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Summary

CD8" T cells respond to signals mediated through a specific interaction
between the T-cell receptor (TCR) and a composite antigen in the form of
an epitopic peptide bound between the polymorphic al and a2 helices of
an MHC class I (MHCI) molecule. The CD8 glycoprotein ‘co-receives’
antigen by binding to an invariant region of the MHCI molecule and can
enhance ligand recognition by up to 1 million-fold. In recent years, a
number of structural and biophysical investigations have shed light on
the role of the CD8 co-receptor during T-cell antigen recognition. Here,
we provide a collated resource for these data, and discuss how the
structural and biophysical parameters governing CD8 co-receptor function
further our understanding of T-cell cross-reactivity and the productive
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Introduction

Overview of the cellular expression pattern and
function of CD8

T-cell antigen recognition and subsequent T-cell activa-
tion are governed by the interaction between the T-cell
receptor (TCR) and peptide-major histocompatibility
complex (pMHC) molecules.! In a unique bipartite rec-
ognition mechanism TCR-pMHC-mediated T-cell activa-
tion is enhanced through the activities of co-receptor
molecules that bind independently from the TCR to an
invariant region of the pMHC (Fig. 1). The CD8
co-receptor exists as an oo homodimer (Fig. 2a) on the
surface of many different cell types within the lymphoid
system, including natural killer cells, y0 T cells* and
intestinal intra-epithelial T lymphocytes’; it is also
expressed in this form on certain dendritic cell subsets.*
In the alternative aff heterodimeric form (Fig. 2b), CD8
is found on ~ 90% of cytotoxic T lymphocytes.” The
functional role of the CD8xo homodimer has not been
formally identified, although a regulatory role has been
proposed in the case of intestinal intra-epithelial T lym-
phocytes.® In contrast, the CD8uaf co-receptor plays a
major role in CD8" T-cell activation by increasing antigen
sensitivity”® and by stabilizing the TCR—-pMHC class I
(pMHCI) interaction at the cell surface.”* The pMHCI-
CD8 interaction is central to these functional roles.

engagement of low-affinity antigenic ligands.

Keywords: CD8, co-receptor, biophysics; crystal structure; peptide-major
histocompatibility complex; T-cell activation; T-cell receptor.

Co-receptor functions of CD8

CD8 acts as a co-receptor during T-cell antigen engage-
ment.® The dominant molecular basis for this functional
role in antigen recognition centres on the association of
the CD8 o-chain with p56", via two vicinal cysteines,
which interact through a zinc chelate complex to produce
a co-activation signal.'>'? This interaction leads to a sig-
nalling cascade that recruits ZAP-70 to the TCR-CD3
complex, leading to the amplification or enhancement of
T-cell activation signals.'*'> The signalling role of the
CD8 o-chain can be enhanced by palmitoylation of the
CD8 f-chain at a membrane-proximal cysteine.'®
Palmitoylation at this site allows the recruitment of the
tripartite TCR—-CD3-CDS8 signalling complex to deter-
gent-insoluble membrane domains, or lipid rafts.'”'®
Lipid rafts are made up of ordered microdomains,
enriched with sphingolipids and cholesterol, that exclude
molecules such as phosphatases (CD45) but recruit mole-
cules that are critical for T-cell activation, such as p56“*
and the linker for activation of T cells. Accordingly, these
membrane microdomains represent privileged sites for
TCR-mediated signal transduction.'®?! Hence, the tripar-
tite extracellular interaction between TCR, pMHCI and
CD8 (Fig. 1) has important consequences in terms of
intracellular signalling.** Although it is now generally
accepted that CD8 enhances antigen sensitivity, recent
studies have shown that certain CD8" T-cell responses
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Virally infected Cell Expressing pMHCI

Figure 1. The tripartite T-cell receptor—peptide-MHC class I com-
plex (TCR-pMHCI)-CD8 interaction. A representation of the tripar-
tite TCR-pMHCI-CDS8 interaction that forms part of the polyvalent
interface between a CD8" cytotoxic T lymphocyte and a target cell
during the process of antigen recognition. This interaction governs
T-cell activation and triggers target cell killing through the release of
cytotoxic granules and lymphokines, and through the induction of
apoptotic signals.

can occur independently of the CD8 co-receptor.”’ This
review will cover newly reported molecular aspects of the
pPMHCI-CDS interaction and the role of the co-receptor
during CD8" T-cell antigen surveillance.

