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Introduction

Roughly 90% of human lymphomas arise from 
B lymphocytes at various stages of differenti-
ation, with the remainder derived from T lym-
phocytes. The most common type of cancer was 
Non-Hodgkin Lymphoma (NHL) (the 10th of all 
cancers), ranking 13th as leading cause of death 
among all deaths due to cancers in 2012, with 
around 200000 deaths1-3. Diffuse large B-cell 
lymphoma (DLBCL), with FL and CLL/SLL, is 
responsible for 85% of NHL. DLBCL was the 
most common type and aggressive form of adult 
NHL, accounting for 30-35% of all NHL cas-
es1-4. The treatment of DLBCL is relatively ho-
mogeneous and standard, mainly based on the 
R-CHOP regimen. However, 30-40% of patients 
are still failing this standard therapy. So, efforts to 
improve outcomes by capturing predictors of this 
clinical heterogeneity may guide better treatment 
strategies3-7. Factors affecting this poor prognosis 
in patients with DLBCL have been investigated 
in a previous study8 and most of them assessed 
prognostic factors for survival; several prognostic 
factors have been reported to predict the progno-
sis of patients. The International Prognostic Index 
(IPI) is a commonly used clinical risk reference 
index for predicting the prognosis of DLBCL8. 
Furthermore, using immunohistochemical (IHC) 
methods to risk-stratify early breast cancer pa-
tients has become an increasingly routine pro-
cedure. According to biological and pathological 
features, Immunohistochemistry (IHC) testing 
analyses the expression of proteins and FISH 
for discovering chromosomal translocation for 
forecasting prognosis9-11. Several studies10,11 have 
demonstrated that SATB1 expression by IHC is a 

Abstract. – OBJECTIVE: Special AT-rich Se-
quence-binding Protein-1 (SATB1) and Matrix At-
tachment Region-binding Protein were associ-
ated with high tumor stage, tumor recurrence, 
tumor-related death and indicating a poor prog-
nosis. The association between SATB1 and dif-
fuse large B-cell lymphoma (DLBCL) has been 
discussed controversially. Thence, this study 
anticipated probing the expression of SATB1 in 
DLBCL and the relationships with clinic patho-
logical features and prognosis.

PATIENTS AND METHODS: 180 cases of DLB-
CL tissues and 180 cases of chronic Lymphade-
nitis tissues in Para-carcinoma of DLBCL patients 
were collected in Guigang City People’s Hospi-
tal, Guangxi, China, from August 2010 to Decem-
ber 2018. Here, the expression pattern of SATB1 in 
patients was examined by the method of strepto-
mycin peroxides biotin (SP) immunohistochemical 
and analyzed the relationship of SATB1 with clin-
ical pathological features and patient prognosis.

RESULTS: DLBCL carcinoma tissues expres-
sion SATB1 was significantly higher than chron-
ic lymphadenitis tissues (p < 0.05), and the ex-
pression of SATB1 was not correlated with age, 
B symptoms and the ECOG status of patients 
(p> 0.05), but correlated with tumor stage, se-
rum level of LDH, extranodal involvement, and 
IPI score (p < 0.05). Kaplan-Meier curves and 
multivariate analysis showed that SATB1 is an 
independent factor affecting progression-free 
survival time and overall survival time.

CONCLUSIONS: SATB1 participates in and af-
fects the occurrence and development of DLB-
CL and influences their prognosis. It has broad 
prospects for improving prognosis evaluation, 
feasibility, molecular treatment intention and al-
location of the most appropriate therapy.
Key Words: 

Special adenine-thymine-rich sequence-binding 
protein 1, Diffuse large B cell lymphoma, Clinic patho-
logical features, Prognosis.

European Review for Medical and Pharmacological Sciences 2022; 26: 382-390

H. YI1, Y. WEI1, J.-J. CHEN2

1Department of Oncology, Pulmonary and Critical Care Medicine, Guigang City People’s Hospital,
 Guigang, Guangxi Zhuang Autonomous Region, China
2Department of Hematology, Guigang City People’s Hospital, Guigang, Guangxi Zhuang
 Autonomous Region, China

Corresponding Author: Jinjing Chen, MD; e-mail: jinjing_chen228815@163.com

Expression of SATB1 is a prognostic indicator
for survival in diffuse large B-cell lymphoma 
patients



Expression of SATB1 is a prognostic indicator for survival in diffuse large B-cell lymphoma patients

383

prognostic factor in cancer subjects; however, to 
date, the prognostic value of expression of SATB1 
in DLBCL remains unclear.

