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B7-H4 expression associates with cancer progression and predicts
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Abstract A retrospective cohort study including 112
patients suffering from esophageal squamous cell carcinoma
(ESCC) was performed to investigate the expression of B7-
H4 in ESCC and determine its association with patient’s clin-
icopathological parameters and survival. Expression levels of
B7-H4 on tumor cells and densities of tumor infiltrating
lymphocytes (TILs) in the surgical specimens of ESCC
tissues were characterized using immunohistochemical
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assays. Uni- and multivariate analyses were performed to
evaluate the prognostic value of B7-H4 expression levels
and densities of TILs in tumor sections. Positive B7-H4
immunostaining was observed in 107 of 112 (95.5%) of
ESCC tissue sections. We further divided all patients into
two major subgroups, a lower B7-H4 expression group
with 46 patients and a higher B7-H4 expression group with
66 patients. We found that expression levels of B7-H4 on
tumor cells were significantly correlated with patient’s gen-
der (P = 0.0288), distant metastasis (P = 0.0500), and TNM
stage (P = 0.0258). Moreover, tumor cell B7-H4 expression
was inversely correlated with densities of CD3* T cells in
tumor nest (P = 0.0424) and CD8" T cells in tumor stroma
(P =0.0229). The overall survival rate of the patients with
higher B7-H4 expression was significantly worse than that
of the patients with lower B7-H4 expression (P =0.0105,
Hazard Ratio: 1.854, 95%CI:1.152-2.902). Markers of cell-
mediated immune responses such as CD3, CD8, and T-bet
were associated with better patient survival. The present
study demonstrated that B7-H4 expression in human ESCC
is associated with cancer progression, reduced tumor
immunosurveillance and worse patient outcomes. B7-H4
can serve as a novel prognostic predictor for human ESCC
and a potential target for the immune therapy against this
malignancy.

Keywords B7-H4 - Esophageal
squamous cell carcinoma - Tumor infiltrating lymphocytes -
Prognosis - Tumor immune surveillance

Introduction

Esophageal cancer is one of the most common malignan-
cies and was the 9th leading cause of cancer death in 2009
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[1]. Esophageal cancer can be generally divided into two
major types, squamous cell carcinoma (SCC) and adenocar-
cinoma according to the etiological and histopathological
classification, and the former is the major type of esopha-
geal cancer in China [2, 3]. Surgical resection of the tumor
at the primary site is the standard treatment for esophageal
cancer, which shows favorable trends in patient’s postoper-
ative prognosis [4]. As of now, many adjuvant therapies
have been available in the treatment of esophageal cancers,
including chemotherapy, radiotherapy, and immunother-
apy. Nevertheless, due to the aggressive nature of this can-
cer, approximately 50-60% of esophageal cancer patients
die mainly due to metastases after curative operation [5, 6].
The 5-year survival rate of esophageal cancer patients espe-
cially those diagnosed at advanced stages (i.e., stage III or
IV) remains disappointing [7]. Therefore, it is important to
discover novel biomarkers for early detection and new tar-
gets for the treatment of esophageal cancer.

The activation of antigen-specific T lymphocytes is
modulated by co-stimulatory molecules, such as members
of the B7 family of molecules, which deliver either positive
or negative signals [8]. Recent studies demonstrate that
inhibitory B7 family ligands are highly expressed in human
cancer cells, and their protein levels in tumors significantly
correlate with patients’ clinicopathological features and
postoperative prognosis (reviewed in Ref. [9]). B7-H4 (also
known as B7x and B7S1) is a member of the B7 family,
and it was shown to inhibit T-cell functions such as prolif-
eration, cytokine production, and development of cytotox-
icity [10]. It has been shown that B7-H4 is highly expressed
in tumor cells in human cancer tissues, and its protein lev-
els are associated with various clinicopathological parame-
ters and postoperative prognosis [11-18]. However,
whether B7-H4 is expressed in esophageal cancer tissues
and its relationship with TILs are not clear.

