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ABSTRACT  
Background: Tumor staging system is considered as the most powerful prognostic and predictive tool in colorectal carcinoma (CRC). 
However, it is inadequate in predicting the disease outcome of patients within the same stage. Therefore searching for relevant prognostic 
molecular markers is nowadays at the top priority of biomedical research community. As a continuation of previous work, we studied the 
expression patterns of some selected proteins (CD44, Claudin-2 and EpCAM) in order to correlate their expression profile with clinico-
pathological features and survival outcome of CRC patients and assess their prognostication power. Patients and Methods: About 189 
Archival FFPE samples of CRC were collected from King Abdulaziz University Hospital, Saudi Arabia. Tissue microarrays were 
constructed and automated immunohistochemistry was done in order to detect and evaluate the prognostic value of expression patterns of 
CD44, Claudin-2 and EpCAM proteins in CRC. Results: While the expression patterns of CD44 and Claudin-2 were shown to be 
predominantly cytoplasmic, EpCAM was membranous. The results showed a significant correlation between CD44 and tumor location (p= 
0.05) and stage (p= 0.04) while Claudin-2 showed a borderline significance with patients gender (p= 0.06). For EpCAM, it showed highly 
significant correlation with the histological grade (p= 0.003). Interestingly all of these markers showed a trend of correlation with disease 
specific survival i.e. patients with low expression profile of both Caludin-2 and EpCAM while having high CD44 expression patterns live 
longer. Conclusion: The studied proteins showed an association with disease survival outcome, holding some prognostic significance that 
once validated could help improve the CRC patients’ management. However, larger cohort study is recommended in order to confirm these 
findings and further explore the molecular role of these selected proteins in carcinogenesis of colorectal tissues. 
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INTRODUCTION 
 

Despite the advancement of high throughput technologies in post-genomic era, however, several polygenic 
and complex diseases such as cancer are still challenging the scientific community and their molecular 
pathogenesis remains poorly understood. Therefore, different biomarkers are extensively and broadly studied in 
order to be used as indicators of health or illness and have scientific and clinical values in diagnostics and 
biomedical research [1, 2]. Since these molecular biomarkers are important for biological, pathological and 
pharmacological response to treatment and also to help in assessment of cancer threat [3], they draw the 
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attention of scientific community for further exploration beside to traditional clinco-pathological features of 
cancer tissues [4]. Among the most challenging malignancies, colorectal cancer (CRC) is the most widespread 
type over the world and its incidence increases annually with about 700,000 mortality every year [5]. According 
to the Saudi Cancer Registry (SCR, 2014), it ranks first among male (12.8%) and third among females (9.6%) 
[6]. In Saudi Arabia and worldwide, the conventional clinico-pathological features are still exploiting to 
differentiate between aggressive and non-aggressive types of CRC [7, 8]. Up to date, the most powerful 
prognostic/predictive factor is tumor staging system that classifies the tumor according to local invasion, lymph 
node status and the metastasis of tumor cells elsewhere in the body [9]. However, the conventional staging 
system, unfortunately, is unable to predict the outcome of patients within the same stage. Hence, finding 
additional molecular markers that could help in pinpointing the survival outcome and/or treatment response of a 
group of patients within the same stage will be very helpful towards better management and personalized 
treatment of these patients [10, 11]. Recent studies showed that blood-based biomarkers that involve, circulating 
tumor cells such as DNA, RNA and proteins could be detected by practical devices [12] and hence could be 
helpful in predicting the disease outcome with less invasive procedures. In continuation of our previous work on 
CRC [13, 14], this study, in fact, aims to further elucidate the molecular pathophysiology of CRC in order to 
identify and assess the value of some important protein markers’ expression profiles as predictive and/or 
prognostic markers that will strengthen the traditional staging system and aid therefore more accurate 
therapeutic decision making. 