SATB1, a global genomics sequence organizer, 
is one kind of protein that binds to nuclear matrix 
and can regulate downstream gene expression by 
binding to AT-rich bases regions12. Recent find-
ings have shown that SATB1 plays a major role 
in activation and providing help to T cells and 
promoting differentiation and regulating T cells. 
Meanwhile, most studies12,13 have shown over-ex-
pression of SATB1 in many human solid cancer 
cell lines and malignancies, including lymphoma 
and NSCLC. Numerous studies12,13 have demon-
strated that SATB1 is implicated in tumor occur-
rence, development, invasion and progression, 
and may become a new prognostic factor and 
therapeutic target. Many previous reports14-16 have 
demonstrated that SATB1 up-regulated as an 
oncogene is expressed and acts as an oncogene 
in many cancers, including liver cancer, esopha-
geal cancer, gastric cancer, colon cancer, cervical 
cancer, esophageal cancer and other aggressive 
tumors. The post-transcription modification of 
SATB1 expression could be regulated by multi-
ple mechanisms; gene expressions of SATB1 are 
post transcription regulated by micro-RNA, but 
the specific mechanism is not completely clear. 
Further studies to analyze the different epigene-
tic mechanisms of may target SATB1 expression 
are needed, including the difference between the 
mRNA level and protein content in tumor tissues. 
Unfortunately, there is little information about the 
expression and function of SATB1 in the tissues 
of DLBCL patients, and we cannot draw a clear 
conclusion on the impact of SATB1 on DLBCL 
patients. Therefore, this study using the IHC 
method to detect the expressions of SATB1 in 180 
DLBCL tissues and 180 chronic Lymphadenitis 
tissues in Para-carcinoma tissues, analyzed the 
relationship of expression and clinicopathologi-
cal features of DLBCL patients, investigating the 
effect of SATB1 expression in newly diagnosed 
DLBCL lymphoma.

Patients and Methods

Patients
One hundred ninety-eight patients were en-

rolled and were pathologically diagnosed as DLB-
CL at the People’s Hospital of Guigang (Guangxi, 
China) from August 2010 to August 2018. Eigh-
teen patients with DLBCL were excluded: 4 pa-

tients for insufficient information, and 4 patients 
because they had a history of other malignancies 
within 5 years, and 180 patients were analyzed. 
Two hematopathology’s experts reviewed diag-
nostic specimens according to the 2008 WHO 
classification. Patients participating in the study 
did not receive radiotherapy, chemotherapy or bi-
ological therapy before diagnosing. Paraffin-em-
bedded samples were obtained. Patients were 
aged 27-70 years with an average of 53.83 ± 29.70 
years. Patients were fully evaluated at the begin-
ning of the initial treatment, including comput-
ed tomography (CT) scanning of the thorax and 
abdomen, and/or PET-CT scanning, bone mar-
row biopsy. For non-commercial human samples 
from Clinical patient, the study was approved by 
Ethical clearance from the Institutional Ethics 
Committee of People’s Hospital of Guigang in 
Guangxi (China) and adhered to the statutes of 
the Declaration of Helsinki. Patients were includ-
ed after patients and/or guardians had signed a 
written informed consent form.

Reagents
Formalin-fixed, paraffin-embedded tissue 

blocks were processed by pathologists in accor-
dance with standard procedures. We used the tu-
mor tissue micro-array technique using the tissue 
arrays from patients participating in the study and 
undertook evaluations with antibodies. Rabbit an-
ti-SATB1 polyclonal antibody (model: A013 12.1) 
was purchased from Wuhan Boster Biotechnolo-
gy Co., Ltd, (Wuhan, China) with a dilution of 
0.5.199/ml; ectastain ABC kit, 3,3’-Diaminoben-
zidine (DAB)13,17,18.

Immunohistochemistry
Immunohistochemical (IHC) analysis was 

performed on formalin-fixed paraffin-embedded 
tissue sections (4-μm thickness) of DLBCL and 
chronic lymphadenitis, tissue sections were heat-
ed for 2 h at 45°C in a water bath. Antigen retriev-
al was performed in boiling citrate buffer for 15 
min. Peroxide blocking was performed with 0.3% 
peroxide in absolute methanol. The slides were 
then incubated with Rabbit anti-SATB1 poly-
clonal antibody (model: A013 12.1) (diluted 1:100; 
Wuhan Booster Biotechnology Co., Ltd, Wuhan, 
China) at 4°C overnight and washed twice with 
phosphate-buffered saline prior to incubation 
with a secondary antibody (Santa Cruz Biotech-
nology, Santa Cruz Biotechnology, CA, USA) 
at room temperature for 30 min. After washing, 
the sections were incubated with immunoglob-
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ulins conjugated with horseradish peroxidase 
(HRP). The reaction was then developed with 
3,3’-diaminobenzidine substrates. Tissue sections 
were counterstained with hematoxylin or methyl 
green13,18

