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Abstract. The aim of this study was to determine the expression 
of B7-H3, B7-H4, Foxp3 and IL-2 in cervical cancer tissues, 
and evaluate the corresponding clinical significance. The 
expression of B7-H3, B7-H4, Foxp3 and IL-2 in 108 cervical 
cancer specimens was detected using immunohistochemistry, 
and their relationship with clinicopathologic parameters was 
determined. B7-H3, B7-H4 and Foxp3 had high levels of 
expression in cervical cancer cells (72.22, 80.56, and 91.56%, 
respectively). B7-H3 levels were only significantly associated 
with tumor size (P=0.013), while B7-H4, Foxp3 and IL-2 levels 
were significantly associated with International Federation of 
Gynecology and Obstetrics (FIGO) stage (P=0.023, 0.014 and 
0.036, respectively) and tumor size (P=0.045, 0.010 and 0.021, 
respectively). Their expression levels were not correlated with 
age, histologic type, differentiation and lymph node metastasis 
(all P>0.05). Cox regression multivariate analysis confirmed 
that B7-H3 or B7-H4 overexpression was an independent 
prognostic factor. In addition, there were significant positive 
relationships between the expression of B7-H3 and B7-H4 
with Foxp3 (P<0.001). In contrast, the expression of B7-H3 and 
B7-H4 was negatively correlated with IL-2 (P<0.05). B7-H3, 
B7-H4 and Foxp3 may be useful biomarkers in patients with 
cervical cancer for predicting treatment.

Introduction

Cervical cancer is the second leading cause of cancer-related 
deaths in women, and the leading cause in some developing 
countries (1). The occurrence and development of cervical 
cancer are closely associated with the human immune system. 
The activation, inactivation and dysfunction of the immune 
system have drawn increasingly more research interest. 

Suppressed immune function may result in accelerated disease 
progression, and immune escape exerts an important effect on 
tumor progression. Recent research on T cell negative regula-
tory pathways have confirmed the important role of negative 
co-stimulatory molecules in the tumor immune response. This 
negative signal is mainly provided by the B7 family, which 
has become an intense focus of research in cancer immuno-
therapy. B7-H3 and B7-H4 are newly identified members of 
the family that are abnormally expressed in tumors. Both 
molecules have similar patterns of expression. Specifically, 
the mRNAs are widely expressed in multiple non-lymphoid 
tissues, including the intestines, stomach, lungs and kidneys, 
whereas the proteins are only highly expressed in a variety 
of malignant tumors, such as prostate cancer (2), pancreatic 
cancer (3,4), lung cancer (5,6), renal cell carcinoma (7,8), and 
ovarian cancer (9,10), but not in any of the normal peripheral 
tissues. In a previous study involving 102 patients with cervical 
cancer, the rate of expression of B7-H4 was 69.6% (71/102), 
although the level of expression was not correlated with the 
clinicopathologic parameters of the tumor (11). A subsequent 
long-term follow-up study revealed poor prognosis in patients 
with B7-H4 expression in tumor tissues (11).

Regulatory T (Treg) cells have significant effects on the 
blood, tissues and organs, and play an important role in main-
taining the stability of the immune system, and tumor immune 
tolerance and escape due to an immunosuppressive ability (12). 
Foxp3 is a specific transcription factor expressed in Treg cells. 
It has been recently reported that the number of Treg cells is 
significantly increased in some tumors (13,14) that penetrate 
into the tumor microenvironment, and are involved in the 
process of tumor immune escape by preventing natural killer 
(NK) cells and cytotoxic lymphocytes (CTLs) from attacking 
cancer cells (15). Foxp3 is also expressed in tumor cells, 
such as pancreatic (16), prostate (17) and gastric cancers (18); 
however, it has been shown that the expression of Foxp3 varies 
in different tumor cells, and is even different in the same types 
of tumors. We speculate that tumor cells expressing Foxp3 may 
participate in tumor immune escape by stimulating Treg cells. 
IL-2 is a key antitumor cytokine released during an immune 
response, and is regulated by lymphocytes and other cells 
upon stimulation by antigen or mitogen. IL-2 directly affects 
the function of immune cells and local immune status. IL-2 is 
an important component of cellular immunity that activates 
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CTLs and promotes the differentiation of activated T cells. 
IL-2 stimulates the proliferation of T cells and enhances their 
killing effect, and thereby plays an important anti-viral and 
antitumor role. It has also been shown that the antitumor effect 
of T cells is reduced with a decreased level of IL-2. Expression 
of B7-H3 and B7-H4 may decrease the efficacy of immuno-
therapy by suppressing the antitumor effect of T cells and by 
promoting the function of Treg cells.

