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Brief report

Presence of N regions in the clonotypic DJ rearrangements of the
immunoglobulin heavy-chain genes indicates an exquisitely short latency in
t(4;11)-positive infant acute lymphoblastic leukemia

Karin Fasching, Simon Panzer, Oskar A. Haas, Arndt Borkhardt, Rolf Marschalek, Frank Griesinger, and E. Renate Panzer-Griimayer

Childhood acute lymphoblastic leukemia
(ALL) is frequently initiated in utero at a
time of developmentally regulated inser-
tion of N regions into the DJ | rearrange-

with t(4;11). These data are compared t(4;11)-positive infant ALL is initiated later

with the 122 previously published DJ | in fetal development than most B-cell
sequences and were found to have a precursor ALL from children younger than

pattern similar to that of ALL in children 3 years and that they have a shorter
ments of immunoglobulin heavy-chain older than 3 years at diagnosis but were latency period already in utero. (Blood.
(lgn) genes. Here it is shown that N re- unlike that in children younger than 3 2001;98:2272-2274)

gions are present in the clonotypic DJ |  years who predominantly lack N regions.

rearrangements in 11 of 12 infant ALLs These findings, therefore, indicate that © 2001 by The American Society of Hematology

Introduction

Childhood acute lymphoblastic leukemia (ALL) is a heterogeneotigfore the diagnosis of leukenti&T his translocation is assumed to
group of leukemias with a predominance of the B-cell precursoccur in a cell that has already started to rearrange j{gémnes.
(BCP) phenotype. A minority of these leukemias is associated wilthe time period of these rearrangement processes during fetal
a translocation involving the mixed-lineage leukeniéL() gene development can be determined by the presence or absence of N
on chromosome 11¢23 that is fused, in 50% of patients, t&Fe  regions between the RJoinings. The addition of N nucleotides
gene on chromosome 4g21The chromosomal translocationrequires terminal deoxynucleotidyl transferase (TdT) that is not
t(4;11)(q21;q23) occurs mostly in infant ALL and confers a dismdnitially present in fetal lymphopoiesis but that has been observed
prognosis in this age group, whereas in older children and adul%the end of the first trimester of gestatign:*

the prognosis does not differ from t(4;11)-negative casdiffer- We therefore used the leukemia clone-specific junctional re-
ences in the chromosomal breakpoints of ML gene between gions_of DJ, rearrangements to _de_termine the time point of a first
infants and children or adults with t(4;11) ALL suggest differenflttation in utero in t(4;11) ALL in infancy. We show the presence
mechanisms for the development of these instances ofaind, ©f N regions between the Rjoinings in 11 of 12 infant ALLs with
thus, their different biologic functions. t(4;11) indicating their initiation at a later time during fetal

Greavesproposed a 2-step model for the development OfALIEiev_elopme_nt than most _other leukemias that become apparent
with an initiating event in utero, followed by a second mutatior‘ijurlng the first 3 years of life.
leading to overt leukemia. Indeed, leukemia-specific chromosomal
translocations and clonotypic antigen-receptor gene rearrange- .
ments at birth recently confirmed the initiation of childhood ALL in>tudy design
utero®® Thu.s, depgndlng on the tlm? of clinical manlfestatlon, th‘la’he occurrence of t(4;11) ALL was analyzed in 13 infants. Inclusion criteria
latency period varies among the different types of leukemia. |re patient age younger than 1 year at diagnosis and the presence of at
contrast to leukemias with long latency periods for which gast one clonotypic Igrearrangement (Figure 1). All leukemias had a pro
chromosomal translocation and additional postnatal mutations @ehenotype with frequent coexpression of myeloid markers. The local
required? the extremely short latency periods in infant ALL (withinstitutional ethical committee approved the study, and informed consent
MLL rearrangements) suggest only limited further mutagenieas obtained from the parents.
requirements. It seems likely that not only postnatal but also DNAwas extracted from cells by standard proceddfdemplification
prenatal development of the disease is rapid. of the ret-oncogen confirmed the integrity of DNA in all samples. Clonal

