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Abstract

Wehave analyzed T cell receptor a-chain gene configuration
using three genomic joining (J) region probes in 64 children
with acute lymphoblastic leukemia (ALL). 11 out of 18 T-
ALLs were T3 positive; a-chain gene rearrangements were
demonstrated in only two of 18, indicating that the majority of
T-ALLs would have rearrangements involving Ja segments
located upstream of these probes. In contrast, 15 out of 46
B-precursor ALLs showed rearrangements of the a-chain gene
and Ja segments located - 20-30 kb upstream of the constant
region were involved in 13 of these patients. Nine of 15 B-pre-
cursor ALLs with rearranged a-chain genes had rearrange-
ments of both y- and t8chain genes, whereas the remaining six
had no rearrangements of Sy- and ,8-chain genes. These findings
indicated that a-chain gene rearrangement is not specific for T
lineage cells and y- and/or ,8-chain gene rearrangement does
not appear essential for a-chain gene rearrangement, at least in
B-precursor leukemic cells.

Introduction

On the basis of immunologic and enzymatic analyses, acute
leukemias are presumed to result from clonal expansion of
cells that are arrested at a specific stage of differentiation (1, 2).
This hypothesis has been supported by studies of rearrange-
ments of Ig and T cell receptor (TCR)' ,3- and y-chain genes in
leukemic cells (3-10). The characterization of Ig and TCR
gene configuration is therefore useful not only for the detec-
tion of clonality but also for the investigation of lymphoid cell
differentiation (1 1).

Three T cell-specific gene families, a-, 13-, and y-chain
genes, that rearrange during somatic development have been
characterized (12-16). Rearranging a- and ,8-chain genes en-
code the a- and fl-polypeptides, respectively, which comprise
the antigen-specific TCR together with the T3 polypeptide
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chains (17, 18). The protein product of the y-chain gene may
also be associated with the T3 complex, but in conjunction
with a putative TCR6 protein instead of the a- or f3-polypep-
tides. However, the function of TCR y remains uncertain
(19, 20).

Recent studies have suggested a developmental hierarchy
of Ig gene activation. In B precursor cells, Ig heavy (H)-chain
gene rearrangements precede Ig light (L)-chain genes. The
protein products of rearranged IgH-chain genes may inhibit
further rearrangements of the H-chain gene and activate k-
chain gene rearrangements (21). These are considered to be
specific markers identifying cells of B lineage (22). It is possible
that an analogous series of events may characterize TCRgene
activation. n-Chain gene rearrangement and expression are the
first events in T cell ontogeny, followed by 3-chain gene rear-
rangement and expression. a-Chain gene expression is ob-
served only in mature thymocytes and peripheral T cells which
have T3 antigen on the cell surface (19, 23-28). In view of this,
it has been proposed that a-chain gene rearrangements may be
regulated by a product of the rearranged ,8-chain gene, and this
specific event would be restricted to cells of T lineage. The
number of joining (J) gene segments of the a-chain has been
estimated at > 55, and these segments are spread over a region
of> 50 kb (29). Because of this unique structure, an analysis of
a-chain gene rearrangements has been difficult using constant
(C) region probes, and there have been no reports about the
detailed analysis of a-chain gene configuration in a large num-
ber of leukemic samples. Recently, genomic probes for Ja seg-
ments have been isolated and this has made it possible in part
to analyze TCRa-chain gene configuration (30). To delineate
the hierarchy of TCRgene rearrangement and to determine
the lineage specificity of TCRa-chain gene rearrangement, we
have examined a-chain gene configuration using Ja genomic
probes in addition to TCR y, 13, and Ig genes in 64 children
with acute lymphoblastic leukemia (ALL).

