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Expression of B7-H1, a costimulating glycoprotein in the B7 family,
is normally restricted to macrophage-lineage cells, providing a
potential costimulatory signal source for regulation of T cell acti-
vation. In contrast, aberrant expression of B7-H1 by tumor cells has
been implicated in impairment of T cell function and survival,
resulting in defective host antitumoral immunity. The relationship
between tumor-associated B7-H1 and clinical cancer progression is
unknown. Herein, we report B7-H1 expression by both renal cell
carcinoma (RCC) tumors of the kidney and RCC tumor-infiltrating
lymphocytes. In addition, our analysis of 196 clinical specimens
reveals that patients harboring high intratumoral expression levels
of B7-H1, contributed by tumor cells alone, lymphocytes alone, or
tumor and/or lymphocytes combined, exhibit aggressive tumors
and are at markedly increased risk of death from RCC. In fact,
patients with high tumor and/or lymphocyte B7-H1 levels are 4.5
times more likely to die from their cancer than patients exhibiting
low levels of B7-H1 expression (risk ratio 4.53; 95% confidence
interval 1.94-10.56; P < 0.001.) Thus, our study suggests a previ-
ously undescribed mechanism whereby RCC may impair host im-
munity to foster tumor progression. B7-H1 may prove useful as a
prognostic variable for RCC patients both pre- and posttreatment.
In addition, B7-H1 may represent a promising target to facilitate
more favorable responses in patients who require immunotherapy
for treatment of advanced RCC.
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Inadequate, inappropriate, or inhibitory T cell costimulatory
pathway signaling have all been shown to restrict a host’s ability
to generate productive immune responses against cancer. Re-
lated to this, the costimulatory ligand, B7-H1, has recently been
implicated as a negative regulator of antitumoral T cell-mediated
immunity. B7-H1 is a cell-surface glycoprotein belonging to the
B7 family of costimulatory molecules (1). In humans, constitu-
tive B7-H1 protein expression is normally limited to macro-
phage-lineage cells, although expression of B7-H1 can be in-
duced on other hematologic cells as well, including activated T
lymphocytes. In addition, aberrant tumor cell B7-H1 expression
has been described in a number of human malignancies (2, 3).
B7-H1 expressed by tumor cells has been shown to enhance
apoptosis of activated tumor-specific T cells in vitro (2). Simi-
larly, B7-H1 expressed on activated T cells has been demon-
strated to impair both T cell function and survival (4). Consistent
with these observations, in vivo monoclonal antibody blockade of
B7-H1 has been shown to potentiate antitumoral responses in
several murine cancer models (4-6). Thus, tumor-associated
B7-H1 has recently garnered much attention as a potential
inhibitor of host antitumoral immunity. However, evidence that
tumor-associated B7-H1, or any other T cell costimulatory
molecule, facilitates solid tumor progression in the clinical
setting is lacking.
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Approximately 30% of patients diagnosed with renal cell
carcinoma (RCC) will present with widely disseminated disease
(7). In addition, another 25-30% of patients treated for localized
RCC will experience metastatic disease progression after sur-
gical extirpation (8, 9). Median survival for patients with met-
astatic RCC is ~6-10 months with <20% 2-year survival (10).
Unfortunately, advanced RCC has proven to be refractory to
traditional chemotherapy. In contrast, favorable treatment re-
sponses have been elicited in subsets of RCC patients receiving
cytokine-based immunotherapy (11), T cell adoptive immuno-
therapy (12), or vaccination with a variety of autologous tumor
cell preparations (13). It has also been shown that RCC tumors
frequently harbor high levels of tumor-infiltrating lymphocytes
(14, 15). Additionally, spontaneous complete regression of RCC
metastases has been reported to occur, albeit on rare occasions,
after radical nephrectomy (16). Thus, these observations impli-
cate RCC as an immunogenic form of cancer that is amenable
to immune-based therapy. However, relatively little is known
about the potential mechanism whereby RCC might impair host
immunity to facilitate subsequent tumor progression.

