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ABSTRACT

Background: There is an actual need for novel prognostic biomarkers to improve
colorectal cancer (CRC) patient’s outcome. We aim to evaluate SOX2 and
EpCAM immunohistochemical expression in 40 cases of CRC and premalignant
lesions. Methods: The immunohistochemical expression was done according to
Email: Envision polymer technique on 40 cases of CRC besides twenty specimens of
dr.hanaaghatwary@gmail.c | premalignant lesions. Furthermore, their clinicopathological significance was
om statistically investigated. Results: High SOX2 immunoexpression was detected in
57.5 % of CRC cases and was significantly associated with tumor size, high tumor
grade, LVI, LN involvement, advanced tumor stage, and tumor budding (P=0.04,
P<0.001, p=0.02, p=0.001, p=0.001, p=0.001, respectively). Negative SOX2
immunoexpression was observed in 70 % of premalignant lesions with no
statistically significant difference. High EpCAM immunoexpression was noted in
21 52.5% of the malignant lesions, and was significantly associated with high
tumor grade, LVI, LN involvement, advanced tumor stage, and tumor budding
(P=0.005, p =0.002, p<0.001, p<0.001, p=0.005, respectively). A statistically
highly significant association between low and moderate EpCAM expression and
stromal lymphocytic infiltration (P<0.001). Low EpCAM expression was noted in
75 % of premalignant lesions with no statistically significant difference.
Conclusions: This study emphasized the role of SOX2 and EpCAM in colorectal
carcinogenesis and their implication in CRC progression, LN metastasis and
distant metastasis.

Key Words: colorectal carcinoma; SOX2; EpCAM; prognostic factor

*Corresponding author:
Aziza E. Abdelrahman,

Submit Date 17-06-2022
Revise Date 11-07-2022
Accept Date 17-07-2022

INTRODUCTION

Colorectal cancer (CRC) is the third most

common cancer and the second cause of
mortality worldwide, with 1.9 million new cases
and 930,000 deaths reported in 2020 [1]. In Egypt,
it represents about 33.8% of all GIT tumors and
6.2% of total malignancies [2]. Cancer stem cells
(CSCs) started to be a hot spot in the cancer
research. CSCs are a subpopulation of the tumor
cells that have self-renewal capacity and exhibits
treatment resistance so promoting the cancer
progression and recurrence [3]. Numerous
transcriptional factors are involved in supporting the
stemness phenotype of CSCs. Sex-determining
region Y-box protein 2 (SOX2) [4] and epithelial
cell adhesion molecule (EpCAM) [5] have been
reported to have tumorigenic ability and as putative
CSC markers in several malignancies [6].
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The transcription factor SOX2 (sex-determining
region Y-box 2) gene is situated on chromosome 3
at the position q26.3-27 and encodes for a protein
of 317 amino acids and it is a master regulator of
CSCs. SOX2 affects cancer cell behaviors as the
capacity to proliferate, invade, and metastasize [4].
Moreover, SOX2 facilitates resistance to tumor
therapies via regulation of stemness and self-
renewal of CSCs [4]. However, further studies are
needed to determine the molecular pathways
associated with these biological functions [7].
Epithelial cell adhesion molecule (EpCAM) is a
transmembrane glycoprotein that has also been
recognized as a CSC marker. The EpCAM signaling
pathway is involved in multiple cellular functions as
cell adhesion, migration, and differentiation [5].
Overexpression of EpCAM enhances tumorigenesis
via upregulation of reprogramming factors as Oct-4,
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Nanog, and SOX2 whereas its downregulation
inhibited these factors, so suppressing tumor
initiation, and progression [8]. Specific ablation of
EpCAM expressing CSCs could be a novel cancer
therapeutic strategy [5]. There is an actual need
for novel prognostic biomarkers to improve CRC
patient’s outcome. Therefore, we evaluated SOX2
and EpCAM immunohistochemical expression in
CRC and premalignant lesions

METHODS
Tissue specimens

This retrospective study included 60 paraffin
blocks (40 CRC and 20 premalignant colorectal
lesions) they were collected from the archive of
Pathology Department during the period from 2018-
2020. The clinicopathological data were obtained
from patient files and all cases undergone
histopathological evaluation and
immunohistochemical staining. Twenty specimens
of normal colonic mucosa adjacent to CRCs were
taken as a control. They were obtained from the free
safety margins of the submitted cases and were
histologically examined for confirmation of
neoplastic free state. Primary CRC (total
colectomy), premalignant lesions, and only cases
with complete clinicopathological data were
included in this study. Cases that previously treated
with chemotherapy or radiotherapy were excluded
from the study as it changes the morphology of the
cells and affects the diagnosis. The study was
approved by the research ethical committee of
Faculty of Medicine, Zagazig University. The study
was done according to The Code of Ethics of the
World Medical Association (Declaration of
Helsinki) for studies involving humans.