In the present study, we investigated tumor microenvi-
ronment by examining B7-H4 protein expression as well as
densities of various TIL subsets in human ESCC tissues
using the immunohistochemical method. B7-H4 expression
in relation to patients’ clinicopathological parameters and
densities of TILs was analyzed. Prognostic values of these
markers were evaluated in a log-rank survival analysis. We
showed that expression levels of the inhibitory costimula-
tory molecule B7-H4 in human ESCC tissues were signifi-
cantly correlated with distant metastasis, cancer
progression, densities of TILs, and poorer patient outcome.
In addition, we demonstrated that markers of cell-mediated
immune responses such as CD3, CD8, and T-bet were asso-
ciated with better patient survival. Thus, our work identifies
B7-H4 as an important factor for shaping tumor microenvi-
ronment, a novel target for human ESCC immunotherapy,
and a new biomarker for postoperative prognosis in human
ESCC.
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Materials and methods

Development and characterization of the monoclonal
antibody 3C8 against human B7-H4

Six-week-old BALB/c mice (Beerkape, Shanghai, China)
were immunized by four injections of 1 x 107 mitomycin
C-treated 293T-B7-H4 cells at a 21-day interval, respec-
tively. Four days after the final injection, the splenocytes of
immunized mice were fused with murine myeloma SP2/0
cells according to the standard procedure. After hypoxan-
thine/aminopterin/thymidine (HAT) selection, hybridoma
cell lines secreting mouse anti-human B7-H4 monoclonal
antibody 3C8 were obtained. The antibody was identified
by its strong reactivity with 293T-B7-H4 and by its absence
of cross-reactivity with 293T-mock cells and other B7
family molecules transgenic 293T cells. The monoclonal
antibody 3C8 was purified from mouse ascites on protein
G-Sepharose CL4B (Pharmacia, Uppsala, Sweden) affinity
columns.

Patients and tissue samples

Formalin-fix, paraffin-embedded tumor tissue blocks were
collected retrospectively from the Third Affiliated Hospital,
Suzhou University (103 cases), and Yixing Tumor Hospi-
tal, Jiangsu Wuxi (9 cases), respectively. All of the 112
ESCC patients underwent surgical resection between
December 2000 and August 2007 in the two hospitals.
None of the patients received chemotherapy or radiother-
apy before surgery. The pathologic reports were reviewed,
and the tumor—node-metastasis (TNM) stages were
assigned according to the American Joint Committee on
Cancer staging system [19]. Patients’ clinical parameters
are shown in Table 1, and patients’ survival intervals are
dated toward the end of March 2010. In addition, 8 normal
tissues from the non-malignant portion of esophagus were
resected from surgery and used as controls. The protocol
for the present study was approved by the ethics commit-
tees of the two hospitals.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissues were cut into
3-um-thick consecutive sections and were dewaxed in
xylene, rehydrated and graded ethanol solutions. Antigens
were retrieved by heating the tissue sections at 100°C for
30 min in citrate (10 mmol/L, pH6.0) (for B7-H4, CD3,
CD8 and T-bet) or EDTA (1 mmol/L, pH9.0) solution (for
Foxp3) when needed. Then, the sections were immersed
in a 0.3% hydrogen peroxide solution for 30 min to block
endogenous peroxidase activity, rinsed in phosphate
buffered saline (PBS) for 5 min, and incubated with primary
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Table 1 Correlation between clinical parameters and B7-H4 expres-
sion

Clinical parameters ~ Cases ~ B7-H4 Expression
Low High P value
n % n %

Gender
Male 80 38 475 42 525  0.0288
Female 32 8 250 24 750

Age (years)
<60 68 27 397 41 603 0.7150
>60 44 19 432 25 568

Tumor size (cm)
<4 43 20 465 23 535  0.3556
>4 69 26 377 43 623

Tumor (T) status®
pT, 13 9 692 4 308 0.0871°
pT, 50 20 400 30 60.0
pT, 38 13 342 25 658
pT, 11 4 364 7  63.6

