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Ig Heavy Chain Gene Rearrangements in T-Cell Acute Lymphoblastic Leukemia
Exhibit Predominant DH6-19 and DH7-27 Gene Usage, Can Result in Complete
V-D-J Rearrangements, and Are Rare in T-Cell Receptora3 Lineage

By Tomasz Szczepanski, Marja J. Pongers-Willemse, Anton W. Langerak, Wietske A. Harts,
Annemarie J.M. Wijkhuijs, Elisabeth R. van Wering, and Jacques J.M. van Dongen

Rearranged /IGH genes were detected by Southern blotting
in 22% of 118 cases of T-cell acute lymphoblastic leukemia
(ALL) and involved monoallelic and biallelic rearrangements
in 69% (18/26) and 31% (8/26) of these cases, respectively.
IGH gene rearrangements were found in 19% (13/69) of CD3~
T-ALL and in 50% of TCRy&* T-ALL (12/24), whereas only a
single TCRaB* T-ALL (1/25) displayed a monoallelic IGH gene
rearrangement. The association with the T-cell receptor
(TCR) phenotype was further supported by the striking
relationship between IGH and TCR delta (TCRD) gene rear-
rangements, ie, 32% of T-ALL (23/72) with monoallelic or
biallelic TCRD gene rearrangements had /GH gene rearrange-
ments, whereas only 1 of 26 T-ALL with biallelic TCRD gene
deletions contained a monoallelic /IGH gene rearrangement.
Heteroduplex polymerase chain reaction (PCR) analysis with
VH and DH family-specific primers in combination with a JH
consensus primer showed a total of 39 clonal products,
representing 7 (18%) VH-(DH-)JH joinings and 32 (82%) DH-JH
rearrangements. Whereas the usage of VH gene segments
was seemingly random, preferential usage of DH6-19 (45%)

and DH7-27 (21%) gene segments was observed. Although
the JH4 and JH6 gene segments were used most frequently
(33% and 21%, respectively), a significant proportion of
joinings (28%) used the most upstream JH1 and JH2 gene
segments, which are rarely used in precursor-B-ALL and
normal B cells (1% to 4%). In conclusion, the high frequency
of incomplete DH-JH rearrangements, the frequent usage of
the more downstream DH6-19 and DH7-27 gene segments,
and the most upstream JH1 and JH2 gene segments suggests
a predominance of immature /GH rearrangements in imma-
ture (non-TCRap*) T-ALL as a result of continuing V(D)J
recombinase activity. More mature ap-lineage T-ALL with
biallelic TCRD gene deletions apparently have switched off
their recombination machinery and are less prone to cross-
lineage IGH gene rearrangements. The combined results
indicate that /GH gene rearrangements in T-ALL are post-
oncogenic processes, which are absent in T-ALL with deleted
TCRD genes and completed TCR alpha (TCRA) gene rear-
rangements.

© 1999 by The American Society of Hematology.

HEN REARRANGED Ig and T-cell receptor (TCR) malignancies® All early studies were exclusively based on
genes were found to be useful clonal leukemia-specificSouthern blotting (SB), and at that time, the configuration of
markers, they were initially considered to be lineage-spekffic. IGH diversity (D) regions was not completely known. There-
However, the recognition of abnormal TCR gene rearrangefore, it was not possible to reliably discern between incomplete
ments in precursor-B-acute lymphoblastic leukemia (ALL) andDH-J4 and complete M-(DH-)JH gene rearrangements and to
in some mature B-cell malignancies together with the finding ofidentify cross-lineagéGH gene rearrangement patterns, which
rearranged Ig heavy chail@H) genes in some T-ALL raised are characteristic for T-ALEM2 The only consistent finding
the question of lineage infidelity or promiscufy.TCR gene  Was that a significant proportion dGH rearrangements in
rearrangements in precursor-B-ALL were observed in 60% tohuman leukemic T cells involved theH?-27 (DQ52) gene
80% of patients, indicating that these recombinations shouldegment, which is located immediately upstream of the J
rather be regarded as an ubiquitously occurring (cross-lineagdpgion (Fig 1)1
phenomenon in this type of B-cell malignarfcyln a recent To study cross-lineag&H gene rearrangements in T-ALL in
study on 202 precursor-B-ALL patients, we even found cross-detail, we analyzed a large group of 118 T-ALL patients by
lineage TCR gene rearrangements in 93% of the patfeFite Southern blotting to determine the precise incidence of rear-
occurrence of cross-lineage rearranged TCR genes is related to
the maturation stage, being significantly lower in immature
CD10" precursor-B-ALL as compared with CD1@®recursor- From the Department of Immunology, University Hospital Rotterdam/
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Fig 1. Schematic representation of the human /GH locus on chromosome 14q32.3. The IGH gene complex consists of numerous (>120) V
gene segments, 27 D gene segments, 6 functional J gene segments, and C gene segments for the constant domains of the various IgH classes
and subclasses, most of which are preceded by switch sequences (s).23285258 Pseudogenes are represented as open bars. The 27 DH gene
segments are grouped in 7 families based on sequence homology. Members of the same DH family are depicted with the same shading pattern.

