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Abstract                                                                                                                                               

Background: Colorectal cancer (CRC) is the third most common cancer in men and the 

second most common cancer in women worldwide. Data collected in 2008 showed that 

worldwide there were over 1.23 million new cases, and over 608,000 patients died from CRC 

that year. Several factors influence the prognosis, including clinical, histopathological, and 

biological factors related to the stage of the CRC tumor. Therefore, investigations into the 

molecular mechanisms of CRC that can lead to novel biomarkers to optimize diagnosis and/or 

treatment regimens are essential. Betacatenin is an intracellular protein that is an integral 

component of the cadherin-mediated cell-cell interaction and a downstream transcriptional 

activator in the wnt signal transduction pathway. Inappropriate activation of betacatenin has 

recently been implicated in the development of colorectal carcinoma.                                                     

Objective: To assess the association of the immunohistochemical expression of β-catenin and 

Ki67 protein tumor markers with colorectal adenocarcinoma among Sudanese patients.        

Materials and methods: This was a descriptive study conducted at Ibn Sina Teaching 

Hospital and Omdurman Teaching Hospital in Khartoum State during the period from April 

2013 to December 2016. Paraffin embedded tissue samples from 75 colorectal adenocarcinoma 

patients were selected and analyzed for betacatenin and Ki67 protein tumour markers expression 

by the immunohistochemical technique on manual tissue microarray using the 2-step plus Poly-

HRP Anti-Rabbit/Mouse IgG detection system. Staining patterns were subjectively assessed and 

correlated with the clinico-pathological features. The results were statistically analyzed using the 

Chi-square test, frequencies, and cross-tabling test.                                                                                                                                                

Results: 26 colorectal adenocarcinoma patients (34.7%) were less than 50 years old; and 49 

patients (65.3%) were more than 50 years old. On the other hand, 43 patients (57.3%) were 

males and 32 patients (42.7%) were females. Most of malignant tumors (38/50.7%) were well 

differentiated; and 23 tumours (30.7%) were poorly differentiated tumors. Immunohistochemical 

expression of betacatenin and Ki67 among colorectal adenocarcinoma patients was not 

correlated with age, gender, tumor grade, metastasis, and tumor differentiation (p > 0.05).                                                                                                                                
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Conclusion:  Analysis of β-catenin immuno-expression does not represent a good criterion to 

predict metastatic potential of colorectal adenocarcinoma. Ki67 immunohistochemistry testing 

may have a clinical application in selection of colorectal cancer patients that may benefit from 

radiotherapy.        
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Introduction  

Cancer is an increasingly important public health problem in developing countries, including 

Sudan. The burden of colorectal cancer in Sudan is unknown, mainly because of lack of statistics 

or under-reporting. Colorectal carcinoma is the most common malignancy of the gastrointestinal 

tract (GI tract), unfortunately there are few statistical data regarding colorectal cancer, its 

geographical and ethnic distribution, and pattern of behavior in Sudan. Colorectal carcinoma is 

the most common malignancy of the GI tract, unfortunately there is few statistical data regarding 

colonic tumor and its geographical and racial distribution in Sudan. A few studies conducted in 

Sudan showed a different disease pattern that tends to affect younger population than 

internationally reported1.                                                                                                                            

This means the targeted population for screening should be younger than the western 

counterpart. This type of information is vital for implementation of screening program, setting 

protocols, and establishing national guidelines, hence improving patient's outcome and overall 

health service. The spectrum of presentation of colonic tumor is wide ranging from relatively 

healthy patients with few symptoms to life-threatening bowel obstruction with risk of perforation 

and fecal peritonitis. Colorectal cancer occurs in hereditary, sporadic, or familial forms. 

Hereditary forms of colorectal cancer have been extensively described and are characterized by 

family history, young age of the onset, and the presence of other specific tumors and defects2. 

Ki67 expression has been shown to be strictly associated with cell proliferation. During 

interphase, the Ki67 antigen can be exclusively detected within the cell nucleus, whereas in 

mitosis most of the protein relocates to the chromosomal surface. Ki67 protein is present during 

all active phases of the cell cycle (G1, S, G2, and mitosis), but is absent from resting cells (G0). 

