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ABSTRACT The locus of the & chain of the human T-cell
receptor has been isolated and examined. Three D (diversity)
regions and two J (joining) regions are present on the 5’ side of
the C (constant) region. The closest V (variable) region to the
constant region is V52, which in the germ line is found on the
3’ side of the constant region in an inverted direction. The
genomic structure of the human locus closely parallels its mouse
counterpart. Several cDNA sequences and a series of re-
arranged genomic sequences are compared which demonstrate
an enormous potential diversity in the junctional region,
between the variable region and the joining region. We find the
predominant utilization of the PEER variable region in thymic
polyclonal 8 cell lines and in some peripheral blood yé cell
lines. Thus, the 8 chain may have relatively limited variable-
region diversity but a large junctional-region diversity. The
implications of this observation are discussed.

The T-cell antigen receptor (TCR) expressed on most thy-
mocytes and mature T lymphocytes is a CD3 associated
disulfide-linked heterodimer composed of a and B glycopro-
tein subunits (for review, see ref. 1). A minor population of
CD3* thymocytes and peripheral blood T lymphocytes do
not express the af heterodimer but instead express a heter-
odimer composed of y and 8 glycoprotein subunits (2-7).
Chien et al. (8, 9) identified TCR gene located within the a
chain of the TCR (TCRea) locus that encodes the murine &
chain of the TCR (TCRS#) glycoprotein (10, 11). The murine
TCRS gene is rearranged and transcribed early during thymic
development (8, 9), and fetal thymocytes predominately
express y8-TCR heterodimers on the plasma membrane (12).
The human homologue has been isolated, cloned, and se-
quenced (13, 14). Antisera generated against a synthetic
peptide based on the constant (C) region of the & chain (Cs)
sequence specifically reacted with the TCRé glycoprotein
expressed on the plasma membrane (13, 15). Like the murine
TCRS, the human TCRS& is composed of variable (V), diver-
sity (D), joining (J), and C regions. In the present studies, we
have isolated the genomic region coding for three D regions,
two J regions, the C region, and a contiguous V region. By
using probes from this region, we have examined the tran-
scription of human TCRS genes in normal and leukemic
thymic and peripheral blood lymphocyte (PBL) lines.

MATERIALS AND METHODS

Cells. Mononuclear cells from normal peripheral blood
(Stanford Blood Center, Stanford, CA) were isolated using
Ficoll/Hypaque (Pharmacia). After plastic adherence and
passage through nylon wool to remove monocytes and B
cells, respectively, lymphocytes were fractionated by cen-
trifugation on discontinuous Percoll gradients (16). Natural
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killer (NK) cells were isolated from the low-buoyant-density
fraction, while the high-buoyant-density fraction was small
resting T lymphocytes (>95% expressing a8 TCR). Normal
thymocytes were obtained from pediatric cardiac patients.
CD3-,CD16* NK cell lines, y5-TCR PBL cell lines (16),
v8-TCR thymic cell lines (17), and aB-TCR cell lines (17)
were cultured in RPMI 1640 (M.A. Bioproducts, Walkers-
ville, MD) containing 10% (vol/vol) fetal bovine serum
(Kansas City Biological, Lexena, KS), 1 mM glutamine
(GIBCO), gentamycin at 100 ug/ml (GIBCO), and recombi-
nant interleukin 2 (IL-2) at 800 international units/ml (Cetus,
Emeryville, CA).

Libraries. A Agtll library (18) was constructed from
poly(A)-enriched RNA isolated from a y86-TCR thymic cell
line (16). The human genomic library was a gift from Anne
Bowcock (Stanford, CA) and was prepared in Lambda FIX
(Stratagene, San Diego, CA) from leukocytes of a pygmy
individual. Libraries were also constructed from MOLT-13
and thymic DNA by using the polymerase chain reaction
method (19). The primers used were TACTCGAGCCCAGT-
CATCAGTATCC for V51 and GGGTCGACTTACTTGGT-
TCCACAGTCAC for J51. Two micrograms of genomic DNA
was amplified 25 times and digested with Sal I and Xho 1. The
right-size fragment was purified on a low-melt agarose gel and
cloned into Bluescript vectors (Stratagene). The plasmids
were screened to identify clones homologous to V;s1 and the
appropriate clones were sequenced in both directions.

Probes. The 8A2 C,, cDNA probe for the C region of the y
chain (C,) (5) was generously provided by Jim Allison (Univer-
sity of California, Berkeley). Other probes are as described.

