T CELL ASSAYS The present invention relates to novel T cell assay nethods,
in particular where T cell responses to test antigens are increased by
removal of regulatory T cells. The present invention also relates to novel
assays where the timng of incubation with antigens or other sanples is
varied in order to optim ze detection of T cell responses. In particular,
the invention relates to T cell assays wi th protei nhaceous sanpl es where
optimal detection of T cell epitopes is achieved using multiple timepoint
measurenents of T cell proliferation or cytokine release. In addition, the
invention 10 relates to T cell asE&yELAa&SSANStim ng of incubation with
antigen with either antigen-presenting cells (APCs) or T cells or both APCs
and T cells is varied in order to optim ze detection of T cell epitopes.
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rel eag@"). assays where blood samples are taken from donors and processed such that primary
cultures of blood cells are used directly in such assays. For peptides and
proteinaceous samples, ex vivo human T cell assays have been used to detect human T
cell epitopes for several purposes including evaluating the potential immunogenicity
of such samples in man (Jones et al., J. Interferon Cytokine Res., vol 24 (2004) p560-
25 572), defining T cell epitopes within a protein sequence for subsequent inclusion in
vaccines, and defining T cell epitopes within a protein sequence for subsequent
removal in order to avoid immunogenicity (Jones et al., J. Interferon Cytokine Res.,
vol 24 (2004) p560-572, and Jones et al., J. Thromb. Haemost., vol 3 (2005) p1-10).
Current T cell assay methods broadly involve either incubating peptide or
30 proteinaceous samples with a mixture of APCs and T cells prior to measurement of T

cell responses, or incubating peptide or proteinaceous samples with APCs and then

adding T cells prior to measurement of T cell responses. In both types of assay,



Current T cell assay nethods to detect T cell epitopes are limted by one
or both of poor sensitivity and/or by interference due to inmunonodul atory
or toxic sanples 10 which inhibit, stinulate or otherw se nodify either
APCs, T cells or both APCs and T cells. As such, current T cell assay

met hods may not detect sonme or all T cell epitopes in certain peptide and
pr ot ei naceous sanples and may not be applicable to neasurenent of T cell
responses to i mmunonodul atory or toxic sanples including peptide and
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proliferation or cytokine retease nmay be 1 nfiuenCed by a range of factors
such as allotypic variation in T cell responses between different bl ood
sanpl es, effli ciﬁgc% and kjnetics of uptake and processi ng by APCs,
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pepti des to RiPlel@e¢aps samples whereby individual' T cell epitopes may induce T cell
responses at different times. For T cell proliferation where a single time point is used,
25 T cell proliferation upon addition of certain samples may, on the one hand, be initially
rapid but then decline at the time when a pulse of radioactive label is added such that
no significant proliferation response is detected. On the other hand, T cell
proliferation upon addition of certain other samples may be initially slow at the time
when a pulse of radioactive label is added such that no significant proliferation
30 response is detected even though subsequent proliferation becomes significant. For

cytokine release where a single time point is used, cytokine production upon addition

of certain samples may, on the one hand, be initially rapid but these cytokines may be



15l oad onto M-1C class Il nol ecul es expressed on the surface of APCs. In
relation to T cell assay interference by i munonodul atory or toxic sanples,
such sanples may bind directly or be taken up by APCs, T cells or both APCs
and T cells. Such sanmpl es can down- or up-regulate the nornmal i mmnol ogical
function of APCs 20 and/or T cells such that T cell epitopes or T cel
responses to sanples are not detected. #Another cause of T cell assay
interference by i munonodul atory sanples is through toxicity to APCs, T
cells or both APCs and T cells. Qther causes of T cell assay interference
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test antigens. Thus, the present invention provides novel T cell assay
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are renoved

proteolysis of peptide or proteinaceous samples within APCs, strength and frequency
of T cell epitopes within a peptide or proteinaceous sample, binding affinity of T cell
10 epitopes to specific MHC class II allotypes, efficiency of recognition of peptide-MHC
class I complexes by T cell receptors, frequency and concentration of co-stimulatory
cell surface molecules, concentrations of co-stimulatory cytokines, stimulation of
other cells in the assay mix such as CD8" T cells or suppressor T cells, the presence of
memory T cells, and the ability of some samples such as small peptides to directly

15 load onto MHC class II molecules expressed on the surface of APCs.

In relation to T cell assay interference by immunomodulatory or toxic samples, such
samples may bind directly or be taken up by APCs, T cells or both APCs and T cells.
Such samples can down- or up-regulate the normal immunological function of APCs
20 and/or T cells such that T cell epitopes or T cell responses to samples are not detected.
Another cause of T cell assay interference by immunomodulatory samples is through
toxicity to APCs, T cells or both APCs and T cells. Other causes of T cell assay
interference by immunomodulatory samples include up- or down-regulation of
subsets of APCs or T cells such as up-regulation of CD8" T cells or suppressor T
25 cells.

In order to usefully exploit T cell assays for a range of applications especially in
relation to human pharmaceuticals, there is a need for more sensitive T cell assays
methods for optimal detection of T cell epitopes and also a need for T cell assays

30 which can be used with immunomodulatory or toxic samples.



5 fromcultures resulting in an increase in T cell responses to test
antigens. In addition, the present invention provides novel T cell assay
nmet hods for optiml detection of imunogenicity in proteins that nodulate T
cells and/or APCs, or proteins that have a toxic effect on T cells and/or
APC. The present invention can also be applied to the detection of

non- pr ot ei naceous conpounds that can stygnmulate T cells either directly 10
through the T cell receptor, or by covakntly binding to proteins, or by
binding directly to peptides bound by WMHC class Il nol ecul es, or by binding
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usi ng human peri pheral bl ood nonucl ear ce
class Il molecules. In particular, the invention provides for methods where regulatory
T cells which would normally down-regulate effector T cell responses are removed
from cultures prior to measurement of responses to test antigens. In addition, the
15 invention provides for methods with multiple time points of measurement where the
time points after incubation with antigens or other samples are optimized for detection

of T cell responses.

In the first aspect the present invention provides a method for measuring a helper T cell
20 response to a test substance comprising the follows steps:
(a) isolating antigen-presenting cells (APCs) and T cells from a sample obtained from
an organism;
(b) depleting regulatory T cells from the isolated cells;
(c) incubating said APCs and regulatory T cell-depleted cells obtained in (b) with the
25 test substance; and

(d) assaying T cell responses to the test substance.,

The APCs and T cells are normally obtained from a blood sample. However, different
sources of T cells and/or APCs can be used in the invention including those derived
30 from tonsils, Peyer’s Patch, tumours and cell lines. In one preferred embodiment, the

method is carried out using human peripheral blood mononuclear cells (PBMCs).



5 As used herein the term"depl etion" nmeans elimnation of sone of the
regulatory T cells. This can be done by physically renoving the cells or by
i nhibiting or nodulating the action of the T cells. Thus the activity of
the targeted T cells is reduced. Preferably 75% 80% 85% 90% 95% 97%
98% or 99% of the targetted 5T cell activity is renoved by the depletion
process. It will be understood by thosé skilled in the art that, as part of
the present invention, a range of nethods for the depletion or targeting of
regulatory T cells mght be used as alternatives to the depletion of
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phase, or to cause the destruction or inhibition of such regulatory T cells, or otherwise

to separate regulatory T cells from other T cells for the T cell assays. For modulation,
20 molecules secreted by regulatory T cells may be prevented from such secretion or
may be blocked/inhibited/destroyed after secretion. Such molecules may include
cytokines such as IL-10, IL-4, IL-5 and TGFpB and such molecules may be blocked
using organic or inorganic molecules which bind to such molecules, for example
antibodies or soluble receptors, or by inhibitory nucleic acids such as siRNA,
25 antisense oligonucletides, or other nucleic acids delivered into regulatory T cells or
induced within such cells. Modulation of regulatory T cell activity may also be
achieved by targeting receptors or other surface molecules on regulatory T cells
including but not limited to GITR, CTLA-4. CD103, CC chemokine receptor 4,
CD62L and CD45RA in such a way as to break the suppressive function of these
30 cells. Such inhibition of function may be achieved, for example, by specific
antibodies with an agonist function or which may block ligand-target interactions

such that regulatory T cells are not removed but are rendered non-functional.



