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The incidence of clonal T-cell receptor rearrangements in B-cell precursor acute
lymphoblastic leukemia varies with age and genotype

Caren Brumpt, Eric Delabesse, Kheira Beldjord, Frederic Davi, Jean-Michel Cayuela, Corinne Millien, Patrick Villarese, Pierre Quartier,
Agnes Buzyn, Francoise Valensi, and Elizabeth Macintyre

B-cell precursor acute lymphoblastic leu-
kemias (BCP-ALLs) are increasingly
treated on risk-adapted protocols based
on presenting clinical and biological fea-
tures. Residual molecular positivity of
clonal immunoglobulin ( /G) and T-cell re-
ceptor ( TCR) rearrangements allows de-
tection of patients at an increased risk of
relapse. If these rearrangements are to be
used for universal follow-up, it is impor-
tant to determine the extent to which they
are informative in different BCP-ALL sub-
sets. We show that /GH V-D-J rearrange-
ments occur in 89% of 163 BCP-ALL, with

no significant variation according to age

or genotype ( BCR-ABL, TEL-AML1, MLL-
AF4, and E2A-PBX1). In contrast, TCRG
rearrangements, which occur in 60% of
patients overall, are frequentin  BCR-ABL
and TEL-AML1, are less so in MLL-AF4,
and are virtually absent in infants aged
predominantly from 1 to 2 years and in
E2A-PBX1 ALLs. Incidence of the pre-
dominant TCRD V82-D&3 rearrangement
decreases with age but is independent of
genotype. These differences are not due
to differential recombination activating

adequately by stage of maturation arrest.
Analysis of MLL-AF4 BCP-ALL is in keep-
ing with transformation of a precursor at

an early stage of ontogenic development,
despite the adult onset of the cases ana-
lyzed. We postulate that the complete
absence of TCRG rearrangement in  E2A-
PBX1 cases may result from deregulated
E2A function. These data also have prac-
tical consequences for the use of TCR
clonality for the molecular follow-up of
BCP-ALL. (Blood. 2000;96:2254-2261)
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gene activity, nor can they be explained
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B-cell precursor acute lymphoblastic leukemias (BCP-ALLsgarly stages of remission, when therapeutic decisions are ta
represent approximately 85% and 75% of pediatric and adudt less clear, at least for qualitative reverse transcripta
ALLs, respectively. They include a number of subtypes that cggolymerase chain reaction (RT-PCR) analysis.

be individualized on the basis of clinical presentation, immuno- BCP-ALLs also demonstrate clonal rearrangements of@hée
phenotype, and genotype, as assessed by cytogenetic andTCRgenes in the majority of cases (reviewed in Langerak%t
molecular techniques. This has allowed identification of patienéd’). IGH rearrangements are reported in more than 90% of caseé by
with markedly different prognoses and the increasing use 8buthern blotting and 70% to 90% by PERomplete V;-Dy-J4
risk-adapted protocols. BCP-ALL withILL-AF4, for example, rearrangement is preceded by partigl-I rearrangement, which
is frequent in infants younger than 1 year old who present wiik detected by Southern hybridization with,gp¥obe or by specific
marked leukocytosis and a poor response to treathiig.also Dy-Jy PCR? lllegitimate TCRG V-J rearrangements have bee
common in older adult3. BCR-ABL identifies a group of described in 40% to 70% of BCP-ALLS?andTCRDrearrange- &
poor-prognosis adultsThe TEL-AML1 (ETV6-CBFA2 fusion ment in approximately 50%. The commonest rearrangemedits
transcript (FT) occurs almost exclusively in childhood BCPeorrespond to partial 82-D33 and 32-D33.1! lllegitimate rear- §
ALL* and is of standard or favorable prognostic significancengements are thought to result from the fact that ALLs repres@nt
depending on the clinical protocdlE2A-PBX1FT predomi- cells arrested at a “recombinase-competent” stage of maturafgn,
nates in young adults with relatively mature blasts. Its previvith IG andTCRIociin an accessible chromatin configuration. €
ously poor prognosis has been improved by more intensive IG and TCRrearrangements provide invaluable markers fgr
treatment (reviewed in Hung®r The approximate incidence of patient follow-up, insofar as the vast majority of BCP-ALLs a@
these FTs in pediatric and adult BCP-ALL, respectively, are asformative for at least one clonal rearrangement. A variety@f
follows: MLL-AF4, 5% and 5%;BCR-ABL 3% and 30%; molecular strategies allow detection of residual clonal popu@-
TEL-AML1 25% and below 5%; anB2A-PBX1 5% and 5%. tions with a sensitivity that varies from approximately 5%
Although FTs provide invaluable prognostic markers at diagngs X 10-2) to 0.001% (10°%). Two large-scale studies of pediat-
sis, their current utility as markers of residual disease at thie ALL have recently demonstrated that residual molecular
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positivity during the early stages of morphological completér 20 seconds and 94°C for 20 seconds. The final extension step was at 72°C for
remission allows identification of approximately 10% to 15% o$ minutes. PCR products were analyzed on 8% nondenaturating PAGE.
patients who are at a high risk of relapgés? It is therefore
likely that residual moleculalGH/TCR positivity will increas- Detection of FTs and MLL rearrangements
ingly be. used to determine treatment. Both studies were baﬁSHA was extracted from leukemic cells by a rapid lysis technique
predominantly on assessment GICRG and TCRD clonal  pnapie) (EuroBio, Les Ulis, France), and complementary DNA (cDNA)
markers, but neither comparé@H/TCRstatus with genotype. ang RT-PCR reactions were performed as previously deséfibéth the
Since patients of different ages and genotype are increasinghe of 2ug RNA, random hexamers (Pharmacia, Orsay, France), and
treated on different protocols, it is important to determine wheth&mLV reverse transcriptase (Life Technologies, Cergy-Pontoise, France).
the extent to whichGH/TCRis informative varies as a function of Porphobilinogen deaminasBBGD) transcripts were amplified in parallel
age and/or genotype. We demonstrate that, wiBld rearrange- from the same cDNA to control for RNA quality. In keeping with
ments are common in all categories of adult and pediatﬁ(f‘LAg“ gnd FRALLE93 guidelines, all infants and children were analyzed
BCP-ALL, TCRG and TCRD V52-D83 vary significantly with prospectively for theBCR-ABL (el-a2 and b2/b3-a2)MLL-AF4, TEL-
genotype and age, respectively. These data have practical sig@gl-l‘l’ and E2A-PBX1FTs and adults for all of the above other than