Northern Blot Analysis. Total cellular RNA was isolated by
using the guanidine isothiocyanate method (20). Northern
analysis of RNA gel blots was performed as described (21).
Probe inserts were isolated and labeled with [**P}JdCTP
(Amersham) (>10° cpm/ug of DNA) (22). Membranes were
hybridized at 65°C for 24 hr with =2 X 107 cpm of labeled
probe in 35 ml of hybridization buffer containing 5x SSPE,
1x Denhardt’s solution, 0.3% NaDodSO,4, 10% (wt/vol)
dextran sulfate, and denatured salmon sperm DNA at 100
pg/ml (1x SSPE = 0.18 M NaCl/10 mM sodium phosphate,
pH 7.4/1 mM EDTA; 1x Denhardt’s solution 0.02%
polyvinylpyrrolidone/0.02% Ficoll/0.02% bovine serum
albumin). Membranes were washed twice for 15 min and
twice for 30 min (room temperature) in a solution of 10 mM
sodium phosphate, 1 mM disodium EDTA, and 0.2%
NaDodSO,. After a final wash for 45 min at 65°C, the
membranes were autoradiographed.

Abbreviations: TCR, T-cell antigen receptor; C, constant; D, diver-
sity; J, joining; V, variable; TCRa, TCRS, etc., TCR a chain, TCR
& chain, etc., respectively; Cs, V5, C,, etc., & chain C region, 8 chain
V region, y chain C region, etc., respectively; PBL, peripheral blood
lymphocyte; NK, natural killer; IL-2, interleukin 2.
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DNA Sequencing. DNA fragments were subcloned into
Bluescript vectors and sequenced by the double-stranded
method (23) with the modified T7 DNA polymerase (24)
(United States Biochemical, Cleveland, OH).

RESULTS

Sequences of cDNA Clones from a y8-TCR Thymocyte
Library. A Agtll library was screened with a Cs-region probe
(13). Five phage were selected which were positive for both
the 5’ and 3’ ends of the Csregion. The EcoRI fragments were
subcloned and sequenced. The C regions were not sequenced
entirely, but partial sequences and restriction digests were
identical to the published sequence (13, 14). The 5’ fragments
were sequenced entirely and fell into several categories. Two
were J-C fragments containing a J-C splice but had germ-line
unrearranged sequence on the 5’ side of the J region. One of
these utilized the Js1 sequence and one utilized the J52
sequence, which will be described subsequently. [A similar
transcript was found by Hata er al. (25).] Two cDNAs
included complete VDJC structures that were in-frame. One
of these, T3, had a V region identical to PEER with a different
sequence between the V and J regions. The second cDNA,
T7, differs throughout. We will refer to the PEER V region
as Vsl and the T7 sequence as Vgs2. A fifth sequence
contained a truncated molecule that ends just on the 5' side
of a J region in what is probably an N sequence.

Germ-Line Sequences Homologous to the cDNA Sequences.
A A library prepared from human leukocyte DNA was
screened with a J-C; probe. Three phage were selected from
750,000 phage screened. Three phage with homology to the
J, C, and V;2 regions were characterized in detail and a
partial restriction map is shown in Fig. 1. Portions of the
phage were subcloned and sequenced in both directions as
shown in Fig. 2. The regions sequenced include the germ-line
regions around three D regions, two J regions, and one V
region on the 3’ side of the C region (Fig. 2). The exon-intron
boundaries of the C regions were also sequenced (E.Y.L.,
unpublished data), and the positions of the junctions were
identical to those of the mouse (27).

Sequences of Junctional Regions of Vz1-Bearing & Chains.
Diversity of TCRs can be examined on many levels. The
potential diversity is the largest set, including all possible
rearrangements, independent of selection for a functional
receptor. This level of diversity is difficult to directly study
since it would require the isolation of pre-T cells that have
rearranged receptors but have not yet expressed them. In
preliminary experiments, we found that thymic CD3*,CD4*
cells, of which >95% bear the a8 TCR, have a large proportion
of cells that had a Js1 rearrangement of V1. Thus these cells
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have a nonfunctional §-chain rearrangement. The examination
of these sequences, added to the diversity of functional &
chains, would give an estimate of potential 6-chain diversity.
The diversity of mouse 8-chain junctional region (28) illus-
trated the importance of this region so we chose oligonucle-
otide primers bracketing it. A library of these sequences was
produced and sequenced. Fig. 3 shows 19 junctional regions
from thymic CD3*,CD4* cells, as well as several functional §
sequences. [Additional functional 8 sequences have been
published since the preparation of this figure (25).] The
inclusion of known V-region and J-region sequences between
the primers provides for an internal control for the accuracy of
the amplification method. We found two substitution errors
[out of =3000 base pairs (bp)] and no other errors, which is in
keeping with the expected error frequency (19).