. . . . - lgy rearrangements were determined hy-fmily—specific andJconsen-
Assuming that the gene fusion resulting from t(4;11) in infa us primers for the amplification of V(D)Jearrangements and of primer

ALL is indeed an initiating event, its origin must be restricted {0 gets for the amplification of all incomplete PXearrangements, as
period between the beginning of B lymphopoiesis in the fetglescribed previoushif:1” Amplified products were sequenced directly, and
liver—ie, the 6th gestational wetk—and possibly a few months involved gene segments were identified by BLAST sequence similarity
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Figure 1. Nucleotide sequence of Iy rearrangements

in t(4;11) infant ALL. Trimming of the rearranged seg- Patno DH N JH_VDIH gene Segments
ments is indicated by the numbers of nucleotides. 1 ctaactgggga -0 Jl-pseudogene 0 J1 DH7-27/1
N nucleotides between DD segments are shown in italics; 2 aggatatigtactaatggtgtatget -5 gttee -2 J5 DH2-8/)5
shaded areas indicate sequence homology between 2 3 glattacgatattitgactgettattataa -1 ag -2 15 DH3-915
i aggﬁ i ' B
4b  getteee DH3-9/DH2-15/J6
5 aggatattgtactaatggtotatge -6 cccgatttccceectaageectttc -4 J4  DH2-8/14
6 gtattacgatattttgactggttat -6 gt -0 J4 DH3-9/J4
7 gtattacgatattttgactggttatt -5 cett -5 J6 DH3-9/16
8a  ggtattacgatttttggagtggttattat -3  gggt -8 J6 DH3-3/6
8b  atattgtagtagtaccagctgctata -2 gttggateg -4 J5 VH3/DH2-2/]5
9 gtattacgatatittgactggttattataac -0  cetc -2 J5 VH4/DH3-9/]5
10a VH4/DH2-2/16
10b VH6/DH2-2/16
11 tagcagtggetggtac -0 ggagg -6 J4 VH3/DH6-19/14
12 tagcagetegte -1 geeceeg -7 J4 VH3/DH6-6/14
13 geggge -4 J5 VH3/I5

searches (http://www.ncbi.nlm.nih.gov/BLAST/) and by comparison witt(4;11) infant leukemias. There are 2 groups of BCP ALL that have
published sequences of all known human immunoglobulin genes (httFN/regions in their clonotypic QJjunctions, namely t(4;11) infant
Www.ebi.f_;lcc.uk), allowing the assignment of nucl_eotides to either the V, R | with a manifestation mostly in the first year of life and other
and J regions or to the P and N regions by exclusion. leukemias with a clinical manifestation after the 3rd year of
life.18.19Both rearrange their Jsegments at a similar time during

. . gestational development. It is obvious, however, that t(4;11) ALL
Results and discussion has a remarkably shorter latency than the others.

. . . . . ) We propose a model for the relation between the time of
We identified 16 lg rearrangements in 13 infants with t(4;11) ALLi_nitiation of the leukemia, characterized by the clonotypicDJ

(Figure 1A). Ten leukemias had 1 rearrangement, and 3 Ieukemr‘@ﬁrrangements, and the age of the children at clinical manifesta-

(patients 4, 8, 10) had 2 _rearra_ngements. We considered only ]ti% of BCP ALL (Figure 2). Ig, rearrangements that lack N regions
the 2 rearrangements (in patients 4 and 10) because they had

. . . Y 3Cur during a narrow time window—the first weeks of B
identical D4, regions. We excluded the BJearrangement in

. b h b Y h | lymphopoiesis in fetal liver that is TdT negative. Transformed cells
patient 1 because the sequence etwaeq 4 was homologous with such rearrangements most likely acquire additional mutations,
to the J1 pseudogene. Thus, 13 unique rearrangements

