PEPTIDES FOR USE IN TREATING ALLERGY TO GRASS POLLEN 5 Field of the Invention The
present invention relates to compositions for preventing or treating allergy to grass. Background of the
Invention T-cell antigen recognition requires antigen presenting cells (APCs) to present antigen 10
fragments (peptides) on their cell surface in associgtion with molecules of the major histocompatibility
complex (MHC). T cells use their antigen specific T-cell receptors (TCRS) to recognise the antigen
fragments presented by the APC. Such recognition acts as a trigger to the immune system to generate
a range of responseBiBlaraige = WEKChas. bRy Ye COdmitset): -

antigens by the immune system of an organism, such as man, can in some cases result in diseases,
known as atopic conditions. Examples of the latter are the allergic diseases including asthma, atopic
dermatitis and lielehuf thedieentienis group of diseases, B lymphocytes generate antibodies of the IgE
class (in humans) whichehipdeaxigraaibhderivadoatigans: onbich peedeipiradRRtadn this context as
allergens since these molecules elicit an allergic response. Production of allergen-specific IgE is
dependent upo?ﬁl‘?rﬁyrﬁ(bﬁ%&/tes which are also activated by (are specific for) the allergen.
Allergen-specifidadiz:antidodids: hinddddhe surface of cells such as basophils and mast cells by virtue

of the expressign hy these cells of surface r ors for IgE. 256 rossiinking of sur ound IgE
molecules by aﬁgr%}éé fegs%ﬁtgﬁﬁggég?lar?gfgtﬁgr%%%%e%lgsgﬁgc_ocr%gfse.ﬁé%%%gsﬁar% ?Se{%ré{ags?ég%?%nflammatory
mediators $tich fagmsmninsetidehyardarpsthmifecantahiplaien mdraelsenleiofibe wapr
2010/089554P GH/GB2ALMARP 198 Az ahidylgukntianeseinaddiiop oo E-danengent events,

certain allergic diseases such as asthma are _characterised b IgE-indeﬁpendent events. Allergic
IgE-mediated di$Ea8E5QrECEHERT Pr‘é%i%‘ﬂ%ﬁ??%f&%ﬁ@%‘?gﬁ%%%% SyPRSTRATE Feief or
prevention. Examgies etsgch aghaisammanistdnhistamings: i3 agoniptssant gludoeerticosteroids. In
addition, some IgE-mediated diseaﬁ%saa{e tre t?c% ggs%esensitisatio(p procedures that involve the

. L . 1200 W CCI ey SECL, .
periodic injection of allergen componenxtls%r extracts. Desensitsation treatments may induce an IgG

response that competesReitheiyEofor iesahantadns\biihy indues spéifiefawppeessor T cells that block

the synthes_is of '951%&%%?&@9%&'1‘@59&@-1@&@ 919&%%&9&{@@&9@%5@&;@%@ effect_ive and
poses the risk of provoking serious side effects, particularly general anaphylactic shock. This can be

fatal unless recolrirEBRISTHTthBGi SHeT) ah theralitedcitraseh Sitiias Astherapentidg@tiient that would

decrease or elimiidaigeibr viweanted @ilesgicp pTideadeIPBNSEhi0acpathetiaralidmgen, ofithout altering
the immune reagivty.\q.other {orelqn apligans Lr.riggRIng AnAIGIOIC L8 respans fself would be of
great benefit to a?er%%c individuars. rass allergens Are UNivers ﬁy recognised as a major cause of
allergic disé@ases ircharfansatedtan rteizsrinsluetitep sestireaulaietgit o ltkgrndspdiesgic dermatitis.
Proteins preseng fygiass OURRAIEPAHEUALY MPOIERRL S YRR ARRIRKMALEKS0% of

hayfever sufferers are allergic to grass pollen. Hayfever is the 20'common term for a form of seasonal
allergy characted€@t( BhéasisRscHin iy ibealsrernchlisgeaysrcetfie ranthgdiendpddrose because
this form of allergi diserse isdnosidrevaiesiialiiring isyiensIsasane ovhich gosespends to the
flowering season of many grasses, t\ﬁ/hen %rasfs %I{ants rele se ftkﬁ iﬁghest quantities of pollen. It is
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particularly prevalent in summer, typlcaffllf/ fom the end o ay 10 thé end of August
25 Crosslinking of surface bound IgE molecules by allergen results m

degranulation of these effector cells causing release of inflammatory mediators such

as histamine, 5-hydroxtryptamine and lipid mediators such as the



25 (in the Northern Hemisphere). It has been calculated that for adults in the United States,
hayfever is the 5th leading chronic disease and a major cause of work absenteeism, resulting in nearly
4 million missed or lost workdays each year, resulting in a total cost of more than $700 million in total
lost productivwity.2Alleegiestare also the most frequently reported 30 chroniecomditan/aoabsldren,
limiting activities for more than 40% of them. Each year, allergies account for more than 17 million
outpatient office visits in the United States; seasonal allergies such as hayfever account for more than
half of these allergy WO 2010/089554PCT/G520 0/000198 3 visits. A therapeutic or preventative
treatment would therefore be of great benefit to humans that suffer or are at risk of suffering from

grass allergy. Supmanaidhrileyentianitbeiassirodamadiargenss aceripichdhs R dssified into groups,
with most species, expressing at least one poll llergen jn each group. Examples of groups include:
the Group 1 grﬁ%ﬁﬁ%@?&&eﬁ@%ﬁ%ﬁe&%ﬁg@ %Jrgg‘f(%éﬁ% gf"fﬁ%‘proteins Lol p 1 from Rye grass
(Latium perenne) andA2MrgdifomeRimedhiisguassatP iewntlptatetedeyithngeb@tiveri@oup 5 grass pollen
allergens, which in for ins L >, Phl p 5 from
Timothy, and C%fn‘é&g(%%nrﬁt geér%%%? %ftrgig?%géﬁr{]%ﬁor%%g@%%? %%g%g%%ir%ntors have
discovered ﬂwah@s@mimpé}:&i@fﬁa@madl@@meﬁﬁmﬂﬁe najditiiorgems lakiHueduiteds of grass
species are paiedlanly, LiSeil I h~aeseRRIEnG pcividualg-ia-lbase allsigens. The-pglypeptide

combinations of the nvention have been selectet for their ability to bindetpt[)‘many HC Class Il
molecules, andPEaliersen cemproRRLs 26 GKITRE- NHATERI iFtigRratreredaas idwesapdeiiions, products,

vectors and forpaylations Rt Hspivetionpaythrieigrcbempyaridaddeingivisiualedaraseventing or

treating allergy to grass by tolerisation. 20The peptides, of the inyention were selected as MHC class
ll-binding T celire‘i%t‘é,y‘i]é? é?B’ﬁ&FF Sreatis %ﬁﬂgg g?‘i%ﬁ%@%‘ﬁ%ﬂ&fﬁf@p%@- B interactions and MHC
class Il bingingtassays: Additioralepifepie wel pddsnhifiedibyl hemolkany sérrptidiE affdcpeptide
combinations of the ilinntion were flﬁrtpe{ise!]eﬁcé&e an él;gbké itzloglﬁwes\éi%%g cglel fesponse assays.
25The peptide R HBiRat o Of the MyENtion, nowever, provide a broad coV%lr]age of efficacy over the
human populatiomioyitéelyetinigmenitipletsl Hizeealin HCImoipaule sreatmentihe feemdidtentasith peptides
of the Invention el eI AN UAAH I une resbSIVEBIRIR P HID RS RSR Peptde
combinations with the following 30 characteristics: - the combination binds to many different MHC
Class |l molecuibering e bpipaier Griadsrihen corst sinnteamsPor eaeienanalesss in grass 4 -
allergic indjgidq@gédtg@@@pugﬁﬁq{etngqg;mp&ﬂ@gp@sag@rggtim(ﬁggiﬁcant histamine release. The
peptide combinations are selected from an extensive apalysis of grass epitgpe 5 sequences to identify
core peptides having FRHAHSFRFBLYE WY BINGTREPBPSSEERE BRGSO AL #E¥8thse profiles in grass
allergic individutikeasdeéndambinadionminanplintudiageethivifirab:stickhpdptidad atiagiof each being
selected from t grr@a ﬁgsprﬁ%%le%?st Eeaslgr‘ci'tei%’ gTrzllrsnsopto énpaerge;pa%aclull:eallfy %HS'O%EH‘ L]!:%?'example,

approximately 90% of hayfever sufferers are allergic to grass pollen. Hayfever is the

20 common term for a form of seasonal allergy characterised by sneezing, runny nose
and itching eyes. The term “hayfever” arose because this form of allergic disease is
most prevalent during “haying season”, which corresponds to the flowering season of
many grasses, when grass plants release the highest quantities of pollen. Itis
particularly prevalent in summer, typically from the end of May to the end of August

25  (in the Northern Hemisphere).

It has been calculated that for adults in the United States, hayfever is the 5th
leading chronic disease and a major cause of work absenteeism, resulting in nearly 4
million missed or lost workdays each year, resulting in a total cost of more than $700
million in total lost productivity. Allergies are also the most frequently reported

30 chronic condition in children, limiting activities for more than 40% of them. Each
year, allergies account for more than 17 million outpatient office visits in the United

States; seasonal allergies such as hayfever account for more than half of these allergy



Providing a core group of peptides representing the three most prevalent 10 grasses, preferably a core
group of four or more different individual polypeptides in the same composition provides a variety of
MHC-binding epitopes, and so builds in redundancy to allow for the polymorphic nature of the MHC.
Providing a cowe giowgsedsthe invention, preferably four or more different individmsab paypeptides having
particularly good MHC binding properties and cytokige response profiles also 15 provides multiple T
cell epitopes, allowing recruitment of a broad range of T cell specificities for induction of tolerance.
Thus, a composition of the invention has beneficial additive effects over use of single polypeptides.
The Inventors have also shown that compositions of the invention were able to provide extremely high
coverage of a pglyorphic study population as measured by cytokine responses. 20Accordingly, the
present invention provides a composition suitable for use in preventing or treating all to grass
R Gt STBRBR) o

pollen by tolerisation CoPARTHGE OF PEaYTNAHSI SRS RGBSR Bk &ite a variant
thereof; (b) ibe paeliiae piftie Beitlaf SISKAFRNMGOmMQESS; adletevariant thereof; and 25(c)the

polypeptide Bloé)lffA é‘LKl%'%}Q;QMVSDEé(?K) 5 Bor a variant thereof, wherein said variant is: 51)a longer

polypeptide of ngth which comprises the sequence of the corresponding
polypeptidesspecified {irdss)pibiyorieigons are fhpicpdiypesifies ofito go@psamithorasichpénitength which

comprises & SeguRRC AP A 6aAL £ Damelan. Iadie SeaHEEe bt SafgsRonding 10

polypeptide specified in"(a), (b) or (¢), which sequence is capable of tolerising to said corresponding

polypeptide; or - 111}k foRpRchatsortEmy sl agensodmsheleiss iDhfeaeplnghRBEEBsquence of at
least 9 contiguous amigPACIHSRRACSLAUEDELR bS8 BINBNFNYRAlYNeRiFe shecified in (a), (b)

or (c), or a sequence that has at least 65% homology 15 to said at least 9 contiguous amino acids,
which sequence of at@%@f‘@‘é’fﬁfﬁéffﬁu mino acids or homologous sequence is capable of tolerising

to said corq@spondingthotyReptiier) pilaatampesitiviab Dicthae|sestianmsetiypeatincapable of
tolerising at least 5 5Q%, or at least 60% of a panel. gf gr en allergig individuals in the population
pEE TR R A L

and/or comprises at | one fu erppo ypeptideu redh ponep |(§)éns, wherein the
further polypeptides:(Beoondprisesa($dauemcddrgving. at least 65% sequence identity to at least 9 or

more ContigUouﬁadé‘%‘ri&%n?‘fﬂ%&{b%%% RSPl Bark iAAR SERAINEEREINVGANEL R © to 30 amino

acids in length. 1
the major allergens in the pollens of grass species are particularly useful in

15 desensitising individuals to these allergens. The polypeptide combinations of the
invention have been selected for their ability to bind to many MHC Class II
molecules, and cause T cell proliferation with minimal histamine release. The
compositions, products, vectors and formulations of the invention may therefore be
provided to individuals for preventing or treating allergy to grass by tolerisation.

20 The peptides of the invention were selected as MHC class II-binding T cell
epitopes through use of in silico analysis to predict peptide-MHC interactions and
MHC class II binding assays. Additional epitopes were identified by homology.
Peptides and peptide combinations of the invention were further selected on the basis
of in vitro T cell response assays.

25 The peptide corbinations of the invention, however, provide a broad
coverage of efficacy over the human population by targeting multiple different MHC
molecules. A vaccine formulated with peptides of the invention would therefore
have broad utility.

The inventors’ work has produced peptide combinations with the following

30 characteristics:

- the combination binds to many different MHC Class Il molecules

- the combination gives significant stimulation of cytokine release in grass



Description of the sequences mentioned herein SEQ ID NOS: 1 to 73 provide the polypeptide
sequences as set out in Tables 2 to 4. SEQ ID NOS: 1 to 27 correspond to peptides derived from
Group 1 grass allergens. SEQ ID NOS: 28 to 73 correspond to peptides derived from Group 5 15
allergens. Detailed description of the invention The,invention concerns peptides which can be used in
tolerisation. Such peptides may be derived from any grass allergen described herein or be variants 20
thereof as described bel@&ﬁrﬁécd’rﬁ‘ijé‘t’ﬂii}‘aé%sociated with approaches to desensitisation based on
peptide immunisation-lieshintieptidte stfectembappropdatecs meangnrégionhoftthenallelgen as the basis
for the peptide to,bgeyseddanimasnisatiaoni-tae size of heheptidriotichoiaassepisgial. If the peptide is
too small, the V%%&ﬁ@&%é‘é%"ﬁéﬁ%@%&?@fﬁ%‘é{&ﬁh&'{l&% ngandmnune\asieal iesponse. If the peptides

are too large, or 125 the whole antige Introduced into an individual, there isthe risk of inducing
adverse reactiof8PEHER 1S SHQBINASTROTARIK HSy R AT cTHE ]BSIIWBﬁlﬁdEEeused in the invention
have been selectediwiietaiprPedie WO K 1brosos54PTS BRO 1Hf0CD ha8selseicHifitywhilst being
small enough intsiz@iopRetapessess Signiteant rertan: SRucteBhatwieuld enable them to retain the
conformation of an |95f@&ﬂﬁﬁ%%%ﬂ@@% thephile maleciie. Hhemalypertidesehthe invention
therefore dg not induce skgr%jllcant crosslinlcing of adé“%% Eecmcqjlﬁg npolﬁculetsdon.cells such as 5
mast cells Ahd BERESEAMES SHE CohS¥GERERIR 246 hoY'cAise éu§ ificAnt histafinelidliease”  An
advantage of tHEGAVBAGEMIS THOBPINIS hepepedosts Hrodar wRitgerMabiietse dinpatibility
Complex (MHCikdaoteouies. alleelfreteptassndriRS)are: bitthbyMal(abewither spegificity. Variability is
generated, as withaatikadyimalasuies. through.gemertesombinationsnpatsauthinghe cell. TCRs
recognise 10 anggen irlllth% g(ar)l%g hOéI gﬁﬁgde?&e?%ﬂ@%ﬁok%%Iree%u!)e%eer}%%ijees%@?/ the genes of the
Major Histocon?pa | |yyc;gqmp ex ( ,)np ese gene p ogucts are the same molecules that give rise
to "tissue typesPIEEES ARG I FREFBHRG e s Feniett LRI ERIRIKoEHe Antigen
molecules (HLAs}whitlesdomsdnaiohelUistukinte Thangeablositdividubd Mi¢@timdiecules possess
peptide bindingigreavasasich: B-duaierthrioshage andrepasgs are Brdheapable afbinding a limited

group of peptideg, T, pepfides;Rownst b AReMUH G AlsEUe MAYDAUASSERSALE be bound by other
MHC molecules. Wh%\ a Eroteln molecule such as an antigen or allergen ' is taken up by antigen

presenting cellSSUREAEES FRNES T RIHE LA MBERTY SHANHELFRRSTes, 20 the molecule
is enzymatihlly degrashksa s the peientheyproee seviidegeaamivighaste o peplide fragments
of the moleculepadiahinié theyairsofithe opprep mibesibe wdhdrgecandshageg:may then bind within the
peptide binding _groovtpﬁfc%g@%%ggﬁ@oﬁm@ a9 M@ﬁ%g}{%giﬁ?é%@gﬁ@%}éthe surface of
antigen presenting cells. If t eptide/| com r on the antigen 25 presenting
cell surface in sufficie k%num %éé? %@ﬁpr%%%cﬁ?enl gm@@ﬁv%gg ggzﬁfﬁ %%a%%gﬁropriate
peptide/MI-IC-sﬁé’c’ﬁﬂ@ Fudel| receptors. Due to the polymorphic nature of the MEG, individuals in an
outbred poptilation sugh as thamaijhexple 35w @micoMbidtdrs 6 MHC molecules on their cell
surfaces. Since different MEG molecules can bind different peptides from the same 30 molecule based
on the size, charge and shape of the peptide, different individuals will display a different repertoire of
peptides bound to their MHC molecules. Identification of universal MHC-binding peptide epitopes in an
outbred population 8 such as man is more difficult than in inbred animals (such as certain strains of
laboratory mice). On the basis of differential MHC expression between individuals 5 and the inherent
differences in peptide binding and presentation which this brings, it is unlikely that a single peptide can
be identified which will be of use for desensitisation therapy in man. As discussed below, the invention
addresses this problem by providing



compositions based on more than one peptide i.e. peptide combinations. These 10 combinations are
based on core groups of peptides identified experimentally as showing surprisingly strong responses
in grass allergic patients when tested individually, and particularly when provided in combination.
These core subsets of peptides have advantageous5 properties when included in grass peptide
vaccines. The core groups comprise at least one pe€ptide derived from Timothy grass, 15 at least one
peptide derived from Perennial Rye and at least one peptide derived from Bermuda grass, each
peptide showind@artietifatl{Pesel individual response characteristics. The inclusion of such peptides in
combination allws far Gaverags of the three most prevalent grasses, and additionally extends to
coverage of other grasses by homology, as discussed further below. 20Additionally a core group may

comprise atleast four'peptideSSHERILP FIHr & PR de < 4ving e b rsBliFAnked individual
response charasieiistiesthorngikaegrotipdestadpantdyphepshidwptoipeavide: ppsisaldgsponse
characteristics for a grass vaccine when provided together combination. Such peptide combinations

. 0 . . .
comprise at leaSt one peptide derived from a 25 Group | grass allergen or a variant thereof and at least
one peptide derived fidim a Grolpipglass Qilkebjemoracdsianktiredfidihetipssifieation of grass
allergens as Groupdand. GrauR: Yoiass AlGHIsas, S el Knewp.torte skilled parson. and is further

discussed herein. A preferred Group | grass allergen is the Bermuda Grass allergen, Cynd 1. A
preferred Gfbup WWHFRELeIRSFHT 18 fae Ry érhedisheryasntorsonstie rhelmiragismasates to a
composition comprisigahderspaqeptide derived from Cyn dl or a variant thereof and at least one

peptide derived from p 5 or a variant thereof Compositions hased on combinations of Cyn d 1 and
Lol p 5 peptides or vartahts ﬁ%??é@?%?é]eﬂﬁﬂ% ??Higgc n@e%}é?ow DBISFSHBR D fides used in the
invention may c@q_mmobmisist Q)ﬁoqr%gmis_nmseaﬂaﬂﬁthﬁﬁmqmqueﬁﬂ:e&glﬂ@mm&h@ny of S_EQ ID
NOS: 110 73. iayianinial lheseapsalic AeBlidssmakalsp.oa Rl e yatanizmaycomprise,

consist of; or 5 consist essentially of sequences which are fragments of either any o §"ErQ ID NOS: 1
to 73 or hohdologiais 8t 5 HF SESUDSRMIGe 2cidsy Fhich Teeqpceptivricast grosdessa composition
suitable for usedRiprNERIG QLSRRG AN 1o GrasE RelsR-RIle dsation.copMRtising: (a)the
polypeptide TimO7B (KIPAGELQ1IDKIDA) or a variant thereof; 10(b)the polypeptide Ber0O1
(SGKAFGAMAKKE 66) or a variant thereof; and (e)the polypeptide BioO4A (LKKAVTAMSEAEK) or
a variant thereof; wherein said variant is: I) a longer polypeptide of up to 30 amino acids in length
which 15 comprises the sequence of the corresponding polypeptide specified in (a), (b) or (c), or 1))
a polypeptide of 9 to 30 amino acids in length which comprises a sequence that has at least 65%
homology #the sequence of the corresponding polypeptide specified in (a), (b) or (c), which sequence
is capable of tolerising to said 20 corresponding polypeptide; or [I1) a polypeptide of length 9 to 30
amino acids which comprises a sequence of at least 9 contiguous amino acids of the sequence of the
corresponding polypeptide specified in (a), (b) or (c), or a sequence that has at least 65% homology to
said at least 9 contiguous amino acids, which sequence of at least 9 contiguous 25 amino acids or
homologous sequence is capable of tolerising to said corresponding polypeptide. Other preferred
variants of a) to c) are:



30 10 polypept des having a length of 9 to 30 amino acids and comprising a region consisting of:
5- any of the corresponding sequences of a) to c), or - a sequence which has at least 65% homology
to any of the corresponding sequences of a) to ¢) which sequence is capable of tolerising an individual
to any of the sequences of a) to c), or polypeptides having a length of 9 to 30 amino acids and
comprising a region 10consisting of a sequence that represents either: - a fragment of any of the
sequences of a) to c), or - a homologue of a fragmeﬁt of any of the sequences of a) to c), which
sequence is capable of tolerising an individual to any of the sequences of a) to ¢) and has a length of
at least 9 amino acids, and whergin aid A5 nomalegue ios, At east Bodk iomology o, any 9
contiguous amino acids In an;lf of the sequences ora t(tTVB}, wherein op |onaﬂy he Bfthe four
polypeptides areWartantdeasithed sahaarginarssqperoaidetinaddnidnis ontope)uiecin The
composition thug,gomprs&s:a MIRUBWRLINGS NOMRERIIES, 4 {ifst sORalypeptide being TIMO7B or

a variant thereof, a second polypeptide being BerO1 or a variant thereof, and a third polypeptide being

Bio04A or a varRShtRASHEGT BYardt bty UM VRS RO GRi ORI FRBETReAWHIIG Ao the core three
E)olypeptides a fiewstis polygpeptitda Rhtity td)a?iﬁdsl@%r(iﬁéﬂ%&ﬁi%&ﬁﬂﬁ%@ﬁh &i?f}b%A ?5
WGAIWRIDTP, im Q7G (FKVAAT AAP K), or a_variant of any thereo e) Ber02
(FIPMKSSWGA); g%%'&@ KIVRI %8@%%? %\)ﬁc? e Rt ERfBRIk SSWGAIWR, or a
variant of aly thereof, Rye09B (PEVKYAVFEAALTKAIT), Bio02A 30 (KYDAYVATLTEALR), Bio0O3A
(KFlPTLVAAV% \, ) : )
(NAGFKAAVAAAANA . vartar Breof The composition may comprise four, five, six,
seven, eight or more PHNPEStRIsHf & preyidy Sievaigrigrersprnesenespaetatite composition

may comprise twe, fireegfaynessnpie & pelvngptidesbdiQraariants thererbin gdditional aspects,
the composition Hwa comprise two, three, four or more Polypeﬁgides of e) or variants thereof In further

aspects the conipBsitish N Brise i d RPEESROM HPEP LS LR BEBRIRs oft) or variants
thereof These sdlectians are subject to the composition comprising the polypeptide Tim07B or a
variant thereof, the 10 12

Detailed description of the invention

The invention concerns peptides which can be used in tolerisation. Such

peptides may be derived from any grass allergen described herein or be variants

20 thereof as described below. A difficulty associated with approaches to desensitisation
based on peptide immunisation lies in how to select an appropriate size and region of
the allergen as the basis for the peptide to be used for immunisation. The size of the
peptide of chotce is crucial. If the peptide is too small, the vaccine would not be
effective in inducing an immunological response. If the peptides are too large, or if

25  the whole antigen is introduced into an individual, there is the risk of inducing
adverse reactions, such as anaphylaxis, which may be fatal.

The polypeptides used in the invention have been selected to retain T cell



polypept de Ber01 or a variant thereof, and the polypeptide BioO4A or a variant thereof. 5The
composition may comprise at least two polypeptides selected from group d) or variants thereof, at
least two polypeptides selected from group €) or variants thereof and at least two polypeptides
selected fromxgyaup/eedsyariants thereof. All the above compositiong-maygsampkiss further
polypeptides selected from 10 any of SEQ ID NOs 1to 73 or variants thereof not previously selected.
13 Optionally, any composition of specific polypeptides described herein may 5 comprise further
polypeptides up to a total of fourteen unique polypeptides. The further polypeptides will typically relate
to (i.e. are typically homologues and/or fragments of) the other sequences, i.e. SEQ ID NOS: 1 to 73,

that are not amgnastdhe paikpsRliden Alrsashuaalestads Thedsudharneptides argdypically functional
variants of one %F?he i|§§ptides of SgE ID NOE: 1to73. The%%ther polypgﬁtides_ 10 may be identical

to any of SEQ F1§8s%: tafgveyldnabis themda srairdh serdeome i ned sl i dRGteen different
polypeptides ag;topidadnn vyl ohoRQIH NQ Jolpeplidesubiietioentilandi-tbfee polymeptides being

selected as defined ahove. Howevey, the optional further. po tides.do not peed to be 100% 15 14
identical to any%?'gﬁagfgf ‘Iﬁ?ﬁg?rﬁ%s%%eyaaﬂgcﬁzr%%% %/: aé%%%feg%‘&g ﬁ??erhetﬁ}(:saslut((")ha"ftg least 9 (for
example at feastas0edlls, 4@ basb@)xjdnandw:amqﬁgnt&zuéoqmtnmmcidgﬂiﬁﬁaahlgdﬁmﬁﬁ@rﬂ&ﬂ@s: 1to 73,
not already selected amangshle 8t leshong Aol RERIGSlaslekliRm.saehalRRpA (). These

contiguous amino acids may comprise a MHC class Il epitope, for example which binds to any of the

MHC moleculeMaientisviessmenasivilitheampéstit Aisosrsoiles greellseseairasiobaiabaisns comprising
the 10 polypepiiglagyof Hhenie e AienBRYRePesitionsy RIQdHEisanNd MealosaRmprising

polynucleotides capable of expressing the polypeptides of the invention for use in preventing or

treating grass dneleRrlss thrershesne SeemisReR RV hRrHL 8 B5REPEYfor example a
MHC class §-bindiggh Tncal RRHOPEMBIESETdes YRS (O HQIEuNODHded By 1 Geassdpheies  The

grass species Rye ium perenne), Timot nipretense) and Bermuygda (Cynodon dactylon)
are responsiblelef( O(glLﬁlfﬁtﬁc %B%%%ﬁr)ﬁy(;e %I%léjges&a erg wortawiies %Or??f:ct}faaﬁﬂcﬁgﬁesr%’y@s associated with
grass pollen, suchiaslajfavereaOthbisiuptnestt grase spespdsinttudad/slvetsgnaseriddolcus

lanatus), Orchard ' ' ians d Mead /
Kooy Dle e e e AR St o world, and s

e IS one of the most common grasses In the world, and is

widely used as atssliragasbhin individurl VHC snelgrrdcrpessespremsiderfindib i astretitibed-on all 25

continents yyorldyide And {860 aHM LR} @Jiréedﬁfaﬁ‘é SHIOpLEsintifan flewel thrauirgepbiagssummer, but
typically between May and ngy in th%akr%orthern eﬁ}ﬁsphere. Ryegis well adga?ptegd to n%ild, humid

temperate climatesPERi G BIEHREER MiePirkerie oK MNdEteSREL L B8 RSAER on

well-manured ligiHgr seilswéd) sufficient moisture. It dislikes shade and requires a well-drained soil.

Rye 30 typically grows.in locations with a %il&lgl in the ran?(]%e of about 6 Qk%bout { a’gnhtou(%h it can

tolerate a range from a ST AP A BT S: Sprefaé&}ggl%t/\l/% Ah Antieal Brecﬁt‘é?igﬁ N the range of

about 21 to abqutse80opells such as B lymphocytes, dendritic cells, monocytes and macrophages,

20 the molecule is enzymatically degraded within the cell. The process of degradation
gives rise to peptide fragments of the molecule which, if they are of the appropriate
size, charge and shape, may then bind within the peptide binding groove of éertain
MHC molecules and be subsequently displayed upon the surface of antigen
presenting cells. If the peptide/MHC complexes are present upon the antigen

25 presenting cell surface in sufficient numbers they may then activate T cells which
bear the appropriate peptide/MHC-specific T cell receptors.
Due to the polymorphic nature of the MHC, individuals in an outbred population
such as man will express different combinations of MHC molecules on their cell
surfaces. Since different MHC molecules can bind different peptides from the same

30 molecule based on the size, charge and shape of the peptide, different individuals
will display a different repertoire of peptides bound to their MHC molecules.
Identification of universal MHC-binding peptide epitopes in an outbred population



Timothy is another of the most common grasses in the world and is a primary source of animal fodder
It is native and widespread in most of Europe, North Africa WO 2010/089554PCT/GB2010/000198 15
and northern Asia. It has been introduced and is widespread in North and South America, South Africa
and Australia. Timothy grass typically grows in locatjons with an annual precipitation in the range of
about 35 to about 180cm, an annual temperature range of about 4 to about 22C, and a soil pH of
about 4.5 to about 8. It 5 is best adapted to a cool, humid, temperate climate, growing best on heavy,
deep and moistsoctexananet sioiks diffieunptim iidemparatdte fotlgiowihais 3Baind bE varying with
daylnight tempratiies. of 18100 and. 2LARGThs TimpH. owering. seasan s ypigally confined to
the early summer and Timot y pof en IS a major cause o grasps allergy dﬁnngn% is season. In studies,
up to 21% of patidribs withrestetdieraeehinitieptdothedisy mstoras-hiavenbelenfduntrieebdtresponsive to
Timothy pollen.is ,, B RS MPIcRIb:IHRIS-IRIRGalRRE WilhaR ARRYal Precipitation of about 9
to about 429cm, an annual temperature range of about 5 to about 28C, and a soil pH in the range of
about 4 to abouﬁ%?ﬁ?‘ﬁ?é?’@?‘h@fif%dﬁt‘@% about 7. The Bermuda flowering season is typically in late
summer (August to Ogiebatisstaedbwakthamhrmisiiaem). therriknlapsamstice high quantities
of pollen and are there{ore g mgjor caus§10f haeyfeveé. Bermuga plants htave 3,[,0?}% been reported to
cause contact dSMatts, Befmuda e widely Groti throtgRat the WeHa " Bhédotfifantly in warm
climates, aHdl isctyphoadlyofosndbbetiverntheratita degepfiddsode8Uind ritpendealdiyt-80 south. 20 Peptide
ragments of SR h AN AASR AL SR creicTHRHAIRRANRIGENS Of grass Include the

Group 1 grass pollen allergens and Group 5 grass pollen allergens. Proteins from different species are
assigned to grolif¥ 548k sRfaaTifd atiovdeguantie Komensgnstre kasrhrerGrbspsIofajor grass 25

pollen allergengépeiudedibe Himataydegirip-Rhkvhanththaldye petainpkat pkdand. the Group 5 major
grass pollen allergens jnclude the Timoth%}_%rotgin Phl p ag(?é{he Rye protein Lol p 5. The present
I

)
inventors have identified 418 Fegiome TATRRiSiAl S O R A SRR FO R NS R A &S mprise MHC
Class H-birhdingit'll_fmet_lloepipopm djdnﬁqmiésgn?@@%bﬁwmdwéeadsmhmm&mmi@nmcorresponding
lo MHC Class Isbipding.T.cellepiiapsa wiinhemalfrrassRalenleiagas are hiohly conserved
between representatives in a given group, see for example, Example 2. BaSed on this 16 information,
peptides derivethfgfictiéve Elantctatiom oih protsies in sogibenGrotlyurdsyeapieetsripreventing or

treating grass afigralyebyntalesisation 19136 05Ass Rialaraens h hat GrawR:kpaxample, the relevant
regions from, for exar%pl%[[gf%p 1 of Timothy or Lot p 1 of Rye are suitable for use in preventing or

treating grass afergy’ by Sriof e AU T §F%% allergens.  The peptides described herein
are derivectfrom the Gyddipch{ISEQdR NP riatoc@mpanchG ety SEpQIHD MNerd28ota 73) grass

allergens. The (3. peplides 10,809, AAMRSRIASs Aig PR IieIchangeably erein, The above
proteins are also referred toherein as allergens’. 1a les é)tO Zfset out the sequences of the
peptides, indicatinBptisipdreit HroieisiomiopienExanipeprriscaesivesaagristics for a
grass vaccine when provided together combination.
Such peptide combinations comprise at least one peptide derived from a
25 Group I grass allergen or a variant thereof and at least one peptide derived from a
Group V grass allergen or a variant thereof. The classification of grass allergens as
Group I and Group V grass allergens is well known to the skilled person, and is
further discussed herein. A preferred Group I grass allergen is the Bermuda Grass
allergen, Cyn d 1. A preferred Group V grass allergen is the Rye Grass allergen, Lol
30 p 5. The invention relates to a composition comprising at least one peptide derived
from Cyn d1 or a variant thereof and at feast one peptide derived from Lol p 5 ora
variant thereof. Compositions based on combinations of Cyn d 1 and Lol p 5 peptides

or variants thereof are further discussed below.



