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NOVEL IMMUNOTHERAPEUTIC COMPOSITION AND USES THEREOF

FIELD OF THE INVENTION
The present invention velates generally (o an mupotherapeutic composition. Maore
8 particularly, the present invention relates to an impunotherapeutic composition which interacts
onunptogically with T lymiphoeytes in subjects having peanut allergy or allergy to-other tree tuts,
This composition is preferably immuneinteractive with T cells in subjects having an allergy to the
Arah 1 and/or Arabh 2 allergens.  The composition of the present invention is useful in the
therapeutic or prophylactic treatment of conditions chatacterised hy an aberrant, inappropriate or

10 otherwise unwanted immune response to peanut, Ara bl andfor Ara b 2 or derivative or homologue

thereof.
BACKGROUND OF THE INVENTION
Bibliographic details of the publications referred to by author in this specification are
collected alphabetically at the e of the description.

13 The veferenye to any prior art iny this specification is wot, and should not be taken ag, an
acknewledgment or any form of suggestion that that prior art forms part of the common general
knowledge.

Peanut allergy is a life-threatening aud incurable disorder, affecting approximately 1% of
the general population (Husain et ¢f. f Am Acad Dermagol. 66(1):136-43, 2012, Burks, Laacet

2y FTHO623n1538-46, 2008). Itis characterised by the sudden onset of anaphylaxis, which may
oceur with exposure to minute guastities of peanot proteins {Howurthave ef al., J Allergy Clin
Tmmunol 100; 396-600, 1997; Pumphrey, Current Opinion in Allergy & Inmunotogy. 4(43285-90,
2004). Peanut induced anaphylaxis is that most frequently associated with mortality or with life-
threatening featuces (Bock et al. J Allergy Clive bmmunol. 119(4):1016-8, 2007; Bucks 2008, supra).

25 Peanut proteins are frequently concealed within apparently safe food sources, such that accidental
contact occurs for up to 30% of suffercrs over a 3 year period (Sicherer ¢f al., Paediatrics 102: e6,
1998, Notsurprisingly, peanut and tree put allecgy is associated with significant psychological
morbidity for sufferers and carers alike, akin to that suffered by those with chronice debilitating
illnesses such as rheumatoid atthritis (Privaeau ef al., Clin Exp Allergy 300 1135-43, 2000; Kemp et

30wl Med J, Aust. 188(9)%:503-4, 2008). Cure, while being an imperative to rtemove peanut and treg
nut allergy as a cause of mortality, 1s alse necessary to remove the chronic psyehological burden
that peanut allergic subjects carry.

To date, efforts at immonotherapy for peasut allergy bave been et by extremely limited
success, Nelson er gl have shown that clinical desensitisation of peanut can be irduced using a

35 rush immunotherapy protocol with an univactionated peanut extract, but that clinical desensitisation
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is lostin approximately half of the subjects during maintenance dosing and additionally that
injections arc associated with frequent episodes of anaphylaxis in the majority of subjects during
both the buildup and maintenance phases (Nelson ef al., f Allergy Clin Immunol 99: 744-51, 1997}
Oppenheimer er af. demonsteated sivailar findings within their study, again showing that active
5 therapy with unfractionated peanut extract is associated with a high rate of systemic anaphylaxis.

Data collecton in that study wag tevminated after the administration of peanurextract to a placebo
randormised subject resulted in their death, highlighting the dangevous natuce of this condition
(Oppenheimer ef af., J Allergy Clin Impuinol 900 256-62, 1992).  Recent studies of oral
nunotherapy with whoele peanut flour provide encowragement that desensitization is feasible, but

10 the observed adverse reactions highlight major safety concerns {Hofmann et al. J. Aflergy Clin.
Immunel. 124, 286, 2009; Jones er al. J. Allergy Clin. Tmmunol. 24, 292, 2009; Clark er al. Allergy
64, 1218, 2000; Vacshoey et al. & Allergy Clin dmmuned. 127(33654-00, 2011, Vacshoey et al. J
Adlergy Clin Tmpuwod. 1246013512, 2009; Anagnostou et al. Clin Exp Alleryy. 41{91273-81,
2011; Allen & O'Hehir, Clin Exp Allergy. AW 1172-4, 2011; Yu et al. Int Arch Allergy Dmmunol,

15 1539(2):179-182, 2012; Thyagarajan et al. J Allergy Clin Irmunol, 126(13:31-2, 2010; Bhunchen et
al. J Allergy Clin lmnmunol. 12601083-91, 2010}, Even with the exclusion of children prone to
severe symptoms or asthma, two studies reported. an anaphylactic episode. in one case during an
initial food challenge (Clark of @f. Allergy 64, 1218, 2009) aud in the other during treatment of a
child who had not previously experienced anaphylaxis (Hofnwann et al. £ Allergy Clin, Fmmugiol,

20 124, 286, 2009).

Development of vovel strategies to overcome the morbidity associated with allergen
immunotherapy depends on an acourate understanding of the immunoelogical basis to successful
imrnunotherapy, as well as its side-cffects. It has long been established that morbidity due to
allergen inununotherapy s due o the cross-livking of gk, and that this action is vot requived for

25 such therapy to be efficacious (Litwin et al., It Arch Allergy Appt Immunol 87: 361-61, Q98). Ttis
also known that one of the critical actions of conventional {subcutanecous injection or sublingual or
oral with unfractionated allergen exiract) innumnotherapy in producing tolerance is its ability 1o
change the predominant specific T cell phenotype from a Ty2 to a regulatory phenotype. These
regulatory T cells act via production of the anti-inflammatory cytokines IL-10 and/or TGE].

3 (Akdis & Akdis, FAlergy Chin Immumeol. 123:735-46, 2009; Akdis & Akdis, Nature Reviews:
Drug Discovery. 8:645-60. 2009; Akdis & Akdis, J Allergy Chin bumgnol 127:18-27, 201 1.

A key difference in antibody and fymphocyte responses is in antigen recognition,
antibodies recognising conformational B cell epitopes dependent on molecular tertiary structure,
while CD4+ T cells recoguise short linear peptides. This difference i antigen recognition is the

3% basis to many novel steategies of immunotherapy, including that using peptides based upon T cell



WO 2015/042664 PCT/AU2014/050249

(5]

epitopes, B cell epitope mutants and altered peptide Hgands (Rolland ef al. Pharmacelogy &
Fherapeutics 121:273-284, 20093, Such methods all depend on the alteration or absence of
molecular tertiary structure, so that 1gE cross-linking and etfector cell activation is lost. Peptide
vmunotherapy is a method 1o vespect of which evidence of efficacy exists, being docuroented for
5 both cat dander sllergy and bee venom allergy. Three different studics showied that, in the absence
of any systervic side-effects, clinical and immunelogical tolerance could be: achieved for the major
bee venom allergen Phosphelipase A2 (PLA2Y using T cell epitope-containing sequences (Muller
et al. f Altergy Clin fmmunol, 101: 747-54, 1998; Tarzi er of. Clin Exp Allergy. 361 465-74, 2000;
Fellvath et af, J Allergy Chin Immunol. 111: 854-51, 2003}, while several studies have demonstrated

1} that peptides based on the structure of the major cat allergen Fel d 1 can be used to induce
dimunished clinical responses (Norman et al., Am J Respir Crit Care Med 154: 1623-8, 1996,
Marcotte ef al., § Allergy Clin Innunel 101: 506-13, 1998; Pene eral., § Allergy Clin mmunol
102: 571-8, 1998; Oldficld et gl Lancet 360:47-53, 2002: Alexander et al. Clin Exp Allergy 357 §2-
&, 2004 Alexander et af, Allergy 60:1269-74, 2003). Mozt recently, a phase 1la trigl confirmed the

15 safety, wierability and potential efficacy of a seven-peptide mixture from Fel d 1 (Toleromune
Cat®, Cicassia Ltd., Oxford, UK) (Worm et al. J Allergy Clin Immunol. 127: §9-97, 2011) with
Phase IIb trials now underway (Moldaver & Larche. Allergy. 66: 784-91, 201 1; Worm e ¢f. Expert
Opin. Investig. Drags. 220100 1347-1357, 2013). Crucial to the development of such strategies is
the retention of T cell epitopes, so that T cell phenotypic change can be induced.

20 The ahility to bind directly on to MHC class T} molecules allows peptides to be presented
by non~professional or immature APC without pro-inflammatory and co-stimulatory sigials which
promoetes induction of tolerance, ancegy and/or suppressive activity in responding T cells
{Moldaver & Larche, Allergy 66: 784-91, 2011) and/or other CD4" T cells that express MHC class
{1, This alser allows peptides to be presentted at higher frequency than peptides processed from the

25 whole molecule (Santambrogio et of. Proc Natl Acad Sei U7 S A, 1999, 96:15056-61), and since
they are also safer than whole allergen, peptides can be given at higher concentrations, thus
repolarising T vell responses more effectively.

Iisportantly, targeting T cells specific for dominant T cell epitopes of major allergeus can
alter responses to whole allergen extracts (linked suppression). Many studies repogting successtul

30 peptide immunotherapy in murine models of allergy demonstrated that administration of dominant
T-cell epitope peptides of mjor allergens induced tolerance not ouly to those peptides, but also to
purified allergen and whole allergen extoacts (Yang eral. Clin Exp Aflergy 40(4):068-78, 201,
Yoshitomi ef al. J Pept Sci. 13(8)1:409-503, 2007; Marazuela et al. Mol umgnol. 45(2):438-43,
2008; Rupa et ¢, Aflergy. 67(1174-82, 2012; Hovne et af. J Exp Med. 178(5):1783-8, 1993; Hall et

35 al. Vaccine. 21(5-6):549-61, 2003).
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Accordingly, there is # need to both identify the major peanut allergens and, further, to
identify the T cell epitopes of these allergens. The identification, characterisation, and analysis of
these T cell epitopes is eritical to the development of specific immunotherapeutic v prophylactic
methadology. To this end, although the Ara b 1 and/or Ara b 2 peamut allergen miolecules have

3 previously been the subject of analysis, the identification of the T cell core opitopic regions is
essential to the development of an effective vaceine.

In 'work leading up to the present invention, deminant, HL.A-degenerate Ara b 1 andfor
Arah 2 core T cell epitopie regions have been identified. This group of core T cell epitopic
regions is unique in teems of 1ts high level of efficacy. Unlike the previously studied 20mer Arvab

1} 1 and/or Ara h 2 peptides which were identified based only on their ability to exhibit some level of
T eell reactivity, there have been identified a selected set of core T ¢ell epitope regions which are
hath immunedominant, telative to other A b 1 and/or Ara h 2 peptide fragroents, and ave also
HLA degenerate in that they bind to two or more HLA types. Still further, many of these T celt
opitopic core regiens are presented by HLA-DQ melecules. HLA-D(Q molecules are mere

15 conserved in mixed populations than HLA-DR madecules. Accordingly, peptides presented on
HLA-D(Q enable broader population coverage.

In a still further finding, it has also been determined that a specific subgroup of seven of
these peptides which contain both Arah 1 and Arva b 2 T cell epitopes provides particularty
effoctive immunclogical outcomes. Accordingly, the identitication of this uniquely effective group

20 of peptides has facilitated the development of particularly cffective therapeutic prophylactic
methods for the tredtmoent of conditions charactetised by aberrant, indppropriate or otherwise
unwanted imnwmne responses to Ara b 1 and/or Ara b 2 or detivative or homologue thereof, other
tree nut allergies or allergens to a composition, such as foods, containing the Avab 1 andfor Arah 2

molecules.

SUMMARY OF THE INVENTION

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word “comprise™, and variations such as “comprises” and “comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but not the

30 exclusion of any other integer or step or group of integess or steps.

As used berein, the term “derived from™ shall be taken to ingdicate that a particular integer
or group of integers has originated from the species specified, but has not necessarily been obtainex
divectly from the specified source. Further, as used herein the singular forms of “&”, “and” and
“the” include plural referents unless the.context clearly dictates otherwise.

35 Tnless otherwise defined, all technical and scientific terms used herein have the same



WO 2015/042664 PCT/AU2014/050249

meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs.
The subject specification contains amino gcid sequence information prepared using the
progranune Patentn Version 3.5, presented herein after the bibliography. Each amino acid
3 sequence is identified in the sequence listing by the numeric indicator <210 followed by the
sequenee identifier {eg. <210»1, <2102, ete). The length, type of sequence {protein, ete) and
source organism for vach sequesee 1s indicated by iinformation provided in the numerie indicator
fields <21 1>, 212> and <2135, respectively. Amine acid sequences referved to in the
specification are identified by the wdicator SEQTD NO: followed by the sequence identifier {eg.
10 SEQID NO:1, SEQ ID NO:2, etc.). The sequence identifier referred to in the specification
correlates to the information provided in numeric indicator field <400> in the sequence listing,
which is fullowed by the sequence identifier (eg. <4001, <4002, et¢). That i SEQ 1D NO: T as
detailed in the specification correlates to the sequence indicated as <400>1 in the sequence listing.
One aspect of the present invention is directed to an immunomodulatery composition
15 comprising at least five of the Ata h 1 and Ara b 2 T cell epitopic regions from the list consisting
of:
) FONLQNHR (SEQ ID NO: 1)
(i IVOIEA (SEQ IDNO:2)
(i)  NEGVIVKVSK (SEQ ID NO:3}
20 vy EVKPDKENPOLQ (SEQ ID NO-4)
(v} EGALML (SEQ 1D NO:3)
(viy  IMPAAHP (SEQ ID NO:6)
{vil) LRPXEQHLM (SEQ D NO:7)
(vili) ENNORXMXEA (SEQ 1D NG:S)
25 orfunctional dedivatives or homologues thereof wherein residue X 1s cysteine or serine and said
composition comprises at least one T cell epitopic region selected from SEQ IDF NOS: 1-6 and at
least one T cell epitopic tegion selected from SEQ I3 NOS: 7-8.
In anothey aspect, said LRPXEQHLM s LRPSEGHLM (SEQ 1D NO;137).
In still another aspect, said ENNQRXMXEA is ENNQRSMSEA (SEQ ID NO:138).
30 In accordance with these aspects and embodiments of the prasent Invention, said
composition comprisas at least 6 of said T cell epitopic regions.
In a further aspect, said composition comprises at least 7 of said T cell epitopic regions.
To still a further aspect, said eoruposition comprises gach of said 8 T cell epitopic regions.
In another aspect there (s provided an immunoemodulatory composition comprising each of

35  the Arah I and Ara h 2 T cell epitopic regions from the list consisting of:
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(1) FOQNLOQNHR (SEQ ID NO: D

(i) IVQIEA (SEQ 1D NO:2)

(i)  NEGVIVKVSK (SEQ D NG:3)

(iv) EVKPDKENPQLQ (SEQ ID NO:4)

(v} EGALML (SEQ ID NO:5)

(viy  IMPAAHP(SEQ ID NO:6)

{vil) LRPXEQHLM (SEQ 1D NO:7)

(viii)  ENNQRXMXEA {(SEQ 1D NO:§)

or functional derivatives or homologues theveof wherein said restdoe X is oysteine or serine.

In yet another aspect there is provided an immunomedulatory composition comprising
each of the Arah 1 and Arah 2 T cell epitopic regions from the list consisting of:
(i) FONLQNHR (SEQ 1D MNO:1)

(it} IVQIEA {(SEQ ID NO:2)

{iiiy ~NEGVIVEVSK (SEQ ID NO:3)

{ivi  EVKPDKENPQLQ (SEQ D NO:4)
{v)  EGALML (SEQ ID NO:%)

{vi) IMPAAHP (8EQ ID N(:6)

(viiy  LRPSEQHLM (SEQ ID NO:137)

(viity ENNQRSMSEA (SEQ ID NO:138)

of functional derivatives or homologues thereof.

In 4 related aspect the present invention is dirgcted to an trmmumomodulatory composition
comprising eng or more peptides, cach of which peptides is up tix 60 contiguous amine acids in
length and which peptides include each of the Arah 1 and Arah 2T cell epitopic region
combinations detailed hereinbefore,

In a further aspect the present invention is divected to an immunomodulatory composition
comprising one or more peptides, each of which peptides is up to 60 contiguous amino acids in
length aud which peptides include each of the Arab 1 and Ava b 2T cell epitopie regious from the
list consisting of:

(i} FOQNLQNHR (SEQ D NO: 1)

(ii) IVQIEA (SEQ 1D NO:2)

{iil)  NEGVIVKVSK (SEQ ID NO:3)
{ivi EVEKPDKKNPQLQ (SEQ ID NO:)
" EGALML (8EG 1D NG5

(vi)  IMPAAHP (SEQ ID NO:6)

(vil)  LRPSEQHLM {SEQ ID NO:7)
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(viii) ENNQRSMSEA (SEQ ID NO:&)
or functional derivatives or homologues thereof.

In yet another aspect said peptides of T cell epitopic regions are capable of modifying T
cell function when presented to T cells isolated from subjects having 1 condition characterised by
an abereant, unwanted or otherwise inappropriate inymune response to Ara h 1 and/or Ara b 2 orto
an allergen prosent in a composition, such as food, comprising Ara h 1 and/or Ara b 2 but which
peptides are unable to bind to Ara b f-specific and/or Ara h 2 -specific [gE.

In avcordance with these aspects, said peptides wre selected from the list consisting of:
1€)) FOQNLOQNHRIVOQIEAKPNTLY (SEQ 113 NO:11)

(it} STRSSENNEGVIVKVSKE (SEQ 1D NO:12)

(i)  EVEKPDKENPQLQ (SEQ D NO:4)

vy VEIKEGALMLPHENSKA (SEQ 1D NO:13)

(v} VFIMPAAHPVAINASS (SEQ 1D NO:14)

{vi)  ANLRPXEQHLM (SEQ ID N(:15)

{vii)  EFENNQRXMXEALQ (SEQ D NO:16)

{viii) NNFGKLFEVKPDKKNPQLQ (SEQID NO:17)
{(ix) GDVFIMPAAHPVAINASSE (SEQ ID NO:18)
(x) SQLERANLRPXEQHLM (SEQ 1D NO:19)

{(xiy  ELNEFENNQRXMXEALQ (SEQ ID NO:2()
(xii) FONLQNHRIV (SEQ 1D NO:21)

(i) RIVQIFEAKPNTLY (SEQ 11D NO:22)

(xiv) ENNEGVIVKVSKE (SEQ ID NO:23)

{xv) EVKPDEKKNPQLQD {SEQ ID NO:24)

{(xvi) EFENNQRXMXEALQOI (SEQ ID NO:23)

{(xviiy NNFGKLFEVKPDKENPQLQD {(SEQ 1D NO:26)
(xvii} ELNEFENNQRXMXEALQQI{(SEQ ID NO:27)
(xx)  WSTRSSENNEGVIVKVSKE (SEQ 1D NO:28)
{(xx1) GDVFIMPAAHPVAINASS (SEQ ID NO:29)

or functional derivatives or homologues thereof wherein residue X is cysteine ot serine.

In one embodiment, satd residue X 18 Serine.

