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INTRODUCTION

Abstract

Special AT-rich sequence-binding protein 2(SATB2) is a peculiar marker in
the diagnosis of colorectal carcinoma (CRC), SATB2 has been employed as
a colorectal differentiation marker with the potential to be useful in
distinguishing the origin of adenocarcinomas of unknown primary origin.
Also SATB2 inhibit colorectal cancer progression and low expression of
SATB2 protein has been associated with low survival outcome. The aim of
the study was to assess the SATB2 immunohistochemical expression in
CRC, and association with several clinicopathological characteristics.
Immunohistochemical staining for SATB2 was done on 70 cases of
colorectal adenocarcinoma that underwent colectomy. Their expressions
were analysed as negative, intermediate and strong then correlated to
clinico-pathological parameters in an attempt to obtain the most significant
predictors of SATB2. SATB2 score was negative in 30 %of the cases,
intermediate in 54.3% and strong in 15.7%. Strong SATB2 expression was
significantly associated with a low tumor histological grade (P = 0.007), a
low tumor invasiveness stage (P = 0.001), the absence of lymph node
metastasis (P = 0.001), the absence of detected distant metastasis (P =
0.039), a low TNM stage (P = 0.001), a low modified Dukes stage (P = 0.001),
the absence of lympho-vascular invasion (P value 0.001) and the absence of
perineural invasion (P = 0.001).A High rate of SATB2 expression was
associated with left colon tumors and adenocarcinoma histological type, but
without a statistically significant correlation. In the cases analyzed, there
was no significant association between SATB2 expression and age, sex, or
tumor size. Strong SATB2 expression is associated with the accepted
clinicopathological parameters favoring good prognosis in the colorectal
cancer and may represent a potential therapeutic target.
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Colorectal cancer (CRC) represents the third as regard highest rate of CRC (Keum, 2017). However in Egypt,
the incidence rate and the second one regarding the CRC represent the 7th most common cancer in both
cause of cancer death in both sexes Worldwide (Bray et sexes (Metwally et al.,, 2018). CRC is a complex and
al., 2018). Developed countries have experienced the heterogeneous disease that results from a complex
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interaction of numerous predisposing factors, such as
genetic factors and environmental variables including
nutrition and lifestyle (loannou et al., 2015). In CRC, the
Tumor-Nodes-Metastasis (T.N.M.) classification is the
most accurate predictor of prognosis. TNM stage, on the
other hand, is not a perfect technique because patients
with the same disease stage can have quite varied
clinical outcomes (Kwon et al, 2010). A full
understanding of the underlying molecular pathways of
CRC progression is essential to discover biomarkers and
therapeutic targets for the diagnosis, prognosis, and
treatment of CRC (Dowling et al., 2017).

Special AT-rich sequence binding protein (SATB2) is
an epigenetic regulator and nuclear matrix-associated
transcription factor (Gyorgy et al. 2008).It was discovered
to be highly expressed in the epithelium of the lower
gastrointestinal tract (including the appendix, colon, and
rectum) as well as neoplastic epithelial cells of colorectal
origin using tissue microarrays (Magnusson et al.,
2011).SATB2 has been identified as a colorectal
differentiation marker with potential applications in
distinguishing primary ovarian mucinous
adenocarcinomas from colorectal metastases and
determining the primary origin of adenocarcinomas of
unknown primary origin(Berg and Schaeffer 2017).
SATB2 is disorganized in many cancers; SATB2 acts as
a tumor suppressor gene in several tumors like clear cell
renal cell carcinoma, laryngeal carcinoma, esophageal
squamous cell carcinoma, gastric cancer, (Chung et al.
2010; T. R. Liu et al. 2012; Geng et al., 2015; Wu et al.,
2016; Guo et al., 2015).

