WO 2009/ 151708PCT/ US2009/ 037809 PEPTI DE ANALOGS OF ALPHA- MELANOCYTE

STI MULATI NG HORMONE Techni cal Field [ 0001] The invention relates to
pepti de anal ogs. In particular, the invention relates to peptide anal ogs of
native al pHR WY HAWEYt e stinul ating hornone (a- MSH) havP@HUSBIEBI§ity for
the nel anocortin 1 receptor (M R), pharnmaceutical preparations thereof,
as well as to the use of these analogs in the treatnent of nedical and
veterinary conditions. Background Art [ 0002] Neuropeptides are snall

bi ol ogi cal | y j i A a i (b Lyt RS wthe
body and havPel?ﬁ(‘,}ft}!rllj(:i‘Jte %5%2@‘?%2%’5?@& gﬁ%gggy %gg?%@w‘ih&flgﬁor. éhE

evi dence has indicated that neuropeptides have anti-inflammatory
capabilities. Among the many neuropeptides are nel anocortic peptides

(el anocorti nﬂh which bind to and stinmulate nel anocortin (MC) receptors.
An exanpl e of L ortin includes a-nel anocyte-stimnulating hornone
(a-MsH), mainly known for its ability to regul ate peripheral pignentation,
but is al so knd®{ o hedieenbing relatev e RRRRAE SO Sh d PR RBR U Bitlpy relates
capabiliti es.y3ed¥iR .RA! sQﬂ%Qé%edﬁpHA@ﬁelQﬁfe?te%ﬁﬁfa&iﬁQhb&o%@\’@ﬁﬁﬂ)q{agﬁgs and is
produced by neurons, pituitary, gut, skin, and inmune cells.  [0003] The
i munonodul atselegtiéaganiht mejaecastin i ragaronddel e phardeeaytistl papettiprs thydel s of
contact hy p%ﬁ%ﬁ:\;}éﬁ%& ése%%e%e E&?a?ig%@n RS 5&%&&%@'8&1 V&&idpduced by
injection with a- and 1 n suppressing bacterial endotoxin-nedi ated

i nfl anmat i on.coadigons. a- MSH has been shown to have therapeutic activity in
many ani mal di sease nodel s such as inflammtory bowel disease, arthritis,
and experi nerﬁa%{(m}aS%Aﬁt ranspl antation. Qher animal nodels of brain

i nflammati on,™Ttemar rnjury and |liver inflanmati on have denonstrated
anti-infl ammat ffe i t hi ] . ti.d H. resses
producti on of gé%b-z ? n&?‘%ﬁ%ﬁ? oetrsemcsy%azlk@ﬁgéggﬁ%ﬁhggp ?ﬁl@a‘&ﬁ#ﬁ% ,W@‘ﬁ& IL-1 and

i nhi bi ts chenidtiiines! thiougivur td boey amiciaep hageomarchnn ecutro@mpiambttciiicggrathon t o

inflamatory site i tric qxide, ). 1S a co medi at or for various
form of i n faiimdiish Vet REiEETh BrfoRauim et i S BHTRAEY ophages and
neut rophi | s Rasabildles 0ASBINRe b @ehBpédaidt £be Bi¢iA0Malb épﬂd@ﬂ?ﬂeﬁdn@&rﬁ&?,i ts
ef fects on cytokine production, a-VSH downregul at es t%e expression of MHC
class 1, CD8&"hidbieedngsimpAGcyEvcaly (MEAdFepior. 8 PEmRl €l ef f ect s
antigen preseniabl Qi fhdeQs Sl AL kQRuladiMRinb e &SRR IR kAL case
the formation of interleukin 10 (I'L-10) 1 nTnonocytes, which 1's believed to
be an i nport dsebibbntporskte panipheraurpvoppias Bitvealed kmotnsto have §10i904] Al t hough
t he nol ecul ar chani . of i n l.at or fects of H are not
compl etely oimra oy B ihpldfod RADEIRAGEL o Xt DERRphle RURILET P o
ability to idbicbkd innedrdangdnaatdis-pikBluaat bywaturan, pinitael fig, skiihand hivnixiet | on of
NF-KB results in a suppression of pro-inflamuatory cytokine production and
nitric oxi decglgfnt hesi s by macrophages. a-MSH functions by binding specific

receptors that (®eBPMGe i@mAn@hetPael Bpddiiakebio-6IDhad veecenh&fGatdd Inh seven
t ransmenbr ane domal ns. These rece&t ors include the nelanocortin and

2 C t 1
mel anocol t i nMP4Fle CEFNGIEEPRERISI AN INERI B noweFHE FUP RGeS Byudtd Bh t he
bi ndi ng of ahg@dgh QJh RS ENR $Bsu MRV Obacdidifl éﬂﬁm&mg&m@mmm@{a%eﬁt s of
a-MBH are al so nedi ated through the accunul ation of cAMP. The bi ndi ng of
a- MSH t o nel &hocoiMihhrdeepsiorg tohaye@sepeigANFYigve snwhiliglh! dagassuppr ess

the d dat | . 1.nhi bl . NF- | dnitri
e e ate LRI gl RS SLOGE,LID) By heaRsgsgh on an mi i

sti mul at es hasnspkrentibmpDihcatnddali modedrdf busn anfitinmiaibh asmatrgury aaddver

| dont 11 od, - NERTRREST R repanitiie ERaVLbedR oA i Qb AE O Fhaf cocyt oo,

mel anoma cel MBH fmereoph agasetionet bropiahsatcd) b@BEn&sLESas BSEHONYE 8%d 11.-
nonocytes, endothelial cells, in certain areas of the brain, testis, and
ovary. Ther e! AFehinREs elsmalinge ahishratuss MacioPRass pBY AFL RN TS RIS t o

stinul ate MGplnhRGeR! Qf3aRGkOxREOLEe R Llhftdd Menabt for LH{d.QRBLQFY and

i mmunonodul atory responses. Summary of the |nvention [ 0006] Provi ded
herein is a Bilpstmared. aNDyypheses orndetent-tyadatebmagephaetsyandingesopid$ basocoi ti n
1 receptor (MC1R), said conpound conprising a core tetrapeptide having the
sequence His Xaai Arg Trp (SEQID NO1) or DTrp DDArg Xaa2 DDH's (SEQ I D
NO 2); wherein Xaai is D Cha, D Phe or Cha, and Xaa2 is D Cha, D Phe or
Phe; or a pharmaceutically acceptable salt thereof. In sone enbodi nents,
the CGtermnal sequence is D-Ser D-Ile D Ile D-Ser D-Ser (SEQ ID NG 3).

[ 0007] Further provided herein is a substantially pine conpound that

sel ectively binds nmelanocortin | receptor (MCLR), said conpound conpri sing
a polypeptide having the sequence: Xaai Xaa, Xaa3 Xaa4 Xaab Xaa6 Xaa7 Xaas



Xaad4 is Ay, or DA a; Xaa5 is D-Trp, Trp, D 3-benzoth enyl-Ala,

D 5- hydroxy-Trp, D-5-nethoxyTrp, D-Phe, or D-Ala; Xaa6 is D-Arg, D-H's, or
D Al a; WO 2009/1%8®8 i s D-Cha, D-Phe, Phe, D-4-fl uoro- Ph@CTmDS2e09p8i8dy| - Al a,
D-Thi, D-Trp, D-4-nitro-Phe, or DDAla; Xaa8 is DH's, H's, D-Arg, Phe, or
D-Ala;, Xaa9 is DbGQu, D Asp, Dcitrulline, D Ser, or D-Ala Xaaio is D Met,
D- but hi oni nélsoshpa (o be mrbﬂmeé byxabiSH. i k apditien o s pifectppn pytakiae pregartion, s

D Tyr, D Ser L &) one
xaat. 13 1 5 500 BplhiBpuiaEihe 2ol B oLl Sy CoReEE IR Soh R C

Xaai _13 i s and dendfticnelladihith cdfecd aptigdnmeautationlahy cace@plaéibh eobH it h\leds eof .
[0008] In yet another asFect provided herein is a substantially pure

conpound corBPIEItA#cEEasRIhg feimratis of aveigkimi) dbgi@d iz monocytes, whiqniya| D pro

2 002 3, DRI 0 Sy B R BB B0 (E010 109

ID NO 5); [@204] TxithSegh themo@culalﬁmcmasmgf e pnﬁmorhydnlﬂoqr affdcts(BEO | D

NG 6 D-Pro D- A S
Dot b ser NalaR fiRefmpietely fnlferSadd ML R nisgr ohieupn & GATS AL et
[0009] In SQERit¢ R biERMcRar R RY ARSRId T8 SR OV JRHitEI el INIAL B 1EERY I11?-t ed-

a suppression of pro-inflammatory cytokine production and nitric oxide synthesis by

macrophages. a-MSH functions by binding specific receptors that belong to a group of
G-protein-coupled receptors with seven transmembrane domains. These receptors
include the melanocortin 1 and melanocortin 3 receptors (MCR-1 and MCR-3) on
macrophages by which the binding of a-MSH inhibits NF-xB. Many of the
immunomodulatory effects of a-MSH are also mediated through the accumulation of
cAMP. The binding of a-MSH to melanocortin receptors increases cAMP levels which
may suppress the degradation of IkB and therefore inhibit NF-xB translocation and nitric
oxide production.

[0005] MCI1 receptors, to which a-MSH bind and stimulates has been implicated in
various anti-inflammatory and immunomodulatory responses. Five types of
melanocortin receptors have been identified, MC1-MC5. MCl-receptors have been
found present on melanocytes, melanoma cells, macrophages, neutrophils, glioma cells,
astrocytes, monocytes, endothelial cells, in certain areas of the brain, testis, and ovary.
There remains continued interest in compounds and methods to stimulate MC1-receptors

and to produce effective anti-inflammatory and immunomodulatory responses.

Summary of the Invention

[0006] Provided herein is a substantially pure compound that selectively binds
melanocortin 1 receptor (MC1R), said compound comprising a core tetrapeptide having
the sequence His Xaa; Arg Trp (SEQ ID NO:1) or D-Trp D-Arg Xaa, D-His (SEQ ID
NO:2); wherein Xaa; is D-Cha, D-Phe or Cha, and Xaa, is D-Cha, D-Phe or Phe; or a
pharmaceutically acceptable salt thereof. In some embodiments, the C-terminal

sequence is D-Ser D-Ile D-Ile D-Ser D-Ser (SEQ ID NO:3).



[0010] In sone enbodi nents, the conpounds provided herein can be conjugated
to a biologically active noiety. [0011] In sone enbodi nents, the
conpoundswprow/de®sher ei n sel ectively bind MCI R | n someCemdsoaomersts, the
conpounds exhibit at |east one of the followi ng properties: ability to

sel ectively activate MC IR, stability in plasma in vitro, and resistance to
prot ease degr d40@Q7]oRurther pogyigad herein ifea wbplantiallypusg Ferpouertbatrselestively

Conpounds. praF ARUEREP LT, Ko (Par e di cPRGeils LA RME} Alkbduk pRiEE

[0013] I n anmd fguermepect, provided herein is a nethod of treating an
aut oi mune di sease_or condition i.n a_subject in_need thereof, conprising
adni ni st eri ng 8% X5dbiatt Xaps phds raetitas i Eotp SSrtidHi e ri si ng a
pharmaceutical ly acg@lglteﬂpkgalgg '-VEI?DLAPJH? ljl_rlfé/gler apeutically effective
anount of a conpound provide erein. I'n sone ’enbodi nents, the autoi nmune
di sease or conditi oXansis$ePecDedld ordmmltyke gr oup consisting of nultiple

scl erosi s, diabetes pe l. aplasti neqi a, ve's di sease, coeliac

di sease, Crohn's di éé@ép'%i}@%&%rﬁ@?ﬁ?@%&' rthritis, autoi mune
uvei tis and nyast hegi,g @9i@yictD-A14;0014] In yet another aspect, provided
herein is a nethod of treating inflammtion in a subject in need thereof
conpri si ng adm ni st Eapnig D-drs dirpl [3-dBjeszethgnphalanBezbydioay-Tepipdsinethoxy-
conpri sing hl?[%laﬁcertﬁé_i al ly acceptabl e excipient and a therapeutically
ef fective anotin -3 ound provided herein. In sone enbodi nents, the

inflammation is assmh@i@@jAy\g,tm}ﬁs,@kmgﬁag sel ected fromthe group
consi sting of inflammt oirlg bowel disease, rheumatoid arthritis, allergy,

at heroscl erosi s, ps&apaisisChyddPheihhe, Brtflneiondig, &-resridylddkkeRsEl, D-Tip015]
I n one aSpe%-’AL-rH{rg-‘ﬁhge&15‘-%§~i nis a nethod to reduce or inhibit transplant
rejection in a subject in need thereof conprising admnistering to said
subj ect a phar maceukiaggik DsHing) 684, D-ong, Fhepsr BiAlg; a phar maceutical |y

accept abl e excipient and_a therapeutically effective anount of a conpound

provided herein.  [0&18P-PH.Ahothd?-cHERERS D-pelo9i Hetaherein is a method to
treat nelanoma in aX%h'BjiseBIM%:Plﬁﬁﬁﬂiohﬁ%rBQie GPPKI,Si Ng admi nistering to

sai d subject a pharnaceutical conprising a pharmaceutically acceptable

exci pi ent and a t heXapeut DeSelr] y-IefdréztAle anount of a conpound provi ded

her ei n. [0017] I n ye no r a t, provided herein is a nmethod to
treat melanoma in a ﬁlﬁjl%]étjarnb%gfé’d”ﬁﬁgﬁ%of conprising adnministering to
said subject a pharxagew bosthk o£PORIEE SI Ng a pharmaceutically acceptable
excipient and a therapeutically effective anbunt of a conjugate conprising
a conpound pr owhdeeth emeiathamane Xgaiaoisjrgde excepbwhen amai-s aaptD-pdgl oad. The
anti-tunor payl odad can be a radionuclide, .a radi osegsi ti zer .8 tabl

phot osensi ti zef™" X° TREHDER QPapatis & BdeRtinCgicid of SRy mactgigpeqegtagle
further aspect salpthenbsled herein is a kit conprising the pharnmaceuti cal
conposition of a conpound provided herein and optionally instructions for
use. Brief Description of the Draw ngs [0019] Figure 1 shows reduction
of uveitis by [0g08]VE: vt MbtherRisBect| ploilengediatida khititanBh By Fhielcofipegndrer e
treated with native a-MSH (100 pg/ nmouse) Wdaily when clinical scores were
2-3. Uvei ti somasiswiggrriolypeaindd Javirgithe eeluenemar ed with untreated control

ANBH (100 | 1 0/ mousc) TB 07 L ARy KR - 8rf BEE DR SE BRI Rtk Ty

when clini caler $$SE0OED N®#4e, 1-2 (n=5). Retinal inflammtion was reduced after
treatnment initiation (p<O. Ast eri sk denotes si Bni ficant differences

05). )
fromcontrol. [ 00PoYaldpdue b‘bﬁ GlyuRt a4 raRethoPalisdirSer Duiee thesDiSsr
| at e- st age dh: &t.- MSH and native a-MSH. EAU was induced in
Bl 0. RL11 mi gbe%gﬁ@gg)g%}gqg use native aMSH. Rl a-MSH or PBS was
adm ni st ered dai |l y, Ser Tyr,Seo Mad &jiu Hes Ghe ArgiT qeGhyelaghtd VaiSEQUBJgeO M) swase
(scores of 3). Fig. shows data fr mce treate i th ive :@Hor
retro-Rl ct-MSH sho@eggalrlg%ﬁ‘&ﬂ' }‘Fg}{"}’ ﬁ%ﬁgr%lbsg%ﬁ%bggbab&e%ﬁ 5P:d
with PBS confyqb sei @80 f 80:2Bof N pHEmpdinthiy & cepRKIMIHRYSFSCOT €S of i ce
in each gr oup}rron da@% post?)BERU ?nducati on I(#%:é:fmkgt eri sk denotes
si gni ficant di[00H ehcomarmboeanens.dbgppolypeplidebhrovidefl BORi arFPEliyéatdl. shows
retina i mages and individual eye scores fromaninmals treated with a-MSH or
RI a-MSH. EAU was induced in BI0.R111 mceg, and daily iv. treatnment with
100 pg/ nouse of native a-MSH, Rl a-MSH or “PBS began on day 13 when m ce
reached | ate-stage di sease. Fundoscopic i mages of retinas representing
medi an eye scores fromeach group after 13 days of treatnent are shown
(n=11). The PBS treated nmouse with an eye score of 3 shows inflammuatory
| esions in several quadrants of the eye and vasculitis proximal to the

o, N e o



[0023] Figure 5 shows the effect of intraperitoneal daily dosing of
retro-inverso aMsSH on uveitis conpared with a scranbl ed peptide control. B
| ORIl wocevesit®st reated daily by intraperitoneal inj@criuse@omstsho 100 gg
of Rl a-MSH or a scranbled D am no acid peptide control on day 11 after

di sease induction. Data show the clinical nean eye scores of R a-MH (n=4)
and scranbl ed [B&HH r BI sogwsmbpslimanis)the eeapandy pwypisd derai e bagopaigpkse o a
treated a tqt . ; - ta is representative of two experinents.

Ast eri sk de%%@é%lgél%}é%ﬁt&?@ﬁ?t%i fferences between groups (p<0.04). [ 0024]
Figure 6 il ug00Ht]erm ohidgasydiéntRlthacdvighbunds ploeided dateire sdlectifvelyefindal
inflammation. BIORIIl mce were treated with Rl a-MsSH (3, 10, or 100

ug/ nouse) daYlfFyRpyn pame epbedimshts. tha spmppiis €ahibe @pleast ape ok the follpyingy| ed
pepti de con SPMEEC) ell e HRY, i clinical
scores over tp?@%%ﬁé%ﬁ%@gtsfag%%gﬁ QQ?W%‘%G{\?EE?‘. %%ﬁh{ smg%g%\%gﬁégf’ tgl %(? t reat nent
initiation wedistark®@o protdBe Hegraaime. Li m t ed beneficial clinical responses

wer e observed j ice treated wi.th | ower dose of. RI aMSH (3 tg/ nopuse) or
wth pes or -t AL o ikt Bse st pERcSkishLe e BeHGP BB
Si gni {1 cant gy Lhebeeash REIIREPuaOHRSuARToAEL here ORISRl BNER JushoNS

the effect of "Rl a-MSH on cAMP production in nmurine nelanoma ce
was nmeasur edceaptddlsexcipie| anoma cel |l s after treatnment of cells with native

a-MSH, retro-i sp a-NBH or. _scrambl.ed control jde. at copcentrations
0,01 ol i 1BEIRG FoWekh et R TBUIN AR LB nBREE OB onaiRiRE & Ve
si gni fi cant |gyseh@tCareangidos AMPs ki iiBneedaRdredt, SorHip@ind rMasdH® 6 VB i ncl uded
forskolin at a 100 uM concentration. Fig. 7B shows al ani ne scanni ng data

Al ani ne substbiecitaRhapapicutied compprgition §ERPrALing a phaymareufispldy aeseptablef or

i ncreases i - i ' P ine. tais
r epr esent at i’%\;}g@‘%ﬂ %@?ngag&t%{gﬁ{,% g%uagﬁ)iagt ?ﬁ%@&gﬁrﬁ#ﬁj GF%ST}A le 1.
Ast eri sk denoinegntbogimdnits @it authifhame e ascetoorditioq i sde s teddrdin Ghik)group [ 0026]
Figure 8 illustrates the disease course of MJG i nduced EAE. EAE was induced
in C57BL/ 6 mPRESHE qf ipldple srleipmisadighrigstyss L p@pticansmppdoigy s deeiscarrelies A
emul ST on. - PereRSL fohOXii%edlBTpbfl S64AH, Bheskitifls Aebiflane wiBlbia T P
treatment with 100 pg/ nouse off a: NeH. R a- MSH, ‘or PBS started on Day 10.

Fi g. 8A showsyastheniagadvidi sease scores recorded daily. Fig. 8B shows

i ndi vi dual di cores jn each gro n day 20 after di.sease i nducti on.
[0027] Fi gur e 100G ofsYet FROtPE AR RO B Ch BSIR e Mool dreatips, BLARmagen 40 vsh
EAE was i nd%%%ﬁjekﬂn%@@ﬁfe@oﬂ@ﬁpﬁMn% RdBmid QNS Wishid sabje8MibratAiceaficdyDG35- 55

peptide (200 pg/ nouse) and CFA. Pertussis toxin was i'njected on day 0 and
day 2. Dai | yoimppsitibn eempsing sphdrmpoduticall gaeep@blepytipns encd therapBiicatly Ri
ct-MSH, 2 [.kg.of dex t hasone,, or .PBS started on .10, i_ni cal

i sease scotBeddan R BFL ARG PO ] e BTG at e ¢ he
spi nal cor d ihfl&heheeyisafsodiaéal WitleatReassistlacttl fidlvSite oFidp ddasistinpdsrced in
C57BL/ 6 mce by injection of a M)035-55 peptide (200 pg/ nouse) and CFA
enul si on. Paérflam@piery byl disgase, Hjcuryakdd aithrgsy albergydithpagsclerosis ppgrigsisy
treatment w by . ct- MSH began on Day 10. Spinal cord was
col | ected or%td%{alg/lgg%[fasgléég;?lgglg%rgglggﬂsfhducti on. Two representative mce from
each group ar 0615w orleBSpdat.gadeded keérgia.is 4 Gaetlado T&ire anthhit @anvilknt r eat ed

(Figs. 10b and 10d). Arrows show sites of inflamratory cell jnfiltration.
[0029] Fi gureHiunBisupblset Rsemthersor snppising adminisfeyngrRAdILubIRE 3pl een of
MJUG pepti de i 38 i g;ngﬁ_g aofg}ﬁ, : ar with
200 1..Lg Nl%%n%tg ?%Gégg%ﬂ%%;ﬁ%l an t?‘%at ed%\‘/ﬁma%&tlgagg ac%%%lllxv(@%%%@%ﬂg%mgr R
a- MSH (100 Zhdrgpeutiaallyyeftmotidaymodil-of 5 cofpbeahgovelee hbmmvest ed on Days |

(Figs. I'la an b), 4 (Figs. lie. 11d) and, 7. (Figs. 1le and 11f) after
Sttt of treatfBH o Sau kit harodls iRt s
quantitati ven B6dR thERbAcHAWI AR AMIiRstefinB 1t Saill Bulaq i phh@fdcEBiMal B6ApRsIn

| evel s are nornmalized to 13-actin. 0030] Figure 12 illustrates the
recal | respohsenacoutivatly 3scepgibjregxcient aMl e ehaprpreatipiyrasigciiia ameO® opg MD035- 55
pepti de on dg?{1 0.$€Pﬂrodﬁ%§lh2{§ mce were injected i.p. with PBS, 100 lig

u- MBH or 100°TPg" R PG FE5). on day 9 spleen (Fig. 12a) and |ynph node
(Fig. 12b) cells were harvested and stinmulated with 25 pg/ niM)G35- 55
peptide or OVA peptide in vitro. Cells were pulsed with [3f1] thym dine on
day 3 in culture. Data show mean SD. Supernatant was collected from
spleen cell cultures stinulated with MOO peptide after 24 hrs and cytoki ne
| evel s of TNF-a and 1FNy (Fig. 12c) and MCP-1 (Fig. 12d) were anal yzed by
flow cytonetry. Data show nean SD. Naive mice were not prined with MJG
pepti de. [0031] Figure 13 illustrates cytokine profiles in serum and
spleen after Rl a-MSH treatnent in MOO primed mce. Mce were prined with

NN R A\ N~ P~ a4 = I ~ o~ -



[ 0036] Figure 18 shows the results of binding studies of MSH (Fig. 18A) and
RIMSH (Fig. 18B) to nelanocortin receptors 1, 3,4 and 5. [ 0037] Figure
19 shows wowveesisoresof the core tetrapepti de H RWand rePCoiuse@w87shMEH.
[0038] Figure 20 illustrates substitution of non-natural am no acid

resi dues at varying positions of RI-NSH. [0039] Figure 21 illustrates a
represent at i vdoéﬂr}p@t yot pgethey aspeabgprasided haspings a pethase tigat lineltﬁi’l‘ém% inher eof

in MCIR 40 r t f nal ogs on
cAvP 1 ovel s SRS bbb AL AR AR IR MRSyl SRnafdEBR™ 537 N
892; Fig. 22BmpAtiakaghadlacu@dlyanctpbdis e)EﬁIQentZtﬂﬂla tbf\di@ie@ﬁ&al@ﬂ&fecﬁ% and
878; and Fig. 22D. Anal ogs 872, 878 and 869. Detailed Description of the

I nventi on Defaynt plgheonjugate qommmisinerheompovriPEryadadterein thot & Cr%llu&ﬁ@d KRl ei c
aci ds_of th%narteﬁs% hads oRliSuMf pdyiH'afl bbQ rAuBAIIEU AlicSANTEEr,
speci es. Thus oteins and nucl 8Pc acids can be isolated or

recombi nant .photos @4 zpr, a—cﬂdeﬂnamempemcsagenubaatm@n hormone (a-MsH) is a

pol ypeptide ¢ S e sequence. I\/Et G u Hs Phe Ar p Gy
o B Var (ORI T SEPRRAR bt is 3 i teaS b Phagar Sl

exam ned forcoﬁﬁbb!sltlbm)f & {;&In)d Iﬁ@ﬂd&&ﬁ@%&ﬁ%é%é&&w ifRRRbAS b} 8%, Ct- MSH
originates fromintracellular proteolytic cleavage of proopi onel anocortin

hor none (POMC). a- MSH neuropeptide has been detected in several organs and
i s produced Bjefiaserption ofitheDrasiges gut, skin, and i nmune cel I's. a- MBH has
been reported to suppress effector T cell functl on, induce regulatory T
cells and havd0®EeFigurall ské¥ectsctian caquoitﬂsnlvurmatimdM&?Hnqul b tshoweddts .