Immunohistochemical staining

The immunohistochemical staining procedure was
performed according to the polymer Envision
detection system. The primary antibodies that used
were: EpCAM (1:1000 dilution, ab124825; Abcam,
UK), and SOX2 (1:400; rabbit polyclonal antibody,
MA, USA), then diaminobenzidine substrate was
used as the chromogen. Mayer’s hematoxylin was
used to counter stain the slides. In each cycle of
doing IHC, positive controls [squamous cell
carcinoma larynx for SOX2 and colon cancer tissue
for EPCAM were included and negative controls
were performed by omitting the primary antibodies.

Immunohistochemical evaluation
SOX2 scoring
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Nuclear SOX2 expression was evaluated. Extension
of nuclear staining was scored as: 0 (<5%) positive
cells; 1 (5-25%) positive cells; 2 (26-75%) positive
cells; and 3 (>76%) positive cells., whereas stain
intensity was scored as: 0:no staining, 1: faint-
yellow, 2: brown-yellow, and 3: dark-brown. After
summation scores >3+++ were defined as high-level
expression and scores< 3+++ were defined as low-
level expression (9).

EpCAM scoring

Cytoplasmic and membranous EpCAM expression
was analyzed. The intensity (I) of EpCAM
expression can vary between 0 (no expression), 1
(weak), 2 (moderate) and 3 (intense). The
percentage (P) of cells showing EpCAM expression
was: 1(<10%), 2 (10-50%), 3 (51- 80%), 4(>80%).
Thus, total score (TS) can take the following values:
0,1,2 3,4,6,8,9, 12. The results were afterwards
grouped into 4 groups: TS 0 (no expression), TS 1-4
(low expression), TS 6-8 (moderate expression),
and TS 9-12 (high expression) (10).

Statistics

The data were computerized and SPSS program
version 18.0 was used for the statistical analysis.
Qualitative data were presented in frequencies and
relative percentages. The difference between
gualitative variables was calculated by Chi-square
test, and Fisher’s exact test was used to calculate the
difference when one or more of the studied cells
were less than 5. Quantitative data were expressed
as mean * SD. P value of >0.05 is non- significant,
while p value < 0.05 is significant, and < 0.001 was
considered highly significant results.

RESULTS
Clinicopathological features of the studied cases
The premalignant lesions group included 20 cases;
15 cases were colorectal adenomas, and 5 cases
were ulcerative colitis. Colorectal adenomas
included 10 cases of tubular adenomas and 5 cases
of tubulo-villous adenomas. Adenomas were
histologically categorized as adenoma with low-
grade dysplasia (5 cases) or high-grade dysplasia
(10 cases).

The clinicopathological features of CRC patients
(n=40) were summarized in (Table 1). The mean
age was 51.7 £ 11.5 (range 28-79 years) while the
age of patients in premalignant group was 50.1 +
11.6 (range 35-79 years). Right colon was the
commonest site of CRC in our study (75%); and the
infiltrating border was noted in 75% of the cases.
The predominant tumor size was 5 cm (67.5%).
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Most of CRC cases (57.5%) were low grade. Most
of the patients (45%) were at stage Ill, while 70%
had adenocarcinoma type (Fig. 1). Lymph node
metastasis (LN) was noted in 62.5% of the patients.

SOX2 and EpCAM immunoexpression in the
studied premalignant group

Normal colonic mucosa and 14 (70%) of
premalignant group revealed a negative SOX2
expression. No significant relation was found
between SOX2 expression and the adenoma type or
grade. Fifteen (75%) cases of premalignant group
showed low EpCAM expression without significant
relation between EpCAM expression and the
grading of adenomas (Fig. 2) & (Table 2).

