Clin Oncol Cancer Res (2011) 8: 229-234

DOI 10.1007/s11805-011-0586-4

229

B7-H4 Expression and Increased Death Risk of Cancer
Patients: A Meta-Analysis

Jing-ting JIANG’
Chang-ping WU’
Xiao ZHENG'
Yao ZHAO?

Bin XU’
Bin-feng LU?
Yue-ping SHEN?

' Department of Tumor Biological Treatment,
Key Laboratory of Biotechnology of
Changzhou, the Third Affiliated Hospital,
Soochow University, Changzhou 213003,
Jiangsu Province, China.

2 Department  of Epidemiology  and
Biostatistics, Radiation Medicine and Public
Health School of Soochow University, Suzhou
215123, Jiangsu Province, China.

3 Department of Immunology, University of
Pittsburgh School of Medicine, Pittsburgh PA
15261, USA.

Correspondence to: Binfeng LU
Tel: 412-648-9339
E-mail: binfeng@pitt.edu

Correspondence to: Yue-ping SHEN
Tel: 86-512-6588 0079
E-mail: syp_shen@yahoo.com.cn

Received July 22, 2011; accepted September
14, 2011

E-mail: editor@cocronline.org
Tel (Fax): 86-22-2352 2919

OBJECTIVE The relationship between higher levels of B7-H4
expression and death risk of cancer patients remains to be clarified.
In the current study, information from an ordinary scale and those
from several outcome scales were combined to make a single
estimate. PubMed databases were searched for survival studies on
the hazard ratios (HR) of malignant tumors associated with higher
B7-H4 expression from 1999 to 2010.

METHODS The fixed effect model was used to estimate the
combined HRs of six studies. Sensitivity analysis was performed to
assess the stability. Publication bias was also estimated. Six studies
that meet the inclusion criteria were identified; these studies
reported the associations between the higher B7-H4 expression
and death risk of cancer patients.

RESULTS A 42% increase in death risk was observed in patients
with higher B7-H4 expression (HR = 1.42; 95% confidence interval:
1.16-1.72). Sensitivity analyses found the results robust. The analysis
shows that higher levels of B7-H4 expression are associated with the
death risk of patients suffering from various cancers.

CONCLUSION B7-H4 may be a negative regulatory molecule for
antitumor immune responses and a molecular target for tumor
immunotherapy.

KEY WORDS: B7-H4, costimulatory molecules, malignant tumors,
meta-analysis, gastric cancer.

Introduction

B7-H4 is a recently identified member of the B7 family and has been
shown to inhibit T cell proliferation and cytokine secretion!?.
Experiments in vivo also support the function of B7-H4 as an inhibitor
to T cell-mediated immunity™. B7-H4 is highly expressed in the human
cancer microenvironment® and can mediate T-cell suppression”,
thereby likely to inhibit cancer immunotherapy. However, the effects
of B7-H4 in various human cancers®'**¥ are yet to be clarified. Therefore,
combining the results of similar studies using meta-analysis is necessary.

Materials and Methods

Data Source

The electronic databases of PubMed from 1999-2010 were searched
using the following key words: “B7-H4,” “malignant tumors,” and
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Table 1. Characteristics of studies evaluating the association between the higher B7-H4 expression and increased death risk of

patients with malignant tumors.

Authors Year Tumor Type B7-H4(+)/total cases Univariate HR (95% CI) Multivariate HR (95% Cl)
Krambeck AE!2 2006 Renal cell carcinoma  153/259 3.05 (1.51-6.14) 1.78 (0.88-3.63)
Simon 14 2007 Ovarian cancer 148/233 1.47 (1.04-2.09) 1.02 (0.71-1.46)
Kryczek ¥ 2007 Ovarian cancer 56/70 3.9 (1.8-8.4) 2.7 (1.2-6.1)
Oikonomopoulou K3 2008 Ovarian cancer -/98 2.04 (1.48-2.81) 1.69 (1.14-2.49)
Anderson G 2010 Ovarian cancer -/34 - 1.02 (0.61-1.69)

Jiang J1' 2010 Gastric cancer 70/156 2.04 (1.35-3.06) 1.85 (1.15-2.96)

- not reported

“survival analysis”. In addition, a document retrospec-
tive method was used to find all detailed information.

