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Tumor expression of B7-H4 predicts poor survival of patients

suffering from gastric cancer
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Abstract To establish the prognostic value of B7-H4
expression by tumor cells in gastric cancer patients, we
evaluated the association of B7-H4 expression with clinico-
pathologic factors and overall survival of gastric cancer
patients. A retrospective cohort study including 156 gastric
cancer patients was performed in the present report. Immu-
nohistochemical assay was used to evaluate the expression
of B7-H4 in the surgical specimens of gastric cancer tis-
sues. Multi-univariate COX model was then used to evalu-
ate the association of B7-H4 expression with the patients’
survival and clinicopathological parameters. B7-H4 expres-
sion in the gastric cancer cells was observed in about 44.9%
gastric cancer specimens. Univariate analysis demonstrated
that there was no correlation between B7-H4 expression
and sex, age, histological type, pathological grade or tumor
size. In contrast, B7-H4 expression correlated positively
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with cancer invasiveness and lymph node metastasis. In
addition, the median overall survival time of patients with
lower B7-H4 expression was 13 months longer than that of
patients with higher expression (3* =12.38, P <0.0001),
and the median disease-free survival time of patients with
lower B7-H4 expression was significantly longer than that
of patients with higher expression (33 vs. 16 months,
}52 =14.977, P <0.0001). After adjustment for other con-
founding factors, the COX model analysis indicated that
the death risk was significantly higher in patients with
higher B7-H4 expression than those with lower expression
(RR =1.85, 95% CI =1.15-2.96). The present study dem-
onstrated that higher B7-H4 expression in cancer cells was
associated with poor prognosis of gastric cancer patients.
This is consistent with the idea that B7-H4 promotes cancer
progression, likely via inhibition of anti-tumor immune
responses.

Keywords Gastric carcinoma - B7-H4 - Chronic gastritis -
Gastric adenoma - Prognosis

Introduction

Gastric cancer is a leading cause of cancer-related death
worldwide [1], especially in China [2]. Despite the avail-
ability of various treatment modalities such as surgery [3],
surgery in combination with radiotherapy [4], chemother-
apy [5] and immunotherapy [6], the 5-year survival rate for
patients suffering from gastric cancer is still poor [7]. It has
been suggested that application of adjuvant immunotherapy
could be an important way to increase patients’ 5-year sur-
vival rate [8]. Therefore, it is critical to further understand
the immune environment of gastric cancer for developing
immune-based therapy.
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B7-H4 is a member of B7 family and thought to inhibit
tumor-specific T cell-mediated immunity [9]. It inhibits T
cell proliferation [10, 11], cytokine secretion and develop-
ment of cytotoxicity [12, 13]. Therefore, the expression of
B7-H4 in the tumor microenvironment can greatly suppress
the function of anti-tumor T cells, and thereby promote
tumor progression and metastasis. In addition, it can poten-
tially limit the efficacy of immune therapy [9]. It has been
reported that B7-H4 is highly expressed in many cancer tis-
sues, such as primary or metastatic breast carcinoma [14],
lung cancer [15, 16], ovarian cancer [17, 18] and many
other diseases [19-21]. Besides cancer cells, B7-H4 is also
induced in ovarian cancer-associated macrophages [10, 11].

In the present study, we studied the B7-H4 expression in
tumor specimens from a large cohort of gastric cancer
patients. We then determined the correlation between tumor
B7-H4 expression and various clinicopathological parame-
ters as well as patient survival. Our studies establish a
strong association between B7-H4 expression in cancer tis-
sues with gastric cancer progression and patient outcome.

Materials and methods
Selection of patients

A total of 156 pathologically confirmed and newly diag-
nosed gastric cancer patients who received operation in the
Third Affiliated Hospital, Soochow University, were fol-
lowed up from 1 January 1998 to 31 December 2008. The
characteristics of patients are shown in Table 1. Ten gastri-
tis (7 male and 3 female, aged 62.2 & 11.2 years old) and
ten gastric adenomas (4 male and 6 female, aged 52.5 &+
10.9 years old) were chosen as controls. The present study
was approved by the Ethics Committee of the Third Affili-
ated Hospital of Soochow University.

