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Background: Bladder cancer (BC), a common cancer of the urinary system, has a low mortality but an 
extremely high recurrence rate. Patients who have undergone initial surgical treatment often undergo 
frequent prognostic examinations with a substantial burden of discomfort and costs. Urine samples can 
reflect early disease processes in the urinary system and may be an excellent source of biomarkers.
Methods: In the present study, we used the liquid chromatography with tandem mass spectrometry (LC-
MS/MS) to perform proteomic analysis of pre- and postoperative urine samples from patients with stage 
III BC to identify biomarkers of cancer prognosis. Candidate biomarkers from proteomic analysis were 
simultaneously validated using western blotting in an independent cohort and immunohistochemical (IHC) 
staining, combined with gene expression data of BC samples in The Cancer Genome Atlas (TCGA). 
Results: The comparison of pre- and postoperative urine samples from the same patients led to the 
discovery of several significantly differentially expressed proteins, whose functions could be closely related 
to the occurrence and development of BC. We confirmed a representative group of candidate biomarker 
molecules, such as cadherin-related family member 2 (CDHR2), heat shock protein beta-1 (HSP27), and 
heterogeneous nuclear ribonucleoproteins A2/B1 (HNRNPA2B1). 
Conclusions: The candidate biomarker molecules can distinguish between pre- and postoperative urine 
samples, and alterations in their expression levels are significantly associated with recurrence rates in patients 
with BC. Therefore, these molecules may become useful biomarkers for the monitoring and prognosis  
of BC.
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Introduction

Bladder cancer (BC) is a common urological disease, ranking 
as the seventh most commonly occurring male cancer in 
urban areas of China in 2015 according to the China Cancer 
Center (1). The crude and age-standardized by world 
standard population rates were 5.80/10 and 3.57/10 for 
incidence (1). Approximately 70% of the newly diagnosed 
BC cases are non-invasive tumors; however, approximately 
50–70% of these patients relapse following surgery, and the 
probability of the disease developing into invasive BC and 
endangering life is approximately 30% (2). Urine cytology 
and cystoscopy are the main tools currently used for the 
clinical diagnosis of BC, although the sensitivity of urine 
cytology is poor (3). Cystoscopy has always been considered 
the gold standard for BC detection, but it is an invasive 
examination that easily causes patient discomfort (4). The 
development of novel biomarkers that can aid in comfortable 
and accurate monitoring for the clinical diagnosis and 
treatment of BC is urgently needed.

Alterations to protein secretion and expression profiles 
can occur under different physiological or pathological 
conditions, with humoral proteomics playing an increasingly 
important role in the discovery of disease biomarkers. 
Urine has several unique advantages compared with other 
body fluids for the development of BC biomarkers. First, 
urine storage is the main physiological role of the bladder. 
In BC, the tumor entity is in direct contact with the stored 
urine and proteins secreted from tumor cells are likely to 
enter the urine (5,6). Second, proteins in urine are not 
regulated by homeostasis after urine formation and several 
potential biomarkers can be enriched (7). Third, urine is 
often stored in the bladder for some time, and endogenous 
proteases hydrolyze some of the urinary proteins, so the 
urine proteome is relatively simple and stable, with low 
complexity due to the majority of circulating protein being 
excluded from the kidney tubules during filtration. Fourth, 
although individual urine samples will, to some extent, 
have varying protein content and expression profiles, this 
can be resolved via reasonable methods, such as the use of 
urinary creatinine normalization and the establishment of a 
reference urine proteome (8,9).

In previous studies of BC prognosis, biomarker proteins 
obtained by urinary proteome analysis have been validated 
against normal controls and general urinary disease 
control, which has often led to unnecessary biological 
differences. In the present study, we performed proteomic 
analysis of paired pre- and postoperative urine samples of 

BC patients using isobaric tags for relative and absolute 
quantitation (iTRAQ)-based quantitative technology. The 
comparison of urine samples from the same patients pre- 
and postoperatively led to the discovery of significantly 
differentially expressed proteins, some of which are crucial 
makers related to the cancer prognosis and may become 
useful biomarkers for the monitoring and prognosis of BC.