Nodal (N) status®
Ny 61 30 492 31 508 0.0564
N, 51 16 314 35 68.6

Distant metastasis (M)*
M, 96 43 448 53 552  0.0500
M, 16 3 188 13 812

TNM stage
I 13 9 692 4 308 0.0258"
I 63 25 397 38 603
111 20 9 450 11 550
v 16 3 188 13 81.2

Total 112

Values in bold signify P < 0.05

# Tumor status is classified as follows: pT) invasion of lamina propria
or submucosa, pT, invasion of muscularis propria, pT; invasion of
adventitia, and pT, invasion of adjacent structures

b Chi-square test for trend

¢ Nodal status is classified as follows: N, no regional lymph-node
metastasis, N, regional lymph-node metastasis

4 Distant metastasis is classified as follows: M, no distant metastasis,
M, metastasis to cervical nodes, celiac nodes, and other distant metas-
tases

antibodies against B7-H4 (mouse anti-human monoclonal
antibody, Clone No. 3C8, final concentration in use,
4 png/ml), CD3 (mouse anti-human monoclonal antibody,
ready to use, Maixin Biotechnology Co., Ltd, Fuzhou,
China), CD8 (mouse anti-human monoclonal antibody,
ready to use, Maixin Biotechnology Co., Ltd, Fuzhou,
China), T-bet (1:120 dilution in use, Clone No. H210,
Santa Cruz Biotechnology, Inc., USA), and Foxp3 (1:100

dilution in use, Clone No. PCH101, eBioscience, USA) at
4°C overnight. A negative control was performed by
omitting the primary antibodies. The sections were then
incubated with horseradish peroxidase-labeled goat
against mouse/rabbit secondary antibody (ready to use,
Maixin Biotechnology Co., Ltd, Fuzhou, China). Diami-
nobenzene was used as the chromogen and hematoxylin
as the nuclear counterstain. Sections were dehydrated,
cleared, and mounted.

Evaluation of immunohistochemical staining

The B7-H4 immunostaining densities were assessed
according to the H-score method described by Hammes
et al. [20]: H-score = (% tumor cells unstained x 0) + (%
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). The method of assess-
ing the density of TILs was as described by our previous
study [17]. In brief, TILs in both tumor stroma and tumor
nest were determined according to the immunohistochemi-
cal staining. First, the TILs in tumor stroma were examined
at low magnification (x40) and categorized according to
density as follows: Grade 0O, scanty; Grade 1, moderate
infiltration; Grade 2, abundant infiltration; and Grade 3,
massive infiltration. The group containing Grade O and
Grade 1 was defined as low infiltration group, and another
group containing Grade 2 and Grade 3 was defined as high
infiltration group. Second, the TILs in tumor nest were
counted as follows: five areas in tumor nest with the most
intense infiltrating lymphocytes were selected at low mag-
nification (x40), and then the TILs were counted and
recorded at high power field (HPF, x200 magnification).
Results from the five areas were averaged and used in the
statistical analysis.

Statistical analysis

The correlations between B7-H4 expression and
patient’s clinicopathological parameters and the infil-
trating densities of TILs in tumor tissues were analyzed
by chi-square test. B7-H4 expression and the densities of
TILs expression in relation to patient’s postoperative
prognosis were examined by log-rank survival analysis,
in which the minimum P value seek was conducted
according to the method from the literatures and our pre-
vious study [21-23] using different H-score values or
infiltrating densities as cutoffs, respectively. All statisti-
cal analyses were performed using the GraphPad Prism
4.0 software package (GraphPad Software, Inc., San
Diego, USA) without any special comments. All statisti-
cal tests were two tailed.
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Fig.1 The monoclonal mouse anti-human B7-H4 antibody 3C8 was
established and used in the immunohistochemical assay. a Flow
cytometry analysis showed that the antibody specifically stained 293T-
B7-H4 transgenic cells, and the staining was absent in the cross-reac-
tions with 293T-mock cells and other B7 family molecules transgenic
293T cells. b Immunohistochemistry showed that positive B7-H4
immunochemical staining was predominantly observed on the mem-