rangedIGH genes. Heteroduplex polymerase chain reaction Primer design and heteroduplex PCR analysi®CR was essen-
(PCR) analysis and subsequent sequencing were applied tilly performed as described previoud#? In each 50 pL PCR

identify the rearrangedGH gene segments as well as the regction, 50 ng DNAsar’r_1p|e, 6.3 pmol of thednd 3 oli_gonucleotide
junctional regions of the rearrangements. In addition to V primers, and 0.5 U AmpliTag Gold polymerase (PE Biosystems, Foster

family-specific primers and aitonsensus primer, we designed City, _(?A) were used. The sequences of the oligonucleotides used for
; e . . . amplification of complete M-J+ gene rearrangements (6H frame-
a new set of B family-specific primers to detect and identify all

’ work-1 VH-family specific primers, and 1nHJconsensus primer) were
complete \\-J4 and incomplete B-J+ gene rearrangements.  , plished bheforéh22 Based on recently published data of germline

DNA D-region sequences of the humiaH locus® (EMBL accession
MATERIALS AND METHODS no. X97051; for the detailed organization of tli&H D-region, see Fig
Cell samples. Peripheral blood (PB) or bone marrow (BM) samples 1), 7 family-specific B primers were designed using OLIGO 6.0
from 118 T-ALL patients (84 children and 34 adults) were obtained atsoftware (Dr W. Rychlik, Molecular Biology Insights, Inc, Plymouth,
initial diagnosis’-15 Mononuclear cells (MNC) were isolated from PB MN) applying previously described guidelines (Tablé4Qligonucleo-
or BM samples by Ficoll-Paque centrifugation (density, 1.077 g/mL; tide primers of 22 to 24 bp were positioned at least 50 bp upstream of
Pharmacia, Uppsala, Sweden) and subjected to detailed immunophentie involved recombination signal sequence (RSS). Secondary struc-
typing according to standard protocéfst’ To analyze sufficient tures such as primer dimers and hairpins were avoided, and the melting
numbers of CD3 T-ALL (especially TCR/d* T-ALL), we selected  temperature (Tm) was 68°€ 3°C. All primers were synthesized on an
T-ALL cell samples based on their CD3/TCR immunophenotype, ABI 392 DNA synthesizer (PE Biosystems) using the solid-phase
resulting in 69 CD3 T-ALL (58% of the total series), 25 TGH3™* phosphotriester method.
T-ALL (21%), and 24 TCR3* T-ALL (20%). In an entirely random PCR conditions were initial denaturation for 3 minutes at 92°C,
series of T-ALL, this immunophenotype distribution would approxi- followed by 35 cycles of 45 seconds at 92°C, 90 seconds at 60°C, and 2
mately be 70%, 20%, and 10%, respectivVélplthough in 2 CD3
T-ALL cases no information about TCR protein expression was Taple 1. Forward Primers Developed for PCR and Sequence Analysis

available, they were included into the TR T-ALL group based on of Incomplete DH-JH Gene Rearrangements
the Southern blot finding of bialleli@ CRD rearrangements in both -
cases. ) Sl;e of N
. . Primer Primer Position
Southern blot analysis. DNA was isolated from fresh or frozen  coge  (bp)  inbp* Sequence (5' — 3')

