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A b s t r a c t
Burkitt lymphoma (BL) is a highly aggressive 

non-Hodgkin lymphoma with a consistent MYC 
translocation. Epstein-Barr virus (EBV) has been 
associated with BL at different frequencies, depending 
on the clinical variant and geographic regions. This is a 
large-scale study of BL in Brazil, including 234 patients 
from 5 geographic regions that are widely disparate 
socioeconomically, including pediatric (61.1%) and 
adult (37.6%) populations. EBV was present in 52.6% 
of all BL cases, varying from 29% (12/42) in the 
South to 76% (13/17) in the North. Most of the cases 
were EBV type A. The frequency was higher in the 
pediatric group, and EBV association within this age 
range predominated in all regions except the South. 
Expression of p53 protein was observed in 16.2%, and 
only rare cases showed p63 expression. BL in Brazil 
is regionally distinct and has a low incidence of p53 
overexpression and a higher-than-expected association 
with EBV in sporadic cases.

Burkitt lymphoma (BL) is a highly aggressive non-
Hodgkin lymphoma (NHL) first described by Burkitt in 1958 
in African children from areas holoendemic for malaria.1 BL 
is composed of a monomorphic population of medium-sized 
B cells with basophilic cytoplasm and an extremely high pro-
liferative rate.2 Morphologically, in addition to classical BL, 
the World Health Organization (WHO) recognizes 2 cytologic 
variants: BL with plasmacytoid differentiation and atypical 
BL/Burkitt-like. The latter is characterized by greater pleo-
morphism in nuclear size and shape than the classical type.

Immunophenotypically, all types are similar and express 
CD20, CD10, bcl-6, and membranous IgM but not IgD, bcl-2, 
or terminal deoxynucleotidyl transferase (TdT). The Ki-67 
proliferation index generally approaches 100%.3 All cases 
carry a translocation involving the c-MYC gene at 8q24 with 
the immunoglobulin heavy chain (lGH) gene on 14q32 (80%) 
or, less commonly, with the κ light chain locus (IGK) at 2p11 
(15%) or the λ light chain locus (IGL) at 22q11 (5%).4,5 This 
brings the proto-oncogene under the influence of powerful 
immunoglobulin promoters, resulting in deregulated MYC 
transcription.6 TP53 mutations have also been reported in BL, 
although these appear to be more frequent in BL cell lines.7

Three main clinical variants of BL have been described: 
endemic, sporadic, and immunodeficiency-associated. Endemic 
BL refers to the form that occurs in African children, usually 4 
to 7 years old. The tumor frequently involves the mandible 
and other facial bones (50% of cases), as well as kidneys, 
gastrointestinal tract, ovaries, breast, and other extranodal 
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sites. The incidence of BL in Africa is estimated to be 50 
times higher than in the United States.8 Sporadic BL occurs 
worldwide and accounts for 1% to 2% of all lymphomas in 
Western Europe and the United States and approximately 
30% to 50% of all childhood lymphomas. In sporadic BL, the 
abdomen, especially the ileocecal area, is the most common 
site of involvement.2 The immunodeficiency-associated vari-
ant is frequently observed in the setting of HIV infection and 
has also been reported in allograft recipients and in congenital 
immunodeficiency. BL accounts for about a third of NHL in 
HIV+ patients.9 BL in an HIV+ patient generally occurs in 
patients with relatively high CD4 counts, in contrast with large 
cell immunoblastic lymphoma, and often represents the initial 
AIDS-defining illness.8,9

Epstein-Barr virus (EBV), a member of the human her-
pesvirus family, was initially isolated from a cultured BL cell 
line by Epstein et al10 in 1964 and was the first description of 
a virus involved in the pathogenesis of a human tumor.8 EBV 
has since been linked to many human neoplasms, including 
hematopoietic (including B-cell and T-cell natural killer and 
Hodgkin lymphomas), epithelial (nasopharyngeal carcinoma, 
a subset of gastric carcinoma), and mesenchymal (inflam-
matory pseudotumor of the liver and HIV-associated smooth 
muscle neoplasms) tumors.11 The association between BL and 
EBV occurs at varying frequencies depending on the clinical 
variant. EBV is present in the majority of endemic cases of 
BL (up to 100%), in fewer than 30% of cases of sporadic 
BL,2 and in 30% to 40% of AIDS-related BL.12 Small studies 
in Brazil and other South American countries have suggested 
that this association is intermediate between sporadic and 
endemic variants.13-19

