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Modulation of T-Cell Mediated Immune Responses

This invention relates to T-cell mediated immune responses,
and in particular to the identification of compounds which

modulate T-cell adhesion and migration.

Integrins regulate multiple aspects of immunity including
migration to sites of inflammation, in lymph nodes and the
conjugate formation between T-cells and antigen-presenting
cells (APCs)'. As a family, they comprise as many as 20 o/
hetero-dimers whose binding is affected by localization,
conformation and cell surface clustering®™®. Immune function is
especially regulated by members of the B2 subfamily, in
particular lymphocyte function-associated antigen (LFA-1;
CD1la/CD18 or oLP2) as well as eertain a4 integrins such as
adpl (VLA—4)57 LFA-1 binds to intercellular adhesion molecules
(ICAM)-1 and -2 oﬁ major histocompatibility‘cemplex (MHC)
bearing antigen presenting cells (APCs)® ®°. Initial contact
leads to engagement of the antigen-receptor complex (TcRZ/CD3)
éhat induces so-called ‘inside-out’ signals that fully

3, 10

activate the integrin® LFA-1 o and B subunits create a

headpiece formed by a B—propeller.domain of the o subunit that

interacts with a dinucleotide fold domain in the B subunit

10, 11

termed the I-like domain .;On_resting cells, LFA-1 adopts an

inactive bent compact structure with the headpiece being
located -only 5 nm from the membrane Chemokine and TcR{/CD3
51gnalllng 1nduces changes in afflnlty and av1d1ty 10, . 4
Affinity is increased by conformational changes due to the

extension and exposure the major I domain ligand binding site'®

12,13 Avidity enhancement is mediated by the clustering of LFA-
1 that increases the valency of binding for ICAM-1. In this
manner, LFA-1 has a 10-fold lower dissociation constant (koff)

for dimeric than monomeric ICAM-1".
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Given the central importance of adhesion to immune function,
there has been a méjor interest over the past decade in
identifying the ‘inside-out’ signalling pathway for integrin
Aactivation. An array of early TcR{/CD3 induced signalling
events influence adhesion including kinases CD4/CD8-p56lck!®,
IL2-inducible T-cell kinase (ITK)'®, the guanine nucleotide
exchange factor Vav-1'’, phosphatidylinositol 3-kinase (PI
3K)!% 1%, Rho/Rac GTP binding proteins?® ?! including Rapl®*"%,
its binding paftner RaplL (regulator of cell adhesion and
polarization enriched in lymphoid tissues)?® ?’ and Riam (Rapl-
interacting adaptor molecule)?® as well as adaptors SLP-76 (76-
kD src homology 2 domain-containing leukocyte
phosphoprotein)??, ADAP (adhesion and degranulation-promoting
adaptor protein)3°3? and SKAP1l (55-kD src kinase-associated
phosphoprotein) (also called SKAP-55: src kinase associated

phosphoprotein 1 or src family associated phosphoprotein 1) 33-

35 However, it has proved difficult to distinguish specific
effectors of LFA-1 adhesion from the generic events needed for

cell integrity and function.

The present invention relates to the finding that the binding
Qf'SKAPl to RapL plays a key role in the LFA-1 mediated
adhesion of T cel}s. This interaction may therefore be a
target for the development of therapeutic molecules which

modulate T-cell immune responses.

An aspect of the invention provides a method of identifying a
compound which modulates LFA-1 mediated T-cell adhesion
comprising; o . »
' determining the effect of a test compound on the binding
of an SKAP1l polypeptide to a RapL polypeptide,
wherein a compound which affects said binding is a

candidate modulator of LFA-1 mediated T-cell adhesion.
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The effect of the test compound may be determined by
contacting- the  SKAPl polypeptide and the RaplL polypeptide in

the presence and absence of a test compound.

In some embodiments, the SKAPl polypeptide and the RapL
polypeptide may be contacted under conditions in which they
bind together unless a compound which inhibits binding is
present. In other embodiments, the SKAPl polypeptide and the
RapL polypeptide may be contacted under conditions in which
they do not bind together unless a compound which promotes

binding is present.

A difference in the binding of the SKAP1 polypeptide and the
Rapl polypeptide in the presence relative to the absence of a
test compound is indicative that the compound modulates LFA-1

mediated T-cell adhesion.

For example, an increase in binding in the presence of the
compound relative to the absence may be indicative that the
compound increases or enhances LFA-1 mediated T-cell adhesion.
A decrease in binding in the presence of said compound
relative to the absence may be indicative that the compound

inhibits or represses LFA-1 mediated T-cell adhesion.

A SKAP1l polypeptide may comprise or consist of the amino acid
sequence of residues 1 to 104 of the full-length SKAPl amino
acid sequence (SEQ ID NO: 2) or may be a variant thereof. In
some embodiments, the SKAP1l polypeptide may comprise or
consist of the full-length SKAPl amino acid sequence or a
fragment, allele, isoform or variant thereof. A suitable SKAP1
polypeptide may include any eukaryotic SKAP1, in particular a
mammalian SKAP1l such as human or mouée SKAPl. Preferably, a
SKAP1 polypeptide as described herein includes the wild-type
residue (i.e. leucine) at a position corresponding to position

25 of the full-length SKAPl amino acid sequence (SEQ ID NO:2) .
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The Swiss-Prot database identifiers for the amino acid
sequence of human SKAPl (GenelD 8631; src kinase associated
phosphoprotein 1, also known as SKAP55) are Q86WV1.Z2 GI:
122070147 and (NCBI accession no: NP _003717.3 GI: 115527074).
Another isoform‘of human SKAP1l (isoform 2) has the database

identifiers NP_001068567.1 GI: 115527076.

The NCBI database identifiers for the nucleotide coding
sequences of human SKAP1 are NM_003726.3 GI: 115527073
(isoform 1) and NM_001075099.1 GI: 115527075 (isoform 2).

The NCBI database identifiers for the amino acid sequence of
mouse SKAPl are NP_001028358.1 GI: 84794544. The NCBI database
identifiers for the nucleotide sequence of mouse SKAPl are

NM_001033186.2 GI: 141803165.

An allele or variant of a wild-type SKAPl sequence may differ
from the wild-type sequence by the addition, deletion,
substitution and/or insertion of one or more amino acids,

provided the function of binding to RapL is retained.

A Rapl polypeptide may comprise or consist of the amino acid
sequence of the RapL SARAH domain which is located at residues
223 to 253 of the full-length RapL amino acid sequence (SEQ ID
NO: 4); or may be a variant thereof. In some embodiments, the
RaplL polypeptide may comprise or consist of the full-length
RapL amino acid sequence or a fragment, isoform, allele or
variant thereof. A suitable Rapl may include any eukaryotic
RapL, in particular a mammalian RapL, such as human or mouse

RapL.

The Swiss—-Prot database identifiers for the amino acid
sequence of human RapL (GenelD 83593; also known as RASSFS)
are Q8WWWO.1 GI: 74751587 (NCBI database identifiers



10

15

20

25

30

WO 2010/103294 PCT/GB2010/000468

NP 872604.1 GI: 32996731). Other isoforms of human RapL have
the NCBI database identifiers NP_872605.1 GI: 32996733
(isoform B) and NP_872606.1 GI: 32996735 (isoform C). The NCBI
database identifiers for the nucleotide coding sequences of
human RapL are NM_182663.2 GI: 115430205 (isoform A),
NM_182664.2 GI: 115430204 (isoform B) and NM_182665.2 GI:
115430207 (isoform C).

The Swiss-Prot database identifiers for amino acid sequence of
mouse RaplL are Q5EBH1.1 GI: 81882747 (NCBI database
identifiers NP_061220.2 GI: 60097929). The NCBI database
identifiers for the nucleotide coding sequence of mouse RaplL

are NM_018750.3 GI: 141803301.

An allele or variant of a wild-type RapL sequence as described
herein may differ from the wild-type sequence by the addition,
deletion, substitution and/or insertion of one or more amino

acids, provided the function of binding to SKAP1 is retained.

Preferably, a Rapl polypeptide as described herein includes
the wild-type residue (i.e. leucine) at a position
corresponding to position 224 of the full-length RapL amino

acid sequence.

A RaplL or SKAP1 bolypeptide for use in the methods described
herein which comprises an amino acid sequence which is an
allele or variant of a wild-type amino acid sequence described
herein (e.g. the wild-type RapL SARAH domain; the SKAP1l N
terminal domain; or the RaplL or SKAP1l full length sequences)
may comprise an amino acid sequence which shares greater than
50% sequence identity with the wild-type sequence, greater
than 55%, greater than 65%, greater than 70%, greater than

80%, greater than 90%, greater than 95% or greater than 98%.
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Sequence identity is commonly defined with reference to the
algorithm GAP (Genetics Computer Group, Madison, WI). GAP uses
the Needleman and Wunsch algorithm to align two complete
sequences that maximizes the number of matches and minimizes
the number of gaps. Generally, default parameters are used,
with a gap creation penalty = 12 and gap extension penalty =
4, Use of GAP may be preferred but other algorithms may be
used, e.g. BLAST (which uses the method of Altschul et al.
(1990) J. Mol. Biol. 215: 405-410), FASTA (which uses the
method of Pearson and Lipman (1988) PNAS USA 85: 2444-2448),
or the Smith-Waterman algorithm (Smith and Waterman (1981) J.
Mol Biol. 147: 195-197), or the TBLASTN program, of Altschul
et al. (1990) supra, generally employing default parameters.
In particular, the psi-Blast algorithm (Nucl. Acids Res.

(1997) 25 3389-3402) may be used. Sequence identity similarity
may also be determined using Genomequest™ software (Gene-IT,

Worcester MA USA).

Sequence comparisons are preferably made over the full-length

of the relevant sequence described herein.

As described above, polypeptide fragments which retain all or
part of the activity of the full-length protein may be
generated and used in the methods described herein, whether in
vitro or in vivo. Suitable ways of generating fragments
include, but are not limited to, recombinant expression of a
fragment from encoding DNA . For example, fragments may.be
generated by taking encoding DNA, identifying sﬁitable
restriction enzyme ;ecognition sites either‘side of the
portion to be expressed, and cutting out said portion from the
DNA. The portion may then be ope;ably linked to a suitable
promoter in a standard commercially available expression
system. Another recombinant approach is to amplify the
relevant portion of the DNA with suitable PCR primers. Small

fragments (e.g. up to about 20 or 30 amino acids) may also be



10

15

20

25

30

WO 2010/103294 PCT/GB2010/000468

generated using peptide synthesis methods which are well known

in the art as_further described below.

A f;agment of a full-length sequence may ;onsist of fewer
amino acids than the full-length sequence.. For example a
fragment may consist 6f at least 10, at least 20, at least 30,
at least 40, at least 50, at least 60, at least 70, at least
80, at least 90 or at least 100 amino acids of the full length
sequence but 800 or less, 700 or less, 600 or less, 500 or
less, 250 or less, 200 or less, 150 or less, or 125 or less

amino acids of the full length sequence.

Methods described herein may be in vivo cell-based methods, or
in vitro non-cell-based methods. The precise format for
performing methods of the invention may be varied by those of

skill in the art using routine skill and knowledge.

Techniques which are suitable for use in determining the
binding between SKAP1 and Rapl polypeptides are welljknown in
the art and include_scintillation_proximetry assay, flow
cytometry (e.g. FACS), immunohistochemical staining,
immunqcytochemical staining, surface plasmon resonance (e.g.
BIAcore™), Western Blotting, immunofluorescence, enzyme linked
immunosorbent assays (ELISA), radiqimmunoassays (RIA),
immunoradiometric assays (IRMA) and immunoenzymatic assays
(IEMA), including sandwich assays using monoclonal and/or

polyclonal antibodies.

For example, binding between SKAP1 and Rapl polypeptides may
be §tudied in vitro by labelling one with a detectable label
and bringing it into contact with the other_wbich.has been

immobilised on a solid support. This may be performed in the

presence of a test compound.
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Suitable detectable labelsp‘especially for peptidyl substances
include *S-methionine, which may be incorporated into
;ecombinantly produced peptides and polypeptides.
Recombinantly produced peptides and polypeptides may also be
expressed as fusion proteins containing a label, for example a
fluorescent label, such as GFP or mCherry, or an epitope which

can be labelled with an antibody.

In a scintillation proximetry assay, a biotinylated protein
fragment may be bound to streptavidin coated scintillant-
impregnated beads (for example, produced by Amersham).

Binding of radiolabelled peptide is then measured by
determination of radioactivity-induced scintillation as the
radioactive peptide binds to the immobilized fragment. Agents

that block this binding are inhibitors of the interaction.

A polypeptide may be immobilized using an antibody against
that polypeptide which is bound to a solid support or via
other technologies which are known per se. A preferred in
vitro interaction may utilise a fu;ion protein including
glutathione-S-transferase (GST). This may be immobilized on
glutathione agarose beads. 1In an in vitro format, a test
compound can be assayed by determining its ability to diminish
the amount of labelled peptide or polypeptide which binds to
the immobilized GST-fusion polypeptide. This may be determined
by fractionating the glutathione-agarose beads by_SDS—

polyacrylamide gel electrophoresis.

Alternatively, the beads may be rinsed to remove unbound
protein and the amount of bound protein determined by counting
the amount of label present, for example, using a suitable

scintillation counter.
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Of course, the person skilled in the art will design any
appropriate control experiments with which to compare results

obtained in methods of the invention.

Methods described herein may also take the form of in vivo
methods. In vivo methods may be performed in a cell line such
as a yeast strain, insect or mammalian cell line, for example
CHO, HeLa or COS cells, in which the relevant polypeptides or
peptides are expressed from one or more vectors introduced

into the cell.

