
ONCOLOGY LETTERS  21:  95,  2021

Abstract. Prolyl 4‑hydroxylase, beta polypeptide (P4HB) 
protein is an endoplasmic reticulum (ER) molecular chap‑
erone protein and has been reported to be overexpressed in 
multiple tumor types. However, the role of P4HB in bladder 
cancer (BLCA) has not yet been elucidated. The aim of 
the present study was to investigate the prognostic value of 
P4HB and the association between clinicopathological char‑
acteristics and P4HB in BLCA. P4HB expression levels were 
assessed through The Cancer Genome Atlas (TCGA) and 
Gene Expression Omnibus (GEO) databases, and validated 
by reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) and western blot analysis in BLCA tissues and 
cells. A total of 69 pairs of tumor and normal samples were used 
to analyze the expression of P4HB via immunohistochemical 
staining. A co‑expression network and functional enrichment 
analyses were conducted to investigate the biological func‑
tion of P4HB in BLCA. The protein‑protein interaction (PPI) 
network was constructed by Search Tool for the Retrieval of 
Interacting Genes. The results showed that P4HB was highly 

expressed in BLCA cells and tissues. The area under the curve 
value for P4HB expression to discriminate between tumor 
and normal tissues was up to 0.888 (95% CI: 0.801‑0.975; 
P<0.001) and 0.881 (95% CI: 0.825‑0.937; P<0.001) in TCGA 
database and our database, respectively. Furthermore, the 
expression level of P4HB was an independent risk factor for 
overall survival (OS) and recurrence‑free survival (RFS) by 
univariate and multivariate analyses. Kaplan‑Meier survival 
analysis demonstrated that high P4HB expression was asso‑
ciated with low OS and RFS. Pathway enrichment analysis 
suggested that P4HB was involved in protein processing in 
the endoplasmic reticulum (ER), including N‑glycan modifica‑
tion and protein metabolic processes responding to ER stress. 
PPI analysis revealed that the potential targets of P4HB were 
mainly involved in posttranslational protein modification and 
response to ER stress. In conclusion, the expression level of 
P4HB aid in identifying patients with early‑stage BLCA and 
predicting the prognosis of BLCA. Therefore, P4HB may be a 
novel diagnostic and prognostic biomarker for BLCA.

Introduction

Bladder cancer (BLCA) is the fourth most common malignancy 
in males and it has high incidence and mortality rates despite 
improvements in its management over the past decade (1,2). 
Non‑muscle invasive bladder cancer is the most common type 
of BLCA because its low progression rates lead to longer 
patient survival times (3). However, 25‑30% of bladder tumors 
are found to be muscle invasive at the time of diagnosis and 
these patients often have a poor prognosis despite optimal 
treatment (4,5). The prognosis of BLCA is determined by the 
initial tumor stage, but patients do not show specific symptoms 
in the early stages of BLCA. Therefore, identifying promising 
early molecular markers has an enormous application potential 
for monitoring the onset of malignant tumors and improving 
the clinical strategies for managing BLCA.

P4HB, also known as protein disulfide‑isomerase; is a 
multifunctional protein that catalyzes the formation, breakage 
and rearrangement of disulfide bonds. It acts as a molecular 
chaperone that aids in ameliorating misfolded proteins in 
response to ER stress (6). In addition, upregulation of P4HB 
has been reported in certain cancer types and overexpression 
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of P4HB may promote the progression of malignant tumors, 
including gastric cancer, clear cell renal cell carcinoma and 
colon cancer (7‑9). P4HB inhibition has been associated 
with chemosensitivity in glioblastoma multiforme via the 
endoplasmic reticulum stress response pathways (10,11). In 
addition, P4HB‑knockdown sensitized glioblastoma to radio‑
therapy by leading to ER stress and downregulating RAD51 
gene expression (12). However, little is known regarding the 
association between P4HB and BLCA. The present study 
therefore analyzed the prognostic value of P4HB and the asso‑
ciation between clinicopathological characteristics and P4HB 
in BLCA.

