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ABSTRACT

Southern blotting and multiple restriction enzymes were used to ana
lyze T-cell receptor (TCR) and immunoglobulin heavy chain genes in 20
postthymic T-cell neoplasms, ten prethymic and thymic T-cell tumors,
and 45 cases of precursor-B acute lymphoblastic leukemia (ALL). Im
munoglobulin heavy chain, never rearranged in a postthymic specimen
and only once in a prethymic/thymic sample, was rearranged in all but
two cases of precursor-B ALL. In contrast, biallelic rearrangement of
TCRÂ«with deletion of the first constant region germline fragment was
regularly seen in T-cell neoplasms, but only twice in the 45 precursor-B
ALL cases. TCR, was rearranged in all but one postthymic sample, in
all prethymic/thymic samples, and in approximately half of precursor-B
ALL specimens as well. Preferential use of V, regions was evident among
the various disorders: V8 and VIO in postthymic neoplasms; and V3, V5,
V7, and, particularly, V9 in precursor-B ALL. In all the studied condi
tions, TCRÂ«was rarely in germline configuration. Extensive biallelic
deletion of .U, J82, and G. almost always (19 of 20 specimens) present
in postthymic neoplasms, was observed in only a minority (14 of 45) of
precursor-B ALL samples. In precursor-B ALL, rearranged antigen
receptor genes were more frequently found in common acute lymphoblas
tic leukemia antigen-positive and terminal deoxynucleotidyl transferase-
positive specimens. Furthermore, TCR gene rearrangement in that dis
order was characterized by a hierarchical pattern: TCRA was not rear
ranged without TCR, nor TCR, without TCRÂ¡.Despite uncertainty of the
mechanism, the various disorders can be distinguished on the basis of
characteristic antigen receptor gene patterns.

INTRODUCTION

Several earlier investigations suggest that lineage-inappro
priate rearrangement of antigen receptor genes occurs fre
quently in neoplasms of B- and T-lymphocytes (1-3). The
present study was undertaken to extend the growing body of
experimental evidence that indicates a need to revise that view.

In prior studies, we (4) and others (5) rigorously examined
TCR3 gene status in neoplasms of mature B-cells. The only

inappropriate rearrangements detected were rare, incomplete
DJ rearrangements of the TCRf) gene. In this paper we report
that immunoglobulin gene rearrangements are absent from 20
neoplasms of postthymic T-cells, a group of tumors more
difficult to assemble.

Precursor-B ALL is the disorder in which concomitant (in
appropriate) immunoglobulin and TCR gene rearrangement
has been most frequently reported. Rearrangement of the im
munoglobulin heavy chain gene is accompanied by re
arrangement of the TCRS gene in 80% to 90% of cases, the
TCR, gene in 40% to 50%, and the TCRfl gene in 20% to 30%
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(6-10). However, reports of earlier investigators suggest that
the TCR gene alterations in precursor-B and T-ALL can be
distinguished by differing preferential use of certain gene seg
ments in the two conditions (10-16). In the work described
here, differences in TCR gene status between the two disorders
are expanded, and the findings in both are compared with those
of postthymic T-cell neoplasms. We find that the biallelic
rearrangement of TCRff characteristic of T-cell neoplasia is
rarely seen in precursor-B ALL. We also report differing pref
erential use of V, gene segments in the several disorders.
Finally, we observe that the extensive biallelic deletion of TCRÂ¿
seen in almost all postthymic T-cell neoplasms is present in
only a minority of precursor-B ALL specimens.

Thus, the work reported here and that of earlier investigators
indicates that precursor-B ALL, postthymic T-cell neoplasia,
and prethymic and thymic T-cell neoplasia can be distinguished
by comprehensive study of antigen receptor genes. Indeed, it is
plausible that such genetic analysis furnishes the most precise
criteria for diagnosis and subclassification of ALL; i.e., inap
propriate gene findings may signal disease nonhomogeneity or
misdiagnosis.

MATERIALS AND METHODS

Patients and Surface Marker Analysis. Thirty patients with T-cell
neoplasms were investigated. Diagnosis was based on accepted clinical
and phenotypic criteria. This group comprised 20 patients with post
thymic T-cell neoplasms [6 with adult T-cell leukemia/lymphoma, 5
with cutaneous T-cell lymphoma, 3 with T-cell chronic lymphocytic
leukemia, and 6 with T8-lymphocytosis (large granular lymphocytic
leukemia)] and 10 with thymic or prethymic proliferations (7 with T-
cell acute lymphoblastic leukemia and 3 with lymphoblastic lym
phoma). Studies of TCR,) and TCR, in some of these patients were
reported as part of an earlier investigation (4).