Because of these qualities, Ki67 is an excellent marker to determine the growth fraction of a 

given cell population, and likewise it could mark growing tumor cells. Ki67 expression analysis 

is already used to estimate the prognosis of breast cancer and neuroendocrine tumors because its 

expression pattern is restricted to phases of the cell cycle in differentiating cells. CRC liver 

metastases demonstrates a significantly higher Ki67 labeling index (Ki67-Li) 3.                             

Ki67 expression was found to be significantly higher in tumor tissues than in peri-tumoral 

tissues, and Ki67 levels were significantly associated with lymph node metastasis and poor 

prognosis of CRC. However, some studies have shown that Ki67 has no correlation with patient 

survival. We set out to investigate whether assessment of Ki67 could also help to more 

accurately define the prognosis for patients with CRC. Β-catenin was first identified as a protein 

associated with E-cadherin in maintaining cell–cell interactions.  Normally, β catenin is 

controlled by upstream regulators in the wnt signaling cascade through degradation by 

interaction with adenomatous polyposis coli (APC) protein and glycogen synthase kinase 3β4.                                                                                                                                                     
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However, mutations of the β catenin, APC, and AXIN1 genes, or other genes in the wnt 

pathway, can lead to translocation of the β catenin protein into the nucleus, where it can act as a 

transcriptional activator, through binding with T cell factor or the lymphoid enhancer factor 

family of transcription factors, turning on target genes such as c-myc and cyclin D1 in colorectal 

cancer. Although β catenin signaling seems to play an important role in the carcinogenesis of 

colorectal cancer, the contribution of nuclear β catenin to tumour progression is far from clear. In 

recent years, most of the studies have focused on β catenin mutations. Although some reports 

indicated that β catenin nuclear translocation occurred early in colorectal adenoma5.                               

A recent study suggested that it was involved in the development of intra-mucosal and invasive 

colon cancer but not adenoma. Previous immunohistochemical studies with β-catenin have 

shown distinct sub-cellular expression patterns in colorectal carcinomas, adenomas, and benign 

epithelium. Whereas benign tissue almost universally expressed β-catenin on the plasma 

membrane only; and adenomas and carcinomas expressed β-catenin to varying degrees in the 

cytoplasm and in the nucleus as well. This finding is not surprising due to the intracellular 

pathway described above. In addition, correlations between alterations of β- catenin expression 

in colorectal cancer and outcome variables have not been consistent6 . 
 

Materials and methods 
[[ 

This is a retrospective, analytical case control study aimed to detect the immunohistochemical 

expression of β-betacatenin , and Bcl-2 tumor in colorectal tumors among Sudanese patients. It 

was conducted at Omdurman Teaching Hospital and Ibn Sina Teaching Hospital (Khartoum 

State), during the period from April 2013 to December 2016. The proposal of the study was 

ethically approved by the ethical committee of Al Neelain University. An official written 

permission to conduct the study was obtained by the investigator from responsible authorities.                                                                  

75 blocks previously diagnosed as colon and colorectal tumors were investigated. They included 

All blocks were malignant tumors. The patients' data were collected from patients' hospital files. 

Sections of 5μm thickness were prepared from each formalin fixed paraffin wax embedded tissue 

using a rotary microtome.                                                                                                                              

Tissue microarray (TMA) technology significantly facilitates and accelerates in situ analysis of 

tissues because it allows for the simultaneous analysis of up to 1000 tissue samples on a single 

microscope glass slide. Minute tissue cylinders (typical diameter: 0.6 mm) were removed from 

hundreds of different primary tumor blocks (donor blocks) and were assembled in an array like 

format into an empty (recipient) block. Sections from the TMA blocks can be used for 

simultaneous in situ analysis of hundreds to thousands of tissue samples. Virtually all types of 

analysis that can be applied to tissue sections, including IHC, FISH, or RNA-ISH can be used on 

TMA sections, without significant modifications to existing protocols. The small diameter of the 

specimen taken out of the donor block maximizes the number of samples that can be taken out of 

one donor block and minimizes tissue damage. Punched tissue blocks remain fully interpretable 

for all morphological and molecular analyses that may subsequently become necessary. Dozens 

of punches may be taken from one tumor without compromising integrity of the donor blocks.                             

