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ABSTRACT
The extracellular matrix (ECM) disruption and cytoskeleton reorganization are crucial events 
in tumor proliferation and invasion. E-Cadherin (E-CAD) is a member of cell adhesion mole
cules involved in cell-cell junctions and ECM stability. The loss of E-CAD expression is 
associated with cancer progression and metastasis. This retrospective study aimed to assess 
E-CAD protein expression in ovarian cancer (OC) tissues and to evaluate its prognostic value. 
Patients and Methods: 143 formalin-fixed and paraffin-embedded (FFPE) blocks of primary 
advanced stages OC were retrieved and used to construct Tissue microarrays. Automated 
immunohistochemistry technique was performed to evaluate E-CAD protein expression pat
terns in OC. Results: E-CAD protein expression was significantly correlated with OC histologi
cal subtype (p < 0.0001), while borderline significant correlations were observed with both 
tumor grade (p = 0.06) and stage (p = 0.07). Interestingly, Kaplan-Meier survival analysis 
showed that OC patients with membranous E-CAD expression survived longer than those 
with no E-CAD expression mainly those at advanced stages (p < 0.009). Further in silico 
analysis confirms the key roles of E-CAD in OC molecular functions. Conclusion: we reported 
a prognosis value of membranous E-CAD in advanced stage OC patients. Further validation 
using larger cohorts is recommended to extract clinically relevant outcomes towards better 
OC management and individualized oncology.
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1. Introduction

Ovarian cancer (OC) is a highly aggressive gynaeco
logical malignancy causing significant global mortal
ity among female patients. It is the fifth leading 
cause of cancer-related deaths among women glob
ally. It was estimated that in 2018 about 295,414 
new cases of OC were diagnosed worldwide result
ing in 184,799 deaths [1]. In Saudi Arabia, the inci
dence of OC is about 3.5% of total cancer incidence 
among Saudis [2]. Remarkably, the incidence of OC 
has been progressively increasing over the past dec
ade in almost all countries. Overall, OC constitutes 
2.5% of all female malignancies and 5% of total 
female cancer deaths worldwide. The low survival 
rate of OC patients has been mainly attributed to 
the late-stage diagnosis and a unique metastatic 
pattern suggested for this disease [3]. Mostly, the 
process is clinically silent leading to late-stage diag
nosis of an advanced and more aggressive tumor. As 
most cancer, OC is an heterogenous disease (the 

epithelial ovarian cancer (EOC) is the most common 
ovarian malignancy) with several histologic subtypes 
and molecular signatures. Moreover, individuals with 
a family history of breast cancer or OC are at higher 
risk for OC [4]. Several genomic predispositions, 
environmental factors and lifestyle choices were 
investigated as potential initiators of OC [5–8]. 
Despite the improvement in five-year survival rate 
in the past 10 years, the prognosis is still poor with 
an estimated overall five-year survival of 47% and 
only 29% for the advanced stages [9]. This is due to 
several contributing factors including non-specific 
symptoms, lack of reliable biomarkers, late-stage 
diagnosis, drug resistance and recurrence. However, 
the average survival time in women with stage IV 
disease is a dismal 3 years. The prognosis of OC 
patients is highly improved if the diagnosis is 
made at early stages (stage I) with 5-year survival 
reaching as high as 90%. Unfortunately, OC survival 
outcomes remain below 30% for advanced stages
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(III–IV) [10]. Therefore, novel, more sensitive, specific 
and highly selective markers are urgently needed for 
OC prevention, early diagnosis and management. 
Currently, the majority of OC patients have already 
advanced OC at first clinical presentation. Thus, in 
addition to early detection of OC, prognostic bio
markers associated with disease progression and 
dissemination are critical for designing effective 
treatment modalities and management for patients 
with metastatic disease.

