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Abstract Bladder cancer (BLCA) remains a difficult malignancy to manage because of its high
recurrence, intense follow-up, and invasive diagnostic and treatment techniques. Immune
checkpoint inhibitors (ICIs) have forged a new direction for the treatment of BLCA, but it is
currently challenging to predict whether an individual patient will be sensitive to ICIs. We
collected 43 urine/tumor samples from BLCA patients for primary bladder cancer cells (BCCs)
culturing using our previously reported BCC culture platform. We used flow cytometry (FCM) to
measure the expression levels of Programmed Death-Ligand 1 (PD-L1) on BCCs before and after
interferon-gamma (IFN-g) treatment and found that PD-L1 expression and the sensitivities to
IFN-g varied among patients. RNA-sequencing, western blotting, and programmed death-1
(PD-1) binding assays confirmed that the BCC FCM-based PD-L1 detection platform (BC-PD-
L1) was reliable and was not hindered by the glycosylation of PD-L1. In the subsequent retro-
spective study, we found that IFN-g-stimulated PD-L1 (sPD-L1) expression on BCCs detected by
BC-PD-L1 could predict the prognosis of BLCA patients. Importantly, the prognostic value was
similar or even better in urine-derived BC-PD-L1 (UBC-PD-L1). Transcriptome analysis showed
that BCCs with high sPD-L1 tended to enrich genes associated with the collagen-containing
extracellular matrix, cellecell adhesion, and positive regulation of the immune system. In
addition, the UBC-PD-L1 also exhibited predictive value for ICI response in BLCA patients. In
conclusion, as a novel personalized urine-detection method, UBC-PD-L1 may provide a rapid,
accurate, and non-invasive tool for monitoring tumor progression, predicting therapeutic re-
sponses, and helping improve BLCA clinical treatment in future.
ª 2023 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co.,
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Bladder cancer (BLCA) is among the most expensive cancers
to manage from diagnosis to death. For non-muscle invasive
bladder cancer (NMIBC), the cost is due to the frequent
disease recurrence (as high as 80%), intense follow-up, and
expensive, invasive techniques for diagnosis and treat-
ment.1,2 Meanwhile, muscle-invasive bladder cancer (MIBC)
represents an aggressive disease probably with rapid pro-
gression to metastases and poor overall survival despite
intensive local and systemic therapy.3 Checkpoint blockade
immunotherapy has been a significant clinical advance for
nearly all cancers. For BLCA, immune checkpoint inhibitors
(ICIs) are gradually displacing previous treatment regimens
as first- and second-line therapies. However, their objec-
tive response rates (ORRs) are unsatisfactory, and there is a
lack of reliable predictors in clinical practice.4 Thus,
prognostic and predictive models with high discriminative
accuracy are urgently needed to facilitate the individual
decision-making process and improve clinical outcomes for
BLCA patients.

Cystoscopy, although generally accepted as the gold
standard for BLCA detection and surveillance, is an invasive
and expensive procedure. These invasive tests can lead to
urinary tract infections, discomfort, or injury, leading to a
patient’s discontinuation of follow-up.5 Therefore, nonin-
vasive assays with high specificity, high sensitivity, and
moderate cost would be greatly beneficial. Liquid biopsies
have been proven to provide equally accurate and dynamic
clinical information and can capture the complex genetic
mutations of profiles of primary and metastatic tumors.6

Urine is the most convenient source of liquid biopsies for
BLCA. It is non-invasive, easy to handle, and suitable for
real-time monitoring. Indeed, urine has been extensively
explored for clinical diagnosis and monitoring of BLCA by
detecting markers, such as circulating cell-free DNA,
microRNA, circular RNA, non-coding RNA, proteins, cells
etc.7e10 Novel tests such as UriFind, PredicineBEACONTM,
and Visiocyt emerge in endlessly, while there are few
studies focused on the characteristics of urinary exfoliated
tumor cells.11,12