Epithelial cell adhesion molecule (EpCAM), type I transmembrane glycoprotein of 40 000 Da, was 
described 30 years ago, as a dominant antigen in human CRC [15, 16]. Low membranous EpCAM expression in 
CRC is mainly associated with a tumour-promoting role and poor patient survival [17]. In addition, Claudins are 
a family of protein transmembrane. It is the most important components of tight junctions (TJs), which control 
the regulation of the epithelial paracellular permeability and the cell polarity maintenance. Claudin-2 was 
found in many organisms and especially over-expressed in CRC tissues supporting its possible use as tumor 
marker that plays a role in tumorigenesis. Highly claudin-2 expression in CRC was shown in undifferentiated 
cells of colon proliferation at the base and decreased with cells of colon differentiation [18]. Claudin-2 was also 
significantly overexpressed in colorectal cancer and strongly associated with its level of tumorigenicity [19, 
20]., On the other hand, CD44 (HCAM) (homing cell adhesion molecule) antibody is a multifunctional class I 
transmembrane glycoprotein (80 kDa) present on T lymphocytes, granulocytes, red blood cells and epithelial 
cells. CD44 is expressed on malignant cells, and on cancer stem cells, and contributes to tumour progression by 
promoting invasion and metastasis [21]. 

The overall goals of this study were to elucidate the prognostic value of the following protein markers 
CD44, EpCAM, and Claudin-2 in CRC based on immunohistochemistry technique and to assess their value as 
potential biomarkers for patient survival outcome. 

 
Patients And Methods: 
Patients series: 

Formalin-fixed and paraffin-embedded Tissues (FFPE) from consent patients along with their clinical data 
were collected from King Abdulaziz University Hospital and King Faisal Specialist Hospital as approved by 
their guidelines of the Ethical Committee, between January 1995 and May 2013. Patients’ age ranged from 15 to 
92 years with a mean ± S.E. of 56.5±13.3.  

 
Immunohistochemistry: 

 The expression patterns of CD44, claudin-2 and EpCAM were assessed by a well-known 
immunohistochemical staining procedure in 189 Formalin-fixed and paraffin-embedded by an automated 
staining machine, BenchMark XT, (Ventana Medical Systems, Inc. Tucson, Arizona, USA) as previously 
described [10]. Immunostaining for CD44, Claudin-2 and Ep-CAM, expression was performed using and anti-
CD44 antibody (Rabbit polyclonal to CD44, dilution 1: 300, cat. no. ab41478, Abcam, Cambridge, UK), Anti-
Claudin-2 antibody (Rabbit polyclonal to Claudin 2, dilution 1: 150, cat. no. ab53032, Abcam, Cambridge, UK) 
and anti ESA/Ep-CAM (Mouse, Monoclonal, ready-to-use, Cat. no. E11171, Spring Bioscience, California, 
USA), respectively. The best conditions were optimized for each antibody used. Normal colonic mucosa was 
used as a control. 

 
Evaluation of IHC staining: 

Scoring for all the immune expression results were assessed manually with the aid of a specialist 
pathologist (AB). A total immunostaining score was analyzed as the product of the intensity of staining. 
According to the immunohistochemistry (IHC) results, four expression subgroups {0 (no expression), 1+ 
(weak), 2+ (moderate) and 3+ (strong)} were defined.  
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Statistical analysis: 
Statistical analyses were performed using the SPSS (IMB NY, USA) software packages (PASW Statistics 

for Windows, version 19). Frequency tables were analyzed using the Chi-square test, with likelihood ratio (LR) 
or Fischer's exact test to assess the significance of the correlation between the categorical variables. Odds Ratios 
(OR) and their 95% Confidence Intervals (95% CI) were calculated where appropriate, using the exact method. 
Univariate survival analysis for the outcome measure (DSS, DFS) was based on Kaplan-Meier method, with 
log-rank (Mantel-Cox) comparison test. In all tests, the values p<0.05 were considered as statistically 
significant. 

 
Results: 
Expression patterns of CD44 in CRC: 

The expression of CD44 was predominantly membranous and /or cytoplasmic (Figure 1). Of the 189 
tumors, 85% were considered of low CD44 expression while 15% were considered of high CD44 expression 
patterns profile (Figures 1 and 2).  

 
Correlation of CD44 with Clinico-pathological features of CRC: 

There was no association between CD44 immunoexpression and age, gender and grade of the tumor, 
however it was found to have a significant association with the location of tumor (p= 0.05) and tumor stage 
(p=0.04) (Table 1).  

 
Correlation of CD44 with survival outcome: 

In Kaplan-Meier survival analysis, there was no correlations with difference in disease-free survival (DFS) 
between patients with tumors with low CD44 expression and those with high expression. However, there was 
good correlation, although it is not significant, with disease-specific survival (DSS), since patients with CD44-
low expression tumors were living longer (p < 0. 29) (Figure 5). 