n for th fGH/TCR mol lar markers in clinical L-AMLZ with the use of the following primersBCR-ABLb2/b3-a2
cance for the use o olecular markers In clinical o\ A: GGAGCTGCAGATGCTGACCAAC; ALLF: GGTCATTT-

management of patients with BCP-ALL. TCACTGGGTCCAGC; annealing 60°CBCR-ABLel-a2 (BCRL EXtS

o

TGAGAACCTCACCTCCAG; ABLEXtAS: CTCCACTGGCCACAAAAT, %

annealing 51°C)TEL-AML1(B12: CGTGGATTTCAAACAGTCCA; AM3: g!

Patients, materials, and methods GCTCGCTCATCTTGCCTGG; annealing 55°CE2A-PBX1(E2AEXIS: &
GGCCTGCAGAGTAAGATAG; PBXEXIAS: CACGCCTTCCGCTAA-%

Patient material and immunophenotyping CAG,; annealing 51°CMLL-AF4(HRX5Ext: GAGGATCCTGCCCCAAA- %

) . GAAAAG; AF4Ext: TGAGCTGAAGGTCGTCTTCGAGC; annealings
Ficolled blasts from bone marrow or peripheral blood were collected 8b° . i Lo
diagnosis. with informed consent. and were analvzed fresh or a C). Certain E2A-PBX1-positive cases were also analyzed for wild-type
congser\slz;}on in 10% dimeth Issijl h’oxide BCP-ALL d);a nosis was basﬁE A (E2A/1399U19 GCCTCATGCACAACCACG and E2A/2234L2(
on morphology, ¢ tc:chemist)r/ an% immuﬁo he-no e ?’he majority we, AGTGACACGGTGGCTGAGA; annealing 60°C) ariBX1 (PBX1/
\ phology, cyto Y. Unophenotype. OMty Welg 31 j25 GCAGGACATTGGAGACATTTTACAG and PBX1/732L19 GCT-
included in prospective multicenter studies of pediatric (FRALLE93) an . . o )
) ; AACTTGCGGTGGATG; annealing 57°C) andBX1-E2Atranscripts

adult (LALA94) ALL. Molecular analysis for all patients other than 8 ; ; . o .

; ) ) PBX1/243U25 and E2A/2234L.20 primers; annealing 57°C) with the
E2A-PBX1 patients, provided by J.-M. Cayuela and F. Sigaux, Wa%f 6% formamide and 2 U Taq in a final volume of pQ. The latter were
performed at Necker-Enfants Malades (Paris, France). Diagnosis, immuno d '
phenotyping, and cytogenetic analysis of several patients were undertaE)z
in referring centers, and material was transferred for molecular analysis.
Immunophenotype 'was performgd by.flow cytometric analy§|s of a varig tting of BarHI and Hindlll digested DNA, with the use of the B85
of B- and T-lymphoid and myeloid antigens. Cases expressing the relev%B A probel®
marker on more than 20% of cells were considered positive. We assessed P '
cytoplasmic Igu (clgp) expression by flow cytometric assessment of o o )
permeabilized cell$? Patients younger than 2 years are classified as infanf3¢combination activating gene transcripts

