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SUMMARY

Burkitt lymphoma (BL) is a well characterized entity. For atypical findings a term Burkitt-like lymphoma (B-LL) was applied in the past,
but the interpretation of the morphological appearances was subjective and poorly reproducible. We used a combined approach (mor-
phology using classical histological staining; immunohistochemistry — IHC; fluorescence in situ hybridization — FISH on interphase nu-
clei; cytogenetics) to perform a retrospective study on 39 patients diagnosed as BL and B-LL at our department in the years 1982 to 2002.
By FISH we demonstrated 1(8;14)(q24;q32) in 31 patients; in further two we found a break at 8q24, suggestive of a variant transloca-
tion. In three patients with the cytogenetic investigation available we confirmed the findings of FISH - two lymphomas had the
1(8;14)(q24;932), one had 1(2;8)(p12;q24). IHC showed CD20, CD10, BCL-6, p53 expression, and Ki-67 antigen in >95 % of the tu-
mor cell population in a majority of the patients. There was a group of 4 patients in whom the 1(8;14)(q24;932) or a break at 8q24
were not found (FISH). These cases were reclassified within the WHO defined grey zone subgroup of B-cell lymphoma unclassifiable
with features intermediate between diffuse large cell lymphoma (DLBCL) and Burkitt lymphoma — I-DLBCL/BL. Two further cases were re-
classified as DLBCL based on a combined IHC and FISH findings. A lymphoma of one of these patients had breaks at 3q27 (BCLS) and
at 14932 (IGH) suggestive of 1(3;14)(q27;932).

The overall survival estimate of 33 patients with the diagnosis of BL was 54 %. Most of deaths occurred within 6 months after the tumor
diagnosis. The unfavorable clinical outcome appears to be associated with a strong expression of the p53 protein in the tumor cell pop-
ulation.

Individually utilized methods in the diagnosis of BL may lead to false diagnostic conclusions. A combined approach helps to establish
a more reliable diagnosis of BL and to separate grey zone lymphomas I-DLBCL/BL and DLBCL with morphological mimics of BL to start
adequate treatment. I-DLBCL/BL is a non-homogenous group of lymphomas necessitating further analysis in a prospective study.
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Burkittov lymfom (BL): reklasifikace 39 lymfomo diagnostikovanych v minulosti jako BL nebo Burkitt-like
lymfom s vyuzitim imunohistochemie a fluorescenéni in situ hybridizace

SOUHRN

Burkittov lymfom (BL) je dobie charakterizovanou jednotkou. Pri nélezech vyboéujicich z obrazu zékladni varianty (klasicky BL) bylo v mi-
nulosti uZivéno oznaceni Burkitt-like lymfom (B-LL), aviak interpretace morfologického nélezu byla subjektivni a $patné reprodukovatel-
nd. V retrospektivni studii 39 nemocnych s diagnézou BL a B-LL stanovenou na nasem pracovisti v letech 1982 az 2002 jsme pouzili
kombinovaného pristupu (vy3etieni: morfologické — hematoxylin a eosin, Giemsa; imunohistochemické — IHC; fluoresceéni in situ hybri-
dizace - FISH na jédrech v interfézi). FISH prokazala #(8;14)(q24;932) u 31 nemocnych; u dal3ich dvou jsme nalezli zZlom lokusu 824
odpovidaijici pravd&podobné variantni translokaci. U tii nemocnych jsme vysledky ziskané vySettenim FISH podpotili cytogenetickym
nélezem — u dvou lymfomd byla #(8;14)(q24;932), u jednoho 1(2;8)(p12;q24). IHC prokézala expresi molekul CD20, CD10, BCL-6,
p53 a Ki-67 >95 % nédorové populace u vétsiny nemocnych. U &y¥ nemocnych (povodné 2x BL a 2x B-LL), u kterych jsme pomoci FISH
neprokdzali 1(8;14) nebo zlom 8¢24 jsme nédor reklasifikovali podle sou¢asné verze WHO jako lymfom intermedidlni mezi difdznim
velkobun&nym B lymfomem a Burkittovym lymfomem (I-DLBCL/BL). Dva dal3i pfipady s pavodni diagnézou B-LL jsme zatadili jako DLBCL.
Jeden z téchto nemocnych mé&l zlom v lokusech 3q27 (BCLS) a 1432 (IGH), tedy pravdépodobnou 1(3;14)(q27;932).

Celkové preziti 33 nemocnych s BL bylo 54 %. Vé&fSina Gmrti nastala b&hem prvnich 6 mésict po diagnéze nédoru. Nepfiznivy klinic-
ky probéh mél souvislost se silnou expresi proteinu p53 v nddorové populaci.

Omezend aplikace riznych vySetieni mize vést pri diagnéze BL k nesprévnym diagnostickym zévérom vzhledem k velmi podobnému
histologickému obrazu. Spolehlivéjsi diagnostika BL spocivé v kombinaci pistupt a pomtze odlisit lymfomy sedé zény I-DLBCL/BL a ta-
ké DLBCL napodobuijici morfologicky vzhled BL tak, aby byla nasazena primérend terapie. Lymfomy $edé zény I-DLBCL/BL predstavuii
nesourodou skupinu lymfoproliferativnich onemocnéni a je treba je do budoucna podrobné analyzovat.

