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Summary

The presence of N sequences in the complementarity determining region 3 (CDR3) of the rearranged
immunoglobulin H chain is developmentally regulated: N regions are generally present in the
DJ. joinings of adult B cells but are often absent in fetal B cells. Analysis of the CDR3 in 61
B precursor acute lymphoblastic leukemias indicated that 87.5% of the leukemias obtained from
children €3 yr old lacked N regions at the DJ junction. In contrast, in children >3 yr old,
only 11.1% of the leukemias lacked N regions at this junction, a frequency similar to what we
have observed in B cells from children and adults. These findings suggest that the majority of
leukemias presenting within the first 3 yr of age arise from an in utero transforming event.

Hypervariability within the CDR3 of the human Ig H
chain is initially generated at the time of VD] joining
by the recombination of multiple Vi, D, and Ju gene seg-
ments (1-3). This VD] recombination process is dependent
upon two recombinase enzymes, RAG1 and RAG2, since
mice deficient in either gene fail to produce lymphocytes with
rearrangements in their Ig or TCR loci (4-8). Exonucleo-
lytic activity produces joinings in which germline nucleo-
tides are lost from the ends of the joined segments (1-4).
Variability is increased when nontemplate-derived nucleotides
(N regions) are added between joined gene segments through
the action of another enzyme, terminal deoxynucleotidyl trans-
ferase (Tdt)! (1-4). In both IgH and TCR rearrangements,
palindromic (P) mono- or dinucleotides may be found adja-
cent to a recombined gene gene segment when the segment
is present in its entirety. These germline-encoded nucleotides
arise from a flip-over mechanism of the 5’ end of one strand
of the joining segment (9).

The developmental regulation of N region addition has
been demonstrated in both mice and humans (10-13). DJ.
joinings that lack N regions are found more frequently at
the fetal stage of development. No more than 5% of the DJ,
junction sequences of B lymphocytes present in murine fetal
liver contained an N region, whereas in newborn mouse spleen
and liver, 5-23% of the DJ. junctions had N regions

t Abbreviation used in this paper: Tdt, terminal deoxynucleotidy] transferase.
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(10-12). In contrast, a significantly higher percentage of DJy
junctions with N regions (64-73%) were found in B cells
from adult (4-8 wk) murine spleen (10-12). A similar trend
was found in human B cells; evaluation of >500 DJ, joining
DNA sequences obtained from human fetal, neonatal, and
adult lymphoid tissue revealed N regions at the DJ, junc-
tion at frequencies of 68%, 86%, and 91-100%, respectively
(13, 14). Together, these observations suggest that CDR3
sequences lacking N regions at the DJ, junction are repre-
sentative of a D], recombination event that occurred during
the time of fetal development when TT activity may have
been absent. Indeed, in the murine system, TdT levels rise
slowly in the developing thymus, which correlates with the
absence of N regions in fetal TCR~y/ rearrangements (15,
16). Similarly, in the murine B lymphoid system, TdT was
not detected in fetal liver but was demonstrated in adult bone
marrow B lineage cells (16).

The functional significance of the absence of N regions
in the early stage of development is not clear. Gu et al. (12)
speculate that the absence of N regions implies predominant
expression of germline-encoded specificities. Thus, idiotypic
interactions in a germline-encoded network might play a func-
tional role in the development of the antibody repertoire early
in ontogeny. In newborns, Feeney (10) found a higher per-
centage of N regions in productive vs. nonproductive rear-
rangements and speculated that this increase suggests a
preferential activation of B cells whose IgH sequences con-
tain N regions by antigens or cellular interactions. Alterna-
tively, IgH sequences with N regions might have an advan-
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tage in the transition from pre-B cell to B cell, perhaps through
enhanced binding to surrogate L chains.

B lineage acute lymphoblastic leukemia (ALL) of child-
hood results from the transformation of B precursor cells and
their clonal expansion (17-19). We reasoned that if lack of
N regions at the D], junction was a marker for fetal-derived
B cells, then leukemias arising from an in utero transforming
event should show a bias for DJ, joinings that lack N
regions. Furthermore, the age distribution of leukemias lacking

N regions at their DJy joinings might provide insight into
the length of time required to develop clinical disease from
the time of the transforming event.