Eligibility criteria

Abstracts of identified articles were screened to exclude
studies that did not meet the eligibility criteria. The full
text of those selected for further review was obtained
and evaluated. Studies were included if (1) they were
published between January 1999 and September 2010; (2)
they are in full text form; (3) they contain survival
analyses of patients with different levels of B7-H4
expression; (4) they clearly stated the total case numbers
and numbers of B7-H4 positive specimens; and (5) they
presented hazard ratio (HR) values and 95% confidence
intervals (CI).

Exclusion criteria

Repetitive literature, review or abstract literature, litera-
ture whose design was not identified, and papers with
low reliability and poor quality were excluded. In the
end, six papers satisfied the inclusion criteria and were
included in the meta-analysis. The total case number was
850.

Statistical analysis

The heterogeneity of the HRs in the six studies was
assessed using a chi-square test. Taking the result from
the heterogeneity test into account, the fixed effect model
(Peto method™®) was used to calculate the combined HR
and 95% Cls for the higher B7-H4 expression associated
with increased death risk from malignant tumors using
the univariate and multivariate HR values from the
original papers.

Sensitivity analyses were performed to assess the
robustness of the primary analyses by repeating the
original analyses; one or two studies were separately
omitted at a time to assess whether the studies had extro-
influence on the results.

Table 2. Heterogeneity test for HRs in the univariate and
multivariate analyses.

X Df P
Univariate analysis 7.28 4 0.122
Multivariate analysis 9.61 5 0.087

Publication bias was assessed via visual inspection of
the Begg funnel plot. Data were analyzed using the Stata
10.1 software.

Results

Basic situation of the document

After retrieving 35 articles, 6 studies (Table 1) met the
inclusion criteria and were included in the primary
analysis.

Heterogeneity analysis

Table 2 indicates the absence of a heterogeneity among
the HRs from univariate or multivariate estimates (P >
0.05).

B7-H4 and malignant tumors

The meta-analysis indicates that patients with malignant
tumors expressing higher levels of B7-H4 are at a greater
risk of death compared with patients with tumors
expressing lower B7-H4 levels. The combined HR and
95% CI of the univariate and multivariate analyses are
198 (1.642.40) and 142 (1.16-1.72), respectively
(Table 3). The forest plots for the meta-analysis are
shown in Figs. 1 and 2.

Sensitivity analysis

As can be seen in Table 4, after studies!'''? on non-
ovarian cancer were excluded, no more changes were
found in the the combined HR compared with the

Table 3. Combined HR analysis.

HR (95% Cl) z P
Univariate 1.98 (1.64-2.40) 7.05 < 0.0001
analysis
Multivariate 1.42 (1.16-1.72) 3.48 < 0.0001
analysis

Univariate analysis: one paper'" did not provide the HR
value of the univariate analysis; thus only the remaining
five were analyzed.
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Study HR (95% CI) %Weight
Krambeck AE 2006 e 305 (151,6.14) 736
Simon I 2007 B 147 (1.04,2.09) 2971
Kryczek 12007 f -~ 390 (1.80,8.40) 6.10
Oikonomopoulou K 2008 204 (148,2.81) 3521

Overall 198 (1.64,2.40) 100.00

Jingting J 2010 —B— 204 (135,3.06) 2162

Fig.1. Meta-analysis of HRs from the univariate analysis of studies on higher B7-H4 expression and death risks of malignant
tumors.