Modul ation of regulatory T cell activity may al so be achi eved by bl ocki ng
the target receptors of nolecules secreted by regulatory T cells or by

bl ocki ng pat hways activated or down-regul ated by such secreted nol ecul es.
Al so for nodul ation, regulatory T cells may be inhibited directly, for
exanpl e by bl ocking of transcription 5 factors such as foxp3 or bl ocking of
ot her functions or pathways related to gegulatory T cells. Such inhibition
or bl ocking nay be achi eved by organic or inorganic nol ecules, or by

i nhi bitory nucleic acids such as si RNA, antisense oligonucletides, or other
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15 specific Taetts.wh§adh mﬂﬂbltlﬂﬁ)torl Blbelihe BayMbk Nachicved | bya sadMR: of %orgéiﬁé'm e,
for human T ce] | assa?ééé a human formof an antibody or protein w

used to avoi®@otrcges,or E‘@hﬁ@%’ nugleiarsidarurh a8i5iRATA, mnbﬁ@sﬁ oligeyaicletides, or | n
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nodul ate T 20cells an protei ns or
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(3) CDS@hl + *’f“ma P&O BVige i @6@1(?5{01& ored] ¢Fe¥herr sustheglsaries thimsalvee st
antigens at jaRefeR willP cfénraﬁfa%rﬁichqﬁaean% m%%@ ggtg@ré?ﬁodéfaff&)y B s in

points for T cell proliferatidon and/or cytokine rele
the T cell assaporatodified toratommt whink sl mohlmdﬂ&mmﬂlesuclesssamthg@mmﬂh

ﬁggguLﬁgg dT %(?1%1 San?iﬂgél% o'ra‘?)ro e1n5 euseaf t(]; %lmllc?xye\:s mofeczlles secreteg rbey %e?ggia?c}ryef dF from

cells w111 either be selectively removed prior to T cell assays or will be used in a
15 specific form which will not interfere with T cell assays. For example, for human T
cell assays, a human form of an antibody or protein will be used to avoid T cell

responses to the antibody or protein itself.

In the T cell assays of the present invention with test antigens that do not modulate T
20 cells and/or APCs (typically proteins or peptides but also non-proteinaceous
compounds) the key steps are as follows;
(1) PBMC:s are isolated from human blood samples
(2) Optionally CD8" T cells are removed
(3) CD25"™ T cells are depleted
25 (4) Cultures are incubated with test antigens at one or more concentrations and
tested at one or more time points for T cell proliferation and/or cytokine

release

Key steps in the T cell assays of the present invention where the test antigens do
30 modulate T cells and/or APCs are as follows;

(1) PBMC:s are isolated from human blood samples



7 (2) APCs are isolated, typically by adherence to plastic, APCs are
induced to differentiate using cytokines and the test antigen is added to
the APCs (3) Autol ogous PBMCs, processed by prior depletion of CD25h1+ T
cells and optionally CD8+ T cells, are mxed with the APCs 5(4) Cultures
are incubated with test antigens at one or nore concentrations and tested
at one or nore tine points for T cell fgroliferation and/or cytokine rel ease
When the test substances are peptides or proteinaceous sanpl es or

non- pr ot ei naceous 10 sanpl es which are not i munonodul atory or toxic to
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of the present i FRle#s€i on, PBMCs are prepared from bl ood 20 sanpl es by
fractionation on density gradients and are then depleted of CD8+ T cells
and CD25"1 T cells such that the remaining PBMC conprise mainly CD4+ T
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ei ther be conducted at one fixed tinepoint, or at mul tllngl e timepoints.

These ti nepdiyMsaldaa cokorppbdensreissiisetad by beb sepuesenigthe pamipivnd feestugicyoicel |
responses t ?—ILSA—BIi %Elo?y%g@ le%ﬁregsredairﬂ e txkf(gplcis %E)fnﬂgtléﬂ'l %§ LANGE 'poglglation under
study. Allotypes expressed in the cohort are typically >80% of those expressed in the
15 population with all major HLA-DR alleles (individual allotypes with a frequency >5%
expressed in the world population) being well represented. Alternatively allotypes
expressed in the cohort are chosen to over-represent or to comprise HLA allotypes
which are thought to be associated with a particular disease under study. In a
preferred embodiment of the present invention, PBMCs are prepared from blood
20 samples by fractionation on density gradients and are then depleted of CD8" T cells
and CD25" T cells such that the remaining PBMC comprise mainly CD4" T cells
(~70%) and APCs (monocytes 10-20% and dendritic cells 1-3%). Such CD8" CD25"
depleted PBMC are established in cell culture and one or more peptides or
proteinaceous samples or non-proteinaceous samples are added and the cultures

25 incubated.

Measurement of T cell responses can then either be conducted at one fixed timepoint,
or at multiple timepoints. These timepoints can be pre-determined by measuring the
kinetics of T cell responses to similar samples or an optimisation substance.

30
The optimal conditions for an assay can be determined by using an optimisation

substance. An “optimisation substance” as used herein is a compound that is known to



8 induce T cell responses, such as individual inununonodul atory/toxic
pepti des/whole proteins, that are of a size and structure simlar to the
sanples to be tested or with simlar properties to the test substance. For
pepti des or protei naceous sanples or nonprotei naceous sanples, one or nore
peptides (typically 9-40 amno acids in length) or 5 whole proteins or
non- pr ot ei naceous conpounds of a size &nd structure simlar to the sanples
to be tested can be used as an optim sati on substance. The optim sation
substances are assayed and the resul;s used to define the kinetics of
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of 3HTAR (OofespiRes F@idémlé"?celi I.rééﬁ&%%QQﬁtmge[sufe'aecﬁ“)aﬁ%§§§1%%§nt§Qﬁ@a‘i’unds
taken up by proliferating T cells), release of 0 cytolcines such as |L-2
or | FNy, rrRBmmpalrysbﬂtwp@n dmyschatngésaﬁwca@amdoif sm@@mm@ va of mgrst pl/at i on
mar ker d change h er eciall
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pul se of 3HTdR at days 5, 6, and 8 after addjtion of the sanple or by
nmeasur ement S\thrsewpb1e§ﬁlrrge0ﬁ8@mé@e Tp dpmapagr) § celp sespposey tyfesigs capper
addi ti on of t t Y/ el ease
measur enent s%sgfegsﬁgﬁég ggen |a§% tﬁn@%& ecl aﬁ%%agél eé;))lﬁlﬂ egﬁ\?\nﬁt%hkdr@ﬁr%/
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am no acid over]a @g? ncor po atl n of ﬁ péjl se @f qﬁHTdR and/ ar measur ement
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of the test peptide, 30can be used. Adjacent overlapping peptides are

likely to contain T cell epitopes which together enhance the sensitivity
for T cell d&picllopespdetecesn tkmmeasured using a number of different assays such as T cell

proliferation by incorporation of a pulse of 3HTdR (or other radioactive, fluorescent
or chemiluminescent compounds taken up by proliferating T cells), release of
20 cytokines such as IL-2 or IFNy, mRNA transcription changes increased transcription
of activation marker mRNA, Ca®" flux, and changes in phenotypic markers especially
markers for activated T cells. Typically, for peptides or proteinaceous samples, T cell
responses will either be measured by incorporation of a pulse of 3HTdR at days 5, 6,
7 and 8 after addition of the sample or by measurement of cytokine release (especially
25 IL-2) at 8 days after addition of the sample (or by both 3HTdR incorporation and
cytokine release measurements). As an alternative, especially for peptides with
highly overlapping sequences (for example 15mers from a protein sequence with 12
amino acid overlaps), incorporation of a pulse of 3HTdR and/or measurement of
cytokine release at a single timepoint, typically day 7 after addition of the test peptide,
30 . can be used. Adjacent overlapping peptides are likely to contain T cell epitopes which

together enhance the sensitivity for T cell epitope detection.



