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homeostasis and in development, respectively. Calcium concentration in
the blood is tightly regulated, due to the essential role of calcium in cell

15 metabolism. PTH is an endocrine hormone which is secreted from the
parathyroid gland in response to decreased serum calcium levels. PTH
acts directly to increase bone resorption and to stimulate renal calcium
reabsorption, thus increasing or preserving circulating calcium stores.
PTH also indirectly increases calcium absorption in the gut by stimulating

20  the renal hydroxylation of vitamin D.

Both primary and secondary hyperparathyroidism are conditions
that are associated with excessive levels of circulating parathyroid
hormone. Through the aforementioned pathways, excess PTH levels can
cause hypercalcemia and osteopenia. Bone resorption inhibitors such as

25  bisphosphonates and OPG can effectively protect bone and can inhibit the
skeleton’s contribution to hypercalcemia. However, the calcemic effects of
hyperparathyroidism on the kidney and gut are not addressed by

currently available therapy.



to cause hypercalcema. In fact, hunoral hypercal cem a of malignancy (HHV
is the nost comon paraneopl astic syndrone, which accounts for significant

patient WeoyRisdidsy and nortality. Currently, HHMis treate 1 i ne
hydration foll owed by bone 10 resorption inhibitors suchp(élﬁyhg‘n/&%8I

bi sphosphonates. This treatnent reginen typically takes 3-4 days to
achi eve significant reductions in serumcalcium and the effects are
relatively short-lived (less than one nonth). For patients wth high
circulating levels of PTHP, the effects of current treatnment options are

even | ess i npresSiTidrP W@d%ﬁnﬁhﬁhéﬂ&%ﬁ&, @hdﬁﬂ_ﬁ%@&ﬁﬁﬂ@@rtaﬁ% rélger api es
effe

are usual ly progressively |ess ctive. ese limtations to current
therapy strdngesulehaskeletaldenplenmantilosinateldy therolesgouPTHePfaget i ve, and
| ong-1lastin r eat r-HHM A naj or for the.ljmted benefits of
current HHMq?%eC?egaﬁ ?éﬁn{l%egfr%‘l!ﬁlﬁﬁpgm?%gﬁ PE E@?ﬁ?j arrﬁrﬁsﬁ‘?nt%qgﬂ-?@}' which is
very vel | esicddithisloed rasnidne BHUNSI MBlveRRE HARAY % ' rin HAM
Bone resorption inhibi torsa sgglﬁﬂ}és bi sphosphonat esyg?llﬁ{fglgﬁﬁfi@i%%&%one
resorpti én, enthiyelegisrlprigiss pnaducesamyhsédretent TiaP ¢equanttibestSicamtt he

ki dney and the gut. Tot neut izgti on gf PTH P woul d be the ideal
adj uvant t hdf SpEth NEPersplcsatn Indaeh, Aumaral hyperc aof paaligrangyand PTHr P

o focts. Natntugss SRRt QlmptiH 6AaRECORBLS syhMolBolnRh fR5lihisiBR 7
(1999). Onl pigtitcantt rthait udbtidity hadnavkiligi.scovered PTH 2 receptor. |d.

PTHr P can be changed to a PTH 2 receptor E'c'ggioni st, -2 WD 01/81415
PCT/ US01/ 13528 oy, fd‘yﬂ\élhatrgategip ith sadine dyelsation foldowed byuemeat t hose

iti i TH. G | |, . 99 J. ial. Ch 271 (33):
oost. 080 amesorPEom A rd siith & bishBorPhondtss 10t g inent Bt R eut | G
agent. | ntenrybic ttwesaagnridraw tt@éaq,ev@gﬂm@éﬂﬁé@@%ﬁgﬁ%&f&ﬂéﬁﬁ?9eni c 3

properties, and it has been’recogni zedfor deca ese propeérties
can be ful | yndehkieffedtswre relpbizely stentdimad (less thercahe chdrthy FontpaBEhts( 1- 34) .

causi ng' t he Y3tk Pt FartIahnadera of ETEYE| dkelodh Shesinemt regipanssphol | pase

options are even less impressive. Repeated administration of conventional

15 therapies are usually progressively less effective. These limitations to
current therapy strongly indicate an unmet medical need for rapid,
effective, and long-lasting treatments for HHM.

A major reason for the limited benefits of current HHM therapy is

the failure to directly inhibit PTHrP, which is Véry well established as the

20  principal pathophysiologic factor in HHM. Bone resorption inhibitors such
as bisphosphonates only inhibit bone resorption, while PTHrP also has
significant calcemic effects on the kidney and the gut. Total neutralization
of PTHrP would be the ideal adjuvant therapeutic approach to treatment
of HHM. ‘

25 Both PTH and PTHrP interact with PTH-1 receptor, which accounts
for most of their known effects. Mannstadt et al. (1999), Am. J. Physiol.
277. 5Pt 2. F665-75 (1999). Only PTH interacts with the newly discovered

PTH-2 receptor. Id. PTHrP can be changed to a PTH-2 receptor agonist,



C (PLC). AC activation through PTH 1 receptor generates cAMP, while 10 PLC
activation through PTH 1 receptor generates PKC and intracellular calcium
transi entwso 0§t 1- 34) can maximally activate both the ACpaqaishiress2LC

pat hways. It has been denonstrated that the anabolic effects of PTH (1-34)
require short intermttent (daily) exposures Dobnig (1998), Endocrinol.
138: 4607-12. In human trials on postnenopausal wonen, 15 daily
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15 daily subcutaneous injection of low doses of PTH(1-34) were shown to
result in impressive bone formation in the spine and femoral neck with
significant reduction in incidence of vertebral fractures. These clinical data
reveal PTH as one of the most efficacious agents tested for osteoporosis.
Truncated PTH fragments have diminished AC/cAMP activation

20  and similarly diminished anabolic activity. Rixon et al. (1994), [. Bone
Min. Res. 9: 1179-89; Hilliker et al. (1996), Bone 19: 469-477; Lane et al.
(1996), I. Bone Min. Res. 11: 614-25. Such truncated PTH fragments have
this diminished activity(Rixon et al. (1994); Hilliker et al. (1996); Lane et al.
(1996)) even if they maintain full agonism towards PKC. Rixon et al.,

25 (1994). These observations have led to the proposal that the AC/cAMP
pathway is critical for the bone anabolic properties of PTH, while the
PLC/PKC pathway is dispensable in this regard. Rixon et al., (1994);

Whitfield et al. (1996), Calcified Tissue International 53: 81-7.




As such, hPTH (1-31) has a slightly reduced (1-6 fold) affinity for PTH 1
receptor conpared to hPTH (1-34), while hPTH (1-30) has a significantly
reduced - 100 fold) affinity Takasu (1998). Perhaps due IS <D
decreaseg&%*#ggk?eceptor affinity, PTH (1-30) is a weak aﬁgﬁpﬁg%éﬁ ete
agoni st for PLC activation via the rat PTH 1 receptor. Conpared to

PTH (1-34), PTH (1-31) has simlar or slightly reduced anabolic potenti al
(Rixon et al. (1994); Witfield et al. (1996), Calcified Tissue
International 53: 81-7; Witfield et al. (1996), Calcified Tissue 20
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15 decreased PTH-1 receptor affinity, PTH-(1-30) is a weak and incomplete
agonist for PLC activation via the rat PTH-1 receptor.
Compared to PTH-(1-34), PTH-(1-31) has similar or slightly reduced
anabolic potential (Rixon et al. (1994); Whitfield et al. (1996), Calcified
Tissue International 53: 81-7; Whitfield et al. (1996), Calcified Tissue
20  International 65: 143-7), binding affinity for PTHIR, and cAMP induction
(Takasﬁ (1998)). PTH-(1-31) also has slightly reduced PLC activation.
Takasu (1998). In healthy humans, infusion of PTH-(1-31) and PTH-(1-34)
had similar stimulatory effects on plasma and urinary cAMP
concentration, but unlike PTH-(1-34), PTH-(1-31) failed to elevate serum
25  calcium, plasma 1,25(0OH)2D3, or urinary N-TX levels. Fraher et al. (1999),
I. Clin. Endocrin. Met. 84: 2739-43. These data suggest that PTH-(1-31) has

diminished capacity to induce bone resorption and to stimulation vitamin

D synthesis, which is a favorable profile for bone anabolic agents.



15 OVX rats, whereas 200 g/ kg/day was ineffective. Witfield et al. (2000),
T. Bone Mn. Res. 15: 964-70. The di m ni shed or absent anabolic effects of
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energing class of 20 therapeutic agents. Useful nodifications of protein

t herapeutic agents include conbination with the "Fc" domain of an anti body
and linkage to polynmers such as polyethylene glycol (PEG and dextran.
Such nodifications are discussed in detail in a patent application

entitled, "Mdifpeg Repli : {.C " . Qer. No.
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i brari es have energed*as a powerful™ nmethod in identifying such peptide
agoni st sicand ant aB6hi-€lF28) iSthes srhaltest eepurpdd{raGoent tefully actite0), Sci ence

249: 386; Devlin et al. (1990), Science. 249: 404; U S. Pat. No. 5,223,409,
i ssued June 29MD; Jygugebatier phal. (1495), ng-ﬁﬁi?s?’%é%eﬁi%?‘&% hPTHro08; U. S.

osued July 12 Fos R ol G hart bl StapdtiPetdh n R0 000! s
Pat. No. 5, 9RELI&At all @9UB]. Bong Mih. RR8912: B8P0 (Abstract). Recently, a very
high dose of PTH-(1-28) (1,000 pg/kg/day) was shown to be anabolic in
15 OVXrats, whereas 200 ug/kg/day was ineffective. Whitfield et al. (2000),
]. Bone Min. Res. 15: 964-70. The diminished or absent anabolic effects of
some truncated PTH fragments has been attributed to rapid clearance in
vivo. Rixon et al. (1994).

Recombinant and modified proteins are an emerging class of
20 therapeutic agents. Useful modifications of protein therapeutic agents
include combination with the “Fc¢” domain of an antibody and linkage to
polymers such as polyethylene glycol (PEG) and dextran. Such
modifications are discussed in detail in a patent application entitled,
"Modified Peptides as Therapeutic Agents,"” U.S. Ser. No. 09/428,082, PCT
25 appl. no. WO 99/25044, which is hereby incorporated by reference in its
entirety.
A much different approach to development of therapeutic agents is
peptide library screening. The interaction of a protein ligand with its

receptor often takes place at a relatively large interface. However, as



96/ 40987, published Decenmber 19,1996; and WO 98/ 15833, published April 16,
1998 (each of which is incorporated by reference in its entirety). 1In such

| i brari g§g oi@1¥g9m pepti de sequences are displayed by fusipeiyosi/kssz9 coat
proteins of filanentous phage. Typically, the displayed peptides are

affinity-eluted agai nst an anti body-i nmobilized extracellular domain of a
receptor. The retai ned phages nay be enriched by successive rounds of

affinity purification and repropagation. The best binding peptides nay be
sequenced to identify key residues within one or nore structurally related
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15 1996; U.S. Pat. No. 5,432,018, issued July 11, 1995; U.S. Pat. No. 5,338,665,
issued August 16, 1994; U.S. Pat. No. 5,922,545, issued July 13, 1999; WO
96/40987, published December 19, 1996; and WO 98/15833, published
April 16, 1998 (each of which is incorporated by reference in its entirety).
In such libraries, random peptide sequences are displayed by fusion with

20  coat proteins of filamentous phage. Typically, the displayed peptides are
affinity-eluted against an antibody-immobilized extracellular domain of a
receptor. The retained phages may be enriched by successive rounds of
affinity purification and repropagation. The best binding peptides may be
sequenced to identify key residues within one or more structurally related

25  families of peptides. See, e.g., Cwirla et al. (1997), Science 276: 1696-9, in

~ which two distinct families were identified. The peptide sequences may
also suggest which residues may be safely replaced by alanine scanning or

by mutagenesis at the DNA level. Mutagenesis libraries may be created



20 and rel ated nethods are collectively referred to as "ri bosone display."
O her met hods enpl oy peptides |inked to RNA; for exanple, PRO usion

t echnol o@y o1vks0s, Inc. See, for exanple, Roberts & Szogicakudolsssy, Proc.
Natl. Acad. Sci. USA, 94:12297-303. Hereinafter, this and rel ated nethods
are collectively referred to as "RNA-peptide screening.” Chemcally 25
derived peptide |libraries have been devel oped in which peptides are

i mobi | i zed on stable, non biological materials, such as pol yethyl ene rods
or solvent-perneable resins. Another chenically derived peptide library
uses phot ol hhBQereaREY té Aurfitdd ZedB8 sbaii@ttel df2RE best ihdsss. sl i des.
Hereinafter, these and related nethods are collectively referred to as -7
VO 01/ 81415LP@ETMAISIEOTB4a8. Re ' BiomnoldEtruct. 86ndMg24. Cheni cal - pepti de

screeni ng may be_. advaniageous in tha it allows use of a no cids and
other unnatural SERSIES %%06B¥qteaspmuw&rﬁa%0%% Rier
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m nmeti css of ligayds. [bn etieh Bn eaklygispiirgerystab pﬂrayturRMa}pﬁpggeieﬂsesfmmﬁg, and

t he other net hods menti oned above. Sunmary of the Invention 10 The present

i nvention candaelative eEicadion of ciliical Eesidugs qfdha large profrindigandi t y of PTH

d PTHrP. d th t d f PTH and
P b compr 08T MRAEBEE sk i REARHERFR Stk T R A e amino
aci d sequengpi@fe BIbHRTTH:R268.90! %éé@m@dl%ﬂtéﬁn@&oﬁl%a}ﬁls@ﬂfﬂ @éedbT P, or

sequences derived therefrom by phage di spl ay, RNA-peptide screening, or the
ot her t echninpestigateghe t'mtam;ttiahdmeweamd rbc)epator/pmteirean@ peptidssa pol yner

(e.g., PEG or. de or a domai n, WhIC r rred,; 2 wherein the
vehi cl elq s e‘felegﬁéfmék r‘t"hl 2Y SHBBRSH f@‘ﬁgf%‘tfglﬁ&?ﬁ?lﬂ thery prHr P

nodul ati ng le is an Fc domain, and the
preferred Fggﬁﬁan%tﬁlggregggﬁﬁ{g@gayo i'n. Preferred PTH PTHr P

Other methods compete with phage display in peptide research. A

peptide library can be fused to the carboxyl terminus of the lac repressor
and expressed in E. coli. Another E. coli-based method allows display on
15 the cell’s outer membrane by fusion with a peptidoglycan-associated
lipoprotein (PAL). Hereinafter, these and related methods are collectively
referred to as "E. coli display.” In another method, translation of random
RNA is halted prior to ribosome release, reéulting in a library of
polypeptides with their associated RNA still attached. Hereinafter, this
20  and related methods are collectively referred to as "ribosome display.”

* Other methods erriploy peptides linked to RNA; for example, PROfusion
technology, Phylos, Inc. See, for example, Roberts & Szostak (1997), Proc.
Natl. Acad. Sci. USA, 94: 12297-303. Hereinafter, this and related methods

are collectively referred to as "RINA-peptide screening.” Chemically

25  derived peptide libraries have been developed in which peptides are
immobilized on stable, non-biological materials, such as polyethylene rods
or solvent-permeable resins. Another chemically derived peptide library
uses photolithography to scan peptides immobilized on glass slides.

Hereinafter, these and related methods are collectively referred to as



nodul ati ng domai ns conprise the PTH and PTHrP-derived am no acid sequences
descri bed hereinafter. OQther PTH PTHrP nodul ati ng donai ns 25 can be

gener at ggly By sahage di splay, RNA-peptide screening and thecefikeiizsiechni ques
menti oned herein. Such peptides typically will be antagonists of both PTH

and PTHrP, al though such techni ques can be used to generate peptide

sequences that serve as selective inhibitors (e.g., inhibitors of PTH but
not PTHrP). -s WD 01/81415 PCT/USOLl/ 13528 Further in accordance with the
present invention is a process for making PTH and PTHrP nodul ators, which

conpri ses: j 1-begtilBaérebhi?@Smh§ behe PTH-1 or
PTH 2 receptacc))k}e;ﬁ%g%?%ﬁ%@%%bgﬁg t%lﬁﬁ% Egﬁgai d Septi de ?o a vehicle. The

preferred velvahtagesuain fat doathiws ust efpD{ainosagidedrd ather waatied out by
selection fromthe peptilge sequences in Tabl gs @Td .2 hergi.nafter or from
phage di spl agaloghessepyellias gep elements BgthRiclogica et i oned

herein. 10 un L NS 11 i : : dard
synthetic ne%@ggfec%@%%%%%&%%@gﬂgs,922'?%;@%@ BBl 8DS of
preparing pgps3zles @vflcdptanlly, iotalytiscdverpeptide niindtiisofianyent i on t hat
enconpass non-peptide portions may be synt hesi zed by standard organic

cheni stry r pacteimnsing phagedlisples, RN Aspeptide scyseping anditbgioshery reacti ons 15

when applicable. .The primary use contenpl ated for the conpounds of this
i nvention Péej‘ggdfﬂ‘éqlﬁjﬁé'@i%’ogﬁ prophyl actic agents. The vehicle-1inked

peptide may have activity conparable to-or even greater than-the natural
ligand m m cked by the peptide. 1 20 The conpounds of this invention may
be used for therapeutic or pSapmhgcef thedmvention by formulating themw th

appropriate pharmaceutical carrier materials and adm ni ster| an .
ef fecti ¥& ampunt The presenitineemtion ceiresns @%Wq&%&ﬁ@%@%ﬁ in need

thereof. O Ber, & &LPLPTAPRCS PTBPCHPhRraRH IR the phlnt BiAfbn NVenti on.
modulators of PTH and PTHrP comprise:
a) a PTH/PTHrP modulating domain, preferably the amino
acid sequence of PTH/PTHrP modulating domains of PTH
15 and/or PTHrP, or sequences derived therefrom by phage
display, RNA-peptide screening, or the other techniques
mentioned above; and
b) a vehicle, such as a polymer (e.g., PEG or dextran) or an Fc
domain, which is preferred;

20  wherein the vehicle is covalently attached to the carboxyl terminus of the
PTH/PTHrP modulating domain. The preferred vehicle is an Fc domain,
and the preferred Fc domain is an IgG Fc domain. Preferred PTH/PTHrP
modulating domains comprise the PTH and PTHrP-derived amino acid
sequences described hereinafter. Other PTH/PTHrP modulating domains

25  can be generated by phage display, RNA-peptide screening and the other
techniques mentioned herein. Such peptides typically will be antagonists
of both PTH and PTH<P, although such techniques can be used to generate
peptide sequences that serve as selective inhibitors (e.g., inhibitors of PTH
but not PTHrP).



25 O particular interest in the present invention are nol ecul es

conpri sing PTH PTHRP nodul ati ng donai ns having a shortened PTH G term nal
sequenc%oﬁﬁgﬂl@s PTH (1-28) or (1-34). The prior art shpggylér/13essabolic
studi es using sustained duration delivery of such Ctermnally truncated
PTH fragments. Although the art does not suggest it, nolecules -9 WO
01/81415 PCT/ USOL/ 13528 conprising smaller fragnents such as PTH (1-30)-Fc
can be anabolic on their own. Despite their weak agoni smtowards PLC (see
Background of the Invention), hPTH (1-30) is nearly as effective at CAW

sti mil atfon as. il atdordtthee WHH heloschAini BlibRibRpARRSE it ned by

theory, the 5 inventors note that the anabolic properties of PTH fragnents
may be selmakingdTHreaddltBdrF sndddators AMRichaoinvatisesn, rat her than PLC
activation, so that PTH fragnments with re UC%? rece%ifﬁg EI{)LI nity will have
a favorabl e anaBol i selacEngpéleast ong pgpde fhat hinds te Ftobsr exposure to
truncated PTH fragmapbs avesa different, and nore favorable effect
on bone 10 conpared to%g\éﬁéfq‘%ﬁtgg’g%&posure to PTH (1-34) or PTH (1-84) that

has begn denongsyr at edvhleniy TGN Yakt péisideto akehickd99) . Numer ous
addi ti onal aspects and advant agﬁes of the present invention wll becone

appar ent upBre prefierired vehicteris ah Eadompigy Step ) ds prrferable gagieskewi®y on of t he
invention. 1 rief cripti,on of the.Fiogures Fi e 1 shows exenplary Fc
i mers ¢ harSSIREPOBE BN BDHHS Rediiency i TaHES o2 hiretn P SLAFRID, o
represents i \. Bk ehifd) or HRE o R2NEMAiQhies FenHOABHN”
herein. " Xlﬁ%?ghﬁé}%?' !rigff? gggﬁ?égggﬁ d so(r)r 28 l'i nker - e%sti dg conbi nati ons
as defined haem.nafter. The specific diners are as follows: A Single

di sul fide bonded dinmers. 1gGlL antibodies typically have t di sul fide
bonds al0 the hi nEe eEpPewdeoliddninveationRRRRe P&ﬁﬂa‘f’;ﬂ?}éﬁqa\gﬁ mai ns. The

e SO0 | B SO DERRIPOND SR BR oA OB o

unreactive pRpuANG deptidles aAll #idibh prbteifts. 9Qompbiindshst this invention that
encompass non-peptide portions may be synthesized by standard organic
chemistry reactions, in addition to standard peptide chemistry reactions

15 when applicable.

The primary use contemplated for the compounds of this invention
is as therapeutic or prophylactic agents. The vehicle-linked peptide may
have activity comparable to—or even greater than—the natural ligand
mimicked by the peptide.

20 The compounds of this invention may be used for therapeutic or
prophylactic purposes by formulating them with appropriate
pharmaceutical carrier materials and administering an effective amount to
a patient, such as a human (or other mammal) in need thereof. Other
related aspects are also included in the instant invention.

25 Of particular interest in the present invention are molecules
comprising PTH/PTHRP modulating domains having a shortened PTH C-
terminal sequence, such as PTH-(1-28) or (1-34). The prior art shows no
anabolic studies using sustained duration delivery of such C-terminally

truncated PTH fragments. Although the art does not suggest it, molecules



domain is linked at the CGterm nus of the peptide. B: Doubly
di sul fi de-bonded diners. This Fc domain nay be forned by truncation of the

parent 3ghighReMsto retain both cysteinyl residues in -19cYWosOildB8is#15
PCT/ US01/ 13528 the Fc domain chains or by expression froma construct

including a sequence encodi ng such an Fc domain. In Figure 1B, the Fc
domain is linked at the G term nus of the peptide. C Noncoval ent diners.
This Fc donmain may be fornmed by 5 elimnation of the cysteinyl residues by
either truncation or substitution. One may desire to elimnate the

cysteinyl rﬁﬁh@ﬂﬁagtsqnm&ifﬂao%ﬁeﬂfsis%ﬁ%s PTRIARI0PFC EARBE bABbEic blie cysteinyl
residue with cysteirnyl residues of other proteins present in the host
cel | . The nihetroweheiespiadheig vodalt dgonism towaednBLC{seaBidkgrewndod hol d

together the diner. 10 her diners be. f qor ned si.ng.Fc domai ns
derived frothednye %%}rh%%&‘gg}lsé}?ﬁﬁa@éieg@c?‘@ Q’F,CR ,migquﬁlﬁure 2
shows the tdr ofwﬁﬂ LE . | Lon. Figure 2A
shows a si ﬁ%‘sgﬁp al 3 nmo eghf)léWé%gn%&%@g&rg%ﬁi@eﬂe%ﬁ’gh construct for
the nol ecul gwehidiy Kot that iaanabslidRroperticso (I irdgirertts Mgy bpept i de
portion is present on only one chain of the dimer. Figqure 2C shows a di ner

havi ng t he sedettively prlateddn thairlsdtMPaistivaton, matherdhan PLEF agtivigiion, s wi | |

f t i taip host cells, : i f a DNA
construct . SHOATEY R Eitn gith tiend sectioh Rty BIERR SR Bher host
cells, the %ﬂﬁﬁ%ﬁ%.bﬁigb%ﬁﬁﬁlé 1hat eAtid i ARSe-dfdstiAY RY irlificdred Pt on of

dinmers or t s can be“forned in vitro. Figure 3 shows exenpl ary
nucl ei ¢ aci ftagm@ntnivoaldbivde aelifferenésand 566k frddaitle effeandn Boneespect i vel y)

O Ly DE, S L AN BARY FLRNS, e shovs Lhe
e vere gkl SRR O R oo 11 7T (130 (open
(circles), 469 nMuRh&@ustadidaichasspedts dn8Gdvanitayes g theprezeas) . Data
represent group nmeans, n = 6 mice/group.
invention will become apparent upon consideration of the figures and
detailed description of the invention.
15
Brief Description of the Figures
Figure 1 shows exemplary Fc dimers that may be derived from an
IgG1 antibody. “Fc” in the figure represents any of the Fc variants within
the meaning of “Fc domain” herein. “X'” and “X*” represent peptides or
20  linker-peptide combinations as defined hereinafter. The specific dimers
are as follows:
A: Single disulfide-bonded dimers. IgG1 antibodies typically have
two disulfide bonds at the hinge region between the constant and variable
domains. The Fc domain in Figure 1A may be formed by truncation
25  between the two disulfide bond sites or by substitution of a cysteinyl
residue with an unreactive residue (e.g., alanyl). In Figure 1A, the Fc
domain is linked at the C-terminus of the peptide.
B: Doubly disulfide-bonded dimers. This Fc domain may be formed

by truncation of the parent antibody to retain both cysteinyl residues in

-10-



-11 WO 01/81415 PCT/ USQOL/ 13528 Figure 5 shows that

[ Asnl0, Leull] PTHrP-(7-34)-Fc inhibits the calcem c response of normal mce
to PTHr Ryohpsiygd male mice were injected SC with vehicl @cRB%1/135528 Cl es) or
with human PTHrP-(1-34) at 0.5 ng/kg (squares). .PTHrP-chal | enged nice were
then imediately injected 5 SCwith [Asnl O Leul | ] PTH P-(7-34)-Fc at 10

ng/ kg (triangles) or 30 ng/kg (dianonds). Data represent group neans, wth
an n of 6 mce/group. Figure 6 shows the effect of

[ Asnl O Leul | ]| PTHrP-(7-34)-Fc on chronic hypercal cem a i nduced by

PTH- (1- 34) - fige FONbARIN BRAifS Bir éb@’r@smdt@ﬁ@h@h'c@ﬂﬁl@dcﬁﬂ@ﬁdiﬁ% aC injection
with PTH (1-34)-Fc (30 ng/kg) (opén circles), or with vehicle (PBS, open
squares) . SempeRTelehtoding stch arhkd demgiy Infiguiest the Fadeanainde, at t he

time of chagﬁle( e, W Asnl O_Leul | | PTHr P-(7-34)-Fc at 10 (cl osed
triangle) ?‘%PBQEG&C’F‘?I igys o the / kg (closed square). Al doses of
A0l Q) Lel 1] PTH-PN  B4)1cEe diBerausadadsh i haad (gl sysi on of

ate

PTH-(1-34)-Fc ypercal cem a ta represent neanss SEM n =5

m ce/ gr osip. eFirghiteorY oftianeysedivl msidies/tat ¢idreri tnuiR@Sich7dr2substiattiast eobl ast -
like cells. Cultures were treated with the phaosphodi est erase i nhibitor

| BMX and t hEmegnay Idesige do ehminaterthg @V@t@nwltrﬁﬂd&ﬁi Ravedimpuiients. 20

on di i cal - BREWCEY yes a0t ReRbERATAo e Bl EVHERNA PrigRRERt fuiTe ™ S

fol I ow ng S?E‘Sﬂeﬁls Srebsniianthe kst éﬁlF%eq{tﬁlc@ﬁraIeh@bbﬂdhfg?‘é%ewounds
Figure 8A s total serum calcium Figure 8B, alkallne phosphatase (AP),

a mar ker of dbﬁ1ams$ Bcﬂnifﬁ@ﬁnatnhvliduy)geﬁlegjdhed&ﬁ,ertart rate-resistant acid

phosphat ase r of eodast acti.vity,. AP: TRAP
ratio, af i S’(r @mer,sgpgy ¢ OHQF@&YI 1Eng 5§ 6’6‘?18§fi Fat}f %jff?’fﬁf'?e 9 shows
the effect Sgﬁées O‘Iflanq §1t1é u%é ]%; m neral density. Peripheral

guantitativ onput e was -12 WO 01/81415 PCT/ USOL1/ 13528
Figure 2 shows the structure of additional compounds of the

invention. Figure 2A shows a single chain molecule and may also
represent the DNA construct for the molecule. Figufe 2B shows a dimer in
15 which the linker-peptide portion is present on only one chain of the dimer.
Figure 2C shows a dimer having the peptide portion on both chains. The
dimer of Figure 2C will form spontaneously in certain host cells upon
expression of a DNA construct encoding the single chain as shown in -
Figure 3. In other host cells, the cells could be placed in conditions
20 favoring formation of dimers or the dimers can be formed in vitro.
Figure 3 shows exemplary nucleic acid and amino acid sequences
(SEQID NOS: 1 and 2, respectively) of human IgG1 Fc that may be used in
this invention.
Figure 4 shows the calcemic response of normal mice to PTH-(1-34)
25  and to PTH-(1-34)-Fc. Mice were challenged with vehicle (PBS, -X-), or
with PTH~(1-34) (open symbols) or with PTH-(1-34)-Fc (closed symbols).
Doses were 156 nmol /kg (circles), 469 nmol/kg (triangles) or 1,560

nmol/kg (squares). Data represent group means, n = 6 mice/group.

11 -



performed on the proximal tibial netaphysis of mce on day 15, after
i njections of PTH constructs on day 0, 5 and 10. Figure 10 shows the effect

of tw cey¥ReklNsPTH (1-34)-Fc versus daily PTH (1-34) omciridsoissas
trabecul ar, and cortical bone mneral density 5 (BVMD). Daily PTH

[ PTH- (1-34)] was given at 80 hg/kg/day (20 nnol/kg/day). Figure 11 shows
the effects of tw ce-weekly treatnment on BMD and serum cal ciumin aged
ovariectom zed (OVX) rats. Eleven nonths after OVX rats were treated

tw ce per week with phosphate-buffered saline 10 (PBS, vehicle) or with APD

(0.5 ny/ kg) or wieth, REEHN St TAsA ROLe PP TiEP-(7 B Ec vaBibRther med weekly.

Bl ood was drawn 24" hours after the second weekly injection, when the
cal ceni ¢ ef taletimiofespbhisd-of aoemal mjxiedal ITHFa XNomhal Fajemecdwestions t he

effect of a_single subcutaneous injection of 15 PT -34)-Fc i pto OVX
cynonol ogus IHeAREWS: Wil §lev@}3§f‘FWﬁi%sc),PéaVﬂW%Pﬁ‘@%i%{géi)%ﬁétﬁ doses of
1-30 g/ kg (n=1/9r 0 (N= l%ﬁmfjm lyzed
for total ca %/i %%%&E'o%?e I&%élggé%%é‘?‘gs%{?ﬁe re? ﬁ(ﬁ)#g?y}'igfe iy

hyper cal gensa, wiRJa@n20,1 01 EjPIRR-(TA34)Fc aalahpikg (gairgled)ba30t hr ee

st andard devi ati ons above the nornmal nean, on 20 two or nobre consecutive
ti mepoi nt s. nietky (darbesis).i Patorepsesent graupmeansvitbemimof fon of Terns The

ternms used throegthout this specification are defined as follows, 25 unless
ot herwi se | PAEesAYP speci fic instances. The term "conprising" nmeans that a

conpound may i nclgyde. @Al ﬂ{@éff@c@bppAﬁaiostselﬁ@mePﬁgm@)Jpeba of the N- or

C termni of the ¥given sequence. O course, these additional am no acids
shoul d not cht@iit hiypandalgenhiatiadiieedebWPTh-{ 1h84)akd. i NMotyabindlemicompoend. - 13
WO 01/ 81415 PCT/ USO1/ 13528 The term "acidic residue” r {(er to am no acid
resi dued0i nchallengad ‘t”@‘?@nl?)hﬁGimﬁcﬁpﬂéﬁlﬂafrﬁ@’@o?fgrﬁ%@%nﬁz 8 é’PﬁFloups.

Exenpl ary a%ilrgie%), orr%srfth lxjf%ﬁlc'l@ &Llﬁé %an %agaI%S). Some PTH-(1-34)-Fc-
challenged mice were treated once, at the time of challenge, with
[Asn10,Leull]PTHrP-(7-34)-Fc at 10 (closed triangle), 30 (closed circle), or
100 mg/kg (closed square). All doses of [Asn10,Leull]PTHrP-(7-34)-Fc

15  caused a significant suppression of PTH—(i—34)—Fc—mediated
hypercalcemia. Data represent means + SEM, n = 5 mice/group.

Figure 7 shows cAMP accumulation in ROS 17/2.8 rat osteoblast-
like cells. Cultures were treated with the phosphodiesterase inhibitor
IBMX and then challenged for 15 minutes with various PTH fragments.

20 cAMP was measured by ELISA.

Figure 8 shows the effects of single treatments on clinical chemistry.
Peripheral blood was obtained daily for 3 days following single
subcutaneous injections of the indicated compounds. Figure 8A shows
total serum calcium; Figure 8B, alkaline phosphatase (AP), a marker of

25  osteoblast activity; Figure 8C, tartrate-resistant acid phosphatase (TRAP), a
marker of osteoclast activity, and Figure 8D, AP:TRAP ratio, an index of
relative osteoblas: osteoclast activity.

Figure 9 shows the effects of PTH constructs on bone mineral

density. Peripheral quantitative computed tomography (pQCT) was

-12-



The term "aromatic residue” refers to amno acid residues in D or 5
L-form havi ng sidechains conprising aromatic groups. Exenplary aromatic
resi duesworneisude F, Y, and W The term "basic residue" raf@nssoliasaagi no acid
residues in D or L- form having sidechains conprising basic groups. '
Exempl ary basic residues include H K and R 10" The terns "hydrophilic
residue" and "Haa" refer to amno acid residues in D or L-form having

si dechai ns conprising at |east one hydrophilic functional group or polar
group. Exenplary hydrophilic residues include C, D, E, H K N Q R S
and T. The perfoBmebli ol prioxirhebiiiabmetashydiast niied 6h da§ Bafer acid 15
residues in D or L-formhaving sidechains conprising uhcharged, aliphatic

or aronat i cinjedigns offkdhsoastyuttispaptay O.cb anddBhains include F, |, L, M V,
d Y. Al anine. (A) . Lphilic-Lt i b f_acti

W and Y. Alani ng () i SIR BN Ecf s SRS sk se s

the defini bbop pafrhash) oh kbeANbbEIgS Ao ABH bdRedraRhl déhdifsi due. 20

The term "nonfuncti onal " resi due” ers to am no acli esidues ¥n D or
L-form havi (BMD)d&ediki RTH [PATH(B6HK) [achslgientaB0qig Mg /Aa9@D1 C gr oups.
Exenpl ary nonfunctignal am no acid residues include M A V, I, L and

nor | euci ne {‘Nl(éfkgﬁﬁé}’)t- erm"vehicle" refers to a nolecule that prevents
degradation 25 d/ ar. i hcreases hal f-1ife, reduces toxicit edyces

i munogeni ci ty, %urlgr}érsglgyégé ieéq%Sé;l Q:ffﬂw lﬁéé?‘fe\??r&trﬁmée%fg} é%{gé@p pr ot ei n.
Exerplary vl eflcidrich Uged dvafieclpmib (OWWHGA, EIRVEL SldRf) afg, vel | as a
| i near polyner (e.g., polyethylene glycol (PEG, polylysine, dextran,
etc.); a br@ithedtsciaraitregtettmece percweek ovitle paoppleate UnfbferBasalihe No.

4,289,872 t nkenwal ter et -14 WO 01/81415 PCI/US01/13528 al., issued
Sept enbd? 1@’,%8’2, %@ﬁgyﬁgeﬁ? (Qérrpg% ggh%waﬂn FTHo113Bdic G 93/ 21259 by
Frechet et |1t ; § pid; C sterol group
(such as a g{ngrl {)l?%b;ﬂ)gkg&%gﬁ% gﬁgaoégéﬁ%gtﬁ%%%ﬁ}e#id&gmr% lg(.)l,]rsdext ran);
human ser unafaébibeisecditbiyeckyinjedtivre vt BrldabGemi? efferRSSEMatFde TTR) and
rel ated nol ecul es; or _any natural or synthetic

typically maximal.

Figure 12 shows the effect of a single subcutaneous injection of
15 PTH-(1-34)-Fc into OVX cynomologus monkeys. Monkeys were injected '

with PTH-(1-34)-Fc at doses of 1-30 ug/kg (n=1/group) or 100-1000 ug/kg

(n=2/group). Serum was analyzed for total calcium. The dotted line

indicates the threshold for hypercalcemia, based on an elevation of

calcium greater than three standard deviations above the normal mean, on

20  two or more consecutive timepoints.

Detailed Description of the Invention
Definition of Terms
The terms used throughout this specification are defined as follows,
25  unless otherwise limited in specific instances.
The term "comprising" means that a compound may include
additional amino acids on either or both of the N- or C- termini of the
given sequence. Of course, these additional amino acids should not

significantly interfere with the activity of the compound.