SATB2 inhibits colorectal cancer growth by
inactivating mitogen/extracellular signal-regulated kinase
5 (MEK5)/extracellularly signal-regulated kinases (ERK5)
signaling. It also inhibits the expression of c-MYC in CRC
cells (Mansour et al., 2015, 2016). STAB2 prevents the
epithelial mesenchymal transition (EMT) by enhancing E-
cadherin expression, and lowering expression of both
vimentin and N-cadherin in CRC cell lines (Gu et al.,
2018). In CRC tissues, SATB2 levels were considerably
lower than in healthy controls. As a result, it's possible
that SATB2 has a tumor-suppressing role in CRC. Many
studies have found that high SATB2 expression is an
independent predictor of a better prognosis in colon
cancer patients. Poor prognosis was more common in
SATB2-negative colonic adenocarcinomas. SATB2-
negative expression was also shown to be more
commonly in tumors that had a mucinous or signet ring
cell differentiation (Wang et al., 2009; Brocato and Costa,
2014; Eberhard et al., 2012; Ma Olevian et al., 2019).
Moreover, it has been revealed that patients with
metastatic CRC expressing high level of SATB2 have a
better prognosis and treatment response than those with
a low SATB2 expression (Mezheyeuski et al., 2020). So it
is useful to assess SATB2 immunohistochemical
expression in CRC, and association with several
clinicopathological characteristics.

MATERIALS AND METHODS
Retrieval of Cases

70 formalin fixed, paraffin embedded tumor sections from
colectomy specimens of patients with colorectal
adenocarcinoma from Kasr El Ainy Hospital, Faculty of
Medicine, Cairo University and multiple private
laboratories, in the time period from December, 2019 {ill
March, 2020. The specimens were anonymous for
confidentiality and replaced by numbers.

Inclusion criteria  included; radical colectomy
specimens of adenocarcinoma NOS (not otherwise
specified) histological subtype with available clinical data
and accessible tissue blocks. Exclusion criteria included
colonoscopy biopsies, in which the stage cannot be
assessed, and cases received preoperative chemo-
therapy or radiotherapy.

While the pathological tumor size of 5 cm is an
independent predictive factor for local recurrence in rectal
adenocarcinoma. The size of the tumor was calculated as
the length of the longest dimension with a cut off
value of 5 cm (Chen et al. 2017). The data in the final
pathology reports were used to determine the
tumor extension into the colonic wall and the lymph node
status.

Histopathological Examination

Each paraffin block was re-cut by a rotatory microtome at
4 um thickness then mounted on glass slides and stained
by hematoxylin and eosin (H&E) for routine histopa-
thological examination and mounted on charged slides
for immunostaining.

SATB2
Evaluation

Immunohistochemical Staining and

The serial sections that were prepared from the paraffin
blocks and mounted on charged slides were submitted
for immunostaining against SATB2. Antigen retrieval was
performed with (Ventana) Cell Conditioning Solution
(CC1) at PH 9. Sections were stained with anti- SATB2
antibody (Rabbit Monoclonal Primary Antibody; clone EP
281, obtained from Cell Marque Corporation, Rocklin,
California (USA)). Immunohistochemical staining was
performed in an automated staining instrument
(Ventana, Bench Mark ULTRA). The antibody was
detected using a (Ventana) ultra-View Universal DAB
Detection Kit, and hematoxylin was used as a
counterstain.

All procedures performed in the current study were
approved by Helwan Research Ethics Committee (June
2019) in accordance with the 1964 Helsinki declaration
and its later amendments.