For this reason, we examined B7-H1 expression in human
RCC. Herein, we report that RCC patients harboring high levels
of either tumor-associated B7-H1 alone, infiltrating lymphocyte-
associated B7-H1 alone, or tumor-associated and/or infiltrating
lymphocyte-associated B7-H1 combined, exhibit aggressive tu-
mors and are at markedly increased risk of death from RCC.
Based on these observations, we surmise that B7-H1 expressed
within RCC tumors may serve to facilitate tumor progression by
undermining host antitumoral T cell-mediated immunity. As
such, B7-H1 may represent a promising target for antitumoral
immunotherapy and a valuable prognostic marker to predict
outcome and treatment responses for patients afflicted with
RCC.

Materials and Methods

Patient Selection. Upon approval from the Mayo Clinic Institu-
tional Review Board, we identified 429 patients treated with
radical nephrectomy or nephron-sparing surgery for unilateral
sporadic clear cell RCC between 2000 and 2002 from the Mayo
Clinic Nephrectomy Registry. Because pathologic features and
patient outcome differ by RCC subtype, all analyses were
restricted to patients treated with clear cell RCC only, the most
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common of the RCC subtypes (17). In addition, patients were
selected based on availability of fresh-frozen tissue, because we
have previously demonstrated that the human B7-H1-specific
monoclonal antibody, SH1, can reproducibly stain fresh-frozen
but not paraffin-fixed tissue during immunohistochemical anal-

ysis (2).

Pathologic Features. The pathologic features examined included
histologic subtype, tumor size, primary tumor stage, regional
lymph node involvement and distant metastases at nephrectomy,
nuclear grade, and histologic tumor necrosis. The microscopic
slides from all specimens were reviewed by a urologic pathologist
(J.C.C.) without prior knowledge of patient outcome. Histologic
subtype was classified according to the Union Internationale
Contre le Cancer, American Joint Committee on Cancer, and
Heidelberg guidelines (18, 19). Nuclear grade was assigned by
using standardized criteria as described (20). Histologic tumor
necrosis was defined as the presence of any microscopic coag-
ulative tumor necrosis. Degenerative changes such as hyaliniza-
tion, hemorrhage, and fibrosis were not considered necrosis.

Immunohistochemical Staining of Tumor Specimens. Cryosections
generated from RCC tumors and normal renal cortical spec-
imens (5 wm, —20°C) were mounted on Superfrost Plus slides,
air dried, and fixed in ice-cold acetone. Sections were stained
by using the Dako Autostainer and Dako Cytomation Labeled
Polymer (EnVision+) horseradish peroxidase detection kit
(Dako, Carpinteria, CA). Slides were blocked with H,O, for 10
min followed by incubation with the primary antibody applied
for 30 min at room temperature. Labeled polymer was then
applied at room temperature for 15 min followed by incubation
with chromogen substrate for 10 min. Finally, sections were
counterstained for 3 min with modified Schmidt’s hematoxy-
lin. The primary antibody used in this study was SH1, a mouse
anti-human B7-H1 monoclonal antibody previously reported
for human tumor staining by Dong et al. (2). Benign renal
tumors and peripheral T cells were not stained in this study.
Positive tissue controls for B7-H1 staining were human ton-
sillar tissues. Irrelevant isotype-matched antibodies were used
to control for nonspecific staining.

Quantification of B7-H1 Expression. The percentages of tumor cells
and lymphocytes that stained positive for B7-H1 were quan-
tified in 5-10% increments by a urologic pathologist (J.C.C.)
without prior knowledge of patient outcome. The extent of
lymphocytic infiltration was assessed and recorded as absent,
focal (scattered lymphoid aggregates), moderate, or marked.
An adjusted score representing lymphocyte B7-H1 expression
was calculated as the percentage of lymphocytes that stained
positive for B7-H1 multiplied by the extent of lymphocytic
infiltration (0 = absent, 1 = focal, 2 = moderate, and 3 =
marked).

