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ABSTRACT The T cell receptor (TCR) ayd locus is
composed of a common, shared set of variable (V) and distinct
diversity (D), joining (J), and constant (C) genes. It has been
recognized for several years that transcripts of the rearranged
VDJd or VJa genes are spliced to the Cd or Ca genes,
respectively, encoding distinct TCR d and a proteins. Herein,
we describe the discovery of a splicing variation that allows the
assembled VDJd genes to be fused with the Ca gene. This
variation is prominent in TCRd gene-deficient mice but is also
detectable in wild-type mice. Furthermore, we show that
several in-frame VDJd rearrangements in TCRd gene-
deficient mice are strikingly underrepresented, suggesting
that the alternative transcripts, with protein coding capacity,
inf luence the development of ab thymocytes. In-frame TCRg
gene rearrangements do not appear underrepresented, indi-
cating that the effect is not mediated by the g chain. Instead,
indirect evidence supports the hypothesis that the dya chi-
meric protein acts in conjunction with the TCRb chain. These
results have implications for the transcriptional control of the
TCRayd locus and provide a novel insight into the distinct
functional capacities of the TCR a and d proteins during
thymocyte development.

T cell receptor (TCR) and Ig (Ig) genes are assembled from
separate variable (V), diversity (D) and joining (J) elements by
a site-specific recombination mechanism termed V(D)J re-
combination (1). The assembled V(D)J complex is transcribed
and spliced to a separate gene encoding the constant (C)
domain of the particular antigen receptor. The TCR a and d
genes form a single complex locus (2), spanning approximately
1 megabase (3) on chromosome 14 (4) in the mouse. The locus
is composed of more than 100 V genes (3), followed in the 39
direction by DyJyCd, the 61 Ja and the Ca genes (ref. 5 and
see Fig. 1a). Despite the intimate chromosomal context, the a
and d genes encode proteins participating exclusively in the ab
or gd TCR complexes, which in turn are expressed in the two
separate lineages of ab and gd T cells, respectively (6).
Extensive TCR a gene rearrangements occur predominantly in
ab T cells (7, 8), whereas VDJd and g rearrangements have
been found in the majority of T cells of both lineages (9–11).
Sequence analysis of several TCR g and d gene rearrangements
revealed that significantly less than the expected 33% random
proportion of in-frame VDJ joints are present in ab T cells
(11–13). These results have prompted a model in which ab and
gd T cells share a common intrathymic precursor and gener-
ation of a gd TCR biases development toward the gd lineage
(11, 12).

Herein, we describe the alternative splicing of VDJd tran-
scripts to the Ca gene. This phenomenon has been observed
in both TCRd-deficient and, to a lesser extent, in wild-type

mice. The putative chimeric protein translated from this novel
message would consist of the variable domain of TCRd and the
constant domain of the a chain. We show that, in contrast to
the expected random distribution, several in-frame VDJd
joints are strikingly underrepresented in TCRd-deficient mice,
suggesting that these chimeric proteins exert a negative effect
on ab thymocyte development. Finally, we demonstrate that
this effect is probably mediated by a novel TCR complex
between the chimeric protein and the TCRb rather than the g
chain.

MATERIALS AND METHODS

Animals. Four- to 8-week-old C57BLy6 wild-type mice,
TCRd- and TCRbxd-deficient (both on C57BLy6 background)
mice were obtained from The Jackson Laboratories and
maintained at Yale University animal facilities.

Flow Cytometric Analysis. Flow cytometric analyses were
performed as described (14). For separation of CD4yCD8
double-negative (DN) subsets, cells were stained with a com-
bination of biotinylated anti-mouse CD4 (clone H129.19) and
anti-mouse CD8a (clone 53–6.7) antibodies; depleted with
magnetic-bead-conjugated anti-rat IgG (PerSeptive Diagnos-
tics, Framingham, MA), stained with streptavidin pallophyco-
cyanin, anti-mouse heat-stable antigen (HSA), anti-mouse
CD44, and anti-mouse CD25 (all from PharMingen); and
electronically sorted on FACStar Plus (Beckton Dickinson).

