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Abstract: Tumor angiogenesis is required for tumor growth and metastasis, and the Ang/Tie-2 

axis plays a pivotal role in angiogenesis. B7-H3, a new member of the B7 family of costimula-

tory molecules, has a critical function in the T-cell-mediated antitumor immune response, and 

abnormal tumor B7-H3 expression is frequently associated with a poor prognosis. However, 

the relationship between B7-H3 and angiogenesis in clear cell renal carcinoma (ccRCC) 

remains unclear. In this study, we used immunohistochemical methods to detect tumor vascular 

expression of B7-H3 and Tie-2 in tissue microarrays of 82 ccRCC patient samples. According 

to the results, B7-H3 is highly expressed in the tumor vascular endothelium of ccRCC and is 

associated with the ccRCC grade and tumor-node-metastasis (TNM) stage. Although vascular 

Tie-2 expression was also correlated with T stage and lymph node metastasis, it was not related 

to ccRCC grade or distant metastasis. The microvessel density (MVD) labeled by CD34 was 

correlated with tumor grade and TNM stage. Expression of B7-H3 and Tie-2 was positively 

correlated, and the levels were positively associated with the MVD. Additionally, immuno-

fluorescence staining revealed coexpression of B7-H3 and Tie-2 in the vascular endothelia of 

ccRCC. Collectively, our findings suggest that expression of B7-H3 and Tie-2 in ccRCC tumor 

vasculature is closely related to the progression and prognosis of the disease. Furthermore, 

B7-H3 possibly promotes ccRCC angiogenesis through the Tie-2 pathway. Thus, B7-H3 might 

serve as an effective endothelial marker for ccRCC prognosis and become a promising target 

for ccRCC anti-angiogenic-targeted therapy.

Keywords: B7-H3, Tie-2, microvessel density, clear cell renal carcinoma, prognosis, 

angiogenesis

Introduction
Renal cell carcinoma (RCC) is a malignant tumor originating from renal tubular epi-

thelial cells. RCC accounts for 2%–3% of all malignant tumors; its incidence rate is the 

third highest among urologic tumors1 and continues to rise in most countries.2 The most 

common histological type, clear cell renal carcinoma (ccRCC) represents 75%–85% of 

all RCCs.3 Although early stage renal cancer can be treated effectively with surgery, 

metastatic renal carcinoma (mRCC) has a poor prognosis and is insensitive to radio-

therapy or chemotherapy. Moreover, RCC, especially ccRCC, is characteristically 

hypervascular, and thus, anti-angiogenic-targeted therapy is implemented in the treat-

ment of mRCC. However, as the current anti-angiogenic therapy targeting vascular 

endothelial growth factor (VEGF) is not completely satisfactory due to its inherent 

defects, identification of new targets has become a popular research focus.

Angiogenesis is required for tumor growth and metastasis, processes that are regu-

lated by a variety of vascular factors. In addition to VEGF receptors, newly identified 

tyrosine kinase receptor Tie-2 binds ligands that are members of the angiopoietin 
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family. Studies have shown that Tie-2 acts independently 

