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While the MLL “recombinome” is relatively well characterized in B-cell precursor acute lymphoblastic leukemia (BCP ALL),
available data for adult acute T-lymphoblastic leukemia (T-ALL) are scarce. We performed fluorescence in situ hybridization
(FISH) for an MLL split signal on 223 adult T-ALL samples obtained within the framework of the German Multicenter ALL
07/2003 therapy trial. Three biphenotypic leukemias (T-ALL/AML) were also included in the analysis. Samples showing any
alteration by FISH were further investigated to characterize the MLL aberration. In addition, they were investigated for
common genetic lesions known in T-ALL. Twenty-two cases (9.5%) showed an abnormal MLL signal by FISH analysis. Most
of these appeared to be deletions or gains but in five cases (2.1%) a chromosomal translocation involving the MLL gene
was identified. The translocation partners and chromosomal breakpoints were molecularly characterized. Three T-ALLs had
an MLL-AF6/t(6;11) and two biphenotypic leukemias had an MLL-ELL/t(11;19). The chromosomal breakpoints in two of the
MLL-AF6-positive cases were located outside the classical MLL major breakpoint cluster known from BCP ALL. In conclu-
sion, the spectrum of MLL translocation partners in adult T-ALL much more resembles that of AML than that of BCP ALL
and thus the mechanisms by which MLL contributes to leukemogenesis in adult T-ALL appear to differ from those in BCP

ALL. Proposals are made for the diagnostic assessment of MLL fusion genes in adult T-ALL.

INTRODUCTION

Chromosomal translocations of the MLIL gene
on 11923 are found in 5-10% of acute B-lincage
or myeloid leukemias. While the ML.L “recombi-
nome” in adult B-cell precursor acute lympho-
blastic leukemia (BCP ALL) is molecularly
relatively well characterized (Burmeister et al.,
2009; Meyer et al., 2009), the data available for
acute T-lymphoblastic leukemia (T-ALL) are
scarce. Most data are based on conventional cyto-
genetic analyses which may underestimate the
frequency and do not provide molecular insight
in the resulting fusion genes. In 2002, Hayette
and coworkers at the Centre Léon Bérard in
Lyon investigated 47 adults with T-ALL by fluo-
rescence in situ hybridization (FISH) and South-
ern blot analyses and found four cases with MLL
translocations (Hayette et al., 2002). The most
interesting aspect of this work was—besides the
high frequency of ML aberrations (8%)—the
fact that in two of the four cases the chromo-
somal breaks occurred outside the major break-
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point cluster (mbcr) region of the MLL gene
known from BCP ALL. The authors hypothe-
sized that the frequency of MLIL aberrations in
T-ALL might be underestimated when using
RT-PCR methods optimized for detecting fusion
genes arising from chromosomal breaks in the
MLIL mbcr. No systematic investigation of a
larger patient cohort regarding this issue has since
been pursued. To get a better understanding of
the involvement of MLL in adult T-ALL, we
thus investigated a larger cohort of adult T-ALL
patients using FISH, various RT-PCRs, and long-
distance inverse PCR (LDI PCR). The
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respective fusion transcripts and chromosomal
breakpoints were characterized and the immuno-
phenotypic and genetic features and clinical
courses of the MLIL+ patients are reported.

MATERIALS AND METHODS

Patient Samples

All patient samples had been obtained during
routine diagnostic procedures within the frame-
work of the German adult ALL therapy study 07/
2003  (ClinicalTrials.gov  Identifier: ~ NCT
00198991). Patients had given their written con-
sent for further scientific investigation and our
study complied with the principles set forth in
the Declaration of Helsinki.

Flow Cytometry Immunophenotyping

low cytometry immunophenotyping was per-
formed using routine methods. Samples were
immunologically classified as carly (pre/pro) T,
thymic T, or mature T ALL, as previously
described (Burmeister et al., 2006).