Brazil is the largest country in South America, located at 
+5°179 to –33°459 latitude and –34°489 to –73°609 longitude, 
and has a population of 180 million people. Brazil is character-
ized by widely disparate socioeconomic conditions among its 
citizens and regional climatic variation. The country is divided 
into 5 geographic regions: North, Northeast, Central West, 
South, and Southeast zFigure 1z. The South is generally more 
affluent, while the North and Northeast are less so. Similarly, 
tropical and infectious diseases are more common in the lat-
ter areas.20,21 There are few epidemiologic and no large-scale 
studies of BL in Brazil, and previously published works on 
association of EBV with BL have been predominantly focused 
on pediatric BL from the Northeast,15,16 Southeast,13,14,17,18 
and South.19 In the present study, we report the clinical fea-
tures, immunophenotype, tumor suppressor (p53 and p63) 
protein expression profile, and association with EBV (by 
in situ hybridization [ISH] and polymerase chain reaction 
[PCR]) in 234 well-characterized cases of BL from all 5 geo-
graphic regions of Brazil in pediatric and adult populations. 
To perform this extensive analysis, we used tissue microarrays 
(TMAs) generated from our extensive tumor bank.

Materials and Methods

Case Material and Clinical Data

The initial study population was from a total of 595 cases 
of high-grade B-cell lymphoma with a tentative diagnosis of 
BL selected between June 1997 and December 2007 from the 
archives of Consultoria em Patologia, a large national refer-
ence consultation service in anatomic pathology located in 
Botucatu, Brazil. In 99 cases, paraffin blocks were not avail-
able and these cases were excluded from the study. In the 
remaining 496 cases, the original H&E-stained and immuno-
stained slides of each case were reviewed by 3 of us (E.M.Q., 
G.G., and C.E.B.), and representative areas were selected for 
the construction of the TMAs. After immunohistochemical 
analysis, all bcl-2+ and CD10– cases were excluded (135 
cases; bcl-2+ cases are being analyzed in another study). 
Another 127 cases were also excluded from the study after 
fluorescence in situ hybridization (FISH) analysis as these 
cases showed inconclusive results or had results inconsistent 
with BL (exclusion criteria are explained later). In total, 234 
cases of BL, confirmed by morphologic, immunohistochemi-
cal, and molecular analyses, are described in this report. Nodal 
and extranodal BL cases were included. Clinical data includ-
ing sex, age at diagnosis, anatomic location of the tumor, and 
HIV status were obtained from the referring pathologists or 
oncologists and/or pathology reports. A morphologic sub-
classification of the cases was performed based on variants 
included in the 2001 WHO classification.2 This study was 
approved as a whole by the Ethical Committee of University 
of São Paulo Medical School, São Paulo, Brazil.

TMA Construction
Eight TMA blocks were constructed using a tissue 

arrayer (Beecher Instruments, Sun Prairie, WI). The num-
ber of cases in each TMA block varied from 19 to 84 (not 
including control cores). Each individual case was repre-
sented by 3 tumor cores of 0.6 mm that had been obtained 
from the original paraffin blocks. Proper positive and nega-
tive control cores for each marker were also included in the 
array block: tonsil (CD20, CD3, CD10, bcl-2, bcl-6, Ki-67, 
PAX-5, CD5, and CD23), EBV+ Hodgkin lymphoma (latent 
membrane protein [LMP]-1 and EBV early RNA [EBER1]), 
tonsillar squamous epithelium (p63), breast ductal carci-
noma showing p53 overexpression (p53), and lymphoblastic 
lymphoma (TdT).

Immunohistochemical Analysis and ISH
Immunohistochemical analysis was performed for each 

TMA using Novolink polymer (Novocastra, Newcastle upon 
Tyne, England) as the detection system, and an epitope-
retrieval method was applied as needed for each specific 
antibody; diaminobenzidine was the chromogen. The primary 
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antibodies used reacted against the following antigens: CD20, 
CD3, CD10, bcl-6, Ki-67, bcl-2, EBV-LMP-1, PAX-5, TdT, 
CD5, CD23, p53, and p63 zTable 1z. For p53 and p63 immu-
nostaining, only tumors with more than 10% and more than 
5%, respectively, of neoplastic cells showing nuclear expres-
sion were considered positive. For p63 immunostaining, cases 
were divided into 4 groups according to the following scores: 
negative, 5% or fewer; 1+, more than 5% to 10%; 2+, more 
than 10% to 50%; and 3+, more than 50%.

Sections from all TMAs were examined for the expression 
of EBER1 by ISH using a 30-base oligonucleotide EBER1 
probe complementary to a portion of the EBER1 gene, as pre-
viously described.14 Appropriate positive (cases of EBV+ BL 
and EBV+ Hodgkin lymphoma) and negative control (EBV– 
tissue) cores were also included in the arrays.

