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Infant acute leukemia with lineage switch at relapse expressing
a novel t(4;11)(q21;q23) MLL-AF4 fusion transcript
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Abstract

Background. A high occurrence of translocation t(4;11)(q21;q23) was reported in infant acute lympho-
blastic leukemia (ALL) leading to the fusion of the mixed lineage leukemia (MLL) gene on chromosome 11 and
the AF4 gene on chromosome 4. More than 50 distinct MLL-AF4 types of fusion have been previously identified,
none of those reported matching the peculiarities found in an infant ALL case to be reported below. Materials
and methods. Molecular tests were performed for the detection of TEL-AMLI, BCR-ABL(p190), E2A-PBX1, and
MLL-AF4 in the peripheral blood sample of a 21 days new-born boy suspected of ALL. An unexpected MLL-AF4
fragment was identified, further purified, and later analyzed by sequencing. Flow cytometry analyses were car-
ried out at diagnosis and relapse on a FACSCanto-Il cytometer (Becton-Dickinson). Results. The patient was
found to be positive for the MLL-AF4 transcript, with an uncommonly long-sized product and a previously un-
described sequence (in-frame fusion between exon 12 of MLL and exon 4 of the AF4 gene). The immunopheno-
typic analyses also showed a particular development: while at diagnosis a dominant malignant clone displaying
a B lymphoid precursor phenotype was described, at relapse a malignant monocytoid population predominantly
expanded. The presence of MLL-AF4 el2-e4 transcript was still manifest at relapse, without other transcript
characteristic for myeloid lineage. Conclusions. To our knowledge, this is the first report of a MLL-AF4 re-
arrangement revealing this complex transcript with new breakpoints in MLL. Its early detection may predict an
immunophenotypic switch and may assist the clinicians in designing optimized therapies.

Keywords: acute lymphoid leukemia, fusion proteins, immunophenotypic switch
Rezumat
Introducere. Pacientii cu leucemie acuta limfoblastica (LAL) neonatala prezinta in mod frecvent, o tran-

slocatie particulara, t(4;11)(q21;q23), care duce la fuziunea genei MLL (mixed lineage leukemia) de pe cromo-
zomul 11 cu gena AF4 de pe cromozomul 4. Desi in literatura de specialitate au fost descrise anterior cazuri de
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LAL neonatala caracterizate prin prezenta unor produsi de fuziune MLL-AF4 cu variate puncte de rupturd, cazul
prezentat in acest material este inedit, atdt prin complexitatea fuzatului MLL-AF4 identificat, cat si prin particu-
laritatile sale clinico-biologice. Materiale si metode. Intr-o proba de sdnge periferic provenita de la un nou-nds-
cut tn varsta de 21 de zile a fost testatd, prin biologie moleculard, prezenta genelor de fuziune: TEL-AMLI,
BCR-ABL(p190), E2A-PBX1 si MLL-AF4. Fragmentul MLL-AF4 identificat, avand o lungime neobisnuitd, a fost
purificat §i secventiat. Evaluarea imunofenotipica a blastilor leucemici circulanti s-a efectuat prin citometrie in
[flux, multiparametrica, utilizandu-se un citometru FACSCanto-II (Becton-Dickinson). Rezultate. S-a identificat
un transcript de fuziune MLL-AF4 cu o secventa particulard (fuziunea exonului 12 de pe gena MLL cu exonul 4
de pe gena AF4). Evaluarea imunofenotipica a evidentiat, de asemenea, o evolutie particulara: la diagnostic s-a des-
cris o clona maligna cu fenotip de precursor limfoid B, in timp ce la recadere s-a evidentiat expansiunea predominanta
a unei clone monocitoide. Prezenta aceluiasi transcript MLL-AF4(el2-e4) a fost evidentiata si la recddere, in absenta
oricaror altor fuzati caracteristici pentru lineajul mieloid. Concluzie. Consideram ca particularitdtile punctelor de
rupturd care au dus la generarea rearanjamentului MLL-AF4 in acest caz sunt inedite, nemaifiind mentionate anterior
in literatura de specialitate. Detectia sa timpurie are potential predictiv pentru switch-ul imunofenotipic si implicatii in

optimizarea strategiilor terapeutice.

