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Abstract. This study aimed to investigate the correlation 
between the expression of CD24 and B7-H3 in breast cancer 
tissues and the clinical significance. Expression of CD24 and 
B7-H3 in breast cancer and adjacent tissues were detected by 
immunohistochemistry. Quantitative PCR was used to detect 
the expression of CD24 and B7-H3 mRNA in breast cancer 
and adjacent tissues. The expression of CD24 and B7-H3 
protein in breast cancer and adjacent tissues was detected 
by immunoblotting. The correlation between the expression 
levels of the two proteins was analyzed and the relationship 
between the expression of two proteins and the 5-year survival 
of breast cancer patients was investigated. CD24 and B7-H3 
were positively expressed in breast cancer and adjacent tissues, 
the CD24-positive rate was 75.7 and 25.7%, respectively, and 
the B7-H3-positive rate was 56.8 and 43.2%, respectively, 
and the differences were statistically significant (P<0.05). 
The expression of CD24 was positively correlated with the 
expression of B7-H3 (Spearman's correlation coefficient 
r, 0.297; p=0.036). The positive and negative expression of 
CD24 and B7-H3 significantly affected the 5-year survival 
of breast cancer patients (P<0.05). Quantitative PCR results 
showed that the expression levels of CD24 and B7-H3 mRNA 
in breast cancer tissues were significantly higher than those in 
adjacent tissues (P<0.05). The expression levels of CD24 and 
B7-H3 protein in breast cancer tissues were also significantly 
higher than those in adjacent tissues  (P<0.05). CD24 and 
B7-H3 were highly expressed in breast cancer, suggesting 
that both CD24 and B7-H3 were related to the development 
of breast cancer. Five-year survival analysis of breast cancer 
patients showed that the high expression of CD24 and B7-H3 
were correlated with the poor prognosis of patients. Thus, 
CD24 and B7-H3 may become new targets for the treatment 
of breast cancer.

Introduction

Breast cancer has the highest mortality rate among all the 
female malignant tumors (1). Primary tumors can be easily 
treated, while metastatic tumor is the culprit leading to the 
death of patients (2). Therefore, it is imperative to study the 
occurrence and development of tumor metastasis. 

As a kind of glycosyl-phosphatidyl inositol anchored 
protein, CD24 is an adhesion molecule of selectin ligands (3). 
It has been reported that CD24 expression can promote tumor 
cell infiltration and metastasis (4). As a member of the B7 
family, B7-H3 has a synergistic effect that can reduce immune 
response in the body, thereby inhibiting T-cell proliferation (4). 
It has been reported that abnormal expression of B7-H3 is 
detected in gastric cancer (5), prostate cancer (6), non-small 
cell lung cancer (7) and other malignant tumors. However, 
to the best of our knowledge, no studies on the expression of 
CD24 and B7-H3 in breast cancer have been reported. 

In this study, the expression levels of CD24 and B7-H3 in 
breast cancer tissue were investigated to provide new targets 
for immunotherapy of breast cancer, as well as a theoretical 
basis for the diagnosis, treatment and prognosis of breast 
cancer.

Materials and methods

Experimental materials. A total of 74 breast cancer tissues 
and 74 adjacent tissues diagnosed by pathological examina-
tion were selected. After paraffin-embedding, tissues were 
cut into 4 µm sections. This study was approved by the Ethics 
Committee of Weihai Wendeng People's Hospital (Shandong, 
China). Signed written informed consent was obtained from 
the patients and/or guardians.

Major reagents. Rabbit anti-human CD24 monoclonal 
antibody (Beijing Donglinchangsheng Biotechnology Co., 
Ltd., Beijing, China); rabbit anti-human B7-H3; goat anti-rabbit 
secondary antibody and endogenous control glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) antibody, all from 
BD Biosciences (Franklin Lakes, NJ, USA); diaminobenzidine 
(DAB) color reagent and citrate buffer powder, both from 
Shanghai Xinyu Biotechnology Co., Ltd., (Shanghai, 
China); immunohistochemistry kit (BASF-Ypc Co., Ltd., 
Nanjing, China); reverse transcription kit (Boyishengwu, 
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Shanghai, China); real-time quantitative PCR kit (Vipotion 
Biotechnology Co., Ltd., Guangzhou, China); TRIGene reagent 
(GenStarBiosolutions Co., Ltd., Beijing, China); cell total 
protein extraction kit (Keygentec, Inc., Nanjing, China) and 
BCA protein quantitation kit (Nanjing Senbeijia Biotechnology 
Co., Ltd., Nanjing, China) were all used in the present study.