17  Specific preferred compositions include Combinations 1,3 and 7 as set out in Table 7. In such
compositions, one or more of the individual polypeptides of SEQ ID 5 NO:s 1, 2, 5, 28, 29, 31,46 and
69 can optionally be substituted for a variant thereof In some embodiments two, three, four, five or
more of the polypeptides of SEQ ID NO:s 1, 2, 5, 28, 29, 31, 46 and 69 can be substituted for variants
thereof. The number of polypeptides substituted for variants thereof typically depends on the total
number of polypeptid&seiitaiediperirithused mpbsitiventicd nay Aweymseneresistefe meeawoshposition
comprises, CONgistaRNICOASHSScgaaRRN allyvn oh the PRYREPIJESDNSER 1B N:ssbe2, 5, 28, 31, 91

and 93 or varlaﬁltgsthereq{c Otht?c[ referr%g) ggﬂgggs%)ns comprise SE%ID NO:s tldfzbrS’ 28, 31, 91

. ¢ spect e €5 ma yvariants may co 18€, CONsIS
and 93 or in place QF%ne, t\}\aloport reg, our or more of these po eprﬂ es, variants thereof In some
embodiments, REABEYERERIBHopsstgBCEOMPOR TS 5 gB5H6 @Qﬁ‘ﬁy’gﬁs@é‘hﬁ&%ﬂﬂglﬁgﬁip‘eptides or do

not com_p_rise awmﬁhmlmb@gpﬁdemdéMMEas& 10. aIIergens_. In preferred embodiments, the
compositions Compris SRl R b s 2foihodi AN SR plIANS RkERAgRH do not contain

any further proteins with more than 20% homalogy to a protein of any species of grass mentioned

herein. The abdV8 ARSI ShEHREPISHBHOL AN H5PREEBEde constituents such as carriers or
adjuvants. 15The inveation disp@speides AimGHRIGEENEILHEIKID A ottrevpolypeptidef Tim07B

(KIPAGELQJIDICIDA)®r a variaphisiaekasdassihedmestinik k drine pelpeptide Ber01
(SGKAFGAMA&%KG EQ) or a variant thereof as described herein; and 20(c)the polypeptide BioO4A

(LKKAVTAMS ER ; BFa variant thereof as described herein, wherein each different polypeptide is
for simultaneous, septirate dkseejupritiiledsiefAbEFEiMG OMPEATHY alleregrienigheserpollen by
tolerisation.  Whedolpepiides in the product of the invention may be selected according to the 25

same criteria outlineqf?boveai[bﬁg@r%\?gﬂgt%@&%g%g%sjg%%f% Q&Ssiﬁhtﬁﬁ %Qltlion or treatment of

grass allergy by tolerisation of the | n. Varian The composition or products of the invention
may therefbte CORPHISE VSrSAETSF 4hY 0 F SECPIBINO R PR Y sPreiliatiadelyitali(Fbomprises |, 2, 3
or 30 more of tke MHC class Il epitopes present in the corresponding peptide of SEQ ID WO

2010/089554PCT/G82910/000498- 1NAD 148 Anino LHRGHNRLY IS AhGantioned herein. Such
a variant may be able to tolgrlse n inﬁ%[yipfi?ﬂal to a class Il MHC e%gt pe present in the corresponding
/ i

peptide of SEQ’ ?@uﬂﬁgbﬁto %@?t ﬁad;tt Wikt iqt8|f§7€c%%‘b%§8 ERRABds to 5 the same
MI-IC class n mislgpeidmuisiliisdaetgnisier Kg).avitek Begbrokerie copibes thistsnespwiding epitope in
the polypeptide:ofSb& R NGOGt 3r The sequence is thus capable of tolerising against the
corresponding sequeng in the patiV{gd oly]oe ttlidg.tTg variant%%l eC%tide may thus tolerise against
the corresponding natlvg pof‘y%oeﬁ?i%})e{%Vaeﬁ nlts o? @éﬁnfﬁglﬁ :%(1%{0 ‘fé}nr}r?gy 5é fragments derived
by truncation, Sequence of at least 9 contiguous amino acids of the sequence of the corresponding

polypeptide specified in (a), (b) or (¢), or a sequence that has at least 65% homology

to said at least 9 contiguous amino acids, which sequence of at least 9 contiguous

25 amino acids or homologous sequence is capable of tolerising to said corresponding
polypeptide.
Other preferred variants of a) to ¢) are:

30

35



e.g. by removal of one or more amino acids from the N and/or C-terminal ends of a polypeptide.
Fragments may also be generated by one or more internal deletions, provided that the core 9 amino
acids that makes up the T cell epitope is not substantially disrupted. 15For example, a variant of SEQ
ID NO: 1 may comprise a fragment of SEQ ID NO: 1 i.e. a shorter sequence. This may include a
deletion of one, two, three or four amino acids from the N-terminal end of SEQ ID NO: 1 or from the
C-terminal end of SEQ ID NO: I. Such deletions may be made from both ends of SEQ ID NO: 1. A
variant of SEQ 1D NOpdippaytite hdegdditiogthlodthin G Geisi¢faridxan ptedsommfrer2gieequence of the
parent protein ffg wimpgfthe peptide derives) extending beyond the end(s) of SEQ ID NO: 1. A
variant may include a combination of the deletions and additions discussed above. For example,
amino acids’may be deletédyfrdorraremsisBeiErsoeiialdarcadditional amino acids from the full
length parent protein seqwg&r@mﬁgggg petag@g@mn%]gg?fﬁgg JPNO: 1. The same discussion

of 25 variants above also applies to SEQ ID NOS: 2 to 73, A variant peptide may include one or
more amino acid substit HOFSABIPEEHARAT SE- BHUEHED SFRITSSER S RlOS: 1to 73 or a
fragment thereof. A vanamﬂmpt%mndwmlnaﬁmmsﬂqhmma&mw@ @tﬂea}sbﬁS% sequence identity to
at least 9 or mar contigu > am a%amd in n %g DONO 33 More BOﬁreferably a
suitable variant may &Jg?#B Hse at least }1 gat east a?t Ieas? §I&)/C at least 8595, at least 90%, at
least 95%, 16r at least 989G E#HiING aﬁwmmtmta?m@ etiriguous amino acids of any of SEQ ID

NOS: Ito 73. This level of gmi gg%f%g#@@mggéa\%&g SegnALagy section of the peptide, although it
is preferably the core reglon he level of amino acid identity is over at least 9 contiguous amino acids

but it may be at least 10, Pihopelegueof aagmapi ok apy 8f Shaseaiaiae 8E/I<Cd&pending on 5 the size
of the peptides of CO%ﬁ%ﬁ%@%&e&iﬂ@éﬁhﬁg&bﬂﬁﬁﬁﬂﬁ@medﬂ?\é@@@id@iﬁﬁﬂ%& may be across

the entire length of sequen: of prefer riants sel cted on the basis of sequence
identity to particularly prefe?re?(f eF at%%sg Sl Ieaé%%s;@na%lﬁgg aglsanfls 0'] mleaC EQ ID NO: 1):

SGKAFGAMAKKGEED (@E@Oﬂ@gmeﬂrﬂ@tﬂdaswé%dwmﬂawﬁoraw roRoapratensisaPda p 1;
SCHAFCSMAKKGEED (SEQIRM0: gk@&qmg'@msﬁ@}an%ﬁ&é iumRereape Lol p 1;
SGIAFGSMAKKGDED (SEQ ID NO: 76), Phleum pratense, Phi TAFGAMAKKGEEE (SEQ ID
NO: 77), Zea mays, Zea i mraﬂg?ﬁgfaﬁ@m@ﬁef(@ség% g 5@%?@%%’9‘9&%@@ (SEQ ID NO:
15 78), Hordeum vulgare dhey H;1KYDAYVATLSEALR (SEQ ID NO: 79) Phleum pratense, Phi p 5;

Poa pratensis, Poa p 9; KYDAFVAALTEALR I(]SE ID NO actg |s eratﬂar Dac g 5;
KYDAFVTTLTEALR (SEGIBPREO8 I ERIERE s AL Egr 8 ssi oSO% t5EQ ID NO: 29):

KF|PTLEANJK@MM@@@gme@wamwh@gimam,@b@@@dﬁh&t&ﬂ&s@uwﬂca Phaa5;

KFIPALEAAVKQAYAR(SEQ I NG B8N BRI BIRIERSSPILP: S RIS Of TIMOTE (SEQ ID
NO: 69): KIPAGELQIVDKIDA (SEQ ID 84), Dactylis glomerata, Dac g 5; Phalarus aquatica, Pha a

5; KlPTGELQl\PEﬂ%BE&}(SE?@WN@H@sWLO&Rﬂ%fﬁ“e*’éﬁﬁéd%%‘9 R PAGEOIIDKIDA (SEQ ID NO:
25 86), Poa pra tﬁ@ﬁaﬂ“@r[ﬁl p&alse conserved in Holcus lanatus, Hol 15b.  Variants of

BioO4A (SEQ ID NO AITA % %i pratense Phl p5; Holcus
lanatus, Hol 1 5b; LK ITA %RBA&E@% %ﬁggg JE Poa p 5. Variants of
Ber02C (SEQ IDM%iWWGAJWRIWBK\(SEM@MP@O@M) I%halm*imﬁcpfamga, Phaa 1;
Phleum pratensg, Pl p 1.  Variants of Rye09B (SEQ ID NO: 46): PQVKYAVFEAALTKAIT (SEQ ID

NO: 90), Phleum pratense, Phi p 5. WO 2010/089554PCT/G82010/000198 21 Thus, SEQ ID NO:s 74
to 90 are preferred vafiants Rich(FIBYES 88 asBer02C (KSSWGAIWRIDPKKPLEK), and

Ber 02B KDSDEFIPMKSSWGAIWR, or a variant of any thereof,
f) Rye09B (PEVEKYAVFEAALTKAIT), Bio02ZA
30 (KYDAYVATLTEALR), Bio03A (KFIPTLVAAVKQAYAAXQ), Rye 0BA
(ETYKFIPSLEAAVKQAY), Rye 05C (NAGFKAAVAAAANAPPK), or a variant
of any thereof.

The composition may comprise four, five, six, seven, eight or more



substitutes for the above native peptides in a composition of the invention. Other referred variants for
native peptides of the invention are derived from maize allergens. Maize allergens have close
homology to grass pollen allergens and so 5 sequences derived from maize may contain
cross-reactive epitopes of use in tolerisation againgtjgrass pollen allergy.  In connection with amino
acid sequences, "sequence identity" refers to sequences which have the stated value when assessed
using ClustalW (Thompson et al., 1994, supra) with the following parameters: 10 Pairwise alignment
parameters -Metigotpaices retd), Mafyix FAbiGiapeopen penalty: 10.00, Gap extension penalty: 0.10;
Multip'le alignment pa&g%%gr%-g@%gr%é E@ans%%D open engslglf'wloo,gpéeiy igreor}tgi{nfgr.delay: 30,
Penalize end gaps: on, Gap separation é)ls%nce:n()l, ﬁjegat e matrix: no, Gap extension penalty: 0.20,
Residue-spécifigolyRpphdaattial oo iarnpdy dphiid. dapddaivatiaspors, ydropbitiginesichyes: 15
GPSNDQEKR. Sagnenaeldsribiak 3 Masticylarsasidieisiniposed iodpaludeidaptical residues which

have simply been derivatized. A variant peptide may comprise 1, 2, 3, 4, 5 or more, or up to 10 amino
acid substitutioAPRHMES)BPSEEN BN EREPTiES 775, &itssdtitiol SatiantdBisrerably involve the
replacement of g estiarefdmineasigstdtiothelsamel auimberofaiineif-actlsantbmaking
conservative ary{i)g]o 1gclid \';qul{abs(t)iltutio%ai3 "_}% m I%ngngggige% %i}d may be substituted with an
alternative amino acid ﬂ%vmg Simiar propeérties, for exampFe, Another basic amino acid, another acidic
amino acidltnother neutral amino acid, another charged amino acid, another hydrophilic amino acid,
another hydrophobic amino acid, another polar amino acid, another aromatic amino acid or 25 another
aliphatic amino acid. Some properties of the 20 main amino acids which can be used to select suitable
substituents are as follows: Ala aliphatic, hydrophobic, neutral Met hydrophobic, neutral Cys polar,
hydrophobic, neutral Asn polar, hydrophilic, neutral Asp polar, hydrophilic, charged (-) Pro
hydrophobic, neutral Glu polar, hydrophilic, charged (-) Gin polar, hydrophilic, neutral WO
20101089554PCTIGB2010/000198 22



Phe aromatic, hydrophobic, neutral Mg polar, hydrophilic, charged (+) (fly aliphatic, neutral Ser polar,
hydrophilic, neutral His aromatic, polar, hydrophilic, charged (-1) polar, hydrophilic, neutral Tie
aliphatic, hydrophobic, neutral Val aliphatic, hydrophobic, neutral Lys polar, hydrophilic, charged(+) Trp
aromatic, hydrophobic, neutral Len aliphatic, hydroghobic, neutral Tyr aromatic, polar, hydrophobic
Further variants include those in which instead of the naturally occurring amino acid the amino acid
which appears in the sequence is a structural analog thereof. Amino acids used in the sequences may
also be modifiephlepgplisbdied] 6rprovidinghthecfumcdite pblfepalstitie(d Mot sigmificantly adversely
affected. Wherg the peptide has a sequence that varies from the sequence of any of SEQ ID NOS: | to
73 or a fragment thereof, the substitutions may occur across the full length of the sequence, within the

sequence of any of SES OMORSion Bay YRR Idease s gubneatiteass st EOUMERIDS: Ito 73. For
example, the vasiationsaAREEHEH at least two polypeptides selected from group e) or variants

thereof and at least two polypeptides selected from group f) or variants thereof,

All the above compositions may comprise further polypeptides selected from

10 any of SEQ ID NOs 1 to 73 or vartants thereof not previously selected.



10 herein, such as additions, deletions, substitutions and modifications, may occur within the
sequence of any of SEQ ID NOS: Ito 73. A variant peptide may comprise or consist essentially of the
amino acid sequence of any of SEQ ID NOS: 1 to 73 in which one, two, three, four or more amino acid
substitutions have been made. A variant peptide may comprise a fragment of the parent protein that is
larger 15 than any of SEQ ID NOS: 1 to 73. In this gmbodiment, the variations described herein, such
as substitutions and modifications, may occur within and/or outside the sequence of any of SEQ ID
NOS: Ito 73. The variant peptides of the invention are 9 to 30 amino acids in length inclusive.

Preferably, they may bgdeaa 1o 20afmieneiptatly phdiR Jiiaaine #R aridsdmigngth. The
peptides may be the,saHmEe length as tge peptide seqt;lences in any one of SEQ ID NOS: 1to 73.

The peptided Ay BESEHBINTIR RERUEE HB BHEDI Heptfan Uiargan BrRaipiB by proteolytic
cleavage or carubtdexigdptidan inlielecivid) sensedbm draypitype htidelaliecgend/ter example by
making use of the amino acid sequence of the 3955 T/GB2010/000198 23 polypeptide
allergen and syﬁ?ﬁgléci%m%ﬁgggt?ggg based on 1t'ﬁ';gse %%lﬁ(égg gé&.&&“ﬁ%ﬁ? 61811 g%%%%ised using
methods well kifsvilipenddastalready pdagpg "Peptigdeiperides ot ontplidiectifeglin which amino acid
residues are joipggl Ry HERIdE GERANE Jinkegen Na@Isemelesrlas imavbish taapeptide 5 bond is

reversed. Such retro-inverso peptidomimetics may be made using methods known in the art, for

example sdh 2RBhBsETSEHATT P MES IR DO (1897 I HRHATREYINSgNaL8T89EY . This approach

involves makingdpseisdapeptickescoaifining phangeddnyopringdhiebackboseQandNws:the orientation of
side chains. Meziete et al (1997) show that, at least for MHC class Il and.T helper cell responses,
these 10 pseuglg;épffc}tjéescé%%aaégeafgl. gtPgtl}/ﬁ\E/: ?‘géséébﬁ%fég?“&v%iéﬁ‘fég*n %ﬁﬁ%ﬂg—)‘co bonds instead of
CO-NH peptidetsoradst. dhe ontiokehigrbaamitipentideproteoiysisl o beJivhltarly, the peptide bond may be
dispensed with altogether provided that an appropriate linker moiety which retains the spacing
between the carbon atoms of the amino acid residues is used; it is particularly preferred if the linker
moiety has'i5 substantially the same charge distribution and substantially the same planarity as a
peptide bond. It will also be appreciated that the peptide may conveniently be blocked at its N-or
C-terminus so as to help reduce susceptibility to exoproteolytic digestion. For example, the N-terminal
amino group of the peptides may be protected by reacting with a carboxylic acid and the C-terminal
carboxyl group of the 20 peptide may be protected by reacting with an amine. Other examples of
modifications include glycosylation and phosphorylation. Another potential modification is that
hydrogens on the side chain amines of R or K may be replaced with methylene groups (-NH2
-N1-1(Me) or Analogues of peptides according to the invention may also include peptide 25 variants
that increase or decrease the peptide's half-life in vivo. Examples of analogues capable of increasing
the half-life of peptides used according to the invention include peptoid analogues of the peptides,
D-amino acid derivatives of the peptides, and peptide-peptoid hybrids. A further embodiment of the
variant polypeptides used according to the invention comprises D-amino acid forms of the 30
polypeptide. The preparation of polypeptides using D-amino acids rather than L-amino acids greatly
decreases any unwanted breakdown of such an agent by normal metabolic processes, decreasing the
amounts of agent which needs to be WO 2010/089554PCT/6B2010/000198 24 administered, along
with the frequency of its administration. The peptides provided by the present invention may be
derived from splice variants of the parent proteins encoded by mRNA generated by alternative splicing
of the primary transcripts encoding the parent protein chains. The peptides may also 5 be derived from
amino acid mutants, glycosylation variants and other covalent derivatives of the parent proteins which
retain at least an MHO-binding property of the allergens. Exemplary derivatives include molecules
wherein the peptides of the invention are covalently modified by substitution, chemical, enzymatic, or
other appropriate means with a moiety other than a naturally occurring amino acid. Further 10 included
are naturally occurring variants of the parent proteins found in different mites. Such a variant may be
encoded by an allelic variant or represent an alternative splicing variant. Variants as described above
may be prepared during synthesis of the peptide



or by post- production modification, or when the peptide is in recombinant form 15 using the known
techniques of site- directed mutagenesis, random mutagenesis, or enzymatic cleavage ancUor ligation
of nucleic acids. In accordance with the invention, the further one or more peptides that the
composition may comprise are preferably functionalavariants of any of SEQ ID NOS: 1 to 73. That is,
the peptides are preferably capable of inducing an irrunune 20 response. In particular, they may be
capable of inducing a late phase response in an individual with grass allergy. This may be tested by
the ability of thedpeitidetaninol B ITEEN Polifardfiod nyeasapngiaablyTackitst Methdadiofitesting the
induction of T cglprolifergonaisell knawn, inihe arhapd apesuseiahizexsmelfied n -
Example 4. Preferably the one or more further peptides are capable of causing T cell 25 proliferation in
at least 2098 of%’é(rﬁ%%@d@l’l\@ﬁs} ihehaint eliepls s deonnatidbefbleptiffetent grass allergic

individuals in thegepsdatienedibe rampRsitions aidlte invertiesaiaareiaiablycapable of inducing T
cell proliferation in 30% or maore samples of T cells obtained from of a panel o ss allergic
individuals. Mo?@rﬁpgfgrwgﬁia%ﬁ]ﬁ]dgﬁ% SHETR ea‘ﬁ%%‘;‘l’ﬁl%@r?@%oggﬁem eration in 35% or 30
more, 40 % or mokeulks Snb0rkel bedn, 60 %, 65 %, 70 %, 75 %, 80 %, 85 %, or 90 % or more of
samples obtained irgerqn%glrl]@ﬂz&ggoig Vi é%%'%Hh&spa%%nﬁ\ﬁ@u%%%g%%ééa&:ﬂGBZO10/000198 25

le of i ase o

The compositions may also be capabl ucing a significant rele one or more cytokines,
preferably iRclueihe SHESoBPaDEREHEKS AOGHINTHIR N I tEPRITG ROV SFfET frtFIBRE 13 in samples of

T cells obtaineq,fpmcsensitizes sl vidugs 6.8 panglipesianificant melaass maydg determined by
criteria similar 5 to that described below in Example 5. Thus, the compasitions may be_capable of
inducing a releZ58 Bl BES OF IS EHDIHBEINS ST5PHRBres B WA HPY AE R BN 55 96, 60%,
65 %, 70%, 75 fouB86%ke 185 &4, cn PPl OMMOreck shnplag dbidingddpepssasitizeayintlividuals in a
panel. The nun‘gq:f‘gp ilqgig,iq%gl%in a panel of grass allergic individuals may be any number greater
than one, for example at least 2, 3, 5, 10 10, 15, 20, 30, 50, 80, or at least 100 individuals. Itis
preferred iflthe peptides cause T cell proliferation, but do not lead to the release of histamine from
basophils or masi.cellpreparations from a sensitised individual. There may be some histamine
release, but preferably the composition does not cause significant amounts of histamine to be
released. Significant MiBEFRISAS FSIBXEEAHPHRE CORSIIETBARS B e RIBEL& b F D% or more of the
total available |@ukacyie Cistaiminkouier arsampliesiilddukoaytrpdspoaan iTgividudicigstimulated with a
composition in \V/JH ciAi Cgorr&p llcjl@g'kviglﬂgj ;5 Eiacallé/i%gg ana rox(iﬂe%teq lII%uIélg)clzlyc/Lt(;,et}!g_tamine content of
150ng/107 cells. e varlan{sycap & ot bin Ing to %:3 may’be defived empirically or 20
selected agforditigetankpiotent eriterimevigithisindsivglegdaptic 6 ihiers araiveht&irchesidies which
contribute to bi@ﬁ&%%?ﬁ%%rﬁﬂ%&%@l@%& ?ﬁﬂ%ﬂ'ﬁ%@e%ﬁ gmpmﬁgmgﬁgghich interact with
hypervariable regions of the T cell receptor (Allen et al (1987) Nature 327: 713-5). Within the residues
contributing to KeHIechuasartéEractBRe4Ritrarchy has 25 been demonstrated which pertains to
dependency of T cell agtivatigndfpnnsesdstithiion afegivempeplidekesicuedddsingipeptides which
have had one or more f'I' cell ?cggtorlgontatct r%s'k:dues sgbtsﬁituged with di{;ﬁerenhamino acid, several
groups have demonstratet Sro?ou%rd effec slﬂepgn fﬁ%pf)‘roléesass of é%tﬁoagﬁvaﬁgﬁl. Evavold & Allen
(1991) Nat2fe 2852t118E8+10)ided andtatentiive disdbciationiokdnes||[BCapriddiferation and cytokine
production. In this,in.ifteRQdel.a: Tohell Slong, seaeilis {ary exidues 4l fafapmoglobin (in the

context of I-Ek), was challenged with a peptidé analogue in which'a conservative substitution of
aspartic acid foRgnitabse: o B odlosusshid G BB EGOmrIys dovaisy Matishaentssade. This
SUﬁstitution diddagt?]&ilgﬂmgaﬁt}%iﬂﬁ@ﬁ‘ﬁf@idmthttaﬁﬁ]@ﬁa@ialfeqf&hw@pﬁig?u@dtﬁgm@ﬂstﬁfé-Ek. 4 athouah
Following in vitro.challenge of a T cell clone wi is analogue, no _proliferation was detected althoug
o4 secreton i ATOMGE SE s IO B F PR b R LEMN éponses. 1n a
subsequeri(stugyithdsarmesgndupetiementtrated phieusdparationichdutélkmbdiatedhoytdlysis from
cytokine produdtion s insiAGe. A [EmarmAned. unaliersd Wi, e piter was impaired. The
efficacy of altered peptide ligands in vivo was Initially demonstrated in a murine model of EAE
(experimental aMEEgEINBEp Rzl GrrgedsPpY McDebrtahteslleagues 10 (Smilek et al (1991) Proc Natl
Acad Sci USA 88 : 9633n963 1) b thés snefehEfEolarndued Y- mewpisasieni v th-thery
encephalitogenic peptide Ad1-11 of MBP (myelin basjc protein). Substitution at position four (lysine)
with an alanine YSSRFLY YUREAL8EH pbpie Gt WotmaHel B9t ‘%i@tﬁ%ﬁd"é’ ttaa Af1"), but
which was non-immunogenic in the susceptible PL/IXSJLF1 strain and which, furthermore prevented
15 the onset of EAE when administered either before or after immunisation with the encephalitogenic
peptide. Thus, residues can be identified in peptides which affect the ability of the peptides to induce
various functions of T-cells.




Advantageously, peptides may be designed to favour T-cell proliferation and induction of
desensitisation. Metzler and Wraith have demonstrated improved 20 tolerogenic capacity of peptides
in which substitutions increasing peptide-MHC affinity have been made (Metzler & Wraith(1993) Int
Immunol : 1558-6h)/ikhestean altered peptide ligand can cause long-term arcrgreiound@nergy in
cloned T cells was demonstrated by Sloan-Lancaster eta! (1993) Nature 363: 156-9. The compositions
of the invention may be capable of inducing a late phase 25 response in an individual that is sensitised
to the allergens. The term "late phase response” includes the meaning as set forth in Allergy and
Allergic Diseases (1997) A. B. Kay (Ed.), Blackwell Science, pp 1113-1130. The late phase response

may be any latg,phaaaaSRanse KR nRiaierakly atdapeldisasaay Mertapafewh inducing a late
asthmatic response, (L r a_late rhinitic res e, or a late phase skin 30 resppnse or a late phase
ocular respons@r\ﬁﬂ?&?‘fg&@r a%'lcﬁ %&ﬁ%ﬁb%g&%édtﬁﬁrﬁﬁsﬁpggigy FIPR lga%%goﬁétermined using
methods well knthvmimithelgnt:dppartialilathe prefewé abmethbthishthat! eswsibedrinu@romwell 0, Durham

SR, Shaw R, Maskay.l WOAHBOR9 46T IR2UIPIRI 38 87,808 Kak Ao Birgvaeation tests

and measurements of mediators from mast c asop n asthma and allergic rhinitis. In:

Handbook &f Hx/besiradartigtitamensd by {d) i Shpgsaie divaERionnedheH R BriclwesrIeikbntific
Publications, 1986, IhusigieaRlvribeindivid yahpartife spilaq R vemomare ahigia induce a 5

LPR in an individual who has been sensitised to the allergens. Whether or not an individual has been

sensitised to tHEGIRFY B HepPsERdEte fhined B8 khowh orodsalimetey 89888 prick testing
with solutions gi alargegpRdNacisafindd clian: ehgyananusahl Rineliyipalibistonmaitergasechallenge and

radioallergosorbent test (RAST) for measurement of allergen specific IgE. Whether or not a particular
10 individual is%)%b@é@ﬁ@'t?é‘ﬁ’@ﬁt%ﬁ?ﬁggt%ﬁ?%% %gtargt?e{‘?ﬁ’ug%%‘ ’%}%ﬁ"e’%f%%f@fﬁn based, for
example, 00 subhiests.other Dasptositiding: detol Erisiddgpdme nespeithin to Thmahgp@les.means inhibition

or dampening of aIIergiec tisgue reag%ii%ﬁérngg%%%dnpy I:ngglé%gﬁ% Wg}% I sepsitised

individuals. It has been Showr that e selectively activated, 15 and then rendered
unresponsive. Ahowt8ve rtioutA38¢yis inponush fempeisiict wiEscoTabens Jadbay d8¥erfdidgation of the

patient for a pagfiepias Alieracn. Thendaseislisai e madiess tseli 3ssdsdietionin response to an

allergen or allergen-derived péptide, or preferably an elimination of such a respanse, on second and

further adminisREmBHE SPHRIRESFEEN &t WML &0 SRR U SRR QS RF 28 Bministration may
be made after acsuitablepepasof bnehaseiansaddocalionm dasensitisijionds seare this is preferably
any period between, one day and several weeks, An interval of around .two weeks is preferred.
Although the cOIFSETiBARA tﬁ%‘ﬁﬁ&fﬁﬁ%ﬁlvﬁfa%é‘%‘é%%a‘?ﬁs s AT rgpé)ét%ds%gelergic individual,
it should be appieciatadath dewheiiia Sempebitowidelisgdtn Hrdnshout gatientlid.is preferable that a
sufficiently low concentration of the iti cp-g c?eﬂl l{g&lﬁ]g&ggquﬁgrl\éﬁmg LBR will occur but the
response will b%msch(%%?eaﬁg o%‘g?trlfsﬁlfl ﬁiggﬁéﬁsé WT cills such that the next (pere?erably higher) dose
may be given, aeisa0dnotin giid abaytthe 8wsk.is built up to give full desensitisation but often without
ever inducigg a LPR in the patient. Although, the composition or peptide is 30 able to do so at a higher
concentration than is administered. The compositions of the invention may be capable of inducing
a late phase reBpdiis A Ys 6F oM Sraparetne SrassPlkryrieigiAtuals from the population.

