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Physical linkage of three CD3 genes on human chromosome 11
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T-cell antigen receptors are associated on T cell surfaces with
a complex of proteins called CD3 (formerly T3). Human CD3
consists of at least four proteins, v, 6, ¢ and ¢, and all but
the latter have been cloned as cDNA. Using standard cloning
techniques, together with field inversion gel electrophoresis,
we have demonstrated the physical linkage of three CD3
genes. The genes for CD3y and CD36 are situated close
together, about 1.6 kb apart, organized in a head-to-head
orientation. The gene encoding CD3y has been sequenced,
and is split into seven exons spread over 9 kb of DNA. Like
CD34, the CD3y gene has an unusual promoter which lacks
a TATA-box and potential Spl binding sites. The CD3~y—
CD35 gene pair is within 300 kb of the CD3¢ gene, and there-
fore these genes form a tightly linked cluster in chromosome
11 band q23. The clustering of the CD3 genes may be signifi-
cant in terms of their simultaneous activation during T-cell
development.

Key words: CD3+y gene/nucleotide sequence/T-cell antigen recep-
tor/field inversion gel electrophoresis/promoter/gene cluster

Introduction

T-cell antigen receptors (TCRs) are responsible for antigen rec-
ognition in the vertebrate cellular immune response. The most
common form of human TCR consists of two disulphide-linked
glycoproteins, TCRa and TCRg, and a complex of proteins called
CD3 (Meuer et al., 1984; Reinherz, 1987). The o —f3 hetero-
dimer binds antigen in association with major histocompatibility
complex (MHC) proteins on host cell surfaces, but the role of
CD3 is less clear. One possibility is that it acts as a signal trans-
duction system, triggering T-cell activation subsequent to antigen
binding (Tsoukas et al., 1984). CD3 comprises at least four
proteins (Borst ez al., 1983; Kannellopoulos ez al., 1983; Weiss-
man et al., 1986), v, 8, € and ¢, three of which have been cloned
as cDNA (Krissansen ef al., 1986; van den Elsen ef al., 1984;
Rabbitts ez al., 1985; Gold et al., 1986). cDNA clones for CD36
and CD3e have been used to map their respective genes to band
q23 of human chromosome 11 (Gold et al., 1987). The co-
ordinate activation of these genes, and probably those encoding
the other CD3 proteins, is an early event during T cell ontogeny
in the thymus (Furley et al., 1986; Campana et al., 1987; van
Dongen et al., 1987). Information on how this regulation is
achieved may be derived from studying the structure and relative
location of the genes involved. In this paper, we show that the
CD3+ and CD36 genes are situated about 1.6 kb apart, in a head-
to-head orientation. Furthermore, the CD3y—CD36 gene pair
is less than 300 kb from the CD3e gene, and therefore these genes
are tightly linked on the chromosome.
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Results

CD3~ and CD36 genes are closely linked in a head-to-head orien-
tation

Since it has been shown (Krissansen et al., 1986) that cDNA
sequences for CD3+y and CD36 exhibit considerable homology,
it seemed possible that their respective genes might be closely
linked. We had previously isolated the human CD36 gene on two
overlapping recombinant phages, N63A and A613 (Tunnacliffe
et al., 1986), and therefore tested for CD3+y gene sequences in
these clones, using a CD3~y cDNA clone pJ6T3+-2 (Krissansen
et al., 1986) as probe. Although no signal was seen with A63A,
the CD3+y probe hybridized to regions of the A§13 insert. Pre-
liminary sequencing of the hybridizing DNA showed that the
CD3y gene lies upstream of CD34, and is transcribed in the
opposite direction, the two genes being situated head-to-head on
the chromosome. A map of the CD3+y and CD36 genes is given
in Figure 1.

It was clear from initial experiments that the whole CD3 gene
was not contained within A\613. Therefore, a phage \ library made
from B-cell DNA was screened with pJ6T3+-2 and four hybridiz-
ing clones isolated (Figure 1). One of these, A\y7, contained all
the genomic sequence corresponding to that of the cDNA clones
previously isolated (Krissansen et al., 1986), although extending
only 11 bp beyond the 3’ end of the cDNA sequence (see below).
[Some T cells express a long form of CD3y mRNA (3.5 kb in
contrast to the shorter 0.8 kb form). The extra length of RNA
is thought to consist of a longer 3’-untranslated sequence (Kris-
sansen et al., 1986). Thus, while this sequence has not been
cloned as cDNA and is not contained in our genomic clones,
all CD3y coding sequences are within the limits of Ay7.]

