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Abstract 

Opa interacting protein 5 (OIP5) has previously been identified as a tumorigenesis gene. The 
purpose of this study is to explore the role of OIP5 in the progression of bladder cancer (BC). The 
OIP5 expression and clinical behaviors in bladder cancer were collected from lager database. Our 
study showed that OIP5 was highly expressed in bladder cancer tissues and cells. Overexpression of 
OIP5 in tumor patients predicted worse overall survival (OS) and higher histological grade. Vitro 
and vivo experiments demonstrated that knockdown of OIP5 significantly inhibited cell growth of 
BC. Scratch assay and transwell assay suggested that migration capacity of BC cells was decreased 
after knockdown of OIP5. Cisplatin sensitivity assay indicated that depletion of OIP5 increased the 
sensitivity of BC cells to cisplatin. Finally, we identified 38 overlapping differentially expressed genes 
(DEGs) between RNA-seq and TCGA analyses which were closely linked to OIP5. Bioinformatics 
analysis showed that these DEGs enriched in oocyte meiosis, fanconi anemia pathway, cell cycle, and 
microRNAs regulation. TOP2A, SPAG5, SKA1, EXO1, TK1 were confirmed to associated with 
bladder cancer development. Our study suggests that OIP5 may be a potential biomarker for 
growth, metastasis and drug-resistance in bladder cancer.  
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Introduction 
Bladder cancer is the ninth most common 

malignancy worldwide and the most common cause 
of death in genitourinary tumor[1]. It was reported 
that 81, 190 new cases of bladder cancer and 17, 240 
cancer-related deaths are predicted to occur in 2017 in 
the United States[2]. For non-muscle-invasive bladder 
cancer(NMIBC), the standard treatment is 
transurethral resection of bladder tumour (TURBT), 
followed with risk-based intravesical pharmacothe-
rapy, but more than 70% of the patients tend to 
recrudescence and nearly 25% will develop to 
muscle-invasive bladder cancer (MIBC)[3]. MIBC is 

frequently managed with radical cystectomy with 
neoadjuvant chemotherapy[4]. Although BC patients 
can acquire benefits from multiple therapeutic 
interventions, involved in refining surgical 
techniques, continuously improving chemotherapy 
and radiotherapy regimens, even immunotherapy, 
targeted therapy, platinum-based systemic 
chemotherapy remains the cornerstone of agents for 
advanced disease[5]. However, patients with BC 
frequently suffer from its high recurrence and the 
5-year survival rate for patients remains at 50–60% [6]. 
In addition, the clinical success of BC always 
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compromised due to early metastasis and drug 
resistance. Consequently, extensive investigations of 
potential diagnosis biomarkers and overcoming drug 
resistance for BC patients are urgently needed.  

Opa interacting protein 5 (OIP5), a protein 
coding gene that is located on chromosome 15, 
belongs to cancer/testis antigens (CTAs)[7]. OIP5 
encodes a 25-kDa protein with a coiled-coil domain 
which was originally found as an Opa (Neisseria 
gonorrhoeae opacity associated) interacting protein 
by yeast two-hybrid analysis[8]. Previous studies 
have demonstrated that OIP5 was highly expressed in 
various cancers, involved in various biological 
processes of tumor[9, 10]. OIP5 was identified as a 
CTAs in gastric cancer, which indicated it could be a 
novel target for cancer specific immunotherapy [11]. 
Gong et al found that overexpression of OIP5 was 
inclined to get a shorter overall survival time in clear 
cell renal cell carcinoma [10]. Chun et al suggested 
that knockdown of OIP5 inhibited cell growth and 
induced apoptosis in colorectal and gastric cancers 
[12]. Although it has been reported that OIP5 
participated in the proliferation, apoptosis, and cell 
cycle process of BC[13], the relationship between OIP5 
and migration or drug resistance in BC is unknown.  

Platinum-based chemotherapy remains regarded 
as the first-line chemotherapeutic regimens for 
ovarian, gastric, lung, testicular as well as bladder 
cancer[14]. However chemoresistance to cisplatin 
occurs frequently. The mechanisms that tumors 
development resistant to platinum drugs are 
multifactorial, including: 1)Reduced intracellular 
drug uptake. For example, copper transporter 1 
(CTR1) has been found to play an important role in 
the uptake of the platinum drug. And downregulation 
of CTR1 could lead to poor therapeutic response to 
cisplatin; 2)Promoted drug efflux by increasing 
cellular glutathione(GSH). For example, Kotoh et al 
found that the content of GSH was significantly 
increased in the cisplatin-resistant BC cell line 
(T24/DDP7), compared with that of the T24 parental 
line; 3)Enhanced repair of DNA damage through 
reactivation of DNA repair pathway, such as 
nucletide excising repair (NER), and homologous 
recombination repair(HR); 4)Defects in apoptosis 
pathway, for example the loss expression of p53[15]. 
Moreover, the role of non-coding genes in the 
regulation of chemoresistance has attracted increasing 
attention. As a study found that overexpression of 
miR-218 was responsible for the enhancement of 
cisplatin sensitivity in T24 and EJ cells by reduced 
glucose uptake, cellular GSH content and enhanced 
ROS [16].  

