
�nding that the caspase-3 activation was enhanced by si-GINS2, and the caspase-3 activity in co-
transfection group did not show a signi�cant difference from the blank group either (Figure 6F).

Discussion
TRPM2-AS was signi�cantly up-regulated in BLCA tissues and cells compared with normal control and
majorly located in cell cytoplasm. We found TRPM2-AS enhanced the cell viability and cell proliferation,
and impaired cell apoptosis in BLCA cells. Furthermore, TRPM2-AS had a negative association with miR-
22-3p, which had lower expression in BLCA tissues and cells to act as a negative regulator of BLCA
progression. GINS2, validated to be a target gene of miR-22-3p, was found up-regulated in BLCA tissues
and cells, and it also could promote cell viability and cell proliferation, while inhibited cell apoptosis.

Recently, lncRNA TRPM2-AS has been found to be aberrantly up-regulated in a wide spectrum of
neoplasms. For instance, in melanoma, TRPM2-AS were over-expressed [10]. Its aberrant up-regulation
led to signi�cant cancer cell phenotypes, and its loss-of-function resulted in reduced cancer phenotypes.
TRPM2-AS was found increased in prostate cancer, and the knockout of TRPM2-AS induced cell
apoptosis with strengthening cell stress as well as cell cycle arrest [11]. Besides, TRPM2-AS was
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increased in gastric cancer, and had a signi�cant association with invasion depth, lymphatic metastasis,
TNM stage and 5-year survival rate. Furthermore, TRPM2-AS enhanced cell propagation, migration and
invasion through inhibiting miR-195 to promote the development of gastric cancer [12]. Similarly, TRPM2-
AS with higher expression in colorectal cancer cells strengthened colorectal cancer cell proliferation via
immediately combining with RNA-binding protein TAF15 thereby stabilizing the TRPM2 mRNA [13]. In
addition, TRPM2-AS was reported to be up-regulated in breast cancer to promote uncontrollable
proliferation and weaken breast cancer cells’ apoptosis through binding with miR-140-3p [14]. Besides,
TRPM2-AS was up-regulated in hepatocellular carcinoma (HCC) tissues than in normal adjacent tissues,
and it had a signi�cant correlation with tumor size, differentiation, and the prognosis outcome of HCC
patients [16]. Compared with previous studies, our results had the similar conclusion that TRPM2-AS was
up-regulated in BLCA to promote the cell viability and cell proliferation, and inhibit cell apoptosis. Our
study not only identi�ed the signi�cant up-regulation of TRPM2-AS in bladder cancer, but also con�rmed
its promoting effects on BLCA phenotypes. Clearly, compared with previous studies, we need to collect
more clinical data to verify the regulatory association between TRPM2-AS expression and the clinical
characteristics.

miR-22-3p has been studied in a plethora of human neoplasms including BLCA, and it has been
frequently considered as a signi�cant tumor suppressor. For instance, miR-22-3p was reported to be
signi�cantly downregulated in NCI-H446 (a small cell lung cancer cell line), and enhanced cell apoptosis
while inhibited cell migration through down-regulating WRNIP1 [26]. Similarly, miR-22-3p was down-
regulated in HCC, leading to the malignant progression of HCC [27]. Interestingly, miR-22-3p was also
found to hinder the malignancy phenotypes of BLCA [41]. Equal to these researches, we found that miR-
22-3p was signi�cantly down-regulated in BLCA. At the same time, miR-22-3p could inhibit cell viability
and cell proliferation while enhance cell apoptosis. We used a more accurate proliferation assay, BrdU
incorporation assay, to study its effect on BLCA cell proliferation. Plus, we also detected the caspase-3
activation in BLCA cells to further reveal the effects of miR-22-3p on cell apoptosis. Our study con�rmed
that caspase-3 activation was involved in miR-22-3p-induced apoptosis process. This �nding is similar to
the study of Qinghai Zeng et al. [42], in which the cleaved caspase 3 protein level was reported to be up-
regulated in T24 and RT4 cell lines after the treatment of miR-22-3p mimic.