Suitable techniques include the yeast two-hybrid system (e.g.
Evan et al. Mol. Cell. Biol. 5, 3610-3616 (1985); Fields &
Song Nature 340, 245-246 (1989)). This system may be used to
screen for compounds able to disrupt binding between RapL and
SKAPl polypeptides. For instance,.the polypeptides may be
expressed in a yeast two-hybrid system (e.g. one as a GAL4 DNA
binding domain fusion, the other as a GAL4 activator fusion)
which is treated with test substances. The absence of the
end—poiﬁt which normally indicates interaction between the
pathway components (e.g. the absence of a blue colour
generated by B-galactosidase), when a test compound is
applied, indicates that the compound disrupts ipteraction
between the two components, and may therefore modulate LFA-1

mediated T-cell adhesion as described herein.

Test compounds for use,invmethods of the invention may be
natural or synthetic chemical compounds used in drug screening
programmes and may include, for example, small organic
molecules, polypeptides and nucleic acids, such as aptamers.
Extracts of plants that contain seﬁeral characterised or
uncharacterised components may also be used. Combinatorial
library technology (Schultz, JS (1996) Biotechnol. Prog.
12:729-743) provides an efficient way of testing a potentially
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vast number of different substances for ability to modulate

activity of a polypeptide.

The amount of test substance or compound which may be employed
in a method described herein will normally be determined by
trial and error dépending upon the type of compound used.
Typically, from about 0.1 to 100pM concentrations of putative
inhibitor compound may be used, for example from 1 to 10uM.
When cell-based methods are employed, the test substance or
compound is desirably membrane permeable in order to access

the interacting polypeptides.

One class of putative agents for modulating T-cell mediated
immune responses can be derived from the SKAPl and RapL
polypeptides as described above. In particular, peptide
fragments from the N-terminal domain of SKAPl and the SARAH
domain of RapL, in particular peptide fragments comprising
L224 of RaplL, may be employed. Membrane permeable peptide
fragments of from 5 to 40 amino acids, for example, from 6 to
10 amino acids may be tested for their ability to disrupt, for

example, the SKAP-55/RapL interaction.

The inhibitory properties of a peptide fragment as described
above may be increased by the addition of one of the following
groups to the C terminal: chloromethyl ketone, aldehyde and
boronic acid. These groups are transition state analogues for
serine, cysteine and threonine proteases. The N terminus of a
peptide fragment may be blocked with carbobenzyl to inhibit
aminopeptidases and improve stability (Proteolytic Enzymes 2nd
Ed, Edited by R. Beynon and J. Bond, Oxford University Press,
2001) . '

Antibodies directed to the site of interaction of SKAP1l and
RapL form a further class of putative agents for modulating

the LFA-1 mediated T-cell adhesion. For example, a suitable
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antibody may bind an epitope within N terminal domain of SKAP1
or the SARAH domain of RapL, such as an epitope which
comprises residue 224 of RapL. Candidate inhibitor antibodies
may be characterised and their binding regions determined to
provide single chain antibodies and fragments thereof which
are responsible for disrupting the interaction. Suitable
antibodies may be obtained using techniques which are standard
in the art, including, for example immunising a mammal with a
\suitable peptide, such as a fragment of RapL or SKAPl, or
isolating a specific antibody from a recombinantly produced
library of expressed immunoglobulin variable domains, e.g.
using lambda bacteriophage or filamentous bacteriophage which
display functional immunoglobulin binding domains on their

surfaces; for instance see W0392/01047.

Othei candidate compounds for modulating LFA-1 mediated T-cell
adhesioq,may be based on quelling the13—dimensional structure
of RapL and SKAEl, in particular the SARAH domain of RapL and
the N-terminal domain of SKAPl either alone or in combination,
and using rational drug design to provide candidate compounds
with particﬁlar molecular shape, size and charge
characteristics. For example, a chemical compound may be
modelled to resemble the three dimensional structure of the
component in an area which contacts another component, and in
particular,the arrangement of the key amino acid residues as
they appear. Teqhniques for the rational design of compounds

that bind to target proteins are well known in the art.

Firstly, the particular.parts of a compound that are critical
and/or important in modulating the interaction of RapL and
SKAP1 are determined. In the case of a peptide, this can be
done by systematically varyinq the amino acid residues in the
peptide, e.g. by substituting each residue in turn. These
parts or residues constitqting the active region of the

compound are known as its "pharmacophore”.
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Once the pharmacophore has been found, its structure is
modelled to according its physical properties, e.qg.
étereochemistry, bonding, size and/or charge, using data from
a range of sources, e.g. spectrbscopic techniques, X-ray

'diffraction data and NMR.

Computational analysis, similarity mapping (which models the
charge and/or volume of a pharmacophore, rather than the
bonding between atoms) and other techniques can be used in

this modelling process.

In a variant of this approach, the three-dimensional structure
of RapL and SKAPl are modelled. This allows the model to take
account of changes conformation on binding in the optimisation

of the lead compound.

A template molecule is then selected onto which chemical
groups which mimic the pharmacophore can be grafted. The
template molecule and thelchemical groups grafted on to it can
conveniently be selected so that the modified compound is easy
to synthesise, is likely to be pharmacologically acceptable,
and does not degrade in vivo, while retaining the biological
activity of the lead compound. The modified compounds found
by this approach can then be screened to see whether they have
the target property, or to what extent they exhibit it.

Modified compounds include mimetics of the lead compound.

Further optimisation or modification can then be carried out
to arrive .at one or more final compounds for further testing,

for example in vitro, in vivo or clinical testing.

Methods as described herein may comprise the step of
identifying a test compound which modulates the binding of the
SKAP1 polypgptide to the RaplL polypeptide. Compounds which
modulate SKAPl/RaplL binding are candidate modulators of LFA-1
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mediated T-cell adhesion. For example, a compound which
increases SKAPl/RapL binding may be identified as a candidate
enhancer or activator of LFA-1 mediated T-cell adhesion and/or
a compound which decreases SKAPl/RapL binding may be
identified as a candidate inhibitor of LFA-1 mediated T-cell

adhesion.

Following identification of a compound which modulates the
SKAP1/ RapL binding, a method may further comprise modifying
the compound to optimise its pharmaceutical properties. This

may be done by modelling techniques as described above.

A test compound identified using one or more initial screens
as having ability to modulate e.g. increase or decrease SKAP1/
RapL binding and thereby modulate LFA-1 mediated T-cell
adhesion, may be assessed further using one or more secondary

screens.

A secondary screen may involve testing for a biological
function or activity in vitro and/or in vivo, e.g. in an
animal model. For example, the ability of a test compound to
modulate one or more of LFA-1 activation, clustering and/or
adhesion; T-cell-APC conjugation; TcR induced RapL-Rapl
complex formation; SKAPl-Rapl-RapL binding to LFA-1; and
disruption of T-cell binding to immobilised ICAM1 may be

determined.

The ability of a test compound to modulate T-cell mediated
immune responses may be determined in vitro and/or in vivo,
e.g. in an animal model. For example, the ability of a test
compound to modulate, e.g. enhance or inhibit T-cell adhesion,

migration and/or conjugate formation may be determined.

Following identification of a test compound which modulates

RapL/SKAP1 binding, the compound may be isolated and/or
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purified or alternatively it may be synthesised using
conventional techniques of recombinant expression or chemical
synthesis. Furthermore, it may be manufactured and/or used in
preparation, i.e. manufacture or formulation, of a composition
such as a medicament, pharmaceutical composition or drug.
These may be administered to individuals for the treatment of

a disease or medical condition.

Compounds identified as candidate modulators of LFA-1 mediated
T-cell adhesion using any of the methods described herein may
be useful in modulating (i.e. increasing or decreasing) T-cell

mediated immune responses in a therapeutic context.

A compound which disrupts the SKAP1/RaplL interaction and
thereby inhibits LFA-1 mediated T-cell adhesion may be useful
in the suppression of T-cell mediated immune responses, for
example the treatment or prevention of conditions in which
such responses are aberrant or undesirable. For example, a
suitable compound may be.useful in the treatment or prevention
of graft versus host reaction or rejection after organ or
tissue transplantation (e.g. bone marrow transplants);

inflammatory diseases and immune diseases.

For example, a compound may be useful in the treatment or
prevention of atopic dermatitis, allergic rhinitis, psoriasis,
asthma, allergies, diabetes mellitus or arthritis (including

rheumatoid arthritis).

Other inflammatory diseases include ulcerative_colitis,
Crohn’s disease, chronic obstructive, pulmonary disease,
subcutaneous oedema, Behcet’s disease, pleuritis, peritonitis,
emphysema, pulmonary oedema, cerebral infarction,
polyarteritis nodosa, septic shock, acute respiratory distress
syndrome, multiple organ failure and systemic inflammatory

reaction syndrome.
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Other immune diseases include spontaneously systemic
progressive skin sclerosis, allergic conjunctivitis,
autoimmune uveitis, glomerulonephritis, stromal nephritis,
acute renal failure, chronic renal failure, systemic lupus
erthematosus, allergic encephalomyelitis, multiple sclerosis,
myasthenia gravis, Sjoegren syndrome and systemic autoimmune

disease.

A compound identified as a candidate inhibitor of LFA-1
mediated T-cell adhesion using any of the methods described
herein may also be useful in modulating (i.e. increasing or
decreasing) cell adhesion and migration in a therapeutic
context. For example, a compound may be useful in the
treatment of disorders associated with aberrant cell adhesion
and migration. For example, a suitable compound may be useful
in the treatment or prevention of solid tumours, cancer

metastasis and T-cell leukaemias and lymphomas.

A compound identified as a candidate stimulator of LFA-1
mediated T-cell adhesion, may be useful for example in
promoting or enhancing immune responses. A suitable compound
may be useful in the treatment of clinical disorders
characterised by general or specific immunodeficiency,
including HIV infection and congenital immunodeficiency
diseases, infectious diseases, including bacterial viral,
fungal and parasitic infections and cancers, e.g. to promote a
immunotherapeutic T-cell responses against malignant cells. A
suitable compound may be also useful in the development of
vaccines, for example by increasing or enhancing immune

responses to vaccine antigens.

Methods of the invention may comprise formulating said test

compound in a pharmaceutical composition with a
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pharmaceutically acceptable excipient, vehicle or carrier for

therapeutic applications, as discussed: above.

A pharmaceutical composition may include, in addition to said
compound, a pharmaceutically acceptable excipient, carrier,
buffer, stabiliser or one or more other materials well known
to those skilled in the art. Such materials should be non-
toxic and should not interfere with the efficacy of the active
ingredient. The precise nature of the carrier or other
material may depend on the route of administration, e.g. oral,
intravenous, cutaneous or subcutaneous, nasal, intramuscular,

topical or intraperitoneal routes.

Pharmaceutical compositions for oral administration may be in
tablet, capsule, powder or liquid form. A tablet may include
a solid carrier such as gelatin or an adjuvant. Liquid
pharmaceutical compositions generally include a liquid carrier
such as water, petroleum, animal or vegetable oils, mineral -
0il or synthetic oil. Physiological saline solution, dextrose
or other saccharide solution or glycqls such as ethylene
glycol, propylene glycol or polyethylene glycol may be

included.

For intravenous( cutaneous or subcutaneous injection, or
injection at a particular site of affliction, the acpive
ing;edient_will.be in the form of a parenterally acceptable
aqueous solgtion yhiqh ;s‘pyrogen—free and has suitable pH,
isotonicity and étability. Those of relevant skill in the art
are well ablg-to prepare suitable solutions using, for
example, isotonic vehicles such as Sodium Chloride Injection,
Ringer‘s Injection, Lactated Ringer's Injection.
Preservatiyes, stabilisers, buffers, antioxidants and/or other

additives may be included, as required.
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Administration is preferably in a "prophylactically effective
amount™ or a "therapeutically effective amount" (as the case
may be, although prophylaxis may be considered therapy), this
being sufficient to show benefit to the individual. The
actﬁal amount administered, and rate and time-course of
administration, will depend on the nature and severity of what
is being treated. Prescription of treatment, e.g. decisions
on dosage etc, is within the responsibility of general
practitioners and other medical doctors, and typically takes
account of the disorder to be treated, the condition of the
individual patient, the site of delivery, the method of
administration and other factors known to practitioners.
Examples of the techniques and protocols mentioned above can
be found in Remington’s Pharmaceutical Sciences, 1l6th edition,

Osol, A. (ed), 1980.

SKAP1 and RapL polypeptides as described above may also be
useful in methods for the diagnosis and detection of

immunodeficiency in individuals.

A method of detecting immunodeficiency in an individual may
comprise

contacting one or more T cells obtained from an
individual with a first member of a binding pair consisting of
e SKAPl polypeptide and RapL polypeptide,

and'determining binding of the first member. to the other

member of the binding pair in the one or more T cells.

The absence of bind;ng of the firse membe; in the one or more
T cells or.a_reduetion or impairment in binding of the members
of the binding pair relative to controls (e.g. T cells from a
healthy individual) may be indicative of the presence of

immunodeficiency in the individual.
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Immunodeficiency may include a primary immune deficiency, such
as leukoéyté adhesion deficiency (LADS),'or a reduced or

weakened response to immunotherapies, such as vaccination.

Suitable SKAP1 polypeptide and RapL polypeptides for use as

the first member of the binding pair are described above.

Preferably, the first member of the binding pair is labelled
with a detectable label. Suitable labels are well known in the
art and include fluorescent labels such as fluorescein,

rhodamine and derivatives thereof.

One or more T cells may be obtained from the individual by
taking a blood sample then isolated the T cells using standard
techniques. The T cells may then be permeabilised to allow the
labelled SKAP1 polypeptide or RapL polypeptide to enter the
cell. Suitable permeabilisation techniques are well known in

the art.

