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Abstract: Special AT-rich sequence-binding protein 1 (SATB1) has been identified as a key factor in the progression 
of some cancers, functioning as a global genome organizer and chromatin regulator. We examined the levels of 
SATB1 mRNA expression in NPC cell lines 5-8F (high metastasis) and 6-10B (low metastasis) and immortalized 
human nasopharyngeal epithelial cells NP69-SV40T by quantitative real-time PCR. We also examined the protein 
expression levels of SATB1 in 72 cases of nasopharyngeal carcinoma (NPC) tissues and 30 cases of normal naso-
pharyngeal (NNP) tissues by immunohistochemistry, and then assessed the correlations between SATB1 expression 
and clinicopathological factors. The expression level of SATB1 mRNA in 5-8F was much higher than those in 6-10B 
and NP69-SV40T (P < 0.05). The expression level of SATB1 mRNA in 6-10B was higher than in NP69-SV40T, but the 
difference was not statistically significant (P > 0.05). The positive expression rates of SATB1 protein in NPC (38/72, 
52.8%) were significantly higher than in NNP (4/30, 13.3%) (P < 0.05). SATB1 protein levels in NPC were not associ-
ated with gender, age, and T stage (P > 0.05), but positively correlated with the titers of EBVCA-IgA, metastasis (N 
and M stage), recurrence, and survival (P < 0.05). Multivariate analysis showed that the overexpression of SATB1 
protein is an independent prognostic factor for NPC. The expression levels of SATB1 were obviously upregulated 
in primary NPC tissues and human NPC cell lines. Therefore, SATB1 may be a valuable predictor in assessing the 
metastasis, recurrence, and prognosis of NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is an epithe-
lial malignancy and endemic in southern China 
including Fujian Province. It has strongly aggres-
sive and metastatic features and tends to 
develop lymphatic or distant metastasis in 
early stage. The high incidence of metastasis 
and high relapse rate inevitably lead to a poor 
clinical outcome for NPC patients. The Epstein-
Barr virus and molecular pathogenic processes 
are involved in the tumorigenesis and progres-
sion of NPC. However, the principal molecular 
mechanisms in terms of how genes facilitate 
tumor development and metastasis were not 
good elucidated.

Special AT-rich sequence-binding protein 1 
(SATB1) is a nuclear matrix associated protein, 
as a ‘genome organizer’ and ‘global regulator’ 
that orchestrates the function of multiple genes 
[1-3]. It has been reported that SATB1 abnor-
mally expressed in many epithelial tumors, 
such as breast, gastric, bladder, prostate, laryn-
geal, and colorectal cancer [4-9], which suggest 
a crucial role in promoting tumor growth, inva-
sion and metastasis, and may also is an inde-
pendent factor for several cancers prognosis 
[3, 5, 7, 10]. However, to our knowledge, very 
few reports have been looked for the abnormal 
SATB1 expression in clinical evaluation of NPC. 
In order to explore the potential role of SATB1 in 
assessing the risk of tumor metastasis and 
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recurrence as well as predicting prognosis, we 
investigated the levels of STAB1 expression in 
the human nasopharyngeal cell lines, normal 
nasopharyngeal (NNP) tissues and primary 
NPC tissues, and then determined the correla-
tions between SATB1 expression, clinicopatho-
logical factors and survival of patients with 
NPC.

Materials and methods

Patients and tissues

A total of 102 pathological specimens were col-
lected from January 2006 to July 2008 at 
Zhongshan Hospital of Xiamen University in 
Xiamen, Fujian Province (NPC endemic region 
in China), including 72 cases of primary NPC tis-
sues and 30 cases of NNP. All specimens were 
confirmed by histopathological examination. 