Besides, miR-22-3p has also been reported to participate in a more complex network, the competitive
endogenous RNA (ceRNA) network. For instance, miR-22-3p was reported to be involved in a ceRNA
network pathway that included lncRNA NNT-AS1 and YAP1, thus regulating the malignancy phenotypes
of NSCLC cells [43]. In gastric cancer, miR-22-3p was reported to be regulated by lncRNA CTC-497E21.4
thus regulating NET1 expression to suppress the malignant development of gastric cancer [44]. Moreover,
LINC00858 acted through ceRNA network to suppress miR-22-3p, thereby regulating the down-stream
effector, YWHAZ, to strengthen the progression of colorectal cancer [25]. We herein validated the
regulatory relationship between miR-22-3p and TRPM2-AS, and the latter promoted BLCA by suppressing
the former. The ceRNA network in BLCA involving miR-22-3p has not yet been reported before, the present
study presented a novel ceRNA network that involves miR-22-3p, which might open a new approach for
target therapy of BLCA.
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GINS2 has been preliminarily studied in various human cancers such as that GINS2 enhanced cell
proliferation and weakened cell apoptosis in thyroid cancer by regulating CITED2 and LOXL2 expression
[32]. GINS2 was upregulated in NSCLC tissues and cell lines, indicating with the poor prognosis outcome
of the patients. Moreover, GINS2 enhanced NSCLC cell propagation, migration, invasion and EMT by
regulating the phosphorylation of PI3K p85, AKT, MEK and ERK [33]. Besides, GINS2 was over-expressed
in triple negative breast cancer (TNBC) cell lines, and strengthened the aggression of TNBC cells through
increasing MMP9 level [35]. What’s more, GINS2 expression level was obviously higher in cervical cancer
tissues and cell lines, indicating the poor survival outcome of patients, and promoted cell propagation,
migration and invasion [37]. In epithelial ovarian cancer, GINS2 with highly expression in tissues
enhanced cell propagation while mitigated cell cycle arrest in S phase [38]. To our knowledge, GINS2 has
not yet been studied in BLCA before. We herein identi�ed that GINS2 was a validated downstream
effector of miR-22-3p. We also discovered a similar result to previous studies that GINS2 was an
oncogene to promote the development of BLCA cells. We found that the effects of GINS2 knockdown on
BLCA cell phenotypes could be attenuated by miR-22-3p inhibition.

In our study, we designed cell experiments to verify our hypothesis that a novel ceRNA network pathway
that involves TRPM2-AS/miR-22-3p/GINS2 could regulate the viability, proliferation and apoptosis of
BLCA cell phenotypes; however, we did not conduct experiments to study the effects of the ceRNA
network pathway on BLCA cell aggression phenotypes such as migration and invasion. Besides, we didn’t
conduct animal models to further con�rm our in vitro experiment results. In addition, the occurrence and
progression of tumor involves many factors, we also need to discover other factors that interact with the
novel interactome to expand the ceRNA network.

Conclusion
Our study suggested that TRPM2-AS was a tumor promoter, and enhanced the progression of bladder
cancer by down-regulating miR-22-3p thus increasing GINS2 expression. TRPM2-AS/miR-22-3p/GINS2
might become a new therapy in bladder cancer in the future.
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Table 1. The clinical characteristics of 38 patients with bladder cancer.
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characteristics Total = 32 Percentage (%)

Age(years)

≤60 20 52.6%

>60 18 47.4%

Gender

Male 23 60.5%

Female 15 39.5%

Tumor diameter(cm)

≤3 21 55.3%

>3 17 44.7%

Histological grade

Low 20 52.6%

High 18 47.4%

TNM stage

I     8     21.1%

II     17     44.7%

III     9 23.7%

IV     4     10.5%

Lymphatic metastasis    

   Positive 16 42.1%

   Negative 22 57.9%

        

 

Table 2. The primer sequences for RT-qPCR
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GENE Primer sequences (5’-3’)