In a further asepet said peptides are selected from:
{i) FONLQNHRIVQIEAKPNTLYV (SEQ 1D NO:11)
(it STRSSENNEGVIVKVSKE (SEQ 1D N2y
(i) EVEKPDKENPQLQ (S5EQ ID NO:4)

(iv)  VEIKEGALMLPHFNSKA (SEQ ID NO:13)
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®
(i)
{vii}

{(ix)

_8-

VEIMPAAHPVAINASS (SEQ ID NO:14)
ANLRPSEQHLM (SEQ ID NO:3 D
EFENNQRSMSEALQ (SEQ 1D NO:32)
EVEPDKKNPQLQD (SEQ I NO:24)
EFENNQRSMSEALQOI (SEQ ID N(:33)

or functional derivatives or homolegues thereot.

In another aspect, said imnwnomedulatory composition comprises cach of the Ara b 1 amd

Arah 2T cell peptides from the Hst consisting of:

{H
(it}
{ii1)
vy
(v
{vi)
{wil)

FONLONHRIVQIEARPNTLY (SEQ 113 NO:11Y;

STRSSENNEGVIVKVSKE (SEQ 1D NO: 12y,

EVKPDKENPQLQ (SEQ ID NO:34) and/or EVKPDKKNPQLOQD (SEQ 1D NO:24);
VEIKEGALMLPHENSKA (SEQ ID NO:13);

VFIMPAAHPVAINASS (SEQ ID NO:14);

ANLRPSEQHLM (SEQ ID NO:31); and

EFENNQRSMSEALQ (SEQ [ NO:32) andfor EFENNQRSMSEALQQI (SEQ D
NO:33).

or functional derivatives or homologues thereof,

Iiva yet a hurther aspect, the inventors have designed a preferted set of seven peptides, five

of which comprise Ara h 1 T ¢ell epttopes and two of which comprise Arah 2 T cell epitopes,

which function partieulaily efficaciously, when administered together, to induce desensitisation or

tolerance and thereby  cither prophylactically or therapeutically treat  hypersensitivity 1o

compeositions, such as foods, comprising Ara h 1 andior Arah 2. These peptides arg:

{i)
(i)
{iti)
(iv)
()
{vi)
{vii)

FONLQNHRIVQIEAKPNTLV (SEQ ID NO:11)

STRSSENNEGYIVKVSKE (SEQ ID NO:1D)

EVKPDKKNPQLQ (SEQ ID NO:4) andfor EVKPDRKNPQLQD (SEQ ID NO:24)
VEIKEGALMLPHFNSKA (SEQ 1D N(:13)

VEIMPAAHPVAINASS (SEQ ID NO: 14}

ANLRPSEQHLM (SEQ NO:31)

EFENNORSMSEALQ (SEQ NO:32) and/or EFENNQRSMSEALQOI (SEQ TD NO:33)

In still vet another aspect theve is provided an immunomodulatory composition comprising

each of the Ava h 1 and Arab 2 T gell peptides from the list consisting of?

i)

Gy
(iit)
{iv)

FONLONHRIVOIEAKPNTLY (SEQ 1D NO:11)

STRSSENNEGVIVKVSKE (SEQ ID NO112)

EVKPDKKNPQLQ (SEQ ID NO:4) andfor EVKPDKKNPOLOQD (SEQ ID NO:24)
VEIKEGALMLPHFNSKA (SEQ ID NO:13)
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(v) VEIMPAAHPVAINASS (SEQ ID NO:14)
(vi)  ANLRPSEQHLM (SEQ N(O:31)
{vii) EFENNQRSMSEALQ (SEQ NO:32) and/or EFENNQRSMSEALQQI (SEQ ID N(O:33)

In g vet still another aspect, there is provided a cormposition comprising each of the Arah ]

53 and Arah 2 T cell peptides from the list consisting of:

(i FONLONHRIVQIEAKPNTLY (SEQ 1D NO:11)
{ii} STRSSENNEGVIVKVSKE (SEQ D NG:30)
(it EVKPDKKNPQLQ (SEQ ID NO:) snd/or EVKPDKENPQLD (SEQ ID NO:24)
(v)  VEIKEGALMLPHFENSKA (SEQ D NO:3)

1 W VEIMPAAHPVAINASS (SEQ ID NO:14)
{(vi)  ANLRPSEQHLM (SEQ NO:31)
(vii}  EFENNQRSMSEALQ (SEQ NO:32) and/or EFENNQRSMSEALQOQL(SEQ 1D NO:33)
which peptides are capable of reducing Ara h 1 and/or Ara h 2 hypersensitivity or hypersensitivity
to a composition comprising Ara b I and/or Ara b 2 when administered to a subject having

15 condition characterised by said hypersensitivity.

The present invention is directed to a composition comprising the peptides hereinbefore
defined. It should be understood, though, that the subject composition may comprise additional
compouents, such as additional peptides. Examples of other peptides which may be included in the
composition include, but are not limited to:

20 M ALMLPHENSKAMVIVVV (SEQ ID NO:34)
(i) NNFGKELFEVEPDKKNPQ (SEQ ID NO:33)
(i)  SQLERANLRPXEQ {SEQ ID NO:36)
{ivy  ELNEFENNQRXM (SEQ ID NO:37)
" NNFGRLFEVKPDEENPQLQD (SEQ 1D NOG:38)
25  {vi) NNFOKLFEVKPDEENPQL (SEQID N(O:40)
(viiy  SQLERANLRPXEQH (SEQ ID NO:41)
(viiy  RAMVIVVVNRGTGNLELVAY (SEQ 1D NQ:42})
{ix) RELRNLPQOXGLRA (SEQ 1D Ni:43)
(x) KAMVYIVVYNKG (SEQ I NO:=4)
30 iy AMVIVYVNKGTGNLELY (SEQ ID NO:45)
{xii}) VVNKGTGNLELVAVRK (SEQ ID NO:46)
or functional derivatives or homologues thereof wherein residue X is cysteine or serine.
In another aspect, the present fnvention provides & nucleic acid molecule composition

comprising ong - or more nuglete acid molecales encoding or complementary to a sequence
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encoding the T cell epitopes and peptides as heveinbefore defined or a devivative, homologue or
analogue thereof.

Inn still another aspect the present invention provides g method for the treatment and/or
prophylaxis of a condition i & subject, which condition is chavacterised by the aberrant, unwanted

5 orotherwise inappropriate immune response to Arah 1 andfor Arah 2 or an allergenina

composition comprising Ara b 1 and/or Ara h 2, said method comprising administering to said
subject an effective amount of ay immunomedulatory compoesition as hereinbefore defined for a
time and under conditions sufficient to remove of reduce the presence or function in said subject of
T cells divected fo said Arah T andfor Avaht 2 ov other allergen.

104 In a further aspect said condition is hvperscnsitivity to peanuts ot tree nuts which contain
Arah land Arah 2 or Ara b 1-like or Ara h 2-like molecules, such as hazelnuts, almonds or Brazil
nuts,

In another aspect, said method desensitises or induces immunological tolerance to Arah 1
and/or Arah 2 or other aliergen of said conposition.

15 In still another aspect, said desensitization or tolerauce is achieved by inducing T cell
anergy or apoptosis.

In yet still another aspect, said desensitisation or tolerance is achieved by inducing Arah 1
or Arah 2-specific Treg cells.
A further aspect of the present invention contemplates the use of an immunomodulatory

20 composition as heréinbefore defined in the manutucture of a medicament for the treatment of a
condition i a mammal, which condition is characterised by an abervant, unwanted or otherwise
inappropriate immuie response to Ara h 1 and/or Avah 2.

Preferably said condition is hypersensitivity to peanuts or a tree nut which contains Arah 1
and/ov Arah 2 or Arah T-like and/or Ara b 2-fike molecules, such as o hazelnut.

25 T yet another further aspect, the present invention contemplates a vaccine comprising the
composition as hereinbefore defined together with one or more pharmaceutically acceptable
carriers and/or diluents. Said composition is referred to as the active ingredient,

Yet another aspect of the present invention relates to the compositions, as hereinbefore

defived, when used in the method of the present invention.

BRIEF DESCRIPTION OF THE BRAWINGS

Figure 1 is a graphical representation of a CFSE screen for peptide-specific PBMC T cells:
(A} CESE-labelled PBMC from 4 peanut-allergic subject incubated with whole peanut extract or
the Vax {7 peptide compilation). Boxes show percent of activated proliferating CD4+ T cells

35 (CD25+CFSElo). SI indicates fold increase in T cell activation above no antigen control. (B)
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Confirmation of peanut-allergic donor PBMC CD4+ T-cell activation and proliferation in response
to the Vax (7 peptide vompilation} in 7 subjects (all have a positive SI>2.5).
Figure 2 is a graphical representation of a basophil activation test (BAT) (A) FACS plots

showing blood from a peanut-allergic sabject incubated with whole peanut extract or the Vax (7

5 peptide compilation}, Basophils are identified as IgEhi cells (box, first plot) and activated basaphils
as CI363hi thoxes, plots 2-43. (B3 BAT data and {C) Histaming rezlease data {measwad by
comunercial kit) from a peanut-allergic subject following incubation with increasing concentrations
{ g/mlyof whole peanut extract or the Vax. Positive controls are anti-IgE and MLP. Whole peanut
extract causes high basophil activation and histamine release but the Vax does not. Data are

1} representative of 14 peanut-allergic subjects tested.

Figure 3 is a schematic representation of the method emploved to identify the dominant
epitopes of the major peanmut allergens Arah 1 and Ava b 2,

Figure 4 is a graphical representation of a 7-day CFSE assay designed to detect the ability
of dominant 20-mer peptides to induce T cell proliferation in whoele PBMC of peanut-allergic

15 donors, The numbers in the boxes indicate % of dividing (CFSE low) CD4+ T cells SE= fold
increase in dividing cells above unstimulated control.

Figure 5 is a graphical representation demonstrating responder frequency of T-cell lines to
Arah 1 20-mer peptides. Boxes indicate the 9 deeninant 20-mers sltimately selected (based on
multiple parameters).

20 Figure 6 is a graphical representation of PBMC screening with dominant Ara b 1 20-mers.
The ability of dominant 20-mers to target specific CD4+ Tocells in PBMC from peanut-allergic
donors was tested.

Figure 7 is a graphical representation deraonstrating responder frequency of T-cell lines to
Ara h 2 W-mer peptides and wurgber of specific: TCL per 20-mer. Boxes indicate 4 dominant 20~
25 mer peptides ultimately selected based on multiple parameters.
Figure § is a graphical representation of the core T cell epitope mapping results.
Figure 915 a graphical representation of the HLA restriction of the dominant Ara b 1 and
Arabh 2T cell epitopes.
Figure 10 is a graphical representation of T cell recognition of peptides in which selected

30 cysteine residues were replaced with serine residues. TCL proliferation in respouse to ‘parent”
{cysteine containing) or serine-substituted Ara h 2 peptides as determined by *H thymidine nptake,
Graphs show representative TCL for each epitope (mean cpm replicate wells +8D). A) Ara h 2(32-

44}, B) Arva b 2037-47); C) Ara h 2(91-102); D) Ava h 2(95-107); By Ara h 2{128-141).

Figure 11 is a graphical representation of T cell eytokine production int response to

L
]

peptides in which selected cysteine residues were replaced with sevine residoss, Cytokine secretion
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in response to “parent’ or cysteine-substitute Ara h 2 peptides determined by ELISPOT.
Graphs show representative TCL specific for each epitope {means spots of replicate wells
+SD). IL.-4, black bars; 11.-5, haiched bars; IFN- |, white bars; A} Ara h 2(32-44), B)
Arah 2(37-47); C) Ara h 2(01-102); D) Arah 2(95-107y; E)Y Ara b 2(128-141).

5 Figure 12 is a graphical representation of PBMC responses to peptide pools vs whole
peanut. Peptides included in each pool are shown in Table 23, P-values show Wilcoxon matched
pairs signed rank test {(for non-parametic data}.

Figure 13 is a graphical representation of PBMI respouses to peptide pools vs whole
peanut. Peptides included in each poel are shown in Table 23, P-values show Wilcoxon matched
10 pairs sighed rank test (for non-parimetic data).
Figure 14 is 4 graphical representation comprising PBMC T cell responses to the preferred
T-peptide pool, Stats: Kruskal-Wallis test for non-parametic data with Dunns post-hoc corrections
to test for differences between multiple groups. ¥data normalised to % of respounse to whole peanut
due to variation in magnitndes-of responses ny different subjects in the different eoborts analysed
15 for the different pools.
Figure 15 is & graphical representation of Ara h 2 peptide-induced inhibition of T cell
proliferation.
Figure 16 is a graphical representation of Ara h 1 peptide-induced inhibition of T ¢cell

proliferation.

DETAILED DESCRIPTION OF THE INVENTION
The present igvention is predicated, o part, oo the identification of a group of Arah 1 and
Ara h 2 epitopes which, when administered together, in a group of at least five, produce more

eificacions immunological outcomes than any of these epitopes used cither alone or together with

[+.2
WA

other combinations of these or other Ava ki 1 or Arah 2 peptides. Tn particular, it has been

determined that the use of all eight epitopes produces pacticularly and exceptionally efficacious

functional outcomes, most particulaly when these eight epitopes are administered in the context of

the seven peptides exemplified herein, The design of this composition has enabled the

development of significantly more efficacious therapeutic and prophylactic compositions and

30 treatment approaches, than have been available to date, for conditions such as, but not limited to,
peanut allergy.

Agcordingly, one aspect of the present invention is directad to an immunoemodutatory
composition comprising at least five of the Arah 1 and Ara h 2 T cell epitopic regions from the list
comgisting of:

33 (@ FOQNLQNHR (SEQ 1D NO:1)
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(it} IVQIEA (SEQ 1D NO:2)
(i)  NEGVIVKVSK (SEQ ID NO:3}
vy  EVKPDKENPQLQ (SEQ 1D NO4)
(v} EGALML (SEQ 1D NO:5)
5 vy  IMPAAHP(SEQID NO:6)
(vity  LRPXEQHLM (SEQ IDNO:T)
{vili} ENNQRXMXEA (SEQ ID NG:8)
or functivnal derivatives or homologues thereof wherein residue X is cysteine or serine and said
composition comprises af least one T cell epitopic vegion selected from SEQ 1D NOS: 1-6 and at
10 leastone T cell epitopic region selected from SEQ TD NOS: 7-8.
It one embodiment, said LRPXEQHILM is LRPSEQHELM (SEQ ID N0 137
It amother embodiment, said ENNORXMXEA is ENNQRSMSEA (SEQ 1D NO:138).
In accordance with these aspeets and embodiments of the present invention, said
composition comprises at least 6 of said T cell epitopic regions.
13 Ina fucther embodiment, said composition comprises at least 7 of said T ¢ell epitopic
regions.
In still a further embodiment, said composition comprises cach of said & T cell epitopic
reglons.
According to this embodiment there is therefore provided an immunemedulatory
2 composition comprising each of the Arah 1 and Ara h 2 T cell epitopic regions from the list
consisting of:
(i) FQNLQNHR (SEQ ID NGO 1)
{ii) IVQIEA (SEQ 1D NO:2)
(1) NEGVIVEVSK (SEQ 1D NO:3)
25 {v)  EVKPDKENPQLQ (SEQ ID NO:4)
(V) EGALML (SEQ ID N(O:5)
(i) IMPAAHP (SEQ 1D NO:6)
{(vii} LRPXEQHLM (SEQ D NO:T)
(viiiy ENNQRXMXEA (SEQ D NO:8)
30 or functional derivatives or homologues thereof whereln said residue X i cysteine or sering.
In apother embodiment theye 1s provided an impunomodulatoey composition comprising
cach of the Avab 1 and Arah 2 T cell epitopic regions from the list consistiing of:
(D FONLONHR (SEQ ID KRO: 1
(i IVOIEA (SEQ ID NO:2)
35 (i)  NEGVIVKVSK (SEQ ID NO:3)
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(ivi  EVKPDKKNPQLQ (SEQ D NG:4)
() EGALML {SEQ ID NG:S)
(vix  IMPAAHP (SEQ ID NO:O)
(viry  LRPSEQHLM (SEQ IDNO:37)
5 {viii} ENNQRSMSEA (SEQ ID NO:13%)
or functional derivatives or homolegues thereot.

I a related aspect the present invention is directed to an immunomodulatory composifion
comprising one or more peptides, each of which peptides is up to 60 contiguous amino acids in
length and which peptides inchide each of the Arah 1 and Ava b 2 T cell epitopic region

1} combinations detailed hereinbefore.

In accordance with this aspect the present invention is diregted to an immunomodulatory
composition comprising one e nore peptides, each of which peptides is up to 60 contigunus amine
acids in length and which peptides include each of the Arah 1 and Ara h 2 T cell epitopic regions
from the list consisting of?

15 @ FONLOQNHR (SEQ 1D NO:1)

(i) IVOIEA (SEQ ID NO:2)

(i)  WNEGVIVKVSK (SEQ 1D NO:3)
(v)  EVKPDRENPQLQ (SEQ ¥ NO4)
(V) EGALML (SEQ ID NO:5)

20 vy  IMPAAHP (SEQ ID NO:6)
vy LRPSEQHLM (SEQ D NG
(viii} ENNQRSMSEA (SEQ 1D NO:8)
or functional derivatives or homelogues thereof.

To anottier emsbodinment of the preceding aspects of the inveution, said peptides or Teell

25 epitopic regions are capable of modifying T cell function when presented to T cells isolated from
subjects having a condition characterised by an aberrant, unwanted or otherwise inappropriate
immune response to Ara b 1 andfor Arah 2 or to an allergen present tn a composition, such as
food, conmprising Ara h 1 and/or Ara h 2 but which peptides are unable to bind to Ara b 1-specific
andfor Ara h 2 -specific IgE.

30 Without Hmiting the present nventon in any way, peanuis contain miny proteins, with the
number of distinet bands visible on SDS-PAGE depending on the methodology used. Up to 33
bands are visible following high pressure Hquid chromatography (de Jong et of., Clin Exp Allergy
28: 743-51, 1998). Only two of these proteins warrant classification as major allergens asing
standard criteria, whereby 1gE reactivity occurs within greater than 50% of the peanut allergic

35 population; these proteins are termed Ara h 1 and Arah 2 (Burks er al., Allergy 5331 725-30, 1998).
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Although a number of studies have indicated Ara h 2 to be the more potent of these two allergens
(Blant er af, Clin Exp Allergy. 2009; 33(8):1277-85; Koppelman ¢t al. Chin Exp Allergy. 2004;
34(4):583-90; Palmoer e al. Clin Immunol. 2005, 115(3):302-12), Ara h 1 also plays a mgjor role in
the pathogenesis of peanut allergy, with numerous studies reporting sirong correlations between
3 symptom severity and IgE reactivity to both Ara h { and Arah 2 (Glavmann et af. Allergy. 2012;

67(21:242-7; Chiang et al. Pediver Allergy Impunol. 2000; 2102 Pt 2):e429-38: Asavuoj ef al.
Allergy. 2010, 65(9)::1189-95; Moverare er al. Int Arch Allergy Inpmunol 2011, 156(3):282-90; Lin
at al. J Microbiol rumunol Infect. 2012; Peeters ef al. Clin Exp Allergy, 2007, 37(1)1:108-15). Ara h
1 is the most abundant major allergen in peanut, accounting for 12-16% of total peanut protein

10 (Koppelman e al. Allergy. 2001; 56(23:132-7).