Materials and methods

Tissue samples. A total of 69 BLCA tissues and adjacent 
tissues were obtained from patients (age range, 37‑91 years; 
mean age, 64.1 years) with BLCA at the Department of 
Urology, Peking University First Hospital who underwent 
radical cystectomy between January 2007 and November 2012. 
Patients who were lost to follow‑up and had missing data were 
excluded. The database included a population of 44 males and 
25 females and the pathological diagnosis of these patients was 
transitional cell carcinoma. The histological characteristics of 
these samples were evaluated by hematoxylin‑eosin staining 
and confirmed by experienced urological pathologists. Fresh 
samples were fixed with 4% paraformaldehyde for 12‑24 h at 
room temperature and then paraffin‑embedded for immuno‑
histochemistry (IHC). The present study was approved by the 
Biomedical Research Ethics Committee of Peking University 
First Hospital and written informed consent was obtained 
from all patients.

Cell culture. The cell lines (SV‑HUC‑1, T24, SW780 and 5637) 
were obtained from the American Type Culture Collection 
and cultured according to the manufacturer's protocols. The 
normal human urinary tract epithelial SV‑HUC‑1 cell line was 
cultured in F‑12K medium (Gibco; Thermo Fisher Scientific, 
Inc.), while the T24 and SW780 cell lines were cultured in 
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher 
Scientific, Inc.) and the 5637 cells were cultured in RPMI‑1640 
(Gibco; Thermo Fisher Scientific, Inc.). All media contained 
10% fetal bovine serum (Gibco; Thermo Fisher Scientific, 
Inc.) and 1% penicillin G‑streptomycin (Sigma‑Aldrich; 
Merck KGaA). The cell cultures were maintained as a mono‑
layer culture in a humidified atmosphere containing 5% CO2 
at 37˚C.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from tissue samples or 
cell lines using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific Inc.) and used according to the manufacturer's 
protocol. cDNA was generated using reverse transcription with 
the following conditions: 42˚C for 15 min and 95˚C for 3 min 
(TansGen). RT‑qPCR was performed using the 7500 Fluorescent 
Quantitative PCR System (Applied Biosystems; Thermo Fisher 
Scientific, Inc.), and GAPDH was used for normalization. The 
primer sequences used in the present study were as follows: 
P4HB forward, 5'‑GGCTATCCCACC‑ATCAAGTTC‑3' and 
reverse, 5'‑TCACGATGTCATCAGCCTCTC‑3'; GAPDH 

forward, 5'‑GGAGCGAGATCCCTCCAAAAT‑3' and reverse, 
5'‑GGCTGTTGTC‑ATACTTCTCATGG‑3'. The PCR reac‑
tion was performed as follows: 94˚C for 30 sec, then 40 cycles 
at 94˚C for 5 sec and at 60˚C for 30 sec. All experiments were 
repeated at least three times. The relative expression level was 
calculated by using 2‑ΔΔCq method (13).

IHC. The 5‑µm sections were cut from paraffin‑embedded 
tissue samples, deparaffinized in xylene and rehydrated in 
a descending alcohol series. Next, the sections were heated 
(120˚C) for 20 min in citrate buffer (10 mmol/l; pH 6.0). 
Following treatment with 3% hydrogen peroxide to block the 
endogenous peroxidase activity, 10% normal goat serum was 
applied to reduce non‑specific binding for 1 h at room temper‑
ature. Subsequently, the sections were incubated with primary 
rabbit anti‑human P4HB polyclonal antibody (1:10,000; cat. 
no. ab137110; Abcam) at 4˚C overnight. The sections were then 
incubated with peroxidase‑conjugated secondary antibodies 
(1:1,000; PV‑9000; OriGene Technologies, Inc.) for 20 min 
at room temperature. All slides were washed three times 
and then the PowerVision™ two‑step histostaining reagent 
and the 3,3‑diaminobenzidine tetrahydrochloride substrate 
kit (Zhongshan Golden Bridge Biotechnology) were used to 
visualize the localization of the antigen according to the manu‑
facturer's protocol. Two experienced independent pathologists 
examined all tumor slides by examining three random fields of 
view using a light microscope at x400 magnification (Olympus 
Corporation). The intensity of cellular staining was assigned 
a score of 0 (negative), 1 (weak), 2 (moderate) and 3 (strong). 
The proportion of stained tumor cells was scored as 0 (0‑5%), 
1 (6‑25%), 2 (26‑50%), 3 (51‑75%) or 4 (>75%). The multiplica‑
tion of these two variables was calculated as the final score.