SOX2 and EpCAM immunoexpression in the
studied CRC cases

The high nuclear SOX2 expression was detected in
(57.5%) of the studied CRC cases (Fig. 3). There
was a significant upregulation of SOX2 expression
with tumor size (p=0.04), high grade (p<0.00),
lymphovascular invasion (LVI) (p=0.02), LN
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metastasis (p= 0.001), advanced tumor stage
(p=0.001), and tumor budding (p=0.001). On the
other hand, there was a non-significant association
of SOX2 expression with the histological type.

Regarding EpCAM, all the cases of CRC were
positive with varying degrees of intensity. Among
CRC, only 9 (22.5%) showed a low expression, 14
(35%) showed moderate expression, and 21(52.5%)
revealed EpCAM expression (Fig. 4). There was a
significant upregulation of EpCAM expression with
the tumor size (p=0.03) high grade (p=0.005), LVI
(p = 0.002), LN metastasis (p<0.001), and advanced
tumor stage (p<0.001), and tumor budding
(p=0.005) (Table S3, 4). However, there was a non-
significant association of EpCAM expression with
the histopathological type. A highly statistically
significant difference was found between CRC and
premalignant group regarding SOX2 and EpCAM
expression p= (<0.001 for each). A significant
association between SOX2 and EpCAM expression
in the studied CRC patients was detected (p<0.001)
(Table S5, 6).
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Figure 1: a) Ulcerative colitis showing partially ulcerated mucosal surface, moderate dysplastic changes in the
intestinal crypts (H&E x 100), b) Tubulovillous adenoma showing low-grade dysplasia (H&E x 400), ¢) Low-

grade adenocarcinoma with mucoid change (H&E x 200).
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Figure 2: a) Tubular adenoma with high grade dysplasia showing low nuclear SOX2 expression (IHC x 400), b)
Tubulo-villous adenoma showing low membranous and EpCAM expression (IHC x 100).
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Figure 3: a) Well differentiated adenocarcinoma showing low SOX2 expression (IHC x 400) b) Well
differentiated adenocarcinoma showing high nuclear SOX2 expression (IHC x 100), c) Signet ring carcinoma
showing high nuclear SOX2 expression (IHC x 400), d) Poor differentiated adenocarcinoma showing low SOX2
expression (IHC x 100), e) Well differentiated adenocarcinoma with the invasive border showing high SOX2
expression in tumor buds (IHC, original magnification x 100).
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Figure 4: a) Moderate differentiated adenocarcinoma with high EpCAM expression (IHC x 400), b) Poor
differentiated adenocarcinoma showing moderate membranous EpCAM expression (IHC x 400), c) High
membranous EpCAM expression in malignant acini infiltrating lymph node (IHC x 100), d) Poor differentiated
adenocarcinoma showing high membranous EpCAM expression with lower expression in the overlying mucosa
(IHC x 100).

Tablel: clinicopathological features of CRC patients (n=40)

Characteristics All patients (n=40)

No %
Age
Mean+ SD 51.7+ 115
Sex
Male 27 67.5
Female 13 32.5
Size
<5cm 13 32.5
>5cm 27 67.5
Site
Right colon 20 75
Left colon 8 20
Rectum 2 5
Histological types
Adenocarcinoma 28 70
Muscinous 7 17.5
Signet ring 5 125
Lymph node metastasis
Present 25 62.5
Absent 15 375
Tumor Grade
Low grade 23 57.5
High grade 17 42.5
Tumor budding
Present 18 45
Absent 22 55
Lymphovascular invasion
Present 17 42.5
Absent 23 57.5
T stage
T1 4 20
T2 8 10
T3 17 42.5
T4 11 27.5
N stage
NO 15 37
N1 18 455
N2 7 17.5
M stage
MO 30 75
M1 10 25
AJCC stage
| 6 15
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Characteristics

All patients (n=40)

No %
I 6 15
Il 18 45
[\ 10 25
Table2: SOX2, EpCAM expression in premalignant groups
SXO2. Expression EpCAM expression
Premalignant lesions
Negative Low | Pvalue | Negative Low | Moderate | Pvalue
No. % | No. % No. % | No% | No. %
Adenoma | 10| 66.7| 5| 33.3 09| 2| 133 (12| 80| 1| 6.7 0.4
(n=15)
Ulcerative colitis 4 80| 1 20 2 40 3| 60| O 0.0
(n=5)
Adenoma type 0.3 0.2
Tubular (n=10) 8 80| 2 20 2 200 8| 80| 0| 0.
Tubulovillous 2 40 | 3 69 0 00| 4| 80| 1 20
(n=5)
Adenoma grade 0.1 0.4
Low(n=5) 5 1001 0| 0.0 0 00| 5{100| 0| 0.0
High (n=10 5 50| 5 50 2 200 7| 70| 1 10

