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Background: Circular RNA PVT1 (circPVT1) is aberrantly expressed in several cancers, but its functional role and clinical relevance 
in bladder urothelial carcinoma (BLCA) remain unknown. This study aimed to identify the expression level of circPVT1 in BLCA and 
investigated its functional relevance with BLCA progression both in vitro and in vivo.
Methods: GEPIA, UALCAN, and OncoLnc were referred to presented data. Quantitative real-time PCR (qPCR) was used for the 
measurement of transnational expression of genes in BLCA specimens and cell lines. Immunohistochemistry (IHC) and fluorescence 
in situ hybridization analysis (FISH) assays were performed to detect HER2 amplification, Pearson’s correlation analysis to analyze the 
correlation between circPVT1 expression and clinical characteristics, Cox regression and K-M survival analyses to analyze prognostic 
factors. A nomogram was constructed for predicting prognosis. The proliferation of cells was measured by CCK-8 and colony 
formation assay, and the proliferation in vivo was evaluated using nude mouse models. qPCR was used to detect the expression of 
proliferation-related genes.
Results: circPVT1 was but mRNA PVT1 was not significantly overexpressed in BLCA. A high circPVT1 expression was associated 
with a better survival and negative HER2, but not with age, gender, and T stage. circPVT1 was an independent prognostic factor for 
the overall survival of BLCA patients. Knocking down circPVT1 promoted BLCA proliferation in vitro and in vivo. Knocking down 
circPVT1 upregulated ERBB2, MKI67, and PCNA expression and downregulated TP53 expression, but exerted no influence on 
CCND1 and CCNB1 expression.
Conclusion: circPVT1 is a tumor suppressor and novel prognostic biomarker for BLCA.
Keywords: circPVT1, bladder cancer, biomarker, proliferation, HER2 amplification, BLCA

Introduction
Bladder urothelial carcinoma (BLCA) has high morbidity and mortality in China.1,2 Despite great advances in the 
research on BLCA, its mechanism is still not fully clear. Recent studies have shown that circRNAs play an important role 
in their occurrence and have become a research hotspot.3–5 circRNA plasmacytoma variant translocation 1 (circPVT1), 
transcribed from the long noncoding RNA region with PVT1 locus on chromosome 8q24, is upregulated to drive the 
development of various cancers.6,7 PVT1 from online data analysis was abnormally expressed in BLCA. However, the 
role of circPVT1 in BLCA is still unknown.

It is necessary to study clinical value and molecular function of circPVT1 in BLCA. To address these issues, we need 
to explore whether differential expression of circPVT1 is possible in clinical and cell lines. Combined with statistical 
analysis, we investigate whether its expression has clinical prognostic value. In addition, we further confirmed in vitro 
and in vivo whether it has the function of promoting proliferation. In summary, we will reveal its clinical significance and 
functional role at the clinical, cellular, and animal levels.
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Materials and Methods
Clinical Samples
Twenty pairs of BLCA and its normal resection margin tissues without muscle invasive bladder cancer (MIBC) and in 
T1G3 high risk non-muscle invasive bladder cancer (NMIBC) were obtained from The Affiliated Wuxi People’s Hospital 
of Nanjing Medical University, and frozen at −80°C for RT-qPCR detection. The 162 BLCA samples were fixed in 
formalin and measured by IHC. The study was approved by the ethics committee of The Affiliated Wuxi People’s 
Hospital of Nanjing Medical University (approval number: KYLLH2018019) and consistent with the Declaration of 
Helsinki. All patients involved in this study had signed an informed consent form, with a follow-up period ranging from 
3 to 97 mouths. The tumor was staged by two pathologists blinded to patient data, according to the guidelines of the 
American Joint Committee on Cancer (AJCC). The patient’s pathological characteristics are shown in Table 1.

Bioinformatics Analysis
The PVT1 mRNA levels in BLCA and normal bladder epithelium tissues were determined by integrated analysis from 
Gene Expression Profiling Interactive Analysis (GEPIA, http://gepia2.cancer-pku.cn/) and The University of Alabama at 
Birmingham Cancer data analysis Portal (UALCAN, http://ualcan.path.uab.edu/). Survival analysis of PVT1 mRNA 
expression in BLCA was performed using Kaplan–Meier curve from GEPIA (UALCAN and OncoLnc (http://www. 
oncolnc.org/).