Methods

Analysis of leukemic cell surface markers. Mononuclear cells were
obtained from bone marrow by Ficoll-Hypaque gradient centrifuga-
tion at the time of diagnosis, before initiation of treatment. The sam-
ples evaluated contained > 85% malignant cells. Reactivity with a
panel of monoclonal antibodies was assessed by indirect immunofluo-
rescence using fluorescent microscopy (5). The diagnosis of T-ALL was
made based on the expression of T cell-associated antigens such as T3
(CD3), T4 (CD4), T6 (CD1), T8 (CD8), T 1 (CD2), Leu I (CD5), and
WTI (CD7). If leukemic cells lacked both T cell-associated antigens
and surface immunoglobulin, but expressed the B cell-associated
antigen B4 (CD 19) and/or BI (CD20), they were classified as B-pre-
cursor ALL.

DNApreparation. High-molecular weight DNAwas extracted by
routine methods from the mononuclear cells. The DNAsamples were
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digested with restriction endonucleases. The digested DNAwas sub-
jected to electrophoresis in - 0.6-0.9% agarose gels and transferred to
nylon filters by the Southern blotting technique. Filters bonded with
DNAwere then hybridized to probes labeled with 32P by the random
primer method (31) and visualized by autoradiography.

Gene probes. The human Ig gene probes were the Ig M-chain con-
stant region probe (1.3-kb Eco RI fragment, provided by Drs. T. H.
Rabbitts and G. Matthyssens) (32) and the Ig k-chain constant region
probe (2.5-kb Eco RI fragment provided by Dr. P. Leder) (33). The
TCR/3-chain gene probe was a 0.8-kb Bgl II-Eco RVcDNAfragment
containing constant region subcloned from the cDNA clone YT-35
(12) and hybridized to both constant regions C: I and C132. Using this
probe, rearrangements of either the CB1 or C#2 locus were detected
after Bam HI digestion. Eco RI and Hind III digests demonstrated
rearrangements of C/31 and C/32 loci, respectively (34). The TCR y-
chain gene probe was the joining region probe (0.7-kb Hind III-Eco RI
fragment provided by Dr. T. H. Rabbitts) (35) and hybridized to Jy 1.3
and Jy 2.3. After Bam HI digestion, rearrangements of Jy 1.1, Jy 1.2,
JPy 1.3, Jy 2.1, and Jy 2.3 loci were detected with the Jy probe. After
Eco RI digestion, rearrangements of only J-y 1.3 and J'y 2.3 loci were
detected because Eco RI separated Jy 1.3 and J7 2.3 from the other Jy
segments (36). The TCR a-chain gene joining region probes used in
this study were the JaB, JaC, and JaD probes (2.3-, 4.7-, and 2.0-kb
Eco RI fragments, respectively) (30). Of these, the JaD probe is the
furthest upstream, about 30 kb from the constant region.

Results

Immunological analysis. A summary of reactivity with mono-
clonal antibodies for the 18 patients with T-ALL is shown in
Table I. 11 of 18 patients were positive for CD3, which appears
at a late stage of T cell development. However, the remaining

seven patients did not express CD3 and were conceivably de-
rived from an earlier stage of differentiation (37). One patient
(Pt. 1) showed only reactivity with CD7; which recognizes the
earliest T cell-associated antigen (38).

The B-precursor ALLs were divided into three subgroups
according to the phenotypic classification proposed by Nadler
et al. (39) (Table II): Ia and CD19 (Stage II, 4%); Ia, CD19, and
commonALL antigen (CALLA, CDIO) (Stage III, 76%); and
Ia, CD19, CD10, and CD20 (Stage IV, 20%). In 12 patients,
BA-2 (CD9) was used instead of CD19. Leukemias belonging
to Stage I (solely Ia') were excluded from this study, as we have
labeled such leukemias as unclassified. In 41 patients, cyto-
plasmic Ig (cIg) was examined, and 10 patients (24%) were

positive.
Ig gene rearrangement. IgH gene was analyzed by the C,

probe after Bam HI digestion. Among the 18 patients with
T-ALL, two patients (Pts. 2 and 8) showed a single rearranged
band whose size was close to that of the germline band (Table
I). As previously reported, this unique pattern was previously
observed in HSB2 cells (T cell line), T cell, myeloid, and un-
classified leukemia (40).