9 When the peptide or proteinaceous sanples are i nununonodul atory or toxic
to APCs or T cells, the sanple obtained fromthe organismis processed and
the APCs are separated fromthe other cells. This is typically carried out
by adherence to plastic, and the peptide or proteinaceous sanple is then

i ncubated with these APCs. APCs 5 can be incubated with cytokines such as
i nterleukin 4, granul ocyte-nacrophage 8ol ony stinulating factor, tunor
necrosis factor alpha and interleukin 1 alpha to induce a mature APC
phenotype. Sanples in standard T cell assays with pre-fractionated APCS

wi || usual | Wherdhd peptide onppitenaRous sanubes 10 nrmnunem@ﬂulam or BEihipupBCs

Pref erably, mat ur e Al re ed b 0 ium 10
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or interl eulidyc aoma@md\W %HOWPW |%6%P%/§héiﬂﬂﬁ?r§d nﬁt?ﬁﬁa&sgéﬂ Cells
are added, hﬁﬁi&a{ehyA@é%lﬁ%ualmkﬁ éj%ﬁ&@@ﬂl&ﬂbﬁﬁorpﬁﬁﬁaﬁe&b fcd ag PBMCs

as above to the mature sa CD25h1 depl eted T cells
are 20 i ncubatred P\mfeﬂab}mb‘@mems’am)IA@Cpm‘eﬁderﬁlI@diéﬁyflmu@tlpamlgérQYﬁ fRGdEyB r

i ncubation ti oi.nt opt.im s n_subst ance can be
used 18 est spMmalERERHEA B sy Bomad PR R AR e 0,
time pointsiandhpy Shnhfiey ﬁlatudﬁlgcmhhunmmm rorttdATe spapRs are thee addalubt s
obtained with the optim sation substance can be used to define a, set of APC

i ncubat i on gmﬁeml-mat@]@ufoC raduaeybetedt forra sheit time. f Beponsiing 88 AutoXic &¥t i ng
of sanpl es %Fﬁl?(}l] @ﬁ funci{oﬁ; 6k lthers%?@?é]if 51‘?01{ ﬁﬁlte W&eﬂﬁ R4tfredgpect ed
e assay te

at one or rnalve In addition, two
or nore Coneaﬂfalhgé ifrons3 eaho heurss GRdrlller%siaﬁiple ABCtlhalHahne,t axtogerm‘us Fawplel

{hose [Somcemt FENTSREY FrO ORI GpBLTBEeC AP bo HOBO R ERIFY B
T el s or B I B e B are.
i munonodul atapsis tfntoﬁinﬁsnteﬂ&'uluelllcs @p4bbgand aripopolysarshadidi Anielgoustep is
to direct| Ye : ?ssgre fagded typléjaﬁ)ly (%408% CD25 M depleted T cells prepared from PBMCs
as above to the mature sample-pulsed APC. CD4* CD§" CD25" depleted T cells are
20 incubated with mature sample pulsed APCs for a range of further incubation time
points. An optimisation substance as described above can be used to establish the
kinetics of responses with different APC incubation time points and/or different T cell
incubation time points. The results obtained with the optimisation substance can be
used to define a set of APC incubation and/or T cell incubation time points for
25 subsequent testing of samples. In this manner, T cell responses to test samples are
detected at one or more of the assay time points. Alternatively, or in addition, two or
more concentrations can be used to establish the kinetics of T cell responses to the

optimisation substance and samples can then be tested at these concentrations.

30 When the sample to be tested is non-proteinaceous, either of the methods above (i.e.

methods for peptide or proteinaceous samples with or without immunomodulatory or



regul ati on of phenotypic markers of, for exanple, T cell activation or APC
differentiation. Typical markers of T cell activation include changes in
expression of CD69, CD25, CTLA4, A TR and neasurenent of intracellular Ca2+
flux. Conmon phenotypic markers used to assess APC differentiation include
MHC class Il, CD80 and 10CD86, which are all highly expressed on mature
APCs. These additional steps can provid® i nfornmation on the kinetics of T
cell responses to test sanples which assist in defining the assay
timepoints for optimally testing for T cell responses to test sanples.

Novel ex vi VoxiT mrepdrties say beesdtbdepentlinglom whetbarthe nonv-@ritéinncdoay samaple ange  of

15 applicati.ons especially in.relation to pharmceuticals for human use.
For protei nsln%?mﬁ?%g‘?fg%?'io{/éo’%%@%tbf‘}ﬁ%‘?q%é@ég?' cals, T cell assays of the
present invention can be used to identify T cell epitopes within the

protein sequence by testing overlapping peptides fromthe protein sequence.
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cel | assays mienotypicpnakenstusédioentdsoAPCadiffoentistin ihdndaVEES shenil, 0D80 hed

potentjal i ni city qf. range of types hecul s. i ncl udi ng
pept i d!a-@l p?@tﬂ Bongngh et gty FarRsed qe Wﬁd”ofI&%E FE aiBItoRa! ¥Ps oA pi ds,
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including conj ugates, mxtures and fornulations. T cell "assays of the
present i nvelpfingig theessay tiswroiafsyor eptitaly festitgaoh Treel eespohses detest sopipiast
manuf acture and clinical testing of pharmaceuticals. In 11
Novel ex vivo T cell assay methods of the present invention have a range of
15 applications especially in relation to pharmaceuticals for human use. For proteins for
prospective use as pharmaceuticals, T cell assays of the present invention can be used
to identify T cell epitopes within the protein sequence by testing overlapping peptides
from the protein sequence. The location and strength of such T cell epitopes can then
be used for assessment of the potential immunogenicity of the protein in man.
20 Alternatively, T cell epitopes within the protein can be subsequently removed by
mutation of the protein sequence prior to use in man. T cell epitopes within certain
proteins may also be identified by methods of the present invention and then
incorporated into vaccines either by inclusion of the T cell epitope sequence (or
variant thereof) within a protein vaccine or for addition to other components as part of

25 a vaccine.

Novel T cell assays of the present invention can be used for assessment of the
potential immunogenicity of a range of types of molecules including peptides,
proteins and non-proteins including organic molecules, lipids, carbohydrates or
30 molecules composed of two or more different moieties including conjugates, mixtures
and formulations. T cell assays of the present invention have broad application in

both research, development, manufacture and clinical testing of pharmaceuticals. In



research, for exanple, T cell responses to different anal ogues of active
nol ecul es can be used to assess potential immunogenicity of these anal ogues
in man. Such T cell responses can thus be used as criteria for selection of
| ead pharnaceuticals for further devel opnent. In devel opnent, for exanple,
T cell responses to different formulations 5 of the sane nol ecul e can be
determ ned to assess potential inmmunoglnicity of these fornulations in man.
Such T cell responses can thus be used as criteria for selection of the
optimal fornulation for clinical trials. In manufacture, for exanple, T
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understood that within the 30 scope there are a range of different nethods
known §5n t h@haimacpyicahnal ysis of T cell responses including methods such as
IVHC- pept i de bi ndi ng whi ch determ ne individual steps towards a T cell
response. As an alternative to fractionating T cells 12

As an alternative to use in detection of T cell epitopes, T cell assay methods of the

present invention can be used to assess potential adverse reactions to pharmaceuticals,
preferably for human use. These adverse reactions including hypersensitivity, allergy,
20 irritancy, immunosuppression, hyperimmune stimulation and injection site reactions.
T cell assay methods of the present invention can be also used to assess potential
adverse reactions to non-pharmaceuticals treatments such as transplantation, to
environmental agents such as grass pollen allergens, to foodstuffs, to cosmetics, and

to a range of industrially produced reagents such as detergents and enzymes.