Statistical Methods. Comparisons among the pathologic features
and B7-H1 expression were evaluated by using x?, Fisher’s exact,
and Wilcoxon rank sum tests. Cancer-specific survival was
estimated by using the Kaplan—-Meier method. The duration of
follow-up was calculated from the date of nephrectomy to the
date of death or last follow-up. Cause of death was determined
from the death certificate or physician correspondence. Scatter
plots of the percentage of cells that stained positive for B7-H1
versus the difference in observed survival and the survival
expected from a Cox proportional hazards regression model
(formally known as a Martingale residual) were used to identify
potential cut points for B7-H1 expression (21). The associations
of these cut points with death from RCC were evaluated by using
Cox proportional hazards regression models univariately and
after adjusting for primary tumor stage, regional lymph node
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Table 1. Percent tumor B7-H1 expression in 196 clear cell
RCC specimens

% B7-H1 expression n (%)

0 66 (33.7)

5 57 (29.1)

10 27 (13.8)
15 4(2.0)
20 15(7.7)
25 3(1.5)
30 6(3.1)
40 2(1.0)
50 4(2.0)
60 3(1.5)
70 3(1.5)
80 2(1.0)
90 3(1.5)
100 1(0.5)

involvement, distant metastases, tumor size, nuclear grade, and
histologic tumor necrosis, one feature at a time. The association
of B7-H1 expression with death from RCC was also adjusted for
the Mayo Clinic Stage, Size, Grade, and Necrosis (SSIGN)
Score, a prognostic composite score specifically developed for
patients with clear cell RCC (22). Statistical analyses were
performed by using the SAS software package (SAS Institute,
Cary, NC), and P values <0.05 were considered statistically
significant.

Results

Comparison of Patients With and Without Fresh-Frozen Tissue. Of the
429 patients eligible for study, 196 (46%) had fresh-frozen
tissue available for laboratory investigation. Patients with
fresh-frozen tissues had larger tumors compared with those
who did not (median tumor size 6.0 cm versus 5.0 cm; P =
0.008). However, no other feature studied was significantly
different between the two groups. Furthermore, there was not
a statistically significant difference in cancer-specific survival
between patients with and without fresh-frozen tissues (P =
0.314).

Follow-Up for the 196 Patients Studied. At last follow-up, 39 of the
196 patients studied had died, including 30 patients who died
from clear cell RCC at a median of 1.1 years after nephrectomy
(range 0-2.5). Among the 157 patients who were still alive at last
follow-up, the median duration of follow-up was 2.0 years (range
0-4.1). The estimated cancer-specific survival rates (standard
error, number still at risk) at 1, 2, and 3 years after nephrectomy
were 91.4% (2.1%, 148), 81.8% (3.3%, 78), and 77.9% (3.8%,
30), respectively.

B7-H1 Expression. Immunohistochemical staining of the 196 clear
cell RCC specimens revealed either no B7-H1 expression by
RCC tumor cells or varying degrees of B7-H1 expressed by either
RCC tumor cells and/or RCC tumor-infiltrating lymphocytes
(Tables 1 and 2 and Fig. 1). In addition, proximal tubules within
the renal cortex, from which RCC tumors are believed to arise,
exhibited no B7-H1 expression among the 20 normal renal
cortical specimens studied (Fig. 1).

The percentages of tumor cells that stained positive for
B7-H1 for the 196 specimens studied are summarized in Table
1. A scatter plot of tumor B7-H1 expression versus the
expected risk of death for each patient suggested that a cut
point of 10% would be appropriate for these data. There were
73 (37.2%) patients with specimens that had =10% tumor
B7-H1 expression. The associations of tumor B7-H1 expres-
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Fig.1. Photomicrographs at x400. (A) RCC specimen with high tumor B7-H1
expression. (B) RCC specimen with high lymphocyte B7-H1 expression. (C) RCC
specimen with no B7-H1 staining in either the tumor cells or lymphocytes. (D)
Normal kidney specimen with no B7-H1 staining in the proximal tubules.

sion with death from RCC, both univariately and after adjust-
ing for tumor node metastasis (TNM) stage, tumor size,
nuclear grade, and histologic tumor necrosis, are shown in
Table 3. Univariately, patients with specimens that had =10%
tumor B7-H1 expression were close to 3 times more likely to
die from RCC compared with patients with specimens that had

<10% expression [risk ratio 2.91; 95% confidence interval
(CI) 1.39-6.13; P = 0.005; Fig. 24]. In multivariate analyses,
patients with specimens that had =10% tumor B7-H1 expres-
sion were significantly more likely to die from RCC even after
adjusting for primary tumor stage, distant metastases, or
primary tumor size.