39 of 46 patients with B-precursor ALL showed rearrange-
ments of IgH-chain gene without a germline allele, and five of
them had three rearranged bands indicating biclonality or

chromosomal abnormality (Table II). The remaining seven

patients had single allelic rearrangements with a germline con-

figuration on the other allele. In addition, rearrangements of
the k-chain gene were examined using the Ck probe after Bam
HI digestion in 39 patients with B-precursor ALL. 21 patients
(54%) demonstrated rearranged bands or deletion.

Table I. Surface Antigen Expression and Rearrangements of Immunoglobulin and T Cell Receptor Genes in 18 Patients with T Cell ALL

T cell receptor genest

Surface markers* Immunoglobulin genet 0

Pt. No. CD7 CD3 CDI CD2 CD4 CD8 A IO Barn HI Eco RI"1 a

I + - - - _ - G R/R R/R D G
2 ND - - 20 + 30 R/G R/R R/R D G
3 + - - + - - G R/R R/D R/D G
4 ND - - + + + G R/R R/D R/D G
5 ND - + + + 42 G R/R R/D D G
6 ND - + + + + G R/R R/D D G
7 ND - 30 + - + G R/R R/D R/D G
8 + + 20 - + - R/G R/R R/R R/D R/G
9 ND 18 18 + - 20 G R/R R/R R/R G

10 ND + + + 40 40 G R R/D R/D G
11 ND + 44 + 19 - G R/R R/R R/D G
12 ND 15 + + 10 + G R/R R/D R/D G
13 ND + 30 + 29 + G R/R R/R D G
14 ND 30 + + + + G R/R R/R R/D G
15 + + - + - _ G R/R R/R R/R R/G
16 ND + - - 27 - G R/R R/R D G
17 ND 33 - + 42 45 G R/R R/R R/R G
18 ND + - + - - G R/R R/R R/D G

* (-) < 100 positive cells; (+)> 50% positive cells. Numbers are specific percentages of positive cells. t (R) rearranged; (G) germline; (D) de-
leted. § Patterns after BamHI digestion are shown. In all patients except for Pt. 6, there was no retained germline band. Pt. 6 retained one
germline band corresponding to y2 locus, and an additional rearranged band that was not detected after Eco RI digestion was demonstrated
after BamHI digestion. 11 Patterns of bands corresponding to CBI locus.
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Table II. Rearrangement of Immunoglobulin and T Cell Receptor Genes in 46 Patients with B-Precursor ALL

Immunoglobulin genes* T cell receptor genes*

Group Pt. No. Phenotypet A K BamHI Eco RI"