Table 1. Pathological characteristics of the studied cases
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Pathological characteristics Number (%)
Age group <60ys 33(47.1%)
=60ys 37 (52.9%)
Size group <5cm 18 (25.7%)
25cm 2 (74.3%)
Sex Female 7 (52.9%)
Male 33 (47.1%)
. Right 6 (37.1%)
Tumor Site Left 4 (62.9%)
Tumor histological type Adenocarcinoma 53 (75.7 %)
Mucoid carcinoma 7 (24.3 %)
. . Low grade 43 (61.4%)
Histopathological grade High grade 7 (38.6%)
T 0 (0%)
. T2 4 (5.7%)
Extent of primary tumor (T) T3 26 (37.1%)
T4 O (57.1%)
NO 8 (40.0%)
Lymph node Status (N) N1 (27 1%)
N2 3 (32.9%)
Prescence of detected distant metastasis Not detected 1 (87.1%)
(M) Present 9 (12.9%)
Lympho-vascular invasion Absent 28 (40.0%)
Present 42 (60%)
Perineural invasion Absent 56 (80.0%)
Present 14 (20.0%)
[ 4 (5.7%)
Il 3 (32.8%)
TNM Stage Group m 34 (48.6%)
v 9 (12.9)
B1 4 (5.7%)
- \ B2 23 (32.8%)
Modified Duke's stage Co 34 (48.6%)
D 9 (12.9%)
Statistical Analysis
RESULTS

Data were coded and entered using the IBM SPSS
Statistics version 20. (Armonk, NY: IBM Corp)
(Kirkpatrick and Brooke 2015). Qualitative data were
described using number and percent. Quantitative data
were described using range (minimum and maximum),
mean, standard deviation, median and IQR (interquartile
range). Significance of the obtained results was judged at
the 5% level.

The used tests were; Chi-square test for categorical
variables, to compare between different groups. Monte
Carlo test for Correction for chi-square when more than
20% of the cells have expected count less than 5. F-test
(ANOVA) for normally distributed quantitative variables,
to compare between more than two groups. Kruskal
Wallis test for abnormally distributed quantitative
variables, to compare between more than two studied
groups.

This study included 70 cases of CRC. The mean age in
this study was 58.89 years (22-83 years). 47.1 % of the
cases were < 60 years and 52.9% were = 60 years.
There was slight female predominance (52.9%). 62.9% of
the cases were left sided and 37.1% were right sided.
The median tumor size in this study was 6.10 cm. 25.7%
of the cases are < 5 cm and 74.3% are 25 cm. The most
common histological type in the present study was
adenocarcinoma (75.7%), while mucoid carcinoma was
only 24.3%. According to the grade of differentiation,
61.4% of the cases were low grade and 38.6% were high
grade. Most of the cases were T4 representing (57.1%).
Most of the cases were NO representing (40%).Only
12.9% of the cases showed detected distant metastasis.
Stage grouping of TNM was applied, where stage Ill was
the most common (48.6%). According to modified Dukes’
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Figure 1. (A): A photograph of a low grade adenocarcinoma formed of variable sized and irregular shaped glands lined by
malignant epithelial cells showing low grade anaplasia surrounded by moderate desmoplastic stromal reaction (H&E X100
original magnification). (B): A photograph of a mucinous adenocarcinoma formed of malignant glands with extracellular mucin
lakes (H&E X 100). (C): A photograph of an invasive adenocarcinoma with perineural invasion by malignant glands (arrows)
(H&E X 100), The inset demonstrates perineural invasion by malignant glands (H&E X 200). (D): A photograph of an invasive
adenocarcinoma with multiple lympho-vascular emboli (arrows) (H&E X 100). The inset demonstrates lympho-vascular emboli
(H&E X 200).
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Figure 2. SATB2 IHC Expression (A): A photograph of a high grade adenocarcinoma showing absent SATB2
expression with positive internal control staining of normal colorectal mucosa (X100).(B): A photograph of a low grade
adenocarcinoma with a weak positive nuclear SATB2 staining (X 200). (C):A photograph of a mucinous adenocarcinoma
with a moderate positive nuclear SATB2 staining(X 100). (D): Low grade adenocarcinoma with a strong positive nuclear
SATB2 expression compared with a positive internal control staining of a normal colorectal mucosa (X 100).
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Table 2. Correlation of SATB2 expression with various pathological characteristics among the studied case

