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Distal V, promoters transcribe novel T-cell receptor-s transcripts in early
development
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SUMMARY

The transcriptional activation of germline T-cell receptor (TCR) and immunoglobulin (Ig) genes
has been proposed to promote the rearrangement of these genes. Here we report the identification
of distal TCR promoters (PDs), located upstream of the previously characterized promoters in
the mouse V,5.1 and V8., gene segments, that are active in germline TCR genes in fetal thymus
and liver in 'liso. We also identified an immature T-cell clone, SL12.4, that expresses both
endogenous and transfected PDs in a regulated manner in vitro. We propose that the transcription
of these distal promoters in germline TCR genes may be important for inducing TCR gene
rearrangements during T-cell development. Northern blot, RNase protection and reverse transcrip-
tion-polymerase chain reaction (RT-PCR) analyses demonstrated that PDs are also transcribed
from fully rearranged TCR genes in adult thymus, lymph node, and spleen. Although the
functional significance of this expression is not known, our sequence analysis of the 5' leader in

PD-derived V05.1 and V08, transcripts revealed the presence of several open reading frames
(ORFs) that may encode novel polypeptides or regulate the efficiency of TCRP translation.

INTRODUCTION

The differentiation of B and T lymphocytes depends upon the
successful rearrangement and expression of T-cell receptor
(TCR) and immunoglobulin (Ig) genes containing complete
open reading frames (ORFs). Expression of such rearranged
TCR genes is driven by the activation of both promoter and
enhancer elements.' Germline transcripts have also been
detected from unrearranged copies of TCR and immunoglob-
ulin genes.52- It has been proposed that activation of the
promoters that transcribe these 'germline mRNAs', favour the
opening of chromatin structures at TCR and immunoglobulin
loci, thus increasing their accessibility to recombination
enzymes.2 Germline promoters that activate gene rearrange-
ment are predicted to exhibit transcriptional activity early in
lymphocyte ontogeny and display cell-lineage specificity.
Consistent with the first prediction, germline transcripts have
been detected by reverse transcription-polymerase chain reac-
tion (RT-PCR) at the earliest stages of T-lymphocyte develop-
ment, before the onset of TCR gene rearrangement.5 The cell-
lineage specificity of germline Va expression is evident from
the observation that transcripts are detected in lymphoid
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tissues, such as fetal thymus and bone marrow, but not in
non-lymphoid tissues.5

Although there have been several reports describing VP
germline transcripts, to our knowledge no studies have identified
the promoters used to transcribe these germline transcripts. The
only known Va promoters are located in the leader exon
upstream of each Va element. The transcription initiation sites
for these promoters are located typically less than 60 nucleotides
from the initiator ATG that defines the TCRf reading frame.'
These promoters drive transcription of fully rearranged genes
in both immature thymocytes and mature T lymphocytes.' In
the case of non-rearranged germline genes, it is not clear how
such enhancer-dependent Vi promoters could be activated by
the TCRT enhancer, as this positive regulatory element is 3' of
C02, far downstream of most Va elements prior to gene
rearrangement. Because germline Va transcripts are still
expressed when the TCRf3 enhancer is inactivated by targeted
deletion,' it is possible that other promoters are important for
driving the expression of germline transcripts.

Here we report the identification and characterization of
distal promoters (PDs) upstream of the previously described
promoters. Because these PDs are enhancer independent and
are active early in thymocyte ontogeny, they may be respon-
sible for the transcription of germline Va genes prior to the
activation of the TCRf3 enhancer.

MATERIALS AND METHODS

RNA preparation and analysis
RNA was prepared from tissues of BALB/C and SJLJ mice
obtained from Jackson Laboratories (Bar Harbor, ME).
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Fetuses were harvested at 14 5, 16 5 and 17 5 days of gestation.
Adult mice were killed at 8 weeks of age. Splenocytes from
adult mice were incubated with 10 glg/ml concanavalin A
(Con-A) in RPMI-1640 media with 10% fetal calf serum
(FCS) for 3 days.8 Total cellular RNA was isolated from
tissues and cell lines either by guanidinium isothiocyanate lysis
and centrifugation over a CsCl cushion9 or by a guanidin-
ium thiocyanate/phenol/chloroform extraction procedure.10
Northern blot hybridization and RNase protection analysis
(RPA) were performed as described previously.""2 Probes for
Northern blot analysis and RPA were generated from mouse
V05 1 and V8.1 cDNAs, Cpj genomic DNA (provided by E.
Palmer, Basel Institute for Immunology, Basel, Switzerland),
and V05.1 and V08 1 genomic clones (provided by D. Loh,
Washington University, St. Louis, MO). The Cpl-specific (3'
untranslated region), V,8.1-specific (coding region), and Vp,51
PD-specific (genomic region upstream of the PP) probes are
04 kb EcoRI/HindIII, 0 29 kb EcoRIjPvuII, and 04 kb
Sacl/Scal fragments, respectively. For RPA, the following
probes were used: a 0-2 kb SacI/AccI fragment from the Vp5.
PD, and a 0 7 kb NdeI/StyI fragment from the V08.1 PD.