WO 2010/089554PC TG B2530{06Q405:28:Moiadniedanaltiotha emppsiliansatenapable of inducing
a LPR in 55% or more, 60 % %r m(ﬁg 65 0/%or morﬁ 70{% r %}re 75% or mored 0% or more, 85%

or more, or 90 Y BPm A SPLURRASEERRISIRIARS bénpa%lfgf.e PRSEHES BF RS e (Smpositions are able
to induce a LPRgriggs wminmmmgﬁseqwmm@bgmm e?iwplb,e(?dgwrirm lsyamsethods which
are well krb%wn '&Itehea@% ens i %Hebt%eu?%gﬁfiﬁg p@ﬁtftﬂﬁgpleﬂ@ﬁl% RLNG:duERUGY somprise a T cell

&f cohists o s Which are t

epitope th core 9 amino acl are minimal eSsential sequence required for
MHC class Il bihdiGepuadvwesjer etiaes pepeinieBenzaysdnmude thsriseadiineriain Baidubanidhiking the core 9

amino acids. T@@&B@ﬁigl‘ %10 therefore comprise a region containing a T cell epitope, in which

some residues may be modified without affecting the function of the %[ope. Accordingly, functional

variants of the peptidddagraemh &y eietrd aveidmHiss e Samiorhin s B &astPlifove their solubility
relative to the natlyg-seastensevaidheoRgpiidoHNIRNe U -binding T cell epitopes. The present

30  inventors have also shown that regions corresponding to MHC Class [I-binding T
cell epitopes within the major grass pollen allergens are highly conserved between

representatives in a given group, see for example, Example 2. Based on this



solubility is advantageous for the tolerisation of subjects to allergens from which the 15 peptides of the
invention derive, since administration of poorly soluble agents to subjects causes undesirable,
non-tolerising inflammatory responses. The solubility of the peptides may be improved by altering the
residues which flank the region containing a T cell epitope. A peptide of the invention may be
engineered to be more soluble such that it comprises: 20i) N terminal to the residues of the peptide
which flank a T cell epitope: one to six contiguous fhino acids corresponding to the two to six
contiguous amindwacigisoknpepddately-Netefrindldectaishresithirs i thetsequence:e3haprotein from
which the pepiige deraesaityn: dclBlninaL e eoldleR pLing peplide, which flank a T cell
epitope: one to 25 six contiguous amio aci s%grrespon ngvto the one 10 S|xgcont|guous amino acids
immediately>C @feriaes (b B Seitrrebid gaaninlth & sejaeme ecaforteorotéim frompivhitit phle peptide
derives; or iihrhothyMyand G teringldartheesiduss.of the-peRtide M’Iﬂj&ﬁiﬂ%’él‘a&-r cell epitope, at
least one amino acid selected from arginine, lysine, histidine, glutamate 30 and aspartate.

Optionally, the BEPEISY MLy SSHGRiIHER BB $iFs AUET & Be more soluble such that: WO
2010/089554PCT/GB204 /a0308:28bed) mycystains e sidnasd Gihepnathmsasvence of the peptide

are replaced with .serine ar 2-arni ic.acid; for_ i) any hydrophobig resjgugs in the upto
three amino aci%szza% ?ﬁ% ﬁl‘-%Ul ér\@g i?\%sﬁ\%ﬁhggr%%% r&asuaé]r?é% ot th epggﬁ%lel? RHich are not
comprised if a MEEHE epitope, ararwdlsted:hang/ably lifyamy Thoabonspritive amiho acids comprising
the sequence AgpsGly 40 higibRICfQUIRMIRQ-acids at the N or C terminus of the native sequence of
the peptide, which are not comprised in a T cell epitope, are deleted; and/or iv) one or more
positively chargEtPfadidtidshre dhe s urtie N smarsicesL b dispsiiade pare o6t peptides
engineered to imprhvadgiyhilitydaredye 09B and Tim07B as described in Example 8. The variants
with improved solubility are shown in Table 8. Thus, peptides Rye 09B1 (SEQ ID NO: 91),
KPEVKYAVFEAALTKAIT; Rye 09B2 (SEQ ID NO: 92), 15 KKPEVKYAVFEAALTKAIT, Tim 07B1,
(SEQ ID N&: 93), KKIPAGELQIIDKIDA, Tim 07B2 (SEQ ID NO: 94), KKIPAGELQIIDICIDAK are
preferred examples of variants with improved solubility. SEQ ID NO:s 91 to 94 may therefore
preferentially be used as substitutes for the above native peptides in a composition of the invention. 20
Nucleic acids and vectors The individual peptides that make up the compositions and products of
the invention may be administered directly, or may be administered indirectly by expression from an
encoding sequence. For example, a polynucleotide may be 25 provided that encodes a peptide
combination of the invention, such as any combination of peptides described above. A peptide
combination of the invention may thus be produced from or delivered in the form of a polynucleotide
which encodes, and is capable of expressing, it. Any reference herein to the use, delivery or
administration of a peptide combination of the invention is intended to include the 30 indirect use,
delivery or administration of such a peptide combination via expression from a polynucleotide that
encodes it.



30 Accordingly, the invention provides a composition for use in preventing or treating allergy to grass
by tolerisation comprising at least one polynucleotide sequence which when expressed causes the
production of a composition suitable 5for use in preventing or treating allergy to grass by tolerisation
as described above. The terms "nucleic acid molecute” and "polynucleotide” are used interchangeably
herein and refer to a polymeric form of nucleotides of any length, 10 either deoxyribonucleotides or
ribonucleotides, or analogs thereof Non-limiting examples of polynucleotides include a gene, a gene
fragment, messenger RbANpREARdcDiNAsiBeombida Chatnuclectilg anplasmiesywectors, isolated
DNA of any se ce, 4 e . n e -puclej id probes,.and pgi A
polynucleotide?fﬁége b%e' ﬁ%@%&ﬁ%@éﬁﬁég 16%%&?% ?e%? jf-g#nl.n%%ﬁ%cg%l}épg %?%Se(a%%h éﬁwhich

"encodes" a’sefdeteéd polfpantedis Atrmud éfcaithisidbule winvHutsdrin scribedt (rethef.case of DNA)
and translated (in48:Ca86.0fRRNAL LS8 RAIYARRUSSR YOS Rlaced undenths control of

appropriate regulatory sequences. The boundaries of the coding sequence are determined by a start
codon at the Sméoftér%ﬁn%% Ahd*a 3P40 58 et Ly tsH e s srBdxy 20 terminus. For the
purposes of theninvesitidmodyehtiselaibsaaid s équenaas datetfalgdehulepeadiehliftitechio, CONA from
viral, prokaryotic or. eukaryotic inRNA mi¢_sequences from viral or prokaryotic DNA or RNA, and
even synthetic B‘ﬁ’&%‘&f%? & .n e%r}gﬁgsl?r%gt%ﬁi%eﬁ?ﬁ?ﬁgﬁgﬁnSequence may be located 3' to the coding
sequence. ¥5Polynucleotides can be synthesised according to methods well known in the art, as
described by way of example in Sambrook et al (1989, Molecular Cloning - a laboratory manual; Cold
Spring Harbor Press). The polynucleotide molecules may be provided in the fosin of an
expression cassette which includes control sequences operably linked to the inserted sequence, 30
thus allowing for expression of the peptide in 31 vivo in a targeted subject. These expression
cassettes, in turn, are typically provided within vectors (e.g., plasmids or recombinant viral vectors)
which are suitable for use as reagents for nucleic acid immunization. Such an expression cassette
may be 5 administered directly to a host subject. Alternatively, a vector comprising a polynucleotide
may be administered to a host subject. Preferably the polynucleotide is prepared and/or administered
using a genetic vector. A suitable vector may be any vector which is capable of carrying a sufficient
amount of genetic infmmation, and allowing expression of a peptide of the invention. 10The present
invention thus includes expression vectors that comprise such polynucleotide sequences. Thus, the
present invention provides a vector for use in preventing or treating allergy to grass by tolerisation
comprising four or more polynucleotide sequences which encode different polypeptides of the
invention and optionally one or more further polynucleotide sequences which encode different 15
polypeptides as defined herein. The vector may comprise 4, 5, 6 or 7 polynucleotide sequences which
encode different polypeptides of the invention. This (first) vector may be used in combination with one
or more other vectors providing coding sequences for different polypeptides of the invention not
encoded by the first vector. Furthermore, it will be appreciated that the compositions and products of
the 20 invention may comprise a mixture of polypeptides and polynucleotides. Accordingly, the
invention provides a composition or product as defined herein, wherein in place of any one of the
polypeptides is a polynucleotide capable of expressing said polypeptide. Expression vectors are
routinely constructed in the art of molecular biology 25 and may for example involve the use of plasmid
DNA and appropriate initiators, promoters, enhancers and other elements, such as for example
polyadenylation signals which may be necessary, and which are positioned in the correct orientation,
in order to allow for expression of a peptide. Other suitable vectors



30 32 would be apparent to persons skilled in the art. By way of further example in this regard we
refer to Sambrook et al. Thus, a polypeptide may be provided by delivering such a vector to a cell and
5 allowing transcription from the vector to occur. Preferably, a polynucleotide described herein or for
use in the invention in a vector is operably linked to a control sequence which is capable of providing
for the expression of the coding sequence by the h 8st cell, i.e. the vector is an expression vector.
"Operably linked" refers to an arrangement of elements wherein the 10 components so described are
configured so as to perform their usual function. Thus, a given regulatory sequence, such as a
promoter, operably linked to a nucleic acid sequence is capable of effecting the expression of that
sequence when the prop&PdRARELCEI! SPERKIHiahEr PISHITERYEY HAROBEEDRGEERIY with the
sequence, so |lefighapdtsipreiiens tS Ky éDiNIdesax Rress K13 thetenil Phus, iaiexadaptef.intervening 15
uniranslated &b anseilied: SeAENAGS.CANRE.LURSTHRRIERD (e Rrgnoler spquisnge and the

nucleic acid sequence and the pfomoter sequence can still be considered “operably finked" to the
coding sequen®&CA HiuwibévoPelBressivsatems Haire paeartdserisaans thaeaft, lBach of which
typically consists:né aniecipieo)@inipegva geoe pnucleatidsiseauense: ob2agriatergst operably linked to
expression congrol sequences, These cantrol sequences include transcriptio romoter sequences
and transcriptiol;{ligltllh g z?(% e@%&?&?ﬁaﬁgﬁqscgan éﬁ%gg?’ﬁﬁé‘%%?&@%??ﬁ%‘E%,‘é%q%%?mn%@%e for example,
plasmid, vitls @iiprsane PerwesrpionbedindtisaforighnoltepticanprisopHOrAINa:plomoter for the
expression of thexsai polvadciectideand srHarally dreaulaieliof D uRImnaiaL:A ganplasmid” is a
vector in the form ofégn )65}31?”0 osomal enetif element. The vectors.maé contai% one or more

Res 0 A

selectable marker g 2 torSRARSe R A BB ACTEHR BN T A8 8P a B cterial plasmid
or a resistance arere dorppofiinysl e tompteetomsheray beapsidd tonsititosiorsexansplefiersthe production
of DNA or RNA ot ysegh9 transfect or transform a host cell, for example, a mammalian host 30 cell.
The vectors may also_be adapted to be used in vivo, for example to allow in vivo expression of the
polypeptidé? A "promd i ¥R I RIACE RIS S FeH e R HeH R IR%s and regulates transcription of a
polypeptide-encoding(polynticieotidepiioihote’s CAIP GO IIZXKiIMAICH|e pramatessd(ivhere
expression of aapggg&qgég%ggn?equence operably linked to the promoter is induced by an analyte,
cofactor, regulatory protein, etc.), repressible promoters (where expression of a polynucleotide
sequence operably 5 {Mked %M@%ﬁ?&t&%}éﬁ%&}m)cofaaon regulatory protein,
etc.), and constititiverpranhetess ajtdssintesaded:-thatthe term "promoter” or "control element” includes
full-length promoter regions and functional (e iption or translation) segments of
these regic?réls. A polyi%)cleogﬁc?éj,og%etpe%%o%%%%@%@}m%i%%%éd herein may 10 additionally
comprise a signdl peptité Begabntecsrredighiaiipeptide sequence is generally inserted in operable
linkage with thespepeptessachiiatiigysiginaipeptidaus.axpieseaskandfaglitatas secretion of a
polypeptide encodedtb codin setéklence also in %Qe%abl(g Iinkage with the promoter. Typically a signal
peptide sequerpggvgrﬁé &s %apélﬁt? &6t 1083 AmnG 154 For example 15 to 20 amino acids.
Often the amino aditsraieEpsredominGntycdydropiobivehtientyaicht sitisatidnceosigreaopbptide targets a
growing palypepligle.shain haanng.HeSigRah REPUAE Je iR RNLRRIASING T alicktvabihe expressing

cell. The signal peptide is céeaved @)ff in the%fndoplas ic reticulum, allowing for secretion of the
polypeptide viathe B BIGH ApSEFIASCTFHBY [A PRt IR BRS¥ded to an 20 individual by
expression from cellgwithin the individual, and secretion from those cells. Alternatively,

polynucieotides may he £xpressed:inAsuitRRNSMARELIQ.A0N RIgsRAtionALa peptide of the

invention by an MHC class II'molecule at the surface of an antigen {)resenting cell. For example, a
polynucleotide V@?B?é“s%ﬁ&ﬁy of SEQ ID NOS: 1 to 73. The variant typically comprises 1, 2, 3 or

30 more of the MHC class II epitopes present in the corresponding peptide of SEQ ID



25 cassette or vector may be targeted to antigen presenting cells, or the expression of encoded
peptide may be preferentially stimulated or induced in such cells. In some embodiments, the
polynucleotide, expression cassette or vector will encode an adjuvant, or an adjuvant will otherwise be
provided. Aswieedihesedrs the term "adjuvant” refers to any material or corrvsition @esatsle of
specifically or non- 30 specifically altering, enhancing, directing, redirecting, potentiating or initiating an
antigen-specific immune response. 34 Polynucleotides of interest may be used in vitro, ex vivo or
in vivo in the production of a peptide. Such polynucleotides may be administered or used in the
prevention or treatment of allergy by tolerisation. 5Methods for gene delivery are known in the art. See,
e.g., U.S. PateRtDS0%.t65899,346, 5,580,859 and 5,589,466. The nucleic acid molecule can be
introduced directly intg the (edibjent sublect. Syan ARt stadae iali AL Al fradermal
injection; transdermal particle deaﬂr\l/ery; w?haFa on, oplcalﬁ , or by oral, intrahasal or mucosal modes of
administration tdlkesmoldudiedimdmativiety Baviie pitopriprasank inGbeivorsspansiisaneptiide been
removed ffom gRieRs 1A PKAIYIC, A AHFIRalcieaR¥ RERSAIAN GARSEIIARI BRRIOEPT the Invention
uce

may be introd into APCs of an individual ex vivo. Cells containing the nucleic acid molecule of
interest aredre-thertrmaedHRtelare b oseeris R/ OTs HrosHIGASYEsh SR & bish BEIRYSFRed against the

peptide encodegk Ry iRe-BHERICARIBMAIRCYSIyphniBsleiTadD Hpmoles TR sTus egi:S4Ch
immunization are generallié referred to herein gs "nucleic agid vaccines," The polypeptides,

polynucleotide® TS ER2BIE Gl e RS A REAMR BH CRTESIRRTRESHIRTS S AR R34 Y isolated form. They
may be mixed pitipeptider Ik dhtisntsotyipigiidvitnag thetexndseitie tireithintendgebodiagnd still be
regarded as sub antialll éZQii eolated. They may also be in a substantially purified form, in which case
they will genergﬂy}vgo?ﬁﬁﬁ’sg at'least 90%, e.g. at least 95%, 98% or 99%, of the proteins,

polynucledtides, cells\GriintsnaSEQf B PBpaiafid maxitgerepreae daniveddiistyapais). 25Described
herein is the use,in,vifLg,9fA spatiog 9&&5%%@%@9@9&!qﬂm%&xﬁ’@.mﬂﬁawahg peptides of

the invention on%helr surface, that may be subsequently used in therapy. Such a method may be

carried out ex FRORSRtifeafpRIShEME RO A pRasbBYARe AT rerredTsemelHelrHenaP Cs produced in

this way therefgig.fgriiRPHRIFARC O WHicAbagRRHARHRRBs b used dBithgiibpatdest or prevention 30 of
grass allergy by tolerisation, The cells should be accepted by the immune system of the individual

because they SeRigtvidual. Delivery of cells that have been produced in this way to the
individual from whomitbeyxuap:pfigimally ciRBQED, Miusl formsarthssapddgment b8 of the
invention. 35 Eormulations and compositigns, The peptides, polyn gkeotidgg vt%gégrsfmg cells may be
provided to an Il&n)%ivtllﬁb%lae%ﬁ)éqf rsfr?&ﬁ%%?ei'nq(%?n ?ﬁa‘ﬁéqﬁlg Egcdh Fnég)ollgcuf}en%r cgﬂ may%e provided to 5 an

individual in anasalatedds fostahtiiiersulsteehdefiiEd B? Biidstantfzon gerfidertonsl amdroéxample, a
peptide may be;proyidiahta ag,ipflividualsybsiantally.irefiom hirolrereeniitgs: Aligrnatively, four

or more peptides in the composition may be coupled chemically together, using standard peptide
coupling reageH#sians ?ﬁ@@@eﬂé@ﬁgk%@b‘ﬁ&@%?ﬁ%ﬁﬁﬁﬁ%ﬁ’é“ﬁ%@%&é@rﬁf@ﬁé? &orntheptides would
P
individual peptides. In a further embodiment, four or more peptides in omposition may be
provided as paffBEA LingiQ PNt dtide Efﬁﬁﬂti@aﬁmgéﬁé?ﬁg}%’?ﬁ%%%g%fﬁé%igﬁngﬁ% ng
polynucleotide aftig dasidRcussetapeptidBer maynbi fasdoberidignay bky dederibfrattematikly be

o e ions BRRR SN Buf R MlRl e BE RS BRI AR, PR clectdes or

sequence may be added at the other end of SEQ ID NO: 1. The same discussion of

25 vanants above also applies to SEQ ID NOS: 2 to 73.

A variant peptide may include one or more amino acid substitutions from the

amine acid sequence of any of SEQ ID NOS: 1 to 73 or a fragment thereof. A
variant peptide may comprise sequence having at least 65% sequence identity to at
least 9 or more contiguous amino acids in any of SEQ ID NOS: 1 to 73. More

30 preferably a suitable variant may comprise at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, or at least 98% amino acid identity to at least 9

contiguous amino acids of any of SEQ IID NOS: 1 to 73. This level of amino acid



according to the invention to be presented in raw form, it is preferable to present them as a
pharmaceutical formulation. Thus, according to a further aspect of the invention, the present invention
provides a pharmaceutical formulation for use in preventing or treating allergy to grass by tolerisation
comprising a composition, 20 vector or product acggrding to the invention together with one or more
pharmaceuticallx acce taqjle carriers or diluengst%nd opéion% ly one qr more %Ihtr therapeutic
ingredients. Th& EaPREP ) MUSE BE REEEPIAbI T MR E&n8a B beihy BEHTFAIBIC Wit the other
ingredients of thezformlilatiorlafdnotcdelidtaliotty to the pétipieftctimeraoliskypioalyidsarriers for
injection, and the{IRAdQrLlefen 21320 terls and RYegrRoe, eI LI GRINET o diluent is
thioglycerol.  Formulation of a composition'’comprising the peptide, polynucleotides or cells can be
carried out dsingestindatiepivardricroe FipnulageriEneinisnied Hsabasehogeiigles all of which are
readily available-{eithg reasenablysekiledatisani:FREEXINRIGuERRPOSItions containing one or more
molecules or cells can be 30 combined with one or more pharmaceutically acceptable excipients WO
2010/089554PCT/GB%ai%?%ﬁ(?f%é%é‘%‘? %ﬁ%ﬁ%&?‘%ﬁ%ﬁl?&‘r?@% #c%"@}‘gﬁ“@rf%@ﬁ%fﬁng or emulsifying
agents, pH buffexririgububsiarieesigrgtiie Mdemay:baqpeasant in the excipient or vehicle. These
excipients, vehicles a xili ) I r j that do not induce
an immune response r}}r(lgltl?wal#lls Ozfﬁ??gglfr%ggﬁﬁ fe 9}? %ﬁﬁ%@)ﬂ/ﬂ?ﬁ@é%\%c "

e indivi Iving the’ composition, and may be administered

without undfie t%city. Priarraetusdail dedipstamiemsiclivients Fellad GSM Ak Siilited to, liquids
such as water, @@qm@@@@l@g&g}gg&ﬁ&@lﬁg’r@gi&ﬁi@Dg{}fﬁg&gngl;gqg,lylgqgol and ethanol.

Pharmaceuticalléacce table salts can also be included therein, for example, mineral acid salts such
as hydrochlorid@s A HrB A I e BHEGTh Hee Cs (kW BRI % P RPnd the salts of organic acids
such as acetates; PAROIANAAESK GRITN d8ES) DeNH0aTes, 2addhe, ke, A thorough discussion of

pharmaceutically accgpatgglg 8&@%&%%%%ﬁ@g%%)agﬁgwm%%%ﬁ\@gﬁ%ln Remington's

Pharmaceutical Sciences ?N?ack compositions may beé prepared,
packaged, Or scf.iHerdomn giitaisldiftorvis Balhd ddmihistation GEQBonén it S ddeninistration.

Injectable comppsitigespmaysbe AreRaras, PasiAgedy BA S MY vRik HRSAgR BB UEH, as in ampoules

or in multi-dose containers containing a preservative. Compositions include, but are not limited to,
suspensions, sSRABISEBRMERD IR MY oratEdhS Vehich S HadR S Grithiniislittable

sustained-releasgaarspidgegradable formulations. Such compositions may 20 further comprise one or
more additional ingredients including,.b imited.to i llizin ispersing agents.
In one embodiment og}g%aonrtﬁﬁ%éd @r%%o@%%entﬁgél %(ém|hi!strga%%?‘%qgﬁz‘g#v%}}gérg&%eﬁnt is provided in
dry (for e.g20a pswde. dragramutéshéorim RacreéoPkianiomwitlva Buitable vehicle (e. g., sterile
pyrogen-iree waie Aok Jo, RABIIAR! adryimistalien dhhicdegansuluia 25 composition. The

pharmaceutical compositions may be§re ared, packaged, or'sold in the form of a sterile injectable

aqueous or oily suspehigRtorisbinid .@E@ Db RO AGIEHER RS B BRRR& according to
the known art, aagl DRwEomprseHnadditiorieihe agiieinpredienkrgditionglipgnedients such as
the dispersing t ti nts, or suspendi en ' in. sterile 30
injectable forngal%%rrjg\{rﬁn&:‘?ﬂ'ygltgi’éE}ﬁgro((?alf‘)%tnré’arfﬂ%‘?’f‘?l’gﬁ‘é‘ll Hﬁ-%x%%%&gﬁgéﬂrgﬁ&‘gg%&iﬁg iluent or solvent,
such as water ditl,Bebptarestiolofop exampli Other acseptableHakdillmmts didl $8lvents include, but

are not limited to, Ring@;‘g&%ﬁ&gﬂg@@g@ _ﬁg_g{}%gplgmﬁm ﬁ@ﬂ {g(@@ f¥syspich as synthetic

mono-or di-glycerides. Other parentally-administrable cTomEgsmons which are useful include those
which 5 compri8éthé!aethsaisgrediehp in ricrsdrpataiiRelfbrim Lk adibosymarnsEdaition, or as a
component of abigdegmdehieRRlymrersystems. Compositions for sustained release or implantation

may comprise pharmaceutically ac J@% lymeric 5 0 W)bic materials such as an emulsion,
an ion exchange resir?{C aéjgﬁtéﬁf{&ff{\i%& %@%ﬁ@rg %}%ﬁ ﬁﬁ% y%{ﬁ?@%lgé EQIDNO:
30  89), Phalaris aquatica, Pha a 1; Phleum pratense, Phlp 1.
Variants of Rye09B (SEQ ID NO: 46): PQVKYAVFEAALTKAIT (SEQ ID
NO: 90}, Phleum pratense, Phl p 5.




10Alternatively, the peptides or polynucleotides may be encapsulated, adsorbed to, or associated with,
particulate carriers. Suitable particulate carriers include those derived from polymethyl methacrylate
polymers, as well as PLG micropatrticles derived from poly(lactides) and poly(lactide-co-glycolides).
See, e.g., Jeleryiet/ads31093) Pharm. Res. 10:362-368. Other particulate ByBtemsianob pélymers can
also be 15 used, for example, polymers such as potylysine, polyarginine, polyomithine, spermine,
spennidine, as well as conjugates of these molecules.  The formulation of any of the peptides,
polynucleotides or cells mentioned herein will depend upon factors such as the nature of the
substance and the method of delivery. Any such substance may be administered in a variety of

dosage forms. It 20 MR SBYTHTISEREET: esally fe prefstablatiriroshes, Mexchgesdagueous or oily
suspensions, dispersible poywders or granules),.topically, parenter subcutan y, by inhalation,
intravenously, | 5%%%?51}%, grﬂ?rve?s?%trhvaelﬁ/‘ﬂrlgﬁssl e%%*ffp fjlsr{elt FaC ?r%%f??%ﬁﬁ?ﬁﬁ%%, instranasally,
buccally or by irfasiahvetiuddocsatieegeptidtant theinyeaibm bee ddrivedsteradraezeuppositories. A
ohysician 25 il Al g AU {16 CAU RO ) G An gk ash paricuar indvicual
The compositions 6r founulations will comprise a suitable concentration of each
peptide/pol§nustabernsicdirined & aticntize With 6ORIBEUERN-EarEVSSHEARTORAL B8itally, the

concentration QL@QQQiQEQg%ﬁJ(gZ{g%%ﬂ&OﬁiE%Wi” be in the range 30 of 0.03 to 200 nmol/ml. More
310

preferably in the range of t nmol/ml, 3 to 180 nmql/ml, 10 to 150 r],mo /ml, 5 to 200nmol/m1 or

30 to 120 38 nmol/mIFARIEEHIBCEHHBRIGTHLIEIRESh R FRRSd ety BF B ¥ater than 95% or
98% or a puritygfirhieasii@thafutirdiuadianayien sedsedosityEtisnl Wit THompson et
polypeptide/polynycleotides/cells. The adjuvant is preferably administered in an amount which is
sufficient to auéj‘ngﬁg ??%ugﬁéc &%%?B ?)%%Etﬁjﬁrea/'ggf%st]cleotides/celIs or vice versa. The adjuvant or
other therdpeutaingaatlipaynbe paragentsisfefodmiateschiafsciydeprieepiaafthe invention.
e o 118,001 R A5 AR L RAMAL IR ROSRIREEAR AR AN W cf

enhances the respohseto the pe r cell. In"one embodiment, therefore, the peptides,

polynucleotidesjatetipenpenatipo bt aidendvdivs deisialdy Readifrnd #8asith 6AB or more other

therapeutic ag%g‘t_,gré[gﬁ guents.mandaddninisterss saparatayosieriianeosiraikequentially. They
may be administered in the same or different compositions. Accordingly, a.15 s?abjfe.ct may also be
treated with a féPﬂ?é?%éﬁ’aPﬁéﬁt‘ff@%@@nﬁydleﬁgﬁﬁ?Qﬁﬁ%ﬂ%}?%ﬁ’é&%‘ﬁg fSPHtitSted which
comprises & mglesiip@pRiRr Sthanrd Aleaions: apmoalathsidheiapettiedrolecilds. A composition of
the invention may alternatiyely be. d simultaneously. sequentially or separately with one or more
other therapeuﬁ%¥88ﬁﬂ‘£'3§1i¥3%w§§%§ 0 Séné%% ?ﬁ%? g 1r%heegr'lt. 20Non-limiting examples of adjuvants
include vitamin D, rapAmastantargtigle cogorticyidssterdids Suctr awte atethd Semeng gdishsone,
budesonide, memeiRRoNe desameihasens RuloratsontatariRanc.AsiaireRIadpisone
prednisolone, me A one,

1 . ¥ . .y
ylpredniso etamethasone and triamcinolone. A preferred glucocorticoid is

dexamethason& v Hs egparsapb ofns ShanAseiRRinR R s &vite the SPmS Breisa 5t 81888sure relates
to peptidesgolynyclaatidas,yesiResandoalimthat assanatiesorde seasiising emialesising human

individuals to the allergens described above and are ther_ef%re,useful_in the prevention or treatment of
grass may be substituted with an alternative amino acid having similar properties, for

example, another basic amino acid, another acidic amino acid, another neuiral amino

acid, another charged amino acid, another hydrophilic amino acid, another

hydrophobic amino acid, another polar amino acid, another aromatic amino acid or
25  another aliphatic amino acid. Some properties of the 20 main amino acids which can

be used to select suitable substituents are as follows:

Ala aliphatic, hydrophobic, neutral [Met hydrophobic, neutral

Cys polar, hydrophobic, neutral Asn  ipolar, hydrophilic, neutral

Asp polar, hydrophilic, charged {-) [Pro hydrophobic, neutral

Glu polar, hydrophilic, charged (-) |Gln polar, hydrophilic, neutral




30 allergy. The invention provides compositions, products, vectors and formulations for use in
preventing or treating allergy to grass by tolerisation. The compositions of the WO
2010/089554PCT/GB2010/000198 39 invention may be used to reduce allergic symptoms or improve
the conditiorvebamediesgie individual. The invention also provides a methad widabeusing:os
desensitizing a grass allergic individual comprising administering, either singly or in combination the
polypeptides/polynucleotides/cells of the invention as described 5 above. The individual to be
treated or provided with the composition or formulation of the invention is preferably human. It will be
appreciated that the individual to be treated may be known to be sensitised to the allergens, at risk of

being sensitisapher sUSpReG-OhRetmsansHsed The indiljsalsarbriRstedeaensitisation using
art-and-as-describe |
Rary tﬁ

10 techniques well known.in the Alternatively-the-ndividualmay have a
family history df&llergy@dr§pa8sn9%3hy not be nece ol Hﬁdﬁﬁ’ama%éﬂﬁw‘sensitisation to grass
because the i]méldual MQ{@%W@ allergy when-expessphiaQirResaBYy exppsure is meant

proximity to, for example, a grass plant, or a substance or product derived from a grass plant, or a 15
substance or product or comprising either of the above. The substance or product derived
from a grass plgat is typigallyi&essasien, Byupaximity is mesiatié hmibistiobic|esanalimetres or less, 2
metres or less|1-metrg-orless or 0-metres-from-the-items-deseribed-above-Symptems-of allergy can
include itchy eye8, runiPbdydeliifingererdiides R d ith@Rﬁtﬁy&fgﬁb?@’fﬁ%idual to be
treated may beygf,any afighiteWS\RspRsBIE AltathEryRdividiahiinay fed) IyaragisoBioup of 1 to 90, 5 to
60, 10 to 40, ormore-preferably 18 to-35- Preferably.-the-ndividuat-to-be-treated-isfrom a
population that has M.HC allele frequencies within the range of frequencies that are representative of
the 25 Caucasian pojriatianRaierentalp dpsatiowiate edfreduenbanfanl canmion DRBI allele

families are shown in T.%t%%A (lData .H%%&LA Facts ngk Parham aqgl%geagag%ble A DRB1134

7811 12 13 14489 &k no act appears In the séquence 1s a s
thereof. Amino acids used in the sequences may also be modified, ¢.g. labelled,

5 providing the function of the peptide is not significantly adversely affected.
Where the peptide has a sequence that varies from the sequence of any of SEQ ID
NOS: 1 to 73 or a fragment thereof, the substitutions may occur across the full length
of the sequence, within the sequence of any of SEQ ID NOS: 1 to 73 or outside the
sequence of any of SEQ ID NOS: 1 to 73. For example, the variations described
10  herein, such as additions, deletions, substitutions and modifications, may occur
within the sequence of any of SEQ ID NOS: 1 to 73. A variant peptide may
comprise or consist essentially of the amino acid sequence of any of SEQ ID NOS: 1
to 73 in which one, two, three, four or more amino acid substitutions have been
made. A variant peptide may comprise a fragment of the parent protein that is larger
15 than any of SEQ ID NOS: 1 to 73. In this embodiment, the variations described
herein, such as substitutions and modifications, may occur within and/or outside the
sequence of any of SEQ ID NOS: 1 to 73.
The variant peptides of the invention are 9 to 30 amino acids in length
inclusive. Preferably, they may be from 9 to 20 or more preferably 13 to 17 amino
20 acids in length. The peptides may be the same length as the peptide sequences in any
one of SEQ ID NOS: 1 t0 73.
The peptides may be chemically derived from the polypeptide allergen, for
example by proteolytic cleavage or can be derived in an intellectual sense from the

polypeptide allergen, for example by making use of the amino acid sequence of the



14.7 15.7 8.8 3.4 8.33.9 14.7 2.917.6 2.5 40 Reference population % 9.4 11.1 12.8 13.2 3.7 13.4 2.3
10.2 3.2 10.7 3.6 Reference frequencies were obtained by analysis of multiple studies reporting
frequencies and the figures shown are mean values. Preferably therefore, the individual to be treated
is from a popuelatonizaidaas equivalent MI-IC allele 5 frequencies as the mferesnce papudation for the
alleles referred to Table A (such as for at least 1, 2,23, 4, 5 or all of the alleles), for example within the
ranges of those figures plus or minus 1, 2, 3, 5, 10, 15 or 20%. Preferably the individual is from a
population where the allele frequencies of the following DRB1 alleles is: 10 4 - at least 9%

10

15

20

25

30

polypeptide allergen and synthesising peptides based on the sequence. Peptides may
be synthesised using methods well known in the art.