The T cells may be incubated with the labelled SKAP1
polypeptide or RapL polypeptide and then treated to remove
unbound labelled polypeptide. For example, permeabilsed T
cells may be incubated with the labelled SKAPl polypeptide or
RapL polypeptide for 0.5 hours or more, 1 hour or more, Or 2
hours or more, then washed to remove unbound labelled

polypeptide.

The presence of labelled polypeptide bound to SKAPl or RapL
within the T cells after washing may then be determined using

standard techniques.

The invention also provides labelled SKAPl polypeptide and
RapL polypeptides for use in methods of detecting
immunodeficiency and kits containing labelled SKAP1

polypeptide and RaplL polypeptides.



10

15

20

25

30

35

WO 2010/103294 PCT/GB2010/000468

19

Various further aspects and embodiments of the present
invention will be apparent to those skilled in the art in view
of the present disclosure. All documents mentioned in this
specification are incorporated herein by reference in their

entirety.

“SKAP1” and SKAP-55” are synonyms for the same protein and
both names are used interchangeably in this specification.
However, the name “SKAP1” has been officially approved by the

HUGO gene nomenclature committee.

“and/or” where used herein is to be taken as specific
disclosure of each of the two specified features or components
with or without the other. For example “A and/or B” is to be
taken as specific disclosure of each of (i) A, (ii) B and

(iii) A and B, just as if each is set out individually herein.

Unless context dictates otherwise, the descriptions and
definitions of the features set out above are not limited to
any particular aspect or embodiment of the invention and apply

equally to all aspects and embodiments which are described.

Certain aspects and embodiments of the invention will now be
illustrated by way of example and with reference to the

figures described below.

Figure 1 shows that the RapL-Rapl complex fails to form in
SKAP-55-/- primary T cells. T-cells were purified from
splenocytes from wild-type SKAP-55+/+ (WT) and SKAP-55-/- (KO)
cells were lysed, subjected to precipitation with anti-Rapl
followed by blotting with anti-RapL (upper panel), anti-SKAP-
55 (middle panel) and anti-Rapl (lower panel). SKAP-55+/+
wild-type (lanes 1,2,5,6,9). SKAP-55-/- T-cells (lanes
3,4,7,8). Resting: lanes 1,3,5,7. Anti-CD3 ligated:
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lanes 2,4,6,8,9.

Figures 2 to 5 show that SKAP-55 (SKAPl) coordinates RapL-

RapV12 complex formation.

Figure 2 shows that anti—RaplYlZ co-precipitates RapL and
SKAP-55. RapLV5, Rapl-myc and SKAP-55-GFP were co-expressed in
Jurkat T-cells by transfection followed by cell lysis and
precipitation using anti-V5 (V5-RaplV12) (lanes 3-10) or
rabbit anti-mouse (lane 11). Blotting was carried out using
either a combination of anti~V5 (RapL), anti-SKAP-55 and anti-
myc (RaplV12). Separated fractions: cytosol: lanes 3-6;
membranes: lanes 7-11. Resting control: lanes 3,5,7,9,14,16;

anti-CD3 ligated: lanes 4, 6, 8, 10, 11.

Figure 3 shows that anti-RapL co-precipitates RaplVv1l2 and
SKAP-55. SKAP-55-GFP, RapL-V5 and/or RaplVl1lZ-myc were co-
expressed in Jurkat cells followed by precipitation with anti-
V5 (RapL) and blotting with anti-myc (Raplv12) (lanes

1-6) or anti-V5 and anti-GFP (lanes 8-17). Cell lysates: lanes
1,2 and 8, 9. Anti-V5 (Rapl) precipitations: lanes 3-6 and 10-
16. Rabbit anti-mouse control (lanes 7 and 17). Resting cells:
lanes 3, 5, 8,10, 12, 14, 16; anti-Cb3 ligation (lanes 1,

2, 4, 6, 8, 9, 11, 13, 15, 17, 18).

Figure 4 shows that anti-SKAP-55 co-precipitates RapL. SKAP-
55-GFP, RapL-V5 and/or RaplVl2-myc were co-expressed in Jurkat
cells followed by-precipitationiwith anti-SKAP-55 and blotting
with anti—VSu(RapL)i Resting cells: lanes 6-8; anti-CD3
ligated cells (lanes 1-5, 9). Cell lysates: lanes 1,2.
Precipitations: anti-SKAP-55: lanes 3-8, rabbit anti-mouse

control (lane 9).

Figure 5 shows that SKAP-55 induced RapL-Rapl binding requires
active RaplV12 and not RaplV1l7 and cannot be substituted by
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SLP-76 or ADAP. HASKAP-55, HA-SLP-76 or HA-ADAP were co-
expressed with V5-RapL and/or Myc-RaplV1l2 in Jurkat cells
followed by precipitation with anti-~-SKAP-55, anti-SLP-76

or anti-ADAP followed by blotting with anti-HA (upper panel);
anti-v5 (middle panel) or anti-myc (lower panel). Cell
lysates: lane 1-6; anti-SKAP-55 precipitation: lanes 7-9;
anti-SLP-76 precipitation: lane 10; anti-ADAP precipitation:
lane 11.

Figures 6 to 9 show that the SKAP-55 N-terminus (N-SKAP-55)

binds to the RapL coiled-coil domain.

Figure 6 shows that SKAP-55 binds to RapL. SKAP-55-GFP, RaplL-
V5 and/or RaplVl2-myc were expressed in Jurkat cells followed
by precipitation with anti-SKAP-55 and blotting with anti-V5
(RapL) . Anti-SKAP-55 precipitations: lanes 1-4; mouse Ig
control: lane 5. SKAP-55 t;ansfectant: lane 1; SKAP-55 and
RapL transfectant: lanes 2; SKAP-55 and RaplVv12: lanes 3;
SKAP-55 and RapL and RaprlZ: lanes 4,5.

Figure 7 shows that N-SKAP-55 binds RapL. Bacterially
expressed, purified GST fused full-length SKAP-55 and
fragments were incubated with lysates of 293T cells that had
been transfected with cDNA of V5-RapL full-length or V5-RapL
deletion mutant for pull-down assays. The V5-RapL. protein that
gssociated with GST-SKAP-55, or its sub-domains were detected
by immunoblotting with anti-V5 antibodies. Upper panel:
diagrammatic depiction of GST-SKAP-55 and the GSTSKAP-55
fragments. Lower panels: Upper lower panel: anti-V5-RapL blot;
middle lower panel: anti-V5-RapLA2 blot; lower panel: Lane 1:
cell lysate; lane 2: GST: lane 3: GST-SKAP-55 WT; lane 4: N-
terminal GST-SKAP-55; lane 5: GST-SK RapL; lane 6: GST-N-PH-SK
SKAP-55. '
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Figure 8 shows that N-SKAP-55 binds RapL coiled-coil (SARAH)
domain (C-RapL). Purified GST-SKAP-55 and fragments were
incubated with RapL-SARAH from 293T transfected cells followed
by precipitation with Glutathione beads and blotting with
anti-vV5 (RaplL). Upper panel: diagrammatic depiction of V5-RapL
and VS—RapL—SARAH. Lower panels: Upper lower panel: anti-v5-
RaplL blot; lower panel: anti-GST blot. Lane 1: cell lysate;
lane 2: GST; lane 3: GSTSKAP- 55 WT; lane 4: GST-N-PH-SK SKAP-
55; lane 5: N-terminal GST-SKAP-55; lane 6: GST-SK RapL; lane
7: GST-SH3 SKAP-55.

Figure 9 shows Isothermal titration calorimetry (ITC) analysis
of the binding between N-SKAP-55 and GST-CRapL. The status of

the purification of proteins. is detected by silver staining.

Figures 10 to 12 show that the RapL-L224A mutant selectively
ablates SKAP-55 binding without affecting MST1 binding.

Figure 10 shows that RapL—L224A mﬁtant ablates binding to full
length SKAP-55.V5 tagged.RapL, RapLAC, RapLAC2, RapLAC3, RapL-
L224A or RapL-L253A were cq—expressed with GFP-SKAP-55 in 293T
cells followed by precipitation with anti-SKAP-55 and blotting
with anti-V5 (upper panel) and anti-GFP (lower panel). Upper
panel: diagrammatic depiction of V5-RapL full-length and V5-
RapL regions. Lowe; panel: Lysates (upper. and lower panels,
lanes 1-6) and anti-SKAP-55 (upper and lower panels, lanes 7-
13). Lanes 1,7: WT RapL; lanes 2,8: RapLAC; lanes 3, 9:
RapLAC2;>lanes 4, 10: RapLAC3; lanes 5, 11: RapLL224A;'A

lanes 6, 12: RapL-L253A; lane 13: rabbit anti-mouse control.

Figure 11 (top panel) shows GST pu%lldqwns which confirm that
RapL-L224A mutant ablates binding to N-SKAP-55. GST—SKAP—SS
and fragments were used to pull-down RaplL (upper top panel),
RapL-L224A (middle top panel) or RapL-L253A (lower top panel)
from 293T transfected cells followed by precipitation with
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Glutathion beads and blotting with anti-V5 (Rapl). Lane 1:
cell lysate; lane 2: GST; lane 3: GST-SKAP-55 WT; lane 4: GST-
SK; lane 6: GST-N-PH-SK.

Figure 11 (bottom panel) shows RapL-L224A mutant binds to MST-
1. V5 tagged RaplL, RapLAC,RapLACZ, RapLAC3, RapL-L224A or
RapL-L253A were co-expressed with Myc tagged-MST-1 in 293T
cells followed by precipitation with anti-Myc and blotting
with anti-V5 (upper panel) or anti-Myc (lower panel). Anti-Myc
precipitations:lanes 1-6; rabbit anti-mouse precipitation:
lane 7. WT (lanes 1,7); RapLAC (lanes 2); RapLAC2 (lanes 3):
RapLAC3 (lanes 4), RapL-L224A (lanes 5) or RapLL253A

(lanes 6).

Figure 12 shows that RapL-L224A mutant fails to support
Rap1V12—RapL complex formation. RapL—VS, RapL-L224A-V5, Rapl-
myc and SKAP-55-GFP were coexpressed in Jurkat T-cells by
transfection followed by stimulation for 10min with

anti-CD3, cell lysis and precipitation using anti-myc
(Raplv12) (lanes 1-5), anti-SKAP-55 (lanes 8,9) or anti-v5
(lanes 10,11). Samples were blotted with a combination of
anti-v5/Myc (lanes 1-5) or anti-V5 (lanes 6-12). Cell lysates
(lanes 1,2), anti-Myc precipitations (lanes 3,4), anti-SKAP-55
precipitations (lanes 8,9) and anti-V5 precipitations (lanes

10, 11). Rabbit anti-mouse (lanes 5 and 12).

Figure 13 to 15 show that loss of SKAP-55-RaplL binding

disrupts Rap-1/Rapl colocalization.

Figure 13 shows that anti-CD3 induced SKAP-55, RapL-L224A and
Rapl colocalization, an event disrupted by the L224A mutation.
RapL-CFP or RapLL224A plus SKAP-55-GFP and RaplvVlZ2-mcherry
were expressed in Jurkat cells followed by incubation on anti-
CD3 coated cover slips and imaging using a Weiss confocal

microscope over 0-240 seconds. Upper panels: SKAP-55, RapL and
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RaplV12; Lower panels: SKAP-55, RapL-L224A and RaplV12. Left

lower inserts represent magnification (100X) of localized box.

Figure 14 (Left panels) show PPC analysis of the co-
localization of RapL/RapL-L224A with RapV12 and SKAP-55.
Pearson’s correlation coefficients (PCCs) were determined
using Volocity software (Improvision) of cells in panel a.
Upper left panel: histogram showing average PPC valueé for
RapL-RaplV12 co-localization in cells expressing RapL/RaplVvl2,
SKAP-55/RapL/RaplV12 or SKAP-55/RapLL224A/RaplV12 under
resting conditions or in response to plate-bound anti-CD3.
Lower left panel: as above, but showing average PPC values for

SKAP-55/RapL co-localization.

Figure 14 (right panels) show that L224A mutation disrupts
RapL, SKAP-55 and Rapl colocalization in Jurkat cells on ICAM1
coated plates stimulated with soluble anti-CD3. RapL/RapL-
L224A-CFP, SKAP-55-GFP and RaplVlZ-mcherry were co-expressed
in Jurkat cells responding to plate-bound anti-CD3. Instead

of an image at the interface on plates {(panel b), images were
taken from above the cells. RapL—CFP,_SKAP—SS—GFP and Raplvl2-
mcherry formed clusters in vesicular-like structures in a
region proximal to lamellapodia—like extensions. Upper right
panels: images of polarized T-cells over 0-240 seconds
expressing RapLCFP, SKAP-55-GFP and RaplV12-mcherry (upper
panels) or RapL-L224A-CFP, SKAP-55-GFP and Raplvl2-mcherry.
Lower right panels: histograms of PPC values

over a time-course for RapL-RaplV12 (upper panel); SKAP55-RapL
(middle panel) and SKAP-55-RaplV12 (lower panel).

Figure 15 shows L224A mutation prevents SKAP-55, RapL and Rapl
co-localization in pSMAC-like structure. RapL/RapL-L224A-CFP,
SKAP-55-GFP and RaplVl12-mcherry were co-expressed in Jurkat
cells responding to platebound anti-CD3 (as in figure 13).

Upper panel: panels showing pSMAC-like circular structure for
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RapL-CFP (panel a); SKAP-55-GFP (panel b); RaplVlZ2mcherry
(panel c) and overlay (panel d). Lower panel: Panels showing
PSMAC like structure for RapL-L224A-CFP (panel a); SKAP-55-GFP
(panel b); RaplVl2mcherry (panel c) and overlay (panel d).

Figure 16 to 18 show that SKAP-55-Rapl-RapL is required for
binding to LFA-1.