The diagnosis of precursor-B ALL was made in 45 patients on the
basis of the cell morphology of a Wright-stained smear, the myeloper-
oxidase reaction, and cell surface marker analysis. The presence of 5%
or more myeloperoxidase-positive cells or more than 30% of cells
reactive with one or more anti-myeloid monoclonal antibodies (OKM1,
MY4, MY7, or MY9) excluded that diagnosis.

Surface marker analysis was performed on viable mononuclear cells
obtained from blood or bone marrow aspirate (ALL) of consecutive
untreated patients by centrifugation through a Ficoll-Hypaque gradient.
The following surface markers were analyzed (monoclonal antibodies
obtained from Ortho Pharmaceuticals, Raritan, NJ, and Coulter Di
agnostics, Hialeah, FL): CD2 (OKT11); CD3 (OKT3); CD4 (OKT4);
CDS (OKT1); CDS (OKT8); CD 10 (CALLA); CDU (OKMl); CD 13
(MY7); CD14 (MY4); CD15 (MY9); CD19 (B4); CD20 (Bl); and
HLA-DR. The indirect fluorescent antibody technique utilizes a fluo-
rescein-conjugated F(ab')2 goat fraction of anti-mouse -y-globulin anti

body and a fluorescence microscope. The enzyme TdT was determined
by an indirect immunofluorescence assay using reagents obtained from
the Bethesda Research Laboratory (Rockville, MD). Surface immuno
globulin was assessed with fluorescein-conjugated heteroantisera spe
cific for the human IgM and IgG heavy chains and the K and A light
chains (Meloy Laboratories, Springfield, VA). The methods have been
described in detail (17).

Genomic Blot Hybridizations. Six to 10 Mgof high-molecular-weight
DNA, prepared from each patient's purified bone marrow mononuclear
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cells, were digested with three or more appropriate restriction enzymes
(AamHI, EcoRI, Soci, Hindlll, and Bgtl\ obtained from New England
Biolabs, Beverly, MA) and subjected to electrophoresis on 0.8% agarose
gel slabs. After denaturation and neutralization, the DNA was trans
ferred to nitrocellulose paper by the technique of Southern (18). Hy
bridization was carried out at 68Â°Cin a solution of 5x SET, Ix
Denhardt's solution, 0.5% SDS, 10% dextran sulfate, 20 IHMNa2HPO4

(pH 7.0), 40 Mg/ml of salmon sperm DNA, and 0.025 to 0.10 ng of
oligonucleotide (Pharmacia, Piscataway, NJ). The DNA probe was
labeled with "P (107 dpm). The following human T-cell receptor probes

were used: a Bgl\l/EcoK.V complementary DNA fragment of YT35
specific for the constant region of TCR^ (19); Jg, a complementary
DNA probe specific for the joining region of TCR, (20); and J4 S16,
R21XH, and R21EE, specific, respectively, for the first joining region,
the second joining region, and the constant region of TCRj (21). Probes
for the immunoglobulin heavy-chain joining (JH) region (22) and the /.
(23) immunoglobulin light chain constant region (C.) were also used.
Filters were prehybridized for 2 h at 68Â°Cin prehybridization buffer

and hybridized for 15 to 20 h at the same temperature. Following
hybridization, filters were washed successively for 1-h periods at 68Â°C

with 2x SET containing 0.5% SDS, Ix SET with 0.25% SDS, and
twice with 0.5x SET containing 0.125% SDS. Autoradiography of the
washed filters was carried out for 1 to 7 days at -70Â°C with two

intensifying screens. Filters were regularly rehybridized with successive
probes. For that purpose, prehybridization (which removes the previ
ously hybridized probe) was carried out for 2 h at 68Â°Cin 5x Denhardt's

solution. Details of the standard methods are available (24).