[0043] " Conj conj ugat cl udes re me rs which are
bt tached. | 31 100 an e Weiitits Rt it i ClooTBLBeey BE efiny Hhéch

ot her. The eanRer s%of@)(ve*?@zBO'Iﬁ%@tlst&aseﬁgrﬁfl@inlﬂ%rredd&é@U&i\}\gﬁ@c\! i@niubasds,

i oni c bonds, electrostatic, hydrogen bod|n8 van als interactions or

physi cal meangtrol (P<@ O@Mﬁg 18 &blpty@d@elfrcyn&d IRIHTHWDM@W @@tftdﬁ‘dlthudetl‘e@ @l ecul e
or conpound t no |cal Q Lone
aspect, bll\ggﬁ attﬂlnoélcs:ft |H\7e)r§%)%pr%e§?1a On{)ﬁjyn@r altlé r(r)elzano [g?ﬁaﬂy cept ors,
pref erabl y Midichleeesdese 1-2 (nEORAtinBYinflamelakiah vas adhceddtiln@bingimt 1s meant
that the activity of one or nore proteins or protein subunits is up

regul at ed orniatien MsGPdat ééterl%éw%qsétgnéfs@gﬂe@&eeﬁceﬂ feraicontsel. activity is
t th f

ool e " SpAGEFse NGhPRaEIatol B LI RSAOSERP L LIS R i

[0046] " C t endinadde sMRIENEAU wacinddesl in & 1&RIiicaict and 160 gphaike hitevearri no

acid chain term nat ypi but. not ecessarl a car box group.
The convent WA BF G ﬁt;tl.%’%%e\ﬁ Sl%ﬁ]&“%lét‘j ¥ 1% ?‘bd%’u]tz Phe lelceé?aﬁ)ﬁﬁ%t end
on the ri 9htlat@@%g%is%@set(%re%‘%ﬁ‘#}nFFg baALN: dh@ ﬁ%ntl BidH flged WHIEn&tiJeq-M nal

sequence may conprise amno acids, preferably 2 to 15 am no aci ds,
and even noMdSHrafrgraBl g-NMSHohd®edmdndiacindgeitifhlgseGetaye storad cmqmehweh may
termnate w a ca up or.the term nus nma bermlfle

wel 1 known HtH5aE3] R Eisd 2B et iRl R b e bl T e roup
targeting grufy 16§ofNEADNNG@RA|(n=4) PistbrisRABhAOCHENidicant diff Q8EES bddiRen

pr esent inventi on provi des a "substantially pure conpound”. The term
"subst ant i alglrgﬂlpﬁlﬁp‘eoﬁﬁrrpound is used herein to describe a nolecule, such
as a pol ypepti tide tha afra

thereof) t hat [G&IJUE ug% i a éll% 1r8£éém%%es a{léler 1V6r1(1)atle escorefs%oncll aninf et tted

car bohydr at agith (E}MS;IQIOERJIQLMSH aIMJG)\tabeﬂidubbd)thEI@RlH ﬁﬁteeancahalymt lirewdiieml i t
is naturally associ ated. For exanp a substantially pure nol ecul e, such

as a pol ypeptitiE)0 kgmopse %ttnatlé%tetM%H%ﬂ M e Pr KBS ieean phdayrbi when Bigst
interest. T 0 t andard
ot hods. | nclt i o s Bte ARG EORURRR oA BR0oPRA ERTL T Hpah Sk

SDS- PACE) , Csod)msrfromm’ao]rgtcﬁngraﬁtphy?) {&ys@f trehingint pershowmaneld )| The/PHS treated
chronatograph O), and amno-ternm nal am no acid sequence anal ysis.
[0048] In or¥ %%Wdtldﬁn %’Fe?ﬁ{t? SCAURE ﬁ]ﬂ%‘g%m%'é’é‘inéaé‘tri‘/\}%ﬁl%ﬂst}? AsFal qraant Hgt fegye
conpound or pghYREREL PRxIRMRo Ble dpEigtehR (FIRE 3RH ERRMY-MIIY &1 RPA-MSH treated
preferentially binds to one type of receptor over another type of receptor
when i n t he micesetheye ofores ofi xshomereedlutiowotorvertoreith etlepinoition Eelygaround the

mel anocortin receptors, M, M2, MZ3, M4, M5 receptors). [ 0049]

"Am no acid" or "am no acid sequence" |nc%ude an ol i gopeptide, peptide,
pol ypeptide, or protein sequence, or to a“fragnment, portion, or subunit of
any of these, and to naturally occurring or synthetic nolecules. The terns
"pol ypepti de" and "protein"” include am no acids joined to each other by
pepti de bonds or nodified peptide bonds, i.e., peptide isosteres, and may
contaln nDdlfled antno aC|ds other than the 20 gene- encoded antno aC|ds

—— M N o o 1 e



[ 0051] Am no acids nmay be abbreviated using the follow ng designation in
parent heses: Proline (Pro), Valine (Val), Lysine (Lys), Onithine (Om,
Nor | euci rwo(2bboels1708l yci ne (A y), Tryptophan (Trp), A anPe@/US0a)37809
Phenyl al ani ne (Phe), Arginine (Arg) H stidine (His), Qutamc acid (G u).
Aspaitic acid (Asp), Serine élSer Met hi onine (Met), Isoleucine (Ile),
Tyrosi ne ( Tyapic H@Vél(Elﬂéx%ﬂ ane ACneespachiayly). RetingoicamseH aragdian syeisaere from
(4 fluoro-D-P

Hreating:, oruop BN BRRP RN il group o BIPF) po B ke g

a mamal , agBO\tvﬁ it ﬁlatgr@heA@aﬁale@o@fs sédniifidaint diffetenpé Oty baciibaps @«0al).ve or
ot her benefl cial effect in the individual. Treatnent nay addl t| onal |y

result in attdP0i Riguse 4&%‘@!‘1?@? histopgthelegyd R ¢- MS}EW%W‘% SH tratsdase in
a subj ect. 1c{: ﬂpégh ﬁ&nh‘l\%% Orlgﬁﬁln{be a}?éf@ 1@%}?%@’1 Hﬁﬁf)m laA to 111%1'[1&; Eﬁ@d t he"

i ncludes plural references unless indicat erw se. or exa
target cell Miceweteseaekdoly, mor eithdi0fef/malsk of retro-nOaS54 ji- M?SHypzapfcelodMSH

conposi tions e invention can cont a C inat i of n n- nat
ot ur o 5B A DR SeRener SaTrenktt & PR R NS g oot i de
bonds, ot hermfé@@ﬂbﬁ@ﬂate@@ﬁ@@cu@ir IR@HRNh Gy f@ﬁé’h%e T(}%M'S Y@hot&er8phs show a

gl ut ar al dehyde, Nhydroxysucci ni m de est'ers, unctional nmal ei m des,
N, N - di cycl dieanidxyhn bodicési stein{maCC)eyey 1(Nd¢3rsaﬂm thsgprtoﬁyﬂeamdmommmmg DI C).

Llnklng gro s..that can be Lerpativ raditi mi bond
(*popt Lo bomad e shags B E " 28 Mgk naRkY pIgh Aty o
for -C(=0) - Mdafed gt @mlwlmaguﬁé&tﬂmmomet hyl ene, olefin (CH=CH), ether
(CH2-0), thioether (CH2-8), tetrazole, thiazole, retroanide, thioam de, or
ester (see, e.[8023]sBiguse 8 shawgtdy effectpf dpeapestangalsiadly Brges efiesorigversd 0-Am no
Aci ds, Pepti 5 Papi

Modi fi cati or%\ggﬁ o%a’lf%{p %Be%b?%%d\@lkv ;({r%rg@re %ég‘%%écf%ﬁg?lel ntdb re %lr(‘gegg?r)eated

[ 0055] Pol ypiapy bglésrapseenba ipeeidns eetht 108 ppsfiRoic-BSH bea mmbleddmamﬁm be

nodi fied by ejther natural processes, such as post-translatijonal processing

(e. % phos PREFRAPHES WtrOéeWaHbﬁfter itepse igAugsipnc fakg thow the glinicelancageye
boour anyancrs s B e BV b B P ey

am no acid Mntemlr@trewechmd)talhné 1ara1uym Darta 14sa¢mmeytat1VeDMpreﬂlmemsl Astbxesk

appreci ated that the_sane nodi ficatio y be present in the sane
or varying JEBet 8%%1@3{1‘:%‘5\%&% n‘?? ‘étﬁveieﬂgﬂmﬁﬁ\%%b { ypeptide. Al so a given

pol ypepti de mayohRVEighRes illvRaks effidaPHbf REAINIONSn IR Irh&GRE R:Ral NCI ude
acetylation, acylation, ADPribosylation, am dation, coval ent attachnent of

flavin, covanfémmamradhmiﬂ mfceavem«etreatcnft)wéh}il ochSEl @nt0, wtrtléamlgﬁmuso} a
nucl eot| de or e de vat,l \F{r@r? coval en d or

o1 der tvap S EGUTERE Shey S S8 Mk SnEPRI R se Rt

cross- | i nki Agje&¥€ hi TAX ig@ousd c&ukf Gﬁh?hlﬂ@ﬁdtsf&hfml dcorbs odemhbykaau&a retinal
formati on of coval ent cross-lin ornmati on of CﬁStEI ne, formation of

pyr ogl ut anatieflareyatign was @J?ﬁervgéﬁﬁ%ta«?aﬁ@%}ﬁllmﬂaw wiihy 09 ey [ A resrouserhinfedhor
f t |

Oglr gg X : 82 E)é%f?%%icghi’c%es ogl‘&%srk?%ﬂg %g@g@é @}Qﬁ@& trQ{}ed Wh'aﬁfy&gﬂ &k 3PRI o-
prenyl ati on,MSHI(8p@sthatse por, w1$1uPBSto|rc1ra: coatral stcraamﬂécepeﬂmé (e Astedsladhiiotdson

of amno acids.to Frot ein such as arginylation. See, e.g., Creighton, T.E. ,

Protei ns - St§ifétant dtfsrracshetvengomsdpelPPes 2nd Ed. WH. Freeman and
Conpany, New Y@MS](#%%?‘M sﬁ&% ﬁl'é%ﬁ%é@éf'ﬁ%@ﬂ/ls@b’@&&m kﬁ(’aéﬁd‘doﬁ% hRRinaf
Proteins, B.C. Johnson, Ed., Academ c Press, New Yor 2 (1983),
i ncor por at edndiaramacebly. cAMi—’r wnceeasuAdidinth 16ral meh{bomanelﬁbmfteotremqnom‘r@ﬂs

0056] In so enbodi s, the inv i.on ided herein.is

L obotant al e eolSEL Rt Wiers8 raS G RO EonE] Sirdeh Bt fneantpations or
(MCIR), sai @, mgg?@lmn%g@ﬁg(/wwggm sﬁgdvyﬂﬁpwtﬂ%amw NS hgd REQUAREIE:  Xaali
Xaa, Xaa3 Xaad Xaab Xaab Xaa7 Xaas Xaa9 Xaai o Xaaii Xaal2 Xaan, wherein
Xaai is D Valgnifivanily inpreased ¢AMPYgeels. |Csmuso}:8rtt§ed DmmumcﬁEMEysqlud@lanrSikglin
D-Lys, D-On Al a:. )

e B Crina LRy edre BB sy B sndPEabe Rinindaal Auing subsismied
D-Phe, or Dpfb@desXA®E o BISE 1o/t Wefe, teQ1€d fér/ﬁh@eases in cAMP level¥aaife insri Cha,

D- Phe, Phe, D-4-fluoro-Phg, D 3-pyridyl-Ala, D-Thi, D Trp, D 4-nitro-Phe,

or DDAla; Xaas is DDH's, H's, D Arg, Phe, 6or DAIa

Xaas



Xaa9 is DDA u, D-Asp, Dcitrulline, D-Ser, or DDAla; Xaaio is D Met,

D but hionine, D-11e, or DDAla; Xaaii is D-Ser, D-1le or DAla; Xaal2 is

D Tyr. D-worpovns1m8Al a; Xaai3 is D-Ser or D Ala; or a plrarrmsec@ansmsad | y
acceptabl e salt thereof. [ 0057] In sone enbodi nents, the peptide anal ogs
provi ded herein selectively binds MCIR and conprise a poI ypepti de havi ng

t he sequencdl6hmekaama el Bnxddma Kaapresensmsi vk s W XexpSrieat. Xegicocodadi i

DN o; xans 1o Ind ALt 1 pAYBk R e RGREAiERRE Sl oul? O 1 ©F

D- 5- hydr oxy-(iﬁr:(mol)l} 5- met hoxy- Tr p, or D Phe; Xaao is D-Arg or DHi's; Xaa7 is
D Cha, D Phe, Phe, D 4-fluoro- Phg1 rldyl Ala, D Thi DTré)

D- 4- ni t r o- Phe:[0826d s Figares filustrags cbseAr@C f MPCHndpeed Balad A W u,
DAsp, D-ci r gﬂ@ Xaall
is D Ser or H%&IJICF& ﬂ?(%%]?%?&?e%@ﬂ?&&mh%f er b)%ggs%bhhé)goggtrg%o erlelrﬁin no
nor e than oré AXeaanlsich3Persusar tdzxmmaﬂmjesﬂectlen day @aphdrynhdsulyiigalrbstmaoceph abl e

It th f 005 t th t ded
ot 6i 1 comorPBasmbOLSpkalBHoRhESHY SrRIE Mhen b BoRa Wi 48 RSl R oot
Xaao Xaar X"l‘ﬁs%a@é%%%re%‘%oﬁicﬁ@ﬁﬂh #@BB@@@/S 1%@8@2\1'3118%@@' scbi®s Br MRhigraf@fon 1 S

D-Pro; Xaa3 is D-Lys, D-QOmnor N'e; Xaark is GQy; Xaa5 is D-Trp or Trp;
Xaa6 is D-Ardgy 20aler discape Ddactid Phe, Phe or D-Thi; Xaas is D-Hs or Hi s

Xaa9 is DDA u r; aio'sD t butinneor

N or o 11400378 Bidre 83805 bR rgiulbn ofpuiit BARUi e SoRe bR SRR 1 °
than one Xagl#3wias iriicéd ANTITBIAE hilce VY infecABR WRE 84l EmaRidnyofMOERB5a3 e sal t

t her eof . [ 0059] The conpounds grovrded herein conprise peptide anal ogs of

a- Mel anocor tAeptids) @D aeimepispht (Rertysy toxin W@D@mcteldr?ndi@é Oggndedagids Dady
enbodi nent, .th r

embodi mont &7t REREEh P J0FL 24850 ROBICT: B MATOPRI BUSHL 2 L RLOET

m xture of [Qeamdethawie e PBY dsted oh DAED. @Hﬂn@ﬂldiﬂbﬁiesscoteheve@embbﬂeﬁ daﬂ;e
conpri sed of aé | east 40% 50% 60% 70% 80% 90% or 100% D am no aci ds.
The conpounds (8928 nBiguge 41} %Hatﬁﬁgheépeal FHe sl & miss teatef SR o-
non-limtin a

D nor | euci ng\/lﬁéI %@%?ﬁ{nggwl%@%ﬁg@% ng%g‘?‘[){ Trp, ? g?rggfﬁgify(z% Trp,
4-f | uor o- D- pizgényisg) yoi @EA(eAmﬂMoerartﬁ)ssH*ﬁg)m,n Baspyjecaytlon BagDani dey 2 2baily

t hi enyl - D-al.anj ne (D- Thi cl oh ne (D ni t r o- D- Phe,

D et trul 11 nd - BHERRT i 109 e oY s SR hater FoigRn1 0. SPHHe~Bbu ment s.
the core tetHaRIR! bfiPal Q4ﬁﬂ@ﬂﬁ1§e°a§éjln@ﬁctldﬁe Wfé%re’%@ﬁtgm%erﬁl&%fffo%n Eich o Arg
Trp or Tip Arg Phe Hi s, preferably in the D-amno acid configuration. In

anot her enbai shemm; RBfetreased(Rigs. rlﬁfpelpd thé ang Rg ondSHstethtatf (Figse 10hmamb1Qbi d
sequence Hi s DCh Ar%t ﬁ’é‘r Trag % foPat Hi s, preferably in the D-am no
acid confi gﬁ%? oW e 8 OGE?" e pén A% or e tetrapeptide is conprised
of 4 D-amino qoozyq Figare1 hetfiovete dindeid of TNIREarioN 210 SIRNP @Pthi dpleBrast at

| east one non-standard am no acid. [ 0062] The conpounds provided herein

can be synt AP cpeptide %@%W%@UH%S%W%Q%EGE @Wﬁrvmeeﬁv%%()ﬁbleg
manuf act ur e i I tPeBCSh i c 1 thods
of solid phiggy}sli%ﬂﬁggégga%mggg al ne in gu F’r ﬁgﬂfer a(% ure, (fsotg)

Sol i d Phase dgipbhdeysSyt hieSplsensAvdre aaitveaed omy@achgs HlaAnbaibpa,(Fids. (X/
1989). The corrpourllrﬂql of the mienti 0 so. be manuf act ured by

convent i onallIfnedidandy Gigsyil %rrndtle@h#recmeét WrfEsapmen apd, gnakyzed fw@ﬂF% this
appl i cati On,anH@LQ@)SmIQNQeer e%@ioﬁtb?tqtﬁgntltgt?\fe' mﬁ' Pae sﬂgwtrﬁént&r4rﬁlc@ﬂgeach
illustration of the techn gues o his application my be found in any of
several wel Itrektmoaan graepeR BAclesels achoasaliBdritb feckn. J., et al .. Ml ecul ar

R LU SEE TR A R e Sk N )

Academ ¢ Pr %?ﬁ’ned%’ﬂl @)({"g%’M(ﬁ%i 399 Er)ude o@’da‘?@) ton &% dy@t2e3 Hllgé%érfe'lﬁg@&te@ﬂp in

Deut shcer, nzynol ogy, Academ c Press an Di ego, CA

(1989); | nnrwstth BBSa]IOO nereNISH ot bQQ)llt&RI A 1‘@Hc(e 2o %dm%lsplemdﬂg)ﬂﬂﬁbmd ons,

Acadenlc Pr (199 sh | t I

Cor o0 A wadPn B A% st P B g fey i H ARG EERR v
(1987); I\/Ur peytidderlOV Agstptid&Rnerrdr apsd QéreqmlseEWme[ssr eHynit e @@Gla$ 3R
109-128, The Humana Press Inc., Cdifton, NJ and Lewin, B., Genes VI, Oxford
Uni versity Press, New York (1997) Al l of7the cited references are fuIIy

i ncor por at ed herein by reference. [ 0063] In sone enbodi nents, the peptide
anal ogs provi ded herein selectively bind or activate nelanocoitin 1
receptor (MCIR). Any suitable assay can be enployed to neasure the binding
or activation of MC 1R For exanple, cAWP induction in vitro can be used to
assess NC lR actrvatron The in vrtro assessment can |nd|cate actrvatron in

...... N Y L Y M . - o .



[ 0066] In sone enbodi nents, the peptides provided herein have inproved

pl asma stability and resistance to protease degradation. Plasnma stability
and resi swano®/150708r ot ease degradati on can be assessed PETASgS0B318aD] €

met hod. A non-limting exanpl e has been disclosed in Exanple 19. The in
vitro assessnent can indicate performance, inproved resistance and a | onger
hal f-1ife i fulfiigo DtDtew mepe: Fb: Howsngtasl varepllsstedifrpne splednecelrealtniceed i n

Vi vo, ex viy ' ' P ' - .
erbodi ment s, e sbutth Yido pere e 2 4RRP S hokine kPSR NP REIY i
peptide. | n 12eyEndeviipdi (gl Rd) Weee pePidedeyifdwRE®thadgdDathRh&wm:an + SD.
enbodi ments, PEGy| ated peptides are directed to peptides covalently
attached or NGY§ istvede fot iHeebYithH@Chspyda - hyl ene gl ycol (PEG) pol yner
chains. PEG p r L g ' 2 i1Ed i | If

ot herw se derﬁgggﬁzg%agﬁg?gﬂgyﬁ%gg*ﬁggﬁ t gééﬁﬁg%@?%gﬁ%fgﬁﬁgéﬁﬁ 88€:§ner
chai n may hareetnaint ireIG primedminor kliderwaere pripeidntish 200us MG 3iT-8F pepteld on

enbodi nent s, . PEG po r, chains and the carr ondi ng | a tide are
Rater Sol ubidBy OaE SSGRrS SHiaaN e FEtebl Ry BhE B palo KM g Wid R o
| mmunogeni ciNiyyH (haye b@rggé%b@ §ﬂ1€e’i‘1raf?aﬁ(‘s@ru]‘:rﬁ R} &Jl%cé@dFig%D@SdTﬁ%ﬁhg%Vﬁo@J TRr&d

distribution in the body.” I n sone preferred enbodi nents,
phar macoki nenil L1QteRNAJEvelhn thESyleat eckppaprel ydquanitatediby edabtimpP(ReDatgpe of

PEG chain. Strategies met.hads for the pre i on of PEGyl at e tides
fre carried Bt BomEd Hobe B R wemen o BBl 8 4R pit R SRR
(2007) " Pol ygw¥mim 6hfak @156 QRiIy AL foP Bytokiae BiVelsasiTiay eytemb ey APk, 386 6o s TNF-q,
strategi es" Progress in Polynmer Science 32(8-9): 933-96 | , incorporated

herei n by ré¥lePendlep. semin kvelsnmndddgohid demsdhtliOond PEAZ satumplevels. Naige ei n
processes - 0 | . -|li,ngting exanpl e of
PECyIationng%ﬁggfgggﬂgﬁgﬂﬁﬁgg}ﬁ%%%gqg#ggﬁgégﬁ?Pg%?gi?ﬁ%btionalization of
t he PEG pol yng0032] Bipareid biadws the effedtalf §-NISBIr anldi Riea M IPEGS nacfipbsget hat are

activated at each termnus with the sane reactjve noiety i.s known as
" honobi f unctPykes-Micgvere Pimed withfOG AgRtids wayive F‘%Bgatﬁi’ gabnvith peMSH or

different, iemnisie(idbGsifibhpbn F{@rsi 1971 ShRhlafhAhhafL e BhAIVAGT Y " of

"het er of uncti on em ca active or activa rivatives of the
PEG pol ymer catomgrydpaexguessmndetedctdt Chéd, RHBHG md Blo8@ e€tliedempatedwinesithdihe

choice of th i functi + QLo or the PEG. derivative is based on

the type of tr/aPHIEr ETe-ddbEpt NG SBie dHb] Rachifisearl PoRdEe - Brtbahooupl ea

to the PEG gyaNhkinfahipBefaiRiveSf &e gaeeﬂ%a&sp@gb ?@plﬁ&t'i(ﬂls(n':ﬂﬁl ude Iysine,
u

cysteine, histidine, arginine, aspartic acid, glutamc acid, serine,
t hr eoni ne and [0933dsFigare Thdlustrates an hBS-indriond ingressp obmyI € He mB N Adgrietsan

carboxylic acid,can.al so be used. .. 70] O her het bj i onal PEGs
For  con ugatuhhe Fraus aSrBfe e dRanomelth B, 5 CorRhelRRio T
linki ng two vadit idjéceed i.pWhateLRS hyde/apiid)] @erie‘oheaiinmcﬁ)fpaaagesmna@?ﬁp@%w e
spacer is needed. Preferred end %roups for heterobifunctional PEGs are

mal ei mi de, ViarKgsted af BAdReShr. pyd 24 mYISURpRRY S, lewgls were quantigted bydeddinggs and
Nhydr oxysucgqy3 i . ] I'n some enbodi nents of the

i nvention, EKQLEE§§Hé%%%a%gé%ﬁ%%uﬁg%Qﬁ%%e a nol ecul ar wei ght range between
0.2 kDa-100 k[pa034]nFizare 16 sleiver the dffectiod i $He i s @fvitolePS vlaninaion niduel.