PCR Study for EBV Typing
Subtyping for EBV by PCR amplification of the EBV-

encoded nuclear antigen (EBNA)2 region was performed 
in 123 cases. DNA isolation was performed as follows: 
formalin-fixed, paraffin-embedded histologic sections were 
submitted to deparaffinization by successive xylene baths and 
dehydration with 100% ethanol. After digestion and DNA 
purification,22 PCR was performed to investigate the qual-
ity of the extracted DNA, using a set of control primers for 
human genes that amplify products by 100, 200, 300, 400, 
and up to 600 base pairs (bp) depending on the integrity of the 
extracted DNA.23 For EBV typing, 2 primers encompassing 
a region (E2 up, 59-AGGCTGCCCACCCTGAGGAT-39 and 
E2 low, 59-GCCACCTGGCAGCCCTAAAG-39) containing 
a 16-bp deletion in EBV type A were used. PCR with these 
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zFigure 1z Brazilian map with the 5 geographic regions showing the distribution of Burkitt lymphoma cases and the frequency  
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primers yields amplification product of 170- and 186-bp frag-
ment length for types A and B, respectively. In some cases, 
a seminested reamplification was performed using the E2 up 
and E2R low (59-GCTGCCACCTGGCGGAAT-39) primers 
rendering amplification products of 111 bp and 127 bp for 
types A and B, respectively, according to Araujo et al.15

PCR-amplified products for both studies were analyzed 
in a 7% polyacrylamide gel by silver staining.

Fluorescence In Situ Hybridization
FISH was performed using a 3-µm-thick tissue sec-

tion of each array block, as previously described.3 For the 
detection of breakpoints in the c-MYC locus, the LSI MYC 
Dual-Color Break-apart Rearrangement probe (Vysis, Abbott, 
Abbott Park, IL) was applied. The slides were evaluated 
using SpectrumOrange and SpectrumGreen filters (Chroma 
Technology, Fuerstenfeldbruck, Germany) on a Zeiss Axio 
Imager M1 fluorescence microscope (Carl Zeiss, Göttingen, 
Germany) and the assistance of Isis FISH Imaging Software 
(Metasystems, Altlussheim, Germany). Using an extended 
focus–tile sampling method, tiles with distant unpaired signals 
(≥10 pixels in distance) were considered positive, and the 
percentage of tiles containing positive signals was calculated. 
The threshold for positivity was established from a group of 
immunophenotypically characterized cases (tonsils) that did 
not contain the translocation. A positive case was defined as a 
case in which the mean number of positive tiles detected was 
3 SDs above the mean of this negative control group.24 The 
threshold established was 2.19% (the mean of this negative 
control group was 0.73%).

Statistical Analysis
Calculations were performed using R (http://www.r-

project.org), version 2.5.1, on a Macintosh computer with OS 
v.10.5.2 (Apple, Cupertino, CA). Significance was calculated 

using the Fisher exact test for factor comparisons and a 
general linear model (logistic regression) for comparisons 
involving age.

Results

Clinical Features
Of the 234 BL cases (CD10+ and bcl-2–), 173 (73.9%) 

were in males and 61 (26.1%) in females (male/female ratio 
2.8:1). The patients ranged in age from 7 months to 81 years 
(mean, 19.1 years). The distribution of the cases in age sub-
groups is shown in zFigure 2z. There was no statistically 

zTable 1z
Primary Antibodies Used for Immunohistochemical Staining in Paraffin Sections of Burkitt Lymphoma Cases*

Antigen Clone Dilution Antigen Retrieval Method Source

CD20 L26 1:1,200 MW; CB DAKO, Carpinteria, CA
CD3 SP7 1:200 S; CB NeoMarkers, Lab Vision, Fremont, CA
CD10 56C6 1:100 S; CB Novocastra, Newcastle upon Tyne,  
      England
BCL-2 124 1:400 MW; CB DAKO
BCL-6 PG-B6P 1:100 T + S DAKO
Ki-67 MIB-1 1:4,800 PC; CB DAKO
Terminal deoxynucleotidyl transferase Polyclonal 1:1,600 PC; EDTA DAKO
PAX-5 24 1:400 S NeoMarkers
p53 DO-7 1:2,000 PC DAKO
CD5 4C7 1:150 MW Novocastra
CD23 SP23 1:400 MW NeoMarkers
p63 4A4 1:300 PC NeoMarkers
Latent membrane protein-1 CS1-4 1:500 S; CB DAKO