Cuvinte cheie: leucemie acuta limfatica, proteine de fuziune, switch imunofenotipic
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Introduction

Translocations employing mixed lineage
leukemia (MLL) gene on 11923 occur in different
categories of leukemia with a high frequency (1,
4). One specific type of translocation, t(4;11)
(q21;923), involving the AF4 gene partner on
chromosome 4, is reported to occur in 50-70%
cases of infant acute lymphoblastic leukemia
(ALL), while in pediatric and adult ALL cases its
frequency is only 5% (2, 5-8). The breakpoint re-
gion of the MLL gene with the highest occurrence
has been described as being located on a fragment
of 8.3 kb, between exons 8 and 12. While break-
age occurs most frequently in introns 9 and 10 in
pediatric and adult ALL, in infant ALL the intron
11 is most commonly involved (9). The break-
point cluster region of the AF4 gene is also de-
scribed, and found to be larger and located within
a region of 40 kb. The most frequent fusion point
in MLL-AF4 products is exon 4; rarely, exons 5, 6
and 7 are also involved (2, 9).

Reports of dissimilar MLL-AF4 tran-
scripts, with diverse length and sequence due to
different inclusion of exons within the break-
point regions, have been already published (1, 2,
10). About 55% of infant MLL-AF4 transcripts
contain exon 11 of the MLL gene and exon 4 of

the AF4 gene (8). Another common phenomenon
reported occurs as a consequence of differential
splicing, leading to more than one transcript in
the same leukemia patient (11, 12).

From an immunophenotypic perspect-
ive, the translocation t(4;11)(q21;q23) has been
associated with a pro-B-ALL maturation stage
(CyCD79a+, CD19+, CD34+, CD10-, CD24-)
(7, 13-15), co-expression of myeloid antigens
(CD15 and CD65) (14, 16-18), as well as NG2
co-expression (19). According to the most re-
cent edition of the WHO Classification of Hem-
atopoietic and Lymphoid Tissues (20, 21).
MLL-AF4 positive ALL cases belong to a sub-
set of mixed phenotype acute leukemias
(MPAL), formerly referred to as either ALL
with aberrant expression of myeloid markers or
biphenotypic leukemias (22, 23).

The presence of MLL-AF4 has been
identified as an unfavorable prognostic factor in
infant leukemia (5, 6, 24-26), while in pediatric
cases, different age groups have different pro-
gnosis (5, 6). Similarly, all MPAL subsets have
been reported to have a dismal prognosis (21,
26, 27), therefore, an intensive multi-agent
chemotherapy, age-related dose adjustment or
treatment intensification may be essential when
such a subtype is identified.
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Material and methods

Patient clinical status and initial
laboratory findings

A 21 days new-born boy, was transferred
from the Intensive Care to the Hemato-Oncology
Unit of “St. Mary” Clinical Emergency Hospital
for Children, Iasi, Romania, with poor general
status, pallor, micro-poly-adenopathies, hepato-
splenomegaly, and moderate dehydration due to
refusal of breastfeeding. An abrupt increase of the
White Blood Cell Count (WBC) (from 20000/
mmc to 40000/ mmc in only 24 hours) was asso-
ciated with severe thrombocytopenia (19000/
mmc) and a substantial presence of blasts with
lymphoid morphology both in the bone marrow
(92%) and peripheral blood (PB) (52%).