PEGyI| at ed pg&{ide may have a nol ecul ar wei ght range between 0.2 kDa-40 kDa
In some preflel/Bdd0 BHGSOUF REMELCHP NS il gnAttehedmppgpice ege Jeped déthmay
have a nol e LOHat e :

enbodi ment s,q}gtxﬁfélegfﬁ'se(fg%r(rze a ealrﬁgtéx\gprrgml gé%ﬁ g@\}g‘%ﬁt@?ﬁ lr\lds‘l?){a%{agcggr %9elt(grl%sf ned
by size excllédiléf), ¢.hr Saramorasaplyited d howwmfter cPSthalleagai Tiableecl PEGENF-ccan be

sel ected from <1 2k, 5k, .10 20 0k, . 40 nd .abov t can be
oy W depenbisigl ot 16 Mrerh i aard Locletic Lol aBE aREm s bstier

ol ecul ar wWehg@hted®f 8fiOhkdidMehd QRFY bPEGK WrkdiryTBYatk 8hotd Bl AGudl RIS and

| oner nol ecul ar wei'ght PEGs may be used toO inprove peptide solubility. The

PEG al so canndseuigmienis-aad mean of kasdh, group GrQhched. [0072] In sone

enbodi nents, the peptide is conjugated to targeting nol ecul es or function
as a targeting nolecule, wherein the targeting nol ecule preferentially
associates with a desired receptor. In sone preferred enbodi nents of the
invention the peptide is conjugated to a cytotoxic agent. The term
"cytotoxic agent" refers to a substance that inhibits or prevents the
expression activity of cells, function of °cells and/or causes destruction
of cells. The termis intended to include radi oactive isotopes

chenot herapeuti c agents, and toxins such as snmall nol ecul e toxins or
enzymatically active toxins of bacterial, fungal, plant or aninmal origin,
including fragnents and/or variants thereof Non-limting exanples of the

.. oy . o o . g - e o o o



[ 0075] Linkers and |linkages that are suitable for chemcally Iinked
conjugates include, but are not limted to, disulfide bonds, thioether
bonds, hiwoep@dsdiogsul fi de bonds, and coval ent bonds bet wegruskooom3tseact i ve
groups, such as am ne and thiol groups. These bonds are produced using

het er obi functional reagents to produce reactive thiol gr oups on one or both

of the pol yped993fdsFignae Ihdhistratae stabigite ok wiMbH gnéagy Hﬂn@iﬁénﬁcﬂwtﬁwm de
with reacti t 4,01 p G t do
groups or t\tﬁi ﬁér ohﬁg@%ga%hﬁg {I% gg%léﬁé?eh W{]‘h’ 1£|p{a él%lé{??%ér%?q ncl ude,
aci d cl eavalltig. 17B%ens setuaghhAaL1ite cffrHL(eMSHia@d aMS{H@Ethera@h@le

| abi | e-transfen-in conjugates and adi pic acid di hydrazi de, that woul d be
cl eaved i n rB¥aeaRYsdPECtiOft-r acel | ul ar conpartments: cross | i nkers that are
cl eaved upon

vari ous donai 26(5’5@ uwl%&!}s tw%?ésg tgo%—lggﬂl? giglqmlétsﬁgkﬁ)}?tglg r egl on of
human 1 gGlL (M8H (B ﬂ&Bbto ratlangcb@@Biecdyilors I Infuhaid 5.30: 379- 386, i ncor por at ed

mser ted” by cOV AnFigpre ekt Haoh s PR RICRE MRS S PREERPgut i ng

or cytotoxiqegent. The heterobifunctional agents, described bel ow, may be
used to effect such coval ent coupling. Heterobifunctional Cross-Linking
Reagent s [ A0038] Kiguee 30 8lustntes obisfipmion iod nen-netned smiinaddidigsideeg@nt s t hat
are used to form coval eni lifwgﬁ bet ween am no groups and thiol groups and
to introduce PRIHPOEESE B pr ot ei ns, are known to those of skill in
this art (see[0639). Figube2PhERGReCATANGontalieaapcRsb BoldagyasGat & ROMSH
Handbook, 1992-1993, which describes the preparation of and use of such
reagents andmérvmttuméﬂeﬁr%mé&%l?al source for such reagents; see also

Cunber et al 2 r t ( 7)
Cancer Res. 4%6@4F@5€22&£% g} gﬂ?%@? ?%80:;)&7%419&10 rl)%l é%e%ﬁ le‘% S§c Bll%?JSA
84: 308- 312; PMMahaéie @tlaadbma 6619;803)@ ZMtArﬁﬁigh 89mﬁmcalnd 822,1&@ ZZH Alﬁadsgssson
etal . (1978) Bi ochem J. S 723- , i? Zg Anal . Bl oc/w n.
162: 163- 170 3Nt 2HR0? aRige22¢: A(@@ 808f386 ayd 87(%%% % 136@@888, 8Ratidm et
al . (1992) lpfiegsion & I mun. 60:584-589). Al of the cited references are
fully incorporated herein by reference. These reagents may be used to form
coval ent bonds between the tar getl ng agent, the chenokine, and the targeted
agent . Theseqtagldn hentigre not limted to: N-succinimdyl-3-(2-
pyri dyi dithio)pr.o Lonat e (SPDP di sul fide Ii nker); sul fosuccini mdyl 64342-
pyri dyl dit hi o)%itggt}—f%am dol hexanoate (sulfo-LC SPDP)

Gi'sul fate |1 nnon S e R S Rh ikt Fricy Bribb PRSI Enoat o

(LC-SPDP); it fiRsig & ﬂ?éﬂlgmhr Suf R IspLAad ARt yk E&Y&h@é}%ﬁﬁfeléa&@ byl ate
(sul fo-SMCC); succl ni -(2- pyridyl dithi'o)blutyrate (SPDB; hi ndered

di sul fi de boswated mklepc)mbmalhtf OSUCCI nimdyl 2-(7-

azi do- 4- net hyl 3- ace tam 1 3 hi opr on
sul f osucci ni m[% ?I%OCZ ‘{jf‘%&?}ﬂ;ﬁoﬂe g@ﬁ Rgggffl:com(prlsmg the

sul f osucci nisagkyike §er r Ser Met Glu His Phe Arg Trp Gly Lys Pro Val (SEQ ID NO:8)
[ al pha- net hyI b&ha- - r| dyi di t hi o) t ol uam do] hexanoate (sul fo-LC SMPT);

1,4-di-[3 - BYS Y b) pMop bm@abﬁedémutlanéar(llmrb@s)antl inflammatory and
4-succi ni i gyl Ot%a%abfp% IR i Rl e P RLURARG: T 1 moler e
met hyl - a- ( 2-cpakhghydfprédpionélahstamitndina (PAMED)( stMVSer hdurdPptidé has been

i i1 malei mdobenzoyl - N-hydroxysucci ni m de_ester (MS);

m mal ei ni dotﬁéﬁ:ftsvlm Wﬁ 6%878H ﬁt%@%%d%?ﬁ#bw@elg@tlwltegw BLNE8), :and immune
N-succi ni m I

sui fosucet nivay iy TN ABCECK AR D SRR Sk AL Pech HEbhihalde Mtidiory T
succi ni m dy kells {ipt ek dend iy leéagth Jbaittyinathene(dahPBhsplant models.

sul fosucci ni m dyl-4-(p-nmal ei m dophenyl ) butyrate (sul fo-SWMPB); azi dobenzoyl
hydrazi de (ABH). [0078] O her heterobifunctional cleavable cross-Ilinkers
i ncl ude, N-succinimdyl (4- iodoacetyl)-am nobenzoate; sulfosuccinim dyl
(4-iodoacetyl)-am nobenzoate; 4-

succi ni m dyl - oxycar bonyl - a- (2- pyri dyl di t hi 0) -tol uene;

sul f osucci ni m dyl-61a- et hyl -a(pyri dyl dithiol)-tol uam dolhexanoat e;

N-succi ni m dyl-3-(-2-pyridyidithio)-proprionate; succinim dyl

6[ 3(4-2-pyridyl dithio)-proprionam dol hexanoat e; sul fosucci ni m dyl 6[ 3(-
(-2-pyridyl dithio)-propi onam doThexanoate; 3-(2-pyridyidithio)-propionyl
hydrazi de, Ell man's reagent, dichlorotriazinic acid,
S-(2-thiopyridyl)-L-cysteine. Further exenplary bifunctional |inking
conpounds are dlsclosed |n u. S Patent hbs 5, 349, 066, 5,618, 528,

A NN NN A Y. = A PN g — — N L T o N I L R 1




[0082] The |inker noieties can be peptides. Peptide |linkers can be enpl oyed
in the conjugate. The peptide linker typically a has fromabout 2 to about
60 am no woi2dowvessiodues, for exanple from about 5 to abo®CTAB2000/03f8pOM about
10 to about 30 amino acid residues. The length selected will depend upon
factors, such as the use for which the |inker is included. [ 0083] The

| i nker noi ety [8943]beCenjpgask| &l eorjpgater inghidprotvercoranele quespless WBigBHIas t hose

known in si - ¢hai n ;ant i bad rch. . i nker

moi et eo ; naritisc Bt Yorh BB Ralfbundr R BR g S AL SThBECL
GST SGSGKSSE@Hm beiSha b e 35eadiKbihe G Tgh G bk tHon d Eadripe bR CH e S TING,
ECGKSSGSGSESKEF, SRSSG, SGSSC. A Diphtheria toxin trypsin sensitive |inker
havi ng t he JWHiRgAEBOARBRIGESCA@IRVESHICEeTERNNGRAli e so usef ul . [ 0084]
Addi tional |i g ioe1.k L | e, .. ,
proc. Nt . QP RoRg G ALGETONIAT It gRIRTR FeohBolfEhatigi@r

Pr ot ei n Engimodubat&80phy3ibogid0 9SpoNewln onedspalt, a bisilagitrdlyiastiveyc@bpddhB- 553,
1996; A. J. Cunber et al., . Bioconf. C%f%& gg$97-401, 1992; Laduner etal.

J. Mol . Bi olstimyiatesyngjanooortingggentors, preigraply plel-reqeptons. 894 443, all of which
publications gpe43] nBW“BBHﬁITa%d ah§FRloBuldMor &k &l<aRCEat the a&t%@f oftt BEmold nkers
include, but are not"limted to: enzyne substrates, such as cathepsin B
substrate, qatthiepsi proBissiismitaisup tegylpeidor dows regulated, tshehotithi axpsasbionr at e,

subtilisin substrate,. Facto a substrate, and enterokinase substrate;
Vinkers t hateehey a5t ﬁEFﬁﬁri)éP;?, °r$?sé>9?aﬂi tP‘i“t"&?“&%%?“otﬁe F%eP%ec%tIL{Fﬁl ar

cl eavabi | i t ynddiGdthdeFdrieRdBpIS, thl €dtmasnddiil AETs@I)eadNGhHiBiET slisymdlatd see, e. g.,
PCT Pub. No. WD 96/0664 | , incorporated herein by reference, which

provi des exenffP@dol 1GChxarinal peguepe ingludesrpigerace o the epd obthe asrpR atidemiis,
several lin ' ' .de a | red
properties Egkggc P&ﬁﬁg?ﬁﬁggggF%EF%%@b%y%gﬁ%u @%@ﬁlnﬁﬁ%%ﬁg%fgﬁg%{ugates
w th |i nked virtingeiepddagentsces &olpat heepaimthageiidet theyighhaid wete thonj ugat i on,

recombi nant DNA technal ogy, or combi nati ons of reconbi nant expression and
cheni cal corfUHsAET BAM NHE Gissmings: dhe Chisrnipbindpenreaiy SPTEGde o c or
targeting agghho Ha%s, ??eféﬂaﬂlgreﬂto'(}% ko Aib§ '&h&%b&ﬂn@fé%r@i%fa%l} BaN1®RMino
targeting agent and/or targeted agent nmay be present In a ‘conjugate.
[0087] | n soewespdeé Ertesdineteqaénre may tefmindte withveecurbaxy] gtoug ot yHegtnings agent

is tethered to the peptide hy neans of a hydrophilic. and bioc atjble
spacer  pol y b, b FEMER Ky o SO TR B e CSIUSIsaR T EnPaRy B
acid, a pol Xp.?pﬁaf%éﬁnggnﬁpﬁl:e@ntibﬁ sxAneliplaeiRl {RfAognbodi ments of the

i nvention, the &é'OtOXIC agent is conjugated through a cleavable |inker

e.g., a disul 0] Thkpigecnoinvgepen previslont dsubstagtialyspge emopowiddatthp keamby

| ysosomal pr.oteases. . such as cathepsins. I.n sone.preferred enbodi nents of
the s nvent | on S PRGTLEHEE PSR R hsr P TR EhRIE. BB E R s of ¢ he
pepti de. Forpaulpapii@ng.s., a jdARBliddehhbidas BIC IR, epafiadGehtthseof) @iy ati ons or
conpositions include the step of bringing into association a conpound of

t he present sebsfaniallyfregiof pthepprotears: fipids gaaebohydtatasnandlsic agae apd ofist e
accessory i i . Al . l.atiqn

ni form y and iR aReiyC sRRAAA ¢ MRl T Belel FoPLE IR ity
present i nveid moleatltsuch guih olgpeptider san terat idasedOfe iywdrg edkign) thel nwdgculeer s,

or both, and then, if necessary, shaping the product.

. . [0089]
Phar maceut i CAMEEmlihgPugRseidAh PHEPFItdpRFHD PrRgsgising sdaiteaBadknown
to the art f : - of {<qal,s .qrru r i ons can
cont ai n smeé?gﬁ%ﬁg6%%&%?%%&#%§$%ﬁﬁﬁg%gggﬁgg%hg%§6ﬁfﬁgﬁggﬁﬁigy%ﬁ% preserving
agents. A fehranhaogrephyci@y. beglapmioredned tiduid omboratagrapthar( HREENYL, aodhinino-
accept abl e excLEients which are sujtable for manufacture. Such an

"exci pi ent " ‘JEHBHAMIO ped SeRepes aMaly§iist antial |y i nert material that is

nont oxi ¢ and ¢gef8] "Rt ordeHnRAGhe thB pRiaBETsecRNPANBHAS” RleadNBaCOMRGIuhlien i N
a del eteri ous manner. PharnaceutlcaFIy accept abl e excipients include, but
are not | i mipobweptade mpdpordsed icthe aresoritieventipu prederentiadlylbinds, to po¢ peeief| ene

gl ycol , hyal uropi.c | veerol and et hanol Pharnmaceutically acceptable salts
San be' i nol dtteant RureinRies ipedh Kocspiat Wen by B PRSFIel bR RIS ot
trifluoroaceta@bers byl @elahedorGeecetyl MU0 MOEMCRhISRhRIESecibRpat es, and
the like; and the salts of organic acids such as acetates, propionates,

mal onat es, benzoates, and the |ike. [0090{ The therapeutic agent may be
adm ni stered in a nedi canment or pharnaceu(?cal conposition suitable for
delivery. Formulations may conprise one or nore diluents emulsifiers,
preservatives, buffers, excipients, etc., and nmay be provided in such forns
as |yophilized powders, sprays, creans, |lotions, gels, on patches, in

i npl ants, etc. Pharmaceutical fornulations for oral adm nistration can be

. . T - o,



[0092] G| -based pharmaceuticals are useful for adm nistration of

hydr ophobi ¢ active agents of the invention. O -based suspensions can be

f or mul at ewlolzgo9sssendi ng an active agent (e.g., a chi mePCE/useemo378h9 on of
the invention) in a vegetable oil, such as arachis oil, olive oil, sesane
oil or coconut oil, or in a mneral oil such as liquid paraffin;, or a

m xture of thd@@9]sedminapcid’grSamime aoid saqyends,” madudga@ oligapentider papEde.her ei n
by referenc oWl o] i S i i r..es i i nent s
or' i nor eas oL NGk, B PRKIF D5 st R Ry SR SR Al R SPEREES
vari abi l'i ty aall toh@&litayly @dedrtihg besyethdiy diclEdidddl The hanivapelypegale” aadrpounds
(see also U S. Patent No. 5,858,401, incorporated herein by reference).

The oi | susp@f¥FIBNECRER aEBRAR BGIHS IRINCHi'e RAH AWepr Ry dsptidshrads 85 MedEisdeeptidfar d
paraffin or ahylaheallisosRAECARIINAY AN ARinBULRY oty M helsy @
pal at abl e oral preparation, such as glycerol, sorbitol or sucrose. ese

f or mul at i ongesanndveed n@seracets. Oihettdren ‘Gudlypepde "afl scanclad¢s @ptidesrindsuch as
ascorbic acid, As.an exanple of an injectable oi|l vehicle, see Mnto.(1997)
37 Phar macolPolept ey fss SunheHRE B fubed seleRiSiat SR 6t The
phar maceut i G@lind 5idUal @ iR MRturkiNGidomeeNt bRBr &8 silhQlchsr Aubrdigidn bR
oil-in-water enul sions. The oily phase can be a vegetable oil or a m neral
oi |, descri bhednabudedenotesghaxsame. of t hese. Suitable enul sifying agents

i ncl ude natur Soccurrin uns,. .such gum.acaci.a, and gum t r,agacant h,
nacurai 1y occ o T SbBRdR Aoy cRerde S SBR%E AR M RREERR
partial est g feféi@bipsBandrs OMhRbLLYIdAGF Ay RAGhNPEphids 208 PyGpesiREs calbd as
sor bi tan nono-ol eate, and condensati on products of these partial esters

wi th et hyl eséhenangiecly seraposed opsynfsticenen netnel seieguea af apHe-asidsadlels aThe

enul sion ca | I ts I , in the
Formul ati on thaf GORLE: O BHRGHARNIGARRAL ARG LR BLL D AoRATRIT Sy 2
denul cent, afpmésesord iln@ne aspeat, @ pbBpepriledgasdd.in a coRPOGfion tcellSyatmor
contenpl ated that a conposition or nedjcapent conprising the therapeutic
agent can cdhPEPholdhp HEYPREIEGES calash cbhavpiebplaspidrepissSipa at lead ries as a
stabilizer, rtl d . '8 i: | el i ke
agonts. - Exataens SPHETnlipt. AERIAESY, iRhkPLR cRILUPRE RN, Slm i P br
pepti des i ngolyesrs of arhimotacids b va¢nthymttaptiealrtrmoethen wattigrabgesp of.g.dext r ose,
sucr ose, Iactﬁﬁq,.trehalose, manni t ol (zorbital, inositol, dextran, and the
like. O her SSUPHiZHISSTRu A BiEg NG HRE EQINATNe ASTE PPt aPFoheraeuicch,

cel lul ose, sggiym or cal ci um phosphates, citric acid, tartaric acid,

gl ycine, high nolecul ar wei ght polyethylene glycols (PEGs), and conbi nation
thereof. 1t ndQ0H]sdniieo asiéf mhy boakhrpiislpd asiop dregiotowing designafl@rindet er gent .

Suitable charged |ipigds.in de, W ut limtation h atd dyl chol i nes
(lechoniny . bafghene?Ra ot 0 otipg b B PO pBRORIANG IS on e,
cationi c or (NmEhGtyRineG Gyl fr@@t%nhn (Bpambkeise 0Alag,PHeahRnHE (PRt ARdisine

i ncl ude, fokdiéaQE%EI ?et h%ﬁ# ,a%ngE%boggpggrfagggg§s$(Unggn)Carblde

Chem cal s anar'$&h s, qmic , b SpORAFEE AL oPPICanst), f or
exanple, T f I i n i.esq:. W/ m.ngto ,

pol yoxyet hylincioais R Rfeok Bk (85, THRRIER A CUabAO SR CrBM T ey
aci d est er s,D-pheénydépgeipé 6i-fli@ory{Phgyl2f thiedyaDehlshd O-Ther eof (SDS), and |i ke

materials. A thorough discussion of pharnmaceutically acceptabl e excipients,
carriers, st adpﬁ%ﬂﬂ e‘?];reatmfnbt» h&gatiagxi Tiealy r stissPyne el depimiefepte i n

Rem ngton's aﬁﬂﬁﬁig@ﬁﬁ’ Il ﬁ%aﬁﬁbl,eggeﬁ% tﬁgfaa?gcfﬂdple o@%licitihl% air&;ﬁl%ﬂa)ctic,_ curative

i ncorporated herein Dy reference. [ 0094] "PharmaceutTcal ‘conpositions of

t he present orptenbemmhicaliffedlirtheondipauanteeameadmyadditiatallgmesultipr i se one
or nore conpounds. of the.invention in conbinati.on.with one or nore

phar maceut i CHPTYAIRE QB BPERPAIRY BAISPasCO8 B’EIBPFPH“&&G@E)SG%S%P 138N5Gueous

sol utions, di 39683y RABSsedHSARNEE GASuIAF fRMUS| QRS an@F 1Rt efdlhRs PAWAIEr s whi ch
may be reconstituted into sterile 1njectable solutions or dispersions just
prior to usecfegmiceshumey indiented etherwdser Fior akaroplel ‘s’ targeti asliladndes onp of mers,
bact eri ost at s sogutes whi ch render the formulation isotonic with the bl ood
of the inteﬁﬂgﬁ“F %ipient, or suspendi ng or thickening agents. [ 0095]
Exanpl es of suitabl e aqueous and nonaqueous carriers which may be enpl oyed
in the pharmaceutical conpositions of the invention include water, ethanol,
pol yol s (such as glycerol, propylene glycol, polyethylene glycol, and the
like), and suitable m xtures thereof, vegetable oils, such as olive oil,
and injectable organic esters, such as ethyl oleate. Proper fluidity can be
mai nt ai ned, for exanple, by the use of coating materials, such as |ecithin,
by the maintenance of the required particle size in the case of

di spersions, and by the use of surfactants. [ 0096] These conpositions may

o o T ] oy o o B - o 4 o o b



[ 0100] The pol ypeptide may be administered on its own or in conbination

wi th anot her therapeutic conpound. In particular, the pol ypeptide nay be
adm ni st ewedodwise™aj uncti on with a therapeutic conpoundPaTa$2009/08136At

mel anoma, inflammtion or an autoi mune di sease in the manmal . The

pol ypeptide and additional therapeutic conpound may be fornulated in the
sane or differl8074]cBehybeiitide sasposthenspd|thpiayentia ga goraingauyicambinatieg of

si mul t aneous] ti O utlc
compound. - oot yat bR kRl R IBRL pgrRE RS E bR bV BRRE T
t he phar macashils athet oligp@isilttiondsocdouplieg mee@sesuchla@vem plomrirgyhyle, Nari ed so
as to obtain an anount of the active ingredient is effective to

achi eve the hdégqxwea:qnhe%d&ﬁé@fﬁ élfv@%@aﬁlsrealﬁlmld%s BIaN t iilemlahexgéﬁarmlmlde
conposi ti on, (D@Eﬁ ﬁfls@%ﬂﬁéaﬁ%]dd%ﬂl@@ 1‘@')t ’ﬁ%&néoglﬁﬂgsr&l% 6 teQnt he

patient. e conpounds res nvent e adm nistered as
phar maceut i a#ttsatitotohtheranditiaumd aamlermdml (“pdpelyleba]m Déinkageemcpele, gg.,or as a

pharmaceutical composition co 0.1 to active
gt edi ont . THSFEBIGRUE Sy —A0CHS B89 Koo H i Che D,

phar maceuti %ﬂUl%eaGl‘éﬁm@ﬁl—éﬂféaétﬁérQCHz oY, Qﬁ%ﬂler'fb 38! eeiRMk, dasage | evel
w || depend upon a variet factors including t he activity of the

particul ar G@tmnmudd tblfoamhb pr &gaiiseei ngefpitol (éﬂ@)@y@,mimndﬂm
adm ni strati Q A f adm pi tra i on or
net abol i sm A 1ds ERUGES Al a' A é}é)? p8%7 ?76 196(3%@ ?&?‘é"%‘{‘ﬁd ext ent

of absorpti Qnodfflbﬁldiu r’Mm@a DdkkEh VY rif@drp@aled heteteby Hfétgfce) cOMpounds and/ or
materials used in conbination with the particul ar conpound enpl oyed, the

age, sex, wei df@35]1cBelapentisas uygdrie practieretie methasofghe wvenfiad @albeﬁm@@ﬂ/bxof

t he atient | f 0 al arts.
101037 A phydreBehiRbE e inia Kby AR QS Blee SR, DB E o
readi |y det ecyiatien,aid, @rbgscheinkxal tﬂmﬁﬁe:hﬁactwhmqmpmdtheieshhmgpﬁmlﬁ&ceut| cal

conposition required. For exanple, the physician or veterinarian could
M

start doses POIYPER#eEo ﬁ%ﬁ%?él%% C%nrféx%w E?rfné]i‘ﬁalP‘H%f‘dP“fiﬁ ipgading the
pharmaceut | Eu E’ﬁ iel 812 aBlind Eéigfkﬁie 1 QURE ah AR 4 Bﬁ% orf EH ?Eérﬂnﬂw@r ger to
achi eve the sire efrapeutic effect and gra ually increase t dosage
until the desiilrbedtpprfef:xatﬁki that thetunestgge of mpduﬁ@dt]oﬂ maygbapreadnt imtheusatmalok e dai |y

dose of a co oung of the invyention wll E}e}) gt ﬁgount of he C n;%ound
which is thé’ FEITRSSE SRR SHTVB A&V ROGRERISE - ¢ &p%éYFEHP(? MWEPREE MA%Byuch an
effective doage Wah{ nygR06f AblificHERRNA1stRAMHNE HcARE ALSyRBSE M PREcAROYR-
General ly, oral, intravenous, intracerebroventricul ar”and subcut aneous

doses of t helbeeﬁ@faundml@ﬁlonmvmee@mhmnmeﬁtﬂaam, fovalent pmqhennt ofwhlzamaysed
for the indicated e ave n bout 1 ntg
to about 5. e el GEh G i iRy e Ol Bk def A b MhBo gt et o,
the dose W laktadtavent af ﬁlﬁprdl drrnpid fegiviaBig ol 1 e agtbeithen® offE ghdPhakBlihodtodd, My
per kil ogram of body wel g per hour. In further enbodi nents, the dose wll

have a non- ICF‘??Ftlinhglgrcé[ﬁ]g@tlpﬁ(ﬁﬁldﬁ%bmsi fiopgatian. deypethyationy fpmmation|ob gewenst
body wei ght cp(%r ﬂPﬂ%&' rfBrmat%g]oQ%giteﬁle ggi;fslz{tf(‘)\%ooftppﬁorggetgrﬁgOhﬁé?mgﬁhl)ﬁf ﬁﬁga—()f the

active corrpou m ni st er € Ive I'X or nore
sub- doses admmkelheme@lﬁepﬁa@meIQPIahc}apmasmmuba,thdirmy@rtml ®didationighout t he
day, optionall o i.n unit dosage forps. In one enbodi nent, the conpound is

admi ni st er ed" yeﬁlel abvglétog@ﬂoaa%ldatwnf PECHBHOR RSEP YERA PLOCCIE: conpound i s
admi ni ster e‘i‘;h% oINS hbén RAfioh @ERHQ{latﬁ(gﬁ A RRAUS OFarRER RN A QidgReq | N ot her
enmbodi ment s, e conpoulnd I's adm ni stered | ess frequently than daily, such
as weekly oradtlmss of amﬁr@ﬂz@fﬁqs to\prdteinistichi & grgingiabibe for, e.g., CoeigbiondTHi., t he

present inveption to be a al one,, it i erable to adm ni ster
Phe® compound tatsta enchu i Plolicthg Prhedie ane By 3L Tt ne' sy The
subj ect receyad 9K N093) PeAt-ERMtiondl @HWVALRR MBifidafioR 8€ ProtdiRE IBIdi ik, Mat es,
in particular hunans, and other mammals such as rabbits, equines, cattle

such as bovilite, Aedemis, PrggsaiNewnorshee g+ l?aﬁQSfameDrg@raimhgem Mrnfeg@wer al .
[0108] The conpound of the invention can be adm nistered as such or in

adm xtures wth pharmaceutically acceptable carriers and can al so be
adm ni stered in conjunction with antim crobial agents such as penicillins,
cephal ospori ns, am nogl ycosi des and gl ycopepti des. Conjunctive therapy thus
i ncl udes sequential, sinultaneous and sepg#ate adm ni stration of the active
conpound in a way that the therapeutical fects of the first adm nistered
one is not entirely di sappeared when the subsequent is adm ni stered.
Possi bl e Routes of Admi nistration for Disclosed Conpounds [ 0109] These
conpounds may be adm ni stered to humans and ot her aninmals for therapy by
any SU|tabIe route of adnlnlstratlon As used herein, the tern1 route of

