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Abstract: In this study, we investigate the expression and role of special AT-rich sequence-binding protein-2 (SATB2) 
in clear cell renal cell carcinoma (ccRCC) tissue, and to evaluate the clinical and prognostic significance of SATB2 
protein in patients with ccRCC. The expression of SATB2 and SATB1 was examined in ccRCC tissue by Western 
blotting, real-time PCR and immunohistochemical staining. The association between clinicopathological features 
and SATB2 level was investigated. The correlation of SATB2 expression with overall survival was also analyzed. The 
expression of SATB2 protein in tumor tissues was much lower than that in paired normal tissues. The overall survival 
of the patients with high SATB2 expression was significantly higher than that of the low SATB2 expression group. 
Low or negative SATB2 expression was significantly correlated with AJCC staging and Furman grade in ccRCC. In 
contrast, the expression of SATB1 was significantly higher in adjacent tumor tissue than that in normal and tumor 
tissues. This study provides the first evidence of the expression and clinical significance of SATB2 in ccRCC. Our data 
suggest that SATB2 functions as a tumor suppressor in the development and progression of ccRCC, and is thereby 
implicated as a valuable prognostic marker for ccRCC patients.
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Introduction

Renal cell carcinoma (RCC) is the most preva-
lent malignancy of the adult kidney, accounting 
for approximately 90-95% of all kidney neo-
plasm [1]. In the United States, the incidence of 
RCC has increased in the past few decades 
(between 2% and 4% annually) [2]. RCC ac- 
counted for an estimated 65,150 new cases 
and 13,680 deaths in 2013 [3]. Up to 30% of 
RCC patients present with metastatic disease 
and approximately 40% of patients present 
with recurrence after treatment for a localized 
tumor [4, 5]. RCC is heterogeneous and com-
prises several histological types, which have 
different genetic and clinicopathological fea-
tures that determine clinical course and out-
come. Clear cell RCC (ccRCC), also called con-
ventional RCC, is the most common histological 
type of RCC, representing approximately80% of 
cases [6]. ccRCC is highly resistant to chemo-

therapy and radiotherapy, and approximately 
10% of patients suffering from metastatic dis-
ease survive 5 years after diagnosis [7]. As a 
result, a better understanding the molecular 
mechanisms involved in the initiation and pro-
gression of ccRCC is required. Further identifi-
cation of novel biomarkers associated with 
ccRCC progression and metastasis and their 
combined application with traditional diagnos-
tic and prognostic parameters would contribute 
to the development of effective strategies for 
the prevention, early diagnosis and treatment 
of ccRCC [8].

Special AT-rich binding-sequence protein 2 
(SATB2), a DNA binding protein, specifically 
binds nuclear matrix attachment regions in- 
volved in transcriptional regulation and chroma-
tin remodeling [9]. SATB2 participates in a vari-
ety of important biological processes included 
cell differentiation [9], histone recruitment [10], 
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transcription and reprogramming of expression 
profiles [11]. However, the role of SATB2 in 
most tumors is still unclear. Wang et al [12] 
reported that downregulated expression of 
SATB2 is associated with metastasis and poor 
prognosis in colorectal cancer. Recently, in- 
creased expression of SATB1 has been found  
in human renal cell carcinoma [8]. However, 
SATB2 expression and its clinical significance 
in RCC remain unclear.

In the present study, we evaluatedSATB2 ex- 
pression in clinical RCC tissue specimens by 
Western blot, immunohistochemistry, and real-
time PCR. Furthermore, the correlation between 
SATB2 expression and clinicopathological char-
acteristics was investigated. SATB1 expression 
was also detected in clinical RCC tissue speci-
mens and its correlation with SATB2 expression 
was determined.

Materials and methods

Ethics statement

This study was performed under a protocol 
approved by the Ethics Committee of Shanghai 
Tenth People’s Hospital, Tongji University 
School of Medicine (China). Written informed 
consent for participation in the study was 
obtained from each patient.

