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Abstract

The goal of this study, part of the PERSOTHER ptpjis the implementation a new ancillary tech-
nigue - fluorescent in situ hybridization (FISH)n-Burkitt lymphoma (BL) diagnosis, for the firgne in our
country. BL is a B-cell lymphoma with a highly agggive clinical course. Three clinical variantsBif are rec-
ognized: endemic BL (in equatorial Africa), spor@dihroughout the world) and immunodeficiency-agsed
BL. The 2008 World Health Organization (WHO) Cléisation described a new category of B-cell lymphpm
unclassifiable, with intermediate features betwd#fuse large B-cell lymphoma (DLBCL) and BL. Besmthe
treatment of BL is very aggressive, with high dadesmotherapy, an accurate diagnosis is requiregtology,
morphology and immunophenotype (CD20+, CD10+, BCLBEL2-, Ki67 98-100%) are typical for BL. Most
of the cases have MYC translocation at band 8qa#AddgH region, 14g32. The demonstration of MYaDhisio-
cation is necessary for BL diagnosis and diffeenivith DLBCL and borderline cases. 22 cases ofvigdre
evaluated by FISH for MYC translocation. 17 casegevpositive, one case was negative and 4 casesineon-
clusive. The results are concordant with the litera: the authors report about 10% MYC negativeesasn this
cases micro-RNA (MiRNA-s) alterations may be inapdéid. The present study highlights the importarfdel 8H
in BL diagnosis. It also identifies some of thentacal difficulties of this method and it represeatbasis for fu-
ture routine diagnosis of selected BL cases.
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Rezumat

Scopul acestui studiu, parte a proiectului PERSORHESte implementarea unei tehnici noi — hib-
ridizarea in situ cu imunofluorescen(FISH) - in diagnosticul limfoamelor Burkitt (BLpentru prima dat in
rara noastti. BL este un limfom cu cefuB de mare agresivitate clinic Sunt recunoscute 3 variante de LB: en-
demia (in Africa ecuatoriat), sporadi@ (peste tot in lumey asociati cu imunodeficief. Clasificarea Organi-
zaiei Mondiale a $natasii din 2008 a descris o nauforma de limfom cu celdl B, neclasificabil, cu caractere
intermediare intre un limfom difuz cu celuhare Bsi un BL. Deoarece tratamentul BL este foarte agresi
chimioterapie in doze mari, un diagnostic corecteesbligatoriu. Citologia, morfologigsi imunofenotipul
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(CD20+, CD10+, BCL6+, BCL2-, Ki67 98-100%) suntitip pentru BL. Majoritatea au o translaf@a a genei
MYC, localizate pe 8924 cu gena pentru IgH, 14d32monstrarea transogiei MYC este necesapentru diag-
nosticul de BLsi pentru difererierea de un DLBCL, in unele cazuri. 22 de cazurBileau fost evaluate prin
FISH pentru translocga MYC. 17 cazuri au fost pozitive, un caz a fegjaiivsi 4 cazuri au fost neconcludente.
Aceste rezultate sunt concordante cu literaturajglecialitate: autorii raporteazaproximativ 10% cazuri de BL

fara transocaie MYC. In aceste cazuri pot fi implicate afterale micro-ARN. Studiul actual evidgaw:
importarya FISH in diagnosticul BL, identificunele dificulési tehnice ale metodei reprezint: pentru viitor, o

bazi a diagnosticului de ruti@, Tn cazuri selefonate.

Cuvinte cheie: Limfom Burkitt, FISH, rearanjare MYC
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Introduction

The main purpose of the PERSOTHER
project was the implementation of molecular bi-
ology techniques in routine diagnostic practice.
The goal of this study, part of the PERSOTHER
project, is the implementation a new ancillary
technique - FISH - in BL diagnosis, for the first
time in our country. Burkitt lymphoma (BL) in
an aggressive B-cell neoplasm of germinal cen-
ter origin. Most of Burkitt lymphoma cases are
associated with Epstein-Barr Virus (EBV) infec-
tion. The incidence of EBV infection varies be-
tween 30% in the developed world and 70-80%
in Northern Africa (1). From a clinical point of
view, three subtypes of BL have been described.
One BL subtype occurs as an endemic disease in
Africa, where it is associated with EBV infection
in almost 100% of the cases. BL also occurs as
sporadic cases throughout the world, including
Romania. A third variant of BL is associated
with acquired immunodeficiency syndrome. The
three subtypes of BL occur at different ages, in
different body sites, but share the same histologi-
cal and cytological features (2). Most of the
cases present with translocations of the MYC
gene at band 8924 to the IgH region, 14932.