Figure 16 shows anti-RapL co-precipitation of LFA-1 in T-cells
and its disruption with the L224A mutation of RapL. Left
panel: Co-localization of RapL but RapL-L224A with CD18. Upper
panel: images of cells at 240sec: lower panel: histogram of
average PCC values. Right panels: Upper panel: SKAP-55,
RapL/RaplV12 (lanes 1-4,9) or RapL/RaplV1l2 (lanes 5-8) were
expressed in Jurkat cells followed by precipitation with anti-
V5 (RapL) and blotting with anti-CDlla. Cytosol: lanes
1,2,5,6; membrane fraction: lanes 3,4,7,8,9. Resting:

lanes 1,3,5,7. Ant—CD3vligated: 2,4,6,8,9. Lane 9: rabbit
anti-mouse. Lower panel: SKAP—SS, RaplL WT/Raplv1l2 (lanes
1,3,5) or SKAP-55, RapLL224A/RaplVv12 (lanes 2,4) were
expressed in Jurkat cells followed by precipitation with anti-
V5 (Rapl) and blotting with anti-CDlla. Cytosol: lanes

1,2 ; membrane fraction: lanes 3,4,5. Ant-CD3 ligated: 1-5.

Lane 5: rabbit antimouse control precipitation.

Figure 17 shows anti-SKAP-55 co-precipitation of LFA-1 in T-
cells as detected by ant-CD18 blotting. SKAP—55 and RapL
(lanes 1,3,5,7) or SKAP-55, RapL and Raplvl2 (lanes 2,4,6,8,9)
were expressed in Jurkat cells followed by precipitation with
anti-SKAP-55 and blotting with anti-CDlla. Lysates: lanes 1-
4; anti-SKAP-55 precipitations: lanes 5-8 ; anti-mouse
control: l;ne 9. Cytosolic fraction: lanes 3,4; 7,8; membrane

fraction: lanes 1,2,5,6,9.
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Figure 18 shows loss of SKAP-55 in SKAP-55-/- primary T-cells
disrupts the association of endogenous Rapl and RapL with LFA-
1. Left panels: Jurkat cells either unstimulated or anti-CD3
stimulated for 10min were precipitated with anti-SKAP-55 or
anti-CD18 followed by blotting with anti-CD18 (upper panel),
anti-SKAP-55 (middle panel) and anti-RapL {(lower panel).
Resting: lanes 1,3,5. Anti-CD3 ligated: lanes 2,4,6. Lysates:
lanes 1,2. Anti-SKAP precipitations: lanes 3,4; anti-CD18
precipitations: lanes 5,6. Right panel: T35 cells were
purified from splenocytes from wild-type SKAP-55+/+ (WT) and
SKAP-55-/~ cells, were lysed and precipitated with anti-CD18
followed by anti-SKAP-55 blotting (upper panel), anti-RapL
blotting (middle panel) and anti-Rapl blotting (lower panel).
Left panel: SKAP-55+/+ or SKAP—SS—/— T-cells from splenocytes
were left unstimulated or stimulated with anti-CD3 for 10min.
Cells were then lysed and sgbjected to precipitated with anti-
CD18 followed by blotting with anti-SKAP-55 (upper panel),
anti-RapL (middle panel) or anti-Rapl (lowgr panel). SKAP-
55+/+ (lanes 9,10) and SKAP-55-/- cells (lanes 11, 12). ‘-
Resting: lanes 9, 11. Anti—CDB ligated: lanes 8,10,12. Rabbit

anti-mouse control: lane 8.

Figures 19 and 20 show L224A disrupts anti-CD3 induced ICAM-1

binding and T cell/APC conjugate formation.

Figure 19 upper panel shows that L224A disrupts_anti—CD3
induced ICAM-1 binding. Jurkat cells were transfected with
vector, SKAP-55, RapL, RapLAC2 or RapL-L224A and assessed for
binding to ICAM-1 immobilized on micro-titer plates in
response to anti-CD3 ligation. Values expressed as a

percentage of the total number of overlaid cells.

Figure 19 lower panel shows that L224A disrupts T-cell-APC
conjugation. T8.1 cells transfected with RapL-WT or RapL-L224A

were cultured with L625 antigen presenting cells in the
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presence or absence of tetanus toxoid (TTox) peptide and
assessed for conjugate formation as previously described34,
70, 71. Values expressed as a function of the T-cell/APC

ratio.

Figure 20 shows a model of SKAP-55 (SKAP1l) regulation of the
Rapl-RaplL complex and binding to LFA-1. SKAP-55 (SKAPl) is
needed for the binding of Rapl to RapL. This involves the
binding of N-SKAP-55 to the coiled coil SARAH domain of RapL
leading to the formation of a complex comprised of at least
SKAP-55-RapL and Rapl. Rapl must be in a GTP-bound, while an
additional signal is needed from the TcR. Formation of the
SKAP-55-RapL-Rapl complex then binds via RapL to the
cytoplasmic tail of LFA-1 that induces clustering and

increased adhesion.

Figure 21 sths Wéstern.blot'data which demonstrate that the
PH domain of SKAP1 is needed fér RapL translocation to the
membrane. Cytosolic and membrane fractions of SKAP1+/+ and
SKAP1-/- T-cells were purified and subjected to blotting with
anti-SKAP1 (upper panel); anti-Rapl (upper middle panel);
anti-RapL (lower middle panel) and anti-actin (lower panel) .
SKAP1+/+ wild-type (lanes 1-5). SKAPl-/- T-cells (lanes 6-10).
Resting: lanes 2,4,7,9. Anti-CD3 ligated: lanes 3,5,8,10.

Figure 22 shows Western blot data which demonstrate that the

inhibition of PI3K blocks RaplL translocation to the membrane.

Figure 23 shows Western blot data which demonstrate that
mutation of the L25 residue in N-SKAPl prevents binding to
RapL. GST-WT SKAPl or GST-L25A and GST-L30A mutants were co-
transfected with V5-RapL in Jurkat cells followed by anti-CD3
ligatiqn (1ug/ml) for 5 min and precipitation_with anti-GST

followed by blotting with anti-V5 (upper panel) and anti-GST
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(lower panel). Lane 1l: lysate; lane 2: GST control; lane 3:

GST WT SKAP1l; lane 4: GST-L24A and lane 5: GST-~L30A.

Figure 24 shows T-cell motility in the presence and absence of

SKAP1 in murine lymph node slices.

Experiments
1. Materials and Methods

1.1 Cells and antibodies

T cells were cultured in RPMI 1640 medium supplemented with
10% (vol/vol) fetal calf serum and 1% (wt/vol) penicillin
streptomycin, as previously reported®. The murine hybridoma
T8.l-expressing human CD4 and a chimeric human mouse TCR
specific for Ttox (830-843), as well as 1.625.7 cells, were
gifts of 0. Acuto (Institute Paéteur, Paris, France) 3% >

70 Anti-SKAP-55 were purchased from Transduction Laboratories;
anti-V5 was purchased from Invitrogen; anti-myc antibody from
Upstate Biotechnology; anti-GFP from Santa Cruz Biotechnology;
anti-human CD3 from American Type Culture Collection (ATCC),
anti-mouse CD3 (2C11; hamster anti-mouse CD3), and anti-CDlla
(anti-LFA-1) were purchased from BD Biosciences; and Alexa-
488-conjugated secondary Abs were purchased from Molecular

Probes. Ttox {(residues 830-843) was obtained from Research

Genetics.

1.2 Generation of plasmids and mutagenesis.

Full-length human SKAP-55 (SKAP1) cDNA were cloned intq the
pSRa.expression vector and.cloned in-frame with the NH2
terminqs of the GFP gene in thé pSRa-GFP vector (Promega).
DNA-Sequences encoding N (residues 1 to 104), SK (residues 209
to 285), SH3 (residues 285 to 359) and N-PH-SK (residues 1 to
359) domains of SKAP-55 were amplified by PCR from plasmid
containing full-length human SKAP-55 cDNA and subcloned into
the pGEX-2T vector (GE Healthcare). Full-length human RapL

cDNA was cloned into the pcDNA3.1-V5 expression vector

N
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(Invitrogen). Deletion mutants were generated by standard PCR-
based cloning techniques. RapL L224A and L253A mutants were
generated by site-direct mutagenesis using the Quick Change
protocol and Pfu Ultra® II Fusion HS DNA Polymerase
(Stratagene) . Full-length human RaplV12 and RaplN17 were
cloned into myc-expression vector. SKAP-55 and Rapl. were also
cloned into pSR alpha HAGFP and CFP for C-terminal tagging
(Statagene). Rapl was tagged with mCherry and also cloned into

pCDNA3 for expression studies.

T-cells were purified from SKAP-55+/+ and SKAP-55-/- spleens
as previously described. Jurkat T cells were co—transfécted
expression plasmids by microporation (Digital Bio Technology)
followed by subsequently culture in RPMI with 5 % FCS medium
lacking penicillin and streptomycin. For live cell imaging,
poly-L-lysine (Sigma) treated chambered cover-slides (LabTek)
were coated with 10 pg/ml mAb OKT3. Images of the contact area
between cells and mock treated and OKT3-coated glass surface
were acquired by resonance scanning confocal microscopy (TCS
SP2 RS, Leica, Heidelberg, Germany) using excitation
wavelengths of 514 nm for EYFP and 594 nm for mRFP and a 63x
water immersion objective (NA=1.2). Images were processed with
Leica confocal software (LCS; Leica Microsytems), Volocity
(Improvision), and ImageJ (National Institutes of Health)
software). Live-cell images were acquired at 37°C, 5% CO2.
Pearson’s correlation coefficients (PCCs) for co-localization

was determined using Volocity software (Improvision).

1.3 Immunoprecipitation and Immunoblotting.

Cell lysis, immunoprecipitation, and detection were performed

50, 84 cells were harvested and lysed

as described previously
with 200 pl of lysis buffer (20 mM Tris-HC1l, pH 8.0, 150 mM
NaCl, 1% .(v/v) Triton X-100, 1 mM phenylmethylsulfonyl

fluoride, 1 mM Na3vO4, 1 mM NaF,lmM leupeptin, 1 mM pepstatin,
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and 1% aprotinin). Immunoprecipitation was carried out by
incubation of the lysate with the antibody for 1 h at 4 °C,
followed by incubation with 50 pl of glutathione-Sepharose
beads (50% w/v) for 1 h at 4 °C. For immunoblotting, the
immunoprecipitates were separated by SDSPAGE and transferred
onto nitrocellulose filters (Schleicher and Schuell). Filters
were blocked with 5% (w/v) skimmed milk for 1 h in Tris-
buffered saline (Tris buffered saline) pH 8.0 and then probed
with the indicated antibody or GST fusion proteins followed by
binding with an anti-GST monoclonal antibody. Bound antibody
was revealed with horseradish peroxidase-conjugated rabbit
anti-mouse antibody using enhanced chemiluminescence (ECL,
Amersham Biosciences). For the Far Western technique, ADAP-
SH3c was expressed with a T7 tag, and binding to SDS-PAGE-
separated and blotted GST fusion proteins was detected with

anti-T7 antibody followed by chemiluminescence development.®°

1.4 Expression and Purification of GST Fusion Proteins

Plasmids were transformed into the DH5 strain of Escherichia
coli and induced with isopropyl-D thiogalactopyranoside

to produce GST fusion proteins as described® (provided by
Immune Ventures Inc., Cambridge). Expression of recombinant
GST-proteins was induced in Escherichia coli BL21 cells at 37
°c for 2 h by addition of 1 mM IPTG?’. GST-fused proteins were
incubated with lysates Qf RAPL-transfected cells in TBSN
buffer (20 mM Tris pH 8.0, 150 mM NaCl, 0.5% Nonidet P-40, 5
mM EGTA, 0.5 mM Na3v0O4, 20 mM p-nitrophenyl phosphate)
supplemented with protease inhibitors (Complete Mini EDTA-free
Protease Inhibitor Cocktail, Roche Diagnostics) at 4°C for 2
h. GST, GST-full-length SKAP-55 (SKAP1l) and GST-fused
subdomains of SKAP-55 were adsorbed to glutathione-Sepharose
4B (GE Healthcare) for an additional 1 h. The bound proteins
were washed three times, boiled for 5 min in SDS sample

buffer, resolved by SDS-PAGE and transferred to Immobilon-P
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membrane (Millipore). Western blotting was performed as

previously described.

1.5 Isothermal Titration Calorimetry.

For ITC analysis, recombinant GST—NSKAP-55 and GST-C-RapL was

d57, 85, 86

bacterially expressed as describe ITC analysis was

performed using the VP ITC (Microcal, Northampton, MA, U.S.A.)

8  pyotein was diluted from stock solution to

as described®! %"
the concentration required for the ITC experiment (4-10 uM)
and dialyzed against the ITC buffer 7.5 (10 mM Na,K phosphate
buffer, pH 7.5, 150 mM NaCl). The ‘heat of dilution’ control
experiments were performed and the residual heats determined
were subtracted from the heats of binding prior to data
analysis (as shown in Fig 3 right hand panel). All binding
data were analysed by fitting the binding isotherm to a simple
independent binding-site model using Origin software provided

with the ITC_(MicroCal Inc.). GST was cleaved with Factor X

according to the manufacturer’s instruction.