Experimental methods
Immunohistochemical staining. Paraffin-embedded sections 
were dewaxed and then washed with phosphate-buffered 
saline (PBS). In order to reduce the non-specific background 
staining caused by endogenous peroxidase, tissue sections 
were blocked in blocking fluid for 20 min. After blocking 
with 10% serum for 10 min, tissue sections were incubated 
with NF-κB primary antibody and with PTEN primary anti-
body (1:50) overnight at 4˚C. After washing with PBS, the 
tissue sections were incubated with secondary antibody (1:50) 
at room temperature for 30 min. After washing with PBS 
again, the tissue sections were incubated with streptavidin-
peroxidase solution at room temperature for 30 min. After 
washing with PBS, DAB color development was performed. 
After washing with distilled water and counter-staining, the 
slides were sealed.

Evaluation of immunohistochemical results. A total of 
100 cells were selected in each visual field, and the average 
number of positive cells was calculated. The criteria for 
scoring were: 0-2 points: no coloring, weak coloring and strong 
coloring, respectively. The positive rate of stained cells was: 
1-4 points: the percentage of positive cells of 1-25%, 26-50%, 
51-75% and 76-100%, respectively. The product of these two 
scores was calculated and scores of 1 to 2 were considered 
to be negative and from 3 to 8 points were considered to be 
positive.

Quantitative PCR used to determine the expression of CD24 
and B7-H3 mRNA. Total RNA of breast cancer and adjacent 
tissues was extracted according to the instructions of the 
TRIGene kit. The concentration and purity of RNA samples 
were determined by a spectrophotometer (Jingke 722N, 
Shanghai, China). Only RNA samples with a ratio of A260/
A280 between 1.8 and 2.0 were used for reverse transcription 
to synthesize cDNA. Primers used for PCR reaction were 
synthesized by Shanghai JiRan Biotechnology Co., Ltd., 
(Shanghai, China) (Table I).

PCR reaction conditions were performed according to the 
instructions of the reverse transcription‑quantitative PCR kit 
with a reaction system of 25 µl. PCR reaction conditions were: 
95˚C for 10 min, followed by 40 cycles of 95˚C for 30 sec 
and 59.4˚C for 30 sec. With GAPDH endogenous control, the 
relative expression levels of CD24 and B7-H3 mRNA were 
automatically calculated by the RT-qPCR instrument.

Western blot analysis used to detect the expression of protein. 
Total protein of breast cancer and adjacent tissues were 
extracted according to the instructions of cell total protein 
extraction kit. The concentration of extracted protein was 
determined by bicinchoninic acid protein assay and protein 
samples were stored at -70˚C. Protein samples were subjected 
to electrophoresis with different concentrations of SDS-PAGE 

gel. According to the protein marker, the positions of the two 
proteins were determined. After transmembrane to polyvi-
nylidene difluoride membrane, the membranes were blocked 
with 5% skimmed milk at 37˚C for 90 min. The membranes 
were then blocked with mouse anti-human CD24 (1:1,000; cat. 
no. 560991) and B7-H3 (1:1,000; cat. no. 565829) monclonal 
antibody overnight at 4˚C. After washing with Tris-buffered 
saline and Tween-20 (TBST) solution 3 times, 15 min each time, 
the membranes were incubated with the goat anti-mouse  poly-
clonal secondary antibody (1:1,000; cat. no. 554002) at 37˚C 
for 1 h. After washing with TBST solution 3 times, 15 min per 
time, the membranes were incubated with electrochemilumi-
nescence (ECL) liquid in the dark for color development. The 
results were scanned by ChemiDocTMMP imaging system. 
ImageJ professional analysis software was used to analyze the 
results with GAPDH as an endogenous control.

Survival analysis. All 74 patients with breast cancer were 
followed up for 5 years and the survival status of the patients 
was recorded.

Statistical analysis. SPSS17.0 (SPSS, Inc., Chicago, IL, USA) 
was used for data analysis. Measurement data were expressed 
as mean  ±  standard deviation and comparisons between 
groups were performed by t-test. The comparisons of posi-
tive expression rate between groups were performed by the 
χ2 test. The correlation between two proteins was analyzed 
by Spearman's rho test. GraphPad Software, Inc. (La Jolla, 
CA, USA) Prism 5 was used for survival analysis. P<0.05 was 
considered to indicate a statistically significant analysis.

Results

Expression of CD24 in breast cancer and adjacent tissues. 
Results of the present study showed that CD24 was expressed 
strongly in breast cancer tissues but weakly in adjacent tissues. 
CD24 was mainly expressed in cell membrane and cytoplasm 
staining was relatively weak (Fig. 1).

In 74 cases of breast cancer tissue, CD24-positive expres-
sion was observed in 56 cases and the positive rate was 75.7%. 
In 74 cases of adjacent tissues, CD24-positive expression was 
observed in 19 cases and the positive rate was 25.7%. The 
positive expression rate of CD24 in breast cancer tissues was 
significantly higher than that in adjacent tissues (P<0.01), 
(Table II).