Western blotting. Total proteins were extracted from cell 
lines using NP‑40 lysis buffer, quantified using BCA protein 
assay reagent (Pierce; Thermo Fisher Scientific, Inc.), and 
loaded onto 10% SDS gels (20 µg/lane). Proteins in the gel 
were transferred onto PVDF membranes (EMD Millipore) 
following electrophoresis. Following blocking at room temper‑
ature for 1 h with 5% skimmed milk, the membranes were 
incubated overnight at 4˚C with an antibody against P4HB 
(1:1,000; cat. no. ab137110; Abcam), followed by horseradish 
peroxidase‑labeled anti‑rabbit secondary antibody (1:5,000; 
cat. no. sc‑2004/sc‑2005; Santa Cruz Biotechnology, Inc.). 
β‑actin (1:1,000; cat. no. sc‑8432; Santa Cruz Biotechnology, 
Inc.) and GAPDH (1:1,000; cat. no. sc‑47724; Santa Cruz 
Biotechnology, Inc.) were used as the internal reference. 
Signals were detected by chemiluminescence using the ECL 
Western Blotting Detection Reagents (Beyotime Institute of 
Biotechnology).

In silico analysis of P4HB using online datasets. 
Transcriptome and clinical data from the TCGA‑BLCA 
datasets (including 410 patients with bladder carcinoma) were 
downloaded from UCSC XENA (https://xena.ucsc.edu/) (14). 
Affymetrix gene expression profiles were performed using 
Affymetrix Human Genome U133 Plus 2.0 (HG‑U133 
Plus_2.0) for two datasets (GSE42089 and GSE31189) and 
using Affymetrix Human Genome U133A Array (HG‑U133A) 
for one dataset (GSE3167). The prognostic analyses were 
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performed by gene expression profiling interactive analysis 
(GEPIA; http://gepia.cancer‑pku.cn/) (15). To investigate the 
mechanism of P4HB in BLCA, the co‑expression genes of 
P4HB were obtained using the limma R package (http://bioinf.
wehi.edu.au/limma). The Pearson correlation coefficients 
between P4HB and protein‑coding genes were calculated to 
determine the co‑expression correlations (|Pearson correlation 
coefficient|>0.40 and P<0.01). Gene Ontology (GO) analysis 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
analysis were performed and visualized using the R package 
‘clusterProfiler’ (16). The PPI network was constructed by 
Search Tool for the Retrieval of Interacting Genes (STRING; 
https://string‑db.org/) (17) and modeled using Cytoscape 
software (Cytoscape_v3.6.1) (18). Gene set enrichment 
analysis (GSEA) was conducted to assess whether a predefined 
set of genes exhibited statistically significant, concordant 
differences according to P4HB expression by GSEA software 
(version 4.0.1; downloaded from http://software.broadinstitute.
org/gsea/index.jsp) (19). The high expression group and the low 
expression group were defined according to the median mRNA 
level of P4HB. |Normalized enrichment score (NES)|>1, false 
discovery rate (FDR) <25% and nominal P<0.05 were regarded 
as the cut‑off criteria.

Statistical analysis. All experimental data were obtained 
from three independent experiments. SPSS version 24.0 
(IBM Corp.) was used for statistical analyses. The difference 
between two sets of data was analyzed by Student's t‑test or 
Mann‑Whitney U test. One‑way analysis of variance, followed 
by Dunnett's post hoc test, was applied to investigate the 
differences in P4HB expression between the normal cell line 
(SV‑HUC‑1) and the BLCA cell lines. Survival analysis was 
performed using the Kaplan‑Meier estimator (log‑rank test). 
Cox regression was conducted for univariate and multivariate 
analyses. The receiver operating characteristic curve (ROC) 

was plotted to evaluate the value of P4HB expression as a 
predictor for early detection of BLCA. P<0.05 was considered 
statistically significant.