Molecular basis of the pMHCI-CD8 interaction

Structural basis of the pMHCI-CD8aa and pMHCI-
CD8af interactions

The CD8 co-receptor binds to a largely invariant region
of MHCI that is spatially distinct from the TCR binding
platform, allowing the potential for tripartite (TCR-
pPMHCI-CD8) complex formation (Fig. 1). In an analo-
gous fashion to the TCR, the soluble domain of CD8
contains a number of flexible complementarity-determin-
ing region-like (CDR) loops that are involved in MHCI
binding. The interaction between the CDR-like loops of
human CD8oo (residues 51-55) and a finger-like loop in
the o3 domain of HLA-A*0201 (residues 223-229) forms
the main contact zone of the complex. The CDR-like
loops of CD8aa ‘clamp’ onto this flexible finger-like loop
asymmetrically, with each molecule in the dimer contrib-
uting differently to the overall binding (Fig. 2¢). Addi-
tionally, CD8aa contacts the «2 and f2m domains of
HLA-A*0201, compounding the overall stability of the
complex.”*** These findings have been confirmed recently
by another study that reported the co-crystal structure of
CD8ao in complex with HLA-A*2402.%° In this structure,

CD8oo bound primarily to the flexible #3 domain of
HLA-A*2402 in a virtually identical conformation to that
observed with HLA-A*0201.° Although murine CD8o
bound to H2-K" in a similar fashion compared with the
human HLA-A*0201-CD8uo complex,” there were some
key differences in fine specificity between these two inter-
actions. For example, in the murine system, more con-
tacts were made between CD8 and the MHCI o3 domain,
fewer contacts existed between CD8 and the MHCI «2
domain, and a number of unique bonds were formed at
the interface between CD8 and [i2m. These differences
probably explain the higher binding affinity of murine
CD8 compared with human CDS8 for their corresponding
species-specific MHCIs. "

Until recently, the orientation of the CD8uf heterodi-
mer in complex with pMHCI remained speculative.”® The
atomic structure of murine CD8uf in complex with H-
2D%? revealed that the binding mode of the CD8xf hete-
rodimer was largely homologous to that of the CD8ao
homodimer.”**” Accordingly, the CDR-like loops of
CD80off bound predominantly to the conserved finger-like
loop in the H-2DY o3 domain (Fig. 2d). Moreover,
CD8uf adopted a single orientation in the H-2D-CD80,8
co-complex, with the f-chain in the equivalent position
to the CD8 ol-chain in the pMHCI-CD8uao complex,
proximal to the T-cell membrane, in opposition to the
original structural conformation predicted previously**
(Fig. 2d). Nonetheless, there were also some notable dif-
ferences between the murine pMHCI-CD8oo and
pPMHCI-CD8uff complex structures. For example, CD8uf
did not contact the ®2 and f2m domains of H-2DY,
which reduced the buried surface area of this complex
compared with murine pMHCI-CD8uo.