Still without limiting the present invention in any way. the Ara b 1 allergen is a 75 seed
storage glycoprotein o vicilin, The concentration of Ara b 1 in peanuts increases with the sizg of
the kernel {(4-16 mg extracted Ara h 1/g peanut), so expression of the protein is associated with
peanut maturity (Pomés er al. 2006, Clin. Exp. Allergy 36(6):824-30). Ara b 1 is a homotrimer

15 held together through hydrophobic areas at the distal ends of the menomers, where most of the IgE
binding B cell epitopes are located. Each 64.5 kD monomer has a cupin motif which consists of
two-core B-barrels, each associated to a loop domain of o-helices.

Ara h 2 is a glycoprotein which has been identified as a member of the conglutin seed
storage family. 20% of the Ara h 2 molecular mass vepresents carbobydrate side chains and it

20 migrates as a doublet on SDS-PAGE with an average molecular mass of 17.5 kDa (Burks et al, fns
Arch Allergy Immtmol 119:165-172, 1992, 1t has been characterised ss a major atlergen, on the
basis of its reactivity with 6 out of 6 sera fested (Borks et al, 1992, supra). Others have also
confirmed its importance; Clartke demonstrated that 71% of subjects possessed specific IsE to Ara

h 2 upen western blotting of crude peanut extract. Kleber-Janke ¢f wi. have demonsirated that 85%

1.3
L

of subjects possessed Igk towards their recombinant forn upon western blotting, and de Joug's
group have showi that approximately 78% of their group demonstrate specific IgE to purified
natural Ara b 2 {Clarke et af., Clin Exp Allergy 28: 1251-7, 1998; de Jong et al, 1998 supru;
Kieber-Janke et al., fnt Arch Allergy Immunol 119: 265274, 1999),

Reference to “Ara h 17 should be understood as a reference to all forms of this molecule
30 including reference to any isoforms which may arise from alternative splicing of Ara h 1 mRNA or
fumctional motant or polvmorphic forms of Ara b 1. K should still further be understood to extend
to any protein encoded by the Ara h 1 gene, any subunit polypeptide, such as precursor forms
which may be gengrated, whether existing as a monomer, nultimer or fusion profein. It also
includes reference to analogues or equivalens of Ara b 1 suchas nay occur where a product which,

35 naturally comprises Ara h 1 is synthetically generated for the purpose of generating a product such
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as 4 Tood additive. The present invention thercby provides T cell epitopes and methods for their
use in the diagnosis angd treatment of any condition characterised by hypersensitivity toan Aral 1
or Ara h 1-like molecule. such as peanut allergy or a tree-not allergy, or an allergy to an antigen
present in a-composition, such as food, which composition also comprises Ara h 1. Preferably, said
Ara h 1 comprises the sequence set forth in SEQ {D NGO and Ava b 2 comprises the sequence set
foeth in SEQ 1D NG 19,

Referency to *T cells” should be understood as a reference to any cell comprising a T cell
receptor. In this regard, the T cell receptor may conyprise any encormore of the , , or
chatos. The present invention is not intended to be limuted to any particolar functional sub-class of
T cells although in a-preferred embodiment the subject T cell is a T helper cell and still more
preferably a Th2-type cell andior Treg cell. b this regard, reference to “madifyving T cell function™
should he understood as a reference to modifying any one or move functions which a T cell is
capable of performing. For example, the subject function may be prodifecation, differentiation or
other form of cellular functional activity such as the prodoction of cytokines, In one embodiment
the subject functional activity is profiferation.

In terms of “modifying the function” of T cells isolated from subjects having a condition
characterised by an aberrant, unwanted or inappropriate imimune response to Ara h 1 andfor Arah 2
or to a-compesition which comprises Arah 1 andfor Ava b 2, it should be vuderstood that this is not
necessarily a reference to modifying the funetion of all the T cells in a given biological sample but
is likely, in fact, to reflect the modification of functioning of only some of the T cells in the sample.
For example, only a portion of the T helper cells in a given T eell sample may foncticually respond
to contact with the subject peptide. Such a partial response should be understood to fall within the
scope of the present invention. k should alse beunderstood that the T cells which are derived from
the subject may be freshly harvested T oells o they may hive undergone sonie form of in vitro ot
in yvive manipulation prior to testing. Forexample, T cell Hies may have been generated from the
cell sample and it is these T cell Hnes which then form the subject derived T cell population which
is tested in accordance with the present invention. To the extent that the subject functional activity
is T cell proliferation, the T cell proliferation assay is preferably performed as disclosed herein.
Still move preferably, the subject modification of T cell function is the induction of proliferation.

In this regard, reference to "Ara h 1wreactive” or "Arah 2-veactive” T cells should be understood as
areferenve to a T cell which responds functionally to HLA presentation of an Arah 1 and/or Ara b
2T cell epitope. respectively. Similarly, reference to *Ara h 1-specific™ or "Ara h 2-specific” 1gE
shiould be understood as a veference to IgE directed to Ava b 1 or Ara b 2 B cell epitopes,
respectively.

Reference to an “aberrant, nnwanted.or otherwise inappropriate™ immmne response should



WO 2015/042664 PCT/AU2014/050249

17-

be undersiood as a reference to any form of physiological activity which ivolves the activation
and/or functioning of ong or more mmune cells where that activity is inappropriate in that it is of
sl inappropriate type or proceeds to an inappropriate degree, It may be abetrant in that according
to known romuselegical principles it cither should not eccur when 1t does so or else should ocear
5 when it does not do so. In another example, the immuns response may be inappropriate in that it is

a physiologically normal response but which is unvecessary and/or anwanted, such as occurs with
respeet to type-T hypersensitivity respossses to innocuous allergens. In the context of the prescnt
mvention, this immume response may be directed to Ara h 1 smdfor Ava h 2 or it may be directed to
a cdifferent allergen which is present in a composition together with Arah 1 and/or Arah 2.

10 Without limiting the preseut invention to any one theary or mods of action, it has been determined
that even where the hypersensitivity response is directed to an allergen other than Ara h 1 andfor
Ara b I, which allergen is present in a composition which nevertheless covoprises Arah 1 and/ex
Arah 2, treatment via the methiod of the present invention which is divected to Ara h 1 and/or Ara b
2 nevertheless indures beneficial modulation of Th2 and Treg functionality such that the

15 hypersensitivity which exists to the wmirelated allergen is nevertheless reduced. Preferably said
IOTUS Fesponse is peanut hypersensitivity.

By “peanut hypersensitivity” is meant the induction of clinical symptoms of IgE mediated
peanut hypersensitivity. However, it should be understood that although clinical sypmptoms may
be evident, nod all such individuals would necessarily exhibit detectable levels of peanut speeific

20 serum IgE which is measured using the Kallestad Allercoat EAST System (Sanefi-Pasteur
Diagnostics, USAY, although such individoals should nevertheless be understood to fall within the
stope of the definition of those exhibiting “peanut hypersensitivity”. Alternatively, testing may
proceed uvtilising any of the EAST, Pharmacia or the UniCap systems or allergen skin prick testing.
Reference to “Ara b 1 and/for Ava b 2 hypersensitivity” should be anderstood to have &

25 corresponding meaning in the context of reactivity to the Ara b 1 andfor Ara h 2 protein.

In accordance with the preceding aspects, said peptides are selected from the list consisting
of:

(i FONLONHRIVQIEAKPNTLV (SEQ 1D NO:11)

(i) STRSSENNEGVIVKVSKE (SEQ ID NO:12)
30 (i) EVEPDEKENPQLQ (SEQ D NO4)

{iv)  VEIKEGALMLPHENSKA (SEQ ID NO:13)

(v} VFIMPAAHPVAINASS (SEQ ID NO: 14}

{vi) ANLRPXEQHLM (SEQ 1D NO:15)

(viiy  EFENNQRXMXEALQ (SEQ ID NO:16)
35 (viii) NNFGKLFEVEPDKENPQLE (SEQID NO:17)
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{ix)  GDVFIMPAAHPVAINASSE (SEQ ID NO:18)
(x)  SOQLERANLRPXEQHLM (SEQ ID NO:19)

(xi)  ELNEFENNOQRXMXEALQ (SEQ ID NO20)
(i) FONLQNHRIV (SEQ ID NO:21)

(xiii} RIVOIEAKPNTLYV (SEQ ID N(:22)

(xiv) ENNEGVIVEVSKE (SEQ ID NO:23)

{xv} EVKPDKKNPQLOD (SEQ ID NO:24)

{(xvi) EFENNORXMXEALQQI (SEQ ID NO:25)
{(xvii) NNFGKLFEVEPDERNPQLQD (SEQ 1D NO:26)
(xvili) ELNEFENNQRXMXEALQQI (SEQ ID NO:27)
(xx) WSTRSSENNEGVIVKVSKE (SEQ ID NO:2%)
(xxi)  GDVFIMPAAHPVAINASS (SEQ 1D NO:29)

PCT/AU2014/050249

or functional derivatives or homologues thereof wherein residue X is cysteine or sering.

In oue embodiment, said residue X is serine.
Preferably, said peptides are selected fronu
{1y FONLONHRIVQIEAKPNTLV (SEQ ID MO
{i) STRSSENNEGVIVKVSKE (SEQ D NO:12)
(i) EVEKPDEEKNPQLQ (SEQ YNG4
{iv} VEIKEGALMLPHENSKA (SEQ ID N(:13)
{vj ¥ FIMPAAHPVYAINASS (SEQ 1D NO:14)
(V) ANLRPSEGHLM (SEQ ID NO:31)
(viiy EFENNQRSMSEALQ (SEQ D NO:32)
{vitly  EVKPDRENPQLQD (SEQ ID NO:24)
(ix] EFENNQRSMSEALQOL(SEQ D RO:33)

or functional derivatives or homologues theveof.

In another embodiment, said immunomodulatory composition comprises cach of the

Arva bl and Arah 2 T cell peptides from the list consisting of:
(i FONLONHRIVQIEAKPNTLY (SEQ 1D NO:11);
{11) STRSSENNEGVIVEVSKE (SEG D NO:12);

(i) EVEKPDEKENPQLQ (SEQ ID NO:34) and/or EVEPDKKNPQLQD (SEQ 1D NO:24);

{iv) VEIKEGALMLPHENSKA (SEQ ID NO:13);
i VIIMPAAHPVAINASS (SEQ 1D NO: 14},
{vi) ANLRPSEQHLM (SEQ D NO3 1 and

(viiy EFENNQRSMSEALQ (SEQ ID NO:32) and/or EFENNQRSMSEALQOQI (SEQ ID

NO:33.
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or functional derivatives or homologues thereof.

The reduction of peanut;, Ava h 1 and Ara h 2 hypersensitivity (and allergen
hypersensttivity mere generally) is discussed in more detail hereatter. Briefly, however, this roay
take the form of either partially or completel v desensitising or tolerising an individual to Arah 1
and Ara b 2 specifically or peanut or ather proteins more generally,

Referance tora “peptide” tucludes veferenve to a peptide, pelvpeptide or proteiw oF parts
thereot. The peptide may be glycosylated or unglveosylated and/or may contain a range of other
molecules fused, linked, bound or otherwise associated to the protein such as amine acids, lipids,
carbohydrates or other peptides, polypeptides or proteins, Reference heretnafter to a “peptide™
includes a peptide comprising a sequence of amino acids as well as a-peptide associated with other
molecules such as amine acids, lipids, carbohydrates or other peptides, polypeptides or proteins.

“Perivatives” include fragments, parts, porticus sud variants from nateal, syuthetic or
recombinant sources including fusion proteing. Parts or fragments inchide, for example, active
regions of the subject peptide. Derivatives nay be derived from inserticn, deletion or substitution
of amine actds. Amine acid insertional derivatives include ambine audfor carbogylic sernvinal
fustons as well as infrasequence insertions of single or multiple amino acids. Insertional amigo
acid sequence variants are those in which one or more amino acid residues are infroduced nto a
pradetermined site v the protein although random insertion is alse possible with suttable sereening
of the resulting product. Deletional variants are characterized by the removal of one or more amino
acids from the sequence.

Substitational anring acid variants are those in which at least one residue i the sequence
bas been removed and a different residue inserted in its place.  An example of substitutional amino
acid variants are conservative amino acid substitutions. Conservative aming acid substitutions
typically inchade substitutions within the following groups: glycine and alanine; valine, isoleucine
and leucine; aspartic acid and glutamic acid; asparagine and glutamine; serine and threonine; lysine
and arghmne; and phenylalanine and tyrosine. Additions to amine acid sequences inglude fusions
with wther peptides, polypeptides or proteins. In cne embodiment, eysteine residues are substituted
with sering, as exemplified herein.

Chemical and functional equivalents of the subject peptide should be understood as
molecules exbibiting any one or more of the functonal activities of these molecules and may be
derived from any seurce such as being chemically synthesized or identified via screening processes
such as natural product screening.

Homalogues include peptides derived from varieties other than peanuts, such as peptides
derived from other tree nuts.

Analogues contemplated herein include, but are not limited to, modification to side chains,
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incorporating of unnatural amine acids and/or their derivatives during peptide, pelypeptide or
protein synthesis and theuse of crosshinkers and other methods which impose confermational
constraints on the proteinaceous molecules or their analogues. Mutants include molecules which
exhibit modified functional activity (for exanple, Ara h 1 peptides which express one or move T
cell epitopes but lack B cell reactivity).

Examples of side chaihy modifications contemplated by the preseut invention include
modifications of aming groups such as by reductive alkylation by reaction with an aldehyde
followed by reduction with NaBHy; amidination with methylacetimidate; acylation with scetic
aithydride:; carbamoylation of ansing groups with ¢vanate; trinitrobenzylation of amino groups with
2, 4, 6-trinivobenzens sulphonic actd {TNES); acylation of amino groups with succinic anhvdride
and tetrabvdrophthalic anhydride; and pyridoxylation of lysine with pyridoxal-5-phosphate
followed by reduction with NaBHy.

The guanidine group of arginine residues may be modified by the formation of heterocyclic
condensation products with reagents such as 2,3-butanedione, phenylglvoxal and glvexal. The
carboxyl group may be modified by carbodiimide activation vig O-acylisourea formation tollowed
by subsequent derivatisation, for example, to a corresponding amide. Sulphydryl groups may be
modified by methods such as carboxymethylation with iodoacetic acid or jodoacetamide;
performic acid exidation to cysteic acid; formation of mixed disulphides with other thiol
compounds; reaction with maleimide, maleic anhydride or other substituted maleimide; formation
of mercurial derivatives using 4-chloromeccuribenzoate, 4chloronercuriphenylsulphouic acid,
phenylmercury chloride, 2-chloromercuri-4-nitrophenol and other mercurials; carbamoylation with
cyanate at alkaline pH. Tryptophan residues may be modified by, Tor example, oxidation with N-
bromosuccinimide or alkylation of the indole-ving with 2-hydroxy-3-nitrobenzyl broamide or
sulphenyl halides, Tyrosine residues on the othet hand, may be altered by nitration with
tetranitromethane to form a 3-nitrotyrosine dertvative.

Modification of the imdazole ving of a histidine residue may be accomplished by
atkylation with iodoacetic acid derivatives or N-carboethoxylation with diethylpyrocarbonate.

Examples of incorporating wanatural amine acids and derivatives during pretein synthesis
include, but are not linited to, use of norleveine, 4-amivo butyric acid, $-amino-3-hydroxy-3~
phenylipentanoic acid, G-aminohexanoiv aeid, thutylglveing, norvaline, phenylglyeine, ornithine,
sarcosine, 4-amino-3-hydroxy-6-methylheptanoic acid, 2-thienyl alanine and/or D-isomers of

amino acids, A list of unnatural aminoe acids contemplated herein is shown in Table 1.
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TABLEL
Non-conventional Code Neon-conventional Code
arping acid anine acid

-amingbutyric acid Abu L-N-methylalanine Nnala

-amino- -methylbutyrate Megabu L-N-methylarginine Nimarg
aminocyclopropane- Cpro L-N-methylasparagine DNoasn
carboxylate L-N-methylaspartic acid MNmasp
amineisobutyric acid Aib L-N-methyleystcine Nmeys
aminonorbornyl- Norb L~-N-methylglutamine Nmgln
carboxylate L-N-methylghutamic acid Nmglu
eyclohexylalanine Chiexa L-N-methylhistidine Nmhis
cyclopentylalanine Cpen L-N-methylisollencine Nmile
D-alanine Bal E-N-methylloucine Mnleu
D-arginine Darg L-N-methyllysine Nmlys
D-aspartic acid Dasp L-N-methylmethionine Nmmet
Devsteine Deys L-N-methylsocleucive Nmnle
D-glutamine Pgln L-N-methylnorvalineg Mmnva
D-glutamic acid Dglu L-N-methylornithine Nmaom
D-histidine Phis L-MN-methyiphenylalanine Nmphe
D-isoleucine Dile L-N-methylprolineg Nmpro
D-lencine Dleu L-N-methylserine Nmser
Dlysing Plys Le-N-methylthreonine Mathr
D-methionine Dimet L-N-methyltryptophan Nmirp
D-ornithine Do L-N-methyltyrostine Nmtyr
D-phenylalanine Prphe L-N-methylvaline Nmval
D-proline BPpro L-N-methylethylglycine Nimetg
D-serine Dser L-N-methyl+t-butylglycine Nmtbug
D-threonine Dihr L-norlencine Nle
D-tryptophan Durp L-norvaline Nva
Pyrosine Pryr -methyl-aminoisobutyrate Maib
P-valive Pval ~rethyl- -arminobutyrate Mgubu
- -methyialanine Dimala -methyleyelohexylalanine Mchexa
D- -methylarginine Pmarg -methyleyleopentvlalaning Mcpen
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D- -methylasparagine

D- -methylaspartate

- -methyleysteine

D- -methylghutamine

D- -methylhistidine

D smethylisoleucine

D- -methyllevcine

D- -methyllysine

D~ -methylmethioning

- -methylornithine

D- -methylphenylalanine
0~ -methylproline

D- -methylserine

D- -methylthreonine

D~ -methyltryptophan

D- -methyliyrosine

D- -methylvaline
DeNopethvlalanine
D-N-methylarginine
D-N-methvlasparagine
D-N-methylaspartate
D-N-methyleysteine
13-N-methylglutamine
D-N-ethylglutanate
D-N-methylhistidine
D-N-methvlisoleucine
D-N-methylleucine
D-M-methyllysine
N-methyleyelohexylalanine
D-N-methylornithine
N-methylglycine
N-methylaminoisobutyrate
N-(T-methylpropyDglycine
N-(Z-methylpropyDglycine

