1 Conpositions with reduced dinmer formation Field of the Invention The
present invention relates to the use of a non-reducing carbohydrate or

5car bohydwetelodeniosat i ve and at | east one agent whi ch i moirlgs2809hon®r
formation in a freeze-dried conposition conprising at |east one peptide
that contains a free cysteine residue, to provide a freeze-dried
conposition with inproved Iong-tern1stbrage.stabiIity. 10 Background of the
| nventi on Ther e &:empesitionswith reduced dimenformation ort that are used to
preserve a perishable material or make the material nore convenient for
transport. For pharnmaceutical, biotechnological or food materials, a

t ypi cal neFiekidofi the fnwmtiondr yi ng (al so known as | yophilization or

cryodesi ccation),. This js a.dehydration pr cess,(ég.mhi h rks by freezing
the material antioMessHH EyERiaRgelais 1o e s ohr Gn 5P R G @roBRY SRl Ry onl y
enough sheatyfdhyatatOeériviafvd £RERMeASPSRS agdeRt WHiIgh WRHiGIES @net Rordlbi [Ba di rect |y
fromthe solid’ phase to gas. The resulting freeze-dried product can then be
readi |l y reftmaedried tedpositicrotampriving adedstiong peptide thareantaidy a free gesteine a
freeze-dried.,product,. . is.that. it is geperal nore,stahl e 20duri ng storage
and ¢ 1 ans JonEBE TR g ariel PP Vit pPRE Byl SRk o et 1
sol ution. Jrgpigiyer, there are sonme problens with freeze-drying, in that
damage to the naterial to be preserved can occur during the freezing and
dryi ng processes. These problens are to sone extent addressed by the

addi til(an %agiggg@&e&tﬁﬁg@!t%d | yoprotectants to the nmaterial to b»e
freeze-driwet: ; | ess well 25recognised is that sone

peri shabl e mat eThead are vaspecinathbys kregyirn iiehe titt diat exentsed to @esdreast one free
cysteine resjdye, are Eub' ect to degradation and fdarrsllﬂse ev%n after

conpl et i orPHEhadlemAleEaLL HRKS the THBELEOre GqyFnicRt OB irRBaEH 'PF eeze- dryi ng
has a pr e;@{a}&ﬁadeﬁﬁcﬁjﬂigﬁewwg%@a Bt @’Jdd“iﬂatgﬁﬁg,%?ﬁicﬂq{l’&hbé isBeReREyiAes that
conpri se east one free cysteine residue often have a shorter” than
desi red sheglsbknpWwa as TlophidizatsoreorairgedesigcativapdThisis ardehydrationipngnessie t he

stability of. freeze-dried ¢ Qsifions.conprisi such peptides.

5010/ d61) pieh MEEBT e 5E Brlkial ARG 7 Mk e G Ao lRBRE PrétSie andUer f on
rel ates t oaddlif diSpertfughihkatab alle@she ROLOdter @dNEMAGrieBobBAbNE directind (i)
at | east one agent which inhibits dinmer formation, in a freeze-dried

conposi t i offoradhgiolidiphgsede gas dlde resdtingeiseqzguiried ppaduss 7y then beadilbne free
cysteine 5{e§c§lsﬁfﬁ?edi 8{uﬁiﬂf5%m?§ﬁsé s for preventing or reducing -’

di merisatiGn of said at Ieast one peptide in said conposition. The

i nvention furt lEle adehdthgsof Dfreezeriried prafucyioitatit isggeacratlginiare stableze- dri ed

conposj tion conprising at |east one peptide, sajd nethod conprijsing:
P 20  during storage and transport and has a lgn er shee[f-h?e thantrﬂ?e equivalent aterlalng

in solution. However, there are some problems with freeze-drying, in that damage to -
the material to be preserved can occur during the freezing and drying processes.
These problems are to some extent addressed by the addition of cryoprotectants and
lyoprotectants to the material to be freeze-dried. However, what is less well

25  recognised is that some perishable materials, especially peptides that contain at least
one free cysteine residue, are subject to degradation and damage even after
completion of the freeze-drying process. That is, although freeze-drying has a
preservative effect, freeze-dried products comprising peptides that comprise at least
one free cysteine residue often have a shorter than desired shelf-life. There is a clear

30  need for means to improve the stability of freeze-dried compositions comprising such

peptides.



a) preparing a conposition conprising in solution (i) at |east one non-10
reduci ng carbohydrate, (ii) at |east one agent which inhibits diner

f or mat i orwendiofdciiop at | east one peptide conprising at PeagiB20090RToRE
cystei ne residue; and b) freeze-drying the conposition resulting
fromstep (a). In one enbodi nent, the resulting freeze-dried conposition is
stable for at |east 2 years when storedl at a tenperature 2-8C. In a further
enbodi nentsuhhfryef BRdnleatisd her conprises reconstituting the freeze-dried
conposition of_step (b) 1.n sol ution. The invention further relates to

a stable, fredAeinyendancdasnia the g it lesstRneqiontreduging,caEbosidratele f or

i nmuni sat i Iihig onal |y

conpri ses ag’tia(ﬁza“?&%hé elrrlP{rglgl ggﬁlgﬁhpdh%?ﬁygratgg ]gn §?gﬁgg%t one agent

whi ch i nhi donigsifioreomipeaisingtat lzast od6 peptateccoepnisihgrae feastammetiive cysteme met hods
and conpositions abqve, the at | east one non-r duc b eis

sel ect @d fresifng PdeaTR e use it1op BESVentie 91 Tg %pm% Hﬁ%g’é‘ g[salﬁa)(g:ﬁat[ ose and

t he agent d@ﬁegh(@g{nysgﬁféympolsnmgne enbodi nent of the uses, nethods and
conposi tions "above, the at |east one peptide is for use in inmunisation
or tolerisatidhe 1msen¢ibn$unth¢rBﬂatamom)ma@pd@fpwdﬂgngéﬁgtblﬁ Gerdedsigfri ses: a)

at |l east one c Iel ne r.esid and b 0 g at least one T
cel | epitoff&P B’tpf%lﬁlg(#%?ﬁonﬁp u ﬁgg%&ogucrgg{gﬁl 0 83 show t he
stability of pea)pxe &mgsdwr@;sbsunﬁeronqursﬁgnﬁ-mumdp 4l leass omsnémdi cat ed, when
conprised within ditferent freeze-dried c er ons ai descri b&ﬂ@” the

Exanpl@s (rpducingearbeleydrate.dij} pideest ong-agenh v yEatigp an yci ne,
Met =nret hi o A e amount of 3
non- degr acfﬂ égﬁ? 01} @@S‘?Lﬁ@gﬁ‘?&?@a@%g% ?g%é}?geg%n%ﬁdtﬁ%ta}e;g froma given
conposition is ls)hbemedrymgrme\éompbsitioﬂ'h@uhmrﬁmn Btsp$hown as a per cent age
relative to the anmount of a standard_.of peptide M.AQ7 not been
freeze-dried. IRSBREMD a@p@n&ﬁmsgg{}%ﬁe%q cidecr‘?fnproélélﬁf’l‘mg%lﬁg ford era%ts pondi ng
to each OfZPgﬁs @htex?lstbféﬁ'a@gtaﬁﬁér@tﬁm 8‘F€3F1h|aq’@ﬁher|¥h$@5mﬁdﬁ,rthe hietlﬁ»d smal |
circul ar nts 2 (dark line, square points), IVLA03 t grey line,
tri angfl arfumcmcm)pnsmmqns(tmtgmthgfregzerdrwé compopition @f pep Hr)esl ngmm (dar k

(dark 1ine. ver TRl etioruie iy hpafle, LA CHRBHLPELSRBng 0

freeze-dr Yzitfl&saoﬁe H@f&fmﬁﬁlﬁus&ﬁlmﬁr episaties wheretmthe coomppsisioni on. 10F| gure
84 shows the stability at 30C/ 65%:H over 12 ﬁg@% of a mxture of the

seven pept @@et?,onaMA%anWﬁlt feastygng men-rrguking ¢ at AAAt 1easonG 386,

conpri sed sitions descri bed in Exanple 4, that is
Thi ogl ycer%’ﬁlcll ?ﬁ&g&%ﬁdﬁﬁﬁgﬁd Thi gl ycerol "high" (squares 15

Descriggti on of InheneSemhodimes of the useSE@thddsRAScompesti @S arbem,é tleashe

sequences of pti.des which rl referre nclusion in the
conposi ti o?%e‘gr F}‘é‘:lpgr%rh?l?y ateS%ﬁ‘qckﬁ%wfﬁn%hﬁ repragérednf t he sequences
of .additi Oﬁﬁéhyla?é)&ﬂxﬁ@l%zmﬁhﬁﬂdﬂﬁ}ﬁgéﬁ1kﬂﬁd>gl9|w|oll n the conposi tions of the

invention. 20°Detail ed description of the Invention
In one embodiment of the uses, methods and compositions above, the at least

one peptide is for use in immunisation or tolerisation, is of 8 to 30 amino acids in

25  length and comprises:
a) at least one cysteine residue; and

b) a region comprising at least one T cell epitope

Description of the Drawings

30 Figures 1 to 83 show the stability of peptides, stored under different conditions
as indicated, when comprised within different freeze-dried compositions as described
in the Examples (T=trehalose, S=sucrose, M=mannitol, TG=thioglycerol,

G=Glycine, Met=methionine). Time (weeks) is shown on the X-axis. The amount of



Freeze-drying Freeze drying is a conplex operation where solvent (usually
water) is renoved 25 froma product by sublimation. As is well known,

subl i mat i8A 20066t ¥3when a frozen |iquid passes direct!yPCh@B200000g@3eous
phase w t hout passing through the liquid phase. Sublimation is a function
of pressure and tenperature, the balance of which is central to successful
freeze-drying. The freeze drying process consists of three stages:
freezing, mohniagraded yéptige prate®in asemind ascynslityed GronbDu elvieg compodifi@eii ng
step, the splutio i‘? conyerted to solid. The freezing procedure nust be

careful Iy CBRYR T fst §XHcent HEOYH %S % @PLI7GIagF FERHE Prke anowntef the ice
crystal s f qrsfmdardbipbtiddy 0 AGy. wiibh B4k fRBedf £&GE-dpe@duct stability and may
also affect the drying rate during the prinmary and secondary drying phases.
4 It is veFgch ¢ shows seyepdiffepentreshlé sétscoopiespprstingtolpativef thecri ti cal

t enper at ur g4, Thi rature 15 ie eut.ectic .t enperatur e fQr

cr )r/n;)t al %i ngd%?awuelg figfesr ngrp GP%%eSg@éAS t@%rx(slﬂei %ﬂali %’%@%‘E’H}@; @'#%(dﬁ%xl mal | y
freeze condiggtsqairegholind)VE AOBYlighf @y HABHHRQGUTar PORAY)CML.A BIUghNErepr | Mar'Y
drying, the ice is renpved fromthe frozen product via sublimation,

resul ting HAc.aK-ehaped peintsitMEAOL ydarkdinex-ghapedi peintsyHVIE A0S qdark dige dagsf ul
control of . . 1Ny t i ice. The
Fate of subtr R ARSEREAYS Rilblnd ABRRET 1 G3BH FohD) s BY LORLARY, U
fact ors whifadlowing frebze-dnypigecmatted off yhet deeerpgaptides imldath eenpdsitidre art. It is

i nportant that _duri rinmary . 1Q dryi { roduct tenperature at the
subl i rrg{)jl on i nf’&‘feagzgs%ﬁgﬁﬁ%%ﬁfy&t%Qggéé%ﬁ?’n.Ve’_r ggi‘?‘?’@é{&*’éﬁﬁ‘é‘?’ﬁp re" of
the formul @§id @Pen pephided: MINBS; MM 121 4AIAD3S MITA F4; WL ADY Uidlialoy hg f1ow and
thus destroy the structure of the cake. This is also known as the col | apse
t enper at ur MEAQY, camgrised inythe specific compesitipngidggelesd inikyample Adhatiihe Tg' . As
nmentioned aghove. the crit.ical.te ature.is. Tgut for. mainly crystalline
and 15 Tg' q‘glro é:elfo(%rloévnlg‘ilﬁli%lSﬁ%St)ﬁg?ﬁqgi’(CgOlCﬁﬂg?t ﬁqfl?’i%)’ materials are easy to
freeze dry since Teut is generally high (e.g. Teut of the very popul ar

bul ki ng_agent nnitol is -3C). Furthernore, the resulting freeze-dried
"cake" l,';-' ! 3 [ OFHURIHES | ve appear ance when derived fromcrystalline
materials. Ho r S ' ' e : suited to
stabilising pgg}tgle esﬁgﬁi??ldgééf ﬁ'@f%gfg? %&ﬁgﬁég 8?{)/%%%6%%5%@2%5. Here, 20
anor phous patianlarly prdfgroédsfoa et lusidnein thx comppositions af thegeventiahl EQsIED. The

dr awback | t the Tg' of th bst Il h | h
cutectio t NS EA PRecresel e dtnss o SZRNS T BERRS ket s po kped

conpl ete, aigedbhpb&ifolost tReNERARM, bound moisture is still present in the
product. The product appears dry, but the residual noisture 25 content may

be as M0 gh as 7-8% Continued drying at higher shelf tenperature is

necessary %ariﬁg%gcr orl Jhgligl,elﬁpoinsture content to optimum values (for
many formu , or secondary drying, is also known

as i1 sothermal desorption as the bound water is desorbed fromthe product.

Secondary ®fe¢ré@ryiise Normal |y continued at a product tenperature higher than
anbient but still below the 30 glass transition (Tg) or nelting tenperature

of the fornul abfeess dryingis p compled ppratipmpberesnlyent (Waually wateq ipremoyad
under Sisﬁ‘”dﬁohﬁa?%ri%g&& b&%ﬁbﬁﬁ&ﬁ%& lAsCig’g??P ;xiﬁ&%,' &Bliﬁ%&ﬁ‘ BedtROVfiePREBIE ©F S

wi th proper consideration given to erences
2010/ 061198qGd/PaR2S 0D And Ahd gaseoyy lass Withsutlpatsirethralighfthe Baaidconposi ti ons
and t he potent nd error, to establjsh optinal freezing

ial need for _trj.al :
and dryi ngp%ﬁdﬁalthhawgm isa ﬁmaa%ogprsswﬂélﬂé?mam%%élgfeéalmcetoﬁ highdgze
dryi ng proggssi tckustabiuh hg&eq%?jn%at e products (e.g. proteins, peptides,
etc.): For exanple, properly ffeeze dried products
The freeze drying process consists of three stages: freezing, primary drying and
30 secondary drying. During the freezing step, the solution is converted to a solid. The
freezing procedure must be carefully controlled since the rate of freezing affects the
size of the ice crystals formed in the product, which can affect product stability and

may also affect the drying rate during the primary and secondary drying phases.



5 often do not need refrigeration, they may be stored at anbient
tenperatures, and can rapidly be conpletely reconstituted with water or
anot her s\WPR2AW1K8| vent for injection. A freeze-dried €6FEHRIIYWOR/GA0UI d
typically be expected to have a stable shelf |ife of over 2 years. In this
context, stable is typically taken to nean that the freeze-dried
conposition may be reconstituted withodt difficulty and that the

10r econst i t ut el i@ irhSéitdns toSperforl the fr@ém@ﬁémewta!&ﬁicau%&peﬁhﬁbl e is also

considered to be the absence of any change in the physical or cosnetic

appear anceTbis tmeermlw@éhe elWthlﬁ t%rn@er fen rforcﬁryssalélak maferigls ariilee
freeze-dri Fer ceuti cal
use is depgﬂscfc%%ﬁwglnérg{% ?ﬁg}?@}a Hﬁl y(e)f??%?u R{Srlltg%lé( Ilfl{c% (u qfn[nmquestl on,
but may tyahophbys redaasadi | y assessed by the Skl | ed person. 15l n general

ternms, the biological mater] in the recqgnstituted solution would be
expecte{i to haldWIRgRTHAR, ﬁ%‘&ﬁp‘&?é@llér‘inbo‘ieﬁg}%me\%ﬂzéﬁwm%‘f‘?aI in solution
before fregagnfivhN@sullif ihe cRirally ﬁ@cf‘c@ﬁx%(ih&tu’ffﬁg r&flitdk tARAgoONPrising a
peptide or protein, the feconstituted solution woul d typically be

consi der edcangiiol aﬁ$®1ﬁt@mpg‘nmr¢raciemambat prgswre jmethe doingddvice dhe rarﬁ? etion, if
it is sterll and fr rom re ar.e nber of

di 11 cul 1 BOIRARD Pf K5 °“&F>ﬁ°ﬁ8‘9ﬂ?§%‘ﬁ%ﬁ? B riefrel e el T T O

a product, b@ﬁpﬁédxﬁe&bﬂﬂﬂf@wcﬁakﬂ&d it eHetairtC Bl igirthyort-AF thaodias prigdty conpri si ng
proteins or peptides having at |east one free cysteine residue. Such

mat eri Hl s ¢éraipgs thefrspdyct FW@P@I%&@W&WQ@WQ}? ingrapea () inewst neexceef thae
freeze- dryJ‘ W L : I orage of
the freers- AicBfAERERnp besBe Ranlinth, fChmBlREPRRin burfoich iy B
freeze-dr yﬂmg anﬁ;zhnmaiestro;duhe mgctﬁneexfzhmgake «(Ihis isgalsdrigriomay, asdhe chllapsgy bot h
freezing and dr produc ation uring freezing,

addi ti on ofemRer %’f’ﬁgg?)cﬁ“gdf Yintoa ly§e‘g’§3§ gqees]@'gﬁ L"H’cfg‘ﬁt &ts stabilize during
freezing, but MonRpfioaGessdind fitRhPlinpbAafire i Taf drRallyl drgfdliifdatd - €
during both freezing and drying). Common cryoprotectants include hi gh
concent at Tgny Tof fos8mdipdaus materidlss Crystillsnermatarials ereaab it freazp drnosizees M), and

“Tyopr ot ecl Pt SrneEr et (€ P by o pChithr RipSi B ntpl 83005, , g

process (i Ftﬁthenﬁbfd i@ reailting freéidngd &odked ltyplml)y hauif BrtStaid dppeaiah@n i S
often required for freeze- drylng of biological merials 6 such as

prot ei ns awBepégtved deom gpystalling niptenials dlawsyst exystallyregyrternls atn s m9¢ such as

proteins o [ @3% de0 LNt ai n
structure %E@g?lae?gﬁ? isglgll%c glﬁ%%;}lln a %?@%ﬁzﬁdggﬁ Eﬁa‘?e?yg. calﬁl y be
added.20Ly ommq)hcmsamgsrskpnﬂwis iand dfher arcuplarte ateygenerally ysqdoll‘hh goimiagk sonpounds
such as sugar 5and cohal s, and their

n sacch r|d
deri vat i ve@at the Bgﬂ‘éé‘?ﬁ%te{m?@e‘g %ee g‘ﬁhx éﬂﬁeison whi ch
occur afte(redgt Ig@crggeee;p rying pr ocess i.e. during storage or transport of
the freeze-dried product, is nore dlfflcult to address. Such damage may

take the for mftsﬁerfmn@rxalmpngls wamliteanideH, lcmWrsabkyrgadub@nnd Féstiredat i on, or
oxi dati on, Stleﬂ geélt r}tlh% g Go%Xt tT¥19 Foadlulctyaé)B?as.rgMy B@t tég? %u%g ?\ﬂ'eand/ or

denat ur at i 5h BF rotern I on o e si de- chai ns

of cysi®i neont&s ntiyas, aslhegfhsrm%ocmmﬁedrdnﬁhg aﬂuglﬁerdhaﬂtqntpmuﬂedmds bet ween
nol ecul es and their subsequent dinerisation is a artiucul ar problem Such
damage maynReEsary orehcs t’é@/’@ﬁldaallfﬁ?i@mﬁe‘iq“&ﬂ“&%t%n vahuesHor magyr api dly

during a Sfb%hrag%&qb)%?taﬁf?fbcééso P&%ox?&%ﬂ%hﬁ‘%al%’ﬂbvﬁ?aﬁs&ﬁ%ﬁ‘ i ncrease

in tenperature due to ure o control systemor even sinple
seasonal vdesbgitionns ihe Hduad avakxr edesbebep droat theqarodﬁoe }Sbmndaty dryangn$ i on

addresses the probl ens .of da e and de fter the
freeze-dr y'i“?fﬁ‘aﬁ?'ﬁelé%‘?e aﬁapfogg e’BPFIQH‘r‘%Wg ?‘?6‘?1 fe C‘H‘ﬁﬁlﬂ%ﬁ | east one
pepti dg SQ@&'&&n@ﬁ-ﬂthT@ RERLILAE teaRIBRItn®ioTthAforhBRAbn.ONE free cystel ne
20r esi due, by inhibiting or reducing dinerisation of said at |east one

pepti de. Freedéwill bedpwresiplod that Seskaledipgeson wpderstangds the need for careful

consideration of the above parameters, with proper consideration given to differences



The present invention is particularly concerned with freeze-dried
conpositions conprising at |east one peptide conprising at |east one free
cyst ei ne @Wbnenvdu®w3 Peptides which are particularly of iPoraBst/mem7t hose
whi ch are useful for nodul ating the i nmune system specifically by

nodul ating T-cell responses. T-cell recognition of antigens requires
antigen presenting cells (APCs) to preSent fragnents (peptides) of the

anti gen pﬁﬁ?‘?& 0 t{eP_@ée’h (ﬁﬁ’éﬂentsd&ﬁ(p%‘éﬁiohﬁalﬁﬁ&@ behiifimesd fdr tiiall mdwhes of the
maj or hi stocorpatibility complex (MHC). T cells use their 30antigen

speci fi ¢ Toestablisheaptimad fsezifCred dymngeoaddionge with hi gh specificity the
fragnments presented by the ,APC. S r : | r to the

i mune system reg@ﬁé%ﬂ% agv?’rg eé%g&erfge%%%ﬁé%ﬂ 8@%%2%?%%? éé{l lgggnti gen

whi ch has hegits R Prétéias] peptiddas étc9f Farramplecpiopeily freesfe dFied @rdductscogni ti on
of the antigen fragnents is provided by a spmaller. sybsequence of am no

aci ds Wi t hoffentdeenct ngeghwefiigeration, they maydie plored 2f amp ARl [RMBLAURES, TG0

epi tope. Th i Y] i [tsb1ekolvaitgpest for use as
t her apeutirgggleﬁ$§$¢@g%%sgﬁ{t e ?m%egggﬁgﬁsﬁof 5subjects. In the case
of extraceinjedtion . Alfreezeedried eordpasition would sypicallyrbei egpenied toHavpestabltes are

typically presented on WC ss | ul es. i I [zed by CD4

T cel I's. AdeHlde pGPYeEr 'X?P@rg% lsi(i‘?néﬁxgg*'agfe Smaé@tt%&ngé?%aﬁg&?nﬁ#ﬁne

di sorders Hg&el‘d%a%GQPeﬂti%a%es&ohéﬁtbiead}iﬂ@utT dicRdultyeptitiopass  However, MHC
I n

Class |-bin g T cell epitopés, which are recognised by CD8 .Eﬂcgl | s, may
al so bE) of reconstitised solwium is Guisabdgrforr phamppepwicnt uses Stahleiis e OFSIHFEN (%t e

i mrune respopses to epdogenous. | : L e prodice may be
desi rabl e PHIPER Seé’ﬁ%BP?ﬂ %@%%%nﬁﬂgé%g%drai‘%%geg?5%15666?2?1 ges fr_g;n whi'ch may be
used to i Ngyfend s¥Bption GBIk Uh ofthe fredzetdrizdicakaipipnto wEomstifusioni ous di seases

such as those caused by hepatitis and human aﬁi E ma_YLIUsSes.

Adni ni st r abuitability f@lﬁ}@@%@ugFalﬁé%{Sid&Ee‘ElﬁPEwgé Y ’P?%?f fnrag az%dr acel l ul ar

Loal | er geng, and AU PaudlfioR AN E tiresdiBeRsaaamhE skindd perssesul L i n
0

t he i nducti‘on of rance to the anti'gen fromwhich the epitope derives.
Ther apgsit i tn g@enl serhasthd bistogierl materiabiif be redoastiugdsatutigphtvold b i n the

prevention and treatnent. of aller nd autp-. or - i seases
wher e the E’émﬁt-efié%gf‘?t aPB‘N‘QSF‘"E%%@% it elq%fr%gt I;rglgggyn@gblf@ugggﬁ}rribl e.