MNC fractions as described previoudlfifteen micrograms of DNA

was digested with the appropriate restriction enzymes (Pharmacia), Dul - 22 ~79  A(CIT)CCAGGAGGCCCCAGAGCIAT)CA

size-separated in 0.7% agarose gels, and transferred to Nytran-13N " 24 ~187  CAGCACTGGGCTCAGAGTCCTCTC

nylon membranes (Schleicher and Schuell, Dassel, Germany), as—" 24 —109  CCTCCTC(A/C)GGTCAGCCC(CITIGGACAT

described'? IGH gene configuration was analyzed in the 118 T-ALL Dud 24 —129 CCCAGGACGCAGCACC(A/G)CTGTCAA

patients with the IGHJ6 probe (DAKO Corp, Carpinteria, CABigl 1, DS 23 ~245 ACCCAGCCTCCTGCTGACCAGAG

BanHI/HindIll, EcoRl, and/orHindlll digests?® The configuration of DH6 22 —144  CAGGCCCCCCAAG)AACCAG(T/G)G(ATIT
DH7 24 —181 GGGCTGGGGTCTCCCACGTGTTTT

theTCRDgenes was analyzed in 101 of 118 patients with the TCRDV2,
TCRDD2, TCRDJ1, TCRDJ2, TCRDJ3, TCRDRE, and TCRAPJ *The position of the 5’ end of the primer is indicated upstream (—)
probes (DAKO Corp) irBgl ll, EcoRl, andHindlll digests!® relative to the 3’ RSS of the involved DH gene segment.
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minutes at 72°C using a Perkin-Elmer 480 thermal cycler (PE Biosys-each allele can potentially pass three consecutive stages:

tems). After the last cycle, an additional extension step of 10 minutes agermline, rearrangement, and deletid#8Except for 1 case, all

72°C was performed. Appropriate positive and negative controls werqGH gene rearrangements were found in patients with at least

included in all experiment. _ __oneTCRDgene rearrangement; in this single CDBALL, a
Heteroduplex analysis of PCR products included denaturation at

94°C for 5 minutes after the final cycle of amplification and subsequentmonoa”e“CIGH gene rearrangement was observed in combina-

renaturation at 4°C for 60 minutes to induce duplex formatfon. tion with deletion of bothTCRDa!IeIeS.
Afterwards, the duplexes were immediately loaded on 6% nondenatur- Based on the above-described results, we analyzed the
ing polyacrylamide gels in 035 Tris-boric acid-EDTA (TBE) buffer, ~ association of cross-lineagésH gene rearrangements and
run at room temperature, and visualized by ethidium bromide stathing. TCRDgene configuration for 101 of the 118 T-ALLs. Rearrange-
A 100-bp DNA ladder (Promega Corp, Madison, WI) was used as sizements in thelGH locus appeared to be almost exclusively
marker. associated witffCRDgene rearrangements. They were evenly
Sequence analysis of IGH gene rearrangemenBCR products  gjstributed between cases with 1 rearranged and 1 germline
found to be clonal by heteroduplex analysis were directly SequencedfCRDallele (1 of 3 cases [33%]), cases with bialleF€ERD
except for cases in which heteroduplex PCR analysis showed more tharnearrangements (15 of 47 cases [32%]), and cases with 1

two clonal bands, ie, either two homoduplexes, or an additional upper
band resulting from extension to downstream segments, or a rearranged and 1 deletdtCRD allele (7 of 22 cases [32%)).

DH7-27-1 germline band accompanying aD27-J rearrangement. ~ Remarkably, only 1 of 26 cases with biallelically dele®@RD
In such cases, homoduplexes were excised from the polyacrylamide g&l€nes (4%) displayed a cross-linedGel gene rearrangement.
and eluted as described beféfé’ The eluted PCR products were either  Taking these data together, cross-lineligid gene rearrange-
directly sequenced or subjected to second-step PCR with the samments occurred in only 5% (2/38) @fB-lineage T-ALL, ie,

primer pair to increase the amount of template for sequence analysissither TCRyB* T-ALL (n = 25) or CD3 T-ALL with biallelic
Sequencing was performed using the dye-terminator cycle sequencingCcRrDdeletion (n=13).