The 2008 WHO classification proposes a
new category of B cell ymphoma with intermedi-
ate features between diffuse large B cell lym-
phoma and BL, including double hit or triple hit
lymphomas, associating MYC rearrangements
with BCL2 and/or BCL6 rearrangements (1).

Since BL is a very aggressive neoplasm,
treated with high doses of chemotherapy, it re-
quires an accurate diagnosis. One of the most
challenging questions for the hematopathologist
is the differential diagnosis between BL, DL-
BCL, and B-cell lymphoma, unclassifiable, with
features intermediate between DLBCL and BL.

Methods

Twenty-two cases, previously diagnosed
as BL, were reviewed on histological and im-
munohistochemical basis, using antibodies against
CD20 (L26 clone, dilution 1:100, Novocastra),
CD10 (56C6 clone, dilution 1:100, Novocastra),
bclé (LN22 clone, dilution 1:100, Novocastra),
bcl-2 (124 clone, dilution 1:50, DAKO), Ki 67
(MIB clone, dilution 1:75, DAKO), and Tdt (SEN
28 clone, dilution 1:100, Novocastra).

Immunohistochemistry was performed us-
ing an indirect bistadial technique performed \&ith
polymer based detection system (EnVision+ Dual
LinkSystem—HRP, Dako, Carpinteria, CA) accord-
ing to the manufacturer’s instructions.

FISH was performed on formalin fixed
paraffin embedded material. For MYC re-
arrangement we used Wsis (Abbott) Probes,
LSI IGH/MYC/CEP 8Tri-color Dual Fusion
FISH Probe Kit.

Briefly: two 4-5 um slides have been pre-
pared for each specimen. The deparaffinized spec-
imen were kept in HCI 0.2 N for 20 minutes at
ambient temperature, washed with water and in
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kept pretreatment buffer between 8 seconds and
30 min. Proteinase K digestion for 6 min at 37°C
facilitates the access of the probe to the DNA tar
get. Dehydration in EtOH 70%, 85% and 100%
solution, 1 minute in each, is followed by denatu-
ration and hybridization. The labeled probes are
applied on each tissue section than covered with a
coverslip, and sealed with rubber cement. The
samples are co-denatured with probes for 5 min
at 72°C on a HYB denaturation / hybridization
system. The hybridization lasts 14-18 h at 37°C.
The next day, hybridized slides are washed in 2X
SSC/ 0.3% at 73°C; the coverslips are removed
and the slides are counterstained with 40-6-Di-
amidino-2-phenylindole (DAPI). The slides may
be stored at -20°C, for a long period of time.
The MYC rearrangement is indicated

by the presence of 2 fusion signals (green/red)
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sion signals, one red and one green and two
aqua signals. The negative case had two red,
two green and two aqua signals.

Discussion

Burkitt lymphoma is one of the most ag-
gressive lymphoproliferative diseases. Its diagno-
sis relies on morphology: medium sized cell pro-
liferation, with diffuse growth pattern, conspicu-
ous nucleoli, frequent mitosis, admixed with nu-
merous tingible body macrophages. Tumor cells
express CD20 and follicle center differentiation
markers: CD 10 and bcl6, and are negative for
bcl2. Ki67 proliferation index is about 100%.

Most of the cases are characterized by
translocations involving the MYC gene, diag-
nosed by FISH. MYC gene is located on chro-

one red, one green and 2 aqua. The absence of mosome 8 and encodes a transcription factor im-

myc translocation is indicated by the presence
of 2 red, 2 green and 2 aqua signals.

The slides were examined on a Nikon
epi-fluorescence microscope and the pictures
were captured using Axio Imager Z1 Zeiss Mi-
croscope (Carl Zeiss, Germany) equipped with
CCD camera, appropriate filters and dedicated
software (Isis, MetaSystems, Germany).

Results

The 22 cases included in this study
were typical Burkitt lymphomas: monomor-
phous medium sized cell proliferations with
» starry sky pattern” due to the presence of fre-
guent tingible body macrophages. Tumor cells
have medium sized nuclei with several conspic-
uous nucleoli, and scant basophilic cytoplasm.
Mitosis and apoptosis are frequeRigure 1).
The tumor cells were CD 20 positive, follicle
center markers CD10 and blc6 positive, bcl2
and TdT negative and Ki 67 proliferation index
was between 97 and 100%idures 2, 3.