. Then, instead of SATB1 antibody, the 
sections treated with PBS instead of primary an-
tibody served as the negative control in the exper-
iment, and DLBCL sections previously diagnosed 
as SATB1-positive were used as the positive con-
trol13,17,18. The positive expression of SATB1 pre-
sented as brown yellow particles mainly localized 
in the nucleus. Six fields were randomly selected 
for each film under the microscope (400), with the 
percentage of positive cells subsequently calculat-
ed. I) The staining intensity scoring of positive 
cells was as follows: non-staining (Negative) was 
0 point; pale yellow was 1 point; yellow-brown 
was 2 points; and dark brown was 3 points. II) 
Positive cells in the observed tissue ranged from 
0 to 3 in percentage: 1%-10% is 0 points; 11%-
25% is 1 point; 26%-50% is 2 points; >50% is 3 
points. The results of multiplying the two score 
with more than 3 points indicated a positive 
SATB1 expression, while those with 0-3 points 
indicated decreased or absent expression and was 
negative SATB1 expression (Table I). Two pathol-
ogists who were blinded to the patients’ clinical 
and pathological data reviewed all the samples17,18.

Statistical Analysis
Data are presented in the text, Tables, and Fig-

ures as means±standard errors. Chi-square test 
(χ2) was used to evaluate the relationship between 
SATB1 expression and clinic pathological factors. 
In this study, we used 5-year overall survival (OS) 
and 5-year DFS at the end of follow-up as the pri-
mary end-points. Using this cutoff value of SATB1 
for the entire cohort, statistical analyses were per-
formed using the non-parametric Mann-Whitney 
U test or Chi-square test to evaluate the associa-
tion between SATB1 and clinic pathological pa-
rameters. The Kaplan-Meier method was used to 

calculate the OS and DFS rates, and the log-rank 
test was used to assess the difference between the 
curves. In the multivariate analysis, variables as-
sociated with DFS and OS were identified by step-
wise Cox proportional hazards models. Hazard 
ratios (HRs) estimated from the Cox analysis are 
reported as relative risks with corresponding 95% 
confidence intervals (CIs). All statistical analyses 
were carried out using the Statistical Package for 
Social Sciences version 17.0 (SPSS Inc., Chicago, 
IL, USA). A two-sided p<0.05 was considered 
statistically significant.

Results

Clinicopathological Characteristics 
of Diffuse Large B-Cell Lymphoma 
Subtypes Based on SATB1 Positive 
Diffuse Large B-Cell Lymphoma

In this study, the relative expression levels of 
SATB1 in DLBCL tissues and chronic Lymph-
adenitis tissues in Para-carcinoma tissues were 
compared. The expression of SATB1 in DLBCL 
tissues by immunohistochemistry was observed. 
SATB1 was expressed positively in 126 (70%) 
cases of DLBCL tissues and in 19 (10.6%) out of 
180 cases of chronic lymphadenitis tissues in pa-
ra-carcinoma tissues. In contrast, the expression 
of SATB1 was significantly higher in DLBCL 
tissues than that in adjacent tumor tissues and 
chronic lymphadenitis tissues, suggesting that 
there are differences in the expression of SATB1 
between DLBCL tissues and chronic Lymphade-
nitis tissues of DLBCL patients (χ2 = 132.210, p < 
0.05, Figure 1, Table II).

Assess the Relationship Between 
SATB1 Expression and Clinic 
Pathological Features

A positive SATB1 expression was not sig-
nificantly associated with age, B symptoms and 

Figure 1. Representative images of SATB1 immunohistochemical staining in tissues from DLBCL, A, SATB1 expression by 
IHC. A Negative SATB1 expression, Bar = 20 μm. B, A Positive SATB1 expression (+), Bar = 20 μm. C, A Positive SATB1 
expression (++), Bar = 20 μm.
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ECOG PS status in DLBCL (p > 0.05), but posi-
tively correlated with Tumor stage, Serum level of 
LDH, Extranodal involvement, and IPI score (p < 
0.05) (Table III).

The positive expression of SATB1 linked to un-
favorable OS and PFS of CRC patients, in order to 
determine its prognostic value of SATB1 in DLB-
CL, overall survival (OS) and disease-free surviv-
al (DFS) were evaluated using the Kaplan-Meier 
method, and multivariate analysis was performed 
using the Cox proportional hazard analysis. No-
tably, increased levels of SATB1 expression sig-
nificantly correlated with a shorter PFS and OS 
in DLBCL patients (both p < 0.001; Figure 2). At 
multivariate analysis, SATB1 was an independent 
prognostic factor for both OS and PFS (OS, p = 
0.015 and PFS, p = 0.015; Tables IV and V). In-

terpreted in light, thus, the results of the present 
study demonstrated that SATB1 may serve as a 
potential prognostic marker and therapeutic target 
in patients with DLBCL.