FISH

FISH investigations were performed on cyto-
spin samples using routine methods and the Vysis
LSI MLL Dual Color Break apart Rearrangement
probe (Abbott, Chicago, Il.) comprising one 350
kb SpectrumGreen-labelled and one 190 kb
SpectrumOrange-labelled probe. The first probe
covers the centromeric 5" part of the MLL gene
locus up to exon 7 and the second probe covers
the telomeric 3’ part of the MLL locus beginning
from exon 7. Cases showing gains of the MLL

locus were further investigated by FISH with the
CEP11(D11Z1) SpectrumOrange Probe (Abbott).

RNA/DNA Isolation and cDNA Synthesis

RNA was isolated using either the 'Trizol
method (Invitrogen, Darmstadt, Germany) and
c¢DNA was synthesized using Ready-To-Go™
You-Prime First-Strand Beads (GE Healthcare,
Munich, Germany). DNA was isolated using the
PureGene method (QIAGEN, Hilden, Germany).

RT-PCRs for MLL Fusion Genes

RT-PCRs for different MLL fusion genes were
all performed in a multiplex PCR format. The
following three MLIL primer were designed (with
exon location, numbering according to Nilson

et al., 1996): mll-7 TGCCTTCCAAAGCCTACC
TGCAGAAGC (7), mll-13 TCTCACTGTGTCA
TGATTGCGCCAAGCT (14), and mll-20 ACCA
ACTCCTCTGCATCCTCCTACACCACCA (20).
The three MLL primers were combined with one
antisense primer located in a putative partner
gene. The following partner genes were investi-
gated: ENL (MLLTI), AFI10 (MLLTI0), AF6
MLLT4), ELL, AF4 (AFFI), AF17 (MLLT6), and
TETI. For some of these genes more than one
primer/PCR was used. The primer sequences
were the following (gene name, NCBI exon loca-
tion): enl-2 TCTGGGCTTGGGGAAGCTGTC
(ENL, 2), enl-6 GCTCCCGGTGCTCCTTGGT
CACC (ENL, 6), enl-8 CTCCTCGCCTGACGA
AGAGT (ENL, 8), X-7 GATCATATGACCTAT
TAGATCCCCGTTTGCTC (AF10, 7), X-10 TC
CTGGGGAGACTGCACTGAACTTCCA (AF10,
10), X-14 TCCCGAGCCAGATACTACATTTG
GAAACGA (AF10, 14), X-19 TGAGGGCTCTT
ACTGCTGTTCAAGGAATC (AF10, 19), afo-2
TTGAGTGGTGGCAGTACTAGAGACCCGAAT
(AFo, 2), at6-7 TCAGAATGCTGGGCTC CAG
GAGGAAGC (AFo6, 7), ell-4 TGTATGCTGCC
CAGGCAGTCCAGGTGA (ELL, 4), af4-9 TGT
CACTGAGCTGAAGGTCG (AF4, 9), af17-10
AGAAGTCAGGGGAGCTCTGCAGGGA (AF17,
10), af17-13 GTCCCCCGACACCGGAAGCTGC
AGT (AF17, 13), tet1-10 ACGACCTTCCTTGC
TGCCAAGCCGAC (TETI, 10), and tetl-12 AG
GAGCGGATGGCATCAGCGAATAAGT (TETI,
12). Each sample was thus analyzed with 15 multi-
plex PCRs. Previously identified positive patient
samples served as positive controls in the PCRs,
wherever available. The HotStarTag Mastermix
(QIAGEN) was used with the following cycler
program: 95°C 15 min, 35 cycles (95°C 30 sec,
63°C 30 sec, 72°C 1 min). PCR results were ana-
lyzed on an 1% agarose gel.

RT-PCRs for TLXI, TLX3, and NUP214-ABLI

Expression of 71.X3 was investigated by quantita-
tive real-time PCR and NUPZ214-ABL1 was investi-
gated by a conventional 6-primer multiplex PCR as
described previously (Burmeister et al., 20006).