RESULTS

Table 1 summarizes the status of the immunoglobulin heavy
chain gene and the genes for the ÃŸand y chains of the T-cell
receptor in 20 postthymic neoplasms, 10 prethymic and thymic
neoplasms, and 45 patients with precursor-B ALL. Findings in
100 previously studied cases of B-cell lymphoma and B-cell

chronic lymphocytic leukemia (4) are included.
Immunoglobulin Heavy Chain Configuration. The immuno

globulin heavy chain gene was in germline configuration in the
20 postthymic cases and in 9 of 10 prethymic or thymic prolif
erations. C, was also in germline configuration in the 30 T-cell
tumors (data not shown). In one of the 7 T-cell ALL samples
studied, a specimen representing an early stage of T-cell devel
opment (CD7+, CD1-, CD3-), both immunoglobulin heavy

chain alÃeleswere rearranged. In contrast, precursor-B ALL
closely resembled the mature B-cell proliferations in the regular
rearrangement of immunoglobulin heavy chain. Thus, the im
munoglobulin heavy chain gene was rearranged in 43 of the 45
precursor-B ALL cases studied; in 38 cases, 2 rearranged alÃeles
were detected.

TCR0 Configuration. TCR(J gene findings were almost recip
rocal to the immunoglobulin heavy chain results. TCRtf was
rearranged in the 20 postthymic tumors studied; both alÃelesin
19. That gene was also rearranged in all 10 prethymic and
thymic proliferations; both alÃelesin 6. The configuration of
TCR(j was germline in 38 of the 45 precursor-B ALL samples,
a single alÃelewas rearranged in 5, and both alÃelesin 2. In
addition, the first constant region of TCRff (an 11-kilobase
fragment readily identified in EcoR\ digests) was deleted in 19
of 20 postthymic samples, 9 of 10 prethymic or thymic samples,
but in only the 2 cases of precursor-B ALL with biallelic
rearrangement (Fig. 1). The precursor-B ALL findings diverge
only slightly from 100 previously studied (4) mature B-cell
proliferations in which only 2 partial (DJ) rearrangements were
detected.

TCRr Configuration. Biallelic rearrangement of TCR, was
identified in 15 of the 20 postthymic tumors studied, monoal-
lelic rearrangement in 4, and a germline configuration in one.
Similarly, both alÃelesof TCR., were rearranged in 9 of the 10
prethymic and thymic proliferations examined, and a single
alÃelein the tenth. Varying configurations of TCR, were ob
served in precursor-B ALL. In approximately one-half of stud
ied cases (24 of 45 cases), a germline condition was demon
strated; in the remainder, one (9 of 45 cases) or both (12 of 45
cases) alÃeleswere rearranged. This T-cell receptor gene was
always in germline configuration in the 100 mature B-cell
proliferations previously studied (4).

While TCR, is rearranged in postthymic, prethymic, and
thymic specimens and in approximately half of the precursor-
B ALL samples, the pattern of V region usage differs signifi
cantly in the various disorders. Specific V, usage is most easily
identified in EcoRl digests (Fig. 2). These findings are sum
marized in Fig. 3. The V, designations of Forster and coworkers
(12,25, 26) are used.

Postthymic specimens are conspicuous in the utilization of

Table 1 Antigen receptor genes in leukemia and lymphoma
Results are expressed in number of patients. Immunoglobulin heavy chain rearrangement was assessed with EcoRl, BamHl, Hind\\\, and Sac\. The same enzymes

with the omission of Sad were utilized for TCR, and TCRa.

GermlineDisorderT-cellÂ°PostthymicPrethymic

andthymicPrecursor-B
ALLB-cell

lymphoma,B-CLLT-cellPostthymicPrethymic

andthymicPrecursor-B
ALLB-cell

lymphoma,B-CLLT-cellPostthymicPrethymic

andthymicPrecursor-B
ALLB-cell

lymphoma, B-CLLGeneImmunoglobulin

heavychainImmunoglobulin
heavychainImmunoglobulin
heavychainImmunoglobulin
heavychainTCRflTCR,,TCRflTCRÂ»TCR,TCR,TCR,TCR,No.20104595201045100201045100No.209230038981024100%10090438598553100One

alÃele
rearrangedNo.008331452DJ4190%1833540112201020Both

alÃeles
rearrangedNo.01335919620159120%10786495604759027

" Note: thymic and prethymic include T-cell acute lymphoblastic leukemia and lymphoblastic lymphoma; postthymic includes cutaneous T-cell lymphoma. Adult,
T-cell leukemia/lymphoma, T8 lymphocytosis, and T-cell chronic lymphocytic leukemia. B-CLL, B-cell chronic lymphocytic leukemia.
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11