DNA PCR and PCR Restriction Fragment Length Polymor-
phism (PCR RFLP) Analyses. High molecular weight DNA
prepared (15) from various thymocyte populations was am-
plified for 30 cycles with Taq DNA polymerase. PCR RFLP
analysis (14) was performed with reverse primers specific for
Jd1, Jg1, and Jg4 genes (11, 14) that were 59-end-labeled with
[g-32P]ATP and T4 polynucleotide kinase and V gene-specific
forward primers (11, 14, 16) in a thermocycler. The purified
PCR products were digested with the indicated restriction
enzymes and separated on 6% denaturing polyacrylamide gels.
The gels were imaged with a PhosphorImager and the relative
intensity of the rearranged bands was calculated with IMAGE-
QUANT 3.0 software (Molecular Dynamics).

Reverse Transcriptase (RT) PCR Analysis. Total cellular
RNA was prepared from various thymocyte populations by
using the Nonidet P-40 detergent lysis method (15). The RNA
was reverse-transcribed into cDNA with random hexamers by
using Superscript II RT enzyme (GIBCOyBRL) and amplified
for 30–35 cycles with Taq DNA polymerase. The forward V
gene-specific primers were used in combination with reverse
primers of the following sequences: 39CaJd1, 59-GGTTCT-
GAATTCTGGATGTTTGGTTC (note that the first 19 nu-
cleotides correspond to Ca and the last 7 nucleotides corre-
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spond to Jd1); 39Cd, 59-GCGGATCCATGCTCGCCTCAG-
GAGA (corresponding to the last exon of the Cd gene, which
remains intact in both wild-type and TCRd-deficient mice);
and 39Ca, 59-CGGAATTCTAGAGGCAATGGCCCCATT-
GCTCTTG. The PCR products were analyzed by Southern
blotting (15) and high-stringency hybridization with a radio-
labeled oligonucleotide probe corresponding to the Jd1 gene.
Some VDJd1 PCR products were subcloned into pBluescript
(Stratagene) and the bacterial colonies were screened with
radiolabeled oligonucleotide probes corresponding to Jd1
(identical to the 3Jd1 primer, ref. 11) or Ca (identical to the
39Ca primer). Control hybridization experiments demon-
strated that the probes were specific for the Jd1 or Ca genes
(data not shown). Individual subclones were sequenced by
using the Applied Biosystems model 373 automated sequencer.
All sequences derived from subclones generated with RT–
PCR using the 39CaJd1 primer contained the Jd1 gene rear-
ranged to the expected Vd gene.

RESULTS

Selection Against In-Frame VDJd Rearrangements in
TCRd-Deficient Thymocytes. We have been studying selection
events mediated by the TCR during thymocyte development
with a PCR RFLP technique (12, 14, 17). With this method it
is possible to quantitatively determine the extent of selection
of a particular TCR in a given cell population by comparing the
relative proportion of in-frame and out of frame V(D)J joints.
If no selection occurs, the proportion of in-frame V(D)J joints
should theoretically be 33%. If development of the cell pop-
ulation requires the expression of the given TCR, in-frame
joints should represent more than 33% (typically 60–70%) of
the analyzed V(D)J rearrangements (17). In contrast, if ex-
pression of the TCR negatively affects lineage choice (11–13)
or development (14) of the given cell population, a percentage
of in-frame joints of less than 33% can be observed. As part of

our study of abygd T cell lineage commitment, we have been
analyzing TCR g and d gene rearrangements in various
thymocyte populations. As one control for random rearrange-
ments of these loci, we used TCRd gene-deficient mice, in
which no VDJ-Cd protein can be produced due to the targeted
deletion of all three coding exons of the Cd gene (ref. 18 and
see Fig. 1a). Because in these mice, no TCRgd immunoreac-
tivity has been detected, it has been assumed that no functional
gd TCR can be produced despite the fact that both TCR g and
d locus rearrangements proceed normally (ref. 18 and data not
shown). To our surprise, however, we found significant deple-
tion of in-frame Vd4, Vd7, and Vd8 to Jd1 rearrangements
from total thymus DNA of several TCRd-deficient mice (Fig.
2a; for representative samples see Fig. 3, lanes 2, 3, 7, and 8).
The level of depletion was consistently more severe than that
observed in wild-type thymocytes (12% vs. 25% for Vd4, 15%
vs. 26% for Vd7, and 8% vs. 22% for Vd8; see Fig. 2a). In
contrast, Vd5 and Vd6 to Jd1 joints showed no deviation from
the expected random 33% proportion of in-frame joints in
TCRd-deficient samples (Fig. 2a; and see Fig. 3, lanes 12 and
13). In-frame Vd5 (but not Vd6) rearrangements are depleted
in wild-type mice (Fig. 2a and refs. 11, 12, and 14).