 
Expression patterns of Claudin 2 in CRC: 

The expression of Claudin 2 was cytoplasmic (Figure 1), Of the 149 tumours, 3 cases of Claudin-2 showed 
weak expression, 139 demonstrated moderate expression and the remaining 7 had strong expression (Figures 1 
and 3). 

 
Correlation of Claudin 2 expression patterns with gender and survival outcome: 

Among all the clinico-pathological features, only the gender (p= 0.06) showed a significant association with 
Claudin 2 protein expression in our CRC patients ‘cohort (Table 1). 

Both the overall survival and the disease-free survival according to Claudin 2 expressions were evaluated 
by using the Kaplan-Meier method (Figure 6). In Kaplan–Meier analysis of survival curves, it is showed that 
Claudin 2 had a significantly high expression prediction power of poor prognosis since positive cases were 
likely to die faster because of the CRC. 

 
Expression patterns of Ep-CAM in CRC: 

IHC results showed that the expression of Ep-CAM was membranous.  Of the 189 tumours, 3 cases of Ep-
CAM showed weak expression, 83 demonstrated moderate expression and the remaining 103 had strong 
expression (Figures 1 and 4).  

 
Correlation of Ep-CAM expression patterns with selected clinicopathological features of CRC: 

Among all the selected clinicopathological features, immunostaining results reported a significant 
association with only the histological grade (p= 0.003) (Table 1). 

 
Correlation of EpCAM expression with survival outcome: 

The overall survival and the disease-free survival according to EpCAM expressions were evaluated by 
using the Kaplan-Meier method (Figure 7). In Kaplan–Meier analysis of survival curves, results showed 
significantly high expression predictor of poor prognosis in which positive cases were likely to die because of 
the CRC. 
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Table 1: The correlation of the proteins markers (CD44, Claudin-2 and EpCAM) with CRC patients’ clinico-pathological features. 

Characteristics 

No. (%) of patients 
with CD44 

expression 
121 patients 

X2 
 

p-
value 

No. (%) of patients with 
Claudin-2 expression 

149 patients  X2 
 

p-
valu
e 

No. (%) of patients 
with EpCAM 

expression 
189 patients 

X2 
 

p-
value 

Negative 
(0, 1) 

Positive 
(2, 3) 

Negative (0, 
1) 

Positive (2, 
3) 

Negative 
(0, 1) 

Positive 
(2, 3) 

Gender 
   male 
   female 

 
50(41%) 
41(34%) 

 
14(12%) 
16(13%) 

0.62
1 

0.28 
 
72(48.3%) 
70(47.0%) 

 
1(0.7%) 
6(4.0%) 

0.06
0 

0.06 
 
1(1%) 
2(1%) 

 
94(49%) 
92(49%) 

0.46
9a 

0.45 

Age (years) 
   ≤ 60 years 
   > 60 years 

 
47(75,8
%) 
44(74.6
%) 

 
15(24.2%
) 
15(25.4%
) 

0.02
5 

0.52 
 
78(52.3%) 
64(43.0%) 

 
4(2.7%) 
3(2.0%) 

0.01
3 

0.61 
1(1%) 
2(1 %) 

99(52%) 
87(46%) 

0.49
6a 

0.49 

Tumor Localization 
   Right colon 
   Left colon 

 
24(19.8
%) 
67(55.4
%) 

 
11(9.1%) 
19(15.7%
) 

1.16
3 

0.19 
 
38(25.5%) 
104(69.8%) 

 
1(0.7%) 
6(4.0%) 

0.53
7 a 

0.41
1 

 
1(1%) 
1(1 %) 

 
43(23%) 
138(75%) 

0.74
6 a 

0.42 

Histological grade 
   Well 
differentiated 
   Moderately 
differentiated 
   Poorly 
differentiated 

 
21 
(17.4%)  
56(46.3
%) 
14(11.6
%) 

 
11(9.1%) 
14(11.6%
) 
5(4.1%) 

2.46
2 

0.29
2 

 
34 (22.8%)  
89(59.7%) 
19(12.8%) 

 
1(0.7%) 
6(4.0%) 
0(0%) 

1.75
7 

0.41
5 

 
0 (0%)  
1(1%) 
2(1%) 

 
36(19%) 
134(70%) 
16(9%) 