D-N-methvliryptophan

Prmasn
Pmasp
Duecys
Dmgln
Drnhis
Dmile
Dimnleu
Drmolys
Promet
Pimaorn
Prmphe
Popro
Dmser
Dinthe
Dratep
Dty
Dimyval
Pinmala
Promarg
Duamiasn
Puomasp
Dnmeys
Dnmgln
Pmglu
Drumhis
Dinmile
Dmndeu
DPanilys
Nnichexa
Dumoen
Nala
Nmaib
Nile
Nleu
Pnatrp

-methyl- -napthylalunine

-methylpenicillaming
N-{¢-aminobutyhglycine
N-{2-anminocthylighveine
N-(F-aminopropvlglycine
N-gmine~ ~methyibutyrate

-napthvlalanine
N-benzylglycine
N-2~carbamylethyDglycing
N-{carbamylmethylDglycine
N-{2-carboxyethvl}glycine
N-{carboxymethybglyeine
N-cyelobutylglyeine
N-eyeloheptvlglyeine
N-eyelohexylglyeine
N-cyclodecylglycine
N-cyleododecylglyeine
Necyelooutylghyeine
N-cyclopropylglycine
N-cycloundecylglveine

N-(2.2-diphevylethyDglyeine

N-(3,3-diphenylpropyhglycine

N-(3-guantdinopropybglyeine

N-{1-hydroxyethyDglycine
N-thydrogvethylDglveine
N-{imidazolylethylYiglveine
N-{3-ndelylyethylglycine
N-methyl- -aminebutyrate
D-N-methyimethioning
N-methylevclopentylalanine
D-N-methyiphenylalanine
D-M-methytproline
D-N-methylserine
D-N-methyltthreonine

N-{1-methylethylglycine

Manap
Mpen
Nglu
Naeg
Norn
Nraabu
Anap
Mphs
Mgln
Nasn
Nglu
Nasp
Ncbut
Nehep
Nehex
Nedeo
Nedod
Neogt
Nepro
Neungd
Nbbhm
Nbhe
Marg
Mthr
Nser
Nhis
Nhorp
Nmgabu
Dinmmet
Nmcpen
Dnmphe
Dnmpro
Dnser
Duimthr
Nval
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D-N-methyltvrosine Doty N-methyla-napthylalanine Nmanap
D-N-methylvaline Pmunval N-methylpenicillamine Nmpen
-antinobutyric acid Crabu N-(p-bydroxyphenyliglyeine  Nhtyy
L-r-butylglycine Thug N-{thicmethyl)glyeine Neys
L-cthylglyeine Eig penicillamine Pen
L-homophenylalanine Hphe L~ ~methylalanine Mala
L- -miethylarginine Marg L- -methylasparagine Masn
L- -methylaspartate Masp L~ -methyl-t-butyiglycine Mtbug
1.~ ~-methyleysteine Movs L-methylethylglycine Metg
L- -methylglutamine Mgln L~ -methylghtamate Mglu
L~ -methylhistidine Mhis L~ -methylhomophenylalanine Mhphe
L~ -methylisoleucine Mile N-{Z-methylthicethyDglyeine  Nmet
L- -methylleucine Mien L- -methyllysine Mlvs
L- -methylmethionine Mgt L- -methylvorleucing Mnule
L~ ~methylnorvaling Muyva L- -methylornithine Morn
L- -methylphenylalanine Mphe L- -methylproline Mpro
L- -methylserine Mser L- -methylthreonine Mihr
Lo ~methyltryptophan Mup L~ -methyltyrosine Mtyr
L- -methylvaline Mval L-N-methylhomophenylalanine Nmhphe
N-(N-(2,2-diphenylethyD Nubhm N-(N-{3,3-diphenvipropyl) Nubhe
carbiraylmethyDglycine carbamylmethylglycine
I-carboxy-1-(2.2-diphenyl-Nmbe cthylaminoeyclopropans

Crosslinkers can be used, for example, to stabilise 310 conformations, asing homo-bifuncticual
crosslinkers such as the hifunctional imido esters having (CH2)y spacer groups with n=1 to n=6,
glutaraldehyde, N-hydroxysuccinimide esters and hetero-bifunctional reagents which usually
contaln an amino-reactive meiety such as N-hydroxysueciiimide and another group specitic-
reactive moiety.

It is possible to modify the structure of a peptide sccording to the invention for various
purposes such as for inereasing solubility, enhancing therapeutic or preventative efficacy,
enhancing stability or increasing resistance to proteolytic degradation, A modified peptide may be
produced in which the amino acid sequence has been altered; siich as by aniigo acid substitution,
deletion or addition, to modify immunogenicity and/or reduce allergenicity. Similady components
may be added to peptides of the invention to produce the same result.

For example. a peptide can be modified so that it exkubits the ability to induee T cell
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anergy. In this instance, critical binding residues for the T cell receptor can be determined using
known techniques (for example substitution of cach residue and determination of the presence or
absence of T cell reactivity) In one example, those residues shown to be essential to interact with
the T cell receptor cant be modified by replacing the essential aroino deid with another, preferably
similar amino acid residue (a conscrvative substitution) whose presence is shown to alter T cell
ceactivity o T cell functioning, [n addition, those aming agid residues which are not assential fiw T
cell receptor interaction can be wodified by being replaced by another amino avid whose
mcorpotation may then alter T cell resctivity ar T cell functioning but does not, for example,
climinate binding fo relevant MHC proteing. In vet another example, youtant peptides may be
created which exhibit normal T ecll binding but abrogated 1gE binding.

Exemplary conservative substitutions are detailed, below, and include:

Ala T Ser
Arg Lys
Asn (zln, His
Asp Glu
Cys Ser, Ala
| Gln Asn
Glu Asp
Gly Pro
His Asn, Gl
He Leu, Val
Leu {le, Val
Lys Arg, Gln, Glu
Met Leu, He
Phe Met, Len, Tyr
Ser Thr
Thr Ser
Trp Tyr
Tyr Trp, Phe
Val ile, Lew

Such modifications will result in the production of molecules falling within the scope of "mutants”
of the subject peptide as herein defined. “Mutants™ should be understood as g reference t peptides
which exhibit one or more structural features or functional activities which are distinet from those

exhibited by the non-mutated peptide counterpart.
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Peptides of the invention may also be modified to incorporate one or more polymorphisms
resulting from natural allelic variation and D-amino acids, non-natural amino acids or amine acid
analogues may be substituted into the peptides to produce modified peptides which fall within the
scope of the nvention. Peptides nuay also be modified by conjugation with polyethylene glycol

5 (PEG) by known techniques. Reporter groups may also be added to facilitate purification aid
potentially increase solubility of the peptides according to the fusvention. Other well kiiown types
of modification including insertion of specific endoprotease eleavage sites, addition of functional
groups or replacement of hydrophobic residues with less hydrophobic residues as well as site-
directed mutagenesis of DNA encoding the peptides of the invention may alse be used tor introduce

10 medifications which could be useful for a wide range of purposes. The various modifications to
peptides according to the invention which have been mentioned above are mentioned by way of
example only and are merely intended to be fudicative of the broad rauge of modifications which
can be effected.

As detailed hereinbefore, the present invention provides peptides which retain all or some

15 of their capacity to interact with T cells but exhibit partially ov completely inhibited, abrogated or
otherwise down-regulated antibody reactivity. Effecting the down-regulation of antibody reactivity
can be achieved by any suitable method, which methods would be well known to those skilled in
the art. For example, to the extent that a B cell epitope is defined by its linear amine acid
sequence, one may add, delete or substitate one or mors amine acid residues in orderto render the

20 mutated linear sequence distinet from the naturally occurring sequence. To the extent that an
epitope may be additionally, or alternatively, defived by a conformational epitope. one may seek to
discupt that conformation by disrupting a 2° or, to the extent that homaedimers or heterodimers
exist, a 3° structure of the peptide. This may be achicved, for example, by disrupting the formation
of honds, such as disulphide honds, which are known o stubilise 27 and/or 37 steuctures, In terms

25 of the T cell epitopes hereinbefore defined, these T cells epitopic regions do not comprise B cell
cpitopes.

In a related aspect, the inventors have designed a preferred set of seven peptides, five of
which comprise Arah 1 T cell epitopes and two of which comprise Arah 2 T cell epitopes, which
function particularly efficaciously, when administered together, to induce desensitisation or

30 rolerance amd thereby eitber prophylactically or therapeutically treat hypersensitivity to
compositions, such as foods, comprising Ara h 1 andVor Arah 2. These peptides are:

{i) FONLONHRIVQIEAKPNTLV {(SEQ TD N1

(it STRSSENNEGVIVKVSKE (SEQ HY NO12)

(i) EVEKPDKENPQLQ (SEQ ID NO:4)y and/or EVKPDKKNPQLQD (SEQ 1D NO:24)
35  (v)  VEIKEGALMLPHFNSKA (SEQ ID N{:13)
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(v)  VFIMPAAHPVAINASS (SEQ ID NO:14)
(vi)  ANLRPSEQHLM (SEQ N(O:31)
{vii) EFENNQRSMSEALQ (SEQ NO:32) and/or EFENNQRSMSEALQQI (SEQ ID N(O:33)
Accordingly, in a preferred embodiment there is provided an immunemodulatory
8 composition comprising each of the Arah 1 and Ara h 2 T cell peptides from the list consisting of:
(i FONLONHRIVQIEAKPNTLY {(SEQ 1D NO:11)
{ii} STRSSENNEGVIVKVSKE (SEQ ID NO:12)
(it EVKPDKKNPQLQ (SEQ ID NO:¢4) snd/or EVKPDKEKNPQLOQD (SEQ 1D NO:24)
(v)  VEIKEGALMLPHFENSKA (SEQ D NO:3)
1 W VEIMPAAHPVAINASS (SEQ ID NO:14)
{(vi)  ANLRPSEQHLM (SEQ NO:31)
(vii}  EFENNQRSMSEALQ (SEQ NO:32) and/or EFENNQRSMSEALQOQL(SEQ 1D NO:33)
In a further aspect, there is provided a composition comprising each of the Arah 1 and
Ara h 2 T cell poptides from the list consisting of:
15 W FONLONHRIVOIEAKPNTLV (SEQ ID NO:1 1)
{it) STRSSENNEGVIVKVSKE (SEQ D NGO D)
{iii) EVEKPDRKEKNPOQLQ (SEQ I} N(Q:d) and/or EVEKPDEKNPQLOQD (SEQ 1D NO:24)
(1v)  VEIKEGALMLPHFNSKA (SEQ HD NO:13)
(V) VEIMPAAHPVAINASS (SEQ ID NO:14)

20 vy ANLRPSEQHLM {(SEQ NO:31)

(vt} EFENNQRSMSEALQ (SEQ NO:32) and/or EFENNQRSMSEALQQIL (SEQ 1D NO:33)
which peptides are capable of reducing Ara b | and/or Ara h 2 hypersensitivity or hypersensitivity
to & composition comprising Ara h 1 and/or Ara b 2 when administered to a subject having a
condition characterised by said hypersensitivity.

25 The peptides of the presest pvention may be prepaved by recombinant or chemical
synthetic means. According to a preferred aspect of the present invention, there is provided a
reconmbinant peptide or mutant thereof which is preferentially immunologically reactive with T
cells from individnals with peanut hypersensitivity, which is expressed by the expression of a host
cell ransformed with a vector coding for the peptide sequence of the present invention. The

30 peptide may be fused to another peptide, polypeptide or protein. Alternatively, the peptide may be
prepared by chemical synthetic techniques, such as by the Merrifield solid phase synthesis
procedure. Furthermiore, although syathetic paptides of the sequence given above represent a
preferved embodiment, the present invention slsoextends to hiologically pore preparations of the
naturally occurring peptides or fragments thereof., By “hiclogically pure” ts meant a prepatation

35 comprising at least about 60%, preferably at least about 70%, or preferably at least about 80% and
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still more preferably at least about 9% or greater as determined by weight, activity or other
suitable means.
The present invention should thérefore be understood fo encompass peptides that comprise
at least one T cell core ¢pitopic region of Ara b 1 andfor Ara h 2, as beveinbefore defined, in
5 conjunction with other amino acids (which may or may not be saturally oceniring? or other
cheamical species. In a prefecred aspect of the invention such peptides may comprise one or more
epitopes of Ara b 1 and/or Ara h 2, which epitopes are T cell cove epitopic regions, Peptides with
one or more T cell epitopes of Arah 1 andfor Ara h 2 are desirable for increased therapeutic
affectivensss.
1Q As detailed hereinbefore, the present invention is directed to a compesition comprising the
peptides hereinbefore defined. It should be understood, theugh, that the subject composition may
comprise additional components; such as additional peptides. These peptides may enconpass, for
example, partial regions of the core minimal epitope. Alternatively, they may not comprise any
part of a T eell epitope a5 disclosed herein but may be incorporated for cither reasons.  Examples
15 of other peptides which miay be included in the composition include, but are not fimited to:
(1) ALMLPHFNSKAMVIVVV (SEQ 1D NO:34)
{ii} NNEGKLFEVKPDKENPQ (SEQ ID NO:35)
(i) SQLERANLRPXEQ (SEQ 1D NO:36)
(ivi  ELNEFENNQRXM (SEQ ID NO:37)
20 (v NNFGKLFEVKPDKEKKNPQLQD (SEQ ID N(O:38)
(vi)y  NNPGKLFEVKPDKENPQL (SEQ ID NO:40)
(vity  SQLERANLRPXEQH (SEQ ID NO:4 1)
{vitl) KAMVIVVVNKGTOGNLELVAYV (SEQ ID NO:42)
{ix)  RELRNLPQQXGLRA (SEQ 1D NO:43)
23 KAMVIVVVNKG (SEQ ID NO:44)
(xi)  AMVIVVVNEKGTGNLELV (SEQ 1D NO:45)
(i} VVNROGTGNLELVAVRE (SEQ 1D NO:46)
or functional derivatives or homologues thereof wherein residue X is cysteine or serine.
One niay also include stll other peptides or molecules which may be advantageous given
30 the particnlars of a specific situation.
In another aspect, the present invention prevides a nucleic acid molecule composition
comprising one or more nucleic acid molecules encoding or complementary to a sequence
encoding the T cell epitopes and peptides as hereinbefore defined or a dertvative, homologue or

analogue thereof.
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It should be understood that reference to “peptides™ includes reference to peptides
comprising ong or more T cell epitopes. A nucleic acid molecule encoding the subject peptide is
preferibly a sequence of deoxyribonueleic acids such as CDNA ot a genomic sequence. A genomie
sequence may comprise exoms and introns. A genomic sequence may also include a promoter
tegion ar other regulatory regions,

The nucleic acid molecule way be ligated to an expression vector capable of expression in
a prokaryotic cell (eg. E. ¢oli) or a cukaryotic cell (eg. yeast cells, fungal cells, insect cells,
mammalian cells or plant cells). The noecleic acid molecule may be ligated or fused or otherwise
assoctated with a nucleie acid melecole encoding another entity sach as, for example, a signal
peptide. Bt may also comprise additional nucleotide sequence information fused, linked or
otherwise associated with it either at the 3" or 5" terminal portions or at both the 3' and 5' terminal
portions. The nucleic acid molecule may alse be part of a vector, such as an expression vector,
The latter embodiment facilitates production of recombinant forms of the subject peptide which
forms are encompassed by the presgit invention.

Such nugleic acids may be useful for recombinant production of T cell epitopes of Ara il
and/or Arah 2 or proteins comprising them by insertion iixto an appropriate vector and transfection
into a suitable cell line. Such expression vectors and host ceil lines also form an aspect of the
invention.

In producing peptides by recombinant technigues, host cells transformed with a nueleic
acid having a sequence encoding a peptide according to the invention or a functional equivalent of
the nueleie acid sequence are cultured in a mediom suitable for the particular cells concerned.
Peptides can then be purified from cell eulture medium, the host cells or both using techniques well
known in the art such as ion exchange chtomatography. gel filration chromatography.
ultrafiltration, electrophoresis or imoumepurification with antibodies specific for the peptide.

Nucleic acids encoding Ara h 1 and/or A h 2 orpeptides comprising T cell core epifopic
regions of Ara h 1 and/or Ara h 2 may be expressed in bacterial cells such as E. coli, insect cells,
yeast or mammalian eells saeh as Chinese hamster ovary cells (CHO). Suitable expression vectors,
promoters, enhangers and other expression controd elements are referred to in Sambiuck e al
(1989). Other suitable expression vectors, promoters, enhancers and other expression elemeints are
well know to those skilled i the art. Examples of suitable expression vectors in veast include
Yep Sec 1 (Balderi er wl., 1987, Embe J, 0:229-234); pMFa (Kurjan and Herskowitz,, 1982, Cell,,
30:933-943); JRY 88 (Schultz ef al., 1987, Gene.,, 54:113-123) and pYES2 (Invitrogen Corporation,
San Diego, CA). These vectors are freely available as are baculovizus and mammalisn expression

systems. For example, a baculovirus system 1s commercially available (PartMingen, San Diego,
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CA) for expression in insect cells while the pMsg vector is commercially available (Pharmacia,
Piscataway, NI} for expression in mammalian cells,

For expression in £ coli suitable expression vectors include among others, pTre (Amang ¢f
al., 1998, Gene., 69:301-3158) pGex (Amrad Corporation, Melbourne, Australia); pMal (N.E.

5 Biolabs, Beverley, MA); pRitS (Pharmacia, , Piscataway, NIy; pEt-114d (Novagen, Maddison, W)
Clameel eral., 1990, /. Virol, 64:3963-3966) and pSem (Knapp ef al., 1990, Bip Technigues.,
8:280-281). The use of pTRC, and pEt-11d, for example, will lead to the expression of wntused
protein. The use of pMal, pRit3, pSem and pGex will lead to the expression of allergen fused to
maltose E binding proteiy (pMal), protein A {(pRit3), fruncated ~galactosidase (PSEM) or

10 glutathione S-transferase (pGex). When a T cell epitope-of Ara h 1 or a peptide comprising it is
expressed as a fusion protein, it is particularly advantageous to infroduce an enzymatic cleavage
site at the fusion junction between the cirtier protein and the peptide concemed. The peptide of the
invention may then be recovered from the fusion protein through enzymatic cleavage at the
enzymatic site and biochemical purification using conventional technigues for purification of

15 proteins and peptides. The different vectors also have different promoter vegions allowing
constitutive or inducible expression or temperature induction. It may additionally be appropriate to
express recombinant peptides in different E. coli hosts that have an altered capacity to degrade
recombinantly expressed proteins.  Alternatively, it may be advantageous to alter the nucleic acid
sequence to use codons preferentially utilised by E. coli, where such nuchsic acid alteration would

20 not effect the amino acid sequence of the expressed proteins.

Host ¢ells can be travsformed to express the nucleic acids of the fivvernition using
conventional techniques such as ealcium phosphate or caleium chloride co-precipitation, DEAE-
dextran-mediated transfection or electroporation. Suitable methods for transforming the host cells
miay befound in Sambruck er @, (1989), and other laboratory texts. The nucleic acid sequence of

25 the invention may also be chemically synthesised using standard technigues.