!â€¢ A
Fig. 1. Configuration of the first constant

region gene segment (Cl) of TCRS in post-
thymic T-cell neoplasms (A: Lunes 1 to 6, adult .
T-cell leukemia/lymphoma; Lanes 7 io II, cu- .
taneous T-cell lymphoma; Lanes 12 to 14, T-
CLL; Lanes 15 to 20, T8 lymphocytosis), pre- .
thymic and thymic T-cell neoplasms (B:Lanes , , e 7 Q 11 13 15 17 19 1 3 5 7 kb/ to 6, T-ALL; Lanes 7 and 8, lymphoblastic * 5 ^ i Â» ^ -

lymphoma), and precursor-B ALL (C: Lanes l A D
to 17). Following digestion with EcoRl, the
samples were hybridized with a probe for the
TCRj constant region gene segment. Re
arrangements of Cl are indicated by solid ar
rows, an 8-kilobase product of incomplete
digestion of C2 by open arrows, and the germ- ?? 1 â€¢¿�
line positions of Cl (11 kilobases) and C2 (4 r""L .

kilobases) by solid bars. The regular deletion VP^^flMfew^fcA â€¢¿�Â»*â€¢
and rearrangement of Cl in T-cell neoplasms
(A and B) contrast with the germline configu- W ^
ration in all but one of the precursor-B ALL
specimens (C). kb, kilobase.

4.4

r
kb l 3 5 7 9 11 13 15 17 kb

â€¢¿�43
8

~- ~..+ ......

3.5l

Fig. 2. Preferential use of TCR, variable (V)
region gene segments in postthymic T-cell neo
plasms (A: Lanes 1 to 6, adult T-cell leukemia/
lymphoma; Lanes 7 to //. cutaneous T-cell 1.7 0 â€¢¿�â€¢â€¢â€¢¿�>ffe0fe*<09* â€¢¿�â€¢Â«â€¢â€¢* 1-7
lymphoma; Lanes 12 to /4, T-CLL; Lanes /5
to 20, T8 lymphocytosis), prethymic and Â« Â» â€¢¿�â€¢â€¢¿�â€¢ â€¢¿�â€¢ â€¢¿�42.4
thymic T-cell neoplasms (B: Lanes 1 to 6, T- ^ . â€¢¿�â€¢¿�410 "
ALL; Lanes 7 and 8, lymphoblastic lymphoma), and precursor-B ALL (C: Lanes 1 to kb 1 35 7~ 9 11 13 15 17 19 kb 1 3 57

/ 7, precursor-B ALL; Lane 18, polyclonal pat- A D
tern in thymus specimen). After removing the
TCRÂ«probe, the same Â£coRI-digested samples
depicted in Fig. 1 were rehybridized with a
probe for the joining region of TCR,. The solid
bars identify the germline position of the gene
segments; the solid arrowheads, the various V,
fragments; and the small arrows in C, rear- ^11
ranged fragments clearly visible on the original.
V4, which can be distinguished from V2 after ^ â€”¿� * ^ 3
digestion with /fumili, was present in only a -^ R
single sample. The preferential use of V8 and â€¢¿�â€¢â€¢i
V10 in postthymic T-cell neoplasms (A) should 3-5 "

be compared with the preferential use of V3,
V5, and V9 in precursor-B ALL (C). kb,
kilobase. 171

kb 1 3 5 7 9 11 13 15 17

C
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Fig. 3. Histogram of V, usage in postthymic T-cell neoplasms (top), prethymic
and thymic T-cell neoplasms (middle), and precursor-B ALL (bottom). X frag
ments are unidentified. This figure is based on all studied samples and includes
specimens not illustrated in Fig. 2.

V8 and VIO and the nonutilization of V3, V5, and V7. Precur
sor-B ALL utilizes V9 conspicuously, as well as V3, V5. and
V7. Thymic and prethymic neoplasms utilize V, gene segments
without apparent discrimination. V2 and unidentified V, seg
ments (rearrangements signified by X in Fig. 3, appreciated in
BamHl digests but in neither EcoRl or Hindlll digests) are
observed in all the disorders studied.