Expression of TCR&8 Genes in Polyclonal Cell Lines. Tran-
scription of TCR& genes was analyzed by Northern blot
analysis. By using a C; probe, abundant transcripts of 2.2 and
1.5 kilobases (kb) were detected in the PEER leukemia cell
line, in the IL-2-dependent thymic-derived y8-TCR cell line
22, and in the IL-2-dependent PBL-derived y3-TCR cell line
67 (Fig. 4A). Prior studies have indicated that both the 2.2-
and 1.5-kb TCRS transcripts may be functional, but differ in
polyadenylylation sites (13, 14). The IL-2-dependent a-TCR
thymic cell line 23, phytohemagglutinin-activated T lympho-
blasts (>95% aB TCR), and the HPB-ALL leukemia cell line
(expressing aB TCR) did not contain C; transcripts. Northern
blots were rehybridized with the C, probe (Fig. 4C). PEER
and all thymic and PBL y5-TCR cell lines demonstrated TCR
v-chain (TCRy) transcripts, while phytohemagglutinin-
activated T lymphocytes and NK cells did not. Although
TCRy RNA was detected in HPB-ALL, there is no evidence
that this transcript encodes functional protein.

In preliminary studies, we noted that the V;1 probe isolated
from PEER hybridized with RNA isolated from a thymic
¥8-TCR cell line (13). Use of this V region was further
investigated by rehybridizing the Northern blots shown in
Fig. 44 with the V;1 probe. As expected, the Vsl probe
hybridized with PEER RNA, but also hybridized strongly
with RNA from y8-TCR thymic cell line 22 (Fig. 4B).
Quantitative densitometry was performed to estimate use of
this V region in this polyclonal thymic cell line. This tech-
nique has previously been used to estimate relative use of
immunoglobulin V region genes by a polyclonal population of
pre-B cells (29). By comparing the ratio of the V;1 and C;
bands in the clonal PEER cell line with the V5/C; ratio of the
¥8-TCR thymic cell lines, it was possible to estimate the
relative use of the PEER V;l segment. Most of the TCR;
transcripts of the polyclonal y8-TCR thymic cell line 22
express the PEER V;l. Similar results were obtained by
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FiG. 1. Genomic organization of the human & locus. The arrows indicate the direction of transcription. The + indicates a region in which

the restriction sites have not been mapped in detail. Cs I, Cs II, C; 111, and Cs IV refer to the C-region exons. The regions included in the A
clones are drawn below the map. The position of the C regions relative to the J regions is according to ref. 26.
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A

D-Delta

Proc. Natl. Acad. Sci. USA 85 (1988)

Human D61 TACTCCATGTTCAAATAGATATAGT ATTTTTICA CAGTARATTOOC CAAAGTG GAAATAGT CACTCAA ACGAATACTTTTACTCTTTIGAC ATTAACCAA ATGGCTTCCAATAAAAATCAAACAA

D-Delta

Hurmn062 AMGGARAGGGAPAAAGGAMGAAGAG QGTTTTTAT ACTGATGIGITT CATTGIG OCTTOCTAC CACACAG GTTGGAGTGCATTAAGCCTTTGT OCAAAAACA CCCAGOOGTGACCOGCTATGTATGT

M:Juse061 AACGGAAGAAACARAGG-——G TGTTTTIGT ACGGCTGTGTTT CACIGIG GTGGCATAT CACACAG GTTGAAGTATATTAAACCTCIGT TCAGRAAACA GICAGCTGTGACTOOCTGTATAAGT

D-Delta

Human D 3  GOCATATAGIGIGAAACCGAGGGGA AGTTTTIGT AAAGCTCTGTAG CACTGIG A-CTGAGEGATACG— CACAGTG CTACAAAACCTACAGAGACCTGT ACAAAAACT GCAGGGEGCAAAAGTGOCATTICCCT