We previously reported a method to generate continuous
primary cell cultures by the conditional reprogramming
(CR) technique from urine samples of BLCA patients.13 The
CR technique has proven useful for basic and clinical
research on many kinds of cancers, including drug research
and personalized medicine.14 In our previous study, we
validated that urine-derived bladder cancer cells (U-BCCs)
capture the complex molecular characteristics of primary
and metastatic tumors, as well as rare mutations below
detection limits in the clinic, and confirmed their potential
use in therapeutic prediction. Here, we explore other po-
tential applications of this urine-derived model in BLCA,
with the goal of facilitating better clinical management of
this common malignant tumor.
Materials and methods

Patients and specimens

All recruited patients were confirmed with BLCA by pa-
thology. This study has been approved by Zhongshan Hos-
pital Ethics Committee (project number: B2019-330R).
Urine and tumor samples were collected after obtaining
informed consent from the patients. All experimental
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protocols were carried out in accordance with the guide-
lines approved by the Zhongshan Hospital Ethics Commit-
tee. Tissue microarrays (TMAs) were constructed using
archived pathological formalin-fixed, paraffin-embedded
(FFPE) specimens. Patients’ clinical data were retrospec-
tively collected from the Zhongshan hospital electronic
patient record system.

Urine and tissue processing

Urine samples were collected from the clean, mid-stream
urine of patients. 50 mL of urine was collected in sterile
tubes with penicillin/streptomycin mix (final concentra-
tion: 200 U/mL penicillin and 200 mg/mL streptomycin) and
centrifuged at 1000 rpm for 10 min. The supernatant was
aspirated, and the pellet was washed with phosphate-
buffered saline (PBS) three times before being added to
culture plates.

Bladder tumor tissues were collected from patients
during surgery and then transferred into a 15 mL tube with
sterilized PBS. All samples were packaged on ice and the
following steps were conducted in sterile conditions within
6 h. Tissues were minced with scalpels into small pieces and
digested with a digestion buffer composed of dispase
(Gibco), collagenase (Sigma), and hyaluronidase (Sigma).
After dissociation, the cells were centrifuged at 1,000 rpm
for 5 min and the supernatant was discarded. Cell pellets
were re-suspended in a medium and transferred into plates
for culturing.

Establishment of urine and tumor primary bladder
cancer cells

For the preparation of complete F medium, we mixed
373 mL of DMEM (Gibco) and 125 mL of F12 nutrient (Gibco)
and added the following additions with final concentrations
of 5 mg/mL insulin (Sigma-Aldrich), 0.125 ng/mL EGF (San-
gon) and 25 ng/mL hydrocortisone (Sigma-Aldrich). The
solution was filtered with a 0.2-mm sterile filter and stored
at 4�C for up to 2 weeks after adding the ROCK inhibitor Y-
27632 (DC Chemicals) at a final concentration of 10 mM. NIH-
3T3 cells were irradiated at a dose of 50 Gy as feeder cells.
Cell pellets derived from urine and tumor samples were
transferred into a culture dish with feeder cells at a
confluence of 1 � 104 cells/cm2 in a complete F medium.
The formation of visible BCC colonies was monitored
24e72 h after seeding. BCCs were differentially trypsinized
to separate from feeder cells and passaged when reached
80%e90% confluency using a 1:3 dilution and were given
fresh medium every 2e3 days.

Programmed death-ligand 1 (PD-L1) expression
detection of BCCs by flow cytometry (FCM)

BCCs were harvested by dissociation with 0.25% trypsin and
washed with PBS. Then cells were counted, resuspended in
PBS added with APC anti-human CD274 (Biolegend), and
incubated on ice for 15e20 min in the dark. After washing
twice with PBS, cell-surface PD-L1 expression was detected
by FCM using the iQue screener plus (IntelliCyt).
To assess the induced expression of PD-L1 by Interferon-
gamma (IFN-g), BCCs were seeded at a 6-well plate for
1 � 105 cells/well and treated with recombinant IFN-g (100
IU/mL, R&D systems) for 24 h. Then the cells were har-
vested for PD-L1 expression detection by FCM as described
above. Data are represented both as normalized mean
fluorescence intensity (MFI) and positive percentage.