No patients had received radiotherapy and che-
motherapy before biopsy. Seventy-two patients 
with NPC comprised 54 men and 18 women 
with age from 18 to 70 years (median, 45.6 
years). The tumor-node-metastasis (TNM) clas-
sification was defined according to the World 
Health Organization (WHO) 2005 NPC staging 
system [11]. Patients with NPC underwent radi-
cal radiotherapy and concurrent chemotherapy 
after histopathological diagnosis and were fol-
lowed up. The end of follow-up periods of this 
study was defined as 8 August 2013. The clini-
copathological data of NPC patients are shown 
in Table 1. In addition, specimens of NNP were 
obtained from 30 healthy persons suspected of 
having cancer at above hospital. Thirty cases of 
NNP included 18 men and 12 women with age 
range between 20 and 61 years (mean age 
40.8 years). Prior consents of the patients and 
ethical approval for this study from the Medical 
Ethics Committee at Zhongshan Hospital of 
Xiamen University were obtained.

Cell lines and culture

Human immortalized nasopharyngeal epithelial 
cell line (NP69-SV40T) and NPC cell lines 5-8F 
(high metastasis) and 6-10B (low metastasis) 
were purchased from Xiangya Central Expe- 
riment Laboratory of Central South University 
(Changsha, Hunan, China). 5-8F and 6-10B 
cells were cultured in RPMI-1640 (Gibco Life 
Technologies, Paisley, Scotland, UK) supple-
mented with 10% fetal bovine serum, 100 μg/
mL penicillin, and 100 μg/mL streptomycin. 
NP69-SV40T cells were cultured in Serum-Free 
Keratinocyte Medium (Gibco Life Technologies, 
Grand Island, NY, USA). 

Quantitative real-time polymerase chain reac-
tion analysis

Total RNA was isolated from cell lines (NP69-
SV40T, 5-8F, 6-10B) using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. RQ1 RNase-free 
DNase (Promega, Madison, WI, USA) was used 
to treat RNA samples to exclude contamination 
by genomic DNA. One microgram of total RNA 
extract was reverse transcribed with oligo 
(dT)18 primer (Fermentas, Burlington, Ontario, 
Canada) using RevertAidTM M-MuLV Reverse 
Transcriptase (Fermentas) according to the 
manufacturer’s protocol.

Table 1. Relationship between STAB1 protein 
expression and clinicopathological factors of NPC 
patients

Parameters Cases
SATB1 expression

P Negative 
(n)

Positive 
(n)

Gender 0.785
    Male 54 26 28
    Female 18 8 10
Age (yrs) 0.958
    < 50 40 19 21
    ≥ 50 32 15 17
T stage 0.380
    T1-T2 30 16 14
    T3-T4 42 18 24
N stage 0.021
    N0 30 19 11
    N1-N3 42 15 27
M stage 0.030
    M0 63 33 30
    M1 9 1 8
EBVCA-IgA titer 0.020
    < 1:40 26 17 9
    ≥ 1:40 46 17 29
Recurrence 0.000
    Yes 24 4 20
    No 48 30 18
Survival time (yrs) 0.001
    ≥ 5 40 26 14
    < 5 32 8 24
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The levels of SATB1 mRNA expression in above 
cell lines were examined at five times using 
real-time quantitative polymerase chain reac-
tion (qPCR). The sequences of the SATB1 qPCR 
primers were as follows: forward 5’-TGCAAA- 
GGTTGCAGCAACCAAAAGC-3’ and reverse  
5’-AACATGGATAATGTGGGGCGGCCT-3’. GAPDH 
was used as housekeeping gene for normaliza-
tion, with GAPDH primers as follows: forward 
5’-GTGGACCTGACCTGCCGTCT-3’ and reverse 
5’-GGAGGAGTGGGTGTCGCTGT-3’. Blank sam-
ples in which the template was omitted were 
used controls. Real-time PCR was performed 
using the SYBR® Green with ROX™ (Applied 
Biosystems, Foster City, CA, USA) dye detection 
method on the ABI PRISM 7500 real-time PCR 
system (Applied Biosystems) under the follow-
ing conditions: 95°C for 5 min and 40 cycles of 
95°C for 15 s, 60°C for 1 min. Relative quanti-
fication of SATB1 expression was calculated 
using the comparative Ct (2−ΔΔCT) method [12].