Table 1 Correlation Between circPVT1 Expression and 
Clinicopathological Characteristics in Bladder Cancer

Characteristics circPVT1

No. Low High P value

Age 0.056

<=60 91 22 69
>60 71 28 43

Gender 0.452

Female 95 32 63
Male 67 18 49

T Stage 0.339

T1-T2 82 22 60
T3-T4 80 28 52

N Stage 0.073

N0 69 27 42
N1-N3 93 23 70

M Stage 0.968

M0 79 25 54
M1 83 25 58

TNM Stage 0.003

I–II 111 43 68
III–IV 51 7 44

Differentiation 0.395
Poorly/moderately 81 28 53

Well 81 22 59

Tumor Size 0.310
<=4 cm 73 26 47

>4 cm 89 24 65

HER2 0.003
No mutation 112 69 43

Mutation 50 43 7
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RNA Isolation and RT-qPCR Assay
Total RNA was extracted from frozen tissue samples or cell lines using Trizol reagent (Invitrogen, Carlsbad, CA, United 
States). Vazyme reverse transcription kit (Nanjing, China, Vazyme) was used to reverse transcribe RNA to cDNA. RT- 
qPCR was carried out on an ABI 7500 RT-PCR System (Applied Biosystems, United States) using SYBR Green Master 
Mix (Takara, Japan). All experiments are performed at least in triplicate. The primers used in this study were synthesized 
and verified by GenePharma (Shanghai, China) and are shown in Supplementary Table 1. The 2-∆∆Ct method was used 
to quantify the relative expression levels.

HER2 Amplification Assay
Immunohistochemistry (IHC) assay and fluorescence in situ hybridization (FISH) assay were performed for the staining 
of HER2. All cases were scored for HER2 status by two pathologists, according to the results of IHC. According to the 
American Society of Clinical Oncology (ASCO) guidelines, a HER2-positive status was defined as an IHC score of 3+, 
and an HER2-negative status as an IHC score of 0 or 1+. An IHC score of 2+ was tested by FISH.8 For any sample with 
a score of less than 3+, its status was further validated by FISH. A ratio below 1.8 indicated negative and that larger than 
2.2 indicated positive for ERBB2 gene amplification. A ratio between 1.8 and 2.2 was considered as equivocal.

Cell Lines and Cell Culture
Seven human urinary bladder cancer cell lines (5637, T24, TCCSUP, JMSU1, HT136, RT112, and UMUC3) and normal 
human urothelial cell line SV-HUC-1 were purchased from the American Type Culture Collection (ATCC; Beijing, 
China) and cultured according to ATCC suggestions. All medium was supplemented with 10% fetal bovine serum (FBS, 
Gibco) and 100 IU Penicillin/100 µg/mL Streptomycin and cultured in 37°C/5% CO2 incubator.

Cell Transfection
The lentivirus-mediated short hairpin RNA against circPVT1 (si-circPVT1) and its control (si-Control) were obtained from 
Genepharma (Shanghai, China). The above plasmids or oligonucleotides were transfected into T24 and UMUC3 cells by 
Lipofectamine 3000 Reagent (Invitrogen, Carlsbad, CA, USA). Transfection efficiency was detected using qRT-PCR.

RNase R Digestion
Total RNA isolated from T24 and UMUC3 cells was treated with or without RNase R (Solarbio, Beijing, China), with 
MOCK serving as control. After incubation for 15 min at 37°C, the samples were used for qRT-PCR assay.

Proliferation Assay
The growth rates of T24 and UMUC3 cells were tested by the proliferation assay. Living cells were first seeded in 96- 
well plates (100 µL/well) at a density of 1× 104 cells/mL, followed by incubations for 1, 2, 3, 4, 5, and 6 days, 
respectively. Afterward, every 10 µL of CCK-8 solution was added to each well, and the cells were incubated for 2 h at 
37°C. Further, 100 µL of dimethyl sulfoxide (DMSO) was added to each well to solubilize the formazan product. The 
absorbance was then recorded at 450 nm using a microplate reader (Bio-Rad, CA, USA).

Clone Formation Assay
Every 800 cells were plated in six-well plates, cultured for 2 days, fixed in 4% paraformaldehyde solution for 10 min, and then 
stained with 0.5% crystal violet (Servicebio, Wuhan, China) for 10 min. The colonies were counted for statistical analysis.