The routine clinical practice relies on the serum OC 
biomarker cancer antigen 125 (CA125) for OC diagno
sis and monitoring of disease progression, response to 
chemotherapy and relapse of the disease. However, 
the overall sensitivity of CA125 is variable. For exam
ple, 90% of OC patients with advanced-stage display 
elevated levels of CA125 whereas only 50% of stage 
I patients are positive for CA125 [11]. Considering the 
inconsistent results of CA125 in predicting treatment 
outcomes and for determining OC risk in asympto
matic populations [12,13], additional and more sensi
tive molecular biomarkers are required. In this 
context, E-Cadherin (E-CAD), a calcium-dependent 
tumor suppressor transmembrane glycoprotein 
(120kDa), has been suggested as a potential prog
nosis biomarker for several cancers [14]. It plays an 
important role in the progression and dissemination 
of various types of epithelium-derived carcinomas 
[15]. E-CAD (Molecular Weight:120 kDa) is encoded 
by Cadherin-1 (CDH1) gene located on human chro
mosome 16q22.1 consisting of 16 exons intervened 
by 15 introns. It is chiefly located at the cell mem
brane of epithelial cells. The extracellular domain of 
CDH1 is crucial for cellular adhesion [14], however its 
intracellular domain binds with the cytoskeleton 
through β-catenin to induce an array of intracellular 
signaling cascades [14,16]. E-CAD has been reported 
to be severely downregulated in advanced malignan
cies and loss of its function is suggested to promote 
epithelial to mesenchymal transition (EMT) and there
fore metastasis [17]. The metastatic peritoneal disse
mination of OC involves mainly a reduction in cell-cell 
adhesion in the growing tumor. The cell-cell adhe
sions and integrity of cell junctions are mediated by 
E-CAD. Reduced levels of E-CAD allow cells to engage 
in the EMT, detach from the primary tumor and 
migrate to distant locations. Therefore, altered E-CAD 
expression is considered as an important contributory 
factor in cell invasion and migration [18]. In this con
text, this study aimed to assess E-CAD protein expres
sion patterns as potential molecular biomarker and 
OC prognosticator in Saudi OC patients. This could 
facilitate improved assessment of patient prognosis, 
enhance current management approaches and thus 
result in increased overall survival. Therefore, correla
tions between E-CAD expression patterns with Saudi 

OC patients’ clinicopathological features and its prog
nosis value were investigated and discussed on the 
light of its reported molecular and cellular functions.

2. Patients and methods

Clinicopathological features and follow up data. The 
study cohort is composed of 143 formalin-fixed and 
paraffin-embedded (FFPE) tissue samples of primary 
OC of advanced stages consent patients. FFPE blocks 
were retrieved from the archives of the Department of 
Pathology, King Abdulaziz University. Patients were 
diagnosed and treated mainly at the Departments of 
Pathology, and Obstetrics and Gynecology, King 
Abdulaziz University Hospital (KAUH), between 1999 
and 2014. Only specimens containing more than 80% 
of tumor cells were used for analysis. The histopatho
logical features of the carcinoma specimens were 
classified according to the tumor, node, metastasis 
(TNM) classification system. The clinical and patholo
gical data of the patients were collected from the 
patients’ medical KAUH records. All patients were 
followed up until death or when last seen alive at 
their clinical visit (month, year) with the median fol
low-up time of months (range: 1–484 month, mean: 
62 months). Ethical approval was obtained from the 
Biomedical Research Ethics Committee at KAUH (Ref. 
number: KAU-189-14). The main clinicopathological 
data of the patients are shown in Table 1.

Tissue Microarray. Using tissue microarray techni
que (TMA), approximately 245 FFPE blocks of ovarian 
cancer were successfully transferred to construct TMA 
slides for evaluating the expression pattern of E-CAD 
protein expression as previously described [19]. Out of 
245, 143 samples were from patients at advanced OC 
stages (III, IV). Our TMA slides and protocols were 
previously validated using both IHC for protein profil
ing and BDISH for copy number variations in color
ectal and bladder cancers [20,21]. It is a reliable and 
cost-effective technique for biomarkers discovery and 
validation in solid tumors.

Immunohistochemistry (IHC). Expression of E-CAD 
protein was detected using an automated IHC 
Ventana staining system and concentrated E-CAD 
mouse monoclonal antibody (M3612, Dako) was 
used. The detailed protocol of the IHC procedure 
was performed as described elsewhere [21,22].