In the present study, we sought to identify whether B7-H3, 
B7-H4, Foxp3 and IL-2 were overexpressed in cervical cancer 
cells, and to investigate any correlation between the expres-
sion of these proteins. What is more, their correlation with 
clinicopathologic features was analyzed to assess the impact 
on the progression of the tumor. Furthermore, the prognostic 
significance of these proteins in cervical cancer was evaluated 
to provide additional information for the treatment of cervical 
cancer.

Materials and methods

Patients and follow-up. Before this analysis, patient infor-
mation was anonymized and de-identified. All participants 
provided written informed consent. The entire analysis of 
tissues was approved by the Institutional Review Board of 
Shengjing Hospital of China Medical university (ethics 
approval code, 2013PS47K).

Paraffin cervical tumor tissues from 108 patients treated 
between 2007 and 2012 in the Department of Gynecology 
and Obstetrics of Shengjing Hospital affiliated with the China 
Medical university were obtained. All tissue sections were 
independently examined by two pathologists to make a final 
histopathologic diagnosis using the World Health Organization 
criteria. The classification of cancer clinical stage was in accor-
dance with the 2009 International Federation of Gynecology 
and Obstetrics (FIGO) criteria.

All of the patients were diagnosed with cancer for the first 
time. No chemotherapeutic treatments were administered 
before surgery. The follow-up was carried out according to 
National Comprehensive Cancer Network (NCCN) guidelines: 
every month in the first year; every third month in the second 
year; twice in the third, fourth and fifth years; and annually 
thereafter. After treatment, all patients were followed up until 
May 2015.

Immunohistochemistry. Immunohistochemistry was used to 
determine levels of expression. Four antibodies, including 
murine monoclonal B7-H3 (ab105922, 1:700 dilution), rabbit 
monoclonal B7-H4 (ab108336, 1:500 dilution), murine mono-
clonal Foxp3 (ab22510, 1:50 dilution), and rabbit monoclonal 
IL-2 antibodies (ab92381, 1:300 dilution) were purchased 
from Abcam Co. (Cambridge, uK). The staining procedure 
was performed as described in the manual of an ultrasensitive 
streptavidin-peroxidase kit (kit 9701; Maixin Bio, Fuzhou, 
China). Colorectal carcinoma tissue samples known to be posi-
tive tissue slices were used as positive controls, while tissues 
treated with phosphate-buffered saline (PBS) substituted for 
the primary antibody were used as a negative control.

Evaluation of immunostaining. Immunostaining was scored 
by two pathologists. Scores representing the percentage of 

positive cells were as follows: 0, no positive cells; 1, 1-25% 
positive cells; 2, 26-50% positive cells; 3, 51-75% positive 
cells; and 4, 76-100% positive cells. 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, resulting in the following 
scores: 0-2, (-); 3-4, (+); 5-8, (++); and 9-12, (+++). Two inde-
pendent observers, who were blinded to the patient materials, 
scored each section to control for observer error.

Statistical analysis. The correlations between the levels of 
expression of B7-H3, B7-H4, Foxp3 and IL-2 in different 
pathologic lesions and the clinicopathologic characteristics 
were analyzed using a Chi-squared (χ2) test. Correlation 
analysis of B7-H3, B7-H4, Foxp3 and IL-2 protein expression 
was performed using the Spearman's rank order correlation 
coefficient. Cancer-related death was used as an endpoint, 
and Kaplan-Meier survival curves were plotted and compared 
using the log-rank test for univariate overall survival analysis. 
The Cox regression model was used for multivariate overall 
survival analysis. All statistical analyses were performed using 
SPSS 17.0 software (SPSS, Inc., Chicago, IL, uSA). Analyses 
were performed with two-sided tests; a p-value <0.05 was 
considered statistically significant.

Results

Patient characteristics. The age range of the 108 patients 
was 22-67 years (mean, 43.75 years; median, 44.00 years).
There were two histologic types of cancer tissue: squamous 
cell carcinoma, n=98; and adenocarcinoma, n=10. Tumor 

Table I. Clinical and pathological characteristics.