In the present study, we found that knockdown 
of OIP5 inhibited the proliferation, metastasis, and 

increased the sensitivity to cisplatin in BC. Our results 
demonstrated that OIP5 may be used as a potential 
therapeutic target to tackle with patients of bladder 
cancer.  

Materials and Methods 
Large database information mining and 
arrangement 

The tissue expression and clinical information of 
OIP5 were collected from The Cancer Genome Atlas 
(TCGA) and Sequence Read Archive (SRA) database. 
Relevant mRNA expression and clinical data of 
bladder cancer in TCGA cohort (TCGA-BLCA) were 
download from UCSC Xena (https://xenabrowser.  
net/heatmap/#, up to October, 22, 2017). Data from 
Sequence Read Archive under accession SRA063495 
was based on whole-genome sequencing of bladder 
cancer [17]. The mRNA expression of OIP5 in 
different urinary tract cancer cell linces was searched 
from Cancer Cell line Encyclopedia (CCLE)[18].  

Cell culture 
Human bladder transitional cell carcinoma cell 

lines (SW780, 5637), human normal bladder epithelial 
cell line(SVHUC-1) and human embryonic kidney 293 
cell lines (293T) were purchased from American Type 
Culture Collection (ATCC, Manassas, VA, USA). The 
5637 cells were cultured in RPMI-1640 (1640) (Gibco, 
USA), supplemented with10% fetal bovine serum 
(Gibco). The SW780 and 293T cells were cultured in 
Dulbecco’s modified Eagle’s medium(DMEM) 
(Gibco), supplemented with 10 % fetal bovine serum 
(Gibco). The SV-HUC-1 cells were cultured in F12K 
medium (Gibco), supplemented with 10 % fetal 
bovine serum(Gibco). All cells were maintained at 
37°C with a humidified atmosphere of 5 % CO2 in 
incubator.  

RNA extraction and qRT-PCR analysis 
Total RNA was extracted from cells using TRIzol 

reagent (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s instructions. Quality of extracted 
total RNA was evaluated according to 260/280 
absorbance ratio, measured by Nano Drop 
spectrometer (Thermo Scientific, Waltham, MA, 
USA). Revertra Ace qPCR RT Kit (Toyobo, Japan) was 
used to transfor mRNA to cDNA. The mRNA 
expression levels of OIP5 were measured by using 
SYBR® Premix Ex TaqTM (TaKaRa, Japan) according 
to the user’s manuals. The qPCR primers are listed in 
Table 1. The PCR mixtures were prepared according 
to the manufacturer’s protocols with PCR conditions 
of 40 cycles of 15 sec at 95°C, 20 sec at 55°C, and 30 sec 
at 70°C on a ABI PRISM 7300 Fluorescent Quantitative 
PCR System (Applied Biosystems, Foster City, CA, 
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USA). The 2-△△ct method was used to calculate the 
relative amount of OIP5. All experiments were carried 
out at least three repetitions.  

 

Table 1. Relative primers used in this research.  

Name Sequences 
OIP5-F CTTGTGGGATTCCCGTTGGTT 
OIP5-R TGTGCGTTAGCACTATCTTCTCT 
GAPDH-F CGCTCTCTGCTCCTCCTGTTC 
GAPDH-R ATCCGTTGACTCCGACCTTCAC 
Note: F, forward primer; R, reverse primer 
 

Stable transfected cells construction 
A lentivirus-mediated miRNA targeting OIP5 

was designed and synthesized by SyngenTech 
(BeiJing, China). The sequence of miR-OIP5 is: 
TGCTGTAGAAGTCAACATTAAGCCCAGTTTTGG
CCACTGACTGACTGGGCTTAGTTGACTTCTACA
GG. The sequence of miRNA-NC is: TGCTGCATAC 
GGCCCACAGGTATTTCGTTTTGGCCACTGACTG
ACGAAATACGTGGGCCGTATGCAGG. The 293T 
cells were transfected with shuttle vectors combined 
with helper plamids of pMD2. G and psPAX. 2 by 
Lipofectamine 3000 following the manufacturer’s 
protocol (Invitrogen, USA). The supernatant was 
harvested after 48 h, 72h, and then filtered through 0. 
45μm PVDF filter. Then, the lentivirus supernatant 
was concentrated by lentivirus concentration solution 
(1:5, BioGeek) at 4℃ overnight. After concentration, 
the lentivirus particles were collected and resuspend. 
The target cells were infected by the viral liquid with 
polybrene (8ug/ml, HanBio). After 48 h of infection, 
the stably transduced cells were selected with 
puromycin. Finally, the selected clones were 
expanded for further studies.  