Immunohistochemical analysis

Serial paraffin sections (4 μm) were dewaxed 
and rehydrated. Antigen retrieval was per-
formed in boiling citrate buffer (PH = 6.0) for 2 

min. After blocking of endogenous peroxidase, 
the slides were incubated with rabbit anti-
human SATB1 monoclonal antibody (diluted 
1:100; Epitomics, Burlingame, CA, USA) at 4°C 
overnight and then washed three times with 
PBS before being incubated with the secondary 
antibody (Santa Cruz, CA, USA) at room tem-
perature for 10 min. After washing, sections 
were incubated with immunoglobulins conju-
gated with horseradish peroxidase (HRP) for 10 
min. Finally, the reaction was developed with 3, 
3’-diaminobenzidine substrate. Tissue sections 
were counterstained with hematoxylin-eosin, 
returned blue using lithium carbonate, dehy- 
drated in gradient ethanol, mounted with resin-
ene, and subsequently analyzed using a bright 
field microscope. Negative controls were per-
formed using an isotype IgG instead of the pri-
mary antibody. A known positive slide (colon 
carcinoma specimen) was used as a positive 
control. 

The total SATB1 immunostaining was scored 
based on the intensity and percentage of cells 
with SATB1 nuclear staining on the following 
scale: score 0, negative nuclear staining for all 
tumor cells; score 1, weak nuclear staining rep-

Figure 1. The fold differences of relative SATB1 mRNA expression among different cell lines.
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resenting all positive staining other than score 
2; score 2, moderate nuclear staining > 50% or 
strong nuclear staining in > 5% of the tumor 
cells. The staining of immunohistochemistry 
was assessed independently by two experi-
enced pathologists (D-N Zhou and P Yin). The 
scoring process repeated more than 3 times. 
For statistical analysis, final staining scores of 

0 and 1-2 were respectively classified as nega-
tive and positive SATB1 expression.

Statistical analysis

All statistical calculations were performed 
using IBM SPSS statistics version 19 (SPSS 
Inc., Chicago, IL, USA). Correlation between 

Figure 2. Immunohistochemical images of SATB1 staining in different tissues. A. Negative staining in NNP (score 0). 
B. Negative staining in NPC (score 0). C. Positive staining in NNP (score 1). D. Positive staining in NPC (score 1). E. 
Positive staining in NNP (score 2). F. Positive staining in NPC (score 2). Magnification: 400 ×.
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SATB1 expression in primary NPC tissues and 
clinicopathological factors was analyzed using 
the Chi-square or Fisher’s exact test. Quan- 
titative values of real-time PCR were presented 
as mean ± SD. The Student-Newman-Keuls 
(SNK) q test was used to determine the statisti-
cal differences in the relative mRNA expression 
levels of SATB1 between different cell lines. 
Overall survival (OS) and disease-free survival 
(DFS) curves were illustrated using the Kaplan–
Meier analysis and compared by log-rank test 
according to negative and positive SATB1 
expression. Multivariate survival analysis with 
Cox’s proportional hazard regression model 
was used to evaluate the independent prognos-
tic factors. A P value < 0.05 was considered 
statistically significant.

Results

Relative expression of SATB1 mRNA in cell 
lines

SATB1 transcript levels were determined using 
qPCR and normalized against GAPDH expres-
sion, standard curves showed that the amplifi-
cation efficiency of SATB1 was consistent with 
housekeeping gene GAPDH. The relative 
expression levels of SATB1 mRNA (Δ CT) using 
qPCR test in cell lines NP69-SV40T, 6-10B and 

5-8F were 11.98 ± 0.17, 12.14 ± 0.44 and 
14.18 ± 0.56, respectively. The relative expres-
sion levels of SATB1 mRNA (2−ΔΔCT) in 5-8F and 
6-10B were higher than in NP69-SV40T. It 
exhibited 4.93-fold increase in 5-8F compared 
to NP69-SV40T, and so did 1.16-fold increase 
between 6-10B and NP69-SV40T. The fold dif-
ferences (2−ΔΔCT) between 5-8F and NP69-
SV40T showed statistically significant (q = 
20.76; P < 0.05), but the fold differences 
between 6-10B and NP69-SV40T were not sta-
tistically significant (q = 1.94; P > 0.05). The 
relative levels of SATB1 mRNA (2−ΔΔCT) in 5-8F 
cell line demonstrated 4.09-fold increase com-
pared to 6-10B cell line, and the fold differenc-
es were statistically significant (q = 18.82; P < 
0.05) (Figure 1).