of VEGF in the regulation of tumor microvascularization, 

and inhibition of the Tie-2 pathway alone is reported to 

inhibit tumor growth.4 As an angiogenin receptor, Tie-2 is 

mainly expressed by endothelial cells; some macrophages 

and monocytes also express Tie-2, namely Tie-2-expressing 

monocytes (TEMs). TEMs purified from human tumor speci-

mens promote tumor angiogenesis in transplanted tumors, 

whereas a lack of TEMs reduces angiogenesis and delays 

tumor growth.5

B7-H3 is a new member of the B7 family of costimulatory 

molecules that was first cloned from a human dendritic cell 

cDNA library by Chapoval et al.6 B7-H3 has the dual func-

tion of stimulating and inhibiting T-cell activation, with an 

important function in the T-cell-mediated antitumor immune 

response. B7-H3 is overexpressed in a variety of human 

malignancies and is closely correlated to tumor progression 

and prognosis.7–12 Currently, the nonimmune roles of B7-H3 

are attracting increasing attention. Seaman et al13 showed 

that B7-H3 is specifically expressed at high levels in the 

vascular endothelium of various malignant tumor tissues, 

whereas no expression was found in the normal human 

vascular endothelium, suggesting that B7-H3 is critical for 

tumor angiogenesis. In addition, Zang et al14 reported that 

93 of 103 cases of ovarian tumor samples expressed B7-H3 

molecules and that the tumor vascular endothelial cells of 

44% of patients expressed B7-H3, whereby patients with 

high B7-H3 expression had high recurrence rates and short 

survival times. Recent studies have also shown that B7-H3 

is highly expressed in the blood vessels of ccRCC tissues 

and is associated with prognosis.15,16 Nonetheless, the rela-

tionship between B7-H3 and RCC angiogenesis as well as 

the underlying mechanism remains unclear. In this study, 

vascular B7-H3 and Tie-2 expression in ccRCC was evalu-

ated by immunohistochemistry and immunofluorescence. 

We found vascular B7-H3 and Tie-2 expression to be corre-

lated with the clinicopathological features of ccRCC and the 

microvessel density (MVD). B7-H3 and Tie-2 were found to 

be coexpressed in ccRCC blood vessels, indicating that these 

factors are both involved in the ccRCC angiogenic process. 

Our study provides a theoretical basis for the use of B7-H3 

and Tie-2 as predictive factors for ccRCC prognosis and as 

targets in anti-angiogenic therapy.

Materials and methods
sample collection
We collected paraffin-embedded samples of cancer 

tissues surgically removed from 82 patients with ccRCC. 

The patients were admitted to and underwent surgery at First 

Affiliated Hospital of Soochow University from June 2012 

to August 2013. The patients were not treated with radio-

therapy or chemotherapy prior to the operation. In addition, 

20 adjacent normal renal tissues were collected as controls. 

Tumor grading was performed according to the latest grading 

standard of the World Health Organization (WHO) and the 

International Society of Urological Pathology (ISUP) (the 

four-tiered WHO/ISUP grading system).17 Tumor staging 

was based on the seventh edition of the American Cancer 

Joint Committee (AJCC) 2010 Tumor-Node-Metastasis 

(TNM) staging system. The study protocol was approved by 

the Academic and Ethics Committee of our hospital, and all 

patients signed written informed consent forms.

Tissue microarray construction
Tissues embedded in paraffin were sectioned and stained 

with hematoxylin and eosin (HE), followed by diagnosis 

by two pathologists. A site with typical pathology was 

identified in the corresponding paraffin block and marked. 

The acceptor paraffin block was perforated with a tissue 

arrayer (Beecher Instruments Inc, Sun Prairie, WI, USA), and 

a paraffin-embedded tissue core with a diameter of 1.5 mm 

was taken from the sampling site of the donor paraffin block 

and implanted into the corresponding hole in the acceptor 

paraffin block. The tissue array paraffin block was generated 

according to a predesigned array diagram. A conventional 

method was used to cut the array into 4-µm-thick continuous 

sections, which were attached to anti-dewaxing slides and 

stored at room temperature.

immunohistochemical staining
The tissue paraffin blocks were continuously sectioned into a 

4-µm thickness, dewaxed in xylene, and hydrated in an etha-

nol gradient. Endogenous peroxidase activity was blocked 

by incubation in 3% hydrogen peroxide for 20 minutes, 

and antigen retrieval was conducted by heating the tissue 

sections at 100°C for 30 minutes in EDTA solution. The 

sections were incubated in 5% bovine serum albumin (BSA) 

at room temperature for 30 minutes. Primary antibodies 

(goat anti-human B7-H3 polyclonal antibody [working 

concentration 1:400; R&D Systems, Inc., Minneapolis, 

MN, USA], goat anti-human Tie-2 polyclonal antibody 

[working concentration 1:100; R&D Systems, Inc.], and 

sheep anti-human CD34 polyclonal antibody [working 

concentration 1:100; R&D Systems, Inc.]) were added drop-

wise, followed by overnight incubation at 4°C. According 

to the manufacturer’s manual, the secondary antibody was 
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also added dropwise, and the samples were incubated for 

30 minutes at room temperature. After adding the strepta-

vidin biotin complex reagent dropwise, the samples were 

allowed to stand at room temperature for 30 minutes. 3,3′-
Diaminobenzidine tetrahydrochloride solution was applied, 

and the samples were stained with hematoxylin, dehydrated, 

and clarified. Coverslips were added, and the sections were 

viewed under a microscope. Known ccRCC tissue sections 

were used as positive controls; phosphate-buffered saline 

(PBS) was used as a negative control instead of the primary 

antibody.