Evaluation of E-CAD protein expression patterns. 
E-CAD staining was blindly evaluated using 
a regular light microscope at the magnification of 
x40 by two independent certified pathologists to 
prevent bias. Membranous and cytoplasmic staining 
were evaluated separately. Expression was categor
ized into 4 levels: no expression (0), weak (1+), mod
erate (2+) and strong (3+). The evaluators of E-CAD 
expression patterns were blinded to the clinical
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follow-up data. However, the expression patterns 
profile of E-CAD was scored using the Index Score 
method, an objective and validated method designed 
by Lipponen and Collan [23,24]. The reproducibility of 
the evaluation of E-CAD staining indices was tested 
by employing intra-observer reproducibility. The best 
cut off discriminator for E-CAD expression patterns 
was No expression (0) versus E-CAD positive expres
sion (1+, 2+, 3+).

Statistical analysis. Statistical analyses have been 
performed by the SPSS® (IMB NY, USA) software 
packages (PASW Statistics for Windows, model 19). 
Frequency tables have been analyzed by using the 
Chi-Square test, with likelihood ratio (LR) or Fischer’s 
exact test to evaluate the importance of the correla
tion between the different variables. The disease- 
specific survival (DSS) and disease-free survival 
(DFS) were calculated as the time from diagnosis to 
death (due to disease) or to the date of last seen 
alive, and time from diagnosis to the appearance of 
recurrent disease or date of last seen disease-free, 
respectively. In calculating DSS, patients died of 
other or unknown causes were censored. The uni
variate analysis of both DFS and DSS outcomes were 
calculated based on Kaplan-Meier survival analysis 
method, with long-rank (Mantel-Cox) comparison 

test. In all tests, the value (p < 0.05) was considered 
as the statistically significant cut off point.

3. Results

Expression Patterns of E-CAD protein profiling in 
advanced stage ovarian cancer tissues. Our results 
showed that the cellular localization of E-CAD expres
sion was both membranous and cytoplasmic. The 
expression patterns are illustrated in Figure 1. Most 
patients’ samples (73%) showed E-CAD membranous 
E-CAD expression, while no expression was observed 
in 27% of the cohort.

Correlation of E-CAD protein expression patterns with 
clinicopathological. The correlation of E-CAD protein 
expression in advanced stage OC tissues with the 
patients’ clinicopathological characteristics by using 
different cut-offs showed that no E-CAD expression 
(0) versus varying expression cut-off (No expression 
(0) versus positive expression (1+, 2+, 3+).) was the 
most powerful discriminator. For histological sub
types, 56% of OC serous subtype showed significantly 
higher E-CAD expression whereas 44% showed low 
expression. Similarly, 87% of OC mucinous subtypes 
displayed higher expression of E-CAD (p < 0.0001). 
Borderline significant correlations between E-CAD 
expression and both tumor grade (p = 0.06) and 
stage (p = 0.07) as well as parity (p = 0.07) were 
observed. In fact, 100% of the intermediate grade 
showed positive E-CAD expression compared to the 
high grade where the E-CAD expression was observed 
in just 73% of them. Interestingly, the E-CAD expres
sion intensity decreased with advanced stages to 
reach a level where no overexpression pattern (3+) 
was observed at stage IV.

The other clinicopathological features did not show 
significant correlations with E-CAD expression profiles 
including parity (0.07), age (p = 0.5), tumor size 
(p = 0.4), body mass index (BMI) (p = 0.6) and lymph 
node status (p = 0.8) (Table 1).

Correlations of E-CAD protein expression with survi
val outcomes. Kaplan-Meier Survival analysis per
formed on the whole patients’ cohort showed that 
OC patients with higher membranous E-CAD expres
sion showed a trend of longer survivals than those 
with no E-CAD expression (Figure 2A and B). For 
example, at 3 years follow up time, approximately 
80% of OC patients with higher E-CAD expression 
were alive compared to 40% death rate for the OC 
patients of all stages with no E-CAD expression 
(Figure 2B, p = 0.1, log-rank).

Interestingly, the assessment of DSS by stratifying 
the patients according to their stage status, using the 
(no expression vs. positive expression) cut-off point 
and following the patient more than 10 years showed 
a significant prognostic power. In that, patients with 
advanced stage OC tissues that expressed E-CAD lived 

Table 1. Correlations between membraneous E-CAD expres
sion at advanced stages (III, IV) and OC clinical pathological 
features using the cut-off point (no expression (0) vs (positive 
expression (1+,2+,3+)).