Materials and Methods

Source of Cells, Bone marrow samples with >70% lymphoblast
replacement were obtained at diagnosis from 63 patients (6 mo

PATIENT AGE

CON COSE  (HONTHS) b N J nEF
ce6-111 2.5 (LA4)  AGTACTRBCTGCTAT CTRCTACTACTAC TACATOGACRTT ®) 26
c1-102 H (M) SGTATAACTOSA ACTTTSACTACTSDSSCCASSIRACCT (1) 27
c1-10 (Ne)  GAGTATRBCWSCT cTacTACT ® 2
c208-116 7 (N4)  TGTABCASLTCGLLC e ACTACTACTAC TACGETAGTC . 27
T208-129 £21718) TATSATIACBTTTEEO8ASTTATCGTTATAGS ) TACTACTACTACTACATGGACBTCTBBSRCCARGBBACCAC (8) 27
208-136 (LR1)  TATTCBTACETRCBTACCAGETGC " TACTACTRANGTAGTCTEEGECCANGRSALERT (6) 27
£76-105 14 {n) GRGTATAGCATCTCOE AACTEET T (%)
c16-128 (XP4)  GTATIACGATTTTTGGAGTGATTATTA Lac TACTACTACTACGG TRTGGACHTE 6)
t439-111 18 (XP9)  MGTGSTTRTCCCT ATTACTACTACTACTACEST! ¢ (8)
c13s-124 .S (LAZ)  GTGHOABCTACY CTACTACTACTACGBTATGGACGTCTSGSSCCARBEBRCCAC (6) 28
es5-11? 22 (LAY)  GTASTACEASCTRCT oV TACTACTACTACTACEB TATEBACBTETRUBCCRRSSONCCAC (6) 27
©85-113 2 (P1)  GATATTTTORCTEETTATTAT ACTACTOSSICTABBRARCCET  (9)
€96-100 H R (LAT)  ACTAATSBTGTATGCTATAC stc GACTACTSGSSCCASBARACCET (4)
£95-119 (KP1)  ATTTTSACTSBTTA ALCCTACTACTACTACGE TATGGACOTL 8)
£433-88 H3 (4P' 1) CGGOGAE A (N1) G6GTA TTGACTACTSSSBCCABBBRACCET (1) 27
C433-107 (P1)  ARBESTT ATTACTACTAL TATRETC ) 27
£100-131 s (N1)  TATASCABLAGCTSS Loe TACTACTACTACBG TRTESACSTCTEBUBCCARSRBATENE  (5) 27
¢178-10¢ s (XP*1) TCCTATBATTCOBBORST CatteCEETRTGGALTETGTORCCRARINCEAT (§) 27
170-105 (KP1)  TACOMTATTTTBACTSBTIAT (GGTTCEACCCCTORANCTABBBMLLET (5) 27
cT31-9% 0 (x1) GATTAC TACTTTIGACTAC T (1)
cT70-101 2. (P4)  TGATASTISTG (OINY) CCTGECC GACTACTSGBBCCASIBACLET (4)
c770-107 (HQ)  TAACTSBGGA TBAD (DIM)) TTAGGAGCTTIGA CTACTAGEGCCAGBSARCLEY (4)
c111-108 ns (M) CTARCTSS aTECTTTTGATATCTSERBCCABISACART (3) 28
T209-85% n.s (XP11) ATEACTEBNSERS SACTACTESSECTASSBARCECT (¢) 2?7
£68-101 .5 (LA1}  RGEATATTATRECA ceeses GACTACTGGESCCAGSBARCCCT (§)
c60-105 (XP4)  ATTTTTOBASTESTTATCTATATACC ot GACTACTEGBOCCASSOARCECT (1)
cs8-122 (K1) GTGOATRTASTSBTCTCON (NI) AGCAGCASCTBGTAC TGACTACTBEBBCCASRORNCCET (1)
r26-10% » (1) GTACCABCTRCY 1CCT506 GHTATGEACSTCTSSGECCANBRBACERT (6) 27
£200-98 b (N4} GGETATAGLAGCTCSTC e TTGBETACTGBBSCCASESARCELT (4)