Kli¢ova slova: Burkittov lymfom — diagnéza — imunohistochemie — interfézické FISH — cytogenetika

Cesk Patol 2011, 47(3): 106-114

106 CESKO-SLOVENSKA PATOLOGIE 3/2011



The diagnosis of Burkitt lymphoma (BL) is based on well defined
morphological criteria. The tumor is formed by relatively uniform
medium sized tightly packed cells with nuclei of the same size or
smaller than those seen in the adjacent macrophages, and with
three to five small nucleoli. This simple definition has been used
for a long time but it has some drawbacks as some BL may differ
in details of the morphological appearance. In the past and even
until recently, a group of lymphomas with some variations of the tu-
mor cell morphology distinguishing these lesions from the prototyp-
ic BL were classified separately as Burkitt-like lymphomas (B-LL) or
atypical BL (1,2). The concept of B-LL has been based on the no-
tion that some cases resembling otherwise to typical BL have sin-
gle large nucleoli, variously sized nuclei and generally a greater
degree of polymorphism. In practical diagnostics these tumors were
difficult to separate from BL on one side and sometimes from dif-
fuse large B cell lymphomas (DLBCL) on the other (3,4). From this
reason we, as many others, kept using the ferm B-LL in some cas-
es which we felt that they did not fit entirely into the category of
BL. In recent years the B-LL category was repeatedly questioned.
First, if we go back to the early BL descriptions they do not stress
a cellular uniformity as a definition feature. The descriptions based
on a simple histological staining point out that there is a certain de-
gree of polymorphism in the size and shape of the tumor cell nu-
clei (5). Second, it became apparent that both BL and B-LL have
common features as detected by molecular profiling (6) including
characteristic, though not entirely specific, rearrangement of the
gene MYC. A fragment of lymphomas imposing as DLBCL mor-
phologically may reveal features typical of BL if analyzed using
gene expression profiling thus showing the importance of a com-
plex diagnostic approach (7). In the current version of the WHO
classification the B-LL are grouped with a general category of BL
and its morphological variants (e.g. also plasmacytoid (8) or BL
with granulomatous reaction (9)). However, a new group of lym-
phomas was defined with some preliminary cautions which sepa-
rate a group of difficult to categorize lymphomas of varying fea-
tures between classical BL and DLBCL, so called “B-cell lymphoma
unclassifiable with features intermediate between diffuse large cell
lymphoma and Burkitt lymphoma” (10). To shorten the long title
we use a simplifying abbreviation I-DLBCL/BL in the following text.

From the current pediatric oncology practice the distinction and
correct diagnosis of BL is important. Clinical partners consider the
occurrence of BL in a patient as an acute oncological event neces-
sitating an immediate therapeutic intervention as soon as the di-
agnosis is clarified.

Because of a specific therapeutic approach fo patients with BL,
the diagnosis of the tumor should be established with a certainty and
as quickly as possible. In some cases this task may appear treach-
erously easy with the aid of standard hematoxylin and eosin stained
sections but a precise final characterization always requires a sup-
port of immunohistochemistry (IHC), and, if possible, of other meth-
ods suitable to demonstrate characteristic chromosomal transloca-
tions. The translocations typically involve MYC oncogene at 824,
and either the immunoreceptor gene coding for immunoglobulin
heavy chain (IGH) at 14932 or one of the genes coding for the im-
munoglobulin light chains (IGK and IGL at 2p12 and 22q11, re-
spectively). Although these translocations are not exclusively present
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only in BL, their identification in the context with the results of
histopathology and immunophenotyping is diagnostically helpful
(11). Until recently, the chromosomal changes could be demonstrat-
ed by classical cytogenetics using metaphase chromosomes. This
procedure requires sterile and fresh tissue samples, which are avail-
able in a small proportion of cases. Laboratory procedures using
PCR to recognize the MYC/IGH (MYC/IGK, MYC/IGL) gene re-
arrangements are available but not routinely employed; the break-
points are variable and widely separated so that so called long dis-
tance PCR should be used preferably (12,13). Long distance PCR re-
quires high quality DNA isolates. Such a prerequisite is seldom
achieved because patients with abdominal BL are frequently oper-
ated on because of the symptoms of an acute abdominal episode
in outside hospitals, at nights or at weekends. Therefore, the mate-
rial is rarely submitted fresh or frozen for the DNA/RNA isolation.
Instead, the specimens are routinely formalin fixed. To circumvent
these problems a mixture of fluorescence in situ hybridization (FISH)
probes designed to cover the areas of most common breakpoints at
8q24 and 14932 may be used on interphase nuclei (14). A com-
plementary experiment utilizes probes visualizing a break at 8q24
to screen for potential variant translocations if the classical one is
not found. Using both types of probes increases the likelihood of
identification the IG/MYC translocations (15).

In this study we characterize a group of 39 patients with lym-
phomas diagnosed as BL or B-LL as defined in the past by a mor-
phological evaluation only, and are reevaluated using a complex
IHC investigation, and FISH on inferphase nuclei. Cytogenetic analy-
sis was performed in three of these patients.

MATERIALS AND METHODS

Patients and Tissue Processing
As a first step we retrieved a group 68 patients with the diag-
nosis of BL and B-LL made between 1982 and 2002 from the Mor-
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Figure 1.

