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Chromosomal rearrangements can fuse the MLL (mixed lineage
leukemia) gene to any of more than 50 different partner genes in
both acute lymphoblastic leukemia (ALL) and acute myeloid
leukemia. The prognosis of leukemias with an MLL rearrange-
ment varies widely according to the partner gene, the leukemia
cell lineage, age of the patient and the treatment administered.1

The most prevalent MLL rearrangement in ALL generates the
MLL-AF4 fusion gene owing to the t(4;11)(q21;q23) chromoso-
mal translocation. MLL-AF4-positive ALL has a bimodal age
distribution with a major peak incidence in early infancy, and
accounts for over 50% of ALL cases in infants less than 6 months
of age, 10–20% in older infants, 2% in children and up to 7% in
adults.1–4 In an early study of childhood t(4;11)-positive ALL, we
observed that treatment outcome differed by age group with
infants having the worst outcome,5 a finding that has since been
confirmed by many other studies including one published in this
issue of Leukemia.6–8 Despite recent improvements in the
overall treatment outcome for ALL patients, MLL-AF4 fusion is
still associated with a dismal prognosis in infants (especially
those younger than 6 months ) and adults.4,6–8 Of note, a
difference in outcome by age has also been observed in cases
with the t(9;22)(q34;q11.2) and BCR-ABL fusion.9

The underlying basis of age differences in outcome among
leukemias with the same primary genetic abnormality remains
unknown, but has been the subject of many investigations that
raise several intriguing hypotheses. The very short latency
period in infant leukemias suggests that leukemogenic events in
these cases occur prenatally, during the early stages of
hematopoietic cell development. Two studies reported in this
issue of Leukemia demonstrate a high prevalence of immature,
nonproductive and/or oligoclonal antigen-receptor gene rear-
rangements in infant ALL with MLL fusions.8,10 Overall, infant
leukemias had gene rearrangement patterns that were different
from those of leukemias diagnosed in older children (including
those with MLL fusions),8,10 suggesting that infant cases
originated mostly from a lymphoid progenitor with germline
or incompletely rearranged antigen-receptor genes.8,10 Leuke-
mogenic events during fetal development may also result in
distinct MLL breakpoints. Thus, Reichel et al.11 found that 13 of
24 infants less than 1 year of age had breakpoints in the
telomeric part of the MLL breakpoint cluster region, whereas 29
of 34 children and adults had breakpoints in the centromeric
part of the MLL breakpoint cluster region. They suggested that
certain chromosomal areas of the MLL breakpoint cluster region
are more susceptible to DNA damage at particular stages of
embryonic or hematopoietic development.

Despite these advances in knowledge, further elucidation of
the biologic features between MLL-rearranged leukemias
diagnosed at different ages is required. The gene expression
profile of primary leukemic cells with MLL rearrangements fits
with that of cells at a very early stage of differentiation, but

whether this pattern differs between cases diagnosed in infants
or in older age groups remains unclear.12 Also unclear is
whether the molecular pathways needed for lymphoid cell
differentiation are altered in cases with an MLL rearrangement
and, if so, whether these alterations differ between the
leukemias of infants and older children. These issues can now
be addressed by novel methods for large-scale screening of
molecular events that might be involved in leukemia pathogen-
esis (Mullighan et al., Blood 2006; 108: 68A). Although MLL-
rearranged leukemias are thought to arise from the oncogenic
subversion of undifferentiated hematopoietic cells, it was
recently shown that that enforced MLL-AF9 expression in
discrete populations of more differentiated hematopoietic
progenitors can also initiate leukemia.13,14 Importantly, the
leukemic cells in these two studies differed in immunopheno-
type and in the aberrant expression of ‘stem-cell genes.’ Hence,
the characteristics of leukemic cells with the same primary
genetic abnormality may vary according to the developmental
stage of the target cells. If these findings extend to MLL-AF4-
induced transformation, one could hypothesize that such
leukemias arise from different target cells in infants compared
with older children, leading to different responses to
chemotherapy.