The adjusted scores for lymphocyte B7-H1 expression are
summarized in Table 2. There were 40 (20.4%) specimens with
an adjusted lymphocyte B7-H1 score of 100 or greater (essen-
tially moderate or marked lymphocytic infiltration with at least
50% of the lymphocytes staining positive for B7-H1), which
appeared to be a reasonable cut point to examine and illustrate
the association of this feature with patient outcome. The asso-
ciations of lymphocyte B7-H1 expression with death from RCC
are summarized in Table 3. Univariately, patients with speci-
mens that had an adjusted lymphocyte B7-H1 score =100 were
3.6 times more likely to die from RCC compared with patients
that had specimens with scores <100 (risk ratio 3.58; 95% CI
1.74-7.37; P < 0.001; Fig. 2B). Patients with specimens that
demonstrated high levels of lymphocyte B7-H1 expression were
significantly more likely to die from RCC even after adjusting for
TNM stage, primary tumor size, nuclear grade, or histologic
tumor necrosis.

Because both tumor and lymphocyte B7-H1 expression were
significantly associated with patient outcome both univariately
and after multivariate adjustment, we evaluated the combina-
tion of these two features. There were 87 (44.4%) specimens
that had either =10% tumor B7-H1 expression or an adjusted
score for lymphocyte B7-H1 expression =100 (i.e., high-
aggregate intratumoral B7-H1 expression). Twenty-six
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Fig.2. Associations of B7-H1 expression with death from RCCin 196 clear cell RCC specimens. (A) Association of tumor B7-H1 expression with death from RCC

(risk ratio 2.91; 95% Cl 1.39-6.13; P = 0.005). The cancer-specific survival rates (SE, number still at risk) at 1, 2, and 3 years after nephrectomy were 87.8% (4.1%,
53), 72.3% (6.0%, 30), and 63.2% (7.2%, 11), respectively, for patients with specimens that had =10% tumor B7-H1 expression compared with 93.6% (2.3%, 95),
88.4% (3.4%, 48), and 88.4% (3.4%, 19), respectively, for patients with specimens that had <10% tumor B7-H1 expression. (B) Association of adjusted score for
lymphocyte B7-H1 expression with death from RCC (risk ratio 3.58; 95% Cl 1.74-7.37; P < 0.001). The cancer-specific survival rates (SE, number still at risk) at 1,
2, and 3 years were 83.5% (6.2%, 26), 63.9% (9.2%, 13), and 53.6% (10.2%, 5), respectively, for patients with specimens that had a lymphocyte B7-H1 expression
score =100 compared with 93.5% (2.1%, 122), 86.2% (3.3%, 65), and 84.8% (3.5%, 25), respectively, for patients with specimens that had scores <100. (C)
Association of intratumoral B7-H1 expression with death from RCC (risk ratio 4.53; 95% CI 1.94-10.56; P < 0.001). The cancer-specific survival rates (SE, number
still atrisk) at 1, 2, and 3 years were 87.0% (3.8%, 61), 70.0% (5.8%, 32), and 61.9% (6.8%, 13), respectively, for patients with specimens that had high-aggregate
intratumoral B7-H1 expression compared with 94.9% (2.2%, 87), 91.9% (3.1%, 46), and 91.9% (3.1%, 17), for patients with specimens that had both <10% tumor
and <100 lymphocyte (low) B7-H1 expression.

17176 | www.pnas.org/cgi/doi/10.1073/pnas.0406351101 Thompson et al.
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Table 2. Adjusted score for lymphocyte B7-H1 expression in 196
clear cell RCC specimens

Table 3. Associations of B7-H1 expression with death from RCC
in 196 clear cell RCC specimens

Lymphocytic % B7-H1 Adjusted Risk ratio

infiltration* expression score n (%) (95% Cl)* P value
0 0 0 81 (41.3) Tumor B7-H1 expression =10%

1 5 5 4 (2.0) Univariate model 2.91(1.39-6.13) 0.005
1 10 10 1(0.5) Adjusted for:

1 30 30 2(1.0) 2002 primary tumor stage (T) 2.83 (1.34-5.96) 0.006
1 50 50 4 (2.0) Regional lymph node involvement (N) 1.97 (0.87-4.45) 0.103
1 60 60 3(1.5) Distant metastases (M) 2.24 (1.06-4.73) 0.035
1 70 70 22 (11.2) Primary tumor size 2.88 (1.37-6.06) 0.005
1 80 80 12 (6.1) Nuclear grade 1.96 (0.90-4.30) 0.092
1 90 920 10 (5.1) Histologic tumor necrosis 1.69 (0.78-3.65) 0.183
2 > 10 3(1.5) Lymphocyte B7-H1 expression =100

2 10 20 4(2.0 Univariate model 3.58 (1.74-7.37) <0.001
2 20 40 2(1.0) Adjusted for:

2 30 60 2(1.0) 2002 primary tumor stage (T) 334 (1.62-6.90)  0.001
2 50 100 6.1 Regional lymph node involvement (N)  3.59 (1.74-7.41) <0.001
2 60 120 1005 Distant metastases (M) 2.16 (1.03-4.53)  0.042
2 70 140 9 (4.6) Primary tumor size 2.64 (1.27-5.46)  0.009
2 80 160 7(3.6) Nuclear grade 3.03 (1.46-6.29)  0.003
2 90 180 8(4.1) Histologic tumor necrosis 2.87 (1.39-5.95) 0.004
3 5 15 1(0.5)

3 20 60 1(0.5) High-aggregate intratumoral B7-H1 expression

3 30 90 4(2.0) Univariate model 4.53(1.94-10.56) <0.001
3 70 210 2(1.0) Adjusted for:

3 80 240 4(2.0) 2002 primary tumor stage (T) 4.07 (1.74-9.51)  0.001
3 90 270 2(1.0) Regional lymph node involvement (N) ~ 3.36 (1.39-8.16)  0.007
3 100 300 1(0.5) Distant metastases (M) 3.12(1.32-7.38)  0.009

*The extent of lymphocytic infiltration was recorded as 0 = absent, 1 = focally
present, 2 = moderately present, or 3 = markedly present.

(13.3%) of these specimens had both features. Conversely, 109
(55.6%) specimens had <10% tumor B7-H1 expression and
<100 lymphocyte B7-H1 expression. The associations of this
combined feature with death from RCC are summarized in
Table 3. Univariately, patients with specimens that had high
intratumoral B7-H1 expression were 4.5 times more likely to
die from RCC compared with patients with specimens that had
both <10% tumor expression and <100 lymphocyte expres-
sion (risk ratio 4.53; 95% CI 1.94-10.56; P < 0.001). After
adjusting for the Mayo Clinic Stage, Size, Grade, and Necrosis
(SSIGN) Score, patients with high intratumoral B7-H1 ex-
pression remained over twice as likely to die from RCC
compared with patients with low intratumoral B7-H1, al-
though this difference did not attain statistical significance
(risk ratio 2.19; 95% CI 0.91-5.24; P = 0.079). However,
patients with specimens that had high intratumoral B7-H1
expression were significantly more likely to die from RCC after
adjusting for TNM stage, primary tumor size, nuclear grade,
and histologic tumor necrosis, one feature at a time. We also
investigated the association of combined tumor and lympho-
cyte B7-H1 expression with the pathologic features under
study and found that high-aggregate intratumoral B7-H1
expression levels were significantly associated with regional
lymph node involvement, distant metastases, advanced nuclear
grade, and the presence of histologic tumor necrosis (Table 4).

Discussion

To our knowledge, expression of B7-H1 within RCC tumors of
the kidney has not been previously demonstrated. We also
believe that B7-H1 is the first T cell costimulatory molecule
that has been reported to exhibit a strong association with the
aggressiveness of a solid (nonhematologic) tumor and patient
cancer-specific survival. Finally, our study provides previously

Thompson et al.

4.25(1.82-9.91) <0.001
3.09(1.28-7.50)  0.012
2.68(1.12-6.42)  0.027

Primary tumor size
Nuclear grade
Histologic-tumor necrosis

*Risk ratios represent the risk of death from clear cell RCC for the feature
listed, either univariately or after multivariate adjustment. For example,
patients with specimens that had =10% tumor B7-H1 expression were 2.9
times more likely to die from RCC compared with patients with specimens
that had <10% tumor B7-H1 expression, even after adjusting for primary
tumor size (P = 0.005).

undescribed evidence that B7-H1 may function at the clinical
level to promote cancer progression, perhaps through impair-
ment of host T cell-mediated immunity, as has recently been
reported in the basic scientific literature (2, 6).