Programmed Death-1 (PD-1) binding ability
detection of BCCs by FCM

BCCs were harvested and washed with PBS. After centri-
fugation, cells were resuspended in 50 mL PBS at a con-
centration of 1 � 107 cells/mL and incubated with 50 ng/mL
recombinant human PD-1-Fc protein for 30 min at room
temperature. Then cells were washed twice with PBS and
stained with FITC conjugated anti-Human IgG antibody
(Abcam) at 4 �C for 30 min in the dark. After washing with
PBS, the cell surface fluorescence was analyzed by iQue
screener plus (IntelliCyt). Background fluorescence was
estimated by the same samples that were not incubated
with recombinant human PD-1-Fc protein. For IFN-g stim-
ulation, BCCs were first treated with IFN-g (100 IU/mL) for
24 h and then were harvested for PD-1 binding ability
detection by FCM as described above.

RNA-sequencing (RNA-seq)

Total RNA was extracted using Trizol (Invitrogen) according
to the manufacturer’s instructions. The qualified RNAs were
treated with DNase (5 U/mL) (TaKaRa) at 37 �C for 30 min.
Then the DNase-treated RNAs were purified by Dynabeads�
Oligo (dT)25 (Life). Libraries were prepared from w500 ng
of total RNA with NEBNext� UltraTM RNA Library Prep Kit
for Illumina following the manufacturer’s directions.
Paired-end 150 bp sequencing was performed on Illumina
Novaseq according to the manufacturer’s directions. RNA-
Seq data quality was assessed with the FastQC (version
0.11.7) software before any data filtering criteria were
applied. Reads were mapped to the human reference
genome (GRCh38 assembly) by using HISAT2 software
(v2.2.0).15 After mapping, mouse genes were filtered out
using XenofilteR (v1.6) R packages.16 The mapped reads
were assembled into transcripts or genes by using StringTie
software (v2.1.2)17 and the genome annotation file
(EMBL_Homo_sapiens.GRCh38.101.gtf). The expression
profiles were normalized by TPM (transcripts per million)
method.

The relative abundance of the transcript was normalized
by R package DESeq2 (v1.34.0).18 DEGs were identified
using DESeq2 by comparing high IFN-g-stimulated PD-L1
(sPD-L1) against low sPD-L1 samples sequenced together.
Genes with P value < 0.05 and log2FoldChange �1.0 by
DESeq2 were defined as up-regulated DEGs; genes with
P value < 0.05 and log2FoldChange � �1.0 were defined as
down-regulated DEGs.

Over-Representation Analysis (ORA) of DEGs in Gene
Ontology (GO) used by the R package clusterProfiler
(v4.2.2).19 In addition, Gene Set Enrichment Analysis
(GSEA)-based20 GO analyses was also conducted by the



A prognostic model of bladder cancer 2589
clusterProfiler (v4.2.2) to explore differential enrichment
pathways between high- and low-sPD-L1 samples. Normal-
ized enrichment score was acquired using gene set per-
mutations with 1000 times and the cutoff P value was set as
0.05 for filtering the significant enrichment results.

Western blot analysis

Cells were pelleted, washed with PBS, and then lysed with
Radio Immunoprecipitation Assay Lysis (RIPA) buffer
(Thermo Scientific) supplemented with protease inhibitor
cocktail (CST). Protein concentration was determined by
the BCA Protein assay kit (Thermo Scientific) and lysates
were then boiled for 10 min. Proteins were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto a nitrocellulose membrane
(Pall). Membranes were blocked for 1 h at room tempera-
ture with 5% milk in 1 � Phosphate Buffered Saline Tween-
20 (PBST) and incubated with the indicated primary anti-
bodies at 4 �C overnight. After washing with PBST three
times for 30 min, membranes were incubated with sec-
ondary antibodies at room temperature for 1 h. The
membranes were washed with PBST three times and visu-
alized with chemiluminescence (CLiNX). Antibodies against
the following human proteins were used: GAPDH (SCB), PD-
L1 (Yurogen), PD-L1 E1L3N (CST), and PD-L1 28-8 (Abcam).
Band intensities were quantified by ImageJ and were
normalized using GAPDH as a housekeeping protein. Results
are representative of three independent experiments.