NbuseD62 GACACGTGATACAAAGOCCAGAGAA GGTTTTTGC ARAGCTCTGTAG CACOGTG ATOGGAGOGATACGAG CACAGTG TTGCAAACCOCATAGGGACCIGT ACARAAACT GCAGTGAAGAACGTCTOOCAGGOCT

J-Delta

Thr Asp Lys Leu Ile Phe Gly Lys Gly Thr Arg Val Thr Val Glu Pro
Human J 1 AGC-GCTGA GGTTTTIGG AA-OGTCCTCAAG TGCIGIG - —— —— ~AC ACC GAT AAA CTC ATC TIT GGA AAA GGA ACC OGT GIG ACT GIG GAA OCA A GTAAGTAACTCATTTATIT

[

Thr Asp Lys Leu Val Phe Gly Gln Gly Thr Gln Val Thr Val Glu Pro

Mouse J 1 AGCTGCTGA GGTTTTTGG AATGGGCCTCAGT AGCIGIG - — —- —CT ACC GAC ARA CIC GIC TTT GGA CAA QGA ACC CAA GIG ACT GIG GAA CCA A GTAAG——TCATTTATTT
6 Leu Thr Ala Gln Leu Phe Phe Gly Lys Gly Thr Gln Leu Ile Val Glu Pro

tumand 2  AGGTAGCAA GGTTITIOG TAATGACGECIGT GGTAGIG - — ~CT TTG ACA GCA CAA CIC TIC TTT GGA AAG GGA ACA CAA CIC AIC GIG GAA OCA G GTAAGTTATGCATTTTACT
Ser Trp Asp Thr Arg Gln Met Phe Phe Gly Thr Gly Ile Glu Leu Phe Val Glu Pro

Mouse J 2 TCOCAGACY GOTIATCTS CAAACCRAGCTTA TRACSTG C 10 95 GAC ACK OGA CAG ATG TIT TTT G3A ACT G ATA GAG CTC TIT GIG GAG O C GIAAGTICGTTITIITICT

[)

B
Met Ile Leu Thr Val Gly Phe Ser Phe Leu Phe Phe T

COCTGATATGAAGAAAAG ATG ATT CTT ACT GIG GGC TTT AGC TTT TTG TIT TIC T GTAAG TAGATTCATTTGTTTACATTCCACTTGCTCTATAACCCCATTICTCCTTCTCTGACTCTTGAAGGC

TTTTTCICTTGCACTCTTGGTTTTTGGTTATTTGCTGCCTTTGGCTT TATTIC TG TG TCC T TC TC TTGOC TC TGC TCA T TGAG TTC T TC TGGGC TAGGCATG TGC TG TACTCACTG TCTGGGGGGTGCAGAATTCACTAT

yrArgGlyThrLequAwLysVal'lhrGmSerSeerAs)GlnThrValAlaSerGlySerGluValValI.euLeuCYs'Ihr’IYr
TTOCTCATTGICTTTTICC CAG AC AGG GGC ACG CTG TGT GAC AAA GTA ACC CAG AGT TCC OCG GAC CAG ACG GIG GCG AGT GGC AGT GAG GTG GTA CIG CTC TGC ACT TAC

Asp'I‘hrVal’IyrSerAmProAq)].euPheTrp'IyrArgIleArgProAsp’IyrSerPheG].nPheValPhe‘l\jrGlyAspAsnSerArgSerGluGlyAlaAspPhe
GAC ACT GTA TAT TCA AAT CCA GAT TTA TTC TGG TAC CGG ATA AGG CCA GAT TAT TCC TTT CAG TIT GIC TTT TAT GGG GAT AAC AGC AGA TCA GAA GGT GCA GAT TTT

Thr Gln Gly Arg Phe Ser Val Lys His Ile Leu Thr Gln Lys Ala Phe His Leu Val Ile Ser Pro Val Arg Thr Glu Asp Ser Ala Thr Tyr Tyr Cys Ala Phe
ACT CAA GGA CGG TTT TCT GTG ARA CAC ATT CIG ACC CAG ARA GCC TIT CAC TIG GIG ATC TCT CCA GTA AGG ACT GRA GAC AGT GOC ACT TAC TAC TGT GCC TIT AG

CACTATG ATGCAGGTGCCCAGGAAGTCATA ACACAAACT OCTGGGGCACAGCTCAGCAGAG

F1G. 2. (A) Sequences of D regions and J regions of the § chain, compared to homologous regions of the mouse (8, 9). The signal sequences
are underlined. (B) Sequence of V2. The genomic sequence of the cDNA T7 is shown. The leader exon is hypothetical since the cDNA sequence
began with the sequence TACAG as marked by the arrow, 1 bp into the proposed leader sequence.

using two other thymic cell lines, demonstrating that the
PEER V;l is predominantly used by some IL-2-dependent
v¥8-TCR thymic cell lines (data not shown).