kit with AmpliTag DNA polymerase FS on an ABI 377 sequencer (PE Complete W-(DH-)JH and incomplete B-JH rearrange-
Biosystems). Briefly, 50 to 200 ng of PCR product and 3.2 pmol prlmermentsl Detailed PCR analysis of thiGH locus in the 26

were used in a 15 pL reaction volume. The cycling protocol was 96°C . i
for 30 seconds, followed by 60°C for 4 minutes for a total of 25 cycles. patients with Southern blot document&H gene rearrange-

Each PCR product was sequenced in two directions. ments was based on 13 primer combinations covering the vast
Interpretation of sequence dataVH, DH, and & segments were ~Majority of complete W-(DH-)JH joinings and potentially all
identified using DNAPLOT software (W. Mier, H-H. Althaus, Univer-  incomplete i-JH rearrangements. Heteroduplex PCR analysis
sity of Cologne, Cologne, Germany) by searching for homology with all showed a total of 39 clonal homoduplexes, reflecting 7 (18%)
known human germline ¥, DH, and & sequences obtained from the complete \i-(DH)-JH joinings and 32 (82%) incompleterBIH
_\/BASE directory'of human Ig genes (http:_//www.mrc-cpe.cam.ac.uk/ rearrangements. CompleteH\(DH)-JH rearrangements were
imt-doc/)?8 For allgnments of D segments inHiVDH-JH or DH-DH-JH found in 4 CD3 T-ALL and 2 TCRyd* T-ALL patients, with 1
rearrangements, it was necessary to have at least 10 COﬂSGCUtIVIECR_YSJr T-ALL showing biallelic ViH-(DH-)J joinings. Hetero-

matching nucleotide® Palindromic (P-region) nucleotides (maximally A A
2) generated during the joining process were recognized as beingumex PCR analysis for incompleteiD-27-H rearrangements

palindromic to the juxtaposed nucleotides of an untrimmed rearranged® Shown in Fig 2.

gene segmerf Extensive N-regions (nucleotides that cannot be —Sequence analysis confirmed monoclonality in 7 complete
assigned to V, D, J gene segments, or P-regions) were analyzed in moNH-(DH-)JH rearrangements, which involved 7 different gene
detail by comparing them to the most recent update of GenBank usingegments from 4 families: AL-3, VH1-69, WH3-13, WH3-23,

the BLAST sequence similarity-searching tool (National Center for VH3-33, W4-4, and \46-1. None of the rearrangements was
Biotechnology Information; http://www.ncbi.nIm.nih.gov/BLAS'Pl). potentia”y functional. Six sequences were out-of-frame join_
ings, whereas the single rearrangement with an in-framarV/
contained a stop codon in the junctional region.

Southern blot analysis of IGH gene rearrangements in DH6-19 and Di7-27 are preferentially used in IGH gene
T-ALL. IGHgene rearrangements were found in 22% (26/118)rearrangements in T-ALL. Sequence analysis of the junctional
of T-ALL patients and were equally distributed between the regions of complete M-(DH-)J+ recombinations allowed identi-
different age groups, ie, 23% (19/84) of children and 21% (7/34)fication d a D segment in 5 of 7 joinings. Moreover, 1
of adults. In the majority of cases, this concerned monoallelicincomplete rearrangement was of thei-DH-JH type. The
rearrangements (69% [18/26]), and in 31% (8/26) biallelic frequencies of different B family members found among the
rearrangements were observed. In 2 of these patients, SB8 identified D sequences in the complete and incomplete
analysis showed weak bands, most probably derived frontross-lineagelGH gene rearrangements are summarized in
subclones. Cross-linead@H gene rearrangements were found Table 2. Usage of the #5 family was most prominent (47%),
in 19% (13/69) of CD3 T-ALL and in 50% of TCRyd* T-ALL with the DH6-19 gene segment being preferentially used (45%
(12/24), whereas only a single TGR* T-ALL (4% [1/25]) of all identified D4 sequences; Table 3). The second most
displayed a rearrangé@H gene on one allele. frequently used B segment was B7-27 (21%). Seven rear-

IGH gene rearrangements coincide with TCRD gene rear-rangements (18%) containediBegments of the BL family,