Results

P4HB is upregulated in BLCA and associated with tumor 
stage. To investigate the expression of P4HB in BLCA, the 
mRNA expression of P4HB was analyzed in TCGA database. 
As shown in Fig. 1A, P4HB expression was higher in BLCA 
tissues than in normal tissues in TCGA (P<0.0001). Notably, 
the mRNA expression of P4HB was significantly higher at 
advanced pathological T stage (P<0.05) (Fig. 1B) and patho‑
logical N stage (P<0.001) (Fig. 1C). These data suggested that 
P4HB may be a promising biomarker for diagnosis and early 
detection in BLCA. The mRNA expression of P4HB was also 
verified in the GEO database, and analysis of the results of 
the GSE3167, GSE42089 and GSE31189 microarray datasets 
demonstrated that P4HB was highly expressed in tumor tissues 
compared with normal tissues (Fig. 1D‑F).

P4HB is highly expressed in bladder cancer cell lines and 
tissues. RT‑qPCR was performed to investigate the mRNA 
expression of P4HB in BLCA cell lines and tissues. The results 
demonstrated that the mRNA expression level of P4HB was 
higher in tumor cell lines than in SV‑HUC‑1 cells (Fig. 2A). 
The mRNA expression of P4HB was increased in BLCA 
tissues, compared with paired normal mucosa. The average 
log2‑fold‑change of T/N was 1.67 (Fig. 2B). High mRNA 
expression of P4HB was associated with a high pathological 
T stage (P<0.05; Fig. 2C) and N stage (P<0.05; Fig. 2D). In 
addition, protein expression of P4HB was upregulated in BLCA 
cell lines (Fig. 2E) and tissues (Fig. 2F). To better understand 
the expression of P4HB in BLCA tissues, an IHC assay was 
performed to investigate P4HB protein expression levels in 

Figure 1. mRNA expression of P4HB in BLCA. (A) The mRNA expression of P4HB in TCGA clinical samples. P4HB expression among patients with BLCA 
with different pathological (B) T stages and (C) N stages. The mRNA expression of P4HB in the (D) GSE3167, (E) GSE42089 and (F) GSE31189datasets. 
P4HB, prolyl 4‑hydroxylase, beta polypeptide; BLCA, bladder cancer; TCGA, The Cancer Genome Atlas.
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69 paired BLCA tissues and their adjacent normal tissues. 
The results demonstrated that P4HB was highly expressed in 
BLCA tissues compared with paired normal mucosa (Fig. 2G). 
The average IHC score of T/N was 2.43 (Fig. 2H).

P4HB is an early detection biomarker for BLCA. Considering 
the differential expression of P4HB between BLCA and 
normal mucosa tissues, ROC curves were generated to deter‑
mine the diagnostic value of P4HB in TCGA database and our 
database. The ROC curve suggested that the AUC value for 
P4HB expression to discriminate between tumor and normal 
was up to 0.888 (Fig. 3A; 95% CI: 0.801‑0.975; P<0.001) and 
0.881 (Fig. 3B; 95% CI: 0.825‑0.937; P<0.001) in TCGA and 
our database, respectively. In addition, the average IHC score 
of P4HB expression was significantly higher in advanced‑stage 

and high‑grade BLCA than in early‑stage (P<0.01; Fig. 3C) 
and low‑grade BLCA (P<0.05; Fig. 3D). Taken together, these 
results suggest that P4HB may be an early detection biomarker 
for BLCA.

