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Abstract

V-domain immunoglobulin suppressor of T cell activation (VISTA) is an immune checkpoint molecule expressed in hemat-
opoietic cells, granulocytes, macrophages, and monocytes. However, few studies to date have investigated VISTA expression,
especially its clinical utility, in bladder cancer. The present retrospective study aimed to examine VISTA, programmed death
ligand-1 (PD-L1), and CD45 expression by immunohistochemical and immunofluorescence staining of archived pathological
tissue samples from 159 patients with primary bladder cancer. The correlation between VISTA expression in immune cells
(ICs) and clinicopathologic variables including PD-L1 expression in ICs was examined. Briefly, the rates of VISTA-positive
ICs and VISTA-positive tumor cells were 67.9% (108/159) and 30.8% (49/159), respectively. The VISTA expression in ICs
of patients with bladder cancer, including those with non-muscle-invasive bladder cancer (NMIBC), was positively corre-
lated with tumor stage, grade, size, and multiplicity. The VISTA expression in ICs was stronger in bladder cancer cases with
PD-L1-positive ICs than in those with PD-L1-negative ICs (p <0.001). The mean intravesical recurrence-free survival was
shorter in NMIBC cases with VISTA-positive ICs than in those with VISTA-negative ICs (34.0 vs 39.9 months, p=0.03, log-
rank test). In this first study to investigate VISTA expression in bladder cancer, these results implicate VISTA as a potential
immunotherapeutic target and immunologic biomarker in bladder cancer.
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Bladder cancer is the tenth most common cancer worldwide,
with 550,000 newly diagnosed cases and 200,000 deaths in
2018 [1, 2]. About 70% of all bladder cancer cases are early-
stage non-muscle-invasive bladder cancer (NMIBC) at the

o . time of diagnosis [2]. Transurethral tumor resection is the
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after initial transurethral tumor resection, 40-80% of patients
with NMIBC will experience intravesical recurrence (IVR)
and 25% of patients will progress to muscle-invasive blad-
der cancer (MIBC) or metastatic bladder cancer [3]. For the
prevention of IVR and progression to MIBC, guidelines on
NMIBC recommend adjuvant intravesical instillation of
bacillus Calmette-Guérin (BCG) after transurethral tumor
resection as an immunotherapeutic approach for NMIBC [4].

Following the discovery of immune checkpoints such
as programmed death ligand-1 (PD-L1), programmed cell
death protein-1 (PD-1), and cytotoxic T-lymphocyte-asso-
ciated protein 4, new immunotherapeutic strategies utilizing
immune checkpoint inhibitors have been recently demon-
strated to achieve successful clinical outcomes in locally
advanced or metastatic bladder cancer [5-8]. The enthusi-
asm for new immunotherapies using immune checkpoint
inhibitors has extended to the treatment of localized bladder
cancer including NMIBC. In particular, clinical trials for
immunotherapy by intravesical instillation as well as sys-
temic injection are ongoing in BCG-unresponsive patients
[9]. The discovery of novel immune checkpoints in bladder
cancer should motivate the development of new immune-
oncologic drugs and immune-related tumor markers.

V-domain Ig suppressor of T cell activation (VISTA),
also known as PD-1H, c10orf54, Diesl, DD1«a, Gi24, and
SISP1, is a B7 family member that is primarily expressed
in hematopoietic cells such as myeloid cells, granulocytes,
and T cells [10, 11]. Several studies have demonstrated that
VISTA functions both as a ligand for antigen-presenting
cells and as a receptor for T cells; VISTA also suppresses T
cell activation, proliferation, and cytokine production [11,
14]. An analysis of the Cancer Genome Atlas has revealed
the landscape of VISTA expression across multiple cancer
types including bladder cancer, and the correlation between
VISTA and cancers has also been investigated [11, 12].
However, to our knowledge, no study to date has reported
the clinical role of VISTA in bladder cancer. Therefore, the
present study aimed to identify the relationship between
VISTA expression in tumor-infiltrating immune cells (ICs)
and previously known clinicopathologic features of blad-
der cancer and to evaluate the potential role of VISTA as a
therapeutic target and biomarker for the prevention of IVR
in surgically treated NMIBC.