A

19
20
21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39

40
41
42
43
44
45
46
47
48

B

C

49
50
51
52

D 53
54
55
56
57

E

58
59
60
61
62
63
64

II
II
III
III
III
III
III
III
III,
III
III
IV,
IV

III
III
III
III
III
IV
IV

III
III,
III
III
III
III
IV
IV
IV

III
III,
III
III7
III
III
IIlf
III
III

III
III,
IIIf
III
III
IIIf
IV

R/R/R
R/G
R/D
R/D
R/R/R
R/D
R/R
R/G
R/R/R
R/D
R/R
R/R
R/R/R

R/R
R/R
R/R
R/R
R/D
R/G
R/R
R/D

R/D
R/D
R/R/R
R/D
R/R
R/R
R/R
R/R
R/G

D/D
R/G
R/R
R/D
R/D
R/R
R/R
R/D
R/G

R/R
R/D
R/R
R/R
R/D
R/G
R/R

D
G
D
D
R/D
G
G
ND
R/G
G
ND
G
R/D

R/D
D
R/R
G
ND
ND
G
ND

R/D
ND
D
G
ND
D
G
D
R/G

D
G
G
G
D
R/D
G
D
G

G
G
G
D
G
D
R/D

G
G
G
G
G
G
G
G
G
G
G
G
G

R D**/G~tt
R D/GB
R G/G
R D/G
R G/G
R G/G
R G/G
R G/G

R G/G
R D/G
R D/G
R G/G
R D/G
R G/G
R G/G
R D/G
R D/D

R D/G
R/R D/G
R G/G
R G/G
R/R D/G
R/R D/GB
R/R D/GB
R/R D/G
R/R D/G

R/R D/D
R G/G
R G/G
R/R D/G

G
G
G

G
G
G
G
G
G
G
G
G
G
G
G
G

G
G
G
G
G
G
G
G

R/G
R/D
R/D
R/G
R/R
R/G
R/D
R/R
R/G

R/D
R/G
R/R
R/G
R/D
R/R
R/D
R/D
R/R

G
G
G
G
G
R/D
R/G

G
G
G
G
G
G
G
G
G
G
G
G
G

G
G
G
G
G
G
G
G

G
D
D
G
D
G
D
D
G

D
G
D
G
D
R/D
D
R/D
D

G
G
G
G
G
D
G

G
G
G
G
G
G
G
G
G
G
G
G
G

G
G
G
G
G
G
G
G

G
G
G
G
G
G
G
G

R/G
R/G
R/G
R/R
R/R
R/R
R/G
R/R
R/G

R/G
R/G
R/G
R/R
R/R
R/R
G

* (R) rearranged; (G) germline; (D) deleted. t II, Ia and CDl9 were positive; III, Ia, CD19, and CD10 were positive; IV, Ia, CD19, CD10, and
CD20 were positive. 1Patterns after BamHI digestion are shown. "lPatterns of bands corresponding to C, 1 locus. 'Cytoplasmic M-chain
was detected in these patients. ** Configuration of germline band corresponding to 1 locus. * Configuration of germline band correspond-
ing to -y2 locus. 0 Additional rearranged bands that were not detected after Eco RI digestion were demonstrated after BamHI digestion in
these patients.

1772 J. Hara, S. H. Benedict, T. W. Mak, and E. W. Gelfand

Downloaded November 18, 2014 from The Journal of Clinical Investigation. doi:10.1172/JCI113270.

http://www.jci.org
http://dx.doi.org/10.1172/JCI113270


TCR y- and ,8-chain gene rearrangement. Wepreviously
reported the analysis of TCR y- and (3-chain gene rearrange-
ments in T-ALL and B-precursor ALL (7, 9). These and addi-
tional results are summarized in Table I and II. All T-ALLs
and 30 out of 46 B-precursor ALLs (65%) showed rearrange-
ments of the TCR y-chain gene. Most T-ALLs (17 of 18)
possessed rearranged fragments on both chromosomes and re-
tained no germline configuration. In contrast, only eight B-
precursor ALLs showed biallelic rearrangements and germline
configuration was retained in the majority of patients (28
of 30).

All T-ALLs and 20 out of 46 B-precursor ALLs (43%) also
had rearrangements of the TCR-( chain gene. The differences
in the rearrangement patterns between T-ALL and B-precur-
sor ALL were observed after Eco RI digestion. In germline
DNA, Eco RI digests yielded 11- and 4-kb fragments contain-
ing Cfl and C(32, respectively. The 4-kb fragment does not
change in size even when the (32 locus rearranges, because Eco
RI separates C(2 from diversity (D) gene segments and Jo3.
With the 11-kb fragment, 12 out of 18 patients with T-ALL
showed rearranged bands without germline configuration. In
contrast to T-ALL, only two out of the 20 patients with B-pre-
cursor ALL which had TCR (3-chain gene rearrangements
demonstrated rearranged bands after Eco RI digestion. The
remaining 18 patients showed germline bands or biallelic de-
letions of C(3 1 fragments in the absence of a rearranged band.

TCRa-chain rearrangement. A restriction enzyme map of
TCRa-chain and the genomic Ja probes used in this study are
shown in Fig. 1. If a Ja segment in a restriction fragment
recognized by one of these probes recombines with a variable
(V) or a putative Dsegment, Ja sequences located upstream of
the recombination site are deleted, the size of the resulting
fragment becomes different from germline, and a rearranged
band is observed.

