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Abstract

Background

B7-H4 is a member of the B7 family of immune-regulatory ligands and is considered to be a
negative regulator of the immune response. We investigated the clinical significance of
serum soluble B7-H4 in patients with non-metastatic clear cell renal cell carcinoma.

Methods

We analyzed 108 patients in whom non-metastatic clear cell renal cancer was diagnosed at
Tokyo Metropolitan Tama Medical Center between 2008 and 2013. We measured the
serum soluble B7-H4 level using the Enzyme-Linked ImmunoSorbent Assay (ELISA) and
evaluated the association between the peripheral blood neutrophil count and sB7-H4 as
well as the utility of soluble B7-H4 as a prognostic biomarker for clear cell renal cancer. The
Cox proportional hazards regression model was used to assess the PFS and OS with the
soluble B7-H4 level.

Results

We detected high levels of soluble B7-H4 in the sera of 56% of patients with non-metastatic
clear cell renal cell carcinoma versus only 10% of healthy donors. Elevated soluble B7-H4
levels were associated with changes in an elevated peripheral blood neutrophil count. The
increase of soluble B7-H4 also was significantly associated with poor PFS and OS. Multivar-
iate analysis showed that the elevation of the soluble B7-H4 level was an independent prog-
nostic factor for PFS and OS.

Conclusions

Our data suggest that the association between serum soluble B7-H4 and peripheral blood neu-
trophil count, as well as the evaluation of serum soluble B7-H4 expression is a useful tool for
predicting the prognosis of patients with non-metastatic clear cell renal cell carcinoma.
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Introduction

B7-H4 is a recently identified member of the B7 family of immune regulatory ligands and is
considered to be a negative regulator of the immune response[1]. B7-H4 is reportedly
expressed at high levels in many cancer tissues such as those of the breast, ovaries, lung, pan-
creas, renal cells, and stomach[2-6]. Some studies showed that it is associated with the devel-
opment of several types of tumor. Functionally, B7-H4 can inhibit CD4 and CD8 T cell
proliferation and cytokine production through unidentified B7-H4 receptors on T cells[7].
Interestingly, B7-H4 has also been shown to regulate neutrophil-mediated innate immune
responses negatively[8]. The B7-H4 molecule has a soluble form in addition to the membrane-
bound form. We previously reported that soluble B7-H4 acts as a decoy molecule to block the
inhibitory functions of cell-surface B7-H4[9].

In this study, we investigated the association between serum soluble B7-H4 and the periph-
eral blood neutrophil count, as well as whether the presence of soluble B7-H4 was associated
with poor a prognosis in non-metastatic clear cell renal cell carcinoma patients.

Materials and methods
Patients and healthy donors

Patients with non-metastatic clear cell renal cell carcinoma who were treated surgically at
Tokyo Metropolitan Tama Medical Center between 2008 and 2013 and provided a preopera-
tive serum sample were enrolled. Serum samples was preserved in -80°C freezer. TNM stage
was determined by the 2010 AJCC (American Joint Committee on Cancer) TNM classifica-
tion. Healthy donors (HDs) with no history of cancer were recruited in the same period. The
study and protocol were approved by the Ethical Review Board of Tama Medical Center and
all the patients and HDs gave written informed consent for their participation in this study.
The median follow-up period was 61.5 months.

Detection of soluble B7-H4

The sandwich Enzyme-Linked ImmunoSorbent Assay (ELISA) (LifeSpan BioScience, Seattle,
United States) was used for the detection of human soluble B7-H4 (human VTCN1/B7-H4).
Briefly, 25 pL of an undiluted blood specimen was added to high-binding polystyrene plates
coated with capture antibody. Immobilized antigens were detected with a diluted biotinylated
detection antibody followed by horseradish peroxidase-conjugated streptavidin. For calibra-
tion, the standards of recombinant protein and two controls were conducted in parallel with
the test samples on each plate. Each experiment was performed in triplicate.

Statistical analysis

We performed statistical analysis with the Mann-Whitney U test for a single comparison of
the parametric data. Correlations were analyzed using the Spearman rank test.

The distributions of the progression-free survival (PFS) rate and overall survival (OS) rate
were determined using the Kaplan-Meier method. The relationship between survival and each
parameter was analyzed using the log-rank test and the Cox regression model and summarized
with the risk ratios and 95% confidence intervals (CI). The survival data were updated in Janu-
ary 2018. Statistical analyses were performed using the JMP®) software package, and p<0.05
was considered statistically significant.
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Table 1. Patient characteristics.