TRPM2-AS Forward: AAATGGCCATGCAGGTCGAA

Reverse: TATTTGCCCTCGTAACCGCA

miR-22-3p Forward: CGAAGCTGCCAGTTGAAGAA

  Reverse: TGGTGTCGTGGAGTCG

U6 Forward: CTCGCTTCGGCAGCACA

Reverse: AACGCTTCACGAATTTGCGT

GINS2 Forward: CGTCCAGCATCATGCAATGG

Reverse: CACATGCGCATTCTCAGAGC

GAPDH Forward: GGAGCGAGATCCCTCCAAAAT

Reverse: GGCTGTTGTCATACTTCTCATGG

Figures
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Figure 1

The identi�cation of interested interactome in BLCA. A. The top 5 most signi�cantly upregulated lncRNAs
in BLCA using GEPIA database based on the log2|FC| values. FC: fold change; adj.P: adjusted P value. B.
The top �ve most signi�cantly upregulated mRNAs in BLCA by analyzing GSE37815 data series. C. The
relative expression of TRPM2-AS in BLCA tissues and healthy tissues from GEPIA database. D. The
relative expression of GINS2 in BLCA tissues and healthy tissues from GEPIA database. E. The
identi�cation of the bridge miRNAs between TRPM2-AS and GINS2 mRNA.
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Figure 2

The inhibitory effect of si-TRPM2-AS on bladder cancer was con�rmed. A. The expression of TRPM2-AS
was increased in BLCA tissues compared with normal adjacent tissues. N=38, Student’s t-test. B. The
expression of TRPM2-AS was higher in four BLCA cell lines (RT4, T24, J82 and 5637) than that in normal
urothelial epithelial cell line SV-HUC-1. *P < 0.05, **P < 0.001 compared with SV-HUC-1 cell, ANOVA. C. The
location of TRPM2-AS was majorly in cytoplasm of T24 and 5637 cells. D. The transfection effectiveness
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in T24 and 5637 cell lines after transfecting si-TRPM2-AS, negative control and blank control. **P < 0.001
compared with blank group, ANOVA. E. CCK-8 assay was used to observe the cell viability in T24 and
5637 cell lines after transfecting si-TRPM2-AS, negative control and blank control at 0, 24, 48, and 72
hours. **P < 0.001 compared with blank group, ANOVA. F. BrdU assay was used to observe the cell
proliferation in T24 and 5637 cell lines after transfecting si-TRPM2-AS, negative control and blank control
at 48 hours. *P < 0.05 compared with blank group, ANOVA. G. Flow cytometry was employed to measure
the cell apoptosis after transfecting si-TRPM2-AS, negative control and blank control. **P < 0.001
compared with blank group, ANOVA. H. The caspase-3 activity assay was employed to measure the
caspase-3 activity after transfecting si-TRPM2-AS, negative control and blank control. **P < 0.001
compared with blank group, ANOVA.
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Figure 3

The negative correlation between MiR-22-3p and TRPM2-AS. A. The combine region sequences of
TRPM2-AS and miR-22-3p. B. Luciferase reporter assay was used to assess the targeting relationship
between TRPM2-AS and miR-22-3p. **P < 0.001, ANOVA. C. RIP assay was used to further con�rm the
targeting relationship between TRPM2-AS and miR-22-3p. **P < 0.001 compared with IgG group, ANOVA.
D. the expression of miR-22-3p was down-regulated in BLCA tissues compared with normal adjacent
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tissues. N=38, Student’s t-test. E. TRPM2-AS expression had a negative relationship with miR-22-3p
expression. F. The expression of miR-22-3p was reduced in T24 and 5637 cells compared with SV-HUC-1
cells. **P < 0.001 compared with SV-HUC-1 cells, ANOVA. G. The expression of miR-22-3p was increased
after transfecting si-TRPM2-AS in T24 and 5637 cells by qRT-PCR analysis. **P < 0.001 compared with
blank group, ANOVA.

