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Background: B7-H3 (CD276), an immune checkpoint molecule, regulates the tumor-immune

microenvironment and controls the aggressiveness of various tumors. Although B7-H3 expres-

sion has been associated with the number of tumor-infiltrating FOXP3+ regulatory T cells, little

information is available about this association in clear cell renal cell carcinoma (ccRCC).

Methods: Using 252 consecutive cases of ccRCC, we examined the association of B7-H3

expression in both the tumor cells and tumor vasculature with the number of tumor-infiltrat-

ing FOXP3+ cells and assessed whether the effects of B7-H3 expression on survival differ

according to FOXP3+ cell number.

Results: High B7-H3 expression was observed in the tumor cells and tumor vasculature in

15% and 54% of ccRCC cases, respectively. High FOXP3+ cell number was positively

associated with B7-H3 expression in both the tumor cells (odds ratio [OR] =2.93; P=0.0041)

and tumor vasculature (OR=2.45; P=0.0007). Tumor cell B7-H3 expression was associated

with increased disease-specific mortality in high FOXP3+ cell number group (hazard ratio

[HR] =2.98; P=0.017), but not in low FOXP3+ group (P=0.71). Tumor vasculature B7-H3

expression was also associated with increased disease-specific mortality in high FOXP3+ cell

number group (HR=4.86; P=0.0025), but not in low FOXP3+ group (P=0.48).

Conclusion: We demonstrate that B7-H3 expression in both tumor cells and the tumor

vasculature is positively associated with FOXP3+ cell number. Such expression is also asso-

ciated with increased mortality in high FOXP3+ cell number group, but not in low FOXP3+ cell

number group. These findings suggest that B7-H3-expressing ccRCCs may exert tumor-promot-

ing immunity by interacting with FOXP3+ regulatory T cells in the tumor microenvironment.
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Introduction
Immunotherapy has emerged as a promising strategy for the treatment of various

malignancies, including renal cell carcinoma (RCC).1–8 RCC is an immunosensitive

cancer that is generally responsive to immune checkpoint inhibitors; however, the

mechanism by which RCC exhibits susceptibility to immunotherapies is unclear.3–5,9,10

To improve outcomes for patients with RCC, additional effort should be focused on the

identification of the mechanisms underlying the tumor-immune microenvironment and

new molecular targets for the development of efficacious strategies against RCC.

B7-H3 plays a role in the regulation of T-cell-mediated immune responses

against cancer; its expression is associated with increased mortality in patients

with RCC.11–16 Recent evidence demonstrates that B7-H3 expression is positively
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associated with the density of tumor-infiltrating FOXP3+

regulatory T cells,17,18 which help tumor cells evade

immunosurveillance.19 However, no prior studies have

examined the relationship between B7-H3 expression and

the numbers of FOXP3+ T cells or whether the association

of B7-H3 expression with survival differs according to the

density of FOXP3+ cells in cases of RCC.

In this study, using 252 consecutive cases of clear cell

RCC (ccRCC), we examined the relationship between B7-

H3 expression in both tumor cells and the tumor vascula-

ture and the density of tumor-infiltrating FOXP3+ cells;

we also determined whether the association between B7-

H3 expression and survival differs according to FOXP3+

cell density.

Materials and methods
Study population
We enrolled 252 consecutive cases of ccRCC based on the

availability of data on B7-H3 expression in both tumor

cells and the tumor vasculature, the numbers of tumor-

infiltrating FOXP3+ cells, and patient survival. The

patients were Japanese and had undergone tumor resection

between June 2005 and October 2010 at The Cancer

Institute Hospital, Japanese Foundation for Cancer

Research (JFCR), Tokyo, Japan. Patients were monitored

until death or June 27, 2018. Pathological diagnoses were

made by a urologic pathologist (K.I.), according to the

2016 WHO classification of renal cell tumors.20 All

patients were pathologically staged according to the

AJCC-TNM staging system, 8th edition.21 This study

was approved by the institutional review board of JFCR,

and written informed consent was obtained from all

patients of this study. The study was conducted in accor-

dance with the ethical standards of the Declaration of

Helsinki.