Tissue microarray and immunohistochemistry

TMAs were created using a manual tissue microarrayer
(Beecher Instruments). Each marked block was sampled
twice with a core diameter of 1.0 mm arrayed in a rect-
angular pattern with 1.0 mm between the centers of each
core, creating a duplicate TMA layout. Hematoxylin and
eosin (H&E) staining and immunohistochemical (IHC)
staining were done on FFPE 4-mm sections of the TMA.
Slides were deparaffinized in xylene and rehydrated
through graded concentrations of ethanol to distilled
water. Antigen retrieval was performed with 10 mM citric
acid buffer (pH 6.0) for 10 min in a high-pressure cooker.
Endogenous peroxidase activity was blocked by incubation
with 3% H2O2 for 10 min at room temperature. Slides were
subsequently blocked with a blocking buffer for 1 h at room
temperature. Slides were incubated overnight with primary
antibodies against PD-1 (Abcam) and PD-L1 (Abcam) at 4 �C.
After washing with PBS, the slides were incubated with
horseradish peroxidase-conjugated secondary antibody at
room temperature for 30 min. Finally, antibodies were
visualized using 3,30-diaminobenzidine (DAB) chromogen,
counterstained with hematoxylin, and mounted with DPX
(Sigma-Aldrich).

To evaluate the density of positively stained cells, three
respective areas of stroma and tumor core were evaluated
at 200 � magnification and the mean value was adopted.
Two pathologists (Jun Hou and Yuan Shi) were blinded to
the clinicopathologic data and scored all samples inde-
pendently. The mean score was adopted.
Statistical analysis

Disease-free survival (DFS) is defined as the time from the
date of obtaining samples to either local recurrence and
progression (defined as disease recurrence or progression
within the bladder) or development of metastatic disease
(disease recurrence or progression outside the bladder)
based on computed tomography (CT) or cystoscope results.
Overall survival (OS) implies the length of time from the
date of obtaining samples to death from any cause.
KaplaneMeier curves were used to plot the survival data.
The curves between DFS and OS were statistically
compared using the log-rank test. Data were censored if
patients were free of recurrence/progression or alive at the
last follow-up.

Correlation analyses were computed using Spearman’s
rank correlation coefficient test. All tests were two-sided,
and statistical significance was set at P < 0.05. The dif-
ference between the two groups was evaluated with un-
paired t-test. All statistical analyses were performed using
GraphPad Prism 9 software.
Results

PD-L1 expression and the response to IFN-g
detected by BC-PD-L1 varied in different BCCs

We collected urine (n Z 26) and tumor (n Z 17) samples
from 43 BLCA patients for primary cell culturing, detected
expression levels of PD-L1 on the cell surface before and
after IFN-g treatment by BCCs FCM-based PD-L1 detection
platform (BC-PD-L1) and confirmed the prognostic and pre-
dictive value of urine-derived BC-PD-L1 (UBC-PD-L1) in
clinical practice (Fig. 1A, B). Detailed patient information
was summarized in Table S1. The enrolled patients included
79.1% (34/43) of males and 20.9% (9/43) of females. NMIBC
and MIBC accounted for 46.5% (20/43) and 53.5% (23/43),
respectively, among which 65.1% (28/43) were primary, and
34.9% (15/43) were recurrent (Fig. 1B). FCM analysis showed
that PD-L1 was constitutively expressed at various levels on
different BCCs, from extremely low expression (e.g., pa-
tients 14 and 44) to very high expression (e.g., patients 32
and 36) (Fig. 1C). IFN-g plays a key role in the activation of
cellular immunity and subsequently, the stimulation of
antitumor immune response; it is known to upregulate PD-L1
expression on a variety of cell types.21 As expected, PD-L1
expression was upregulated in almost all BCCs after incu-
bation with 100 IU/mL IFN-g for 24 h (Fig. 1C). Interestingly,
the fold change of PD-L1 expression levels after IFN-g
stimulation varied largely among different BCCs and
exhibited a relatively negative correlation with basal PD-L1
expression levels on BCCs (****P < 0.0060, r Z �0.4125)
(Fig. S1A, B). As MFI represents the average level of the cell
population, we also analyzed the proportion of PD-L1 posi-
tive cells in detail. The proportions of PD-L1 positive cells in
BCCs before and after IFN-g stimulation also varied widely
between patients, ranging from a low percentage to greater
than 90% (Fig. S1C). Moreover, the PD-L1 positive percent-
age was significantly positively correlated with PD-L1