Histology findings. BL: the tumor cells grow in sheets, they are of interme-
diate size with round nuclei; there are several nucleoli; macrophages are
scattered to form a starry sky phenomenon; hematoxylin and eosin, x600
(A). Original diagnosis of B-LL: the tumor cells vary in size, the nucleoli
are single, large and centrally placed; hematoxylin and eosin, x600 (B).
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phologic Pediatric and Lymphoma Tumor Registry (Department of
Pathology and Molecular Medicine). Thirty nine patients had paraf-
fin blocks with a sufficient tissue available. On this subgroup a mor-
phological review, IHC and FISH were performed as well as avail-
able clinical data on the patients’ survival were retrieved. The da-
ta on follow-up of the patients were evaluated using Kaplan-Meier
survival estimate. Cases diagnosed at our department since 2003
to date will be analyzed separately with an aspect that the treat-
ment approach has changed significantly so that the outcome of the
disease has improved significantly in the past decade, and the clin-
ical data analyzing contemporary results would be uncomparable

with the results of the past (16,17).

Fluorescence in situ Hybridization (FISH)

FISH was perFormed on formalin fixed, poroffin embedded tis-
sue sections. Directly labeled probes (Vysis) purchased from Abbott
Molecular (Abbott Laboratories, Abbott Park, IL, USA) were used:
a) LSI IGH (Spectrum Green) / MYC (Spectrum Orange), CEP8
(Spectrum Aqua, chromosome enumeration probe) Tri-color, Dual
Fusion Translocation Probe was used as a key system for the study.
b) To screen for variant translocations — #(2;8)(p12;924) and
1(8;22)(q24;q11), in the absence of #8;14)(q24;q932), we utilized
an indirect procedure consisting of a demonstration of the MYC
locus break — LSI MYC Dual Color, Break Apart Rearrangement
Probe. In case of failure to detect either the classical translocation
or break at 8924, we utilized other probes to characterize the tu-
mors. c) LSI IGH Dual Color, Break Apart Rearrangement Probe to
reveal breaks at 14g32; d) LSI BCL6 Dual Color, Break Apart
Rearrangement Probe to detect breaks at 3q27; e) LSI IGH/BCL2
Dual Color, Dual Fusion Translocation Probe to make an attempt
to identity the #14;18)(q32;921), characteristic of most follicular
lymphomas and some DLBCL; f) LSI MYC Probe to detect the num-
ber of the MYC gene copies.

The tissue sections 3 um thick were deparaffinized and dehydrat-
ed. After pretreatment (HCl, NaSCN, trypsin), post-fixation in 4%
paraformaldehyde and denaturation of the DNA in 70% formamide
were performed. The slides were dehydrated and hybridized overnight
with a mixture of the denaturated probes. After washing (SSC, NP-
40) the nuclei were counterstained with DAPI in antifade solution. A flu-
orescence microscope BX51 (Olympus) with appropriate filtlers was
used for the evaluation of fluorescence signals.

Evaluation of FISH results. MYC/IGH, BCL2/IGH probes:
translocation absent — two red (8q24, 18921), two green (14¢32)
and two blue (CEP8) signals; translocation present — two yellow (co-
hybridized red and green) signals of the translocated loci and one
red (MYC, BLC2) and green (IGH) signal from the uninvolved loci
and two blue signals of chromosome 8. MYC, BCL6, IGH probes -
marking the breakpoints from centromeric and telomeric sides by
a different fluorescence dye; break absent - two yellow signals,
break present - one red and green signal from the broken locus
and one yellow signal from the uninvolved locus. MYC was con-
sidered amplified if more than five copies of the locus per a nucle-
us were present.

Cytogenetics

Fresh tissue containing tumor cells was collected from three patients
out of the whole group (two patients — infiltrated bone marrow; one
case — ascitic cells). After half an hour of culture in RPMI 1640 medi-
um (Gibco, USA) with fetal calf serum (FCS) and Colcemid (Gibco,
USA) the samples were harvested (in case of ascites Colcemid was
added without FCS). After incubation, standard cytogenetic harvest-
ing procedures followed. After methanol / acetic acid fixation (Mer-
ck, CR) the cold suspension was dropped onto slides. Following a pe-
riod of ageing the slides were trypsin-Giemsa stained (Difco, USA)
and analyzed under the microscope (Olympus BX40). Ten to twenty
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cells were counted and three to five were fully karyotyped. An auto-
mated system for chromosome analysis (MetaSystems) was used.

Immunohistochemistry (IHC)

Formalin fixed and paraffin embedded tissue sections were
used. The primary antibodies included CD20 (clone L26), BCL-6
(clone PG-B6p), p53 (clone DO-7), CD3 (clone F7.2.38), Bcl-2
(clone 124), Epstein-Barr virus latent membrane protein (EBV LMP,
clone CS.1-4), Ki-67 (clone MIB-1) (Dako, Denmark); CD10 (clone
56Cé), myc (clone 9E11) (Novocastra Laboratories Ltd., UK).
LSAB detection kit with diaminobenzidine (Dako, Denmark) or Su-
per Sensitive defection kit with a biotinylated secondary antibody
and a complex of streptavidine/alkaline phosphatase with Fast
Red (BioGenex, USA) were used. The results of IHC were inter-
preted in the following way (the intensity and an estimate of a per-
centage of positive cells were evaluated): the intensity of the IHC
reaction was evaluated as weak — light brown color (1+), as
a strong positivity — dark brown precipitate (3+), and a moder-
ate positivity defined per exclusion of the two previous possibili-
ties (2+).