Immunohistochemical analyses
Using formalin-fixed, paraffin-embedded tissue specimens

that had been collected for the pathological diagnoses of

ccRCC, we constructed tissue microarrays (TMAs), as pre-

viously described.22 In brief, we punched sections from

donor paraffin blocks using a 2-mm-diameter coring needle

and transferred the tissue to recipient paraffin blocks using a

tissue microarrayer (KIN-1, Azumaya, Tokyo, Japan). For

each case, a urologic pathologist (K.I.) selected one 2-mm-

diameter area, showing the tumor’s most representative

histology.22

B7-H3 immunostaining was performed, as previously

described.23 Sections with a thickness of 4 μm from the

TMAs were immunostained for B7-H3 with an anti-B7-H3

mouse monoclonal antibody (clone: BD/5A11; Daiichi

Sankyo Co., Ltd., Tokyo, Japan; diluted 1:400) using the

Leica Bond III automated system (Leica Biosystems

Melbourne Pvt., Ltd., Melbourne, Australia). The sections

were incubated at pH 9 for 10 min at 100 °C. For both the

positive and negative controls, we used a B7 subfamily cell

array (provided by Daiichi Sankyo Co., Ltd.), which was

composed of CHO-K1 cells overexpressing B7 subfamily

members, including B7-H1 (also known as PD-L1), B7-H2,

B7-H3, B7-H4, B7-1, or B7-2, as well as mock-transfected

control cells, as previously described.23,24 Using this cell

array, we verified the specificity and sensitivity of the anti-

B7-H3 antibody (clone: BD/5A11).23,24 B7-H3 expression

in tumor cells was measured, as described previously.23,24

The intensity of B7-H3 expression in tumor cell membranes

was defined as absent–weak or moderate–strong. The per-

centages of tumor cells at both B7-H3 intensities were

determined. Specimens were categorized into two groups

based on the staining intensity and percentage of positive

cells: low B7-H3 expression in tumor cells (moderate–

strong <50%) and high B7-H3 expression (moderate–strong

≥50%). For B7-H3 expression in the tumor vasculature,

absent–focal and moderate–diffuse expression levels were

categorized as low and high, respectively (Figure 1A–C).

FOXP3 immunostaining was also conducted using 4-μm-

thick sections from the TMAs. The sections were immunos-

tained for FOXP3 using an anti-FOXP3 mouse monoclonal

antibody (clone: 236A/E7; Abcam, Cambridge, UK; diluted

1:100) using the Leica Bond III automated system. These

sections were incubated at pH 9 for 20 min at 100 °C. Tumor-

infiltrating FOXP3+ cells were counted using a 40× objective

in five randomly selected fields, and the results were aver-

aged. We selected the median value of the counts as the

cutoff value to define high and low densities of FOXP3+

cells (Figure 1D and E).

Immunostaining results were interpreted by a urologic

pathologist (K.I.) in a blinded manner. All samples were

blindly examined by a second pathologist (G.A.). There

was good concordance between the two observers, as

verified by a kappa coefficient of 0.72 [95% confidence

interval (CI) =0.61–0.83; P<0.0001] for B7-H3 expression

in tumor cells, 0.79 (95% CI=0.72–0.87; P<0.0001) for

B7-H3 expression in the tumor vasculature, and 0.73 (95%

CI=0.65–0.81; P<0.0001) for tumor-infiltrating FOXP3+

cell density.