DNAsamples digested with Eco RI, Hind III, and Bgl II
were examined. As shown in Figs. 2 and 3, in germline DNA,
Eco RI digests yielded 2.3-, 4.7-, and 8.3-kb fragments corre-
sponding to the JaB, JaC, and JaD probes, respectively. After
Hind III digestion, a 4.8-kb fragment was recognized by the
JaD probe, and three fragments (0.7, 1.7, and 5.3 kb) were
recognized by the JaC probe. In an attempt to detect allelic
deletion clearly, Eco RI digests were hybridized with these
three probes at the same time and the intensity ratio of each
band was assessed by densitometry in comparison with a
germline control. Furthermore, in blots digested with Hind III,
the DNAhybridization ratio between the 4.8-kb (JaD probe)
and 5.3-kb (JaC probe) bands was assessed in the same man-
ner. In cases where rearranged bands were demonstrated, the
rearranged band was screened by hybridization with single
probes. The enzyme Bgl II produced 9.3- and 5.7-kb fragments
identified by the JaC probe in germline DNA(Fig. 4). The
5.7-kb fragment was not rearranged without a deletion of the
9.3-kb fragment. Weconcluded, therefore, that the 9.3-kb
fragment lies upstream of the 5.7-kb fragment and contains a

EHH H E H HE H HE HH E EHH EH E H
III lI11I1

J a D
H -- I I

JaC JaB

H
1kb

large part of the regions upstream of the JaC sequences. This
digestion was useful to identify rearrangements involving Ja
segments located between the JaC and the JaD probes.

The patterns of a-chain gene rearrangement are summa-
rized in Tables 1-111. Southern blots of DNAs digested with
Eco RI from T-ALL patients are shown in Fig. 2 A. No rear-
ranged bands were observed. However, in two patients (Pts. 8
and 15), single allelic deletions of the JaD sequences were
detected based on decreased intensity of the 8.3-kb bands and
were confirmed after Hind III digestion (Fig. 2 B). In addition,
Pt. 15 showed a rearranged Bgl II band hybridizing to the JaC
probe (Fig. 4).

15 out of 46 DNA samples digested with Eco RI from
B-precursor ALL patients (33%) demonstrated rearranged
bands and/or deletions (Tables II and III). Fig. 3, A and C
shows the pattern of rearrangements in these 15 patients. In 7
of 15, there were deletions of the JaD sequences on both alleles
(Pts. 52, 53, 54, 56, 61, 62, and 63); another seven showed
single allelic deletions of these regions without any rearranged
band (Pts. 49, 50, 55, 57, 58, 59, and 60), and the remaining
patient (Pt. 51) had a single allelic rearranged band corre-
sponding to the JaD sequences while retaining germline con-
figuration on the other allele. One (Pt. 63) of the first group
had a single rearranged band containing the JaC sequences
and deleted the germline bands corresponding to the JaC and
JaD probes. Single allelic deletion corresponding to the JaB
probe was suggested in this patient by the DNAhybridization
ratio. This suggested that a Ja segment in the JaC sequences
was involved in the rearrangement, and Ja regions located
upstream of at least the 3' terminus of the JaB sequences were
deleted on the other allele. Also in the first group, Pt. 53
showed deletions of Ja segments corresponding to the JaD
sequences on one allele and to the JaB, JaC, and JaD se-
quences on the other allele. These findings after Eco RI diges-
tion were confirmed by Hind III digestion (Fig. 3, B and D). In
12 of 15 patients, DNA samples digested with Bgl II were
hybridized with the JaC probe (Fig. 4). Rearranged bands
were demonstrated in five patients (Pts. 54, 55, 56, 61, and 63).
Except for Pt. 63, these patients retained germline configura-
tion. The two apparently rearranged bands in Pt. 54 could
represent one somatic rearrangement plus a chromosomal ab-
normality.

