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Original Article 
B7-H4 expression is correlated with tumor progression 
and clinical outcome in urothelial cell carcinoma
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Abstract: Objective: To investigate the mRNA and protein levels of B7-H4, a B7 family molecule, in human urothelial 
cell carcinoma (UCC), to analyze the relationship between B7-H4 protein expression level and pathological stage 
of UCC, and to examine the potential of B7-H4 as a prognostic factor in UCC. Methods: mRNA and protein levels of 
B7-H4 were measured in pairs of tumor tissues and matched adjacent nontumor tissue obtained from patients with 
UCC by quantitative reverse transcription-polymerase chain reaction (qRT-PCR) and immunohistochemical staining, 
respectively. Association of the protein level of B7-H4 with pathological tumor stage and the overall survival of UCC 
patients were also analyzed. Results: B7-H4 mRNA and protein level were significantly higher in UCC tumor tissues 
compared with adjacent nontumor tissues as assessed by qRT-PCR and immunohistochemical staining, respec-
tively. Higher B7-H4 protein levels were observed in patients with more advanced pathological stage of UCC and 
were also associated with decreased overall survival of patients with UCC. Conclusions: The findings from this study 
indicate that B7-H4 has the potential to be an independent prognostic indicator for UCC.
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Introduction 

Bladder cancer, with 383,000 new cases diag-
nosed worldwide in 2008 [World Cancer 
Research Fund International (WCRF Inter 
national)], is the ninth most common cancer in 
the world and the second most common genito-
urinary malignancy [1, 2]. About 95% of bladder 
cancers are urothelial cell carcinoma [UCC, 
also known as transitional cell carcinoma (TCC)] 
[3]. UCC is a type of malignant tumour originat-
ing from the urothelium lining the urinary tract 
from the renal calyces to the ureteral orifice. 
UCC is a clinically heterogeneous disease, with 
70% of total cases presenting non-muscle-
invasive tumors and 30% presenting muscle-
invasive tumors [4-6]. Muscle invasive tumors 
usually implies metastases and poor prognosis 
[4-6]. Surgery is the option for most people with 
UCC. However, a significant number of patients 
suffer from disease recurrence and progres-
sion after radical cystectomy [6]. For example, 
a group from the University of Texas MD 

Anderson Cancer Center found that metasta-
ses developed in 97 of the 382 patients (25%) 
with transitional cell carcinoma of the bladder a 
median of 12 months after cystectomy [7]. 
Therefore, there is an urgent need to identify 
prognositc biomarkers with high specificity and 
sensitivity for UCC in order to distinguish tumors 
with the potential to progress and metastasize.

T cell-mediated immunity depends on specific 
recognition of antigen-major histocompatibility 
complex (MHC) by T cell receptor (TCR) and co-
regulatory signals [8]. The co-regulatory signals 
come from the B7 family molecules, which are a 
group of structurally related, peripheral mem-
brane proteins mainly located on activated anti-
gen presenting cells (APCs) [8]. B7 molecules 
function as co-regulatory ligands by binding to 
corresponding receptors on T cell surfaces, pro-
ducing co-regulatory signals to either enhance 
or decrease T cell-mediated, antigen-specific 
immune responses [9]. The newly identified B7 
family member, B7-H4 (also known as B7x or 
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B7S1), negatively regulate in T cell-mediated 
immunity by arresting T cell cell-cycle progres-
sion and thus inhibiting T cell proliferation, cyto-
kine secretion, and cytotoxic activity [10, 11]. 
B7-H4 has been reported to be highly expressed 
in different tumors, including ovarian, breast, 
non-small-cell lung cancers, etc, however, there 
is a little or no B7-H4 expression in normal tis-
sues [12, 13]. It has also been reported that 
B7-H4 promotes malignant transformation and 
lymph node metastasis [12, 14, 15]. 

Up to date, however, no reports have investi-
gated the clinical significance of B7-H4 expres-
sion in patients with bladder cancer. In this 
study, we analyzed B7-H4 expression in UCC 
tissues and normal urothelium tissues using 
both immunohistochemical method and real 
time RT-PCR. Additionally, we investigated the 
relationship between B7-H4 expression level 
and clinicopathological variables and evaluat-
ed the prognostic values of B7-H4 using log-
rank survival analysis. 

