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Abstract

‘We describe two cases of acute myelocytic leukemia (AML), classified as M4 and M1 in the French—

American—British classification, with unbalanced translocations der(16)t(11;16)(q23;p13) and der(18)t(11;18)
(q22;p11.2), respectively. Molecular studies using Southern blot and reverse transcriptase—polymerase
chain reaction showed an MLL rearrangement due to an internal duplication of the gene in both cases. Flu-
orescence in situ hybridization disclosed the presence of an extra copy of the MLL gene on 16p13 and
18p11.2, respectively, as a result of the partial trisomy of chromosome 11q. Our two cases clearly show
that tandem duplication of the MLL gene may occur in AML with a partial 11q trisomy. Thus, systematic
screening of this molecular defect should be performed in patients with unbalanced translocations involv-
ing 11q22~q23—qter. © 2003 Elsevier Science Inc. All rights reserved.

1. Introduction

The MLL gene, located on 11923, can be rearranged as a
result of a reciprocal chromosomal translocation producing
a fusion gene or by a duplication of an internal portion of
the gene [1,2]. Partial tandem duplication of MLL has been
described in patients with acute myelocytic leukemia
(AML) and myelodysplastic syndrome with normal karyo-
type or trisomy 11 [2,3], and in a few cases of AML harbor-
ing other chromosomal abnormalities [4].

We describe two cases of AML with unbalanced
translocations der(16)t(11;16)(q23;p13) and der(18)t(11;18)
(q22;p11.2), respectively, in which Southern blot and re-
verse transcriptase polymerase chain reaction (RT-PCR)
revealed an MLL rearrangement due to an internal duplication
of the gene and fluorescence in situ hybridization (FISH) re-
vealed the presence of an extra copy of the MLL gene on
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der(16) and on der(18), as a result of the partial trisomy of
the long arm of chromosome 11.

2. Case reports
2.1. Patient 1

A 58-year-old man was admitted in February 2000 be-
cause of persistent fever and diffuse thoracic pain. Hepatome-
galy was evidenced at clinical examination. Peripheral blood
count laboratory values were as follows: hemoglobin 11.2
g/dL, white blood cells 135,000/p.L (neutrophils 24%, lym-
phocytes 3%, monocytes 30%, basophils 2%, blast cells
41%), and platelets 42,000/pL. The lactic dehydrogenase
level was 3909 U/L (normal: << 250 U/L). Bone marrow as-
pirate and biopsy were consistent with AML, M4 subtype.
The immunophenotype of peripheral blast cells was as fol-
lows: CD13 (82%), CD45 (95%), CD14 (79%), CD33 (94%),
CD34 (1%), CD1a (1%), sCD3 (3%), CD117 (1%), CD11b
(66%), CD36 (93%), CD5 (19%), CD4 (95%), HLA-DR
(1%), CD7 (3%), CD19 (4%), CD10 (5%), and CD20 (2%).
After two therapeutic leukophereses, the patient underwent an
AML-99 GIMEMA protocol, which includes hydroxyurea,
daunorubicin, cytosine-arabinoside, and VP-16. Complete
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hematologic remission was obtained. A morphologic re-
lapse occurred before the patient started consolidation ther-
apy. He underwent treatment with IL2, and died in relapse
14 months after diagnosis.

2.2. Patient 2

A 42-year-old female was referred in June 2000 because
of pancytopenia. Medical history was unremarkable. Physi-
cal examination on admission disclosed only conjunctival
and cutaneous pallor. Hematologic data were as follows: he-
moglobin 5.9 g/dL, white blood cells 39,000/pL (blast cells
90%), and platelets 29,000/pL. The lactic dehydrogenase
level was 1018 U/L (normal: < 420 U/L). Bone marrow as-
pirate was consistent with AML, M1 subtype. Immunophe-
notyping of the blast cells was: HLA-DR 23%, CD13 44%,
CD33 44%, CD34 33%, CD117 48%, CD45 48%, CD15
27%, anti-MPO 60%, CD7 4%, CD10 3%, CD19 2%, CD20
2%. The patient was started on induction therapy according
to the AML-99 CETLAM protocol; complete remission was
achieved after one cycle of idarubicin, cytosine-arabino-
side, and etoposide. She received a course of intensification
treatment (mitoxantrone and cytosine—arabinoside) and an
autologous peripheral progenitor transplantation was de-
layed because of abnormal liver function tests. She subse-
quently received one course of high-dose cytosine-arabino-
side. In May 2001, a bone marrow aspirate revealed 12%
blast cells. Despite treatment with salvage chemotherapy,
she died from a cerebral hemorrhage 14 months after diag-
nosis with resistant disease.

3. Materials and methods
3.1. Cytogenetics

Karyotypic analyses were performed on unstimulated bone
marrow cells after short-term cultures. Chromosomes were
G-banded and evaluated according to the Interantional Sys-
tem for Human Cytogenetic Nomenclature (ISCN 1995) [5].

