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Abstract

Background: Neurogenic locus notch homology 4 (Notch-4) is crucial in maintaining
stem cells. Special AT-rich sequence-binding protein 2 (SATB-2) is a transcription
factor that binds to the nuclear matrix and serves various functions, including brain
development. Glutaminase-1 (GLS-1) plays a pivotal role in cancer cell metabolism,
growth, and proliferation. This study aims to assess the expression of these markers
in colorectal cancer, establishing correlations with clinicopathological characteristics
and patient survival.

Method: In this retrospective study, we retrieved and analyzed 68 formalin-fixed,
paraffin-embedded blocks of primary colorectal adenocarcinoma, not otherwise
specified cases, and adjacent normal mucosa. Notch-4, SATB-2 and GLS-1 expressions
were analyzed using immunohistochemistry at the Zagazig School of Medicine, Egypt.

Results: High expressions of Notch-4 and GLS-1 and low expression of SATB-2
were observed in colonic adenocarcinoma but not in adjacent non-neoplastic mucosa
(P <0.001). High expressions of Notch-4 and GLS-1, along with low expression of
SATB-2, were associated with a higher tumor grade, advanced stage (P < 0.001),
lymphovascular invasion, lymph node metastasis, and poor disease-free survival and
overall survival rates (P < 0.001).

Conclusion: High expression of Notch-4 and GLS-1 is correlated with a poor
prognosis in colorectal cancer, while high expression of SATB-2 is associated with a
favorable prognosis for colorectal carcinoma. These markers can aid in predicting
tumor prognosis and guiding targeted therapy for colorectal carcinoma.
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Introduction second leading cause of cancer-
Colorectal cancer (CRC) is a  related deaths.! In Egypt, CRC was
prevalent malignant disease  detected in 11%-15% of patients

occurring worldwide and ranks the ~ undergoing colonoscopy.? Despite
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significant advances in early diagnosis, surgical
interventions, and chemotherapy agents, many
cases will develop metastases and experience
recurrence.’

Cancer stem cells are a subset of cells
responsible for initiating tumors and can endure
radio-chemotherapy, leading to local recurrences
and metastasis despite treatment.*

Neurogenic locus notch homology 4 (Notch-
4) plays a vital role in embryonic development
and maintaining stem cells by balancing cell
apoptosis and proliferation.’ Notch-4 can function
as both a significant oncogene and a tumor
suppressor.°

Particular AT-rich sequence binding protein-
2 (SATB-2) is a transcription factor that binds to
the nuclear matrix, with multiple functions in
brain development and osteoblast differentiation.’

In epithelial cells, SATB-2 expression is
confined to glandular cells in the lower gastroin-
testinal tract, enabling the identification of over
95% of all CRCs.®

High SATB-2 expression correlates with a
favorable prognosis in patients with laryngeal,
esophageal, pancreatic, and clear-cell renal
carcinoma.’ In CRC, elevated SATB-2 expression
is linked to a favorable prognosis and increased
sensitivity to chemotherapy and radiation,!? while
lower expressions of SATB-2 are associated with
advanced stage, high grade, and tumor
recurrence. !

Figure 1. Well-differentiated adenocarcinoma showing mild Notch-
4 immunoreactivity with negative expression in normal colonic
mucosa (ABC, x100).

Notch-4: Neurogenic locus notch homology 4

Cancer cells display heightened glucose and
glutamine metabolism, with glutaminase-1 (GLS-
1) converting glutamine to glutamate, playing a
pivotal role in cancer cell metabolism, growth,
and proliferation.!? Elevated GLS-1 expression
has been observed in various cancer types,
including CRC, prostate cancer, and breast
cancer.!3: 14 Inhibition of GLS-1 reduces the
proliferation rate and suppresses the epithelial-
mesenchymal transition process.!?

This study investigates the correlation between
Notch-4, SATB-2, and GLS-1 in CRC and clini-
copathological characteristics and their impact
on patient survival.