CB, citrate buffer, pH 6; MW, microwave oven; PC, pressure cooker; S, steamer; T, trypsin.
* Heat-induced epitope retrieval was used.
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significant age difference between male and female patient 
cohorts. In 3 cases (1.3%), the age was unknown. Of the 
patients, 143 (61.1%) were 16 years or younger (pediatric 
group) and 88 (37.6%) were older than 16 years (adult group). 
Extranodal BL comprised 67.9% of the cases (159 cases), 
while primary lymph node involvement was observed in 
28.6% of the cases (67 cases). In 8 cases (3.5%) it was not 
possible to determine nodal or extranodal involvement. In the 
extranodal cases, the most common site of involvement was 
the gastrointestinal tract (59 cases); 49 cases were referred to 
as extranodal abdominal tumor without further specification; 
involvement of liver, oropharynx/nasopharynx, jaw/maxilla, 
ovaries, and central nervous system were observed in 7, 6, 5, 
4, and 2 cases, respectively. Among the patients with primary 
lymph node disease, the most common sites of involvement 
were the cervical region (32 cases) and the axilla (15 cases). 
In the pediatric population, primary extranodal disease was 
observed in 113 cases (79.0%); in contrast, the adult popula-
tion had extranodal involvement in 43 cases (49%).

The distribution of the cases in each of the 5 geographic 
regions of the country (including mean age, age range, sex, age 
group, site of involvement, association with EBV by ISH, and 
EBV typing by PCR) is summarized in Figure 1 and zTable 2z. 
As expected, EBER1 positivity was inversely associated with 
increased age (P ≤ .006), but was not significantly associated 
with sex. In contrast with the other regions, in the South and 
Central West regions, the number of cases of the adult group 

was greater than the number of pediatric cases. In these 2 
geographical regions (South and Central West), extranodal 
involvement (14 cases and 6 cases, respectively) in the adult 
group (26 cases and 9 cases, respectively) was more frequent 
than a nodal presentation (12 cases and 3 cases, respectively).

Among the 234 cases, 14 (6.0%) were known to be in 
HIV+ patients. The clinical features of this group of patients, 
including association with EBV and morphologic type, are 
given in zTable 3z. The age at the time of diagnosis ranged 
from 2 to 55 years (mean, 34 years). Overall, and as expected, 
HIV positivity was associated with increased age (P ≤ .005). 
There were 11 men (79%) and 3 women (21%), and nodal 
involvement (8 cases [57%]) was more frequent than an extra-
nodal presentation (6 cases [43%]).

Morphologic Features
In the original material reviewed to select the areas for 

TMA, approximately 99% of BLs showed diffuse architec-
ture, and only rare cases exhibited a focal nodular pattern (2 
cases). Most of the cases were of classic type (213 [91.0%]) 
characterized by a monotonous proliferation of medium-sized 
cells with round nuclei, multiple nucleoli, deeply basophilic 
cytoplasm, and numerous mitotic figures with a starry-sky 
pattern zImage 1Az. Morphologic variants were distributed 
as follows: plasmacytoid differentiation, 7 cases (3.0%); and 
atypical BL, 14 cases (6.0%). All HIV+ cases of BL exhibited 
classic morphologic features.

zTable 2z
Distribution of Burkitt Lymphoma Cases in Each Geographic Region*

 Northeast  Central West South Southeast North Total 
 (n = 86 [36.7%]) (n = 17 [7.3%])  (n = 42 [17.9%])  (n = 72 [30.8%])  (n = 17 [7.3%])  (n = 234)

Age      
   Mean (y) 15.4 27.5 28.6 18.3 10.3 19.1
   Range 7 mo-79 y 3-75 y 3-81 y 2-80 y 3-51 y 7 mo-81 y
Sex      
   Male 64 (74) 12 (71) 29 (69) 54 (75) 14 (82) 173 (73.9)
   Female 22 (26) 5 (29) 13 (31) 18 (25) 3 (18) 61 (26.1)
   M/F ratio 2.78 2.4 2.2 3 4.6 2.8
Age group      
   Adult 23 (27) 9 (53) 26 (62) 27 (38) 3 (18) 88 (37.6)
   Pediatric 63 (73) 8 (47) 14 (33) 44 (61) 14 (82) 143 (61.1)
   Unknown 0 (0) 0 (0) 2 (5) 1 (1) 0 (0) 3 (1.3)
Location      
   Nodal 23 (27) 5 (29) 15 (36) 21 (29) 3 (18) 67 (28.6)
   Extranodal 57 (66) 12 (71) 27 (64) 50 (69) 13 (76) 159 (67.9)
   Unknown 6 (7) 0 (0) 0 (0) 1 (1) 1 (6) 8 (3.5)
EBV (ISH)      
   Positive 54 (63) 8 (47) 12 (29) 36 (50) 13 (76) 123 (52.6)
   Negative 32 (37) 9 (53) 30 (71) 36 (50) 3 (18) 110 (47.0)
   Inconclusive 0 (0) 0 (0) 0 (0) 0 (0) 1 (6) 1 (0.4)
EBV type (PCR)      
   A 40/54 (74) 4/8 (50) 11/12 (92) 31/36 (86) 9/13 (69) 95/123 (77.2)
   B 10/54 (19) 4/8 (50) 1/12 (8) 5/36 (14) 4/13 (31) 24/123 (19.5)
   Inconclusive 4/54 (7) 0 (0) 0 (0) 0 (0) 0 (0) 4/123 (3.3)

