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Abstract                                                                                                                                               

Background: Colorectal cancer (CRC) is the third most common malignant neoplasm in both 

men and women with an estimated 96,830 cases of colon cancer and 50,310 deaths from colon 

cancer predicted for 2014. Colorectal cancer affects the inner wall of the colon and the rectum 

located within 12 cm or less from the anal verge. CRC is characterized by late clinical 

manifestation and relatively rapid progression of the disease, both features that are primarily 

responsible for increased morbidity and mortality in patients suffering from this disease. There is 

new evidence that epigenetic slicing of genes may be an early event in the adenoma carcinoma 

sequence. If CRC is diagnosed early enough, it can be considered to be preventable. This makes 

it critical that inexpensive, highly sensitive, specific and non-invasive biomarkers be developed. 

Objective: To detect the immunohistochemical expression of K-Ras and Bcl-2 protein tumor 

markers in colorectal adenocarcinoma among Sudanese patients.                                                                                                                                        

Materials and methods: This is a retrospective, analytical, case control study conducted at 

Ibn Sina Teaching Hospital and Omdurman Teaching Hospital (Khartoum State) during the 

period from April 2013 to December 2016. Paraffin embedded tissue specimens of 75 colorectal 

adenocarcinoma patients were investigated for K-ras and Bcl- 2 protein expression by 

immunohistochemical (IHC) technique using 2-step plus Poly-HRP Anti-Rabbit/Mouse IgG 

Detection System. Staining patterns were subjectively assessed and correlated with clinico-

pathological features. The results were statistically evaluated using the Chi-square test, 

frequencies, and cross-tabling test.                                                                                                                                               

Results: Among the 75 cases subjected to K-ras immuno-staining, 48 (64%) cases were positive 

and for Bcl 2 protein 12% of cases were positive. Also the study found that there was significant 

relation between type of tumor (metastasized and non-metastasized ) in colorectal 

adenocarcinoma with K- ras (p = 0.034); and insignificant with Bcl 2 (p = 0.296). Also for 

positive K-ras  cases, 73% cases (37%) positive non metastasize malignant tumor and  

metastasize one . The distribution of gender in the study population revealed that 43 cases 

(57.3%) were males and 32 cases (42.7%) were females. There was no association between 

gender  and K-ras or Bcl 2 expression (p = 0.789). The distribution of age groups was significant  

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

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


2 
 

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

between K- ras protein expression and the age (p < 0.05). Most of malignant tumors were 

moderately differentiated and well differentiated.                                                                                                      

Conclusion: There was no significant association between K- ras and Bcl-2 expressions in 

colorectal adenocarcinoma tumours . K-ras and Bcl-2 markers are highly expressed in 

moderately differentiated colorectal tumors rather than poorly and well differentiated colorectal 

tumours 

Keywords: Colorectal adenocarcinoma, Immunohistochemistry, K-Ras and Bcl-2 markers. 

Introduction  
 

The last decade has seen significant advances in the development of screening, predictive, 

prognostic and risk assessment biomarkers in CRC that play a critical role in the primary 

processes responsible for epigenetic regulation of DNA methylation, histone modifications, and 

post-transcriptional gene regulation through non-coding RNAs (microRNAs [miRNAs], long 

non-coding RNAs, small nucleolar RNAs etc). Of these epigenetic mechanisms, DNA 

methylation is associated with repression of gene expression and represents a more chemically 

and biologically stable source of molecular diagnostic information than RNA or most proteins. 

Recent studies on large cohorts of CRC patients have revealed a molecular heterogeneity of CRC 

with different subtypes that are characterized by distinct genetic, cytogenetic and epigenetic 

alterations1.                                                                                                                                                     

In general CRCs do not have a recognizable inherited cause. Sporadically occurring CRC cases, 

which account for 75% - 80% of all CRCs in the population, are the result of complex 

interactions between susceptibility genes and environmental facts. A family history of the 

disease, increasing age, male gender, obesity, alcohol consumption, diet rich in total fat and 

cigarette smoking are among CRC risk factors. While dietary regimens rich in fiber, folate and 

other vitamins, are associated with a decreased risk. Only 5% of all CRC cases are due to 

inherited conditions i.e. due to inheritance of a highly mutated gene, predisposing an individual 

to the development of the disease such as the following CRC genetic syndromes: familial 

adenomatous polyposis (FAP), attenuated FAP, mutyh-associated polyposis, hereditary 

nonpolyposis colorectal cancer (HNPCC: Lynch syndrome) and hamartomatous polyposis 

syndromes2.                                                                                                                                              