We present the following article in accordance with 
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/tau-21-562).

Methods

Study population and sample collection

All urine samples were obtained from the pathology 
biosample bank of the Fifth Medical Centre of Chinese 
PLA General Hospital. The urine samples were collected 
between January 2018 and July 2018 and stored at −80 ℃  
prior to analysis. Overall, 40 urine samples were used 
in this study: 8 samples from volunteers with no history 
or evidence of BC; 4 from patients with general urinary 
system diseases; 16 from patients with BC prior to 
surgery; and 12 samples from patients with BC following 
surgical removal of their tumor. We confirmed that 
participants did not present symptoms of kidney failure 
(for the details of pathology information, see https://
cdn.amegroups.cn/static/public/tau-21-562-1.xlsx). The 
presence of BC was confirmed using cystoscopy, together 
with histopathological information obtained following 
subsequent surgical interventions. Tumors were graded 
according to American Joint Committee on Cancer (AJCC) 
tumor, node, metastasis (TNM) criteria and clinical stages. 
An immunohistochemical (IHC) tissue chip, containing 
fixed samples of normal and cancerous bladder tissue, was 
purchased from US Biomax (BL481c, Rockville, MD, 
USA). All procedures performed in this study involving 
human participants were in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the ethics committee of the Fifth Medical Centre of 
Chinese PLA General Hospital (NO.ky-2018-2-13), and 
informed consent was taken from all the patients.

Experimental design

The overall experimental workflow is shown in Figure 1. 
Urine samples were collected pre- and postoperatively and 
were immediately stored at −80 ℃. Samples were thawed 
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at 4 ℃, followed by centrifugation at 3,000 rpm to remove 
obvious precipitation. The supernatant was concentrated by 
ultrafiltration using a 3-kD ultrafiltration tube, quantified 
by bicinchoninic (BCA) assay, and stored at −80 ℃. Proteins 
within the sample were digested using trypsin (1:50) at 
37 ℃ overnight. The digested peptides were desalted 
using hydrophilic-lipophilic balanced (HLB) cartridges, 
and then labeled with the iTRAQ reagent kit following 
the manufacturer’s protocol (8plex, Applied Biosystems, 
Bedford, MA, USA). iTRAQ is a powerful technique of 
protein quantification, which can utilize a multiplexed 
isobaric chemical tagging reagent for identification and 
quantitation of proteins in multiple samples at the same 
time. The pre-operative urine samples were labeled with 
113, 115, 117, and 119, and the postoperative urine samples 
were labeled with 114, 116, 118, and 121, respectively. Two 
iTRAQ experiments were implemented, and the urine 
samples from different patients represent the different 
biological replicates. Subsequently, an equal ratio of 

each set was pooled and analyzed by a Q-Exactive mass 
spectrometry (Thermo Fisher Scientific, Waltham, MA, 
USA). Candidate biomarkers from proteomic analysis were 
simultaneously validated using western blotting (WB) in 
independent cohorts and IHC staining, and combined with 
gene expression data from BC samples in TCGA to screen 
out the final biomarkers.

Data processing

The tandem mass spectrometry (MS/MS) data were 
processed using MaxQuant software (version 1.6.0.13, 
https://www.maxquant.org) and searched against the 
SwissProt database (Homo sapiens, 2017_09 version) 
(10,11). Specific cleavages were selected for trypsin, and 
the precursor and fragment ion mass tolerance were set to 
20 ppm and 0.02 Da, respectively. The carbamidomethyl 
of cysteine, iTRAQ-8plex of lysine, and N-terminal were 
stated as constant modifications, while the oxidation of 

Figure 1 The workflow of urinary proteome analysis in paired pre- and postoperative urine samples of BC patients. BC, bladder cancer; 
Pre-Op, preoperative; Post-Op, postoperative.
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methionine, acetyl of the N-terminal constituted the 
variable modifications. The default target-decoy approach 
with the reverse sequence database was used and a false 
discovery rate (FDR) <0.01 at both peptide and protein level 
were applied. The mass spectrometry proteomics data have 
been deposited to the ProteomeXchange Consortium via 
the iProX (12) partner repository with the dataset identifier 
PXD011871.