Some TCRg gene rearrangements also exhibit a depletion of
in-frame rearrangements in total wild-type thymus DNA (12,
13), due to the requirement of both TCR g and d proteins to
form a functional gd TCR complex (11, 12). However, when we
analyzed TCRg gene rearrangements in TCRd-deficient mice,
we observed no significant depletion of in-frame Vg1-Jg4 and
Vg4 or Vg7 to Jg1 joints (31%, 34%, and 32%, respectively;
see Fig. 2b). These results suggest that the TCRg locus, which
is intact in TCRd-deficient mice, does not significantly con-
tribute to the observed depletion of in-frame TCRd rearrange-
ments. This in turn implies that there is indeed no functional
gd TCR complex formed in these mice (18) and that the
unexpected behavior of the TCRd locus is due either to an

FIG. 1. (a) Schematic map of the TCRayd locus (not to scale). Boxes represent the various coding sequences. For the C genes, boxes are used
to indicate each of the four exons. Arrows within the V gene boxes indicate transcriptional orientation. The top and bottom lines depict the wild-type
and TCRd-deficient loci, respectively. (b) An example of a V gene (Vd4) rearrangement that can generate VDJd1-Ca transcripts on the
TCRd-deficient locus. Lines indicate the two potential splicing events that can give rise to the two distinct mRNA species shown below the locus.
Solid lines indicate the three RT–PCR products (marked as I, II, and III) that are detected in Fig. 4. (c) An example of a V gene (Vd5) rearrangement
that cannot generate VDJd1-Ca transcripts on the TCRd-deficient locus. Note the reverse transcriptional orientation of the assembled Vd5DJd1-Cd
region generated by the chromosomal inversion. Lines indicate the only potential splicing event that can give rise to the Vd5DJd1-Cd mRNA shown
below the locus and the solid line indicates the only RT–PCR product (marked as II) that can be detected (data not shown).
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intrinsic property of the locus itself or to a TCR complex
formed with another TCR chain.

To test the role of the only available candidate, the TCRb
protein, we studied CD251, HSAhi, and CD4yCD8 DN im-
mature thymocytes from wild-type and TCRd-deficient mice
and unseparated thymocytes from TCRbxd-deficient mice (in
which essentially all thymocytes are CD251 DN). PCR RFLP
analysis of Vd4 and Vd8 to Jd1 rearrangements showed no
significant deviation from the expected random 33% propor-
tion of in-frame joints in any of DN cell populations (data not
shown for wild-type and TCRd-deficient cells; see Figs. 2 and
3 for TCRbxd-deficient thymus). Because no thymocytes in the
TCRbxd-deficient mice (19) and only a small fraction of
CD251 HSAhi DN thymocytes in wild-type or TCRd-deficient
mice are expected to express the TCRb protein (20), the above
results are consistent with the hypothesis that depletion of
in-frame TCRd rearrangements in TCRd-deficient mice is
dependent on or at least coincident with expression of the
TCRb protein.

Detection of VDJd Transcripts Spliced to the Ca Gene.
Depletion of in-frame VDJd joints in thymocytes of TCRd-
deficient mice strongly suggests selection against TCRd locus-
derived protein products. Because no Cd domain can be
produced in these mice (18), we propose that a different
protein must be translated from the rearranged TCRd mes-
sages during thymocyte differentiation. One potential protein
product, which can be predicted from the structure of the
locus, would be generated by translation of transcripts of
rearranged VDJd sequences spliced to the first exon of the Ca
gene (see Fig. 1b). One appealing feature of this hypothesis is
that it provides an explanation for the lack of depletion of
in-frame Vd5 gene rearrangements in TCRd-deficient mice

(Fig. 2a and 3). Because Vd5, in contrast to all other Vd genes,
rearranges to Jd1 with inversion (21, 22), the transcriptional
orientation of Vd5-Jd1 is incompatible with splicing to Ca (Fig.
1c).