Age (years + SD)

Gender

Grade

T stage

Preoperative neutrophil count

https://doi.org/10.1371/journal.pone.0199719.t001

Results

The characteristics of renal cancer patients, including age, gender, the soluble B7-H4 level, and
preoperative peripheral blood neutrophil count are summarized in Table 1. Serum samples
were obtained from 108 patients with diagnosed renal cancer (69 men and 39 women, mean
age = 65.1 y; age range: 32-88 y) and 108 HDs (69 men and 39 women, mean age = 64.5 y; age
range: 42-85y) as controls.

To detect soluble B7-H4, sera from individual patients with a diagnosis of renal cancer were
analyzed using ELISA. In this assay, 56% (60 out of 108) of the samples from patients with
renal cancer were above the background for soluble B7-H4 and therefore considered positive.
Assessment of soluble B7-H4 in the HDs showed that only 10% (11 out of 108) were positive
(P < 0.001) (Fig 1). The levels of soluble B7-H4 were also significantly higher in renal cancer
patients than in the HDs; the mean concentration of soluble B7-H4 in renal cancer patients
(167.1 ng/mL in all renal cancer patients and 295.1 ng/ml in positive renal cancer patients with
arange of 0.11 to 1021 ng/mL) was significantly higher than in the HDs (0.9 ng/mL in all HDs
and 8.5 ng/ml in positive HDs with a range of 0 to 21 ng/mL).

In our previous study we reported an association between soluble B7-H4 and neutrophils in
an infection and arthritis model[8, 9]. In our assessment we found a significant between serum
soluble B7-H4 and the preoperative peripheral blood neutrophil count, one of the prognostic
markers in renal cancer patients (y = 0.07x-19.6, R* = 0.428, T<0.05, Fig 2).

The serum soluble B7-H4-positive and negative groups differed significantly in terms of
their PFS and OS (Fig 3). The PFS rate for the serum soluble B7-H4-positive and negative
groups at 5 years was 91.3 and 95.6%, respectively. The OS rate for the serum soluble
B7-H4-positive and negative groups at 5 years was 65.4 and 75.0%, respectively. Univariate
Cox regression showed that the serum soluble B7-H4-positive group was significantly associ-
ated with a poor clinical outcome (Tables 2 and 3). The previously reported factors, including
the pathological T stage, grade, and preoperative peripheral neutrophil count, also correlated
with the PFS and OS (Tables 2 and 3).

The multivariate Cox proportional hazards regression model including age, gender, patho-
logical T stage, grade, preoperative peripheral neutrophil count, and serum soluble B7-H4
revealed that the presence of serum soluble B7-H4 was an independent predictive marker of
PFS and OS (Tables 2 and 3).

Serum soluble B7-H4 level

Negative (n = 48) Positive (n = 60) p value

65.3£11.9 64.9£12.5 0.873
>65 24 33 0.605
<65 24 27
Male 31 38 0.893
Female 17 22
Gl1-2 47 49 0.008
G3-4 1 11
T1-2 39 (23%) 51 (31%) 0.603
T3-4 9 (20%) 9 (26%)
<6000 48 (37%) 51 (37%) 0.005
>6000 0 (6%) 9 (20%)
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Fig 1. Detection of serum soluble B7-H4 in patients with non-metastatic clear cell renal cell carcinoma. The
concentration of the soluble B7-H4 in the HDs and the patients diagnosed with renal cell carcinoma. Sera from 108
renal cancer patients and 108 HDs were diluted 1:10 in PBS and tested by ELISA as described in Materials and
Methods. The data were analyzed using the Mann-Whitney U test followed by multiple regression analysis (p<0.005).

https://doi.org/10.1371/journal.pone.0199719.g001

Discussion

We found the preoperative serum level of soluble B7-H4 to be significantly associated with an
elevated preoperative peripheral blood neutrophil count in renal cancer patients. These data
agreed with our previous report that membrane-bound B7-H4 performed an inhibitory func-

tion against neutrophil expansion in a Listeria infection and rheumatoid arthritis model[8, 9]
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Fig 2. The association between serum soluble B7-H4 and peripheral blood neutrophils. A: The data were analyzed using the Mann-Whitney U test followed
by multiple regression analysis (p<0.005). B: The data summarize the findings of 68 RA patients and were analyzed using Spearman’s rank test. y = 0.07x-19.6,

R® = 0.428, p<0.001.
https://doi.org/10.1371/journal.pone.0199719.9002
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Fig 3. Progression-free survival (A) and overall survival (B) of non-metastatic clear cell renal cell carcinoma patients
with and without serum soluble B7-H4.

https://doi.org/10.1371/journal.pone.0199719.g003

Several studies also have reported an association between the overexpression of soluble
B7-H4 in the blood of cancer patients and a poor prognosis[10-13]. However, the mechanism
of soluble B7-H4 in cancer patients is unclear. Several recent reports have suggested that

Table 2. Univariate and multivariate analyses of risk factors predicting progression free survival in patients with renal cancer.