Materials and methods

Study patients

This retrospective study included 159 patients with available
pathological tissue specimens at Inje Biobank who under-

went transurethral resection of bladder cancer between 2015
and 2017 in Inje University Busan Paik Hospital. NMIBC
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was defined as stage Ta, Tis, or T1 tumor confining to the
mucosa or invading the lamina propria according to the 8th
edition of American Joint Committee on Cancer (AJCC)
TNM staging system [13]. A total of 94 patients with
NMIBC who were followed for >3 months were included
in analyses on IVR. All patients with NMIBC underwent
cystoscopy every 3 months for the first two years, every
6 months for the third year, and annually thereafter to evalu-
ate for intravesical recurrence. Elective abdominal and chest
computed tomography and bone scans were performed annu-
ally. Intravesical recurrence was based on pathological con-
firmation. Clinical data on demographic characteristics and
follow-up data were extracted from the electronic medical
records.

The study was performed in accordance with the ethical
standards as laid down in the 1964 Declaration of Helsinki
and its later amendments or comparable ethical standards.
The study was approved by the Busan Paik Hospital Institu-
tional Review Board (IRB No. 17-0195).

Tissue microarray and immunohistochemistry

Nine tissue microarray (TMA) blocks comprising 477 cores
were constructed by selecting areas containing viable and
representative tumor cells (TCs) and stroma with tumor-
infiltrating ICs, including macrophages and lymphocytes,
from paraffin-embedded tissue blocks of the 159 patients.
Three cores with 2-mm diameters were selected from each
case.

Immunohistochemical analysis was performed on
4-um-thick serial sections of the nine TMA blocks using
the following primary antibodies: VISTA (clone D1L2G,
1:200, Cell Signaling Technology, MA, USA), PD-L1 (clone
SP142, 1:200, Ventana Medical Systems, AZ, USA), and
CD45 (clone 2B11, 1:500, Dako, CA, USA). Human tonsil
and placental tissues treated with and without primary anti-
bodies were used as positive and negative controls, respec-
tively. The BenchMark XT automated immunohistochem-
istry system (Ventana) was used with ultraView Universal
DAB detection kit (Ventana Medical Systems), according to
the manufacturers’ instructions.

The extents of the positive staining for VISTA and PD-L1
on TCs and ICs were graded on the basis of the percentage
of the positive cells. Specifically, the grading for VISTA was
as follows: negative, no positive cells; 1 +, < 50% positivity,
2+, 50-80% positivity; 3+ ,>80% positivity. The grading
for PD-L1 was as follows: 0, no positive cells; 1 +,<5%
positivity; 2+, 5-10% positivity; 3+ ,> 10% positivity
(Fig. 1). The three tumor TMA cores of each case were
scored independently, and the average score was used for all
analyses. Statistically, a score of 1 or more was defined posi-
tive. Quantitative evaluation was not performed for CD45.
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Fig. 1 Representative immu-
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ing suppressor of T cell activa-
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Double-staining immunofluorescence

For immunofluorescence, 3-pm-thick serial sections of
TMA blocks were incubated with the following primary
antibodies: VISTA (clone D1L2G, 1:100, Cell Signaling
Technology, MA, USA), PD-L1 (clone E1L3N, 1:100, Cell
Signaling Technology), and CD45 (clone MAB1430, 1:100,
R&D Systems, MA, USA) for 1 h at room temperature and
washed with phosphate-buffered saline. Next, the sections
were incubated with Alexa Fluor® 555 anti-mouse and Alexa
Fluor® 488 anti-rabbit (Nos. 4409 and 4412, 1:1000, Cell
Signaling Technology, MA, USA) secondary antibodies
for 1 h at room temperature and washed with phosphate-
buffered saline. Finally, the sections were incubated with
1 pg/mL DAPI (4',6-diamidino-2-phenylindole) to visual-
ize the nuclei. Immunofluorescence double staining was
assessed for VISTA and PD-L1 positive cells (green sig-
nals) and coexpressed CD45 (red signal) using a fluores-
cence microscope (BX-51; Olympus, Tokyo, Japan). Quan-
titative evaluation of the immunofluorescence staining was
not performed.