Results
B7-H4 expression in human ESCC tissues

The mouse anti-human B7-H4 monoclonal antibody 3C8
strongly stained 293T-B7-H4, but did not stain 293T-
mock cells or 293T cells expressing other B7 family
molecules (Fig. 1a). This antibody was then used in the
immunohistochemical assay. Positive B7-H4 immuno-
histochemical staining was predominantly observed on
the membrane and in cytoplasm of tumor cells (Fig. 1b),
while no staining was found in normal esophageal tis-
sues (Fig. 1c). One hundred and seven out of 112
(95.5%) specimens of ESCC tissues showed positive
B7-H4 immunohistochemical staining. In order to further
investigate the clinical relevance of B7-H4 protein lev-
els in the ESCC tissues, we categorized 112 patients into
two major subgroups according to the intensity of
B7-H4 immunohistochemical staining, i.e., the lower B7-H4
expression group, 46 cases (including H-score =0, 5
cases; 0 < H-score < 160, 41 cases), and the higher
B7-H4 expression group (H-score > 160), 66 cases. The
cutoff value of H-score = 160 was selected according to the
minimum P value seek in the log-rank survival analysis
(Fig. le and f).

@ Springer

brane and in cytoplasm of tumor cells. ¢ Negative B7-H4 immuno-
chemical staining in normal esophageal tissue. d Negative control.
e The minimum P value seek in the log-rank survival analysis of B7-
H4 expression in ESCC tissues was performed, and when the cutoft
value of H-score = 160 was selected, the minimal P value = 0.0105
was found. f The log-rank survival analysis was performed when H-
score = 160. Scar bar = 100 pm

Correlation between B7-H4 expression and patient’s
clinicopathological features

The correlation between tumor cell B7-H4 expression and
patients’ clinicopathologic parameters is shown in Table 1.
It demonstrates that B7-H4 expression in human ESCC tis-
sues is significantly correlated with patient’s gender
(P =0.0288), distant metastasis (P =0.0500), and TNM
stage (P =0.0258), whereas it is not correlated with
patient’s age, tumor size, tumor status, and nodal status. It
is worth mentioning that there was a trend toward a positive
correlation between B7-H4 expression and tumor status
(P =0.0871) as well as nodal status (P = 0.0564). Thus, our
data demonstrate that the level of B7-H4 protein is posi-
tively correlated with advanced clinicopathological param-
eters and support the idea that B7-H4 is involved in the
progression of human ESCC.

B7-H4 expression, densities and characteristics of TILs
in relation to patient’s prognosis

Univariate analysis demonstrates that the overall survival
rate of the subgroup with lower B7-H4 expression is sig-
nificantly better than that the subgroup with higher B7-H4
expression (P =0.0105, Hazard Ratio: 1.854, 95%ClI,
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Table 2 Univariate and multivariate Cox regression analyses of clinicopathological features, B7-H4 expression, and the densities of TILs in

