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B7-H3 and B7x are members of the B7 family of immune regulatory ligands that are thought to attenuate
peripheral immune responses through co-inhibition. Previous studies have correlated their overexpression
with poor prognosis and decreased tumor-infiltrating lymphocytes in various carcinomas including uterine
endometrioid carcinomas, and mounting evidence supports an immuno-inhibitory role in ovarian cancer
prognosis. We sought to examine the expression of B7-H3 and B7x in 103 ovarian borderline tumors and
carcinomas and study associations with clinical outcome. Using immunohistochemical tissue microarray
analysis on tumor specimens, we found that 93 and 100% of these ovarian tumors express B7-H3 and B7x,
respectively, with expression found predominantly on cell membranes and in cytoplasm. In contrast, only
scattered B7-H3- and B7x-positive cells were detected in non-neoplastic ovarian tissues. B7-H3 was also
expressed in the endothelium of tumor-associated vasculature in 44% of patients, including 78% of patients
with high-stage tumors (FIGO stages III and IV), nearly all of which were high-grade serous carcinomas, and
26% of patients with low-stage tumors (FIGO stages I and II; Po0.001), including borderline tumors. Analysis of
cumulative survival time and recurrence incidence revealed that carcinomas with B7-H3-positive tumor
vasculature were associated with a significantly shorter survival time (P ¼ 0.02) and a higher incidence of
recurrence (P ¼ 0.03). The association between B7-H3-positive tumor vasculature and poor clinical outcome
remained significant even when the analysis was limited to the high-stage subgroup. These results show that
ovarian borderline tumors and carcinomas aberrantly express B7-H3 and B7x, and that B7-H3-positive tumor
vasculature is associated with high-grade serous histological subtype, increased recurrence and reduced
survival. B7-H3 expression in tumor vasculature may be a reflection of tumor aggressiveness and has
diagnostic and immunotherapeutic implications in ovarian carcinomas.
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Ovarian cancer is the leading cause of death from
gynecological malignancies, accounting for approximately 15 000 deaths in the United States annually.
Despite initial response to chemotherapy, with some
improvement in overall survival, only a minority of
patients survive beyond 5 years.1–3
Many recent studies in ovarian cancer have
shown that overall survival and recurrence
rates are associated with the state of the local
adaptive immune response, that is, the presence of
www.modernpathology.org
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intratumoral or regulatory T lymphocytes.4–7 The
mechanisms underlying this association are unclear;
however, tumors may have dynamic interactions
with the immune system, expressing tumor-associated antigens and becoming targets for T cellmediated adaptive immune responses.8
T-cell co-stimulation and co-inhibition are primarily generated by interactions between members
of the B7 family of immune regulatory ligands and
their receptor, CD28. Phylogenetically, the B7 family
is divided into three groups.9,10 Group I is involved
in low-stage T-cell responses and T- and B-cell
interactions in lymphoid tissues. Group II is
involved in peripheral immune tolerance and T-cell
impairment during chronic viral infections.11,12
Group III consists of B7-H3 (B7RP-2) and B7x (B7H4, B7S1), the newest members of the B7 family,
which are thought to attenuate peripheral immune
responses through co-inhibition. Their counterreceptors and their precise roles in T-cell regulation
remain to be defined; however, they may have a
significant role in the interaction between tumors
and the immune system.
B7-H3 and B7x mRNA, but not their respective
protein products, can be readily detected in most
normal human tissues.13–15 Recent studies have
shown expression of B7-H3 and B7x protein to be
associated with aggressive behavior in various
genitourinary carcinomas.16–18 In addition, a recent
study showed that B7x (B7-H4) overexpression
correlated inversely with tumor-infiltrating lymphocytes in high-risk uterine endometrioid carcinomas,19 and B7x (B7-H4) overexpression has been
reported in a cohort of epithelial ovarian tumors.20
To our knowledge, B7-H3 expression in ovarian
tumors or tumor vasculature has not been examined.
We therefore sought to examine the expression of
B7-H3 and B7x in ovarian tumors and associated
vasculature and their association with clinical outcome because of the link between intratumoral T
lymphocytes and prognosis in ovarian cancer,4–7 and
the reported downregulation of T cell-mediated
antitumor immunity mediated by B7-H3 and B7x.