Statistical analysis

Data were expressed as means =+ standard deviation. Com-
parisons of the clinicopathologic variables and immunohis-
tochemistry results according to the IVR status were per-
formed using the chi-squared and Fisher’s exact tests for
categorical data and Student’s  test for continuous data. The
correlation between VISTA expression in ICs and clinico-
pathologic variables including PD-L1 expression in ICs was
analyzed by Spearman’s rank correlation test. Probability of
IVR-free survival was estimated using the Kaplan—Meier
method, and log-rank test was used to assess statistical dif-
ferences. All statistical analyses were performed with SPSS
ver. 20.0 IBM, Armonk, NY, USA), and statistical signifi-
cance was defined as a p value of <0.05.

Ic R G

Results
Patient characteristics

The clinicopathologic characteristics of 159 patients with
bladder cancer are summarized in Table 1. Briefly, the
mean patient age at diagnosis was 66.8 years and 127
(79.9%) patients were male. The cohort comprised 118
(74.2%) patients with NMIBC in pathological stage pTa
or pT1, including 94 patients with available follow-up
data, and 41 (25.8%) patients with MIBC, including 6
(3.8%) patients with metastases. Histologically high-
grade tumors were present in 99 (62.3%) patients, and 36
(22.6%) patients had concomitant carcinoma in situ. The
tumor size was smaller than 3 cm by preoperative com-
puter tomography in 99 (57.2%) patients. The percentages
of patients with more than three tumor foci and those with
single tumors were 50.3% and 33.3%, respectively.

VISTA and PD-L1 expression in bladder cancer

The immunohistochemical VISTA protein expression,
which was observed in the cytoplasm and membrane of
TCs, exhibited nuclear and cytoplasmic localization in
the ICs (Fig. 1). Among a total of 159 cases included in
the study, 49 (30.8%) cases were VISTA-positive in TCs
(negative: 110, 14+:7,2+: 29, and 3 +: 13), whereas only
13 (8.0%) cases expressed PD-L1 in TCs (negative: 146,
14+:6,2+:2,and 3+: 5). Tumor-infiltrating ICs were
positive for VISTA in 108 (67.9%) of the cases (negative:
51, 14:39,2+4:42, and 3+: 27), whereas the PD-L1
positivity on ICs (negative: 93, 1 +:36,2+:25. and 3 +:
5) was observed in 66 (41.5%) of the cases (Table 2).
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Table 1 Clinicopathologic characteristics for bladder cancer patients

Characteristics N=159 (%)
Age (yr) at diagnosis, mean + SD 66.8+0.89
Gender

Male 127 (79.9)

Female 32 (20.1)
Pathologic T stage

pTa 54 (33.9)

pT1 64 (40.3)

>pT2 41 (25.8)
Clinical N stage

cNO 147 (92.5)

cN1-3 12 (7.5)
Clinical M stage

cMO 153 (96.2)

cM1 6(3.8)
Tumor grade®

Low 60 (37.7)

High 99 (62.3)
Concomitant carcinoma in situ

Absent 123 (77.4)

Present 36 (22.6)
Tumor size

<3cm 91 (57.2)

>3 cm 68 (42.8)
Multiplicity

Solitary 53(33.3)

Two 26 (16.4)

> Three 80 (50.3)

*World Health Organization (WHO) grading system (2016)

Table 2 Expression of VISTA and PD-L1 in TCs and tumor-infiltrat-
ing ICs in bladder cancer

Total VISTA in ICs VISTA in TCs
n (%) " . — .
Positive ~ Negative Positive  Negative
n (%) n (%) n (%) n (%)
108 51(32.1) 49(30.8) 110(69.2)
(67.9)
PD-L1 in p<0.0001 p=0.2034
ICs
Positive 66 (41.5) 59(89.4) 7(10.6) 24 (36.4) 42(63.6)
Nega- 93 (58.5) 49(52.7) 44 (47.3) 25(269) 68(73.1)
tive
PD-L1 in p=0.05 p=0.2128
TCs
Positive 13 (8.0) 12(92.3) 1(7.7) 6(46.2)  7(53.8)
Nega- 146 96 (65.7) 50 (34.2) 43(29.5) 103 (70.5)
tive (91.8)
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Clinicopathologic significance of VISTA expression
inlCs

VISTA expression in the ICs showed a significant relation-
ship with clinicopathologic features (Fig. 2). Specifically,
higher VISTA expression in ICs was correlated with higher
tumor stage (Spearman’s rank correlation, 0.325; p <0.001),
higher pathologic grade (Spearman’s rank correlation, 0.438;
p <0.001), tumor size larger than 3 cm (Spearman’s rank
correlation, 0.322; p <0.001), and multiple bladder cancer
lesions (Spearman’s rank correlation, 0.203; p=0.01).

