X-18122 -1- ANTI-HEPCI DI N-25 SELECTI VE ANTI BODI ES AND USES THEREOF The
present inventionis in the field of nedicine, particularly in the field of
ant i bodi ewoagavnsizohuman hepci di n-25. Mre specifical | ypcrhms2poesmat

i nvention cyngexns treatnment of certain di seases, such as anem a, by

adm ni stering anti-hepcidin-25 selective antibodies to patients in need
thereof. The present invention further concerns nethods and kits for

det ecting hepci di n-25 and/ or di agnosing a di sease condition characterized
by el evated | evel s of hepcidin-25. Human hepcidin, a pol ypepti de expressed
predom nantly by hepatocytes, is believed to be an inportant

i ron-regul at or x\NIHHERQIDINa2S $IAgRCTINE WANTHBODIES A NI USESI THREREO®N
absorption, iron recycling by macrophages, and iron nobilization from
hepatic iron stores. Overproduction of hepcidin appears to play a primary
role in the pat Htppyséemningytioafis mnkaiidd ahaédicing, padioedtlpinahe fikidoni ¢ di sease.

Presently, sujtable and effective rapi es.fqr anem a .and/.or for anem a of
chronic i <abbfd et PanReedER | TRy S AP OTE B R AaR P LD ot 1 on | o
ef fective iticagidny ofdeetin d20%cQkudhl ds ahdifia i5tddeidiSerafdthnti hepE&iak atledived t h

undesirabl e side effects. Furthernore, transfusions are undesirable due to
cont ani nat | BHPOJIGFta BRicHR AP tRGFPToT BT Peieat INKEHYAn IHESTIgFSiny Betioffoded as an

84 am no acind kR eRUERERLIhdSCiIGRNE dhdbiNHagholidPh 8REasdbdrRlHh B raddiz8by0 acid
endoplasm c reticulumtargeting signal sequence, and a 35 am no acid
pror egi on wileited losh9bAdsylitgdin cleavage site i nmediately fol |l owed by the

C-termnal 25 am L dqihi J i 3 ci di n- 25,
SEQ 1D N1 1) . VAl e PGB e 2
hepci di H 20befigved.to be gy intpgriein sronaesuipors eraikn hapgefvesaepylaeNgestinal and
hepci di n- 22 10 : ) I = e 1)...are al so
B A P e S R R S
not the onlsyrepHysimbdgiicndl hepeidinapeaats tb plapneofimhopeledi theipathhphyaiedgy
Therapies that selectively regul at. d%ggeconcentration of hepcidin-25, as
opposed to the precursor or truncate orns, are particularly desirable. In
particul ar, ant ifodntds sitifable asebftativa/tbppios fod atemih eplordoman2ihiaad chipposed t o

Precur B SRR EP Rl Bl A BT  ALIEDI ATl
50% of all the patients and is associated with undesirable side effects. Furthermore,
transfusions are undesirable due to contamination, infection and iron overload.

Human hepcidin is encoded as an 84 amino acid prepropeptide containing a
typical N-terminal 24 amino acid endoplasmic reticulum targeting signal sequence, and a
20 35 amino acid proregion with a consensus furin cleavage site immediately followed by
the C-terminal 25 amino acid bioactive iron-regulatory hormone (hepcidin-25, SEQ ID
NO:1). Various N-terminal truncated forms of hepcidin, such as hepcidin-20 (e.g., for
humans, amino acids 6-25 of SEQ ID NO:1) and hepcidin-22 (e.g., for humans, amino
acids 4-25 of SEQ ID NO:1) are also known to form in vivo. However, hepcidin-25 is
25  thought to be the most, if not the only, physiologically-relevant form of hepcidin in
humans. Therapies that selectively regulate the concentration of hepcidin-25, as opposed
to the precursor or truncated forms, are particularly desirable. In particular, antibodies
that selectively bind to hepcidin-25 as opposed to precursor and truncated forms would
provide numerous advantages in the treatment or diagnosis of disorders associated with
30  elevated levels of hepcidin-25. For example, as compared to non-selective hepcidin
antibodies, high affinity hepcidin-25 selective antibodies would reduce the risk for side-

effects and the clinical dose required for effective treatment would be lower because the



el evated | evel s of hepcidin-25. For exanple, as conpared to non-selective
hepci di n anti bodi es, high affinity hepcidin-25 selective anti bodi es would
reduce thwornswwifamn si deeffects and the clinical dose requiusea9ofnsrd4
effective txaatazent woul d be | ower because theX-18122 -2- therapeutic

anti bodi es woul d not bind to physiologically-irrelevant fornms of hepcidin.
Wi | e non- human pol ycl onal and nonocl onal anti bodi es to hepcidin have been
reported previously (see, e.g., U S Patent Application Publications

2006/ 0019339, 2007/0224186, and 2008/ 0213277), there still remains in the
art a great need for nonoclonal antibodies that selectively bind to

hepci di n- 25mmihﬂmpamﬁedmswedﬂnoﬂMmhe1%mﬂ@n@hdh4hsbvmmﬂpm@vfkmddmof

ant i bodi es ectiv i in- am ng ids 1to
7 el et v pSERBED a8 AT SRELEL o Aot B B AR ST g
serum i ron previedss, (seeeb gguﬂ S)(Pynteﬁzt mmﬂnmuonmablhdationmjzooe/[)d)1966)9.;@007/0@411)@5 obi n,
and/ or hemat or the t nen a di seas ondition, or
i sor der -yt 220V adidain WY Raei iy e gR s ah S MRS LAY e SR e pet i
do not & ffmmmbu%@ HllktEtO&l@}bdldﬂ@—QS phiysi, odeagpaeadt the rneéremaﬁstth&l@pms@n@f 25 from

i nactive, | ogi cal | n-rel ev i din species (see, far exanple,
Kerma, E Hen IE?dQ iy that ﬁéﬁle;% jiigpan gr(ql%j o ?@8%‘) aciRdeon) AN al . By
J Nutr. 970f5éﬁcl(Qn(230@11c)h anﬁﬂ&hleslawkﬂlmﬁﬂ inereadingl sdrbd MR R e K retlﬁldcs)teg"'em Lab
Med. 44: 1361-2 (2006)). Present he only met hods currently avai lable to
sel ecti vel ycoagfs%ﬁd biqgd Cﬁléfﬁﬁnﬂl ﬁm%ol?lﬁxﬁafi/\%h@@'f%t (% g feHbo e BEH aphy/ mass

spectroscopﬁkxgkw§l&hhg&nqy@ggﬁﬁpﬁghgp&@9g§ whi ch require the separatlon of
the various forns of hepcidin (see, for exanple, Gutierrez, J.A , et al.

Bi oTechH! ques, 38ldgmraly; pxigtmydamungassgyhyor hepcidip do nel| difdetentipegha gaige.54
(2007), and,Kefngicalk Ilélevarﬁthe&lldm 2 kR 1negﬂ€énphys"i_’o?lo£3aq’l B0h298 40 neptiliin! € these

assays nmmy bé accurdte and precise, their npl exity, expense, and he hi gh
| evel of op@pca@&iseeef@pemmpé% Keawai -Hd cf athbi:matolhglpat, 9|360|90ﬁé20(}$p)|1?ewent ati on.
Accordi nglyy h Eﬁr@ﬁé%ﬁsﬂrﬁégo ea% J‘i 'sb | bk S@lectively
bind with hlg |n|ty to hu or t eir appllcatlon in

|nnunoassay@hdnﬁauWEﬂd@téﬁﬂﬁhﬁOM®)dﬁasmbeﬁemmbUﬁMMﬁbcu@umW25thhms anot her
aspect A R INERLLD, e8RS, TR DR Ol A ERSLL 0 sel ective

anti bodi'es in atTvely and sel ective
I nmunoass ayS)ecfthcdpba)’;‘orckﬁhMTcumherm meEhsds ivehiahntequafe t]maqepareimon-o'f 5hei varioenmal | an
tissues and brlnsp éﬁl%}l)cq(?iln (sfele,Lijord gx’ample, Gutierrez, J.A., et al., BioTechniques, 38:S13-S17
(2005), Murphy, et al., Blood, 110:1048-54 (2007), and Kemna, E.H., et al., Clin. Chem.,
53:620-8 (2007)). While these assays may be accurate and precise, their complexity,
20  expense, and the high level of operator expertise required inhibit their routine
implementation. Accordingly, there is also a great need for antibodies that selectively
bind with high affinity to human hepcidin-25 for their application in immunoassays for
the detection or measurement of hepcidin-25. Thus, another aspect of the invention
provides methods of using hepcidin-25 selective antibodies in relatively simple yet highly
25  sensitive, robust, and selective immunoassays for the detection and measurement of
hepcidin-25 in mammalian tissues and biological fluids.
The present invention provides antibodies that selectively bind human hepcidin-25
within amino acids 1 to 7, inclusive, of hepcidin-25. In one embodiment, an antibody of
the invention selectively binds a polypeptide having the amino acid sequence as shown in
30  SEQID NO: 1, as opposed to related precursors and truncated polypeptides, and
comprises six CDRs selected from the group consisting of: (i) LCDR1, LCDR2, LCDR3,
HCDRI, HCDR2, and HCDR3 having the amino acid sequences as shown in SEQ ID



The present invention provides antibodies that selectively bind human

hepci din-25 within amno acids 1 to 7, inclusive, of hepcidin-25. In one
enbodi mrenwp 2ar/ami7obody of the invention selectively bi rd3/ts2@oloypept i de
havi ng the ®mgm® aci d sequence as shown in SEQ ID NO 1, as opposed to

rel ated precursors and truncated pol ypeptides, and conprises six CDRs

sel ected fromthe group consisting of: (i) LCDR, LCDR2, LCDR3, HCDR,
HCDR2, and HCDR3 having the am no acid sequences as shown in SEQ | DX-18122
-3- NGs: 9, 10, 11, 32, 33 and 34, respectively; (ii) LCDR, LCDR2, LCDR3,
HCDRI, HCDR2, and HCDR3 having the am no acid sequences as shown in SEQ ID
NOs: 12, 13NOg4, 1@3], 8633 anB43®spacespeciil MeDR], (GDRI), LOCBR, HCDBDR2, LCDRS,

H the am.no acid seguenc SEQ I D
No- a5 parepRRhy R G D5 SR e B RERUSR RGO KR 1 oo
HCDRI , HCDRR, 35130, 44a3DR3rekmutivedy; t(kid La]ﬁRioLé?Dle B@DB@rIﬂ‘,@BRaSH(SIhEMndn SEQ | D
NGs: 12, 1 38 6 and 37, respecti,vel CDR3,
HCDR | H@%ﬂ?ﬁéﬁ&‘“ S, A speen SR o S@é&ﬁ’w &, llé’ gg in SEQ I D
NGs: 15,5 10and136 re@ﬁctw‘éﬁr and LEDR1f EEPRCIILEVERY,HCDR ), HCHRL, ,and_EDBRS LCDR3,
HCDRI, H havi ng the am no _aci d sequence S in SEQ ID
NOs: 20, 21D dvipg the4a2mn91§cld SHHCRES aSﬁB%%E&SF@%RN% VL% L@D’% 35 , LCDRS,
HCDRI , HCDRRspeainaiy-iGHRS DRy Le@RCNECBRB) r}@cmn d{@l@ﬂ%ﬂ@ﬁ@m& Hﬁbfﬂ‘gﬂﬂld n SEQID
NOs: 20, 21, 23 42 43 and 44, rescgect LCDR3,

HCDRI , HCDRDMing peid pRapraseanshowgn inHee @N@Sa]éiy&o sléqi?eﬂ%é%d ‘&sr%mwfaeln SEQ I D
NGs: 24, 2 VI)%DIQZ LCﬁﬁ{zaD@Dﬂé H@@ﬁm@@m@wd HODR3 HeClalthe dnfii¥Reoid L CDR3,

HCDRI , H , and HCDR3 havi ng the anmino acid sequences as shown in SEQ I D

NOs: 2610 25seqyepcesss shoyar in SEQUR, NOwBebh Peilyd3, 3%44( %95Pectpry;, (VIICDR2, LCDR3,

HCDR,  HCDRZepRN G (RS sl H@;ﬁﬂl%@iﬂ@%@%@bﬁ?ﬁwé afifo3BgWn in SEQ 1D
NGs: 26 25, 28 42, 43 and’ 44, respectively anot h enbodi nent, an

anti body of seqrRaCqsray liryron SERIBNGS 2831t dpet2ctandidd edsnartivelyn (b no aC| ds 1
}:)‘(I)'NIZPI ICng:‘ u?%%g}ftﬂgepd |j'.£?br11{}5 E%Pg%QH %%%C?H%ZH Cﬁgﬁ‘ﬁ)l tﬂ %@E Iaélﬁ)t Eeo ant |O[)ody
of the invewyiwmneseonpsie SEQ 1D g0s: 24 h2h, B3, vidr +3adnlded 4y Iegleotmve(}*‘ GEVECDRI,
pol ypeptd dey @i 5R i e, BB, BR] BCDRYHAg EHR acRLYRERK e wherei n
shown in SEQ ID NOs: 26, 25, 27, 42, 43 and 44, respectively; and (x) LCDR1, LCDR2,
LCDR3, HCDR1, HCDR2, and HCDR3 having the amino acid sequences as shown in
SEQ ID NOs: 26, 25, 28, 42, 43 and 44, respectively.
In another embodiment, an antibody of the invention binds an epitope contained
20  within amino acids 1 to 7, inclusive, of human hepcidin-25, i.e., DTHFPIC of SEQ ID
NO: 1 or DTNFPIC of rodent hepcidin-25 (SEQ ID NO: 2 or 3). Preferably the
antibody of the invention comprises a light chain variable region (“LCVR”) polypeptide
and a heavy chain variable region (“HCVR”) polypeptide wherein (i) the LCVR and the
HCVR polypeptides have the amino acid sequences as shown in SEQ ID NOs: 48 and 49,
25 respectively; (ii) the LCVR and the HCVR polypeptides have the amino acid sequences
as shown in SEQ ID NOs: 50 and 51, respectively; (iii) the LCVR and the HCVR
polypeptides have the amino acid sequences as shown in SEQ ID NOs: 52 and 51,
respectively; (iv) the LCVR and the HCVR have the amino acid sequences as shown in
SEQ ID NOs: 53 and 54, respectively; (v) the LCVR and the HCVR have the amino acid
30  sequences as shown in SEQ ID NOs: 55 and 56, respectively; (vi) the LCVR and the
HCVR have the amino acid sequences as shown in SEQ ID NOs: 59 and 58 respectively;
(vii) the LCVR and the HCVR have the amino acid sequences as shown in SEQ ID NOs:



HCVR pol ypepti des have the am no acid sequences as shown in SEQ I D NGs: 48
and 49, respectively; (ii) the LCVR and the HCVR pol ypepti des have the

am no aciwozeguamnres as shown in SEQ I D NOs: 50 and 51, pcedse@biosmhy; (iii)
t he LCVR and-18i®2 HCVR pol ypepti des have the am no acid sequences as shown
in SEQ ID NGs: 52 and 51, respectively; (iv) the LCVR and the HCVR have the
am no acid sequences as shown in SEQ ID NGs: 53 and 54, respectively; (v)
the LCVR and the HCVR have the ami no acid sequences as shown in SEQ | D NGs:
55 and 56, respectively; (vi) the LCVR4and the HCVR have the am no acid
sequences as shown in SEQ ID NOs: 59 and 58 respectively; (vii) the LCVR
and the HCWR dnd\8, efpectarniyn Oviacthadl €¥§ued dedIGER Sinavthe aminSEQ bdquiN@ss % 18122

aci d sequentai SRR SRR ¥t Serletpsk I XN S/ GOy 0F, 27 e

LCVR and t hemihioviR] kguencth@ showvmn SH) D SlOgue@nmd S8 asspstrowaty; mn(x&E@ I D NCs: 62

equences. b RO T el R e e TN I NeR ey ¢

enbodi ment , 58, Repdciive@nt i on provi des i sol ated nucl eic acid nol ecul es encodi ng
anti bodi es of the invention; yectors conprising nucleic acid nol ecul es
encodi ng anti bodf 8LeTsmbpgiEent he frvesign Po¥psgipitFd ucisis et ﬁmoifcdlewg%ﬂﬂtgo
control SequEbBERS of &e G@&ltﬁﬁdfe&yrsaompﬁ‘sﬁngﬁﬁ&lblc h&laﬂﬁfe&ﬂfﬁ&dcd&intghnﬁ%ﬁleymt or;

host cells conprisin tors in ucl ei c aci d. es encodlng
Dot bodi es BF TLmEop-AguE i At PR B G Sist B AT HGRY of 1 he

i nvention ctmm;fonmdngthchﬂ stettot; hept bdis togy@lsing ve@dsrpcmmrﬂggmm«)ai@d nolnqitdsSi ng

nuclelc ci epcodi ng. anti bodi.es n.so that the
nucl o1 o1 e PG BRRE ARG SR bR RSP BLARRMAT 7 o ¢ ne

host cel |l ccwlnmumeg nmdnmghosﬂcnllmomhsng exbodompnding rtuhbmlacldawﬂacmlns provi des a
phar maceut | SRl HRERL LA, FOIRE S MG A AL DO RO dggAion and a

phar maceutica accep carrier uen era
phar naceut i madvengrtixomiibédyriroouhphdssed caltdn@mm@eneous or subst antially

hormgeneous pOpqﬁgl{okh%pe odﬁne'ﬁpﬁl%%ln%%n 'depg a icelﬁtagl ngsntq On. and a
. ekt o

pharmaceutical |y acceptable carrier uent. I'n anot odlnent, t he
i nventi bn pcrowrlelegareanhbnﬂmf dagivedon e@ﬂ mﬁmcmmaﬂly@membléyartlﬁav ddushect i vel y

bi nds mat ur lere@fégﬁlpth@ﬁ&%&imﬂicglqlbmﬂ&ﬁioin Qoﬁlﬂ%'é@zpﬁlomo geneous or substantially
homogeneous population of a monoclonal antibody of the invention and a pharmaceutically
acceptable carrier or diluent.

In another embodiment, the invention provides a human engineered monoclonal

20  antibody that selectively binds mature human hepcidin for use in therapy.

In another embodiment, the invention provides a human engineered monoclonal
antibody that selectively binds mature human hepcidin for use in treating or preventing
anemia in a human subject.

The invention also embodies the use of a human engineered monoclonal antibody that

25  selectively binds mature human hepcidin for the preparation of a medicament. The invention
further embodies the use of a human engineered monoclonal antibody that selectively binds
mature human hepcidin in a method for increasing serum iron levels, reticulocyte count, red
blood cell count, hemoglobin, and/or hematocrit in an animal, preferably a mammalian
species, more preferably a human subject.

30 The invention further provides a method of increasing serum iron levels, reticulocyte
count, red blood cell count, hemoglobin, and/or hematocrit that comprises administering to a
human subject in need thereof, an effective amount of a human engineered monoclonal

antibody that binds mature human hepcidin.



I n anot her enbodi nent, the invention provides a human engi neered nonocl onal
anti body that selectively binds mature human hepcidin for use in treating
or prevenwongiemnema in a human subject. The invention a&cIaseoodioes t he
use of a huxasliEngi neered nonocl onal anti body that selectively binds mature
human hepcidin for the preparation of a nedicanent. The invention further
enbodi es the use of a human engi neered nonocl onal anti body that selectively
bi nds mature human hepcidin in a method for increasing serumiron |evels,
reticul ocyte count, red blood cell courd, henoglobin, and/or hematocrit in
an animal, preferably a mammali an species, nore preferably a human subject.
The invention fuhmﬂermphu@hd&sf@emntmmmum®ﬁdm@m&dmmﬂymﬁummmﬂﬁ@m&levels,

reticul Ocytceongl?lon of dlsoergerbm% d %r? Is lbl]_|ec? l\"Vri'l ne@%hom an inc CFQ?G{{% serﬁeq}aotnocr It
that conprisSes adm nisterin an su nee ereof, an

effective ahwﬂntmmﬁbqnhunmnr@ﬂgommmﬂedmmﬁmnmgbhm]mﬂhﬁhbﬁﬂymﬁhmMuﬁhgds
mat ur e hunqﬁ%hqﬁ ?ln X-18122 -5- Anot ) nbgginent t he |§vention
provi des a FEPHGEIEHO: aP%%‘fH%% aéleﬁ‘ﬂasré%{%&lg LA a“H’i‘a§‘8P de°™9 n a human

subj ect ,5 whiichsdemdricascef.r om an i ncrease in serumiron levels, reticul ocyte

count, red blood cell count, henogl obi and/ or, mat ocr i cl udi ng, but
not limted to, d%ﬁét}ﬁealonealsg prova%%rlaetl}ogsfaﬁ PG e ﬁwm?ﬁnée{hegﬂﬂm 251n

i nflammat i ofsanfplty @ikGic Gk 6iORSRal ANYLREINERAGE - mallifal] SAMERdth@ItodpSiGin®r OVi des a
met hod for neasuring the anmount of hepC|d|n 25 in a sanple of tissue or

bi ol ogi cal 1 tFRP BHDLALHEHNE 3 HINPY Netivthsior @éﬁg&ahﬁwﬁér@mc%m%mﬂg iPhe steps

of ; (i) Obt&hﬂh@%@sa%@lmb%oﬁﬁctfa%ﬁdﬁﬁn 95 s@é&i‘v@gﬁt%hy b1l tlgghehf @RS mammal ;
(||) causing said sanple to contact a hepcidin-25 sel ective antlbody or

fragmentO t r)é@fectlrwrfae tipeyny olfcpeiding 33gn 4@ semmeidirecdy ohiwpiEecdy iy 25 i n sai d

sanpl e dquﬁkhmm@% &gglhgﬁﬁﬁwegymgﬂgmpéﬁ@&ﬁve sem -quantitative or
qualitative neans. In anot er enbodi nent, the antibodies of the invention

are useful in qdaﬁmmhwﬁﬁ@0¢ﬁ@maﬁbamﬂméﬁsh@b@Hdmﬁwzﬁﬁpﬁ®®bmﬁwmﬁﬂﬁmganple of
tissue or ﬂh?LB&%mﬁ@%h%}LMlndzsgﬁﬁégﬂgqsixﬁ@?‘oﬁtﬂ SO ol GRIR LR Binchioncoat I NG A

solid suppor I'rst an epitope contained wthin
am no aci dsa ﬁamma%mplrlﬂmg L(s)wamg@fSOHiE@pbﬁ)tN@l afirst 8HEQoIPtGiBd amuse 5- 25),

or SEQ P cpitope c(on%meg w1t%}n anihd gcﬁ)stgt to 2 Sal'Vet, &P éEé "f‘ﬁRfde 19§Eé IIl§ N3 0F

(mouse 5-25), or SEQ ID NO: 2 (rat 5-25); (ii) obtaining a test sample of tissue or
biological fluid from said mammal; (iii) applying the test sample to the antibody coated
solid support; (iii) allowing any hepcidin present to form a hepcidin-first antibody
complex under suitable conditions for hepcidin-first antibody binding; (iv) removing

20  unbound sample; (v) applying a second antibody that binds an epitope contained within
amino acids 1 to 7, inclusive, of human or rodent hepcidin-25, i.e., DTHFPIC or
DTNFPIC respectively, to the solid support; (vi) allowing any hepcidin-25 present to
form a second antibody-hepcidin-25-first antibody complex under suitable conditions for
the second antibody to bind any hepcidin-25-first antibody complex and; (v) removing

25  unbound second antibody; (vi) and detecting the presence or absence of the second
antibody. The presence or absence of the second antibody can be detected either directly

or indirectly and can be measured quantitatively, semi-quantitatively or qualitatively.