The positive result was considered in a case of any type of the
intensity of the IHC reaction provided the percentage of positive
tumor cells exceeded 60 %. In case of Ki-67 protein we evaluated
the cases individually.

RESULTS

Morphology

A review of the original hematoxylin and eosin / Giemsa diag-
noses (and a restricted IHC to CD20 and CD3 mostly) revealed that
the group is morphologically relatively homogenous with some vari-
ations of the tumor cell size and shape in eight cases which were
originally classified as B-LL. Using a combined newly applied and
broadened immunohistochemical panel supplemented by FISH
analysis the patients were separated into three groups. The term
B-LL was not used any longer in keeping with the last WHO clas-
sification (10), and some cases called B-LL previously fell into the
category of BL. As a result of this study the diagnosis of BL was es-
tablished in 33 patients (four of them were originally called B-LL).
According to the contemporary WHO classification four cases fit-
ted to the grey zone category of I-DLBCL/BL and two further cas-
es were reclassified as DLBCL. A detailed description will explain
the reasoning for the new categorization.

On hematoxylin and eosin / Giemsa staining 31 lymphomas
were originally classified as BL (Fig. 1a). Eight cases were previ-
ously diagnosed as B-LL: the nuclei were irregular in size and shape
the nucleoli were single, large, and centrally placed in the nuclei
(Fig. 1b). In one of the latter cases the diagnosis of B-LL was pre-
ferred, and the patient was treated accordingly, but DLBCL was al-
so considered in the differential diagnosis.

Reclassification of the cases using a combined analysis
Burkitt Lymphoma (BL)

FISH. In 31 patients, using the IGH/MYC/CEP8 probe mixture,
we found a signal pattern typical of t(8;14)(q24;932) (Fig. 2a). In
two patients the signals did not co-hybridize but we observed three
signals for the 8q24 locus. Such a finding was suggestive of a vari-
ant translocation. Application of MYC breck apart probe for the
824 region revealed its breakage supporting the concept of a vari-
ant translocation in these patients (Fig. 2b). All these cases (n =
33) were finally categorized as BL (originally BL n = 29 and B-LL
n = 4) (Table 1).

In one patient of the group we found also numerical changes in
the tumor cells: three co-hybridized signals of the translocated al-
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Table 1.

The results of FISH analysis of cases with the final diagnosis of BL, B-cell
lymphoma unclassifiable with features intermediate between DLBCL and BL
(I-DLBCL/BL), and DLBCL

1(8;14)(924,932) 30

1(8;14)(q24;932) + numerical changes 1
break at 8g24 (MYC) 2

no defectable changes with the probes used

break ot 14932 (IGH)

amplification of 824 (MYC)
breaks at 1432 (IGH) and at 3q27 (BLC6)

—| ==

leles, three CEP8 signals, and three signals for the uninvolved al-
leles; the case was morphologically classified as BL with no detect-
ed differences from the classical pattern of morphology.
Cytogenetics. A reproducible result was obtained from three pa-
tients with a fresh tissue available. In two we found the 1(8;14)
(924;932). In one of them the translocation was the only patho-
logical finding (Fig. 2c). In another we detected two clones, each
characterized by the 1(8;14), but these two clones differed in oth-
er cytogenetic aberrations:
Clone I: 46,XY,del(6)(q21),48;14)(q24,932),dupl(13)(q232-34)
Clone II: 46,XY,1(3;5)(p21,;931),1(4,7)(q31,936),1(8;14)(q24;932)
In the third patient with the tumor of the abdominal cavity as-
citic fluid revealed tumor cells characterized by a variant translo-
cation 1(8;22)(q24;q11). This finding was in agreement with the
break at 8q24 and with the absence of the #(8;14) found by inter-
phase FISH in this case.

5 0y 2 =
3. £8
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Figure 2.

FISH on interphase nuclei and cytogenetic investigation in the group of BL.
The reciprocal translocation (8;14)(q24,932) involving MYC and IGH loci
is visualized as two co-hybridized (red-yellow-green) signals; the uninvolved
alleles 8q24 and 1432 are seen as red and green signals respectively; the
CEP8 shows two blue signo|s of the chromosome 8; LS| IGH/MYC/CEP8
Tri-color, Dual Fusion Translocation Probe (A). The LSI MYC Dual Color,
Break Apart Rearrangement Probe shows one unbroken dllele of the 824
locus (yellow signal); separate red and green signals indicate the break at
the 8q24 locus of the allelic chromosome, suggesting a variant transloca-
tion involving the MYC gene (B). Cytogenetic investigation demonstrates the
1(8,14)(q24,932); trypsin-Giemsa stain (C).
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Figure 3.

IHC results in the group of BL. CD10 positivity of the tumor cell membranes,
x400 (A). A strong BCL-6 protein positivity in a maijority of the tumor cell
nuclei (B). A moderate BCL-6 protein expression of scattered tumor cell nu-
clei (C). Super Sensitive detection kit: biotinylated secondary antibody, com-
plex of streptavidine / alkaline phosphatase, Fast Red, x400.

Figure 4.

