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ANTI - OBESI TY PROTEINS AS Fc FUSI ON PROTEINS This application clains

pri or Provi si onal Application Senal No. 60/11 5,079, filed
Januah‘ﬂ”ﬂ‘@“\\‘“ﬂﬂ“\%l‘l\t he di scl osure of which is incorporated herein by

refer . Field of the Invention The present invention relates generally
to met hod$*%fd conpositions for making and using fusion proteins containing
an anti-obesity protei nNEXDRESSIQMNANDIEXRQRT OFANR-OBRESIAYr el ates to

met hods and conpositions foPROAMEING £5H: FESIGN PROTEINS ot ei ns whi ch contain
an inmmunoglobulin Fc region and a leptin anti-obesity protein. Background
of the Invention Obesity is a major physiological disorder associated with
a nunber of nal adies such as di abetes, hypertension, heart disease and
certain ty m\\mmwws In the United States) it is estinmated that nore
than 30% oﬁm\m popul ation is obese, i.e., at |east 20% over ideal
body wei ght. Thgag+are al so i ncr edelagd Apglieationpns t hat obesity is fast
becoming a serious health problemworldwi de. It is recognized that in many
cases diet and "@ml@@oalc@rres Rrtasity 1B Hrevidenal ﬁaplsféhwegwabN@éeUéﬁ,P% in
body wei ghilq $50565+721d99, 1 d&@(bapdrsor«mct, mﬁ%iptom%m%gai&b} fefthdnSe, t DAL

predi spose themto becom ng obese. There Is, therefore, a need for a drug

that can hel p people | ose wei ght %@leopﬁ@'imtegﬁ Jisks of obesity-rel ated
r

di sorders. Mrre specifically, the an anti-obesity drug with
enough potency I i i vel s.
Because obesi tyﬁ\lgg Peg%{??%‘zégggi%@%is %m%bﬁ%{t}gélgfs}gg °'{’Aé‘|%§lr?ﬁ % %59'\%%%%1@ | oss of
at | east 2@%6g fesicempoteiis|containingranrasti ®besdty proehs ddore pamieulgity, thed®&nidn BRe6 0%
can be necessary to bring.a person' s i ght. down i.nto, a healthy range.
Chesity | soalis PRy en D RERARDE e B AT FES BIER PR 8 comb mat | on
of physi ol iagh@elobiEyFI1eLiog bedd lep@taridesigpdoteinvi ronnent al factors. One
factor associated with obesity is the obese (ob) gene which has now been
cloned (Zhang et al. { 1994) NABAdRpreund.ofie)luvdnfionor mal mce) the ob gene
encodes a hornone called leptin (Friedman et al. ( 1998) NATURE 395: 763).

In a satiated bakigsis @WFHFPhPNASIbEYalidisorieé@ciad wathth flnfbeest niufadics s@hyser i des

in 7 Jul 3/ 2003 _ i . ..
iabetes, hypertension, heart disease and certain types of cancers. In the United States, it is

estimated that more than 30% of the adult population is obese, i.e., at least 20% over ideal body
weight. There are also increasing indications that obesity is fast becoming a serious health
problem worldwide. It is recognized that in many cases diet and exercise alone are insufficient
to achieve a reduction in body weight, especially in people who inherit genetic traits that
predispose them to becoming obese. There is, therefore, a nef:d for a drug that can help people
lose weight and lower the risks of obesity-refated disorders. More specifically, there is a need for
an anti-obesity drug with enough potency to cause substantial weight loss at feasible dose levels.
Because obesity is defined as being 20% over ideal weight, a weight loss of at least 20% is
desirable. Iq more severe cases, a weight loss of 30-60% can be necessary to bring a person’s

weight down into a healthy range.

Obesity is a multifactorial phenotype, which may result from a combination of
physiological, psychological, genetic and environmental factors. One factor associated with
obesity is the obese (ob) gene which has now been cloned (Zhang et al. (1994) NATURE
372:425). In normal mice, the ob gene encodes a hormoae called leptin (Friedman et al. (1998)

NATURE 395:763). In a satiated state, excess energy is converted and stored as triglycerides in



adi pocytes. which in turn secrete leptin into the bl ood streanduly2¢3 n
functions as a nessenger by binding to its receptor, a long form of which
has a cytopl asm ¢ donai n capabl e of signal transduction and is found
predom nantly in the hypothalanus. It is_gontenplated that hornonereceptor
binding is a signaling nmechani smthrough which the adi pose_tissue can

i nform t he BARPFHYEsHUED imumseereigdeplp inghibs Bloodstisams Leptn fugclions ae ABIesIcasE t hat
| eptin cros il 2 i i i : 1 tors
ooatod | n TR s ERAM) Bup Mk oFuhicBna S cPRiRE Tk FPRUD L SEER L2
the brain rda@aidpesonandesoamipredoatinaniipindiciygythalamne dt mcentpinglatadfthdt homoreel | s
the body to I . accor di. ngl. by r.educi i.ntake.and/ or. increasi.ng
ener gy experdi-plos BoBE Ba iR EHE IR uhER e alloBiFu PG Rinto b Y

m ce are horbaygetsesusholendigy swves. Muisaoitengilated thatllgRin cidssesthid blodd-Blalrebaeger to
produce truncated |leptin, which is nop-functijonal_, an r obapl eqr ades
ooty | - PdCce R SrEber et P e un (B BB A58, OB CHhel ude

| et har gy, hygpating ke thd B releiVe £ inassagh YRtk ew%;i AG81 @e pRALaILNE @NE inkibbyy 1 N
humans, there is al so_evi dence associating wei ght gain and obesity to

| eptin defi d9 aHby aqerisined by reducipg food ntale pndigi Trgreasing grergogpemditissi n et al .
( 1997) NATURE MEDI CI NE 3:238), although it has been reported that the
majority of obesé syasof morhidly obgsgmiqeasferes tops by ghumice are griogygotes havivg &veli ne
et al. (199 ; j Guthib i Lept i n
defi ci ency ?%n%%?gggk?bih%an %ﬁgﬁ% i%%%?g%gﬁgﬁﬁﬁ% a ﬂf%?%?ratléﬁdgﬁp

r econbi nant prabably degrities kapidinirnvape Cotssqeades ofleptirt defiaencyf intobfabi mice acluwieduce
food i ntake ody weight, percent bady fat. and serum.concentrations. o

o ucose. and e, mipoie. Bizecelimi oAy gt R e
body t enper avidée aRbciatEaradho paid 6dd obedily @S lep@l defiefensyMdntdpRE U 41619981 Y
expendi ture (Pelteynounter et aI.g%élQ%aé SClI ENCE. 269: 540; Hal aas et al.
(1995) SCl ENAEUBE 75033 Ravussia ¢f @l LIPE) NATYRE MEPIGRY; $A18)rAlthaugl i Bashert i t ed
from | eptinrédofied MRMhe maolifyeBhest PopleavilistABseld JF oMM ingaESH ﬁCoBEl@ﬁte eidrake
and body fat were significantl snaFIer. Reconbi nant | eptin al so has been
used to cor KE¥0) Nrfinglt |- IMED, 33452999t h femal e and mal e ob/ ob nice (Chebab et
al . (1996) NATURE GEHET~cs |2:318; Munzib et al. (1997) ENDOCRI NOLOGY

138: 1 190). Ft ut huspteneassecidtedwitieleptinydefieipacy inah/oiymice garn liorgtedtley the
suggested t : L 9 0b . I I or
tow leptin evlé\?sg‘%%yéﬁécg?‘ég‘ﬁ%g%f@éﬁﬁ @ ‘Pg%;??%“%?}é{é%ﬁ%r%ﬁ %%%?%X g&ﬁg{@bd
(1998) PROCintdaTbody wRI{gRD peiSatt bodySa, 8t skruti3oadentrdtivas ofguafse hmbinsulin. Thist was

present forns requires tugh doses of the protein to he injected.multiple

P s i | y SRR neriba e o ale joF etpetaRr oo e ot oF
exanpl e, | nwhidh@Eguitt efdriyéxpaiditirel (Pélleyificiiter vl {M9F5G SSIERCE R6ES54U; Blaladosralr ange
required leptin to be injected three timnes 7 July 2003 -3 daily for six
mont hs ( Vall IS BYHRIER 2625l the same studiss, noguat yniceglsodsnefied from lentindrraimant. g n
doses are ngRERidh e Fedulichs HOTHAY BRI foof intdi@ UhPBIdy Thw i St g filfiedrtly SRIaHER. hal T
life of leptin. This observation also is consistént with observations in
ob/ ob nous e Repatebirant laptishalenhhas heennisedap eqrieconfedility injbotht femaleand Saleptpeh mice

ny/ kg/ day of i eptin d nstrate i gni ol ti,on in
body e, gnt (iRt 4t STRELRREFE grRefelBERS! ot 2B R aF BMbad B
199S) SCI ENTB8:26). SPlibthefaited) ddtestiexpdrinients 986y trdnSgddibnicERgELS& that abdt 5 wbunzi h
el al. ( 1997) ENDOCRINOLOGY |38:1 190). To overcome the "suboptinal )
phar macoki ndP7eafebsss hypansihavingyrefatively prmal gr oy lgptinslevelamay e aspofistye iy teRfin
subcut aneou%Xmée@ts(wﬁ%%ﬂ&dgb@a)wjtﬁvm%&w§¢x.0dJ§ﬂI9@-.npi; ma level of leptin
in mce (Halaas et aL (1997) "PROC. NATL. AcAD. SCI. USA 94:8878). Mjor
reasons for the f&AHENeptidih %S pROGE RrAPRERes ﬁ@hlaSseﬁlUPﬂlE?rd?&ﬁ‘td)ﬁe A .
intrinsic properties, for exanple, size, of leptin and the nethod by which
t he phar mac otudigiletnesalgiy forywoathy tegrhiceathe dasised qlinfraboutcomst dion xampleiighrecett
about 16 kD _{.Hal.aas et al.. 1995) , SCI.ENCE 269: 5 ] '

enough to bgﬂ"(lzl ae%?%éo'gflv?he’?fa i ) P : fi%sﬁ. haary %@ﬁgggéﬂ&ﬁ%@mﬁ%ﬂ"&s
necessary to conpensate for the short senrmhalf life in vivo. Mreover,
smal l er proteins such as |leptin can be produced in bacteria, for exanple,
E. coli. Under certain circunstances, the reconbinant leptin is produced as
i nsol ubl e inclusion bodies in E. coli. Prior to use, the inclusion bodies
must be solubilized with a denaturing agent) for exanple, guanidine
hydrochl oride, purified under denatwi ng conditions, and fol ded under
appropriate conditions to produce functional protein. In addition, leptin
contains two cysteine residues which participate in an intranol ecul ar

di sul fide bond. Thus, to maxim ze the recovery of a soluble) biologically
active nol ecule) the folding process needs to be controlled carefully to

. " o r - . o o,




Summary of the Invention The present invention features nethdduha2@D3
conposi tions useful for making and using fusion proteins containing an
anti-obesity protein, for exanple, leptin. The fusion proteins can
facilitate high | evel expression of biologically active anti-obesity
proteins. The fusion protein can be conbihed with a pharmaceuticalty
accept abl edairfor gx mphrtho(WhAOL SwctpETIoskNAAL Juda 15 d998)nmmmdnabljrpﬁreqexmmkgb dosas
human. Under c?ef[tgi n ci rcgm;tange t he arht gbesi trhy ﬁr ot be cl eaved
from the f BREETHER Al SO BPIBIONaS IR LpaiF L boR aarBaici ot optinac Tty

Al ter nat i vebstrvalbitdl & iS caBistnSRIGHEHRE CiioR A @8I0B Gndubemaddis melﬁSﬂ Ay pr ot ei n
contai ning_ fusion protein can be conbined with a pharnmaceutically

accept abl e"ﬁrél’"r‘i‘%‘}ea‘dﬁﬁc‘é’ﬂmf At pEke/day Offfé’“ﬁﬁ’ﬁ’frﬁﬁedeq o demogsiralgg %é‘!‘ﬁﬁﬂm t he

i nvention réauaroqrr.r By Y, %l[ (PG rRIufite PG of (BREPEABRE: zsb%oermm%ﬁaz @b@ﬁ and
RNAs, which facilitafe t production and secretion of ’Ietln

parti cul ar SCIBNGE2IS 4 Clichab ﬂmr(/éWﬂﬁWT&R@G(SNl;Tl@Sde}l@vmenmbv’edl ﬂl‘é’l)el c acid
sequences w4 (N&%FLIIE?E Fock! £ §le c@&ep{ Qgﬁb%h :ﬁﬂ p"ﬁQrma 3&'50 le tin | ep“ n,
(ii) to provide nucleiC aci'd constructs for e rapid

pr oduct i onclamic gfesiontaf taptio fat 400 ppthnsubiutaemastyl easy\eededmmmémarphhﬁslbgcel |'s;

and(|||) to I’OVId met hods t he tio cret nd, ¢ ection

r econbi Pllﬁﬂg 'Fé%f’ P‘B}‘“d‘é'ﬁ%{*%aﬁ 91 g E‘ﬁé%ﬁ%’é’&@"% CARt Clt Hgﬁg)éfg%#)ncl udi ng
non native, bi os thetICP r other artifici tin rotei ns .such as
ot o1 s whi o bRt og e Seat ek dpsebrenee b ¢ Benhal ot BERSS of 't he
invention gioferti&, Rﬁ%ﬁﬁ: Bk mmugzhmartmn&mm& 48 bRdhna¥hl6gicdl dp&d wed a
polynucleotlde encodlng eptin, encode a |leptin containing fusion
Dol Ypept | ABTeuAtsd Heotmbibe ek waehior pput ko flaleagent GOBRSARIFAHIAD, vet
ceor ot on LR bl LB B3 B1BeDhib P Kkl HERY MBI En P hIRER Y 0
cassette cemnpigesatd feathe shorr semnt liedf Iifejptviva. domain so leptin may be purified

i ndependent|y. Another object of the invention is to provide fusion
pr ot ei ns cont ai M‘prngvelr eptallq:r proties sﬁ@s&sd«:ptiprcmbfimsdr@ﬁd trﬁ@cqsrie.sfemxamweﬁti on

denonstrat e | roved .bi ol oqi cal RLQ er,t.i es, aver naJ SD} ulch as
rcie ain clreymstances, e retombin lePtu% 1S pro as ins3lubll i ch us on
i ncreased 501 u |dF Y, pro onged’ serum | ncr ease to

its recept badxesTJnES@hpPﬁ@etbmlseaﬂzemf&wsioﬁprsdjmnsat gmdluhtlamalmthtdm:mdmng mhr
efficacyo i n Ina referred e di t, the fusion praqtei

conpri ses, %T’PI?\Ig“"t“Hi"@ yaeehlpride p‘ﬂij}b gﬁ‘f‘{mﬁemﬁ'ﬁ“g ﬁ?ﬁfﬁ@f‘ﬁg‘d%ﬁ’lﬁ ‘E't“dF'eg! on
and | epting pwnbcc%mronm SoiR8 funt®InalHfRER! Eh adicidn et wn'téinﬁ%%zﬁgﬂe site,
optionally |nterposed between the i munogl obulin Fc region and the leptin.
The resul t fepigues whichpasricipagdn arsrnwmlmlapﬂrémléﬂﬁbqsﬂeﬂ“@%m maxigiize\the T'Fé%‘lcﬂfed | n
a cell S ql@psls L oo . e.
whi ch usugﬁ%&e{féﬁs%ﬁhﬂh@?e}; Jlﬁ‘é&gmé‘%ﬁ' glgdtﬁ &mEBF cosy g‘f?on&%gnt rélt‘) gu at

| east in peirithize thetfhrenadohafiiomilibi prateih aggmgptehahd mtmheleclﬂaxtdmrlﬁds:shood\s protein
O her objects of the invention are to provide nmultivalent and nultineric
forns of (eptmAsusienit gfswihei cosiplicared pexindsion pracesssi. 4, Heptgfurifisd bmenclatigrect  of
the inventjon is to provide nethods of treatne t he fusion proteins,
or cl eavedl’?‘ﬁeﬁt'?"r‘?e "‘Aﬁ olnyotes; i “‘G‘bj“eif {CH%PM@&HM hh‘gﬁf é‘e‘ﬁbm‘b?gﬁ(}'f o]
processes Pl‘atcﬁhsaﬂibﬂ vt sfoidgr‘cramaﬁv@n A tleAPRAC SR S solaBilityF laptif heve

bi ol ogi cal active _anti-obesity proteins. Accordingly, in one aspect) the
present i nV‘é“l‘f’?‘b‘ﬁ“‘ﬁﬁ"\ﬂ\FPG‘EB ampine|agif eesigegsdo ATPRBYEA @gjuww%@aarﬁbr loweppgthsr  RNA
mol ecul es, s L1 Prib e9% gbdey IS ot ein.
The nucl ei Es&@; cﬂ%ﬁ,’}f{@ﬁﬁ?@a&dﬂc egma{a??lgng J egﬁgﬁége‘%an wr?rruzogﬁﬁbbl%l in Fc
regi on, andrchtnahxpalstromsrmsar:gprbdtprtbatemnbc rabs(veaddf' érmgtitedanfi etoeddnthes t he

ant i - obesi t rotein, for exa In a. p red .enbodi ment, the
nucl ei c acP'édl%éf’lé‘?;ﬁlaé“‘ﬁﬂ‘éBfﬂ’écé n}")’é‘el? f"é.'ﬁlqﬂ‘f imppugogenic Bﬁ? e “éjegcf'fcqt’)lﬁ'it the signal
sequence, the i opylin Fc r on,and th g pr ot ei uence. In
anot her embodi neyt® tg?l\'gp Hﬁ%‘g‘élkﬁ” ﬁﬁ%ﬂy'%?%ﬁeﬁ%%%lhﬁ%d Vc%?‘?'ﬁé]?’ﬁ/w 5¥5 to
3" directi pRplividia o5 [FERISEAPOERoatidd 6T 16plin @ére $ROMRE &Ethe 3 Gortri@hods of

i mmunogl obul in Fc region. The nucleic acid may encode an X-Fc or Fc-X
structure where X is a target protein such as leptin. The preferred