Western Blot Assays 
Cells were collected and lysed in RIPA buffer 

(Beyotime, ShangHai, China) with protease inhibitor 
on ice for 30 min, followed by centrifugation at 14, 
000g for 10 minutes at 4°C. BCA protein assay kit 
(Pierce, USA) was used to quantify the protein 
concentration. The protein was diluted in 4× loading 
buffer (TransGen, BeiJing), and then boiled for 5 min 
at 100℃. Equal amounts of protein was loaded onto 
SDS-PAGE (10%) gels for electrophoresis and 
transferred onto polyvinylidene fluoride (PVDF) 
membranes (Millipore, Billerica, USA). The membr-
anes were blocked with 5% Albumin Bovine (BSA; 
Biotechnology, Lot# 0164C419) for 1 hour at room 
temperature and then incubated with the following 
primary antibodies at 4℃ overnight: mouse mono-
clonal anti–β-actin (1:1000; Beyotime, ShangHai), 
rabbit monoclonal anti-OIP5 (1:200; Sigma, St. Louis, 
MO USA). After washing 3 times, the membranes 

were incubated with a secondary antibody (1:5000 
dilution; Abcam) for 2 hours. Then, the membranes 
were visualized after development with an enhanced 
chemiluminescence (ECL) substrate (Thermo, USA). 
Chromogenic reaction was performed by Image Lab 
5. 2 software (GelBoc, USA). Finally, Adobe 
Photoshop software(Adobe Systems, USA) was used 
to analyze the protein bands.  

Cell proliferation assay 
Cell Counting Kit-8, CCK-8 (TransGen, Beijing, 

China) and 5-ethynyl-20-deoxyuridine (EdU) assay kit 
(Ribobio, Guangzhou, China) were used for cell 
proliferation according to the manufacturer’s instruc-
tions. For CCK-8 assay, the stably transfected cells of 
miR-OIP5 and miR-NC group were seeded in a 
96-well plates, and cultured in normal medium. At 24, 
48 or 72 h, 96h, 10 μl CCK-8 reagent was added to 
each well and cultured for 1 h. The absorbance at 450 
nm was detected by automatic microplate reader 
(Bio-Rad, Hercules, CA, USA).  

For EdU assay, stably transfected cells were 
seeded in a 12-well flat-bottomed plate, and incubated 
with 100μl of 50μM EdU per well for 2h. Then, the 
cells were fixed with 4% paraformaldehyde for 15 min 
at room temperature. After removing the buffer, the 
cells were incubated with 200μl of 2mg/ml glycine for 
5min followed by washing with 200μl of PBS. The 
cells in each well were then treated with 0. 5% Triton 
X-100 for 20 min at room temperature for 
permeabilization. After washing with PBS three times, 
cells were added with 200μl of 1X Apollo solution for 
30 min at room temperature in the dark. After that, 
cells were incubated with 200μl of Hoechst33342 for 
30 min at room temperature in the dark followed by 
washing with PBS. The cells were then observed using 
fluorescence microscopy. All experiments were 
performed three times.  

Tumor xenograft model and tumorigenicity 
assay 

SW780 cells stably transfected with OIP5 knock-
down vector (miRNA-OIP5) and its negative control 
(miRNA-NC) were employed to the tumorigenicity 
assay. Five female BALB/c athymic nude mice 
(Five–six weeks old, 16–20g) were purchased from 
Beijing Vital River Laboratory Animal Technology Co, 
Ltd. All mice were housed in a climate-control SPF 
(Specific Pathogen Free) facility. Cell suspension (1× 
107 cells in 200 μl PBS per mouse) was subcutaneously 
injected into the flanks of the nude mice. And, the 
miRNA-OIP5 cell line was injected on the right side, 
and the miRNA-NC cell line was injected on the left 
side, respectively. The tumor size, volume and mice 
weight were measured twice a week. The tumor 



 Journal of Cancer 2018, Vol. 9 

 
http://www. jcancer. org 

4687 

volume was calculated using the formula: length × 
width2 × 1/2. After inoculation 4 weeks, the mice 
were euthanized and the tumors were removed and 
weighed.  

