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ABSTRACT 
Objective: The objective of study is to evaluate the frequency of co-expression of c-Myc and BCL-2 in Diffuse large 
B-cell lymphoma. 
Material and Methods: After taking ethical approval cross sectional study was conducted at Chughtai Lab Lahore 
on 100 cases. The specimens were thoroughly examined under supervision of a consultant histopathologist with at 
least 5 years of post-fellowship experience. Representative sections were taken. Standard H&E slides were made 
and observed under microscope. Representative section was selected and c-Myc, BCL-2 immunohistochemical 
stains were performed. The expression of c-Myc and BCL-2 was documented by the researcher and the supervisor. 
The findings were entered in the Performa given at the end. Data was entered and analyzed using SPSS version 
23. Post stratification chi-square test was applied by taking P value of < 0.05 as significant. 
Results: It was noted that mean age of the study population was 41.76±14.72 years at the time of enrollment. 
Majority 53(53%) cases were male while 47(47%) were female cases in this study. It is evaluated that 26(26%) of 
cases has positive coexpression c-Myc and BLC-2 while 74(74%) cases has negative co-expression c-Myc and 
BLC- 2.  
Conclusion: Given the prognostic value and potential need for a change in therapeutic approach, protein 
expression analysis for c-Myc and BCL-2 should be performed on all patients with DLBCL for subcategorization, 
risk stratification and consideration for targeted therapy 
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INTRODUCTION 
In western countries, DLBCL (Diffuse large 

B-cell lymphoma) are the most common types of non-

Hodgkin’s lymphoma, which accounts up to 30% of 

all cases of all non-Hodgkin’s lymphomas [1]. The 

percentage of these lymphomas is much higher in 

developing countries.  

The refinement of classification and 

heterogeneity of large cell lymphomas has markedly 

improved with the advent of genetic studies and 

understanding of proteomic structures of such cells. 

The molecular features of various types of 

lymphomas, identified through genetic studies and 

proteomic structure have also helped to identify the 

aggressive variants of the lymphomas. Two distinct 

subtypes of DLBCL have been identified through 

gene expression analysis; B cell activated type and 

Germinal Centre B cell. The cells of origin were at the 

crux of this classification. Unfortunately, this 

classification has limited significance of predicting 

prognosis in individual cases. 

c-Myc, an oncogenic transcript or gene, is 

conceded as the most common type of genetic 

abnormality in malignancy. In about 70% cases of all 

human malignancies, there is over-expression of c-

Myc genes [2]. In 7-15% cases of DLBCL, finding of 

c-Myc rearrangements noted which is linked with 

poor prognosis. Activation of c-Myc expression as a 

result of amplification of repeated mutation of micro 

RNA has led to greater protein expression in large 

percentage, between 30-50% of DLBCL [2]. 

Apart from c-Myc gene, BCL-2 has been the 

centre of interest for the researchers as prognostic 

biomarker. This gene (BCL-2) is linked with 

chemotherapy resistance. The term Double 

Expressor lymphoma (DEL) is given to the 

lymphomas with dual expression of c-Myc and BCL-2 

genes [3]. Approximately 12% DLBCL cases show 

dual expression [4]. The lack of chromosomal 

rearrangements can also lead to over expression of 

c-Myc and BCL-2 markers. The DLBCL, with co-

expression of c-Myc/BCL2, has no standard 

treatment regime. As it has very aggressive clinical 

course, its 5-year survival rate is only 40% approx [5]. 

The combined EPOCH-R (etoposide, cyclophos-

phamide, doxorubicin, vincristine, prednisolone and 

rituximab) in dose adjusted manner has shown good 

efficacy in cases of double-protein co-expression 

DLBCL, but not in overall survival [6]. Allogenic stem 

cell transplant is also in trials. The purpose of this 

study is to assess the frequency of protein 

expressions secondary to c-Myc and BCL-2 genes. 
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MATERIAL AND METHODS 
The data set compromised of 100 

consecutive patients, who were diagnosed with 

DLBCL for the first time in Chughtai Institute of 

Pathology between 2017 and 2019. The approval of 

the study was given by the Research Ethics 

Committee of Chughtai Institute of Pathology.  The 

samples of paraffin embedded blocks of tumours 

were utilised for immunohistochemical analysis by 

applying monoclonal antibodies. The samples were 

fixed in 10% Neutral buffered formalin and were 

paraffin embedded (Figure-I). 

 
Figure-I: DLBCL (sheets of cells with vesicular nuclei). 

 

The ‘n’ number was 100, out of which 43 

were females and 57 were males, between the age 

ranges of 21-75 years. 

For this research, if 40% of tumour cells 

expressed immunoreactivity to the Myc protein then it 

is categorized positive while the mark was set at 50 

% for the expression of BCL-2 gene (Figure-II, III) [7]. 

 
Figure-II: c-Myc. 
 

 
Figure-III: BCL-2. 

 

The SPSS version 23 has been utilised for 

the purpose of data entry and analysis.  Application 

of chi-square test conducted after stratification of 

data and P value of less than 0.05 is considered 

significant. 
 

RESULTS  

It was noted that mean age of the study population 
was 41.76±14.72 years at the time of enrollment. 
Majority 53(53%) cases were male while 47(47%) 
were female cases in this study (Figure-IV). 

Figure-IV: Gender distribution. 

