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Abstract 
Back ground: Non-Hodgkin’s lymphoma (NHL) with its different subtypes is strongly related to 
Epstein Bar virus (EBV) infection mainly Burkitt’s lymphoma in Africa. Studies proved the role of 
EBV in tumor-genesis and linked it to prognosis and therapy of patients. Objectives: To determine 
the frequency of EBV in non-Hodgkin lymphomas using EBV latent membrane protein 1 (EBV- 
LMP1) immunohistochemical stain. Methods: This cross-sectional study was conducted at ra-
dio-isotope centre of Khartoum (2012-2014). A total of 75 cases of non-Hodgkin lymphoma paraf-
fin embedded sections were stained for EBV LMP1 antibody. Data were analyzed by SPSS 16 and 
statistical cross linking of the results of immune staining with other data was done. Results: Out of 
75 patients of non Hodgkin’s lymphoma (74.7%) were males. EBV-LMP1 Immune-staining was 
positive in (17.3%) with predominance of Burkitt’s lymphoma (33.3%), followed by diffuse large 
B cell lymphoma (17.9%). Conclusion: Burkitt’s lymphoma expressed the highest percentage of 
non-Hodgkin’s lymphoma positive cases (46.2%) out of the total (17.3%) positive cases. Different 
methods need to be used in studying Burkitt’s lymphoma expression of EBV and its effects on the 
treatment and prognosis of cases. 

 
Keywords 
Epstein Bar Virus, Latent Membrane Protein 1 LMP1, Non-Hodgkin’s Lymphoma,  
Immunohistochemistry 

 

 

 

*Corresponding author. 

http://www.scirp.org/journal/ojpathology
http://dx.doi.org/10.4236/ojpathology.2016.62010
http://dx.doi.org/10.4236/ojpathology.2016.62010
http://www.scirp.org
http://creativecommons.org/licenses/by/4.0/


A. Ismail et al. 
 

 
80 

1. Introduction 
Epstein Bar virus (EBV) is a member of the G herpes virus family with demonstrated B-cell lympho-tropism. 
Many studies relate it to carcinogenesis in lymphoma mainly Burkitt’s lymphoma cell and HIV related lym-
phoma. Furthermore, it has been associated with epithelial malignancies arising in the gastric region, the breast 
and nasopharyngeal carcinoma in immune-compromised individuals [1]. 

EBV approximately infects most of the adult population in the world. It encodes series of products interacting 
with or similar to many of antiapoptotic molecules, cytokines, and signal transducers, so enhancing EBV infec-
tion, defected apoptosis and malignant transformation [2]-[5]. 

Different molecules are involved in EBV latent infection, including EBV-encoded nuclear antigens (EBNAs); 
EBNA leader protein (EBNA-LP); latent membrane protein (LMP) 1, LMP2A, and LMP2B; and EBV encoded 
RNAs (EBERs) EBER1 and EBER2. Among these, LMP1 is essential for EBV-mediated oncogenic effects. The 
C-terminal region ofLMP1 protein can regulate different cellular signaling pathways such as TNF receptor, 
NF-κB and JAK/STAT in order to regulate proliferation, immortalization, and invasion process [1] [6] [7]. 

Non-Hodgkin lymphomas (NHL) represent a heterogeneous group of lymphoid malignancies with distinct 
molecular pathogenesis leading to activation of proto-oncogenes (e.g. BCL-1, BCL-2, BCL-6, c-MYC) or dis-
ruption of tumor suppressor genes (e.g. p. 53). These lesions combine into multiple molecular pathways [8]. The 
number of non-Hodgkin’s lymphoma (NHL) cases has increased rapidly through the last few years. There were 
an estimated 356 000 new cases of NHL and 192 000 deaths from NHL worldwide in 2008. The disease ac-
counts for ~5.1% of all cancer cases and 2.7% of all cancer deaths. Areas with highest incidence of NHL in-
clude North America, Europe, Oceania, as well as several African countries [9]. At the current time, few data are 
given about the reasons for this increase or about exactly what causes non-Hodgkin’s lymphoma; we only know 
some of the risk factors of non-Hodgkin’s lymphoma. Studying patterns of cancer in the population has identi-
fied certain risk factors which are more common in people who get non-Hodgkin’s lymphoma than in those who 
do not. However, most people with these risk factors do not get non-Hodgkin’s lymphoma, and vice versa. Get-
ting non-Hodgkin’s lymphoma increases with age and is more common in men than in women. It is more com-
mon among people with immunodeficiency and those infected with Human T-lymphotropic virus type I 
(HTLV-1), helicobacter pylori and HIV. People exposed to certain chemicals, such as fertilizers pesticides, or 
solvents are more prone to develop non-Hodgkin’s lymphoma [10]. 