20Adni ni st gatjeC RUABE 85deofafredumBlituttd sBRitioA REmpisihp u@dptidecon prétem, exanpl e,
certain proteins”associated with cancer or infect i,ogs di seases, .has been
denonst r at & reonsegitdd: solwiiontyeould Bipically e spnsigrzed syitable fATpRAMacHiLHe anti gen

i e e A
up-regph ati on ofTharespEs himber oNdiffieul?ios esthdresee-dryingwhichiphay, shorten the
stable shelf-life of a product, sometimes dramatically, particularly for compositions
comprising proteins or peptides having at least one free cysteine residue. Such
materials may suffer irreversible change, or degradation, during the freeze-drying
process, but also after this process, i.é. during storage of the freeze-dried product.
25 Degradation during the process of freeze-drying may occur during freezing,
during drying, or during both freezing and drying. If product degradation occurs
during freezing, addition of a "cryoprotectant" is typical. Cryoprotectants stabilize
during freezing, but do not necessarily stabilize during lyophilization (i.e., during
both freezing and drying). Common cryoprotectants include high concentrations of
30 disaccharides and some amino acids (up to 0.5M), and low levels of polyethylene
glycol (<1%, w/w) or other polymers. The term, "lyoprotection”, refers to
stabilization during all of the freeze-drying process (i.e., during both freezing and

drying). Such stabilisation is often required for freeze-drying of biological materials



Further progress in the use of peptide epitopes to produce tol erance or
inmmunity to a specific antigen is hindered by a nunber of problens. One
such probWer0104061198t epi t ope sequences, particul arly epPCH{EB28&9eHGes from
al l ergens and auto- and allo-antigens, are often poorly soluble, and are
therefore problematic both 30to nmanufacture, to store and to adm nister to
subjects. In particular, peptides conpgi Sing epitope sequences that contain
cystel ne. I GihdYBRRY aRPoobthiBe AR i€ bhQud! SRt SR bioRki Al it RS sRUFR!
aggregation, le cﬂng 0 B I nappropriate I nmune response, typically

i nfl ammat i proteigsefidn ragquifer omotderitedevel grdsidudl wager to8naintain stictuwe aindhgl y, when

Conpost &1 oMERy Abe A R Go gt mapp LA bs e e Ainge  and
degradat i oMM Rhhe 6 dFe &%Mﬁ%&p@ﬂg@@ ¢o at OGS sugar®(médd-edi-,t he

freeze-drying process, as outlined above. This in turn leads to a
r econsts t uamtpalpdanehiapidesinpalyaliehoby, asditheisiedvatsresi t s i nt ended phar maceut i cal

use, since wh tolerj i .S, requi i

nappr opr i at 6 PhHOHE] D2t vk il ab Hepr SRR bR afitn B fecre e
Simlarly, dMigprocesdle airiny stoREE bff transpituNitic\rdese-dgefiprodact, isheortor mat i on
of dinmers or_hi gher order aggregat es wll inhi git bi nd{' ng ta.the MHC cl ass
| ol ecul edifbrulkigrddegse puclhiFapgsgnextake theapp b Frsxamirlee dramidatians

preventing . St i: Tacel | Ihadnedad Avkaspopses. MHC
Class |- b?%%?lﬁ%&l@éfe %%%‘?gﬁgéx‘ﬁaﬁ‘%’ a}&s%?g%hg%:usg%giaboze, interest in
pepti deks f aggréedation medibnéenatuatiqur dfiacstdred pratéin aF peptigiecOniddtion o bthe gide-

al I o-i mmune di sorders has, focusged MHC Cl.ass_.H bi pdi n 15 cel |

epi topes. S ﬁ?’f%‘ﬁgewsgl?%‘ﬁr_‘%&%? forie P’égfd\ﬁﬁlgﬁl%lﬁll?gfl%sr%%‘%%’ti on of a
speci fic | gRugles aRPMRESubseqh&fi dih&ibatidh & A¥detiddlagroblembBieh dignagecel |

epi tope conprised in the peptides of the invention is tgpl,cally the m ni nal
ani no aci dmeggoanskwliaver slopgpetidoigimeios maypeew rapidhsdyiings St es and
capabl e of  stinmul at.ing CD4 T .cel j ssoci ation
with O ass™f! cg#n%ehlg Sg)é?gle K ﬁgﬁlggééu%ﬁ%h%{dg%?@%%gs%g ‘%‘?E%@‘?‘T g&oﬁe t hat

bi nds 19 afdiuresr MMimat acsrol kysi@h et eved, simapleeapnanpristiehinthé embleat ment i oned
her ei n. An MHC C ass |l nolecule consists of two proteins, a and O,
each of whic@Perduéncoded by a different gene. In humans, there are three

cl usters of goRs, enGedvaid ddReRnEnABsbRARIEL BRI HRER0AT e the Human
Leukocyte Antige f%&g@ C ll.ISteI’S,S 25 DE{ DQ and DPg Eaché_létli:]l us'?er. conpri ses
mul tipl e divhichroeotr afteg éredeceserdndigiprodessf imrfeasze-deied egmpasitianscompppiogei n and

multiple different B genes .encodin ifferent variants.of the (3 protein.
The resul t PrigesieRe Efrpé‘gg’ ﬁmeﬁ@@B’r%ﬁ%ﬁﬁF §°‘5‘P851P%§€fé?sglpgggff: %Srrar%lf’ %/ di ver se,
and cojg esRRIENG) Mhbitim & rediRing difletisRidintoTREid at featt dnbgyptidend. The bi ndi ng
site of MHC Class 11 nolecules is conposed of two separate 30 proteins
which forma cleft. The cleft is open-ended, which in theory allows a

pepti de of 115% _I%g 8 % o] ‘h@% only 9 ami no acids can occupy the
cleft itse r&/ okl tan@f Ylﬂ{?rp—nto 9 am no aci ds which occupy the
cleft define wh&hberesait im@htien iyi paeticupeit dodeermed Wwithifredze-dried gi ven MHC d ass
Il nol ecule and_be avail.able WD 2010/ 061193PCT/ G(I;%?OQ/ 00%%7 9t for

present at i 69MPYSiONsSEPMPrisg atleast,one perfide ORISR AL IR ANSHFP &Y} WP esent t he
m ni mac se I B [ -Tel ANHGr ieireaseflf fors general ly
assunei thg%gﬁfggb é"gaésegﬁléﬁgg%m Il I%rg%apabﬁag?hisk?ﬁhu?g%rieng T cells when
present ed modilatieg te immussysemt spenifisaihbymedulating dreellirespeasds. sur f ace.

However, this nq‘yceﬂgego%]ﬁctllornn&%ntigens requires antigen presenting cells (APCs) to

present fragments (peptides) of the antigen protein on their cell surface in association
with molecules of the major histocompatibility complex (MHC). T cells use their

30  antigen specific T-cell receptors (TCRs) to recognise with high specificity the
fragments presented by the APC. Such recognition acts as a trigger to the immune
system to generate a range of responses to eradicate the antigen which has been

recognized..



5 experinentally by nethods standard in the art. Such nethods may typically
conprise contacting the epitope with T cells in a sanple taken froma

subj ect, WAABIV/Md19di ti ons which all ow t he epitope and t RETIGR280992760
interact; and then determ ning whether or not any of the T cells are

stinmul ated. Determ ning whether or not the T cells are stinulated nmay be
achi eved 10 by any suitable nethod, fof7 exanple by detecting the production

of cytokines byMd€oflthe SpdcHficitytETEdeN reddgRlkidheoMEOsIRED BRghbRlis¢at es that T
cell s have been stinul ated. Suitable cytokines include interferon gamm,

i nt er| euki proxided dyiarfmealleesnbiseauence ahamire aeidp wablincthe Sagmaytsbdhiset ect ed by
itab . .
oy ot 0" DoBioHO8 s Ko 3 IEPE Celfdhicopt Ths popii oA RcR b |

present i nare ofixgedest fonaseads therapantie agentbioanodutae dricdmmate systeins of PBMCs)
isolated frogma bl od or serum sanpl e taken fromthe subject. ., The VHC
Class - bf‘ﬁ’é‘?%%ﬂ‘a’@é’la?e %ffﬁ%ﬁéﬁg? IR ARG Q0T AR PRASIDS, bonertides of 6 or
9 am no achdsypibiily freYentAtH MHOE 1aés T80l€ouldsOwhikh -ard Rcodnizedtth B2 T 16, 17,

18, 19 or 20 am no acids. The am no acid sequence of the epitope nmay be
broadl y deé¢dllsedic2ordingly,untetest inradiergieamskauter ariidlobimmiineglisordess s MHC O ass | |

| ecul es. .Thi s, bindj ite.h i fic bipdi __yhigh
cor r espondi R rRIce Pirst biedie TRER shiifetoAOR BB e ence o
the bi ndi ngelpgidobéls wiikit 48 facodiiSed b NADBT fskRL ald6 Be deintdred. kyr am no aci d

positions in the sequence of the MHC C ass 11 nol ecule, and are generally
not abkbl uexamplelivéiare Hilsweawirsd ogpodulaip Hpinupe respenses wndogamonnanddey t ope. 25

Therefore [ j e . RE j ! le is
ol ati vel yiiasaireifeRlsothith Rk IC i B Qs Gt My HRHERLT 2 T ¢
sone degr epepoides froml aliick yhaytbetus¢deriaducs tmaonegqumurstyeot fot dre tradentitioy. -

For the nost. conmpn human, VHC Cl ass e,. HHA- DR, the key anchor

posi ti ons F‘S?Ctlﬁm‘is??ﬁeﬁ Joppa! gt E&Eé@@gsaﬁl@%wbwﬂﬂ% grysesy g, 7
and 9 of the 305pgRtikERIcARD sHEctE SP;SEHiH@Q;IJiftJ#EHHEﬁR%drE&ﬁ eirdcefifiapal residue
occupying the cleft to the most Ctermnal). Different HLA-DR al |l el es which
have sl | aiergensaod aufoelor altp-artitgens hasrhgem depoustrated te esnlifinthe indysitionl | y bi nd
peptides with, sinmlap anm.no acids.at.paositions. 1 6, ./ and 9.

hobor di ngl 9 iy a8 fsnliBh Ao Ttk RBedng Blivds. hergputle Rts based

2010/ 06119¢P6ach @R8¢ KiVe Geeat pleftidl G th@ pfeveatibn afd frepReiiFfallel] shdhas am no
acids at positions corresponding to positions 1, 4, 6, 7 and 9 that allow
bi ndi ng t od4tereonllgegm w2y Yhere R dappoegdationefAipssifisimanmeact eri st i c
bi ndi ng pr j Lfferent HLA-DR alleles are set out bel ow 5DR

al l el es vvi%ﬁﬁgé%gﬁsdnegﬁ%?aposi tion 86 of the 13 chain show strong preferences
for | a&lge hydr oAdolmistrationeo sligeats of fappide EpitgpePhe)vedtfrqme ot emngdsi ti on 1,
whereas Valine at position 86.restricts_the pocket size and alters the

P of o enc ST BiAERS SRR SHR cisener R R fosees i MRy et
position. {Magdiihshe BRENEH SIRPARIE iUty RCthe antiRW RS which BE Bpitide!
accepted in all DR alleles. 10DR alleles with Gn at position 70, Lysine at
posi ti on 7derivandherapentinagents W@ised en sysbanteiiset lpye great petentgl antien have an

overal | positi char, it hi 4 I i .vely charged
am no aci d%re)&%n\é‘%é‘r%‘a&% gt%%& g%(@ls{%lg%sn ﬁlerthe%e%gPﬁggﬁaf%%ﬁ? ﬁ%gh{(ré@e?/n for
exanpl®s, DOREIsHIetk]desirkiReal | eles with this notif are associated with two

aut oi nmune di seases: systematic | uPus erythemat osus and_  Hashi noto' s
15t hyroi di tis. Further progress in the use of peptide epitopes to produce tolerance or

immunity to a specific antigen is hindered by a number of problems. One such
problem is that epitope sequences, particularly epitope sequences from 'allergens and
auto- and allo-antigens, are often poorly soluble, and are therefore problematic both
30 to manufacture, to store and to administer to subjects. In particular, peptides
comprising epitope sequences that contain cysteine residues may be vulnerable to
dimerisation or higher order aggregation, leading to an inappropriate immune

response, typically inflammation resulting from IgE or IgG binding.



DR alleles with Gn or Arg at position 70, Arg or Lys at position 71 and
G u or Ala at position 74 of the 13 chain bind simlar peptides to those

di rectly WPAIW/05i¥98e the only significant difference isP&T/GRIQIK (0316774,
However, when Ala is present at position 74, pocket 4 increases in size and
can accommodate | arger am no acids such 20 as Phe, Tip, and Ile (as in for
exanpl e DRB1*0401, 04, 05). Alleles be8ring GQu at position 74 are expected
to allow small R@é&ﬂm?ﬁys WidR De tidekeo§sﬁs1a@§hcﬁ%na§esw&bémpﬁlseé v@ﬁnﬁ he

bi ndi ng pepti de I"el es vvlli his notif are associated wt

suscept i bi ﬁpw-&r@drchemmtlgn dmearrarmpartlmdarlmlamblleé@ thei typesAd) piam@gmrsi tion 70,
Gu or Arg Sltl [ 0 0 he 13 chain
excl ude pe%%r(fgsm\}m noecﬁg |vgrfg|§/§anh orrt edﬁtora etzﬁgcigﬁ ‘{]ﬁﬁz)ée%ﬁf({ é p05| tion 4

(for exanpb@c&RBak*cﬁlﬂﬁ%)i abd¥id. ThisSindud Iéaaisttmer@bﬁaﬁmte& solutiés phivh iposi ti on 70.
DR alleles with th notif are associated with the autoi nmune di seases
Juveni 1 rwesuHalle iﬁlf 1§r1’é11?¥111?q Rharpgepticg) 85 finge 3vhen fofemsation inigagiredehgi

br onchopul R arfina t 9 of the
13 chai n def Pﬁ%ﬂlgﬁg?gl?%pg@ﬁl di ng Sgcﬁgé%g% ;%ssiﬂﬁ f?&fislh Alleles with
Ti p at t hi sndessatie. @mﬂaﬂgpﬁhennh@umnabfsmﬁwnmwﬁns’ls rf:qptrsd tth@n 9 of the

bi ndi ng pepti

de S |
DRB1*0101 “&‘B%fl‘gmefﬁ q hé%/heﬁ 85‘}%'{ b egar‘é qdﬂjﬂﬂgft??éé‘f%{ Mﬁgﬁ ©
posi tion 57moele¥¥les Bl MHO&LERBHEdInERS R AhpB3ré TldclRBI@Sprovsisal e negativel y

charged, facilitating the accommodati on of positively charged am no acids,
such a¥) Lysintaetionof beelbmedisted ipmBmegamensesd *0404) and Histidine (as in
for exanple DRB1*0402). In nost MHC class Il alleles, Asp at position 57
makes a salt-bridged hydrogen bond with Arg at posi ti on 76, allowng 5 the
pocket to MIROChgSarbmdngd allidplrapéesc and polar amino acids. In cases where
Asp at position 57, is replaced by Ser (for anpl e DRB1*0405) or_ Ala (D),
the hydrogen boféHisgussed aeave, inferept & P‘?iéf‘éﬁs @ﬁ@e/&reg‘lﬁa?ntﬁagrewﬁww can ,
strongly a t :

position 951%{ QiEtan&‘E&lelln‘% %Ig%?%%(goargéqs ﬁgsf %r%h%?m C%%Baffml%%)@ 10An
exanpl B of call qpitepes: Sech qutppesmgy ailsp banf aypiress pehen ey proveationof Frp, Tyr, Phe,

Val or Ala at.position 1; Gu er. r .ppsi tion 4. and Ala, Val,
dy, Ser, ﬁgﬁ?’&“‘é‘?rﬁ%’gﬁql Feagired; ﬁl?wgrgg? ﬁ%’l’lg&%rr F@?%Drred sequence
for an epi é&%d&aﬁl the|pRPOEs VT Bk Entidh i$ypIcANY Bl iBindhING@nia6 asidat posi tion
1, for exanple Tyr, Phe, Trp, Leu, lle or Val, and a small, non-charged

ani no aci dseatlﬂ}f@ﬁlil&t|1WP6blef0(§bl®kT&ﬁ159I@astHS@Plecﬂ¢F angheapablorad Stl%llatmgl e or
Met . f th
A e it 0, RO 6 A Syl B SR Sl o L1

cont ai 20 t hTke epifopt is tiypichihg onothat bxsdsmbel hiineanl N/I}Ié:palmdémodmmeysnbhfas om
al I ergens and aut oi ne antlasns do not typically contain a |arge number
of repeat sABFsugh &%H SRPHYDEEPECYY ami no acids, preferred epitopes of the

i nvention 20t yphaaiyy @988 iitffectle doRsidls 05tw<§pro¥elﬁ’§ a&n@ﬂ( E&mesTtwiac 80 aci ds.
The precise am no sequence of an epitope may be predict ed by conputer - based

al gori t hneermndedcloné ditfeeeht lgyna nimhiumaps,here h@rfhr;‘&IChestmi gEgenes ensoduigl e

come ot ] g AP LAY L REWS TGRS S5 = Vo

25ht t p2g / WpR, DU A&IDP eEa¢Iﬂélﬁﬁ&*’@q‘1§}{rﬁé@ﬂﬁE e cﬁft@rent A genes encoding
http://ww. i ntech. res. i n/ raghava/ mhc2Pr ed Analysis with these algorithms

typical |y @i sa,fsanp af @Pﬂg’fatelfh@l@éﬂuml%gffﬁp% gg@fé@@ﬁ%ng Artsreny| ti pl e
over! anpi N BR df (REp Bfo@a ?esﬁgﬂgmgem 0ls 1f RESIRAB LrdfBfles are then

anal ysed using th orl ose |c re predicted to bind
MHC d ass é)&trelfmall}emubles an]IfwrrBQ'lmémngqm zmgtl&rih&dll qqmppesjtdast theyebmslpl cally

9-mers. The candi date es_whi ch score nost in this
anal ysis are t%‘%@%é‘é"eﬂ“ﬁg‘% F%é s Opnelpqules iy cemposed Oggﬁ P3FAHC Ol ass ||
mol ecups gﬁm&%@m@y f&hi‘iﬁ eRNTHECRESs bperfbddel SFhich i itebS i@ St andard
blndlng as For exanpl e

peptlde of any length to. blnd Howeyver, only 9 amino acids can occupy the cleft

itself. The identities of the up to 9 amino acids which occupy the cleft define whether’

or not a given peptide will bind to a given MHC Class II molecule and be available



WO 2010/ 061193PCT/ GB2009/ 002767 12 conpetitive MHC class Il binding assay
may be used, wherein each peptide is analysed for its ability to displace a
known cormwocabiomicnyer from each of the human MHC cl ass | PCaldBXeop®3767
investigated. In such an assay each peptide is assigned an | C50 val ue (the
concentration at which 50% i nhibition of control peptide binding is 5
achieved). The lower the 1C50 the high®r the affinity of a peptide for a

gi ven MHC g} ﬁ‘%&dt%]ﬁo%' th @t QRS- These uph6 9eRiihOREdOheRIIbreogResenntha pol ypept i de
are taken to be those peptides which show the highest bindi affipity to
MHC O ass thinimel sequénes thapisrrequitadpr YIEHr Elass Hlebindinet étdége%qﬁ%}gvg ‘ﬁ?\g‘ﬁe‘g
binding to . different Cl ass, | - e

pr ef er abl yhE\Rch ﬁﬁ?aéleﬂ?ee‘y]j]r%eb‘fawlﬁ%gét?lﬁlrl%ﬂfrié)g%g%l%)%/o}elgpwﬁ%s%@%iﬂgalr?agI | el es.
Parti cul arinasscakion Wath CRés 10 pa shedel sutfase Héwever,ahis noayrtprdonfioned r egi ons

whi ch are prone to_dinmer fornmation. These regions are defined in a separate
secti off bexpaimppiallchysethadsisiaadagd thed™ epit opes 15As di scussed above,
MHC O ass-1 biqd s RS pidhlfy SothisH e kpitdpeasith T@ells e
provocation ofﬁgh%geé%%i C im%gy respoéﬁ}ségﬂﬂzajg% asﬁt(g{r_mur imunity or the

i nduct i on @fnplemakeaefromspmbies uadeicosditions whichallswdheepitope @adidieny agent s) .
The MHC C ass |:-binding T cell epitope.conptis iy the. i des of the

i nvent i on $ells ¢ pteragt) Vl%tthﬁn tﬁWf&nga e%ergglno % (ﬁ’ggklrlecf]eg%lﬁg'?éi s capabl e of

bi ndi ng t oy ased) DERIBREHEFhARE ot BRaAbtesate SimutalednaypeG@DBieVecel | s when
presented to T cells in association with Cass | ,on th ce%s&&‘ace. The
epi t opE) i sby i wtable reatleod; fertexpmplecbyt detecting thePTRIRSUOP 94 YPkIRST ®e, such

as any suc | ecul e tion el n. I Ylagedconsi st s of
a heavy peﬁp%ngﬁgﬁl%gﬁg 88\95%1 leltr;:t? nyﬁlpfcﬁ@gt tocgilgﬁrazﬂelbgrgpétg%ti de cal | ed

132- ni cr ogk@bibld sytokihe ihaady inbeferomigamina) interlsuldb 4amdantedekin 3.0 t hree | arge
gl obul ar domai ns, al, a2 and a3, a S’Iya snal |.er t{hgastgenbra ealzland

i ntracel | uCaﬁOkrI@gﬁr@}RCth%@aﬁé’é\ﬂﬁfeﬁ@B Jay siable cQh& & single gene.

| n humans, g} Ref AR GR dF Mw eV RIcasgly. dRREBcaRGadEAgpRifdmuent O ass
| heavy chains,” and three m nor clusters. These are the Human Leukocyte
Ant i gers ( Hiubject ktestypically pesentin 4-popubitionlof periphragldvgodsmenqualeer cqlisa- £~ and 30

HLA-G (m nqgr). Fach cluyster . conprises nulti L f ..genes encodi ng

di fferent CPA%M@BBWC@F@%QQ@X}’W@M?W A é’tlér%‘lsfg ﬁ%’%&ﬁiﬁg{'#ass | proteins
are therefore ygI vl ¢oiss 8-bididg TellepRopdofte inventiar wpichlly Forsédtd ofepi t opes
that they bind. 13 The binding site of MEC CLzasa i ggl ?_?LU ﬁf is fornmed
by the cl eBtor Bemireacidhbutmayaensisp of Jofad-18: T1HEsHsldr thebt 18 the cell
menbrane). The cleft.js ed.. Ak i YoebrOARY Hélthedi Nding in
the cleft ﬂﬁggﬁmﬁ’é’ﬂc Sm@%?\dﬁlﬁo %fl(ﬁ)g{)qtﬁgﬁcfz am %ﬁgg?{galg. The identities of
the uph@ 1By &K réfeietlse tolthe bindingusity of MBIC Gidss [hmbleneles This biding¥ienot a

given peptide will bind to_a givepn MHC Cl ass. .| _nol ecul.e ilable

for presenhat SRﬁﬁlﬁPcblqdl%P‘P%(?tS?rWé’§g CS‘FFFWBHE%I‘-“&%}’?WW&“&SS r glp easf%}é t he

m ni mal se ?ﬁﬂ&%hihl?ﬁés gﬁer{c%%‘f'itl_{elef{i'ncgﬁg pifideCpasge. | TH biading potkets e gener al | y
suc

assuned th a sequence w e capable of stimulating T cells when

present ed Wefifedds} drsinb acidgmeitions inghe spquisneg ofdhe MEfn Clase Iogplecwgyandce.

However, this may,k be canfjr .10 _exper.i ] : rd in the
I N R T e

fpi t opgﬁ . Therefd8 ﬂh\é&p@hasﬁlding?peaﬁaigy It a8/ divapMiHipmobkulehierdlativeht i on
ypically

consi sts of between 6 and 12, nore usual .betwe&en 8 e%nd 12 am no
or 8 and 1Greadi Bbuspentides binding to the same MHC allotype exhibit some degree o

ffinity

similarity, but there is no requirement for identity.
For the most common human MHC Class II type, HLA-DR, the key anchor
positions for binding to the binding pockets are at positions 1, 4, 6, 7 and 9 of the
30 peptide epitope (counting from the most N terminal residue occupying the cleft to the
most C terminal). Different HLA-DR alleles which have similar amino acids in their
binding pockets therefore typically bind peptides with similar amino acids at

positions 1, 4, 6, 7 and 9. Accordingly, the region containing an MHC Class II



The epitopes may consist of 8, 9, 10, 11 or 12 am no acids. Most typically,
the 15 epitopes are 9 amno acids in length. The am no acid sequence of the
epi t ope muY 2bw/dsivadl y defined by further reference to trhe/duadiogresite of
MEC Cl ass | nol ecul es. The closed nature of the MEC Class | binding cleft
means that the residues at each terminus of a Class | epitope are
particularly inportant for recognition0 The am no-term nal am ne group of
the pepti ' i a8t aSpdsRiont cOépBRdingt of the

pepti de gff’g%‘iv{gg??ﬁg%?hﬁ%r e(})%yl/f‘g%seﬁgrﬁgagagt% he car boxp ter%ri nus binds to
an invari gusitions &, 4t6, Thed Stthaallewdinting tvethgmdﬁﬁéran%ﬂéﬁ\éﬁ-D&?é@@Si nvari ant
are generally not sol ut.el y, .di.scri m nat or.\. speqt f4 ] idin
The opi t operanAle e RelHE BTG e e b AIZR TR a8 RET L
mol-ecul e 4wl atively broad. Thus, peptides binding to the same MHC

all otype exhibit sonme degree of simlarity, t,Zgﬁhere i S no requirenment

for idéntity. mveﬁelgwlthg-‘ﬂmmmosmoa%qfﬂéed%@ﬁ% PLSEPE BIGAGTBFrobi ¢ or

basi ¢ carboxy term f i i Hefd®® am no
Bk pAR A0S T ey Bjptal o,

term nus. Ies 1n an ed confirmation along the groove
Wi th furt heslimeaitpasition B6 teserizts threipoeleh size aed altss thedreforepessitedmalti no aci d

side chains that |ine the groove., Variations. inJlength are dat ed by
a ki nki ng hWQH@bWI%WIIHgVB%‘H‘%%]ﬁ al tglfstpé’ﬁl%afl'%gll Selze(;%r}?yg &%?ﬁ?gor esi dues.
Par ti cul ar )y Bref £ .e0ne Bk LRNGS Acepid 958l PR Afeldr e conprised in regions

whi ch are prone to 3| mer formation. These regions are defined Ig;é"? separate

secti di® bel ow.DR deReyiithr{sn ebpesation Ky Lasing ebrasitime’ IT apGArSIBIHE O

Bi ochemi cal assays far t Ldentificat | N W ol vai& hot
typically %{moémf’és]éé’?iﬂ??e[{] &H’éﬂ %’Siaflio(‘)’%}ag% t ﬁl&e%h%ﬁér:rgjllﬁue tcggtgﬁsequence

Wi thin a | ap6REs ReAHRS Ehd¥BEanliaG utids Alsy ahd &iu hicpositionidrofahpbiodingat el y 10 to
12 am no acids, and nore 5typicall %9115 2(% r ”@gﬁ%} am no acids. 'Ihe reason
for this ipeptidalasdn|fer gramplay RS0 thgea}?i)ﬁ?ﬂl Vn?tr‘%dﬁﬁﬁf’(éla 'nt o
smal | er over LR iReRk I VELIRRRIRGEs ARPTAhaR0tGUSt be

manuf act urgghg‘ggﬁg\g’b&gﬁ%gﬁ ageél?rslys\?/%étg@lggse?g{nent ofsthe ability of these
pepti des tmykiiagisMHC ol ecul es. The skilled person will recognise that the

smal l er the overl appi ng_pepti de fragnent sed. +t i onsum ng
and | abour i nt@ﬁﬁu\‘/’@si“gﬂ‘t %%ﬁéﬁ%&b@r‘n@%%‘%g{ &V%gtdgg{ftl@gwelﬁrglﬁg%ggpare

of ten idenkj itﬁ;%sﬁi% bR P ehePENR Biad sithildipapiadds 3 gke Pistlyabbiasineeegi on. |t
i s envisaged that tﬁe peptides of the invention may conprise such a | arger

region. theAmtypsighifighnt differendeds plapositivas/4ofHavryer WhsA A PrEsfRt flegi on

may be 6, “posityt 74,pockes 4G elsty o icifld fp deQlnitodis Dot Sty hchas G0 5, U1
or 25 sy ngs Pid, d%p,i dd TRNEE th fot exaindpte DRBI*0401v66, @)adYeles beanaiggut cel |
epitopes, it will be understood that processing.of.the ion e

requi red bpstien 74 arcappecipbioaliawsEnabl Rlanfed u%nlllf%%erﬁ%ﬁﬁgf’te%oﬁfqgo?ﬁ 42\nti gen
processi ng . Qindi G VS nidtiFase dss60hted WithS duSceptibiity - known
occurrenceofﬁle?)ﬁ%&lg ?éﬁglg%gaalglgf%% of the i nversiti on is typi cegl ly a
sequence Wy ghiguingtopd amieritiso di mer formation. This will be understood to

i ncl ude bot h hgonodj ner formation. (i 8. ~ASS0g] atl . i rs with
ot her identi caPRp%l?ﬂ‘?Sd%‘t%ﬂbﬁé’ro?)ngﬁgg’ ﬁg‘} %r%r&% ?ﬂ?gé ZrilgitedlPl Icl)rll“%?io.me&‘.rllé)ﬁe

associ ¢ i on afi PORLE AR FEMARBLRidpERidEs Wiy Rghtivtpthagedumiaoacilyat 1t wil |

al so be understood that by a sequence prone to diner formati(ﬁn é?it is

al s0 i nt engeptideqpasitionr4 (fer exeqpleldRB1TA02) Thiwis s i he@resshsn HiA or der

ol i goners, such [J S, ekt : Neqgl: : LOB he

i nventi ons pﬂﬂyc’%gﬁ‘phﬂsgﬁ% v hnttgi‘sgﬁg%fargﬁ%oglgggﬁﬁghgﬁ?%h@ghgglg%ei o di mer
for mati on. jTh&iRahdunsabidrartBAtiRA)] persstigesnadganist dridrallergic ven regi on whi ch
pronotes dinmer formation may be conprised within the mninmal MC cl ass

| | - bi ndi ng bsenghepilmoparystiseasee Syndieme- epi t ope, or may be conprised within
the regjdues whi | RitRAUET BGRe RF BIRidp0podk ey

f or mat ?gn my%ﬁ@?{%ﬁgég%%ﬁglﬁ)ﬁel y Ig?Btc%&elﬁr??ﬁl?yn%I VHC bi ndig?g_se_quence of
the T cell igpilDRpsallelesl SAes witle$anat thispesitipo acdept ¢y smell paing acidsiBer ned

wth the formation of coyal ent.diners,b n j [Nl yepti des.
Accor di ngl PosieB Pfithgbia ﬁ@ﬁﬁté(ge’ &3l S’tgy)gﬁy’l %%ﬁﬁbggo @;g/)g% %lk ggﬁg%lg i due.
The skill e%ﬂ?ﬁiﬁ%l%h'*mmgr@ma%esitib@p, anynidéption evithhadp aeosiibns7a singl e
cysteine residue may formdiners, either with itself, or



