CANI NE THYM C STROVAL LYMPHOPO ETI N PROTEI N AND USES THEREOF

CRCOSS- REFERENCE TO RELATED APPLI CATI ONS This applicationis a
non- provi sWOEBAaESF i cation that clains priority under BF/US207@25318
119(e) of provisional application U S. Serial No. 60/875,135 filed
Decenber 14, 2006, the contents of whictli-are hereby incorporated by
reference inits entirety. FIELD OF THE | NVENTI ON The present
invention relates to canine thymc stromal |ynphopoietin protein
(canine "TSLP"), nCpNINE RHYMICE FRONMIL LYMAKHOPOIETINIPROTEIN S
encodi ng cani ne TSLP, and net hoggNPUSES THEREOFUSI Ng cani ne TSLP.
BACKGROUND OF THE | NVENTI ON Ani mal s, including humans, that
suffer fromreagi n-nedi ated di sorders, such as atopic di seases, have
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( Der mat op t n SSI n :
Surpris) nﬁpe et b Al B cantbs R utidhave HRreRl s SRRl ForebRyein
suffer frgae , atoplc dermatitis, as well as other disorders
related to endogenous | gE rel ease. At opi ¢ di seases such as
allergic dermatitis, asthma, and the like, also occur in the canine
species, including in donesti SEE 1INASS erally begin to
show si gns of atopy between ogzeggn?lt:hreel yearg@? age. Due to the
heredi tary nat Thepufsenhimvdntierassdates dw eanine inyweigsstramal llyrdphopejelin protein

retri ever nos Wier J r

bul 1 dogs. GAETE g SkFb O el THRBEb eV Botmg AR BRF Bein aiehid, Bifine
atopi ¢, tTsuUBhamd hesthdggpefanaking e@d, usimictardnagStiPxed breeds, al so are
known to suffer fromthis condition. The incidence of at Ieast one

particular type of atopy, atopic dermatitis, is increasing
significantly in both hums g@(@R@qmmgz ?I—IIEN‘NVEIW‘?ON

2008/ 076255PCT/ US2007/ 025318 - 2- Atopic canines will usually
rub, lick, chefpimsils, en@ﬁdlﬁémmﬁnsath&t suffer freatreaginAnpdiatechdisordgrsysives
or groin of
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bor ne- al | B¥BHUCT BhiNerSUg PhENOLPF SEFO L SHED f’B‘é‘basa he s 0efs

from par apydeeserdditvitgobseivad)in aB@;ﬂt: dideabesrabiuns fmékpmfre@é Bpé@if@f
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at opi ¢ deliledit tqstgfebyroauaﬁthm @topig d@ﬁ’@@tlf@nﬁﬁ wedtasmthesdiserdars eglated to

t opi cal CQﬁ&dg%?lﬁhg @Egelgg% -| nflammatory agents, other inmmne system
suppressant s,° suc S CyClOsporine or tacrolinus, fatty acid

suppl enent s, ahdpi dleeams sphad alergiodenobiies, ap;hn(nayfﬂrmthlednmi alss occur in
i njection of t he |dent|E{K§d ant|
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Lot ot e gse speas. it it Iopbstc S8R rSueldots Aencraliy beainytp show
and/ or gi ¥igng bﬁ@tob? b'éMlékérf bﬁ@ﬁhd%t‘é@ yéfaf‘@@t@e Thus to H’ﬂ?h@re'dﬂa@r nature of
| ongst andi ng need for safer, nore effective and nore econom cal

appr oac he@etdﬁﬁt%@aﬁe‘fﬁj&‘bbre§€l§-pf’§|§§lf\§giql¢@ gfieMessemest leaigraelrigh sgiters,
der mati tiShasa apsos, Dalmatians, bulldogs and Old English sheep dogs have a greater

tendency to be atopic, though other types of dogs, including mixed breeds, also are
known to suffer from this condition. The incidence of at least one particular type of
atopy, atopic dermatitis, is increasing significantly in both humans and canines alike.



The manmmal i an i mmune response i s based on a series of conplex

cellular interactions, called the "imune network". Mich of the
i mune resPOMRBWVEFH| ves around the network-1ike inter R ERYWHPS318

| ynphocyt es, nacrophages, granul ocytes,.®mnd other cells, with sol uble
proteins called cytokines playing a critical role in
medi ati ng/control ling/regulating these cellular interactions. Thus,

cytokines and apgpi©easifks Wilﬁ@éd&lytr@%ﬁﬁﬂi. éﬁ&usﬂfé:?r{ éé%atep%iiuﬂ%f’@e‘f uzzle,
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Lynphopoi etin _protein (TSLP) is an IL-7-1i'ke cytokine that was

initiallyth Ao damery the itghingsepsatiotat supported: (i) the in

B cell s, and (01} ShreigraeSralRdio b ARAeyF S etone Ot b8 ayid

Hemat ol ogihednciting afiegentsye Unifetynately| such awdidanceois Gendrallyimpradticab2:

677 -683) ' nown.t.Q bind a.cellul ar. receptar conpri sing

| L- 7R al pﬁg;regu °&‘!ﬁfﬁ’teig%l§%g[ﬂﬁt'hﬁﬁeﬁs«gbaé’ﬁttﬁﬂtﬁéjBGWP? 30 darTats By Thi s
i nt eract i administgdeg sra iaptibistaniines dral dotopicabcdliédstardid ¥ati-irfianthatory
Thymus and Aliiti vBtion- Rﬁgul a%t ed Chenokine (TARC) expression in a
hemat opoi 29§THS. NPT IMIMURE S¥stemsuRRsessants high asayrlosperingar tacrolimus,

monocyt e, fagty atidieupsPiérneatsCahdl alléfRA. spRclic imFrimrd i No.
6, 890, 734, ?ncoré)gmt ed ﬁerei rel‘ b?%r eS efeﬁé@). ngwg'@'ﬂgﬁg%@gkr?&y
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play a silgifctire ghthe ideatifiad antigen).n Homevertnengear dhese oeatmants wodk in ali
di seases sith i L : .
transgenic m bg\ﬁ?ﬁbgﬂ' %Hafﬁggféﬁ%rb%s?z? gﬂ% Q’@E@@éﬁgéﬁg@g@?ﬂ ?’9& ly
i nduced i¢ffeti® Thus teersvis arengsthodingaleedrfdr safenimare dffeative and ofiore

at opi ¢ de it i ans nt ai nj ng i pfl ammj or.
der nal ce%%ﬁ'b?lnaﬁ#f r@? 83‘,9@gﬁi‘ﬁﬁgﬁ{‘ﬁﬂeﬁﬁ'r'siﬁ%s}’wp*ﬂﬁ% @ﬁ@ﬁn%é qpécy
expr essi ndergiatiishom ng receptors, and el evated serum | evels of |gE.
Mor eover, |un of m cel. expr essi n%gg I ugsg-s ecific TSLP transgene
show i mmunol og! EaI"2HRRIAN MnYhe fesponse &S Basedomaserias of apmglarseliulas
i nf il t ratineastionsetalicdarie Snmaas netwaRt.| IR Mémhduns WsgdRisk eldinbs
fibrosis, an increase in T hel per tyée 2 cytokines, and 1ncreased

| evel s ofarogpd the networls|ikg interagtiony,etiymphotyies oprRmopbgaes @rantlonytesne
TSLP enpl 44 MieP SR H ] i i 8numan
honol ogue vvi_theh brsi?cﬁivi?'z]?t%lj@rll&glrﬂ(} lgg%ﬁ%%?@ﬁfh{éﬁgﬁ%é@ﬁ?r@%@lﬂa%énms et
at 2000, Medirfing/santraling/regriatingdbise salidanjotaractionst fihusy optokinesandgue

i dent i f.i | 19 | ysis. Th TSLP
huol eot 1 dinmadte bolisial RERBIRE St EPRvIGlobioal MEsbrURp AT ERt RS
corresppgdadiggm@traaevarmwmﬂmnr_natc?ry disoftensef Orf6, there re(rjr;ai nsda need
to provi de ney,an e practical treatnents for atopic disorders in
can!ones, i ncl :%%Fﬁjcéﬂ B}"ﬁat&}ljﬁéﬁ?{?gu(?'a?f(}?p@gp&gggt@m%%&g@qlicﬁﬁgme which
mani f est deadF celdiRprotice HP%Quiﬁe@TP@%rfv%dicgﬂilé’ﬁéas SRRy g_-é els ahg
S

i nvol ved jn _the i mmunol ogi cal cascade that |eads to atopic disordeérs
i n cani ndb-1Bnathessvipkingsd in wira Eggen klosphishbynrsrreastvityt oEaprosutton,

2dni ss1 or, FRGPhIBTEnd FUELE BEGudtdon (Bed. 1, BySS6 o |BMISKETT. Fondt) w.
i nst ant dpgli L aféd344:300-62) (8319FEA2000T BLA2ES 7. 620353 -234); ShdVBRYuIGF
THE TNVERNISEAY . clin. Pathor. 54:577-589).
Thymic Stromal Lymphopoietin protein (TSLP) is an IL-7-like cytokine that
was initially identified in mice as a factor that supported: (i) the in vitro development



The present invention provides new and nore practical treatments for
atopic disorders in canines, including atopic dermatitis and its
associ at edVOI2P¥0EHS mani f est ati ons. Accor di ngly, the prRSS@HP007/025318

i nvention provides novel isolated and/or.3reconbi nant thym c stromnal

| ynphopoi etin protein (TSLP) proteins that are involved in the

i mmunol ogi cal cascade that |eads to atopic disorders. The present

i nventi on dfguifhes IgNTOBicRaS, A fily Bard Trc%‘élg%]kéra%nﬁ#ﬁéhd-rcﬂ-ﬁ gl §4ps

In a particul ar aspect of the pfesent invention e ISLP proteinTs
a cani ne @FQ&Y&?&-’J’Z -328, seer ﬁlspet@ﬂeetlaé ‘rﬁ%dntmlmnmehwrﬁi?? 683).

d h h
Bo%h or o sty 5 R kol 0 BIA & LRRIA T BERP BN RO TREEInd YyplifB and 2
excl udi ng Lmlwmcam)nsghumldcalmi '_ﬂSIeP-ﬂ gTITB.ils mtemtﬂhﬁenggﬁrs(ﬁgndﬂ&ﬂnédlﬁzt[on

rotein [ t ni n t n
Phat bi nd VRS T AT, ACEE P pBunar ahd anivelsngonBtefithsmakng ARtInce
of SEQ | DeMresBionif ﬂ%@ﬁfo@@i&:cldéllté\ﬁbl’f%H'ﬁy}éﬁﬁd%ﬂ@b@@céﬁ%@cf?giﬁ' ned

fromthe vacci nated cani ne subject. In a related enbodi nent e TSLP

protei n cHMPIAHIES 0hA dandntc sell d(%@q Gethceo-owaed AhS. Batend Noy 690734,

identity ffrorpisrafdd RGteffe réf@%@ée of SEQID NO 2, excluding the 28
am no acid residue signal® sequenc and i s cross reactlve with an

anti body r ai seISé&aﬁlmmWagamlgmf d‘esulﬁnleonmlcs imtipet pthegenesisaaf ateafic

orotei n caiseases suoh as Atk SRR beBR, HorSerfiss tiansgeligraice i
i dentity mlcﬂﬁhempmsm of 'ssulag@ne vads ﬁﬁ@lﬂd@limdu%eﬂ @ Ha'sltimghdwe 28

am no acid reS| lr'g ofue % ich binds to an
op! t ope- s FRERPahniE Sings Hahies ofalonk AarBsuys Sulh as ecpamatousesions
parti cul acostalisl MAAMMADBAL ddrhdl RIGLE INfiItERED d &%?na%i’& |ﬁ‘6FeHQe #ETH, coat T

sequence that has 90% or greater identity to the amno acid sequence
of SEQ | D°RKS exPregsing ﬁlﬂ'ﬂﬁtymfﬁe féeelaﬁi&w@nacﬁleyat%swm levglsaof Igleg dateaver,

In still ppetkem t q‘éﬂg)
acid sequenge thé?gﬁggﬂegg@ oarmgg E;ter i el%tlﬁ?ﬁs %éﬁgﬁn“ﬁgn@gb@& and
sequence ®fnicHleatoresef asthrerdneldding mamu\m[nﬁmnanon af ledickesytdsiayoblad wall

The ToLp presrRiasie, duBiRREar -G 3 FEask o TR 2L At

aci d sequiesmasefl ISE(s bDIGHKD 2. I n anot her enbodi nent, the TSLP

protein is the i SLR protein t es am no acid
resi dues 29- 159 %3@@%%t §cD ?6'6%’7@7%2‘53’&%&@@5@5‘7?’92’9918 -5-
Ant i geni ceimegsiem:brm*ig tbiue wehs. Bnabietteicnetthe tiifndl ﬁ&ﬁﬂbghﬂ‘éﬁm' on are
al so pr ov nt| genl c fragnments include those that conprise

one or nof rl’éiﬁac BBePsm RPN the W'Pﬁ&?'—lﬂl(slﬁ@ afid/. @%J@xgmm
of SEQ | B5NCs688).18Lbséduchtipaihel Kitthah he ‘Rfsﬂmés iRt ’crﬂ&{?%l'?geta led, .

fragment of the present invéntion conprises one or nore epl

conpri se BT amHSIsaclie B@@ﬁéﬁ%%—%ﬂuggojld@Mncﬁt}yaﬂbunmo handbnly %

| n anot heg pents can have an amno acid
orﬁgggﬂggm\r/}mht hi ﬁ%?ﬁgﬁ%'\g/grl ap o?aeq}

sequence cont a Uﬁg %m no acid sequences of
SEQ I D NGs: 30Thesefor@2hesmutimaing 4, ndedeto, proRBOBMIfRnblBHREEAS ( SEQ

ID NGO 1 arti.cyl ar, enbodi nent, nant| enic fragnent of the
cani ne Téﬁ‘%ﬁtﬂe@{% OIO %P"égﬁgb‘?eéséﬁ CRMAGSrigC Hﬂ'ngrﬂt‘gp'ﬁl?ﬁﬁﬁatﬂgﬁ_@d its
nonoc| onadssaodiatdd U E agnee

of NPPDCLASRl ERLTLﬁg‘IlcRGCASrg%EE%OBE bﬁ%’?ihc%arﬁ?ﬁ§ﬁ§geut§%ﬁ§?€#g%ﬁat

about 5 tHedpgiyedn tﬁ%”ﬁﬂ“&@'%'@@ﬁaé% that leads tatapiic disoatders &l sanines
pr ovi ded thadoud Tedd e iHE BePoBHIGHE bt YciffRMHlerp] any TSLP protein of

the present invention, one or nofe an T OeR gments thereof, or
conbi nat i ons The citatibn bliany refegidmememelalsma)d l@O”theO@ﬁ]sQﬁeastarpédrﬁlsgbn

f d TISLP TSLP
pravern that SterEhE R Rb RoassBrer BElEieandonapivatam. 2. 1n o



injection, oral adm nistration, intranasal admnistration,
scarification, and conbi nations thereof. The present invention
further pr¥@i288L7&@5hucl ei c acid nol ecul e encodi ng a TSUHETHBIE0RS3aT
the present invention or an antigenic fragnent thereof. In one such
enbodi nent, the nucleic acid nol ecul e encodes the am no acid sequence
of SEQID NO 2. In a particular enbodinment of this type, the nucleic

aci d nol ecul e conprises the Wm@@gﬁgﬁaqﬂgﬁ@@%() I D NO 1.