ESCC tissue sections

Variables Unfavorable/favorable HR (95% CI) P value
Univariate analysis®
Age (years) >60/<60 1.124 (0.702-1.806) 0.6217
Gender Male/female 1.033 (0.619-1.722) 0.9020
Tumor size (cm) >4/<4 1.970 (1.196-3.013) 0.0065
Tumor status m+1va+1 1.819 (1.173-3.111) 0.0093
Nodal status N,/N, 1.967 (1.275-3.320) 0.0031
Distant metastasis M,/M, 4.363 (6.762-47.90) <0.0001
TNM stage I+ IV + 11 2.080 (1.387-4.152) 0.0017
B7-H4 expression High/low 1.854 (1.152-2.902) 0.0105
CD3-positive T cells in tumor nest Low/high 1.888 (1.073-2.862) 0.0251
CD3-positive T cells in tumor stroma Low/high 1.690 (1.045-2.640) 0.0320
CD8-positive T cells in tumor nest Low/high 1.451 (0.919-2.367) 0.1079
CD8-positive T cells in tumor stroma Low/high 1.469 (0.924-2.318) 0.1046
T-bet-positive lymphocytes in tumor nest Low/high 1.701 (1.041-3.364) 0.0363
T-bet-positive lymphocytes in tumor stroma Low/high 1.496 (0.891-2.374) 0.1342
Foxp3-positive Tregs in tumor nest High/low 1.319 (0.823-2.164) 0.2415
Foxp3-positive Tregs in tumor stroma High/low 1.359 (0.856-2.145) 0.1953
Multivariate Cox regression analysis®
Tumor size (cm) >4/<4 1.621 (0.954-2.755) 0.0741
Tumor status I+ IV + 11 1.375 (0.699-2.705) 0.3559
Nodal status N,/N, 1.202 (0.620-2.330) 0.5857
Distant metastasis M,/M, 3.731 (1.705-8.164) 0.0010
TNM stage II+ IV +11 0.769 (0.290-2.033) 0.5958
B7-H4 expression High/low 1.544 (0.936-2.547) 0.0892
Multivariate Cox regression analysis®
CD3-positive T cells in tumor nest Low/high 0.691 (0.338-1.413) 0.3117
CD3-positive T cells in tumor stroma Low/high 0.776 (0.421-1.429) 0.4154
T-bet-positive lymphocytes in tumor nest Low/high 0.724 (0.417-1.258) 0.2522
B7-H4 expression High/low 1.555 (0.914-2.647) 0.1034

Values in bold signify P < 0.05

? The minimum P value seek was conducted according to the method in statistical analysis

b Multivariate Cox regression analysis in SPSS13.0 including clinicopathological features and B7-H4 expression in an independent data set

¢ Multivariate Cox regression analysis in SPSS13.0 including densities of TILs and B7-H4 expression in an independent data set

1.152-2.902, Fig. 1f). As expected, as shown in Table 2,
the clinicopathological parameters, such as tumor size,
tumor status, nodal status, distant metastasis, and TNM
stage, are also of prognostic values. In addition, we also
found that densities of certain TIL subsets significantly cor-
related with patients’ outcomes. TILs such as CD3* T cells,
CD8" T cells, T-bet" lymphocytes, and Foxp3* Tregs infil-
trating both in tumor nest and in tumor stroma are included
(Fig. 2). Patients with higher CD3" T-cell infiltration (in
either tumor nest, P =0.0251, or in tumor stroma,
P =0.0320, Fig. 3a) or those with higher T-bet* lympho-
cyte infiltration (in tumor nest, P = 0.0363, Fig. 3c¢) showed
better postoperative prognosis than those patients with
lower density of these cells. Moreover, the patients with

higher numbers of CD3* T cells in both tumor nest and
tumor stroma showed even better survival (P =0.0124,
Fig. 3a). Similarly, the patients with higher numbers of
CD8" or T-bet* cells in both tumor nest and tumor stroma
survived much longer than patients with lower numbers of
these cells (Fig. 3b, ¢). In contrast, although the overall sur-
vival rate of patients with lower Foxp3* Tregs infiltration
trends better than those with higher numbers of Tregs, we
have not found statistically significant correlation between
Foxp3 levels and survival of ESCC patients (Fig. 3d). Our
multivariate analysis did not find that B7-H4 expression in
ESCC tissues as an independent factor when it was ana-
lyzed in independent data sets involving clinicopathologi-
cal features and densities of TILs, respectively (Table 2).
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Fig. 2 Infiltrations of TILs in ESCC tissues (left panel, in tumor nest
and right panel, in tumor stroma). a CD3-positive T cells. b CD8-pos-
itive T cells. ¢ T-bet-positive lymphocytes. d Foxp3-positive Tregs.
Scar bar = 100 pm

Correlation between tumor cell B7-H4 expression
and densities of TILs

As shown in Table 3, levels of B7-H4 expression on tumor
cells were inversely correlated with the density of CD3* T
cells in tumor nest (P = 0.0424) and CD8" T cells in tumor
stroma (P = 0.0229), while they were not correlated with
densities of Foxp3-positive cells in tumor nest or in tumor
stroma (data not shown). Thus, our data further support a
possible role of B7-H4 in suppressing cellular immune sur-
veillance of human ESCC.