Figure 1 Overview of establishment of BC-PD-L1. (A) Overview of the models of BCCs for potential applications in prediction of
prognosis in bladder cancer. Urine/tumor samples were collected from BLCA patients for primary bladder cancer cell culturing. PD-
L1 expression levels of BCCs before and after IFN-g stimulation were measured by FCM and used for prognosis and ICI response
prediction. (B) Pie charts showing the classification of all urine/tumor-provided patients based on sample source, gender, pa-
thology group, and disease status. (C) Levels of PD-L1 expression on BCC cell surface before and after IFN-g treatment measured by
FCM analysis. (MFI mean � standard deviation). MFI, median fluorescence intensity.
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expression before IFN-g stimulation (****P < 0.0001,
r Z 0.8225), while the two indicators showed moderately
positive correlation after IFN-g stimulation (**P Z 0.0047,
r Z 0.4230) (Fig. S1D, E), indicating that even in PD-L1
positive cells, the expression levels of PD-L1 on the surface
of individual cells differ. We also collected both urine and
tumor samples from four patients. Paired U/T-BCCs exhibi-
ted similar sPD-L1 expression levels in patient 1, 3, and 5,
while in patient 7, U-BCC showed a lower sPD-L1 level than
T-BCC (Fig. S1F). Further analysis revealed that in patients
1, 3, and 7, MKI67 was higher expressed on U-BCCs
compared to T-BCCs, indicating a higher proliferative index
in U-BCCs (Fig. S1G).
BC-PD-L1 is reliable and can avoid the hindrance of
the heavy glycosylation of PD-L1

To verify the reliability of BC-PD-L1, we performed RNA-seq
on BCCs and demonstrated a moderately positive correla-
tion between PD-L1 MFI levels and PD-L1 mRNA levels
(****P < 0.0001, r Z 0.5864) (Fig. S2A). We further used
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western blotting to re-detect protein levels of PD-L1
expression on some randomly selected BCCs. BCC3, BCC22,
BCC9, and BCC21 were examined both before and after IFN-
g treatment. Previous studies reported that PD-L1 is a
highly glycosylated protein. Consistent with this, PD-L1 was
proved to be highly glycosylated in all detected BCCs
whether stimulated by IFN-g or not (Fig. 2A; Fig. S2B).
Quantified results of western blotting by ImageJ were
significantly positively correlated with the corresponding
PD-L1 level detected by FCM (***P Z 0.0001, r Z 0.8861)
Figure 2 Reliability verification of BC-PD-L1. (A) Western blot
treatment (left). Quantification of the western blotting data.
****P < 0.0001 (middle). Correlation analysis of the PD-L1 expressio
Levels of PD-1 binding abilities of BCCs detected by FCM (MFI mean �
to PD-1 protein detected by FCM. BCCs were incubated with recom
FITC-conjugated anti-Human IgG antibody for FCM. (C) Correlation
levels of BCCs. (D) Levels of PD-1 binding abilities of BCCs before an
deviation). (E) Correlation analysis between IFN-g-stimulated PD-1 b
BCCs.
(Fig. 2A), indicating that the BC-PD-L1 can avoid hindering
by the heavy glycosylation of PD-L1. Notably, the BC-PD-L1
can detect more comprehensive PD-L1 glycosylation and
non-glycosylation patterns than clinically used IHC anti-
bodies (Fig. S2B).

Considering glycosylation is required for the PD-L1 and
PD-1 interaction, we further employed an in vitro receptor-
ligand binding assay to investigate the interaction between
PD-L1 on BCCs and PD-1 ligands. The PD-1 binding abilities
of BCCs were measured by incubating with recombinant
analysis of PDL1 expression on BCCs with or without IFN-g
The significance of the value is indicated by asterisks (*).
n levels on BCCs detected by FCM and Western blot (right). (B)
standard deviation). Top left: Diagram of BCC binding abilities

binant human PD-1-Fc protein for 30 min and then stained with
analysis between PD-1 binding abilities and PD-L1 expression

d after IFN-g treatment detected by FCM (MFI mean � standard
inding abilities and IFN-g-stimulated PD-L1 expression levels of



