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INTRODUCTION 
 

Bladder cancer (BC) is the 7th common cancers in men 

and the 17th in women worldwide [1, 2]. To date, there 

are about 550,000 people diagnosed with bladder 

cancer, accounting for about 3% of all newly diagnosed 

cancers [3]. The incidence of bladder cancer normally 

increases with age, but some unhealthy lifestyle, such as 

smoking also increased the incidence [4]. Although 

much effort has been paid to the therapy, the five-year 

relative survival rates of advanced bladder cancer have 

little improvement in recent years [5–7]. 

 

As a transcription factor, signal transducer and activator 

of transcription 3 (STAT3) exerts important effects on 

cellular growth, survival and inflammatory response  

[8, 9]. For instance, STAT3 transcriptionally regulates 

CCR7 to promotes cancer, while miR-4500 inhibits 

STAT3 expression by targeting the STAT3 3′-3UTR 

region and thus suppressed cancer development [10]. 

Additionally, STAT3 induces the resistance of prostate 

cancer to chemoradiation and small-molecule inhibitors, 

reflecting the roles in cancer development [11]. The 

transcriptional activity of STAT3 is regulated by post-

translational modifications (PTMs) in the protein [12]. 

For example, the phosphorylation of tyrosine 705 

induces STAT3 translocation to the nucleus, where 

STAT3 functions to the transcription of target genes 

[13, 14]. Various types of cancers show hyperactivation 

of STAT3 by tyrosine 705 phosphorylation, which 

greatly contributes to tumor development. It has been 

reported that phospho-STAT3 (p-STAT3) induces 

methylation of estrogen receptor 1 (ESR1) promoter in 

bladder cancer [15], and RacGAP1 induces 

phosphorylation of STAT3 [16], which increases the 
expression of p-STAT3 and promotes its translocation 

into the nucleus to play a cancer-promoting role. 

Knocking-down of sentrin/SUMO-specific protease3 
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ABSTRACT 
 

Abnormal activation of signal transducer and activator of transcription 3 (STAT3) has been found in various 
types of human cancers, including bladder cancer (BC). In our study, we examined the regulation of STAT3 post-
translational modifications (PTMs) and found that SENP3 is high in bladder cancer. Sentrin/SUMO-specific 
protease3 (SENP3) and STAT3 were highly expressed in BC tissues when compared with tissue adjacent to 
carcinoma. SENP3 induced STAT3 protein level and p-STAT3 translocating into nuclear through deSUMOylation 
of STAT3. Further, nuclear STAT3, as a transcriptional activity factor, promoted pyrroline-5-carboxylate 
reductase 1 PYCR1 gene and protein level by interacting with the promoter of (PYCR1). Next, we found that 
knockdown of PYCR1 inhibited Epithelial to mesenchymal transition of bladder cancer, and simultaneously 
mitigated the carcinogenic effects of STAT3. In vitro, STAT3 knockdown in bladder cancer cells inhibited cell 
proliferation, migration, and invasion. In contrast, SENP3 overexpression reversed these effects. In all, results 
lend novel insights into the regulation of STAT3, which has key roles in bladder cancer progression. 
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(SENP3) greatly hinders STAT3 phosphorylation induced 

by tobacco [17]. Dysregulation has been identified in solid 

tumor and STAT3 activation is a marker for poor outcome 

[18]. The aim was to explore potential therapeutic 

strategies by targeting this pathway in BC. 

 

SUMO modification, a reversible post-translational 

modification, is involved in multiple cellular processes. 

To date, SUMO1, SUMO2, and SUMO3 have found  

to induce protein SUMOylation [19, 20]. SENP family 

proteins, including SENP1, 2, 3, 5, 6, 7, and 8, 

conversely induced the de-SUMOylation [19, 21]. 

Dynamics of SUMO and de-SUMO modifications to 

great extent influence protein activity, protein-protein 

interaction, localization, thereby impacting cellular 

behaviors [22, 23]. SENP3 is widely involved in a 

variety of diseases, including tumors, and has not been 

reported in bladder cancer [24]. SENP3 positively 

regulates the activation of STAT3 by promoting 

deSUMOylation of STAT3 in head and neck cancer 

after the simulation of tobacco [16]. Here, we 

demonstrated deSUMOylation STAT3 by SENP3, 

which was activated to accumulated nuclear. We aimed 

to further investigate the association between 

SUMOylation and bladder cancer proliferation and 

epithelial mesenchymal transformation (EMT) in this 

study. 