Statistical and bioinformatics analysis

The quality-controlled data first used the Shapiro-Wilk test 
to verify the assumption of normality. If the assumption 
was met, the data is compared using paired t-test. If the 
normality assumption was not met, the data was subjected to 
Wilcoxon signed-rank test. Fold change (FC) was obtained 
by comparing preoperative with postoperative protein 
expression. The differentially expressed urinary proteins 
were defined as those with a P value <0.05 and an FC 
>1.50 or <0.67 in groups between pre- and postoperative 
urine samples. If more than 75% of the samples met the 
above criteria, then the relevant protein was be listed as a 
candidate marker list.

Ingenuity pathway analysis (IPA) was used to classify 
differentially expressed proteins (DEPs) according to 
functional annotations (13), including cellular components, 
metabolic processes, and classical pathways. Functional 
annotation and pathway analysis of DEPs could help screen 
for appropriate candidate biomarkers with relevance to BC 
cellular processes.

WB

We performed WB of urine samples to validate the MS 
results. First, we used Coomassie brilliant blue staining to 
quantify the total protein content of each urine sample, 
which was used as an internal reference for loading the 
sample for WB (14). The samples were separated sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene fluoride (PVDF) 
membranes. After blocking, the membranes were incubated 
with primary antibodies against cadherin-related family 
member 2 (CDHR2, Proteintech, 27103-1-AP), heat shock 
protein (HSP) beta-1 (HSP27, Proteintech, 18284-1-AP), 
or alpha-1-antitrypsin (A1AT, Proteintech, 16382-1-AP) at 
4 ℃ overnight. Following washing, the membranes were 
incubated with horseradish peroxidase (HRP)-conjugated 
mouse anti-rabbit-IgG, heavy-chain-specific secondary 

antibody or HRP-conjugated mouse anti-rabbit-IgG, light-
chain-specific secondary antibody to avoid non-specific 
binding to potential immunoglobulins due to the patient’s 
hematuria. Finally, blots were developed using an enhanced 
chemiluminescence system. ImageJ analysis software 
(National Institutes of Health, Bethesda, MD, USA) was 
used to analyze the intensity of each band.

Immunohistochemistry staining

The BC tissue chip (BL481c) was dewaxed and hydrated, 
then boiled in 10 M citrate buffer solution for antigen 
retrieval; endogenous peroxidases were blocked using 
3% hydrogen peroxide. The slides were incubated with 
primary antibodies [CDHR2 (27103-1-AP, 1:200), HSP27 
(18284-1-AP, 1:450), SFN (66251-1-Ig, 1:200), and 
LMNA (YC0057, 1:200)] in a humid box at 4 ℃ overnight. 
Negative controls were generated by omitting the primary 
antibody. After washing, the slides were incubated with 
HRP-conjugated goat anti-rabbit secondary antibody. After 
the incubation, the colorimetric reaction was performed 
using 3,3-diaminobenzidine reagent, and nuclei were 
counterstained using hematoxylin. Slides were washed with 
water for 40 min, dehydrated after bluing, and sealed with 
a neutral gum. The prepared slides were analyzed by a 
qualified pathologist.

Results

Urine proteomics pre- and postoperatively in BC patients 

To determine the reliability of urinary biomarkers, 
we performed two independent mass spectrometry 
experiments—the first from urine samples collected within 
one week postoperatively, and the second from urine 
samples collected over two weeks postoperatively. Overall, 
1,162 proteins were co-identified in urine samples obtained 
at two time points (Figure 2A), and the complete list of 
proteins was tabulated (https://cdn.amegroups.cn/static/
public/tau-21-562-2.xlsx). Simultaneously, we also found 
some tumor markers mentioned in the previous literature, 
such as alpha-1 antitrypsin (A1AT), Lithostathine-1-alpha 
(REG1A), gastrotropin (FABP6), and apolipoprotein C-I 
(APOC1) (15-18). Within one week postoperatively, there 
were 75 DEPs. Over two weeks postoperatively, there were 
184 DEPs.

