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a b s t r a c t

ZBP-89, a Krüppel-type zinc-finger transcription factor, is found to participate in tumor development,
invasion and metastasis. However, the expression status of ZBP-89 in clear cell renal cell carcinoma
(CCRCC) remains elusive. Using quantitative real-time-PCR and Western Blot, we found that, in fresh can-
cer tissues, ZBP-89 was remarkably decreased in 79.2% (19/24) and 83.3% (5/6) of CCRCC at mRNA and
protein level, respectively. Immunohistochemistry also revealed a significant decline of ZBP-89 expres-
sion in CCRCC, showing that low expression of ZBP-89 was present in 73.9% (105/142) of tumorous tis-
sues but in 48.1% (52/108) of the corresponding adjacent kidney tissues. Furthermore, ZBP-89 expression
in CCRCC was significantly correlated with several clinicopathological features, including TNM stage
(P = 0.005) and distal metastasis (P = 0.001). Further study confirmed that ZBP-89 expression was mark-
edly higher in metastatic CCRCC than that in non-metastatic tissue (P = 0.002). In addition, CCRCC
patients with low ZBP-89 expression survived longer than those with high ZBP-89 expression, as indi-
cated by the result of univariate analysis (P < 0.0001). More importantly, multivariate analysis revealed
that ZBP-89 was an independent predictor of overall survival (HR, 2.871; 95% CI, 1.409–5.853;
P = 0.004). Collectively, our study provides vigorous evidence that ZBP-89 was significantly downregu-
lated in CCRCC and could be served as a promising biomarker for prediction of distal metastasis and prog-
nosis of patient with CCRCC.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

Renal cell carcinoma (RCC), which accounts for 2–3% of adult
malignancies, is the most common renal malignancy and its inci-
dence continues to increase. There are 209,000 new cases per year
worldwide and 102,000 death [1]. Despite the increased number of
cases diagnosed at smaller size, RCC presents with metastases in
up to 30% of cases, and nearly one third of patients undergoing
nephrectomy for clinically localized disease eventually develop
metastases [2,3]. For RCC patients, the 5 year survival is 69.4%.
However, if the disease is diagnosed with metastasis, the percent-
age can be reduced to less than 10% [4]. The most important and
valuable prognostic factors affecting survival of RCC patients are
tumor grade, local extent of the primary tumor, presence of regio-
nal nodal metastases, and evidence of metastatic disease at
presentation.
ll rights reserved.
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Clear cell renal cell carcinoma (CCRCC), the most prevalent sub-
type of RCC, represents approximately 75% of renal neoplasm.
Although there are many promising studies searching biomarkers
in CCRCC, after a decade of investigation, molecular markers have
not yet made their way into clinical practice, as the results of many
studies are sometimes contradictory [5]. With even small tumors
having metastatic potential and the fact that the overall CCRCC
mortality has not yet dropped [6], markers for the individual
aggressiveness of this tumor are still desired.

ZBP-89 (BFCOL1, BERF1, ZNF-148 or Zfp-148), a Krüppel-type
zinc-finger transcription factor that binds to GC-rich sequences,
is universally expressed and conserved in mammals, and involved
in many cellular functions related to cancer, including cell growth,
differentiation, apoptosis and senescence [7]. ZBP-89 can regulate
the expression of certain growth-related factors by activating or
repressing transcription of the genes including gastrin [8] and
vimentin [9]. Due to the ability of ZBP-89 to form direct protein
complexes with well-known tumor suppressor factors, such as
p53 [10] and p300 [11], ZBP-89 is thought to be involved in tumor
development. ZBP-89 has been shown to be elevated in various hu-
man cancers, such as gastric [12], colorectal [13], breast [14] and
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liver cancers [15], but it disappears in about 70% of pancreatic ade-
nocarcinomas [16]. However, the expression of ZBP-89 and its sig-
nificance in CCRCC has not yet been elucidated.

In this study, we examined the mRNA and protein levels of ZBP-
89 in CCRCC and determined the relationship between its expres-
sion and various clinicopathologic parameters in order to system-
atically investigate whether ZBP-89 was involved in CCRCC
carcinogenesis and tumor development.