Materials and methods
Tumor Microarrays

Patients undergoing surgery from 1980 to 2004 for
gynecological malignancies at our institution had
their tumor specimens banked under an institutional review board (IRB)-approved tissue acquisition protocol after giving their informed consent.
Two tumor microarrays were constructed—one from
low-stage patients (International Federation of Gynecology and Obstetrics (FIGO) stages IA–IIC) and
one from high-stage patients (FIGO stages III and IV).
The low-stage microarray was composed of epithelial ovarian tumors from patients undergoing surgery between 1980 and 2000. A total of 63 tumors
were included, of which 37 were carcinomas and 26

were borderline tumors. Of the carcinomas, 17 were
either pure serous carcinomas or mixed epithelial
carcinomas with a serous component, 9 were
endometrioid adenocarcinomas, and 11 were clear
cell carcinomas. There were 6 serous borderline
tumors, 7 endometrioid borderline tumors, and 13
intestinal mucinous borderline tumors. The highstage array was composed of 68 tumors from 40
patients undergoing surgery from 1989 to 2004.
Primary, metastatic, and recurrent tumors were
included in this tissue microarray. All high-stage
tumors except for one were high-grade serous or
mixed epithelial carcinomas; the remaining tumor
was a clear cell carcinoma. All cases were reviewed
by a gynecologic pathologist (RAS), and final
pathologic diagnoses were confirmed. Histological
subtype, assigned following World Health Organization criteria, Shimizu–Silverberg grade, FIGO stage,
age, and survival data were recorded.
Tissue microarrays were constructed by obtaining
mostly triplicate cores of formalin-fixed paraffinembedded tumor specimens and re-embedding the
cores in an arrayed master block with techniques
developed at our institution and others.16,17 The
Beecher Instruments (Sun Prairie, WI, USA) arraying device was used to produce sample circular
cores 0.6 mm in diameter. Whole sections, formalinfixed paraffin-embedded, from randomly collected
ovaries lacking neoplasms were selected for immunohistochemistry.

Immunohistochemical Methods

The methodology has been published elsewhere.16
Antibodies used in this study included goat antiB7-H3 (catalog no. BAF1027; R&D Systems;
Minneapolis, MN, USA), goat anti-B7x (Clone
H74; eBioscience, San Diego, CA, USA), and isotype
control antibodies (R&D Systems). Positive and
negative controls, as determined by flow cytometry,
were cell lines MDA-MB-468 (B7-H3 negative and
B7x positive), MDA-MB-231 (B7-H3 negative,
B7x negative, and B7-H1 positive), and B7-H3/BWZ
(B7-H3 positive and B7x negative), which was transfected to express B7-H3. Immunohistochemical
staining of B7-H3 and B7x was performed using
the EnVision Peroxidase Detection System and
DAKO TechMate 500/1000 staining machine (BioTek Solutions). Sections (4 mm) were mounted on
Superfrost plus slides, deparaffinized, rehydrated,
incubated with Dako Target Retrieval Solution (pH
9), and heated at 900 W for 2 min. The sections were
incubated with anti-B7-H3 (5 mg/ml) and anti-B7x
(10 mg/ml) and further processed using the EnVision
Peroxidase Detection System with biotinylated
secondary antibodies. The sections were counterstained with Mayer’s hematoxylin solution, and
coverslips were applied. Irrelevant isotype-matched
antibodies were used to control for nonspecific
staining.
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Immunohistochemical Evaluation

B7-H3 and B7x expression data were limited to
tumors with sufficient tissue for immunohistochemical evaluation. A semiquantitative scoring scheme
based on the distribution of positive tumor cells and
the staining intensity was used to evaluate the
expression of B7-H3 and B7x. The distribution
score, which is an estimate of the percentage of
positively stained cells, was multiplied by an
intensity factor, which ranged from 1 (staining
intensity just exceeding background) to 3 (dark
brown staining obvious on macroscopic inspection
of the slide). This yielded the immunohistochemical
score,18 ranging from 0 to 300. Expression of B7-H3
and B7x was also assessed in the endothelium of
any readily identified vasculature present in core
tissue with overlying or adjacent tumor cells.