Interestingly, despite that numerous proteins were co-
identified at both postoperative time points; we found that 

https://cdn.amegroups.cn/static/public/tau-21-562-2.xlsx
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there was little overlap between the DEPs at the two time 
points. This could be attributed to the postoperative time 
during which the urine was collected, with the acute phase 
stress response of the patients exerting a substantial effect 
on the postoperative protein profile. We also confirmed this 
inference in the mass spectrometry data, which revealed that 
acute phase response signaling proteins were significantly 
enriched in the DEPs at both time points, and confirmed 
that the urine sample proteomic profile does indeed reflect 
changes in the body following tumor resection. After 

considering the postoperative acute phase response, we 
believe that the DEPs over two weeks postoperatively 
provide a more accurate list of tumor biomarker candidate 
proteins than those within one week postoperatively.

In order to gain a deeper understanding of the DEPs 
at two weeks later between pre- and postoperative urine 
samples, we used IPA to perform bioinformatics analysis 
of DEPs, and the results also demonstrated the reliability 
of our screening results. At two weeks after operation, 
we saw that a large number of DEPs were classified as 

Figure 2 Bioinformatics analysis of the proteins identified by iTRAQ based proteomics technology. (A) The majority of proteins were co-
identified at both postoperative time points, indicating the repeatability of urine samples. (B) Molecular annotation of DEPs from Exp-
2. (C) Interaction network with biological significance of DEPs from Exp-2. (D) Involved disease and functions of DEPs from Exp-2. 
(E) Significantly enriched signaling pathways of DEPs from Exp-2. iTRAQ, isobaric tags for relative and absolute quantitation; DEPs, 
differentially expressed proteins; Exp-1, the first iTRAQ experiment, the postoperative urine samples were collected within one week after 
operation; Exp-2, the second iTRAQ experiment, the postoperative urine samples were collected over two weeks after operation.
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cytokines, enzymes, transcriptional regulators, transporters, 
and so on (Figure 2B). The interaction network of DEPs 
was mainly concentrated in cell death and survival, 
inflammatory response, cellular growth and proliferation, 
lipid metabolism, and so on (Figure 2C). The biological 
functions and classical pathways involved were related to 
the survival and development of cancer (Figure 2D,E). For 
example, the pathways that related to BC signaling and 
tumor development were identified, including HIPPO 

signaling, 14-3-3-mediated signaling, and cell cycle (G2/M 
DNA damage checkpoint) regulation. Molecular interaction 
network analysis also showed that the screened DEPs were 
closely related to known cancer marker proteins (Figure 3).

Differential protein expression pre- and postoperatively in 
BC patients 

For the 184 DEPs obtained over two weeks postoperatively, 

Figure 3 Network analysis identifying YWHAG, YWHAZ, LMNA, and HNRNPA2B1 as important proteins involved in organismal 
abnormalities and the process of cancer cell proliferation and regulation. In this protein interaction network, it can be observed that 
YWHAG, YWHAZ, LMNA, and HNRNPA2B1 could directly interact with histones, and may participate in MAPK/ERK-mediated 
molecular regulatory networks, which shows the credibility of our mass spectrometry data. Green indicates proteins that were significantly 
downregulated, whereas red indicates proteins that were significantly upregulated. Shapes indicate different functional categories of proteins 
(as defined in the inset). Lines indicate interactions among proteins within the network (as defined in the inset). Arrowheads indicate 
stimulatory interactions, whereas endcaps indicate inhibitory interactions. Solid lines indicate direct interactions, whereas dashed lines 
indicate indirect interactions. Red star-labeled proteins are the differential proteins identified in this experiment. Blue-star-labeled proteins 
are proteins mentioned in the literature, and purple-star-labeled proteins are closely related proteins.
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we filtered out all immunoglobulin (IgG) proteins to avoid 
the effects of hematuria in patients with BC. We used the 
UniProt database annotation to perform a preliminary 
screening of the remaining 101 proteins differentially 
expressed between pre- and postoperative BC samples in 
terms of the functions of the protein and its correlation 
with tumorigenesis, together with known related literature. 
We obtained a list of candidate biomarker proteins for BC 
(for the complete list of DEPs, see https://cdn.amegroups.
cn/static/public/tau-21-562-3.xlsx). Below, we highlight 
the potential role of some selected DEPs in BC: cadherin-
related family member 2 (CDHR2), HSP beta-1 (HSP27), 
prelamin-A/C (LMNA), 14-3-3 protein sigma (SFN), 14-
3-3 protein zeta/delta (YWHAZ), 14-3-3 protein gamma 
(YWHAG), and heterogeneous nuclear ribonucleoproteins 
A2/B1 (HNRNPA2B1).