We used an RT–PCR assay to attempt to identify alterna-
tively spliced transcripts containing VDJd and Ca sequences
(Fig. 4). Three reverse primers (described below) were used in
combination with forward Vd gene-specific primers. The RT–
PCR products were visualized with ethidium bromide staining
(Fig. 4, second and fourth panels from the top) and by
high-stringency hybridization to an oligonucleotide probe that
specifically detects Jd1 sequences (Fig. 4, first and third panels
from the top).

To detect the potential Jd1-Ca hybrid transcripts with high
sensitivity, we devised a reverse primer (39CaJd1) that spans
the first 19 nucleotides of Ca and the last 7 nucleotides of Jd1.
Only rearranged VDJd1 transcripts correctly spliced to the first
exon of Ca should be amplified with this primer. With this
reverse primer and forward primers specific for Vd4 or Vd8,
PCR products were readily detected from reverse-transcribed
RNA from total thymocytes and purified CD251 HSAhi DN
thymocytes from TCRd-deficient mice (Fig. 4, lanes 3–5; note
ethidium bromide-stained visible bands). Furthermore, at
least two independent wild-type thymus samples had Vd4 to
Jd1-Ca hybrid transcripts (Fig. 4, lanes 1 and 2, and data not
shown) and one sample had Vd8 to Jd1-Ca hybrid transcripts
(Fig. 4, lanes 1 and 2). In contrast, and as expected, no hybrid
transcripts were detected in the same RNA samples with the
Vd5-specific forward primer and the 39CaJd1 reverse primer
(data not shown). This demonstrates that the 39CaJd1 reverse
primer does not inadvertently amplify products from tran-
scripts in which Jd1 is spliced to sequences other than Ca.
Control PCRs performed without addition of RT produced no
detectable products in the same hybridization experiments,
demonstrating that the RT–PCR products are derived from
RNA molecules.

FIG. 2. Graphical representation of quantitative analyses of PCR
RFLP reactions on various Vd-DJd1 (a) and Vg-Jg (b) rearrangements
in total thymus samples from C57BLy6 wild-type (Bly6 wt), TCRd-
deficient (d2/2), TCRbxd-deficient (bxd2/2, only for Vd-DJd1), and
TCRb-deficient (b2/2) mice. The percent of in-frame rearrangements
is shown on the vertical axes. The position of the 33% random level is
marked with a horizontal line. The error bars indicate the standard
deviation from the mean for each joint where at least two independent
samples were analyzed. Some individual samples were measured
several times on different gels.

FIG. 3. PCR RFLP analysis of Vd4, Vd5, and Vd8 to DJd1
rearrangements. DNA samples from total thymi with the indicated
genotype (1y1 or 2y2 for the TCRd andyor TCRb loci) were
PCR-amplified and digested with the indicated restriction enzymes.
Dashes on the right mark the position of the in-frame joints as
determined from TCRb-deficient mice which have only gd TCR
selected cells (14). The percentage of in-frame rearrangements is
shown below each lane. Two individual TCRd samples are shown.
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By using a reverse primer (39Cd) located within the last exon
of Cd (which is intact in both wild-type and TCRd-deficient
mice), we were able to demonstrate the alternative splicing of
several VDJd complexes to the last exon of Cd in TCRd-
deficient mice (Fig. 4, lanes 8–10 and data not shown).
Notably, the Vd5 gene-specific primer also detected these

products efficiently in TCRd-deficient mice (data not shown),
indicating that transcription and splicing of this V gene is not
different from other Vd genes within the modified Cd region.
In wild-type mice, the same forward primers amplify a larger
product, with lower efficiency, corresponding to the VDJ-Cd
transcripts spliced normally to the first exon of Cd (Fig. 4, lane
6, and data not shown).