Evaluation of immunohistochemical 
staining
Two senior pathologists reviewed the sections, and the 

results were determined in a double-blind manner. Under 

an optical microscope, blood vessels with positive expres-

sion were identified based on brownish to brown staining 

of the vascular endothelium. Compared to the CD34-

labeled vascular endothelium, distribution of B7-H3 and 

Tie-2 expression in the vascular endothelium of the tumor 

was categorized as follows: 0, absent; 1, focal expres-

sion; 2, moderate expression; and 3, diffuse expression.15 

Staining intensity was scored as follows: 0, no staining; 1, 

weak staining; 2, moderate staining; and 3, strong staining. 

These two scores were then multiplied to yield the final 

score. For statistical analysis, sections with a final score 

of #3 were defined as the low-expression group, whereas 

sections with a final score of .3 were included in the high-

expression group.

MVD measurement
In the RCC tissues, isolated brown-yellow vascular endothe-

lial cells or cell clusters were considered to represent a 

single microvessel. CD34-positive microvessels were 

observed under low magnification (100×). Regions with 

the highest microvascular distribution were selected, and 

the numbers of blood vessels staining brown were counted 

under high magnification (200×). The mean MVD value 

from three fields of high magnification (200×) is reported 

in the results.

Immunofluorescence double labeling and 
laser confocal scanning microscopy
Samples embedded in paraffin were sectioned and subjected 

to xylene deparaffinization, gradient ethanol hydration, 

antigen retrieval, blocking in 5% BSA, and incubation at 

room temperature (similar to the process described above 

for immunohistochemistry). After washing with PBS, 

B7-H3/Tie-2 and B7-H3/CD34 primary antibodies were 

added for overnight incubation at 4°C. Secondary antibodies 

labeled with two different fluorescent probes were diluted 

with PBS, and 100 µL of the corresponding fluorescent 

secondary antibody was added dropwise to each sample. 

Alexa Fluor 594 AffiniPure Rabbit Anti-Goat IgG (Jackson 

ImmunoResearch Laboratories, Inc., West Grove, PA, 

USA), fluorescein (FITC) AffiniPure Rabbit Anti-Sheep IgG 

(Jackson ImmunoResearch Laboratories, Inc.), and goat anti-

mouse CFL-488 (Santa Cruz Biotechnology Inc., Dallas, TX, 

USA) were used, and the samples were incubated in the dark 

at 37°C for 30 minutes. Next, each slide was incubated with 

50 µL of 4′,6-diamidino-2-phenylindole added dropwise in 

the dark for 10 minutes. After anti-fluorescence quenching, 

coverslips were added, and the samples were observed and 

scanned in two channels using a laser confocal microscope 

(Olympus FV1200; Olympus Corporation, Tokyo, Japan). 

FVl0-ASWl.4 viewer software was used for z stack super-

imposition and processing.

statistical analysis
SPSS 21.0 software (IBM Corporation, Armonk, NY, USA) 

was used for statistical analysis. The relationship between 

the expression of B7-H3 and Tie-2 and clinicopathological 

parameters was assessed using the χ2 test or Fisher’s exact 

test. A correlation test was performed using Spearman’s 

correlation analysis. MVD data are expressed as the 

mean ± SD. Comparisons of means between the groups were 

achieved using Student’s t-test. P,0.05 was considered a 

significant difference.