In contrast to results with thymic y5-TCR cell lines, the
PEER V;l probe failed to hybridize to RNA from PBL
v6-TCR cell line 67 (Fig. 4B). Analysis of RNA from
polyclonal PBL y8-TCR cell lines established from four
donors revealed that two cell lines completely lacked expres-
sion of the PEER Vg1, lines 81 and 67, whereas in two cell
lines, 61 and 88, the PEER V;l gene was used (Fig. 4). This
difference could not be accounted for by selective culture
conditions, since all thymic and PBL y5-TCR cell lines were
established and maintained using identical culture condi-
tions. However, we cannot exclude polymorphism, age-
related differences, or other individual differences.

It should be noted that none of the cell lines examined,
including the PBL y8-TCR cell lines 61 and 81, hybridized
with the second V-region probe (Vs2) isolated from the
thymic library (data not shown). We were also unable to
detect visible bands when the V32 probe was hybridized to
mRNA isolated from the same thymic CD3, y8-TCR cell line
from which the probe was originally isolated. Therefore, V52
is apparently infrequently expressed in these polyclonal
thymic and PBL y5-TCR cell lines.

Interestingly, NK cell line 1 expressed a 1.9-kb Cj; tran-
script, but not the two usual ones. NK cell lines established
from three donors all failed to hybridize with the PEER V;1
(Fig. 4 B and D), although a 1.9-kb C; transcript was detected
in all lines (data not shown). A similar 1.9-kb transcript is
present in MOLT-13, (a y5-TCR leukemia cell line) and in low

amounts in thymic y8-TCR cell lines (16). Since NK cells do
not transcribe TCRy mRNA (Fig. 4C) and since NK cells do
not rearrange the TCRy genes (30) or TCRS genes (data not
shown), NK cells cannot express a functional y6 TCR.
Therefore, it is likely that this 1.9-kb TCRé transcript is
nonfunctional, similar to the presence of nonproductive
1.0-kb TCRB mRNA in these cells (31).

DISCUSSION

The Genomic Structure of the Human TCR& Locus. The
presence of the human & locus within the a locus on
chromosome 14 has been described (26, 32). Here we present
detailed sequence structure of several components within
that locus including three D regions, two J regions, four-C
region exons, and one V region, all within 30 kb. It is quite
striking that the genomic structure of the region is highly
conserved between the mouse and the human on several
levels. (For details of the mouse genomic structure, see ref.
27.) (i) The organization of the locus within the a locus is
conserved. (ii) The existence of two D regions (the homol-
ogous region in the mouse of the human D;1 has not been
sequenced) and two J regions is conserved although the
sequence of the D regions and the second J region are not
highly homologous (see Fig. 2A). (iii) The spacings between
the structures are quite conserved. (iv) Both species have a
highly homologous 3’ V region. (v) The exon—intron structure
of the C region is tightly conserved. The functional or
evolutionary constraints that are responsible for these simi-
larities remain unknown.
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Gernline D1 GARATAGT