Figure 3 BC-PD-L1 showed survival prediction value in BLCA. (A) KaplaneMeier plots of DFS curve of urine/tumor-derived BCCs
(U/T-BCCs) with high and low sPD-L1 expression levels. (B) KaplaneMeier plots of OS curve of urine/tumor-derived BCCs with high
and low sPD-L1 expression levels. (CeE) GSEA was applied to determine the pathways enriched in high sPD-L1 BCCs in contrast to
low sPD-L1 BCCs. (F) KaplaneMeier plots of DFS curve of UBCCs with high and low sPD-L1 expression levels. (G) KaplaneMeier plots
of OS curve of U-BCCs with high and low sPD-L1 expression levels.

2592 J. Wang et al.
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human PD-1-Fc protein and then subjected to IgG antibody
for FCM (Fig. 2B). We validated the PD-1 binding detection
platform using unmodified CHO-K1 cells and recombinant
CHO-K1 cells that constitutively expressed human PD-L1
(CHO-K1-PD-L1) (Fig. S2C, D). As with PD-L1 expression, we
observed clear differences in the PD-1 binding abilities of
different BCCs before and after IFN-g stimulation (Fig. 2B,
D). There was a significant, moderately positive correlation
between the PD-1 binding abilities and PD-L1 expression
levels of BCCs both before and after IFN-g stimulation
(Fig. 2C, E), further validating the reliability of the BC-PD-
L1.
BC-PD-L1, especially UBC-PD-L1, can predict the
prognosis of BLCA patients

The prognostic role of PD-L1 in bladder cancer has been
investigated in previous studies, but the results remain
inconclusive. We retrospectively analyzed The Cancer
Genome Atlas (TCGA) BLCA dataset (n Z 400) by the pa-
tient clinical data and the corresponding PD-L1 mRNA
expression levels. As with previously reported, no statisti-
cally significant prognostic value of transcriptional PD-L1
was observed in DFS (P Z 0.95) and OS in BLCA (P Z 0.22)
(Fig. S3A, B). Then, we collected 85 archived pathological
FFPE specimens from Zhongshan hospital to construct TMA
and evaluated PD-L1 expression by IHC. Positive PD-L1
expression was detected in 24 (28.2%) samples and the rest
were all negative. There was also no significant correlation
between IHC-based PD-L1 expression and DFS (P Z 0.49) or
OS (P Z 0.65) (Fig. S3C, D). Previous studies have reported
that IFN-g plays a pivotal role in antitumor host immunity.21

As a downstream factor in the IFN-g signaling pathway, sPD-
L1 is capable of reflecting the response of tumor cells to
IFN-g to some extent. To explore the prognostic signifi-
cance of sPD-L1 expression detected by BC-PD-L1, we
collected follow-up information from the 43 patients.
KaplaneMeier analysis revealed that patients whose BCCs
had higher sPD-L1 exhibited significantly longer DFS
(*P Z 0.045) and OS (cP Z 0.037) (Fig. 3A, B). Next, we
performed RNA-seq analysis on BCCs. Dimensionality
reduction using principal component analysis (PCA)
revealed that there were no significant differences be-
tween high and low sPD-L1 BCCs in the overall transcrip-
tional profile (Fig. S4A). As shown in the volcano plot, there
were 833 differentially expressed genes (P < 0.05, fold
change >2) between high and low sPD-L1 BCCs groups
(Fig. S4B). GSEA revealed that the collagen-containing
extracellular matrix pathway was significantly up-regulated
in high sPD-L1 BCCs, as with the related pathways associ-
ated with extracellular matrix (ECM), collagen trimer, and
collagen binding (Fig. 3C; Fig. S4CeE). Collagen is the most
significant component of the ECM and has been appreciated
as a key driver for cancer progression. In keeping with this
finding, the pathway of regulation of cellecell adhesion,
cell adhesion molecule production, and negative regulation
of epithelial cell migration were also significantly down-
regulated in low sPD-L1 BCCs (Fig. 3D; Fig. S4FeH). More-
over, enrichment of T cell activation, positive regulation of
immune system process, and antigen processing in high sPD-
L1 BCCs suggested that these tumors were “hotter” than
low sPD-L1 groups, further implying their better survival
(Fig. 3E; Fig. S4IeK).