Characteristics  n (%)

Differentiation
  Well differentiated (WICC) 17 (15.74)
  Moderately differentiated (MICC) 77 (71.30)
  Poorly differentiated (PICC) 14 (12.96)

Histology
  Squamous cell carcinoma (SCC) 98 (90.74)
  Adenosquamous cell carcinoma (ACC) 10 (9.26)

Lymph node (LN) metastasis
  Absent (-) 44 (40.74)
  Present (+) 64 (59.26)

Tumor size (cm)
  ≤4 80 (74.07)
  >4 28 (25.93)

FIGO stage
  Ia 2 (1.85)
  Ib 53 (49.08)
  IIa 44 (40.74)
  IIb 7 (6.48)
  III 2 (1.85)
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differentiation was as follows: well differentiated, n=17; 
moderately differentiated, n=77; and poorly differentiated, 
n=14. According to FIGO stage, there were 55 patients in 
stage I, 51 patients in stage II, and 2 patients in stage III. All 
of the clinical features, including lymph node metastasis and 
tumor size, are shown in Table I.

Expression of B7-H3, B7-H4, Foxp3 and IL-2 in cervical 
cancer (Fig. 1). In the cervical cancer tissues, B7-H3 and 
B7-H4 were mainly expressed in the cytoplasm of the cancer 
cells, with minimal expression in the nucleus; there was also a 
small amount of interstitial expression. Foxp3 expression was 
located in the T cell nucleus, and the cytoplasm and nucleus of 
malignant cervical cancer cells. IL-2 staining was detected in 
the cytoplasm. Among the 108 specimens, the positive expres-
sion rates were as follows: B7-H3, 72.22% (78/108); B7-H4, 
80.56% (87/108); Foxp3, 91.67% (99/108); and IL-2, 50.00% 
(54/108).

Relationship between B7-H3, B7-H4, Foxp3 and IL-2 levels 
and the clinicopathologic features of the cervical cancer 
tissues (Table II). Te expression profiles of B7-H3, B7-H4 and 
Foxp3 were similar. B7-H3 levels were significantly associated 
with tumor size (P=0.013). B7-H4, Foxp3 and IL-2 levels were 
significantly associated with FIGO stage (P=0.023, 0.014 and 
0.036, respectively) and tumor size (P=0.045, 0.010 and 0.021, 
respectively). The levels of expression of B7-H3, B7-H4 and 
Foxp3 were not correlated with age, histologic type, differen-
tiation and lymph node metastasis.

Association between B7-H3, B7-H4, Foxp3 and IL-2 expres-
sion. There was a positive correlation between the expression 
of B7-H3 and B7-H4 with Foxp3, and between B7-H3 and 
B7-H4 expression in cervical cancer; however, Spearman's 
rank correlation analysis showed that B7-H3 or B7-H4 protein 
expression was negatively correlated with IL-2 expression in 
the cervical cancer (the Spearman's correlation coefficient, r, 

Figure 1. Representative images of B7-H3, B7-H4, Foxp3 and IL-2 antigen expression in cervical cancer (magnification, x400). Column 1, B7-H3; column 2, 
B7-H4; column 3, Foxp3; column 4, IL-2. (A-D) Negative control; (E-H) negative expression (-), (I-L) weak positive expression (+), (M-P)  moderate positive 
expression (++) and (Q-T) strong positive expression (+++).
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is shown in Table III). The expression of B7-H3, B7-H4, Foxp3 
and IL-2 in the same tissue is shown in Fig. 2.

The prognostic significance of B7-H3, B7-H4, Foxp3 
and IL-2 in cervical cancer. Between january 2007 
and May 2015, 36 (33.33%) of the 108 patients died and 
72 (66.67%) were alive. The overall survival for patients with 
B7-H3/B7-H4/Foxp3-positive expression was significantly 
lower (Fig. 3). univariate and multivariate analyses showed 
that there was a significant correlation between the expression 
of B7-H3 and B7-H4 and prognosis, but no correlation was 
noted between Foxp3 and IL-2 expression and prognosis in the 
cervical cancer patients (Table Iv).

Age, FIGO stage, histologic type, histologic findings, 
lymph node metastasis, and tumor size were included in the 
multivariate overall survival analysis using Cox proportional 

hazards analysis; however, the variables were not significantly 
associated.

