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Abstract

Purpose The programmed death-1 (PD-1)/B7-H1
(also called PD-L1) pathway negatively regulates T cell
activation and has been suggested to play an important
role in regulating antitumor host immunity. To investi-
gate the clinical significance of B7-H1 expression to the
tumor grade and postoperative prognosis of patients
with urothelial cancer, we analyzed the relationship
between B7-H1 expression and various clinicopatho-
logical features and postoperative prognosis.
Experimental design  Sixty-five urothelial cancer cases
were examined. B7-H1 expression in tumors and the
numbers and phenotypes of tumor-infiltrating lympho-
cytes were evaluated by immunohistochemistry and
flow cytometry.

Results A substantial expression of B7-H1 was
observed in all urothelial cancers investigated. Tumor
specimens from patients with higher WHO grade or
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primary tumor classifications showed significantly
higher percentages of tumor-associated B7-H1. Tumor-
associated B7-H1 expression was significantly associ-
ated with a high frequency of postoperative recurrence
and poor survival rate. Furthermore, multivariate
analysis indicated that tumor-associated B7-H1 was
more significant prognostic factor than WHO grade.
Conclusions Our results demonstrate that the aber-
rant expression of B7-H1 in urothelial cancer is associ-
ated with aggressive tumors, suggesting a regulatory
role of tumor-associated B7-H1 in antitumor immu-
nity. Therefore, the manipulation of tumor-associated
B7-H1 may become a beneficial target for immuno-
therapy in human urothelial cancer.

Keywords B7-H1/PD-L1 - PD-1 - Costimulation -
Urothelial cancer - T cell - Antitumor immunity

Introduction

Bladder cancers have been characterized as one of the
tumor groups in which immunological responses are
relatively well preserved [1-3]. A large number of
tumor-infiltrating lymphocytes (TILs) are present in
bladder cancer, and the secreted cytokines and cell sur-
face molecules in TILs positively control the local anti-
tumor responses. Thus, bladder cancer has been shown
to be sensitive to immunotherapy with Bacillus Cal-
mette-Guerin (BCG) [4]. However, it is possible that
the tumor cells might be protected from attack by
immune cells and might counterattack the immune
cells.

Programmed death-1 (PD-1) belongs to the B7-CD28
family of positive and negative costimulating molecules
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that regulate T cell responses [5-7]. PD-1 is expressed
on activated T, B, and myeloid cells, and the ligation of
PD-1 inhibits T cell activation and the production of
cytokines such as IFN-y, 1L-10, IL-4, and IL-2 [8, 9].
PD-1-deficient mice develop various features of auto-
immune diseases [9-11], indicating that PD-1 is involved
in the negative regulation of immune responses and
peripheral tolerance.

Two ligands, B7-H1/programmed death receptor
ligand 1 (PD-L1) [12] and B7-DC/programmed death
receptor ligand 2 (PD-L2) [13], have been identified
as counter-receptors for PD-1. In contrast to the
limited expression of B7-DC on dendritic cells and
macrophages, B7-H1 is broadly expressed on non-
lymphoid cells as well as lymphoid cells [12-15]. IFN-y
has been shown to be a potent inducer for B7-H1
expression in non-lymphoid tissue cells, including epi-
thelial and endothelial cells and tumor cells [16-20].
Abundant expression of B7-H1 has been observed
in tumor cells from lung, ovary, colon, breast, liver,
head and neck, kidney, bladder, and skin (melanoma)
cancers [18-21].

An initial study demonstrated that tumor-associated
B7-H1 cells promoted apoptosis of effector cytotoxic
T lymphocytes (CTLs) and escaped the lysis caused
by CTLs [18]. In murine syngeneic tumor models, B7-
H1 blockade using anti-B7-H1 monoclonal antibody
enhanced antitumor immunity and inhibited tumor
growth [18, 22, 23]. These findings suggest that the
induction of B7-H1 might be one of the immunological
escape mechanisms used by tumors.