The T-cell co-receptors govern TCR binding
orientation and MHC restriction

Accumulated structural evidence of TCR-pMHC interac-
tions has shown that the TCR binds with a conserved
general topology, with the TCR «-chain positioned over
the N-terminus of the peptide and the TCR f-chain over
the C-terminus.”® It has been postulated that this binding
mode is essential to allow co-receptor binding to the
same pMHC as the TCR at the cell surface (Fig. 1).”!
Hence, the CD8 co-receptor (and CD4 co-receptor) may
have a role in governing the conserved binding mode of
the TCR to allow the formation of a functional signalling
complex at the T-cell surface.’® Indeed, Kuhns and
Davis® have shown that the ectodomains of CD3&d and
CD3ey, that constitute an important part of the TCR sig-
nalling complex, associate with the Ca DE and Cf CC
loops, respectively, within the constant domain of the
TCR (Fig. 3a). In this study, mutation of these conserved
loops disrupted the formation of the TCR—CD?3 signalling
domain and subsequent T-cell activation. So it seems that
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Figure 2. Crystal structures of CD8oa and CD8uf} in complex with peptide-MHC class I complex (pMHCI). (a) Crystal structure of the human
CD8ao homodimer (PDB: 1CD8) with the a1-chain shown in red and the a2-chain shown in purple. (b) Crystal structure of the human CD8uf3
heterodimer (PDB: 2ATP) with the o-chain shown in purple and the f-chain shown in yellow. (c¢) The co-crystal complex between human
CD8aar and HLA-A2*0201-ILKEPVHGV (PDB: 1AK]J). CD8 is shown in red (a1) and purple (22) binding mainly to the «3 domain of MHCI.
The complementarity-determining region (CDR)-like loops of the CD8 molecule bind to a finger-like loop formed by residues 223-227 of the
MHCI 3 domain; this interaction comprises the main binding interface between CD8 and MHCI (indicated by an arrow). (d) The co-crystal
complex between murine CD8xff and H2-DY-RGPGRAFVTI (PDB: 3DMM). CD8 is shown in purple (¢2) and yellow (f8) binding mainly to the
o3 domain of MHCI (indicated by an arrow). Although the amino acid sequence of CD8f} is distinct from that of CD8a, the CD8xf heterodimer
adopts a virtually identical conformation to that of the CD8xa homodimer and binds to pMHCI in a similar overall manner.

these CD3 subunits, that contain intracellular tyrosine (Fig. 3¢,d). Adding further support to the idea that the
kinase activation motifs and play an important role in T-cell co-receptors can influence the nature of TCR anti-
providing T-cell activation signals, form specific interac- gen recognition, Van Laethem et al.”* have shown that
tions with the TCR, fixing their position at the cell sur- the CD4 and CD8 co-receptors impose MHC-restriction
face with respect to the TCR. Yin et al.>* showed that the on T cells by preventing Lck availability during TCR
structure of the tripartite TCR-pMHCII-CD4 complex is interactions with non-MHC antigens. Indeed, in the
compatible with this notion. Assuming that the TCR and absence of the co-receptors T cells develop with anti-
co-receptor co-engage the same pMHC at the cell surface, body-like specificities that can respond to other cell sur-
the fixed polarity of the TCR-pMHC interaction could face molecules, such as CD155.° Taken together, it seems
orientate the co-receptor in such a way as to allow the probable that the ability of the CD8 co-receptor to inter-
CD3 molecules to lie between the TCR and co-receptor act with the MHCI a3 domain enables the formation of
(Fig. 3a,b). This would position the intracellular an orientationally correct TCR-CD3 signalling complex
signalling domains of CD3 and the co-receptor in close essential for positive selection in the thymus, and subse-
proximity to enable cross-signalling during antigen quent efficient recognition of antigen in the periphery.

engagement. If the TCR bound in the reverse polarity,
with the TCR f-chain over the peptide N-terminus and
the TCR a-chain over the C-terminus, the CD3 complex
would lie distal from the co-receptor, and this could pre-
sumably reduce the efficiency of the T-cell activation sig- The binding affinity of the pMHCI-CD8 interaction,
nal between the co-receptor and the CD3 complex measured by surface plasmon resonance, is largely

Low solution binding affinity of the pMHCI-CD8
interaction maintains CD8" T-cell specificity

© 2012 The Authors. Immunology © 2012 Blackwell Publishing Ltd, Immunology, 137, 139-148 141