Materials and methods

Patient identification

The study protocol was approved by the ethics 
committee of the Third Affiliated Hospital of 
Soochow University, and all tissue samples 
were collected from patients and donors with 
appropriate informed consent. The criteria for 
study enrollment were histopathological diag-
nosis of UCC of the bladder, no history of other 
tumour, no chemotherapy before surgery, avail-
ability of sufficient tumour sample, and the 
potential to follow-up. By applying these crite-
ria, sixty two patients who underwent surgeries 
for bladder cancer (between July 2006 and July 
2012) at the Department of Urology, the Third 
Affiliated Hospital of Soochow, Changzhou, 
Jiangsu, China, were included in this study. The 
patients were followed for 3-6 months after 
surgery with cystoscopic examination at the 
outpatient clinic. The tumors were classified 
according to the 2010 Union for International 
Cancer Control (UICC) TNM classification for 
pathologic staging and the 2004 World Health 
Organization classification for the pathological 
grading based on the findings of clinical, radio-
logical, or histological examinations [16, 17]. 
The hematoxylin and eosin staining was evalu-
ated by two independent pathologists or urolo-
gists without knowledge of patient outcome.

Immunohistochemical staining

The bladder cancer specimens were fixed in 
10% neutral buffered formalin, embedded in 
paraffin, cut into 5 µm serial sections, and then 
mounted on glass slides. The slides were depa-
raffinized with xylene and rehydrated in graded 
alcohol. Antigen retrieval was performed tissue 
sections in a citrate buffer (10 mmol/l, pH 6.0) 
at 100°C for 30 min. After cooling, slides were 
incubated in 0.3% H2O2 solution for 30 min to 
block endogenous peroxidase. After washing 
three times with PBS (pH 7.4) for 5 min each, 
slides were incubated with the primary antibod-
ies (mouse anti-B7-H4 polyclonal antibody, 
USCNLIFE, USA) diluted 1:400 in PBS with 1.0% 
bovine serum albumin (BSA, Sigma) in a humid 
chamber at 4°C overnight followed by three 
times 5 min washes in PBS. After washing three 
times with PBS (pH 7.4) for 5 min each, sec-
tions were incubated with the secondary anti-
body (mouse/rabbit general second antibody, 
Maixin Biotechnology Co. Ltd, Fuzhou) at room 
temperature for 30 min. After washing again 
with PBS, the sections were visualized by incu-
bation with diaminobenzidine (Dako Cytoma- 
tion) substrate for 8 min. Finally, slides were 
counterstained with for 1 min with hematocylin, 
and coverslips were applied. Stained sections 
were photographed using the BX50 microscope 
(Olympus America, Center Valley, PA) with an 
attached QImaging Retiga 2000R Digital 
Camera (Quantitative Imaging, Surrey, BC, 
Canada).

Evaluation of B7-H4 staining

The slides were examined by two pathologists, 
and the sections were evaluated according to 
the immunohistochemical scores (IHS) [18, 
19]. The staining intensity the proportion of 
positive cells was semiquantitatively evaluated. 
The staining intensity was scored as 0, no stain-
ing; 1, weak staining; 2, moderate staining; and 
3, intense staining. The proportion of positive 
cells was scored as 0 (< 5% positive cells), 1 
(6-25% positive cells), 2 (26-50% positive cells), 
3 (51-75% positive cells), and 4 (> 75% positive 
cells). The final B7-H4 staining score was calcu-
lated using the percent of positive cell score × 
staining intensity score ranging 0-12. In this 
study, the B7-H4 expression is defined as weak 
positive (lower expression) when score is less 
than 4, and positive (higher expression) when 
score is equal to or more than 4.
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Table 1. Primers and probes for human B7-H4 and β-actin
Gene Primers and probes Sequence (5’ to 3’)
B7-H4 Forward primer CACCAGGATAACATCTCTCAGTGAA