The eligibility criteria were as follows: primary gastric
cancer patients aged 30-78 years who had undergone a
curative gastric resection with well-preserved tissue par-
affin blocks. The exclusion criteria for eligibility were:
patients who did not meet the above conditions, or suffered
from other tumors at the same time. Standard question-
naires were designed to document general information of
each gastric cancer patient, including demographic charac-
teristics, operative time, tumor size, tumor site, pathologi-
cal type, and tumor stage and metastasis. All patients
received oxaliplatin program [22]: oxaliplatin 120 mg/m?>
D1, 5-Fu 400 mg/m? CIV 24 h D 1-5, CF 200 mg/m?> D
1-5 and adjusted dose according to toxicity and side
effects. Chemotherapy was continued until disease progres-
sion, development of unacceptable toxicity or completion
of six cycles. The curative effects were evaluated after each
treatment.
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Immunohistochemical staining

Immunohistochemical staining was performed by using the
Elivsion™ method. Paraffin sections were deparaffinized
and hydrated. Antigen retrieval was done in a citrate buffer
(10 mmol/l, pH 6.0) at 100°C for 30 min. After cooling,
sections were incubated in 0.3% H,0O, solution for 30 min
to block endogenous peroxidase. After washing three times
with PBS (pH 7.4) for 5 min each, sections were incubated
with the primary antibodies (B7-H4 mouse anti-human
polyclonal antibody, USCNLIFE, USA, diluted 1:400) in a
humid chamber at 4°C overnight. Negative controls were
carried out by substituting PBS for the primary antibody.
After washing three times with PBS (pH 7.4) for 5 min
each, sections were incubated with the secondary antibody
(mouse/rabbit general second antibody, Maixin Biotechnol-
ogy Co. Ltd, Fuzhou) at room temperature for 30 min.
After washing again with PBS, the sections were visualized
by incubation with DAB, counterstained with hematoxylin
and differentiated with 0.1% hydrochloric acid alcohol. The
sections were dehydrated in graded alcohol and mounted
with a neutral resin.

Evaluation of B7-H4 positive staining

The slides were examined by two pathologists, and the sec-
tions were evaluated according to the immunohistochemi-
cal scores (IHS) [23]. In brief, five high-power fields
(200x) were randomly selected and observed under light
microscope (Leica DM2500). Staining intensity and per-
centage of positive cells were assessed by the software
Leica QWin Plus version 3.5.1 (Leica Microsystems,
Switzerland). The extent of the staining was semi-
quantitatively categorized to: 0 (<5% positive cells), 1 (6-25%
positive cells), 2 (26-50% positive cells), 3 (51-75% posi-
tive cells) and 4 (>75% positive cells) [24]. The staining
intensity in the cytoplasm and membrane was also semi-
quantitatively evaluated on a scale of 0-3 as follows:
0 (negative), 1 (weakly positive), 2 (moderately positive) and
3 (strongly positive). Multiplication of the intensity and the
percentage scores became the final staining score: 0 (nega-
tive), weakly positive (1-4), moderately positive (5-8) and
strongly positive (9-12). Coloring cytoplasm as well as
membrane of tumor cells was considered as a positive reac-
tion for B7-H4. In this study, the B7-H4 expression is con-
sidered as weak positive (lower expression) when score is
less than 9, and positive (higher expression) when score is
equal to or more than 9.

Statistical analysis

All data were imported into Epidata3.0 database with
double-check, and were analyzed by the SAS 9.13
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l’gﬁ;?l!leétlexirif;?;i(;ﬁ;;;‘:i?:s’ Clinical features Cases B7-H4 expression Ve P value
clinical characteristics Higher (%) Lower (%)
Sex
Men 122 55 (45.1) 67 (54.9) 0.010 0.920
Women 34 15 (55.9) 19 (44.1)
Age (years)
<45 14 5(35.7) 9 (64.3) Z=1.361% 0.087
46-60 71 29 (40.9) 42 (59.1)
>60 71 36 (50.7) 35 (49.3)
Tumor location
Gastric cardia 58 36 (62.1) 22 (37.9) 10.934 0.004
Gastric body 64 23 (35.9) 41 (64.1)
Gastric antrum 36 12 (33.3) 24 (66.7)
Tumor size
<5cm 76 31 (40.8) 45(59.2) 0.723 0.396
>5cm 56 27 (48.2) 29 (51.8)
Histology differentiation
Differentiated 52 19 (36.5) 33 (63.5) 3.725 0.054
Poorly differentiated 94 50 (53.2) 44 (46.8)
Invasion
Yes 112 55 (49.1) 57 (50.9) 8.468 0.004
No 24 4(16.7) 20 (83.3)
Lymph node metastasis
With 100 54 (54.0) 46 (46.0) 17.339 <0.0001
Without 36 5(13.9) 31 (86.1)
Recurrence
With 98 53 (54.1) 45 (45.9) 9.038 0.003
Without 58 17 (29.3) 41 (70.7)
Pathological grade®
1 2 1 (50.0) 1 (50.0) Z=0.191% 0.424
2 27 12 (44.4) 15 (45.6)
3 92 42 (45.6) 50 (54.4)
4 35 15 (42.9) 20 (57.1)
. ) UICC stage®
X SCO‘LCITEII‘{‘A\{,T;;E%? e I 14 2(14.3) 12 (85.7) Z=1.504° 0.066
TNM Classification of Malig- II 22 12 (54.5) 10 (45.5)
nant Tumours (6th edited). 11 102 47 (46.1) 55(53.9)
UICC (International Union v 18 9 (50.0) 9 (50.0)