c206-119 1.5 (XP1)  ATTTTGACTGSTTA AACCCCCTGOR TACTACGE TATGGACGTCTUSHETTANGSSALLAT (6)
£388-107 9.5 (HQ)  TAACTSSGEM BCGAT (L1) GTGTGTE ) TCTOSUSCCRRSBBACART ()
£s21-112 4 (L4)  TROTAGTACCAGCTGLTATS s TGGTTCGACCCETEG66CCABEBARCLCT (5)
tszr-121 (L1)  GGTGTATBLTATAC 1668 TACTTTOACTACTOGEGCCABESARCTTT (1)
£69-10¢ "s (N1} TACASTRACTAC G5G(T) ACTACTTTGACTAC T ()
©59-105 (XP°1) ATINCBATTTTTSGAGTSGTTA ATGACTACTEBBOCCASSSARCELT (4)
c197-139 [t (LA4)  TATTGTASTRGTACCAGTT TGT (XPS) CCATANACGACATAR areer TACTACTACSGTA t ®)
€132-137 1% (LA2)  GGATATTETASTSGTEGTAGCTGL CTGA (K4) AGAGCICANTEGT ATES ACTATTACTACOG TATGGACSTCTAGUSCCABBBACERT (6) 27
c72-968 ® (LA4)  GTAGTRSTACCASCTOCT TAGGEGCTA CTSGISCCABBBAACLCT (5)
£344-99 4 (HQ)  ACCTBGOER 1CC66TTGE GACTACTEGIBCCABSAARCELT (1)
TITe-113 s (XPYM)  TATTACTATEGTTCGGGGAGT eac ARCTBETTCGACCCCTROBGCCADBBARCLET (S)
£510-180 53 (N¢)  TAIASERGT AGETEGT ACTACTGBBBCCAGESARCCLT (1)
€199-121 8 (LA9)  GATATTSTAGTRGTACCAGC TGCTATAC WCTACTACTACSG TATGOACBTCT %)
©92-123 1] (#P1)  ACORTATITOACTGGTTATTA 66ECCCTEEG CTACTACGG TATGGACGTCTGRGBCCARBORACCAT (5) 20
£S15-116 5.5 (XP4)  GTATTACGATTTTTOBABTGOTTAT CSARTG ATGCTTTTGATATCTGOG6CCRBBBACART (3}
c113-10% 66.5 (N1) AGCTGE GTCATE NTGCTTTTGATATLT )
c113-148 (LM)  ACCAGCTSCTATGGC GG (LAZ) MGMATATTGTAGTGGTGGTAGCTGCTACTC cTACTACTACTACGG TATGGACGTCTGEEECCARSBGACERT  (6)
£94-124 .S {21/3) BTAYIACTATGATASTAGTSGTYATTACTA (DIN1) GGGGCLCTTEGR ) TGACTACTEBBBCCABBSAACECY (1) 26
£136-114 0.5 (LR4)  GATATTETAGTAETACCAGE TGCT GACTGETTCGACCETGERSTCABRRARCTTT (5) 28
£552-104 .5 (A1) ACAGTRACT ACAGAARTGAASTR (21/9) ATGATA " TS08BCCAGBEARCCCT (1)
te22-114 b2 (LA3)  TATTOTOSTSSTOACTSCTAT GACCT (HQ) ACTBGAGEA (3] TenssceaTesCACECT (1)
£432-90 7.5 (DIA2) GGAGEC GARGGCTT 6
£432-98 (K9)  GGATACAGCTATGOT 3
t221-123 7 (21/9) STATIACTATSATAGTAGTGETIAC CAGAGE ACTTTGACTACTSSGBCCABSSMACCTT (1) 26
140106 0 (n1)  ARCTGSAAT cetTm GGACTACTACGE TATGOACE TCTRINECCARBRSACEAT  (6)
T130-114 5.5 (N1} GGGTATRGCRGTGECTGE 66T6 ATGCTTTTGATATCTGB6GCCARSBBACART (1) 27
c102-109 0.5 (N1)  ATAGCAGCAGCTGH TTGACTACTGGOSCCABSSAACCTT (1) 26
ALLY-155 102.5  (21710) TITGGEGAGTTAT GGCCGGGYTCT (OIM2) CCRCCACGTTGECTCA GTGGG (XP1) TACGACTTTGACT R TGEBBCCASBBAACLET (1) 24