Surprisingly, we found that U-BCCs also demonstrated
similar or even better prognostic value for DFS and OS in
BLCA patients (Fig. 3F, G). These findings implied that UBC-
PD-L1 is more likely to be a potential prognostic model for
clinical application in BLCA management in consideration
of its non-invasive and convenient characteristics. We will
continue to expand our sample size to further validate the
biological characteristics of U-BCCs and support their clin-
ical application.

UBC-PD-L1 exhibited predictive value for ICIs
response in BLCA patients

Among 43 patients enrolled, eight patients received ICIs
treatment. Urine samples were collected, as tumor tissues
were not available from these advanced patients. We
retrospectively analyzed the correlation between the re-
sults of UBC-PD-L1 and the clinical ICI response in these
patients. As expected, UBC-PD-L1 results showed that
ultra-high sPD-L1 levels were associated with severe im-
mune-related adverse events (irAEs) after ICI treatment,
moderate sPD-L1 levels were associated with a good
response (partial response, PR), and ultra-low sPD-L1 levels
were associated with no response (progressive disease, PD)
(Fig. 4A, B). To be specific, CT of the BCC1, BCC31, BCC40,
and BCC42 (ultra-low sPD-L1) patients showed PD after
several months of ICI treatment. Positron emission tomog-
raphy (PET)-CT of the BCC39 (moderate sPD-L1) patient
showed the disappearance of lymph node metastasis and
regression of primary tumor (PR) after 3 months of ICI
treatment. CT of BCC47 (moderate sPD-L1) patient showed
primary tumor regression (PR) after three months of ICI
treatment. The BCC22 (ultra-high sPD-L1) patient received
ICI treatment only once and presented severe irAEs
(ataxia). The BCC9 (moderate sPD-L1) patient was the only
inconsistent sample who received ICI treatment only once
and developed severe irAEs (severe liver injury), probably
due to his liver metastases (Fig. 4C). We indeed found that
the UBC-PD-L1 exhibited better predictive value than IHC-
based PD-L1 readouts in our study (Fig. 4A; Fig. S5). Taken
together, our results suggest that the easy-to-use UBC-PD-
L1 may provide a novel tool that enables doctors to
distinguish patients who are most suitable for ICI treat-
ment. We also need to continue to expand the sample size
to further validate its clinical application.

Discussion

Bladder cancer, both NMIBC and MIBC, is a major source of
morbidity and mortality among urinary tract malignancies
worldwide. Patients are at substantial risk for recurrence
and progression, even after complete surgical resection.
Reliable prognostic tools are critically needed to recognize
patients who are at the highest risk for progression so that
clinical intervention can be carried out in advance. In this
study, we established a platform called UBC-PD-L1 for
predicting the prognosis of BLCA based on U-BCCs, which
may help in the early identification of patients who tend to
relapse and progress by non-invasive means. In addition,



Figure 4 UBC-PD-L1 can predict the ICI response of BLCA. (A) The heatmap. of sPD-L1 expression levels of U-BCCs and corre-
sponding clinical ICI response of patients. The upper row is the sPD-L1 expression levels detected by FCM in U-BCCs. The lower row
is the patients’ ICI clinical response: red indicate progressive disease, green indicate partial response, yellow indicate severe irAEs
after ICI treatment. (B) Swimmer plot of treatment duration, ICI response, and clinical outcome. PR, partial response; PD, pro-
gressive disease; S-irAEs, severe immune-related adverse events. (C) The CT and PET-CT of the BCC1, BCC31, BCC39, BCC40, BCC42
and BCC47 patients before and after ICI treatment.
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the UBC-PD-L1 may also aid in distinguishing patients who
are most suitable for ICI treatment, further improving the
efficiency of the clinical ICI treatment.