5 wth other cysteine containing peptides with which it nmay be contact ed.
Peptides that contain two or nore cystei nes have the potential to formlong
chai ns whwohomeasitdhen aggregate. Such di nmer / aggregat e pCorgBzDO02162adS tO
the risk of IgE or 1gG binding and thus having a | ocal inflanmmatory
response. Accordingly, a preferred region of the invention typically
derives froma protein with a high praeportion of 10 cysteine residues. For
exanpl e, t ' j | QBiLi Ao¢6mbdiodatien Bf gsaivelyhavi ng

gr eat er th‘g%egg,%%g?%%%%m%y&’\25%&2%?‘115%*83%“28, onign BT 32>},q 33, 34 or
35% cyst eicharged aintheeacidss sehpasdiys (28 o dorsfxample PRBAFOMrandr*04pHamdno aci d
residues in the protein. Th L the j i i r.ably sel ected
froma seddighdae Eﬁstl?f?f?ﬁ@ﬁﬁ’égﬂgf@@;'t{ﬂg{%tmqag%ra ﬁ[e)l%g% ta?on of

cyst ei ne residiey mdkes alkalk-Babyed tglﬁl}é‘g%nlbﬁﬁd QAthYe af poOYition 26, uibwig naxi mum of
5 6, 7, , 9, 10, 11, 12, 13, 14, 15, 16, 17, . 18, (#g or 20% €(é:%stei ne

resi duds abe poghebiomiso assommodpie aliphatic and pplay apynoy I ¢3sgs WBEFAABs i n t he
regi on. The cysteLhe 'Qﬁﬁg } [ D) IVHC bi ndi ng
sequence oﬂgpf’ﬁﬁ%ﬁf So%ét,%or rr%é);ILEt e gg@%@sﬁ%ﬁb&%ﬂ?&i ugg’?hahi ch flank
thi's sequenydeogeddohdiag nseaule iwcdestrpyedraad tAog di pesitidroTarean stiongiattset | dent i fi ed

by in silico analysis using suitable co atj onal t hod by in vitro

anal ysi s dsﬁighngeéhFhaé&?deam%iﬁéFlgfé‘r‘ %Sﬂ%@m{%%ﬁbqj’g?ﬁ%ﬁ%%dggproporti on of

a sequence ére(ﬂhg iﬁf&reﬁﬁ,gkﬁmmgyri c or dineric formas set out bel ow
ce that 1s p

For a sequ% rone to dinerisation the proportion of sequence
presento as a di Amexample loéa prefemed sequense foramspitgphdisreaprshes %Ybr 1% in the

solid state, but this wl.| typical Lncr t]. t I t about
0.5% 1% @%Q’étﬁr oatB%‘l‘%’%{’ 795" ‘%’éa S5 158 Bl 4350 a8 6004
70% 80% 0§er IPRR PRY atPRLiEON 3! ASTi@hefedampiodily preferfedisequence faalahepiare od of
time under suitable conditions., Suitable periods of tine ag:dlagg@gi tions

i ncl ude r amrgedangk ardmasicar dydOpEPRIF GALD #t RRRitioR 1 fniexpmR %tioner

m ght reasanably (30, xpegly | BhAEAHERGS 2k 2 PbiitibRB, RF eRdmple use. For
exanpl e, p@'iprgﬁ%lgéfort|dr:fr’ea%tgfasg%%§§&}ghﬁgurs, agout ?8 ﬁ_ours, or a%)out 72
hours g5 e $etpTERAla, Pird,Nalghe soMet. shpproxigrately8Y. Sheokpaptideshinding edll per i ods
for exanple, at |east a wee nont h,. 6 .nont h 1l ye r years
or nore. SPicHeyRbIBIIN thi%]éﬁ#é@ﬁ B[It rB%IF?‘ﬁ’eSoeémP‘i%jr}?y %ﬁ%Brr%k eoki g?’uﬁ)é Oi:lnd

rel ative hi dihy andks LRk Mt aok? Cramitr6Ré Eiatatiovs chiucdideglyediimooul d

i nclude any standard storage conditions encountered by the skilled person,
for exanpl slleagms and petoshyussdtigeandy nejtypigally, copfain 8 &8¢ PRpPERPiof t he i nmune
systemis such that. only.a spall pr rg i Tl fins igRagbgered likely
to tri ggerreﬁﬁatﬁﬂg%gli"?‘éﬁ%@q %ﬁﬂremﬁlgggglr(}é’é)?&eﬂgd éqﬂgiﬁt?[ﬁe{ assesshent of the
Pr oporjg onypfcafly SEMPASKR 165,807 or 8 diffgentermifoncids. suitabl e nethod is, for
exanmpl e, anal ytical gel el ectrophoresis under H%n-dgnta §ri ng conditions. In
such a method, Zhepieois BAING SCARYICE OF Bk FRIOPE L13Y T RT 18“'@ YYSRPYE i de gel |

al ongsi de @ set of. itr B i@ hémITRY defalykis. ISuidable Sequence for ms
10 di ners, ggegﬁﬁggfﬁﬁﬁ%%?o%ﬁpﬁéwg@éerved in the g}gis C(;lrrespondi ng to a
speci es W témmersdiBcivhaableelggtithnapipelode the FpiMatrixi algorithar (Bpt¥ axungd-ed for the
sum of the am np aci ds of t. S ence. .(Simlarly, any triners or
tetramers [UsEalgorihmg mﬁévﬁ}gag&%g@r%%%ds corresponding to species with

nol ecubar ﬁﬁ%:g/ BRRERXsTRASh%vd/PlopRedosnd our tines that calculated for the
sidu

sum of "the residue weights of  an am no acids of the 15 sequence). Since it
i s rare thattp/086y.ohteeh ssquisrghevy/ mbpinsednAnalysis| Wigb iherq eI a second

band may al so. he observed corr of : gyt ely the
nol ecul ar WRGHY CRRPEETSREN"S %?ﬁg‘%g’ gis’@g?tg% S’?ﬂlzéﬁgﬁ‘lhﬁcé) H%Mélfl%lg %gé}[ t g@:eq uence
- this repcpagptstideb e TRESHRBARs o thessanal paptifies are tiknenalysed wsieg that ensi ti es

of the bands may be used to quantify the prqpori] f e sequence which

i s present algoritae tp identifythese gyhich e p@%ﬁ@%@@ﬁ?%@%ﬁ? & W&i ght by
alterngtive means h naliyblaas, centrifugation, nass

spect rg{zret Pyggarpplsqusé%élﬁﬁggoaﬁe E)ﬁ)rongt ography. Alternatively, oligoners nmay
be quantified Uhéemdidavepapidphwbiehiscarh mpet ighlydn tds palysitiargie@mat ogr aphy

RP-HPLC) where the dine d. hi gh : : : raphy
§ he rmno?re ,ags%r&sggégfetgﬁ Iagﬁl%fs @%ﬂ%@bg}eﬁ{)f ]ﬁfé—t(? 8%_5 H;%?lggﬁ%%?‘};c?’??de@fpar ated from
I denti fi caty@eRfcihhiar SMA BSvits udagsended bindihg anss. Speetanmiedri c




detection. The sanme nmethods may be adapted to assess whether a given

pepti de shows a tendency to heterodinerise with any other peptide or

nol ecul e.wlddiodeoral | y, the region of the invention mayPhaxGB2a09%0b16bi | ity
of less than 3.5ng/mM in aqueous solution at pH 2.0 to 12.0, or pH2.0 to
11.0, pH 2.0 to 10.0, pH 302.0 to 9.0, pH 2.0 to 8.0 or pH 2.0 to 7.0;
and/or conprise 1, 2, 3 or 4 cysteinel2esidues; and/or have an isoelectric
poi nt |0“%5%1§Q€@eﬁc and C}i lb)ﬁaidgéh\éﬁayﬁn@%é%eap@ﬁ&ei@tampd&idzss These
par anet ers y be assessed by any suitable nmethod. For exanple, solubility
may be asseslysd foyitsstilityeto disprace atknowmspniseldinderftiom eash of the hugps) ect ric

poi nt may be asse in silico kN [ Fola" hods, such
as the Pr MHQ@?‘?P iﬁ%gtm&vgptbg&te@hl g‘}(:ﬁ%h a%%&%‘?‘%%%’%%e&%%?ﬁm cs-
Pr ot ocol s [HpJRAe Kthe EbHBRARatRITAS SWHiGHIAB) inhibition bF catiok peptidedidingisch i s
avail abl e at http://ww. expasy. ch/t ool s/ prot param htgd 5 Peeﬁg@c_j@s
The pefpti dehiefed)hdhe mmtthw%@e Bigher the effity of sPetidefor g1y e sequence
of the re .a%?Haaﬁlio ef i ned above or nmay conprise or consist of the native

e

C. . . . .
sequence I'on engi neered to reduce diner formation or inprove

sol ubility. Hq\h@‘é?ﬂopei ot epllofiesén & polypeptidsfaratakenytodre thhsetephdes Weieh
|

engi neered, it wll be, understood t he.present i | I

parti cul arshgwahghighesh pwding acfﬁﬁ‘@ét“plggﬁ G%’és M@ﬁcuﬁ%sy %ﬁhm%g 5an
unaccept ab] v, - 1l ! to AifferShtatla AP otk alediehtodeit pyaadrey sti | |
conpri se fPﬁP%§sS§nggﬁeglg§f§tﬂet¥Ee Emtgsi due(?r i VWhere a regiqn is engineered
to redgce tHimete froferably D, nidre preiﬁrhlpl}’ttbffﬁmfa}lll‘gffb@%%glag%ﬁi4lF]§%ti on of its
native sequence.. Particularly .preferr I ' : ®hieh  at

| east one cysﬁ)é‘FtH’é‘?aF Jr ’éreﬁliﬁplfc}? S%&t‘ﬁ%&%ﬁ%ﬁ%&“@ﬁg‘% g%re%’gﬁgon i s replaced

Wi th seringe nRmahh BRk i RioaCTHbse Bdgistisree defirgtyor a neparata dection below. at
| east one cygteine residue in the native sequence of the region is
20cysteinylated to create a cystine residue. It will be understood that

pepti des OW&JFH){%&%"%@@QQ#;;O?WM to enconpass certain variants of said
e an e

pepti des. engineering to reduce diner formation discussed
above, 150t her ngditduesdd abose, MHCHElassat bindingripitopescrelusielyiefmeromniaesiept i de

b de. F pl et . two, th f , i ] ids i
25" the sectreHerarociphe § ESRipERcHoars Rt by TR et 02 17

¢ .O,[‘ f] erv g.t :, 1¥1ﬂuct-io’ﬁ Jehknuink r@RoRE BEniAe ikfettious B eaRtcausing egime) CEhd MHEp| aced
with a di

. erent amno acid, the different amino acid will t ¥)8ilﬁ%\i],|§ll y have
simlar projpes -bingdingdl ¢dlkepitape vempriseddn tha Reptidese fthpInyenqngsy t he
properties_of amno acids. Mlec r. et Qs PR SeSatde
3-letter c@&émf‘lﬁ’i“{]é%’l’f) aqd ﬁ%qug&?egﬁ?ﬁg%r?gpe@ﬁ%@%g ghts given 30 are those
of theypeutsable JrisBRuRRhE CORCT délls Wik stoentoditg M cslls massecigimaiited by

EAIFE R TR EM ME AL TR
educe o SL RS A5 6 Bk BEApER bRRca TGS, VO
An MHC Class I molecule consists of a heavy peptide chain noncovalently
linked to a smaller peptide called f,—microglobulin. The heavy peptide chain is
25  organized into three large globular domains, a1, o2 and o3, and a smaller
transmembrane and intracellular region. The heavy peptide chain is encoded by a
single gene. In humans, there are three major clusters of genes encoding different
Class I heavy chains, and three minor clusters. These are the Human Leukocyte
Antigen (HLA) clusters, HLA-A, HLA-B, HLA-C (major) and HLA-E, HLA-F and
30 HLA-G (minor). Each cluster comprises multiple different genes encoding different
variant of the heavy chain. The resulting MHC Class I proteins are therefore very

diverse, and correspondingly so are the T cell epitopes that they bind.



Al'i phatic, hydrophobic, neutral Met 149 hydrophobic, neutral Cys 121 polar,
hydr ophobi ¢, neutral Asn 132 polar, hydrophilic, neutral Asp 133 polar,
hydr ophi IW020t0@it¥éd (-) Pro 115 hydrophobi c, neutral GPGTIBROHI0ZT6]
hydrophilic, charged (-) A n 146 polar, hydrophilic, neutral Phe 165
Aromatic, hydrophobic, neutral Arg
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The binding site of MHC Class I molecules is formed by the cleft between the
ol and o2, domains (those furthest from the cell membrane). The cleft is a closed
pocket, and typically a peptide binding in the cleft has a maximum length of upto 12
amino acids. The identities of the upto 12 amino acids which occupy the cleft define
5  whether or not a given peptide will bind to a given MHC Class I molecule and be
available for presentation to T cells. These amino acids therefore represent the
minimal sequence that is required for MHC Class I-binding. It is generally assumed
that such a sequence will be capable of stimulating T cells when presented to T cells
in association with Class I on the cell surface. However, this may be confirmed
10  experimentally by methods standard in the art usually equivalent methods to those
set out above for Class II epitopes. ‘
The MHC Class I-binding T cell epitope of the invention typically consists of
between 6 and 12, more usually between 8 and 12 amino or 8 and 10 aﬁino acids.
The epitopes may consist of 8, 9, 10, 11 or 12 amino acids. Most typically, the
15  epitopes are 9 amino acids in length. The amino acid sequence of the epitope may be
broadly defined by further reference to the binding site of MHC Class I molecules.
The closed nature of the MHC Class I binding cleft means that the residues at each
terminus of a Class I epitope are particularly important for recognition. The amino-
terminal amine group of the peptide makes contact with an invariant site at one end
20  of the peptide groove, and the carboxylate group at the carboxy terminus binds to an
invariant sifc at the other end of the groove. However, these invariant are generally
not absolutely discriminatory for a specific amino acid in the epitope. Therefore the
peptide binding specificity of any given MHC molecule is relatively broad. Thus,
peptides binding to the same MHC allotype exhibit some degree of similarity, but
25  there is no requirement for identity. Even so, typically, Class I epitopes have a
hydrophobic or basic carboxy terminus and an absence of proline in the extreme
- amino terminus. The epitope lies in an extended confirmation along the groove with
further contacts between main-chain atoms and conserved amino acid side chains
that line the groove. Variations in length are accommodated by a kinking in the
30 peptide backbone, often at proline or glycine residues.
Particularly preferred epitopes are those which are comprised in regions which

are prone to dimer formation. These regions are defined in a separate section below.



174 pol ar, hydrophilic, charged (+) Ay 75 Aliphatic, neutral Ser 105
pol ar, hydrophilic, neutral Hs 155 aromatic, polar, hydrophilic, charged
(+) Thr WO 2pW&i193hydrophilic, neutral Ile 131 Al i phat PET/GBRAMIORBBI C,
neutral Val 117 aliphatic, hydrophobic, neutral Lys 146 pol ar, hydrophilic,
charged(+) Trp 204 aromatic, hydrophobic, neutral
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Regions containing at least one T cell epitope
Biochemical assays for the identification of a T cell epitope are not typically

able to define the position of the minimal epitope sequence within a larger sequence
more accurately than to within approximately 10 to 12 amino acids, and rﬁore

S  typically 15, 20 or more amino acids. The reason for this is that a large sequence
must be physically fragmented into smaller overlapping peptides, or smaller
overlapping peptides must be manufactured de novo prior to in vitro assessment of
the ability of these peptides to bind MHC molecules. The skilled person will
recognise that the smaller the overlapping peptide fragments used, the more time-

10  consuming and labour intensive is the process of manufacture. Hence epitopes are
often identified as being contained within a larger polypeptide region. It is envisaged
that the peptides of the invention may comprise such a larger region.

Accordingly, in the peptides of the invention, the region containing a T cell
epitope is typically 8 or 9 amino acids in length, but may be 6, 7, 10, 11, 12, 13, 14,

15  15,16,17,18, 19, 20, 21, 22, 23, 24 or 25 amino acids in length. In the case of MHC
Class-1I binding T cell epitopes, it will be understood that processing of the region
may be required before the epitope can be presented on the MHC molecule. Antigen
processing prior to presentation on MHC Class I molecules is a well-known
occurrence in the art.

20 The region of the invention is typically a sequence which is prone to dimer
formation. This will be understood to include both homodimer formation (i.e.
association of peptide monomers with other identical peptide monomers) and
heterodimer formation (i.e. association of peptide monomers with different peptide
monomers). It will also be understood that by a sequence prone to dimer formation,

25  itis also intended to refer to sequences which are prone to form higher order
oligomers, such as trimers, tetramers and the like. The region of the invention may
comprise or consist of any sequence which is prone to dimer formation. The
particular amino acid sequence within a given region which promotes dimer
formation may be comprised within the minimal MHC class II-binding sequence of

30 the T cell epitope, or may be comprised within the residues which flank this
sequence. The sequence prone to dimer formation may thus consist entirely of the

minimal MHC binding sequence of the T cell epitope.



Leu 131 Aliphatic, hydrophobic, neutral Tyr 181 aromatic, polar,

hydr ophobi ¢ The residue or residues which are nodified may be

conpri sedVPRROH¥P1Y9art of t he sequence of the region. | nPERGRRAPINRTEENt t he
resi due or residues which are nodified are not conprised in the mniml MC
bi ndi ng sequence of the region. In a preferred enbodi nent, the nodification
does not create a new epitope or affeci5the MEC binding properties of the
region. Thendgeédnd thvehtidie pbﬂiéﬁﬁ?l%&ﬂnééfﬁgdcﬁitlh theQORh@ioASichbeale® to 30
am no acids, and may contain 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23dinpess betweepeysteie coppinine HEDHRs o dicherdmel Srefemedgeaanensss appr eci at ed
that the p | i [Wolt i W . r.egi on as

dof med aboganbife dleskhe el R 0 le pefilh Wiff prBiale el 0o o0
upt o a nmaxpéeptidetiiat 30ntaitis AGimd csteine residudmpy ifetesdinmeng eithérhveith Belfior no aci ds

are likely to possess sufficient tertiagry structure to crpss-link 1gG or
| gE on el W‘@Mh%@&elpégﬁﬂt?’inﬁ’@ Reﬁtlg‘??cﬂé@? %’Q{ﬁ&lé“?“ : ?]gorgfgﬁtgg OWEESS such as B
cel | activihi htfh tWBSE mfofd dystaitis HaW aate'pl%ntiﬁietetfbﬁﬁo%gr&mﬁ whicHRapept i des

of the invention are derived in an intellectual sense fromthl%ﬁol ypepti de
whi ch conpthics eggrepaterSghdimery agefegatedommation leaisite thegishofdgthor Ighki ng 20 use

of the ampo .acid ence of the,region and synthesisi i des based on
t he sequenB’é‘.‘hnfge@Bfii%@%glaw aglgcaéwa%giatggdr e&%qnﬁé }r}%?%%lggpy\?\éﬁeqlﬁlﬁ%cﬁm inthe
art. Pref erdgish srRhORIENtidHCtypid €11y @drivids Bloas £ pfotdih with ahiph peporidneghni ques and
nost preferably an automated or sem aut opated peptide synthesi zer.

Typi cal@ y, cyptgipgyresidues. oy ckamplsi g segiompf the mvertiopmay deRyole@ided ani no aci d
and an am ol t r 9AM Qg t ] chai i4ar e
coupl od at PR ERERE a2l I 23 20 D P P, B B B rmm .
N- et hyl pyB$%dystcime mesidues aet pydpertéoncdflthe fotkd numbthef quries ecideeduasonpl i ng

agents such as dj cycl ohexyl ¢ar hodi i.m de apd 1- hydr oxybenzotri azole in
the present¥ pEpel- %@gﬁéﬁ@ﬂ% ﬂ? §'§ 1Byenign F%?%I@iﬁﬁ?%ﬁdré‘?mfﬁgq‘é@ﬁﬁ car banoy!
protecti ngughiich 8§ prRBRVES Hhl 8BV HPré bl bf@sféﬁﬁtr%ﬂ&ués.esﬂidaoﬂﬁﬁ%)ﬁ a

ng

reagent such as trifluoroacetic acid or piperidine and the coupli
react i bn r tpeagion maytcomphiec peirta rdedinnap N, Br 6t8& 8t HY 1dnihd3ats.d 5t ¥6:be added

to the peptl ai n.o, Sui tabl e. rotecti I 4:n the
art, and i ijéﬁ%dggf’{ El(l{ﬂc ff?ﬂl/’fe(’i?(s)l/‘@l{aegﬁ%%ﬁc()pf Bg)g%fq%eg@é’?%ﬁ%]\rﬂgnéflﬁg ﬁ%&@car bonyl
(Foc) . resiies in@h8YRaPLITHIC ystelie! reglésesiady leboynprisb@itithe sihimaMMKG ani no
acid residues are joined by peptide (-CO NH) |inkages but al so nol ecul es
in which t hiadingseqerace shtheicpitorsy eF @ay be cormprisediip ghe rwyidpesoviieh m metics
may be rradﬂﬁy%gggncget hods known in the art, for exanple such as those
described I'n Meéziere et al (1997) J. 15 Inmmnol. 159, 3230-3237. This

appr oazth i nvol Other segoemgs peome do Jexdri fomsativompayi be identiftedriyyds silievol vi ng t he

backbone, and not .the.orjentatjan qgf sjde chains. Mziere et al. 997) show
Chat  ac 1 8y e eabieFotpplating] methid, G oy i) B HCudhs bl
pseudopept i{efidH il WhictRQlanEry 1Y rRrRaPf AkRGuendd weicteig praet ifH CO
bonds instead of " CO NH peptide bonds, are_nuch nore resistant to-

pr ot eol ysi song@siierpt dipeyic foimeapeh phideelownHonmseqpencgithsiensieae{@ t h al t oget her

provided t H%enasgtion the proportion of sequence present as a dimer may be minimal, i.e. less

25  than about 0.5% or 1% in the solid state, but this will typically increase over time to
at least about 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80% or 90% for material stored in solution for a suitable period of
time under suitable conditions. Suitable periods of time and conditions include
ranges of time and conditions under which a skilled practitioner might reasonably

30  expect to keep a sequence in solution prior to use. For example, periods of time of
about 24 hours, about 48 hours, or about 72 hours are typical, although some
solutions may be kept for longer periods for example, at least a week, a month, 6

~months, 1 year, 2 years, 3 years or more. Storage conditions may typically be room



appropriate |inker noiety which retains the spacing between the carbon
atons of the amno acid residues is used; it is particularly preferred if

t he | i nkeWOB10d16y198as substantially the same charge di sPETEIR20¢H0276d
substantially the same planarity as a peptide bond. It will also be

appreci ated that the peptide may conveniently be 25bl ocked at its N-or
C-termnus so as to help reduce susceptébility to exoproteol ytic digestion.
For exanpl esmpdigtuly-dndirelafivd manidig, @rtw@algfzst"a@na@p% RSivEBYmREtyDb@t ect ed by
reacting with a carboxylic acid and the C-term nal carboxyl group of the
pepti de magoBd ipsledeany stangardsiorags sopditions crgounteraddy the sifled rersen. dor of

nodi fi cati i . dat 4 10 osphoryl ati on. Anot her potenti al
30 nodifi cgﬁinnlg%ﬁtgﬁlg?it%lggr%é’gn%@gh&?%e&gi de chain am nes of R or K may be
repl aced with Tt sepkiingy gf thepsin{unblisigstera id such dhatiohly a sxhi{i Merppartion Nf Me) 2) .

Anal ogugs Qf pepti de ording to the.,invention may al so i nclude peptide
vari ant ta’é’?‘gi‘ %%Hgg%gﬁ(e@e@r geed af‘ﬁ‘éd?)sé"ﬁﬁgd’émgmﬁé POP¥*e in vivo.