2. Materials and methods

2.1. Patients and samples

A total 142 tissue blocks prepared from CCRCC tissues and the
adjacent non-tumorous kidney tissues were sectioned for immu-
nohistochemistry (IHC) studies. Samples were collected by the sur-
gical teams in Sun Yat-sen University Cancer Center, Guangzhou,
China with prospective collection of clinico-pathological informa-
tion from March 2002 to September 2006. In addition, 24 paired
cases of CCRCC tissue along with the adjacent renal tissue were col-
lected for quantitative real-time RT-PCR, 6 paired cases of CCRCC
and normal kidney protein were analyzed for Western Blot and an-
other 142 cases were used for IHC analysis (108 tumor tissues with
adjacent normal kidney tissue). All the human specimens used in
the study were approved by the Ethics Committees of Sun Yat-
sen University Cancer Center and written informed consent was
obtained from each patient.

2.2. Quantitative real-time PCR

mRNA transcripts were measured using a standard SYBR Green
real-time assay. Total RNA was extracted from cells using the Trizol
Fig. 1. The expression of ZBP-89 in CCRCC by qRT-PCR and Western Blot. (A) Fold chan
kidney tissues (N) (n = 24) was determined by qRT-PCR. (B) Expression of ZBP-89 protein
examined by Western Blot. (C) The related expression of ZBP-89 in paired tissues was i
reagent (Invitrogen, CA, USA) according to the manufacturer’s
instruction. One microgram of RNA sample was reverse transcribed
using the Suprescript III enzyme (Invitrogen, CA, USA) to obtain
single-stranded cDNA. Real-time PCR was then performed on cDNA
in an iQ Sybr Green Supermix (Bio-Rad) with gene-specific primers.
The following primers were used: ZBP-89 forward, 50-CGC TGT GAT
GAA TGT GGT GAT GAG AC-30; ZBP-89 reverse, 50-CCC AGC TCT ATT
ATC ATT TAC ATT C-30; GAPDH forward, 50-AAA TCC CAT CAC CAT
CTT CC-30; and GAPDH reverse, 50-TCC ACC ACC CTG TTG CTG TA-30.
Amplicons were analyzed using the DDCt method, and data are
represented as the mean of three independent experiments ± SE.

2.3. Western Blot

Lysates were prepared from the tissues as described previously
[17]. Forty microgram of proteins were boiled with 6� SDS loading
buffer and then fractionated by SDS–PAGE. The protein was trans-
ferred onto PVDF membrane, which was then incubated with spe-
cific primary antibody to ZBP-89 and GAPDH in 5% milk, followed
by a horse radish peroxidase (HRP)-conjugated anti-rabbit or anti-
mouse antibodies and ECL detection reagent (Thermo Scientific).

2.4. Immunohistochemistry and evaluation

For immunohistochemical studies, paraffin embedded sections
were dewaxed in xylene (3 � 5 min) and dehydrated in ethanol
series (3 min in 100% ethanol, 1 min in each of 95% and 70% etha-
nol). Sections were washed in PBS and endogenous peroxidases
were blocked with 3% H2O2 for 10 min. The tissue sections were
subjected to antigen retrieval by pressured cooking in 10 mM cit-
rate buffer for 3 min, and then incubated with serum blocking
solution for 20 min to block nonspecific binding, followed by incu-
ge of ZBP-89 mRNA in CCRCC tissues (T) compared to the adjacent non-tumorous
in CCRCC tissues (T) and the adjacent non-tumorous kidney tissues (N) (n = 6) was

ndicated.



Fig. 2. The protein expression of ZBP-89 in CCRCC by immunohistochemistry. The immunoreactivity was primarily observed in the nucleus. (A) Strong staining of ZBP-89 was
detected in normal kidney tissue. (B) Weak/negative expression of ZBP-89 was present in CCRCC tissue. (C) Moderate staining of ZBP-89 was observed in tumor tissue. (D)
Strong staining of ZBP-89 was shown. (E) The box plot showed the mean staining score of ZBP-89 in CCRCC tissues and the adjacent non-tumorous kidney tissues.
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bation with a primary antibody (polyclonal antibody, Rabbit anti-
ZBP-89, Santa Cruz) for two hours at room temperature. After rins-
ing in PBS for 10 min, the sections were incubated with the biotin-
ylated secondary antibody for 1 h and further incubation with the
Streptavidin Biotin complex. Reactivity was developed in chromo-
gen DAB (3,3-diaminobenzidine) solution. The signal was en-
hanced by applying the solution of CuSO4 and NaCl for 5 min.
Finally, the sections were counterstained with Mayer’s hematoxy-
lin, dehydrated, and mounted. All sections were observed under
light microscopy and the staining intensities were assessed by
two independent pathologists (L.R.Z. and C.M.Y.). Nucleus staining
was graded for intensity (0-negative, 1-weak, 2-moderate, and 3-
strong) and percentage of positive cells [0, 1 (1–24%), 2 (25–49%),
3 (50–74%), and 4 (75–100%)] with discrepancies resolved by con-
sensus. The grades were multiplied to determine an H-score as de-
scribed in a previous report [18]. The H-scores for tumors with
multiple cores were averaged. Protein expression was then defined
as negative (H-score = 0), weak (H-score = 1–3), or strong (H-
score P 4). We defined the negative and weak protein expression
of ZBP-89 as low ZBP-89 group, and strong expression as high
ZBP-89 group.
2.5. Statistical analysis