Fragnents of the nucl eotide sequence of about 18
conti guous nuclTdetpreesnt inbenttonZrovidesinguoarsd maed prictidsitrealments 6 atopic

cont i guousy; of.i des. about.45 conti quo nugl.eoti des, about 66
conti guou:d'%g%%dbicgggesowc 5%&%‘9%%&5133@5 agaﬂtsass?ﬁ@fe&é@m

i nvent i on.mawifdstationaciAteoadingthome pk8sénmtGhaetibe idOHSvel 4solat

nucl eoti des, a _outgig nucl eo??des,p}a%out 45 Inu?roévéti des"',(é‘iabcoet]JtedGaE?dlor

nucl eot i dE€COBPINgPLIRYEYC siramalymRhopgiatia; rotein TSLE) eoeteins that ard isveived
TSLP pr ot g i i & LU (i . .
ybr 161 st o ShAdhobYies! Elstaal atichatd Sopic Yiiters, uftPbRkent ivantion
Al of théuithenpspvidas adtigenie fragmentsdf Suckgfiel®? pratéiesedd aqfartididar aspect of

present i | : rise.a heter us . nucl eoti de

sequence. @N@BFés%ﬂtl_ﬁgggﬂ;[ es’éﬁ?rrlsg‘\%f)#edﬁ 59 §8mBF§J\ﬁ?‘£Bm§?{"expr essi on

vector that indhecfere the gresstitdnsntion@reddesis I TILP grotéin BehafieiREan amino
ign,, the present invention provides

and/ or fra% nts thereqf. |n addit . > . >
host cel | SoLHeRIUEBp thaldias bk ok greatet ipniute Sraamnaasiasedsente pESEQ
opti onal | mwwm@@mﬁ Ple 28 SWlRY YO8 Pedlgsd siﬁﬁ%ﬂ ﬁe#u@n@@,%ﬁ@h%émre’

t he prokar¥ote host .ce is an Escherichia co a particular
embodi menf

Jeininadmigistered kpa gasinecaibjedt asm vaseine, sntaqdbeEsiha bjrithe

t hat cont ghRpet IR o L

i sopr opyl é!laﬁnﬁg‘li’sﬁ_liﬁgl actdggAﬂ gﬁ{gzﬁh %eﬁﬁiﬁsﬁm?ér%}&@?%%g%qmgo i]gre
pronot er . detectable Trh&e;meslﬁng caninersera obfaimechieompihe vadanatedazmiriaautject.
viral vec rs_.conprising one of the

above- not iergé E‘%Igfbg{l %hggﬁﬁ%’ﬁggﬁéﬁ? g??i%ﬂi%"é‘%ﬁ%ﬂr?é“'?gl?ﬁfé]ﬁgﬁgncgéb’t
I D NO 1, has @0t of gregtesrideriting tcethie. arfimohacie séquehce a SEQ W3 ND: 3 Excluding
exanpl e, in vacgines that are suitable for administration into
a cani ne ﬁ!ﬁ%%amé %ﬁ?'@ ragﬁHgﬂgnagsequence, #ﬂ@'qure%maqﬂme«ﬁm Yhaaikasly
provi des rasdidgainét the @AHRIETOSIP E&#&Bri@ﬁ@ttﬁé Anfiho bER dHSER I NO: 2.

i nvention. One_such nethod conprises culturing a host cell of the

present invent & Preseqt lePf‘ﬁ"_HI‘ rﬁlﬁrtpﬂ?‘éd%ﬂi'r ArRtein gempsidingzan amino
further |agbudaubhe HafRadB0Y~6! Gleafit idditioto Murdrifb™Mid BEqel of seq

protein fromthe cultured host c _
2008/ 0762835 NCr /2 (sx0loding2be £8 amino anid residuensighalseqlibece)ashith ibirgds to an

i sol at ed o et f T 0. i,S sQ part of the present

i nventi oné&ﬂ!p%rsﬁbkh{é%ﬁégﬁﬁf@%%@%é'@nlﬁé?(ﬁ@d in a hybridom system
by a vaccine olhahmr@pe_ﬂi@utarien;muri]ment, tieateT %Bmopiﬂﬁhoﬁ%rigbg ddhl‘@ﬁﬁ]etacid
i nvention n 0 nt of ,this type.a mammalian hybri dona
system i ss%%ngﬁgla‘%rﬁ)aﬁd%%ﬂ tgf%"ﬁﬁ'éﬁdeﬁh%&”ﬁ%ﬁw”q #ed seabsoes eESEREID

i sol at ed N@IRpexudingities!28 Haanaakidredice dighal Q@q@éﬁé&rln&%%‘abﬂf@' _or
nmonocl onal . HpAﬁiig'lor di Bg to the invention a nonoclonal antibody elicited

in a non-¢3 EESEB Prefsineamenses §n aminmeed sequendsethad hasios&elor
so as to I t [ 'd@%‘cﬂl. ' ' . i ne subj.ect.
In certai %%S?er%é@t%be%odéﬁ ﬁr%]rgr?% [s eér{%lleﬁ)git%g) Lﬁo}\ng?'?s %gp’“gfﬂﬂ ﬁ‘#tfagody
accor di ng@mthotaaid residue signaliseqopncanal |y converted into binding
fragnents smal rigin anti body, e.qg. cl eavage,
and/or as a relh;%rnﬁé%gﬁté%&)&‘f?gk Ogh'& gﬁﬁ%’.“)'é"%ﬁ'ﬁgi %%U{)@F‘H?m is the
Ant i body -cimine/ TELPipesteretiat eoPpased e o LRNESdUABDIYEAYS NO: 2. In

structural fhgd fun&é,i onal pr %;aerti es of naturally-occurring
heavy- chaPRFHi§BRRAIEENt dhe TSLRAMOtRIDISHE Malute aanjpe TSR prteinthathe

comprises amino acid residues 29-155 of SEQ ID NO: 2.




WD 2008/ 076255PCT/ US2007/ 025318 - 8- These and otper aspects (r)]f
the present invention will be better appreciated by reference to the
fol I owi ng WORWRY6hHd the Detailed Description. BRI EF DBESGRRETOGRIOR
THE DRAWNGS FIG 1 illustrates SDS-PAGEs.analysis of protein from
eukaryotic cell-free protein synthesis system expressing canine TSLP
protein. Lane 1: Protein standard; Lane 2: Total protein; Lane 3:

Sol ubl € prot el NAnfgHM ﬁlécgrhgﬁ@!qfl?lllé@Lﬁ%%@%@ﬂﬁeﬁrg%ﬁt@n@ggﬁ e Biso

i ndi cated by arrows. Fl 2A i'll'ustrates : anal’ysi's "of =
protein fiPoRyidetaPyoh aotigeric fragments inckide thyse that comprise ene expnassi ng

[ TSLP. M Lh,was reacted with Anti:H. S_.(,C.Term./
AP b 1 oIt FoiaEG BBk by € e B B Sesue et SER IpNOSE M. 1n
prot ei n; Iaamrti@alan;ﬁahbbdjimcﬁm,(ﬁrefaniﬁ%drﬁ@ﬂ?ér}nehﬂéghét}ir@?éigfiﬁ\@nﬂo? Sﬁﬁ'id(??gs
TSLP protein was detected . in total protein and insol uble protei
 ndi cat ed 9B HrPYGEPIOpEEinas SOMPrige ANATB0 RS BRGSOl SR YRIN 5730, 31,
protein f BoMAEABYEOIA SnsBbl embB8irksmt ﬁiéhﬁ@%hllﬁég;méﬂtgtc%ﬁ‘r%prﬁﬁn%
cani ne TSLP protein. The protein was reacted wt rat nonocl ona
anti bodi e§¢ uengee containgdawithisiive overtap of theramiso mcit seqlmndes bABEQRID

Tot al prowghdd; eq3: pn AP : i Q.
L0l PTANDE 2002 el 5 DELARIER HLAKIRELUY BRI 110
AR St oty S iy b vl iy it bl

| n r . S . \
@o1kd t naeory8d Bnghnd s abfBumian FaLP Erosianal Aot Aientc fagments
repr esent sf thef aminoradie seqrince a1 INFPISLRRAPAL THRRIRGTAS (BEG 1ONEST18)
protein and a 6 histidine residue tag. "M .indicates the protein

standard E@RFRANG&INFize Femmmbaut 539@‘@9?1? 21 amina agifdepigdhes.2 are sol ubl e
fractions of Evagdihks BRdiOBRKI that 2ahMcidWaR eSO HA8antd%ny TSLP
wi thout and with | PTG induction, respectively. Arrow indicates the
GST- TSLP- Prafeinefithm prasgnkinvention onearanone antigeoic fragisents Aha@Bpf, oFi g.

20 Snove BRI it BB BB of AR bl

el uti on feaeempoedinséntthe TS pnotede idacasine/ESLR prateinfthgt GEnpieeasthehat

D B Bl T8 88, B AL fa R0 bl

f usi on pr cordainsafriessr mQ aHIG8HIR FaiThERTE| P29 BdriAE TSLP pteifthbtaonifiies

T e A RA R A S AR E N A T
(identified herein as SEQ ID NO: 118). Examples of such antigenic fragments
include the epitopes disclosed herein that comprise amino acid sequences of SEQ
ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 32, SEQ D NO: 33, or SEQ ID NO: 34. All
of the vaccines of the present invention can further comprise a pharmaceutically
acceptable adjuvant.

A vaccine of the present invention may be employed in a method of inducing
anti-canine TSLP antibodies. One such method comprises immunizing a mammal
with an ieﬁ'ective amount of the vaccine. This method optionally includes a method of
downregulating TSLP activity in a canine and/or a method of treating or preventing
allergic symptoms in an atopic canine that comprises immunizing the canine with an
effective amount of the vaccine. The allergic symptoms ameliorated can include
allergic dermatitis, asthma, and the like.

A vaccine of the present invention may be administered by a route such as:

intramuscular injection, subcutaneous injection, intravenous injection, intradermal
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The present invention also provides methods of producing a TSLP protein of

the present invention. One such method comprises culturing a host cell of the
present invention in a suitable culture medium. This method can further include the
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Lanbda-, tip-, lac-, and Ipp deri ved Pronmoters”, in Rodriguez and

Denhardt (eds. Vectors of Mol ecul ar Clonln Vectors and
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The solvent and electrolytes will usually be a biologically

conpati ble buffer, of a type used for preservation of biol ogical
activiti esWORA/AZPISF usual | y approxi mate a physi ol ogi c HCTAfIEIH25318
solvent. Usually the solvent will have gsneutral pH, typically

bet ween about 5 and 10, and preferably about 7.5. On sone occasi ons,
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In a particular enbodi mrent an antigenic fragnment of the canine TSLP
contai ns between 5 and 150 am no acid residues. In one particul ar
enbodi mentWPRE8AYI625geni ¢ fragnent of the canine TSLP cH{TAISI&7HREER er
than 120 am no acid residues. In anotherqyenbodi ment an antigenic
fragment of the canine TSLP contains between 10 and 120 am no acid
residues. In still another enbodi ment an antigenic fragnent of the
cani ne TSIR, i d_ 100 L, N id residues. | t
anot hor GBS BReTt) ByBERHETE eshely 2B99Maerili Sd Rl mive arRIElARNY o
fragment abouh@5%ddemtity. TSLP cont ai ns between 25 and 75 amino acid

resi dues. An %igenié fragnment of the canine TSLP can be
obt ai ned from ASUSEIRSEENPrateinand DNAsRaNepss peraent identityeeant hem
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Phar maceuti cal |y acceptabl e adjuvants of the present invention may be
obt ai ned from any of a nunber of sources including from natural
sources, rWOMBHEF® sources, and/or be chemical |y syntHESP2e/028iE
Exanpl es of chem cal conpounds used as a4j uvants include, but are not
limted to al um num conpounds, netabolizabl e and non-netabolizabl e
oils, block polymers, 1SCOM s (inmmune stinulating conpl exes),
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(' adenar k CCARBSRAT o R SBrirbiossly Lt908, #ax ivatdifevas Wity shorer
di sper sed nutleicoacids, 7@. mligoducipbiidss, ithe pasitdn 6MismAtBhéS b8comas nfopé d
under the. trademark Enul si encr}l). Addi ti onal exanpl es of adjuvants,
that sometT oad isslenpily ol g Pligenugleetide; daiemmyings its spesiicty.

stimulants, i npardmblPadhiBimah léﬁ&hff&@%bﬁo%ébmhbteﬁ%&fwﬁ??{frggéstea&ut

| i popol ysaccarides, |1 poproteins, glycoprotelns, nuranylpep
bet a- 1, 3/ 126uglegtidps;) moreaprieirrablyatieast abaubbthpdeleotidesd even eubré poefierably

oo _ . . .
Reetveq' i lendih/ &t feas® SEOR AR Rlclodfitds) g P BrdIRraii aDREM St 36
fact ors), nacidotidase y Lllnmew@diﬁndermbgﬂAmm thederlfm Ostgu@arqmﬂandtioh Egnditio?s“
ource 0., fran . , (o) . n a 1trqn, a nu er or,
conbi nat .( fefersip e Trm oL BB, Grrti. ﬁ?‘&!ﬁ&a CE%'S%’%%E§§ehgwtth;ﬁ%ﬂyﬁdgx 2Rother spasific
ef fect, asmbblien@itatingeraRoh@itiche s UNETS, isllﬁst@%rﬂj&ﬁ %%riaitﬂé{tﬂmh A
e