Tissue microarray technique: A 0.6-mm hole is punched in the recipient block using a hollow  
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needle device (TMAs device) (A) (outer diameter: 0.6 mm). is used to remove tissue cores as 

small as 0.6 mm in diameter from regions of interest in paraffin-embedded tissues (donor block) 

such as clinical biopsies or tumor samples. These tissue cores are then inserted in a (recipient 

paraffin block) in a precisely spaced, array pattern. Sections from this block are cut using a 

microtome, mounted on a microscope slide and then analyzed by H&E and immuno-

histochemistry methods. Each microarray block can be cut into 100-500 sections, which can be 

subjected to independent tests. Tests commonly employed in tissue microarray include 

immunohistochemistry, and fluorescent in situ hybridization. Tissue microarrays are particularly 

useful in analysis of cancer samples (Fig. 1).        

 

 
 

Fig. (1):   Tissue microarray technique 

 

Immunohistochemistry procedure:  For deparaffinizing and rehydration, immerse the slides in 

xylene (I) and xylene (II) successively for 10 minutes respectively. Immerse the slides in 

anhydrous ethanol (I), anhydrous ethanol (II), 95% ethanol, 80% ethanol, and 70% ethanol 

successively for 5 minutes respectively. Then use deionized water to wash the slides for 2 times, 

each time for 2 minutes. Antigen retrieval is optional. Put the slides into the repair box, and then 

add 0.01M citric acid buffer (PH6.0) to make the tissue immersed. Repair the antigen with 

medium power microwave for 10 minutes (Start timing when the liquid boils), and avoid tissue 

drying during the process. Take out the repair box from the microwave oven, and naturally cool 

it down. Add PBS to the section of controls if the negative controls are required.   
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After adding primary antibodies, put the slides into wet box to be incubated at 4°C overnight. 

(The optimum dilution ratio of the antibodies should be pre-determined through experiments in 

advance). Wash the slides with PBS for 3 times, each time for 2 minutes, and then add HRP-

conjugated secondary antibodies after wiping dry the slides with absorbent paper, finally 

incubate the slides at 37℃ for 30 minutes.                                                                                                       

Signal detection: Wash the sections with PBS for 4 times, each time for 3 minutes, and wipe dry 

the sections with absorbent paper, then add DAB substrate reagent that is prepared freshly drop 

by drop to each section, and observe them under a microscope. The positive signal appears 

brown-yellow or brown in color. The time should be well controlled to avoid the color appears 

too deep. Wash the section with tap water to terminate the reaction.                                                            

Hematoxylin counterstaining: Immerse slides in Harris hematoxylin solution for about 30 

seconds to 1 minute, and then transfer slides into ethanol solution with 1% HCl after washing 

with water, finally wash them with water. (Optional).                                                                                                

Dehydration and mounting:  Firstly immerse the slides in water and wash them, and then put the 

slides into the following reagents in order to dehydrate and permeate: 70% ethanol, 80% ethanol, 

90% ethanol, 95% ethanol, anhydrous ethanol, anhydrous ethanol, Xylene (I) and Xylene (II). 

Put the slides in each reagent for 2 minutes, and finally air dry the sections in the fume cupboard.  

Drop resinene beside the section, and then cover them with the cover glass. In order to avoid air 

bubble, firstly lay one side of the cover glass flat and then gently lay another side flat. Finally dry 

the sealed sections by laying them in the fume cupboard. Observe the dried sections and collect 

images under a microscope. Store at 2~8℃ shading light.  