Inamura et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2019:117022

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Statistical analyses
Statistical analyses were conducted using JMP 12 software

(SAS Institute Inc., Cary, NC, USA) and Excel 2016 soft-

ware (Microsoft, Redmond, WA, USA). All tests were two

sided, and P-values less than 0.05 were considered statis-

tically significant. The kappa coefficient was calculated to

assess the level of agreement between the two pathologists

in the immunohistochemical analyses. To investigate the

associations of B7-H3 expression levels with clinicopatho-

logical characteristics, the chi-square or Fisher’s exact test

was appropriately performed. The relationships between

the clinicopathological features and B7-H3 expression

levels were also assessed by univariable and multivariable

logistic regression models. For the multivariable analysis,

we initially included age (<65 years vs ≥65 years), sex

(male vs female), tumor size (<40 mm vs ≥40 mm),

Fuhrman grade (1–2 vs 3–4), pathological stage (I–II vs

III–IV), and FOXP3+ cell density (low vs high). For

survival analyses, survival duration was defined as the

interval between the date of tumor resection and the date

of death or last follow-up. The Kaplan–Meier method and

log-rank test were used for survival analysis. For the

analysis of disease-specific mortality, deaths as a result

of other causes were censored. To adjust for confounding

variables, we used Cox proportional hazards regression

models, and calculated hazard ratios (HRs) for mortality.

The multivariable models initially included the same set of

variables as in multivariable logistic regression analysis.

Results
B7-H3 expression in RCC
Among 252 cases of ccRCC, high tumor cell expression of

B7-H3 was observed in 37 cases (15%), whereas high expres-

sion levels of B7-H3 in the tumor vasculature were observed

in 137 cases (54%; Figure 1). Table 1 shows the clinicopatho-

logical characteristics of ccRCC, according to B7-H3 expres-

sion levels in both tumor cells and the tumor vasculature. B7-

H3 expression in tumor cells was positively associated with

the density of tumor-infiltrating FOXP3+ cells (P=0.0069).

Similarly, B7-H3 expression in the tumor vasculature was

positively associated with the density of tumor-infiltrating

FOXP3+ cells (P=0.0015). High B7-H3 expression in the

vasculature was also associated with large tumor size

(P=0.013), advanced pathological stage (P=0.015), old age

(P=0.029), and high Fuhrman grade (P=0.032).

Logistic regression analysis to assess

relationships with B7-H3 expression
To adjust for confounding variables, we conducted logistic

regression analysis and assessed relationships with B7-H3

expression in tumor cells and the tumor vasculature

(Table 2). In an independent manner, FOXP3+ cell density

was positively associatedwithB7-H3 expression in both tumor

cells [odds ratio (OR) =2.93, 95% CI=1.40–6.56; P=0.0041]

and the tumor vasculature (OR=2.45, 95% CI=1.46–4.17;

P=0.0007; Table 2).

A B C

D E

Figure 1 (A–C) Immunohistochemical staining for B7-H3 in tumor cells and the tumor vasculature of clear cell renal cell carcinoma. (A) Representative tumor with low B7-H3

expression in tumor cells and the tumor vasculature. (B) Representative tumor with high B7-H3 expression in tumor cells. (C) Representative tumor with high B7-H3

expression in the tumor vasculature. (D and E) Immunohistochemical staining for FOXP3 in tumor-infiltrating cells in clear cell renal cell carcinoma. (D) Representative tumor

with a low FOXP3+ cell density. (E) Representative tumor with a high FOXP3+ cell density. Scale bar, 100 µm.
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B7-H3 expression and RCC mortality
Among the 252 patients with ccRCC, there were 58

deaths, including 41 disease-specific deaths, during a med-

ian follow-up period of 99 months.

We initially assessed the association of B7-H3 expression

in tumor cells with survival. In the Kaplan–Meier analysis,

high B7-H3 expression was associated with increased dis-

ease-specific death (log-rank P=0.012; Figure 2A) and over-

all mortality (log-rank P=0.050; Figure 2B). In a Cox

regression univariable analysis, high B7-H3 expression was

associated with increased disease-specific death (HR=2.37,

95% CI=1.13–4.62; P=0.024; Table 3). In a multivariate

analysis, B7-H3 expression was not independently asso-

ciated with mortality (P≥0.28).