High P4HB expression predicts overall survival of patients 
with BLCA. A prospective study was performed to inves‑
tigate the correlation between the OS time of BLCA and 
P4HB expression. In addition to the tumor pathological N 
stage, P4HB expression was negatively correlated with OS 
in univariate analysis (95% CI: 1.011‑6.296; P=0.047) in 
our database (Table I). Higher expression of P4HB exhib‑
ited a poorer OS based on Kaplan‑Meier survival analysis 
(P<0.001; Fig. 4A). In multivariate analysis, N stage (95% CI: 
1.552‑23.254; P=0.009) and P4HB protein expression (95% CI: 

Figure 2. P4HB is highly expressed in bladder cancer cell lines and tissues. (A) P4HB mRNA expression in BLCA cell lines compared with normal uroepi‑
thelial SV‑HUC‑1 cells. (B) P4HB mRNA expression in 16 paired BLCA tissues and adjacent normal mucosa. P4HB expression among patients with BLCA at 
different pathological (C) T stages and (D) N stages. (E) P4HB protein expression in BLCA cell lines. (F) P4HB protein expression in 5 paired BLCA tissues. 
(G) IHC of BLCA tissues and adjacent normal tissues. The left image represents the normal mucosa and the right image represents the BLCA tissue. (H) The 
histogram represents the average IHC score of P4HB. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001. P4HB, prolyl 4‑hydroxylase, beta polypeptide; BLCA, 
bladder cancer; IHC, immunohistochemistry.
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1.240‑8.798; P=0.017) were still correlated with a poorer 
OS, indicating that P4HB may be an independent prognostic 
factor for patients with BLCA. Furthermore, the impact of 
clinicopathological parameters on patient survival in TCGA 
database was investigated. The mRNA expression of P4HB 
remained an independent prognostic factor (Table SI), and 
high mRNA expression of P4HB was associated with a short 
OS time (P<0.01; Fig. 4B). Considering that the pathological 
stage has a significant impact on patient survival, a nomogram 
containing IHC score, pathological T stage and N stage was 
constructed to predict the 5‑year survival rate of patients with 
BLCA (Fig. 4C). The calibration curves for 5‑year survival 

demonstrated that the predicted OS was close to the actual 
OS (Fig. 4D).

High P4HB expression predicted recurrence‑free survival 
in patients with BLCA. The correlation between the RFS of 
BLCA and P4HB expression was further investigated. The 
results of IHC demonstrated that high pathological N stage 
and P4HB protein levels were significantly associated with a 
poorer RFS by univariate and multivariate analyses (Table II). 
A similar result was obtained in TCGA database (Table SII). 
To determine whether P4HB was a promising target for 
predicting RFS, Kaplan‑Meier survival analysis was 

Table I. Univariate analysis and multivariate analysis of overall survival of bladder cancer in our database.

 Univariate analysis Multivariate analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic HR (95% CI) P‑value HR (95% CI) P‑value

P4HB level, high vs. low 2.523 (1.011‑6.296) 0.047a 3.303 (1.240‑8.798) 0.017a

Sex, male vs. female 0.855 (0.198‑3.697) 0.834
Age at initial diagnosis, ≥70 vs. <70 years 0.829 (0.247‑2.785) 0.762
Pathological T, T3 + T4 vs. T1 + T2 2.438 (0.991‑5.999) 0.052
Pathological N, N1‑3 vs. N0   3.802 (1.084‑13.338) 0.037a 6.008 (1.552‑23.254) 0.009a

Histological grade, high vs. low 1.958 (0.884‑4.333) 0.098

aP<0.05. HR, hazard ratio; CI, confidence interval.

Figure 3. P4HB is an early detection biomarker for BLCA. ROC curve of P4HB expression to predict patients with BLCA in (A) TCGA database and (B) our 
database. Average immunohistochemistry scores of P4HB at different (C) pathological stages and (D) histological grades. P4HB, prolyl 4‑hydroxylase, beta 
polypeptide; BLCA, bladder cancer; ROC, receiver operating characteristic; TCGA, The Cancer Genome Atlas database.
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conducted in our database and TCGA database. The results 
demonstrated that high expression of P4HB was associated 
with low RFS (Fig. 4E and F).

Functional prediction of P4HB in BLCA by enrichment anal‑
ysis. To investigate the biological function of P4HB in BLCA, 

GO term enrichment analysis and KEGG pathway analysis 
were performed using the co‑expression genes of P4HB. A 
total of 233 genes co‑expressed with P4HB were selected 
from TCGA‑BLCA database (Table SIII). Terms related to 
transferase activity, ribonucleoprotein complex binding, signal 
sequence binding and relevant member terms in ER were 

Table II. Univariate analysis and multivariate analysis of recurrence‑free survival of bladder cancer in our database.