The term "peptide" includes not only molecules in which amino acid residues
are joined by peptide (-CO-NH-) linkages but also molecules in which the peptide
bond is reversed. Such retro-inverso peptidomimetics may be made using methods
known in the art, for example such as those described in Meziere et al (1997) J.
Immunol. 159, 3230-3237. This approach involves making pseudopeptides containing
changes involving the backbone, and not the orientation of side chains. Meziere ef al
(1997) show that, at Jeast for MHC class IT and T helper cell responses, these
pseudopeptides are useful. Retro-inverse peptides, which contain NH-CO bonds
instead of CO-NH peptide bonds, are much more resistant to proteolysis.

Similarly, the peptide bond may be dispensed with altogether provided that
an appropriate linker moiety which retains the spacing between the carbon atoms of
the amino acid residues is used; it is particularly preferred if the linker moiety has
substantially the same charge distribution and substantially the same planarity as a
peptide bond. It will also be appreciated that the peptide may conveniently be
blocked at its N-or C-terminus so as to help reduce susceptibility to exoproteolytic
digestion. For example, the N-terminal amino group of the peptides may be
protected by reacting with a carboxylic acid and the C-terminal carboxyl group of the
peptide may be protected by reacting with an amine. Other examples of
modifications include glycosylation and phosphorylation. Another potential
modification is that hydrogens on the side chain amines of R or K rhay be replaced
with methylene groups (-NH; — -NH{Me) or -N(Me),). _

Analogues of peptides according to the invention may also include peptide
variants that increase or decrease the peptide’s half-life in vivo. Examples of
analogues capable of increasing the half-life of peptides used according to the
invention include peptoid analogues of the peptides, D-amino acid derivatives of the
péptides, and peptide-peptoid hybrids. A further embodiment of the variant
polypeptides used according to the invention comprises D-amino acid forms of the
polypeptide. The preparation of polypeptides using D-amino acids rather than L-
amino acids greatly decreases any unwanted breakdown of such an agent by normal

metabolic processes, decreasing the amounts of agent which needs to be



7 - at least 10% 11 - at least 8%. The individual may have had allergy to grass for at least 2 weeks,
1 month, 6 months, 1 year or 5 years. The individual may suffer from a rash, nasal congestion, 15
nasal discharge and/or coughing caused by the allergy. The individual may or may not have been
administeredxxith sthgrssompositions/compounds which treat grass allergpCTias indigitugd may live in
a geographical region which has: - a temperate clinzate, and/or: - a typical soil pH in the range of about
3.5,4 or4.5to about 5.5, 6, 7 or 8; and/or 20 - a mean annual precipitation no less than about 9, 10,
11, 12, 13, 14, 15, 16, 17 18, 19 or 20cm per year and no greater than about 180cm, 250cm, 300cm,
400cm or 500cm per year; and/or - an annual minimum temperature of no less than about -5C, -4C,
-3C, -2C, -1C, fifminisie?dd, dondGithrtbEhandéinr P bf-iandnimismtaiaximum temperature of no greater

than about 35C, about,30C ﬁout 29 out 28C 9) 7 r%%pgg oy 9 éabout 24C,
about 23C or about 2 ;%?r?ﬁ o'::rs-plié‘é1 éé]?#\;?ééhﬁ R{gglea%ﬁﬁdérélg about 3 gr%ﬁcﬁ_ar{gzsg)bgut 30 south. WO
2010/089554P@THEEIZMO10001 98otins endisledrivivididd igpicmpdbiffeltsriraineatidiefigo grass in a

particular Seasmﬁ%%m%?gu&emﬁgm9&&9@&%&9}1@{4&3.8%@@&%95% wyich is typically
r

summer, preferably early Summer (for example from May to June in the Northern hemisphere) or late

summer (fof eXREApTE SURIBaBaR asteriars RRpAt nErRRRard) o thRecgtal@bllergic individual is
typically allergigeiovaimes s1atie pafepiphonationemneienapy Sindeitamding phsials afe allergic, or

may require desensitizin several polypeptide antjgens, the current invention, alsq. provides means
of desensitizin&liﬁl}ﬁﬁﬁ% I3 ?%’r%e%% ﬁ:st’él%%gfgi%ﬁ%’e ?r%%ﬁ eé’é"df:r?aoﬁc%% in an
individual to a fitstqtdyipepticeaatigencdifricsg enbstmdoeatbeamitia, individurl ar'stbterogenic
environment" wherein inappropriate immune sqgng ggﬁlﬂ:?r Nt QWA ulated in
order to provid%p%@%%%é%t%a% her a?ﬁ%cé%%.gﬁ?s In :?;H%glf%meal soﬁwbgﬁﬁgi%lﬁ qal%% [erglc%cg; multiple
allergens ¢8n hechBi¢reamonpmrallyrecaiyring vetentineé the pewnanwigias faunddudigfestibusly allergic to
some a“ergen%ﬁ?eg.-@zﬁﬁwé)immgﬁ% Rildyeaisrdice.atheraliersedsdes s alidandes) can benefit

from a therapy wherein tolerance to the milder allergen is established and then this tolerogenic
environment isSE4E@EY #d¥ide tolerance to the other, more extreme allergen. In addition, individuals

suffering from an autojpipriReLecissedebwhaerRddibanalyspRsiistdsio opthe pasridmmune) to an
unrelated antigen or allergen can bena{ﬁ from a treﬁtm%%t reé;fir(’pe wherein E)Ierar}ce to the unrelated

antigen or allertfel iRFisPERAABHEH By URGHEh ThiE SRV AFTRRIERHERISSH Y0 provide
tolerance tFthadngahekgemasshaiates ofithethdireciel minagmclisoraeioR Mumgthedkiotherefore
provided for desensitising a grass allergic individualito grass allergen as described above and one or
more further différent. 6%@%%p§83naﬁr/:(t’fg%%aséo%hoe met Sgcenst'ails, in a first step, administering to the

individual a compositibriprotiiaotsfonthulsionepiimahe domrsoenion) aecdreptigaotiabtitvention as
described herejn andwhgtain e peeiRis AR CRHIGERY VIR MNBNASS of SEQ ID NOS:
1 to 73. Thatis, the peptides are preferably capable of inducing an immune
20 response. In particular, they may be capable of inducing a late phase response in an
individual with grass allergy. This may be tested by the ability of the peptide to
induce T cell proliferation in a sa,mple‘ of T cells. Methods of testing the induction of
T cell proliferation are well known in the art and one such method is exemplified in
Example 4. Preferably the one or more further peptides are capable of causing T cell
25 proliferation in at least 20 % of samples of T cells, wherein each sample is obtained
from different grass allergic individuals in the population. The compositions of the
invention are preferably capable of inducing T cell proliferation in 30 % or more
samples of T cells obtained from of a panel of grass allergic individuals. More
preferably, the compositions are capable of inducing T cell proliferation in 35% or
30 more, 40 % or more, 45 %, 50 %, 55 %, 60 %, 65 Y%, 70 %, 75 %, 80 %, 85 %, or 90

% or more of samples obtained from sensitized individuals in a panel.



30 sufficient to generate a hyporesponsive state against grass allergen. Once a hyporesponsive state
has been established toward grass allergen, or at least a shift toward desensitisation has occurred, the
method entails administration of a secondary WO 2010/089554PCT/GB2010/000198 42 composition
comprising axsgeondsaiffierent polypeptide antigen to which the individualietebecsensitised.
Administration of the secondary composition is carried out in such a way as to take advantage of the
tolerogenic environment established by use of the primary composition, where it is now possible to
establish tolerance to the 5 second, different polypeptide antigen. The secondary composition is
coadministered with either the first primary composition or a larger fragment of the grass allergen(s).
By "coadministered” itie BagaisRithiemihe Simulaneols drisondts e sicatiiomiseRionc®.g., when the
two are present in the same camposition or adnpigisterrelg irr\ I%%Fea(r)ﬂ% ggg;ggsgi%s at nearly the same
time but at diffSPSIREE QAN LS AEVER S o e stide antigens in separate compositions
at different limésicHeuléxditpiel, irerkakimiiaiy sconphosifidncaisyobeidedifemdemivized or subsequent to
delivery of the{r'{a%]‘%&glé’oé'&?&}@‘. theg g:%%ﬁ%@i&ﬁ&%%@‘&% deheHiming Pehnean daliyeries can
range from about deveral seconds apart to about several minutes apart, several hours apart, or even

several days apethaRisatrireddrd ovifte Ferarudtive hnsettoermunsibans soar i sobeble of Classes of
suitable allergeps inglige. itk e RObIMBRAIRMHRL Tites ol 8raRsR, POHE S criNE dander (especially

cat dander), grasses, molgs, dusts aQtibiotics s'tt)in ing insect yenoms, al}d a variety qf %pvironmental
(including cheﬁﬁsé%ﬁfﬁprﬁeéﬁﬁagﬂjé’am%ga 4Hérgénlr COMMLIerEE eﬁ?é'?@%ﬁg If¥ffde 20 pollens
from cottonwogghnp epsiakcashdRidilMapleaea KR Myhiekelindiddpaikdn irpes]! oograsen plant
allergens includg those from mugwort, ragweed, English plantain,sorrel-dock and pi ed; plant
contact allergefiSTREIRREY %ng}% SRR AR ST f\%n R A o??n%tn%ﬁs 1(i:]%’;lgi:%gga’tIIergens
include rya @rass, E2013, 36heRan,aBeavud8 ifdsddeatmd bluegrass allergens; common allergens
can also be 25 obtaingd fro I ' ' Jsan m

ReatiSR IR epdium.

NS ré}“?\%é% et é%ﬁ%‘%ﬁ%@ﬁ% ,

Aspergillus, Micropolyspopra, ucor an c actinomycetes; epidermal allergens can be

obtained from hdease of wistrinivediies Yeyppbillyotumth cHl repARENS SoranieRiidsdrces such as
feathers, and dog; dhanserraamapdosshalisasnsdnelusle milkRod:shsase apmirag, wheat, nut

(e.g., peanut), seafood (e.g., 30 shellfish), pea, bean and gluten allergens, common enyironmental
allergens includesiRab e SHEIHNAng BTN RIS RSHREVRS B SHERAS T g BN S S RS rpentine),
Latex, rubber, fibesscoltonormsiabdautap (haieldye, cusmetcnietaigbntanathalBble
20101089554P1C‘éf%/682 10/00019% 43 perfulmef%lgégg S, gammon, %L{giglllesrgdenﬁlgtlgéude local
anesthetic and SRS &SI LR BIOR Allergens inaIiae daniciin, tetracydime and sulfonamide
allergens; and odinmanripsdétbalengens Motucelbadvidaghtaridainthee noappserdegiekroach calyx
allergens. Particularl racter | i e, but are 5 not limited to, the major cat
allergen Fel d 1% ‘é‘@%%%r%%%&féﬁ%ﬂ%%?&g%dis etal. (1996) J. Clin. Invest.
98:1676-1683), birch peitehieatieiaes Reevle ofsedrgtal (Roomydnfaixsd prmpitaeilyv7:536-541),
and the myfji-epifopic ieeombinanisassAlSIgenHERG31EGRpRE Mefd 8R70cHRMUNOlogy 90:46-51).

Particularly preferred T cell epitopes are_derived from the allergens: cat 10 dander praotein Fel d 1;
House dust mitEHFBEsiRLgropi beisin badaemitynthe Ml sps BRI ALY 284 2 a 1.3 0r a
1.4; Rye grass pieiainsduet prhidRdnkahq Withinyptayagdes pposaing Bl D cibnddptd AliBermuda grass

protein Cyn d 1; Alternaria alternate prateins Alt a 1, Mt a 2 and Enolase (Alt a 6); Birch protein Bet v 1
and P14; Germﬁ%‘gﬁbﬁﬁ%@j@%ﬁ gl,Blag2,Blag3,Blag4,Blag515andBlag6;
Mugwort protein Art vWitRinshisrzthistiecpnuibini@aikTlcall deSaftkr AntowmtianArhitrarcity &ds 2, Arab 3,
Mah 4. M3 Sad, RRLR OIS SrRA L AR RGNS QA bR igiipoyte antigen.

These and other sultable a ergens aré’commermal y available and/or can be readily prepared as
extracts followisgpbkitiientethgigerseptide residue. Using peptides which have had one or more T

cell receptor contact residues substituted with a different amino acid, several groups

have demonstrated profound effects upon the process of T cell activation. Evavold &
Allen (1991) Nature 252: 1308-10) demonstrated the dissociation of T cell

30 proliferation and cytokine production. In this in vifro model, a T cell clone specific
for residues 64-76 of haemoglobin (in the context of J-E"), was challenged with a

peptide analogue in which a conservative substitution of aspartic acid for glutamic



20Preferably, the second polypeptide allergen is a grass allergen or a grass allergen fragment, more
particularly a grass allergen or grass allergen fragment selected from the list of grass allergen
sequences indexed by database accession numbers (NCB' Entrez accession numbers) below. NCBI is
the National €entes/fésBiotechnology information and is a division of the BT 1G&aDWANESitutes of
Health. 25 The NCBI web site, from which access @fthe database may be sought, is
www.ncbi.nlm.nih.gov/. Allergen sequences indexed by database accession numbers. 75232277 Dac
g 1,75139988 Dac g 1,75232276.Dac g 1,33149335 Dac g 1, 30 33149333 Dac g 1, 75163303 Dac g
5, 75163399 Dac g 5, 75163400 Dac g 5, 14423124 Dac g 5, 14423122 Dac g 5, 14423120 Dac g 5,
1171005 Hol 1ati386086:h abe 174 4708 a4 |diiEeT 8BBicirtly, in68BeR#iHdhe daraee6625 Hol 15,
WO 2010/0895@?%@?%)&%&%2%{4 2266623 Hol 1 5,75172041 Ho! 1 5, 75098038 Ho! 1 5,
75098037 Hol T , T1661 Hol 15, 2266623 Ho! 1 5,250677! Hor v 1,28299! Hor v 1, 75219009 Hor
v 5, 126385 Lol p 1, Te@evdngdryitroshetous pbag tely shopgarth this gnelagsaas Lol p 1,3210053 Lol
p 1, 3210049 LoLpc, 370047 deplcR 4 50 Lol idR 10R4A1s01da ]as324Q043 Lol p 1, 3210041
Lol p 1, 3210039 Lol p 1, 3210037 Lol p 1, 3210036 Lol p 1,3210035 Lol p 1, 3210034 Lol p 1,
3210033 L4l p APagitonfabq ¢rpeiobalp SR 51550ns1h B 86 H0sPRR TR0 6 10 145°E 858814 Lol p 1,

100638 Lol p 14kQ06a6ettDtHR 320834 dfat gll.mMan&3d dsablysts fr3638GdkiriapAalutA6R87 Lol p
3,2498581 Lol p5.a, 4416516_Lot p5 a, 485371 Lol p5 0639, Lol p5 a. 10 3409495 Lol p 5 a,
3409494 Lol p]% tisinskass 1 tIBPg‘%{ rﬁﬁﬁﬂlfé}élﬁof%egg}‘gigg%ﬁi‘g?% E”é’?gﬁ%‘g% Lotp5a,
3409486 Lol p Gfixash09484ddpqptide ig408483 o vaB njt3dod@iohsirased i 8na84Z9 Lo! p 5 a,
3409478 Lo! p 4 . 4 Ip5a,
3409473 Lot p%gg,e %Qo%gblyz(%&%%&a%i%%ﬁg?? 1%%%&%%?%%%%%%%%%%%%@% 4_6% Lolp 5 a,
3409468 Lt p Smilekeodd93) BrowiNad doaé6¢ii 188, -3G98 Dolpthinredeldodt 15l p 5 a,

3210002 Lol p £ 3@ 000 kRsRD AR 1AOG 4 HanB Brde AR LRTPBr 3328 0QRG IR P5 a,
3210007 Lo! p5 a, 3210008 Lot p 5 a, 3210009 Lo! p5 a, 3210010 Lot p5 a, 3210011 Lol p 5 a,

3210012 Lot pBaoI e ToFHe o3 RosHian upslysine) i 80 B L9 228 ol p 5 &,
3210018 Lol p Sprpiddd 08k bolindowall32 1902dricahp Semar 18024 ) bnbvehid2 &adAdnk ot p5 a,
3210023 Lot p5 a, 3210024 Lol p5 a, 3210 3210026 Lo! p.5,a, 542129 Lo! p5 a, 2498582
Lol p5 b, 3409&@?%?%%‘%%%&%%%%‘3%@% t3 16’?%8, 2’%&%85“%‘3?%%"5? BEXHHET Lot p Sc,
455288 Lol P isbéanmedplBAF4Ben aldmiidstéradiititheabe fiiaror sfiguantasisaBn 3648De 417103; 687261;
687259, 177133 bzlgagli(gée%lcgé ;PG ki RS LA be dr i fed 00 BAR; 2004 adat 32, 320616;
320615 320614 10 T 100634, 82450; 626028; 100639; 283345, 542133; 1771353; 1763163;
1040877; 104087 8bilgpgdthesmptides Windyce, w0 funytonsof Fagls0: 2718: 168316; 168314;

485371; 2388664; 263471280807 BeFRI G YNMTRAND lod2H00AHRRALrZ4REST6 30 Pha o
1, 1246116 Pha a 1, 3210031 Pha a 1, 3210027 Pha a 1, 3210028 Pha a 1, 3210Q29 Pha a 1,82450

Pha a 1,409328'B15590 PEdrsematsBing Metzgomd, ¥ il hrre Jamersaaied INpwves 9e577 pha a 5,
1246120 Pha pdierbgd@d taprtity popebAdesl ilB~KibHRbshtatidadntiasipppphd8408430 Pha p 5,
3409482 Pha p 5., 3409490 Pha p,5, 1171008 £hl. 3838 Phip 1, 9.Phj p 1,473360
Phl p 1,39010F4 WY, ,Vigﬁﬁﬁ%ﬁﬁ%ef}ﬁgﬁﬁé%ﬁﬁ% %Pﬁhﬁﬁ%%ﬁ&?fé Phi p
1,3210040 5 Phh plir62081@ehamd c480132 IPht-pam88UFoS P mray3nsdned Prefiss, 3135501
Phi PS, 3135499 P 7 i 6:RAIPS, 3309039 Phi p 5,
3309041 Phl p?ﬁ%ﬁ‘%ﬁ%@%@%@%@&%&%g%%%@r%éé é?3§§§g§3 Phl p 5,3135503 Phl p
5,626037 Phl p 5, 2850wsEPeRsitivas pSteisvepiipmy, howpakls phindusinoaBipBesPnl p 5a,

422005 Php 52340949250 Akbha2 RELAGARILPEDHEL3RT P RSP (HASEHAZ Phl p 5b,
2398759 Phl p 5b, 3409491 Phl p 5b; Additional Phleum sequences; 458878; 548863; 2529314,

2520308 2415TF8E0BsR] Bpdisies aamerning o5 o fonb i Allssayrnd AllersiDissasss 4181171 253337
253336; 45397h; A3RIAGOEd 32616601 AB PNt} 0PA265- PI3a. P ThedBRALAL ocsfiilscIRAGBO Poa p

Zeam 1, 1155081 AR POISADERS JOSTHAh PR S S e,
75272187 Zea #iale bitinf#i380sgeme(l1AR pasBEShineR meshBB8OR ZPBIZ phase %ir93902 Zea m 1,
89892721 gpa I 1yt 41 AR eS8 JButueSd e Wit 600PA KRR NG NRBR de can give

rise to a LPR can be determined using methods well known in the art; a particularly

preferred method is that described in Cromwell O, Durham SR, Shaw RJ, Mackay J



Once formulated the compositions of the invention can be delivered to a subject in vivo using a variety
of known routes and techniques. For example, a composition can be provided as an injectable
solution, suspension or emulsion and administered via parenteral, subcutaneous, epidermal,
intradermal, mtramuorsexsiar, 25 intraarterial, intraperitoneal, intravenous injectigisesisgpaigonventional
needle and syringe, or using a liquid jet injection system. Compositions can also be administered
topically to skin or mucosal tissue, such as nasally, intratracheally, intestinal, rectally or vaginally, or
provided as a finely divided spray suitable for respiratory or pulmonary administration. Other modes of
administration include oral 30 administration, suppositories, sublingual administration, and active or
passive transdgiaTahgelBeBréechaianests and Wbaieempeptideniaiiadte foiministerdth dbds preferred to

administer the peptide to a site in the body where it will hqve the abhility.to contact 46 suitable antigen
presenting cell§*5R ?ﬁ/ﬁ%?@ﬁfﬁgrafheéf},% kﬁ%\%{ﬁﬁénogﬁg%ﬁk/%%%& arg%q‘%ét(ﬁ[gn or t%l%é dividual.
Where an APQ43 mmdm;mmememm@@m@mm@e?m%@mawg in the body where it
wil ave the abilty to30pele N ACIURA HIBBIRIL RO R Rl Qelent eomes

S

Administration of the pept’l les/polynucleotides/cells (such as the composition containing a plurality of
peptides) nfay bBRoin anynsividbi vhsrhatibsencressitsedita ths s8ee2entitABRISABURISBS the peptide may

be determined;gmpificativs BtbRicaly-a1e indhRranaegiyer SalowiRcHokRdfvmstration of each
peptide may be sufficient to have a beneficial effect for the pa i%e}ﬁ%, but it will be %{preciaﬁed that it may

be beneficial ifFFRSSWRATRYFE avrkiRiBES BT Rs TP IOES R EERS AT ad S ration
regimes may bgutfasaxanpRs, OnsaIlitwise Alyeakdel 2ngcmiedieaiveiystrimontss, or once a day
for a week ever to six months. As.will be appreciated, gach peptide or cleotide, or
combination of(éé%?ée%réﬁ%‘?rﬁﬁrﬁfé\g%ﬁ &% JrD%F%e‘ff/ B’zéﬁm%ﬁ‘égé rttcl)oaap%%ﬁe%‘tgﬁlrngIy or in
combinatidf. Dindagésafos adreutid tation:iitifrdepentmgpomay edtleruhfsdrdermiveingthe nature of

the compositiop, t u qgrg;p'ﬁgﬂgg& and the schedule and 20 timing of the administration
regime. Suitabpeé1S (g?ég% égaamr%olecu%e of the invention may be in the order of up to 15itg, up to 20 jig,

up to 25 jig, up to 30doesspsitisaye, elstsinoendndisidyab ooty Blersens PerdriNiEPERSN. Suitable

doses may be %ﬁg%@gﬂeg& atdgastingrRiaileash 2 0e, MeAldeast Hpesiaatleast 50ng, or least
100ng, or at least 500ng, or at least litg, or at least 10%8 For some r%)lecu es of the 25 invention, the

dose used maf%iﬁfﬁﬁé‘i‘ﬁ&d&lémﬁllé‘ﬁ}ﬁ% show it ‘flrlﬁé’aﬁ 4SeEMYeNFEE 5, up to 5 mg or
higher. Sugh dese B RRIOMESHIAsBHqMickéovar ulRtioR dliacondanination slitaldeto allow an

appropriate volume for. administration b %EJ} selected route. 30.Kit T resent disclosure also
relates to a cor%'ﬁ?ﬁéﬁ?gﬁ t8$§8?85‘3‘r§%tﬁ sny eggrﬁgganﬁg%?np %It}ftca1 e?ﬁcl)?r gré'ti]ﬁlg treatment of the

invention whichiessnptickaged4dn thdsissaif ef a kidintmTintesnensSucn kitsrgrayerelipioe a series of
components 0 G BL A7 GUMERL AL NEHNERNPSr £k S1aLles LB G Prise one o more
nucle

different peptides, pol otides and/or cells, or one or more peptides, polynucleotides or cells and

one or more adéifesiadmurapaiees & dmellsiaemrs FOPaPRCHGTES RSB dein SRSRRSh, or for sequential
or separatg@dipisiiation. the vt maverionaleaniaiathensuitabladaagent(swr instructions and

the like. The in\c/ientio.n,is illustrated by the foll(f)wigf; Exampleg;blt%Examplfal a'\:/llys%v%rlglss [l binding
search esensitisation 1o occur; 1HIs 1S preierably any pericd oetween onc day
weeks. An interval of around two weeks is preferred.
Although the compositions of the invention may be able to inducea LPR in a
grass allergic individual, it should be appreciated that when a composition is used to
25 ftreat a patient it is preferable that a sufficiently low concentration of the composition
is used such that no observable LPR will occur but the response will be sufficient to
partially desensitise the T cells such that the next (preferably higher) dose may be
given, and so on. In this way the dose is built up to give full desensitisation but often
without ever inducing a LPR in the patient. Although, the composition or peptide is
30 able to do so at a higher concentration than is administered.

The compositions of the invention may be capable of inducing a late phase

response in 50 % or more of a panel of grass allergic individuals from the population.



The aim of this study is to identify a distinct panel of peptides with strong affinities for the eight most
common human MHC Class Il HLA-DRB I* allotypes. 15 In order to identify binding peptides in the
major grass allergens Rye Lol p 1, Rye Lol p Va, p Vb, p 5a and p 5b, Bermuda Cyn d 1 and Timothy
Phi p 5, an iwsilmeapmaach known as "peptide threading” was employeadsiagzhé/igomenercially
available EpiMatrix algorithm (EpiVax Inc.) This is asioinformatic analysis of peptides from a
sequence for the potential to be accommodated within the binding 20 groove of MHC class Il HLA-DR
molecules. EpiMatrix is a matrix-based algorithm that ranks 9 amino acid long segments, overlapping
by 8 amino acids, from any polypeptide sequence by estimated probability of binding to each of the

?eé%ct)e)d |\:|1 HCm@aﬁtﬂ@?amg,&iﬁlraﬁhﬁ@sﬂlmﬁlﬁswmﬁFdﬁgwgngﬁmmmiiii%BQ- 41
1997)). The procedure velopin trix motifs.yvas publis o 4 16 Vaccine
1998 (1998). | %ﬁf%ﬁ%r&%lg%i Fr?gg7p8c§’t?e%rtf§f’f8=r?§&° %‘f@o@%’ Byé‘}ff‘" aé%%’é@%ﬂm, DR13 and

DR15 is assessegl PutativecMFkEriifinedsalividaidcied panstolihgtherctr aatibe frame in a protein
sequence. This score 5 AeLVSAPY.COMRRUNG I Seasice.Albe,S et A syl amino acid

sequences known'to bind to each MHC allele. Retrosloectlve studies have demonstrated that EpiMatrix
30 accuratdly pradietdsisubirtibbyvigbaisariish sesyalekaesn i tadtines '97 (Cold Spring Harbor

Press, Cold Spring Harpar b ohach99gdmIuseessiRrsdiclion afipenisgswhichdind to multiple MHC
molecules has also been confirmed. WO 2010/089554PCT/GB2010/000198 48 Estimated

probability of biRERRS thracearisiaef MFREe harRRgIRS LRI AL BB A S Bllows. The peptides
are scored by esjipatinediectelative T enatnnadingilitierofbindingideenely asino acid, compared

to known MI-IC binders for. a given MI-IC.allele. This information is, summe [ he peptide and a

summary 5 scSPénW‘fdégf’%g% ?5?%8“%%& &n |rree8pae16f|n e?%%?ér cc?rﬁg%ar?neg%ﬁa EMX score to the

scores of knowheMFe: igandse Epiddatrvoatrivag atber!llagtitopten bihghspprotraisiiieg iabbreviated as

EBP, but not sichly & ApRARIY kIR AERAINGS HieRiRRerRB.glRmBYdRm U piMalrix scores
at will b

as high or higher nd to a giverr MHC molecule. EBPs range from 00% (highly likely to bind)
to less than 1ovardisey thairetides #idafires ebsor nepidsarseidredashars ¥ed bl EpiMatrix are

shown in Table,1- Fablacl: sBEHILPREREAFGANMNKGRERIMRIAGEHR2. on RIKRGRE F |
PMKSSWGAIWRIDPKKPLKGP Ber03 on RLTSEGGAHLVQDDVI PANWK DTVYTiK Bio01 on QKL

| EKI NAG FK/ARNRIABibed gHareaa far feAplsuarien o Bihies S 1ot rsTs VRBRVIBSA PR AK QAT Bio04
on TALKKAVT pddisleAGiRABR0:08erive, since administration of poorly soluble agents to

subjects causes undesirable, non-tolerising inflammatory responses. The solubility
of the peptides may be improved by altering the residues which flank the region
containing a T cell epitope. A peptide of the invention may be engineered to be more
soluble such that it comprises:

20 i) N terminal to the residues of the peptide which flank a T cell epitope: one to
six contiguous amino acids corresponding to the two to six contiguous amino acids
immediately N terminal to said residues in the sequence of the protein from which
the peptide derives; and/or

ii} C terminal to the residues of the peptide which flank a T cell epitope: one to

25  six contiguous amino acids corresponding to the one to six contiguous amino acids
immediately C terminal to the said residues in the sequence of the protein from
which the peptide derives; or

iii) both N and C terminal to the residues of the peptide which flank a T cell
epitope, at least one amino acid selected from arginine, lysine, histidine, glutamate

30 and aspartate.