We next assessed the association of B7-H3 expression

in the tumor vasculature with survival. In the Kaplan–

Meier analysis, high B7-H3 expression in the tumor vas-

culature was associated with increased disease-specific

death (log-rank P=0.0081; Figure 2C) and overall mortal-

ity (log-rank P=0.0021; Figure 2D). In the Cox regression

univariable analysis, high B7-H3 expression in the tumor

vasculature was associated with increased disease-specific

death (HR=2.48, 95% CI=1.27–5.19; P=0.0069) and over-

all mortality (HR =2.41, 95% CI=1.38–4.42; P=0.0017;

Table 3). In the multivariable analysis, high B7-H3 expres-

sion in the tumor vasculature was independently asso-

ciated with increased overall mortality (HR=1.86, 95%

CI=1.05–3.45; P=0.035).

Table 1 Clinicopathological characteristics of clear cell renal cell carcinoma according to B7-H3 expression in tumor cells and the

tumor vasculature

Variables N of samples (%) B7-H3 expression in tumor cells B7-H3 expression in tumor vasculature

Low

N=215

(85%)

High

N=37

(15%)

P-values Low

N=115

(46%)

High

N=137

(54%)

P-values

Age 0.92 0.029

<65 years 148 (59%) 126 (59%) 22 (59%) 76 (66%) 72 (53%)

≥65 years 104 (41%) 89 (41%) 15 (41%) 39 (34%) 65 (47%)

Sex 0.82 0.50

Male 187 (74%) 159 (74%) 28 (76%) 83 (72%) 104 (76%)

Female 65 (26%) 56 (26%) 9 (25%) 32 (28%) 33 (24%)

Tumor size 0.40 0.013

<40 mm 132 (52%) 115 (53%) 17 (46%) 70 (61%) 62 (45%)

≥40 mm 120 (48%) 100 (47%) 20 (54%) 45 (39%) 75 (55%)

Fuhrman grade 0.059 0.032

1–2 195 (77%) 171 (80%) 24 (65%) 96 (83%) 99 (72%)

3–4 57 (23%) 44 (20%) 13 (35%) 19 (17%) 38 (28%)

Pathological stage 0.45 0.015

I–II 221 (88%) 190 (88%) 31 (84%) 107 (93%) 114 (83%)

III–IV 31 (12%) 25 (12%) 6 (16%) 8 (7.0%) 23 (17%)

Performance status 0.65 0.76

0 234 (96%) 200 (96%) 34 (94%) 108 (96%) 126 (95%)

≥1 10 (4.1%) 8 (3.9%) 2 (5.6%) 4 (3.6%) 6 (4.6%)

FOXP3+ cell density 0.0069 0.0015

Low 126 (50%) 115 (53%) 11 (30%) 70 (61%) 56 (41%)

High 126 (50%) 100 (47%) 26 (70%) 45 (39%) 81 (59%)
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Table 2 The associations of B7-H3 expression with clinicopathological features in clear cell renal cell carcinoma

B7-H3 expression

Univariable analysis Multivariable analysis*

OR (95% CI) P-values OR (95% CI) P-values

Factors to predict high B7-H3 expression in tumor cells

FOXP3+ cell density high (vs low) 2.72 (1.31–5.99) 0.0069 2.93 (1.40–6.56) 0.0041

Fuhrman grade 3–4 (vs 1–2) 2.11 (0.97–4.42) 0.059 2.36 (1.07–5.09) 0.034

Tumor size (mm) ≥40 (vs <40) 1.35 (0.67–2.75) 0.40

Pathological stage III–IV (vs I–II) 1.47 (0.51–3.68) 0.45

Sex male (vs female) 1.10 (0.50–2.59) 0.82

Age (years) <65 (vs ≥65) 1.04 (0.51–2.14) 0.92

Factors to predict high B7-H3 expression in tumor vasculature

FOXP3+ cell density high (vs low) 2.25 (1.36–3.75) 0.0015 2.45 (1.46–4.17) 0.0007