Fewer than 10% of patients have an inherited predisposition to colon cancer. Familial 

adenomatous polyposis patients inherit a mutated copy of the adenomatous polyposis gene 

(APC) and hereditary non-polyposis colon cancer is caused by inherited mutations of 

mismatched repair genes (MLH1, MSH2, PMS2 and MSH6). Certain frequent gene alterations 

have recently been discovered by the use of conventional as well as the very advanced 

techniques such as next-generation sequencing (NGS) based studies of CRC genomes. These 

have helped identify of some unique mutational spectrums and novel targets of genomic 

alterations associated with CRC along with their biological and clinical significance3.                   

CRC, like other malignancies, is now recognized to be a heterogeneous disease involving genetic 

and epigenetic alterations that transform normal colonic epithelium into cancer1.   
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Epigenetics are mechanisms able to modify gene expression levels without necessarily altering 

the DNA sequence. Epigenetics are environmentally-mediated, frequent, powerful and 

widespread heritable changes in gene expression that are not attributable to permanent changes 

in DNA sequence itself but are sufficiently powerful to regulate the dynamics of gene 

expression4.                                                                                                                                                

A diagnostic kit was recently approved to determine whether or not patients with advanced 

colorectal cancer have a wild K-ras gene that could indicate whether they would respond to 

cetuximab or pantiumumab. The current standard for patients with all types of K-ras gene 

mutations is not to treat with anti-EGFR monoclonal antibodies (cetuximab and panitumumab). 

In addition to K-ras gene mutation the specific genotype will be important in developing future 

therapy for these tumors. In some cases mutations in signaling pathways downstream of EGFR 

(such as mutations in KRAS codons 12 and 13) may render CRC tumors unresponsive to anti 

EGFR blockage treatment. For this reason, testing of KRAS exon 2 mutations is now used for 

selecting patients for anti-EGFR treatment5.                                                                                                                                                    

Materials and methods   
[[ 

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

expression of K-ras, and Bcl-2 tumor in colorectal tumors among Sudanese patients. The study 

was conducted in Khartoum State at Omdurman and  Ibn Sina Teaching Hospitals, 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 included in the study. All  

blocks were malignant tumors. The patients' data were collected from patients' records. Sections 

of 5µm in thickness were obtained 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 

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)  
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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 items                                                                                                                             

(A) Arraying device                                                                                                                                                              

(B and C) Two hallow needles for building TMA in donor and recipient blocks. 

 

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.   

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  
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the sections with absorbent paper, then add DAB substrate reagent that is prepared freshly 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 K- ras and Bcl 2 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 K-ras 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 and Sammoud 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).                                                                            

Scores 2(+) and 3(+) were considered as expression of K-Ras protein  and Bcl-2 protein while 

score 1(+) and non-stained cells were considered as negative (N). Statistics were made following 

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

were calculated. The association between K-Ras and Bcl-2 staining, was analyzed using the 

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

staining results were statistically examined using the Chi-square test to analyze the relationship 

between bcl-2 and K-Ras 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 

K-ras and Bcl 2 by immunohistochemical technique.                                                                                                   

As shown in Table (1), the distribution of the study population according to gender was 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. As regards the microscopic types of tumours, 52 

(69.3%) cases were adenocarcinoma, 2 (2.7%) cases were mucinous carcinoma, and 19 (25.3%) 

were metastatic adenocarcinoma. Concerning the histological grading of tumours, 14 (18.7%) 

cases were well differentiated, 38 (50.7%) cases were moderately differentiated, and 23 (30.7%) 

cases were poorly differentiated.                                                                                                                                             

From the 75 cases investigated by immunohistochemistry, 48 (64%) cases were positive for       

K-ras. The positivity was either strong 3 (+) in 21(28%) cases or moderate 2 (+) in 15 (20%) 

cases, or weak 1 (+) in 12 (16%) cases. The remaining 27 (36%) cases were negative for K-ras. 