Negative Intermediate Strong P value
Age <60 11(52.4%) 16 (42.1%) 6 (54.5%) 0.650
260 10(47.6%) 22 (57.9%) 5 (45.5%)
Size <5 4 (19.0%) 2 (31.6%) 2 (18.2%) 0.472
25 17(81.0%) 26 (68.4%) 9 (81.8%)
Sex Male 10(47.6%) 6 (42.1%) 7 (63.6%) 0.452
Female 11(52.4%) 22 (57.9%) 4 (36.4%)
Site Right 9 (42.9%) 4 (36.8%) 3 (27.3%) 0.686
Left 12(57.1%) 24 (63.2%) 8 (72.7%)
Histological grade Low grade 9 (42.9%) 23 (60.5%) 11(100%) 0.007*
High grade 12(57.1%) 5 (39.5%) 0 (0.0%)
. . Adenocarcinoma 13(61.9%) 9 (76.3%) 11(100%) 0.057
Histological type Mucoid carcinoma 8 (38.1%) (23 7%) 0 (0%)
Extent of primary T2 0 (0.0%) 2 (5.3%) 2 (18.2%) <0.001*
tumor (T) T3 3 (14.3%) 5 (39.5%) 8 (72.7%)
T4 18 (85.7%) 1 (55.3%) 1(9.1%)
Lymph node status (N) NO 3 (14.3%) 4 (36.8%) 11 (100%) <0.001*
N1 7 (33.3%) 2 (31.6%) 0 (0%)
N2 11(52.4%) 2 (31.6%) 0 (0%)
Prescence of detected Not detected 15 (71.4%) 5 (92.1%) 11(100%) 0.039*
distant metastasis (M) Present 6 (28.6%) 3 (7.9%) 0 (0%)
Lympho-vascular Absent 2 (9.5%) (39 5%) 11 (100%) <0.001*
Invasion Present 9 (90.5%) 3 (60.5%) 0 (0%)
Perineural Absent 11(52.4%) 4 (89.5%) 1 (100%) =0.001*
Invasion Present 0 (47.6%) 4 (10.5%) 0 (0%)
Stage group [ 0 (0%) 2 (5.3%) 2 (18.2%) <0.001*
Il 4 (19.0%) 0 (26.3%) 9 (81.8%)
I 11(52.4%) 3 (60.5%) 0 (0%)
v 6 (28.6%) 3 (7.9%) 0 (0%)
Modified Duke's B1 0 (0%) 2 (5.3%) 2 (18.2%) <0.00*
B2 4 (19.0%) 10 (26.3%) 9 (81.8%)
C2 11(52.4%) 23 (26.3%) 0 (0%)
D 6 (28.6%) 3 (7.9%) 0 (0%)
*Significance < 0.05
classification, group C2 accounted for the highest Correlation of SATB2 expression with

percentage (48.6%) (Table (1), Figure 1(A, B)) Perineural
invasion and Lympho-vascular invasion were detected in
20% and 60% of the cases respectively. Regarding
SATB2 expression, it was negative score in 21 cases
(30%) (Figure 2 A), intermediate score in 38 cases
(54.3%) (Figures 2(B, C)), and strong score in 11 cases
(15.7%) (Figure 2 D).

A strong SATB2 expression showed a statistically
significant correlation with a low tumor histological grade
(P-value = 0.007), a low tumor invasiveness stage (P-
value <0.001), an absence of lymph node metastasis (P-
value <0.001), an absence of detected distant metastasis
(P-value = 0.039), a low overall pathologic stage group
(P-value <0.001), a low modified Dukes’ stage (P-value <
0.001), an absence of lymphovascular invasion (P-value
<0.001) and an absence of perineural invasion (P-value =
0.001). A higher rate of SATB2 expression was noticed
with left colon tumors and adenocarcinoma histological
type, but yet with no statistically significant correlation.

pathological characteristics among the studied cases is
summarized in Table (2).