1.6 T Cell Motility Assays

Inquinal mouse LNs were embedded in 4 percent low—gellihg—
temperature agarose (type VII-A; Sigma-Aldrich) prepared in
PBS. 320-um slices were then sliced with a vibratome (VT 1000S;
Leica) in a bath of ice—cold PBS.  Slices were_then subﬁerged
in‘RPMI 1640 plus 10% FCS at 4°C and transferred to 0.4—um
organotypic culture inserts (Millicell; Millipore) in 35fmm
Petri‘qishes“gontaining 1_ml RPMI 1640 plus IQ% Ecsﬂiq an
incubator at 37°C/5% CO;. After washing, cells were labelled
with secondary antibody anti-rat (IgH-L) Alexa633 for 2h at
37C. CD4+ T cel;s were»purified by positive selection
(Dynabeads mouse Cp4 (L3T4), De;achabead mouse CD4).
Lymphocytes were iqcubated with CFSE (Sigma, Poole, UK) to
label cells in suspension (at 20 x 10° cells per ml in 0.1%
FBS/PBS) at a final concentration of 1pM for 8 min at room

temperature. Between 10° and 5 x 10° lymphocytes in 10-20 nl of
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RPMI 1640 plus 10% FCS were plated onto the cut surface of each
s;ice. Slices were incubated for 1 h at 37°C/5% CO,, gently
washed. to remove the residual cells that had not penetrated the
tissue, and kept in the incgbator before the imaging
experiment. Imaging experiments were performed with an
inverted Zeiss LSM510 confocal microscope equipped with a
chamber thermostated at 37°C. Images were acquired every 10
sec during 20 min using a 20X phase objective on a Zeiss
LSM510 microscope. Cell motility was analyzed with Zeiss LSM
confocal software and Volocity software (Improvision) and

documented in terms of mean average speed (uM/min.

2. Results

2.1 Rap-1-RapL complex does not form in SKAP-55-/- primary T-

cells

TcR-driven Rapl-RapL complex formation was initially assessed
in freshly isolated primary T-cells from spleens of SKAP-55+/+
and SKAP-55-/- mice33. T-cells were stimulated with anti-CD3,
were lysed and subjected to precipitation with anti-Rapl,
followed by blotting with anti—RapL or SKAP-55 (Eig. 1) . Anti-
Rapl co—precipitéted RapL from SKAP-55 +/+ T-cells (upper
panel, lanes 5, 6), and this increased with anti-CD3 ligation
at 5 minutes (lane 6 vs. 5) and 15 minutes post-activation
(data not shown). This confirmed that anti-CD3 ligation
induces binding of Rapl to RapL in wild-type T cells 22,

26. 27 By contrast, anti-Rapl failed to co-precipitate RapL from
resting or activated SKAP-55-/- T-cells (lanes 7, 8).
Immunoblotting of lysates confirmed the presence of equal
levels of RapL and Rapl in SKAP-55+/+ and SKAP-55-/- T-cells
(upper and lower panels, lanes 1-4, respectively). Thesé data
éthed that SKAP—55 (SKAP1)’expression is needed in coupling
the TCR/CD3 complex to the induction of Rapl-RapL complex

formation in primary T-cells.

PCT/GB2010/000468
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Given this role, it was alsoc possible that SKAP-55 binds to
the Rapl-RapL complex. Indeed, anti-Rapl co-precipitated SKAP-
55 from wild-type cells (middle panel, lanes 5,6) and this
increased with anti-CD3 ligation (lane 6 vs. 5). Anti-SKAP-55
blotting confirmed the presence of SKAP-55 in lysates from
SKAP-55++, but not SKAP-55-/- T-cells (middle panel, lanes 1,2
and 3,4, respectively). These findings show SKAP-55 can be co-
precipitated with Rapl and RapL in response to anti-CD3

ligation.

2.2 SKAP-55 (SKAP1l) coordinates RapL-Rapl binding

To extend this observation to co-expression studies, V5-tagged
RapL, myc-tagged Raplv1l2 and GFP-tagged SKAP-55 were expressed
in Jurkat T-cells, lysed, subjected to anti-myc (Raplv1lz)
precipitation and blotted with anti-SKAP-55, anti-V5 (Rapl)
and anti-myc (Raplv12) (Fig. 2). Raplv1l2 is the constitutively
active form of Rapl. Contrary to a previous report26, 37, co-
expression of RapL and Rapl alone failed to allow for co-
precipitation of RapL (V5) with anti-myc (Rapl) . Specifically,
RapL was absent from cytosolic (lanes 3,4) and membrane
fractions (lanes 7,8) as well as from resting (lanes 3, 7), or
anti-CD3 ligated cells (lanes 4, 8). It was also not observed
with different concentrations of anti-CD3 antibody (1-10pg/ml;
data not shown). In marked contrast, the mere expression of
SKAP-55 with RapL and Rapl-V12 resulted in anti-myc (Raplv12)
coprecipitation of RapL as well as SKAP-55 (lane 10). This
occurred in the membrane (lane 10), but not the cytosolic
fraqtion (lane 6) and required anti-CD3 ligation (lane 10 vs.
9). Rabbit anti-mouse served as a negative control (;ane 11).
The identity of each band was cqnfirmed by blotting with
individual antibodies and the expression of endogenous SKAP-55
is low in these cells. These data confirmed that TCR/CD3

induced Rapl-RapL complex formation required SKAP-55.



10

15

20

25

30

35

WO 2010/103294 PCT/GB2010/000468

34

The same result was obtained when anti-V5 (Rapl) was used to
precipitate protein (Fig. 3). While co-expression of Rapl and
RapL failed to allow for anti-V5 (RapL) co-precipitation of
Rapl (lanes 3,4), the co-expression of SKAP-55 allowed for co-
precipitation of RaplV12 (lane 6) (lowest band under the light
chain of IgG). Anti-CD3 ligatibn was needed (lane 6 vs. 5).
Rabbit anti-mouse served as a negative control (lane 7).
Anti-myc (RaplV12) and anti-V5 (RaplL) also co-precipitated
SKAP-55 under conditions of SKAP-55 co-expression as detected
by anti-GFP or anti-SKAP-55 (Fig. 2, lane 10 and Fig. 3, lane
7, respectively). This also required anti-CD3 ligation
(Raplv1l2 and GFP—tagged SKAP-55 were expressed in Jurkat T-
cells, lysed, subjected to anti-myc (RaplV12) precipitation
and blotted with anti-SKAP-55, antifVS (Rapl) and anti-myc
(Raplv12) (Fig. 2). RaplVl2 is the constitutively active form

t26 37, co-expression of

of Rapl. Contrary to a previous repor
RapL and Rapl alone failed to allow for co-precipitation of
RapL (V5) with anti-myc (Rapl). Specifically, RapL was absent
from cytosolic (lanes 3,4) and membrane fractions (lanes 7,8)
as well as from resting,(lanes 3, 7), or anti-CD3 ligated
cells (lanes 4, 8). It was also not observed with different
conqentrations of anti-CD3 antibody (1-10ug/ml). In marked
contrast, the mere expression of SKAP-55 with RapL and Rapl-
V12 resulted in anti-myc (RaplV12) coprecipitation of RapL as
well as SKAP-55 (lane 10). This occurred in the membrane (lane
10), but not the cytosolic fraction (lane 6) and required

anti-CD3 ligation (lane 10 vs. 9). Rabbit anti-mouse served as

a negative control (lane 11).

The identity of each band was confirmed by blotting with
individual anfibodies and the expression of endogenous SKAP—SS
(SKAP1) is low in these cells. These data confirmed that
TCR/CD3 induced Rapl-RapL complex formation required SKAP-55
(SKAP1) .
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The same result was obtained when anti-vV5 (RapL) was used to
precipitate protein (Fig. 3). While co-expression of Rapl and
Rapl. failed to allow for anti-V5 (RaplL) co-precipitation of
Rapl (lanes 3,4), the co-expression of SKAP-55 allowed for co-
precipitation of Raplv12 (lane 6) (lowest band under the light
chain of IgG). Anti-CD3 ligation was needed (lane 6 vs. 5).
Rabbit anti-mouse served as a negative control (lane 7).
Anti-myc (Raplv12) and anti-V5 (RapL) also co-precipitated
SKAP-55 under conditions of SKAP-55 co-expression as detected
by anti-GFP or anti-SKAP-55 (Fig. 2, lane 10 and Fig. 3, lane
7, respectively). This also required anti-CD3 ligation (Fig.
2, lane 10 vs. 9 and Fig. 3, lane 7 vs. 6, respectively).
Conversely, anti-SKAP-55 was also able to co-precipitate RapL
(Fig. 4, lane 5) under conditions of V5-RaplL, myc-RaplV12 and
GFP-SKAP-55 co-expression with anti-CD3 ligation (lane 5 vs.
8).

Importantly, active RaplV1l2 but not inactive RaplN1l7 supported
anti-SKAP-55 co-precipitation of RapL (Fig. 5, middle panel,
lane 8§ vs. 9), and neither SLP-76 nor ADAP (the binding
partner of SKAP-55) could substitute for SKAP-55 (lanes 10, 11
vs. 8). In this instance, SKAP-55, ADAP and SLP-76 were v
tagged with HA. This observation indicated that SKAP-55 plays
a specific role in promoting Rapl-RapL complex formation that
cannot be replaced by SLP-76 or ADAP. Moreover, this data

indicates that complex formation depends on active Rapl.

Expression of the various proteins was confirmed by blotting
of cell lysates (panels, lanes 1-6), or in_anti—SKAE—SS (upper
panel, lanes 7-9), anti-SLP-76 (lane 10) or anti-ADAP
precipitations (lane 11). Taken together, these observations
confirmed using a different approach that SKAP-55 was needed
for Rapl-RaplL complex formation in T-cells, and that SKAP-55

becomes part of the complex in response to anti-CD3 ligation.
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2.3 SKAP-55 (SKAP1l) N-terminal domain binds RapL C-terminal

coiled-coil (SARAH) domain

Unlike with RaplV12-Rapl co-expression, SKAP-55 and RapL co-
expression often resulted in a low level of co-precipitation
(an example in Fig. 6, lane 2). This binding increased with
RaplV12 co-expression (lane 4), but provided indication that
SKAP-55 might bind directly to RapL. To confirm and define the
sites of binding, GST fusion proteins encoding different
regions of SKAP-55 were used in a pull-down assay from lysates
of cells transfected with wild-type V5-tagged RapL, or a
truncated version of RapL lacking the C-terminal coiled coiled
SARAH domain (Fig. 7). The pull-down assay using glutathione
sepharose beads was followed by blotting with anti-v5 as

previously described®® °'.

The GST fusion proteins included
full-length SKAP-55, N-terminal (N-SKAP-55; residues 1-104),
SK region (SK; ;esidues 209—285), or N plus PH and SK regions
kﬁ—PH—Sk; feéidués 1-295)7(seé ubber diagfém):‘Whilé-Wi['N
and N-PH-SK readily precipitated V5 tagged RapL (upper panel,
lanes 3,4,6),_GST a;one and GST-SK failed to precipitatg the
protein (lanes 2 and 5, respectively). Anti-GST blottipg
confirmed expression of the constructs (lower panel) . These
dapa indicated that the N—terminus»ofASKAP—SS (N-SKAP-55)
interacts with RapL. Inlthis assay, deletion of the C-terﬁinal
coiled—coiled (SARAH) domain of RapL {(i.e. RapL-AC2)
completely abrogated binding to WT, N and N-PH-SK RapL
(middle panel, lanes 3-6), suggesting that N-SKAP-55 binds to

the RapL SARAH domain (i.e. C-RapL).

To test this directly, GST-SKAP-55 domains were incubated with
lysates of cel;s expressing V5-C-RapL and assessed for binding
(Fig. 8); Full length SKAP-55 WT, N and N-PH-SK pfecipitated
C-RapL (lanes 3,4,5), while GST alone, GST-SK or GST-SH3
failed to precipitate the protein (lanes 2,6 and 7,

respectively). Anti-GST blotting confirmed expression of the
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constructs (lower panel). These data indicated that N-SKAP-55
interacts with coiled-coil C-Rapl SARAH domain.

Unlike the C-terminal SARAH domain of RapL, the‘N—terminus of
SKAP-55 does not form a coiled-coil domain using protein
seduence—éttucture programs‘(i.e. 3D-ALI, BIOSCAN etc.) > 5%
63, 64 By contrast, residues 12-64 of the SKAP-55 homologue
SKAP-55R/Hom (SKAP2) does form a coiled-coil domain®" °°, that
under certain conditions can dimerize®. However, molecular
modelling of the SKAP-55 regions based on the structure of the
N/PH domains of SKAP-55R/Homé3 predicts that N-SKAP-55 would
form two similar alpha helical structures. One or both alpha
helices with alternating leucines within N-SKAP-55 could
possibly form the basis of a binding region for

the RaplL coiled-coil alpha helix. To assess directly the
interaction between NSKAP-55 and C-RaplL, individual N-SKAP-55
and C—RabL domains were purified as GST-fusion proteins
followed by Factor X cleavage and purification of individual
domains (see Material and Methods). Silver stain;ngvpf
material showed the bresence of individual subunits without

contaminating material.

An interaction between these proteins was then examined using
isothermal titration qalorimetry (ITC), a method that measures
stoichometry, binding constants and thermodynamic parameters
in a single interaction (Fig. 9). The ITC data determined at
25°C clearly demonstrated that the SARAH RapL Cterminal
coiled-coil domain interacts,directlvaith N-SKAP-55 with a
stoichiometry which approximates to unity (n = 0.85). The
equilibrium dissociation constant, Kd, of 0.6uM corresponds to
a change in free energy of binding (#G) of -8.5 kcal/mol. The
change in enthalpy of binding is relatively small (#H = -2.3
kcal/mol) and hence, at the experimental temperature, thg
interaction isventropy driven (T #S = 6.2 kcal/mol). Thié is
likély to .indicate that the interaction is accompanied by a

significant contribution from the release of solvent molecules
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from the surface area that is buried on forming the éomplex.
These observations clearly indicated that the N-SKAP-55 binds

directly and on a one-to one basis to the-C—RapL SARAH domain.