IHC results in a group of BL. A strong and overall myc protein expression
defected in the cytoplasm of the tumor cells; some of the stromal cells are
also moderately positive; LSAB detection kit, diaminobenzidine, x400 (A).
Ki-67 antigen reveals uniform and strong tumor cell positivity (B). Super
Sensitive detection kit: biotinylated secondary antibody, complex of strep-
tavidine / alkaline phosphatase, Fast Red, 400x.

IHC. Summarized results of immunohistochemical investigations
are given in Table 2. All 33 cases with the original diagnosis of BL
(n=29) and B-LL (n=4) were characterized by a strong CD20 pos-
itivity. CD10 molecule was expressed in 31 cases, being most
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prominent in 15 (Fig. 3a). BCL-6 protein was strongly expressed
in more than 60 % of the tumor cell population in two thirds of the
tumors in this group (22 cases) — a positive result; scattered posi-
tive cells were present in further 9 cases but such a result was be-
low the limit of a positivity set for this study (in some instances we
were unable to separate residual non neoplastic BCL-6 positive cells
from the tumor cells) (Fig. 3b,c). A combined CD10 and BCL-6 pro-
tein tumor cell positivity was found in 21 cases. A strong cytoplas-
matic expression of the myc protein was found in 23 cases (Fig.
4a). In seven cases the reaction was less pronounced and the in-
tensity was comparable with that observed in stromal cells such as
vascular endothelia, fibroblasts, and in some epithelial cells of the
tissues infiltrated by the lymphoma. In three patients the myc pro-
tein was negative due to technical problems. Protein p53 was
strongly positive in most of the tumor cell nuclei in 19 cases. Latent
membrane protein (LMP) of the Epstein-Barr virus (EBV) was detect-
ed in one case of BL involving the jaw. A Vietnamese origin of this
patient, LMP positivity and the primary tumor of the bone were sug-
gestive of the endemic type of BL. Consistently negative results were
obtained for CD3 and Bcl-2 protein in all patients of this group.
Ki-67 antigen was positive in 27 cases. Virtually all tumor cells (>95
%) were positive, in 21 lymphomas strongly, in é the staining was
of a moderate intensity (Fig. 4b). Of the remaining six cases the
investigation was limited by a technical failure in five, and in one
by a presence of massive apoptosis / tumor cell necrosis, though
viable tumor cells were positive (the percentage of tumor cell pos-
itivity was, however, difficult to estimate).

When the results of IHC in BL were compared with those obtained
in the four cases classified as B-LL in this group we did not find
any consistent data to separate the cases on the basis of the IHC
typing. The reason to call these cases B-LL in the past was based
on the tumor cell cytology only and such a diagnosis was consis-
tent with recommendations of the previous edition of the WHO (1).
Curiously but not entirely surprisingly, the p53 protein was strong-
ly expressed in a majority of the tumor cells in all four cases diag-
nosed previously as B-LL.

Clinico-pathological correlation. There were 28 males aged at
the time of diagnosis 1 to 18 years (median 9 years) and 5 females
aged 4 to 15 years (median 8 years). The male-to-female ratio was
5.6. The primary tumor was localized in the abdominal cavity or
in the retroperitoneum in nearly two thirds of the patients (Graph
1). In nearly half of these cases (43 %) we were unable to specify
the primary abdominal / retroperitoneal site due to a large tumor
mass involving most of the abdominal cavity (mesentery, omentum).
The tumors were clinically characterized by a rapid progression,
but in most patients they also responded well to the initial
chemotherapy. Of the patients with the follow-up available, 11 died
of the disease progression and three of a complication. One pa-
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Graph 1.
Primary tumor site of the patients enrolled in the BL group (n=33)
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Graph 2.
Kaplan-Meier survival estimate for the patients reclassified as BL

tient died few hours after the admission. The overall survival esti-
mate of patients with BL was 54 % (Graph 2). It was apparent that
all deaths occurred within eight months affer the diagnosis, and
those who survived the first six months or more had a good chance
of an overall survival.

The andlysis of the survival versus the results of IHC revealed that
the p53 protein positivity only may have some impact. Of 16 patients
with follow-up data available and with a strong overall tumor cell
p53 protfein expression 9 died of the disease progression. Of fur-
ther nine patients with p53 protein expressed in scattered individual
tumor cells (up to 10 % of the tumor cell population) none died of
the disease progression (Logrank test, P=0.0068; Chi square 7.328).
Two patients were lost to follow-up. The patient who died after the
admission and three patients who died of complications were exclud-
ed from the analysis. In two patients the expression of the p53 pro-
tein was not evaluated due fo unyielding results (one died of the dis-
ease progression in 4.5 months, one is alive and well 149 months).

B-cell lymphoma unclassifiable with features intermediate
between DLBCL and BL (I-DLBCL/BL)

Four patients fell “de novo” info the category of I-DLBCL/BL. Two
had the morphology with a monomorphic cellular composition thus
fulfilling former criteria of what we called BL, two others were ini-
tially categorized as B-LL.