WO 2008/ 076255PCT/.US2007/ 025318 - 24- e vacci nes’ of
present | NGEMEPBAMIARS BEPYINEN: st ered by any route incl udi ng:

i ntranuscul ar iADRA 'cBling ghegeors “ééﬁ&%ﬁ&é %Hco&iﬁ%‘rﬁ\ﬁﬁﬂf&l&%r protein or
|nject|on, |ntradernal I njec |onJ Qral adm ni strat i n, 1 ntranasa
adni ni st r BeRtise, issa PNA sBAwRRgeoNBIch he trapscribadtdnidddinsdated into a fdlgpeptide in

toi i-on:. Al i 1qcl |
P eSEnt LR IF D BEbUA SRPLANE] o OR BORAE B0 ments
pr ot ei nl. AsI !JSHGE heuedariestdféhf eo?ingam?bnzbjérq[r @ételrrfaintad byra start codon at
o) . r n er eof,. atyral ly occurrjn
oot citie Rerdiflus epd S HRirion b 284an At AR SrraihuS L Bafin Senyence
encoded byar imsludegbobisirioh ligitad o, prokaryete seqzatesBDNATISR Cukaraases
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vari abl e gyeghetit DRASSequeRcEdtA bgﬁé’cfrﬁftioﬁ'i‘émﬁéiﬁ&gs@fﬁfé?fcg'\ﬁlg u%t?&lg]l

i nvention al so enconpass anti body fragnents, 1.e., antigen- i ng

f ragment s'?‘:?tSF %iais eding seqimiceand F(abl )2, engineered singl e- chain

5. 5899, 5085 CRSLEy AnkElERte B of ameilgRhentf sioaMifls wikhen Isyg:

i né:o_r por aﬁ@wm R0 lseseriffast @nec@dﬂeu’eédﬁq asto p’wl’rfd:m;iﬂwdixi tawat funetion. 'lihus,

(og7)) - GrifeFeEments ppeRRATIHER o Eqifh sedidrics aradapaRien! aiesting theq
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and Hunkapiller and Hood, Natureég,

Spring Harhor Labprator 1988 ) ]

323, 15- 1‘%'H'( &@%d?”%ﬁ?q%@f" F%#%@t%&P%W@@'WtMWﬁ%@mM%
For exanprius, S examplo dHEpekdi j ?;pfpé ' j Lve
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nmet hods, i rption chromat ography w th
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Alternativel y A tmteciayeis mtddtideisequence e icebiosremh isansuciticenal 1 v,

antigen bindin ragnment s, or _reconhi nant bi nding proteins derived
from suc ﬁeﬂﬂﬁgge &1?2?? 192 pHelgRildR sequancedf tha prasent wantign by

recombinant methods to form a nucleic acid that is not naturally formed in nature.

Such nucleic acids can encode fusion (e.g., chimeric) proteins. Thus the



conprising one or nore of the followi ng five am no acid sequences:
SEQ ID NO 30, SEQID NO 31 SEQID NO 32, SEQID NO 33, and SEQ 1D
NO 34; anWOt2ped076235t her bi nds a protein havi ng t he amB¢I/EeN1/025318
sequence of SEQ ID NO 2, and/or a prot q;n havi ng the am no acid
sequence of SEQ ID NO 2, excluding the 28 am no acid residue signal
sequence. In a partlcular enbodi nent, the epitope- speC|f|c cani ne

TSLP anti nal antibo rodum ng
TP a0t goloBofs PRl B Pide O s pept s BT B b e
are pr oduceguiprynehd/ok SRUEtUER PROPSHIES -In Hﬁéﬁﬁér\éuclﬁ Gﬁlb@ﬂﬁﬁ@ﬁ%hé”vm ves
the fusion of an immortalizing cell line with a B-1ynphocyte that

pr oduces Pﬁ&ﬁrBKQSPP%BUQRPI'%%QU%Q%?G\WHWP;H Piietsin PO Sepide theh funpliess as
for gener gt i
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been introduced inside the cell membrane. Exogenous DNA may or may not be

integrated (covalently linked) into chromosomal DNA making up the genome of the
cell. In prokaryotes and yeasts, for example, the exogenous DNA may be maintained
on an episomal element, such as a plasmid. With respect to eukaryotic cells, a stably
transformed cell is one in which the exogenous DNA has become integrated into the
chromosome so that it is inherited by daughter cells through chromosome
replication. This stability is demonstrated by the ability of the eukaryotic cell to
establish cell lines or clones comprised of a population of daughter cells containing
the exogenous DNA.

Prokaryotes include both gram negative and positive organisms, e.g., E. coli
angd B. subtilis. Eukaryotes include established tissue culture cell lines from animai
cells, both of non-mammalian origin, e.g., insect cells, and birds, and mammalian
origin, e.g., human, primates, and rodents.

Prokaryotic host-vector systems include a wide variety of vectors for many
different species. Vectors for amplifying DNA include pBR322 or many of its
derivatives, or the pET42b(+) expression vector (Novagen).

Prokaryotic expression control sequences typically used include promoters,
including those derived from the B-lactamase and lactose promoter systems [Chang
et al., Nature, 198:1056 (1977))], e.g., pUC-series, the tryptophan (trp) promoter
system [Goeddel et al., Nucleic Acids Res. 8:4057 (1980)), e.g., (pBR322-trp), the
lambda P|_ promoter system [Shimatake et al., Nature, 292:128 (1981)], lambda-pP

or pR promoters (pOTS), arabinose-inducible promoters (/nVitrogen), the tac
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E 233@ Eég??% cérg(rﬂ'ia%%y g?ﬁ?dﬂlé.qgeé atsd, 3BrdeftR%Br ol PASIdrb¥6Sn Vedfdrs Employing
Lambda-, trp-, lac-, and Ipp-derived Promoters”, in Rodriguez and Denhardt (eds.)
Vectors: A Survey of Molecular Cloning Vectors and Their Uses, 1988, Buttersworth,
Boston, pp. 205-236.]

Genericaly equivalent vectors to those appropriate for E.cofi, which can be
used in other prokaryotes, also may be used to express the TSLP proteins of the
present invention.

Yeasts, as well as higher eukaryotic tissue culture cells are also contemplated
as hosts for the recombinant production of the inventive canine TSLP protein, and/or
of anti~canine TSLP antibodies and/or fragments of those antibodies. Although any
higher eukaryotic tissue culture celt line might be used, including insect baculovirus
expression systems, mammalian cells are preferred. Transformation or transfection
and propagation of such cells have become a routine procedure. Examples of useful
cell lines include Hela cells, Chinese hamster ovary (CHO) cell lines, baby rat
kidney (BRK) cell lines, insect cell lines (e.g. SF9), bird cell lines (e.g. DF-11), Madin-
darby bovine kidney (MDBK) cells, Madin-Darby canine kidney (MDCK) cell lines,
Vero cells, HEK-293 cell lines and monkey (COS) cell lines.

Expression vectors for such cell lines usually include, for example, an origin of
replication, a promoter, a translation initiation site, RNA splice sites (if genomic DNA
is used), a polyadenylation site, and a transcription termination site. These vectors
also usually contain a selection gene or amplification gene. Suitable expression
vectors may be plasmids, viruses, or retroviruses carrying promoters derived, e.g.,
from such sources as adenovirus, SV40, parvoviruses, vaccinia virus, or

cytomegalovirus. Representative examples of suitable expression vectors include

pCR®3.1, pCDNA1, pCD [Okayama et al., Mol. Cell Biol. 51136 (1985)], pMC1neo
Poly-A [Thomas et al., Cell 51:503 (1987)], pUC19, pREPS, pSVSPORT and
derivatives thereof, and baculovirus vectors, such as pAC 373 or pAC 610.

Once expressed, the inventive canine TSLP can be purified according to
standard procedures of the art, including ammonium sulfate precipitation, affinity

columns, column chromatography, and the like (see, generally, R. Scopes, PROTEIN
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ct g19866851087147, whol e genone shotgun sequence Length = 1369 Hit 5
Score = 42.0 bits (97), Expect = 0.006 ldentities = 21/44(47%,
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or to homogeneity as desired. If the canine TSLP is to be used therapeutically, the
protein should be substantially free of endotoxin. Selective purification of expressed
TSLP on a bound anti-TSLP antibody column, or on a bound TSLP-receptor column
are available strategies for obtaining highly purified canine TSLP protein.

Methods for purification are well-known in the art. For example, nucleic acids
can be purified by precipitation, chromatography, ultracentrifugation and other
means. Proteins and polypeptides, as well as peptides, can be purified by various
methads including, without limitation, preparative disc-gel electrophoresis, isoelectric
focusing, HPLC, reversed-phase HPLC, gel filtration, ion exchange and partition
chromatography, precipitatipn and salting-out chromatography, extraction and
countercurrent distribution. For some purposes, it is preferable to produce the
polypeptide in a recombinant system in which the protein contains an additional
sequence tag that facilitates purification, such as, but not limited to, a polyhistidine
sequence or a sequence that specifically binds to an antibody, such as FLAG® and
GST. The polypeptide can then be purified from a crude lysate of the host cell by
chromatography on an appropriate solid-phase matrix. Alternatively, antibodies, or
binding fragments thereof, produced against the polypeptide can be used as
purification reagents.

The solvent and electrolytes will usually be a biologicaily compatible buffer, of
a type used for preservation of biological activities, and will usually approximate a
physiological aqueous solvent. Usually the solvent will have a neutral pH, typically
between about 5 and 10, and preferably about 7.5. On some occasions, one or more
detergents will be added, typically a mild non-denaturing one, e.g., CHS (cholesteryl
hemisuccinate) or CHAPS (3-[3 cholamidopropyi) dimethylammoni- o]-1-propane
sulfonate), or a low enough concentration as to avoid significant disruption of
structural or physiological properties of the protein. In other instances, a harsh
detergent may be used to effect significant denaturation.

Alternatively, functional heterologous proteins from E. coli or other bacteria
can be isolated from inclusion bodies by means of solubilization using strong

denaturants, and subsequent refolding. Art-known denaturants include, simply by
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protein (32yasaamh! pi)iols S5 Rk BWra, Nacl 0.1 M, GSSG 551mglL, 0.5 M Arginine.
GSSG is the oxidized form of glutathione.

The size and structure of the polypeptide should generally be in a
substantially stable state, and usually not in a denatured state. The polypeptide may
be associated with other polypeptides in a quaternary structure, e.g., to confer
solubility, or associated with lipids or detergents.

Substantialty pure, e.g., in a protein context, typically means that the protein is
free from other contaminating proteins, nucleic acids, or other biologicals derived
from the original source organism. Purity may be assayed by standard methods,
typically by weight, and will ordinarily be at least about 40% pure, generally at least
about 50% pure, often at least about 60% pure, typically at least about 80% pure,
preferably at least about 90% pure, and in most preferred embodiments, at least
about 95% pure. Carriers or excipients will often be added. Purity can be evaluated

by chromatography, gel electrophoresis, immunoassay, composition analysis,
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polypeptide. Many parameters affect polypeptide solubility, including temperature,
electrolyte environment, size and molecular characteristics of the polypeptide, and
nature of the solvent. Typically, the temperature at which the polypeptide is used
ranges from about 4°C to about 65°C. Usually the temperature is greater than about
18° C. For diagnostic purposes, the temperature will usually be about room
temperature or warmer, but less than the denaturation temperature of components in
the assay. For therapeutic purposes, the temperature will usually be body
temperature, typically about 36 °C to 40°C (e.g., about 39°C for a dog) though under
certain situations the temperature may be raised or lowered in situ or in vitro.

As used herein the term "antigenic fragment” in regard to a particular protein
is a fragment of that protein (including large fragments that are missing as little as a
single amino acid from the full-length protein) that is antigenic, i.e., capable of
specifically- interacting with an antigen recognition molecule of the immune system,
such as an immunoglobulin (antibody) or T cell antigen receptor. For example, an
antigenic fragment of the canine TSLP of the present invention is a fragment of the
canine TSLP that is antigenic. Such fragments need not be itself immunogenic, i.e.,
capable of eliciting an immune response without a carrier, so long as they can be
used to generate an antibody to the TSLP protein after conjugating the fragment to a
carrier molecule for immunization. Preferably, however, an antigenic fragment of the
present invention is immunodominant for antibody and/or T cell receptor recognition.

In a particular embodiment an antigenic fragment of the canine TSLP contains
between 5 and 150 amino acid residues. In one particular embodiment the antigenic
fragment of the canine TSLP contains greater than 120 amino acid residues. In
another embodiment an antigenic fragment of the canine TSLP contains between 10
and 120 amino acid residues. In still another embodiment an antigenic fragment of

the canine TSLP contains between 20 and 100 amino acid residues. [n yet another



and Murine TSLP Mature Protein TSLP_CFLengthl41 (1 141)

TSLP_M.engt h136 (1 136) Score = 72.0 bits (175), Expect = 7e-12

| denti ti esWe20@/0188F 33%) , Positives = 67/138 (48%, GFETARIIREEEY)
Query: 1 RKIFVLQ LVGLVLTYNFI DCDFEKI RAKY@EVI YQAL EKYMOGTRSTEFSHPVYCANPP
59 +F+LQ LV + LTYNF +C+F 1Y +1+ L+ G+ +C + P Sbhjct: 1
RSLFI LQVLVANGLTYNFSNCNFTSI TKI YCNI | FHDLTGDLKGAKFEQ ED- - - CESKP 57

Do AR R EinEediment an antigenic fragment ﬁéﬂ%\?ﬁﬂ\R&TSL%&Wﬁlﬂ?ﬁf&?‘aﬂfg 3/d 75

+| E TL+ | acihasidFasigues. CPGYN+ + ++ Sbj ct:

Query: E%?EE@E%%@QEE%W%%%FW% Ay
recombinant source, from a protein isolated from natural sources, or through
chemical synthesis. Moreover, an antigenic fragment can be obtained following the
proteolytic digestion of the canine TSLP, or a fragment thereof, through recombinant
expression, or alternatively, it can be generated de novo, e.g., through peptide
synthesis,

Vaccines

The present invention further provides vaccines that include an effective
amount of a TSLP protein of the present invention, one or more antigenic fragments
thereof, or combinations of the full-length protein and one or more of such fragments.
For example, a canine TSLP protein and/or fragments thereof, such as those
enumerated by Table 2, below, can be incorporated into any protein- or peptide-
compatible vaccine composition. Such vaccine compositions are well known to the
art and can, but do not necessarily include, for example, physioiogically compatible
buffers and saline and the like, as well as pharmaceutically acceptable adjuvants
such as CARBOPOL® or Emulsigen®.