25
It will be understood by those skilled in the art that a range of variations in the T cell
assay methods of the present invention can be used but that these variations will fall
within the scope of the invention, for example by using multiple assay time points in
the analysis of T cell responses. For instance, it will be understood that within the
30 scope there are a range of different methods known in the art for analysis of T cell

responses including methods such as MHC-peptide binding which determine

individual steps towards a T cell response. As an alternative to fractionating T cells



and APCs as described above, other cells may be fractionated for use in T
cell assays of the present invention. T cell assays can be perforned with
APCs enriched for Langerhan cells, different nacrophage. subsets or

di fferent subsets of APCs, and/or using or enriching for different subsets
of Tcells. It will also be understood that 5 cytokines could be added to
(or renmoved from the assay m xtures ofi2T cell assays of the present
invention in order, for exanple, to enhance sensitivity or to down- or
up-regul ate specific APCs or T cells. Different formats of T cell assays
can be used dnd AREs pndesatibaigboiverotberawls maydedtdctiangay forasent § cahassayd
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char act er i zemedsptatide wifiaf protegn bt periiide hiag|théry pechallshgrd WNthel hseidrm SitPCR
based N)ssue-t gnlo(?% kié (Dynal, Wrral, UK) as well as determning T cell
responses t @3 EbHtHBH4nt i gen Keyhol e Li npet Haemocyanin (KLH) (Pierce,
Cram i ngton, UK), Tetanus Toxoid (Aventis Pasteur, Lyon, France) and
control peptide epitope from 30l nfluenza HA (C32, aa 307-319). 13

The following examples are provided to illustrate the invention and should not be

considered as limiting the scope of the invention.
15 Example 1: Effect of CD25" T cell depletion on T cell responses

Peripheral blood mononuclear cells were isolated from healthy
community donor buffy coats (from blood drawn within 24 hours)
obtained from National Blood Transfusion Service (Addenbrooke’s
20 Hospital, Cambridge, UK) and according to approval granted by
Addenbrooke’s Hospital Local Research Ethics Committee. PBMC were
isolated from buffy coats by Ficoll (GE.Healthcare, Chalfont St Giles,
UK) density centrifugation and CD8+ T cells were depleted using CD8+
RossetteSep ™ (StemCell Technologies, Vancouver, Canada). Donors
25 were characterized by identifying HLA-DR haplotypes using an Allset™
SSP-PCR based tissue-typing kit (Dynal, Wirral, UK) as well as
determining T cell responses to a control antigen Keyhole Limpet
Haemocyanin (KLH) (Pierce, Cramlington, UK), Tetanus Toxoid
(Aventis Pasteur, Lyon, France) and control peptide epitope from
30 Influenza HA (C32, aa 307-319).



CD25 hi T cell depletion was carried out using anti-CD25 M crobeads from
MItenyi Biotech (Quildford, UK) using the supplier's standard protocol and
magnet. 10 vials of each donor was thawed and cells were resuspended in
30m s 2% i nactivated human serum PBS (Aut ogen 5 Bioclear, Caine, WIltshire,
UK). 5x107 cells were transferred to 3 x 15m tubes with the remaining
cells kept as whole PBMCs. An anti-CD2EB3 m crobeads dilution m xture was
made using 300121 of beads + 42001. 11 of separation buffer (0.5% human
serum 2nM EDTA/ PBS). The 15m tubes were centrifuged and resuspended in
500111 of niER68Ladseltilepletionwe cairieduow. usihgherti-WEI28 Mheanbdadpt at 4C for 5,

10 or 20 m putes _ before. sepayat. o] he .col ym, | ums e set up by
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1500r pm f or repusgBnfichiin e30mise PV inrativatcHehumas ussBEREESP i(AuBEOR1 of .
separ atS! on gﬂc;lega&,_ @éﬂ.ﬁeé%?ﬁég\}r% %Ikﬂe%)ﬁ%b ok Qeltﬁﬂﬁgrrgé’ f 3% llggql washes wi th

separation bu ’hr'ough the col urm was collect in 15m tubes
and cont ai nafbet REtHCDRSrematiethg cddpkeptess vhalet PBRICsThasieamtpCD25wer e spun down

at 1500rpmfaor 7 minutes and resuspended in_3nl Al med| O(I nvi trogen,
Pai sl ey, UKmigrepends dilgtion prgurecyps %‘a@\‘kP%n%t3QQFHéHA bleg/ﬁ'i/s tﬂgb(iﬂ]d’%CDZS and cel |
nunbers det o\ Iﬁﬁic;s(. Al ferepchres! | hation were put
in one well g%#a?%mgé}we I Oﬁ%o&%&nggeﬁﬁg%éwg el neP%Ei oi[%ggtg T%ri ckenhausen,
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e
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Sodi um azi delaRBS) supporied eh angrid adding Znkscsensretion hukfer tr eelWBA with i sot ype
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separation buffer was added and tubes were centrifuged at 1500rpm for 7
15 minutes. Cells were then resuspended in 500pu! of separation buffer and
added to the column followed by 2 x 1ml washes with separation buffer.
The flow through the column was collected in 15ml tubes and contained
the CD25 ™ T cell depleted fraction. These cells were spun down at
1500rpm for 7 minutes and resuspended in 3ml AIMV medium

20 (Invitrogen, Paisley, UK) before counting.

Cells were stained for CD4 and CD25 and cell numbers detected by
FACS. 5-10 x10° cells of each cell population were put in one well of a
96-well U bottomed plate (Greiner Bio-One, Frickenhausen, Germany).
25 The plate was spun down at 1200rpm for 4 minutes. Supernatant was
ejected and cells were resuspended in 50ul antibody dilution. Antibody
dilution consisted of 1/50 dilution of FITC-labelled anti-CD4 antibody
(R&D Systems, Minneapolis, USA) + 1/25 dilution of PE-labelled anti-
CD25 antibody (R&D Systems, Minneapolis, USA) in FACS buffer (1%
30 human serum/0.01% Sodium azide/PBS). Control wells were also
unstained, stained with isotype controls or single stained with labelled

antibody.



spun down at 1200rpm for 4 m nutes. Supernatant was ejected and cells were
resuspended in 2000 FACS buffer. This was repeated twice and 5 cells were
then transferred to FACS tubes. Cells were run through a FACS Cali bur
(Becton Di ckinson, Oxford, UK), and data collected and anal ysed based on
size, granularity and fluorescent tags. Proliferation assays were carried
out as follows. Wiole CD8+ T cell 10 depl eted PBMC and CD8+ CD25 hi

depl eted PBMC were added at 2 x 105 per well in 100pl1 of AIMW. Using flat
bottom 96 well plates, triplicate cultures were established for each test
condition. For each peptide 1000 was added to the cell cultures to give a

final conceptiration_ of_ 5u Cells r.e i ncubate i.th peptides and protein
antigens fo faﬁesd’&?g I%PQ}F%AO&ME?&%“E‘%W Idaaﬁ‘ m}a‘fﬁ%e?%e%l- | TdR (GE