Patients and samples

Between January 2008 and August 2011, 75 
patients were enrolled in the study in the 
Department of Shanghai Tenth People’s Hos- 
pital. None of the patients had received preop-
erative treatment. Laboratory and preoperative 
clinical data, including complete blood count, 
liver biochemistry, renal function, and tumor 

size, stage (American Joint Committee on Can- 
cer (AJCC), 2002 version) and grade (Furhman 
grade I to IV), were assembled in a computer-
ized database for each participant. Three dif-
ferent types of tissues from each RCC patient 
were processed immediately after surgical 
resection: tumor-free tissue > 5 cm far from the 
tumor edge (TF), adjacent nonmalignant tissue 
within 2 cm (AT), and tissue from the tumor 
(TT). Areas of tissue necrosis and hemorrhage 
were excluded. The specimens from each 
patient were divided into two parts. One part 
was snap-frozen immediately after resection 
and stored in liquid nitrogen until they were 
used for experiments. The other part was pre-
served in 10% formaldehyde solution and 
paraffin-embedded.

Real-time PCR analysis

Total RNA was extracted from the tissues using 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
in accordance with the manufacturer’s instruc-
tions, and was then used for the synthesis of 
first strand complementary DNA (cDNA) using 
the PrimeScript® 1st Strand cDNA Synthesis 
kit (TaKaRa Bio, Shiga, Japan). A total of 1 μl of 
the reverse transcription (RT) product was then 
used as the template to amplify specific SATB1 
and SATB2fragments.Primers for human SAT- 
B1, SATB2 and β-actin genes were designed 
using Primer Express 2.0 software (Applied 
Biosystems, Foster City, CA, USA) and synthe-
sized by Sangon (Shanghai, China). The basic 
information on primers, including gene name, 
forward primer, reverse primer and product size 
(bp) is presented in Table 1. Real-time PCRs 
were performed in triplicate for each sample in 
a 20 μl reaction mixture, containing 2 μl tem-
plate DNA, 1 μl primers, 10 μl SYBR premix and 
7 μl ddH2O, using an ExScript Real-time PCR kit 
(TaKaRa Bio). PCR was performed in a 7900HT 
Fast Real-Time PCR machine (Applied Biosy- 
stems) under the following conditions: 95°C for 
30 s, then 40 cycles of 95°C for 5 s and 60°C 
for 30 s. Gene expression was presented using 
a modification of the 2-ΔΔCt method.

Western blotting

Total protein was extracted using lysis buffer. 
The protein concentration was determined 
using the bicinchoninic acid protein assay kit 
(Pierce Biotechnology, Rockford, IL, USA). Equal 
quantities of protein were separated by SDS-

Table 1. Clinical characteristics of the patients 
with ccRCC

Variables Patients
Furman grade AJCC staging
I II III IV I II III IV

Total 73 30 22 15 6 27 23 17 6
Sex Male 45 18 13 10 4 17 15 9 4

Female 28 12 9 5 2 10 8 8 2
Age < 45 19 8 5 5 1 7 6 5 1

45-65 32 15 9 5 3 12 9 8 3
> 65 22 7 8 5 2 8 8 4 2

AJCC, American Joint Committee on Cancer (2002 version).
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and mouse anti-human SATB2 
monoclonal antibody (Abcam) 
at a 1:200 dilution. Expre- 
ssion was detected using an 
Envision™ Detection kit, (per-
oxidase/DAB, rabbit/mouse; 
Gene Tech, Shanghai, China) 
in accordance with the manu-
facturer’s instructions. The 
slides were then stained with 
DAB, washed, counterstained 
with hematoxylin, dehydrated, 
treated with xylene and mo- 
unted. The followed method 
of interpreting protein stain-
ing was employed to evalu- 
ate SATB1 and SATB2 protein 
expression. Two independent 
observers scored the percent 
of positively staining cells per 
high-power field in the tissue 
sections. The number of posi-
tive cells per high-power field 
was assessed as -/+ = 0-10% 
staining positively of cells, + = 
10-25% staining positively of 
cells, ++ = 25%-50% of cells, 

polyacrylamide gel electrophoresis with tris-
glycine running buffer, prior to being transferred 
to nitrocellulose membranes. Blots were block- 
ed with 5% skimmed milk and 0.1% Tween in 
Tris-buffered saline, and incubated with anti-
bodies against SATB1 (monoclonal antibody, 
Abcam, Cambridge, UK, 1:200) or SATB2 
(monoclonal antibody, Abcam, Cambridge, UK, 
1:200)