enbodi nents are the Fc-X structures because of their superior |evel of
expression. In a preferred enbodi ment, the i munogl obulin Fc region
conprises an inmunogl obulin hinge region and preferably conprises at | east
one i nmunogl obulin constant heavy regi on domain) for exanple) an

i mmunogl obul i n constant heavy 2 (CH2) donain, an immunogl obulin constant
heavy 3 (CH3) domain, and dependi ng upon the type of imunogl obulin used to

generate the Fc region, optionally an i mrunogl obu(in constant heavy chain 4
(CH4) dOITB.I n. In ‘a nore pref erred enbodi rrent the i mmrunogi obul i n Fc region

o, T



7 July 2003 -6 may be collected fromthe culture nedia without Julyg2003 t he
manmmal i an host cell. The protein product can be assayed for activity andl or
purified using common reagents as desired, and/or cleaved fromthe fusion
partner, all using conventional techniques. In another aspect, the

i nvention provides a fusion protein conpt4sing an i nmunogl obulin Fc region
l'inked, ei thghcif} the piddictidARl Hiprd vitg iR AS810R RAh 8 ertdd B IRChliYob¥dig 2

pol ypeptide linker, to the target protein. The target protein nay be fused
via its C-e&minal end to an Ntetm nal end of the i munogi obulin Fc region.
However, in a nore preferred enbodi ment the target protein is fused via its
N-terminal end to a Cterninal efumgfaryebthednvemtgnobul in Fc region. In one
enbodi ment, the fusion proteins of the invention when admi nistered at a
dose of about OTtEPrepgnidayeation features rapshas pad egmpnsitions yselyd for malbing gndivsuieni t i al
body wei gh f : : 0 -gnﬁu L . : ram)
nore pref e?‘g&“f%éﬂgsﬁﬁk”ﬁ%ﬁ%%&t 5 grtgw%g(r&an@?g’q%rugf ?IB gg%i&ﬁ?g&(g%l?é%gl S%
(about 7. 5 fagilaay higlo ksclakpteksion afibidlagicdltycagtiveeangidbesityrprateinmr Eheffudbdreproeth

enbodi nent, tme fgsign. ro einslgf he in%)ntion,.mhen adm ni.stered at a
dose of ab&M ETHRG Wb‘;‘) a&y*are ‘Cﬁ'i\%“‘fpéa CABT BEOTHB ALR IO AP al
body wei ghtorekangfle, a®amhn aURde c&thi®tindiBnstanBlGe arpobtkitaprbiéah 8D oldhved fGmam) ,
nore preferably about a 12% (about 6 gram)) or nore preferably about a | S%
(about 7. 5thgusign Arefeia paipr torf@m%ttqﬂaﬁndgbaﬂy“m@frgq*ﬂﬂ; Algrogivainapcleiepedi nent

the fusi on skl diodifile (6 BRI-bSSiE pRASRBShiLiff Elsiddpiih n bolonBIRARfra
mature, full length eptin or a bioactive fragnment thereof. In this type of
construct phaomicgutically acospteldndartien apdtadpinisteied & thamapmat.he sane or different
proteins. The first and second target proteins nay be |inked together,

ei t her direct| )it srnbyjentadtie infentioptsd yrpede nakel hiddieacid sthseancesafor :@imple, bot h
target prot.gi.ns be l.inked either directly of.Via a. Y tide |inker,
to the | mminsgrafRN AR witF EER G bl Brodibd i dectbiolloPiey tmbREPE Py oi®
prot ei n cathelevettivarectyd ptavidemoltlaiutieivalcidesaguentestvhichi fasilitaegtizivnt prodidion
region and the seco target pratein can _be connected to,a Ctermnal end
of the i m%&@m&mﬁw#& &é@’l‘gﬁ‘."d‘f Rucleie a4 FO‘E%%@HE‘HF)P“EW f45%n proteins
My associ loBuctibh hliPdecie @A A YN afvahiet ¥ ARRntaliRYnodt @IS Whi (iffo Provide

pol ypeptide bond, or non-covalently) to produce a dineric protein. In a
pref erred B6hodfatthe producsiop,gscretian il qotleqtion of respmbipad knprin cegruetispllY ent | y by
means of af,d: ; bk er L0 di [ -bonds
R e e S R R

regi ons di potssdudhiss prateiashehicniave bgétobedtehbyatiomgdoizs. of each chain. 7
July 2003 In another aspect, the invention provides nethods of producing a
f usi on pr ot ei n Qtherpbjesisioftha nvientiomarg kopravide pélynyclagtidesequrmhcestvédhicha whert fused

Cont ai ni ngo AR EE (iR Testr getich <Blin b@lifng by Pl BIRReh B0,

W thout a purified usit@epian6Crcagnt apt techbiqlies! I'Yeg addiier 68801H toamerpeicla prqiegiytizduce
the fusion protein, The resulting fusion protein can then be harvested,

refol ded, FIFAVAGSHS efivpen srqrepon FESPests and thenesed &aptin BRotatn pigh thet Bapoapiion
techni ques caaghl cﬁ.%%mfmﬁm in dbfaf] o lepRHEY BPufifiéd inifiendeidy.on protein

conprises a proteolytic cleavage site disposed between the 1 nmunogl obul in
Fc region and tAQu.RLGEL oP&Qﬁnﬁ)cRﬁ?& 1390 hAVRIE FuskRd r«%ﬁn%éo%@l\(ﬁﬂg lfeétﬂgﬁﬂl%e, fusi on
protein using conventional proteolytic enzymes and If necesSary) purified
prior to ufsion protejrstof dregirésent imaption derhérstrate eprovaibiglogival gepentres dwsdeativor
treating conditions. alleyiated b eptin or .Lve variants thereof by

i i ot er PG 6P B ey Sty drolorbd Snft nAEbFa Rientdilrbdb 5, 2

met hod of teb€pdrN TReE ipfipediosingy indprbus Sigil fieaifly iieltinicalfeffidacy byt Town. The
invention al so provides a nethod for treating conditions al]eviated by

| eptin or afefwéﬂv%dmmtéhq heieR BrOt) AR <t 8t Nnlp @ AN digfigndp ¢ he

I nventi on, ;oldMnoSRBITR K refion MHIESIINAM ot ndidlRE S exGRRE A HbBdyd iibRagr RNA
of the invention, to a nanma( having the condition. e foregoi ng and ot her
obj ect's, f &itgt eptiesallyrinterpdsedivetiges thaf intnnmoglobulaviic regioreand; thalepfin. | Thoeesulide nor e
apparent fromthe detail ed description, drawi ngs, and clains that follow
Brief Description of the Drawings Figures 1 A-i E are schematic
illustrations of exenplary anti-obesity fusion proteins constructed in
accordance with the invention. The Figures depict) respectively, Figtue 1
A dinmeric Fc-leptin; Figure 1 B, dinmeric Fc-leptin-AySer linker leptin
fragnment; Figure 1 C, dineric Fc-leptin-AySer |linker-leptin; Figure 1 D,
dinmeric leptin-Fc; and Figure 1 E, dineric leptin-dySer |linker-Fc. The
vertical lines represent optional disulfide bonds connecting cysteine

resi dues (C) disposed within a hinge region of each i munogl obulin region.

T M




7 July 2003 _8_ Figure 4 is a graph showi ng the body weight of Jalg/2003m ce
in grans treated with daily intravenous (I V) injections of 0.2~ ng/kg of
muFc-muC. eptin (triangles), |I .0 ng/kg muFcrmuLeptin (circles)) or PBS
(squares} for five days, followed by no treatnent. Figure 5 is a graph
showi ng the effect of different dosing schedul es on the body wei ght of

ob/ ob i ce fisidgi&ein \PprdErably REstintiReiBEBIn(2IEN tHanjigedsyars thefFc Medrairaandat i n (0. 25
ng/!'cg (diaponds); and O. i ngllcg fallowed by I .0 myg/kg (squares)) or PBS
(triangl esplyopiylptipesitss; e ety a@hwth@wm@“bwo i GHYCOsYlaton comribhteseati n
grans trealde ifpid) «d Bk ARRELS QREBkor hilk-tifed rekd fuQBSpBleiD- 1 MO/ kg of

huEc- huL, eptin (di anmonds), 0.5 ng/ kg huFchuLeptin (squares)) or PBS
(triangles). FigiefobfedtSofth@indBilion i o viREmatil At @id MGiih@MSfofmd iT 1§RRUM Of
gl ycosyl at ed huFchul xptin (di anonds) and ungl ycosyl ated huFc (N-->Q

mut at i on) - fusiasproteing, aodigerelinatipns thefepfict i on of tine (hours) post

adm nistration. The circulating |levels are expressed as a percentage of the
initial dose. DétathdrobjeDesfehd prémsionas totpnevideTaetheds oftrFdtment wgiepthe fisiopr ovi des
pr ot of e, _ PRuttp SHAT Bt TR B ertl bt JEEIERAGAT, BB bSRE Mt ave
encodi ng s beth effittdnodndin@ipendig: axavelie yaddrbinlogicellyeattide srpicdtleyityt poteiasmal s i n
need of treatnent with an anti-obesity protein. It is contenplated,

however, that tAe&ostiidly,dhesd dspeqy the prebsht imdryntio@ pedviry adtidic adid inblecdlassfopn

proteins prior t se. The invention thu rovi des sion profeins .

conpri si ngewnl%_m%aq %I-Hrmfmie osp W 106ﬁnfaﬁagramwg'e{ﬂﬂwﬁtfaﬁg%{ew. HgR n,
referred t groRgs. SR rslelceRid moledulld EncBIG IR RhYse §IRQY b RthsholobBinicfégion,
constructs enbodying the invention are illustrated in the draw ng as

Fi gures 1 padatieastRoc targas priitginralsy refsrrsd foheredn aprthe gtiedbesitygquiotein| for example,
illustrate i Cl 0SSk | ' i f » pet ween
cyst ei nes gﬁalzdqu eallrcpe?%?n%u nﬁbrﬁdk[égh'ﬁﬁe F %cégﬁgcgawkﬁgg?lg%%gbcai %ﬁ' lyyio' §g§b§§ds are
depi ct ed adirdctio ithegsigralihaice ttheimondginbulio B¢ @Rioh and the tavget plaginsequendeca ons .

via an i nmtnunogl obul.i n hinge.r.egi.gn within each heav hain,. and thus are
o oot or B bados tnf 851618 8118 Pl (b ele B, Rt il £ 181 e ol B
i ncl udi ng tdaaeroe,Nigerargegieqiendt, dnd te imnpineflebulid caggiod afite nhélein add pifeRodTl Se

as therapeutg&§%%§nts, the invention contenpl ates that_the craosslinlcing at

ot her posi tl §AREHESWhErE £ igadaree ot R Bt Theyelprred spgodiments

Ci rcunmst ang@she FAL X B nbs tRhisk BB IHRir4asdral 1ebdl of B§rddtiagt i ce of the invention
may be produced by non-coval ent associ ation, for exanple, by hydrophobic

interaction. if ablf¥redQBrbod ARG, AHS FnHERALITR] FCrefiBR S pHstSandiuhdPRVURAN
enbodi nents of the invention, the drawings illustrate such constructs It
shoul d be hipge egionrediprefesabliheanenrises atdeasicons immaneglebylinranstagyhsayydegion in t he
practice o j i.on. . V] ful. i.nhj it
obasi.ty | noSpit S DERbcE R ik RURKRRL A0 R A0 (IR BB Himb ek
e.g., one cimafant hedvyad ((THB domaing addiddpemligg wioeithe tgperyfimmiumaglebulinised toengt h

| eptin and _the of her chain of the dineric Ec fusi r ot ei rising a
optin var sty e rego, opulntlyan yamoglS i soiant Berly Piaia ¥ (R Bemmiin
accor dancea WokdpréBedérhttid¥ R Shs fRhmbspldbuli® F&ieRioh 3RRs at i@kt MXamBARIobENAND! €S
1 and 4). Exanple 1 expresses the marine construct and Exanple 4 expresses

the hu rr:an bﬁ%ﬁ@{“r‘m\ﬂf. 1 (€ damaimaeilthopeh ﬁﬁ iygrensitbilin Eofepiopsway berpased on any
dormi e, A HshfborforbGELER, e LAGIAE DR, BoLiRORC BB imadpiiaiRcledll B T

of the Fc bagd anlgGsard prefered?2. . It shoul d be understood that the Fc region

may be attached to a target protein via a polypeptide |inker (not shown).
Fi gures 1 B andiht n@cldiepicitof phieGhedntion oastierioaioratd inlvperatimesastocwtionifwoah

i nclude as_a,.t et protein ural gnti-obegity.proteins.arranged in tandem
and connecfegﬁm%%éprf’;‘sh‘f{‘e‘fe.cmf Eﬁ)’lhl—aﬁ‘gfﬂ? ep ?"‘t‘fﬁg“?ﬁf‘g‘éﬁ mﬁ‘?‘B‘f’B?‘hh"g‘o‘%?‘?'%Pé&e“ ul |

I engt h | epid glodice the Rk fl€loh prokeis. TRAEsuthntWpyi6ibaeRd &RtbngREtiNE prefatadues

4) and an active variant of leptin 3. Figure | C differs fromthe construct
of Figure $tfigently and secretpd framdhe mamapatinmbgst ¢allo tThe secetiddsniincssrd fisi@groieis e cond
full length copy of leptin 2. A though Figures | A-1 C represent Fc-X
constructs, where Xis the target protein, it is contenplated that X-Fc
type constructs may al so be useful in the practice of the invention.
Accordingly, Figures 1 D and | E depict X-Fc-type constructs nade in
accordance with the principles set forth herein {see, for exanple, Exanples
5 and 6). The X-Fc-type construct depicted in Figure 1 D conprises, at its
N-termnus, a full length leptin 2'. Connected directly to the leptin's
C-termnus is an Fc region 1 ' including a hinge region. In Figure 1 E, the
illustrated construct has at its NNtermnus a full length leptin 2'. In

T b o p—




As used herein, the term"polypeptide linker" is understood t7Toluiead03da

pepti de sequence that can link together two proteins that in nature are not
natural ly Linked together. The 7 July 2003 - to polypeptide tinker
preferably conprises a plurality of am nggacids such as al anine, glycine
and serine or conbinations of such am no acids. Preferably, the polypeptide
l'i nker corrpmagég collegiedfrom e cyllugrcinedia witbeus byping he papniatianhosherlk g pragein
residues in

di scl osure 8# i g%b?sgsgﬁyﬁ(gg{rsgr a¥ eh&!/ﬁr ééml%ﬁd lgy f&e} er eﬁ?ge@% dRed, betfor

cont enpl at edleated\imwethe fuslvatpattive, abiptsinggbnyentvicalrtedhamgash and ami no aci d
conposi ti on may be determ ned by routine experinentation. As used herein,
the term "nul ti vl asather gspdcptis invengion progidi afasien prokiecomerisingan innoearogbaties
two or noreghiol ogi ¢ally a telnf ment,s. formng the
mul ti val ent rgrdﬁ'lgeoé'ﬁl % ‘5 c%h 8"?6 ggé]fﬁ oi?’d’ﬁptaepbo é""t“’%er ROIVP‘Wﬁd%h
attaches t htinkepns tltettwgatpmaht shamegepabmmﬁay&)amed ﬁa twcqémﬁml lendl@pandent | y.
As used herein, the term"bivalent" refers to a multival ent reconbi nant

mol ecul e hatﬁ"ﬁgwtwé of Yrimpurealiobin Fe regiqsy Haweyer, igp@pee prefpaedembgdipent the

mol ecul . Thggdy @&Ifela&llvtams'ﬁc:ehﬁahmaa (PO RRRAEnAbEohe IRuAPSBRAIR KV @

i nterchain dISU fide bonds) to produce the type of constructs shown in
Figs. | A aragioh. D. |f the fusion construct of the invention has the
configuration Fc-X-X, the resulting Fc dinmer nolecule is shown in Fig. C.
The two target pinemeembodimontitbe fusipateing of thghinvengrapriicd adiningitesed at@alose mﬁct S
of the type, i f ity
bet veen { o Toar ot el e 3G o ABloB ARl A Rpl BRRIE bodh AHPALR D Y
noi ety of aﬁbdﬁCSO_gﬁhﬂsnnduaeahlﬁltqDl@Mﬁ(labbmagmhb Imgbrd prefarabambplhtmrueh(ahomél | with

a certain amt t he seco iet of e me Fc- L tlnf ion
protein may d”t“B'ea’”sf'é"& K&L‘?‘E ég“{& igﬁ%‘& I‘P‘"ﬁ’ilt"ﬁ?é?’etﬁﬂ‘{: " gher
avidity (apRRkehtferéd énbdddlent, i f%.«,tawmeﬁa urmbacamse vit{en aRinRired £l dose of
proxinmty of the second |ep tin noiety to the receptor after the first

| eptin rml etlgpuati 1 aedke/day f@foiﬁws toj s abfpb wgeehawg amniigl baslyayeighit abiatiepst apogh
anti gen, g,gggr 6

t housand- fo d ‘ﬁmce%MUkEM% r ot lgl%ll:l ?l%%np)}ﬁra%t)utae@%%t)&n gsra[?){/vﬁr

i ndependent nﬁ)mmt&@hlygbomhaﬁ%(nbcmtFirélgrambmseﬂftﬁlmlt@thﬂde weighe functions of

t he prot ein subunits may be additive or synergistic. As used herein, the
term"nul timeridh ane&xeroglbpdnteheﬂstfamra:rats@mvaomm afSccoush target protain, for

ool ypepti de n t I y f nt
"t or act 1 onctape ool 80 1504 R bt L piogsBle FUEBIR! et R e B BUETT
by hydr ophofitsCaridieésnd eirped a:méﬂnah ®& therbrhé bifferdns ploteire N TRélfiisoareiveaimdasgetbot h
homomul t i mers} wherein the subunits are the sane) as He 963]

het er omul t | FRRleins Migyehed whedttﬁeﬂtlsqrbqafﬁmdgreawrarW@P@ﬁ%wlymﬂ i9Ke5003 - tt  As
used her ei naykigive, Both frgl bloteingd BiyE8ink & Gth&REELdylof vidl dolypBptide 1RECHUhE
where two pol ypepti de chains are stably associ ated through coval ent  or

non- coval enimiynogloutin Brrsgiont Ingtholakter dase. tha dest Wresttoteingan %@nﬂ?ﬁmg\hé‘bul in
Fc region i l t .