Of the 94 NMIBC cases, 62 (65.9%) exhibited VISTA
positivity in ICs. Compared to the cases with VISTA-nega-
tive ICs, those with VISTA-positive ICs had a higher tumor
stage (67.7% in pT1 vs. 32.3% in pTa and pTis, p <0.001)
and higher tumor grade (71.0% in pT1 vs. 29.0% in pTa
and pTis, p <0.001). Furthermore, VISTA in ICs was more
frequently expressed in cases with concomitant carcinoma
in situ (27.4% vs. 3.1%, p=0.005) and in those with multiple
tumors (69.4% vs. 43.7%, p=0.028). But VISTA expres-
sion in TCs was not statistically significant association with
clinicopathologic features (Table 3).

VISTA and PD-L1 expression in tumor-infiltrating ICs

VISTA expression in ICs significantly correlated with
the presence of PD-L1 expression in ICs. Briefly, 54.6%
(59/108) of the cases with VISTA-positive ICs had PD-
L1-positive ICs whereas 44 of the 51 cases with VISTA-neg-
ative ICs also had PD-L1-negative ICs (p <0.001) (Table 2).
The rate of cases with VISTA-positive ICs was higher in
cases with PD-L1-positive ICs than in those with PD-
L1-negative ICs (correlation coefficient=0.387, p <0.001)
(Fig. 1). VISTA expression was observed in CD45-positive
ICs, which, however, did not express PD-L1 by immuno-
histochemistry and double staining immunofluorescence
(Fig. 3).

Relationship of IVR-free survival with VISTA
and PD-L1 expression in ICs of patients with NMIBC

During a mean follow-up period of 36.6 months (95% con-
fidence interval [CI] 33.3—40.0 months; median survival,
not reached), 25 (26.6%) patients with NMIBC experienced
IVR. The mean IVR-free survival rate was 34.0 months
(95% CI 29.6-38.5 months; median survival not reached)
in patients with VISTA-positive ICs and 39.9 months (95%
CI 36.1-43.6; median survival, not reached) in those with
VISTA-negative ICs (p=0.03, log-rank test) (Fig. 4a). Con-
versely, the mean IVR-free survival rate was 32.2 months
(95% CI 26.5-37.9; median survival, yet reached) in
patients with PD-L1-positive ICs and 38.7 months (95%
CI 35.1-42.3; median survival, not reached) in those with
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Tumor Stage Tumor Grade Tumor Size Tumor Number ICs PD-L1 expression
100% 100% 100% 100% 100%
90% 90% 90% 90% 90%
0% 0% 30% 0% 0%
20% 0% 0% 0% 0%
%, 60% 60% 60% 60%
- 50% 50% 50% 50%
0% 40% 0% 40%
0%
30% 30% 30% 30%
30%
20% 20% 20% 20%
20%
10% 10% 10% 10%
10%
0% 0% 0% 0%
0% Low High <em 23em Soltitary Two > Three Negative Positive
oTa sT1 2pT2

BICSVISTA-  mICs VISTA+

1Cs VISTA - 1Cs VISTA + 81Cs VISTA ++ #ICs VISTA ++ =ICs VISTA++ =1Cs VISTA +++

Fig.2 Relationship between expression of V-domain Ig suppressor
of T cell activation (VISTA) in ICs and clinicopathologic features.
The higher VISTA expression in ICs was correlated with higher
tumor stage (Spearman’s rank correlation=0.325, p<0.001), higher

=1Cs VISTA -
=1Cs VISTA +

=1Cs VISTA +

BICs VISTA-  mICs VISTA+
#1Cs VISTA ++ = 1Cs VISTA +++

WICsVISTA-  ®ICs VISTA+

ICs VISTA +++ 1Cs VISTA++ = ICs VISTA +++

pathologic grade (Spearman’s rank correlation=0.438, p<0.001),
tumor size larger than 3 cm (Spearman’s rank correlation=0.322,
p<0.001), and multiple cancer lesions (Spearman’s rank correla-
tion=0.203, p=0.01)