Burkitt’s lymphoma is a common type of non Hodgkin’s lymphoma in Sudanese population specially the pe-
diatric group either in the endemic form in the jaw or as sporadic cases. It’s classification as high grade lym-
phoma and its impact on young age group are deserving more digging in etiological factors and more searching 
for causes. Different studies are suggesting EBV not only as etiological factor but also as prognostic and therapy 
affecting factor [2] [6] [11] [12]. Diagnosis of cases of non Hodgkin’s lymphoma needs to be screened and rec-
lassified according to its association with EBV. In this study we tried to find out the frequency of EBV in non 
Hodgkin’s lymphoma subclasses depending on the positivity of LMP immunohistochemical staining and relate 
it to age, gender and site. 

2. Methods  
This cross sectional and descriptive, hospital-based study was conducted at Radioisotope Centre of Khartoum 
(RICK). All cases of non-Hodgkin’s lymphoma diagnosed at histopathology and immunohistochemistry de-
partment in RICK within the years (2012-2014) were reviewed. Poorly fixed or inadequately processed tissue 
blocks were excluded. Seventy five cases of non Hodgkin’s lymphoma were included in this study. Four histo-
logical sections were obtained from each block one in ordinary frosted slide for (hematoxylin and eosin 
stain-H/E-stain) and three in positively charged slides (for immunohistochemical stain. Briefly the first section 
wasde-paraffinized and dehydrated. Mayer’s hematoxylin applied for 15 minutes then washed in running tap 
water for 20 minutes, counter stained with eosin for 2 minutes, dehydrated in 95% absolute alcohol until excess 
eosin was removed then cleared in xyleme and checked under microscope the other three sections were incu-
bated overnight in a hot air oven (LABTECH-INDIA) at 60˚C c temperature. Properly fixed samples as much as 
possible were selected and satisfactory overnight incubation not to lose the tissue in immune staining was guar-
anteed. Antigen retrieval was done by (Dako-USA) citrate buffer in PH 9 in 95c for 30 minutes, endogenous 
peroxidase activity was blocked with 3% hydrogen peroxidase and methanol (Sigma Aldrich) for 10 minutes, 
Then slides were incubated with 100 - 200 μl of primary antibody for 30 minutes at room temperature followed 
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by adding antibody enhancer for 10 minutes. The primary antibody for EBV LMP1 (Dako-USA) was used. The 
negative control slides were incubated with Bovine serum albumin instead of the primary antibody. After wash-
ing with Phosphate buffer saline for 3 minutes, binding of antibody was detected by incubation for 20 minutes 
with dextran labeled polymer Dako envision TM flex kit (secondary antibody). Diaminobenzidine tetra hy-
drochloride DAB chromogen (prepared by adding 1drop in 1 ml) was added for up to 10 minutes. Counter 
staining with hematoxylin was done and lastly slides were prepared. H/E slides were revised in order to select 
the tissue representative for tumor cells in a trial to avoid non specific staining and necrotic areas and compared 
with immunohistochemistry slides. Instructions of manufacturer of the antibody were followed and detection 
system was freshly prepared to avoid contamination problems. Interpretation of positive slides with the supervi-
sor (heamato-pathologist) was accomplished by light microscopy (Olymbus BX51TF Tokyo, Japan). Positive 
results are considered if there is cytoplasmic staining. Scoring was done on the basis of the percentage of posi-
tive tumor cells and the relative immune staining intensity. Sections grading system was used to score the num-
ber of positive tumor cells: 0, none seen in the section; 1, presence of positive cells even rare but not exceeding 
25%; 2, 26% to 50% positive cells; 3, 51% to 75%; and 4, 76% to 100%. Immune-staining intensity was rated as 
follows: 0, none; 1, weak; 2, moderate; and 3, intense. When the staining intensity was heterogeneous, each 
component of the tumor was scored independently and the results were averaged. For example, when a speci-
men contained 50% of the tumor cells with moderate intensity (2 × 2 = 4), 25% of tumor cells with intense im-
mune staining (1 × 3 = 3), and 25% of cells with weak intensity (1 × 1 = 1), the score were 4 +3 +1 = 8. The 
maximum possible score was twelve [13]. False positive interpretation especially of the edge artifacts was 
avoided. Photographing of positive samples with different staining intensity lastly was done using Olympus DP 
70 controller software and was processed using Olympus DP manager software. Data acquisition sheet filled 
with data and results of LMP1 staining. Data were analyzed electronically using computer program (SPSS ver-
sion 17). T test and Chi-Square tests were calculated to compare the association. 