Heal t hcar e, oChakdvanhe S0Pk e5r 4 Hiduted. OSupkBndiaiihvias Jked 41 qello! i f erat i on
assay, a threshold of a stinulation index equal to or greater than 2 (SI>2)

was used whersbiespaondadein 200uh &AL puler f Ehigtwaserepeptek 5p6neBd above this

t hreshql d wer.e deened positiVv d d_Line), dat a apal ysed to
det er mgne tﬁ%l%cg@?ef RS resaé)i g%@é ?’%’%ﬁé%l{s%} ar %Indte]%?lfagt}ﬁ %n (SD) and
si gni fi cancBA(S<CadSur BSEt0H HickiASon)\@yxfotd)RELY, @dd Jatadeliectsd bndest . Al
responses shown with SI>2 were significantly different (p<0.05)from

unt r eat ed n@mlaseé&aﬁfrdmrsslzezgra'nﬁl@ﬂ%é@lﬂ RuorascentdABian in figure 1 which
represent T cell proliferative responses in PBMCs fromthree human donors
(475, 440 and 462) to a series of borderline or weak T cell epitopes
(pepti des | P(EUBIEATH BERGHASD) caicl GRKFASSENQRESCGHHp]e 808" T cell

(! KPEAl%GCDAﬁsﬁeEt%y%ﬁé lﬁmh\é%\{)dépleted PBMC were added at 2 x 10°

per well in 100ul of AIMV. Using flat bottom 96 well plates, triplicate

cultures were established for each test condition. For each peptide 100pl
was added to the cell cultures to give a final concentration of 5uM. Cells
were incubated with peptides and protein antigens for 7 days before

15 pulsing each well with 1mCi/ml 3HTdR (GE Healthcare, Chalfont St
Giles, UK), for 18 hours.

For the proliferation assay, a threshold of a stimulation index equal to or
greater than 2 (SI>2) was used whereby peptides inducing proliferative

20 responses above this threshold were deemed positive (dotted line). All
data was analysed to determine the coefficient of variance (CV), standard
deviation (SD) and significance (p<0.05) using a one way, unpaired
Student’s T test. All responses shown with SI>2 were significantly
different (»<0.05)from untreated media controls.

25
The results are shown in figure 1 which represent T cell proliferative
responses in PBMCs from three human donors (475, 440 and 462) to a
series of borderline or weak T cell epitopes (peptides 1
(PGQTATITCSGHALG), 2 (GDKFVSWYQQGSGQS),

30 6 IKPEAPGCDASPEELNRYYASLRHYLNLVTRQRY),
9 (QSISNWLNWYQQKPG), 13 (KGLEWLVVIWSDGSS),



9 (QSI SNLNWQXPG), 13 (KGLEW.WIWSDGSS), 15 17 (AASGFTFSSFGVBW/), 20
( DTAVYYCAAAGVRAEDGRVRTI TSEYTFWEQ - GTQV), 24 (HQSLVI KLMPNI TLL) and to a pair
of strong T cell epitopes (peptides 25 (PKYRNMQPLNSLKI AT) and 96 5
(TVFYNIPPMPL) and to KLH antigen. The results show an increase in T cell
responses for all peptides after depletion of CD2561 T cells. Maximum
responses were deternmned for all peptildes follow ng 10 or 20 mnute .
depl etion of CD2516 T cells. These results denonstrated strong increases in
T cell responses after CD25 T cell depletion which, in the 10 exanples of
pepti des such @AYEPIFHTECNISIAH),20 al | oned detection of T cell epitopes in

pepti des pr '@@ Ok j |ye for T cell responses.
15Exanpl e 26(-‘ﬁ |n¥¥gr§e%&é§¥$@§w1g§fﬁm§ M-\l d téE%K( W) Mand T cell
epi t ope depl-@TRQVpept i(HES S pHARIC ERKEH

rgspegti vePy .derived fromhuman sTNF s&guence wer e synt hesi zed (Pepscan

20 Systems, 9PYYRTSad, (QBHERS: | afrls) RIRYRNDY BNtSéJiKrIQTZhe andt ha$ of ex?_rrgl el
i n whi i lto el P sed to conpare peptides
:jgl‘i vlegbf %‘Tﬁ%ﬁ{%@) t dgocapagbﬁgenf%&n%ﬁsa_ émrarbg’lcfea?ge)g’ponses from
twenty heal thycellorespanseBubk alupdptides afier elephtian! dfstedsByTaggng | M of

- i leted PBMC in AlMYV
2- 4x106/ mil %E)amcu%z ?esgcln;rseg ?A!e{re ge%&m?ned for all peptides following 10 or 20

minute depletion of CD25" T cells. These results demonstrated strong
increases in T cell responses after CD25 M T cell depletion which, in the
10 examples of peptides such as peptides 1 and 2, allowed detection of T cell
epitopes in peptides previously scored borderline or negative for T cell

responses.

15 Example 2 — Timecourse Peptide T cell Assays

Wild type (WT) and T cell epitope depleted  peptides
(HLRHCLSCSKCRKEM and HARHCLSCSKCRKEM, respectively)
derived from human sTNFR1 sequence were synthesized (Pepscan
20 Systems, Leystad, Netherlands) and tested using the method of example 1
in which CD8" CD25 ™ T cell depleted PBMC were used to compare
peptides derived from sTNFR-1 for the capacity to stimulate T cell
responses from twenty healthy donors. Bulk cultures were established by
adding 1ml of 2-4x10%ml CD8" CD25™ T cell depleted PBMC in AIM V
25 culture medium to each well of a 24 well plate (Greiner Bio-One,
Frickenhausen, Germany). Each peptide was tested separately against
each donor by adding 1ml 10pM peptide to each bulk culture (final
concentration of SuM for a 2ml per bulk culture). For comparison,
additional bulk cultures were established for untreated and positive
30 (KLH) controls. Replicate samples (of T blasts) were removed from bulk
cultures on days 6-9 and proliferation was assessed in 96 round bottom

plates The data were used to assess the magnitude and kinetics of T cell



25 culture mediumto each well of a 24 well plate (G einer Bio-One,

Fri ckenhausen, Gernany). Each peptide was tested separately agai nst each
donor by adding I'm 101.1M peptide to each bulk culture (final
concentration of 51.1.Mfor a 2nml per bulk culture). For conparison,
addi tional bulk cultures were established for untreated and positive 30
(KLH) controls. Replicate sanples (of I6 bl asts) were renoved from bul k
cultures on days 6-9 and proliferation was assessed in 96 round bottom
pl ates The data were used to assess the nagnitude and kinetics of T cell
16 r esponsesespaznsea(tch epappeedeom days 667, §,ang %mst98tp‘@‘$1@tl<§”t| Ml ation. In

addi ti on, ane .twenty heajt onar s used he rse
proliferati 6%1 QY o e S9RE (LU dlﬁg%} Y B2y %sgfluch & etl gays culture

with the TNGRLf@818A 888y Uedrd Gedidiefor U1.2 Blddsib@én afsay dalf_:i bslrme plates were 5
pre-wet wth 70% et hano?l then coated with IL-2 ca[)ture ant i body (R&D
1

systems, M m@ab@ﬂ‘Nglesmldwmtme -3tEligpot aspry. BlsRA #1afgs ¥ hashed twi ce
W|thP 0, N : K RS for 2 hours

r oo%st en% ‘é’ tu\rggﬁ 7?@&%%%%1&2%%&%&\%21%?2%% %%nga%t?? or tot he addi tion of
CD8+ CD25 hisyslersg | Mirgiegiotis eUSRBMUemight al Q5C. célhlasplalesr wef wedhedand t est

sanples at a final concentration of 5u Aft ay 5% CO2 he
pl at es wer e tWEg ViBHERS (rvitEeeeRabslay tﬁg‘fk ’E’elr% %ﬁéﬁg %S IL-2