Reverse primer TGGCTTGCAGGGTAGAATGA
Probe FAM-AAGCTGAAGATAATCCCATCAGGCAT-TAMRA

β-Actin Forward primer GGAAGGTGAAGGTCGGAGTC
Reverse primer CGTTCTCAGCCTTGACGGT

Probe FAM-TTTGGTCGTATTGGGCGCCTG-TAMRA

Real-time reverse transcription-polymerase 
chain reaction (RT-PCR)

Tumor tissues were frozen in liquid nitrogen 
immediately until RNA extraction. Total RNA 
was extracted from tissues using a total RNA 
purification kit (Shenergy Biocolor BioScience 
and Technology Co., Shanghai, China) accord-
ing to the manufacturer’s instructions. One 
microgram of total RNA was reversely tran-
scribed to cDNA with 100 units of Moloney 
murine leukemia virus (M-MLV) reverse tran-
scriptase (USB, Cleveland, OH, USA) according 
to the manufacturer’s protocol. TaqMan® gene 
expression assays (Applied Biosystems, Foster 
City, CA, USA) were used to quantify mRNA 
expression of human B7-H4 and β-actin (inter-
nal control) genes. Primers and probes in the 
TaqMan assay are presented in Table 1. PCR 
reactions were performed on a CFX96 Real-
Time PCR Detection System (Bio-Rad, Hercules, 
CA, USA) in duplicate in a 10 µl volume contain-
ing 5 µl Universal PCR Master Mix (Applied 
Biosystems), 0.5 µl TaqMan® assay and 4.5 µl 
diluted cDNA (50 ng reverse-transcribed RNA). 
PCR cycling conditions were 50°C for 2 min, 
95°C for 10 min and 40 cycles of 95°C for 15 s 
and 60°C for 1 min. PCR products were visual-
ized on 1.2% agarose, purified and then verified 
by sequencing. The relative expression level of 
B7-H4 mRNA was normalized with β-actin 
expression level and calculated using the 2-ΔΔCt 
method [20].

Statistical analysis 

Statistical analyses were performed using the 
GraphPad Prism version 5.0 software package 
(GraphPad Software, San Diego, CA, USA). Data 
are presented as the mean standard error (SE) 
from at least three independent experiments. 
Paired samples t-test was performed to analyze 
significant differences between the UCC and 
adjacent nontumor tissue. The relationship 
between B7-H4 expression and clinical param-

eters was evaluated 
using Pearson χ2 test. 
The overall survival ra- 
tes were calculated by 
the Kaplan-Meier meth-
od, and the difference in 
survival was compared 
with the log-rank test. 
The Cox proportional 
hazards regression mo- 
del was used for univari-

ate and multivariate analyses to assess the 
effects of the clinicopathological variables and 
B7-H4 expression on overall survival. Two-tailed 
P values < 0.05 were considered to be statisti-
cally significant.

Results

B7-H4 expression in human UCC tissues 

B7-H4 expression in 62 tissue specimens 
obtained from patients with bladder cancer 
was assessed by immunohistochemical stain-
ing. Interobserver agreement in the assess-
ment of immunohistochemical findings was 
excellent. Positive B7-H4 immunohistochemi-
cal staining was predominantly observed on 
the membrane and in cytoplasm of the urothe-
lial cancer cells (Figure 1), while weak staining 
was found in normal bladder tissues. Forty 
seven out of 62 specimens of bladder cancer 
tissues showed positive B7-H4 staining. 
Therefore, our result indicated that higher B7- 
H4 expression was identified in 75.8% bladder 
cancer specimens. Immunohistochemical anal-
ysis demonstrated that B7-H4 was highly 
expressed in bladder cancer tissues (Figure 1B 
and 1C), whereas there was no or very weak 
B7-H4 staining in the or adjacent normal tis-
sues (Figure 1A).

B7-H4 mRNA expression in tumour tissues and 
adjacent non-tumour tissues from 20 UCC 
patients was assessed by real-time RT-PCR. As 
shown in Figure 2, the mRNA levels of B7-H4 in 
UCC tumour samples was significantly higher 
than those in non-tumour tissue samples (P = 
0.012).