RT-PCR analyses
To remove residual genomic DNA contaminants from the
RNA preparations, all RNA samples were treated with 1 U
of DNase I for 30 min at 37 in 10 mm Tris-HCl (pH 8 3),
15 mm MgCl2, and 50mM KCl. cDNA was prepared from
2 pg RNA by using an oligo-dT primer and Superscript II
reverse transcriptase according to the manufacturer's instruc-
tions (GIBCO BRL, Grand Island, NY). All PCR reactions
were performed with 1 U Amplitaq polymerase (Perkin Elmer,
Foster City, CA), 10 mm Tris-HCl (pH 8 3), 1 5 mm MgCl2,
50 mm KCl, 0 2 mm deoxynucleotides, and 10 pmol of each
primer. The cycling conditions for the Vp,51 primers were
30 seconds at 95°, 30 seconds at 600 and 30 seconds at 72°
for 30-40 cycles. The primers used were 5'-TGAAGA-
GGACTTTCCCACAC-3' (primer A, forward primer within
the PD transcript 5' untranslated region), 5'-TACA-
TCACCAGCTGGAACAGA-3' (primer B, reverse primer 30
nt. downstream of Vp5.1); and 5'-GAGAGCTCAACA-
AGGAGACCTT-3' (primer C, reverse primer in exon 1 of
CO1). The PCR products were separated on 1% agarose gels
and blotted onto Nytran membranes (Schleicher & Schuell,
Keene, NH). Southern blot analysis was performed with a
0-20 kb EcoRI/RsaI fragment corresponding to the VP5 1
coding region.

Cell culture and transfection
The cell clone SL12.4 and its culturing requirements have been
described."1 The cells were incubated with 100 pg/ml cyclohexi-
mide or 1 pg/ml pactamycin for 6 hr, unless otherwise noted.
The Vi8 enhancer- and V08 enhancer+ constructs transfected
into SL12.4 cells contained V08.2CO, sequences [provided by
J. Kaye (The Scripps Research Institute, La Jolla, CA)] and
V08A1C2 [provided by M. Blackman, P. Marrack and
J. Kappler (Howard Hughes Medical Institute, Denver, CO)],
respectively. Stable transfection was performed by electropor-
ating 20-40 gg of DNA in 1 x Hepes-buffered saline (140 mM
NaCl, 1.5 mm Na2HPO4, and 50 mM Hepes, pH 7 005) with a
Moonlight Cat Door electroporator (Seattle, WA) at 2900-
3200 V. After transfection, the cell suspension was split among

the wells of a 24-well plate and G418 (800 pg/ml) was added
to the cultures the following day. The cells were selected for
G418 resistance for 2-3 weeks, and Northern blot analysis
was performed to determine which cell lines expressed the
transfected DNA.

DNA sequencing
V05. 1 and V8.1 genomic DNA was sequenced on both strands
with Sequenase according to the manufacturer's instructions
(USB, Cleveland, OH). The sequence was assembled and
analysed with the GCG Wisconsin package (GCG, Madison,
WI).

RESULTS

Distal Vp promoters active in fetal and adult lymphoid tissues

Northern blot analysis of TCRI mRNAs expressed in fetal
thymus revealed the presence of 1 7 kb transcripts, in addition
to the previously described 1 0 kb and 1 3 kb mRNAs tran-
scribed from partially and fully rearranged TCR3 genes,
respectively.13-19 The 1 7 kb transcripts hybridized with both
Cpl- and C02-specific probes (Fig. la and data not shown).
They were expressed at least as early as day 14 5 post coitum
(p.c.) and remained at nearly constant levels throughout
thymic ontogeny. In contrast, the 1 0 kb and 1 3 kb transcripts
rose sharply in levels late in fetal development (Fig. la), in
agreement with our previous observations and those of
others.8'7-19 To determine whether the 1 7 kb transcripts were
derived from rearranged VPCp genes, we assessed whether they
hybridized with a V08.1 probe known to hybridize with 1 3 kb
transcripts from fully rearranged VP8 genes but not 10 kb
transcripts from partially rearranged genes that have only
undergone D-J rearrangement. The V08.1 probe hybridized
with the 1 7 kb transcripts (Fig. lb), suggesting that at least
some of these mRNAs were transcribed from fully
rearranged genes.