DESCRIPTION OF THE FIGURES
30
Figure 1 depicts a MALDI-TOF mass spectrum of the forms of human hepcidin

immunoprecipitated from human sera with the anti-hepcidin-25 selective Mab 3.23.



biological fluid fromsaid manmal ; (iii) applying the test sanple to the
anti body coated solid support; (iii) allowing any hepcidin present to form
a hepci diwofrmti7@nt i body conpl ex under suitabl e condit ipomarskban/052044

hepci di n-fixag1znti body binding; (iv) renoving unbound sanple; (v) applying
a second anti body that binds an epitope contained within amno acids 1 to
7, inclusive, of human or rodent hepcidin-25, i.e., DTHFPIC or DTNFPIC
respectively, to the solid support; (vi) allow ng any hepcidin-25 present
to forma second anti body-hepci di n-25 =dirst antibody conpl ex under
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detecting t resenc sen The resence or
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25 (appr oxi 47;3(@‘ S(3)] aé’B?ﬂréorbl\r/\éHﬁF&ta %Q\W‘S f%?% né&%ﬁ%é‘fﬁ%% hepg’i {j’nzd 2 has a
mass whi ch @Msw%mmsj SfproMepdidih erve s@eabHd THESSssQbediiasds dandrmed bepci di n- 20

(MW of 2192 . As the chromat ogram denonstrates, the anti-hepcidin-25 Mab
3. 23 bound 148 @aséﬁfﬁfiﬁ?@etélfutH’éB‘élad’ioﬁtl%lonaJH’&arrm‘tq’? npegladeyitharpunt s of
hepci di n- 20,y af{m hY@RxRidméll &id\BEptRIBRRATx) bOs Rl 9@& e&babIg of gueliseqof

hepci di n-22 "(MWV 2436 Da), hepcidin-24 (MN 267 or pro-hepcidin (MN

6929 Da)0 TH XH@B@6§§@c‘trum was generated on a I\/ALDI -TOF mass spectroneter
utilizing a posigl¥€s iHets th@?@xfiemgﬁ ofBE Bod éﬂe&tﬁn@ﬁ%%% Fisnfdh @xyci nnam ¢

acid (peptide matti x) as sa matrix essentially as described in Exanple
6 bel ow. Fi rgl@ﬁ@tzegd@dMW@@D AR édthﬁlcéwnmogtfmdm@@tr@p?eﬁw\@@h Shown in

deronst at Aol FRiEEs S3gE, b 2oy A0 inclyih 28 (SLARTR AR T
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ﬁlegmng;[ n5ag4w4g%$&p%a%§éu%_tﬁ?w5@/4%5‘ of hepcidin-22 (MN243 6 Da) or

Figure 3 depicts a MALDI-TOF mass spectrum of the forms of human hepcidin
immunoprecipitated from human sera with the anti-hepcidin-25 selective Mab SES.
Signal 1 has a mass which is consistent with the expected mass of intact human hepcidin-
25 (2790 Da). As the chromatogram demonstrates, the anti-hepcidin-25 Mab SE8 bound
20 detectable amounts of hepcidin-25 only. The mass spectrum was generated on a MALDI-
TOF mass spectrometer utilizing a positive ion, linear mode method with a-cyano-4-
hydroxycinnamic acid (peptide matrix) as sample matrix essentially as described in
Example 6 below.
Figure 4 depicts a magnified view of the mass spectrum shown in Figure 1 in a
25  relevant region (MW 2000-3000 Da). As the chromatogram demonstrates, the Mab SE8
bound detectable amounts of hepcidin-25 (Signal 1). The Mab 5E8 did not bind
detectable levels of hepcidin-20 (MW of 2192 Da), hepcidin-22 (MW 2436 Da),
hepcidin-24 (MW 2674 Da), or pro-hepcidin (MW 6929 Da).
Figure 5 shows a graph of a calibration curve for hepcidin-25 generated by
30  serially diluting synthesized hepcidin-25 (solid circles) starting at a concentration of 10

ug/L (10 ng/mL) and conducting the MSD immunoassay described in Example 8. The



Figure 3 depicts a MALDI - TOF mass spectrum of the forns of human hepcidin
i munopreci pitated from human sera with the anti-hepcidi n-25 selective Mb
5E8. Si gnaib 20103078 mass which is consistent with the eppeaiseamsmgs of

i ntact humex-18epxci din- 25 (2790 Da). As the chromatogram denonstrates, the
anti - hepcidin-25 Mab 5E8 bound det ectabl e ambunts of hepcidin-25 only. The
mass spectrum was generated on a MALDI TOF nass spectroneter utilizing a
positive ion, |linear node nmethod with a-cyano-4- hydroxycinnam c acid
(peptide matrix) as sanple matrix essentially as described in Exanple 6
bel ow. Figure 4 depicts a magnified view of the nmass spectrum shown in
Figure 1 i nMSDrimlrremamayr\mgismiféd\m E@@ﬂirem)@ld[dad notAscoginee kdpedmab@goelam
denonstr at es, or'c\j{% ?1 822b(§uend1d ect abl e amounts of hepci di n-25 (Signal
1). The Mab Fiand RSP M2 AP A abl e 1 evel s of hepci di n-20 (MW of 2192
Da), hepci din- ZZhéIfM\YoM@aHBa:)v;anhmme oheth h@4in( MON2 6aeforiDai)e, BSA: povirehepci di n

(MWV 6929 Da ur e cal i bration cur v. hepci di n- 25
Goner at ed ot PRy BET G- EnPRes] oRaS R R s F et 5 ol es)
starti ng atenay@@naieadtimaih@orbeht at&y My AC(ikbnodbdized meangffiadpnduct i ng t he MSD
Spec 1.1 SHHBHLTET. BACE ehrag By - EeBBROPa HEp: U BT oa,
triangles) ernb&g/pMads M1oAdclof Btio TS Imlm Toe: f1akixoNdsgatabhisey i atl ons are
used herein: ACN. acetonitrile, BSA: bovine serum al bum n, DTT:

di thi ot hrei PesPrptiptoRizaleny | e dilights P.%S thbpsPRae duffered salie. SER;: §ifacenzy me
l'i nked i %%Q@s%harfé@ SEYA: tﬂlﬂd%%acétmm |Allzaﬁﬁn5'%1@-hb‘tﬁé\5fldtﬂh§ Nsef\l/énbthls

chr omat ogra(gﬁ%/ | PTG i soprop % -D-1-thi og}al act op ranosi de
nmonoc!| oHal GBI AyC thwwgcepwé o clhedipiied States teeand mgma rkyi@ftice as set

Mat ri x- Assogi@tefh é@q@§ l%g%)&@ j.on lonization-Time of Flight, PBS:
phosphat e-buffered saline surface plasnon resonance, TFA:

trifluoroacetic HeiptEsenAinventianmeovadss dnihsigres tanselastiselyibiad heneidinP&byli scl osur e
Forth i n a7 e foigdnlly fitnityfh RSl 30", AORE RRAR-EL R, Modi es
that sel ectamibbdicsbirnabefid fgiittrasiag sd;me@ng@le}sngtlalhocem doopered bhwdiceled wit hi n
am no af:§ dsco:llintt Remdgloblr? la%ilé/ hehlai)ofcrll1 1%%(illugllarr1] for%he treagment of a disease,
condition, or disorder such as anemia. Furthermore, the present invention provides
methods of using such antibodies in relatively simple yet highly sensitive and selective
immunoassays for the detection and/or measurement of hepcidin-25 in mammalian tissues
and biological fluids.
20 When used herein, the term “hepcidin” refers to any form of the hepcidin protein
known to be present in mammals. When used herein, the term “mature hepcidin” refers
to any mature, bioactive form of the hepcidin protein expressed in mammals. When used
herein, the phrase “human hepcidin” refers to any form of the hepcidin protein present in
humans. When used herein, the phrase “human hepcidin-25 refers to the mature form of
25  human hepcidin having the amino acid sequence as shown in SEQ ID NO: 1.
The general structure of an antibody is very well-known in the art. For an
antibody of the IgG type, there are four amino acid chains (two “heavy” chains and two
“light” chains) that are cross-linked via intra- and inter-chain disulfide bonds. When
expressed in certain biological systems, antibodies having unmodified human Fc
30  sequences are glycosylated in the Fc region. Antibodies may be glycosylated at other
positions as well. The subunit structures and three-dimensional configurations of

antibodies are well known in the art. Each heavy chain is comprised of an N-terminal



anti bodi es are useful for increasing serumiron levels, reticul ocyte count,
red bl ood cell count, henogl obin, and/or hematocrit in a human for the

t r eat nrentwof2om/diwease, condition, or disorder such as a@&oenisacoosaoher nor e,
t he presentxiimgventi on provi des nethods of using such antibodies in
relatively sinple yet highly sensitive and sel ective i munoassays for the
detecti on and/ or neasurenent of hepcidin-25 in mamualian tissues and

bi ol ogi cal fluids. When used herein, the term"hepcidin" refers to any form
of the hepcidin protein known to be present in manmals. Wen used herein,
the term"mature hepcidin” refers to any mature, bioactive formof the
hepcidin[NhﬁmydMpru@@s&@mnm%ﬁﬂﬁﬁﬂxdaMhewCh@edmnememgmn(ﬁﬁﬂahﬁase "human
hepci di n" ref TR forn1of t he hepgi r gt.ei i ng nans.
When used H@%eﬁwqugﬁ ?%ngg“ﬁd%%ﬁnrgaﬁl hmeg aPe ers 2?HCQ[ ?ure form
of human helpGi M irtalglAngndéhéomnsr(@PHcCﬂzs(éHMQBd:@Has;fcsH‘@MandrgESEEQ):H D NO 1.

Th | t f 1ti bod \ F
Tnti body orligh ML topy el PriRat SRS yistplehalon Biteing POV M Tt by o

chai ns and ¢ha cohdtghtcei@al.OSR™t hat are cross- Ilnked via intra- and

i nter-chain disulfide bonds e ex essed in.c n hi ol ogi cal . systens
anti bodi es havi ﬁ&eﬁﬁrﬂ?&%rFa‘%l@%F%ﬁaﬂ %aé&am%r paf WE%%dy% S the Fc

regi on. AntTROUTeR JHRY.COR Bdiy&QsY batirdeadub@taed mao@glbhmfy@@vmb lity, The
subunit structures and three-di nensi onal confi uratlons of antibodies are

vel | known tFrnadigemplementediyylefcanipinedrgipns (CORebitgrinseqd gth gggions that are

N-term nal Xh&%%&?sehf%@%é’rnf’eﬁ%‘aﬁle&@&'r@@br% (RO 2R HAVRRRd L@l isohpBiey chain
constant regi on ("HCCR' heavy chai n constant region is conprised of

t hree dbhai Qféhre Rs epd Owaﬁ%ls armieed §pmjag@o-egmnugitdabgry-teandudindetrai ns
(CH, CH2, {£hiByindReeftpR), éBRﬂ}QM a0l 9153 c@l@ Fkhghfereﬁhﬁieﬁhﬂeécﬁﬁ%f' sed of

a Ilght chaln vari abl'e region (hérein " chai n const ant
regi on (" LGtrRhavy Theen gigréfesddeto ﬁ%gﬁ@hﬁl &D%ﬁéwnﬁ C@IRIHBH @ad/ghe dived @DR&abr form

the ant | boc RLRSLAR 43 Ge S MR, 2RLORIHONS HEEORE UILARL:

subdi vided 1 nt® regions of hypervariability, terned conplenentar
det er m ni ngofrtegicodges (xxdiiaﬂi@nm smtlép sperg®ds with heraeggenndhe hatgnmes qfror e

conser Ve AR AB RS EH 205 AR RUAEYE gy sprrosed o
in the foll tSb.qlnzgcaarotﬂBrotelﬁRif,ImﬁiﬁE&blngRZnte@RZ\IanEm InsGDIRS ,of HRAth, Her ei n, t he
three CDRs Ol sda. Md. (1991)).
Antibodies of the present invention may have a heavy chain constant region
selected from any of the immunoglobulin classes (IgA, 1gD, IgG, IgM, and IgE).
20  Preferably, antibodies of the present invention contain a constant region which is derived
from human or mouse IgG Fc region.
The term “monoclonal antibody” refers to an antibody that is derived from a
single copy or clone, including e.g., any eukaryotic, prokaryotic, or phage clone, and not
the method by which it is produced. Preferably, a monoclonal antibody of the invention
25  exists in a homogeneous or substantially homogencous population.
An antibody of the present invention can be intact, i.e., comprise complete or full
length constant regions, including the Fc region, or a portion or fragment of such an
antibody provided that any shortened form comprises the antigen-binding portion and
retains antigen-binding capability. Such shortened forms include, e.g., a Fab fragment,
30  Fab' fragment or F(ab') 2 fragment that includes the CDRs or the variable regions of the
anti-hepcidin-25 selective antibodies disclosed. Furthermore, such shortened antibody

forms can be a single chain Fv fragment that may be produced by joining the DNA



the heavy chain are referred to as "CDRH , CDRH2, and CDRH3" and the three
CDRs of the light chain are referred to as "CDRLI, CDRL2 and CDRL3." The
CDRs contworormoatro7of the resi dues which form specific i rCEnsetmwos®4ni th the
antigen. The-188% gnnment of am no acids to each domain is in accordance with
wel | - known conventions (e.g., Kabat, "Sequences of Proteins of

| mmunol ogi cal Interest,” National Institutes of Health, Bethesda, M.

(1991)). Antibodies of the present invention may have a heavy chain
constant region selected fromany of the imunoglobulin classes (I1gA, 1gDb
1gG 1gM and IgE). Preferably, antibodies of the present invention contain

a constant megliontheMiCOR drgl FIEYR wedl aflmbenshqraee. ice MjukéunglieFc regi on. The
term* monochonale ANt L, POdYCCILET fhdhou AN 318 TR NAL M deri ved, Lr.om 2
single copy or clonme, inc udi ng e.g., any €u aryo{ C, pro aryoPlcg, or phage
cl one, and Yiatagt Kew ivetk)ppl 2693 Uil ¢d4).i Redasdlgs oflwha@bkr flapmbies atyboytiona areonocl onal
anti body of the jnventipn.exists in a.ho eneo or substanti al l
hormgeneousPEat AT SAICCIKT Pty Srin PRENE W ReeTsesterBR &Vl 1 nt act,
i.e., COTPrisSghkahipindbensanlctubtheriven gidicacanals acig ak @@ipdsisin pbiioh udprogit he Fc
regi on, or portion or fragment of such an antibody provided that any
shor t ened f%%weebﬁﬁﬁmsgﬁsabﬂﬁgtoaﬁe%@}x *Bfl%ﬁpﬁ@mp%ﬁr %qddﬁu‘gﬂ&e PBE & Y

ant i gen- bi nglbgiviidPakiirdcdriftic SUEIS NIt IRPEint B MBivb BE LGS0, i€is Gncluded Fab
fragment, Fap' fragment or F(ab') 2 fragment that includes the CDRs or the
variabl e r e§ingeds™ jgBlkadY T~ hepci di n- 25 sel ective antibodi es di scl osed.
Furthernore, sucthpb@acd §RMndHkibLPEMb P68 LRholEehBiqRtNHIBneRATNHEY
fragment that may be produced by joining the DI%AX 1§1122 -9- encoding the
LCVR ant) HaVRew. fesombinprikeshnelagipre Akage disgier fecmalegieshiithetrhieciprologiriobl ogy  of
Monocl onal C%Mb'irgﬁgﬁseo"\f’suc‘ﬁQEchngﬁgies ﬁ%&?@éﬁ&blﬁi‘& r%ﬂ?%&@%in’théﬁ{ ds&%]%r'
Verlag, New York, pp 269-3 15,71994). Regardl ess of whether fragnents or
portions ar&ampleciayiseek, SttheCline Cherha Af il oBd0 (1899 asélellpapeFi.i diel .Udes such
fragments L wel single chain fornms unl ess ot herw se

i ndi cat ed. %P%&rlfg%%@?%éw%r(g?@?)h portion or protein fragnent retains the
ability to sel ectTabiby abd Adelheplepidi mme2GedGidR s &utheainiibwlios wé theprayente

bi oact!ilg ti.ese haracteristic of mammal i an hepcidin-25 in vivo or in vitro,

it is includéd Within the term"antibody".

Table 1
Fab LCDR1 LCDR2 LCDR3
Consensus | SASSSX;SXoMY LTSX3LAS QQWSSX,PPT
1 (SEQ ID NO: 6) (SEQIDNO:7) | (SEQID NO:8)

4C11 SASSSVSYMY LTSNLAS QQWSSNPPT
(SEQ ID NO: 9) (SEQ ID NO: 10) | (SEQ ID NO: 11)

1G8 SASSSASYMY LTSHLAS QQWSSGPPT
(SEQ ID NO: 12) (SEQ ID NO: 13) | (SEQ ID NO: 14)

1B4 SASPSVSYMY LTSHLAS QQWSSGPPT
(SEQ ID NO: 45) (SEQ ID NO: 13) | (SEQ ID NO: 14)

1E3 SASSSASYMY LTSHLAS QQWSSGPPT
(SEQ ID NO: 12) (SEQ ID NO: 13) | (SEQ ID NO: 14)

3A9 SASSSVSSMY LTSNLAS QQWSSYPPT
(SEQ ID NO: 15) (SEQ ID NO: 10) | (SEQ ID NO: 16)
Consensus | KSSQSLLYXsNGKTYLT | LVSKLDX¢ X7;QGSHFPWXg
2 (SEQ ID NO: 17) (SEQ ID NO: 18) | (SEQ ID NO: 19)

5E8 KSSQSLLYSNGKTYLT | LVSKLDS VQGSHFPWT
(SEQ 1D NO: 20) (SEQ ID NO: 21) | (SEQ ID NO: 22)

OB3 KSSQSLLYSNGKTYLT | LVSKLDS HQGSHFPWT
(SEQ 1D NO: 20) (SEQ ID NO: 21) | (SEQ ID NO: 23)

OB1 KSSQSLLYRNGKTYLT | LVSKLDP HQGSHFPWT
(SEQ ID NO: 24) (SEQ ID NO: 25) | (SEQ ID NO: 23)

OH4 KSSQSLLYPNGKTYLT | LVSKLDP IQGSHFPWT




Anti bodi es of the invention can be produced using techniques well known in
the art, e.g., reconbinant technol ogi es, phage display technol ogies,

synt het i cwbeotwmbw@gi es or conbi nati ons of such technol ogceaisesosnsives
technol ogi es-18exdi |y known in the art (see, for exanple, Jayasena, S.D.,
Cin. Chem, 45:1628-50 (1999) and Fellouse, F. A, et al, J . MIl. Biol.,
373(4):924-40 (2007)). Tables 1 and 2 bel ow depict preferred CDRs for the
anti bodi es of the present invention. Table 1X-18122 -10- X1 is Vor A X2 is
Yor S, X3is Nor H X4 is N Gor Y;.i66is' S, Ror P, X6is Sor P, X7 is
V, H I or F,_ X8 is Tor VTable 2 * X9 is F, Yor L; Xi0is Sor N Xnis
Tor S5 X12 i|s Y or P,| (REQIDINO: 28) F; X14($EQ YD NOr. 2} | RER IDSNO:BhH G| X is A
or N X is S ¢or YOEKI 8 | SIS@LINPNGKTELG oLVIKLXP0i s § BQGRLIKR2WVIis T jor S;
X22 is S, A or Y. The |[gseQaDntNOm@nti on i ieEQG@NO: e | (SEQUOXNOIi 26)t ed| to, an
anti body that CORPKIS&SA x3)s Vot $;00tis RRAHNXYRMN, @dey:edt OMR 60 Iiss Bg; 1) a
LCDRlI havi nlg)gnsamnpor@cxglsspwnce sel ected fromthe group consi sting of
SEQ ID NOs: 6, 9, 12, 45, 15, 17, 20, 24 and 26; X-18122 -11- ii) a LCDR2
havi ng am no aci d sequence selected fromthe group consisting of SEQ ID
NGs: 7, 50, 13, 18, 2 1 and 25; and ifjple# LCOR3 having an am no acid
sequence selected fromthe group consi sting of SEQ ID NGs: 8, 11, 14, 16,

19, 22, 23, iﬁrlgabaj anuHebRei heayy chai rH@ER abte rTegion W?; Si ng, i) a
HCDRI haVI ng X 5 ].QXWQG"X”X ng of
SEQ | D NCs: :35 “3?* 1“ ﬁguand %K ‘% aﬂﬁ%&%\mav yan ai fio zéc d
seguzgf:e sgl e=cte &'Eg N %p (0 f‘i 3 &f'EEQAIMD -ID::ﬁgQ;.?S’ 34, h40
oroua and e AP eIV }ﬂWWNDﬁKSWAUL‘f CFIGYY GSTSCRAT ™ e
(SEQ ID NO: 32) (SEQID NO: 33) (SEQ ID NO: 34)
1G8 GYSLSTPGIGVG | HIWWNDAKSYNTALKS | IGYYGSTAGFAY
(SEQ ID NO: 35) (SEQID NO: 36) (SEQ ID NO: 37)
1B4 GYSLSTPGIGVG | HIWWNDAKSYNTALKS | IGYYGSTAGFAY
(SEQ ID NO: 35) (SEQID NO: 36) (SEQ ID NO: 37)
1E3 GLSLSTPGIGVG | HIWWNDAKSYNTALKS | IGYYGSTAGFAY
(SEQ ID NO: 38) (SEQID NO: 36) (SEQ ID NO: 37)
3A9 GFSLNSYGFGIG | HIWWNGNKYYNTTLKS | IHYYGNSYGFAY
(SEQ ID NO: 39) (SEQ ID NO: 40) (SEQ ID NO: 41)
Consen | GFAFSSYDMS TISGGTYTYYPDSVKG DGYIH
sus2 | (SEQID NO:42) | (SEQ ID NO: 43) (SEQ ID NO: 44)
S5E8 GFAFSSYDMS TISGGTYTYYPDSVKG DGYIH
(SEQ ID NO: 42) | (SEQ ID NO: 43) (SEQ ID NO: 44)
OB3 GFAFSSYDMS TISGGTYTYYPDSVKG DGYIH
(SEQ ID NO: 42) | (SEQ ID NO: 43) (SEQ ID NO: 44)
OB1 GFAFSSYDMS TISGGTYTYYPDSVKG DGYIH
(SEQ ID NO: 42) | (SEQ ID NO: 43) (SEQ ID NO: 44)
OH4 | GFAFSSYDMS TISGGTYTYYPDSVKG DGYIH
(SEQ ID NO: 42) | (SEQ ID NO: 43) (SEQ ID NO: 44)
OE1 GFAFSSYDMS TISGGTYTYYPDSVKG DGYIH
(SEQ ID NO: 42) | (SEQ ID NO: 43) (SEQ ID NO: 44)

*XoisF,YorL; XipisSorN, Xj1isTor S; Xipis YorP, XsisTorF; X418 V,
orl; XisisDorG; Xigis AorN; X7isSorY; XigisAorT; Xi9isGor H; Xy i8S or
N;Xo18TorS; X5 isS,AorY.

10
The present invention includes, but is not limited to, an antibody that comprises:

a) a light chain variable region comprising;
1) a LCDRI1 having an amino acid sequence selected from the group

consisting of SEQ ID NOs: 6,9, 12, 45, 15, 17, 20, 24 and 26;



consisting of SEQ ID NGs: 31, 24, 27, 4 1 and 44. Alternatively, a
preferred anti body of the invention conprises: a) a LCVR conprising; i) a
LCDRI hawvogosmiaomono aci d sequence sel ected fromthe gromwse@®s®us ng of
SEQ I D NGs:x9g122, 20 and 26; ii) a LCDR2 having an am no aci d sequence
selected fromthe group consisting of SEQ ID NGs: 10, 13, 2 1 and 25; and
iii) a LCDR3 having an am no acid sequence selected fromthe group
consisting of SEQ ID NGs: 11, 14, 23 and 27; and b) a HCVR conprising; i) a
HCDRI havi ng an ami no acid sequence seljected fromthe group consisting of
SEQ I D NGs: 32, 35 and 42; ii) a HCDR2 having an am no acid sequence

sel ected fromthe group coh€D8EihagnpimBE@rilBedicsce sd8igsteBBommnid g#@yp and iii) a

HCDR3 havi ng_an. am iId~seq as, s n.in SEQ ID NO 34, 37 and 44.
Anot her pre 3?1?“@ ogﬁt%pg% y S0‘1“?7’ ttﬁg?,ﬁgvzln%l}%?gp%ngm” ses a LCDR, LCDR2,

LCDR3, HCDRI, HCDRZ, iignd #HODBR3 havingign drhi@o actil Rajuace delse@glfes €& gasupshown i n

SEQ ID NGs: 20Q,.21, , 43 4.1 ecti y. ;Anot her preferred

ant i body ofcoflﬂ%thgr?\ggﬁéiIgﬁg%%%p}ﬁggsl%al%é%%%: ?{a&é%,anﬂm, HCDRI, HCDR2,
and HCDR8 havi n®)t heaasdvieh4s vetisbRgugoc esn@singhown in SEQ I D NGs: 26, 25,
“nvent] on conpr i ses 4 LODRICORGSRBN RS FBHUCHRCERE S THEBRY havi ng
the am no aghdstERYISROSD NGs:2HIM34 B8 SEQNINGs: 24, 25, 23, 42, 43 and 44,
respectively. A nore preferred antjibody of the inventjion conprises a LCDR,
LCDR2, LCDR3, HCDR , HCDRRHCERRG heicpraen paine dgid semicngsislsctat from disgticices as

shown in SEQndiki SEQAD NOs: 38,733, 42 40434 aNdnd4, respectively. An even nore
preferred anti body of the invention conprises a LCDRI, LCDR2, LCDR3, HCDR,

HCDR2, Hhd HCDR3 haviiig t hECER3H8ViaE pambgaed cemierss sslgihirpm the group
consisting of SEQ ID NOs: 31, 24, 27, 41 and 44.
Alternatively, a preferred antibody of the invention comprises:
a) a LCVR comprising;
1) a LCDRI1 having an amino acid sequence selected from the group
15  consisting of SEQ ID NOs: 9, 12, 20 and 26;
i) a LCDR2 having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 10, 13, 21 and 25; and
iii) a LCDR3 having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 11, 14, 23 and 27; and
20 b) a HCVR comprising;
1) a HCDRI1 having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 32, 35 and 42;
i) a HCDR?2 having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 33, 36 and 43; and
25 iii) a HCDR3 having an amino acid sequence as shown in SEQ ID NO:
34,37 and 44.
Another preferred antibody of the invention comprises a LCDR1, LCDR2,
LCDR3, HCDR1, HCDR2, and HCDR3 having the amino acid sequences as shown in
SEQ ID NOs: 20, 21, 22, 42, 43 and 44, respectively.
30 Another preferred antibody of the invention comprises a LCDR1, LCDR2,
LCDR3, HCDR1, HCDR2, and HCDR3 having the amino acid sequences as shown in
SEQ ID NOs: 26, 25, 28, 42, 43 and 44, respectively.