-13-



protein, polypeptide or peptide that binds to a sal vage receptor. Vehicles
are further described hereinafter. The term "native Fc" refers to nol ecule
or sequeRe®1RPIR' i Sing the sequence of a non-antigen-bi pgirngof/issggent
resulting fromdigestion of 10 whole anti body, whether in nononeric or
multinmeric form The original inmunoglobulin source of the native Fc is
preferably of human origin and may be any of the imunogl obulins, although
IgGlL and 1g@x are preferred. Native Fc's are nmade up of nononeric

pol ypeptides that may be linked into dinmeric or nultinmeric forns by
covalent (i.e., 4d RO i The
nunber of(i nt er no ecuf %c%ﬁ pﬁgm% gﬁnds etmgéﬁa%%lg?%rg%@sudg{}hts of
native Fc mgbgfka@ing sideglsink complising zﬂadﬁ@b AFBgEmplaiysac(chcg , 1gG | gA
| gE) or subcl ass (ecg IgG lg&x, 19G3, | gGA2) . One exanple of a
native Fc i sesiddesial lﬂ@%D d di mer resul t| ng from papai n di gestion of

0,195, ooe ©11 380 hopaf k10881 ML B il B Radin 90 e

term"native Fc" nononmeri ¢, dineric, and

mul timersc fofdfh hd¥igy %s“i‘ﬂ&haﬁ?sé&ﬁpﬁﬁhgar@fr@h% gir8ups Bleeh laeyor sequence
that-is nodified froma native Fc but "still conprises a binding site for

t he sal vage aromapn:emduésﬁrdudlmFeY,rand Yhal applications WD 97/ 34631
(published 25 25 ieptenb 1997), anpd ;WD 96/ 32478, esc i be, enEJ[jary Fc
variants, as wellhed€rinn; é?lééﬁléﬁevﬁfﬁsttﬁé%ﬁ?& ‘é?ﬁ‘(’i‘r 9hd” are her eby

I ncor por at e?orrlf{%a(rﬁiégﬁ@éﬁalhg cbhf rfsggﬁésﬁ@%yo s B cfnftqrgﬁ n#l%ﬁg‘ﬂc Fc variant”

conprises a’ nol ecul®™or sequenc a non-human native
Fc. Furtherg@idaes ihdiadé ¥E KE@ndRpri ses sites that nmay be renoved because
-15 WO 01/81415 PCT/ USO1/ 13528 they provide structural features or

bi ol ogi dal act i vilihe telas "hydrqpiuhc wednds'dlay"re errdguaéwn@cﬁ%féul es of the
present invent.i,on.. Thu grn1 'Fc rlant co mol ecul e or

sequence t hafSifFgsn nfgr(}r awgglswee Elé‘\SSCIO 32‘?3&388‘% hat affect or
are involveg, d}oéﬂﬂmqiuﬂéhf)hﬂ ﬂaapcbrﬁ;et B §70 OExex(r%ﬁ Xﬂgﬁd@gﬂﬁ&' ity with a

sel ected hos 3 N-ter eneity Xpression in a
sel ect ed hogtsideks mc(heide €, I & ¥, &, N, R,ES andrif.er acti on with conpl enent,
(6) binding to ar%,hicte;&%e %Jg{)l'uglthggldglg #and "Laa" refer to amino acid

15 residues in D- or L-form having sidechains comprising uncharged,
aliphatic or aromatic groups. Exemplary lipophilic sidechains include F, I,
L, M, V,W, and Y. Alanine (A) is amphiphilic—it is capable of acting as a
hydrophilic or lipophilic residue. Alanine, therefore, is included within the
definition of both "lipophilic residue” and "hydrophilic residue.”
© 20 The term "nonfunctional residue” refers to amino acid residues in
D- or L-form having sidechains that lack acidic, basic, or aromatic groups.
Exemplary nonfunctional amino acid residues include M, G, A, V, I, L and
norleucine (Nle).
The term “vehicle” refers to a molecule that prevents degradation
25  and/or increases half-life, reduces toxicity, reduces immunogenicity, or
increases biological activity of a therapeutic protein. Exemplary vehicles
include an Fc domain (which is preferred) as well as a linear polymer (e.g.,
polyethylene glycol (PEG), polylysine, dextran, etc.); a branched-chain
polymer (see, for example, U.S. Patent No. 4,289,872 to Denkenwalter et

-14 -



sal vage receptor, or (7) antibody-dependent cellular cytotoxicity (ADCC).
Fc variants are described in further detail hereinafter. 10 The term"Fc
domai n" WwHGRRASSES native Fc and Fc variant nol ecul es ancd/swgusnges as
defined above. As with Fc variants and native Fc's, the term"Fc domain"
i ncl udes nolecules in nononmeric or nultineric form whether digested from
whol e anti body or produced by other neans. 15 The term"nultiner"” as
applied to Fc donmai ns or nolecules conprising Fc domains refers to
nol ecul es having two or nore polypeptide chains associated coval ently,
noncoval ent by, jsef ci’SS?;g@xﬁberPl@/%&0%,@9%90%‘1%91’(,%@{&1 Juty SOALIBOND) | gG

rm gb,

nol ecul es typically diners; IgM pentaners; imers; and | gA,

nononers, dOBERE25940y Fradhet et algpublishedrB Octdbért 1998);s2 lipig; be f or med by

exploiting the sequence and resulting activity, of the native |g source of
the Fc or bgholgstarobgroum %@S&éﬁf?w@; BERHRgh EFF%rgﬂég?S\?@CfFaEFC?eThe term

"dinmer" as I ) j ﬁﬂg? QAPRL G omai ns refers
to nol ecul ezggé\?%%gla?’\)@%ﬁg%sg%%g%bc ai ﬁﬁgggzgngssoé%gﬁkgegg\?%l ently or

non- covak entanstididtin (ETRYRhdrldédreicietilbdior dnyenatacglerayntisti i nventi on
are as shown in Figures 1 and 2. The ternms "derivatizing" and "derivative"

or "deri vat ipzettin, palypeptide pr peptideshattinds sorsphtpgesaprniatsy ehadpect i vel y
in which (1) the . conpound.has a ¢yclic portion; for exanple, cross-linking
bet ween - 16 a\‘ﬁ)ﬂb’f]]‘%rl‘gg%r%@fl?ﬁ%a%§28 cysteinyl residues wthin the
conpound; (2) therlORPRUMhHve K" GRferb i kRSlecifle o?%@g@erfde%?nl%ﬂiﬂhgiﬂlge site;
for exanple, the conpound has a cysteinyl residue and thus forns
cr oss- | i nkededuemtesofl nnonHahtigendrindingvfragmetByesoihiing fronoligespieptaf dy |
| i nkage i s replaced_by a non-peptidyl |inkage;. (4) t ?oer N5 term I’li,lS IS

2 a

r epl aced® by wiirantihedyoptethenipapesemeric qumapkjrapsic YNGR
succi ni m de.gr ‘ ' ' A yl - NH,
s T 9 o iy BB LR e bkl e tpEa ey v
the C-term Rugy bé ah@Rifahe tmPyundglEbiing, altNBaRh Ig@lenel Ix(PareR3 and R4 are
as defined hereinafter; and (6) conpounds in ) _

preferred. Native Fc’s are made up of monomeric polypeptides that may

be linked into dimeric or multimeric forms by covalent (i.e., disulfide

15 bonds) and non-covalent association. The number of intermolecular

disulfide bonds between monomeric subunits of native Fc molecules

ranges from 1 to 4 depending on class (e.g., IgG, IgA, IgE) or subclass (e.g.,

IgGl, IgG2, IgG3, IgA1, IgGA2). One example of a native Fc is a disulfide-

bonded dimer resulting from papain digestion of an IgG (see Ellison et al.

20 (1982), Nucleic Acids Res. 10: 4071-9). The term “native Fc” as used herein

is generic to the monomeric, dimeric, and multimeric forms.

The term “Fc variant” refers to a molecule or sequence that-is
modified from a native Fc but still comprises a binding site for the salvage
receptor, FcRn. International applications WO 97/34631 (published 25

25  September 1997) and WO 96/32478 describe exemplary Fc variants, as
well as interaction with the salvage receptor, and are hereby incorporated
by reference in their entirety. Thus, the term “Fc variant” comprises a
molecule or sequence that is humanized from a non-human native Fc.

Furthermore, a native Fc comprises sites that may be removed because
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10 which individual amno acid noieties are nodified through treatnent

Wi th agents capable of reacting with sel ected side chains or term nal

resi duesyolgegiati ves are further described hereinafter. pErashgizs pepti de”
refers to nolecules of 1 to 85 anmino acids, with nolecules of 5 to 34

am no acids preferred. Exenplary peptides may 15 conprise the PTH PTHrP
nodul ating domain of a naturally occurring nolecule or conprise random zed
sequences. The term "random zed" as used to refer to peptide sequences
refers to fully random sequences (e.g., selected by phage display nethods

or RNA- pepti : I Ji b ydues of a
p py{eﬁzﬁ%ﬁﬁzﬁﬁgEﬂrﬁ@?tuﬁﬂaﬁﬁ%@ﬁ&]%?ocgégal‘&&h‘?rﬁﬂﬂét SFe AR RqUESHAU

20 naturall urring nolecule 1s repla by an“am no acid resi due not
appeari ng i fortthatfugiosimhblzaules of fiee pessentainivgntionUfusn dghenddrec Fe. Exenpl ary

met hods for identifying peptide sequences include phage display, E. coli
di spl ay, ri Ba&ane GAmpyisss a 1 %%aﬁ%gmti@isawworeeaégﬁi ng, and

he like. 2 * PTH( PT j i ne i
26 d sequenbs tint” e iE SRR BoRLLRIT) Bl RUg OO, 57 BT Tor
and conps i S@SmARidH, ab) MceRPAHbIlRG voiBHeaRefddiost 261 (B) Keriegalences.

Exenpl ary PTH PTH B nodul ati ng domai ns can be identified or derived -17 WO
01/ 81415 PChgteBogeries5rapomexpiession iwd selectedehosé el ddg glydosylasion; () Tabl es. 1

and 2, which are hereby ingorpo d reference in their entirety. The
er i PTH aURrcton i comoReRb B & bt peceplotAie: tAR ApTi >
receptor angd, ; - IR, M RSy S
paraneters g%\;g%ég@%@ﬁﬁ%gﬁ%@%gtﬁ fve h&%%%ﬁ%@hﬁtg% 1%1‘8# xr%ne. An
exenpl ary PFtlivagibhhtd dry desedlyed & flirdelr deed] herebxdtgal e 1. The term "PTH
antagonist" refers to a nolecule that binds to PTH1 or PTH 2 receptor and
bl ocks P preventhettpem&e domainf epeorspasseesative e ane s vamgnt g1 | | ength
native human_ parathyroi d hornmone.; An e F TH actj vi ty ay is
di scl osed iW‘Eﬁ%‘ﬂﬁ% é‘“g .Se%?%egﬁ%de@&%%%(g&é%%ét‘?ﬁ% I%Dcn i i&{‘%ra'ndr% ers to such
ol ecul es agic’sdfleqefed ddmARE iRdHa¥STedmte il @Ondrddit dd of WO
97/ 23614:, which is

multimeric form, whether digested from whole antibody or produced by

other means.

15 The term “multimer” as applied to Fc domains or molecules
comprising Fc domains refers to molecules having two or more
polypeptide chains associated covalently, noncovalently, or by both
covalent and non-covalent interactions. IgG molecules typically form
dimers; IgM, pentamers; IgD, dimers; and IgA, monomers, dimers,

20  trimers, or tetramers. Multimers may be formed by exploiting the
sequence and resulting activity of the native Ig source of the Fc or by
derivatizing (as defined below) such a native Fc.

The term “dimer” as applied to Fc domains or molecules
comprising Fc domains refers to molecules having two polypeptide chains

25  associated covalently or non-covalently. Thus, exemplary dimers within
the scope of this invention are as shown in Figures 1 and 2.

The terms “derivatizing” and “derivative” or “derivatized”
comprise processes and resulting compounds respectively in which (1) the

compound has a cydic portion; for example, cross-linking between
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hereby incorporated by reference in its entirety. Exenplary bone
resorption inhibitors include OPG and OPG L anti body, which are 15
describqgobgsﬂgg97/23614 and W98/ 46751, respectively, wWhcghuseigss2der eby

i ncorporated by reference in their entirety. Additionally, physiologically
acceptabl e salts of the conpounds of this invention are al so enconpassed
herein. By "physiologically acceptable salts" is neant any salts that are
known or | ater discovered to 20 be pharnmaceutically acceptable. Sone
specific exanples are: acetate; trifluoroacetate; hydrohalides, such as

hydr ochl ori ’ whde; 1. @ : : . | at e; d
y 'g;gst&?g% ?%sgaggérm Rzgﬂgﬁlg the ﬁ&%@@&ﬁd @ &m@&&ngbahaﬁgkﬁ)ss-giﬂ@a ate; an

oxal ate. Structu neral . "PTH and PTI-1rP receptor

bi ndi ng anm ophash dros3HisldqgyeaitecHraxampdsche lwethpaunthbises cistemgl 2. O her
informati on on PTH and PTHrP is found in Mapnstadt et al. (1999), Am T.
Physi ol . 277esidyg and theeéorm%groaﬁan%ﬁ? démess 1 aYpyre of Ingiye; r271

(33): 19888-93. Ea . | S - r tvad by
reference i e e@%{aﬁfg{'%agé f%%%@%ﬁ%@éﬁ%%@g%@?ﬁﬁ% t he
foregoi ng seqHERESsss rdplscdd 8P SNRR INRT(OVR', i-NERT(OIOR!, INRSEORRuUl ar
preferred sequences dérived Trom PTH and PTH P. These sequences can be
randoni zed NHG(QNNEHR a sushiviigide gravm.iossedstibioed osynsyhstititeshe or nore

am no aci ds. nay .be change il e nmaintaini-ng or even | oving the

bi ndi ng af f Pﬁ’uﬁ%’)g}O%SYC%fﬁé?%p}gﬁaéﬁ‘qrﬁ“‘t @@Jﬁp%%‘?‘ ﬁ‘s%ﬂggc?f’llbgﬁf“}e&#s %Fepar ed in
accordance w -1 D L i [ I@)ﬁl{e tQRE vehicl e
t hr ough the% Epig%%ll@ Z"egé]%?tﬁgﬁ’r%ﬂr?&g@T r%?‘h?ﬁireﬁﬁciéﬁbjp%pt i dgr rrIgIRe%I es of
this i nvenwlereiEl’, Bé addRirarbas dofinedbefehhfver; agdf(6) cathpolnddth | P1-(L1)a

F1 and nultiners thereof, wherein: Fl is a vehicJe (preferably an Fc
donai n) &ndwhichindividualamingacd meiehesars IBPdﬁled(ﬂ?_‘I?‘dghI@aﬁﬁ}?%t a sequence

of a PTH PTLR, Qgé’r%s %%{)leedo?%;ﬁéﬁng with selected side chains or terminal
residues. Derivatives are further described hereinafter.

The term “peptide” refers to molecules of 1 to 85 amino acids, with
molecules of 5 to 34 amino acids preferred. Exemplary peptides may

15  comprise the PTH/PTHrP modulating domain of a naturally occurring
molecule or comprise randomized sequences.

The term "randomized" as used to refer to peptide sequences refers
to fully random sequences (e.g., selected by phage display methods or
RNA-peptide screening) and sequences in which one or more residues of a

20  naturally occurring molecule is replaced by an amino acid residue not
appearing in that position in the naturally occurring molecule. Exemplary
methods for identifying peptide sequences include phage display, E. coli
display, ribosome display, RNA-peptide screening, chemical screening,
and the like.

25 The term "PTH/PTHrP modulating domain" refers to any amino
acid sequence that binds to the PTH-1 receptor and/or the PTH-2 receptor
and comprises naturally occurring sequences or randomized sequences.

Exemplary PTH/PTHrP modulating domains can be identified or derived
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L' is a linker; and aisOorl. Peptides. Any nunber of peptides may be used
I n conjunction with the present invention. Peptides may conprise part of
t he sequ@irA/s911520 naturally occurring proteins, may be rngosiizAsshs
sequences derived from the sequence of the naturally occurring proteins,
or may be wholly random zed sequences. Phage di splay and RNA-pepti de
screening, in particular, are useful in generating peptides for use in the
present invention. 25 A PTH PTHrP nodul ati ng domai n sequence particularly
of interest is of the formula Il XNx8uv10l ~y11l ~yl 2KxI 4XI 5XI 6XI 7XI 8Xl 97)

| X22X23) ( 24;% %@@%4 2BineXErerbaced libtdd fo Tablds1 AREQ, WRiN arhéraby~ J~ /~
-19 WO 01/8 CT/US01/ 1328 wherein: XN is absent or is X3X4X5X6X ,

X2 X3X4X5X6 Xincotpypadbysxténceanin thyix e84 X5X6X7; X1 is an am no acid
residue (nonfunctional, hydrophilic or aromatic _ 5 residue rred; A S
or Y preferred); T*@qeémaﬁgh?%uﬁbir@t%i‘%’éﬂ %IH@HF%ﬁfthﬁtgkle‘giﬁép%m‘ﬁdﬁe
preferred, S ). | ' ' ' : ilic
resi due pr e}émg"éc%gt%gﬁ&?%%rg?g,e%rdégi)e‘?f‘ef%%gﬁ? ggggo_ %ﬂ%‘b&g& S%sgl due

(aci di ¢ sesiflugmpfeet @k dees fiffl-I@Fth nBfivé Auhed) parsthydidhaririore. Asi d resi due
(nonfunctional or basic residue” preferred, Hor | nost preferred); X6 is
an ani no aciedempdanyulRTzctitlity assayhipdlisposad in Exasnpleel-preferred, 15 Qor E
most preferred); e b %ﬁ%@ggﬁgﬁﬁ%}jggi hORRMNGL: 903k QT pREemRt! ©

residue preferr
or PTH-2 receptor and blocks or prevents the normal effect on those

parameters by full length native human parathyroid hormone. An
10 exemplary PTH activity assay is disclosed in Example 2.

The term "bone resorption inhibitor" refers to such molecules as
determined by the assays of Examples 4 and 11 of WO 97/23614:, which is
hereby incorporated by reference in its entirety. Exemplary bone
resorption inhibitors include OPG and OPG-L antibody, which are

15  described in WO 97/23614 and WO98/46751, respectively, which are
hereby incorporated by reference in their entirety.

Additionally, physiologically acceptable salts of the compounds of
this invention are also encompassed herein. By “physiologically
acceptable salts” is meant any salts that are known or later discovered to

20  be pharmaceutically acceptable. Some specific examples are: acetate;
trifluoroacetate; hydrohalides, such as hydrochloride and hydrobromide;
sulfate; citrate; tartrate; glycolate; and oxalate.

Structure of compounds

In General. PTH and PTHrP receptor binding amino acid
25  sequences are described in Tables 1 and 2. Other information on PTH and
PTHrP is found in Mannstadt et al. (1999), Am. J. Physiol. 277. 5Pt 2: F665-
75; and Gardella (1996), I. Biol. Chem. 271 (33): 19888-93. Each of these

references is hereby incorporated by reference in its entirety.
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X8 is an am no acid residue (nonfunctional residue preferred, Mor M nost
preferred); 20 X1 is an am no acid residue (an acidic or hydrophilic

resi due wiyAfsglfsed, N or D nost preferred); X11 is an. ampayesohds3esi due
(nonfunctional or basic residue preferred, L, R or K nost preferred); X12
is an am no acid residue (nonfunctional or aromatic residue 25 preferred,
G F, or Wnost preferred); X14 is an am no acid residue (basic or
hydrophilic residue preferred, Hor S nost preferred); X15 is an am no
acid residue (nonfunctional residue preferred, with L or | nopst

preferred); -20 m&%gjféﬂe%ocr{gééé{%%éé@%gré%ﬁt fyeAfoaRagitagl i esi due

(nonfunctional or hydrophi T due pref rred, Q S, or A nost
pr ef err ed) ; paddticuilar prefened sequértes dsiisvad f{eniRiid and)lﬂﬁféﬂh |'I|hee¢ or

nonfuncti onal residue pref rred st pref erre 5 X18 is an
ami no aci d $eEHENGES CHORE & d‘iﬁé%‘ﬂgml&gl‘%%g% mep QPe 31708?% nmost
preferred); f]?a‘i! ue
preferred, }é)ﬁ"%mﬁe sn[%rﬂpr &é(?seﬂ?%s a gﬁr/lvﬁ%ea0| l%%rielgl ge
(nonfuncftIOél@énhﬁ?!r@lﬂatheBMQ of tHdppptederred;, V, M R or M nost

preferred); X22 is an am no amg resi due (hy rophilic, acidic, or aromatic
resi due preferrelntl mmPOWﬂgnSpfmaéﬁfﬁﬁpa%@M@C@fda@ﬁ@Nﬂfh &isr 1 pophilic

X35 15 an afREE it ber e s o SR ioare pebide Fubi s Perer ea. R o
e e Lt
(1'i pophi |i cinveagion may beatdsaribed bydhe followmg formula I
10 1
P'~(LY),-F
and multimers thereof, wherein:
F' is a vehicle (preferably an Fc domain) and is attached at the C-
- terminus of P'~(L),;
15 P'is a sequence of a PTH/PTHrP modulating domain;
L' is a linker; and
aisOor 1.
Peptides. Any number of peptides may be used in conjunction with
the present invention. Peptides may comprise part of the sequence of
20  naturally occurring proteins, may be randomized sequences derived from
the sequence of the naturally occurring proteins, or may be wholly
randomized sequences. Phage display and RNA-peptide screening, in
particular, are useful in generating peptides for use in the present
invention. |
25 A PTH/PTHrP modulating domain sequence particularly of
interest is of the formula
I
XXX XXX XXX RXE XXX XXX XX
(SEQ ID NO: 3)
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20 residue preferred, Kor L nost preferred); X28 is an am no add residue
(l'i pophilic or nonfunctional residue preferred, L or | nost preferred); XC
i's abseRyo@/sisgs X29, X29X30, X29X30X31, CNX30X31X32' X29X%eqXRbuei%83’
X29X30X31X32X33X34, X29X30X31X32X33X34X35, or X29X330X31X32X33X34X35X36; 25
X29 is an am no acid residue (hydrophilic or nonfunctional residue
preferred, Q or A nost preferred); X30 is an am no acid residue
(hydrophilic or acidic residue preferred, D or E nost preferred); -21 WO
01/ 81415 PCT/ US01/ 13528 X31 is an anmno acid residue (lipophilic or

nonf uncti ong} E)aﬁi due preferred, V or'l nost preferred); X32 is an am no
acid residueh(E asic residue preferred, Hnmost preferred); 5 X33 is an

am no aci d resi dy® i¢ hysbhe phid XOCKBEKG 0EXPERDEXT X XXECXEX, most  preferred);
X34 is an am no, acj d residue (nonfunctional or aromatic residue preferred,
A, F or Y m¥&XprepeXped); X35 is an anmino acid residue (acidic residue

preferred, E nost{..to preferred)...an i i d._resi
(aromatic resi d_ué:( E’ra@f 1 ,Cl@r%%gp fe(e%é%glgrcr%gg?lf% dgé)%l?lgfrc (r%eréﬁ %%Hr P
modul ating donahdoSIaYeacs, § oF Vubtdrged)t | | 7~ 15 _

JNJ7ISHNLI12KHLJ16SJ18J19RI21EW.RKKLJc 1 11 V (SEQ ID NO. 4) wherein: JN

is absent or is ¥éiseutauirne acdjredidas (ranisctionabesiBoepreferadsVy6; J1 is an
am no acid residue é}_n f unctional, hydrophilic, or aromatic 20 residue
preferred; MOSsPEfesreiist preferred): J2 is an amino acid residue

(nonfunctional residie, REES 868 %8sidYe TRydropHifk $84i&H2 preferred, S most
preferred);

10 _ X' is an amino acid residue (acidic residue preferred, E most
preferred);
X is an amino acid residue (nonfunctional or basic residue
preferred, H or I most preferred);
X’ is an amino acid residue (acidic or hydrophilic residue preferred,
15 Q or E most preferred);
X’ is an amino acid residue (nonfunctional or aromatic residue
preferred, L or F most preferred);
X8 is an amino acid residue (nonfunctional residue preferred, M or
Nle most preferred);
20 X" is an amino acid residue (an acidic or hydrophilic residue
preferred, N or D most preferred);
X" is an amino acid residue (nonfunctional or basic residue
preferred, L, R, or K most preferred);
X*? is an amino acid residue (nonfunctional or aromatic residue
25  preferred, G, F, or W most preferred);
X* is an amino acid residue (basic or hydrophilic residue preferred,
H or S most preferred); '
X” is an amino acid residue (nonfunctional residue preferred, with

L or I most preferred);
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J3 is an amno acid residue (hydrophilic residue preferred, S nost
preferred); 25 J4 is an amino acid residue (acidic residue preferred, E
nost prwoensedy; J5 is an am no acid residue (nonfuncti eaalusieassise
preferred, I nost preferred); J6 is an am no acid residue (basic residue
preferred, Q preferred); -22 WO 01/81415 PCT/US01/13528 J' is an am no
acid residue (nonfunctional or aromatic residue preferred, L or F npst
preferred); J$ is an amno acid residue (nonfunctional residue preferred, M
or M nost preferred); 5 J12 is an amno acid residue (nonfunctional or

aromatic resi duexps ehemiied acld fasidMa@®infpheidial o8 hydddphilie rasidagi no aci d
resi due (nonfunctional or hydrophilic residue preferred N, S, or A nost

pr ef er r ed) ; PIRfEred, @nNafi eloAdepet predersed; (nonf uncti onal resi due preferred,

M 10 N e, L, vV oSt refe red drc or s srdue (E
or R pref erred) OkJé a?& BESé%IF%(JaF&F%WéﬂPR GuRETP due
preferred, Nsidd A TH d%fl‘?fr?d's[ rég);| S_absent or is 129 J29J30,
J29J30J31, J29J30%31J32 J29330331J3 J33 or J29J30J31J32J33J3; 15 J29 is
an am nd aci d r eXt’ dsren(ammocapid fesmdlm(nwrﬁtﬁmnmmadmedldueprefuﬁedpheﬂ_erred, Q
or A nost ﬁ\i}(r?ed) s en am no acid residue (hydrophilic or acidic
resi due pre (91' st preferred) J31 is an am no acid residue

332775 an Sm‘”nor%’??%ﬁ* Mﬁ SollR ENEEFRR BN Blen e e crr ca)
J33 is an aRimestdreferiad} due (acidic r esr due preferred, N nost preferred);
X* is an amino acid residue (nonfunctional residue or basic residue
10 preferred; V, M, R, or Nle most preferred);
X is an amino acid residue (hydrophilic, acidic, or aromatic
residue preferred, E or F most preferred);
X* is an aromatic or lipophilic residue (W or F preferred);
X* is a lipophilic residue (L preferred);
15 X is an amino acid residue (hydrophilic or basic residue preferred,
R or H most preferred);
X* is an amino acid residue (hydrophilic or basic residue preferred,
K or H most preferred);
X” is an amino acid residue (lipophilic, basic, or nonfunctional
20  residue preferred, K or L most preferred);
X* is an amino acid residue (lipophilic or nonfunctional residue
preferred, L or I most preferred);
X€ is absent or is X%, XZX®, XZX¥X®, XEXPXEX?, XEXOXHX2X,
XEXEXEXZXEXH, XEXEXIXEXEXHKE, or XXX XEXHXEXS,
25 X” is an amino acid residue (hydrophilic or nonfunctional residue
preferred, Q or A most preferred);
X* is an amino acid residue (hydrophilic or acidic residue

preferred, D or E most preferred);
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25 J34 is an amno acid residue (aromatic residue preferred, F or Y nost
preferred). Fromthe fornmula of SEQ ID NO 4, peptides appearing in Table 1
bel ow angowgiipreferred. Another preferred PTH PTH P noggfratsongsseenai n
sequence is -23 WD 01/81415 PCT/ US01/ 13528 1V ,

ONLH010011012KSI 015016LRRRFO23LHHLI Oc (SEQ ID NGO 5) wherein: 5 ONis
absent or is YOL020304050607, 01020304050607, 020304050607,

0304050607, 04050607, 050607, 060", or 07; 01 is an am no acid residue
(nonfunctional residue preferred, A nost preferred); 02 is an anmno acid
resi due (nonfunckiqgah aifRotietd PERdes (18sbphilic b8 noBSindoRfabFdstdile 03 is an
am no acid residue (hydrophilic residue preferred, S nost preferred); O4

i s an ani nopeefedrede¥iodlengstqirdferredsi due preferred, E nost preferred); 15
OS is an am no agi,d residue (basic,or .nonfunctional resi.due preferred, H
or | preferred);”065 R agHng %@W@@g}%@l%ﬂﬁt%ﬁ?cﬁfgf?%%i due
preferred, %&Qﬁgd>.preferred); 07 is an am no acid residue (nonfunctional
resi due preferred,”’L 20 nost preferred); 010 is an amino acid residue
(acidi c or hydr oxffiit he an€inbdr] residdbetyettopNilirresiduegtrefereédNed) 011 is
an am no acid residue (basic or nonfunctional residue preferred, Kor L
nost pref er mag) pref8redy i s an anino acid residue (aronmatic or nonfunctional

residue preferr %d’is $h abindactl IR 4ud (negrﬁ[ntlgggﬁal or aromatic residue

preferred, A, F or Y most preferred);
X* is an amino acid residue (acidic residue preferred, E most
10 preferred); and

X* is an amino acid residue (aromatic residue preferred, Y most

preferred).
A preferred PTH/PTHrP modulating domain sequence formula is
I
15 Y TPHNL]“KHL]“SJ T *RJ*EWLRKKL]
(SEQ ID NO: 4)
wherein:

T" is absent or is selected from J'T'TIT, FFITT, FITT
J' is an amino acid residue (nonfunctional, hydrophilic, or aromatic
20 residue preferred; A, S or Y most preferred);
J? is an amino acid residue (nonfunctional residue preferred, V most
preferred);
J is an amino acid residue (hydrophilic residue preferred, S most
preferred);
25 J* is an amino acid residue (acidic residue preferred, E most
preferred);
T is an amino acid residue (nonfunctional residue preferred, I most
preferred);

J¢ is an amino acid residue (basic residue preferred, Q preferred);
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015 is an am no acid residue (hydrophilic or nonfunctional residue
preferred, | or S nost preferred); -24 WO 01/81415 PCT/US01/ 13528 016 is

an am nQy@gei/ghgi€si due (hydrophilic residue preferred, Q perA¥soizsis
preferred); 017 is an am no acid residue (acidic or nonfunctional residue

preferred, D or L nost preferred); 5 023is an amno acid residue (aromatic
residue preferred, with F or Wnost preferred); Oe is absent or is 029,
029030, 029030031, 029030031032, 029030031032033 029030031032033034 ,
029030031032033034035, or 029030031032033034035036; and 029 through 036

are each i ndepe 1LNO.: Aci I : a of SEQID
NG 5, peptides ngg%%%ﬁrﬁgb%glﬁgégf%deg&omoé%gﬂo%ﬁgﬁé%%E%%. Exenpl ary

pepti de seqpri&eedfDor Finest pregarred)) appear in Tables 1 and 2 bel ow. These
peptides nmay be prepared as described in the cjted ref erenges or in US
Pat. Nos. 4,423, havan amueg agsbresslusnopfunchipgakresiucsprsierrsdededr of which

i s hereby im%rgoirtg%%%g%reference inits entirety. Ml ecules of this

i nvention i ese peptide sequences may be prepared by mnethods

known ins the artjy?gipodRidehéibresitul n@eiub cABRA O Abh AR rasidlueused. Any of
t hese peptides nay be linked in tandem (i.e., sequentially), wth or

wi t hout | i npesferredn(s qreiptindet pafeaed);ng a cysteinyl residue may 20 be
cross-linked wth,another Cys-containin eptide, .either .or both of which
may be |inked t o) alSASHARIRO aﬂﬁfeb‘éﬂﬁ{zﬂ%'?ﬁ?g&ﬁ%ﬁﬁ@‘irﬁghlws resi due
may form an_j eRt kd i 1 d, as well. Any of these peptides
may be deri Bg‘%@%@&%gﬂ%ﬁ%&#ﬁ%}rlﬁ? after. Table 1-PTH PTHrP nodul ating
domai ns based o%‘%ﬁnmaﬁm@ﬁdﬁem@n{wﬁ&@ reBidu@referned) MTH( 1- 84)

SVSElI QL MVHNLGKHLNSMERVEW.RKKLQDVHNFV 10  ALGAPL APRDAGSQRPRKKEDNVLVESHEKSL GEA
10 Nle, L, or V most preferred);
J” is an acidic or basic residue (E or R preferred);
J* is an amino acid residue (nonfunctional residue preferred, V, M,
or Nle most preferred);
]C j. s ab sen t or i s ]29 ]'29]30 ]29]'3 31 ]29]-30]31]-32 ]29]-30]31]'32]33 or ]29]30]'31]'32]33]'34;
15 J? is an amino acid residue (hydrophilic or nonfunctional residue
preferred, Q or A most preferred); ,
J® is an amino acid residue (hydrophilic or acidic residue preferred,
D or E most preferred);
J*! is an amino acid residue (lipophilic or nonfunctional residue
20 preferred, V or I most preferred);
J*is an amino acid residue (basic residue preferred, H most
preferred);
J®is an amino acid residue (acidic residue preferred, N most
preferred); |
25 J* is an amino acid residue (aromatic residue preferred, F or Y most
preferred).
From the formula of SEQ ID NO: 4, peptides appearing in Table 1
below are most preferred.

Another preferred PTH/PTHrP modulating domain sequence is

-23.



DKADVNVLTKAKSQ 1 Hendy et al. (1981), Proc. Natl. Acad. Sci USA 78: 7365;
Kimura et al. (1983), Biochem Biophys. Res. Conmun. 114:493; Zanelli et
al . (193,5()5 Engecrinol ogy 117: 1962; Wngender et al. ($8§mr)so1/13528i ol .
Chem 264" 438712 25 WD 01/ 81. 415 PCT/ USO1/ 13528
rat PTH( 1- 84) AVSEl QL MHNL GKHLASVERVQW.RKKLQDVHNFV 11
SLGVQVAAREGSYQRPTKKEDNVL VDGNSKSLGEG DKADVDVLVKAKSQ human PTH ( 7- 84)
L MHNL GKHL NSMERVEW. RKKL QDVHNFVALGAPL 12 APRDAGSQRPRKKEDNVL VESHEKSL GEADKADVN
VLTKAKSQ human PTH( 1- 44) SVSElI QLVHNLGKHLNSVERVEW. RKKLQDVHNFV 13  ALGAPLAPR
human PTH( 1x38) SVSElI QL MHNLGKHLNSMVERVEW.RKKLQDVHNFV 14 ALG human PTH( 2- 38)
VSEI QL MHNL GKHLNSVERVEW.RKKLQDVHNFVA 15 LG hunman PTH 1-34
SVSEI QL MHNL GKHL NSVERVEW REROCDVIINK SI6 °CAL. RRRFOFBHEHTIO 1 - 34
SVSEl QL VHNRGKHLNSMERVEW.RKKLQDVHNE_17 L. sl _1 human PTH 1- 34
SVSEI QL MHNKGKHL NSMERVEW. RKKL QDVHNESH@ IDANO; 8) human PTH 1- 34
SVSEI QLMHNLGKHLNSVRRVEW.RKKLQDVHNF 19 [ Tyrl] human PTH 1- 34
YVSEl QL MHNL BREEREBVERVEW. RKKLQDVHNF 20 [ Leu(8, 18), Tyr34] human
SVSEI QLLHNL GKHL NSFERYENRIGH LSPGO RY O° B0, D'@A0DIO'0E PTH 1- 34
AVSEl QFVHNLGKHLSSVERVEW RKKLQDVHNF 22 [Leu(8, 18), Tyr34 bovi ne PTH
AVSE! QF L HNL GRBIGSr EFOE R RARIQIVHINOXZ O’ (@'Y, PP on® PTH 1- 34
SVSEI QLMHNLGKHL SSI, ERVEW . RKKLQDVHNF, 24, rat PTH 1- 34
AVSE| QL MHNL GKHL ASVERRRERRK 2 %(I‘OFE%%CR‘%‘,&}E%‘?“WF%%FeQa{* PTH (1-
AVSE] Q_LHNL%téﬁelerl %RKKLQDVHNY 26 34)3 human PTH 1-31
SVSEI QLVHNL KNSVE RKKLQDV 27

O? is an amino acid residue (nonfunctional residue preferred, V

. 10  most preferred);
O’ is an amino acid residue (hydrophilic residue preferred, S most
preferred);
O is an amino acid residue (acidic residue preferred, E most
preferred);
15 * O°is an amino acid residue (basic or nonfunctional residue
preferred, H or I preferred);
O° is an amino acid residue (hydrophilic residue preferred, Q most
preferred);
O’ is an amino acid residue (nonfunctional residue preferred, L
20  most preferred);
0" is an amino acid residue (acidic or hydrophilic residue
preferred, N or D most preferred);
0" is an amino acid residue (basic or nonfunctional residue
preferred, K or L most preferred);
25 O is an amino acid residue (aromatic or nonfunctional residue
| preferred, G, F, or W most preferred);
O¥isan amino acid residue (hydrophilic or nonfunctional residue

preferred, I or S most preferred);
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Leu27 human PTH 1-31 SVSEl QQVHNLGKHLNSVERVEW.RKLLQDV 28 Leu 8,18 T r34 PTH
3-34 SEl QLLHNLGKHLNSLERVEW.RKKLQDVHNY 29 bovi ne PTH 3-34

SEI QFVHN RVEWLRKKLQDVHNF 30 [Leu(8, 18), Tyr34 bgyi ]
SEl @LHN@%@SE%RVE\ALRKKL@VHNY 31 PTH 3.34 1 2 Heinri oRCBSY 13588 984) |

T. Biol. Chem-259:3320. 3 Bachem Catal ogue (1999). 4 Doppelt et al.
(1981), Calcif. Tissue Int. 33: 649; Podbesek et al. (1983) Endocri nol ogy
112: 1000; Kent et al. (1985), din. Sci. 68: 171; MKee and Caulfield
(1989), Peptide Res. 2: 161; Lee and Russell (1989); Biopolynmers 28:1115;

Reeve et al. (199Q). Br. Med. 1,301: 314; ebauer et .al . .(4994), Int.
T Pepti de. Pr ot i Aeeh apomeid Fidus it iR G R g er e I ' B
Biol. Med. 188s:Afferredy et al. (1983), T din. Endocrinol. Metab. 56:1335;
Wang et al. (1984), Eur. T. Pharmacol. 97, 209; Shamet al. (1986), Gen.
Conp. Endocri nol . O81is aA&mifwi acid etsidihe (aciiB83) noAfwictidBiadchsidue Bi opys. 253:

81l. G Based on Coltrera et al. (198%33, J. Biol. Chem 256: 10555; Bergeron
et al. (1981preferradolardomagypagierredls2. 7 Joui shomme et al . (1994), T.

ol (00, T T ARt Pk RO B red e e B i FRR T € €
Endocri nol ogw &t p2dfe# 10 Scharla et al. (1991), Horm Metab. Res. 23:

66-9; McCGowan et al. (19833, ‘Scj.ence 219: 67, Lowk et al. (1985), Cell
Cal oi um 6: 311, "OBaselobent o) itfert 00" aP” O O'lN AT O 850" 138:  5282;

SomPon et SR ottt ol ol PRpdit 12"
s (RS WNUARYBIRERRE L, 1
FMHNL GKHLSSVERVEVERIKKIERDYbiruabf SEEAID N1t peptdeés appearing in Table 2
FLHNL GG SSLBFUBRIROEEVRITS, PTH 154 1
Exemplary peptide sequences for this invention appear in Tables 1
and 2 below. These peptides may be prepared as described in the cited
references or in U.S. Pat. Nos. 4,423,037, 4,968,669, 5,001,22, and 6,051,686,
15 each of which is hereby incorporated by reference in its entirety. Molecules
of this invention incorporating these peptide sequences may be prepared
by methods known in the art. Single letter amino acid abbreviations are
used. Any of these peptides may be linked in tandem (i.e., sequentially),
with or without linkers. Any peptide containing a cysteinyl residue may
20  be cross-linked with another Cys-containing peptide, either or both of
which may be linked to a vehicle. Any peptide having more than one Cys
residue may form an intrapeptide disulfide bond, as well. Any of these
peptides may be derivatized as described hereinafter.
Table 1—PTH/PTHrP modulating domains based on PTH

Description Sequence SEQ
ID
NO:
human PTH(1-84)’ SVSEIQLMHNLGKHLNSMERVEWLRKKLQDVHNFV | 10
ALGAPLAPRDAGSQRPRKKEDNVLVESHEKSLGEA
DKADVNVLTKAKSQ

! Hendy et al. (1981), Proc. Natl. Acad. Sci USA 78: 7365; Kimura et al. (1983), Biochem.
Biophys. Res. Commun. 114: 493; Zanelli et al. (1985), Endocrinology 117: 1962;
Wingender et al. (1985), I. Biol. Chem. 264: 4367.
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[ Leu(8, 18),
16 [ D Trpl 2,

Trpl2, Tyr34] FLHNLWKHLSSLERVEW.RKKLQDVHNY 37 bovi ne PTH 7-34
Tyr 34] bovi ne FMANL- D- Tr p- KHLSSMERVEW.RKKLCQDVHNY 38 PTH 7- 34

hurman ol 4ik130) SVSEl QLVHNLGKHLNSVMERVEW.RKKLQD 39  Ar plidneass29TH (1

- 3SVSEI QLMANRGKHLNSMERVEW.RKKL@D 40 L s11 human PTH 1-30

SVSEl QL MVAHNKGKHLNSMERVEWLRKKLQD 41  Ar

19 human PTH 1-30

SVSEl QL MVHNLGKHLNSMRRVEWLRKKLQD 42 [ Tyrl human PTH 1-30
YVSEl QL MHNLGKHLNSMVERVEWLRKKLQD 43 Leu 8, 18 human PTH 1- 30
SVSEl QLLHNLGKHLNSLERVEW.RKKLQD 44 bovi ne PTH 1-30
AVSEI QFMHNE KLQD™ 4bavdrkewBr c&d)asvEaownexk i ddvins0] 11
AVSElI QFLHNLGKHLSSLERVEW.RKKLQD 46spmyneisrECBTR {TKKEDNVLVDGNSKSLGEG
- 3SVSElI QL MHANL GKHL SSLERVEW. RKKL QO ARADVPEVKRESD (1
- 3AVSE! QL L HNL GKHImS\VERMUINSRKKL QO WEINLERHLNSEERVENL RKRODZAJFVAREAPL | 12
AVSEl QLLHNLGKHLASVERL QNLRKKLQD 49AFRDE #%%KE@W?VEWEGWHWB 0
SVSEI Q.M%N:GKHL.NSL\ER-\&%R\LSLQD 5QVL eh & _DTH 1-29
SVSE! QL VHNL GKHL REERERVEW KL Q 51 Z}@‘F% '?%ﬁK‘iM%ERVEWLRKKLQD"HNFV 13
SVSEI QL VHNE 52—et TH-3—-30
SEI q.mmc;m 53 | B Re. B@EF‘WB‘ERVEWLRKKLQDVHNFV 14
SE1 QPN G SSERIEI RGO 51 | Lot cBns SO R |
SEl QFLHNL GKHL SSLERVEW.RKKL 55 hggran PTH 7- 30 LIMVHNLGKHL SLERVEV\LRKKLQD 56
Leu 8, 18 humannhbphbh PTRQA-34°HNC ok ERVENERI stdbr v RBonoDoenE TH 16- 30
FMHNL GKHL SEVE RIfE-GTHB-3eu Bsvdi olewRGRHINEMERVENM)RKKLQDVENF | 17
FLHNLGKHLS IE%%W@@&_ [ eu§EEI AR ENKERINSMERVENLARKL.ODVENF | 18
FLHNLWKHL SEL ERVEAL RiHar(PY (0-34 PTH w30 0LMHNL GKZLNSUYRVENLRE . 0DV AR 19
FMHNL- D- Tr p- KilySPMirRMEVHRIKKAD  6[1 yvINIoeNraleKEGNSEERVERLABK)QDVANF Bl (d0. |Chem
225:10183; | G ppuet 18] Tyr41 8&0an By SVSEIQRITANLGBELNSTLBRVEVRBRKLIDYHIN sseaisqgn et
al . (1999) | EndocrPTtil84y 140: 1P94-1300. 13 Jueppner et al. ([1996),
Endocri nol ogv. bovine PTH(1 -34)5 AVSEIQFMHNLGKHLSSMERVEWLRKKLQDVHNE 22
[Leu(8, 18), Tyr34] bovine PTH | AVSEIQFLHNLGKHLSSLERVEWLRKKLQDVHNY 23
{1-34)
porcine PTH (1 -34)3 SVSEIQLMHNLGKHLSSLERVEWLRKKLQDVHNF | 24
rat PTH (1-34)° AVSEIQLMHNLGKHLASVERMOWLRKKLQDVHNF 25
[Leu (8, 21), Tyr34] rat PTH (1- | AVSEIQLLHNLGKHLASVERLQWLRKKLODVHNY 26
34)°
human PTH(1-31)’ SVSEIQLMHNLGKHLNSMERVEWLRKKLQDV 27
[Leu27] human PTH(1-31)° SVSEIQLMHNLGKHLNSMERVEWLRKLLQDV 28
[Leu(8, 18) Tyr34] PTH(3-34)° | SEIQLLHNLGKHLNSLERVEWLRKKLQDVHNY 29
bovine PTH(3- 34)10 SEIQFMHNLGKHLSSMERVEWLRKKLODVHNF 30
[Leu(8, 18), Tyr341 bovine SEIQFLHNLGKHLSSLERVEWLRKKLQDVHNY 31
PTH(3-34)"

? Heinrich et al. (1984), I. Biol. Chem. 259: 3320.