Results
Vascular B7-H3 expression and its 
relationship with clinicopathological 
features of ccRCC
B7-H3 was found to be expressed in the renal tubular 

epithelia of normal renal tissues but was not expressed 

in normal glomeruli or renal cortical vessels. In contrast, 

B7-H3 was overexpressed in ccRCC tissues, especially in 

tumor vascular endothelial tissues (Figure 1). The expression 

rate of B7-H3 was 97.56% in the blood vessels of ccRCC, 

of which 26.83% showed focal expression, 25.61% moder-

ate expression, and 45.12% diffuse expression. The B7-H3 

low-expression group accounted for 32.93% of the samples, 

with the high-expression group comprising 67.07%. Vascular 

B7-H3 expression was positively correlated with ccRCC 
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histological grade, TNM stage, and lymph node metastasis 

(P,0.05) but not with gender, age, or tumor size, suggesting 

an association of B7-H3 overexpression with the degree of 

malignancy and progression of ccRCC and thus indicating 

a poor prognosis (Table 1).

Vascular Tie-2 expression and its 
relationship with the clinicopathological 
features of ccRCC 
Regarding Tie-2, we observed expression in renal tubular 

tissue and the glomerular vascular endothelium of normal 

renal tissues; in ccRCC tissues, it was mainly expressed in the 

tumor vascular endothelia (Figure 1). Overall, 58.54% of the 

ccRCC blood vessels exhibited high Tie-2 expression, with 

41.46% having low expression. Vascular Tie-2 expression 

was not related to gender, age, tumor size, or ccRCC grade but 

was positively correlated with tumor stage and lymph node 

metastasis (P,0.05). These findings suggest that Tie-2 might 

predict tumor invasion and metastasis but that it is not related 

to tumorigenesis or the degree of malignancy (Table 1).

Correlation between vascular B7-H3 and 
Tie-2 expression in ccRCC
Among the 82 ccRCC cases examined, 38 (46.34%) were 

positive for vascular expression of both B7-H3 and Tie-2 

expression; 17 cases (20.73%) were negative for both. 

Therefore, vascular B7-H3 and Tie-2 expression were posi-

tively correlated (r=0.306, P=0.005). As vascular expression 

of B7-H3 in ccRCC was positively correlated with that of 

Tie-2, these factors might have synergistic roles in tumor 

angiogenesis and B7-H3 might regulate angiogenesis through 

the Tie-2 pathway (Table 2).

Correlations of MVD with the 
clinicopathological features of ccRCC
The MVD labeled by CD34 did not correlate with gender, 

age, tumor size, or ccRCC grade but were positively 

Figure 1 Immunohistochemical detection of vascular B7-H3 and Tie-2 expression in ccRCC (×400). (A) Vascular distribution (CD34 labeling) in adjacent normal renal 
tissues showing that renal corpuscle have abundant blood vessels and that blood vessels are scattered in the renal parenchyma. (B) B7-H3 expression was observed in the 
renal tubular epithelia of adjacent normal tissues, but no expression was detected in glomerular blood vessels and renal parenchymal vessels. (C) Tie-2 expression was 
found in the renal tubular epithelium and glomerular vascular epithelium of adjacent normal tissues. (D) Low vascular B7-H3 expression in ccRCC tissues. (E) high vascular 
B7-H3 expression in ccRCC tissues. (F) Low vascular Tie-2 expression in ccRCC tissues. (G) High vascular Tie-2 expression in ccRCC tissues. (H) CD34-labeled MVD in 
ccrcc tissues. scale bar 40 µm.
Abbreviations: ccrcc, clear cell renal carcinoma; MVD, microvessel density.

Table 1 Vascular B7-H3 and Tie-2 expressions in ccRCC and 
correlations with clinicopathological parameters

Parameter Case (n) Vascular 
B7-H3 
expression

P-value Vascular 
Tie-2 
expression

P-value

Low High Low High

Age (years)
#60 49 16 33 0.949 22 27 0.442
.60 33 11 22 12 21

gender
Male 55 18 37 0.956 23 32 0.926
Female 27 9 18 11 16

Tumor size (cm)
#7 51 20 31 0.120 21 30 0.946
.7 31 7 24 13 18

T stage
#T2 62 25 37 0.012 32 30 0.001
.T2 20 2 18 2 18

lymph node metastasis
n0 63 25 38 0.018 31 32 0.010
n1 19 2 17 3 16

Distant metastasis
M0 74 27 47 0.048 32 42 0.459
M1 8 0 8 2 6

2010 TnM stage groupings
i–ii 56 23 33 0.021 29 27 0.005
iii–iV 26 4 22 5 21

nuclear grade
g1–2 57 24 33 0.008 26 31 0.249
G3–4 25 3 22 8 17

Abbreviation: ccrcc, clear cell renal carcinoma.
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correlated with tumor stage, lymph node metastasis, and 

distant metastasis (P,0.05). These findings suggest that 

MVD might predict tumor invasion and metastasis in 

ccRCC (Table 3).