Regarding Bcl 2 results, 66 (88%) cases were negative and 9 (12%) cases were positive.                                                                                                                                                                

Samples with highest positive immunohistochemical expression for K-ras and Bcl-2 markers 

according to age incidence were 89% in the age range 41-50 years and 27% in the age range 

more than 70 years respectively. This finding showed a significant correlation between the 

immunohistochemical expression of K-ras and insignificant correlation between the Bcl 2 

expression of with age incidence (p = 0.049) and (p = 0.278) respectively.                                                                                                                                                                                

The frequency rates of positive immunohistochemical expression of K-ras and Bcl-2 in 

malignant tumors tissues were 75% and 15% respectively; with an insignificant association 

between immunohistochemical expression and histopathological diagnosis (p = 0.238 and                              

p = 0.588 respectively).                                                                                                                                                                                        

Also, the frequency rates of positive immunohistochemical expression of Bcl 2 was 16% in 

moderately differentiated tumours, 7% in well differentiated tumors, and 19%) in poorly 

differentiated tumors. While the frequency rates of negative immunohistochemical expression of 

Bcl 2 was 84% in moderately differentiated tumours. There is an insignificant association 

between the immunohistochemical expression of Bcl 2 and cancer grade (p = 0.586). Also, there 

was an insignificant association between the immunohistochemical expression of Bcl 2 and the 

histopathological diagnosis (p = 0.238 and p = 0.588 respectively).                                                                                            

Furthermore, the positive immunohistochemical expression of K-ras was 79% in moderately  
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differentiated tumours, 50% in well differentiated tumors, and 48% in poorly differentiated 

tumours. While the negative immunohistochemical expression of K-ras was 21% in moderately 

differentiated tumours. There is an insignificant association between the immunohistochemical 

expression of K-ras and cancer grade (p = 0.113).                                                                                                               

On the other hand, positive K- ras was found positive in 67% of the positive Bcl 2 samples; with 

an insignificant association between the two expressions (p = 0.445).                                                                                 

To sum up: most patients of colorectal tumors in this study appear to be above 50 years old. The 

colorectal cancer and non-metastatic adenocarcinoma were more frequent in males.  

Table (1): Clinicopathological features of colorectal adenocarcinoma cases 

Parameters Variables No.No.     Percent 

 
 

Age 

˂ 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 
 

 

K-ras 

 

Negative 27 50.7 

Strong positive 21 18.7 

Moderately positive 15 18.7 

Weakly positive 12 12.0 

Bcl 2 Negative 66 49.4 

Positive 9 20.0 
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The frequency rate of the immunohistochemical expression of K-ras was higher than the Bcl 2 

expression. The immunohistochemical expression of K-ras and Bcl 2 were insignificantly 

associated with tumor grade and histopathology diagnosis. No significant association was 

detected between the age incidence, gender incidence and the immunohistochemical expression 

of K-ras. Also there is no significant association between the immunohistochemical expression 

of K-ras and Bcl2 in colorectal adenocarcinoma.                                                               

Furthermore, K-ras and Bcl 2 are is more expressed in moderately differentiated tumors than 

poorly and well differentiated tumors. K-ras is mostly expressed in female patients than in male 

patients. Also, K-ras is more expressed in patients above 50 years. Bcl 2 is more expressed in 

males patients than in female patients.                                                                                                                 

Also, K-ras and Bcl 2 are mostly expressed in non-metastatic adenocarcinoma patients than in 

metastatic adenocarcinoma patients. K- ras is mostly expressed in positive cases of Bcl 2 than 

with negative cases of Bcl2. Bcl 2 is mostly expressed in patients above 50 years old. 

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. In the present study, males were found to be 

highly susceptible to malignant tumors 57.3 % when compared to females 42.7 %. These results 

exceed other reported frequencies in the literature in which females were only slightly more 

presented than males in a ratio of 58%: 42%. However, some studies reported higher frequencies 

among males in comparison to females in a 1.5:1 male to female ratio6 . Such disagreeing results 

may be due to racial and geographical factors. It is possible that lifestyle differences between the 

two sexes may also have an impact on histological differentiation of colorectal carcinomas. In 

concordance to most of the previous studies, the current study considered aging as one of the risk 

factors of the disease since 34.7 % of patients were less than 50 years old and 65.3% were more 

than 50 years old with a mean age of 57years. This result agree with the findings of the study 

conducted by Sarraf and his colleagues7 who reported that most patients were older than the age 

of 50 years representing 56.7% and the remaining 43.3% were younger than 50 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. 