@ Springer

Discussion

B7-H4 is a member of the B7 gene family, and it has been
implicated in negatively regulating the T-cell-mediated
immunity. Here, we demonstrate that B7-H4 is overexpres-
sed in human ESCC tissues but not expressed in normal
esophageal tissues. Higher B7-H4 expression is found in
58.9% (66/112) of all 112 ESCC patients, and it is posi-
tively correlated with distant metastasis, advanced TNM
stage, and poor patient outcome, implicating its role in
ESCC progression. Furthermore, we demonstrate that pro-
tein levels of B7-H4 in tumor cells inversely correlate with
densities of CD3* and CD8" TILs, supporting the idea that
it is involved in avoidance of antitumor immunity by
human esophageal cancer cells. Besides B7-H4, we also
found that densities of certain subsets of TILs, such as
CD3, CD8, and T-bet-positive lymphocytes, are of prog-
nostic values for ESCC, supporting the clinical utility for
these markers.

It has been found that increased B7-H4 expression is
involved in shaping the tumor microenvironment, and
aberrant B7-H4 expression is associated with various clini-
copathological features in many human malignancies [9].
B7-H4 expression was significantly higher in invasive
breast cancer cells than in the normal breast epithelium, and
increased B7-H4 expression was associated with negative
progesterone receptor status, HER-2/neu status, and history
of neoadjuvant chemotherapy of breast cancer patients [18].
B7-H4 expression is much higher in ovarian papillary
serous adenocarcinoma than other less malignant ovarian
cancers or normal tissues [16]. Interestingly, B7-H4*
tumor-associated macrophages in ovarian cancer inhibit
T-cell activation, and its levels predict poor survival of the
patient [24]. Krambeck et al. [15] reported that 59.1% (153/
259) renal cell carcinoma (RCC) specimens exhibited posi-
tive B7-H4 immunostaining, and B7-H4 expression level
was associated with adverse clinical and pathologic fea-
tures, including constitutional symptoms, tumor necrosis,
tumor size, grade, cancer stage, and patient’s survival.
Aberrant B7-H4 expression was also found in prostate can-
cer, and strong expression of B7-H4 is positively correlated
with extra capsular extension, seminal vesicle invasion, and
distant metastasis [25]. We recently demonstrated that
higher B7-H4 expression in cancer cells was significantly
associated with poor prognosis of the patients suffering
from gastric cancer [26]. As of now, however, the expres-
sion of B7-H4 and its clinical significance in human esoph-
ageal cancer are not known. Our study, for the first time,
revealed that B7-H4 is overexpressed in ESCC, and its
expression level is significantly correlated with distant
metastasis, advanced TNM stage, and poor patient’s out-
come, and shows a trend of positive correlation with the
invasion depth and nodal metastasis. Thus, our findings in
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combined). a CD3-positive T cells. b CD8-positive T cells. ¢ T-bet-positive lymphocytes. d Foxp3-positive Tregs

the present study support that B7-H4 expression might play
an important role in ESCC progression and can serve as a
good prognostic indicator for this cancer.

The regulatory mechanism of B7-H4 expression in
tumor cells still remains to be determined. It has been dem-
onstrated that IL-6 and IL-10 strongly stimulate B7-H4
expression on monocytes, macrophages, myeloid-derived
DCs, whereas IL-4 and GM-CSF suppress its expression

[27, 28]. IFN-y is known for the induction of B7-Hl
expression; however, its effect on B7-H4 expression is min-
imal. Tumor-associated T cells stimulated macrophages to
produce IL-6 and IL-10, which subsequently promote B7-
H4 expression on macrophages themselves [24, 27, 29]. In
contrast, none of the cytokines such as IL-4, GM-CSF, IL-6,
IL-10, IFN-y, and TNF-o has any significant effect on tumor
B7-H4 expression, suggesting that B7-H4 is differentially