In addition te recombinant production of peptides according to the invention, the nucleie
acids may be utilised as probes for experimental or purification purposes.

Identification and synthesis of the peptides as disclosed herein now facilitates the
development of a range of prophylactic and therapeutic treatment protocols for use with respect to

30 peanut related immune conditions. Also facilitated is the development of reagents for use therein.
Avcordingly, the present invention should be understoad to extend to the use of the peptides or
functional derivatives, homologues or analegues thereof in the therapeutic snd/or prophylactic
treatment of patients.  Such methods of freatment include, but are not limited to:

(1 Administration of the subject peptides to a patient as a means of desensitising or inducing

35 immunological telerance to peanut, Ara h 1 and/or Arah 2 or Arah 1-like andfer Arah 2-
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like molecules. This may be achieved, for example, by inducing Ara h 1 and/or Arah 2
directed Th2 ancrgy or apoptosis. In a preferred embodiment, such an eutcome is achieved
by the use of peptides which maintain T cell epitope reactivity but which are unahble to
undergo Igk binding. Alternatively, one may utilise treatment protocals which are hased
3 on the administration of specific concentrations.of & given peptide in accordance with a

specific regimen in order to induce tolerance. Such methodology may eliminate Arah |
anifor Arah 2 hypersensitivity or it may reduce the severity of Ara h 1 andfor Arah 2
hypersensitivity ot sensitivity to an aflergen present in a composition comprising Ara h 1
andfor Arah 2, such as a peanut allergy. Reference herein to the treatment of Avah ]

104 and/or Arah 2 sensitivity should be understood to encompass within its scope the
treatiient of conditions characterised hy sensitivity to compositions which comprise Arah
I and/or Ara b 2, such as peanuts generally; even if the sensitivity is divected to an allergen
other than Ara h 1 andfor Ara h 2.
Preferably such treatmient regimens are capable of modifving the T cell response or both

15 the B and T cell response of the individual conceced. Asused berein, modification of the
allergic response of the individual sutffering from peanut hypersensitivity can be defined as
inducing either non-responsiveness or diminution in symptoms to the Ara h 1 molecule as
determined by standard clivical procedurves {Varney et «f. 1991 British Medical Journal
362:265-269). Diminution in the symptoms includes any veduction in an allergic response

20 in an individual to Ara b 1 after a treatiment regimen has been completed. This diminution
may be subjective or cimically determined, for example by using standard food challenge
tests or standard skin tests known in the art.
Expesure of an individual to the peptides of the present invention may tolerise or anergise
appropiate T cell subpopulations such that they becorme unresponsive to- Ara b 1 andfor

25 Ara h 2 and do not participate in stimnulating an immune response upon such exposure.
Preferably the peptides according to the invention will retain immunodominant T cell
apitopes but possess abrogated IgE binding. Stll further, evern if the allergen in issue is not
Ara h 1 and/or Ara h 2, but is directed to a different allergen which is present in the same
composition as Ara h 1 and/or Ara h 2 (such as a different peanut allergen) immunisation

30 with Ara h 1 andfor Ara b 2 may nevertheless induce a bystander suppressive effect which
acts to reduce the degree of hypersensitivity to that allergen.
Administration of a peptide of the invention may modify the cytokine secretion profile as
compared with exposure o natorally ocourving Ava b 1 and/or Arah 2 allergen. This
exposure may also influence T cell subpopulations which nornmally participate in the

35 allergic response to migrate away from the site or sites of normal exposure to the allergen
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and towards the site or sites of therapeutic administration. This redistdbution of T cell
subpopulations may ameliorate or reduce the ability of an individual's romune system to
stimulate the usual imomue response it the site of normal exposure to the allergen,
resulting i -diminution of the allergic symyrtomns.

3 Modification of the B cell response may be achieved. for example, via modulation of the
cytokine profile produced by T cells, as detailed above. Specifically, decreasing T cell
derived IL-4 and IL-13 production thereby deereasing IgE synthesis,

(i) The peptides of the present invention may be used in the capacity of an adsorbent to
remove Ara h 1 and/or Ara b 2 divected T cells from a brological sample or from a paticot.

104 Accordingly, in another aspect the present invention provides a method for the treatment
and/or prophylaxis of a condition in a subject, which condition is characterised by the aberrant,
unwanted or otherwise inappropriate fnunane response to Arah 1 aud/or Arah 2 ov an allergen in a
composition comprising Ara h 1 and/or Ara h 2, said method comprising administering to said
subject an effective amount of ay immunomoedulatory composition as hereinbefore defined for a

15 time and under conditions sufficient to vemove or redhice the presence or function in said subject of
T cells directed to said Arah 1 and/or Arah 2 or other allergen.

Preferably said condition is hypersensitivity to peanuts or tree nuts which contain Arah 1
and Arah 2 or Arah 1-like or Ara h 2-like molecules, such as hazelnuots, almonds or Brazil nuts.
In one embodiment, said method desensitises or induces immunoclegical tolerance to Ara b

20 1 andfor Ara h 2 or other allergen of said composition.

In another embodiment, said desensitization or tolerance s achigved by inducing T eell
ANErgy Of apoptosis.

In still another embodiment, said desensitisation or tolerance is achioved by inducing Arah
I or Arva h 2especitic Treg cells.

25 An “effective amount™ means an amourst necessary at least partly to attain the desired
immune response, or to delay the onset or trthibit progression or halt altogether, the onset or
progression of a particular condition being treated. The amount varies depending upon the health
and physical condition of the individual to be treated, the taxonomic group of individual o be
treated, the degree of protection desired, the formulation of the composition, the assessment of the

30 medical situation, and other relevant factors. It is expected that the amount will fall in a relatively
bread range that can be determined through routine trials,

The subject of the treatment or prophylaxis is generally a mammal such as but not limited
to aman, primate, livestock animal (e.g. sheep, cow, borse, doukey. pigh, companion animal {e.y,

dog, cat}, laboratory test animal {e.g. mouse, rabbit, rat. guinea pig, hamster), captive wild animal
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{e.g. fox, deer). Preferably the mammal is a human or primate. Most preferably the mammal is a
human.

Reference herein to “treatment” and “prophylaxis” is to be considered in s broadest
context. The termy “treatment” does ot necessarily traply that 4 subject is treated until total
recovery. Similarly, “prophylaxis” does not necessarily mean that the subject will not eventually
contract a disease condition. Accordingly, treatment and prophylaxis include amelioration of the
sympterms of a particular condition or preventing or otherwise reducing the risk of developing a
particular condition. The term “prophyiaxis” may be considered as reducing the severity or onset
of a pacticalar condition.  “Treatmoent™ may also reduce the severity of an existing condition.

Administration of the composition of the present invention: therein referred toas “agent™)
in the form of a pharmaceutical composition, may be performed by any convenient means, The
agent of the pharmaceutical composition is contemplated to exhibit thevapeutic activity wheu
administered in an amount which depends on the particular case. The varation depends, for
example, on the human or animgl and the ageit chosen. A broad range of doses may be applicable,
Considering a patient, for example, from about (.01 g to about 1 mg of an azent may be
administered per dose. Dosage regimens may be adjusted to provide the optimum therapeutic
response. For example, several divided doses may be administered daily, weekly, monthly or ether
suitable time intervals or the dose may be proportionally reduced as indicated by the exigencies of
the situation. In anether example, said composition is administered initially to induce tolerance
and then, if necessary, booster administrations of the composition are administered to maintain
tolerance. These boosters may be administered monthly, for example, and oiay be administered for
any peried of time, including the life of the patient.

The agent may be administered in a convenient mannet such as by the oral, mtravencius
{where sater soluble), intraperitoneal, intramuscular, subeutaneous, ntradermal Owith or without
using a traditional needle or other transdermal delivery device), transdermal, intranasal, sublingual
or suppository routes or implanting {e.g. using slow release moleeules). Preferably, said
composition 1s admiistered intradermally. The agent may be administered in the formuof
pharmaceutically acceptable nontoxic salts, such gs acid addition salis or metal complexes, e.g.
with zine, iron or the like (which are considered as salts for purposes of this application).
husteative of such acid additon salts are hydiochlonide, hydrobromide, sulphate, phosphate,
maleate, avetate, citrata, benzoate, succinate, malate, ascorbate, tartrate and the like. If the active
imgredient is to be administered in tablet form, the tablet may contain a binder such as tragacanth,
corn starch or gelatin, a disintegrating agent, such as alginic acid; and a lubricant, soch as

magl'les.i’um stearate.
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In accordance with these methods, the agent defined in accordance with the present
invention may be coadministered with one or more other conypounds or molecules. By
“condministered” is meant simulancous administtation in the same formulation or in two different
formadations via the samie or-differentroutes or sequential administation by the same ov different
routes. By “sequential” administration is meant a time differcnce of from seconds, mimutes, heurs
or days between the administration of the two types of moteculzs. These molecules may ba
administered in any order. It should also be understood that the peptides of the present invention
may bethemselves administered simultaneousty or sequentially. They may be administered as one
or move compositions, either stronltaneously or sequentiafly. For example, one may formualate
some of the peptides in one formulation and the others in a separate formulation; with these two
formulations being given one in each arm. Alternatively, additional separate formulations could be
generated and admindstered, either simultaneously to different sites or sequentially. Tvis well
within the skill of the pegson in the art to design and gencrate the production of an appropriate
formulation or mix of formulations,

Another aspect of the present invention contemplates the use of an immunomoedulatory
composition as hercinbefore defined in the manufacture of & medicamet for the treatment of a
condition in a mammal, which condition is characterised by an aberrant, unwanted or otherwise
inappropriste ymmune respouse to Ara b 1 andfor Arah 2.

Preferably said condition is hypersensitivity to pearmuts or a tree nut which contains Arah 1
andfor Arah 2 or Arah 1-like andfor Ava b 2-like molecules, such as a hazelnut.

In yet another further aspect, the present invention contemplates a vaccine comprising the
composition as hercinbefore detined together with one or more pharmaceutically acceptable
carriers and/or diluents. Said composition is referred to as the active ingredient.

The pharniacentical formos suitable for injectable use include sterile aqueous solutious
{where water solubley or dispersions and sterile powders for the externporancous preparation of
sterile injectable solutions or dispersion or may be in the form of a cream or other form suitable for
topical application. It must be stable under the vonditions of manufacture and storage and must be
preserved against the contaminating action of microorganisms such as bacteria and fungi. The
cartier can be a solvent or dispersion miedium containing, for example. water, ethanol, polyol (for
example, glycerol, propylene glycol and liguid polyvethylene glyeol, and the like), suitable mixtures
thereof, and vegetable oils. The proper fluidity can be maintained, for example, by the use of a
coating such as lecithin, by the maintenance of the required particle size in the case of dispersion
and by the use of superfactanis. The preventions of the action of microorganisos cun be brought
about by various antibacterial and antifungal agents, for example, parabens, chlorobutanel, phenel,

sorbic acid, thimerosal and the like. Tonicity adjusting agents are uscful to keep the preparation
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isotonic with human plasma and thus avoeid tissue damage. Commonly used tomicity agents include
Dextrose, Trehalose, Glycerin angd Mannitol., Glycerol and sodinm ¢hioride are other optiens but
are less commonly used. In many cases, it will be preferable to include isotonic agents, for
example, sugars or sodium chloride. Profonged absorption of the injectable compesitions can be
brought about by the usein the compositions of agents delaying absorption, for-example, alominum
monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the active compounds i the
required amount in the appropriate solvent with various of the other ingredients enumerated above,
as required, followed by filtered sterilisation. Generally, dispecsions are prepared by incorporating
the various sterilised active ingredicnt into a sterile vehiele which contains the basic dispersion
medium and the required other ingredients frem those enumerated above. In the case of sterile
powders for the prepacation of sterile injectable solutions, the preferred methods of preparation are
vacuum drying and the frecze-drying technique which yield a powder of the active ingredient plus
any additional desired ingredient from previcusly sterile-filtered solution theraof.

When the active ingredients are suitably protected they may be orally administered, for
example, with an inert diluent or with an assimilable edible carrier, or it may be enclosed in hard or
soft shell gelatin capsule, or it may be compressed into tablets, or it may be incorporated directly
with the food of the diet. For oral therapeutic administration, the active compowid may be
incorporated with excipients and used in the form of ingestible tablets, buccal tablets, trochues,
capsules, elixirs, suspensions, syrups, wafers, and the like. Such compositions and preparations
should contain at feast 1% by weight of active compound. The perceutage of the compositions and
preparations may, of course, be varied and may conveniently be between about § to about 80% of
the weight of the unit. The amount of active compound in such therapeutically useful compositions
g -such that 2 suitable dosage will be obtained. Preferred compositions or preparations aceording
to the present invention are prepaved so that an oral dosage unit form contains between about 0.1
uz and 1000 ug of active compoundd.

The tablets, troches, pills, capsules and the like may also contain the components as listed
hiereatier: 4 binder sueh as gum, acacia, cor starch or gelating excipisnts such as dicalehum
phosphate; a disintegrating agent such as corn starch, potato starch, algimc acid and the like; a
lubricant such as magnesium stearate; and a sweelening agent such as sucrose, lactose or saccharin
may be added or a flavouring agent such as peppermint, oil of wintergreen, or cherry flavouring.
When the dosage unit forniis a capsule, it may contain, in addition to materials of the above type, a
liquid carrier. Various other materials may be present as coatings or to otherwise modify the
physical form of the dosage unit. For justance, tablets, pills, or capsules may be eoated with

shellac, sugar or both. A syrdp or elixiv may contain the active compound, sucrose as a sweetening



WO 2015/042664 PCT/AU2014/050249

i

Lk

[
1

agent, methyl and propylparabens as preservatives, a dye and flavouring such as cherry or orange
flavour. Of course, any material used in preparing any dosage wnit form should be
pharmaceutically pure and substantially non-toxic in the amounts eroployed. In addition, the active
compound(s) may be corporated inte sustainedelease preparations and formulations,

3 The pharmaceutical compesition may also comprise genetic melecules such as a vector
capable of ansfecting target cells where the vestor carries a nucleis actd molecule encoding &
modulatory agent. The vector may, for exanple, be a viral vector.

Routes of administration include, but are not limited to, respiratorally {eg. intranasally or
orally via aerosol), intratvacheally, nasopharyngeally, intravenously, intrapecitoneally,

10 subcutaneously, intracramially, intradermally, mansdermally, intramuscutacly, intrasccularly,
intrathecally, intracercberally, intranasally, infusion, orally, rectally, via IV drip patch, implant and
sublingual. Preferahly, said routs of administration is subcutaneously, intradermally, transdernally
or intranasally.

Yet another aspect of the present invention relates to the compositions, as hereinbefore

15 defined, when used in the method of the present invention.

The present invention is further described by reference to the following non-limiting
examples.

EXAMPLE 1

Ara h 1 and Ara b 2 are the most allergenic and abundant proteins in poamit, making

20 peptides comprising their dominant T-cell epitopes essential for inclusion in a therapy. Another
important consideration when selecting peptides for immunatherapy, is whether they can be
presented by different MHC class Il molecules (HLA molecules in humans) and therefore be
suitable for freating a genctically diverse human population. The HL A-restriction of peptide
presentation to T cells was tested using blocking antibodies and HEA-genotyping and showed that

25 every T cell epitope identified could be presented on two or more different HLA-molecales.
Furthermore, it was demonstrated that the identified T ccll epitopes were collectively presented on
acombination of HLA-DR, HLA-DQ and HLA-DP molecules (Table 23, Inclusion of HLA-DQ
and —DP-restricted 'T cell epitopes is particularly advantageous for a therapeutic since these HLA-
types ate more conserved in mixed populations than HLA-DR molecules, enabling broader

30 population coverage with fewer T cell epitope sequences.

Adjacent or overlapping T cell epitopes were combined into single peptides (<20 aa long)
to minimise the number of peptides in the final therapeutic sot resulting in three candidate peprides
from Ava b 2 and seven from Ara b 1. Sinee cysteine residoes can be problematic for peptide
stability and biclogical reactivity, cysteine residues were substituted with structurally conserved

35 but less reactive serine residues. Minor changes were also mrade to two Ara h 1 peptides to improve
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stability amd/or solubility {Table 2} In all cases it has been confirmed that T-cell reactivity to the
variant peptide has been retained.

Table 2: Therapeutic candidate peptides of Ara h T and Ara b 2

Sequence HILA Sequence HLA
DOQ+DR
“SOLERANLRPSEQHLM DP+DO+DR
SELNEFENNORSMSEALQ’ DR+DO
“RELRNLPQOSGLRA® DR

Ara k1 peptides shaded; Ara b 2 peptides unshaded, HLA columin shews HLA types known to
present T cell epitape(s) within the peptide, ¥Peptides altered to improve properties; YW omitted
from Nterminus.”E' (from native sequence) added to C-terminuy. *Bolded serine replaced a
aysteine.

Preclinical screening of these peptides confirms PBMC T-cell renctivity (Fig 1), lack of
inflammatory cell activation (Fig 2) and serum stability i an additional peamut-allergic cohort (n =
40). 1t has been confirmed that PBMC T-cell recognition of one or more of these ten peptides in
100% of subjects (n=20) analysed, with 50-90% tesponding ro each peptide. The analyses to date
clearly demonstrate that the ten peptides in Table 2 above, provide a sufficient, feasible and
suitable mixture,

EXAMPLE 2

Briel overview of steps

1) Identification of dominant T cell epitopes of major peanut allergens Ava h 1 and Ara h 2
{Figures 3and 4)

Isolated CD4+ T cells specific for Ara kb | or Ara b 2 from PBMC of peanut-allergic subjects

Determined T cell specificity to-overlapping 20-mer peptides spanniyig full Arva b 1 (Figures 5 and 6)
or 2 (Figure 7) scquence

Selected donsinant 20-mers and mapped core T cell epitope sequences within them (Figure 8)

2} Determining HLA-restriction of core T cell epitopes

Blocked T cell epitope presentation to specific T cells using anti-HLA antibodies (Figure %)

HL A-~genotyped subjeets used for T cell epitope-mapping

Further assessed HLA-binding degeneracy of T cell epitopes with algorithms

3y Desion of therapeutic candidate peptides
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Replaced cysteine residues with serine vesidoes

Combined overlapping T cell epitopes into single peptides 20 aa long (10 peptides) (Tables 16-18}

Designed shorter peptide variants based on single T cell epitopes (13 peptides)

Synthesised all 23 peptides to »95% GLP-grade purity & deterntined sohutions for solubility

4) Selection and testing of final therapeutic mixture

Congpared PBMC T eell reactivity to all 23 peptides in peanut-allergic cobort and selected final 7-
peptide therapeutic

Assessed PBMC T cell response to 7-peptide mix at 2 therapeutic doses in peanut-allergic cohort

Tested hasophil response ta 7-peptide muix at 4-log dose tange in peanut-allergic cobort

Materials and Methods

Subjects: Peanut-allergic adult subjects were recrutted from The Alfred Allergy Clinic, Melbourne,
Australia. Peanut-allergic subjects had clinical symptoms.of fgB-mediated peanut allergy and

5 peanut-specitic IgE CAP score 2 1.16 kUA/L; Pharmacia CAP SystemTM, Pharmacia
Diagnostics, Uppsala, Swedeny and many had a history of anaphylaxis. Some subjects were
genotyped (HLA-DRBI, -DQB1 and <DPB 1, exon 23 by the Victortan Transplantation and
Imnwnogenetics Service. The study was approved by The Altred and Monash University Ethics
Comniittees and informed written consent obtained from each subject.