Discussion

Cervical cancer is the second most common cancer in women. 
In recent years, there has been an increase in the number of 
studies involving the negative co-stimulatory factors, B7-H3 
and B7-H4. The negative co-stimulatory effect of B7-H3 and 
B7-H4 on T cells has been confirmed (19-21). We speculated 
that both factors share one or several receptors due to their 
high similarity; however, the putative receptor has not been 
identified. Although the abnormal expression of both factors 
in a variety of tumor tissues has been previously reported, 
the expression in cervical cancer has been seldom studied. 
Wang et al (22) demonstrated that B7-H4 is not expressed in 
normal cervical epithelium, weakly expressed in CINII-III, 
but highly expressed in cervical cancer cells (P<0.05). 
Additionally, B7-H4 was found to be moderately expressed in 
mesenchymal cells in cervical cancer. In other studies, B7-H4 
expression has been detected in the tumor microenvironment, 

Table III. Correlation between B7-H3, B7-H4, Foxp3 and IL-2 
expression in cervical cancer tissues.

Spearman correlation
analysis (n=108) B7-H3 B7-H4 Foxp3 IL-2

B7-H3    
  r 1.000 0.489 0.366 -0.296
  P-value - <0.001a <0.001a 0.002a

B7-H4    
  r 0.489 1.000 0.483 -0.327
  P-value <0.001a - <0.001a 0.001a

Foxp3    
  r 0.366 0.483 1.000 -0.105
  P-value <0.001a <0.001a - 0.280

IL-2    
  r -0.296 -0.327 -0.105 1.000
  P-value 0.002a 0.001a 0.280 -

aP<0.05. Spearman's correlation coefficient, r.

Figure 2. The relationship among the expression levels of B7-H3, B7-H4, Foxp3 and IL-2 antigens in the same cervical cancer tissues (magnification, x200). 
(A and E) B7-H3; (B and F) B7-H4; (C and G) Foxp3; (D and H) IL-2.

Table Iv. Analysis of B7-H3, B7-H4, Foxp3 or IL-2 expres-
sion in relation to prognosis of patients with cervical cancer.

 β-value SE P-value OR value 95% CI

univariate analysis
  B7-H3 2.174 0.729 0.003a 8.793 2.108-36.674
  B7-H4 2.643 1.024 0.010a 14.049 1.890-104.443
  Foxp3 1.445 1.016 0.155 4.241 0.579-31.038
  IL-2 -0.548 0.343 0.111 0.578 0.295-1.133

Multivariate analysis
  B7-H3 1.882 0.749 0.012a 6.567 1.512-28.528
  B7-H4 2.101 1.053 0.046a 8.172 1.038-64.340

aP<0.05. OR, odds ratio; CI, confidence interval.
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such as tumor-associated macrophages (2,23-25). In a 
study involving 102 cases of cervical cancer conducted by 
Liu et al (11), the rate of expression of B7-H4 in cervical cancer 
cells was reported to be high (69.6%, 71/102), and B7-H4 was 
positively expressed in the cytoplasm and on the membrane 
of cervical cancer cells. Nevertheless, no correlation between 
B7-H4 expression and clinicopathologic factors was identified, 
including age, histologic type, and lymph node metastasis. 
In a study involving a large number of patients with prostate 
cancer, Zang et al (2) revealed the abnormally high expression 
of B7-H3 and B7-H4 in tumor tissues with positive expression 
rates of 93 and 99%, respectively. The expression of B7-H3 
and B7-H4 was also detected in the tumor microenvironment, 
such as macrophages and perivascular areas (small vessel 
endothelial cells). Consistent with these previous findings, our 
study demonstrated rates of expression of 72.22% (78/108) 
and 80.56% (87/108) for B7-H3 and B7-H4, respectively. Both 
proteins were also highly expressed in the tumor stroma. 
Moreover, it was shown that B7-H3 expression in cervical 
cancer was only correlated with tumor size among all of the 
clinicopathologic features evaluated and B7-H4 expression 
was correlated with tumor size and FIGO stage. Patients with 
a high level of B7-H3 and B7-H4 expression tended to have 
a worse prognosis; moreover, the difference in the prognosis 
between these patients and other patients was statistically 
significant. Furthermore, B7-H3 and B7-H4 expression were 
identified as independent risk factors for the clinical prognosis 
of cervical cancer.

Currently, the findings on the prognostic effect of B7-H3 
are controversial. Most reports suggest that a high level 
of B7-H3 expression in tumor cells is associated with the 
progression and prognosis of the disease (2,8,10,26-29), which 
was consistent with our results. Other studies demonstrated no 
correlation (30,31). Low expression of B7-H3 in tumor stroma 
may facilitate escape of the antitumor immune response, 
whereas high B7-H3 expression prevents tumor progression. 
B7-H3 was also shown to suppress the antitumor immune 
response, which is in contrast to the previous finding. Another 
hypothesis suggests that interstitial B7-H3 inhibits the progres-
sion of tumors through an unknown non-immune mechanism. 
Overall, the effect of B7-H3 as a prognostic marker in cancer 
is uncertain. The inconsistent findings in the literature may 
be associated with the different methodology used in these 

studies or different functions of B7-H3 in different forms of 
cancer.