,;_".__ v o ey o



[0112] In the nethods of the invention, the pharmaceutical conpounds can be
parenterally adm ni stered, such as by intravenous (1V) adm nistration or

adm ni st re0i2009/i50108 a body cavity (e.g., the synovial spata)S2aw/0B1snen of an
organ. These fornul ati ons can conprise a solution of active agent dissol ved

in a pharnmaceutically acceptable carrier. Acceptable vehicles and sol vents
that can be enjldiyensl enbodiments ofgeMPPHSr' s sol ution, an isotonic sodium

chloride. In {0 an terile f] iLs: oy . t or
suspendi ng. modttndl’ Aol ahe Bl dRRonAc SRR MEE s B ARKET o
i ncl udi ng syohipetihdthaDielectioEly bigls yasiodesin 1 repEdSMASR Yesd co@duher ei n,
the nmet hods of the present .invention may be used al one or in conbination
with ot her &BpPHsEEaPMEPtitrehavingthassfuese:an aut oi mune di sease or the
other conditioRs, dRSCNRCKNK R Reaa, x)[agl;%égg XERSXRAL Ko, CRMRI nat i on of

t herapi es (therapeuti'cs or procedures) to enploy 1n a conbi'nation reginen
w | take intowheeouNta,aobpdil, brAlator Ipiysshe desired therapeutics and/ or
procedures and the desired therapeutic effect to be achieved. It will also
be appreci ated that ﬁ?elsﬁiglfoa&'g Ynpldyed may achi eve a desired effect for
the same disorder (kaf, €XR0OPL H-02A HNENDIAELOMPRYUND My be admi ni stered
concurrently with another agent used to treat the same disorder), or they
may achi eve differeXaaehf@etew -dly. , control of any adverse effects). As

Lo troat or prevent “CpatBongh o dRaeahapYcRh e T BRToRT d G aaon o

"appropri a};glj_phe,toh@_mgs’ease, or condition, being treated". [0115] A
conbi nation treatnment of the present invention as defined herein may be
achi eved by way of 8 i§Dmirg.dhrebuer DsAluential or separate administration
of the individual c o il tre tonal [ [:CAt+.ans
[0116] Adnministrati Pt ﬁ"‘ﬁﬁa’%ﬂ’i‘ﬁu%ee%f‘?ﬁggféﬁhé’ %?ﬂ%&‘g#@i@{@%ﬂéuﬁéﬁ&
(her ei naf De4-nittdaBlicgpeDt Ata; agent ") as di scussed herein may be either for
preventative or therapeutic. purpose. \Wen provided preventatively, the
therapeutic agent i S3prigH-HénHin Didvadds 9fPaHy synptons. The preventative

adm ni stration of t at-gg_@ﬂgtﬂ_lAg FgentuSsy YESed 9 BreMENt Or attenuate any
ed ipeut I ca ﬁﬁe fhe i

synpt onms. \When provi t her ape 'y, erapeutic agent is provided
at (or shortly afteXpajheDdiseD-ithiansynptltmooD-Ale di sease or di sorder.
The therapeutic admni strati ong t?:g herapeutic agent serves to attenuate
any actual exacerbatdn'd '49‘3 (?rﬁ‘i ie®  [0117] The individual treated
nmay be any mammal. kiaoRepaspepisertdio-Mapmel is a human. In another aspect,
t he human has an aut oi mmune "di sease or condition. In other aspects, the
aut oi mmune di sease &ragonBideronDr4laassoci ated with or selected fromthe
group consisting of nultiple sclergsis, diabetes type 1, aplastic anem a,
G ave's d%%gf%aégaﬁ%l&%@ba (?F%t%@gé?t%reﬁ?ﬁ“ s disease, lupus, arthritis,
osteoarthriti 005t i JBMIENBOGRIENS, thepepRidEaHABg L6 efaBa@ hedMBleldctiSely Bl
nyast heni a %avi S. [0118] In other aspects, the human has an in%ll anmat i on
di sease or Jd¥hdRENgLommisaaPeh@ertidsduing thesequandea midy Xofe Vi Sede X8t
condition i S i@fe i oK. Select e ro, (o]} S-St .

i nfl amat or ?{ %8\;\%%% %%%ggég%ga?ﬂgua%ﬁt%%& g?%lﬁr%%rgﬁ %811 %b;)%f/\p ﬂ’?t(%érlggc et osi s,
psoriasis, gaatisDilssaDdiinseleNle XaaistGlgi Xease D-Tip, Angiheéibeaspkienyl-Alag
inflammation_is associated with brain death, preferably wherein | evel s of
ci rcul at i ng RRdvgERgusPalveredoxy- Ve i L PBe e et Bstig or P dedd’s Pe-hpet
another aspagipne (Be, DIENAREUHSC DADBiAISASOIH ODIT5r 4SHRLFHE: thdfy an
a-MSH or MC 1-receptor nediatéed di sorder or di sease. [ 0119] In anot her
aspect, the Ipthsdhs, DreRieonr DsAldi Kesntie O-Gbwdx-dsp, t-eatutheret ordd-Sar; 3dabjoest

wi th nel ano I ne .aspect h resent inyention attepuat r .
anel i or at 65 M BRE,5) Bl XabH 1y B oo B Ehb: Slpet D 1 he Bstpoasisof
the present pyR¥€RiHeRAN A6 ErdiS BEn ioRe ?(%ﬁ%)ﬁs 4101 - ABAGRQIBr dhefhdRB@Ilyl Magi ng.
Kits Conprising the D scl osed Conpounds [0120] The invention al So

provi des ki tascdptablespltrthenagf. out t he t herapeutic regi mens of the invention.
Such kits conprise therapeutically effective anbunts of a peptide having
specific activity as MCLIR nodul ators, in pharnmaceutically acceptable form
al one or in conbination with other agents, in pharmaceutically acceptable
form Preferred pharnaceutical forms include peptides in conbination with
sterile saline, dextrose solution, buffer solution, or other
pharmaceutically acceptable sterile fluid.” Alternatively, the conposition
may be |yophilized or desiccated. In this instance, the kit may further
conprise a pharmaceutically acceptable solution, preferably sterile, to
forma solution for injection purposes. |In another enbodinment, the kit may
further conprise a needle or syringe, preferably packaged in sterile form

o " e




treated mce. In a EPS induced system c inflammtion nodel, a-MSH and

anal og treatnent decreased serum cytokine | evels. These data indicate that
t hese noweD 2009M8H08nal ogs have the potential for therap@arius2e098378n9

i nfl anmati on and aut oi mune di sease. Materials and Mt hods [0123]

Pepti des. a- MSH SYSNEHFRV\GKPV) was purchased from Bachem (Ki ng of Prussia,
PA). A D am nd088]dlnrtheraushiqdiments ghq papkigaerHegrsreyidedherpinrompiise #i t ut ed

et o R A, (ORI Gt

Cor por at i on Xdal X, SKaxdXiad) ;s eheeipRasds DeVhip kahoigD-a2nd )m&sﬂ]mﬂyﬁ JBOrhy
reverse phase HPLC. A scranbled D am no acid control EXpeptl de (ksrsng%{%)eyh)
Cc

was synt hesi% &Ny Xaanis\dhs: Etsgo Pal iPdt, TrnXdede Pedyin <apy isiR-(82.d3iFd r ol
eptide I S h

Rn:omal S. (Igl E/leﬁt ‘cr)ﬁ%s{:}dfg%\%e %YI?% X?é(agzlglﬁoml% Clglqﬂ%‘ m celpsxﬁ/elr%ee't%%ﬁéine from

Jackson Labaer&i-te; s, ( BdD- Sbiamﬁbrﬂe N&) ., is D131 25 P-Sirx Xho ; & [QiNer;weledceiond

femal e or mal e 7BL/ ce we m chased from Jack n La qr i es
Far bor , V) RE (RBE QEEH 5 1f 8F L RRRCG: e ST BE A eparaardl et ne.
| nSti tuti onal (69397 Calipctiids BRR1doRINEId Esinbit R Pebla@nBNLY HAVIEREGRER | On.

[0126] EAU i nducti on. Femal e BBORIII were injected subcutaneously at two
sites (betwsemubhiogHdemond @d®SHind in pelvic region) with a total of 200

bopt i do.  Fi ¢ cBONG. I Bl PRORFn B8 gt B cbbds el i Gifuvant

(CFA; Sigma,n Sther ERBOEmMeMS) theipk tidey @@ﬁ@ﬁg@nlamds bBhey, ¢ reinb Scidd 6Ra n(ikiufe o,
Detroit, M). [0127] Eye Scoring. The eyes of mice are dilated using one

or two drop®f & andldaminodcids. da pikies embodimensabe pmréieﬁ@rem%rmnsa%af ¥dersed in a
darkened roo@,f gf;aRpy0 56@%6‘%9&%@)%@00&"1&%%{0 FRNYgk ﬁ&fc{sa&ﬁ?d and t he
retinas of both e é are vis usi ng an ndirect WP noscope with a

78 diopter Ilmnoff hﬁy&}/@&néﬁrﬁoﬁ&&h@ﬂ)lﬁo@ﬁng miﬂ Hiica g fﬁ(ﬁmlp&ism)@nan Praodgiréssi ve
scoring system between 0-5. Score O:. Nornhml retina. Score |: Vascular
i nf | anmat | oﬁmb?‘b%il%ll) perithine. Bprarieusias v%bell‘?xe@ﬂf‘élyéD dsnipa ey Bydet Py 1Pesi ons

confined to n t r r oRS in
more than onm e aaPan s ePReD RN AR SRR G Rore PR, SR Sy akERiE

conti guous. tiBenyleD-GlanRet(Dadhi) dé{cadhh@«yﬂalaﬂﬂiﬂ)([é%ybé fitroiR-Fhe -werudline, o-

har vest ed and Wﬂllg din EB@ The eyes were enbedded in OCT nedia for
frozen fixatPeRy" j\g‘?ﬁ B¢ O BB cut through the papillary-optic nerve
pl ane and st ai[pgel ] Wi e RMNEAS tﬁ@ébr@%‘ifa@eptlde[lgé@rﬁ riukiRthnihydbi@s to
Mel anocortin ecept ors. Binding profiles for a-Ms a- MSsH, and scranbl ed
peptide wer éemst@cPheoAmTramam ﬁlrglPh‘eH@ppmfgably in ghe ramamaladd  Bi ndi ng

CBachom 4 sPRad SO T bt ahPalRE G IR e hie it {dhafhe Mo, o)

with coded seilegsence Hi9HANa Bigrrhi rtgmf) Arf®-08PHI ¢ pFefw¥ablyah si@ Dahlianeddby a
conpetition with |1-NDPVSH for bin t he mel anocortin receptors 1, 3, 4,
and 5 usi ng cRBHgHaR. ghsp @ﬁ&ﬂ@ﬁ@%&amm%%@tlﬁepﬁ Gearprispd pf 1 Beaminer e

vel | pl ot os PRCbANG %ﬂb‘ff‘&m&@% R BT AR ah e g Ol °°
100 mM NaCl,acfd. 2% BSA) and m xed with nmenbrane preparations from HEK293

transfected cewﬁl ines (Perkin Elnmer, Boston MA) caqntaini ng 1-1Q f nol

receptor for 109f2]afhoegmpquads promided dpscingso hospinthete Rererombinant fiewas used
as a positi \(:% %Qﬁ'ﬂcfscgf the B%ﬂﬂ&ﬁtﬂmﬂ& Pfﬁﬁlﬁaét{nleh%P%gn$éﬁlilgﬂﬂr&hglﬁlc‘ﬁﬁel:h%
filters (M ore lerica washed mes with binding buf

w t hout BSA, kndwnenitl&mﬂt d‘dcmhbétdof sohfi(ph%]syntAM?s Meas plagwd putBIBﬁecFlite(ertmieanona
cell line) cells I . IIectlo nassas, wer e
seeded i nt o SPFiLES 458 X = 52PN h&nd*'vﬁ 9 el b?%)gt)nl ght
in DVEM ( Canithe@¥m Md‘s@ﬁﬂé 1|n|v@nt10|}‘f@1 fﬂ%’t@ﬁﬁﬂﬁﬁ&ui@d@} onTtBhiiIt ASTeAGar
antibiotics (100 8/ penicillin and 100 U nil streptonycin) and 10%

heat - i nact i \aelegicildechiniqyey knews ar theart! Within dtje applicaten unbﬁamemm stategd | s
were then tr d W nati v 0|nv §LSO alVsH
(6. 61- 1000 Y bt s Wit Pl VBt B bRt oplfefif i 36771 600
ng/m) for 3@|ﬁﬂd1m 208 loF Severd] el MRt nadrdndty aeklak: W aibredyR., kemg Molvail e
measured by an enzyme i mmunoassay kit (Anmersham Bi osci ences, Pi scat aw away,
NJ). Forskolin (Sigma, St. Louis, M) at 100 jtMserved as positive
controls. [0131] EAE induction and scor th Femal e C57BL/ 6 m ce were

i muni zed with an enul sion of M)G35-55 peptide (200 tg/ nouse; New Engl and
Peptide; Fitchburg, MA) in conplete Freund s adjuvant (CFA; Sigma, St.
Louis, M) containing 0.6 ng Mycobacteriumtuberculosis (D fco; Detroit,
M) The erruI5|on was dellvered in a voI une of 0 2 m per nouse by

. o o - M e I - o v - 1 O TN"T=\ 7




[0135] nmMCLIR RNA anal yses- RT-QPCR. Total RNA was extracted fromtissues
with TRl zol (lInvitrogen, Carlsbad, CA). 1 jig of total RNA was reverse
transcri beo 2a0disu®ed in quantitati ve PCR by using a Taqmwam/us2eo9ms1sho
reagents from Applied Biosystems (Foster City, CA) on an ABL 7900. A cDNA
standard was run in each PCR for nMC | R and nessage concentrations were

normal i zed tdomnRadabeuatorp Manmale Geliobryingdiarbey Labgratpiyidizessdded); Gpgrldebd
3 osystems g3t fy 4484130, LIRS, MUV BIGLR.5 Lol gyt harver

CTCTCCCTCGTCACT TTETTTCTA and T ever st AACATGTGEECATACA

CCATGCTGCCAGHaDiedh €3e(Wo1 B “dia&iegﬁ @ﬁotbmlm@fll?ﬁﬂldm’ rin Beptstss, BLB, éd“\pM
Bi osystens, Foster Cty, CA), LPS nmodel . Male C57BL/6 mice were

chal | enged VirERzympaogy, L@aﬁ}%@ressp Sflﬁ REee AJAASH: H‘i“bseeWér’ &C&Péa&véal_wét h
dexanet haso:%gg}iégtonfq £t Dels ﬁ@%@heab%nf_a %nﬁ@@k&g %jlale% W}lfred?ﬁleg hrs
after LPS or serum € an 5| S was
measur ed by R.I.oWubtutearfeXmisaif ¢lks: &4 kiahwriet Bagc Dectthiqurer ayd Kit AIDLlss Inc.

Bi osci ences)

Che: moan - SVYEXBH: Aoy bR AAEG B Crid e denpiesand fap s SomBilBof 58 1o

results a ongoway, ﬁ'ﬂq{ﬁnﬁﬂﬂPﬁeE‘ﬁn@@)&oﬁuﬂH hil Ee GRMBAGSLOVE &SNS used.
[0138] The follow ng exanples are offered to illustrate but not to limt

the inventi dMmivaxignBiess, New Wotkr(d8%ppridbefi the citgt iefdrences areluibe mcamoraied
Aut oi mmune b%xéeil !3 ((greLe nodel [0139] Autoi nmune uveitis is an
i nf 1 ammat or y8i'$8Y H&F Bt he eye that can lead to pain and vision |oss.

Steroi ds and i[0pe8)OEL RS IHIIEMEHIGBe PépRide dhilBy privvidBe heRinyseldagiapdiid cs
for uveitis and often have serious ocular and system c toxicities.

Therefore, ﬁﬁ@tﬁvaéﬁ melapegdre 1 terepigp EMG1RY. ang salé%hl@ é‘iﬂa}’ canf p1eroplomalsoi s an
ani mal nodel WIBE, I t i t he
United Statés. IJr%Trunl ?a%ﬁggka‘\%l Olﬁ%erp ot%orrtzaeég%l o g{hﬁlgﬁé 061%%% éa’ﬂ
protein (I RBRkedfo dstess MPIR daiviatiqgMERd 81 1010 bekessndnt &rﬁlﬂﬁlc@temc(lﬁtﬂ@sg)mw th
adj uvant can induce di sease in susceptible strains of rodents. The di sease

i nvol ves i nf¥% rAa‘Hlté‘?PameP?ﬁlméﬁﬁé)if &Wlwvw GOMRIE 2Py PPIYRERSIdeSRlECiNFfOB nd

phot or ecept §id3ERAR fBndRHbAbE § SAERRIIN LRl SBABbARAAUS L ©f apse. | The
adoptive trans r uve|togen|c T cells in syngeneic rodent Tecipients
suggests t haietemmbietliby anapplrmpuatganresmag afdag. N ImmHlimitmgieaam;ﬂeaﬂtadﬂ@ﬁrune

di sease |i ke ma er simlar.au eases s

Corerosi s Totbanf ol ety s iRt Ao et B SO geae] ProRaRS Ul ar

m croenvi rommirede%m@@cérﬁm@aea RELYOJoRALAr@bptSr B ?J%Bg@é%k_t 0
mai ntai n i Mmunosuppression are in place to prevent |oca | ammat i on.

Sever al neurAgsepiandde: Nlhaﬁ02é7"@ expressed by neurons in the ocular tissue

help to sustai i V|Ie t hese neur eptldes i's
DoNBH wh o | J006d1 TGy ROLPEE drdut e s B Lrimslit FBorent at
physi ol ogi cahocﬁﬂut@eAMfahitﬁa o@ﬂ‘de@NG)QI‘NFﬂ TNH & &R A SY s1EMRN /AN 17, $ENAL | on
of native a-MSH during the induction of endotoxininduced uveitis in rats

i nhi bited t Hb-Gdlrdérangfor M{FF-1levets. rlg se@p fegbggignents, e cprprouRds iggrpase cANIP. 2|

and nitric 0 . Ina
mouse EAU mads dnorr SARRCHE SRt YR aHRa% SRRERUGDA. SR Mol
i nfl anmat i onf savepreEssed oklte (SIOJETNEY, TN adisA, ILal(]VBiRl‘@&nID-mjllENy,'IIL 6,

r egul atory cells thri‘é‘?h the nmel anocortin 5 receptor on T cells and

suppress EAU-12 andor AP elherintise gf %mwﬂwahm&éﬁa&e@éa‘f%wwmﬂ lepgls

mur i ne pOSt %é}pﬁe dé‘(@fhﬁl'le?l tHR)Q@E sé@eni %%ésggs[ elgcc t%bfe'a% Cg@ﬁné\{)lqﬂf;@lg aft'}an be
BIORII mcewth an injection of 1 61- and Onset of disease
occurred ar oueditodagasif® thé tlsrveprenioneg. lex\ﬂmri\lmyhrmmgmnmﬂeszf 3ssagy Borr eached

day 13, d t t H. at t g/ v f
7" conbecut | VAHEYGE GG Tt FbBAc & Haao B Ry AL ARt HORPS )

target activhdé@engi®y.the primng phase of the d| sease rather than the

ef fector phase, treatnent was initiated when active retinal inflammtion
was observed. [0%5ddhl meqtﬂll@elttﬁ dhe eqappouads af @Wnb@tﬂtoermaryena@l@tal at es
clinical application ngﬁ?%eat ed howed_.a redu t| o

mean cl i ni cal"EYE "SEBPES AV SR ‘W%aen 3}?“’8‘&{;{}”86% Bl of Pl orrpar ed

wth untreaumte@t@ehe(ﬂﬁe(gmﬁgrﬂs@)sc1@e&/ﬁéﬂeﬁlr eated m ce showed a maX| nmum nean
eye score of 2.83 0.39 on day 13 in conparison to the untreated group of
m ce whi ch reached a maxi mrum nmean eye scoye of 3.67 0.52 on day 15.
Exanpl e 2 Conparison of native a-VMSH to dexanet hasone in the BIO R ||
experi nent al



aut oi mune uveitis nodel [0144] Current fornms of therapy for uveitis

i ncl ude corticosteroids and i mmunosuppressive agents. The efficacy of

nati ve a-WBHowzs1wenpared to a known corti costeroid therapyS2eexarset hasone.
Weitis was induced in BIO R111 mice with 1RBP161-180 and CFA injections.

At time of disease onset, when mce reached a clinical eye score of 1, mce

wer e admi ni st 40@a9]dki Jopne embasivaents.dhepdptida; piovidsa fewin ryeiimerayed/Blasnao0
, g/ mouse), 0.2. S 2 [ K@ one. Mce
\R/e?e tr ea% eﬁpagélltpg%gersg%fgggﬁg Ee%%cée)e%?ardgg %dpl\%s{?% Séég]%l?{/aen%gﬁé%@sa%v\ed a

si gni fi cant piedatetdegndaion®@arbeGkicticddly ady8uitihd¢ aetHodl AughOlititingexamplese of
treatnent conpared with PBS control mce (Fig. | B). Data showed that
daily i.p. adanPeancdiscigscdin Brampleilye The pprS st e8gY Gy indicatespartoraanieeat er
degree than;the dexanethasone dl-.eatiek #t,, ther the 0.2 ng/kg or 2.0

ng/ kg dose. lEEar}lgﬁe gg? A novel1 vgetro-lﬂrf:vle%ls‘%' a- MSH anal og specifically

bi nds to MCR- [0067] Thé&déthpdApmoeidel hestiatdndepracticad iraciva gpepioi atén aival. og of
native a- MSH was synt hesi zed (Rl a-MSH) and eval uated for inmune nodul atory
capabilities in vitro and in the experinmental autoi mune uveitis (EAU)

nodel . Bi ndi n@EGWgte@peptidds cat ed t hat unli ke native a-MSH. Rl u- MSH bi nds
specifically t&pésge anti-inflanmtory u-NSH recedgft-or (MCR- 1) but none of
the ot her a- MR cBptosreCieRnants.4he peptiys are mqdsorso epRanasithuhnylitiott he R
a- MBH anal ogpd Eegiﬁﬁk.aﬂp&%éérﬂb&ﬁ&@ﬁ%,%épé )is PRE YRR YF SSne AnbOMRRhList | Ve

bi ndi ng assay ing a MCR panel including MCR 1,°3, 4, and 5 was perf orned.
Bi ndi ng of tHi&Gyapd peeslenars diekied e peftyleacomimpdy iattaded wi ténjiPetd NOBMBEH as
descri bed previously. Native a-NMH bound to 1, 3, 4, and 5.. Hoywever,
ni | ke nat | VEOra DRBETHIRE S R A TUHATE e o R HobiH)er e Rerasingtch
regul ates i phdBAPREMYiohAHRABE BeiWidbiGivhlizedPEG RMRL. e Ao} BRbadihRnt,
control peptide did not bind to any of the nelanocortin receptors. The
devel opnent ted PE@ pelyvisH chpialnoty haive at kspgeing ot mersbliangh pantyCi someprgferied
excl usi on of -3 an -4 i ndi n an decrease nti.al side-effects
Chat "nat 1 ve RIS o RE el R GG A dR s e SEh R PRy PerB e Rl v
Tabl e 1 Sequen®e, are hifily civMile &x plioraSacR@d:aelity Ladt igimiind gttty AR MR MC5R

M5H RI - N1SH Ac o
clearance from the body and may have altered distribution in the body. In some

preferred embodiments, the pharmacokinetic nature of the PEGylated peptide is
modulated by the type of PEG chain. Strategies and methods for the preparation of
PEGylated peptides are carried out by methods known in the art (G. Pasuta and
F.M.Veronese (2007) “Polymer—drug conjugation, recent achievements and general
strategies” Progress in Polymer Science 32(8-9): 933-961, incorporated herein by
reference). First and second generation PEGylation of protein processes may be found
in the art.