Materials and Methods

This is a retrospective analysis that includes
68 formalin-fixed, paraffin-embedded tissue
blocks of primary CRC, not otherwise specified,
according to the WHO classification of 2019.

These cases, along with adjacent normal
mucosa, were retrieved from the archives of the
Pathology Department at the College of Medicine,
Zagazig University, Egypt, spanning from
December 2014 to December 2018. Immunohis-
tochemical antibodies to Notch-4, SATB-2, and
GLS-1 were utilized in this study. Written
informed consents were obtained from all patients,
and the research was conducted in compliance
with the Code of Ethics of the World Medical
Association (Declaration of Helsinki) and received

Figure 2. Poorly-differentiated adenocarcinoma showing strong
Notch-4 immunoreactivity (ABC, x100).

Notch-4: Neurogenic locus notch homology 4
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approval from the Ethical Research Committee
of the Faculty of Medicine at Zagazig University
(IRB#9805/18-9-2022).

Complete clinical data were acquired from the
patient’s medical records. The grading of CRC
was determined based on the criteria published
by WHO in 2010, and staging was performed
using the TNM staging system. Various
chemotherapy protocols like fluorouracil or
capecitabine with oxaliplatin were recommended
for 56 patients with high-risk stages II and III.
Additionally, 23 patients diagnosed with rectal
carcinoma underwent concurrent chemoradiotherapy,
chemoradiotherapy by 3-dimensional conformal
radiotherapy using 50 Gy in 25 fractions, and
follow-up was conducted at the Department of
Clinical Oncology and Nuclear Medicine at
Zagazig University, Egypt.
Immunohistochemical staining

The Streptavidin-biotin technique was
employed, utilizing a primary mouse monoclonal
antibody targeting Notch-4 (DakoCytomation,
Carpinteria, CA, USA, used at a 1:50 dilution),
a rabbit polyclonal primary anti-SATB-2 antibody
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA, used at a dilution of 1:100), and a rabbit
polyclonal antibody directed against GLS-1
(ab93434, Abcam, USA, used at a dilution of
1:100).

Evaluation of immunoexpression

Regarding Notch-4 staining, cytoplasmic

staining intensity was categorized as 1+, 2+, and

Figure 3. Well-differentiated adenocarcinoma showing strong

SATB-2 immunoreactivity (ABC, x100).
SATB-2: Special AT-rich sequence-binding protein 2

Notch-4, SATB-2, and Glutaminase-1 in Colorectal Adenocarcinoma

3+. The percentage of positive cells was classified
into four categories: 0 for 0%, 1 for 1%-33%, 2
for >33%-66%, and 3 for >66%.16

For SATB-2 expression, nuclear staining was
assessed using a 4-tier intensity scale: 1 =negative,
2 = weak, 3 = moderate, or 4 = vigorous. The
estimated fraction of stained tumor cells was
denoted as 1 (0%—1%), 2 (2%—-10%), 3 (11%—
25%), 4 (26%—-50%), 5 (51%-75%), and 6
(>75%).17

GLS-1: Membrane expression was scored as
follows: 0 (negative, no positive cells), 1 (minimal,
<10% positive cells), 2 (moderate, 10%—40%
positive cells), 3 (strong, 40%—70% positive cells),
and 4 (maximum, >70% positive cells).!®
Statistical analysis

Statistical analysis was performed using SPSS
version 22.0 for Windows (SPSS Inc., Chicago,
IL, USA) and MedCalc Software bvba 13 for
Belgium (Ostend). Categorical variables’
percentages were compared using Pearson’s Chi-
square or Fisher’s exact tests. The Mann-Whitney
U test was employed to compare two groups of
non-normally distributed variables. Disease-free
survival (DFS) and overall survival (OS) were
assessed using the Kaplan-Meier curve and log-
rank test. P < 0.05 was considered statistically
significant.