An association between tumor-associated B7-H1
expression and variable clinicopathological features
has been recently reported in lung, esophageal, and
renal cell cancers [24-28]. In non-small cell lung cancer
cells, a relationship was not seen between the expres-
sion of B7-H1 and clinicopathological variables or
postoperative survival. However, in the same tissue
sections, significantly fewer TILs were identified in B7-
Hl-positive tumor regions than in B7-Hl-negative
tumor regions. Moreover, the percentage of TILs
expressing PD-1 was significantly lower in B7-H1-posi-
tive tumor regions than in B7-Hl-negative tumor
regions [24]. In esophageal cancer, B7-H1-positive
patients had a significantly poorer prognosis than the
negative patients. Furthermore, multivariate analysis
indicated that the B7-H1 status was an independent
prognostic factor and that there was no significant asso-
ciation between B7-H1 expression and TILs [25]. In
clear-cell renal cell cancer, patients with B7-H1-posi-
tive tumors showed a poorer survival rate than those
with B7-H1-negative tumors [26, 27]. A recent study
with long-term follow-up suggested that tumor B7-H1
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was significantly associated with a risk of rapid cancer
progression and accelerated rates of mortality [28].

The above findings prompted us to investigate the
B7-H1 status in bladder cancer because the abundant
infiltration of TILs in bladder cancer might induce the
expression of B7-H1 in tumor cells, which might modu-
late tumor-host responses at the local tumor site. We
investigated B7-H1 expression in urothelial cancer in
parallel with an assessment of PD-1 expression in TILs
and analyzed the relationship between the expression
of these proteins and clinicopathological features.

Patients and methods
Patients and tumor specimens

Sixty-five patients who underwent surgical resection of
urothelial cancer at Kumamoto University Medical
Hospital (Kumamoto, Japan) between 1996 and 2005
were enrolled in this study. The patients with urothelial
cancer included 47 men (72.3%) and 18 women
(27.7%), representing 50 bladder cancers, seven renal
pelvic cancers, and eight ureteral cancers. Thirty
patients underwent transurethral resection of a bladder
tumor; 20 patients, radical cystectomy for a bladder
tumor; and 15 patients, radical nephroureterectomy
for ureter or renal pelvic tumors. Written permission
touse human tumor tissues was obtained from the
patients prior to surgery.

The surgical specimens were divided into three
pieces for immunohistochemical analysis of B7-H1,
flow cytometric analysis of PD-1 on TILs, and histo-
pathological analysis. Histopathological analyses
were performed by several senior pathologists and
reviewed by the chief of clinical pathology in princi-
ple, and indicated that all tumors evaluated in this
study were transitional cell cancers. The tumors were
classified according to the World Health Organization
(WHO) grade based on WHO criteria and according
to the tumor-node-metastasis (TNM) staging system
of the International Union Against Cancer (1997). The
median follow-up for all patients was 26 months, with a
range of 1-118 months. Nine patients (13.8%) died of
urothelial cancer and another 2 (3.1%) died of other
causes (pulmonary embolism and sepsis).

Immunohistochemistry

Tumor tissue specimens were immediately embedded
in OCT compound (Miles Laboratories, Elkhart, IN)
and snap-frozen in liquid nitrogen. Cryostat sections
of 4- to 5-um thickness were fixed in acetone.
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Immunohistochemical staining was performed using
the ABC peroxidase system (Vectastain ABC Kkit;
Vector Laboratories, Burlingame, CA) according to
the protocols recommended by the manufacturer, as
previously described [29]. Monoclonal antibodies
against human B7-H1 (MIH1, mouse IgG1) [30, 31]
and CD45 (UCHLI1, mouse IgGl, Dako, Kyoto,
Japan) as well as control mouse IgG1 were used as
the primary antibodies. Reacted sections were visual-
ized with substrate buffer containing diaminobenzidine
(DAB; Merck, Darmstat, Germany) and counter-
stained with hematoxylin. Immunohistochemistry was
performed under the guidance of a pathologist and an
immunologist.

Evaluation of immunostaining

B7-H1 expression was described as the percentage
of tumor cells displaying immunoreactivity in the
cytoplasm or on the membrane. Whole areas were
surveyed microscopically at 40x magnification to
identify focal-staining regions. In cases of multiple
areas with focal staining, three randomly selected
areas were scored. The percentage of B7-H1" tumor
cells among the total number of tumor cells within
focal-staining regions was evaluated. At least 200
tumor cells were scored per 400x field. To evaluate
TILs, we quantified the infiltration of CD45" cells in
tumor islet regions. The infiltration ratio of CD45*
cells was evaluated as the CD45* cell number/total
tumor cell number. Cell counts were performed at
400 x in at least three fields. All of the counting was
conducted in a blinded fashion; investigators had no
knowledge of the outcome of the patients or the
results of other analyses.