Statistical Analysis

Statistical analysis was performed using R software
(freeware, R-project). B7-H3 and B7x levels were
compared between groups using the Kruskal–Wallis
test and Fisher’s exact test, where appropriate.
Cumulative survival time was calculated using the
Kaplan–Meier method and analyzed using the logrank test. Recurrence was treated in a competing
risks model, using Gray’s statistic to analyze. All
borderline tumors were excluded in analyses comparing grade, stage, and clinical outcome. Two-sided
P-values of o0.05 were deemed significant. The
association between tumor vascularization (positive
vs negative) and overall survival or recurrence was
analyzed as a single variable, unadjusted for other
variables; it was evaluated for all patients (tumors)
and for the subset of advanced disease (stages III
and IV).

Results
Study Population and Clinical Outcome

The clinical and pathological features of the patients
are summarized in Table 1. An association between
histological subtype and stage was evident. All
patients with borderline tumors and endometrioid
carcinomas had low-stage disease and all but one of
the clear cell carcinoma patients had low-stage
disease as well. In all 76% of serous carcinoma
patients had high-stage disease. For low-stage
patients, the median follow-up was 8 years (range
0.6–25.5), whereas the median survival was not
reached. For high-stage patients, the median followup was 1 year (range 0.4–7.9) and the median
survival was 4.3 years (95% CI 3.7–5.5). Tumor
stage (Po0.001) and grade (P ¼ 0.03) correlated well
with overall survival.
Modern Pathology (2010) 23, 1104–1112

Table 1 Clinical and pathological features
Clinical characteristics
LowHighAll
Borderpatients
linea stage CAb stage CAb
Number
Vital status
Alive
Dead

103

26

37

40

57
43

19
5

28
8

30
10

60.4 (60)
36–79

—

—

60.4 (60)
36–79

Histology
Borderline tumorsa
Clear cell CA
Endometrioid CA
Serous CA
Mixed epithelial CA

26
12
9
45
11

26
0
0
0
0

0
11
9
11
6

0
1
0
34
5

Grade
1
2
3

5
23
48

5
19
13

0
4
35

Age
Mean (median)
Range

CA, carcinoma.
a
Serous (n ¼ 6), endometrioid (n ¼ 7), and intestinal mucinous
(n ¼ 13) borderline tumors.
b
Low stage is FIGO stages I and II and high stage is FIGO stages III
and IV.

Ovarian Epithelial Tumors Overexpress B7-H3
and B7x

B7-H3 expression by immunohistochemistry was
present in 96 (93%) of 103 ovarian tumors
(Figures 1a–c). Mean levels of B7-H3 staining ranged
from 116.2 to 153.6, depending on histological
subtype (range 0–280). B7x positivity was present
in all 103 ovarian tumors (Figures 2a–c). Mean
levels of B7x staining ranged from 168.8 to 226.4,
depending on histological subtype (range 20–300).
In contrast, no significant B7-H3 or B7x expression
was found in 14 non-neoplastic ovarian specimens
(Figures 1d and 2d); only a few scattered B7-H3- and
B7x-positive stromal cells were detected. Membranous and cytoplasmic staining were the two most
frequently observed patterns of B7-H3 and B7x
protein expression. In addition, some cases showed
a dot-like staining pattern for B7x as well, suggesting
B7x may localize within the Golgi apparatus
(Figure 2). We observed tumor-infiltrating lymphocytes in some tumors, but the lymphocytes were
B7-H3 and B7x negative.
There was no difference in either B7-H3 or B7x
expression between different histological subtypes.
We excluded borderline tumors from the cohort and
then analyzed 77 carcinomas. Kruskal–Wallis analysis showed statistically significant correlations
between expression of B7-H3 and B7x and tumor
stage (P ¼ 0.004 and 0.007, respectively), but not
with grade.
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Figure 1 Ovarian tumor tissue microarray immunohistochemical staining of B7-H3. B7-H3 expression is shown in serous cell carcinoma
and tumor vessels (a,  200), in clear cell carcinoma and tumor vessels (b,  200), and in serous carcinoma but not in tumor vessels
(c,  200). No significant B7-H3 staining is observed in non-neoplastic ovarian tissue (d,  100). Arrows represent B7-H3-positive
endothelium in tumor-associated vessels.

