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Original Article
B7-H6 expression correlates with cancer progression
and patient’s survival in human ovarian cancer
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Abstract: B7-H6, a newly identified B7 family member molecule, binds to its receptor on NK cells, NKp30, and then
triggers the anti-tumor NK cell cytotoxicity and leads to the cytokine secretion. As of now, numerous studies have
demonstrated that the higher B7-H6 expression could be found in certain human cancers and have important clini-
cal significance. In our present study, we carried out the tissue microarray and the immunohistochemistry assay
to investigate the clinical significance of B7-H6 expression in human ovarian cancer. Our results showed that the
positive B7-H6 staining was predominantly observed on the membrane and in the cytoplasm of the ovarian cancer
cells. In order to further investigate the correlation between clinical parameters and the B7-H6 protein levels in the
ovarian tissues, we categorized all the 110 patients into two major subgroups according to the intensity of B7-H6
immunohistochemical staining, i.e., the lower B7-H6 expression group, 34 cases (0 < H-score < 100), and the higher
B7-H6 expression group, 76 cases (H-score > 100), and we found that B7-H6 expression in the ovarian cancer tis-
sues is significantly correlated with distant metastasis status (P = 0.028) and FIGO stage (P = 0.031), whereas it is
not correlated with patient’s age, tumor size, tumor location, pathological stage or nodal metastasis. The survival
analysis demonstrated that the overall survival rate of the subgroup with lower B7-H6 expression is significantly bet-
ter than that of the subgroup with higher B7-H6 expression (P = 0.0456, Hazard Ratio: 1.707, 95% Cl, 1.010-2.885).
Thus, our present data revealed that higher B7-H6 expression in ovarian cancer tissues was positively correlated
with tumor metastasis and cancer progression, and supports the notion that B7-H6 expression is involved in the
progression of human ovarian cancer, the detailed mechanism merits further investigation.
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Introduction It has been demonstrated that the immune reg-
ulation in tumor microenvironment of ovarian
cancer significantly associated with the cancer
progression and the patient’'s prognosis in
various clinical retrospective studies, providing
evidence for the immune editing hypothesis of
this malignancy [4, 5]. In recent years, many

studies focused on the subtypes, the functions

Ovarian cancer, one of the most lethal gyneco-
logical malignancies, has been shown to be
represented with increasing estimated new
cases and new deaths in recent decades [1]. It
has been suggested that the ovarian cancer
patients have poor prognoses, and most

of them were usually diagnosed at advanced
stages [2]. Although the current conventional
therapeutic modalities, such as the surgical
resection and the chemotherapy, could lead to
cancer remission in more than half of all
patients, but the overall 5-year survival of ovar-
ian cancer patients still remains lower than 25
percents [3]. Thus, it's important for us to
develop novel biomarkers that can sufficiently
contribute to the diagnosis and the prognostic
prediction of this malignancy.

as well as the regulation of infiltrating immune
cells in human ovarian cancer tissues with
important prognostic values [3, 6]. Moreover, a
cohort of co-stimulatory molecules was shown
to play an essential role in the cell-mediated
anti-tumor immunity [7]. Many studies indicat-
ed that, some of the B7 family members could
be aberrantly expressed in certain human
cancer tissues, and were confirmed to impair
the antitumor immunity, lead to the immune
evasion of the tumor cells, and finally engage in
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the oncogenesis and associate with the tumor
progression [8, 9]. For instance, B7-H1, B7-H3
and B7-H4 could be highly expressed by the
tumor cells, and have important diagnostic
values and immunotherapeutic implications in
ovarian cancer [10-13].

B7-H6 was a newly identified B7 family mem-
ber, which was shown to represent with a high
level of similarity to other B7 family members,
could be widely expressed on hematopoietic
and non-hematopoietic tumor cells [14]. Some
studies have revealed that abnormal B7-H6
expression in certain human cancers, such as
lung cancer and gastric cancer, significantly
associated with tumor cell differentiation [15,
16]. As of now, no reports have studied the clin-
ical significance of B7-H6 expression in human
ovarian cancer. In the present study, we used
the tissue microarray and the immunohisto-
chemistry method to investigate the B7-H6
expression in human ovarian cancer tissues,
and to analyze its clinical implications.

Materials and methods
Patient characteristics

Formalin-fixed, paraffin-embedded ovarian can-
cer tissue samples were collected from 110
patients who underwent surgical resection
between February 2005 and December 2009
in our hospital, and the median age at diagno-
sis was 56 years. No patients received pre-
operative chemotherapy or radiotherapy. All
tumor tissues were confirmed as the serous
ovarian cancer by using hematoxylin and eosin
(H&E) staining after surgical resection. In
addition, 10 benign ovarian tissues were also
collected and used as controls. The clinical
parameters of the patients are shown in Table
1. The survival data of all the 110 ovarian
cancer patients were available, and the proto-
cols for the present study were approved by
the ethics committee of the hospital.