The correlations between the expression of ZBP-89 and clinico-
pathological parameters were analyzed with the chi-square test or
Fisher’s exact test. Overall survival was assessed by the Kaplan–
Meier method, and log-rank test was used to analyze survival
curves. Univariate and multivariate survival analyses were per-
formed using the Cox proportional hazards regression model. Sta-
tistical significance was set at P < 0.05. All statistical analysis was
performed by using the SPSS statistical software package (standard
version 13.0; SPSS, Chicago, IL).
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3. Results

3.1. The pattern of ZBP-89 expression in RCC by qRT-PCR and Western
Blot

As determined by qRT-PCR, in 19 out of 24 cases, ZBP-89 mRNA
expressions in CCRCC specimens were lower than those in the
adjacent non-tumorous kidney tissues (Fig. 1A). A significant dif-
ference in the average level of ZBP-89 between tumor tissues and
non-tumorous tissues (P < 0.05) was discerned. The protein levels
of ZBP-89 in CCRCC tissues were detected (Fig. 1B and C). As de-
picted in Fig. 1B, ZBP-89 expression in tumorous tissues was on
average 1.57-fold lower than that in the paired non-tumorous
tissues.

3.2. The expression dynamics of ZBP-89 in RCC by
immunohistochemistry

The protein level of ZBP-89 in CCRCC was further determined by
IHC, using 142 pairs of tumor and adjacent non-tumorous kidney
tissues. In our study, only 108 cases of RCC with adequate adjacent
normal kidney tissue were used for IHC analysis. Expression of
ZBP-89 was detected in 87.3% (124/142) of tumorous and 91.7%
(99/108) of nontumorous tissues (Fig. 2A and D). Furthermore,
low expression of ZBP-89 was detected 48.1% (52/108) in normal
kidney compared with 73.9% (105/142) in cases. There is a signifi-
cant difference of ZBP-89 expression in tumorous and paired non-
tumorous kidney tissues (Fig. 2E, P < 0.0001).
Table 1
Correlation between ZBP-89 expression and clinicopathological parameters.

Variable Cases (n = 142, %)

Sex
Female 39 (27.5)
Male 103 (72.5)

Ageb

652 64 (45.1)
>52 78 (54.9)

Gradec

I 21 (14.8)
II 67 (47.2)
III 37 (26.1)
IV 17 (11.9)

Tumor diameterd

66.7 cm 83 (58.5)
>6.7 cm 59 (41.5)

TNM stage
I 58 (40.8)
II 38 (26.8)
III 26 (18.3)
IV 20 (14.1)

Tumor stage
1 75 (52.8)
2 38 (22.5)
3 22 (15.5)
4 7 (9.2)

Lymph node metastasis
No 131 (92.3)
Yes 11 (7.7)

Distal metastasis
No 125 (88.0)
Yes 17 (12.0)

a Chi-square test.
b Mean age.
c Histological grade was with reference to World Health Organization (WHO) classific
d Mean diameter.
3.3. The relationship between ZBP-89 expression and
clinicopathological parameters

The relationship between the ZBP-89 expression and clinico-
pathological parameters including the patient’s sex, age, tumor
size, histological grade, TNM stage, T stage, node status and metas-
tasis status was analyzed in 142 CCRCC cases that were further di-
vided into two subgroups: ‘Low ZBP-89 expression’ and ‘High ZBP-
89 expression’ as defined in the Immunohistochemistry section of
Patients and Methods. A significant correlation was found between
ZBP-89 expression and two clinicopathological parameters, includ-
ing clinical TNM stage (P = 0.005) and distal metastasis (P = 0.001).
Patients with advanced TNM stage appeared to be likely with high
ZBP-89 expression in tumorous tissues than those with early TNM
stage. On the other hand, patients with distal metastasis had high-
er ZBP-89 expression, compared to those without distal metastasis.
There were no statistical association between ZBP-89 expression
and the rest clinicopathological parameters (P > 0.05, Table 1).