Exanpl es of = 20, aR@hRe4saRnESPAL bopeitionaequdide pRBedi3h & plveh Sorpf a PPt i des
used according to the invention include peptoid anal ogueS of the peptides,

D-am no achuitablermethod ise forekampls, gabiticdbge! elengopiwpesiviandsepewilehahying ds. A
further enmhodi.ent ;of e_varij.ant ,noly tides used according,ta.the
vent o COMTS. L8 et B Hop Ao oo Eonc TEip A 5 HeBStaed

prepar at i ogelpilopgsideesit bfstandisd AYldouRRweizha fiadicerd. alf ey seljliéide foraf¥i N0 aci ds
gr eatli/ decreases any unwanted breakdown of such an agent by nor nal
net abol§ ¢ fime squeteinhand glibg @bsarredindhsed correspgadingipa specseidi 20 be

adm ni st er gly. 8.0 g%lp%ﬂ:f %ébr&ﬁ?lartﬂf B that inlc&lﬁt]*%fl F8hO bisth bR e Yhind AcifEPL | des

of interest S 0 erest typically conprise at |east one free
cyst ei ne r efthduequehéa. S8imilany, @ay trymers antethimats firbent wil be oleservediadue i s

avai |l abl e for, chem cal. nodi ficati.on and/ or dimerisation with other

Cyst el ne- cBHICAITAORUBE QERECIER WiftdnClBGHFCweIERIS SRPIRYERAICHRIER OF FANF bi 1 s

di mer f or Mafpe®that éﬂcﬂ&t@@for\/ﬁﬁéﬁﬁmoﬂthfs&@s‘i‘d&%ﬁ\&}%htﬁ%f AphidRidshatheont ains a
thiol group init's reduced from(-SH) and which is able to undergo an

oxi dat [on sesaendednSipee H 1ot thet 1Q0)s pbi prauanacHs praseiton ohgangriciosm, 2 n t he
reduced fo L Sul fi PRS- . n of an
gent -wni cRepRh Pl Ry R B Bocthad colidshaldnd 10 a Spetid il bt S PRBSY G, O, )
conpri se ambokghlnweiyhpcailsulnigd #r thesash odthe adfind/kGddboNndle sgyutnee! thiepi t ope
derived froman allergen or allo-antigen. Thus, an aqueous_sol ution

conpri si ngTPFRECHE Hie sgaLense 1n meperaerc fokm; ke selptive intgnsitiesobthe bardsci ng a 1 ate

phase resp&ag%ewedate &u&%fyitﬂélﬁﬂoBmi% oEEae%S Itk Wchtig)f,}éfe&t b&poen. The

term"| ate phase response” 1 ncludes t ning as se orth in Allergy and
Al | er 2¢ Dicsmasemilad@efhpdsimapasskssymélechlyr, wEkghickwaitemaSoe erens, fpp 1113- 1130.

The | ate phase,response 25 . .be any late ase respqgnse (LPR).

Pr ef er abl y?XWée’@BM%%thF%W?%B%H‘%%ﬁ&“ﬁfﬂ"ﬁlﬁ?’t%ﬁ’éea‘gaﬁ}% froma protein
al I er gen agigomafaiiphy OfAlieAitot1pdolgzohitk£mas bb GRdrtiFicd @sER&RdclphRle Or a | ate
rhinitic response, or a |ate phase skin resgonse or a [ate phase ocul ar

response. Wgbpaeprasnce bguid chramategrmphy GSHIBE) wherecthe dgnera apd bighero a LPR

be det gt m i I [ ¥ 1 I
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Additionally, the region of the invention may have a solubility of less than
3.5mg/ml in aqueous solution at pH 2.0 to 12.0, or pH 2.0to 11.0, pH 2.0 to 10.0, pH
30 2.0t09.0,pH 2.0 to 8.0 or pH 2.0 to 7.0; and/or comprise 1, 2, 3 or 4 cysteine
residues; and/or have an isoelectric point lower than 4.5; and / or have a GRAVY
score above +0.25. These parameters may be assessed by any suitable method. For

example, solubility may be assessed by standard in vitro methods, GRAVY and



21 preferably, the individual conpositions of the invention are able to

i nduce a LPR in an individual who has been sensitised to the protein

al | ergen WPGMOMILYB t he epitope derives. Wether or not PEH/GBRENGY®EA] has
been sensitised to the protein fromwhich 5 the epitope derives nay be
determ ned by well known procedures such as the detection of antibodies in
the individual's blood or serum which &fe specific for the protein. Were

t he epi t opésodleciricgirft hoay terassdshealrig ailicoawingabiteblé esrhputhtisnad siegtiods,sat i on to
the allergen, inc]ude skin prigck testin ith s jops of protein extracts,
i nduction 8¢ tté&gﬁt ‘EF’I—‘?EO,I (gﬁ?tﬁ‘ﬁﬁralll':' "-ﬁ?gelb?@l-géﬂfﬁ? g@r‘FOéFHEﬁ ProfRselsand

radi oal | er gRa@sdoRNHuk@s4 Pls (00T VokOK1. wﬁﬁ&r(@@?whi&fis BUAlleutspecific | gE
Whet her or not a particular Individual is expected to benefit from

treat ment hHy:/pevvaexpasychiéeplgprotnacarphymi. ci an based, for exanple, on such
tests of determ nations. Desensitising or tolerising an individual to
the protein fromwhich the epitope derives neans inhibition or danpening of
i mmunol ogi Papriddsssue reacti ons induced by 15said protein in appropriately
sensitised individuals. It has been shown that T cells can be selectively
activated, and THeReRUEs®E hednyeItion FoAYSOmPTisf/BF eQnsist of the naies spadene§ or
elimnatio S I “ﬂ% Lo i : ient for a
parti cul ar Bg@%treéqﬁig%%gﬁlgggg%‘lse@?@a t(?)o ng%?%%%ﬁ%%é‘?%%@g% Ecti on in
response t theaegipntregincaved frrodwerdiner fovmaltigemtimbeovemolybilétl cHalwtyer ain
elimnation of such.a respagnse, 20 on second.ang further admnjstrations of
The pr Bl e eGP0t ERBR D Gusden GRS {CROHEE S Pathon my be
made after ?@se‘m lihvbtien Rk Ly dppiEatéf tBbRRepHddsOviath Ay dER WAL EH Sat i on
to occur; this is preferably any period between one day and several weeks.
An i nt er vahn sracgepiehie levgbofiimkslormatere Suech peptidas wild typicallystid sempsse i ons of
the invent]| ' to d.nduce a LPR in an 25indivi dual who has been
sensiti sedgtﬁg%?hge%%ltﬁ%?%&dﬁg shoul d be appreciated that when a conposition
i's used to trewher PaEioaris endindesedod@tducaldirger fofhations tHid will 8pidally bow
concentratjon of the conposjition is used such that no gbservable LPR w ||
occur but brgodiicater et ity nativgseqienes- asheulardy prefaried medifeations akei se the T
cell's suchygbat,.t he next (preferably higher) dose may be given, and so on.
In this way the dose is built up to 30give full desensitisation but often
wi t hout ever i-nahleashgnacysRithe msitheinthe natine. sedidrico ofjthe regien coreplaséd i on or

peptide is le.to,do .s t .a higher congentration than is adm ni stered.

2 THER Siso 2B i el AR TP A8y nas a roduced abi &1y
to provoke an eakyt PRESRtiRSRAAEE N he AtV dnds aF theBY¥gion @duced ability to
provoke an early phase response”, it wll be understood that the

conmpost@ i opysénylafed fnereseiasstificTesidesul t in a | ower severity of early phase

symptoms_(suchy, g Bé‘ﬁﬁ@é?étbod){hagge%tt'd&%éthém‘i/%gﬁé}{‘fé'iﬁ"eﬁc?éa)to reﬁéo"i‘ﬁsﬁa;éﬁ to a
conposition conprising a peptl conprising the sane regron a at in the
conposi t i ocertain vdrantsrofeaidipeptidesuOthst tHaalie ¢npihderiagto edued dindes sequence to
reduce di ngr fornglion, and uggking_gn agent whi ¢ch reduces di mer formation.
Accor di ngl Prmefien Eaesed 0oy fr BrerrElificaiont fodhe ARITYC gninadeid sgayssel early
phase 1 espppgfidehidy B msR FYAGEpICRRIHe It R BRSO THRABE fiVe AhfDGRIdsiA di meric
form 10 The ‘peptide is equival ent because it conprises the sane MHC Cl ass
| | - bi nfi ngth¥ segiehceef a papéide. Any suchimastificationeivill typicatly bt comsstajive tine
conposition of. the.invention typically has an j oved ability t.Q induce
ol brance. A 54b ApdAc L B8 ah ¥ ERhentedEnhed YRE8 ity afidncer . 1
wi Il be ungherdsffaest antiaé adit qvill @elytHa08 siefilat BRoperies id itematké hmiklp produce a
greater |evel of desensitisation in an individual than a conposition

conpr i si ngaad-pisttatie belgwpshows the rrapertesef amine seidasMolrgular weights @enposi ti on
of the inv 1.0 it h i fLcati i s e di nmer

formati on, g{a&% ﬁ%ncégl}gﬁéﬂ\éa%@%gﬁ \?\?ﬁ? %%C%ra(&argﬁ% gélddﬁ%&%?%&ﬁn%aﬁ eﬁo%‘.tg %ggrgr di ngly,
t he caposartitiwse of tHeheuiraly ¢ arainovicids; yesidde oeightgrandicabtdimddy of

desensitisation.th an equj val ent ) . _
fent of water (18 g/mol). The invention also includes

subtraction of one equiva
peptides containing N- and C-terminals modified or blocked to reduce or inhibit

degradation by exopeptidase enzymes.



20 peptide predom nantly present in dinmeric form The peptide is equival ent
because it conprises the sanme MHC Class Il-binding T cell epitope.

Desensi t i¥ahuoi3as defi ned above, and its | evel may BETEHRANMOSTsed by
any suitable neans. For exanple, in allergic asthma, a smaller LAR produced
in response to inhalation of the protein fromwhich the epitope derives (or
a protein- 25derived peptide) would in8cate a greater |evel of

desensiti satl on foll ow ng treatment with the corrp05| tion of the invention.
The size ¢ a—LAF accoccad hy anv < t1 for

exanpl e, dé‘{aec I G &?Faﬁg&?pég’dcf‘?“gﬂ i e Eor“@eoh BiePied w3l ume (FE\/) of an
i ndi vi dual CmSIZ—chdIO”]aﬂh)‘BitdpEIbICMu@ﬂ pr O tAen n132A @tmapmphﬂledumfal on 1h FEV

i ndi cat es & AR ofth pteferaply results
30 in an %ﬁg 3@:@%{; : S%%E%Qoo 3 %Liolr5 5];%% l“I][%‘ir‘{lllthan a_cpnposi tion
conpri si ngGln lé‘aumht’bxwpb‘b%?hatﬁedw ed & nidst || nplap hedsephilic,inputidh reri c form
Alternati YELY, 163 | OGAIE by drGetis, Buntl® S RIS TSl ydpniend g Foared by a

greater r eduction Lhih&l’\.l"_@rtﬂlh cngthlr prioduct i on-b f

i nfl ammat 6FY ct QKiRbASC, noals ok s i S8 f HP rP°lj‘éH¥Pé°ph’ihﬁtn8’r“F‘1euk| n 4 and

i nterl euk His13155(\atcﬂhud;\@om,rh@dumucpn byhrT Tl || lafyBytirdpiilid@tuwdat ed Dy any

sui tabl e fret hod, fcgz[r?eggﬁrrpl e an ELISA, ELI SHOT assay or flow cytjonetric
assay. Particulanly erred nethods include Miltjplex bead arrlfay assays
as descri bBd i3] |fAdiphatie Aydsorbotiencytiey Valt HI7;| atiphaq, Bedrophebet, Butaknost i ¢
SLabor at of s YNGR N droptIRES chaled(L 0| Fp P204 3Rk by dbphoie, BEuRAH of
reductionl—t ig preferred that treq i ] of the

i nvent i on| ¥ | 13 ¢ thphatic. fydrephobis, eyttt | S o*glar"éﬁ“‘@P‘aB‘PlV’ hyfirophobict  1l005 209
30% 40% or 50%Tess inflamatory cytokines than a conposition conprising
an equival ent peptide predom nantly present in dineric form 10Preferred
conposi tions ofhe1esidppoeiesidyes whishpresmodified é@a’tbeéﬁélppé?ﬁ inayperpiihd ng or
conS|st|ng en_ sel ected
from a pl a Ogﬁiéé&%% ?Q%TQ&E{)M&%}M‘QE&S& lﬂeloérrgsghﬁ% ancﬁlrr%F dander

al | er gens, mdfﬁﬂd&rﬁhotfdon@mlse(hirﬂthé gﬁnnmaal\/ﬁﬂﬂﬂmﬁlhﬂﬁeg&fnce@lﬁtMglbnom c or

ot her drug, a stinging,.insect m. an environnental allergen or a food
al | ergen; BProferx ‘HP Apbqdiapnts g“lt‘PB an%ptﬁgﬁa&awp@gquoag eitht ed with

Acut e di SSERAIORLRELENS Eg}h@gmgyéédr§ (ADEM ; Addi son's disease; Ankyl osing
spondylitis; Antiphospholipid antibody syndrome (APS); Aplastic anem a;
Aut oi mune hep&hd pdp&i,deAﬁth@llmmnen Coptadlyicontains Goat 8&1:3Qlamaa>s@;ldsamdﬁn S

di sease; Di abetes. nelli t 1 s t.i,onal,p. i gpid; d ure's
syndr ome: i againy d0n L2t 15 3Pn By I 0har o 2 ey Peehifot o' <
di seasgy | 6 Dp@hlotaciRl RXER6Y bpFreEiated Midi B peptifavema kiveatibh 5RFSBAsidUPUS
erythemat osus; Miultiple sclerosis; Myasthenia gravis; Narcol epsy,

Opsocl onuseWéb’IQfﬁ%%fWé‘ﬁ@m(d@VBYe COPAYCOMPTISE pelditional gming )i di ti s:
Penphi gus; Eﬁm d”lé].h dogs; Pri mary biliary
cirrhosis; fl U%’g{teg? OEH EI?% e?fzéer sﬁlg)%ﬁ ?orre Sj ogren's syndrone;
Takayasu' s 25aPdptided losger‘Eharpm ahinaracidsiatd kel yatosmskasosmffiaent @itéany cel |

arteritis"); varn1auto em a, . or ve ner ranulonat03|s
o £ cul ar o Bl e B I o B e A b HaTgFabite brotein
Fel dljs HOfé%ﬁorQH§§ucmaE@ d@n%ﬁvﬁfonfa%rma@t doll d®FarlationDer p 7, Der p 3 to 15,
Der p 18, 20, 21 and 23, 1, , 10,11 to 18 and 20 to 22; Ragweed
protein anb a 1, 2, 3, 5, 6, 307, 8 9 and isof orns thereof |nclud|ng anb a
1.1, al.2 |, 3 or al.4; Rye grass proteins lol pl and |ol p5; Tinothy

gr ass protgﬂ%?kﬁﬁw%ﬁysand phi p5; Bermuda grass protein Cyn d 5; Alternaria

al ternata protEhdsephiiés 6f the inAkiitich e défiveddn 3n itelctuaisdilde fibhithe 12, Alt a

13 and Enolase (At a 6), ,dah 1, 2, 5to0. 10, 12, GST, HChl, HSP70,
polypeptide which comprises the region as defined above. This is done by making

20  use of the amino acid sequence of the region and synthesising peptides based on the
sequence. Peptides may be synthesised using methods well known in the art.
Preferred methods include solid-phase peptide synthesis techniques and most

preferably an automated or semiautomated peptide synthesizer. Typically, using such



WO 2010/ 061193PCT/ GB2009/ 002767 24 NTF2, TCTP; Birch protein Bet vi, 2, 3,
4, 6, 7, 8 and P14; Gernman Cockroach proteins Bla g 1, Bla g 2, Bla g 3,
Bla g 4, Wp20y/®1¥ad Bla g 6, 7, 8, 9, GSTD1l, Trypsin; RGELIR2009008T6&i n Art
v 1; Russian thistle protein Sal k 1, Sal k 2 and Sal k 8; peanut Ara hl,
Ara h2, Ara h3, Ara h4, Ara h5, Ara h6, plant profilins or lipid 5 transfer
proteins or a human | eukocyte anti gen.19 Particularly preferred peptides
conpri se OfeclefiiisdsSin @N-t4BarieflyRoeEsd BhidociPiichnimine acidaftaéhedqo t he
relevant allergic or auto/alloimune disorder): Cat allergy.
M_AOQ1CPAVERDIMVARS PRRUCSARAINOPA ERIAREE FQURedMt AQEIRIGIRPGOEIRANRE EIKE

HOVCBC HOMEDA" LN G HENES, RERBE. PNt TO0 NEOR FaRE D B SR el o)

| PDM re2 (B8 picReneloBeom RNGEEm ARGHs A Bl RYABREQBERARR | DQVDVKDCANHE! KK

GVLACAI AT IR CIIH P %5@
NACFEG éNugé‘_o % RGK g RFA %NY YPP%EIK g;(ég YPE:a_\{I}‘{Wa{nliqulchThe
EPCl | HRGKREN-EMVRESIGhbtebiR 8 66h Alrbifbed from the resulting peptide-resin using a

reagent such as trifluoroacetic acid or piperidine, and the coupling reaction repeated

with the next desired N-protected amino acid to be added to the peptide chain.
Suitable N-protecting groups are well known in the art, and include t-

10  butyloxycarbonyl (tBoc) and fluorenylmethoxycarbonyl (Fmoc).

The term "peptide” includes not only molecules in which amino acid residues
are joined by peptide (-CO-NH-) linkages but also molecules in which the peptide
bond is reversed. Such retro-inverso peptidomimetics may be made using methods
known in the art, for example such as those described in Meziere et al (1997) J.

15 Immunol.159, 3230-3237. This approach involves making pseudopeptides containing
changes involving the backbone, and not the orientation of side chains. Meziere et al
(1997) show that, at least for MHC class II and T helper cell responses, these
pseudopeptides are useful. Retro-inverse peptides, which contain NH-CO bonds
instead of CO-NH peptide bonds, are much more resistant to proteolysis.

20 Similarly, the peptide bond may be dispensed with altogether provided that an
appropriate linker moiety which retains the spacing between the carbon atoms of the
amino acid residues is used; it is particularly preferred if the linker moiety has
substantially the same charge distribution and substantially the same planarity as a
peptide bond. It will also be appreciated that the peptide may conveniently be

25  blocked at its N-or C-terminus so as to help reduce susceptibility to exoproteolytic
digestion. For eXample, the N-terminal amino group of the peptides may be
protected by reacting with a carboxylic acid and the C-terminal carboxyl group of the
peptide may be protected by reacting with an amine. Other examples of
modifications include glycosylation and phosphorylation. Another potential

30 modification is that hydrogens on the side chain amines of R or K may be replaced
with methylene groups (-NH; replaced with -NH(Me) or -N(Me)y).

Analogues of peptides according to the invention may also include peptide



RGAMR2A RGAMRZB ROGABXx RGACBA RGAOBB RGAL2 GSSQ W DHCSLSKS GGSQ W DHCSLSKA
GSSHVTVSNCKF GSTHVTI SNCKF GSTHFTVSNCLF DGCVWRGKADWAENRKALADCA  Tr anspl ant
rej ecti orWORDA/GIHSs | ) TRA3OHAVSDHEATLRCWAL23 TRA31HPI BOHGYBRDRONAISZ 4
TRA32HPVSDHEATLRCWAL25 TRA39RCWALSFYPAEI TLT26 TRAA0RCWALGFYPAEI TLT27
(Neonatal AI'T Al Ta NAI TOL NAI TOLA NAI TO2 NAI TO2A NAI TO2B Al | oi mmune

Thr onbocyt openi a (GI ycoprotein |11 a) VEPI\/CAV\CSDEALPLGSPRCDLKENLLKDZS

VSPNVCAVNCSDEA 429 c AYGEIEARE AR A Rads \AUNESIIBALiRE GSRRCDL K32
AWBSDEAL PLGSP K33 AWGSDEALPL GSPRCDL K3 5 NAI TO2C A DEALPLGSPRSDLK35

invention include peptoid analogues of the peptides, D-amino acid derivatives of the
peptides, and peptide-peptoid hybrids. A further embodiment of the variant
polypeptides used according to the invention comprises D-amino acid forms of the

5  polypeptide. The preparation of polypeptides using D-amino acids rather than L-
amino acids greatly decreases any unwanted breakdown of such an agent by normal
metabolic processes, decreasing the amounts of agent which needs to be

administered, along with the frequency of its administration.

10  Peptides of interest
Peptides of interest typically comprise at least one free cysteine residue.
“Free” typically means that the cysteine residue is available for chemical
modification and/or dimerisation with other cysteine-containing peptides in the
absence of an agent which inhibits dimer formation. In other words, a free cysteine
15 is one that contains a thiol group in it's reduced from (-SH) and which is able to
undergo an oxidation reaction with another cysteine with a thiol group also in the
reduced form (-SH) to form a disulfide bond (-S-S-), in the absence of an agent
which inhibits dimer formation.
Peptides of interest also typically comprise a region comprising at least one
20 MHC-binding T cell epitope derived from an allergen or allo-antigen. Thus, an
aqueous solution comprising the peptides 6f interest is typically capable of inducing
a late phase response in an individual that is sensitised to the allergen. The term "late
phase response” includes the meaning as set forth in Allergy and Allergic Diseases
(1997) A. B. Kay (Ed.), Blackwell Science, pp 1113-1 130. The late phase response
25 may be any late phase response (LPR). Preferably, the compositions comprising an
epitope derived from a protein allergen are capable of inducing a late asthmatic
response (LAR) or a late rhinitic response, or a late phase skin response or a late
phase ocular response. Whether or not a particular composition can give rise to a
LPR can be determined using methods well known in the art; a particularly preferréd
30 method is that described in Cromwell O, Durham SR, Shaw RJ, Mackay J and Kay
AB. Provocation tests and measurements of mediators from mast cells and basophils
in asthma and allergic rhinitis. In: Handbook of Experimental Immunology (4)
Chapter 127, Editor: Weir DM, Blackwell Scientific Publications, 1986.Thus,



NAI TO2D AWCSDEALPLGSPRGDLK36 Al T2 TTRGVSSCQRCLAVS37 Al T47DLPEELSLSFNATCL38
Al TS3FKDSLI VQVTFDCDC39 Al T70PGSYEDTCEKCPTCP40 Al T77DDCVWRFQYYEDSS41 Rhesus
D henol ytwo 2dicsame of t he newbor n RHD28AYFGLSVAWCL PKPL 22 TiéBr0imobi6a
(Factor VII1) FACO1LCLLRFCFSATRRYYLGAVELSWA43 FACO04VNGYVNRSLPGLI GCH44

FACO6I SPI TFLTAQTLLMDLGOQFLLFCAS FACO7HDGVEAYVKVDSCPEEPX46
FAC12PRCLTRYYSSFVNVERDLASGLI GP47 FAC3@KTAFKKKDTI LSLNACESNHA48

FACal PROL TRV SSHVNESS 1 265 ol Lol gy (1 CORGHL RSACELEL CERRVKCKYGO.
G2 GAYDT YK@npslipismgkepe Bas beep é?%&ﬁ?g}/oa% SFgen FiStaSP %’WSI:'E*F&E/ BENGP6 2
A2RNGFKRCLLETLYRPRDLLSLLNEG3 A3AlI ELKSCNALLLKVNQ GTI TEA64 A4EFI KKAI ELKSCNG5
Whether or not an individual has been sensitised to the protein from which
5  the epitope derives may be determined by well known procédures such as the
detection of antibodies in the individual’s blood or serum which are specific for the
protein. Where the epitope derives from an allergen, suitable tests for sensitisation to
the allergen include skin prick testing with solutions of protein extracts, induction of
cutaneous LPRs, clinical history, allergen challenge and radioallergosorbent test
10  (RAST) for measurement of protein specific IgE. Whether or not a particular
individual is expected to benefit from treatment may be determined by the physician
based, for example, on such tests or determinations.
Desensitising or tolerising an individual to the protein from which the epitope
derives means inhibition or dampening of immunological tissue reactions induced by
15  said protein in appropriately sensitised individuals. It has been shown that T cells
can be selectively activated, and then rendered unresponsive. Moreover the
anergising or elimination of these T-cells leads to desensitisation of the patient for a
particular protein. The desensitisation manifests itself as a reduction in response to a
protein or protein-derived peptide, or preferably an elimination of such a response,
20  on second and further administrations of the protein or protein-derived peptide. The
second administration may be made after a suitable period of time has elapsed to
allow desensitisation to occur; this is preferably any period between one day and
several weeks. An interval of around two weeks is preferred.
Although the compositions of the invention are able to induce a LPR in an
25  individual who has been sensitised to the protein, it should be appreciated that when
a composition is used to treat a patient it is preferable that a sufficiently low
concentration of the composition is used such that no observable LPR will occur but
the response will be sufficient to partially desensitise the T cells such that the next
(preferably hjvgher) dose may be given, and so on. In this way the dose is built up to
30 give full desensitisation but often without ever inducing a LPR in the patient.
Although, the composition or peptide is able to do so at a higher concentration than

is administered.



AS| ELKSCNALLLK66 A6CAEYGADLAI TYNSRAEGAEKNAG7 A7ATELKGAYVYFASDASSYCTGG8
A8SDDI TYVATATLPNYCRAGGNGE9 A9AI HW/NFG YFNHGQACCAGT?0
A10CAEMGARQADTIISSIRAQGAEENV71 Al | YNVAKAGCI 72 Al 2AI SWNFGPEENHZOBOUATET 3
A13PDTFNYVKKEPI GVCRS74 A14SYNVAKAGCI HLAK75 Birch al | er gy

Bl CNEI KI VATPDGGSI 76 B2CNEI KLVATPDGGST77 B3CNEI KI VATPDGGCV78

B4SNEI KI VATPDGGC79 B5SNEI KI VTTPDGGCV8®22B6CNEI KI VAAPGGGS! LK81

B7AENFRALCT GEKGm&mpositionTmh&méﬁ_idaw%gM§ RasSEQHeRA Qi IRN O/Ftodblay e
typically derive fromthe mte species r mat ophagoi des pt eronyssi nus.
Preferred #mparhrphgsoresponss én apidamiduss BM&‘IQ@H@BMM@BWOE%%%%S deri ved

fromthe r 1 1.8 . ' 3PC (ﬁqﬂ 26

Der mat ophagﬂb]ﬁ%g%p%s%i ’nlg‘sez’ﬁi:i?‘ﬁggdee}[%%p#‘%{&? géﬁg&%&{ e ?%Lv?g@%nng gl\’fv by the

i delnt idf | er result in a IOWeeseverief ef saglgt phase synipsomsd (stitieagiesopldber oéstcéié | nventi on
i nclude_truncations_or extensions hy 1, 2, .3, 4, 5 6, 7,.

10, 11, 12, 19eeranufafionyrelativeo &r?PWBO%IE%HEO%EHSﬂ%a REBIAg cmpFisiaeths $4us of a

gi ven pept }e%ﬁm IR i c%g%&%ﬁ' bF @ iV BR) 10 S/idBe: hbsfeMdnUTssof t he
House Dust te peptide H C are al so shown bel ow as HDMBM P and W HDM

0 3 Cf sequence to reduce dimer formation, and lacking an agent which reduces dimer

formation. Accordingly, the composition of the invention will produce a lesser early
phase response than an equivalent peptide predominantly present in dimeric form.

