T cells

milestones

Milestone 8

Identifying and cloning
theT cell receptor

cellsareabletodetectand respond to

specific peptide antigens by virtue of

the unique T cell receptor (TCR) com-

plexesthey expressontheir cell surface

(seeimage). The TCR of conventional
of T cells comprises highly variable acand 3
chains (which form the antigen-binding o3
heterodimer) and aninvariant CD3 signalling
complex, whichis non-covalently associated
with the a and 3 chains and composed of ey
and €6 heterodimers and alhomodimer. The
breakthrough experiments that described this
multimeric protein complex — thereby identi-
fying theelusive ‘antigen-binding structure’ of
T cells — took place in the early 1980s.

At the time, it was known that T cells, like
B cells, can bind to a wide range of antigens
via a ‘clonally unique recognition structure’,
which was suspected to bear resemblance to
B cellimmunoglobulins. However, it was also
understood that, unlike B cells, T cellsonly bind
antigenin combination withthe correct major
histocompatibility complex (MHC) molecules’
(Milestone 4), which, inturn,arebound by the
‘subset-specificrecognitionelements’ T4 and
T8, today known as CD4 and CD8, respectively
(Milestone 5). Another lineage-specific mol-
ecule that had been described and found to
be intimately linked with T cell function was
T3, aglycoprotein later identified as CD3e.
Reinherz et al. showed that monoclonal anti-
bodies against T3 inhibited T cell responses,
which suggested that T3 was involved in anti-
gen-receptor function. However, as this protein
wasexpressedinanon-clonal fashion, therace
was ontoidentify the antigen-specific part of
the TCR.

To this end, antisera and monoclonal anti-
bodiesagainst T celllymphomas, hybridomas
and T cell clones were generated and screened
for clonal specificity. The first success was
reported in 1982. Allison et al. described the
antigen (onamouse T celllymphoma) that was
reactive with theirantibody asaglycoprotein
composed of disulfide-bonded subunits of
39 and 41kDa, and proposed that these cor-
responded to the antigen-specific subunits
of the TCR. In 1983, two papers by Reinherz
and colleagues described the generation
of monoclonal antibodies against a similar
heterodimeric clonal glycoproteinon human
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“two papersinNature...
provided strong evidence
thattheseencoded TCR
subunits”

T8 and T4" T cell clones. The targeted protein
complex, named T idiotypic (Ti), was found
to be similar to surface proteins that were
previously shown to co-precipitate with T3.
Theauthors proposed that the heterodimers,
non-covalently linked to T3, were, indeed, the
antigen-specific a and  subunits of the TCR
and demonstrated that antibodies binding
to each Ti could replace antigen plus MHC in
stimulating the relevant clone. In the same
year, similar glycoproteins were described
byPippaMarrack,JohnKapplerand otherson
mouse T cells. Moreover, enzymatic digests
and proteomic analysis indicated that these
glycoproteins, likeimmunoglobulins, hadboth
constant and variable regions.

The next year (1984), two papers in Nature
from the laboratories of Tak Mak and Mark
Davis described theisolation of T cell-specific
cDNA clones and provided strong evidence
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that these encoded a TCR subunit. Both stud-
ies included the construction of extensive
T cell cDNA libraries that were screened for
T cell-specific clones viasubtractive hybridiza-
tionwith B cell-derived mRNA. Working onthe
assumptionthatgenes encodingantigen-spe-
cific TCR proteins should be rearranged as a
mechanism to generate diversity, Hedrick et
al.usedrestriction enzyme analysistocompare
their clones to genomic DNA from T cell and
non-T cell sources, and identified one clone
that seemed to be uniquely recombined in
T cells. In back-to-back papers, the same
authors presented the sequence of this clone
and identified variable, constant and joining
regions, resembling the genomic organization
ofimmunoglobulingenes. Meanwhile, Makand
colleagues identified, sequenced and trans-
lated a T cell-specific cDNA clone thatencoded
a30-kDaprotein. They foundstructural similar-
itiesbetweenits putativeaminoacid sequence
withmouse and humanimmunoglobulinlight
chains. Microsequencing studies subsequently
established that the cDNAsidentified in these
studies encoded the TCRp chain.

These breakthroughs were followed by the
identification of the different CD3 subunits
andtheyd TCR (Milestone9), allthe way toour
current understanding of the octameric TCR
complex, its signalling pathways, and its func-
tionasamechanosensoryreceptor. They also
provided the basis to determine further mys-
teriesof T cellantigenrecognition, such asthe
mechanismsof central tolerance (Milestone12)
and of course have had numerous therapeutic
applications, including the generation of CAR
T cells (Milestone 20).
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Further reading
Please visit the online article for a full list of
further reading.
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