Tumor Nude Models
Male BALB/C nude mice (6 weeks of age) were purchased from Shanghai Laboratory Animal Research Center 
(Shanghai, China) and maintained in static micro-isolator cages. Every 1×107 T24 cells transfected with si-circPVT1 
or si-Control were suspended in 110μL of phosphate-buffered saline and then injected subcutaneously into the groin of 
mice. Four weeks later, the xenograft tumor was stripped off, and its size and weight were calculated. The animal study 
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and the experimental protocol were approved by the Jiangnan University Experimental Animal Care Commission 
(approval number: JN.No20211015b0480131) and conducted following Chinese guidelines for animal welfare (GB/ 
T35892–2018).

Statistical Methods and Software
The difference between BLCA and normal tissues was analyzed by the paired t-test using R (version R4.0.3, https://www. 
r-project.org/). Nomogram was constructed using the “rms” package. The Kaplan–Meier method was used to estimate the 
proportion of patients having survived over a period, and the Log rank test with a two-sided P value to compare Kaplan– 
Meier curves. The correlation between the clinical factors in the two groups was evaluated using the chi-square test or 
Fisher's exact test. Multiple logistic regression analysis was conducted to screen the significant variables for nomogram 
constructions. P<0.05 was considered statistically significant. The pictures were edited using Adobe Photoshop CS6 
software.

Results
circPVT1 is Highly, but mRNA PVT1 is Not Aberrantly Expressed in BLCA
Online data revealed that the transcription level of PVT1 in BLCA was significantly higher than that in normal tissues (P<0.05, 
Supplementary Figure 1A and B), while other data showed that this difference was not significant (P>0.05, Supplementary 
Figure 1A and C). The PVT1 transcriptional expression levels were not significantly different between BLCA stages (P>0.05, 
Supplementary Figure 1D). However, the promoter methylation level of PVT1 in BLCA was significantly lower than that in 
the normal tissues (P<0.05, Supplementary Figure 1E). Those online data could not support whether the transcriptional 
expression of PVT1 was abnormal or not in BLCA. Then, RT-PCR data showed no significant difference in PVT1 mRNA 
expression between tumor and normal tissues (P>0.05, Figure 1A). This finding was consistent in BLCA cell lines (563, T24, 
TCCSUP, JMSU1, HT1376, and RT112, those P>0.05, Figure 1D), but not in UMUC3 (P < 0.05, Figure 1D). Because 
circPVT1 originates from the circularization of the exon 2 of PVT1 gene, we detected whether circPVT1 was abnormally 
expressed or not. Interestingly, circPVT1 was highly expressed in BLCA, according to that in normal tissues (P<0.001, 
Figure 1B). These results are also consistent within BLCA cell lines (all P < 0.05, Figure 1E). We found that the whole 
expression of cicrPVT1 and mRNA PVT1 was significantly higher in BLCA (P<0.001, Figure 1C). The association between 
cicrPVT1 and PVT1 mRNA was obvious in BLCA tissues (R2=0.6, P<0.001, Figure 1G), but not in normal tissues (P>0.05, 
Figure 1F). These data also showed that circPVT1 expression might be a better diagnostic factor (AUC=0.93 ±0.037) than 
mRNA PVT1 (AUC=0.71±0.081, Figure 1H). In T24 and UMUC3 cell lines, RNase R treatment demonstrated that circPVT1 
was more stable than PVT1 mRNA (Figure 1I and J). All these data indicate that circPVT1 is up-regulated and stable in BLCA 
and might serve as a potential diagnostic biomarker.

High circPVT1 Expression is Associated with Better Survival and HER2-Negative
A high PVT1 mRNA expression was significantly correlated with a poor overall survival (P<0.05, supplementary 
Figure 2A) in the GEPIA database, but not in the Oncolnc database (P=0.12, supplementary Figure 2B). The PVT1 
mRNA expression was not associated with gender (P=0.095, supplementary Figure 2C), race (P=0.076, supplementary 
Figure 2D), smoking habit (P=0.2, supplementary Figure 2E), body weight (P=0.75, supplementary Figure 2F), suggest-
ing that mRNA PVT1 expression was not associated with overall survival.