The study was approved by the ethical committee of Medical Doctorate of Pathology University of Khartoum. 
Permission for conduction of the study was achieved from RICK director and patient’s written consent was ob-
tained.  

3. Results 
The included 75 cases of Non Hodgkin lymphoma were 56 males and 19 females. The minimum age was three 
years and the maximum age was ninety-five with mode of four years, 49 years was the median and the standard 
deviation was 24, 5. Cases were stained for EBV LMP1 immunostain and 17% cases of non Hodgkin lymphoma 
were positive. About (23.1%) of patients expressed positive results below the age of 16 years while (23.8%) of 
the twenty three of the range group (46 - 60) showed positive results (Figure 1). There was no significant dif-
ference between age groups with positive and negative LMP1 stained cases. 

Regarding the gender distribution from the Fifty six male patients (84.6) % expressed positive results versus 
(15.4%) of the nineteen female patient’s (Figure 2). 

No statistical difference between male and female positive cases. 
Site of the lymphoma: There is nodal distribution of sixty seven (89.3%) of the cases in different lymph node 

groups (Table 1). Extra nodal distribution of non Hodgkin lymphoma cases were as follow: Two cases (2.6%) 
from gastric tissue, eyelid, thyroid, ovary, oro-pharynx, testis and bowel. The total number of extra nodal cases 
is eight (10.7%). 

Thirty three (44%) of the cases were diffuse large B cell lymphoma while eighteen (24%) of Burkett’s lym-
phoma (Figure 3). 

LMP1 stain result: Thirteen (17%) cases of non Hodgkin lymphoma were positive with three (23.1%) exhi-
biting weak positivity and six (46.2%) intermediate positivity and only four 30.8% showed strong positivity 
(Figure 4 and Figure 5). 

4. Discussion 
EBV role in tumor-genesis of non Hodgkin’s lymphoma is becoming more obvious, while still the management 
remains unsatisfactory. Exploration of antiviral drugs and therapies based on specific monoclonal antibodies has 
encouraging results [14] [15]. Immunohistochemistry has developed as an efficient tool to demonstrate the 
presence of EBV by detecting latent viral antigens. In this study non Hodgkin’s lymphoma cases showed 17.3%  
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Figure 1. Age groups distribution with LMP1 results among the studied patients. 

 

 
Figure 2. Distribution of the positive LMP1 according to gender among the studied group. 
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Table 1. Nodal distribution and LMP1 results among the studied group. 

  LMP1 RESULT 
TOTAL 

  POSITIVE NEGATIVE 

MESENTRIC 
Count 5 13 18 

% within LMP1 RESULT 45.5% 23.2% 26.9% 

AXIILLARY 
Count 1 15 16 

% within LMP1 RESULT 9.1% 26.8% 23.9% 

CERVICAL 
Count 5 21 26 

% within LMP1 RESULT 45.5% 37.8% 26.9% 

INGUINAL 
Count 0 5 5 

% within LMP1 RESULT .0% 10.7% 9.0% 

PARAAORTIC 
Count 0 2 2 

% within LMP1 RESULT .0% 3.6% 3.0 

TOTAL 
Count 11 56 67 

% within LMP1 RESULT 100.0% 100.0% 100.0% 

 

 
Figure 3. Non-Hodgkin’s lymphoma subtypes among the studied group. 

 

 
Figure 4. LMP1 intensity of staining in the studied group. 
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Figure 5. Different staining among the studied group. 

 
positivity of latent membrane antigen antibodies compared with 30% and 12.7% expression of positivity of 
NHL cases in other similar studies [16] [17]. Other studies were done only on B cell type of lymphoma mostly 
Burkitt’s lymphoma. Gonin J. and Larousserie F expressed positivity in 34.7% [17], while Oyama [18], Morales 
[19] and Park studies [20] showed positivity ranging from 9% to 15%. 