Characterization of the CD3~ gene

Nucleotide sequencing showed that the CD3+y gene consists of
at least seven exons (Figure 2), spread over 9 kb, whose positions
are shown in Figure 1. The first exon, 132 bp long, includes
the 5'-untranslated region and most of the signal peptide which
is split at the first position of codon —4 (numbering according
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Fig. 1. Restriction map of the region of chromosome 11q23 carrying the
genes from CD3y and CD3é. The extent of inserts of recombinant phage
NS3A, \613 (Tunnacliffe er al., 1986), Ny7, Ayl, My6A and \y6B (this
paper) covering the region is shown. Restriction enzymes used were: B,
BamHI; G, Bglll; H, Hindlll; R, EcoRl; S, Sacl; L, Sall; X, Xhol. Exons
for each gene are numbered and shown as black boxes, with directions of
transcription indicated by an arrow.
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Fig. 2. Sequence of the CD3y gene promoter and exons. Nucleotide sequence is shown, together with the predicted amino acid sequences (in one-letter code)

of the six coding exons. The boundaries of sequences matching the CD3y cDNA sequence (Krissansen ef al., 1986), are indicated by square brackets,

two differences between genomic and cDNA sequences are indicated by question marks: the G in the 5'-untranslated region is not seen in the cDNA

and the

sequence, whereas the G residue in the 3'-non-coding region is an A in cDNA. Donor and acceptor splice sites are underlined and delineate exon—intron
boundaries. All conform to the GT—AG rule (Breathnach and Chambon, 1981). The position of the sequence in exon 1 which is complementary to the
22-base oligonucleotide TG1 used for S1 mapping is shown. Plus signs highlight transcription start sites. The numbers —1 and +1 above the second exon-

encoded protein sequence indicate the C-terminal end of the signal peptide, and the first residue of the mature CD3¢ protein, respectively. The position of an
Alu-type repeat element, 5’ of the CD3y gene, is shown. The multiple poly(A)-addition signals which give rise to the 0.8 kb form of CD3y mRNA are
overlined. The last four nucleotides, GATC, form the cloning site of Ay7. The Bg/II site at the 5' end of the 1.8 kb sequence is identical to that at the end of
the CD36 sequence previously published (Tunnacliffe e al., 1986), and therefore the whole CD3+y—CD36 intergenic sequence is known.

to Krissansen et al., 1986). There follows a long first intron of
~4.5 kb before the second exon, of only 24 bp, which encodes
the remainder of the signal peptide and the N-terminal four amino
acids of the mature CD37 protein. The third exon (207 bp in
length) encodes the majority of the extracellular domain of CD3v,
while the proposed hydrophobic domain is coded for by the fourth
exon (122 bp long), which also carries short sequences at each
end for part of the extracellular and intracellular protein domains.
The fifth (445 bp) and sixth (846 bp) exons encode the rest of
the intracellular region. The seventh exon is entirely non-coding.
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The sequence 5’ of exon 1 is contiguous with that upstream of
the CD36 gene (Tunnacliffe et al., 1986), and contains an Alu-
type repeat element.

Although the CD36 gene is split into only five exons, its exon—
intron boundaries occur in positions homologous to those of
CD3y. Since the CD3y cDNA sequence can be aligned with that
of CD39, it is perhaps not surprising that their respective genes
have very similar exon structures. The major differences are:
(i) the presence of sequences coded in exon 2 of the CD3y gene,
which are absent from CD38 and which account for some of the
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Fig. 3. Determination of CD3+ transcription initiation positions by S1 mapping, and comparison of CD3~y and CD3é promoter regions. (a) A single-stranded,
continuously-labelled probe, complementary to, and extending beyond, the coding strand of CD3+y exon 1 (sequence positions 1197 to 1427) was made as
described in Materials and methods. The probe was annealed with 20 ug total cytoplasmic RNA from human T-cell lines JM and SUP-T1 and, as a control,
the B-cell line Namalwa (NAM in the figure). A sequencing ladder was used to locate transcription start points. (b) An alignment of first exon and putative
promoter sequences of the CD3+y and CD35 genes is shown, with CD3y sequences on the top line. Nucleotide identities are indicated by marks between the
lines. Initiator methionines (M), first exon donor splice sites (GT) and major transcription initiation sites (+) are labelled. The heptamers AAGCAGA (CD36)

and CAGCAGA (CD34y) (see text) are indicated.

extra length of the mature CD3+y polypeptide over CD34; and
(ii) a subdivision of the CD3+ 3'-non-coding region into at least
two exons (Figure 2).