The intercellular adhesion factor and member of the 
cadherin family, CDHR2, showed low expression prior to 
surgery. Consistent with our MS result, previous studies 
have shown that CDHR2 expression is significantly reduced 
in cancer from liver, kidney, and colon compared to its 
expression in these tissues under normal conditions (19).  
It may be that CDHR2 inhibits tumor formation via 
interaction with hMAST205 (microtubule-associated 
serine/threonine protease-205KDa) to induce contact 
inhibition of epithelial cells (20), or via interaction with 
β-catenin to inhibit signal transduction and inhibit tumor 
cell proliferation (21).

Also known as HSPB1, HSP27 is highly expressed in 
the urine of patients with BC prior to surgery. Consistent 
with our MS result, heat shock protein (HSP) is often 
expressed at high levels in tumors that can rapidly 
respond to cellular stress. The HSP promotes cancer 
cell proliferation, reduces cancer cell growth inhibition, 
and promotes tumor angiogenesis (22). The HSP27 can 
significantly enhance smooth muscle cell proliferation 
as well as can contribute to the tumor cell infiltration 
process (23). Large-scale clinical samples have confirmed 
that high HSP27 expression is associated with BC 
prognosis and progression (24).

A precursor of the nuclear membrane component 
lamin, LMNA shows high expression preoperatively. The 
imbalance of lamin expression may be directly related to 
the rapid mitotic division of cancer cells. Studies have 
shown that the differential LMNA expression in prostate 
cancer tissues with low and high Gleason scores may 
be closely related to epithelial-mesenchymal (EMT) 
transformation (25). In colon cancer, the fusion of LMNA 

with high-affinity nerve growth factor receptor NTRK1 
has been found to induce metastasis (26).

All having high preoperative expression, SFN, YWHAG, 
and YWHAZ are members of the 14-3-3 protein family, 
a class of important protein signaling pathway regulators 
that are ubiquitous and highly conserved in eukaryotes. 
The SFN can regulate protein synthesis and epithelial cell 
growth when binding to the keratin protein KRT17 (27),  
and SFN overexpression prevents cell migration and 
enhances mitogen-activated protein kinase (MAPK) 
signaling in wound healing (28). However, the reported 
results from literatures are inconsistent with our mass 
spectrometry results showing high SFN expression in 
preoperative urine samples. It may be that SFN binds 
to BCL2L1 to inhibit cell death, which may explain the 
phenomenon of high SFN expression in cancer (Figure S1).

The high preoperat ive  YWHAG and YWHAZ 
expression was consistent with previous studies showing 
that YWHAG overexpression induces activation of 
the phosphatidylinositol 3-kinase (PI3K) and MAPK 
pathways (29). Moreover, YWHAG is highly expressed 
in hepatocellular carcinoma and breast cancer and has 
been suggested as a target for cancer treatment (30,31). 
Amplification of YWHAZ in the genome is also common 
in patients with BC in the TCGA database (32). It has also 
been suggested that knocking down YWHAZ promotes 
tumorigenesis in vitro and in vivo in BC (33). It is possible 
that YWHAZ plays an anti-tumor role in the appearance 
of BC, but other molecular mechanisms may be involved in 
tumor development.