B7-H3 and B7x Tumor Expression Correlates with
Recurrence and Survival

B7-H3 Expression in Tumor Vasculature is Associated
with Histology and Stage

We analyzed prognostic significance by comparing
carcinomas with high B7-H3 levels (450) to those
with low B7-H3 expression levels (r50) (Table 2);
levels were chosen empirically. High B7-H3 expression was associated with increased recurrence
(51 vs 39% in low B7-H3 carcinomas) and
mortality (45 vs 38% in low B7-H3 carcinomas),
although the differences did not reach statistical
significance.
We studied the prognostic significance of B7x
expression in carcinomas by comparing a B7x highexpression group (4100) with a B7x low-expression
group (r100); levels were chosen empirically.
Carcinomas with high B7x expression were associated with increased recurrence (53 vs 27% in low
B7x carcinomas) and mortality (45 vs 36% in low
B7x carcinomas), although the differences did not
reach statistical significance.

We analyzed B7-H3 expression in the endothelium
of tumor-associated vasculature with specimens
from 93 borderline tumor and carcinoma patients
whose tumors showed recognizable tumor vasculature on core tissue (Table 3 and Figure 1). In all, 41
(44%) cases showed B7-H3 expression in tumor
vasculature. Fisher’s exact test analysis showed
that there was an association between B7-H3
expression in tumor vasculature and histological
type (Po0.001; Table 3 and Figure 3). Serous
carcinomas had a higher percentage of B7-H3positive tumor vasculature (62% (28/45)) compared
with borderline tumors of all types (15% (4/26)) and
clear cell and endometrioid carcinomas.
There was a statistically significant association
(Po0.001) between stage and B7-H3 expression in
tumor vasculature (Table 3 and Figure 3). A majority
of high-stage (FIGO stages III and IV) tumors had
Modern Pathology (2010) 23, 1104–1112
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Figure 2 Ovarian tumor tissue microarray immunohistochemical staining of B7x. B7x expression is shown in serous carcinoma
(a,  100), in endometrioid carcinoma (b,  100), and in clear cell carcinoma (c,  100). B7x staining is both cytoplasmic and
membranous (a–c). Some tumors showed a dot-like staining pattern (inset) (a). No significant B7x expression was observed in nonneoplastic ovarian tissues (d,  60) or vasculature.

Table 2 Relationship between B7-H3 and B7x expression in
carcinomas and overall survival and recurrence
Overall survival
Factor

Recurrence

No. of
patients

No. of
deaths

Median
PNo. of
P(month) value recurrences value

B7-H3
r50
450

13
64

5
29

75.3
84.7

0.64

5
33

0.96

B7x
r100
4100

11
66

4
30

57.4
80.2

0.80

3
35

0.38

B7-H3-positive tumor vasculature (78% (25/32)). In
contrast, a minority of low-stage (FIGO stages I and
II) tumors had B7-H3-positive tumor vasculature
(26% (16/61)).
Modern Pathology (2010) 23, 1104–1112

When borderline tumors were excluded from the
analysis, the association between B7-H3 expression
in tumor vasculature and stage was still statistically
significant (Po0.001; Table 3). There was no
significant association between B7-H3 expression
in tumor vasculature and tumor grade. Unlike B7H3, B7x expression in tumor-associated endothelium was not observed.

B7-H3 Expression in Tumor Vasculature of Ovarian
Carcinomas is Associated with Poor Survival

We further analyzed whether there was an association between survival and B7-H3 expression in tumor
vasculature. Cumulative survival time was calculated using the Kaplan–Meier method and analyzed
using the log-rank test. This showed that carcinoma
patients with B7-H3-positive vasculature had significantly shorter survival times (P ¼ 0.02). Only 54 and
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Table 3 Relationships between B7-H3 in tumor vasculature and clinicopathological variables
Stagea
Factor

Type

Histology
(N ¼ 103)

Tumor vasculature B7-H3

Low

High

Positive

Negative

P-value

Borderline tumor
Clear cell CA
Endometrioid CA
Serous CA
Mixed epith CA

26
11
9
11
6

0
1
0
34
5

4
5
1
28
3

20
7
8
12
5

o0.001

Tumor vasculature (N ¼ 93)

Low stagea
High stagea

61
—

—
32

16
25

45
7

o0.001

Stageb
(N ¼ 76)

I
II
III
IV

21
17
0
0

0
0
31
7

7
6
18
5

14
11
7
0

o0.001

Gradeb
(N ¼ 76)

1
2
3

5
19
13

0
4
35

2
8
27

3
13
16

0.15

CA, carcinoma.
a
Low stage is FIGO stages I and II and high stage is FIGO stages III and IV.
b
Carcinomas only.