Tissue microarray construction

The construction of tissue microarray was
performed as described in our previous study
[17]. In brief, H&E-stained standard slides were
reviewed from each section of ovarian cancer
tissues, and a representative tumor region and
the corresponding formalin-fixed paraffin-
embedded tissue block were selected for use
in the tissue microarray. The viable invasive
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cancer tissue (epithelial cells) and surrounding
tumor stroma from central parts within the
tumors were carefully selected and marked on
the H&E slides, and then were sampled for the
tissue microarray block which was assembled
by using a tissue-arraying instrument (Beecher
Instruments, Silver Springs, MD, USA).

Antibodies and major regents

Rabbit anti-human B7-H6 polyclonal antibody
(@b121794) was purchased from Abcam
(Cambridge, MA, USA), the horseradish peroxi-
dase (HRP)-labeled goat anti-mouse/rabbit
secondary antibody used in immunohistoch-
emistry was purchased from Dako (Glostrup,
Denmark). The EDTA solution (pH 9.0) used in
antigen retrieval was purchased from Maxim
Biotechnology Limited Corporation (Fuzhou, P.
R. China).

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue mi-
croarray was cut into 3-um-thick section, and
was dewaxed in xylene, rehydrated and graded
ethanol solutions. Antigen retrieval was done
by heating the tissue section at 100°C for
30 min in EDTA (pH 9.0) solution. Then, the
sections were immersed in a 0.3% hydrogen
peroxide solution for 30 min to block endoge-
nous peroxidase activity, rinsed in phosphate
buffered saline (PBS) for 5 min, blocked with
3% BSA at room temperature for 30 min,
and incubated with rabbit anti-human B7-H6
polyclonal antibody (diluted in 1:150) at 4°C
overnight. A negative control was performed by
omitting the primary antibodies. The horserad-
ish peroxidase (HRP)-labeled goat anti-mouse/
rabbit secondary antibody used in immuno-
histochemistry was purchased from Dako
(Glostrup, Denmark). Diaminobenzene was
used as the chromogen and hematoxylin as
the nuclear counterstain. Sections were dehy-
drated, cleared and mounted.

Evaluation of immunohistochemical staining

The ovarian cancer tissue microarray was
examined independently by two senior path-
ologists who were not informed of patients’
clinicopathological characteristics. The B7-H6
immunostaining densities were assessed
according to the H-score method which has
been described in our previous reports [18,
19]: H-score = (% tumor cells unstained x 0) +
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Table 1. Correlation between clinical parameters and B7-H6 expression

ing was predominantly

B7-H6 immunostaining score

observed on the mem-

Clinical parameters Cases

H-score < 100 H-score > 100

¢ P-value brane and in cytoplasm

Age

<60 76 26 50

>60 34 8 26
Tumor size (cm)

<7 50 16 34

>7 60 18 42
Tumor location

Left 23 10 13

Right 24 8 16

Bilateral 65 18 47
Pathological stage

T1 58 17 41

T2 39 12 27

T3 13 5 8
Nodal metastasis

Yes 55 12 43

No 49 18 3
Distant metastasis

Yes 82 21 61

No 27 13 14
FIGO stage

-1 33 15 18

-1v 77 19 58

of the tumor cells (Figure
1C), while weak staining
of B7-H6 was found
in ovarian cystadenoma
(Figure 1F). In order to
further investigate the
correlation between clini-
cal parameters and the
B7-H6 protein expression
levels in the ovarian tis-
sues, we categorized all
the 110 patients into two
major subgroups acco-
rding to the intensity
of B7-H6 immunohisto-
chemical staining, i.e.,
the lower B7-H6 expres-
sion group, 34 cases (0 <
H-score < 100), and the
higher B7-H6 expression
group, 76 cases (H-score
>100).

1.661  0.198

0.051 0.821

1.961 0.375

0.325 0.569

2.740 0.098

4.807 0.028"

B7-H6 expression in re-
lation to patients’ clinical
parameters

4671 0.031"

a. Values in bold signify P < 0.05; b. Chi square test for trend.

(% tumor cells stained weak x 1) + (% tumor
cells stained moderate x 2) + (% tumor cells
stained strong x 3). The H-scores ranged from
0 (100% negative tumor cells) to 300 (100%
strong staining tumor cells). Results from the
two pathologists were averaged and used in
the statistical analysis.

Statistical analyses

Statistical analyses were performed by using
the GraphPad Prism 5.0 software package
(GraphPad Software, Inc., San Diego, USA). The
paired student’s t-test, the Chi-square test or
the survival analysis were used where appro-
priate. A P-value of < 0.05 was deemed
significant.

Results
B7-H6 expression in human ovarian tissues

Our immunohistochemistry results showed that
the positive B7-H6 immunohistochemical stain-
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The correlation between

patients’ clinical parame-
ters and tumor cell B7-H6 expression is shown
in Table 1. It demonstrates that B7-H6 expres-
sion in the ovarian cancer tissues is significant-
ly correlated with distant metastasis status (x?
=4.827, P=0.028) and FIGO stage (x* = 4.671,
P = 0.031), whereas it is not correlated with
patient’s age, tumor size, tumor location, path-
ological stage and nodal metastasis. Thus, our
data suggests that higher B7-H6 expression in
ovarian cancer tissues is positively correlated
with tumor metastasis and cancer progression,
suggesting that B7-H6 expression is involved in
the progression of human ovarian cancer.