In addition, we identified a series of low-abundance 
proteins, such as DNA damage-binding protein 1, which may 
be involved in DNA repair during tumor cell development (34).  
We found the expressions of 60S ribosomal protein L12, 
adenylate kinase isoenzyme 1, heterogeneous nuclear 
ribonucleoproteins A2/B1, and lactoylglutathione lyase were 
higher in postoperative samples than those in preoperative 
samples, that may be involved in the protein and energy 
synthesis functions of tumor cells (35,36). Additionally, we 
found high preoperative expressions of nuclease-sensitive 
element-binding protein 1 and eukaryotic translation initiation 
factor 5A, which could improve the transcription efficiency, 
promote cell division, and stimulate cell migration (37). High 
preoperative expression of ectonucleotide pyrophosphatase/
phosphodiesterase family member 2 may stimulate tumor 
movement and promote angiogenesis (38). Low preoperative 
expression of neural cell adhesion molecule 1 may facilitate 
tumor cell migration (39).

https://cdn.amegroups.cn/static/public/tau-21-562-3.xlsx
https://cdn.amegroups.cn/static/public/tau-21-562-3.xlsx
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Validation of differential protein expression using WB and 
IHC

Considering the symptoms of hematuria in patients with 
BC, enzyme-linked immunosorbent assay (ELISA) may lead 
to partial false positive results. We used WB for verification 
experiments. Given the abundance changes of candidate 
proteins pre- and postoperatively, and technical difficulty, 
we selected 4 proteins (HSP27, CDHR2, SFN, LMNA) for 
biomarker validation via WB and IHC (for the complete 
information of IHC, see https://cdn.amegroups.cn/static/
public/tau-21-562-4.xlsx). The results of WB are discussed 
below (Figure 4).

To validate the mass spectrometry results by WB, 
we established the following verification comparisons: 
preoperative group vs. healthy control group (Figure 4A), 
preoperative group vs. postoperative group (Figure 4B), and 
preoperative group vs. general urinary system disease group 
(Figure 4C). Before the experiment, we used Coomassie 
brilliant blue staining to quantify the total protein in urine 
samples which we then used as an internal reference for 
WB (Figure S2). The WB membranes were incubated with 
an HRP-conjugated mouse anti-rabbit-IgG heavy-chain-
specific or light-chain-specific secondary antibody to avoid 
non-specific binding to potential immunoglobulins due to 

the patient’s hematuria (Figure S3). Validation with western 
blotting was followed by validation via immunostaining on 
a fixed bladder tissue sample chip containing normal, non-
invasive cancer, and invasive cancer bladder tissue.

In WB, CDHR2 expression was significantly different 
in the preoperative group compared with the postoperative 
group and in the preoperative group compared with 
the normal control group (Figure 4D). In subsequent 
IHC validation (Figure 5A), CDHR2 expression was 
significantly decreased in 14 cases of low-grade urothelial 
carcinomas compared with normal bladder tissues (P=0.01), 
and CDHR2 expression level did not significantly differ 
in 24 cases of high-grade urothelial carcinomas (P=0.071). 
No significant change was observed in CDHR2 expression 
in 38 cases of BC tissues compared with normal bladder 
tissues (P=0.079). Although CDHR2 expression level 
showed no significant differences between invasive BC 
tissues and normal bladder tissue, a significant decrease in 
CDHR2 expression levels often predicted the presence of 
invasive BC.

The WB showed high HSP27 expression in the 
normal control samples, which was unexpected given the 
high HSP27 expression in preoperative urine samples 
displayed in the mass spectrometry results (Figure 4D). 

Figure 4 Validation of candidate biomarkers for BC prognosis using WB. WB of protein in urine samples was used to compare candidate 
BC biomarkers in (A) normal control vs. preoperative BC, (B) preoperative BC vs. common urinary diseases, and (C) preoperative BC vs. 
postoperative BC samples. (D) Quantification of protein abundance. The total protein content of each sample was used as the loading 
control. *, P<0.05, and ***, P<0.001. BC, bladder cancer; WB, western blot.
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The preoperative urine samples tended to show higher 
expression compared with postoperative urine samples, 
but the preoperative urine samples showed significantly 
lower HSP27 expression compared with the normal control 
samples. In the subsequent IHC validation (Figure 5A), 
HSP27 expression was not definitively associated with 
cancer; among the 40 cases of BC, 13 (32.5%) showed high 
HSP27 expression, 21 (52.5%) did not significantly differ 
from normal bladder tissue, and 6 samples (15%) tended to 
have lower HSP27 expression than normal bladder tissue. 
A significant increase in HSP27 expression levels often 
predicted the presence of invasive BC.