Take out the slides when the repair liquid is cooled down to room temperature, and wash the 

slides for 3 times with PBS (PH7.4), each time for 3 minutes ( Don’t flush the tissue directly 

during the washing process in order to avoid breaking up the tissue).                                                      

Inactivation:  Add the 3% H2O2 that is prepared well in advance to the slides drop by drop to 

block endogenous peroxidase, and then incubate them at room temperature for 15 minutes (Use 

ionized water to dilute up to 30% H2O2). Finally use PBS to wash the slides for 3 times, each 

time for 3 minutes.                                                                                                                                                         

Antibody incubation:  Blot up PBS with absorbent paper, and add 5% normal serum (Sharing the 

same or similar species with secondary antibodies) drop by drop on sections, and block it at 37°C 

for 30 minutes. Wipe dry the liquid around tissue on the slides with absorbent paper, and use an 

oil pen to draw a circle around the tissue, then add diluted primary antibodies drop by drop.                                                                                                                                                                                

Controls: Formalin-fixed, paraffin-embedded sections of a colorectal neoplasm with a high level 

of nuclear β-betacatenin  and ki67 immunoreactivity was used as a positive control for this 

oncoprotein. Negative control slides were processed with each slide run and excluded the 

primary antibody but included all other steps of the procedure.                                                                                             

Reading methods:  Cytoplasmic IHC staining of β-betacatenin  protein was scored subjectively 

under light microscope by two observers and the percentage of stained tumor cells.                                        

Brown color was expressed depending on previously established criteria of Akkiprik as follows: 

* 3(+) when the majority of cells (>75%) were stained strongly(S)                                                                     

* 2(+) when 25–50% of cells were stained moderately(M)                                                                                     

* 1(+) when the staining was focal (<25%) and weak(w).                                                                                  
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Scores 2(+) and 3(+) were considered as expression of β-betacatenin protein and KI67protein 

while score 1(+) and non-stained cells were considered as negative (N). Statistics: we follow the 

TMA reading form or sheet. All quality control measures were adapted during sample collection 

and preparation. The immunohistochemical expression were assessed by research group and 

confirmed by an expertise pathologist                                                                                                              

Data were analyzed using SPSS computer program, frequency, and means. Chi-square values 

were calculated. The association between β-betacatenin and Ki67staining, was analyzed using 

the Pearson's correlation coefficient. The various clinico-pathological parameters and β-

betacatenin immuno-staining results were statistically examined using the Chi-square test for any 

significant relation was used to analyze the relationship between Ki67 and β-betacatenin staining 

and histological grade.  

 

Results  

In this study 75 metastatic CRC cases were collected from paraffin blocks previously diagnosed 

as colorectal tumors. According to the histopathological diagnosis, 56 blocks were classified as 

malignant tumors and 19 blocks as metastatic malignant tumors. All blocks were investigated for 

the β-betacatenin and Ki67 by immunohistochemical technique.                                                                            

As shown in Table (1), the distribution of the study population according to gender 43 males 

(57.3%) and 32 females (42.7%), i.e. male to female ratio was 57.3:42.7. The age of the patients 

ranged from 31 to 81 years with a mean age of 57 years and the distribution of the study 

population according to age incidence was 26 patients (34.7%) less than 50 years old, and 49 

patients (65.3%) were more than 50 years old. Among female cases, 40% were found positive for 

β-betacatenin and 85% were found positive for ki67.                                                                                       

While in male cases, 63% were found positive for β-betacatenin and 77% were found positive for 

ki67. No significant association was noted neither between gender and β-betacatenin protein 

expression (p = 0.351) nor between gender and Ki67 expression (p = 0.344).                                                                                                                     
Regarding colorectal adenocarcinoma tumours, positive β-betacatenin was detected in non-

metastasized malignant tumors (51% of cases) and metastasized malignant tumors (47% cases). 

There was an insignificant association between the types of these tumors and positive β-

betacatenin protein expression (p = 0.968).                                                                                                                        

Also in colorectal adenocarcinoma tumours, positive Ki67 Ki67protein expression was detected 

in non-metastasized malignant tumors (77% cases) and metastasized malignant tumors (90% 

cases).                                                                                                                                                           

There was an insignificant association between the types of these tumors and positive Ki67 

Ki67protein expression (p = 0.135).  The frequency rate of positive immunohistochemical 

expression associated with β-betacatenin was found higher (66%) among cases aged 41-50 years. 

While the frequency rate of positive immunohistochemical expression associated with ki67 was 

found higher (94%) among cases aged 61-70 years. There was an insignificant association 

between the immunohistochemical expression of positive β-betacatenin protein expression and 

positive Ki67 protein expression with age incidence   (p = 0.291 and 0.145 respectively).                           