EBV, Epstein-Barr virus; ISH, in situ hybridization; PCR, polymerase chain reaction. 
* Data are given as number (percentage) or number/total (percentage) unless otherwise indicated.
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Immunohistochemical Analysis and ISH
All cases had an immunophenotype consistent with 

BL according to the 2001 WHO classification,2 ie, CD20+, 
CD10+, bcl-6+/–, Ki-67 >95%, CD3–, and bcl-2–. CD20 
and CD10 were positive in all cases; bcl-6 was positive in 
203 cases (86.8%); and PAX-5 expression was observed in 
225 cases (96.2%). TdT and bcl-2 were negative in all cases. 
All 44 cases studied with antibodies against CD5 and CD23 
showed negative results. LMP-1 expression was observed in 
only 1 (0.4%) of 234 cases. Nuclear expression of p63 protein 
was seen in 9 cases (3.8%), all classified as 1+. Expression 
of p53 protein (above the cutoff of 10%) was noted in 38 
cases (16.2%) zImage 1Bz. In only 1 case was there coexpres-
sion of p63 and p53. All control cores showed the expected 
immunostaining expression pattern. A higher proportion 
of EBER1+ BLs were bcl-6+ (P ≤ .06 overall). This effect 
was even more pronounced in HIV– cases in the pediatric 
group (P ≤ .04). Of note, p53 positivity, which is customarily 
interpreted as accumulation of mutant p53, was inversely cor-
related with EBV status.

ISH for EBV was positive in 123 cases (52.6%). In each 
of these cases, all or virtually all of the neoplastic cells stained 
for EBER1 zImage 1Cz. The majority of the EBV+ cases 
were in the pediatric group (83 cases [67.5%]), and 38 cases 
(30.9%) occurred in patients older than 16 years. In 2 EBV+ 
BLs, the age was unknown (1.6%). In the pediatric group 
(143 cases), 58.0% were EBV+, while in the adult group (88 
cases), 38 cases (43%) were EBV+. The mean age of patients 
in the EBV+ group was 16 years, while the mean age in 
patients in the EBV– group was 23 years. In 1 case, ISH for 
EBV was inconclusive owing to lack of sufficient neoplastic 
tissue in the cores.

The lowest association between BL and EBV was seen in 
cases from the South region of Brazil, where 12 (29%) of 42 
were EBV+. In the other regions, this association varied from 

47% (Central West, 8 cases) to 76% (North, 13 cases). In the 
group of 14 known HIV+ cases, 10 were EBV+ (71%).

PCR Study for EBV Typing
The EBV molecular subtyping analysis in the 123 EBV+ 

cases by ISH showed that 95 (77.2%) of the cases were EBV 
type A, and 24 (19.5%) were type B. In 4 cases (3.3%), the 
DNA obtained from the paraffin blocks was too degraded and 
yielded inconclusive results for EBV subtyping. No case dem-
onstrated both EBV subtypes in the same sample zImage 2z.

EBV type A was predominant in 4 of the 5 geographic 
regions of Brazil. The only exception was observed in the 
Central West region, which revealed an equal distribution 
of EBV types A and B in the 8 EBV+ BLs (Table 2). Also, 
a predominance of EBV type A (8/10 [80%]) was found in 
HIV+ BL (Table 3).

Fluorescence In Situ Hybridization
All 361 cases of the 8 TMA blocks were studied by FISH 

using the LSI MYC Dual-Color Break-apart Rearrangement 
probe. However, 127 were excluded, most of them (89 cases) 
owing to poorly fixed material. Only 38 of the 127 excluded 
cases demonstrated results inconsistent with BL, ie, mean 
number of positive tiles fewer than 2.19%. In the remaining 
234 cases, the range for positive signals obtained was 2.2% to 
43.2% (mean, 12.5%) zImage 1Dz.