Analysis for NOTCHI Mutations

NOTCHI mutations were analyzed by sequenc-
ing PCR products generated by three different
PCRs. The PCR primer combinations were the
following: notch26F ACTGCGACCAGGGCTGC
AACAGCGC/ notch26R ATGGGGTCCAGCTC
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CCTCCGCCGC, notch27F GCGGGGGAGGAG
GAAGCCTCGGGTC/ notch27R ATGGCACCC
CCTGCAGGCAGAGCCTG, and notch34F AG
GGGCCCTGAATTTCACTGTGGGCG/ notch
34R ATGCGGGCGATCTGGGACTGCATG.

LDI PCR for MLL Breaks in the MLL Major
Breakpoint Cluster Region

The LDI-PCR to identify breaks in the MLL
major breakpoint cluster region was performed at
the DCAL Frankfurt/Main as described in detail
previously (Meyer et al., 2005).

LDI PCR for MLL Breakpoints Between
MLL exons 21 and 24

In cases with a chimeric mRNA transcript in-
dicative of a breakpoint between MLL exons 21
and 24, that is, outside the MLL bcr, a new LDI
PCR method was designed to identify the break-
point. The LDI PCR was performed using the
restriction enzyme Mfel and conditions exactly as
published recently in a different context (Bur-
meister et al., 2011). However, different primers
were chosen: mll-i19r AGGCCAGCTACATGGC
TGTACCACACATGT (in intron 19, antisense)
in combination with mll-21f CCCAGGCATAG
AAGACAATAGACAGTGTGCGT (in exon 21,
sense; for breaks between ML exons 21 and 23)
and mll-i19r in combination with mll-23f GCCA
ACGACATCGGGATTTGATCAAAGGCGA (for
breaks 3 downstream of MLL exon 23).

DNA Sequencing

DNA sequencing of NOTCHI, the MLIL fusion
transcripts, and the atypical MLL breakpoints was
performed at the MPI Koln using routine meth-
ods on a 3730xl ABI sequencer. Sequencing of
the three typical MLL breakpoints was done at
the DCAL Frankfurt on an ABI sequencer (Life-
T'echnologies, Carlsbad, CA).

Multiplex Ligation-Dependent Probe
Amplification (MLPA®™)

MLPA® analysis was performed using the Salsa
MLPA Kit P335-A4-ALL-IKZF1 (MRC-Holland,
Amsterdam, The Netherlands) for the following
genes/genomic regions: IKZF1, PAX5, CDKNZA/
B, ETV6, RB1, BTG1, EBFI, Xp22.33/Yp11.32,
and RBI (Schwab et al., 2010). Sample prepara-
tion, analysis, and acquisition of results were
done using the recommended methods. Analysis
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was performed on an ABI capillary sequencer
(Applied Biosystems). Data were analyzed using
the Coffalyser Microsoft Excel spreadsheet
(MRC-Holland).