* Bachem Catalogue (1999).

4 Doppelt et al. (1981), Calcif. Tissue Int. 33: 649; Podbesek et al. (1983) Endocrinology 112:
1000; Kent et al. (1985), Clin. Sci. 68: 171; McKee and Caulfield (1989), Peptide Res. 2: 161;
Lee and Russell (1989); Biopolymers 28: 1115; Reeve et al. (1990), Br. Med. ]. 301: 314;
Neugebauer et al. (1994), Int. ]. Peptide Protein Res. 43: 555.

% Nakamura et al. (1981); Proc. Soc. Exp. Biol. Med. 168: 168; Law et al. (1983), I. Clin
Endocrinol. Metab. 56: 1335; Wang et al. (1984), Eur. |. Pharmacol. 97, 209; Sham et al.
(1986), Gen. Comp. Endocrinol. 61: 148; Smith et al. (1987), Arch. Biochem. Biophys. 253
81.

% Based on Coltrera et al. (1981), I. Biol. Chem. 256: 10555; Bergeron et al. (1981),
Endocrinology 109: 1552.

" Jouishomme et al. (1994), 1. Bone Miner. Res. 9: 943; Whitfield and Morley; TIPS 16: 382.
¥ Barbier et al. (1997), I. Med. Chem. 40: 1373.

? Based on Schipani et al. (1993), Endocrinology 132: 2157-65.

 Scharla et al. (1991), Horm. Metab. Res. 23: 66-9; McGowan et al. (1983), Science 219: 67;
Lowik et al. (1985), Cell Calcium 6: 311.

" Based on Jobert et al. (1997), Endocrinology 138: 5282; Schipani et al. (1993); Rosenblatt
et al. (1977), ]. Biol. Chem. 252: 5847; Segre et al. (1979), . Biol. Chem. 254: 6980;
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"4 Horiuchi et al. (1983), Science 220: 1053. 15 Schipani et al. (1993);
Holick et al. (1995), Bone 16: 140S (abstract 223, Conference, Mel bourne,
Februar ywd9931+1516 Based on Dresner-Pollak et al. (1996) pcatadd81/43s28 1061-5.
17 Goldman et al. (1988), Endocrinology 123: 2597. -27 WD 01/81415

PCT/ USCL1/ 1328 Tabl e 2- PTH PTH P nodul ati ng domai ns based on PTH P
Description Sequence SEQ ID NGO hunman PTHr P(1-86)

AVSEHQLLHDKGKSI QDLRRRFFLHHLI AEI HTAE 62 | RATSEVSPNSKPSPNTKNHPVRFGSDDEGRYLTQ
ETNKVETYKEQPLKTP human PTHrP 1- 34 AVSEHQLLHDKGKSI QDLRRRFFLHHLI AEI HTA 63

[ Tyr 36] _hufram PR S BTreBay Y SERQEARR A DN R ob A HTAE Gf 32 [ | | e5,
Trp23, Tyr Bo] [L@U&ﬁi MWmemmmmwM5 PTHR33(1 -33 Y
Tyr - human PTHr P MA&:&SEH@.LHM&SI QDLRRRFFLHHLI AElI HTA 66 [ Asnl10, Leul |,
D- Phel2] AVSEFGEANPINFBE™ 67 |RumRNGHPLEEIERVESERRKA.OBBINGDL RRRFHAL HHLI| AEI HTA
PTH P 7-34 HL| sAdeivHERNT 6 BMERVARTRKKO.0DW8M 1] hung|rss
LLHNLGKSI RRBEBI,.IH&)ILTy@(EI]EbﬂWeGQ H2 NI GXHT 6 SUERASWIRKKLRBVHNY PTHr P [7-384
L LHDKGKSI NPLRRRFFIRHI(T-3EPHTA 70 | [Leu 11. D-Trpl 2] hunan
LLHDL- D- Tr p- K&%WWM—HMM}EI HTAHRIWKHDF B FRVEWBRKKRODYIREN 10, Leul 3y,
D- Tr p12] LI_HNL_MQJEKSY@EL RREFL HHI | AEI HTA 72  PTHP 7-34 23 D-Tr 12 PTHP
8- 34 LHNL- D- Trip-Kel zgiﬁmﬂfgvmnwu AN Q-7 30~ ELSAYTRVEPTRE OBV | 38
LHNL- D- PheiKSI (T)I LLAELHTA 74 [ Asnl O Lewl -1 D-Trnl ')] HHYRL
LLHNL- D- Tr p=_KSL dﬁmeE |( )| AE| HySN SBEQLMHNL GKHLNSMERVEWLRKKL.OD 39
[Arg11] human PTH(1-30) 'SVSEIQLMHNRGKHLNSMERVEWLRKKLQD 40
[Lys11] human PTH(1-30) SVSEIQLMHNKGKHLNSMERVEWLRKKLQD 41
[Arg19] human PTH(1-30) SVSEIQLMHNLGKHLNSMRRVEWLRKKLQD 42
[Tyr1] human PTH(1-30) YVSEIQLMHNLGKHLNSMERVEWLRKKLQD 43
fLeu(8, 18)] human PTH(1-30) | SVSEIQLLHNLGKHLNSLERVEWLRKKLQD 44
bovine PTH(1-30) AVSEIQFMHNLGKHLSSMERVEWLRKKLQD 45
[Leu(8, 18)] bovine PTH (1-30) | AVSEIQFLHNLGKHLSSLERVEWLRKKLQD 46
porcine PTH(1-30) SVSEIQLMHNLGKHLSSLERVEWLRKKLQD 47
rat PTH(1-30) AVSEIQLMHNLGKHLASVERMOWLRKKLQD 48
[Leu(8, 21), Tyr34] rat AVSEIQLLHNLGKHLASVERLOWLRKKLQD 49
PTH (1-30)
[Leu27] human PTH(1-30) SVSEIQLMHNLGKHLNSMERVEWLRKLLQD 50
human PTH(1-29) SVSEIQLMHNLGKHLNSMERVEWLRKKLQ 51
human PTH(1-28) SVSEIQLMHNLGKHLNSMERVEWLRKKL 52
[Leu(8, 18)] PTH(3-30) SEIQLLHNLGKHLNSLERVEWLRKKLQD 53
bovine PTH(3-30) SETQFMHNLGKHLSSMERVEWLRKKLOD 54
[Leu(8, 18)] bovine PTH(3-30) | SEIQFLHNLGKHLSSLERVEWLRKKLOD 55
human PTH(7-30) LMHNLGKHLNSMERVEWLRKKLQD 56
[Leu(8, 18)] human PTH(7-30) | LLHNLGKHLNSLERVEWLRKKLQD 57
bovine PTH(7-30) FMHNLGKHLSSMERVEWLRKKLQOD 58
[Leu(8, 18)] bovine PTH(7-30) | FLHNLGKHLSSLERVEWLRKKLQD 59
[Leu(8, 18), Trp12] bovine FLHNLWKHLSSLERVEWLRKKLQD 60
PTH(7-30)
[D-Trp12] bovine PTH(7-30) FMHNL~D-Trp-KHLSSMERVEWLRKKLQD 61

Nussbaum et al. (1980), ] Biol. Chem. 225: 10183; Gray et al. (1980), Br. ]. Pharmac. 76:
259.
12 Niissenson et al. (1999), Endocrinology 140: 1294-1300.
B Jueppner et al. (1996), Endocrinology.
1 Horiuchi et al. (1983), Science 220: 1053.
15 Schipani et al. (1993); Holick et al. (1995), Bone 16: 1405 (abstract 223, Conference,
Melbourne, February 1995).
16 Based on Dresner-Pollak et al. (1996), JBMR 11: 1061-5.
17 Goldman et al. (1988), Endocrinology 123: 2597.

227 -



PTH P 7-34 20 human PTHrP 1- 30 AVSEHQLLHDKGKSI QDLRRRFFLHHLI AE 76 [I1 €5,
Trp23] human AVSEl QLLHDKGKSI QDLRRRFW.HHLI AE 77 PTH P 1-30 Tyr-human PTH P
1-30 YASBH@siHEKGKSI QDLRRRFFLHHLI AE 78 [Asnl 0, Leul 1,pdRaalizdk
AVSEHQLLHNL- D- Phe- 79 human PTHr P 1-30 KSI QDLRRRFFLHHLI AE PTHr P ( 7- 30)
LLHDKGKS| QDLRRRFFLHHLI AE 80 [Asnl 0, Leul 1] human LLHNKGKSI QDLRRRFFLHHLI AE
81 PTH P 7-30 Asnl 6, Leul 7PTHrP 7-30 LLHDKGKSI NLLRRRFFLHHLI AE 82 [ Leul

1, D-Trpl 2] human LLHDL- D- Tr p- KSI QDLRRRFFLHHLI AE 83 PTHrP 7-30 [Asnl 0,
Leul 1, D-Trpl 2] LLHNL-D- Tr p- KS| QDLRRRFFLHHLI AE 84 PTHrP 7-30 18 Mosel ey et

al . (1987), Proc L . 987) ,

Sci ence 237: 89?;4}%%% @%@?@%&ﬁa@?ﬁﬁ@é&ﬁ%ﬂ%@hﬁasﬁl laris et
al . (1995),] Bone IbestApfiol abstraft 225, Confsmguesee, Mel bourne [888)|. 19
Based on JP 07316195, May 25,1994 (N ppon Kayaku). 20 Nagasaki etlbalf.
(1989), Biochem Biophys. Res. Commun. 158: 1036; Nutt et al .| NO:
Endocri nol ¢gy 1marddATHROES)”. 21 WWHQéh%DWSéQDLR@&W%}@I@IH%'oﬁfuct|on &

Fertilit112: 59-67. 22 Gardel | a p SEVg EPNWBWF HBPECRS D36- 4i1- ;
Fukayanma etl—al-—{(1998) Am Ph E'ENWET KEQP) ’.2 323 1i @

(1996), Endees .humanPTﬁfPG@@m o1} SYSPHOLEHDRK éﬁqmé HHLTABTHIA o 63 1o 3

LHNL- D- Tr p-| K36 AR LTI (885 X“%‘ﬁ??aﬁm%ﬁ?% é%FA g

LHNL- D- Phe-KSHOPERRRFRERHET-AT—86 Y
LLHNL- D- T p- Kgﬁ&ﬁ A0 T v%‘Fﬁ%@%% ?Dﬁa ARt o3 4 Laa
SVSEI QL MHNIFGRANRIYE] meﬁmn&éﬂwﬂhwmmﬁﬂﬂ% 86
[Asn10, Leult, D-Phel2] AVSEHQLLHNL-D-Phe- 67
human PTHrP(1-34)19 KSIQDLRRRFFLHHLIAEIHTA
PTHrP (7-34)%° LLHDKGKSIQDLRRRFFLHHLIAETHTA 68
[Asn10, Leul1] human LLHNLGKSIQDLRRRFFLHHLIAETHTA 69
PTHrP(7-34)
[Asn16, Leu17] PTHrP(7-34)' | LLHDKGKSINLLRRRFFLHHLIAEIHTA 70
[Leutd, D-Trp12] human LLHDL-D-Trp-KSIQDLRRRFFLHHLIAETIHTA 71
PTHrP(7-34)%
[Asn10, Leu11, D-Trp12] LLHNL-D-Trp-KSIQDLRRRFFLHHLIAETIHTA 72
PTHIP(7-34)" \
[D-Trp12] PTHrP(8-34) LHNL-D-Trp-KSIQDLRRRFFLEHHLIAETHTA 73
[D-Phe12] PTHrP(8-34) LHNL-D-Phe~KSIQDLRRRFFLHHLIAEIHTA 74

[Asn10, Leut1, D-Trp12] human | LLHNL-D-Trp-KSIQDLRRRFFLHHLIAETHTA | 75
PTHIP(7-34)%

human PTHrP(1-30) AVSEHQLLHDKGKSIQDLRRRFFLHHLIAE 76
[lle5, Trp23] human AVSEIQLLHDKGKSIQDLRRRFWLHHLIAE 77
PTHrP(1-30)
Tyr-human PTHrP(1-30) YAVSEHQLLHDKGKSIQODLRRRFFLHHLIAR 78
[Asn10, Leuil, D-Phel12] AVSEHQLLHNL-D-Phe- 79
human PTHrP(1-30) KSTIQDLRRRFFLHHLIAR
PTHrP (7-30) LLHDKGKSIQDLRRRFFLHHLIAE 80
[Asn10, Leu11] human LLHNLGKSIQDLRRRFFLHHLIAE 81
PTHrP(7-30) '
[Asn16, Leul17] PTHrP(7-30) LLHDKGKSINLLRRRFFLHHELIAE 82
[Leu11, D-Trp12] human LLHDL-D-Trp-KSIQDLRRRFFILHHELIAE 83
PTHrP(7-30)
[Asn10, Leu1l, D-Trp12] LLHNL-D-Trp-KSIQDLRRRFFLHHLIAE 84
PTHrP(7-30)

18 Moseley et al. (1987), Proc. Natl. Acad. Sci. USA 84: 5048; Suva et al. (1987), Science 237:
893; Kemp et al. (1987), Science 238: 1568; Paspaliaris et al. (1995), Bone 16: 141S (abstract
225, Conference, Melbourne 1995).

' Based on JP 07316195, May 25, 1994 (Nippon Kayaku).

20 Nagasaki et al. (1989), Biochem. Biophys. Res. Commun. 158: 1036; Nutt et al.;
Endocrinology 127, 491 (1990).

! Williams et al. (1998), I. Reproduction & Fertility 112: 59-67.

? Gardella et al. (1996), Endocrinol. 137: 3936-41 ; Fukayama et al. (1998), Am. . Physiol.
274:E297-E303.

P Li et al. (1996), Endocrinology.
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[ Hoa(Laa Laa Haa Haa) 2 Laa SVSEI QLMHNLGKHLNSMERVELLEKLLKKLHNF 89 22-31]
human PTH (1-34) 24 [Haa(Laa Laa Haa Haa) 2 Laa

SVSEl QLN

i

Laa Haa Haa)

H,NSVERVALAEALAEALHNF 90 22-31 human PTH ( pr3A)sdiBsshéiaal Laa
Laa SVSEl QLMHNLGKHLNSMERVSLLSSLLSSLHNF 91  22-31] human PTH

1-34 26 [Haa(Laa Laa Haa Haa)2 Laa SVSEI QLVHNLGKHLNSMERVAFYDKVAEKLHNF 92
22-31 human PTH (1-34)27 [Haa(Laa Laa Haa Haa)2 Laa

LMANLGKHLNSMERVELLEKLLEKLHNF 93  22- 31]

human PTH (7-34) 24 [ Haa

(Laa Laa Haa

Haa) 2 Laa LMHNLGKHLNSMERVELLEKLLKKLHNF 94 22-311 human PTH (7-34) 24

[ Haa(Laa L HeRT 5 P HiR e VNG GHRE NSVERVA A ARAERERNT A0~ 2Z-Blgshyman PTH
7-34 25 [ HE;(T BRg) 2 Laant MLk TN ML =SSCHNF % |22- 31]
human PTH Y7AR1&@0elHABITEA] hithn ey rbagsT HENSERVAFYDRIFAEKL HNF
97 22-31 human PFIrH(ph-@eSb) 27 [Hga(Laa Laa Haa Haa)2 Laa
AVSEHQL L HDKGfak (Qek BrREd Had) 2 Bel HT9As88or. MR Gdnr ivamervERT. B2 ek x84 ) P484 Haa( Laa
Laa Haa Had) 2233 hddSEPIL UHEZHEEKSI ODLRRRELLEKLLKKLHTA 99  22-31 human PTH P
1-34 24 [ Hha[Haaf.ah haa HesHidda) & ||V SAVUSEHGLEHDKSISVEDL RRRAKDMEN_ AEAMHTA 100
22-31 hunan_PRHIPhumag@Te e -34%Aa(llaa Laa Haa Haa)2 |aa
AVSEHQL L HDKGBiatbpr RRRdd I$R1)2 IS81 TN SEOALMINDCSNSHERVRAAPIAERLNE3 4| A9 [|Haa( Laa
Laa Haa Ha 2tHhh 1 31 ODLRRRAEYDKVAEKLHTA 102 22. 31 h'"Lmafn PTHr P
1-34 27 [ ga(ﬂ_aéﬁraﬁhﬁa %%4%2 |V SEL BRGNP RS L BRI SERET A 193 | 22- 31
human PTHr 223 '@ﬁ;ﬂ!ﬁ U391 ad-Haa Haa)2 taatiHDKGKSECOLRRREECKHL KKLHTA
104 22-31|niiifEfe ”T—"aﬁ@a?% a8y || TR PP NS AR Y OR(AREDANE T 02
LLHDK&KS! Q) a(laa Caa s Lda | LMHNLGKHLNSMERVELLEKLLEKLHNF 93
22-31] human PTH (7-34)*
[Haa(Laa Laa Haa Haa), Laa | LMHNLGKHLNSMERVELLEKLLKKLHNF 94
22-31] human PTH (7-34)* ‘
[Haa(Laa Laa Haa Haa)2 Laa | LMHNLGKHLNSMERVALAEALAEALHNF 95
22-31] human PTH (7-34)%
[Haa(lLaa Laa Haa Haa)2 Laa | LMHNLGKHLNSMERVSLLSSLLSSLHNF 96
22-31] human PTH (7-34)%°
[Haa(Laa Laa Haa Haa)2 Laa | LMHNLGKHLNSMERVAFYDKVAEKLHNF 97
22-31] human PTH (7-34)%
[Haa(Laa Laa Haa Haa)2 Laa | AVSEHQLLHDKGKSIQDLRRRELLEKLLEKLHTA 98
22-31] human PTHrP (1-34)*
[Haa(laa Laa Haa Haa)2 Laa | AVSEHQLLHDKGKSIQDLRRRELLEKLLKKLHTA 99
22-31] human PTHrP (1-34)* ‘
[Haa(Laa Laa Haa Haa)2 Laa | AVSEHQLLHDKGKSIQDLRRRALAEALAEALHTA 100
22-31] human PTHrP (1-34)%®
[Haa(Laa Laa Haa Haa)2 Laa | AVSEHQLLHDKGKSIQDLRRRSLLSSLLSSLHTA 101
22-31] human PTHrP (1-34)%°
[Haa(Laa Laa Haa Haa)2 Laa | AVSEHQLLHDKGKSIQDLRRRAFYDKVAEKLHTA 102
22-31] human PTHrP (1-34)*
[Haa(Laa Laa Haa Haa)2 Laa | LLHDKGKSIQDLRRRELLEKLLEKLHTA 103
22-31] human PTHrP (7-34)%
[Haa(Laa Laa Haa Haa)2 Laa | LLHDKGKSIQDLRRRELLEKLLKKLHTA 104
22-31] human PTHrP (7-34)*
[Haa(Laa Laa Haa Haa)2 Laa | LLHDKGKSIQDLRRRALAEALAEATLHTA 105
22-31] human PTHrP (7-34)*
[Haa(Laa Laa Haa Haa)2 L.aa | LLHDKGKSIQDLRRRSLLSSLLSSLHTA 106
22-31] human PTHrP (7-34)%
[Haa(Laa Laa Haa Haa)2 Laa | LLHDKGKSIQDLRRRAFYDKVAEKLHTA 107
22-31] human PTHrP (7-34)%
[Lys1t, Lys13; Arg19, Arg21; | AVSEHQLLHDKGKSIQDLRRRELLEKLLRKLHTA 108
Haa(Laa Laa Haa Haa)2 Laa
22-31] human PTHrP (1-34)%

 Incorporating SEQ ID NO: 26 from U.S. Pat. No. 6,051,686.
% Incorporating SEQ ID NO: 28 from U.S. Pat. No. 6,051,686.
% Incorporating SEQ ID NO: 29 from U.S. Pat. No. 6,051,686.
T Incorporating SEQ ID NO: 30 from U.S. Pat. No. 6,051,686.
% Incorporating SEQ ID NO: 26 from U.S. Pat. No. 6,051,686
% Incorporating SEQ ID NO: 5 from U.S. Pat. No. 6,051,686.

-99 -



22-31 human PTHrP (7-34)25 [Haa(Laa Laa Haa Haa) 2 Laa
LLHDKGKSI QDLRRRSLLSSLLSSLHTA 106 22-31 hunan PTH P (7-34)21 [Haa(Laa Laa
Haa Haal@do bpgsht HDKGKSI QDLRRRAFYDKVAEKLHTA 107  22- 31 hupen/oSiiA R/ - 34 27
[Lys1ll, Lysl13; Argl9, Arg2l; AVSEHQLLHDKGKSI QDLRRRELLEKLLRKLHTA 108
Haa(Laa Laa Haa Haa)2 Laa 22-31] human PTH P 1-34 29 24 |ncorporating SEQ
ID NO 26 fromU. S. Pat. No. 6,051,686. 25 Incorporating SEQ ID NGO 28
fromU S. Pat. No. 6,051,686. 26 Incorporating SEQID NO 29 fromU.S.
Pat. No. 6,051,686. 27 Incorporating SEQID NO 30 fromU.S. Pat. No.
6, 051, 686. [ A§sITICEIBRa19, Aty2PE AVSENGLLIDBCKIIODLRRFELLBalLEkNas G, 066l ,|686 29
| ncor por at | nglagfE&d 142 M Ham)d Leam U. S. Pat. No. 6,051,686. -29 01481415
PCT/ USO1/ 1352831 [Hupmb PTHHYEIBY  Argl 9, Arg?2l ;
AVSEHQL L HDRGIGS QDL yaRBRAD B Ak g2H] HTS/SFBOLLHER Y $ /08 RRRELHEIL BB TAG lad1®@2- 311
human PTHr P Ha8lla80aq Hasstiaa)2 LaaysiIBR Argl9, Arg2l;
AVSEHQL L HDKESHD T HAR(1-34)K] H Laa RR 22- 31
human PTHr P ilysyl. Bys1BLAYg 19 Args 's13%\V%H81119€DK%<g‘lﬂDPRRRELLEKLLEKLﬁL g
AVSEHQ_LHDEGZ'%'S% % hm% KEL 111 Haa(Laa Laa Haa Haa)2 Ljaa 22-31

5 | LIKY - AWTS

human PTHr | =3 ySi=3 ’”““LG"""’HL LI EFIERL 1
AVSEHQLLH PR :];k%aﬁztmﬁﬁgmﬁgaﬁ% 138 Haa Haa) 2 Laa 22-31
- i 43

human PTHr P (f ; yE13, Argl9, Ala2l,

AVSEHQLLH , S N s s et e e R 31
human PTHr 2l adda hg,yﬂiga) Lys1B, Argl9, Arg2l,

AVSEAQLLHDL Gs&h RERPITH K HAL 114 Haa(lLaa Laa Haa Haa)2 Laa
[Leuld, Lys13, Arg19, Arg21, | AVSEAQLLHDLGKSIQDLRRRELLEKLLEKLHAL 114
Haa(lL.aa Laa Haa Haa), Laa ‘
22-31] human PTHrP (1-34)*
[Lys11, Lys13, Arg19, Arg21, | AVSEHQLLHDKGKSIQDLRRRELLERLLERLHTA 115
Haa(Laa Laa Haa Haa), Laa '
22-31] human PTHrP (1-34)*
[Arg11, Arg13, Arg19, Arg21, | AVSEHQLLHDRGRSIQDRRRELLERLLERLHTA 116
Haa(Laa Laa Haa Haa), Laa
22-31] human PTHrP (1-34)%
[Arg11, Lys13, Arg19, Arg21, | AVSEHQLLHDRGKSIQDLRRRELLERLLKRLHTA 117
Haa(Laa Laa Haa Haa), Laa
22-31] human PTHrP (1-34)*
[Argi1, Arg13, Arg19, Arg21, | AVSEHQLLHDRGRSIQDLRRRELLERLLKRLHTA 118
Haa(Laa Laa Haa Haa), Laa
22-31] human PTHrP (1-34)*
Haa(Laa Laa Haa Haa), Laa | AVSEHQLLHDKGKSIQDLRRRALAEALAEALHTA 119
22-31] human PTHrP (1-34)*
Haa(Laa Laa Haa Haa), Laa | AVSEHQLLHDKGKSIQDLRRRSLLSSLLSSDHTA 120
22-31] human PTHrP (1-34)* ‘
Haa(Laa Laa Haa Haa), Laa | AVSEHQLLHDKGKSIQDLRRRAFYDKVAEKLHTA 121
22-31] human PTHrP (1-34)%
Haa(Laa Laa Haa Haa),; Laa | AVSEIQFMHNLGKHLSSMERVELLEKLLEKLHNY 122
22-31] human PTHrP (1-34)®®

% Based on SEQ ID NOS: 8, 9 from U.S. Pat. No. 6,051,686

3! Incorporating SEQ ID NO: 10 from U.S. Pat. No. 6,051,686
32 Incorporating SEQ ID NO: 11 from U.S. Pat. No. 6,051,686
%3 Incorporating SEQ ID NO: 12 from U.S. Pat. No. 6,051,686
3 Incorporating SEQ ID NO: 12 from U.S. Pat. No. 6,051,686
3 Incorporating SEQ ID NO: 14 from U.S. Pat. No. 6,051,686
36 Incorporating SEQ ID NO: 15 from U.S. Pat. No. 6,051,686
%7 Incorporating SEQ ID NO: 16 from U.S. Pat. No. 6,051,686
38 Incorporating SEQ ID NO: 17 and 18 from U.S. Pat. No. 6,051,686
% Incorporating SEQ ID NO: 19 from U.S. Pat. No. 6,051,686
“ Incorporating SEQ ID NO: 20 from U.S. Pat. No. 6,051,686
“! Incorporating SEQ ID NO: 21 from U.S. Pat. No. 6,051,686
42 Incorporating SEQ ID NO: 22 from U.S. Pat. No. 6,051,686
# Modified from SEQ ID NO: 23 from U.S. Pat. No. 6,051,686
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22-31 human PTHrP (1-34)35 [Lys11, Lys13, Argl9, Arg2l,
AVSEHQLLHDKGKSI QDLRRRELLERLLERLHTA 115 Haa(lLaa Laa Haa Haa)2 Laa 22-31
human PTWOR14144 36 [ Argll, Argl3, Argl9, Arg2l, PCT/US01/13528
AVSEHQLLHDRCRS| QDRRRELLERLLERLHTA 116 Haa(lLaa Laa Haa Haa) 2 Laa 22-31
human PTH P (1-34)37 [Argll, Lys13, Argl9, Arg2l,

AVSEHQLLHDRGKSI QDLRRRELLERLLKRLHTA 117 Haa(lLaa Laa Haa Haa) 2 Laa 22-311
human PTH P (1-34)311 [Argll, Argl3, Argl9, Arg2l,

AVSEHQLLHDRGRS| QDLRRRELLERLLKRLHTA 118 Haa(lLaa Laa Haa Haa)2 Laa 22-31
human PTHr PP (Hha(kéaB&Him‘Qdaaka_ahaa Aea1tiaBNPCHIBE SMRRRELLEKLLEKLHNY | 123
AVSEHQL L HDKGREB D (L-ABALHTA 119 22-31 human PTHrP (1-34) 40 Haa(Laa
Laa Haa Ha)ﬁ*a_aﬁcaa)\ QWSI@ERRRENL@&_LNS&WAL&I@@JEKZZ 311 12urran
PTHr P 1- 34 [412280(humeniPAH (88) HAa) 2 | aa AVSEHQ | HDKGKS| QDL RRRAFYDKVAEKL HTA
121 22-31 hﬂ‘l‘?&ﬂ-aﬁ’#ﬁﬁ Wi{r'iaaé.zl @é@EW%%WﬁMWQEW 125

AVSEI QFVHN INY_122 _22-311 hunan PTHP (1- 30
ay, ngsﬁé?Lm{NBGK}’é'Nﬁ%ﬁRvééﬁEﬁfEﬁncor aoﬂ%ﬁ ilng SEQ

Based on SE ) ; H
| D NO 104'! ’ : o~ c:nn:1 aoa l reorboeratina SEY.F 11fr0m
U S Pat. No ,5.M 3 3 rpgr g?mﬁ%mgﬁ%ﬁ LS.LSEEFFom u. 812 Pat . No.
6, 051, 686 [31 . o 61053686 35
| ncor porat i O l’§ h%sgﬁéwméﬁ%ﬁglm%ﬁ%ggﬂ F cgzrgp()r ating
SEQ I D NO [THida[t B3 e 5, 150" NO 16
fromU S. Pat 22- huﬁ,a{a@j:HQé@o)SS | ncor por at i ng SEQ ID NG 17 and 18 firom
U S. Pat. No[HA(L@5Lad8én Hatl, [AC qrpeNEcRHgSTRRIELLERNCky 19 T rom U, Siadqt . No.
6, 051, 686 40 2:msmrimeonaPirHg7-SBOQ I|ID NO 20 from U. S, Pat. No. 6,051,686 41
| ncor por at if n{Ha3{EGR Lé&x M2 Ha2), fano M IiMuESL.cHRaNSMENUAL A0 EA 686 131
22-30] _human PTH (7-30)
[Haa(Laa Laa Haa Haa), Laa | LMHNLGKHLNSMERVSLLSSLLSS 132
22-30] human PTH (7-30)
[Haa(Laa Laa Haa Haa), Laa | LMMNLGKHLNSMERVAFYDKVAEK 133
22-30] human PTH (7-30)
[Haa(Laa Laa Haa Haa); Laa | AVSEHQLLHDKGKSIQDLRRRELLEKLLEK 134
22-30] human PTHrP (1-30)
[Haa(Laa L.aa Haa Haa), Laa | AVSEHQLLHDKGKSIQDLRRRELLEKLLKK 135
22-30] human PTHrP (1-30)
[Haa(Laa Laa Haa Haa); Laa | AVSEHQLLHDKGKSIQDLRRRALAEALAEA 136
22-30] human PTHrP (1-30)
[Haa(Laa Laa Haa Haa), Laa | AVSEHQLLHDKGKSIQDLRRRSLILSSLLSS 137
22-30] human PTHrP (1-30)
[Haa(Laa LLaa Haa Haa), Laa - | AVSEHQLLHDKGKSIQODLRRRAFYDKVAEK 138
22-30] human PTHrP (1-30) '
[Haa(Laa Laa Haa Haa), Laa | LLHDKGKSIQDLRRRELLEKLLEK 139
22-30] _human PTHrP (7-30) ‘
[Haa(Laa Laa Haa Haa); Laa | LLHDKGKSIQDLRRRELLEKLLKK - 140
22-30] human PTHP (7-30) ‘
[Haa(Laa Laa Haa Haa), Laa | LLHDKGKSIQDLRRRALAEATAEA 141
22-30] human PTHrP (7-30)
[Haa(lLaa Laa Haa Haa); Laa | LLHDKGKSIQDLRRRSLLSSLLSS 142
22-30] human PTHrP (7-30) '
[Haa(Laa Laa Haa Haa), Laa | LLEHDKGKSIQDLRRRAFYDKVAEK 143
22-30] human PTHrP (7-30)
[Lys11, Lys13; Arg19, Arg21; | AVSEHQLLHDKGKSIQDLRRRELLEKLLRK 144
Haa(Laa Laa Haa Haa), Laa
22-30] human PTHrP (1-30)
[Lys11, Lys13; Arg19, Arg21; | AVSEHQLLHDKGKSIQDLRRRELLEKLLEK 145
Haa(l.aa Laa Haa Haa), Laa
22-30] human PTHrP (1-30)
[Lys11, Lys13; Arg19, Arg21; | AVSEHQLLHDKGKSIQDLRRRELLEKLLEKLHT 146
Haa(lLaa Laa Haa Haa), Laa
22-30] human PTHrP (1-30)

“ Modified from SEQ ID NO: 24 from U.S. Pat. No. 6,051,686
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42 Incorporating SEQ ID NO 22 fromU.S. Pat.
fromSEQ ID NO 23 fromU.S. Pat.
PCT/ USOl\wb3haA%415Haa( Laa Laa Haa Haa) 2 Laa

No. 6,051,686 43
No. 6, 051, 686

-30 WO 01/ 81415
PCT/US01/13528

Modi fi ed

AVSEl QFMHNLGKHLSSVRRRELLEKLLEKLHNY 123 22-31 human PTHrP 1-34 as [Haa(Laa
Laa Haa Haa)2 Laa SVSEI QLMHNLGKHLNSMVERVELLEKLLEK 124 22-30 human PTH 1-30
[ Haa(Laa Laa Haa Haa)2 Laa SVSEI QLMHNLGKHLNSMERVELLEKLLKK 125 22-30 hunan
PTH 1- 30 [ Haa(Laa Laa Haa Haa)2 Laa SVSEl QLMANLGKHLNSMERVALAEALAEA 126

22- 30 hurman PTH 1-30 [Haa(lLaa Laa Haa Haa)2 Laa

SVSEI QLMHNI

Haa) 2 Laa {
[ Haa( Laa La

Gifilfe NSWEHE ORI T51A: 535

- IPXvse2ds 3hrBruompr Rt L. =R fxkHaa ( L
bV $hdaQabidbh GKEHHAMINERVAFYDKVAEKLHNF 128 22- 30 human P
1o 289] Hampr? PLidd (H_'K?BNL

CKHLNSVERVELLEKLLEK 129 22- 30

7-30 [ Haa(l
PTH 7-30 [ Ha
human PTH 7
22-30 humar
133 22-30
AVSEHQLLH

Haa Haa) 2 L
[ Haa(Laa L3ga

| MARIEGKHIONSKATRVPELRIFLLERILER30 2

Laa LMHNLGKHLNSMERVALAEALAEA 13
(HLNSMERVSL LSS

ORLHDFSKE LR RRARYE SR RSVERV)
aa Laa Haa Haa)2 Laa

R e e AR e

=EH{L L HDKGKSI QDLRRRALAEALAEA 136

)

PTH P 1- 30

[ Wﬁf@%ﬂsaﬂrgwa\rgﬁa)

Haa(Laa Laa Haa Haa); Laa
22-30] human PTHrP (1-30)

¢ n et of VIR ORE 1T RA DI BRI HRROL L S

[Arg11, Arg13, Arg19, Arg21,

Haa(Laa Laa Haa Haa), Laa
22-30] human PTHrP (1-30)

AVSEHQLLHDRGRSIQDRRRELLERLLER

[Arg11, Lys13, Arg19, Arg21,

Haa(Laa Laa Haa Haa), Laa
22-30] human PTHrP (1-30)

AVSEHQLILHEDRGKSIQDLRRRELLERLLKR

[Arg11, Arg13, Arg19, Arg21,

Haa(Laa Laa Haa Haa), Laa
22-30] human PTHrP (1-30)

AVSEHQLLHDRGRSIQDLRRRELLERLLKR

Haa(l.aa Laa Haa Haa), Laa
22-30] human PTHrP (1-30)

AVSEHQLLHDKGKSIQDLRRRALAEATLAEA

Haa(l.aa Laa Haa Haa), Laa
22-30] human PTHrP (1-30)

AVSEHQLLHDKGKSIQDLRRRSLLSSLLSS

Haa(L.aa Laa Haa Haa), Laa
22-30] human PTHrP (1-30)

AVSEHQLLHDKGKSTIQDLRRRAFYDKVAEK

Haa(lL.aa Laa Haa Haa), Laa
22-30] human PTHrP (1-30)

AVSEIQFMHNLGKHLSSMERVELLEKLLEK

aa4tda Haa
TH (1- 34) 27
u PTH
21391 human
22- 30]

SS_432
AFDKVAEK
=y Laa
15@ 1-30
P2- 30 human
GEDY 137
152

153

154

155

156

157

158

159

Haa(Laa LLaa Haa Haa), Laa
22-301 human PTHrP (1-30)

AVSETIQFMHNLGKHLSSMRRRELLEKLLEK

10

Another useful PTH/PTHrP modulating domain has the sequence

of the peptide known as TIP39:

SLALADDAAFRERARLLAALERRHWLNSYMHKLLVLDAP -

(SEQ ID NO: 160)

TIP39 is described by Usdin et al. (1999), Nature Neurosci. 2(11): 941-3;
Usdin et al. (1996), Endocrinology 137(10): 4285-97; Usdin et al. (1995), ].