10 Antigens: Crode peanut extract (CPE) was prepared from commercial unsalted, dry-rossted
peanuts as described elsewhere, (de Leon et ol Clin Exp Allergy. 2003;33{9y:1273-80) dialyzed
against phosphate-buffered saline {PBS) and filter-sterilized (0.2 m}. Natural Avah1and Arah2
weri euriched from CPE based on published methodology. (de Jong EC et al. Clin Exp Allergy.
1998:28(6):743-51) Briefly, CPE was buffer exchanged into 20 M TRIS-bis-propane {TBP), pH

15 7.2, using Vivaspin columuns (Sartorius Stedim Biotech S.A., Aubagne, France) and applied onto a
5 mL Mono-Q 10/10 columm (Pharmacia FPLC System, St Albans, UK) equilibrated with TBP.
After washing with TBP, a linear gradient of 30 mL 0-1 M NaCV/TBP was applied to elute bound
proteins {1 mL/min}. Practions, 0.5 mL, were analvzed by 5DS-PAGE and those containing Ara h
T or Arah 2 with minimal other proteins pooled and dialvzed against PBS. Endotoxin contents

20 were 1.7, 4.0 and 78.0 EU/mg for CPE, Arah 1 and Ara h 2 respectively (Endpoint Chromogenic
LAL assay, Lonza, Walkersville, USA). Peptides (Mimotopes. Victoria, Australia and GenScript
USA Inc, New Jorsey, USA) were reconstituted at 1-4 voghol in 109% dimethyl suffoxide/PBS (20-

mets and truncated peptide sets) or PBS, 1-2% acetic acid or .M ammoeniom bicarbonate buffers
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as specified (custom-synthesized core cpitope peptides). Al antigens were confirmed to be neither
niitogenic nor toxic as described (Eusebius NP ef al., Int Arch Altergy Immunol. 2002;127{3%:.234-
44},
Generation of Ara b I and Ara it 2-specific CD4+ Tecell lines {TCL) Ara B 1 or Ara b 2-specific
5 oligoclonal TCL were generated from peripheral hlpod mononuelear cells (PBMC) of peanut-
allergic subjects using 5,6-carboxyfluorescein diacetate suceinimidylester {CRSE)-based
methodology, (Maunering SE et al.. J Tvvnunol Methods. 2005, 298(1-23:83-92; Prickett SR, ¢t af.,
4 Atlergy Clin fmmmunol. 2001,127(3):608-15 e1-5). Briefly, culturing was performed in RPMI-
1640 containing 2 mM L-ghutanune, 100 1U/mL penicillin-streptoroyein and 5% buman AB seram

10 (Sigma-Aldrich, 8t Louis, USAY (cRPMIL. PBMC were labelled with 0.1 pM CFSE (Molecular
Probes, Eugene, USA) and cultured (2.5 % 106/mlL) with ¢cRPMI alone, CPE {100 pg/mlLy, Arah 1
or Arab 2 (10 pg/ml), Arati 1 or Avah 2 20-mee-peptide pools (10 g/mll/peptide) ov as a
control, tetanus toxeid (TT; 10 LiU/mL; Statens Serum Institute, Copenhagen, Denmark) for 7
days at 37°C. After staining with CD4-PE and 7AAD (BD Pharmingen, San Diege, USA),

15 CD4+CFSEdmTAAD- cells were sorted (10 cells/well) futo 96-U-well plates containing irradiated
allogeneic feeder-cells, anti-CD3 (OKT-3), (L2 {Cetus, Emeryville, USA) and Fungizone
{Invitrogen, Carlsbad, USA) as described. Cells were fed withril-2 as required and after 10-14
days, transferred to 48-well plates and tested for proliferationy to Ava b 1 or Ara h 2 (10 giml.}.
Arab 1 or Arah 2-positive TCL were expanded with anti-CD3 and rIL-2 in T25 eulture flasks

20 (BD, Franklin Lakes, USA) for 10-12 days then tested for specificity {(proliferation) to overlapping
20-mer peptides spanning the respective sequence (10 ginol.). Core eptiope sequences were
mapped within selected 20-mers using peptide sets truncated from the N-or Coterminus of the 20-
mer as described (Prickett SR, er ale, J Alfergy Clin Inpmunol, 2001;127(3):608-15 ¢1-3).

T-eell assays Al culturing was performed in RPMI-164) containing 2 nd L-glutamine, 100

25 1U/mL penicillin-streptomycin and 5% heat-inactivated buman AB serum {Sigma-Aldrich, St
Louis, USA) (cRPMI). Antigen-induced TCL proliferation was assessed by 3H-thymidine (H-
TdR) uptake assays as follows: assays were performed on 72-hour duplicate or triplicate cultures in
96-U-well plates containing 1 x 10" T cells/well, 1 x 10" irvadiated (5000 rads) autologous EBV-
wransformed PBMC (EBV-B cells) as antigen presenting cells and antigens as specified. Negative

30 control was cRPMI alone. Cells were pulsed with “Hethyridine ("H-TdR; 0.5 Citwell) for the last
16 hours and uptake recorded as mean counts par minute {cpind of veplicate cultures, A stimulation
index (SL cpm antigen-stimulated T cells/cpm unstimulated T cells) 2.5 was considered positive
and all positive responses confivmed in 2 assays. To allow detection of peptide-indoced CD4-T-
cell proliferation withinn whole PBMC, 7-day cultures of CFSE-labelled PBMC were setup as

35 described for TCL generation, with addition of anti-CD23 antibodics (BD) to assess T cell
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activation in addition to proliferation. At least 10,000 CD44+ T cells were analyzed per sample and
ST calculated as percentage of COM-CFSElo (proliferated), CD4+CD25+ (activated) or
CD4+-CD25+CFSElo (activated and proliferated) cells with antigen divided by the percentage of
the same population without antigest (hackground). Avalysing CD4+CD25+CFSElo (activated and
5 proliferated) eells provided the most sensitive method for detection of T cell responses with
designation of an 8I 1.5 as positive.
HLA elass I blocking assays: T cells and irradiated EBV-B eells (1 x 10* of cach) were incubated
with (.1-10 g/mL blocking monoclonat antibody (mAb) against HLA-DR (1.243, BD
Pharmingen), HLA-DQ (SVP-L3) or HLA-DP (B7/21] or isotype-coutrol antibodies (1gG2a: BD
10 Pharmingen; [g(31: BioLegend, San Diego, USA) for 1 hour at 37°C pricr to addition of peptides
(2-10 g/ml) or CPE (100 g/mb) and testing proliferative response as above.
Cyvtakine ELISPOT assays: MAIP ELISPOT plates (Millipore, Billerica, USA) were coated
overnight at 4'C with 10 g/mL IL-4, IFN- or IL-5 antibodies (eBioscience, San Diggo, USA) in
PBS. Wells were blocked (cRPMI, 1 hour, 37°C) then PBMC (3.5 10° jor T eells and irradiated
15 EBV-Bcells {1 x 104 of cach) added in duplicate 100 L cultures with CPE (100 g/mL), nArah2
(10 g/mL) or peptides (10 g/mL). Controls were ¢cRPMI alone, TT (10 IfU/ml) and
phytohaemagglutinin (1 g/mL; Sigma-Aldrich). After 48 hours colture at 37°C, plates were
incubated with biotiylated IL-4, FL-5 or IFN-  antibodies {eBioscience) (I g/ml PBS, 2 hours)
followed by ExtrAvidin®-alkaline phospbatase (Sigma-Aldrich) {1/3,000-PBS, 2 hours) before
20 developing with alkaline phosphatase substrate (Bio-Rad). When spots appeared in positive-
contral wells, plates were washed, air dried and read {(ATD ELISPOT 4.0 b reader, Autodrsmum
Diagrostika, Strassherg, Germany).
Basophil activation test; Basophil activation was assessed by CDE3 upregulation detected by flow
cytometry as deseribed (Drew AC, ef al., J Frmunel. 2004;173{9%:5872-9). Positive controls were
25  rabbit anti-human IgE antibody (7.5 pg/ml; DAKO Corporation, CA, USA), N-formyl-
methionine-lencing-phenylalavine (IMLP) (0.4 ng/mb; Sigma) and CPE. CPE was tested over a3
log concentration range (50, 5 and .5 pg/mL) and the peptide pool was tested over a 4-log
concentration range {50, 5, 0.5 and 0.05 pg/mL). Histamine release was assessed using Histamine
Releass and the Histamive ELISA Kits (IBL International GrabH, Hamburg, Germany) as per
30 manufacturer’s instructions.
Results
The Tactors considered in dominant 20-mer selection included:
¢ Responder frequency

»  Number of specific TCL generated per patient/prevalence of specific T cells in paticnt PBMC

)
[#23

s Magnitude of T cell response
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*  Patterns of T cell responses (poptide combinations recognised within and between subjects)
»  Ability to divectly target specific T cells ammongst the whole PBMC population with peptide
{CFSE screaning)

s  Consistency of T cell responses
¢ Identification of core T cell epitope(s) within the 20-mer peptide
Ara b 1 dominant 20-mer selection

145 Ara h 1-specific T cells lines (TCL) were generated from 18 peanut-allergic donors
and 65/69 overlapping 20-mer peptides spanning Ava b | were recoguised by these TCL (see Table
3 and Figure 5). 14 of these 63 20-mers were scleécted as most frequently recoguised (4-6
responders of 18; 22-33%) (peptide numbers 23, 24, 26, 38, 40, 44-51 and 57). Of these 14
peptides, @ wore selected for further analysis (peptide numbers 23, 24, 40, 46, 47, 49, 50, 51 and
57) (Table 43,

These selectioms were made based on number of spectfic TCL per subject, magnitude of TCL
response, reproducibility of TCL response and ability to target specific T cells in PBMC, The 9
20-mers which were selected were:

s collectively recognised by TCL from 16 of 18 subjects (89%) in this cohort

s pypically induced strong and consistent responses in spectfic TCL

» cach recognised by nuttiple TCL from many responders

*  cach able to target specific T cells in dovor PBMC {collectively inducing detectible PBMC

T cell responses in 18/20 additional subjects with §-16 responders (40-80%) per 20-mer.
One or more of the nine 20-mers was recognised by T cells in 35 (92%) of 38 subjects analysed by
TCL isolation and/or CFSE-screening (Table 3).
Table 3
Proliferative responses (thvmidine uptake) of TCL to Ara h 1 20-mer peptides. Table shows 81
values {=fold inerease in TCL proliferation with peptide above prodiferation in unstunnlated TCL).
Only stimulation indices (SI1 2.5 are shown. For subjects with multiple TCL specific for a given
20-mer, the highest 51 is shown. Dark grey, 81 2.5<5.0; 81 5.0, The 9 dominant peptides

ultimately selected are shown in Table 4.
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Table 4: Summary of dominant Ara h 1 20-mer selection

Peptide No. Residues Sexquence

23 199-218 FDQRSROQFONLONHRIVQIE (SEQ 11 NO47)

24 208227 NLONHRIVOQIEAKPNTLVLP (SEQ 1D NO:48)

40 352371 RWSTRSSENNEGYIVEKVSKE (SEQ 1D N:49)
46 406-425 DESNNFORKLFEVKPDERNPQ (SEQ ID NO:50)
47 415-434 FEVKPOKENPQLODLDMMUT (SEQ ID NO:51)
49 433-452 LTCVEIKEGALMLPHENSKA (SEQ TD NO:52)
At 442461 ALMLPHENSKAMVIVVVNKG (SEQ 1D NO:53)
51 451-470 KAMVIVVVNKGTGNLELY AV (SEQ 1D NO:12(%
57 505-324 KEGDVFIMPAAHPY AINASS (SEQ 1D NO:55)

PBMC screening with dominant Ara h 1 20-mers
Table 5 shows that 1 deminant 2(-mer peptide is recognised by 18720 {or 22724 of all data). Each
5 20-mer peptide is recognised by at least 7 subjects. CFSE and TCL data combingd; recognition

confirmed in 43/43 subjects.

Table 5

Sls of peptide-induced proliferation for 24 subjects. Upper panel shows new peanut-allergic donor

cohort (distinet to cohortused for TCL). Lower panel shows 4 subjects from cohort used for TCL
10 generation with combined totals from upper and lower panels.

CPE, crude peanut extract; +ve, positive; nt, not tested {peptide stocks not available at time of

testing); Grey, stinmlation indices 1.1« 2.5{ Black, stimulation indicgs 2.5,
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) & +ve 20~mers
Sub- No CPE Ara h I 20-mers SI-1.1  SI>1.5
ject Antigen® ™ 23 24 40 46 47 49 50 51 57 No. % No. %

19 o atoat et 07 H#6 67 46 67
20 008 £ 00w oot om 1 0.0 36 S0 ue 17
21 043 05 W ot om 30 16 17 e 17

2 o027 BEXY 04 09 02 w oa oat 16 17 U6 17

23 302 {0 m il ot i A4 53 W 33 e 17
24 0.26 it nt A6 3% 245 33
23 .10 59 56 49 44
26 .07 779 18 &9 67
27 .17 39 33 14 1t
23 Q.06 9/ 100 949 100
29 1394 8§ 89 69 &7
30 .11 38 56 49 44
31 008 94 100 749 78
32 006 79 78 49 44
33 1.30 39 33 28 22
34 1.o4 659 66 69 66
35 (.08 49 44 39 33
30 .35 ®% 89 MY TR

37 105 EEER 03 03 03 06 0. 07 09 03 08 0 09 0
3™ 078 08 04 0.7 07 08 08 O 09 O

Responders] # 20720 1120 /20 8720 7714 1044 11414 8200 1173 11420
wSI-1.1 % 100 55 50 40 s L0 40 3% 55
Responders] # 17/20 10220 7720 420 &/14 744 914 720 820 10/20
w 8Ix1.5 % 8 50 A2 2 43 50 64 3% 40 M)

1017 N 04 08
2 019 |EER 34

R TSN 123 5.2

e 4.4 144

Responders| # 24/24 1524 14/24 12424 W16 1HI6 13716 11/24 14024 15724
w SI»1.1 % 100 63 38 50 & 6% Bl 46 58 63
Responders| # 21724 14/24 11424 824 16 B16 11716 1024 11/24 13/24
w SI>1.8 e 88 58 46 33 44 30 69 42 46 A4

YT’ O39 56
&9 89 8/4% BG
66 100 6/6 100
86 100 /6 100

nt fit nt
i nt nt

Arg h 2 donsinant 20-mer selectiai
69 Ara h 2-speeific T cells lings (TCL) were generated from 16 peanut-allergic donors and 16/17
overlappivg 20-mer peptides spauning Ara b 2 were recognised by these TCL (Table 6). 4 of these
16 20-mers were selected as most frequently recognised {each with 7-9 responders of 16; 44-46%)
(peptide numbers 4, 5, 11, 15) (Figure 7). These selections were made based on number of specific
TCL per subject, magnitude of TCL respouse, reproducibility of TCL response and ability to tacget
specific T eells in PBMC. The 4 20-mer peptides which were selected were:

s collectively recogaised by TCL from all 16 subjects (1009%) in this cobort

s typically induced strong and consistent responses in specific TCL

+ gach recognised by multiple TCL from many responders

» collectively recognised by ~80% of all 69 TCL
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s gach able to target specitic T cells in donor PBMC {detectible PBMC T cell responses
demonstrated in & subjects tested).

Omne or more of the four 20-mers was recognised hy T eells tin 16/16 (100%) of subjects analysed
by TCL isolation and/or CESE-screening (Table 6).
Table 6
Proliferative responses {thymidine uptake) of TCL to Ara h 2 20-mer peptides. Table shows S
values (=fold increase in TCL proliferation with peptide above proliferation in unstimulated TCL).
Only positive stimulation indices { 2.3) are shown: Grey, 2.5 5.4k Black, >30. A) allergen-

driven TCL; B) peptide-driven TCL. The domivant 20-mecs arve indicated in Table 7.
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Table 7: Summary of dominant Ara k 2 20-mer selection

Name Residues Sequence

domerd 2847 RRCQSQLERANLRPCEQHLM (SEQIDNOSS)
20-roer 5 37-56 ANLRPCEQHLMQKIQRDEDS (SEQ 1D NO:57)
20-mer 1 91-110 ELNEFENNQRCMCEALQOQIM (SEQ ID NO:38) |
20-mer 15 127-146 KRELRNLPQOUCGLRAPQRCD (SEQ ID NO:39)

5 Core T-cell Epitope Mapping

Techuical appioach

TCL from different subjects were used to map ecach core T cell epitope. Exact T cell epitopes
varied between TCL and subjects. The minimum T-cell stimulatory sequence (core epitope)
within each selected 20-mer was determined by testing proliferation of reactive TCL from

16 different subjects to truncated peptide sets {Figure 8). The number of residues required to
induce maximal T-cell proliferation varied fron 6-19 aa between different TCL and/for
subjects (Tables 8 and 9). Due to vagiation in the number of flanking-residues required for
optimal epitope recognition, TCL were considered to recognize the same epitope if
peptides containing & common coge sequence indaced recognition. Based on this criterion,

15 ten distinct Arah 1 and 5 distinct Ara h 2 CD4" T-cell epitopes were identified
(‘consolidated epitopes’, Tables 8 and 9). with common *minimal core epitope’ sequences
varying from 5-12 aa (underlined sequences, Tables 8 and 9. *Consolidated epitope”
sequences were the mininnun sequences encompassing all residues required for optimal T
cell reactivity across different subjects fo ensure broadest possible recognition.

20 (1 Core T cell epitopes found in dominant Ara h 1 20-mers

Core T-cell epitope sequences were mapped within the dominant Ava b 1 20-mex peptides. 10
Arah 1T cell epitopes were wdentified (*consolidated T cell epitope’), including 4 pairs of

averlapping T cell epitepes, (Table 8)
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Table §

Residues/ Suib-
# Residues Residues Sequence Rt Sequence TCL jects

A (3523710 4353371 WSTRSSENNEGVIVEVSKEGEQID N

i h e xrerge
(SR I ROH9M359-371) ENNEGVIVKYSKE ;; M ‘1’ WSTRSSENNEGVIVEVEKE® 3 3
{REG D MCRaTHA0T-370 IVIVEVEK !