Table3: the association between SOX2, EpCAM expression and clincopathological parameters of
colorectal carcinomas (n=40)

Variable SOX2 expression EpCAM expression
negative Low High P Low.. | Moderate | High.. P

No. No. % | No. % | value No. No. No % | Value

% % %
Tumor Size 0.04 0.03
<5cm (n=13) 1| 77| 8|612| 4|308 41308| 5| 385| 4]3038
>5cm (n=27) 2| 74] 6]222]19|704 1] 37| 9] 333|17 630
Site 0.6 0.8
Right colon (n=30) 2| 6.7]12| 40|16 |533 4| 133| 11| 36.7|15| 50
Left colon (n=8) 1] 125 1|125| 6| 75 1| 125 3| 375| 4| 50
Rectum (n=2) 0| 00| 1| 50| 1| 50 0| 00| O] 00| 2| 100
Histological types 0.07 0.4
Adenocarcinoma 3| 10.7 |13 | 46.4 |12 | 429 41143 | 12| 429 |12 | 429
(n=28) 0 00| 1(143| 6857 11143 1|143| 5|714
Muscinous (n=7) 0| 00| O 00| 5| 100 0| 00| 1 20| 4| 80
Signet ring (n=5)
Lymph node 0.001 <0.001
metastasis 0 00| 5| 20|20| 80 1 41 5 20119 | 76 HS
Present (n=25) 3 200 9| 60| 3| 20 41267 9 60| 2133
Absent (n=15)
Tumor Grade <0.001 0.005
Low grade (n=23) 3 13113 |565| 7|304 HS| 4| 174 | 12| 522 | 7|304
High grade (n=17) 0| 00| 1| 56|16|94.1 1] 59| 2] 143|14)|854
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Variable SOX2 expression EpCAM expression
negative Low High P Low.. | Moderate | High.. P

Tumor budding 0.001 0.005
Present (n=18) 0| 00| 2|111|16|88.9 1| 56| 3| 16714778

Absent (n=23) 3| 136|12|546| 7318 41 181| 11| 500| 7|318
Lymphovascular 0.02 0.002
invasion 0 00| 3176 |14 |824 0| 00| 3| 17614823

Present (n=17) 3 1311|478 | 9] 39.1 5|1217| 11| 478| 7304

Absent (n=23)

Table4: the association between SOX2, EpCAM expression and staging of colorectal carcinomas (n=40)

Variable SOX2 expression EpCAM expression
negative Low High X2 | Pvalue | Low.. | Moderate | High.. X2 | PValue
No. No. % | No. % No. No. No %
% % %
T stage 8.7 0.2 18.9 0.004
T1 1 25| 3| 75| 0] 0.0 3] 75| 1 25| 0| 0.0
(n=4) 0| 00| 2| 25| 6| 75 1(125| 2 25| 5625
T2 1| 59| 7| 41| 9| 52 1] 59| 8| 471| 8|471
(n=8) 1| 91| 2|182| 8| 727 0| 00| 3| 273| 8| 727
T3
(n=17)
T4
(n=11)
N stage 152 | 0.001 152 | 0.001
NO 3 200 9| 60| 3| 20 41267 9 60| 2| 133
(n=15) (0| 00| 5| 20|20| 80 1 4| 5 201 19| 76
N1+N2
(n=25)
M stage 9.86 | 0.007 12.5| 0.001
MO 3 10 | 14 | 46.7 | 13 | 43.3 5(16.7| 14| 46.7 | 11 | 36.6
(n=30) (0| 00| O] 0.0]10| 100 0| 00| 0| 0.0]10]| 100
M1
(n=10)
AJCC 28.2 | <0.001 38.4 | <0.001
stage 1116.7| 5(833| 0| 0.0 41667 2| 333| 0| 0.0
I (n=6) | 2| 333| 4|66.7| 0| 0.0 0| 00| 6| 100 O] 0.0
Il (n=6) | 0| 00| 5|278|13|722 1] 56| 6| 333|11|611
i 0| 00| O 00|10 100 0| 00| 0| 0.0]10]| 100
(n=18)
v
(n=10)
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Table 5: comparisons between control, premalignant and malignant groups in SOX2 immunoexpression:

Study groups SOX2 expression X2 | Pvalue
Negative Low High
No. % | No % | No %
Control group (n=20) 20| 100 0| 00| 0| 0.0| 34.6 | <0.001
Premalignant groups (n=20) 14| 700| 6[300| 0| 0.0
Malignant groups (n=40) 3| 73|14]350|23|575

Table 6: comparisons between control, premalignant and malignant groups in EpCAM immunoexpression:

EpCAM Control group | Premalignant group | Malignant group | X2 | P value
Expression (n=20) (n=20) (n=40)
No. % No. % No. %
Negative 8 40.0 4 20.0 0 0.0 | 42.9 | <0.001
Low 12 60.0 15 75.0 5 12.5
Moderate 0 0.0 1 5.0 14 35.0
High 0 0.0 0 0.0 21 52.5
DISCUSSION differentiation, lymph metastasis as well as

Colorectal cancer (CRC) is among the commonest
reasons of morbidity and mortality representing a
major public health challenge [1]. Growing
evidence indicates that cancer-related lethality is
principally caused by therapy-resistant CSCs [3].
SOX2 and EpCAM have been identified to drive
CSCs properties and contribute to tumor
aggressiveness. They were recognized as a potential
target for cancer therapy [4,5]. Lin et al., reported
that EpCAM downregulation suppressed tumor
initiation and progression of cancer colon by
inhibition of SOX2 expression [8]. Previous studies
have reported considerably SOX2 upregulation in
cancer cells as compared to normal tissue [11,12].
In the current study, a highly statistically significant
increase in SOX2 expression in CRC is noted when
compared to normal colonic mucosa or
premalignant group. High SOX2 expression was
found in (57.5%) of CRC cases and none of the
premalignant cases showed high SOX2.

SOX2 induced cancer stemness in CRC cells and
control many receptors mediating signaling
pathways that participate in CRC progress such as
epidermal growth factor receptor, which is one of
the most important therapeutic targets of CRCs
[12].

In our CRC cases high SOX2 expression showed no
significant relationship with histological subtypes,
age, site, and sex as previously reported [13].
However, we noticed a positive association between
SOX2 expression with larger tumor size, poor
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advanced stage of CRC in agreement with previous
studies [6,11,13]; contrarily to what has been
described previously [12,14,15]. This discrepancy
can be explained by different scoring methods and
diverse geographic distribution. Our results confirm
the crucial role of SOX2 in stemness and malignant
progression in CRC [11]. SOX2 enhances and
facilitates the dissemination process via EMT in
CRC [11]. In our study, a significant relation has
been noted between high SOX2 expression and
distant metastasis. Similar results were published by
Javaeed and Ghauri who conducted a meta-analysis
that compared the association of SOX2 expression
with LN metastasis and distant metastasis and
reported a significant relation between high SOX2
expression and distant metastasis in hepatic (P =
0.006), head and neck (P < 0.001), and CRC
cancers (P = 0.03) [14].

Prognostic value of EpCAM expression varies
depending on the tumor entity. Previously, high
expression of EpCAM was associated with better
prognosis in many tumors as esophageal, renal, and
gastric cancers. In contrast, EpCAM high
expression was associated with poor prognosis in
breast, and bladder cancer [16]. Multiple cellular
functions of EpCAM might differently affect single
cells within tumors. The discrepancy of the
prognostic value of EpCAM expression remains
poorly  understood and requires  further
investigations [16]. In the present study, high
EpCAM expression is associated with poor
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prognostic factors in CRC which is in agree with
Seeber et al study [17]. However, high EpCAM
expression was associated with better prognosis in
CRC in other investigations [18,19]. The
association of EpCAM with different clinical
outcome is complex and may vary depending on the
origin of the tumor or even the stage of tumor
progression [16]. In the current study, a significant
increase of EpCAM expression in CRC is noted
when compared to normal colonic mucosa or
premalignant lesions, in agreement with Zhou et al.,
who reported that EpCAM was highly expressed in
tumor tissue (92%) but was poorly or not expressed
in benign lesions (6%) or para-carcinoma tissue
(10%) [20]. This confirm that EpCAM expression is
associated with the carcinogenesis of CRC.
However, our results were against what was
published by Mokhtari et al. 2017 who reported that
EpCAM expression in the tumoral tissue was
significantly less than that in the normal tissue [21].
No correlation in EpCAM expression was found
between CRC and benign colonic lesions in Han et
al study [19]. There was no significant association
between EpCAM expression and either age or sex
of the submitted cases in our study. In agreement
with Seeber et al. who found non-significant
association between EpCAM expression either with
age or sex of their CRC cases [17]. Kim et al. found
no significant association existed between EpCAM
expression and histologic subtypes of CRC which is
in line with our results [22].