Correlations of B7-H3 and Tie-2 
with MVD
MVD was significantly greater for the B7-H3 high-expression 

group compared to the low-expression group (P=0.009) and 

also for the Tie-2 high-expression group than the low-

expression group (P=0.002) (Table 4). These results suggest 

that B7-H3 and Tie-2 are both involved in ccRCC tumor 

angiogenesis.

Immunofluorescence detection of B7-H3 
and Tie-2 expression in the vascular 
endothelium of ccRCC
Positive fluorescent signals of immunofluorescence double 

labeling were observed in green and red channels by laser 

scanning confocal microscopy, and the overlap of the two 

fluorescent signals was yellow. B7-H3 and Tie-2 were both 

found to be expressed in ccRCC vascular endothelial tissues. 

Coexpression of the two proteins was also detected in these 

tissues (Figure 2).

Discussion
Angiogenesis, the process by which new blood vessels are 

formed, is an important hallmark of tumor progression,18 and 

a sufficient vascular response is key for the development and 

continuous growth of solid tumors. Therefore, combining 

anti-angiogenic treatments with other treatment methods 

to prevent the progression of malignant tumors is receiving 

increasing attention.

Vascular growth factors and receptor signaling are 

fundamental for tumor-mediated angiogenesis. The second 

most important endothelium-specific growth factor receptor 

system after the VEGF/VEGFR axis, the Ang/Tie-2 axis is 

a dual system that allows healthy blood vessels to remain in 

a resting state but still respond to angiogenic stimulation.19 

TEMs comprise a myeloid-derived cell subset characterized 

by the expression of angiopoietin receptor Tie-2. In mouse 

tumor models, TEMs are responsible for almost all angio-

genic activities of myeloid-derived cells.20 In a breast cancer 

mouse model, Tie-2 gene knockout in TEMs inhibits tumor 

angiogenesis, indicating that the Ang/Tie-2 axis regulates the 

angiogenic activity of these cells.21 Our preliminary study 

also showed that in renal cancer, a significant increase in the 

frequency of TEMs among infiltrating mononuclear cells 

occurs with tumor progression and angiogenesis, which was 

positively correlated with MVD.22 The results of the present 

study demonstrated that Tie-2 is highly expressed in the vas-

cular endothelium of ccRCC and that its expression is related 

to tumor staging and lymph node metastasis. These results 

Table 2 Correlation between B7-H3 and Tie-2 expression in 
ccrcc

Tie-2 B7-H3 r P-value

Low High

low
high

17
10

17
38

0.306 0.005

Abbreviation: ccrcc, clear cell renal carcinoma.

Table 3 MVD in ccrcc and correlations with clinicopathological 
parameters

Parameter Case (n) MVD  
(mean ± SD)

t P-value

Age (years)
#60 49 93.71±21.78 1.017 0.312

.60 33 88.36±25.53

gender
Male 55 90.71±22.54 0.469 0.640

Female 27 93.30±25.30

Tumor size (cm)
#7 51 89.94±22.78 −0.804 0.424

.7 31 94.23±24.42

T stage
#T2 62 87.45±23.27 −2.933 0.004

.T2 20 104.30±19.02

lymph node metastasis
n0 63 87.76±23.75 −2.792 0.007

n1 19 104.16±17.14

Distant metastasis
M0 74 88.93±22.38 −3.280 0.002

M1 8 115.88±18.49

2010 TnM stage groupings
i and ii 56 84.39±21.57 −4.546 ,0.001

iii and iV 26 107.00±19.53

nuclear grade
g1–2 57 87.91±23.12 −2.185 0.032
G3–4 25 99.88±22.15

Abbreviations: ccrcc, clear cell renal carcinoma; MVD, microvessel density.