RESULTS

rangements. Because CD3 T-ALL theoretically represent whereas 5 other rearrangements used various segments of the

precursor stages of both TGR* and TCRd" T-ALL, we remaining 4 Bi families (Table 2). Taken together, only 5 of the
analyzed the configuration of thECRD genes in 57 CD3 38 rearranged B segments belonged to the most upstream part
T-ALL cases and used it as an additional marker for furtherof the DH region, whereas all other 33HYene segments (87%)
subdivision of this group>8The TCRDgene configuration of  belonged to the most downstream part of therBgion (Table
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Fig 2. Heteroduplex PCR analysis of DH7-27-JH cross-lineage rear-
rangements in T-ALL. Subsequent to agarose gel electrophoresis,
samples containing PCR products were subjected to heteroduplex
PCR analysis, separated in a 6% polyacrylamide gel, and visualized by
ethidium bromide staining. Based on the size of clonal PCR products,
DH7-27-JH rearrangements (~250 bp) were identified in T-ALL pa-
tients T009, T038, T042, T062, T150, and T184 as well as in a T-cell
prolymphocytic leukemia (T-PLL). In addition to homoduplexes result-
ing from DH7-27-JH rearrangement, the germline DH7-27-JH1 and
DH7-27-JH2 homoduplexes were consistently present, except for
cases with biallelic IGH rearrangements and a very high tumor load
(ie, patient T150). To obtain a clonal sequence of DH7-27-JH rearrange-
ments, homoduplexes of the correct size were excised from the
polyacrylamide gel, eluted, and sequenced. ss, single-strand DNA.

2). No relationship between age andi Bene segment usage

was observed.

The sizes of the B-JH junctional regions ranged from 0 to
maximally 32 nucleotides, with an average of 7.6 nucleotidesVH_(DH_)JH

SZCZEPANSKI ET AL

inserted N-region nucleotides. P-nucleotides, indicating the
absence of deletion, were present in - joinings (19%).

Usage of & gene segments in cross-lineage IGH gene
rearrangements. The frequencies of differenthJgene seg-
ments inlGH gene rearrangements in T-ALL are summarized in
Table 4. The d44 gene segment was found most frequently in
approximately one third of joinings, followed by@in 20% of
cases. The remaining 4 $3egments were almost equally used,
each comprising 10% to 15% of the rearrangements.

Oligoclonality in cross-lineage IGH gene rearrangements in
T-ALL. SB analysis and heteroduplex PCR analysis showed
fully concordant results in 20 of 26 cases with cross-lineage
IGH gene rearrangements in T-ALL. In 1 case with a single
rearranged band on SB, we were not able to amplify the clonal
rearrangement with the applied primer sets. In the remaining 5
cases, the number of clonal PCR-detected homoduplexes was
higher than the number of rearranged bands in SB, which may
suggest the presence of minor subclones undetectable by SB. In
1 of these seemingly oligoclonal cases, the identified incom-
plete and complete rearrangements (1 and 2 in Table 3) shared
the same B-JH fragment, suggesting ongoingH\to DH-JH
joining. In 4 other patients, the detected rearrangements were
not related in their used gene segments. This may reflect
secondary B-JH joining, with concomitant deletion of a
pre-existing Bi-JH rearrangement.

Based on the combined SB/PCR results, we found evidence
for IGH oligoclonality at diagnosis in 27% (7/26) of T-ALL
patients with this type of cross-lineage recombination. This
includes the above-mentioned 5 cases with the higher number
of PCR-detected homoduplexes than the number of rearranged
bands in SB, and 2 additional PCR-positive cases with weak
bands on SB analysis, apparently derived from subcléhes.

DISCUSSION

We investigated a large group of 118 T-ALL patients for the
presence of cross-linead®H gene rearrangements. Based on
SB analysis, we identified such rearrangements in 22% of
T-ALL, which is slightly higher than previously reporté?
The vast majority (82%) oiGH gene rearrangements in T-ALL
concerned incomplete H3JH joinings. However, complete
recombinations were also documented in our group

Three of 37 Bi-JH junctions (8%) did not have any randomly ¢ T.a| L patients. The usage of ¥ gene segments was

Table 2. Usage of Different DH Families in (In)complete
Cross-Lineage IGH Gene Rearrangements in T-ALL