Figure 4
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MiR-22-3p inhibitor promoted cell viability and cell proliferation, but inhibited cell apoptosis in BLCA cells
which was regulated by TRPM2-AS. A. The transfection e�ciency of miR-22-3p inhibitor and TRPM2-AS
siRNA. B. CCK-8 assay was used to observe the cell viability in T24 and 5637 cells after transfecting miR-
22-3p inhibitor, si-TRPM2-AS, negative control, blank control and co-transfected miR-22-3p inhibitor and
si-TRPM2-AS. C. BrdU assay was used to observe the cell proliferation in T24 and 5637 cells after
transfecting miR-22-3p inhibitor, si-TRPM2-AS, negative control, blank control and co-transfected miR-22-
3p inhibitor and si-TRPM2-AS. D. Flow cytometry was employed to measure the cell apoptosis in T24 and
5637 cells after transfecting miR-22-3p inhibitor, si-TRPM2-AS, negative control, blank control and co-
transfected miR-22-3p inhibitor and si-TRPM2-AS. E. Caspase-3 activation assay was employed to
measure the caspase-3 activation in BLCA cells after transfecting miR-22-3p inhibitor, si-TRPM2-AS,
negative control, blank control and co-transfected miR-22-3p inhibitor and si-TRPM2-AS. *P < 0.05, **P <
0.001 compared with blank group, ANOVA.
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Figure 5

GINS2 was the downstream target gene of miR-22-3p. A. The binding site of GINS2 3’UTR for miR-22-3p.
B. Luciferase reporter assay was used to measure the targeting relationship between miR-22-3p and
GINS2. **P < 0.001, ANOVA. C. RNA pull-down assay was used to further con�rm the targeting
relationship between TRPM2-AS, miR-22-3p and GINS2. **P < 0.001 compared with bio-NC group, ANOVA.
D. The GINS2 mRNA expression was more in BLCA tissues than that in adjacent normal tissues. N=38,
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Student’s t-test. E. MiR-22-3p expression had a negative relationship with GINS2 expression. F. GINS2
mRNA expression was higher in T24 and 5637 cell lines than that in SV-HUC-1 cells. **P < 0.001
compared with SV-HUC-1 cells, ANOVA. G. GINS2 protein expression was higher in T24 and 5637 cell lines
than that in SV-HUC-1 cells. *P < 0.05, **P < 0.001 compared with SV-HUC-1 cells, ANOVA. H. GINS2
mRNA expression was increased after transfecting miR-22-3p inhibitor, while GINS2 mRNA expression
was reduced after transfecting miR-22-3p mimic. **P < 0.001 compared with blank group, ANOVA.

Figure 6
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GINS2 silence inhibited cell viability and cell proliferation while promoted cell apoptosis in bladder cancer
cells which was regulated by miR-22-3p. A. The transfection e�ciency of miR-22-3p inhibitor and GINS2
siRNA in the two cell lines. B. The expression of GINS2 protein was detected by western blot in BLCA cells
after transfecting with miR-22-3p inhibitor, si-GINS2, negative control, blank control and co-transfected
miR-22-3p inhibitor and si-GINS2. C. CCK-8 assay was used to observe the cell viability in T24 and 5637
cell lines after transfecting miR-22-3p inhibitor, si-GINS2, negative control, blank control and co-
transfected miR-22-3p inhibitor and si-GINS2. D. BrdU assay was used to observe the cell proliferation in
T24 and 5637 cell lines after transfecting miR-22-3p inhibitor, si-GINS2, negative control, blank control
and co-transfected miR-22-3p inhibitor and si-GINS2. E. Flow cytometry was employed to measure the cell
apoptosis after transfecting miR-22-3p inhibitor, si-GINS2, negative control, blank control and co-
transfected miR-22-3p inhibitor and si-GINS2. F. Caspase-3 activity assay was employed to measure the
caspase-3 activity after transfecting miR-22-3p inhibitor, si-GINS2, normal control, blank control and co-
transfected miR-22-3p inhibitor and si-GINS2. *P < 0.05, **P < 0.001 compared with blank group, ANOVA.
NC: negative control.