Therefore, we investigated the clinical value of circPVT1 expression in BLCA. A total of 162 BLCA sample tissues 
were collected and detected by qRT-PCR method. Based on a cutoff value 38.3, circPVT1 was determined to be highly 
expressed circPVT1 in 112 samples and lowly expressed in 50 samples. The statics results from Table 1 reveal that 
circPVT1 expression was significantly correlated with TNM stage and HER2 amplification status (P < 0.05), not with 
age, gender, T stage, and N stage (P < 0.05), indicating that circPVT1 was a potential BLCA suppressor.
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circPVT1 is an Independent Prognostic Factor for Overall Survival (OS) in BLCA
The univariate COX analysis showed that circPVT1 expression, TNM stage, and HER2 status were significantly 
associated with OS (Table 2). The multivariate analysis revealed that only circPVT1 was significantly associated with 
OS (Table 2). Besides, we also found that HER2 status was a prognostic factor. Representative images of HER2 staining 
by IHC and FISH are shown in Figure 2A–D. The HER2 negative amplification (The average HER2/CEP17 ratio of is 
0.96, Figure 2A) and positive amplification (The average HER2/CEP17 ratio of is 5.86, Figure 2B) were detected by 
FISH at the DNA level. The HER2 negative amplification (Figure 2C) and positive amplification (Figure 2D) were 
detected by IHC at the protein level. Kaplan–Meier curve showed that HER2 positive amplification was significantly 
associated with a shorter survival time and a lower survival rate (Figure 2E) and that circPVT1 high expression was 

Figure 1 The expression of mRNA PVT1 and circPVT1 in BLCA and normal tissues. (A–E) Statics analysis of expression level. (A) Difference in PVT1 mRNA expression 
between tumor and normal tissues. (B) Difference in circPVT1 expression between tumor and normal tissues. (C) Association between mRNA PVT1 and circPVT1 
expression in tumor and normal tissues. (D) Difference in PVT1 mRNA expression between tumor and normal cell lines. (E) Difference in circPVT1 expression between 
tumor and normal cell lines. (F and G) Correlation between mRNA PVT1 and circPVT1 expression in normal tissues (F) and BLCA tissues (G). (H) AUC: area under the 
ROC (receiver operating characteristic) curve of circPVT1 and mRNA PVT1. (I and J) Stability of circPVT1 and mRNA PVT1 after RNase R treatment in T24 (I) and UMUC3 
(J) cell lines. #Represents P > 0.05, *Represents P < 0.05, **Represents P < 0.01, ***Represents P < 0.001.
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associated with a longer survival time and a higher survival rate (Figure 2F). Taking circPVT1 expression and HER2 
amplification for consideration, three pairwise comparisons were considerably different (Figure 2G). A nomogram was 
constructed based on circPVT1 expression, HER2 amplification, and clinical characteristics (Figure 3A). This model was 
efficient to predict the 3-year (Figure 3B) or 5-year OS (Figure 3C). These findings indicate that circPVT1 might be an 
independent prognostic factor for OS.

Knocking Down circPVT1 Promotes BLCA Proliferation in vitro and in vivo
To unravel biological function of circPVT1 in BLCA, we knocked down circPVT1 expression in T24 and UMUC3 cells 
by small interfering RNA. The CCK-8 assays showed that the viability of both T24 and UMUC3 cell lines was 
significantly higher in the si-circPVT1 group than in the si-Control group (Figure 4A). Colony formation assays showed 
that more colonies of both T24 and UMUC3 cell lines were formed in the si-circPVT1 group than in the si-Control group 
(Figure 4B). The mouse tumor model also demonstrated that the weight in the si-circPVT1 group was significantly larger 
than that in the si-Control group (Figure 4C). These data indicate that knocking down circPVT1 promotes BLCA 
proliferation in vitro and in vivo. qRT-PCR revealed that the ERBB2, KI67, and PCNA expression levels were 
significantly higher, and the TP53 expression in the si-circPVT1 group was significantly lower than those in the si- 
Control group, while those in CCND1 and CCNB1 showed no between-group differences (Figure 4D). These data 
indicated that knocking down circPVT1 promoted ERBB2, KI67, and PCNA expression and inhibited TP53 expression.

Discussion
Cancer-related circRNAs, such as circRNA-ST6GALNAC6, circRNA hsa_circ_0014130, and CircRNA 001418, have 
slipped into the research hotspot.9–11 Our study revealed that circPVT1 was significantly up-regulated in BLCA, while 
the expression of mRNA PVT1 did not change. Moreover, circPVT1 was, but mRNA PVT1 was not significantly 
correlated with OS. This indicated a higher clinical value of circPVT1 than mRNA PVT1.