ond 2 Cs daiuitel i oflne iRGhoeRlth Tk BtcRland YF bl RRUEH calyt bpn bR
to bind to ametmnmzﬂeecpbhhsmamuaghbbmml?c negno:a pr ot e| n ligand X dinerizes
naturally, the X noiety in an Fc-X nolecule will dinerize to a nuch greater
extent, since thﬁ aflot@fembadim@nt, profiskHs ptoﬁcuﬁmgeﬁbdtaéieﬁhcrdaerﬂanor The

physi cal pI‘OXI of the two X npjeties connected by Fc wo make .t h
i ror 1 pat | ofFaRS, By A diseifideen P&tyvﬁ%d&éﬂggg Ogveacwzglﬂg%tf)tpmﬁigcem@m@aﬁm%?. B i n

favor of the fité?i%ﬂ eﬁtﬂgdlﬁglnatﬂglmfdslbﬁ pnhé?lg'aﬂzg:sstogla{em@oJafeﬁﬁPBPﬁtea:ﬁ%fﬂ@%t
herein) the Ferm l'eptin” 1s understood to nmean not only full length mature
| eptin prot esannd grose prfe&rabbs«alnpmterchaEquul@dans uneyseingrespiurp prefopbly hocated

vari ants. andiednABHot R bl PReT Uhig YA R ERREFMY R ehiond e 0.

to any | ept chmipr ot ei n fragrrent that has at |east 30% nore preferably at

| east 70% and nost preferably at |east 90% of the biological activity of
the mature, tenplate leptin protein) as determ ned using the obl ob nouse
nodel . The termvariants includes species and allelic variants, as well as
ot her naturally occurring or non-naturally occurring variants, for exanple,
generated by genetic engineering protocols, that are at |east 70% sim | ar
or 60%identical, nore preferably at |least 75% simlar or 65%identical,
and nost preferably at |least 80%simlar or 70%identical to either the
natural | y-occurring sequences of |eptin disclosed herein. To determ ne
whet her a candi date pol ypeptide has the requisite percentage simlarity or
|dent| ty to a ref erence poI ypept| de the candl date am no aC| d sequence and

Y

o,



i ? Once the aligiunent between the candidate and reference Begye0o® is
made) a percent simlarity score may be cal cul ated. The individual anino
aci ds of each sequence are conpared sequentially according to their
simlarity to each other. If the vatue in_the BLOSUM62 matri x correspondi ng
to the two aligned amno acids is zero of’a negative nunber, the pair-wse
simlarity scor i amtheeaspectpthh éiventis drévdgsandthods stq)rsdlnmh;arﬂldiqn paane is 1.0.
The raw sim larity score is the surn of . the pair-wise simlarit ores of
the al i gned BRI apsanopb RSB SeDrand e P Pt esushadsompdieaiiig 1t by
the nunber s@hs 8h)ProAingS thinbhMRnTIREbRLiniAf a DR @BREIII&E4:0¢ su-fh BIsRACE
sequences. The nornel i zed raw score is the percent simlarity.

Al ternat i vdrgingsihecavigyprayihost paippdl ﬁ?q“F'éFérﬁ“idt(‘gl? cultyrinedhq miemaliaticrtbtoaci ds of
each sequeng&admb ﬁ,swn%rs@mp%@ﬁesﬁﬁqgmtdnq,lrdtafm cdrf théd e 13000, @@fmﬁéd gre
non-identical, the pair-wise identity score is zero;, otherw'se the

pai r-w se |ne|@a$ar>t pndpwifeediusing convemtienal MFCMtt¢Cﬂ\quwo'reéi hnswnheitsemm(blﬁc t he
et ool A SR ATPRh IR DB Tkt YRR e el O 0
ref erence quiuﬂdfglﬁmlmﬁﬁeeg‘i@’f aral themfger ﬁmeﬁcme&rga czirh& dhavaididm thdﬁmoht y.

I nsertions and deletions_ are i nored for t pur poses of cal cuiating
percent si MFQER PFIGE %‘H’de?‘ﬁé‘ﬁ‘c‘?‘f’go YU S BIEHRYYY ""@%fﬁa%éﬁaﬁfq BOriy¥enot used in
this cal culation, although they are used in the initial alignment. Variants

may al so i ncl ud ¥t w&mqféﬂt% thisinventien mavidsignsthads fas teating copdiviqps pllpviagd by £ o
exanpl e) U&ptin BRAGIRE vM@antsShg&&f HREmidif&idi S & hﬁﬁﬁ“a@arpéffeme%ohﬁt JeRpes por at ed

by reference herein. ﬂﬁem es variants, include, but are not linmted to

human and medeeed| bygimethedsefi thminventios @ed/or afusien ermpiiusy oRiECjoventingS The iawentign
|
i s osed PR ARARATLARAAL Al uPORRHR o G £ ARaERUSRGT®

accessi on ndmingtging/ATENA of Rbi*gaf thymrenios,)fpr 8o Oa ‘(ndead DN AJbogyectes) , U66254
S r ot U503 B ) 9653 n U58492
Ewﬁiaii ?ru? %‘?‘BTg a%?gﬁﬁé’hﬁ??gv PP 4 %Easzg'g?tﬁwé‘di??)es) AF082500

(cal l'us gallus) 082501 r| S | 0 3020986 .

i@ §ar o)) aFbeemEore gt ettt cffves AR aiRdsnst S B pERwh 5 EEn vt be
crassi caudaiad¢ motdWppateiftdds tHeQiBtalléd dd3¢riphionrdRawii@piddahetalBl@i.n by
reference. Furthernore, the leptin sequence nmay conprise a portion or all
of the consensus sequence set Beefhescripirldfitht Dkdwing) wherein the leptin
has at | east 30% nore preferably at Teast ?0% and nost preferably at

| east 90% of t hpiglieoll ARt scteinatid Astokionspdfiek&upldryl bhti-bsigt fasibrip@idsept i n,
as . determ ned usjing the oblob nouse nodel . The, consensus s%@génce of SEQ

ID NO 20) “orstugeshisaseqrdence with thejnygatian o The Figeslepict; egpactivsiy for at
chi cken, hiyiRdic F%hé]mﬂarﬁﬁﬁé 1B Oimeric 170 il G%@Qﬁluﬂ(&ﬁcﬁthﬁ%mch@‘ﬁ@f@l@]or il a,

rhesus rmnkey) pi g, ofangutang and dog. For exanple, the |eptin may
conpri se adpmrtqf“sﬁcmm-@lyseldinkphbpt@mn%ews 4B, dmgue ptén-Fayzind ﬁr&yre%adlmac Xaa

Xaa @ n As sThr LeuII Arg lle
Asn Asp Ilgc‘)gxe‘%lﬁéé l"f% °F)?a lrﬁnéé/r%pr%lm %’B§%dé®ﬁ§(§ H&I? ?10\4%1:3 al Xaa
Ay Leu Aspydtkige felidudsnQ) d}syosb&mthiaa hitrge rogiéh aFBachGmémnbdglabuasegioau Ser Xaa
Met Asp Gl:~ Thr Leu Ala Xaa Tyr A n Gn Xaa 50 55 60 Leu Xaa Xaa Xaa Xaa
Ser Xaa Asn XaaFisa@ 2Gk 8 ghdph sh@dinXd bogpweight o$5b/3®m7¢i nsg.aﬁis tedsiwitlelP Arg Asp
Leu Leu H=s Xaa Leu Al a Xaa Ser Lys Ser .%/s 85 g% gla( Pro a Xaa

& $h8-23mefkg/mu

Xaa Xaa Led"J%'Q“%@fé) Zome/sesof myepfinfokesm &d‘:‘JB‘Ef‘d RYTYS Ala Ser
Xaa Tyr Se r(sqﬁﬁ'és),@.ﬁ’SrXQ’l(g }(ﬂibclwllﬁde'pﬁxy(tﬁﬁ{gldo‘f, Gr %@ph&%@uﬂf&éd saline (PBS) (crosses).

Figure 3 is a graph showing the body weight of ob/ob mice treated with daily (daily for

the first 12 days, and thereafter only Monday through Friday) intraperitoneal (IP) injections of
either 0.25 mg/kg of muFc-muLeptin (diamonds) or phosphate-buffered saline (PBS) (squares).



Leu G n Xaa Xaa Leu G n Asp Xaa Leu Xaa Xaa Leu Asp Xaa Ser Proly12093135 140
Xaa Cys 145 (SEQ ID NO 20), wherein optionally Xaa3 can be Ile or Cys,
Xaa4 can be Arg, Trp, G n or H s) XaaS can be Lys) Arg, or |Ile) Xaa6 can be
Val or Phe, Xaa 19 can be Ala or Thr, Xaa28 can be  n or a peptide bond,
Xaa32 can be Ser or Ala, Xaa33 can be Lyssor Arg, Xaa35 can be Arg or Lys,
Xaa37 can be Al 1{@.%4, 8 e or
Lys, Xaa50 can g%‘ S[;ce:rﬂ.g’ag @wﬁ%ghég%ggﬁv&%ﬂ OfF%/,Sb m;%qf)}rémgmmgéggﬂ% d(?gk be
ITe or Vat,inkae®aus(tY) ipisctidoe ob9. 2y/milke Xbmeit-wuleptie (tharglesyHr0 melkg muic- Al a,

Xaab7 xan b 8 ¢ X be Hs or Pro,
Xaa7l can b'gmk pqmgar%e ﬁt °r§§ %ums ﬁb%v%ﬁ# %"%% by g%?%mggg be val) Ile or
Leu, Xaa77 can r aa? aa89 be L

orval, Xaa92 ca%%ur éésra grﬁ’bheshS‘?’smﬁlt q%alag “ﬁ%ﬁt %smEscshed Ssonotrhe% y W&?&E‘ﬁfo
can be Arg, ot@mmnc&rpated wmembcmﬁdoﬁsl(scamjebeowsloamuﬁéah\ubéptiﬁt(o,2Sxﬂgﬂ.@2 can be

e Thr ) Ser (O bt o iRyt BRLO el spSRDycr BESUREIah be Gru or

Asp, Xaa | 11 cagn be @& 12 can be G or V.al, Xaa 118
can be Leu or 6}:g““S(‘?‘;t!L g‘é%fhﬂg'“ﬂ%%oﬁ yeiglt ORPQ"[’ %ﬁél'@%’ag‘éﬁmﬁ‘é diilh or ser,
Xaal36 can Jﬂ&aﬂ\&ﬁon&ﬂ (tﬁ)%,ccﬁaﬁs of 01 rdg!kglof%ﬁﬁ)@hu[kﬂtulﬁﬁanﬁﬁaﬂs)b@sﬂ’i% ke flége-or Qn,

Xaal39 can be Arg or @ n, Xaai 42 can be Leu or Val, or Xaa can be Gy
or G u. |n plepdnseupreshiooBBféweagles)he target protein includes the full

| ength, mature sequence of leptin. The nucl eoti de sequences encodi ng and
the am no aci d dJégpuiehisessrepdtshaiving thesireiatiag devakain seaum eftﬂlYWSﬂﬂ@t‘éhF% are set

expr ossed AW st ard Sl Ehii RERE in R RS Faledno . A i o

known,  eachfuh&tion e e Phbuks) pb akiinBhiaion. m:tcataﬁngr leglDie EPIYSEE L fedtnta@é
five domai ns The. domai ns are naned sequentially as follows: CH

1- hi nge- cHef '(‘EPMOS"The DNA sequences of the heavy chain donains have
cross-honol ogy anong t he |mTunoI obuI in classes, e.g., the CH2 domai n of
1gG is honol ogous to the CH2 Bet@iledDescription ':--e' nyegtion g to the CH3 domal n
of IlgMand Ig ' As used herein) the term nogl obul i n, Fc regi on"

under st ood to rré'alﬁ"tVﬁréueenr%dfwfuseernwtﬁ&t W*B‘EJH’FB?‘F fo ‘é‘ﬁPPHHiﬂﬂﬁ‘gtf&BUPP‘Ff“éfhal n

constant regghihs. PhELSHAPloYeiR b tHITMRRMNARYSI fucRRAN¥MS &tt%ulttggeasﬁ@aat pt&ahson
or a portion thereof. For exanple, an_immunoglobulin Fc region my nprise

| ) a CH 1 e wmuasteleﬂdmmmmmamisalwfdmentww)maa Cﬁ'@fﬁpwuaridlsa
CH2 domai n, I

domai n) or §§l Qeﬂlaggb?ogg%@oﬁ‘ao "%tyﬂjoé@h%%la I ns %ﬁ@m@rﬁﬁggf&%gﬁ

hi nge regi gmiorkausa. preferred enbodi nent the i rrrrunogl obuI in Fc region
conprises at |east an immunogl obulin hinge region a CH2 donain and a CH3
domai n, and preﬂeneab'lctytndnamisqmdid}:sﬂdxoh pebodinsi compiifieg axtinummbglpbphxeFercg&d cl ass
of i m*runogl o {ﬁn from whi ch, the avy chain coPstant a{{g .S derived is
1 9gG (1gy) (”5? 523t gusaegeyprowsin, relerg ‘%%’e"‘ﬁﬁécpﬂﬂc HoEr G AimsSef
sequences QfrofinBaRstdubts ¥mbodif thelnvéddibh hre ilRisafréd ih theNQWinPadPigufes 1 ADEE.

nucl eoti de and am no aci d sequences of marine Fc X 2a are set forth in SEQ
| D NOS: 7 dabrsawse duopasiscopststs age pstferradmaliisilognated 35 dimgr qrosgdinked bioe paigeh ) | gE
(Ige) and I , P

i nmunogl obu Mlé{#]egb%/s bghgﬁ%x goﬁg‘%gﬂ%d a-rgglgis‘ggr?t‘ghﬁcgn gfeggﬁgg%d hlkgﬁ (laﬁtdglbonds arfJ. S
Pat ent Nos.deficted ak lifl8ig togetbler$he/@6,idhdnogithelirclraicehamf Fopegibnscwih an

i mmunogl obui i n heavy. ¢chai n const ant i on sequences fromcertain ..

| mrunog! obugpRdisduags sealomwatiin sach hetsy Chary duLRES e parabiarishc pLagive |
consi der ed foRnds¥ thdsé RlolkchiBE WRNEonsthucs lidclulin the Hige@édion J—m d?@f)ifefc@t@d@fldt he
DNA construct encodi ng the i mmunogl obulin Fc region prefera conpri ses at
| east a porkave heeaﬁhwrﬁ@ée as therpgeujic 2gy0t3, the ingerdigh aemcmpl#Es ﬁ?ﬁ@(\ee&ﬁt ipking
least a por ioffar fsi u%R/sIQH sét aqfdefrea/ f%htrnerétemet QU HANBAGS, difeRDY Of
| gA, gD, IgE, or 1 E%pe ing on the application, constant region genes
from speci etsulatrherllsftﬂmlein tltunmllcc 6fahe ioyeatipr myy bromredaicest by non -qonglepicasspsiation,The

i mmunogl obutlOr o’gi‘ S cm 158 nusi on partner in the DNA construct
general |y may ag‘p’fe MRS BT T all 'speci es. Wiere it is undesirable to
elicit an imune response in the host cell or animal against the Fc region,
the Fc region may be derived fromthe sanme species as the host cell or

ani mal . For exanple, a human i mrunogl obulin Fc region can be used when the
host animal or cell is human; |ikew se, a marine inmmunogl obulin Fc region
can be used where the host animal or cell wil! be a nouse. Nucleic acid
sequences encodi ng, and ami no aci d sequences defining hunman and mari ne

i mmunogl obulin Fc regions useful in the practice of the invention are set
forth in SEQ ID NOS: 5-8. However, it is conterrpl ated that other

o Y Y 1 Y - e




Futtlternore, it is contenplated that substitution or deletiondJaly 2808n0
acids within the i munogl obulin heavy chain constant regions nay be useful
in the practice of the invention. One exanple would be to introduce am no
acid substitutions in the upper CH2 region to create a Fc variant with
reduced affinity for Fc receptors (Cole-et al. (1997) 1. | MMUNOL.