ALLI-160 (21/5) ATTACTATGATAGTAGTGGTTAT CGGGCGGTGOECACCEGEGATABOLET (21/9) ACTATGATABTAGTEGITAT € (DIR) S6GIGTGEET o CTGBBCCAGBBACCTT (1) 24
t52-121 112 (LRe)  GGATATTETAGTRBTACCAGCIGCTAT CTACTACTACATGOACBTE ) 2
€52-132 (L3)  NGCATATTGTGGTGGTERCTGCTACT GAGCARC(GT) ACTRCTTTGACTACIGGUGCCADRRAACLTT (1) 28
£60-60 120.5  (01R2) CCGGCAGCCCCH sGAcT TACTEGEECTAOSGANCCTT (1) 27
T24-10¢ 130 (XP*1) GETTCGO6D CGECGEAT TATGBACBTCTSGGSCCARBIBACCAL  (6)
c137-121 142.5  (N1)  TGGCAGYGGLTGGTAC AR (bIR1) GGGCGGGLCATCCGTANGE TACTTTGACTACTEGEGCCAGEBARCCCT (4) 28
£230-133 146.5  (LR1)  TATTGTACTARTGGTGTATGLT C6ITAT TACTACTACTACCGGTGCGTCTEG66CCANGBEACEAL  (6)
£220-120 1¢8.5  (LR4)  TIGTBEGABGBACCAGCISC cerece TTACTACTACTACTACTACATGGACGTETGGEGCARASEEACEAL  (6)
T290-112R 168 (LRI)  CATATTGTGGTGGTGATTGCTATY AR GoACCAC (5) 27
€211-123 169 (21/9) GIATTACTATGATAGTAGTGGTTAC CAGABG ACTTTGACTACTGGGGCCAGGEARCCET (1) 26
c211-135 (XP4)  GATTTTTGGABTBGTTATT TCGTA (21/9) AGTGGTTARTT T TTACTACTACTACTACATGGACSTCTGGGECCANGRBACEAC (6) 26
C185-156 173 (LRZ)  AAGATATTGYAGTGETGGTAGCTGCCTET (21/5) GTATTACTATGATAGTAGTGGTTATTACTR EGCE CTACTACTACTACGGTATGGACGTCTGGGECCARBESACTA (8) 27
€158-137 15 {x1)  GGCTACBATTA BGTC (21/9) ATTACTATGATAGTAGTEGTTATIAGR £1acTACTACTACGE TATGGACGTCTGGGECCANBEEACLAL  (6)
[2285H 178 (LR4)  ATTSTRGTAGYRCCAGCTSCIAT TT (L4) TAGTCGAAGCGAGCTSCTAT IGTAGE CTACTGDGGCCAGESARCETT (1)
£771-158 (LA¢)  GATATTBTRGTAGTACCAGCTGCTAT CGAGGTCTTGTGGACCCCA (21/9) ATTACTATGACAGTAGTGGTTATT TARTCCCA TTTGACTACTEUGSTCABRGRACETT  (4)
€372-115 183.5  (#P4)  GTGGTTATTATA TT (DIN1) GAGGATAG [ CTACTACGGTATSGACBTCTSGGSCCARBBGRCERC  (6)
T138-105 187 (LR4)  WGTACCAST £Cos CTGGTTCGACCCC TEGGECCABEGANCEET (S) 28
t212-11% 191 (K1) NTGGTEGCTACG (DINZ) GGGGEGTCCORGE A8 CTGGTTCGACCTCT ¢1 (5)
t252-113 191.5  (LR4)  GATATTBYAGTAGTACCAGLTGCTAT (13 GACTACTEGE6CCAGEGARCLET (1)
t252-122 {M1)  GGGTATEB BTTTATEEST (21/5) TATGRATAGTAGY LECTCCCCEA ACTACTGGGOCCABEEAREELT (1)
£130-122 204 (LA2)  sGTGETARCTCE 666 RGTACTACTAC TACGOAGETCT ac (6) 27
©260-106 210.5  (xP'1) GGTTLGGGGAGTTA setTe ATAACTEGTTCOACEEC teT (5) 26
£507-95 212.5 (K1) AGTGECT 6GCCCCO6E 65 TATGGACGTCTGGGECCANGEEACCAT  (6)