although it is recognized that this term generally refers to those YoungsL e tion of recombination activating geneRIAG ) andRAG2transcripts
than 12 months old. Those aged from 2 to 14 years are referred tob%ﬁRT—PCR were performed in 5L with 0.4 ug cDNA, 2.5 mmol/L
children; those from 15 to 55 years as young adults; and those over 55 yﬁ'\%SCIZ, 0.2 mmoliL dNTP, 0.4umol/L each primer and 2 UTaq
as older adults. These cutoffs were chosen to reflect inclusion criteria for %ymerase. Primers used were as folloR&G1(ACACACTTTGCCT-
LALA94 (15 to 55 years) protocol, although several adolescents WeI-TCTTTGGTATT [Ex1]; TCTCACCCGGAACAGCTTAAA [Ex2]);
treated on FRALLES3 protocols. RAG2 (TTCCCCAAGTGCTGACAATTAA [Exla]; TTTGGGCCAGC- &
CTTTTTG [Ex2]). Samples were amplified for 35 cycles (30 secondsgat
93°C, 1 minute at 60°C, and 1 minute at 72°C, with a final elongation cyéle
DNA extraction was performed by phenol chloroform and ethanol precip®f 10 minutes at 72°C) and analyzed on 2% agarose §eA$G1PCR
tation from ficolled diagnostic material. products were 209 base pairs (bp) d&RAG2products were 219 bp. The2
IGH V}-Di-Jy PCR was performed from ftg DNA in 50 uL using iy ~ REH cell line was used as a positive control.
consensus primers FR1 (FR1c) and FR2 (FR2c with2and \{;6 FR1-family—
specific primers) and a mixture of 3 primers® Selected cases were alsoStatistical analysis
analyzed with the use of FR1-family—specific (FR1f) and FR3 consensus ) o o
primers8 We analyzed 15% of the PCR reaction by nondenaturing 8% to 12¢mparison of the incidence dfSH/TCR rearrangements in different
polyacrylamide gel electrophoresis and ethidium bromide staining (EB PAGE}!Pgroups was analyzed by the 2—_sujtédbst, and comparison of the mean
IGH Dy~ PCR was performed as previously described. ages ofT(_:R-rearranged or germline cases was analyzed by the 2-sided
TCRGanalysis was performed in 2yMJy—specific multiplex PCREWe ~ Mann-Whitneyu test.
amplified 1pug of DNA with a mixture of Wfl, V10, y1/2, }P1/2, and JP
primers (Wfl/10 PCR) and with a mixture of ¥9, Vy11, and the sameyJ
primers (W9/11 PCR). Partial identification ofand J utilization was based
on PCR product size. Furtheryvand J utilization was done by fluorescent
run-off analysis with the use of a mixture of labeled interngt &r Jy-specific Diagnostic assessment of  IgH/TCR configuration and
primers, followed by Genescan analysis on an ABI 373 or 310 automated DI}IOAS ion transcripts
fragment analyzer (PEBiosystems, Foster City, ©A).
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bridized with an internat®P-labeled PBX1 (PBX1294U18 TTTGGAT
GCGCAGGC) probe.
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IGH and TCR analysis
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Results

In order to determine whether the incidence I&f and TCR
rearrangements varies with patient subgroup, we undertook system-
V52-D33 PCR was performed in a total volume of 0 as previously atic, prospective assessment IH and TCRG clonality and
describetf with an initial 94°C step for 2 minutes followed by 35 cycles at 62°Gletection of up to 5 FTs, the latter in accordance with the national

TCRD
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French LALA94 adult (coordinator J. Gabert, Institut Paoli- A ™°

Calmette, Marseilles, France) and FRALLE93 (coordinator A. 801

Baruchel, Hepital St Louis, Paris, France) pediatric protocols. ol

Diagnostic samples from 163 B-cell lineage ALLs were analyzed

for IGH and TCRGby PCR and EB PAGE analysis. Detection of 8 *°]

BCR-ABL (el-a2 and b2/b3-a2E2A-PBX1 and MLL-AF4 FTs 201

was undertaken in 140 of 163 patients with sufficient RNA. _ - - _

Detection of TEL-AML1 was performed systematically only for  gee

Positivity (¥)

patients younger than 15 years, since we have found this FT in e
fewer than 1% of adult casés. ® %

BCR-ABLwas detected in 25 cases, (20el-a2, 2b2-a2, 3b3-a2) &% é
TEL-AML1 in 18, E2A-PBX1in 13, andMLL-AF4 in 14. The %*" %
incidence of each of these as a function of age is shown in Table 1. =, é
Although this corresponds to published incidencesBQR-ABL Z

° %
and TEL-AMLY, the proportion of patients witlE2A-PBX1and MELARE RNt peReast CABKL L FTmeslsy ey
MLL AF4 is not representanve because 2 nonprothL AF4 Figure 1. Histograms of IgH, TCRG, and TCRD V82-D&3 rearrangements. (A)
cases were referred for molecular characterization and 8 additio (frd'ng to age. (B) According to genotype. L indicates IGH incidence; &, TCRG
m ence; M, TCRD V32-D33 incidence. *Not done.
E2A-PBXIcases were added to increase this category (see below).
The presence of reciprod@BX1-E2Aranscripts was looked for in
8 E2A-PBX1ALLs, 3 unbalanced and 5 balanced cases, but rathough this was not significar® = .3).IGH V-Dy-Jy rearrange
specific bands that hybridized to an internal PBX1 probe were seements therefore occur in approximately 90% of BCP ALLs, with g
despite hybridization to a PBX1 wild-type RT-PCR control. Allincidence that varies little with age or genotype.
cases demonstrated wild-type E2A and low-level PBX1 transcripts,
and E2A-PBX1 positivity was confirmed in parallel on the saméCRG
cDNA samples (data not shown).