Overall, in 13 of 15 patients with B-precursor ALL having
rearrangements of a-chain gene, Ja segments located between
the JaC and the JaD sequences were involved in these rear-
rangements. Moreover, based on the experiments using Bgl II
digestion, in the majority of these patients, the rearrangements
occurred between the 3' site of JaD sequences and the Bgl II
restriction site located upstream of the JaC sequences (Ta-
ble III).

Patients with unusual combinations of TCR gene rear-
rangements. After analysis of the findings of TCRgene config-
uration, the 46 patients with B-precursor ALL were tentatively
divided into five subgroups as shown in Table II. Most patients

H H H H Figure 1. A restriction map of TCRa-
chain gene and the genomic Ja probes

-4-* used in this study. (E) Eco RI; (H) Hind
Ca III restriction sites. Bgl II restriction sites

are uncertain.
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(a)
G 8 15 1 2 5 10 18

D(843 kb) -- 4-X- -u-rn
C(4.7 kb) - -*mo* ----

B(2.3 kb) --- -

(b)
G 8 15

C(5.3kb)-- -.m
D(4.8 kb) -

Figure 2. The rearrangement patterns of TCRa-chain gene in pa-
tients with T cell acute lymphoblastic leukemia. Patient numbers are
noted above each lane. Lane G shows the germline control. Dotted
lines B, C, and D on either side of each gel indicate the germline po-
sitions corresponding to the JaB, JaC and JaD probes, respectively.
(a) DNAswere digested with Eco RI and were hybridized with the
JaB, JaC, and JaD probes at the same time. The JaB, JaC, and JaD
probes demonstrated 2.3-, 4.7-, and 8.3-kb bands, respectively, in
germline DNA. A faint band just below the JaC band in Pt. 15 was
due to cross-hybridization. Similar bands were observed in the other
lanes on the original film. (b) DNAswere digested with Hind III and
were hybridized with the JaC and the JaD probes at the same time.
The JaC and the JaD probes demonstrated three bands (0.7-, 1.7-,
and 5.3-kb) and 4.8-kb band, respectively, in germline DNA. 0.7-
and 1.7-kb bands corresponding to the JaC probe are not shown in
this figure.

with B-precursor ALL showed a combination of TCR gene
rearrangements consistent with the proposed hierarchy that
-y-chain gene rearrangement is the first event followed by f-
chain rearrangement and subsequently a-chain gene rear-
rangement (19, 23-28). However, seven patients (Group E)
demonstrated unusual combinations of TCRgene rearrange-
ments. Patients 58 through 61 had rearrangements of the a-
chain gene despite retention of germline configuration of the
f-chain gene; three patients (Pts. 62-64) had rearrangements
of the fi- and/or a-chain gene while retaining germline configu-
ration of y-chain gene.

Discussion

Lymphoid leukemias are presumed to result from the clonal
expansion of cells arrested at different stages of lymphoid on-
togeny (1, 2). These leukemias offer the opportunity to analyze
clonal cells, and molecular analysis of these cells is a powerful
tool for investigation of the differentiation of lymphoid pre-
cursor cells. Analyses of Ig, TCR fi-, and y-chain gene rear-

rangements have been reported for leukemic patients, and

these data have provided insights into the differentiation pro-
cess of hematopoietic cells (3-11, 40-42).

In the present study, we have analyzed a-chain gene config-
uration in addition to the TCR y, fi, and Ig genes in 64 chil-
dren with ALL using three genomic Ja probes. Rearrange-
ments of the a-chain gene were observed not only in T-ALL
but also B-precursor ALL. In this way, we have demonstrated
further heterogeneity of B-precursor ALL at the gene level.
These data also indicated that similar to y- and 13-chain genes,
rearrangement of the a-chain gene is not specific for T-lineage
cells and cannot therefore be used as a specific marker indicat-
ing T cell lineage.