Finally, we analyzed the putative VDJd-Ca hybrid tran-
scripts with a Ca gene-specific reverse primer (39Ca). In
contrast to 39CaJd1, use of the 39Ca primer avoids any bias in
favor of amplification of Jd1-Ca hybrid sequences. Because
most Vd genes, except Vd5, are also used as Va genes (ref. 23
and references therein), this reverse primer detects primarily
genuine VJa-Ca transcripts from total thymus samples of
wild-type and TCRd-deficient mice. Ethidium bromide stain-
ing of Vd4- and Vd8-specific RT–PCR reactions confirms the
high abundance of V-Ca transcripts in total thymocytes (Fig.
4, lanes 11, 13, and 15). In CD251, HSAhi DN thymocytes,
Vd8-Ca transcripts are only weakly detected in wild-type and
TCRd-deficient mice, whereas Vd4-Ca transcripts are abun-
dant in TCRd-deficient but not wild-type mice (Fig. 4, lanes 12
and 14). Because V-Ja gene rearrangements have not yet
begun in this population (7), these products almost certainly
derive from VDJd1-Ca hybrid transcripts (confirmed by the
hybridization experiments described below). As expected, no
Vd5-Ca RT–PCR products were detected from any of the
RNA samples with the 39Ca reverse primer (data not shown).

Hybridization of the RT–PCR products to a Jd1 gene-
specific oligonucleotide probe demonstrated the presence of
Vd4DJd1-Ca hybrid transcripts in TCRd-deficient mice and, at
lower levels, in wild-type mice (Fig. 4, lanes 11–15, third panel
from the top). CD251 HSAhi DN thymocytes from TCRd-
deficient mice also express Vd8DJd1-Ca hybrid transcripts
(Fig. 4, lane 14). To confirm the specificity of the Jd1 oligo-
nucleotide hybridization, RT–PCR products for Vd4 and Vd8
rearrangements from total thymus and CD251 DN thymocyte
samples were amplified by using the 39Ca reverse primer (Fig.
4, lanes 11, 12, 13, and 15), subcloned, and screened with the
same Jd1 gene-specific oligonucleotide probe (Table 1). Again,
the results indicate that a significant proportion of Vd4-Ca
transcripts from total thymus in TCRd-deficient mice (13–
48%), and a small fraction in wild-type mice (0.2%), represent
Vd4DJd1-Ca hybrid transcripts. Although very few Jd11

Vd8Ja-Ca transcripts were detected in either wild-type or
TCRd-deficient total thymus samples, wild-type DN thymo-
cytes contained significant proportions of Vd8- (and fewer
Vd4-) DJd1-Ca transcripts (Table 1). Direct sequence analysis
confirmed the presence of Jd1 sequences in all 50 of the
oligonucleotide-hybridization-positive clones sequenced, and
the presence of various Ja sequences in all 12 of the negative
RT–PCR clones sequenced (data not shown). This confirms
that the Jd1 oligonucleotide probe is indeed specific for Jd1
and does not recognize Ja sequences. Importantly, the se-
quences demonstrated the correct splicing of the last Jd1

FIG. 4. RT–PCR analysis of VDJd transcripts from wild-type
(TCRd1) and TCRd-deficient (TCRd2) total (all) or sorted HSAhi,
CD251, CD4yCD8 double negative (DN) thymocytes. The first and
third panels from the top show hybridization to a Jd1 gene-specific
oligonucleotide probe. The second and fourth panels show the cor-
responding gels stained with ethidium bromide and visualized with UV
illumination. Two independent TCRd total thymus samples are shown.
The top two panels show results obtained with a Vd8-specific forward
primer, and the bottom two show results with a Vd4-specific forward
primer. Lanes: 1–5, PCRs performed with the 39CaJd1 hybrid reverse
primer; 6–10, PCRs performed with a Cd reverse primer; 11–15, PCRs
performed with a Ca reverse primer. The predominant PCR product
(I, II, or III, as defined in Fig. 1) for each group of five lanes is indicated
at the bottom. The discrepancy observed between the hybridization
and ethidium staining signals for Vd8 RT–PCR reactions in lanes 1 vs.
2, lanes 4 vs. 5, and lanes 13 and 15 vs. 14 is probably due to mispriming
(lanes 1–5) or priming (lanes 13–15) of RT–PCR from VJa-Ca
templates abundant in total thymus but absent from DN thymus
templates. Note the difference in the size of the Cd-specific RT–PCR
products between wild-type and TCRd-deficient mice due to the
targeted deletion of the Cd sequences. The identity of these bands was
assigned based on their expected sizes and for the Vd4-Cd products
from TCRd-deficient samples was also confirmed by DNA sequencing.