15.9: 3613). One Qgcal?re bdds esllélclnlstrl}cps atrehiel all:tgnl%x%gqtﬁrl;]cergg[)ﬁhsqcv%nggnr] ;[er uct s
usi ng wel | known 1ol ecul ar I ol ogy tecﬁrﬂoques. iz’ of "huan cy 1 as
t he Fc regbawigeiusise sithosstuas dl shadidan pgasatedthit hereastfimedic stfuctuie afso

fusion protein is to be used as a .bigpharmaceutical) the _Fcyl domai n may
Cont or 6 | e in {5 ARG o b Tt G EnEah SO Brei S ohHa! BERECE o
functi on aciriodk iafalifCipecies inbigdif 1InQEE Ealbeabistrktibd, @% ., Whe RhAS oPA dGRAE &L
transfer and increased serumhalf |ife. The inmunogl obulin Fc region also
pro~~i des fusionpertee comprisRe afyl! fengih lapfin apd the ather ghainiof the dimennFoftgionpraiein ng

i 0o Staphyl Q&Q&g“.% A RUA RO ein A ("Protein A"). In certain applications,
however) ii 7 July 2003 -16 nay be desirable to delete specific effector
functions from gifgeh RTHARAIOR Uirlefle Eosth fi0hAlluced HEALoAadcE WiRARPhRAciflbqWH N9
andl or conpl enen fixation. In the Fusio pr ot el ns of “the invention) the

i mrunogl obdrihrhefein (sexgfowesaniple iBxar@esel qud dp elixafmpledi ewprasestthembapt ¢anstpreot ei n

to yield actjyve | in proteins and al i ypart sol.ybility.to the .active
o1 ot es, 4 TR e S aetirafil Saeh e &R I nene e RBB S At 1 o
region is fhiyda@plibhiicFc iepidn i eptuding @diriga rdpionga CHidomaiprtai CHI dormdh.ubl e
unli ke the leptin counterparts expressed jn_a bacterial host. D Narchi et
al . (U S pPHedwd digstly.d.en ve onslpentidh Perdeaty e termpaie pf the Je sFBieigispHa gy 1t
nutating Cgfoufd B2 \aliiiOoPhhdné Bt HANERa) B ARARY i @freOproflidilia ARbRpeptidder eby

| owering the isoelectric point (pl) of leptin from5.84 to below 5.5. The
use of thelinkenfrotistoyinbbul i n Fc region as a fusion partner reduces the need
for creation of leptin nuteins with a |ower pl, because Fc is glycosyiated
and hi ghly charGeeentB pid/G dapisypretgin construgts gf the ventipatwhielsingludeay 4 target o

sol ubili ze i : . . ' J, D4 i [y

corpl et el yPiobt s f5-Sheb3ibin R Tn GRRIELY Qlocois' 3 IREL Ay 1
accept abl etheaarpétpragein tdmprisesifutl émmgth deptin 2 heapolypeptiderlmkenhadenf@hyicinerand sgrinei t s

conventi onal. reconbj nant. DNA nethodo. i es r..generating the f usion

protei ns uSERYFS 4 AP Weacﬂ‘fea‘@ﬁ"&g}g?u %gqg‘ﬂ?/é‘%?l%%_r elfgg?tﬁ"s?f%nﬁg‘gﬁz flct s

pr ef er abl ywat e gRRET-&hRthabirotin @oddMNA chrfipriks a &o6hdi fhkk langthidapy BOlcINAZ.

integrated into expression vectors, and expressed to produce the fusion

proteins of theaitwuglnFigars 1 ASlCusReseitdcel fonstrves, hedX M eled @rget proteimilés st ood

to mean any nucleic acid conprising a nucl eotide s%?éje_nce @0 etent to be
cfife ghige t

i ncor por at E)ntmpidedthat e type constyrts Ry Alsobe usHfitp B fPat ed into

the host Cﬁuor&ﬁglwﬁgur&f 10 Gnd l@ﬁcbiﬁ@t—?c QLRERMS In¥dEi® 28PorB#tcS Wil theSUCh
vectors include Tinear nucleic acids, plasm ds, phagem ds) cosm ds, RNA

vect ors, vpriadiplessset forts hemia (seadot axkmple Nexamplesr aidhe). dhaMpFetypsfconstiyetr g

vector includ retrowirus, .an_a QVi.rus a i Wris. As
Used her of HP DR My A B o Rl el BRER2 7 SCREL LA oty 1
protein) i thelsptiarst-eadintiOisHr80regioe 11 inelndiag a pingoregoh. fn FigAresids) theriltesrated
transl ation of the nRNA transcrj pt d.secretion of an Fc fusion tein
product . ASRSEYG hast g E'é‘ﬁ?‘&ﬁ“s\?&lf ’Sg’gtﬁgcpﬁ?ig‘s Ip popiragt to fhe c(’“ft@ﬁ%?fl Plgg'frglil?t aN
ENG NEERI Nfgydlevker, tift3eptint2" Qeplieddih Ptes EUE coMnb&él Bysa deaww mikee4hernrFa by
reference) in which the transcription of the Fc- ene utilizes the
enhancer | presiast lér Fathepmare Huiraentemplasedethatiusafilinueseinnef theimveving may alkeny | at i on
signal. Thg_ g and t AR i rus
used was dg?pﬁé\}g ftﬁ%?ﬂ“ﬂﬁ%ﬁ%gg?d‘g@eréﬁ&g%fgﬁg)g;eg#ept tglgggrgﬁgﬁgle prgi\z/ll&\daed in
Boshart et pakeins( 1985) CELt _ 41: 521, the disclosure of which is incorporated
herein by reference. The vector also 7 July 2003 contains the nutant

di hydr of ol at e r gdliel a&einghB ena Spaypeptidedinkam ismdéretbod Gi meansepeptidaiseleancason
(1983) PROC. NAT. ACRD. Sct. USA 80:249. the dis sure of whigch is

i ncor por gtcﬁﬂ‘ ‘FT’é‘I'é‘F r‘PgB@C'i RO UHRL AL ThpALUFR At 5t 'i‘aé‘{r@yﬁﬂgfg Qgefhet aﬁ'cbe
transforned or transfected with the DNA sequence of the invention) and
utilized for the expression and/or secretion of the target protein.
Currently preferred host cells for use in the invention include inmortal
hybri doma cells, NSIO nyeloma cells, 293 cells, Chinese hanster ovary
cells, HELA cells, and COS cells. One expression systemthat has been used
to produce high | evel expression of fusion proteins in mammalian cells is a
DNA construct encoding) in the 5 to 3 direction, a secretion cassette,
including a signal sequence and an i munogl obulin Fc region, and a target
protein. Several target proteins have been expressed successfully in such a

e o o 1 N\ PN — - NENT™ N Vs P~



Si gma! sequences have been well characterized in the art and? delg 2RB3wn
typically to contain 16 to 30 am no acid residues, and nmay contain greater
or fewer am no acid residues. A typical signal peptide consists of three
regions: a basic N-termnal region, a central hydrophobic region, and a
more polar C-termnal region. The centrg).hydrophobic region contains 4 to
12 hydr ophobi c residues that anchor the signal peptide across the nenbrane
lipid bi| BYPERePHds linkgr rtrf:%WQB&OWP&FC%%W&B@@&H{“"B@F%éltf!'iaaél?m%wﬂ)&meﬁgd

i ni tiati OBerint BEcoRibfHARbNsRERE ik aiGU BrktbrablyS BU GOty PAckil fnieD EorhpH¥EN, OF the
endopl asm c reticulum by cellular enzynmes known asS signal pepti dases. 7
Jul'y 2003serieg &f gbirermnd adring [peptideg abait 1@4 5 adsidupeindéngihalSepdprt axdmplgeldSr al | y
fol | ow th?atcr(l_l\fgo). 5%5]8 g98f Lﬁisblollr'rg%f% LICM% i%gt%rpgrjatgg'é cig%gtrlfgrg\cg.aft is?”?i' I,
neutral am no aci'@ restdues in positions -1rand -3 and 1acks proline

resi dues tontdniyil8ed; Bewerar, thhhtheipgmal lifkeplehgth aad avhinb acill eagosiivanag bsi gnal
peptide b he -1 and .+1 am no acids. Thus, the signal sequence nmay be

t ween
cl eaved f?%?ﬁ"ffr%s%ém%a?f’%‘ffﬁrﬁwé"m the fusion protein during secretion.
This results ip the secretion.of, an FG fusion protein consjsting of the
! nmunogl obul 149 e hEERRe ST PSSRl S5 RS f alRmbiRaH atoltrls 2 MepgRRlenn of
si gnal pepid dienctEKIVRPR A dchivdsc@picASd TRY pro@din ieindie frhAR5he Nufalet ACt 0S
|t ES. 14:4683) the disclosure of which Is incorporated by reference herein.

As woul d BelesHpmprbe ligksd Byeueha pokyneptideinkgewhich attaches the gopgitpant paptsgrd g
parti cul af)erﬁhg&%}lmslgg&ggq&chg{%&@ﬁ in the secretion cassette may require
. Su

some routlne experinentatio experimentation wll include determ ning
the ability ofsdig gl dfithe RAHUENAE Porths APE huuldReRFELAbIRM il ik US! ON
protein and al'so a det &r ni nati on of e optimal configuration, genontrc or
eDNA, of thheorfggtaeocEc-Kar XeFae sdhdre X isor et moleaudd i Bhe émaduhogiobmlit Fe engiont | on  of
Fc fusion proteins. Addifiaonall .one illed in the art is.capable of
creating %ﬁfﬁf'ﬁ%tqofte’g‘fnﬁi?a]"ab'étﬁ‘%éf‘ﬂgg“%ﬁ%&n"?\%’tf’ﬁéod?’fﬁ tgesgyB? 8%%’3?"5’8 by von .
Hei j nle, rﬁfo%@rﬂEigd 1ak@y @D. dfwie figstdnl dagsthuat oﬁthehﬁérftibﬁafsy.hl Oéonfigadatich Wl ,eL ic
si gnal seguence routine experinentation._A signal sequence can so be
referred regulugg %‘{%‘ihgﬁthﬁ%‘H? isgiown iry db(l:'. Thefwe %?"P’%?M'T%Va‘a’e‘f“kffgpti des. "
The fusi Oﬂ\rd&FhBB&)tiaé fRat. CSAUEAS Bf AR PeRRoWATING AN idcRalelné Sparh IS
sonetimes referred to herein as secretion cassette. An exenplary secretion
cassett e bisdingaffinity bdtweepthctaiaebmelecylpand its/iserpiesn Fordnsianse [ ongdensis mpaiasy

encodi ng, ,¢ 9L to 3 dik [ | I of -ﬁ&g'-ml& bul i n
| i ght cha?énagggrg‘gptg]nﬁmg?lp%k:'{??gérnebgﬁdotr?aaor?&e?ﬁ oﬁé%ngﬁ‘%?frgrﬁunog 0 l{lf in %&gae)ne.
The Fcyl lepti woieghf thesamafiethegtinofosibn profcy nag bind (pz stendabieptar ne thedase at

| east a pogti.on of the i ogl obul i i .domai n_and at ast the CH3
dormi n- OB e ARG Cp@agy infsf Pt gToEninitel BAR he oo
domai n angtokififity GFhe d@0Rd Rptid\oltBeed tiereeéplor dfieethe ABI kepamoiely dldasdy is

i mmunogl opul iin_hinge region is understood to nean a portion of the

i munog! oPRE-ninthe fee efieh antibady binddneto aPé‘é‘é&"“o‘H‘é?PPﬁECB&éﬁ%‘B’l gay hedngreasehi ne
residues W@Lt@em\oxfs%xf—ﬁ\d?ge.', 19 CEQRbB et fubludil, 48, DONHS: its W ikdPeiegOdi Ng
the secret’ion cassette can be'in its genomc configuration or its cDNA
conf i gur afungtion suthdein agwritivalent gioleculestha fisetonsi af thepyotéie setumsnmay boadditive
produce the Fc .regi on from human i mmunogl obulin Fcy2 heavy chain sequences.
Al t hough FYP9EF Shs based on human i mmunogl obulin yl and y2 sequences

behave 7 July 20 - 19 simlarly inp mce, .t Fc fusions based on the y2
sequences can ‘?’ﬁf‘b"{f"&'ﬁl&e‘?%rm%‘&%ﬁﬁcﬁ%ﬁé’t‘f‘%gﬂe‘%ﬁﬁ%@'ﬁg ° r P A58 her

enbodi menbalygepiiclhifinS &GECidvalcRiE SsleXample] Bt @edny bf £covhleRiagRctidn, fori Nt er posed
bet ween the secretion cassette and the target protein. A._cleavage site
provi des f3mplepdigidechond.qr sopicavalenti. for example Elﬁ Byfkephebisiivseragiiogt dhitefhys
separ at i gy ﬁ%t%@&lofkné&{?ﬁ%s& B bR GRlLRERS, HtBreinAfie B8RS BE ame, as
"proteolytic cleavage site” 1s understood to nean am no acid sequences

whi ch ar e *glt & beteomitltimess, whaaindhe swpusityarodifistopt.i ¢ enzynme or ot her

proteol ytic cl eavage agents. Useful proteolytic cleavage sites include

am no aci ds sequences which are recogni zed by proteol ytic enzymes such as
trypsin, plasm n or enterokinase K. Many cl eavage site/cl eavage agent pairs
are known. See, for exanple, U S. Patent No. 5,726,044, the disclosure of
which is incorporated herein by reference. In the Exanples disclosed
herein, high levels of Fc-Leptin fusion proteins were produced. The initial
cl ones produced about 50 Pg/mL of Fc-Leptin, which could be purified
readily to honobgeneity by Protein A chromatography. Expression |evels often
can be increased several fold by subcloning. In addition, the Fc-Leptin
fusion proteins could be cleaved and further purified, e.g., by affinity
purification. As stated above, it is found that when leptin is expressed as
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7 July 2003 -20 Additionally) many protein |ligands are known 7T gulpR0@Bto
their receptors as a diner. If leptin belongs to the class of dineric
protein |ligands, the physical constraint inposed by the i munogl obulin Fc
region on leptin would make the dinerization an intranol ecul ar process,
thus, shifting the equilibriumin favor "df "t he di mer and enhanci ng its

bi ndi ng to its Asaepharin, Besdrei femedsirehas so aspeafic anlingericmiacdid evhere o
standard regonbi.nant. DNA t echnol o to the noner at ropriate places to
Stabi |1 ve PRI PR AL Ba Ed ety PRAC TR AR bfetonsn b Sh e or
protei ns obe dddersiodd @it tHeNImATAYEIGBul FERRE@bn inBlR@ing afkasCd peHieds Rk irdgfon, AS
denonstrated in the ob/ob nmouse m)d,elq) an intraperitoneal or subcutaneous

i nj ection dfH3 demaig/ardpddls drmaigytypieallydpms dimen aoy grassip fizaedizee kaovmse i n
was enoughy; | e i T i : red

N Th T he e P A S Ek DR X Qo BRI, WEXoe I o oo
al . ( 1995Fc-Baneidiale wididli@atize tblalrhech gatateg exter(t, s B dBE@H NG 26@5s5813; Chebab
et al. (1_996 TURE | 2.3 t .8 i h,et. al. 1

ENDOCR NOL O it g e ey bedsiiy MUNDGIer Bbicfts e By Fopouta,

t hr ee ti nesakexb&HigherikationdaSetrapiol Qulb progék preutlg shifiing thehaquitlibadar fayor obthe b

mce injected dajly with Q.2 / muFc- nuLeptin for over four nonths
still respé‘ﬁﬁéﬁ“a‘ffﬂgﬂ}cﬁ'&ﬂgﬁq’t‘?ﬁ?‘fg‘g’ tF‘?E’&?"r‘fﬁnt, with no detectable side
effects. Indeed the mce remained vet ealthy, with dec sed appetite and
i ncreased t her rr‘bb‘é‘ﬁ‘ég‘]f’%‘"aﬂﬂ 9rgc ‘?P(S‘f‘ofy ug T‘F‘W‘{%é‘é"f‘“ ot OPIYd{Iﬁﬁ’BK‘gFﬁ eptin
results, tHgedistd, fof ekfinfOBHA HE NG:DEnd'SHQ AVROM WMEH MpRkert RRLRIRLA RPSn Of

Fc-Leptin of the invention provides nolecules which may denonstrate ’
i nproved edrdirauring lepiiay respeetiveh) et alsatvadastseasd bipagiive fragmentstheredfy Thotermyr ot ei ns

of the in Is Lol j o ' o) 5
o1 kg oy FopnaE AREN BRSO Sl il Ol s PLRDG Do R BRI &7
| east abouleass 30%y andsnost petferablynitderst 90% Of Ui babvgichl dstigtyanfithe maure, tan@iter abl y

about a 12% (about 6 gra r_even rre prefergbly about.a L S% (about 7.5
gram | ossiB “?rﬂg"’i’Fﬁ‘?ﬁt "B%d’?' °g‘$t?(.’b ‘%55"189% ﬁ%‘ﬁw,"a'faﬂg"?c FoR“BPot ei ns
of the i nvaidtalle: vana@s, 23wk stief fReluldily odthRiak bPfonaiatu@al akeurfitg dEa, fét. 1

ng/ kg/ day for S days to an ob/ob. nouse having arl initial body weight of at
| east aboufxesplegerrfatedibypspeticapgineerne piPtogols, gt are & lepstifye simflaror 8% er abl y
about a t QeAkchio PRI préfeQbR leall 758 SMilaNdrS SR i@nBERARNY BB ferdbly ac384s{ g9 UL
7.5 gram) loss of the initial body weight. Such dosages preferably result
in a 10- 20sntlerdudPYeddentinaliio dighapdheyipturalixescurang sequenaesas heptip liselosed hereigent
invention provides constricts having various structural conformations,
e.g.) bival ent Terdetamninewdiethst a eandidata polypeptitic fray the reguisitn ferdentage simigagiiiserr uct s,
and conbi ngt. | t i f i of the
7 ul'y 200008 4 BEGEL polbbHRal RE AR il o SEpLRRAN e R bER |
ant i - obesi dcid genadnes are fira aligned uping nieddyinamiz propgedmming elgsrithmiiesqibelsie Stith and

i nvention SO proyjdes t hods t production . of | i non- human
speci es aswﬁf?“f‘%ﬁ%#ﬁgrﬁi oL }\&g[%ﬂ&gﬂglcgﬂﬁf‘ﬂmﬂdﬁ?’&h" gﬁé?@“ﬁ%s‘ﬁ’ﬁgmﬂfé‘ef ul
for preciinheidldestiveli iR FiQlre b 8PHeMKORaRLREiIRHH (1 989 Y Antif AdKiubititdtios iallices of
a protein drug must be performed in ani mal nodel s¥stems before testing in
human bei nGam PRt¢in kigksy: BRQG. AATRy ACARERSTH Y 8% Q1519 nEoetheresentot work in
a nouse no S . 1 |1 Gl i .