16

40 {433-4521  (436-445) VEIKEGALML (SEQID NOw2) (5364523

(SEQIDNOTRIA36-499)  VEIKES ALMLUPHEN {i,, W VEIKEGALMLPHPNSKAS
15 SEQ DY NOTAYA46-432) EGALMLPHENSKA A (ARG NO:8Y)
ORI (404587 ALMLPHENSEAMVIVYVERQL \‘“’Ei;;j;,_ 45
6)443-957)  DMLEHPNSKAMVIVY ) ALMLFHENSKAMYIV VY

2 {1
1

20

57 (A05-524) (07524 GDVFIMPAAHPVAINASS (SEQ W MNG88)

SEQMINORY (30421 VEIMPAAHPY AINASS 57503
(SEQ I NOAG (310528 FIMPAAHPYAIN S OGDVFIMPAAEPVAINASS® 12 4
(SEQIDNOID (311517 IMPAATP HE

{SRGD ROHD511-521) IMPAARPYVAIN
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(i) Core T cell epitopes found in dominat Ara b 2 20-mers
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Core T-cell epitope sequences wers muapped within domivant Ara 'l 2 20-mer peptides. S Amah2T

cell epitopes were identified (‘consolidwted T cell epitopes™). including 2 paivs of overlapping T

cell epitopes (Table 9)

Table 9

;\.\

e
5 X
SRS
s
R
el
S

N
e

HLA-restriction of Ara b I and Ara i 2 T cell epitopes

3

T cell recognition of dominant T cell epitopes was blocked with monoclonal antibodies against

HLA-DF, HLA-DQ or HLA-DR (Figure %). Some T cell epitopes presented on both HLA-DR and

HLA-DQ molecules while the T cell epitopes were collectively preseunted on HLA-DP, HLA-DQ
and HLAGDR (Table 10).

Table 10

Peptide info [T cell Epitope Sequence | Residues  length  HLA-restriction
Ara b 1 dominant ‘T cell epitopes

23 core FQNLQNHRIV 206-215 10aa  HLA-DR

24 core RIVQIEAKPNTLV

T e

46 core

NNFGRKLFEVKPDRENPO

47 core

EVKPDEKKNPQLQ

core 49

VEIKEGALMLPHENSKA

ALMLPHFENSKAMVIVVVY
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51 core KAMVIVVVNKG 451-461 1laa  HLA-DR
S1 fcore’ KAMVIVVVNKGTGNLELVAV451-470  20aa  HLA-DR
57 core GDVFIMPAAHPVAINASS 307-525 19aa  HLA-DR or HLA-DQ
Arah 2 dominant T cell epitopes .
4 core SQLERANLRPCEQ 3244 t3aa  HLA-DP
4/5 core ANLRPCEQHEM 37-47 11aa  HLA-DR or HLA-DQ
19 core ELNEFENNQROM 91-102 12 aa HLA—DR
/11 core EFENNQRCMCEALQ 94-107 142z HLA-DQ
15 core RELRNLPQQCGLRA 128-141  |l4wa HLADR
HLA-restriction of Ara b § and Arg It 2 T cell epltope presentation
HiL&-typiag was performed on salyjects, with TCL recognising domivant T cell epitopes, fn order

to assess HLA-subtypes potentially able to T cell present epitopes. The absence of shared HLA

alleles for subjects recognising a T cell epitope with confirmed HLA-DR/DQ/DP restriction

indicated T cell epitope HLA -binding degeneracy. The Arah 1 results are shown in Table 11 and

the Ara b 2 vesults in Table 12

Table 11
Grey shading indicatex T cell epitopes inclivded in cuvrent T-peptide mix
20-rmer T cell Epitope | Subject HLA-restriction | Corresponding HLA-allele(s)
i 18 HLA-DR DRB1 04:05 DRB1 15:01
Sl (206-215) |
. 3 HLA-DR DRB1 03:01 DRB1 08:01
- 12 HLA-DR DRB1 05:01 DRB1 13:01
s (213-228)
: 10 HLA-DR DRBI1 11:01 DRB1 15:01
4 HLA-DG DQB1 03:01 DOBL 06:02
13 HLA-DQ DEBL 03:01 DB 06:02
14 nt DOBI 06:09
16 HLA-DR DRB1 04:04 DRB1 13:01
46 (409-425)
15 nt DRB103:01P DRB1T 04:01
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S 16 HLA-DR DRBI 04:04 DRBT 13:01
o (416-4927) :
: 15 1t DRB1O3:01P DREBE1 04:01
e HLA-DO DGR 03:02 DORBI 06:02
| (430-4352) 13
S HLA-DR DRB1 0405 DRB1 15:01
; 17 HLA-DR DRBI 1104 DRB1 15:01
50 {442.458)
9 HLA-DR DRB1 0901 DRB1 13:101
12 HLA-DR DRB1 08:01 DRB1 10:01
50451 {451-461)
(4] HLA-DR DRB1 04:01 DRB1 (4:04
10 HLA-DR DRB1 11:01 DRB1 15:01
5 {(452-470)
14 nt DRBI1 13:02
S 17 HLA-DR DRB1 11:04 DRB1 15:01
G (07524 :
i 13 HLA-D DOBI 03:01 DOB1 06:02

Nt = HLA-restriction not tested

HLA-restriction of Ava It 2 epitope presentasion

Table 12
HLA-genotyping for subjects recognising each T cellKnown
epitope HLA

T cell Epitope DR Bl DO Bl P B1 Restriction
1200G {15301 {501 0602 0902/1301 10401 Dp

A: SQLERANLRPCEQ  [1001 0801 0402 {0501 (301G {0401 DP
0301 0801 201G 402 0301G {401 NT
(0404 0401 0302 0402 10902/1301{0401 NT
0901 1301 0303 0603 (0301G  (0402/0602{DR
1200G 1501 {1301 0602 1301/090210401 DR
0301 1302 0201G 0609 (0101 0401 DO

1302 0609 0301 0402/0602{DQ
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201G 1501 301 6oz 130109020401 DR
C: ELNEFENNQRCM

10T 1501 0301G joa02 0401 DR
: © 201G 1501 0301 jos02  1301/0902)0401 DO
D103 0a0f 302 {001 030G 2ol pQ
5: [0t psor 402 Jos01  0301G 401 NT
405 40T 0302 0402 0902/1301[0401  |NT
- 1302 0609 0501 J0402/0602]NT
| ror TS0 oaeta oeoz ol Aot NT
[T 501 301G joe02 0301G 0401 |NT
1101 1501 301G 0602 0401 DR
0405 1501 INA 602 0301G M0 DR
0404|1301 0302 0603 (0201 [o401  [DR
0901|1301 0303 0603 (0301G  [0402/0602NT

E: RELRNLPOOCGLRA
1302 0609 0501 0402/0602]NT
1101 1501 301G 0602 0401 NT
701501 02016 6602 0201 fodo1 NT
(agsloaot 301G o302z ozorJoaot T INT

The absence of a shared HLA-DORIT allele between all subjects from whoro recognition of
Arah 2T cell epitope (95-107) was blocked by anti-HLA-DQ indicated that this T cell epitope
must be presented by nuldtiple HLA-DQBT molecules. Similarly, the diversity in HLA-DREBI
alleles between subjects for whenn recognition of Ava b 2 T cell epitopes (127-141) or (37-47) was
blacked by anti-HLA-DR indicated binding-degeneracy of hoth T-cell epitopes for multiple HLA-
DRB1 molecules.

I addition to presentation by at least 2 HLA-DR molecules, Arah 2 T cell epitope (37-47)
was also presented by HLA-DQB1#06:09 as both subjects who recognised this T cell epitope in the
context of HLA-DQ had this allele, and for suhject ¢ it was the only DGBI allele present.

As DPBI#04:00 or DRBI¥I5:0F alleles were present in all subjects recogmising Arah 2T
gell epitopes (32-44) (blocked by anti-HLA-DP) or (95-107) (blocked by anti-HLA-DR)
respectively, degenerdcy of these T cell epitopes could not be determined, However, as
DPR1*0401 and DRB1F1501 are prevalent in populations worldwide, T cell epitopes presented by

these HLA-molecules would still be broadly recognized.
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There were ne shared alleles between two or more subjects recogaising the dominant
consolidated Ara b 1T cell epitopes on g given HLA-type, thus dermonstrating that each of the
identified Ava h 1 T cell epitapes was also presented by 2 or more different HLA-molecules.
Predicting HLA-binding motifs: Ara b T 20-mer peptides
Table 13 provides a results summary for an HLA-DR prediction algorithm for binding motifs

within dominant Ara h 1 20-mezts.
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Predicting HEA-binding motifs: Ara h 2 20-mer peprides
Table 14 provides a results sarmmary for 2 HLA-DR prediction algorithms for binding motifs
within 3 dominant Ara h 2 20-mers (NB dominant “20-mer 37 not shown as predicted and sctual

apitopes fall in overlap with "20-mer 47).

Table 14

20-mer name Sequence Residues
Arah 2 pep 4 RRCQSQLERANLRPCEQHLM (SEQ 1Y NO: 122y 28-47
Arah 2 pep 11 ELNEFENNORCMCEALQQIM (SEQ ID NO:123)  [91-110
Arah 2 pep 15 KRELRNLPQQUGLRAPQRCD (SEQ ID NO:124)  [127-146
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Table 15

Lt
¥

PCT/AU2014/050249

Shading indicates particularly frequent alleles in Cavcasian populations.

{HLADRB | Freqin US [ multi-prad: Hidden Markov Methad; 7 Propred prediction: Sturniclo; top 3%
¢ allsles caucasians |Ara h 2 pepd |Ara h 2 pep 11jAra h 2 pep 15 |Ava h2 pep 4 [Ara h 2 pep 11 |Ara h 2 pap 15
DREL_01OL: 9.1 LERANLRPC [FENHNORCME RRNLPQQCS LRNLPOOGE
LRRCEQHLM [LNEFENNQRC HPOQOGLRA
CRB1. 010%: 1.4 LRPCEQHLM LRNLPQOCG
DRB1_4301: 13.1 LERANLRPG [FERNGQRCHMT L RMLPQQEG
LRRCEQHLM [LNEFEANQRC HPOQUGLRA

DRB1_0426+

DRR1_G741: 14,8

DRBL_G703:

DR
DRB1_0BL7:
DREL_1101:

DRE1_1102:

PREI_ 1107

PRBA_1Z01: 5.8
DRBL 13021 0.7
DREL_1¥04: o

DRBI 1352

DREI 1323
DR
DRBI_ 1328
DREY_ 1501 :

BREI_1502:

I Nkt

i 3
LEBANLRPC

LERANLRRPC
LRPCEGHLM

LERANLRPC
LRPGEGQHLM

LERANLRPG
LRPGEGHLM

LERANLRPE
LAPCEQHLM

BRES_1105:

¥ SRR

DN
FENNQRCME

LNEFENMQRG
SEQ 1D NCHEER)

(3%

FENNGRCMG
LNEFENMNORC

FENHOQRCMC
LNEFENRNGRC

FENNGRIMG
LNEFEMNGRE

FENNGQRCMC
LNEFENNGQRE

CSECH D KOk
L RNLPGIQTG
LPOQOGLRA
SEQ LD NO: 30)

LRNLPQQGG
LPOQCGLRA

LRHLPQQCG
LPQRCGLRA

LRNLPQQGCE
LPQOCGLRA

LRNLPOOGG
LPOOUGLRA

[RPEECHLM

LRPCEQHLM
LRPCEEQHIM

LERANIRPC

LRPCEEHCT
LRPCEQHM™
LRPCECHER ™

FENNGROMC

LRNLPOQUG

ERNLPOQGE

ERNEPGQEE™
ERMEPCECE ™
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Refining peptides for therapeutic delivery

Potentially problematic cysteine residues were veplaced with structurally conserved, but less
chemically resctive serine residues. Retained T cell reactivity was confirmed (Figures 10 and 11).
Sering-containing T cell epitope peptides showed comparable T cell responses to native cysteing-
containing peptides.

Combining overlapping Arva h I T cell epitopes into single peprides 20 au long

Table 16

1 SRR 3
Residues/ Sob-
# Residues Residoes Seguence asn Sequence TCL jeets

Overlapping epitopes combined

40 (352-371) (3533717 WSTRSSENNEGVIVKVSKE
{339.371) ENNEGVIVEVSKE
(361-37() NEGVIVKVSK

(353371
193

faz

WETRESENNEGVIVEVIKE* 3

49 (433-432)  (436-445) VEIEEGALML

ATHAS?
436449y VEIKEGALMLPHEN g-;gsa«lu e VEIKEGALMILPHENSEA® 3 2

{440-432) EOALMLPHENSKA
o (442-458) ALMLPHFNSKAMVYIVVY A
2 (443-457)  LMLPHFNSKAMYIVY T ALMEPHENSEAMVIVVV*
+46-4 NS \ ’

Overlapping epitopes combined ;

57 (505-524)  (507-524) GDVEIMPAAHPVAINASS
(5085243 VIIMPAAHPVAINASS

{310-521) FIMPAAHPY AIN i;‘)” M GDVRIMPAAHPYAINASS® 12 4
{511-517} TMPAAHP a
(511521 IMPAAHPVAIN

Cirey shading indirates overlapping consolidated T cell epitope pairs combined into single peptides
for further analyses as outhined in the text. ¥ Asterisks and hexes indicate the seven Ara h 1

candidate peptides proposed for a thetapeutic.
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Combining overlapping Ava h 2 T cell epitopes into single peptides 20 aa long

Table 17

Dominant 20-mers Core Epilopes Candidate Peptides
Residies Seguence Residees Seiuence Restdnis Seguence
IRAT RRCOSQLERANLRPCEOHLM 3044 SQLERAz‘*ﬂ..il:.?é:g.ig%&% . B0 u&RANLR’P&EQ»HlM

32470428 (SEQITINO: 4L
3147 ANLRPCECOHLM
§2-101 SOHOBRCONELNEFENNQREC | 91-102 FLNEFERNRNORCM 91-1077 ELNEFEMNMQRSMSEALL
sy oo T, ESEQ Y N0
91-11) EUNEFENNQROMOBALQUIM | 954107 EFENNQRCMOHEALY | C181+103]5 )
CSEL I NG 146)

127-146 KRELENLPOOOGLRAPORCLY 128-141 RELRNLPQQCGLRA 128-141 C1378  RELRNLPQOSGIR A

Ara b1 and Ara h 2 candidate peptides sunmumarised

There are 10 candidate peptides: 7from Arah | and 3 from Ara h 2 (Table 18)

Table 18

Pepiide info  Segquence Residues length HLA-restriction

Ara h 1 dominant T cell epitopes

23424 core FONLONHRIVQIEAKPNTLY 206-225 20 ad HLA-DR

40 core WSTRSSENNEGVIVKVSKE 353371 19 aa HELA-DQ

46+47 core NNFGKLFEVKPDRKENPQLQ  409-427 19 aa HLA-DR

core 49 VEIKEGALMLPHENSKA 436-452 17 aa HLA-DQ

3 core ALMLPHFNSKAMVIVVY 442-458 17 aa HLA-DR

3 feore’ KAMVIVVVNKGTGNLELVAV4ST-470 20 aa HEA-DR

537 core GDOVFIMPAAHPVAINASS S07-525 19 aa HLA-DR or HLA-DQ

Ara b 2 dominant T cell epitopes

4+4/5 core SQLERANLRPSEQHLM 32-47 C428 |16 aa HLA-DP. -DQ or DP
91-107

10+10/11 core  ELNEFENNQRSMSEALQ 101410318 17 aa HLA-DR or -DO

15 core RELENLPQQSGLRA 128-141 14.3a HLA-DR

Also designed ave 13 additional shovter peptide variants (based on single T cell epitopes)

for comparison. Some saquences have been lengthened or shortened (in line with native sequences

and critical residues for T cell recognition) to improve peptide properties for production and

solubtlity. This resulted in a pavel of 23 candidate peptides for comparison. Peptide details are

summarised in Table 19,

All of the peptides in Table 18 were produced at 95-99.9% purity and solutions determined

for solubility. T cell responses were then compared 1o cach of these peptides at 2 dases in PBMC

fromy 28 peanut-allergic subjects in order 1o select a final therapeutic combination.
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»  NB Buffers: all peptides tried in PBS first; then 0.1M NHAHCO3 if sequence suggested
preference for high pH, or 1% acetic acid for low pH; if not soluble in 1% acetic acid,
{Hereased to 2, 8, 10% ste.

e N-terminal ‘W omitied from ‘peptide 2 to improve stability and ease of synthesis

o  C-terminal "E’ added to *peptide 7 to tmprove solubility (otherwise peptide insoluble except in
toxic huffers)

Considerations for selecting final peptides

Maximise population coverage and/or T ¢ell reactivity whilst minimistig sequence umber and/or

length.

Broad considerations for peptide selection:

e Comparisod of T cell responses in 23-peptide screen

¢ Prior T cell reactivity data (for individual T cell epitopes/peptides)

*  Sequence (ease of production/solubility)

*»  HLA-restriction {most degenerate and HLA-DQ-restricted T cell epitopes)

Considerations for selection based on data from 23-peptide screen;

#  Main assessruent eviteria based on Sl values for CO25+CESE-ow cells

¢ Donor responder frequency per peptide at one or both concentrations

¢  Compare responses to long versus short variants

s Strength/consistency of responses {iL.e. those subjects who respond to both concentrations vs
those who respond to just one concentration)

»  Patterns of responses

Table 20 shows the analysis of PBMC T cell responses to the full set of 23 candidate peptides in 34

peanut-allergic subjects. These data show SI values for 9% CD25+CFSElow CD4+ T cells with

peptide/onstizulated.
Data are grouped into a long and short version of each T cell epitope-containing region

{see column borders; e.g. 1% ‘group’ = peptides 1, 23 and 24 {Pep | combines overlapping peps 23

and 24 which each contain a separate T cell epitope]). The summary at the bottom of each group

gomments on the optimal peptide selected from that group.  (Data show Sl values for %

CD25+CEHSElow CD4+ T cells with peptide/unstiznulated).

Data are sorted by descending value for 50 g sample of long version for gach peptide

“group’ (or 10 g sample where responses are better to this dose). Each row within in a peptide

group shows data for a single subject, but the-order of subjects vacies v each peptide group.
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Tabte 20: Summary of responses to 23-peptide panel in expanded cohort of 34
Dark grey boxes indicate groups with feasible alternate peptides to add/substitute into current pool.
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Table 20 (continoed)
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Table 20 {continued)
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Table 21: Alternate Summary of PBMC T ccll vespanses to full set of candidate peptides in 25 peanut-allergic subjects
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Table 21 (continued
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Stmmary of responses to 23-peptide panel in cohort of 34

The data indicate that the selected 7 peptides are the best combination, but boxes indicate groups
containming other viable peptides as substitutions (or addifions) to the current pool:

For example:

1) Peptide 3 could replace peptide 15

2} Peptide 8 could replace peptide 21

33 Peptide 9 could replace peptide 23
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Table 22: Summary of responses to cach peptide of 7-peptide mix in echort of 39
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Swsmary of responses to each peptide of 7-peptide mix in cohiort of 39

s All recognised 1 or more peptides

*  13/39({33%) recognise 100% of peptides

s 21/39 (54%) recogoise »839% (6 or move) peptides

¢ 31139 (79%) recognise >70% (§ or more) peptides

¢ Fach peptide recognised by at least 25/39 subjects (64%)
Of the 74 subjects tested, all reacted to at feast 1 peptide of the 7 selected peptides.
Responses to different peptide pools

Table 23

NB: Table 19 provides the sequences for each of peptides 1-23.