 Univariate analysis Multivariate analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic HR (95% CI) P‑value HR (95% CI) P‑value

P4HB level, high vs. low 2.265 (1.001‑5.696) 0.042a 2.936 (1.104‑7.805) 0.031a

Sex, male vs. female 0.932 (0.216‑4.031) 0.925
Age at initial diagnosis, ≥70 vs. <70 years 0.735 (0.218‑2.479) 0.620
Pathological T, T3 + T4 vs. T1 + T2 2.187 (0.883‑5.417) 0.091
Pathological N, N1‑3 vs. N0   4.199 (1.181‑14.922) 0.027a 6.318 (1.629‑24.504) 0.008a

Histological grade, high vs. low 2.007 (0.907‑4.438) 0.085

aP<0.05. HR, hazard ratio; CI: confidence interval.

Figure 4. High P4HB expression was associated with poor survival in patients with BLCA. Kaplan‑Meier survival curves for the OS of patients with BLCA 
based on P4HB expression in (A) our database and (B) TCGA database. (C) Nomogram to predict the 5‑year OS of patients with BLCA. (D) Calibration plot 
evaluating the predictive accuracy of the nomogram for 5‑year survival rate. Kaplan‑Meier survival curves for the RFS of patients with BLCA based on P4HB 
expression in (E) our database and (F) TCGA database. P4HB, prolyl 4‑hydroxylase, beta polypeptide; BLCA, bladder cancer; OS, overall survival; TCGA, 
The Cancer Genome Atlas database; RFS, recurrence‑free survival.
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enriched (Fig. 5A and Table SIV). These terms were associated 
with carbohydrate metabolism and protein metabolism. Genes 
involved in protein processing in the ER, N‑glycan biosynthesis, 
various types of N‑glycan biosynthesis and other relevant path‑
ways were also enriched (Fig. 5B and Table SV). In addition, 
GSEA in BLCA was performed by ranking the genes based on 
the expression of P4HB. High P4HB expression was associated 
with several significant processes that promote tumorigenesis, 
including N‑glycan biosynthesis, pathways in cancer and primary 
immunodeficiency (Fig. 5C). These results indicated that P4HB 
may promote bladder tumorigenesis. PPI analysis revealed that 

the potential targets of P4HB were mainly genes associated 
with posttranslational protein modification and response to 
ER stress (Fig. 5D and Table III). Taken together, these results 
implied that P4HB may promote tumorigenesis by interfering 
with protein processing in the ER, including N‑glycan modifica‑
tion and protein metabolic processes responding to ER stress.

Discussion

P4HB, encoded by the P4HB gene on human chromosome 
17q25, is the β‑subunit of prolyl‑4‑hydroxylase involved in 

Table III. Functional enrichments in the protein‑protein interactions network of prolyl 4‑hydroxylase, beta polypeptide.

Term description FDR Matching proteins in the network (labels)

Post‑translational protein modification 1.52E‑09 ALB, APOB, CALU, DNAJC3, HSP90B1, NUCB1, P4HB, 
  PDIA6, PRKCSH, RCN1
Response to endoplasmic reticulum stress 1.03E‑08 CALR, DNAJC3, ERO1L, HSP90B1, HSPA5,
  OS9, P4HB, PDIA6

FDR, false discovery rate.