Our subsequent analysis showed that the 1 7 kb mRNAs
were derived from distal promoters (PDs) upstream of those
that we now define as proximal promoters (PPs) that transcribe
the well-characterized 1 3-kb TCR mRNAs. This was shown
first using a probe from a region upstream of the previously
described Vp5.1 PP promoter. This upstream probe hybridized
with the 1 7 kb transcripts in both fetal thymus and ConA-
stimulated splenocytes (Fig. ic).

We used RNase protection analysis (RPA) as an indepen-
dent assay of the existence of PDs and to map their transcrip-
tion initiation sites. Analysis with a V5., genomic probe that
spans the previously characterized PP and sequences 0 6 kb
upstream (a 0-7 kb BglII/EcoRI fragment) revealed two sets
of bands; one corresponding to the PP and the other to a PD
(data not shown). The size of the bands corresponded to
transcription start sites of -40 and . -400 for the PP and
PD, respectively, relative to the initiator ATG that defines the
known TCR reading frame. To more precisely assess the
transcriptional initiation sites for the PD, we used a smaller
probe for RPA and found multiple bands that correspond to
several transcriptional initiation sites in the PD (Fig. 2a). The
lengths of the major protected bands in thymus and spleen
correspond to PD transcription start sites between approxi-
mately -473 and -403 (Fig. 2a). Inspection of the sequence
upstream of these initiation sites revealed no TATA box (see
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Figure 1. Developmental expression of mRNAs transcribed from proximal and distal Va promoters. Northern blot analysis of
total cellular RNA from thymic tissue (the day of ontogeny for fetal thymus is shown). (a) The 10-kb mRNAs are transcripts
from Do and J4 promoters; the 1 3-kb mRNAs are PP Vp-derived transcripts; and the 1 7-kb mRNAs are PD Vp-derived transcripts.
Hybridization with the CHO-A probe29 shows the amount of RNA loaded. All lanes contained 10 pg of RNA except for the adult
thymus lane. which contained only 2 pg to permit evaluation of the transcripts at the exposure time shown. (b) The V8-specific
probe hybridized with both 1 3 kb and 1 7 kb transcripts because it corresponds to the V81l coding region. (c) The Vp5.1 PD-
specific probe (probe B from Fig. 5) hybridized with only 1 7 kb transcripts. All blots were stained with methylene blue to show
integrity of RNA and amount of RNA loaded (as described in ref. 30; data not shown).
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Figure 2. Expression and 5' mapping of V05.1 and V081 mRNAs transcribed from distal promoters. Total cellular RNA (10 Pg)
from the cell lines and tissues shown was analysed by RPA (a-b) and Northern blot analysis (c). (a) RPA using a V,51 -specific
probe. -CHX. without cycloheximide; +CHX, with cycloheximide. (b) RPA using a V8 ,-specific probe. Shown is the expression
of the enhancer- V08 construct transfected stably into,SL12.4 cells. Non-transfected SL12.4 cells did not express the V08 sequences
(data not shown). The integrity and amount of RNA used for RPA in panels (a)-(b) was assessed by Northern blot analysis
followed by methylene blue staining of 18S and 28S rRNA (performed as described in ref. 30; data not shown). (c) Northern blot

analysis of SL12.4T cells stably transfected with enhancer' and enhancer- V08 constructs (see the Materials and Methods for
details). The V,8.1 coding region probe hybridized with both PP- (1 3 kb) and PD- (1 7 kb) derived transcripts.
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later). Promoters that lack TATA boxes typically transcribe
mRNAs from multiple start sites.20 As a control to show the
specificity of the Va51 PD probe, we used the same probe to
analyse expression from the SL12 4 T-lymphoma cell clone,
which upregulates the levels of VP5 1Cpl transcripts after incu-
bation with the protein synthesis inhibitor cycloheximide.21
SLI2.4 cells used the same multiple transcription start sites as
lymphoid tissues, and that expression of transcripts from the
multiple initiation sites was increased by cycloheximide. The
specificity of the V051 PD probe was further assessed using a
mouse strain that lacks the V05.1 gene.22 As expected, the
probe failed to detected transcripts in SJL,, J mice (Fig. 2a).