In the WB experiment, SFN and LMNA were failed 
to obtain significant bands. In the subsequent IHC 
validation, a total of 46 bladder samples were involved. 
The tissue microarray of SFN included 24 high-grade 
urothelial carcinomas, 14 low-grade urothelial carcinomas, 
and 8 normal bladder tissues. The results of IHC showed 
that SFN was highly expressed in normal tissues (P=0.018), 
which was consistent with previous literature records 
(Figure 5A). The LMNA tissue chip included 22 high-
grade urothelial carcinomas, 16 low-grade urothelial 
carcinomas, and 8 normal bladder tissues. No statistically 
significant results were obtained in the LMNA results, but 

Figure 5 Validation of candidate biomarkers for BC using IHC staining and TCGA data. (A) IHC analysis of CDHR2, HSP27, and SFN 
protein expression levels in BC tissue chips. (B) The probability of recurrence of BC in patients, stratified by gene expression data from 
TCGA. There is 101 BC gene expression dataset, with the recurrence time set to within 300 days as prone to recurrence population. IHC, 
immunohistochemical; BC, bladder cancer; TCGA, The Cancer Genome Atlas.
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the comparison of high-grade urothelial carcinoma with 
normal tissues showed that LMNA has a high expression 
trend in high-grade urothelial carcinoma (Figure S4A).

Validation of differential protein expression using TCGA 
BC gene expression data

We incorporated BC gene expression data from TCGA to 
verify the relationship between protein expression and BC 
recurrence time (Figure 5B, Figure S4B). The relationship 
between the selected oncogene expression and the 
postoperative recurrence time of BC supported the results 
of our mass spectrometry and WB experiments (https://
cdn.amegroups.cn/static/public/tau-21-562-5.xlsx). The 
candidate biomarkers could predict the prognosis of patients 
200 days postoperatively. Although only HNRNPA2B1 
expression was significantly associated with the recurrence 
rate of BC, except HSP27, the relationship between the 
expression trends of other biomarkers and the postoperative 
recurrence rate were consistent with our expectation of 
mass spectrometry and WB data.

Discussion

As a form of urological cancer with a high recurrence rate, 
a large proportion of BC patients develop invasive BC. 
Effective monitoring of cancer recurrence in patients with 
BC is of the utmost importance following initial surgical 
treatment (40). Currently, reliable biomarkers of urinary 
system diseases are effective supplements or alternative 
tests for cytology and cystoscopy (15,41). In the present 
study, we determined the pre- and postoperative proteomic 
data of urine samples obtained from the same patients. 
The data from the 2 postoperative time points confirmed 
the occurrence of the above-mentioned postoperative 
stress response. For example, protein angiotensinogen 
(AGT) as a negative regulator of angiogenesis (42), and 
fibrinogen beta and gamma chains, previously identified as 
a tumor biomarker (43,44) but which can also play a role in 
blood vessel contraction and hemostasis, were both highly 
expressed postoperatively. The pre- and postoperative 
levels of A1AT and APOC1 appeared to be inconsistent 
with their known function as BC biomarkers, but their 
expression was consistent at both postoperative time points. 
This may be because of the postoperative requirement for 
several cell proliferation and angiogenesis factors to aid the 
body heal the wound and resist the invasion of pathogens 
(45,46). Moreover, most of the proteins such as A1AT and 

APOC1 can be derived from blood, which may be present 
in postoperative urine samples.

To further  conf irm that  the  speci f ic i ty  of  the 
postoperat ive  ur ine  samples  i s  the  cause  of  th is 
phenomenon, we used WB experiments to confirm A1AT 
expression, which is known to be highly associated with 
cancer (Figure 4). The abundance of A1AT we measured 
in both WB and mass spectrometry experiments was not 
consistent with previous literature (47,48). The IHC results 
of SFN also reflected similar problems. Compared with 
BC tissues, SFN showed a high expression trend in normal 
tissues, but the abundance of SFN in postoperative urine 
was lower than that in preoperative urine. Therefore, we 
believe that the control sample and postoperative sample 
have different protein profiles, both in tissues and urine. 
Thus, the postoperative sample could be a better resource 
for discovery of biomarkers.