Table I. Primers used for PCR reaction.

Proteins	 Primers	

CD24	 F: 5'-TTCTCCAAGCACCCAGCA-3'
	 R: 5'-TGGAATAAATCTGCGTGGGTA-3'
B7-H3	 F: 5'-ACCATCACAGGGCAGCCTAT-3'
	 R: 5'-TCCTCAGCTCCTGCATTCTC-3'
GAPDH	 F: 5'-TGGGTGTGAACCACGAGAA-3'
	 R: 5'-GGCATGGACTGTGGTCATGA-3'

F, forward; R, reverse.
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B7-H3 expression in breast cancer and adjacent tissues. 
Results of immunohistochemistry showed that B7-H3 was 
expressed weakly in adjacent tissues but strongly in breast 
cancer tissues and B7-H3 expression was mainly observed in 
the cell membrane and cytoplasm (Fig. 2).

A positive rate of B7-H3 was 56.8% (42/74) in 74 cases of 
breast cancer tissue. The positive rate of B7-H3 was 43.2% 
(32/74) in 74 cases of adjacent tissues (Table III). B7-H3 
expression in breast cancer and adjacent tissues were compared 
and the expression rate of B7-H3 in breast cancer tissues was 
significantly higher than that of adjacent tissues (P<0.05).

Correlation between the expression of CD24 and B7-H3 in 
breast cancer tissue. In 74 cases of breast cancer tissue, a 
positive expression of CD24 was detected in 56 cases. Of 
the 74 cases, B7-H3 expression was detected in 31 cases 
and the proportion was 55.4%. Statistical analysis showed 
that the expression of CD24 was positively correlated with 
the expression of B7-H3 (Spearman's correlation coefficient 
r, 0.297, P<0.05) (Table IV).

Expression of CD24 and B7-H3 mRNA determined by quanti-
tative PCR. The melting curves of PCR amplification showed 

Figure 1. CD24 immunohistochemical results in (A) adjacent and (B) breast cancer tissues. Magnification, x400. CD24 is weakly expressed in adjacent and 
strongly in breast cancer tissues.

Figure 2. B7-H3 immunohistochemical results in (A) adjacent and (B) breast cancer tissues. Magnification, x400. B7-H3 is weakly expressed in adjacent tissues 
but strongly in breast cancer tissues and B7-H3 expression was mainly observed in cell membrane and cytoplasm. 

Table  II. Expression of CD24 in breast cancer and adjacent 
tissues.

		  CD24
		  ----------------	 Positive
Groups	 Cases	 +	 -	 rate (%)	 P-value

Cancer tissue 	 74	 56	 18	 75.7	 <0.01
Adjacent tissue	 74	 19	 55	 25.7

Table III. Expression of B7-H3 in breast cancer and adjacent 
tissues.

		  B7-H3
		  -------------------	 Positive
Groups	 Cases	 +	 -	 rate (%)	 P-value

Cancer tissue 	 74	 42	 32	 56.8	 <0.05
Adjacent tissue	 74	 32	 42	 43.2
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single peaks, indicating the high specificity of primers. The 
relative expression levels of CD24 mRNA in breast cancer and 
adjacent tissues were 42.7±2.19 and 28.3±4.37, respectively. 
A significant difference was found between them (P<0.05). 
The relative expression levels of B7-H3 mRNA were 58.2±3.35 
and 31.7±5.26, respectively. A significant difference was also 
found between them (P<0.05) (Table V and Fig. 3).

Western blot analysis. The expression rate of CD24 in 
adjacent tissues was significantly lower than that in breast 
cancer (P<0.05), while the expression rate of B7-H3 in breast 
cancer tissues was significantly higher than that in adjacent 
tissues (P<0.05) (Table VI and Fig. 4).

Relationship between the expression of CD24 and B7-H3 
and the prognosis of breast cancer patients. The survival of 

Figure 3. Relative expression levels of CD24 and B7-H3 mRNA in breast 
cancer and adjacent tissues. #P<0.05; *P<0.05.

Figure 4. Expression of CD24 and B7-H3 detected by western blot analysis. 
#P<0.05; *P<0.05. 

Table  IV. Correlation between the expression of CD24 and 
B7-H3 in breast cancer tissue.

		  B7-H3	
		  ------------------------	
Groups		  +	 -	 Total	 r	 P-value

CD24	 25	 56	 0.297	 0.036
	 -	 11	 7	 18		
Total		  42	 32	 74		

r, Spearman's rho.

Table V. Expression of CD24 and B7-H3 mRNA in cancer and 
adjacent tissues determined by quantitative PCR.