Clinico-pathological Features Number Of samples Significance

Age Number (%) p-value
‹ 50 64 (56%) 0.518
› 50 51 (44%)
Lymph Node status
Positive 19 (32%) 0.844
Negative 41 (68%)
Histological subtypes
Serous 52 (47%) 0.0001
Mucinous 23 (21%)
Other types 36 (32%)
Tumor Size
1–5 cm 21 (19%) 0.441
6–10 cm 33 (29%)
>10 cm 59 (52%)
Tumor Grade
Grade 1 14 (14%) 0.060
Grade 2 16 (17%)
Grade 3 67 (69%)
Parity
Parous 51 (60%) 0.077
Nulliparous 34 (40%)
Body mass index (BMI)
< 23 7 (8%) 0.623
23–26 23 (27%)
>26 55 (65%)
Recurrence
Negative 46 (53%) 0.665
positive 40 (47%)
Tumor Stage
Low Stage 37 (36%) 0.069
High Stage 66 (64%)
Endpoint Status
Deceased 34 (35%) 0.394
Living 63 (65%)
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longer (Figure 3B). Interestingly, after 10 years of fol
low up time, about 55% of OC patients who had 
advanced-stage tumors with E-CAD expression were 
still alive compared to only 15% of advanced cancer 
patients with no E-CAD expression (p < 0.009, log- 
rank) (Figure 3B).

On the other hand, for the DFS, Kaplan-Meier 
Survival analysis did not reveal any significant correla
tions between E-CAD expression and survival out
comes either for the whole cohort (p = 0.1, 
Figure 2A) or on patients with advanced-stages OC 

(p = 0.2) (Figure 3A). However, a clear trend of less 
recurrence is observed in patients with E-CAD expres
sion compared to those with no E-CAD expression 
(Figure 2A, Figure 3A)

4. Discussion

The development of precision high-throughput tech
nologies and big data have enabled us to signifi
cantly advance our understanding of cancer biology 
through dissecting the disease progression and 

Figure 1. Different membranous E-Cadherin expression patterns: (A) no (0) expression pattern of E-cadherin protein, (B) weak 
(1+) membranous expression pattern, (C) moderate (2+) membranous expression pattern, (D) strong (3+) membranous 
expression pattern of E-cadherin protein. Cytoplasmic E-cadherin expression pattern was also noticed. Magnification X40.

Figure 2. E-Cadherin membraneous protein expression pattern status in the whole OC cohort using the cut-off (No expression 
(0) vs Positive expression (1 + 2+,3+)) as a determinant of (A): disease-free survival (DFS) (p = 0.1, log-rank), and (B): disease- 
specific survival (DSS) (p = 0.1, log-rank) in univariate (Kaplan-Meier) analysis.
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dissemination at genomics, transcriptomics, proteo
mics and/or metabolomics levels. However, cancer- 
related deaths remain a major concern worldwide. 
Moreover, the cost of these high-throughput tech
nologies, mainly genomic profiling, has become 
exceptionally time and cost-effective for clinical 
application. Therefore, OMICs-based prognostic 
approaches have also been used for biomarkers dis
covery to strengthen existing screening approaches 
to enhance prognostic power of cancer patients’ out
comes [25,26]. In fact, the major challenges in cancer 
management include early diagnosis, prognosis, pre
diction, development of resistance to anticancer 
therapeutics and disease recurrence. This study 
focuses on ovarian cancer which is still the deadly 
women cancer worldwide. The reasons for these OC 
high mortality rates are mainly advanced stage at 
diagnosis and frequent recurrence following surgical 
resection and adjuvant therapy [27]. However, the 
major challenge for clinicians is how to accurately 
discriminate the OC patients that are most likely to 
obtain considerable survival advantage. Some bio
markers such as CA125, HE4 and ROMA have been 
utilized to predict treatment outcomes, recurrence 
and survival. However, these biomarkers are still lack
ing sensitivity and specificity; and challenged parti
cularly by the heterogeneous nature of OC tumors. 
Therefore, it is currently well recognized that there is 
a need for more accurate molecular stratification of 
OC patients to offer them the best conventional and 
molecular therapeutic strategies. Such molecular 
stratification of OC relies on the effective identifica
tion of more sensitive and selective biomarkers. In 
this context, E-CAD has been reported to be 

associated with the progression and metastasis of 
a variety of cancer types including OC [15,28,29]. So 
far, the clinical and prognostic relevance of E-CAD in 
OC remains not well-investigated worldwide, espe
cially in Saudi Arabia. Based on this fact, this study 
was performed to investigate the E-CAD expression 
patterns in OC and assess its prognostic value in 
Saudi patients.