Against Cancer) 0.65-68, 2002

software package (version 9.13; SAS Institute, Cary, NC
USA). Quantitative and qualitative data were expressed
as means =+ SD or rate, respectively. ANOVA/Dunnett
test and i test were used to compare the difference for
means or rates between two or more than two groups.
Cochran—Armitage trend test was used to test the trend
changes of more than two groups if the group variable
was ordinal. Survival data were analyzed by Kaplan—
Meier method and log-rank test. Multivariate COX
model was performed to evaluate prognosis factors for
gastric cancer. The RR and 95% CI were estimated for

the prognosis factors associated with gastric cancer death
risk.
Results

Determination of B7-H4 expression
by immunohistochemical analysis

Immunohistochemistry analysis demonstrated that B7-H4
was highly expressed in many cancerous cells of gastric
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Fig. 1 Immunohistochemical
staining of B7-H4. The B7-H4
immunohistochemical staining
in gastric cancer (a, higher
expression; b, lower
expression), gastritis (c¢) and
gastric polyp tissues (d) is
shown. Left panels show HE
staining. Middle and right panels
show B7-H4 staining at lower
and higher magnifications,
respectively

cancer tissues (Fig. I, A1-A3, B1-B3), whereas there was
no or very weak B7-H4 staining in the gastric polyp tissues
(Fig. 1, D1-D3) or adjacent normal tissues (data not
shown). Interestingly, although B7-H4 was not expressed
in the epithelial cells of gastritis tissues, it was highly
expressed in the infiltrating mononuclear cells in these
tissues (Fig. 1, C1-C3), which is consistent with its role
during active inflammation [25]. The positive staining of
B7-H4 was found in 70 out of 156 gastric cancer specimens
(the positive rate was 44.9%). The mean B7-H4 staining
scores among gastric cancer tissues (higher and lower
expressers), gastritis epithelia and gastric polyp tissues
were significantly different (F =376.88, P <0.0001) and
the mean staining scores of gastric cancerous cells were
significantly higher than those of the epithelial cells of non-
cancer tissues (Dunnett test, P < 0.05) (Fig. 2). These data
suggest that B7-H4 is highly expressed in many gastric can-
cer cells.
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Correlation between B7-H4 expression and patients’
clinical characteristics

Because B7-H4 is highly expressed in cancer tissues from a
subgroup of gastric cancer patients, we decided to deter-
mine whether its expression correlates with any clinico-
pathological parameters. As shown in Table 1, single factor
analysis demonstrated that B7-H4 positive expression rate
was significantly higher in the gastric cancer patients with
myometrial invasion than in patients with non-invasive
cancer (49.1% vs. 16.7%, )(2 =8.467, P=0.004). In addi-
tion, B7-H4 positive expression was significantly higher in
patients with lymph node metastasis than in those without
lymph node metastasis (3* = 17.339, P < 0.0001). The rate
of B7-H4 higher expressing specimens for patients with
recurrence was also significantly higher than for patients
without recurrence (54.1% vs. 29.3, X2 =9.038, P =0.003)
(Table 1).
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Fig. 2 Differential B7-H4 expression in the gastric cancer tissue
(higher and lower expression), gastritis and gastric polyp tissues.
Intensity of expression of B7-H4 was evaluated according to the
immunohistochemical score as described in “Materials and methods”.
*p < 0.05; **p < 0.001