On the other hand, The frequency rate of positive immunohistochemical expression associated  
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with β-betacatenin was found higher (50%) among malignant tumors cases. While the frequency                                                                                                                 

rate of positive immunohistochemical expression associated with ki67 was found higher (90%) 

among malignant tumors cases. There was an insignificant association between the 

immunohistochemical expression of positive β-betacatenin protein expression and positive Ki67 

protein expression with histopathological diagnosis (p = 0.895 and 0.374 respectively).    

Table (1):  Clinicopathological features of colorectal adenocarcinoma cases 
 

Parameters Variables  No. Percent 

 

 

Age (years)  

˂ 40 11 14.7  

41 - 50 15 20  

51 - 60 18 24  

61 - 70 16 21.3  

˃ 71 15 20  
 

Gender 
Females 32 42.7  

Males 43 57.3  

 

 

Diagnosis 

Adenocarcinoma 52 69.3  

Mucinous adenocarcinoma 2 2.7   

Metastatic adenocarcinoma 19 25.3  

Necrotic adenocarcinoma 2 2.7  
 

 

Grade  

Well 14 18.7  

Moderate 38 50.7  

Poor 23 30.7  
 

Type 
Malignant 56 74.7  

Metastasis 19 25.3  

 

 

β-betacatenin 

Negative 38 50.7  

Strong positive 14 18.7  

Moderately positive 14 18.7  

Weakly positive 9 12.0  

Total positive 37 49.4  

 

 

Ki67 

Negative 15 20.0  

Strong positive 14 18.7  

Moderately positive 27 36  

Weakly positive 19 25  

Total positive 60 80  
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Discussion                                                                                                                                                    

Colorectal cancer (CRC) is the second most common cancer in females and the third in males 

with 1.2 million annual new cases worldwide. Cancers of the gastrointestinal tract are of the 

most rewarding interfaces in translational medicine, with recent work particularly on colorectal 

cancer leading to greater understanding of the genetic mechanisms leading to cancer and the 
development of novel targeted therapies.                                                                                                                

In the present study, the tissue microarray TMA technology was used to evaluate the prognostic 

value of β-catenin and Ki-67 protein expressions in 75 cases of colorectal adenocarcinoma 

obtained from paraffin blocks previously diagnosed as colorectal tumors. According to the 

histopathological diagnosis, 56 patients were classified as malignant tumors and 19 as metastatic 

malignant tumors. All tissue samples were included in the study and investigated for β-catenin  

and Ki-67 protein expressions by the immunohistochemical technique.                                                             

In this context, males were found highly susceptible (57.3%) to malignant tumors; and females  

were found highly susceptible (42.7%) to malignant tumors. These findings exceeded other 

frequency rates reported by Akkiprik and his colleagues (2014)7 who found the frequency rate of 

females was only slightly higher than males (58% female and 53% males). However, Al-

Attraqhchi and his co-workers (2015)8 reported higher frequency rates among males than among 

females (ratio 1.5:1).                                                                                                                                        

Such disagreeing results may be due to racial and geographical factors. It is possible that lifestyle 

differences between the two genders may also have an impact on the histological differentiation 

of colorectal carcinomas8.                                                                                                                            

In concordance, the current study considered aging as one of the risk factors of malignant 

tumours since 34.7% of cases were less than 50 years old, and 65.3 % were more than 50 years 

old with a mean age of 57 years. This finding agreed with that reported by Zlatian and his co-

authors (2015)9 who found that 24% were less than 55 years and 76% were more than 55 years 

with a mean age of 59.7 years in an investigated group of 50 patients with adeno-carcinoma.                                                                                                                                                                

A study by Awad El Kareem and Mohammed (2016)10 showed that most patients (56.7%) were 

older than the age of 50 years  and the remaining (43.3%)were younger than 50 years. Moreover, 

approximately 75% of colorectal cancers diagnosed after the age of 65 years. Although, 

aggressive tumor behavior in patients with high grade colon tumors was thought to be a major 

cause of poor prognosis and mortality of colon cancer.                                                                                      

Our data revealed that colorectal malignant tumors were mostly (69.4%) moderately 

differentiated or well differentiated; while 30.6% were poorly differentiated, indicating possible 

better outcomes among affected patients. This finding was comparable with some studies. 