The vaccine composition can be employed for inducing endogenous anti-
TSLP antibodies in a canine subject in need thereof, e.g., in order to treat clinical
signs of a disease or disorder that is responsive to the downregulation of TSLP
activity in a canine subject. Alternatively, or in conjunction therewith, a vaccine of
the present invention also may be used to elicit antiserum for screening and/or
identifying canine TSLP, e.g., as an aid in a test kit for identifing canines that
overexpress TSLP.

Peptides of TSLP such as those disclosed in Table 2 below, and variants
thereof, can be used as immungens, either individually or in various combinations.
Such peptides can be optionally linked to each other and/or to larger proteins known
as carriers, either through chemicat or recombinant DNA techniques. The carriers .
act to enhance peptide recognition by host animals as a target of the immune
response and increase the immunogenicity of TSLP peptides. Several carriers are
known in the art, and include tetanus toxoid or the non-toxic C fragment from tetanus
toxin, diphteria toxoid, PhoP protein, keyhole limpet hemocyanin (KLH), beta
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As used herein, an “epitope-specific” canine TSLP antibody is an antibody

that is raised against a fragment of canine TSLP that comprises an epitope
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A Practical Guide, 1987, Chan (Ed.), Academic Press, Inc., Orlando, FL. Such
immunoassays could be carried out, for example, on fractions obtained during
purification of the receptors.

The antibodies of the present invention can also be used to identify particular
cDNA clones expressing canine TSLP protein in expression cloning systems.
Neutralizing antibodies specific for the ligand-binding site of a receptor can also be
used as antagonists (inhibitors} to block or downregulate canine TSLP protein
function. Such neutralizing antibodies readily can be identified through routine

experimentation.



-40- EXAVMPLE 2 CLONI NG AND EXPRESSI ON OF CANI NE TSLP The DNA
encodi ng canine TSLP was identified as described herein and cl oned
into a domeo 2v@aess art standard net hods pDONR221 (| nviHaTOCR007@233€80aY
Systen). Cene assenbly and cloning into,the donor vector was
performed at a contract research organi Zation called DNA 2.0., and
resulted in the construction of a plasmd called pDONR221. Q03276

whi ch contains, the identified 1 c.cani ne TSLP. gene. DNA encodi ng
mature (i.e. wY n'sﬂ’Sﬁg?n'ggmgﬁot%’arﬂcﬁﬂtm@%?G?Q'F‘H“%Ué'éi using

PCR- anpl i tbempldte amtiBEEINTSIc LIRS JF Gl ity éﬂﬂidéhi#ﬂifﬁ&gﬁg WRlGRIEOBUAH Bs Fab,

Nco | and#fc sites, respectively: Priners

AATAATCCA @(%PXC@M’ Thcraarnactsciisiinitipns aegeh fragmenty cambe foand as

5' - AAAATA iHelFR0e; @gg@gl@ﬁ{é C ' Hﬁﬁ?% .
Nco | and@égcgl? V di giel:'stlon', th %’?d uc slt\%g%ﬂﬁy%yeyq%ﬁi%gs?)'
and Sma | Perham, Ghaptec d 4r inpNevEsd. ingnu@ohBaustey, Attp Ede(BiSchvesicSsient@id #

3728803). s S i 1.d._cont ai ni ng t he, gene which

encodes t ﬁgmrlrsl?l ﬁ,ﬁ?gﬁcﬂ Jﬁ?&ﬁh?ﬁ%‘g@% qqpegé}qu_?ftsar&iggﬁ}j?;@gn&ntq has also

C- t er m nabeemde¢Crihexio etagFab frahmeptaFifsser: (rhalidal 41l FRESHIF ESRYPHRNCES

of the in@grts was nag?d %Igam gﬁlg 65-93.D. Plasm d 1265-93. D was used
to expr es¥TEIRATIAMSNEISRYST PRSI HRT: dP8PY liagmentsdblochmag at@l.

xpr esC™T §iad it e s
s om0 1 e AR o

(arrows) . 2hddSe Patentdio. ¢h@rd.Nadkand amtibgdyhalfsnolspulel ¢Auditere-Hargeavend
reacted s i ' I nAd i bo ! and at
nonocl on aP%n‘f&?tE?dﬁaé%\'ﬁgg?Tg?g 5'f y?t@ou&nsgl‘%r % ’%?58%%%”.‘ %@%ﬂ%ﬁ% based
PR(DlanCI | Gt RFOWAEINKNBECcdShea BROM Hﬁbﬁ'lf:lﬁELt:Siabk—l: regidros€quErees have furti'aer
reconbi n T ratein | .COl I, e C ti S ence encodin
CTSLP (i e n %ﬁ‘ﬁ%@cgid;rgwnﬁg%%% %{e@%n?'éﬁqrﬁﬁ%f ﬁﬂﬁ%@ﬂ |andkhy Bltickshu
was anpl i [RieTebyndlcHy 95464 1008 MAlteAREDeROheyTan Beeomirmically SERhEsed by
with a forward and reverse prinmers that contain Ncol and H nd °-

111 si te,Stf’Eg?)'é’cpfi‘il?{/Th‘éFj& Forward Pri mer
5' - AATAATCCAT HeAS RIeBALTThVEATITH A5 Chebfrpas sésSEhd-IdidtliFe hibodEs, both

2008/ 076255PCT/ US2007/ 025318 -41-
polyclonal and monoclonal, which are produced using the above-described
antibodies as antigens. These antibodies are useful because they may mimic the
structures of the ligands.

Antibodies generated from non-canine mammals or non-canine hybridoma
systems can optionally be engineered in order to render them substantiaily
nonantigenic when injected into canings, i.e., they may be caninized. The process of
madifying a monoclonal antibody from an animal to render it less immunogenic for
therapeutic administration to humans (humanization) has been aggressively pursued
and has been described in a number of publications [e.g. Antibody Engineering: A
practical Guide. Carl A.K. Borrebaeck ed. W.H. Freeman and Company, 1992:

Reichman, L. et al., "Reshaping human antibodies for therapy", Nature 332: 323-327

(1988)]. Alternatively, monoclonal antibodies from non-canine mammals, e.g., mouse
monoclonal antibodies, are chimerized with canine antibodies or sequences thereof
so as to achieve antibodies which are seen to the recipient host as less
immunogenic than standard murine monoclonal antibodies. See 6.g., U.S. Pat. No.
5,593,861, "Dog-Mouse Heterohybridoma and Gene Fragment Coding for Constant

Region of Canine Immunoglobulins®, which is incorporated herein by reference.



Reverse Primer 5'-ACATAAAAGCTTTGAAATGCGACTGAAACGACG 3' (SEQ ID NO 7)
After Nco | and Hind Ill digestion, the PCR products were inserted

i nt o Ncol /¥ibndds/otéssi t es of pET42b(+) expressi on vect orpciNGeagRES318
Thi s process produced a plasm d which epgodes the nature cTSLP fused
with GST tag at the Ntermnus and a 6xf's tag at the C term nus. The
pl asm d contai ni ng correct sequences of the insert was named as
1265-93B. Expressign of the GST-TSLP-H s fusion protein was _carried
out in E ool | HEASHYOREYYPEIEEan aidc AR [BPRRerD b 1 6R ASE 4l detsrimiesd
gene unde i : ' d [y= ' : ' :
(PTG i mas BT Biancerth h FBHABY refoRs b, EEHAEIARAR £ Eanine
1265- 938 g beajryoshaimtTHEBe@varsersrfucher deletminkd 0heé amine ahidrseguence of the

expressi o : 1 t he. |4 f Q.5 L PTG furt he
neubati oke i IR ERHER ot o (i PE A bR mipar AP R Ror R e s 308
(arrow) wtdr8iheMcOumbet asd Dapta, qUHK Dmmymict SEIE66(191e)] siidclddeathE.

coil fraction QFI G, 3A%,. West ern EI ot shows that _t he expr sse?

protein rEYPPEIQRIVNOsALIH segvenrk PHB GaNIngi gy chain. TANg &igt. %’P—Wé’"o"o!?y
protein Cﬁﬁmbﬂoﬁé#hbfob?@b!s@(%@ﬂmd@élﬂbs%%Qﬁb@@arﬂﬁe [RSIAGamhia crifn -
After additional purification by N -NTA resin, the ngj orl?y of the
GST- TSLP #PbAand l?wé caine d9GN gemma ehaip Pneteirt sesivensesudang et €., Ieya.

xpr e5si o o RS (L AP et b B e e MR 1P e

was det erdégardrate dlignouceotideptimer designéd frehnChe asisayedakhions of human,

pol ycl on I bod] e ais agg) nst hupan TSL rotein. ..

| munohi 21,518@%%,#@1%rgpsg\é\gn%quq?e@oaﬁgve&ﬁaw 3? ?}:h@'&%ﬁ@ﬁ‘éﬂ'% I§gue

bl ocks 0b2@040:181089pultiched of Gep&mber 1§ E200AaN hBofRrated WHerefdrehcd@s
skin of dogs. di,agngsed wi.t h vari ous skin diseases in¢luding atopic
der mat i t | RETRASRERESIN dFtRiLoBe PreresalCANINiPRG Meerkankg arikadies. and
junctional epidernolysis bullosa. Additionally, TSLP protein
expression was determned in frozen tonsil tissues fromtwo dogs. The

procedure for deternini 1§OLAHON GFEHESGANINE FBLPSGENE ol | ows: WO

2008/ 076 2R 5 SifialRER 25318 -42- |. Preparation of Sections: 1.
Paraf fin bl oﬂlépvm tﬁ%et%bedded skin sanpl es were sectioned at a

t hi ckness of SFlindiabatierapts toddentifd caninel T3 wereebasel an tsequence

POy M B OABAS MR PR s TS AR ASh bl ke

Chimpanzee and Rhesus TSLP cDNA sequences that were assembled from BLAT

(public genomic database University of California, Santa Cruz). Chimpanzee TSLP is
100% identical to human TSLP at the amino acid level, whereas Rhesus TSLP has
over 90% homology with human TSLP (12/151 residue different) in the mature
protein. However, the human and non-human primate TSLP protein and cDNA
sequences are highly divergent from murine TSLP sequences. The human and
mouse TSLP cDNA sequences only comprise 43% homology, which does not aliow
cloning through low stringency cross-species hybridization between these species.
Furthermore, the Rat TSLP sequence showed 39/121 changes in amino acid residue
sequence of the mature protein as compared to mouse TSLP indicating that even
between closely related murine species the TSLP sequences have diverged
significantly. _.

Unfortunately, as disclosed herein, the canine TSLP sequence also proved to
be divergent from all of the disperate murine and the similar primate sequences.

Therefore, obtaining canine TSLP through low stringency cross-species hybridization



3. Antigen retrieval was carried out in citrate buffer [10nmM sodi um
citrate containing Tween-20 at a concentration of O0.5ml/liter for 25
m n usi ng wWakRersaresy m crowave to reach about 99-100 CJeCTIUH26807i035338
process that recovers the antigenicity @ tissue sections that are
masked during the paraffin-enbedding process. II. | mmunostaining: 1.
Sections were incubated in 10% normal donkey serumdiluted in

phosphat e ffer luti.on (PBS) for 1 hr.at roomt rature to
reduce noﬁ?é\beec@i'?ﬁ%%cg%%@r Aéd?ﬁ 'tm@%{'ﬁt‘{eﬁWd “}?”@@5@@ t‘%@k’ﬁfﬁ%éhe
gently recaviee, TSUR ofthelog @t hested PORatetegied Bmpidid theiuriaimédsel 08)
diluted in PBS and i ncubated either at roomtenperature for 1 hour or

over ni ght 286 mienkey Seqy¥gReR Ifoeationfalied tp ideptifyiqyes awinglethesd thehsed

tw ce forcér,-g%,gtm(%a totaRPe T@¥d ph gentl e shaking. 4. Excess PBS was
gently renpoved and sections covered with biotinylated donkey

anti-rabbit 1gG antibody diluted 1:5000 in PBS for 30 m nutes at room

tenperatu ' 1 6li . | ons were then rinsed
tw ce forh‘g %ﬂ%% esfnf%bgé@" ﬁ?%@@’n?gb"?ﬁ%ﬁ ng. 6. Excess PBS was
renoved and t heSsamhirgntheithen basitbld asssifiblet vaning gatoniic ARRILRkE(Befived
Streptavidin-f u[orescei n iqs;ot hi oc%/anat e_ré%re%_?vi di n- FI TQ), con'jbﬁtfgat e
in PBS at "§MtWRRIEASeMeSheuUR spauensing; ade availagis to thepupls By then

rinsed twiJewerslfy & CAlfineS JamtdBRuz)SAHINRh IR TBLP led to th
2008/ 07625EPCT] USo007] OoEa1a a5 g Wi e e 1 meéréé’a”teﬂ%%e o the

count er st BRR@Hidgtificationsf exgnilnandd opcaning TSLE. Briefly severahkitswef e

:) Eg?ogﬁggﬁ@gﬁcaﬁf’@e’qliehee heRfdRy Wi RERRRT inkRis RIRGF 4EEH (44965 Y ©

below). Their sequences were collected and used as queries to extend and
assemble a partial electronic sequence of the canine TSLP gene.