 

It was evaluated that 26(26%) of cases had 

positive co-expression c-Myc and BLC-2 while 

74(74%) cases had negative co-expression c-Myc 

and BLC-2. (Table-I). 

Data was stratified according to age and 

gender. It was found that 22(32.4%) cases had 

positive coexpression in age group 20-45 years of 

age and 4(12.5%) cases had positive co-expression 

in age group >50 years, showing significant 

difference (Table-II). It was observed that there was 

no significant difference for gender in the study 

participants (Table-III). 

 
Table-I: Co-expression of c-Myc and BCL-2. 

Co-expression Frequency  Percent 

Yes  26  26.0  

No 74  74.0  

 100  100.0  

 

 
Table-II: Co-expression of c-Myc and BCL-2 with 
respect to age. 

  Co-Expression of         
c-Myc and BCL-2  

P-value  

Yes  No  

Age 
Group 

20-45 years 22  46  0.027 

32.4%  67.6%  

>50 years 4  28  

12.5%  87.5%  

Total  26  74  100  

26.0%  74.0%  100 %  
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Table-III: Co-expression of c-Myc and BCL-2 with 
respect to gender. 

  Co-expression of 
c-Myc and BCL-2  

P-
value 

Yes  No   

Gender Male 16  37  

0.36 
30.2%  69.8%  

Female 10  37  
21.3%  78.7%  

Total  26  74  100 

26.0%  74.0%  100% 
 

DISCUSSION  
The DLBCL is a quite heterogenous group of 

tumors and this heterogeneity is based on various 

clinicopathological characteristics, genetic alterations 

and response to treatment and prognosis. Though 

response to standard treatment is noted in almost 

half of the cases of DLBCL but in remaining half, 

resistance to treatment is still a major concern. The 

mortality rate is up to 40% within the first 2 years of 

diagnosis. The identification of alternative treatment 

strategies is the focus for the patients with worse 

prognosis. Assessment of prognostic value of 

individual biomarkers has been the focus of 

numerous studies. The more recent studies have 

also identified the significance of molecular 

classifications for DLBCL in prognosis and response 

to treatment. 

In 2000, first time ever gene expression 

profiling was utilised in the study of DLBCL. As a 

result of this study, two major categories of cell of 

origin were identified based on prognostic outcomes; 

activated B-cell (ABC) and germinal centre B-cell 

(GCB). Hans et al. proposed the algorithm with 

application of BCL6, CD10 and multiple myeloma 

oncogenes (MUM-1) to classify DLBCL into 

prognostically significant subtypes like GCB and 

ABC. 

The translocation of chromosome is another 

important prognostic and pathogenic feature of B-Cell 

lymphomas. The most common chromosomal 

translocations identified in DLBCL are related with 

BCL2, BCL6 and Myc loci [7,8,9]. Perry et al, after 

studying 105 cases of DLBCL deduced that co-

expression of BCL-2 and c-Myc genes were linked 

with poor survival and this finding was independent of 

any other related factor. This study was conducted on 

patients who were given R-CHOP therapy [10]. 

In our study, BCL2 expression was detected 

in 51% of cases and c-Myc expression was 27% 

which is comparable with the previous studies 

[11,12,13] Johnson et al. conducted a study in 2012 

on 167 patients and was found 21% co-expression of 

c-Myc and BCL2 which is more in line with our study 

[11]. In Pakistan, similar study was conducted by 

Armed Forces Institute of Pakistan in Rawalpindi on 

74 diagnosed cases and their results were 14% 

which were comparatively lower than results of our 

study [12]. Another study conducted by Atif A. 

Hashmi from Liaquat National Hospital, Karachi on 

109 diagnosed cases. His results showed 35.8% co-

expression of c-Myc and BCL2 [13]. 

A study conducted by Haung JZ established 

worse survival outcomes secondary to chromosomal 

translocations 14; 18, in DLBCL [14]. As like of 

previous research studies BCL2 rearrangements 

have limited predictive value in overall survival of the 

patients who were treated with rituximab plus CHOP 

[15,16]. 

Velera et al. conducted the gene analysis 

studies on 219 patients diagnosed with DLBCL. In 

this study they noted 4% of the cases were either 

doble or triple hit, means concurrent genetic 

abnormalities in BCL2 and/or BCL6 genes while in 3 

% cases only Myc rearrangements were the sole 

cause of abnormalities, i.e., Myc single hit [17]. c-Myc 

translocation is a key transcription factor which 

promotes cell cycling and tumor proliferation. 

The DLBCL, with co-expression of c-

Myc/BCL2, has no standard treatment regime [18]. 

Owing to their worst prognosis, it is better to 

differentiate Double Expressor Lymphomas from 

DLBCL group so that aggressive treatment regimens 

should be given. Allogenic stem cell transplant is also 

in trials and Alex F Herrera also studied some cases 

[19,20]. 

Our study clearly indicates the importance of 

comprehensive immunohistology and molecular 

profiling of MYC and BCL2 genes in identifying 

alternative treatment approaches in patients with 

DLBCL. Combining the molecular profiling with 

advent of novel agents has not only improved the 

outcomes but paving way for future research. 

 
CONCLUSION 

Given the prognostic value and potential 

need for a change in therapeutic approach, protein 

expression analysis for c-Myc and BCL-2 should be 

performed on all patients with DLBCL for 

subcategorization, risk stratification and consideration 

for targeted therapy. 
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