i bt af ol 3phiOfriRE GHEL o Tgep hlon Bl TR 07 P EGR e Pt

Ther ef or e, the Bap edpnsion pewlty iDus €qmmita progoans, pedordang alignmentnusirigrtialgoritne es

be a better.surrogate for, th n.protein for, t ing in se nodel
The presentf ‘W%%feﬂﬂmb%f’%ggaﬁmﬁgmfﬁ' St"f'heaélﬂfcn(g&%%o%msugﬁg})#g at ed
condi t i oNSMARAuIEAGRAS, ITEIE Bhgliyd) 28 tdthibéhlly dvallitte JAWAvidERNAse@ by Plogt ei ns  of
the invention to a manmal having such a condition. Related conditions may

i ncl ude, bikilledrivthg@dft. | inited to, di abetes) hypertension, heart disease,
cancer and related disorders. la view of the broad rotes played by leptin

i n nodul ati ng neuroendocrine responses (Freidman and Hal aas (1998) NATURE
395: 763), the present invention also provides nethods for treating
conditions alleviated by the adm nistration of |eptin. These net hods

i nclude adm nistering to a mammal havi ng the condition, which may or may
not be directly related to obesity, an effective anmobunt of a conposition of
the invention. The proteins of the invention not only are useful as

t herapeutic agents, but one skilled in the art recognizes that the proteins
are useful in the production of antibodies for diagnostic use. Likew se,
appropriate adm nistration of the DNA or RNA, for exanple, in a vector or
ot her delivery systemfor such uses, is included in nmethods of use of the
invention. Furthernore, the constructs of the invention are useful for
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-22region) Fc-Leptin fusion protein may have a very favorabl § dulw208
distribution and a slightly different nade of action to achieve clinical
ef fi cacy and even overcone |leptin resistance especially in view of its |ong
serumhalf life and the high dose of soluble protein that can be

admi ni stered. Data from subcut aneous injettions in mce suggest that
intramuscul ar i NPRGHhOAGEnBntHERRRE tieRerdidhid¥ad RGBSk Yeqhibhie 85mhdH, a ptikediBY

al so be desirable to admnister Fc-Leptin fusion protein as a nasal spray,
i nhal ed pr epigrlatitysRIre sy bacalpdeted Bie indjwdunl gipino peids ofcaghcsequsnes #re compypd
protein is Loubfiapfilalddeh i@l BalhR! RRRNAL Ml BLOSUMELLMHiA O
formulate the fusion protein so that It Is aggregated into small particles
t hat can uneerregpendimgris theywo ghigned emowacidhes 2k 02 sygati teaivimdper, TieepalDivise

constructs iR'{ilaxq ry(?org ?sn &E‘ r, gﬁlgg%‘scl e taqrqw{sg %ﬁg\ﬂgrﬁtg Qco l R ?()C afncliw ?a uusm Cz;n Ssc(‘?repar t
of a gene therapy protoco G del I VBT Nnucrelc acids enco I'ng Teptin™or a
f usi on pr ot sithe sansfithepdir-dvide siediarity Bh@ed ofvierdiped afndtacide s TRxpwesssie@ieniect or s

for in vivo trapsfectjan and expression of leptin or a fusion protein
const ruct -t PR Goarins by i numpber shapino sctd® inc smatigeeniB sanglacsr

suppl ement  tfgercd B&ubids. Ofhel RBhAIRed BXICEE Y ROpLRASHhULLP. Rftech@Blelyl o OF
fusion protein constructs thereof, nay be admnistered in any biologically

ef fective cealgylate a pescent idgpiity £the aHgned ABiRO agidscad AIsh SEQurens 26aip atsl comppired
effectively VR t [ r falsi.an.:prat ein c r.eof
to cells i ns%?{t/dggﬁ)ﬁplg?gac %AS&IPJI’?C u'g)gﬂlgerﬁ‘géarl’tt@r?ﬂg}{lp{ lr&i&eﬁ{st %ﬁ%ger(}? Eégh‘gh%rﬂ’%\? iral
vect or s i ncthagaingviseddowity scanetis 1.6t Thydamidmbty sedeistha sumxf tiedidasicalsdigaddat ed
virus) and herpes. sinplex virus-1, or reconpi.nant bacterial or .eukaryotic
bl o de. 1 o8 S HisRtesnet (b vp e EFRGRAREk &Y BF Pt Bl 5Bt £ on
may be provihdeslalid? obihe 2ididte diYefadiceSuduendah. CTHERBMSAlizeH ta®GLor¥ iy the Percent

| ocal ly, as,by._injection, inplantation or topi-cal fgdn‘i nistration.tg a
tissue | ocufady- ngl%rrﬁae_érifletmé arg ignogedferfhe puspasgs o calgiiainapercepirimarity e
conposi t i ONarddSddriiey €A RbRIHHE GaPFenSIRk£4r8 Aot used i thistalcRtidd) bIIRMNBR LS are used

subcut aneous, ophthal mc) i ntraperitoneal, intramuscular) buccal. rectal,
vagi nal , i ntrthowiial alignnient r acerebral , intracranial, intraspinal,
intraventricular, intrathecal, intracisternal, intracapsular, intranasal or

by aerosol admi nY&iengmiayraisotinpdudeothsoleptin mueips kavingdentp-lkonpiivise Sepdenr  of an
aqueous or {0 i I i bl e i ensi | 1] S)
the carri er%%ﬁfeﬁgkgé*“s%p%%? ’g{i%g*?“cdé%l“g‘!‘ ‘ggﬁ@g@‘gﬁﬁé&g’é’&%@ﬁ}? r%}egge |%%l§'n to
dgl [ verly of’?‘l?da'es datintseiclndepotsird 11<ﬂrﬁntitafl td”lﬁmaﬂgx}chndbu);c :eptidSﬁpTrtwt (sed, hi@r W:c Ise_ g
adversely affec t's electr t e andl or vol une nce. e fl ui
red um 1 or - PHERESHe DNASE s Srpr e asi PR s el grecies B Rlcieotdf 1)
Z0os - 23 RKyedmréy déticies AIRSGadanleshdlod EMBladatadiseq forlek@nfle sindér dpeazsion ns of
the invention are within the range of 50 ng/m- to | _g/m-, nore s)&gerably
5 ug/ nt to BUebeEITA873 rarennrgmasias 96480 (Pardrogiagiien: q(’%zi‘b(%f‘i’f?’.“ PR} r ed
dosages per 1., St i 1 . ] i i jins of
the. Trvent] Gae Rl T es ke B, Do R e B DT R oy
20 ftg/m |0621231(@risarieniF0828A0 (Gudfegaios)yARIBOSY d MaleagrigalopayodpABG20986

Gosages. may HE-dRELRHNBOTSOF Gt PR b AR CRT P mindiaP it AT o EAR s, o

of skill i ndikdi6sustslof whith ateliN@ioraded hetein by tefckdnad. ed further by the follow ng
non-limting exanpl es. EXAMPLES Exanple | . Expression of muFc-muLeptin A
sanpl e of NRNA vasthpimRe tiedeftind8idche: that cofptites: poftiod onall 8Bthe EmééBubsaqueine
and the nmRNA reverse transcribed using reverse transcriptase The reFuI t artt
cDNA was us¥d ford ip SERIIRNO T wherpin| helapundies aiflesst 307 0Fs RRterabtyref st e
and adapt t ' 1S sCIPH LD [ z dd e LoN
ot oi n - Tha A BB AR S TR P IR
( SEQ | D NO. dg¢rmined eisiag tlizebinboomse moGECHREoaxnms sequence PESEQADNQ:0, was | owed
by TAAA encodes the carboxy tern nus, of the i negl Qbul i n,heavy chain. The
sequence i ng%‘SP&d&?&gg'g“ stcﬁ%wﬁﬁstrgépﬁ?%{aosf“ S‘P“Sﬁﬂ%em ‘é'g\uf“ﬁf‘ ’ Cthéparné?/eé?(gvé’
prinmer was 5° CTC GAG TCA GCA TTC AGG GCT AAC ATC (SEQ I D NO 10), which
encodes the Cterm nal sequence of leptin with its translation STOP codon
(anticodon, TCA), and this was followed by an Xhol site (CTCGAG . The
resulting 4S0 base-pair -PCR product was cl oned and sequenced. Sequence

anal ysis confirnmed that the product eacoded mature nmarine | eptin adapted
for expression, i.e., with a Xmal site at its S end and a Xhol site at its
3' end. The expression vector pdCs-nuFc-nuLeptin was constructed as
follows. The Xmal Xhol restriction fragnent containing the marine leptin
cDNA was then iigated to the Xmal-Xhol fragnent of the pdCs-nuFc vector
according to Lo el al. (Ptto'cEtt,1 ENG NEERI NG (t998) 11:495). nuFc is the

Y b1 o - b .



Cl oni ng- A Laboratory Manual ," Cold Spring Harbor, NY) or by |7 pay 2003 on

usi ng Li pofectarnine Plus (Life Technol ogies) Gaithersburg) MD) in
accordance with nmanufacturer's instructions. In order to obtain stably
transfected clones, plasm d DNA was int_rpjd_uced into the nouse nyel oma NS/ 0
cells by electroporation. NS/ O cells were grown in Dul becco's nodified

Eagl e' s nedhesm lowjapd eontlin, desusimdnka)) pief eangitang iddogs EpgRprpleytiedentinantne and
penicillin/ in. - .were washed once with PBS and
resuspende&gl}lhg%%g%%&lgééﬁgﬁ%ﬁ%gng?s ﬁ%ﬁﬁlﬁé%r'i zed plasmid DNA t hen was
incubated with the cells in a Gene Pul ser Cuvette (0.4 cm el ectrode gap,

Bi oRad) on'PEErPolatanidt *&( Ett Fopdrallphvudd” gertdrnetf i8ing a Gene

Pul ser (BioRad, Hercules,” CA) with settings at 0.25 V and 500 | .tF. Cells
wer e al | owade tvai rnaeoam@r 1 feORsnl Bsgniine son Hi<@hr &hb efer Wl céert Ry wer e
resuspended i n growt Fonedi um and the® plated onto tW8 96 well plates.
Stably trapsfegled.clangs WeS g.5aLLeled by, groptil, i the presence of |00 nM
met hot rexat e (MI'X)3s ich was I ntioduced two daysspost-transfection. The
cells were fed every 3 days for two to three nore tines, and MIX-resistant
cl ones appé&8Y é§2i' 250" WeteRE CBuplr hat &ht S3f r8mCrditds*Here assayed by
anti-Fc ELISA to identify high producers. Hi gh producing clones were

i sol at ed amdu prepagataedxdansgr vaw hsmiei 4m Gomtlde riemgiab O0GpNMUMTX. For routi ne
characteriz8tion by gel eletkrophoresis) F& fusion protein® in the

condi ti oneg, ad} a..0e(g £PL 86 AN REOLET Ry AxserhangsesRepl i gen, _
Canbri dge, MA) and then gl uted by boilismg in the proteias sanple buffer with
or without 2-nercaptoethanol. After fractionization by SDS-pol yacryl am de
gel el ectr 8phdrasics Jaapepiees3® the it 81 it Bahds™ dgh &4 tal i zed by
Coomassi e staining. nmuFc-nuLeptin had an apparent MN of about 50 kD via
SDS- PAGE. Rer Leurdlhirat $gnXaat iy feasMonGpr vdkeivab Alerleu Feunkkat 0 Protein A
Sepharose fol | owed®by el ution in'# sodi um phospHate buffer (100 mM NaHZPQ, ,
pH 3, and ha® dIMMNAGL. Llheinehipike vasxihem iLsuedh ahelgernsmt raii zed with
0.1 volune of 12o0M Tri s-hydrochisi de, pH 8. Eta®pl e 3. ELI SA Procedures

ELI SAs wer aausceg to determ ne the concentrations of protein products in the
super nat anf gs of °MI'X-resi stant clones and other test sanples. The anpbunts of
human Fc- and marine Fccontaining proteins were determ ned by the anti-huFc
ELI SA and the anti-nmuFc ELI SA, respectively. The anti-huFc ELi SAis
descri bed (SEQE NO: 20k wboreinmptiaually &n@ qan be égpr CysyXang|cgn bpoge. TrpKiin pr Hgp

rmuno. Ros Sare g L Abs e ki (6100 0Pl BB Al The SIS ERTR

pL/ wel | i nGivued peppidectiond, X440 canl rrBenar Add, 2dae3 Iaxibe bypir. Argo X880 cph bt dgg aer e

covered and_i ncubhate t 4C,overnight. Pl ates g h r hed 4 $ipges with
0. 05% Twoe kYt TeEERCs5 gy Aaorcsd EiakShgos GG HF e TR TR ot il
PBS, 200 plka®d $er o THrEKadsB carid A@NLywiok Gl Naadol cas ké Ngord Nl f Xda6alcaBBlé or 2
hrs, the plates were wa times with 0.05% Tween_in PBS and tapped dry

shed 4
on paper t §#bXgactxan b dapaihr.dis. oiAly Xtk brbreer MetaXaws sar e Lout Yigbdy
Test sanpl 5,046 bd it 5atiGn BE RRS: GHENGEM Lalbk ¥2Por MetS KiPI4CcaR BE V.
whi ch contains 1% BSA/1 % goat serum 0. 05% Tween in PBS. A standard curve
was prepar 8d onlety XaaTiambe S onhla, el clivibe Asncor linXaad9can be heu odvad.e¥rabat i on

of which was To . pr e andar d, cuw v serial diiution re made
in the sanﬁ?’éﬁ%\lﬁé‘? t éPagggéﬁﬁa‘ichéf&gﬂﬁmgﬁﬁ’%aaﬁg)ncﬁf‘ rﬁ%%ﬁ'ﬁ%"i@g °ﬁ§f ‘?ﬁ_ to 3.9
ng/ mL. The Xidhl01tcasl bs ANDVaiSor T0E] Xah HRdaT BhSAgRE Seraialetd3 tan el Gly [k All€ Xad 0I5
pL/well) and the plate_incubated at 37C for 2 hr. After inc bat){iagrgd t he

pl ate was GRsPRe@lugr Glingaalfowcan be Bryoferaplafs: Xinlphegn bedheday aRerq- &q3an

added 100 wl G ol A\, REAFDER 0 @95{ .g%g%(&ltlf'@anmr@lﬁrﬁéﬂio? Wal, Xaal18 can be Leu

per oxi dase- conj ugat ed anti - humah | ackson I mmuno Research), diluted
around L : of Sy, 3803 i gan ba A, BhberfArerXaaTRean ke bla aliSei, Kpah36oan beMes el dar y
anti body has to be determ ned for each |Iot of the HRP-conjugated anti-human
| gG ARer incubation at 37C for 2 hr, the plate was washed 8 tines with
0.0S% Tween in PBS. C. Devel opnent The substrate solution was added to the
pl ate at 100 pLJwell. The substrate solution was prepared by dissolving 30
nmg of OPD (o-phenyl enedi am ne di hydrochloride, 1 tablet) into 15 nL of
0.025 MCitric acid/0.05 M Na~HPO, buffer, pH 5) which contained 0.03% of
freshly added H G . The color was allowed to develop for 30 mn. at room
tenperature in the dark. The developing tinme is subject to change,
depending on ot to lot variability of the coated plates, the secondary
anti body, etc. Watch the col or devel opnent in the standard curve to
determ ne when to stop the reaction. The reaction was stopped by addi ng 4N
H SO, 100 pLIwell. The plate was read by a plate reader, which was set at

AN N o ~r—~N o v L o - ~N~ 2 ~r—~N



7 July 2003 -26The procedure for the anti-nuFc ELI SA was si ni/lJa,2008cept
that ELISA plate was coated with Affini Pure Goat anti-marine 1gG (H+L)
(Jackson I mmuno Research) at 5 pg/nL in PBS, and | 00 uLIwell; and the
secondary antibody was horseradish per omgase conj ugat ed goat anti mul gG

( Sout hern Bi ot echnol ogy Assoc.) Birm nghan) AL), used at 1 in 5000

di lution. BEX&s ke Ae, ERpr@bsP(e#38fcalhh¢:6rgm@pIXaﬂmmweFt&tl oCk¥hl, o X@ad#S Cl one
cDNA (d ontcgf(beGPq)Lg |to) CA) was used as a tenplate for PCR to cl one and
adapt huma eptl n c for expression as a huFc-huLeptin fusion protein.

The forward pri RS gg@ | D
NO 11 ), \/\/neremt3 e seqeax(‘abr?c%:l C@T@?rﬁ r%g@éé‘-ﬁgﬁﬁg% Saqtla-%g 5'&@5&
car boxy t erleptinu$hoxjuctehtade sepuencagleotndingrand elwzymoch adidhseqirgick odefalinghuswgushce
(in bold) encoding th mat ure ptin. The C CCG GG sequence
is an xnal TUCE] ch'f?m%mglafesc fr?lfyil %@QEBE«%M Ignt nutation (Lo et at.,
(1998) PROTEI N ENG T1EERING,1 reve primer wa ' C GAG TCA-
GCA CCC AGG GCT Tesdese W‘E‘%S%ﬁ%mﬁ)‘e eXRESSH 35 IIEOES Wé‘ﬁf‘l‘ gT & Frgdon of
sequence ofantuhau&@rob@wlAst19kmvnusaa.fminﬂmbglabuuntﬂéawt&ahrcanﬁmtdgm CSIQPsaqodon
(anticodon) TCA), and this was followed by an Xhol site f#é The
resul ting 4o oplicsomains. Brsdomains e najped %ﬂ'emélwcfo ltawsi€ éepge EHae
anal ysi s cwrm)r mcbm@zqut:&%s emelH&wy%ﬂmqﬁqamﬁmwymlhm‘ﬁ aglapt ed for
expression, i.e site"at 1ts 5° end and a Xhol e at its 3
end. The expn@s@lqbnluvdeas@a e. gd (nyﬂﬂimormaoagﬁ in hqmelogayn 1 the @f@dioaemfaﬂlg@ws
The Xnmal - t.akni ng the human | eptin cDNA was
QB{!I eglfﬁ&dl t&&h (ﬁ—i%«iomaagn %ngan{'& Igt .

ligated to nent dCs- huFc vector accordi ng to Lo

| (PROTEIN,EN-t 1 ~EEt ¢ | 998) 1 | HUF
r agmen§ of ¢ he e iIn S t?tﬁ'g‘f"“m '?b“““#?é"g‘% df?’gﬁfs?“g B‘Fmrm

pdCs- huFc hithptyi- lhnnMEpoﬁ&ﬁd)fTa@uﬁxﬁ&i’tfgi&ﬁlm BRdiNedns@nt re@bd, prdferibly Be expressi on
of huFc-hulLeptin, npl e 5, Construction of e;{/ﬁ‘eesm on vectors for
muLepti n- nﬁPB‘“&?ﬁH’bHULEﬁSW?PaG?’“@é‘P‘I‘F&R‘éP‘ Aferuo feRk lT"éﬁl‘?"i"P"cH\lA was

adapt ed f ofim@XfdeRbaliPFec RgioR nidY k&Mpdist 1TRH if dbwtaAD a R Rt rbxnm&ﬁﬁb@.
f or war d p“;g%:g% PR 2i0R il oBBpd VT dHAT 2 ‘ .
A