Optionally, the peptides may additionally be engineered to be more soluble
such that:



NDKFTVFESAFNKALNE Rye01 on LDAKSTWYGKPTGAGPKDNG Rye02 on
GHAFGSMAKKGEEQNVRSAG Rye03 ori GSNPNYLAILVKYVDGDGDV Rye04 ori KESWGAVWRI

DT P DKLTGPF Rye05 on DVNAG FKAAVAAAANA P PAD Rye06 on GAT PEAKY DAFVTALTEALR
Rye07 on GRlgEIMMsH2AAFKIAATAANAAPTNDKF Rye08 on GAYETY Kecirfe: SiotfbdMBEQAY Rye09

on PEVKYAVFEAALTKAI TAMTQAQKAGK PA Tim40 ori PEVKYTVFETALKKA | TAMSEAQ

2010/089554PCT/GB2010/000198
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i) any cysteine residues in the native sequence of the peptide are replaced with
serine or 2-aminobutyric acid; and /or

ii) any hydrophobic residues in the upto three amino acids at the N or C
terminus of the native sequence of the peptide, which are not comprised ina T cell
epitope, are deleted; and/or

iii) any two consecutive amino acids comprising the sequence Asp-Gly in the upto
four amino acids at the N or C terminus of the native sequence of the peptide, which
are not comprised in a T cell epitope, are deleted; and/or

iv) one or more positively charged residues are added at the N- and/or C-
terminus.

Examples of peptides engineered to improve solubility are Rye 09B and
TimO7B as described in Example 8. The variants with improved solubility are shown
in Table 8. Thus, peptides Rye 09B1 (SEQ ID NO: 91),
KPEVKYAVFEAALTKAIT; Rye 09B2 (SEQ ID NO: 92),
KKPEVKYAVFEAALTKAIT, Tim 07B1, (SEQ ID NO: 93),
KKIPAGELQIDKIDA, Tim 07B2 (SEQ ID NO: 94), KKIPAGELQIIDKIDAK are
preferred examples of variants with improved solubility. SEQ ID NO:s 91 to 94 may
therefore preferentially be used as substitutes for the above native peptides ina

composition of the invention.

Nucleic acids and vectors

The individual peptides that make up the compositions and products of the
invention may be administered directly, or may be administered indirectly by
expression from an encoding sequence. For example, a polynucleotide may be
provided that encodes a peptide combination of the invention, such as any
combination of peptides described above. A peptide combination of the invention
may thus be produced from or delivered in the form of a polynucleotide which
encodes, and is capable of expressing, it. Any reference herein to the use, delivery or
administration of a peptide combination of the invention is intended to include the
indirect use, delivery or administration of such a peptide combination via expression

from a polynucleotide that encodes it.

WO



52 0. TimlO on ' PEVKYTVFETALKKAITAMS 5 Tim-PWITS EAQ 53 Timl OB 1
KYTVFETALKKAITAMSE 5 Tim Phi p5 54 Timl OC LKKAI TAM S 5 Tim Phl p 5 55 TimlOD
PETALKKAI TAMS 5 Tim Phl p 5 Tim = Timothy grass; Rye = Rye grass; Cyn = Bermuda grass Any
peptides indicated above which have an N terminakglutamate (E) or glutamine (Q) residue, for
example Rye 08A, may have this residue replaced with pyroglutamate tq improve stability during

manufacture, without

RS R RE G G ISt G CFIRE ARG B H SISy 888RB G of these peptides

is typically obtainedaasimgajieptide sradkeretsisehatplacemesibhaddakendgbabencleotide
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sequence which when expressed causes the production of a composition suitable
for use in preventing or treating allergy to grass by tolerigation as described

above.

The terms “nucleic acid molecule™ and “polynucleotide” are used
interchangeably herein and refer to a polymeric form of nucleotides of any length,
either deoxyribonucleotides or ribonucleotides, or analogs thereof. Non-limiting
examples of polynucleotides include a gene, a gene fragment, messenger RNA
{mRNA), cDNA, recombinant polynucleotides, plasmids, vectors, isolated DNA of
any sequence, isolated RNA of any sequence, nucleic acid probes, and primers., A
polynucleotide may be provided in isolated or purified form.

A nucleic acid sequence which “encodes” a selected polypeptide is a nucleic
acid molecule which is transcribed (in the case of DNA) and translated (in the case of
mRNA) into a polypeptide in vive when placed under the control of appropriate
regulatory sequences. The boundaries of the coding sequence are determined by a
start codon at the 5' (amino) terminus and a translation stop codon at the 3' (carboxy)
termintus. For the purposes of the invention, such nucleic acid sequences can
include, but are not limited to, cDNA from viral, prokaryotic or eukaryotic mRNA,
genomic sequences from viral or prokaryotic DNA or RNA, and even synthetic DNA
sequences. A transcription termination sequence may be located 3' to the coding
sequence.

Polynucleotides can be synthesised according to methods well known in the
art, as described by way of example in Sambrook et al (1989, Molecular Cloning - a
laboratory manual; Cold Spring Harbor Press).

The polynucleotide molecules may be provided in the form of an expression
cassette which includes control sequences operably linked to the inserted sequence,

thus allowing for expression of the peptide in



A further EpiMatrix analysis was performed on the entire sequences of three known Timothy grass
sequences: Timothy Grass Phi p 1 (NCBI Accession no. 1N10A), Timothy Grass Phi p Va (NCBI
Accession no. Q40962), and Timothy 10 Grass Phi p Vb (Accession no. Q40963). This analysis
identified further core peptides (and their flanking seguences) which are predicted to have good MHC
class-Il binding. These sequences are shown below in Tables 3A-C. In each table: = "Residues in
main sequence” §R/ESRERSELIIENCEr (B SR pHRIESHAh e SefLBHE SRR P EMIGded. The core
peptide (underseshédvmidaiecamiplasadiisincbbaldhdefities thespathiahhindingsequenge that was

dentified during,the, anglysi, e, taiizing,flanks (N:ferminal and € terminal, ot bold) were included

for use with the core’sequence and are typlcaﬁy required to ai MANUTACLUFS Of the peptides. "Number
of hits" refers thamgiragsbdiocHigl pladictedcbinditigradfiniiias forcalt MElErisipes tested within the

sequence. The jEpiMatis & usterSeoie s detyed 20 fipmthe.oumbe Rt bitsnRinalized for the

length of the cluster. Cluster Score is thus the excess or shortfall in predicted aggregate MHC binding

properties relatV@TPY TLAANEA Phphit-sad MiaRr BeecbEcsktye thileio R aabGAbicate broad

MHC binding prapestiesiciSs Tafeld o Vi e Riititn: W20 0 0SAR5ARGTIGB2040/000198 53
Litabbk8' ---. ,4-3%nont %IXMAM.SE UEN%EO%I%PiMatkiX %i , Phoblea Tt sf SCORE",, fEXCLUDIN
. .

FLANKS tc.4 (=384 i ot " oPa pept e 1mvenfo

10 The present invention thus includes expression vectors that comprise such
polynucleotide sequences. Thus, the present invention provides a vector for use in
preventing or treating allergy to grass by tolerisation comprising four or more
polynucieotide sequences which encode different polypeptides of the invention and
optionally one or more further polynucleotide sequences which encode different

15 polypeptides as defined herein. The vector may comprise 4, 5, 6 or 7 polynucleotide
sequences which encode different polypeptides of the invention. This (first) vector
may be used in combination with one or more other vectors providing coding
sequences for different polypeptides of the invention not encoded by the first vector.

Furthermore, it will be appreciated that the compositions and products of the

20  invention may comprise a mixture of polypeptides and polynucleotides.
Accordingly, the invention provides a composition or product as defined herein,
wherein in place of any one of the polypeptides is a polynucleotide capable of
expressing said polypeptide.

Expression vectors are routinely constructed in the art of molecular biology

25 and may for example involve the use of plasmid DNA and appropriate initiators,
promoters, enhancers and other elements, such as for example polyadenylation
signals which may be necessary, and which are positioned in the correct orientation,

in order to allow for expression of a peptide. Other suitable vectors

30
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would be apparent to persons skilled in the art. By way of further example in this
regard we refer to Sambrook ef al.

Thus, a polypeptide may be provided by delivering such a vector to a cell and
allowing transcription from the vector to occur. Preferably, a polynucleotide
described herein or for use n the invention in a vector is operably linked to a control
sequence which is capable of providing for the expression of the coding sequence by
the host cell, i.e. the vector is an expression vector.

“Operably linked” refers to an arrangement of elements wherein the
components so described are configured so as to perform their usual function. Thus,
a given regulatory sequence, such as a promoter, operably linked to a nucleic acid
sequence is capable of effecting the expression of that sequence when the proper
enzymes are present. The promoter need not be contiguous with the sequence, so
long as it functions to direct the expression thereof. Thus, for example, intervening
untranslated yet transcribed sequences can be present between the promoter sequence
and the nucleic acid sequence and the promoter sequence can still be considered
“operably linked” to the coding sequence.

A number of expression systems have been described in the art, each of
which typically consists of a vector containing a gene or nucieotide sequence of
mterest operably linked o expression control sequences. These control sequences
include transcriptional promoter sequences and transcriptional start and termination
sequences. The vectors of the invention may be for example, plasmid, virus or phage
vectors provided with an origin of replication, optionally a promoter for the
expression of the said polynucleotide and optionally a regulator of the promoter. A
“plasmid” is a vector in the form of an extrachromosomal genetic element. The
vectors may contain one or more selectable marker genes, for example an ampicillin
resistence gene in the case of a bacterial plasmid or a resistance gene for a fungal
vector. Vectors may be used in vifro, for example for the production of DNA or
RNA or used to transfect or transform a host cell, for example, a mammalian host
cell. The vectors may also be adapted to be used in vivo, for example to allow in
vivo expression of the polypeptide.

A “promoter” is a nucleotide sequence which initiates and regulates

transcription of a polypepiide-encoding polynucleotide. Promoters can include
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inducible promoters (where expression of a polynucleotide sequence operably linked
to the promoter is induced by an analyte, cofactor, regulatory protein, etc.),
repressible promoters (where expression of a polynucleotide sequence operably
linked to the promoter is repressed by an analyte, cofactor, regulatory protein, etc.),
and constitutive promoters. It is intended that the term “promoter” or “control
element” includes full-length promoter regions and functional (e.g., controls
transcription or translation) segments of these regions.

A polynucleotide, expression cassette or vector described herein may
additionally comprise a signal peptide sequence. The signal peptide sequence is
generally inserted in operable linkage with the promoter such that the signal peptide
1s expressed and facilitates secretion of a polypeptide encoded by coding sequence
also in operable hinkage with the promoter.

Typically a signal peptide sequence encodes a peptide of 10 to 30 amino
acids for example 15 to 20 amino acids. Often the amino acids are predominantly
hydrophobic. In a typical situation, a signal peptide targets a growing polypeptide
chain bearing the signal peptide to the endoplasmic reticulum of the expressing cell.
The signal peptide is cleaved off in the endoplasmic reticulum, allowing for secretion
of the polypeptide via the Golgi apparatus. Thus, a peptide may be provided to an
individual by expression from cells within the individual, and secretion from those
cells.

Alternatively, polynucleotides may be expressed in a suitable manner to
allow presentation of a peptide of the invention by an MHC class Il molecule at the
surface of an antigen presenting cell. For example, a polynucleotide, expression
cassette or vector may be targeted to antigen presenting cells, or the expression of
encoded peptide may be preferentially stimulated or induced in such cells.

In some embodiments, the polynucleotide, expression cassette or vector wiil
encode an adjuvant, or an adjuvant will otherwise be provided. As used herein, the
term "adjuvant" refers to any material or composition capable of specifically or non-
specifically altering, enhancing, directing, redirecting, potentiating or initiating an

antigen-specific immune response.

229-
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Polynucleotides of interest may be used in vitro, ex vivo or in vive in the
production of a peptide. Such polynucleotides may be administered or used in the
prevention or treatment of allergy by tolerisation.

5 Methods for gene delivery are known in the art. See, e.g., U.S. Patent Nos.
5,399,346, 5,580,859 and 5,589,466. The nucleic acid molecule can be introduced
directly into the recipient subject, such as by standard intramuscular or intradermal
injection; transdermal particle delivery; inhalation; topically, or by oral, intranasal or
mucosal modes of administration. The molecule alternatively can be introduced ex

10 vivo into cells that have been removed from a subject. For example, a
polynucleotide, expression cassette or vector of the invention may be introduced mto
APCs of an individual ex vive. Cells containing the nucleic acid molecule of interest
are re-introduced into the subject such that an immune response can be mounted
against the peptide encoded by the nucleic acid molecule. The nucleic acid

15  molecules used in such immunization are generally referred to herein as “nucleic
acid vaccines.”

The polypeptides, polynucleotides, vectors or cells described herein may be
present in a substantially isolated form. They may be mixed with carriers or diluents
which will not interfere with their intended use and still be regarded as substantially

20 isolated. They may also be in a substantially purified form, in which case they will
generally comprise at least 90%, e.g. at least 95%, 98% or 99%, of the proteins,

polynucleotides, cells or dry mass of the preparation.

Antigen presenting cells (APCs)

25 Described herein is the use in vifro of a method of producing a population of
APCs that present the peptides of the invention on their surface, that may be
subsequently used in therapy. Such a method may be carried out ex vivo on a sample
of cells that have been obtained from a patient. The APCs produced in this way
therefore form a pharmaceutical agent that can be used in the freatment or prevention

30  of grass allergy by tolerisation. The cells should be accepted by the immune system
of the individual because they derive from that individual. Delivery of cells that
have been produced in this way fo the individual from whom they were originally

abtained, thus forms a therapeutic embodiment of the invention.
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Formulations and compositions
The peptides, polynucleotides, vectors and cells may be provided to an

individual either singly or in combination. Each molecule or cell may be provided to
5 anindividual in an isolated, substantially isolated, purified or substantially purified

form. For example, a peptide may be provided to an individual substantially free

from the other peptides. Alternatively, four or more peptides in the composition may

be coupled chemically together, using standard pepiide coupling reagents, to provide

a single peptide containing the preferred epitopes. Such peptides would be screened

10 for basophil histamine release to confirm lack of histamine release as per the
individual peptides. In a further embodiment, four or more peptides in the
composition may be provided as part of a single polypeptide chain i.e by
recombinant means from an encoding polynucleotide. The four or more pepiides may
be fused contiguously, or may alternatively be separated by appropriate linkers.

15 Whilst it may be possible for the peptides, polynucleotides or compositions
according to the invention to be presented in raw form, it is preferable to present
them as a pharmaceutical formulation. Thus, according to a further aspect of the
invention, the present invention provides a pharmaceutical formulation for use in
preventing or treating aliergy to grass by tolerisation comprising a composition,

20 vector or product according to the invention together with one or more
pharmaceutically acceptable carriers or diluents and optionally one or more other
therapeutic ingredients. The carrier (s) must be 'acceptable’ in the sense of being
compatible with the other ingredients of the formulation and not deleterious to the
reciptent thereof. Typically, carriers for injection, and the final formulation, are

25 sterile and pyrogen free. Preferably, the carrier or diluent is thioglycerol.

Formulation of a composition comprising the peptide, polynucleotides or
cells can be carried out using standard pharmaceutical formulation chemistries and
methodologies all of which are readily available to the reasonably skilled artisan.

For example, compositions containing one or more molecules or cells can be

30  combined with one or more pharmaceutically acceptable excipients
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or vehicles. Auxiliary substances, such as wetting or emulsifying agents, pH
buffering substances and the like, may be present in the excipient or vehicle. These
excipients, vehicles and auxiliary substances are generally pharmaceutical agents that
do not induce an immune response in the individual receiving the composition, and
5 which may be administered without undue toxicity. Pharmaceutically acceptable
excipients include, but are not limited to, liquids such as water, saline,
polyethyleneglycol, hyaluronic acid, glycerol, thioglycerol and ethanol.
Pharmaceutically acceptable salts can also be included therein, for example, mineral
acid salts such as hydrochlorides, hydrobromides, phosphates, sulfates, and the like;
10 and the salts of organic acids such as acetates, propionates, malonates, benzoates,
and the like. A thorough discussion of phanmaceutically acceptable excipients,
vehicles and auxiliary substances is available in Remington’s Pharmaceutical
Sciences (Mack Pub. Co., N.J. 1991).
Such compositions may be prepared, packaged, or sold in a form suitable for
15 bolus administration or for continuous administration. Injectable compositions may
be prepared, packaged, or sold in unit dosage form, such as in ampoules or in multi-
dose containers containing a preservative. Compositions include, but are not limited
to, suspensions, solutions, emulsions in oily or aqueous vehicles, pastes, and
implantable sustained-release or biodegradable formulations. Such compositions may
20  further comprise one or more additional ingredients including, but not limited to,
suspending, stabilizing, or dispersing agents. In one embodiment of a composition
for parenteral administration, the active ingredient is provided in dry (fore.g., a
powder or granules) form for reconstitution with a suitable vehicle (e. g., sterile
pyrogen-free water) prior to parenteral administration of the reconstituted
25 composition. The pharmaceutical compositions may be prepared, packaged, or sold
in the form of a sterile injectable agueous or oily suspension or solution. This
suspension or solution may be formulated according to the known art, and may
comprise, in addition to the active ingredient, additional ingredients such as the
dispersing agents, wetting agents, or suspending agents described herein. Such sterile
30 injectable formulations may be prepared using a non-toxic parenterally-acceptable

diluent or solvent, such as water or 1,3-butane diol, for example. Other acceptable
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37
diluents and solvents include, but are not limited to, Ringer's solution, isotonic
sodinm chlonide solution, and fixed oils such as synthetic mono-or di-glycerides.
Other parentally-administrable compositions which are useful include those which
comprise the active ingredient in microcrystalline form, in a liposomal preparation,
or as a component of a biodegradable polymer systems. Compositions for sustained
release or implantation may comprise pharmaceutically acceptable polymeric or
hydrophobic materials such as an emulsion, an ion exchange resin, a sparingly
soluble polymer, or a sparingly soluble salt.

Alternatively, the peptides or polynucleotides may be encapsulated, adsorbed
to, or associated with, particulate carriers. Suitable particulate carriers include those
derived from polymethyl methacrylate polymers, as well as PLG microparticles
derived from poly(lactides) and poly(lactide-co-glycolides). See, ¢.g., Jeffery et al.
{1993) Pharm. Res. 10:362-368. Other particulate systems and polymers can also be
used, for example, polymers such as polylysine, polyarginine, polyornithine,
spermine, spermidine, as well as conjugates of these molecules.

The formulation of any of the peptides, polynucleotides or cells mentioned
herein will depend upon factors such as the nature of the substance and the method of
delivery. Any such substance may be administered in a variety of dosage forms. It
may be administered orally (e.g. as tablets, troches, lozenges, agueous or oily
suspensions, dispersible powders or granules), topically, parenterally,
subcutaneously, by inhalation, intravenously, intramuscularly, intrasternally,
transdermally, intradermally, sublingually, instranasally, buccally or by infusion
technigues. The substance may also be administered as suppositories. A physician
will be able to determine the required route of administration for each particular
individual.

The compositions or formulations will comprise a suitable concentration of
each peptide/polynucleotide/cell to be effective without causing adverse reaction.
Typically, the concentration of each peptide in the composition will be in the range
of 0.03 to 200 nmol/ml. More preferably in the range of 0.3 to 200 nmol/ml, 3 to
180 nmol/ml, 10 to 150 nmol/ml, 5 to 200nmol/ml or 30 to 120
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nmol/ml. The composition or formulations should have a purity of greater than 95%
or 98% or a purity of at least 99%.
An adjuvant may be used in combination with the
5 polypeptide/polynucleotides/cells, The adjuvant is preferably administered in an
amount which is sufficient to augment the effect of the
polypeptide/polynucleotides/cells or vice versa.  The adjuvant or other therapeutic
agent may be an agent that potentiates the effects of the molecule of the invention.
For example, the other agent may be an immunomodulatory molecule or an adjuvant

10 which enhances the response to the peptide or cell.

In one embodiment, therefore, the peptides, polynucleotides, cells or
compositions are used for therapy in combination with one or more other therapeutic
agents. The agents may be administered separately, simultaneously or sequentially.
They may be administered in the same or different compositions. Accordingly, a

I5  subject may also be treated with a further therapeutic agent.

A composition may therefore be formulated which comprises a molecule
and/or cell and also one or more other therapeutic molecules. A composition of the
mvention may alternatively be used simultaneously, sequentially or separately with
one or more other therapeutic compositions as part of a combined treatment.

20 Non-limiting examples of adjuvants inchude vitamin D, rapamycin and
glucocorticoid steroids such as dexamethasone, fluticasone, budesonide,
mometasone, beclomethasone, hydrocortisone, cortisone acetate, prednisone,
prednisolone, methylprednisolone, betamethasone and friamcinolone. A preferred
glucocorticotd is dexamethasone.

25
Therapeutic methods and individual to be treated

The present disclosure relates to peptides, polynucleotides, vectors and cells
that are capable of desensitising or tolerising human individuals to the allergens
described above and are therefore useful in the prevention or treatment of grass

30 allergy. The invention provides compositions, products, vectors and formulations for

use 1 preventing or treating allergy to grass by tolerisation. The compositions of the



232 YAVETAALTKAITANISEVQ;;. ZiViIAgWe'OgOW4WAOW., 06 5 Example 2 Homology
search The sequences of each of the peptides identified above as MHC Class Il- 10 binding were used
to probe the sequence of alternative proteins in the grass allergen group from which the parent
sequence deMPd1EEPEample, peptide Rye01 is from Lol p 1, therefore T $EHIEREE 8P Rye01 was
used to probe for conserved sequences in Group 1ffom other grass species, in particular Timothy.
The results of this analysis are shown below for the residues of Rye Lol p 1 as indicated, compared 15
with corresponding sequences from Timothy Phi p 1 and Bermuda Cyn d 1: Rye 19-38: 01 on)
Timothy 20

invention may be used to reduce allergic symptoms or improve the condition of an

allergic individual. The invention also provides a method of tolerising or
desensitizing a grass allergic individual comprising administering, either singly or in
combination the polypeptides/polynucleotides/cells of the invention as described

5 above.

The individual to be treated or provided with the composition or formulation
of the invention is preferably buman. It will be appreciated that the individual to be
treated may be known to be sensitised to the allergens, at risk of being sensitised or
suspected of being sensitised. The individual can be tested for sensitisation using

10 techniques well known in the art and as described herein. Alternatively, the
individual may have a family history of allergy to grass. It may not be necessary to
test an individual for sensitisation to grass because the individual may display
symptoms of allergy when exposed to grass. By exposure is meant proximity to, for
example, a grass plant, or a substance or product derived from a grass plant, ora

15 substance or product containing or comprising either of the above. The substance or
product derived from a grass plant is typically grass pollen. By proximity is meant
10 metres or less, 5 metres or less, 2 metres or less, 1 metre or less, or 0 metres from
the items described above. Symptoms of allergy can include itchy eyes, runny nose,
breathing difficulties, red itchy skin or rash.

20 The individual to be treated may be of any age. However, preferably, the
individual may be in the age group of 1 to 90, 5 to 60, 10 to 40, or more preferably
18 to 35. |

Preferably, the individual to be treated is from a population that has MHC
allele frequencies within the range of frequencies that are representative of the

25 Caucasian population. Reference population allele frequencies for 11 common
DRB1 allele families are shown in Table A (Data from HLA Facts Book, Parham
and Barber).

Table A
DRBI |1 [3 |4 [7 |8 |11 ;12 |13 (14 |15 |16

% 6.4 | 147|157 (88 (34 {83 |39 |147 |29 1176 |23




Rye 109-128: 02 on) Timothy Cyn d 1 109-128: 25 Rye 154-173: on) Timothy 30 Rye 190-209: ori)
Timothy Cyn d 1 181-209 LDAKSTWYGKPTGAGPKDNG (RYE LDAKSTWYGKPTGAGPKDNG
GHAFGSMAKKGEEQNVRSAG (Rye GRAFGAMAKKGDEOMRSAG SGKAFGAMAKKGQEDKLRKA
GSNPNYLAWYENYBSEBDGDV (Rye03 GSNPNYLALLVKYVNGDGDV KEBWGAMWRIDTPDKLTGPF
(Rye04 GKDKWIELKESWGAIWRIDTPDKLTGPF REKDSDEFIPMKSSWGAIWRIDPKKPLK WO
2010/089554PCT/GB2010/000198 55  Similarly, shown below are results for the residues of Rye
Lot p 5 as indicated, compared with corresponding sequences from Timothy Phl p5 variants as
indicated: 5 Rye 37-56:DVNAGFKAAVAMNAPPAD (Rye 05 o0 ) Phi p 5aKINAGFKAALAGAGVQPAD
Phi p VaKINAGERANAGAGVARAD P H PKINDSF KARRARAAGYRRPAB Phi 007 | 3.6
VbDINVGFKAAVAAAASYPAAD 10 Phi p YVbDINVGFKAAVAAAASVPAAD Ry
100-119:GATPRORRNESRRVTA TEALR(Rye 06 ofil) Philp 5aGATPEAKYDAYVATLSEALR
%

147

Reference frequencies were obtained by analysis of multiple studies reporting
frequencies and the figures shown are mean values. Preferably therefore, the
individual to be treated is from a population that has equivalent MHC allele
5 frequencies as the reference population for the alleles referred to Table A (such as for
atleast 1, 2, 3, 4, 5 or all of the alleles), for example within the ranges of those
figures plus or minus 1, 2, 3, 5, 10, 15 or 20%.
Preferably the individual is from a population where the allele frequencies of
the following DRB1 alleles is:
10 4 - atleast 9%
7 — at least 10%
11 — at least 8%.
The individual may have had allergy to grass for at least 2 weeks, 1 month, 6
months, 1 year or 5 years. The individual may suffer from a rash, nasal congestion,
15 nasal discharge and/or coughing caused by the allergy. The individual may or may
not have been administered with other compositions/compounds which treat grass
allergy. The individual may live in a geographical region which has:
- a temperate climate, and/or.:
- a typical soil pH in the range of about 3.3, 4 or 4.5 to about 5.5, 6, 7 or §; and/or
20 - amean annual precipitation no less than about 9, 10, 11, 12, 13, 14, 15,16, 17 18,
19 or 20cm per year and no greater than about 180cm, 256cm, 300cm, 400cm or
500cm per year; and/or
- an annual minimum temperature of no less than about -5°C, -4°C, -3°C, -2°C, -1°C,
0°C, 1°C, 2°C, 3°C, 4°C o1 5°C and/or
25 - an annual maximum teraperature of no greater than about 35°C, about 30°C, about
29°C, about 28°C, about 27°C, about 26°C about 25°C, about 24°C, about 23°C or
about 22°C; and/or
- lies between the latitudes of about 30° north and about 30° south.



Phi p VaGATPEAKYDAYVATLSEALR 15 Phi p SGATPEAKYDAYVATLSEALR Phi p
VbGATPEAKFDSFVASLTEALR Phi p VbGATPEAKFDSFVASLTEALR Rye
145-164:GELQIVDKIDAAFKIAATAA (from Rye 07 20 oil) Phi p SaGELQVIEKDAAFKVAATAA Phi p
VaGELQVIEK¥DAMRSMAATAA Phi p 5GELQFIEKVDSALKVAATAA Phifer/apa010/00198
VbGELQIIDKIDAAFKVAATAA 25 Phi p VbGELQIIDKIDAAFKVAATAA Rye
154-173:DAAFKIAATAANAAPTNDKF (from Rye 07 oil) Phi p 5aDAAFKVAATAANAAPANDKF 30 Phi
p VaDAAFKVAATAANAAPANDKF Phi p SDSALKVAATAANAAAANDKF Phi p .
VbDAAFKVAATAAATAPADDKF Phi p VbDAAFKVAATAAATAPADDKF 35 Rye

190-209:GAYETYKFIRSLEANVIQAY SRy A8 RhnEaRa s EIRAEAAMKQAY Phip
VaGAYESYKFIPALEAAVKQAY Phi p 5GAYESYKFIPALEAAVKQAY Phip, .

Vb.GAYDTYKCHESFERAVREAY S pHrpy RSP PRES SEr R wressaYhiehds tpically
217-236:PEVKYAMIE AATKATANMTs(HonerRive 82ap)dtiin SRRV MREEIRKAITAMS 45 Phi p

VaPEVKYTVFETALKKAITAMS Phip SPEVKYTVEETALKKATAMS, 1. Norther

5 hemisphere). The grass allergic individual is typically allergic to grass pollen.

Combination immunotherapy
Since many individuals are allergic, or may require desensitizing to several
polypeptide antigens, the current invention also provides means of desensitizing

10 individuals that are allergic to multiple antigens. “Tolerance” induced in an
individual to a first polypeptide antigen or allergen can create in the individual a
“tolerogenic environment” wherein inappropriate immune responses to other
antigens can be downregulated in order to provide tolerance to other antigens.

This finding means that individuals allergic to multiple allergens can be

15 treated in a greatly reduced time period, and that individuals seriously allergic to
some allergens (e.g., peanuts) but more mildly allergic to other allergens (e.g., cat
dander) can benefit from a therapy wherein tolerance to the milder allergen is
established and then this tolerogenic environment is used to provide tolerance to the
other, more extreme allergen. In addition, individuals suffering from an autoimmune

20  disorder who are additionally sensitised (or otherwise immune) to an unrelated

antigen or allergen can benefit from a treatment regime wherein tolerance to the
unrefated antigen or allergen is first established and then this tolerogenic
environment is used to provide tolerance to the autoantigen associated with the
autoimmune disorder.