Hit 1

Score = 60.8 bits (146), Expect = 1e-08
Identities = 33/58 (56%), Positives = 39/58 (67%), Gaps = 1/58 (1%)

Query: 7 LYVLSVS-FRKIFILQLVGLVLTYDFTNCDFEKIKAAYLSTISKDLITYMSGTKSTEF 63
L + SVS5 FRKIF+LOLVGLVLTY+F +CDFEKI+ Y I+L YMG F
Shjct: 26 LIICSVSVFRKIFVLOLVGLVLTYNFIDCDFEKIRWKYQEVIYQALEKYMDGVSE*TE 199

SEQ ID NO: 102; human TSLP
SEQ ID NO: 103; >gif36323560{gblAACN010632090.1| Canis familiaris
ctg19866851299046, whole genome shotgun sequence Length = 1007

Hit 2:

Score = 59.7 bits (143), Expect = 3e-08
Identities = 30/42 (71%), Positives = 33/42 (78%)
Frame = -1

Query: 117 QINATQAMKKRRKRKVTTNKCLEQVSQLOGLWRRFNRPLLKQ 158 (SEQ ID NO: 104)
QIN TQA KKR+KR VTTNKC EQV +L GLWRRF+R  KQ

Sbjct: 588 QINNTQAKKKRKKRGVTTNKCREQVAHLIGLWRRFSRIS*xQ 463 (SEQ ID NO: 105)

SEQ ID NO: 104 human TSLP
SEQ 1D NO: 105 >gi | 36314527|gb|AACN010674832.1 Canis familiaris
ctg18866851282528, whole genome shotgun sequence Length = 963



11. Experinental controls included om ssion of the primary anti-TSLP
anti bodies, or replacing the primary anti-TSLP anti body wi th nornal
rabbit antwbadismse2sTabl e 1, bel ow, sunmarizes the resulrca/usodrloegssisiC
experinments. TABLE 1 | munohi st ochem st 0¥ with rabbit anti-human TSLP
Conduct ed on paraffin-enbedded bl ocks oPY%kin tissue from dogs with
various skin diseases. Disease condition (Total nunber of bl ocks)
Positive S_Il_ocks Negati ve bl ocks AD |l esional skin (* n=10) 8 2 Nor mal
skin inject®d with PBS (n=5) 1 4

Score = 42.0 hits (97), Expect = 0.006
Identities = 21/44 (47%), Positives = 27/44 (61%)
Frame = -2

Query: 76 LTEIQSLTFNPTAGCASLAKEMFAMKTKARLAIWCPGYSETQIN 119 (SEQ ID NO: 106)
L I+ LT + GCAS A+E FA T AALA CBGY+  ++

Sbjct: 369 LARIERLTLHRIRGCASGRREAFAEGTVAALARECEGYAAAPVS 238 (SEQ ID NO: 107)

SEQ ID NO: 106 : human TSLP
SEQID NO: 107 >gi|36442813|gbJAACN011084208.1| Canis familiaris
ctg19866851499233, whole genome shotgun sequence Length = 370

Hit 4

Score = 38.9 bits (89), Expect = 0.047
Identities = 15/32 (46%), Positives = 22/32 (68%)
Reading Frame = +1

Query: 87 TAGCASLAKEMFAMKTKAALATWCPGYSETQI 118 (SEQ ID NO: 108)
T GC AKE A+ AL++WCPG+++TQ+
Sbiet: 178 TPGCGICAKEAAALGWFCALSVWCPGWAQTOV 273 (SEQ ID NO: 109)

SEQ ID NO: 108 : human TSLP
SEQ ID NO: 109 >gi|36211043|gb]AACN010354273.1| Canis familiaris
ctg19866851087147, whole genome shotgun sequence Length = 1369

Hit 5

Score = 42.0 bits (97), Expect = 0.006
Identities = 21/44 (47%), Positives = 27/44 (61%)
Reading Frame = -2

Query: 76 LTEIQSLTFNPTAGCASLAKEMFAMKTKAALAIWCPGYSETOIN 119  (SEQ ID NO: 110)
L I+ LT + GCAS A+E FA T AALA CPGY+  ++

Sbjct:369 LARIERLTLHRIRGCASGAREAFAEGTVAALAAECPGYAaAPVS 238  (SEQ ID NO: 111)

(SEQ ID NO: 110 : human TSLP
SEQ ID NO: x111 >gi|36211043|gbJAACN010354273.1} Canis familiaris
ctg19866851087147, whole genome shotgun sequence Length = 1369

Hit 6

Score = 38.9 bits (89), Expect = 0.047
Identities = 15/32 (46%), Positives = 22/32 (68%)
Frame = +1



Junctional epidernolysis bullosa (n=2) 2 0 Cani ne cutaneous | upus
erythematsus (n=3) 0 3 Erythema nultiforme (n=3) 2 1 * n= the nunber
of ani mal swo 2008/076255 TSLP expressi on was detected i n 8Q6Tais26dions318
ti ssues from dogs di agnosed with AD, bué only in 20% of normal skin
tissues injected with saline. TSLP was [so detected in 66% and 100%
of tissues fromdogs with Erythema nultifonre and dogs with t he

genetic skin disease, junctional epidernolysis bullosa; ecti veI%/
Ther e wasQtrsYexpt BASPYAKBEARSIRLEMEPRPEIOL N 18ki n ti ssues ( IRd¥e: 112)
wi th cutaneous Iugdi? hehat 0% é‘cpﬁ"*ﬁ*:ﬁér af fi n- embedded skin _
tissues, PHE*eXpt EESFUANDPAFEEPLRESTHRYEEt €4 i n sweat gI@r%.ID NO: 113)

Expression of TSLP in frozen canine tonsil tissue was detected in the
stratifie p t hel i nd associ ated salivary glands. An
exanple o fﬁgﬁ

4 whi ch r hMQ@Pi@#‘A@?@W{%}g Bt 2 dog

di agnosed®W@'t 9 genome shotgun sequenc

A comparison of this electronically constructed sequence with human,
monkey, rat, and mouse TSLP demonstrated the conserved intron/exon borders and
substantial sequence identity, leading to the identification of this sequence as part of
the canine ortholog of TSLP. PCR primers were subsequently designed based on
this discovery and used to amplify the missing segments of the gene. Two partial
overlapping clones were obtained by double nested PCR from a canine activated
peripheral blood mononuclear celis (PBMC) cDNA library. Additional attéempts to
uncover the fult canine TSLP ¢DNA by nested PCR or trying to extend sequences
towards the 5’ or 3' ends were not successful. However, iterative rounds of
database searches using the extended sequence information from these clones on
the canine whole genome shotgun sequence data (Id. University of California Santa
Cruz) combined with manual assembly of the raw DNA sequence from this library led
to the electronic assembly of the full length canine TSLP ¢DNA. A physical clone of
this cDNA sequence was then synthesized using a DNA synthesizer, in vitro.

In conclusion, using current and state of the art molecuiar cloning techniques
it was not possible to derive the canine TSLP sequence directly from the human,
mouse, rat or monkey sequences. Only sophisticated iterative database searches
using assembled human, mouse, rat and NHP TSLP genes, with use of intron/exon
boundary assignments and sequence identity on genomic databases, combined with
molecular PCR cloning techniques, led to identification of the gene encoding canine
TSLP.

Once obtained, the canine TSLP showed 58/132 changes compared to the
amino acid sequence of the mature human TSLP protein (61% identity) and 83/129
changes compared to the amino acid sequence of the mature mouse TSLP protein
(33% identity) (see below).



WD 2008/ 076255PCT/ US2007/ 025318 -44- EXAMPLE 6 | MMUNOPEROXI DASE
DETECTI ON OF CANI NE TSLP The expression of canine TSLP protein
I n par af f i woenksadessl ti ssue bl ocks prepared from skin ofcToggeso7/02s318

di agnosed with atopic dermatitis was al_ég determ ned by

i mmunohi st ochemi stry using i nmunoper oxi ddse staining as the detection
method. In this nmethod, an epitope-specific rat nonocl onal antibody
whi ch was rai sed agai %t human_  TSLP protein was_used as the primary

anti body. The procedu %PCB&%’PWHFH %Hg e Ganisdantiliak]s

I mmunoper oxi dase stai ni ng roteingent s Nor nal
newborn cal f serum #N-4762 Si gma Paraff| n- enbedded skin tissue
Primary antli Rat. ant] - human TSLP mAb rat | gQ&a Secondary

anti body: §& ' Kranis fagpiliarigs (i ot i nyl aleagth BA140001 Véétibr Lab.
Burlingame, CA. Detection reagent: Streptavidin-HRP: #43-8323 Zyned

Labs. SanTBL&n# ghmar)A AEC substrate Ki I_Engmgemq:g #HK338) 5K San
Ranon, CA 1. Section specimen 4-6 um 2. A'r dry 10 mn. roomterrp

3. Fix 10Saore =i 167abits @123), Expect = 1e-40
Identities = 85/139 (61%), Positives = 101/139 (72%)

Query: 1 RKIFVLQLVGLVLTYNFIDCDFEXKIRWKYQEVIYQALEKYMDGTRSTEFSHPVYCANPED 60
RKIF+LOLVGLVLTY+F +CDFEKI+ Y I +L YM GT+STEF++ V C+N P
Sbhijct: 1 RKIFILQLVGLVLTYDFTNCDFEKIKAAYLSTISKDLITYMSGTKSTEFNNTVSCSNRPH 60

Query: 61 CLARIERLTLHRIRGCASGAREAFAEGTVAALAAECPGYAAAPINNTOAKKKRKKRGVTT 120
CL I+ LT + GCAS A+E FA T RALA CBGY+ IN TQA KKR+KR VTT
Sbjct: 61 CLTEIQSLTFNPTAGCASLAKEMFAMKTKAALAIWCPGYSETQINATQAMKKRRKRKVTT 120

Query: 121 NKCREQVAHLIGLWRRFSR 139 (SEQ ID NO: 114)
NKC EQV+ L GLWRRF+R

Sbjct: 121 NKCLEQVSQLQGLWRRFNR 139 (SEQ ID NO: 115)

SEQ ID NO: 114: Canine familiaris TSLP
SEQ ID NO: 115; Human TSLP

Sequence Comparison Between Canis familiaris
and Murine TSLP Mature Protein

TSLP_CF Length 141 (1..141)

TSLP_M Length 136 (1..136)

Score = 72.0 bits (175), Expect = 7e-12
Identities = 46/138 (33%), Positives = 67/138 (48%), Gaps = 8/138 (5%)

Query: 1 RKIFVLQ-LVGLVLTYNFIDCDFEKIRWKYQEVIYQALEKYMDGTRSTEFSHPVYCANER 59
R +F+LQ LV + LTYNF +C+F I Y +I+ L + G + + C + P
Sbijct: 1 RSLFILQVLVRMGLTYNFSNCNFTSITKIYCNIIFHDLTGDLKGAKFEQIED- - -
CESKP 57



4. Rinse in PBS (0.01 Phosphate Buffered Saline) 3 mn. 5. Quench by
i ncubation in 0.3 % hydrogen peroxide with 0.1% sodi um azide for 7-
10 min. 6woRbssassBsm n. PBS. 7. Block sections with lHomNsomle25318
newborn cal ve serum 20 m nutes in noist ,ghanber. 8. Drain slides and
apply primary anti body at 1:100 dilrutidh for 2 hrs. at room _
tenperature. 9. Rinse 5 min. 10. Apply secondary anti body (Rabbi't
anti-rat 1gG @.:400) 30 mnutes in noist chanbers at room
tenperature. 11. Rinse 5 mn. 12. Drain and appl¥ det ection reagent
(St rept avPiTH: FRP B R AT ST A AR ST VP B T RSP P AT AfRERRKREVT BitAs e
2X5 m nutes. WO 200810 7BR255RCTY US2807F026318cv45- N+14.+ Apply AEC 2.5
m n. Adj ustjcaceer dengiivaraesiched poiraAsRrsigLiat@Rsdresman@migc kgt aund.
15. Counterstain with Henmat oxylin and nount.

Query: 120 TNKCREQVAHLIGLWRRF 137 (SEQ ID NO: 1186)
NC Q+ ++ LW F

Sbjct: 114 QNICLNQTSQILRLWYSF 131 (SEQ ID NO: 117)

SEQ ID NO: 116: Canine familiaris TSLP
SEQ D NO: 117: Mouse TSLP

Thus, by overcoming the previously noted difficulties, the present invention
now provides DNA sequences encoding canine TSLP and the encoded canine TSLP
protein. Canine TSLP protein and certain fragments thereof are useful antigens,
e.g., immunogens, for raising antibodies to various epitopes on the protein, both
linear and conformational epitopes. The DNA encoding canine TSLP is also useful
in providing vectors and host cells for producing TSLP protein for immunization
and/or as a research reagent, as well as providing DNA-based vaccines for raising
anti-TSLP antibodies, whether as "naked" DNA or in the form of a plasmid or animal
virus vector suitable for expressing TSLP in the cells of a vaccinated animal.

The thus obtained canine TSLP gene sequence is illustrated by FIG. 8A (SEQ
ID NO: 1), and the predicted expressed TSLP protein is illustrated by FIG. 8B (SEQ
ID NO: 2). Residues 1-28 represent the signal sequence, and residues 29 to 155

represent the mature protein.

Assay for Identifying Homologous TSLP proteins
The present invention also provides TSLP proteins that comprise an amino
acid sequence that has 80% ar greater identity to the amino acid sequence of SEQ
ID NO: 2, excluding the 28 amino acid residue signal sequence, which when they are
administered to a canine as a vaccine, raise antibodies that bind the canine TSLP
protein comprising the amino acid sequence of SEQ ID NO: 2. Antigenic fragments
of such TSLP proteins are also provided.