circPVT1 is more easily detectable in tissues than mRNA PVT1, because of RNase R digestion. Our data revealed 
that circPVT1 was negatively correlated with HER2 amplification and TNM stage. HER2 is not a specific marker for 
BLCA. What is more, circPVT1 was an independent prognostic biomarker. Experimental data further validated that 
circPVT1 was a cancer suppressor. These results are different from some previous reports showing that a high 
circPVT1expression is correlated with unfavorable prognosis in cancer patients. In vivo and in vitro experiments 
uncovered that knocking down circPVT1 promoted the proliferation of BLCA by upregulating ERBB2, KI67, and 
PCNA and downregulating TP53. ERBB2 plays a vital role in promoting cancer proliferation.12,13 KI67 and PCNA can 
mark the proliferation of cancer cells.14 TP53 is well known to inhibit cancer cell proliferation.15 Our data demonstrate 
that circPVT1 can inhibit the proliferation of BLCA. However, some studies have reported that circPVT1 promotes the 
proliferation of other cancers, including lung cancer,16–18 thyroid cancer,19,20 and gallbladder cancer.21 These suggest the 
dual role of circPVT1 in cancer development, either as a driver or a suppressor. Many miRNAs can be targeted by 

Table 2 Univariate and Multivariate Cox Regression Analyses of Prognostic Factors in Bladder Cancer

Characteristics Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Age (>60 vs <=60) 0.788 (0.548–1.132) 0.197

Gender (Female vs Male) 1.349 (0.946–1.923) 0.098
T Stage (T3-T4 vs T1-T2) 0.726 (0.505–1.042) 0.082

N Stage (N1-N3 vs N0) 1 (0.701–1.427) 1

TNM Stage (III–IV vs I–II) 1.6 (1.11–2.306) 0.012 0.985 (0.6–1.617) 0.953
Differentiation (Poorly/moderately vs Well) 1.186 (0.824–1.708) 0.36

Tumor Size (>4 cm vs <=4 cm) 1.257 (0.867–1.824) 0.227

HER2 1.558 (1.049–2.315) 0.028 1.284 (0.804–2.052) 0.295
circPVT1 (High vs Low) 0.406 (0.269–0.613) < 0.001 0.443 (0.267–0.735) 0.002
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Figure 2 Association of circPVT1 expression and HER2 amplification with overall survival. The representative images of HER2 negative (A) and positive (B) amplification at 
the DNA level. The representative images of HER2 negative (C) and positive (D) amplification by IHC at the protein level. Kaplan–Meier curves were generated by HER2 
amplification (E), circPVT1 expression (F) and HER2 amplification with circPVT1 expression (G), respectively.
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circPVT1, such as miR-30e,22 miR-21-5p,23 miR-429.18 As we all know, co-expression of circRNAs and miRNAs is 
spatiotemporal and dynamic. Therefore, we speculate that the function of circPVT1 may change with its combination 
with various targets.

The discovery of prognostic factors plays a vital role in the treatment of bladder cancer. In addition to the traditional 
pathological staging to evaluate prognosis, new prognosis factors are gradually explored and discovered. For example, 

Figure 3 The nomogram was constructed based on circPVT1 expression and clinical characteristics. The alignment diagram of nomogram for predicting OS (A). The 
efficiency of the nomogram for the 3-year (B) or 5-year survival (C).
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the factor of the patient’s nutritional status,24 the factor of the systemic immune inflammation index,25 the factor of 
neutral granulocytes to lymphocytes in the urinary tract cancer in the bladder patients,26 and so on. Here, we find that 
circPVT1 acts as a novel biomarker and reveal its molecular function, which enriches the content of the new molecular 
biomarker and the perception of its molecules. However, circPVT1 translated into clinical daily practice still go faraway, 
recent studies revealed that neoadjuvant and adjuvant following radical treatments and27 adjuvant immunotherapy28 have 
played a vital role in clinical studies so far. Those factors could be considered for further validating. Besides, we should 
consider other prognostic markers interfering with effects such as HGT129 and variant histologies.30

There are still several limitations that ought to be considered. First, the samples were limited, and Ta vs T1 vs MIBC 
should be classified. Second, an over-expression circPVT1 assay, more phenotype studies, HE sections and the IHC for 
targeted proteins should be performed. Third, the targets of circPVT1 were not evaluated. Therefore, our findings should 
be validated in a larger patient cohort. In addition, RNA pulldown, luciferase reporter assay, and rescue experiments are 
needed to clarify the molecular mechanism of circPVT1.

Conclusion
circPVT1 acts as a tumor suppressor and may be employed to predict the prognosis of BLCA.
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