'suoueouqndqsta//x%h woJj papeojumoq

Cases were considered to BE€RGpositive if either multiplex
reaction (Wfl/10-Jy or Vy9/11-J, Figure 2) demonstrated at IeaSi
one discrete band. Overall, rearrangements were observed in % of
IGH was assessed with the use of FR1c and FR2 primers ah3 (60%) cases. The incidence varied with age (Table 1, Figurg 1)
considered to be positive if either or both demonstrated a cloraid was significantly less frequent in infants younger than 2 years
band. If both were negative, cases were reanalyzed with FR1f a{®&6) compared with all other groupB & .0011). Mean age for the'%
FR3 consensus primérand were classified as positive if eitherll infants (5 boys, 6 girls) was 13.5 months (range, 3-21) ang 9
demonstrated a clonal band. Occasional cases were consideredére older than 12 months. The group included 2 boys aged 3 afd 5
be oligoclonal on the basis of the presence of at least 3 discresdnths withMLL-AF4, a 14-month-old girl withTEL-AMLY1, a
bands. In the majority, at least one PCR system was considere@iemonth-old boy withE2A-PBX1 a 16-month-old girl with an
be clonal. These cases were classifietiéspositive. It should be unidentifiedMLL rearrangement, and MLL germline cases. The
emphasized that minor clonal PCR products were seen in sevemly TCRGrearrangement was seen in the uncharacterized
cases, particularly following fluorescent analysis (data not showmg¢arrangemenf.CRGrearrangements were seen in 16 of 20 (80%)
Although these are likely to represent minor clones, their presendaldren aged from 2 to 3 years, 13 of 23 (56%) from 3 to 4 yeaﬁs
was not particularly taken into consideration for these consensl® of 16 (63%) from 6 to 8 years, and 10 of 15 (67%) from 9 to B4
PCR strategies. Overall, 145 of 163 (89%) patients demonstratghrs. The absence GICRGrearrangements was therefore rel&-
IGH positivity, including 125 of 158 (79%) by FR1c-JH, 121 oftively specific to children aged predominantly from 1 to 2 years. §
157 (77%) by FR2-JH, 18 of 37 (49%) by FR1f-JH, and 26 of 52 With regard to genotype (Table ZJCRGrearrangements weres
(50%) by FR3-JH. frequent inBCR-ABLand TEL-AMLY, were less so itMLL-AF4, g
The incidence of GH rearrangements as a function of age andnd were not seen iE2A-PBX1cases. The incidence in FT&
genotype is shown in Tables 1 and 2 and Figure 1. Rearrangemerggative ALLs varied with age, as above (Table 1). These dgta
were frequent in all categories, being highestB@R-ABLand demonstrate that illegitimatECRGrearrangements are absent in
E2A-PBX1and lowest inMLL-AF4 ALL and FT-negative adults, E2A-PBXIALLSs, infrequent inMLL-AF4, and rare in infants from

IGH Vi -Dy-Jiy
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Table 1. Incidence of fusion transcripts and IGH/TCR rearrangements as a function of age

Genotypes Rearrangements
MLL-AF4 TEL-AML1 BCR-ABL E2A-PBX1 FT-negative V32-D33
Age (mean) (%) (%) (%) (%) (%) IGH (%) TCRG (%) (%)
<2y(1.1yr) 2/10* (20) 1/10 (10) 0/10 (0) 1/10 (10) 6/10* (60) 10/11 (91) 1/11 (9) 6/7 (86)T
2-14y (5.9y) 0/52 (0) 17/52 (33) 1/52 (2) 3/52 (6) 31/52 (60) 68/74 (92) 49/74 (66) 10/23 (43)
15-55y (32.3y) 10/66 (15) ndf 17/66 (26) 8/66 (12) 31/66 (46) 57/66 (86) 40/66 (61) 6/33 (18)
>55y (65.3y) 2/12 (17) nd 7/12 (58) 1/12 (8) 2/12 (17) 11/12 (92) 8/12 (66) 2/11 (18)
Total 14/140 (10) 18/62 (29)8 25/140 (18) 13/140 (9) 70/140 (50) 145/163 (89) 98/163 (60) 24/74 (32)

FT indicates fusion transcript; nd, not determined.

*The infant with an uncharacterized MLL rearrangement is not included.
TThree-fourths in FT-negative infants.

FNot systematically tested, but 0 of 23 were positive.

§29% of children aged younger than 15 years.
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BCP-ALL T-ALL
Children Adults
Total [TEL-AMLI| FTneg | MLL-AF# | BCR-ABL | FT neg
Mean age 61 74 453 499 297
Patients 62 I 10 7 17 13 45
biallelic 37 8 3 3 10 ) 37
monoallelic 23 6 2 4 6 5 8
oligoclonal* 2 1(3 all*) [} 0 1 (5 all™y
Alleles
VfI-j1j2 54 20 9 1 11 i3 58
Ve-J112 20 4 1 3 7 5 4
Vyl0-J1i2 ! 1 3
Vyll-J112 ¢ ! 3 3
Total J1/2 79 25 10 ) 18 8 68
100% 55% 80% 69% 86% 83%
Vi-JPI2 16 7 6 3 9
V9-JP1i2 2 1 1 !
Vylo-JP1i2 i ! !
Vyll-JP1I2 1 ! 3
Total JP172 20 0 ] 2 7 3 13
0% 4% 20% 27% 14% 16%
VII-JP# 1 1 1
1%
Total Vil 71 20 16 1 18 16 &8
71% 80% 89% 10% 69% 76% 83%
Total alleles typed| 100 % 18 10 26/31% ‘ 2 ! 82 }
Meanpatient 161 1.66 18 143 1.82% 1.62 1.82
Map Vy Jy Cy Jy Cy
1 I m v WPLIYP Jy1 FP2 I
s 2
T T T s ™ va o 10 yB 11 11213 O 2p 23 O
A I T T

Figure 2. TCR V v and J v utilization in BCP-ALL. * Several patients demonstrated
minor fluorescent peaks that were not included. Only those patients in whom
oligoclonality was evident by ethidium bromide analysis or in whom more than 2 equal
intensity peaks were observed were classified as oligoclonal. The large number of
peaks observed in the BCR-ABL case precluded their inclusion for relative Vy and Jy
usage, but they were included in the total number of alleles. #One patient
demonstrated Vvfl-JyP1/2 and Vyfl-JyP rearrangements. FT indicates fusion
transcript.