Tumor size (mm) ≥40 (vs <40) 1.88 (1.14–3.13) 0.013 2.01 (1.19–3.41) 0.0084

Age (years) ≥65 (vs <65) 1.76 (1.06–2.95) 0.029 1.81 (1.07–3.10) 0.027

Pathological stage III–IV (vs I–II) 2.70 (1.20–6.67) 0.015

Fuhrman grade 3–4 (vs 1–2) 1.94 (1.06–3.66) 0.032

Sex male (vs female) 1.22 (0.69–2.14) 0.50

Notes: *The multivariable model initially included age (<65 years vs ≥65 years), sex (male vs female), tumor size (<40 mm vs ≥40 mm), Fuhrman grade (1–2 vs 3–4), pathological

stage (I–II vs III–IV), and FOXP3+ cell density (low vs high). A backward stepwise elimination with a threshold P-value of 0.05 was used to select variables in the final model.

Abbreviations: CI, confidence interval; OR, odds ratio.
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Figure 2 Kaplan–Meier curves for disease-specific survival (A) and overall survival (B) in patients with clear cell renal cell carcinoma according to B7-H3 expression in tumor cells.

Kaplan–Meier curves for disease-specific survival (C) and overall survival (D) in patients with clear cell renal cell carcinoma according to B7-H3 expression in the tumor vasculature.
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B7-H3 expression, FOXP3+ cell density,

and RCC mortality
We examined the association between B7-H3 expression

and mortality according to the density of tumor-infiltrating

FOXP3+ cells (Figure 3 and Table 3). High B7-H3 expres-

sion in tumor cells was associated with increased disease-

specific mortality in the high FOXP3+ cell density group

(log-rank P=0.0084; Figure 3B) but not in the low cell

density group (log-rank P=0.70; Figure 3A). High B7-H3

expression in the tumor vasculature was also associated

with increased disease-specific death in the high FOXP3+

cell density group (log-rank P=0.0051; Figure 3D) but not

in the low cell density group (log-rank P=0.47; Figure 3C).

In a Cox regression univariable analysis, high B7-H3

expression in tumor cells was associated with increased

disease-specific mortality in the high FOXP3+ cell density

group (HR=2.98, 95% CI=1.23–6.91; P=0.017) but not in

the low cell density group (P=0.71; Table 3). High B7-H3

expression in the tumor vasculature was also associated

with increased disease-specific mortality in the high

FOXP3+ cell density group (HR=4.86, 95% CI=1.65

−20.7; P=0.0025) but not in the low cell density group

(P=0.48; Table 3). High B7-H3 expression in the tumor

vasculature was independently associated with increased

overall mortality in the high FOXP3+ cell density group

(HR =3.13, 95% CI=1.28−9.38; P=0.010) but not in the low
cell density group (P=0.36).

Discussion
The expression of B7-H3, a regulator of T-cell-mediated

immune responses, appears to control the aggressiveness

of various malignancies, including RCC.11–16,25–27 Recent

evidence suggests a positive association between tumor

B7-H3 expression and the density of tumor-infiltrating

FOXP3+ regulatory T cells.17,18 However, no prior studies

have examined the association of B7-H3 expression with

tumor-infiltrating FOXP3+ cells or whether the association

between B7-H3 expression and patient survival differs

according to tumor-infiltrating FOXP3+ cell density in

RCC. We herein demonstrate a positive association of

B7-H3 expression in both tumor cells and the tumor vas-

culature with the density of tumor-infiltrating FOXP3+

cells. Furthermore, high B7-H3 expression was associated

with increased mortality in the high FOXP3+ cell density

group but not in the low cell density group. Our results

suggest the potential interplay between B7-H3 expression

0.8

0.6

0.4

0.2

1.0

0.0

S
ur

vi
va

l p
ro

ba
bi

lit
y 0.8

0.6

0.4

0.2

1.0

0.0

S
ur

vi
va

l p
ro

ba
bi

lit
y

0 20 40 60 80
Disease-specific survival (months)