10  The peptide is equivalent because it comprises the same MHC Class II-binding T cell
epitope.

Alternatively or additionally, the composition of the invention typically has
an improved ability to induce tolerance in an individual. By “improved ability to
induce tolerance”, it will be understood that the composition of the invention will

15  produce a greater level of desensitisation in an individual than a composition
comprising a peptide comprising the same region as that in the composition of the
invention, but without modification of its sequence to reduce dimer formation, and
lacking an agent which reduces dimer formation. Accordingly, the composition of
the invention will produce a greater level of desensitisation than an equivalent

20  peptide predominantly present in dimeric form. The peptide is equivalent because it
comprises the same MHC Class II-binding T cell epitope.

Desensitisation is as defined above, and its level may be characterised by any
suitable means. For example, in allergic asthma, a smaller LAR produced in
response to inhalation of the protein from which the epitope derives (or a protein-

25  derived peptide) would indicate a greater level of desensitisation following treatment
with the composition of the invention. The size of a LAR can be assessed by any
suitable means in the art, for example, detection of the reduction in Forced Expired
Volume (FEV) of an individual post-administration of protein. A greater reduction
in FEV indicates a larger LAR. The composition of the invention preferably results

30 in an LAR at least 10%, 20%, 30%, 40% or 50% smaller than a composition
comprising an equivalent peptide predominantly present in dimeric form.

Alternatively, a greater level of desensitisation may be indicated by a greater

reduction in the protein-specific production by T cells of inflammatory cytokines



RNTSLDLSEQELVDCASQH 51 HDMOBM RNQSLDLAEQELVDCASQHG 52 HDMO 3 P SAYLAHRNQS
LDLAEQE LVD CAS 53 HDM 0 3 W n ELVDCASQHG 54 HDM 0 6_f PYVAREQRCRRPN 55
HDMLO _f DYVRVIDOOABINE | |1 CK 56 HDM2 O_f C | | HRGKPFTLEAPST/GIRR®/®2RT  f
NGVLACAI ATHGKI R 58 10Where pol ypepti des conprise residues which are
typically difficult to preserve during manufacture, these residues may be

repl aced.

10

15

20

25

30

For exanple, a 23 ‘
such as interferon gamma, interleukin 4 and interleukin 13. Cytokine production by

T cells may be detected by any suitable method, for example an ELISA, ELISPOT !
assay or flow cytometric assay. Particularly preferred methods include Multiplex
bead array assays as described in, for example de Jager et al; Clinical and Diagnostic
Laboratory Immunology, 2003, Vol 10(1) p. 133-139. By “a greater reduction”, it is
preferred that treatment with the composition of the invention will result in the
production of preferably at least 10%, 20%, 30%, 40% or 50% less inflammatory
cytokines than a composition comprising an equivalent peptide predominantly
present in dimeric form.
Preferred compositions of the invention comprise at least one peptide

comprising or consisting of an epitope which derives from:

an allergen selected frorh: a plant allergen (particularly a grass allergen), animal
dander allergens, a mold or fungal allergen, a dust allergen, an antibiotic or other
drug, a stinging insect venom, an environmental allergen or a food allergen; or

-an antigen selected from the major antigens associated with Acute disseminated
encephalomyelitis (ADEM); Addison's disease; Ankylosing spondylitis;
Antiphospholipid antibody syndrome (APS); Aplastic anemia; Autoimmune
hepatitis; Autoimmune Oophoritis; Coeliac disease; Crohn's disease; Diabetes
mellitus type 1; Gestational pemphigoid; Goodpasture's syndrome; Graves' disease;
Guillain-Barré syndrome (GBS); Hashimoto's disease; Idiopathic thrombocytopenic
purpura; Kawasaki's Disease; Lupus erythematosus; Multiple sclerosis; Myasthenia
gravis; Narcolepsy, Opsoclonus myoclonus syndrome (OMS); Optic neuritis; Ord's
thyroiditis; Pemphigus; Pernicious anaemia; Polyarthritis in dogs; Primary biliary
cirrhosis; Rheumatoid arthritis; Reiter's syndrome; Sjogren's syndrome; Takayasu's
arteritis; Temporal arteritis (also known as "giant cell arteritis"); Warm autoimmune
hemolytic anemia; or Wegener's granulomatosis

Particularly preferred epitopes derive from isoforms of: cat dander protein Fel
d1; House dust mite proteins Der p 1, Derp 2, Derp 7, Der p 3 to 15, Der p 18, 20,
21 and 23, Der £1,2,7,10,11 to 18 and 20 to 22; Ragweed proteinamb a 1, 2, 3, 5, 6,
7, 8, 9 and isoforms thereof including amb a 1.1, a 1.2, al.3 or al.4; Rye grass
proteins lol p1 and lol p5; Timothy grass proteins phl pl and phl p5; Bermuda grass
protein Cyn d 5; Alternaria alternata proteins Alta 1, Alta 2, Alta 3 to Alta 10, Alt
a 12, Alta 13 and Enolase (Alta6),Clah 1,2, 5to 10, 12, GST,HCh1, HSP70,



glutamate or a glutam ne residue spontaneously forns pyroglutamate in
solution particularly when present at the N term nus of a peptide. Thus,
resi dues wo 20twepmpt i des of the invention which correspeat/dRoglurmmrat e or
glutam ne in the 15sequence of a native protein sequence nmay be repl aced
wi th pyrogluatmate in the peptides of the invention when such residues are
present at the N term nus of a peptid@4 For exanple. HDMXBW (SEQ | D NO 54)
may have |t EpTR R f t 6118 ANdtPauGBmsan Cockroach | n one
enbodi rrenwhte%ejl{%or%p()lgcihtdi?%tﬁh%?&tvg’ez’?ﬁe’e%t?on conpri ses the peptides 20 of
SEQ | D NOSrottints@ld g 1TBé gdrBlog 1.iBmefaBla 216 ené Blag ipf:id &, @ﬁngepti des of
SEQ I D 83 ta 85, and optionably.no I . hdes. nponent s
As will be %ﬁ?é@“é‘f@ﬁp{&%ﬁ@ a (‘)lgséanstgjcsgtd Fégoe[élglge;a? %r%ggéok reg%ﬁgryi ng,
25conposi tg; yasnudairg A1 3AR H29 ARehi,raane; drd &) Avalhb, plytiprefilins ardippt i se
addi tional conponents as well as the bjiological materials of interest. The
presents i rivansfer proteias of @Buman legkoqyteandiBen conbi nati on of additi onal
conmponents to - i | neResHf @R®er@EpPti de in
t he conpositi %@cﬁﬂb@éfeﬁ@@ﬁ%ﬁ?&% gﬁglﬁ%}g%e%%gtlé_e%%g to a rr(l?re stabl e
freeze- dridretaemeso theaslevatellprpasardutd/alempiuns digosdery. el ates to met hods for
maki ng suchtco eorsi tions. The present inventors hawgsdgj.erm ned that the
conbi nati ot %ﬁﬁ?l )gych vheduyci ng carbohydrate andq(ii) at |east one agent
whi ch i nhi i,t'$ di %ﬁ@ﬁﬁﬂ%\]@@hi eves this effects,. 5As nentioned herein,
car bohydr af;63-and e} RdrkeReKAds have the advantage that they are useful
as cryo- agpg,byopr chagt@ptevalert ng the freeze-drying process. However, they
do not preyant di mgséaiowetivaRrTdy a peptide conprised within the final
freeze-dried product during its storage. Additional conponents are required
t 0 achi eveududeSpusthritd a)l1atgyl east one agent which inhibits dinmer formation
by pepti desoMb@ nustrTarsmMpecdancl uded. The agents wfi ch inhibit di mer
f or mat i on #oMopept i OB LIABSELVDEASOH or phar maceuti cal pur poses nust
t ypi cal | y imeoghar mrOEMREQSERRBN accept abl e. Such agerfts include agents
sui t abl e fEMPeduci DYYPEREABEETKKde bond, anti oxi dant® agents or preservative
agents. SufRMl e r EYLRFHAT s include any trial kyl phosphi ne conpound,
i ncl udi ng ¥@M28( 2- c&B th %g hosphine (TCEP), 2- I5Mercaptoethanol and
di t hi ot hr ef*b[1°f DTFFC! L‘i'ip’?"ébl e agents includethiogl ycerol,
t hi oani sol BM3kd cySERIHE "591 ycerol is particulgrly preferred. I n
order to efPHEE] vel 2B EVERT- i ner. formation, such agents shoul d ideal Iy be
pr esent at™ %geﬁ at a0, @jg%gfm ar concentratign to that of the
mat eri al Nileh S sﬁ.b%g di&% SLEROF r formati on, when measured prior to
freezing. us, where the 20 material susceptible to dinmer formation is one
or nore pepiides garpLdsing at |east one free cysteine residue, the agent
i S present g@hooheastesmbrmibregidngal ent nol ar concentrsion to the
concentrat L gn-af t heser@residae peptides conprising at | east one free
cystei ne rgsifiye. Theutpnsertration of other conpormmnts, such as peptides
whi ch do n@gyrde@nt ai gyravtigexeyst ei ne residue, is noditypically taken into
account. Th@ahosa5 | ScavaeremaLeonposi tion conprises, for exanple, four
pepti des whéwl: contmicwrexAbweenrxpsimizne resi due and &hree peptides which do
not contain a free cysteine residue, the concentration of the agent which
i nhi bits dirp®tsplientratklertios (HBReflrssed rel ative to the overall
concentr at rexBoof t hEAVSDERATLREWAICY St ei ne- cont ai ni ng ptides. The
concentr at reaB310f t HEPTESRHRAELBEWIH des whi ch do not cofitain cysteine, and of
any ot her 3BAXDONPONEEVSBHEATIRAWALcoposition, is not f®levant to the level of
agent requifREIP | n RMYELEFFAEIRENt the at | east one ?&ent whi ch inhibits
di mer for mARRM mayRPRLETEREATLT n a greater or |essér anmpunt than the
material which is suscePti ble to diner fnolgm?éli OQprA@Q?Q f|asured prior to

28
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28 effectively prevented. In a particular enbodi ment, the agent is present
in a greater anmount than the material which is susceptible to diner
f or mat i orwoORoro/ex@apl e, the agent may be present at a nmpCarGBo0wo@aterati on
which is at |east approximately 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
150, 200, 250, 300, 400, 500, 600, 700, 800, 900 or 51000 fold greater than
the nol ar concentration of the materiak which is susceptible to diner
f or mati on.gReefer ahkyspehberd@eaiLk s present at a nsbar concentration which
is at | easiarbeipveeawnésmnsBOrémlxd greater than thesnol ar concentration of
t he mat eriglrowhi chrirscwesscapirivbl e to di mer formati @8A. For exanple, where
the materimravs presefdrsatFraronl ar concentrati on oBP8200pM the agent w ||
pr ef er abl ya1hres pr eserbsiavodrspebar 10 concentration 8P between 12nM and 16niM
Such a sitaatbon appsYEEgCERGPTERr exanpl e, the Thi ogPycerol "I ow
conposi ti cxrtrm ExampterEQyvdnssei n f our peptides cofitai ning at | east one
free cysteine are each present at 50gM and three peptides not containing
cyst ei ne afhesa$ o heneytpf ebieaesariSHELREYPPRls, in a_ litre of this
conposi ti dHP28 her e RAFE-SYBUCHRCFonpl es of total peptfde 15 (seven pepti des)
and 200 micronpl es of peptides with free cysteine (4 peptides with free
cyst ei ne) .HeREEBY dPN§T3FEOf NE IMhit eri al susceptible to dinmer formation is at
200 t M andFACito gl JEBPRIICFEAT LSHD a3 concentrat’on of 14nmM which is 70
fold great®Co4Al t eVHEYVNREFYCLIRE" agent may be pr eserif; at a nol ar
concent r atTA596whi c ASPETER{TA WLﬁfﬂ%n 30 and 40 f,gld greater than the
mol ar concB¥rat i or‘i’DS‘\“EAtWE Ogl %{) which is susceptible to dimer

€T LASGLIG

| g

formation.FA3F exafpld % erial is presggt at a nol ar

concent r at i1 %of 40014 o Sl i 1. preferably j3e present at a nol ar
I 0 ' Such ggsituation would apply
Yq(% %\&@Fo ow' conpositionrgi n Exanple 4, if all

concent r at At %of b
in, for ex Ie,t8
pepti des V\E%ealpresePﬁFLa rat her than 501.1M 25That is, in a litre of
this conpogjti.0 1ég_,g9re are 700 mcronoles of total peptide (seven
pepti des) @{15 400 rdepeimhes Rbriertkdes with free evystei ne (4 peptides
with free gysteine)gvAe6RrdinGhykodvhe material susaapti ble to di ner
formation is at 400 ttM and thioglycerol is present at a concentration of
14mMM  whi cihdeSn35iof Qb th.gieater. The material is typically at |east one
pepti de coapri si ng abitreashromecka@sc80 cysteine rei due. The lower limt
of the anomnt of pepPGFRRCIOFERRERDILSLLIE conpositi orf3before freezing as a
proportionawi | | tymICak$GRADELIINOIGTIGEDL, 0.02, 0.03* 0.04, 0.05, 0. 06,
0.07, 0.08a40.09, (EFIKRAIFBKSEN 2, 0.3, 0.4, 0.5, O. €5 0. 7, 0.8, 0.9, 1.0,
1.1, 1.2, 453, 1.4, TEGKSQN S8/ w or w v. The upper jjm’t of the anount of
peptide pra&ent in GAFECADIGIE FAFBh before freezihg as a proportion will
typical |y B& about ATEGKGAUVEFASDRGSYGTSg 1 9 2.0, 2.1, 2.2, 2.3, 2.4, 2.5,
3, 4 or 5 8t/ wt orSRRAYYVATATLHENYE Cléf’Nf:’ecogni sed the Zpount of peptide may
typi cal ly B2 betweditidh Fﬁg%ig Zi‘/&& limts indepepdently combined with

A . VAIT \Y% .
any of the per i y ou ove. The at | east;0ne agent which
Sinhibits ﬁi r for L9 I%k]!IGQtCB@;(G_efore be presenty73n a simlar range as a
proportion,pf the cupQsyti-@f.ydR5OVi ded the total cpncentration of agent is
at | east aﬁlgn equi VakeRicdralaf concentration to thes total concentration of
peptides conprising at |east one free cysteine residue in the conposition
prior to frpees] ReiedfQr exanple, if the total concentration of peptides
conpri si ngsat | eastcngrfameceyst ei ne residue is 76

B2 CNEIKLVATPDGGST 77
B3 CNEIKIVATPDGGCV 78
B4 SNEIKIVATPDGGC 79
B5 SNEIKIVTTPDGGCV 80
Bé CNEIKIVAAPGGGSILK 81
B7 AENFRALCTGEKGNG 82

The House Dust Mite sequences shown above typically derive from the mite
species Dermatophagoides pteronyssinus. Preferred variants of these sequences

include homologous sequences derived from the related mite species



100.03 nnol /m, total agent concentration will be at least 0.03 nnol/m . If
the total concentration of peptides conprising at | east one free cysteine
resi due iwo200/memeBiM , the total agent concentration w IPCThGB2049/d02m3t
500nmol /m . It will also be appreciated that the at | east one agent may
typically be included at a higher proportion relative to the peptide as
expl ai ned above, for exanple to 15ens#Pe that dinmer formation is

ef f ect i vel Deretbpirgoidesfaaide.t These are mdicaipdin the table Hedow bli¢he identifier
concentratjgn of the agent may typically take account of clinical
requirenents or limtations as applied to pharmaceutical conpositions. For
exanpl e, a recan@bt pidkepddatibiits Qﬂthfe%'é #idts ¢ tHeQRveiaioh Gndlydy dichtioltave no
nore than 0.5, 0.6, 0.7, 0.8, 0.9, I()) 1.5, 2.0, 2.5, 3.0, 3.5 or

4. 0%t / wt @rextehsions brgchB, 4Thibs 7ol Hebhbhiid 15.86.904p piing andsattheN 6,7, g,
9, 10, /15, 30 I o/ | N the
freeze-Sdriaélép dﬁrcczjtgﬂgfn.us 3\%% rgflﬁgﬁ}%& %ﬁ@ﬁ%ﬁﬁrefgﬁ% gggﬁe#%g}l%/ar#dt he product may
need to benlicHiiérRbitie Houe®ust Mitepeptiés HDMOIC arelalsoeshown detomt 2. | t

wi |l be understood by the skilled person that the proportion of any
conponent HRAM®BM.do#soWiti on before freezing will typically correspond to a
25pr opor t MEpMEe0Ht | ’nTeUBLEEoaL¥bdAEGIEr | n the 1 nal| 1 eeze-dri ed fonposition
The di ffi[GHvoyM W tRNgeChIEHORgvIRiasbE@St one agent wsxh | nhi bits i mer

f or mat i oNHigwMods T T CEZLARRNGS LOXNIREsVIdAEN 1S Tt hat, ajssdeterm ned by the
present | TEEROERIS, | BIVODASRGENT S escape from a freezjesdried produc],
parti cul aripfeehen SahverEgradEBr |1 S st or ed over extensked periods of time at
anmbi ent t[EEp@baE UT [esqvDoKDaANeBIEal d product 1s 30 exposed to sudden
i ncr eases| uomzb enpelr immkekprinea agents are typicallylv¥olatile, and|thus are
not ret ai MEm2ERN_f NendviLBeATATHEKIRCT , Whi ch el t her exjp®a 1 ences danape and
degradation during storage and transport, thereby reducing its stable
shelf-life, or is 30 unacceptable for pharnaceutical use. For exanple, due
to changes in the appearance of the freeze-dried conposition or the

soluti.on reconsgituted fromit . is difficulty,

t he pr1 sent i ni%?%erpso‘ii éaggd%fec&mggge (r:ég&r)u?%g/ |C(I)ltr?ge %ﬁ%ggarﬁ ggl:i}'(t:?)ng ~

car bohydr agreseanddinpaharufivtire; thog ragéndsanaybectepldoedidlorsxareplel 8 i n escape of
said agents froma final freeze-dried ‘Eﬁid%mt- I n ?rder to (ﬁchi eve this, it
i s necessaglytamate orgRlutapuRs resigpe @H’n&?ﬁ‘g Y 1970 PR Mttt BB st ruct ure.

Accor di 0! Yoy AN HEANELIaCRE ROHAIAS B WBUAINC] ThERTEgukaE ine sui tabl e for
use in the present Invention Is a carbohydrate which i s anmorphous upon
freeze- dr ypaptides efftbe imventian Whick coméspend tosglutamaterarrghifeménedartohydrate”. I n

order to ensure that the 10.conposition as ole h ous

st ructler e {FABTRCE Pgé?ét-%er‘fff’f‘?& S nﬁ‘éncgr%‘?‘yp eorﬁglaaﬁég]‘ﬁ%}wzﬁr%g{ug[}%&g%gr réo hydr at es
in the conpasiti smbe fivehtish whMEdtch eidifes alechrésepi 4ahd W tpmeaeNsf At an anount
which is at | east 50% but nore pref erabIN/Qiat | east 60% 70% or 80% and

nost pr ef epcpbilg. Bor exeraple. BDMQEWV an (7R 8P NQa4nay haverryreglu@BiifoRent s of t he
freeze-drigd c LI . ternatively, an overall anorphous structure
coul d be a@ ce&rﬁ)gtsth% gn%lrﬁgglorti on of anorphous carbohydrate which is

'eved W
bel ow 50% as a Rrapentbodimat, thé eompdsitiorcafithe mventonofomprses thepeptideson. Thi s

car borfr 2RESHMIRINGS ToByar B Sorpoasoh MPUBTRaPPAG: NeGEBHapIoEe

her ei naf t efpy R 83 &5 ¥5. LAl opAEnARTHRIMHERcBlidesHonever , for 20 such a

conmbi nation to retaln sonme anor phous structure in which the biol ogical

Other components
As will be appreciated from the above section relating to freeze-drying,
‘25  compositions which are to be freeze-dried will typically comprise additional
components as well as the biological materials of interest. The present invention
relates to the use of a combination of additional components to prevent or reduce

dimerisation of the at least one peptide in the compositions of the invention, thereby



nol ecul es or interest are dispersed, it will typically be necessary to
carry out a cyclical heating and cooling of the conposition during the
freezi ng WO2W/W61198he freeze-dryi ng process. This cycli ®&II/GRAYM9g76ANnd
cooling is typically referred to as annealing, and when carried out at
appropriate conditions it can result in the 25 formation of a m xed

cryzt ﬁl | i ne/ anor phous cake structure. 4n this instance, the anorphous

car bohydr at [ woul d
Cypi cal |y SRk RERRONEERIAR,! Buld R dIRRS) ThoBRsdl rhaRu Mk oot i he
total co rrpmrmemed.@ﬂ”or niakingonplo sorhpasitionPaFid mradeat inyepossflave detemainbdhydr at es

for the usgs, of I nven | ude 30mal t ul t ul | act ul
and sucros G%EICP E‘ath’ée%égg&I?g%ﬁﬁ‘?’SG?gag atgf?ggu(“)}gé%{)?% a?g?pgtr eo?c o ose

mal titol, {N‘ﬁﬁﬂu'lﬁlﬂbns &%e@tférﬁiattlonﬁcl’[fb\)%‘ﬁﬁ@eﬁ‘fzcta D-gl UCOpyr anosyl manni tol, and
a-Db gl ucopyranosyl sorbitol, and its individual su al cohol s

nf)n L effum ng gAslmg?il‘mﬁsl lmfellpmmféma@bmb@@d\ &h@‘@ the wﬁ@@gar.
al cohol s
raffinose, 8’@{@8% uesg a |'t§{s@&%%r§%8ext ?@1‘%&%6 ﬁ%gg%kéﬁﬁgamggér\%gﬁsdr at es

are non-r eHdGie\d, ﬂhley dotnbt pretéht dahérdbasativarbydeseptide bordprigdiwidtintiese,

sucrose, raffinose, stachyose, and nelezitose. Trehalose is particularly
5pr ef er r edfinal freeperdried produgicluging e Ripraest AddiHeAl GOMRORENES arg TeHiTed &

Transition T&J@ﬁ&@ﬁﬁa? , A 1ch&R5E a %mt Jvﬂlchjxﬁmbﬁ df rﬂ{a%ﬁ‘oil?wud%gc above

t he hi ghes'f1 anti ci pate ’storage tenperature o |naI eze-dried
pr oduct0 f omubtesddo bt iabﬁutled he qu:mss whithvahibe dlmezrrfofrgatmdn peptadeed par aneters

for sone preferred ohydr at.es are shown bel ow. (O Tg'
Sucr ose. ASEEBRIS IO BHAHSEPRT BUwoT HU6 ORTES be WAEAPLIYse 63115
APProX. - 24ccMptaBlél $@%agents include agents suitable for reducing a disulfide bond,

antioxidant agents or preservative agents. Suitable reducing agents include any

trialkylphosphine compound, including tris(2-carboxyethyl)phosphine (TCEP), 2-
15  Mercaptoethanol and dithiothreitol (DTT). Other suitable agents include

thioglycerol, thioanisole, and cysteine. Thioglycerol is particularly preferred.

In order to effectively prevent dimer formation, such agents should ideally be
present at least at an equivalent molar concentration to that of the material which is
susceptible to dimer formation, when measured prior to freezing. Thus, where the

20  material susceptible to dimer formation is one or more peptides comprising at least
one free cysteine residue, the agent is present at least at an equivalent molar
concentration to the concentration of the one or more peptides comprising at least
one free cysteine residue. The concentration of other components, such as peptides
which do not contain a free cysteine residue, is not typically taken into account. That

25  is where a composition comprises, for example, four peptides which contain a free
cysteine residue and three peptides which do not contain a free cysteine residue, the
concentration of the agent which inhibits dimer formation is determined relative to
the overall concentration of the four free cysteine-containing peptides. The
concentration of the three peptides which do not contain cysteine, and of any other

30 components in the composition, is not relevant to the level of agent required.

In one embodiment the at least one agent which inhibits dimer formation may
be present in a greater or lesser amount than the material which is susceptible to

dimer formation; when measured prior to freezing, provided that dimer prevention is



>100 Stachyose 81-123 10 Tg = glass transition tenperature; Tg' = Tg for
the maximally freeze concentrated state; As denonstrated herein, the
anor phouswop1ieLr98 of t he freeze-dried carbohydrate tr&63/GHB094YETT whi ch
inhibits dimer formation within the final freeze-dried product. This is by
contrast to materials which have a crystalline structure upon 15
freeze-drying. Crystalline or m xed /apprphous materials have previously
been pref egfediveR) prb{&R&E Tl )aREuRRRIb6 B AR $hOiachhR praRf: idasstdfied herein,
in part because t'he final freeze-dried "cake" typically has a nore

attracti veamppatghamthe nzatetial mbichas susseptitde tyr dimst (aematign.nBoresxempls, they be

enpl oyed. Thu the present invention relates to, use of (i t l.east one
non- r educi ﬁ%eniglaé{g)reﬂ’g?ﬁ?ﬂtragtaéngﬁracoﬁc?'} rajipn I‘%’é‘g}ls hfgasggagmo&“ﬁa}tglﬁ Onftbi ts
di ner forngb) 5060870 L6, THO| €50, 2001239 BORA06.0500; 560, 790,800, 9&F6r One
pepti de congél sing a free cysteine residue, wherein the use is for

pr event$ ng 1000 foddigrepter than ilg melar Fenseniration of the mptsgak whigh isswiseapdibleitp sai d
conposi tion; . | e i i.nhi hy i . t is
retained i ﬁmil%re}g r eleogl é?gg%ﬁeégﬁlb?%%g%?t\q%b&? ehdé g?h@*?%ﬁé’ﬂ%@? h tflfg{ ﬁ?%hg%tt he at
| east one Rastdmtvweadnydr aidg0 fahkiderestert then theyneilt edontentratido of thermgieralent

di merisation.of the tide or _peptides therejn throughout. the storage life
of "t he. pr otHHSRi PEpceH e feimen CEFAHP Earcrpmpl ¥ ERASBLRRTEH | <

i deal Iy at of £R31ar Loy @Afratidi ofB00[ A e @gﬁﬂﬁ@ﬁﬁpreﬁ}ab@?’@ }f'n%g&lt @024RG1ar 30T/ 65%RH
or 40C1759%RH. 32 In accordance w'th the above, a preferred enbodi nent of

t he i nV@nt corenitamey betvaend 2o and 16mM.at | east one non-reduci ng
carbohydrate sglected f.rom trehal.ose, sucprose,. hLaffingse, stac se or

nel ezi t ose andglﬁ '351%{1%’@?@318? g for; eﬁ(aglp%’r 2@39%%‘?%%" lcgmrrg,o%ﬁ“?ﬁoosﬂ}/o%orrpri si ng
at | east OREERERIIEdewhenr fosi peptidts donbaning Bclehdt@ae Gs Codteife aeaatiiue,
wherein the use is for preventing or reducing dipnerisation of said at |east
one pept i deresentabs M orsidlracipsptides not cqitaIing Sy stping AL 4150 ¢Ach PSSP

enmbodi ment - gw&i : b Srel358 &k 1 ﬁyﬁf&%% nost

pr ef er abl y59élgjﬁa'1llm§§’é.h Ildﬁhﬁ%ﬁ%@%ﬁ?xﬁgﬁ%ﬁrgé%%n by aony speci fc

hypot hesi s (sev@repéptides)tand 200 thicronwilaef peptates hihsfresndysidinedA peptadepavithi cul ar | y

advant ageoys because of the gopd retention of thjoglycerol .in

freoze-or i dae euanor gl aie mai Bl sorable oguat Lhners ax oy

sui tabl e f gpq i RAS134 pfaSert At § EQRER Ao 19RINPAShiLh R foRCaeser.i t does not
itself freeze to Torma glass under typical freeze-drying conditions, i.e.

it remains |iqditgmativalytheezantumasbepresaphaiaamoRo congspligtiiay whichisale present
invention, it .15is S d. th i [ : Lhad,

parti cul arIl ﬁ%%%eﬁr%gii%gwqr ﬁ&f’r?%ﬁxgplgglg%lxﬁm‘%tng%ﬁtfﬁgﬁ??ts}{eg}r'\%&g escape or
negati @ i WbdsH is Susceptibl@tydimenformatbn.t Foradxainbte, ivherzhe dnateeid] BkesentThe

presence of thioglycerol effectively prevents fornafion of peptide diners
in the conpbamplasgonceptrainrefA00ult &he aesatwudl B F%‘}F@’IY)%C prgeent ﬁ&éﬁl":‘% n t

wll be apgg&ghggtﬁglgmgwgengm g16hhed conpositions made according to

the invention may be reconstituted in sol ution, typically in an aqueous
sol uti on suit aSheh 4 Duation sotidapplysincfor asamsplerthe dhigglycerpiilo’ee wat er .