25 A method is therefore provided for desensitising a grass allergic individual to
grass allergen as described above and one or more further different polypeptide
antigens. The method entails, in a first step, administering to the individual a
composition/product/formulation (primary composition) according to the invention
as described herein and wherein the administration is carried out in a manner

30 sufficient to generate a hyporesponsive state against grass allergen. Once a
hy;ﬁorespcnsive state has been established toward grass allergen, or at least a shift

toward desensitisation has occurred, the method entails administration of a secondary



Phi p VbPEVKYTVFETALKKAITAMS WO 2010/089554PCT/GB2010/000198 56 Phi p VbAEVKYAV
FEAALT KAI TAM S Rye 226-245:AALTKAITAMTQAQKAGKPA (from Rye 09 5 ori) Phi p 5aTALKKAI
TA.MS EAQ KAAK PA Phi p VaTALKKAI TAMS EAQKAAK PA Phi p 5TALKKAI TAMS EAQKAAKPA
Phi p VbAALFHE A §8MS4EVQKY S Q PA 10 Phi p VbAALTKAI TAMS EM@KN53Q HRMe198 Based on
the sequences from Timothy grass proteins which ¥ere highly conserved with the Rye sequences
selected in Example 1, additional peptides derived from these sequences were predicted as having
good MHC binding properties. These 15 additional peptides are shown in Table 4. Table 4 Group 1
peptides SEQ ID NO: Peptide name Peptide Sequence Group Protein 24 Tim02
FGAMAKKGDERKbdRBAComprising a second, different polypeptide antigen to which the

individual is to be sensitised. Administration of the secondary composition is carried
out in such a way as to take advantage of the tolerogenic environment established by
use of the primary composition, where it is now possible to establish tolerance to the
5  second, different polypeptide antigen. The secondary composition is coadministered

with either the first primary composition or a larger fragment of the grass allergen(s).
By “coadministered” it is meant either the simultaneous or concurrent administration,
e.g., when the two are present in the same composition or administered in separate
compositions at nearly the same time but at different sites, as well as the delivery of

10 polypeptide antigens in separate éompositions at different times. For example, the
secondary composition may be delivered prior to or subsequent to delivery of the
first composition at the same or a different site. The timing between deliveries can
range from about several seconds apart to about several minutes apart, several hours
apart, or even several days apart. Furthermore, different delivery methods can be

15  employed.

Classes of suitable allergens inclﬁde, but are not limited to dust mite
allergens, pollens, animal dander (especially cat dander), grasses, molds, dusts,
antibiotics, stinging insect venoms, and a variety of environmental (including
chemicals and metals), drug and food allergens. Common tree allergens include

20 pollens from cottonwood, popular, ash, birch, maple, oak, elm, hickory, and pecan
trees; common plant allergens include those from mugwort, ragweed, English
plantain, sorrel-dock and pigweed; plant contact allergens include those from poison
oak, poisen ivy and nettles; common grass allergens include rye grass, Timothy,
Johnson, Bermuda, fescue and bluegrass allergens; common allergens can also be

25 obtained from molds or fungi such as Alternaria, Fusarium, Hormodendrum,
Aspergillus, Micropolyspora, Mucor and thermophilic actinomycetes; epidermal
allergens can be obtained from house or organic dusts (typically fungal in origin), or
from animal sources such as feathers, and dog dander; common food allergens
include milk and cheese (dairy), egg, wheat, nut (e.g., peanut), seafood (e.g.,

30 shellfish), pea, bean and gluten aliergéns; common environmental allergens include
metals (nickel and gold), chemicals (formaldehyde, trinitrophenol and turpentine),

Iatex, rubber, fiber (cotton or wool), burlap, hair dye, cosmetic, detergent and
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perfume allergens; common drug allergens include local anesthetic and salicylate
allergens; antibiotic allergens include penicillin, tetracycline and sulfonamide
allergens; and common insect allergens include bee, wasp and ant venom, and
cockroach calyx allergens. Particularly well characterized allergens include, but are
5 not limited to, the major cat allergen Fel d 1, bee venom phospholipase A2 (PLA)
(Akdis et al. (1996) J. Clin. Invest. 98:1676-1683), birch pollen allergen Bet v 1
(Bauer et al. (1997) Clin. Exp. Immunol. 107:536-541), and the multi-epitopic
recombinant grass allergen rKBG8.3 (Cao et al. (1997) Immunology 90:46-51).
Particularly preferred T cell epitopes are derived from the allergens: cat

10 dander protein Fel d 1; House dust mite proteiﬁs Derpl,Derp2and Derp 7,
Ragweed protein amb a 1.1, a 1.2, a 1.3 or a 1.4; Rye grass proteins Lol p 1 and Lol
p 5; Timothy grass proteins Phl p 1 and Phl p 5; Bermuda grass protein Cynd 1;
Alternaria alternate proteins Alt a 1, Alt a 2 and Enolase (Alt a 6); Birch protein Bet
v 1 and P14; German Cockroach proteins Blag 1,Blag2,Blag3,Blag4,Blag5

15 and Bla g 6; Mugwort protein Art v 1; Russian thistle protein Sal k 1 and Sal k 2;
peanut Arah 1, Arah 2, Arah 3, Arah 4, Arah 5, Arah 6, plant profilins or lipid
transfer proteins or a human leukocyte antigen.

These and other suitable allergens are commercially available and/or can be
readily prepared as extracts following known techniques.

20 Preferably, the second polypeptide allergen is a grass allergen or a grass
aliergen fragment, more particularly a grass allergen or grass allergen fragment
selected from the list of grass allergen sequences indexed by database accession
numbers (NCBI Entrez accession numbers) below. NCBI is the National Center for
Biotechnology information and is a division of the US National Institutes of Health.

25  The NCRBI web site, from which access to the database may be sought, is
www.ncbi.nlm.nih.gov/. Allergen sequences indexed by database accession

numbers.

75232277 Dac g 1, 75139988 Dac g 1, 75232276 Dac g 1, 33149335 Dac g 1,

30 33149333 Dac g 1, 75163303 Dac g 5, 75163399 Dac g 5, 75163400 Dac g 5,
14423124 Dac g 5, 14423122 Dac g 5, 14423120 Dac g 5, 1171005 Hol 1 1, 3860384
Holll,414703 Holl1, 1167836 Hol 1 1, 1085628 Hol 1 1, 2266625 Hol 1 5,



Tim07B KI PAGELQ | | DKI DA 5 Tim Phl p 5 70 Tim07G FKVAATAANAA PAN DK 5 Tim Phip 571
Tim08 YKFIPALEAAVKQAY 55 Tim PM p5 Tim Phi p5 72 TimO8A PEE SYKFI PALEAAVKQAY 73
Tim0O9A LTKAI TAMS EVQKVSQ 5 Tim Phip 5 25 Example 3

WO 2010/089554 PCT/GB2010/600198
44

2266623 Hol 1 5, 75172041 Hol 1 5, 75098038 Hol 1 5, 75098037 Hol 1 5, 11991229
Hol 15, 2266623 Hol 1 5, 2506771 Hor v 1, 282991 Hor v 1, 75219009 Hor v 5,
126385 Lolp 1, 168314 Lol p 1, 6599300 Lol p 1, 75274600 Lol p 1, 168316 Lol p
1,3210053 Lol p 1, 3210049.L01p 1,3210047 Lol p 1,3210050 Lol p 1, 3210044
5 Lolp1,3210043 Lol p 1, 3210041 Lol p 1,3210039 Lol p 1, 3210037 Lol p 1,
3210036 Lol p 1, 3210035 Lol p I, 3210034 Lol p 1, 3210033 Lol p 1, 3210032 Lol
p 1,3210030 Lol p 1, 100636 Lol p 1320616 Lol p 1, 320614 Lol p 1, 100638 Lol p
1, 100636 Lol p 1, 320614 Lol p 1, 100637 Lol p 1, 126386 Lol p 2a, 126387 Lol p

. 3,2498581 Lol p 5 a, 4416516 Lol p 5 a, 485371 Lol p 5 a, 100639 Lol p 5 &,

10 3409495 Lol p 5 a, 3409494 Lol p 5 a, 3409493 Lol p 5 a, 3409489 Lol p 5 a,
3409488 Lol p 5 a, 3409487 Lol p 5 a, 3409486 Lol p 5 a, 3409484 Lol pS5a,
3409483 Lol p 5 a, 3409481 Lol p 5 a, 3409476 Lol p 5 a, 3409478 Lol p 5 a.
3409477 Lolp5a, 3409476 Lolp5a, 3409475 Lolp5a, 3409474 Lolp3sa,
3409473 Lol p 5 a, 3409472 Lol p 5 a, 3409471 Lol p 5 a, 3409470 Lol p 5 a,

15 3409469 Lol p 5 a, 3409468 Lol p 5 a, 3409467 Lol p 5 a, 3409466 Lolp S a,
3409456 Lol p 5 &, 3209999 Lol p 5 a, 3210002 Lol p 5 a. 3210003 Lol p 3 a,
3210004 Lol p 5 a, 3210005 Lol p 5 a, 3210006 Lol p 5 a, 3210007 Lol p 5 a,
3210008 Lol p 5 a, 3210009 Lol p 5 a, 3210010 Lol p 5a, 3210011 Lol p 5 a,
3210012 Lol p 5 a, 3210013 Lol p 5 a, 3210014 Lol p 5 a, 3210015 Lol p S a,

20 3210017 Lol p 51,3210018 Lol p 5 a, 3210019 Lol p 52, 3210020 Lol p 5 a,
3210021 Lol p 5 a,3210022 Lol p 5 a, 3210023 Lol p 5 a, 3210024 Lol p 5 a,
3210025 Lol p 5 a, 3210026 Lol p 5 a, 542129 Lol p 3 g, 2498582 Lol p5b,
3409457 Lol p 5 b, 626028 Lol p 5 b, 542131 Lol p 5 b, 455288 Lol p 5 b, 6634467
Lol p 5¢, 455288 Lol p isoform 9, 1582249 Lol p 11, Additional Lolium sequences :

25 135480; 417103; 687261; 687259; 1771355; 2388662; 631955; 542131, 542130;
542129; 100636; 626029; 542132; 320616; 320615; 320614; 100638; 100634;
82450; 626028; 100639; 283345; 542133; 1771353; 1763163; 1040877; 1040875;
250525; 551047; 515377; 51091 1; 939932; 439950; 2718; 168316; 168314; 485371,
2388664; 2832717, 2828273; 548867; 3409458 Phaa 1,3210038 Phaa 1, 2498576

30 Phaal, 1246116 Phaa1,3210031 Phaa I, 3210027 Phaa 1, 3210028 Phaa 1,
3210029 Pha a 1, 82450 Pha a 1, 409328 Phaa 1, 2498580 Phaa 5, 2498579 Phaa
5,2498578 Phaa 35, 2498577 Phaa 5, 1246120 Phap 5, 1246119 Phap 5, 1246118



In vitro binding analysis The peptides identified as being potential MHC Class ll-binding are
prescreened for solubility in an aqueous, acidic milieu and the peptides are tested in an 30 in vitro
MHC Class Il binding assay. WO 2010/089554PCT/GB2010/000198 57 Methods The assay
employed is a competitive MHC class Il binding asgay, wherein each peptide is analysed for its ability
to displace a kn?hwn control binder from $§ch of the 5 human MHC class |l allotypes investigated. The

allotypes and coMBPpEptidéd LR In i Kl d)aPe tyBitAIRy tHESR oA BeIbN: ittotype Control

Peptide Sequenta]DRBIDZ0L2RAYEE3 SUNE el 37 RIAABH $p 6572366 PNKF 1A YDEEARRGLE

DRB1*1101 Influ utini - PK K *150 myelin basic
protein 85-99 E?\I%Wé@g@%ﬁélggg g;c%zr)}t%fg Bép%\{e@ggngﬂﬁgeéE@/%égﬁﬁéh%gapég%?/s 10 Each of
the peptide$ frdthl Pabed 9l ioPhl@xcitidinty thugelmiaidd & Phle ankijsetP e Sompetition assay and

screened for reiﬁ@‘ﬁ@d?i@Hi%?@f@@@?@ﬂpﬁﬁ?ﬁ@%@ﬂ PRRtidessdavie tonihesnatiyra afstbg competitive
assay the data for each g)ger?tide is determined as a ratio of its own IC50 to that of the control peptide.

Thus, a peptid®ratHALEA 1B VAR AP oarit 1 1R & dbrra S EpTidR! R P H&ntical binding 15
affinity, while peptigasasittnasrativplessitheroDRe! havesbigirat airnes aiid ogeswith a ratio greater

th h lution i jal criteri tideto b
a efcive thesh i A T e AELr i SOICIn Seradiiocny 20 T o °e
hydrophobi® peptldezwiia i Ridhhfregudtdy ot PatgeS hy Hiapliddibl andiin @ 3§dSeeBidpedin multiple

binding registersagldiepalignipales Jais iHra-GhAARIGIEIC/AE PFOMIsGUARUS HbH-DRB1* binders.

Peptides which bind to one or more of the MHC Class Il allotypes are identified. It would be expected
that such pepti&é%%|&4ﬁé?/%2tﬁéla?8@ﬁy%iéﬁ?§;s‘?ﬁﬁFéﬁaﬁ%%@g)@sﬁ%@éﬂa%ﬂ@h%%ééé%lt’ésted through
the homology 261of NI 462 stnuctness; Bxample sbobberfolireing sagihoshisiappled ta the same peptides

as in BEXample 3y, 14 poa p 1. 320620 Poa p 1, 250525 Poap 5, 75172042 Poa p 5, 113562 Poa p
15 9,113561 Poap 9, 113560 Poap 9, 729944 Zea m 1, 115502168 Zea m 1b,
11550238 Zea m Id, 115502167 Zea m lc, 122238295 Zeam 1, 75272187 Zeam
1, 115502389 Zea m 1, 162459584 Zea m 1, 89892723 Zeam 1, 293902 Zeam 1,
89892721 Zeam 1, 114794319 Zeam 1, 478272 Zeam 1.

20 Delivery methods
Once formulated the compositions of the invention can be delivered to a
subject in vivo using a variety of known routes and techniques. For example, a
composition can be provided as an injectable solution, suspension or emulsion and
administered via parenteral, subcutaneous, epidermal, infradermal, intramuscular,

25 intraarterial, intraperitoneal, intravenous injection using a conventional needle and
syringe, or using a liquid jet injection system. Compositions can also be
administered topically to skin or mucosal tissue, such as nasally, intratracheally,
mtestinal, rectally or vaginally, or provided as a finely divided spray suitable for
respiratory or pulmonary administration. Other modes of administration include oral

30  administration, suppositories, sublingual administration, and active or passive
transdermal delivery techniques.

Where a peptide is to be administered, it is preferred to administer the peptide

to a site in the body where it will have the ability to contact



58 Cell proliferation assay The cell proliferation assay is performed on PBMC's (140x106 cells required
5 for all parameters to be tested). Proliferation is measured by the incorporation of the radiolabelled
compound 3H-thymidine. In more detail, 100g1 of the appropriate antigen or peptide concentration is
distributed into the appropriate wells of 96 well plates. The plates are then placed into a humidified 5%
CO2 incubator Se%?[):l 370C for a maximu urs, PBMC's isolated as described above are

of 4 h
prepared to a 1T BHEERHEHON SFHVEORSESHEMN T AT E S Bt migditi AP PSSR EBINSE RAture. 10091 of
cell solution is thenadistriblited dntandactinelf théhere ks afPhies36 wellplatesredritainingeaatigen/peptide.

The plates are %H%Hd{}&éd%?liﬁgﬁ%fc%% %@@@J&e@wﬁ%@%&rﬁ; RARSRAI ipieg faymidine solution

by adding 10g1 of tritiate inidine stock solution™(1.85MBg/m1 in serum-ifee medium) to each
well. The platesf@ctyattepiralieneerts shehmadbatsiefor between 8 and 16 hours. Cultures are then
harvested using a Canberra Packard FilterMate (RTM) 196 cell harvester. Dried filter mats are counted
using an appropriate beta scintillation counter. Counts from wells containing peptide are compared
statistically to weit&"éani&sHiieg media alone (12 wells per group). The non-parametric Mann-Whitney
test 20 is used. The sarheistatisticadidst jepucedjolvallsehjecizchs statisticatly sigpificant difference
between media only. wells and e%Qd%- ;ar& II%%e W II% IS go&?#erggi}c%poaiég\é? sﬁtgnulation of PBMC's
by the peptide. xamprfg EO5 ywpeﬁ’tl esidentffied y the Epl atrix an§Fy5|s o%b xample 1 that
encompas$ed éhever Fhbeble pitopeis prdwicretide tberlatelorsebeMiicdiiClas sypialieles (HLA

DROI, 03, 04, O, QL harkd SHRerselestodionfurbersivdieschbapay 5ases the epitopes were

predicted to bind all 8 of these alleles. Some sequences 30 had two or more overlapping epitopes or
non-overlappin§UbEfeRb & e Psebisial sE T R tRa Rt Bt dReieri ikreressiater Bbies. The selected
peptides are shawnbinbEadties SAtNeEpRibalawministdddpaptidasivace, tesiasfotagetivity in the in vitro T
cell cytokine release,assay.described usin ripheral blopod mononuclear cells (PBMCs) from 48
grass WO 201%@"53?}& %é@%bewﬁdﬁaggj ggp(g“il%)?%rfléa %’a‘f\l}f’&uoéltsw ee?ip fera Bdg(ld mononuclear
cells (PBMI_?S) WWéSisvﬁaStédlfmthSh@par‘misédykﬂqodmimeVdemwngB.cémwugﬁtipn. Results
are shown in Tg eééte&rme%@g&a%ﬂ;&é@ae&@@a WeIEIRRIadAdR AR gass.aligrgic subjects. Results

are shown in Table 5B. The subjects were from Hamilton and surrounding 5 area in Ontario, Canada.
The peptides W HEEIR1I6F Bipnbi BB prsHacBH BTTIREHEDs i GaFPHEEIIN-gamma),
Interleuldn-I0 (IL-10) avsidpéeeulginmidritiod S)indhesupsinatanisbinadBMaultyres. Cyrolcine

release assa " N
y the nature of the composition, the route of administration and the schedule and

20 timing of the administration regime. Suitable doses of a molecule of the invention
may be in the order of up to 15pg, up to 20pg, up to 25pg, up to 30pg, up to 50ug, up
to 100pg, up to 500 pg or more per administration. Suitable doses may be less than
13ug, but at least 1ng, or at least 2ng, or at least Sng, or at least 50ng, or least 100ng,
or at least 500ng, or at least 1pg, or at least 10pg. For some molecules of the

25 invention, the dose used may be higher, for example, up to 1 mg, up to 2 mg, up to 3
mg, up to 4 mg, up to 5 mg or higher. Such doses may be provided in a liquid
formulation, at a concentration suitable to allow an appropriate volume for

admunistration by the selected route,

30 Kits
The present disclosure also relates to a combination of components described
herein suitable for use in a treatment of the invention which are packaged in the form

of a kit in a container. Such kits may comprise a series of components to allow for a



10 Cytokine secretion profiles from PBMC's were analysed in response to the peptide stimulation.
Supernatants from the cytolcine release assay were tested for the presence of 3 cytokines, IFN-y,
IL-10 and IL-13, using ELISA assays. The presence of all 3 cytoldnes was assayed using a multiplex
bead array(Luminex Corporation). The cytokine relgase assay typically required 40x106 PBMC's per

subject. In more 15 detail, 250111 of a 200g/m1 solytion of the appropriate antigen or peptide
concentration M@%gﬂiﬁﬁé‘?‘fm@ﬁ%‘ APPSO N S P43 TS5 I3HE 8T ﬁ’l&li‘égglg%%?é‘tthen incubated
in a humidified péptiGE pirignladtotidts3AT dotedinavmummb4 hauids2pllyduofcatixi06 cell/mIPBMC

suspensionis thefl agded fo,2a6h wel aid e plates etyned (8 e Incubierfor S days. Following
es o a

stimulation, samp culture 20 supernatant were harvested for testing by m?f]ltsiplex bead assay

according to staftant Eratecordomsasisial tieaarmisiedniing tie Shedkihme:3 aligusityand frozen until

the ELISA assayswersinefenmed--Aaasitivasesitidas stimuiation of cytokine secretion was taken
where the reading was greater than four times the control well, where no peptide was added. 25

Peptides giving a positive result for one or more cytokines in more than 18 out of the 48 subjects in the
first group or 9 out of e 28 cithjedtslisthe-¢egahd ighoupnyerastdersed to be particularly useful in the
treatment of grass allergy. 20 of the 44 peptides tested in the first group of 48 subjects, and 8 of the 15
peptides tested in the second group of 28 subjects ftdfilled the above criteria. 30Table 5A shows the
number of Posifrasmiele the three cytokines out of the group of 48, and Table 5B shows the number of
positives for the three cytoldnes out 60 of the group of 28. Preferred peptides fulfilling the criteria
defined above are highlighted in bold. Table 5A 5 Peptide IFN-y +ve/48 IL-13 +ve/48 IL-10 +ve/48
>18/48 +ve for SEE S Hi/ biana? eero1 35 22 34 Yes

The aim of this study 1s to identify a distinct panel of peptides with strong
affinities for the eight most common human MHC Class I HLA-DRB1#* allotypes.
15  Inorder to identify binding peptides in the major grass allergens Rye Lol p 1, Rye
Lolp Va, p Vb, p 5a and p 5b, Bermuda Cyn d 1 and Timothy Phl p 5, an in silico
approach known as “peptide threading™ was employed using the commercially
available EpiMatrix algorithm (EpiVax Inc.) This is a bioinformatic analysis of
peptides from a sequence for the potential to be accommodated within the binding
20  groove of MHC class IT HLA-DR molecules. EpiMatrix is a matrix-based algorithm
that ranks 9 amino acid long segments, overlapping by 8 amino acids, from any
polypeptide sequence by estimated probability of binding to each of the selected
MHC molecules, (De Groot et al., AIDS Research and Human Retroviruses 13:539-
41 (1997)). The procedure for developing matrix motifs was published by Schafer et
25 al, 16 Vaccine 1998 (1998). In this Example, binding potential for HLA DRI, DR3,
DR4, DR7, DRS, DR11, DR13 and DR15 is assessed. Putative MHC ligands are
selected by scoring each 9-mer frame in a protein sequence. This score is derived by
comparing the sequence of the 9-mer to the matrix of amino acid sequences known
to bind to each MHC allele. Retrospective studies have demonstrated that EpiMatrix
30 accurately predicts published MHC ligands (Jesdale et al., in Vaccines '97 (Cold
Spring Harbor Press, Cold Spring Harbor, N.Y ., 1997)). Successful prediction of

peptides which bind to multiple MHC molecules has also been confirmed.



Ber02 26 21 15 Yes Ber02A 17 15 7 No Ber0213 22 17 3 Yes Ber02C 29 18 9 Yes BerO3A 8 7 23 Yes
Bio0O2A 1512 31
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Estimated probability of binding to a selected MHC molecule is calculated by

EpiMatrix as follows. The peptides are scored by estimating the relative promotion
or inhibition of binding for each amino acid, compared to known MHC binders for a
given MHC allele. This information is summed across the peptide and a summary

5 score (EMX score) is assigned to the entire peptide. After comparing the EMX score
to the scores of known MHC ligands, EpiMatrix arrives at an "estimated binding
probability" (abbreviated as EBP, but not strictly a probability). The EBP describes
the proportion of peptides with EpiMatrix scores as high or higher that will bind fo a
given MHC molecule. EBPs range from 100% (highly likely to bind) to less than 1%

10 (very unlikely to bind).

The polypeptide sequences analysed by EpiMatrix are shown in Table 1:

Table 1

Ber01 or SGKAFGAMAKKGQEDKLRKA

Ber(2 ori PKDSDEFIPMKSSWEATWRIDPKKPLRGP
Ber(3 oni RLTSEGGAHLVQDDVIPANWKPDTVYTSK
Bio01 ori QKLIEKINAGFKAAVAA

Bio02 ori AYVATLTEALRVIAGTL

Bio03 ori KEIPTLVAAVKQAYAAKQAT

Bio04 ori TALKKAVTAMSEAEKEA

BioG5 ori NDKFTVFESAFNKALNE

Rye01 ori LDAKSTWYGKPTGAGPRDNG

Rye02 ori GHAFGSMAKKGEEQNVRSAG

Rye03 ori GSNPNYLAILVKYVDGDGDV

Rye04 ori KESWGAVWRIDTPDKLTGPE

I Rye05 ort DVNAGFKAAVAAAANAPPAD

Rye(6 ori GATPEARKYDAFVTALTEALR

Rye07 ori GELQIVDKIDAAFKIAATAANAAPTNDKE

Rye(8 ori GAYETYRFIPSLEAAVKQAY

Rye09 ori PEVKYAVFEAALTKAITAMTQAQKAGKPA

Timi0 on PEVKYTVFETALKKAITAMSEAD




Yes Bio0O3A 26 19 9 Yes Bio0O4A 28 16 37 Yes Bio04B 22 16 27 Yes Bio0513 8 8 34 Yes Rye01 125 2
NoRyelA24
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Based on the results of the EpiMatrix analysis of these sequences, core
peptides were identified which were predicted to have good MHC binding properties.
The selected peptides are shown in Table 2. Peptides highlighted in grey and marked
* are not selected peptides. These correspond to the original sequences analysed

5 EpiMatrix, from which the subsequent selected peptides derive. For example, Ber01

derives from Ber01 ori.

Table 2

Group 1 peptides
SEQ ID Peptide Peptide Sequence Allergen Prpt:ein of
NO: name Group | origin

e

1 Ber01 SGRAFGAMAKKGCED 1 Ber Cyn
dl

DR
2 Ber()2 FIPMKSSWGA 1 Ber Cyn

3 Ber(QZA WGAIWRIDPKKPL 1 ; ;ir Cyn

4 Ber(2B KDSDEFIPMKSSWGAIWR 1 | gir Cyn

5 |Bor02C | KSSWGAIWRIDPKKPLK |1 gir cyn

6 Ber(2D MKSSWGAIWRIDPKEPLK 1 gir Cyn

7 BerO2E MESSWGAIWRIDPEKFPLK 1 gir Cyn
dl

; D S .
8 Ber03A IPANWKPDTVYTSK 1 Ber Cyn
dl
G Ber04 KATFYGSDPRGAAP 1 Ber Cyn
' di
106 Ber0s AYHEDLSGKALG 1 Ber Cyn
: dl

LOAKSTWYGKPTGAG

1 1



4 No Rye02 451 No Rye02A 12 6 1 No Rye03 A 35 0 No Rye04 6 3 1 No Rye04A 8 4 2 No Rye0O5A

13

WO 20610/089554
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PCT/GB2016/060198

12

KWLDAKSTWYGKPTGAG

Rye
pl

Lol

13

FGSMAKKGEEONVRSAG

Lol

Rye02 1 Trye
pl
14 Ryc02A | HAFGMAKKGEZEONVRSAG |1 Rye Lol

15

Rye

Lol

16 Rye04 WGAVWRIDTPDKL 1 Rye Lol
17 Rye(04A KESWGAVWRIDTPDKL 1 i;e Lol
i8 Rye048 KESWGAVWRIDTPDKLGP i gi}e Lol
19 Ryel2 APYHFDLSGHAFGS 1 gyl,re Lol
rl
Group 3 peptides

28 '

BioO2A

KYDAYVATLTEALR

W

Lol

29 Bio03A KFIPTLVRAAVKQAYAAKQ 5 Rye Lol
5b
30 Bio03B YKFIPTLVAAVKQAYARKQ |5 Rye Lol

31 LEKKAVTAMSEAEK 5 Rye Lol
5b

32 Bio04B PETALKKAVTAMSEAEK 5 Rye Lol
5b

Bio05B

KFTVFESAFNKALNE

vVa




10 3 No Rye05C 20 19 12 Yes Rye06A 11 155 No Rye068 Il 75 No Rye07A 8 3 25 Yes Rye(0713 10
3 1 No Rye07G
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34 RyeOSA | FKAAVARBANAPPADKEK Rye Lol
Va
35 Rye05C | NAGFKAAVARAANAPPK Rye Lol

KYDAFVTALTEALR

36 Rye Lol
Va
37 PEAKYDAEVTALTEALR Rye Lol

38 Rye07A | GELQIVDKIDAAFK Rye Lol

39 Rye07B | KIPTGELQIVDKLIDA gie Lol

40 Rye07G FKIAATRANAAPTNDK ;ie Lol

41 Ryc07H | AFKIAATAANAAPTNDK Xze Lol
Va

5

T TR

YKFIPSLEAAVKOAY

Loi

42 Rye(8 Rye
Va
43 Rye08A ETYKFIPSLEAAVKQAY Rye Lol
* s Va
44 Rye08B DSYKFIPTLVAVK Rye Lol
Va

O

LTKAITAMTOROKAGK

Vb

45 ‘Rye09A Rye Lol
Va
46 Rye09B PEVKYAVEFEAALTKAIT Rye Lol
47 Rye09D KYAVFEAALTKATITAMT \lic;e Lol
48 Ryell DKFKIFEAAFSESSK Xie Lol
49 Ryel3 TPLRRTSSRSSRP gie Lol
50 Ryel4 DVAYKAAEAHPRGQ g;e Lol
51 Ryel5 ALRVIAGTLEVHA \R];e Lol
52 Ryel6 FENTFNNAIKVSLG \1?;@ Lol




; 3 2 No RyeO7H 10 8 4 No Rye08 9 6 2 No Rye08A 18 9 32 Yes 61 Rye09A 6 5 11 No Rye(09B 28
4

WO 2019/089554 PCT/GB2610/600198
52

53 TimlOB | KYTVFETALKKAITAMSE |5 Tim Phip 5
54 Tim10C LKKAITAMS 5 TimPhlp 5
55 Timl0D | PETALKKALTAMS 5 Tim Phl p 5

Tim = Timothy grass; Rye = Rye grass; Cyn = Bermuda grass

Any peptides indicated above which have an N terminal glutamate (E) or glutamine

(Q) residue, for example Rye 08A, may have this residue replaced with

pyroglutamate to improve stability during manufacture, without affecting function of
5 the peptide. The data from further testing of these peptides is typically obtained using

peptides where such replacement has taken place.

A further EpiMatrix analysis was performed on the entire sequences of three
known Timothy grass sequences: Timothy Grass Phl p 1 (NCBI Accession no.
1N10A), Timothy Grass Phl p Va (NCBI Accession no. Q40962), and Timothy

10 Grass Phl p Vb (Accession no. Q40963). This analysis identified further core
peptides (and their flanking sequences) which are predicted to have good MHC
class-II binding. These sequences are shown below in Tables 3A-C. In each table:

“Residues in main sequence” gives the location of the peptide within the
sequences that were analysed. The core peptide (underscored middle amino acids in

5 bold) defines the actual binding sequence that was identified during the analysis. The
stabilizing flanks (N-terminal and C-terminal, not bold) were included for use with
the core sequence and are typically required to aid manufacture of the peptides.
“Number of hits” refers to the number of high predicted binding affinities for all
MHC types tested within the sequence. The “EpiMatrix Cluster Score™ is derived

20 from the number of hits normalized for the length of the cluster. Cluster Score is thus
the excess or shortfall in predicted aggregate MHC binding properties relative to a
random peptide standard. A score above 10 is considered to indicate broad MHC

binding properties.