Figure 5. Functional prediction of P4HB in BLCA by enrichment analysis. (A) GO term and (B) KEGG pathway enrichment analysis results for genes 
co‑expressed with P4HB in BLCA. (C) GSEA was performed in TCGA database according to the expression level of P4HB. The median expression of P4HB 
was selected as the cut‑off value. (D) The protein‑protein interaction network of P4HB and its potential targets. P4HB, prolyl 4‑hydroxylase, beta polypeptide; 
BLCA, bladder cancer; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; GSEA, Gene set enrichment analysis; TCGA, The Cancer 
Genome Atlas database.
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antioxidant and detoxification reactions (20). P4HB may cata‑
lyze the oxidation, reduction and isomerization of disulfide 
bonds in the ER, which is essential to maintain homeostasis 
of the ER (20,21). Furthermore, P4HB acts as a chaperone and 
binds to misfolded proteins to prevent their excessive aggre‑
gation (22). The ER is an important organelle in eukaryotic 
cells that participates in a variety of intracellular metabolic 
and signal transduction pathways. Once ER homeostasis is 
disturbed, misfolded proteins accumulate, eventually leading 
to ER stress. The ER has formed self‑protecting signal trans‑
duction pathways during evolution, including the unfolded 
protein response (UPR) of the ER, ER‑associated degradation 
and autophagy to restore proteostasis. Furthermore, the ability 
to tolerate persistent ER stress enhances cancer cell survival, 
angiogenesis, aggressiveness, drug resistance and immuno‑
suppression (23,24).

As a potential therapeutic target, P4HB has been found 
to be a novel diagnostic and prognostic marker in various 
cancer types, including colon, gastric and clear cell renal cell 
carcinoma (7,8,25). Lovat et al (26) demonstrated that over‑
expression of wild‑type P4HB in melanoma cells decreased 
the level of apoptosis in response to ER stress, which was 
beneficial to the survival of tumor cells. Furthermore, recent 
studies have demonstrated that P4HB is overexpressed in 
gliomas and that P4HB suppression sensitizes glioblas‑
toma to chemotherapy and radiotherapy by abrogating ER 
stress‑induced UPR signaling (10,12,27). These results 
suggested the clinical importance of P4HB in tumorigenesis 
and progression.

The present study investigated and confirmed the expres‑
sion and clinical significance of P4HB in BLCA by analyses 
in TCGA, GEO and our clinical database. The results demon‑
strated that P4HB expression was increased in BLCA tissues 
and cells. The expression of P4HB was significantly correlated 
with tumor stage. Furthermore, based on immunohisto‑
chemical staining analysis, it was revealed that the expression 
of P4HB was an independent risk factor for OS and RFS. 
Furthermore, high expression of P4HB was associated with 
low OS and RFS rates by Kaplan‑Meier survival analysis in 
TCGA database and our database. These data indicated that 
P4HB may be a promising biomarker for predicting survival 
and tumor progression in patients with BLCA.

To better understand the oncogenic role of P4HB in 
BLCA, functional prediction was performed using bioinfor‑
matics analysis. As indicated by the enrichment analyses, 
P4HB may be involved in protein processes responding to 
ER stress and N‑glycan biosynthesis. It was reported that 
N‑glycans of certain proteins have a vital role in metastatic 
process, including epithelial‑mesenchymal transition (EMT), 
migration, invasion/intravasation and extravasation of tumor 
cells (28). Inhibiting N‑glycans markedly decreased receptor 
tyrosine kinase signaling in cancer cells and blocking N‑glycan 
precursor biosynthesis may be a novel target for cancer 
therapy (29,30). The target genes predicted by PPI analysis 
were mainly involved in posttranslational protein modification 
and protein processing in response to ER stress. The results of 
GSEA suggested that P4HB may enhance the development of 
BLCA by multiple significant processes, including N‑glycan 
biosynthesis, pathways in cancer and primary immunodefi‑
ciency.

Although the expression profile of P4HB in BLCA has 
been identified in the present study, the oncogenic functions 
of P4HB in BLCA need to be clarified in vitro and in vivo. 
Furthermore, the molecular mechanisms by which P4HB 
functions need to be demonstrated in subsequent studies.

In summary, the results of the present study demonstrated 
that P4HB may be a promising biomarker as it was overex‑
pressed in BLCA and high expression of P4HB was associated 
with a poor prognosis. Bioinformatics analysis revealed that 
P4HB may be involved in N‑glycan biosynthesis and ER stress 
responses to promote BLCA tumorigenesis and progression. 
The detailed mechanisms of P4HB in regulating BLCA and 
the potential association between P4HB, N‑glycans and ER 
stress require further investigation.
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