Biol. Chem. 270(26): 15455-8; Usdin et al. (1999), Endocrinol. 140(7): 3363-
71.

Additional useful PTH/PTHrP modulating domain sequences may

result from conservative and/or non-conservative modifications of the
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22- 30 human PTHrP 1-30 [Haa(Laa Laa Haa Haa)2 Laa

AVSEHQLLHDKGKSI QDLRRRAFYDKVAEK 138 22-30 human PTHrP 1-30 [ Haa(Laa Laa Haa
Haa) 2 Lagp bidikEKSI QDLRRRELLEKLLEK 139 22-30 human PTHr Bctfad@uisdea(Laa Laa
Haa Haa) 2 Laa LLHDKGKSI QDLRRRELLEKLLKK 140 22-30 human PTHrP 7-30 [Haa(Laa
Laa Haa Haa)2 Laa LLHDKGKSI QDLRRRALAEALAEA 141 22-30 human PTHrP 7-30

[ Haa(Laa Laa Haa Haa)2 Laa LLHDKGKSI QDLRRRSLLSSLLSS 142 22-30 human PTHrP
7-30 [Haa(Laa Laa Haa Haa)2 Laa LLHDKGKSI QDLRRRAFYDKVAEK 143 22-30 hunan
PTHrP 7-30 [Lys1l, Lysl3; Argl9, Arg2l; AVSEHQLLHDKGKSI QDLRRRELLEKLLRK 144

Haa(Laa La | ) T hir h 3; Argl9,
Arg21: AVS m@éﬂ%ﬁ%@&@h g Tied et hd deg: Hag%z Laa 22-30
human PTHr Riste@®h Thpkslland s 13; Argl9, Arg21;

AVSEHQLLHDKGKS| QDLRRRELLEKLLEKLHT 146 Haa(lLaa Laa Haa Haa)2 Laa 22- 30
human PTH P 1- 30Cousevpative mpdifisaiiargvilbpresucepentigasiayingat . No.

6, 051, 686 - 31.WD 01/ 81415. PCT/ USQ1/ i Lys! . Argl 9. Arg2l;
AVSEMLHMP&%@%%&%T%%r@% %gélﬁ%tg’ thise bg%ezﬁfgggrgz- 30 homan
PTHr P 1-330 f’"l:mlihg ke FromA¥RD, stARGRb di (Y BEH kIS SITRIGLARREL LEKLLEK 148
Haa(Laa Laa Haa 5)2 Laa 22-30 human PTH P (1-30) [Lys11l, Lys13, Argl9,

Af a21, AVSEQistadbikebGrstdIibicRnEs irERie faxictianal daah(arachemigallgmraiaisticsaa
of the peptides may be accomplished by selecting substitutions in the

amino acid sequence that differ significantly in their effect on maintaining
(a) the structure of the molecular backbone in the area of the substitution,
10 for example, as a sheet or helical conformation, (b) the charge or
hydrophobicity of the molecule at the target site, or (c) the size of the
molecule.
For example, a "conservative amino acid substitution" may involve
a substitution of a native amino acid residue with a nonnative residue
15 such that there is little or no effect on the polarity or charge of the amino
acid residue at that position. Furthermore, any native residue in the
polypeptide may also be substituted with alanine, as has been previously
described for "alanine scanning mutagenesis” (see, for example,

MacLennan et al., 1998, Acta Physiol. Scand. Suppl. 643:55-67; Sasaki et al.,

20 1998, Adv. Biophys. 35:1-24, which discuss alanine scanning mutagenesis).

Desired amino acid substitutions (whether conservative or non-
conservative) can be determined by those skilled in the art at the time such
substitutions are desired. For example, amino acid substitutions can be
used to identify important residues of the peptide sequence, or to increase

25  or decrease the affinity of the peptide or vehicle-peptide molecules (see
preceding formulae) described herein. Exemplary amino acid

substitutions are set forth in Table 3.
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22-30 human PTHrP 1-30 [Leull, Lys 13, Argl9, Arg21,

AVSEAQLLHDLGKSI QDLRRRELLEKLLEK 150 Haa(Laa Laa Haa Haa)2 Laa 22-30] hunman
PTH P ( 133Q)/slds¥s1l, Lysl 3, Argl9, Arg2l, AVSEHQLLHDKGKS@lsidshds ERLLER
151 Haa(Laa Laa Haa Haa)2 Laa 22-301 human PTHrP 1-30 [Argll, Argl3, Arg
19, Arg2l, AVSEHQLLHDRGRSI QDRRRELLERLLER 152 Haa(lLaa Laa Haa Haa) 2 Laa
22-30 human PTHP 1-30 [Argl 1, Lys13, Argl9, Arg2l,

AVSEHQLLHDRGKSI QDLRRRELLERLLKR 153 Haa(Laa Laa Haa Haa)2 Laa 22-30 hunan
PTHrP 1-30 [Argi 1, Argi 3, Argl9, Arg2l, AVSEHQLLHDRGRSI QDLRRRELLERLLKR

154 Haa(Laa Laa Haa

Haa) 2 Laa AVSEHQ_LHDKCHEEEI éDII:W E%L“&

g&%&@ﬁ%ﬁsﬁ%ﬁ

Haa(Laa Laa Haa
uman PTHrP 1-30

Haa(Laa Laa Haa Haa) ZLLa IA;V%EH(L].LH[%«';‘K%é S[156 22-301 hunan
PTHrP 1-30 Haa(Laa La i 2 Laguéumu LH .F RRAFYDKVAEK 157
22-30 human PTHrP (1-1 a—taa Haa )2 Laa
AVSEl QFMHNLGKHLSSMVERVELLEKLI4 EK 158 vaRt&0lle human PMdrP 1430 Haa(Laa Laa Haa
Haa) 2 Laa AVSEl QFMHNLERACSSVRRRECCERCCER 159 22-30] human PTHr P (1- 30)
Anot her useful PTH PTir P_M¥gul atfi ng-¥80#giAfhas |t he ¥®quence of the peptide
known as TIP39: SLALADPDAARRERARILAALE NSYMHKLL AP % (SEQ ID NO 160)
TI P39 is described by {Usdin—et—al—(1999) Nature-Newrosqgi . 2(11): 941-3;
Usdin et al. (1996), [Endoaspnol agy 1376[]10): 4285- 9Glu Usdiln et al. (1995),
I, Biol. Chem 270(26¢)15455-8; Usdimnm et ai . |(1999), Endocrinol. 140(7):
3363- Cys Ser, Ala Ser
Gin Asn Asn
Glu Asp Asp
Gly Pro, Ala Ala
His Asn, Gin, Lys, Arg Arg
lle Leu, Val, Met, Ala, Leu
Phe, Norleucine
Leu Norleucine, lle, Val, lle
Met, Ala, Phe
Lys Arg, 1,4 Diamino- Arg
butyric Acid, Gin, Asn
Met Leu, Phe, lle Leu
Phe Leu, Val, lle, Ala, Tyr Leu
Pro Ala Gly
Ser Thr, Ala, Cys Thr
Thr Ser Ser
Trp Tyr, Phe Tyr
Tyr Trp, Phe, Thr, Ser Phe
Val lle, Met, Leu, Phe, Leu
Ala, Norleucine
In certain embodiments, conservative amino acid substitutions also
encompass non-naturally occurring amino acid residues which are
5  typically incorporated by chemical peptide synthesis rather than by

synthesis in biological systems.
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71. 10 Additional useful PTH PTHrP nodul ati ng domai n sequences may result
from conservative and/ or non-conservative nodifications of the -32 WO

01/ 81415xvB8G@T/sUG8 / 13 28 anino acid sequences of SEQ | D N@SyushiAszfs Tl P39,
or the sequences |listed in Tables 1 and 2. Conservative nodifications wll
produce peptides having functional and chem cal characteristics simlar to
those of the PTH or 5 PTH P peptide fromwhich such nodifications are
made. In contrast, substantial nodifications in the functional and/or

chem cal characteristics .of the peptides may be acconplished by sel ecting
substitutions i nAdwotedthRRe dsredoiRBiRi6R "Dfihitibd bETerhgNnhigalyly in
their effect on maintaining a) the structure of the nol ecular backbone in
t he area of octrringysasidugasimay beslivisleddntmplresesdased shaommponhel i cal
conformation . the char r dro icity.of the | ecul e gt the
target si te?idc?&‘p‘%’f')p]fq]??rgf’gﬁlagfmtﬁe uﬁ’%{l’g I@?%@t’é’?ﬁﬁgg@u@%c Pservative
am no acid i WoYaly ERV. SUBs A 1 f a{}%ﬁé am no acid
resi due w t%kgﬁ?%%ﬁ{%r?%nﬂ%%ﬁeﬁ%ﬁ&% t ha?]%lﬁge)lrv%rtihg ef‘lét‘t I"e %f(r%l no effect
on t he psl amdmbearofdme githete tlhssasfona mambdr freat dnether cldsat Spdsi ti on.
Furthernore, any native residue in the polypeptide fr:{gy al sqQ be substituted

wi th al ani ngubgsiiuied reseduesgnayibsisispduged intogegians,of tae peptee dbalieng

ool " g3 beREokahs QTR 1y BEBRARRRh o spd BRFASRRGEIC 1 o
di scuss al apkgiens6AMN AblERHATARRRIGdn, orftegiaflkPaRe rAcdHicaibas i tutions

(whet her conservative or non- conservative) can be determ ned by those
skill ed i n wlsingl or & faribe purposrichinfkigbsinigt deiin psientatiadesi red. For

Feal duodoof the BRORTHBESEEREHELICERORS Y dxeathls Gt ABHES ¢ ho.
For mul ab) d2eRe BER bR BBl gt BB o e ER e e Mo ar o set
forth in Tablyelr8path#Sindex on the basis of their hydrophobicity and charge

characteristics, these are: isoleucine (+4.5); valine (+4.2); leucine (+3.8);

phenylalanine (+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine

15 (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9);
tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-
3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5).
The importance of the hydropathic amino acid index in conferring

interactive biological function on a protein is understood in the art. Kyte
20 etal., ]. Mol Biol., 157: 105-131 (1982). It is known that certain amino acids

may be substituted for other amino acids having a similar hydropathic
index or score and still retain a similar biological activity. In making
changes based upon the hydropathic index, the substitution of amino
acids whose hydropathic indices are within =2 is preferred, those which
25  are within %1 are particularly preferred, and those within +0.5 are even
more particularly preferred.
It is also understood in the art that the substitution of like amino
acids can be made effectively on the basis of hydrophilicity. The greatest
local average hydrophilicity of a protein, as governed by the
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WO 01/ 81415 PCT/ US01/ 13528 Table 3-Am no Acid Substitutions Oiginal
Exenplary Preferred Residues Substitutions Substitutions Ala Val,

Leu,

lie Val waolkgisis Gn, Asn Lys Asn Gn Gn Asp Gu Gu reysusiknigs2l a Ser
Gn Asn Asn Gdu Asp Asp Gy Pro, Ala Ala His Asn, Gn, Lys, Arg Arg Ile
Leu, Vat, Met, Ala, Leu Phe, Norleucine Leu Norleucine, Ile, Val, Ile

Met, Ala, Phe Lys Arg, 1,4 Diamno- Arg butyric Acid, Gn, Asn Met Leu,
Phe, Ile Leu Phe Leu, Val, Ile, Ala, Tyr Leu Pro Ala Ay Ser Thr, Al a,
Cys Thr Thr Ser Ser Trp Tyr, Phe Tyr Tyr Trp, Phe, Thr, Ser Phe Val
lie, Met,

ei:drBpRilidilof i Adjaddalt alifib Beids)coredlhtdsiwiiindi ment s,

conservative am no aci'd substitutions also enconpass non-naturally
occurring ardimounegehicidyiandentigenitityaie Withpahiologicalipropeporaitted by

chem cal
-34
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The following hydrophilicity values have been assigned to amino
acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 =+ 1); glutamate
(+3.0 £ 1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0);
threonine (-0.4); proline (-0.5 + 1); alanine (-0.5); histidine (-0.5); cysteine (-
1.0); methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine
(-2.3); phenylalanine (-2.5); tryptophan (-3.4). In making changes based
upon similar hydrophilicity values, the substitution of amino acids whose
hydrophilicity values are within +2 is préferred, those which are within +1
are particularly preferred, and those within +0.5 are even more
particularly preferred. One may also identify epitopes from primary
amino acid sequences on the basis of hydrophilicity. These regions are
also referred to as "epitopic core regions."

A skilled artisan will be able to determine suitable variants of the
polypeptide as set forth in the foregoing sequences using well known
techniques. For identifying suitable areas of the molecule that may be
changed without destroying activity, one skilled in the art may target
areas not believed to be important for activity. For example, when similar
polypeptides with similar activities from the same species or from other
species are known, one skilled in the art may compare the amino acid
sequence of a peptide to similar peptides. With such a comparison, one
can identify residues and portions of the molecules that are conserved
among similar polypeptides. It will be appreciated that changes in areas
of a peptide that are not conserved relative to such similar peptides would
be less likely to adversely affect the biological activity and/or structure of
the peptide. One skilled in the art would also know that, even in relatively

conserved regions, one may substitute chemically similar amino acids for
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WD 01/ 81415 PCT/USO /13528 As noted in the foregoing section "Definition
of Terns," naturally occurring residues may be divided into classes based

on commowo ®isdeshai n properties that may be useful for noeifusalizsess of
sequence. For exanple, non-conservative substitutions may invol ve the
exchange of a 5 nenber of one of these classes for a nenber from another
class. Such substituted residues nay be introduced into regions of the
pepti de that are honol ogous with non-hunman orthol ogs, or into the

non- honol ogous regions of the nolecule. In addition, one may al so nake

nodi fi cati ofg nétﬁfe[l%&&ﬁriﬁgﬁ@éidh@?mﬂﬂeo&?zzﬁnﬁ{% b Vibe (HonRervak@E N
orientation. 10 In ki ng such nodifications, the hydropathic index of

am no aci demimyadid residsiecebetituticash Eheredores evemareadsdbat magdegned a
hydr opat hi c, i ndex o he basis of. thei.r hydrophobigity.and, charge
characteri s@E‘éﬁtalﬂt}&é’@Pg?ca:l 36"11\%56%3’1‘(3%%‘?‘3 V@Vich?e%(bl%?ﬁ?' | euci ne

+3.8); pheny ine.(+2. 8): i i £ - i oni +1.9);
S anihe 15 (hpeRy AN i Salil s AL YRR HROLPBeding In Bl GEAES, (+1-9)
trypt ophan Actfif) or whithos iad@efsely ffectiprgthiensertidedtiudtusd.i di ne (-3.2);
glutamate (-3.5); glutam ne (- _3.5); aspartate (-3.5); asparagine (-3.5);
l'ysine (-3.9); aﬁd@’ﬂgﬂ@ﬂ)ﬁ@%—*ﬂ@% imthe aripan reiriew Séfuc_tfﬁﬁe’ﬁwgéﬁat hi ¢ ami no
Ciior st oon ACBRHER s ok 0bG5R B bt LAl hol HISH A0 BeP1 01| 1035,
I't is knownadiRaty 6esirabiraMeicde bisudry chRipariReh] sk &th pridiatther am no

acids having a simlar hydropathic index of score and still retain a
si milar bi cinogoxtahceact aminoyacitiresidkies in a peptigleshbbhemdespood toreanimpdr opat hi ¢

i ndex, the su,asti_t ution of am no acids whose hydropat hic .jndices are
wi thi n ¥ i sa@ededidues thatrse dmportant sor agtyity etstauat ‘?E‘ﬁgpiaircul arly

et QIARETOU I ey ROl S psl ol Lo . 1

can be nadesiisteatibie For vhtpredined smpbriandaniho bkl tegidudief gheat est | ocal

average hydrophilicity of a protein, as governed by the -35 WD 01/ 81415

PCT/ USOL/ 13pe@stides;dr ophilicity of its adjacent amno acids, correlates with

'ts One skilled in the art can also analyze the three-dimensional

15 structure and amino acid sequence in relation to that structure in similar
polypeptides. In view of that information, one skilled in the art may
predict the alignment of amino acid residues of a peptide with respect to
its three dimensional structure. One skilled in the art may choose not to
make radical changes to amino acid residues predicted to be on the surface

20  of the protein, since such residues may be involved in important
interactions with other molecules. Moreover, one skilled in the art may
generate test variants containing a single amino acid substitution at each
desired amino acid residue. The variants can then be screened using
activity assays know to those skilled in the art. Such data could be used to

25  gather information about suitable variants. For example, if one discovered
that a change to a particular amino acid residue resulted in destroyed,
undesirably reduced, or unsuitable activity, variants with such a change

would be avoided. In other words, based on information gathered from

such routine experiments, one skilled in the art can readily determine the
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i rmunogenicity and antigenicity, i.e., with a biological property of the
protein. The follow ng hydrophilicity val ues have been assigned to amno 5
acid reswduAam148r gi nine (+3.0); lysine (+3.0); aspartate Kchdusb1/13928
glutamate (+3.0 1); serine (+0.3); asparagine (+0.2); glutamne (+0.2);
glycine (0); threonine (-0.4); proline (-0.5 1); alanine (-0.5);
histidine (-0.5); cysteine (- 1.0); nethionine (1.3); valine (-1.5);
| eucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5);
tryptophan (-3.4). In maki ng changes based 1o upon simlar hydrophilicity
val ues, the agMlstaictdtt WwhBreOfurHer 3EbafutdNYEREEld hy Sv ikt difier ¥l sves are
within 2 is preferred, those which are within 1 are particularly
preferred, dmdombasaion withotbebmartatiensen nore particularly preferred. One
nces on the basis

may al so identify epitopes from.prippry. am no.acid,sequ
of hydrophi |1 ci t Y Rithkes of agiepHaC Rrbledtionshiavediean dey Al 48 thespi t opi ¢ cor o

regions." A_skidl roh ) i a t 1| i iants of
the pol ypeg'?lg%leclhgg Oes}es%&i ortrwstljrlilcp'ﬁg' ?%(?le\%ét}lﬂﬂg’ 4l Up ' 1BRE. \\Zg‘pl known
t echni ques. 4B24427 €996)f Yhog eBall, tBibtienicaas 13(0):1222-245! (2674)eChbatet @y be

changed without destro mg activit one skilled in the art _nay target 20

areas not b&iochemistry, %@( }?'Bél‘tza%d/q%}; Ghau ¢t aly AdpEnsymel. Relathen sinil ar

polypeptides?vvitszigjlar, i M Lbss. Bram th ane,spegi es or ffom ot her
species are ,(_)Sl ol, %Flazfstejd‘ig @bﬁe%??é%;mﬁ%ﬁs%f@ acid
sequence of 231PgBLndEChOu ot A1, |BbpRERT] deB67\Wg4N19PHN Mof&IWea | son, one can
identify residues and portions of the nolecules that are conserved 25 anong

si mi |l ar pol gpeyghitdeprogranwidre chereafiprazeilabledotaksist withnpreslictingar eas  of a
peptide that are, not conserved relatjve to.such sim./lar peptides would be
less i KAl yS?@mzﬁ%cwgf@&mH@%?ﬁpwl%g SREORGRTY SEHAIBE 15t r uct ur e of

t he pepti de; I I Ig:%gd : in
relatively b@%gﬁégyﬁ@%}?g&ﬁg%%g{%@fsu S Hﬁg’u@ﬁﬁmﬁé%gi mlar am no
acids for pi6teiifs WHid1Hdve £5dudnod idafit§ of tgheatanthuraB0%, ocsittitaritg r esi-dues

whil e retaining activi t/{)é conservative amno acid residue substitutions).
Ther ef ore, @veatenhans4q% aftendiaye similpostraeiuraldepplagieny Eae regent vity or for

structure nag¥owt/)v%h of ?lllee ﬁlt'ottél% structural data base (PDB) has provided enhanced

15  predictability of secondary structure, including the potential number of

folds within a polypeptide’s or protein’s structure. See Holm et al., Nucl.
Acid. Res., 27(1): 244-247 (1999). It has been suggested (Brenner et al.,
Curr. Op. Struct. Biol., 7(3): 369-376 (1997)) that there are a limited number

of folds in a given polypeptide or protein and that once a critical number
20  of structures have been resolved, structural prediction will gain
dramatically in accuracy.

Additional methods of predicting secondary structure include
“threading” (Jones, D., Curr. Opin. Struct. Biol., 7(3): 377-87 (1997); Sippl
et al., Structure, 4(1): 15-9 (1996)), “profile analysis” (Bowie et al., Science,

25 253:164-170 (1991); Gribskov et al., Meth. Enzym., 183: 146-159 (1990);
Gribskov et al., Proc. Nat. Acad. Sci., 84(13): 4355-8 (1987)), and
“evolutionary linkage” (See Home, supra, and Brenner, supra).

Vehicles. This invention requires the presence of at least one vehicle

(F') attached to a peptide through the C-terminus or a sidechain of one of
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conservative am no acid substitutions w thout destroying the biological 5
activity or without adversely affecting the peptide structure.

Addi ti ongllMsg1oRe skilled in the art can review struct ur epdgphjiog St udi es
identifying residues in simlar peptides that are inportant for activity
or structure. In view of such a conparison, one can predict the inportance
of am no acid residues in a peptide that correspond to amno 1o acid
residues that are inmportant for activity or structure in simlar peptides.
One skilled in the art may opt for chemically simlar amno acid

substi tuti ofge 4AinS HEDA fRERRIeSI PRIl fiplearchadles AlyHlsabe dsé.gll@sFeht t he
peptides. One skilled in the art can al so analyze the three-di nensional 15

structure atht @renoinesd and edliEngeoumat alstdédmin.o that structure in simlar
pol ypeptides. In viegw,of that_ information,. pne skilled .n th rt y
predict the ali g%ﬁ? dgmaéﬂf%gle&qegerrgiyéﬁa@ge. ghegécéié)ﬁ‘?wgﬁ% ect to

its three df%g@h‘iﬁﬁ“?wﬁe&% skilled in the art nmay choose not to

make radica to amno a esi dues predicted to be on the surface
20 of the protei Assitedabeve/F¢ esiahteare smiyalie viehickdsweithimthersaope aht
interactions with other nolecul es. Mreover, one skill e&gi n the art may
gener at e t edRisinyenHAns A BAEP KT Fepyabe prignaiveli modikedtaimss 2 e on at each

e e am o oo . " .
activity asSayaniRertpratiics st B A BinEe ol iloliilh BRAR ETERASINA . e
to 25 gat heEedegfc&rﬁ&hﬁ@ﬂa@bapéee,smrte%h@mwbeqﬁmefpan@wmsqszm.one

di scovered that a change to a particular amno acid residue resulted in
destroyed, ImsddsFcabtigntsedoe ety mmovesone abierasitey of § native Fathat wi t h such

T S BT o Bt B35 O AL g1 e
Substitut i oRIERaeT B Bo B o Dby apmee (AE BT o tORaP bt of her
nut ations. Aubsttbeihg®r deletng résidugy) hhsjeeaﬁ{'; eesidhevintd elensidgwot ed to the
predi ction of secondary structure. See Mult J., Curr. Op. in Biotech.,
7(4): 5 42#unggtingggslionsrentagingthe site.obhinisetted or sgbstjtuterbn. 245 (1974)
Chou et al- yosidues may also be altered amino acids, such as peptidomimetics or D-
15 amino acids. Fc variants may be desirable for a number of reasons, several
of which are described below. Exemplary Fc variants include molecules
and sequences in which:
1. Sites involved in disulfide bond formation are removed. Such removal
may avoid reaction with other cysteine-containing proteins present in
20 the host cell used to produce the molecules of the invention. For this
purpose, the cysteine-containing segment at the N-terminus may be
truncated or cysteine residues may be deleted or substituted with other
amino acids (e.g., alanyl, seryl). In particular, one may truncate the N-
terminal 20-amino acid segment of SEQ ID NO: 2 or delete or
25 substitute the cysteine residues at positions 7 and 10 of SEQ ID NO: 2.
Even when cysteine residues are removed, the single chain Fc domains
can still form a dimeric Fc domain that is held together non-covalently.

2. A native Fc is modified to make it more compatible with a selected host

cell. For example, one may remove the PA sequence near the N-
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Bi ochem stry, 113(2): 211-222 (1974); Chou et al., Adv. Enzynol. Relat.
Areas Mol. Biol., 47: 45-148 (1978); Chou et al., Ann. Rev. Biochem,6 47:

251- 276 \pg9150Qy et al., Bio h's. T. 26: 367-384 (1979). ptpfisovessss
conputer prograns are currently available to assist with predicting 10

secondary structure. One nethod of predicting secondary structure is based
upon honol ogy nodeling. For exanple, two pol ypeptides or proteins which
have a sequence identity of greater than 30% or simlarity greater than
40% of ten have simlar structural topol ogies. The recent growth of the

protein structural data bas QVi petability
of secondary JFVUE}"IJ"rOef,a W&ﬁ%&é‘?ﬁ‘gg F?(?Bgc?lenlfi 93’% r%ﬁ%@%ggfb % g{%gh{v;\n&t hin a
pol ypept i de’ s @b yi{eOinet. kol sbibh WS pébkene Bathdpephideke.dDne nichlso atiel £h Res. ,
27(1): 244-247 (?(999). [T has beéen suggestéd (Brenner et "al., Curr. Op.

Struct. Biol . Nz¢shinadeiBivaifegsidye, eppecialierdenrtbeanplagidadid nunber  of
folds in a given pol ypeptide of-protei n and that, on a,.GLJ tcal nunber 20
of struct ures_qﬁ(ﬂig’”ﬁééﬁ G W@Xm %&@&Fﬁﬁpﬁﬁﬁmmﬁ 1F‘(j:;ai n
dramatical ly 'dbﬁ&&%&%ﬁﬁg?ﬁg@?%?Q%he@ﬁmwgf??i‘;ap?f edi cti ng secondary

structure inclu ones, D., Qpin. Struct. Biol., 7(3):
377-87 (1993) ;A Popiidn of thelN-teriBinumsfie nativé ¥ is rebad@vdd B9pevent pi-of i | e

anal ysis" (Bowi e et al., Science, 25 253: 164-170 (1991); ﬁa bskqv et al.,
Meth. Enzym , Te@ningdbetesogenadoyhen exprrsed e sglecteddhagt ce 1’91? fd. Sci .,

84(13): 4355 & (IR0 )die A9 el Bhy bl it b U0 o PEEsiHALEat it T2, and

Brenner s, upral: h ion requires the presence of at

| east one vehiQligrmirfus gﬁﬁﬁ%ﬁ@y%&s@ a@?@itﬂﬁsﬂbapﬁgﬁaﬁ@& C-terminus or a
sidechain of one of -38 WO 01/°81415 PCT/USOL/ 13528 the anino acid

resi dueso Mil tOpe er neireglypcosyiayionl siies laze verodved. Residues thatare t he
C-term nus and a.PEG grou si dechai n. \,An Fc the preferred

vehi cle. The FIPYSH¥I&Y I%E%d 2%53381’&?88{’}?% e ‘é‘?’?ﬁéﬂ%%%&%a? HEPSEBti des. 5
L0 O B S SPL L SR o of (1
i n accordance nabiduet [ié.g., atngmg)i on, provi ded binding to the sal vage
5. Sites involved in interaction with complement, such as the Clq binding
15 site, are removed. For example, one may delete or substitute the EKK
sequence of human IgGl. Complement recruitment may not be
advantageous for the molecules of this invention and so may be
avoided with such an Fc variant.
6. Sites are removed that affect binding to Fc receptors other than a
20 salvage receptor. A native Fc may have sites for interaction with certain
white blood cells that are not required for the fusion molecules of the
present invention and so may be removed.
7. The ADCC site is removed. ADCC sites are known in the art; see, for
example, Molec. Immunol. 29 (5): 633-9 (1992) with regard to ADCC

25 sites in IgG1. These sites, as well, are not required for the fusion

molecules of the present invention and so may be removed.
8. When the native Fc is derived from a non-human antibody, the native
Fc may be humanized. Typically, to humanize a native Fc, one will

substitute selected residues in the non-human native Fc with residues

- 40 -



receptor is maintained; see, for exanple WO 97/34631 and WD 96/ 32478. In
such Fc variants, one nay renpbve one or nore sites of a native Fc that 10

provi de @lgughyysal features or functional activity not resguosd/1bsrst he
fusion nolecules of this invention. One nay renove these sites by, for

exanple, substituting or deleting residues, inserting residues into the
site, or truncating portions containing the site. The inserted or
substituted residues may al so be altered ami no acids, such as
pepti dom netics or D 15 ami no adds. Fc variants nmay be desirable for a

nunber of reasgpgaré dveially foindih GRnENAESE F.PRENAR R foFXIMOBF Y FC.
variants include nol ecul es™ and sequences in which: 1. Sites invdlved in

di sul fi de bondh@rardzation areewel kpwwdch irSihelart.enoval nmay avoid reaction with
ot her cysteine-cqntaini rotejns present. in . 20t t cell used to
produce the nol egﬂfleg%rr?#%fz%ér traReiugle t ?é?%‘l’f%'ﬂﬂ%iﬁmﬁ’é&

cysteine-co I ] %ﬁgﬁ 3 ] R N § .

cystei ne regF%’gg%@g e eﬁ %E%‘;Sk%?ﬁ\gﬁg‘iﬁ‘%?‘ég w%ﬁ%%thgﬂﬁg%ﬁgbﬁ%ci ds
(e.g., ab anﬁlutasmael at positigrad9, iveith alaningendethetlysineshiepdditions 10%kamd nal
20-am no add segnent of SEQ ID NO 2 or delete or 25 substitute the

cyst ei ne r ed0duwithaalapingst irosddifionnena or srorgiyyasmevesidues capde when
cysteine resjidues are renoved. the.single chain Fc domains can still form
a dineric Fgeﬂiéﬁﬁfljil%m‘?nxa!%%e?gﬂaher non-coval ently. 2. A native Fc is
modi fied to make Ah JiRfRatBRIRREH IRV BE @g%@ﬂeﬁgtﬁﬁyﬁ%%de, g@ tideFor

exanpl e, one nmay renove the PA sequence near the N -39 WO 01781415

PCT/ US01/ 13%528ibotlyy, antibedpfragnieni aatmalimhelecie, (exghiagheptidorhianetéc ogni zed by

a digestive enzynme_in E _coli such as proline imngpeptidase. One may al so
2dd an Rt SPRRBAHIPRAEI #ebm et S@yas% r%qepmﬁ XHBPIenPBE Ul ¢ i S
expressed r i [ i . pLHON~ The Fc 5
domai n of SE%%{JE%QE éﬁe@)ﬁg@ﬁ%ﬁéﬂg@devﬁf{igsn fﬁ%@]ﬂi} 'g'ol?%i i(;ir(l) “of the

N-term nus &7392%7 isseedAps] 141098 th Prespd evan Peitidestouldadlsdibe er ogenei ty

when expressed in a selected host _cell. For this purpose, one may delete
any of the ftlestedbby phinge disnlay pe RNyaepiide seeeertipg &orrbinding fsaihei cul arl y

those at po%«ickinos%fv%ge rze’cegtor.A'SL?&dsa%age receptor-binding compounds are also

15 included within the meaning of “vehicle” and are within the scope of this
invention. Such vehicles should be selected for increased half-life (e.g., by
avoiding sequences recognized by proteases) and decreased
immunogenicity (e.g., by favoring non-immunogenic sequences, as
discovered in antibody humanization).

20 As noted above, polymer vehicles may also be used for F' and F.
Various means for attaching chemical moieties useful as vehicles are
currently available, see, e.g., Patent Cooperation Treaty (“PCT”)
International Publication No. WO 96/11953, entitled “N-Terminally
Chemically Modified Protein Compositions and Methods,” herein

25  incorporated by reference in its entirety. This PCT publication discloses,
among other things, the selective attachment of water soluble polymers to
the N-terminus of proteins.

A preferred polymer vehicle is polyethylene glycol (PEG). The PEG

group may be of any convenient molecular weight and may be linear or
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10 4. One or nore glycosylation sites are renoved. Residues that are
typically glycosylated (e.g., asparagine) may confer cytolytic response.
Such resyaduesi1418y be del eted or substituted wi th ungl ycopdraisedissesi dues
(e.g., alanine). 5. Sites involved in interaction with conplement, such as
the G q binding 15 site, are renoved. For exanple, one nmay delete or
substitute the EKK sequence of human | gGlL. Conpl enent recruitnment nay not
be advantageous for the nolecules of this invention and so nay be avoided
with such an Fc variant. 6. Sites are renoved that affect binding to Fc

receptors o a | dPEGUBIITRSr TR ites for
interacti onb%ﬂcﬁggé?%lgiaﬁgr i%ﬁg&&%@g@%}gﬁfgft at dzire nlgli re&???%og% or the
fusi on nol efroheabeit 2 kidoDaltes ¢RDT )rtoaibioiid A0ARD, sworegyreferabbnroed. 7. The
ADCC site is renoved sites are known i.n th%par . .see, for_ _exanple,

. ADCC ;
Mol ec. | nualeut pED(tg)rbogs30 &1, nuess proferably dipmgboyt Addto 8Bowt 1Qs i n | gGL.

These sites, a are _not..,requi.n A fusi I f the

pr esent invgpt islg\#@g#ég%u ‘y“”%é%e g%@&’oég%é&&ﬁetﬁ%ﬁhggﬁ{ﬁé@g C |h§ derived
froma non- yamioanih Regitioh e redhétiee alE?ld%ﬁ)h Moﬁ%ﬂﬁ&bé@@ve gupicahl y, to
humani ze a native Fc, one will substitute selected residues in the

non- human nthd PEGRooisty fe.g.ean didshydepaming thdd Adsesba@Tgiosm)/te3528 that are
normal Iy found in hunman nﬁt ive Fc. Techni ques for t.i body .humani zati on
are wel | knbRastive sraRp onit! ep?‘é?%}‘?&?nmo%‘ﬁlf%ﬁv @iaia?}ﬁ’cfge'taﬁ@n?o‘?’f ow ng. In
SEQ I D NG %telcgjé[g_g{)e 4) the leucine at position 15 may be substituted with
gl ut amat e; he utamate at position 99, with alanine; and the |ysines
at positions 101 paagkfullizateyy fdt thedHGatiohnf agdilidterpeptitesapnsistse - t yr osi ne
resi dues can be replaced by phenyal ani ne residues. An alternative vehicle

woul d bé0a pf cembiningdhygegh feraningepariiegatedinkapedy sobiiam ddeptidegnent, or
ST 0L b 0 R S BEIAEL e SRR G BhGughy ) 00, 2
as descri bede]dfivktSwaF@the Hiber. The peptides can be easily prepared with
conventional solid phase synthesis. The peptides are “preactivated” with
an appropriate functional group at a specific site. The precursors are
15 purified and fully chafacterized prior to reacting with the PEG moiety.
Ligation of the peptide with PEG usually takes place in aqueous phase and
can be easily monitored by reverse phase analytical HPLC. The PEGylated
peptides can be easily purified by preparative HPLC and characterized by
analytical HPLC, amino acid analysis and laser desorption mass |
20  spectrometry.
Polysaccharide polymers are another type of water soluble polymer
which may be used for protein modification. Dextrans are polysaccharide
polymers comprised of individual subunits of glucose predominantly
linked by o1-6 linkages. The dextran itself is available in many molecular
25  weight ranges, and is readily available in molecular weights from about 1
kD to about 70 kD. Dextran is a suitable water soluble polymer for use in
the present invention as a vehicle by itself or in combination with another
vehicle (e.g., Fc). See, for example, WO 96/11953 and WO 96/05309. The

use of dextran conjugated to therapeutic or diagnostic immunoglobulins
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5,739,277, issued April 14,1998 to Presta et al. Peptides could al so be

sel ected by phage display or RNA-peptide screening for binding to the FcRn
sal vage H\&sei19is Such sal vage receptor-bi ndi ng conpoundspar/es@l 362815
included within the nmeaning of "vehicle"” and are within the scope of this

i nvention. Such vehicles should be selected for increased half-life (e.qg.,
by avoi di ng sequences recogni zed by proteases) and decreased

i mmunogenicity (e.g., ‘-by favoring non-i mmunogeni c sequences, as discovered
in anti body humani zation). 20 As noted above, polyner vehicles may al so be
used for F1,and, 5, regﬁfﬂeau&e 'a le ‘%ﬁl%g)@bﬂga & lcallBh Rid. @5 _useful as
vehicles are “currently a(/al , Patent operation Treaty
("PCT") | nt3BnE6| whath Budrels C‘girl@iilpbﬁte By 96fetdiQ23n igndritirend Dedttreer ni nal |y
Chem cally Modified Protein ositions and Methods," herein 25

i ncor por at edbflﬁbouéﬂ&Qmébﬁ)W ZQISDeﬁpref@mryd wihensdexdranimisesas on di scl oses,

anong ot her th| t he sel ect attac nent of water soluble polyners to
the N-terni nffet ag’%fiﬁ‘foéffiﬁgce Wl%}@ﬁé?r?%ed‘ THE ™ vehicle is pol yet hyl ene

gl ycol (BEG) . The iRiGs. QuRidkEy” Beo c‘%‘t’ SRANVRHBPreBRA S AL LREMYGI ght  and
may be |inear or "_ZFI_V\D- 1/ 81415 "PCT/ US /13528 branched. The aver age

mol ecul ar westgidtun istrivg cElEGalyksinice pr sefreesgitignardy gea spaoen dmlinkerks | oDal t on
kD') t bout 100 kD, f 5 kDt t 50 kD,
ost. pr ef e AEYETRPBHRHEUD 6 RDTCAGBLEkID R IHEDRERE!S POORS v ||
1y b | at
generally 3 saﬁ?gggfe%rOu&ﬁb&&%ﬂ’i‘?&&%‘dcﬁe%ﬁnk@% xﬁa!i@\ﬁﬁ’ﬁf';gc%nm #Fyl ation or

reductive al a react’ive group on ety (e.g., an

al dehyde, ammmo 4Ad9linked b§Peprideuials, vhedeintRe ahriiie agidsize gletieel
inventive conpound (e.g., ah aldehyde, amino, or ester group). A useful

st r at egylof orfrometheEGnaturally mcusgmgra@mn@ apw}ﬁ B of shesesarsinolarids

nbi th h f t | ut tid d
2O PRG ot et yReB S BEIAEd e LR st GRS b m AR | 1 "
reactive to g?rhg& Hb%meiﬁh%@q%'z@eaauﬁarac% 8 Shleytdd #BAT glc}cmet h

conventi onal ase synt’hesi's. The peptides are "preactTvated" with
alanine, prolme, asparagine, glutamine, and lysine. Even more preferably,

a linker is made up of a majority of amino acids that are sterically
15 unhindered, such as glycine and alanine. Thus, preferred linkers are
polyglycines (particularly (Gly),, (Gly),), poly(Gly-Ala), and polyalanines.
Other specific examples of linkers are:
(Gly),Lys(Gly), (SEQ ID NO: 6);
(Gly),AsnGlySer(Gly), (SEQ ID NO: 7);
20 (Gly),Cys(Gly), (SEQ ID NO: 8); and
GlyProAsnGlyGly (SEQ ID NO: 9).
To explain the above nomenclature, for example, (Gly),Lys(Gly), means
Gly-Gly-Gly-Lys-Gly-Gly-Gly-Gly. Combinations of Gly and Ala are also
preferred. The linkers shown here are exemplary; linkers within the scope
25  of this invention may be much longer and may include other residues.
Non-peptide linkers are also possible. For example, alkyl linkers
such as -NH-(CH,) -C(O)-, wherein s = 2-20 could be used. These alkyl
linkers may further be substituted by any non-sterically hindering group
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an appropriate functional group at a specific site. The precursors are 15
purified and fully characterized prior to reacting with the PEG noiety.