Results
Patient’s characteristics are shown in table 1,
grade | and stage 3 represent 56% and 67.6%,

Figure 4. Poorly-differentiated adenocarcinoma showing mild
SATB-2 immunoreactivity (ABC, x400).
SATB-2: Special AT-rich sequence-binding protein 2
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respectively. Positive lymph nodes were common
in 73.5% of cases.
Immunohistochemical results

As shown in tables 2 and 3, Notch-4 was
stained in the cytoplasm of cancer cells (Figures
1 and 2), STAB-2 exhibited nuclear expression
(Figures 3 and 4), and GLS-1 expression was
membranous (Figures 5 and 6).

In this study, Notch-4 was negative in normal
mucosa but only detected in the blood vessels.
Notch-4 was expressed in 45.6% of all cases. In
the more differentiated adenocarcinoma, Notch-
4 was less expressed than in poorly differentiated
adenocarcinoma (47.4% versus 77.8%).

There is a statistically significant relationship
between positive Notch-4 expression and both
lymphovascular invasion (LVI) and lymph node
involvement (P=0.041 and <0.001, respectively).
Also, a statistically significant relationship exists
between positive Notch-4 expression and tumor
stage (P =0.001).

SATB-2 positive expression was statistically
correlated with negative lymph node involvement,
low grade, and tumor stage (P = 0.001, <0.001,
and 0.04, respectively).

GLS-1 membranous expression was detected
in 57.4% of cases. In the more differentiated
adenocarcinoma, GLS-1 was less expressed than
in poorly differentiated adenocarcinoma.
Recurrence and survival analysis

Patients who had high Notch-4 and GLS-1
expressions were associated with unfavorable 5-
year OS (mean = 32 months + 16.9, P = 0.001)
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Figure 5. Well-differentiated adenocarcinoma showing mild
Glutaminase-1 immunoreactivity (ABC, x100).

and (mean = 32.3 months = 16.2, P < 0.001),
respectively. Unfavorable 5-year DFS (mean =
20.9 months +£ 12.9, P<0.001) and (mean =21.3
months + 11.5, P < 0.001), respectively, while
favorable 5-year OS (mean =49.1 months + 13.4,
P <0.001) and favorable 5-year DFS (mean =
37.4 months £ 14.6, P <0.001) were observed in
patients with high SATB-2 expression (Table 3,
Figures 7-12).

Discussion

68 patients were included in this study, with
56% and 67.6% having grade I and stage 3,
respectively. Positive lymph nodes were observed
in 73.5% of cases. High expressions of Notch-4,
GLS-1, and low expression of SATB-2 were found
in colonic adenocarcinoma but not in adjacent
non-neoplastic mucosa (P <0.001). Notch-4 and
GLS-1 high expressions, along with SATB-2 low
expression, were associated with high tumor
grade, advanced stage (P < 0.001), LVI, lymph
node metastasis, poor DFS, and OS rates.

Notch families are pivotal in regulating various
cellular processes and may serve as biomarkers
for cancer diagnosis and prognosis. Notch
signaling is essential for forming and self-renewal
tumor-initiating cells in colon cancer.!?

In this study, Notch-4 was negative in normal
mucosa but positive in cancer cells, expressed in
45.6% of all cases. Well-differentiated
adenocarcinoma exhibited lower Notch-4
expression than  poorly-differentiated

adenocarcinoma (47.4% versus 77.8%). Higher

Figure 6. Poorly-differentiated adenocarcinoma showing strong
Glutaminase-1 immunoreactivity (ABC, x100).

18

Middle East J Cancer 2024; 15(1): 15-24



Notch-4 expression was associated with advanced
grade, stage, distant metastases, the presence of
LVI, a shorter OS, and higher relapse rate (mean
= 32.0 months £ 16.85, P = 0.001). Similar
findings were reported by Wu et al.?® Survival
analysis indicated that Notch-4 status is an
independent prognostic factor for OS and
recurrence-free survival in several malignancies
beyond colon cancer. Notch-4 can induce
epithelial-mesenchymal transition by upregulating
HEY!1 in head and neck squamous cell
carcinoma.?!