Immunophenotyping by flow cytometry

At diagnosis, the immunophenotypic
expression of the following markers was invest-
igated by flow cytometry in a PB sample
(40999 cells/ mmc), at the cell surface (s):
CD45, CDl14, CD71, CD5, CDl10, CDI9,
CD33, CD13, HLA-DR, CD34, CD117, CDA4,
CDS8, CD3, CDl16+56, CD20, CD22, IgM
CD38, and intracellularly (ic): CD20, IgM,
TdT, CD79a, myeloperoxidase — MPO. When
the patient relapsed, the expression of CDI15,
CD36, CD11b, CD64, CD16 and all of the
markers stated above was evaluated by flow
cytometry in a PB sample (101850 cells/ mmc).
Up to six colour panels and a FACSCantoll
Cytometer equipped with FACSDiva 6.1.2.
Software (Becton Dickinson) were used.

RNA extraction

Molecular tests were performed at dia-
gnosis for the detection of 4 fusion genes: TEL-
AMLI1, BCR-ABL(p190), E2A-PBX1 and
MLL-AF4 (routinely evaluated when a lymphoid
lineage is involved). At relapse, the presence of
an additional set of transcripts (routinely evalu-
ated when a myeloid lineage is involved) was in-
vestigated: PML-RARA, AML-ETO, and
CBFB-MYH11. PB lymphocytes isolated by red
blood lysis (Promega Inc, Madison, WI, USA),

were washed with phosphate buffer saline solu-
tion (PBS), resuspended at a concentration of
3x107 cells per 1 mL of Guanidin Thiocianate re-
agent (EZ-RNA Total RNA Isolation Kit - Biolo-
gical Industries), and stored at —70°C until use.

Reverse transcription and polymerase-
chain reaction (PCR) analysis

cDNA was synthesized from 4 pg of
total RNA (500ng/ pl) using the following mix:
4 pl Improm™ 5 X Reaction Buffer (Promega),
0.5 mM of each dNTP, 20 U Recombinant
RNasin® Ribonuclease Inhibitor (Promega) and
1 pl Improm II™ Reverse Transcriptase (Pro-
mega). Fifteen pl of the reverse transcription re-
action mix described above were added onto
RNA, only after the template and primers (0.5
pg random hexamers-Promega) were heated at
70°C/ 5 min and then chilled on ice for 5 min.
The annealing, extension, and enzyme inactiva-
tion parameters were 25°C/ 5 min, 42°C/ one
hour, and 70°C/ 15 min, respectively. Then the
cDNA was diluted to a final volume of 100 pl.

Five pL of cDNA (equivalent of 100ng of
RNA) was PCR amplified in a 25 plL reaction
volume either to check the integrity of cDNA (with
the ABL reference gene) (28) or for the detection of
fusion gene transcripts, using, 5 X Green GoTaq®
Flexi Buffer (Promega), 200 uM dNTPs, 10 pmol
of forward and reverse primers (7able 1) and 1U
GoTag® Hot Start Polymerase (Promega). All
amplification steps were carried out conform to the
standardized BIOMED-1 RT-PCR protocols (8).

cDNAs from patients previously diagnosed
in our center as positive for each of the fusion pro-
teins assessed were used as positive controls.

After an initial denaturation (95°C/ 2
min), 35 cycles of denaturation (94°C/ 30 sec),
annealing (55°C, for ABL and 65°C, for fusion
genes/ 60 sec), and extension (72°C/ 1 min), fol-
lowed by a final extension (72°C/ 10 min), were
performed (PalmCyclerTM, Corbett, LifeSci-
ences / Qiagen, Germantown, MD, USA).