From the 22 BL cases tested for MYC,
17 were positiveKigure 4, 1 was negative and
4 were inconclusive. Positive cases had two fu-

plicated in regulation of about 15% of the genes
involved in the cellular cycle. MYC gene alter-
ations are usually followed by constitutional ac-
tivation of the transcription factor and gene up-
regulation, and confer an important growth ad-
vantage to tumor cells (3). The most frequent
translocation in BL is between c-Myc gene, lo-
cated on 8g24, and the gene for immunoglobulin
heavy chain IgH on 14 q32, or, less frequently
with lambda gene on 22qg11 and kappa gene on
2pl2. About 10% of the cases do not have a c-
Myc translocation detectable by FISH. Other
possible genetic and epigenetic abnormalities in-
volve p16INK4a, p53 and BCL6 genes (4,5) Be-
sides gene rearrangements, there may be muta-
tions or somatic hypermutations characteristic
for germinal center B cells (4, 6, 7).

In cases lacking MYC translocation,
mMiRNA deregulation may be responsible for el-
evated levels of c-Myc expression (8-10).

The 2008 WHO classification proposes
a new category of Unclassifiable B Cell Lym-
phomas, with intermediate aspects between BL
and DLBCL, including cases with coexistent
MYC and bcl2 and/or BCL6 rearrangements
(double-hit or triple-hit lymphomas) (1, 11). This
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Figure 1. Burkitt lymphoma. Medium-sized cell
proliferation with starry sky pattern and frequent
mitoses, HE stain, 10X
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Figure 3. Ki 67 proliferation index over 97%, 10X

type of lymphoma is an aggressive neoplasm
usually characterized by the presence of a germi-
nal center phenotype (L26, CD10, bcl6 positive),
and high proliferation rates. However these lym-
phomas have an intermediate morphology be-
tween BL and DLBCL or atypical immunophe-
notype: bcl2 is frequently positive or Ki 67 pro-
liferation index is less than 95%. From a clinical
point of view, this category of lymphomas is
characterized by more frequent bone marrow and
central nervous system involvement and higher
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Figure 2. Burkitt lymphoma. CD 10 diffusely
positive, 20X

Figure 4. Positive case for FISH testing, showing
one tumor cell with two fusion signals green-red,
one green signal and one red signal

LDH levels at presentation, when compared with
BL or DLBCL cases. The overall survival is in-
ferior to that of BL or DLBCL (12, 13).

One of the most challenging issues in
hematopathology is the differential diagnosis
between BL, DLBCL and B-cell lymphoma,
unclassifiable, with features intermediate be-
tween DLBCL and BL. This decision has im-
portant therapeutic implications, since the treat-
ment of BL is very aggressive, but its prognosis
after therapy is favorable.



Revista Roméande Medici@ de Laborator Vol. 21, Nr. 4/4, Decembrie 2013

FISH testing for MYC is a reliable
method for confirmation of Burkitt lymphoma
diagnosis, made on morphological and immuno-
histochemical basis (14). Some algorithms of
differential diagnosis between BL, DLBCL and
B-cell lymphoma, unclassifiable, with features
intermediate between DLBCL and BL have been
proposed, stipulating the evaluation of MYC and
BCL2 rearrangements in cases that are clinically
suggestive of double hit lymphomas (with early
bone marrow and CNS involvement or high
LDH levels) or atypical phenotype (13, 15).

The purpose of our study, part of the
PERSOTHER project, was the implementation of
new ancillary techniques in routine pathological
diagnostic practice in Romania. We performed
FISH testing for MYC on a series of 22 cases.
The tissue samples were formalin fixed and
paraffin embedded. This first series of results al-
lowed us to improve some technical aspects, and
to train in performing the FISH testing on paraffin
embedded tissue, and in interpreting the results.
17 of our cases were positive, 1 was negative and
4 were inconclusive, due mainly to the inade-
quacy of the paraffin embedded tissue samples.
FISH for MYC on paraffin embedded tissue has
several advantages: testing can be performed on
archived material, and on all types of tissue sam-
ples. Together with morphology, immunohisto-
chemistry and BCL2 FISH evaluation, it allows
us to make a differential diagnosis between BL,
B-cell lymphoma, unclassifiable, with features in-
termediate between DLBCL and BL and DLBCL.
The disadvantages of this technique are due to tis-
sue processing and paraffin block preparation, and
to the difficulties related to counting an intetpre
tion of FISH on paraffin embedded material.

Our study highlights the importance of
FISH in BL diagnosis and identifies some tech-
nical difficulties of this method. Although the
study has limitations related to the number of
cases, it is a first step in the implementation of
FISH in routine hematological pathology in our
country and it opens the way for future research
concerning gray-zone lymphomas.
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Abbreviations

BL - Burkitt lymphoma

DAPI - 40-6-Diamidino-2-phenylindole
DLBCL - diffuse large B-cell lymphoma
Epstein-Barr Virus (EBV) - Epstein-Barr Virus
FISH - fluorescent in situ hybridization
MiRNA - micro-RNA

WHO - World Health Organization.
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