SATB-2 expression acts as a tumor suppressor
gene in various tumor types. Mansour et al.
revealed that SATB-2 functions as a tumor
suppressor gene in CRC by inhibiting ERKS
activation. Low or lack of SATB-2 expression is
indicative of malignant behavior and a poor
prognosis in CRC.??

In this study, SATB-2 was expressed in 86.8%
of all cases, aligning closely with Magnusson et
al.’s? results of SATB-2 expression in 85.8% of
primary CRC cases. Another study by Dragomir
et al. found that SATB-2 had 93% sensitivity and
77% specificity in supporting colorectal origin,??
which aligns with the results of Zhang et al., who
documented SATB-2 expression in 93% of their
studied cases.?*

In this work, SATB-2 immunohistochemical
expression was associated with a favorable
prognosis, including a 5-year OS of patients (mean
=49.1 months + 13.4, P<0.001) and a favorable
5-year DFS (mean = 37.4 months = 14.6, P <
0.001), consistent with the findings of
Mezheyeuski et al.?3

SATB-2 influences tumor growth and spreading
through  SATB-2-mediated  chromatin
rearrangement and the differential expression of
microRNAs, which affect the expression of genes
crucial for migration and invasion.?® A metastasis-
suppressor microRNA, miRNA-31, hinders
translation into the SATB-2 protein, correlating
with a poorer prognosis in CRC patients.?’

Cancer cells rely on glutamine for growth,
with GLS-1 critical in catalyzing glutaminases.
GLS-1 is pivotal in cancer cell metabolism,
growth, and proliferation.'? In the current study,

Notch-4, SATB-2, and Glutaminase-1 in Colorectal Adenocarcinoma

Table 1. Clinicopathological features of the studied patients

N=68 0 (1]
Age
<50 years 19 27.9
>50 years 49 72.1
Gender
Male 36 52.9
Female 32 47.1
Tumor site
Right colon 15 22.1
Transverse colon 14 20.6
Left colon 16 23.5
Rectum 23 33.8
Gross pattern
Ulcerating 22 32.4
Fungating 16 23.5
Annular 30 44.1
Size group
<5cm 15 22.1
5-10 cm 12 17.6
>10 cm 41 60.3
Grade
1 38 55.9
2 21 30.9
3 9 13.2
LVI
Absent 61 89.7
Present 7 10.3
Lymph node
Negative 18 26.5
Positive 50 73.5
T
Tl 3 4.4
T2 18 26.5
T3 47 69.1
N
NO 18 26.5
N1 50 73.5
Stage
I 4 5.9
11 18 26.5
111 46 67.6
Notch-4
Negative 37 54.4
Positive 31 45.6
SATB-2
Positive 59 86.8
Negative 9 13.2
Glutaminase-1
Negative 29 42.6
Positive 39 57.4
Death
No 33 48.5
Yes 35 51.5
Relapse
No 31 45.6
Yes 37 54.4
OS (months)
Mean £+ SD 39.8+17.9
Range 8—-60
DFS (months)
Mean £+ SD 29.37+17.13
Range 14- 60

T: Tumor stage; N: Nodal metastasis; LVI: Lymphovascular invasion; OS: Overall
survival; DFS: Disease-free survival; Notch-4: Neurogenic locus notch homology
4; SATB-2: Special AT-rich sequence-binding protein 2
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Figure 7. Kaplan-Meier plot shows a significant relationship

between Notch-4 and disease-free survival.
Notch-4: Neurogenic locus notch homology 4

positive GLS-1 expression was observed in 57.4%
of cases, and there was a positive correlation
between GLS-1 protein expression and poor clin-
icopathological features of CRC, including
advanced stage and tumor grade.