Table 3 Relationship of

. Characteristics VISTA in ICs p value VISTA in TCs p value
VISTA expression and
clinicopathologic features in Negative Positive Negative Positive
NMIBC
N (%) N (%) N (%) N (%)
32 (34.0%) 62 (65.9%) 64 (68.1%) 30 (31.9%)
Pathologic T stage
pTa, pTis 23 (71.9) 20 (32.3) <0.001  34(53.1) 9 (30.0) 0.036
pT1 9(28.1) 42 (67.7) 30 (46.9) 21 (70.0)
Tumor grade®
Low 27 (84.4) 18 (29.0) <0.001  34(53.1) 11 (36.7) 0.138
High 5(15.6) 44 (71.0) 30 (46.9) 19 (63.3)
Concomitant carcinoma in situ
Absent 31 (96.9) 45 (72.6) 0.005  54(84.4) 22 (73.3) 0.207
Present 1(3.1) 17 (27.4) 10 (15.6) 8(26.7)
Tumor size
<3 cm 28 (87.5) 41 (66.1) 0.029  48(75.0) 21 (70.0) 0.611
>3 cm 4 (12.5) 21 (33.9) 16 (25.0) 9 (30.0)
Multiplicity
Solitary 18 (56.3) 19 (30.6) 0.028 24 (37.5) 13 (43.3) 0.803
Two 5(15.6) 15 (24.2) 15 (23.4) 5(16.7)
> Three 9(28.1) 28 (45.2) 25(39.1) 12 (40.0)

“World Health organization (WHO) grading system (2016)

PD-L1-negative ICs (p =0.02, log-rank test) (Fig. 4b).
Four subgroups according to PD-L1 and VISTA expres-
sions in ICs (PD-L1 negative/VISTA negative (n=28),
PD-L1 negative/VISTA positive (n=25), PD-L1 positive/
VISTA negative (n=4), PD-L1 positive/VISTA positive
(n=37)) were not shown statistically significance between
4 groups but PD-L1 negative/VISTA negative group showed
higher IVR-free survival rate (mean 40.5 months, 95% CI
36.7-44.2) than PD-L1 positive/VISTA positive group

(mean 31.7 months, 95% CI 25.7-37.8)(» =0.0096, log-rank
test) (Fig. 4c).

Discussion
Recent advances in cancer immunotherapy utilizing inhibi-

tors of immune checkpoint molecules, including cytotoxic
T-lymphocyte-associated protein 4, PD-1, and PD-L1, have

@ Springer



3118

Cancer Immunology, Immunotherapy (2021) 70:3113-3122

Fig.3 Expression of V-domain Ig suppressor of T cell activation
(VISTA), programmed cell death ligand-1 (PD-L1) and CD45 by
immunohistochemistry (a) and double staining immunofluorescence
(b). a VISTA, PD-L1 and CD45 expressions in tumor-infiltrating

VISTA/CD45

PD-L1/CD45

ICs on serial section of same tissue. Original magnifications X 200.
b Representative co-expression of VISTA and CD45 and separated
expression of PD-L1 and CD45. Original magnification, X 400
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Fig.4 Kaplan—Meier curves of intravesical recurrence (IVR)-free
survival according to expression of V-domain Ig suppressor of T cell
activation (VISTA) and programmed cell death ligand-1 (PD-L1) on
immune cells (ICs) in patients with non-muscle-invasive bladder can-
cer. IVR-free survival rates in patients with VISTA-positive (a) and

led to improved prognosis in a broad variety of solid malig-
nancies. The current pioneering study is the first to report
the clinical significance of the novel immune checkpoint
VISTA in bladder cancer.