Li gati onwefo1isigspepti de with PEG usual ly takes place in ggueess/Bgse and
can be easily nonitored by reverse phase anal ytical HPLC. The PEGyIl at ed
peptides can be easily purified by preparative HPLC and characterized by
anal ytical HPLC, am no acid analysis and | aser desorption nmass 20
spectronetry. Pol ysaccharide polymers are another type of water soluble
pol ynmer which nmay be used for protein nodification. Dextrans are

pol ysacchar isgdeh ap dweRslkyr @Rl CS€Y) ofver@i ) td bunCt, Brfcl NEese
predom nantly |inked byya% I f%%ages. %%Ze dex effacﬁ%l[]ggl fs)icslga%g?zf able in
many nol eculphengb eigiAghexemaplgey noanpertsde bakier ig advEIlxdker, i n nol ecul ar

wei ghts from.about 1 kD to about 70 kD. Dextran is a suitable water

sol ubl e pol5hér for use in the present invention as a vehicle by itself or
in conbination with another vehicle (e.g., Fc). See, forgexanple, WO

96/ 11953 and WD 96/ 05309. The use of dextran conjugated|fo therapeutic or

di agnostic i \Eogl obul i ns o 42 WO 01/81415 PCT/ US01/ 135 has been
reported; see,~{or€X | 24 .opeamyPat ent~Lubly i 0 . Og 315 456,
whi ch is hereby rmd by referefce in fsPnti¥ety. tran of

about 1 kD to about 20 kD is preferred when dextran is used as a vehicle
in accordance with the present invention. 5 Linkers. Any "linker"™ group is

optional. \Wen present, .its chemcal structure is not critical, since it
serves pri mayRErpingg is:s # therlijaken hase molecularaweigdn|of 108 de 5000 kP, ani no

acids linke i o) ST i ref erred enbodi nents,
the |inker 3’55%519"35&951902‘?{5@?%9 iﬁe} e%glsdeahrﬁﬁ%ggg&ﬁgg?ﬁﬁ? dtogfgnﬂepti de bonds,
wher ei n t he fivaivagirthedathSRlatekf s HescridedmBdie. 20 natural ly occurring
am no acids. Sone of these am no acids nay be glycosylated, as is well

under st ood by t h&grivativiehe Thetinvéntors atee eonfemaplate derivatizidgibat, the 1 to
ol ut i 18- HRRUS ErRdoF EeBibPtdh SR GompPodiig Bl derb et Y of
L1, oL 4GR08 B i s ikt Rl i it uge o ol e
compounds. The moieties may alternatively eliminate or attenuate any
undesirable side-effect of the compounds and the like. Exemplary
derivatives include compounds in which:
15 1. The compound or some portion thereof is cyclic. For example, the
peptide portion may be modified to contain two or more Cys residues
(e.g., in the linker), which could cyclize by disulfide bond formation.
2. The compound is cross-linked or is rendered capable of cross-linking
between molecules. For example, the peptide portion may be modified
20 to contain one Cys residue and thereby be able to form an
intermolecular disulfide bond with a like molecule. The compound
may also be cross-linked through its C-terminus, as in the molecule
shown below.
A



pol ygl ycines (particularly (AQy)4, (dy)5), poly(dy-Aa), and

pol yal anines. Oher specific exanples of linkers are: (Ay)3Lys(dy)4 (SEQ
| D NO. 6o o1s5kig) 3Asnd@ ySer (A y)Z (SEQ ID NO 7); 20 (Gpordewsasiy) 4 (SEQ
ID NO 8); and AyProAsndyG@y (SEQID NG 9). To explain the above

nonencl ature, for exanple, (GAy)3Lys(dy)4 neans
Ay-dy-dy-Lys-Ay-Ay-Ay-Ay. Conbinations of Ay and Ala are al so

preferred. The linkers shown here are exenplary; linkers within the scope
25 of this invention may be nmuch | onger and nmay include other residues.
Non- peptide linkers are al so possible. For exanpDe, al kyl linkers such as

-NH(CH,), C(O-, wherein s—¥ ﬁgﬁosqz u}[}d be use These al kyl |inkers may
further be substituted by aﬁy'( bSter ifhdeNHag group -43 WO
01/81415 PCT/USQOL/ 1328 such,as J ower & kyl (ei\&h, Cl-C6) | ower acyl,

hal ogen (e.g., O, Br), ON, FNKX )pfbOmN . exenpl ary non- pepti de
linker is a PEGlinker, VI O NOOn H%rein n is such that the

| i nker has a nol ecul ar weight of 100 to 5000kD, preferably 100 to 500 kD.

The peptide J i ORI MBYe BEPREYELE BinltagELbondlsh keepldteliity $ane nanner
as descri bed above. Derigg}?i v%g_ ‘Grt?\%qi{jr]\vent%r swal so)conpcllarrpl g?,e

derivati zi ng t heng@eptehtlilidkagadhamplehy nbe-peptidybhinkhgeharecEihounds. Such
and he | 1Ko ofRBRtE bIGaREO) el it oy Rt S RIS G nat ¢ or
Beenpl ary der | SRVPRRCV et hot Ch eSS R AR, ol o
some portion tpepede [{FONR whekein Roislowe,alkyld. peptide portion may be
rodified to 4(?0%3'1\%]-’(}3&?{3 isr,nc)lrel?iva 'gedr. Ql“sylpciiga?l;, the N-terminus may be

acylated or modified to a substituted amine. Exemplary N-terminal

derivative groups include -NRR' (other than -NH,), -NRC(O)R’,

10 -NRC(O)OR', -NRS(O),R’, -NHC(O)NHR’, succinimide, or
benzyloxycarbonyl-NH- (CBZ-NH-), wherein R and R’ are each
independently hydrogen or lower alkyl and wherein the phenyl ring
may be substituted with 1 to 3 substituents selected from the group
consisting of C,-C, alkyl, C,-C, alkoxy, chloro, and bromo.

15 5. The free C-terminus is derivatized. Typically, the C-terminus is
esterified or amidated. Exemplary C-terminal derivative groups
include, for example, -C(O)R* wherein R is lower alkoxy or -NR’R’
wherein R® and R* are independently hydrogen or C,-C; alkyl
(preferably C,-C, alkyl).

20 6. A disulfide bond is replaced with another, preferably more stable,
cross-linking moiety (e.g., an alkylene). See, e.g., Bhatnagar et al.

(1996), . Med. Chem. 39: 3814-9; Alberts et al. (1993) Thirteenth Am.
Pep. Symp., 357-9.

7. One or more individual amino acid residues is modified. Various

25 derivatizing agents are known to react specifically with selected

sidechains or terminal residues, as described in detail below.
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(e.g., in the linker), which could cyclize by disulfide bond formation. 2.
The conmpound is cross-linked or is rendered capable of cross-Iinking

bet ween woleguli€s. For exanple, the peptide portion my bemoshifiged 20 to
contain one Cys residue and thereby be able to forman internol ecul ar

di sul fide bond with a |like nolecule. The conpound may al so be cross-I|inked
through its CGtermnus, as in the nolecule shown below V -44 WO 01/8141-
PCT/ USOL/ 13528 0 F1-(X1)b-CON NH 2 F1-(X1)b-CONNH O 3. One or nore
peptidyl [-C(ONR-] linkages (bonds) is replaced by a non-peptidyl

| inkage. Exenpl apyspgnr@gdhédyhd btrﬂiﬁ@gmlhl?res%s ®ayperebeed with
[-CHZOC(O NR-], phosphonate, -CHZ sul fonam de |- 5 S(O)ZNR] urea

\[Nh NHC( O) NH- $ucc4mez>rmhenmb9xylm¢ add anhvy daidey) which royepse the tgeoyﬂ\uhs
rein R6 I 4, T N-t [y,
the’ N ter n Bdpeises s hed site Reasrib sy Lo ARt e

Ex | N NH2) ,
RGO R o R e MR G A B R R plinBfudsher, )

benzyl oxycap?\mu)b( I\*ahoiﬂﬁie NyridoxsdiertdoroberaingdiRedriniteabénzenesigifemdent | y
ower a

hydr ogen or and wherein the phenyl ring ., may be, sulstituted
with1to 3a§1%§1-mqﬁhﬁkl%o@e@e?e4 penfansiQIfe a@iidt?&sa%ﬁﬁes?&}tﬁb’zs resction
al kyl, Ci- C4 B;(‘éﬁy c[hl oro, and brono. 15 5. The free Ctermnus is
derlvatlzed %% the Cterminus is esterified or am dated.

Exenpl ary C-ter A@mﬁ%sm@tes y@a OuRsifibd byt getidrOtvig¥@ipbae or C( O RZ
wherein Wis | ower "al’koxy or - R4 wherein R3 and R4 ar’e i ndependently
hydr ogen or cGmb@satidrkgf sev(epale:foawabtlpnﬂzre@gemﬂskmydc)udmg phenylglyoxal, 2,3-

10 butanedione, 1,2-cyclohexanedione, and ninhydrin. Derivatization of arginyl
residues requires that the reaction be performed in alkaline conditions because
of the high pKa of the guanidine functional group. Furthermore, these reagents
may react with the groups of lysine as well as the arginine epsilon-amino
group.

15 Specific modification of tyrosyl residues has been studied extensively,
with particular interest in introducing spectral labels into tyrosyl residues by
reaction with aromatic diazonium compounds or tetranitromethane. Most
commonly, N-acetylimidizole and tetranitromethane are used to form O-acetyl
tyrosyl species and 3-nitro derivatives, respectively.

20 Carboxyl sidechain groups (aspartyl or glutamyl) may be selectively
modified by reaction with carbodiimides (R-N=C=N-R’) such as 1-cyclohexyl-
3-(2-morpholinyl-(4-ethyl) carbodiimide or 1-ethyl-3-(4-azonia-4,4-
dimethylpentyl) carbodiimide. Furthermore, aspartyl and glutamyl residues
may be converted to asparaginyl and glutaminyl residues by reaction with

25 ammonium ions.

Glutaminyl and asparaginyl residues may be deamidated to the
corresponding glutamyl and aspartyl residues. Alternatively, these residues
are deamidated under mildly acidic conditions. Either form of these residues

falls within the scope of this invention.
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20 6. A disulfide bond is replaced with another, preferably nore stable,
cross-linking noiety (e.g., an alkylene). See, e.g., Bhatnagar et al.
(1996), WwodBAs1sChem 39: 3814-9; Al berts et al. (1993) Tgimi@ansizsAm
Pep. Sunp., 357-9. 7. One or nore individual amno acid residues is

nodi fied. Various 25 derivatizing agents are known to react specifically
with selected sidechains or termnal residues, as described in detail

bel ow. -45 WD 01/81415 PCT/ US01/ 13528 Lysinyl residues and am no term nal
resi dues nay be reacted with succinic or other carboxylic acid anhydrides,

whi ch reverse t h@ﬁa&gﬁr&id&é@%anlbé%%?w@a%?ﬂﬁﬁ-@ ad¥ hesideu baBlRrr eagent s
for derivatizing dl pha-am no- containing resSidues include imdoesters such

as nmet hyl pimaoieting sithet &) eltminate disuiidehasfingtos; cayvarsedyato stabilize cross-

chl or obor ohydri de;_ trinityobenzenesul ci ggl gl,! O net jsourea; 2,4
pent anedi ondMKiRg Seeaf8a E%?&aééﬁéf@%@fr -SRIy hg%“ygxyl ate. Arginyl
resi dues nay be 5 : 4 -\ 915@3' I;

several conventi g%%ﬂ%rtg%é@#t‘&ﬂﬁ%@gg%%ﬁ éﬁ%sy gﬁgggafPP ) QE%FR‘Q e

but anedi ene peptidtes ve théie fanatbnab eeriamdves tohywater-inseliblesusdrt onateix @r gi ny|
residues requires that the reactjion be performed in al kaline conditions
because of tolgshen maciamaclerulanseliclasi §iomampntc tsesharosglisdgng rgemter nor e,

th t . With th £ lysi L] th i ni
epsi | on- am ABgPet g Taeoeietel B RtR G R R Ry edRaucs nas been
studied ext Qﬁﬁir&é%‘t?hccirﬁhﬁﬂe Bétetd, 63t Slaniple fisess with Mﬂi@@é&lic?ﬁc aerRgtral

| abels into tyro residues by reactiion with aromatic di azoni um conpounds
or tetranit romobifimectiovtsd imidaestars) inclulireg disyiccimintidyll estemduch as 3,3"-

dor  vat i19as BB EHCARN I HgeBPRBIE e Henara ealpg g gp DoT-
er i va 1968 HAGRIBSTICASHER 9P 26

(R - by R REL T o RURFRA4RE SRl e ey 0T Y “car boai 1 m e
or 1-ethyl - %z(&o;ﬁi@i}:}l)aﬁ&ﬁé rdpiviinidate §iuld Iphoteddiivaitabile deter fnedidies taitare

aspartyl and gluta residues nmay bé converted to asparaginyl and
gl ut am nyl rceprblecf foymingenosglinksiintihe presence of light. Alternatively, reactive

water-insoluble matrices such as cyanogen bromide-activated carbohydrates

15 and the reactive substrates described in U.S. Pat. Nos. 3,969,287; 3,691,016;
4,195,128; 4,247,642; 4,229,537; and 4,330,440 are employed for protein
immobilization.

Carbohydrate (oligosaccharide) groups may conveniently be
attached to sites that are known to be glycosylation sites in proteins.

20  Generally, O-linked oligosaccharides are attached to serine (Ser) or
threonine (Thr) residues while N-linked oligosaccharides are attached to
asparagine (Asn) residues when they are part of the sequence Asn-X-
Ser/Thr, where X can be any amino acid except proline. X is preferably
one of the 19 naturally occurring amino acids other than proline. The

25  structures of N-linked and O-linked oligosaccharides and the sugar
residues found in each type are different. One type of sugar that is
commonly found on both is N-acetylneuraminic acid (referred to as sialic
acid). Sialic acid is usually the terminal residue of both N-linked and O-
linked oligosaccharides and, by virtue of its negative charge, may confer
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25 ammoni um i ons. Guutam nyl and asparagi nyl residues may be deam dated to
the corresponding glutanyl and aspartyl residues. Alternatively, these
resi dueswdigiggan dated under mldly acidic conditions. fttfesizeism of
these residues falls within the scope of this invention. -46 WO 01/81415
PCT/ US01/ 13528 Cysteinyl residues can be replaced by am no acid residues
or other noieties either to elimnate disulfide bonding or, conversely, to
stabilize cross- linking. See, e.g., Bhatnagar et al. (1996), J. Med. Chem
39: 3814-9. Derivatization with bifunctional agents is useful for

cross- i nki w:idibgr SRRkt ehe grycbaﬁia&ed&% opRal %isﬁ@fs') bo a
wat er -i nsol ubl e support matri X “or “to other macronol ecul ar vehi cl es.
Commonl y usddcanposstediinkhadinkgenf the ¢compadrds of this invention and are

e.g.,1.,1-bis(diazpacetyl)-2-phenyl et hane, gl utaral dehyde, N

hydr oxysuccip:rﬁ%rg@yeglye ng,laﬁeéﬁbyeaaﬁlgri@,rlr\gsqeé?@ R DFOGYCHeR af e/ i ¢ aci d,
honobi funct i W' icngl udi i Cl . 111 r ch as 3,3
10 di t hi obi ﬁgﬁﬁﬁéﬁgﬁgﬁgféﬁg’y%@%&ﬁ%igggpe(l%s%@f?n €s such as
bi s- N- sl ei@DEp-Hobrevet aneh siles nvay fuither Boglycssylrid Bssyrahbit o8- [ (p-

azi dophenyl ) di t hi ol propi oi m date yi'el d photoactivatable internedi ates that
are capabl sesfi-synthetimpracedurésiazown infilee prtesence of light. Alternatively,

reactive water-iRsoluble matrices such anpgen, br om de- acti vat ed

car bohydrates 15 @ﬁ&ftﬂ?éS‘Pgegmqoﬁﬁcmngf“@%ﬁgW R HH.O%%‘%&? Nos.
3,969, 287, 3y&Rd, PHSsphotyihtemiathy drox§ s S seA ardhr cﬁgﬁi uidals, 440 are
enpl oyed forypr%"’t el np I n‘XDbi I zatsll on. rb hsydrat?ygL (ol i%o a(]::cﬁari de) groups
may conveni endidatidoeof #ia sadhedchtom & Cgs, mbtitylaien &htheralphafaenigbycosyl ati on

sites in proteins. . 20 Generally, Q| inked qligosaccharjdes_are attached to
serine (lger)grSPPSPﬁbé%%ﬁégm@)andeEsSHa&e $HAe (cBags) S FRgRtas), Pseteinst har i des

Sequence. AsEr AAd MBI e P O S el e, x i s
preferably pmn&9de6 (1be3)l9 naturally occurring amino acids other than
proline. The 25 structures of N linked and O linked oligosaccharides and
the sugar resi dfeempoundsiof thepresenpenveandion g berchange at thedDBIA sugar
that is level, as well. The DNA sequence of any portion of the compound may be
15 changed to codons more compatible with the chosen host cell. For E. coli,
which is the preferred host’ cell, optimized codons are known in the art.
Codons may be substituted to eliminate restriction sites or to include silent
restriction sites, which may aid in processing of the DNA in the selected
host cell. The vehicle, linker and peptide DNA sequences may be modified
20 to include any of the foregoing sequence changes.
Methods of Making
The compounds of this invention largely may be made in
transformed host cells using recombinant DNA techniques. To do so, a
recombinant DNA molecule coding for the peptide is prepared. Methods
25  of preparing such DNA molecules are well known in the art. For instance,
sequences coding for the peptides could be excised from DNA using
suitable restriction enzymes. Alternatively, the DNA molecule could be

synthesized using chemical synthesis techniques, such as the
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commonly found on both is N-acetylneuramnic acid (referred to as sialic
acid). Sialic acid is usually the term nal residue of both NIinked and O-
| i nked oli@@gagsahari des and, by virtue of its negative chargesomnmsysconfer
-47 WO 01/ 81415 PCT/ USOL/ 13528 acidic properties to the glycosyl ated
conpound. Such site(s) may be incorporated in the |inker of the conpounds
of this invention and are preferably glycosylated by a cell during
reconbi nant production of the polypeptide conpounds (e.g., in mamalian
cells such as CHO BHK, 5 COS). However, such sites may further be

gl ycosyl at ecbbl{ag BRI 1At ntho8 ERIsoS ¥ REABihAIdH OERREE REhiges édulhe art .
O her possi bl e ﬁDdl fications include hydroxylation of proline and |ysine,
phosphor yl atheomsedf hydr oxyl groups of seryl or threonyl residues,

o o0 1. e LR T e SRR "% 0ot e
S -yl A . ' ,
VL IRl BANSEH Rt oot el e Rt Sy o

pp. 79-86 (19 e present 1 nve ma anged at the
DNA | evel, that ¥&dds fofliilge Piptidemimrativelly latkedrordppropnhtd depressipnund may be
15 changed to codons nore conpatible with the chosen _host cell. For E

col i, which dontralseguencess dMetheds ofeffectingghiswperativedisddngratheiown i n t he

. Cod b i d | i i i L '
"o ude.si | diftoie aceTiPe CNe Poletufl s TR G S8R AL OF 1 he o
in the sel eq&ﬁﬁth&gré‘s%idn colitol vehh&l@s indlnle bramdiaepddtiaté¥A sequences

may be nodified 20 to include any Of the foregoi ng sequence changes.

Met hods of MutiamgerEhepemtms,ridesarhalt hindingsitast stant dignaje) stopeignmds,made i n
transforned host cells using . reconpi nant t echnigques.. Tq do, sp, a

r econbi néht PRE&IERAEPPIFaderlaHoR 8 aﬁ%ﬁeﬂg& FRpAvE .W%ttﬁﬁds 25 of

prepari ng sqg@l% [Ep"ﬁ . known in the art. For instance,
sequences codl ng (gr gﬁéﬁg??’égrsa\ﬂgié‘h’log" be excised from DNA using suitable
restriction enzynEse réduliefigrabitsehivinigtihe DidAbRzul etheoedn ihasedsiont hesi zed

usi ng chem cal synthesis techniques, such as the
transform an appropriate host. This transformation may be performed

using methods well known in the art.

15 Any of a large number of available and well-known host cells may
be used in the practice of this invention. The selection of a particular host
is dependent upon a number of factors recognized by the art. These

_include, for example, compatibility with the chosen expression vector,
toxicity of the peptides encoded by the DNA molecule, rate of

20 transformation, ease of recovery of the peptides, expression characteristics,
bio-safety and costs. A balance of these factors must be struck with the
understanding that not all hosts may be equally effective for the
expression of a particular DNA sequence. Within these general guidelines,
useful microbial hosts include bacteria (such as E. coli sp.), yeast (such as

25  Saccharomyeces sp.) and other fungi, insects, plants, mammalian (including

human) cells in culture, or other hosts known in the art.
Next, the transformed host is cultured and purified. Host cells may
be cultured under conventional fermentation conditions so that the

desired compounds are expressed. Such fermentation conditions are well
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-48 WO 01/ 81415 PCT/ USOL/ 13528 phosphoram date nethod. Al so, a conbi nation
of these techniques could be used. The invention also includes a vector
capabl e wio @sps18SSi ng the peptides in an appropriate hosgcT/iha/13e8t or
conprises the DNA nolecule 5 that codes for the peptides operatively

| i nked to appropriate expression control sequences. Methods of effecting
this operative linking, either before or after the DNA nolecule is
inserted into the vector, are well known. Expression control sequences

i nclude pronoters, activators, enhancers, operators, ribosomal binding
sites, starknshai®l the &t.0PirRill§NEHSpeptiictane prfididirorntuiadeyl at i on
signals, and other signals involved with the control of transcription or
t ransl at i onmetheds aall kivergniisdhearthavi ng t he DNA nol ecul e thereon is used

Ol A A AR SR A A
and wel | - knaygy @étsoﬁa'ﬁlﬁsg%ynﬁ%isq%a%ggsée %ﬁﬁ@ﬁ&éeﬁ%ﬁhﬂ%ﬁ' s invention.

The selection of a particular host 1Is upon a nunber of factors
recogni zed lachinbigues dre Wik keowirniel thdert, fand iexhriel thpse degraibedithi ty with the
chosen expression_vector, toxicjty of the peptides encoded by the DNA
mol ecul e, r Meridield (193 ChemaRelvgiep mﬁ%@d@@wmw epti des,

expressi on .er st e 1018 -; S ) . hese
Factors must A0erens papbaBrroe LR ek Rl e BE 0e 5 SPARSIEL AT b
equal |y ef f ¢pg5yBibeherihint] OPBRES1 LSOk at ddl YoaHE A9ONSotieenee. W thin
these general guidelines, useful mcrobial hosts rnclude bacteria (such as

E. coli sp. PeptideSiynthesiss (4S. Pat. S Siodd SioprEiangt al. (AAd0)oTheProteing |,

hosts. kitbon 4 LI -2RE e ndiSondeal TR, e Protethslihd 45y '
ified. I : : ‘] 4 tati

Condi tons o5 Dagt SPha Phee e e e B B R et at i on

condi tions andividthal pefiddd sixidedit KliheROdd 01 LHEERSE method of making

small peptides.

Compounds that contain derivatized peptides or which contain
15 non-peptide groups may be synthesized by well-known organié chemistry
techniques.
Uses of the Compounds
The compounds of this invention have pharmacologic activity
resulting from their interaction with PTH-1 receptor or PTH-2 receptor.
20 Mannstadt et al. (1999), Am. ]. Physiol. 277. 5Pt 2. F665-75. PTH and

agonists thereof increase bone resorption, increase renal calcium
reabsorption, decrease epidermal proliferation, and decrease hair growth.
Holick et al. (1994) Proc. Natl. Sci. USA 91 (17): 8014-6; Schilli et al. (1997),
I. Invest. Dermatol. 108(6): 928-32. Thus, antagonists of PTH-1 receptor

25  and/or PTH-2 receptor are useful in treating;:
¢ primary and secondary hyperparathyroidism;
¢ hypercalcemia, including hypercalcemia resulting from solid
tumors (breast, lung and kidney) and hematologic malignacies
(multiple myeloma, lymphoma and leukemia); idiopathic
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known in the art. Finally, the peptides are purified fromculture by

nmet hods well known in the art. The conpounds nay al so be nade by synthetic
met hods. wepei/s1esanpl e, solid phase synthesis techni ques nmyr/bsoiusss.
Suitable 5 techniques are well known in the art, and include those
described in Merrifield (1973), Chem Polypeptides, pp. 335-61

(Kat soyannis and Panayotis eds.); Mrrifield (1963), T. Am Chem Soc. 85:
2149; Davis et al. (1985), Biochem Intl. 10: 394-414; Stewart and Young
(1969), Solid Phase Peptide Synthesis; U S. Pat. No. 3,941, 763; Finn et
al . (1976), The Rrypeecalserhth, aithyp@rial&mibklssdddiedawithEr i ckson et al .
(1976), The Proteins (3rd ed.) 2; 257-527. Solid phase synthesis is the
preferred techni (h)’é’eéf Wﬁl@lﬁ@aﬂmlmoﬁé@é@%&si nce it is the nost
cost-effective nethod of Ki n | I, peptides. ounds that.contain
derivatized pept THEOJRelTaoRe EraTATLY PGS eH i PG ARy 45

synt hesi zed by wel] 1&004B &%Emﬁrw%é}l&%} techni ques. Uses of the
Conmpounds The conpounds o¥ this fnvention have pharmacol ogic activity
resul ting fromt lathexiatedaeioreddaypirtic lag £66he¢d WitHPddhcéry eceptor. 20
Mannst adt et al. (1999), Am T. Physiol. 277. 5Pt 2. F665-75. PTH and
agoni sts t her esf dstenpendetlizdierelatedripor eggravatedhyeberraat FIAL ci um
reabsorption, decrease e idﬁ‘rgma,l roliferati on, anfl decrease hair g_rovvt h.
Hol i ck et al. (198%SPBF §ignafigs) ncding yanoys lorpas of gefeapTrosi sich aSet a |
(1997), T. Invest. e : 928-32. Thus, antagonists of PTH 1
receptor 25 and/ or 'ﬁ?lgp}%gé:tgcﬁ%%&%%e useful in treating: primary and
secondary hyper par apbyt-Riefibpaiisal AvHeigealelRad dstebpeksrs;ng.. hyper cal ceni a
resulting fromsolid tunors (breast, lung and kidney) and hematol ogic

mal i gnacites” (mul i gphéoemree osteopdrpsishbyperthyrdidishe hyperpasithyasidisin 50 WO
01/ 81415 PCT/ US01/ 1%5%&, h%/percal cem a, and h)ipercal cem a associated with
hypert hyr oi di sm and g% IMreBIe, and gerranegaly);

— hereditary and congenital forms of osteoporosis (e.g.,

osteogenesis imperfecta, homocystinuria, Menkes’ syndrome,
and Riley-Day syndrome);

15 — osteoporosis due to immobilization of extremities;

— osteoporosis secondary to other disorders, such as
hemochromatosis, hyperprolaétinerrﬁa, anorexia nervosa,
thyfotoxicosis, diabetes mellitus, celiac disease, inflammatory
bowel disease, primary biliary cirrhosis, theumatoid arthritis,

20 ankylosing spondylitis, multiple myeloma, lymphoproliferative
diseases,.and systemic mastocytosis;

— osteoporosis secondary to surgery (e.g., gastrectomy) or to drug
therapy, such as chemotherapy, anticonvulsant therapy,
immunosuppressive therapy, and anticoagulant therapy;

25 — osteoporosis secondary to glucocorticosteroid treatment for such
diseases as rheumatoid arthritis (RA), systemic lupus
erythematosus (SLE), asthma, temporal arteritis, vasculitis,
chronic obstructive pulmonary disease, polymyalgia

rheumatica, polymyositis, chronic interstitial lung disease;
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tunor netastases, particularly netastases to bone, and particularly
related to breast and prostate cancer; 5 cachexia and anorexia,

parti cul @i ¢i/sapsassoci ated with cancer; ost eopeni a t hatpdBus®haied to or
aggravat ed by aberrant PTH receptor signaling, including various forns of

osteoporosis, such as: - primary osteoporosis; - post-nenopausal and
age-rel ated osteoporosis; 10 - endocrine osteoporosis (hyperthyroidism
hyper par at hyroi di sm Cushing's syndrone, and acronegaly); - hereditary and
congenital forns of osteoporosis (e.g., osteogenesis inperfecta,
homocystinuria, Menkegondyos Sifndafnth FdBioibRysRysl fiflor 15 -

ost eoporosis due to | mYBDI 11 zat i on eXtremties; - osteoporosis

secondary to other dnsoiteneduldioty freatnhertioprevattasican rajppidompr ol acti nem a,
anorexi a nervosa, thyrotoxicosis, diabetes nellitus, celjac disease,
inflammatory bowel fellewirgorgan tensplant sughyasdidnapdiver, umguhearsi d
arthritis, 20 ankylgsin ondylitis, multiple nyel ong,

| ynphoproliferative 8%5@@ and system c mastocytosis; - osteoporosis

secondary to surgsrbsée%@msiga%rt@%ﬁ@ﬂwsi&{ td ﬁue&rdggav&ﬁ%ams such as
chenot her apy, anticonvul'sant therapy, imunosuppressi‘ve therapy, and

anti coagul ant t her appse2ed-dudng spacedsaeelsecondary to gl ucocorticosteroid
treatnent for such diseases as rheupatoid arthritis (RA), system c |upus
eryt hemat osus ( SIE) ostespenesis pesesiated with maligngnt dissasa, puckyas braasbni ¢
obstructive pul nonar X_?di seasg . pal gr{yal gia rheumatica, polynyositis,
chronic interstitiaC eigPIPLAELENCE 1 Wo 01/ 81415 PCT/ USO1/ 13528 -

osteone ool o secupAy diabusen haaR e lasmuap )
ki dney, ibi ver, | ungeot§alitis, dr anisié@iois lesion in bone, leading to bone loss;
¢ osteopenia following surgery, induced by steroid administration,
and associated with disorders of the small and large intestine and
with chronic hepatic and renal diseases.
¢ Osteonecrosis, or bone cell death, associated with traumatic injury
15 or nontraumatic necrosis associated with Gaucher’s disease, sickle
cell anemia, systemic lupus erythematosus, rheumatoid arthritis,
periodontal disease, osteolytic metastasis, and other conditions;
¢ alopecia (deficient hair growth or partial or complete hair loss),
including androgenic alopecia (male pattern baldness), toxic
20 alopecia, alopecia senilis, alopecia areata, alopecia pelada, and
trichotillomania;
and the like.
There are other conditions wherein a patient would benefit from the
activity of PTH or PTHrP. For those indications, PTH receptor agonists are
25  useful as a therapeutic treatment. In particular, such indications include
fracture repair (including healing of non-union fractures), osteopenia,
including various forms of osteoporosis, such as:
— primary osteoporosis; |

— post-menopausal and age-related osteoporosis;

-52.



5 - osteoporosis due to subm ssion to mcrogravity, such as observed
during space travel; - osteoporosis associated with malignant disease, such

as breas r, prostate cancer; Paget's disease of gitis
def or mans Oglzﬂgﬁul ts and juveniles; 10 osteonyelitis, 21?@12}{&@21%36%“ ous

| esion in bone, |eading to bone |oss; ost eopeni a foll ow ng surgery,

i nduced by steroid adm nistration, and associated with disorders of the
small and large intestine and wth chronic hepatic and renal diseases.
Ost eonecrosi s, or bone cell death, associated with traumatic injury 15 or

nontraumati ¢ necrosi s,associ ated w th, Gaucgher'.s. di sease, sickle cell
aneria, systenic 1 upiSOSHA ﬁ‘ﬁ??f?ﬁ’é?hm‘éﬁﬁﬁf%mfr%éﬂwﬁSWI&@?’?‘Sdont al

di sease, osteol yti coARhLaIASIAy);and other conditions; alopecia (deficient
hair growh or partial or rle%%py te hair loss), including androgenic

al opeci a (nal e patt heredialryasd spngemitildoRds af opoiparods (ngsi a senilis,

al opeci a areata, alopecia pelada, and_ trichotillomania; and the |ike.
There are other con@ftepgeresithiarrarfeck, fmmeeiistipyiiod Menes( syridrome he

activity of PTH or PTEHeR. FaQr those indications, PTH receptor agonists are
25 useful as a ther%%%gﬁeg 1??5@%@%?{%‘53{ n particular, such indications
include fracture Jeggt%eéf'dgi:sl&@é{&gm%@%h%% S sf ract ures),

osteopenia, including Various forns of osteoporosis, such as: - primary

ost eoporosi s; - posbsieepopaissRconddyagether diseddos) sagososi s;  -52 WO
01/ 81415 PCT/ US01/ 13528 _ - endocrjne osteoporosis (hyperthyroidism
Cushi ng' s syndrone, he@mhm@ﬁ%@ahyyerpmm adranorAyglagusiryesd.t al forns of

Cynarone. 5 and°r PSS AT REOGE: dopBP eRre St B b EraeR T 2at i on
of extregities; bowel disease, primary biliary cirrhosis, rheumatoid arthritis,

ankylosing spondylitis, multiple myeloma, lymphoproliferative

diseases, and systemic mastocytosis;

— osteoporosis secondary to surgery (e.g., gastrectomy) or to drug
therapy, such as chemotherapy, anticonvulsant therapy,

15 immunosuppressive therapy, and anticoagulant therapy;

—~  osteoporosis secondary to glucocorticosteroid treatment for
diseases such as RA, SLE, asthma, temporal arteritis, vasculitis,
chronic obstructive pulmonary disease, polymyalgia
rheumatica, polymyositis, chronic interstitial lung disease;

20 — osteoporosis secondary to glucocorticosteroid and /or
immunomodulatory treatment to prevent organ rejection
following organ transplant such as kidney, liver, lung, heart
transplants;

- osteoporosis due to submission to microgravity, such as

25 observed during space travel;

- osteoporosis associated with malignant disease, such as breast
cancer, prostate cancer;

PTH agonists with extended half-life (e. g., those linked to Fc domains)

may be used with an inhibitor of bone resorption. Inhibitors of bone
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- osteoporosis secondary to other disorders, such as henochronmatosis,
hyper prol acti nem a, anorexia nervosa, thyrotoxicosis, diabetes nellitus,
celiac dwgeagaqs nflammatory 10 bowel disease, primary bpdi/esom/1851sr hosi s,
rheumatoid arthritis, ankylosing spondylitis, nultiple nyel ona,

| ynphoproliferative diseases, and system c mastocytosis; - osteoporosis
secondary to surgery (e.g., gastrectony) or to drug therapy, such as
chenot her apy, anticonvul sant therapy, 15 i mmunosuppressive therapy, and
anti coagul ant therapy; - osteoporosis secondary to glucocorticosteroid

treat ment fQesoditREAIRIUGIOP(Pon ROPCGHErivaSTEIOPE2NRUINKIY Hheibbliys

vasculitis, chronic obstructive pul nonary di sease, polynyal gia
rheumat i ca, qatdifonjonge.gi, Miachicon®,Calninear®), bisphotpingnates@aseAPRY) -
ost eopor osi s _secondar gl ucococit i costerqi.d and/ ' dul atory

y.t ) r . inmmun
treatnent tcIgR e FisgARORalS GRdIoRALS BPPBWW&“%@HHF?‘M& q@ﬂm%ph as
cidney. |1V Sleriditddse M dronbl aQéf&hg%kI\%S?jers]ga SR ®) SUoT 5oL 01

. i .
to mcrogravity, such as opserv | pac ‘ost eoporosi s

associ at gd VEdtihderhi®) Preinsh @516ra®,l@lﬁtnéﬁa@}‘éi&‘élle@pﬂﬁt@ﬁhb@@%éﬁ@),e cancer;
PTH agoni sts with extended half-life (e. & those linked to Fc domai ns)
may be used selediivaresinegenirecspior modudators et TadoxifanehdmlosHenaf bone -53

WO 01/ 81415 ,PCT/ USOL/,1352 resor.pti.pn 4 ncl ude G and QPG der.j vatives,
PG L ( RANKLFSRETEBely HBORRe. FRO i R FRSRie e BPEF FrePfPi o T RTS ) )
bi sphospNONajrgHcheribied irf RIS/ &8I ARANFOT/OSHIORAiEh afd heteppal e,

pam dronate, tiludronate, dodronate, neridronate, ibandronate,

zol edr onat e)inceryioragehisy teference Bn éngir enirety. 5 Estradern(r), Prenpro(r),

Alora(r), Cimra(D, Vivell ﬁ(r% Estratab(r) en(r)),. selective estrogen
r ecept orlOmodul at oF € gemgounds o ihis dxentignyriay TOPFIAEATKi f ene) ,

om0 BRI P 8305 Ad AL LSR it edeocr bed

addition of an antiresorptive agent to PTH-Fc treatment will increase both
their efficacy and therapeutic window. Both PTH and PTH-Fc cause an
increase in both bone formation and bone resorption. The ability of

15  antiresorptives to block the osteoclast response could limit the
hypercalcemic effects of PTH-Fc and could also increase bone mas

Pharmaceutical Compositions
In General. The present invention also provides methods of using

pharmaceutical compositions of the inventive compounds. Such

20 pharmaceutical compositions may be for administration for injéction, or for
oral, pulmonary, nasal, transdermal or other forms of administration. In
general, the invention encompasses pharmaceutical compositions comprising
effective amounts of a compound of the invention together with
pharmaceutically acceptable diluents, preservatives, solubilizers, emulsifiers,

25  adjuvants and/or carriers. Such compositions include diluents of various
buffer content (e.g., Tris-HCI, acetate, phosphate), pH and ionic strength;
additives such as detergents and solubilizing agents (e.g., Tween 80,
Polysorbate 80), anti-oxidants (e.g., ascofbic acid, sodium metabisulfite),

preservatives (e.g., Thimersol, benzyl alcohol) and bulking substances (e.g.,
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I ncorporated by reference in their entirety. 10 The conpounds of this

I nvention may be appropriate as a nonotherapy for the treatnent of

Ost eoporweidg1A8d it is possible that the addition of arr@mtsoiasosptive
agent to PTH Fc treatnment will increase both their efficacy and

t herapeuti c wi ndow. Both PTH and PTH Fc cause an increase in both bone
formati on and bone resorption. The ability of 15 antiresorptives to bl ock
the osteocl ast response could lint the hypercalcenc effects of PTH Fc
and could al so increase bone mas Pharnaceutical Conpositions In General.