Correlations of B7-H4 expression with clinico-
pathological parameters for UCC patients

The relationship between B7-H4 protein expres-
sion (immunohistochemical staining) and clini-
copathologic features is summarized in Table 
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2. Gender was not found to be significantly 
associated with B7-H4 expression (P = 0.4299). 
There was a significant association between 
B7-H4 expression and the cancer grade: [low 
grade (G1/2: 8 out of 19: 42.1%) and high 
grade (G3/4: 39 out of 43: 90.7%)]. In addition, 

B7-H4 expression was significantly higher in 
patients with muscle invasive tumors (43 out of 
51: 84.3%) than in those with superficial tumors 
(4 out of 11: 36.4%). The rate of B7-H4 higher 
expressing specimens in patients with recur-
rence (41 out of 43: 95.4%) was also signifi-
cantly higher than that for B7-H4 lower express-
ing patients without recurrence (6 out of 19: 
31.6%). 

Correlation between B7-H4 expression and 
bladder cancer recurrence-free rate 

The recurrence-free rate of UCC was analyzed 
by the Kaplan-Meier method. A time period of 
60 months was defined to investigate the 
recurrence-free rate. The recurrence-free rate 
was determined from the date of the operation 
to the time of the detection of bladder cancer 
recurrence or the last follow-up. The impacts of 
B7-H4 staining, tumour stage, and cancer 
grade on the recurrence free rate were investi-
gated. A log-rank test revealed that positive 
B7-H4 expression was significantly associated 

Figure 1. Immunohistochemical staining of B7-
H4. The B7-H4 immunohistochemical staining 
in bladder cancer. A: Adjacent normal tissues 
with negative Expression. B: Noninvasive blad-
der cancer with lower expression. C: High-grade 
invasive bladder cancer with higher expression.

Figure 2. B7-H4 mRNA levels in tumour tissues (T) and 
adjacent nontumour tissues (N) from 62 patients with 
urothelial cell carcinoma as assessed by real-time 
RT-PCR reaction. P = 0.012 as determined by paired 
sample t-test.
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with an increased incidence of the cancer 
recurrence (Figure 3A). Additionally, the higher 
tumour stage (Figure 3B) and the higher cancer 
grade (Figure 3C) showed significant associa-
tion the poor recurrence free rate.

Cox proportional hazards model univariate and 
multivariate analyses of individual parameters 
for correlations with overall survival

Univariate analysis using a Cox proportional 
hazards model to evaluate the potential of 
using B7-H4 mRNA expression level as a prog-
nostic marker for UCC patients after surgery 
showed that B7-H4 overexpression (P = 0.006), 
tumour grade (P = 0.013), and primary tumour 
stage (P < 0.001) were the prime variables for 
UCC prognosis (Table 3). After adjusting for 
clinicopathologic variables, B7-H4 overexpres-
sion (P = 0.011), tumour state (P = 0.013), and 
primary tumour stage (P = 0.023) remained sig-
nificantly correlated with the prognosis of UCC 
patients (Table 3).

Discussion

The co-regulatory B7 family members are cell-
surface protein ligands, binding to receptors on 
lymphocytes to regulate immune responses 
[9]. They can provide either positive or negative 
signal to stimulate or inhibit T-cell activation 
[9]. B7-H4 is a recently identified member of 
the B7 family [10]. In this study, we investigated 
the mRNA and protein levels of B7-H4 in human 
UCC and analyzed the relationship between 
B7-H4 protein expression level and clinicopath-
ological parameters of UCC.

poor prognosis of the patients suffering from 
gastric cancer [23]. B7-H4 expression in human 
esophageal squamous cell cancer was shown 
to be associated with cancer progression, 
reduced tumour immune surveillance and 
worse patient outcomes [24]. In this study, 
B7-H4 mRNA and protein level were found to be 
significantly higher in UCC tumour tissues com-
pared with adjacent nontumor tissues as 
assessed by qRT-PCR and immunohistochemi-
cal staining, respectively. Higher B7-H4 protein 
levels were observed in patients with more 
advanced pathological stage of UCC and asso-
ciated with decreased overall survival of 
patients with UCC. Thus, these previous stud-
ies along with our findings suggest that B7-H4 
expression may serve as a universal prognostic 
indicator for various cancers.