GIC CA SLE?%“D NO 1421
i ntroduced idemaip @ydpp@idy dengia, 3y CH| demain gnd HeHS danaiget)adritdamrinan
th t |
€ mature "d:ﬁzec{omai[;&“%esgfa gxﬁ{)fmgl'_lﬁoe ol WD Br MSRUSRRES aléd‘aléAﬁl%ﬂ)A\T%B%lgAg\ i

encodi ng the signa reverse primer, TTC AGG GCT
AAC ATC ( SEegiorD INCprefeired embndlmdud@dmmnﬁglowusﬁqregibmmhrét@dt}eadmmst r eam of
t he sequence encg@i g the carb c 3 i -2~ ternk! lﬁ fkst rine

| eptin wit AGHH"ERa" °cr8%f8?13 O"Eaé e'ig °ﬁ'&é"| 5‘} y c% site
served as aommkiker-adaptor for an infrane fusion of the mari ne Iept| nto
the marine Fc, as discussed below. The resulting 450 base-pair PCR product

was cloned and Tieah&itsprefefadlutis efimnliiRglobllid fidf WRiChitictgaRnihaoastig t he
mature marine leptin was then used for construction of the -

pdCs- mulLeptegionisifegivedis deG Sepr(y ibclasses 1ha, i ijaifh@wctﬁobénj%szd agfing 3id

fr L'g'n{erE]f AP oL [ Grbrssorhe SO AT HOR B8 PoblY P gr raamii (Lo
ot 8l ( | 990 ARG 3ot oo kg doutpBudesy  an

Xbal - ECORV frag rrent enco he signal peptide foll owed by the mature
mari ne | eptlmmumg!dbolut, IgAdeOTRP (dgﬁiduaE (TB§) arddpM (fgi) Foayrbe used. eThesheineos'  end

of the muF t.he |igati.0 rog‘?ct of the.Afll h f t di ng
mari ne Fc %f%m%r ate '1’“““{“’@@%‘ ﬁ’%éf o\ &"}\Ifféfﬂ"ﬁﬁ disféigés’)" %ﬁ'ﬁﬂ} - ? gﬁ%{?ow ng
| i nker - adaNrs,54¢)087, ahd 8726184k . iTht hsite &yaRiculihithmaloghbaiin heey cain constant
region sequences from certain immunoglobulin classes and subclasses to achieve a particular
result is considered to be within the level of skill in the art. The portion of the DNA construct

encoding the immunoglobulin Fc region preferably comprises at least a portion of a hinge



EcoRl sticky end 5 AATTC GAT ATC (SEQ ID NO 1 b) 3' G CTA TAGIAZDIAI3 ( SEQ
TD-NO 17) Aflll sticky end The foregoing |inker-adaptor contains EcoRl and
Afl'll sticky ends) and it also contains an EcoRV site (GATATIi C). After

subcl oni ng) an EcoRV- Xhol fragnent encoding the nmuFc fragnent with a STOP
codon was isolated. This fragment then wgs |ligated with the Xbal ECORV

fragnment encoding the signal peptide_and the mature marine leptin .
(descri bedoRBBA Psferablyat ‘%b‘éFP%‘.‘BP ofj &é%tdeﬂa‘ﬂc?&q\?ééted\“mi%ﬁﬁ%‘iﬂ“@‘“’fﬂé
resul t ant agg(pﬂ?ﬁ;s[iggm%@ gsighel) desi gnated pdCs-nuLeptin-nmuFc, was used for
transfecti on of mamm i’an cells. For the constructi on of

IOFICS- m_JLept I n- ﬁ:ﬁéh@%é oh 'tH%‘&S}Sl‘idIHE& cohdtft P&%M&Qﬂﬁd Qfe&h‘f&h%n%ﬁm, for

| i nearized at the unrque ECORV site, and the follow ng unphosphoryl ated

| i nker wa$Xampemogse ¢ryralmayehejused. Bhe imamnegiabeimAcaegiometd aEofusion paraer ®  ( SEQ
ID NO 18 INKCS el %%%I @gﬁ - July
2003 -28 2PF]%DI\(%orresci,}tg%q(fgons : UCEY on was Conftm %“3‘%@‘%&@%%&@%@% ensure

t hat t he ebeiradnniuneksporsenubnbest beltlortamanaliapsest the dFc iregidnt) che e @¢@ion may be
orientatiaqn. e resultant .vector dCsnulLeptin-d y-Ser-|inker-nuFc, was
hoeq tor CredaEL ettt rps el S o Sxabie g Rt R RELOUH
expr essi OfFc képion Tt BPlided wikbr-the DS afih BF EdIt iIShYmPE likdviiSHk @ fhe infhiBlobilm
C-termnal_ cysteine residue of leptin is involved in intranolecul ar

di sul fi de Fo&igipnsan b vsed sbere dhohosy anmaligpicgll yall bepaeuss. probl emin protein

fol ding and subsequent secretion if leptin is made as a | eptin-Fc fusion
protein. To teNuclgie agidhsequences ¢ngadigeand apuraacidseqiences definigg f gyurine
miLeptin-p : los Re¥in $ethe phddbi&d of HFGvelRS At :
descri bedrl];:d}rrflﬁn %ﬁ%ﬁ%@?ﬁsﬁeg‘her eé)onst I‘(l)JCt le‘flco egsrgg&?% eH;'i lﬁ%ﬁser rich
in glyci né-fartbveear iné coasinglaes! thattothep smundpbabuleekr tegion sequenvds Fefd o ths t 0

al | ow mor g 1k QeH 8l Rhidd tay EPfLk ’fgr f%ﬂct tgﬁmsjée%h'éo‘h' $6 P%E:%ﬁé‘e”%q&e%'c d
correctly/ Transi ent ‘expression Inf g3 CEI ¥ Was “ana yzed Dby ant n-fukc

ELI SA, andisblésd éi the enbanka nad/yisERBlisdarabyades fhr example JAF055346.1 (dabyicd hor ser adi sh

per oxi dase- conj uga nti-nmu Fev, Jack oResear ch)
Gt - g AsaSA e P APUTId G RO R G
anti body, clriumsRRUBITBOSES R¥SYa), WU BT ORI Bis dMMedari(BY, ) 629V6 (BOY RdubusN1.07789
expression were detected in the supernatants of each construct. Analysis of
total cel (Mugaayignn) HARU(@rineriehd) Hdpo LG sty migretarivee 50T RO seres).
muLept i n- Weg76391 ( Hi%ﬁ&r‘umﬁﬁﬁecﬁaﬁ,y&%ioﬂ ? { S MG domesticAP e dS(oQucEd frnes
al so were isolated. The expresséd |evels of nmuLeptin-nmuFc (with or wthout
| i nker) washishate ingysporatirblpt refe@drice hereinof nuFc- nmul xptin. Furt her nore,
subsequent studies suggest that the Leptin-Fc fusion protein was not as
active in vivdfushenmnee, ids canemplated thabsubptiwtien o1 delsiian of mivingr asids withithy ob/ ob
mce were.jnje -intragerito | Ly wit entd n- / ay, no
o ani 1 cap iR RalPARk SRRER ol by &Rt Rhec SAnERNRHIGEY - 0
nor e ef f e Oné vxagiphakouldpd tolintheiuchafimo aeidtshesiantibissin die yppatCH = goond @eate 4 he
sane noieties and differ gnly in the order of th jeties in_each
pof ypept i s Ve i redugef) _P&mvt_y fq&é:aff??a_fﬂrs Golas b a7k hyygirvoss foofey Aedire( | p)
i nj ecti on oPdrdimhy Skillik itaktRad piéBare schdosthRB sl AR BdicQthdidtogy™ Ce)
whi ch wer(;: Enqrmzygous for the obese

cchniques.

The use of human Fcyl as the Fc region sequence has several advantages. For example,
if the Fc fusion protein is to be used as a biopharmaceutical, the Fcyl domain may confer
effector function activities to the fusion protein. The effector function activities include the
biological activities such as placental transfer and increased serum half-life. The
immunoglobulin Fc region also provides for detection by anti-Fc ELISA and purification through

binding to Staphylococcus aureus protein A (“Protein A"). In certain applications, however, it



gene nutation (ob/ob nmice), were purchased from 7ackson Labo7aluyr2®3, Barr
Har bor, ME. Two m ce per group received either muFc-nmuLeptin or only PBS.
muFc- muLeptin was di ssolved in PBS and admi nistered by daily (daily for the
first 12 days; and only Monday through Friday thereafter) intraperitoneal

i njections. The anount of leptin inject ed®ias normalized to 0.25 ng of

| epti n per nkay Healdyirabts g litle@fspevificsdtecidhana@nt from tigrimmpnsghaieiliv €d rdgidaSswehl y .
Al mce wer e 7 Jukl’,{é .2003 - 29al {ﬁowe[ ad libitum access to food and wat er
and the body THECGHPT HALRGRIAQTSAGPSTFTY A% e the injection. Over a 4 nonth

period, the contrgl group (squares in. Figure 3 . @ Steady increase of
056 i’ body. vl Shine (T BHITRBRGOr BE yetion. S baRoninTsrray ey proer
i ntraperit gsl@imk off Bjea€tinGRotdih dAEI-aBliteagitin'pri@ids dud 4BYanRetUelubEy lolhdRdYe
wei ght (from50.5 gqagq 28 g) over the first nmonth) after which the body
wei ght st aBqistigadt Jastip Higrexbacelulagmediondinersthe ipomngelpluligyFc regionis t he mice
fo over 30 S b RaLy B e KRind RO BORIE Solubie bk it ey once
in body welgpessedirebcteriahoz® DjMaychieial §)sS, Patent Moo 9266 Fingurved Bie
the tirst eusiBEnadR ol urete S suS onf o Ele Spdhly Wi e O
limt. Aft&weling@hedisvdieie, pontt @) difieptiadetyn Sw#t gitiehwits] Tieasesard t o about 30
R
resul t's of WaWIEEr 8! bedhuse EVRIOLYIREd @l hightyl 8T EMRRIRBNG G heads 1190) ,
whi ch showed that food consunption of ob/ob mce receiving |leptin treatnment
at 20 ngy/ kgcts asueastento selphilizedentine ¢1sya resul. Igptin qgnigining fysiopProtEin angsimplegely
Tr eat ment A ] u L0l echl . MUEC- muLeptin
9$lu&9.1€§q%%%8@%%%|[@? %@g@pﬁmﬁ&yéaﬂ%g&%&@%&hé@

Subcut aneous 1 nj ec n was fou as effective as

e et oneel LA S0 0ud AR B A A BB DA 0,

uring

si x week ol d ob
by daily ( Metadylopies GughneFatingthe Rerflision BQeing ueefitl ircthe pridtiee afithel iviventin. [Thpt i n

i nj ect ed lized to 0.2S or 0. L ept i i ght of
ouce. Al ThEER GBI E TS A BT AR 008 168 R et ana *t e

body wei ghinwgsedRasedpeddsidaidcor) @hdéxpresied th pjott the Musiodfdrétkind of Hans¢ntione
mce receiving 0. | and 0.25 ng of |eptin/kg had a reduction of 14% and 22%
in body wefghFed heé%ébwwwt%ﬁ pas _dé%wgmya‘f%w% RaERpPiRg 2 PEdeHAs a
15% wei ght s@@ieitbe cBRBeERGS BEREorpbraled @flo 4 RERKA dnll tdBeGEohBfifel With dndirtegrated
injections is simlar to that in mce receiving IP injections of equivalent
doses. Exaifd thedostoel genoaret orgd replitasbauionoaobsly aanreaisema usch vegfors imclide i on  of
muFc- muLept:.l.n.l ntL.a oy 1\) . injecti . Fe- i 0 to be
cqual 1y o Vit nOQEEXERE hsrial) nnalloREs, O, RRAEEN iRt veliglPing WG, (0 7
per gr oup) Nwa#imitihg etagtplasiof h viska ivegtor iktludej aretrovinns anhdenavims anl pidenv-at 0. 25
or 1 ng of leptin per or. PBS. Al! mce were agllowed ad,li.bitum access to
Pood and waTERas o TRy bt tTm B e aaT 05 Py oL8 A PRt | on

Treat ment PAamdeds@BA emadn RE ua'ﬁxsdgmsn oPADNIANRqRACLY triela@di o fEARI ThRN W EhnERipb e
recorded daily. As 7 July 2003 -30shown in Figure 4. treatnment with 0.2~

and | nyg/ kaddbsectetipr phandic fusisnprateitapedust- (tri angl es and circl es,
respectively) caused the body ~eight to decrease for the next 48 and 72
hrs, respecti vefyusefihexpeessiersvactos ispaég €lsa ertah 41988 RROTERY ENBINEFRING 4 1:49 mitheh

| onger cir ing-half.l.ife tha rinecl i-n . [ s
froquent . doiseBbsyay Rt i ol bl bR oYy RERE bl of
Treat nent géneahilioés it exthatidet/profoket ofithk Bwhan cySonidpstedruseekthy S¥40 once eyery 4

d~ Figure 5 shows the effect of different dosing schedul es on the body
i ght o BHFBIFALE siEgbc e Slacy, and PSS Soee SN B oS
di amonds) peeek4eeri CedXRATBhIDLAESs 601G+ f HRREJuBnck Profided fnBd¥ha@l e al. (1985)
muFc- muLeptin by SC injections daily from Monday through Friday up to point
A; from pofCHtL AL, thsidisclasure |9 which i iaspsgoryed hargihyt refsrengta sThedggieettsa o Monday .
and Friday only; thereafter) the frequency of injection was increased to 3
ti mes weekly (Monday) Wednesday, and Friday). Another group, also
consisting of 3 ob/ob mce (squares), received 0.! nglkg of marine leptin
in the formof muFc-nuLeptin by SC injections daily from Monday to Friday
up to point C, frompoint Cto point D the frequency of injection was
reduced to 3 tinmes weekly (Mnday, Wednesday) and Friday); after point D,
however, the dosage was increased to 1 ng/kg once every 4 days. A control
group of 3 ob/ob mce (triangles) received PBS daily, Mnday through

Friday. All mce were allowed ad |ibitumaccess to food and water and the
body wei ght was neasured daily before the injection.




As shown in Figure 5, 0.25 ng/kg of nuFc-nuGeptin injected SC7tUbly@e08i nes a
week (Monday, Wednesday, and Friday) was effective in stabilizing the body
wei ght at about 36 to 39 g for over 9 weeks, and 1 ng/kg injected SC once
every 4 days resulted in a reduction from5 i g to 34 g in 4 weeks, after
whi ch the body weight stabilized at between 30 to 33 g. A dosing schedul e
of 0.1 ng/kg 3 times weekly was ineffecti’ve in reduci ng body weight. These
resul ts sugmnesids thhatiadedihydrdfolaeatduofase gehe mafseledtioh @piited (SimBnden ARE ESEAdOY
given its | asting effegct en injected at an appropriate dgse. Exanple
11. Treat n@ﬁ?ﬂtﬁ‘o&%ﬁglﬁc@@' gﬁiuﬁ\g‘ﬁ/ﬂﬁ:ﬁ“‘#ﬁ g\ﬁﬁﬁflf’sﬁ'“’rﬁ?l!@-' EE‘B?W?GS‘C{?&%H son
W t h ob/ obrefdr&ie). Nor mal C57BL/ 61) C57BL/ KS and Bal b/ C mi ce, and diabetic
C57BL/ KS db/db mice (all were purchased from Jackson Laboratories) Barr

| - (arbor, ME) aAd agpespriai@idst@ail kb teRRgaYhel BF RiagiBetdd WiliRih: DNK g@ﬁeﬁd'eto@ aRal
i njection or subcutaneous injection of rrch-_rruLeﬁ%li n in PBS. The anounts of

| eptin i njB¥eneign.ged atiligsd fof the eprasgomandr pagregipn of thetagget pragini (Cusentlxg body
i ght of ' bled . - ' 7 2003
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within the lumen of the endoplasmic reticulum by cellular enzymes known as signal peptidascs.
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results shown in Figure 7 show that the huFc-hulLeptin (di anonds) had a

| onger circulating half life than huFc(N-~Q -huLeptin (squares). 7 July
2003 -34 :



Equi val ents The invention may be enbodied in other specific fpuomp2008hout
departing fromthe spirit or essential characteristics thereof. The
foregoi ng enbodi ments are therefore to be considered in all respects
illustrative rather than limting on the invention described herein. Scope
of the invention is thus indicated by tﬁégéppended clainms rather than by

t he for egoistigiladle &Chicptth©Fs fusiofs Bdstd 6418 G2 Seidencd? caOMEpIXY dupedbet he neani ng
and range o&ygguiya[enc of the clains are therefore intended to be

enbr aced t PBFBYGpkinetics inhyumansno3 - 35 \Wiat is clained is. 1. A nucleic acid

encoding a fusion protein conprising: (a) a signal sequence; (b) an
i munogl obul i n ‘f‘@"?‘éfﬁ de‘i’gﬁ &y ﬂ)&gtsﬁfg atc g8 eéiarﬂ’f%‘é’(ﬁﬂgrfg“é‘v%ﬁﬁ? figrppged
leptin. Wiggfeth B@iedretibl BAaket@ AHY AR Srger RbtEini MULRGLQRH hicVides for 8 ipRiledttlcd
said target protein sequence are encoded serially in a 5~ to 3 éﬂrectlon.
2 . The nuclayage elcdhejenspded fusion projgiethes seramtioe thakademrinifiom the Reeet prglebn As
Conmpri ses g d'hmﬁpgg+t9§8iné edVafH&te" ?sg.ln(agrslogd to I-Il;p'd% aﬂHr?J z?c'icpsegfénges%%l'ﬁﬂrén t
wherein sai d i nmundgl o I n Fc”regi on conprises an I nrnunodl obuli'n hinge
regi on and peaferemintiyncedved by a procohgicanty hea\othat paiteolydio kieavage 4gentsT ligefalic| ei C
acid of claiq1 Mherein.saLdlinnquglo ulin Fc e I on con&%iﬁes a hi.nge
regi on and PRICIYSC §l5aaet sitcg inCludg aminprgcids sequepeps sthichy arg repqenized pr.prqtealyfie
i mmunogl obuhiymeduch 8Oir@Rin, plakhinat che@kinatdie. Mdny cHDARE §ite/cfeavagtAgend paitsaie
acid of claim1l wherein sald i munaogl gbu(in Fc region encodes. at

own. See, for example, U.S. Patent No. 5,726,044, the disclosure of which is incorporated

herein by reference.