All 18 T-ALL patients had rearrangements of both -y- and
A-chain genes, but rearrangements of a-chain genes were ob-
served in only 2 of 18 patients with T-ALL (Table I). Leuke-
mic cells from these two patients expressed T3 antigen on the
cell surface. Although it has been reported that a population of
T cells expresses T3 antigen in the absence of the a/f hetero-
dimer, such a population was infrequent (19, 20, 43). Furley et
al. reported that all T-ALL patients whose leukemic cells had
T3 antigen on the cell surface expressed 1.6 kb messenger
RNAof the a-chain gene which is conceivably functional, and
suggested rearrangement of the a-chain gene in these patients
(28). In the present study, 11 out of 18 T-ALLs expressed T3
antigen. If one assumes that these 11 patients have rearrange-
ments of the a-chain gene, Ja segments located in the region
recognized by the JaB, JaC, and JaD probes were involved in
only two of the 11 patients, and leukemic cells from the re-
maining nine patients should therefore have rearrangements
involving Ja segments located upstream of the JaD sequences.
Although we cannot completely rule out the possibility of sin-
gle allelic deletion of the whole JaB sequences and Ja regions
located upstream of them, considering the amount of DNA, it
seemed unlikely. On the contrary, a-chain gene rearrange-
ments were observed in 75% of cloned functional T cell lines
with the probes used in this study and similar digestions (30).
Rearrangements of Ja regions located upstream of the JaD
sequences may be favored in T-ALL.

Rearrangements of the a-chain gene were also demon-
strated in 15 of 46 (33%) B-precursor ALL patients (Table II).
Surprisingly, in contrast to the findings in T-ALL, rearrange-
ments in 13 of these 15 patients involved Ja segments located
between the 3' site of the JaD probe and the 5' site of the JaC
probe (Table III). It is not clear why a-chain gene rearrange-
ment in B-precursor leukemic cells should favor a recombina-
tion site that was rarely observed in T leukemic cells.

Patients (Pts. 58-64) with unusual combinations of TCR
gene rearrangements were also observed. Four patients (Pts.
58-61) had rearrangements of both y- and a-chain genes de-
spite germline configuration of the fl-chain gene; Pts. 62 and
64 had a- or f-chain gene rearrangements alone, respectively.
Pt. 63 had rearrangements of both fi- and a-chain genes with-
out ay-chain gene rearrangement. These findings suggest that
the order of TCRgene rearrangement may not always be strict
and that products of rearranged ay- or fl-chain genes may not be
essential for the next step of gene rearrangement, i.e., fi- or

a-chain gene rearrangement, at least in B-precursor cells. The
TCR gene system therefore seems to be different from the
IgH-chain and L-chain genes where IgL-chain gene rearrange-
ments have never been observed without IgH-chain gene rear-

rangements and the protein products of rearranged IgH-chain
genes may be necessary for IgL-chain gene rearrangement (21).
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Figure 4. The rearrangement patterns of TCRa-chain
II digestion. Patient numbers are noted above each lan
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quences and yielded two germline bands (9.3 and 5.7 k
indicated by dotted lines on either side of each gel. Rea
are indicated by arrows on the gels. Faint bands in the
the gels were caused by cross-hybridization.

D --_m

C--_=00
Figures 3. Rearrangement patterns of TCRa-chain gene in patients
with B-precursor acute lymphoblastic leukemia. Patient numbers are

B -- _ _ noted above each lane. Lane Gshows the germline control. Dotted
lines B, C, and D on either side of each gel indicate the germline posi-
tions corresponding to the JaB, JaC, and JaD probes, respectively.
Rearranged bands are indicated by arrows (c) and (d) corresponding to
the JaC and the JaD probes, respectively, on the gels. (a) and (c)
DNAswere digested with Eco RI and were hybridized with the JaB,
JaC, and JaD probes at the same time. (b) and (d) DNAswere di-
gested with Hind III and were hybridized with the JaC and the JaD
probes at the same time. Faint JaD bands in Pts. 52, 53 (a), and 61 (c)
represent DNAfrom contaminating nonleukemic cells. Weak hybrid-
izations caused by cross-hybridization were observed just above JaB or

below JaC bands in c.