 

STAT3 in the nucleus upregulated the expression  

of oncogene pyrroline-5-carboxylate reductase 1 

(PYCR1), which promoted bladder cancer proliferation 

and EMT. PYCR1 is an enzyme responsible for cell 

metabolism and is upregulated in cancer [25]. PYCR1 

functions as an oncogene in bladder cancer. In addition, 

PYCR1 is up-expressed in numerous malignancies, 

including bladder cancer, breast cancer, renal cell 

cancer and lung cancer [25–28]. 

 

The aim of the present study was to explore the effect 

and mechanism of STAT3 and its activation in bladder 

cancer. We sought to clarify how SENP3 affects 

PYCR1 and STAT3 to regulate the development of 

bladder cancer. 

 

RESULTS 
 

SENP3 protein level correlates with protein expression 

of STAT3 and p-STAT3 in bladder cancer 

 

The GEPIA database of bladder cancer showed that 

STAT3 expression in bladder cancer tissues was lower 

than that in adjacent normal tissues (Figure 1A). 

However, survival curve analysis showed that the 

prognosis of patients with high STAT3 expression was 

poor (Figure 1B). The contrast between gene expression 

level and gene function suggested that STAT3 might 

have post-translational protein modification. STAT3 has 

been reported to be SUMOylation in tumors [16], and 

SENP3 expression in bladder cancer tissue was higher 

than that in adjacent or normal tissue (Figure 1C). 

Survival curve analysis showed that the prognosis of 

patients with high SENP3 expression was poor (Figure 

1D). When we assessed the effect of SENP3 expression 

in bladder cancer patients (400 samples), the probability 

of cancer progression was found to be statistically 

significant with low SENP3 expression as compared to 

that of high SENP3 expression. Meanwhile, SENP3 

promoted the phosphorylation of STAT3 to address the 

relationship between SENP3 and STAT3 in bladder 

cancer, SENP3 and STAT3 proteins were detected in  

8 cases of bladder cancer and para-cancerous tissues. 

The results showed that the expression levels of SENP3, 

STAT3 and p-STAT3 in bladder cancer tissues were 

higher than para-cancerous normal tissues (Figure 1E). 

At the same time, we detected STAT3 and p-STAT3 in 

bladder cancer and para-cancerous normal tissues by 

IHC assay. The protein level of STAT3 and p-STAT3 in 

bladder cancer tissues was higher than that in normal 

tissues, especially the strong staining signal of p-STAT3 

in the nucleus (Figure 1F). In order to further detect the 

regulation of STAT3 and p-STAT3 by SENP3, two cell 

lines (T24 cells and EJ cells) with higher STAT3 protein 

expression level were selected for subsequent experiments 

(Figure 1G). Taken together, SENP3 protein level is  

up-regulated in bladder cancer, which is correlates with 

protein expression of STAT3 and p-STAT3. 

 

SENP3 promotes proliferation and deSUMOylation 

of STAT3 

 

To further explore the mechanism of STAT3 regulated 

by SENP3, we constructed SENP3 stably knockdown 

and overexpression T24 cells and EJ cells. Both CCK8 

assay and EDU immunofluorescence staining showed 

that overexpression of SENP3 promoted cell 

proliferation (Figure 2A and Figure 2C). Trans well 

staining indicated that SENP3 promoted cell invasion 

(Figure 2B). To explore regulated effect of STAT3 by 

overexpression and knockdown of SENP3 in T24 cells 

and EJ cells, we detected gene and protein levels of 

STAT3 (Figure 2D). SENP3 up-regulated the STAT3 

protein level, not affect the gene expression of STAT3 

(Figure 2E and Figure 2F). Meanwhile, SENP3 

promotes the stability of STAT3 protein by regulating 

STAT3 de-sumo modification [16], and the increase of 

intracellular STAT3 up-regulates p-STAT3 protein 

level (Figure 2D and 2F). To test whether SENP3 de-

conjugates the SUMO modification of STAT3 and how 

to regulate it, immunoprecipitation assay suggested that 
SENP3 physically associates with STAT3 (Figure 2G). 