In our study cohort of 245 OC patients, membra
nous E-CAD protein expression was detected in the 
majority of patients (73%) which is in line with pre
viously reported studies [30]. In our association analy
sis, E-CAD expression correlated well with histologic 
subtypes since most serous and mucinous subtypes 
showed higher E-CAD expression compared to other 
histologic subtypes. In fact, E-CAD expression was 
found to be a good diagnostic marker to distinguish 
between serous tumors and mucinous tumors from 
other histologic tumors. This observation is in agree
ment with recently published studies [14,31]. 
However, higher stage tumors demonstrated 
a diminishing trend in E-CAD expression level. These 
findings suggest that E-CAD plays an important role in 
the suppression of tumor progression through main
taining cell-cell adherence [14,32]; and the decrease of 
E-CAD expression seems to favour tumor dissemina
tion [33].

On the other side, our results did not show any 
significant relationship between E-CAD expression 
and other clinicopathological features including 
patient age, tumor size, grade, body mass index and 
lymph node status (p > 0.05). Our results are in line 
with previously published studies that reported simi
lar observations [33,34].

Figure 3. E-Cadherin membraneous protein expression pattern status in advanced stages OC cohort using the cut-off (No 
expression (0) vs Positive expression (1 + 2+,3+)) as a determinant of (A): disease-free survival (DFS) (p = 0.2, log-rank), and (B): 
disease-specific survival (DSS) (p = 0.009, log-rank) in univariate (Kaplan-Meier) analysis.
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While OC risk has been reported to increase with 
age and therefore higher in older women, our results 
showed an interesting aspect where 56% of our 
patients’ cohort were below 50 years (Table 1). This 
early onset of OC in the Saudi population is still 
unexplained phenomenon compared to western 
countries and could be associated with genomic 
roots, environmental factors and/or lifestyles choices. 
For instance, in the UK, according to Cancer Research 
UK, 53% of OC cases were diagnosed at 65 and over. 
These findings highlight the need for additional stu
dies to demystify the early onset problem of OC in the 
Arabic peninsula. Additionally, 64% of our cohort 
were diagnosed at advanced stages (III, IV). This late 
diagnosis of OC is the main reason for the high mor
tality rates of this disease worldwide. In fact and given 
its asymptomatic aspect, OC is also called the “silent 
killer’ with about 75% of OC patients are diagnosed at 
advanced stages [35,36]. This is mainly due to its 
anatomical position in the pelvic cavity where OC 
symptoms are often confused with urogenital and 
gastrointestinal tracts’ pain/discomfort [36–40].

In Kaplan-Meier Survival analysis, disease-free sur
vival (DFS) analysis did not reveal any significant cor
relation between E-CAD expression and survival 
outcomes either for the whole cohort or advanced- 
stage cases. However, disease-specific survival (DSS) 
showed a general trend where OC patients with 
higher E-CAD expression survived longer compared 
to those with negative E-CAD expression (Figure 3). 
These findings support that E-CAD expression in OC is 
a good general prognosticator in our patients’ cohort, 
and seems to be involved in critical molecular events 
that prevent OC aggressive metastatic progression as 
suggested elsewhere [14]. After that, we refined the 
analysis by focusing mainly on the advanced-stage OC 
patients since they are the most vulnerable fraction of 
the cohort. Strikingly, E-CAD protein expression was 
a highly significant prognosticator of OC patients at 
the advanced-stages (III, IV) (p < 0.009, log-rank) 
(Figure 3). In fact, for more than 10 years of follow- 
up, about 40% of OC patients with both advanced- 
stage tumors and E-CAD protein overexpression were 
alive while all those with no E-CAD died. Our findings 
are concomitant with previous studies showing that 
E-CAD protein overexpression helps in maintaining 
tissue integrity and normal morphogenesis. 
However, its down-expression lead to severe pertur
bations in cytoskeleton structure and tissue architec
ture during tumor dissemination [33]. In line with our 
findings, negative E-CAD expression has been 
reported to be associated with loss of cell-cell adhe
sion, and therefore increase of both epithelial OC cell 
migration and dissemination. Moreover, E-CAD down- 
expression is also considered as a hallmark of epithe
lial-to-mesenchymal transition (EMT) and a pro- 
metastatic event [14,17]. Additionally, negative 