Because we had also detected 1 7 kb VP8 transcripts by
Northern blot analysis, we assessed whether these were also
transcribed from a PD. We performed RPA using a probe
corresponding to the region upstream of the known PP region
in V,81. This analysis revealed that BALB,/c thymus and
spleen used a PD that contain a transcription initiation site at

-513 nt (Fig. 2b). No signal was seen from SJL,/J mice
thymus (data not shown), as expected since this strain of mice
lacks the V081 gene segment.22

Because 1 7 kb transcripts are expressed early in fetal
ontogeny, before transcripts derived from enhancer-dependent
promoters, we considered the possibility that PDs may differ
from PPs in their requirement for the known enhancer element
3' of C02 To test this, enhancer' and enhancer- constructs
were stably transfected into SL12.4 T-lymphoma cells and
their expression was assessed. Figure 2 shows representative
data from two cell lines. The enhancert construct expressed
higher levels of 1 3 kb transcripts (PP-driven) than 1 7 kb
(PD-driven) transcripts, as expected (Fig. 2c). RPA confirmed
that the enhancer+ construct was expressing PD-derived tran-
scripts (Fig. 2b). The enhancer' construct contained '9 kb
upstream of the V8.1 element and - 8 kb downstream of the
Cp element, demonstrating that such sequences are sufficient
to direct both PD and PP transcription. The enhancer-
construct expressed similar levels of 1 7 kb and 1 3 kb tran-
scripts (Fig. 2c), demonstrating that neither the PD nor the
PP was absolutely dependent on the TCRB enhancer for
expression.

Vie;, distal promoter active in germline genes

To further examine the expression of transcripts from PDs we
employed RT-PCR analysis. To detect only those transcripts
derived from a PD we designed a sense primer (primer A)
that corresponds to the unique 5' untranslated region of the

V,5.1 PD-derived transcripts (Fig. 3a). This primer was used
in combination with primer C (specific for exon I of both Cal
and C02) to amplify mRNA transcribed from TCRP genes
which had rearranged V05.1. This analysis showed that PD
transcripts from fully rearranged genes were present in spleen
(SpI), lymph node (LN), fetal thymus (dI6.5 Thy), and adult
thymus (Ad Thy) (Figs 3b and 3c). As expected, such tran-
scripts were not detected in fetal liver or testis (Fig. 3b and
data not shown). Since the Northern blot data suggested that
the PD may be transcribed early in lymphocyte development,
prior to the activation of the PP, we examined the use of the
VP5.1 PD in germline genes using primers A and B (Fig. 3a).
We found that germline transcripts were expressed in both
adult and fetal thymus, lymph node, and fetal liver, but not
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Figure 3. Distal promoter-driven V, mRNAs transcribed from germ-
line and rearranged genes. RT-PCR was performed to amplify
PD-derived V5.5 transcripts. After gel electrophoresis, the PCR prod-
ucts were blotted and hybridized with a V 5,-specific probe. (a) The
relative positions of the primers used for the analysis. The position of
primer A is shown in Fig. 4. Primer C is equally complementary with
Cal and C,2. (b) Primers A and C were used to selectively amplify
transcripts from fully rearranged TCRP genes. (c) Amplification of
transcripts from both germline (primers A and B) and rearranged
genes from day 16 5 p.c. fetal and adult thymus. (d) Primers A and
B were used to selectively amplify transcripts from germline TCRM
genes. LN, lymph node; Thy, Thymus (fetal and adult); FL, fetal
liver: Spl, spleen. All cDNAs generated in the presence of RT
(including those from testis) were shown to be capable of being
efficiently amplified by PCR, based on amplification with primers
specific for mouse r-actin (data not shown).

in the testis (Fig. 3c and d). The failure to observe germline
transcripts derived from PD in the testis suggests this promoter
possesses lymphoid specificity. The observation that germline
transcripts derived from the PD can be detected in the fetal
thymus and fetal liver provides evidence that this promoter is
activated in the earliest T-lymphocyte progenitors. The pres-
ence of germline transcripts in secondary lymphoid tissues is
in agreement with a study that described the expression of
germline VP transcripts by mature T cells.3 Earlier studies on
germline transcripts have assumed that such transcripts are
derived from the PP. Our observations suggest that germline
transcripts are also derived from the PD.