B7-H6 expression in relation to patients’ post-
operative prognoses

In order to further investigate the prognostic
value of B7-HG expression in human ovarian
cancer, we performed the log-rank survival
analysis according to the B7-H6 expression
level in cancer tissues and collected survival
data. The minimum P-value seek was conduct-
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Figure 1. Immunohistochemical staining of B7-H6 in ovarian tissues. A. H&E staining of ovarian cancer tissue. B, C.
Immunohistochemical staining of B7-H6 in ovarian cancer tissue. The positive B7-H6 immunostaining was predomi-
nantly observed on the membrane and in cytoplasm of the tumor cells. D. H&E staining of ovarian cystadenoma. E,
F. Immunohistochemical staining of B7-H6 in ovarian cystadenoma tissue.

ed according to the method from the literatures
and our previous study by using different
H-score values as cut-offs [18-20], and when
we selected H-score = 140 as the cut-off value,
the survival analysis demonstrates that the
overall survival rate of the subgroup with low-
er B7-H6 expression (O < H-score < 140) is
significantly better than that the subgroup with
higher B7-H6 expression (H-score > 140) (P =
0.0456, Hazard Ratio: 1.707, 95% CI, 1.010-
2.885, Figure 2).

Discussion

B7 family members, also known as the co-stim-
ulatory molecules, have been demonstrated to
role importantly in the T-cell mediated anti-
tumor immune response, and has essential
implications in human cancer progression (7,
8]. For instance, numerous studies have shown
that the inhibitory B7 family ligands, such as
B7-H1, B7-H3 and B7-H4, are over-expressed in
a series of human cancers, and their expres-
sion levels significantly associated with cancer
progression and patients’ prognoses [8, 9]. As
of now, the field of co-signaling research has
been advanced by the understanding of under-
lying mechanisms of the immune modulation
by the newly characterized co-stimulatory mol-
ecules, called immune checkpoints, and the
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successful preclinical and clinical trials target-
ing these molecules in the treatment of human
cancers, such as PD-1/B7-H1, CTLA-4, etc.
[21-23].

As we know, the natural Killer cells are an impor-
tant immune effector cell subset that could
mediate the anti-tumor responses, and mean-
while, the cancer cells could also escape the
NK-cell-mediated recognition in tumor microen-
vironment. B7-H6 could bind to the activating
receptor NKp30 on natural killer cells, and
alerts innate immunity to cellular transforma-
tion [14]. B7-H6 mRNA as well as protein
expression, could not be detected in normal
tissues, but could be found mainly on certain
tumor cells, however, the detailed B7-H6
expression pattern in human cancers still
remains limited due to the stress-induced self-
recognition by natural Killer cells [24]. Fiegler
et al. reported that B7-H6 down-regulation
was associated with decreased B7-H6 reporter
activity and reduced histone acetylation at the
B7-H6 promoter, suggesting the novel immuno-
therapeutic strategy combining targeting B7-H6
with histone deacetylase inhibitors [25]. Wu et
al. also reported that B7-H6-specific chimeric
antigen receptors could lead to the tumor
elimination and enhance the host antitumor
immunity [26].
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Figure 2. B7-H6 expression in relation to patients’
postoperative prognoses. When we selected H-score
= 140 as cut-off value, the survival analysis demon-
strates that the overall survival rate of the subgroup
with lower B7-H6 expression (O < H-score < 140) is
significantly better than that the subgroup with high-
er B7-H6 expression (H-score > 140) (P = 0.0456,
Hazard Ratio: 1.707, 95% Cl, 1.010-2.885).

The clinical implication of B7-H6 expression in
human cancer still remains elusive. It has been
demonstrated that B7-H6 expression could be
found in human lung cancer tissues, and its
expression level was significantly associated
with the degree of differentiation, whereas it
was not correlated with other clinical parame-
ters as well as patients’ prognoses [16]. In
human gastric cancer, the B7-H6 expression
was also significantly associated with the dif-
ferentiation of tumor cells [15]. Semeraro et al.
reported that the interaction between NKp30
and B7-H6 may contribute to the clinical out-
come of high-risk neuroblastoma patients, and
the expression of NKp30 isoforms on circulat-
ing NK cells, as well as the concentration of
soluble B7-H6 in the serum of the patients,
could be used as biomarkers for risk stratifica-
tion of this malignancy [27]. In our present
study, we demonstrated that the expression
level of B7-H6 was significantly associated with
distant metastasis, tumor stage and post-oper-
ative prognosis, suggesting this co-signaling
ligand for NKp30, could be expressed by ovari-
an cancer cells, involved in the cancer progres-
sion of this malignancy, and have potential
prognostic value in clinical use.
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