Immunohistochemical staining of tissue sec-
tions

Immunostaining was performed on paraffin-
embedded 4 μm sections of formalin-fixed 
tumor tissues, placed on chrome alum gelatin-
coated glass slides and dried for 30 min at 
70°C. Following rehydration, the tissue sec-
tions were incubated in 3% hydrogen peroxide 
(Bio Basic, Amherst, NY, USA) to inhibit endog-
enous peroxidase activity. Following citrate buf-
fer antigen retrieval, the sections were blocked 
by incubation in 5% bovine serum albumin 
(BSA) in phosphate-buffered saline (PBS) (Bio 
Basic). Expression of SATB1 and SATB2 was 
assessed using mouse anti-human SATB1 
(Abcam, Cambridge, UK) monoclonal antibody 

+++ = 50%-75% of cells, and ++++ = > 75% of 
cells with positive staining.

Statistical analysis

Statistical analyses were performed using 
SPSS 13.0 statistical software (SPSS, Chicago, 
IL, USA). Data are presented as the mean ± 
standard deviation (SD) and analyzed using 
independent t-tests. P < 0.05 was considered 
to indicate a statistically significant difference.

Results

Clinicopathological characteristic of the se-
lected patients

A total of 73 patients with ccRCC, who were 
recruited from the Department of Urology, 
Shanghai Tenth People’s Hospital between July 
2009 and June 2011, were included in this 
study. The clinical characteristic of these 73 
patients are summarized in Table 1.

SATB2 expression in ccRCC patients

To determine the expression of SATB2 protein 
in ccRCC patients, Western blotting was per-

Figure 1. Expression of SATB1 and SATB2 protein in 38 clear cell renal cell 
carcinoma (ccRCC) and paired normal tissue samples. Western blot analysis 
of (A) SATB1and (B) SATB2 in ccRCC. The protein expression levels of (C) 
SATB1 and (D) SATB2 were quantified by comparing the grayscale levels of 
each band in (A) and (B), respectively using Quantity One Software. (N: nor-
mal tissue, T: tumor tissue).
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formed in38 ccRCC tissues with paired normal 
tissue. Compared with the paired normal tis-
sues, significantly decreased SATB2 levels 
were detected in 36 of 38 ccRCC tissues 
(Figure 1B and 1D), while increased expression 
was detected in 2 of 38 ccRCC tissues (Figure 
1B, Case 2). We then measured the expression 
of SATB2 transcripts in ccRCC patients by real-
time PCR. Compared with TF tissue, SATB2 
expression was significantly lower in AT and TT 
tissue, with decreased expression in 84% 
(61/73) of samples. The mean relative expres-
sion of SATB2 in AT and TT tissues were 0.73 ± 
0.38 and 0.65 ± 0.29 (P < 0.0001, Figure 2B).

To verify this observation, we further examined 
the expression of SATB2 protein in 73 paraffin-
embedded ccRCC samples with paired normal 
tissues by immunohistochemical analysis (Fi- 
gure 3). There was a significant decrease in 
SATB2expression in the tumor tissue compared 

with that in the normal tissue (Table 2). Among 
the 73 paraffin-embedded tumor tissue sam-
ples, 54 showed negative nuclear or cytoplas-
mic staining of SATB2protein, while 11 showed 
mainly moderate staining and eight showed 
strong staining.

Relationship between clinicopathological char-
acteristics and SATB2 expression in patients 
with ccRCC

The association betweenSATB2 expression and 
the clinicopathological outcomes are shown in 
Table 2. SATB2 expression exhibited a signifi-
cantly negative correlation with Furman grade 
and AJCC staging (Figure 2C, 2D).