Discussion

BL is an aggressive B-cell lymphoma with a variable inci-
dence in different geographic regions of the world. According 
to Rabkin et al,25 in endemic areas (Equatorial Africa), the 
incidence rate varies between 5 and 10 per 100,000 children 
younger than 15 years, while in the United States this value 

zTable 3z
Clinical Features, Morphologic Findings, and EBV Association in HIV+ Burkitt Lymphoma Group

Case No./Sex/Age (y) Location EBV ISH EBV Subtype Morphologic Type

1/M/2 Salivary gland Positive A Classic
2/F/7 Neck LN Negative — Classic
3/F/25 Axillary LN Positive B Classic
4/M/25 Duodenum Positive A Classic
5/M/30 Mesentery Positive B Classic
6/M/32 Axillary LN Positive A Classic
7/M/34 Neck LN Negative — Classic
8/M/37 Axillary LN Positive A Classic
9/M/40 Retroperitoneum Positive A Classic
10/M/42 Ileum Negative — Classic
11/M/44 Skin (head) Positive A Classic
12/M/51 Axillary LN Positive A Classic
13/F/52 Abdomen Positive A Classic
14/M/55 Axillary LN Negative — Classic

EBV, Epstein-Barr virus; ISH, in situ hybridization; LN, lymph node.
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A B

C D

zImage 1z Morphologic, immunohistochemical, in situ hybridization, and fluorescence in situ hybridization in Burkitt lymphoma. 
A, Classic Burkitt lymphoma with a prominent starry-sky pattern (H&E, ×200). B, Burkitt lymphoma with high expression of p53 
protein by immunohistochemical analysis (×400). C, Expression of Epstein-Barr virus (EBV) in nuclei of neoplastic cells of Burkitt 
lymphoma (in situ hybridization for EBV early RNA [EBER1], ×200). D, Fluorescence in situ hybridization study using a c-MYC 
break-apart rearrangement probe showing dissociation of the red and green signals, indicating the presence of a chromosomal 
breakpoint in the c-MYC locus (×1,000).
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zImage 2z Epstein-Barr virus (EBV) molecular subtyping. A, Size control polymerase chain reaction (PCR). B, EBV subtyping 
specific PCR. M, DNA molecular weight marker; No, DNA absence; C+B, positive control for EBV type B, fragment length, 186 
base pairs (bp); C+A, positive control sample for EBV type A, fragment length, 170 bp; 1-5, positive samples for EBV.
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similar to sporadic BL in developed countries.2,28 However, 
in a previous study in this same region, Haralambieva et 
al19 reported that 50% of their BL cases were EBV+. In the 
Central West region, 47% of the cases were EBV+. The high-
est frequency of association was observed in the North, in 
which 76% of the cases of BL were EBV+. This establishes 
the existence of a substantial group of classical, non-AIDS 
associated BL cases in Brazil that occurs at a frequency that 
is much higher than that of EBV–, sporadic BL cases as 
observed in the United States and Europe.

Our study on BL showed a total of 123 EBV+ cases (by 
ISH) in the overall population (52.6%) and, as previously 
demonstrated in Brazil,15,17 the EBV+ group (mean age, 16 
years) was younger than the EBV– group (mean age, 23 
years). These results, and those of previous studies,2,12 dem-
onstrate that Brazil as a country has an intermediate associa-
tion of BL with EBV, although this association is much more 
pronounced in the more tropical regions. Among adult cases 
of BL in our series, there was a notably higher percentage of 
EBV+ tumors than has been reported among sporadic variants 
of the tumor in the United States and Europe.30 Therefore, the 
pathogenesis of adult cases of BL in Brazil and other equato-
rial countries may differ from that seen in wealthier nations. 
This also may have important therapeutic implications, given 
that antiviral nucleosides may have activity in EBV-associated 
lymphomas.31,32

EBV strains can be categorized into 2 types (A and 
B), and a geographic prevalence of these strains has been 
observed.15 Analysis of the coding region of the EBNA2 gene 
in endemic BL has revealed a high prevalence of both EBV 
types. Type B EBV is also identified at high frequency in 
healthy people in Equatorial Africa,33 while type A EBV is 
almost exclusively found in the peripheral blood of people 
from developed Western countries34 and is more frequently 
found in sporadic BL.35 It is also known that patients with 
AIDS have an increased prevalence of infection with type B 
EBV.35,36 By studying the EBNA2 gene, we determined that 
95 (77.2%) of the EBV+ BLs contained type A EBV and 
24 (19.5%) contained type B EBV, a pattern intermediate 
between that observed in endemic BL33 and North American 
cases.35 The South region of Brazil showed the lowest per-
centage of EBV type B (only 8%), a result similar to sporadic 
BL in the United States.35 In contrast, the Central West region 
showed the highest percentage of EBV type B (50%; 4 cases), 
a pattern similar to that found in endemic BL.33 The distribu-
tion of EBV strains in the Northeast and Southeast regions 
(Table 2) revealed similar results to previous reports in these 
same geographic regions.15,17,18,29 Among our 14 HIV+ BLs, 
10 were EBV+ (by ISH) and only 2 cases (20%) were EBV 
type B, in contrast with results reported in the literature.35,36