Although B7-H4 overexpression has been found 
various human tumors, the exact role of B7-H4 
in tumourigenesis is still under active investiga-
tions. Currently, it is believed that B7-H4 may 
protect cancer cells by inhibiting tumour-target-
ed T cell-mediated immune surveillance. In 
vitro studies suggest that B7-H4 may deliver an 
inhibitory signal to T cells, thereby inhibiting 
CD4+ and CD8+ T cell proliferation, progres-
sion, and cytokine production [25-27]. Blockade 
of B7-H4 has also been shown to enhance the 
activity of cytotoxic T lymphocytes [28]. Thus, 
these results imply that B7-H4 may be involved 
in the evasion mechanism of cancer cells from 
tumour-targeted T cell-mediated immune sur-

Table 2. Correlation between B7-H4 protein expression and clinico-
pathologic parameters of the patients with urothelial cell carcinoma 
(UCC) (n = 62)

Parameter Number of 
patients

B7-H4 expression 
Negative (%)

B7-H4 expression 
Positive (%)

P value 
(χ2 test)

Sex 0.4299
    Male 48 10 (20.8) 38 (79.2)
    Female 14 5 (35.7) 9 (64.3)
TNM stage 0.0029
    Superficial 11 7 (63.6) 4 (36.4)
    Invasive 51 8 (15.7) 43 (84.3)
Grade 0.0001
    Low 19 11 (57.9) 8 (42.1)
    High 43 4 (9.3) 39 (90.7)
Recurrence < 0.0001
    Negative 19 13 (68.4) 6 (31.6)
    Positive 43 2 (4.6) 41 (95.4)

An association between tu- 
mour-associated B7-H4 ex- 
pression and clinicopatho-
logical features has been 
recently found in prostate, 
renal cell, and esophageal 
cancers. In prostate cancer, 
strong expression of B7-H4 
is positively correlated with 
extra capsular extension, 
seminal vesicle invasion, 
and distant metastasis [21]. 
In clear-cell renal cell can-
cer, patients with B7-H4-
positive tumors showed a 
poorer survival rate than 
those with B7-H4-negative 
tumors [22]. Higher B7-H4 
expression was found to be 
significantly associated with 
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Figure 3. Kaplan-Meir curves demonstrating 
overall survival of 62 patients with urothelial 
cell carcinoma following surgery according 
to mRNA levels of B7-H4 (A), tumour stage 
(B), and tumour grade (C). P-value was deter-
mined by paired samples t-test.

Table 3. Univariate and multivariate analyses of different clinicopathological variables and B7-H4 expres-
sion status as predictors for overall survival of urothelial cell carcinoma (UCC)

Variable
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Sex (male vs. female) 1.341 (0.689-2.678) 0.354 1.571 (0.759-3.210) 0.215
TNM stage (high vs. low) 2.818 (1.545-5.032) < 0.001 2.033 (0.122-3.688) 0.013
Grade (G3/4 vs. G1/2) 2.215 (1.310-4.925) 0.013 1.523 (1.183-4.125) 0.023
B7-H4 expression (high vs. low) 1.561 (1.125-2.358) 0.006 1.365 (1.115-2.521) 0.011
CI, confidence interval; HR, hazard ratio.

veillance. In addition, B7-H4 may promote 
tumourigenesis by rendering tumour cells 
refractory to apoptosis. For example, knock-
down of B7-H4 mRNA and protein expression in 
the SKBR3 breast cancer cell line enhanced 
intracellular caspase activity, leading to accel-
eration of tumour cell apoptosis [29].

In conclusion, the present study has shown for 
the first time that B7-H4 mRNA and protein are 
increased in UCC tissues and that higher B7-H4 
levels are associated with advanced clinical 
tumour stage and shorter overall survival. The 
precise role of B7-H4 in UCC development and 
progression, however, remains to be elucidated 

and further investigations in cell and animal 
models are in progress.
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