In the Examples disclosed herein, high levels of Fc-Leptin fusion proteins were produced.
The initial clones produced about 50 pug/mL of Fc-Leptin, which could be purified readily to
homogeneity by Protein A chromatography. Expression levels often can be increased several
fold by subcloning. In addition, the Fc-Leptin fusion proteins could be cleaved and further
purified, e.g., by affinity purification. As stated above, it is found that when leptin is expressed
as Fc fusion molecules, high levels of expression are obtained, presumably because the Fc
portion acts as a carrier, helping the polypeptide at the C-terminus to fold correctly and to be
secreted efficiently. Moreover, the Fc region is glycosylated and highly charged at physiological

pH, thus the Fc region can help to solubilize hydrophobic proteins.

In addition to the high levels of expression, leptin fusion proteins exhibited longer serum
half-lives compared to leptin alone, due in part to their larger molecular sizes. For example,
murine Fc-murine leptin has a circulating half-life of 8.8 hours in mouse, as compared to 18
minutes for murine leptin (see, Example 14 below). Leptin, having a molecular weight of about
16 kD, is small enough to be cleared efficiently by renal filtration. In contrast, the Fc-Leptin
fusion protein has a molecular weight of about 90 kD since there are two leptin moieties each
attached to an immunoglobulin Fc region, wherein the Fc regions are covalently bonded to one
another. Such a dimeric structure should exhibit a higher binding affinity to the leptin receptor,
the sequence of which suggests that it includes two ligand-binding domains (Tartaglia er al.
(1995) CELL 83:1263). Since the leptin activity appears to be receptor-mediated, the leptin

fusion proteins will be potentially more efficacious than leptin itself.



| east a portion of inmmunoglobuliny. 7 . A replicable expressiduly20@3 or for
transfecting a manmal i an cei (, said vector conprising the nucleic acid
ofclaimL. g . A mammlian cell harboring the nucleic acid of claim1. 9 .
A fusion protein conprising an inmnoglobulin Fc region and a target
protein conprising leptin, wherein the fysion protein, when adm nistered at
a dose of about 0.25 ng/ kp~day for 5 dayS to an obl ob nouse havi ng an
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linked to an Nterninal end of said immunogl obuiin Fc region. 14 . The
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| east tvvofson roteins, of claim nt b The
protein off lfcéf’ﬁﬁ %é’o A Wh?"hctgm@?)r\%rvgﬁlf(h%otﬁ&al li’aﬁeﬂépytﬂﬂ%‘“‘h .
mul timeri Qe;nrroopenéymmr bﬁdir(gwa) steae:t 269¢8%0f Hﬂla@@td]r((w%b BGIEGdE ToF4m 9 ~
l'i nked via_a coval ent bond protein of claim 18 . wherein t he

coval ent HdKhab & ok (4P N‘“FH%E 95’?‘&?‘“2‘6 318 aunzihar gy (‘;?P@t%‘lbﬁcﬁf*’o'c‘?% m9

\gﬂf{lsggggl Z?Pg nmgalijr g@,q |tk of jeb G RIdIbS cB AR bifdetfined wekiBRitth dOREOf 0.25
mg/kg was used. Furthermore, ob/ob mice injected daily with 0.25 mg/kg muFc-muLeptin for
over four months still responded favorably to the treatment, with no detectable side effects.
Indeed the mice remained very healthy, with decreased appetite and increased thermogenesis and
locomotor activities. In light of these results, the ability to construct the various structural

conformations of Fc-Leptin of the invention provides molecules which may demonstrate

improved efficacy over the native anti-obesity protein.

The fusion proteins of the invention when administered by injection at a dose of about
0.25 mg/kg/day for 5 days to an ob/ob mouse having an initial body weight of at least about 50
grams, induce about a 10 % (about 5 gram), more preferably about a 12% (about 6 gram) or even
more preferably about a 15% (about 7.5 gram) loss of the initial body weight. More preferably,
the fusion proteins of the invention, when administered by injection at a dose of about 0.1
mg/kg/day for S days to an ob/ob mouse having an initial body weight of at least about 50 grams,
induce about a 10 % (about 5 gram), more preferably about a 12%% (about 6 gram), or even
more preferably about a 15% (about 7.5 gram) loss of the initial body weight. Such dosages

preferably result in a 10-20% reduction in body weight.

Another embodiment of the present invention provides constructs having various
structural conformations, e.g., bivalent or multivalent constructs, dimeric or multimeric

constructs, and combinations thereof. Such functional conformations of molecules of the



21. A nethod of producing a fusion protein conprising the step3ulpR003)
providing the manmalian cell of claim8 ~;, and (b) culturing the mammali an
cell to produce said fusion protein. 2 2 . The nethod of claim?21
conprising the additional step of collecting said fusion protein. 7 July
2003 -372 3 . The nethod of claim 21 conpiising the additional step of

purifywg sajd fusion protein. 2 dhe. method of. ¢l aim 23 conprising.the
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protein. 2afmmal Mddelsret hod of claim2 4 conprising the additional step of
cleaving said target protein at an internal cleavage site with a
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treat ment add/ar exbibitidiffarent phdrmacakinedcsitherttyeskesding the sistrrasultonThdrefoepthen. . Ar . Al
A2 CAYr. AL E. An . .

equivalent mouse protein can, under certain circumstances, be a better surrogate for the human

protein for testing in a mouse model.

The present invention provides methods of treating obesity and related conditions and
causes thereof by administering the DNA, RNA or proteins of the invention to a mammal having
such a condition. Related conditions may include, but are not limited to, diabetes, hypertension,
heart disease, cancer and related disorders. In view of the broad roles played by leptin in
modulating neuroendocrine responses (Freidman and Halaas (1998) NATURE 395:763), the
present invention also provides methods for treating conditions alleviated by the administration
of leptin. These methods include administering to a mammal having the condition, which may

or may not be directly related to obesity, an effective amount of a composition of the invention.

The proteins of the invention not only are useful as therapeutic agents, but one skilled in
the art recognizes that the proteins are useful in the production of antibodies for diagnostic use.
Likewise, appropriate administration of the DNA or RNA, for example, in a vector or other
delivery system for such uses, is included in methods of use of the invention. F urthermore, the
constructs of the invention are useful for controlling weight for cosmetic purposes in mammals.
A cosmetic purpose seeks to control the weight of a mammal to improve bodily appearance. The
mammal is not necessarily obese. Such cosmetic use forms part of the present invention. In
addition, use of Fc-Leptins derived from other mammals, e.g., bovine and porcine, are useful for

raising lean animals for meat.

It is not known if the Fc-Leptin fusion protein can cross the blood-brain barrier to reach
the receptor in the hypothalamus. f the Fc-Leptin fusion protein does not cross the blood-brain
barrier, then its superior efficacy as an anti-obesity agent suggests a new mechanism of action or

that there are leptin receptors outside the brain. As a fusion protein with the immunoglobulin Fc
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administered. Data from subcutaneous injections in mice suggest that intramuscular injections in
humans should be equally successful. It may also be desirable to administer Fc-Leptin fusion
protein as a nasal spray, inhaled preparation, dermal patch or eye drop. If the Fc-Leptin fusion
protein is to be administered as an inhaled preparation, it is useful to formulate the fusion protein
so that it is aggregated into small particles that can undergo trans-cytosis across the lung

epithelia.

The DNA constructs {or gene constructs) of the invention also can be used as a part of a
gene therapy protocol to deliver nucleic acids encoding leptin or a fusion protein construct
thereof. The invention features expression vectors for in vivo transfection and expression of
leptin or a fusion protein construct thereof in particular cell types so as to reconstitute or
supplement the function of leptin. Expression constructs of leptin, or fusion protein constructs
thereof, may be administered in any biologically effective carrier, e.g. any formulation or
composition capable of effectively delivering the leptin gene or fusion protein construct thereof
to cells in vivo. Approaches include insertion of the subject gene in viral vectors including
recombinant retroviruses, adenovirus, adeno-associated virus, and herpes simplex virus-1, or

recombinant bacterial or eukaryotic plasmids.

It is contemplated that the compositions of the present invention may be provided to an
animal by any suitable means, directly (e.g., locally, as by injection, implantation or topical
administration to a tissue locus) or systemically (e.g., parenterally or orally). Where the
composition is to be provided parenterally, such as by intravenous, subcutaneous, ophthalmic,
intraperitoneal, intramuscular, buccal. rectal, vaginal, intraorbital, intracerebral, intracranial,
intraspinal, intraventricular, intrathecal, intracisternal, intracapsular, intranasal or by aerosol
administration, the composition preferably comprises part of an aqueous or physiologically
compatible fluid suspension or solution. Thus, the carrier or vehicle is physiologically
acceptable so that in addition to delivery of the desired composition to the patient, it does not
otherwise adversely affect the patient's electrolyte and/or volume balance. The fluid medium for

the agent thus can comprise normal physiologic saline.
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sequenced. Sequence analysis confirmed that the product encoded mature murine leptin adapted

" for expression, 1.e., with a Xmal site at its 5’ end and a Xhol site at its 3° end.

The expression vector pdCs-muFc-muLeptin was constructed as follows. The Xmal-
Xhol restriction fragment containing the murine leptin cDNA was then ligated to the Xmal-Xhol
fragment of the pdCs-muFc¢ vector according to Lo ef al. (PROTEIN ENGINEERING (1998) 11:495).
muFc is the murine Fc fragment of the murine immunoglobulin y2a. The resultant vector, pdCs-

muFc-muleptin, was used to transfect mammalian cells for the expression of muFc-muLeptin.

Example 2. Transfection and Expression of Protein

For transient transfection, the plasmid was introduced into human kidney 293 cells by

coprecipitation of plasmid DNA with calcium phosphate (Sambrook et al. (1989) “Molecular
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[n order to obtain stably transfected clones, plasmid DNA was introduced into the mouse
myeloma NS/0 cells by electroporation. NS/0 cells were grown in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum, 2 mM glutamine and
penicillin/strepomycin. About 5x10° cells were washed once with PBS and resuspended in 0.5
m! PBS. Ten pg of linearized plasmid DNA then was incubated with the cells in a Gene Pulser
Cuvette (0.4 cm electrode gap, BioRad) on ice for 10 min. Electroporation was performed using
a Gene Pulser (BioRad, Hercules, CA) with settings at 0.25 V and 500 uF. Cells were allowed to
recover for 10 min. on ice, after which they were resuspended in growth medium and then plated
onto two 96 well plates. Stably transfected clones were selected by growth in the presence of
100 nM methotrexate (MTX), which was introduced two days post-transfection. The cells were
fed every 3 days for two to three more times, and MTX-resistant clones appeared in 2 to 3 weeks.
Supematants from clones were assayed by anti-Fc ELISA to identify high producers. High
producing clones were isolated and propagated in growth medium containing 100 aM MTX.

For routine characterization by gel electrophoresis, Fc fusion proteins in the conditioned
media were captured on Protein A Sepharose (Repligen, Cambridge, MA) and then eluted by
boiling in the protein sample buffer with or without 2-mercaptoethanol. After fractionization by
SDS-polyacrylamide gel electrophoresis (SDS-PAGE), the protein bands were visualized by
Coomassie staining. muFc-muLeptia had an apparent MW of about 50 kD via SDS-PAGE.

For purification, the fusion proteins were bound to Protein A Sepharose followed by
elution in a sodium phosphate buffer (100 mM NaH,PO,, pH 3, and 150 mM NaCl). The eluate

was then immediately neutralized with 0.1 volume of 2 M Tris-hydrocharide, pH 8.

Example 3. ELISA Procedures

ELISAs were used to determine the concentrations of protein products in the supernatants
of MTX-resistant clones and other test samples. The amounts of human Fc- and murine Fc-
containing proteins were determined by the anti-huFc ELISA and the anti-muFc ELISA,

respectively.

The anti-huFc ELISA is described in detail below:

A. Coating plates.
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ELISA plates were coated with AffiniPure Goat anti-Human [gG (H+L) (Jackson
[mmuno Research Laboratories, West Grove, PA) at 5 ug/mL in PBS, and 100 pL/well in 96-
well plates (Nunc-Immuno plate Maxisorp). Coated plates were covered and incubated at 4°C
overnight. Plates then were washed 4 times with 0.05% Tween (Tween 20) in PBS, and blocked
with 1% BSA/1% goat serum in PBS, 200 uL/well. After incubation with the blocking buffer at
37°C for 2 hrs, the plates were washed 4 times with 0.05% Tween in PBS and tapped dry on

paper towels.

B. Incubation with test samples and secondary antibody

Test samples were diluted to the proper concentrations in sample buffer, which contains
1% BSA/1% goat serum/0.05% Tween in PBS. A standard curve was prepared with a chimeric
antibody (with a human Fc), the concentration of which was known. To prepare a standard |
curve, serial dilutions are made in the sample buffer to give a standard curve ranging from 125
ng/mL to 3.9 ng/mL. The diluted samples and standards were added to the plate, 100 pL/well,
and the plate incubated at 37°C for 2 hr. After incubation, the plate was washed 8 times with
0.05% Tween in PBS. To each well was then added 100 pL of the secondary antibody, the
horseradish peroxidase-conjugated anti-human IgG (Jackson Immuno Research), diluted around
1:120,000 in sample buffer. The exact dilution of the secondary antibody has to be determined
for each ot of the HRP-conjugated anti-human [gG. After incubation at 37°C for 2 hr, the plate

was washed 8 times with 0.05% Tween in PBS.

C. Development

The substrate solution was added to the plate at 100 puL/well. The substrate solution was
prepared by dissolving 30 mg of OPD (o-phenylenediamine dihydrochloride, 1 tablet) into 15
mL 0f 0.025 M Citric acid/0.05 M Na,HPO, buffer, pH 5, which contained 0.03% of freshly
added H,0,. The color was allowed to develop for 30 min. at room temperatuce in the dark. The
developing time is subject to change, depending on lot to lot variability of the coated plates, the
secondary antibody, etc. Watch the color development in the standard curve to determine when
to stop the reaction. The reaction was stopped by adding 4N H,SO,, 100 pL/well. The plate was
read by a plate reader, which was set at both 490 and 650 nm and programmed to subtract the

background OD at 650 nm from the OD at 490 nm.
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The procedure for the anti-muFc ELISA was similar, except that ELISA plate was coated
with AffiniPure Goat anti-murine IgG (H+L) (Jackson Immuno Research) at 5 pg/mL in PBS,
and 100 pl/well; and the secondary antibody was horseradish peroxidase-conjugated goat anti-

mulgG (Southern Biotechnology Assoc., Birmingham, AL), used at 1 in 5000 dilution.

Example 4. Expression of huFc-huLeptin

Human Fat Cell Quick-Clone cDNA (Clontech, Palo Alto, CA) was used as a template
for PCR to clone and adapt human leptin cDNA for expression as a huFc-huLeptin fusion
protein. The forward primer was 5’ C CCG GGT AAA GTG CCC ATC CAA AAAGTCCA
(SEQ ID NO: 11), where the sequence C CCG GG T AAA (SEQ ID NO: 12) encodes the
carboxy terminus of the immunoglobulin heavy chain, followed by sequence (in bold) encoding
the mature N-terminus of leptin. The C CCG GG sequence is an Xmal restriction site introduced
by silent mutation (Lo et al., (1998) PROTEIN ENGINEERING 11:495). The reverse primer was 5°
CTC GAG TCA GCA CCC AGG GCT GAG GTC (SEQ ID NO: 13), which encodes the anti-
sense sequence of the carboxyl terminus of leptin with its translation STOP codon (anticodon,
TCA), and this was followed by an X%l site (CTCGAG). The resulting 450 base-paic PCR
product was cloned and sequenced. Sequence analysis confinmed that the product encoded
mature human leptin adapted for expression, i.e., with an Xmal site at its 5” end and a Xhol site

atits 3’ end.

The expression vector pdCs-huFc-huLeptin was constructed as follows. The Xmal-Xhol
restriction fragment containing the human leptin cDNA was ligated to the Xmal-Xhol fragment
of the pdCs-huFc vector according to Lo et al. (PROTEIN ENGINEERING (1998) 11:495). huFc is
the human Fc fragment of the human immunoglobulin y1. The resultant vector, pdCs-huFc-

huLeptin, was used to transfect mammalian cells for the expression of huFc-huLeptin.

Example 5. Construction of expression vectors for muleptin-muFc and muLeptin-Gly-Ser-

linker-muFc

Murine leptin cDNA was adapted for expression as a muLeptin-muFc fusion protein by
PCR. The forward primer, 5’ C 774 AG C GTG CCT ATC CAG AAA GTC CA (SEQID
NO: 14), introduced an AflI[ (CTTAAG) site for ligating the cDNA sequence encoding the
mature N-terminus of murine leptin (sequence in bold) to the DNA encoding the signal peptide.
The reverse primer, 5’ GAT ATC GCA TTC AGG GCT AAC ATC (SEQ ID NO: 15),
introduced an EcoRYV site immediately downstream of the sequence encoding the carboxyl
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EcoRV site served as a linker-adaptor for an inframe fusion of the murine leptin to the mucine

Fc, as discussed below. The resulting 450 base-pair PCR product was cloned and completely
sequenced. The AflII-EcoRV fragment encoding the mature murine leptin was then used for

construction of the pdCs-muLeptin-muFc expression vector.

The ligation product of the AflI[-EcoRV fragment encoding the mature murine leptin and
the Xbal-Aflll fragment encoding the signal peptide of an immunoglobulin light chain (Lo et al.
(1998) PROTEIN ENGINEERING 11:495) was subcloned. The resultant Xbal-EcoRV fragment

encodes the signal peptide followed by the mature murine leptin without the STOP codon.

To adapt an EcoRYV site to the 5” end of the muFc DNA, the ligation product of the AflII-
Xhol fragment encoding murine Fc (Lo et al. (1998) PROTEIN ENGINEERING 11:495) and the

following linker-adaptor were subcloned into an EcoRI-Xhol cloning vector.
EcoRI sticky end
5 AATTC GAT ATC (SEQ ID NO: 16)
3 G CTATAG AATT  (SEQIDNO: 17)
AfllI sticky end

The foregoing linker-adaptor contains EcoRI and AfIII sticky ends, and it also contains an
EcoRYV site (GATATC). After subcloning, an EcoRV-Xhol fragment encoding the muFc
fragment with a STOP codon was isolated. This fragment then was ligated with the Xbal-
EcoRYV fragment encoding the signal peptide and the mature murine leptin (described above) and
the Xbal-Xhol digested pdCs vector fragment. The resultant expression plasmid, designéted

pdCs-muLeptin-muFc, was used for transfection of mammalian cells.