SEQ I D NGs: 9, 10, 11, 32, 33, and 34, respectively. An even nore preferred
anti body of the invention conprises a LCDRI, LCDR2, LCDR3, HCDRI, HCDR2,
and HCDR3wbaviong7di7he ami no aci d sequences as shown i n SBEQTIU200@952012, 13,
14, 35, 36 ®wnd1B®7, respectively. An even nore preferred anti body of the
invention conprises a LCDRI, LCDR2, LCDR3, HCDR , HCDR2, and HCDR3 havi ng
the am no acid sequences as shown in SEQ ID NGs: 45, 13, 14, 35, 36 and 37,
respectively. A nost preferred anti body of the invention conprises a LCDR,
LCDR2, LCDR3, HCDR , HCDR2, and HCDR3 having the am no acid sequences as
shown in SEQ I D NOs: 20, 21, 23, 42, 43 and 44, respectively. A nost
preferred anti bddhthsf picfearcd antéootly oﬂhcmwprrtiosesmaridszCDRllCDBQR2LCDR3, HCDRI ,
HCDR2, and a seqguences_ a s own in SEQ I D NGs:
o s, 14, TGRSR [ A0 B RS SRR PRI AR5 o e
i nvention C$EQ)IIDN§B 2, I2§;DRL 42, UChirRP44, k@ﬁRﬁﬁvelﬁCDRl HCDR2, and HCDR3 havi ng

the am no acid sgquence SE 9, 40 and 41,
respectivel y. A%E‘tglfeé”rr?%r&‘%sarﬁp‘f)a&nﬁ ﬂbe‘fm‘ﬁ%gorf RIS %“%%%brlr]@) 2 ‘a LCVR havi ng
an anm n® acLUDREGUEDRE wamtaﬂdiHﬁmﬁahﬁg HeQufin CBicglidnog a0khSEQnl D NOs:

46, 48, 50, 59, 6 61, 62, and 63. Another preferred
ant i body ofsjf(ﬁg)%ﬂ?e‘%tspa c%ﬁ??%(g%“ 3SpRUE Hav ng an amino acid sequence

sel ect ed fromth@@@@u@r@p}@@h& éﬂmo@fof‘iﬁ(}nb&ub@omﬁ%es #8cDR1, LE3R2,56 and
58. Anot her énef erred anti body of the invention conprises a LCVR of SEQ I D

NO 59 and BCPRVRIGPREES DR, RI@H§@ SARping e "‘HP@%‘%W%’&“%%%"‘B(SW t he

i nvention conpihS&R: & 1bq,{R3@f33S§,@3l4[}eg}QCmQ@, and a HCVR of SEQ ID NO 58.
Anot her preferred anti body of the invention conprises a LCVR of SEQ I D NO

6 1 andlGix- 181221 evgn maevreisrredspabedy ¢fthe iggentingm eerpeitsept BERRI deCARY. body of
the invent ']%Dﬁ?'ﬁt‘flbﬁ?%@)ﬁ%& HbD%QaluQ MR anfifo AMPseudddRs Mowi | D NO

58. Anot her preterred ’anti body of the |nvent| on conprises a LCVR of SEQ ID
NO 63 and SEMEVRQsf IBEE) IMDBNGD a8B37, respessivelpr ef erred ant i body of the

\nventlon comprlSeReR il ddSEQPB@ N 18B8 ot PEDREQULRAC 49-

Anot her nost pre erre he Invention conprises
LCDR3, HCDR1, HCDR2, and HCDR3 having the amino acid sequences as shown in

15 SEQ ID NOs: 45, 13, 14, 35, 36 and 37, respectively.
A most preferred antibody of the invention comprises a LCDR1, LCDR2,
LCDR3, HCDR1, HCDR2, and HCDR3 having the amino acid sequences as shown in
SEQ ID NOs: 20, 21, 23, 42, 43 and 44, respectively.
A most preferred antibody of the invention comprises a LCDR1, LCDR2,
20 LCDR3, HCDRI1, HCDR?2, and HCDR3 having the amino acid sequences as shown in
SEQ ID NOs: 12, 13, 14, 38, 36 and 37, respectively.
A most preferred antibody of the invention comprises a LCDR1, LCDR2,
LCDR3, HCDR1, HCDR2, and HCDR3 having the amino acid sequences as shown in
SEQ ID NOs: 15, 10, 16, 39, 40 and 41, respectively.
25 A preferred antibody of the invention comprises a LCVR having an amino acid
sequence selected from the group consisting of SEQ ID NOs: 46, 48, 50, 52, 53, 55, 57,
59, 60, 61, 62, and 63. Another preferred antibody of the invention comprises a HCVR
having an amino acid sequence selected from the group consisting of SEQ ID NOs: 47,
49, 51, 54, 56 and 58. Another preferred antibody of the invention comprises a LCVR of
30  SEQID NO: 59 and a HCVR of SEQ ID NO: 58. Another preferred antibody of the
invention comprises a LCVR of SEQ ID NO: 60 and a HCVR of SEQ ID NO: 58.
Another preferred antibody of the invention comprises a LCVR of SEQ ID NO: 61 and a



LCVR of SEQ ID NO 55 and a HCVR of SEQ ID NGO 56. Such LCVRs are
preferably linked to a light chain or heavy chain constant region.

Pr ef err eawoonoalieoral anti bodi es of the invention are referrisdoiwosives ei n as
4C 1, 1G8,x4B#2 1E3, 3A9, 2, 5E8, OB3, OBl, OH#4 and OEl. The SEQ I D NGs of
the am no acid sequences encodi ng Mabs 4C 1, 1G8, 1B4, 1E3, 3A9, 5E8, OB3,
oBl, O#H4, OEl, 3.12, 3.23 and/or various fragnments thereof, are provided in
Tabl e 3 bel ow. Table 3X-18122 -14- The term "epitope" refers to that
portion of a nol ecul e capabl e of beingigecogni zed by and bound by an

anti body at one or nore of the antibody's antigen-binding regions. Epitopic
det er m nantSCMBUSEQ IDA¥Qi Bt Aofothehpefecadl hytibady pithe Bluclftiaoeogpm@ph ngs of

nol ecul es SHW n nd usua
specific thr eeR(??rre slpg\%(gﬁs'z t'f ucr?t ur a?frsc%ﬁgyﬁ;%s rfocgrpre§erred F‘?ftlbog Specific
char ge chartaetrsentsmlcompnﬁs eﬁ@VMf;&EQHBN@nBH&mlohIé@VRfofSEQ IDrivesi en bind to

an epitope on.t Nt erm nu ture he ferabl t he

ant §bod s B PRETH RIS R iy S S mBERE 80 o R s G FBRM St no aci ds
1to 7, 3 ncH{QVR\beSEQfIDhe(pCA%AﬂotB& mdvbpefopice baibally yf thé hrcmivhicbaptiesaof the
|nvent|on b| t erm nu f h hepci_di n- ven nore

pr ef er abl y ]% gﬁ%ﬁgﬁla&i(@é%fld? %%QMH%NET ﬁg S{aﬁggﬁvgﬁf‘“fed’ﬁeefer(?@ﬁt ai ned

Wi thi n am nigkag tddslight ERin/er Helhel dbgin\Bnst it rddibdan hepci di n-25. Most
preferably, the antibodies of the invention bind to an epitope contained

wi thin am no acifddersippioglogt! agydies ofghe inventyears efased iy beagings 46 ¥l ni ty

(KD)" as usgsk heneirs, 346 2 BEgrddoke, bRk erd b1t ik @(%ﬁ@@]o%to‘f% ddde of a
particul ar antigen-antibody interaction. The KDis the ratio of the rate of

di ssoci Ht i oifid susscRsanpasing Mebs 461 - 1Git dBKGBr JAI. SES, QRS Ol OFsk OBdsoci at i on
rate, or Hoflff-t3623(ah&/9f|;'/")ar1ous Rl Theaialie pleQfita fy 18R AR S expressed as a

mol ar concentration ( fol T ows t hat | er the KD, the stronger
the affinity of binding. Therefore, a KD of 1 m\/l i ndi cat es weak bi ndi ng
affinity conpared to a KD of 1 nM KDfa\{)@A es may be obtai ned by nethods
known in the art. The term "selectiv sed herein in reference to an
anti - hepci di rM95 gh€i bddy bf |[tIHR ﬂbéhBl ditDRef eHE t| @R aHEPRoACRat bi nds
hepci din-23 with @ KD abgquir 1000-, | 500-, 200-| %RO0-, 90-| 10-,| o about

H | o +

5-fold | owg C()Ln.‘;g.. é4h &ntié‘%o ¥ bi nj§ at—teast-onepreeufr 5o 3
nsus 1
4C11 66 |67 |48 |9 10 11 49 32 33 34
1G8 68 |69 |50 |12 13 14 51 35 36 37
1B4 70 |69 |52 |45 13 14 51 35 36 37
1E3 71 |72 |53 |12 13 14 54 38 36 37
3A9 73 |74 |55 |15 10 16 56 39 40 41

Conse |75 |76 |57 |17 18 19 58 42 43 44

nsus 2
SES8 77 |76 |59 |20 21 22 58 42 43 44
OB3 78 |76 |60 |20 21 23 58 42 43 44
OB1 79 |76 |61 |24 25 23 58 42 43 44
OH4 80 |76 |62 |26 25 27 58 42 43 44
OE1 8l |76 |63 |26 25 28 58 42 43 44
3.23 82 |83
3.12 84 | 85




form of hepcidin-25 and/or at |east one N-termnally truncated form of
hepci di n-25 present in the same mammal i an species as neasured by SPR at 25
0C. Addi twormaldiog7o7or al t ernatively, a hepci di n-25 sel ecrcyasaomiobmdy of the
i nvention hknds2x o hepci di n-25 but does not bind or only minimally binds to
at | east one precursor form of hepcidin-25 and/or at |east one N-termnally
truncated form of hepcidin-25 present in a mammal i an speci es when assayed
by the i mmunoassay and/or MALDI - TOF nmass spectronmetry methods described in
Exanpl e 4-8 herein bel ow Preferably, fihe precursor formof hepcidin-25is
a pro-hepcidin, nore preferably, human pro-hepcidin, and nost preferably,
human pro- hepci diha tarmhepiamb’h@femsf totthe partionof ambkicde gapeble®f bengshown in SEQ | D
NO 90. X-18122 N-term nall c t.ed for

nepci di n- 28 @n it TP g Bk bRC 3L Lk EMBOEE €l Geitlgeny

or human heqaguonh n- mﬂtopmmeuenmamtmwﬂyzﬁmmﬁt dBE@nhEhll)d@cﬂ\)e suiffhee grapingd det ect

or "detecti used in the broadest .sense t de ti,tati ve,

Sem ouant | A Ries R o e O O R R E s BT RS PARBE I ¢ %1 1 one

aspect, ffYEtdiméﬁsudﬁBmﬁlbﬂn&ﬂicllﬂﬂﬂfcedrigtld’wa/s vadll 4 spleiferoibige chdigctpisgsence or absence
t hus, that

of a particul epci di.n eptide in a biological nmpl e and,

the hepci d.%e%abl}p@ﬁepwd 8 Ogg‘ﬁé‘%’%&ﬂn&’ szfto aaﬁle@%ﬁa? fh?iﬁﬁrmm BYEhl e i n
the sanpl e WpERina3SY BRI, IR MEbARE. of ThREndeatisn bikd RamtdhMbdeleontaindd I f er ence
to an anti body of the invention, includes, but is not limted to, epitope

or antigen %Fmea%wélﬁlﬂﬁ h’tqzﬁmqlwever of hepdingid Mare pisferabiy. hendpadisstof of ¢ he

anti body, tfieidvBIsAGARND @heFNe P&t 66hu@fanthBSid@RLE DO mEre Yrofert¥IE Nhe
administered to a human subject, and/or the abiiity to neutrallze or

ant agonl%e aatibpdigscafitheipyenten biaghEd 48 opitors, coptgingd weshigraming agidsrlgo 7i ncl udi ng,
but not Ii mn&lﬁéiivé Qfhdrﬁﬁﬁ'ﬂ%b&lhlﬁ@sOMo%ﬁ]Sﬂéﬁ}a!bEDﬂle aﬁé{%'dle%ﬁh@ﬁweﬁﬁdn%d tB an

ani mal nodel of i'nflanmation . i'nduced i nflanmati on chal I 'enge
assay. The @re(mtemmamnéﬁmbm@pemq dceds IFHIHGI0ASEQAPSN@Cls can be observed or

measured using ag, tetérﬁc%ﬂlﬁlég?%ht?%%@j&%'ﬁ%gilhg%kr‘ﬂ%i ifdndcl 4y re?qu &m ted to,

scintillation proximty as I mmunoassay
fIuorescenob%qu@mmhwm@fabmuoﬂesmégmsmEMMSAmemdmmeﬂmeK&ésEkkﬁm(ﬁSER anal ysi s

i“nflr gd; d, irﬁ%e;[ﬂ 8S%Mt spfa]fqdéﬁp naI SI ,$ Ilﬂl;ﬁff nﬂe g'f a%éo%?a%gr?ra?e 8rs eorrlfor 'n

rate (Kon)”. Thus, Kp equals kogr/ ko and is expressed as a molar concentration (M). It
follows that the smaller the Kp, the stronger the affinity of binding. Therefore, a Kp of
1 uM indicates weak binding affinity compared to a Kp of 1 nM. Kp values may be
obtained by methods known in the art.

20 The term “selective” used herein in reference to an anti-hepcidin-25 antibody of
the invention refers to an antibody that binds hepcidin-25 with a K, about 1000-, 500-,
200-, 100-, 50-, 10-, or about 5-fold lower than the antibody binds at least one precursor
form of hepcidin-25 and/or at least one N-terminally truncated form of hepcidin-25
present in the same mammalian species as measured by SPR at 25 °C. Additionally, or

25  alternatively, a hepcidin-25 selective antibody of the invention binds to hepcidin-25 but
does not bind or only minimally binds to at least one precursor form of hepcidin-25
and/or at least one N-terminally truncated form of hepcidin-25 present in a mammalian
species when assayed by the immunoassay and/or MALDI-TOF mass spectrometry
methods described in Example 4-8 herein below. Preferably, the precursor form of

30 hepcidin-25 is a pro-hepcidin, more preferably, human pro-hepcidin, and most preferably,

human pro-hepcidin consisting of the amino acid sequence as shown in SEQ ID NO: 90.



limt (see, for exanple, PCT International Patent Application Publication
No. WO 2006/ 062685). The term "bioactivity" in reference to hepcidin

i ncl udes,wbubiov@E7etot |imted to, specific binding of hepcirdiseomwosmaot her
protein inckudirzng, but not limted to, its receptor ferroportin, one or
nore ferroportin-medi ated functions of hepcidin, such as hepci di ni nduced
internalization and/or degradation of ferroportin (see, e.g., Neneth, E

et al, Hepcidin Regulates Iron Efflux by Binding to Ferroportin and
Inducing Its Internalization, Science 306, 2090-2093, (2004)), hepcidin
regul ation of ferroportinnedi ated iron efflux, hepcidin induced decreases
in serun1irhﬂ&héuEﬂgTJKmmhmﬂﬂ@my&@dﬁmmnﬁhquﬂmBﬁ@dmnmehﬂxmbmﬂQ(ihennglobin
and/ or henatocrlt n stabilit i fecting
the levels or" lg%lg th‘#ﬁzgnoyheﬁ pro %pﬁmcmnV¥% mHmaFMSQQ Cgbﬁg% hepci din
expression‘N@M&ls and/or tissue distribution.X-18122 -16- The term
"inhibit" or " trali sed herein, w ect to. i oactivity of
an anti body. of | CHE ST AET AT TIERHLE Hasabi s YoBR R dhirrBShy to

subst ant3 al qugntatiaganii Z@antidtied obitalitapiv €meBdtrentc®S f atafget Sloayle dinssngpt |

elimnate, stop, reduce qor reverse a bioactivity of hepcidin, _including,
but not |i ntSPEd hods dperbedherin payenty detgming the gre&@c%&g’é‘mﬁ‘é%ﬁ di n-25. The

ternms "subj@eficular agpéldnpﬁély@@ﬁde indSRslodiedl emghangiemhs, ¥haeledepoidinef er to a
mammal , preferabl hunan. In certain enbodinents, the patient has a

di sease, dl%ﬁfm@i“}é ipfletecbln ri giFmatuey - wodseriabniatiasamplsihen deeye€d¥ed | evel

of hepci di np gefh@gr ease in hepcidin bioactivity, and/or an increase in
serumiron level, reticulocyte count, red bl ood cell count, henogl obin,

and/ or Hemat ocr iTthe terpie bogetivity & presifarpnea ta 4n asitiheryof s insaom drchydss, ot

ref erence (i RlaClicAloREE WRRRN BRIATLIRALMEN® REREHAD, RALiNpEP! | de
means the anti body bi'nds the hepcidin pol ypeptid a KD | ess "t han about
500 nM as dé¢ entivode dhehnnBRRzcRc REPDEs of rhe@ntéooelm;wﬂ@madmmt@tm fofody of the
invention has i about 100
nM | ess than aglb ?Jt Sd}%kllfﬂglmélg t8 ﬁlg.l!g&%l our§a§EgOA1% eascillVl g%?)%{b 510 nM

| ess t han a%ou@(Bnmmvoammummﬂbmwbtbmn@bwsmhmamnabﬂmmnBﬁ@kleas det er m ned

by SPR 0C.. Preferabl a bad al so specifically
bi nds aﬂ$le3%$ggﬁgminanam’ E%%lé ngdPy%g) d ? auﬁ%n ﬂmWE%Kﬁannallan

speci es, aschallenge assay. The aforementioned properties or characterlstlcs can be observed or
measured using art-recognized techniques including, but not limited to, scintillation
proximity assays, ELISA, ORIGEN immunoassay (IGEN), fluorescence quenching,
fluorescence ELISA, competitive ELISA, SPR analysis including, but not limited to, SPR
20  analysis using a BIAcore biosensor, iz vitro and in vivo neutralization assays without
limit (see, for example, PCT International Patent Application Publication No. WO
2006/062685).
The term “bioactivity” in reference to hepcidin includes, but is not limited to,
specific binding of hepcidin to another protein including, but not limited to, its receptor
25  ferroportin, one or more ferroportin-mediated functions of hepcidin, such as hepcidin-
induced internalization and/or degradation of ferroportin (see, e.g., Nemeth, E., et al,,
Hepcidin Regulates Iron Efflux by Binding to Ferroportin and Inducing Its
Internalization, Science 306, 2090-2093, (2004)), hepcidin regulation of ferroportin-
mediated iron efflux, hepcidin induced decreases in serum iron levels, reticulocyte count,
30  red blood cell count, hemoglobin, and/or hematocrit in a human, protein stability, i.c.,
hepcidin affecting the levels or activity of another protein iz vivo or in vitro, and hepcidin

expression levels and/or tissue distribution.



determ ned by SPR at 25 0C. More preferably, the antibody al so specifically
bi nds at | east one hepcidi n-25 pol ypeptide selected fromthe group

consi sti nyoabiwmmwe, rat and cynonol gus nonkey hepci di nP2B/USSHQ0FI04NCs: 3,
2, and 4, rxdperxively), as determ ned by SPR at 25 0C. Even nore
preferably, the antibody al so specifically binds a cynonol gus nonkey
hepcidin-25 (SEQ ID NO 4), as determ ned by SPR at 25 O0C. Even nore
preferably, the antibody al so specifically binds nouse and/or rat
hepcidin-25 (SEQ ID NGs: 3 and 4, respgetively), as determ ned by SPR at 25
0C. I n one enbodinent, an antibody of the invention has a KD for hunman
hepci di n- 25 (SEQThIe@rNOinhit)it”loeglyutrhlfam” aboud hareip witl redpesiso & hmactevibpof a0 nM

| ess t han ab SS tha han 5 nM about 1
o or 1 esen o BB B D OBALY o e BNyt ERR IR egma TN The
ant i body hagsolibiKPrédvent, testnen spjmdhﬁmmedmmatehuommedme@cn rdvanse2(bi¢BEQtY @ NO: 88)

or human h in-2 .S east about 20 out
100-, about e@&‘gm Qﬁ%‘ﬂ@lg’l tngd‘ﬁmfe?gg%tatb?aftb‘i“éf 0&5‘&‘?%%&’ ratad “&Pé‘feel?%ﬁ@af%y SPR at
25 0C or5ii) b| rtdlielmm@fsubjeet "2l i"paidyt, T edhinbachapgcablp @peindidfer thuman

hepci di n- 20 8) or human .he di n-22 (SEQ | D i s not

det ect abl e la iy N%Px %8139212 Inf?“”&lé‘%??“&ﬁfrt% ﬂwafl% hﬁ%?'\flgﬁ%‘é say and/ or
MALDI - TOF m@ﬁd&m%ﬁ@m{tﬁm wildwasitdrscs ikedsddnekx anbeginda aecrdaﬁfﬁiﬁler ably,
the antibody al so specifically binds at |east one mature hepcid

pol ypept i delieBfidia biRsRU Yty SrRiRerGassing paey B leved reficploryE Aant.ied @m&i at 25

0C. More prefiebah] Bemo j@glnag}{d/&qqg,yla@&ﬁo specifically binds at |east one
hepci di n- 25 pol ﬁg}gptl e selected fromthe group consisting of nouse, rat

and cynbhol gus ke “Regsticalihnbipds” asexod heyepads refgence te g bmdingdspyeeti vel y)
as_deter M nedfio SRy FhoRiiffory Syl ABAE uRIAHEIAMA, diiEpdmhi body al so
specifically binds a cynonol gus nonkey hepci din-25 ( SEQ PD NGO 4), as

det er m ned IIWYISP‘RianIﬂ%Kﬁ)@SS E%ﬂe#rbom(@@f{éﬁ‘@rt@mlmd by ISBRahﬁ $ody al so
specifically bi X

respectively), riﬁi% eter %m?\l%g @VB%%'WS@O%?%Q gg #e%ru en%o%?%%

ant i body of(SEQdDNOthltssmahabomlmMokessrtharmbohtei@ml\dlchSﬂﬁm(aSE@%DM\IO 1)
bet ween, b Wt e n.about 50 nM t ut 800 pM
bet ween 5zllbglu I\MO aibeoSSEhal Q%{P%BP Bm@mgelr\{ﬁa %ssttﬁ %O&Rﬁ M as
det er m ned d]:yerﬁmaday SEB a0L3 °Carfdtefegablyhen mnbodyadyhma@naoﬂ%d pecificuiign

pr ohepci di Minds

at least one mature hepcidin polypeptide of a non-human mammalian species, as
determined by SPR at 25 °C. More preferably, the antibody also specifically binds at
least one hepcidin-25 polypeptide selected from the group consisting of mouse, rat and

20  cynomolgus monkey hepcidin-25 (SEQ ID NOs: 3, 2, and 4, respectively), as determined
by SPR at 25 °C. Even more preferably, the antibody also specifically binds a
cynomolgus monkey hepcidin-25 (SEQ ID NO: 4), as determined by SPR at 25 °C. Even
more preferably, the antibody also specifically binds mouse and/or rat hepcidin-25 (SEQ
ID NOs: 3 and 4, respectively), as determined by SPR at 25 °C.

25 In one embodiment, an antibody of the invention has a Kp for human hepcidin-25
(SEQ ID NO: 1) less than about 100 nM, less than about 50 nM, less than about 25 nM,
less than about 10 nM, less than about 5 nM, about 1 nM, or less than about 800 pM as
determined by SPR at 25 °C, and 1) the antibody has a Kp for human pro-hepcidin,
human hepcidin-20 (SEQ ID NO:88) or human hepcidin-22 (SEQ ID NO:89) that is at

30  least about 200-, about 100-, about 50-, about 10-, or about 5-fold higher, as determined
by SPR at 25 °C or ii) binding of the antibody to human pro-hepcidin, human hepcidin-20
(SEQ ID NO:88) or human hepcidin-22 (SEQ ID NO:89) is not detectable or minimally



human hepci din-20 (SEQ I D NG 88) or human hepcidin-22 (SEQ ID NO 89) that
is at |east about 200-, about 100-, about 50-, about 10-, or about 5-fold

hi gher, awsodetoarim7ned by SPR at 25 OC or ii) binding of pChasSasmwiobmdy t o
human pro- hepgizd n, human hepci din-20 (SEQ I D NGO 88) or human hepci di n-22
(SEQ ID NO89) is not detectable or mninmally detectable by the i munoassay
and/ or MALDI - TOF nass spectronetry nethods described in Exanples 4-7.
Preferably, the antibody also specifically binds at | east one mature

hepci di n pol ypepti de of a non-human manmmal i an speci es, as determ ned by SPR
at 25 0C. More preferably, the antibody al so specifically binds at |east
one hepci dictﬁtezabbdnlyyhmiptriltdlem@l :mdtoeMAIplth@Emagmpagrou@minﬁthodg of nmouse,

rat and cyn&)m)lbgg Samp ?e\é 4@%6%}%&]@\;2&1? (11??)98%[15?:_ \Pemﬁcall ﬁdmcf & leaSt o

respectivel ye)Scrl ed b era
anti body al maugpepaicﬁmcpalybgpnkie nﬂgncm Wnﬁmm&anmﬂc&y ahdpntenndned—@BSP(RSEQ | D

NO 4 d b R at f bl ti bod
N so Ahear 1t garty M nRsri A anReb Sacoaiiai Pl g R e dE 23S had y
;ﬁff’ﬁzé'5’3#m%}i{’eme‘eaémmihm@%ﬁi‘?m%&f@f“?f* o ke A 1)

| ess th;n allsBet ml?édgﬁﬁwg% %3 ﬁgﬁDﬁabﬁmctlgﬁm qe%@&leﬁﬁaﬁl’g %?ft c‘§5 M | ess

t han about E&nrﬂereb@fesabwﬁm aab&mty aﬁo@?@cﬁﬁbm}ubmds AdvhnoMbighemsnkehan about 800
pM as determ ned SPR _at an _anti body of the invention

al so has a lkpcidn-2 %F%@W%HEL&S detgemingg l?sbs CPA §0@Vﬁw016é>ﬁ£@éwy@rb%ut 50 nM
to about S%t@My AeL P@&ﬂ‘baﬁ?giﬁhs éguga%@/eﬂraa@éwmmlz%@b W6t wesa sabout 35 nM
(6]

and 1 nM for | eas ne mature hepcidin pol ypepti de of a non-human
marmal i Eh SYS%F%‘?IY)zaE@ deterraiped fexPHost 28PR at 25 0C. More preferably, the

anti body al so hag aﬁoﬂ@eiﬁ%dﬁ%ﬁk ﬁ%%odé%&tﬁ@%&éan&@%ta@%r%anbﬂ ween about

50 nMto about 800 pM between about and about 1 nM or between about
35 nM and 1hoptdingdS (REQIIBAN®: Iohetwremdiodt H028/ frodbppeid0ipde bsaice2twdt ¢ om t he

gr oup Consi%@%oﬁ{ 8 ‘ﬁeaetv&el%ﬁ @dﬁ?s& 'ﬁl?'a@dﬁ?lqg/fﬂég%eﬁb ét%ggﬁ 38%% e | D