The PCR products were size-fraction-
ated by electrophoresis on a 2% agarose gel and
stained with ethidium bromide in Sub-Cellp
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Table 1. The description of primers used for the first amplification
Gene Primer sequence Expected product size (bp) |References
ABL f |5’-GTGATTATAGCCTAAGACCCGGAGCTTTT-3’ 200 28)
ABL 5’-TTCAGCGGCCAGTAGCATCTGACTT-3’
e8-e7 184 |el0-e5| 514
, , e8-e4 | 353 |elO-e4| 559
MLL f 5’-CCGCCTCAGCCACCTAC-3 c0e5 | 382 lelle6| 541
e9-e4 | 427 |ell-e5| 628
AF4 r 5’-TGTCACTGAGCTGAAGGTCG-3’ el0-e6| 427 |ell-e4| 673
BCR f 5’-GACTGCAGCTCCAATGAGAAC-3’ el-a2 521 8)
ABL 5’-GTTTGGGCTTCACACCATTCC-3’ el-a3 347
E2A 5’-CACCAGCCTCATGCACAAC-3’ standard 373
PBX r 5’-TCGCAGGAGATTCATCACG-3’ variant 400
TEL f 5’-TGCACCCTCTGATCCTGAAC-3’ standard 298
AMLI r 5’-AACGCCTCGCTCATCTTGC-3’ variant 259
bp = base pairs.
Table 2. The expected dimensions of different primer pairs used as standards
Expected dimensions for MLL1 and | Expected dimensions for MLL2 and
AF4 primer pairs AF4 primer pairs Reference
STD elle5 361 bp 225bp
STD el0Oe4 292 bp 156 bp (29)
STD e9e5 115 bp negative
HR 339 406 bp 270 bp

bp = base pairs; STD = standard; HR = patient code.

System for Submerged Horizontal Electro-
phoresis (Bio-Rad Laboratories Inc, Hercules,
CA, USA) at 5 V/cm. Following electrophores-
is, gels were visualized under UV in a G:BOX
Chemi TM Gel Documentation System (Syn-
gene, Cambridge, UK) and interpreted with
GeneSnapTM and GeneTools TM softwares.

To confirm the presence of the uncom-
mon MLL-AF4 fragment identified, additional
primer pairs and standards were used (MLL-AF4
ell-e5, el0-e4, e9-e5 from IPSOGEN, Luminy
Biotech Enterprises, Marseille, France) (Table 2).

The primer sequences were previously
described (29). The amplification parameters
were: initial denaturation (95°C/ 2 min), fol-
lowed by 35 cycles of denaturation (94°C/ 30

sec), annealing (60°C/ 60 sec), and extension
(72°C/ 1 min), with a final extension (72°C/ 10
min), using PalmCycler™ (Corbett, LifeSci-
ences/ Qiagen, Germantown, MD, USA).

Sequence analysis

The MLL-AF4 fragment was purified
from gel, with Wizard® SV Gel and PCR
Clean-up System Promega Inc, Madison, WI,
USA (according to the manufacturer’s instruc-
tions) and then analyzed by Sanger sequencing.

The product was sequenced in forward
and reverse reactions, using a Beckman Coulter
kit (Dye Terminator Cycle Sequencing - DTCS,
Quick Start Kit), a Beckman Coulter analysis
software (CEQ8000 Investigator), primers pre-
viously described (29), and the following se-
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A NTC HR32g HRS74 C

Figure 1. The first PCR amplification of the
MLL-AF4 fusion transcript. . = 50 nucleotide
ladder; HR = patient codes (HR339 —at diagnosis,
HR574-at relapse); NTC = no template control; C+
= MLL-AF4 e9e4 positive control.

quecing parameters: 30 cycles of 96°C/ 20 sec,
50°C/ 20 sec, 60°C/ 4 min.

When the molecular response to treat-
ment was investigated, RealTime PCR was per-
formed using the same primers, a TagMan sonde
(6-Fam/Tamra labeled) with the following se-
quence: 5’ -CATGGCCGCCTCCTTTGACAGC-
3’ (29) and the same standards described above
as positive controls (Ipsogen, Luminy Biotech
Enterprises, Marseille, France) (Table 2). In
paralel it was used a reference ABL kit from
IPSOGEN (Luminy Biotech Enterprises, Mar-
seille, France). All protocols used have been ap-
proved by the Ethics Committee of the institu-
tion within which the tests were undertaken.