EAREARY NS LN S e TR
have ap#n nipRY is Ah QRRFeldf9s @bmposition, there are 700 micromoles of total peptide
(seven peptides) and 400 micromoles of peptides with free cysteine (4 peptides with
free cysteine). Accordingly, the material susceptible to dimer formation is at 400 pM
and thioglycerol is present at a concentration of 14mM, which is 35 fold greater.
The material is typically at least one peptide comprising at least one free
30  cysteine residue. The lower limit of the amount of peptide present in the composition
before freezing as a proportion will typically be about 0.01, 0.02, 0.03, 0.04, 0.05,
0.06, 0.07, 0.08, 0.09, 0.1,0.15, 0.2, 0.3, 0.4, 0.5, 0.6,0.7,0.8,0.9, 1.0, 1.1, 1.2, 1.3,
1.4, or 1.5%wt/wt or w/v. The upper limit of the amount of péptide present in the



peptide present as a diner. That is, dinmer formation will be effectively
prevented. By a minimal proportion of peptide present as a diner it is
meant thaWo0dkilt?dm of 5% 4% 3% 2% 1% O0.9% 0.8% POTCR20Q/08%4670. 5%
0.4% 0.3% 0.2% 0.1% 0.05%or 0.01%is present in solution as a diner.
It wll be understood that the 30 proportion of peptide present as a diner
in solution will be the proportion prex®ent as a diner followng a suitable

period of Ebrﬂﬁoélﬁbrﬁpéfb&felﬁyazm§%s?mp%rtnﬁmmgpfemma@bdu@@lsuqi% [anggs of time
that a skilled practitioner reasonabl y° expect to keép a sequence in

sol ution pli9%2.0t leu&é, 2.B02. 4,e?xér3pl4e>r Sdowtiwt QﬂWhOlIir\Elll berecpgnd®diterur s, or 33

aseessad by TaRy Lbep s B kb RauY be BebRl i oL ERSHrlaiodhatBidl on w1 1

typically beémBinpd avithee§of thealppéiifis gt banaboker Thehtdedss bA@agunt Whithni si ng an
i ndi vidual to ahiorotel n fromwhich a peptide 5 conprised in the conposition

derivesd mehformalinwill thegefore ée REFSEHLIN @ SImHAF TRNEe S APEORIEO T nor e
phar maceut I |y one or nore
ot her therggtghtc?‘rga?%g%g’%‘ﬁdéﬂh eélcscggéﬁngﬂra {lﬁﬂ%%ﬁpg &%g%gg%t able' in the
sense of bequigaleinpaian doineentratibn tdhe ddthieconcergratidn efipepties cdxmprﬁmngmtl ation (in
particul ar the%ﬁ‘rgest not propote diner f rmatlo%) and nat del e&)e ous to
the reci p| S SySteg FFlueAp iRy composifigp Priehio freezig: FoheXample. fhe i nal

fornul ati ofpe t@@apc&k@ﬁ&dtﬁn%@geﬁweee&ﬁpﬁglﬁgeat 1808 oRdIHES ERidhe RQIMORENt S May
have been present in the freeze-dried conposition or may be added during or

fol | owlthg Oéé@mlﬁmlutoit&iﬁgeﬁrhqtyienmmﬂ Wéﬂ?ﬁ a gnst Q\ﬂééSlOVgﬂdlﬁﬂEsmWét ting or

| sif d
chel at 1 g SRRRTCin PRy B alt iy B0k B SIRBRERSERG PRI DY TVCH o e

and auxi | i ampl/mlihé ajﬂae.gerarcen@aﬁeui@iW1 wanemcs@ummmlagents that do not

i nduce an i mmune response in the individual receivi n&ﬁﬁéﬁ conposjtion, and
whi ch may be akymﬂﬁIagspévrséapwrméal@atmfcﬂ}ée%%ecﬂaeyt mgy, ¥heiincyded

accept abl e i {,é) Iléxgw qiét such as

wat er, sal |t‘r3f?(§lﬁ po%’%q%hy eneg cop#pﬁgﬁ?équﬁen cali%égl ° et a °

Phar mateut em:safd tjnaahmepfcniﬂaeoxs ml df&cfi’fbly aluadds m;ililcm‘. Ithu:lmper hmntefomhef or

exanpl e, mn |ds s such a h ochl ori des drobr am de

phosphat es® tﬁ’P’f‘ atio %ifhf’ ﬁ%enl g;%yxgﬁag{yttﬁge Lgppd °c§f3ﬂé’l96%ﬁﬂ%‘reé‘?;‘?n 5 such as
acetates, Wﬂﬂitﬁ’t’i‘tﬁ{s% appIRldas hAtacHRREP&GSositdNE Hdiexahfe, a A t hor ough
dlscu55|on of pharmaceutically acceptabl e excipients, vehicles and

auxi | i ary mgbestiqufedsolngomipsinedsioa WWW@M%QY@F\V%HWQF%%%QQ 88 0.8ci ences
(Mack Pub. T |
conprise aogtj?tgaglpel gggg@?n? 32(?|30§]n§r each pggi)?a?g%eg’pﬁ“w‘%/&%ff‘?@é%w t hout
causi nzp adwrSﬂnfaeapBJ |n,. 8 Dyp(i) a3l 20,25 80, 35508 40Mow Ok teoTiv/ay tespectivélg in
concentration of each peptide in gpe corrpomw{j;)n will be in the range of

0.03 to 5othedFasre-dedprogugisAceprdinglynthsiamaunt Ripeptids By be BRI M2Y he range of
0.3 to 200 t B tHdse chiflichPred@iPenieid, / M or 30 to 120

nmol / m . Béygglr){b?élmlédtgcgr?g erredt |S§ct ec rgﬁge 3 to 12nnol/m . The

conposi tion shhuixﬂbhan@raopmbytlyeSbﬂlegrpsesperthatlﬁmprmmmpfgﬂ% or 98%or a

S0 EermnRal e ooy S F S hae POt Bl Qe R cos 2

nol ecudse ap@peftiohdbbutds toll O ol Myget ince fiRG! fPdes e dHBE cohipdEtich Ot her
therapeutic ol ecul es. A conposition of the invention may alternatively be

used si mul tanemgdlﬁﬁa%tyqu&hmplaﬂmg ap feagteqmg agentwhich inhibits diger iepREiaR: her

t her apeut | 6L S f pi cal ly,
for use in™ n’ﬁﬁgj%% sdr{ed%g&pﬁ %ﬁtl&?‘fs th%sﬁeg%ﬁ%%ﬁrﬁ%@%g%ﬁg%gl ansrsér?'}1 ‘:élti%/l on t hat
once reconsgantstsespel fiah adidepsmdri¢dgrodaly) purs¢ulaty whemdaidptodeetris digrednd 10ng of
each peptide. Mre referﬁgly an a unt of each g}‘@tlde in the range 3pg to
5my, 5pg tBVf‘Sr?ﬁtenfl qrtpds p e abery ‘LeBt tepgeratiies ehWREMEHAPIWHCYF each

pept | dﬂ E)g)oggd[ fbbudé el%as;es&&p%ﬁemopﬁ@ageﬁtsaamymcﬂw%la% aﬁwt may

typi ca Ivere ntradernally, subcutaneously, intranuscul arly,

intr avenouﬁiuy ,aremcmlrétymed it tha fiaslgirbguot,rwhigh githealexparisncesamago apdsi t i on

houl d h han 909% 5% % ar . a. f
east ooss Seedhon dhle pFRR L e e P YAy SDG Mo St ™

present invention relates to conpositions conprising at | east one peptide
that is capable of nodulating the i mmune system of an individual.




"Modul ating" may nmean sensitizing or inducing inmmunity in individuals to a
protein fromwhich the at | east one peptide of the conpositions of the

i nventi orWRQ0HWA0Il8s. I n this instance, the protein is PEHIERPINOAT6F unour
antigen protein or an antigen protein froman infectious disease, such as

t hose caused by hepatitis and human papill oma viruses. The conpositions of
the invention are therefore useful in 3the prevention or treatnent of cancer
or i nfecti QHscceptaBId ¥8Sphafthh@ufiadnv€ [Fér exdimsiel] @%lt@gﬁmgayinrtﬁ@aﬁ)pt@ﬁﬂw tising
or tolerising individuals to 25 a Erote[n fromwhich the at Teast one

pepti de of of the fresapdaed campositfon a1dhe splelton reppngtitufedelsomyita t hi s i nstance, the
protein is typtcal l.] er. . r i ] . i nmune
response i s un é%ﬁ%ﬁgﬁgé%g§§&%¥§§%§P%é@%H”an§#%§%§5ﬁégphggwan i gens

associ at ed cembinaticrisaNMMotredwdieasiatydand aglatisicamhiiidiiag sgéntyi wikich do not

graft-versus-host disease or transplant rejection (hetein refefred to as
al | oi mine IEBH R escap9f saihassotsfrm g dnal fGeegedrisd BEPdS\SFtt ﬁ’Fﬂ’é‘F%ﬁor?& et al

| mune r espONSER nefddbar§ Bl e aHEd BRI an RhRgsRas udie. Newbor n.

The conpositions of the invention are therefore useful” in the prevention or
treat ment accerdinglyiamodirsduning cagbohydtaté winehes pirtieuisrdy suitabld fooiiseinne

condition qgr a maf ern%f-f.oet aIb h tne r.el}slﬁonse. 35 The invention
provi des ¢ &5°0T OREoay's Sa™P %'Ff&\)”é’ﬁ? GUOFPHOpE Uppn, fegaredryingy o

condi ti ons refd&d foheLdhA R adhiS CarRbplb ALY BRI AIMrde t6 \eRdirt fiat e treating
a subj ect having the above conditions, conprising adm nistering a

r econsi t ucemiPeBligbas & Whelebes emampmphers StoGturahRon FeRz¢idayiag. the be treated or

provi ded w Lt A i On:.i -y human.
Wher e dese%{%’lB fplthslagi ?aorfril ’5 @%F Ee)% ?%%ﬁygﬁﬁ%slhg%f%ﬁe@g ltiot% S\%lF eq{l)‘g&g%%reci at ed
that the i stbuld tipédally prdsenttat aatmdumayhibleiskan teast 3086, bat sonsprcfesatdy to t he

particular allergen or antigen, at risk of_ bei sensitised qr, suspected of
bei ng sensilqaﬁ@a'g’%qrgg% pst praicTg ytaééelag(ﬁbfg/b?s LRREPTHOB A 5Ol ng

techni quescgﬁbgnelﬁ&od@qhé RedA3€arRfilcoRPlsiién. 10 described herein. Alternatively,
the individual may have a famly history of the conditions described above.

It maylhot be Ademstwaly, anoverdtameorphowdistrizetues coblst besachigved athiaon t o

|l b i ndi vid i Sp . wh
br ought 1 BB dharyretred G ruRE LR b AT sl Riorlle ) o roant

10 metres @itall ®FpondntsBE theSoMpodifss ,Thes ¢ibHe@Shieved #ise andorpBéuse or |ess, or
O netres fromthe 15source. Synptons,  of allergy can include_ itchy eyes,

runny nose carbplydrae pyuser in Fembippiaen with  carbeRydrateiwiiel iscpytalling@pdnndi vi dual
to be trea far. ' I SEAFR « . s f lrceast 2
weeks, 1 mtﬁ%%?'%#?ﬁg%&fqifear OF Egyyéggér@.hgggaeﬁ{)ﬁ |%¥d5§wﬁg§7 ﬂglﬁf fer from
a rash20 nasadh camyjssitionrto retamasomgiagminghoge somchimerin edigithe icddegisdd by t he

al l ergy. The individual my _ or ..nhat. hav een adm nistered with 20 ot her
conposi ti oﬁ?l‘?cugﬁéﬁﬁHﬁWB? ;’\ﬁ%ii’éﬂer?%gt‘“hlt}’@?agv ©necess n‘&@ﬁ'@( g8t 2 ¢ he

I ndi vi dual c{QicAPndatifg hidlcBing e 1Rl oﬁif'p\()siﬁgﬁduﬁﬁg\/ﬂ)‘éqfeezﬁ efageabtne, the
i ndi vi dual c?mi/c be ilngt heca eggroupc of 1 to 90, 5to 60,g 10 to 40, or nore

pr ef er abl y fitezer dryBeg provess.drapeyelical heatingoangdi coabing isdypealby isfared 9 8s f rom a
popul ation_that. has W.HC allel e fr e it Dl of frequencies
ling R S BleR e A BRRERAL T bl R chesliE R

that are 25/ 1Vé St an ion. fence popul ation
al | el e25 r eguigfatibe of h afixddlcroaiaming/ amBphbuatdkelsauétars. In thés iastancehthen bel ow. WO

2010/ 061193PCT/ GB2009/ 002767 36 DRB 1 1 .. _ .
amorphous carbohydrate or carbohydrates in the compositions of the invention
“would typically preserit at an amount which is at least 20% as a proportion of the
total components of the composition.
Particularly preferred carbohydrates for the uses of the invention include
30 maltulose, iso-maltulose, lactulose and sucrose, maltose, lactose, isomaltose and
sugar alcohols thereof, maltitol, lactitol, palatinit, a mixture of a-D-glucopyranosyl-
mannitol, and o -D- glucopyranosyl-sorbitol, and its individual sugar alcohols, non-

reducing glycosides of polyhydroxy compounds selected from sugar alcohols, other



347 8 11 12 13 14 15 16 % 6.4 14.7 15.7 8.8 3.4 8.3 3.9 14.7 2.9 17.6 2.5

Ref erence population %9.4 11.1 12.8
WO 2010/061193 PCT/GB2009/002767

31
straight chain polyalcohols, trehalose, sucrose, raffinose, stachyose, melezitose and

dextran.
Preferred carbohydrates are non-reducing di-, tri and tetrasaccharides including
trehalose, sucrose, raffinose, stachyose, and melezitose. Trehalose is particularly
5  preferred. '
Ideally, the carbohydrate should have a Tg (Glass Transition Temperature) at
least 5, 10, 15, or most preferably 20°C above the highest anticipated storage
temperature of the final freeze-dried product for best stability. Reported values for

Tg and related parameters for some preferred carbohydrates are shown below.

Compound Tg (°C) Tg’

Sucrose 43-65 Approx. -46
Raffinose 70-106 Approx. -36
Trehalose 63-115 Approx. -27
Melezitose >100

Stachyose 81-123

10  Tg= glass transition temperature; Tg’= Tg for the maximally freeze concentrated
state; ‘

As demonstrated herein, the amorphous structure of the freeze-dried
carbohydrate traps the agent which inhibits dimer formation within the final freeze-
dried product. This is by contrast to materials which have a crystalline structure upon

15 freeze-drying. Crystalline or mixed /amorphous materials have previously been
preferred for freeze-drying applications of the type described herein, in part because
the final freeze-dried “cake” typically has a more attractive appearance and shorter
more aggressive drying cycles may be employed.

Thus, the present invention relates to use of (1) at least one non-reducing

20  carbohydrate and (ii) at least one agent which inhibits dimer formation in a freeze-
dried composition comprising at least one peptide comprising a free cysteine residue,
wherein the use is for preventing or reducing dimerisation of said at least one peptide
in said composition. The at least one agent which inhibits dimer formation is retained
in the freeze-dried product by the amorphous structure of the at least one

25  carbohydrate, and is thereby able to reduce or prevent dimerisation of the peptide or
peptides therein throughout the storage life of the product. In this way, a stable shelf-
life is achieved which is ideally at least 1 year, or at least 2 years, at 5+3°C, ‘

- 25°C/60%RH, 30°C/65%RH or 40°C/75%RH.



13.2 3.7 13.4 2.3 10.2 3.2 10.7 3.6 Ref erence frequenci es were
obt ai ned by analysis of nultiple studies reporting frequencies and the
figures SWORAL0AGEI%ean val ues. Preferably therefore, th&CIKH200%02167t 0 be
treated is froma popul ation that has equivalent MHC allele frequencies as
the reference population for the alleles referred to in the above table
5(such as for at least 1, 2, 3, 4, 5 o032all of the alleles), for exanple

Wi thin the. rangegceidahdeosieh fhe@U6es apréferred ebstiitent ofZhe BwektionkBlatekdS or 20%
Preferably the individual is froma_ popul ati on where the allele frequencies

of the fol foohe Mee oiBhat deastpnsongeduring earbohygeate sglgoteifromarehplessst 10% 11- at
| east 8% Thec| [ |3 nRALAH .2 ' e: e Wit h

i ndi vi dual & %o’ }r%gt;/ﬁér%é’?g&c{h 8 reeo?:el veztlﬂr?%#%ﬁqug t@%ﬁ%@f }Ja%)frgér%edo t he

conposi t i oosmpdsitidrecomprisitg ab teastsondeeptiddennmizmgeat [Fspdriedes: ovsieate are nore
prone to diner formation than the peptideg aof the 15.inventjion are nore
kel y 30 ToligeY Bendbbieds REaRRBans i Euapg RO SoBidA gl t | pl e
adm ni st r abhOptidSieed ERAIRIIC peptides are typically less inflammatory
than di meric péeptides, the invention is also partipularlg suitable for

adnmi ni st r at i onlntagpagiculartyi pefeorst ewbodimaent,dhe hen-eadueing kayphydratentli t i on,
wherein the condition is charagteri sed.by an adverse inflammatory reaction
to a treat %%l}la;i’os&?r ??rg?ehbnogépfﬁéﬁaz’@p’fﬁ%iealosﬁh adverse inflammatory reaction to

a treatnment cowpmilksiod@vishifiepticddun@dby ey sheaifitaspdthasis,ahé Bghiorsof t he onset
of any of the synptons of allergy as defined above follow ng adm nistration

of a tikat W%de%/%@%‘Ffﬂ}@f’dé’nﬁ@ﬁf %’/%PUIAHY pdeAniacaous beranse 9€ thegveder ed to be

at risk of re%éﬁcfilan%f gllﬁéﬁl}«': 5 iB Pe Mc-%l?iie& @Qlee." Tﬁgnglfrfr:g}&l égcf’ﬁ%pioutsl rbegnfanpl e a

famly history o ar reactions, a person i story mul tiple
25al | er gi ccamssleomidless, sutabls farangiryorpiaen ini freezedrind pompdsitoons Pecausp it ch

eEPOrRes Lo AR BLLETPE. (U0 A0 OO G000 Q0 e T e
remains liquid at temperatures as low as —80°C. However, in the present invention, it
15  is demonstrated that thioglycerol can be retained, particularly in combination with
trehalose, without any signs of escape or negative impact on the physical quality of
the freeze-dried cake. The presence of thioglycerol effectively prevents formation of

peptide dimers in the composition.

20  Reconstituted compositions of the invention

It will be appreciated that the freeze-dried compositions made according to the
invention may be reconstituted in solution, typically in an aqueous solution suitable
for injection, such as sterile, pyrogen-free water. Ideally, the solution will be isotonic
/ iso-osmolar and thereby suitable for parenteral injection.

25 The reconstituted composition will typically have a minimal proportion of
peptide present as a dimer. That is, dimer formation will be effectively prevented.
By a minimal proportion of peptide present as a dimer it is meant that a maximum of
5%, 4%, 3%, 2%, 1%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1%,
0.05% or 0.01% is present in solution as a dimer. It will be understood that the

30  proportion of peptide present as a dimer in solution will be the proportion present as
a dimer following a suitable period of time in solution. Suitable periods of time
include ranges of time that a skilled practitioner might reasonably expect to keep a

sequence in solution prior to.use. For example, about 24 hours, about 48 hours, or



38 Exanples The follow ng exanpl es and conparative exanpl es show t he
performance of different conpositions under different storage conditions.
Each of tWe 2d10d6&9ént conpositions conprises the pepti dESTEHREM90RT6G of t he
sequences of SEQID NOCS: 1 5 to 4 (peptides M.AO1, 04, 05 and 12), and
three additional peptides: M.A03 ( EQVAQYKALPWLENA (SEQ ED NO 84)), M.AO07
( KENALSLLDKI YTSPL (SEQ I D NO. 85)) and3dVLAl4 ( SRVLDG.VMITI SSSK (SEQ 1D NO

86)). 1N eyghy 78486, NG ﬁgﬁpﬁ&isfi VS pREGR A £ divieR SR Hial BB afebs@ll 1 O
bei ng subjected to freezg- rying. agirbgezel-)dryi ng glonditionsywere sel ected as
appropr i at by fry sui@bleanethednposi ti on and a typical freeze-drying cycle is

s moasur od by ORGAPTHe Ranp BT SFGRREIAE: § B e AR R AR 0,

so: ution befraslerising opfnitunising apindieidaal té\alprareiffish twhivhsa pepsided experi enced
only m nor degradation of peptides during the freeze-drying process (data
not  shown) COMBISSA R fheremnogiiva dgnyasngs suehs hisgpernshituted 9eMpeRYeR MaYon was

stored at - ' j L > : Y \ '
300 759 RO H e nt 2 m L PRERAG i MPAC Pl affs o dfucAGimd RO o,
during st oormer obretdtigerftherapeutic amzedients. dihe panttn ¢8) mwst bertandaptabdal irbthe

reconstitutin sanpl e I nterval s and conpar.i,ng.the J.evel of. tid
degr adat | ofFrEgof e PomBAteWHE A hes e SgHR R ommtiaten fn pirtisPBhe no7 1 n
each conmpogiel, iRt h&tPréfotel diBePrmiatisil) ahdl h6t CNTRINRRS theSretiPicABIEREO! .
Accordingly, retention of thioglycerol is determned by observing the

present® o ypibalbncarrists fopitieations dndrihofinal fernyation, afe sterde sndpygeeryi al s. 25
Crar . 1P s B APy Mol et Sl g Rygla S o el
composition or may be added during or following reconstitution. Thus, auxiliary
substances, such as we&ing or emulsifying agents, pH modifying or buffering
substances, antioxidants, chelating agents and the like, may be present. These

15  excipients, vehicles and auxiliary substances are generally pharmaceutical agents that
do not induce an immune response in the individual receiving the composition, and
which may be administered without undue toxicity. Pharmaceutically acceptable
excipients include, but are not limited to, liquids such as water, saline,
polyethyleneglycol, hyaluronic acid and ethanol. Pharmaceutically acceptable salts

20  can also be included therein, for example, mineral acid salts such as hydrochlorides,
hydrobromides, phosphates, sulfates, and the like; and the salts of organic acids such
as acetates, propionates, malonates, benzoates, and the like. A thorough discussion
of pharmaceutically acceptable excipients, vehicles and auxiliary substances is
available in Remington’s Pharmaceutical Sciences (Mack Pub. Co., N.J. 1991).

25 The compositions of the invention will comprise a suitable concentration of
each peptide to be effective without causing adverse reaction. Typically,‘ for use in
tolerisation, the concentration of each peptide in the composition will be in the range

0f0.03 to 500 nmol/ml or 0.03 to 200 nmol/ml. More preferably in the range of 0.3
to 200 nmol/ml, 3 to 180 nmol/ml, 10 to 150 nmol/ml or 30 to 120 nmol/ml.

30  Particularly preferred is the range 3 to 12nmol/ml. The composition should have a
purity of greater than 90%, or 95% or 98% or a purity of at least 99%. Injection
volumes may typically be 60ul or 120pl.
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A composition may therefore be formulated which comprises a molecule

and/or cell of the invention and also one or more other therapeutic molecules. A
composition of the invention may alternatively be used simultaneously, séquentially
or separately with one or more other therapeuﬁc compositions as part of a combined
treatment. ‘

Typically, for use in immunisation, the composition will provide a presentation
that once reconstituted that allows the administration of between 1pg and 10mg of
each peptide. More preferably an amount of each peptide in the range 3pg to Smg,
Spg to Smg, 10pg to 2mg or 20pg to Img. The concentration of each peptide will be
dependent upon the route of administration, but may typically be delivered
intradermally, subcutaneously, intramuscularly, intravenously, orally, intranasally or

by inhalation. The composition should have a purity of greater than 90%, or 95% or

98% or a purity of at least 99%.

Therapeutic methods and individual to be treated

The present invention relates to compositions comprising at least one peptide
that is capable of modulating the immune system of an individual.

“Modulating” may mean sensitizing or inducing immunity in individuals to a
protein from which the at least one peptide of the compositions of the invention
derives. In this. instance, the protein is typically a tumour antigen protein or an
antigen protein from an infectious disease, such as those caused by hepatitis and
human papilloma viruses. The compositions of the invention are therefore useful in
the prevention or treatment of cancer or infectious diseases.

Alternatively, “modulating” may mean desensitising or tolerising individuals to
a protein from which the at least one peptide of the compositions of the invention
derives. In this instance, the protein is typically an allergen or other antigen to which
an immune response is undesirable. Examples of such antigens include antigens
associated with autoimmune diseases, antigens associated with graft-versus-host
disease or transplant rejection (herein referred to as alloimmune conditions) and
antigens associated with maternal-foetal immune responses, for example Rhesus D
Haemolytic Disease of the Newborn. The compositions of the invention are therefore
useful in the prevention or treatment an allergic disease, an autoimmune disease, an

alloimmune condition or a maternal-foetal immune response.