TCRÂ«Configuration. The status of TCR6 is summarized in
Tables 2 and 3, and representative digests are illustrated in Fig.
4. In all of the disorders under detailed study here, this gene is
usually altered from its germline configuration. Postthymic
specimens are characterized by near-uniform (19 of 20 speci
mens) deletion of both alÃeles(Table 2; Fig. 4A). Using appro
priate probes, extensive biallelic deletion which included Jsl,
Jj2, and d was identified in each case.

Extensive biallelic deletion was observed in only 14 of 35
(31%) precursor-B ALL specimens (Table 2; Fig. 4B). The
majority (58%) of these acute leukemias exhibit rearrangement
of one alÃele(51%), with (13%) or without (38%) deletion of
the second alÃele,or rearrangement of both alÃeles(7%). Only
5 of the 45 precursor-B ALL specimens exhibited a germline
configuration of TCRa. The small number of thymic and pre
thymic cases revealed a TCR, picture intermediate between
those of postthymic and precursor-B ALL proliferations: 5 of
10 revealed extensive biallelic deletion; 3 a single rearranged
alÃele;and 2 biallelic rearrangement.

It is noteworthy that a single rearrangement accounted for
17 of the 29 (59%) rearranged alÃelesdetected in precursor-B
ALL (Table 3; arrow in Fig. 4B). This rearranged fragment also
accounted for one of the 7 rearranged alÃelesin the thymic and
prethymic group. The size of this fragment following Bgfll,

BamHl, and Hindlll digestion identified it as the same incom
plete VÃ“2-(D)-DÂ¿3joining described by others (10, 14, 16, 27).
However, pairing of this Vj2 joining with a V09 gene segment,
as previously reported to occur in normal peripheral y/o T-cells
(28-30), was observed in only 4 of our 45 precursor-B ALL
specimens. In 13 samples, V62 was present without V,9; in 8
samples, VT9 without V62; and in 20 samples, neither was
present.

Interrelationships among Common Acute Leukemia Antigen,
Terminal Deoxynucleotidyl Transferase, and Antigen Receptor
Genes in Precursor-B ALL. Table 4 summarizes the relation
ships among CALLA, TdT, and the various antigen receptor
genes in precursor-B ALL. All 4 of the antigen receptor genes
studied were more consistently rearranged in CALLA-positive
specimens than in those lacking the antigen. Thus, immuno-
globulin heavy chain and TCR4 were rearranged in all CALLA-
positive specimens, TCR, in more than half, and TCRf, in
nearly one-fourth. In contrast, immunoglobulin heavy chain
was rearranged in only 5 of the 7 CALLA-negative samples,
TCRj in only 2, TCR, in only one, and TCR^ in none. There
was similar but less marked association of germline antigen
receptor genes with negative TdT status. The 7 CALLA-nega
tive samples overlapped only two of the 4 TdT-negative
specimens.

A hierarchical order was readily appreciated among the var
ious antigen receptor gene rearrangements. None of the T-cell
receptor genes were rearranged in the two leukemia samples
with germline immunoglobulin heavy chain configuration.
Among the TCR genes, TCRrt was not rearranged without TCR.,
nor TCR, without TCR6.

DISCUSSION

With the initial descriptions of immunoglobulin gene re
arrangements in B-lymphocytes (31-33) and T-cell receptor
gene rearrangements in T-cells (19, 34), it was hoped that
antigen receptor genes could provide inviolate markers of lym
phocyte lineage and clonality. Unfortunately, the initial findings
were followed by numerous reports of lineage-inappropriate

Table 2 T-cell receptor o chain genes in leukemia and lymphoma

Germ RGâ€ž RD RRDDDisorderT-cellPostthymicPrethymic

andthymicPrecursor-B

ALLB-CLLNo.00540%

No.1011

17100

0%

No.3

0338

60%

No.030

213

30%

No.1920

57

140%955031

Â°R, rearranged alÃeles;G, germline alÃele;D. deleted alÃele;DD, extensive
deletion of both JÂ»l,JÂ«2,and d alÃeles;B-CLL, B-cell chronic lymphocytic
leukemia.