D. K. Cole et al.

Orientation
unfavourable
for CD8

b
Orientation
favourahle
for CD8
\
\
d
G %
) _ \

Orientation Orientation

favourable
for CDB

Figure 3. The CD8 co-receptor governs T-cell receptor (TCR) binding orientation. The CD3 co-signalling complex is shown in mauve (CD3¢d),
or grey (CD3¢y), the TCR-of8 is shown in blue, peptide-MHC class I complex (pMHCI) is shown in green (peptide in yellow), and the CD8ax
co-receptor is shown in red. Note that the vast majority of CD8" T cells express the CD8xf8 heterodimer, but the structure of human CD8of is
not available for representation. (a) Proposed orientation of the TCR, CD3 and CD8 at the cell surface when the TCR binds with the a chain
over the N-terminus of the peptide and the f chain over the C-terminus. In this orientation, CD3 is located adjacent to the TCR and CD8 to
allow effective T-cell signalling. (b) Proposed orientation of the TCR, CD3 and CDS8 as in (a) looking down the pMHC surface. In this orienta-
tion (which takes into account the range of binding angles published for TCR-pMHC complexes), CD8 is positioned optimally to and induce T-
cell signalling (red arrow). (c) Proposed orientation of the TCR, CD3 and CD8 at the cell surface when the TCR binds with the reverse polarity
(B-chain over the N-terminus of the peptide and the a-chain over the C-terminus). In this orientation, CD3 is located adjacent to the TCR, but
distal from CDS8, resulting in ineffective T-cell signalling. (d) Proposed orientation of the TCR, CD3 and CD8 as in (c) looking down the pMHC
surface. In this TCR-pMHC orientation, CD8 is positioned unfavourably to induce T-cell signalling (blue arrow). Hence, the fixed polarity of
the TCR—-pMHC interaction is likely to be determined during thymic selection based on the orientation of the CD8 co-receptor in a mode in
which it can effectively co-receive antigen.

conserved across the majority of MHCI allotypes studied
to date (Tables la—c). Notably, the average human
pPMHCI-CD8uo interaction exhibits very low solution
binding affinities (average Kp = 145 um) in a relatively
tight range (Kp = 100-220 um) (Table 1a) and is charac-
terized by extremely rapid kinetics (K, > 18 s 13637
There are, however, some exceptions to this overall uni-
formity. For example, HLA-A*6801 and HLA-B*4801
contain A245V and A245T mutations, respectively, in
their «3 domains that substantially reduce CD8 binding
(Kp ~ 1000 um) (Table 1a).>® The biology that underlies
these anomalies remains poorly defined, although the
fact that CD8 can still bind, albeit with very low bind-
ing affinity, is likely to be important to impose MHCI
restriction upon T cells restricted by these alleles.*

Furthermore, the extremely weak binding affinity of CD8
to HLA-A*6801 still allows most of the benefits, in terms
of antigen recognition, that are seen with the wild-type
interaction.”®

In the murine system, affinity measurements have been
reported for CD8xo and CD8of binding to a range of
different MHCI alleles (Table 1b,c). The average binding
affinity for CD8ao (Kp = 69 um) is similar to that of
CD8uaff (Kp =49 pum) despite the small structural
differences reported for pMHCI-CD8ca and pMHCI-
CD8xf,*° but the range of affinity measurements is some-
what larger than in the human system (CD8aa Kp =
6:7-210 um and CD8uff Kp = 14-1-135 um). Hence,
unlike in the human system, there seems to be some sub-
stantial differences in binding affinity between alleles.
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Table 1. Binding affinities of (a) human CD8aa to peptide-MHC
class T complex (pMHCI); (b) murine CD8xa to pMHCL and (c)
murine CD8xf to pMHCI

Kp (M)

(a) Human pMHCI-CD8 oo
HLA-A*0201-GILGFVFTL>"** 166"
HLA-A*0201-FIDSYICQV>’ 173
HLA-A*0201-VLHDDLLEA® 107
HLA-A*0201-ILKEPVHGV?’ 126
HLA-A*0201-ILAKFLHWL* 183
HLA-A*0201-SLLMWITQC* 125
HLA-A*0201-YLEPGPVTV** 144
HLA-A*0201-ELAGIGILTV ** 127
HLA-A*0201-LLEGYPVYV**78 149!
HLA-A*0201-SLYNTVATL *® 128
HLA-A*1101-AIFQSSMTK>® 100
HLA-A*2402-PYLEWLAAI**7® 154"
HLA-A*6801-ITKGLGISYGR ** ~980°
HLA-A*6801-KTGGGPIYK ¢ > 10007
HLA-B*0801-FLRGRAYGL** 135
HLA-B*2702-KRWIILGLNK 7° 130
HLA-B*3501-TPEGIIPTL?® 130
HLA-B*4801-KQSTLHLV *° > 1000°
HLA-C*0702-KYFDEHYEY>® 220
HLA-G-RIIPRHLQL* > 10007
HLA-E-VMAPRTVL* 160
Average CD8oo K (M) 145