SATB1 was a negative predictor of 5-year DFS 
and OS (p < 0.001, log-rank test, Figure 2). More-
over, the correlation between SATB1 expression 
and clinical- pathological factors, advanced tumor 
stage, age, extranodal involvement, ECOG, se-
rum level of LDH and a poor R-IPI was analyzed 
(p < 0.001). Univariate Cox proportional analysis 
identified older age (< 60 vs. > 60, p < 0.001), high 
tumor stage (stage I-II vs. stage III-IV, p < 0.001), 
satb1+, and IPI (0-2 vs. 3-5, p < 0.001) as the un-
favorable prognostic variables for OS (Table IV. 
To determine the independent prognostic val-
ue of SATB1, a multivariate analysis, including 

Table II. Expression of SATB1 in cancer tissues.

			   SATB1 expression

		  No.	 S
		  Negative(-)	 Positive(+)	 Percentage	 χ2	 p-value

DLBCL tissues	 180	 54	 126	 70	 132.210	 0.000
Chronic Lymphadenitis tissues	 180	 161	 19	 10.6	 2.2

Table I. SATB1 scoring system.

A	 Percentage of positive cells	 B	 Intensity of staining
0	 <10%	 0	 No detectable staining
1	 11-25%	 1	 Weak staining (pale yellow)
2	 26%-50% 	 2	 Moderate staining (yellow brown)
3	 >50%	 3	 Strong staining (dark brown)

The final score was calculated as a Multiplying of the factors A and B, more than 3 points indicated positive, 0-3 points was 
negative.

Figure 2. Kaplan-Meier estimates of (A) OS and (B) PFS between patients with strongly positive expression vs. those with 
negative expression of SATB1. OS, overall survival; PFS, progression-free survival. p < 0.001.
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age, tumor stage, IPI, extranodal, involvement, 
ECOG, serum level of LDH and SATB1, was per-
formed. We also identified age (p < 0.005). IPI 
(p < 0.005), and our clinical outcome analysis in 
the present study suggested that SATB1 can serve 
as prognosticators factors for 5-year OS (Table 
III). Relating to the DFS, unaffiliated analysis 
showed statistical significance for older age (< 60 
vs. > 60, p < 0.005), high tumor stage (stage I-II 
vs. stage III-IV, p < 0.001), and IPI (0-2 vs. 3-5, p 

< 0.001) as prognosticators of poor outcome (Ta-
ble V). Furthermore, Multivariate cox regression 
analysis suggests that high age, high tumor stage, 
and SATB1 as independent prognostic factors for 
5-year DFS (Table V, p < 0.005). 

Finally, the Receiver Operating Characteris-
tic (ROC) curves were produced by ranking all 
the SATB1+ and SATB1- tissue samples into one 
class, in order to ascertain whether SATB1 may 
be used as a biomarker to prognose a good pre-

Table III. SATB1 expression and clinic pathological features of patients with DLBCL.

		     SATB1 expression
Clinicopathologic
characteristics	 No.	 Negative	 Positive	 Percentage	 χ2	 p-value

Age
≤60	 102	 43	 87	 66.9	 2.110	 0.146
>60	 78	 11	 39	 78		
Tumor stage
≤II	 71	 15	 56	 78.9	 4.396	 0.036
>III	 109	 39	 70	 64.2		
Extranodal involvement
≤1	 57	 5	 52	 91.2	 17.90	 0.000
>1	 123	 49	 74	 60.2		
ECOG performance status
0-1	 66	 19	 47	 71.2	 0.126	 0.723
>=2	 114	 35	 79	 68.7		
Serum level of LDH (IU/L)
Normal (≤ 250)	 68	 14	 54	 79.4	 4.61	 0.04
Elevated (> 250)	 112	 40	 72	 64.3		
B symptoms
Yes 	 62	 18	 44	 71	 0.042	 0.866
No	 118	 36	 82	 69.5		
IPI score
IPI 0-2	 93	 36	 57	 79.3	 6.951	 0.008
IPI 3-5	 87	 18	 69	 61.3

Figure 3. The time-dependent receiver operating characteristic (ROC) curve analysis was applied to evaluate the predictive 
accuracy of SATB1 for overall survival (OS) and disease-free survival (DFS). AUC, the area under the ROC curve. 
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dictive value for DLBCL. The AUC of OS was 
0.7747 (p < 0.005; Figure 3A) and DFS was 0.7690 
(p < 0.005; Figure 3B), suggesting that SATB1 
has excellent predictive value for PFS and OS in 
patients with DLBCL.