.c 1998 Blackwell Science Ltd, Ihnuunologv,, 93, 213-220
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Upstream ORFs

To assess the potential consequences of the extended 5' leader
sequences in PD-transcribed mRNAs we determined the nucle-
otide sequences of V_,n and V8.1 genomic DNA that corre-
sponds to these regions (Fig. 4). The approximate sites of the
PD and PP are shown in Fig. 4, along with the conserved
decamer sequence known to be important for PP-derived
transcription.2324 Also shown are significant ORFs defined by
ATG initiator codons that closely match the Kozak consensus
sequence; i.e. contain the conserved -3 purine and/or + 4 G.25
According to this analysis, two ORFs (encoding 36 and 39
amino acids) are present in the 5' leader of PD-derived V08.1
transcripts. In contrast, V5. 1 PD-derived transcripts contain
only a single short ORF (encoding 7 amino acids) in the 5'
terminus. The significance of these upstream ORFs is not
known; they may generate biologically active polypeptides,
down-regulate translation from the downstream TCRT reading
frame, or both. Interestingly, VP5.1 PD-derived transcripts
uniquely possess an upstream ATG in-frame with the known
VP51 reading frame (Fig. 4). If translation initiates at this
ATG it would produce a TCRf protein with 23 additional
amino acids at the amino terminus. This altered amino ter-
minus would thus have an unusual signal peptide that could
influence the intracellular trafficking of this TCRT chain.

We hypothesized that the upstream ORFs in the 5' leaders
of PD-derived transcripts might trigger the rapid degradation
of these transcripts as a result of nonsense-mediated down-
regulation. Several investigators have shown that premature
nonsense codons cause a decrease in mRNA steady-state levels
by a post-transcriptional mechanism (for reviews, refs 26 and
27). To investigate the role of premature termination codons
in regulating TCR mRNA levels, we used the SL12.4 cell clone
that possesses a non-productively rearranged V5.1Jpl.6Cp,
gene.' 21 By virtue of the frameshift in the V05.1J0.6Cp, gene,
it contains a premature termination codon in Cpl exon 1, and
thus Vi5o transcripts do not accumulate in SLl2.4 cells."1,"4,21
Because we have shown previously that protein synthesis
inhibitors reverse nonsense-mediated down-regulation,2' we
examined the effect of the protein synthesis inhibitors cyclohex-
imide and pactamycin on the TCRT transcripts expressed by
the SL12.4 cell clone. Northern blot analysis revealed that
incubation with these protein synthesis inhibitors up-regulated
both PP-and PD-derived transcripts (13 kb and 17 kb,
respectively) (Fig. 5a). To determine if the nonsense codons in
the upstream ORFs of PD-derived transcripts were sufficient
to trigger nonsense-mediated down-regulation we stably
transfected SL12.4 cells with a productively rearranged TCRf
gene (lacking premature nonsense codons in the coding
region). This gene construct expressed both PP-derived 1 3 kb
transcripts and PD-derived 17 kb transcripts; the levels of
these two transcripts were not significantly influenced by
cycloheximide treatment. The inability of cycloheximide to
up-regulate the 1 7 kb mRNA indicates that the upstream
ORFs present in this PD-derived RNA do not trigger the
nonsense-mediated regulatory pathway. We conclude that at
least some PD transcripts are not subject to down-regulation
as a result of their upstream ORFs. Therefore, these novel
transcripts may be expressed at sufficiently high levels to play
an important functional role in lymphocyte development.

DISCUSSION

The generation of germline transcripts from TCR and immuno-
globulin variable region gene segments has been proposed to
be a consequence of critical events necessary to initiate TCR
and immunoglobulin gene rearrangements. The act of tran-
scription may generate a more open chromatin structure to
permit access by the recombination machinery. It has generally
been assumed that these germline transcripts arise from classi-
cal enhancer-dependent TCR and immunoglobulin V pro-
moters. However, germline TCRT transcripts can still be
detected at the earliest stages of thymocyte ontogeny when the
TCRf enhancer may be too distant in germline-configured
genes to activate most known Vi promoters. In this study we
identified novel TCRPi transcripts derived from a second class
of promoters, termed PDs, located upstream of the previously
described Vi promoters. PDs are able to drive the transcription
of both germline and rearranged Vp genes in a TCRP enhancer-
independent manner. Germline transcripts derived from PDs
are found in fetal liver, prior to the activation of the TCRP
enhancer and the onset of TCRP gene rearrangement events.