However, Kruschewski and his co-workers (2011)11 pointed that most colorectal carcinoma 

tumors were poorly differentiated (52.6%).                                                                                                      

The mechanisms that culminate in CRC development, growth, and metastization are still not 

fully understood. However, common to all cancers are the loss of cellular differentiation and the 

imbalance between proliferation and cell death. These processes are involved in carcinogenesis 

due to its significance, and are increasingly being targeted for study. Ki-67 protein has been 

widely used as a marker of tumour proliferation, and several studies compare Ki-67 index with 

clinico-pathological data and follow-up in CCR. With regard to Ki-67 index in lymph node  
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metastasis, as far as we know, this is the first study realized in CRC and the more similar that we 

found in literature is the study of Yamauchi which compares Ki-67 index in primary CRC 

tumours with the respective nodules of peritoneal metastization12.                                                                

In the present study, the immunohistochemical expression of Ki-67 protein in CRC blocks was 

determined to evaluate the possible association between these expressions and the several 

clinico-pathological parameters. Further comparison was performed between Ki-67 index and   

β-catenin expression in CRC tumor grade and differentiation. In patients with CRC, a high Ki-67 

expression was detected and found associated with a higher histological tumour grade, lymph 

node involvement, and shorter disease-free interval. Several studies suggest that the expression 

of Ki-67 antigen is a useful indicator of survival of patients with CRC, and an adverse prognostic 

value of high Ki-67 expression after curative resection for CRC has been shown.                                        

We did not find  an association between the expression of Ki-67 or β-catenin with 

metastasization (p = 0.968 and 0.135 respectively). Also, we did not find any association 

between the expression of Ki-67 or β-catenin with tumour differentiation (p = 0.466 and 0.210 

respectively).                                                                                                                                             

Also, in this study, there was an increasing expression of Ki-67 from the well-differentiated to 

the undifferentiated tumours. Conversely, undifferentiated tumours showed lower expression of 

Ki-67 as compared to the degree of differentiation mentioned above. As was observed by some 

authors13 the more undifferentiated a tumour, the higher is the rate of cell proliferation and Ki-67 

index. This is not consistent with our findings. However, since the lower expression in 

undifferentiated tumours may be explained by the small size of this sample, further studies with 

larger series of undifferentiated tumours are needed.                                                                                                              

In our series, there was no association between Ki-67or β-catenin expression with age groups, 

gender, tumor grade, or differentiation. Most of the criticism of Ki-67 evaluation is related to the 

differences of antibodies, slide background, retrieval protocols applied in preparing the immuno-

reaction, and the scores used to evaluate the significance of Ki-67 proliferation rates. This 

concern is pertinent and most of the works that evaluate this premise did not reach a consensus. 

Interesting, automated evaluation of the Ki-67 labeled preparation has been adjudicated as 

superior than manual analyses. Moreover, subdividing the cases in low and high proliferative 

rate improve the kappa correlation. Besides these advisements, the lack of standard protocols 

among the laboratories limits the clinical relevance of the work14.                                                                    

In our study, 80 % of the cases of adenocarcinoma were positive for Ki67 expression in well 

differentiated tumors (86%), moderate differentiated tumors (71%), and poorly differentiated 

tumors (92%). These frequency rates were statistically insignificant. There was also insignificant 

correlation between Ki67 and histopathological grades of tumours. Georgescu and his 

colleagues15  reported an increase in Ki67 LI with the histological grades of adenocarcinoma. 

The variation between grade 1and grade 2 adenocarcinoma was not significant; while the 

variation between grade 2 and grade 3 adenocarcinoma was significant. Other authors found a 

significant increase of Ki67 median expression in poorly differentiated tumors grade, in age 

incidence of patients, and lymph node involvement; and a lack of correlation of Ki67 expression 

with patient's age and tumor location, and a significant association with lymph node 

involvement16 .                                                                                                                                                          
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In this study, there was a higher expression of β-catenin in males. No correlation was detected 

between β-catenin expression and patients' age. Also, there was no significant association 

between tumor metastasization and tumour differentiation. There was a stronger β-catenin 

expression in this study. Other workers reported lower expression of β- catenin in high grade 

tumors; and recommended the use of β-catenin as a marker of colorectal tumor progression due 

to its loss of β-catenin-mediated cell-cell adhesion, polarity, and activation of genes needed 

necessary for invasion and dissociation17.                                                                                                 