Isolation of TILs and flow cytometry

TILs from tumor specimens were isolated as previously
described [32]. TILs were stained with anti-CD3-PE,
anti-CD4-PerCP, anti-CD8-FITC mAb (BD Bio-
sciences), and either biotinylated anti-PD-1 (MIH4) or

Fig. 1 Immunohistostaining
with anti-B7-H1 mAb in uro-
thelial cancer sections. Repre-
sentative cases from WHO
grade 3 with high B7-H1
expression (a), and grade 3
with low B7-H1 expression
(b) tumors are shown. Bars
60 pm

control mouse IgG, followed by APC-conjugated
streptavidin (BD Biosciences). The stained cells were
analyzed on the FACSCalibur using CellQuest soft-
ware (BD Biosciences).

Statistical analysis

All univariate analyses were performed using Statcel
software (OMS Publishing Inc, Tokyo, Japan). Multi-
variate analysis was performed using SPSS 13.0 (SPSS
Inc, Chicago, IL, USA). The significance of the differ-
ences between the expression of B7-H1 in tumor cells
and clinicopathological variables was assessed by Stu-
dent’s t-test or one-factor ANOVA. The relationship
among the expression of B7-H1 in tumor cells, the
expression of PD-1 in TILs, and the infiltration ratio of
TILs was assessed by Spearman’s correlation coeffi-
cient by rank test. Survival times and recurrence-free
survival times were calculated from the date of surgery
to the date of death or recurrence. The Kaplan-Meier
method was used to estimate the probability of sur-
vival, and significance was assessed by the log-rank
test. Multivariate analysis was done using the Cox
regression model in stepwise method to study ten fac-
tors (location, manner of surgery, gender, WHO grade,
stage classification, T classification, N classification,
tumor-associated B7-H1 expression, ratio of TILs, Low
B7-H1 group). The level of significance was set at
P <0.05.

Results

B7-H1 expression in tumor cells

For all 65 surgically resected specimens of urothelial
cancer, the expression of B7-H1 was demonstrated on
the plasma membrane and in the cytoplasm of cancer
cells in a focal pattern (Fig. 1). The mean percentage
of B7-H1-positive cells among the cancer cells was
21.1 £ 11.0% (mean £ SD; median, 20.0%; range,
2.1-47.1%).
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Association between B7-H1 expression
and clinicopathological variables

We analyzed the association between the percentage
of tumor-associated B7-H1 expression and clinico-
pathological variables (Table 1). No association was
observed between B7-H1 expression and either tumor
location or patient gender. When classifying the
tumors according to WHO criteria, seven specimens
were classified as grades 1 and 2 and 12 specimens were
classified as grades 2 and 3. Therefore, we performed
the analyses in two ways, one based on single-grade
groups and another based on concomitant groups. In
the concomitant cases, the specimens were classified
into the higher grade group. A significant association
between B7-H1 expression and WHO grade was found
based on both groupings (P <0.001). In addition,
tumor-associated B7-H1 expression was associated sig-
nificantly (P = 0.031) with the primary tumor (T classi-
fication (Fig.2). No significant association was found

Table 1 Correlation between B7-H1 expression on tumor cells
and the clinicopathological characteristics of the 65 urothelial
carcinomas

n B7-H1 expression P value
(%) Mean + SD
Location
Upper 15 24.6 £13.2 0.161*
Lower 50 20 +10.2
Gender
Male 47 21.1 £10.7 0.994*
Female 18 21.1 £12.0
WHO grade
G1 10 (10) 812 +0.05 (8.12 £0.05)  <0.001(<0.001)""
G2 17 (24) 183 £0.10(20.7 £0.10)
G3 19 (31) 26.1 £0.08 (25.6 £+ 0.09)
T classifications
Ta+cis 18 (13) 16.4+0.12 0.031"
T1 18 (11) 18.1 +£0.08
T2 12(2) 247+0.09
T3 14 (3) 24.8=+0.09
T4 3(1) 347 £0.13
N classifications
NO 59 20.7 £0.11 0.376*
N1-3 6(1) 24.9 £0.09
Stage classifications
Oa +is 17 (13) 16.7+0.12 0.084%33
I 18 (11) 18.1+£0.08
II 11(2) 241+0.09
111 12(3) 249+0.09
v 7(1) 28.1 £0.11