Study HR (95% CI)  %Weight

Krambeck AE 2006 i 1.78 (0.88,3.63) 7.64

Simon I 2007 ——— 1.02 (0.71,1.46) 29.51

Kryczek 12007 -~ 2.70 (1.20.6.10) 5.80
Oikonomopoulou K 2008 —;.— 1.69 (1.14,2.49) 25.13
Anderson G 2009 —.—;— 1.02 (0.61,1.69) 14.77
Jingting J 2010 ——.— 1.85(1.15,2.96) 17.16
Overall <> 1.42 (1.16,1.72) 100.00
i
T

Fig.2. Meta-analysis of HRs from the multivariate analysis of studies on higher B7-H4 expression and death risks of malignant
tumors.



232

Table 4. Sensitivity analysis.

Clin Oncol Cancer Res (2011) 8: 229-234

Heterogeneity test

Study

number 95% Cl x? P
Fixed effect model 6 1.42 1.16-1.72 9.61 0.087
After excluding non-ovarian cancer articles 4 1.37 0.93-1.99 2.94 0.455
After removing Chinese articles 5 1.41 1.02-1.96 4.08 0.290

previous analysis. The sensitivity analysis shows that the
current meta-analysis is stable.

Publication bias

The Begg funnel plot does not indicate the presence of a
publication bias, as shown by the rather symmetric
distribution of the log HR vs. the standard error curves
of both the univariate (Fig. 3) and multivariate analyses
(Fig. 4). However, inferences on publication bias should
be made with caution because of the small number of
studies that reported on these associations.

Discussion

B7-H4 is highly expressed in many cancers, including
lung, rectal, liver, gastric, kidney, pancreatic, breast,
prostate, ovarian, and brain cancers. An initial study
showed that a majority of ovarian carcinoma (22 out of
26) expressed high levels of B7-H4"¢. A follow-up study
with large samples demonstrated that B7-H4 is highly
expressed in ovarian papillary serous adenocarcinoma
(88%), whereas mucinous and low-malignant potential
ovarian cancers and normal tissues were negative for B7-
H4", Sun et al.l'™ reported that 43% of the specimens
expressed B7-H4 in non-small cell lung tumors and
confirmed that B7-H4 is an important negative regula-
tory signal of T cells. In addition, B7-H4 expression was

Begg's funnel plot with pseudo 95% confidence limits

15 ﬂ

observed in lung cancers with lymph node metastasis'*,
in renal cell carcinoma associated with poor survival,
and in prostate cancer associated with disease spread,
recurrence, and death. A total of 5 out of 16 lung
carcinomas were also found to express B7-H4"), whereas
all 17 melanoma specimens were found negative for B7-
H4. Salceda™ found that B7-H4 is highly expressed in
breast cancer, but is low or not expressed in normal
tissues. This study also supports the theory that B7-H4
plays a role in the malignant transformation of epithelial
cells. Tringler® showed that B7-H4 is consistently
expressed in most primary and metastatic breast
carcinomas. B7-H4 is also highly expressed (80.0%) in
colon and rectal cancers. Significantly fewer tumor-
infiltrating lymphocytes (TILs) were identified in B7-
H4-positive tumor specimens than in B7-H4-negative
specimens®’. Awadallah®® reported that out of 36
pancreatic ductal adenocarcinoma specimens (21 via
surgical ablation and 15 via EUS-guided fine needle
aspiration), 33 cases (91.7%) expressed B7-H4. A recent
study showed that high levels of B7-H4 expression are
negatively correlated to the survival time of patients with
gastric cancer!. The current study confirms that B7-H4
is a negative regulator molecule and can be used as an
indicator of gastric cancer survival. It is also found
preferentially expressed in non-dividing brain tumor
cells and in a subset of brain tumor stem-like cells™!.
Evidence indicates that a receptor that can function on
T cells can be induced®*”.The currently known functions
of B7-H4 are exclusively inhibitory and its effect may be

log[hr1]
=3
o

6 I

.2
s.e. of: logfhrl]

Fig.3. Funnel plots for the log
4 HRs from the univariate ana-
lyses.
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mediated by a single receptor. Although the B- and T-
lymphocyte attenuator (BTLA) was initially proposed as
the receptor for B7-H4™¥, recent studies showed that this
is not the case™ 1. High concentrations of the cytokines
interleukin (IL)-6 and IL-10, which can stimulate macro-
phage B7-H4 expression, are found in the tumor
microenvironment”. By contrast, granulocyte/macro-
phage colony-stimulating factor (GM-CSF) and IL-4,
which have low concentrations in the tumor microenvir-
onment, inhibit B7-H4 expression.