(b) Murine pMHCI-CD80o
H-2K°-SIINFEKL? 916
H-2K°-SIINFEKL* 30-4
H-2KP-IFSK8*° 34.7
H-2K>-RGYVYQGL”! 64>
H-2K°-RGYVYQGL* 39.3
H-2K®-SIYRYYGL* 78-8°
H-2D9-P18110%° 6-7
H-2DP-KAVYNFATM* 210
Average CD8aor K (um) 69

(¢) Murine pMHCI-CD8ufs
H-2K’-SIINFEKL? 135
H-2KP-SIINFEKL>’ 14
H-2K°-IFSK8?° 38.4
H-2KP-RGYVYQGL”! 40°
H-2K’-RGYVYQGL* 11-8
H-2K°-SIYRYYGL* 122-3°
H-2K4-SYIPSAEK'” 99
H-2D9-P18110%° 82
H-2D®-FAGHNLDLI* 14-1
H-2D°-KAVYNFATM* > 1000?
H-2L%-p2Ca* 112
Average CD8ofs Kp 49

"Walues are averages from cited studies.
*Values excluded from the average binding affinity.
3Value is an average from multiple measurements in cited study.

However, this observation should be considered with cau-
tion as there are inconsistencies for some measurements.
For example, the interaction between CD8aff and H2-D°

CD8 co-receptor function

has been measured by one group as Kp = 14-1 um *° and
by another group as Kp > 1000 um.*® The H2-D® mole-
cules used in these separate experiments were complexed
to different peptides, raising the possibility that peptide-
induced modulation of CD8 binding could be at play.
However, there has been no evidence in any other MHCI
system to suggest that the bound peptide can affect CD8
binding, hence it is possible that differences in protein
synthesis and experimental design may have had some
impact on these disparate findings. Nonetheless, it is clear
that CD8 operates at a very weak binding affinity
compared with the TCR in both the human and murine
systems.

Monomeric TCR—pMHCI binding does not alter the
monomeric pMHCI-CD8 interaction

Although pMHCI-CD8 binding affinity measurements
have shown that the interaction is weak, there is potential
for CD8 to bind to pMHCI simultaneously with the
TCR. This begs the question of whether the TCR, or
CD8, binds more strongly to pMHCI during TCR-
pMHCI-CDS8 tripartite complex formation compared
with the dipartite interactions. Consequently, a number
of studies have investigated whether soluble CD8 binding
can modify the TCR—-pMHCI interaction. One investiga-
tion, using surface plasmon resonance analysis, indicated
that pMHCI-CD8 binding occurred independently of the
TCR-pMHCI interaction during antigen engagement.’’
However, recent fluorescence resonance energy transfer-
based examinations of the TCR-pMHCI-CD8 antigen
recognition complex have shown that the TCR binds ini-
tially to pMHCI, satisfying the antigen-specific portion of
the interaction. CD8 then binds to the same pMHCI as
the TCR, fulfilling its role as a co-receptor.*' This ‘order
of antigen engagement, which is also observed in the
CD4" T helper cell TCR-pMHCII-CD4 antigen recogni-
tion system,*>* is likely to be important in ensuring that
the specific interaction between the TCR and pMHC
dominate T-cell recognition. Consequently, it is more rea-
sonable to assume that, if binding modifications do
occur, it is the initial TCR-pMHCI interaction that alters
subsequent pMHCI-CD8 binding affinity. To confirm
that CD8 binding occurred independently of TCR bind-
ing to pMHCI, we recently performed a study to investi-
gate pMHCI-CD8 binding before and during TCR-—
pPMHCI docking.** We engineered a high affinity TCR
with a half-life of many hours to overcome experimental
limitations associated with the extremely rapid kinetics of
natural TCR binding to pMHC. This development
enabled us to measure the binding affinity of soluble CD8
to both unligated pMHCI and to TCR—-pMHCI complex.
The ensuing data demonstrated that dipartite CD8 bind-
ing was unaffected by TCR-pMHCI docking, thereby
excluding the possibility that TCR modulation of the
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pMHCI-CDS8 binding domain could influence CD8 inter-
actions (Fig. 4).