EpCAM expression stimulates cell differentiation
and cell proliferation via up-regulation of the proto-
oncogene c-myc, which causes carcinogenic effects
(19). Consistently, we noted a positive association
between EpCAM expression and larger tumor size,
tumor grade and LN metastasis in harmony with the
previous studies [17, 23]. Moreover, these results
came in line with Abd Elmagsoud et al. who found
a significant relation between high EpCAM
expression and tumor grade in breast cancer [24],
but against to that reported by Hong et al. who
found negative EpCAM staining in poorly
differentiated carcinomas [25] and this difference
may be related to different grades of tumor used in
their study. The current study showed a statistically
significant  relation between high EpCAM
expression and tumor budding. In agreement with
our results, De Smedt et al. noticed a significant
relation between high EpCAM expression and
tumor budding in cancer colon [26], contrary to
Hong et al. who found that the frequency of
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EpCAM expression was significantly decreased in
the tumor budding and in poorly differentiated
clusters [25]. Han et al explained the correlation
between high EpCAM expression and tumor
budding by the role of EpCAM in epithelial
mesenchymal transition where it is thought to
facilitate the dissemination process. Strong
expression of EpCAM promotes EMT and a cancer
stem cell phenotype with increased migration and
invasion, via activation of AKT, mTOR, p70S6K
and 4EBP1 [19]. Our study revealed a statistically
significant relation between EpCAM expression and

LVI in agreement with Kim et al. [22] and against
results of Wang et al. who found a significant
association between loss of EpCAM expression and
LVI [27].

The AJCC staging system considered an
independent prognostic factor in CRC. The current
study showed that there was a significant relation
between EpCAM expression and tumor stages in
CRC cases, like previous findings [17]. In colon
cancer cell lines, EpCAM enhanced the
transcription of reprogramming factor genes as c-
Myec, Oct3/4, SOX2, and Nanog, besides the EMT
regulators Snail and Slug through EpICD signaling
[17]. A positive relation was found between SOX2
and EpCAM expression in our studied CRC that
assumed that both EpCAM and SOX2 drive the
malignant progression in CRC.

CONCLUSIONS
This study emphasized the role of SOX2 and
EpCAM in colorectal carcinogenesis and their
implication in CRC progression, LN metastasis and
distant metastasis. Targeted therapy of SOX2 and
EpCAM can open new channel for treating CRC.

Conflict(s) of interest: None
Financial Disclosures: None

REFERENCES

1. Ferlizza E, Solmi L, Sgarzi M, Sgarzi L,
Ricciardiello and M. Lauriola. The Roadmap
of Colorectal Cancer Screening. Cancers
(Basel). 2021;13(5):1101
https://doi.org/10.3390/cancers13051101

2. Bader El Din NG, Ibrahim MK, Farouk S,
Zayed N, et al. MicroRNAs expression
profiling in Egyptian colorectal cancer patients.
IUBMB Life. 2020; 72(2): 275-284. doi:
10.1002/iub.2164.

531 | Page


https://doi.org/10.21608/zumj.2022.145296.2587
https://doi.org/10.3390/cancers13051101

https://doi.org/10.21608/zum;j.2022.145296.2587

3.

10.

11.

Lopez de Andreés J, Grifidn-Lison C, Jiménez
G, Marchal JA. Cancer stem cell secretome in
the tumor microenvironment: a key point for an
effective personalized cancer treatment. J
Hematol Oncol. 2020 Oct 15;13(1):136. doi:
10.1186/s13045-020-00966-3. PMID:
33059744; PMCID: PMC7559894.