Discussion

Special adenine-thymine-rich sequence-bind-
ing protein 1 (SATB1) is a well-known oncogene 
gene located in the short arm of the chromosome 
3 sequence for a total length of 763 amino acids19. 
SATB1 is an AT-rich DNA sequence within a 
high base pairing region, identified SATB1 as a 
nuclear matrix-associated protein because of the 
large proportion of the protein resides in the nu-
clear matrix fraction, which recruits chromatin 
remodeling at AT-rich sequences to regulate chro-
matin structure and gene expression organizes the 
structure of genome at the chromatin level19,20. It 
has been found that both SATB1 and MAR tran-
scription factor have associations with sequenc-
es are enriched with S/MAR binding motifs, can 
promote the stable binding motifs and an origin of 
replication sequence through anchoring the chro-
mosome ring, and then indeed support the critical 
processes participating of SATB1 in gene regula-
tion are DNA methylation, histone modification, 

and chromatin remodeling20. Some reports ob-
served that SATB1 is highly expressed in a vari-
ety of malignant tumours, but it is no expressed or 
is expressed at very low levels in normal tissues 
and benign tissues13,17,18,21. The results indicated 
that the expression of SATB1 was considerably 
higher in DLBCL tissues compared with pa-
ra-carcinoma tissues (chronic Lymphadenitis tis-
sues in para-carcinoma tissues were 10.6%). The 
results were consistent with the findings of pre-
vious studies. To assess the biological functions 
of SATB1 in human glioblastoma, the results of 
an ex vivo bench top study22 show that SATB1 is 
thought to contribute to chromosomal instability 
and to activate the expression of proto-oncogenes 
is demonstrated to have tumor-promoting activ-
ity22. It is reported that the abnormal expression 
of SATB1 may be a key factor in the occurrence 
and development of glioma. Crocheting SATB1 
gene, analysis the gene expression profile relative 
to DLBCL, found out that SATB1involved in con-
trolling cell cycle, signal transduction pathways 
and apoptosis and then regulates the expression of 
oncogenes with poor prognosis. The experiments 
showed that SATB1 raise CDK4 expression lev-
els, induce tumor cell proliferation through cell 
cycle arrest and promote apoptosis through down 
regulating Fas-related protein-mediated apoptosis 
pathway23. In Han’ study24, it has been found that 

Table IV. Univariate and multivariate analysis for the prediction of 5-year OS in DLBCL patients.

	 Univariate analysis	 Multivariate analysis

Parameter  	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value

Age
  ≤60				  
  >60	 4.747 (3.273-6.886)	 0.000	 0.194 (0.117-0.322)	 0.000
Tumor stage
  ≤II				  
  >III	 0.031 (0.008-0.127)	 0.000	 2.998 (1.197-7.505)	 0.019
Extranodal involvement
  ≤1				  
  >1	 0.163 (0.083-0.322)	 0.000	 2.604 (1.203-5.634)	 0.015
ECOG performance status
  0 or 1				  
  ≥2	 0.349 (0.243-0.502)	 0.000	 1.414 (0.957-2.090)	 0.082
Serum level of LDH (IU/L)
Normal (≤ 250)				  
Elevated (> 250)	 0.181 (0.111-0.295)	 0.000	 4.871 (2.528-9.383)	 0.000
IPI score
IPI 0-2				  
IPI 3-5	 0.138 (0.087-0.212)	 0.000	 2.753 (1.124-6.742)	 0.027
SATB1
+				  
-	 0.431 (0.287-0.648)		  3.546 (2.132-5.900)	 0.000
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SATB1 in particular is highly expressed in many 
human breast cancer cell lines and both SATB1 
protein and mRNA are over expressed in a major-
ity of human breast cancers and it also showed that 
SATB1 is highly expressed in breast cancer tissue 
and is closely related to the prognosis of patients 
with breast cancer. Herein, it was found that over 
expression of SATB1 directly upregulates metas-
tasis related genes, inhibits these tumor suppres-
sor genes and promotes cell transformation, tumor 
growth, invasion and metastasis. In in situ and in-
vasive breast cancer21, SATB1 is highly expressed 
and upregulated in numerous cancers, including 
brain, lung, gastrointestinal, prostrate, and male 
germ cell tumors. Wang et al25 observed a stage-re-
lated decrease of SATB1 expression in epidemio-
logic cutaneous T-cell lymphomas, suggesting that 
SATB1 might have potential roles in the malignant 
lymphoma. Therefore, more research about the 
mechanism of the interaction is necessary to un-
derstand the roles of SATB1 expression in B-Cell 
Lymphoma, especially in DLBCL.