B7-H1 represents a recently identified cell-surface glycop-
rotein belonging to the B7 family of costimulatory molecules
(1). Constitutive B7-H1 protein expression is normally re-
stricted to macrophage-lineage cells, where it may participate
in the costimulatory activation of naive T cells or deletion of
activated T cells (1, 23). Several human cancers, however, have
also been reported to aberrantly express B7-H1, including
glioblastoma, melanoma, and cancers arising from the lung,
ovary, colon, head and neck, and breast (2, 3, 24). Tumor-
associated B7-H1 has been shown to inhibit antitumoral T cell
immunity by interacting with T cell PD-1 or a putative
non-PD-1 receptor to induce tumor-specific T cell apoptosis or
by impairing cytokine production and the cytotoxicity of
activated T cells (2, 6, 24, 25). Similarly, it has been shown that
activated T cells also express B7-H1, and that reverse signaling
through T cell-associated B7-H1 can down-regulate primed T
cell responses through the induction of apoptosis and/or
inhibition of T cell clonal expansion (26). Conversely, anti-
body-mediated blockade of tumor-associated B7-H1 has been
shown to potentiate antitumoral T cell responses directed
against artificially transfected B7-H1 positive tumors in mice
(2, 5, 6). Thus, B7-H1 may function in the periphery as a
negative regulator of effector T cell-mediated antitumoral
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Table 4. Associations of tumor and lymphocyte B7-H1 expression
with pathologic features in 196 clear cell RCC specimens

High-aggregate
intratumoral B7-H1
expression, n (%)

No Yes
Feature n =109 n =87 Pvalue
2002 primary tumor stage
pT1 and pT2 88(80.7) 62(71.3) 0.120
pT3 and pT4 21(19.3) 25(28.7)
Regional lymph node involvement
pNx and pNO 108 (99.1) 76 (87.4) <0.001
pN1 and pN2 1(0.9) 11(12.6)
Distant metastases
pMO 99 (90.8) 69 (79.3) 0.022
pM1 10 (9.2) 18 (20.7)
Primary tumor size
<5cm 46 (42.2) 25(28.7) 0.051
=5cm 63 (57.8) 62 (71.3)
Nuclear grade
1and2 69 (63.3) 23(26.4) <0.001
3 36 (33.0) 50 (57.5)
4 4(3.7) 14 (16.1)
Histologic tumor necrosis
Absent 94 (86.2) 55(63.2) <0.001
Present 15(13.8) 32 (36.8)

immunity, thereby fostering unfettered tumor progression in a
setting of impaired host immune surveillance.

Consistent with these observations, we demonstrate that
clear cell cancers of the kidney, which account for ~70% of all
renal malignancies (27), are capable of expressing B7-H1. In
contrast, proximal tubules of the renal cortex, from which clear
cell tumors are believed to arise, fail to express B7-H1 (2). In
addition, our analyses reveal that elevated tumor cell B7-H1
expression levels are associated with a nearly 3-fold increased
risk for RCC-specific death, and that enhanced levels of
tumor-infiltrating lymphocyte-associated B7-H1 also increase
the risk of RCC-specific death (risk ratio of 3.58). Moreover,
the combination of increased tumor cell B7-H1 and/or lym-
phocyte B7-H1 (high-aggregate intratumoral B7-H1) is an
even stronger predictor of patient outcome (risk ratio of 4.53).
This combined feature is also significantly associated with
regional lymph node involvement, distant metastases, nuclear
grade, and histologic tumor necrosis, all of which have been
shown to portend a poor prognosis (Table 4). Yet, even after
adjusting for each of these features, the significant association
of aggregate intratumoral B7-H1 with RCC-specific death
persists (Table 3).