Pool 1 =7 x original Ara h | “candidates”

Pool 2 =3 x original Arah 2 ‘candidates’

Pool 3 = 10 x mix of above 2 pools (Arah 1 & 23

Pool 4 =3 x Arah 1 ‘candidates’ + 5 x shorter variants (equivalent Ara b 1 sequence coverage 1o
pool )

Pool § = 5 x shorter Gingle epitope} variants of Arva h 2 candidates (eguivalent Ara b 2 seguence

coverage to pool 2)
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Table 24: Refined peptide pool
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Peptide Vax

Original HLA

name

Sequence

Residues

aa

Notes

Cores 1
23424

FONLONHRIVQOIEAKPNTLY

Arah | {206
2251

Contains 2 major Ara b |
epitopes Present tn Ara h
T cell patent

Coredd 2 DOQ

STRSSENNEGVIVEVSKE

Arah 1 {354
371}

*key sequence flagged in
Ara h | pateat, but one
residue shorter to fucilitate
stahility; contains one
major Arah 1 Teell
epitope

Core 47 DB

e
Lh

EVKPDEKKNPQLQ

Arahl {416
427}

Shertened version of o
candidate peptide In Ara b
1 patent; contains T Arah 1
T cell epitope

Induced equivalent T eell
esponses to longer
version containing an
additional T cell epitope in
sereen of 23 new subjects

Core 4 ©  DR/AQ

VEIKEGALMLPHENSKA

Arah I [436-
452]

*key sequence flagged in
Arah 1 patent

Core 57 {19
{short)

DR/DQ

VFIMPAAHPVAINASS

Ara b b {309
524}

*shortened version of key
sequence flagged in Ara h
1 patent;

Easier to produce and more
soluble

Induced equivalent T cell
responses o longer
version containing an
additional epitope in screen
of 25 new subjects

DR/DOQ

ANLRPSEQHLM

Ara h 2 {37-47]
428

Induced equivalent T cell
responses to longer
VELSION COntaining an
additional T cell eplitope in
sereen of 23 new subjects
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D 23 DQ EFENNQRSMSEALQ Arah 2194 {14 | Induced equivalent T cell
1071 responses o longer
Cl101+103)5 VErsion containing an

additional T cell epitope in
screen of 25 new subjects;
Onie residue longer than
core T cell epitope reported
in Ara h 2 paper.

Pool 7a=5x Arah 1 4+ 3 x Arah 2 for ‘refined’ pool (same as final pool but with additional Ara h
2 T cell epitope)

Pool 7Th=5x Arah | 4+ 3 x Ara h 2 for ‘refined’ pool of 7

Basophil vesponses to 7T-peptide pool {Pool 7b}

Basophil reactivity data was collected from 14 peanut-allergic subjects following incubation with

peanut (CPE)Y or the F-peptide pool (pool Th) over 3 3-¢ log concentration range { g/mixFigare 2).

In these subjects, basophil activation and histamine release was induced by whele peamt and

positive controls, but not by the 7-peptide mixture.

Prior to selection of pools 7a and 7h. Pools 7a and7b were subsequently designed and tested.

PBMC T cell responses were compared. to whole peanut and peptide pools 1-5 of Table 23.
(Figwres 12 and 13). In velation to pools 1-5, vone of the poods were able toinduce a positive T cell
response in all subjects tested. Nearly all responses were vonsiderably lower to the peptide pool
than to whole peanut (at the concentrations tested) and only one subject of each of pools 2, 3 and 4
showed a greater or equal response to the peptides as to whole peanut. In relation 1o pools 7a aid
b, 100% response was doscribed to pools 7a and 7b (81 » 1.5). Pools 7a and 7b induced
comparable or greater responses to whole peanut in many subjeets /30 = 100 CPE response, 6/30
= 50-809% of CPE response.

When comparing PBMC T cell responses to the 7-peptide pool (Figure 14}, there was no
significant difference between pools 7a and 7b {comparing paired data; n = 15 per group; no
advantage adding 3ed Ara h 2 peptide). There was still vo significant difference when comparing
full data set for pool 7h (=30} with cobort for pool Ta using non-paired Mann Whitney test for
non-parametric data; p=0.4).

In sammary, pools 7a and 7b were both signtficantly better thay the other § pools tested.
There was o significant difference in pool 7a over pool b, Pool Th was recognised by 100% of
subjects tested and induced comparable or greater PBMC T cell responses than peanut in over 33%
of subjects. Pools 1-3 were not recognised by 100% of subjects and very rarely induced respouses

equal to whole peanut.
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TABLE 25: More detailed summary of steps and data

Approach

Resulis

1) Identification of deminant T cell epitopes of major peanut allergens Arah 1 and Arah 2

Isolated CD4+ T cells specific for Ara h T or
Ara h 2 from PBMC of peanut-allergic
subjeets

145 Ara h l-specific T cell lines (TCL) (18
subjects)

69 Ara h 2-specific TCL (16 subjects)

Total = 214 TCL from 20 subjects

Determined speeificity to overlapping 20-mer
peptides spanning whole Ara b 1 or 2
sequence

& selected dominant 20-mers

9 (of 69) dominant Arah 1 20-mers
4 {of 17} domivant Ava b 2 20-mers

Confirmed dominant 20-mers could target
PEMC T cells in peamut-allergic subjects
{CFSE screens)

1 Ara b 1 20-mer detected in 17/19
1 Ara h 2 20-mer detected in 6/6

Assessed  total  frequency of responders
{combined data from TCL data and CFSE
SCIechs )

I dominant Ara h 1 20-mer recognised by
43/435. 1 dominant Ara b 2 20-mer
recognised by 16/16

Mapped core T cell epitope sequences within
dominant 20-roers

10 dominant Ava b I core T cell epitopes
5 dominant Ara h 2 core T cell epitopes

2) Determining HLA-restriction of core T cell epitopes

Blocked T cell epitope presentation to speeific
TCL using anti-HLA antibodies
HLA-genotyped  subjects used for TCL

Ara b 1 T cell epitopes HLA-DR &for -
restricted
Arg h 2T cell epitopes HLA-DR, -DQ &or -

feneration DP restricted
AN T cell epitopes presented by 1 HLA-
molecule
Assessed  HLA-binding  degeneracy  with | Strong & degenerate bhinding motifs i all T
algorithms cell epitopes

3) Design of therapentic candidate peptides

Replaced cysteine  residues  with  serine

residues

All serine vartants still T cell reactive
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Combined ovetlapping T cell epitopes into
peptides 20 aa long

Designed shorter vavigints with single T gell
cpitopes

7 candidate Ara h 1 peptides (Prickett et al
2013)
3 candidate Ara b 2 peptides (Pricket et al
201H
13 shorter vartants of above candidate peptides

Synthesised all 23 peptides fo GLP-grade
purity. Determined smitable  solutions  for
solubility.

Al peptides obtained at 95-99.9% purity
2223 pepudes  soluble in PBS, 0.1M
NHAHCO3, or 1-2% acetic acid (1 insoluble

peptide redesigned  and new  version now
soluble; peptide 7 in Table 18)

4) Selection and testing of final therapeutic mixture

Compared PBMC T cell reactivity to all 23
peptides (2 doses) . vew peaput-allergic
cohort

34 subjects sereened with all 23 peptides
Optiroal peptide combinations determined

Peptides selected for final therapeutic 7 peptides selected (SxArah 1 and 2xArah 2)

{considered T cell  responses, peptide | Presented o HLA-DR (877) andfor HLA-DG
properties,  responder frequency,  HLA- | (3/7)
restriction, patents) 1-7 of peptides recognised by 36/56 donors
Assessed PBMC T cell response to 7-peptide | T cell response seen in 24/25 subjects (often
mix at 2 therapeutic doses in peanut-alergic | comparable or greater than response to peanut)
costrort

EXAMPLE 3

Ara b 2 peptide~-induced T cell anergy in an Ava h 2 epitope specific TOC (Figure 15)

T cells (1 x 10%mD) of an Ara b 2 peptide specific buman T eell clone were caltured for 16
howurs in the presence of Ara b 2 peptide (ANLRPSEQHLM (SEQ I3 NQ:31; hatched) at 100
pgfmi in the absence of accessory cells or in complete medivm® alone (No Ag). The T cells were
then washed thoroughly and rechallenged (10"/well) with complete medium alone, IL-2 50U/ml or
an immmogenic concentration of the Ara h 2 peptide (10 pg/ml) in the presence of irradiated
autologous PBMC (10%well) as accessory cells. Proliferation as correlated with titiated thymidine
incorporation was determined at 72 bows. Results are expressed as mean cpm +5D for friplicate
cultures. *Complete medium: RPMI + 3% AB seruny + Pen/Strep/L-glutamine + 10U/mL of 11.-2,
Ara h I pepticle-induced anergy in an Ava b 1 epitope-specific TCC (Figure 16)

T eells (1% 10%ml) of an Ara b | peptide specific buman T cell clone were caltured for 16

an irrelevant Bahia grass Pas n | peptide {stippled) at 100 pg/ml in the absence of accessory cells
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or in complete medium™ alone (No Ag). The T cells werg then washed thoroughly and
rechallenged (10%well) with complete mediun alone, -2 S0U/ml or an inunonogenic
concentration of the Ara h I peptide (10 pg/ml) in the presence of irradiated avtologous PEMC
(107 fwelly as accessory cells. Proliferation as cosrelated with tritiated thymidine incorporation was
determined at 72 hours. Results are expressed as mean cpm for triplicate cultures. *Complete

nmedium: RPMI + 5% AB serum + Pen/Strep/L-glutamine + 10U/ml. of 1L.-2.

Those skilled in the art will appreciate that the invention described hercin is susceptible to
variations and modifications ather than those specifically described. It is to be understood that the
invention includes all such variations aud modifications. The inventiou also includes all of the
steps, features, compaositions and compounds referred to or indicated in this specification,
individually or collectively, and any and all combinations. of any two or more of said steps or

features.
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CLAIMS:

1. An immunomodulatory composition comprising at least five of the Arah 1 and Arah 2T
cell epitopic regions from the list consisting of:

0 FONLONHR (SEQ ID NO:D)

G0 TVOIEA (SEQ ID NO:2)

(i) NEGVIVKVXK (SEQ 1D NO:3)

{iv) EVKPDKENPQLQ (SEQ ID NO:4)

(v} EGALML (SEQ ID NO:5)

(Vi) IMPAAHP (SEQ ID NO:6)

(viiy LRPXEQHLM (SEQ D NO:7)

{viii} ENNQRXMXEA (SEQ 1D NO:8)

or functional derivatives or homologues thereof wherein residue X is cysteine or serine and said
composition comprises at least one epitopic region selected from SEQ ID NOS:1-6 and at least one
epitopic region sclected from SEQ ID NOS:7-8.

2 The composition according to claim. 1 wherein epitopic region LRPXEQHLM is
LRPSEQHLM (SEQ ID NO: 137).

3. The composition according to claim 1 or 2 wherein epitopic region ENNQRXMXEA is
ENNQRSMSEA (SEQ 1D NO: 138),
4. The composition according to any one of claims 1 to 4 wherein said composition

comprises af least & of said epitopic regions.

5. The composition according to any one of claims 1 to 4 wherein said composition
comprises at least 7 epitopic regions.

6. The composition according to any one of claims 1 to 4 wherein said compesition
comprises each of said 8 epitopic regions.

7. The composition according to any one of elaims 1 to 6 whergin said composition
compriscs ong or more peptides, each of which peptides is up to 60 contiguous amine acids in
Fength and which peptides iuclude one or more of the Ara bt 1 and Arah 2 T cell epitopic regions
defined by SEQ 1D NOS:1-8.

8. The composition according to any one of claims 1 to 7 wherein said composition
comprises Ara b 1 and Arva v 2 T cell peptides selected from the list consisting of®

(i) FOQNLQNHRIVQIEAKPNTLYV (SEQ ID NO:11)

(i} STRSSENNEGVIVREVSKE (SEQ D NO:12)

(i) EVKPDKENPQLQ (SEQ D NO:4)

(ivy  VEIKEGALMLPHFNSKA (SEQ ID NO:13)
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(v} VFIMPAAHPVAINASS (SEQ 1D NO:14)

(v)  ANLRPXBEQHLM (SEQ 1D NO:15)

(vil)  EFENNOQRXMXEALQ (SEQ ID NO:16)

(viii) NNFOGKLFEVEPDEKENPQLQ (SEQ ID NO:17
(ix)  GDVFIMPAAHPVAINASSE (SEQ ID NO:18)
(x)  SQLERANLRPXEQHLM (SEQ ID NO:19)

(xi)  FLNEFENNORXMXEALQ (SEQ ID NO:20)
(xii) FONLONHRIV (SEQ ID NO:21)

(xiiiy RIVQIEAKPNTLYV (SEQ I} N:22)

(xiv) ENNEGVIVKVSKE (SEQ ID NO:23)

{(xv}  EVKPDKKNPQLOD (SEQ ID NO:24)

{(xvi) EFENNORXMXEALQQI (SEQ D NO:25)
(xvil) NNFGKLFEVEPDKKNPQLQD (SEQ ID NO:26)
(xvili) ELNEFENNQRXMXEALQQI (SEQ 1D NO:27)
(xx)  WSTRSSENNEGVIVKVSKE (SEQ ID NO:28)
(xx) GDVFIMPAAHPY AINASS (SEQ 1D NO:29)

ot functional derivatives or homologues thereof wherein residue X is eysteing or serine.

9, The composition aceording to claim & wherein said residue X is serine.
. The composition according to claira § wherein said conaposition comprises Ara b 1 and

Arah 2 T cell peptides selected from the list consisting of:

6] FONLQNHRIVQIEAKPNTLYV (SEQ 1Y NO:11)

(i} STRSSENNEGVIVKVSKE (SEQ HY NOA2)

(iiy  EVKPDRENPQLQ (SEQ ID NO:4)

{iv) VEIKEGALMLPHFNSEA (SEQ ID NO:13)

3] VEIMPAAHPVAINASS (SEQ 11 NO: 14y

{wi) ANLRPSEQHLM ({SEQ ID N(O:31)

{vily  EFENNQRSMSEALQ (SEQ ID NO:32)

(vii)  EVKPDKENPQLOD (SEQ 1D NO24)

(ix)  EFENNQRSMSEALQQI{SEQ ID NO:33)

or functienal detivative or homelogue thereof,

1. The composition accovding to claim 10 wherein said composition comprises each of the
Arabh 1 and Avah 2 T cell peptides selected from the list consisting of:

(1) FONLQNHRIVQIEAKPNTLYV (SEQ ID NO:11);

(i) STRSSENNEGVIVKVSKE (SEQ ID NO:12);

(it EVKPDKKNPQLO (SEQ ID NG:4) and/or EVKPDRENPOLQD (SEQ ID NO:24);



WO 2015/042664 PCT/AU2014/050249

ST78 -

{iv) VEIKEGALMLPHENSKA (SEQ 1D NO:13);

" VEIMPAAHPVAINASS (SEQID NO: 14y,

{vi} ANLRPSEQHLM (SEQ 1D NOr31); and

(vity  EFENNQRSMSEALQ (SEQ ID NG:A2)y and/or EFENNQRSMSEALQOQI (SEQ 1D
N(:33)

or funetional detivative or homelogue thereof,

| ¥ The esuposition according to any one of clatms 1 to 11 wherein said peptides are capable

of reducing Ara h 1 and/or Ara h 2 hypersensitivity or hypersensitivity to a composition comprising

Ara h 1 and/or Ara b 2 when administered to a subject having a condition characterized by said

hiypersensitivity,

13. The composition according to any one of claims 1 to 12 said composition additionally

mcluding one or more peptides selected from the list consisting of:

t) ALMLPHENSKAMVIVVV (SEQ ID NO:34)

(ii} NNFGKLFEVKPDKENPQ {(SEQ ID NO:35)

(iif)  SQLERANLRPXEQ (SEQ ID NO:36)

(iv)  ELNEFENNQRXM (SEQ ID NO:37)

(v} NNFGKLFEVKPDKKNPQLOD (SEQ 1D NO:38)

{vi)  NNFGKLFEVKPDKENPQL (SEQ 1D NO:4()

(vity  SQLERANLRPXEQH (SEQ D NG

(viii)  KAMVIVVVNKGTGNLELVAY (SEQ ID NO:42)

(ix)  RELRNLPQOXGLRA (SEQ Iy NO:43)

(X} EAMVIVVVNKG (S8EQ 1D NO:44)

{xi) AMVIVVVNKGTGNLELY (SEQ ID NO:45)

(xii}  VVNKGTGNLELVAVRK (SEQ D NO:46)

or functional derivatives or homolopues thereof wherely residue X is eysteing or serine.

4. A composition comprisiing one o miore nucleie acid molecules enceding or complementary

to & sequence encading the.cpitopes and peptides according to any one of claims 1 to 10 or 13

15, A method for the treatment and/oy prophylaxis of a condition in a subject, which condition

is characterised by the aberrant, unwanted or otherwise inappropriate immune response to Ara h 1

and/or Ava h 2 or an allergen in a compeosition comprising Ara b 1 andfor Ara h 2, said method

comprising adsainistering to said subject an effective amount of an mmunomodulatory

composition according to any one of claims 1 to 14 for a time and undey conditions sufficient to

remove or reduce the presence or funetion in said subject of T cells directed to said Ara h 1 andfor

Araly2 or other allergen.

1o. Use of an immunomodulatory eamposition according to any one of clains 1 to 14 in the
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manufacture of a medicament for the treatment of a condition in & mammal, which condition is
characterised by an abeceant, wwasted or otherwise inappropriate nnune response to Ara h ]
andfor Arah 2.

17 The mwethod or use according to any one of claims 15 or 16 wherein condition is
hypersensitivity to peanuts or tree.nuts which contain Arah 1 and Arah 2 or Arah 1-like or Ara h
2-like molecules.

8. The methed or use according to claim 17 wherein said nuts arve hazelnuts, almonds o
brazil nuts.

19, The method or use according to an any one of ¢laims 15 to 18 wherein sgid method
desensitises or induces imnunological tolerance to Arah | and/or Ara h 2 or other allergen of said
composition.

20. The method or use according to clabm 19 wherein said desensitization or tolerance is
achieved by judocing T cell anergy or apoptosis.

21 The methed or use according o elaim 19 wherein said desensitisation ovtolerance is
achiteved by indueing Ara h 1 or Ara h 2-specific Treg cells.

22. The method oruse according 1o any one of elaims 15 to 21 wherein said composition is
administered intradermally or transdermally.

23. The method oruse according to any one of claims 15 to 22 wherein said subjectis g

humnan.
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FIGURE 12
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FIGURE 12 (continued)
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FIGURE 15
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