det ect I % BSA dded
For 2. hour o A Bk e e e R i - X@S(E&De

systems, M tireadititiors pf UBR) OR2sS 5d1“:led1 ﬂopletré PRMChasubd 0° e¢lls prat es washed
again en BCl P/ NBT chro n (R&D s ste added for 30
m nut etdq The A f\/\%’PB’ % g‘ % ’We‘i‘ia Ph O%A “2@‘ toééﬁ%sggﬁp%ounts anal ysed
usi ng the | mruyosR @O Fliesats a«eﬁldezabpecsoAftwghwmtpﬁrss wadrevel and, Ohio,
USA). 20 For both T cel | proliferation and IL-2 ElIi spot assays, responses

t hat exceed tkendiBS,HLed ﬁ@ﬁ@tlcﬁﬂf argibodin (RER gystseds wae@p is G FRcant | y
(p<0.05) di EJB%‘Zﬁ’%t %s QQ&%?H‘B&E& 3WRE €A gtg?ﬂﬁglep%élhh%%th-rhe results

shown in fi I cat pept gave responses in the sane
three 25hurr&Jr}st@ﬁe;5t5va(d&-A$' @D S¥steins Motreaynlis] USey) atdsaddeditor] L- 2 El i spot

assays_indicating that this ide c el | The
prol i fEYatidr DPWEc i Blates n‘éﬁ‘sglﬁé é‘éalf’h‘g?n %ﬁ%f}ﬁ%{ %@%dMﬁs peak _
proliferatiq tgstgﬁ%p%%ppept | %5;} 88d&drof SRYSnakt. erT&EBIaltégeW@{@dl tion and, In

i
each case, woul d have been scored negative as a T ceI
washed with water, dried then spot counts analysed using the

Immunospot Elispot analyzer, software version 3 (Cleveland, Ohio,
USA).

20
For both T cell proliferation and IL-2 Elispot assays, responses that
exceed a SI threshold of 2 (dotted line) and are significantly (p<0.05)
different than background (*) were deemed positive. The results shown
in figure 2 indicate that the WT peptide gave responses in the same three

25 human donors (3, 8 and 11) in both proliferation and IL-2 Elispot assays
indicating that this peptide contains a T cell epitope. The proliferation
timecourse indicated that for these three donors, peak proliferation
responses were detected 7 days after peptide addition and, in each case,
the WT TNFR1 peptide would have been scored negative as a T cell

30 epitope if proliferation responses had been measured at timepoints 8 or 9
days after peptide addition. These results also show a strong correlation

between T cell responses measured by proliferation and IL-2 Elispot.



30 epitope if proliferation responses had been neasured at tinmepoints 8 or
9 days after peptide addition. These results also show a strong correlation
between T cell responses neasured by proliferation and IL-2 Elispot. 17
Exanple 3 - Tinmecourse Wiole Protein T cell Assays WIld type (W) and
mutant T cell epitope depleted human STNFRL 5 proteins were prepared as
human Fc fusion proteins as described iy WO 2004/ 113387 with the

epi t ope-depl eted protein having nutations HOQ T20R, L56A, L108T, L110H and
L149D. Proliferation and IL-2 Elispot assays were perforned as in exanple 2
except that Im of sTNFRL proteins were added to a final concentration of

10g/ M. The 10 dat,a .shown in fjgure 3 indicate that, for the proliferation
assay, Si gni]f:’fad‘é[ﬂle%'r’@’é\“fm?‘&ep%}ﬁg’ dein Toesllbd958¥s i n donors 13 and 17 for
the WI but not the nutant T cell epitope depleted protein. Peak responses

were observed at days 8 and 9 and neither donor 13 or 17 showed any
si gni fi cant VadpspedWak) aed) neitariof eHeetitope deplespiohwass affNARIt h donors 13

and 17 re ' iti.ve for T .cell.responses t ut not the

nut ant ye\ﬁi td%g@glgpwggeﬁr%é?rggeﬁsnimpﬁn ;g?dhsfoé’n!’l%g‘ﬂ%tas &é‘gf%gamsi gni fi cant
response to WD/J00a11a8B87 rwithitke apaaye-ddpict¥d thho@MA ARYiBe Inulahbns €Sul t's
further dem)Instrate the utilit e tinmecourse assay in detecting T cell

f th
responses, iAYRnI0RIESP; bSMoKég%lF,dﬂépHﬁndﬁé‘lﬂDt hPrkifarptian &hd t he resul ts
h d i
oroli ferat o LEguRh agRep eSO i LER RS SR e IRl rodut at or y

Protein T cellINFRIspyptiRSwhicsaddeanplaefindl ldatdnabesn bheoigugntiwn when used to
measure T ce]l responses to an i munonodul atory protein, human interferon

beta wh ch i%aSheWA 1k Heuis-Lindicatedthatn Firshe prolifargicacnssays signifisentdr i ti cs cel | s
such as HLA G Aes§ LT : (o) noj . 5 159: 155-64) and
B7- 1H ( Schr ei ner é%gt al r?&%@Pﬁ%ﬁ%‘?‘&g6‘8‘5%%‘7@%@‘?@%r der to 30
t est whet hermitamicReellemitipe depletedp@stept. eB@itreipontdievaeouensal af | FN beta
could stinmulate, T cellg in vifro, ified method for |oading antigen
into nonocytd%yﬁjgrap\lc/g&naé]ﬁﬁ}t“?rt Oc‘}of:é? Pg?gééomyo%ﬁﬂﬁ?%t W#FPemset he

at day 6. For the IL-2 Elispot assay, both donors 13 and 17 were again

15 positive for T cell responses to WT but not the mutant epitope depleted

protein. In addition, donor 4 gave a significant response to WT protein in

this assay. As with example 2, the results further demonstrate the utility

of the timecourse assay in detecting T cell responses, in this case to whole

proteins. As with example 2, the results show a good correlation between

20 T cell responses measured by proliferation and IL-2 Elispot.

Example 4 — Timecourse Immunomodulatory Protein T cell Assays

25 This example illustrates the invention when used to measure T cell
responses to an immunomodulatory protein, human interferon beta which
is known to upregulate inhibitory molecules on dendritics cells such as
HLA-G (Mitsdoerffer M et al J Neuroimmunol. 2005 159:155-64) and
B7-1H (Schreiner B et al J Neuroimmunol. 2004 155:172-82). In order to

30 test whether linear T cell epitopes present in the sequence of IFN beta
could stimulate T cells in vitro, a modified method for loading antigen

into monocyte derived dendritic cells was developed in which the



18 biological effects of IFN beta on both dendritic cells (DC) and CDC T
cells was mnimzed. Monocytes were isolated from PBMC by adherence to
tissue culture 5 plastic (>90% CD 14+) and were cultured in 24 well plates
in AIMV nediumw th 5% heat inactivated human AB serum ( Aut ogen Bi ocl ear,
Caine, Wltshire, UK) (growth nedium at an approxi mate density of 1x106
per well (24 well plate). Mnocytes welt& incubated in growth nedium

cont ai ni ng human |L-4 (Pepr ot ech Rocky HiIl, NJ, USA) and 10 GVt CSF
(Peprotech, Rocky Hill SA) for 3 days. n daé 3, 44 /rr1 of
Bet af er on (@@mqahgff%@ OBéFNlbﬂa @ et Jgndy r?ée]éﬁjﬂ% ) prd @% test buffer

pl us 3% hea hurran AB serum and 25nM (final concentration)
HEPES pH 8. Eegoq)?agto“%nmﬁ? S containing 50g/mM KLH or no antigen (untreated
cells) were incubated in Im PBS+0.01% Tween 20 15 plus 3% heat

i nacti vated_ human AB serum( t andard buffer). Dvaere i nc bated W th
anti gen for MODREIFS W&rg avolatrd drropdBMEr by \adbrreresstq (i f¥Wenove exogenous

| FN beka. @Igrﬁ+ FQ@/\Q,Q c ni ng TNF al pha
(Pepr ot ech, oéiﬁf/f 5%%2}?&9%%%@ I L Hr@(g/ﬂgggillg .8%0 On day 4,

aut ol ogous ﬁiaerunﬂmﬁrﬁ%dmpﬂ Ehelnivmhuﬁarcélﬂ mrumr(éxutcsgmhﬁledlemy negative
selectlonfro Huma ative |sol n Kit, Wrral, UK
and were t hgﬁ S}P%B&)é 1o %%“flﬁi L GR 1 4PPiOYITRY h‘?eﬁf%’fl feration and