ore Ja probes in liver and a population of early thymocytes had no rear-

rangement of the f-chain gene, and suggested that fl- and a-

irethymocytes chain gene rearrangements occur in the thymus (27). More-
over, leukemic cells having no CD3 or CDl, but expressing

8 1I 5 antigen, frequently

had no rearrangement of the fl-chain gene (10, 44). Therefore,

fl- and a-chain gene rearrangements may be events occurring
after the commitment to T cell lineage, and such phenomena

_ 9.3kb may not be observed in uncommitted cells. Accordingly, if

aam 5.7kb leukemic cells from B-precursor ALL are presumed to be the
_~Now counterparts of normally developing cells, then it is possible

that #- or a-chain gene rearrangements in such cells may also
occur after the commitment to B cell lineage concomitantly
with rearrangements of IgH- and L-chain genes by an activated
common recombinational system (45). Rearrangements of fl-
and a-chain genes in these cells may then be independent of

gene after Bgl the thymus. Such extrathymic of TCR

Bge II and has been observed in nude mice (46). Subsequently and irre-

BJgC se- spective of the configuration of TCRgenes, only precursor B

cb) which are cells that accomplished productive rearrangements of both
arranged bands IgH- and L-chain genes would differentiate to functional B
lower half of cells. Other cells would be eliminated.

In this study, a significant proportion of patients with B-
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Table III. Patterns of T Cell Receptor a-Chain
Gene Rearrangements

JaC JaD
JaB

Eco RI, Eco RI,
Pt. No. Eco RI Hind III Bgl II Hind III

T-ALL 8 G G G D/G
15 G G R/G D/G

B-precursor ALL 49 G G ND D/G
50 G G G D/G
51 G G ND R/G
52 G G G D
53 D/G D/G D/G D
54 G G R/R/G D
55 G G R/G D/G
56 G G R/G D
57* G G ND D/G
58 G G G D/G
59 G G G D/G
60 G G G D/G
61 G G R/G D
62 G G G D
63 D/G R/D R/D D

(R) rearranged; (G) germline; (D) deleted.
* Hind III digestion was not done in this patient.

precursor ALL showed rearrangements of TCRgenes (Table
II). However, the pattern of rearrangements was readily distin-
guished from those observed in T-ALL. The majority of pa-
tients with B-precursor ALL (93%) retained germline frag-
ments of the y-chain gene, but no patients with T-ALL other
than the exceptional patient had any germline configuration of
the y-chain gene. In most B-precursor ALL, Cf 1 fragments
were completely deleted or retained without any rearranged
bands, and only 10% showed rearrangements to C3 1. In con-
trast, 67% of T-ALL showed rearrangement to C#3I. Further-
more, B-precursor ALL, which did rearrange the a-chain gene,
exhibited a preferred site of recombination that was seen rarely
in T-ALL. Conversely, single allelic IgH-chain gene rearrange-
ments were observed in two patients with T-ALL. However,
rearrangements in these two patients showed the unique pat-
tern of a close doublet which we have previously reported (40)
and which was never observed in B-precursor ALL. Most B-
precursor ALL (85%) retained no germline of the IgH-chain
gene.

In summary, the findings in the present study indicate that
TCRa-chain gene rearrangements frequently occur in B-pre-
cursor leukemic cells and are not specific for T lineage cells. In
addition, in B-precursor leukemic cells, products of rearranged
'y- or ,B-chain genes are not always required for a-chain gene
rearrangement. Rearrangements of the a-, fl-, and y-chain
genes are prevalent in B-precursor ALL. Nonetheless, the pat-
terns of TCRgene rearrangements are in general distinguish-
able in B-precursor ALL from T-ALL. Coupled with Ig gene
studies, it is possible to assign cell lineage to the majority of
childhood ALL.
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