WHO grade: pure groups (concomitant groups); T, N, and stage
classifications: numbers in brackets are the patients who under-
went transurethral resection of bladder tumor

*Student’s paired ¢ test; **One-factor ANOVA; ***Kruskal-
Wallis test
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Fig. 2 Association between the primary tumor (T) classification
and B7-H1 expression in tumor cells, and the ratio of TILs. Tu-
mor-associated B7-H1 expression is significantly associated with
T classification (P = 0.031). The association between TILs and T
classification had a tendency toward an inverse association, al-
though the difference was not statistically significant (P = 0.084)

between B7-H1 expression and either primary node
(N) or primary stage classifications.

Tumor-associated B7-H1 expression and TILs

We next examined the relationship between tumor-
associated B7-H1 expression and the ratio of TILs.
The associations between TILs and T classification
and the Stage classification tended toward inverse
relationships, although the differences were not statis-
tically significant (T, P =0.084; stage, P =0.084;
Fig. 2).

PD-1 expression on TILs

PD-1 expression on TILs was examined in 13 ran-
domly selected cases (Table 2), which included five
bladder (three patients underwent transurethral
resection; two patients, radical cystectomy), two ure-
ter, and six renal pelvic cancers. The majority of TILs,
including both CD4* and CD8* T cells, expressed
PD-1 at high levels (Fig.3). The mean percentages
of CD4" and CD8" TILs expressing PD-1 were
68.0 + 18.5% and 80.6 &+ 14.0%, respectively. In most
of the patients, PD-1 expression on CD4* and CD8"
TILs was highly upregulated compared with expres-
sion on peripheral blood lymphocytes (data not
shown). PD-1 expression was significantly associated
(P =0.009) between CD4" and CD8"* TILs, and an
inverse association was observed between the CD4/
CD8 ratio and PD-1 expression on CD8* TILs
(P =0.005). These results indicate that a large num-
ber of the CD8* T cells infiltrating into the urothelial
cancer expressed PD-1.
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rs = —0.796

P

0.009%**

0.005*

*Spearman’s rank test (correlation between CD4/CDS8 ratio of TILs and PD-1 expression on CD8" TILs)

**Pearson’s correlation coefficient test (correlation between PD-1 expression on CD8" TILs and CD4" TILs)

Association between B7-H1 expression
and postoperative prognosis

To investigate the association between tumor-associ-
ated B7-H1 expression and postoperative prognosis,
we divided the 65 patients into two groups based on
B7-H1 expression. The cutoff point was set at 12.2%.
This value was the mean of the median percentage of
B7-H1 expression together with WHO grade 1 (6.8%)
and 2 (17.5%) cases. We set this value, because we
found the most significant difference of B7-H1 expres-
sion between WHO grade 1 and 2 cases. The overall
survival was significantly worse in patients with high-
B7-H1 tumors (high B7-H1 group) than in those with
low-B7-H1 tumors (low B7-H1 group) (5-year survival:
55 vs. 100%, P = 0.021; Fig. 4a). The cause-specific sur-
vival was also significantly worse in the high-B7-H1
group than in the low-B7-H1 group (5-year survival: 61
vs. 100%, P =0.041; Fig. 4b). Among the 62 patients
who had no visible rest of tumor after surgery, postop-
erative recurrence-free survival was significantly worse
in the high-B7-H1 group than in the low-B7-H1 group
(5-year recurrence-free survival: 42 vs. 81%, P = 0.026;
Fig. 4c).

To determine the prognostic value of tumor-associ-
ated B7-H1 expression, we did multivariate analysis
using Cox regression model. WHO grade, stage classifi-
cation, T classification, N classification, tumor-associ-
ated B7-H1 expression, ratio of TILs, and Low B7-H1
group had significant prognostic values. Although most
of these seven factors significantly correlated each
other, we compared these factors using stepwise pro-
gressively Cox regression to clarify which factor influ-
enced the prognosis most strongly. The most significant
predictor associated with poor outcomes was T classifi-
cation. Stage classification correlated with T classifica-
tion very significantly and was second predictor. We
removed T and stage classification from dataset for
seeking the best third factor. B7-H1 expression was
classified as the significant factor while WHO grade
was discarded. This indicated that B7-H1 expression
was more significant factor than WHO grade in our
samples. Another significant factor ratio of TILs had
very small (<0.001) Exp(B), because of large negative
B, thus no actual influence to the regression model
(Table 3).