RESULTS

Cytospins were prepared from a randomly
selected cohort of 223 adult (i.e., aged > 15
years) ALL patients. The immunophenotypes (43
mature T, 57 early T, and 123 thymic T) of the
samples approximately matched their normal dis-
tribution. The median age of the patients was 35
years (range: 16-83 years) and the male/female
ratio was 165/58. All samples showed a high blast
count (all >40%, in most cases >70-80%) as
revealed by flow cytometry. Three cases of
biphenotypic acute leukemia were also included
in the analysis because they showed a T-ALL
immunophenotype with myeloid antigens (one
thymic T-ALL and two early T-ALLs). Cytoge-
netic data were not available at the start of the
project but were later obtained in selected cases.
FISH investigations for an MLL split were per-
formed by means of routine methods using the
commercial Vysis MLLLL. Break-Apart probe. Cases
that showed any abnormalities in this FISH
investigation (structural or numerical) were fur-
ther investigated by different PCRs. The results
are shown in Table 1. An abnormal ML FISH
result was observed in 22 cytospin samples (9.7%
of all). Four cases (3, 8, 9, and 21; numbering
according to Table 1) showed an MLL split, sug-
gestive of a translocation, while six revealed loss
of one MLL locus (MLL monosomy, 1, 4, 13, 17,
20, and 22). In one of these cases (4), the loss
was apparently subclonal. One patient (10)
showed gain of the 5 end of MLL. The remain-
ing 11 cases (2, 5, 6, 7, 11, 12, 14, 15, 16, 18, and
19) showed gains (3 or 4 copies) of the MLL
locus, with two of these alterations being subclo-
nal (6 and 16). All 22 patients were successively
investigated by RT-PCR for MLL-ENL, MLI.-
AF6, MLL-AF10, MLL-ELL, MLL-AF4, MILL-
AF17, and MLL-TETI. PCR primers in MLL and
in the partner genes were chosen in such a way
that they covered a wide area of different exons
to also identify unusual chromosomal break loca-
tions. TET7! was investigated because it was
recently identified as MLL translocation partner
in B precursor ALL (Burmeister et al., 2009). All
other genes have previously been reported in
childhood and/or adult ALL. The PCR investiga-
tions revealed a MLL translocation in five cases.
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Figure 1. MLL gene with the classical major breakpoint cluster

region and the variant breakpoint region, as observed in T-ALL. The
exons are in three different reading frames and the corresponding
introns are thus displayed in three different colors. The exon num-
bering scheme includes the 99 bp exon 2, which is omitted in the

T'wo cases of biphenotypic/biclonal leukemia (9
and 21) showed an MLL-ELL chimeric transcript,
while three genuine T-ALL cases (3, 8, and 10)
revealed an MLL-AF6 transcript. The two MLL-
ELL-positive cases showed a fusion of MLL
exons 9 and 11 to ELL exon 2. Two of the three
MLL-AFo6-positive cases showed atypical exon
fusions, that is, a fusion of MLL exon 23 to AF6
exon 2, suggestive of a chromosomal break out-
side the MLI major breakpoint cluster region
between exons 7 and 14. The third MLL-AF6-
positive case showed a fusion of MLL exon 10 to
AF6 exon 2. All the 22 FISH-abnormal cases
were subjected to LDI PCR as described previ-
ously to further exclude any rearrangement in the
MLL major breakpoint cluster region (Meyer
et al., 2005). This LDI PCR disclosed the respec-
tive chromosomal breakpoints in MLL in the two
t(11;19)-positive and in the MLL-AF6-positive
case with involvement of MLL exon 10 (Fig. 1).
In the latter case, the break on chromosome 6
was located 5 of the first AF6 exon, thus result-
ing in a “spliced fusion” MLL-AF6 transcript
with skipping of the first AF6 exon, as known
from a number of MLL fusion genes (Meyer
et al., 2009). This LDI PCR did not reveal a pos-
itive result in the two MLL-AF6-positive cases
with involvement of MLL exon 23. To also iden-
tify the breaks in these two cases, a new LDI
PCR was developed to identify chromosomal
breaks between MILI exons 21 and 24. This
region was chosen because exons 21-23 are in
the same reading frame and chromosomal breaks
in MLL introns 21-23 may result in a similar type
of functional chimeric transcript (Fig. 1). This
LDI PCR detected the two atypical breakpoints.
All FISH-abnormal cases were investigated with
this new LLDI PCR but no additional cases were
identified. All five chromosomal break sequences
were submitted to the EMBL nucleotide data-
base (Acc. No. HE805693-HE805697). The three
chromosomal breaks in the major breakpoint clus-
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MLL-ELL MLL-ELL
patient 9 patient 21

cluster region

MLL-AFE
patient 10 MLL-AFS \y1.aF6
patient 8 patient 3

NCBI numbering scheme (Nilson et al., 1996). The locations of the
chromosomal breaks in the detected five cases are indicated by
arrows (patient numbering as in Table I). [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]

ter region were located in known “hot spots”
(Burmeister et al., 2009), while the two “atypical”
breaks were located in MLL intron 23 at nucleo-
tides 387/388 and 614/615. Since the reciprocal al-
leles were not identified, no conclusion could be
drawn about the possible break mechanism.