Cell migration assay 
Cell migration ability was measured by scratch 

assay. Cells were seeded in 6-well plates and 
incubated in an incubator to get 100% confluence. 
Clear lines in the wells were generated using a sterile 
200 μl pipette tip. A digital camera system was used to 
take pictures from each well quickly. 24 hours later, 
pictures were taken again. Migration distance was 
measured at the time of 0 h and 24 h. The wound gaps 
were digital quantified using Image-Pro Plus software 
(Version 5. 1, Media Cybernetics, Inc. ).  

Transwell assay also be adopted to further 
confirm the result. Transwell insert with 8. 0μm pores 
(COStor, Alfred Road, Kennebunk ME, USA) were 
placed in a 24-well plate. 5x105 cells suspended with 
200μl FBS-free medium were added to the top 
chamber and 500μl medium supplemented with 10% 
FBS was added to the bottom chamber. After 24 hour 
of incubation at 37℃, cells that migrated through the 
chamber membrane were fixed in 4% paraformald-
ehyde and then stained with 0. 1% crystal violet 
(Sigma-Aldrich). After dyed for 20 min, the redundant 
dyes adhered to the upper surface of the 
polycarbonate membrane was removed by cotton 
swab. The invaded cells were observed and 
photographed using microscopy. Then, the chambers 
were soaked into 1ml 3% glacial acetic acid to wash 
out the crystal violet with the invaded cells. After 10 
min, 100μl elutropic crystal violet was added into per 
well of 96-well plates, and the absorbance was 
measured at a wavelength of 570nm using a 
microplate reader (Bio-Rad, Hercules, CA, USA). Each 
experiment was carried out at least three times.  

Drug sensitivity assay 
The CCK-8 assay(TransGen, Beijing, China) was 

used to measure the cell viability and half maximal 
inhibitory concentration (IC50). Cells were seeded in 
96-well plates at a concentration of 8x103 cells per well 
and cultured overnight. When the cells reached about 
60% confluence, different concentrations of cisplatin 
was added to the wells. After treated with 72 h, 10 μl 
of CCK-8 reagent with 90 μl of culture medium was 
added into each well and incubated for 3 hours. Then, 
optical density (OD) value at the wavelength of 
450nm was measured using a microplate reader 
(Thermo). The cell viability and IC50 was calculated 
using GraphPad Prism 5.0 software. The half maximal 
inhibitory concentration (IC50) was measured by 
linear regression. The concentrations of cisplatin was 

as follows:SW780 cells (0, 0.794, 1.587, 3.175, 6.35, 12.7, 
25.4, 50.8, 101.6, and 203.2 μM/mL), 5637 cells (0, 
0.287, 0.574, 1.148, 2.295, 4.59, 9.18, 18.36, 36.72, and 
73.44 μM/mL). Each experiment was repeated three 
times.  

RNA sequencing and Bioinformatics analyses 
RNA was isolated from OIP5 stable knockdown 

of SW780 cell lines (miR-OIP5) and its negative 
control (miR-NC). The differentially expressed genes 
(DEGs) in both samples were screened using 
Illumina’s Genome Analyzer II platform. Pearson test 
was used to search for genes related to OIP5 in TCGA 
cohort (TCGA-BLCA). The candidate genes which 
absolute value of Pearson's r>0.6 was the included 
object. Then, we sought intersection of mRNAs 
between the RNA-seq and TCGA cohort. To assess the 
potential function of the consensus target genes, 
Database for Annotation, Visualization and Integra-
ted Discovery (DAVID) [19] was used to enrich the 
pathway in Kyoto Encyclopedia of Genes and 
Genomes (KEGG). The P value < 0.05 and gene count 
>2 generated by DAVID was defined as the cutoff 
criterion. And the assessment and integration of 
protein–protein interactions were processed by 
STRING v10.5 database [20] and modeled by 
Cytoscape v3. 5. 1. The minimum required interaction 
score generated by STRING were set in medium 
confidence (0. 400).  

Statistical analyses  
All the experiments were independently 

repeated at least three times and presented as mean ± 
standard deviation (SD). SPSS 20.0 (IBM, Armonk, 
NY) was used to perform the statistical analysis. All 
experimental data were analyzed by Student’s t-test 
or ANOVA and P< 0.05 was considered statistically 
significant. In addition, GraphPad Prism 6 (La Jolla, 
CA, USA) was used to deal with all data.  