25 Table3
A)YINIOA-Phip ]




16 Yes Tim02 16 6 3 No Tim02A 6 9 2 No TirnO3A 9 9 4 No Tim04A 16 4 31 Yes Tim0O5A 15 12 9 No
TimO6A 17
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164 - 184 mxvﬁmmmmm

532 - 253] EVKYTVFETALKKAITAMSEAQ T0.061 12 17.18 | 61
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11 11 No Tim0O7B 23 18 41 Yes T1m076 19 20 10 Yes Tim08 16 17 14 No Tim0O8A 21 10 8 Yes Tim
10B 16 24 22 Yes TimlOC
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54

206 — [IPSLEAAVEQAYARTVAMRAPQ

0.69 11 12.1

Example 2

Homology search

The sequences of each of the peptides identified above as MHC Class [I-
binding were used to probe the sequence of alternative proteins in the grass allergen
group from which the parent sequence derived. For example, peptide Rye01 is from
Lol p 1, therefore the sequence of Rye01 was used to probe for conserved sequences
in Group 1 from other grass species, in particular Timothy. The results of this
analysis are shown below for the residues of Rye Lol p 1 as indicated, compared

with corresponding sequences from Timothy Phl p 1 and Bermuda Cyn d 1:

Rye 15-38: LDAKSTWYGKPTGAGPKDNG {RYE
0l ori)

Timothy LDAKSTWYGKPTGAGPKDNG

Rye 105-128: GHAFGSMAEKKGEEQNVRSAG (Rye
02 ori)

Timothy GHAFGAMAKKGDEQKLRSAG

Cyn d 1 108-128: SGKAFGAMAKKGOEDKLREA

Rye 154-173: GSNPNYLAILVKYVDGDGDV {(Rye(03
ori)

Timothy GSNPNYLALLVKYVNGDGDV

Rye 180-209: KESWCAVWRIDTPDKLTGPE ({Rye(4
ori}

Timothy GEKDEWIELKESWGAIWRIDTPDKLTGPF

Cyn d 1 181-209%9 PEKDSDEFIPMKSSWEAIWRIDPKKPLE

cyn d 1 217-241
EGGAHLVQDDVIPANWKPDTVYTSK
Timothy EGGTKTEAEDVIPEGWKADTSYESK



6 4 3 No Tim 10D 28 8 3 Yes Table 5B Peptide IFN-y +ve/28 IL-13 +ve/28 IL-10 +ve/28 ..9128 +ve
for one or more cytolcine? Bio02D 21 21 Yes Bio0O2E 13
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Similarly, shown below are results for the residues of Rye Lol p 5 as

indicated, compared with corresponding sequences from Timothy Phl p5 variants as

indicated:
5 Rye 37-56: DVNAGFKAAVAAAANAPPAD {Rye (5 ori)
Phl p ba KINAGFEKAALAGAGVQPAD
Phl p Va KINAGFKAALAGAGVQPAD
Phl p 5 KINDGFKAALAARAGVPPAD
Phl p Vb DINVGFKAAVAAAASVPAAD
10 Phl p Vb ‘ DINVGFKAAVAAAASVPAAD
Rye 100-119: GATPEAKYDAFVTALTEALR (Rye 06 ori)
Phl p 5a GATPEAKYDAYVATLSEALR
Phl p Va GATPEAKYDAYVATLSEALR
i5 Phl p 5 GATPEAKYDAYVATLSEALR
Phl » Vb GATPEAKFDIEFVASLTEALR
Phl p Vb GATPEAKFDSFVASLTEALR
Rye 145-164: GELOIVDKIDAAFKIAATAA (from Rye 07
20 ori)
Phl p 5a GELQVIEKDAARFKVAATAA
Phl p Va GELQVIEKVDAAFKVAATAA
Phl p 5 GELQFIEKVDSALKVAATAR
Phl p Vb GELQITDKIDAAFKVAATAA
25 Phl p Vb GELQITDKIDAAFRVAATAA
Rye 154-173: DARFKIAATABNAAPTNDKFE (from Rye 07
oril)
Phl p 5a DAAFKVAATAANAAPANDKE
30 Phl p Va DAAFKVAATAANAAPANDEKY
Phl p 5 DSALKVAATAANAAARNDKE
Phl p Vb DAAFKVAATARATAPADDKE
Phl p Vb DARFKVAATAAATAPADDKE
35 Rye 190-209: . GAYETYKFIPSLEAAVKQAY (Rye 08 ori)
Phl p 5a GAYESYKFIPALEAAVEQAY
Phl p Va GAYESYKFIPALEARVKQAY
Phi p 5 GAYESYKFIPALEAAVKQAY
Phl p Vb, CAYDTYKCIPSLEAAVEQOAY
40 Phl p Vb GAYDTYKRCIPSLEAAVKCAY
Rye 217-236: PEVKYAVFEAALTKAITAMT (from Rye 09
ori)
Phl p 5a ' PEVKYTVFETALKKAITAMS
45 Phl p Va PEVKYTVFETALKKAITAMS
Phl p 5 PEVKYTVFETALKKAITAMS

Phl p Vb PEVKYTVFETALKKAITAMS



224 Yes Bio04 125 8 Yes Bio05 11 51 Yes Bio0O3B 13 8 4 Yes Rye04B 3 6 0 No Rye07A 14 1 No
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Phl p Vb

Rye 226-245:

ori)

Phl p 5a
Phl
Phl p 3
Phl
Phl p Vb
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AEVKYAVIEAALTKAITAMS

AALTKAITAMTQOAQKAGKEA

TALKKAITAMSEAQKAAKPA
TALKKATTAMSEAQKARKPA
TALKKAITAMSEAQKAARKPA
AALTKAITAMSEVQKVSQOPA
AALTKAITAMEEVOKVEQOPA
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(from Rye 09

Based on the sequences from Timothy grass proteins which were highly

conserved with the Rye sequences selected in Example 1, additional peptides derived

from these sequences were predicted as having good MHC binding properties. These

additional peptides are shown in Table 4.

Table 4

Group I peptides

SEQID Peptide Pentide Sequence Group | Pretein
NO: name )
24 Tim02 FGAMAKKGDEQKLRSALG 1 Tim Phl p 1
25 Tim0ZA HAFGAMAKKGDEQKLRSAG 1 Tim Phip 1
26 Tim03A | SNPNYLALLVKYVNGD 1 TimPhlip1
27 Tim04A | WGAIWRIDTPDKL 1 Tim Phlp 1
Group 3 peptides
67 Tim05A | FKAAVAAAASVPAADKFK 5 Tim Phip 5
68 Tim06A KFDSFVASLTEALR 5 Tim Phlp 5
69 Tim{7B KIPAGELQIIDKIDA 5 Tim Phlp 5
70 Tim07G FKVAATAANAAPANDK 5 TimPhip 5
71 Tim08 YRKEFIPALEAAVEQAY 5 TimPhip5
72 Tim08A PEESYKEIPALEAAVEQAY |5 Tim Phlp 5
73 Tim09A | LTKAITAMSEVQKVSQ 5 Tim Phlp 5
Example 3

In vitro binding analysis

The peptides identified as being potential MHC Class II-binding are pre-

screened for solubility in an aqueous, acidic milieu and the peptides are tested in an

in vitro MHC Class I binding assay.
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Methods

The assay employed is a competitive MHC class II binding assay, wherein each
peptide is analysed for its ability to displace a known control binder from each of the
human MHC class I allotypes investigated. The allotypes and control peptides used
in this study are typically those shown below:

Allotype Control Peptide Sequence

DRB1*0301 | Myco. tuberculosis/ieprae hsp 65 2-16 | AKTIAYDEEARRGLE
DRB1*1101 | Influenza haemaggiutinin 307-319 PKYVKQNTLKLAT
DRB1#*1501 | Human myelin basic protein 85-99 ENPVVHFFKNIVTPR

Control peptides used in the in vitro binding assays

Each of the peptides from Tables 2 to 4 (excluding those marked *) are analysed in
the competition assay and screened for relative binding compared to the control
peptides. Due to the nature of the competitive assay the data for each peptide is
determined as a ratio of its own IC50 to that of the control peptide. Thus, a peptide
that has an IC50 value that is parity to the control peptide has an identical binding
affinity, while peptides with a ratio less than one have a higher affinity and those

with a ratio greater than one have a lower affinity.

Solubility in aqueous solution is an essential criterion for a peptide to be an effective
therapeutic agent. Therefore, as a consequence of the solubility screen very
hydrophobic peptides with a high frequency of large hydrophobic amino acid
residues in multiple binding registers will be eliminated. This is a characteristic of
promiscuous HLA-DRB1* binders. Peptides which bind to one or more of the MHC
Class II allotypes are identified. It would be expected that such peptides would have
the ability to bind similar allotypes that have not been tested through the homelogy
of MHC structures.

Example 4
The following method is applied to the same peptides as in Example 3.



O No Ryel5101NoRyel6 434 No Example 6 Ranking criteria for individual grass peptides 5 The 28
peptides which were selected as being particularly useful in the treatment of grass allergy on the basis
of the criteria used in Example 5 were further evaluated in order to compare their characteristics. This
involved calculation of the cumulative response obsgrved to all 3 cytolcines for each peptide i.e the
total score 10 (sum of the number of responders for the three cytokines). Pharmaceutical development
aspects for eac%;?lejpti%%yv ere %Isso considered on the basis of physical and chemical properties, in
particular solubility, - tite ydrop‘f‘robicity index (GRAVY). Epimatrix software was also used to predict
binding strength to M ctibsrolifraidRsate e peviitmud i BRHEG M B high qdboiemédiim (5%) and

low 15 (10%) affipify jQr6rEBeIGME CorlassdlisiLe PR AHRIS SRR orpord i FRSHILS Of this

analysis for 14 particularly preferred I:;)eptides are shown in Table 6. These particularly preferred
peptides are allBeiEhedRdSeErREIEkInGYsHIdorM RPTEAGREH Kby eSHs B8 P HRE Inventors
evaluation of thgitigetadivie:plidisy: dacdheatieatmpatiplgias® aleyrobiatd 4 aapiidesware ranked
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development aspectsaaimuMBC doveragBMIS o utined abbverifablbd & PReptidedTotal
10 concentration of 2x10° cells/ml in complete medium at room temperature. 100p! of
cell solution is then distributed into each of the wells of the 96 well plates containing
antigen/peptide. The plates are then incubated for 6 to 8 days. The culfures are
pulsed with tritiated thymidine solution by adding 10ul of tritiated thymidine stock
solution (1.85MBg/ml in serum-free RPMI medium) to each well. The plates are
15 then returned to the incubator for between § and 16 hours. Cultures are then
harvested using a Canberra Packard FilterMate (RTM) 196 cell harvester. Dried
filter mats are counted using an appropriate beta scintillation counter.
Counts from wells containing peptide are compared statistically to wells
containing media alone (12 wells per group). The non-parametric Mann-Whitney test
20  is used. The same statistical test is used for all subjects. A statistically significant
difference between media only wells and peptide-stimulated wells is considered a

positive stimulation of PBMC’s by the peptide.

Example 5

25
59 peptides identified by the EpiMatrix analysis of Example 1 that

encompassed one or more epitopes predicted to bind to at least 5/8 MHC Class II
alleles (HL.A DRO1, 03, 04, 07, 08, 11, 13, 15) were selected for further studies. In
many cases the epitopes were predicted to bind all § of these alleles. Some sequences
30  had two or more overlapping epitopes or non-overlapping but close epitopes binding
to the same or different MHC Class II alleles. The selected peptides are shown in
Tables 5A and 5B below.
44 peptides were tested for activity in the in vitro T cell cytokine release
assay described using peripheral blood mononuclear cells (PBMCs) from 48 grass
35
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allergic individuals. Peripheral blood mononuciear cells (PBMCs) were isolated from
heparinised blood by Ficoll density gradient centrifugation. Results are shown in
Table SA. Another group of 15 peptides were tested in 28 grass allergic subjects.
Results are shown in Table 5B. The subjects were from Hamilton and surrounding
area in Ontario, Canada. The peptides were tested for stimulation of production of
Interferon gamma (YFN-gamma), Interleukin-10 (IL-10) and Interleukin-13 (IL-13)
in the supernatants of the PBMC cultures.

Cytokine release assay
Cytokine secretion profiles from PBMC’s were analysed in response to the peptide
stimulation. Supernatants from the cytokine release assay were tested for the
presence of 3 cytokines, IFN—Y; I1-10 and 1L-13, using ELISA assays. The presence
of all 3 cytokines was assayed using a multiplex bead array(L.uminex Corporation).
The cytokine release assay typically required 40x10° PBMC’s per subject. In more
detail, 250u] of a 200pg/m] solution of the appropriate antigen or peptide
concentration was distributed into the appropriate wells of 481 well plates. Plates
were then incubated in a humidified 5% CO» incubator at 37°C for a maximum of 4
hours. 250pl of a 5x10° cell/m! PBMC suspension is then added to each well and the
plates returned to the incubator for 5 days. Following stimulation, samples of culture
supernatant were harvested for testing by multiplex bead assay according to standard
protocols. Typically, the samples were harvested into 3 aliquots and frozen until the
ELISA assays were performed.. |

A positive result for stimulation of eytokine secretion was taken where the
reading was greater than four times the control well, where no peptide was added.
Peptides giving a positive result for one or more cytokines in more than 18 out of the
48 subjects in the first group or 9 out of the 28 subjecis in the second group were
deemed to be particularly useful in the treatment of grass allergy. 20 of the 44
peptides tested in the first group of 48 subjects, and 8 of the 15 peptides tested in the
second group of 28 subjects fulfilled the above criteria.

Table 5A shows the number of positives for the three cytokines out of the
group of 48, and Table 5B shows the number of positives for the three cytokines out

1% 5% 10%
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of the group of 28. Preferred peptides fulfilling the criteria defined above are

highlighted in bold.
Table 5A
5
>18/48 +ve for
Peptide TENy -3 10 one or more
+ve/48 +ve/48 +vel48
cytokine?

Ber(? 35 22 34 Yes

Ber(2 26 21 15 Yes
Ber(2A 17 15 7 No
Ber(2B 22 17 3 Yes
Ber02C 29 18 9 Yes
Berd3A ] 7 23 Yes
Biol2A 15 12 31 Yes
Bioli3A 26 19 g Yes
Biol44 28 16 37 Yes
BicG4B 22 16 27 Yes
Bio(3E 8 8 34 Yes
Rye01 12 5 No
RyeflA 2 4 No
Rye(2 4 5 H No
Ryel2A 12 6 1 No
RyeQ3A 3 5 0 No

Rye(4 6 3 1 No
Rye(4A 8 4 2 No
Rye(SA 13 10 3 No
RyedsC 20 19 12 Yes
Rye(6A i1 I3 5 No
RycO6B i1 7 5 No
Ryed7A 8 3 25 - Yes
Rye07R 10 3 i No
Rye07G 7 3 2 No
RyeQ7H 10 8 4 No
Rye08 9 6 2 No
RyeO8A 18 9 32 Yes




01, 04. 08, 11, 13 11,15 >20 5 Ber02B 42 6.12 -0.75 01, 04. 08, 11, 13 11,15 >20 13 Ber02C 56
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Ryel9A 6 5 11 No
Rye(9B 28 24 16 Yes
Timd2 16 6 3 No
Tim0ZA 6 g 2 No
Tim(3A 9 9 4 No
Timb44 16 4 31 Yes -
Tim03A 15 12 9 TRNe T
TimG6A 17 11 11 No
Tim078 23 i8 41 Yes
Timd7G 19 20 10 Yes
Tim08 16 17 14 No
Tim08A 21 16 8 Yes
Timi0B i6 24 22 Yes
Tim10C 6 4 3 No
Timith 28 8 3 : Yes
Table 5B
29/28 +ve for
. . IFN-y IL-13 IL-10
Peptide tve/8 tve/28 ivel28 OnE O more
cytokine?
BioG2D 21 8 21 Yes
Bio02ZE 13 2 24 Yes
Bio04 12 5 8 Yes
Biol5 11 5 H Yes
Bio@3B 13 8 4 Yes
Ryel4B 3 6 0 No
Rye07A 1 4 1 No
Rye08B 2 3 1 No
Rye(9D 6 4 i3 Yes
Ryell 4 10 3 Yes
Ryel2 10 8 5 Yes
Ryel3 6 i 0 No
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Ryel4 5 3 0 No
Ryels 1 0 1 No
Ryel6 4 3 4 No
Example 6

Ranking criteria for individual grass peptides

The 28 peptides which were selected as being particularly useful in the
treatment of grass allergy on the basis of the criteria used in Example 5 were further
evaluated in order to compare their characteristics. This involved calculation of the
cumulative response observed to all 3 cytokines for each peptide i.e the total score
(sum of the number of responders for the three cytokines). Pharmaceutical
development aspects for each peptide were also considered on the basis of physical
and chemical properties, in particular solubility, pI and hydrophobicity index
(GRAVY). Epimatrix software was also used to predict binding strength to MHC
class IT HLA DR alleles, with values shown as high (1%) medium (5%) and low
(10%) affinity for each specific MHC class Il HLA DR allele shown.

The results of this analysis for 14 particularly preferred peptides are shown in
Table 6. These particularly preferred peptides are allocated an internal ranking order
of 1 to 14 which corresponds to the Inventors evaluation of their relative utility for
the treatment of grass allergy. The 14 peptides were ranked according principally to
the total score (sum of the number of responders for the three cytokines) with some
weighting placed on the IFN-gamma response. Account was also taken of

pharmaceutical development aspects and MHC coverage, as outlined above.

Table 6
Epimatrix analysis of
Total GRAV MHC binding affinity Solubility
Peptide Pi RANK
sCore Y mg/ml
1% 3% 0%

Ber(1 91 822 -0.94 08, 11 01,08, 15 03,04,08 >20 1
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0.447 01,07 01, 04, 11, 15 03, 08, 13 5 4 Tim0O4A 51 5.96 -0.408 03,04,07
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01, 04. 08, 11,

Ber02 62 8.75 026 13 11,15 =20 5
01,04. 08, 11,

Ber(2B 42 6.12 -0.75 13 11,15 >20 13

Ber(2C 56 1046 | -0.941 | 03,07,08 01, 11 04,13,15 >26 6

Bio02A 58 6.87 | -0.157 | 01,604,607 08, 11,13 03,15 >20 8
01, 03, 04, 08,

Bio03A 54 10.00 | 0.344 03 >20 7

11, 13,15

01,03, 04, 08,

Bio04A 81 850 | -0.377 04 >20 3

11,13
Rye05C 51 10.00 | 0.176 01,04 03,08, 11,13 04,15 10 1
01,03,04,
Rye(8A 58 624 | -0.194 1 13,15 07 >20 g
03, 08,

Rye(9B 63 6.56 0.447 01,07 01,04,11, 15 " 5 4

Tim04A 5t 566 | 0408 1 03,04,07 01,11 08,15 2 12

Tim078 82 4.56 0.107 03, 11, 15 03,13 0.56 2

03, 07,

Tim07G § 49 8.59 | -0.062 01,04, 08, 15 1 >20 14
01, 03, 04, 08,

Tim10B 62 843 | -0.017 04 113 1.65 10

The order of ranking for particularly preferred grass peptides is thus: I,

Ber01, (SEQ ID NO:1), Cyn d 1; 2, Tim07B (SEQ ID NO: 69), Phl p 5; 3, BioG4A
(SEQ IDNO: 31), Lot p 5; 4, Rye09B (SEQ ID NO: 46), Lol p 5; 5, Ber02 (SEQ ID

5 NO:2),Cynd ;6. Ber02C (SEQ ID NO: 5), Cynd I; 7, Bio03A (SEQ I NO: 29),
Lol p 3; 8, Bio02A (SEQ ID NO: 28), Lol p 5; 9, Rye08A, (SEQ ID NO: 43), Lol p
5; 10, Tim10R, (SEQ ID NQO: 533), Phl p 5; 11, Rye05C (SEQ ID NO: 35}, Lol p 5;
12, Tim04A (SEQ ID NO: 27), Phl p 1; 13, Ber02B (SEQ ID NO:4), Cyn d 1; 14,
Tim07G (SEQ ID NO: 70), Phl p 5.

10 Surprisingly, the top ranked peptide, Ber01 and also 3 other peptides in the
top 14 (Ber02, Ber02C and Ber02B) were derived from the Bermuda grass allergen
Cyn d 1. Bermuda grass is a warm season perennial species adapted to tropical and
subtropical climates. It grows best under extended periods of high temperatures, mild

winters and moderate to high rainfali. Temperature is the main environmental factor
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that limits its adaptability to tropical and subtropical areas of the world. The northemn
limits of Bermuda grass extend into the transitional zone of the United States where
low temperatures seldom drop below 10°F. For this reason it would not be expected
that Bermuda grass allergens would be the major allergens recognised by subjects in

5 Canada. Furthermore, Perennial ryegrass, although present, is not the most common
grass in Canada and 6 of the top 14 peptides (Bio02A, BioG3A, Bio04A, Rye05C,
Rye08A, Rye09B) were derived from Perennial rye allergens.

The following is a summary of grass types prevalent in Canada. Almost all

forage grasses in Canada are improved cultivars of European species. Different

10 grasses are adapted to grow in different areas of Canada, depending on soil and
climate conditions. Timothy (Phleum pratense) is the most widely grown grass
outside dry parts of the region, and is a dominant forage grass in eastern Canada.
Crested wheatgrass (Agropyron cristatum) is a dominant forage grass in western
Canada. Orchard grass (Dactylis glomerata) and Russian wild ryegrass (Elymus

15 junceus) are dominant forage grasses in British Columbia. Bromegrass (Bromus
inermis) is grown in eastern Canada and on the Prairies. Kentucky bluegrass (Poa
pratensis) is commonly grown in many areas. In terms of prairie grasses, 3-awn grass
(Aristida longiseta) is found in arid regions of British Columbia, and wild rice
(Zizania aquatica) in eastern Canadian lakes. Certain genera (eg, Arctagrostis and

20 - Arctophila) are native to the Canadian Arctic. Turf grasses are developed from
species that show desirable characteristics, eg, density of growth, fast growth after
seeding, ability to remain green, etc. In Canada cold-hardiness and frequently
drought resistance are also important. Popular Canadian lawn grass mixtures often
include species of Poa (eg, Kentucky bluegrass, roughstalk bluegrass) and Festuca

25 (especially creeping red fescue, chewing fescue), although other useful species have
been developed.

Based on the prevalence of grass types in Canada, the observation that grass
allergic individuals of Canadian origin are highly responsive to peptides from
Bermuda grass and Perennial rye is unexpected. Such peptides therefore have the

30 potential to have broad utility in treanne.nt of grass allergic individuals worldwide.
Also, the peptides which were found to induce high levels of response (ie a high total

score) are commonly derived from allergen proteins conventionally described as
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(SEQ ID NO:1), Cynd 1; 2, TimO7B (SEQ ID NO: 69), Phl p 5; 3, BioO4A (SEQ ID NO: 31), Lot p 5; 4,
Rye09B (SEQ ID NO: 46), Lot p 5; 5, Ber02 (SEQ ID 5 NO: 2), Cyn d 1; 6. Ber02C (SEQ ID NO: 5),
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Phl p5. 10Surprisingly, the top ranked peptide, BerO1 and also 3 other peptides in the top 14 (Ber02,
Ber02C and Ber02B) were derived from the Bermuda grass allergen Cyn d 1. Bermuda grass is a
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Canada, the o%s(xgagl/aitio}n that grass allergic individuals of Canadian origin are highly responsive to
peptides from grass and Perennial rye is unexpected. Such peptides therefore have the 30
potential to haV&isadiotis/ grassaepedasof grass allergic individuals worldwide. Also, the peptides

which werggfound to ipgyce ightieuglnobiaspansacleadiahdaiaksserahpie samaeonly derived from
allergen proteins conventionally described as WO 2010/(189554PCT/GB2010/000198
Table 6 were investigated with a view to identifying optimal vaceines for the

treatment of grass allergy. Cytokine assays were performed as in Example 5 for each
mix. The results for ten optimal combinations are listed in Table 7. Combination 1 is
the most optimal combination and comprises all 8 top ranked peptides. It should be
25 noted that these specific combinations represent a miniscule proportion of the
number of possible combinations of pepﬁdes originally screened in Examples 1 and
2.
Optimal grass vaccine mixes were selected on the basis of showing a
significant release of IFN-y, [L-10 and IL-13 in a large proportion of the study group
30 of 48 allergic individuals. As such, providing preferred individual grass peptides in
combination increases MHC coverage and and provides an optimised product of

general utility as a grass vaccine. Optimal grass vaccine mixes were also selected on



65 "minor allergens”, e.g Lol p 5 and Phl p 5. The major Timothy and Perennial Rye allergens
recognized by IgE antibodies in grass allergic subjects are, respectively, Phip 1 and Lot p 1. The
induction of antibodies to these major allergens in allergic individuals is a T cell dependent process
and so it wowighbgienpeeied that the 5 peptides inducing high levels of T gelkfespanssowguld be
mainly from Phip 1 and Lol p 1. The determinatign of the top 14 T cell stimulatory peptides from
the group of 59 peptides tested in Example 5, and particularly identifying the top 8 peptides which can
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combinations were identified from a massive number of initially possible combinations of peptides. The
total number ofpassiklercRmbinatians fonrseleating, SoRmalislesHysiauthadeReldcanked peptides is
3003. This number of combinations (SOé)qur presents a very small proportion of the possible
combinations SPATHRIES BLISPRAPEAY §$ﬁf8ﬁ§wwpeptides (13,442,126,049) . The 15
possibility of identifying the top eight ranked peptides by chance is therefore miniscule. Example 7
Combinations qfaﬁlr@s peptides 20Peptide combinations based on selections from the top 8 ranked
peptides in Ta ere investigated with a view to identifying optimal vaccines for the treatment of
grass allerdy. Cytolcine assays were performed as in Example 5 for each mix. The results for ten
optimal combjrations-are-fisted T abte f; Ggmbinaton I isjhesmost optimalgamaiiation|and
comprises all|Sptgpidackedipepsides. It should be 25 poted that these specific combinations represent a
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release of IFN =13 in a large proportionof the study group-30-of-48-allergic-individuals.
As such, providing preférred individual gra§ peptides in comblnation intreases f#HC coverage and
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considerations, includin‘b physicaliand cheftfical characteristics of each peptide in"the combination.
Table 7 5 Peptide comlynation IL-10 +ve/4841L-13 +ve/48 IFN9y10 +ve/48 47

6 41 39 46

7 47 40 48

g 46 40 48

9 44 40 48

10 40 40 48
Combinations:

1: Ber01; Ber(2; Ber02C; Bio02A; Bio03A; Rye09B; Tim(7B; Bic04A

10 2: Ber0l; Ber02; Ber02C; Bio02A; Bio03A; Rye09B; Tim07B
3: Ber01; Ber02; Ber02C; Rye09B; Tim07B; Bio04A
4: Berf1; Ber02; Ber02C; Rye09B; Tim0783
5: Ber01; Ber02; Ber02C; Rye09B; Bio04A
6: Ber01; Ber02; Ber02C; Rye09B |

7: Ber01; Ber02C; Bio03A; Rye09B; Tim07B; Bio04A

8: Ber01; Ber02C; Rye 09B; Tim07B

9: Ber01:; Ber02C; Bio03A; Rye09B; Bio04A

10: Ber01; Ber02C; Bio03A; Rye09B

15

Combination 1 is the most optimal combination based on cytokine release

20 characteristics and comprises all 8 top ranked peptides. This combination provides
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peptides derived from three grass allergens, Cyn d1 (Ber01; Ber02; Ber02C), Lolp3
(Bio03A; Rye09B, Bio04A) and Phl p 5 (Tim07B). The combination therefore
accounts for regional variations in exposure to specific allergens, even though the
data from the Canadian study group suggests this may not be an important factor.

It should be noted that each specific optimal combination represents a
miniscule proportion of the number of possible combinations of peptides originally
screened in the Examples. As outlined above, for example, the eight peptide mix of
combination 1 represents one out of 13,442,126,049 potential combinations of the 73
peptides screened in Examples 1 and 2. The optimal combinations each provide a
significant release of IFN-y, IL-10 and TL-13 in 239/48 individuals.

It is noteworthy that high MHC coverage is maintained in Combinations 2 to
10 despite significant variation both in the number of peptides and in which specific
peptides are included from the top 8 identified in Example 6. It can be seen that even
selecting a mix of 4 peptides (Combination 10) still gives 100% coverage for IFN-y
response and 83% coverage for IL-10/IL.-13 response. Combination 10 is based on 2
peptides from Bermuda grass and 2 peptides from Perennial Rye grass. The coverage
obtained with such a mix is surprising, given both the lack of prevalence of these
grasses in Canada, and the fact that peptides from Lol p 1, a major allergen

recognised by IgE antibodies in grass allergic individuals are not included.

Example 8

Improving solubility

Two of the top 8 peptides, Rye09B and Tim07B, were identified as having solubility
characteristics which could be improved (see Table 6). To improve solubility,
various analogues were designed utilising one or more lysine residues at the N- or C-
terminus of the peptide. The peptides were assessed in the Epimatrix software to
ensure that the modifications had not affected the T cell epitope within the peptide
and had not created a neoepitope. Two variant peptides were selected for Rye09B
(Rye09B1 & Rye09B2) and Tim07B1 & Tim07B2). The sequences are shown in
Table 8 together with the solubility values. The variants of Rye09B are twice as
soluble as the native peptide. The variants of Tim07B are more than twenty times as

soluble as the native peptide. In addition to improved solubility, both variants also



46 40 48 9 44 40 48 10 40 40 48 Combinations: 1: Ber01; Ber02; Ber02C; Bio02A; Bio0O3A; Rye09B;
Tim07B; Bio04A 10 2: Ber01; Ber02; Ber02C; Bio02A; Bio03A; Rye09B; Tim07B 3: Ber01; Ber02,;
Ber02C; Rye09B; Tim07B; Bio04A 4: Ber01; Ber02; Ber02C; Rye09B; Tim07B 5: Ber01; Ber02;
Ber02C; Rye®®BpBRio®44 6: Ber01; Ber02; Ber02C; Rye09B 15 7: BerO1; iRard2@i:Bim084; Rye09B;
Tim07B; Bio0O4A 8: Ber0 |; Ber02C; Rye 09B; TimO#B 9: Ber01; Ber02C; Bio03A; Rye09B; Bio04A 10:
Ber01; Ber02C; Bio03A; Rye09B Combination 1 is the most optimal combination based on cytolcine
release 20 characteristics and comprises all 8 top ranked peptides. This combination provides WO
2010/089554PCT/GB2010/000198 67 peptides derived from three grass allergens, Cyn dl (Ber01;
Ber02; Ber02CjetdindpthdBietaBétR=ROBT BedDdA) kdimdrElbige SiEimA#E jinTheegrelbitition therefore
accounts for regignalvasiations i XSl SHEFflo MSIdens, cYe R lioHal g daig.om the
Canadian study gt]oup suggests this mass/’ not be an |mportan{ actor.

to the native peptides, for example in any mix of grass peptides for therapeutic

vaccine use.