When SENP3 binding to STAT3, STAT3- SUMO-

ylation level significantly decreased. To investigate the 
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stability of desumoylated-STAT3 regulated by SENP3, 

treating with Cycloheximide (CHX) and MG132, 

overexpression of SENP3 delayed the degradation of 

STAT3, while knock-down of SENP3 accelerated the 

degradation of STAT3 (Figure 2H). SENP3 improved 

the protein stability of STAT3. These results indicate 

that SENP3 promotes proliferation and deSUMOylates 

to stabilize STAT3 protein level. 

STAT3 mitigates the cancer-promoting effect of 

SENP3 

 

SENP3 is a cancer-promoting protein, which up-

regulates protein level of STAT3. We test whether 

silencing STAT3 reverses the cancer-promoting effect 

of SENP3. When knocking down STAT3 in over-

expression of SENP3 cells, cell proliferation and 

 

 
 

Figure 1. SENP3 protein level correlates with protein expression of STAT3 and p-STAT3 in bladder cancer. (A) Differences of 
STAT3 between bladder cancer tissues and adjacent normal tissues, determined by bioinformatics analysis. (B) Disease free survival with 
low and high STAT3 TPM. (C) SENP3 level between bladder cancer tissues and adjacent normal tissues, determined by bioinformatics 
analysis. (D) The probability of cancer progression plotted over a period of 150 months for patients with high or low SENP3 expressions.  
(E) SENP3, STAT3 and p-STAT3 protein levels in bladder cancer tissues and adjacent normal tissues, as measured by western blot.  
(F) Expression of STAT3 and p-STAT3 in bladder cancer tissues and adjacent normal tissues by immunohistochemistry [scale bar, 50 μm].  
(G) SENP3, STAT3 and p-STAT3 protein levels in 5637, T24, J82, EJ, RT4 and SV-huv-1 cells. 
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Figure 2. SENP3 promotes proliferation and deSUMOylation of STAT3. T24 and EJ cells were transfected plasmids with 

overexpression of SENP3 [STAT3(OE)] and knock-down of SENP3 [STAT3(KD)]. (A) Cell proliferation assay in vitro in NC, SENP3(OE), 
SENP3(KD) T24 and EJ cells. [mean ± S.D. (error bars), n = 3. **p ≤ 0.01; ***p ≤ 0.001; ****p ≤ 0.0001, compared with NC group; ##p ≤ 0.01; 
####p ≤ 0.0001, compared with NC group, two-way analysis of variance]. (B) Left: Cell invasion determined by trans well staining in SENP3 
overexpression or knockdown T24 and EJ cells. [scale bar, 25 μm]. right: quantitative analysis of immunohistochemistry for positive trans 
well staining. [mean ± S.D. (error bars), n = 3. *p ≤ 0.05, compared in T24 cells; #p ≤ 0.05, compared in EJ cells, two-way analysis of variance] 
(C) EDU positive cells in NC, SENP3(OE), SENP3(KD) T24 and EJ cells determined by Confocal immunofluorescence. [scale bar, 50 μm]. (D) 
SENP3, STAT3 and p-STAT3 protein levels in NC, SENP3(OE), SENP3(KD) T24 and EJ cells, as measured by western blot. (E) The mRNA level of 
SENP3 and STAT3 measured by qPCR. (F) Co-immunoprecipitation (co-IP) of endogenous SENP3 with STAT3 and its SUMO2. (G) Abundance 
of p-STAT3 protein in in NC, SENP3(OE) T24 and EJ cells. (H) T24 cells were transfected with the indicated constructs and treated for the 
indicated times with CHX and MG132, whole cells were collected and STAT3 protein level was determined by western blot. All experiments 
were performed in triplicates. 
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EDU positive staining were up-regulated, which closing 

to or lower than control group (Figure 3A). Trans well 

staining indicated that Knocking-down of SENP3 

clearly inhibited cell invasion comparing with 

overexpression of SENP3 (Figure 3B and 3C), knock-

down of STAT3 significantly reduced p-STAT3 protein 

level. Overexpression of SENP3 promoted EMT by 

reducing E-Ca and increasing FN protein levels. When 

knocking down STAT3, the changes of E-Ca and FN 

were reversed (Figure 3D and 3E). These data suggest 

that STAT3 mitigates the cancer-promoting effect of 

overexpression of SENP3. 