We next intended to confirm the finding that ZBP-89 expression
positively related to distal metastasis in CCRCC. To this end, we
stratified and categorized our samples into three groups: normal,
non-metastatic tumor and metastatic tumor. According to the
IHC results, ZBP-89 expressions were denoted strong, weak/nega-
tive, moderate respectively in normal, non-metastatic and meta-
static group (Fig. 3A and C). As expected, the expression of ZBP-
89 in non-metastatic and metastatic CCRCC was significantly dis-
crepant (P = 0.002, Fig. 3D).
ZBP-89 expression

Low (n = 105) High (n = 37) P valuea

0.226
26 13
79 24

0.612
46 18
59 19

17 6 0.802
46 15
33 10
11 6

0.529
63 20
42 17

0.005
51 7
26 12
18 8
10 10

0.067
59 16
22 16
18 4
6 1

0.155
99 32
6 5

0.001
98 27
7 10

ation published in 2004.



Fig. 3. ZBP-89 expression in metastatic and non-metastatic CCRCC. Representative image of ZBP-89 staining in normal kidney tissue (A), non-metastatic (B), metastatic (C)
and CCRCC (D). A significant increase of ZBP-89 expression in metastatic CCRCC was shown.
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3.4. The association of ZBP-89 expression in CCRCC with patient
survival

The association between ZBP-89 expression in CCRCC and pa-
tient survival was analyzed by Kaplan–Meier methods (Fig. 4).
Forty-one deaths were recorded in 142 patients. The mean survival
time was 43.5 months, with a range of 2.9–95.2 months (Fig. 4A).
The over-all survival in CCRCC patients with the high expression
of ZBP-89 tended to be shorter than that of patients with low
expression of ZBP-89 (P < 0.001, Fig. 4B).

In order to assess the prognostic value of ZBP-89 expression in
CCRCC, we utilized univariate analysis to control for other prognos-
tic factors. Results indicated that ZBP-89 (P < 0.0001), as well as
clinical grade (P = 0.001), TNM stage (P < 0.0001), tumor stage
(P < 0.0001), and distal metastasis (P < 0.0001), was responsible
for efficacy of therapy in CCRCC patient, by showing that ZBP-89
expression was of significance in correlation to overall survival of
CCRCC patients (Table 2).

We further subjected the statistically significant parameters to
Cox proportional hazards regression model to evaluate the signifi-
cance of ZBP-89 expression in CCRCC prognosis. Results suggested
that ZBP-89 was also an independent predictor for overall survival
(HR: 2.871, 95% CI: 1.409–5.853, P = 0.004) (Table 3).
4. Discussion

The present study presents compelling evidence that the tran-
scription factor ZBP-89 is decreased in CCRCC. According to our
data, about 73.9% of CCRCC patients carried low-expressed ZBP-
89. We also found that ZBP-89 expression in tumor tissues signif-
icantly correlated with two clinicopathological parameters, the
TNM stage and distal metastasis. Furthermore, high ZBP-89 expres-
sion in tumor was associated with poor survival of CCRCC patients.
Univariate and multivariate analysis also showed ZBP-89 was a po-
tential prognostic factor of overall survival.

ZBP-89 has been shown to be increased in some cancers, includ-
ing gastric cancer [12], colorectal cancer [14] and liver cancer [15],
but reduced in pancreatic adenocarcinomas [16]. However, the role
of ZBP-89 in human cancers is not well studied. Therefore, the
expression of ZBP-89 in cancers may differ according to cell origin.
In our study, we found the ZBP-89 expression was down regulated
in CCRCC and high ZBP-89 expression in tumor was associated
with poor clinicopathological parameters. We speculate that ZBP-
89 might play different role in the development and/or progress
of CCRCC in early and late stage, since patients with distal metas-
tasis and poor survival appear to express higher levels of the pro-
tein. ZBP-89 was suggested to play a role at the early stage of
gastric cancer development, as its level was elevated in pre-malig-
nant states of gastric cancers [19]. The involvement of ZBP-89 in
the gastric tumorigenesis was further supported by the finding that
the Epstein–Barr virus (EBV) BMRF1 gene increased the binding of
ZBP-89 to the gastrin promoter [20]. It is known that EBV infection
is an etiological cause for a subset of gastric cancer [21] and that
gastrin is up-regulated in a variety of pre-malignant conditions
and established gastric cancers [17]. These data indicate ZBP-89
may be involved in tumor development. Importantly, ZBP-89 has
been reported to regulate the expression of various molecules that
are involved in the tumor growth, invasion and metastasis [7]. For
example, ZBP-89 up-regulates the expression of matrix metallo-
peptidase 3 (MMP-3) through activating its promoter [13]. The role
of ZBP-89 in the regulation of MMP-3 is further supported by the
fact that mutations in the polymorphic region of the MMP-3 pro-
moter that includes ZBP-89’s binding element impair its basal
and induced transcriptional activity in high microsatellite instabil-
ity (MSI-H) colorectal tumors [13]. Since MMP-3 is involved in tu-



Fig. 4. Survival analysis of ZBP-89 expression in CCRCC. (A) Probability of overall
survival of total CCRCC patients. (B) ZBP-89 protein level showed prognostic role in
overall survival.