Novel therapies are urgently needed for infant leukemias with
MLL rearrangements. Such patients might well be among the
first candidates for cellular therapies that could enhance the
efficacy of hematopoietic stem cell transplantation or even
replace it.15–17 Besides FLT3 inhibitors, options for molecularly
targeted therapies for MLL leukemias are currently limited.18

Hence, it is essential to elucidate the molecular pathways
subverted by the gene fusion and determine their relative impact
on disease aggressiveness and drug resistance, so that promising
candidate targets can be identified. Finally, there is increasing
evidence that the bone marrow microenvironment can protect
leukemic cells from the cytotoxic effects of chemotherapy.19 If
bone marrow mesenchymal cells are found to play a major role
in the different treatment responses of MLL-rearranged leuke-
mias by age group, it may be possible to manipulate the
interaction between the leukemic cells and their microenviron-
ment to therapeutic advantage.

Acknowledgements

This work in supported in part by grants CA21765, CA51001,
CA60419, CA115422 and CA78224 from the National Institute of
Health, and the American Lebanese Syrian Associated Charities.

C-H Pui1,2,3 and D Campana1,2,3

1Department of Oncology, St Jude Children’s Research
Hospital, 332 N. Lauderdale, Memphis, TN, USA;

2Department of Pathology, St. Jude Children’s Research
Hospital, 332 N. Lauderdale, Memphis, TN, USA and
3The University of Tennessee Health Science Center,

Memphis, TN, USA
E-mail: ching-hon.pui@stjude.org

Leukemia (2007) 21, 593–594
& 2007 Nature Publishing Group All rights reserved 0887-6924/07 $30.00

www.nature.com/leu



References

1 Pui C-H, Relling MV, Downing JR. Acute lymphoblastic leukemia.
N Eng J Med 2004; 350: 1535–1548.

2 Pui C-H, Ribeiro RC, Campana D, Raimondi SC, Hancock ML,
Behm FG et al. Prognostic factors in the acute lymphoid and
myeloid leukemias of infants. Leukemia 1996; 10: 952–956.

3 Pui C-H, Kane JR, Crist WM. Biology and treatment of infant
leukemias. Leukemia 1995; 9: 762–769.

4 Moorman AV, Harrison CJ, Buck GA, Richards SM, Secker-Walker
LM, Martineau M et al. Karyotype is an independent prognostic
factor in adult acute lymphoblastic leukemia (ALL): Analysis of
cytogenetic data from patients treated on the Medical Research
Council (MRC) UKALLXII/ Eastern Cooperative Oncology Group
(ECOG) 2993 trial. Blood, Blood First Edition Paper, pre-published
online December 14, 2006; doi:10.1182/blood-2006-10-051912
(abstract).

5 Pui C-H, Frankel LS, Carroll AJ, Raimondi SC, Shuster JJ, Head DR
et al. Clinical characteristics and treatment outcome of childhood
acute lymphoblastic leukemia with the t(4;11)(q21;q23): A
collaborative study of 40 cases. Blood 1991; 77: 440–447.

6 Pui C-H, Gaynon PS, Boyett JM, Chessells JM, Baruchel A, Kamps
W et al. Outcome of treatment in childhood acute lymphoblastic
leukaemia with rearrangements of the 11q23 chromosomal region.
Lancet 2002; 359: 1909–1915.

7 Pui C-H, Chessells JM, Camitta B, Baruchel A, Biondi A, Boyett JM
et al. Clinical heterogeneity in childhood acute lymphoblastic
leukemia with 11q23 rearrangements. Leukemia 2003; 17:
700–706.

8 Mann G, Cazzaniga G, van der Velden VHJ, Flohr T, Csinady E,
Paganin M et al. Acute lymphoblastic leukemia with t(4;11) in
children one year and older: the ‘big sister’ of the infant disease?
Leukemia, (in press).

9 Pui C-H, Evans WE. Treatment of acute lymphoblastic leukemia.
N Engl J Med 2006; 354: 166–178.

10 Jansen MWJC, Corral L, van der Velden VHJ, Panzer-Grümayer R,
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