 

 

 
Figure 3. STAT3 mitigates the cancer-promoting effect of SENP3. (A) Overexpression of SENP3 [STAT3(OE)] T24 and EJ cells were 

transfected with STAT3 siRNAs [SENP3(OE) + si-STAT3]. Cell proliferation were determined by CCK8 essay in NC, SENP3(OE), SENP3(OE) +  
si-STAT3 T24 and EJ cells. [mean ± S.D. (error bars), n = 3. *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001, compared with NC group; #p ≤ 0.05; ##p ≤ 0.01; 
###p ≤ 0.001; ####p ≤ 0.0001, compared with SENP(OE) group, two-way analysis of variance]. (B) Cell invasion determined by trans well 
staining in NC, SENP3(OE), SENP3(OE) + si-STAT3 T24 and EJ cells. (C) Analysis of cell migration. [mean ± S.D. (error bars), n = 3. *p ≤ 0.05, 
compared in T24 cells; #p ≤ 0.05, compared in EJ cells, two-way analysis of variance]. (D) EDU positive cells in NC, SENP3(OE), 
SENP3(OE) + si-STAT3 T24 and EJ cells determined by Confocal immunofluorescence. (E) Abundance of the indicated protein was analyzed 
by Western blotting. All experiments were performed in triplicates. 
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STAT3 promotes gene and protein levels of PYCR1 

by binding to promoter of PYCR1 

 

Our team have found that PYCR1 is highly expressed in 

bladder cancer and has an oncogene function [26]. In 

this study, we want to know the upstream regulator of 

PYCR1. We predicted that STAT3 could potentially 

bind to the promoter region of PYCR1 gene by using the 

jaspar transcription interaction website. Therefore, it can 

be assumed that STAT3 as a transcription factor has the 

function of activating PYCR1 in bladder cancer (Figure 

4A). To investigate the specific regulatory mechanism of 

STAT3 on PYCR1, we constructed STAT3 stably 

overexpression and knockdown cells. STAT3 promotes 

the gene and protein expression levels of PYCR1 (Figure 

4B and 4D). We predicted that STAT3 could potentially 

bind to the PyCR1 promoter region by using the Jaspar 

transcriptional interaction website, and the results of 

immunoprecipitation experiment showed that over-

expression of STAT3 could increase the enrichment of 

STAT3 protein to the PyCR1 promoter region (Figure 

4C). DNA-affinity Precipitation Assay (DAPA) results 

show that PYCR1 promoter binds to the STAT3 protein 

(Figure 4E). These results indicate that STAT3 promotes 

gene and protein levels of PYCR1 by binding to 

promoter of PYCR1. 

 

PYCR1 mitigates the carcinogenic effect of STAT3 

 

To test whether knock-down of PYCR1 reduces the 

carcinogenic effect of STAT3, we transfected with 

PYCR1 siRNA in overexpression of STAT3 cells. 

 

 
 

Figure 4. STAT3 promotes gene and protein levels of PYCR1 by binding to promoter of PYCR1. (A) We predicted that STAT3 