Figure 1. DNA sequence of the DJ, region from 61 cases of B lineage lymphoblastic leukemias. The first column indicates the sequence code (case
number and the length of the CDR3, including the Vi and J, primers). Each sequence is subdivided into D (and when applicable multiple D with
intervening N regions), N, and J, (5’ end) regions. Germline D and J; segments with maximum homology to the segments used in the CDR3 se-
quences are shown to the left and right of these segments, respectively. P nucleotides are enclosed by parentheses. 5’ ends of J, segments sharing ho-
mology with the 3’ end of the D segment are indicated by lower-case letters. References are shown where the indicated sequences have been previously published.
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to 17 yr) with ALL. Morphologically normal bone marrow samples
from three children (21-26 mo) with solid tumors obtained on rou-
tine staging were used as a source of normal marrow B cells. Con-
sent was given by the patients or their parents and by the Com-
mittee for Protection of Human Subjects at the Children’s Hospital
of Philadelphia.

Diagnosis of ALL in each patient was based on standard mor-
phologic and histochemical parameters of the leukemic cells. The
B cell precursor lineage of these leukemias was confirmed by im-
munophenotyping in which all the leukemias expressed the B lineage
antigens CD19 or CD10 and were negative for T cell antigens (20).

DNA Amplification, Cloning, and Sequencing of CDR3.  Marrow
cells were fractionated on a Ficoll-Hypaque gradient (d = 1.077)
and genomic DNA was isolated from mononuclear cells by estab-
lished procedures (21) or by rapid cell lysis using nonionic deter-
gents (22).

PCR. was carried out as described (23) using an annealing step
at 55°C for 1 min, an elongation step at 72°C for 305, and a denatu-
ration step at 92°C for 1 min (14, 24). The V,, and ], nucleotide
consensus primers used in the PCR and the J, consensus (J.C)
probes used for screening have been described (14, 24). These con-
sensus primers do not preferentially amplify CDR3 sequences con-
taining specific J, segments (14). Restriction endonuclease diges-
tion of the PCR-amplified DNA, electrophoresis in a 4% Nusieve
agarose gel (FMC Bioproducts, Rockland, ME), purification, and
cloning of CDR3-containing bands were performed as described
(14, 24). Positive clones were picked up randomly (10-20/sample),
and a double-stranded DNA template was prepared and screened
by T lane sequencing. In each leukemia, from one to three different
T lane sequences were identified that were present in multiple copies
and were fully sequenced using the dideoxy method (25). In each
normal marrow all the T lanes contained different sequences and
~20 sequences were obtained from each marrow.

PRTIENT 0

CDR3 CODE

c100-9% (LR3) GGRGGTGAT

C100-91R (LR2) 66TRGC GA (HQ) TGGGGA

€100-94 (k4) GCTATGE

€100-102 (21/10) GGGGAGCT (DF16) ACTACGGGGT
€100-103R (HQ) CTARCTGGEGA

€100-106 (21/9)  TAGTEGTTATACCAC (DIRI) CCACCAC
€100-109 (LR¢) GTACCAGCTGCTATAT

C100-109A (N1) GTRTRGCAGTGGCTGETRC (N1) CAGCCGGT
€100-1098 K1) RETGECTACGA

c100-115 (N1)
€100-1158 (xp4)
€100-132 (®P'1)
€100-136 (n2)

BGGATAGCAGTGGCTGGT  (DIRY) CCCACCC

GAGTG6 GAGC (XP4) TACTRCGATGTT

AGGETTCG (LA3) TGTTGATTG G6T (Kt) TGGATATRGTGGCTACGAT
TACGGETTA GGACTT (LRS) TACTACTCT TCGGGACCC (DIR2) GGGCGGGG

c170-97 (21/9)  ATTACTATGATA

C128-103 (LA4) GTTGETRCTA (DIR1) GGGGRCGGGHT
ci1re-117 (XP'1)  GTTCGGGGAGTY

cire-21 (LAt) TCTAGGAGTACCAGCTGCTATG
cire-122 (M) RGCAGCAGCTE

c178-1228 (xp'1)
C178-135 (21/9)
C178-136 (DIR1)
C170-136R (LRY)

GTATTACTATGETTCGEGGAGTTATT
TACTATGATAGTAGTGGTTATTACTAC (21/10) RTCATTAC
GGTCCTCCAGE CACE (21/9) ATTRCTATGATAGTAGTGET
TAGTACGGCAGCTGCTA CA (N2) ARCCGGGA

ci11-103 (21/9)  RGTRAGTGHT
citi-106 {XP4) G6TTTTTE6GAGTGETTATTACE
Ct11-1068 (XP'1)  TTACTATGGTTCGEGGAG

(k¢) GTGGATACAGCTATGE

cIi-124 (21/10) TTATGATTACGTTTGGGGGRGTATCGTTA
Ci11-139 (21710) 71 RGA ACCTTT
CI11-145 (LR2) GGACATTGTAGTGGTGETAGCTGCTAL

ciir-112

Figure 2.