The present [adyRNhhAhifIs hdviputalash obiheadstedial UsionshrtipiRitEBeptraEshs of
conposi tions of the inventive conpounds. Such 20 pharmaceut1 cal

conposi ti onpomelbe compoziadis sush papobylactie agidj pelyigbycolisraddretc.grdnto

pul nonary, asal sdermal or, ot her forns ni strati

Conerar. t nePoRviage: Yool aSt s8R Alsp ek car TBHADRL FAYB ABe EHREHAfsi ng
effective a 1}{&, 7 nst,&98e%

phar maceut i ?QP n?sg%;ca‘%ﬁfﬁg ﬁée&frll% sﬁ?epérlfees{g%%ﬁl \S/'es ﬁﬁg%ﬁcfr?er?g

enul sifier s;nﬂﬁeraséj tha!@ﬁmyswahsihm stabn]nnyeraste oBiine mmrq:leaﬁet and saferaflinddvo

di | uent s of var| ous buffer cont ent Tris-HCl, acetate, phosphate),

pH and i oni €lesrangeqafit epawnfpv@@nﬁﬁ;}d aéflaetlwge?ﬂese@qé@wmm ng

gglegt °s f)gl ¥ Phalgtﬁgg&léﬁ%; sgl'é’gké@ ‘f&g‘?ﬁe@ @9%@, el\%g%k P%h&'% Egstogéﬁf&or bi ¢
al cohol ) - andgbag) apas SUEB1 PITCRSidiEare- hereﬁﬁn\?&‘[%i/a&ﬂd'lﬁﬁ rae‘féﬂé@%/t&&@%

| act ose, mannitol); incorporation of the material into particul ate

prepar at i on@nbfetyp&ﬂlprtemppsammmadnespmpaa@i pohmmbfqrm,mmay peliy diriecol i ¢

e haved: ndostdecsudy RI5PBRize ortis dailan s Sratamerrelires LorhuRaarsy

Such tabilit t f '
Such  composhtd 988 cBRterplafld 4SAEE ol dmémi#r@atﬂa& stability, rate of in

in vivo earance present proteins and
derivatives. SeeTweicg weeR%miOgngmi the chtipionmels wif ithizl inBention ésssupdtior thd.
(1990, Mack Publishing Co Easton PA 18042% q[l)gages 1435- 1712 which are
herein |ncord|§8t'>’a{1]é‘ﬁ @9#8?&&1%@ Phingieasing @gtaoblasy nurakere Bane ¥PluBAs may

e P! b B B T L0 oo 0 i
15 PTH-(1-34)-Fc caused greater increases in bone density and bone volume
compared to daily PTH-(1-34). (See Figure 10.) In an aged OVX rat model of
osteoporosis, twice weekly dosing was able to reverse more than 50% of the
bone loss induced by one year of estrogen ablation. The effect seen in the aged
rat model was even greater when combined with a bisphosphonate (APD). In
20 rats, a single SC injection of PTH-(1-34)-Fc (340 nmol/kg) caused a
hypercalcemic response which persisted for 72 hours (Figure 8). This duration
is concordant with the rate of clearance of PTH-(1-34)-Fc from the serum, and is
consistent with an optimal twice-weekly dosing regimen in rats.
The optimal dosing of primates may be less frequent compared to rats or
25 mice. Weekly (or less frequent) dosing may be optimal in primates, based on
the observation that the hypercalcemic response of OVX cynomolgus monkeys
to a single subcutaneous injection of PTH-(1-34)-Fc (10-34 nmol/kg) persisted
for about 168 hours (Figure 11). This observation suggests that a single

subcutaneous dose of PTH-(1-34)-Fc in primates is cleared within about 1 week,
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are also contenplated, as are transdermal fornulations. Tw ce weekly dosing
of the conpounds of this invention is superior to daily injection of PTH
(1-34) feroemanaeasi ng ost eobl ast nunber, bone vol une, angcosa/wBsReEr al
density in rodents. In adult mce, twi ce weekly dosing with 15

PTH (1-34)- Fc caused greater increases in bone density and bone vol une
conpared to daily PTH (1-34). (See Figure 10.) In an aged OVX rat nodel of
osteoporosis, twi ce weekly dosing was able to reverse nore than 50% of the
bone | oss induced by one year of estrogen ablation. The effect seen in the
aged rat no@Bich\a 18 BpRedealt thOBRXEATE a@ﬁnyﬁéq(@nby&@@mQ@wt e (APD).
In 20 rats, a single SCinjection of PTH (1-34)-Fc (340 nndl/kg) caused a
hyper cal cenianabedigeffeetsnhi ch persisted for 72 hours (Figure 8). This

duration is concqordant with the rate aof c]egarance af PTH (.1-34)-Fc from
the serum and is—fééi]%%ﬁi%’iﬁ‘%?ﬂn Iglﬁffi Wﬁﬁ?@%ﬁpﬁtﬁﬁéng regi men
inrats. Th L i i SOLerd paied to
rats or 25%%%%%%’?? orﬁfeéis%éh{‘@éeﬁggﬁgﬂlg%éﬁ%ﬁ%r; be opti 'ilﬁn

pri mat es,5 baRlegknwaceuticel Sdiaates {1999, 18t Edt datly Pablishiogi@ e HasspoRAe of OVX

cynonol gus nonkeys_ .to a single subcutaneous injection of PTH-(1-34)-Fc
(10- 34 nnol /&Y 2pwhighsisdereingncamaiateddy riereace m e etitety. Sotid s

observati on e h i e u e o) T -34)-Fc in
ot os 1o HER s i ae PHBh e PR AR GRS G Fened) i) 20
whi ch coul d & s8lIdtEPARSERpoddIEalNBBrowTheRBéRApbliREUANaYy bedideded for
anabolic effects. Oral dosage fornms. Contenplated for use herein are oral

solid dosagerfrodate thatpresend congmsitidrisdds,Jenexathple, protelregider 89 of Renin

on's 5 Pharnmaceutjcal Sciences ,. 18t h K Publ i shing Co. Easton
PA 1804210 WHGHOPRNIER SFROTHLON bor dEe oy Or P2 ST e ioRovEel ant | rety. Sof i ¢
dosage for mﬂé&gg ‘fioh%hgfb%’us%ﬁ%%l' B2 ligdsbirs rﬁ%}fﬁ@ﬁ%ﬁ%ﬁk&%@\ﬁ&?s’ cachets

or pellets. I poso or proteinord encapsul ation nay be used to

formul at e t heagiowspolynasigesgi, U.6rBatéasNof 5018 556)pAcdesariptionrati d 10
m crospheres reported in U S. Patent No. 4,925,673). Li &osomal
encapsul at i dpossile selidciasage tpropsefarithe tharapewis/isigaverin (Chaptesd Ogft h

vari ous  pol B {1 18; mcdesh PRARERLDR: (PoR) iR by 6, SeBEIAR IO

15 T.Rhodes, herein incorporated by reference in its entirety. In general, the

formulation will include the inventive corhpound, and inert ingredients
which allow for protection against the stomach environment, and release
of the biologically active material in the intestine.
Also specifically contemplated are oral dosage forms of the above

20 inventive compounds. If necessary, the compounds may be chemically
modified so that oral delivery is efficacious. Generally, the chemical
modification contemplated is the attachment of at least one moiety to the
compound molecule itself, where said moiety permits (a) inhibition of
proteolysis; and (b) uptake into the blood stream from the stomach or

25  intestine. Also desired is the increase in overall stability of the compound
and increase in circulation time in the body. Moieties useful as covalently
attached vehicles in this invention may also be used for this purpose.
Examples of such moieties include: PEG, copolymers of ethylene glycol
and propylene glycol, carboxymethyl cellulose, dextran, polyvinyl alcohol,
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possi bl e solid dosage forns for the therapeutic is given in Chapter 10 of
Marshal |, K, Mddern Pharmaceutics (1979), edited by G S. Banker and C. 15
T. Rhodegg olygisgs N i ncorporated by reference in its entireictyudoivigeser al ,
the fornulation will include the inventive conpound, and inert ingredients
which allow for protection against the stomach environnent, and rel ease of
the biologically active material in the intestine. Al so specifically
contenpl ated are oral dosage forns of the above 20 inventive conpounds. If
necessary, the conpounds may be chemically nodified so that oral delivery
is efficaci pyFvirABrablidond A pBBPrefhe. SRIEdH Salisle, ABOERGWEREAMH i s the
attachnment of "at |l east one noiety to the conpound nolecule itself, where
sai d noi et yDpeispbokible Aty medidductss Engwnesas Brdgg GPSlpt ake i nto the

bl ood st framthe stomch or 25.intestine desired i s the i

" overal |- Hospiipare st ROME TS it ST Lo aRiceabE Y §OBH N0 PRVt e
t he body. p.af d i lg%%; i

i n\?ent(:) i )(;n %ﬁ%@?%g?%ﬂs%dﬁ? g%(’) bl lBYOd@rIFL% a%p\(?ggeg f %‘gﬁst%?eti es

i ncl ude: s PE&pulddeohsedeire poly-aidiicmtarsd aedbolyabdd (ptiopydageePefyged,

car boxynet hyl cel |l ul ose, dextran, polyvin al cohol , -56 WO 01/81415
PCT/ US01/ 13lasziharpsicoytieal luspgeasiindiatechaloy Yo PEG meietisse, for exanpl e,

Abuchowski and is. Soluble Pol - E Add E Dr
(2550 " Focanber EPL dBBuPBL Solige BRGG RSy Mo 0GBl RURRRRER O\00°
367- 83; NewHlified BlipRhtic 4rh¥86 heid] sudPRS sodiu@s NeB-[2h}8Rndbefkbf] pol yners

that 5 could be used are pon-l,é-dioonane and poly-1, 3,6-ti oxocane.
Preferred famimhaapagate (DeAC)smgecaraier ito ¢hbanehbsbopiéon af 1éPEG noi et i es.
For oral delivery dosage forns

i.t .is al so_possibl 0 use,a.salt. of a
modi 1 o al SR SHICORBOURSRIOF it e BT Do CReyaal pHIoRGT P62 JEaREBY | |
am no) capr : ) ] : t f the to
t her apeuti cf/dgg{nl%%%%s%@é‘g ?ﬁf{g ﬁ%%/fé%ﬁ %%&O%{e}g%ﬁ?&ggﬁé%fg?@%%y of a heparin
f or mul at i oncotsdutge SipEhnphbaeTedaivlogies BeedU$ PatenPNG S,792,451), @Dralconduct ed

by Em sphere Technol ogi es. See US Patent No. 5,792,451, "Oral drug
del i very cofitgdelivryLaomprsifodsnd magogdsnpounds of this invention can be

included in the g, compounds of this invention can be included in the

15 formulation as fine multiparticulates in the form of granules or pellets of
particle size about 1 mm. The formulation of the material for capsule
administration could also be as a powder, lightly compressed plugs or
even as tablets. The therapeutic could be prepared by compression.

Colorants and flavoring agents may all be included. For example,

20 the protein (or derivative) may be formulated (such as by liposome or
microsphere encapsulation) and then further contained within an edible
product, such as a refrigerated beverage containing colorants and
flavoring agents. |

One may dilute or increase the volume of the compound of the

25  invention with an inert material. These diluents could include
carbohydrates, especially mannitol, o-lactose, anhydrous lactose, cellulose,
sucrose, modified dextrans and starch. Certain inorganic salts may also be

used as fillers including calcium triphosphate, magnesium carbonate and
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15 formulation as fine nultiparticulates in the formof granules or pellets
of particle size about 1 nm The fornulation of the material for capsule
adm ni st sas ewis4oul d al so be as a powder, |ightly conpresgeguphiugssor even
as tablets. The therapeutic could be prepared by conpression. Colorants and
flavoring agents may all be included. For exanple, 20 the protein (or
derivative) may be fornulated (such as by |iposone or m crosphere

encapsul ation) and then further contained within an edible product, such
as a refrigerated beverage containing colorants and flavoring agents. One

may di |l ute Qodiner@dsadehsottel dbilmetcidliieararpiaatushtstaie FagbFiopvention wth
an inert material. These diluents could include carbohydrates, especially

manni t ol , a-BradexselAdihiafi0osndoampreseand diviicdllose, sucrose, nodified
dextrans and starch. Certain inorgani alts . m | so b ed as fillers

i ncl udi ng cal ci unPtFs ﬁH%aé’?b‘?&ﬁﬁéﬁidf}ﬁ‘uti‘ﬁrf%‘aﬁ‘égéloé‘n‘?feﬂ‘g#ﬁ%%fpémw
PCT/ US01/ 1352 6l WHs5 84 irhe Qf rBLiak i ilMents are
Fast-Flo, E ea§l<,§ STA- FSQXQ%EOO, q%?r%:%oﬁgsr%gg%n% lAv%%‘gﬁrﬁhBR}sq%%gér%nt s may be
i ncl uded s5i n ndtdirhitedid ataranirafuding thbeompeericial disintegranisisdsed adosage form
Mat eri al s used as_di si nte%rants include but are 5 not |imted to starch

i ncl udi ng t HéaIEBnEsPlotal. Sadivmy steichiglyedatedAsrberlita sediutay pl ot ab.  Sodi um

. . _ |
G 1 any b opectrozBaR A oses BT ERERS SRR SR 38 rapBy et ny
cel I ul ose, nRadelllRid APV TRARY QLRS! RatliBd] splohge ha dUuselonite aidiesll f or m of

the disintegrants are thé insoluble cationic 10 exchange resins. Powdered
gums may be hesestdadrditbenforgr afthe disidtegzantsiamel éresinantiibilé eséomian i ncl ude

pouer o4, qurg such, 85,8001, SALRA 2 s Al gl g and 11
e 1 2 onel USRSl bRl gl St e
gel atin. O heagadanth.uddginid duydl andlitsbdiem (sWt)are aldoyisefwledd ul ose (EC) and
car boxymet hy(liisi%?'leérglngss:e (CMO). Pol yvinyl pyrrolidone ‘
Binders may be used to hold the therapeutic agent together to form
15 ahard tablet and include materials from natural products such as acacia,
tragacanth, starch and gelatin. Others include methyl cellulose (MC), ethyl
cellulose (EC) and carboxymethyl cellulose (CMC). Polyvinyl pyrrolidone
(PVP) and hydroxypropylmethyl cellulose (HPMC) could both be used in
alcoholic solutions to granulate the therapeutic.
20 An antifrictional agent may be included in the formulation of the
therapeutic to prevent sticking during the formulation process. Lubricants
may be used as a layer between the therapeutic and the die wall, and these
can include but are not limited to; stearic acid including its magnesium
and calcium salts, polytetrafluoroethylene (PTFE), liquid paraffin,
25  vegetable oils and waxes. Soluble lubricants may also be used such as
sodium lauryl sulfate, magnesium lauryl sulfate, polyethylene glycol of
various molecular weights, Carbowax 4000 and 6000.
Glidants that might improve the flow properties of the drug during

formulation and to aid rearrangement during compression might be
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(PVP) and hydr oxypropyl net hyl cellul ose (HPMC) could both be used in
al coholic solutions to granulate the therapeutic. 20 An antifrictional

agent nmeyolgshgl uded in the fornul ati on of the therapeupdguta/BERYenNt
sticking during the fornulation process. Lubricants mnay be used as a | ayer

bet ween the therapeutic and the die wall, and these can include but are
not limted to; stearic acid including its magnesium and calciumsalts,
pol ytetrafl uoroet hyl ene (PTFE), liquid paraffin, 25 vegetable oils and

waxes. Sol uble |ubricants nmay al so be used such as sodium |l auryl sulfate,

nmagnesi um | ade¥l. FTHE gﬁﬁﬁnts%b%%&lﬁld@ Reargh Y@, p§togera¢ kidies afel ecul ar
wei ghts, Carbowax 4000 and 6000. didants that "m ght inprove the flow

properties biydrateddiligpadamiingfe. f or mrul ati on and to aid rearrangenent during
conpressi on m ght, be -58 .01/ 81415 PCT/ US01/13-528 ,.added. ,The glidants
may i nclude star (L:rI‘P, alfiaffi S,O\{\%}PBQE %CWBQgé#JﬁSH?H?%?% O H€oal uni nat e.
To aid diss j ; 3113 bl BHIL Wikth faqueous
envi ronnent Qgﬁé{)}%‘gﬁ%{)}{iﬁﬁ]ﬁgﬁgﬂ%@?ﬁ%é %sbg%@ttia%% agenté.ggenSurfact ants
may i ncl sde Sawnfaetirts dedyeinghrdsasionic dstesgatitsisudtaay sodism fatrel suléitect yl

sodi um sul fosucci nate and dioctyl sodium sulfonate. Cationic detergents

m ght be usé‘élo%hs%impélS‘F%@#W@’%i@ﬁ&élﬂi@?ﬁ%ﬁ@@h‘%ﬁ@é@n@ﬁ- Gotionig honi um
o or1 G Ty o BT 90 9 L9080y By | 1l

in the formi auromacrt o pol'yoxyl 40

stearate, pokHoHShimoRdEr TaeNRE 8fpsRaLAl nGhioniddetebz@itd th40, gl ycerol
nonost ear ate, pol ysorbate 40, 60, 65 and 80, sucrose fatiy acid ester,

met hyl cel | gbukkbe inrluded dx heefdrpruleiph ak svefactEnésaredanfemaenogel 4¢bul d be
present in the formul ation of . the praqtei r derivativye ej al one or as
D et ure"s oo steaale ety Rderr hudrosgras Cipster ool ot o
formul ati onho R i ey
having this 68? %%ggﬁd}?g?%w%ﬁé%'ﬁ%l. %Bg%kfermp g,%ya%g!i&'g%sshgf%ﬁ%g&gg}ag@ l i nol eic
acid and | i estegninetladi cdllulosetana ¢a@Hojéﬁgeas56 ckltulveé.aThese smyadtentdesi r abl e.

The conpound of _this invention coul e incorporated_into an inert matrix
whi ch per ni ©guld be present in the formulation of the protein or derivative either
- alone or as a mixture in different ratios.

15 Additives may also be included in the formulation to enhance
uptake of the compound. Additives potentially having this property are
for instance the fatty acids oleic acid, linoleic acid and linolenic acid.

Controlled release formulation may be desirable. The compound of
this invention could be incorporated into an inert matrix which permits

20 release by either diffusion or leaching mechanisms e.g., gums. Slowly
degenerating matrices may also be incorporated into the formulation, e.g.,
alginates, polysaccharides. Another form of a controlled release of the
compounds of this invention is by a method based on the Oros therapeutic
system (Alza Corp.), i.e., the drug is enclosed in a semipermeable

25  membrane which allows water to enter and push drug out through a
single small opening due to osmotic effects. Some enteric coatings also
have a delayed release effect.

Other coatings may be used for the formulation. These include a

variety of sugars which could be applied in a coating pan. The therapeutic
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20 rel ease by either diffusion or |eaching nmechanisns e.g., guns. Slowy
degenerating matrices nmay al so be incorporated into the fornulation, e.g.,
al gi nate accharides. Another formof a controlled 39 t he
corrpoundgmo‘ﬁ%l ﬁllss invention is by a nethod based on the Cl)?o ?‘ﬁ@r a%eutl C
system (Al za Corp.), i.e., the drug is enclosed in a sem perneable 25
menbrane which allows water to enter and push drug out through a single
smal | opening due to osnotic effects. Sone enteric coatings also have a
del ayed rel ease effect. O her coatings my be used for the formnul ati on.

These include a, v of .su [ e lied i ting pan.
The therapet?tg gt CO%@ WBEB@& %ﬁéﬁtfﬁ%%% nggglﬁtm%tgmags %ﬁ e given
in a filmcopi@dstalbate ARAdEN BB SouPLSTHS Afktiade tﬁ@hénéﬂt%h@nce are
divided into 2 groups. The first are t e nonenteric materials and include

met hyl cel | uhaisamalmm llncdedda otatk ] cefiydirsexgtiyhyellulose, Ihyrdroayethyl
nmet hyl hydr ox se, hydr o r opyl eIIqus

hydr oxypr opyf%nﬁiﬁsﬁym 6‘%’9" %W&F?ymﬁ a%w@ommﬂy GEﬁP;‘;ﬂSS'se provi done
and the p Y, S enteric
material S t%{;{d}éﬁﬁie%ﬁ% C%igg S%%% BBﬂ"rﬁa? 1%1 Ce?lflﬂégfé material s
m ght be usgstoltdgrieoamnd ehd ﬁ@ly@ﬂ{yl OI8) 'Ith@a;tetmd gbehp\c@ﬁasisrtg thay be

carried out in a pan coater or in I[Fyﬁl di zed 10 bed or by conpression
coating. Pulentere naterialsdhygt &r@rcﬁﬁunﬂﬂélcﬁsé@ﬁ Pbltbft&ﬁmér ei n i s pul nonary

dorivative) 1o dohium etes Ao e o a B R AR, an

traverses ach@gifg ”Fﬂn!\%&ﬁ-‘%kﬁ é@mbarau@%%ah%a%mduﬁ naafyed O her 15
reports of this include Ad ., Pharma. "Res. (1990) 7: 565-9; Adjei

et al. KOlgsl@ﬂonbyeon@tréssum chﬂ‘rargmceutl cs 63: 135-44 (leuprolide
acetate); Braquet_ et al 989) rdi ovasc.. Phar nacol suppl . 5):
s. 143- 146 (endoth@.@e—mﬁ@i&ﬁm O contFapl at%ﬂﬁax%npﬁp&gﬂéﬂafyp

206- 12 (al { 84 1145-6
(al -prot e| ngds%i‘;&%s \?\Elﬁ%preﬁ@h fS]ro(t ﬁg‘r@t dﬁéq’%g%ﬁ th%x%\oq? 501 #z a?ﬁo%
Protei ns”, Rigrtvatise)is dElesdgred B dee ég\o@ aymhinmalkebié ailealir{godmd ado
(reconbi nant human growt h horm)ne)h bs et al.

traverses across the lung epithelial lining to the blood stream. (Other

15 reports of this include Adjei et al., Pharma. Res. (1990) 7: 565-9; Adjei et al.

(1990), Internatl. ]. Pharmaceutics 63: 135-44 (leuprolide acetate); Braquet

et al. (1989), . Cardiovasc. Pharmacol. 13 (suppl.5): 5.143-146 (endothelin-

1); Hubbard et al. (1989), Annals Int. Med. 3: 206-12 (al-antitrypsin); Smith

et al. (1989), I. Clin. Invest. 84: 1145-6 (al-proteinase); Oswein et al. (March

20 1990), "Aerosolization of Proteins”, Proc. Symp. Resp. Drug Delivery II,

Keystone, Colorado (recombinant human growth hormone); Debs et al.
(1988), I. Immunol. 140: 3482-8 (interferon-y and tumor necrosis factor «)
and Platz et al., U.S. Patent No. 5,284,656 (granulocyte colony stimulating
factor).

25 Contemplated for use in the practice of this invention are a wide
range of mechanical devices designed for pulmonary delivery of
therapeutic products, including but not limited to nebulizers, metered
dose inhalers, and powder inhalers, all of which are familiar to those

skilled in the art. Some specific examples of commercially available
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(1988), J. Immunol. 140: 3482-8 (interferon-y and tunor necrosis factor a)
and Platz et al., U S. Patent No. 5,284,656 (granulocyte colony stimulating
factor).wemiGSonsenpl ated for use in the practice of this powesntijigsnsare a

wi de range of nechani cal devices designed for pul nonary delivery of

t herapeutic products, including but not limted to nebulizers, netered

dose inhalers, and powder inhalers, all of which are famliar to those
skilled in the art. Some specific exanples of comercially available -60 WO
01/ 81415 PCT/ USO1/ 13528 devices suitable for the practice of this

I nvention aygvidas stdthpRVBRE ePﬁiﬁt‘i‘cEéﬂhisWtﬁﬁ{ eqfle tARbhd nckrodt, Inc.,

h.
St. Louis, Mssouri; the Aco nebul i zer, manufactured by Marquest

Medi cal Pr odebuBzer, Brgiwfacioaed Byl Meabiekraodie Inte fitoLonisniktissoadi; dose i nhal er,
manuf actured 5 by. Gaxo Inc., Research Jri angl rk, North Carolina; and
the Spi nhal é@orﬁﬁﬁ%béwawyfm{ﬁéw &%&ugﬁﬂ'g?&ﬁ% PESeﬁilb‘%tS,f Bedf or d,

Massachuset S, i A . r i sui tabl e
for the di SE§§%?‘§%5%?@ §%§g‘|§¥fvt§§§|/ é\’}g&% %eg%xﬁé? &'(%%plﬁjeg{e ’y@éﬁ%ﬁﬁgggnul ation

is specsfip t@lakb&n&.yR@séHrcldﬂiaﬁ?l@ml@i\ﬁﬂ'tﬁ@rﬂlﬁy& lapdahy Spintaaleise of an
10 appropriate propellant material, in addition to diluents, adjuvants

and/or carri arsehaler; mankéachused hEispng 60rpv Bedardo Massadhaisetis.nost

advant ageousl y be r red in partjculate formwth a age particle
Size of less t harl Serises fites e vt doppaladions iable 5 te i for most
ef fective delidyi@iing dPHnVBRLHE SHRPpoLHAYT Eﬁangﬁéﬁﬂ%ﬁﬁméﬁ&%ept abl e
carriers include carbohydrates such™ as trg al oSe, mannitol, xylitol,
sucrose, | aspedfic taiie sypdot déviceeimployddamae diegniny ol theasseiofi ahor nul at i ons
may include DPPC, DOPE, DQPC and DOPC. Natural or synthetic surfactants
may be ¢8edaPprepriale propstankewterialem adritiontp slifuyents, adpviaptsier i vat i zi ng
the protein_qr g & uch as cycl odextran, may be used. Bile
" and offidyBP Bty skl ah Hiardy

salts and o ancerstray be used. Cellulose and cellul ose
derivatives nmay Hhelis€entivAtbioriddhotdd nfisst ddetntazeetisigpeuse in a buffer

formul ation.
prepared in particulate form with an average particle size of less than 10
um (or microns), most preferably 0.5 to 5 um, for most effective delivery
15 to the distal lung.

Pharmaceutically acceptable carriers include carbohydrates such
as trehalose, mannitol, xylitol, sucrose, lactose, and sorbitol. Other
ingredients for use in formulations may include DPPC, DOPE, DSPC
and DOPC. Natural or synthetic surfactants may be used. PEG may be

20 used (even apart from its use in derivatizing the protein or analog).
Dextrans, such as cyclodextran, may be used. Bile salts and other related
enhancers may be used. Cellulose and cellulose derivatives may be used.
Amino acids may be used, such as use in a buffer formulation.

Also, the use of liposomes, microcapsules or microspheres,

25  inclusion complexes, or other types of carriers is contemplated.

Formulations suitable for use with a nebulizer, either jet or
ultrasonic, will typically comprise the inventive compound dissolved in
water at a concentration of about 0.1 to 25 mg of biologically active protein

per mL of solution. The formulation may also include a buffer and a
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Al so, the use of |iposones, mcrocapsules or mcrospheres, 25 inclusion
conpl exes, or other types of carriers is contenplated. Fornulations

sui t abl eWw@ousiges with a nebulizer, either jet or ultrasonicy/usvi/izsts/pically
conprise the inventive conpound dissolved in water at a concentration of
about 0.1 to 25 ng of biologically active protein per nL of solution. The
formul ation may al so include a buffer and a -61 WO 01/81415 PCT/ USOL/ 13528
sinple sugar (e.g., for protein stabilization and regul ati on of osnotic
pressure). The nebulizer formulation may al so contain a surfactant, to
reduce or prsiuglé segaf @ae, fonguorth s@bileadionthdfegdidigtion of ebmotieused by
atom zation of the solution in formng the aerosol. 5 Fornulations for use

with a net erpeessigse Thinpghatizgs formaulation maye alspaionjainengimifaciant, to nel y

di vi ded powder, containi ng the inventive conpound.suspended in propel | ant
with the ai d6HeE SCRFTLtatt Bos i g peaom el P RTCaHoEA DY onal

mat eri al - enphigyadation of MeSsAMiRO HEforndHEMhaaemspl or of | uorocarbon, a

hydr ochl or of | uor ocarbon, a 10 hydrof | uorocarbon, or a hydrocarbon,

i ncl udi ng tri chl cfemhulatione férarse, witHiachktrediddsa dnbatet dawace will

di chl orotetrafl u0|ioet hanol , fg‘{\? éil, 1,2- tetrafl uoroethane, or conbinations
thereof . Sui $MFRILE GPIRE1ss R insly divided pasydsTicomtaining e BeREveoy a

l ecithin. d gj i 0 f gct nmul ati ons
for di spensi‘ﬁdéﬁﬁ’?%’{‘ngsﬂﬁ%%ﬁer i %@%hg{e‘fﬁ%ﬁvhfﬁ% O?%n%&?%cé&%' ?iﬁ%el y di vi ded

dry powder cpiipzilahtgalyiise avestiventionalpawithl eansloyey fat Shisipiepuse a

bul ki ng agent, such as |actose, sorbitol, sucrose,” mannitol, trehal ose, or
xylitol in afsbirfss dHproflyareranboa; @ hydspaergflusrocamborpawder from t he

device, g 0. 040 90% Db i gh f .the.f | ati.gn. Nasal , del i
forms. N hdierieasbol e fidstreitindbiing il dpodniahaiet oo
Nasal del i vedi¢hRirb@WhidrB RR&F2 UG Pbrdtb8afhSidRiiaridl, 408 1 1216290' stream

directly after adm nistering the therapeutic product to'f nose, W thout
t he necessi tietfafiuodegibsne,iarrcontbindidony hetnedf. Suitable sunfagtantsiidudat i ons f or

e L A ST X
surfactant.
15 Formulations for dispensing from a powder inhaler device will
comprise a finely divided dry powder containing the inventive compound
and may also include a bulking agent, such as lactose, sorbitol, sucrose,
mannitol, trehalose, or xylitol in amounts which facilitate dispersal of the

powder from the device, e.g., 50 to 90% by weight of the formulation.

20 Nasal delivery forms. Nasal delivery of the inventive compound is
also contemplated. Nasal delivery allows the passage of the protein to the
blood stream directly after administering the therapeutic product to the
nose, without the necessity for deposition of the product in the lung.
Formulations for nasal delivery include those with dextran or

25  cyclodextran. Delivery via transport across other mucous membranes is
also contemplated.

Dosages. The dosage regimen involved in a method for treating the
above-described conditions will be determined by the attending physician,

considering various factors which modify the action of drugs, e.g. the age,



al so contenpl ated. Dosages. The dosage regi nen involved in a nethod for
treating the above-described conditions will be da;erﬂined by the y

att endi |.qi an, considering various factors ic ' action
of dr ugg?(’gmgéﬂﬂl?he age, -62 WO 01/81415 PCT/ USOL/ 13528 %A{Iu"t‘{lgﬁf body
wei ght, sex and diet of the patient, the severity of any infection, tine
of adm nistration and other clinical factors. Generally, the daily reginen
should be in the range of 0.1-1000 m crograns of the inventive conpound per
kil ogram of body weight, preferably 0.1-150 m crograns per kilogram 5

Speci fi | j tern. referred
Struct ures. ForaNRay BRRGTWERH Selthd KPP oAt AR SV RER A R Evno
"A' may be gimye of adtrlinistiatiberadieser chaitahficed8. GenePallys ithPHYily 984 t a

normal peptide bond (i.e., so that no linker is present). Tandem repeats
and | i nker ssheeldile %&Wﬁ%ﬁﬁ&%&o%ﬂm@mﬁ of the wwvieniive Tatipeounhdipaf er r ed

enbodi nent s, ..Sequenge/ sfruct ure Peptjde descri ption | D NO
SVSEI QLVHNL &R RRKIE fi‘égy 0353@%%81‘(&%\%2 T kl%gram-

SVSEI QL MHNRGKHL I\@}%@}%&P@%ﬁ@& dihbddRhen VHNF- A-F PTH (1-34)
SVSEl QL MVAHNKGKHLNSMERVEW. RKKLQD (L11 K el%CZ% VHNF- A-F' PTH (1-34)

SVSEI QL MHNL GKHL NShieRiizeth R hale (EI2R)indd preféridd drictufREHof the34)
SVSEI QL MHANLGKHLNSVERVEW.RKKLQD PTH 165 V-A-F1 (1- 31?
preferred peptides listed in Table 4 below. The symbol “A” may be any of
the linkers described herein or may simply represent a normal peptide
bond (i.e., so that no linker is present). Tandem repeats and linkers are
10 shown separated by dashes for clarity.

Table 4—Preferred embodiments

Sequence/structure Peptide SEQ
description ID
NO:

SVSEIQLMHNLGKHLNSMERVEWLRKKLQD PTH 161
VHNF-A-F' (1-34)
SVSEIQLMHNRGKHLNSMERVEWLRKKLQD (L11R) 162
VHNF-A-F' PTH

(1-34)
SVSEIQLMHNKGKHLNSMERVEWLRKKLQD (L11K) 163
VHNF-A-F' PTH

(1-34)
SVSEIQLMHNLGKHLNSMRRVEWLRKKLQD (E19R) 164
VHNF-A-F! PTH

(1-34)
SVSEIQLMHNLGKHLNSMERVEWLRKKLQD PTH 165
V-A-F! ‘ (1-31)
SVSEIQLMHNLGKHLNSMERVEWLRKKLQD- PTH 166
A-F' (1-30)
F'-A- PTH 167
SVSEIQLMHNLGKHLNSMERVEWLRKKLQ (1-29)
Fl-A- PTH 168
SVSEIQLMHNLGKHLNSMERVEWLRKKL (1-28)
LLHNLGKSIQDLRRRFFLHHLIAEIHTA-A-F (D10ON, K11L) 169

PTHrP

(7-34)
SLALADDAAFRERARLLAALERRHWLNSY TIP39 170
MHKLLVLDAP-A-F'

“F" is an Fc domain as defined previously herein. In addition to those

listed in Table 4, the inventors further contemplate heterodimers in which
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SVSEl QQVHNLGKHLNSMERVEW.RKKLQD- PTH 166 A-F (1-30) F -A- PTH 167

SVSEI QQVHNLGKHLNSMERVEW.RKKLQ (1-29) F -A- PTH 168

SVSEI QL vkind. U NSVMERVEW. RKKL ( 1- 28)  LLHNLGKSI QDLRRRFFLHHpEREsHIBsA F1 (D1
ON, K11 L) 169 PTH P (7-34) SLALADDAAFRERARLLAALERRHW.NSY TI P39 170
MHKLLVLDAP- A-F' "F' " is an Fc domain as defined previously herein. In
addition to those listed in Table 4, the inventors further contenpl ate
heterodi mers in which -63 WO 01/81415 PCT/ US01/ 13528 each strand of an Fc
dimer is linked to a different peptide sequence; for exanple, a nolecule
in which oneez&ﬂwﬂradmcb@ﬂnrbEc dimelr isliakebytoSEiffebeNPpeptidibseduencetfoer by SEQ

ID NO 170 or an Fc I| any of the sequence |n Tables 1 and 2. 5
All of the c%ffﬁ;ﬂﬂf;d e@ pan ) ichong strand e he dessriog W%E@MO

described in now be further
descri bed bylét%ﬁIh?Bﬁ VI\DAE}CSE ﬁ%%ﬁ%ﬁ?@hmmﬁ%ﬁﬂ y ustrative rat her
than limting uleﬁc@(mrfj:dlﬂesll Bh@ACT I VITY G: AN Fc- CO\L]UGATED PTH PTHr P
RECEPTOR (PTIgl- R1) AGONI ST [ PTH (1- 34) Fc] | NTRODUCTI ON 15 Parat hyroid

hor none [fPTH-(l 34J] frthe geinpeundeiof thig A yentiers ean be peepareddbmethdds mat i on

d Thi s anabolic response was
gpev: gﬁgfss;a Fd%%ﬂen&%%é%@@/e to | PTH, which is Paci litated
by the short hal frhé ﬁ%eﬁh%ﬁ%ﬂ%wjbéﬂlrﬂfer%@éhlbg bg'tﬁ%&l'%w&ge anabol i ¢

effect of PTH therapy requires daily SC i njection,
si gni fi cant Wwarkingrexamples whide ape dhﬂ;tmmrea‘bﬂrﬁ%ahéﬁmtﬁfgequent

10 Example 1
BIOACTIVITY OF AN Fc-CONJUGATED PTH/PTHrP RECEPTOR
(PTH-R1) AGONIST [PTH-(1-34)-Fc]

INTRODUCTION

15 Parathyroid hormone [PTH-(1-34) or native PTH-(1-84)] causes
increased bone formation and increased bone mass when injected daily.
This anabolic response was previously thought to require brief exposure to
PTH, which is facilitated by the short half-life (less than 1 h) of PTH.
Clinically, the anabolic effect of PTH therapy requires daily SC injection,

20  which is a significant barrier to the Widespread use of PTH. Less frequent
injections of PTH would be clinically desirable and could be achieved by

increasing the in vivo half-life of PTH. Short-term (intermittent) exposure

to PTH (<1 h/day) stimulates osteoblastic bone formation, while long-
term (continuous) exposure (>2 h/day) stimulates osteoclastic bone

25  resorption (Dobnig et al, Endocrinology 138: 4607, 1998). The art suggests

that PTH with an extended half-life on its own may increase bone
resorption and lead to hypercalcemia. However, it should be possible to
prevent PTH-induced osteoclast activity with bone resorption inhibitors.

Osteoprotegerin (OPG) may be well suited for this purpose. A single
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injections of PTH would be clinically desirable and could be achieved by
increasing the in vivo half-life of PTH Short-term(intermttent) exposure
to PTH (wb é¥sglays stinul ates osteobl astic bone formation,podiusm/emg- term
(conti nuous) exposure (>2 h/day) stinulates osteoclastic bone 25 resorption
(Dobnig et al, Endocrinol ogy 138: 4607, 1998). The art suggests that PTH
wth an extended half-life on its own may increase bone resorption and

| ead to hypercal cemi a. However, it should be possible to prevent

PTH i nduced osteocl ast activity with bone resorption inhibitors.