Low pMHCI-CDS8 binding affinity ensures TCR-
dependent T-cell activation

In contrast to pMHCI-CDS8, the affinity of the TCR-—
pMHCI interaction can be > 100-fold stronger and can
exhibit considerably slower kinetics.?>?%***® It seems
unlikely that the striking biophysical characteristics of the
pPMHCI-CDS interaction have occurred by accident. In
addition, the observation that the pMHCI-CDS8 interac-
tion is capable of exerting the vast majority of its biologi-
cal function when weakened even further’® suggests that
CD8 has specifically evolved to operate at very weak
binding affinities. In a recent study, we generated pMHCI
molecules with super-enhanced CD8 binding properties.
Using these reagents, we demonstrated that pMHCI
molecules with affinities for CD8 that lie within the
typical range for agonist TCR-pMHCI interactions
(Kp = 10 um) were able to activate CD8" T cells in the
absence of an antigen-specific TCR-pMHCI interaction.*
Hence, the weak binding affinity of the pMHCI-CD8
interaction is essential for the maintenance of CD8"
T-cell antigen specificity. It seems likely that MHCI mole-
cules with a super-enhanced affinity for CD8 are capable
of cross-linking CD8 at the cell surface in an ‘antibody-
like’ manner. Indeed, this is consistent with other studies
showing that antibody-mediated CD8 cross-linking can
induce heterogeneous multimeric pMHCI binding,**"

3) CD8 aa serial injections
Kp = 154.2 uM (average)

2) High affinity nd
TCR injection \

Response Units

1) CD8 aa serial injections
Kp = 145.2 pM (average)

bl

Time (sec.)

Figure 4. Monomeric T-cell receptor-peptide-MHC class I complex
(TCR-pMHCI) binding does not alter the monomeric pMHCI-CD8
interaction. Binding affinity analysis of CD8uo using surface plasmon
resonance. Ten serial dilutions of soluble CD8uo were injected over
HLA-A*0201-ILAKFLHWL immobilized onto the surface of a CM5
sensor chip to determine the equilibrium binding constant for the
PMHCI-CD8 interaction. The experiment was then repeated follow-
ing a single injection of a high-affinity TCR (c13), which formed a
complex with HLA-A*0201-ILAKFLHWL for the duration of the
second CD8aa equilibrium binding measurement. No significant dif-
ference in CD8oo binding affinity was observed in the presence or
absence of TCR-pMHCI engagement, indicating that TCR docking
did not modify the CD8 binding domain of pMHCI

T-cell signalling can elicit downstream effector functions
such as chemokine release and cytotoxicity in the absence
of cognate antigen binding to the TCR.”>** It is interest-
ing to note that the average murine pMHCI-CD8 interac-
tion is substantially stronger (Kp = 49-69 um) (Table 1b,
¢) than the equivalent human interaction (Kp = 145 um)
(Table 1a) '* but does not result in non-cognate CD8"
T-cell activation. Despite differences in TCR and CD8
binding (the average murine TCR—pMHCI and pMHCI-
CD8 binding affinities are Kp =3-3 um'”?>° and
Kp =59 pmM, respectively, compared with the average
human TCR-pMHCI and pMHCI-CD8 binding affinities
of Kp = 87 um*™> Ky = 145 pum did, 1respectivelya7’45 66y
the ratio of TCR and CD8 binding affinity is maintained

between the two species (murine =1 : 17,
(a) (b)
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Figure 5. The effect of CD8 binding on peptide-MHC class I com-
plex (pMHCI) multimer kinetics and staining using the ILA1 CD§"
T-cell clone. (a) Association kinetics of soluble multimeric pMHCI
complexes with the ILA1 CD8" T-cell clone expressing the cognate
ILA1 T-cell receptor (TCR). Wild-type HLA-A*0201 molecules
(open circles) that interact with CD8 (Kp = 183 um) reach binding
equilibrium faster than mutated HLA-A*0201 molecules that fail to
engage CD8 (triangles). (b) Dissociation kinetics of pMHCI com-
plexes as a function of CD8 engagement. The dissociation of pMHCI
complexes under conditions that prevent TCR re-binding is acceler-
ated in the absence of a CD8 interaction (triangles) compared with
wild-type HLA-A*0201 molecules (circles). (c, d) The ILA1 CD8" T-
cell clone was stained with seven different hTERTs,0.54¢ Vvariants
refolded in multimeric form with HLA-A*0201 wild-type (squares)
or HLA-A*0201 that fail to engage CD8 (open circles) molecules at
37° (c) or 4° (d). In all cases, lack of CD8 binding reduced multimer
sensitivity. Dot plots represent mean fluorescence intensity (MFI)
versus TCR-pMHC interaction (Kp). Background staining of with
an irrelevant HLA-A*0201 wild-type HIV-1 pl7 Gag multimer is
represented by the horizontal dotted line in each case.
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human =1 : 18), so that the TCR binds with around
17-18 times stronger affinity than CD8. Therefore, the
relationship between the binding affinity of the CD8
co-receptor compared with the TCR could represent a
fundamental mechanism by which T cells maintain pep-
tide antigen specificity through the TCR while retaining
the required level of antigen sensitivity via CD8. Thus,
pMHCI-CDS8 interactions may have evolved in a highly
constrained manner dictated by the need to balance high
levels of T-cell cross-reactivity with non-specific T-cell
activation, of which the latter could instigate auto-immu-
nity. It should also be noted that the ratio of TCR : CD8
binding affinity may be different in the thymus because
positively selecting pMHC ligands have been shown to
have a very weak binding affinity for cognate TCRs.>>*’
Hence, CD8 has been implicated as an important player
during thymic selection of immature thymocytes.'’