could potentially bind to the promoter region of PYCR1 gene by using the jaspar transcription interaction website. T24 and EJ cells were 
transfected plasmids with overexpression of STAT3 [STAT3(OE)] and knock-down of STAT3[STAT3(KD)]. (B) The mRNA level of SENP3 and 
STAT3 measured by qPCR in NC, STAT3(OE), STAT3(KD) T24 and EJ cells. All data in this figure are represented as mean ± SD. *P < 0.05, 
compared in T24 cells; #P < 0.05, compared in EJ cells. (C) The regulation of STAT3 on promoter region of ZNF667, determined by ChIP 
assay. [mean ± S.D. (error bars), n = 4. ****p ≤ 0.0001, compared in T24 cells; ####p ≤ 0.0001, compared in EJ cells, two-way analysis of 
variance] (D) STAT3 and PYCR1 protein level of NC, STAT3(OE), STAT3(KD) T24 and EJ cells. (E) The high score region of the predicted 
binding sites between PYCR1 promoter and STAT3 protein by DNA-affinity precipitation assay (DAPA), the oligonucleotide DNA probe 
containing the above binding region and the corresponding mutation probe were designed for DAPA detection. All experiments were 
performed in triplicates. 
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Compared with normal cells, overexpression of STAT3 

promoted cell proliferation, invasion and EDU 

proliferation. However, silencing PYCR1 in over-

expression of STAT3 cells completely rescued  

the cell proliferation and invasion to normal cells 

(Figure 5A–5D). Simultaneously, silencing PYCR1 

significantly up-regulated p-STAT3 protein level 

(Figure 5E). STAT3 reduced E-Ca and increased FN 

protein levels. When knocking down PYCR1 of 

overexpression of STAT3 cells, the changes of E-Ca 

and FN could be reversed (Figure 5E). Together, 

PYCR1 mitigates the carcinogenic effect of STAT3. 

 

 
 

Figure 5. PYCR1 mitigates the carcinogenic effect of STAT3. (A) Overexpression of STAT3 [STAT3(OE)] T24 and EJ cells were 

transfected with PYCR1 siRNAs [STAT3(OE) + si-PYCR1]. Cell proliferation were determined by CCK8 essay in NC, SENP3(OE), SENP3(OE) +  
si-STAT3 T24 and EJ cells. [mean ± S.D. (error bars), n = 3. **p ≤ 0.01; ***p ≤ 0.001, compared with NC group; #p ≤ 0.05; ##p ≤ 0.01; ###p ≤ 
0.001, compared with STAT3(OE) group, two-way analysis of variance]. (B) Cell invasion determined by trans well staining in NC, STAT3(OE), 
STAT3(OE) + si-PYCR1 T24 and EJ cells. (C) Analysis of cell migration. All data in this figure are represented as mean ± SD. *P < 0.05, 
compared in T24 cells; #P < 0.05, compared in EJ cells. (D) EDU positive cells in in NC, SENP3(OE), SENP3(OE)  + si-STAT3 T24 and EJ cells 
determined by Confocal immunofluorescence. (E) Abundance of the indicated protein was analyzed by Western blotting. All experiments 
were performed in triplicates. 
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SENP3 promotes tumor proliferation by upregulating 

STAT3 in vivo 

 

The nude BALB/c mice with bladder cancer T24 cell 

were used for the study in vivo. The mice were divided 

into NC, SENP3(OE) and SENP3(OE) + si-STAT3 

groups with 5 mice per group. Overexpression of SENP3 

accelerated tumor growth compared with control group 

(Figure 6A and 6B). However, knocking down STAT3 

reduced tumor growth (Figure 6A and 6B). The PCNA 

staining showed that knocking down STAT3 inhibited 

cell proliferation promoted by SENP3 (Figure 6C). 

SENP3 upregulated PYCR1 protein level and promoted 

EMT transformation, but silencing STAT3 reversed the 

effect of SENP3 (Figure 6D). Taken together, SENP3 

promotes bladder cancer proliferation and EMT 

transformation by regulating STAT3. 

 

DISCUSSION 
 

BC currently afflicts 430,000 patients and causes 

165,000 deaths per year worldwide [29–31]. To 

enhance bladder cancer therapy, new molecular targets 

for its diagnosis and prognosis must be identified, and 

new treatments must be developed. This study found 

that SENP3 induced deSUMOylation of STAT3 

remarkably promote bladder cancer proliferation and 

EMT. It is known that STAT3 transcriptional activity  

is mainly regulated protein PTMs [32–37]. Among  

the PTMs, SUMOylation is critical for STAT3 

transcriptional activity [38, 39]. SUMOylation of 

STAT3 negatively regulates its activity by restraining 

Y705 phosphorylation in the nucleus in head and neck 

cancer [16]. Previous reports have showed that SENP3 

regulates deSUMOylation of chromosome-associated 

proteins, influencing many biological processes [36, 

40]. However, SENP3 has been found to be highly 

expressed in malignant tumors, such as head and neck 

cancer [16], ovarian cancer [41], and gastric cancer 

[40]. Here, we found that SENP3 expression was higher 

in bladder cancer tissues than in normal tissues. 