B7-H3 Expression in Tumor Vasculature of Ovarian
Carcinomas is Associated with Cumulative
Recurrence Incidence

Figure 3 Distribution of tumor vasculature B7-H3 expression by
different histological subtypes (borderline tumors, clear cell,
endometrioid, serous, and mixed carcinomas) and ovarian tumor
stages (low vs high stage). The top line represents the percentage
of cases in each stage category. The bottom line represents the
percentage with B7-H3-positive vasculature.

36% of carcinoma patients with B7-H3-positive tumor
vasculature were alive compared with 87 and 65% of
carcinoma patients with B7-H3-negative tumor vasculature at 50 and 100 months after diagnosis,
respectively (Figure 4a). We further stratified patients
with high stage (FIGO stages III and IV) carcinomas
into two groups based on B7-H3 expression in tumor
vasculature. Outcome data were still significantly
different for these two groups. At 50 months after
diagnosis, only 45% of the B7-H3-positive group was
still alive versus 80% of the B7-H3-negative group
(P ¼ 0.02; Figure 4b). Therefore, B7-H3 expression
in tumor vasculature is associated with poor survival
in high-stage ovarian cancer patients.

We also assessed whether there was an association
between cumulative recurrence incidence and B7H3 expression in tumor vasculature. Competing risk
models with Gray’s statistical analysis revealed that
carcinoma patients with B7-H3-positive tumor vasculature had a significantly higher cumulative
recurrence incidence than carcinoma patients with
B7-H3-negative tumor vasculature (P ¼ 0.03). At 50
months after diagnosis, the overall cumulative
recurrence incidence in the B7-H3-positive tumor
vasculature group was twice that of the B7-H3negative group (60 vs 30%; P ¼ 0.03; (Figure 5a). We
further stratified high-stage individuals by B7-H3
expression in tumor vasculature. At 50 months after
diagnosis of high-stage ovarian carcinoma, the
cumulative incidence of recurrence was 84% in
patients with B7-H3-positive tumor vasculature
compared with 40% in patients with B7-H3-negative tumor vasculature (P ¼ 0.11; Figure 5b). Therefore, there is a trend toward significance, suggesting
an association between B7-H3 expression in tumor
vasculature and cumulative incidence of recurrence
in high-stage ovarian cancer.

Discussion
Recent data show increasing evidence of the role
that immune regulation has in ovarian carcinogenesis. Zhang et al6 showed the association between
tumor-infiltrating lymphocytes and favorable outcome in ovarian cancer patients. Further studies
support this finding6,5 and have shown that
Modern Pathology (2010) 23, 1104–1112
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Figure 4 Kaplan–Meier overall survival curves for carcinoma patients with (red solid line) and without (black dotted line) B7-H3positive tumor vasculature. Analysis for all patients (a) and for high-stage (FIGO stages III and IV) patients (b). Log-rank statistical test
shows P ¼ 0.02 for all patients and high-stage patients. The color reproduction of this figure is available on the html full text version of
the manuscript.

Figure 5 Kaplan–Meier curves showing the cumulative incidence of recurrence in carcinoma patients with (red) and without (black)
B7-H3-positive tumor vasculature. Competing risks models with Gray’s statistic analysis in all patients (a) and in high-stage patients (b).
Log-rank statistical test shows P ¼ 0.03 for all patients and P ¼ 0.11 for high-stage patients. The color reproduction of this figure is
available on the html full text version of the manuscript.