11.6
52a 

0.003 

Pathological stage 
   Stage I 
   Stage II 
   Stage III 
   Stage VI 

 
3(2.5%) 
15(12.4
%) 
61(50.4
%) 
12(9.9%
) 

 
0(0%) 
2(1.7%) 
28(23.1%
) 
0(0%) 

8.61
4 

0.03 

 
3(2%) 
20(13.4%) 
109(73.2%) 
10(6.7%) 

 
0(0%) 
0(0%) 
5(3.4%) 
2(1.3%) 

4.99
8a 

0.17
2 

 
0(0%) 
1(1%) 
1(1%) 
0(0%) 

 
1(1%) 
15(16%) 
68(74%) 
6(7%) 

1.57
6a 

0.66 

LN involvement 
   No 
   Yes 

 
50(43.5
%) 
37(32.2
%) 

 
16(13.9%
) 
12(10.4%
) 

0.00
1 

0.57 
76(53.1%) 
60(42.0%) 

2(1.4%) 
5(3.5%) 

2.00
3a 

0.15 
1(1%) 
2(1%) 

96(53%) 
82(45%) 

0.50
3a 

0.44 

Lympho-vascular 
invasion 
   Yes 
   No 

 
60(63.8
%) 
12(12.8
%) 

 
19(20.2%
) 
3(3.2%) 

0.11
5 

0.51
4 

 
85(57.1%) 
23(15.4%) 

 
5(4.4%) 
0(0%) 

1.33
7a 

0.31 
 
17(13%) 
5(4%) 

 
88(68%) 
20(15%) 

0.20
8a 

0.42 

Recurrence  
   Yes 
   No 

 
23(19.0
%) 
68(56.2
%) 

 
7(5.8%) 
23(19.0%
) 

0.04
6 

0.52 
 
104(69.8%) 
38(25.5%) 

 
6(4%) 
1(0.7%) 

0.53
7a 

0.41
1 

 
1(1%) 
1(1%) 

 
73(69%) 
31(29%) 

.380a 0.51 

Status at end point 
   Alive 
   Dead 

 
61(59.8
%) 
19(18.6
%) 

 
18(17.6%
) 
4(3.9%) 

0.30
6 

0.40
7 

 
92(73.6%) 
27(21.6%) 

 
6(4.8%) 
0(0%) 

1.73
6 

0.22 
 
1(1 %) 
0(0%) 

 
69(73%) 
25(26%) 

0.36
1a 

0.73 

   a Two sided X2 test 
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Fig. 1: Expression patterns of different studied protein markers in Normal Colonic Mucosa (NCM) and 

corresponding CRC samples. 1st row shows negative CD44 expression pattern in NCM (A) vs. weak 
(B) to strong (C) cytoplamic expression patterns in CRC tissues, respectively. 2nd row shows weak 
Cluadin-2 expression patterns in NCM (D) vs. weak (E) to moderate (F) cytoplasmic expression 
patterns in CRC samples, respectively. 3rd row shows strong membranous expression pattern of 
EpCAM in NCM (G) vs. negative (H) to strong membranous (I ) expression patterns of CRC samples. 

 

 
Fig. 2: Distribution of cd44 expression profile in crc. 
 

 
 
Fig. 3: Distribution Of Claudin-2 Expression Profile In Crc. 
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Fig. 4: Distribution Of Ep-Cam Expression Profile In Crc. 

 
 
Fig. 5: Cd44 Expression (Low Vs. High) In Crc As Determinant Of Disease-Specific Survival (Dss) In 

Univariate (Kaplan-Meier) Analysis. 

 
Fig. 6: Claudin-2 Expression (Low Vs. High) In Crc As Determinant Of Disease-Specific Survival (Dss) In 

Univariate (Kaplan-Meier) Analysis. 
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Fig. 7: Ep-Cam Expression (Low Vs. High) In Crc As Determinant Of Disease-Specific Survival (Dss) In 

Univariate (Kaplan-Meier) Analysis. 
 

Discussion: 
The prognosis of CRC, in one way or another, is still very poor, where primary and metastasis cancer stage 

can, to more or less, help in identifying the patients outcomes. The expected 5 year survival rate has been 
reported to be within the range of 90% in stage I disease to less than 10% in patients with metastatic disease 
(stage IV) [22]. As the TNM staging system is considered as the most powerful prognostic indicator, it is still 
insufficient and lacking the ability in predicting the disease outcome of patients fallen within the same stage. 
Therefore, extensive bio-molecular studies are currently undergoing globally in order to find out molecular 
markers or signature that can help in differentiating the prognosis of patients of the same stage. For example, 
around 30% of all CRC patients are diagnosed with stage II disease. Adjuvant therapy is not widely 
recommended for all of them. However, it is well-established that a subgroup of patients with stage II is at high 
risk for recurrence within their life time and should be considered for adjuvant chemotherapy [11]. 