Result 
OIP5 was upregulated in bladder cancer, and 
its clinicopathologic characteristics 

We explored the tissue expression and clinical 
characteristics of OIP5 through large database mining. 
Initially, data from the TCGA-BLCA (Fig. 1A, 1B) 
suggested that OIP5 had a higher expression in tumor 
tissues(n=407) than that in matched normal 
peritumoral tissues(n=19). Likewise, compared with 
para-cancer tissues(n=16), the OIP5 expression was 
significantly upregulated in tumor tissues(n=43) 
based on SRA database (Fig. 1C, 1D). Fig. 2A 
exhibited the OIP5 expression level in various bladder 
cancer cell lines searched from Cancer Cell line 
Encyclopedia (CCLE). Then, the relative expression 
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level of OIP5 was detected using real-time qPCR in 
bladder cancer and normal urothelial cell lines. As 
shown in Fig. 2B, OIP5 was significantly upregulated 
in 5637 (P<0. 01) and SW780 (P<0. 01) compared to 
SV-HUC1 cell line. Meanwhile, overexpression of 
OIP5 was correlated with poor overall survival(OS) (P 
= 0. 0198) (Fig. 1E) and advanced histological 
grade(p=0. 0001) ( Fig. 1F) for BC patients in TCGA 
database. In addition, the results based on the 
SRA063495 database further verified that the 
differential expression of OIP5 was correlated with 
tumor grade (Fig. 1G). These results manifested that 
OIP5 was overexpressed in bladder cancer and 
contributed to patients prognosis.  

Efficiency of OIP5 was suppressed by 
lentivirus-mediated miRNA infection in 
SW780 and 5637 cells 

To assess the phenotypes of OIP5 in BC, 5637 
and SW780 cell lines were stably transfected with 
lentiviral vector (miRNA-OIP5), as well as negative 
control (miRNA-NC). The knockdown efficiency of 
OIP5 was determined by RT-Qpcr and western 
blotting (WB). And, the expression levels of OIP5 
were obviously down-regulated in cells infected by 
miRNA-OIP5 compared with miR-NC in mRNA (Fig. 

2C) and protein (Fig. 2D) levels.  

Knockdown of OIP5 inhibited cell growth in 
vitro and vivo 

CCK-8 and EdU assays were utilized to 
determine whether OIP5 promotes cell proliferation 
in bladder cancer. As detected in CCK-8 (Fig. 3C, 3D), 
stably knockdown of OIP5 remarkably inhibited cell 
proliferation in miRNA-OIP5 cells compared with 
miR-NC cells. Then EdU assay proved that the rate of 
EdU positive of 5637 and SW780 cells were signific-
antly decreased in miR-OIP5 group compared with 
miR-NC group(Fig. 3A). Meanwhile, the quantitative 
results suggested that the number of EdU positive 
cells in miR-OIP5 group was approximately 
decreased by 73. 7% in 5637 cells (P < 0. 01) and 58. 
45% in SW780 cells (P < 0. 01) (Fig. 3B). Furthermore, 
we also employed xenograft assay to verify the results 
in vivo. Xenograft experiment showed that tumors 
formed by miR-OIP5 cells exhibited a smaller volume 
(Fig. 4A, 4B) and lighter weight( Fig. 4C) relative to 
control group. Fig. 4D showed the mouse weight 
fluctuation during the experiment. These results 
indicated that knockdown of OIP5 significantly 
inhibited cell growth of bladder cancer.  

 

 
Figure 1. The OIP5 expression levels and clinical data in BC based on large database. OIP5 expression was higher in bladder cancer tissues than those in 
para-cancer tissues analyzed by TCGA-BLCA (A, B) and SRA063495(C, D). Correlation between OIP5 expression and OS based on TCGA-BLCA cohort (E). 
Correlation between OIP5 expression and histologic stage of bladder cancer patients based on TCGA database(F) and SRA063495(G).  
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Figure 2. OIP5 was up-regulated in BC cells and inhibited by miRNA-OIP5 lentivirus infection. (A) The OIP5 expression levels in various bladder 
cancer cell lines searched from Cancer Cell line Encyclopedia(CCLE). (B) The relative mRNA expression of OIP5 was higher in bladder cancer cell lines (SW780, 
5637) than those in normal urothelial cell line(SV-HUC1). (C, D) The expression levels of OIP5 were knockdown in mRNA and protein levels by infected with 
miRNA-OIP5. Data are shown as mean ± SD, (**P<0. 01).  