Table 1. Fraction of VDJd1 sequences among RT–PCR-amplified V-Ja transcripts

Lane no.

Vd8 RT–PCR subclones Vd4 RT–PCR subclones

11 12 13 15 11 12 13 15

Sample B6 total B6 DN d2y2 1 d2y2 2 B6 total B6 DN d2y2 1 d2y2 2
Ca1 57 71 (90) 104 60 156 (165) 157 (164) 160 (167) 233 (233)
Jd11 0 25 (44) 2 0 3 (12) 3 (10) 21 (28) 111 (111)
Ratio, % ,1.8 35 1.9 ,1.7 1.9 1.9 13 48

Vd8-Ca and Vd4-Ca cDNA sequences from one wild-type (B6 total and B6 DN) and two independent TCRd deficient (d2y2)
mice were PCR-amplified, subcloned, and screened separately with Ca- and Jd1-gene-specific oligonucleotide probes under
high-stringency conditions. The samples correspond to those shown in Fig. 4, lanes 11, 12, 13 and 15. The number of unique
positive, the total number of positive (in parentheses), and the ratio of unique Jd11 to Ca1 clones, expressed in percentage,
are shown. The number of unique Jd11 clones was extrapolated from direct sequencing of 10 B6 total, 16 B6 DN (for Vd4
and Vd8 products), and 12 d2y2 1 and 12 d2y2 2 individual clones.
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nucleotide to the first nucleotide of the Ca gene in the Jd1
hybridization positive clones (data not shown).

DISCUSSION

In the present study, we have identified an alternative splicing
event in the TCRayd locus that can potentially generate a
VDJd-Ca hybrid polypeptide. We have found that Vd4, Vd8
(Fig. 4), and Vd6 (data not shown) to DJd1 rearrangements
can be transcribed and spliced to the first exon of Ca.
Subcloning and colony hybridization experiments demon-
strated that 20–50% of Vd4-Ca transcripts in unseparated
TCRd-deficient mice contain the Jd1 gene (Table 1) and hence
derive from Vd4DJd1 rearrangements. In wild-type DN thy-
mocytes only 2% of Vd4-Ca RT–PCR products, but about
one-third of Vd8-Ca RT–PCR products, contain Jd1 se-
quences (Table 1). These observations indicate that large
pre-mRNA molecules, approximately 85 kb long, can be
transcribed across the TCRayd locus and can be spliced
precisely to the first exon of Ca. Our data also indicate that
hybrid VDJd1-Ca transcripts are detectable in wild-type mice,
especially in sorted DN thymocytes, where V-Ja transcripts are
far less abundant. VDJd1-Ca transcripts are less prevalent in
wild-type than in TCRd-deficient mice. Whether this is due to
preferential splicing to the intact first exon of Cd or to a lower
level of primary transcription through the TCRayd locus in
wild-type mice will need to be addressed in future studies.

It has been established that transcriptional activation (24,
25) and rearrangement (26) of the TCRd locus precedes that
of the TCRa locus (7, 27). Thus it has been assumed that in DN
thymocytes, only the D-J-Cd region is transcriptionally active
and the J-Ca portion of the locus is silent. Furthermore, the
TCRd locus becomes transcriptionally inactive after thymo-
cytes progress into the CD4yCD8 double-positive stage, con-
comitant with the activation of the J-Ca genes (14, 24). Our
results indicate, however, that mutually exclusive transcrip-
tional activity of the TCRd and J-Ca genes is not necessarily
the case. (i) The alternative splicing of VDJd sequences to Ca
indicates that both regions of the locus can be accessible
simultaneously, at least to the RNA polymerase II complex.
(ii) We detect these alternative spliced transcripts in HSAhi,
CD251, DN thymocytes in both wild-type and TCRd-deficient
mice, at a stage when germ-line transcription (24) and rear-
rangement (7) of the TCRa locus are not observed despite the
fact that these cells are actively engaged in VDJ recombination
(20). From these data we suggest that the entire TCRayd locus
can be transcriptionally accessible during early thymocyte
differentiation even in the absence of TCRa gene rearrange-
ment. This conclusion is in agreement with accumulating
evidence that transcription of a locus per se does not ensure
that the locus is accessible to the recombination machinery
(see ref. 28).