FOXP3+ cell density: lowA B

C DFOXP3+ cell density: low

FOXP3+ cell density: high

FOXP3+ cell density: high

100 120 140

0.8

0.6

0.4

0.2

1.0

0.0

S
ur

vi
va

l p
ro

ba
bi

lit
y

0 20 40 60 80
Disease-specific survival (months)

100 120 140

0.8

0.6

0.4

0.2

1.0

0.0

S
ur

vi
va

l p
ro

ba
bi

lit
y

0 20 40 60 80
Disease-specific survival (months)

100 120 140

0 20 40 60 80
Disease-specific survival (months)

100 120 140

Log-rank P=0.70 Log-rank P=0.0084

Log-rank P=0.47 Log-rank P=0.0051

B7-H3 expression in tumor cells: low (N=115)
B7-H3 expression in tumor cells: high (N=11)

B7-H3 expression in tumor cells: low (N=100)
B7-H3 expression in tumor cells: high (N=26)

B7-H3 expression in tumor vasculature: low (N=70)
B7-H3 expression in tumor vasculature: high (N=56)

B7-H3 expression in tumor vasculature: low (N=45)
B7-H3 expression in tumor vasculature: high (N=81)
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Dovepress Inamura et al

Cancer Management and Research 2019:11 submit your manuscript | www.dovepress.com

DovePress
7027

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


and FOXP3+ regulatory T cells in the tumor-immune

microenvironment of RCC.

RCC is an immunosensitive tumor as shown by its spon-

taneous regression, high levels of tumor-infiltrating inflam-

matory cells, and susceptibility to immunotherapies.3–5,9,10

As with melanoma and non-small cell lung cancer

(NSCLC),6–8 RCC is generally susceptible to immune check-

point inhibitors.3–5,9,10 Such susceptibility in melanoma and

NSCLC is thought to be attributed to the high mutational

burden of these malignancies.28 On the other hand, the muta-

tional load of RCC is not as high as that observed in other

immunotherapy-susceptible tumor types;28 therefore, the rea-

sons for its responsiveness to immune checkpoint blockades

are unclear. Interactive associations between the immune

checkpoint pathway and host immunity must be elucidated

to develop an efficacious immunotherapeutic strategy

for RCC.

B7-H3 is a member of the B7 family of immunoregula-

tory proteins, which includes PD-L1 (also known as B7-H1),

and is thought to control tumor aggressiveness in various

types of cancer, including RCC.11–16,25–27 B7-H3 has been

linked to tumor angiogenesis,29,30 and its expression is asso-

ciated with increased mortality in patients with RCC not only

in the tumor cells but also in the tumor vasculature.14–16

Furthermore, B7-H3 has been known to be overexpressed

during pathological, but not physiological, angiogenesis.