In humans, VISTA is highly expressed in myeloid cells
whereas its expression is lower in CD4* and CD8" T cells;
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Months following TURBT

Months following TURBT

PD-L1 positive in ICs (b) were significantly lower than with VISTA-
negative and PD-Ll-negative in ICs (p=0.03, p=0.02). VISTA
positive/PD-L1 positive in ICs group was showed significantly lower
IVR-free survival rate than VISTA negative/PD-L1 negative in ICs
group (p=0.0096) (c)

VISTA signaling plays an inhibitory role in T cell activa-
tion [15, 16]. Recent studies have noted the function of
VISTA as an immune checkpoint molecule, demonstrating
its potential role as a target for cancer immunotherapy in
various solid tumors [15, 17-20]. VISTA expression has
been reported to be positively associated with poor survival
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outcomes in melanoma, whereas contrasting results were
observed in esophageal adenocarcinoma and hepatocellular
carcinoma [18-20]. Several studies have recently demon-
strated that VISTA is expressed in both ICs and TCs. Liao
et al. reported that ICs were positive for VISTA in 90.8% of
ovarian cancer tissues and associated with advanced stage
in ovarian cancer [17]. In contrast, a recent study on high-
grade serous ovarian cancer revealed that VISTA expression
in TCs was associated with favorable prognosis [21]. In the
present study, VISTA expression in TCs was observed in
30.8% of the cases although it was not significantly associ-
ated with clinicopathologic factors or IVR. VISTA might
play different roles in TCs and ICs according to the cancer
type; however, the underlying mechanism has not yet been
elucidated. In the present study, VISTA-positive ICs were
detected in 67.9% of all bladder cancer cases and in 65.9% of
all NMIBC cases. Additionally, our analyses indicated that
VISTA expression in ICs was associated with poor clinico-
pathologic features of bladder cancer. Furthermore, higher
tumor stage and grade as well as large and multiple tumors
were positively correlated with VISTA expression in ICs.
Although the expression of VISTA alone does not account
for the development and progression of bladder cancer, these
results implicate that VISTA might play a role in the pro-
gression of bladder cancer and should be considered as a
target for cancer immunotherapy.

The most interesting finding of the present work is the
correlation between VISTA expression in ICs and IVR after
tumor resection in NMIBC. The rate of IVR was higher in
patients with VISTA-positive ICs than in those with VISTA-
negative ICs. Clinicopathologic features such as tumor
grade, size, and multiplicity are well-known predictors for
IVR after primary tumor resection for NMIBC [22]. There-
fore, the results of the present study could not conclusively
show that VISTA alone was associated with increased risk of
IVR in patients with VISTA-positive ICs. However, VISTA
expression in ICs was higher in NMIBC cases with poor
clinicopathologic features, suggesting that VISTA expres-
sion might directly or indirectly impact IVR in NMIBC.

Immunotherapy is utilized for the treatment of bladder
cancer, especially in NMIBC. Conventional guidelines in
NMIBC recommend scheduled intravesical BCG instilla-
tion as cancer immunotherapy for the prevention of IVR
and bladder cancer progression to MIBC [23, 24]. The
immunologic reaction to BCG involves the induction of an
adaptive immune response via T cells and killer cells that
are activated via mycobacterial antigen presentation, which
eventually leads to the destruction of cancer cells [25, 26].
However, despite the demonstrated utility of BCG immu-
notherapy in the prevention of IVR, up to 40% of treated
patients with NMIBC experience IVR or cancer progression
[27, 28]. Patients who are nonresponsive to BCG immuno-
therapy or progress to MIBC eventually undergo cystectomy

or cytotoxic chemotherapy, which increases medical costs
while reducing patients’ quality of life [29, 30]. Intravesi-
cal immune checkpoint inhibitor treatment of NMIBC com-
prises one of the several approaches that are considered to
overcome these limitations. Accumulating experience based
on BCG treatment has become the starting point for intraves-
ical immunotherapy in bladder cancer, whereas the results of
immune checkpoint inhibitor therapy in advanced and meta-
static bladder cancer have led to increased interest in their
utility for the treatment of NMIBC [31]. Currently undergo-
ing phase I and II clinical trials are evaluating the feasibility
and safety of PD-L1 and PD-1 inhibitors in NMIBC [32].
Additionally, a clinical trial comparing intravesical versus
intravenous immune checkpoint inhibitors in NMIBC, such
as the NCT03167151 trial, is currently recruiting patients
[32]. Our results showing that VISTA expression in ICs was
correlated with clinicopathologic features associated with
intravesical BCG treatment failure as well as with IVR sug-
gest a role for VISTA as an alternative to BCG as a target
for intravesical immunotherapy to prevent IVR in NMIBC.