 
Knockdown of OIP5 inhibited cell migration of 
bladder cancer 

To investigate the role of OIP5 in the cell 
migration and invasion in BC, the cell scratch and 
transwell assay were adopted. Scratch assay 
illustrated that migration area of miR-NC group was 
obviously greater than that of miR-OIP5 group in two 
cell lines (Fig. 3E). The ratio of the relative migration 
in the miRNA-OIP5 group was reduced by 70. 14% in 
5637 (P <0. 01) and decreased by 66. 68% in T24 (P <0. 
01) (Fig. 3F). Likewise, the transwell assay showed 
that invaded cells were obviously decreased after 
miR-OIP5 vector treatment compared to the miR-NC 
group. (Fig. 3G, 3H). These results indicated that 
knockdown of OIP5 suppresses cell migration 
capacity of bladder cancer.  

Knockdown of OIP5 sensitized SW780 and 
5637 cells to cisplatin.  

We explored the association between OIP5 
expression and cisplatin chemoresistance in BC cells 
using drug sensitivity assay. In the cell viability assay, 
OIP5 downregulation markedly increased the 
sensitivity to cisplatin both in 5637 and SW780 cells, 
compared with the negative control cells (Fig. 3I, 3J). 
The IC50 values of cisplatin for OIP5 down-regulated 
cells was approximately reduced by 1. 58 times in 
5637 (P = 0. 0042) and by 1. 47 times in SW780 (P = 0. 
0334), compared with that of control cells. These result 
confirmed that knockdown of OIP5 both in 5637 and 

SW780 cells by lentivirus-mediated miRNA rendered 
the cells more sensitive to cisplatin compared with the 
negative control cells. Our results indicated that OIP5 
may play significant roles in chemotherapy resistance 
in BC.  

Differential expression genes profiles and 
pathway 

RNA sequencing combined with TCGA database 
and bioinformatics analyses were performed to access 
the biological mechanism of OIP5. The volcano plot 
showed 1924 up-regulated and 2190 down-regulated 
DEGs were identified between miR-OIP5 group and 
miR-NC group (Fig. 5A). Fig. 5B exhibited the genes 
associated with OIP5 in TCGA cohort(TCGA-BLCA) 
according to pearson test. In TCGA data analysis, 
there were 184 positive correlation genes (Pearson's r 
>0. 6), but the Pearson's r maximum absolute value of 
negative correlation genes was only 0. 52. Then we 
identified 38 intersection genes between and down- 
regulated DEGs (2190) and the positive correlation 
genes(184) (Fig. 5C). However, the overlap of up- 
regulated and negative correlation genes was small. 
KEGG pathway analysis indicated that the signaling 
pathway of the overlapping genes were enriched in 
oocyte meiosis, fanconi anemia pathway, cell cycle, 
microRNAs in cancer (Fig. 5D). As the interaction 
network indicated that TK1, TOP2A, SPAG5, SKA1, 
EXO1, RAD51AP1, PKMYT1 et al were closely linked 
to OIP5 (Fig. 5E).  
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Figure 3. The influence of OIP5 downregulation on cells malignant phenotypes. (A) EdU experiment was adopted to determine the cells growth ability. 
(B) The quantitative measurement of EdU positive cells. (C, D) Cell proliferation was detected in miR-OIP5 and miR-NC cells by CCK-8 assays. (E) Cell migration 
arrest was observed in stable transfected cells in cell scratch assays. (F) The quantitative measurement of migration areas. (G)Transwell assay was used to affirm the 
cell migration ability. (H)The quantitative test of invasive cells. Data are shown as mean ± SD. (*p<0. 05, **P<0. 01). (I, J)Stable transfected cells were exposed to 
increasing doses of cisplatin for 72h. Knockdown of OIP5 enhances sensitivity to cisplatin in miR-OIP5 group cells compared with miR-NC group.  
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Figure 4. Knockdown of OIP5 suppresses tumor growth in vivo. (A)The tumour volume in miR-OIP5 and miR-NC mice. (B)Photographs of the mice and 
dissected tumors that were injected with stably transfected SW780 cells for 4 weeks. (C)The tumor weight of the mice were measured at 4 weeks after injection. 
(D)Body weight fluctuation of the nude mice during the 4 weeks. Data are presented as mean ± SD; *P < 0. 05, **P<0. 01.  