Another striking observation of our studies is the dramatic
under representation of in-frame Vd4, Vd7, and Vd8 to DJd1
rearrangements in TCRd-deficient mice (Fig. 2a). This indi-
cates that the variable domain of these joints must have
participated in some protein-associated function, the exact
biochemical nature of which remains to be determined. We
suggest that it is the translation product of the VDJd-Ca hybrid
transcripts we have identified. The Ca gene has the same
translational reading frame as the Cd gene; therefore, splicing
of Jd1 to Ca would result in the same reading frame utilization
as with the intact Cd gene. Another splice acceptor site
available in TCRd-deficient mice is in the last untranslated
exon of Cd; however, splicing of this exon to VDJd would result
in the addition of only 3 amino acids to an in-frame VDJd
protein before reaching a termination codon. We did not
attempt to identify the translation product of the VDJd-Ca
hybrid transcripts because the only expected difference from
a genuine TCRa protein would be the short internal DJd1

peptide, which cannot readily be identified with current re-
agents.

It is likely that different mechanisms are responsible in
wild-type and TCRd-deficient mice for depletion of in frame
TCRd rearrangements in ab lineage thymocytes. In wild-type
mice, both TCRd and TCRg in-frame rearrangements are
depleted and this has been ascribed to the effect of the gdTCR
on T cell lineage commitment (11–13) or on TCRb rearrange-
ment (14). In TCRd-deficient mice, however, no depletion of
in-frame TCRg rearrangements is observed (Fig. 2b), arguing
that depletion of productive VDJd joints is TCRg-
independent. One mechanism by which the hybrid VDJd-Ca
TCR might exert a negative effect on ab lineage precursors is
by pairing with TCRb. That this is possible is suggested by the
finding that TCR b and d polypeptides can pair and be
transported to the cell surface with CD3 (29). Pairing of the
VDJd-Ca chimeric protein with TCRb would be expected to
displace the pre-Ta chain from the pre-TCR complex, perhaps
leading to a failure of ab precursors to proliferate or to survive
the DN to DP transition (20). This in turn would allow the
preferential expansion of ab lineage cells containing nonpro-
ductive VDJd joints. Whatever the mechanism, the negative
effect of the chimeric TCR on thymocyte development must be
imposed before or at the time of expansion of DP precursors.
Interestingly, it has been suggested that premature expression
of transgenic TCRs can also reduce total thymocyte numbers
(30).

Despite the fact that Vd6 rearrangements are common in
total thymus of both wild-type (11) and TCRd-deficient mice
(data not shown) and are also frequently used in gd T cells (31,
32), in-frame Vd6-DJd1 rearrangements are randomly distrib-
uted both in wild-type (14, 24) and TCRd-deficient mice (Fig.
2a). One hypothetical way to explain differential depletion of
productive VDJd joints would be if different Vd domains
confer different ligand specificities in the thymus. Alterna-
tively, Vd6 proteins may not be able to associate with the
TCRb chain and thus would not exert a negative effect on ab
thymocyte development in TCRd-deficient mice.

A prediction of our results is that transgenic expression of
an appropriate hybrid VDJd-Ca protein would interfere with
normal ab thymocyte development. Because VJa-Ca and
VDJd-Ca proteins differ in only a small region, TCRa trans-
genic mice provide an initial test of this prediction. Consistent
with the prediction, TCRa-only transgenic mice prematurely
expressing the transgene in DN thymocytes display a 4- to
5-fold reduction in the total number of thymocytes compared
with nontransgenic littermates (D. Sant’Angelo, personal
communication). Further studies of chimeric TCRdya proteins
in TCRd-deficient mice or in transgenic models should con-
tribute to our understanding of differential developmental
effects of TCRd and TCRa chains.
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