WO



0.05 6.00 Non-peptide conponents (values in brackets indicate
concentrations in m\V) trehal ose/thioglycerol/nethionine (250:46:5).

5Char act ewp2vicos1ibg '= - 31.9 C Tg = 83 -87 C (first rurCTRaERb@uAb7emoi St ure
= nd WAXS diffractogram fully anorphous 10 Retention of thioglycerol is
excellent. No condensation is visible on vial walls for all storage
conditions. The thioglycerol is evidend$y i mmobilised within the anorphous
cake. 15Cake apmea#wm€6n pfovided eb@fodichsSBr MRlin peseh@id ratdainphiRasi ng, but
storage stability is excellent as shown in Figures 17 to 19. No significant
pepti de degbengonditionnsTiaseniion algeareviflesopmethod of prayertingoritreeting 8ondi t i ons

tested (40(/,¢59 taer 8 . I - hous' binary
m xture se%bgg"{?l‘g%g.}‘ ggt;e %%ro ggg@{%ﬁqsh%o\éﬁc@rﬁ e @%‘Eﬁ %@ﬁ? r%ceorrrlpéﬁ?[f)% Chanber
pressure (olapgsitizt aff the mvehtion. The indiviGudl @0 Be Gedted 40prdO{ded with the

5  composition of the invention is preferably human.

Where desensitisation / tolerisation is desired, it will be appreciated that the
individual to be treated may be known to be sensitised to the particular allergen or
antigen, at risk of being sensitised or suspected of being sensitised. The individual
can be tested for sensitisation using techniques well known in the art and as

10 described herein. Alternatively, the individual may have a family history of the
conditions described above. It may not be necessary to test an individual for
sensitisation to allergens because the individual may display symptoms of allergy
when brought into proximity to a suitable allergen source. By proximity is meant 10
metres or less, 5 metres or less, 2 metres or less, 1 metre or less, or 0 metres from the

15  source. Symptoms of allergy can include itchy eyes, ruhny nose, breathing
difficulties, red itchy skin or rash. The individual to be treated for allergic disease
may have had allergy for at least 2 weeks, 1 month, 6 months, 1 year or 5 years. The
individual may suffer from a rash, nasal congestion, nasal discharge and/or coughing
caused by the allergy. The individual may or may not have been administered with

20  other compositions / compounds which treat allergy.

In general, the individual to be treated may be of any age. However,
preferably, the individual may be in the age group of 1 to 90, 5 to 60, 10 to 40, or
more preferably 18 to 35. Preferably, the individual to be treated is from a
population that has MHC allele frequencies within the range of frequencies that are

25  representative of the Caucasian population. Reference population allele frequencies

for 11 common DRBI1 allele families are shown below:
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Non- pepti de conponents (values in brackets indicate concentrations in mV
t r ehal osew@I29taee¥98hi ogl ycer ol / met hi oni ne (165: 95: 46: 5) PCR&BROWN0R B | cs
5Tg ' = - 36.7 CTg = 62.5 C Residual npoisture = 0.61% w v Cake structure:
fully anor phous 10Retention of thioglycerol is excellent. No condensation
Is visible on vial walls for all stora¥ye conditions. The thioglycerol is

evidently fBR®ATTTSEd W Bhi NfFNe rmor pgous] CaKe[ 12 (13 (14 |15 | 16

% 64 [147 {157 |88 |34 |83 |39 |147 {29 |[176 |25

Reference | 9.4 |[11.1 {12.8 |13.2 |3.7 |13.4 |23 |102 {32 |[10.7 |3.6
population

%

Reference frequencies were obtained by analysis of multiple studies reporting
frequencies and the figures shown are mean values. Preferably therefore, the
individual to be treated is from a population that has equivalent MHC allele
frequencies as the reference population for the alleles referred to in the above table -

5  (such as for at least 1, 2, 3, 4, 5 or all of the alleles), for examplie within the ranges of
those figures plus or minus 1, 2, 3, 5, 10, 15 or 20%.

Preferably the individual is from a population where the allele frequencies of
the following DRB1 alleles is:

4 — at least 9%

10 7 — at least 10%

11 — at least 8%.

The invention is particularly suitable for use with individuals who may need to
receive multiple administrations of the compositions of the invention as described
above. Peptides which are more prone to dimer formation than the peptides of the

15  invention are more likely to induce an adverse response in an individual receiving
multiple administrations. Since monomeric peptides are typically less inflammatory
than dimeric peptides, the invention is also particularly suitable for administration to
an individual who has or is at risk of a condition, wherein the condition is
characterised by an adverse inflammatory reaction to a treatment comprising a

20 peptide. An adverse inflammatory reaction to a treatment comprising a peptide may
be diagnosed as a result of the onset of any of the symptoms of allergy as defined
above following administration of a treatment comprising a peptide. An individual
may be considered to be at risk of such a reaction for any suitable medical reason, for
example, a family history of similar reactions, a personal medical history of multiple

25  allergic responses, or strongly positive skin prick or skin patch responses to common

allergens.



Cake appearance is cracked and so not aesthetically pleasing, but storage
stability is 15excellent as shown in Figures 20 to 23. No significant
pepti de degradai®a was observed apart from for the nostecexdsesoemndi tions
tested (40C/ 75% RH), at which continual decline in peptide content was
observed. 2B 20 Non-peptide conponents (values in brackets indicate
concentrations in mV) sucrose/ gl yci ne3hi ogl ycerol / met hi oni ne (182: 78: 46: 5)
Char act er i Blid foHoWing Exampl&7ll8statPthe Tiyenti®B. 6 C Resi dual noi sture = 0. 56%
w v WAXS diffractogram fully anorphous Retention of thioglycerol is |ess
good than Exanple 2A, condensation is visible on 30 vial walls stored at
25C/ 65% RH. The thioglycerol is evidently not conpletely inmobilised within
t he anorphous cake. 41 Cake appearance is cracked and so not aesthetically
pl easi ng, but storage stability is good as shown in Figures 24 to 27.

Signi ficant peptide degradati on was only observed for the nost extrene
conditions tested: 25C165% RH (which showed a clear decline particularly
after 5 weeks) and 40C 75% RH (whi ch showed very poor 5peptide stability).
2C Non- pepti de conponents (values in brackets indicate concentrations in
mV) trehal ose/ mannitol/thioglycerol/nmethionine (160: 100: 46:5) 10
Characteristics Tg' = - 36.6 CTg = 51.6 C Residual noisture = 0.42% w v
15 WAXS diffractogram fully anmorphous Retention of thioglycerol is |ess
good t han Exanple 2A, condensation is visible on vial walls stored at

25C/ 65% RH. The thioglycerol is evidently not conpletely immobilised wthin
t he anor phous cake. 20



Cake appearance is cracked and so not aesthetically pleasing, but storage
stability is good as shown in Figures 28 to 31. No significant peptide
degr adat IS 2006dt98er ved apart from for the nost extrenmBCEEHRIIYOABTt est ed
(40C/ 75% RH), at which continual decline in peptide content was observed.
Stability at 25C/ 65% RH was 25 good, although not as good as for Exanple
2A. 2D Non- pepti de conponents (val3fs in brackets indicate

concentr at gEQpmplds ™) 30sucr ose/ manni tol /t hi ogl ycerol / net hi oni ne

(150: 110: 46:5) Characteristics Tg ' = - 38.7 C 42 Tg. = nd (<25C) Residual
noi sture = 0. 34Thqfallowpeseramle FpaTative examplapshenots psrfmananee obn of

thi odl o] _ . o yisibl al
vl 1o 4 or Sifrekche sERPaAGA diB AP Grab ook RGRTBRY GHine Siglhen 0 ° 27 V1 @
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oher ror min Sieptebaat dgbons. 08 and 43 385 a5 glaidonihacniogs MERPSGat | o vas
only obsermgy)%gmﬁ'@%@m B! &4 WLADY (RERALSIorK fyrpgpy. poor

stability) arative Exanple I-Mannitol series 15 Typical freeze-drying
cycl e St ep(Bi2IP N&n§H)) @d MbAiEBRYLEYSLYMTIIESPK (BEQDI NO: 8&).ni n) 1 20
1000 0 2

In every case, the composition was prepared in solution prior to being
subjected to freeze-drying. Freeze-drying conditions were selected as appropriate for
10  each composition and a typical freeze-drying cycle is shown for each. Degradation of

peptides during the freeze-drying process was measured by comparing the level of
peptide degradatibn ina sample of solution before and after the process. All
compositions tested experienced only minor degradation of peptides during the
freeze-drying process (data not shown).‘

15 Following freeze-drying, a sample of each composition was stored at a
variety of different conditions (-80°C, 5°C, 25°C/ 65% RH, 40°C/75% RH) (RH:
relative humidity) for up to 28 weeks. The degradation during storage of the final
freeze-dried product was monitored by reconstituting a sample at intervals and
comparing the level of peptide degradation to that in a freshly prepared standard

20  solution of MLAO7.

" Ineach composition tested, the only volatile component is thioglycerol.

Accordingly, retention of thioglycerol is determined by observing the presence or

absence of condensation on the walls of the storage vials.
25  Example 1- Trehalose formulation

Typical freeze-drying cycle

Step Shelf Temp (°C) Chamber pressure Duration (h.min)
“ ' (mbar)

1 20 : 1000 0

2 -40 1000 00.36

3 -40 1000 1.30

4 -24 0.05 2.00

5 224 0.05 , . ..|.24.00
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6 24 0.05 9.20
7 24 0.05 6.00

Non-peptide components (values in brackets indicate concentrations in mM)

trehalose/thioglycerol/methionine (250:46:5).

Characteristics
Tg'=-31.9°C

Tg = 83 -87 °C (first run)
Residual moisture = nd

WAXS diffractogram: fully amorphous

Retention of thioglycerol is excellent. No condensation is visible on. vial walls for all
storage conditions. The thioglycerol is evidently immobilised within the amorphous

cake.

Cake appearance is cracked and so not aesthetically pleasing, but storage stability is
excellent as shown in Figures 17 to 19. No significant peptide degradation was
observed apart from for the most extreme conditions tested (40°C/75% RH) after
approx. 8 weeks.

Example 2-'"Amorphous’' binary mixture series

Typical freeze-drying cycle

Step Shelf Temp (°C) Chamber pressure Duration (h.min)
(mbar)

1 -40 1000 0

2 -40 1000 1.00

3 15 0.03 0.30

4 -15 0.03 20.00

5 30 0.03 0.25

6 30 0.03 8.00

2A
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Non-peptide components (values in brackets indicate concentrations in mM)

trehalose/glycine/thioglycerol/methionine (165:95:46:5)

Characteristics
5 Tg'=-36.7°C
Tg=62.5°C

Residual moisture = 0.61% w/v

Cake structure: fully amorphous

10  Retention of thioglycerol is excellent. No condensation is visible on vial walls for all
storage conditions. The thioglycerol is evidently immobilised within the amorphous

cake.

Cake appearance is cracked and so not aesthetically pleasing, but storage stability is
15  excellent as shown in Figures 20 to 23. No significant peptide degradation was
observed apart from for the most extreme conditions tested (40°C/75% RH), at which

continual decline in peptide content was observed .

2B

20  Non-peptide components (values in brackets indicate concentrations in mM)

sucrose/glycine/thioglycerol/methionine (182:78:46:5)

Characteristics
Tg'=-37.8°C
25 Tg=38.6°C
Residual moisture = 0.56% w/v

WAXS diffractogram: fully amorphous

Retention of thioglycerol is less good than Example 2A, condensation is visible on
30 vial walls stored at 25°C/65% RH. The thioglycerol is evidently not completely

immobilised within the amorphous cake.



Characteristics Tg ' = none Tg = none 5 Residual noisture = 0.75% w v Cake
structure: crystalline Retention of thioglycerol is poor. Condensation is
vi si bl e omovosloerBl s for all storage conditions. The tRCogiBo@vbR767S
evidently not immobilised within the crystalline cake. Cake appearance is
good and so is aesthetlcally plea5|ng, but storage stability is poor as

h 1t . f t dat d at
1 Condi (GERFSPREAMCRH GHFKAEHSS o %Fgﬁi‘?P%?glyé’q%a%m%ﬁ? {iree Seohags o
condi tion éBd‘éQ Lhdieh 3 ﬁlgmle@ 26 WVEISiiakibant psthleticbRidaorPas SRgeut i cal

pr oduct . Non- pepti de conponents (values in brackets indicate
concent r atabserved forrthy mestirmxitrenie/cohdit ghstesteds| 250 Q5 %1RH (Milaﬁhawéal stics Tg '

= none Tg = Resi du ure, = ctu stal l'ine
25" Ret ent 1G5 QRIS BT & 506 SIS K SpEAHE M Fers BT af val I
to si msl arpcpaas §gbieisy)f or Cl A. The thioglycerol is evidently not immobilised
W thin the crystalline cake even when present at a higher. 30Cake
appearance is good and so is aesthetically pleasing, but storage stability
is poor a hown in Figures 5 to 8. Significant peptide degradati on was
observed at all conditions apart fromthe nost favourable (-80C). WO
2010/ 0611%&9&5@2&6%66&11’5(%%5(ﬁbr@cltﬂmsnmp'&pteiddacmaﬁom}eianwal ues in

brackets i ndi cat e con tio t ol /t hi ogl ycer oUret hi oni ne
(265: 14: 5)ireheloss/ mepBHgld 108 cef?gmethlorm]@%[} %4)
10

Characteristics
Tg'=-36.6"°C
Tg=51.6°C
Residual moisture = 0.42% w/v
15  WAXS diffractogram: fully amorphous

Retention of thioglycerol is less good than Example 2A, condensation is visible on
vial walls stored at 25°C/65% RH. The thioglycerol is evidently not completely
immobilised within the amorphous cake.

20
Cake appearance is cracked and so not aesthetically pleasing, but storage stability is
good as shown in Figures 28 to 31. No significant peptide degradation was observed
apart from for the most extreme conditions tested (40°C/75% RH), at which
continual decline in peptide content was observed. Stability at 25°C/65% RH was

25  good, although not as good as for Example 2A.

2D

Non-peptide components (values in brackets indicate concentrations in mM)

30  sucrose/mannitol/thioglycerol/methionine (150:110:46:5)

Characteristics

Tg'=-38.7°C



Resi dual noisture = 1.04% w v Cake structure: crystalline 10 Retention of

t hi ogl ycerol is poor. Condensation is visible on vial walls to simlar
degree aswPa@p10moMN93The t hi ogl ycerol is evidently not i mREBIGB28@POXIGThi n t he
crystalline cake in the presence of nethionine. 15Cake appearance i s good
and so is aesthetically pleasing, but storage stability is poor as shown in
Figures 9 to 12. Significant peptide d&yradati on was observed at all

condi ti onsTgpatd (<26 t he nost favourable (-80C). Methionine has not

i nproved the .properties of this conposition. 20 CM Non-pepti de conponents
(val ues i nRB?‘g'taiglqéStFWd_‘l @éf’%’ Wdncentrations in mV

manni t ol /tW‘Qgg)ﬂggra%%:tﬂl@}nmglgﬁg@S: 46:5) Characteristics 25 Tg ' = none
Tg = none Residual nolsture = 0.61% w v Cake structure: crystalline
30Retention of thioglycerol is poor. Condensation is visible on vial walls

to simyar,deqgree .for . Jhe thioglycerol ,is evidently nat, i mobilised
wi t hi n heRsﬁ?@‘é‘%‘h?ﬁﬁ'r?énys% ISeIS%SrgO\%HW’@gH’E? Zét coéldﬁl?sﬁﬂgl? }{scvdﬂ&]@rﬂnr ation and
in the pres@anwsllodtoddah20/65% RH The O glFpa6Pik 30&entlPnéleRehpRiélySO i s
aesthetically pleasing, but storage sta%n lity is poor as shown in Figures
13 to 16. Supebiisedawithipdig sraerpbensraaliat i on was observed at al | conditions
apart fromthe nost favourable (-80C). Methionine has not inproved the
S5properties of this conposition. Conparative Exanple 2-'Crystalline' binary
m xt ur e tr€hlad appeararde ie sratiyqal @l sofnoe egsehretitjllyngleasyi, butSiteragShtabilitylienp (O
' h, m 1

Chanbe{o PT l%gssggo% tl(lanIP &Lgr ornr1u ta{iglgls a(s shcr)nwg )m Figures 32 to 35. Peptide degradation

was only observed at 25°C/65% RH (poor stability) and 40°C/75% RH (very poor

stability).

Comparative Example 1-Mannitol series

15
Typical freeze-drying cycle
Step Shelf Temp (°C) Chamber pressure | Duration (h.min)

(mbar)

1 20 ' 1000 0
2 -5 1000 00.25
3 -5 1000 00.30
4 -40 1000 1.10
5 -40 1000 1.00
6 -20 1000 0.20
7 -20 1000 4.30
8 -40 1000 0.20
9 -40 1000 1.00
10 -15 0.09 0.50
11 -15 0.09 14.00
12 25 0.05 6.00
13 25 0.05 12.00
CiA

Non-peptide components (values in brackets indicate concentrations in mM)

20  mannitol/thioglycerol (265:14)




20 1000 0 2 -40 1000 00.36 3 -40 1000 1.30 4 -24 0.05 2.00 5 -24 0.05 24.00

6 24 0.05 9.20 7 24 0.05
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Characteristics

Tg'=none
Tg= none

5  Residual moisture = 0.75% w/v
Cake structure: crystalline

Retention of thioglycerol is poor. Condensation is visible on vial walls for all storage

conditions. The thioglycerol is evidently not immobilised within the crystalline cake.

10
Cake appearanéé is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 1 to 4. Significant peptide degradation was observed at all
conditions apart from the most favourable (-80°C). This storage condition is unlikely
to be commercially viable for a pharmaceutical product.

15

CiB

Non-peptide components (values in brackets indicate concentrations in mM)

mannitol/thioglycerol (265:46)

20  Characteristics

Tg'=none
Tg =none
Residual moisture = 0.33% w/v
Cake structure: crystalline
25
Retention of thioglycerol is poor. Condensation is visible on vial walls to similar
degree as for C1A. The thioglycerol is evidently not immobilised within the

crystalline cake even when present at a higher.

30  Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 5 to 8. Significant peptide degradation was observed at all
conditions apart from the most favourable (-80°C).



6.00 10 C2A Non-peptide conponents (values in brackets indicate
concentrations in m) nmannitol/trehal ose/thioglycerol/nethionine

(245: 10: MOP101BORAr acteristics Tg ' = - 58.3 C Tg = 70CTEB20PM0276Ga. 160C
Resi dual noisture = 0.11% w v 20Cake structure: crystalline (not fully)
Retention of thioglycerol is poor. Condensation is visible on vial walls
after 6 weeks at 25C and 40C. The thi ot ycerol is evidently not inmmobilised
w thin thecggystalline cake. 46 Cake appearance is good and so is
aesthetically pleasing, but storage stability is poor as shown in Figures
36 to 39. Nonmepiidsepmpongnts fealersgn hepgkets indigpte ermsentiasignain mM) conditi ons
apart fromt = nd -80C). 5 C2B Non- pepti de
conmponent s (va uesogﬁ%% §k8§§%$%§m§§§; concentrations in mV)
nannitol/trehalose/thloglycerol/nethlonlne (235:20:46:5) Characteristics

10 Tg ' _=nd Tg = nd Tm = nd Resi dual noisture = nd Cake structure:
crystal i n&%@ﬂ&ﬂtﬂ_l y) 15 Retention of thioglycerol is poor. Condensation
i's visiblerp g - wal | s especially at 25C and 40C. The thioglycerol is
evi dently not |nnDb|I|sed within the crystalline cake even at a higher

concent r at Tgr miet r ehal ose. 20Cake appearance is good and so is
aest heti call éﬁdgll%?o%éun%ﬁ Plda% WPr age stability is poor
Cake structure: crystalline
10 ‘
Retention of thioglycerol is poor. Condensation is VisiBle on vial walls to similar
degree as for C1A. The thioglycerol is evidently not immobilised within the

crystalline cake in the presence of methionine.

15  Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 9 to 12. Significant peptide degradation was observed at all
conditions apart from the most favourable (-80°C). Methionine has not improved the

properties of this composition.

20 C1D

Non-peptide components (values in brackets indicate concentrations in mM)

mannitol/thioglycerol/methionine (265:46:5)

Characteristics
25 Tg'=none
Tg =none
Residual moisture = 0.61% w/v
Cake structure: crystalline

30  Retention of thioglycerol is poor. Condensation is visible on vial walls to similar
degree as for C1A. The thioglycerol is evidently not immobilised within the
crystalline cake even when present at a higher concentration and in the presence of

methionine.



as shown in Figures 40 to 43. Significant peptide degradati on was observed
at all conditions apart fromthe two nost favourable (5C and -80C). C2C 25
Non- pept i WO 20M9d198nt s (val ues in brackets indicate con®€RGRAMIINZTSN N MV)
manni t ol / trehal ose/ t hi ogl ycerol / met hi oni ne (225: 30:46:5) Characteristics

Tg '= nd 30 Tg = nd Tm = nd Resi dual noisture = nd Cake structure:
crystalline (not fully) 47 Retention @45 thioglycerol is poor. Condensation
is visible on vial walls especially at 25C and 40C. The thioglycerol is
evidently not imobilised within.the crystalline cake even at a still

hi gher con&ake pppearancefs good aad e is. acsthetifally plnasing.dni storagegtabilitsitipens | s

aest het i cal yyalel : ity | i,n Figures
34 to 4. & RpFEIRss Byl B4 858083} PRl el SRR BB AL 1 o
apart fromcbiditionsapandtont theanssafidveulable (a801C).2A&hionir Hak RoNaiprped thele
conponepts (val ues .in brackets indicate concentrations in nmV

manni t o / t PERSTHSES OF IS SRJRBRSIIMY / et hi oni ne/ EDTA (245: 10: 46: 5: 0. 5)
Characteristics 15 Tg ' = nd Tg = nd Tm = nd Resi dual npoisture = nd Cake
structure: crystalline (not fully) 20 Cake appearance is good and so is
aest het i calloyppprasieifixgnpd-'@yselige’ Brapinixtuxe rehapeerseries shown i n Fi gures
48 to 51. Significant peptide degradati on was observed at all conditions
apart fromthe two nost favourable (5C and -80C). Addition of EDTA does not

af fect the TppipERédzeSIrdhe EW1IE conposition. 25

Step Shelf Temp (°C) Chamber pressure Duration (h.min)
(mbar)

1 20 1000 0

2 -40 1000 00.36

3 -40 1000 1.30

4 -24 0.05 2.00

5 -24 0.05 24.00

6 24 0.05 9.20

7 24 0.05 6.00
10

C2A

Non-peptide components (values in brackets indicate concentrations in mM)

mannitol/trehalose/thioglycerol/methionine (245:10:46:5)

15  Characteristics

Tg'=-583°C
Tg=70-73 °C
Tm = ca. 160°C

Residual moisture = 0.11% w/v

20  Cake structure: crystalline (not fully)

Retention of thioglycerol is poor. Condensation is visible on vial walls after 6 weeks
at 25°C and 40°C. The thioglycerol is evidently not immobilised within the
crystalline cake.

25



C2E Non- pepti de conponents (values in brackets indicate concentrations in
mV) manni tol /trehal ose/thi ogl ycerol /net hi oni ne/ EDTA (235: 20: 46:5: 0. 5)

30Char act\¥pi28t0/a6819Fg ' = nd Tg = nd Tm = nd 48 Resi dualPCkEiBOW M2 nd Cake
structure: crystalline (not fully) Cake appearance is good and so is
aesthetically pleasing, but storage stability is poor 5as shown in Figures
52 to 55. Significant peptide degradat4®n was observed at all conditions

apart fronchi@agptRradBsts fg%taaaﬁu abls@cdBGicangp Ie%gli% bu/t\gkéfarge@ﬁbm‘tyﬁfg%rdoes not

affect the pr opertl es o hi s conposi tion: Non- pept i de” conponent s
(val ues i napshawandiigures %@M%Sr@eﬁﬂanbmp@ds dﬁgradﬁwon was observed at all
manmtol/treh Iose/thl hlon 30:46:5:0.5)

Char act eri &1 ééonfap ﬁﬁgl%g%ﬁlg W&ma{)fégé? §%5rm| sture = nd Cake
structure: crystal | i ne (not fuI ly) 20 Retention of t hi ogl ycer oI i S poor.
Condensation is visible on vial walls especially at 25C and 40C. The

t hi ogl yter 82Bi s evidently not i mmbi lised within the crystalline cake even
at a high gg A 4 DTA. Cake
appear ance‘%%@% n@ﬁtsgé aest Eﬁcg‘g Ilﬂdl](foﬁttée]gqsnlg%g, 18gtgl storage stability
i's poor 25mmnmwmhaﬁosc/féncggl|yoesolfiﬁethmnﬁg.(Zﬁzmnﬁ:ﬁbant pepti de degradation
was observed at all conditions apart fromthe nost favourable (-80C).

Addi tion of increased |evels of EDTA does not significantly affect the
properti escRiratiatisticgonposi tion. Conparative Exanple 3iCiystalline' binary
m xture sucrose series 30

10 Tg'=nd
Tg=nd
Tm =nd

Residual moisture = nd
Cake structure: crystalline (not fully)
15
Retention of thioglycerol is poor. Condensation is visible on vial walls especially at
25°C and 40°C. The thioglycerol is evidently not immobilised within the crystalline

cake even at a higher concentration of trehalose.

20  Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 40 to 43. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C).

Cc2C

25 Non-peptide components (values in brackets indicate concentrations in mM)

mannitol/trehalose/thioglycerol/methionine (225:30:46:5)

Characteristics
Tg'=nd
30 Tg=nd
Tm =nd
Residual moisture = nd

Cake structure: .crystalline (not fully)



Typi cal
(h.mn)

freeze-drying cycle Step Shelf Tenp (C) Chanber pressure Duration

(nbar) WO 2010/ 061193PCT/ GB2009/ 002767 49 1 20 1000 0 2 -40

1000 00. 3802014EG11PE00 1.30 -24 PCT/GB2009/002767

10

15

20

-25

30

47

Retention of thioglycerol is poor. Condensation is visible on vial walls especially at
25°C and 40°C. The thioglycerol is evidently not immobilised within the crystalline

cake even at a still higher concentration of trehalose.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 44 to 47. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C).

C2D
Non-peptide components (values in brackets indicate concentrations in mM)
mannitol/trehalose/thioglycerol/methionine/EDTA (245:10:46:5:0.5)

Characteristics
Tg'=nd
Tg=nd

Tm =nd

Residual moisture = nd

. Cake structure: crystalline (not fully)

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 48 to 51. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C). Addition of EDTA

does not affect the properties of this composition.