GermLine D_2 CCTTOCTAC

Gernlline D3 ACTGGGGGATACG

Gemline V.1 TGIGCICTTGEGGAACT

Germline vgz TGTGOCTTTAG
0 TGIGCICITG CIGIACGSG GAAA  AC TOCTA  GABAGGAA TGGGGATACG ~ OGGICTTICCAT — COGATARA  +
PEER TGIGCICTIGEG  ACGEGGGTGA [eeee CICCAGG ACACCGATARA  +
MOLTI3  TGTGCICTIGSG GAR c fesieceed] GT ACACCGATARA  +
b} TGIGCICTIG - CCIT GGOOCTCA fieceed] TOCCAT ACACCGATAAA  +
™ TGTGOCTTT CGATG CIGEEERATAG fececeed] GATARA  +
731 2 oG GAA TC O ACACOGATARA
TAB4l  TGIGCTCTTGGGGAAC CGCTC KT - ACTGGAMGA A A -
TAB42  TGIGCICTTGGGGAA TCC Ga - G OCTIC ~ GOCT GAT OGT ACACCGATAAR -
TABS1 # CAOCCA - TIOCT  CCCATTOGTCT GAGATA  ACOGOGAGAGAACAGT ACACCGATARA -
TABS3  TGIGCICTIGG TGACANCG 6T e GEGAT  CGTTATIAAGAOOCC CACCGATARA  +
TABS4  TGIGCICTTGEGGAAC C A~ A CTIC | GGAC CIGGEGATACG GATACTCATGT ACACOGATAAA -
TABSS ~ TGIGCICTTGRG  CAGOOOOGEG - OCTTOCTAC GARAGGAT ACTGEEG GOCICCT  ACOGATARA  +
TABS6  TGIGCICTIGGGGRA TTA CIA G GGGAGAT COCTGTOGC * -
TABS7T  TGIGCICTIGEG G AT GOGGAG - "GEIGATAC CACCGATARA  +
TABS8  TGIGCICTTGGGGAA GGA - GAGA CCTAACT ACACOGATAMA -
TAB62  TGIGCICITGGGG  TACOOCACGOCACOOG TIC - CGOCAAT  CGATAMA -
TAB63  TGIGCICTIGEEG — CTIC CCTICCTAC GG GGAGATAC TTGEC ACACCGATARA -
TAB6S ~ TGIGCICTIGHSG  TOGTGEGG CCTTCT | OCTG lesiceced] GG CACCGATAAA +
TAB66  TGIGCICTIGGGGAACT AAT  TOOGCACT CTICCT  GAT ACTGAGGATAC AT ACACCGATARA -
TAB67  TGIGCICIT GCTOOOCCIAGOEC  GARATA  OGCICG el loe] A -
TAB68  TGIGCICTTGRG  ACGIXGGTGA - fecee CTOCAGG ACACOGATARA  +
TAB69  TGIGCTCTTGGGGAAC GACGGOCC BCTGERGGATA ACAMGIGGA  ACCGATARA -
TAB610  TGIGCTTTTGGGGAAC CGAGG TAG GIGICC TCT  TACTTIACTGAG TG C AOCGATAAA +
TAB613  TGTGCTCTTGGGGAAC T TIC  GACTAGO0GAGGA ACT - MCACOGATARA -
TAB61S  TGTGCICTTGGGGAAC TAATTOOGCACT CTICCT  GATACT AT ACACCGATARA -

Fi1G. 3. J-region comparison. The O sequence is from ref. 14 and the PEER sequence is from ref. 13. The ends of the V and J regions are
included to show alignment. The 3’ end of the germ-line V1 is from E.Y.L. (unpublished results). The T31 sequence is only a fragment lacking
a 5’ end. The sequences with names beginning with TAB are from a CD3*,CD4* thymocyte library. The underlined sequences show homology
to the germ-line D regions. Only three or more matches are included. The + and — indicate potential in-frame or out-of-frame peptides,
respectively. The # indicates a deletion of 23 bp from the V region and the * indicates a 28-bp deletion of the J region.

A Second J Region of the 6 Chain. We have found a cDNA
which bears a second J region, but which does not have a
rearranged D region. To date, we have yet to find this J region
rearranged on a cDNA or as a discrete rearranged band on a
Southern blot. Thus, in the populations of cells that we have
examined, the predominant J region used is the most 5’ one,
which we call J51. In the mouse, the predominant J region
used in the adult & chain is also the most 5’ one, J51 (28),
whereas the second J region is expressed in fetal thymocytes
{9) and in dendritic y5-TCR cells. It is of great interest to see
if J52 is used in similar human cells.

The V-Region Diversity of the § Chain May Be Limited.
Several lines of evidence suggest that the PEER V region is
preferentially utilized. (/) The PEER V region is expressed at
an RNA level in all four of the T-cell tumor lines which are
known to express the y8 TCR (13, 14). (ii) The thymic 8 cell
lines shown in Fig. 4 also preferentially express this V region.
In fact, a rough quantitation suggests that >80% of the &
mRNA of the expected size bears this V region. A similar
V-region usage appears to be true for some peripheral
cultured y8-TCR cells (Fig. 4D). Thus, some populations of
T cells appear to use predominantly Vs1. In the mouse, a
related situation exists where different populations of T cells
utilize different V regions (9, 28).