EBV positive NHL can occur in different age groups. In this study it was found to be more common in age 
group 46 - 60 years (30.7%) followed by the group of ages from 31 - 46 years forming 20% of the total with a 
mean age (48.7). The low mean in this study is resulting from more pediatric group range (1 - 15 years) (21.3%) 
with 4 years old as the more repeated mode. The youngest patient with Burkitt’s lymphomain this study is 3 
years old. Most of the patients were in the 6th decade followed by the 1st decade. LMP1 positivity was seen more 
among the age group (46 - 60) years (30.8%). This may be related to immunity deterioration with increasing age 
[21]. No significant difference among age groups expressing positivity in comparison with significant variation 
in another study done by Park and his colleagues [20]. 

It was found that NHL was more common among males (74.7%). expressing (84.6%) of the positive LMP1 
cases in the current study. This is in concordance to Tumwine LK and his colleagues study with similar male 
cases predominance but with majority of female positive cases comprising 86.5% [22]. 

LMP1 positivity among the different morphological subtypes showed that nearly half (46.2%) of the positive 
cases were Burkitt’s lymphoma this supports the theory of latency type transformation and the relationship be-
tween Burkitt’s lymphoma and EBV infection [22]. It was followed by Diffuse large B cell lymphoma (38.5%) 
similar to the results of Lynnette K Tumwine and his group study in Uganda [22] and this may be due to geo-
graphical distribution of Burkitt lymphoma in African malaria endemic area. It also agrees with the study of 
Osman. IM concluding that sporadic Burkitt’s lymphoma of the gastrointestinal tract is the predominant pedia-
tric lymphoma while diffuse large B cell lymphoma is the commonest in adult [23]. 

Regarding marginal zone lymphoma a study of 17 cases of inflammatory bowel disease (IBD) associated co-
lorectal cancer and 9 of NHL were considered for EBV expression of latent membrane proteins and results sug-
gested that EBV to be involved in the pathogenesis of proportion of cases of marginal zone lymphoma [22] and 
this may explain our positive case result. 

No studies found in the literature on small cell lymphoma and mantle cell lymphoma relating it with EBV la-
tent proteins expression but theory of malignancy transformation is not proofed. 

A study on T cell lymphoma represented by Yuan Mao and colleagues using LMP1 on 16 cases yielded 
(56.25%) positivity [24]. In the current study T cell lymphoma cases were few and no case showed positivity to 
be compared with the B cell lymphoma positivity.  

In this study grading system was applied on positive results. It is found that 77% were of intermediate and 
strong positivity. Some studies relate the concentration of LMP1 to the prognosis of patients and potentiality of 
metastasis [25]. Further study is needed to follow up these patients and relate grade of LMP1 with outcome and 
risk of metastasis. 
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5. Conclusions  
LMP1 positive expression was in 17.3% non Hodgkin’s lymphoma cases. The majority were within the age 
group (46 - 60 years) and pediatric age group below fifteen years old with none statistically significant male 
predominance. About one third of the LMP1 positive cases were sporadic Burkitt’s lymphoma with the com-
monest site in mesenteric lymph nodes. Only two cases of endemic Burkitt’s lymphoma were identified, one of 
them was LMP1 positive. Diffuse large B cell lymphoma following Burkitt’s lymphoma in frequency of positive 
cases, with small B cell and marginal zone lymphoma coming next. Most of the findings of this study correlate 
with the published English literature. 

It is recommended that similar study to be carried out in larger sample size and combined with additional me-
thods like PCR and ERB1 in situ hybridization or EBNA1 immune stain to detect EBV antigen and make inter-
pretation comparable with the co-method used 
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Abbreviations  
BCL2 B cell lymphoma 2 
EBERs EBV encoded RNAs 
EBNA-LP EBNA leader protein 
EBNAs Encoded nuclear antigens 
EBV Epstein Bar virus 
HTLV-1 Human T-lymphotropic virus type I 
IBD Inflammatory bowel disease 
JAK/STAT Janus kinase and signal transducer and activator of transcription 
LMP latent membrane protein 
MYC Myelocytomatosis oncogen homolog 
NF-κB nuclear factor kappa-light chain-enhancer of activated B cells 
PCR Polymerase chain reaction 
RICK Radioisotope Centre of Khartoum 
SERS surface enhanced Raman scatter 
TNF Tumor necrosis factor 
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