New Family Old Family No. (frequency)
Name* Name* of Rearrangements Segments Used
DHl DM 7 (18%) DH1-7: 2
DH1-20: 2
DH1-26: 3
DH2 DLR 1 (3%) DH2-2: 1
DH3 DXP 1 (3%) DH3-22: 1
DH4 DA 2 (5%) DH4-4: 1
DH4-23: 1
DH5 DK 1 (3%) DH5-18: 1
DH6 DN 18 (47%) DH6-6: 1
DH6-19: 17
DH7 DQ52 8 (21%) DH7-27: 8

*The new nomenclature is derived from Corbett et al,?® whereas the
old nomenclature is according to Ichihara et al.5*

seemingly random and not limited to the ones most proximal to
the 3 cluster. Nevertheless, 6 of 7 involvedi\gene segments
were derived from the proximal $ortion of thelGH locus, a
pattern that is seen in first trimester fetal-{DH)-JH rearrange-
ments3t None of the seven M-(DH-)JH rearrangements was
potentially functional. To our knowledge, this is the first
extensive evidence for the occurrence of clonal compieté
gene rearrangements in T-ALL. They were previously reported
in a single case of T-lymphoblastic non-Hodgkin’s lymphoma,
which is the lymphomatous counterpart of T-ABL..

In both the \H-(DH-)JH and DH-JH rearrangements, we found
a strikingly preferential usage of the more downstreamgbne
segments (87% of identifiediDsequences), especiallyHb-19
(45%) and 7-27 (21%). The B6-19 gene segment is one of
the gene segments that were recently discovered thanks to
complete sequencing of thediDegion23 Retrospective analysis
of nearly 900IGH junctional regions of B-lineage cells showed
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Table 3. Junctional Region Sequences of Oligoclonal /IGH Gene Rearrangements in a T-ALL Patient (T061)
Illustrating the Ongoing Recombination Process

Upstream VH JH Gene
No. Segment N- and P-Nucleotides* DH6-19 N- and P-Nucleotides* Segments
1. — — GGGTATAGCAGTGGCTGGT(—-2) TTTTCTTCTA (—6) JH6C
2. VH1-03 (0) IAGT (=2) GTATAGCAGTGGCTGGT (—2) TTTTCTTCTA (—6) JH6C
3. VH3-33 (—1) TAAGGGTGTGATGTGTTTTGTGGA-11) TGGCTGGTAC (0) QAGGCTGGCAGGGGG@«- 14) JH6b

*Underlined nucleotides represent P-nucleotides.

DH6-19 involvement in approximately 5% of the rearrange- rearrangement pattern appears to be nonrandom and is not
ments, which is significantly higher than would be expected oncomparable with any known stage of B-cell ontogeny or B-cell
a random basi& The same holds true for 8 otheriBegments,  differentiation3!

but 6 of them were not found in our T-ALL patients. The  Because the types of preferenti@H gene rearrangements
preferential usage of i5-19 could not be explained by a more have now been identified, it would be relatively easy to screen
optimal RSS at the'3nd in comparison to othertDsegments,  T-ALL patients for the presence of cross-lineagH gene
either. Further studies are needed to define whether this genearrangements and apply them as PCR targets for monitoring
segment is also preferentially rearranged in precursor-B cells opf minimal residual disease (MRD) in T-ALL. Three primer
whether this finding only relates to the cross-lineage phenomcombinations (B1, DH6, and 47 in combination with a
enon in T-ALL. In contrast to B6-19, earlier reports indicated consensus primer) can identify 85% of incomplete:-Ib

that the D47-27 gene segment is involved in a significant rearrangements in T-ALL. However, we observed oligoclonal-
proportion oflGH gene rearrangements in T-ALUE!Interest-  jty in the IGH locus in 27% of T-ALL patients with rearranged
ingly, we also found this gene segment in a cross-lind@¢  |GH genes. In 1 case, we found evidence for continuimgty
gene rearrangement of a T@R" T-prolymphocytic leukemia  py-34 recombination, whereas W replacements have been
(Fig 2). The D47-27 gene segment is also preferentially used bygescribed previously during disease progression of a T-
fetal B cells but is rarely observed in adult BM and PB%In |y yphoblastic lymphom& Secondary rearrangements via con-
the analysis of nearly 90@GH junctional regions of B-lineage  (inying Vi to DH-Ju joining, VH gene replacements, and de
cells, D+7-27 was found in only 0.5% of the rearrangemeé#its. q,,01GH gene rearrangements have been reported for precursor-
Because B7-27 consists of only 11 nucleotides, it is more B-ALL. 3840 These processes may lead to the emergence of
difficult to identify this gene segment in a junctional region after ;a5 with secondaiyzH rearrangements. In a previous study,