Although high levels of B7-H4 expression are observed
in human cancers, articles on cancer survival analysis are
limited. Three studies*'*'* in the current meta-analysis
showed that despite its expression in cancer cells, B7-H4
may not statistically increase the population risk of
human cancer patients [HR and 95% ClIs are 1.78 (0.88—
3.63), 1.02 (0.71-1.46), and 1.02 (0.61-1.69)]. Three more
studies”"! showed that B7-H4 expression is signifi-
cantly associated with poor patient survival [HR and
95% CIs are 2.7 (1.2-6.1), 1.69 (1.14-2.49), and 1.85 (1.15-
2.96)]. Thus, agreement on the effects of B7-H4 in various
cancers is lacking. Some results may not be reliable
because of the limited number of patient samples in the
studies. Therefore, meta-analysis was used to reanalyze
these published results. In the current study, the survival
risk between B7-H4 expression and cancers was sum-
marized and generalized. The results show that the risk
of death of patients with malignant tumors increased by
an average of 42% with higher levels of B7-H4 (HR =
1.42; 95% (I, 1.16-1.72).

However, the current study has some limitations. The
small number of studies used for the meta-analysis is the
most critical because of the low numbers of studies with
positive survival results. In addition, the existence of a
publication bias may have had an effect on the outcome
of the analysis.

In conclusion, as more clinical studies on the relation-
ship between B7-H4 expression and the survival risk of

4 HRs from the multivariate ana-
lyses.

malignant tumors become available, evidence that
support the negative regulatory function of B7-H4 in
tumors will increase. Furthermore, B7-H4 may become a
diagnostic marker for cancers and is a potential
therapeutic target.

Acknowledgments

This work was supported by the National Natural
Science Foundation of China (NSFC) (No. 81171653,
30872176, and 30972703) and Soochow University
Medical Development Foundation (EE126765).

Conflict of Interest Statement

No potential conflicts of interest were disclosed.

References

1 Aunoble B, Sanches R, Didier E, et al. Major oncogenes
and tumor suppressor genes involved in epithelial
ovarian cancer (review). Int J Oncol 2000; 16: 567-576.

2 Nicosia SV, Bai W, Cheng JQ, et al. Oncogenic pathways
implicated in ovarian epithelial cancer. Hematol Oncol
Clin North Am 2003; 17: 927-943.

3 Sica GL, Choi IH, Zhu G, et al. B7-H4, a molecule of the B7
family, negatively regulates T cell immunity. Immunity
2003; 18: 849-861.

4 Prasad DV, Richards S, Mai XM, et al. B7S1, a novel B7
family member that negatively regulates T cell activation.
Immunity 2003; 18: 863-873.

5 Zang X, Loke P, Kim J, et al. B7x: a widely expressed B7
family member that inhibits T cell activation. Proc Natl
Acad Sci U S A 2003; 100: 10388-10392.

6 Zou W, Chen L. Inhibitory B7-family molecules in the
tumour microenvironment. Nat Rev Immunol 2008; 8:
467-477.

7 Kryczek 1, Zou L, Rodriguez P, et al. B7-H4 expression
identifies a novel suppressive macrophage population



234

10

11

12

13

14

15

16

17

in human ovarian carcinoma. J Exp Med 2006; 203: 871-
881.