Disruption of the pMHCI-CD8 interaction can
modulate TCR-pMHCI stability

Although the weak binding affinity of the pMHCI-CD8
interaction excludes the possibility that CD8 plays a
major role during T-cell/target cell adhesion, experiments
using mutated pMHCI tetramers with altered CD8 bind-
ing properties have shown that CD8 can profoundly
affect TCR-pMHCI avidity.'"*>**® Accordingly, muta-
tions in the 3 domain of HLA-A*0201 (D227K/T228A)
that abolish CD8 binding (CD8-null) decreased both tet-

A

>

Activation efficiency

(=]

Strict CD8

Partial CD8 cDa

Y

CD8 co-receptor function

ramer association rate and tetramer half-life compared
with wild-type HLA-A*0201 tetramers> (Fig. 5a,b). Fur-
thermore, the shift in mean fluorescence intensity (MFI)
using weakly binding pMHCI variants was substantially
reduced using CD8-null tetramers compared with wild-
type reagents (Fig. 5¢,d). These data show that, although
the interaction is weak, pMHCI-CD8 binding has an
important role in stabilizing the TCR-pMHCI complex at
the cell surface. In support of this notion, two-dimensional
binding affinity measurements have shown that the TCR
and CD8 bind pMHCI co-operatively to modulate T-cell

antigen discrimination.®

CD8 affects T-cell specificity

Tuning T-cell cross-reactivity through modulation of
pMHCI-CDS8 binding affinity

Disrupting the pMHCI-CD8 interaction clearly impacts
the ability of T cells to recognize antigen. Accordingly, it
has been shown that T-cell activation can be abolished if
the pMHCI-CD8 interaction is blocked.”””*> However,
recent evidence suggests that the requirements for CD8
co-activation may vary according to antigen potency and
TCR-pMHCI affinity. Indeed, we and others”**”* have
demonstrated that CD8-dependence during T-cell activa-
tion can be linked directly to the affinity of the TCR for
pMHCI. In our study, pMHCI molecules with compro-
mised CD8 binding were used to demonstrate that T-cell