[0069] A non-limiting example of PEGylation comprises the first step of the suitable
functionalization of the PEG polymer at one or both terminals (for linear PEGs). PEGs
that are activated at each terminus with the same reactive moiety is known as
“homobifunctional”, where as if the functional groups present are different, then the
PEG derivative is referred as “heterobifunctional” or “heterofunctional.” The
chemically active or activated derivatives of the PEG polymer are prepared to attach the
PEG to the desired molecule. The choice of the suitable functional group for the PEG

derivative is based on the type of available reactive group on the molecule that will be
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SYSVMEHFRWGKPV vpkQOar f hemsys Amide 0.41 0.14 23 41 -1500 (720e) Ac (SEQ ID
NO. 7) Amide 4.6 1.3 >30 )04 >30 )tM-25 )tM 804 805 806 Ac
WO 2009/151708 PCT/US2009/037809

coupled to the PEG. Non-limiting examples of reactive amino acids include lysine,
cysteine, histidine, arginine, aspartic acid, glutamic acid, serine, threonine and tyrosine.
The N-terminal amino group and the C-terminal carboxylic acid can also be used.

[0070] Other heterobifunctional PEGs for conjugation: These heterobifunctional
PEGs are very much useful in linking two entities, where a hydrophilic, flexible and
biocompatible spacer is needed. Preferred end groups for heterobifunctional PEGs are
maleimide, vinyl sulphones, pyridyl disulphide, amine, carboxylic acids and N-
hydroxysuccinimide (NHS) esters

[0071] In some embodiments of the invention, the PEGylated peptide may have a
molecular weight range between 0.2 kDa-100 kDa. In some preferred embodiments of
the invention, the PEGylated peptide may have a molecular weight range between 0.2
kDa-40 kDa. In some preferred embodiments of the invention, the PEGylated peptide
may have a molecular weight range between 0.2 kDa-15 kDa. In other embodiments,
the preferred average molecular weight (in Da; as determined by size exclusion
chromatography) for commercially available PEGs , can be selected from <1k, 2k, 3.5k,
Sk, 10k, 20k, 30k, 40k, and above but can be any MW depending upon the
pharmacokinetics desired. For example, lower molecular weight heterobifunctional
PEGs which may be used as linkers and lower molecular weight PEGs may be used to

improve peptide solubility. The PEG also can be multi-arm, forked, or branched.

[0072] In some embodiments, the peptide is conjugated to targeting molecules or
function as a targeting molecule, wherein the targeting molecule preferentially associates
with a desired receptor. In some preferred embodiments of the invention the peptide is
conjugated to a cytotoxic agent. The term “cytotoxic agent” refers to a substance that
inhibits or prevents the expression activity of cells, function of cells and/or causes
destruction of cells. The term is intended to include radioactive isotopes
chemotherapeutic agents, and toxins such as small molecule toxins or enzymatically
active toxins of bacterial, fungal, plant or animal origin, including fragments and/or
variants thereof. Non-limiting examples of the cytotoxic agent include maytansine,
dolastatin and its analogs including tasidotin and auristatin. In other embodiments of the
invention, non-limiting examples of cytotoxic agents include, but are not limited to
maytansinoids, yttrium, bismuth, ricin, ricin A-chain, saporin, doxorubicin,

daunorubicin, taxol, ethidium bromide, mitomycin, etoposide, tenoposide, vincristine,
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vinblastine, colchicine, dihydroxy anthracin dione, actinomycin, diphtheria toxin subunit
A, truncated Pseudomonas exotoxin (PE) A, PE40, abrin, abrin A chain, modeccin A
chain, alpha-sarcin, gelonin, mitogellin, restrictocin, phenomycin, enomycin, curicin,
crotin, calicheamicin, sapaonaria officinalis inhibitor, and glucocorticoid and other
chemotherapeutic agents, as well as radioisotopes such as Atm, 1131, 1125, Y90, R6186,
Relsg, Sm153, Bi212, P* and radioactive isotopes of Lu. Antibodies may also be
conjugated to an anti-cancer pro-drug activating enzyme capable of converting the pro-
drug to its active form.

[0073] The peptide may be linked either directly or indirectly to the cytotoxic or
targeting agent by any method presently known in the art. In some preferred
embodiments of the invention, the peptide is tethered to the cytotoxic agent or targeting
agent by one or more linkers to form a conjugate, so long as the inclusion of the linker
does not substantially impede the function, binding, toxicity or inclusion of the peptide
or conjugated agent.

[0074] Non-limiting examples of linkers include ionic and covalent bonds and any
other sufficiently stable association, whereby the targeted agent will be internalized by a
cell to which the conjugated is targeted. The linker moiety is selected depending upon
the properties desired. Considerations of linker selection may include the relief or
decrease of steric hindrance caused by proximity of the conjugated elements, the
alteration of other properties of the conjugate, such as the specificity, toxicity, solubility,
serum stability and/or intracellular availability of the conjugate and/or to increase the
flexibility of the linkage. The linker may be any type of linkage and examples are
described in U.S. Patent Nos. 7,166,702 and 5,194,425, both of which are fully
incorporated herein by reference.

[0075] Linkers and linkages that are suitable for chemically linked conjugates
include, but are not limited to, disulfide bonds, thioether bonds, hindered disulfide
bonds, and covalent bonds between free reactive groups, such as amine and thiol groups.
These bonds are produced using heterobifunctional reagents to produce reactive thiol
groups on one or both of the polypeptides and then reacting the thiol groups on one
polypeptide with reactive thiol groups or amine groups to which reactive maleimido
groups or thiol groups can be attached on the other. Other linkers include, acid cleavable
linkers, such as bismaleimidoethoxy propane, acid labile-transferrin conjugates and

adipic acid dihydrazide, that would be cleaved in more acidic intracellular
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compartments; cross linkers that are cleaved upon exposure to UV or visible light and
linkers, such as the various domains, such as CH1, CH2, and CH3, from the constant
region of human IgG1 (see Batra er al. (1993) Mol. Immunol. 30:379-386, incorporated
herein by reference).

[0076] Chemical linkers and peptide linkers may be inserted by covalently coupling
the linker to the peptide and the targeting or cytotoxic agent. The heterobifunctional

agents, described below, may be used to effect such covalent coupling.

Heterobifunctional Cross-Linking Reagents

[0077] Numerous heterobifunctional cross-linking reagents that are used to form
covalent bonds between amino groups and thiol groups and to introduce thiol groups into
proteins, are known to those of skill in this art (see, e.g., the PIERCE CATALOG,
Immuno Technology Catalog & Handbook, 1992—-1993, which describes the preparation
of and use of such reagents and provides a commercial source for such reagents; see also
Cumber et al. (1992) Bioconjugate Chem. 3":397-401; Thorpe et al. (1987) Cancer Res.
47:5924-5931; Gordon et al. (1987) Proc. Natl. Acad. Sci. USA 84:308-312; Walden et
al. (1986) J. Mol. Cell Immunol. 2:191-197; Carlsson et al. (1978) Biochem. J. 173:
723-737; Mahan et al. (1987) Anal. Biochem. 162:163-170; Wawryznaczak et al.
(1992) Br. J. Cancer 66:361-366; Fattom et al. (1992) Infection & Immun. 60:584-589).
All of the cited references are fully incorporated herein by reference. These reagents
may be used to form covalent bonds between the targeting agent, the chemokine, and the
targeted agent. These reagents include, but are not limited to: N-succinimidyl-3-(2-
pyridyidithio)propionate (SPDP; disulfide linker); sulfosuccinimidyl 6-[3-(2-
pyridyldithio)propionamido]hexanoate (sulfo-LC-SPDP); succinimidyloxycarbonyl-a-
methyl benzyl thiosulfate (SMBT, hindered disulfate linker); succinimidyl 6-[3-(2-
pyridyidithio)propionamido]hexanoate (LC-SPDP); sulfosuccinimidyl 4-(N-
maleimidomethyl)cyclohexane-1-carboxylate (sulfo-SMCC); succinimidyl 3-(2-
pyridyldithio)butyrate (SPDB; hindered disulfide bond linker); sulfosuccinimidyl 2-(7-
azido-4-methylcoumarin-3-acetamide) ethyl-1,3-dithiopropionate (SAED); sulfo-
succinimidyl 7-azido-4-methylcoumarin-3-acetate (SAMCA); sulfosuccinimidyl 6-
[alpha-methyl-alpha-(2-pyridyidithio)toluamido]hexanoate (sulfo-LC-SMPT); 1,4-di-[3'-
(2'-pyridyidithio)propionamido]butane (DPDPB); 4-succinimidyloxycarbonyl-a-methyl-
a-(2-pyridylthio)toluene (SMPT, hindered disulfate linker); sulfosuccinimidyl6[a-
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methyl-a-(2-pyridyldithio)toluamido]hexanoate (sulfo-LC-SMPT); m-
maleimidobenzoyl-N-hydroxysuccinimide ester (MBS); m-maleimidobenzoyl-N-
hydroxysulfosuccinimide ester (sulfo-MBS); N-succinimidyl(4-
iodoacetyl)aminobenzoate (SIAB; thioether linker); sulfosuccinimidyl(4-
iodoacetyl)amino benzoate (sulfo-SIAB); succinimidyl-4-(p-maleimidophenyl)butyrate
(SMPB); sulfosuccinimidyl-4-(p-maleimidophenyl)butyrate (sulfo-SMPB);
azidobenzoyl hydrazide (ABH).

[0078] Other heterobifunctional cleavable cross-linkers include, N-succinimidyl (4-
iodoacetyl)-aminobenzoate; sulfosuccinimidyl (4-iodoacetyl)-aminobenzoate; 4-
succinimidyl-oxycarbonyl-a-(2-pyridyldithio)-toluene; sulfosuccinimidyl-6-[a-methyl-a-
(pyridyldithiol)-toluamido]hexanoate; N-succinimidyl-3-(-2-pyridyidithio)-proprionate;
succinimidyl 6[3(-(-2-pyridyldithio)-proprionamido]hexanoate; sulfosuccinimidyl 6[3(-
(-2-pyridyldithio)-propionamido]hexanoate; 3-(2-pyridyidithio)-propionyl hydrazide,
Ellman’s reagent, dichlorotriazinic acid, S-(2-thiopyridyl)-L-cysteine. Further exemplary
bifunctional linking compounds are disclosed in U.S. Patent Nos. 5,349,066, 5,618,528,
4,569,789, 4,952,394 and 5,137,877, all of which are fully incorporated herein by

reference.

Acid Cleavable, Photocleavable and Heat Sensitive Linkers

[0079] Acid cleavable linkers, photocleavable and heat sensitive linkers may also be
used, particularly where it may be necessary to cleave the targeted agent to permit it to
be more readily accessible to reaction. Acid cleavable linkers include, but are not limited
to, bismaleimidoethoxy propane; and adipic acid dihydrazide linkers (see, e.g., Fattom et
al. (1992) Infection & Immun. 60:584-589, incorporated herein by reference) and acid
labile transferrin conjugates that contain a sufficient portion of transferrin to permit entry
into the intracellular transferrin cycling pathway (see, e.g., Welhoner ef al. (1991) J.
Biol. Chem. 266:4309-4314, incorporated herein by reference).

[0080] Photocleavable linkers are linkers that are cleaved upon exposure to light
(see, e.g., Goldmacher et al. (1992) Bioconj. Chem. 3:104—-107, which linkers are herein
incorporated by reference), thereby releasing the targeted agent upon exposure to light.
Photocleavable linkers that are cleaved upon exposure to light are known (see, e.g.,
Hazum et al. (1981) in Pept., Proc. Eur. Pept. Symp., 16th, Brunfeldt, K (Ed), pp. 105—

110, which describes the use of a nitrobenzyl group as a photocleavable protective group
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for cysteine; Yen et al. (1989) Makromol. Chem. 190:69-82, which describes water
soluble photocleavable copolymers, including hydroxypropylmethacrylamide
copolymer, glycine copolymer, fluorescein copolymer and methylrhodamine copolymer;
Goldmacher ef al. (1992) Bioconj. Chem. 3:104—-107, which describes a cross-linker and
reagent that undergoes photolytic degradation upon exposure to near UV light (350 nm);
and Senter et al. (1985) Photochem. Photobiol. 42:231-237, which describes
nitrobenzyloxycarbonyl chloride cross linking reagents that produce photocleavable
linkages), thereby releasing the targeted agent upon exposure to light. All of the cited
references are fully incorporated herein by reference. Such linkers would have
particular use in treating dermatological or ophthalmic conditions that can be exposed to
light using fiber optics. After administration of the conjugate, the eye or skin or other
body part can be exposed to light, resulting in release of the targeted moiety from the
conjugate. Such photocleavable linkers are useful in connection with diagnostic
protocols in which it is desirable to remove the targeting agent to permit rapid clearance

from the body of the animal.

Other Linkers for Chemical Conjugation

[0081] Other linkers, include trityl linkers, particularly, derivatized trityl groups to
generate a genus of conjugates that provide for release of therapeutic agents at various
degrees of acidity or alkalinity. The flexibility thus afforded by the ability to pre-select
the pH range at which the therapeutic agent will be released allows selection of a linker
based on the known physiological differences between tissues in need of delivery of a
therapeutic agent (see, e.g., U.S. Patent No. 5,612,474, incorporated herein by
reference). For example, the acidity of tumor tissues appears to be lower than that of

normal tissues.

Peptide Linkers

[0082] The linker moieties can be peptides. Peptide linkers can be employed in the
conjugate. The peptide linker typically a has from about 2 to about 60 amino acid
residues, for example from about 5 to about 40, or from about 10 to about 30 amino acid
residues. The length selected will depend upon factors, such as the use for which the

linker is included.
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[0083] The linker moiety can be a flexible spacer amino acid sequence, such as those
known in single-chain antibody research. Examples of such known linker moieties
include, but are not limited to, GGGGS, (GGGGS)n, GKSSGSGSESKS,
GSTSGSGKSSEGKG, GSTSGSGKSSEGSGSTKG, GSTSGSGKSSEGKG,
GSTSGSGKPGSGEGSTKG, EGKSSGSGSESKEF, SRSSG, SGSSC. A Diphtheria
toxin trypsin sensitive linker having the sequence
AMGRSGGGCAGNRVGSSLSCGGLNLQAM is also useful.

[0084] Additional linking moieties are described, for example, in Huston et al., Proc.
Natl. Acad. Sci. U.S.A. 85:5879-5883, 1988; Whitlow, M., et al., Protein Engin. 6:989—
995, 1993; Newton et al., Biochemistry 35:545-553, 1996; A. J. Cumber et al., Bioconj.
Chem. 3:397-401, 1992; Ladurner et al., J. Mol. Biol. 273:330-337, 1997; and U.S. Pat.
No. 4,894,443, all of which publications are incorporated herein by reference.

[0085] Other linkers include, but are not limited to: enzyme substrates, such as
cathepsin B substrate, cathepsin D substrate, trypsin substrate, thrombin substrate,
subtilisin substrate, Factor Xa substrate, and enterokinase substrate; linkers that increase
solubility, flexibility, and/or intracellular cleavability include linkers, such as (glymser)n
and (sermgly)n, (see, e.g., PCT Pub. No. WO 96/06641, incorporated herein by
reference, which provides exemplary linkers for use in conjugates). In some
embodiments, several linkers may be included in order to take advantage of desired

properties of each linker.

Preparation of Conjugates

[0086] Conjugates with linked targeted agents can be prepared either by chemical
conjugation, recombinant DNA technology, or combinations of recombinant expression
and chemical conjugation. The peptide of the invention and the cytotoxic or targeting
agent may be linked in any orientation and more than one targeting agent and/or targeted
agent may be present in a conjugate.

[0087] In some preferred embodiments of the invention, the cytotoxic agent is
tethered to the peptide by means of a hydrophilic and biocompatible spacer polymer,
including a short alkyl chain, polysialic or hyaluronic acid, a polypeptide or a PEG. In

some preferred embodiments of the invention, the cytotoxic agent is conjugated through
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a cleavable linker, e.g., a disulfide linkage or peptide containing a sequence cleavable by
lysosomal proteases such as cathepsins. In some preferred embodiments of the

invention, the spacer is attached either to the N- or C-terminus of the peptide.

Formulations

[0088] Methods of preparing these formulations or compositions include the step of
bringing into association a compound of the present invention with the carrier and,
optionally, one or more accessory ingredients. In general, the formulations are prepared
by uniformly and intimately bringing into association a compound of the present
invention with liquid carriers, or finely divided solid carriers, or both, and then, if
necessary, shaping the product.

[0089] Pharmaceutical formulations can be prepared according to any method
known to the art for the manufacture of pharmaceuticals. Such formulations can contain
sweetening agents, flavoring agents, coloring agents and preserving agents. A
formulation can be admixed with nontoxic pharmaceutically acceptable excipients which
are suitable for manufacture. Such an “excipient” generally refers to a substantially inert
material that is nontoxic and does not interact with other components of the composition
in a deleterious manner. Pharmaceutically acceptable excipients include, but are not
limited to, liquids such as water, buffered saline, polyethylene glycol, hyaluronic,
glycerol and ethanol. Pharmaceutically acceptable salts can be included therein, for
example, mineral acid salts such as trifluoroacetate, hydrochlorides, hydrobromides,
phosphates, sulphates, and the like; and the salts of organic acids such as acetates,
propionates, malonates, benzoates, and the like.

[0090] The therapeutic agent may be administered in a medicament or
pharmaceutical composition suitable for delivery. Formulations may comprise one or
more diluents, emulsifiers, preservatives, buffers, excipients, etc., and may be provided
in such forms as lyophilized powders, sprays, creams, lotions, gels, on patches, in
implants, etc. Pharmaceutical formulations for oral administration can be formulated
using pharmaceutically acceptable carriers well known in the art in appropriate and
suitable dosages. Such carriers enable the pharmaceuticals to be formulated in unit
dosage forms as tablets, pills, powder, dragees, capsules, liquids, lozenges, gels, syrups,
slurries, suspensions, etc., suitable for ingestion by the patient. Pharmaceutical

preparations for oral use can be formulated as a solid excipient, optionally grinding a
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resulting mixture, and processing the mixture of granules, after adding suitable
additional compounds, if desired, to obtain tablets or dragée cores. Suitable solid
excipients are carbohydrate or protein fillers include, e.g., sugars, including lactose,
sucrose, mannitol, or sorbitol; starch from corn, wheat, rice, potato, or other plants;
cellulose such as methyl cellulose, hydroxypropylmethyl-cellulose, or sodium carboxy-
methylcellulose; and gums including arabic and tragacanth; and proteins, e.g., gelatin
and collagen. Disintegrating or solubilizing agents may be added, such as the cross-
linked polyvinyl pyrrolidone, agar, alginic acid, or a salt thereof, such as sodium
alginate.

[0091] Aqueous suspensions can contain an active agent (e.g., a chimeric
polypeptide or peptidomimetic of the invention) in admixture with excipients suitable for
the manufacture of aqueous suspensions. Such excipients include a suspending agent,
such as sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth
and gum acacia, and dispersing or wetting agents such as a naturally occurring
phosphatide (e.g., lecithin), a condensation product of an alkylene oxide with a fatty acid
(e.g., polyoxyethylene stearate), a condensation product of ethylene oxide with a long
chain aliphatic alcohol (e.g., heptadecaethylene oxycetanol), a condensation product of
ethylene oxide with a partial ester derived from a fatty acid and a hexitol (e.g.,
polyoxyethylene sorbitol mono-oleate), or a condensation product of ethylene oxide with
a partial ester derived from fatty acid and a hexitol anhydride (e.g., polyoxyethylene
sorbitan mono-oleate). The aqueous suspension can also contain one or more
preservatives such as ethyl or n-propyl p-hydroxybenzoate, one or more coloring agents,
one or more flavoring agents and one or more sweetening agents, such as sucrose,
aspartame or saccharin. Formulations can be adjusted for osmolarity.

[0092] Oil-based pharmaceuticals are useful for administration of hydrophobic
active agents of the invention. Oil-based suspensions can be formulated by suspending
an active agent (e.g., a chimeric composition of the invention) in a vegetable oil, such as
arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid paraffin;
or a mixture of these. See e.g., U.S. Patent No. 5,716,928, incorporated herein by
reference, describing using essential oils or essential oil components for increasing
bioavailability and reducing inter- and intra-individual variability of orally administered

hydrophobic pharmaceutical compounds (see also U.S. Patent No. 5,858,401,
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incorporated herein by reference). The oil suspensions can contain a thickening agent,
such as beeswax, hard paraffin or cetyl alcohol. Sweetening agents can be added to
provide a palatable oral preparation, such as glycerol, sorbitol or sucrose. These
formulations can be preserved by the addition of an antioxidant such as ascorbic acid.
As an example of an injectable oil vehicle, see Minto (1997) J. Pharmacol. Exp. Ther.
281:93-102, incorporated herein by reference. The pharmaceutical formulations of the
invention can also be in the form of oil-in-water emulsions. The oily phase can be a
vegetable oil or a mineral oil, described above, or a mixture of these. Suitable
emulsifying agents include naturally-occurring gums, such as gum acacia and gum
tragacanth, naturally occurring phosphatides, such as soybean lecithin, esters or partial
esters derived from fatty acids and hexitol anhydrides, such as sorbitan mono-oleate, and
condensation products of these partial esters with ethylene oxide, such as
polyoxyethylene sorbitan mono-oleate. The emulsion can also contain sweetening
agents and flavoring agents, as in the formulation of syrups and elixirs. Such
formulations can also contain a demulcent, a preservative, or a coloring agent.

[0093] It is also contemplated that a composition or medicament comprising the
therapeutic agent can contain a pharmaceutically acceptable carrier that serves as a
stabilizer, particularly for peptide, protein, polynucleotide or other like agents.
Examples of suitable carriers that also act as stabilizers for peptides include, without
limitation, pharmaceutical grades of dextrose, sucrose, lactose, trehalose, mannitol,
sorbitol, inositol, dextran, and the like. Other suitable carriers include, again without
limitation, starch, cellulose, sodium or calcium phosphates, citric acid, tartaric acid,
glycine, high molecular weight polyethylene glycols (PEGs), and combination thereof.
It may also be useful to employ a charged lipid and/or detergent. Suitable charged lipids
include, without limitation, phosphatidylcholines (lecithin), and the like. Detergents will
typically be a nonionic, anionic, cationic or amphoteric surfactant. Examples of suitable
surfactants include, for example, Tergitol® and Triton® surfactants (Union Carbide
Chemicals and Plastics, Danbury, CT), polyoxyethylenesorbitans, for example,
TWEEN® surfactants (Atlas Chemical Industries, Wilmington, DE), polyoxyethylene
ethers, for example Brij, pharmaceutically acceptable fatty acid esters, for example,

lauryl sulfate and salts thereof (SDS), and like materials. A thorough discussion of
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pharmaceutically acceptable excipients, carriers, stabilizers and other auxiliary

substances is available in Remington’s Pharmaceutical Sciences (Mack Pub. Co., N.

J.1991), incorporated herein by reference.

[0094] Pharmaceutical compositions of the present invention suitable for parenteral
administration comprise one or more compounds of the invention in combination with
one or more pharmaceutically-acceptable sterile isotonic aqueous or nonaqueous
solutions, dispersions, suspensions or emulsions, or sterile powders which may be
reconstituted into sterile injectable solutions or dispersions just prior to use, which may
contain sugars, alcohols, antioxidants, buffers, bacteriostats, solutes which render the
formulation isotonic with the blood of the intended recipient, or suspending or
thickening agents.

[0095] Examples of suitable aqueous and nonaqueous carriers which may be
employed in the pharmaceutical compositions of the invention include water, ethanol,
polyols (such as glycerol, propylene glycol, polyethylene glycol, and the like), and
suitable mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters,
such as ethyl oleate. Proper fluidity can be maintained, for example, by the use of
coating materials, such as lecithin, by the maintenance of the required particle size in the
case of dispersions, and by the use of surfactants.

[0096] These compositions may also contain adjuvants such as preservatives,
wetting agents, emulsifying agents and dispersing agents. Prevention of the action of
microorganisms upon the compounds of the present invention may be ensured by the
inclusion of various antibacterial and antifungal agents, for example, paraben,
chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include
isotonic agents, such as sugars, sodium chloride, phosphate buffered saline, and the like
into the compositions. In addition, prolonged absorption of the injectable
pharmaceutical form may be brought about by the inclusion of agents which delay
absorption such as aluminum monostearate and gelatin.

[0097] In some cases, in order to prolong the effect of a drug, it is desirable to slow
the absorption of the drug from subcutaneous or intramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline or amorphous material

having poor water solubility. The rate of absorption of the drug then depends upon its
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rate of dissolution which, in turn, may depend upon crystal size and crystalline form.
Alternatively, delayed absorption of a parenterally-administered drug form is
accomplished by dissolving or suspending the drug in an oil vehicle.

[0098] In the methods of the invention, the pharmaceutical compounds can also be
delivered as microspheres for slow release in the body. For example, microspheres can
be administered via intradermal injection of drug which slowly release subcutaneously;
see Rao (1995) J. Biomater Sci. Polym. Ed. 7:623-645; as biodegradable and injectable
gel formulations, see, e.g., Gao (1995) Pharm. Res. 12:857-863 (1995); or, as
microspheres for oral administration, see, e.g., Eyles (1997) J. Pharm. Pharmacol.
49:669-674. All of the cited references are fully incorporated herein by reference

[0099] Injectable depot forms are made by forming microencapsule matrices of the
compounds of the present invention in biodegradable polymers such as polylactide-
polyglycolide. Depending on the ratio of drug to polymer, and the nature of the
particular polymer employed, the rate of drug release can be controlled. Examples of
other biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot
injectable formulations are also prepared by entrapping the drug in liposomes or
microemulsions which are compatible with body tissue.