VWSE{?iing to leukemias during the first 3 years of life lgarrange

analyzed for the inclusion of N regions. We observed in patient 4fents with the addition of N nucleotides in the,Junction occur

D-D fusion, bl{t olnlé/ tze Dr?ene S'Iegm?t Lnos_t prg)_(irrlla_ll to thle‘ll ter in gestation, when TdT has already been activated. These
segmentwas Included in the analysis. As depicted In Figure 1, oy, e mias become clinically apparent during the first year of life if

1 of the 13 unique sequences lacked N regions at thgungtion. a t(4;11) chromosomal translocation started leukemogenesis or, in
The .results from this study are compared with those from 1% absence, after the 3rd year of life. Alternatively, the t(4;11)
previously published cases (Table 1). It appears that the lack 0tllélnslocation arises in a TdT-negative primitive cell withouj Ig
regions in t(4;11) infant ALL is less common than in children Witr}earrangements. This target cell may represent a B-plus myeloid
ALL who are younger than 3 years at diagnosis but that they aIgﬁnphoid stem cell, as described by Cumano &ialmouse fetal
about as common as in children older than 3 yéat§1°Figure 1 liver. which wouloi be unique in specific stages of in utero
iIIust_rates the use of pand , families, similar to that reported hem’atopoiesis. The N region—positive Ddarrangement may be a
previously:e18:19 later addition during progression to leukemia. Then, unrelated

. The data_from _th's study_lndlcate tha_t most,}égions from rearrangements are expected, such as in t(9;22) B lymphoid blast
infant ALL with t(4;11) contain N nucleotides that developed at Qisis of chronic myeloid leukemit. However, in our series, no

tw_ne of TdT a_ct|V|ty; hence_, they were more ”Fat”re. than thoﬁgukemia had multiple unrelatedgearrangements, but 2 leuke

WIt.hOUt N regions. Interestingly, other Ieukemla}s, dl_agnos_ed Mias had related rearrangements. In addition, the target cell for the

.Ch"dfe” t;elgolge the age of 3, do not have N reglons_ in theig D‘{ 4;11) translocation may be a rare progenitor with TdT expression

junctiong®>***and thus have a longer latency period than thg, o jier stages of fetal lymphopoiesis than common B precursor
cells. No such cells have been identified thus far in humans.

Table 1. Occurrence of N regions between the DJ 4 junction of children with
BCP ALL and their ages at diagnosis

No. of N + N — 1 it
Age at diagnosis (y) ALL/study n n Reference DJ,, rearrangement
Younger than 1 year 12 11 1 This study : - ALL N-
Younger than 3 years 16 2 16 Wassermann et al'®
8 5 5 Steenbergen et al'®
14 4 12 Schneider et als
Older than 3 years 46 41 10 Wassermann et al'®
19
39 35 12 Steenbergen et al TP Sieri ” _II f :I’ f ? h
Leukemias. are consid?red N+ if one PJH junction has N rwucleotides in§erted. I JT T T 1 T >
They are considered N— if one DJy junction lacks N nucleotides. Leukemias are early / late gestation BNy years of life

included in both groups if one rearrangement contains N nucleotides and the other
does not. Figure 2. Time frame. Development of N— and N+ BCP leukemias in childhood.
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It is assumed that a chromosomal translocation is an initiatifijmdings support the hypothesis that the t(4;11) is either sufficient
event in leukemogenesig! which can be induced by apoptoticfor leukemogenesis or provokes efficiently further changes that
stimuli that lead to the generation of gene fusions in B precurstgad eventually to leukemia in infanéy!
cells, thus rescuing a cell programmed to #ighis assumption is
supported by the findings that mostIgearrangements in ALL are
either incomplete or not potentially productit®eyunderlining the
immaturity of these cells, which would not survive without aAcknowledgment
transformation. It is further hypothesized that additional mutations
are required for the development of leukemia. However, olihis article is dedicated to Helmut Gadner for his 60th birthday.
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