TTA (DIR2) TCGGGATTGGGCTT R {Nt) ATAGCAGCAGCTGG

DNA Sequence Analysis. DNA sequencing data were analyzed
for utilization of D and ] segments using the sequence analysis
software pack (Release 5; Genetic Computer Corp., Madison, W)
at the University of Wisconsin and a Micro Vax II computer (Dig-
ital Equipment Corp., Marlboro, MA), according to described
criteria (14).

Results and Discussion

80 DNA sequences of VDJ joinings from 61 B lineage ALLs
were analyzed for the presence of N regions at the DJy junc-
tion (Fig. 1). Overall, 31/80 (38.8%) DJ. junctions lacked
N regions, a frequency higher than that reported for human
adult tissues and similar to that found in human fetal tissue
(13). When the percentage of leukemias lacking N regions
was analyzed as a function of age at diagnosis, a striking pat-
tern emerged: in patients <3 yr old, 87.5% (14/16) of the
leukemias were comprised entirely of CDR3 sequences lacking
N regions; whereas in children >3 yr old, only 11.1% (5/45)
of the leukemias met this criterion.

The percentage of leukemias without N regions in chil-
dren <3 yr old was much higher than expected even when
compared with data reported for normal human fetal liver
or neonatal cord blood (13), whereas the frequency observed
in children >3 yr old was close to that observed in adults
(13, 14). To exclude the possibility that the paucity of N regions
in these young patients could be due to an inherent abnot-
mality in TdT activity, we examined the DJ, joinings in
lymphocytes obtained from the end of therapy marrows of
three of these patients when residual leukemia was not de-
tectable using PCR analysis (Fig. 2). N regions were present

C TTGACARC TGGGGCCAGGGARCCCT (4)
CTGGGECCAGGGARCCCT (S)

1t TGACTACTG6GGCCAGGERCCCT (4)

(48] RCTRCTTTGACTACTGGGECCAGGGAATCCT (4)

AGATTT TTTGACTACTGGGGCCAGGGAACCCT (4)
TGACTACTGEGGCCAGGGRCCCT (4)

CGATCACGGGG GGTATGGACGTCTGGEGCCAAGGGRCCRC (6)
CTTTGACTACTGGGGCCAGGGRACCCT (4)

CGGELC ARTTGGTTCGACCCCTGEEGCCAGGEAACCCT (S)
[ CTACGGTATGGACGTCTGGGGCCARGGGRCCAC (6)
ATCTC ATTACTTTGACARCTGGGGCCAGGGRACCCT (4)
o ACAACTGGTTCGRCCCCTGGGGCCAGEGRRCCCT (S)
CTACTATTATTRCGGTATGBACGTCTGGGGCCARGGGACCAC (6)
TACGGTATGGACGTCTGGGGCCARGGGACCAC (6)
TACGGTATGGACGTCTGGGGCCARGGGACCAC (6)

CAC AATRCTACTACTACTACGGTATGGACGTCTGGGGCCARGGGRCCAC (6)
AGA ACTACTACTACTACGGTATGGACGLTCGGGGCCRAGGGACCAC (6)
CCR ACTACTACTACTRCGGTATGGACGTCTGGGGCCARGGGACCAC (6)
Tce CTRCTRCTACTACGGTATGGACGTCTGGEGCCARGGEACCAC (6)
c AATRCTACTACTACTACGGTATGGGECCARGGGACCAC (6)
TCGTC TTACTACTACTACTACGGTATGGACGTCTGGEGCCARGGGRCCAC (6)
4 TACTACTRCTACTACGGTRTGGRCGTCTGGGGCCARGGGRCCRC (6)
[ CTACTTCGGTATGGACGTCTGGGGCCARGGGRCCRC (6)
G6 GACTACTGGGECCAGEGACCCT (4)
CCGTGCGTCA TTTGACTACTGOGGCCAGGGACCCT (4)