Kryczek I, Wei S, Zhu G, et al. Relationship between B7-
H4, regulatory T cells, and patient outcome in human
ovarian carcinoma. Cancer Res 2007; 67: 8900-8905.
Kryczek I, Wei S, Zou L, et al. Cutting edge: induction of
B7-H4 on APCs through IL-10: novel suppressive mode for
regulatory T cells. J Immunol 2006; 177: 40-44.
Anderson GL, McIintosh M, Wu L, et al. Assessing lead
time of selected ovarian cancer biomarkers: a nested
case-control study. J Natl Cancer Inst 2010; 102: 26-38.
Jiang J, Zhu Y, Wu C, et al. Tumor expression of B7-H4
predicts poor survival of patients suffering from gastric
cancer. Cancer Immunol Immunother 2010; 59: 1707-1714.
Krambeck AE, Thompson RH, Dong H, et al. B7-H4
expression in renal cell carcinoma and tumor vasculature:
associations with cancer progression and survival. Proc
Natl Acad Sci U S A 2006; 103: 10391-10396.
Oikonomopoulou K, Li L, Zheng Y, et al. Prediction of
ovarian cancer prognosis and response to chemotherapy
by a serum-based multiparametric biomarker panel. Br J
Cancer 2008.

Simon |, Katsaros D, Rigault de la Longrais |, et al. B7-H4 is
over-expressed in early-stage ovarian cancer and is
independent of CA125 expression. Gynecol Oncol 2007;
106: 334-341.

DerSimonian R, Laird N. Meta-analysis in clinical trials.
Control Clin Trials 1986; 7: 177-188.

Choi IH, Zhu G, Sica GL, et al. Genomic organization and
expression analysis of B7-H4, an immune inhibitory
molecule of the B7 family. J Immunol 2003; 171: 4650-
4654.

Salceda S, Tang T, Kmet M, et al. The immunomodulatory
protein B7-H4 is overexpressed in breast and ovarian
cancers and promotes epithelial cell transformation. Exp
Cell Res 2005; 306: 128-141.

18

19

20

21

22

23

24

25

26

27

Clin Oncol Cancer Res (2011) 8: 229-234

SunY, Wang Y, Zhao J, et al. B7-H3 and B7-H4 expression
in non-small-cell lung cancer. Lung Cancer 2006; 53: 143-
151.

Zang X, Thompson RH, Al-Ahmadie HA, et al. B7-H3 and
B7x are highly expressed in human prostate cancer and
associated with disease spread and poor outcome. Proc
Natl Acad Sci U S A 2007; 104: 19458-19463.

Tringler B, Zhuo S, Pilkington G, et al. B7-h4 is highly
expressed in ductal and lobular breast cancer. Clin Cancer
Res 2005; 11: 1842-1848.

Sun'Y, Liu J, Cui X, et al. Clinical significance of expression
of B7-H4 in colon and rectal cancer tissues. Journal Of
Shandong University (Health Sciences) 2006; 44: 590-
592.

Awadallah NS, Shroyer KR, Langer DA, et al. Detection of
B7-H4 and p53 in pancreatic cancer: potential role as a
cytological diagnostic adjunct. Pancreas 2008; 36: 200-
206.

Yao Y, Wang X, Jin K, et al. B7-H4 is preferentially
expressed in non-dividing brain tumor cells and in a
subset of brain tumor stem-like cells. J Neurooncol 2008;
89: 121-129.

Watanabe N, Gavrieli M, Sedy JR, et al. BTLA is a
lymphocyte inhibitory receptor with similarities to
CTLA-4 and PD-1. Nat Immunol 2003; 4: 670-679.
Compaan DM, Gonzalez LC, Tom |, et al. Attenuating
lymphocyte activity: the crystal structure of the BTLA-
HVEM complex. J Biol Chem 2005; 280: 39553-39561.
Gonzalez LC, Loyet KM, Calemine-Fenaux J, et al. A
coreceptor interaction between the CD28 and TNF
receptor family members B and T lymphocyte attenuator
and herpesvirus entry mediator. Proc Natl Acad Sci U S A
2005; 102: 1116-1121.

Sedy JR, Gavrieli M, Potter KG, et al. B and T lymphocyte
attenuator regulates T cell activation through interaction
with herpesvirus entry mediator. Nat Immunol 2005; 6:
90-98.