Novak D, Huser L, Elton JJ, Umansky V,
Altevogt P and Utikal J. SOX2 in
development and cancer biology. Semin Cancer
Biol. 2020;67(Pt 1): 74-82.
https://doi.org/10.1016/j.semcancer.2019.08.00
7

Mohtar MA, Syafruddin SE, Nasir SN, Low
TY. Revisiting the Roles of Pro-Metastatic
EpCAM in Cancer. Biomolecules. 2020 Feb
7;10(2):255.  doi:  10.3390/biom10020255.
PMID: 32046162; PMCID: PMC7072682.

Abd EI-Magsoud NM, Abd EI-Rehim DM.
Clinicopathologic implications of EpCAM and
SOX2 expression in breast cancer. Clin Breast
Cancer. 2014  Feb;14(1): el-9. doi:
10.1016/j.clbc.2013.09.006. Epub 2013 Sep 27.
PMID: 24201161.

Zheng J, Xu L, Pan Y, Yu S, Wang H,
Kennedy D, et al. SOX2 modulates motility
and enhances progression of colorectal cancer
via the Rho-ROCK signaling pathway.
Oncotarget. 2017 Oct 10;8(58):98635-98645.
doi: 10.18632/oncotarget.21709. PMID:
29228716; PMCID: PMC5716756.

Lin CW, Liao MY, Lin WW, Wang YP, Lu
TY, Wu HC.Epithelial cell adhesion molecule
regulates tumor initiation and tumorigenesis via
activating reprogramming factors and epithelial-
mesenchymal transition gene expression in
colon cancer.J Biol Chem. 2012; 287: 39449-
39459

Chiu YF, Wu CC, Kuo MH, Miao CC, Zheng
MY, Chen PY, et al. Critical role of SOX2-
IGF2 signaling in aggressiveness of bladder
cancer. Sci  Rep. 2020;10(1):  8261.
https://doi.org/10.1038/s41598-020-65006-z
Pop MG, Bartos DM, Fit AM, Vesa SC, et al.
Detection of epithelial specific cell adhesion
molecules in colon cancer and the correlation
with clinical and pathological characteristics
EpCAM expression in colon cancer. Ann ltal
Chir. 2019; 90:318-323. PMID: 31657353.
Chen J, Chen S, Zhuo L, Zhu Y, Zheng H.
Regulation of cancer stem cell properties,
angiogenesis, and vasculogenic mimicry by
miR-450a-5p/SOX2  axis in  colorectal

Abdelrahman, A,E &Abdullatif, A

12.

13.

14.

15.

16.

17.

18.

19.

20.

Volume 30, Issue 2, March 2024

cancer. Cell  Death  Dis. 2020;  11:173.
doi: 10.1038/s41419-020-2361-z.

Talebi A, Kianersi k and Beiraghdar M.
Comparison of gene expression of SOX2 and
OCT4 in normal tissue, polyps, and colon
adenocarcinoma using immunohistochemical
staining. Adv Biomed Res. 2015;4. 234.
DOI:10.4103/2277-9175.167958

Lundberg 1V, Lofgren Burstrom A, Edin S,
et al. SOX2 Expression Is Regulated by BRAF
and Contributes to Poor Patient Prognosis in
Colorectal Cancer. PLoS ONE. 2014;9(7):
e101957.
https://doi.org/10.1371/journal.pone.0101957
Javaeed A and Ghauri SK. Metastatic
potential and prognostic significance of SOX2:
A meta-analysis.World J Clin  Oncol.
2019;10(6): 234-246. DOI:
10.5306/wjco.v10.i6.234

Ribeirinho-Soares S, Padua D, Amaral AL,
Valentini E, et al. Prognostic significance of
MUC2, CDX2 and SOX2 in stage Il colorectal
cancer patients. BMC Cancer 21. 2021; (1):
359.

Gires O, Pan M, Schinke H, Canis M,
Baeuerle PA. Expression, and function of
epithelial cell adhesion molecule EpCAM:
where are we after 40 years? Cancer Metastasis
Rev. 2020 Sep;39(3):969-987. doi:
10.1007/s10555-020-09898-3. PMID:
32507912; PMCID: PMC7497325.