Discussion
In the present study, we found three important results

in human urothelial cancer. First, B7-H1 expression in
tumor cells was associated with clinicopathological
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Fig. 3 A majority of TILs,

Tumor 5

Tumor 6 Tumor 11

including both CD4" and
CD8* T cells, expressed PD-1
at high levels. On CD4* TILs
from tumor specimens 5, 6,
and 11, the percentages of
PD-1 expression were 77.50,
90.73, and 84.10%, respec-
tively. On CD8* TILs from
tumor specimens 5, 6, and 11,
the percentages of PD-1

CDh4
Counts
0 51015202530

Counts
0O S 1015202530

Counts

expression were 95.17, 95.13,
and 78.52%, respectively
(broken line, stained with con-
trol mAb; regular line, stained
with antibody against PD-1)

CD8
Counts
0 S 101520 2530

10 15 20 25 30

Counts
0 S5 101520 2530

Counts

o 5
Luat

variables. Second, PD-1 was expressed at high levels on
TILs. Third, B7-H1 expression in tumor cells was asso-
ciated with the postoperative prognosis. Furthermore,
it was more significant prognostic factor than WHO
grade.

Consistent with previous results in other human
tumors [19, 21, 24-28, 33], B7-H1 expression was
detected on the cell membrane and in the cytoplasm of
urothelial cancer cells. Although the precise mecha-
nism regulating B7-H1 expression in tumor cells is
unknown, a previous report showed that B7-H1 was
expressed more frequently in freshly isolated cancer
tissue specimens than in cultured tumor cell lines [18].
Several cytokines, including interferon (IFN)-y, tumor
necrosis factor (TNF)-o, and interleukin (IL)-2, have
been implicated as possible regulators of B7-H1
expression on the surface of several tumor cell lines
[18, 19]. T cells and natural killer cells infiltrate tumor
lesions and secrete various cytokines, including IFN-y,
TNF-a, and IL-2. In addition, it has been shown that
the degree of effector lymphocyte infiltration in urothe-
lial cancer is associated with the WHO grade and T
classification [3]. Therefore, the induced B7-H1 in uro-
thelial cancer may be mediated by secreted cytokines
from tumor-infiltrating effector lymphocytes. IFN-y is a
potential candidate for the induction of B7-H1.

We observed that PD-1 was expressed at high levels
on major populations of both CD4" and CDS8* TILs.
Thus, it is possible that the induced B7-H1 on urothe-
lial cancer cells interacts with PD-1 on TILs and that
these interactions regulate the effector function of
TILs, resulting in tumor progression.

The above assumption is strongly supported by the
results of our clinicopathological analyses. We observed
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a significant association between B7-H1 expression and
both T classification and WHO grade. In addition, the
T4 group expressing a high percentage of tumor B7-H1
showed the lowest TIL ratio. As both WHO grade and
T classification are recognized as prognostic factors in
human urothelial cancer [1-3], B7-H1 expression may
be associated with prognosis. However, tumor-associ-
ated B7-H1 expression had a significant prognostic
value. The prognostic value was more significant than
that of WHO grade. This result may indicate an impor-
tance of tumor-associated B7-H1 expression as prog-
nostic factors in human urothelial cancer.
Nevertheless, B7-H1 expression associating with prog-
nosis may be an epiphenomenon. For example, tumors
that have a specific molecular defect that makes
them more aggressive may incidentally secondarily
express higher levels of various genes and/or pro-
teins, including B7-H1.

We found a significant association between B7-H1
expression and postoperative recurrence-free survival,
suggesting that the degree of B7-H1 expression may be
a crucial determinant of tumor invasiveness not only
for primary tumors but also for recurrent tumors.
However, in subgroup analysis on several manners of
surgery, we could not found any association between
B7-H1 expression and each survival. Probably, this
result was caused by few numbers of patients.