A set of canine skin tissues fromdogs with AD was tested by I HC

usi ng an epitope specific canine TSLP anti body. The results shown in
FIG 5 i ndVO208/07623% t his anti body reacts with a nol ec RE@/YRT2T4F es
antigenic epitopes with human TSLP. The.3at ai ni ng of canine AD skin
speci mens was strong in areas of chronic inflammmation where the
epiderms is thickened. This pattern is consistent with what i s known

about the | 0CaiARRbnd Sy BHUSNRRe Itht AURAERSUE Protdif L1 TsE Mot the

further suggests e recodni zed nol ecu anine skin sions i
cani ne TSIpreseriiénventias int testwhethgr cbchea\peckein tdn geridiate AMiBodlesahat bind

[ymphocyt & BPOPBITNLF BRRRRT S #re-Bmitedspre et Sa RiNosp one such

I n order hmthd@iﬁtbf%o@ma@gﬁ?.,m}eayiabgewﬁﬁhﬁﬁbb@ﬂo@é@ra@@ﬁfg%om@-500 ug
i nclusion in a vaccine %iaﬁab e of npeutralizing TSLP activity, a set

of over | aSpRmytHyE: |- Grak antignn.  Buch antiganstaaintbe fosmelated isgar aieninum
aobT Ty 1 f . e O™

houtr ol i 71 aroARle-Bebed Salethy/sAkn sBREnEROOL Thedudt i ited

set of ovétraapysomprlydpréadiipeseatiday®, aayitd, aoddiayctdy Serdmosdmples doy

' ' ' ' . M. ES nneapol i s,
M. e SOTRASA NBREYREHABET 388 BRePB R Fimdiidfd) Fossahela THRR, 1
1-57 were68ynt hesi zed with an anidated ternmi n?s in t[le co?}c |dgur<'ilt |3(7);1
NH2- PEPTI DE- PI Pept i d 58-94 (dupl tes,o arent peptides 1-
were made withj}lgﬁ 'éﬁﬁ'@ﬁz’f@ﬂt'?@‘% mégﬁﬁqusﬁ’é’aé%‘ﬁwtﬁﬁ?%?ﬂ Ipns can be
ACETYL- PEEVAIREtRIWth an ELISARRsAY BS fOIRIWs baainbhmmgfdrt]@kﬁtcghﬁirﬁﬁwg' the

Table 2 were tested in an ELI SA assa\é format accor
(i

manuf act uPEWRO AEE GeAEARAERICHPBELIFLNG: 2(nditwed e S, nalm Hg@cmingguffm;swem
cequence RERAEPH ST RIERFRBITRE (AT RAPRAIRGy o me
react i vi t platgsagnesocultmedab4 00 onemighitorNext dhe platasyareAvasheddhicedimes with
(DS, Pt AR BORG, Wi e BRG0S0, LA LR PP o6
- 46- TABLEozkiBghiuffer {23 Rkime ptilkde PBSEds faddee td bagte wetppine bRt R
NUNBERSEQn'cu%atgh@t ngrﬁﬁeK}n% u1§e f%? 66‘%'&%@3%TH§%353% then washed three
times with PBST. Next, 100 pl/well of 1:100 dilution of the test dog antisera is added
to the top row of the appropriate wells. Serum samples are then diluted 10 fold to
the appropriate plate position. Following the incubation of the plates at room
temperature for 60 minutes, the plates are washed three times with PBST.

Next, 100 pl/iwell of a 1:20,000 dilution of a horse-radish peroxidase
conjugated goat anti-dog IgG (Bethyl Laboratories) is added to each well. Then the
plates are incubated at room temperature for 60 minutes. Next the plates are
washed three times with PBST, and 100 pl/iwelt of TMB substrate (3,3, 5,5’
tetramethyl benzidine, Sigma Chemical Co., St. Louis, MO) is then added to all wells.
The color reaction is aliowed to develop for 10-20 minutes at room temperature prior
to being stopped by adding 50 pl/well of 0.18 M sulfuric acid.

The optical density (O.D.) of all of the wells is determined at the wavelength of
450 nm using an ELISA plate reader (Thermo Max; Molecular Devices, Sunnyvale,
CA). Serum samples obtained from canines injected with the putative TSLP
antigens are considered detectable and thereby, the antigens are identified as TSLP

proteins of the present invention when the assay produces an O.D. value equal to or
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more than three times the background produced by serum samples obtained from
the dogs prior to immunization. Similarly, relative antibody titers for the TSLP
antigens can be determined based on the highest serum dilution producing an O.D.
value equal to or more than three times the background produced by serum samples

obtained from dogs prior to the immunization with the antigens.

Antibodies to Specific Epitopes of Canine TSLP Protein

Antibodies can be raised to various epitopes of the canine TSLP proteins,
including species, polymorphic, or allelic variants, and fragments thereof, both in
their naturally occurring forms and in their recombinant forms. Additionally,
antibodies can be raised to canine TSLPs in either their active forms or in their
inactive forms, including native or denatured versions. Anti-idiotypic antibodies are
also contemplated.

Antibodies, including binding fragments and single chain versions, against
predetermined fragments of the antigens can be raised by immunization of animals
with canine TSLP and/or fragments thereof, together with art-standard adjuvants
and/or conjugated to immunogenic proteins. Animals so immunized can be canines
that are immunized in order to downregulate canine TSLP activity

An appropriate host, e.g., an inbred strain of mice such as Balb/c, is
immunized with the selected protein, typically using a standard adjuvant, and a

- standard mouse immunization protocol {see Harlow and Lane, Id. supra). An
adjuvant may be administered to the target animal before, in combination with, or
after the administration of the vaccine.

Alternatively, a synthetic peptide derived from the sequences disclosed herein
and conjugated to a carrier protein can be used an immunogen. Polyclonal sera are
collected and titered against the immunogen protein in an immunoassay, e.g., a solid
phase immunoassay with the immunogen immobilized on a solid support. Polyclonal
antisera with a titer of 1 x 10 or greater are selected and tested for their cross
reactivity against other iL-7 family members, e.g., rodent IL-7, using a competitive
binding immunoassay such as the one described in Harlow and Lane, Id. supra, at
pages 570-573. Preferably at least one other IL-7 family member is used in this
determination in conjunction with, e.g., the primate IL-7. The IL-7 family members
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can be produced as recombinant proteins and isolated using standard molecular
biclogy and protein chemistry techniques as described herein.

Immunoassays in the competitive binding format can be used for the
crossreactivity determinations: For example, the protein of SEQ ID NO: 2 can be
immobilized to a solid support. Proteins added to the assay compete with the binding
of the antisera to the immobilized antigen. The ability of the above proteins to
compete with the binding of the antisera to the immobilized protein is compared to
the protein comprising the amino acid sequence of SEQ ID NO: 2. The percent
crossreactivity for the above proteins is calculated employing standard calculations.
Those antisera with less than 10% crossreactivity with each of the proteins listed
above are selected and pooled. The cross-reacting antibodies are then removed
from the pooled antisera by immunoabsorption with the above-listed proteins.

The immunoabsorbed and pooled antisera are then used in a competitive
binding immunoassay as described above to compare a second protein to the
immunogen protein {e.g., the IL-7 like protein of SEQ ID NO: 2). In order to make this
comparison, the two proteins are each assayed at a wide range of concentrations
and the amount of each protein required to inhibit 50% of the binding of the antisera
to the immobilized protein is determined. if the amount of the second protein
required is less than twice the amount of the protein of the selected protein or
proteins that is required, then the second protein is said to specifically bind to an
antibody generated to the immunogen. |

The antibodies of this invention can also be useful in diagnostic applications.
As capture or non-neutralizing antibodies, they can be screened for ability to bind to
the antigens without inhibiting binding to a receptor. As neutralizing antibodies, they
can be useful in competitive binding assays. They will also be useful in detecting or
quantifying canine TSLP protein or its receptors. [See, e.g., Chan (ed. 1987)
Immunology: A Practical Guide, Academic Press, Orlando, Fla.; Price and Newman

(eds. 1991) Principles and Practice of Immunoassay, Stockton Press, N.Y.; and Ngo

(ed. 1988) Nonisotopic immunoassay, Plenum Press, N.Y.] Cross absorptions,

depletions, or other means will provide preparations of defined selectivity, e.qg.,
unique or shared species specificities. These may be the basis for tests which will

identify various groups of antigens.



56 EQVAHLI GLVMRRFSR 63 10 | YQALEKYMDGTRST 17 57 VAHLI GAVWRRFSRI S 64 11
QALEKYMDG RSTEF 18 58 YNFI DCDFEKI RAKY 65 12 LEKYMDGIRSTEFSH 19 59
FI DCDFEKI Re§a#s/066543 KYMDGTRSTEFSHPV PCT/US2007/025318

-37-

Further, the antibodies, including antigen binding fragments, of this invention
can be potent antagonists that bind to the antigen and inhibit functional binding, e.g.,
to a receptor which may elicit a biological response. Further, these antibodies can be
conjugated to drugs or other therapeutic agents, either directly or indirectly by means
of a linker, and may effect drug targeting.

A synthetic peptide derived from the sequences disclosed herein and
conjugated to a carrier protein can be used an immunogen. In any case, antigen
fragments may be joined to other materials, particularly polypeptides, as fused or
covalently joined polypeptides to be used as immunogens. An antigen and its
fragments may be fused or covalently linked to a variety of immunogens, such as
keyhole limpet hemocyanin, bovine serum albumin, tetanus toxoid, etc. See
Microbiclogy, Hoeber Medical Division, Harper and Row, 1969; Landsteiner (1962)
Specificity of Serological Reactions, Dover Publications, New York; Williams, et a.

(1967) Methods in Immunology and Immunochemistry, vol. 1, Academic Press, New
York; and Harlow and Lane (1988) Antibodies: A Laboratory Manual, CSH Press,
NY, for descriptions of methods of preparing polyclonal antisera.

In some instances, it is desirable to prepare monoclonat antibodies from
various mammalian hosts, such as mice, rodents, primates, humans, etc.
Description of techniques for preparing such monoclonal antibodies may be found in,
e.g., Stites, et al. (eds.) Basic and Clinical Immunology (4th ed.), Lange Medical
Publications, Los Altos, Calif., and references cited therein; Harlow and Lane (1988)
Antibodies: A Laboratory Manual, CSH Press; Goding (1986) Monoclonal Antibodies:
Principles and Practice (2d ed.), Academic Press, New York: and particularly in
Kohler and Milstein (1975) in Nature 256:495-497, which discusses one method of

generating monoclonal antibodies.

Other suitable techniques involve in vitro exposure of lymphocytes to the
antigenic polypeptides or alternatively to selection of libraries of antibodies in phage
or similar vectors. [See, Huse, et al. (1989) "Generation of a Large Combinatorial
Library of the Immunoglobulin Repertoire in Phage Lambda,” Science 246:1275-
1281; and Ward, et al. (1989) Nature 341:544-546.] The polypeptides and antibodies
of the present invention may be used with or without madification, including chimeric,

caninized, and/or humanized antibodies.
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Frequently, the polypeptides and antibodies of the present invention will be
labeled by joining a substance which provides for a detectable signal. Such joining
can be accomplished either covalently or non-covalently. A wide variety of iabels
and conjugation techniques are known and are reported extensively in both the
scientific and patent literature. Suitable labels include radionuclides, enzymes,
substrates, cofactors, inhibitors, fluorescent moieties, chemiluminescent moieties,
magnetic particles, and the like. Patents, teaching the use of such labels include
U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437, 4,275.149;
and 4,366,241. Also, recombinant or chimeric immunoglobulins may be produced,
see Cabilly, U.S. Pat. No. 4,816,567; Moore, et al., U.S. Pat. No. 4,642,334; and
Queen, et al. (1989) Proc. Nat'l Acad, Sci. USA 86:10029-10033; or made in
transgenic mice, see Mendez, et al. (1997) Nature Genetics 15:146-156. These
references are incorporated herein by reference.

The antibodies of this invention can also be used for affinity chromatography
in isolating the protein. Columns can be prepared where the antibodies are linked to
a solid suppor, (see, e.g., Wilchek et al. (1984) Meth. Enzymol. 104:3-55).
Alternatively, antigens bound to a solid support may be used to purify the
corresponding antibodies.

Antibodies raised against each canine TSLP will also be useful to raise anti-
idiotypic antibodies. These will be useful in detecting or diagnosing various
immunological conditions related to expression of the respective antigens.

RNA Inhibition

Interference with RNA encoding canine TSLP in cells producing canine TSLP
is an additional means of inhibiting the biological activity of TSLP and consequently,
treating a number of TSLP-associated disorders such as atopic dermatitis. For this
purpose, double stranded RNA molecules either synthesized chemicaily or cloned
within appropriate delivery vectors such as plasmids or viral vectors may be
introduced into cells actively producing TSLP mRNA with the aim of reducing
endogenous mRNA levels encoding TSLP. Following entry of these RNA molecules
(in the case of exogenously delivered molecules or transcription of RNA following
entry of plasmids or viral vectors into desired cells), they are processed through the

cleavage activity of a ribonuclease |ll-type protein into short nucleotide fragments
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which are termed siRNA. These siRNA frag'ments are then incorporated into a
nuclease-containing multi-protein complex called RISC (RNA-Induced Silencing
Complex), which becomes activated as a resﬁlt of the unwinding of the siRNA dupiex
through the activity of an RNA helicase. The now single stranded siRNA strand
guides the RISC complex to its target mRNA, which is then cleaved and
subsequently degraded by the endonucleolytic activity of RISC.

More particularly, plasmids containing the TSLP gene or fragment thereof are
cloned in any one of a number of commercially available eucaryotic plasmids
wherein the transcription of the TSLP gene or its fragments is driven by an
appropriate promoter, e.g., the CMV or SV40 promoter. Purified plasmid DNA (1-
100 ug) is then injected into skin lesions or into areas surrounding the skin lesions
characteristic of atopic dermatitis. The injection of plasmid DNA may then be
repeated on a frequency necessary to cause a significant reduction in TSLP mRNA.
This reduction may be evaluated by obtaining skin biopsies from affected areas and
determining the level of TSLP mRNA by methods such as quantitative PCR.

The following preparative examples of the present invention serves to provide
further appreciation of the invention, but are not meant in any way to restrict the

effective scope of the invention.
EXAMPLES

EXAMPLE 1
THE CANINE TSLP DNA AND PROTEIN SEQUENCES

A canine gene expressing canine TSLP was identified by an iterative process
employing data mining in electronic data bases and molecular biclogy methods, as
described in detail supra.

Results

The canine TSLP gene sequence is illustrated by FIG. 8A (SEQ ID NO: 1),
and the predicted protein expressed TSLP protein is illustrated by FIG. 88 (SEQ ID
NO: 2). Residues 1-28 of FIG. 8B (SEQ ID NO: 2) marked by the asterisk, represent

the signal sequence, and residues 29 to 155 represent the mature protein.
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EXAMPLE 2
CLONING AND EXPRESSION OF CANINE TSLP

The DNA encoding canine TSLP was identified as described herein and
cloned into a donor vector art standard methods pDONR221 (Invitrogen Gateway
System). Gene assembly and cloning into the donor vector was performed at a
contract research organization called DNA 2.0., and resuited in the construction of a
plasmid called pDONR221.G03276 which contains the identified genomic canine
TSLP gene. DNA encoding mature (i.e. without signal sequence) canine TSLP
protein was PCR-amplified from pDONR221.G03276 using two primers which
contain Nco | and EcoR V sites, respectively:

Primers

#1: 5" AATAATCCATGGCATACAATTTCATTGACTGTGAC-3' (SEQ ID NO: 4); and
#2: 5’-AAAATAGATATCTGAAATGCGACTGAAACGACG-3 (SEQ ID NO: 5).