Gst eopr ot egefbmb RS raBY ntiee wﬁhhnﬁawstvﬁ@hbl@%icﬁu&sr@@%necﬂ single -64 WO
01/ 81415 PCT/ US01/ 13528 treatnent of rats, mce or humans with OPG Fc

causes sust aintdlitionrifitsine reponpiiono hy eseesdiapyiepadicating sheasteatlhst er adi cat i ng
t he osteoclast popul ation. .Co-adm nisstratiaon of a potent hone resorption

i nhi bitor, |P‘R1%ula%9&- %&%98%11’6@% 05@&%@*%‘&?%&?%%@4%&&%% &l d

t heoreticall ] . i i i.on:-by PTH,
eading to  DEC CRSLARRAAE XOABPEEL, ThdHeabl v i W06 RRIT PO on

i nhi bi t orss, thenolopposgdistimilatiph@fidbas formatidn bg #TH Veadisgabso i nhi bi t

PTH-i nduced . bone resorption _and. could therefore be used I n conbination
with a | ong-ingEeashg hﬂnﬂ hpise dhisdikelp ihat pshenbanegeserption mbikitemsoned,
expressed a punri-fi P - 34).- Fc.. FC canj [ of, proteins
cases o or DN B HIESPRORARS ohdslrbpdthy e ke, S FeiRuia ey

permt inj asdnORsofptidt bhd todh tHegefoe Be 866@ HEANBIHAEHOA with adbnigdent i cal
to that of OPG Fc. The benefits of this invention include | ess Trequent

i nj ections odctir@PlH motacules Towawptst thit goad awe hafre alredp exprased ands
infrequently as.once 15 guarter MATERI ALS, , METHODS, AND RESULTS
Hyper cal Peni BUASE ;‘Wr\‘/@%&g'g%%%el: HEATBHBIHINOf RRATEGS SAUSRS %ef f ect of
PTH (1- 34) - K gh [t i : | . . | ]i miﬁ' were injected
once SC vvith& varcglnﬁg %%%slﬁﬁﬁ%%ﬁc?%%\%ﬂaggﬁ%Tﬂ??%{fy C, gnd peri pher al
bl ood was cipjdctionsdf PG 1-B4)-Febhamchedale sintlas té of idieitikaMotdat 6fi of bl ood
ionized calcium The half-1ife and the potency of PTH (1-34)-Fc was
greater tharOPG-Fc. The benefits of this invention includé less frequent injections of

PTH, from the current standard of once per day to as infrequently as once

15  per quarter.
MATERIALS, METHODS, AND RESULTS

Hypercalcemia Assay

20 We tested the potency and duration of effect of PTH-(1-34)-Fcin a
murine hypercalcemia model. Briefly, mice were injected once SC with
varying doses of PTH-(1-34) or PTH-(1-34)-Fc, and peripheral blood was
collected from the retroorbital sinus for determination of blood ionized
calcium. The half-life and the potency of PTH-(1-34)-Fc was greater than

25  that of PTH-(1-34), as evidenced by the sustained hypercalcemic response
of mice to the former agent (Figure 4). Hypercalcemia induced by PTH-~(1-
34) persisted for 6-24 h, while equimolar doses of PTH-(1-34)-Fc caused
more sustained hypercalcemia (48-72 h). This duration of response is

consistent with greater half-life of the PTH-(1-34)-Fc construct vs. PTH-(1-
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25 that of PTH (1-34), as evidenced by the sustained hypercal cem c response
of mce to the fornmer agent (Figure 4). Hypercal cem a i nduced by PTH (1-

34) persysloedhifior 6-24 h, while equinolar doses of PTH ( lpddf)soraznaused
nore sustai ned hypercal cema (48-72 h). This duration of response is

consistent with greater half-life of the PTH (1-34)-Fc construct vs. PTH (1
-65 WD 01/81415 PCT/ USOL/ 13528 34). The potency of PTH (1-34)-Fc was al so
significantly greater than that of PTH (1-34) (Figure 4). The hi ghest dose
of PTH (1-34)-Fc caused a greater increase in peak ionized calciumlevels

conpared wi Bh) arhe 86ehePLAPTILER 30N FEWAS @lsPpnitiAdklySdeat thie tiRdtea under
the curve (AUC) eSﬁdem)a}r:;)strat ed th);t at the hrghest ng%aerrpl oyed,

PTH- ( 1- 34) - Bt PEEEledd)dFigwefd)l Thgheghest doppef PAE€I34)-Fespaseska t han di d
equi nol ar doses of PTH .(1-34). .Anabo]ic Assalg 10 Havi.ng denonstrated the
superi or ph&fFREOIEERASE Pﬁakfczm??&%mm%ﬁm cqmpaged ;R aBTH (1-34), we

conduct ed a_pj ! t - F t ment
W th PG FoCHaugaF dFY o ETFELES. Denaly ol ihe ST adaci ke O ALY, Toe
Dawl ey ($D) degichstraterl thatiad etk highest doseupaphiyed, PBab-€1-BapFbonesed aer al
density (BMD) was determined in 15 the third |unbar vertebra (L3) of all
rats by duaP-fefedd gyeater Aypergplcerpe respense thaestiy equagoley does ef Biklde t hen
treated accr%gjl)ng to the followi ng schedule: Goup 1: Vehicle controls
(PBS, injec SC, Days 1, 3, and 5) Goup 2: OPG Fc, single SCinjection
(1 ng/kg) on Day 1 20 G oup 3: PTH (1-34), SCinjections on Days 1, 3, and
5 at 20 nMles PTH kg/injection. This represents an optinal anabolic PTH
regi men. G oup 4ArabobicaAssayoup 3, but with a single OPG Fc injection on
Day 1. 25 Goup 5; Single SCinjection of PTH (1-34)-Fc 6Q. nMol es/ kg, on
Day 1. Fhis reprEeing L @meewrir&wéamce&}w&alfﬂge tal dose

of PTH (1- 3f’)f}f-ﬁg§i)\—/19cdo@é? Igfﬁy(ﬂ—é)il’), WHlohAudted A‘EhSt éﬂd‘ifctlo' Mermine
whether PTH-(1-34)-Fc co-treatment with OPG-Fc would increase bone
mass. Briefly, 6-month-old male Sprague Dawley (SD) rats were divided
into groups of 6. Baseline bone mineral density (BMD) was determined in
15 the third lumbar vertebra (L3) of all rats by dual-energy X-ray
absorptiometry (DEXA) (Day 0). Rats were then treated according to the
following schedule:
Group 1: Vehicle controls (PBS, injected SC, Days 1, 3, and 5)
Group 2: OPG-Fc, single SC injection (1 mg/ kg) on Day 1

20 Group 3: PTH-(1-34), SC injections on Days 1, 3, and 5, at 20
nMoles PTH/kg/injection. This represents an optimal anabolic PTH
regimen.

Group 4: Same as group 3, but with a single OPG-Fc injection on
Day 1.
25 Group 5: Single SC injection of PTH-(1-34)-Fc at 60 nMoles/kg, on

Day 1. This represents a molar dose which is equivalent to the total dose
of PTH-(1-34) received by group 3, but in a single injection.

Group 6: Same as group 5, but with a single OPG-Fc injection (SC,
1 mg/kg) on Day 1.
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G oup 6: Same as group 5, but with a single OPG Fc injection (SC, 1 ny/kg)
on Day 1. -66 WO 01/81415 PCT/ USOLl/ 13528 DEXA of the | unbar spine was

per f or e @@zd non Day 7 to evaluate changes in BVD. BMD j i ncreased
modest | ygVW' &%i ngle injection of OPGFc, or with 3 i n%@gbg(gﬁfé’%f

PTH (1-34), conpared to PBS- treated rats (Figure 5). PTH (1-34) + OPG
caused a greater increase in 5 BVMD than either OPG or PTH (1-34) al one. As
a nonot herapy, a single injection of PTH (1-34)-Fc failed to increase BMND.
However, a single injection of PTH (1-34)-Fc plus a single injection of

PG q T . . : NG o I
pr ovrgegagfgof aofﬁlﬂ%rl}% é%ﬁ‘%ﬂ@‘%%gs?’?‘%?}ﬁg8?%%‘&‘5?%%?‘% ﬁhg-gézgoe(rjeiiur E:ul ating

hal f 1ife cavaddeatb@hafpbd MEBVID t Bmmteﬂﬁc@aﬁédﬁwegﬂ%z\oﬁth hisk@10PG Fc, to
create an anabolic skeletal response. The anabolic eftfect of a single

treat nent wiinfectgpiqf OPG4jc, pe withi3 igectictes ofdZHr(@sderconhpareditatPBhrduced by
mul tiple injections, of,., PTH (1-34 it W t hout OPG-Fc co-treatnent. In
Concl st on,  ReairaaRts e mPBREU AN OIS rusrelr biepter cregin

i njections 51 - %__ j CAL A j t ment

regi nen ?on%l\rdgﬁagll%%{-%(@?g4 ,PTV\Ih' c%grarludgy' &é?\?&?ﬂ%&iﬁwiﬂﬁéwery
second day. ihjegtion df PIGE-3dhEcddilatto incrdasEiBMDT H¥Geter, arsitglae nmi ner al
density (BVD) in the third |unbar vertebra (L3). Normal 6 nonth old nale
rats were tigigcBangtdIEbfl3d-Fe pluspsgle snection efOBGFagruseda 20

oot o SRR AN B IR IS B R B, B ves
13110, MR 0P B AS88 s AP R BY C7 A
([ Asn10, e u kbjprtiked-with 34)oteot arstitesRAMICIkODKeFey &l créatemsanalialices ar e
assocl at ed Vglgepetélnr%rsggggeq 'ﬁl1er grlljallb% 1jcne(11fect of a single treatment with PTH-(1-
34)-Fc plus OPG-Fc was greater than that induced by multiple injections of
PTH-(1-34), with or without OPG-Fc co-treatment. In conclusion, maximal -
gains in BMD can be achieved with infrequent injections of PTH-(1-34)-Fc
15+ OPG-Fc, which is a superior treatment regimen compared to PTH-(1-34),
which must be injected daily or every second day.
Figure 5 shows the effect of PTH-Fc + OPG-Fc on bone mineral
density (BMD) in the third lumbar vertebra (L3). Normal 6 month old
male rats were treated with PTH-Fc or PTH or vehicle by a single SC
20 injection. Some rats also received a single SC injection of OPG. BMD was
determined 7 days later by DEXA. Data represent means +SD,n =6

rats/group.
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| evel s of PTH or PTHrP. Primary and secondary hyperparathyroidism (PHPT
and SHPT, respectively), are associated with increased PTH |l evels, while

hunor al WenAarsgalscem a of malignancy (HHM results in el eveggdsddssgH P
| evel s. Both proteins signal through the common PTH PTHrP receptor

(PTH R1) to cause increases in bone resorption, renal calcium

reabsor ption, and renal biosynthesis of vitamn D. Wile bone resorption

i nhi bitors have variable success in inhibiting osteoclastic bone resorption
in these disease states, no therapy currently mtigates the intestinal and
15 renal influence of PTH or PTHrP e®n cal cem a. Agents which
directly antagoni ze PTH or PTHrP signaling are therefore likely to have
greater effi cBIPACKPEIEY @b AN $orGONJUGATED PIrKE/PTHE RECERTOR ed

ant agoni sts of PTH Rl signaling are based on anjno terninal truncations.
BTH (7-34) pept | dad Hith PARTACENESY Himafhedd IREHER EiFels wi h vory
mld agonist activity. Conpared to PTH (7-34), PTH P-(7-34) peptide has
greater affinity for PTHRL and as such is a nore potent antagoni st.
However, sPTHr P- (INIBRODBQTE@N greater (but still mld) agonist activity
conpared to PTH %&34 (McKee (1990), Endocrinol. 127: 76). The opti mal
ant agoni st may cORBETR diseaseslaies argpspeciatedrwith ipmeased giayulating t he

t t i R - (4-34). Nutt et al 1990 End i | .
157 0T aeterdpEPLE of BETHER, Bttty A heeRhy hyPEERBRORH N ot o ¢ he
PTHr P sequenpeXTr 811 SEIPTY ¢ BvaRy, d¥Hsbociate8SMthndBase PPPH Keels,

([ Asn10, Leull] PTHrP-(7-34)-Fc) with virtually no agonist activity but with
very pot ent vanielemiosel hgperealicgmia 68matighahss FIGINICTésuBGih EBS28ed Li ke

nati ve PTH, eptj de- based PTH Rl ant agoni sts share rty of ver
short cilfcul‘dtT eﬁ’ﬁisf %qt€§’§°’ﬁe¥‘515155‘.aFWPg‘ﬁﬁF%FW%P%%%r mynal Y
truncati ons j T Ns . i ! !

o 11 cant rolesr (FIRHICH thichfisd RN DORERQEpUBANNAIAIEY 11 e
properties Ireabsorptioncdridiarall biuslyemiiésd oovitaanyBotWoidlaboperessigtion

ant agoni sts. Fc- coni"ugati on of amno-termnally truncated PTH "or PTHP
pepti des shdunigiterghave vameble suaegse is énhibiting esteedrsti¢ bgneagsorplidr, such

that conti iR HLAILUNN, o RIS iy RRuSRHE Tt lilaratld ' €1 o

15 renal influence of PTH or PTHrP excess on calcemia. Agents which
directly antagonize PTH or PTHrP signaling are therefore likely to have
greater efficacy compared to resorption inhibitors.

The most studied antagonists of PTH-R1 signaling are based on

amino terminal truncations. PTH-(7-34) peptides are fairly effective PTH-

20 Rl antagonists with very mild agonist activity. Compared to PTH-(7-34),
PTHrP-(7-34) peptide has greater affinity for PTH-R1 and as such isa
more potent antagonist. However, PTHrP-(7-34) also has greater (but still
mild) agonist activity compared to PTH-(7-34) (McKee (1990), Endocrinol.
127: 76). The optimal antagonist may combine the weaker agonism of

25  PTH-(7-34) with the stronger antagonism of PTHrP-(7-34). Nutt et al
(1990), Endocrinol. 127: 491, demonstrates that substituting Asn10 and
Leull of PTH into the PTHrP sequence (replacing Asp10 and Lys11)
results in a peptide ([Asn10,Leul1]PTHrP-(7-34)-Fc) with virtually no

agonist activity but with very potent antagonist activity.
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exposure to these Fc-antagonists. 10 MATERI ALS, METHODS AND RESULTS W have
cl oned, expressed and purified [AsnlO, Leull] PTHP-(7- 34)-Fc. W tested the
ability @foéidigisconpound to antagoni ze both acute and chp@puSe1/13528

hyper cal cem a responses in mce. PTH P-(1-34) was used as a cal ceni c agent
to evaluate the acute effects of [AsnlO, Leull] PTH P-(7-34) 15 Fc. Because
PTHrP is the principal nediator of HHM this study also represents a nodel
for hypercal cem a-i nducing tunors. Briefly, blood ionized calcium (BIC
was neasured at baseline, and mce were then challenged with vehicle (PBS)
or with PTH P- (1-Bikk Rive FEHKL) pByti®Chbadedl BTHIRDN antdotmisgkRatd i@ treat ed
once SC with varying doses of 20 [Asnl0, Leull] PTH P-(7-34)-Fc, or with

vehi cl e ( PBropentyvetwearyshoricdtadating bdf-tives (ehdodFurthereinmethel- 34), a

transi ent hypercal cenic, respanse observed, The peak calcem c response
occurred at grLH‘%@F“Eﬁ]aVPEE%fé’,HS ﬁﬁﬁﬁé‘? LequiEef tﬂﬁ%ﬁ‘g‘é‘% rchggqr 6 h post
chal I enge. | L N e : e rapid
normal i zat i o%&&aéé?sll ﬂﬁ%ge)rg%ge%;‘/%gg%%@%%%%g%ag %ﬁ%eprﬁl e

treat nents. ARUOThest pRfperékigmiicihirliaical polehtiakeficdrhentitaépeptidesponse to

PTH P-(1-34) (Figure 6). 1In order to test the abilite%dgf
[ Asn10, Leull3rragprists7-ugarfegation efamipsntermingbe tremeatad C Bpor EHEEN a, we

used PTH (1-34):Fc as | ong,.acting cal caem.c . ni. hi s st |.so
epr econt s s FopiaRaRE ST GRCERE A O e atns DR B8
secondary hyReiRRIGHS W R5EiSM of AP HEa0IESH YN 15 h i &rehwidCh fificiead by
persistent elevation of PTH levels. In vehicle-treated mce, a single SC

i nj ecti on ofephdutd i@hesEdc{aBlagmlittg) caused a robust hypercal cem c
response in normal pmice, reachi | .ev ng/dl at 24 h post 5

chal l eng¥ (vs. n E&@o&@ﬂ%@)&fxﬁhﬁ&sa ngl e SC injection of

[ AsnlO, Leull] PTHr = 34)- 0= . £ [gRpbficant. decrease
in the peak hyper*(;:\){e{:l(%aevor;el3 %:loggg’g%‘ %%S%%gﬁa&éd(&% §4§-‘1§§Ogifeﬁ'9%mf}l%giqgure 6). In
concl usi on, 3H-Fawedesedshe abidy antlagenmpoubdasdtantagonioé bdth acute

[ Asnl0, Leull] PTHrP-(7-34)-Fc, in both acute and chronic ani mal nodels
and chronic hypercalcemia responses in mice. PTHrP-(1-34) was used as a

calcemic agent to evaluate the acute effects of [Asn10,Leul1]PTHrP-(7-34)-

15 Fc. Because PTHrP is the principal mediator of HHM, this study also
represents a model for hypercalcemia-inducing tumors. Brieﬂy, blood
ionized calcium (BIC) was measured at baseline, and mice were then
challenged with vehicle (PBS) or with PTHrP-(1-34) (0.5 mg/kg) by SC
injection. Mice were then treated once SC with varying doses of ‘

20 [Asnl0,Leull]PTHrP-(7-34)-Fc, or with vehicle (PBS). In vehicle-treated
mice challenged with PTHrP-(1-34), a transient hypercalcemic response
was observed. The peak calcemic response occurred at 3 h post challenge,
and persisted until at least 6 h post challenge. [Asn10,Leul1]PTHrP-(7-
34)-Fc at 10 mg/kg caused a more rapid normalization of PTHrP-induced

25  hypercalcemia compared to vehicle treatment. A dose of 30 mg/kg
completely blocked the calcemic response to PTHrP-(1-34) (Figure 6).

In order to test the ability of [Asn10,Leul1]PTHrP-(7-34)-Fc to
antagonize more chronic hypercalcemia, we used PTH-(1-34)-Fc as a long-

acting calcemic agent. This study also represents a model for primary and
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of hypercal cem a. These nodel s enpl oyed cal cem ¢ agents based on both PTH
and on PTHrP sequences. These data suggest that

[ Asnl0, L%H/ﬁﬂ%‘r P-(7-34)-Fc, as well as other Fc-conj u9ai>8‘il/UFs)Eﬁ3E‘28
sts, nay 0

h . . / .
ant agoni be effective treatnent options for hyperparathyroidism 15
HHM and ot her di seases associated with aberrant PTH Rl signaling. Exanple
3 OSTEOGENI C PROPERTI ES OF FC- CONJUGATED AND NATI VE C- TERM NALLY TRUNCATED
PTH FRAGVENTS A. cAMP Assays 20 We tested the relative ability of PTH Fc
constructs to stinmulate CcAMP accunulation in rat osteoblast-1ike ROS

17/ 2.8 cells, I r d w the. ' . i nhi bi tor
| BMX to pro Ctogafa %gﬂ;%gl\éﬁ%%}{rpgﬁg%? dg&b%is %ﬁf@%gﬁ %Czé{lﬁécﬁﬁghal | enged
for 15 nmi nupessistéht Hleghfityebf PER Tvels ABSehidé-treatddtcd BhiaglRBa uct s.
Dose- dependent 25 cAMP accumnul ati on was denonstrated for all fragnents.

Non- Fc- conjnjegitcado PR HH( -39y Fa3d o i/ st capsee reropusehypetealeeptiet (1- 31) - Fc
and PTH (1-30)-Fc.(Figure 7). These data .d trat Fc- conj ugat ed
BTH 11 agiFteDOREF i BPHILES PRy S 3 et av e chat pAN i n o

ost eobl ast S 1,5 Sl : 1Bk e W then
tested the g? ?%%tg‘s !of ']ﬁPTH- ( %@%QNE% ((%le%%) %gu@#ﬂ@(@ég%%ﬁg%f and
PTH- ( 1- 30) - RAsi10, béwk.|PFBirP-(Re3dl-Fal at 106100 mp¢kgwensed aseptifchrdn  days 0, 5,
and 10 with vehicle or with PTH fragnents, by SC_injection. 5 Peripheral

bl ood was oBedieAsIn Bie ReaknhRgrcalcemicrgsponse P %{1'%4?(:1&?@ #h Mce were

killed on dﬁly' gi§é6vertebrae, tibiae and femurs were harvested for
hi st ol ogy a d8dhe )('i bi a was col |l ected for bone density neasurenents

(peripheral quanih tahéluSion) MRULSEE dONBESRMRY arRaEINistiEhEtivigpbf Chem stry
endpoi nts included total serumcal cium serum alkaline 10 phosphatase (AP,

a mar keno of [Asn¥obewbt]PEEPW7t34)-Feaindbetdramute and chrenicrapdingt medelsi d
phosphat ase 1082 R rk S ol oot Sockast, SrLL LU, Lol ogach, prrel . the
activity comnefgdi PRUBPSLASInAS! THblddath dHoBREr hAP: TRAP
[Asn10,Leull]PTHrP-(7-34)-Fc, as well as other Fc—conjugafed PTH-R1
antagonists, may be effective treatment options for hyperparathyroidism,
15 HHM, and other diseases associated with aberrant PTH-R1 signaling.
Example 3
OSTEOGENIC PROPERTIES OF FC-CONJUGATED AND
NATIVE C-TERMINALLY TRUNCATED PTH FRAGMENTS
A. cAMP Assays .

20 We tested the relative ability of PTH-Fc constructs to stimulate
cAMP accumulation in rat osteoblast-like ROS 17/2.8 cells. Cultures were
treated with the phosphodiesterase inhibitor IBMX to promote the
accumulation of cAMP. Cultures were then challenged for 15 minutes
with either vehicle (PBS), or various PTH constructs. Dose-dependent

25  cAMP accumulation was demonstrated for all fragments. Non-Fc-
conjugated PTH-~(1-34) was slightly more potent than PTH-(1-31)-Fc and
PTH-(1-30)-Fc (Figure 7). These data demonstrate that Fc-conjugated PTH
fragments maintain the ability to activate the AC pathway in osteoblasts.
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ratio would indicate a potentially nore anabolic agent. The relatively high
15 doses (15-fold greater than optinmal anabolic doses) were sel ected base

on  previysiiddi es which denonstrated significant changgsj Lipi cal
chem stry endggotlsnts. It was anticipated that | ower doses m g/hgbl 33& equi red

to denonstrate anabolic effects on bone density, and that antiresorptive
co-treatnent m ght also be required to achi eve anabolic 20 responses. The
clinical chem stry results are denonstrated in Figure 8. Serum cal cium was
not significantly different at 24, 48, or 72 h after injection of 300

nnmol es/ kg (3 2 nq‘ﬁgg . PTH-(1-34). This result is consistent wwth the
short hal f-I]]?'fe 0 Fsg(ﬁég%? conj ugat ed peptide, which nornmally causes 25
a transi ent (1Wé"ihér{1€efs€t@3t%elé?fe‘é@rdf'PHQJ(PJBHWPT'H-($%§J1:%,SPTBP(1-§HLF@D| ar

dose of PTH (1- 34&‘;& caused a dramatic and sustained increase i'n serum
cal ci um whiagid PEEkEd3QtFin miceP Reluf wegk)oldanalesnixenwere ipjecbet onal ceni ¢

t, while, PT 1-30) - Fc.was the | ea |.cem c of t 3.Fc peptides
?%egur e 8IA) .d%’éﬁ;(r% 9@59 3183\’1&‘68?]&%'{]@ %Wﬁﬁﬁ%m%@gg%mm 1-34) -71
WO 01/ 81415 14 2 - j OnkLT i el evat ed
by 300 naol coT Koo e (3o Bl Sl tthipha a0l a i kY
PTH- (1- 30) - AMdicdemereskitlat et ddel5, geerbess tiblevaid fmofs were Wivebtegeaked 72 h

after injection of 1,000 nnoles/kg (Figure 8B). Serum TRAP (osteocl ast
mar ker) was fAbhistolegyard engiibip V&%ﬁaﬁé@étesyfowﬂneﬂem;ty TRASUTE@NIS Fc, or

PTH (1-30) - ¢, . tical |y i b -31)-Fc (Fi
50 Tho calberal i BRI bt d TR ALY e 54) ' and vere
i ncreased ovdemistriRn@pollistinduddd tdtal setif QWO SRrOMm Akhtihd - 31) - Fc (100

nmol es/ kg) increased AP: TRAP, while the high dose (1,000 nnol es/kg)
decr easdé 1@hwephrime (Alea gnarkerof ostechlesisartivity\RuRéE una santesdé+ zed Wit h

BTH Const 1 UEFSSGR AL RTREAL-CATRATL § Se7hos of RRICOE I ST aRYs o) ar <
S Ryl A0 o STl ) (0
ef f ect when dstgobldstchctinitgapnitharedyo bstadelast activity. A higher AP:TRAP
ratio would indicate a potentially more anabolic agent. The relatively high
15  doses (15-fold greater than optimal anabolic doses) were selected base on
previous studies which demonstrated significant changes in clinical
chemistry endpoints. It was anticipated that lower doses might be
required to demonstrate anabolic effects on bone density, and that
antiresorptive co-treatment might also be required to achieve anabolic
20 respohses. ‘ |
The clinical chemistry results are demonstrated in Figure 8. Serum
calcium was not significantly different at 24, 48, or 72 h after injection of
300 nmoles/kg (1.2 mg/kg) of PTH-(1-34). This result is consistent with
the short half-life of the non-Fc conjugated peptide, which normally causes
25  atransient (12 h) increase in serum calcium. In contrast, an equimolar
dose of PTH-(1-34)-Fc caused a dramatic and sustained increase in serum
calcium, which peaked at 24 h. PTH-(1-31)-Fc was a more potent calcemic
agent, while PTH-(1-30)-Fc was the least calcemic of the 3 Fc peptides
(Figure 8A). Serum AP (osteoblast marker) was unchanged by PTH-(1-34)
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day 10. PTH (1-34)-Fc (300 nnol es/ kg) had no effect on bone density, nor
did PTH (1-31)-Fc at 100 nnol es/ kg. Hi gher doses of PTH(1-31)-Fc (300-

1, 000 nnpbas/sikfly caused significant hypercal cem a-rel at edpd@¥s0G118368 and
bones were not harvested fromthese animals for pQCT. PTH (1-30)-Fc 20

caused the greatest increase in bone density. There was an apparent
reverse dose-response, where PTH (1-30)-Fc at 100 nnol es/ kg had the
greatest effect and at 1,000 nnol es/ kg had the | east effect, although at
all doses BVD was greater than in controls (Figure 9). The reverse dose-

response WagdgRiRdtSiteiH, bt bhast ignifiRhh 89 elvatediBE 800 eRb1YAe: dCipEen for 25

clinical chem stry endpoints) were 5-50 fold higher than the opti mal
anabol i ¢ dogés4)-FoanddseBTH-(1PAH- oat 214 PTH-(#8@Q)RFE démonsiratedrihéi cant | y

(1502) - 3: " BBeR slevpudh 06 ABwiFach PRAKGIL 2 A i ey Of LAGO T r oat mont
regi men wt . I Rige = R 00 nnol es/ kg)
-72 WO 01/8 @%%g@g%igggg@ rmhlgé?a soGOtS éé))-l:“()ﬁr‘lsl%n %%ﬁ)ﬁgaﬁ%%t ment whi ch
failed te sisgniificoady thangat bpPaH-6BB8UNPTE-€1-64)-F&i @UHEIEA30)-Fodse dat a
denonstrate the potential anabolic effects of G terminally truncated

PTH Fc pept ivissdramhaticadlygacrenaed byiRldId & ibe dHiguye 86) Féhe saliculpsed on,

nbi ned wi t | ect | ti,mul ati MP. by C-term nal
P uncatt ons ARERAL F e nfe SRR PO Pha R b s iver ot ent
bone r esor ptdABLYTTHL(1B4)-Fel The 18WRESIeast BTTaL(1 SFIGM(860 ferriofdsiBR!

truncation of PTH (1-30)-Fc wll reveal shorter fragnments which nmaintain
or exceed t hecransdsb APCTRASY wleleahePiigh dbsS (), 00tnnithesskg) dagweseds may be 10

b G T e NN N T S
IrEET SRR R o TR (S e
nont hs of age) Theeffettsasftthd vatious PTRE tonRelkctd pnbodeuharedudensiyect i on with
various doses of PTH-(1- 34)-Fc or with vehicle (PBS). Oher mce were
treated dai (provirgl §bial metaphysis) are demonstrated in Figure 9. At the end of
the 15-day study, PTH-(1-34) (300 nmoles/kg) was observed to have a
15  modest (non-significant) anabolic effect when injected on day 0, day 5 and -
day 10. PTH-(1-34)-Fc (300 nmoles/kg) had no effect on bone density, nor
did PTH-(1-31)-Fc at 100 nmoles/kg. Higher doses of PTH-(1-31)-Fc (300-
1,000 nmoles/kg) caused significant hypercalcemia-related toxicity, and
bones were not harvested from these animals for pQCT. PTH-(1-30)-Fc
20 caused the greatest increase in bone density. There was an apparent
reverse dose-response, where PTH-(1-30)-Fc at 100 nmoles/kg had the
greatest effect and at 1,000 nmoles/kg had the least effecf, although at all
doses BMD was greater than in controls (Figure 9). The reverse dose-
response was consistent with the notion that doses employed (chosen for
25  clinical chemistry endpoints) were 5-50 fold higher than the optimal
anabolic doses. Low doses of PTH (or PTH-Fc) which fail to significantly
increase serum calcium are optimal for anabolic effects. See Hock, J.M.

(1992), 1. Bone Min. Res. 7:65-72. In the current study, the treatment
regimen with the greatest anabolic effect (PTH-(1-30)-Fc at 100 nmoles/kg)




injections of PTH (1-34) at a dose of 80 gg/kg/day (20 nnol/kg/day), a 20
treatnent reginen which is optimal for increasing bone mass in rodents (M
@Qunness-wWeyo1dighsJ. M Hock, Metab. Bone Dis. & Rel. Res. Sivschfidszs 1984) .
After 3 weeks, mce were sacrificed and tibiae were analyzed for bone

m neral density (BMD) via pQCT (Figure 10). Total tibial BMD and cancelled
BVMD were both significantly 25 increased by daily PTH (1-34) injections
conpared to vehicle-treated controls (Figure 1, two-way ANOVA, p<0.05).

Twi ce-weekly injections of PTH (1-34)-Fc caused dose-dependent increases in
both total apsghal6aReEHA IR taktithibnt abhibR Gail Pt sigheida Zqﬁs.re(aﬁ@ and 150
nmol /kg), were significantly greater than the effects of eéither vehicle or
dai ly PTH ( bertt8 cetloiGiy @Figiire 0T/ USOL/ 13528 34). Cortical BVMD in the tibia
was not signific tIy enhanced b PTH (1-34 r eat ts.

Twi ce-weekl y PTHYES3ARL el@&&%%%feéﬁaa%enf&é H@H% ffﬁ%t?é’ 5 in cortical

P ce tr odERiT Y G AR ETEIS peBhl. ERRIONEI B ol i LTRY COserves
Twi ce- wegkl WcRbrjugatids) c&&b&iéﬁbw&hfth@'fsel‘éehw brigtidased oBMT AANIP gpnot her apy

in aged ovariectomzed (OVX) rats. Sprague Daw ey rats were O/X'd at 3
mont hs of adetermanal froneations, mayeexpdaia t ran@hzOheﬁffﬁet in the pbpenrcgtof aner e

h t ed t ted t K t 10 t
vere i1 oat catanwrsaesGiet FRREE. MR Sebitd R Sl Gt or The
bi sphos phonaignARBn(srarT( 2:3a§-c mﬁlliireoaﬂ lsﬁbrte%r g&tn&éhts Ritfch InAdftaific (50
nmol / kg) or with APD + PTH- (1-34)-Fc. erm ned weekly via dual

ener gy X- r ayorabsezd thearethoic pBEil)of H—'Hﬂ{(l 3@}& Jhese fragenbras trery be weeks of
treatnent. At the_ start of treatnent, OVX 15 rats,had significant

reducti ofls iTROTS\VISIeative at siruilating Oétepélesenanglmy be cegnie.gthus
hi cl t . APD al one did
por G o 1 T B a Bider SR ftic inBop B7.a Dared to

vehi cl e-treated O\/X rats. PTH (1-34)-Fc al one caused a signi ficant
increase in BVMD at the fenoral netaphysis after 4 weeks of 20 treatnent
(p<0.05). Treatnent of OVX rats with pleABD was

PTH-Fc TREATMENT AS A MONOTHERAPY

15 The efficacy of PTH-(1-34)-Fc as a monotherapy was demonstrated
in adult mice. Briefly, male BDF1 mice (4 months of age) were treated
twice per week by subcutaneous injection with various doses of PTH-(1-
34)-Fc or with vehicle (PBS). Other mice were treated daily with SC
injections of PTH-(1-34) at a dose of 80 pg/kg/day (20 nmol/kg/day), a

20  treatment regimen which is optimal for increasing bone mass in rodents
(M. Gunness-Hey and ].M. Hock, Metab. Bone Dis. & Rel. Res. 5:177-181,
1984). After 3 weeks, mice were sacrificed and tibiae were analyzed for
bone mineral density (BMD) via pQCT (Figure 10).

Total tibial BMD and cancelled BMD were both significantly
25  increased by daily PTH~(1-34) injections compared to vehicle-treated

controls (Figure 1, two-way ANOVA, p<0.05). Twice-weekly injections of
PTH-(1-34)-Fc caused dose-dependent increases in both total and
cancellous BMD which, at the two highest doses (50 and 150 nmol /kg),
were significantly greater than the effects of either vehicle or daily PTH-(1-
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associated wth an earlier significant increase in BVMD at this site (3
weeks). The conbination of APD + PTH (1-34)-Fc al so caused significant BMD
i ncreasewoadygiy® | unbar vertebrae and at the fenoral met adiysses/164280. 05) .
PTH (1-34)-Fc al one caused a mld and transi ent hypercal cem c response 25
whi ch resol ved spontaneously after day 10 despite continued treatnents.

The co-adm nistration of APD conpletely bl ocked the calcemc effect of

PTH (1-34)-Fc. These data suggest that PTH (1-34)-Fc is an effective
anabol i c agent when used as a nonotherapy in both adult mce and aged OvX

rats. Ve - %k BPh A BND RGhe\drid whidtest si@ﬁﬁ@aﬂlj@nﬁ@ﬁ@éﬂ%gf &\Aélalgd that the

addition of an antiresorptive agent (APD) “"to PTH (1-34)-F associ at ed
Wi th sin | aPTH-(td4e treapinentsn dhersegedkly PAVD (134 pfe da@déd a dose-

Co-adm ni stration of  APD al.so bl.o the. .trapsient hypercal cem c response
pr oducedI Ey Cfﬁﬁqngfnéz)@%%e 13%"6‘]‘\‘-‘ ﬁ&@@@&@ QtﬁgFa‘ﬂé}@Sf)ég?%Wéﬁt ic i ndexpof
PTH (1-34) - F¢ !g! Lgnifi mﬁt ' - W} quﬂ '

effegtive) aﬁ?%reso?%tpgrfékeggg%? hdgéﬁrn‘{/éear::{n?%ﬁ&n%g\?tggivﬁg u yeeé(fje@%rhﬁged, it

w il be 3ppaleRt PTH-ARB4) (p&o@s inary skill in the art that many changes and
modi fications can be 10 nade thereto, w thout departing fromthe spirit and
scope of the i nvekwigsrweeldydEiH{(&r3rFaalss effechivieteiricaedsed BMBPssgC adenyl at e

e ML ST IO O TR AL
A LR a0 At B o kgt B e o 2o
t onogr aphy Other rats were sham-operated and treated twice per week with vehicle
10 (PBS). OVXrats were treated twice per week with SC injections of either
vehicle or the bisphosphonate APD (pamidronate, 0.5 mg/kg), or with
PTH-(1-34)-Fc (50 nmol/kg) or with APD + PTH-(1-34)-Fc. BMD was
determined weekly via dual energy X-ray absorptiometry (DEXA). Rats
were sacrificed after 4 weeks of treatment. At the start of treatment, OVX
15  rats had significant reductions in BMD at all skeletal sites analyzed,
compared to vehicle-treated OVX rats (Figure 11, p<0.05, 2-way ANOVA).
APD alone did not significantly increase BMD at any skeletal site
compared to vehicle-treated OVX rats. PTH-(1-34)-Fc alone caused a
significant increase in BMD at the femoral metaphyéis after 4 weeks of
20 treatment (p<0.05). Treatment of OVX rats with PTH + ABD was
associated with an earlier significant increase in BMD at this site (3 weeks).
The combination of APD + PTH-(1-34)-Fc also caused significant BMD
increases at the lumbar vertebrae and at the femoral metaphysis (p<0.05).
PTH-(1-34)-Fc alone caused a mild and transient hypercalcemic response
25  which resolved spontaneously after day 10 despite continued treatments.
The co-administration of APD completely blocked the calcemic effect of
PTH-(1-34)-Fc.
These data suggest that PTH-(1-34)-Fc is an effective anabolic agent

when used as a monotherapy in both adult mice and aged OVX rats. We
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PTH par at hyroi d hornone PTHrP parathyroid hornone-rel ated protein TRAP
tartrate-resi stant aci d phosphatase 30 -75 WO 01/81415 PCT/ US01/ 13528 What
is clalr’raq1 . A conposition of matter of the formula | and
mul timer ﬁer eof, wherein: 5 F1 is a vehicle and is attac‘ﬁ’}/gg&tﬂ)ﬁ%s':
C-term nus of PI-(L').; Pl1 is a PTH PTH P nodul ating domain; L' is a
linker; and aisOorl. 2. The conposition of matter of Caim1l1 of the
formul ae 10 P1-F1. 3. The conposition of matter of Claiml1, wherein Fl is
an Fc domain. 4. The conposition of matter of Claiml wherein F1 is an 1gG
Fc donai n. R OPASL ]{’%ﬁ fo n |1 gGl
Fc 15 donai Iﬁave 1gol’ﬁe c%?r%%{se?w}gﬁto (%%@El?glr fgtn al M ébé (%%E@orrpri ses

the sequenae FIH-SEQ4)-BcMas a%soc?iate'ﬁhmth@ﬁ@@l&tbt@ﬂo@frapﬁi irkfre@es@hai m 1
wherein the PTH PTHrP _nodul ating domain is of the forrrula 20 XN.CV]J~ 1 V
10X11X12/ v\ | BNMBXreagesh@ Vgt s 7Co arimiuist satiarxe b AlX dSEGheD NO - 3)

wh b X3IXAXEX6XT,  X1X XIXAX5X6X7,
Yxi&(za;(gx4x5>¥é§&s?e rl}%‘i’ O‘Eﬂ%‘%ﬂ&ﬁ SROLSEIRFO %fﬁg@%%ﬁg f% “§H4gx<28 are g;ch
i ndependent |y, gg@h@ ThaCthe the@pRUEE indSc bEPTPSADSL)Nic ¢Sl P sighiFi&a iy

X29X30X31, X29X30X31X32
improved by co—admlmstermg an effective antiresorptive agent.

* * *
The invention now being fully described, it will be apparent to one
of ordinary skill in the art that many changes and modifications can be
10  made thereto, without departing from the spirit and scope of the invention

as set forth herein.