2.4 RapL-L224A mutation that selectively disrupts SKAP-55

binding without affecting MST-1 binding

N-SKAP-55 bihding tb'C—RapL was next confirmed by deletion and
mutation analysis (Fig. 10). RapL mutants tested included
RapLAC (residues 1-222; lacking the entire SARAH-coiled-coil
domain), RapLAC2 (residues 1-243; lacking part of the SARAH
domain), RapLAC3 (residues 1-254; C-terminal and outside

the SARAH domain) or, alternatively, full length RapL with
point mutations at residues L224A (RapL L224A) and L253A (RapL
L253A)‘within the coiled-coil domain (see upper diagram).
While anti-SKAP-55 precipitated wild-type and the RapLAC3
mutant (lanes 7 and 10, respectively), it failed to
precipitate the RapLAC2 and RapLAC mutants (lanes 8 and 9,
respectively). Each of the V5-tagged constructs and GFP-SKAP-
55 was expressed as seen in cell lysates (upper and lower

panels, lanes 1-6).

The same result was obtained in GST pull-down assays (Fig.
11) . WT V5-RapL, V5-RapL-L224A and V5-RapL-L253A were
expressed ahd assessed for binding to the different regions of
SKAP-55. While the N-SKAP-55 precipitated WT RapL and the
L253A mutant (upper and lower panels, lane 4), it failed to
precipitate the L224A single site mutant (middle panel, lane
4). These data showed by two independent approaches that the
RapL-L224A mutation disrupts SKAP-55 N-terminal binding.
While N-SKAP-55 bound to coiled-coil domain of RapL, the
serine-threonine kinase MST-1 has also been reported to bind
to the same region in RapL27. MST-1 binds via its coiled—
coilgd domain, and until now, had been the only protein
reported to bind the RaplL SARAH domain®?’. To define the

function of the SKAP-55-RapL interaction, and to distinguish
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it from the MST-1-RaplL interaction, it was therefore necessary
to identify a RapL mutant that would abrogate SKAP-55 binding
without affecting the binding of MST1l. To assess MST-1 binding
to RapL, myc tagged MST-1 and V5-tagged RapL were co-expressed
followed by an antimyc (MST-1) precipitation and anti-V5
blotting for RaplL (Fig. 11). Co-expression of MST-1 and RapL
showed clear binding (lane 1), consistent with previous
reports?’. However, unlike SKAP-55, MST-1 also bound to the
1.224A mutant (lane 5 vs. 1, 4, 6). By contrast, as a control,
deletion of the coiled-coil domain in RapLAC and RapLAC2
eliminated MST-1 binding confirming binding to the coiled-coil
domain (lanes 2,3 vs. 1). Rabbit anti-mouse served as a
negative control (léne 7). This observation made the important
finding that MST1 binds to the RapL-L224A mutant that is
defective in binding to SKAP-55.

Given this, it was next important to assess whether the L224A
mutation could.disrupt Rapl-RapL complex formation. RapL or
RapL-L224A was coexpressed with Raplv1l2 in the presénce or
absence of SKAP-55 and examined for Rapl precipitation of RaplL
(Fig. 12). While co-expression of SKAP-55, RaplL

and RaplV12 allowed anti-myc (Raplvl2) precipitation of V5-
RapL (lane 3), RapL-L224A failed to support this (lane 4).
Blotting against cell lysates confirmed the presence of
Raplv12 and RapL in cell lysates (lanes 1,2). Anti-SKAP-55
also co-precipitated RapL from SKAP-55, RapL, Rapl (upper
panel, lane 8), but not SKAP-55, RapL-L224A, Rapl transfected
cells (lane 9). Anti-RaplL blopting confirmed the presence of
Rapl. expression in both sets of cell lysates (upper panel,
lanes 6,7). Conversely, anti-V5 (RapL) precipitated SKAP-55
from SKAP-55, RaplL and Rapl expressing cells (lower panel,
lane 10), but not from cells expressing SKAP-55, RapL-L224A
and Rapl (lane 11). These data indicated that N-SKAP-55
binding to the RapL-L224 site is the key event needed to

regulate Rapl- RapL complex formation in T-cells.
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2.5 SKAP-55-Rapl. regulates RapL-Rap co-localization

Identification of the RapL-L224 mutant then allowed an
examination of the role of N-SKAP-55-C-RapL binding in
intracellular localization and immune function (Figs 13 to
15). Cells transfected with RapL-CFP, SKAP-55-GFP and RaplV12-
mcherry were seeded on cover-slips with immobilized anti-CD3
antibody and ICAM-1 and imaged at the contact area by confocal
immunofluoresence microscopy, as previously described®®®.
Cells with only low-moderate intensities of expression were
imaged to avoid problems with protein over-expression. Using
three-color immunofluorsence, RapL-CFP, SKAP-55-GFP and
RaplVl12-mcherry were seen localized in clusters in resting and
anti-CD3 ligated T-cells over 0-240 seconds (Fig. 13, upper
panels). Anti-CD3 did not appear to alter the number or size
of the clusters. Further, RapL-L224A also localized in
clusters (lower panel). In addition, SKAP-55-GFP and Raplvlz-
mcherry were also found in clusters‘in cells co-transfected
with the RapL-1L224A mutant. No obvious difference was noted in
the average size or ngmber of clusters in RapL or RapL-L224A
transfected cells. Further, although difficult to visualize by
eye, all clusters migrated with similar speeds along the
peripheral contact region in RapL and RapL-1224A of anti-CD3
ligated transfectants as assessed by Volocity software

analysis (Improvision).

The single consistent difference between RapL and RapL-L224A
was in colocalization with RapL and SKAP-55 (Fig. 14). This
was again determined by the derivation of Pearson’s
correlation‘coefficients (PCCs) using Volocity software.

RapL and RaplV12 showed low PCC values in resting and anti-CD3
ligateq cells (i.e. average PPC=0.09 and 0.12, respectively)
in the absence SKAP-55 (upper panel). By contrast, while SKAP-
55'co—expression_had little effect on Rapl-RapL co-
localization in resting cells (i.e. PCC=0.14), it

significantly increased RapLRaplVvl2 co-localization in anti-
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CD3 activated cells (ife. average PCC value=0.34). Similar -
values have been reported for other co-localized proteins
such as cytokines and Rab3d68.'This indicated that SKAP-55 is
needed for RapLRaplV12 co-localization, an observation
consistent with the co-precipitation results (Figs. 1, 2). In
striking contrast, RapL-L224A failed to support RapLRaplV12
co-localization in resting, or anti-CD3 ligated cells (i.e.
average PCC=0.1 and 0.13, respectively). This was observed
over the entire time-course of imaging. Further, similar
differences were noted in the SKAP-55-RapL co-localization
(lower panel). The limited colocalization in resting cells
increased with anti-CD3 ligation (i.e. average PCC=0.23 and
0.55, respectively). However, little SKAP-55 co-localization
with RapL-L224A was observed in response to anti-CD3 (i.e.
average PCC=0.2), or over a time—course.'similar observations
were made'when soluble anti-CD3 was used to activate T-cells
on plates coated with ICAM-1 (Fig. 14). In this instance,
cells imaged from above showed RapL-CFP, SKAP-55-GFP and
Raplvl2-mcherry clusters in Yesicular—like structures at the
polarized edge of cells next to membrane protrusions (upper
panels). RapL and RaplV12 co-localized in response to anti-CD3
as seen over the time course (PPC values from 0.14 to 0.6)
(lower histogram). Similarly, RapL and RaplV1l2 co-localized
with SKAP—SS (i.e. PPC values of 0.6), while RapoL224A failed
to support co-co—locali;ation of any of the proteins (i.e. PPC
values of 0.1-0.18). Similarly, SKAP-55 failed to co-localize
with RapL (0.6 vs. 0.15) or RapV12 (.06 vs. 0.15). These data
§hqwed that_althqugh WT and L224A RaplL can both be fqund in
vesicular structures, N-SKAP-55 binding to C-RapL still
determined co-localization in anti—CD3 activated T-cells.
Incubgtiqn of cglls_on cover-slips coated with immobilized
anti-CD3 eventually (i.e. 5-15min) led to the formation of a
peri-cellular region in many cells that resembled the
peripheral supra-molecular complex (pSMAC) as described by

others® ®. The pSMAC is enriched with LFA-1 molecules, while

PCT/GB2010/000468
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the cSMAC is comprised of the TcR, CD28 and othér‘éignaling

prbteinsL 6

. In this case, imaging was conducted at the contact
area between the T-cell and anti-CD3 covered cover-slip
surface (as in panel a) (Fig. 15). RapL and SKAP-55 sﬁowed
close co-localization in this region (panels a,'b). In the
case of Raplv1l2, the pattern showed two areas, one enriched in
the ring together with lesser amounts in the inner region
(panel c). By contrast, co-expression of RapL-L224A with
SKAP-55 and RaplV12 showeéd a loss of the SMAC-like region,
instead showing a diffuse pattern for RapL-L224, SKAP-55 and
RaplVl2 at the interface (lower panels a, b, c). N-SKAP-55
binding to C-RapL therefore regulates the ability of

the three components to co-localize in clusters and in the

pSMAC-like formation.

2.6 N-SKAP-55-C-RapL binding regulates RapL binding to LFA-1

Initially, co-localization studies were conducted with Jurkat
cells co-transfected with RapL/RapL-L224A-CFP, SKAP-55-

GFP and LFA-1 (CDhlla)-mcherry and examined by immunofluoresent
m;croscopy“. The ;ransfected CDlla-mcherry was confirmed to be
active in transfection-ICAM-1 binding assays (data not shown).
RapL co-localized with CDlla in response to anti-CD3 ligation
as judged by PCCs (i.e. average PCC from 0.14 to 0.45) (lower
left histogram). By contrast, RapL-L224A failed to colocalize
(i.e. approx. 0.18).

Binding between RapL and LFA-1 was assessed biqchemically by
anti-v5- RapL precipitation from cells expressing SKAP-55,
RapL or RapL-L224A and RaplV12 followed by blotting with anti-
CD18 (Fig. 16). CD18 (or ITGB2) is the beta 2 subunit that
pairs with CDlla of LFA-lT Significantly, anti-V5-RapL failed
to precipitate CD18 from’cells traﬁsfected with RapL and
RgprlZ (upper right panel,.lanes 5-8), neither from the
cytosolic (lanes 5,6) nor membrane fractions (lanes 7,8). By

contrast, SKAP-55 co-expression with RapL and RaplV12 allowed
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anti-RaplL co-precipitation of CD18 from the membranes of cells
in response to anti-CD3 (lane 4). Rabbit anti-mouse served as

a negative control (lane 9).

Unlike with wild-type RaplL (lower panel, lane 3), co-
expression -of RapL-L224A with SKAP-55 and RaplV12 failed to
co-precipitate LFA-1 from the membrane fraction (lane 4).
Rabbit anti-mouse served as a negative control (lane 5).
Similarly, anti-SKAP-55 co-precipitated CD18 from membranes of
anti-CD3 activated cells expressing RapL, Rapl and SKAP-55
(Fig. 17, lane 6). Lastly, the complex could also be
precipitated from primary SKAP-55+/+, but not from SKAP-55-/-
T-cells (Fig. 18). Anti-SKAP-55 co-precipitated endogenous
¢D18 in a manner dependent on anti-CD3 ligation in SKAP-55+/+
T cells (upper panel, lane 3 vs. 4). Conversely, anti-CD18 co-
precipitated SKAP-55 (middle panel, lane 6 vs. 5). Further,
both anti-SKAP-55 and anti-CD18 co precipitated RapL and this
was increased with anti-CD3 ligation (lower panel, lanes 4 vs.
3 and 6 vs. 5, respectively). Rabbit anti-mouse served as a

positive control (lane 7).

In a comparison of primary SKAP-55+/+ vs. SKAP-55-/- primary
T—cells,‘anti—CD18 co-precipitated SKAP-55 (upper panel, lanes
10 vs. 9), RapL (middle panel, lanes 10 vs. 9) and Rapl (lower
panel, lanes 10 vs. 9). By contrast, anti-CD18 co-precipitated
little if any of these proteins from SKAP-55-/- cells (all
panels(ilangs_ll, 12). Collegtively, these observations
clearly indicated that SKAP-55 expression is needed for the
binding of the SKAP-55-RapL-Rapl complex to LFA-1.

2.7 RapL224A disrupts LFA-1-ICAM1 binding and T-cell/conjugate

formation ]
Lastly, to test whether SKAP-55-RapL binding was needed for

LFA-1 mediated adhesion, T-cells were cultured on tissue
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culture plates coated with ICAM-1 in the presence or absence
of solublevanti—CD3 and assessed for binding, as previously
described 3% 3% 5! (Fig. 19). In these experiments, RapL and
SKAP-55 was used to transfect cells, although the additional
co-expression of RaplV12 gave similar results. Anti-CD3
increased binding of vector-transfected cells to ICAM-1 on
plates by 3-4 fold, while co-expression of SKAP-55 and RapL
increased adhesion further. However, neither RapLACZ2 lacking
RapL coiled-coil (SARAH) domain, nor the RapL-L224A mutant
supported an increase in binding. In most experiments, L224A
acted as a dominant negative in inhibiting anti-CD3 induced
adhesion. In keeping with this, RapL-L224A also failed to
support conjugate formation between T-cells and APCs (Fig.
19). T8.1 cells used for this analysis express a TcR that
reacts with Ttox peptide as presented by I-Ak on L625 cells70,
71. The T/APC ratio corresponds to the number of adherent T
cells in a given field (i.e. at least three fields with
greater than 60APCs) divided by the number of APCs in the same
field. While the addition of Ttox peptide increased conjugate
formation by 2-fold (i.e. from 1.8 to 4.0 T/APC ratio) in the
GFP transfected control, SKAP-55/Rapl. co-expression increased
conjugate formation by 10 fold (i.e. from 1.8 to 12.0 T/APC
ratio) . By contrast, the RapLL224A mutant failed to support an
increase in conjugation. These data showed that SKAP-355

binding to RapL is needed for T-cell-APC conjugation.