Molecular and Immunphenotypic Characterization

The MILL-altered cases were further character-
ized (Table 1). Cytogenetic data were obtained as
far as possible. Numerical ML abnormalities by
FISH were not always reflected in the karyotypes.
In two of the three MLIL-AF6-positive cases, no
structural alteration of chromosomes 6 or 11 was
karyotypically visible (3 and 10). All three T-ALL
cases were thymic (CDla+) T-ALLs, while one
bilinecage leukemia showed a thymic T-ALL and
another an early T phenotype together with mye-
loid antigens. Of the 11 cases with MLL amplifica-
tion, five showed an early T-cell phenotype (pro/
pre T-ALL), three a thymic phenotype, and two a
mature phenotype. Three of the six cases with
MLIL monosomy had a mature T-ALL phenotype,
two an early T-ALL phenotype, and one a thymic
T-ALL phenotype. Residual material was avail-
able in four of the five patients with MLL translo-
cations (8, 9, 10, and 21; Table 1) and these
samples were tested retrospectively by flow
cytometry for expression of the NG2 antigen that
is positive in ~90% of BCP ALL patients with
MLI. translocation (Burmeister et al., 2009). All
four samples were NG2-negative. Aberrant expres-
sion of 71.X1 (HOX11) and T1.X3 (HOX11L.2) was
detected in six T-ALL and one biphenotypic/
biclonal and in four T-ALL cases, respectively.
NUP214-ABI. was detected in two T-ALL cases.
NOTCH1 mutations were detected by sequencing
in two T-ALL cases, one with ML deletion and
one with MLL amplification. Fifteen patients
showed the silent single nucleotide polymorphism
C>*>T (four of them homozygous).
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patient 3, MLL-AF6, thymic T-ALL, ~60% blasts
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Figure 2. MLPA analysis of the five patients with MLL translocations. Patient numbering according to
Table I. The height of the bars corresponds to copy number variations (normal: 1.0 & 0.2). The blast
count as determined by flow cytometry has to be taken into account in interpretation. A blast count of
60% means an admixture of 40% normal cells. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

To assess submicroscopic deletions or amplifi-
cations, each sample was investigated by MLPA.
"This analysis included the following genes: EBF1
(exons 1, 10, 14, and 16), IKZFI (exons 1-8),
CDKNZA (exons 2 and 4), CDKNZB (exon 2),
PAX5 (exons 1, 2, 5, 6, 8, and 10), E71V6 (exons
la, 1b, 2, 3, 5, and 8), BTG/ (exons 1 and 2), RB/
(exons 6, 14, 19, 24, and 26), CRLFZ2 (exon 4),
CSF2RA (exon 13), and /IL3RA (exon 1). In addi-
tion, the genomic regions 2q37.3, 3p21.3, 5p15.2,
5q14.3, 5q31.1, 7q11.23, 11p15.1 11p15.5, 15q21.1,
and 20p11.2 were investigated with one PCR each
(Fig. 2). This analysis showed a homozygous loss

of CDKNZ2A/B in nine T-ALL cases, among them
the three MLL-AF6-positive cases. Two of the
MLIL-AF6-positive cases showed (partial) deletions
of E71V6, found also in four other cases with nu-
merical MLL aberrations. Of the two biphenotypic/
biclonal MLL-ELL-positive leukemias, one showed
a completely normal MLLPA pattern while the sec-

ond showed partial heterozygous deletions of
EBFI, RB1, and ETV6.