Univariate Multivariate
Variable Cutoff HR (95% CI) P value HR (95% CI) P value
Age <65 vs >65 -0.102 (-0.508-0.292) 0.613 0.054 (-0.382-0.481) 0.806
Gender Male vs Female -0.232 (-0.626-0.175) 0.246 -0.336 (-0.761 —-0.094) 0.124
Grade Gl1-2vs G3-4 -0.499 (-0.954-0.053) 0.039 0.057 (-0.644-0.838) 0.879
T stage T1-2 vs T3-4 -0.316 (-0.747-0.190) 0.171 -0.535 (-1.25-0.201) 0.151
Preoperative neutrophil count <6000 vs >6000 -0.480 (-0.964-0.136) 0.068 -0.248 (-0.734-0.32) 0.365
Serum soluble B7-H4 Negative vs Positive -0.797 (-1.41 --0.314) 0.001 -0.949 (-1.59 --0.316) 0.002

HR hazard ratio, CI confidence interval. Multiple regression model was used for statistical analyses. P value of < 0.05 was considered statistically significant

https://doi.org/10.1371/journal.pone.0199719.t002
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Table 3. Univariate and multivariate analyses of risk factors predicting overall survival in patients with renal cancer.

Univariate Multivariate
Variable Cutoff HR (95% CI) P value HR (95% CI) P value
Age <65 vs >65 -0.290 (-0.787-0.167) 0.218 -0.076 (-0.608-0.431) 0.771
Gender Male vs Female -0.638 (-1.55-0.288) 0.159 -0481 (-0.997-0.024) 0.062
Grade G1-2vs G3-4 -0.837 (-1.31 --0.312) 0.0002 -0.311 (-1.07-0.492) 0.442
T stage T1-2 vs T3-4 -0.603 (-1.06 —-0.104) 0.008 -0.625 (-1.39-0.148) 0.112
Preoperative neutrophil count <6000 vs >6000 -0.501 (-1.06 —-0.231) 0.10 -0.521 (-1.13-0.163) 0.123
Serum soluble B7-H4 Negative vs Positive -0.834 (-1.57 --0.275) 0.004 -0.868 (-1.72 --0.177) 0.018

HR hazard ratio, CI confidence interval. Multiple regression model was used for statistical analyses. P value of < 0.05 was considered statistically significant

https://doi.org/10.1371/journal.pone.0199719.t1003

neutrophils may also be key players in cancer-associated inflammation[14-16]. Neutrophilia
and lymphocytopenia were reported to be predictors of a poor prognosis in some malignan-
cies[17-19]. neutrophil-to-lymphocyte ratio (NLR) is a widely-used marker for systemic
inflammatory reactions[20]. A relationship between pretreatment NLR and prognosis has
been observed in various malignancies[21-23]. We have also reported that the neutrophil
count following IFN-o treatment can serve as a predictive marker for OS in metastatic RCC
and that preoperative NLR is an independent predictor of the prognosis of patients with an
upper urinary tract urothelial carcinomal[24, 25].

MDSCs are immunosuppressive immature myeloid cells that are elevated in cancer patients
and function to suppress T-cell function[26]. In humans, the MDSC has a polymorphonuclear
granulocyte morphology[27], suggesting that neutrophilia might account for the increase of
MDSCs.

In our previous study, we reported that soluble B7-H4 acts as a decoy molecule to block the
inhibitory functions of cell-surface B7-H4[9]. Leung et al. found that cell-surface B7-H4 is able
to inhibit protumor MDSCs[28]. MDSCs derived from B7-H4 KO mice suppressed T cell pro-
liferation more potently than their WT counterparts. The elevation of soluble B7-H4 might be
able to induce a strong MDCS response. Ohki showed that the peripheral blood MDSC count
in patients with gastric and colorectal cancer correlated with the neutrophil count and
inversely correlated with the lymphocyte count, indicating a strong correlation with the neu-
trophil-to-lymphocyte ratio (NLR)[29]. These data suggested that the existence of serum-solu-
ble B7-H4 could be a predictive marker for immunotherapy targeting T lymphocytes. In
addition, B7-H4 can be a new target for immunotherapy in renal cancer patients.

Conclusions

The present study showed that the existence of serum-soluble B7-H4 can be an independent
predictive marker for PFS and OS in patients with non-metastatic clear cell renal cell carci-
noma. To our knowledge, this is the first report of an association between serum soluble
B7-H4 and peripheral blood neutrophil count in patients with renal cancer.
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