After Nco 1 and EcoR V digestion, the PCR products were inserted into Nco |
and Sma | sites of vector pIVEX 1.3 WG (Roche Applied Sciences, Cat# 3728803).
This resulted in a plasmid containing the gene which encodes the mature canine
TSLP fused with six His residues at the C-terminal end ("His6 tag"). The plasmid
containing correct sequences of the inserts was named plasmid1265-93.D. Plasmid
1265-93.D was used to express TSLP in the RTS Proteomaster Instrument
according to manufacturer's recommendations (Roche Applied Sciences, Cat#
3064859 ). As shown in FIG. 1, a band of @16 kDa was evident in lanes 2 and 4
(arrows). Western blot experiments (FIG. 2A & 2B) show that this band reacted
specifically with anti-His tag antibody (FIG. 2A) and a rat monoclonal antibody
specific for human TSLP (FIG. 2B).

EXAMPLE 3
PRODUCTION OF CANINE TSLP FROM HOST CELLS

To express recombinant TSLP protein in £. coli, the nucleotide sequence
encoding cTSLP (/.e., TSLP lacking nucleotides encoding the signal sequence) was
amplified by PCR using plasmid 1265-66C as a template together with a forward
primer and reverse primers that contain Ncol and Hind I site, respectively:

Forward Primer
5-AATAATCCATGGCATACAATTTCATTGACTGTGAC-3 (SEQ ID NO: 6)
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Reverse Primer
5'-ACATAAAAGCTTTGAAATGCGACTGAAACGACG-3' (SEQIDNO: 7)

After Nco | and Hind lll digestion, the PCR products were inserted into
Ncol/Hindlll sites of pET42b(+) expression vector (Novagen). This process produced
a plasmid which encodes the mature cTSLP fused with GST tag at the N terminus
and a 6xHis tag at the C terminus. The plasmid containing correct sequences of the
insert was named as 1265-93B. Expression of the GST-TSLP-His fusion protein was
carried out in E. coli BL21(DE3)/pLysS which contains the T7 RNA polymerase gene
under the control of the isopropy!-R-D-thiogalactopyranoside (IPTG)-inducible lacUV5
promoter. E. colf cells carrying plasmid 1265-33B were grown at 30° C to an O.D.
600 of 0.6 and then protein expression was induced by the addition of 0.5 mM IPTG
and further incubation at 30°C for 2 hours. SDS-PAGE displays a protein band
(arrow) with the correct size (~ 61 kDa) present in the soluble E. cofi fraction
(FIG. 3A). Western blot shows that the expressed protein reacts with anti-GST
antibody (Fig. 3D). The GST-TSLP-His protein can be purified by Glutathione
Sepharose 48 resin (FIG. 3B). After additional purification by Ni-NTA resin, the
majority of the GST-TSLP protein was contained in the column flow through
(FIG. 3C).

EXAMPLE 4
IMMUNOFLUORESCENT DETECTION OF CANINE TSLP

The expression of canine TSLP protein in canine skin and tonsil tissues was
determined by immunchistochemistry ("IHC") using rabbit polyclonal antibodies
raised against human TSLP protein. Immunohistochemistry was carried out on
paraffin-embedded tissue blocks obtained from normal dog skin injected with saline
as well as skin of dogs diagnosed with various skin diseases including atopic
dermatitis, cutaneous lupus erythematosus, erythema multiforme, and junctional
epidermolysis bullosa. Additionally, TSLP protein expression was determined in
frozen tonsil tissues from two dogs. The procedure for determining TSLP expression
by IHC is as follows:



35 75 FSHPVYCANPPDCLA 82 29 HRI RGCASGAREAFA 36 76 HPVYCANPPDCLARI 83
30 | RGCASGAREAFAEG 37 77 VYCANPPDCLARI ER 84 31 GCASGAREAFAEGTV 38 78
CANPPDCL ARWVBRI0US/ (86255 PCT/US2007/025318

-42-

I. Preparation of Sections:

1. Paraffin blocks with embedded skin samples were sectioned at a thickness of
5-7microns and mounted on slides treated with poly-L-Lysine to promote
adhesion.

2. Sections were de-paraffinized with xylene and rehydrated with serial ethanol

solutions.

3. Antigen retrieval was carried out in citrate buffer [10mM sodium citrate
containing Tween-20 at a concentration of 0.5mi/liter for 25 min using
laboratory microwave to reach about 99-100 °C]. This is a process that
recovers the antigenicity of tissue sections that are masked during the

paraffin-embedding process.
1. Immunostaining:

1. Sections were incubated in 10% normal donkey serum diluted in phosphate
buffer solution (PBS) for 1 hr at room temperature to reduce non-specific
binding of the antibody. .

2. Excess serum was gently removed, and the sections covered with rabbit
antibody (1:100) diluted in PBS and incubated either at room temperature for
1 hour or overnight at 4°C in a humidity chamber.

3. Sections were then rinsed twice for 5 minutes in PBS, with gentle shaking.

4. Excess PBS was gently removed and sections covered with biotinylated
donkey anti-rabbit IgG antibody diluted 1:5000 in PBS for 30 minutes at room

temperature in the humidity chamber.
5. Sections were then rinsed twice for 5 minutes in PBS, with gentle shaking.

8. Excess PBS was removed and the sections incubated for 30 min at room
temperature in Streptavidin-fluorescein isothiocyanate (Streptavidin-FITC)
conjugate in PBS at a concentration of 5 microgram/ml.

7. Sections were then rinsed twice for 5 minutes in PBS, shaking gently.
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8. The sections were then counterstained with hemotoxylin for 2-3 min.
9. The sections were then examined under fluorescent microscope.
10. Pertinent images were phot’égraphed.

11. Experimental controls included omission of the primary anti-TSLP antibodies,
or replacing the primary anti-TSLP antibody with normal rabbit antibodies.

Table 1, below, summarizes the results of the IHC experiments.

TABLE 1
Immunochistochemistry with rabbit anti-human TSLP
Conducted on paraffin-embedded blocks of skin tissue from dogs
with various skin diseases.

Disease condition (Total number of blocks) Positive Negative
blocks blocks

AD lesional skin (* n=10)

Normal skin injected with PBS (n=5)
Junctional epidermolysis bullosa (n=2)
Canine cutaneous lupus erythematsus (n=3)
Erythema multiforme (n=3)

* n= the number of animals.

NIOIN|—~| o
= |WIO| N

TSLP expression was detected in 80% of skin tissues from dogs diagnosed
with AD, but only in 20% of normal skin tissues injected with saline. TSLP was aiso
detected in 66% and 100% of tissues from dogs with Erythema multifomre and dogs
with the genetic skin disease, junctional epidermolysis bullosa; respectively. There
was no expression of TSLP protein in skin tissues from dogs with cutaneous lupus
erythematusus. In paraffin-embedded skin tissues, the expression of TSLP was
detected in sweat glands. Expression of TSLP in frozen canine tonsil tissue was
detected in the stratified squamous epithelium and associated salivary glands. An
example of positive IHC staining in dog skin samples is shown in FIG. 4 which
represents paraffin-embedded skin tissue samples from a dog diagnosed with atopic
dermatitis.
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EXAMPLE 6
IMMUNOPEROXIDASE DETECTION OF CANINE TSLP
The expression of canine TSLP protein in paraffin-embedded tissue blocks
prepared from skin of dogs diagnosed with atopic dermatitis was also determined by
immunohistochemistry using immunoperoxidase staining as the detection method. In
this method, an epitope-specific rat monoclonal antibody which was raised against
human TSLP protein was used as the primary antibody. The procedure for
determining TSLP expression by immunoperoxidase staining was as follows:

Special Reagents
Normal newborn calf serum: #N-4762 Sigma

Paraffin-embedded skin tissue

Primary antibody: Rat anti-human TSLP mAb rat IgG2a

Secondary antibody: Rabbit anti-rat IgG (biotinylated): BA-4000 Vector Lab.
Burlingame, CA.

Detection reagent: Streptavidin-HRP: #43-8323 Zymed Labs. San Francisco, CA
AEC substrate Kit: Biogenex #HK129-5K San Ramon, CA

1. Section specimen 4-6 um.

2. Air dry 10 min. room temp.

3. Fix 10 min. in acetone.

4. Rinse in PBS (0.01 Phosphate Buffered Saline) 3 min.

5. Quench by incubation in 0.3 % hydrogen peroxide with 0.1% sodium azide for 7-
10 min.

6. Rinse 5 min. PBS.

7. Block sections with 1% Normal newborn calve serum 20 minutes in moist
chamber.

8. Drain slides and apply primary antibody at 1:100 dilrution for 2 hrs. at room
temperature.

9. Rinse § min.

10. Apply secondary antibody (Rabbit anti-rat IgG @1:400) 30 minutes in moist
chambers at room temperature,

11. Rinse 5 min.

12. Drain and apply detection reagent (Streptavidin-HRP @1:400) for 30 min at
room temperature
13. Rinse 2X5 minutes.
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14. Apply AEC 2.5 min. Adjust according to desired staining intensity and
background.
15. Counterstain with Hematoxylin and mount.

A set of canine skin tissues from dogs with AD was tested by IHC using an
epitope specific canine TSLP antibody. The results shown in FIG. 5 indicate that this
antibody reacts with a molecule that shares antigenic epitopes with human TSLP.
The staining of canine AD skin specimens was strong in areas of chronic
inflammation where the epidermis is thickened. This pattern is consistent with what
is known about the location of TSLP expression in human AD skin lesions and
further suggests the recognized molecule in canine skin AD lesions is canine TSLP.
There was no staining observed with either PBS or a different rat monoclonal

specific for a different protein (a lymphocyte protein).

EXAMPLE 7
EPITOPE MAPPING OF CANINE TSLP

In order to identify epitopes on canine‘:TSLP that are useful for inclusion in a
vaccine capable of neutralizing TSLP activity, a set of overlapping peptides based on
the canine TSLP protein sequence were synthesized and tested for their ability to
react with a neutralizing anti-human TSLP monoclonal antibody. For this purpose a
set of overlapping peptides each 15 amino acid long and off set by two amino acids
were synthesized on pins at MIMOTOPES (Minneapolis, MN). The sequences of
these peptides are listed in Table 2. Peptides 1-57 were synthesized with an
amidated terminus in the configuration NH2-PEPTIDE-PIN. Peptides 58-94
(duplicates of parent peptides 1-37) were made with an acytelated terminus in the
configuration ACETYL-PEPTIDE-PIN.

The pins carrying the peptide listed in Table 2 were tested in an ELISA assay
format according to manufacturer's recommended procedures (Mimotopes,
Minneapolis, MN). As shown in FIG. 6, peptide # 25 (epitope 25) with the amino acid
sequence NH2-ARIERLTLHRIRGCA (SEQ ID NO: 32) had the highest reactivity
against the PAB100 monoclonal antibady. A comparison of this peptide sequence
with a corresponding putative human TSLP peptide sequence is shown in FIG. 7.
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TABLE 2
Canine TSLP peptides used for epitope mapping
EPITOPE NUMBER SEQ ID NOs; EPITOPE NUMBER SEQ ID NOs:
1 YNFIDCDFEKIRWKY 8 48 AKKKRKKRGVITNKC 55
2 FIDCDFEKIRWKYQE 9 49 KKRKKRGVTTNKCRE 56
3 DCDFEKIRWKYQEVT 10 50 RKKRGVTTNKCREQV 57
4 DFEKIRWKYQEVIYQ 11 51 KRGVTTNKCREQVAH 58
5 EKIRWKYQEVIYQAL 12 52 GVTTNKCREQVAHLI 59
6 IRWKYQEVIYQALEK 13 53 TTNKCREQVAHLIGL 60
7 WKYQEVIYQALEKYM 14 54 NKCREQVAHLIGLWR 61
8 YQEVIYQALEKYMDG 15 55 CREQVAHLIGLWRREF 62
9 EVIYQALEKYMDGTR 16 56 EQVAHLIGLWRRFSR 63
10 IYQALEKYMDGTRST 17 57 VAHLIGLWRRFSRIS 64
11 QALEKYMDGIRSTEF 18 58 YNFIDCDFEKIRWKY 65
12 LEKYMDGTRSTEFSH 19 59 FIDCDFEKIRWKYQE 66
13 KYMDGTRSTEFSHPV 20 60 DCDFEKIRWKYQEVI 67
14 MDGTRSTEFSHPVYC 21 61 DFEKIRWKYQEVIYO 68
15 GTRSTEFSHPVYCAN 22 62 EKIRWKYQEVIYQAL 69
16 RSTEFSHPVYCANPP 23 63 IRWKYQEVIYQALEK 70
17 TEFSHPVYCANPPDC 24 64 WKYQEVIYQALEKYM 71
18 FSHPVYCANPPDCLA 25 65 YQEVIYQALEKYMDG 72
19 HPVYCANPPDCLARI 26 66 EVIYQALEKYMDGTR 73
20 VYCANPPDCLARTER 27 67 IYQALEKYMDGTRST 74
21 CANPPDCLARIERLT 28 68 QALEKYMDGTRSTEF 75
22 NPPDCLARIERLTILH 29 69 LEKYMDGTRSTEFSH 76
23 PDCLARTIERLTLHRI 30 70 KYMDGTRSTEFSHPV 77
24 CLARIERLTLHRIRG 31 71 MDGTRSTEFSHDVYC 78
25 ARTERLTLHRIRGCA 32 72 GTRSTEFSHPVYCAN 79
26 IERLTLHRIRGCASG 33 73 RSTEFSHPVYCANPD 80
27 RLTLHRIRGCASGAR 32 74 TEFSHPVYCANBPDC 81
28 TLHRIRGCASGAREA 35 75 FSHPVYCANPPDCLA 82
29 HRIRGCASGAREAFA 36 76 HPVYCANPPDCLART 83
30 IRGCASGAREAFAEG 37 77 VYCANPPDCLARIER 84
31 GCASGAREAFAEGTV 38 78 CANPPDCLARIERLT 85
32 ASGAREAFAEGTVAA 39 79 NPPDCLARIERLTLH 86
33 GAREAFAEGTVAALA 40 80 PDCLARIERLTLHRI 87
34 REAFAEGTVAALAAE 41 81 CLARIERLTLHRIRG a8
35 AFAEGTVAALAAECP 42 82 ARIERLTLHRIRGCA 89
36 AEGTVAALAAECDGY 43 83 IERLTLHRIRGCASG 90
37 GTVAALAAECPGYARA 44 84 RLTLHRIRGCASGAR 91
38 VAALAAECPGYAAAP 45 85 TLHRIRGCASGARER 92
39 ALAAECPGYAAAPIN 46 86 HRIRGCASGAREAFA 33
40 AAECPGYAAAPINNT 47 87 IRGCASGAREAFAEG 94
41 ECPGYAAAPINNTOA 48 88 GCASGAREAFAEGTV 95
42 PGYAAAPINNTQAKK 49 89 ASGAREAFAEGTVAA 96
43 YAAAPINNTQAKKKR 50 90 GAREAFAEGTVAALA 97
44 AAPINNTQAKKEKRKK 51 91 REAFAEGTVAALAAE 98