Results

Patient management and clinical evolution
Based on the cyto-morphologic, mo-
lecular, and immunophenotypic assays per-
formed with the occasion of patient’s first hos-

pital admission, the initial diagnosis was ALL
with B-cell precursors and aberrant expression
of the myeloid marker CD33. The treatment
was established according to the INTERFANT
99 protocol. During the cortico-sensitivity test,
the number of leukocytes increased to 135000/
mmc, therefore the patient was assigned to the
high-risk group, being considered a “poor re-
sponder” to prednisone. The patient attained
morphological and molecular remission sub-
sequent the induction chemotherapy.

One year since diagnosis the patient
presented in the Hemato-Oncology Unit with
bad clinical status and fever. When re-evalu-
ated, the patient presented hyperleucocytosis
(101850/ mmc), a high number of blasts in the
PB (~80%), and a morphologic and immun-
ophenotypic blast description attributed to both,
the monocytoid lineage (predominant) and the
lymphoid lineage (subdominant). At this point
the diagnosis was Acute leukemias of ambigu-
ous lineage, MPAL subtype, with rearranged
MLL and early medullary relapse. As a con-
sequence, the patient received allopurinol, hy-
perhydration, supportive therapy and cortico-
therapy. No remission was obtained and the pa-
tient died two months after relapse.

Detection of the MLL-AF4 transcript
with an unusual in-frame fusion pattern

Molecular tests performed at first ad-
mission for the detection of TEL-AMLI1, BCR-
ABL(p190), E2A-PBX1, and MLL-AF4, re-
vealed the occurrence of a MLL-AF4 fusion
transcript in a PB sample from the infant invest-
igated. None of the other transcripts evaluated
was found to be positive. The MLL-AF4 ampli-
fied product was around 800 bp in size, which
was nearly 370 bp larger than the e9e4 ampli-
con used as standard in the assay (Figure 1),
and about 120 bp larger than the biggest expec-
ted amplicon, elle4 (Table I).

The presence of the uncommonly larger
MLL-AF4 fragment was confirmed with a se-
cond amplification, based on additional primer
pairs MLL-1/AF4 and MLL-2/AF4, and with



52 Revista Romana de Medicina de Laborator Vol. 21, Nr. 1/4, Martie 2013

H NIC 5ID &8I0 '5ID HE. HR
elist albst o84 330 38

I WIC &ID S0 &0 HR HE HR
allal At Saf 130 48 1N

Figure 2. The second PCR amplification of the MLL-AF4 fusion transcript for MLL1-AF4 (left) and MLL2-AF4
(right). A = 50 nucleotide ladder; HR = patient codes codes (HR339 —at diagnosis, HR419-at remission, HR294 — patient
previously diagnosed with transcript e9e4; NTC = no template control; STD = MLL-AF4 standards (el1e5, e10e4, e9e5).

/

Exon12 Exon 4
AT T TG DT TGt TET T G0 T T I Mo s T (oo G T s MWL T AT FEDe Tl T ELAT T Tiwss [T T -\ Sl e L e R e g LR
MLL gete AF4 gere

Figure 3. The amplicon sequence of the uncommon MLL-AF4 product idendified

three different MLL-AF4 standards used for
comparison (el1-e5, el0-e4, e9-e5) (Figure 2).
As all amplified fragments were clearly
size-fractionated by electrophoresis on the
agarose gel, the MLL-AF4 fragments of interest
were easily cut and purified, in order to allow for
the analisys of their particular sequence. Sequence
analysis revealed a MLL-AF4 product resulting
from in-frame fusion between exons 12 and 4 of
the MLL and AF4 genes, respectively (Figure 3).
This sequence was deposited in the inter-
national genetic sequence database GeneBank and
received the accession number JN169752.1.