Moreover, SENP3 promoted the proliferation of bladder 

cancer cells. SENP3 elevated STAT3 protein level, but 

did not influence the gene expression, suggesting that 

SENP3 regulated STAT3 via PTM approach. Further 

study showed that SENP3 enhanced STAT3 protein 

stability by facilitating STAT3-deSUMOylation. As the 

results, SENP3 significantly promoted the p-STAT3

 

 
 

Figure 6. SENP3 promotes tumor proliferation by upregulating STAT3 in vivo. (A) A subcutaneous transplantation tumor model  

in nude BALB/c mice was established using the human bladder cancer cell line T24. The mice were divided into NC, SENP3(OE) and 
SENP3(OE)  + si-STAT3 groups with 5 mice per group. (B) The growth curve of tumor volumes. [mean ± S.D. (error bars), n = 4. *p ≤ 0.05; **p 
≤ 0.01, compared with NC group; ##p ≤ 0.01; ###p ≤ 0.001, compared with STAT3(OE) group, two-way analysis of variance]. (C) PCNA positive 
cells in subcutaneous transplantation tumor isolates by immunohistochemistry. [scale bar, 50 μm]. (D) PYCR1, E-ca and FN protein level of 
NC, SENP3(OE) and SENP3(OE)  + si-STAT3 mice transplantation tumor. 
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protein level, and induced the distribution of p-STAT3 

in the nucleus. Knock-down of STAT3 impaired the 

carcinogenic effect of SENP3. These results indicate 

that the carcinogenic effect of SENP3 is associated to 

the increase of STAT3 protein levels. 

 

PYCR family proteins are implicated in proline 

biosynthesis and other cell metabolism [42, 43]. Recent 

study has found that PYCR1 is highly expressed in 

bladder cancer; depletion of PYCR1 in turn suppresses 

proliferation and invasion of bladder cancer [44]. This 

result indicates that abnormal up-regulated PYCR1 

participates in the development of bladder cancer. The 

Jaspar transcriptional interaction website predicted that 

STAT3 could potentially bind to the PYCR1 gene 

promoter region. In this study, we confirmed that 

STAT3 interacts with the promoter of PYCR1 gene and 

is responsible for the PYCR1 transcription. Through this 

way, STAT3 promoted PYCR1 gene expression, 

resulting in the increased PYCR1 protein. Knock-down 

of PYCR1 inhibited the viability, proliferation, invasion 

and EMT of bladder cancer cells that were induced by 

STAT3. These data indicate that the carcinogenic effects 

of STAT3 are relied on inducing PYCR1 expression. 

 

There is a limitation in this study. We found that 

SENP3 enhanced STAT3 protein stability by facilitating 

STAT3-deSUMOylation, but it is still unclear why 

deSUMOylation of STAT3 influences STAT3 protein 

stability. It is known that there is close interaction 

among various PTMs, such as the interaction between 

SUMOylation and ubiquitination, the interaction 

between SUMOylation and phosphorylation, as well  

as the interaction between phosphorylation and 

ubiquitination. It is possible that deSUMOylation of 

STAT3 impacts the ubiquitination, whereby influencing 

STAT3 protein stability. Further study was warranted to 

identify the hypothesis. 

 

In all, this study tested STAT3 and SENP3 expression 

in bladder cancer tissues and examined its connection 

and molecular mechanism in bladder cancer. We found 

that SENP3 enhanced STAT3 protein stability by 

facilitating STAT3-deSUMOylation. As the result, both 

the total and phosphorylated STAT3 were increased by 

SENP3. Phosphorylated STAT3 translocated to nuclear 

and then initiate the transcription of PYCR1 gene. 