Relationship between B7-H4 expression and gastric cancer
patient survival

Further analysis revealed that there was a significant corre-
lation in the survival time of gastric patients with different
levels of B7-H4 expression. The median overall survival
time of patients with lower and higher expression of B7-H4
were 38 and 25 months, respectively (Fig. 3a and Table 2)
(;(2 =12.38, P<0.0001), and the median disease-free
survival time of patients with lower B7-H4 expression
was significantly longer than that of patients with higher
B7-H4 expression (Fig. 4 and Table 3) (33 vs. 16 month,
}52 =14.977, P <0.0001). Considering both the univariate
analysis results and the clinical issues, in addition to the
B7-H4 expression variable, we introduced invasion, lymph
node metastasis, sex, and age factors into the COX model.
After adjusting the confounding factors such as age, sex,
depth of invasion and lymph node metastasis, the death risk
of gastric cancer patients in the higher B7-H4 expression
group was significantly greater (RR = 1.85,95% CI = 1.15-
2.96) (Table 4), which means that B7-H4 expression is an
independent negative factor affecting the survival time of
gastric cancer patients.

We further analyzed the prognostic value of B7-H4 in
early stage cancer (stage I and II) and late stage cancer
(stages III and IV) patients separately. Patients with
higher B7-H4 expression in stage I and II groups had
much worse survival rates compared to patients with
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Fig. 3 Overall survival of gastric cancer patients with different levels
of B7-H4 expression. a All patients were divided into higher and lower
B7-H4 expression groups. Survival data were analyzed by Kaplan—
Meier method and log-rank test. b Patients in stages I and II were
divided into higher and lower B7-H4 expression groups and survival
data were analyzed by Kaplan—Meier method and log-rank test.
Patients in stages III and IV were also divided into higher and lower
B7-H4 expression groups and survival data were analyzed by Kaplan—
Meier method and log-rank test

Table 2 Patients’ median survival time (MST)

B7-H4 MST (months) Log-rank test P value
expression and 95% CI 7*-value

Lower 38 (34.9-53.1)

Higher 25 (18.7-31.3) 12.38 <0.0001
lower expression (RR =3.033, 95%CI: 1.327-6.884)

(Fig. 3b). Similarly, patients with higher B7-H4 expres-
sion in stage III and IV groups also had much worse
survival rates compared to patients with lower B7-H4
expression (RR =1.688, 95%CI: 1.055-2.701) (Fig. 3b).
Collectively, these data suggest that B7-H4 is an impor-
tant prognostic marker for cancer survival. It is particu-
larly useful for identifying early stage patients with
potentially worse prognosis.
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Fig. 4 Disease-free survival curve of gastric cancer patients with lower
and higher B7-H4 expression. The median disease-free survival time
of patients with lower B7-H4 expression was significantly longer than
that of patients with higher B7-H4 expression (33 vs. 16 months,
%> =14.977, P < 0.0001)

Table 3 Patients’ median disease-free survival time (MDFST)

B7-H4 MDEFST (months) Log-rank P value
expression and 95% CI test xz-value

Lower 33 (23.5-50.4)

Higher 16 (12.2-19.8) 14.977 <0.0001
Discussion

In the present study, we found that B7-H4 was expressed in
about 44.9% gastric cancer specimens, but very weakly or
with no expression in normal gastritis epithelia or gastric
polyp tissues. We found that B7-H4 was positively associ-
ated with tumor invasiveness, nodal metastasis, and recur-
rence of gastric cancer. Gastric cancer recurrence and
metastasis are the main causes of cancer-related death [26].
Therefore, B7-H4 expression is associated with more
aggressive gastric cancer. After adjusting for some con-
founding factors such as age, sex, the depth of invasion and
lymph node metastasis, compared to those with lower B7-
H4 expression, the death risk of gastric cancer patients with
higher B7-H4 expression was significantly increased, sug-
gesting that B7-H4 is an important prognostic factor for
gastric cancer patients. In fact, even among early stage can-
cer patients, higher B7-H4 expression is a signal for a grave
outcome. Our results suggest that B7-H4 expression should
be determined for early stage gastric cancer patients to
assist in making treatment decisions. More aggressive treat-
ment need to be considered for early stage cancer patients
with higher expression of B7-H4. Our results also suggest
that B7-H4 blockade might benefit gastric cancer patients at
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Table 4 Multivariate COX model analysis of B7-H4 expression in
correlation to patients’ prognosis

Variables Cases RR (95%CI) P value
B7-H4 expression

Lower 77 1.00 (-)

Higher 59 1.85 (1.15-2.96) 0.0087
Sex

Men 107 1.00 (-)

Women 29 0.80 (0.44-1.45) 0.5157
Age (years)

<45 13 1.00 (-)

46-60 63 0.75 (0.35-1.58) 0.4447

>60 60 1.13 (0.53-2.41) 0.7621

Trend test P=0.275
Invasion

Without 24 1.00 (-)

With 112 1.46 (0.71-2.99) 0.3567
Lymph node metastasis

Without 36 1.00 (-)

With 100 1.21 (0.65-2.25) 0.5324

advanced stages, as well as some early stage patients with
higher B7-H4 expression.