By comparison of the urine samples from the same 
patients pre- and postoperatively, we identified a list of 
candidate biomarker proteins for BC, and some of them may 
play important roles in tumorigenesis and development. For 
example, CDHR2, showed low expression in preoperative 
urine of BC patients, which may be effective in inhibiting 
signal transduction and tumor cell proliferation in BC. 
HSP27 were highly expressed in the urine of BC patients 
prior to surgery, which can significantly enhance smooth 
muscle cell proliferation as well as contribute to the tumor 
cell infiltration process.

In summary,  we employed urine proteomics to 
successfully identify BC prognostic biomarkers. Moreover, 
we completed the initial validation of these markers in BC 
samples using molecular experimental techniques or gene 
expression data from TCGA. We believe that following 
extensive cohort validation, some of these proteins could be 
helpful in screening for BC prognosis.
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Figure S1 Network analysis identifying SFN and REG1A as important proteins in the process of cell death and survival, cellular movement, 
cellular growth and proliferation. It can be observed that SFN and REG1A could interact with CTNNB1, IL1R1, AR, and BCL2L1 
proteins. In particular, binding with BCL2L1 may inhibit cell death, which could explain the high SFN expression in bladder cancer. 
Green indicates proteins that were significantly downregulated, whereas red indicates proteins that were significantly upregulated. Shapes 
indicate different functional categories of proteins (as defined in the inset). Lines indicate interactions among proteins within the network 
(as defined in the inset). Arrowheads indicate stimulatory interactions, whereas endcaps indicate inhibitory interactions. Solid lines indicate 
direct interactions, whereas dashed lines indicate indirect interactions. Red star-labeled proteins are the differential proteins identified in this 
experiment. Blue-star-labeled proteins are proteins mentioned in the literature, and purple-star-labeled proteins are closely related proteins.
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Figure S2 Coomassie blue staining is used for total protein quantification in urine samples. Because urine samples do not contain a suitable 
internal reference protein, we used the whole protein content of each sample as a loading control. In Coomassie Brilliant Blue quantification, 
when the sample runs through the separation gel, the electrophoresis was paused and the protein is concentrated in a small block to reduce 
the error in sample quantitation. In the gel pictures, the red-labeled sample represents an inaccurate sample in each quantification gel, and 
the D2 sample (yellow background) is an internal reference between quantification gels.

Figure S3 Elimination of impurity bands. Patients with bladder cancer often have hematuria, where blood is present in urine samples. Some 
of our candidate biomarker proteins have similar molecular weights and consequently run similarly on the gel; they are located in the blood-
derived immunoglobulin (IgG) heavy and light chains. ABC) To exclude interference in the quantitation of biomarker candidate proteins 
from the presence of IgG in the sample, we used a secondary antibody that could distinguish between light and heavy chains. For proteins 
expected to run at a similar position to the IgG light chain, we use a secondary antibody that recognizes only the IgG heavy chain, and vice 
versa. D) A sample of gel without primary antibody, incubated with secondary antibody that detects both light and heavy IgG chains.
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Figure S4 The probability of recurrence in patients with bladder cancer, stratified by gene expression data from TCGA. (A) 
Immunohistochemical analysis of LMNA protein expression levels in bladder cancer tissue chips. (B) The probability of recurrence of 
bladder cancer in patients, stratified by gene expression data, from TCGA. There are 101 bladder cancer gene expression data, set the 
recurrence time within 300 days as prone to recurrence population. Among them, 50 patients were relapse patients, and 51 patients were not 
easy to relapse. The results of TCGA data and MS, WB results revealed that the difference in expression of LMNA, YWHAG and YWHAZ 
are closely related to bladder cancer. These proteins may predict the prognosis of patients beyond 200 days postoperatively.
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