ARTACTACTRCGGTATGGACGTCTGGEGCCARGGGACCAC (6)
cn ACARCTGGTTCGRCCCCTEGEGCCAGGGARCECT (S)
LTGACTACTGGGGCCAGGGRRCCCT (4)

AAGATRGGGTT TTTCTACTRCTACTACGGTATGGACGTCTGGGGCCARGGGACCAC (6)

DNA sequences of the DJy regions derived from normal B cells obtained from the end of therapy remission marrow of three patients

with B lineage lymphoblastic leukemia exhibiting fetal type D], joinings. See Fig. 1 for further explanation.
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in the majority of the joinings, indicating the presence of
TdT activity. An alternative explanation for the lack of N
regions is that bone marrow B cells (which give rise to ALL)
might normally have a higher frequency of DJ, junctions
that lack N regions as compared with the other lymphoid
tissues. N region frequency was calculated from the joining
sequences obtained from normal bone marrow of three young
children (21-26 mo old). N regions were present in 50/53
(94.3%) D], junctions (data not shown), a frequency com-
parable with the 86% and 90-100% reported for newborns
and adults, respectively (13, 14). A high frequency of mul-
tiple D regions was noted in the DJy junctions obtained
from the normal B cells of the young leukemic patients, sug-
gesting the possibility that abnormalities in the VDJ recom-
bination process are present in these children.

To determine whether the DJy junctions without N
regions in the 14 leukemias in children <3 yr old utilized
specific D or Ju segments, we examined the frequency dis-
tribution of such segments. The D gene family is composed
of ~30 segments including multiple and duplicated loci, and
thus patterns of utilization are difficult to analyze (1). XP
was found to be the most commonly used D family in the
leukemias, consistent with the report by Sanz (13) for fetal
tissue. However, the leukemias showed a lower frequency of
HQ52 utilization (9.1%) than that reported by Sanz (13)
(14%) and Schroeder and Wang (29) (50%) for fetal tissue.
Ju4 and Ju6 were the two predominant gene segments used
in the leukemias comprising 80% of the sequences, whereas
Ju1 and Ju2 usage was absent. In fetal tissue, Sanz (13) found
Ju4 usage to be the most common followed by Ju3 and J.:6,
whereas Schroeder and Wang (29) found J.3 usage to be the
most common followed by Ju4 and Ji5. These differences in
J« and HQ52 usage found in fetal liver tissue may reflect in-
dividual variation as samples were obtained from only one
or two fetuses in each study (13, 29).

Consequently, developmental stage—specific trends in the
usage of D and J, gene segments in fetal B cells have been
consistently demonstrated only for the D segment HQ52,
and this usage varies widely (13, 29). While HQ52 usage
appears to be a marker of fetal-derived B cells, its absence
does not imply a more developmentally mature stage. Thus,
the absence of N regions in the CDR 3 sequences appears
to be a more useful marker of fetal origin. The vast majority
(87.5%) of leukemias occurring in children €3 yr old lacked
N regions at the DJ, junction, suggesting that they arose
from a transformation event in utero when the pool of fetal
lymphoid cells is largest. Furthermore, the sharp decrease in
the frequency of DJ junctions lacking N regions after 3 yr
of age suggests that some leukemias initiated during fetal life
require a maximum of 3 yr to become clinically evident. The
absence of N regions observed in a small fraction of leukemic
and normal B lymphocytes present later in life may represent
a DJ, joining event that occurred during fetal development
in 2 long-lived B cell or may simply indicate that Tdt was
inactive at the time of D], joining in a developmentally ma-
ture lymphoid .cell.

Greaves (30) has proposed a two-step mutation model in
B lineage ALL in which the first event occurs in utero in
association with an ontogenic drive to expand B cell precursors
in liver and marrow. The second event produces clinically
overt leukemia and is associated with the proliferative stress
elicited in infants by the rapid onset of immune responses
to exogenous antigens. Support for this latter event stems
from the observation that the steep rise in the incidence rate
of B precursor ALL follows shortly after serum antibody levels
sharply rise toward adult levels during the first 2 yr of life
(31). Our observation would be compatible with Greave’s
hypothesis but would limit the in utero transforming event
to primarily those leukemias that occur during the first 3
yr of age.
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