The unusual proximity of the 5’ ends of the CD3~ and CD36
genes suggested that their co-expression might derive from com-
mon sequences in the short space between them. To assess poten-
tially functional sequence motifs in the intergenic region, and
to determine a precise distance between the two genes, the
transcription initiation sites of the CD3+y gene were determined
by S1 mapping (Figure 3a). As with CD36 (van den Elsen et
al., 1986; Tunnacliffe et al., 1986), multiple initiation positions
were seen. Three major CD34y start sites are shown in Figure
2; similar results were obtained by primer extension analysis (data
not shown). The complete sequence between the CD3+y and CD36
genes (Figure 2) shows that the genes are exactly 1625 bp apart.
The sequences immediately adjacent to the cap sites are aligned
in Figure 3b. Like CD36, no TATA-box (Breathnach and Cham-
bon, 1981) or potential Sp1-binding sites (CCGCCC or its com-
plement) (Gidoni et al., 1984) are found immediately upstream
of the CD3+ transcription initiation positions. In the case of
CD36, two major start sites were defined (Tunnacliffe et al.,
1986) and it was noted that each of these was exactly 28 bp down-
stream from a repeated heptamer sequence AAGCAGA (Figure
3b). It was therefore postulated that this sequence might function
like a TATA-box, governing the position of transcription initi-
ation. Although a sequence very similar to this (CAGCAGA)
occurs near the initiation sites of the CD3y gene, it is 57 bp
distant from the most upstream site. This disparity makes the
heptamer an unlikely candidate for a TATA-box-like element in
this gene, but does not preclude some other role. In general,
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Fig. 4. FIGE analysis of large DNA fragments containing CD3y and CD3e
genes. Panels (a) and (b) represent filters made from the same FIGE gel,
on which duplicate samples of Sfil and Xhol digests of DNA from T-cell
line JM have been fractionated. Panels (c) and (d) represent a second FIGE
gel where Mlul and Sacll digests had been run. Filters in (a) and (c) were
hybridized with a CD3e probe, while those in (b) and (d) were hybridized
with a CD3+ probe. In (d), the same filter as in (c) has first been stripped
of CD3e before rehybridization with CD3+. Positions of N\ oligomers (units
of 42 kb, beginning with the monomer, rounded to the nearest 10 kb) are
shown at the side of each gel.

however, the alignment of sequences upstream of the CD3+y and
CD36 genes defines few significant homologies. It is clear,
therefore, that functional studies are mandatory before further
definition of these promoters is possible.
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CD3e gene is linked to the CD3y—CD36 gene pair

Since the CD3y and CD36 genes are closely linked, it was of
interest to investigate linkage of other CD3 genes. The CD3e
gene was a candidate for linkage to the CD3~y—CD36 gene pair,
although it shows only a low level of sequence homology with
CD36 (Gold et al., 1986), since both the CD36 and CD3e genes
have recently been mapped to band q23 of human chromosome
11 (Gold et al., 1987). We have isolated a CD3e cDNA clone,
pJM4C11, from a human T-cell cDNA library (Sims et al.,
1984), which corresponds to positions 420 to 1145 of the CD3e
c¢DNA clone pDJ4, described in Gold et al. (1986). However,
pIMA4C11 did not hybridize to the genomic clones described in
this paper. Moreover, a cosmid containing a further 20 kb of
DNA downstream of the CD36 gene also did not contain the
CD3e gene (A.T., P.Little and T.H.R., unpublished results).
Therefore, the CD3e gene is not situated immediately to the 3’
of CD36. Conventional filter hybridization experiments also make
it unlikely that the CD3e gene is closer than 15—20 kb to the
3’ of CD3y (A.T. and T.H.R., unpublished results).