NGs: 3, 2, ective eterm ned en nore
preferably, lnMeasadetarlbmdoj'b)aSEIbahZﬁCaaﬂdD) thetamﬁ:@dyamla fc® Qumdn pro- about 800

o et e gl h OV TN PGB M andogbous
(SEQ I D NO thdt)ls atdsastbbetr 2@006@0&0)‘!0(8%0%5025b6ﬁ 10E%eab0m)5—éolth%ﬁﬁ[ ably, the
antibody al ée?errrlll?flsced %y §PR te Eél\&aCe or 18 leldlng og%e%Mitgo%y ob lguun%anspgg—hgpl\c/gdin, human
hepcidin-20 (SEQ ID NO:88) or human hepcidin-22 (SEQ ID NO:89) is not detectable or
minimally detectable by the immunoassay and/or MALDI-TOF mass spectrometry
20  methods described in Examples 4-7. Preferably, the antibody also specifically binds at
least one mature hepcidin polypeptide of a non-human mammalian species, as determined
by SPR at 25 °C. More preferably, the antibody also specifically binds at least one
hepcidin-25 polypeptide selected from the group consisting of mouse, rat and cynomolgus
monkey hepcidin-25 (SEQ ID NOs: 3, 2, and 4, respectively), as determined by SPR at 25
25  °C. Even more preferably, the antibody also specifically binds a cynomolgus monkey
hepcidin-25 (SEQ ID NO: 4), as determined by SPR at 25 °C. Even more preferably, the
antibody also specifically binds mouse and/or rat hepcidin-25 (SEQ ID NOs: 3 and 2,
respectively), as determined by SPR at 25 °C.
In one embodiment, an antibody of the invention has a Kp for human hepcidin-25
30 (SEQID NO: 1) less than about 100 nM, less than about 50 nM, less than about 25 nM,
less than about 10 nM, less than about 5 nM, about 1 nM, or less than about 800 pM as
determined by SPR at 25 °C. Preferably, an antibody of the invention also has a KD



bet ween about 50 nMto about 800 pM between about 50 nM and about 1 nM or
bet ween about 35 nMand 1 nMfor nouse and/or rat hepcidin-25 (SEQ I D NGs:
3 and 2, wexpwmatirozel y), as determ ned by SPR at 25 0C. IPOTAIS0400M52044

enbodi nent ,Xas1znti body of the invention has a KD for human hepci di n- 25
(SEQ ID NO 1) between about 100 nMto about 800 pM between about 50 nMto
about 800 pM between about 50 nM and about 1 nM or between about 35 nM
and 1 nM as determ ned by SPR at 25 0C. Preferably, an anti body of the
invention also has a KD between about 10 nMto about 800 pM between about
50 nMto about 800 pM between about 50 nM and about 1 nM or between about
35 nM and 1betséchabouwtl00 edst alorwe 30 Mr Etheepebdit 10 pdl tppbatt 8G@pME bawemn- human

manmal i an speci es.. . as, det er m.ne SPR 29 0C. e _preferabl t he
ant i body al %8u%asﬂl\ga?gDaqq83 {N%ehorgqggvyu - %061??1”1?[0”&63% Foéﬁ e?oskfn nét%ef?en about
50 nM to abeptidBGOlypbbtid ef aveenhabolmharbalivllspevibs adsalateriinadvby SFR Ixetsween about
35 nMand 1, or ast one .hepcj di n; ol ypepti de | ect fromthe
group consi 5{] %reﬁggﬁ@hge?le Fuétfnbog%glg%baﬁ(?ﬁ%ﬁgﬁg'e?%%?g&ioﬂé&ﬁcﬁ%ﬂm%o( SEQ I D
NGs: 3, 2 apM, Betwde@apas 50 el ty aboa S0apMebawecibbyt SBMRI add aBbutAGM Bten nore
preferably, the anptihody also has a KD between about 100 nMto_about 800
PM  bet menbea%@aeg@bgﬁnﬁ %ldam%?or@b@a%me baE ey pdsalmpd fiamabour 1
nM or bet @RGking? MRl add EMbMBIgusm6 G- 25VSUE@YD fered, @i n- 25
(SEQ I D NOV\Q%ib as dnégt erm ned Ey %lgbR atgu2%: %ﬂ%?m%%/en nore preferably, the
anti body al ¥ 4hisspegtivaly pastdpsEningbBUSPR 60>t Eycapeisrrdegbiymie petbRden about

50 nMto abgifn8QRPMwestpEeaN 06RO aBCht B ANdL@RMabdutBY IV AbdE122 - 19-
bet ween about 35 nMand 1 nM for nouse and/or rat hepcidin-25 1\éSEQ | D NGs:

3 and 210 r e¥j9ad.ibgryopy abous Seellepdpbrag 1 BYL. arirtyeen2809 35 nMhandrien Agsedi nent

an anti body. QbmbiGs hOMLDhbREUiNAS (@cgﬁ’)f\@’: ANUTBRREREIHTISBRZP 24 REQP NO 1)
| ess than about I00 nM " less than about 50°'nM |ess than about 25 nM |ess
t han about morepferhidy.ghe sreihodibain ha a iR beswerrtaboutiRf niyktolabeyy 80haM. about 800

Bro- hepci af AV RGas Ry & 060 Bk Pal o PR DR B T 55 Tokg 1
NO 89) t hatbdtwecatabdwrds nMadndutnM @g-mouabandtor 10 bepcidib36{SEBYID NabsotiendlD- , or
Sbout 11 0BT s R T 4 07 %, 25,00 or 1) binaing ot the
In another embodiment, an antibody of the invention has a Kp for human
hepcidin-25 (SEQ ID NO: 1) between about 100 nM to about 800 pM, between about 50
nM to about 800 pM, between about 50 nM and about 1 nM, or between about 35 nM and
1 nM, as determined by SPR at 25 °C. Preferably, an antibody of the invention also has a
20 KD between about 100 nM to about 800 pM, between about 50 nM to about 800 pM,
between about 50 nM and about 1 nM, or between about 35 nM and 1 nM for at least one
mature hepcidin polypeptide of a non-human mammalian species, as determined by SPR
at 25 °C. More preferably, the antibody also has a KD between about 100 nM to about
800 pM, between about 50 nM to about 800 pM, between about 50 nM and about 1 nM,
25  or between about 35 nM and 1 nM for at least one hepcidin-25 polypeptide selected from
the group consisting of mouse, rat and cynomolgus monkey hepcidin-25 (SEQ ID NOs: 3,
2 and 4, respectively), as determined by SPR at 25 °C. Even more preferably, the
antibody also has a KD between about 100 nM to about 800 pM, between about 50 nM to
about 800 pM, between about 50 nM and about 1 nM, or between about 35 nM and 1 nM
30  for a cynomolgus monkey hepcidin-25 (SEQ ID NO: 4), as determined by SPR at 25 °C.
Even more preferably, the antibody also has a KD between about 100 nM to about 800
pM, between about 50 nM to about 800 pM, between about 50 nM and about 1 nM, or



(SEQ I D NG 88) or human hepcidin-22 (SEQ ID NO 89) is not detectable or
mnimal |y detectable by the i munoassay and/ or MALDI - TOF nass spectronetry
nmet hods dweceniomad7on Exanpl es 4-7. Preferably, the anti lpatyusadmwosivas a KD
bet ween aboxitig1@0 nMto about 800 pM between about 50 nMto about 800 pM
bet ween about 50 nM and about 1 nM or between about 35 nMand 1 nMfor at
| east one mature hepcidin pol ypeptide of a non-human mammal i an speci es, as
determ ned by SPR at 25 0C. More preferably, the antibody al so has a KD
bet ween about 100 nMto about 800 pM between about 50 nMto about 800 pM
bet ween about 50 nM and about 1 nM or between about 35 nMand 1 nMfor at
| east one hepedediaho235 pM anddpthl de nswkeatdad réthepnidind S SIEU D Séls? asitd hg of
nouse, rat and ¢ mol .gus._.monk lbdin-25 (SEQ I D NGs: 3, 2 and 4,
respecti veIr)‘?ﬁp,eaésegg’eatsg%ﬁ{%lg%d@%é{;éaét825 0C. Even nore preferably, the
anti body al so hds ose Kibddeheneen aatiody ol invikhtion habeo i, f&Dnphejpétine®&n about

50 nMto ab p bet ween t 50 nM and abqut 1 nM . or .be en about
38 M and- 2SAR OB iR RaG RN BH AR DR e i R S F e

det gr m ned 1bs§ tﬁﬁi&baﬁg 123M) Qess Emeabdtggawmfuen am, yr 1ef)shﬁarewghmmpwbio hagog
KD bet ween about nMto about. M. betwee out 50 nM 1o about

pM  bet men&%@w&gbsmaﬁﬁd%ﬁ%@[ﬁfaﬁﬁkodas?la R PR 0o bSEOERN R 1M £ or
mouse and/ ofiepiain-71RREHADNEG S8 ( SRk Phdfehiin-32 ayrd) i Noespeaet is ekt . as
determ ned by SPR at 25 OC. In_another enbodi nent, an anti body of the

i nventi on hbSut20Rp2PH IR nabuhnabamtd 0o T pbsmts-feid Righers3s dstermisiehbabout 100

nM to aboutgiOQ BM: PG} MEER: @ﬂﬁé’&ntfb@%ﬁM}ﬁlﬁlaﬁthb‘Jﬁep@i@Q, RihaniRpMERD0abOUL 50
nM and about 1 nM or between about 35 nMand 1 nM as determ ned by SPR at

25 0C, Hhd (SEQIREN@IE! eidunandepeilind? {HQ RANGKDisolne deeenble oruipaprlly

nepct di n- 20udeehblelth) i ey MHIRR MIEPISTFOR ARG, dpetiidnlchy o) X- 18122 -20-
that is at |east about 200-, dbout 100-, about 50-, about 10-, or about
5-fol d hi ghdsscribgd ind@tampieis detl ygfespPR, te antbodCalee hisia)Kiphatigangboft 10haMant i body

hepc i n- 220 (Sl b Ry Bu R ERE L BBkl B R (o B shop 1y ¢ e
i mrunoassay! evdédrtvdah BbouT BF-nMemd 1 pe ttr rolest pye metiteddscidie polypdpeide dhH
Eranp s &g At 05 BEPLER 3 5 TR RRY 100 ™
antibody also has a Kp between about 100 nM to about 800 pM, between about 50 nM to
about 800 pM, between about 50 nM and about 1 nM, or between about 35 nM and 1 nM
for at least one hepcidin-25 polypeptide selected from the group consisting of mouse, rat
and cynomolgus monkey hepcidin-25 (SEQ ID NOs: 3, 2 and 4, respectively), as
20  determined by SPR at 25 °C. Even more preferably, the antibody also has a K, between
about 100 nM to about 800 pM, between about 50 nM to about 800 pM, between about
50 nM and about 1 nM, or between about 35 nM and 1 nM for a cynomolgus monkey
hepcidin-25 (SEQ ID NO: 4), as determined by SPR at 25 °C. Even more preferably, the
antibody also has a Kp between about 100 nM to about 800 pM, between about 50 nM to
25  about 800 pM, between about 50 nM and about 1 nM, or between about 35 nM and 1 nM
for mouse and/or rat hepcidin-25 (SEQ ID NOs: 3 and 2, respectively), as determined by
SPR at 25 °C.
In another embodiment, an antibody of the invention has a Kp for human
hepcidin-25 (SEQ ID NO: 1) between about 100 nM to about 800 pM, between about 50
30  nM to about 800 pM, between about 50 nM and about 1 nM, or between about 35 nM and
1 nM, as determined by SPR at 25 °C, and 1) the antibody has a Kp for human pro-
hepcidin, human hepcidin-20 (SEQ ID NO:88) or human hepcidin-22 (SEQ ID NO:89)



50 nM and about 1 nM or between about 35 nMand 1 nMfor at |east one

mat ure hepci di n pol ypepti de of a non-human manmal i an speci es, as determ ned
by SPR atw@2o00@170¢br e preferably, the antibody al so haspraTKR2ensmen about
100 nM to akagi2800 pM between about 50 nMto about 800 pM between about
50 nM and about 1 nM or between about 35 nMand 1 nMfor at |east one
hepci di n-25 pol ypepti de selected fromthe group consisting of nouse, rat
and cynonol gus nonkey hepcidin-25 (SEQ ID NGs: 3, 2 and 4, respectively),
as determned by SPR at 25 OC. Even nope preferably, the antibody al so has
a KD between about 100 nMto about 800 pM between about 50 nMto about 800
pM bet weenthahboatleas0abaiv 29Ad abdyo Ui0-1aboM SOarabbete enat@ool@bightvl @and 1 nM f or
a cynonol gu m)nk S 4 as deter ne SPR at 25
0c Bven TS by BERG! A4 055 b Pty SR TR M 00
to about 80@ppiMn-20eSEAdD I‘ﬁbtﬁl}or&ﬁmaﬂ/hémldabbll(smm NOE8oh atnveddtecabiuir 50 NM

and about 1 nl r. bet n ahout 35 nM nmouse  and/ or rat

nopcdin. 25t dsRRE e EnathnoR B APr VA G iR RR e by SPR at 25

0C. Antidodyethyfriessibedindixangrs d- 7mk£@fuﬂ>1§,rthé)amlib0@yaltcﬂ&baquJuBaweerne used to

prepare the rec |nan ess on vector ran ect th host cells, select
RO 8Gbar SPhEEE bemee TR 1Y BHver GO R,

for transfo @@’F‘Fn"’r Qﬁttweﬁlba%pubf t he

i nvention, MMuﬁ@aﬁotle;sﬁMh@rsaew&h laBo@ Bl nkEGHaV 8IM fdii@t &k bikoEMufer om t he
culture nedl um The resent invention is also directed to host cells that

express an laeﬁflrimrp@b@maﬂdﬁ oA PPHBYYAOPATRE AN DR BACCINRFYRY Yk MePy of host

expressi on |y siBrS,rkBRRE, ihe aﬁt'ﬂ%dﬁﬁl&o RAR 108 bst§ech RBueNP RS R BButddbi body of
the present invention includin rOkgngﬁOtl c (bacterial) and eukaryotic

expr esslbn Bstearaen @B RO a¥ tpaaait S0GaMubAY P about 0 aM andrikawell 1MrPrand ot her
ani mal  cel | gy dh3PSA8R e S 1%‘1 ?or a@@gst Bﬂé)l‘iépgﬁm%l}p%%mde%%le%& kofishdhage

di spl ay expression systens. X-1 -21- Anantib he I nvention can be
prepar ed bysrpercetiis et moupy eeégﬁwngmotgmmn@g:b'dibmqldmﬂﬁ (PR [RAPshdavy chain

P anaf or mecht it SHERLeell s RE RS B AT Y Eh B AR AR Y oy nant
expressi on algdtagr $<D:bﬂtwwnra901DNIA0 hiMatg rkntt S0@pldoblitmepntaheut 50 nM to about
15 800 pM, between about 50 nM and about 1 nM, or between about 35 nM and 1 nM for a
cynomolgus monkey hepcidin-25 (SEQ ID NO: 4), as determined by SPR at 25 °C. Even
more preferably, the antibody also has a KD between about 100 nM to about 800 pM,
between about 50 nM to about 800 pM, between about 50 nM and about 1 nM, or
between about 35 nM and 1 nM for mouse and/or rat hepcidin-25 (SEQ ID NOs: 3 and 2,

20  respectively), as determined by SPR at 25 °C.

Antibody expression

Standard molecular biology techniques are used to prepare the recombinant

expression vector, transfect the host cells, select for transformants, isolate host cell lines
25  producing an antibody of the invention, culture these host cells and recover the antibody
from the culture medium.

The present invention is also directed to host cells that express an anti-hepcidin
antibody of the invention. A wide variety of host expression systems known in the art
can be used to express an antibody of the present invention including prokaryotic

30  (bacterial) and eukaryotic expression systems (such as yeast, baculovirus, plant,
mammalian and other animal cells, transgenic animals, and hybridoma cells), as well as

phage display expression systems.



i mmunogl obulin |ight and/or heavy chains of the antibody such that the

| i ght and/ or heavy chains are expressed in the host cell. The heavy chain
and the Iwghbioahai7n may be expressed i ndependent|y frompdirfusesoens20ps onot er s
to which theyss> operably linked in one vector or, alternatively, the
heavy chain and the light chain may be expressed independently from
different pronoters to which they are operably linked in two vectors - one
expressing the heavy chain and one expressing the light chain. Optionally,
t he heavy chain and |ight chain may besexpressed in different host cells.
Host cells can al so be used to produce portions, or fragnents, of intact
anti bodi es, e.g.An @a’bodyrdghm'm@tim casldié\prepaﬂeébuk@@mbinyntteeplhﬁﬁcupwés that are
conventi onal . For ransf ect (post cel

t
ot o oo AT Cond e Ve RERRTH ABRY Bt DL GOS8 o, anti body
of this i nV@MmantIR@dmstneHManmﬁnécbCrhumsdh@gymfmtﬁd at tho libewits eat 4ro r enove

sone or all _the DNA encodi ng either f th nd heavy chai ns
That 1% aoumire Ssontgn Pt chiN s TR i Bhan R s el hrarY, o
expressed fihGmnsgiobulinrlighcaidad h%chﬁh@@iﬁh@&ti&b@ sablsmaetneﬁgmaﬁaad by the
anti bodi es of the.invention. . The i tion i.des t cell npri sing
a nucl ei c a}eﬁawﬂﬁ}néemeép@fseﬁﬁbthﬁh ﬁf Ihﬁ&le%m ﬁﬁn apfi@ﬁ Etﬁﬂl@mn&lﬁ?sst cel |
of the i nveékipfe@sréd(impéﬂd@ﬁ@ Mﬁd@ﬂereﬂpﬁr@m\zﬂ@f‘stt@Mw@&he@@%@ﬂet&btyﬂnﬂ@@ﬁr| sing a
nucl eic acid nol ecul e of the present invention. For exanp a host cell of

t he i nvent i 91 PEoROrcieafiygly ﬂmeew chaypigand dhe light ¢ham mm@rﬁxpweﬁas been

i ntroduced, ing@eRiHBE Hrof ERTRT: ﬁ!rﬁlﬁer@toﬁ%&’lﬂ%}l’ 2eLpdeigNERAIiNEvAvdee¥R of an
anti body of the invention and/or pol ynucl eoti de encodi ng a HCVR of the

i nventi th. Tee W%ﬁmgtb%hméhwmqwégxgeaﬁ@gtthed@hr chaix Onikendly. thgo vect ors
of the 'nvel{bt%{\r)%hahﬁa\ﬁ@ hgﬁtecﬁlalh@ﬁa"y%‘éléﬁﬁiésse@ﬁ%ﬁ%%b&'c&% a pol ynucl eoti de

encodi ng a LCVR of an anti body ~of e invention and one conprising a
pol ynucl eoti de dfsbellhepneliddeRs gt te Peasiucd ppriggns atiiamdyts, of intdseantipoding.i on and

each opera ,

dor i ved 1 ort-Shsg R oEGERAE MR BTRHRhal Rl Aok SLETEN G o finfle,

enhancer / AdivRy pe devottde tortegeflecttadioyt cell mﬂarlilN® lencadlnS‘e’nliJer de@ht:@minAdM_eP
pronot er. regul at.or drlv vel anscrl tion of the
enes. - vy TEU BB ETERY oL et ol B DA DRSSPl e ane
heavy chai nsed ta)rremb'hsesromem]m d@lmhu Ienamdfngrenh;er«)f bdthef qhe daglﬁrmhd hewve nhamsn can be
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such truncated DNA molecules are also encompassed by the antibodies of the invention.
The invention provides a host cell comprising a nucleic acid molecule of the

20  present invention. Preferably, a host cell of the invention comprises one or more vectors
or constructs comprising a nucleic acid molecule of the present invention. For example, a
host cell of the invention is a cell into which a vector of the invention has been
introduced, said vector comprising a polynucleotide encoding a LCVR of an antibody of
the invention and/or a polynucleotide encoding a HCVR of the invention. The invention

25  also provides a host cell into which two vectors of the invention have been introduced;
one comprising a polynucleotide encoding a LCVR of an antibody of the invention and
one comprising a polynucleotide encoding a HCVR present in an antibody of the
invention and each operably linked to enhancer/promoter regulatory elements (e.g.,
derived from SV40, CMV, adenovirus and the like, such as a CMV enhancer/AdMLP

30  promoter regulatory element or an SV40 enhancer/AdAMLP promoter regulatory element)

to drive high levels of transcription of the genes.



(e.g., Protein A), reverse phase, hydrophobic interaction colum

chromat ogr aphy, hydroxyl apatite chromatography, gel el ectrophoresis, and
the |i ke.wBubsvami7nal | y pure i nmunogl obulin of at | east pabais200908%04about
92% about Q4% about 96% honogeneity are preferred, and about 98 to
about 99% or nore honogeneity nost preferred, for pharnaceutical uses. Once
purified, partially or to honbgeneity as desired, the sterile antibodies
may then be used therapeutically, as directed herein. Human Engi neered

Anti body Preferably, an antibody of thejinvention to be used for

t her apeuti c purposes, has the sequence of the framework and constant region
(to the extent iQncexxsessed, ﬂletiltrtectamttibold@dyydididuail\ldght and beaviiwhans, soothe t 0
decrease the 0SS |I| t he ant]i ¢l L. an inmune response.
Hurman engi neenrrlj ed 10? %?Seots}%lfrperese tmven |cunvt\% purl{leedraecg?rdmgrtlocsetal{dﬁrreay are

val uabl e fopsroctekielreapﬁué fic, mpqn:lmg:mmmnurarsdfaﬂe precipisdtion hien bickalgefedfhaityof a human

anti -nouse antib respo ent .obs rved with anti bodi es of nurine
origin or a@ &)ngléé)t ﬁ% E@i?&‘ﬁoglﬁéﬁ BRTHOR capging: romj‘hgﬁaé)ﬂ}%ri gi n when
adm ni stger elo:a_l/dtcﬁ;yaq):litu@r&ﬁoﬁanwtbgrepl’tya gé?l’re&t:eds@bfeyls; aﬁﬂe&tl&d lsutswnuang&uaeer ed

ant i bodi es anti bodj es have a half-life nore |ik natural ly
occurring hifHHO gl By Fl %‘@7 ogibgut, 925aa OO BT ﬂ%?&f é%}’ L@H%%W

al | owi ng sn@ hRFerRBthnt @58ut DE ROHBBINIIIDSESorE ﬁoﬂﬁ?eﬁ@i{? b hRI@Rdtr a subj ect.
The term "human engi neered anti bodi es” as used herein refers to_an anti body

wherei n at wh@a%'ctceWr?él W6t tPneR Praficsh PHEMPTE hgnegengtyras dssaivthite steHe  human

engi neer ed @bbdIQdNayCBEh IKAIBI he@pRAEAIyORSIifelkl ¥&dinf rom an anti body of
nonhuman origin, such as a nouse, and portions derived froman anti body of

human ol gin, joined together, e.g., chemcally by conventional techniques

(e.g., syntHenancEngieersddmibedy as a conti guous pol ypeptide using genetic
engi neering techni ques. Preferably, a "human engi neered anti body" has CDRs
that originate f fiat'ﬂﬂa ") h

non- human anti b(%aré}@ijagl eaﬁ\lgg y O\am%ol%\éeg rg rr%n?é?1 %guljgosf%ssﬁgh as the

nmouse Fab 41@I: seﬂyenﬂn i0f ‘ée fiemerevirakd amtaotmsma(tb the@gte@tnt exigs tnhthe antibedst) it i s
Bbout x. 112 TS oBubaE 3 WS bl RE L AEabBS0T Sbuy eifien N osed by
nucl ei ¢ aciithnaequapaec. Hinamatgimearet! hatibodes sre s pmm‘d:& 1htemmm1rgethey are
| mmunogl Obu\'failur;lbfe%glj tﬁgralge?lgce épp‘la”l'cgioh a%g giminish the likelihood of a human anti-mouse
antibody response frequently observed with antibodies of murine origin or antibodies
comprising portions which are of murine origin when administered to a human subject.
20  Preferably injected human engineered antibodies antibodies may have a half-life more
like that of naturally occurring human antibodies than do e.g., murine antibodies, thereby
allowing smaller and less frequent doses to be administered to a subject.
The term “human engineered antibodies” as used herein refers to an antibody
wherein at least one portion is of human origin. For example, the human engineered
25  antibody can comprise portions derived from an antibody of nonhuman origin, such as a
mouse, and portions derived from an antibody of human origin, joined together, e.g.,
chemically by conventional techniques (e.g., synthetic) or prepared as a contiguous
polypeptide using genetic engineering techniques.
Preferably, a “human engineered antibody” has CDRs that originate from or are
30  derived from a parent antibody, i.e., a non-human antibody, preferably a mouse Mab or
fragment thereof such as the mouse Fab 4C11, while framework and constant region, to

the extent it is present, (or a significant or substantial portion thereof, i.e., at least about



I nternational | nmVvunoCGeneTi cs Database) or in reconbined or nutated forns

t hereof whether or not said antibodies are produced in a human cell.

Pr ef er ablwo 2ato/dieest two, three, four, five or six CDRsPofi/us2009/082044

engi neer ed ¥nRitwody are optim zed fromthe CDRs of a non-human parent

anti body from which the human engi neered anti body was derived, to generate
a desired property, e.g., inproved specificity, affinity or neutralization,
whi ch nmay be identified by a screening assay, e.g., an ELI SA assay.
Preferably an optimzed CDR in an antibedy of the invention conprises at

| east one ami no acid substitution when conpared to that present in the
parent nOUsW%:8B8%4 8019593 8A8%, BT% SRS, oI 4)araenanded by ao¢leic scids¢quendei ons i n

t he CDRs ofmﬁnmaumgﬁglneere qptlbodl s of the. i.n entioQSas com ared to

t hose of the parent mouse Fab f&?nfm' R@Hnmugﬁgﬁ)egfeggb(?he r el i hood of

instabili tyIntei'natlblell anMub(ﬁIEI@neTES @at,abarse}m\mfecmﬁbmetboronuwmd rigDResh resi dues)

d f t t tib
S m e rar cufater ot i v O8 el PRI & ittt AR TR BT ER 1 m

Technol agy th¥éerfonr; fivd aiGix CIVRA 60w/ nAnanGAginedritthafib&lygiraiegingige dafdn thedi es
preferably nta n m.ni mal ﬁgV ce deri nti body.

froma non-hymar
Human engi n L a oty gare %ﬂaf&r%‘éfﬁﬁcg&ed*&@&n Wﬁll&aﬁreﬁﬁa&?@gm NdS nei t her

in the reci cwne&t tcag&nbﬂa&dayde@l%d prépetth e CORpRIvel EROEWRY kifsggWwences inported
fromthe parent antib g% Human engi neered anti bodi es na¥ be subjected to

in vitro micHGaiades W ﬁ@awéthlfaagedolfyar%memﬁéaﬁgﬁé%aflﬁé M €5S8hd, thus, the

framewor k rﬁgfe%wﬁid@gm%u@m@awﬁ@ﬁt%%d%fﬁ@%b%c%ﬁlgnée@(ﬁeas@gﬁ@ns of the
human engi neered reconbi nant anti bodi es are sequences that, while derived

from t hi5e Fainepadsubstititiorayihgeomppisé t- TRt Hll_tllfVRar@é‘q‘B@ﬁéE%b 4@y not
natural ly exi¢iy ¥id, r@é?tﬂn@mﬂ&'ﬁ%s@ﬁ‘tﬁth@&lg% ﬁ@b‘i’ﬂﬂs%?hﬁrﬁﬂ%n Qlek@gin Vvivo. It

is contenplated that such am no acid sequences of the R and LCVR
f ramewor k rasgbehies dbthetipeentomesreommeict eethesy of ﬁ@mmnhlamsegnb fobldBa8 oare at

| east ab Ou'tS@éc%%reng% lgﬂl?%ﬂdaoq%liabﬁé/ of tﬁ?%‘}ﬁtao&g%t% ?QR(WHI &50%% oPAOI 96%

about 98% or, nore pre era nost preferably, 100%
i denti cal t@D&Ahum&hMgemnﬂumB&s@qubﬂtwod@hnmnmbgmnmaoéﬁb@dﬂnémmémla human

ong:neered b Ragt Bl LR HERERL AR P O GRE BT, Bhap e | o
sequences QQannﬁng,NbEMWhymA2005/005604) X—18122
Human engineered antibodies preferably contain minimal sequence derived from
a non-human antibody. Human engineered_antibodies may comprise residues which are
found neither in the recipient antibody nor in the CDR or framework sequences imported
20  from the parent antibody. Human engineered antibodies may be subjected to in vitro
mutagenesis using methods of routine use in the art and, thus, the framework region
amino acid sequences of the HCVR and LCVR regions of the human engineered
recombinant antibodies are sequences that, while derived from those related to human
germline HCVR and LCVR sequences, may not naturally exist within the human
25 antibody germline repertoire in vivo. It is contemplated that such amino acid sequences
of the HCVR and LCVR framework regions of the human engineered recombinant
antibodies are at least about 85%, about 90%, about 92%, about 94%, about 95%, about
96%, about 98% or, more preferably, at least about 99% or, most preferably, 100%
identical to a human germline sequence.
30 In preferred embodiments, a human engineered antibody of the present invention
comprises human germline light chain framework sequences and human germline heavy

chain framework sequences (see, e.g., PCT WO 2005/005604).