moderate trim.mir.lg during V(D)J recombination, if stringent we compared théGH gene rearrangement patterns between
assignment cr_lterla are used. diagnosis and relapse in 40 ALL patients and found that at least
The analysis of J segment usage sh_owe_d a more freque_ntone major IGH rearrangement was stable in most cddes.
use oflm4dalndkm6 _gegel' segmentﬁ, vahlglrg; 31|I_|so the case InTherefore, cross-lineagksH gene rearrangements might be
normal and leukemic B-lineage cells (T2 J? However, in useful as supplementary MRD target in addition to leukemia-

our T-ALL group, a significant proportion of joinings involved ficTCR TCRD L1
the most upstreand and 42 gene segments (28%), which are 32?;:;5234zeand CRDgene rearrangements andL1gene

rarely used by B lymphocytes-(1%) and B-cell precursors (3% :

to 4%)3537 In conclusion, the high frequency of incomplete Cross_—llneageICiH gene reagrangemt_ants occurr_ed ms)st fre-

DH-JH rearrangements together with the frequent usage of thquen_tly in TCR ™ T-ALL (50% qf patllents) and in 20% of
D3~ T-ALL, but we found them in a single case of TGR"

more downstream Bgen ments and them I = o
ore downstream Bgene segments and the most upstreatn J T-ALL (4%). Moreover, there was a striking association be-

and H2 gene segments suggest a predominance of the mo?t th f EGRD d th
immaturelGH rearrangements in T-ALL. This particulaHEH ween né presence or rearrang genes an € occur-

rence oflGH recombination. A similar association was previ-
ously found for cross-lineage gene rearrangements in acute
myeloid leukemia, suggesting th&CRD and IGH genes are
concomitantly accessible for V(D)J recombinase in early hema-
topoietic precursor& Furthermore, in the genotypically most
mature T-ALL subgroup with bialleli@ CRDgene deletions, an

Table 4. Usage of Different JH Gene Segments in Incomplete and
Complete Cross-Lineage /IGH Gene Rearrangements in T-ALL as
Compared With Precursor-B-ALL, Human BM Precursor-B Cells,

and PB B Lymphocytes

JH T-ALL Precursor- Human BM Human PB B .

Segment  (n — 39) BALL  Precursor-BCells  Lymphocytes IGH gene rearrangement was observed in only 1 of 26 cases.

BecauseGH gene rearrangements are also rare in mature T-cell

Jnl 13% (5) 2% 0% 1% . . 1 e
2 15% (6) 20 A% 0% malignancies{5%)!! this suggests that tH&H locus may be
43 10% (4) 11% 14% 9% accessible to V(D)J recombinase activity only in cells at earlier
IJna 33% (13) 3204 3204 53% stages of T-cell differentiation. In this context, TE&R T-ALL
JH5 8% (3) 22% 17% 15% should be regarded as cells that branched off T-cell development
JH6 21% (8) 32% 33% 22% at an early stage of completion GiCRD and TCRG gene

The B-lineage data were obtained in comparable PCR-based studies rearrangement processes, when the recombinase activity is still

i 8
by Steenbergen et al’” for precursor-B-ALL, by Raaphorst et al® for retained: ]
human BM precursor-B cells, and by Yamada et al® for human blood B Incomplete Di-JH rearrangements are one of the earliest

lymphocytes. events during normal B-cell development and are already found
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in CD34"/CD19°/CD10" precursor cell$**>Most of the more 5. Felix CA, Poplack DG: Characterization of acute lymphoblastic
mature CD34/CD19'/CD10" B-lineage precursors contain at leukemia of childhood by immunoglobulin and T-cell receptor gene
least 1 Di-J4 rearranged allele and frequently also completePatterns. Leukemia 5:1015, 1991 _ '
VH-(DH-)JH rearrangement$:46 One could therefore speculate 6 HaraJ, Benedict SH, Champagne E, Takihara Y, Mak TW, Minden