C2E
Non-peptide components (values in brackets indicate concentrations in mM)

mannitol/trehalose/thioglycerol/methionine/EDTA (235:20:46:5:0.5)

Characteristics
Tg'=nd
Tg=nd

Tm =nd



0.05 2.00 5 -24 0.05 24.00 6 24 0.05 9.20 7 24 0.05 6.00 C3A Non-peptide
conponents (values in brackets indicate concentrations in n\)

manni t ol /S0ePBH8A198i ogl ycer ol / met hi oni ne (250: 10: 46: 5) BCTHER28@XW2T68t i cs Tg
"= nd Tg = nd Tm= nd 10 Residual noisture = nd Cake structure: crystalline
(not fully) Retention of thioglycerol is poor. Condensation is visible on

vial walls after 5 weeks at 25C and 4048 The thi ogl ycerol
I mobi | i se@evidtdlinoittae 1hE€r yst al |1 i ne cake.

Cake structure: crystalline (not fully)

I's evidently not

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor

5 asshown in Figures 52 to 55. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C). Addition of EDTA

does not affect the properties of this composition.

C2F

10  Non-peptide components (values in brackets indicate concentrations in mM)

mannitol/trehalose/thioglycerol/methionine/EDTA (225:30:46:5:0.5)

Chéracteristics
Tg'=nd
15 Tg=nd
Tm =nd
Residual moisture = nd

Cake structure: crystalline (not fully)

20  Retention of thioglycerol ié poor. Condensation is visible on vial walls especially at

25°C and 40°C. The thioglycerol is evidently not immobilised within the crystalline

cake even at a high concentration of trehalose and in the presence of EDTA.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor

25  as shown in Figures 56 to 59. Significant peptide degradation was observed at all

conditions apart from the most favourable (-80°C). Addition of increased levels of

EDTA does not signiﬁcéntly affect the properties of this composition.

Comparative Example 3-'Crystalline’ binary mixture sucrose series

30
Typical freeze-drying cycle

(mbar)

Step Shelf Temp (°C) Chamber pressure Duration (h.min)




Cake appearance is good and so is aesthetically pleasing, but storage
stability is poor as shown in Figures 60 to 63. Significant peptide

degr adat iwo 2e8060193er ved at all conditions apart from tReTIGR2M®L767
favourabl e (5C and -80C). 20 C3B Non-peptide conmponents (values in brackets
i ndi cate concentrations in mVM mannitol /sucrose/thioglycerol/methionine
(235:20:46:5) 25Characteristics Tg ' #%d Tg = nd WO

2010/ 0611PBPCT/ GB2009/ 0028667 50 Tm = n¢g1®esi dual noi sfure = nd Cake
st ruct ur ej5etystat-ne{mg—foty)SRetegptomof —tt '
Condensatjon is visiblelon vial walls ¢specially at 25C and 40C__The
t hi ogl ycefdl is evidently*hot innDbiI|>é%mmAth|n the [ck3fstal line cake even

at a high concentrati qnazpf SuUCr OSE. ooﬁake appearammm IS good and so is
aest heti c | y pl easi ng; but ot araga ot

SO+ agc ot } L_y +S IJUUI ao olluv"ﬂﬁ""i_F'
Fi gures 645to 67. Signifii gant pepti de jggradatlon was %%@erved at _al

conditiongséapart fromthe4tw nost favelPable (5C and 280C). C3C
Non- pept i ge—conponents—(jwgtues T brackgps [ ndicate cqn&ﬁntratlons in mv)
15manni t ol /sucrose/t hiodlycerol /methi onine (225:30:.46:5) Characteridtics
Tg" = nd Tg = nd 20 Tm = nd Resi dual noisture = nd Cake structure:
crystallin %not fully) Retention of thioglycerol is poor. Condensation
is visible 8 vial walls after 5 weeks, 25especially at 25C and 40C. The
t hi ogl ycerRbnbsptRi¢ ddaipohynts Gtaliesibiatkaethdwiaterdoncdrntations in mM)

mannitol/sucrose/thioglycerol/methionine (250:10:46:5)

-

Characteristics
Tg'=nd
Tg=nd
Tm=nd
10  Residual moisture = nd
Cake structure: crystalline (not fully)

Retention of thioglycerol is poor. Condensation is visible on vial walls after 5 weeks
at 25°C and 40°C. The thioglycerol is evidently not immobilised within the
15  crystalline cake. |

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 60 to 63. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C).

20
C3B

Non-peptide components (values in brackets indicate concentrations in mM)

mannitol/sucrose/thioglycerol/methionine (235:20:46:5)

25  Characteristics
Tg'=nd
Tg=nd



crystalline cake even at a still higher concentration of sucrose. Cake
appearance is good and so is aesthetically pleasing, but storage stability
i s poor asoghovislion Figures 68 to 71. Significant pepti @eTospo@daricon was
observed at all 30 conditions, apart fromthe two nost favourable (5C and
-80C). C3D Non-peptide conponents (values in brackets indicate
concentrations in m WD 2010/ 061193BQT/ GB2009/ 002767 51

manni t ol / r.ose/ t hi oglycerol / met hi oni ne/ EDTA (245:10: 46: 5: 0. 5)
Characteristics Tg ' =nd 5 Tg = nd Tm = nd Residual noisture = nd Cake
st ruct ur e: Residumt mloisture {(ndot ful | y) 10Retention of thioglycerol is poor.
Condensat i is visible on via | s after 5 weeks, especially at 25C and
40C. The tﬁiﬂi‘}gsl“%télf%lcrisga?lé'?ﬁ (188{1‘;“;{@ not immobilised within the crystalline
cake even at a still higher concentration of sucrose. Cake appearance is
good and so is aesthetically pleasing, hut stqrage stability i or 15as
shown i FRefemtinn ofthioglyperol ¥§iI@ﬁr‘fq%lé?ﬁsab‘éfbtsivé%blﬂé’ﬁr"éﬂé(ﬁ”ér‘?sl‘%ﬁ?ﬁéf%gerved at
all conditjgps 3 WAk : - 3 Glline C3E

Non- pept i d%sggoaﬁ’g%@e(tf‘ftfsﬂe?g}gkﬂgg}oy\% db@%?:l ﬂé? gﬁl ndi ggﬁ%&ﬁ@g}ﬁ rations in mV
20 nanni t oaks wesosel Highe gby@atraismeisncwsé.ne/ EDTA (235: 20: 46: 5: 0. 5)
Characteristics Tg ' =nd Tg = nd 25 Tm = nd Resi dual noisture = nd

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor.
10 as shown in Figures 64 to 67. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C).

C3C

Non-peptide components (values in brackets indicate concentrations in mM)

15  mannitol/sucrose/thioglycerol/methionine (225:30:46:5)

Characteristics
Tg'=nd
Tg=nd
20 Tm=nd
Residual moisture =nd

Cake structure: crystalline (not fully)

Retention of thioglycerol is poor. Condensation is visible on vial walls after 5 weeks,
25  especially at 25°C and 40°C. The thioglycerol is evidently not immobilised within the

crystalline cake even at a still higher concentration of sucrose.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 68 to 71. Significant peptide degradation was observed at all
30  conditions apart from the two most favourable (5°C and -80°C).

C3D

Non-peptide components (values in brackets indicate concentrations in mM)




Cake structure: crystalline (not fully) Retention of thioglycerol is
poor. Condensation is visible on vial walls after 5 weeks, 30 especially at
25C and M9Q.20fes1198i ogl ycerol is evidently not imuobili seu/aB20éwan2tshe
crystalline cake. WD 2010/061193 PCT/ GB2009/ 002767 52 Cake appearance is
good and so is aesthetically pleasing, but storage stability is poor as
shown in Figures 76 to 79. Significanﬁnpeptide degradati on was observed at
al | condi t mamsitcdfsaerbselthmgltchminvathi ppise/EDEV (R4abl0e46: 5C 5and - 80C). Addi ti on
of EDTA does not affect the properties of this conposition. 5 C3F

Non- pepti de conponents (values in brackets indicate concentrations in mV
manni t ol / sgpgra&efidtits 09l ycer ol / met hi oni ne/ EDTA (225: 30: 46: 5: 0. 5)
10Characteristics Tg '= nd Tg = nd Tm = nd Residual noisture = nd 15Cake
structure:Tgrgodal line (not fully) Retention of thioglycerol is poor.
Condensat i nzi%_visible on vial walls after 5 weeks especially at 25C and
40C. The t $Od1ycerol is evidently not imuobilised within the crystalline
cake even @i =anthi gh concentrati on of sucrose and in the presence of 20
EDTA. Cake_appearance is good and so is aesthetically pleasing, but storage
stability Resi MOEWERRAth in Figures 80 to 83. Significant peptide

degr adati o r ditions apart fromthe two nost
favourable@igc an§§$§ ca}ﬁ%H%F%?%onf EDTA 25does not affect the properties
of this conposition. Exanple 4 A fornul ation based on the findings of

Exampl g, 1 s tested further for long-term30. i)ty Low ng
for nul‘at i oﬁg@%‘?‘} %ﬁg’?ﬁrycﬁ 8i°§ o inein é‘ﬂ’@é‘#"‘& 155“%?%%2‘ 1#1})\%115}%? {)g ng? 81953’/ear at
300/ 65%RH: especially at 25°C and 40°C. The thioglycerol is evidently not immobilised within the

crystalline cake even at a still higher concentration of sucrose.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
15  as shown in Figures 72 to 75. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C).

‘C3E
Non-peptide components (values in brackets indicate concentrations in mM)

20  mannitol/sucrose/thioglycerol/methionine/EDTA (235:20:46:5:0.5)

Characteristics
Tg'=nd
Tg=nd
25 Tm=nd
Residual moisture = nd

Cake structure: crystalline (not fully)

Retention of thioglycerol is poor. Condensation is visible on vial walls after 5 weeks,
30 especially at 25°C and 40°C. The thioglycerol is evidently not immobilised within the

crystalline cake.



WO 2010/ 061193PCT/ GB2009/ 002767 53 M.AO1l, acetate salt Active ingredient

50gM 73. 8pg/ nL. MLA3, acetate salt Active ingredient 5011M 88. 6pg/ nL M_A4,
acet at e swbtzofalsiwe ingredi ent 501. LM 94. 014/ nL MLAS, aeetraiBo@aiop76ACt i ve
i ngredient 501.tM 101. 1m L MLAQ7, acetate salt Active ingredient 501.1 M

90. 314/ mL MLAl 2, acetate salt Active ingredient 501M 91. 3gg/ nL
52

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 76 to 79. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C). Addition of EDTA

does not affect the properties of this composition.

C3F .
Non-peptide components (values in brackets indicate concentrations in mM)

mannitol/sucrose/thioglycerol/methionine/EDTA (225:30:46:5:0.5)

10  Characteristics

Tg'=nd
Tg=nd
Tm=nd

Residual moisture = nd

15  Cake structure: crystalline (not fully)

Retention of thioglycerol is poor. Condensation is visible on vial walls after 5 weeks
especially at 25°C and 40°C. The thioglycerol is evidently not immobilised within the
crystalline cake even at a high concentration of sucrose and in the presence of

20 EDTA.

Cake appearance is good and so is aesthetically pleasing, but storage stability is poor
as shown in Figures 80 to 83. Significant peptide degradation was observed at all
conditions apart from the two most favourable (5°C and -80°C). Addition of EDTA

25  does not affect the properties of this composition.

Example 4

A formulation based on the findings of Example 1 was tested further for long-term
30 stability. The following formulation (called Thioglycerol “high™) was stored for up
to one year at 30°C/65%RH.: '

Raw material I Function No,minal.concentrationl




M.Al4, acetate salt Active ingredient 50RM 84.711g/nL D(+) Trehal ose

di hydrate Tonicity agent 270 nM 102. 149ng/ nL 1- Thi ogl ycerol Reduci ng agent
46nM 1. SMogbrolockrobet hi oni ne Anti oxi dant 5nmM 0. 746ng/ ni pPm@zhevdoe7éaci d pH
adj ust ment As required Concentrations are given for the conposition when
inaliquid state, that is before freeze drying and after reconstitution.
An alternative formulation (Thioglycergdl "low') was tested under the sane

condi tions, ﬁﬁgOIV\@cgtatle%nt Cal] R¥GRkedlelt [t NAt spuiahi ogllycer gl spms pregent at
o PR o T T SO T Ol T 1L
excel | ent peiAercerigeal | o || ACAEREIF Y e+ SOMoar BL O =
2010/ oellgsmﬁ@@e@@ﬁ@oma? Eyptive]peradint SouM 10T 1 pg/mL

MLAO?7, acetate salt Active ingredient 50uM 90.3pug/mL

MLA12, acetate salt Active ingredient 50pM 91.3pg/mL

MLA14, acetate salt Active ingredient 50uM 84.7pg/mL

D(+) Trehalose dihydrate Tonicity agent 270 mM 102.149mg/mL

1-Thioglycerol Reducing agent 46mM 1.514mg/mL -

L-Methionine Antioxidant SmM 0.746mg/mL

Phosphoric acid pH adjustment As required

Concentrations are given for the composition when in a liquid state, that is before

freeze drying and after reconstitution. An alternative formulation (Thioglycerol

“low”) was tested under the same conditions, and was identical except in that

5  thioglycerol was present at 14mM rather than 46mM. Degradation of peptide was

monitored at intervals as shown in Figure 84. The results indicate that both

formulations achieved excellent peptide stability throughout the test period.



1. Use of (i) at |east one non-reducing carbohydrate sel ected from

trehal ose, sucrose, raffinose, stachyose or nelezitose and (ii)

t hi ogl ycewol2p1ovis1®3f r eeze-dried 5 conposition conpri si n@CatGH2e@I02Me

pepti de conprising at | east one free cysteine residue, wherein the use is
for preventing or reducing dinerisation of said at | east one peptide in
sai d conposition. 2. Use accordirfg to claim1 wherein the non-reducing
carbohydrate is trehalose. 10 3. UggAan®rding to any one of the preceding
cl ai ms wherein the non-reducing carbohydrate is present as at |east 50% as
a proportion of the total conponents of the final freeze-dried conposition
and wherein the thioglycerol is present prior to freezing at | east at an
equi val ent ) mol ags £oNHER ¢ drRhohGelins QREAIVIFAL s8ut&f fréMarehBloBgpt i de
conponents of the corfposition conprising at 'l east one free cysteine

resi due. ducrdssgaffnose,dtachydse oameleazitesepndi(fip thioglyeeddlnig afredzawlriedher ei n t he

at least one peptide is for pse in tolerisation i { sat i is of 8to
30 ami no atamRos thICQH’@FﬁmﬁﬁBié@‘ﬁr%F ipggtg% PV R ﬁ?gegg{%%rrlﬁeee%yg@g{ene resi due;
and b) a rRegdes wIRIAA s B8 idfor pRASAtIRNEr rédedihg digfrisstm ofaidds deasccording to
claim4 wherein the epitope derives from a) an allergen selected
from a plenetpeptilemngard ¢omapositonl arly a grass al |l ergen), 25ani mal dander
allergens, a nold or fungal allergen, a dust allergen, an antibiotic or

ot her drug, a stinging insect venom an environmental allergen or a food

al l ergen; »r  Use acch)dintoaidiingewhaeiretht @dn-redmeingvarbohjydratedn tiehanss.

associ ated with Acute di ssem nated encephal onyelitis (ADEM; Addison's

di seas® Ankyl osi ng spondylitis; Antiphospholipid antibody syndrone (APS);
Apl astic agem agy 30 o By BeaRtrédedingAifls WHeRSn BRRrfvarkdiGng Coel i ac
di sease; ohn's disease; D abetes nellitus type 1, Gestational penphigoid;
Goodpast ur edrolsyirade meesed anat i2astdie as @ praportidnafiihaietal somp theRs) ;

Hashi not o' i sease;. | diopathic 2010/ Q6. PCTI 67 55

t hr ombocyt éﬁag,ﬁegzeﬁgpﬁ?ogrpqggwgsaggiw Y e&%é%%ﬁﬁ?%%%? ﬁél?r%ftés us; Miltiple
scl erosi s; gMpasd :kt%bisﬁat%a:ghﬁr;alehlam@rak epsentriison thacscanteatioarmdshes y ndr ome
(OWVB); Optic neuritis; Od' s thyroiditis; Penphigus; Pernicious . anaem a;

Pol yar t%hr i peptide somperentsef theggmpasitioy sPmrisigss least oy YiemedrPHtNG ti s;
Reiter's syndronme; §j6gren's 5syndrone; Takayasu's arteritis; Tenporal
arteritis (also known as "giant cell arteritis"); Warm autoi nmune henol ytic
anemi a; or4\W\egeues asoglingte amyane sif the [Fecedse daimsy wherginttbe all ladstone wher ei n

the epitope derives from, cat. dander protein F - House. . dus i te

prot ei ns DRgptige s foDé‘Fe‘ﬁtQI,enE%‘ronr?rV,"“ﬁgw‘saBo% 1 %Fél?cgqﬁ?mﬁ aqigs uit?n% , 21 and

23, Der f ;n(g%ozmﬂr%eg‘l to 18 and 20 to 22; Ragweed protein anb a 1, 2, 3, 5,
I'so

6, 7, 8, 9 an forms thereof including anb a 1.1, a 1.2, al.3 or al.4;
Rye gr2ss pr ot e)yes l¢ast ongl cyaisthelresidyss andj not hy grass proteins phi pl and phi
p5; Bernuda gra rotein n d.5; t ' ternata proteins Alt a 1,
At a2 At a E)S?gegﬁntcoénp%fngﬂt?eaﬁ%,efg?{épgm?g and Enolase (Alt a 6), Ca
h 1, 2, 5to 10, 12, GST, HChl, HSP70, 15 NTF2, TCTP; Birch protein Bet vi,
2, 3, 4, 6, 7, 8 and P14, Gernman Cockroach proteins .Bla g 1, Bla g 2, Bla g
3, Bla g 45 Bl aUge scogrdingfoclging4 whereg thg ep erives BT n: Mugwort protein
Art v 1, Russia ' [ I (Igcdrg ; anut Ara
hl, Ara h2, Ar ag%%ﬂl%%?%ﬁgfe%ﬁ?fb rrfg% %%[g]a?]lg{%%{pl)l antc‘g% ?F}iars]is(alg.}rg??’pi d
transf2s pagitreil dandet alkerpemspamoblidrofonga alletgeng.enduspalergen, b entéhielde ol ng t o
claim4 wherein the at .| east one r’?%%ti de corTreri $ES, Q" c?nsd' gﬁé e%f_ 01t he
sequence oPthghgrugs 2 SRgEInRgsEYenpny, nggvironmental afiergen or a 100 gen,

b) an antigen selected from the major antigens associated with Acute

disseminated encephalomyelitis (ADEM); Addison's disease; Ankylosing
spondylitis; Antiphosbholipid antibody syndrome (APS); Aplastic anemia;

30  Autoimmune hepatitis; Autoimmune Oophoritis; Coeliac disease; Crohn's disease;
Diabetes mellitus type 1; Gestational pemphigoid; Goodpasture's syndrome; Graves'
disease; Guillain-Barré syndroine (GBS); Hashimoto's disease; Idiopathic



8. Use according to claim4 wherein the conposition conprises the peptides
of 25 SEQID NOCS. 1 to 4. 9. Use according to claim8 wherein the

conposi t iwo 2buvdash®s conpri ses the peptides of SEQ | D NOBCT&B2@/®8767and
optionally no further peptides. 3010. A nethod of producing a stable
freeze-dried conposition conprising at | east one peptide, said nethod
conprising: WD 2010/ 061193PCT/ GB2009/5602767 56 a) preparing a
conposi t i Qﬂromflﬂo?éﬁlg ifpusl Kdlwagdki's Diseadt; LufasérydifafiRis; Mﬁlﬂﬁ]eﬂg
car bohydrate sel ected From trehal ose, sucrose, raffnose, stachyose or

nel ezi t oseclefosis; Mysstheyiearaiis; Nasepl¢nsyi Qpsoclonaa sryogleaupapdr ) b)

s (
freeze-dryi t he..c LEion. I ing . . t hod
accordi ng (ll)]g{gccrfeéffl ’W@hgrogﬁtﬁg’?gﬁlhhiﬁg%h%%%g}g%%g@’ Poq)y a§ %Erepari ng a
conposi t i Adgs;Mrithirgibilgary Birfiokisf Rdumaiéill asthritisdRxditednsyndoome; Sjidgremnlsy
carbohydrate selected fromtrehal ose, suc,r.ozzg, ’E’?ffi nose, st?chyose or

mel ezi Doseyndiome; L pkayrsueRtntsyhempqral arteritis (s kngyypeas, &t 68! such that the

non-r educipg, g CWaprﬁg%@[ilﬂIérﬁ?& ﬁer%%lﬁ@'aﬁerﬁﬁ; 81 Wegard's pRHuRnalody oportion of

the total conponénts I nal eeze-dried conposition and wherein
prior to freeze-drying the thiglycerol is present at |east at an equival ent

nol ar concentration tq.the concentration of the.peptide of the
conposi ti ¢h conpidArerging toclayad ¥ eée?rtg%e%{?&g?’h‘ es&%osr?' l?gg%%Ps}&%?

freeze- dryidg1 i HEuC WROHite hRIIAEDE § i Merly BID&ER eap:3 thS syder pil B, t he
resulting freeze-dried congfljs)i tion is stable for at least 2 years when
st oredOat 29, 2bapdRatderd 122,840,12 ta 188030 10x2% &agrised protean ama1l 2ed> 11

further c risd Ra.. U re - gy i pLion of ste
(b i solner br> S P RGBREH g shites | AR RS B 3 B A R Ted” o
c;mposi ti QtoROIENGI (Sl aj_@l_alpﬂ;eﬁﬁtoﬂgngambieﬁsipmpbm% phlsedi Blenemdwassorrpri ses:
a) preparing a conpaosition conprising.in,solutjon; t st 0

nonP reguciHigte@!hgﬂbna?éﬁét?@a@éf‘g%?@aﬁogw tehbAgEa 2, é{]éﬁo@éﬁ??i%‘g ose,
stachyose aof%i%téﬂgltl?tyﬁ& Eﬁ@lése(('é'\gt)a 61 Ce8h YCE0b: 10208 3T, HCH! HEPagt one

pepti de; suc e non-reduci’hg carbohydrate is present as at |east 50%
as a [AS0pANTFRAMTGTP;iBiech pro@in BetnpoRehts 6.0, Stand KldnGermandeoakrepched

50pNTFRT TP Bieteuo: b . .
at Toast dtomredneva g 2l S EhEd Ik ahE I E e M OREERTPL | 5n"of che

peptide c SRS eRorttgi6te UM 9, Rusdiarchigoleipsotsia Sal klle8alt kanadiSakle cyst ei ne
resi due; 30D) freeze-drying the conposition resulting fromstep,(a); and
c) reconst§;peanvidirahd, Ara Aryh.etraddrHirhi.i/ga bbs plé{“dﬁo{;‘]b‘)‘s R uti on;

wherein t f -.dri 1 t b) i table f t | t 2
years when wplT BETEHS bP nAREPRRKIGRGuffgeRt P (D) 19 steble for at feas

20

7. Use according to claim 4 wherein the at least one peptide comprises or

consists of the sequence of any of SEQ ID NOS. 1 to 58.

8. Use according to claim 4 wherein the composition comprises the peptides of

25 SEQIDNOS. 1 to 4.

9. Use according to claim 8 wherein the composition further comprises the

peptides of SEQ ID NOS. 84 to 86, and optionally no further peptides.

30 10. A method of producing a stable freeze-dried composition comprising at least

one peptide, said method comprising:



WO 2010/ 061193PCT/ GB2009/ 002767 57 14. The nmet hod according to any one of
clains 10 to 13 wherein the non- reducing carbohydrate is trehal ose. 515 . A
stabl e, fweeam/wiisad conposition conprising at |east oneCpamE20ea0Rsr

tol erisation or immunisation, wherein the conposition additionally
conprises thioglycerol and at |east one non-reducing carbohydrate sel ected
fromtrehal ose, sucrose, raffnose, std®hyose or nelezitose. 10 16. A

conposi ti on acch)piépiging@ cohipoitibh cedprisihg it ddutivan (i) edieadtvge aad-bohydrate is
trehal ose. 17. A conposition accardin %@FO claim15 or 16 wherein the at
| east one Fseptingearbelsiate selegied Sgmstrehelosesuetose, saidinesk, SABRYOSRAYT of SEQ I D

2 o Bl AT R RSt a1 LT v h cori e
cl ai m 18 wher ei b) frdeee-doyipg dietdoorpokitioh hesnltd@ fommpep §8s t he pepti des of SEQ
| D NCS.5 84 to 86, and optionally no further peptides.
11. A method according to claim 10, wherein said method comprises:
a) preparing a composition comprising in solution: (i) at least one non-
reducing carbohydrate selected from trehalose, sucrose, raffinose, stachyose or
melezitose; (ii) thiglycerol; and (iii) at least one peptide; such that the non-reducing
10  carbohydrate is present as at least 50% as a proportion of the total components of the
final freeze-dried composition and wherein prior to freeze-drying the thiglycerol is
present at least at an equivalent molar concentration to the concentration of the
peptide components of the composition comprising at least one free cysteine residue;
b) freeze-drying the composition resulting from step (a);
15  wherein the resulting freeze-dried composition is stable for at least 2 years when

stored at a temperature 2-8°C

12. A method according to claim 10 or 11 further comprising:
(c) reconstituting the freeze-dried composition qf step (b) in solution.
20
13. A method of reconstituting a stable freeze-dried composition comprising at
least one peptide, wherein said method comprises:
a) preparing a composition comprising in solution:(i) at least one non-
reducing carbohydrate selected from trehalose, sucrose, raffinose, stachyose or
25 melezitose; (ii) thioglycerol; and (iii) at least one peptide; such that the non-reducing
carbohydrate is present as at least 50% as a proportion of the total components of the
final freeze-dried composition and wherein prior to freeze-drying the thiglycerol is
present at least at an equivalent molar concentration to the concentration of the
peptide components of the composition comprising at least one free cysteine residue;
30 b) freeze-drying the composition resulting from step (a); and
¢) reconstituting the freeze-dried composition of step (b) in solution;
wherein the freeze-dried composition of step (b) is stable for at least 2 years when

stored at a temperature 2-8°C.
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14. The method according to any one of claims 10 to 13 wherein the non-
reducing carbohydrate is trehalose.
15. A stable, freeze-dried composition comprising at least one peptide for

tolerisation or immunisation, wherein the composition additionally comprises
thioglycerol and at least one non-reducing carbohydrate selected from trehalose,

sucrose, raffinose, stachyose or melezitose.

16. A composition according to claim 15 wherein the non-reducing carbohydrate

is trehalose.

17. A composition according to claim 15 or 16 wherein the at least one peptide

comprises or consists of the sequence of any of SEQ ID NOS. 1 to 58.

18. A composition according to claim 17, which comprises the peptides of SEQ
ID NOS. 1 to 4.

19. A composition according to claim 18 wherein the composition further

comprises the peptides of SEQ ID NOS. 84 to 86, and optionally no further peptides.