Association between SATB2 expression and 
SATB1 expression

To investigate the mechanism of SATB2 medi-
ated regulation on prognosis of ccRCC, addi-

Figure 2. Quantitative PCR analysis of the expression of SATB1 and SATB2 in clear cell renal cell carcinoma (ccRCC) 
and adjacent normal tissue. Relationship between clinicopathological characteristics and SATB2 expression in pa-
tients with ccRCC (A, B); Relationship between AJCC staging and SATB2 expression in patients with ccRCC (C); Rela-
tionship between Furman grade and SATB2 expression in patients with ccRCC (D).
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tional immunohistochemical staining were per-
formed to detect the levels of SATB1, a homo-
logue of SATB2, and to analyze the potential 
correlation between SATB1 and SATB2 expres-
sion in ccRCC tissues. We found that SATB1 
levels were significantly down-regulated in 
ccRCC tissues compared with those in the 
paired normal tissues, which were in accor-
dance with the expression of SATB2 (Figures 
1A, 1C, 2A, 4).

Correlation of SATB2 expression with overall 
survival

We defined < 25% and > 25% positive immuno-
histochemical staining of SATB2 as low and 

high expression, respectively. Among the pa 
tients included in this study, the overall survival 
of the patients with high SATB2 expression 
(3-year overall survival rate, 85%) was signifi-
cantly higher than that of the low SATB2 expres-
sion group (3-yearoverall survival rate, 60%) (P 
= 0.04, Figure 5).

Discussion

SATB2 is a novel AT-rich DNA binding protein, 
which regulates gene expression by altering 
chromatin structure.SATB2 interacts directly 
with the activity of transcription factors that 
regulating craniofacial development, cortical 
neuron differentiation and osteoblast differen-

Figure 3. Immunohistochemical analysis of the expression of SATB2 in ccRCC tumor tissues. SATB2 expression 
in normal tissues (A: magnification, × 100). SATB2 expression in normal tissues (B: magnification, × 200). SATB2 
expression in adjacent tumor tissues (C: magnification, × 100). SATB2 expression in adjacent tumor tissues (D: 
magnification, × 200). SATB2 expression in tumor tissues (E: magnification, × 100). SATB2 expression in adjacent 
tumor tissues (F: magnification, × 200).



SATB2 and prognosis in renal cell carcinoma

3715 Int J Clin Exp Pathol 2015;8(4):3710-3718

and oral carcinomas [12, 13, 16, 17] have 
yielded highly controversial results. There- 
fore, in the present study, we focused on 
SATB2 expression patterns and their rela-
tionship with the clinicopathological fea-
tures of ccRCC patients. Our study, which 
provides new insight into the role of SATB2 
in ccRCC progression, reveals the first evi-
dence that SATB2 expression is much lower 
in carcinoma tissues than that in normal tis-
sue in RCC. Furthermore, our findings impli-
cate SATB2 as a prognostic factor for RCC 
patients. As shown in the present study, 
SATB2 expression was significantly lower in 
tumor tissue compared to that in paired nor-
mal tissue at both the RNA and protein lev-
els. Moreover, low levels of SATB2 expres-
sion correlated with high AJCC staging and 
high Furman grade. Our results also indicat-
ed that SATB2 protein expression levels 
were closely correlated with overall survival. 
This result indicates that low SATB2 expres-
sion levels in renal tissue are related to poor 
prognosis. However, due to the small num-
ber of patients in our study, further studies 
are required to verify these findings and to 
establish SATB2 as a reliable clinical predic-
tor of outcome in RCC patients.

SATB1, which is a close homolog of SATB2, 
overexpressed in a variety of tumor types 
including breast cancer [18], laryngeal squa-
mous cell carcinoma [19], gastric cancer 
[20], and malignant cutaneous melanoma 
[21]. In this study, we found higher expres-
sion ofSATB1mRNA and protein in adjacent 
nonmalignant tissue than that in tumor tis-
sue and normal tissue. However, Chao et al. 
reported that levels of SATB1 mRNA and pro-
tein were dramatically increased in human 
ccRCC tissues, and that upregulation of 
SATB1 was significantly associated with 
depth of invasion, lymph node status and 
TNM stage [8]. It can be speculated that this 
discrepancy arises from our selection of 
adjacent nonmalignant tissue located app- 
roximately 2 cm from tumor because of dif-
ficulties in distinguishing the adjacent non-

Table 2. Results from the immunohistochemistry 
analysis
No. of 
patients Furman grade AJCC staging