Clinical Aspects

Treatment and survival data were available for
18 of the T-ALL patients, whereas only few data

Genes, Chromosomes & Cancer DOI 10.1002/gcc
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were available for the two biphenotypic/biclonal
leukemia patients. Regarding the basic clinical
characteristics, four of the five patients with MLL
translocations were female, in accordance with
the female preponderance in MLL-t BCP ALL
(Burmeister et al., 2009), and 11 of the remaining
17 patients with numerical aberrations were male.
The average age of the patients was 32 years
(range: 19-64). The three MLL-AF6-positive T-
ALLs had leukocyte counts of 305 x 107/1, 48 x
10°/1, and 9 x 10%/1 and were aged 43, 30, and 33
years at diagnosis. T'wo of them had been allog-
rafted in first remission and all were alive and in
complete remission at last follow-up (overall sur-
vival of 2488, 1728, and 1560 days). All patients
with available clinical data had been treated
according to the German Multicenter ALL
(GMALL) 07/2003 study protocol. This study
comprises two cycles of induction therapy fol-
lowed by two cycles of consolidation therapy, fol-
lowed by a reinduction and six additional
consolidation cycles. Therapy details have been
published previously (Briiggemann et al., 2006).
An allogeneic stem cell transplant in first remis-
sion is recommended for eligible high-risk
patients, for example, those with an unfavorable
immunophenotype (early T or mature T ALLL) or
those with an insufficient reduction in the level
of minimal residual disease.

DISCUSSION

Relatively few data exist on the involvement
of the MLL gene in adult T-ALL. In 1998, the
EU Concerted Action Workshop on 11q23
reported six adult T-ALL patients with 1123
alterations, but only in a minority of cases were
molecular techniques used to confirm an MLL
involvement and few clinical data were provided.
The six cases from this series comprised five
translocations, three t(11;19)(q23;p13.3), one
t(11;17)(q23;q12-21), and one t(4;11)(q21;q23),
and one del(11q23) (Harrison et al., 1998; Johans-
son et al., 1998; Moorman et al., 1998). Three
cases with MLIL aberrations in a series of 56 adult
T-ALLs were reported by Moorman et al. (2002),
one with a t(11;19)(q23;p13.3) and the other two
unspecified. In a large cytogenetic analysis,
Marks et al. (2009) reported three adult T-ALL
cases with MLL translocations out of 216 ana-
lyzed, two of them showing a t(11;19)(q23;p13.3)
and the third unspecified (one t(11;19) aged 20
years was already reported earlier by Moorman
et al. (2002), the other t(11;19) aged 41 vyears;
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personal communication A. Moorman). Molecular
analyses were not reported. Rubnitz et al. (1999)
identified three cases of adult/adolescent T-ALL
patients with MLIL translocations in a cohort of
3578 pediatric and young adult ALL patients.
The three patients were 15, 16, and 18 years old
and all had a t(11;19)(q23;p13.3) with MLL-ENL
transcript. One of the patients developed acute
myeloid leukemia after 1.2 years, suggestive of
biphenotypic leukemia. Fu et al. (2007) reported
one 15-year-old T-ALL patient with t(11;19)
(q23;p13.3)/MLL-ENL. The aforementioned work
by Hayette and coworkers revealed four patients
with MLL rearrangements, three with MLL-AF6
and one with MLL-AF10 (Hayette et al., 2002).
Cytogenetic analysis of these four showed a com-
plex karyotype without 1123 involvement in one
case and a del(11g23) in three cases. Two of the
MLL-AFo6-positive cases showed atypical in-frame
exon fusions (fusion of MLIL exons 21 and 23 to
AF6 exon 2).