In this study, we analyzed the expressions of 
SATB1 between DLBCL tissues and chronic 
Lymphadenitis tissues with the clinicopatholog-
ical features and survival of patients with DLB-

CL. Furthermore, we detected the expression of 
SATB1 in human DLBCL tissues by immunohis-
tochemistry and correlated the expression levels 
with clinicopathological features. Using IHC, we 
found that the expression of SATB1 protein was 
significantly up regulated in DLBCL tissues com-
pared with chronic Lymphadenitis tissues. The 
results showed high expression of SATB1 in 126 
of 180 (70%) DLBCL tissues by using immuno-
histochemical analysis and the over expression 
of SATB1 was strongly correlated to the clinical 
staging of patients with DLBCL (p<0.05). The 
over expression of SATB1 was strongly correlat-
ed to the clinical staging, tumor stage, serum 
level of LDH, extramural involvement, and IPI 
score of patients with DLBCL were statistically 
significant (p < 0.05). These results indicated a 
possible and dual role of SATB1 in DLBCL oc-
currence and development. However, the specific 
signaling mechanism involved in SATB1 in the 
regulation of DLBCL still requires further explo-
ration. Diffuse large B-cell lymphoma (DLBCL), 
the most common subtype of adult non-Hodgkin 
lymphoma, is clinically heterogeneous with vari-
ous immunophenotypes, different molecular and 
genetic abnormalities, and a wide range of clini-

Table V. Univariate and multivariate analysis for the prediction of 5-year DFS in DLBCL patients.

	 Univariate analysis	 Multivariate analysis

Parameter  	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value

Age
<=60				  
>60	 0.210 (0.146-0.302)	 0.000	 0.193 (0.119-0.314)	 0.000
Tumor stage
≤II				  
>III	 8.457 (4.382-16.32)	 0.000	 4.778 (1.736-13.15)	 0.019
Extranodal involvement
<=1				  
>1	 4.792 (2.747-8.359)	 0.000	 2.545 (1.177-5.503)	 0.018
ECOG performance status
0 or 1				  
>=2	 2.859 (1.991-4.107)	 0.000	 1.333 (0.906-1.962)	 0.145
Serum level of LDH (IU/L)
Normal (≤ 250)				  
Elevated (> 250)	 4.494 (2.954-6.838)	 0.000	 7.303 (3.525-15.128)	 0.000
IPI score
IPI 0-2				  
IPI 3-5	 0.116 (0.073-0.183)	 0.000	 3.051 (1.223-7.607)	 0.017
SATB1
+				  
-	 2.768 (1.866-4.105)	 0.000	 3.191 (1.929-5.277)	 0.000
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cal presentations and outcomes, which less than 
half of all affected patients are treated by current-
ly available therapies. Currently, the International 
Prognostic Index (IPI) system has been routinely 
used to guide risk stratification and predict the 
outcome of DLBCL patients in the current clin-
ical setting. Standard first-line treatment for DL-
BCL includes anthracycline-based chemotherapy, 
such as CHOP (cyclophosphamide, doxorubicin, 
vincristine, and prednisone) or CHOP-like reg-
imens and its predictive capacity has been vali-
dated in the past two decades26,27. In our study, 
SATB1 expression was higher in IPI 3-5 than IPI 
0-2 in DLBCL patients. Patients with T3 and T4 
tumors have significantly higher SATB1 values 
than those with T1 and T2 stages, suggesting 
SATB1 plays a critical role in DLBCL cancer pro-
gression. Scholars28 indicate aberrant expression 
of SATB1 in a variety of human cancers, such as 
liver, ovary, colorectal cancer, bladder cancer and 
squamous cell carcinoma of the head and neck. 
SATB1 might regulate the expression of many 
target genes that together coordinate a complex 
biological response to coordinate cell growth and 
proliferation, leading to the hypothesis that may 
play an important role in the expression of many 
genes critical to the pathogenesis of many types 
of human cancers28. Actually, in breast cancer 
progression and metastasis, the SATB1 protein is 
known as an important mediator, and it has also 
been implicated in numerous types of human 
cancers of progression and in the bone metastasis 
process26-29. Several reports revealed that expres-
sion of SATB1 is positively correlated with tumor 
progression and metastatic potential in cutaneous 
malignant melanoma and gastric cancer and may 
be a potential independent prognostic marker for 
predicting clinical outcome30. In the current study, 
in university and multivariate analysis, patients 
with advanced DLBCL have the over expression 
of SATB1 identified as an independent predictor 
of PFS and OS. These findings demonstrated that 
SATB1 expression should be routinely considered 
as a useful tool for guiding prognostic and thera-
peutic options for DLBCL patients.