-24- There are nultiple nethods available in the art to generate human
engi neered anti bodies (see, e.g., PCT International Patent Application

Publ i cat iwo 20020060 06046935; Queen, et al, Proc. Natl Aeat/usSwk/osisi 88: 2869
(1991); Jonedger2 al, Nature, 321:522 (1986); Riechmann, et al., Nature,
332:323-327 (1988); and Verhoeyen, et al., Science, 239:1534 (1988)). For
exanpl e, human engi neered anti bodi es nmay be produced by obtaining nucleic
aci d sequences encodi ng the HCVR and LCVR of a parent antibody (e.g., a
murine anti body or anti body nmade by a hybridoma) which sel ectively binds
hepci di n-25, identifying the CDRs in said HCVR and LCVR (nonhurman), and
grafting such CDReencodiltiglemathogs gvaalebld irstbe ae hicgacmtthomse begteettdhunman

f ramewor k- encodi.ng. nucl ej id se ces. Li 1y, a CDR region nay be
opt 1 zed HYRAIAgem SknbCT BRI R BB bisa 3, ons. 15 or der <o
substi t ut e WAR00E/0608623 Sauenn, acil. dRrot.MVdrhdcddDRiWEA 8&28H9f(l &rignonanrt no aci d

DT DR + o ol N a2 S il ba il Nebirf e eae s b e ol Fman VS
f II:]amEV\DI‘ﬂ( I“egh@e@'em%'t #lg SUEﬁd&QﬂB):ﬁ\Za:c(I%B})EFb@x@ﬂﬁ@leﬂfﬁn&hiehginﬁdﬂed afihﬁ?@d’lés_ Af Ler
t he CDR-encodi hg sequences .are grafted onto the sel ec uman_f r agewor
encodi ng selawe%rgefu%ﬁfﬁﬂv ?té@}mngaﬁ%lel d é@aﬁ&ﬁ%w@ﬂ%ﬁﬁﬁg\’% %‘&Yf%ﬁ?e

engi neer ed i Bhiobe VY, AackincantivRlyr bttty SeqUaNCBbridsBa)tigeh expr essed

to produce a human 'ens%l@ne,e,r ed anti body that binds hel{)ci di n-25. The human
engi neer ed YEHRBRINISARCIARy ShWertilping deddPBsinsaf HOR andifoY R

anti - hepci dﬂnﬂﬁlﬁlﬁlaﬁﬂBh@ﬁgﬂinm&c@ﬁ@endodﬁlgmu@l@icfﬂciﬁg%ﬁbeﬁ)BﬁB gifcid th human
const ant domai n sequences. However, the HCVR and LCVR sequences can al so be
expressHY i Wmandragisyercaceding ardrairid scaeanesic d¥tioerllyr dEDRECgommaa e
engi neer ed @jpdizdag %ﬂd%ﬁi%ﬁ EM a0t pd QLU RIROR il SiAEr to SutBhtirut¥icki NS, J.,
et al., Anal. Biochem 53:%7-45 ("1997) and Watkins, J., et al., Anal.
Bi ochem 25@:m@©aminp acidy 39y CDRyiyhdEeicat agyesacTheriam g dy @PRt he
present invept] rQV] nea . acc .det erm ne the
anount s of lﬁg%{é?ﬁ? ﬁl? g%h?ﬁlogqtg%lgigulgﬁ%éﬁg?%l %{S?iégkgi ?rfﬁl%)ggé %p?{ngge?essrrent of
pr edi sposi tsubsegudnd tchiegetiai into2le lpmendtaedwdiksegise ssiaquictb odsdiveilablegp ond f or
det ectipsn a skﬁiia%%%%i s of such diseases and conditions in patients
suffering there From - For exanpl e,

After the CDR-encoding sequences are grafted onto the selected human

framework encoding sequences, the resultant DNA sequences encoding the human
engineered variable heavy and variable light sequences are then expressed to produce a
human engineered antibody that binds hepcidin-25. The human engineered HCVR and
20  LCVR may be expressed as part of a whole anti-hepcidin-25 antibody molecule, i.e., as a
fusion protein with human constant domain sequences. However, the HCVR and LCVR
sequences can also be expressed in the absence of constant sequences to produce a human
engineered anti-hepcidin-25 Fv or Fab, for example (see, ¢.g., Watkins, J., et al., Anal.
Biochem. 253:37-45 (1997) and Watkins, J., et al., Anal. Biochem. 256:169-177, (1998)).
25

Diagnostic Uses

The antibodies of the present invention provide the means to accurately detect or
determine the amounts of hepcidin-25 in a tissue or biological fluid for assessment of
30  predispositions to hepcidin-25 promoted diseases and conditions, and for detection and
diagnosis of such diseases and conditions in patients suffering there from. For example,

the hepcidin-25 selective antibodies of the invention can be incorporated into sensitive



t he hepci din-25 sel ective anti bodies of the invention can be incorporated
into sensitiveX-18122 -25- and reliable i munoassays such as ELISA R A,

i mrunodi fWwosbmmiagsays, or i mMmuno detection assays, SucRCIAUSIVR0EDIAYS.
Simlarly, xXhellepcidin-25 sel ective antibodies of the present invention
are al so useful for inmunohi stochem cal (IHC) and inmunofl uorescence (IF)
assays of tissue or biological fluid sanples. Such anal yses can be used to
detect aberrant |evels of hepcidin-25 and hence to di agnose hepci di n-25
pronot ed di seases and conditions. Mresspecifically, the present invention
provi des net hods of diagnosing a hepcidin-25 associ ated di sease or

condi tion iMMadphbﬁmnmn@¥MdemEhmBELH@Rﬁﬁé mHMEmdﬁmﬂhepsmdimdﬂﬁnmn-a sanpl e
of tissue ot _ a.biologic dfro ent t he | evel of
hepci di n- 25éelter?t1?lhassa a’rrsf)1 easvm e énvl{e%Lely tﬁe Cldma%jse%g |enangl&%16?sr gspondl ng
sanpl e fromhem&xmtmNﬁﬁmnemmﬂmnhdhhMrumﬂma%sumhmmmﬂhﬁﬂDmﬂderence st andard

t hereby detecting a dise stat 2889¢ th th go | ous | evel of
hope o ne o5 THETHTEERES (27 Ak S Re AE P bEear b s S S Re o or
non- genes i Cbedlssceaszlemme@armeeeﬂsMhdpcﬂﬁmmseﬁn&eb diaphds@RepgckMel s,

reticul ocyte count, red cel |l count % ngglobln and/ or hematocrit.
Pref er abl y RTABOGH disgrses %\v Moppweaicalethpresgt Svetion PRIHES i ¢ or
hon- genet | Cm&h&ﬁ&ﬁ&agﬁo%ﬁ@a&feﬁ@dﬁ‘i‘%f&ss@&@ﬁhﬂlseaﬁe meéoliiaidlomn Ipichtdyl Ng a

hepci di n- 25 associ ated di sease or _condition in a ient 1s also provided.
The net hod {eifEmindesthe leveabhencidin-ehin 4 el %ﬁl%ﬁ&?ﬁlmg@sl fiid Fomdhpl e of a

tissue or bi@baahgadmpbaril chel1ERM BhcP@liineRtin ﬁiéfsﬁrﬁfil'e REthfhOIR Qbf l?épcfdinsi(S of a
hepci di n-25 associ ated drsease or condition at a first tine point;

det er ni Hl ngintaiserespordingofampéqeqne pre Zamqraceniiel Bividypls oswithp exfergncet i ssue or
bi ol ogi cal Jtalnﬂhlq tﬁér@d}ﬂ&e{%@m&aé dlg‘e%e Fte &%@&‘clﬁédm&le%&ﬁaﬁ&%%vei bhfTe points;

conparing the |l evel s of hepcidin-25 determned at different tine points and
t her eby noniepedingy. tThe dhe@cs@ierma%:ogmmne@r tioed gecaticooneli-gingic  The

hepci di n- 254561 a%&d tafed N %&%hs%ﬁ mbifdR 1&feﬁ5§9£u1¢§!} ed%hhto dgio%d@é’i[t' cul arly

useful when ap d1o rou put et s 1 nclude
m cro-chip @mdthmnm@dunmayommmmmmstIEdbhbWhmtmﬁnﬂynEan@ye@mm&nOMEmtested on

a mcroplate ar.slid or oth ssay sub trate knomm in the art. The
pr esencfe)§ of ™ reOfaéene lﬁgrnon egelglﬁse?sﬁearsseocg efll’\lm{él llaogl cal sanple may be

est abl i shed by combihnd nfmbitieribg eheagidials sanghted d\lsetabq oreogdifiorain agnticody of
the inventi 12 %s0 provided. The method includes determining the level of hepcidin-25 in a sample
of a tissue or biological fluid from a patient suffering from or at risk of a hepcidin-25
associated disease or condition at a first time point; determining the level of hepcidin-25
20  in one or more samples of tissue or biological fluid from the patient at one or more
different time points; comparing the levels of hepcidin-25 determined at different time
points and thereby monitoring the hepcidin-25 promoted disease or condition.

The hepcidin-25 selective antibodies of the present invention are particularly
useful when applied to high-throughput methods. Such methods include micro-chip and

25  micro-array methods, such that many samples can be tested on a microplate or slide, or
other assay substrate known in the art.

The presence of hepcidin-25 or levels thereof in a biological sample may be
established by combining the biological sample with, e.g., an antibody of the invention
under conditions suitable to form an antigen-antibody complex. The antibody is directly

30  or, more preferably, indirectly labeled with a detectable moiety to facilitate detection of
the bound or unbound antibody. A wide variety of methods of detection of

immunocomplex formation are well known in the art, for example, ELISA, RIA,



under conditions suitable to forman antigen-anti body conpl ex. The anti body
is directly or, nore preferably, indirectly |abeled with a detectable

noi ety t owbaoiddivee detection of the bound or unbound aotiusea/ 0524 de
vari ety of xagimds of detection of imunoconplex formation are well known
in the art, for exanple, ELISA R A X-18122 -26- imunoblot (e.g., dot

blot, slot blot, western blot, etc.), indirect imunofl uorescence

techni ques and nethods that rely on detection of changes in physical
paraneters, such as for instance, SPR_2gnd the |like. Such applications

i nclude nethods that utilize a hepcidin- 25 selective antibody of the

i nvention cionjlumgalbe(d auidotblet, ettt abitan hivk, @tw) mdir@teirmnundﬁlepmis@hw in a

o o100t ool AR g R BHIPRS) SESRk I MOl e, Ll oove
w t hout rmdiiof lnstahdeoSlPRMahﬂl the lﬂiet ﬁmﬂlalbblfe:aﬁmmnqludelnﬁethmld itat @tlizeva thbpcidin-

det ect abl e i.es of .the inventi ma e nodi fied by coval ent
or non- Covaﬁ&?ﬁ’#‘%‘ﬁ%ﬁﬁ?{@ﬁ? ﬂl(?fln‘feﬂgo%%afl@@?tﬁ%iwgﬁ &&Fté%/tﬁzbae E?legd’st&fleﬁ‘ér ein, the
term" dgi eclicpbidiain demighdae@rrl@le‘ eal wzehmlﬁananaugisdl aier (1Ba cOINgr tigaik e,

conpound, or noiet at ows identifying or traci.ng the substance by a
detector, uS{Ag- mﬁ%@g%éﬂwwavow BEhPR ‘tfﬁ%glsuﬁiéﬁﬁ@’éé‘ﬂ‘thé){ \%tEO‘Exarrpl es of

det ect abl e \Biigkd i8S wltﬁcalduté@tabmm{owtlf hiomﬁteawlm defebITRPNGY, @ftibddledor escent
noi eti es, phosphorescent noieties, lu scent noieties, radioactive

moi et es, VArhGIYCIERY itk be Metidnd 530%431631 ?rﬁl@nﬁﬁﬁéeﬁlﬁattaa%@em@? thgor ser adi sh

per oxi dase)deté@%ﬂl&%&é‘t MRk %éd%reﬁ?tlﬂ ternfHIRRBGRIST dcSeritRPs AARANGH ¢ and
ferromagnetic materla?/ heavy netal clusters, as well as any other
known dE} ectubgpnse ﬁ%)‘ioélﬂgé@ COFW@“@T@UWPI%@ thapallows iidsatilyingrringeine Seandar d

conpl ex fOfs’ﬁSQaﬂE@Y) Qﬁetgé{&”%ﬁ@faﬁgvn%al‘ﬁﬁéa'l %9&1@ "Kbﬂﬁesé‘rﬂﬁ}% ckfmfii&rart, such
as, e.g. potorretrlc or colorinetric’ neans referably, the antibodies of
the i nyent i dptectable nueteps wictudouwithep tlithitatigni dhromgpheres, ﬂuaneétmblytlﬁtsabel ed,
accor ding. 1,0, JRLNQAS WEliek DANRL L HIRAA! L TR JAYGIL [ ARLRTRGRES @ method
for detectlng epcl proteinin a aIO|ca sanpl e, rising

i ncubat i ng (awchantikbladyphofphhtase, bnweseradoh pwotddaa) tmaghatgi mabtlesaengll e under

condt L s 800 S S TGBLLL FhEMiab BRI S PLRRG 0000 Lo
is 5ES8, O%Vaha:k/amy oﬂBBknoAmpﬂe&tteble aﬂbmm gloit; ahmuntd&“taﬁantlbogyhmpgendl n- 25
protein in s%anla l%x formegﬁla be quantltsa?ergi%y various methods known in the art, such
as, e.g., photometric or colorimetric means. Preferably, the antibodies of the invention
are used without modification, i.c., indirectly labeled, according to methods well known
20  in the art.

The invention embodies a method for detecting hepcidin-25 protein in a biological
sample, comprising incubating an antibody of the invention with a biological sample
under conditions and for a time sufficient to permit said antibody to bind to hepcidin-25
protein, and detecting said binding. Preferably, the antibody is SE8, OH4 and/or OB3. A

25  preferred method for detecting hepcidin-25 protein in a biological sample is a sandwich
ELISA, comprising incubating a first antibody of the invention with the biological sample
under conditions and for a time sufficient to permit said antibody to bind to hepcidin-25
protein, removing unbound sample, applying a second antibody that selectively binds an
epitope contained within amino acids 1 to 7 of SEQ ID NO: I, removing unbound second

30 antibody, and detecting binding of said second antibody. Preferably, the first antibody is
3.23 or 3.12 and the second antibody is OH4 or OB3. Anti-hepcidin Mab 3.23 comprises
two light chain polypeptides and two heavy chain polypeptides wherein each of the light



ELI SA, conprising incubating a first antibody of the invention with the

bi ol ogi cal sanple under conditions and for a tinme sufficient to permt said
ant i body wo 2biovd7470 hepci di n-25 protein, renovi ng unbourdTasamoes20appl yi ng
a second anxilgorty that sel ectively binds an epitope contained within am no
acids 1 to 7 of SEQID NO 1, renoving unbound second anti body, and
detecting binding of said second anti body. Preferably, the first antibody
is 3.23 or 3.12 and the second antibody is OH4 or OB3. Anti-hepcidin Mb
3.23 conprises two |ight chain polypepbydes and two heavy chain

pol ypepti des wherein each of the IightX-18122 chain pol ypepti des have the
am no aci d cequehpeptalss bivewre annnGEG $ePuddCr aBdhowndh 2&Q D O:t8Aenhemby chai n
pol ypepti des. .have the.am ng acid seguence as._shown in SE 33 and

b e n por g Rata R R SnR i ERAG- AR Lo Tr b FRIPE B N
1. Anti-heptS aidibindBb pBlyfétide hpiingsths amino atid gifuendeak shqwal iy SEQLIDARES: ANd t wo

heavy chai n, po ept | erei.n each.of the |light chain pol ypeptides have
t he ani no aéﬁHL%§5@%¥@§§é§Qgﬂgﬁﬁsf‘)%ﬁﬁ%h%?$%ﬂm§%kﬁﬁﬂﬁég w@%%? e heavy
chai n pd ypadpepiedes haveintdach aithdlighdChaih SR eHEPHide has thhamino iatid SEkRQehdd NO 85
and binds a pol ypepti de havi the am no aci d. sequeng s shown . in SEQ ID
NO 1. A m%éﬁﬁ‘ﬁ.@%ﬁ)@ i cgeh eRRYhE Yrﬁpﬁfeégaw FUPHCin a

bi ol ogi cal ganRheentSasah&NHVERRIENOSAS akPBTRdS asliotrsg;ebmuﬂa@h%ngaaﬁﬁd dosd

anti body that specifically binds an epitope contained within am ng acids
5-25 of hepCltiRe Hishave HeSHR UP DG dat mosrpIFbranh Bsthod i drierisdopiidner a tinme
sufficient §6eRahAiblolsiadablsapld Bad¥hdw@enigat @nliREmL HlbAmQLei-R(s) . renpving
unbound sanpl e, agplylgg a second antibody that binds an epitope contained
wi t hi n Hhi rntibedyd8at specificallybineincipipie- Btained wihinsegpiumisilind” sefdepridiant i body,
and det ect i o B BiRIRSPRGRIANIBALARHGLOhd Mo SiciaRichergond anti body,
Preferably, the first antibody is 3.23 or 3.12 and the second antibody is
OH4 or OB3 antifiyyeto pindfte herisidin protsan(saemnving nrtioyadisanipde, apnlyingpbedcend and t he

bi nding is &%8’@&5&1 bifddbg g@{oh%&%ﬁ’efd%ﬁﬁn ﬁrﬁingﬁ&ﬁfﬁ% %&%‘éﬁciﬁiﬂ-z%f‘e art. The
present invention also provides conpositions, nethods an 1'ts’ for

screeni ng smmplies ushespéstcent aftibedyn sl drtargndibp piesinge @Sabs@ge bf lsudiegai ng may
be perfpsmed; 0. RALL &0, SBIRL STy ¢ erﬁr'sta%ﬁgoacfyqr 1239 |23 SHsRegled of
cont ai ni'ng ‘or produci ng”such”a %o ypeﬁﬁl e. it cancontan a hepci di n- 25
sel ecti ve amtibédydy Obii4 dr I0B3p Mse ptefdrable niid socond Bhebddy tis atabelohd@i the a sui t abl e

HAGAERE TERREC LT AT T SR IR

The present invention also provides compositions, methods and kits for screening
samples suspected of containing hepcidin-25. Such screening may be performed on

20  patient samples, or laboratory samples suspected of containing or producing such a
polypeptide. A kit can contain a hepcidin-25 selective antibody of the present invention.
The kit can contain a suitable buffer and reagents for detecting an interaction between a
sample and a hepcidin-25 selective antibody of the present invention. The provided
reagent can be radiolabeled, fluorescently-labeled or enzymatically-labeled agent capable

25  of binding or interacting with an antibody of the present invention such as an anti-mouse
IgG antibody.

The reagent of the kit can be provided as a liquid solution, attached to a solid
support or as a dried powder. When the reagent is provided in a liquid solution,
preferably, the liquid solution is an aqueous solution. Preferably, when the reagent

30  provided is attached to a solid support, the solid support can be chromatographic media, a

test plate having a plurality of wells, or a microscope slide. When the reagent provided is



reagent can be radi ol abel ed, fluorescently-|abeled or enzymatically-I| abel ed
agent capable of binding or interacting with an anti body of the present
i nvent i orweureotv/@g07an anti - mouse | gG anti body. The reagemrCTafS2a0a@siodt can be
provi ded asxdaghixui d solution, attached to a solid support or as a dried
powder. When the reagent is provided in a liquid solution, preferably, the
liquid solution is an aqueous solution. Preferably, when the reagent
provided is attached to a solid support, the solid support can be
chromat ographic nmedia, a test plate haggng a plurality of wells, or a
m croscope slide. Wen the reagent provided isX-18122 -28- a dry powder,
t he powder xém pbederetbonswddr uirelet togonstitatcd by iheiadditiof ofe swialilakilens eivant |
whi ch may beépgo%y%&xhn he k%h as well. The kit of the invention is
provi ded in cont ai ner generally includes a vial into which the
ant i body, ant|gémc&noﬁékaﬂmnmnnsg&g@mdnnawnbﬁwpﬂaqgﬂmammMCmdeﬁeﬁﬂbIy
suitably ali s of e present |n ntio jll.also typically
hol ude’ a rBBnaTig ey e R B B0 mabr Blhe atprr e
contai neys §uﬁﬁbl§2 aliqetted. The Biad & thePtedntdovehadnellsalsvaypitd15/] inidedepl ragihs C
containers nto which the ge5|red vials are retained and .one og ﬂgr

4nd el uents,

necessary cREFMAINES the gRiEPogY, AHETnAdJ G P Y Rk APIomisiglaples

t est tubes, col@iRfORI iclud@Plasho dbRSn@ thtCWRIGh BldSsife@Nialshee fefiRAtah®Bne
reaction. Therapeutic Uses. Hepcidin-25 pronoted dj seases or conditions nmay

be prevent e ¢ PiaupRFhEpicaly rﬁ“?ﬁ %St%fq%oar@h& Rk eIV M SHcthddof a

phar maceut i gads, &R, hit@®Rdiehsldugdbnar rheRCidicRorRagRhect i ve anti body a
second anti body that binds an epitope contained within anmino acids 1 to 7,

i nclusi W&, of (1) human hepcidin-25, i.e., DTHFPIC (SEQ ID NO 5), and/or
(2) nouse hBjssdpgutieUsss i e., DINFPIC (SEQ ID NO 86). A pharmaceuti cal
conmposi tion conprising an antibody of the invention may be used to increase

serumiron |evel et gl obi n,
and/ or henatocrﬁ? fﬁﬁgkﬁﬁbﬁﬁ%gﬁg%8§ﬁﬁg?%§%¥$b%9gn§ﬁk&n&ﬂﬂq ﬁ?ﬁ?g?ered to a
human subj estministeneetd atpaaent of needthetcobz plowrmaceatcabetnieitipn ofcluding ai nvent i on

whor oi ny netopr S0EAsea e AR Coont ARl BlPoin BRPRTR coPbn B AR 21
pat hol ogi cadmied h@dy lstodr; maluehee,roeﬁasmumﬁn hqpaimdﬂjq a.E.SDEHFBI(s(SdﬁQ ID NO: 5),
and/or (2) mouse hepcidin-25, i.e., DTNFPIC (SEQ ID NO: 86).
A pharmaceutical composition comprising an antibody of the invention may be
used to increase serum iron levels, reticulocyte count, red blood cell count, hemoglobin,
20 and/or hematocrit in a human when an effective amount is administered to a human
subject in need thereof. Furthermore, an antibody of the invention may be useful for the
treatment of conditions, diseases, or disorders wherein the presence of hepcidin-25 causes
or contributes to undesirable pathological effects or a decrease of hepcidin-25 levels or
hepcidin bioactivity has a therapeutic benefit in human subjects. Such conditions,
25  diseases or disorders include anemia including, but not limited to, anemia resulting from
infection, inflammation, chronic disease, and cancer. Subjects may be male or female.
Preferably, a human subject has or is at risk of having undesirably low serum iron level,
low reticulocyte count, red blood cell count, hemoglobin, and/or hematocrit. More
preferably, a human subject is at risk for, or suffering from, anemia including, but not

30 limited to, anemia resulting from infection, inflammation, chronic disease, and/or cancer.



hepci din bioactivity has a therapeutic benefit in human subjects. Such
condi tions, diseases or disorders include anem a including, but not limted
to, anemworemuliti’ng frominfection, inflammuation, chrorCt/usc@easmwss and
cancer. Subkast® may be nmale or fenale. Preferably, a human subject has or
is at risk of having undesirably | ow serumiron level, |low reticulocyte
count, red blood cell count, henoglobin, and/or hematocrit. Mre
preferably, a human subject is at risk for, or suffering from anem a
including, but not limted to, anem a pesulting frominfection,

i nfl ammati on, chronic disease, and/or cancer. X-18122 -29- Additionally, the
use of an antibGﬁMﬁ@mdhhdwhmweMHMmﬁhﬁbmfd@@nmnﬁ®h®rmahmﬂacankmukCd

medi canment for t he {Feat.nent o preventl n_of. an 9 but not
medicanien or e eatmeP or reve t10n, O anemlal u not 1m1 10
limted to, dARem & esultich ectlon on T oRi ¢ di sease,

and cancer .anthé I’eemdligd‘rdnn 215ec9e1h elﬁlammuam,tdhbmch da&a@t artdh:enqwr esent i nvention
are al so usef ul 0 revepti.on an t her of he| |n 25 d di seases
ona o trene! Tdhefii RSy BTGP Mo R e e RS RTE o con” be
f or nul ated fervelﬁh@d’ mamiﬂy&ahaqﬁwdrms pfdn@fs disaasepalasdonembmm Zati on agai nst
hepci di n- 25 t he resent i nvention,

nctlo s of .the s o]
such as, olfeptlﬁef?érﬁe C@W%ggzgﬁm@nﬂw%b mplaied R HtmaGeHticthy f r agent s
that retai nednfpesiBbiisl o pasdiee lﬁeﬁtelcztatléﬁeégﬁml@t Htgmbﬁpz@ GufctidRal FRBmBAS Of e
i ncorporated into pharnaceut] cal n§§5|t|ons and applied in therapy.