The analysis presented here comprises the larg-
est investigation with focus on MLI conducted so
far in adult T-ALL in terms of number of investi-
gated patients. Three cases of MLL-AF6/t(6;11)
were identified among the 223 T-ALL patients.
MLL-AF6 is a well-known aberration in AML,
accounting for 5-10% of MILL-rearranged cases
(Schoch et al., 2003; Meyer et al., 2009). It has
very rarely also been reported in childhood
T-ALL and infant ALL (Martineau et al., 1998;
De Brackeleer et al., 2010). The AF6 gene has a
centromere-to-telomere orientation like ML and
thus chromosomal translocations can theoretically
occur simply reciprocally. However, as seen from
our and the report by Hayette et al. (2002), this
translocation may not always be easily detectable
by metaphase cytogenetics and may thus require
molecular detection methods. A closer look at the
aforementioned adult T-ALL case with del(11g23)
reported by Harrison et al. (1998) reveals that the
patient additionally had an add(6)(q2?) and thus
possibly also a cytogenetically unrecognized MLL.-
AF6 fusion. RT-PCRs should be designed in a
way that also “atypical transcripts” involving MLL
exons 21-23 are detected. Future research should
address the question how MLL-AF6 chimeric pro-
teins resulting from chromosomal breaks between
MLL exons 21 and 24 differ in their leukemogenic
potential, as compared with MLL-AF6 proteins
resulting from chromosomal breaks in the MLL
major breakpoint cluster region (Fig. 1). The for-
mer putative proteins are significantly larger and
include 1885-1984 instead of 1362-1525 MLL-
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derived amino acids. Such “variant” MLL-AF6
proteins would include at least one, possibly
even two intact Plant Homeo Domains (PHD, aa
1431-1627 and 1936-1980), which are known
structures involved in protein—protein interactions.

Somewhat astonishing was the fact that no
cases with MLL-ENL transcript were found in
our series of patients, since this transcript has
been reported repeatedly in previous publica-
tions. Nearly all published t(11;19)/MLL-ENL-
positive non-childhood cases were adolescents
(three aged 15, the others aged 16, 17, 18, 19,
20, and 42 years) and thus this type of MLL ab-
erration may primarily be found in adolescents,
who comprised only a small group in our cohort
(fifteen of the 223 patients were aged 19 years
or younger). Other MLL translocations such as
MLL-AF4t«(4;11), MLL-AF17/t(11;17), and MLL-
AF10/t(10;11) have to our knowledge only been
reported once in the literature in adult T-ALL.

The spectrum of MLL translocation found in
T-ALL thus differs markedly from that seen in
BCP ALL. In adult BCP ALL, MLL aberra-
tions are almost exclusively restricted to the
CD10™ subset of patients. Sixty-four percent of
adult CD10~ BCP ALL patients (i.e., 9% of all
B-lincage ALL patients) carry MLIL aberrations.
In 86% and 9% of these cases, MLL-AF4/t(4;11)
and MLL-ENL/t(11;19) are detected, respec-
tively, while other fusion genes are found in
the remaining 5% of cases (Burmeister et al.,
2009).

In summary, we have characterized the “MLL
recombinome” in adult T-ALL by investigating a
well-characterized cohort of 223 adult T-ALL
patients. Three patients were found to be MLL-
AF6-positive. Two of them showed atypical
chimeric MLIL-AF6 transcripts resulting from
chromosomal breakpoints outside the MLL
“major breakpoint cluster region.” In two of these
cases, the karyotype analysis was not indicative
of an MLIL translocation. All three cases were
NOTCH [-unmutated, had a homozygous CDKNZA/
B deletion, and showed a thymic (CDla+)
immunophenotype. In addition, we identified two
bilineage leukemia patients who had a thymic
T-ALL/AML and early T-ALL/AML phenotype
and a MLL-ELL chimeric transcript. Flow cytome-
try showed no NG2 expression in the four evalu-
able cases. For diagnostic assessment, we suggest
that cytogenetic analysis in T-ALL should always
include a MLL split analysis and those patients
showing a MLL split signal should further be sub-
jected to PCR analysis to identify the transloca-

tion partner and to obtain molecular details
on fusion transcripts and chromosomal break
locations.
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