SENP3/STAT3/PYCR1 pathway promoted the viability, 

proliferation, invasion and EMT of bladder cancer cells 

(Figure 7). The results provide novel insights into the 

regulation of SENP3/STAT3/PYCR1 pathway, which 

has key roles in bladder cancer progression and may aid 

in identifying new biomarkers or targeted therapies for 

bladder cancer. 

 

 
 

Figure 7. The mechanism diagram of SENP3 promoting BC proliferation and invasion by upregulating STAT3. SENP3 induces 

deSUMOylation of STAT3, which promotes the phosphorylation of STAT3. Phosphorylation of STAT3 induces STAT3 translocating into 
nuclear. As a transcriptional factor, nuclear STAT3 promotes PYCR1 expression, resulting enhanced proliferation and invasion of BC. 
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MATERIALS AND METHODS 
 

Immunohistochemistry (IHC) 

 

Tissue samples were obtained from Hunan Provincial 

People’s Hospital. These samples were deparaffinized 

at 60°C for half an hour and then permeabilized with 

0.5% Triton X-100 in PBS for 20 min at room 

temperature. Blocking buffer (0.5% BSA + 5% goat 

serum) was used to block for 30 min at room 

temperature. Primary antibody was diluted in blocking 

buffer (1:100 or 1: 200), and added to the sample with 

the incubation overnight at 4°C. Secondary Antibody 

(Biotin-labeled secondary antibody, 1:200, diluted in 

blocking buffer) was added with incubation for 30 min 

at room temperature. ABC dilution (1 ml PBS + 10 ul 

A + 10 ul B) were configured half an hour. DAB 

Chromogenic solution was used for visualization. 

 

Cell culture and transfection 

 

Bladder cancer cell lines, T24 and EJ, were cultured in 

the dulbecco’s modified eagle medium (DMEM) with 

10% serum. The cells were proliferated to 80% density 

for passage. The preparation of the overexpressed 

plasmid-Lipofectamine™ 3000 complex was as follows: 

7.5 μl Lipofectamine™ 3000 was diluted with 125 μl 

Opti-Mem® I, and 5 μl plasmid diluted with 125 μl 

Opti-Mem® I. P3000TM reagent (5 μl) was then mixed 

with the diluted plasmid and Lipofectamine™ 3000 and 

incubated at room temperature for 5 min. Cells (5 × 104) 

were seeded on 6-well plates to achieve 70–90%  

cell convergence within 24 hours. The plasmid-

Lipofectaminet™ 3000 complex was added to each  

well, followed by the incubation for 3–5 hours for 

downstream experiments. 

 

Fluorescence staining 

 

Cells in cell slides were fixed with 4% 

paraformaldehyde for 15 min, permeabilized with 0.5% 

TritonX-100 for 20 min and blocked for 30 min at room 

temperature. Cells were further incubated with primary 

antibody at 4°C overnight, followed by anti-rabbit 

secondary antibody conjugated with Alexa Flour 488 at 

room temperature for 1 h and DAPI staining. 

 

Quantitative real-time PCR (RT-PCR)  

 

The cDNA was prepared, followed by the amplification 

of the target gene. The RT-PCR reaction solution were 

prepared by mixing 2× Master mix 10.0 (μl), Forward 

Primer 1.0 (μl), Reverse Primer 1.0 (μl), nuclease-free 

H2O 1.0 (μl), Total per Reaction 18.0 (μl). The 

difference of gene expression was detected by 

fluorescence quantitative PCR. 

Western blot assay 

 

Tissues and cells were collected and resuspended with 

an appropriate volume of RIPA lysate for 30 min on ice. 

The different treated samples with 30 μg total protein 

were separated on SDS-PAGE and transferred to PVDF 

membrane. Protein expressions were blocked with 5% 

skim milk for 1 h at room temperature. Primary 

antibody, diluted in the blocking solution, was incubate 

overnight at 4°C; and the secondary antibody was for  

1 h at room temperature. Finally, the membranes were 

visualized using Pierce® ECL Western Blotting. 