Fur t her mor eMAPHEf the prepdt WV%logeﬁuelte invtpee b ff%eebe»e%@w fr3meAtsi on can be

applied in jQuneassaXsShitQbtaiiRiM 461 &gseteeeveﬂwga ﬁa)%ide{lwtan%e%dl n- 25
pronot ed di seases and conditions, ere | evel "or amount of hepcidin-25

provi deX) anin¢gpiratad irmmplefmtqqeﬂ@h%e@etlems aﬂlﬁeemlwémtheﬁapx herapy, or of
progression of the,dh3rage h@ﬁcuﬁﬁ@@"sélb&l@e MYBY Qﬂﬂghes&hﬁv%%‘éﬁ A bd he present

i nvention are useful 1 n nmethods of evaluatin pci di n-25 bl ocki ng
t r eat ment ()*tppheqdatlmemnoaeW$ tr m@glttrvrmthepmelpmm o-hopigin-ghproswtadi sease or

C.Ondl t I on. %seggﬁl Qo%dltlrré}ﬁ %@1% tﬁ&l%vé? LERR 191f[ of 1%%30189;[2%' ﬂ%\ﬂ %nflﬂdlcsatlorg ?ng e of

b|olog|cal romthe’patient prior t'o or he ear st ages
treat ment ; dthdetesmfiicagnenhe thewwsl, oodf phegpestidn nf A diseast hecoﬁldmgn sanpl e by

an i mupoassay fﬁt hOdr t}?e)MOb IlPel NGt iR RGR0 S B0 G0 QLB RUG R ! i d
fromthe patient apte

hepcidin- 25 blocklng treatment of a patient suffering from a hepcidin-25 promoted
disease or condition. The method includes the steps of:
a) obtaining a first sample of biological fluid from the patient prior to or in the
early stages of a treatment;
20 b) determining the level of hepcidin-25 in the first sample by an immunoassay
method;
c) obtaining a second sample of biological fluid from the patient after a suitable
time within which the treatment would have an effect;
d) determining the amount of hepcidin-25 in the second sample by the
25  immunoassay method,
¢) comparing the determined amounts of hepcidin-25 in the first sample with the
amount of hepcidin-25 in the second sample so as to determine the efficacy of the
hepcidin-25 binding or blocking treatment.
The above-described method applied to evaluating a hepcidin-25 binding
30  treatment or blocking treatment in a patient is particularly valuable in clinical practice,
where timing of decisions to proceed with one therapeutic regimen or another may be

critical to the outcome for the patient. The method of the present invention provides



time within which the treatnment woul d have an effect; d) determ ning the
anmount of hepcidin-25 in the second sanple by the i mmunoassay net hod, e)
conpar i ngwohelodatr@om ned anmounts of hepcidin-25 in the Prrats2eampioss Wit h

t he amount ®fI8i®pci din-25 in the second sanple so as to determ ne the
efficacy of the hepcidin-25 binding or blocking treatnent. The
above-descri bed nethod applied to evaluating a hepcidin-25 binding
treatment or blocking treatnment in a patient is particularly valuable in
clinical practice, where timng of decigions to proceed with one

t herapeutic regimen or another may be critical to the outcone for the
patient. Tweﬁmmmhmdmoﬂﬁﬂh@bamemﬁntﬁ@mbénhkmmTmﬁmuﬂﬁﬂsﬁ@dﬁﬂzz - 30-

i nformation_on whic se cri cisions. provi des
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nore periods. after |n|t|a o at nent rticular the treatment
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treat nemt rray ba’hp&ismdlﬂdﬁdhﬁblﬂhgtrézﬁlﬁlblﬁﬁhla@fbe@ﬁﬁsivb@@l@hﬁktﬂahorﬂﬁaﬁ&l ective

ant i body to The .anti-hepci dip-25. sel ective antibqody may be a
chimeric huifg f?ﬁté aaﬂ‘?qd%%pﬁﬁnhaﬁwnthl&@m&n %é Fleviye %ﬂh%w "‘l%(nocl onal
anti - hepci dcberko%ﬁn@fﬁsl R6dahMEn-BihADAEBedyO h halﬂym&%ewmm&ﬁlaﬁ aloacdlbse anti body
fragnent that is functional in binding hepcidin-25. w de variety of

met hods of %’é‘t@é‘flfi‘ér?5c§Fle?tFﬁerﬁH@&5‘mﬂré$&Y hwﬁaﬁ%wleé%e %PPdMWnﬁ thatt he art,

for exanpl elsﬁﬁlle{w%@m@nﬂmg}{%magbgot (e.g., dot blot, slot blot, western
blot etc.), indirect inmunofl uorescence technlques and met hods t hat rely on

det ecti bh of chahyils veretp R{@pthads gy detastonof gnmyppepmplex EpRatiqnprgpell wi del y
used net ho%ommle%”ﬂa& %nf ‘Per EEfSAPrI‘{IASmHEIn%BIBte@ gﬁ}izlroplﬂgpslgnﬁotu@%tﬁfl a

| abel , such as a radi ol abel an enzyne tag (such as al kal i ne phosphat ase
or horser acli’lgih:tqa)ern@lmia@@)mofhmqunmwwhnm%mdag@@dﬂﬁw wheondetichpeigh t he

use of a s %9\%%§E|Ypl§/'s @Q'p gnle h3'SPR 2f, (ﬁleilﬁge?}ggseﬁ%e'ﬂ%gq%mﬁho—an

avi di n- coupl e Ing a biotin i'gand, according to
met hods wehmanQMhHmmmnhﬁwacmdﬂﬁhgmnbﬁmsofabbatneha§aaddmmbhnanlng" as used
herein [£ f eén%yrglg taag‘(asucﬁI he '(gll?arlf.ng %hoaSphatase or horseradish peroxidase). Additional
advantages may accrue through the use of a secondary binding ligand such as a second
antibody or an avidin-coupled molecule for binding a biotinylated ligand, according to
methods well known in the art.
The terms "treatment" and "treating” as used herein refers to administering a
20  substance to a patient, who has a disease, condition, or disorder described herein, a
symptom of such a disease, condition, or disorder or a predisposition toward such a
disease, condition, or disorder, with the purpose to confer a therapeutic effect, ¢.g., to
cure, relieve, alter, affect, control, stop, ameliorate, or prevent the disease, condition, or
disorder, a symptom of it, or a predisposition toward it. Preferably, the patient treated is a
25  mammal, and, more preferably, a human. Dosage regimens may be adjusted to provide
the optimum desired response (e.g., a therapeutic response). For example, a single bolus
may be administered, several divided doses may be administered over time or the dose
may be proportionally reduced or increased as indicated by the exigencies of the

therapeutic situation.

30



substance to a patient, who has a disease, condition, or disorder described
herein, a synptom of such a disease, condition, or disorder or a

pr edi sposwoi2or/tioevar d such a di sease, condition, or di secaars2000i05iv4s he
purpose to xasi® a therapeutic effect, e.g., to cure, relieve, alter,
affect, control, stop, aneliorate, or prevent the disease, condition, or

di sorder, a synptomof it, or a predisposition toward it. Preferably, the
patient treated is a mammal, and, nore preferably, a hunman. Dosage regi nens
may be adjusted to provide the opti numsgesired response (e.g., a

t herapeutic response) For exanple, a single bolus may be adm ni stered,
several di viidedacd Composfi®nadni ni stered over tine or the dose may be
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known in the art. Suitable carriers for pharnmaceutical conpositions include

any mat B} i atccoipneh wiliiserycating] iseiqies koaNVREheSHt t he | nvention, retains the
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pharmaceutical composition conprising an anti-hepcidin-25 Mab of the

present i nvehanjcombimash with addabi afitihst isyaagon, getains ihbjmedaculgts aciigky dhd s won

exhi biting rein, e.g., anem a disorders, using

standard ad%?%?gkﬁgpg§ﬁaﬁggﬁ%¥hﬁgggﬁgﬁe phrase "effective anmount” as used

herei n refers t o\ pmramsutidal crelm[@sman yorfrisingosagedepudin-L6 Maperf thogsesaft ti me
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described herein, e.g., anemia disorders, using standard adm1n1strat10n techniques.

The phrase “effective amount” as used herein refers to an amount necessary (at
dosages and for periods of time and for the means of administration) to achieve the
desired therapeutic result. An effective amount of the antibody may vary according to

20  factors such as the disease state, age, sex, and weight of the individual, and the ability of
the antibody or antibody portion to elicit a desired response in the individual. An
effective amount is also one in which any toxic or detrimental effect of the antibody, are
outweighed by the therapeutically beneficial effects.

An effective amount is at least the minimal amount, but less than a toxic amount,

25  ofan active agent which is necessary to impart therapeutic benefit to a subject. Stated
another way, an effective amount or therapeutically effective amount of an antibody of
the invention is an amount which in mammals, preferably, humans, (i) increases serum
iron levels, reticulocyte count, red blood cell count, hemoglobin, and/or hematocrit, or (ii)
treats a condition, disorder or disease wherein the presence of hepcidin-25 causes or

30  contributes to an undesirable pathological effect, or (iii) a decrease in hepcidin-25 levels
or hepcidin bioactivity results in a beneficial therapeutic effect in a mammal, preferably, a

human, including, but not limited to, anemia including, but not limited to, anemia of



factors such as the disease state, age, sex, and wei ght of the individual
and the ability of the antibody or antibody portion to elicit a desired
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obtained. Factors for consideration in this context include the particular disorder being
treated, the clinical condition of the individual patient, the cause of the disorder, the site
20  of delivery of the antibody, the particular type of antibody, the method of administration,
the scheduling and frequency of administration, and other factors known to medical
practitioners.
The route of administration of an antibody of the present invention may be oral,
parenteral, by inhalation, or topical. Preferably, the antibodies of the invention can be
25  incorporated into a pharmaceutical composition suitable for parenteral administration.
The term parenteral as used herein includes intravenous, intramuscular, subcutaneous,
rectal, vaginal, or intraperitoneal administration. Parenteral delivery by intravenous or
intraperitoneal or subcutaneous injection is preferred. Subcutaneous injection is most
preferred. Suitable vehicles for such injections are well known in the art.
30 The pharmaceutical composition typically must be sterile and stable under the
conditions of manufacture and storage in the container provided, including e.g., a sealed

vial, syringe or other delivery device, e.g., a pen. Therefore, pharmaceutical



di scretion. The key factor in selecting an appropriate dose and schedul i ng
is the result obtained. Factors for consideration in this context include

t he partiwol2aro/dieor der being treated, the clinical conactriusaofosione

i ndi vi dual yasi®Ent, the cause of the disorder, the site of delivery of the
anti body, the particular type of antibody, the nethod of adm nistration,
the scheduling and frequency of adm nistration, and other factors known to
medi cal practitioners. The route of adm nistration of an anti body of the
present invention nmay be oral, parentenal, by inhalation, or topical.
Preferably, the antibodies of the invention can be incorporated into a

phar maceut i @alposibonposdythesterigufiltcadl aftef mrkipathe idrenkitiomdmothestiseanaden. The term
par ent er al as, se d iha?lr %Ec% {'agl]%l udes i ntravenous, intranuscular,

subcut aneouS, rectar yvag nal”, or intraperitoneal adm nistration.
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injection is ferre Subc neous . njection is nost preferred. Suitable
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conpositjon typically nmust be sterile and stable under the conditions of
manuf acture and storage in the contajner provided, including e.g., a sealed
vial, syringe or other delivery deﬁ%‘é?ﬂeﬁ‘gﬁo, a pen. Therefore,

pharmaceuti cal X- 18122 -33- conpositions nay be sterile filtered after

maki ng the formul ation, or otherw se nmade m crobi ol ogically acceptable. The
fol | owi ng efxmpled: Rredustionpbldumap Hepeidwr2%t i ve purposes only, and are not
intended to limt the scope of the present invention. EXAMPLES Exanple 1:
Producti on of Human Hepci di n-25 Human hepci di n-25 can be obtained from
comer cltl sour desnandiepeidin3s sy preobtaincdyfroam pamaercipl wurcsyicte &eptide) ) or
produced byiamhdbhdd FoullilRYRY &K bfodBled G GQARLP B tRENB HUSSHikAPWN in the
art. For exanple, a fusion protein conprising the twenty-five am no acids
of hepci di nteghBiquagkiosmiinthetafe Fandxamplect thsoe quueie eoraprisgigghmtwentydE@ | D NO. 95
is expressed. . - L.l BGLUSL QF i e e ] lLhthehs of E
coli expr es%llnhg a(F%Se&ﬁlﬁé’%%h %g 6@?%&%@@%@%9 ggnlg ;S)érq%? Ae%@%g: g}os&[él?gggg-lg Iﬁé’u r
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buf fer 165 ( 5‘[ e HlMla;I;lr}ile%cia{r]l%S%igr{ Sr%te{no a!#teérga 9—)6)H0ur induction with 1 mM IPTG at 37

°C. The inclusion bodies are solubilized in buffer A (50 mM Tris and 8 M urea (pH 8.0)).
The supernatant is passed over an Immobilized Metal-Ion Affinity Chromatography
(IMAC) column (20 mL resin). The column is washed with buffer A until the absorbance
returned to baseline and the bound polypeptides are batch eluted from the column by 0.5

20 M imidazole in buffer A. The human hepcidin-25 fusion protein is pooled and reduced
with 50 mM DTT. This fusion protein is then refolded by diluting pooled material into 2
M urea, 3 mM cysteine, 50 mM Tris (pH 8.0) to a final protein concentration less than 50
pg/mL. This material is stirred at room temperature and air oxidized for 48 hours. The
oxidized polypeptides are passed over an IMAC column (20 mL) at a flow rate of 5

25  mL/min, and the human hepcidin-25 fusion protein is batch eluted from the column by
0.5 M imidazol in buffer A. The pooled fractions containing the human hepcidin-25
fusion protein are concentrated and passed through a sizing column (e.g., SUPERDEX®
75, GE Healthcare, XK26/60) equilibrated with 50 mM Tris, 4 M urea, pH 8.0, at a flow
rate of 3 mL/min. Eluted monomeric fusion protein is pooled and then diluted to 50 mM

30  Tris, 2M urea, 5 mM CaCl,, pH 8.0 and then is cleaved with enterokinase to produce
human hepcidin-25 of SEQ ID NO: 1. Uncleaved human hepcidin-25 fusion protein is
removed by passive IMAC chromatography (as outlined above). The flow-through from



The supernatant is passed over an Immbilized Metal-lon Affinity

Chr omat ogr aphy (I MAC) colum (20 nL resin). The colum is washed with
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A. The human hepci di n-25 fusion protein is pooled and reduced with 50 niM
DTT. This fusion protein is then refolded by diluting pooled material into
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mice are harvested at Day 27. The B-cells are sorted at 1 cell per well for Ag" and IgG"

memory and germinal center cells and are co-cultured with EL4B cells for 2 weeks. The

20  resulting IgG containing supernatants are then diluted 1.4 fold and screened in the
following three ELISA formats: 1) 96 well plates coated with NEUTRAVIDIN™ binding
protein, a deglycosylated and isoelectrically neutral form of avidin (Pierce Biotechnology,
Rockville, IL), at 2 pg/mL in carbonate buffer overnight. Nonspecific binding sites are
blocked with caseine for 1 hour. The plate is then washed 3 times with PBS with 0.05%

25  Tween-20 and 100 nM biotinylated hepcidin is incubated on plate for 1 hour. The plate is
washed again as described. 1gG supernatants from culture are then incubated for 1 hour
and the plate is washed. Specific binding of hepcidin-25 antibody is detected by 0.5
ng/mL goat anti-mouse IgG Fcy-alkaline phosphatase. Alkaline phosphatase activity is
measured by adding an appropriate amount of PMP/AMP substrate (6 mg/ml

30  phenolphthalein monophosphate (PMP) in 0.5 M Tris, pH 10.2, 2% 2-amino-2-methyl-1-
propanol (AMP), 0.1 % NaNs) and the amount of absorbance at 560 nm is measured; 2)

96-well plates are coated with goat anti-mouse kappa IgG at 2 ug/ml in carbonate buffer
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descri bEY. 3pied for & heyrad Hg p&ﬂte llﬁé‘ﬁéhedﬁﬁ% vtith FEpv it %eS%rTme% Y- 128 t hen
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phosphat ase conjugate (Pierce Bi otechnol ogy, Rock I'L) and detecting
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vectors or heavy and light chain respectively. The transiently expressed mouse antibodies

were confirmed as N-terminal hepcidin-25 specific antibodies using SPR.

20
Example 3: Affinity Binding Measurements of anti-Hepcidin Fabs and Mabs using
SPR

A SPR biosensor such as the BIAcore® T100 may be used to measure binding

25  kinetics and affinity of antibodies such as the antibodies disclosed herein. The BIAcore®
system utilizes the optical properties of SPR to detect alteration in protein concentration
of interacting molecules within a dextran biosensor matrix. Except as noted, all reagents
and materials are purchased from BIAcore® AB (Upsala, Sweden). All measurements
are performed at 25 °C. Samples are dissolved in HBS-EP buffer (150 mM sodium

30  chloride, 3 mM EDTA, 0.05% (w/v) surfactant P-20, and 10 mM HEPES, pH 7.4). To
capture Fabs with human kappa, goat-anti-human kappa is immobilized on flow cells 1 to
4 of a CMS5 sensor chip at a level of 5000-10000 response units (Rus) using an amine

coupling kit. To capture Mabs with mouse IgG1, goat-anti-mouse Fc gamma is



measured wi th PMP/ AMP substrate and the anount of absorbance at 560 nmis

nmeasured. B cells expressing nouse anti bodies specific for the N-term nus

of hepci dvo-28B/aoh as 3A9, 4CI 1 and 5E8 are then usedpro/ussabvasm4RNA and

t he vari ablx-18e2p ons were anplified by RT-PCR and subsequently cloned into

commercially avail abl e mouse 1gd vectors or heavy and |ight chain

respectively. The transiently expressed nouse anti bodi es were confirnmed as

N-term nal hepcidi n-25 specific antibodies using SPR Exanple 3: Affinity

Bi ndi ng Measurenents of anti-Hepcidin Bgbs and Mabs usi ng SPR A SPR

bi osensor such as the Bl Acore(r) TIOO may be used to neasure binding
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flow cel | s fpllipwing sigps: é)%ﬂ/ﬁn’é‘é??slBIFCt&lhoé agigb gr 4 Mol pt Jf LS ODBVEGOVINS A ponse

units ( RUS)caHt%ké"'&‘ 2801860 R, Q%Pdtésﬂﬂjel‘tioﬁl ‘at %E/%H&Hé §f\%‘i9§s é’c‘ﬂnEJﬁtrQi‘?dfée l9d,

goat - anti - nouse Fc gama | SX- l1zed on flowcells 1 to 4 of
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To capture ti i h ro .S . il 1z flow
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gl yci ne_hydrochl ori de, The neasurenents are obtained at 25 0C and

the assbti a@MoMogﬁrdmaqoganehaagbw QR adslgimag heppidipep @it pdnfaPoitled using a

"1:1 Wi th n@d$ut does not detectably bind to human hepcidin-20 or human hepcidin-22. Mouse
monoclonal antibody SE8 binds human hepcidin-25 but does not detectably bind to
mouse or rat hepcidin-25. Mouse monoclonal antibody 4C11 binds human, mouse, and
rat hepcidin-25 and, to a much lesser degree, human hepcidin-22 (about 209 nM) but not

20 human hepcidin-20.

Example 4: Identification of a Pair of Mabs that Bind Human Hepcidin-25

Simultaneously

25 Monoclonal antibodies raised against amino acids 1-7, inclusive, of human
hepcidin-25 which demonstrated high affinity binding to human hepcidin-25 by SPR
analysis were tested for their ability to simultaneously bind to human hepcidin-25 with
Mab 3.23.

Briefly, on a Biacore® T100, goat anti-mouse IgG1 Fc polyclonal antibody was

30  immobilized onto flow cell 1 to 4 of CM5 chip at 5000 — 15000 response units (Ru). Mab
SE8 was captured on flow cell 2, Mab 4C11 was captured on flow cell 3, and Mab 3A9

was captured on flow cell 4. Flow cell 1 was used as a reference flow cell. All flow cells



transfer” binding nodel in the Bl Aeval uation software. The nobuse nonocl onal
anti bodies 3A9, 4C 1, 5E8, OB3, O#4, OB, and OEl exhibit binding to human
hepci di n-w6 20ioki7emn affinity (KD) from about 36 nMto alpowtustomahs20Mbuse
nonocl onal ®nARiiody OH4 bi nds human hepcidin-25 with a KD of about 1.2 nM
but does not detectably bind to human hepci di n-20 or human hepci di n- 22.
Mouse nonocl onal anti body 5E8 bi nds human hepci di n-25 but does not
detectably bind to nouse or rat hepcidi n-25. Muse nonocl onal antibody 4C
1 binds human, nouse, and rat hepcidins25 and, to a nmuch | esser degree,
human hepci di n-22 (about 209 nM but not human hepci di n-20. Exanpl e 4:
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ot 1 mouse. vt MR R PR Bt PSR bbb R 1 1 <o
4 of CMm chhepmain BHIMabs 528QAAd B @sponse units (Ru) I\/ab 5E8 was captured on
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cells with Mabs 5E8, 4d and 3A9 i mmobili zed t hereon all showed an

i ncrease i et R — (9 Rust .Th@ﬂwa%ﬁwger%ﬂlele Hersted v hdugn Repeitin-Re ptiedi n- 25.

Next, all ofehb® cfalllscw\ér@ﬁlﬁéc%dvéﬁfh%h‘tﬂiﬁgﬁfﬁgﬂmEalsl\}ﬁping’M?a%sHQZ‘i 8. 2f3| M cell 2,
with Mab 5E8 i nmpbilized thereon, showed sinultaneous bindin hunan

hepci di H! 253 Byinneghilizsgghesaqd shoveed binsingi afibgman hepeidipBsandben Sl@%@aem@ 12, and

a negative Gonhs Of MiWISED T}Q%w%h'h@&lgg’th\é@légaubm@ol hAzal 1904 %ﬁxﬂé&ﬁéeﬁ flow
cells of a Sensor Chip CW chip (Biacore) at 1000 - 4000 Rus. The fl ow

celI's were thereen didjnelcshe binidirt thgithen htrapchagicin-250r MexiES. thethérmove, d&bl s wer e
ted w d 3.12
injecte ikhd\/@ﬁot%ﬁ%hh&ﬂgg h%rllc(?d% Sgld 1tEr?e w'}(ﬁgﬁhda‘;‘%ggpéx dl%n an

i mmobi i ze ereon di ng o n" hepci
si mul t aneoumtiserum raised to KLH conjugated peptides consisting of amino acids 1-7 of human and

15  mouse hepcidin-25 (Alpha Diagnostic International, San Antonio TX; cat. # Hepc13-S) or
an IgG purified preparation thereof (Alpha Diagnostic International; cat.# Hepc13-A)).

Example 5: Sandwich ELISA Assay for Measuring Human Hepcidin-25

20 The wells of a multi-well plate are coated for 1 hour at room temperature with
Mab 3.23 at a concentration of 2 mg/L in carbonate-bicarbonate coating buffer, pH 9.40
(Pierce Biotechnology, Rockville, IL). Next, wells are aspirated and washed 3 times with
TBST (TRIS buffered saline containing 10 mmol/L Tris pH 7.4, 150 mmol/L NaCl with 1
mL Tween-20/L). Wells are then blocked for 1 hour with TBS-casein blocking buffer

25 (150 mM NaCl, 25 mM Tris, 1% casein, pH 7.4 with Kathon antimicrobial (Pierce
Biotechnology; cat. # 37532). Next, 100 uL of a hepcidin-25 standard (varying
concentrations of synthesized human hepcidin-25 in assay buffer consisting of 50 mmol/L
HEPES, pH 7.40, 150 mmol/L NaCl, 10 mL/L Triton® X-100 non-ionic surfactant
(Union Carbide Corp., Danbury, CT), 5 mmol/L EDTA, and 5 mmol/L ethyleneglyco-

30 tetraacetic acid (EGTA) is added to a set of the wells to generate a calibration curve.
Thereafter, serum samples are diluted 1:20 in assay buffer and added to their respective

wells, and the ELISA plate is allowed to incubate for 1 hour at room temperature.



bi ndi ng of Mab 5E8. The flow cell having the negative control human I g4

i mmobi li zed thereon did not show binding to either human hepicin-25 or Mb
5E8. Furtwerznovey7o7Wab 5E8 di d not bind human hepci di n- 2BCgiuseéovasmaus| y
with eitherxsiabist polyclonal antiserumraised to KLH conjugated pepti des
consisting of amno acids 1-7 of human and nouse hepci di n-25 (Al pha

Di agnostic International, San Antonio TX, cat. # Hepcl 3-S) or an 1gG
purified preparation thereof (Al pha D agnostic International; cat.#

Hepcl 3-A)). Exanple 5: Sandwi ch ELI SA Agsay for Measuring Human Hepci di n-25
The wells of a nulti-well plate are coated for 1 hour at roomtenperature
wi th Mab 3. R3loatingaspictiorntallaticormsbdd Ptimegy/ with ABSRrbd hél &- bif cht@dnat e coati ng
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non-ioni ¢ sypfsatica@ineth bt @ifAdRtIdpmERKibstratbAnbidE Biotdehholoy, RBBville, EDTA, and
5 mol /L ethyl enegl ycotetraacetic acid (EGTA) is added to a set of the

vel |'s to getheisddedtodha walls gapd altpveed i weubptidppff miyat reas} GRPSatR- 8¢ ar e

dil'uted 1:2Qadiidn 838 ?tMIgQHf\xfiﬁran%aﬁjal 6idRd of ONIMBihoFESRE Ghd ¥RtcWWBlelrSad saNd T he
ELI SA plate is allowed to incubate for 1 hour at roomtenperature. X-18122

-38- Fol9 ovﬁﬁ‘?_@%spi ration, wells are washed 3 times with TBST, and 100 niL
of a 1:1000 di | uiaicRbediafbdsYhdichfin-28kbmORGHH Bndanbbh.o6% at 1 mo/m is

added to the wells for 1- hour incubation at roomtenperature. Follow ng
aspi r at i on, megsiicd bathe septsedEIFSA| descsibed diovTBSEed &g 5 10050/ oind

pol y-streptavigdin- ' Pi ' chn il L) is
added to th%%\?\%? {bsf}é ES gerdsvglhgst(gbfr?h]p%érﬁc%@%ggl%sggﬁgpgbt?&?g%?ng%(gélﬁép?glgg%ﬁrS{éﬁda‘f e wells
are then wasG/db Bsdyi (res0.M, phr TBBT)(sedf Merphy hee al. . d3007a)s pilsa i 0@mngfn TBST, 100

m. of 3,3 ,5 5 -tetranmeth enzi di devel nt, substrate. (Pi e
o ot corkity oRum sEIG HFLAH R AR R SE iR LRk 4RSI B Relbn RIS | pate
for 30 m n @ ycanpmednTpesa) ebtanedfien Beacianamonydsc. SEaplpieaionw, Ni)) awrerequal

vol ure of 2de’t\e|:rr[1)1[10n%§ l?ohl(lj'clrvie (I:lepaé(l:ciirg% g‘onncclerma%tor?ssrar?é’ir?g trroen?' Q la—t 79 ng/ml.