In the present study, several potentially important observations were seen. In fact, low expression of CD44 
was more common among advanced stage tumors than those at early stages. Similar to our results, correlation 
analysis demonstrated that low CD44 expression was positively associated with stage II and stage III sporadic 
CRC [23]. In contrast to our study, Hong et al., showed no correlation between CD44 expression and tumor 
stage [24]. However, the expression of CD44s and variants has been strongly linked with tumor progression and 
invasion in CRC by several studies [25-27]. Choi et al. for example revealed that CD44s down-regulation in 
CRC was associated with liver metastasis and they also suggested metastasis to be related to up-regulation of 
CD44 variants [28]. This study also found that EpCAM was over-expressed in CRC. This biomarker may be 
useful as tumor markers and targets for CRC treatment. Many studies in other tumor types confirmed our results 
[17, 29]. Gastl and his colleagues found that the expression of EpCAM in breast cancer correlated with poorer 
survival [30], as well as on gallbladder tumors [31]. Additionally, high EpCAM expression pattern was more 
common among moderately differentiated tumor grade. Interestingly, partial loss of EpCAM tumors were 
dominantly distributed in poorly differentiated tumor components and/or in the invasive tumor front [32] and 
this is a sign of tumor aggressiveness and poor prognosis in CRC. Recent study revealed that focal loss of 
EpCAM expression was significantly associated with advanced stage, distant metastasis and high grade, and the 
molecular features of tumor, depending mainly on the completeness of the loss of EpCAM in subgroup of CRC 
characterized by high microsatellite instability (MSI-H) CRCs [33]. Although our study did not expose the 
correlation of expression profile patterns of these studied protein markers with MSI status, significant 
association with grade was recorded. CD44 is considered as a hyaluronan receptor and main player in signal 
transduction of cell adhesion, migration and proliferation [34]. Our data confirmed these findings since CD44 
was over-expressed in higher CRC grades and trend to correlate with DSS.  The comparative analysis of CD44 
variants (due to splicing) would give more accurate results that might be diluting its prognosis value. 

Despite the same approach of analysis has been used for other protein markers (CD44 and EpCAM), 
Claudin-2 expression pattern profile did not show any significant correlation with clinico-pathological features 
of our cohort study data. This is in discrepancy with other study [19] which showed that up-regulation of 
claudin-1 and Claudin-2 were observed at the protein level and it appeared to depend on the depth of tumor 
invasion and concluded that they may be useful as tumor markers and targets for the treatment of CRC. 
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Different experimental settings and/or the genomic background of the target populations in both studies may 
justify these discrepancies. Therefore, further validation studies should be done on larger sample size and clear 
patients groups to confirm the constancy of this relationship. Also, further studies are required to evaluate the 
association between claudin-2 expressions and treatment response in CRC patients. In previous clinical studies, 
claudin-2 was found to be highly expressed in other tumors like, hepatocellular carcinomas [35] and lung 
adenocarcinoma [36]. 

Interestingly, our study showed a trend of association between these studied proteins and disease specific 
survival, although it did not reach to statistically significant correlation. Low expression pattern of CD44 
correlated with poor disease outcome since patients with CRC under-expressing CD44 had a shorter survival 
rate as compared with tumors highly expressing CD44. This is totally in an opposite trend to both EpCAM and 
Claudin-2 expression pattern profiles where both at higher expression levels showed shorter survival outcome. 

 
Conclusion: 

In this study, we carried out an integrative analysis of 189 samples of CRC from Saudi population for 
predicting their prognostic factors with several markers, pathological features and prognostic outcomes were 
identified. For prognostication, low CD44 and high Claudin-2 and EpCAM expression patterns were 
identified to correlate with disease progression in colorectal cancer. We recommend that these biomarkers 
should be combined to some other prognosticators to provide a prognostication signature that will more 
accurately identify CRC patients with poorer predicted clinical outcomes for more multimodal treatment 
approach in the future. 
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