Urothelial tumors have been characterized as immu-
noresponsive tumors that contain large amounts of
TILs and are sensitive to local instillations of BCG [3,
4]. Thus, tumor-specific immunotherapy has been sug-
gested as a potentially useful strategy against bladder
cancer. Dendritic cells transfected with bladder cancer-
derived mRNA or pulsed with MAGE-3 peptide were
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Fig. 4 Overall (a) and cause-
specific (b) survival in 65 pa-
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able to induce CTLs against autologous tumor cells in
vitro. [34, 35]. However, in advanced bladder cancers,
immunotherapy using these pulsed dendritic cells
showed only partial antitumor responses, and no effect
was observed in a case of local recurrence [35]. In a
recent clinical melanoma trial, vaccination with tumor-
associated peptides combined with CTLA-4 blockade
showed better antitumor responses than vaccination
with tumor-associated peptide alone [36]. Similar to
B7-H1, CTLA-4 is a negative regulator of T cell activa-
tion. These results suggest that adverse factors capable
of reducing antitumor immune responses may exist in
tumor-bearing hosts. Tumor-associated B7-H1 might
be one of these regulatory factors.

10 20 30 40 50 60 70 80

Months after Surgery (Month)

Renal cell cancer (RCC) is also regarded as an
immunogenic tumor like urothelial cancer. High levels
of infiltrating T cells are frequently observed within
RCC tumors but are paradoxically associated with
diminished cancer-specific patient survival [37]. Sur-
vival among RCC patients is commonly predicted
based on TNM stage, nuclear grade, and performance
status [38]. However, these predictors show the same
paradoxical association [39]. In a recent long-term fol-
low-up study, RCC patients with high tumor B7-H1
expression showed a significantly increased risk of
death, which was independent of current clinical pre-
dictors [28]. Furthermore, this risk was associated with
metastatic progression of localized RCC.
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Table 3 The stepwise progressively Cox regression with ten factors

Before stepwise Cox regression

—2 Log likelihood 38.617
7 df Significance

Location 1.790 1 0.181
Manner of surgery 2.426 1 0.119
Gender 0.541 1 0.462
WHO grade 6.397 1 0.011
Stage classification 13.944 1 <0.001
T classification 24.768 1 <0.001
N classification 6.670 1 0.010
B7-H1 expression 7.507 1 0.006
Ratio of TILs 6.369 1 0.012
Low B7-H1 group? 5.302 1 0.021
Stepwise Cox regression with ten factors
Coeflicients converged after one iteration
—2 Log likelihood 79.909

I df Significance
T classification 21.784 1 <0.001
Variables in the equation
Variable B SE Wald df Significance Exp(B)
T classification 1.586 0.405 15.312 1 <0.001 4.885
Except T classification, stepwise Cox regression with nine factors
Coefficients converged after two iterations
—2 Log likelihood 79.909

$ df Significance
Stage and location 22.774 2 <0.001
Variables in the equation
Variable B SE Wald df Significance Exp(B)
Stage classification 1.250 0.328 14.518 1 <0.001 3.489
location —2.583 1.105 5.465 1 0.019 0.76
Except T and stage classification, stepwise Cox regression with eight factors
Coefficients converged after three iterations
—2 Log likelihood 79.909

P df Significance
B7-H1 and ratio of TILs ~ 15.438 2 <0.001
Variables in the equation
Variable B SE Wald df Significance Exp(B)
B7-H1 expression 6.677 2.636 6.416 1 0.011 793.827
Ratio of TILs —18.531 7.742 5.729 1 0.017 <0.001

# Low B7-H1 group: patients with tumor-associated B7-H1 less than 12.2%

In conclusion, we have demonstrated the remark-
able expression of B7-H1 in urothelial cancer. The B7-
H1 expression in tumor cells was well associated with
WHO grade, T classification, recurrence rate, and
recurrence-free survival. These results suggest that the

@ Springer

expression of B7-H1 in urothelial cancer may contrib-
ute to the prognosis as well as local progression of
tumors. The assessment of tumor-associated B7-H1 in
specimens may provide a rationale for intensive treat-
ment of high-risk cases. Furthermore, the manipulation
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of tumor-associated B7-H1 or PD-1 signaling in TILs
may provide an improved outcome in the treatment of
urothelial cancer.
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