Table 2
Univariate analysis of ZBP-89 expression and clinicopathologic variables in CCRCC
patients (log-rank test).

Variables All
cases

Mean survival
(months)

Median survival
(months)

P value

Age (years) 0.892
652a 64 63.99 NRb

>52 78 73.16 NR

Sex 0.570
Male 103 63.15 NR
Female 39 76.22 NR

Gradec 0.001
I 21 88.44 NR
II 67 72.31 NR
III 37 61.92 NR
IV 17 36.51 18.97

Tumor diameterd 0.580
66.7 cm 83 75.90 NR
>6.7 cm 59 71.01 NR

TNM stage 0.000
I 58 86.20 NR
II 38 77.05 NR
III 26 63.38 NR
IV 20 29.65 25.00

Tumor stage 0.000
1 75 83.75 NR
2 38 75.41 NR
3 22 45.17 42.47
4 7 32.81 24.87

Lymph node metastasis 0.272
No 131 75.14 NR
Yes 11 56.24 NR

Distal metastasis 0.000
No 125 81.91 NR
Yes 17 23.65 24.33

ZBP-89 0.000
Low expression 105 82.06 NR
High expression 37 39.76 43.67

a Mean age.
b NR, not reached.
c Histological grade was with reference to World Health Organization (WHO)

classification published in 2004.
d Mean diameter.

Table 3
COX multivariate analysis of clinicopathological parameters and overall survival.

Variables Hazard ratio (95% confidence interval) P value

Grade 1.104 (0.700–1.742) 0.670
TNM stage 1.655 (1.035–2.645) 0.035
Tumor stage 1.044 (0.657–1.658) 0.856
Metastasis 6.468 (2.314–18.078) 0.000
ZBP-89 2.871 (1.409–5.853) 0.004
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mor invasion and metastasis [22,23], it is plausible that ZBP-89
participates in tumor development and metastasis by regulating
MMP-3. Although few literatures reported the association between
MMP-3 expression and CCRCC’s clinicopathological parameters,
the mRNA and protein levels of MMP-3 were significantly higher
in RCC tissue compared with the adjacent non-malignant renal tis-
sue [24]. In this study, we found the high expression of ZBP-89 was
related with advanced TNM stage and distal metastasis. Further-
more, ZBP-89 expressions were markedly higher in metastatic
CCRCCs than those in non-metastatic ones. It is therefore reason-
able to assume that high-expressed ZBP-89 upregulates MMP-3
expression in CCRCC to interweave with the invasion and metasta-
sis of CCRCC.

One of the main findings in present study is that the high
expression of ZBP-89 in CCRCC was significantly related to poor
survival. To our best knowledge, this is the first report of associa-
tion of ZBP-89 expression and survival in CCRCC patients. Surgical
resection of the primary tumor for CCRCC patients with localized
disease remains the mainstay of therapy. However, CCRCC is char-
acterized by a lack of early warning signs, resulting in a high pro-
portion of patients with metastases at diagnosis or relapse
following nephrectomy. The prognosis for patients with distant
metastases is poor, with a 5 year survival rate of less than 10%
for those presenting stage IV disease [4,25]. In our study, high
expression of ZBP-89 in CCRCC appeared to be a promising marker
to predict distal metastasis and poor survival. It could be helpful to
refine individual risk stratification and could be useful for recom-
mendation of more aggressive therapy, according to the different
expression of ZBP-89.

In conclusion, we have demonstrated in this study that ZBP-89
is down-regulated in CCRCC. High expression of ZBP-89 in CCRCC
tissue associates with metastasis and advanced TNM stage. Addi-
tionally, high ZBP-89 expression in kidney cancer connects to poor
overall survival. Taken together, ZBP-89 could be used as a prom-
ising metastatic and prognostic marker in CCRCC. On the other
hand, further investigations are required to disclose the mecha-
nism via which ZBP-89 is involved in the progression of CCRCC.
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