Primary antibody: STAT3 (Abcam, ab32500), p-STAT3 

(Abcam, ab76315), FN (promab, 30506), E-cad (Ptgcn, 

20874-1-AP), SENP3 (Ptgcn, 17659-1-AP), Sumo 2 

(Abcam, ab233222), PYCR1 (Ptgcn, 66510-1-Ig), 

β-actin (Ptgcn, 66009-1-Ig). 

 

Transwell 

 

Cells were treated with drugs (or not) for a certain time. 

Add the serum culture medium containing 20% FBS 

into wells (600 μl/well). Put trans well chambers in 24-

well plates. Digest cells and resuspend cells with serum-

free culture medium. Cell concentration should be 

determined according to specific conditions. Add cell 

suspension into trans well chambers (400 μl/chamber). 

Put it in an incubator for a certain period of time. 

Determine the time by checking the literature. Take 

trans well chambers out and wipe cells that have not 

passed through the inside of the microporous filter with 

a cotton swab. Fix cells methanol with for 5 minutes. 

Dye cells with purple crystal and clean trans well 

chambers with pure water. Under the microscope, take 

five fields (top, bottom, left, right, middle) and take 

pictures. 

 

Extraction of plasma/nucleoprotein 

 

NucBuster TM Protein Exaction Kit (Merck Millipore, 

71183-3) was used to extract plasma/nucleoprotein as 

the flowing method. The collected cells were added 

with liquid nitrogen and quickly ground into a powder. 

Appropriate amount of powder was diluted with 150 ul 

NucBuster Reagent 1, then vortexed with high speed 

for 15 S. The samples were placed on ice for  

5 min and centrifuged with 16000 g at 4°C for 20 min. 

The supernatant was served as cytoplasmic protein, 

and floccule was added 1 ul 100 × Protease Inhibitor 

Cocktail, 1 ul 100 mM DTT and 75 ul NucBuster 

Exaction Reagent. The mixture was vortexed with 

high speed for 15 S and placed on ice for 5 min. Then 

the mixture centrifuged with 16000 g at 4°C for 20 
min. Cytoplasmic protein and nucleoprotein can be 

used immediately or stored in separate packages at 

−80°C. 
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CCK8 assay 

 

Cells in a 96-well plate were treated with agents for 1 h. 

Finally, the absorbance was read at 550 nm using a 

microplate reader (Thermo Fisher Scientific, Franklin, 

MA, USA). Cell growth was calculated using formula: 

(OD value of test well - OD value of background 

control well)/(OD value of control cell - OD value of 

background control) × 100%. 

 

CHIP 

 

The cells were fixed in 1% formaldehyde and incubated at 

room temperature for 10 minutes. 1 mL of 10× Glycine 

was added to each dish to quench unreacted formaldehyde 

and incubate at room temperature for 5 minutes. These 

dishes were placed on ice. Medium was removed as much 

as possible. Each dish was added 2 mL cold PBS 

containing Protease Inhibitor Cocktail. The cells were 

collected with 800 g at 4ºC for 5 minutes. During spin, 

each sample was combined with 0.5 mL of cell Lysis 

Buffer with 2.5 µL of Protease Inhibitor Cocktail II. 

 

Tumor formation assay in nude mice 
 

Male BALB/c nude mice (6‐week‐old) were maintained in 

pathogen‐free conditions. The mice were injected 

subcutaneously into the right flanks with 1 × 106 cells/mL 

(0.1 mL) of T24 cells, which were stably transfected  

with pLentiCon/NC, plentiSENP3/OE, plentiSENP3 +  

si-STAT3/OE + si-STAT3 plasmid and siRNA. Tumor 

growth was examined every 7 days, and tumor volumes 

were calculated using the equation, V = 0.52 × length × 

width2. All animal care and experiments were conducted in 

accordance with national and institutional policies for 

animal health and well‐being. The protocol was approved 

by the Institutional Animal Care and Use Committee. 

 

Statistical analysis 
 

All statistical tests were performed using an unpaired 

two-tailed Student’s t test for two data sets when the 

data met the normal distribution tested by F-test or one- 

way ANOVA followed by the Scheffe’s post-hoc test 

for multiple comparisons. p < 0.05 was considered to a 

statistically significant difference. 
 

Data availability 

 

The data used to support the findings of this study are 

available from the corresponding author upon request. 
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