Nevertheless, moderately differentiated tumors were found to be more likely to metastasize than 

well differentiated tumors. Other research workers reported that adenocarcinoma was moderately 

differentiated or well differentiated in 87% of tumors, while 13% were poorly differentiated. 

About 82.1% of adenocarcinoma cases were well and moderately differentiated, whereas the 

remaining (17.9%) were poorly differentiated. Most colorectal carcinoma tumors were poorly 

differentiated (52.6%). Only 2% were found well differentiated, 68% were moderately 

differentiated and 30% were poorly differentiated or undifferentiated8 .                                                           

In the current study two different markers were targeted for immunohistochemical analysis for 

their putative role in cancer prediction and prognosis. K-ras positivity in this study was similar to  
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that reported by Delong and his colleagues (1994)9 who found that the K-ras protein expression 

in colorectal cancer was identified in 52% of cases studied.                                                                                             

Moreover, K-ras cytoplasmic positivity was detected in 42.3% of cases as compared with our 

result (64%). The same pattern was observed when K-ras expression was addressed: 50% of well 

differentiated tumors were found positive for K-ras the marker, 79 % of moderately 

differentiated samples expressed the gene, and 48% expression was found in poorly 

differentiated tumors10. Bcl-2 family members play important roles in tumor initiation and 

progression9 .                                                                                                                                                   

The present study investigated the relation between K-ras, Bcl-2, and histopathological 

diagnosis. Samples with positive immunohistochemical expression of K-ras and Bcl-2 in 

malignant tumours, showed 64% and 12% positivity respectively ,with a significant association 

between the immunohistochemical expression and the histopathological diagnosis (p = 0.238 and 

p = 0.588 respectively).                                                                                                                                                         

A study conducted by Petrişor and his co-authors (2008)10 reported a positivity of Bcl-2 marker 

in colorectal adenocarcinoma as 46.6%. 60% were positive for Bcl-2 in rectal adenocarcinoma. 

56% of tissues with positive Bcl 2 protein showed this marker in the nucleus of malignant cells. 

According to Vaux and his colleagues (1988)11, the immunohistochemical expression of Bcl-2 

was positive in 31.7% of cases.                                                                                                                                       

In the present context, Bcl-2 expression among well differentiated samples was found 

exceptionally lowered (7%). Poorly differentiated tumors found only 19% positivity in 

moderately differentiated tumors. This association between Bcl-2 marker and histological 

features was insignificant; indicating that apoptotic machinery might be playing an important 

role in metastatic colorectal malignancies. Lack of significance was also reported by Korsmeyer 

and his co-workers (1992)12 who noticed an insignificant association between Bcl-2 status and 

histological type. Also, K-ras expression marker association was found insignificant by other 

workers13.                                                                                                                                                    

The present study clarified found the disease occurring at a significantly higher frequency rate in 

a later age, Immunohistochemical expressions of, K-ras and Bcl-2 were not correlated with 

tumor grade and colorectal adenocarcinoma in patients studied. Also our study found                                            

a significant association between the type of tumor and K- ras protein expression in colorectal 

adenocarcinoma . These findings can be used as baseline data for maintaining diagnostic 

strategies for colorectal cancer among Sudanese population.                                                                  

Conclusion: There was no significant association between K- ras and Bcl-2 expressions in 

colorectal adenocarcinoma tumours . K-ras and Bcl-2 markers are highly expressed in 

moderately differentiated colorectal tumors rather than poorly and well differentiated colorectal 

tumours                                                                                                                                                  

Recommendations: Sequencing techniques are recommended to detect the K-ras gene mutation. 

Immunohistochemical panels of the K-ras and Bcl-2 tumor markers should be employed in the 

differential diagnosis of colorectal cancer. Detection of the immunohistochemical expression of 

K-ras needs to be included as part of the routine pathological evaluation and the treatment 

follow-up of patients. Due to its simplicity and low cost, the tissue microarray technique is to be 

adopted in diagnostic purposes.  
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