DISCUSSION

Worldwide, CRC is one of the most common mortalities
in cancer of both sexes (Bray et al., 2018). This could be
elucidated by the late diagnosis of CRC and so the
prognosis of patients with CRC remains poor (Ballester,
Rashtak, and Boardman 2016; Vermeer et al., 2017).
The most important prognostic factor in CRC is the
tumor stage upon diagnosis. However, it is not a
completely adequate method because patients with
disease at the same stage may have different clinical
outcomes. As a result, many efforts have been made to
find molecular markers and therapeutic targets for the
diagnosis, prognosis and treatment of CRC and to
identify patients with high-risk disease (Dowling et al.,



2017; Eberhard et al., 2012).

SATB2 is a DNA-binding protein, and is involved in
regulation of transcription and chromatin remodeling.
SATB2 protein is specifically expressed in the nuclei of
epithelial cells in the lower Gl tract. Also SATB2 is
expressed in a subset of lymphoid cells, germ cells in the
testis, and certain neurons in the central nervous system
(Magnusson et al., 2011).

It has been revealed that SATB2 is a highly sensitive
and a specific immunohistochemical marker to confirm or
rule out tumors of colorectal origin (Dragomir et al.,
2014). Moreover, it was found that downregulated
expression of SATB2 is associated with metastasis and
poor prognosis both in an animal model of CRC and in a
prospective patient cohort(S. Wang et al., 2009; Eberhard
et al., 2012). The tumor suppressive role of SATB2 could
be due to many factors. These factors include inactivation
of c-Myc and MEKS5/ERK5 signaling (Mansour et al.,
2015, 2016). Also, SATB2 suppresses the EMT by
increasing E-cadherin expression, whereas decreasing
expression of both vimentin and N-cadherin. SATB2 may
serve as molecular targets in CRC treatment to suppress
the metastasis and weaken the EMT (Y. Q. Wang et al.,
2019; Kara et al., 2015; Gu et al., 2018).

In the present study, the score of SATB2 positivity
didn’t reveal a statistically significant association with the
mean age of the cases (p value = 0.691). Similarly, Ma,
Olevian et al.,, 2019. and Mezheyeuski et al., 2020
studies reported an insignificant correlation with the mean
age (P value = 0.5 and 0.146 respectively) (Ma, Olevian,
et al, 2019; Mezheyeuski et al., 2020). Also there
was a statistically insignificant relation between SATB2
expression and the age group (p value = 0.650).
Similarly, Liu et al. 2019 and Yang et al. 2018 studies
reported an insignificant correlation with the age group
(P-value = 0.397 and 0.275 respectively) (Yang et al.,
2018; Liu et al., 2019).

The sex of the cases of this study was not significantly
correlated with SATB2 expression (p value = 0.452)
which was in an agreement with that was reported in
Mezheyeuski et al. 2020, Yang et al. 2018, and Ma Henn
et al., 2019 studies.(p value = 0.317, 0.1 and 0.414
respectively) (Yang et al., 2018; Ma, Henn et al., 2019;
Mezheyeuski et al., 2020).

The relation between the tumor size and SATB2
expression was statistically insignificant (p value = 0.472)
(Liu et al., 2019). This was in line with the findings of Liu
et al. (2019) study (p value = 0.397) while Yang et al.
(2018) study showed a statistically significant relation
between SATB2 expression and tumour size (p value =
0.028) (Yang et al., 2018).

The site of the primary tumor was not significantly
correlated with SATB2 expression (p value = 0.686).
However, this study showed a high rate of SATB2
expression in the left colon tumors, but did not reach the
level of statistical significance. This result yet with
statistically significant difference was reported by Ma, et
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al.,, 2019. And Mezheyeuski et al., 2020 studies (p value
=0.01 and < 0.001 respectively) (Mezheyeuski et al.,
2020; Ma, Olevian, et al., 2019). Another study showed
no significant relation (p value = 0.804) (Liu et al., 2019).

The current study cases showed a negative, an
intermediate and a high SATB2 scores (30.0%, 54.3%
and 15.7% respectively). These approximate the results
of Eberhard et al, 2012 study but with different
percentages; 28.8% of the cases were negative, 49.1%
were intermediate and 22% were strong (Eberhard et al.,
2012).