 
Discussion 

Recurrence, drug-resistance, and metastasis 
continue to be the challenges to the bladder cancer 
management. Mounting published evidence demons-
trated that OIP5 could induce tumorigenesis in 
various tumors, including bladder cancer[13]. 
Koinuma et al reported that knockdown of OIP5 by 
siRNA inhibited cell growth of lung cancer and 
esophageal cancer. They also found that OIP5 may 
affect the aggressive phenotype of by interacting with 
Raf1 [9]. Raf1 acts as a trigger of a cascade of cell 
signaling responses, involved in cell proliferation and 
survival, and widely expressed in tumor[21]. The 
stability of OIP5 protein is likely to be regulated by its 
interaction with Raf1. Li et al proved that OIP5 
regulates the breast cancer proliferation through 
miR-139-5p/Notch1 pathway[22]. In hepatocellular 
carcinoma(HCC), OIP5 activates AKT through the 
mTORC2 and p38/PTEN signaling pathways, which 
contributed to tumor cell growth and metastasis[23]. 
A recent study suggested that OIP5 acts as a 
downstream gene of E2F1, and maintains the stability 
of E2F1 signaling pathway which promotes tumorig-

enesis and metastasis in glioblastoma. Our results 
further affirmed that OIP5 was present at high levels 
and OIP5 knockdown inhibited the growth of BC cells 
both in vitro and vivo, promoting OIP5 as a potential 
access point for therapeutic targets. Moreover, we first 
found that OIP5 suppression impeded BC cells 
invasion, indicating that OIP5 is substantially related 
to metastasis and invasion in BC. In addition, data 
from TCGA-BLCA data and SRA063495 [17] sugges-
ted that high expression of OIP5 predicted poor 
overall survival and advanced grade, which means it 
may be a prognostic biomarker for BC patients.  

We explored the biological mechanism of OIP5 
in BC through sequencing analysis and mining of 
large data information. In this study, 38 overlapping 
down-regulated DEGs were linked to OIP5 and 
bladder cancer, involved in oocyte meiosis, cell cycle, 
microRNAs in cancer. Among these DEGs, TK1, 
TOP2A, SPAG5, SKA1, EXO1, RAD51AP1, PKMYT1 
were closely associated to bladder cancer develop-
ment. A microarray analysis has suggested that the 
expression level of TK1 is elevated in primary bladder 
tumors [24]. Thymidine kinase 1 (TK1), a salvage 
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pathway enzyme, located on chromosomes 17q23. 2- 
q25. 3, involved in DNA synthesis and repair[25, 26]. 
Rausch et al reported that TK1 is highly expressed in 
Muscle-invasive bladder cancer, and recognized as 
proliferation and prognostic marker[27]. Interestingly, 
serum concentration of TK1 were decreased after 
bladder tumor ectomy, indicating it acted as a role of 
monitoring the effectiveness of surgery[28]. 
Topoisomerase-II alpha (TopoIIA) encodes a DNA 
topoisomerase, an enzyme that contributed to DNA 
processes of DNA replication, transcription and cell 
cycle regulation[29]. This gene also functions as the 
target for several anticancer agents and its mutation 
have been associated with the development of drug 
resistance[30]. JaeKim et al found that deregulated 
TOP2A activity attenuates the cytotoxic of chemo-
therapeutic agents by promoting drug efflux through 
increasing cellular glutathione(GSH) levels in the 
doxorubicin -resistant BC cell line (5637/DR50) [31]. 
Sperm-associated antigen 5 (SPAG5) plays an 
important role in dynamic regulation of mitotic 
spindles[32]. In prostate cancer, SPAG5 is a direct 
target of miR-539, linked to tumor growth and 
metastasis, and invasion[33]. A study published in 
The Lancet Oncology suggested that SPAG5 is 
confirmed as prognostic biomarkers for combination 
cytotoxic chemotherapy sensitivity in breast 
cancer[34]. In addition, Yuan et described that SPAG5 
downregulation alter sensitivity to taxol via the 
mTOR signaling pathway which activity is regulated 
depend on taxol dose in hela cells[35]. Spindle and 
kinetochore-associated protein 1 (SKA1) is a compo-
nent of the kinetochore-microtubule interface and 
associates with cell cycle regulation[36]. In bladder 
cancer, depletion of SKA1 induces cell cycle arrest at S 
phase and impaired cell growth ability through 
down-regulation of CDK4 and Cyclin D1, and 
alleviated the activations of ERK2 and AKT[37]. In 
general, these DEGs influence diverse biological 
processes of bladder cancer, including cell cycle, 
proliferation, invasion, and drug response regulation. 
In our study, the role of OIP5 in tumor devolvement 
was consistent with these DEGs, but further 
validation is required to verify its molecular 
mechanism.  