B7-H4 might contribute to immune tolerance during
tumor progression. In vitro anti-CD3-mediated T cell acti-
vation assays with plate-bound B7-H4 Ig indicates that
B7-H4 inhibits CD4* and CD8* T cell proliferation, cyto-
kine production, and generation of alloreactive CTLs by
arresting the cell cycle [27-29]. B7-H4 expressed on the
surface of surrogate APCs also inhibits T cell prolifera-
tion [28, 29]. Likewise, in vivo blockade of endogenous
B7-H4 by specific mAb promotes T cell responses, indi-
cating an inhibitory role for B7-H4 [28]. B7-H4 overex-
pression might also contribute to the gastric cancer cells’
avoidance of immune attack, leading to hastened cancer
progression. Our study suggests that B7-H4 blockade
might benefit gastric cancer patients at advanced stages,
as well as some early stage patients with higher B7-H4
expression.

The expression of B7-H4 cell surface protein is gener-
ally absent in most human normal somatic tissues, except in
normal human epithelial cells of the female genital tract,
kidney, lung, and pancreas [15]. Aberrant B7-H4 was
detected in primary breast cancers and metastatic breast
cancers, but was very low in normal breast tissues. How-
ever, there was no statistically significant relationship
between the proportion of B7-H4 positive cells or staining
intensity and grade, stage, or other clinicopathologic vari-
ables [14]. Additionally, B7-H4 was highly expressed in
ovarian cancer cells [30], but no prognostic value was
found for this cancer. Besides being expressed in the cancer
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cells, soluble B7-H4 can be detected in the blood of cancer
patients. The serum levels of B7-H4 have been shown to be
highly specific cancer markers for ovarian cancer [31] and
renal cell carcinoma (RCC) [32]. Therefore, B7-H4 is a
very specific marker for cancer and may be involved in can-
cer biology.

Aside from cancer cells, other cells in the tumor micro-
environment were shown to express B7-H4. Tumor-asso-
ciated macrophages are a prominent component of
ovarian cancer stroma and contribute to tumor progres-
sion. It has been shown that a fraction of ovarian tumor-
associated macrophages express surface B7-H4 [17, 18].
B7-H4" tumor macrophages, but not primary ovarian
tumor cells, suppress tumor-associated antigen-specific T
cell immunity. B7-H4 blockade restores the T cell stimu-
lating capacity of the macrophages. IL-6 and IL-10 stimu-
late B7-H4 expression in tumor-associated macrophages.
However, we did not find significant expression of B7-H4
in tumor stromal cells in gastric cancer. Besides stromal
cells, B7-H4 is highly expressed in endothelial cells of
RCC tumor vasculature, whereas it is only expressed in
6.5% of normal adjacent renal tissue vessels [33]. How-
ever, we did not find such expression pattern in gastric
cancer specimens.

For some cancers, B7-H4 expression correlated with
cancer progression. RCC tumor specimens exhibited B7-
H4 staining and in that tumor cell B7-H4 expression was
associated with adverse clinical and pathologic features,
such as advanced tumor size, grade, and stage [33]. Patients
with tumors expressing B7-H4 were much more likely to
die from RCC compared to patients lacking B7-H4 expres-
sion. B7-H4 is also highly expressed in prostate cancer
specimens. Patients with a strong intensity of B7-H4 were
significantly more likely to have disease spread at the time
of surgery and at significantly higher risk of cancer recur-
rence and cancer-related death [34]. Our study reveals that
B7-H4 is a very good prognostic marker for gastric cancer
and should be used in clinics to help identify patients with
advanced gastric cancer.

It has been shown that patients with RCC tumors
expressing both B7-H4 and B7-H1 are at an even greater
risk of death from RCC [33]. We have previously shown
that B7-H3 and B7-H1 are also highly expressed in gastric
cancer [35, 36]. It would be interesting in the future to
study whether combining the markers of B7 family
members will be of better predictive value for gastric
cancer survival.
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