3.2. FISH analysis

FISH methodology was as previously described [6].
Whole chromosome paint (wcp) was performed for chro-
mosomes 11 and 16 (Oncor, Gaithersburg, MD, USA) in
case 1 and for chromosomes 11 and 18 (Oncor) in case 2.
The MLL gene was investigated with the LSI MLL Vysis
dual-color probe (Vysis, Downers Grove, IL, USA). Addi-
tional FISH studies were performed with PAC 980J15
(kindly provided by M. Rocchi, University of Bari, Italy)
spanning the PLFZ gene, PAC 891P24 (kindly provided by
M. Rocchi) spanning the ATM gene, and PAC 770G7
(kindly provided by J. Flint, Oxford University, UK) for the
11q subtelomeric region. Centromeric probes for chromo-
somes 16 (Oncor) and 18 (L 1.84, kindly provided by M.
Stul, University of Leuven, Belgium) were also used. At
least five abnormal cells were analyzed in each experiment.
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Data were collected on an Olympus fluorescence micro-
scope equipped with a cooled charge-coupled device (CCD)
Sensys camera (Photometrics, Tucson, AZ, USA) running
PathVysion software (Vysis, Stuttgart, Germany)

3.3. Southern blot analysis

High molecular weight DNA was extracted from mono-
nuclear cells, digested to completion with BamHI and Bglll
restriction endonucleases, size-fractioned by electrophoresis
in a 0.8% agarose gel, denatured, and transferred onto a ni-
trocellulose membrane. After prehybridization, the filter
was hybridized overnight with the **P random priming la-
beled probe B859, washed, and exposed for 48 hours at
—70°C using intensifying screen. Prehybridization, hybrid-
ization, and washing conditions were as reported elsewhere
[7]. The B859 probe is a cDNA insert, derived from ALLI
exons 5-11, that explores the MLL/ALLI gene breakpoint
cluster region [8].

3.4. RT-PCR analysis

Total RNA was extracted from mononuclear cells by the
guanidium thiocyanate—phenol chloroform method [9]. RT-
PCR to detect the MLL gene duplication was performed us-
ing the oligoprimers complementary to MLL/ALLI exon 2
(antisense)/exon 5 (sense) (case 1) and to MLL/ALLI exon 3
(antisense)/exon 5 (sense) (case 2); the experimental condi-
tions reported elsewhere [10].

4. Results
4.1. Cytogenetics

4.1.1. Patient 1
All 20 metaphase cells analyzed from the unstimulated
24-hour culture showed the karyotype 46,XY,add(16)(p13).

4.1.2. Patient 2

Nine of 20 metaphase cells analyzed from the unstimu-
lated 24-hour culture showed a 46,XX,add(18)(p11.2) karyo-
type. The 11 remaining cells were normal.

4.2. FISH analysis

4.2.1. Patient 1

FISH with wep 11 and wep 16 showed the presence of
material from chromosome 11 on the short arm of der(16).
FISH with PAC 980J15, the LSI MLL probe, and PAC
770G7 all gave three fluorescence signals on both normal
chromosomes 11 and on der(16) (Fig. 1A and C), whereas
PAC 891P24 hybridized only with normal chromosomes
11. Thus, the partial 11q trisomy started downstream of
PAC 891P24 (ATM gene).

4.2.2. Patient 2
FISH with wep 11 and wep 18 showed the presence of
material from chromosome 11 on the short arm of der(18).
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Fig. 1. (A, B) FISH) with the MLL dual probe (5'MLL and 3'MLL; Vysis) showing the presence of an entire additional copy gene in both cases. In patient 1,
hybridization signals corresponding to the MLL gene are present on both normal 11 and on der(16) (A). In patient 2, hybridization signals are present on both
normal 11 and on der(18) (B). (C, D) FISH with PAC 770G7 gives three signals of fluorescence in both cases. A signal is present on normal chromosomes 11

and on der(16) in (C), or on der(18) in (D).

FISH with PAC 891P24, PAC 980J15, the LSI MLL probe,
and PAC 770G7 all gave three fluorescence signals on both
normal chromosomes 11 and on der(18) (Fig. 1B and 1D).
Thus, the partial 11q trisomy started upstream of PAC
891P24 (ATM gene).

4.3. Southern blot analysis

In both cases, Southern blot analysis of leukemic DNA with
the B859 probe exploring the MLL/ALLI locus revealed the
presence of additional fragments of different size, compared
with control placenta DNA. Abnormally migrating bands were
confirmed in the two restriction endonuclease digestions. The
detection of one single rearranged fragment in each digestion
suggested the possible occurrence of MLI/ALLI duplication.