Molecular tests performed one year
later, at relapse, aimed at the detection of the
same TEL-AMLI1, BCR-ABL(p190), E2A-
PBX1, and MLL-AF4 fusion transcripts. Due to
the lineage switch noted at relapse, the presence
of an additional set of transcripts (routinely
evaluated when a myeloid lineage is involved),
was investigated: PML-RARa, AML-ETO, and
CBFB-MYHI11. The presence of the same
MLL-AF4(el2e4) transcript was identified at
relapse and none of the other transcripts evalu-
ated (either with a lymphoid, or with a myeloid
lineage association) was found to be positive.
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Figure 4. The immunophenptypic profile of cell populations detected by flow cytometry in a perpheral blood
sample from an infant acute leukemia case (diagnosis). B cell precursors (orange) were found to be the dominant
(49.5%) cell population and assigned as the malignant clone at diagnosis. Other cell populations may also be
distinguished with the marker combinations used: lymphocytes (dark green), monocytes (blue), promonocytes (violet),
granulocytes (light green). Data were acquired with a FACSCanto II cytometer (BD Biosciences) and analysed with

FACS Diva software, version 6.1.2.

The lineage switch at relapse

Both immunophenotypic (Figure 4) and
cyto-morphologic assays performed at diagnosis
revealed the presence of approximately 50% of B-
lymphoid precursors in a PB sample with 40000
WBC/ mmc. The immunophenotype of these cells,
as assessed by flow cytometry, was suggestive for a

pro-B blockage: CD45+” CD19+ HLA/DR+
CD10- CD34+ CD22+/- CD20- CD20,+""
IgM,,ic - CD79a+ TdT+ CD38+"™. Among the
three myeloid antigens investigated at diagnosis
(MPO, CD13, and CD33), only the CD33 antigen
was partially positive (on more than 60% of the
blast population), indicating either an illegitimate/
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aberrant expression of myeloid markers, or a
mixed phenotype. We mention that no CD15 or
CD64 immuno-staining was performed at dia-
gnosis. Subdominant adult (8%) and less-differen-
tiated (9%) monocytoid cell populations were also
noticeable in the PB sample evaluated by flow
cytometry at diagnosis (Figure 4).
Immunophenotypic (Figure 5) examina-
tion carried out one year later, at relapse, re-
vealed the presence of mixed malignant lineages
(Ilymphoid and monocytoid), in a PB sample,
with the predominance of the later: 62% mono-
cytoid cells (promonocytes and monocytes:
CD45+ HLA/DR+ CD33+ CDI13+ CDI117-
CD34- CDI14+/- CD64+"¢" CD36+ CDI11b+/-
CD2- CD15+ CD16- MPO-); 17% B lymphoid
precursor cells (CD45+”" CD34+ HLA/DR+
CD19+ CD20s- CD22-/+ MPO- TdT+"" with
mixed lineage phenotype: CD64+"" CDI15+™
CD33+/-); 11% granulocytes; 7% lymphocytes.

Discussions

The importance of genetic events in the
classification, therapy, and prognosis of ALL has
gained recently growing credit. The most up to date
WHO C(lassification of Hematopoietic and Lymph-
oid Tissues delineates several new-defined ALL en-
tities, such as neoplasias having a strong association
with specific recurrent genetic abnormalities or of
ambiguous lineage, each having several related sub-
types, depending on the presence of distinctive mo-
lecular events: 1(9;22)(q34;q11.2); BCR-ABLl/
t(v;11g23); MLL rearranged/ t(12;21)(p13;q22);
TEL-AML1 (ETV6-RUNXI1)Y hyperdiploidy/ hy-
podiploidy/  t(5;14)(q31;q32); IL3-IGH/ t(1;19)
(q23;p13.3); E2A-PBX1 (TCF3-PBX1) (20). Most
of these clinical entities associate with particular bio-
logical or phenotypic properties and have significant
prognostic connotations (30).

The uncommon infant ALL case dis-
cussed here has developed into a noteworthy re-
port for various reasons: the problematic dia-
gnosis, the challenging treatment approach, and
the complex clinical management.

Most intriguingly, the genetic anomaly
found in our case (an unexpectedly large-sized
MLL-AF4 transcript), initially thought to result
either due to different breakpoints, or to the in-
sertion of an intronic fragment, was finally
found to involve novel breakpoints within exon
12 of MLL and exon 4 of AF4. This particular
translocation is reported here in premiere, since
the most frequent breakage in infant ALL were
found to occur between intron 11 in MLL and
exon 4 in AF4 (2, 9).