An estimate of the maximum separation of the CD3e gene from
the CD3y—CD36 cluster was obtained using field inversion gel
electrophoresis (FIGE) (Carle et al., 1986). This technique allows
the separation of large DNA fragments (up to 1000 kb) on con-
ventional agarose gels. A selection of infrequently cutting restric-
tion enzymes was used to digest very large human DNA and these
digests were fractionated on FIGE, and transferred to cellulose
nitrate filters which were hybridized with cDNA probes for CD3e
and CD3y (Figure 4). The intention was to demonstrate that both
probes hybridize to an identical restriction fragment, and there-
fore that the CD3e and CD3y genes are physically linked. Figures
4a and 4b show the hybridization pattern obtained using CD3e
and CD3+ probes with human T-cell DNA cleaved with Sfil and
Xhol. The CD3e probe detects one Sfil band of about 130 kb
but no signal was seen with Xhol digests (Figure 4a). This is
probably because the CD3e gene is flanked by Xhol sites giving
a fragment too small to detect with these FIGE conditions. Two
faint bands are just visible, which may represent partial Xhol
digestion. In contrast (Figure 4b), the CD3 probe detects an
~ 300 kb Sfil band and two Xhol bands (about 160 kb and 250
kb), consistent with the presence of an Xhol site within this gene
(Figure 1 and Krissansen et al., 1986). Figures 4c and 4d rep-
resent sequential hybridizations with the CD3e and CD3+ probes
on the same filter carrying DNA digested with Mlul and Sacll.
The CD3e probe (Figure 4¢) detected 300 kb Miul and 350 kb
Sacll fragments. When the filter was stripped of the CD3e probe
and rehybridized with the CD3y probe, the same two bands were
detected. This demonstrates physical linkage of the CD3+y and
CD3e genes and the size of the smaller of the co-hybridizing
bands, i.e. the 300 kb Miul fragment, thus giving a maximum
physical distance between the CD3e gene and the CD3y—CD36
gene pair. Furthermore, digestion with Nofl and Nrul yielded
bands of 350 kb and 600 kb respectively with either e or ~ probes
(unpublished), confirming the physical linkage of these genes.

Discussion

Our data show that three human CD3 genes are clustered within
a 300 kb region of DNA, occurring in band q23 of chromosome
11. The head-to-head arrangement of the CD3~y and CD36 genes
is unusual in that most clusters of related genes are organized
head-to-tail, e.g. the mouse MHC class I gene cluster (Flavell
et al., 1986). Where divergently transcribed genes are found,
they are usually not highly homologous, exceptions being the
ypI—yp2 and sgs7—sgs8 gene pairs of Drosophila (Hung and
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Wensink, 1983; Garfinkel et al., 1983). An assumption often
made about divergently transcribed eukaryotic gene pairs is that
they share common regulatory elements and in some cases this
has been demonstrated (Johnston and Davis, 1984; Osley et al.,
1986; Farnham and Schimke, 1986; Kay et al., 1986; Baum et
al., 1987). The CD3y—CD3$ intergenic region may also contain
bi-directionally active elements, although none are obvious from
analysis of sequence alone. Clearly, this deserves further exam-
ination by functional studies.

The clustering of the CD3e gene with the CD3y—CD36 gene
pair suggests that their co-ordinate developmental activation might
most readily be achieved by an alteration in the structure of the
chromatin domain they occupy. It is possible that the gene for
CD3¢ may also reside in this region of chromosome 11, thus
enabling it to be switched on concomitantly by such a mechan-
ism. We estimate the separation of CD3e from CD3+y and CD36
to be between 20 and 300 kb. This distance is well within the
range of current chromosome walking and jumping (Poustka et
al., 1987; Collins et al., 1987) techniques, and therefore the
cloning of the entire CD3 locus should be feasible.

Materials and methods

Cells, RNA preparations and oligonucleotide synthesis

Human T-cell lines JM (Schneider et al., 1977) and SUP-T1 (Hecht et al., 1984)
and the human B-cell line Namalwa (Reedman and Klein, 1973) were grown
in RPMI 1640 medium with 10% fetal calf serum at 37°C. Approximately
2 x 108 cells were harvested for cytoplasmic RNA preparation according to
Favaloro et al. (1980). Oligonucleotide TG1 was made on an Advanced Biosystems
DNA synthesizer (model 380B) by T.Smith and purified on native gels accord-
ing to Carter et al. (1985).

Isolation and sequencing of CD3~ genomic clones

The isolation of overlapping phage clones A63A and \613 has been described
previously (Tunnacliffe ef al., 1986). Additional recombinant phage containing
CD3vy sequences were isolated from a genomic library of DNA from the B-cell
line SH (Lefranc ez al., 1986) made in the phage vector \2001 (Karn et al., 1984),
using the CD3y cDNA clone pJ6T3+-2 (Krissansen ef al., 1986) as probe. Restric-
tion maps and the boundaries of regions hybridizing to pJ6T3~-2 were determined
for these phages and using these results one phage, \y7, was chosen for sequence
analysis. Sequencing was carried out largely by the shotgun dideoxy technique
(Sanger et al., 1980; Biggin et al., 1983) where either whole \y7 or linearized,
self-ligated plasmid subclones were sonicated, fragments repaired, fractionated
on low-melting temperature gels, recovered and cloned into M13 vectors. M13
phage containing exon sequences were identified by screening plaques with the
insert of pJ6T3y-2. This 1.8 kb Bg/II—Sall fragment containing CD3+ exon 1
was purified first and then random shotgun sequencing was used to determine
the sequence of the whole region. In order to obtain double-stranded sequences
or to locate the relative positions of exons, some of the sequence involved site-
directed cloning in M13 vectors.