2.8 PH domain of SKAPl is required for translocation of RaplL

The effect of the PH domain of SKAP1 (SKAP55) on RapL
translocation to the membrane was investigated. While anti-CD3
induced WT Flag-tagged SKAPl translocation to the membrane
fraction (Fig 21 upper panel, lanes 5 vs. 4), V5-tagged RapL
failed to t;anslocate.in the presence of SKAP1-R131M (Fig 21
middle upper panel, lanes 9, 10). The PH domain of SKAP1 is
therefore needed to shuttle Rapl. to the membrane where it can

interact with Rapl.
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2.9 RapL translocation requires phosphoinositide 3-kinase

T-cells were ligated with anti-CD3 for 10min in the absence or
presence of phosphoinositide 3-kinase inhibitors LY294002 and
wortmannin. Cytosolic and membrane fractions of T-cells were
then purified and subjected to blotting with anti-SKAPl, RapL,
Rapl and actin (Fig 22 upper panels). While anti-CD3 induced
the appearance of SKAPl in the membrane fraction of untreated
cells, incubation with LY294002 or wortmannin was found to
inhibit the translocation from the cytosol (Fig 22 lanes 11,
12). Lower panel is a positive control showing that PI 3K
inhibitors inhibit ATK (PKB) as shown by the reduced
phosphorylation of the AKT target GSK3 (Fig 22; lanes 3,4 vs.
2). This data shows that RapL translocation to the membrane

requires phosphoinositide 3-kinase.

2.10 L25 of N-SKAPl interacts with RapL

The effect of mutation of the L25A and L30A residues on N-
SKAP1 binding to RAPL was investigated. While anti-GST was
found to co-precipitate V5-RapL in GST-WT and GST-L30A
transfected cells, anti-GST failed to precipitate V5-RapL in
GST-125A transfected cells (Fig 23). Anti-GST blotting
confirmed the expression of GST-SKAPi, SKAP1-L25A and SKAP1-
L.30A. Mutation of L25 therefore disrupts the GST
precipitation of V5 RapL (Fig 23; lane 4 vs. 3 and 5). These
data confirm that the N-terminus of SKAPl interacts with RapL

and residue 1,25 of N-SKAP1l is needed for the interaction.

2.11 SKAP1 required for T cell slowing in response to SEA

The effect of RAPL on the TCR induced ‘slowing’ of T-cell
motility in the presence and absence of SKAPl was investigated
in lymph node slices (Fig 24). T-cells from Skapl+/+ vs. /-
mice were layered on nodes and followed over time in the
presence of SEA super-antigen. In the absence of SKAPl, RAPL

did not cause ‘slowing’ of T-cell motility. The poor ability
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of Skapl-/- cells to ‘slow’ in response to SEA relative to
Skapl+/+ T-cells is consistent with the notion that SKAPl and
SKAP1 binding to RapL regulates the slowing of T-cells and the
ability of T-cells to interact with dendritic cells for a

response to antigen.

Ligation of the antigen-receptor generates key ‘inside-out’
signals that upregulate LFA-1 adhesion on T-cells'”. This
pathway is of central importance to multiple immune functions
including antigen-presentation, migration in lymph nodes and
to sites of inflammation®®. Despite this, the ‘inside-out’
pathway has yet to be clearly defined. To date, two modules
have been defined that include Rapl and binding partners RapL

and Riam?%728 37,

and another involving immune cell adaptors SLP-
76, ADAP and SKAP1 (SKAP-55)30r 31, 3% 4% 48, 6L, 74 1pn this study,
we have defined a novel pathway that integrates the two
modules by showing that SKAPl is an obligatory upstream
regulator of TCR inducpion of the Rapl-Rapl pathway, the
formation of a SKAP1-RapL-Rapl complex and the binding of the
complex to LFAjl_in T-cells. The Rapl-RaplL complex and binding
to LFA-1 failed to occur in SKAPI-/- T-cells, and in co-
expression studies involving Rapl-RapL expression without
SKAPI. N-SKAP1 clearly bound-to tﬁe.C—RapL SARAH domain (i.e.
Kd= 0.6uM), and a‘RapL mutant (L224A) that selectively
disrupted SKAP1 (without affecting MST-1 binding) abrogated
RapL—Rapi complex formation,. binding to LFA-1, co-
lqcali;at;on, asvwell as anti-CD3 induced LFAfi adhesion and
T-cellQAPC conjugate formation. Overall, our identification of
a novel pathway that accounts for ‘inside-out’ signalling will
have important implications for multiple aspects of T-cell

immunity.

In this study, the requirement for SKAP1l in anti-CD3 driven
Rapl-RaplL binding was clear as demonstrated by the absence of

complex formation in SKAPI-/- T-cells, and in co-expression



10

15

20

25

30

35

WO 2010/103294 PCT/GB2010/000468

47

studies with Rapl and RapL lacking the adaptor. In all cases,
complex formation was restored with the simple expression of
SKAPl, while specificity was shown by the fact that neither
ADAP nor SLP-76 could substitute for SKAPl in promoting Rapl-
RapL binding. Further, the mutation of single amino acid in
the RapL SARAH domain (i.e. L224A) was sufficient to_interfere
with SKAP1l binding, and potently blocked Rapl-RapL co-
localization, complex formation, LFA-1 binding and the

induction of LFA-1 clustering and adhesion.

This SKAPl-RapL-Rapl pathway can now account for SKAP1
effector function in adhesion where f-2 adhesion is defective
in SKAPl-/- T-cells ¥ %, In this case, two immune cell
specific molecules and domains appear to have evolved to
couple the TCR/CD3 complex in an ‘inside-out’ signalling
pathway to the Rapl and RapL pathway for adhesion. One
prediction is that the SKAP1 homologue SKAP-55R/Hom . (SKAP2)

will play an analogous role in B cells.

SKAP1 regulation of the RapL-Rapl module and LFA-1 adhesion in
T-cells may control multiple aspects of T-cell immunity where
TCR ligation is needed to upjregulate adhesion. Expression of
RapL-L224A mutant disrupted ICAM1 binding and conjugate
formation between T-cells and antigen presenting cells (APCs)
(Fig. 20). Migration in sites of inflammation and peripheral
tissues lymph nodes is also likely to be influenced by SKAPl-
RapL cqmplex_formation. Importantly, we also showed that SKAP1
N-terminal region binds directly to .the coiled-coil SARAH
domain of RapL. Binding was established using a variety of
techniques including co—precipitaﬁion, GST-pull own assays,
site-directed mutagenesis and_isothermal titration calorimetry
of isolated protein domains. N-SKAPl binding to the C-RapL
SARAH domain of RapL was found to have an equilibrium
dissociation constant of 0.6uM and a stoichiometry close to 1

(0.85). This slight discrepancy may be related to water or
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other contaminants. N-SKAPl therefore binds on a one-to-one
basis to CRapL, while Rapl-GTP also binds to the RBD domain of
RapL with a one-to-one stoichiometry. Different regions in
RapL therefore bind to SKAP1l and Rapl leading to the formation
of a trimeric complex. Consistent with this, antibodies to
SKAP1, RapL and Rapl precipitated each other in reciprocal

manner.

Further, anti-CDlla could also precipitate SKAPl, RapL and
Rapl from cells. The dissociation constant of 0.6pM for N-
SKAP1-C-RapL binding is in the range of other interactions
involved signal transduction such as in the case of SH3 domain

binding to proline-based ligands’.

The unique nature of SKAPl-RaplL binding allowed the
identification of a single site mutation in RapL (i.e. 1.224A)
that disrupted SKAP1 binding without affecting the binding of
Mst-1. Loss of SKAPl binding in turn had a major effect on
multiple aspects of ‘inside-out’ signalling. These included a
marked loss of Rapl-RapL co-localization and binding, LFA-1-
IcaM-1 adhesion and T-cell-APC conjugate formation as well as
Rapl-RapL-SKAPl complex binding to LFA-1. The potency of the
effect of a single mutation within a single molecule on a
variety of events underscores the importance of the SKAP1-RapL
interaction to T-cell biology. The mutant also distinguishes
the role of C-RapL binding to SKAP1 from its binding to Mst-1,
a kinase that also cq—localizes with RapL in vesicular
compartments at the leading edge of moving cells and that is
required for cell polarization and integrin LFA-1 clustering

adhesion?:26%7,

Qur imaging studies also showed that SKAPl, RaplL
and Rapl clusters, often localized in vesicular structures in
T-cells. RapL localization in vesicules as been observed by

26,27 ggAP1, RaplL and Rapl co-clusters in vesicules were

others
generally found at the frontal concentric area of the cell

next to extending membrane extensions, but not in the
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extensions themselves. Inﬁerestingly, mutation of the SKAP1
binding site on RapL did not affect the presence of SKAPI,
RapL and Rapl in these clusters, but rather markedly reduced
their more intimate co-localization as determined by Pearson’
correlation coefficients_following TCR ligation. Rapl-RapL,
SKAP1-RaplL and SKAPl-Rapl were affected such that the PCC
values were similar to those observed in resting cells. This
is consistent with anti-CD3 induction of binding between these
proteins as detected in biochemical assays (Figs. 1-15). Co-
localization in pSMAC-like structures was also disrupted. In
our model, N-SKAPl binding to the coiled-coil domain of RapL
is the crucial step in the regulation of the TCR mediated
‘inside-out’ signalling for LFA-1 adhesion (see model Fig.
20). The most straightforward model involves TCR induced ADAP
phosphorylation at YDDV sites®®%*® that allows SLP-76 binding,
together with ADAP binding to the SH3 domain of SKAP1%57% &,
Concurrent with this, TCR ligation would convert Rapl to a
GTP-bound form that binds to Rapl under the obligatory
regulation by SKAP1l. Rapl binding to GTP is itself has not
been found altered by reduced SKAPL expression%. Optimal

SKAPl-apL binding also required active Rapl.

Rapl-GTP binding to the RBD domain of RaplL may work by
potentially opening and stabilizing access to the C-terminus
of RaplL. Conversely, NfSKAPl binding to C-Rapl may help
stabilise access of Rapl-GTP to the RBD domain of RapL. Intra-
molecular binding within NorelA has been reported with the
interaction of Ras/Rapl-GTP with the RA domain of mNorel that
is weakened significantly by the binding of the Cl domain to
the RA domain’®. Taken together, this leads to the formation of
é minimal trimeric complex that binds to the ol chain of LFA-
1. The complex must be quite stable since it could withstand
co-precipitation in detergent. RapL has been reported to bind
to K1097/K1099 residues in oL tail’® ?®. While previous reports

indicated that this might occur in a manner involving only
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Rapl and RapL tail’® ?®, our findings now demonstrate that this

is orchestrated upstream by SKAP1.

Anti-CD3 ligation was needed for SKAPl regulation of ‘inside-
out’ pathway. In no experiment was SKAPl able to induce
RaplV12-RapL complex formation or it’s binding to LFA-1
without anti-CD3 engagement. This is consistent with
specificity in the role for SKAPl in linking the TCR complex
with LFA-1 adhesion.

The SKAP1 PH domain should bind phosphatidylinositol (3,4,5)-
trisphosphate (PI-3,4,5-P3) for membrane localisation and does
not have myristylation sites etc. The PH domain may also
account for the need of an additional TCR signal for SKAPIl-
RapL function where complex formation in the presence of
constitutively active Rapl (i.e. RaplV12) still required anti-

CD3 ligation.

We inactivated the PH domain (i.e. SKAP1-R131M) and showed
that RapL was unable to translocate in the presence of SKAP1l-
R131M (Fig. 21, lanes 9, 10). Rapl was constitutively
associated with membranes in both WT and SKAP1-R131M

transfected cells (lower middle panel, lanes 4,5,9,10).

Inhibitors of PI 3K, wortmanin and LY294002 also blocked SKAP1
and RapL translocation (Fig. 22; upper and upper middle
panels). We had also identified a specific SKAP1l site that
binds RapL. GST tagged SKAP1l and mutants L25A and L30A were
co-expressed wth V5 RapL and assessed for co-precipitation of
RapL (Fig. 23){ This clearly showed that the mutation of
leucine 25 to alanine (SKAP1-L25A) disrupts RapL binding. We
have therefore identified key residues in SKAP1l and RapL that

are responsible for the interaction.
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Lastly, we have examined the T-cell motility of SKAPI+/+ and -
/- T-cells in lymph node slices (Fig. 24). In wild-type cells,
the addition of SEA reduced the motility in the nodes, while
SKAP1 knock-out cells did not slow in response to SEA.