El'i spot pl aem® &kl@aptzm%ueﬁawr MbRsdyRAt RélefiREubatdd & gyan bef ore

devel oping (as in exanple 2) and prolifération plates were incubated for 7

days bef or eﬂwdmﬁl f:@mammgnhwm@l Ms@eéwt@}l Raelor ploil.a{.0HSAP aBdiTdR (a 6 hour
pul se (3t 1

pul oo 8, AR gyt ERD 19170 Bk 598 gL OE38] R and B oot
responses ahgme dfmeﬁaféﬂa,hqsac&rﬁhg\o@@eB@lﬁﬁne&nm?) WereeaddBdiit DSmIor e
statistical analysis was
test buffer plus 3% heat inactivated human AB serum and 25mM (final
concentration) HEPES pH 8. Control wells containing 50pg/ml KLH or
no antigen (untreated cells) were incubated in lml PBS+0.01% Tween 20
15 plus 3% heat inactivated human AB serum (standard buffer). DC were
incubated with antigen for 6 hours after which DCs were washed 6 times
to remove exogenous IFN beta. Cells were then resuspended in growth
medium containing TNF alpha (Peprotech, Rocky Hill, NJ, USA), GM-
CSF and IL-4 overnight.
20
On day 4, autologous CD8* CD25 ™ depleted CD4" T cells were isolated
by negative selection from PBMC (Dynal Human CD4" Negative
Isolation Kit, Wirral, UK) and were then added to DCs at 1 x 10° per well
in both proliferaﬁon and Elispot plates. Elispot plates were incubated for
25 6 days before developing (as in example 2) and proliferation plates were

incubated for 7 days before proliferation was measured by incorporation

of 3HTdR (a 6 hour pulse at 1uCi/well).

As with example 2, for proliferation and Elipsot assays an empirical
30 threshold of stimulation index >2 was selected where responses above

this threshold were deemed positive. Furthermore statistical analysis was



19 al so performed to determnine whether the responses were significantly
(p<0.05) different fromuntreated control (*). Additional analysis to
determne the degree of intra-assay variation included coefficient of
variance (CV). 5 The results, as shown in figure 4, indicate significant T
cell responses in 4 out of 29 donors for the proliferation assay and the
same 4 out of 29 donors for the IL-2 El¥spot assay. This data shows that T
cell responses could be reproduci bly denonstrated even with an

i munonodul at or Oprotein, Exanple.5 - Tinmecourse Snall Ml ecule T cel
Assays 15%%&&%&%@ tQ I%Wiqegg’bﬁ%%ﬁ@eiﬁsp‘&i%m SiEméficRRtIN: 3cet yl .

i mnostil be f i P8, i rding to Ying
et a0 gour na ) RO Rng O TRARET O BB AR BE 3857 001) Cer o
conpar ed foddtm@nammﬂé%ﬂ%mogﬁﬁmmhsmp‘ﬁhk@bmin@s@nhsedﬂbnnaoﬁanel of

heal t hy dong&gg%ggég%conpounds were tested at 25)tg/mL in separate 20 bul k

cultures fo or according to the method of exanple 2. Briefly, bulk
cultures were established using 2-4x106 CD8+ CD25hi T cell depleted PBMC in

each 'l of a 24 well plate. Replicate sanples (of T blasts) are renDYFd
frombulk c HRYS; an ik Skl WA SesBS g in 96 we
pl at es. Thqu&arggﬁﬁ%(ragsusedlnﬁégssgggfc%ﬁgiﬁigﬁh?gge Z%ggnl?iéz?'ﬁetl cs of T cell

responses t outealt A9 clonprs uind theAprofideratixaaysag add the Shim@ dvast o289 as a

threshold fQr_positive t onses and, da s further.. anal yzed to determ ne
the coeffi Clggrhq?‘s i(fr tbaﬁ-&ﬁlil@spo? assay. q“hls c{a?a gi%ws that T cell respor\x/ses
could be reproducibly demonstrated even with an immunomodulatory

10 protein.

Example 5 — Timecourse Small Molecule T cell Assays

15 Carbamazepine (Novartis Pharmaceuticals UK) and an N-acetyl
iminostilbene (an analogue of carbamazepine, synthesized according to
Ying et al Journal of Allergy and Clinical Immunology 2006; 118:233-
241) were compared for the ability to stimulate T cell responses in a panel
of healthy donors. Both compounds were tested at 25ug/ml in separate
20 bulk cultures for each donor according to the method of example 2.
Briefly, bulk cultures were established using 2-4x10° CD8" CD25" T cell
depleted PBMC in each well of a 24 well plate. Replicate samples (of T
blasts) are removed from bulk cultures on days 5-8 and proliferation was
assessed in 96 well plates. The data were used to assess the magnitude

25 and kinetics of T cell responses to each compound.

As for example 2, a SI>2 was used as a threshold for positive responses
and data was further analyzed to determine the coefficient of variance
(CV), standard deviation (SD) and significance (p<0.05) using parametric

30 and non-parametric statistical analysis. Any given compound was



(CV), standard deviation (SD) and significance (p<0.05) using paranetric
30and non-paranetric statistical analysis. Any given conpound was 20
considered to be imunogenic only if the response is statistically
significant (p<0.05) with an SI=2. The results show that the carbanmazepi ne
nmetabolite N-acetyl 5 imnostilbene stinulates fewer donors than

car bamazepi ne (known to be a potent incecer of del ayed allergic responses
in patients) when tested over a range of concentrations using the tine
course T cell assay nethod. It is clear that using a single tine point T
cel | assay iconsidbdgty hembemundgehiccebly ifshonsgmnyoul ktapticdlave been

detected. | ndeeﬂ th j Ori. o%[ cell 10 responses agai nst - carbanmazepi ne
are induced FMd% tgﬂfmﬁa‘%ﬁ{%ﬂ ﬁé—' addi ti onal response detect on days 6 and
7. Assessnent of T cell responses agai nst N-acetyl and carbanazepi ne using

a single tine point T cell assay on days 6, 7 or 8 would not have
di scri mi nat ebheaniesplésy ephost  thatru ey e pirbamgzdpitenemntabblits e Nacetgonpounds. 21

CLALNE b A TR D e SRR e SRR 3 =t v
cel I's (APCs)powi iddueet bisdeldyetaBerpaiieksorRéd @i paienthy AR ARsRH 38 SM
a range of concentrations using the time course T cell assay method. It is
clear that using a single time point T cell assay in a large number of T cell
responses would not have been detected. Indeed the majority of T cell
10 responses against carbamazepine are induced on day 5 with only one
additional response detect on days 6 and 7. Assessment of T cell
responses against N-acetyl and carbamazepine using a single time point T
cell assay on days 6, 7 or 8 would not have discriminated any level of

immunogenicity between these two compounds.