Abbreviations

15
AC adenylate cyclase
AP alkaline phosphatase
BMD bone mineral density
cAMP cyclic adenosine monophosphate

20 DEXA dual-energy X-ray absorptiometry

| HHM humoral hypercalcemia of malignancy

OorG osteoprotegerin
OovX ovariectomized
PBS phosphate-buffered saline

25 pQCT peripheral quantitative computed tomography

- PTH parathyroid hormone

PTHrP parathyroid hormone-related protein
TRAP tartrate-resistant acid phosphatase

30

-75 -



X29X30X31X32X33, X29X30X31X32X33X34, X29X30X31X32X33X34X35, or
X29X30X31X32X33X34X35X36i -76 WO 01/81415 PCT/ US01/ 13528 X29 through X36
are eachypnhdgpgrdently am no acid residues. 8. The conpegiiuseivissgmat t er
of Caim?7, wherein: XN is X1X2X3X4X5X6X7; X is a hydrophilic or
nonfunctlonal residue; 5 X2 isV, X3is S, X4 is E; X5 is a nonfunctional
or basic residue; X6 is Q 10 X7 is L; X10 is an acidic or hydrophilic
residue; X111 is a nonfunctional or basic residue; X12 is a nonfunctional
residue; X14 is a basic or hydrophilic residue; 15 X15 is a nonfuncti onal
residue; XlGuhsat s A4Heded:i onal or hydrophilic residue; X17 is an acidic,
hydrophilic, or nonfunctional residue; X18 is a nonfunctional residue; X19
is an acidid.or bhsonqumnahﬂﬁInaﬁemﬁﬂﬂwgbanmémfunctional or basic residue;
X22 is a hydrophilic, acidic,'or aroq?giﬁ Eesidue; X23 is an aromatic or

| i pophilic residue; X24 is a |ipophilic/€sidue (L preferred); X25 is a
hydrophilic or b dﬁnhﬁ%hgﬂgﬂ1%§ﬁxa§mﬁ a hydrophilic or basic residue, X27
is a lipophilic, basic nonfunctional residue; and X26 is a | i pophilic

or nonfugctional resi dilgsa9ehitheand igatsddhiedrat dhe (Iett-:tmdlmm‘oﬂ’la([h) 8, wher ei n:
XC is X29X30X31X32v33X34;
P' is a PTH/PTHrP modulating domain;

L'is a linker; and

aisOor 1.
2. The composition of matter of Claim 1 of the formulae
10 P-F'.
The composition of matter of Claim 1, wherein F' is an Fc domain.
4. The composition of matter of Claim 1 wherein F* is an IgG Fc
domain.
5. The composition of matter of Claim 1 wherein F* is an IgG1 Fc
15 domain. .
6. The composition of matter of Claim 1 wherein F' comprises the

sequence of SEQ ID NO: 2.
7. The composition of matter of Claim 1 wherein the PTH/PTHrP

modulating domain is of the formula

20 XD RO XX RO EX XX XX XX
(SEQ ID NO: 3)
wherein:
XN is absent or is XCXXEXEX, XXX, XXEXEXXEXX, or
YXXEXXXEX;
25 X through X7, X, X", X**, X* through X* are each

independently amino acid residues;

XC is absent or is X”, XZX¥, XXX, XZX¥XEX®,
X29x3ﬂx3lx32x33 X29x30 31x32Xa3 34 XZ9x30x3lx32x33x34x35 or
X29x30 3lx32x33x34x35x36'
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-77 WO 01/81415 PCT/USO /13528 X29 is a hydrophilic or nonfunctional
residue; X30 is a hydrophilic or acidic residue; X31 is a lipophilic or
nonf unct %ﬂigsidue; X32 is H 5 X33 is a hydrophilic ﬁ@ﬁbgﬁ%bs nd X34
is a nontunctional or aromatic residue. 10. The conposition of natter of
Claim8, wherein: XCis X29X30X31; X29 is a hydrophilic or nonfuncti onal
residue; 10 X30 is a hydrophilic or acidic residue; and X31 is a

| i pophilic or nonfunctional residue. 11. The conposition of matter of
Claim8, wherein: XCis X29X30; X29 is a hydrophilic or nonfunctional

residue; and 15 X30 i» hi | roAcl di € ! g”ﬁ‘ 2. T
conposition of matter %f@égfr}?g J\%heéfgimnggﬂ)%{c&epéﬁﬁ ; a%‘g};a régi%.leg. a
hydrophi i ¢ 8r naHeuwshp&iaibn lof shatte- of Claich7e wipi@si ti on of matter of

Claim8, wherein Xc is absent. 20 14. The conposition of matter of Caim
8, wherein: X1 is A KosXXXMXLI; X110 is Nor D Xllis L, R or K

8 S N S Mk i 15 O N S O R
5 X*isV;
XisS;
X!is E;
X’ is a nonfunctional or basic residue;
X’is Q;
10 XisL;
X" is an acidic or hydrophilic residue;
X" is a nonfunctional or basic residue;
X" is a nonfunctional residue;
X" is a basic or hydrophilic residue;
15 X" is a nonfunctional residue;
X* is a nonfunctional or hydrophilic residue;
X is an acidic, hydrophilic, or nonfunctional residue;
X® is a nonfunctional residue;
X* is an acidic or basic residue;
20 X* is a nonfunctional or basic residue;
X?isa hydrophilic, acidic, or aromatic residue;
X® is an aromatic or lipophilic residue;
X*is a lipophilic residue (L preferred);
X* is a hydrophilic or basic residue;
25 X* is a hydrophilic or basic residue;
X7 is a lipophilic, basic, or nonfunctional residue; and
X* is a lipophilic or nonfunctional residue.
9. The composition of matter of Claim 8, wherein:
XE is XEXEXTXEXEXH,
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Xisis M L, Vor Ne; X19isEorR, X21 isV, M R or Ne;, X22is E or F;
5 X23 is Wor F;, X25is Ror H X26 is Kor H X27 is Kor L; and X28 is
L or |I. w0 olsi415he conposition of matter of daim 14, whar@/vso1f8s28s
X29X30X31X32X33X34; X29 is Qor A, J~ X30is Dor E; X31is Vor I; 15
X33isNorT;and X34 is A, F or Y. 16. The conposition of matter of C aim 14,
wherein: XCis X29X30X31; X29 is Qor A, 20 X30is Dor E;, and X31 is V
or I; 17. The conposition of matter of Caim 14, wherein: XCis X29V30;
X29 is Qor A, and 25 X30 is D or E. 18. The conposition of matter of

Caim 14, wherein: Xcx¥ s Q(Bidr@ﬂﬁﬁl(%gnbmcw‘orﬁl res@dud:he conposition of
matter of Claim 14, wherein i's absent. -79 WO 01/81415 PCT/ US01/ 13528
20. The conposition ofX'Triga bydespldligiomadidiewssidties t he PTH PTHr P nodul ati ng
domain is of the for msl(aa is a lipophilic or nonfunctional residue;
X*?isH;
5 X* is a hydrophilic residue; and
X* is a nonfunctional or aromatic residue.
10.  The composition of matter of Claim 8, wherein:
X© is XZX*X;
X® is a hydrophilic or nonfunctional residue;
10 X* is a hydrophilic or acidic residue; and
X" is a lipophilic or nonfunctional residue.
11.  The composition of matter of Claim 8, wherein:
XE is XBX*
X* is a hydrophilic or nonfunctional residue; and
15 X* is a hydrophilic or acidic residue. '
12. The composition of matter of Claim 8, wherein:
X®isX*and
X is a hydrophilic or nonfunctional residue.
13.  The composition of matter of Claim 8, wherein X® is absent.
20 14. The composition of matter of Claim 8, wherein:
X'isA,SorY;
X°isHor[;
X®isNorD;
X"isL, R, orK;
25 X?isG,F, orW;
X" isHorS;
X®isLorl
X*isQ,N,S, or A;
X" isS,D,orL;
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JNJ7ri 11V~ 1 11j12Lj 16Sj1ejl 91\ J21EW.RKKLIc (SEQ ID NGO 4) 5 wherein: JN
is absent or is selected fromj1J2j3j4j5j6, j2j3j45]6, j3j4j5/6; Jlis an
am no acwi)(rlmxldue J2 is an anmino acid residue; J3 is apcpukanzesi d
residue; 10 J4 is an amino acid residue; J5 is an amno acid residue; J6
is an amno acid residue; J7 is an amno acid residue; J8 is an amn no
acid residue; 15 J11 is a nonfunctional or basic residue; 112 is an am no
acid residue; J16 is an amno acid residue; J18 is an am no acid residue;
J19 is an acidic or basic residue; 20 J21 is an amno acid residue; jc is
absent or is r, J29j 3@(1%@191' mml\magJSOJ31j 32, J29J30J31j 32333,
J2J3J3J233J34; and J'’9 is an amno acid residue; YO s an amno acid residue;
25 J31 is an amino aciX lS&DtIBe r2|s an amno acid residue; J33 is an
am no acid residue; ﬁ I@PI@ aci d residue. 21. The conposition of
matter of O aim 20, r & GTWO%01/ 81415 PCT/ US01/1328 N is
]'12]334)5Jd6; J1l is aﬁ@qg‘gra,g.tp onal or aromatic residue; j2is a
nonfuncti onal residue; J3 is a hydrophilic residue;

5 X®isWorF;

X* isR or H;
X*isKor H;
X” isKorL; and
X*isLorl
10 15. The composition of matter of Claim 14, wherein:
XE is XEXEXIXEXEX,
X?isQorA;
X* isDorE;
X'isVorl
15 . X®isNorT;and |
X*isA,ForY.
16.  The composition of matter of Claim 14, wherein:
X© is XPXOXY;
X?isQorA;
20 | X* isDor E; and
X*isVorL
17.  The composition of matter of Claim 14, wherein:
X€ is XX
¥ isQor A;and
25 X* isDorE.
18.  The composition of matter of Claim 14, wherein:
X® is X*; and’
X? isQor A.

19.  The composition of matter of Claim 14, wherein X® is absent.
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5J4 is an acidic residue; J5 is a nonfunctional residue; J6 is a basic
residue; J' is a nonfunctional or aromatic residue; |8 is a nonfunctional
resi due; widdows1lis s a basic or a nonfunctional residue; JECr/uso1A13528
nonfunctional or aromatic residue; J16 is a nonfunctional or hydrophilic
residue; J18 is a nonfunctional residue; J19 is an acidic or basic
residue; and 15 J21 is a nonfunctional residue; JCis J29J30131J32J33J34;
J29 is a hydrophilic or nonfunctional residue; J30 is a hydrophilic or
acidic residue; J31 is a lipophilic or nonfunctional residue; 20 Y2is a

basic resi dug. J3Bhé oraposi€ioflicf MasrBfClaBNd dderéin the FTMBTHePr esi due.
22. The conposition of matter of Caim2l1, wherein: Jlis A Sor Y, 25 J2
is V: J3is S Jamodmiagting demiain is;of theferanda - 81 WO 01/ 81115 PCT/ US01/ 13528

j? i |Ssk/l ﬁ"r e!:i_, g?vl; s Mor ]N}frn\lﬁf‘%iﬁtr%ﬁ‘gﬁﬁhﬁﬁﬁr W 5 J16i sN, S, or A;
(SEQ ID NO: 4)
5 wherein:
TV is absent or is selected from J'TTITT, FITTTE, TITTS
J' is an amino acid residue;
J? is an amino acid residue;
T’ is an amino acid residue;
10 J* is an amino acid residue;
J’ is an amino acid residue;
J° is an amino acid residue;
T is an amino acid residue;
Jis an amino acid residue;
15 J" is a nonfunctional or basic residue;
J?is an amino acid residue;
J*® is an amino acid residue;
J* is an amino acid residue;
J? is an acidic or basic residue;
20 T is an amino acid residue;
]'C j. 5 ab S ent or i s ]29, ]’29]'30’ ]' 30]'31, ]’29]' 31]'32, ]’29]'30]’31]’32]’33’
]’29]’30]'31]’32]’33]’34; an d
J”is an amino acid residue;
J*is an amino acid residue;
25 ‘T"is an amino acid residue;
J*is an amino acid residue;
J*¥is an amino acid residue;
J* is an amino acid residue.

21.  The composition of matter of Claim 20, wherein:
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J19 is Eor R 21 isV,MorNe; J29isQrA; 10 J30isDorE, J3lisVorl; V2is
H J33 is N and J34 is F or Y. 15 23. The conposition of matter of C aim
20, whenrehi/grqddN is J1J233J43S36; J1 is a nonfunctional aicTaiwmais:s
residue; J2 is a nonfunctional residue; J3 is a hydrophilic residue; 20
J4 is an acidic residue; J5 is a nonfunctional residue; J6 is a basic
residue; J' is a nonfunctional or aromatic residue; J8 is a nonfunctional
residue; 25 J11 is a basic or a nonfunctional residue; J12 is a

nonfuncti onal or aromatic residue J16 is a nonfunctional or hydrophilic
residue; J18 is a no g?gqg residue; J19 is an acidic or basic
residue; -82 WO 01/8 /USC1/13528 J21 is a nonfunctional residue;
jCis J29J3J31; J29 iilaahydﬁuphh@mdiuﬁununﬂuneﬁd@@aI residue; J30 is a

hydrophilic or acidic si due; and J31 is a lipophilic or nonfunctional
residue. 24. The comp |at1?95ﬁf“8fm%‘§tr8?1 7Claim23, wherein: Jlis A S

or Y, J’ is a hydrophilic residue;

5 J! is an acidic residue;

J° is a nonfunctional residue;
J¢ is a basic residue;
T’ is a nonfunctional or aromatic residue;
J*is a nonfunctional residue;

10 ]11 is a basic or a nonfunctional residue;
J* is a nonfunctional or aromatic residue;
J* is a nonfunctional or hydrophilic residue;
J*® is a nonfunctional residue;
¥ is an acidic or basic residue; and

15 J* is a nonfunctional residue;
IS is PPTTTT
J? is a hydrophilic or nonfunctional residue;
J* is a hydrophilic or acidic residue;
J* is a lipophilic or nonfunctional residue;

20 1*is a basic residue; -
J®is an acidic residue; and
J* is an aromatic residue.

22.  The composition of matter of Claim 21, wherein:

J'isA,SorY;

25 Pisv;,
PisS;
J*is E;
FPisL
IisQ;
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J2isV, J3is S 10J4is E J5isl; J6is @Q J7is Lor F, J$is Mor
Nl e; 15 J1lisL, R orK; J12isGorW J16isN, S, orA; J18 is M Ne, L, or V;

J19i sEor & g]g%d;slrl sV,MorNe, J29 is Qor A J30is D Orng/Uﬁmﬁ%Sj Nis

J31i sVor . he conposition of matter of C aim 20, wherei

J'J2J3J4J35J6; J1 is a nonfunctional or aromatic residue; J2 is a
nonfunctional residue; J3 is a hydrophilic residue; J4 is an acidic

resi due; 83 WD 01/81415 PCT/US01/13-528 J5 is a nonfunctional residue; J6
is a basic residue; r is a nonfunctional or aromatic residue; J8is a

nonf uncti onal residue;7§ ﬂ%& .S a basic or a nonfunctional residue; J12 is
a nonfunctional or aroLa%lc résidue; J16 is a nonfunctional or hydrophilic
residue; JI$ is a nonfutoON®d; residue; J19 is an acidic or basic

resi due;
MisL, R, orK;
JT?is G or W;
5 J¥isN, S, or A;

J®isM, Nle, L, or V;
J’isEorR;
J*is V, M, or Nle;
P isQor A;

10 ®isDorE;
PlisVorl
*is H;
J¥isN; and
J*isForY.

15 23.  The composition of matter of Claim 20, wherein:
T isTTTTTY
J' is a nonfunctional or aromatic residue;
J?is a nonfunctional residue;
J’ is a hydrophilic residue;

20 J* is an acidic residue;
J is a nonfunctional residue;
J¢is a basic residue;
T is a nonfunctional or aromatic residue;
J’is a nonfunctional residue;

25 J" is a basic or a nonfunctional residue;
J* is a nonfunctional or aromatic residue;
J* is a nonfunctional or hydrophilic residue;
J*® is a nonfunctional residue;

J” is an acidic or basic residue;
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10 J21 is a nonfunctional residue; Jc is rJ3o; f is a hydrophilic or

nonfuncti onal residue;

conposi twoighygatt er of C aim 25, wherein:

S,
R
or

wher ei n:

Jdis E J5is |;
or KK J12 is G or
R J21 is V, M or

acidic residue; J5 is

J 1

is a nonfunctional

and J3 is a hydrophilic or acidic residue. 26. The

15 " J1i sA, Sopctivudiihsds J3 s
20J6 is Q J7is Lor F, Jsis Mor

Nle;, J1' is L

W 25 J16 is N, S, or A, JI$isMNe, L,orV, J19 is
Nle; J29is Qor A and -84 WO 01/81415
PCT/ USO / 13528 J3o0i sDorE. 27. The conposition of matter of C aim 20,

JN is J1JZ233J4J5J6; J' is a nonfunctional or aronmtic residue;
J2 is a nonfunctional jFeshdiegifuddidsalediMeeophilic residue;

J4 is an

zci.n%nswlnctl onal resi cfue; J6 is a basic residue; 10
Jois Bfdmati ¢ residue; j8is a nonfunctional residue;

J” is a hydrophilic or nonfunctional residue;
J* is a hydrophilic or acidic residue; and

J* is a lipophilic or nonfunctional residue.

24.  The composition of matter of Claim 23, wherein:

10

15

20

J'isA,SorY;
Jis V;

PisS;

J'is E;

PisI;

IPis Q;
TVisLorF;

J*is M or Nle;
J"isL, R, or K;
J?isGor W;

J®is N, S, or A;
J®*is M, Nle, L, or V;
J¥isE 6r R;

J*is V, M, or Nle;
J?isQor A;

J*is D or E; and
JPisVorl

25.  The composition of matter of Claim 20, wherein:

25

isTTTITT;

J' is a nonfunctional or aromatic residue;
J is a nonfunctional residue;

J is a hydrophilic residue;

J*is an acidic residue;
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J" is a basic or a nonfunctional residue; J12 is a nonfunctional or
aromatic residue; J16 is a nonfunctional or hydrophilic residue; 15 J'8 is
a nonfungd l,,& esidue; J19 is an acidic or basic residug, LS a
nonfunct?%%a #géidue; jc is J29; and J29 is a hydrophil?%r%égémg%
nonfunctional residue. 20 28. The conposition of matter of C aim 27,
wherein: J' is A Sor Y, J2isV, J3is S JdisE 25J5is1l; J6is
Q J7isLor F, J is Mor Ne;, JillisL,R orK;, -85 WO 01/81415

PCT/US01/ 13528 J12 is Gor W J'6is N, S, or A, J18is M Ne, L, or V;

J19is Eor R 5 J2 iﬁﬁsv%j‘%‘%qﬁ% %lh 'regﬂﬂle-j 29 is Qor A 29. The

conposition of matter , eretn’/ jNis J1J233j4j5j6; Jlis a
nonfunctional or aromefiga basit desedue;10 J2 is a nonfunctional residue; J3 is
a hydrophilic residue; , J4 is an acidic residue; J5 is a nonfunctional
resi due: . J' is a nonfunctional or aromatic residue;
J%is a nonfunctional residue;
5 J" is a basic or a nonfunctional residue;
J* is a nonfunctional or aromatic residue;
J* is a nonfunctional or hydrophilic residue;
J* is a nonfunctional residue;
J” is an acidic or basic\ residue;
10 J* is a nonfunctional residue;
I°is TT; |
J” is a hydrophilic or nonfunctional residue; and
J* is a hydrophilic or acidic residue.
26.  The composition of matter of Claim 25, wherein:
15 J'isA,SorY;
J*is V;
PisS;
J'is E;
PisL
20 JPis Q;
JisLorF;
J*is M or Nle;
J"isL, R, or K;
J?isGor W;
25 J®isN, S, or A;
J¥is M, Nle, L, or V;
JPisEorR;
J*is V, M, or Nle;
J®isQor A; and
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J6 is a basic residue; 15 J'" is a nonfunctional or aromatic residue; J8 is
a nonfunctional residue; J'1 is a basic or a nonfunctional residue; J12 is
a nonfunso omaliior aromatic residue; J16 is a nonfuncti onabtTwsoimsszsophilic
residue; 20 J18 is a nonfunctional residue; J19 is an acidic or basic
residue; J2' is a nonfunctional residue; and j  is absent. 30. The
conposition of matter of Claim29, wherein: 25 J1is A Sor Y, JZisV,
J3is S, JAis E JSisl; -96 WO 01/81415 PCT/US01/13528 J6 is Q J7 is
Lor F, J8is Mor Ne; JllisL,RorK, 5 112 is Gor W J16isN, S,orA;, J18
isM Ne, L orV, Jdp®and j21 is V, M or Ne. 10 31. The
conposition of matter of C aim 20, wherein the PTH PTHr P nodul ati ng donmai n
i s sel ect ed2fr omIhglsioanposiion of meatteraidslaitn@h, whemint er of Caim 1 wherein
the PTH PTH P nodul a h?éa%gggg_n is of the formula

ONLHO O011012KSI O16017L UHHLI Cc 1s (SEQ I D NO 5)

J' is a nonfunctional or aromatic residue;
5 , J” is a nonfunctional residue;

J is a hydrophilic residue;

J* is an acidic residue;

T’ is a nonfunctional residue;

J¢ is a basic residue;
10 J is a nonfunctional or aromatic residue;

J’is a nonfunctional residue;

J" is a basic or a nonfunctional residue;

J? is a nonfunctional or aromatic residue;

J* is a nonfunctional or hydrophilic residue;
15 J* is a nonfunctional residue;

J” is an acidic or basic residue;

J* is a nonfunctional residue;

J¢isJ?; and

J” is a hydrophilic or nonfunctional residue.
20 28.  The composition of matter of Claim 27, wherein:

J'isA,SorY;

TPis V;

JPisS;

J'is E;
25 | PisT;

JisQ;

JisLorF;

J*is M or Nle;

J'isL, R, or K;
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wherein: ONis absent or is Y01020304050607, 01020304050607, 020304050607,
0304050607, 04050607, 050607, 0607, or O0O7; 20 01 is an amno acid residue;

02 is anwd1zesidcid residue; 03 is an am no acid residuepct/0%1/1858n am no
acid residue; 05 is an anmno acid residue; 25 06 is an ami no acid residue;
07 is an anmno acid residue; 010 is an amno acid residue; 011 is an
amno acid residue; 012 is an amno acid residue; -87 WO 01/81415

PCT/ USO1/ 13528 016 is an anino acid residue; 017 is an am no acid residue;
023 is an amno acid residue; Cc is absent or is 01,029030 1 029030031, -
029030031032/ 5 0290308303083, 029030031032033034 /
029030031032033034035,  or 029030031032033034035036; and 029 t hrough 036
are each |ndependentlﬂ aﬁﬁhﬁ,@tﬁd resi dues. 33. The conposition of natter
of Claim 27, wherein 7 is a nonfunctional residue; 010 is an
acidic or hydrophlllc]ré§#@ e'LO%ﬂ is a basic or nonfunctional residue;

012 is an aromatic or yropfypqs.i onal residue; 015 is a hydrophilic or
nonfunctional residue; 15 016 is a hydrophilic residue; 017 is an acidic
or nonfunicti onal re3|qﬁesV'u£3nm§kﬁandronat|c resi due; and

JPisQor A.
29.  The composition of matter of Claim 20, wherein:
isTTTTTT
J' is a nonfunctional or aromatic residue;
10 ‘ J* is a nonfunctional residue;
J is a hydrophilic residue;
J* is an acidic residue;
T’ is a nonfunctional residue;
J° is a basic residue;
15 J' is a nonfunctional or aromatic residue;
J*is a nonfunctional residue;
J" is a basic or a nonfunctional residue;
J* is a nonfunctional or aromatic residue;
J* is a nonfunctional or hydrophilic residue;
20 J* is a nonfunctional residue;
J” is an acidic or basic residue;
J* is a nonfunctional residue; and
J is absent.
30.  The composition of matter of Claim 29, wherein:
25 J'isA,SorY; |
FisV;
I’is S;
J'is E;
PisI;
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Oc is absent. 34. The conposition of matter of Caim23, wherein: 20 ONis
01020304050607; 01 is a nonfunctional amno acid residue; 02 is a
nonf unct wan@l/siatd no acid residue; 03 is a hydrophilic ampagusei@dsisesi due;
04 is an acidic amno acid residue; 25 OSis a basic or nonfunctional am no
acid residue; 06 is a hydrophilic amno acid residue; 07 is a
nonfuncti onal residue; 010 is an acidic or hydrophilic residue; 011 is a
basi ¢ or nonfunctional residue; -88 WO 01/81415 PCT/USOLl/ 13528 012 is an
aromatic or nonfunctional residue; 015 is a hydrophilic or nonfunctional
residue; 016 is a hydfepllic residue; and 017 is an acidic or
nonfunctional residue; and 5 023 is an aromatic residue. 35. The
conposi tion of matter Jofs Clogiin 34, wherein: 01 is AL 02is V., 03 is S
10 M4isg; 05 is Hor #':@E i@ 07 is L; 010isNorD, 15 011isKorL; 012
isG F, or W 015 ¢ Orsl;é]l‘bles is Qor NN 017 is ID or L:

T"isL,R, or K;

5 J?isGor W;
J¥isN, S, or A;
J¥isM, Nle, L, or V;
J?isEor R;and
J*is V, M, or Nle.
10 31. The cdmposition of matter of Claim 20, wherein the PTH/ PTHrP
modulating domain is selected from Table 1.
32.  The composition of matter of Claim 1 wherein the PTH/PTHrP
modulating domain is of the formula
O"LHO"O"O”KSIO*O"LRRRFO*LHHLIO® ,
15 (SEQ ID NO: 5)
wherein:
O"is absent or is YO'O'O’°0*0°0°QY, O'O°0°0*O°0°C’,
O’0’°0'0°0°0’, O’°0*'0°0° 07, O'0°0°C7, O°0°CY, O°CY, or
O’;
20 O'is an amino acid residue;
O’ is an amino acid residue;
O’ is an amino acid residue;
O*is an amino acid residue;
O’ is an amino acid residue;
25 O° is an amino acid residue;
O’ is an amino acid residue;
0" is an amino acid residue;
0" is an amino acid residue;

0" is an amino acid residue;
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20 23i sForW 36. The conposition of matter of Claim 27, wherein the

PTH PTHrP nodul ati ng donmain is selected from Table 2. 37. The conposition
of mattewefis@d@i m 1, wherein the PTH PTHrP nodul ati ng dpgBigRoids:st he

am no aci d sequence of TIP39. 25 38. The conposition of matter of Claim1l,
conprising a sequence selected from Table 4. 39. A conposition of matter,
whi ch conprises a peptide selected from SEQ ID NOS: 17/ 18,19, and 69. 40.
A nucleic acid encoding a conposition of matter of Claiml. -89 WO

01/ 81-415 PCT/ USOL/ 13528 41. A nucleic acid encoding a conposition of

matter of Caim 7. 42.0NJucheiito aGtdesideRdi ng a conposition of matter of
Claim20. 43. A nuclei c acid encoding a conposition of matter of C aim 32.

44. A nucleic acid en@dl&@mm@dlresmeof matter of laim39. 5 45. An
expressi on vector co ,gyéﬁg t he Claim40. 46. An expression vector
conprising the DNA of FNO FEUC rﬁ\ﬂdé’)?pr essi on vector conprising the

DNA of C aim42. 48. @S%Qémlg@sz%@@pgls% HENA of d aim43.

49. An expression vector conprisin t he alm4 10' 50. A host cell
conprisi 8g the expressi oﬁ)”ﬂ?é"@s@“@* ofal'or'g’0*G1, 03?01%331036@?30“’4@5?rpr| si ng
the expression vector of C quggs 2224 A host cel | conprising the
expressi on vector of d aPﬁp4§’) ¥3"070Res 0 ¢ and conprising the expression

vector of C aim48. t~% C S tor of
Claim49. 15 55. The cel ’fléolu %E% %‘J’S%?CR%dFééN@?rﬁg? creq)}‘ﬁ%%&d I%S]éyue% cell.
56. The cel I330f GitRi dBn9PoesiibR e nhttdi®f C@him 27, Ahekeincol i cel | .  57. The
cell of d aimb52, V\/nereln the cell is an E. coli cell. 58. The cell of

Cl ai m 53, wherein the@eisiOfs an E. coli cell. 59. A process for preparing

an antagoni st of the PLH PTH P rec 20 which conprises: a) selecting
at Ieas%1 Oone peptide tHhdf? Q?ég“‘ftépr{)%éesﬂétl@pt or; and

O is an acidic or hydrophilic residue;
O" is a basic or nonfunctional residue;
O" is an aromatic or nonfunctional residue;
O is a hydrophilic or nonfunctional residue;
15 O*is a hydrophilic residue;
0" is an acidic or nonfunctional residue;
O% is an aromatic residue; and
O is absent.
34.  The composition of matter of Claim 23, wherein:
20 O"is O'0’0°0'0°0°0’;
O' is a nonfunctional amino acid residue;
O’ is a nonfunctional amino acid residue;
O’ is a hydrophilic amino acid residue;
O'is an acidic amino acid residue;
25 O’ is a basic or nonfunctional amino acid residue;
O°is a hydrophilic amino acid residue;
O’ is a nonfunctional residue;
O" is an acidic or hydrophilic residue;

O" is a basic or nonfunctional residue;
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b) preparing a pharmacol ogi c agent conprising at | east one Fc domain
covalently linked to at | east one am no acid sequence of the selected
pepti de o peaaliides. 25 60. The process of Caim59, whergttutheizpgptide is
selected fromthe SEQID NOS: 3,4, or 5. 61. The process of C aimb59,
wherein the peptide is selected in a process conprising screening of a
phage display library, an E. coli -90 WO 01/81415 PCT/US01/ 13528 di spl ay
library, a ribosomal library, an RNA-peptide library, or a chem cal
peptide library. 62. The process of Caim59, wherein the preparation of

the pharmacol ogi ¢ age@f? ik ne@bfiadid o? HonB¥nctidordl r&i@Rar i Ng a gene construct
conprising a nucleic acid sequence encoding the selected peptide and a

nucl ei ¢ aci d sequence Ofrisadiydigophilfecordundimnctianed régidegpr essi ng t he gene
construct. 63. The pr o&eés,s f GajmsS9, wherein the gene construct is
expressed in 10 an E. Ocdpp hydrpphiy residiesndess of O aim 59, wherein the

sel ection of the peptige i §n LALELEAAHInYT] RERRRSSnGOTY | SINg: a)

preparing a gene construc% conprising a nuclerc acid sequence encoding a
first selsected pepti deQfrigan anoelagicGeslédizd. sequence 15 encodi ng an Fc
domai n; b) conducting a pol ynerase chain reaction using the gene construct
and nut ageni 3. pr i Hee somplesitsinof nattet pf Claimddagerdreindri ner conpri ses a

nucl ei ¢ acid sequence .gonplenentary to a sequence at or near the 5 end of
a 20 coding strand of Phég ene construct, and ii) a second nutagenic primer
conprises a nucleic ac'galisﬁlequence conplenmentary to the 3 end of the
noncodi ng strand of the gene construct. 65. A nethod of treating

ost eopeni a, whi ch conp©’#&ss administering a

10 -~ O'isE;
O’isHor;
O%is Q;
O’isL;
| O"isNor D;
15 O"isKorL;
O%is G, F, or W;
O¥islorS;
O*isQorN;
O"isDorlL;
20 O®isFor W. |
36. - The composition of matter of Claim 27, wherein the PTH/PTHrP
modulating domain is selected from Table 2.

37.  The composition of matter of Claim 1, wherein the PTH/PTHrP

modulating domain has the amino acid sequence of TIP39.
25 38.  The composition of matter of Claim 1, comprising a sequence
selected from Table 4.
39. A composition of matter, which comprises a peptide selected from
SEQID NOS: 17, 18, 19, and 69.

40. A nucleic acid encoding a composition of matter of Claim 1.
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25 PTH agoni st and a bone resorption inhibitor, wherein the PTH agoni st
conprises a conposition of matter of Claiml1l. 66. A nethod of treating

ost eopen, Mhi&h conprises admnistering a PTH agoni st
resorpti gﬁ)?\rfﬁiﬁi tor, wherein the PTH agoni st conprises g@g/ggn%ofél i on of

matter of Claim7. -91 WD 01/81415 PCT/USO /13528 67. A nmethod of treating
ost eopeni a, which conprises adm nistering a PTH agoni st and a bone
resorption inhibitor, wherein the PTH agonist conprises a conposition of
matter of Claim20. 68. A nethod of treating osteopenia, which conprises

adm ni steri a o L i £ I LR bl tor, wherein the
PTH agoni stQ gborrﬁ‘r?g%i? iﬁg(?)lﬁ%(&)%@t Oaﬁc%ﬂﬁ rs}ns%ltEt%Zlgfgjftl é%gradl){n?@f.n%& A net hod of
treating os#2oper auclett adid enomlingescadpobsitivhesfimgtter oRTHiggmi st and a
bone resorption inhibitor, wherein the PTI | agonist conprises a

conposi ti on4df md Paelesracty snepding aempositign ofgnatser of Claimi 33-65, wherein

the bone resggrption i.nhibi.tor i sel ected from OP L i body,

cal citonin, i%'l spf‘?‘o@%ﬂ Tt es e C?PSC?Q%%PO%E_PP éﬂaggc%ﬁﬂ“%pl ators, and

ti bol ones 715, Th@‘mé@%%g‘ﬁﬁ’t&ﬁg‘%ﬂﬁgﬁﬁé DN AR Or pti on i nhi bitor
| 1

is selected fromOP citonin, bisphosphonates, 15
estrogens, @6t r odenexmessibnvenwotwoatmisingahe DN AafdfleimZad. The met hod of

Claim67, rein the bone resorption_ inhibi is selected from OPG
OPG L anti\ggz , rcl‘é'l%’erSﬁﬁlﬁPVﬁF@ﬁWS%é‘ﬁﬁgég?bﬁétqf@éﬁg,ﬂestrogen recept or
nodul at or s, gand ta ol : : } . rein the bone
resorption i4§'hi b?“ﬁg%@ggﬂﬁ%%58@?9@%%%§ﬁ@éﬁagﬁ??’body, cal ci tonin,

bi sphosphond$ges, Are@tp@@ﬁﬁyeeﬁ;&rc@migiﬁgem DNAidiataAMg, and ti bol one.
74. The nethod of C aim 69, wherein the bone resorption inhibitor is

sel ect ed0f r 8th OP@ heypcell campuiniag the axpressionvechirsfifdephaditat es,  estrogens,
ost copen a, St oft TeFR BTl bt SRS ol R RER B et et of ' ai m
1. 52. A host cell comprising the expression vector of Claim 47.
53.  Ahost cell comprising the expression vector of Claim 48.
54.  Ahost cell comprising the expression vector of Claim 49.
15 55.  The cell of Claim 50, wherein the cell is an E. coli cell.
56.  The cell of Claim 51, wherein the cell is an E. coli cell.
57.  The cell of Claim 52, wherein the cell is an E. coli cell.
58.  The cell of Claim 53, wherein the cell is an E. coli cell.
59. A process for preparing an antagonist of the PTH/PTHrP receptor,
20 which comprises:
a) selecting at least one peptide that binds to the receptor; and
b) preparing a pharmacologic agent comprising at least one Fc
domain covalently linked to at least one amino acid sequence of
the selected peptide or peptides.
25 60.  The process of Claim 59, wherein the peptide is selected from the
SEQ ID NOS: 3, 4; or 5.
61.  The process of Claim 59, wherein the peptide is selected in a

process comprising screening of a phage display library, an E. coli
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76. A nmethod of treating osteopenia, which conprises admnistering a
conposition of matter of Claim7. -92 RECTIFIED SHEET (RUL.E 91) |SA/EP WO
01/ 81415wih/sWfi®1/ 13528 77. A nethod of treating osteopaUuTusmhBss
conprises admnistering a conposition of matter of Claim20. 78. A nethod
of treating osteopenia, which conprises admnistering a conposition of
matter of Caim32. 5 79. A nethod of treating osteopenia, which conprises
adm nistering a conposition of matter of Claim39. -93

display library, a ribosomal library, an RNA-peptide library, or a
chemical peptide library.

62.  The process of Claim 59, wherein the preparétion of the
pharmacologic agent is carried out by:

5 a) preparing a gene construct comprising a nucleic acid sequence
encoding the selected peptide and a nucleic acid sequence
encoding an Fc domain; and

b) expressing the gene construct.
63.  The process of Claim 59, wherein the gene construct is expressed in
10 an E. coli cell. |
64.  The process of Claim 59, wherein the selection of the peptide is
carried out by a process comprising:
a) preparing a gene construct comprising a nucleic acid sequence
encoding a first selected peptide and a nucleic acid sequence
15 encoding an Fc domain;
b) conducting a polymerase chain reaction using the gene
construct and mutagenic primers, wherein
i) a first mutagenic primer comprises a nucleic acid sequence
complementary to a sequence at or near the 5 end of a
20 coding strand of the gene construct, and
ii) a second mutagenic primer comprises a nucleic acid
sequence complementary to the 3’ end of the noncoding
strand of the gene construct.
65. A method of treating osteopenia, which comprises administering a
25 PTH agonist and a bone resorption inhibitor, wherein the PTH
agonist comprises a composition of matter of Claim 1.
66. A method of treating osteopenia, which comprises administering a
PTH agonist and a bone resorption inhibitor, wherein the PTH

agonist comprises a composition of matter of Claim 7.
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76.

A method of treating osteopenia, which comprises administering a
PTH agonist and a bone resorption inhibitor, wherein the PTH
agonist comprises a composition of matter of Claim 20.

A method of treating osteopenia, which comprises administering a
PTH agonist and a bone resorption inhibitor, wherein the PTH
agonist comprises a composition of matter of Claim 32.

A method of treating osteopenia, which comprises administering a
PTH agonist and a bone resorption inhibitor, wherein the PTII
agonist comprises a composition of matter of Claim 39.

The method of Claim 65, wherein the bone resorption inhibitor is
selected from OPG, OPG-L antibody, calcitonin, bisphosphonates,
estrogens, estrogen receptor modulators, and tibolone.

The method of Claim 66, wherein the bone resorption inhibitor is
selected from OPG, OPG-L antibody, calcitonin, bisphosphonates,
estrogens, estrogen receptor modulators, and tibolone.

The method of Claim 67, wherein the bone resorption inhibitor is
selected from OPG, OPG-L antibody, calcitonin, bisphosphonates,
estrogens, estrogen receptor modulators, and tibolone.

The method of Claim 68, wherein the bone resorption inhibitor is
selected from OPG, OPG-L antibody, calcitonin, bisphosphonates,
estrogens, estrogen receptor modulators, and tibolone.

The method of Claim 69, wherein the bone resorption inhibitor is
selected from OPG, OPG-L antibody, calcitonin, bisphosphonates,
estrogens, estrogen receptor modulators, and tibolone.

A method of treating osteopenia, which comprises administering a
composition of matter of Claim 1.

A method of treating osteopenia, which comprises administering a

composition of matter of Claim 7.
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77. A method of treating osteopenia, which comprises administering a
composition of matter of Claim 20.

78. A method of treating osteopenia, which comprises administering a
composition of matter of Claim 32.

5 79. A method of treating osteopenia, which comprises administering a

composition of matter of Claim 39.
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