1055 of antigan specincity/autoreactivity

°°°° High-affinity pMHC/CD8 interaction
= = Canonical pMHC/CD8 interaction

= Absence of pMHC/CDE interaction

TCR/pMHC half-life

dependency dependency independent

Figure 6. The influence of CD8 on the specificity of antigen recognition. The ‘CD8 effect’ broadens the range of ligands, represented by the
curves, that can be productively engaged by the T-cell receptor (TCR). In the absence of a peptide-MHC class I complex (pMHCI) —CD8 inter-
action, only strong (CD8-independent) ligands can be recognized (plain line). This low level of cross-reactivity is likely to result in poor immu-
nity because of insufficient coverage against all potential foreign peptides. The canonical pMHCI-CDS8 interaction (dashed line) enhances the
recognition efficiency of partially CD8-dependent ligands and broadens the spectrum of CD8" T-cell antigen degeneracy by conferring a degree
of reactivity against strictly CD8-dependent antigens. Developmentally regulated or activation-induced mechanisms that enhance or decrease CD8
co-receptor functions dynamically tune the overall pattern of CD8" T-cell antigen specificity, which oscillates between minimal functional cross-
reactivity afforded by TCR binding plasticity (plain line) and maximal antigen degeneracy licensed by full co-receptor activity (dashed line).
High-affinity pMHCI-CD8 binding (dotted line) can trigger CD8" T cells irrespective of the MHC-bound peptide or, it seems, the MHC mole-
cule. The associated loss of specificity in this scenario would be deleterious to the organism.
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activation could not occur in the presence of weaker
agonist antigens without CD8 co-activation, whereas
T-cell activation by strong agonists was only partially
impaired by the loss of CD8 engagement.”> Therefore, in
instances where antigen potency is low, CD8 appears to
play a greater role in increasing T-cell antigen sensitivity.
In contrast, for stronger agonists, the contribution of
CD8 to T-cell activation may be less.””> By extension, it
might be predicted that the CD8 co-receptor acts to
increase T-cell cross-reactivity by facilitating responses to
a wider range of agonist ligands. To test this idea, we
conducted a comprehensive evaluation of clonal CD8"
T-cell degeneracy using combinatorial peptide libraries
and antigen-presenting cells expressing mutant HLA-
A*0201 molecules with the following CD8 binding
affinities: enhanced (Kp = 85 uM),74 normal (Kp ~
145 um), decreased (Kp = 500 um) 3 or abrogated
(Kp < 10 000 um). Using this approach, we were able to
show a direct positive association between pMHCI-CD8
binding affinity and the number of ligands that elicited
T-cell activation.”” Furthermore, in agreement with
our previous findings, increasing the affinity of CD8 for
HLA-A*0201 by more than one order of magnitude
(Kp = 10 pum) resulted in the loss of cognate antigen
specificity and indiscriminate killing of HLA A2" target
cells.**”> Hence, CD8 extends the range of pMHCI
ligands that can be recognized by an individual cell sur-
face-bound TCR, a feature that is essential for effective
immune coverage.”® These findings suggest that the
PMHCI-CDS8 interaction is necessary to regulate the bal-
ance between optimal T-cell cross-reactivity and T-cell
antigen specificity. This ‘CD8 effect’ (Fig. 6) can be con-
trolled to optimize the degree of cross-reactivity and anti-
gen sensitivity of CD8" T cells at various stages of their
development.

Conclusions

The CD8 co-receptor plays an important and diverse role
as a regulator of CD8" T-cell immunity. Structural inves-
tigations have shown that CD8ao binds to an invariant
domain of pMHCI independently from the TCR.>***> The
interaction between CD8u«ff and pMHCI is similar, with
the B-chain proximal to the T-cell surface.”®** CD8, and
indeed the CD4 co-receptor, may govern T-cell MHC
restriction and TCR binding orientation to pMHC by
enabling the formation of a functional signalling complex
at the T-cell surface.”® ** Modulation of CD8 binding to
pMHCI during TCR-pMHCI engagement does not
occur, ensuring a fixed interaction across antigen specific-
ities.** Furthermore, the weak binding affinity of the
PMHCI-CD8 interaction safeguards the role of
TCR-mediated pMHCI engagement as the primary
determinant of CD8" T-cell activation in response to
antigen.””***>% Indeed, increasing the affinity of the

pPMHCI-CDS8 interaction into the range typically
observed for TCR-pMHCI interactions can lead to CD8"
T-cell activation that does not require cognate antigen.*’
From a therapeutic perspective, it is notable that CD8"
T cells with low-affinity TCR—-pMHCI interactions are
more dependent on the CD8 co-receptor for antigen-
specific activation compared with CD8" T cells with
high-affinity TCR-pMHCI interactions. Consequently,
therapeutic blockade of CD8 may be desirable for systems
in which the TCR—pMHC interaction is weak, as typified
by autoreactive CD8" T cells.”>”” Finally, modulation of
the pMHCI-CD$ interaction can affect CD8" T-cell
cross-reactivity.”” CD$ therefore appears to play a role in
‘tuning’ the sensitivity and specificity of CD8" T-cell acti-
vation to ensure both effective and appropriately con-
strained behaviour during the continuous process of
antigen surveillance.
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