Additionally, the sandwich ELISA detected the human hepcidin-25 control peptide in a
dose-dependent manner down to at least 1 ng/ml. On the other hand, neither the human

20 hepcidin-25 control peptide (up to 2 ng/ml) nor endogenous hepcidin-25 in a human
serum sample positive control, i.e., previously determined by LC/MS assay to contain
hepcidin-25, is detectable in the same assay when Mab 5E8 was substituted with i) rabbit
polyclonal antiserum raised to KLH conjugated peptides consisting of amino acids 1-7 of
human and mouse hepcidin-25 (Alpha Diagnostic International, San Antonio TX; cat. #

25  Hepcl3-S) or ii) a IgG purified preparation thereof (Alpha Diagnostic International; cat.#
Hepc13-A)). Further, neither the hepcidin-25 standard nor the human serum sample
positive control were detectable when the HEPC-13-S anti-serum or the IgG purified
preparation thereof were 1) coated on separate wells of the assay plate, i.e., as the capture
antibodies, ii) added to the assay as biotin-conjugated detection antibodies, or iii) added

30  to the assay as unconjugated detection antibodies, i.e., with their binding subsequently

assayed for by use of a anti-rabbit IgG secondary antibody.



450 nm Serum concentrations of hepcidin-25 from 40 norrmal and cancer
patients neasured by the sandwi ch ELI SA descri bed above ranged fromb5 to
656 ng/ L woadodiaewnl y correl ated with serum concentr at i eng/uskoobepmudi n- 25
measur ed uskngiz standard LC/ M5 assay (r = 0.98, p < 0.000 I)(see, Mirphy,
et al., (2007)). Also, 100 human serum sanples from heal thy donors (50

mal es and 50 fenal es; age range between 18 to 66 years, nean 37 years)
obtai ned from Bi orecl amation, Inc. (East Meadow, NJ)) were determned to
have hepci di n-25 concentrations ranginggfrom< 1 - 79 ng/m . Additionally,
the sandw ch ELI SA detected the human hepcidin-25 control peptide in a
dose- dependent i hemampamidin? atontrelgeptide and endoge@us hépeidin-A%2 m thalmdpamei t her
the humen hepel dinn2200tL8he REPLd A& (UP. L e DAL HINA SRdOgERIYS
hepC|d|n-2§S|n Bhuvan seruﬁ%sanﬁfe poSitiIve con Fol) S5 ) previously

det er mi ned WBynINANME %6 Slaycaparcanibadyrani @picdddiith 2&mmacidiét eatlédd mbbin t he sane

assay when b.5 S. substi t wi.th i) rabbit polyclponal antiserum
eI T B e e R LU R T L N
and nouse hepainilianpsptidé A 1pleD i RgioBitdratibndl e3anatnt@na ITX; San# ARPOM2-0)TX; cat.
# Hepcl 3-S) or ii) a 1gG purified preparation thereof (A pha D agnostic
International; cat.# Hepcl3-A)). Further, neither the hepcidin-25 standard

nor the hunBfngfE BMDRENRIRHRADE SEVAIvEDBE Ai-HOBEBindO tifoldal uSinghvearLbhe HEPC
13 -S anti-serumor the 1gG purified preparation thereof were i) coated on

separate welPE of the assay plate, i.e., as the capture antibodies, ii)
added to the assay as biotin-conjugated detection antibodies, or iii) added

to the gpsay as URGANMGR BLhndal 8&ib LA RAAY BSsed bn Bnmui¥iddicai hei r bi ndi ng
subsequent |y assayed for by use of a anti-rabbit 1gG secondary

ant i body. X-qgnttativegechnifhesheigraBLISEp & hese mefinde gy ofter ngiepitlicatde fgmethdogenous
hepci di n- 25, fads .V . ted
when the sammn B B P R R o e A S T body
and pai r ed Biomeleguleidtarerred Bdcllyicanbalt|Lakd €ity, A Postgrol 33eS. 6H¥R); lag& r ai sed

agai nst a . juga , i I tur i.din C-term nal
papt i de (A SHSTEr dgRoeBhho R ETIR oBELR 'SP BEREL AN Peme
12-A). BExanpleetiGly iDethweopicniattato endogeres kepridui-25y rofier dinhiprddepoisedr n Ant i bodi es

:J?rlmr,}go:wg\lé iDl:t-aqu,gatgd' !t‘o@rlllsc ﬁllererog lfrtoimrheungainasg'ﬂr%sxjias hd%L]ﬁll%faﬁllés%rsgecl[r%mgtDr? Brll y based on
antibody-bound hepcidin polypeptides performed after sample reduction.
Anti-human hepcidin Mabs or Fabs are coated onto separate wells of a 96-well

standard ELISA plate in carbonate-bicarbonate (pH 9.4) buffer for 1 hour at room

20  temperature at a concentration of 2 mg/L. The wells are then aspirated and washed 3
times with TBST. Human serum samples containing a known amount of hepcidin-25
(diluted in assay buffer) is added at 100 ul/well for one hour at room temperature. The
wells are aspirated and washed 3 times with TBST. Captured hepcidin polypeptides are
cluted by adding 40 uL/well of 0.1% formic acid for 5 minutes at room temperature. The

25 eluted samples are collected and concentrated with a C4 ZipTip' ™ (Millipore, Billerica,
MA), a 10 pL pipette tip with a bed of chromatography media for purifying and
concentrating femtomoles to picomoles of protein or peptides, ideally ranging from
25,000 MW to 100,000 MW. One-half of a microliter of sample is spotted onto a
MALDI target and an equal volume of matrix solution (50% acetonitrile, 0.1% TFA

30  saturated with alpha-cyan-4-hydroxycinnamic acid) is added to the sample. The sample
is dried and analyzed with a 4700 TOF-TOF Mass Spectrometer (Applied Biosystems)

operated in the linear mode.



guantitative techniques-e.g., ELISA These nethods are often not applicable
for small antigens or for antigen isoforns (Sparbier, K, International
Meet i ng ofotzhm/Aswoci ati on of Bi onol ecul ar Resour ce FacipCirttise@y/oSakt Lake
Cty, UT, Pgodager2 V28-S, (2008); and CGutierrez, J. A, et al, (2005)). Mbs
or Fabs may be evaluated for their ability to selectively immunoprecipitate
endogenous hepci di n-25, rather than precursors or truncated fornms thereof,
from human serumvia MALDI - TOF mass spectronetry on anti body-bound hepcidin
pol ypepti des performed after sanple redgction. Anti-human hepcidin Mabs or
Fabs are coated onto separate wells of a 96-well standard ELISA plate in
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acetonitri |§<p61@méni/§ Je'?&mﬁféh‘ﬂ’fa@i@g SPR BBurﬁ'o@EﬂieﬁMéiﬂ 5 1916%%%%@93%] & acid) is
added to the sanple. The sanple is dried d analyzed with a 0 TO--TOF

Mass SpHtt rbhster Ippgsinthego Bpmw%rh@pm@péﬁa@r@&ewdmr%Otheﬁla,fa?reldrmde X- 18122
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descri bed i nmedi at el y above showed that “Mab 3 bound hepcidin-25 and, to
a much | esskeescabin dhretseruesaaiptis as @@c¢til.gures 1 and 2). The Mab 3.23 did not

appear 10, bi nd de)eqhARlG. LGRS, ALADERENA AR L AATB B JePCT o n- 24

(MW 2674 Da), or pro- epC| ), assumn course, that the
sera sanpl elslatedslmdo,ahcéuﬂmg)foumoméuhitt:d]e Mapedt ede laghiump@ﬁwfanﬂhéscmvé orns of
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spectronetry

serum. Further improvement in specificity and/or selectivity is to be expected in
immunoassays for human hepcidin-25 that combine the use of the Mab 5ES, or antibodies
derived therefrom or related thereto, including, but not limited to Mab OH4, and Mab
3.23, Mab 3.12, or antibodies derived therefrom or related thereto.

20
Example 7: Sandwich ELISA Assay for Measuring Human Hepcidin-25 (without
direct labeling of antibodies)

A sandwich ELISA is performed as in Example 5, except that i) the labeled
25  conjugate antibody is substituted with unlabeled OH4 and ii) the binding of the OH4 is
detected indirectly by the use of a horse radish peroxidase conjugated goat anti-mouse
antibody.
Using Mab 3.23 and unlabeled Mab OH4 in a sandwich ELISA as described
above, human hepcidin-25 was selectively detected in human serum with a sensitivity of

30 about 0.2 ng/mL.



determ ne which hepcidin species in human serum are bound by Mab 5E8. These
experinents determ ned that Mab 5E8 bound only hepcidin-25 in human serum
(Fi gur es 8oant/aya7ol nportantly, no hepci di n-20, hepci di rcZaiS2@053v@pci di n,
or ot her hepaRgtn speci es were bound Mab 5E8, again, assum ng these species
of human hepcidin were present in the serum sanples as expected. Thus,

i munoassays using the Mab 5E8, or antibodies derived therefromor related
thereto, including, but not limted to Mab O#4, are highly specific and

sel ective for human hepcidi n-25, the agtive, physiologically relevant form
of hepcidin in human serum Further inprovenent in specificity and/or

sel ecti vi t yExanplo8hMMesa Perdt Bocovery Smdvdels bamgnéassayHonireabhepg duma®5 t hat
conbi ne theHuse Qhsthe Mab 5E8, or antibodies derived therefromor related
thereto, inc uadng, but not limted to Mab O#4, and Mab 3.23, Mab 3.12, or
anti bodi es derived therefromor related thereto. Exanple 7: Sandw ch ELI SA

Assay for Measur) wi t hout direct..| abeling of

anti bodi es) A sdh Q\%wd%eﬁffhg%%%éesr?@% %BVG%W?Folgfﬁﬁéﬂlsgogery’except that i)

t Ee | abed edGﬁguajsﬁgglMmmsb@dmnurs)a@uﬂo%s édﬁbtﬁd:téﬂﬁuts1|ﬂﬁ&lfe|rédgeht€desa1%dand i) )
ber ox! dase O B B VB ABtRao U BN hesag s el oS
unl abel ed MpkRrét#ioictnndl r[CBM(Glne JEL} Svtaisin deRGlly Rl ab@ded athm‘@umpm di n- 25

was sel ecti veI y det ecte human serumw th a sensitivity of about 0.2

ng/ mL. X- 1813e9deds Plreptyyicing °§3t8d angdlpcked yels @%%9 asARARIEPAbhbassay for
Measuri ng H&Hﬁﬁﬂntﬁ'@%hﬁm@d Rfﬁb@mr@ﬁ&ﬁﬁat@h@fZ%g%’?sm&%}@wam&yer y (Meso

Scal e Di scover Gai ther sburg i munoassay was constructed using

the realfent @p@%@dcmdty@aheélﬁbr@@nm@f Wélﬁ &?ST {higp mﬁfewéwa@%owwl% 18tpmglat ed
using a Comgr é‘hbﬁs@mﬁdl&%ﬁn%{h K&%@nﬁb@} Q@é}c@%@%,ofﬁ%iﬂ\{ﬂ' le, IL)

diluted in 50% gl ycerol and stored Cuntil needed
St r ept avi di tendergs é@r}amﬁpobﬁmkwswéh{nﬂle@?eddWPEmn% poteinen pemebuffeeubat ed f or

1 hour W‘é“ t 1 Rl sa eI VBPE S pAL B, FRNGRBEE XalP Mo HL/2 THRx- 166 ser war d,

wel |'s
mmol/L EDTA, and 5 mmol/L EGTA) were added to the wells to generate a calibration

15  curve. Atthe same time, serum samples were diluted 1:20 in assay buffer and added to
their respective wells, and the ELISA plate was allowed to incubate for 1 hour at room
temperature. Following aspiration, wells were washed three times with TBST, and 100
uL of a 1:1000 dilution of ruthenium-labeled Mab 3.23 at 1 mg/ml were added to the
wells for a 1-hour incubation at room temperature. Following aspiration, wells were

20  washed three times with TBST, and the ELISA plate was developed using a MSD reader,
which passed a voltage across the wells and recorded ruthenium
electrochemiluminescence from each well. MSD software and SigmaPlot version 8.0
were used for fitting of the calibration curves for the ELISA.

The optimal pairing of antibodies in the MSD sandwich immunoassay was

25  determined to be pairing Mab OH4 as the capture antibody and Mab 3.23 as the conjugate
antibody. Synthesized hepcidin-25 protein was prepared at a concentration of 10 ug/L
and serially diluted to create a standard curve. As Figure 5 indicates, the ELISA was
found to have acceptable dynamic range, background, and sensitivity. Based on a three
standard deviation evaluation from the zero calibrator, the sensitivity of the immunoassay

30  was determined to be better than 0.01 ug/L, indicating that the immunoassay should have
more than adequate sensitivity to measure human serum hepcidin-25 levels, based on

previous estimates of human serum hepcidin-25 levels as measured by LC/MS type



aspirated and washed three times with TBST (Tris buffered saline containing
10 mol /L Tris pH 7.40, 150 mol /L Nad with 1nm Tween 20/L). Next, 100 nL
of hepci dwvo 28teemadends (varyi ng concentrati ons of synt heeczas26v9p8i0d4 n- 25
protein in ®d8&32 buffer consisting of 50 mml /L HEPES, pH 7.40, 150 mmol /L
NaCl, 10 nL/L Triton X-100, 5 mmol/L EDTA, and 5 mml /L EGIA) were added to
the wells to generate a calibration curve. At the sane tinme, serum sanples
were diluted 1:20 in assay buffer and added to their respective wells, and
the ELI SA plate was allowed to incubatgxfor 1 hour at room tenperature.
Fol |l owi ng aspiration, wells were washed three tines with TBST, and 100 niL
of a 1: 1000asehyk (Miuphy,@t alr, (2008Ni Tire ﬂabgﬂaphbdl\irmﬁigare%almindica@/tmt thwe¥i8Dadded t o
the wells for =hour i ncubati.on .at er at

wapi ratt on, Rt RaF R bR T TR BB s i e0Pen ot ot e
was devel opiea@mdmrng Ia addBidn; amdm’ro,assmﬁndmmopaaﬁedfoathemd:dompmaamamﬂad1ahxe wel |'s

and recorded. rut heni um el ecs roche tI umcr11 stéeencil 1f roc{rtbeach wel | .
sof t war e antf"& GHEBSEHMEPEIS N E SR e PDFL P14 P HYTBIOA A caI i bration
curves for ddaeniladdAxcellaeat cﬁmwmlm@atyrﬂoﬂgnﬁn‘n saifid daaiee Sdatandt lieowMRD sandwi ch

i munoassay was determ ned airin as the ca anti body
and Mab 3.23 as ﬂﬁé@le%m% sgn%‘flf §9ﬁt‘fhjé‘§ k&%@%@ﬁé%‘gﬁﬂg"“ﬁ otein was
prepared atcoﬁlp@féﬂfﬁ@ﬁlf)ﬂ'eafbhﬂﬁd&f:rlﬂe@ gamlskanamd Lgevisakday (Mhiptuye&lalt QeE7eate a
standard curve. i ndi cates, the ELI SA was found to_have

accept abl e Mgma@ﬁ?ceﬁqaahgféﬂy ‘B’Qéﬁ@rhé‘ﬂﬁﬂ Seralﬁda@@ﬁ%fr@mmlytur%fé@an% Aubiecthr ee

standard deyijahh@PpRMak Wakd ARy LddQRink Betha s RIsOhhRliah Qﬁmuﬁoa@af Q0gkli vity of
t he i munoassay was determned to be better than O /L, ‘i'ndicating that

the i mTLﬂ10aa§§léPypr§‘ﬁWIbddeﬁ<§%ﬁ@d oS etian shepiado Ae ﬁ)e§1@ﬁ§@ftliem1@1}? 25é6Mugdigur e hunan
serum hepci gi,p- (8&)7') W%'e%esuf?saﬁ&ﬁ’ t}ﬁ@cdﬁ%ﬁbdﬁ%ﬁo@é&ﬂlmﬁ H&hlnmﬂle§er um

hepci di n-25 | evel s ‘as neasur ed typeX-181 assays (Murphy, et
al, (2007))deteThincddy asige @ap eP lmmmiogﬁfame wzreadeydnglﬂﬂ p@rmleé@d witakCiMe MsD

sandwi ch | ct o pdet ect
hepci di n- Zonﬂgg&aﬁ‘epm %?b’svaglg @I nd add |<3{000§68i %ﬁhﬁgégt}Q?thaa\f% ?acl)lﬁ&écur ves for

t he reconblmrmmmo&isavrﬂﬂmlﬂcaélmdn@seﬂmtfelhmﬁfmraélﬁpmdlsémm lmsnapec@ndetnptesi ned to
be par a{§ dat%moj Sth nmunoassay denonstrated excellent dil utional
l'inearity f(o AOHAR" Yer um sanpl es (data not shown). The selectivity and
sensitivity of tSeciBhraastciwiotthe MSTUmDdsREymmehdechywase evaluated using

human serum samples. More specifically, freeze-thaw stability was evaluated by testing
four different serum samples. These results showed that the MSD sandwich
immunoassay possesses freeze-thaw stability with consistent 80-120% hepcidin-25

20  recovery even after 5 freeze-thaw cycles. Individual results for the freeze-thaw cycles
were as follows: sample A —0.16,0.16,0.17,0.17, 0.17, and 0.17 pg/L respectively;
sample B — 4.5, 4.4, 4.6, 4.6, 4.6, and 4.4 ng/L respectively; sample C — 8.9, 9.6,9.7, 9.7,
9.9, and 9.6 ug/L, respectively; and sample D — 15.1, 15.1, 15.4, 15.7, 15.4 and 15.4 ug/L.
respectively. The precision of the MSD sandwich immunoassay was assessed using

25  human serum samples containing 0.16, 4.5, and 15.1 ug/L of endogenous hepcidin-25.
Intra-assay (n = 20) precision results (CVs) were 3.4%, 4.5%, and 3.5%, respectively at
the above levels, indicating acceptable precision at all concentrations of hepcidin-25
tested.

To assess the recovery of synthesized hepcidin-25 protein added into human

30  serum, synthesized hepcidin-25 protein was added to three different human serum

samples (each containing very low concentrations of endogenous hepcidin-25), at

concentrations of 250, 25, 2.5, and 0.25 ug/L respectively. These samples were analyzed



conpared to a previously described gold standard LC/ M5 assay (Murphy, et
al., (2007)). More specifically, fifty-two (52) human serum sanples froma
m xt ur e olororomabo7eubj ect s and cancer patients were analPgzas2emioszp4bot h t he
MBSD sandw ck-1gmmnoassay, as well as the previously described LC/ M5 assay
shown to be specific for hepcidin-25 (Miurphy, et al., (2007)). The results
fromthis conparison showed that the hepcidin-25 val ues determ ned by using
the MSD i mmunoassay were very highly correlated with LC/ M5 hepci di n-25
assay values (r = 0.98,/" < 0.00001), genfirm ng that the MSD sandw ch

i mmunoassay specifically and sel ectively neasures hepcidin-25 in human
serum sanpl @ng(thlaMaDrE@ndvs'hloim)mnOSBwe r Mleanp(@Da netlerserol87 (o nyBI2AEA MR ch

| mTunoassay, ST RBLUL B 5% e IHIRN SEHILS ABLER, dBA, S0SELT heal |y

freeze-t haw S eva our ere L&Y iim
sanpl es. Thﬁswwmeaﬂkpsmﬁndwsddthat the NBD sandmnch I mmunoassay possesses

freeze-thaw stabilit ent  80-120% hepci di n- overy even
L rerTs [ rbeve syl il STRE MG PR TR araY M el T B ISy ol o
wer e as § ol 10owstuns@anplee fibnrnodmdlGealthy 30lunfderd (50 MaltyandB0Emalan)d T 17 ng/ L
respectively;

le B-_ 4.5 4.4, 4.6, .6, 4.6, nd_ 4.4 (L
respect i vel {Hues aﬂ%pede% ig thy'se gimgples ganged gm? %O?QMg/iﬁﬂ2§u%L$3ytlta mean
respectivel \Vcﬁlueebﬂf@ 0520"P 8/1 Deconsikenilwithl e 1evell‘y5f Hepcfhﬁx 75 préﬁoﬂsl}aﬁgorﬂeﬁ it ng/ L
respectlvely The precision of the MSD sa was assessed

usi ng hunmanEERkRmeRmsIneL /% arays ri@eeeMwhwtsl %1%1 150 !L04§g5/4L<2Qﬁ7>>endogenous

hepci di n- 25. |nHﬁ%%@ﬁ@%Yh&%uﬁ1Qﬁkvaﬁﬁﬁkﬁhﬂﬁmﬁﬁﬁ@M@&n&&é@hnM@&ﬂmﬁ 4% 4.5%
and 3.5% respectively ‘at the above | evels, indicating acceptabl e precision
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hepci di n- 25 protein was ad hree different human serum sanpl es (each
cont ai ni ng qpeﬁqutrpwsee%wemtfavlalmt@h@dlmctlem@,@wo‘meh eeype fadiin RB9ls (rat

concentrati Qj and 0.25 ng/L respectively. These sanples
wer e analyfgz 1éﬁ§§9ﬂ%§%°“%bé6)the MSD sandwi ch i mmunoassay. Mean ( SD)

results were 28Firfafly, hvg¢1lil,n 241510 tiR)senmgy ¢f, ca®eﬂp4tﬁnt$1n AagAlbwerananBur@3 (0. 01)
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determined by the MSD sandwich immunoassay. The results of this comparison
demonstrated that hepcidin-25 levels are significantly (p <0.001) elevated in patients
with cancer (70.9 £ 10.4 ug/L) compared to normal controls (3.0 + 0.5 pg/L) (data not
shown). Interestingly, patient cohorts with both hematological (83.3 £ 11.9 ug/L) and

20  non-hematological malignancies (58.4 £ 17 ug/L) each demonstrated significantly
increased hepcidin-25 levels compared to normal controls (p <0.001 for both), suggesting
that elevated hepcidin-25 levels may play an important role in cancer-associated anemia
(data not shown).

Compared to existing ELISA methods, which are not specific for hepcidin-25 and

25  may cross-react with pro-hepcidin and other non-relevant hepcidin species, the MSD
sandwich immunoassay described here specifically and selectively measures hepcidin-25
levels in human serum and correlates well with a previously described gold-standard
method LC/MS assay for hepcidin-25. One advantage of the MSD sandwich
immunoassay over an LC/MS type method for measuring human serum hepcidin levels is

30  that the MSD sandwich immunoassay can be implemented in most clinical laboratories,
which usually have neither the complex equipment nor the highly specialized operator

expertise required to routinely perform LC/MS type assays. In addition, the MSD



The normal range of the MSD sandw ch i nmmunoassay was established by running
100 serum sanples fromnormal healthy volunteers (50 nmales and 50 fenal es).
The val uesoahidapwndi n-25 in these sanpl es ranged from 2COAB2000m51044 0 25
ng/L, with u-18e2n value of 3.0 0.5 ng/L, consistent with the |evels of
hepci di n-25 previously reported in normal humans using LC/ M5 assays (see,
Mur phy, et al, Blood, 110: 1048-54 (2007)). Interestingly, hepcidin-25

| evel s in normal human subjects were found to be significantly (p <0.01)

|l ower in females (1.8 0.4 ng/L) conpaugd to males (4.2 0.8 ng/L).