Our sequence analysis revealed that at least four classes of
proteins could be translated from PD-derived transcripts: (i)
full-length TCRP proteins; (ii) amino terminal-extended TCRP
proteins translated from in-frame start codons in the
PD-specific 5' leader; (iii) novel polypeptides encoded by
ORFs in the PD-specific 5' leader, and (iv) truncated VP
proteins translated from germline transcripts. With regard to
this last category, a germline transcript has been identified
that encodes a V8.2 polypeptide expressed on the cell surface.4
Interestingly, this germline transcript contains VP82 coding
exons spliced to a V05.1 leader exon, and thus it may be
transcribed from the V5.1 PD described here. The function of
such Va polypeptides is not known; they may act as surrogate
receptors for immature thymocytes or they may participate in
the establishment of tolerance by exposing developing thymo-
cytes to multiple self Vi gene products.

Another consequence of the upstream ORFs in PD-derived
transcripts is that these ORFs could inhibit the translation of
TCR proteins. Several reports have shown that upstream
ORFs depress the rate of translation from downstream reading
frames in mammalian transcripts (reviewed, ref. 28). Thus, it
is possible that some classes of PD-derived transcripts are

infrequently translated and therefore they may represent a

new class of 'sterile' transcripts. Other examples of sterile
transcripts include those from immunoglobulin genes and
the 1 0-kb (D)Jp mRNAs transcribed from germline or

D-J rearranged TCRT genes.28'16'9 Therefore, many PD
transcripts may not encode functional proteins, but instead
their expression is a consequence of the activation of distal
promoters necessary to trigger programmed DNA rearrange-

ment events. It could be advantageous that PD-derived tran-
scripts are not efficiently translated, particularly in the case of
germline PD transcripts, since these would encode potentially
deleterious Vp polypeptides lacking D3,, Jr, and Cp sequences.

Although the consequences of the expression of Vp polypep-
tides is not known, it is reasonable to suspect that their
expression might interfere with the normal physiology of
immature haematopoietic cells or mature T lymphocytes.

The discovery of distal promoters that drive transcription
of germline TCR genes in early development raises at least
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Figure 4. Sequence analysis of the V,5.1 (a) and V081 (b) distal promoter regions. The sequences are numbered from the initiator
ATG defining the known precursor TCRP protein. PD transcription start site regions (as mapped by RPA) are shown in bold
lower case letters. The transcription start site of the V,5.1 PP6 is shown by an arrow; the PP start site for V,8.1 is not known. The
conserved decanucleotide motif which is important for PP transcription activity is also shown.1'23'24 The amino acids corresponding
to ORFs defined by ATGs (in bold) containing surrounding sequences similar with the Kozak consensus sequence are shown. The
position of the sense primer used for detecting V05.1 PD-derived transcripts by RT-PCR (see Fig. 5) is boxed. These sequence data
are available from EMBL under accession numbers U82703 and U82704.
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Figure 5. The SL12.4 cell clone expresses both proximal and distal VV51 promoters. (a) Northern blot analysis of total cellular
RNA ( 10 ptg) from SL12.4 cells incubated with media alone or media with the translational inhibitors pactomycin or cycloheximide.
The same blot was sequentially hybridized with a CpQ-specific fragment (probe A) and a V,5.1 PD-specific fragment (probe B). All
lanes were shown to contain equal amounts of RNA by methylene blue staining of the 1 8S and 28S rRNA on the blot (as described
in ref. 30; data not shown). (b) Northern blot analysis of SL12.4 cells transfected stably with the enhancer' V08 construct. The
blot was hybridized with the V08-specific probe described in Fig. 1. The lower panel shows methylene blue staining of rRNA to
demonstrate equal loading.30

three important questions. First, what cis elements drive
transcription from PDs? The identification of an immature
T-lymphoma cell clone, SL12.4, that transcribes a PD will be
useful for elucidation of such cis elements. Transient transfec-
tion experiments have revealed that sequences upstream of the
V08.1 PD are sufficient to drive modest luciferase expression in
SL12.4 cells, but not in non-lymphoid COS-7 cells (K. A. S.
& M. F. W., unpublished observations). Second, does tran-
scription from PDs induce TCRT gene rearrangements? This
could be addressed by deletion of PD cis elements, followed
by examination of the functional consequences in stably
transfected T-cell lines or transgenic mice. Third, do the
proteins uniquely encoded by PD-derived transcripts possess
a functional role? Mutational analysis of the ORFs present in
PD transcripts will permit this issue to be addressed. We
conclude that the distal promoters described in this report
have the potential to contribute an additional level of com-
plexity to the regulation of a set of genes that dictate the
development and function of T cells.
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