1 to 2 years old, and that in the last-named, this is not diélLtb
rearrangement.

TCRD V$2-Da3

TCRS IN BCP-ALL VARY WITH AGE AND GENOTYPE 2257
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Figure 3. RAG1 and RAG2 expression in BCP-ALL. The 39 BCP-ALLs included 9
MLL-AF4, 11 E2A-PBX1 (1 slg* and 10 clgp™), 7 BCR-ABL (5 clgp.™), 1 clgp™
TEL-AML, 3 slg™* (not from the present series), 10 clgp.*, and 6 clgp.~, FT-negative
cases, including 6 infant ALLs. TCRG rearrangement was seen in 12 of 39 cases.

ments were seen in 13 of 24 (54%) TCR2/Dd3—rearranged and
30 of 50 (60%) \b2-Dd3-unrearranged casesd2+Dd3 rearrange- g
ments were present in all genotype categories (Table 2, Figure;;S),
with no significant differences. It is noteworthy thaCRD 32
rearrangements occurred in a proportiofe@A-PBX1cases, when €
they were seen in the 2 youngest subjects.

peojumoq

IGH and TCRG rearrangements according to
immunophenotype

It was possible that the lower incidenceT®@RGrearrangement in
MLL-AF4 and E2A-PBX1ALL resulted from relative immaturity
and maturity of the recombinase complex, respectivdiyl-AF4
ALLs classically present with a CD34 CD19", CD10", CD15"
profile® BCR-ABLand TEL-AML1 are usually CD34, CD19',
and CD10, and frequently express the CD13 and/or CDS&
myeloid markerg®2!E2A-PBXIALLs demonstrate a more maturel
phenotype, insofar as they often expresqudig@avy chains and areg

/96/pd-ajollE/POO|q/1eU"SUONEDlgNdysE/:

TCRDV82-Dd3 PCR was assessed in all subjects with known FTED34~ but CD10" and CD22 .22 Although surface CD20 (sCDZO)Q

aged younger than 2 years andl@&H V-Dy-Jy—negative, with appears before sCD22 during B-lymphoid developniéfftthe

818U

available DNA. Overall, clonal rearrangements were detected latter has been considered to represent an earlier markeg of

32%. The incidence correlated more closely with age than gerdifferentiation arrest®

220!

type, since rearrangements were present in a progressively lowedmmunophenotypic data for selected groups are shown in Taile
proportion with increasing age (Table 1, Figure 1). Mean age af All cases expressed CD19MLL-AF4 cases were indeeds
V82-D33—positive subjects was 15 years compared with 33 yeaedatively immature, as assessed by the absence of CD20 gnd €lg
for negative subjectsP(= .0004). In contrast, the mean age ofexpression. It is, however, noteworthy that CD34 expression igas
patients withTCRGrearranged cases was 23 years compared wigss frequent than ifEL-AML1and BCR-ABLcases, and sCD22§
18 years for those with negative casBs< .13). TCRGrearrange- was seen in 50% of cases. CD15 was expressed in 7 of 9 (7§%)

¥20c

Table 2. Incidence of IGH/TCR rearrangements and immunophenotype as a function of genotype

MLL-AF4 TEL-AML1 BCR-ABL E2A-PBX1 FT-negative FT-negative FT-negative*
(%) (%) (%) (%) < 2yrs (%) 2-15 yrs (%) > 15 yrs (%) Total
IGH 11/14 (79) 16/18 (89) 25/25 (100) 13/13 (100) 5/6 (83) 28/31 (90) 26/33 (79) 124/140 (89)
TCRG 7/14 (50) 15/18 (83) 22/257 (88) 0/13 (0) 0/6 (00) 20/31 (65) 19/33 (58) 83/140 (59)
V32-D33 5/13 (38) 6/16 (38) 5/23% (22) 2/13 (15) 3/4 (75) — — —
CD34 8/13 (62) 14/18 (78) 23/25 (92) 1/13 (8) 4/5 (80) — — —
CD10 0/14 (0) 18/18 (100) 25/25 (100) 13/13 (100) 5/6 (83) — — —
CD22 7/14 (50) 13/15 (87) 18/21 (86) 12/12 (100) 5/5 (100) — — —
CD20 0/14 (0) 6/18 (33) 11/24 (46) 4/13 (31) 4/6 (67) — — —
clgp 0/6 (0) 1/11 (9) 5/20 (25) 10/12 (83) 0/5 (0) — — —
CD13 0/13 (0) 7/18 (39) 8/24 (33) 1/12 (8) 0/5 (0) — — —
CD33 3/13 (23) 5/16 (31) 8/24 (33) 1/13 (8) 0/6 (0) — — —

FT indicates fusion transcript.

*Includes 2 cases > 55 years, neither of which demonstrated TCRG rearrangement. All cases expressed CD19. Only surface expression is considered positive, except for