(b) depleting regulatory T cells fromthe isolated cells; (c) incubating
said APCs and regulatory T cell-depleted cells obtained in (b) wth the
test substance; and 10(d) assaying T cell responses to the test substance.
2. The nethod of claiml1l wherein said nethod further conprises: (ai)
separating the antigen-presenting cells (APCs) fromother cells; and

step (c) conprises incubating the test )gubstance with the separated APCs
prior 15to subsequent addition of regulatory T cell-depleted cells. 3. The
met hod of claim2 wherein the APCs are treated with cytokines prior to
addition of the test substance. 204. Treammshod of clains 1 to 3 wherein
the APCs and T cells are derived from peripheral blood nononucl ear cells
(PBMCs). 5. The nethod of any one of claims 1 to 4 wherein the APCs and T

Fequi atory T cal Teted SOBREHRER Ol PP ARty BBsubihocuiBifidnt 15
one of clains followsstegserein the T cells are depleted of CDS+ T cells.
5 (a) isolating antigen-presenting cells (APCs) and T cells from a sample obtained from
an organism;
(b) depleting regulatory T cells from the isolated cells;
(c) incubating said APCs and regulatory T cell-depleted cells obtained in (b) with the
test substance; and

10 (d) assaying T cell responses to the test substance.

2. The method of claim 1 wherein said method further comprises:
(ai) separating the antigen-presenting cells (APCs) from other cells; and
step (c) comprises incubating the test substance with the separated APCs prior

15 to subsequent addition of regulatory T cell-depleted cells.

3. The method of claim 2 wherein the APCs are treated with cytokines prior to addition

of the test substance.

20 4. The method of claims 1 to 3 wherein the APCs and T cells are derived from
peripheral blood mononuclear cells (PBMCs).

5. The method of any one of claims 1 to 4 wherein the APCs and T cells are human.

25 6. The method of any one of claims 1 to 5 wherein the regulatory T cells are depleted of
CD25hi* T cells. "

7. The method of any one of claims 1 to 6 wherein the T cells are depleted of CD8+ T
cells.
30



22 8. The nmethod of any one of clains 1 to 7 wherein the T cell responses
are assayed by neasuring any one or nore of T cell proliferation, cytokine
rel eases, T cell transcription changes, and/ or other markers associ ated
with T cell activation 9. The method of claim38 where T cel
proliferation is neasured by uptake of tritiated 5thym dine. 10. The net hod
of claim8 where cytokine release is m@asured by release of IL-2 and/or

| FNy. 1011. The method of any one of clains 1 to 10 wherein the T cel
responses are assayed at nore than one tinme point during incubation. 12.
The nmet hod of. dhy nmtieododf anly @anesf Aaine Lt Whdeeimtht MeceAREpoases atamedetidgd Wi t h

the test substance for nore than o length of tinme prior to_addition of
said T cell 158?8?‘5@@0“@&“?9?%Otr'llﬁﬁelﬁ@i"ﬁ?g‘aa%‘fn’ gyigkine relegseqlesed n t he test

substance are &%ﬁ@&ﬁ%ﬂoﬁ%hﬁfg@&ﬁdﬁ&%ﬂl&%E&Qﬁ@ﬂ&iﬁéhivﬂﬂigcapéc‘hvaﬂ_&}? et hod

of any one of clains 1 to erein an optimsation substance 1s assayed

to det er m ned-t Ake spthadedf cldime] whera dovedlrprelifscationrinmicasusddsy dmakeadsatated) t he

t est supst ancethymidine.

10. The method of claim 8 where cytokine release is measured by release of IL-2 and/or

IFNy.

10 11. The method of any one of claims 1 to 10 wherein the T cell responses are assayed at

more than one time point during incubation.

12. The method of any one of claims 2 to 11 wherein the APCs are incubated with the
test substance for more than one length of time prior to addition of said T cell
15 depleted cells.

13. The method of claim 1-12 wherein the test substance are assayed at a more than one

concentrations.
20 14. The method of any one of claims 1 to 13 wherein an optimisation substance is
assayed to determine the optimal time(s) and/or concentrations(s) for assaying the

test substance.

15. The method of any one of claims 1 to 13 where the test substance is a protein.

25

16. The method of any one of claims 1 to 13 where the test substance is a peptide.

17. The method of any one of claims 1 to 13 where the test substance is a non-protein.
30 18. The method of claim 17 wherein the test substance is an organic molecule, a lipid, a

carbohydrate or a molecule composed of two or more moieties including conjugates,

mixtures and formulations.



15. The nmethod of any one of clains 1 to 13 where the test substance is a
protein. 25 16. The nmethod of any one of clains 1 to 13 where the
test substance is a peptide. 17. The method of any one of clains 1
to 13 where the test substance is a non-protein. 3018. The nethod of claim
17 wherein the test substance is an organic nolecule, a lipid, a
carbohydrate or a nol ecul e conposed of #Z3wo or nore noieties including
conjugates, mxtures and formulations. 23 19. The nmethod of any one of
claims 1 to 16 where the test substance is i munonodul atory or toxic to T
cells and/or APCS 520 The nethod of any one of clains 4 to 13 wherein
donor PBMCs pressing HLA all otypes representing >80% of the
expression i CIC{)O fso5 ona Of elaingy | tnkd yBergthe feshsubiense ist udy.

21. The net hOd Iﬂfnuﬁ&ﬁoeﬁﬁtoﬁ OICHOQiCrEB T403 19 MOM@S@I n donor PBMCs are used to

represent 10specific HLA allotypes I'in to a disease under study. 22. The
nmet hod of any one of clains 1 to 15 where over | appi ng peptides froma

proteln sequ, tested in rder jdentify T c itopes in the
protein sequz(ﬂg[g’ Mo e OReL 618”‘6‘? b geg?dqug?ﬁgd(‘;%r@ B£e§§xﬁﬁé§18$n a
series of nol e¢y]l £51I&HFesiBFle®ting >80% of the expression in the world population or the

population under study.

21. The method of any one of claims 4 to 13 wherein donor PBMCs are used to represent

10 specific HLA allotypes linked to a disease under study.

22. The method of any one of claims 1 to 15 where overlapping peptides from a protein

sequence are tested in order to identify T cell epitopes in the protein sequence.

15 23. The method of any one of claims 15 to 18 wherein a series of molecules are tested

individually in order to assess relative immunogenicity.

24. The method of claim 23 wherein relative T cell responses are used as a basis to select
lead pharmaceuticals for further development.
20
25. The method of any one of claims 15 to 18 wherein a test substance is analysed in

order to assess potential immunogenicity.

26. The method of any one of claims 15 to 18 wherein different formulations of a test

25 substance are analysed in order to assess relative immunogenicity.

27. The method of any one of claims 15 to 18 wherein different manufacturing batches

of a test substance are analysed in order to assess potential immunogenicity.

30 28. The method of of any one of claims 15 to 18 wherein a test substance is analysed
using patient blood as a source of T cells in order to assess immunogenicity to the

test substance.



individually in order to assess relative inmunogenicity. 24. The nethod of
claim23 wherein relative T cell responses are used as a basis to sel ect

| ead pharnmaceuticals for further devel opnent. 20 25. The nethod of any one
of clainms 15 to 18 wherein a test substance is analysed in order to assess
potential inmmunogenicity. 26. The nethod of any one of clainms 15 to
18 wherein different formul ati ons of a 24est 25substance are anal ysed in
order to assess relative i munogenicity. 27. The nethod of any one of
clainms 15 to 18 wherein different manufacturing batches of a test substance
are analysed in order to assess potential inmunogenicity. 3028. The net hod

of of any on cl ai 15t 8 wherein, a test, sulhst e i.S anal ysed using
patient bl 00%9.g£heaus§ 8%5@%6%]6?({)‘?}%@5 °§F£‘B?%IL 0 i%to&g?gggcri Bk Aty to
the test subst praein se@fend®. The use of a nethod of any one of clains 1 to
15 to identify T cell epitopes in a protein sequence. 530. The use of a

nmet hod of any one of clains 1 to 18 to assess the i nmunogenicity of a test
substange. 30 The use of a method of any one of claims 1 to 18 to assess the immunogenicity of a

test substance.