These results align with the findings of Xiang
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Figure 9. Kaplan-Meier plot showing a significant relationship
between SATB-2 and disease-free survival.
SATB-2: Special AT-rich sequence binding protein-2
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Figure 8. Kaplan-Meier plot shows a significant relationship

between the Notch-4 level and overall survival.
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et al.,”® who reported that high GLS-1 expression
significantly correlated with lymph node
metastasis but not with the patient’s age, gender,
or tumor grade. Huang et al.? also demonstrated
that GLS-1 expression was associated with distant
metastasis, TNM staging, and the histological
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Figure 10. Kaplan-Meier plot showing the relationship between
SATB-2 and overall survival.
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Table 2. Relation between Notch-4, SATB-2, and Glutaminase-1 expressions in patients and clinicopathological parameters

No. Notch-4 SATB-2 Glutaminase -1 P
Positive Negative P# Positive  Negative P# Positive Negative P#
N=37(%) N=31(%) N=59 (%) N=9(%) N=29(%) N=39(%)
Age group
<50 19 13 (68.4) 6(31.61) 0.149 16 (84.2) 3(15.8) 0.702 7(36.8) 12(63.2) 0.547
>50 49 24 (49) 25(51) 43 (87.8) 6(12.2) 22 (44.9) 27(55.1)
Sex
Male 36 17 (47.2) 4(52.8) 0.207 31(86.1) 5(13.9) >0.099 20(55.6) 16 (44.4) 0.022
Female 32 20 (62.5) 37(37.5) 28 (87.5) 4(12.5) 9(28.1) 23(71.9)
Site
Rt colon 15 10 (66.7) 5(33.3) 0.696 12 (80)  3(20) 0.794 4(26.7) 11(73.3) 0.086
Transverse 14 7 (50) 7 (50) 12 (85.7) 2(14.3) 10 (71.4) 4 (28.6)
LT colon 16 9(56.2) 7(43.8) 14 (87.5) 2(12.5) 6(37.5) 10(62.5)
Rectum 23 11 (47.8) 12(52.2) 21 (91.3) 2(8.7) 9(39.1) 14 (60.9)
Gross pattern
Ulcerating 22 12 (54.5) 10 (45.5) 0.911 22 (100) 0(0) 0.003*  5(22.7) 17(77.3) 0.066
Fungating 16 8 (50) 8 (50) 10 (62.5) 6(37.5) 9(56.2) 7(43.8)
Annular 30 17 (56.7) 3(43.3) 27.(90)  3(10) 15(50)  15(50)
Size
<5 cm 15 6 (40) 9 (60) 0.402 14 (93.3) 1(6.7) 0.292 7(46.7) 8(53.3) 0.808
5-10cm 12 8(66.7) 4(33.3) 8(66.7) 4(33.3) 5(41.7)  7(58.3)
>10cm 41 23 (56.1) 18(43.9) 37(90.2) 4(9.8) 17 (41.5) 23(58.5)
Grading
1 38 20 (52.6) 18 (47.4) 0.452 38 (100) 0(0) <0.001 15 (39.5) 23 (60.5) 0.419
2 21 15(71.4) 6 (28.6) 19 (90.5) 2 (9.5) 9(42.9) 12(57.1)
3 9 2(22.2) 17(71.8) 2 (11.1)  7(88.9) 5(55.6) 4 (44.4)
LVI
Absent 61 36 (59) 25(41) 0.041 59(96.7) 2(3.3) <0.001 25(41)  36(59) 0.449
Present 7 1(14.3) 6(85.7) 0(0) 7 (100) 4(57.1) 3(42.9)
LN
Negative 18 18 (100) 0 (0) <0.001 11 (61.1) 7(38.9) 0.001 14 (77.8) 4(22.2) <0.001
Positive 50 19(38) 31(62) 48(96) 24 15(30) 35(70)
T
T1 3 3(100) 0(0) 0.003 0(0) 3(100)  <0.001 1(33.3) 2(66.7) 0.039
T2 18 14 (77.8) 4(22.2) 13 (72.2) 5(22.2) 13 (72.2) 5(27.8)
T3 47 20 (42.6) 27(57.4) 46 (97.9) 1(2.1) 15(31.9) 32(68.1)
N
NO 18 17(94.4) 1(5.6) <0.001 11 (61.1) 7(38.9) 0.001 13(72.2) 5(27.8) 0.003
N1 50 20 (40) 30 (60) 48(96) 24 16 (32) 34 (68)
Stage
I 4 4(100) 0(0) 0.001 4(100) 0 (0) 0.04* 2(50) 2(50) 0.016
I 18 14 (77.8) 4(22.2) 18 (100) 0 (0) 13(72.2) 5(27.8)
111 46 19 (41.3) 27(58.7) 37(80.4) 9(19.6) 14 (30.4) 32(69.6)