clgu.. FT-positive cases are represented with their genotypic group.
118/20 (90%) in e1-a2 cases.
$5/18 (28%) in e1-a2 cases.
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MLL-AF4 but was not tested in the other categorieEL-AML1 cases demonstrated onlyw1J2 rearrangements, predominantly
and BCR-ABL cases demonstrated a similar immunophenotypiyfl. Among TCRGpositiveMLL-AF4ALLs (all adults), 90% of
profile, apart from more frequent glgand CD20 expression in the rearrangements involvedy8-Vy11, predominantly with y1/2.
latter. E2A-PBX1cases showed relative maturity, with rare CD34/yW¥10 and WW11 pseudogene utilization was virtually restricted
positivity, universal CD22 expression, and frequenpcpmpsitivity.  to this category. Among FT-positive cases;fiJyP1/2 rearrange-
CD20 expression was not, however, more frequent thahBb- ments were restricted ®CR-ABL and the only yP rearrangement
AML1andBCR-ABLcases. occurred in this category. These differences could not be explained
The incidence ofTCRG rearrangements in clgexpressing, by age differences, insofar as the age86R-ABLandMLL-AF4
E2A-PBX%negative patients was 7 of 14 (50%), compared with €ases were similar (Figure 2), as were thoseTBL-AML1 and
of 10 in clgu™, E2A-PBX%positive cases. The latter showed les§T-negative children. CertainyJy rearrangements did, however,
frequent CD34 (1 of 10 vs 8 of 14, respectively) and CD20 (4 of 1@iffer with age. \Wfl composed the vast majority of rearrangements
vs 9 of 14) expression but similar CD22 (10 of 10 vs 13 of 14in pediatric cases, whereasy9-Jy1/2 rearrangements were com-
expression when compared wiE2A-PBX*negative clg.” ALLs, moner in adult cases.WI-JyP1/2 rearrangements were common
thus not clearly demonstrating a distinct stage of maturation arrestFT-negative children.
These data suggest that a relatively late stage of maturation arrest iSubtyping of Wfl members® was undertaken for 65 alleles (48
unlikely to explain the complete absencedRA-PBX1cases. Jy1/2, 16 3P1/2, and 1 2/4-JyP), but no particular dif'ferencesU
Identification of an immunophenotypic category equivalent tawere noted between different subgroups (data not showytd/ £
MLL-AF4 cases was more difficult, insofar as CD10 negativity wagarrangements were restricted to 8€R-ABLand TEL-AML1
the most characteristic abnormality in this group but was identifieditegories (2 cases each).
in only 3 MLL-AF4-negative KILL germline) cases. We therefore
compared the incidence ®CRGrearrangement amomMdLL-AF4 Gv,,-D,,-J,—negative patients by PCRs
cases using CD34 positivity as an indicator of relative immaturity,
or CD22 positivity as an indicator of relative maturity. NoFifteen patients (9%), including BILL-AF4 and 2 TEL-AML],
differences were observed (data not shown), suggesting that Wiefe negative for all 4GH according to PCRs. To determing
lower incidence oTCRGrearrangement iMLL-AF4 cases is not whether these patients had undergoneearrangement, Southerrﬁ
due purely to arrest at a particularly early stage of B-lymphoi@ybridization with a J6 probe and/or PCR detection of partlaﬁl
development. Du-Jy rearrangements were performed in 14 cases. Results of li)th
The absence of CRG rearrangements in the 6 FT-negativeanalyses will be presented in greater detail elsewhere (unpubllﬂled
infants was not due to a particular immunophenotypic stage @fta, F.D. et al, 1999). Nine of 13 (69%) evaluable patients Had

gndyse//:dyy wouy papeoju.

maturation arrest (Table 2). undergone partial - J4 rearrangements, which were oligoclonal |§
4. All 3 MLL-AF4 belonged to this category, in keeping with ag
RAG1 and RAG2 expression early stage of maturation arrest. Four ALLs, including bo%

TEL-AML1cases, had undergongdeletion.
To determine whether the absenceT@RGrearrangement was  From a practical point of view, 7 of 163 (4%) patient
secondary to loss of recombinase activifAG1 and RAG2  demonstrated neithé6H V-Dy-Jy nor TCRGclonal rearrange
expression was assessed by RT-PCR in selected patients. Analygdsits by PCR. One waLL-AF4-positive; 2 wereTCRD
of 2 patients with essential thrombocythemia showsG1and V§2-Dd3—positive, and 2 demonstrated clongl-I) rearrange
RAG2 transcripts in bone marrow but not in peripheral bloodments, thus allowing PCR follow-up. One demonstrated oli
consistent with their detection in B-lymphoid precursors (data nefonal D;-Jy, and as such, would be difficult to follow. Only 1 cas
shown). We analyzed 17 blood and 24 bone marrows from 2 maty&monstrated no PCR marker.
B-cell leukemias and 39 B-lineage ALLs (Figure 2). All cases other
than the 4 surface fg(slg™) ALLs (1 of which wasE2A-PBX1+
positive) and both mature B-cell leukemias wB&G 12-positive, ) )
although 1 clg.* E2A-PBX1bone marrow was onhyRAG2 Discussion
positive. Positive cases included 10 gl§2A-PBX1 9 MLL-AF4,
and 6 infant cases (Figure 3). Failure to rearraf@RGis not
therefore due to absence of RAG activity.