[0100] The polypeptide may be administered on its own or in combination with
another therapeutic compound. In particular, the polypeptide may be administered in
conjunction with a therapeutic compound used to treat melanoma, inflammation or an
autoimmune disease in the mammal. The polypeptide and additional therapeutic
compound may be formulated in the same or different compositions. The polypeptide
may be administered simultaneously, sequentially or separately from the additional

therapeutic compound.

Dosage

[0101] Actual dosage levels of the active ingredients in the pharmaceutical
compositions of the present invention may be varied so as to obtain an amount of the
active ingredient which is effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of administration, without being toxic to the

patient. When the compounds of the present invention are administered as
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pharmaceuticals, to humans and animals, they can be given per se or as a pharmaceutical
composition containing, for example, 0.1 to 99% of active ingredient, more preferably,
10 to 30%, in combination with a pharmaceutically acceptable carrier.

[0102] The selected dosage level will depend upon a variety of factors including the
activity of the particular compound of the present invention employed, the route of
administration, the time of administration, the rate of excretion or metabolism of the
particular compound being employed, the rate and extent of absorption, the duration of
the treatment, other drugs, compounds and/or materials used in combination with the
particular compound employed, the age, sex, weight, condition, general health and prior
medical history of the patient being treated, and like factors well known in the medical
arts.

[0103] A physician or veterinarian having ordinary skill in the art can readily
determine and prescribe the effective amount of the pharmaceutical composition
required. For example, the physician or veterinarian could start doses of the compounds
of the invention employed in the pharmaceutical composition at levels lower than that
required in order to achieve the desired therapeutic effect and gradually increase the
dosage until the desired effect is achieved.

[0104] In general, a suitable daily dose of a compound of the invention will be that
amount of the compound which is the lowest dose effective to produce a therapeutic
effect. Such an effective dose will generally depend upon the factors described above.
Generally, oral, intravenous, intracerebroventricular and subcutaneous doses of the
compounds of the present invention for a patient, when used for the indicated effects,
will have a non-limiting range from about 1 mcg to about 5 mg per kilogram of body
weight per hour. In other embodiments, the dose will have a non-limiting range from
about 5 mcg to about 2.5 mg per kilogram of body weight per hour. In further
embodiments, the dose will have a non-limiting range from about 5 mcg to about 1 mg
per kilogram of body weight per hour.

[0105] If desired, the effective daily dose of the active compound may be
administered as two, three, four, five, six or more sub-doses administered separately at
appropriate intervals throughout the day, optionally, in unit dosage forms. In one

embodiment, the compound is administered as one dose per day. In further
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embodiments, the compound is administered continuously, as through intravenous or
other routes. In other embodiments, the compound is administered less frequently than
daily, such as weekly or less.

[0106] While it is possible for a compound of the present invention to be
administered alone, it is preferable to administer the compound as a pharmaceutical
formulation (composition).

[0107] The subject receiving this treatment is any animal in need, including
primates, in particular humans, and other mammals such as rabbits, equines, cattle such
as bovine, swine, goat and sheep; and poultry and pets in general.

[0108] The compound of the invention can be administered as such or in admixtures
with pharmaceutically acceptable carriers and can also be administered in conjunction
with antimicrobial agents such as penicillins, cephalosporins, aminoglycosides and
glycopeptides. Conjunctive therapy thus includes sequential, simultaneous and separate
administration of the active compound in a way that the therapeutical effects of the first

administered one is not entirely disappeared when the subsequent is administered.

Possible Routes of Administration for Disclosed Compounds

[0109] These compounds may be administered to humans and other animals for
therapy by any suitable route of administration. As used herein, the term “route” of
administration is intended to include, but is not limited to subcutaneous injection,
intravenous injection, intraocular injection, intradermal injection, intramuscular
injection, intraperitoneal injection, intratracheal administration, intraadiposal
administration, intraarticular administration, intrathecal administration, epidural
administration, inhalation, intranasal administration, oral administration, sublingual
administration, buccal administration, rectal administration, vaginal administration,
intracisternal administration, transdermal administration and topical administration, or
administration via local delivery (for example by catheter or stent). The compounds
may also be administered or co-administered in slow release dosage forms.

[0110] In the methods of the invention, the pharmaceutical compounds can also be
administered by in intranasal, intraocular, periocular and intravaginal routes including
suppositories, insufflation, powders and aerosol formulations (for examples of steroid
inhalants, see Rohatagi (1995) J. Clin. Pharmacol. 35:1187-1193; Tjwa (1995) Ann.

Allergy Asthma Immunol. 75:107-111, incorporated herein by reference). Suppositories
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formulations can be prepared by mixing the drug with a suitable non-irritating excipient
which is solid at ordinary temperatures but liquid at body temperatures and will
therefore melt in the body to release the drug. Such materials are cocoa butter and
polyethylene glycols.

[0111] In the methods of the invention, the pharmaceutical compounds can be
delivered transdermally, by a topical route, formulated as applicator sticks, solutions,
suspensions, emulsions, gels, creams, ointments, pastes, jellies, powders, and aerosols.

[0112] In the methods of the invention, the pharmaceutical compounds can be
parenterally administered, such as by intravenous (I1V) administration or administration
into a body cavity (e.g., the synovial space) or lumen of an organ. These formulations
can comprise a solution of active agent dissolved in a pharmaceutically acceptable
carrier. Acceptable vehicles and solvents that can be employed are water and Ringer’s
solution, an isotonic sodium chloride. In addition, sterile fixed oils can be employed as
a solvent or suspending medium. For this purpose any bland fixed oil can be employed
including synthetic mono- or diglycerides.

[0113] As described herein, the methods of the present invention may be used alone
or in combination with other approaches for the treatment of an autoimmune disease or
the other conditions described herein.

[0114] The particular combination of therapies (therapeutics or procedures) to
employ in a combination regimen will take into account compatibility of the desired
therapeutics and/or procedures and the desired therapeutic effect to be achieved. It will
also be appreciated that the therapies employed may achieve a desired effect for the
same disorder (for example, an inventive compound may be administered concurrently
with another agent used to treat the same disorder), or they may achieve different effects
(e.g., control of any adverse effects). As used herein, additional therapeutic agents that
are normally administered to treat or prevent a particular disease or condition, are known
as “appropriate for the disease, or condition, being treated”.

[0115] A combination treatment of the present invention as defined herein may be
achieved by way of the simultaneous, sequential or separate administration of the

individual components of said treatment.
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Therapeutic Applications

[0116] Administration of the polynucleotide or a modulatory compound (hereinafter
“therapeutic agent”) as discussed herein may be either for preventative or therapeutic
purpose. When provided preventatively, the therapeutic agent is provided in advance of
any symptoms. The preventative administration of the therapeutic agent serves to
prevent or attenuate any symptoms. When provided therapeutically, the therapeutic
agent is provided at (or shortly after) the onset of a symptom of the disease or disorder.
The therapeutic administration of the therapeutic agent serves to attenuate any actual
exacerbation of the symptoms.

[0117] The individual treated may be any mammal. In one aspect, the mammal is a
human. In another aspect, the human has an autoimmune disease or condition. In other
aspects, the autoimmune disease or condition is associated with or selected from the
group consisting of multiple sclerosis, diabetes type I, aplastic anemia, Grave’s disease,
coeliac disease, Crohn’s disease, lupus, arthritis, osteoarthritis, autoimmune uveitis,
autoimmune encephalomyelitis, and myasthenia gravis.

[0118] In other aspects, the human has an inflammation disease or condition. In
another aspect, the inflammation disease or condition is associated with or selected from
the group consisting of inflammatory bowel disease, rheumatoid arthritis, allergy,
atherosclerosis, psoriasis, gastritis and ischemic heart disease. In another aspect, the
inflammation is associated with brain death, preferably wherein levels of circulating
endogenous a-MSH or o-MSH in brain tissue is reduced. In yet another aspect, the
therapeutic agent is used to treat a subject with an a-MSH or MC1-receptor mediated
disorder or disease.

[0119] In another aspect, the present invention is directed towards treatment of a
subject with melanoma. In one aspect, the present invention attenuates or ameliorates
melanoma in subjects. In yet another aspect, the compounds of the present invention are

used in assays for melanoma detection or imaging.

Kits Comprising the Disclosed Compounds

[0120] The invention also provides kits for carrying out the therapeutic regimens of
the invention. Such kits comprise therapeutically effective amounts of a peptide having
specific activity as MC1R modulators, in pharmaceutically acceptable form, alone or in

combination with other agents, in pharmaceutically acceptable form. Preferred

31



868 Ac Al ani ne) hensys Am de 5.4 869 Ac. vpkGwr (D-Cha) hensys Am de 2.2
0.44 >30 ' AM >10 uM -25 uM
WO 2009/151708 PCT/US2009/037809

pharmaceutical forms include peptides in combination with sterile saline, dextrose
solution, buffered solution, or other pharmaceutically acceptable sterile fluid.
Alternatively, the composition may be lyophilized or desiccated. In this instance, the kit
may further comprise a pharmaceutically acceptable solution, preferably sterile, to form
a solution for injection purposes. In another embodiment, the kit may further comprise a
needle or syringe, preferably packaged in sterile form, for injecting the composition. In
other embodiments, the kit further comprises an instruction means for administering the
composition to a subject. The instruction means can be a written insert, an audio
recording, an audiovisual recording, or any other means of instructing the administration
of the composition to a subject. In one embodiment, the kit comprises (i) a first
container containing a peptide having MC1R-specific modulatory activity; and (ii)

instruction means for use.

Additional Embodiments of Method of Treatment

[0121] In some embodiments, the invention provides a method to reduce or inhibit
transplant rejection in a subject in need thereof comprising administering to said subject
a pharmaceutical composition comprising a pharmaceutically acceptable excipient and
an effective amount of at least one of the peptide compounds provided herein. In some
embodiments, the invention provides a method to reduce or inhibit an immune response
of the subject elicited by transplanted tissue, cells or organ. Non-limiting examples of a
transplanted tissue are an allograft in experimental heart transplantation and pancreatic

islet cells.

Immunosuppressive Activity in Experimental Autoimmune Encephalomyelitis (EAE)

model

[0122] Novel D-amino acid peptide analogs of a-MSH were generated and evaluated
for immune modulatory effects in the experimental autoimmune uveitis (EAU) and
experimental autoimmune encephalomyelitis (EAE) models as well as in a
lipopolysaccharide (LPS) surrogate inflammatory disease model. Treatment with RI a-
MSH analog reduced clinical disease scores and incidence of disease in the EAU model
and in a MOG induced EAE mouse model. In addition, TNF-a and 1L-10 mRNA

expression levels in spleen and lymph node of MOG primed mice was decreased in
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treated mice. In a LPS induced systemic inflammation model, ao-MSH and analog
treatment decreased serum cytokine levels. These data indicate that these novel a-MSH

analogs have the potential for therapeutic use in inflammation and autoimmune disease.

Materials and Methods
[0123] Peptides. o-MSH (SYSMEHFRWGKPV) was purchased from Bachem

(King of Prussia, PA). A D-amino acid RI a-MSH analog (vpkgwrfhemsys), alanine
substituted peptide of RI a-MSH, (Stearyl) HFRW (820), (Ph(CH,);CO) HfRW (819),
and RI a-MSH analog 891 [vpkGwr(D-Cha)hsiiss] were synthesized by Genzyme
Corporation with a standard solid phase methodology and was purified by reverse phase
HPLC. A scrambled D amino acid control peptide (ksrsmgvfpeyh) was synthesized by
Genzyme Corporation. An irrelevant D amino acid control peptide (plykkiikklles) was
synthesized by Genzyme Corporation.

[0124] Animals. Five to six week old female B10.RIII-H2r mice were purchased
from Jackson Laboratories (Bar Harbor, ME).

[0125] Six to eight week old female or male C57BL/6 mice were purchased from
Jackson Laboratories (Bar Harbor, ME). All protocols for animal studies met with
approval from the Institutional Animal Care and use Committee (IACUC) at Genzyme
Corporation.

[0126] EAU induction. Female B10.RIII were injected subcutaneously at two sites
(between shoulder blades and in pelvic region) with a total of 200 pg interphotoreceptor
binding protein peptide (IRBP) 161-180 (New England Peptide; Fitchburg, MA),
respectively in 2 mg/ml complete Freund’s adjuvant (CFA; Sigma, St. Louis, MO) with
mycobacterium tuberculosis H37Ra (Difco, Detroit, MI).

[0127] Eye Scoring. The eyes of mice are dilated using one or two drops of
Mydriacyl 1% (Alcon; Humacao, Puerto Rico) and rested in a darkened room for
approximately 5 min. Mice are manually restrained and the retinas of both eyes are
visualized using an indirect ophthalmoscope with a 78 diopter lens. The eyes are scored
for inflammation using a progressive scoring system between 0-5. Score 0: Normal
retina. Score 1: Vascular inflammation proximal to the optic nerve. Score 2: <5
inflammatory lesions confined to one quadrant of the eye. Score 3: >5 inflammatory
lesions in more than one quadrant of the eye. Score 4: Inflammatory lesions are

contiguous. Score 5: Retinal detachment. Whole eyes from mice were harvested and
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placed in PBS. The eyes were embedded in OCT media for frozen fixation. 5-pm
sections were cut through the papillary-optic nerve plane and stained with hematoxylin
and eosin.

[0128] Binding Studies to Melanocortin Receptors. Binding profiles for a-MSH,
RI a-MSH, and scrambled peptide were measured to melanocortin receptors: 1, 3, 4, and
5. Binding was done using a competitive binding assay with (Nle4,D-Phe7) a-MSH
(Bachem) . Binding analysis was done by Cerep laboratories (Paris, France) with coded
samples.

[0129] Binding of the peptides was also followed by a competition with '**I-NDP-
MSH for binding the melanocortin receptors 1, 3, 4, and 5 using membrane preparations
from HEK293 cell lines. Peptides were mixed with '*’I-(Nle4,D-Phe7)-0-MSH
(PerkinElmer, Boston MA) in V-bottom 96 well plates in binding buffer (25 mM
HEPES pH7, 1.5 mM CaCl,, 1 mM MgSO,, 100 mM NaCl, 0.2% BSA) and mixed with
membrane preparations from HEK293 transfected cell lines (Perkin Elmer, Boston MA)
containing 1-10 fmol receptor for 1 hr at 25°C. (Nle4,D-Phe7)-NDP-MSH (Bachem) at
3 uM was used as a positive control. The mixtures were filtered through 96-well GFC
filters (Millipore, Billerica, MA), washed 3 times with binding buffer without BSA,
dried and counted.

[0130] cAMP Measurement. B16-F1 (melanoma cell line) cells from American
Type Culture Collection (Manassas, VA) were seeded into flat bottom 96 well plates at
5x10*well and cultured overnight in DMEM (Cambrex, Walkersville, MD)
supplemented with 2 mM glutamine, antibiotics (100 U/ml penicillin and 100 U/ml
streptomycin) and 10% heat-inactivated fetal bovine serum (Invitrogen, Grand Island,
NY). Cells were then treated with native a-MSH (0.01-1000 ng/ml), retro-inverso a-
MSH (0.01-1000 ng/ml), or a scrambled D amino acid control peptide (0.01-1000 ng/ml)
for 30min. Cells were lysed and intracellular cAMP levels were measured by an enzyme
immunoassay kit (Amersham Biosciences, Piscataway, NJ). Forskolin (Sigma, St.
Louis, MO) at 100 uM served as positive controls.

[0131] EAE induction and scoring. Female C57BL/6 mice were immunized with
an emulsion of MOG35-55 peptide (200 ng/mouse; New England Peptide; Fitchburg,
MA) in complete Freund’s adjuvant (CFA; Sigma, St. Louis, MO) containing 0.6 mg
Mycobacterium tuberculosis (Difco; Detroit, MI). The emulsion was delivered in a

volume of 0.2 ml per mouse by subcutaneous injection to two sites. Bordetella pertussis
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toxin (PTX; Sigma) in PBS was used at a dose of 400 ng/animal via an i.p.
administration route and is administered on day 0 and day 3. Mice were monitored daily
for paralytic symptoms of EAE. The mice were scored for clinical symptoms using a
progressive scoring system between 0-5. Score 0: no disease; Score 1: flaccid tail; Score
2; hind limb weakness; Score 3: hind limb paralysis; Score 4: Front limb
weakness/partial paralysis; Score 5; death. Spinal cord and brain were harvested and
embedded in paraffin for hematoxylin and eosin staining.

[0132] Proliferation Assay. C57BL/6 mouse splenocytes and lymph node cells
were cultured in 96 well plates 5x105 cells/well. MOG35-55 or OV A 257-264 peptide
was added to wells at a concentration of 25 pug/ml. Supernatant was collected at 48 hrs
after MOG peptide stimulation. After 3 days in culture cells were pulsed with [3H]
thymidine at 1 pCi/well for 8 hrs. Thymidine incorporation was measured by cpm.

[0133] Cytokine RNA analyses-RT-QPCR. Total RNA was extracted from tissues
with TRIzol (Invitrogen, Carlsbad, CA). 1 pg of total RNA was reverse transcribed and
used in quantitative PCR by using SYBR green incorporation with reagents from
Applied Biosystems (Foster City, CA) on an ABI 7900. A cDNA standard was run in
each PCR for cytokine targets and message concentrations were normalized to mouse [3-
actin. Primers used to obtain these data were as follows: mouse TNFo forward-
ggcaggtctactttggagtcattge and reverse- acattcgaggctccagtgaattcgg (1). We used mouse
IL-10 forward: tgctatgctgectgetetta and reverse: tcatttccgataaggettgg (2). The sequences
for mouse B-actin are: forward gtgggccgcetctaggeaccaa and reverse
ctctttgatgtcacgcacgatttc (3).

[0134] CBA analysis. Flow cytometric analysis of inflammatory cytokine profiles
of mouse serum or cell supernatant were measured using the Cytometric Bead Array Kit
(CBA) made by BD Biosciences (San Jose, CA). Samples were processed according to
the manufacturer’s protocol.

[0135] mMCI1R RNA analyses-RT-QPCR. Total RNA was extracted from tissues
with TRIzol (Invitrogen, Carlsbad, CA). 1 pg of total RNA was reverse transcribed and
used in quantitative PCR by using a Tagman kit with reagents from Applied Biosystems
(Foster City, CA) on an ABI 7900. A ¢cDNA standard was run in each PCR for mMC1R
and message concentrations were normalized to Eukaryotic 18S endogenous control

(VIC/MGB probe, Applied Biosystems part # 4319413E). Primers for mMCI1R were as
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follows: forward CTCTGCCTCGTCACTTTCTTTCTA and reverse
AACATGTGGGCATACAGAATCG and probe CCATGCTGGCACTCA. These were
designed using Primer Express 3.0 (Applied Biosystems, Foster City, CA).

[0136] LPS model. Male C57BL/6 mice were challenged with LPS (1ug/mouse),
i.p. After 30min mice were treated with dexamethasone (2 mg/kg; Sigma), RI-a-MSH
analog 891, or RI-a-MSH. At 2 hrs after LPS challenge, mice were bled for serum.
Cytokine analysis was measured by flow cytometry with a cytometric bead array kit (BD
Biosciences).

[0137] Statistical analysis. The results are expressed as the mean + SD. Each
experiment was repeated at least twice. To analyze the results a one-way ANOVA and
the Tukey multiple comparison test was used.

[0138] The following examples are offered to illustrate but not to limit the invention.

Example 1

Immunosuppressive Activity in Experimental Autoimmune Uveitis (EAU) model

[0139] Autoimmune uveitis is an inflammatory disorder of the eye that can lead to
pain and vision loss. Steroids and immunosuppressive drugs are currently the only
therapeutics for uveitis and often have serious ocular and systemic toxicities. Therefore,
safer alternative therapeutics are desired.

[0140] EAU is an animal model of human uveitis which affects 2.3 million
individuals in the United States. Immunization with interphotoreceptor retinoid binding
protein (IRBP) or its peptide fragments or retinal S-antigen (S-Ag) with adjuvant can
induce disease in susceptible strains of rodents. The disease involves infiltration of
inflammatory cells in the retina of the eye and photoreceptor damage with natural
recovery without spontaneous relapse. The adoptive transfer of uveitogenic T cells in
syngeneic rodent recipients suggests that uveitis is an organ specific T cell mediated
autoimmune disease like many other similar autoimmune diseases such as multiple
sclerosis, type 1 diabetes and rheumatoid arthritis.

[0141] The ocular microenvironment is an immune privileged site in which
mechanisms to maintain immunosuppression are in place to prevent local inflammation.

Several neuropeptides that are expressed by neurons in the ocular tissue help to sustain
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immune privilege in the eye. One of these neuropeptides is a-MSH which is
constitutively expressed in the ocular microenvironment at a physiological concentration
of 30 pg/ml.

[0142] Systemic administration of native a-MSH during the induction of endotoxin-
induced uveitis in rats inhibited the number of infiltrating cells and IL-6, TNF- a, MCP-
1, MIP-2, and nitric oxide levels in aqueous humor in a dose dependent manner. In a
mouse EAU model administration of a-MSH at the peak time of retinal inflammation
suppressed the severity of disease. a-MSH can induce T regulatory cells through the
melanocortin 5 receptor (MCR-5) on T cells and suppress EAU.

[0143] The efficacy of native a-MSH treatment in the murine posterior uveitis
model was evaluated. Uveitis was induced in B10.RIII mice with an injection of IRBP
161-180 and CFA. Onset of disease occurred around day 10 after priming. When eye
scores of 2-3 were reached on day 13, mice were administered native o. -MSH at 200
pg/mouse, i.v. for 7 consecutive days or left untreated. Since prophylactic treatment
may target activities in the priming phase of the disease rather than the effector phase,
treatment was initiated when active retinal inflammation was observed. In addition, this
treatment strategy better recapitulates clinical application. Mice treated with the a-MSH
showed a reduction of mean clinical eye scores throughout the 7 day course of treatment
compared with untreated mice (Figure 1a). a-MSH treated mice showed a maximum
mean eye score of 2.83 + 0.39 on day 13 in comparison to the untreated group of mice

which reached a maximum mean eye score of 3.67 + 0.52 on day 15.

Example 2

Comparison of native o-MSH to dexamethasone in the B10.RIII experimental

autoimmune uveitis model

[0144] Current forms of therapy for uveitis include corticosteroids and
immunosuppressive agents. The efficacy of native a-MSH was compared to a known
corticosteroid therapy, dexamethasone. Uveitis was induced in B10.RIII mice with
IRBP161-180 and CFA injections. At time of disease onset, when mice reached a
clinical eye score of 1, mice were administered daily intraperitoneal injections of native
a-MSH (100 pg/mouse), 0.2 mg/kg of dexamethasone, or 2.0 mg/kg of dexamethasone.
Mice were treated daily for 21 days. Mice treated with native a-MSH showed a

significant reduction of mean clinical eye scores throughout the course of treatment
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compared with PBS control mice (Fig. 1B). Data showed that daily i.p. administration
of native a-MSH suppressed uveitis to a greater degree than the dexamethasone

treatment at either the 0.2 mg/kg or 2.0 mg/kg dose.

Example 3
A novel retro-inverso o-MSH analog specifically binds to MCR-1

[0145] A novel, stable D-amino acid peptide analog of native a-MSH was
synthesized (RI a-MSH) and evaluated for immune modulatory capabilities in vitro and
in the experimental autoimmune uveitis (EAU) model. Binding studies indicated that
unlike native a-MSH, RI a-MSH binds specifically to the anti-inflammatory a-MSH
receptor (MCR-1) but none of the other a-MSH receptors (MCR-3, 4, or 5).