Regulatory T cells (Treg cells) are a class of immuno-
suppressive cells involved in tumor immune escape. Foxp3 
(transcription factor forkhead box P3) is the specific surface 
marker of Treg cells (32). The increased number of Foxp3+ 
Treg cells in tumor tissues is correlated with poor prog-
nosis (13,14). Geng et al (33) reported that the expression of 
B7-H1 and B7-H4 in gastric cancer is positively correlated 
with interstitial Foxp3 expression. Wang et al (22) demon-
strated that the proportion of CD25+ Foxp3+ T cells in CD4+ 
T cells is significantly increased after a 48-h co-culture with 
B7-H4, suggesting that B7-H4 can promote the proliferation of 
Treg cells. Luo et al (34) found in a further study that Foxp3 
had a high expression in cervical cancer cells and tumor 
interstitium, moreover was able to facilitate the proliferation 
and invasiveness of SiHa cells, alter the cell cycle and inhibit 
their apoptosis. In our study, it was shown that the expression 
of B7-H3 and B7-H4 in cervical cancer cells was positively 
correlated with Foxp3 expression. On the one hand, B7-H3 and 
B7-H4 may mediate tumor immune escape by increasing the 
number of Treg cells, thereby promoting the progression of 
tumors. On the other hand, high expression levels of B7-H3 and 
B7-H4 upregulate Foxp3 expression in cervical cancer cells, 
which regulates the occurrence and development of tumors by 
affecting the proliferation and apoptosis of cancer cells. From 
the perspective of immunotherapy, inhibition of B7-H3 and 
B7-H4 expression may reduce or block the proliferation of Treg 
cells, leading to antitumor effects. Nevertheless, the mecha-
nism underlying the stimulatory effect of B7-H3 and B7-H4 on 
Foxp3 expression has yet to be elucidated. Our results suggest 
that high expression of Foxp3 is associated with prognosis 
in cervical cancer patients. Rather, as discussed above, not 
only an increase in Treg cell numbers but also a high level of 
expression in tumor cells may be clearly correlated with prog-
nosis. IL-2 is a key cytokine involved in the immune response. 
IL-2 regulation promotes the differentiation of T cells and 
enhances the killing effect. Decreased IL-2 expression has a 
lower regulatory effect on the proliferation and differentiation 
of T lymphocytes, leading to a reduced antitumor effect of T 
cells and dysfunction of cellular immunity. Our study showed 
that the expression of B7-H3, B7-H4 and Foxp3 is negatively 
correlated with IL-2 expression, suggesting that the immune 

Figure 3. The association between overall survival and B7-H3, B7-H4, Foxp3 or IL-2 antigen expression in 108 patients with cervical cancer. (A-C) Patients 
with negative expression showed longer overall survival than those with positive expression of B7-H3, B7-H4 and Foxp3 (P=0.003, 0.010, 0.155, respectively). 
(D) Patients with positive IL-2 expression showed longer overall survival than those with negative expression (P=0.111).
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inhibition of B7-H3, B7-H4 and Foxp3 may be achieved by 
promoting the proliferation of Treg cells, upregulating Foxp3 
expression in cervical cancer cells, or directly suppressing the 
secretion of IL-2. It was also shown that the immune response 
in cervical cancer patients with B7-H3, B7-H4 and Foxp3 
expression was less than patients with negative expression of 
B7-H3, B7-H4 and Foxp3.

In conclusion, several studies, including our study, have 
reported abnormally high expression of B7-H3 and B7-H4 in 
various human malignant cells, which may be a promising 
target for cancer immunotherapy (7,29,35-40). An associa-
tion of B7-H3 and B7-H4 expression with reduced survival in 
cervical cancer patients was found. Although immunotherapy 
based on inhibition of T cell signaling by blocking CTLA-4 has 
been applied in the treatment of hormone-refractory prostate 
cancer (41), multiple molecular therapeutic targets are involved 
for effective immunomodulation. Based on our results, we 
suggest that blocking B7-H4 may be more efficient compared 
with blocking B7-H3 in the treatment of cervical cancer.
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