Furthermore, in this context, there was a loss of β-catenin protein expression in tumors 

associated with worse outcome. This finding fits well with a large body of evidence which 

demonstrates that β-catenin is often down-regulated in cancer, reflecting the invasive properties 

of cancer cells. While worse outcome for patients was noted with low expression of β-catenin in 

the nucleus and other compartments. No difference in prognosis can be associated with strong 

expression and poor outcome. β-catenin with well differentiated tumors showed a significantly 

higher expression (57 %) compared with Ki67 that is strongly expressed with poorly 

differentiated tumors18.                                                                                                                       

To sum up, β-catenin plays important roles in promoting tumor progression. Immuno-expression 

of β-catenin does not represent a valuable tool to predict metastatic potential of colorectal 

adenocarcinoma and tumour differentiation. Ki67 immunohistochemistry provides a reliable and 

reproducible method of assessment of proliferative activity in colorectal cancer. And/or 

chemotherapy. Single markers for prognosis may be of limited value in colorectal cancer. 

Immunohistochemical technique employing Ki67 antigen is simple and applicable to diagnose 

surgical specimens. Antibody staining is an excellent tool to diagnose paraffin-embedded tissue 

sections. Ki67 proliferative index is high in well and moderately differentiated colorectal 

adenocarcinoma cases. On the other hand, Ki67 proliferating activity is low in poorly 

differentiated tumours. Ki67 immune over-expression is a frequent finding in our colorectal 

cancer cases. It is not possible to monitor Ki67 proliferation index alone for prognosis of 

colorectal cancer.                                                                                                                                                  

Conclusion: Analysis of β-catenin immuno-expression does not represent a good criterion to 

predict metastatic potential of colorectal adenocarcinoma. Ki67 immunohistochemistry testing 

may have a clinical application in selection of colorectal cancer patients that may benefit from 

radiotherapy.                                                                                                                                      

Acknowledgments: Our thanks go to Professor Esam Mohamed Abdul Raheem (Al Neelain 

University) who through his will, continued encouragement, and great support this study had 

come to light.                                                                                                                                                                             

References 

1. Abdalla, A.A.E., Alawad, A.A.M. & Ali, H.A.M.,. Pathologic response after neoadjuvant 

chemoradiotherapy in Sudanese patients with locally advanced rectal adenocarcinoma. 

International Journal of Medicine, 2015; 3(2), p.53. Available at: 

http://dx.doi.org/10.14419/ijm.v3i2.4836.                                                                                                                 

Mohammed, et. al., 2018 : Vol. 3 (11)  

http://ajmsc.org/d/?ckattempt=1


11 
 

African Journal of Medical Sciences                      http://ajmsc.info 
 

2. Fujimori Y, Fujimori T, Imura J, Sugai T, Yao T, Wada R, Ajioka Y, Ohkura Y: An 

assessment of the diagnostic criteria for sessile serrated adenoma/polyps: SSA/Ps using image 

processing software analysis for Ki67 immunohistochemistry. Diagn Pathol 2012;7:59.                             

3. 11. Krause P, Flikweert H, Monin M, Seif AHA, Helms G, Cantanhede G, Ghadimi BM, 

Koenig S: Increased growth of colorectal liver metastasis following partial hepatectomy. Clin 

Exp Metastasis. 2013; 30:681-693.                                                                                                                         

4. He TC, Sparks AB, Rago C, et al. Identification of c-MYC as a target of the APC pathway. 

Science. 1998; 281:1509–12. [PubMed]                                                                                                                          

5. Inomata M, Ochiai A, Akimoto, et al. Alteration of β-catenin expression in colonic epithelial 

cells of familial adenomatous polyposis patients. Cancer Res 1996; 56:2213–17. [PubMed]                                                              