For the construction of pdCs-muLeptin-Gly-Ser-linker-muFc, the pdCs-muleptin-muFc
DNA was linearized at the unique EcoRYV site, and the following unphosphorylated linker was
inserted by ligation:

5" GGC GCA GGA GGT TCT GGC GGATCC ¥ (SEQ ID NO: 18)

3’ CCG CGT CCT CCA AGACCGCCTAGG 5' (SEQ ID NO: 19)
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muLeptin-Gly-Ser-linker-muFc, was used for transfectlon of mammalian cells.

Example 6. Reduced levels of expression for muLeptin-muFc and mulLeptin-Gly-Ser-linker-

mufc

Since the C-terminal cysteine residue of leptin is involved in intramolecular disulfide
bonding with cysteine-117, this may pose a problem in protein folding and subsequent secretion
if leptin is made as a leptin-Fc fusion protein. To test if this is indeed the case, expression
vectors for muLeptin-muFc and muLeptin-Gly-Ser linker-muFc were constructed as described in
Example 5. The latter construct encodes a flexible linker rich in glycine and serine residues
interposed between leptin and Fc so as to allow more freedom for the leptin to form the disulfide
bond and fold correctly. Transient expression in 293 cells was analyzed by anti-muFc ELISA,
and Western blot analysis using both anti-muFc antibody (horseradish peroxidase-conjugated
goat anti-mulgG, Fcy, from Jackson ImmunoResearch) and anti-muleptin antibody (biotinylated
anti-mouse leptin polyclonal antibody, from R & D Systems, Minneapolis, MN). Very low
levels of expression were detected in the supernatants of each construct. Analysis of total cell
lysates showed that the majority of the muLeptin-muFc and muLeptin-Gly-Ser linker-muFc
stayed inside the cells. Stable NS/0 clones also were isolated. The expressed levels of

muLeptin-muFc (with or without linker) were at most about 10% that of muFc-muLeptin.

Furthermore, subsequent studies suggest that the Leptin-Fc fusion protein was not as
active in vivo as the Fc-Leptin fusion protein (see, Figure 6). When ob/ob mice were injected
intraperitoneally with Leptin-Fc at 0.25 mg/kg/day, no significant weight loss was observed. It
is surprising that Fc-Leptin was more effective that Leptin-Fc, because these fusion proteins

contain the same moieties and differ only in the order of the moieties in each polypeptide chain.

Example 7. Treatment of ob/ob mice by intraperitoneal (IP) injection of muFc-muLeptin

Five- to six-week old CS7TBL/6] obl/ob"” mice, which were homozygous for the abese
gene mutation (oblab mice), wete purchased from Jackson Laboratories, Barr Harbor, ME. Two
mice per group received either muFc-mulLeptin or only PBS. muFc-muLeptin was dissolved in
PBS and administered by daily (daily for the first 12 days; and only Monday through Friday
thereafter) intraperitoneal injections. The amount of leptin injected was normalized to 0.25 mg

of leptin per kg body weight of mouse. The control group received PBS only. All mice were
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allowed ad libitum access to food and water and the body weight was measured daily before the

injection.

Over a 4 month period, the control group (squares in Figure 3) had a steady increase of
40% in body weight (from 50 g to 70 g). The group receiving daily intraperitoneal injection of
muFc-muLeptin had a 45% reduction in body weight (from 50.5 g to 28 g) over the first month,
after which the body weight stabilized at about 27-31 g (diamonds in Figure 3). Since the mice
did not receive treatment over the weekends, their body weights increased to over 30 g by
Mondays, but the daily treatment caused a steady decrease in body weight to about 27-28 g by

Fridays. As shown in Figure 3, muFc-muLeptin was shown to be effective for over 4 months.

Note that during the first two weeks of treatment, food intake was below the detection
limit. After 3 to 4 weeks, when the body weights had decreased to about 30 g and the adipose
tissue apparently was depleted, the mice consumed an average of about 3 g of food per mouse
daily. This is consistent with the results of Mounzih et al. (Mounzih et al. (1997)
ENDOCRINOLOGY 138:1190), which showed that food consumption of ob/ob mice receiving

leptin treatment at 20 mg/kg resumed to approximately 2.6-3.2 g at day 45.

Example 8. Treatment of ob/ob mice by subcutaneous (SC) injection of muFc-muLeptin

Subcutaneous injection of muFc-muLeptin was found to be as effective as intraperitoneal
injection in reducing body weight of ob/ob mice. Five to six week old ob/ob mice (3 mice per
group) were treated with muFc-muleptin by daily (Monday through Friday only) SC injection.
The amounts of leptin injected were normalized to 0.25 or 0.1 mg of leptin per kg body weight of
mouse. All mice were allowed ad libitum access to foqd and water and the body weight was
measured daily before the injection. After 17 days, the mice receiving 0.1 and 0.25 mg of
leptin/kg had a reduction of 14% and 22% in body weight, respectively, while the control group
receiving PBS had a 15% weight gain. The decrease in food intake in mice receiving SC

injections is similar to that in mice receiving IP injections of equivalent doses.

Example 9. Treatment of ob/ob mice by intravenous (IV) injection of muFc-muLeptin

Intravenous (IV) injection of muFc-muLeptin was found to be equally effective in
reducing body weight in ob/ob mice. Ob/ob mice (2 mice per group) were treated with daily IV
injections of muFc-muleptin at 0.25 or 1 mg of leptin per kg or PBS. All mice were allowed ad
libitum access to food and water and the body weight was measured daily before the injection.

Treatment was stopped after 5 days, but the body weight continued to be recorded daily. As
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circles, respectively) caused the body weight to decrease for the next 48 and 72 hrs, respectively.
These results suggest that muFc-muLeptin has a much longer circulating half-life than murine

leptin, based on the high, frequent doses of leptin needed for reducing body weight.

Example 10. Treatment of ob/ob mice with muFc-muLeptin 3 times weekly or once every 4

days

Figure 5 shows the effect of different dosing schedules on the body weight of ob/ob mice.
Specifically, a group of 3 ob/ob mice (solid diamonds) received 0.25 mg/kg of murine leptin in
the form of muFc-muLeptin by SC injections daily from Monday through Friday up to point A;
from point A to point B the frequency of injection was reduced to Monday and Friday only;
thereafter, the frequency of injection was increased to 3 times weekly (Monday, Wednesday, and
Friday). Another group, also consisting of 3 ob/ob mice (squares), received 0.1 mg/kg of murine
leptin in the form of muFc-muLeptin by SC injections daily from Monday to Friday up to point
C; from point C to point D the frequency of injection was reduced to 3 times weekly (Monday,
Wednesday, and Friday); after point D, however, the dosage was increased to 1 mg/kg once
every 4 days. A control group of 3 ob/ob mice (triangles) received PBS daily, Monday through
Friday. All mice were allowed ad libitum access to food and water and the body weight was

measured daily before the injection.

As shown in Figure 5, 0.25 mg/kg of muFc-muLeptin injected SC three times a week
(Monday, Wednesday, and Friday) was effective in stabilizing the body weight at about 36 to 39
g for over 9 weeks, and | mg/kg injected SC once every 4 days resulted in a reduction from 51 g
to 34 g in 4 weeks, after which the body weight stabilized at between 30 to 33 g. A dosing
schedule of 0.1 mg/kg 3 times weekly was ineffective in reducing body weight. These resuits
suggest that daily injections of muFc-mulLeptin are unnecessary given its long lasting effect

when injected at an appropriate dose.

Example 11. Treatment of lean mice and db/db mice with muFc-muleptin

For comparison with ab/ob mice, normal C57BL/6J, C57BL/KS and Balb/C mice, and
diabetic CS7TBL/KS db/db mice (all were purchased from Jackson Laboratories, Barr Harbor,
ME) all received daily (Monday through Friday) intraperitoneal injection or subcutaneous
injection of muFc-muLeptin in PBS. The amounts of leptin injected were normalized to 0.25 mg

or | mg of leptin per kg body weight of mouse. As shown in Table 1, muFc-mulLeptin at both
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Y' 109&' () -G5aBbd,; CS7TBL/KS and Balb/C mice, the low dose had a very modest effect However, the

high dose resulted in a significant reduction of bady weight aver 19 days (Table 1), independent

of the age of the mice.

Table ! Percentage change in body weight of mice (3 mice per group) treated with 0, 0.25 or 1
mg/kg of muFc-mulLeptin by daily (Monday through Friday) intraperitoneal (IP) or subcutaneous

(SC) injections for 19 days.

Route Age Vehicle 0.25 mg/kg Img/kg
ob/ab IP 2 mo. +14.7 233 -17.4%+*
db/db SC 2 mo. +7.21 +6.78 +5.01
db/db 1P 5 mo. +1.82 +5.66 +5.28
C57BL/6] P 5 mo. +1.03 -1.69 -13.9
CS57BL/KS IP 5 mo. +0.22 -0.13 -16.9
Balb/C P 2 mo. +9.18 -5.4 —9:19

** Treatment of ob/ob mice at | mg/kg was stopped after 5 days because the lower dose of 0.25

mg/kg was found to be just as effective.

Example 12. Treatment of ob/ob mice by intraperitoneal (IP) injection of huFc-huLeptin

huFc-huLeptin was administered by [P instead of SC to reduce immunogenicity in mice.
One ob/ob mouse received 0.1 mg/kg of human leptin in the form of huFc-huLeptin by IP
injections daily (for the first 17 days, and thereafter only Monday through Friday). Another
ob/ob mouse received a higher dose of 0.5 mg/kg daily (for the first 17 days, and thereafter only
Monday through Friday) until day 33, after which the frequency of injection was reduced to 3
times weekly (Monday, Wednesday, and Friday). A control ob/ob mouse received PBS daily
(for the first 17 days, and thereafter only Monday through Friday). All mice were allowed ad

libitum access to food and water and the body weight was measured daily before the injection.
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Figure 6 shows that huFc-huLeptin was as effective as muFc-muLeptin in reducing body
weight in ob/ob mice. Another group of two older ob/ob mice received an intermediate dose of
0.25 mg/kg daily (for the first 10 days, and thereafter only Monday through Friday). Their body
weight decreased from 65 g to 31 g (-51.4%) in 23 days, after which their body weight fluctuated
between about 31 g on Mondays to about 26 g on Fridays (data not shown). It is remarkable that
after almost two months of treatment, huFc-huLeptin maintained its efficacy and did not seem to
be adversely affected by any immunoclogic response that might have developed against the

human protein.

This experiment has been repeated with larger groups of mice (n=8). In addition, ob/ob
mice have been treated for over 15 months with Fc-Leptin with the result that the weight of the
mice was maintained in the range of 20-30 grams. Over this period of time, the mice suffered no

apparent adverse side effects.

Additional expertments also indicated that daily administration of Fc-Leptin by
intraperitoneal injection, subcutaneous injection, and intravenous injection all yielded similar
results. Thus, the route of injection does not appear to be important when quantitating Fc-Leptin

in vivo activity in ob/ob mice.
Example 13. Treatment of infertility in ob/ob mice by intraperitoneal (IP) injection of muFc-

mul eptin

ob/ob males and ob/ob females were treated with muFc-muLeptin by daily IP injections

of 0.25 mg/kg. Each ob/ob male was initially housed with one ob/ob female and one normal
C57BL/6] female. When there was a rapid increase in body weight indicative of pregnancy, the
pregnant mouse was isolated. After about 2 to 4 weeks of treatmeat, all six ob/ob males had
their infertility defect corrected and impregnated normal and/or ob/ob females. All normal
C57BL/6J mothers delivered and nursed their pups normally. Of the six pregnant ob/ob females,
only four had normal deliveries, leading to homozygous ob/ob pups. However, none of the pups

survived bc.yond the first day because the ob/ob mothers did not lactate normally.

Example 14. Phammacokinetics

The pharmacokinetics of muFc-muLeptin and murine leptin (R & D Systems,
Minneapolis, MN) were compared. Ob/ob mice (6 mice per group) were injected in the tail vein.
The amounts of leptin injected were normalized to 1 mg of leptin per kg body weight of mouse.

Blood was obtained by retro-orbital bleeding immediately after injection (0 min), and at 0.1, 0.5,
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1,2, 4, 8. 24, and 48 hr post injection. Blood samples were collected in tubes containing heparin
to preveat clotting. Cells were remaved by centrifugation in an Eppendorf high-speed
microcentrifuge for 4 min. The concentration of mouse leptin in the plasma was measured by
using a mouse leptin immunoassay kit (R & D Systems, Minneapolis, MN). The circulating
half-lives of muFc-muLeptin and murine leptin were determined to be 8.8 hr and 18 min,

respectively.

Similarly, huFc-huLeptin was found to have a circulating half-life of over 10 hr in mice.

Example 15. Construction of huFc(N—Q mutation)-huleptin

In order to test whether N-linked glycosylation of the immunoglobulin Fc region affects
the serum half-lifé of huFc-huLeptin, a recombinant huFc-huLeptin mutant was produced where
the asparagine residue in a glycosylation site of the Fc region was mutated to a glutamine.
Briefly, the only N-glycosylation site (Asn-Ser-Thr) encoded in the huFc-huLeptin DNA was
mutated by PCR using the forward primer 5 GAG CAG TAC CAA AGT ACG TAC CGT GTG
GTC AGC (SEQ ID NO: 16) and reverse primer 5’ ACG GTA CGT ACT TTG GTA CTG CTC
CTC CCG CG (SEQID NO: 17). The primers encoded the change from Asn-Ser-Thr to Gin
(CAA)-Ser-Thr, which is no longer a site for N-glycosylation. In addition, the pnmers
introduced a SnaBl site (TACGTA) by silent mutation to facilitate screening for the Asn to Gln
(N to Q) mutation. Following mutagenesis by PCR, the SaclI-Smal fragmeant containing the N to
Q substitution was confirmed by DNA sequencing, and then used to replace the corresponding

fragment in pdCs-huFc-huLeptin to generate pdCs-huFc(N—>Q)-huLeptin.

The expression plasmid pdCs-huFc(N—Q)-huLeptin was transfected into mammalian
cells as described in Example 2. The purified huFc(N—Q)-huLeptin protein was then used for
pharmacokinetic studies as described in Example 14. For direct comparison, equal amounts of
huFc-huLeptin (I mg of leptin/kg) or huFc(N—Q)-huLeptin (1 mg leptin/kg) were injected into
mice in parallel. The concentrations of huFc(N—Q)-huLeptin and huFc-huLeptin in the mouse
serum were measured by anti-huFc ELISA as described in Example 3. The results shown in
Figure 7 show that the huFc-huLeptin (diamonds) had a longer circulating half-life than
huFc(N—Q)-huLeptin (squares).
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he invention may be embodied in other specific forms without departing from the spirit

or essential characteristics thereof. The foregoing embodiments are therefore to be considered in
all respects illustrative rather than limiting on the invention described herein. Scope of the
invention is thus indicated by the appended claims rather than by the foregoing description, and

all changes which come within the meaning and range of equivalency of the claims are therefore
intended to be embraced therein.
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3. The nucleic acid of claim | wherein said immunoglobulin Fe region comprises an

immunoglobulin hinge region and an immunoglobulin constant heavy chain domaia.

4. The nucleic acid of claim | wherein said immunoglobulin Fe region comprises a

hinge region and a CH3 domain.

5. The nucleic acid of claim | wherein said immunoglobulin Fc region lacks at least

the CHI domain.

6.  The nucleic acid of claim 1 wherein said immunoglobulin Fc region encodes at

least a portion of immunoglobulin y.

7. A replicable expression vector for transfecting a mammalian cell, said vector

comprising the nucleic acid of claim 1.
8. A mammalian cell harboring the nucleic acid of claim 1.

9. A fusion protein comprising an immunogiobulin Fc region and a target protein
comprising leptin, wherein the fusion protein, when admianistered at a dose of about 0.25
mg/kg/day for 5 days to an ab/ob mouse having an initial body weight of at least about 50 grams,

induces a 10 % or 5 gram loss in body weight.
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terminal end of said immunoglobulin Fc region.

14. The fusion protein of claim 9 wherein said target protein is linked to a C-

terminal end of said immunoglobulin Fc region.

15. The fusion protein of claim 9  fucther comprising a peptide linker linking said

immunoglobulia Fc region to said target protein.

16. A multimeric proteia comprising at least two fusion proteins of claim 9  linked

via a covalent bond.

17. The proteinof claim 16, wherein the covalent bond is a disulfide boad.

18. A multimeric protein comprising at least two fusion proteins of claim 9 - linked

via a covalent bond.

19. The protein of claim 18, wherein the covalent bond is a disulfide bond.

20. The fusion protein of claim 9 wherein said immunoglobulin Fc region is

glycosylated at least ane glycosylation site.

21. A method of producing a fusion protein comprising the steps of
(@) providing the mammalian cell of claim 8 ; and
(b)  culturing the mammalian cell to produce said fuston protein.
22 . The method of claim 21 comprising the additional step of collecting said

fusioa protein.
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23 The method of claim 21 comprising the additional step of purifyng said
fusion protetn.
24. The method of claim 23 comprising the additional step of cleaving said

immunoglobulin Fc region from said target protein.

25. The method of claim 24 comprising the additional step of cleaving said target

protein at an intemal cleavage site with a proteolytic enzyme endogenous to the mammalian cell.

26. Use of the nucleic acid of claim | for the manufacture of a medicament for the

treatment of a condition alleviated by the administration of leptin.

27. Use of the vector of claim 7 for the manufacture of a medicament for the

treatment of a condition alleviated by the administration of leptin.

28. Use of the fusion protein of claim 9 for the manufacture of a medicament for the

treatment of a condition alleviated by the administration of leptin.

29. Use of the multimeric protein of claim 16 for the manufacture of a medicament

for the treatment of a condition alleviated by the administration of leptin.