Our observation that intratumoral B7-H1 might facilitate
RCC progression and diminish patient survival may have
important implications for the immunobiology and immuno-
therapeutic treatment of RCC tumors. For instance, several
studies have reported defective antitumoral immunity in RCC
patients. Such defects in immunity have been partly ascribed
to up-regulated intratumoral expression of immunosuppres-
sive TGF-B, IL-10, and FasL, as well as impairment of
tumor-infiltrating lymphocyte proliferation, intracellular sig-
naling, effector function, and survival (28-34). In addition,
two recent studies have reported a seemingly paradoxical
relationship between increased levels of tumor-infiltrating T
cells and poorer prognosis for RCC patients (14, 15). Thus,
based on its recognized ability to impair the function and
survival of activated tumor-specific T cells, we infer that
B7-H1, expressed by either RCC tumor cells or infiltrating

17178 | www.pnas.org/cgi/doi/10.1073/pnas.0406351101

lymphocytes, may contribute to the profile of immunosuppres-
sion that is observed in patients with RCC. We further
speculate that intratumoral B7-H1 functions as a critical host
determinant of treatment responses in patients who receive
immunotherapy for management of advanced RCC (i.e., IL-2,
IFN-q, vaccination, or T cell adoptive therapy). At present,
systemic IL-2 immunotherapy represents the most effective
and only Food and Drug Administration-approved treatment
for metastatic RCC. Unfortunately, high-dose IL-2 therapy is
associated with significant toxicity and provides a noncurative
benefit to only 15-20% of RCC patients treated (35, 36). Thus,
there exists a pressing demand for effective adjunctive ma-
nipulations to improve current forms of immunotherapy as
well as newer methods to identify the subset of RCC patients
that will derive the greatest benefit from immunotherapeutic
intervention.

A compelling precedent for abrogating inhibitory T cell
signaling to potentiate cell-mediated antitumoral immunity has
been established by the experience with in vivo CTLA-4 block-
ade immunotherapy (37-39). Perhaps analogous to this, anti-
body-mediated in vivo blockade of tumor B7-H1 to preempt
tumor B7-Hl1-induced impairment of host immunity has been
shown to facilitate antitumoral responses in several murine
cancer models (4-6). Thus, antibody-mediated blockade of
B7-H1 may ultimately prove useful, either alone or in combi-
nation with other immune-based manipulations, to improve the
effectiveness of RCC treatment. In addition, B7-H1 may serve
as a biomarker to identify subsets of RCC patients most likely to
derive benefit from immunotherapeutic treatment. As is the case
with a number of other RCC markers that have recently been
described (40-45), B7-H1 expression may also be useful when
used in combination with more traditional pathologic indices
such as TNM stage, tumor grade, and necrosis to ascertain the
prognosis of patients afflicted with RCC.

However, we do acknowledge one limitation of the current
study that relates to the relatively short duration of patient
follow-up. Specifically, the anti-B7-H1 antibody that we used
to stain RCC tumors is reliable only for immunohistochemical
analysis of fresh-frozen tissues (2), and collection of fresh-
frozen RCC specimens at our institution was only recently
initiated (January 2000). Nevertheless, despite observing only
30 deaths from RCC resulting in limited statistical power,
patients with high-aggregate B7-H1 expression remained over
twice as likely to die from RCC even after controlling for the
Mayo Clinic Stage, Size, Grade, and Necrosis (SSIGN) Score
(risk ratio 2.19; 95% CI 0.91-5.24; P = 0.079). Although this
did not attain our specified 0.05 level of significance, we
believe that this association will achieve significance with
additional samples and continued follow-up. Furthermore,
although it is tempting to attribute the immune dysfunction in
RCC to aberrant B7-H1 expression, it is likely that multiple
other host factors also contribute. Other immunosuppressive
costimulatory molecules, including CTLA-4 and regulatory T
cells such as CD4+CD25+ T cells, remain understudied in
RCC and may similarly facilitate the down-regulation of
antitumoral T cell responses.

Conclusion

We report that elevated B7-H1 expression in RCC tumors of
the kidney is significantly associated with aggressive tumors
and enhanced risk for RCC-specific death. The basis for this
association may relate to the recognized ability of tumor
B7-H1 to inhibit T cell-mediated immunity. As such, B7-H1
may represent a target for RCC immunotherapy and a poten-
tial biomarker to facilitate patient assignment to treatment, as
well as aid in the determination of prognosis both before and
after therapy.
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