Expression of SATB1 protein in NPC and NNP 
specimens

Representative examples of SATB1 staining in 
NPC and NNP were shown in Figure 2A-F. 
SATB1 staining was mainly localized in the 
nucleus. The percentages of NPC and NNP 
samples with positive expression of SATB1 
were 52.8% (38/72) and 13.3% (4/30), respec-
tively. The expression level of SATB1 was signifi-
cantly upregulated in NPC compared with NNP 
(P < 0.05).

Figure 3. Kaplan-Meier analysis of overall survival and disease-free survival in 72 NPC patients according to the 
expressions level of SATB1 protein (A and B). P values were determined by the log-rank test.
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Clinicopathological relevance of SATB1 protein 
expression

The relationships between clinicopathological 
factors and SATB1 protein expression level in 
NPC patients were summarized in Table 1. 
SATB1 expression had no positive correlation 
with gender, age, and T stage (P > 0.05), where-
as it had a significant correlation with the titers 
of EBVCA-IgA, N stage, M stage, tumor recur-
rence and the post-treatment 5-year overall 
survival time of NPC patients (P < 0.05). The 
percentages of positive STAB1 expression in 
groups with lymph node metastasis, distant 
metastasis, tumor recurrence, higher titers of 
EBVCA-IgA, and shorter survival time were sig-
nificantly higher than that in groups without 
lymph node metastasis, distant metastasis, 
tumor recurrence, and with lower titers of 
EBVCA-IgA and prolonged survival time. 

Relevance of SATB1 protein expression with 
NPC patient’s survival

We examined the post-treatment OS and DFS 
of 72 NPC patients according to the expression 
levels of SATB1 protein. Figures 3A, 3B showed 
the survival curves of the patients according to 
positive or negative SATB1 expression. Patients 
with SATB1-positive tumors exhibited lower OS 
and DFS than patients with SATB1-negative 
tumors (P = 0.000; P = 0.001). We next per-
formed multivariate analysis including age, 
gender, T stage, metastasis (N and M stage), 
the titers of EBVCA-IgA, and SATB1 expression 
for OS and DFS. The results revealed that 
SATB1 expression level and metastasis were 
independent prognostic factors for NPC (Table 
2). SATB1 expression may play a useful role in 
predicting OS and DFS of NPC patients. 

Discussion

SATB1 gene is located on chromosome 3p23 
and codes a matrix attachment region (MAR)-

binding protein. This nuclear protein functions 
as a global genome organizer and epigenetic 
regulator. Prior study showed SATB1 has been 
suggested to make tumor cells more aggres-
sive and promote a metastatic phenotype by 
reprogramming gene expression. Overexpre- 
ssion of SATB1 in human breast cancer can 
alter the expression of hundreds of genes [4, 
13]. Recently, abnormal expression of SATB1 
has been investigated in some tumors, includ-
ing human breast cancer, laryngeal cancer, and 
carcinomas of the stomach, colon, lung, ovary, 
bladder, and liver [14]. High SATB1 expression 
level has also been associated with unfavor-
able clinicopathological characteristics and 
poor prognosis in gastric, ovarian, colorectal 
cancer, and lung cancer. Recent study has 
shown that SATB1 silencing by siRNA inhibits 
the proliferation and invasion of lung cancer 
cells and human osteosarcoma cells [15, 16].