We found a second V region which is expressed as an
in-frame VDJC mRNA. However, it is used infrequently in
the population of T cells that we have examined by either
Northern or Southern analysis. As with Vi1, it does not
belong to any of the defined V,-region subfamilies (33, 34).
Comparison of the two human V; sequences with those of the
mouse show that V;1 is closest to the murine V7 and that T7
is closest to V6. These are the predominant V regions used
in the adult mouse thymus, and they account for 16 of 21 total
adult mouse sequences examined (28). In two polyclonal
IL-2-dependent y3-TCR cell lines established from normal
PBLs, we failed to detect expression of either Vsl or V42,
indicating the existence of one or more additional V5 genes.

Multiple D Regions and N Regions Generate Enormous
Junctional Diversity of 8 Chains. In Fig. 2A, we show the
germ-line sequences of three possible D; regions, based on
the presence of heptomeér-nonamer signals. Two of these
have known homologous partners in the mouse. The actual
coding portions of these D regions diverge greatly between
species while the heptamer nonamer signals are conserved. It
is striking that the 12-bp spacer within the first heptamer
nonamer of the 3’ D region is completely conserved. This
suggests that this spacer may have an important sequence-
dependent function.

The junctional regions from 24 human § chains from both
¥8-TCR- and aB-TCR-bearing cells are shown in Fig. 3.
These sequences show the enormous potential diversity in
this portion of the molecule. Note that the sequences suggest
that one junctional region can utilize all three D regions thus
necessitating four possible N regions. Additional D regions
may exist on the 5’ side of Dsl1, or between Ds2 and D;3, but
not between D;1 and D42 or between D33 and Js1, since these
regions have been completely sequenced (E.Y.L., unpub-
lished data) and they contain no possible D regions. The N
regions can be quite long; for example, TAB51 has an N
region 16 bp long. Thus, the & chain has a stretch of roughly
5-15 amino acids, which may confer enormous diversity.

Implications on the Possible Functions of the § Chain. A
major unresolved question regarding the y8 TCR is the nature
of the ligand that it recognizes. The similarities and differ-
ences between the o8 TCR and y8 TCR give some clues to
that question. Davis and Bjorkman (35) have proposed that
the junctional regions that comprise the CDR3 (complemen-
tarity determining region 3) of the TCR are the main contact
points between the antigenic peptide and the receptor,
whereas the CDR1 and CDR2 of the V region form contact
points with the major histocompatibility complex (MHC)
molecule. This idea postulates that the V region and the
junctional region have separate, though not independent,
recognition functions. The overall V; regions as a group are
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FiG. 4. Expression of TCRS6. RNAs were isolated from the
indicated cell lines. Equal amounts of each RNA (10 ug per lane)
were analyzed by the Northern blot technique using 32P-labeled C;
(A), V51 (B and D), and C, (C) probes. (D) Membranes were
rehybridized with 32P-labeled C; probe and PEER, PBL v cell lines
81, 61, and 88 all demonstrated abundant amounts of 2.2- and 1.5-kb
C; transcript (data not shown). Lanes for A-C: 1, HPB-ALL cells;
2, phytohemagglutinin-activated T lymphocytes; 3, PEER cells; 4, yé
PBL 67; 5, ¥5 thymic-derived cell line 22; 6, af thymic-derived cell
line 23; 7, NK cell line 1. Lanes for D: 1, phytohemagglutinin-
activated T cells; 2, PEER cells; 3, ¥ PBL line 81; 4, y6 PBL line
61; 5, ¥6 PBL line 88; 6, NK line 2; 7, NK line 3.

indistinguishable from V, as a group and one would not
expect a radical change in their recognition properties. The
striking features of the y8 TCR that differ from the o TCR
are the relative lack of V-region diversity—i.e., fewer V
regions and thus fewer CDR1 and CDR2 possibilities—and
vastly greater diversity of the junctional region. Further-
more, it has been observed in the mouse that different V
regions are utilized by different populations of y8 T cells.
Consequently, we propose the following model. Each V;
region has a preferred V., which together recognize a pre-
senting molecule which is major histocompatibility complex-
related (36), nonpolymorphic, and possibly tissue-specific.
For example, skin y8 V regions might recognize a tissue-
specific molecule on Langerhans cells or epidermal cells. The
junctional region would then provide recognition of foreign or

Proc. Natl. Acad. Sci. USA 85 (1988)

altered self peptides. Janeway et al. (37) have proposed a
related model where the y6 T cells may mediate immune
surveillance.
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