. : . M, Gelfand EW: T cell receptor delta gene rearrangements in acute
that cross-lineagéGH gene rearrangements in T-ALL might

. 9 9 . 9 . 9 lymphoblastic leukemia. J Clin Invest 82:1974, 1988

reflect malignant transformation of a thymocyte derived from a

. 7. Szczepaski T, Langerak AW, Wolvers-Tettero ILM, Ossenkop-
+
CD347/CD19 /CD10" precursor cell with rearrangetGH pele GJ, Verhoef G, Stul M, Petersen EJ, de Bruijn MAC, van't Veer

genes. This idea may be supported by a murine moqell inwhichyyg yan Dongen JIM: Immunoglobulin and T cell receptor gene
IGH rearrangements were only found at an intermediate stage gbarrangement patterns in acute lymphoblastic leukemia are less mature
thymocyte developmen.Nevertheless, this phenomenon was in adults than in children: Implications for selection of PCR targets for
not observed in normal human thymocyté&urthermore, the  detection of minimal residual disease. Leukemia 12:1081, 1998
absence of D-J-Cp transcripts in fetal human thymocytes 8. Szczepaski T, Beishuizen A, Pongers-Willemse MJ; en K,
depleted of CD34- and/or CD19-bearing cells suggest that van Wering ER, Wijkhuijs JM, Tibbe GJM, De Bruijn MAC, van
DH-J1 rearrangements in humans may be restricted to normapongen JIM: Cross-lineage T-cell receptor gene rearrangements occur
B-lineage differentiatiod**8 It has also been suggested that in more than ninety percent of childhood precursor-B-acute lymphoblas-

IGH gene rearrangements in T-cell precursors may be a ic leukemias: Alternative PCR targets for detection of minimal residual
aberrant event directing cells into apoptotic pathway; unlessd Isease. Leukem?a 1.3:196’ 1999 .
' 9. Nuss R, Kitchingman GR, Cross A, Zipf TF, Antoun GR,

they belcome Immortallzed by malignant trar)sformaﬁdkn Bernstein |, Behm F, Pullen DJ, Crist W, Mirro J Jr, Goorha R: T cell
alternative explanation could be that cross-line&@#l gene receptor gene rearrangements in B-precursor acute lymphoblastic

rearrangements in T-ALL are postoncogenic events resultingeykemia correlate with age and the stage of B cell differentiation.
from the ongoing activity of the common B- and T-cell V(D)J Leukemia 2:722, 1988
recombinase system on accessible gene’lfi®We favor the 10. Biondi A, Francia di Celle P, Rossi V, Casorati G, Matullo G,
last hypothesis, because this would explain the virtual absenc@iudici G, Foa R, Migone N: High prevalence of T-cell receptor V delta
of IGH gene rearrangements in normal thymocytes and matur@-(D)-D delta 3 or D delta 1/2-D delta 3 rearrangements in B-precursor
T-cell malignancies on the one hand and the presend€lgf ~ acute lymphoblastic leukemias. Blood 75:1834,1990
oligoclonality and secondary BA(DH-)3 rearrangements in ~ 11- Van Dongen JJM, Wolvers-Tettero ILM: Analysis of immuno-
T-ALL on the other hand! The virtual absence dGH gene globulm_ and T_ceII receptor genes. Part Il: P053|p|l|t|e§ and.l|m|tat|ons

. B . . . in the diagnosis and management of lymphoproliferative diseases and
rearrangements iap-lineage T-ALL with biallelicTCRDgene

. . ] . related disorders. Clin Chim Acta 198:93, 1991
deletions suggests that the recombination system is not active in 1, Kitchingman GR, Rovigatti U, Mauer AM, Melvin S, Murphy

t_hiS more mature type of T-ALL. Apparently, the recombina- sp, stass S: Rearrangement of immunoglobulin heavy chain genes in T
tional activity is switched off as soon as the rearrangement andell acute lymphoblastic leukemia. Blood 65:725, 1985

deletion processes in tTECRATCRDIocus are completed. 13. Mizutani S, Ford AM, Wiedemann LM, Chan LC, Furley AJ,
Greaves MF, Molgaard HV: Rearrangement of immunoglobulin heavy
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