The most significant finding of our study was 
inhibition of OIP5 promoted sensitivity to cisplatin in 
BC cells. Cis-disamminedichloroplatinum (Ⅱ), also 
known as cisplatin or DDP, falls into a class of 
DNA-damaging agents [38]. The cytotoxic activity of 
cisplatin comprises a variety of cellular mechanisms, 
one of which is its interaction with DNA [39]. It has 
been widely accepted that cisplatin induced tumor 
apoptosis via influencing DNA replication and 
inhibiting mitosis [40]. Cisplatin induces DNA lesion 

through formation of intra- and inter-strand 
platinum-DNA covalent adducts, such as 1, 2-intra-
strand, 1, 3- and longer range intrastrand and protein- 
DNA crosslinks. An HMG-domain protein binds to 
the cisplatin-DNA adduct, blocking its repair [38]. It 
has been established that repair of these DNA- 
crosslinking and enhancement of DNA repair play an 
integral role in the process of drug-resistance [41]. 
Nucletide excising repair (NER), a DNA repair 
pathway is responsible for removing DNA-cross-
linking [42]. As already studied, 1, 2-and 1, 3 
intrastrand crosslinks are repaired by the NER 
pathway[43]. Cells deficient in NER are hypersensi-
tive to cisplatin, and the sensitive to cisplatin will 
recover when the NER function returns to normal. For 
instance, cisplatin is an excellent agent for the 
treatment of testicular tumors due to its deficient in 
NER[44]. Other mechanisms attributed to DNA repair 
process include inter-crosslinking repair (ICR), homo-
logous recombination repair(HR), Homologous 
mismatch (HM), and mismatch repair (MMR)[45].  

Based on the above discussion, there is strong 
evidence to ascertain that the principal target of 
cisplatin is DNA. As above mentioned, OIP5 is a 
coding gene, localizes to centromeres, we 
hypothesized it may play a role in cisplatin resistance. 
OIP5 is also named as Mis18beta and LINT-25, which 
is essential for the recruitment of CENP-A to the 
centromere through the mediator Holiday junction 
recognition protein [46]. CENP-A (centromere protein 
A) is a histone H3 variant and essential for centromere 
structure and function [47]. LINT-25 has been 
suggested to interact with Lamina-associated poly-
peptide (LAP2a), which was accumulated during G1 
phase in proliferating cells [46]. This protein also 
interacts with the A-type lamins and retinoblastoma 
protein, and regulates cell cycle progression via the 
E2F-Rb pathway[48]. A recent study reported that 
OIP5 expression was linked with the mitotic 
proliferation of HCC, and knockdown of OIP5 elicited 
cell cycle arrest in the G2/M phase [23]. He et al found 
that suppression of OIP5 increased the cell population 
of the G1 phase in 5637 cell lines of BC [13]. 
Additionally, OIP5 repressed docetaxel-induced 
mitochondrial damage by modulating the mitophagy 
pathway[49]. These studies robustly suggested that 
OIP5 play an important role in cells mitosis, involved 
in DNA replication, chromosome maintenance. And 
cisplatin belongs to a cell cycle non-specific drug, 
forming DNA adducts in cell nucleus, so as to inhibit 
cell mitosis and DNA replication. These associations 
indicate that OIP5 may serve as a promising target for 
cisplatin resistant in BC. However, the detailed 
mechanisms that cisplatin-resistant result from OIP5 
need further elucidation.  
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Figure 5. Differential expression genes profiles and pathway based on RNA sequencing and TCGA database analyses. (A)The volcano plot of DEGs 
between miR-OIP5 and miR-NC cells. The screening threshold is set to Qvalue < 0. 05 by default (if Qvalue < 0. 05, means screening differential genes is too small, 
pvalue < 0. 05 is used for differential screening). (B)The mRNAs associated with OIP5 TCGA cohort(TCGA-BLCA) according to pearson test. Pearson Correlation 
Coefficient(Pearson's r), a measure of the linear correlation between two variables X and Y. Its value ranges from −1 to 1, r<0: negative linear correlation, r=0:no 
linear correlation, r>0: positive linear correlation. (C)The shared genes(38) between down-regulated DEGs(2190) the positive correlation mRNA(184). The positive 
correlation cohort range was restricted as r>0. 6. (D) The pathway enrichment of the overlapping genes through KEGG pathway analysis. (E)The interaction network 
of DEGs and OIP5. The degree value is denoted by the size and color of map nodes. The degree value renders a gradual process accompanied by the size. The small 
size with a low degree in red, large size with a high degree in blue and transition in purple. The sizes of map edges are determined by the combine score.  

 
In conclusion, the present study showed that 

OIP5 upregulation promotes the proliferation, 
metastasis, and drug-resistance progression of 
bladder cancer. In the future, OIP5 may be a potential 
therapeutic target and prognosis biomarker for 
bladder cancer.  
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