Table 3 Rearranged T-cell receptor a chain alÃeles

DisorderT-cell

Postthymic
Prethymic and thymicTotal

no.
of rearranged

alÃeles17V

2-(D)-D 3Â°

joiningsNo.01%14

Precursor-B ALL 29 17 59
" V, D, and J indicate, respectively, the variable, diversity, and joining gene

segments.
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Fig. 4. Configuration of the TCRj gene in
postthymic T-cell neoplasms (A) and precursor-
B ALL (fi). As a reference standard for the
strength of the germline signal, samples from
patients with B-CLL were placed in the even-
numbered lanes of A and in Lanes 3, S, 12, 17,
22, and 28 of fi. The odd-numbered lanes of A
are occupied by DNA specimens from patients
with postthymic T-cell neoplasms, and the re
maining lanes in fi with precursor-B ALL sam
ples. Specimens were digested with fig/II and
hybridized with a probe for J,l. Contaminating
normal cells are responsible for the residual
radioactive signal obtained with DNA from T-
cell samples. The same deletional pattern is
observed following hybridization with probes
for Jj2 and C(. After fig/11 digestion, the pre
dominant V,2-(D)-D,3 rearrangement in pre
cursor-B ALL is a 9.9-kilobase fragment (ar
row). Solid bars indicate germline position of
gene segments.

4.71

9.9Â«^

4.7

kb 1 3 5 7 9 11 13

kb 1 9 11 13 15 17 19 21 25 27 29
B

antigen receptor gene rearrangements. Though cross-lineage
gene rearrangements were observed most frequently in precur
sor-B ALL (6-10), inappropriate antigen receptor gene re
arrangements in acute nonlymphocytic leukemia (35-39) and
in neoplasms of mature B- and T-cells (40-42) were occasion

ally reported.
Recently, this puzzling phenomenon of indiscriminate line

age-inappropriate antigen receptor gene rearrangements has
been increasingly bounded and qualified by more detailed study.
Thus, only rare, incomplete (DJ) rearrangements of TCR,j are
detectable in mature B-cell neoplasms, and rearrangements of
TCR., have not been identified in these tumors (4, 5). Because
neoplasms of mature T-cells are much less frequently encoun
tered, their antigen receptor gene status is less precisely defined.
Nonetheless, in the present investigation we detected no re
arrangements of immunoglobulin heavy chain in 20 postthymic
specimens, even after exhaustive study with 4 appropriate re
striction enzymes (Table 1).

Precursor-B ALL is the disorder in which concomitant re
arrangement of immunoglobulin and TCR genes is most com
monly reported (6-10). However, with careful investigation,
the TCR gene status of precursor-B ALL is usually distinguish
able from neoplasms of demonstrable T-lineage. Thus, while
TCR0 rearrangements are observed in 20% to 30% of cases of
precursor-B ALL (6-10), the biallelic rearrangement with dele
tion of the Â£coRIfragment bearing the first constant region,
which is a regular finding in T-cell neoplasms, is less frequently
observed (Ref. 7; Fig. 1). In this analysis, biallelic re
arrangement of TCRâ€žwith deletion of Cl was seen in only 2 of
45 cases of precursor-B ALL, while either double re
arrangement or Cl deletion, usually both, was detected in each
of the 30 prethymic, thymic, and postthymic neoplasms we

studied. Indeed, the infrequency with which we observed bial
lelic TCR/j rearrangement with Cl deletion in precursor-B ALL
raised the possibility that such cases represent unidentified very
early T-lineage. Unfortunately, the two biallelic cases were
studied before we incorporated CD7 into our diagnostic panel.
It should be noted that other investigators report a higher

Table 4 Antigen receptor genes in precursor-B acute Â¡ymphoblasticleukemia

Immu
noglobu

lin
heavychainSubsetAllCD10-*CD

10+TdT-TdT+No.

GÂ°45

27

238
04

141
1R

G43

55

538
03

240
3TCR,R26224224TCR,D14014014G24618420R21120021TCRaG38731434R70707Immunoglobulin

heavychainGRTCR,GRDTCR,GR243526142421230260142225163021010112365221124140704307

" G, germline condition of both alÃeles;R, rearrangement of one or both alÃeles;

D, extensive deletion of both alÃeles.
* CD 10- and TdT- negativity indicates less than 10% reactive cells. See Table

1 for other details.
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incidence of such biallelic rearrangements (6-10), a discrepancy
which we cannot resolve.