53 93 AEGIVAALAAECPGY 100 47 TQAKKI CRKKRGVTTN 54 94 GIVAALAAECPGYAA

101 The present invention is not to be limted in scope by the
speci fi c eMONEASE descri bed herein. | ndeed, various PERUS2CARIONS
of the invention in addition to those dggcribed herein will becone

apparent to those skilled in the art fromthe foregoing description.
Such nodifications are intended to faII wi thin the scope of the

appended C‘aEE‘BpmN%QAKkﬂﬁ(R@w e D e R e PrhATARECR T Pag
Sizes or a m Ad—at-—ptect d m e SECth—o -~ eSS
val ues, gi pep FﬁfA;xK q'irGw S—oF S“ZUC" P V—q“GTVAgLAAEﬁﬁg{ wt i’gga“d
are provided { Wscr:“ oA Var-Hous—pubH-cat-+eohs—are—4l

P
herein, the disclosures of which are hereby incorporated by reference
intheir entireties. 48 CLAIMS: 1. Athymc stromal |ynphopoletin
protein (TSLP) or an antigenic fragnent thereof, wherein said TSLP
protein conprieseresant inveniiondsinet xbe imited imaconesty $eospscifigrembediments

ens! Y, WoeiBRgBnER, YiodheSatene aln ot B MinfenebATh IR

Cross readéesarived rtduelarwwhbecm&)epmrerado dlyzeengdilledhie thaatfeont SILePforegomg

conprisi ngescn%tlgrr{1 cﬁ%gdiﬁéatl%%g alnl:e) irwghdezd to fall within the scope of the appended
claims.

It is further to be understood that all base sizes or amino acid sizes, and all
molecular weight or molecular mass values, given for nucleic acids or polypeptides
are approximate, and are provided for description.

Various publications are cited herein, the disclosures of which are hereby

incorporated by reference in their entireties.



2. The TSLP of Claim 1 wherein the TSLP binds to an epitope-specific
cani ne TSLP antibody. The TSLP of Caim1l that is a canine TLSP. 4.
The "canine TSLP protein of Claim3 that conprises amno acid residues
29-155 of SEQID NO 2. 5. An antigenic fragnment of the canine TSLP
protein of Claim4, wherein said fragment conprises an am no acid
sequence selected fromthe group consi4ting of SEQ ID NGOs: 8-101 or a
conbi nation of two or nore thereof. 6. The antigenic fragnent of

Claim5 co g an am no acid sequence selected fromthe group
consmtmg%lDN@ 30, SEQID NO 31, SEQID NGO 32, SEQ ID NO
33, SEQID NO 34, or a conbination of two or rmre thereof. 7. An

antigenic f rag”eﬂrthﬂrﬁlctsﬁ‘@mgl%p gBFeﬂh Brctdin ﬁsgt' bfan gegicﬁigﬁ%ﬂt

anti genl c fra ment “‘conp acid's ence o
cont i guous émﬁrﬁ@‘, wberém S@fd mmm EREWBERBR%MS HCRERQUENNChatHB) ;

and

epi t ope- speci T/e é:ﬁbééa%{aﬁgé@@t%qg% tgI ik HO?FEE%@%&%ZS%C!%% %Oexclru oin Png
phar maceut i dbg 2@3@5@6%9%5'@“%@9'&@1%%%@ and vétereln seidd Séﬁmutmemcw an
i mmunogen selRetegdild @ﬁh taﬁ%nﬁfo‘ag?a|§iﬁ1§draé{l_s'lt3{h%rc§{1:glé 2@[&%’%@9%@? flgn of

Claiml, an antlgenlc ra nati ons
t hereof . 9. 2P K é‘gN@%mS wherein the antigenic fragnment of
the TSLP protein corrprl ses an amno acid sequence selected fromthe
group consi sti ngB SEQ ID NO 30, ,SEQ_| 31, SEQ ID NO_ 32, SEQ
ID NO 33, NCELF34! Clawry! whetel theJSLBrblr@éﬁ%?'hatvmﬁsspeﬁéﬁaeof 10.
A nucl ei c aea.dn@mseieuhﬁbcﬂpcodl ng the TSLP protein of Caiml1. 11. A
nucl eic acid nol ecul e encoding the TSLP protein of Caim4 or
encodi ng ‘

3, The TSLP of Claim 1 that is a canine TLSP.

4. The canine TSLP protein of Claim 3 that comprises amino acid residues
29-155 of SEQ ID NO: 2.

5. An antigenic fragment of the canine TSLP protein of Claim 4, wherein said
fragment comprises an amino acid sequence selected from the group consisting
of SEQ ID NQOs: 8-101 or a combination of two or more thereof.

6. The antigenic fragment of Claim 5 comprising an amino acid sequence
selected from the group consisting of SEQ 1D NO: 30, SEQ ID NO: 31,
SEQID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, or a combination of two or
more thereof.

7. An antigenic fragment of the TSLP protein of Claim 4, wherein said
antigenic fragment comprises an amino acid sequence of 5 to 22 contiguous
antino acids of NPPDCLARIERLTLHRIRGCAS (SEQ ID NO: 118); and

wherein said antigenic fragment binds to an epitope-specific canine TSLP
antibody,



an antigenic fragnment thereof. 12. The nucleic acid nol ecul e of
Claim 11 that conprises the nucl eotide sequence of SEQ ID NO 1.
An éxpression vector that conprises the nucleic acid nolecul e of
Claim11l. 14. A vaccine conprising the expression vector of Caim13.
15. A method of producing a TSLP protein conprising culturing a host

cell in a suitable culture nedium whegein said host cell
t:he expression vector of Caim13, and wherein the TSLP protein is

expressed.

the TSLP protein fromthe cultured host cell

50 17. The g/accphpRRcsihe EbabiBing 4 Qﬁaruﬁeeuteauy%&éwbte adfBvantRfRg ufe of

claim1l7 wher |n the thera nprises the i nducenent of anti-TLSP

13.

conpri ses

16. The method of Caim 15 further conprising isolating

anti bodi es i ieativeEmINt O{ﬁrg'%"ﬁtﬁ@%%\ﬁ?!??{% d fiem dpegrapp consisting ef g

downr egul at erﬁSL;ﬁ‘omwﬂmam1 RnanBgetideagmet of thBTSYRGRHItER, Mg C ai m 8
for use in the, tr sn%ereog)r prevention of allergic synptons in an

at Opl Cc canl

mblna

9. The vaccine of Claim 8, wherein the antigenic fragment of the TSLP
protein comprises an amino acid sequence selected from the group consisting of
SEQ [D NO: 30, SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO;
34, SEQ [D NO: 84, or comblinations thereof.

10. A nucleic acid molecule encoding the TSLP protein of Claim 1.

11. A nucleic acid molecule encoding the TSLP protein of Claim 4 or encoding
an antigenic fragment thereof,

12 The nucleic acid molecule of Claim 11 that comprises the nucleotide
sequence of SEQ ID NO: 1.

13, An expression vector that comprises the nucleic acid molecule of Claim
i1.

14. A vaccine comprising the expression vector of Claim 13,
15. A method of producing a TSLP protein comprising culturing a host cell in a
suitable culture medium, wherein said host cell comprises the expression vector

of Claim 13, and wherein the TSLP protein is expressed.

16.  The method of Claim 15 further comprising isolating the TSLP protein from
the cultured host cell or the culture medium.

or the culture nedi um



21. The vaccine of Claim8 for use in the treatnent or prevention of
allergic synptons in an atopic canine; wherein the allergic synptons
conprise allergic dermatitis or asthma. 22. An anti-canine TSLP
antibody elicited in a manmal or in a manmmalian hybridoma system by
t he vaccine of Claim8; wherein the antibody is a nonocl onal

anti body; and wherein the nonocl onal afli body is caninized. 23.The
vaccine of Claim8 that further conprises an effective anount of a
non- TSLP i nmmogehe vactthe O-H&%lrﬁﬁqgﬂ&%n‘? a im9 that further
conprises an effective anmount of a nonmlg i mmunogen.  25. A net hod
of diagnosing atopic dermatitis in a canine conprising obtaining an

epi der mal sargpl eThe Qﬁéﬂt%:ﬁaqmuﬂ%réﬁ%éjﬁ&%ger rmPlgseEqﬁ? ﬂ&&ée%fge%‘?gf’f the

cani ne TSLP gﬁ_%lno Claim4 in the epi fusi on
protein conp"{;' § SUPORR B anRiHHE- | ynphopoi etin protein (TSLP) or
an antigenic fragnment ther eof wherein said TSLP conprises an am no
acid sequencg thﬁfﬁ-‘ has, 90% reater identi té to the am no acid
sequence of 'SE vaggingygt el ¥RA A govnespBteaflibacivityinreessinthee
signal sequence; and wher ei n said TSLP is cross reactive with an

ant i body rai BEd ai nst t?ﬁ canine TSLP conprising the am no acid of
SEQ ID No & VRREINE 94 FIIM S8k sern dre ttaaiment 26 praaetias af atlérgic TSLP

i's a canine sSFMAtoms in an atopic canine.

(_ 21.  The vaccine of Claim 8 for use in the treatment or prevention of allergic

symptoins in an atopic canine; wherein the allergic symptoms comprise allergic
dermatitis orasthma.

22. An anti-canine TSLP antibody elicited in a mammal or in 2 mammalian hybridoma
system, by the vaccine of Claim 8; wherein the antibody is 2 monoclonal antibody; and
whereln the monoc]onal an‘ubody is caninized «

23.  The vaccine of Claim 8 that further comprises an effective amount of a
non-TSLP immunogen.

o~

24.  The vaccine of Claim 9 that further comprises an effective amount of a
non-TSLP immunogen.

25. A method of diagnosing atopic dermatitis in a canine comprising obt'aining
an epidermal sample from the canine and determining the presence of the canine
TSLP protein of Claim 4 in the epidermal sample.

26. A fusion protein comprising a thymic stromal lymphopoietin protein (TSLP)
or an anfigenic fragment thereof, wherein said TSLP comprises an amino acid
sequence that has 90% or greater identity to the amino acid sequence of SEQ ID



28. The fusion protein of Caim?27, wherein the canine TSLP conprises
am no acid residues 29-155 of SEQID NO 2. 29. A fusion protein
conprising an antigenic fragnent of a canine TSLP that conprises

am no acid residues 29-155 of SEQ ID NO 2, wherein said antigenic
fragnent conprises an am no aci d sequence selected fromthe group
consisting of SEQ ID NOs: 8-101 or a omnbination of two or nore
thereof. 30. The fusion protein of Caim29 wherein said antigenic

fragnent co ises the amno acid sequence of SEQ ID NO 64, 31. A
vacci ne conm:s%* ﬁ&"é"t']%ﬁ'ﬁr?gc?é@lf‘? Berr ‘%@%@Lﬁ%e :aggw{*ef&w&a%ﬂ%
effective anmuptis 6fos$ RRiciiusvignNabsstihet P rafed@yaingt tB6 canis@ TsilPe vacci ne

of Claim31, whereip the fusio (0 .conprises an antigenic
fragnment of CPWQ“SI*@%etWFO éﬂﬂﬁ??@@%m Zami no aci d sequence of SEQ ID

NO 64. 33. A nucleic acid nol ecul e encoding the fusion protein of
Cl ai m 26. . nucleic acid L. ecul e encaodi he fusi rotein of
Gaimas 34 THEfHEh erdeher B Rt R T el el oy fsos
t he nucl eotide sequence of SEQID NO 1. 52

28. The fusion profein of Claim 27, wherein the canine TSLP comprises amino

acid residues 29-155 of SEQ ID NQO: 2.

29. A fusion protein comprising an antigenic fragment of a canine TSLP that
comprises amino acid residues 29-155 of SEQ ID NO: 2, wherein said antigenic
fragment comprises an amino acid sequence selected from the group consisiing
of SEQ ID NOs: 8-101 or a combination of two or more thereof.

30.  The fusion protein of Claim 29 wherein said antigenic fragment comprises
the amino acid sequence of SEQ ID NO: 64,

31.  Avaccine comprising a pharmaceutically acceptable adjuvant and an
effective amount of the fusion protein of Ciaim 286.

32.  Thevaccine of Claim 31, wherein the fusion protein comprises an
antigenic fragment of the TSLP that comprises the amino acid sequence of SEQ
ID NO: 64.

33. A nuclelc acid molecule encoding the fusion protein of Claim 26.

34. A nucleic acid molecule encoding the fusion protein of Claim 28.

35.  The nucleic acid molecule of Claim 34 that comprises the nucleotide
sequence of SEQ ID NO: 1.



36. An expression vector that conprises the nucleic acid nolecul e of
Claim34. 37. A vaccine conprising the expression vector of Caim
36. 7

52

36. An expression vector that comprises the nucleic acid molecule of Claim —
34,

37.  Avaccine comprising the expression vector of Claim 36.