this association may also be related to BRCA1
deficiency.7
T-cell co-stimulation and co-inhibition is primarily generated by the interaction between members of
the B7 family of immune regulatory ligands and
their receptor, CD28, which may have a significant
role in the interaction between tumors and the
immune system. B7-H3 and B7x (B7-H4), the newest
members of the B7 family, are thought to attenuate
peripheral immune responses through co-inhibition
of T-cell function.9,13,21–24 B7-H3 and B7x mRNA, but
not their respective protein products, can be
detected in most normal human tissues.13–15 B7-H3
protein expression has been reported in normal
placental tissue,25 whereas both B7-H3 and B7x
expression have been reported in various genitourinary carcinomas and associated tumor vasculature.16–18 Interestingly, B7x (B7-H4) overexpression
was reported in high-risk uterine endometrioid
adenocarcinomas and correlated inversely with
tumor-infiltrating lymphocytes,19 and B7x (B7-H4)
overexpression has been reported in a cohort of
epithelial ovarian tumors.20 To our knowledge, B7H3 expression in ovarian tumors or tumor vascuModern Pathology (2010) 23, 1104–1112

lature has not been examined. We postulated that
ovarian tumor development and progression may be
associated with downregulation of T cell-mediated
antitumor immunity through B7x and B7-H3. We
sought to examine the expression of B7-H3 and B7x
in ovarian tumors and their association with clinical
outcome.
We found that most ovarian cancers express B7H3 and B7x. In line with past studies,13–15 only few
scattered stromal cells in non-neoplastic ovarian
tissues expressed B7-H3 and B7x. We also found
that B7-H3 was expressed in a significant proportion
of tumor-associated vascular endothelial cells. This
finding is similar to that of another study reporting
B7-H3 expression in renal cell carcinoma tumor
vasculature,17 but we did not observe B7x expression in tumor vasculature, which contrasts with a
previous report of significant B7x positivity in renal
cell carcinoma tumor vasculature.18 This discrepancy may be due to vascular heterogeneity among
different types of tumors.
One of the most noteworthy findings in this study
is that B7-H3 expression in tumor vasculature
was associated with histological subtype, stage,
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cumulative recurrence incidence, and poor clinical
outcome. The association of B7-H3 tumor vasculature expression with poor clinical outcome remained significant even in patients with high-stage
tumors. Other studies have reported an association
between B7-H3 expression and survival in renal cell
carcinomas (expression in both tumor cells and
tumor vasculature)17 and in prostate carcinomas
(expression in tumor cells only).16
It is unclear whether the prognostic value of B7-H3
tumor vasculature expression is intrinsically related
to high-stage ovarian tumors, high-grade tumors, or
serous carcinomas in general because high-grade and
high-stage ovarian tumors tend to be serous by
histology.26,27 However, it is important to note that a
trend toward significance of B7-H3 expression in
tumor vasculature remains, even in a smaller cohort
of high-stage serous carcinomas. Interestingly, a
previous study linking tumor-infiltrating lymphocytes to favorable outcome showed that the association was restricted to serous carcinomas.7
It is currently not known what signals trigger B7H3 expression in tumor vessels, but mounting
evidence suggests there may be a significant connection between tumor angiogenesis and T cellmediated immune regulation. In general, vascular
endothelial growth factor, matrix metalloproteinases, and prostaglandin-endoperoxide synthases
have vital roles in tumor angiogenesis.28–31 It is
interesting to note that a recent study found a
correlation between these molecules and B7-H3 at
the mRNA level in colorectal tumors,32 suggesting
that B7-H3 may be involved in the process of tumor
angiogenesis. Furthermore, a recent study showed
that the absence of intratumoral T cells was
associated with poor outcome and increased levels
of vascular endothelial growth factor.4
As mentioned above, tumor-infiltrating lymphocytes in ovarian tumors have been reported in
association with BRCA-deficient patients and favorable outcome.7 It is interesting to speculate whether
B7-H3 expression in tumor vasculature may be a
reflection of BRCA1 function. There is also potential
for B7-H3 to be used as a therapeutic target in
ovarian tumors. Treatment may have a dual effect of
enhanced T cell-mediated antitumor immunity (immunotherapy) and destruction of tumor vessels
(antiangiogenesis). In fact, early results from a recent
study using a monoclonal antibody specific for B7H3 have shown promise in the treatment of solid
tumors metastatic to the central nervous system.33
Finally, B7-H3 protein expression has the potential
to be used both as a diagnostic and prognostic aid for
ovarian tumors, and perhaps to be used in future
surgical decision making.34 Further studies are
warranted to explore these possibilities.
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