Conclusions

There are several limitations that need to be 
considered when interpreting the results. Firstly, 
it should be noted that our study had a relatively 
small sample size. The number of patients evaluat-
ed in our study was too small to reach any definite 

conclusions. Then, further studies are warranted 
to follow-up on our findings. Secondly, the objec-
tive quantitative analysis of the RT-PCR method 
was not performed in the present study due to test 
funds. Additionally, the study was retrospectively 
reviewed and carried out in a single center and 
was controlled with historical data. Above all, our 
findings provide empirical evidence that further 
underline an important role of SATB1 in DLBCL 
carcinogenesis and metastasis. Therefore, SATB1 
might represent an important prognostic biomark-
er and therapeutic target for aggressiveness and 
therapy responsiveness in DLBCL. However, the 
mechanisms through which SATB1 affects DL-
BCL development remain unknown, few studies 
have been developed on this issue and further 
studies are still needed.

Conflicts of Interest
The authors declare no conflicts of interest.

References

  1)	 Smith A, Roman E, Howell D, Jones R, Patmore 
R, Jack A. The Haematological Malignancy Re-
search Network (HMRN): a new information 
strategy for population-based epidemiology and 
health service research. Br J Haematol 2010; 148: 
739-753.

  2)	 Sabattini E, Bacci F, Sagramoso C, Pileri SA. 
WHO classification of tumours of haematopoi-
etic and lymphoid tissues in 2008: an overview. 
Pathologica 2010; 102: 83-87.

  3)	 Farmanfarma KK, Kiasara SH, Hassanipour S, 
Salehiniya H. Non-Hodgkin’s lymphoma in the 
world: an epidemiological review. WCRJ 2020; 7: 
e1520.

  4)	 Ahmadi F, Abadi AR, Baghestani AR. Trends of 
Non-Hodgkin Lymphoma cancer death rates with 
adjusting the effect of the human development in-
dex: the global assessment in 1990–2015. WCRJ 
2019; 6: e1325.

  5)	 Sehn LH, Jane D, Mukesh C, Catherine F, Karam-
jit G, Richard K, Nicol MP, Susan OR, Spinelli JJ, 
Judy S. Introduction of combined CHOP plus rit-
uximab therapy dramatically improved outcome of 
diffuse large B-cell lymphoma in British Colum-
bia. J Clin Oncol 2005; 23: 5027-5033.

  6)	 Sohn BS, Kim SM, Yoon DH, Kim S, Lee DH, Kim 
JH, Lee SW, Huh J, Suh C. The comparison be-
tween CHOP and R-CHOP in primary gastric dif-
fuse large B cell lymphoma. Ann Hematol 2012; 
91: 1731-1739.

  7)	 Elias C, Swerdlow SH, Harris NL, Stefano P, Har-
ald S, Jaffe ES. The 2008 WHO classification of 
lymphoid neoplasms and beyond: evolving con-
cepts and practical applications. Blood 2011; 117: 
5019.



H. Yi, Y. Wei, J.-J. Chen

390

  8)	 Yang Y, Wang L, Ma Y, Han T, Huang M. The En-
hanced International Prognostic Index for Diffuse 
Large B-cell Lymphoma. Am J Med Sci 2017; 353: 
459-465.

  9)	 Ninan MJ, Wadhwa PD, Gupta P. Prognostication 
of diffuse large B-cell lymphoma in the rituximab 
era. Leuk Lymphoma 2011; 52: 360-373.

10)	 Hansmann ML, Fellbaum C, Hui PK, Lennert K. 
Morphological and immunohistochemical inves-
tigation of non-Hodgkin’s lymphoma combined 
with Hodgkin’s disease. Histopathology 2015; 15: 
35-48.

11)	 Kawamoto K, Miyoshi H, Yoshida N, Nakamura 
N, Ohshima K, Sone H, Takizawa J. MYC translo-
cation and/or BCL 2 protein expression are asso-
ciated with poor prognosis in diffuse large B-cell 
lymphoma. Cancer Sci 2016; 107: 853-861.

12)	 Jie W, Suming H, Heather R, Dickinson LA, Ter-
umi KS, Constance Tom N. SATB1 family protein 
expressed during early erythroid differentiation 
modifies globin gene expression. Blood 2005; 
105: 3330-3339.

13)	 Tong. SATB1 is an independent prognostic mark-
er for gastric cancer in a Chinese population. On-
col Rep 2010; 24: 981-987.