8d61/v5z:
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In this manuscript, we demonstrate that, wheré@sl V-D-J
rearrangement varies little with BCP-ALL subtype, this is not the
case for “illegitimate”TCR rearrangements. We confirm that the
incidence of theTCRD V82-D33 rearrangements decreases with
agé! and show that the incidence and typeT®RGrearrange
TCRGV~y and ¥ utilization was assessed by multifluorescentients vary with genotypic subgroup and is virtually absent in
run-off (FIURO) analysi® for 62 patients demonstrating a clonalinfants aged from 1 to 2 years. The overall incidence and type of
TCRGrearrangement by EB PAGE. Thré€ERGnegative patients TCRGrearrangements are similar to those reported in 202 child-
all demonstrated only residual polyclonal rearrangements b@wod BCP-ALLs, based predominantly on Southern blot anaf§sis.
FIURO analysis (data not shown). Data from 45 T-Allare Minor differences include a higher incidence ®CRG JyPY¥2
shown for comparative purposes (Figure 2). As expett&CP- rearrangements in our series (21% vs 13%), which probably
ALLs demonstrated a higher proportion of monoallelic rearrangeeflects the fact that these rearrangements are more easily detected
ments and a lower mean number of rearranged alleles per patieptPCR than by Southern blét,and the presence of W8-Jy¥>
than T-ALLs. W9 rearrangements were commoner in B-lineageearrangements in the present series (8% of rearrangements) but not
ALL (P =.006) and Wfl-Jy1/2 less so R = .03), but no other in Szczepanski et &l. Rearrangement incidence in Szczepanski et
major differences were noted. al% was correlated with immunophenotype but not genotype. It is
The types of rearrangement differed in the subgroups (Figuikely that the CD10 pro-B category (fewer than 5% of patients)
2). E2A-PBX1land infant cases are obviously abserEL-AML1 corresponded to ouviLL-AF4 cases and part of the glg pre-B

TCRG Vvy and J+ utilization
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category (30% of patients) to olt2A-PBX1cases. Absence of to rearrange the locus that have not been superseded by subse-
TCRGrearrangement was seen in 25% of pro-B and 15% of pregient attempts.
cases, compared with only 2% of common ALL, in keeping with Several arguments from our series of, predominantly adult (12

our observations. of 14), MLL-AF4 ALLs favor relative genotypic immaturity: the
Several explanations for the variable incidence TWERG low level of TCRGrearrangements predominantly involving/®
rearrangements are possible. 11, overrepresentation of partigH D-J4 rearrangement, and the
relatively high incidence of partidlCRDV32-D33 rearrangements
RAG activity (38% overall, 27% of adults). The partBCRDV$2-D33 rearrange-

ments occur more frequently in children than adults, respectively
Differential expression ofRAG1and 2 could not explain the representing 70% and 40% GICRD rearrangementd. TCR Vy
aforementioned differences, since the oRpGnegative ALLS ilization was strikingly different from all other BCP-ALLs,
were those expressing slg, as previously describ&tis was, in jnsofar as 9 proximal Vly9-11 were involved in 90% of rearrange-
any case, an unlikely explanation, since it would imply coordinai@ents, compared with 18% of noW:L-AF4 cases. This may
occurrence of illegitimatd§ CRGandTCRDrearrangement, which yeflect absence of “secondary rearrangement” by upstream V

is not the case. segments. These data are in favor of oncogenic conversion at an
early, immature stage of ontogenic development, at the transition, of
Maturity Dy-Jy to Vy-Dy-J4 rearrangement, after tHieCRDlocus becomes§

accessible to at leastd2-D33 rearrangement and at the onset &f

E2A-PBX 1 flect ic t f ti illegitimate TCRGrearrangement. This is in keeping with observg-
cases, an - cases may refiect oncogenic ranslormatiof), s thagvLL-AF4 rearrangements in children occur during fet4|

of a particularly immature or mature lymphoid precursit.L- development®4© It is, however, striking that the present series

AF4 cases were, as expected, immunophenotypically Imm"’mJngresents predominantly adult cases (mean age, 47 years). §

rttle_restlng_ly, (ﬁD34 negatlvnyh Washarggf F():g?(wm_onlm;L-AFf Applying the same model to infant BCP-ALLs would suggest
than in all categories other t ] Lincluding the ¢ they have undergone transformation of a more immat%re

potentially immature|GH Vy-Dy-Jy-unrearranged group. Thelymphoid precursor in which thECRGlocus is not yet accessible g
recent demonstratihthat the earliest hematopoietic progenltor§,et in which TCRD accessibility is much more pronouncecﬁ

are CD34 suggests that CD34MLL-AF4 cases may be MOTe 5 A-PBX1cases would have to be explained as transformation ga

The low incidence ofTCRG rearrangement itMLL-AF4, infant

poietic progenitors demonstrating multilineage poterfialyas
seen in 3 of 5 CD34 MLL-AF4 cases but in 0 of 8 CD34cases.
CompletdGH V4-Dy-J4 rearrangement was, however, seenin 4 of24

5CD34 cases.

The arguments for relative maturity as an explanation for thEe most interesting potential explanation is th2A-PBX1
total absence offCRG rearrangement irE2A-PBX1ALL are expression is directly or indirectly responsible for rendering tBe
weaker. TCRG rearrangements were seen in 50% of I_E.|g TCRG'OCUS inaccessible to |”eg|t|mate recombination. Wlld'typ:é
expressingE2A-PBXLnegative patients. It is not therefore theE2A plays afundamental role in regulating lymphoid developmeft.
presence of clg that renders theTCRG locus inaccessible. E2A™~ mice demonstrate a total block in B-lymphoid developmegt
Although we cannot exclude the possibility tHE2A-PBX1cases With absence of B-J4 and \-Dy-J4 rearrangemerft.“2Loss of g
are more mature than thei2A-PBX%negative clg-expressing E2A also leads to a block in T-lymphoid development, wit@
counterparts, comparison of CD34, CD20, and CD22 expressigfivelopment of thymic lymphoméa3 Cell lines derived from the £