FISH. Fluorescence in situ hybridization revealed interpretable
results in all four patients. The 1(8;14) or a break at 8q24 were
not found (Tables 1,3). In two of these cases we did not observe
any abnormality with the probes utilized. In one patient, a 10-year
old boy with a tumor in the orbit originally classified as a “clear
cut” BL, we found a break at 14g32 which implied that this region

Table 2.
The IHC results of the group finally classified as BL, n= 33
antigen positive negative
CDb20 88 0
CD10 31 2
BCL-6 22 11*
MYC 23+78 3
p53 19 14°
Bcl-2 0 &3
CD3 0 88
LMP 1 32
Ki-67 27 6***

§ a strong positivity 23, moderate 7

* single tumor cell positivity in 9 — a negative result, entirely negative 2
* single tumor cell positivity in 12 — a negative result, technical failure 2
*+ 5 negative/artifacts2, almost entirely necrotic tumor 1
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Table 3. Data on patients with lymphomas reclassified as I-DLBCL/BL and DLBCL

original dg agely) sex  site final dg

BL 4 m LN inguinal | positive | positive | positive |negative | negative | >95% | no findings I-DLBCL/BL
BL 10 m orbit positive | positive | positive | neg* negative [ <30%8 | break at 14932 I-DLBCL/BL
B-LL 18 m ileocecal positive | positive | positive | negative | negative | <30% MYC amplification I-DLBCL/BL
B-LL 13 m ileocecal negative | negative | positive | negative | negative | <10% no findings I-DLBCL/BL
B-LL 47 m LN inguinal | positive | negative | positive | negative | positive | <80% breaks at 3927 & 14932 DLBCL
B-LL 85 f nasal cavity | negative | negative | positive |positive | negative | <80% no findings DLBCL

all cases were CD20 positive; LMP EBV negative
LN - lymph nodes

* negative with artifacts; § necrotizing tumor

was a potential partner for a translocation but we were unable to
specify any translocation partner using FISH. One patient had a tu-
mor characterized by two signals of CEP8 and by amplification of
the MYC locus (as found by LSI MYC/IGH/CEP8 probe and con-
firmed by LSI MYC probe) (Fig. 5a). The patient was an 18-year
old boy with the tumor in the ileocecal region.

IHC. The results of immunohistochemical investigations are sum-
marized in Table 3. CD20 and CD10 were positive in all 4 cases,
BCL-6 protein revealed a positive result (3+ in more than 60 % of
the tumor cells) in 3 cases. Interestingly, myc protein expression was
positive in all four tumors of this group but the infensity of the re-
action was generally weaker than in the group of BL. Such a find-
ing was, however, a semiquantitative estimate and difficult to ob-
jectify. A marked difference was found for the p53 protein, which
was moderately positive in one case only in contrast with its fre-
quent positivity in the BL group. The proliferation marker, Ki-67 anti-
gen, varied in this group of patients and in only one patient the
tumor cell positivity achieved nearly 100% percentage as in BL. The
estimate of positive cells in the remaining cases varied from 30 %
to 80 % of the tumor cell population.

Clinico-pathological data, a final morphology correlation. The
primary tumor localization, the gender and age of the patients are
shown in Table 3. The morphology review of this subgroup revealed
that the findings were heterogeneous both morphologically and with
a combined IHC an FISH findings. The two cases with lymphomas
originally diagnosed as a typical BL fit to the category of I-DLBCL/BL
due to lack of evidence of the BL characteristic translocations. Un-
doubtedly, these lymphomas were of high grade, with CD10 and
BCL-6 protein positivity, and Bcl-2 negativity. One of them, a 4-year
old boy, had also a high proliferation rate as estimated by Ki-67.
Two cases with a lymphoma in the ileocecal region differ from BL
in both IHC and FISH findings. IHC had the profile showing a low
proliferation fraction as compared to typical BL in both, and in one
these cases CD10 was negative. FISH in one revealed MYC locus
amplified, and in the other we did not disclose any changes with
the probes used in this study. From this reason these cases also were
also reclassified as I-DLBCL/BL.

Diffuse large B cell lymphoma (DLBCL)

FISH. In one patient originally diagnosed with B-LL, a 47-year
old man with inguinal lymphadenopathy, the investigation using the
IGH/MYC/CEP8 probe revealed three signals for 14q32 region
thus suggesting a breakpoint at the locus (Fig. 5b). Subsequently,
we applied the translocation probe IGH/BCL2 in an attempt to iden-
tify a transformed follicular lymphoma but, again, we found three
signals for the IGH locus, and the t{14;18) was not disclosed. The
finding of a break at 14932 was confirmed by using a break apart
probe for the IGH locus (Fig. 5¢). Finally, we were able to find
a break at 3q27 / BCLé (Fig. 5d). Such findings were highly sug-
gestive of 1(3;14). Immunohistochemistry revealed a following pro-
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file of this tumor: CD10 positive, BCL-6 negative, Bcl-2 positive,
Ki-67 protein below 80 % - features different from a typical BL pro-
file. This result further supported a modification of the original di-
agnosis of B-LL to the final diagnosis of DLBCL.

The last patient was an 85-year old woman, with a B lymphoma
of the nasal cavity classified originally as B-LL. FISH did not reveal
any chromosomal changes, and the IHC result - CD10 and BCL-6
negative (BCL-6 positive in a small fraction of the tumor cells), and
a relatively low proliferation fraction did not fit to the group of BL.
This tumor was also reclassified as DLBCL.