Table 4 Relationship between B7-H3, Tie-2 and MVD (mean ± sD) 
in ccrcc

Group Cases (n) MVD t P-value

Low B7-H3 27 82.07±24.31 −2.673 0.009
High B7-H3 55 96.22±21.61
Low Tie-2 34 82.21±24.56 −3.224 0.002
High Tie-2 48 98.19±20.21

Abbreviations: ccrcc, clear cell renal carcinoma; MVD, microvessel density.
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indicate that Tie-2 is involved in ccRCC angiogenesis and is 

associated with invasion and metastasis in ccRCC patients.

B7-H3 is an immunomodulatory protein belonging to 

the B7 family of T-cell co-stimulatory factors.23 Although 

early studies reported that B7-H3 can act as a co-stimulatory 

factor for CD4+ and CD8+ T-cells and can promote T-cell 

proliferation and cytokine production in vitro, most authors 

have reported that B7-H3 can inhibit T-cell activation and 

proliferation.24,25 Indeed, the role of B7-H3 in tumors remains 

controversial. In patients with pancreatic cancer, B7-H3 over-

expression is associated with a better prognosis compared 

to low B7-H3 expression.26 Conversely, abnormally high 

B7-H3 expression is found in most tumors, such as prostate 

cancer, liver cancer, and non-small cell lung cancer and is 

associated with metastasis and a poor prognosis.8,9,11 In this 

study, we evaluated B7-H3 expression in ccRCC and normal 

paracancerous tissues, and the results showed that B7-H3 is 

mainly expressed in the vascular endothelial tissue of ccRCC. 

Moreover, tumor vascular B7-H3 expression was correlated 

with ccRCC pathological grade, staging, and lymph node 

metastasis. Thus, tumor vascular B7-H3 expression may be 

a useful indicator for the diagnosis and prognosis of renal 

cancer, consistent with previous studies.15,16 As an endothe-

lial marker, Tie-2 is expressed in both normal and cancer 

tissues. Based on our results, Tie-2 expression is associated 

with tumor staging and lymph node metastasis but not with 

tumor grade. Although not expressed in normal tissues, up 

to 97.56% of tumor tissues express B7-H3, and its expres-

sion is correlated with tumor grade, stage and lymph node 

metastasis. Overall, B7-H3 is superior to Tie-2 as an effective 

molecular marker for estimating the degree of malignancy 

and predicting invasion and metastasis capacities.

Angiogenesis plays a crucial role in promoting cell 

infiltration and distant metastasis.27 MVD is considered a 

useful indicator that reflects the degree of tumor angiogen-

esis and possibly tumor invasion and metastasis capacities. 

High MVD was also reported to predict worse prognosis in 

various types of cancer.28–30 In the present study, the staining 

of endothelial cells for CD34 was used to evaluate the MVD 

in ccRCC tissues. Our results showed that MVD correlated 

with tumor grade and TNM stage in ccRCC, suggesting 

that MVD is a reliable indicator of tumor angiogenesis 

and a useful prognostic predictor for ccRCC, consistent 

with a previous study.28 This study also found B7-H3 and 

Tie-2 expression in ccRCC to be positively correlated with 

CD34-labeled MVD, suggesting that B7-H3 and Tie-2 are 

both involved in ccRCC angiogenesis. Immunofluorescence 

staining and confocal scanning revealed co-localization of 

B7-H3 and Tie-2 in tumor vascular endothelial cells, indicat-

ing that both the factors have key roles in tumor angiogenesis. 