14)	 Song G, Liu K, Yang X, Mu B, Yang J, He L, Hu 
X, Li Q, Zhao Y, Cai X. SATB1 plays an oncogenic 
role in esophageal cancer by up-regulation of FN1 
and PDGFRB. Oncotarget 2017; 8: 17771.

15)	 Wei T, Min L, Zhijun W, Wei Y, Yujia X, Huan D, 
Jiayi H, Ping H, Dean T. Upregulation of SATB1 
promotes tumor growth and metastasis in liver 
cancer. Liver Int 2012; 32: 1064-1078.

16)	 Agrelo R, Souabni A, Novatchkova M, Haslinger 
C, Leeb M, Komnenovic V, Kishimoto H, Gresh 
L, Kohwi-Shigematsu T, Kenner L. SATB1 defines 
the developmental context for gene silencing by 
Xist in lymphoma and embryonic cells. Dev Cell 
2009; 16: 507-516.

17)	 Zhang Y, Tian X, Ji H, Guan X, Xu W, Dong B, 
Zhao M, Wei M, Ye C, Sun Y. Expression of SATB1 
promotes the growth and metastasis of colorectal 
cancer. PLoS One 2014; 9: e100413.

18)	 Feng Y, Wang X and Wang Q. Expression of 
SATB1 and E-cad in tissues of patients with endo-
metrial carcinoma and the relationship with clini-
copathological features. Exp Ther Med 2018; 15: 
4339-4343.

19)	 Fang XF, Hou ZB, Dai XZ, Chen C, Ge J, Shen 
H, Li XF, Yu LK, Yuan Y. Special AT-rich se-
quence-binding protein 1 promotes cell growth 

and metastasis in colorectal cancer. World J Gas-
troenterol 2013; 19: 2331-2339.

20)	 Cheng C, Lu X, Wang G, Zheng L, Shu X, Zhu S, 
Liu K, Wu K, Tong Q. Expression of SATB1 and 
heparanase in gastric cancer and its relationship 
to clinicopathologic features. APMIS 2010; 118: 
855-863.

21)	 Zheng M, Xing W, Liu Y, Li M, Zhou H. Tetram-
erization of SATB1 is essential for regulating of 
gene expression. Mol Cell Biochem 2017; 430: 
171-178.

22)	 Alvarez JD, Yasui DH, Niida H, Joh T, Loh DY, 
Kohwi-Shigematsu T. The MAR-binding protein 
SATB1 orchestrates temporal and spatial expres-
sion of multiple genes during T-cell development. 
Genes Dev 2000; 14: 521.

23)	 Heubner M, Kimmig R, Aktas B, Siffert W, Frey 
UH. The haplotype of three polymorphisms in the 
SATB1 promoter region impacts survival in breast 
cancer patients. Oncol Lett 2014; 7: 2007-2012.

24)	 Hye-Jung H, Jose R, Yoshinori K, Terumi KS. 
SATB1 reprogrammes gene expression to pro-
mote breast tumour growth and metastasis. Na-
ture 2008; 452: 187-193.

25)	 Wang Y, Gu X, Zhang G, Wang L, Wang T, Zhao 
Y, Zhang X, Zhou Y, Kadin M, Tu P. SATB1 overex-
pression promotes malignant T-cell proliferation 
in cutaneous CD30+ lymphoproliferative disease 
by repressing p21. Blood 2014; 123: 3452-3461.

26)	 Shipp MA. Prognostic factors in aggressive 
non-Hodgkin’s lymphoma: who has “high-risk” 
disease? Blood 1994; 83: 1165.

27)	 Park JH, Yoon DH, Kim DY, Kim S, Seo S, Jeong 
Y, Lee SW, Park CS, Huh J, Suh C. The highest 
prognostic impact of LDH among International 
Prognostic Indices (IPIs): an explorative study 
of five IPI factors among patients with DLBCL in 
the era of rituximab. Ann Hematol 2014; 93: 1755-
1764.

28)	 Glatzel-Plucińska N, Piotrowska A, Dzięgiel P, 
Podhorska-Okołów M. The role of SATB1 in tu-
mour progression and metastasis. Int J Mol Sci 
2019; 20: 4156.

29)	 Elizabeth I, James HH, Pearl S, Jennifer C, Toby 
W, Marc L. The role of SATB1 in breast cancer 
pathogenesis. Int J Mol Sci 2010; 16: 1879-1880.

30)	 Chen H, Takahara M, Oba J, Xie L, Chiba T, 
Takeuchi S, Tu Y, Nakahara T, Uchi H, Moroi Y. 
Clinicopathologic and prognostic significance of 
SATB1 in cutaneous malignant melanoma. J Der-
matol Sci 2011; 64: 39-44.