DISCUSSION

The morphological definition of Burkitt lymphoma is concise and
generally accepted (10). However, increasing experience led us to
be more cautious with the diagnosis because some lymphoma cat-
egories may impose as BL morphologically but they lack either some
of the immunophenotypical markers or defining chromosomal / mo-
lecular changes or both. This applies for lymphomas affecting chil-
dren and even more so for lymphomas in adults. A group of ex-
perienced hematopathologists reached a poor concordance (55 %)
in interpreting the morphology findings when considering diagno-
sis of BL and DLBCL with features of BL (18). The definition of B-LL
used in the past was relatively vague, and due to this fact identifi-
cation of B-LL was poorly reproducible (19). Moreover, using var-
ious names such as atypical Burkitt lymphoma or small non-cleaved
non-Burkitt lymphoma was confusing (20).

Is has been known for a long period of time that there is a mor-
phological overlap of BL with a group of diffuse large B cell lym-
phomas (DLBCL). However, DLBCL are tumors of a different catego-
ry at the molecular level as well as with different clinicopathologi-
cal characteristics, and, importantly, different treatment strategy.
They should be separated form BL. Prototypic cases of BL and DLBCL
are relatively easy to recognize, but tumors with overlapping mor-
phology and sometimes with other characteristics (a subgroup of
DLBLC may reveal MYC gene rearrangements) pose difficulties even
nowadays. They represent a small fraction of patients but with new
therapy modalities the exact classification may become increas-
ingly more important for each patient.

The IHC investigation on paraffin embedded fissue sections reveals
that BL, and in our study also lymphomas designed in the original
descripﬁon as B-LL, have a common proFi|e in most cases which is
helpful in the diagnostic evaluation. Beside a strong CD20 positivi-
ty, markers of germinal center B cells, such as CD10 and BCL-6 pro-
fein were expressed in a majority of cases, whereas Bcl-2 protein was
consistently negative in all but one case. The latter case was, how-
ever, reclassified as DLBCL considering not only the Bcl-2 positivity
but also findings of breaks of chromosomal loci 3q27 and 1432
suggestive of 1{3;14), a finding typical in a proportion of DLBCL.
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Figure 5.

Interphase FISH results as exemplified by two cases excluded from the BL
group.

(A) An 18-year old boy, ileocecal tumor; the tumor cell nucleus shows nu-
merous red signals of the 8q24 with the MYC gene, indicating its amplifi-
cation; the red spot on the left is a cluster of the locus copies in another cell
under focus. LSI MYC Probe.

5b-d A 47-year old man, peripheral lymphadenopathy. No co-hybridized
signq|s are seen using the LS| IGH/MYC/CEP8 Tri-color, Dual fusion Translo-
cation Probe. Three green signals indicate a probable break at 14932 (IGH
locus) (B). The LSI IGH Dual Color, Break Apart Rearrangement Probe shows
one normal dllele (yellow additive fluorescence) and one allele split (sepa-
rated red and green signals), thus confirming the break at 1432 (C). The
LSI BCL6 Dual Color, Break Apart Rearrangement Probe shows one nor-
mal allele (yellow) and two split signals red and green indicating a break

of the BCL6 gene (D).

A high proliferative rate of BL is reflected by an extremely strong
and uniform positivity of the Ki-67 antigen (21). The tumors we
reclassified as grey zone cases I-DLBCL/BL, and DLBCL were also
positive with the Ki-67 antigen but the percentage of the tumor cells
was variable and the positivity did not exceed the estimate of 80
%, except for one of these cases. Thus, though not an absolute dis-
crimination marker, the Ki-67 antigen is utilized as a diagnostic aid
in BL and its diagnostic mimics as was also recommended more
than ten years ago by the WHO hematopoietic and lymphoid tis-
sues classification Committee, and by other studies (22,23).

In this study we tried an antibody identifying the myc protein
(clone 9E11) to evaluate its expression at the morphological level.
Using this antibody the positivity was cytoplasmatic only. The pro-
tein was present in 30 out of 33 cases of the BL group, and in all
6 cases reclassified as I-DLBCL/BL and DLBCL. Though it seemed
that the positivity of the myc protein in the group separated from
the BL was generally weaker the finding is not consistent enough
to be utilized in discriminating these lymphomas. Quantitative
mRNA study may be a possible approach to answer this question
as the mRNA was already found to be elevated in cases of non-
immunoreceptor gene/MYC translocations (24). The transcription
of the MYC gene is generally greater in BL, being activated by the
translocations, but this phenomenon is not present in all cases;
moreover, some reactive B cells express the same level of the myc
protein as the tumor (25). There seems that using different but not
yet fully available antibody against the myc protein (monoclonal
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rabbit antihuman c-myc antibody no. 1472-1; Epitomics, Inc,
Burlingame, CA) may be more useful as most BL and other lym-
phomas with MYC gene translocations show nuclear or a combined
nuclear and cytoplasmatic positivity whereas lymphomas without
MYC gene translocations show cytoplasmatic positivity only (26).
The mechanisms of the MYC gene activation contributing to the tu-
mor pathogenesis are complex and they are extensively reviewed
in several papers (11,25). It has been shown that miRNAs (name-
ly hsa-let-7c and hsa-mir-34b) have a significant role in the regu-
lation of the gene MYC and its transcription (27).

The p53 protein was strongly expressed in an overwhelming ma-
jority of the tumor cell nuclei in 19 patients with diagnosis of BL.
This phenomenon reflects an involvement of the gene TP53 in the
tumor pathogenesis. Approximately one third of BL were shown to
have the TP53 gene mutated (28,29); the mutation is considered
a late event in the tumor development (30). A strong expression of
the p53 as detected by IHC was suggestive of an unfavorable clin-
ical behavior in some studies (31,32) which is also supported by
our results.