It has been reported that insensitivity to IFN-g may
contribute to tumor development and progression.21 These
prior data suggest that the lack of responsiveness of tumor
cells to IFN-g signaling due to impairment of the IFN-g re-
ceptor or disruption of related pathways by various medi-
ated mechanisms, which ultimately results in cancer
development or progression.22 As one of the downstream
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factors of the signaling pathway, the change of PD-L1
expression level after IFN-g stimulation was considered
among the representation of the relative final manifesta-
tion. The KaplaneMeier survival analysis indeed revealed
that patients with high sPD-L1 demonstrated better sur-
vival. Based on transcriptome analysis, we found that BCCs
with low sPD-L1 exhibited ECM and collagen down-
regulation, and reduction of cellecell adhesion. ECM is a
major component of the tumor microenvironment and
serves not only as an anchor for epithelial cells to sur-
rounding connective tissue but also as a significant barrier
to epithelial cell migration.23 Collagen is the most signifi-
cant component of the ECM. The ECM can serve as binding
sites, controlling the adhesion and movement of cells.24

These all suggested that the low sPD-L1 BCCs are more
likely to migrate and promote tumor progression. Previous
studies reported that the immune surveillance of tumor
cells drives alteration of the antigen processing and pre-
sentation pathways to evade detection.25 Evasion of the
immune response is a significant event during tumor
development and progression. Compared to BCCs with high
sPD-L1, BCCs with low sPD-L1 were more likely to evade the
immune system due to the downregulation of positive
regulation of the immune system process and antigen pro-
cessing, foreshadowing the progress of the tumor.

Bladder cancer is often histologically heterogeneous
within a given patient.26 Our study showed that different
BCCs have different PD-L1 expression and sensitivity to IFN-
g, and this diversity exists not only between tumor cells
from different patients but also between subclones in
tumor cells from the same patient. This further proved that
the U/T-BCCs we cultured did retain the remarkable char-
acteristics of tumor heterogeneity in BLCA. Previous studies
have shown that urine from BLCA patients can provide an
abundance of information related to their tumor sta-
tus.27e29 We also had demonstrated that urine-derived
bladder cancer cells could recapitulate the broad histo-
pathological and molecular spectrum of parental tumor
tissues.13 In this study, of major interest is our finding that
U-BCCs have similar or even better prognostic value. The
higher level of MKI67 expression on U-BCCs compared with
T-BCCs in the same patient might suggest the higher ma-
lignant proliferative capacity of U-BCCs. Considering the
intratumoral heterogeneity, U-BCCs may be a more domi-
nant clone, which may partly explain its better prognostic
value. Next, we will further identify the biological char-
acteristics of U-BCCs and their roles during disease pro-
cesses, in an attempt to provide new insights into the
pathogenesis and development of bladder cancer and the
possible therapeutic interventions.

Accumulating evidence from both preclinical and clinical
studies mostly indicates that the pathological assessment
of PD-L1 levels in tumor tissues currently used clinically is
not a satisfactory predictor of anti-PD-1/PD-L1 treatment
outcomes.30 It has been reported that glycosylation of PD-
L1 may render its polypeptide antigens inaccessible to PD-
L1 antibodies, which may lead to inaccurate IHC readouts in
some patient samples.31 We demonstrated above that BC-
PD-L1 can avoid the structural hindrance attributed to
heavy glycosylation and provide a more accurate method
for quantifying membrane PD-L1 expression. We speculate
that sPD-L1 represents the sensitivity of tumor cells to the
immune environment in vivo, at least to some extent.
Ultra-high sPD-L1 may indicate ultra-sensitivity to the im-
mune system, which might induce severe irAEs. Ultra-low
sPD-L1 may indicate the immune inertia of the tumor and
result in a lack of response to immunotherapy. Moderate
sPD-L1 suggests sensitivity to the immune system, and im-
mune activation induced by ICIs treatment can lead to high
sPD-L1, further promoting ICIs response, and thereby
forming a virtuous cycle. More importantly, due to the
convenient and non-invasive method to obtain urine sam-
ples, UBC-PD-L1 is not only feasible for clinical translation,
but also more likely to achieve real-time dynamic moni-
toring during treatment.

In conclusion, we established a novel, convenient PD-L1
dynamic detection platform based on U/T-BCCs. We
demonstrated that UBC-PD-L1 can be used as a potential
prognostic tool for clinical application in BLCA manage-
ment, including the prediction of ICIs response. As a urine-
based, non-invasive model, it is proved to be more conve-
nient and practicable for BLCA patients, especially
advanced patients, underscoring its significant potential for
future clinical application in precision medicine.
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