The role of PD-1 and PD-L1 has been widely reported
in bladder cancer, whereas the prognostic significance of
PD-L1 expression remains controversial. However, the
antitumor effect of atezolizumab, an anti-PD-L1 antibody,
was reported to depend on PD-L1 expression level in ICs
[33]. In the present study, the rate of IVR was higher in
patients with PD-L1-expressing ICs than in those with
ICs not expressing PD-L1, similar to that observed with
VISTA expression in ICs. Although the theoretical basis
has not been established, these results implicate the role
of VISTA as a target for not only cancer immunotherapy
in NMIBC but also combination immunotherapy with
PD-1 and PD-L1 in overall bladder cancer. Indeed, in an
experimental study using a murine tumor model, the anti-
tumor efficacy was improved with simultaneous blockade
of VISTA and PD-L1 [34]. Furthermore, recent studies
in prostate cancer and melanoma reported that VISTA
expression was increased after treatment with other
immune checkpoint inhibitors [35, 36]. These results also
implicate VISTA as a potential target for cancer immuno-
therapy of tumors that acquire resistance after treatment
with immune checkpoint inhibitors. Till date, no direct
relationship has been established between PD-1/PD-L1
and VISTA expressions, and no associations with other
checkpoint molecules such as TIM-3 and LAG3, have been
revealed, which are known play roles in the resistance anti-
PD-1 and anti-CTLA-4 treatment [37]. Villarroel-Espin-
dola et al. reported that the VISTA protein level was sig-
nificantly correlated with both the PD-1/PD-L1 levels in
human non-small cell lung cancer and they suggested that
locally secreted factors such as interleukins or interferons
could have mediated VISTA upregulation [38]. Several
clinical trials evaluated the utility of PD-L1 expression
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as a biomarker with the goal of advancing patient options
and improve response rates; however, the results regard-
ing the correlation of PD-L1 expression with response to
immune checkpoint inhibitor treatment were inconsistent
[39, 40]. Although other predictors such as mutation load
and molecular subtypes have been identified, treatment in
real-life practice still relies on PD-L1 expression [32, 40].
The present study has found that VISTA expression in
ICs was significantly and positively correlated with PD-L1
expression in ICs. Additionally, their expressions in differ-
ent ICs show that they may have immunologic activities in
different sites and steps. These findings support previous
studies suggesting VISTA as a potential new therapeutic
target for combination therapy as well as a biomarker for
predicting response in immunotherapy. The underlying
mechanisms of these potential roles of VISTA in bladder
cancer require further experimental studies.

The present study has several limitations that should be
acknowledged. First, due to the small number of patients
and the short follow-up period, no complete oncological
findings were identified. As a preliminary study including a
small cohort of patients with bladder cancer, we were able
to identify the association of VISTA expression with known
risk factors for IVR and progression but could not assess its
association with survival outcomes. Therefore, it is neces-
sary to clarify the clinical significance of VISTA expression
in MIBC as well as NMIBC through a large-scale prospec-
tive study. Second, the use of TMAs may not allow com-
plete tumor assessment using immunohistochemical mark-
ers. Additional research is necessary for the establishment
of VISTA scoring system in bladder tumor using the whole
slide. While the present study results showed that the expres-
sion of VISTA and PD-L1 in ICs differed, we could not
evaluate the IC type-specific expression either checkpoint
molecule. Future investigation using multiplexed immu-
nofluorescence is warranted. Finally, almost all patients
underwent intravesical BCG instillation after transurethral
resection in current study due to retrospective data. VISTA
expression according to changes in the tumor immunologic
environment after BCG treatment and its prognostic signifi-
cances in animal model will follow in our further study.

In conclusion, this is the first study providing evidence
that VISTA expression in bladder cancer is positively cor-
related with poor clinicopathologic features, demonstrat-
ing its clinical utility as a new immune checkpoint mol-
ecule in bladder cancer. Its association with IVR suggests
that VISTA might be considered as a biomarker and target
of adjuvant treatment in NMIBC. Finally, VISTA might be
utilized as a target for combined immunotherapy and as an
additional biomarker supplementing PD-L1 based on our
results showing a relationship between the two immune
checkpoint inhibitors in bladder cancer.
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