@ Springer



1054

Cancer Immunol Immunother (2011) 60:1047-1055

Table 3 Correlation between B7-H4 expression and the densities of TILs in ESCC tissue sections

B7-H4 Cases CD3-positive T cells CD8-positive T cells
expression

In tumor nest In tumor stroma In tumor nest In tumor stroma

Low High P value Low High P value Low High P value Low High P value
Low 46 29 17 0.0424 24 22 0.1223 27 19 0.3027 20 26 0.0229
High 66 53 13 44 22 45 21 43 23

Values in bold signify P < 0.05

regulated in tumor cells and macrophages [27], i.e. B7-H4
is constitutively expressed on tumor cells and its expression
is inducible in macrophages.

It has been suggested that the B7-H4 molecule promotes
cancer progression via two possible mechanisms, one is to
serve as a negative regulator of T-cell-mediated antitumor
immunity, and the other one is to render tumor cells refrac-
tory to apoptosis [9, 15]. Previous studies from us and other
groups showed that the higher expression of B7-family
inhibitory molecules by tumor cells is significantly corre-
lated with densities of TILs in some human malignancies
[9, 17]. Kryczek et al. [24] reported that B7-H4-positive
tumor-associated macrophages positively correlated with
the number of Foxp3-positive Tregs in ovarian cancer. Our
current study shows that the expression of B7-H4 on esoph-
ageal cancer cells is inversely correlated with densities of
CD3* T cells in tumor nest and CD8" T cells in tumor
stroma, suggesting that B7-H4 inhibits the recruitment or
survival of tumor infiltrating T lymphocytes in the tumor
microenvironment. Collectively, results from all of these
studies support an important role of B7-H4 in shaping
tumor immune suppressive microenvironment.

TIL subsets, particularly Thl, Tcl, and NK cells, per-
form important roles in host immune responses against can-
cer cells. T-bet, a transcription factor important for the
function of Thl, Tcl, and NK cells, has been shown to be
important for adaptive immune response against tumor [30,
31]. On the other hand, regulatory TILs promote tumor pro-
gression by inhibiting antitumor immune responses. It has
been reported that lower densities of tumor infiltrating lym-
phocytes are associated with poor outcome in esophageal
squamous cell carcinoma [32-35]. However, the character-
istics of TILs, particularly the cytolytic and regulatory
nature of TILs, were not examined. We then decided to
examine the prognostic values of the densities as well as
characteristics of TILs in ESCC tissues. As shown in
Table 2, we found that patients with higher numbers of
tumor infiltrating CD3* and CD8* T cells had better postop-
erative prognosis than patients with lower numbers of these
TILs. Despite the fact that many studies showed that the
density of Foxp3-positive cells correlated with poor cancer
outcome, in the present study in ESCC, we found that the

@ Springer

overall survival rate of patients with lower densities of
Foxp3* Tregs seems better than those with higher densities,
but the difference was not statistically significant. In con-
trast, T-bet, a member of the T-box family of transcription
factors, which is a critical transcription factor for Thl cells,
Tcl cells, and NK cells [30], has been shown as a valuable
prognostic predictor of ESCC in the present study. T-bet
may activate Thl and Tcl genetic programs in part by
directly controlling IFN-y gene transcription and inhibit
Th2 and Tc2 differentiation [36]. Moreover, our recent
study demonstrates that T-bet and Eomes coordinately reg-
ulate the migration of antitumor T cells to tumor tissues
[31]. Therefore, our data support the idea that the presence
of T-bet” TILs represents an effective antitumor response
against ESCC. It remains to be studied how inhibitory fac-
tors such as B7-H4 regulates the antitumor Thl/Tcl
response within the tumor microenvironment.

In conclusion, our findings indicate that the inhibitory co-
stimulatory molecule B7-H4 is involved in ESCC progression
and tumor avoidance of immunosurveillance and could be a
useful prognostic indicator for human ESCC. Our data also
support efforts to develop immunotherapeutic approaches tar-
geting B7-H4 for the treatment of human ESCC.
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