A relationship between immunodeficiency and neopla-
sia had been recognized for longer than a decade before the 

is closer to 2 per million. In Brazil, the epidemiologic status 
of BL remains to be elucidated.17 Previous studies on BL in 
this country have been predominantly from the Northeast,15,16 
Southeast,13,14,17,18 and South,19 with an emphasis on the 
pediatric population. This is the first large-scale study of BL 
in Brazil, including pediatric and adult populations, and also 
the first to analyze cases from the Central West and North 
regions. Brazil is a remarkably diverse country. The South 
and Southeast regions are more developed socioeconomically 
and have greater percentages of European descendants. The 
North includes the Amazon rain forest and is endemic for 
malaria and other tropical and infectious diseases.20 It should 
be emphasized, however, that the cases of BL studied herein 
were received as consultation cases. So, a bias in the num-
ber of cases from different regions could influence the low 
number of cases from the North region. In further studies, we 
intend to refine the characterization of BL in the North region 
of Brazil where malaria is a public health problem.

In our study of BL, there was a male predominance 
(male/female ratio, 2.8:1), and pediatric cases (n = 143) out-
numbered adult cases (n = 88). We also observed a higher 
frequency of extranodal (159 cases) than nodal (67 cases) 
involvement. In the cases with extranodal involvement, intra-
abdominal organs were affected in 129 (81.1%) of 159 cases, 
while in only 5 cases (3.1%) was jaw/maxilla the initial site. 
This is clearly distinct from the typical mandibular presenta-
tion found in Africa.2,8,12 Lymph node involvement was more 
common among the adult than the pediatric population, in 
concordance with the literature.26 Therefore, in this extensive 
analysis of BL from Brazil, the clinical features were similar 
to the sporadic form of BL seen in the United States and 
Europe.2,26,27 Only in the Central West and South regions did 
the adult group outnumber the pediatric group.

It is well established that there is a significant association 
of BL with EBV with a variable frequency, depending on the 
clinicopathologic variant. EBV is present in the majority of 
endemic cases of BL (up to 100%) and in only 15% to 30% 
of sporadic cases from the United States.2,12,28 In Brazil, there 
are few studies that have analyzed the frequency of associa-
tion of EBV in BL. Araujo et al15 and Sandlund et al16 studied 
this association in the Northeast region of Brazil in a pediatric 
population and reported that 87% (47 of 54 cases) and 73% 
(8 of 11 cases), respectively, were EBV+. In our study, in this 
geographic region, we observed a lower frequency of associa-
tion between EBV and BL (63%; 54 EBV+ cases of 86 BL 
cases evaluated), although this included adult and pediatric 
cases. In the Southeast region, Gutierrez et al,13 Bacchi et 
al,14 Klumb et al,17 and Hassan et al18,29 obtained different fre-
quencies of association between BL and EBV, varying from 
58% to 72%. In this particular region, we observed that half of 
the cases of BL were EBV+ (36/72 cases). The South region 
had the lowest frequency of association (29%), a result that is 
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overexpression in 13 (46%) of 28 pediatric BL cases, although 
the mutation was demonstrated, by PCR, in only 7 of these 13 
cases. In our study, p53 protein expression was observed in 
38 cases (16.2%), fewer than in previous studies. This lower 
percentage can be explained, in part, by the cutoff of 10% used 
herein, while previous studies used a cutoff of 5%.47,48 More 
important, we studied a far greater number than any of the 
prior studies, which we believe yields a more accurate repre-
sentation of p53 expression in BL (at least in Brazil).

We have sequenced primary pediatric BL cases obtained 
from the Northeast region of Brazil. The first 13 cases ana-
lyzed were wild-type by sequence (data not shown). We 
also noted a trend toward p53 overexpression in EBER1 
ISH-negative BLs. Therefore, the association between mutant 
p53 and BL may be less than originally thought, and other 
mechanisms, such as EBV viral genes or epigenetic modifi-
cations, may inactivate the p53 pathway. Alternatively, the 
p53 pathway may be evaded by MYC mutations, as has been 
demonstrated in a BL animal model.49