«Q

was not in favor of this, and the relatively subtle differenceidtter undergo programmed cell death in the presence of enforged
observed would be expected to lead to a diminution, rather tharfFgA expressiort; suggesting thaE2A products can act as tumok
complete absence, GICRGrearrangement. Similarly, the virtual SUPPressorsE2A™'~ mice demonstrate a switch from adult tg
absence oT CRGrearrangement in infants cannot be explained oi¢tal-type TCRd lymphocytes and'CRGand TCRD rearrange- 2

the basis of maturity, since they are immunophenotypically similgients'® E2A does not appear to modulate germline transcription$f
to TEL-AML1andBCR-ABLcases. TCRGbut may target the recombinase to specific recognition signal
sequences (RSSs) since consensus E2A-binding motifs were
identified in the linker sequences of almost all muring &hd

V3 RSSs

It is possible that different types of BCP-ALL undergo oncogenic Cytogenetically, the majority (approximately 75%)f t(1;19)
transformation at distinct stages of ontogenic development widlie unbalanced, being associated with loss of the der(1) and
respect tof CRaccessibility. Accessibility of th€e CRGandTCRD  potential PBX1-E2Areciprocal transcripts and duplication of the
loci must be independently controlled, since we show that rearrangermal chromosome 4.Consequently, onlfE2A-PBX1has been
ment at these loci does not occur in the same subgroups. Physiolocgnasidered to be oncogenic, strengthened by the factPtBatl-

ical TCRDrearrangement preced€€RGin human thymug®with  E2Atranscripts have not been seen in t(1;19) cell lines or patient
D32-D33 occurring prior to \3-D3. V32-D33 rearrangements were material?®4° as confirmed here. Against this, however, is the
not seen; these are virtually restricted to BCP-ALLs. Duringbservation that patients with the unbalanced form have a rela-
lymphoid development, early fetal and immature precuiGet,31-32  tively good prognosié’ suggesting that something on the der(1)
TCRG?®*% and TCRIF%-38 gene rearrangements preferentially inmay add oncogenic potential. This difference was, however, only
volve 3, J proximal V segments, whereas a wider range, includirggen as a trend by Pui et®l.

5 V segments, are found in mature lymphoid cells. Identification E2A-PBX1leads in all cases to haploinsufficienE2A™~ mice

of Jy proximal Ay utilization may also reflect preliminary attemptsdemonstrate a partial reduction in B lymphocytesd deregulated

become inaccessible.

91/¥522/9/96/4pd-ajoIETBO
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TCRDgene segment usadfesuggesting thaE2Ais rate limiting. It promiscuity. The recent demonstration that losBAX5expression

is therefore possible tha2A haploinsufficiency iInE2A-PBX1 uncovers multilineage potential in pro—B-lymphoid cells, including
BCP-ALL may directly interfere with B-lymphoid developmentmyeloid and T-lymphoid development under appropriate condi-
and/orlG/TCRrearrangement. The similar phenotype observed tion 5253suggests that assessmenaK5status may be interesting
E2A-HLF and E2A-PBX1transgenic mice has been suggested to these BCP-ALLs.

represent an oncogenic effect mediated by interference with

wild-type E2A5! Loss of wild-typeE2Aactivity would be expected Practical significance

to lead to impairment ofGH V-Dy-J4 rearrangement, which we ) ) ) ) o
show is not the case. It might also be expected to inhibit adult fifom & practical point of view, the variable incidencesTGRG

favor of fetal-type TCRG rearrangements. The absence of botAnd TCRD rearrangements observed in BCP-ALLs of different
adult and fetal CRGrearrangements iE2A-PBXIALLs suggests 29€S and genotypes_ sugg_est that the relative represgntatlon of the
either thatE2A loss is not relevant to this process or that, in glifferent subgroups identified here should be taken into account
B-lymphoid backgroundE2A dosage may be even more IimitingWhe“ these rearrangements are used as universal markers for
than in a T-lymphoid background and may be necessary even fgplecular follow-up. As an example, use BCRGwill lead to

fetal-type rearrangements. underrepresentation 82A-PBX1MLL-AF4, and infant cases, and
use of TCRDV82-D33 to underrepresentation of older children.
Infant ALLS The use of certain ¥-Jy combinations will exacerbate thisgD

Obviously this tendency will be minimized by the use of seve@al
The basis for the virtual absence ®CRGrearrangements in |G/TCRtargets per patient, as is widely recommended in ordergto
infants aged 1 to 2 years is unclear but is not duditd -AF4  requce the risk of false negative results. Based on this series, ordy 3
rearrangement or immunophenotypic immaturity. The changg 160 (fewer than 2%) patients failed to demonstrate at Ieag3 1
from an infantTCRGprofile to a pediatric one occurs abruptly abcRr-amplifiabldGH, TCRG or TCRDrearrangement. It is likely S
the onset of the peak of childhood ALL. It suggests that infaRhat the wide applicability of these markers, along with receht
ALLs without MLL rearrangement represent a distinct subtypgncouraging data with regard to their predictive value in childhogd
of ALL rather than the lower end of the spectrum of pediatrica| | 1213wl lead to their increasing use in the management &f
type BCP-ALLs. BCP-ALL. Our data suggest that results using these markers shuld

o be interpreted in the light of accurate genotyping at diagnosis.
TEL-AML1 and BCR-ABL BCP-ALLs are similar

TEL-AML1 and BCR-ABLALLs showed similar phenotypic and

genotypic features. The only immunophenotypic difference ob\cknow|edgments

served was more frequent glgexpression inBCR-ABL cases,
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in BCR-ABLcases. These data suggest that, despite the strikingf), Xavier Troussard (Caen), Alain Bourguignat (Centre Re
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