This is an important result, showing that SKAPl is needed for
the slowing of T-cells in response to TCR ligation. SKAP1
(upstream of RaplL) is therefore needed for slowing of T-cell
motility which in turn is needed for interactions with

antigen-presenting cells and an optimal T-cell response.
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1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

SEQ ID NO:

61
121
i81
241
301

SEQ ID NO:2

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081

ggcgaccgceg
cgcetececga
cgccgeccte
aggtttgcgg
gggctttcag
tggacaggac
tgcacccttt
agaacttgat
ctttggatcg
tgctaatgag
gatggccccce
ggataggcgce
tcaaataagt
ggaggaagaa
tggttcccag

‘ggagaaagaa

ggatgagagt
ggattgccat
tctgagcaag
gattgttcca
aaatatattc
ccctacttcet
ctcttgacac
atcaaacctg
acaaccacat
tgggaggagg
gtggttcctt

gctgaggtac
ccagggcececyg
cctgaggaga
aatgagaacc
caaatcaaag
agctctgatg
ttgtcagatt
aacgtaatca
gagtggcaga
aagagcaagc
cacctgecgaa
agctatgagt
ttcttgttaa
gaaaaagaag
tgcagaccca
gaagaagata
ggcactcgac
ggtgaccagc
gagtataaca
aaggagtatc
ttecectetet
gccaccccecac
ctcagagtga
ttactaaacc
ctgcctttte
acattactgg
gccatgaaaa

1 (NM_003726.3)

mgaaalpeei

rwlledaeef

gdiggdssdd nhsgtlglsl

hsffgsewgk
tsgdrrsyef
pscgsqgcrpt
glwdchgdgp

cgggagtagce
gccatggegt
ccgegetatce
tcgcgecetcet
gcccggaggyg
ccgetecegge
gacgtgcgga
gggcactgct
cgagaggtgc
tgccgcagcec
tctccagaaa
acacagcgcc
gagaagaact
gtgcatctga
tatgatgcca
ctgcccectag
atccaggggc
aagcggatac
ctctacctgce

rwcvvsrglf
tatspaeard
ilpgsvgike
delsfqrgdl

gcagtcgccea
ccecggecat
tacagagcct
gtgtceccgge
ctgceegggg
ctggtctgca
gcatcttcga
tcgeccgagtt
tgcggeagge
tgatccagtt
gcaccctcac
cgcccacact
gcectgggceat
aactccggceg
tcaaggaggt
atgccatcaa
tgctcaagaa
acaaggacgg
gcectgettge

55

aggtgcctceg
cgccecegtece
tcegttggcet
tcagcgctgt
ccaggtacta
ataatcacag
atcaggatga
agcaaggata
agcgatggtg
agcccaaagyg
gagattccaa
ttacagctac
aggatctgag
agacatatga
ctatcttgcee
tttatgaagt
gaaaaggagt
cagatgaact
tgtatggctg
tcaccactgce
cctgecttta
caacgccttg
ctgtaagcta
agcctagtca
cacaagcttt
ttgttctggce
aaaaaaaaaa

laeglrnenl
tsdapflsdy
yyyanekskqg
wvdgisfllk
pteekeeedi
irilskeynm

(Swiss-Prot Q86WV1.2)

aagccgecgce
cgggcagcegce
gagcggecce
gcecectetee
gaacctggag
gcagagactg
gcagccgcag
ggtgctgecg
gctgegetge
ggactgcagt
cgtgaccttc
gcaggagatc
gaaactgagt
gcctgtgacyg
gaacctggcg
gcagctgcac
gttcatggtt
acaagtgctc
tgggcctgac

cggtgcagcce
cgectctcecte
cctggaagat
tgcaagggat
ttgggatttt
cgggactctt
gggaatggaa
cttggagaag
tgttgtcagce
gaccttcctc
gaaagaatcc
tagtccagca
ctecttaacc
tgatattgat
tgggagtgtg
cttgccagat
agactatgcc
gtccttecaa
gtgggtggga
ctttgaagtg
tgaggaaact
gactcctcte
ccagtaagac
tagctcatcc
tcacaaagaa
tggtttgaaa
aaaaaaaaaa

savardhrdh
gdegmedivk
pkgtflikagy
dlssltipye
yevlpdeehd
ygwwvgelns

tgccaaagct
ccgtacccgce
gagctaccgce
actgcgccecg
cceceecgecce
cggcggceggce
gatcccagag
ggcggecececg
actaactgta
cagcaggagg
agccagaatg
aagcagaaga
gaagacggca
gtgcctgcetg
gctaccacgg
atcagcagca
gtggacaatc
ttccagaaac
acggaggtcc

PCT/GB2010/000468

gggtcgectt
ccgeccagec
gctgaagagt
cacagagacc
cagccccaag
ggcctgtcce
gacatcgtaa
aaaagcaaag
agaggtctct
attaagggct
tgctttgaac
gaagccagag
attccatatg
ggttttgact
gggataaaag
gaagagcatg
agttactacc
cggggtgacc
gaactgaaca
gaagaaagat
gatcatcaaa
tttgctgaag
aagtgggaag
ccatctctaa
ggtgagagag
agcacaaata
a

ilrgfggika
gageldnvik
svrmaphlrr
edeeeeekee
leedesgtrr
lvgivpkeyl

gccgccacta
tactattgga
cgccgeecce
gggcgcegega
gggccteecyg
ctggagcgcce
tceeggegga
gctggtgtga
aattcacctg
gtttatcccg
tctgtaaacc
tcgacagcta
cctacacggg
ggatcecggce
acaagcggac
ccaccaccgt
cccagaagtt
tctccattge
tcagctttgt

ccagccecgtce
aaatgcaggc
ttctggcaga
atattctacg
ggggagacat
tcacatccga
aaggagctca
atcatagttt
tctactacta
acggtgtacg
tgacctccca
actgggtgga
aagaggatga
ccccaagttg
agcctacaga
atctagaaga
agggcctatg
tcatcegtat
gcectegttgg
gaaacccagg
agttcccact
agacccaagt
aggcacgttc
atgtgtccac
aaggaaacct
aacttgggat

ryywdfqpag
agylekkskd
dskkescfel
tyddidgfds
kgvdyasyyq
ttafeveer

gccgggeatg
cccecgagcecg
cgaccggtcce
ggggcgcagce
acccgectcge
ccgaccccgce
gcgaggcgag
cctgtgcgga
tcacccagaa
ggacagaccc
tgtggaggag
caacacgcga
tttcatcaaa
ccagtccatc
atccttctac
cagtgaggtc
tgcacttttt
tgaccgcecece
gctaaaggag
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1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601

aatgaaactg
acaatcctgg
tttaggcaga
ctgcttectce
cagacacttt
ctgtggcaaa
ccaggctgtg
gacgtcctct
aactggaacc
ttctctgget
tgagtgaaaa
taatgctcat
aagtttataa
ctcagagatc
ttgcacatgg
tcaacaaact
tgtttcccca
atcagacagt
ccttecccag
gcactgcctce
cttgattaca
catgggccag
cagtgccecttt
gctggettet
gccegegtte
tgactccaat
ttgcactggc
gtagccagga
agggctggtt
aagtccctct
ctgacccagg
atgaactgtg
ttttaaacca
ttagaaactc
cctgcatgtc
ctgagaacct
gtatatatac
agaaaattat
aggtctaaac
taactgctgg
atattttctt
tgcaaaaatg

gagaggtaga
aaaaagagga
aactggagga
tcctectggt
ttctcaggac
agtctcttecce
ccccaccaca
ctcgatctge
tcacaccagc
ttgattctte
gttgtagcac
aaaaggactg
agctactggce
tccagagaag
aaacccaaag
gttcgttttt
aagggaagcc
aagagaaagc
ctaaagagca
cctectecca
gagaggggag
acccggcact
ttgttttcag
cctgccagga
agtatgggtt
cagtgatacc
ttcttgttta
ctgcagagac
ttccaaccca
tgggtcggtt
ctgagtccat
catagtctcc
caaaaaccct
tctceccectget
tctaacatta
ccctcectatgg
acataaaggc
tggacaattc
ctctgaaaaa
tagtgcette
tttaaatgtc
actcatgtta

SEQ ID: 3 (NM_182663.2)

61
121
181
241
301
361

SEQ ID NO:4

mamaspaigqg
sarraargnl
eghcfaelvl
pspestltvt
kvhlklrrpv
viggllkkfm
enetgevewd

rpypllldpe
eppprasrpa
pggpgwcdlc
fsgnvckpve
tvpagirpgs
vvdnpgkfal
afsipelgnf

56

gtgggatgcc
gcaggacaaa
ggccttaaga
gcattcagat
atctctggca
atggacaagt
gattctgcca
aagcctttca
cggcaaagga
tttgagttct
attccttttyg
ttcecegeggce
cccagatgcet
ctgcagcctg
gcatatatct
aagttacaaa
agtcattgac
caaaaagcaa
gaggagggcc
ctgcgactct
cctccaattc
gcgctcggag
agagaaatag
agtgaacaat
gagggtcaca
agaccacatt
ggctgaatcc
actccagtgc
gcctctgaga
caagcccaag
actgcccctg
agagcttcaa
ggttagccat
gtatattaaa
atagaaggca
ggatggctat
atatagctat
agactttact
agtatagtat
tttggttgtg
tttcttatat
aaaaaaaaaa

pprylgslsg
rplrpglqqgr
grevlrgalr
etqrpptlge
iydaikevnl
fkrihkdgqgv
ltilekeeqd

(Swiss-Prot QB8WWWO.1)

ttctccatce
atccaacaag
gaatcccagg
ttatttgtat
ggtgcatttg
gtttgcatgg
aggatcagaa
ccaaccaaat
aggaagaaag
cttacttgee
caggtctgag
cccaaggtgc
cagggtaagg
ccetggecect
gcgtatgtgt
tttgaattta
catttaaaaa
tgcagagaaa
tgggctactt
gggatctcca
ggccaacttg
agccggtggg
gagtagggcyg
ggcggeggtyg
gacctcccte
gacagggagg
taaaataaat
agagggagaa
aaccatttct
cttgttcgtg
atcccagaag
aggcaacaca
ctcatgctca
gggagcaggt
tggctectge
tttatttttg
atataaagag
aaagcacagt
cgagtacccg
ttgctcagtg
gggttttaaa
aaaaaaa

pelpppppdr
lrrrpgaprp
ctnckftchp
ikgkidsynt
aattdkrtsf
1fagklsiadr
kiqggvgkkyd
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ctgaacttca
tgcaaaagaa
gcaaacctgg
tattaattat
tgcctgececa
gggttcagct
ctcatgtgaa
agttgcctct
gttttagagc
acgtacagga
ctaagccecect
ctgttgttca
agcaccaaag
ggctctggcec
ggtacttagt
atgttgtcat
gtctcctgcet
ggtgtccaag
gggttcccca
ggtgctgccece
gagtcctttce
cctggectec
agtttgeccetg
tgggagacaa
ccatctgggt
atcaaattcc
tagtcaaaaa
ggacttgtaa
ttgctatccet
tagcttcaga
gaatgctgac
agctcgcaac
gccttatcac
ggagagtcat
tgcaaccgcet
agaaggaaaa
ataagggtgt
tagacccaag
ttcecctecca
tgtaagtgtt
aaaaagtaat

ssrlcvpapl
rdvrsifeqp
ecrsliqgldc
reknclgmkl
ylpldaikqgl
plylrllagp
kfrgkleeal

gaacttccta
gtatgacaag
gtaaccggtc
tattttgcaa
gcagttccag
gtgccecgecce
acaaacagct
ctegtcacca
tgtgtgttct
ccattattta
gaaagcaggyg
cacttaaggg
ctgaggctgg
ctggcccaca
cacatctttg
catcgtcatg
aagtatggaa
ctgtcttcag
tcggcecteca
aaggagttgce
tgttttgaag
ccgtcgacct
aagctctgcet
ggccaggaga
gcectgagttt
tgacttacat
attccaacaa
ttttcaaagc
ctgccttcce
agttccctct
ccctegtegt
tctaagattt
ttcccecteect
tttecttegt
gtgaatgctg
aaaaagtcat
ttatgaaatg
gcctatgctg
gaggtgggag
tgtttccagg
aaaagcctgt

stapgaregr
gdprvpaerg
sgqeglsrdr
sedgtytgfi
hisstttvse
dtevlsfvlk
resqgkpg
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Claims:
1. A method of identifying a compound which modulates LFA-1

mediated T-cell adhesion comprising;

determining the effect of a tesf compound on the binding
of an SKAP1 polypeptide to a Rapl polypeptide,

wherein a compound which affects said binding is a

candidate modulator of LFA-1 mediated T-cell adhesion.

2. A method according to claim 1 wherein the SKAP1
polypeptide and the RapL polypeptide are contacted in the

presence and absence of a test compound.

3. A method according to claim 1 or claim 2 wherein a
difference in the binding of the SKAP1l polypeptide and the
RapL polypeptide in the presence relative to the absence of a
test compound is indicative that the compound modulates LFA-1

mediated T-cell adhesion.

4. A method according to any one of claims 1 to 3 wherein
the SKAPl polypeptide comprises an amino acid sequence having
at least 70% sequence identity to the amino acid sequence of

residues 1 to 104 of SEQ ID NO: 2.

5. A method according to claim 4 Qherein the SKAP1
polypeptide comprises the amino acid sequence of residues 1 to

104 of SEQ ID NO: 2.

6. A method according to any one of claims 1 to 5 wherein
the RaplL polypeptide comprises an amino acid sequence having
at least 70% sequence identity to the amino acid sequence of

residues 223 to 254 of SEQ ID NO: 4.
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7. A method according to any one of claims 1 to 6 wherein
the RapL polypeptide comprises the amino acid sequence of

residues 223 to 254 of SEQ ID NO: 4.

8. A method according to any one of the preceding claims
comprising identifying a test compound which modulates the

binding of the SKAPl polypeptide to the RaplL polypeptide.

9. A method according to claim 8 further comprising
determining the ability of the identified compound to modulate
one or more of LFA-1 activation, clustering and/or adhesion;
T-cell-APC conjugation; TcR induced RapL-Rapl complex
formation; SKAPl-Rapl-RapL binding to LFA-1l; and T-cell
binding to immobilised ICAMI.

10. A method according to claim 8 or claim 9 further
comprising determining the effect of said identified compound

on T-cell mediated immune responses in vitro and/or in vivo.

11. A method according to any one of claims 8 to 10

comprising isolating and/or purifying the test compound.

12. A method according to any one of claims 8 to 11

comprising preparing and/or synthesising the test compound

13 A method accordlng to any one of clalms 8 to 12
comprlslng modlfylng the compound to optlmlse its

pharmaceutlcal properties.

14. A method according to any one of claims 8 to 13
comprising formulating the compound with a pharmaceutically

acceptable excipient.
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15. A method of detecting immunodeficiency in an individual
comprising

.contacting one or more T cells obtained from an
individual with-a first member of a binding pair consisting of
a SKAP1l polypeptide and RaplL polypeptide, and;

determining binding of the first member to the other

member of the binding pair in the one or more T cells.
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