4.4. RT-PCR analysis

RT-PCR analysis using specific oligoprimers allowed us
to amplify a 258-bp MLL/ALLI consistent with exon 6/exon
2 or exon 8/exon 2 fusion, depending on breakpoint location
and occurrence of alternative splicing of exon 7 in case 1,
and a 270-bp MLL/ALLI consistent with exon 6/exon 2 in
case 2 (Fig. 2).

5. Discussion

The partial tandem duplication of the MLL gene was first
described in AML patients either with normal karyotype or
with trisomy 11 as the sole chromosomal abnormality [2].
This molecular defect has been shown to confer a dismal
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Fig. 2. Top: Southern blot analysis showed a rearranged band (R) on
BamHI digest in lane 2, which corresponded to the DNA obtained from
patient 2. Lanes 1, 3, 4, and 5: nonrearranged samples. Lane 6: rearranged
sample (positive control). Bottom: RT-PCR revealed an amplified exon
6/exon 2 transcript in patient 2 (lane 7). Lanes 1, 2, and 5: samples with
MLL tandem duplication. Lane 8: negative control (H,0). Abbreviations:
G, germ line band; MW, molecular weight marker.

prognosis. A shorter duration of the complete remission was
observed in AML patients with normal karyotype and this
rearrangement, compared with those without the duplication
of the MLL gene [11]. Adverse prognosis has been recently
confirmed in a large series of cases [4] in which a partial
tandem duplication of the MLL gene was also detected in
cases with cytogenetic abnormalities other than trisomy 11.
No recurrent structural or numerical changes, however,
emerged from this series [4].

In the present study, we identified two patients with par-
tial tandem duplication of the MLL gene in association with
an unbalanced translocation involving a partial trisomy of
chromosome 11q, from q22~~q23 to gter. By conventional
cytogenetics, in our two cases, we could not identify the or-
igin of the extra material on chromosomes 16p (case 1) and
18p (case 2). Genetic diagnosis was based on molecular
studies used in our ongoing AML trials [12], such as South-
ern blot plus RT-PCR and FISH.

As far as we know, this is the first documentation of a
partial duplication of the MLL gene in unbalanced translo-
cations with partial trisomy of 11q in addition to partial
monosomy of the terminal short arm of chromosomes 16,
from 16p13, and 18, from 18p11.2. Michaux et al. [13],in a
series of AML with MLL amplification, included an unbal-
anced t(11;11)(p15;q14), which could have been a self-
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fusion of MLL. Unfortunately, molecular studies were not
reported in detail. Unbalanced chromosomal anomalies are
thought to be secondary cytogenetic changes related to dis-
ease progression rather than to tumor initiation [14]. In the
two cases we describe, MLL duplication might instead be
the primary genomic aberration, followed by a gross chro-
mosomal unbalanced translocation. Similarly, Schnittger et al.
[4] described two AML patients with MLL duplication who
presented at relapse unbalanced chromosome aberrations (i.e.,
an add(7)(q374) and a del(17)(g23), respectively). Because
the type of fusion transcripts, in both cases, were the same at
diagnosis and at relapse, it was suggested that duplication was
the primary event in the origin of leukemic transformation.

Regarding clinical outcome, both our patients died 14
months after diagnosis with a resistant disease, showing that
AML with MLL internal duplication and partial 11q trisomy
falls in the unfavorable prognosis subgroup, for which allo-
geneic stem cell transplantation should be considered as
first-line postremission treatment.
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3.2.2  Inversio del cromosoma 16 associada a trasnlocacio (I1)

Aventin A, Espadaler M, Casas S, Duarte J, Nomdedeu J, Sierra J.
Chromosome 16 inversion-associated translocations in acute myeloid
leukemia elucidated using a dual-color CBFB DNA probe. Cancer Genet
Cytogenet 2002;134(2):142-4.

Es van analitzar per FISH amb la sonda LSI-CBFb 40 casos de LMA
que presentaven al cariotip una inv(16)(p13q22) o t(16;16)(p13;q22)
diagnosticada préviament tant per ACC com per FISH utilitzant la sonda
WCP-16p. D’entre els casos amb inv(16), en dos casos es va detectar la
translocacio de la part 3 del gen CBFb a 10p13 en 1’un, i a 1p36 en I’altre
(Fig. 1A 1 C).

En el cas 1, els estudis addicionals de FISH dual amb les sondes TEL-
10p i TEL-16q van permetre identificar una translocacié reciproca de les
dues regions subtelomeriques, essent per tant t(10;16)(p13;q22) (Fig. 1E).
En el cas 2, on no es disposava de més material per realitzar estudis
addicionals de FISH, es va estudiar retrospectivament i amb detall el
cariotip, el qual es va reinterpretar com a una inv(16) associada a la
translocacio t(1;16)(p36;q22). L’estudi de RT-PCR va confirmar la fusio de
CBFb/MYH]11 en ambdds casos (resultats no presentats).
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