[0146] The binding of the RI a-MSH analog to melanocortin receptors (MCR) was
analyzed. A competitive binding assay using a MCR panel including MCR 1, 3, 4, and 5
was performed. Binding of the peptides was followed by a competition with I5LNDP-
MSH as described previously. Native a-MSH bound to MCR 1, 3, 4, and 5. However,
unlike native o—MSH, RI a-MSH was found to bind only to MCR-1 which regulates
inflammatory responses (Table 1). A scrambled D amino acid control peptide did not
bind to any of the melanocortin receptors. The development of an a-MSH analog with
specific binding to MCR-1, and the exclusion of MCR-3 and MCR-4 binding, can

decrease potential side-effects that native a-MSH produces through binding these

receptors.
Table 1
Ki (nM, except as noted)

No. tergi-nus Sequence C-terminus MCIR MC3R MC4R MC5R

MSH Ac SYSMEHFRWGKPV Amide 041+£0.14 23 41 ~1500
RI-MSH vpkGwrfhemsys

(720e) Ac (SEQ ID NO:7) Amide 46+13 >30uM >30uM -~25uM

804 Ac vpkGwrfhemsya Amide nd

805 Ac vpkGwrfhemsas Amide

806 Ac vpkGwrfhemays Amide

807 Ac vpkGwrfheasys Amide 1400 £ 190

808 Ac vpkGwrfhamsys Amide 2.5

809 Ac vpkGwrfaemsys Amide 1200 £ 270

810 Ac vpkGwrahemsys Amide >30 UM

811 Ac vpkGwafhemsys Amide 13+7 uM
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Ki (nM, except as noted)
No. tergi-nus Sequence C-terminus MCIR MC3R MC4R MC5R
812 Ac vpkGarfhemsys Amide 3 uM
813 Ac vpkawrfhemsys Amide
814 Ac vpaGwrfhemsys Amide
815 Ac vakGwrfhemsys Amide
816 Ac apkGwrfhemsys Amide
817 Ac aaaGwrfhemsys Amide
818 Ac kkkGwrfhemsys Amide
(Ph(CH,)
819 ;CO) HfRW Amide 0.07 277 27 ~3000
820 Stearyl HfRW Amide 13 1371 390 860
(CHa);
847 H,N  vpkGwrfh Phenyl) 104 £72
847int H,N  vpkGwrfh OH 150
857 Ac vp(D-Ornithine)Gwrfhemsys Amide 3.0
858 Ac vp(D-Norleucine)Gwrfhemsys Amide 18
vpkG(3-benzothienyl-D-
859 Ac Alanine)rfhemsys Amide 206
vpkG(5-hydroxy-D-
860 Ac Trp)rfhemsys Amide 96
vpkG(5-methoxy-D-
861 Ac Trp)rfhemsys Amide 75
862-b Ac vpkGfrfhemsys Amide 128
863 Ac vpkGwqgfhemsys Amide >100 pM
864 Ac vpkGwnfhemsys Amide >30 uM
865 Ac vpkGwhfhemsys Amide 2300
vpkGwr(4-fluoro-D-
866 Ac phenylglycine)hemsys Amide >30 uM
vpkGwr(3-pyridyl-D-
867 Ac Alanine)hemsys Amide 480
vpkGwr(2-thienyl-D-
868 Ac Alanine)hemsys Amide 54
869 Ac vpkGwr(D-Cha)hemsys Amide 22+£04 >30uM >10pM ~25uM
870 Ac vpkGwrwhemsys Amide ~2.5uM
vpkGwr(4-Nitro-D-
871 Ac Phe)hemsys Amide 324
872 Ac vpkGwrfremsys Amide 13.5
873 Ac vpkGwrfwemsys Amide 1900
874 Ac vpkGwrffemsys Amide >100 uM
875 Ac vpkGwrfhdmsys Amide 400
876 Ac vpkGwrfh(D-Citrulline)msys Amide nd
vpkGwrfhe(a-methyl-D-
877 Ac Met)sys Amide 282
878 Ac vpkGwrfhe(D-buthionine)sys Amide 2308 ~40pM >30puM ~30puM
879 Ac vpkGwrfheksys Amide 832
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Ki (nM, except as noted)
N-

No. . Sequence C-terminus MCIR MC3R MC4R MC5R
terminus
vpkGwrFhsiiss
880 Ac (SEQ ID NO:4) Amide 1.8+05 ~18uM ~10puM >30 uM
881 Ac wrFh C;-Phenyl >10 uM
(1,6-diamino-
882 Ac wrFh hexane)stearyl 120
883 Ac wrFh Amide >100 uM
884 Ac vpkGwrFhemsys Amide 72 >30 M ~30 uM >30 uM
886 Ac vpkGwrfhsiiss Amide 1.0+£043 ~19pM ~10puM ~20pM
vpkGwr(D-Cha)he(d-
890 Ac Buthionine)sys Amide 19+£001 ~15pM ~14uM ~4.5uM
vpkGwr(D-Cha)hsiiss
891 Ac (SEQ ID NO:5) Amide 043+£001 ~8uM ~32puM -~2.5uM
SYSMEH(L-Cha)RWGKPV
892 Ac (SEQ ID NO:6) Amide 0.51
893 Ac vpkGWrfhemsys Amide 6.5 ~28 UM >30 UM ~27 UM
894 Ac vpkGwRfhemsys Amide 380 >30 M >30 UM >30 uM
895 Ac vpkGwrfHemsys Amide 19 ~37uM ~11uM  ~37 uM

Lower case letters represent D-isomer amino acids; bold characters represent changes from RI a-MSH.

[0147] Binding of the peptides was followed by a competition with '*I-NDP-MSH
for binding the melanocortin receptors 1, 3, 4, and 5 using membrane preparations from
HEK?293 cell lines. As shown in Figure 18, RI a-MSH showed a very strong selectivity
for MCIR, with Ki values in excess of 30 uM at both MC 3, 4 and 5R, whereas a-MSH
showed significant binding to all four receptors, with less than 100-fold selectivity for

MCIR relative to MC3R.

Example 4

Treatment with retro-inverso o-MSH analog ameliorates disease in EAU

[0148] Immunomodulatory effects of the novel retro-inverso a-MSH peptide analog
was observed in the experimental autoimmune uveitis mouse (EAU) model and
compared results with the native a-MSH peptide. Systemic delivery of RI a-MSH at
onset of disease or during late stage disease dramatically and reproducibly ameliorated
uveitis. In addition, treatment with the novel RI a-MSH peptide analog suppressed
uveitis with a similar magnitude to the native a-MSH peptide. These data indicate that
the novel RI a-MSH analog shows anti-inflammatory activities and has therapeutic use

in uveitis and other autoimmune diseases and inflammation.
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[0149] EAU was induced in female B10.RIII mice with IRBP 161-180. The
efficacy of the RI a-MSH and native a-MSH as a therapeutic rather than a prophylactic
treatment was examined. Mice were treated daily by intravenous injection with
100pg/mouse RI a-MSH, 100 pg/mouse native a-MSH, or PBS beginning when mice
reached a moderate disease stage of uveitis (eye scores of 2). As seen in Fig. 2A, control
PBS-treated mice reached maximum eye scores on day 16 with a mean eye score of 2.75
+ (0.68. However, mice treated daily with the RI o-MSH analog or native a-MSH
showed a significant reduction of mean clinical eye scores throughout the course of
treatment compared with PBS control mice. On day 16, four days after the start of
treatment, 5 of the 8 mice in the PBS treated group had a maximum eye score of 3 or
greater whereas only 1 of the 8 native a-MSH treated mice and O of the 8 RI a-MSH

treated mice had a maximum eye score of 3 or greater (Fig. 2B).

Example 5

Retinal images and histological examination of subjects treated with RI ¢-MSH show

suppression of disease in EAU models

[0150] Retinal images from mice treated daily with RI a-MSH or native a-MSH
beginning at late stage uveitis show suppression of disease compared with PBS control
mice. Fundoscopic images were acquired on day 13 after start of treatment (Figure 3).
Disease in the PBS treated group stabilized or advanced and had a median eye score of 3
with severe vasculitis and inflammatory lesions throughout the eye (Fig. 3A). However,
disease rapidly resolved in both the RI a—MSH and native o—~MSH peptide treated mice.
Retina images showed eye scores of 1 with inflammation only at the optic nerve (Figs.
3B and 3C). Maximum eye scores for individual mice in each group are shown in Fig.
3D. In the PBS treated group 7 of the 11 mice had eye scores 3 or greater. However,
only 2 of the 11 mice in the native 0-MSH and RI a-MSH had eye scores of 3 or greater.

[0151] Histological examination of the eyes 10 days after the start of daily treatment
showed that both RI o-MSH and native a-MSH reduced pathology in the eye (Fig. 4).
The native 0-MSH and RI a-MSH treated mice show normal retinal architecture with
slight inflammation in the optic nerve region (Figs. 4B and 4C). In contrast, PBS treated
mice show ocular inflammation and tissue damage. Inflammation is seen in the retina

and optic nerve regions with photoreceptor damage (Fig. 4A).
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Example 6

Comparison of intraperitoneal administrations of retro-inverso o-MSH to a scrambled

control peptide in EAU

[0152] Uveitis was induced in B10.RIII mice with IRBP161-180 and CFA
injections. We evaluated initiating treatment during late-stage disease (eye scores of 2-
3) with RI o-MSH by daily intraperitoneal injections and compared efficacy with a
control scrambled D amino acid peptide. Mice were treated daily, i.p., for 13 days with
RI a-MSH or scrambled peptide at 100 pg/mouse. Mice treated with RI a-MSH showed
a significant reduction (p<0.04) in the mean clinical eye scores on days 15, 21 and 23 of
the disease course compared with scrambled peptide control mice (Fig. 5). Individual
maximum eye scores on day 23 after disease induction showed 75% of mice with scores
<1 in the RI a-MSH compared with none of the mice in the control scrambled peptide
group with scores < 1. Individual weights of the mice were recorded at 4 timepoints
throughout the course of disease. All mice in both the RI a-MSH treated and scrambled
peptide treated groups maintained their weight or showed normal weight gain (data not
shown). Daily intraperitoneal dosing with the peptides did not result in weight loss. In
addition the intraperitoneal route of administration of native a-MSH or RI ¢-MSH at 100
pg/mouse had efficacy in uveitis when treatment was administered at onset of disease,
when mice reach a clinical eye score of 1 (data not shown). Therefore, intraperitoneal
route of administration of RI a-MSH showed significant reduction in disease scores

compared with a scrambled control peptide.

Example 7
Administration of RI a-MSH at various dosages to EAU model

[0153] We also examined the efficacy and optimal dosing of retro-inverso a-MSH
treatment during late-stage severe uveitis. B10.RIII mice were injected with IRBP161-
180 and CFA to induce uveitis. Mice were treated daily, i.p., with PBS, control
scrambled peptide (100 pg/mouse), or RI a-MSH at 100 ng, 10 pg or 3 pg/mouse.
Treatment was initiated at peak time of disease when mice reached eye scores of 4
which included inflammatory lesions throughout the posterior segment of the eye and

possible hemorrhaging. Disease in PBS and scrambled peptide control groups remained
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severe (Fig. 6). In contrast, treatment with RI a-MSH at 100 pg or 10 pg/mouse rapidly
ameliorated uveitis (p < 0.05). In addition, doses of 10 and 100 pg/mouse were equally

effective. The 3 pg/mouse dose of RI a-MSH did not reduce or inhibit disease.

Example 8
Effect of Retro-inverso a-MSH on cAMP levels

[0154] cAMP levels in B16-F1 melanoma cells after treatment with native o-MSH,
RI a-MSH, or a scrambled control peptide were examined. The B16-F10 melanoma cell
line expresses a high number of MCR1 receptors (3000-4000 receptors/cell) compared
with macrophages cell lines which express only 100-200 receptors/cell. Therefore we
selected to examine the effect of the RI a-MSH treatment on the melanoma cell line.
Murine melanoma B16-F1 cells were treated with native «-MSH, RI a-MSH, or control
scrambled peptide at concentrations 1 pg/ml-1 pg/ml. After 30 min, cells were lysed and
intracellular cAMP was measured by an enzyme immunoassay. Forskolin, commonly
used to raise cAMP levels, control (100 uM) treatment of cells showed an increase in
cAMP (3455.39 + 406.6 SD). cAMP levels were significantly elevated in a dose
dependent manner in cells treated with native o-MSH compared with untreated cells
(Fig. 7A). The RI o-MSH analog also significantly increased cAMP levels in a dose
dependent manner compared with untreated or scrambled peptide control. However, a
higher concentration of RI a-MSH (100 ng/ml) was necessary to increase cAMP
compared with native a-MSH which increased cAMP at a 10 pg/ml concentration. This
difference in concentration of peptide necessary to increase cCAMP levels may be the

result of the binding affinity to the MCR1 receptor.

Example 9
Sequence variation and effects on cAMP levels and binding MCIR

[0155] MSH binds to MC1R, MC3R, MC4R, and MC5R, with MCI1R being one of
the desired targets for immune mediated diseases. Retro-inverso MSH (RI-MSH) has
been engineered to have enhanced plasma stability (Fig. 17) and MCIR selectivity, but
its affinity for MC1R is 11-fold lower than that of the native MSH peptide (Table 1). To
restore MC1R affinity, we grafted into RI-MSH modifications known to improve MC1R
affinity of MSH. Of the three replacements of the N-terminal SYSME sequence — fatty
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acyl, phenyl butyric acid, and SSIIS sequence — that enhance MCI1R affinity of MSH,
only the last one led to significant improvements for RI-MSH. D-alanine scanning
analoging of RI-MSH exhibited a similar structure activity relationship as alanine
scanning analoging of MSH, but stereochemistry inversion scanning of the core 4-
residue MC1R binding region suggests significant differences between MSH and RI-
MSH. Furthermore, cyclohexylalanine substitution at the key phenylalanine residue
improved RI-MSH, but not MSH binding to MCIR. Combining cyclohexylalanine and
SSIIS substitutions led to full restoration of MSH affinity for MC1R, while retaining the
retro-inversion configuration critical for the improved stability and the high MC1R
selectivity of RI-MSH.

[0156] A set of alanine scanning analogs (peptides 804-816) of retro-inverso MSH
(RI-MSH) were prepared and tested for cAMP induction in B16/F1 murine and M624
human melanoma cells. A subset based on the cAMP results were then tested for
binding MC1R. The observed Ki values for binding MC1R are shown in Table 1.

[0157] Murine melanoma B16-F1 cells were treated with native o-MSH, RI o-MSH,
scrambled peptide control, KPV, or alanine substituted peptides of RI o-MSH at 1 pg/ml
(Fig. 7B). Forskolin control (100 uM) treatment of cells showed increase in cAMP
(3294.82 £ 54.53). cAMP levels were significantly elevated in cells treated with native
o-MSH and RI a-MSH compared with untreated, scrambled peptide, or KPV treated
cells. Alanine substituted peptides designated 810, 811, and 812 showed no increase in
cAMP activity and exhibited levels of cAMP equivalent to untreated, scrambled peptide
or KPV treated cells. Peptides designated 810, 811, and 812 have alanine substitutions
in the central core tetrapeptide sequence (D-Trp D-Arg D-Phe D-His region; AA 5-8)
proposed to be involved in native a-MSH binding to the melanocortin receptor and its
biological activity. Alanine substitutions at the N terminal or C terminal regions of the
RI o-MSH peptide did not affect cAMP accumulation in the melanoma cells. Alanine
substitutions in the methionine and histidine amino acids (807 and 809) also showed a
reduction in cAMP accumulation although not as great as that seen in the core
tetrapeptide sequence (810, 811 or 812). The residues in the core tetrapeptide (wrfh)
and to a lesser extent, the methionine 4 of RI-MSH are critical for binding to MCIR.

[0158] Another means shown to increase the affinity of MSH for MCI1R has been
demonstrated using selections based on phage display of MSH variant sequences. A

highly MC1R-selective sequence (MS05) was subsequently found by recombination of
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ng/ kg) treatment was added as a control therapeutic. Mce that were treated

with 100 j _tljeofl lrpndgl sHL HheddMNey layelsiyone alsa redudert 4t tht Dy 7 tteepemn both
| | d f the 30
el heal R ERIERMSIE I, ERR,ean il (I PnsihutFYRYSintne 2

mean cl i ni cdlloweer,es. dlﬁﬁ)&ﬁ(ﬁﬁ?lﬁlhﬁSl@'lﬁRN’AﬁRﬁ/ﬂlEmas dkwoted homedaﬂnef gagpdihen i N

di sease scores t hroughout the course of disease. Al though m ce treat ed with

native amsH (Higg- Al ldpgdhough ppteug o- YT Bedtpsat PRSI0t feRBO MRAFIIN AL ed

m ce did not f; IMVSEKORL, reat ed
m ce. The pedrl%g%tl\éclsfnégogg%rggﬁto?&g?%ggg gfs?%e Rheﬂlls?%gy%sl\lgl@t r eat eglﬁg%{%g&
reached a nebothmiliNFeaf arBbde- Hhoh RNve I@e}sanﬂid'@imneozt@%edmmal?mcwttdh bpPBRYy

treated m ce h showed a 7 ' m|nC| nce . 9).
Theee dat a | MG AT P ah BT ARIPE S4 G IR JON 7GR MAPIS T ene
si gni ficant lgye gtgggnecg{%egage@&tﬁllgh@i cal disease scor es and i nci dence of

di sease. Exanple 12 CNS hi stol ogy [0162] Spinal cords were harvested on
day 24 after disease induction in PBS and RI a-MSH treated m ce.

Hemat oxyl i n and eosin staining of spinal rd sections were used to assess
t he degree of inflammtion and nunber of T'esions. The pathol ogy of EAE
shows focal areas of infiltration of inflammtory cells and denyelination.
Hi st opat hol ogi cal eval uation of the spinal cord denonstrated efficacy of R

a-MsH treatment in the MOO EAE nodel. Slices fromrepresentative mce of
t he mean clini caI 'score for each treatnment group are shown in Figs.

A~ a o~ 1 ~ 2 I . e oy - P N T Y 1



Exanple 14 Effect of Rl a-MSH on recall response to MXO pepti de [ 0164]
The effects of treating mce with ct-MSH or Rl a-MSH in vivo on recall
responseswoeoedis1 O 35- 55 peptide were eval uated. M cePEEUS2@OI0aEA W t h
MD03555 peptide and on Days 2-8 mice were either treated with PBS, 100 jig
a-MSH or 100 ag RI a-MsH. On Day 9, spleen and draining | ynph nodes were
harvested and analyzed for recal| re&samaleddto M035-55 peptide in vitro by

[3H thym dine incor por{f?éci 8PR11_ %%%qua{ﬁ r§: %g! ]‘! gﬁ@h gﬁghgase in

proliferative respons n the a- MSH

0 cated g?‘oﬁS flearee i ot Subear bRt A B RCh E or 085 55

pepti de. ééﬁshsesrt@%l MOEsPes ?@ﬁtldeowé%dlﬁzﬂéd ik vekdfrit¥dRithdessel |
populatlon di icant difference in responsiveness between

not show a si
the PBS, a- MSHepHalar onaDmf -Bmeige waregrithapeeated yith fBlS) 100 pg 0Md5EH acd 0P
super nat ant c C r h n_ cel t I ted with
MDG35- 55 pedfvéalgle IRJIllél\%l {D qb% &g})feeﬁﬁ&%ﬁﬁhﬂ g’dp\?lln\?g ‘ryé\ﬁthr%flrevr?%eeggid%ps (nave
PBS, aMSH, RinaBzddhdy redalitredpones k@ VEDG3 V5 @eitil it attadbyt mlz]ug;hnﬁh@yt onetric
bead array by flow cytonetry. Data show a decrease in TNF-a, |IF I L- 6 and
MOP- 1 | evel SN§qipeyatien (g shopersignidicrt deprepmsin predHeiativeresepnsceohnipiea gelhi
the PBS tre Ieen
col 15 super rat e 8B g e o RS R g o, B R SHEL B S HeaRl
simlar to cgyowgkihig 12eyells R oS kreetad gedupshowvedia plighveeueiicein recdID166]

Ther ef or e, ct - VSH nt had an effect o t oki cal l
r esponses t&eweaseaéﬁﬂ\ﬁ@g%gg pBP%‘?en(rﬁ ovgFeRdte f&%ﬂopseart‘aﬁﬁ‘%rpat’?@erﬂ g‘%ponses
Exanpl e 15 lﬁfnij}?%t)@e & ﬁdé)%ﬁah'oﬂ Qid"ht ShdW R iRk @i‘ffe%nc@-d%ﬁ)di’ﬂfv‘eﬁ@st he

prim ng phasée of M ce were imuni zed wth MOG 35-55 peptide
and on days lﬁtt\Beemrth‘aPBa thSISI andtRl PBSH erbited groophthigl 12bgt - MSH, or RI

a- MsH. Spl een di vi d m ce aryes ed o 9 and nRl .
eyt oki ne expr 04 ol ST o SR F O P LT S st iy Wiy PR
TNE-ct and INOUBsHNApEYPIEESD Ffon €36dloF theintie ttRkBan gedupPBsive PMSHqaor R
a-MsH treated mce in the primng phase of disease. Nave mice that were

not i mruni zedSH RhoNdEHpepriolimedeveds wes@velyatgd dhpnghag eytpaseicibsad pRmAbY evel s

Cevels of 1 epotuate e ER ARy kRl i DA, Mo Bl PEL BASED, o)

Bl ood serumtkaspVsH aﬁﬂMa@MS@I@éﬁt&&@beﬁh @mcead Vit thetHBS stuelygidap (Bigal uat ed
for cytoklnelevels TNF-a,  MCP- IL-12, 1L-10, andIL6$Flgs 13c and
13d). Data sR6W4 1dde rﬂaﬁtqlﬁmwla%ﬁ%eeme%s ?Weﬁamt fRothy € ang} RI

ct-MBH treat efligf QRSq gﬁ?g?g/@ h!ﬁr tb Qgtogﬁg l% t ! e fegﬁl Qells%nérﬂﬁ@&

significantly decrease Inth ted group conpared
wi th PBS conhicel . Additi onaIIy, the RI a-MSH treated group showed a

decrease in TNF:-a . a | .- 12 co ed wth the Theewas no

i 11 or ence i n ULt el RAVeN T Berireebient hibu o ek MG B Sl By anpl
16 R ct- MeEldaes (9 MOBPEpLHd R RS 20RTRELIPHRAESEddEESHonsds0169] Splenic
CD11b+ and F4/80+ nacrophages were exam ned for surface expression |evels

of CD86, CD40, and CD 14 by flow cytonetry after 7 days of daily dosing
with a-MSH or Rl ct-MsSH in MOG 35- 55k iyiized mice. Data show no
difference in the expression levels O , CD40 or CD14 in the splenic
CD11b+ or F4E8€cts phiceavipbagee weth|o-ooplibaRl @St doiigethepeiatieg pase lof EAMSH or
RI ct-MSH (Fig. 14). Results showed a simlar finding when bl ood nonocytes
wer e exam ned [0D67]CPBGe w%mmdﬁaﬂﬂm@wﬁip@pudieeamﬂcmc(@aues tieiteds hown) .
Exanple 17 Effects in the LPS inflammti on npuse nodel [0170] Native

a- MBH has beHY MafidrRuchigle cAmTdi ¢ N1 At Mot byPlaetriFag indyifig mikE- a
production tAroughestd Hﬁ’b@t%@%d%le dx PGSEI% %tsglﬁént&%@ sin ?eal
1 receptor. LPS tlrru ates I n

particul ar the nel anocorti
medi at or s suohe BERTWiE.d3 sMuPs TNFid aid Hnrdl0 hRWWA arpieksaon leeen nuﬂledp]asn an acute

i nflammati o d H.anal can re i nfl m‘ratory
oyt okt nes | P RSHRST NS ARaeR BncBuBTihecatBl Fefscate, Shvaics e

1R expression in the spleen and peritoneal macr ophages after LPS

adm nistration were determ ned. C57BL16 mce were injected with LPS, i.p.
and at several tinmepoints post-LPS injection spleen and peritoneal

macr ophages were harvested for anal ysis. &ata show no di scernabl e
difference in the




| evel s of MC 1R nRNA expression anong any of the tinepoints in peritoneal
macr ophages (Fig. 15a). However, LPS adm nistration did increase nRNA

| evel s ofwbRodRsatweve naive mice that did not receive arPcPZSehwalobmnge. |n
the spleen the levels of MCIR nRNA were el evated 30 m nutes post-LPS
injection and then decreased by one hour post-injection (Fig. 15b). LPS
simlarly irggreaseignmmnged w lel\é)@fpeﬁmwrﬁ us¢btogiyneidtatedigontsc Rl Ineels evel s

and por i Lone T Nea AANdgs TSR ET oS R PR PR L0 B 0"

m ght be thHLOIIIaﬂGIHTNFJQIYﬁRDIIAD&orﬁ;ﬁh&ecﬁwNEHB(SrveRicle'ﬂcdﬁﬁﬂl anal og treatnent.
C57BL/ 6 m ce were |n1|lected with LPS, i.p. and 30 mnutes |ater native

-MSH or Rl a- Blogg sgorm gaaapl é%WPWlaéSLOé%OHﬁCthEnd%)t986§1§§ﬂtdé(r?§fiﬁ§al‘flt‘t6% 5
ng/ kg to O. g l,0 i nal whi ch
d- Cha and h;flg?%}m%hg%ﬁvhao g@ﬁ%ﬁé gﬂggﬁLtg)t% %?chr(ggééggtuﬁl ?&gs?ealrtldge The
Rl a- MSH anahog a&ﬁ:ﬂ:rda&smsMﬁfm dral That & bowe theas MBS HamtR hg-M$Hitreiatey gtmmptmuse

MCI R and i ncreased poten to stj mJI at dat a. no hown) S

Shoved o gnidTER T OUE AR MO rRBYE SHF ko Brdiany AHOT T e - NerH
treated gr 0L{H§R@arM§HQR:aY¥dt§?mPﬁ§rﬂﬁa'i‘écP¢vﬁh ‘P@'Stcfoﬁ{rol( ':Acﬂﬁtqorila% @PkLo0sH MOP- 1
was not affected by native a -MsSH treatnent (Fig. 6b). Treatment of LPS

chal | enged rtieaeedgrodp Rovwad vbldciragl io N9 ¢ agéhdwd d csmmaﬂedr\mtle@;u[PB:S swouth a

si gni fi cant ecrease| TNF-a and I 1- wi.th no affect on evel s
conpar ed wi (HEGe o tTRFe M FRmdl e s oot e it SRutEerabbih nat i ve a
-MSH and RI a- MSH anal og 891 showed the greatest suppression of

i nfl ammat ory cyt oki nes. Dexamnet hason gos' tive control consistently showed
suppressi on of TNF-a and MCP-1 |evel Ex—@j&% e 18 Stability of peptides in

plasma  [0172] The sardmdidhibes!dot 8afant@tebVén AudBbhRmpbeas estimted to
be approxi mately 10 mnutes. Despite this Timted half-Tife, the peptide is

still capable [Q/isq_'ﬁ' | i 0O DR P SHd faét’)édt‘n'la[&‘}chﬁ‘l t\%ré{e ¥ tdresﬁrfaééowever
nore stable a- an 0gs are necessary t rease e potency o
anti - i nf| anmexposyiomttvelsiof C&B@@tﬂ)étﬁearfdﬁilbheby tﬂeweiyﬁpmdrp&ftw 7tdag5s albaknl]tyl c. A