Though the morphological findings and the IHC profile are di-
agnostically valuable they are not entirely specific of BL. Accord-
ing to our experience with the analyzed group of patients and in
newer cases diagnosed from 2003 to day (data not shown) FISH
identifying specific changes at the chromosomal / gene level should
be employed whenever possible though it is clear that a majority
of cases may be successfully diagnosed with the aid of IHC only
(33). However, FISH has been proven to be an efficient tool in di-
agnosis of tumor specific translocations in various lymphomas, such
as mantle cell lymphomas (34,35) and follicular lymphomas (36),
and may be performed using archival paraffin embedded tissues.
In BL there were several successful attempts to introduce diagnos-
tic interphase FISH in the past, reviewed by Siebert et al. (14). The
latter group used a two-color probe utilizing identification of
a breakpoint at 824 with three red signals (one of the non-translo-
cated allele, two of the split allele with one of the signals co-local-
ized with a probe marking 14g32). We preferred using commer-
cially available probes designed to reveal the reciprocal translo-
cation by identification of two co-localized signals. Application of
interphase fluorescence in situ hybridization revealed a character-
istic translocation 1(8;14)(q24;932) with a fusion of the MYC gene
with the IGH locus in 31 patients; in further 2 cases we found
a break of the 8q24 locus suggesting one of the variant transloca-
tions known in BL. In three patients with BL the FISH findings were
complemented by a cytogenetic study. In two cases with
1(8;14)(q24,q32) detected by interphase FISH the cytogenetic find-
ings concurred with the result. The third case without the 1(8;14) but
with a break at 8q24 identified by FISH was cytogenetically spec-
ified to have a variant translocation #(8;22)(q24;q11).

In six patients of the original group of 39 cases (15 %) the di-
agnosis of BL and B-LL was reevaluated, based on the reviewed
morphology and a more complex IHC than it was performed at
the time of the tumor diagnosis, and, notc:b|y, on the absence of the
MYC oncogene rearrangement by translocations. In this group we
found pathology of the MYC locus as detected by the interphase
FISH in one case only. The MYC gene was amplified, a finding ob-
served in some B cell lymphomas, including DLBCL (37). Because
of the morphology indistinguishable from the BL and IHC charac-
teristics these cases fit into a relatively broad category of I-
DLBCL/BL. Two of these patients had the primary tumor localized
at the terminal ileum, a site typical of sporadic BL in young indi-
viduals, which may, in the light of morphology indistinguishable
from BL, lead to an incorrect diagnosis if based on an insufficient
back up of IHC and FISH investigations. It seems, therefore, that
a generally held view considering most high grade lymphomas in-
volving the ileocecal region in young patients to be BL is not en-
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tirely correct. Some cases may represent other subtypes of lym-
phomas, such as DLBCL or grade 3 follicular lymphomas, as well
as they may fit into a category now classified as I-DLBCL/BL (38).

Two further patients of the group separated from the BL and B-
LL were reclassified as DLBCL with the aid of IHC and FISH find-
ings compatible with the diagnosis of DLBCL (39).

The relatively high number of reclassified cases lead us to em-
ploy a complex IHC, FISH and cytogenetic study (if there is a fresh
material available) in each case to be able to classify the tumor with
a greater certainty. A panel of antibodies including anti Ki-67,
CD10 and Bcl-2 in combination with FISH analysis of MYC as well
as BCL2 and BCL6 breakpoints represents a minimum panel for
the diagnosis of BL in adults (18). It has to be stressed, however,
that none of the methods bring results entirely specific of BL. The
morphology mimicking BL may not be accompanied by the BL char-
acteristic chromosomal changes as we observed in this study. As
opposed to that, translocations involved in the pathogenesis of BL
may be observed in other types of lymphomas such as DLBCL
(23,37), follicular lymphoma (40), chronic B lymphocytic leukemia
(41), mantle cell lymphoma (42), lymphoblastic leukemias (43), and
multiple myeloma (44). A comprehensive study by Au at al. showed
also some additional hematological entities with secondary 824
changes, such as postransplant lymphoproliferative disease and
other lymphomas than the listed above (2).

In most of these lymphomas the translocations or other chromo-
somal changes involving the MYC gene are considered second-
ary. In one case of childhood BL with complex genetic changes as
defined by cytogenetics in this study we found a typical 8;14)
translocation (as also seen in FISH) but also two other chromoso-
mal translocations beside other chromosomal changes. We were
unable to analyze them closely. It is probable, however, that they
represent complex chromosomal changes as a parallel to some
DLBCL with double or triple translocations affecting MYC gene,
BCL2 gene and / or BCL6 gene (3,37). In fact, BL are character-
ized either by simple chromosomal changes with typical sites of
MYC translocations but in many cases a complex karyotype reveals
that a plentitude of other genetic changes, usually non-repetitive,
exists. Curiously, there were more frequent in BL with atypical mor-
phologica| features, Former|y B-LL (2). The reported child with com-
plex changes of his tumor karyotype described in this study died
of the disease progression but it is difficult to attribute the aggres-
sive clinical course to the complex genetic changes in an individ-
val case. However, it is a generally held view that patients with lym-
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