TCR, is rearranged in 30% to 50% of precursor-B ALL
specimens (6-12). Several groups of investigators report fea
tures that distinguish the TCR, rearrangements of precursor-B
ALL from those of T-ALL. Thus, C,2 and J,2 are preferentially
used in T-ALL, while C, 1 and J,l are preferred in precursor-B
ALL (11-14). Furthermore, TCR., rearrangements tend to be
biallelic in T-ALL, and monoallelic in precursor-B ALL. We
find that postthymic neoplasms prefer V8 and VIO and that
precursor-B ALL prefers V3, V5, V7, and particularly V9;
thymic and prethymic tumors use all V regions, and all three
categories utilize V2. Our investigation is consistent with the
earlier findings in ALL (43-46), but extends the observations
to a large group of postthymic neoplasms.

TCRi is regularly rearranged in precursor-B ALL (80% to
90% of cases) (8-10). Indeed, TCRA is almost as frequently
rearranged in this condition as is the immunoglobulin heavy
chain gene. In the present investigation, TCRÂ»remained in
germline configuration in only 5 of the 45 precursor-B ALL
cases studied and immunoglobulin heavy chain in 2. Other
workers have reported features that distinguish TCRa re
arrangement in this acute leukemia from the alterations of the
gene in T-ALL. Thus, Vf\ and Jsl are preferentially used in T-
ALL, while VÂ¿2is frequently used in precursor-B ALL (10, 16).
Indeed, more than half of the precursor-B ALL TCRÂ¿re
arrangements involve a single incomplete V52-(D)-DS3 joining
( 10), and the remainder either an incomplete DÂ»l/2-DÂ¿3joining
or other incomplete joinings; complete Vj2-(D)-JÂ¿l fragments
have not been detected (10). The present analysis of 20 post
thymic neoplasms extends these findings. We find striking,
extensive biallelic deletion of JÂ¿1,JÂ¿2,and Ca in 19 cases. In
contrast to postthymic cases, this extensive biallelic deletion
was detected in only 30% of our precursor-B ALL specimens
and in 50% of thymic and prethymic T-cell samples.

Thus, a variety of characteristics distinguish the T-cell re
arrangements of precursor-B ALL from those of T-cell neopla
sia. Biallelic rearrangement of TCR,, with deletion of Cl, reg
ularly present in T-cell cases, is rarely found in precursor-B
ALL. Different V, C, D, and J fragments of TCR, and TCRS
are preferentially used in the several conditions. Extensive
biallelic deletion of TCRÂ¿is uniform in postthymic neoplasia,
while incomplete VS2joinings are characteristic of precursor-B

ALL.
In this investigation, the hierarchical pattern of CALLA

positivity and TCR gene rearrangement described by other
investigators (6-10) was confirmed. We did not encounter cases
of rearranged TCR., in the absence of rearranged TCR4, nor
cases of rearranged TCR,, in the absence of rearranged TCR,.
We also agree that antigen receptor genes are more likely to be
rearranged in CALLA-positive than CALLA-negative precur
sor-B ALL (6). Nonetheless, without a more precise picture of
the ontogeny of normal a/ÃŸand y/o T-cells and their interre
lations, it is premature to ascribe this hierarchy to a recapitu
lation of normal development. In this connection, our failure
to observe in precursor-B ALL the pairing of V,9 and VÂ¿2gene
segments seen in 60% of normal peripheral y/o T-cells (28-30)
should be noted. T-cell receptor gene rearrangement in precur
sor-B ALL could reflect recombinase error (47, 48) or gene
rearrangement in an uncommitted lymphoid cell. At the present
time, it is possible to ascribe the disparate TCR findings in T-
cell neoplasia and precursor-B ALL to legitimate characteristics
of their respective lymphocyte lineage and maturity, or to

aberrant genetic alterations secondary to their neoplastic state.
Despite the uncertainty about the mechanism, the various

disorders can be distinguished on the basis of characteristic
patterns of immunoglobulin heavy chain, TCR,,, TCR,, and
TCR5 genes. Further, exceptional cases of precursor-B ALL are
so few that it is as plausible to ascribe them to faulty clinical
diagnosis or disease heterogeneity as to inappropriate antigen
receptor gene findings. Indeed, it is reasonable to question the
diagnosis of precursor-B ALL in CALLA-negative prolifera
tions, in which all antigen receptor genes are in germline
configuration, or in CALLA-positive specimens, with biallelic
rearrangement of TCR,, and TCR, and deletion of TCRS. With
the spectrum of antigen receptor gene findings in lymphoid
neoplasia firmly established, the clinical significance of these
genetic findings should be evaluated prospectively in precursor-
B ALL by large-scale clinical trial.
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