Previous studies have shown that TEMs in mouse tumors 

can induce IL-10 production via ANGPT2 and inhibit T-cell 

proliferation and regulatory T-cell (Treg) growth, thereby 

exhibiting the various properties of M2 macrophages.31 

In addition, M2 macrophages promote tumor progression 

through angiogenesis and inhibition of antitumor immunity,32 

and B7-H3 signaling significantly increases IL-10 secre-

tion and matrix metalloproteinase expression, promoting 

the transformation of macrophages from the M1 to the M2 

phenotype.33 In hepatocellular carcinoma, B7-H3 can act as 

Figure 2 Immunofluorescence staining and laser scanning confocal microscopy revealed B7-H3 (red), Tie-2 (green), and CD34 (green) expression in vascular endothelial cells 
of ccRCC (arrows). Coexpression of B7-H3/Tie-2 and B7-H3/CD34 was also observed in ccRCC vascular endothelia (arrows).
Abbreviation: ccrcc, clear cell renal carcinoma.
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a chemokine to prompt macrophages to migrate from the 

peripheral blood to the tumor tissue and induce M1 to M2 cell 

phenotype transformation, resulting in tumor formation and 

development. Additionally, the B7-H3/STAT3 pathway may 

be involved in macrophage M2 transformation and negative 

regulation of T-lymphocyte-mediated immune responses.34 

Therefore, both B7-H3 and Tie-2 induce angiogenesis by 

causing the M1 to M2 transformation. Recently, Zawada 

et al35 reported that CD14+ monocytes participate in tumor 

angiogenesis by upregulating Tie-2 and endothelial adhesion 

gene expression. Our previous study showed that B7-H3 has 

an important function in CD14+ monocyte-mediated renal cell 

tumor angiogenesis.36 Thus, we hypothesized that B7-H3 and 

Tie-2 have synergistic effects in ccRCC angiogenesis and 

that B7-H3 mainly regulates tumor angiogenesis by promot-

ing the M1 to M2 transformation in macrophages and the 

TEM-mediated pathway. However, elucidation of the specific 

mechanisms requires further investigation.

mRCC has a poor prognosis and is resistant to chemo-

therapy; in some cases, the disease is insensitive to inter-

feron and interleukin-2-based immune therapy. Although a 

certain treatment effect has recently been achieved via anti-

angiogenic therapy targeting the VEGF and mTOR signaling 

pathways, targeting VEGF still has many limitations: only 

a temporary clinical response can be obtained, with the 

tumor eventually developing resistance to and circumvent-

ing angiogenic inhibition.37 Due to the inherent weakness 

of VEGF therapy, the Ang/Tie-2 pathway has become a 

new target. For example, the new Tie-2 inhibitor BAY-826 

improves treatment responses in tumors rich in blood ves-

sels, such as gliomas, and in animal models.38 Furthermore, 

AMG-386, a recombinant antibody consisting of immuno-

globulins linked to Tie-2, blocks interaction between Ang-2 

and Tie-2; this antibody has been shown to have an antitumor 

effect in mRCC, and multiple clinical trials using AMG-386 

combined with anti-VEGF therapy are ongoing.3 Our results 

showed that B7-H3 and Tie-2 both have critical functions in 

ccRCC tumor angiogenesis. B7-H3 is specifically expressed 

in tumor vascular endothelial tissues but not in normal tissue 

vessels, indicating that it may be a highly selective target for 

anti-angiogenic-targeted therapy. Such targeted therapies 

should have limited effects outside of the tumor, avoiding 

impacts on normal vascular tissues. Because of its dual roles 

in immune regulation and anti-angiogenesis, targeting B7-H3 

may be an effective treatment for renal cancer. However, the 

mechanisms underlying renal cancer are very complex, and 

the use of a single targeting drug is insufficient to completely 

control tumor progression, whereas multitarget combination 

blockade can improve efficacy and reduce drug resistance 

as well as side effects. As B7-H3 and Tie-2 have synergistic 

effects on ccRCC angiogenesis, targeting both the B7-H3 and 

Tie-2 pathways may be highly effective in efforts to inhibit 

tumor angiogenesis.

In summary, this study for the first time reveals the role 

of B7-H3 in ccRCC angiogenesis and its correlation with the 

angiogenic factor Tie-2 and MVD, and the findings suggest 

that B7-H3 may promote tumor angiogenesis through the 

Tie-2 pathway. B7-H3 might serve as an effective endothelial 

marker for the prognosis of ccRCC and become a promis-

ing target for ccRCC anti-angiogenic combination therapy. 

However, this study has limitations. Many factors affect 

angiogenesis, and we did not investigate other vascular 

factors or conduct in vitro and in vivo experiments to further 

verify the results, which will be the focus and direction of 

our future study.
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