SATB2
TT N

0 - -

-

-
0 - - +/-
1 I I +
1 IV IV ++
5 III (2)/II (2)/I III/II (3)/I +++
3 III (2)/II III/I (2) ++++
0 - -

+/-

-
0 - - +/-
1 III IV +
5 IV/III (2)/II (2) III (3)/II (2) ++
2 II/I IV/I +++
4 III/II (2)/I II (3)/I ++++
0 - -

+

-
1 IV IV +/-
1 I I +
9 II (5)/I (4) II (5)/I (4) ++
11 IV/III (3)/II (3)/I (4) IV/III (3)/I (7) +++
10 IV/III (3)/II (2)/I(4) III (5)/II (4)/I ++++
0 - -

++

-
0 - - +/-
1 I IV +
2 II (2) I (2) ++
4 IV/III/II/I III/II (2)/I +++
4 I (4) III (2)/II (2) ++++
0 - -

+++

-
0 - - +/-
1 II III +
1 I I ++
1 I I +++
2 I (2) II/I ++++
0 - -

++++

-
0 - - +/-
0 - - +
2 I (2) II/I ++
0 - - +++
1 I I ++++
(-/+), 0-10%; (+), 10-25%; (++), 25–50%; (+++), 50-75%; and 
(++++), > 75% positive. AJCC, American Joint Committee on 
Cancer staging system.

tiation [13, 14]. In humans, SATB2 has been 
identified as a cleft palate geneon chromosome 
pair 2, which undergoes translocation and 
plays an important role in palate formation 
[15]. Recent studies conducted to evaluate the 
role of SATB2 in colorectal, breast, laryngeal 

malignant tissue from the tumor and normal 
tissues. Moreover, although we aimed to ex- 
clude necrotic and hemorrhagic tissues from 
the sample, some necrosis of the tumor tissue 
was unavoidable. Unfortunately, further discus-
sion of this discrepancy is not possible because 
the report by Chan et al. did not include any 
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detail regarding the selection of tissue sam-
ples. Nevertheless, our data clearly demon-
strate low expression of SATB1 in normal tis-
sue, and that SATB1 upregulation was signifi-
cantly associated with poor prognosis. These 
observations indicate that SATB1 andSATB2 
are associated with opposite effects in ccRCC, 
although the specific mechanisms require fur-
ther studies clarification.

Immunohistochemistry has several advantages 
compared to analysis of mRNA levels in that it 
allows for assessment of candidate protein bio-

markers in a morphological and sub-cellular 
context [22]. Studies have demonstrated that 
even a small fraction of SATB1positive cells by 
detected by immunohistochemistry is sufficient 
to confer a poor prognosis in some tumor types 
[18, 23]. Moreover, results from studies on the 
prognostic value of SATB1 mRNA levels have 
shown discrepant results in relation to its pro-
tein expression [24, 25]. In the present study, 
we used immunohistochemical analysis to eval-
uate the expression of SATB2 and its correla-
tion with clinicopathological characteristics 
and overall survival. Although a significant 

Figure 4. Expression of SATB1 in ccRCC tumor tissues. SATB1 expression in normal tissues (A: magnification, × 
100). SATB1 expression in normal tissues (B: magnification, × 200). SATB1 expression in adjacent tumor tissues 
(C: magnification, × 100). SATB1 expression in adjacent tumor tissues (D: magnification, × 200). SATB1 expression 
in tumor tissues (E: magnification, × 100). SATB1 expression in adjacent tumor tissues (F: magnification, × 200).
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association was found between SATB2 expres-
sion and poor prognosis, the small number of 
participants and short follow-up time prevented 
us forming precise conclusions regarding the 
potential prognostic value of SATB2 expression 
in ccRCC. Moreover, a correlation between 
Furman grade and AJCC staging and the expres-
sion of SATB2 was identified in this study. 
However, due to the small number of samples 
in each stage, no significant difference was 
found among the groups; therefore, the detailed 
mechanisms underlying the functions of SATB2 
in ccRCC require further investigation.

Conclusion

This study provides the first description of the 
expression and clinical significance of SATB2 in 
ccRCC and provides evidence suggesting that 
SATB2 functions as a tumor suppressor in the 
development and progression of ccRCC. Thus, 
SATB2 is implicated as a valuable prognostic 
marker for ccRCC patients.
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