E-CAD expression in OC has been reported to be 
associated with aggressive tumors, advanced-stages 
and extensive metastasis, poor prognosis and shorter 
survivals [36–38]. Furthermore, E-CAD is involved in 
the molecular shifting phenomenon namely ‘Cadherin 
Isoform Switching’ from E-Cadherin (CDH1) to 
N-Cadherin (CDH2) occurs during embryonic develop
ment and the normal physiological processes to allow 
different cell types to separate from each other [41]. 
However during the EMT, tumor cells adopt this 
‘Cadherin Isoform Switching’ mechanism to upregu
late the CDH2 as well as metalloproteinases (MMPs); 
and subsequently downregulate CDH1 [42,43]. This 
‘Cadherin Switching’ has significantly been correlated 
with ECM remodeling, increased migration and inva
sion of cancer cells, tumor stemness, metastasis, and 
higher mortality rates in cancer patients. Hence, the 
EMT is crucial for cancer progression, cancer drug 
resistance, and stemness of tumors that facilitates 
the initiation of metastasis [14,44,45]. That’s why, the 
inhibition or prevention of EMT is considered as one 
of the essential strategies to either prevent or amelio
rate the progression of various types of human 
malignancies.

Our preliminary Ingenuity Pathway Analysis (IPA) 
(Qiagen, USA) of 959 genes, obtained from the open 
targets platform and associated with the develop
ment of ovarian cancer (OC) shown that the CDH1 
expression was reduced and the CDH2 levels were 
upregulated in OC (Figure 4).

This downregulation or loss of CDH1 activates an 
array of signaling molecules leading to pro- 
inflammatory pathways, disruption of cell-cell junc
tions, reorganization of cytoskeleton and cell shape 
(EMT), cell migration and invasion, Matrix 
Metalloproteinases, angiogenesis, cell proliferation, 
and the inhibition of both TNF-related apoptosis- 
inducing ligand (TRAIL)-induced apoptosis, and cell 
cycle arrest leading to cancer progression, increased 
stemness, and metastasis (Figure 4).

Taken together, these accumulating evidences sug
gest that the loss of E-CAD expression promotes OC 
dissemination through multiple cellular and molecular 
mechanisms starting from EMT to metastasis [39].

Since about 65% of our cohort was at the 
advanced-stages (III, IV), negative E-CAD expression 
seems to predict a poor prognosis outcome mainly 
in OC patients with advanced-stages. Such unfavour
able clinical outcome predicted at the OC advanced 
stages was also confirmed by some previous studies 
[46]. Taken together, it seems that the loss of trans
membrane E-CAD (120 kDa) may be considered as 
a meaningful prognostic biomarker at the advanced- 
stages’ OC patients and might, once validated, help in 
clinical setting.

However, some inconsistencies have been reported 
linking either high or low E-CAD expression with 
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decreased tumor progression and dissemination 
[34,47,48]. In fact, these studies suggest an additional 
role of E-CAD in tumor progression apart from its cell-cell 
adhesion function. In fact and besides the transmem
brane E-CAD (120 kDa) isoform, studies showed the 
presence of another soluble/cytoplasmic form of E-CAD 
isoform (sE-CAD; 80 kDa protein) that also seems to play 
an important role in the process of tumor growth by 
promoting angiogenesis through heterodimerization 
with VE-CAD (vascular endothelial Cadherin) and subse
quently activating downstream β-catenin and NFkB 
(nuclear factor-kB) signalling cascades (Figure 4). The 
role of this new suggested sE-CAD isoform should be 
investigated further to shed light on its exact molecular 
roles and specific prognosis value in OC.

5. Conclusions

This study reports a prognosis power of membranous 
E-CAD in Saudi OC patients mainly those at the 
advanced-stages. However, the small size of our 
cohort may be a limitation of this study and therefore 

further research using larger cohorts is warranted to 
validate these findings.

Future IHC-based studies focusing on the assess
ment of E-CAD cellular localization, expression and 
prognostic value should use isoform-specific antibo
dies in larger OC patients’ cohorts. A suitable assess
ment of E-CAD expression patterns and the associated 
survival results will contribute to extract personalized 
and tangible clinically relevant outcomes towards bet
ter OC management and individualized oncology.
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