Seeber A, Untergasser G, Spizzo G,
Terracciano L, et al. Predominant expression
of truncated EpCAM s associated with a more
aggressive phenotype and predicts poor overall
survival in colorectal cancer. International
Journal  of  Cancer. 2016;139(3):657—663.
doi: 10.1002/ijc.30099.

Went P, Vasei, M, Bubendorf, L,
Terracciano L, et al. Frequent high-level
expression of the immunotherapeutic target Ep-
CAM in colon, stomach, prostate, and lung
cancers. British Journal of Cancer, 2006; 94(1),
128-135

Han S, Zong S, Shi Q, Li H, Liu S, Yang W,
et al. Is Ep-CAM Expression a Diagnostic and
Prognostic Biomarker for Colorectal Cancer? A
Systematic Meta-Analysis. EBioMedicine. 2017
Jun;20:61-69. doi:
10.1016/j.ebiom.2017.05.025. Epub 2017 May
24. PMID: 28558958; PMCID: PMC5478257.
Zhou FQ, Qi YM, Xu H, Wang QY, Gao XS
and Guo HG. Expression of EpCAM and Wnt/

532 | Page


https://doi.org/10.21608/zumj.2022.145296.2587
https://doi.org/10.1016/j.semcancer.2019.08.007
https://doi.org/10.1016/j.semcancer.2019.08.007
https://doi.org/10.1038/s41598-020-65006-z
https://doi.org/10.1371/journal.pone.0101957

https://doi.org/10.21608/zum;j.2022.145296.2587

21.

22.

23.

24,

beta-catenin in human colon cancer.” Genet
Mol Res. 2015;14(2): 4485-4494. DOIL:
10.4238/2015.May.4.6.

Mokhtari M and Zakerzade Z. EPCAM
Expression in Colon Adenocarcinoma and its
Relationship with TNM Staging. Adv Biomed
Res. 2017; 6:56. DOIl: 10.4103/2277-
9175.205529

Kim JH, Bae JM, Song YS, Cho NY, Lee HS,
Kang GH. Clinicopathologic, molecular, and
prognostic implications of the loss of EPCAM
expression in colorectal
carcinoma. Oncotarget. 2016; 7:13372-13387.
DOI: 10.18632/oncotarget.5618

Lugli A, lezzi G, Hostettler I, Muraro MG,
Mele V, et al. Prognostic impact of the
expression of putative cancer stem cell markers
CD133, CD166, CD44s, EpCAM, and ALDH1
in colorectal cancer. Br J Cancer. 2010;103(3):
382-390. DOI:10.1038/sj.bjc.6605762

Abd El-Magsoud NM, Abd EI-Rehim DM.
Clinicopathologic implications of EpCAM and
SOX2 expression in breast cancer. Clin Breast

To cite:
Abdelrahman, A. E., Abdullatif, A. Immunohistochemical Expression of SOX2 and EpCAM in
Colorectal Cancer and its Precancerous lesions. Zagazig University Medical Journal, 2024; (522-533): -.
doi: 10.21608/zumj.2022.145296.2587

Abdelrahman, A,E &Abdullatif, A

25.

26.

217.

Volume 30, Issue 2, March 2024

Cancer. 2014 Feb;14(1):e1-9.
http://dx.doi.org/10.1016/j.clbc.2013.09.006
Hong M, Kim JW, Shin MK and Kim BC.
Poorly Differentiated Clusters in Colorectal
Adenocarcinomas Share Biological Similarities
with Micropapillary Patterns as well as Tumor
Buds. J Korean Med Sci. 2017;32(10): 1595-
1602.
https://doi.org/10.3346/jkms.2017.32.10.1595
De Smedt L, Palmans S and Sagaert X.
Tumour budding in colorectal cancer: what do
we know and what can we do? Virchows Arch.
2016; 468(4): 397-408. DOI 10.1007/s00428-
015-1886-5.

Wang A, Ramjeesingh R, Chen CH, Hurlbut
D, et al. Reduction in membranous
immunohistochemical ~ staining  for  the
intracellular domain of epithelial cell adhesion
molecule correlates with poor patient outcome
in primary colorectal adenocarcinoma.Curr
Oncol. 2016;23(3):e171-178.
doi:10.1371/journal.pone.0099594

533 |Page


https://doi.org/10.21608/zumj.2022.145296.2587
https://dx.doi.org/10.18632%2Foncotarget.5618