6. Mazeh, H., Mizrahi, I., Ilyayev, N., Halle, D., Brucher, B.L.D.M., Bilchik, A., Protic, M., 

Daumer, M., Stojadinovic, A., Itzhak, A. and Nissan, A. The diagnostic and prognostic role of 

micro-RNA in colorectal cancer-a comprehensive review. J Cancer. 2013; 4(3): 281-95.                                      

7. Akkiprik, M., Celikel, C.A., Düşünceli, F., Sönmez, O., Güllüoğlu, B.M., Sav, A. and Ozer, 

A.  Relationship between overexpression of ras p21 oncoprotein and K-ras codon 12 and 13 

mutations in Turkish colorectal cancer patients. The Turkish Journal of Gastroenterology. 2008; 

19 (1): 22-27.                                                                                                                                                                 

8. Newcomb PA, Zheng Y, Chia VM, Morimoto LM, et al. Estrogen plus progestin use, 

microsatellite instability, and the risk of colorectal cancer in women. Cancer Res. 2007; 67: 

7534-7539.                                                                                                                                                             

9. Zlatian, O.M., Comănescu, M.V., Roşu, A.F., Roşu, L., Cruce, M., Găman, A.E., Călina, C.D. 

and S. Fredel, Histochemical and immunohistochemical evidence of tumor heterogeneity in                                                                                 

colorectal 87 cancer. Romanian Journal of Morphology and Embryology Revue.2015; 56(1): 

175-181.                                                                                                                                                                 

10. Awad-Elkareem, A and Mohammed S, Osman. Immunohistochemical Expression of 

Cytokeratin 20 in Colorectal Cancer. European Academic Research. 2016; 3 (11):11683-91.                                      

11. Kruschewski, M., Mueller, K., Lipka, S., Budczies, J., Noske, A., Buhr, H.J. and Elezkurtaj, 

S. The prognostic impact of p53 expression on sporadic colorectal cancer is dependent on p21 

status. Cancer. 2011; 3 (1):1274-1284.                                                                                                               

12. Brown D. C., Gatter K. C. Monoclonal antibody Ki-67: its use in histopathology. 

Histopathology. 1990; 17 (6):489–503. doi: 10.1111/j.1365- 2559.1990.tb00788.x. [PubMed]                                                                                                                                                                             

13. Nabi U., Nagi A. H., Sami W. Ki-67 proliferating index and histological grade, type and 

stage of colorectal carcinoma. Journal of Ayub Medical College. 2008; 20 (4):44–48.].                                      

14. Kubota Y., Petras R. E., Easley K. A., Bauer T. W., Tubbs R. R., Fazio V. W. Ki-67-

determined growth fraction versus standard staging and grading parameters in colorectal 

carcinoma: a multivariate analysis. Cancer. 1992; 70 (11):2602–2609. doi:                                                                                      

15. Harvey J., Thomas C., Wood B., et al. Practical issues concerning the implementation of                      

Ki-67 proliferative index measurement in breast cancer reporting. Pathology. 2015; 47 (1):13–

20. doi: 10.1097/pat.192.]                                                                                                                          

16. Gurzu S, Jung J, Mezei T, Pávai Z. The correlation between the immunostains for p53 and 

Ki67 with bcl-2 expression and classical prognostic factors in colorectal carcinomas. Rom J 

Morphol Embryol. 2007; 48:95-9.                                                                                                                          

Mohammed, et. al., 2018 : Vol. 3 (11)  

http://ajmsc.org/d/?ckattempt=1


12 
 

African Journal of Medical Sciences                      http://ajmsc.info 
 

17. T. Kitagawa, K. Matsumoto, A. Nagafuchi, S. Tsuki, H. Suzuki Co-expression of E-cadherin 

and alpha-catenin molecules in colorectal cancer. Surg. Today. 1999; 29 (6), 511-518                                                                                                                                                                     

18. Bondi J, Bukholm G, Nesland JM, Bukholm IR. Expression of non-membranous beta-catenin 

and gamma-catenin, c-Myc and cyclin D1 in relation to patient outcome in human colon 

adenocarcinoma. APMIS. 2004; 112:49–56. doi:10.1111/j.1600-0463.2004.apm1120109.                         

Mohammed, et. al., 2018 : Vol. 3 (11)  

 

 

 

 

 

 

http://ajmsc.org/d/?ckattempt=1