While physiological functions of B7-H3 remain elusive,

B7-H3 is highly expressed in the tumor vessels of renal,

lung, colon, breast, endometrial, and ovarian cancers, but

not in the blood vessels of their corresponding normal

tissues.14,15,29,31 In RCC, anti-B7-H3 therapy may simulta-

neously target both the tumor and stromal components,

resulting in enhanced therapeutic efficacy.31

B7-H3 plays a critical role in the suppression of T-cell-

mediated antitumor immune responses, although conflicting

evidence exists.11–13,32 B7-H3 inhibits the proliferation of both

CD4+ andCD8+Tcells and reduces the production of effector

cytokines (eg, IL-2 and interferon-gamma) by suppressing

NFAT, NFKB, and AP-1 transcriptional activities.33,34 In B7-

H3-deficient mice, Th1 (T helper 1)-mediated hypersensitivity

and onset of experimental autoimmune encephalomyelitis

(EAE) are induced, and treatment with a blocking anti-B7-

H3 antibody worsens EAE.33,34 Moreover, administration of

an anti-B7-H3 antibody during the induction phase enhances

the severity of Th2 (T helper 2)-mediated experimental aller-

gic conjunctivitis.35 Dendritic cell (DC)-associated B7-H3

induced by regulatory T cells impairs T cell stimulatory

function.36 On the other hand, FOXP3 is a master regulator

of the development and function of regulatory T cells and is

regarded, to date, as the most specific and reliable marker of

regulatory T cells.37–39 FOXP3+ regulatory T cells impede

antitumor immunity;19 therefore, the targeting FOXP3+ reg-

ulatory T cells can be a potential strategy for the treatment of

malignancies with high numbers of tumor-infiltrating FOXP3

+ regulatory T cells.40,41 Studies have demonstrated that B7-

H3 expression is positively associated with the density of

tumor-infiltrating FOXP3+ regulatory T cells,17,18 which

help tumor cells evade immunosurveillance.19 In NSCLC,

Jin et al have reported a positive correlation between B7-H3

expression and FOXP3+ cell density as well as a differential

association between B7-H3 expression and survival according

to FOXP3+ cell density.17 Consistent with their findings, we

demonstrated a positive relationship between B7-H3 expres-

sion and the density of tumor-infiltrating FOXP3+ cells as well

as pronounced effects of B7-H3 expression on survival in

RCC patients with a high FOXP3+ cell density. B7-H3 block-

ade, in combination with the targeting of FOXP3+ cells, might

be an effective strategy for managing B7-H3-expressing RCC.

Limitations of this study deserve comments. First, the

observational nature of the study makes it challenging to

determine the causal association between B7-H3 expres-

sion and tumor-infiltrating FOXP3+ cells. However,

mechanistic studies have shown that B7-H3 can regulate

T-cell-mediated antitumor immunity.11–13, Second, we

used TMAs to assess B7-H3 expression; therefore, intra-

tumor heterogeneity can affect our results, although we

used relatively large rods (2 mm in diameter). Third, there

are no standardized methods to immunohistochemically

evaluate B7-H3 expression status and the density of

tumor-infiltrating FOXP3+ cells, which may alter our

results. However, two pathologists conducted blinded and

independent assessments of B7-H3 expression status and

FOXP3+ cell density with good interobserver agreement.

Fourth, we recognize the inherent limitations in assessing

only the tumor cells, tumor vasculature, and FOXP3+ cells

because the tumor-immune microenvironment comprises

neoplastic cells, immune cells, fibroblasts, endothelial

cells, extracellular matrix, proteases, and cytokines.

Therefore, comprehensive studies are required to dissect

the complex crosstalk between these components. Fifth,

data regarding treatment effect on advanced-stage tumors

were not available in the current study. Sixth, our database

was created retrospectively. Seventh, the total number of

patients (N=252) was not large enough; therefore, statis-

tical power was limited, particularly for subgroup ana-

lyses. Finally, this study lacks generalizability because
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we evaluated Japanese patients at a single cancer hospital.

Thus, further investigations with larger numbers of

patients of other ethnicities are required to confirm our

findings.

Conclusion
The current study demonstrates a positive association

between B7-H3 expression and the number of tumor-infil-

trating FOXP3+ cells as well as the pronounced effects of

B7-H3 expression on survival in RCC patients with a high

FOXP3+ cell density. These results suggest that the B7-H3

signaling pathway plays a critical role in immunosuppres-

sion via interactions with FOXP3+ regulatory T cells in

the RCC microenvironment. On the basis of our findings,

the targeting of B7-H3 and FOXP3+ regulatory T cells

may serve as a promising strategy for the treatment of B7-

H3-expressing RCC.
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