S1 nuclease analysis

A single-stranded, continuously labelled DNA probe, complementary to, and
extending beyond, the coding strand of the CD3 exon 1 (sequence positions
1197 to 1427) was made by the ‘prime cut’ method of Biggin et al. (1984) using
the 22 base oligonucleotide TG1 (5" AAGAATGATAGCCAGGATGAGG 3')
to prime off single-stranded DNA of an M13 sequencing clone BS49. The labelled
fragment was released by digestion with PsfI and purified by gel electrophoresis.
Purified probe was used in DNA protection experiments on 20 ug amounts of
cytoplasmic RNA from the T-cell lines JM and SUP-T1 and B-cell line Namalwa
(control) using the conditions described previously (Tunnacliffe et al., 1986).
DNA fragments protected from S1 nuclease digestion were analysed on sequencing
type gels and the position of transcription start points determined by comparison
with a standard sequence ladder made using the TG1 oligonucleotide as a primer
on BS49 DNA in the presence of dideoxy sequencing mixes.

FIGE analysis of large DNA fragments

DNA was prepared from PBS-washed cells of the human T-cell line JM, largely
as described (Gardiner et al., 1986). About 2.5 x 108 cells were resuspended
in 5 ml L buffer (0.1 M EDTA, 10 mM Tris pH 7.5, 20 mM NaCl) and mixed
with an equal volume of 1% low gelling temperature agarose (FMC) at 42°C.
This was then poured into a 9 cm Petri dish and allowed to set at 4°C. Then
1 cm square plugs were cut out and transferred to L buffer plus 1% sarkosyl
and 1 mg/ml proteinase K (predigested 4 h, 37°C) at 50°C for 48 h with one



buffer change. Plugs were washed in 10:1 TE (10 mM Tris pH 8, 1 mM EDTA)
and treated with PMSF (phenylmethylsulphonylfluoride, 1 mM in 10:0.1 TE)
for 2 h at room temperature (RT). The plugs were then washed 2—3 times in
10:0.1 TE for 2 h, RT and then overnight in TE at 4°C. Plugs were stored in
fresh 10:0.1 TE at 4°C for up to 3 months. Each plug had a volume of 100 ul
and contained approximately 20 ug of DNA. Restriction digests were carried out
overnight at 37°C (or 50°C for Sfil) in 100 mM NaCl (except Sacll, where no
salt was added), 50 mM Tris pH 7.5, 10 mM MgCl,, 1 mM DTT, 200 pg/ml
acetylated bovine serum albumin (BSA; Anglian Biotechnology) with 80—100
units of restriction enzyme in a total volume of 250 gl. Digested plugs were then
stored in TE at 4°C. For electrophoresis, half-plugs were loaded onto wells of
a 1% agarose gel (buffered with 89 mM Tris pH 8, 89 mM boric acid, 2 mM
EDTA). Markers used were oligomers of A2001, whose monomer is 42 kb long,
made as described by Kenwrick ez al. (1987). FIGE conditions were based on
Carle et al. (1986): gels were run at a constant voltage of 200 V with a forward
pulse time of 1 s increasing by 0.45 s at each of 100 intervals. The reverse pulse
time was initially 0.3 s, increasing with 0.15 s increments. Total run time was
24 h. Circulation of buffer through a chilling system was used to maintain tem-
perature at 15°C. After the run had finished, the gel was stained with ethidium
bromide and DNA nicked by u.v.-irradiation prior to blotting onto nitrocellulose
(Southern, 1975). Hybridization, with oligolabelled probes (Feinberg and Vogel-
stein, 1983) of specific activity >10° c.p.m./ug made from cDNA inserts of
pJ6T3y-2 (CD3y) or pJM4C11 (CD3e¢), was as described (Sims ez al., 1984).
After overnight incubation at 65°C, filters were washed in 5 X SSC, 0.1% SDS
at 65°C, and autoradiographed. Before reprobing, filters were washed at 90°C
in0.1% SDS, 0.1 x SSC and autoradiographed to ensure that all probe had been
removed.
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