Hepci din-25 levels in these normal subjects were also conpared to serum
ferritin conoénth anmansssayshonkrlavé tamdtentanl e ndich deghbythooghpelk tibeen Wi t h serum
ferritin | r.=.0.7 001) ((dat a nat shown). Final hepci di n- 25
evel s 1n ChaMBt el B SpRaRbEa P al Sy R Bl R s

hepci di n- 25d rewtélely utiizéchdingelyito sofectietynmatastre abpdidin-26 lavalk @elnsngnn = 100) ,

each determ ned by the MSD sandwi ch i nmunoassay. The results of this
conpari son %@ﬁ%ﬁstrated that hepcidin-25 levels are significantly (p
<0.001) ®levated in patients with cancer (70.9 10.4 ng/L) conpared to
normal controls (3.0 0.5 ng/L) (data not shown). Interestingly, patient
cohorts with both hematol ogical (83.3 11.9 ng/L) and non- henat ol ogi cal

mal i gnancies (58.4 17 ng/L) each denonstrated significantly increased
hepci di n-25 | evel s conpared to normal controls (p <0.001 for both),
suggesting that el evated hepcidin-25 levels may play an inportant role in
cancer-associ ated anem a (data not shown). Conpared to existing ELISA

nmet hods, which are not specific for hepcidin-25 and may cross-react with
pro- hepcidin and ot her non-rel evant hepcidin species, the MSD sandw ch

i mmunoassay descri bed here specifically and sel ectively neasures
hepci di n-25 |l evels in human serum and correlates well with a previously
descri bed gol d-standard nmethod LC/ M5 assay for hepcidin-25. One advant age
of the MSD sandwi ch i nmunoassay over an LC/ M5 type nmethod for measuring
human serum hepcidin levels is that the MSD sandw ch i nmunoassay can be

i npl emented in nost clinical |aboratories, which usually have neither the
conpl ex equi prent nor the highly specialized operator expertise required to
routinely performLC M5 type assays. In addition, the MSDX-18122 -44-



sandwi ch i mmunoassay shoul d have the potential for much higher throughput
than an LC/ M5 assay. Therefore, the MSD sandw ch i nmunoassay provides a

met hod t o 208m1b@or outinely utilized clinically to sel ectrivsedop/oamasur e
hepci di n- 25x118v® s i n human subj ects. X-18122 -45- W CLAIM 1. A nonocl onal
anti body that selectively binds human hepci di n-25 consi sting of the am no
aci d sequence shown in SEQID NO 1with a KD between about 50 nM and about
800 pM as determned by SPR at 25 0OC . 2. The antibody of Claim1 wherein

t he anti body binds pro-hepcidin and huggn hepcidin-20 with a KD that is at

| east about 10-fold higher than the antibody binds the human hepcidi n-25 as
determ ned B @RPRMat 25 0C. 3. The antibody of Claim1l wherein the anti body
bi nds pro-hepcidin and human hepcidin-20 with a KD that is at |east 50-fold
hi gher than the antibody binds the human hepcidin-25 as determ ned by SPR
at 25 0C. 4. TheAamtnbdonly antfbo@y hatselecivedy inds lunenanpdidiody chisisdsg of

pr o- hepci di n and hu n he c d| n: Kl at, | t, . 100-fol d
R Gher ¢ har™® HATSAF RBBRG B AL Pre hTha hEBEr SorrebEeRtub T HEd by ser
at 25 0G &boﬁh@OWlab@dMnﬂﬁed@ﬁmrwzmcd ainms 1-4 wherein the antibody

bi nds human hepcidin-22 wth a KD greater than about 200 nM as determ ned
by SPR at 25 0C. 6. The anti body of any one of Cains 1-5 that further

bi nds mouse and/ Die a{nabo @mmrl-xz&rénsﬁ@ah&d&%md&p@%p&dmraﬂ&B@fﬁaﬂ vely) with
a KD | ess than about determ ned at 25 0C. 7. The anti body

of any one @P“'l@}na%oi‘?ﬁlﬂ&a B fhr"?éts a&@ﬁ%?‘?%éo &lix‘mh@éh%%léﬂdﬁmﬂﬁﬂﬁ%e gr oup

consi sti NG QfmanibpciditDRas ddGRRRd by GPRGy 2HEDR , HCDR2, and HCDR3 havi ng t he
am no acid sequences as shown in SEQ ID NGs: 9, 10, 11, 32, 33 and 34,

respect el y; X- 18122 -46- (ii) LCDR, LCDR2, LCDR3, HCDR, HCDR2, and HCDR3
havi ng t he 3. " The antibody of Claim 1 wherein the antibody binds pro-hepcidin and human

hepcidin-20 with a Kp that is at least 50-fold higher than the antibody binds the human
hepcidin-25 as determined by SPR at 25 °C.

15 4. The antibody of Claim 1 wherein the antibody binds pro-hepcidin and human
hepcidin-20 with a Kp that is at least 100-fold higher than the antibody binds the human
hepcidin-25 as determined by SPR at 25 °C.

5. The antibody of any one of Claims 1-4 wherein the antibody binds human
20 hepcidin-22 with a K greater than about 200 nM as determined by SPR at 25 °C.

6. The antibody of any one of Claims 1-5 that further binds mouse and/or rat
hepcidin-25 (SEQ ID NOs: 3 and 4, respectively) with a Kp less than about 500 nM as
determined by SPR at 25 °C.

25
7. The antibody of any one of Claims 1-6 that comprises six CDRs selected from the
group consisting of:
(1) LCDRI1, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
30 amino acid sequences as shown in SEQ ID NOs: 9, 10, 11, 32, 33 and 34,

respectively;



am no aci d sequences as shown in SEQ ID NGs: 12, 13, 14, 35, 36, and 37,
respectively; (iii) LCDR, LCDR2, LCDR3, HCDR, HCDR2, and HCDR3 having the
am no aciwoenuanres as shown in SEQ | D NGs: 45 13, 14PC$F1182®©/0521)M 37,
respectively;18(2v) LCDR, LCDR2, LCDR3, HCDRI, HCDR2, and HCDR3 havi ng the
am no aci d sequences as shown in SEQ | D NGs: 12, 13, 14, 38, 36 and 37,
respectively; (v) LCDR, LCDR2, LCDR3, HCDRI, HCDR2, and HCDR3 havi ng the
am no acid sequences as shown in SEQ ID NGs: 15, 10, 16, 39, 40 and 41,
respectively; (vi) LCDR, LCDR2, LCDR346HCDRI, HCDR2, and HCDR3 having the
am no acid sequences as shown in SEQ ID NGs: 20, 21, 22, 42, 43, and 44,
respectively; (Miii) LCDRI, LCDR)RZLCIDKDRH}DRCIHQIDRHMCDgﬁdIaH@R@ havi ng t he

am no aci d sequences_as sh vvn in | D , 3 _and 44,
respectively; (viii) T&Sﬂf %@%N(&C&? ésﬁé[f@ havi ng
the amno acid sequeB@GrSSpacslvelyovm in SEQ ID NGs: 24, 25, 23, 42, 43 and 44,

eepeet Vel o B, RS SR Moy TP R g e

respectiyvely; and (XamiGRRd,sedCh¥ as ORI SEHEDRINOLIERR, 14986 3dCR3 havi ng
the amno acid sequenﬁes as. s own in SEQ ID NGs: 26, 25, 28, 42, 43 and 44,
respectively. 8 6ESIPS‘HLO‘(F Yanti body that sel ectively binds hepC| di n- 25

and conpri ses sig)CDReDRa! BCDRY, fCORS, HEDRI, DD AR BEDRY hating tied 7- (1)
LCDR, LCDR2, LCDR3, HCDRi, HCDR2, and HCDR3 havin ng t he
amino acid sequences as shown in SEQ ID NOs: 12, 13 14, 38, 36 and 37,
respectively;

10 (V) LCDRI1, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
amino acid sequences as shown in SEQ ID NOs: 15, 10, 16, 39, 40 and 41,
respectively;

(vi) LCDRI, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
amino acid sequences as shown in SEQ ID NOs: 20, 21, 22, 42, 43, and

15 44, respectively;

(vii) LCDRI, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
amino acid sequences as shown in SEQ ID NOs: 20, 21, 23, 42, 43 and 44,
respectively;

(viii) LCDRI1, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the

20 amino acid sequences as shown in SEQ ID NOs: 24, 25, 23, 42, 43 and 44,
respectively;

(ix) LCDRI, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
amino acid sequences as shown in SEQ ID NOs: 26, 25, 27, 42, 43 and 44,
respectively; and

25 (x) LCDRI1, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
amino acid sequences as shown in SEQ ID NOs: 26, 25, 28, 42, 43 and 44,

respectively.

8. A monoclonal antibody that selectively binds hepcidin-25 and comprises six

30  CDRs selected from the group consisting of:



am no acid sequences as shown in SEQ ID NGs: 9, 10, 11, 32, 33 and 34,
respectively; (ii) LCDRI, LCDR2, LCDR3, HCDRI, HCDR2, and HCDR3 having the
am no aciwozegueamres as shown in SEQ ID NGs: 12, 13, 14pC3A1S286/058n4d 37,
respectively;18(23i1) LCDRI, LCDR2, LCDR3, HCDRI, HCDR2, and HCDR3 havi ng the
am no acid sequences as shown in SEQ ID NGs: 45, 13, 14, 35, 36, and 37,
respectively; (iv) LCDRI, LCDR2, LCDR3, HCDRI, HCDR2, and HCDR3 having the
am no acid sequences as shown in SEQ ID NGs: 12, 13, 14, 38, 36 and 37,
respectively; (v) LCDRI, LCDR2, LCDR3,4HCDRI, HCDR2, and HCDR3 havi ng the
am no aci d sequences as shown in SEQ ID NGs: 15, 10, 16, 39, 40 and 41,
respectively; (i) LCDRRI, LCDR2, LUITKRI]CIHKCDRICDRHCBRRIICARG heigDRBichavi ng t he

am no aci d sequences_as shown in SEQ.I D NOs: el 243, and 44,
Fespectively: (vt tanetod Ryl e MR ERTBNE O L d M Favi ng t he
am no aci d sequencesrapgecsibdywn in SEQ I D NOs: 20, 21, 23, 42, 43 and 44,
respectively; (viii) H d .H havi ng
the anino acid é%u&%?@a%@%?‘%%@%’%@&ﬁ%@?}@éﬁ“&%ﬁ 43 and 44,
respectisvely; (ix) LeaRo,acldCERRnceks GDR3wnHCHR) IDRCR2?, 1anth, BIEDR3arddavi ng t he
am no acid sequences as shown in SEQ I D NGs: 26, 25, 27, 42, 43 and 44,
respectively; and (x) UeBefVeWeDR2, LCDR3, HCDRI, HCDR2, and HCDR3 havi ng
the am no acid sgguenceRr1asCORAVICHRS, DR DHEBR2, 3 HEZDR3ZBvindthe 43 and 44,

respectively. X 18122'c1r-ni4;180-acid sequences as shown in SEQ ID NOs: 45, 13, 14, 35, 36, and
37, respectively;

10 (iv) LCDRI, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
amino acid sequences as shown in SEQ ID NOs: 12, 13, 14, 38, 36 and 37,
respectively;

(V) LCDRI1, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
amino acid sequences as shown in SEQ ID NOs: 15, 10, 16, 39, 40 and 41,

15 respectively;

(vi) LCDRI, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
amino acid sequences as shown in SEQ ID NOs: 20, 21, 22, 42, 43, and
44, respectively;

(vii) LCDRI, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the

20 amino acid sequences as shown in SEQ ID NOs: 20, 21, 23, 42, 43 and 44,
respectively;

(viii) LCDRI1, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
amino acid sequences as shown in SEQ ID NOs: 24, 25, 23, 42, 43 and 44,
respectively;

25 (ix) LCDRI, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
amino acid sequences as shown in SEQ ID NOs: 26, 25, 27, 42, 43 and 44,
respectively; and

(x) LCDRI1, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
amino acid sequences as shown in SEQ ID NOs: 26, 25, 28, 42, 43 and 44,
30 respectively.



9. The anti body of any one of Clains 1-8 which is a human engi neered

nonocl onal anti body. 10. The anti body of any one of Cains 1-9, wherein the
nonocl onavoantodaoayy is a fragnent. 11. A nonocl onal ant iPbodis2a0eas208onpri ses
a light chakngvariable region (LCVR) pol ypeptide and a heavy chain variable
regi on (HCVR) pol ypeptide wherein: (i) the LCVR and the HCVR pol ypepti des
have the am no acid sequences as shown in SEQ I D NGs: 48 and 49,
respectively; (ii) the LCVR and the HCVR pol ypepti des have the am no acid
sequences as shown in SEQ ID NOs: 50 angl 51, respectively; (iii) the LCVR
and the HCVR pol ypepti des have the am no acid sequences as shown in SEQ ID
NGs: 52 and 52, Tlespebedywdlayy orfeiof Cldime 1{8GMRClaind htimen #i@URepdimopegonalles have
t he am no acitigodsequences as shown in SEQ ID NGs: 53 and 54, respectively;
(v) the LcVR"EAd t he HOVR pol ypepti des have the am no acid sequences as
shown in SEQ I D NGs: 55 and 56, respectively; (vi) the LCVR and the HCVR

55 Y ospect i vell: Ty bHE REg PRI RS RS Bt Lol ek e ami o

aci d sequengggmeas shown in SEQ ID NOs: 60 and 58, respectively; (viii) the
LCVR and the HCVR pol ypepti des have the am no acid sequences as shown in
SEQ ID NGs: 6 1 and 58, respectively; (ix) the LCVR and the HCVR

pol ypept i des have nidi8clamdl BRidaY that RE&QSlighBclfaiowfiablB 2l (LBVNGs: 62 and
58, respectively; or (x) the LCVR an he HCVR have the am no acid

t
sequences a¥gRBES and 2 Seryy Ichpineariabiegiag (BEY R palysptidagigieini o A

phar maceuti cal gRMPOFctIOR GRIME HEWRI JIIRp@RE hiARANe £hingdBd Qéql%er%s (d aims 1-
11 in conmbination with one or nore pharnaceutically acceptable carriers,
diluent¥) or exci pi efftavndn BERIP NQg .48 and 49, respectively;

(i1)  the LCVR and the HCVR polypeptides have the amino acid sequences as
shown in SEQ ID NOs: 50 and 51, respectively;
(iii)  the LCVR and the HCVR polypeptides have the amino acid sequences as
shown in SEQ ID NOs: 52 and 51, respectively;
15 (iv)  the LCVR and the HCVR polypeptides have the amino acid sequences as
shown in SEQ ID NOs: 53 and 54, respectively;
(V) the LCVR and the HCVR polypeptides have the amino acid sequences as
shown in SEQ ID NOs: 55 and 56, respectively;
(vi)  the LCVR and the HCVR polypeptides have the amino acid sequences as
20 shown in SEQ ID NOs: 59 and 58 respectively;
(vii) the LCVR and the HCVR polypeptides have the amino acid sequences as
shown in SEQ ID NOs: 60 and 58, respectively;
(viii)) the LCVR and the HCVR polypeptides have the amino acid sequences as
shown in SEQ ID NOs: 61 and 58, respectively;
25 (ix)  the LCVR and the HCVR polypeptides have the amino acid sequences as
shown in SEQ ID NOs: 62 and 58, respectively; or
(x)  the LCVR and the HCVR have the amino acid sequences as shown in SEQ
ID NOs: 63 and 58, respectively.

30 12. A pharmaceutical composition comprising the antibody of any one of Claims 1-
11 in combination with one or more pharmaceutically acceptable carriers, diluents, or

excipients.



13. The use of an antibody of any one of Clainms 1-1 1 for use in therapy.
14. The use of an antibody of any one of Cains 1-11 for the manufacture of
a nedi canwot2ofoan7d7he treat ment of anem a. 15. The nonoclpomals2@mansivedy of
any one of Xh&irs 1-1 1 for use in a nethod of increasing serumiron

| evel s, reticulocyte count, red blood cell count, henogl obin, and/or
hematocrit in a human subject. 16. The use of an anti body of any one of
Clainms 1-11 for the manufacture of a medi cament for increasing serumiron

| evel s, reticulocyte count, red bl ood gell count, henogl obin, and/or
hematocrit in a human subject. 17. The anti body of any one of Clains 1-1 1
for use in a nmethod of increasing serumiron |levels, reticul ocyte count,
red bl ood Ce! I13.C'?llflen1}sé opgnng%l%lbg(gllor}’anagrge/ rClaG%@El?%rrll}selnnthgfahlflma‘n subj ect. 18.
A met hod of inCreasing serumi’ron Y&Vel's “FRticu ocyte eomt , red bl ood
cell count, henoglobin, and/or hematocrit conprising admnistering to a
human subj ect .an_effective.. unt of t ant i f an ne of Cains
L 30 A Bt o PG Erafing s b B paRiE s her eof
conpri sing meiitanicat BF tha@rehittehd ahemian subj ect an effective amount of an
anti body of any one of Clains 1-11. 20. A nmethod for measuring the anount
of hepcidin-25 in a sanple of tissue or biological fluid, said nethod
conpri si ng t hes stigPSoklondliahtiQfl & Biynehelon€lasRIR € f@fusd inSSH@h ofbi 0l ogi cal
fluid; (ii). causing the sanple to contact an anti body or fragnent thereof

that binds HFFCEHLEHE EINEHlh EHCWPEHS Fruahigidlend gl cqunt.diemoglofig) sididje,  of

SEQ I D NO ferttdchit @ o3& about 50 nM and about 800 pM and
pro- hepci din andX- 18122 -50- hunman hepcidin-20 with a KD that is at | east

about 1 fold hi gher as determned by SPR at 25 0C; and (iii) detecting the
amount of ~hepeg oyl Ze oPALRELEE &f%ﬁy SR Jretdhs 911 lffBﬂ?%Q%ufﬁc%rrﬁ gf g sanpl e

quantitatively, sem-quantitatively or qualitatively. 21. met hod
accordi ng twoedBaaient Roingitasied yerurhsomleyelbaehcutyeytanounbaeld/blpedepheatnt,

hemoglobin, and/or hematocrit in a human subject.

15 17. The antibody of any one of Claims 1-11 for use in a method of increasing serum
iron levels, reticulocyte count, red blood cell count, hemoglobin, and/or hematocrit in a

human subject.

18. A method of increasing serum iron levels, reticulocyte count, red blood cell
20 count, hemoglobin, and/or hematocrit comprising administering to a human subject an

effective amount of the antibody of any one of Claims 1-11.

19. A method of treating anemia in a human subject in need thereof, comprising
administering to the human subject an effective amount of an antibody of any one of

25  Claims 1-11.

20. A method for measuring the amount of hepcidin-25 in a sample of tissue or
biological fluid, said method comprising the steps of;
(1) obtaining the sample of tissue or biological fluid;
30 (i1) causing the sample to contact an antibody or fragment thereof that binds an
epitope contained within amino acids 1 to 7, inclusive, of SEQ ID NO: 1

with a Kp between about 50 nM and about 800 pM and pro-hepcidin and



further binds human hepcidin-22 with a KD greater than about 200 nM as
determ ned by SPR at 25 0C. 22. A nethod for quantifying the anount of
hepci di n-w6 2proatied7n i n a sanpl e of tissue or biol ogi cal pCirmisdocoosri si ng;
(i) coatingxagsmw id support with a first antibody that binds (a) an epitope
contained within amno acids 1 to 7, inclusive, of SEQID NO 1, or (b) an
epi tope contained within amno acids 5 to 25, inclusive, of SEQ ID NO 1;
(ii) applying the sanple to said antibody coated solid support; (iii)
removi ng unbound sanple; (iv) if the fispst anti body binds epitope (a),

appl ying a second anti body that binds epitope (b) to the solid support, or,
if the first anti bodyubamidpcidmp-20opi¢h { K) thaapplt iehstgbaut $@tddtighertas body t hat

bi nds epitope (a) to he.soli u tt,. (V) renmoving unbound second

anti body: and (vi) dg?%rg%“?e%gbyﬁmpz‘agrerguérftangf hepci di n-25 bound to the second
ant i body i n sai diigangdétectogalirtanicahi ofdkpcidis-@fibewulan thictaatibodgloy fregment in

qualitatively. 23. The nethod of Claim22 wherein the antibody that binds
epitope (a) further E%ﬁﬁwpé%%uag{ls?uf%@elglé(iu@gtt‘t&tave& %rrﬂuf‘ﬁ%twﬁfyoup consi sti ng
of: (i) +CDR, LCDR2, LCDR3, HCDRI, HCDR2, and HCDR3 having the am no acid

sequences as sho in S I D NOs; 20, 21, 22, 42, 43, and 44, respectively;
(i ?) LCDR . Lebrble m@@e@%%@mt? Cl%taz)%%yv]iarﬁﬂl ti%ﬁéoqiva%aﬁaqumgmgwmg acid
sequences agrthdoyiids imERPAAINGS itk Q K Ldkeated InantBout$80 aRCas4idicrhi@&PBLt i vel y;
X-18122 -51- (iii) LCDR, LCDR2, LCDR3, HCDRI, HCDR2, and HCDR3 having the
amino aci d Ydtiences as shown in SEQ ID NOs: 24, 25, 23, 42, 43 and 44,

respectively; (iv) LCDRI, LCDR2, LCDR3, HCDRI, HCDR2, and HCDR3 having the

am no agj d segdeRGRShRATosHANYyind 1RERJult HBpcidiR25 PRoteid T a GépldbT tRAA 44,
respectivel gr;bioallggqcal fluid comprising;

(1) coating a solid support with a first antibody that binds (a) an epitope
contained within amino acids 1 to 7, inclusive, of SEQ ID NO: 1, or (b) an
epitope contained within amino acids 5 to 25, inclusive, of SEQ ID NO:1;

15 (i1) applying the sample to said antibody coated solid support;

(iii)  removing unbound sample;

(iv)  ifthe first antibody binds epitope (a), applying a second antibody that
binds epitope (b) to the solid support, or, if the first antibody binds epitope
(b), applying a second antibody that binds epitope (a) to the solid support;

20 (v) removing unbound second antibody; and

(vi)  detecting the amount of hepcidin-25 bound to the second antibody in said

sample quantitatively, semi-quantitatively or qualitatively.

23. The method of Claim 22 wherein the antibody that binds epitope (a) further
25  comprises six CDRs selected from the group consisting of:
(1) LCDRI1, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
amino acid sequences as shown in SEQ ID NOs: 20, 21, 22, 42, 43, and
44, respectively;
(i1) LCDRI1, LCDR2, LCDR3, HCDR1, HCDR2, and HCDR3 having the
30 amino acid sequences as shown in SEQ ID NOs: 20, 21, 23, 42, 43 and 44,

respectively;



(v) LCDR, LCDR2, LCDR3, HCDRI, HCDR2, and HCDR3 having the am no acid
sequences as shown in SEQ ID NGs: 26, 25, 28, 42, 43 and 44, respectively.
24. The mwohoty/wafo7any one of C ains 22-23 wherein the amrCirhisdyotobmt4 bi nds
epitope (a)xXaemw»ises a LCVR and a HCVR sel ected froma group consi sting
of: (i) the LCVR and the HCVR having the am no acid sequences as shown in
SEQ ID NGs: 59 and 58, respectively; (ii) the LCVR and the HCVR havi ng the
am no acid sequences as shown in SEQ ID NGOs: 60 and 58, respectively; (iii)
the LCVR and the HCVR having the am nosaci d sequences as shown in SEQ ID
NGs: 6 1 and 58, respectively; (iv) the LCVR and the HCVR having the am no
aci d sequences d8i)shoWPRINLGBRZ | IINGS H@G2R b I8, ankHpORBiaehy theand (v) the
LCVR and the HCVR haying the am no. agid se a o} LN ,SEQ, ), D NOs:
63 and 58, respect | vary® A3 ARh P RsinaF IEEIBI 3 S L e TS Cherei n
the anti body that bi ndgecépely.ope (a) is selected froma group consisting of

Mab 5E8, Mab OBl , . Ma , 6. t hod of any one
of O ains 22-25(h%ergFﬁﬁﬁh%B§R€3§§%§23H§5Qb%§§¥“%6?4%E@RgﬁﬁV%% rises a
LCVR ands a HCVR havi aginoheidasgueacedas chosadnsPQED NaSs: Sh@s27, A2, 3BG@nd B4 NCs: 82
and 83. X-18122 -52- 27. The nethod of any one of Cains 22-25 wherein the
anti body that binds ESPIEBEY:@Y conprises a LCVR and a HCVR having t he

am no aci d sequences LaprIhDODRD LG5, IHE NS HE@R AR BEDR3Gavikhehemet hod of
any one of Clainms 22-27 wherein only the first or second antibody is

| abel ed with a det ectRBIO&cKsp@IcyCes 89shovRdn RERABINQY 2@ty Bhé2.dh aeﬁéfhms 20- 28
wherein said detecti@pdgviipdi rect. 30. The method according to any one of
Claims 20-29 wherein said sanple is blood, plasma, serum urine,
cerebrol&pinal fluid (CSF), amiotic fluid, saliva, sweat, ascite

24. The method of any one of Claims 22-23 wherein the antibody that binds epitope

(a) comprises a LCVR and a HCVR selected from a group consisting of’
(1) the LCVR and the HCVR having the amino acid sequences as shown in
SEQ ID NOs: 59 and 58, respectively;
15 (i1)  the LCVR and the HCVR having the amino acid sequences as shown in
SEQ ID NOs: 60 and 58, respectively;
(iii)  the LCVR and the HCVR having the amino acid sequences as shown in
SEQ ID NOs: 61 and 58, respectively;
(iv)  the LCVR and the HCVR having the amino acid sequences as shown in
20 SEQ ID NOs: 62 and 58, respectively; and
(v)  the LCVR and the HCVR having the amino acid sequences as shown in
SEQ ID NOs: 63 and 58, respectively.

25. The method of any one of Claims 22-24 wherein the antibody that binds epitope
25  (a)is selected from a group consisting of Mab 5E8, Mab OB1, Mab OB3, Mab OH4 and
Mab OEI.

26. The method of any one of Claims 22-25 wherein the antibody that binds epitope
(b) comprises a LCVR and a HCVR having the amino acid sequences as shown in SEQ
30 ID NOs: 82 and 83.



fluid, |lynmph, cyst fluid, breast mlk, wound fluid, or derived there from
and wherein said sanple contacts said anti body or fragnment thereof in an
enzyne i rwonrossEayo( El A), ELI SA, a sandw ch ELI SA assaypcrascawmmonpassay,
a precipitaxiigmxeaction or a fluorescent inmmnoassay. 31. A kit for
detecting or quantifying hepcidin-25 conprising the anti body of any one of
Clains 1-11.
-52-
27. The method of any one of Claims 22-25 wherein the antibody that binds epitope
(b) comprises a LCVR and a HCVR having the amino acid sequences as shown in SEQ

ID NOs: 84 and &5.

5 28. The method of any one of Claims 22-27 wherein only the first or second antibody

is labeled with a detectable moiety.
29. The method of any one of Claims 20-28 wherein said detection is indirect.

10 30. The method according to any one of Claims 20-29 wherein said sample is blood,
plasma, serum, urine, cerebro-spinal fluid (CSF), amniotic fluid, saliva, sweat, ascite
fluid, lymph, cyst fluid, breast milk, wound fluid, or derived there from, and wherein said
sample contacts said antibody or fragment thereof in an enzyme immunoassay (EIA),
ELISA, a sandwich ELISA assay, radioimmunoassay, a precipitation reaction or a

15  fluorescent immunoassay.

31. A kit for detecting or quantifying hepcidin-25 comprising the antibody of any one
of Claims 1-11.

20