To date, little is known about the relationship 
between SATB1 and NPC, especially on progno-
sis of NPC. Endo et al. [17] found that EBV 
latent membrane protein 1 (LMP1) upregulated 
SATB1 RNA and protein expression in human 
nasopharyngeal cell lines and found that the 
elevation of SATB1 protein levels in tissues 
from patients with EBV-positive NPC are direct-
ly correlated with the expression of LMP1. Shen 
et al. [18] revealed that EBV LMP1-mediated 
overexpression of SATB1 was associated with 
NPC progression. Similarly, our present study 
found that increased SATB1 expression was 
correlated with higher titers of EBVCA-IgA. 
These implicated that EBV LMP1 induced 
upregulation of SATB1 expression in NPC, which 
was a critical step for EBV-induced tumori- 
genesis. 

In this report, we found that SATB1 mRNA 
expression level was sequentially increased in 
NP69-SV40T, 6-10B, and 5-8F cell lines. We 

Table 2. Multivariate survival analysis of prognostic factors in patients with NPC

Variables
Overall survival Disease-free survival

HR 95% CI P HR 95% CI P
Nodal metastasis
    Yes vs. No 2.939 1.193-7.242 0.019 3.104 1.290-7.471 0.011
Distant metastasis
    Yes vs. No 5.822 1.989-17.039 0.001 5.367 2.540-11.341 0.000
SATB1 expression
    Positive vs. Negative 0.394 0.165-0.942 0.036 2.662 1.080-6.560 0.033
HR, hazard ratio. CI, confidence interval.



Aberrant SATB1 expression in nasopharyngeal cancer

2460 Int J Clin Exp Pathol 2014;7(5):2454-2461

revealed that the SATB1 mRNA expression lev-
els were significantly upregulated in NPC cell 
lines compared to immortalized nasopharyn-
geal epithelial cell. We also revealed that SATB1 
mRNA expression levels were significantly 
upregulated in the high metastatic NPC cell line 
5-8F compared to the low metastatic NPC cell 
line 6-10B. Above results suggest that upregu-
lation of SATB1 mRNA expression correlates to 
the metastatic capacity of NPC cell.

In this study, we revealed that SATB1 protein 
expression level was significantly upregulated 
in primary NPC samples compared to NNP sam-
ples, suggesting that SATB1 might be connect-
ed with the tumorigenesis of NPC. We also 
revealed that the upregulated expression of 
SATB1 was closely linked to lymphatic and dis-
tant metastasis in NPC, indicating that SATB1 
might play an important role in metastasis of 
NPC as a metastasis promoter. This investiga-
tion was the first to discover that abnormal 
SATB1 protein expression was correlated with 
the clinical outcome of NPC patients. NPC 
patients with tumor recurrence and post-treat-
ment survival time below five years had a high-
er level of SATB1 positive expression, indicating 
that SATB1 protein could act as a useful molec-
ular marker in assessment of tumor recurrence 
and surveillance of treatment for NPC.

This study first demonstrated the potential 
influence of increased expression of SATB1 pro-
tein on the survival rate of NPC patients. SATB1 
expression level in NPC was inversely correlat-
ed with patient’s OS and DFS. Furthermore, 
SATB1 protein expression level was an inde-
pendent prognostic factor for NPC. These pres-
ent the evidence that elevated expression of 
SATB1 may predict a higher risk of metastasis, 
relapse and shortened survival in NPC. The cur-
rent findings suggest that SATB1 may be a valu-
able prognostic marker for NPC. 

In conclusion, SATB1 was overexpressed in pri-
mary NPC tissues and NPC cell lines, especially 
in high metastatic cell line. The expression level 
of SATB1 was significantly correlated with the 
titer of EBVCA-IgA, N stage, M stage, recur-
rence, and survival of NPC patients. SATB1 
expression level was also associated with the 
metastatic potentials of NPC cells. These 
results all show aberrant expression of SATB1 
plays a significantly important role in NPC 
development and progression. SATB1 may be a 

good biomarker for clinical evaluation including 
metastasis, relapse, and survival of NPC. 
SATB1 may be a promising molecular target for 
NPC therapy in the future. Our next work will 
focus on the functional analysis and RNAi 
experiment for SATB1 in NPC.
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