5
Table 8
Peptide Sequence Solubility(mg/ml) | SEQ [ID NO:

Rye(9B1 KPEVKYAVFEAALTKAIT 10 91
Rye09B2 KKPEVKYAVFEAALTKAIT 10 92
Tim07B1 KKIPAGELQIDKIDA 20 93
Tim07B2 KKIPAGELQIIDKIDAK 20 94

Example 9

10 Selection of a preferred grass vaccine
During trial manufacturing, one peptide from the top ranked peptides present
in Combination 1 above (Bio03A) was found to be difficult to manufacture due to
having a string of 5 contiguous hydrophobic amino acids. When assessing the impact
of not including Bio03A in a grass vaccine, the overall coverage of the remaining
15 seven top ranked peptides present in Combination I was analysed for the 48 subjects.
In this seven peptide mix (Ber01, Ber02, Ber(2C, Bio02A, Rye09B, Tim07B and
Bio04A) Tim0Q7B and Rye07B are optionally substituted for the vartants Tim07B1
and Rye(G7B1 having improved solubility.
With the 8 peptides present, including Bic03 A, 47/48 subjects (IL-10), 41/48
20 subjects (IL-13) and 48/48 subjects (IFN-gamma} subjects showed positive cytokine
responses. In comparison, with seven peptides present, excluding Bio03A, 47/48
subjects (IL-10), 40/48 subjects (I1.-13) and 48/48 subjects (IFN-gamma) showed
positive cytokine responses. Therefore it was concluded that there would be little
impact of not including Bio0O3A in a grass vaccine for manufacture.
25 The response properties of the above peptide combinations was compared
with whole grass pollen extract containing Timothy, Perennial Rye, and Bermuda

grass pollens (Greer Laboratories) and a further positive control, the mitogen SEB.



51t should be noted that each specific optimal combination represents a miniscule proportion of the
number of possible combinations of peptides originally screened in the Examples. As outlined above,
for example, the eight peptide mix of combination 1 represents one out of 13,442,126,049 potential
combinationgyef ihe/dssgptides screened in Examples 1 and 2. The optirpeiraombinaiians each
provide a 10 significant release of IFN-y, IL-10 and ék-13 in 39148 individuals. It is noteworthy that
high MHC coverage is maintained in Combinations 2 to 10 despite significant variation both in the
number of peptides and in which specific peptides are included from the top 8 identified in Example 6.
It can be seen that even selecting a mix of 4 peptides (Combination 10) still gives 100% coverage for

IFN-y 15 respongse.di 3394 goverage-fer iladRd bybkirrsponaseSam bugtion 10, k2bissed on 2
peptides from Bermuda grass.a peptides, from Perennial Rye grass The covera btained with
such a mix is s%r]ig?r?dlgg‘%Z% é%%ﬁﬁﬁ&%ﬁ’ﬁe@ﬁl‘éﬁ%@pﬁm&(gﬁ?@le§ HCERA ‘};Egand the fact
that peptides frizidubed fedpenteajaridits ¢Hn ré;dgri8 ¢ bl3 g ddRiN8 dIEd ipagrass. dltergic individuals
are not included 20 Example 8 .Improving sqlubili 0 8 Repd Bgnd Tim07B,
were identified Séageﬁla?ﬁatg&go%ﬁﬁhg}%%}%%se%%%é%‘gﬁ%g‘egpﬁ égé%mprloJe sée Table 6). To improve
solubility, 25 vahopsrsiatiogaefweheldesigneldeaiising one or more lysine residues at the N- or

C-terminus of the pep’ﬁﬂ@ségﬁi&?ﬁ’fi&%%%%%élﬁéﬂﬁﬁ%é@i%ﬁﬂ@%f@@@ﬂf%?é@ﬁ)@, ensure that the
modifications had not affected the T ce egitope within the peptide and had not created a neoepitope.

Two variant pepiia8<Bvad Bieftadarap WEFTTEICLRS GRS 279 HNEFEEI LR, Tim07B2).

The sequencesgh RWBHO Rt akevdrioaatieswith foptzielshijlibnyalurscobhisarariants of Rye09B
are twice as soluble as the native peptide. The va\%aagg Q[]‘l TimlO?B,are more than twentg times as

soluble as the B&HEFPEPHHTED) S AT HiBPSVERLSIBMR Both VARE K Bst ™’
20101089 $54 ReeltoBRNTO OIS -6Beargiaimei thadtsakilltyespdnd ucthd peplidsaoldise release when

tested in a gro%ge%.sl aﬁutgjﬁ:ecégﬁgeh%%%evu Ii.l ”tév%ﬁx}’%Q??s‘?tggc?NRQ ?%?I&(ﬁaﬂ@?g&r ef erred .
alternatives to thé native peptides, tor example In any mix of grass peptiaes for therapeutic vaccine

use. 5 Table 8 regptiseiSequansecdsiLibinBmmvda) BroshpoxBerrpid gp REmpeens/ FEAALTICAIT
1091 RyeogB?sequences from other grasses for the above seven peptides are shown as SEQ ID

NOs 74 to 90 above. For example, the Ber01 peptide contains the 9 mer epitope

15 FGAMAKXGQ which has close homologues in many other common grasses,

| Furthermore, the seven vaccine peptides are derived from both group 1 and

group 5 allergeﬁs from the three most prevalent grasses (Timothy, Perennial Rye and
Bermuda grasses) and include epitopes with complete or significant homology to the
other common grasses (Orchard, Velvet, Kentucky blue and Canary). The seven

20 peptide sequences therefore maximise the breadth of coverage of grass pollen
allergic individuals making the vaccine suitable for treating all grass pollen allergic

individuals.

Example 10
25 Histamine release assay

The purpose of this assay was to identify whether the preferred seven peptide
combination of Example 9 was capable of activating blood basophils (as a surrogate
for tissue mast cells) resulting in histamine release that may result in allergic
reactions during therapy. A combination of peptides that induces histamine release

30 frequently may be considered unsuitable for use as a peptide vaccine.
Histamine release requires the crosslinking of adjacent specific IgE molecules

on the surface of the basophil. The peptides being evaluated were small (10 to 18



ICICPEVICYAVFEAALTICAIT 10 92 Tim07B1 ICICIPAGELQIIDKIDA 20 93 Tim07B2
ICICIPAGELQIIDKIDAK 20 94 Example 9 10 Selection of a preferred grass vaccine During trial
manufacturing, one peptide from the top ranked peptides present in Combination 1 above (Bio03A)
was found todzeadiffiogttie manufacture due to having a string of 5 contig@eu¥aBzdroPHUIBEc amino
acids. When assessing the impact of not including B!o0O3A in a grass vaccine, the overall coverage of
the remaining 15 seven top ranked peptides present in Combination 1 was analysed for the 48
subjects. In this seven peptide mix (Ber01, Ber02, Ber02C, Bio02A, Rye09B, Tim07B and Bio04A)
Tim07B and RyeQ7B are optionally substituted for the variants Tim07B1 and Rye07B1 having
imgroved solubilifiyio\AGthsthel & glaptind shprds ant, inakfdingpBis@3Ai ghifidans tdriecysstiuely, 41/48 20
subjects (IL-13) and 48/48 subjects (IFN- ma) subject iti i onses. In
comparison, wi ats%%% 5%?)%%1(%%%1%)5& ) Zt)%ﬁol%%%(@é? %\ﬁg Jgﬁ%@é g%L- OQ)E%%I?S subjects

(IL-13) and 48/«4:30@mew¢me,mmmmdytwm@mgwh§é§¢w@f% it was
concluded tha‘b@‘?éﬁ,‘%?&dfﬁ hsileimragelinat AnEikding BialRAuieaaassyaggias.for manufacture.

25The response properties of the above peptide combinations was comEared with whole grass pollen

extract confainfrymsrathgraberedriasorhds salred frmregrisep el esd abrusd hies) and a

furltlher positiv?g%%tagbrgwiﬁﬂ}e&ew&%ﬁ&zea@@%%%@aﬂ;wem&em The whole grass
pollen extract induced cytokine responses jn 11/48 (IL-10), 42/48 (IL-13).and 43/48 (IEN-gamma)
whilst the otheF BB ROITFEE ’i‘??étr?ﬁﬁa %l?féé‘ﬁf?ﬁﬁﬁ@é%‘?&%b% S&in 473N 105 28148 (1L-13)
and 48/48 (1FNxgafrradphbhe Sevedmoaphistdentixciiu@®Biddips stiag.didiewssponses in similar

percentages Ofincubated in vitro with the seven grass peptides from Example 9 in combination.

10 Histamine release in response to whole Grass pollen allergen extract containing
Timothy, Perennial Rye, and Bermuda grass pollens (Greer Laboratories) was
included as a control. A positive control, representing total histamine release,
generated by freeze/thawing the cells twice was also included in each assay.

Histamine concentrations were measured by ELISA and results expressed as

15 a percentage of the positive control (% positive control). The assay was performed

* using the Immunotech Histamine Release Immumoassay kit according to the
manufacturer’s instructions. Following the in vitro challenge of PBMCs with-
peptides, peptide mixes, whole allergen or buffer in microtitre plate wells,
supernatants were removed and the histamine in the samples converted to acyl

20 histamine. Acylated samples were tested by a competitive acyl histamine ELISA.

Peptides were assayed for their ability to induce histamine release over a 5
log10 range (1 to 10,000 ng/mL). The concentration range assayed wés selected
based on theoretical in vivo doses of peptide that may be achieved during therapy.
Based on delivery of peptides by intradermal injection, high local peptide

25 concentrations of up to 10pg/ml, per peptide could be present. Although unlikely,
there is a risk that the full dose may be injected into the bloodstream. In this unlikely
event, the maximum clinical dose of 20 pg (12 nmole) of each peptide entering a
blood volume of 5 litres, would result in a theoretical maximum blood concentration
of 4.0 ng/mL. This is at the lower end of the histamine release assay dose range and

30 2000 times lower than the top concentration used in the assay.

A whole grass allergen preparation containing Timothy, Perennial Rye and

Bermuda grass pollens (Greer Laboratories) was used as a control for histamine



5 the population as for whole grass allergen. The selection of the peptides Ber01, Ber02, Ber02C,
Bio02A, Rye09B, Tim07B and BioO4A for a preferred seven peptide grass vaccine was also based on
homology considerations When these seven peptide sequences are compared between different
grasses, thekggseansigerable homology in many cases increasing 10 thepgrpbabilityothhass
grass-allergic individuals will respond to the peptides. This means that the peptides have utility even in
those subjects whose dominant allergic response is to a grass other than Bermuda, Timothy or
Perennial rye. Homologous sequences from other grasses for the above seven peptides are shown as
SEQ ID NOs 74 to 90 above. For example, the Ber01 peptide contains the 9 mer epitope 15

FGAMAKKGQwhich 1as £0r PaaledHes 10 a0y, 006l samMong4aesesntrol foHirthermore, the

seven vaccine peptides are derived from both group 1 and group 5 allergens from the three most
prevalent grasSBE NS BRISAELFasy & %’@éﬂﬁ%gé ‘é‘?é‘gé‘ggg 5?1& i%‘c? & éMibpes with complete

or significant homolo@yrigid hecaitereammeas geabaasd Rickriddeivet Aentoealpidioe @hd Canary).
The seven 20 pepti equences efore maximise the breadth of coverage of gr pollen allergic
individuals ma%’ﬁ%gj &%%a%ﬁﬁﬁ*ﬁm {aér?%ﬁﬁtree\%%gegﬁ é‘%&’%ﬂ %*Sf#e%ﬁ é?%r c|3c£§|:r%) |\(/%|r(§)?1ﬁ§.gExample 10 25
Histamine relesisedasdayrve gdeeapudt pote BLISKA assayReastofidensifppiéictteey adigieditared seven
peptide combinglignf kxamplashyescapAbis Ol A SleedhbasepbliadasiRgur ogate for tissue

mast cells) resulting in histamine release that may result in allergic reactions duringtherapy. A

combination offseisEdienpligiiRdadeLmbibe i Rrmusriveksauhsisezedhtfded unsuitable for
use as a peptigdyaccpddianinefalRase RAHEBSJhRKERssliniRg ghadirsepispecific IgE
molecules on the surface of the basophil. The peptides being evaluated were s aé(!%lo to 18 WO
2010/089554P@’F7@§f@%%0ﬁf@8%%%%%ﬁ?§%qg‘?‘l‘gelﬂt)mé’r‘?&Ei*? §R e fﬂr};r re, poSsess
significant @ rtipeptsdeggtthie hatcrailidredalieotiera irehdin thlieasenformation of an IgE-binding
epitope of the whole molecule., Eurthermore, peptide monomers in, splution, .even if t are bound by
IgE, should not be abr'Fe(%f)c%)aC]cr%?s% ilﬁﬂga jglgerﬁ{e%é)arsff’g Ecutes His a%ﬁiﬁﬁe(ﬂruelfleggsg gﬂfcrhgn@ geripheral blood
basophils isolatetidrdrasparpirecakietiolb diko o wistarnsebironizh laxslalidigfie) silhjstmines evaluated.

Peripheral blogdi BRseR e HEHEH R 38 PHERARL bR RS, G GD A GhaHOL practical to

assay. The assay required 3x106 peripheral blood mononuclear cells (PBMC) per subject. PBMCs
were incubate®dsiteramEeinecleEirgiassadait a4 bl eteansptd et ed BTk S Histamine
release in fgspm§@t&gmm%§§r§§%@gﬂ%@@gegb@gact containing Timothy, Perennial Rye, and
Bermuda grass pollens (Greer Laboratories) was included as a control. A positive control, representing
total histamine release, generated by freeze/thawing the cells twice was also included in each assay
Histamine conferitaianenasneativeas Betsdoys Eﬁﬂlﬁﬁba‘ﬁdd?jmﬁs@dﬂikmﬁm as 15 aRpareentage of the
positive contro| (Ke/adsitive control). Thiatassaylessperformeadiesia@th@dmmunolelh pdistantinb
Release Inununoassay kit accordingjt¢tie¥anufacturer's instmiosipns4Following|the in vitro challenge
of PBMCs with geptifigs,iReptide mixes, whole allergen or buffer in microtitre plate wells, supernatants
were removed |aRehthgNistarming in the samplé’@@onverted o acyl 20 Ristamine. Acylateg"éamples
were tested by aRmReidMa®pY! histamine EtdHA. Peptides were asgayed for their abmtystp induce

histamine releamygm 18919 range (IT'to 19,90 ng/mL); The conegntration rgnge agsgyed was
selected based on theoretical in vivo doses of peptide tiiat may Be achieved during therapy. Based on

delivery of peptides b¥ intradermal injection, high Iocaléje tide 25 concentrations of up to IOug/mL per
§

peptide could be preseftvARRERIF GAmban e ek e G P 9828-F5 BE tnjected into the
bloodstream. Irnrthis7enlifsetyaey@mt, the maximum clinical dose of 2014 (12 nmole) of each peptide

entering a blood volume of 5$Jitres, would result in g theo etig{ Ximu béood concentration of 4.0
ngimL. Thilis at the IBJFeEFIA BFiRAFEAHRFE Tk et ok er B Bigrmine

release in 32/42 (76%) of subjects at 100 ug/ml.. Even at the lowest concentration of

10 ng/mL, the whole allergen induced high levels of histamine release in 21/42

individuals (50%).

In contrast, the seven peptide combination failed to elicit significant

25 histamine release in any of the 42 subjects tested, even at the highest concentration
for which data is shown, where each peptide was present at 10 pg/mL. This isa

concentration 1000 fold higher than the concentration of whole allergen still giving



30 2000 times lower than the top concentration used in the assay. A whole grass allergen preparation
containing Timothy, Perennial Rye and Bermuda grass pollens (Greer Laboratories) was used as a
control for histamine WO 2010/089554PCT/GB2010/000198 71 release over a 5 loglO range from 10
to 100,000 ng/prtofd/megative control for spontaneous histamine release wasrgegiatiaiae oy incubating
cells in buffer only. Single measurements were performed for each dilution. After completion of the
ELISA, individual histamine levels were determined by interpolation from the 5 standard curve
generated in the ELISA assay Results from samples were adjusted to allow for dilution. Where two or
more consecutive dilutions of a peptide/allergen preparation elicited >15% of the total histamine

release seen iRdReriBEReIRAVELRAREvaGRBEOb (1B of PRSivRRO(I0G L WiTek a single value
of >15% of positive control was ,ach_lev%d %th hlgh%ﬁgcentra%op tested (10 _pg/inL for 10
peptides), this SE SRR TrRT YRR (bE s R BPOtenUR T SPRYIAS Histamine release

assays were caiafiletddaduting thesthtgHDf iheseySiadisidmlnere rejected, due to unacceptably high
levels (>15%) of histagmine telease in the medi lus buffer.negative cantr response at
all in the positive con?(?g %etﬁ}g?afﬁge% Srséé? gl%#%?%%%t%%%% %vl\%e%rgg F,?&%%‘E‘ﬁ%%#ﬁ %%eg%/sis. 15 The
study findings erecsutratarsetin featbkeofdrotois Gomsédositisnip gusijaSebictsswith positive

histamine releggg (3515 ¥ MeaMISIAMNRE #RISARG 04,088 LonKAllioT 44 Hatged? pos control)
Seven peptide comBmatlon *(10) 0/42 0 0-4 Whole grass (100) 32/42 41 2-152 Whole grass (0.01)
21/42 24 0-84 significant histamine release either by IgE-mediated or direct peptide-mediated

basophil or mast cell activation and degranulation. The histamine release data
indicate that the seven peptide combination does not induce the activation of

10 basophils and therefore has a very low potential for inducing IgE-mediated acute
allergic reactions in grass allergic individuals, either systemically or locally in the

skin.

15

20

25

30



* Seven peptide combination: Ber01, Ber02, Ber02C, Bio02A, Rye09B1, Tim07B1 and Bio0O4A. 20The
whole grass allergen preparation induced 15% or higher histamine release in 32/42 (76%) of subjects
at 100 ug/mL Even at the lowest concentration of 10 ng/mL, the whole allergen induced high levels of
histamine release in 21/42 individuals (50%). In contrast, the seven peptide combination failed to elicit
significant 25 histamine release in any of the 42(3UAES tested, even at the highest concentration for
which data is shown, where each peptide was present at 10 ug/mL This is a concentration 1000 fold
higher than the concentration of whole allergen still giving WO 2010/089554PCT/G82010/000198 72
very high ldvels Afdotatawiitienrel@alk fvowver ihalfokthngobjects ($Qbgrpld. he pelien peptide
combinatiop 1theret‘fore has negligible potential for causing IgE mediated reactions even in highly
sensitive indviduaie. GIven: ?ﬁeglarge excess of peptide dose tested in this assay compared to likely 5

concentrations af) thetheptidesgatlewing)Cin{caPdasiig i aigiBgs vaeciadatitithabdnticipated that

administration of the seven peptide Go dPi ' ignificant histamjne release either by
IgE-mediated or (l,lireé1 %B@ﬂ%&-#ﬁe&a‘%‘éﬁ @?&%ﬁ‘@@g@@%@ atioh“ang de Iélercl)u’laiaﬂ(%)n. The
histamine releasg dathcpdigatetidatiihe)sav@Kpaptide sttibiiipor doesiaot ingduce the activation of
10 basophils, and thetgfore has a very low potential for inducing IgE-mediated acute allergic reactions

in grass al&rbiciRdiv ﬁ%ilsiﬁnéfﬁ‘ler systemically or locally in the skin 15 20 25 30 73 CLAIMS 1.A
composition suit@ble fidvuse popreyeiting op trealingaltesgidta giassipelienhyotaterisatioen comprising:
a) the polypeptide TimO7BfQ1<IPAGEL I DKID%ortadvariant hgre%f bé}éhqgély eptide BerO1
(SGKAFGAMARREGED) 01" SArane P&t 3R 14 PRt SaIih G 4K (LKKAVTAMSEAEK)

or a variant ther&of whpokipcgaidevaifant i athmdongéy ipdiypehtids Of cprderlddsamiyaacidshin length
which comprises the se of the corresponding pol tide specified in (a), (b) or (c), or II) a
polypeptide of 9?}&0S bﬁg%’ﬁ;ﬁg %‘?cl? ?ané?{gtt% w%lsccﬁuc%or%p?éi%% 505%% 8?%%1 %Waq(ﬁfz%%éfﬁa‘east 65%
homology to thespecifiedde @ kis) oorkespahdingipolyppbletict spasifigddnagd)cfbees)irand that is
capable of tolerisiq to g:sgic_l corresponding polypeptide; or Ill) a polypeptide of length 9 to 30 amino
acids which con?ﬁr@e’%jé s‘?eaﬁence of at least 9 contiguous amino acids of the sequence of the
corresponding pRiypepisigrspeditied i ta), fapc0(enias adeguende dnapHass at deqsieb ¥ hkomology to
said at least 9 c?éla;[sig ous.amino acids, Wrgchfstiguence of aéégast 9 contiguous ?min(t).gcids or

fi Q

homologous sequien e tcl%%%%ﬁe&%f%%{ﬁs 2 GO ﬁﬁﬁg%@%é%ﬁé’ PP Eomposition

ng 1o said corre

according to claipetifizilieCoMmpisiy, one srgmnore: polypeptideawnbanyoiSEERoNGDS dtto 73 as

shown in Tablesj 2 to 4 or variants thereof, .not previousl sel%cte a? ve. 3.The compositign according
Bk Hothrat B

to claim 1 or 2, wﬁ%srteglnc?ﬁ%1 %%O%Sp%%ﬂ%)n%mdsls% P SRR ea8'5696"6r At18a8t669% of a
panel of grass potlaonadiekgicsineiviehial $sinathd lpafutdtiosinandiatid corresponding polypeptide.

2. The composition according to claim 1 further comprising one or more polypeptides
of any of SEQ ID NOs 1 to 73 as shown in Tables 2 to 4 or vartants thereof, not previously

selected above.

3. The composition according to claim 1 or 2, wherein the composition:
- is capable of tolerising at least 50% or at least 60% of a panel of grass pollen
allergic individuals in the population, and/or
- comprises at least one further polypeptide up to a total of fourteen different
polypeptides, wherein the further polypeptides:
(a) comprise a sequence having at least 63% sequence identity to at least 9 or more
contiguous amino acids in any of SEQ ID NOs: 1 to 73 not selected above; and

{b) are 9 to 30 amino acids in length.

4. The composition according to any one of the preceding claims, comprising at least



comprises at least one further polypeptide up to a total of fourteen different polypeptides, wherein the
further polypeptides: (a) comprise a sequence having at least 65% sequence identity to at least 9 or
more contiguous amino acids in any of SEQ ID NOs: 1 to 73 not selected above; and (b) are 9 to 30
amino acids in length. 4.The composition according to any one of the preceding claims, comprising at
least 74 onmsesitipolypeptide wiiighiindd@20:01313 10 b aipina acifl$dRetangth. 5. A composition
according to any one of the preceding claims which comprises the polypeptides of any one of
Combinations 1, 3 or 7 as set forth in Table 7, wherein optionally one or more of said polypeptides can
be substituted fok acvapiai dnereokds defineddnd dhiae fidcbif compastianResalgingseelaim 1 which
comprises the poly epti%es: (a) TimQ7B.1 (KKIPAG LQIIDKIDA));&tgb) Ber0O1 (]SGKAEGAMAKKGQED);
(©) Bio0an PERRIEMISEAERS, Ty AYEBSET (B IRY AVEERAE P APT)S (o Eefen

(FIPMKSSWaénal(h) Brro2adkSBWIBABVRIRRIKKELIE and fe)tBiqB2A ERANMEsFLIEALR) 7.The
compositio cording, 1o any. one of the preceding claims, wherein one or more of the polypeptides
<Rl

have one o ¢ Hs selected from the following: (i) N terminal acetylation; (ii) C terminal
amidation; (iii) one or more hydrogens on the side chain amines of Arginine and/or Lysine replaced
with a methylene group; (iv) glycosylation; and _(v) phosphorylation. 8.The composition according to
any one of the p‘ﬁe‘é%&@@%‘rﬁg ifP &1480 < BRED PP FtdsbesRafcEngineered to be
soluble such thatit compises: (KX ¥ terRinai orhe &gsidues of the peptide which flank a T cell epitope:

one to six contigyous ami ids corresponding to the two to six contiguous amino acids immediately
N terminal to sa@ie%ﬁggﬁam%%gggﬁﬁg%tem from which the peptide derives; and/or (ii) C
terminal to the resjduBsoof thel paptiderwhiiEilgrikia T cell epitope: one to six contiguous amino acids
corresponding to the gne i iguous amino acids immediately C terminal to the said residues in
the sequence of(fﬁe ﬁ%?gﬁjﬁ\ﬁ% ”?%IFEAALTKMTL

(e} Ber02 (FIPMKSSWGA);

(f) Ber02C (KSSWGAIWRIDPKKPLK); and

(2) Bio02A (KYDAYVATLTEALR)

7. The composition according to any one of the preceding claims, wherein one or more
of the polypeptides have one or more modifications selected from the following:

(iy N terminal acetylation;

(ity C terminal amidation;

(iii} one or more hydrogens on the side chain amines of Arginine and/or Lysine

replaced with a methylene group;

(1v) glycosylation; and

(v} phosphorylation.

8. The composition according to any one of the preceding claims wherein at least one of
the peptides has been engineered to be soluble such that it comprises:
(1) N terminal to the residues of the peptide which flank a T cell epitope: one to six
contiguous amino acids corresponding to the two to six contiguous amino acids
immediately N terminal to said residues in the sequence of the protein from which
the peptide derives; and/or
(i) C terminal to the residues of the peptide which flank a T cell epitope: one to six
contiguous amino acids corresponding to the one to six contiguous amino acids

immediately C terminal to the said residues in the sequence of the protein from which



the peptide derives; or (iii) both N and C terminal to the residues of the peptide which flank a T cell
epitope, at least one amino acid selected from arginine, lysine, histidine, glutamate and aspartate,
wherein the polypeptide has a solubility of at least 3.5mg/m1 and the T cell epitope has a solubility of
less than 3.5mg/ml. 9.The composition according to any one of the preceding claims wherein at least
one of the peptides hasidesn@agioeered to be soluble such that additionally: (i) any cysteine residues
in the native sequence qf the peptide are replaced with serine or 2-aminobutyric acid; and /or (ii)
hydrophobic re;ﬁ‘b)es f?'lto}ﬂi\gﬂ’ﬁit {%@ﬁlrﬁ?n%ea’fﬁﬂglﬁstﬂ tﬁ?é}e@‘flﬁrf‘ﬁmﬁ% i3ké et sequence of

the peptide, whiehiasgnatisampriseshincdiCellepioponate deletetsand okt anviwa gensecutive
amino acids comprjsing the sequence Asp-Gly in the up to four amino acids at the N or C terminus of
the native sequear?éieaﬁ?atﬁét?)eptide, which are not comprised in a T cell epitope, are deleted; and/or
(iv) one or mbe:pOSIEYRlY s geHEesidles areddd e attieNnrangoae TesaiRpfopd hide
composition according.to any ope of }h preceding claims wherein each polypeptide has a
concentrati%??thfﬁ%? Ay §If]c$f§0 nmol/ml, 0.3 to 200 nmol/ml, 50 to 200 nmol/ml or 30 to 120
nmol/ml. 11. A composition for use in preventing or treating allergy to grass pollen by tolerisation
comprisinggat Iegz}%one polynucleotide sequence which when expressed causes the production of a
orf'as

compositi n‘i—f"&“ﬁoﬁl’ﬁwﬁaﬁ‘é"ﬁ%f%ﬁ%aﬂ@@? 950K DERGE RS (e BRevaRfh oY fRafthg allergy

to grass pofierpbyialeisatieancaippiisiag fobe abnslesRERyIRUERRtidensgguUences which each encode a
different polypeptide as defined in a_rhy one of claims Ito 9. 13. Aﬁilroduct comprising: ga) the

polypeptide TimO7B 6% SaistAE oAy bt B ARBERC C REIM AP B AT FelagiciaBolypeptides
BerO1 (SGKAFGAIMB KKGRERY W aivaidan. ief any thereof as defined in claim 1 (1) or (Il); and (c) the
polypeptide BioO4A (L KKAVTAMSEAEK). or a variant of any thereof as defined in claim I (1) or (lI),
wherein each di erlﬁ%fipﬁé’&i’fﬁj’ée% éﬂﬁhﬁélﬁéBﬁgfegéaﬁ’é?é‘fé‘fif%éﬁﬁ@ﬁﬁ&r&éefﬁl&lé%ﬁting or

treating allergy tengrass pedgrehyetofetisaipide] dicphay maceutisakéaunulation fasikse iarpreventing
or treating aIIerg%tF? géass ollen by tolerisation comprising a composition according to any one of
claims 1 to 11; ae&¢t6r #&¢6Hding to claim 12; or a product according to claim 13; and a

pharmaceuticallyingcepiable eatsieuardiuant a&bis togpamposiiaagyacteneparoductiaceording to
claim 14, formulated for, oral %dmé?}%ration topical administration, nasal administration, subcutaneous
s??ﬂﬁ rft

administration, AgUar &g Pl GBS I s AR A RS BRC AT BRmgtaBRBpidermal

or patch administrationehfps adnminisiratdinoihalatiicaidoydnjeetion. 16. The composition as
defined in any one of claims 1 to 11 or product as defined in claim 13, additionally comprising a further

polypeptide allefdeh UL HRITENG X PTG TRT B SAtHES BoIpEbtiRe SHidrdeHMAY: An in

vitro method of determining whether T cells recognize a composition as defined in any one of claims

Ito 11 comprising.contacting said T cells with said composition and detecting whether said T cells are
stimulated 69‘5&]‘88%8%%%% BPEOIR IR BV ﬂ% fg‘?ﬁ%‘iiﬂﬁgﬁlm%W%@é‘?rfé‘ahout to determine

whether anpodiviguat has aQiolscat tigkonf ihakingngs aflexty to2mempPPHEN0.3 to 200 nmol/ml,
50 to 200 nmol/ml or 30 to 120 nmol/ml.

11. A composition for use in preventing or treating allergy to grass pollen by tolerisation
comprising at least one polynucleotide sequence which when expressed causes the

production of a composition as defined in any one of claims 1 to 9.

12, A vector for use in preventing or treating allergy to grass pollen by tolerisation
comprising four or more polynucleotide sequences which each encode a different

polypeptide as defined in any one of claims 1 to 9.

13. A product comprising:
(a) the polypeptide Tim07B or a variant of any thereof as defined in claim 1 (I) or
(IDy;
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(b) the polypeptides Ber01 (SGKAFGAMAKKGQED) or a variant of any thereof
as defined in claim 1 (I) or (IT); and
(c) the polypeptide BioO4A (LKKAVTAMSEAEK) or a variant of any thereof as
defined in claim 1 (I) or (II),

wherein each different polypeptide is for simultaneous, separate or sequential use in

preventing or treating allergy to grass pollen by tolerisation.

14. A phanpaceutical formulation for use in preventing or treating allergy to
grass pollen by tolerisation comprising a composition according to any one of claims 1 to
11; a vector according to claim 12; or a product according to claim 13; and a

pharmaceutically acceptable carrier or diluent.

15.  The composition, vector or product according to claim 14, formulated for oral
administration, topical administration, nasal administration, subcutaneous administration,
sublingual administration, intradermal administration, buccal administration, epidermal or

patch administration or for administration by inhalation or by injection.

16.  The composition as defined in any one of claims 1 to 11 or product as defined in
claim 13, additionally comprising a further polypeptide allergen for use in tolerising an

mdividual to the further polypeptide allergen.

17. An m vifro method of determining whether T cells recognize a composition as
defined in any one of claims 1 to 11 comprising contacting said T cells with said

composition and detecting whether said T cells are stimulated by said composition.

18. A method according to claim 17 which is carried out to determine whether an

individual has, or is at risk of having, an allergy to grass pollen.