In the present study, there were statistically significant
correlations between strong SATB2 expression and
some of the clinicopathological parameters; a low tumor
histological grade, a low tumor invasiveness (T), an
absence of lymph node metastasis (N), an absence of
detected distant metastasis (M), a low TNM pathologic
stage, a low modified Dukes’ classification, and absence
of lympho-vascular invasion and a perineural invasion,
while there were statistically insignificant correlations
between SATB2 expression with age, sex, tumor size,
primary site of the tumor and tumor histological type.

These results were in an agreement with previous
studies (Ma, Olevian et al., 2019; Eberhard et al., 2012;
S. Wang et al., 2009; F. Liu et al., 2019; Mezheyeuski et
al., 2020; Ma, Henn et al., 2019).

There was a high rate of SATB2 expression in the
adenocarcinoma histological type. However, it wasn’t
statistically significant in the current study (P value =
0.057). This result could be attributed to the
predominance of adenocarcinoma variant 75% of the
cases and the study had 2 variants only. Similarly, Gu et
al. (2018) study showed an insignificant relation (p value
= 0.244) (Gu et al., 2018).

The low tumor histological grade was statistically
significantly correlated with strong SATB2 expression in
the current study (P value = 0.007), which was in
agreement with results of Ma, D. Olevian et al., 2019.
And Mezheyeuski et al., 2020 studies (P value <0.001 in
both) (Ma, Olevian et al., 2019; Mezheyeuski et al., 2020)
and Liu et al., 2019 study (p value = 0.002) (Liu et al.,
2019). Furthermore the strong SATB2 expression was
statistically significant with absence of lymphovascular
invasion (P value <0.001), and absence of perineural
invasion (P value = 0.001). These results were consistent
with the results of Eberhard et al., 2012 and Ma, Olevian
et al., 2019 studies (Eberhard et al., 2012; Ma, Olevian et
al., 2019).

The strong SATB2 expression was statistically
significant with a low T stage (P value <0.001), an
absence of lymph node metastasis (P value <0.001), and
an absence of detected distant metastasis (P value =
0.039). These results were consistent with the results of
Eberhard et al., 2012 and Yang et al.,, 2018 studies
(Eberhard et al., 2012; Yang et al., 2018).

Regarding AJCC staging system, the present
study showed that the strong SATB2 expression was
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statistically significant with the low tumor stage (P value
<0.001), which is in agreement with previous studies.
This result confirms the fact that SATB2 could play a
tumor-suppressing role in CRC and considered as a
strong independent factor of good prognosis (Brocato
and Costa 2014; Wang et al., 2009; Ma, Olevian et al.,
2019; Eberhard et al., 2012; Yang et al., 2018). Similarly,
strong SATB2 expression was significantly association
with low modified dukes stage (P value <0.001), which is
in agreement with the results of Wang et al. 2009 study
(p value =0.025) (Wang et al., 2009).

Despite the fact that the current study and comparable
ones, reported more or less close figures of SATB2
expression positivity. However, different sample sizes,
variable grades and pathologic stages enrolled in these
studies might explain the contradictory results regarding
correlations between SATB2 expressions in the
colorectal adenocarcinoma with the other clinico-
pathological parameters.

CONCLUSION

SATB2 negative tumors more often displayed adverse
histologic features including mucinous adenocarcinoma
(0% strong SATB2 score), high tumor grade (0% strong
SATB2 score), high tumor invasiveness (T4) (9.1%
strong SATB2 score), high lymph node stage (N2) (0%
strong SATB2 score), presence of detected distant
metastasis (M) (0% strong SATB2 score), high TNM
pathologic stage; stage IV (0% strong SATB2 score),
high modified Dukes’ classification stage; stage D(0%
strong SATB2 score) and presence of lymphovascular
invasion (0% strong SATB2 score) and presence of
perineural invasion (0% strong SATB2 score). This
suggests considering high rate of SATB2 expression is
associated with known favorable clinicopathological
parameters in colorectal adenocarcinoma.
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