Groups	 CD24	 B7-H3

Cancer tissue	 42.7±2.19	 58.2±3.35
Adjacent tissue	 28.3±4.37a	 31.7±5.26b

t-test	 4.014	 5.136
P-value	 <0.05	 <0.05

aCompared with CD24 in cancer tissue, p<0.05. bCompared with 
B7-H3 in cancer tissue, p<0.05.

Table VI. Expression of CD24 and B7-H3 detected by western 
blot analysis.

Groups	 CD24	 B7-H3

Cancer tissue	 0.741±0.075	 0.865±0.046
Adjacent tissue	 0.592±0.062a	 0.669±0.037b

t-test	 3.911	 4.624
P-value	 <0.05	 <0.05

aCompared with CD24 in cancer tissue, p<0.05. bCompared with 
B7-H3 in cancer tissue, p<0.05.

Figure 5. Survival curves of patients with a positive and negative expression 
of CD24 and B7-H3 protein. The survival rate of patients with negative CD24 
protein expression was higher than that of patients with positive CD24 pro-
tein expression (χ2=8.673, P<0.05, Fig. 5A). In addition, the survival rate of 
patients with negative B7-H3 protein expression was also higher than that of 
patients with positive B7-H3 protein expression (χ2=7.496, P<0.05, Fig. 5B). 
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patients with a positive and negative expression of CD24 and 
B7-H3 protein was compared. The survival rate of patients 
with a negative CD24 protein expression was higher than that 
of patients with a positive CD24 protein expression (χ2=8.673, 
P<0.05, Fig. 5A). In addition, the survival rate of patients with 
a negative B7-H3 protein expression was also higher than that 
of patients with a positive B7-H3 protein expression (χ2=7.496, 
P<0.05, Fig. 5B).

Discussion

In previous years, the incidence of breast cancer as a type 
of female malignant tumor has been on the increase and 
numerous studies on the development and metastasis of breast 
cancer have been carried out. CD24 is an adherent molecule 
with a relative low molecular weight. CD24 can adhere to 
cell membranes through glycosyl-phosphatidyl inositol and 
the abnormal expression of CD24 has been detected in a 
variety of malignant tumors (8-10). Therefore, it is generally 
believed that CD24 is associated with metastases of malignant 
tumors (11,12). A new co-stimulus factor was first reported 
in 2001 and later confirmed to be B7-H3, which is one of 
the B7 families (13-15). Previous findings have shown that 
B7-H3 usually plays a role as a negative regulator in many 
malignant tumors (16). Liu et al (17) found that B7-H3 was 
expressed in a variety of non-small cell lung cancer cell 
lines and B7-H3 expression was located on cytoplasm and 
membrane. Additionally, B7-H3 was overexpressed in prostate 
cancer tissues and the expression level of B7-H3 was positively 
correlated with clinical staging (18). Kim et al (19) found that 
colorectal cancer patients usually showed a high expression 
level of B7-H3 and those patients were usually accompanied 
by tumor-infiltrating and increased lymphocytes  (20,21), 
indicating that the positive expression of B7-H3 was positively 
correlated with tumor metastasis.

The expression of CD24 and B7-H3 was detected and 
statistically analyzed. The results showed that CD24 and 
B7-H3 were abnormally expressed in breast cancer and 
adjacent tissues and the positive rates were 75.7 and 25.7%, 
respectively, while the positive rates of B7-H3 were 56.8 
and 43.2%, respectively, and the differences were statistically 
significant (P<0.05). This finding was consistent with that of 
previous studies. CD24 expression was positively related to 
the expression of B7-H3 (Spearman's correlation coefficient 
r, 0.297; p, 0.036), indicating the involvement of CD24 and 
B7-H3 in the occurrence and metastasis of breast cancer. 
Significant differences in the 5-year survival were found 
between patients with a positive and negative expression 
of CD24 and B7-H3 (P<0.05). Results of RT-qPCR showed 
that expression levels of CD24 and B7-H3 mRNA in breast 
cancer tissues were significantly higher than those in adjacent 
tissues (P<0.05). Results of western blot analysis revealed that 
the expression levels of CD24 and B7-H3 protein in breast 
cancer tissues were also significantly higher than those in 
adjacent tissues (P<0.05). The results suggest that the posi-
tive expression of CD24 was positively correlated with the 
positive expression of B7-H3. Our study therefore provides 
guidance for the diagnosis of breast cancer.

In summary, we investigated the expression of CD24 and 
B7-H3 in breast cancer and adjacent tissues, and discussed the 

possible roles of CD24 and B7-H3 in the diagnosis and prog-
nosis of breast cancer. Further studies are required to confirm 
the findings of this study.
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