*P <0.05 is statistically significant; #Chi square test; **P <0.001 is statistically highly significant; Notch-4: Neurogenic locus notch homology 4; SATB-2: Special AT rich
sequence binding protein-2; RT: Right; LT: Left; LN: Lymph node metastasis; LVI: Lymphovascular invasion; T: Tumor stage; N: Nodal; No.: Number

type of CRC.

In this work, high GLS-1 expression was linked
to a poorer prognosis, including an unfavorable
5-year OS of patients (mean = 21.3 months +
11.5, P <0.001), similar to the study by Song et
al.30

In Egypt, CRC is a significant health concern
with a rising number of cases, particularly in
young individuals. It was identified in 11%—15%
of patients who underwent colonoscopy, and a
substantial proportion of cases developed
metastases and recurrence. Therefore, novel
markers such as Notch-4, SATB-2, and GLS-1
may aid in predicting the prognosis of this type

of CRC, potentially reducing morbidity and
mortality.

The limitations of this study include its
retrospective nature, a small number of cases,
and the lack of genetic expression analysis of
these markers in CRC.

Conclusion

High expression of Notch-4 and GLS-1 is
correlated with a poor prognosis, while a high
expression of SATB-2 is correlated with a good
prognosis in CRC. These markers are considered
novel targets in the therapy of CRC.
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Table 3. Relation between Notch-4, SATB-2, and Glutaminase -1expressions in the studied patients and patients’ survival

Total Notch-4 SATB-2 Glutaminase -1 P
Positive Negative P# Positive  Negative P# Positive Negative P#
N=37(%) N=31(%) N=59(%) N=9(%) N=29%) N=39%)
Relapse
Absent 31 26 (83.9) 5(16.1) <0.001  30(77.4) 1(22.6) 0.009 19(61.3) 12(38.7) 0.004
Present 37 11 (29.7) 26 (70.3) 29 (94.6) 8(54) 10 (27) 27 (73)
Death
No 33 26 (78.8) 7(21.2) <0.001  25(75.8) 8(24.2) 0.012 18(54.5) 15(45.5) 0.054
Yes 35 11 (31.4) 24 (68.6) 34(97.1) 1.9 11 (31.4) 24 (68.6)
OS
Mean + SD 398+179 47.7+129 32.0+16.9 0.0010  49.1£13.4 19.1£2.6 <0.0010 48.8+157 323+16.2 <0.0010
Range 8- 60 14 -60 14 - 60 22 -60 14 - 25 20 -60 14 - 60
DFS
Mean + SD 294 +17.1 51.7+12 209+12.9 <0.001¢ 37.4+14.6 114+1.6 <0.0010 39+£179 213+11.5 <0.0010
Range 114- 60 2-60 8-49 12 - 60 8-15 10 -60 838

P <0.05 is statistically significant; #Chi square test 0Mann Whitney test; Notch-4: Neurogenic locus notch homology 4; SATB-2: Special AT rich sequence binding protein
2; DFS: Disease-free survival, OS: overall survival
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