D-am no acid _analag o ti - 1 (refe to as retro-jnverso aMsH or
R e very e anAuErsdd on kS e SMGHEHT & i Red s BAEHE B ant no
aci d form ofgifgeRhidashd &ﬁ?&rsf%nﬁ&%'lsséﬁ"l%é @M(p&@byzshﬁh@@ﬂemé dm%bet i zed
at a slower rate than the L-am no acid form of peptides [0173] The

stability ofF48Q" anmbphnascdbp@udatmdn njicd tm‘tﬁnfthItbn MSHerdeaMSH @RS i
vitro at 37G fo 4 Al ots rotelns recipitated
2 vor s sy bl T R Sl P8R8 B S EPER BHEB uay ki mi n
as an i nter rab4Ghandwid. ex@f&sﬁbnf@@lsr(ditblﬂaﬁdh@ﬂm)Sa”m es were frozen at -80C
unti|l LG M5/ M5 (I\/RM anal ysis using a Cl18 colunn separation and positive
el ectrospray ionization node. As shown in Fig. 17a, MSH showed a half-life
of about 3 hours in plasma, but was gkappe i7n PBS. However, Rl -a-MH was
stabl e both in PBS and pl asnm, ShOWI ng no detect abI e degradation over 24
hour s. [0174] The phar nEifestd mdhe¢ EPS pflanpnation meuseanodgl MSH and RI - a- MSH
suggest that RI-a-MSH has a Ionger serumhal f-1ife than native a-MsSH (Fig.
17b). Mce trdQtHd WNatihe aMSH@heb@hnsrepcmed]tGﬁlﬂhlbltglflatmmd\ﬁl’dyaiowalfe@latlhgd

bl | | Rl - aMSH aft t the )
Heroctabl o | VPR Ss Ao it ad fohlimerer e i IS L icatare

Bi ndi ng ef f gt mePhotditih Q-rbdpeIrS L PBRRAMUIRS: inflachBrhio?) nRdeRre siRH stiedp-apept | de
containing a DPhe (HFRW is sufficient to produce significant binding to
MCIR (20- 50 MfPKi,)JL- GWH%IW andéas)/bdentusetceasmnrﬂ&mtrgnﬂ@rnmb@en medelni Wheth¢ren
retro-inverso SI ?O can su I'CSSI ? ?Oi(l €S EPS 1’1’180%% K 3OUMO Tabl e
1), show ngot et Foc |nngso pep | a ) nfu y con ey e! receptor
in the sanme rﬁ@@etnm@ eREminE RV hAddeéls loﬁMCOIfR Expré$ioAGY khedypliepSndl PerlitdBeal

N-term nus of Hf RWsel ectively inproves its bindin (ggto MCLR, yieldin

af finity corfpearamiages teubBS afhiigisiralioahyae detgrmiged. Bét/@atlgq WFFFMP%%U de

at MCIR (1. C yl group
fo the retrorihuesaar apE Fodh ofaRlLh po:dnSiniteRlh RN ARDTARAY 130 nM
>250-f ol d) angtréghagecwapanakkied éxtannlysias Datediomwcnadiberigdbtt different®int the
N-term nus of Hf RW (80-fold), but does not achieve the affinity seen for
RI-MSH (4.1 nM, again indicating other residues in R -MH play a |arger
role in binding of RI-I\/SHtoI\/ClRthan th MSH. Exanpl e 20

Stereochem stry effects on bindi ng of -inverso peptides. [0176] The
stereochem stry of the residues in the core retro-inverso tetrapeptide has
a significantly different effect on the binding to MC 1R than in the L-form
MSH. As shown in Figure 19, inversion of the core tetrapeptide residues in
RI-IVBH to the L form(peptldes 884 893 895) al | reduced the afflnlty of

Y | Y - ~ o~




[0177] Another possible route to achieving higher affinity for MCIR is
based on the observation that end-capping the H RWpeptide wi th phenyl
butyric awo0do®elsemsi vely and strongly increases the affipaiTtus2ab/0B#SRNV f or MC
IR (Ki=6 pM. However, no increase in the affinity of a truncated Rl -MSH
bearing a C-term nal henKJI propyl am de (peptide 847) was observed, wth a
Ki of 150 nNewihselrMedRimsRNAoexpressiongapngasy of thedmmapgins intpeaitiiesk i di ne

resi due (peptl | At i MeTelo) = pk AT i de 847
Tabl e 1) admsgigd Bl (REE b e R R AR RS AR RN

di sal I owi ng MCnRIdbanendise mideah@alid ook r6eivd£LPSChaRape.i18¢hsSpipeanteleasld of he
postul ated aromatic interaction site near the hi stidine-binding elenment in

MC R ExanplMC3R mRHy wergielevated 0tpinpiss eojldopainiccton s then dearassd Rippne
[0178] A nodjfi ) ' tyi : - [ ' tepne i s
appended toq{tofrlllkeﬁ %I—t;{@régrﬁdr?\l{}g % Bg’gn%ﬁ%@lzéﬁg};%%‘ge%ﬁgmy&?ﬁ%f@%ﬁﬁg‘:{t@ of
nononet hyl asplees ibdverbakel{MeMAEE)s imoniveimicag a pr ot ease-sensitive

valine-citrullj linker with a ,m do-caproyl noiety faor coupling to
Uhiols 1o synthEE, B Geatharun e B R RAT e I s0tth dedinsr T Rent ochnol
21:778- 784, ﬂlﬂ%ﬁlﬁgéﬁhﬁféaﬁéﬁlﬂﬁdt B0 RYinfie! ﬁ&&i%@mﬁhﬁg&ﬁ%ghd wetha BEaNMAE

conjugate are incubated in a solution of 2 osphate, 2nmM EDTA pH7
for 14h at 2BGeint foihe My auBl agdbHfaneldgtsea@iaht.r €0'éBk/@-mica swerdHRjcCtedRAHPLC) .

Exanpl e 23 ect of,Rl.ct-NMH anal og C i rin | anoma cel |
et o {0179l b i nisites g R s SRR of Yo WSS Rover s T

muri ne el an@minisRlddS:p. W dReMahlging Ftdntls naiTRd RUS | FERme/kGe Rl BI ddlskegar m ne
whet her nodifications to the core sequence of Rl a-MSH peptide would

el evate cAVPS pegrdlag eldiber®edt W whichiseClry and IvSes Peppringecidavwgissiddee spdase
nabay ust ng o Hebth ST he, "He KIENERT ERALEE Moy JuFh SRR ARG e G iR
cul tures: Blfffifily wuhowse MEIRRAdMcE@kESpMRIE t6 Ylithulaetc AMPAd2a naeshowpl).at es
5x104cel I s/wel |l overnight in nmedia with L-glutamne and pen/strep and FBS.
Medi a was r ersvEuShongdrigRifiraat wdugtion in BRk-hasd Herdd e vels in e radive & -MwHhr |
Cells were t t 1 - qr i 0 ,
891, 892, 85%%&9@2‘?%{5%%31%&%&@] ?%ygcﬁfgg%ogﬂ\%ﬁ%gﬁhnﬁgé ?ﬂ?@giﬁﬁ/@ggsw
kit and supeaffratcdity naeveo uEH irpatiieet @$s dpb). Fhestkent of APS dihlRMslemiced as

ositive controls. 0181 A | evels: Intracell ul ar. cAl was . red
g o conavidoRDustianake 50 Yot Y Sipln ol ar L ¢ Maitisin! depenSe BRGS0, o
sanpl es wer eydirt Uipagitlnd 8t 0h MORl yIs{&s cé?%%rwe«&h voRile kM ([FksCngd-hensy's

872 vpkOGm frensys 880 vpkGm nsiiss 878 vpkGwm f he(d- but hi oni ne)sys 886
Rl - MBO5 vpkghitX. Hgdwegsloses of both native o -MSH and RI o-MSH analog 891 showed the

greatest suppression of inflammatory cytokines. Dexamethasone positive control

consistently showed suppression of TNF-a and MCP-1 levels.

Example 18
Stability of peptides in plasma

[0172] The serum half-life of native a-MSH has been estimated to be approximately
10 minutes. Despite this limited half-life, the peptide is still capable of eliciting potent
anti-inflammatory activities. However, more stable a-MSH analogs are necessary to
increase the potency of anti-inflammatory activities and be further developed as a
therapeutic. A D-amino acid analog of native a-MSH (referred to as retro-inverso a-
MSH or RI a-MSH) was synthesized and is more stable than native a-MSH. The D-
amino acid form of peptides is more resistant to proteolysis and is metabolized at a

slower rate than the L-amino acid form of peptides.
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890 vpkGOwr (d- Cha) he(d-But hi oni ne)sys 891 vpkGwm (d- Cha) hsiiss 892

SYSMEH( Cha) R\G CPV 893 vpkGW f hensys 894 vpkGaRf hensys 895 vpkGmi fl ensys
[0182] Rewol2069/15Me8i ne nel anonma B16-F1 cell s were treat @dTiSe6v9BB7889 MSH or
Rl a-MsH anal ogs (869, 872, 880, 878, 886 and 890-895) at a concentration
range of 10-'- 111' M CcAMW levels fromcells treated with R a-MsSH, or Rl
a- MSH anal ogs.[0¥RY Hh etebilify of R-erd 15 veps Merarmingt! by snaihatigaoini pgsmsmad®BS
EC50val ues ¢ | I .1 i . | .» Anal ogs
591, 392 and aBE Srdveltnd Bl A BN, bR SRR bR aBRRRRe 8t FRE SR

assay conparwiurstdt abétenikiile 2 oNBBHPeANisEE as 4 BorgtolaRd YradRkinAr VRl ifteAla00S
showed an i nproved dose response and EC50 val ue conpared wth the R a-MSH

peptide. Seetamdgrd. Foltersentyfugatipeapmpkes 3V eah Horamt e3P Cruptil ECHYSAYP AMRNIL S
Clainms 1. A antd al | . ' ocortin
" receptor CRETE BiE s SRR b RS S Bt A e TR Pee o
pol ypept i de sh&&EQih BigNO7 § M$idshoged hbal§éfuaimbent XaonrXanplXaa8 bXawnXstalde ¥aab

Xanz 15 D PO o vk DR i s EHUSS 1y 2S o he s S |y

Xamis QY, RbrddadbPover 24 hours, Xamis D-Trp, Trp, D-3-benzothienyl-Ala,
D- 5- hydroxy-Trp, D-5-nethoxy-Trp, D-Phe, or D Al a;
[0174] The pharmacokinetic (PK) profiles for a-MSH and RI-a-MSH suggest that

RI-0-MSH has a longer serum half-life than native o-MSH (Fig. 17b). Mice treated with
a single dose of 100 pg RI-a-MSH or a-MSH had measurable serum levels of RI-a-
MSH after 24 hrs but there were no detectable levels of a-MSH 120 minutes post-

treatment (n=>5).

Example 19

Binding effects of retro-inverso peptides.

[0175] A core MSH tetrapeptide containing a D-Phe (HfRW) is sufficient to produce
significant binding to MC1R (20-50 nM Ki). However, very little binding is observed
with the retro-inverso version of the same tetrapeptide (wrFh, 883, Ki>30uM, Table 1),
showing that retro-inverso peptide fails to fully contact the receptor in the same fashion
as HFRW. Addition of fatty acyl groups to the N-terminus of HfRW selectively
improves its binding to MCIR, yielding an affinity comparable to MSH. This is
observed for the stearyl-HfRW peptide at MC1R (1.3 nM, peptide 820). Addition of a
diaminohexane stearyl group to the retro-inverso wrFh (peptide 882) improves binding
to MCIR (120 nM, >250-fold) and to a comparable extent as stearic acid addition to the
N-terminus of HFRW (80-fold), but does not achieve the affinity seen for RI-MSH (4.1
nM), again indicating other residues in RI-MSH play a larger role in binding of RI-MSH
to MCIR than with MSH.
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Xaa6 is DDArg, DH's, or DAl a; Xaa.) is D Cha, D Phe, Phe,
D-4-fluoro-Phg, D 3-pyridyl-Ala, D-Thi, D Trp, D-4-nitro-Phe, or DAl a; Xam
i s D Hi s,wbi209/B1m8g, Phe, or D-Ala; Xaa9 is D-d u, D AppT/US2@wit081809 i ne,
D-Ser, or DAla; Xaaw is D-Met, D-buthionine, D lle, or DAla; Xam is
D-Ser, DIle or DDAla; Xan2 is D Tyr, D-Ser, or DDAla; and XanB is D Ser or
DAl a; wherein no nore than onExxaple® i s D Al a except when Xam 3 are

all D-Ala and no mﬁégéo@@%_ni?&ig@%& Lid_ﬁl'% dir‘lrgt%-ﬂl%?s%iggp' tides 2

phar maceutically acc -2 laim 1, said
CommounS om0 18 REk RSl TR b har IR P ERARRCH
D-Val ; Xaa2 J §gd¥iBin@ly d@@dnd el b1y the bixddB @'MB1 N tBin inNkSLELBmXasdH ! 8sG Y,
shown in Figure 19, inversion of the core tetrapeptide residues in RI-MSH to the L-form
(peptides 884, 893-895) all reduced the affinity of the peptide for MC1R. Strikingly and
unexpectedly, inversion of the D-Phe to L-Phe in the RI sequence caused a 20-fold
reduction in binding, whereas the corresponding change in HFRW (L-Phe to D-Phe) has
been reported to improve binding as much as 400-fold. For the other residues,
stereochemical inversion was found to have a lesser effect on RI-MSH than on the core
HfRW peptide again indicating the relative importance of each residue in the core

tetrapeptide is lower in RI-MSH than in the HIRW tetrapeptide.

Example 21
Effects of end-capping retro-inverso MSH.

[0177] Another possible route to achieving higher affinity for MCIR is based on the
observation that end-capping the HFRW peptide with phenyl butyric acid selectively and
strongly increases the affinity of HFRW for MC1R (Ki=6 pM). However, no increase in
the affinity of a truncated RI-MSH bearing a C-terminal phenylpropylamide (peptide
847) was observed, with a Ki of 150 nM observed for both the peptide truncated at the
histidine residue (peptide 847int) and its aminopropyl-phenyl adduct (peptide 847, Table
1), demonstrating that with RI-MSH, binding is altered in a manner disallowing
simultaneous interaction of the tetrapeptide sequence and the postulated aromatic

interaction site near the histidine-binding element in MC1R.

Example 22

Svynthesis of a toxin conjugate of retroinverso MSH.

[0178] A modified version of peptide 891 (Table 1) in which a cysteine is appended
to the N-terminus is generated by Fmoc chemistry. A conjugate of monomethyl
auristatin E (MMAE) containing a protease-sensitive valine-citrulline linker with a
maleimido-caproyl moiety for coupling to thiols is synthesized according to Doronina et

al. (2003) Nature Biotechnol. 21:778-784, incorporated herein by reference. The
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Xaa5 is D-Trp, Trp, D 3-benzothienyl-Aa, D 5-hydroxy-Trp, D 5-nethoxy-Trp,
or D-Phe; Xaa6 is D-Arg or D-His; Xaa7 is D Cha, D Phe, Phe,

D 4-f | uorwoRb@/15D08- pyri dyl -Ala, D-Thi, D Trp, or D 4-niPCTarSRRe0372%88s i S
D-Hs, Hs, DAg, Phe, or D-Ala; Xaa9 is DA u, D-Asp, Dcitrulline or
D-Ser; Xaalo is D-Met, D-buthionine or D-lle; Xaaii is D-Ser or DIle;
Xaal2 is D Tgptids amd MMAE saejugeta 2@ ineulpteddn a sphiips pf\%ml\/hﬁﬁ ehesphpteodraM
Xaal. 13 is S t her eof
3 Ths Conpoﬁér%%of i”—icﬂgr "i‘&lliQt 2590 ﬁd%ﬁ%ﬂ&ﬁ%‘%ghhﬁ ?’C%?&J%E h%s ﬁig%C((EE-Q ’b
NO 12) havi rgpL@e sequence: Xaa| Xaa2 Xaa3 Xaa4d Xaa5 Xaa6 Xaa? Xaa8 Xaa9
Xaai 0 Xaaii Xaal2 Xaat3, wherein Xaai is D-Val; Xaa2 is D-Pro; Xaa3 is
D-Lys, DOmor DDNe; Xaad is Ay;

Example 23

Effect of RI 0-MSH analogs on cAMP in murine melanoma cell lines

[0179] Both native a-MSH and RI a-MSH increase cAMP levels in murine
melanoma cells. RI a-MSH peptide analogs were generated to determine whether
modifications to the core sequence of RI a-MSH peptide would elevate cAMP levels
compared with the RI a-MSH peptide. A dose response experiment was carried out for
the generated RI o-MSH analogs in the cAMP assay using murine B16-F1 melanoma
cells.

[0180] In vitro cell cultures: B16-F1 murine melanoma cells were cultured into 96
well plates 5x10" cells/well overnight in media with L-glutamine and pen/strep and FBS.
Media was removed and new media with IBMX was added to the cells for 1hr. Cells
were then treated with RI o-MSH, or RI o-MSH peptide analogs (890, 891, 8§92, 893,
894 or 895). Cells were lysed after 30min using a cAMP assay kit and supernatant were
used in the assay. Forskolin at 10 uM served as positive controls.

[0181] cAMP levels: Intracellular cAMP was measured using a cAMP competition
Assay Kit (Amersham Biosciences). All cell lysate samples were diluted 1:100 for
analysis.

Peptides:

869  vpkGwr(d-Cha)hemsys

872  vpkGwrfremsys

880 vpkGwrFhsiiss

878  vpkGwrfhe(d-buthionine)sys

886 RI-MSO05 vpkgwrfhsiiss

890 vpkGwr(d-Cha)he(d-Buthionine)sys

891 vpkGwr(d-Cha)hsiiss

892 SYSMEH(Cha)RWGKPV

893  vpkGWrfhemsys

894  vpkGwRfhemsys

895 vpkGwrfHemsys
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Xaa5 is D-Trp or Trp; Xaa6 is D-Arg; Xaa7 is D Cha, D Phe, Phe or D Thi;
Xaa8 is DH s or Hs; Xaa9 is DDA u or D-Ser; Xaajo is D Met, D buthionine
or D11l e;wBaadw1si®msD- Ser or D-1le; Xaal2 is D Tyr or D 8emrjusannd/o3MEsLLP

Xaaj 3 is D-Ser; wherein no nore than one Xaal-13 is an L-amno acid; or a
phar maceuti cal I accept abl e salt thereof 4. The conpound of claim1,
sai d conpound [ Qi;&?ﬂ Reslts: Meoremelanemp & oildecolla wergtredied wis wngﬁéﬂcMSfberb

D Arg Xaa D s, )}4%’5 eép?s@!f’s%afﬁﬁ‘gz '$36. 538 866855 % colt RGO bl be Y2

phar maceutic acc €reo npoun claim

1, said corrpl@dhq:l/[ camrpl 1svmgfram@e11§etraataabvunqlmpamsmd@ RI&#MB;H hi@ogequence:
D-Ser Dlle D-Ile Ser D Ser ound of

onp
claim1, sai raneﬁh‘pﬁdhrdRE%%$H§p?ﬂ@g%1sl1@o\f%@ﬁfqveé %«w%@s Compared with Rl o-
MSH with the exception of analog 894. Analogs 891, 892 and 886 showed the greatest

improvement in ECsg values in the cAMP assay compared with the RI a-MSH peptide.
In summary, RI a-MSH analogs showed an improved dose response and ECs, value

compared with the RI a-MSH peptide. See Fig. 22 for graphical data and Table 2 for

ECs data.
Table 2
ECs¢, pM ECso, pM ECso, pM
o-MSH 0.0004 o-MSH 0.0004 o-MSH 0.0004
RI ¢-MSH 9.7 RI ¢-MSH 9.7 RI ¢-MSH 9.7
Analog ID: Analog ID: Analog ID:

890 3.6 878 0.13 869 0.014

891 0.081 880 0.023 872 2.0

892 0.021 886 0.002 878 0.13

893 0.27

894 212

895 0.3
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t he sequence: D-Val D-Pro DLys Gy D Trp D-Arg Phe DHis D-Ser D-Ile D-lle
D-Ser DSer (SEQID NO4); DVal DDPro DLys Ay D Trp DArg DDCha D H s
D-Ser D-Ile DIle D-Ser D-Ser (SEQID NO5); or D-Val D-Pro BEsFAy D-Trp
D-Arg D-Phe D-H's DA u D Met D Ser Tyr D-Ser (SEQID NO7); or a

phal i naceutically acceptable salt t i 7. The conpound of claim

1, wherei id I tide is PEGyI d. : : '
composi £ on lcompi SIRGREHD TsBHpRRRGONisaieR 5 A AR RALR UL Py
accept ablea gxGl RaREsr, MCAR grMCTRESEORRRNARIQonhRinialo Rpried (SEeRID

conmpound i's “conj ugated to a iologically active functional group. MCSLLP
10. A kKiINO-¢phpringihegeddracphar maceuti cal conposition of claim1l, and

optionally (é&réri?&lagzi )?agag l}&% kgg}i(é)ag %(a];%(aalés)&iag Xaa) Xaa;; Xaajp Xaa;s,
wherein Xaa; is D-Val, D-Ala or D-Lys;
Xaa is D-Pro, D-Ala or D-Lys;
Xaas is D-Lys, D-Orn, D-Nle, D-Ala or D-Lys;
Xaay is Gly, or D-Ala;
Xaas is D-Trp, Trp, D-3-benzothienyl-Ala, D-5-hydroxy-Tip,
D-5-methoxy-Trp, D-Phe, or D-Ala,
Xaag is D-Arg, D-His, or D-Ala;
Xaay is D-Cha, D-Phe, Phe, D-4-fluoro-Phg, D-3-pyridyl-Ala, D-Thi, D-Trp,
D-4-nitro-Phe, or D-Ala;
Xaag is D-His, His, D-Arg, Phe, or D-Ala;
Xaag is D-Glu, D-Asp, D-citrulline, D-Ser, or D-Ala;
Xaajp 18 D-Met, D-buthionine, D-Ile, or D-Ala;
Xaay; is D-Ser, D-Ile or D-Ala;
Xaa,z is D-Tyr, D-Ser, or D-Ala; and
Xaa,s is D-Ser or D-Ala;
wherein no more than one Xaa; ;3 is D-Ala except when Xaa,.; are all D-Ala, and no
more than one Xaa;_j3 is an L-amino acid;

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, said compound comprising a polypeptide (SEQ 1D

NO:11) having the sequence:
Xaa; Xaa, Xaa; Xaas Xaas Xaas Xaay Xaag Xaag Xaa)o Xaa;; Xaap, Xaays,
wherein Xaa; is D-Val;
Xaas is D-Pro;
Xaay is D-Lys, D-Orn or D-Nie;
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MCSLLP

Xaay is Gly;

Xaas is D-Trp, Trp, D-3-benzothienyl-Ala, D-5-hydroxy-Trp,
D-5-methoxy-Trp, or D-Phe;

Xaag is D-Arg or D-His;

Xaa, is D-Cha, D-Phe, Phe, D-4-fluoro-Phg, D-3-pyridyl-Ala, D-Thi, D-Trp,
or D-4-nitro-Phe;

Xaag is D-His, His, D-Arg, Phe, or D-Ala;

Xaay is D-Glu, D-Asp, D-citrulline or D-Ser;

Xaayp is D-Met, D-buthionine or D-lle;

Xaa,; is D-Ser or D-He;

Xaays is D-Tyr or D-Ser; and

Xaajs 1s D-Ser;

wherein no more than one Xaa;.i3 is an L-amino acid;

or a pharmaceutically acceptable salt thereof.

3. The compound of claim 1, said compound comprising a polypeptide (SEQ ID
NO:12) having the sequence:

Xaa; Xaa, Xaa; Xaas Xaas Xaas Xaa; Xaag Xaag Xaao Xaay Xaa; Xaais,
wherein Xaa, is D-Val;

Xaap is D-Pro;

Xaaz is D-Lys, D-Om or D-Nle;

Xaag 1s Gly;

Xaag is D-Trp or Trp;

Xaag is D-Arg;

Xaas 1s D-Cha, D-Phe, Phe or D-Thi;

Xaag is D-His or His;

Xaag 18 D-Glu or D-Ser;

Xaajg is D-Met, D-buthionine or D-Ile;

Xaay is D-Ser or D-Ile;

Xaay, is D-Tyr or D-Ser; and

56



MCSLLP
Xaa;s 1s D-Ser;
wherein no more than one Xaa;.;3 is an L-amino acid;

or a pharmaceutically acceptable salt thereof.

4. The compound of claim 1, said compound comprising a core tetrapeptide

having the sequence:
D-Trp D-Arg Xaa D-His (SEQ ID NO:2),
wherein Xaa is D-Cha, D-Phe or Phe;

or a pharmaceutically acceptable salt thereof.

5. The compound of claim 1, said compound comprising a C-terminal

polypeptide having the sequence: D-Ser D-lle D-Ile D-Ser D-Ser (SEQ ID NO:3).

6. The compound of claim 1, said compouhd comprising a polypeptide having

the sequence:
D-Val D-Pro D-Lys Gly D-Trp D-Arg Phe D-His D-Ser D-lle D-Ile D-Ser D-Ser

(SEQ 1D NO:4);
P-Val D-Pro D-Lys Gly D-Trp D-Arg D-Cha D-His D-Ser D-Ile D-Ile D-Ser D-Ser

(SEQ ID NO:5); or
D-Val D-Pro D-Lys Gly D-Trp D-Arg D-Phe D-His D-Glu D-Met D-Ser D-Tyr D-Ser
(SEQ ID NO:7); or a pharmaceutically acceptable salt thereof.

7. The compound of claim 1, wherein said polypeptide is PEGylated.

8. A pharmaceutical composition comprising the compound of claim 1 and a

pharmaceutically acceptable excipient.

9. The compound of claim 1, wherein said compound is conjugated to a

biologically active functional group.
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10. A kit comprising the pharmaceutical composition of claim 11, and optionally

comprising instroctions for use.
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