p63 is a transcription factor that contains multiple iso-
forms with various biologic activities.50 The p63 gene locus 
at chromosome 3q28 bears significant homology to the tumor 
suppressor gene p53 and to the related gene p73. Both p63 
and p73, considered p53-related genes, encode various iso-
forms with transactivation, DNA binding, and tetramerization 
domains.51 p63 protein exhibits a consistent expression pattern 
in normal tissues such as squamous epithelia, urothelium, basal 
cells of prostatic and breast glands, and reticular epithelium of 
the normal thymus and also in a subset of lymphocytes in the 
germinal center of morphologically normal lymph nodes.52,53 
Among hematolymphoid neoplasms, p63 expression has been 
reported in blast crisis in chronic myelogenous leukemia,54 
follicular lymphoma, diffuse large B-cell lymphoma,51 iso-
lated cases of chronic lymphocytic leukemia, marginal cell 
lymphoma,52 and in 44% of anaplastic large cell lymphoma.55 
There are few articles reporting the expression of p63 in lym-
phoid malignancies, and, to the best of our knowledge, this 
is the first study to evaluate its expression in a large number 
of BL cases. We observed that only 9 (3.8%) of the 234 BL 
cases expressed p63 protein, and coexpression of protein p53 
and p63 was observed in only 1 case.

In this study of the largest number of cases from Latin 
America analyzed to date, we have demonstrated that BL 
in Brazil is diverse and regionally distinct. EBV associa-
tion is sporadic, and, perhaps, HIV-associated BL is higher 
than seen in the United States and Europe. Overexpression 
of p53 was infrequently observed, and dysfunction of this 
critical tumor suppressor in BL may be linked to other fac-
tors rather than inactivating mutations. Prospective studies 
of BL in patients undergoing standardized chemotherapy 
regimens are now underway.

emergence of the AIDS epidemic.37 HIV infection is associ-
ated with a high incidence of NHL (100-400 times higher than 
among the general population), Kaposi sarcoma, anal human 
papillomavirus, and cervical carcinoma. The 2 most common 
types of this NHL are diffuse large B-cell lymphoma and BL,9 
the latter being the first NHL to be described in association 
with HIV infection and corresponding to about 30% of NHLs 
in HIV+ patients.8 Our HIV-associated BL showed a male/
female ratio of 3.6:1. Among the 14 HIV+ BL cases, 12 were 
adults with only 2 pediatric cases, and nodal involvement at 
diagnosis was more frequent than extranodal involvement. 
Studies38,39 have demonstrated that the frequency of EBV 
association in HIV-associated BL varies from 25% to 50%. In 
1996, we studied 24 AIDS-related lymphoma cases in Brazil40; 
5 were BLs and all were in adults. Only 2 cases (40%) were 
EBV+. In this study, we observed a greater association between 
EBV and HIV-associated BL (71%; 10 cases) as compared 
with the findings of previous studies38-40 but similar to the fre-
quency reported by Lazzi et al41 in Africa, who demonstrated 6 
EBV+ cases (75%) among 8 HIV-associated BLs.

Most EBV+ BL cases (whether endemic, sporadic, or 
AIDS-associated) typically display more restricted forms of 
latency, usually latency type I, only expressing EBER1 and 
EBER2 and EBNA1,11,12 and, as we and others showed, at 
least the EBV BART microRNAs.42 LMP-1 is not typically 
expressed in BL. In our study, only 1 case of BL was positive 
for LMP-1 protein by immunohistochemical analysis in a few 
cells. Similar results have also been described in the literature; 
Niedobitek et al43 observed expression of LMP-1 protein in a 
variable proportion of tumor cells in 2 cases of endemic BL. 
In Brazil, Araujo et al15 and Chen et al34 reported LMP-1 
expression in 2 cases and 1 case of BL, respectively. At this 
point, the significance of this observation with regard to clini-
cal prognosis, outcome, or molecular mechanism remains to 
be elucidated.

TP53 (also called p53) is a key tumor suppressor gene 
that is mutated or lost in approximately 50% of all human 
cancer cases worldwide, including hematologic malignancies. 
It is activated in response to a variety of cellular and genotoxic 
stress conditions, leading to the induction of growth arrest, 
apoptosis, DNA repair, senescence, and differentiation.44 It 
has been reported that 30% of endemic BL tumors and up to 
70% of long-established BL lines carry mutations in p53.12

Bhatia et al45 found p53 mutations in 37% of cases of 
BL from Argentina and Brazil and concluded that the pres-
ence of mutated p53 in BL is independent of the geographic 
origin of the tumor, the 8;14 chromosomal breakpoint loca-
tions, and EBV association. Studies have shown that in some 
high-grade NHLs, the occurrence of positive immunostain-
ing does not reflect point mutations in the p53 gene and vice 
versa.46 Villuendas et al47 found overexpression of p53 pro-
tein in 5 (63%) of 8 BL cases, and Klumb et al48 reported p53 
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