The active involvement of MLL gene in
early hematopoiesis has been suggested by
studies carried out on MLL-gene counterparts
in various animal experimental models (Droso-
phila or mice) (31). Although not mandatory for
terminal myeloid differentiation, MLL function
was found to influence the survival and expan-
sion of multipotent progenitors. Therefore,
since MLL is essential for normal, early, hema-
topoiesis and since all of the nearly 30 partner
genes, reported to participate with MLL in re-
ciprocal chromosomal translocations, encode
for either signaling molecules or nuclear factors
(31), such genetic anomalies are -certainly
linked to leukemogenesis.

Similar to other reports, our case had an
aggressive clinical evolution (32-35). However,
whether there is any correlation between pro-
gnosis and different types of MLL-AF4 fusion
genes (based on their breakpoint regions) re-
mains to be established.

In the case reported here, the immuno-
phenotypic analyses also revealed an infrequent
development, showing a lineage switch at re-
lapse. At diagnosis, a dominant malignant clone
displaying a B precursor lymphoid phenotype
was described in the patient’s PB sample evalu-
ated and, although initially not taken into ac-
count, subdominant monocytoid cell popula-
tions were also noticeable. The bilineage nature
of the case suggests that the t(4;11) transforms
an uncommitted, multipotential progenitor.
Nevertheless, at relapse, a malignant monocyt-
oid population predominantly expanded, while
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Figure 5. The immunophenptypic profile of cell populations detected by flow cytometry in a perpheral blood
sample from an infant acute leukemia case (relapse). Monocytoid cells, monocytes (blue) and promonocytes
(violet), were found to be the dominant (36% and 26%, respectively) cell populations at relapse. A subdominant (17%)
population of B cell precursors (orange) was also identified as having an aberrant phenotype (co-expression of
myeloid markers: CD15, CD64, CD33). Other cell populations may also be distinguished with the marker
combinations used: lymphocytes (dark green) and granulocytes (light green). Data were acquired with a FACSCanto 11
cytometer (BD Biosciences) and analysed with FACS Diva software, version 6.1.2.

de lymphoid progenitor cells (with aberrant my-
eloid marker expression) became less frequent.
According to some authors, the retention of the
same genetic anomaly at relapse may be an in-
dication that the switch involved the original
leukemic clone and did not reflect the selection

of a co-existing, sub-dominant subclone (32).
However, as acute leukaemias of am-
biguous lineage are rare subtypes, the pathogen-
ic mechanisms triggering their development
have remained obscure. It is still unclear wheth-
er the presence of two distinctive malignant



56 Revista Romana de Medicina de Laborator Vol. 21, Nr. 1/4, Martie 2013

clones represents connected disease entities or
the consequences of different degrees of matur-
ation from a common precursor.

Cases of infant ALL that demonstrated
a switch to a monocytoid lineage have been
previously reported, harboring distinct genetic
lesions, such as the MLL gene translocation
with the CREP-binding protein gene (32), or
MLLT10 gene (35), or other types of MLL re-
arrangements (31, 33, 4), with some of these
authors implying that the MLL gene rearrange-
ment occurred in precursor cells having a
double differentiation potential (towards either
B lymphocytes or monocytes) (35).

Sensitive detection of MLL rearrange-
ments, accurate lineage assignment, and early lin-
eage switch prediction may have a crucial clinical
impact, supporting the clinician in treatment mak-
ing decisions and increasing the precision of min-
imal residual disease detection techniques.

Conclusions

We have described here a novel MLL-
AF4 fusion transcript, undoubtedly difficult to
detect with conventional diagnostic methods.
Sequence analysis of such atypical products
should be customarily performed for various
reasons: the early prediction of an immun-
ophenotypic switch, a more accurate prognostic
assessment, input to the understanding of the
underlying molecular mechanism and assist-
ance in designing optimized therapies.
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