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ANTAGONIST ANTIBODIES DIRECTED AGAINST CALCITONIN GENE-RELATED PEPTIDE AND
METHODS USING SAME
This applicaticn cdlaims priority to United States Patent Application No. 80/736,623, filed
Novamber 14, 2005, which is hereby incorporated by reference.

Field of the invention
The present invention refates to the use of anti-CGRP antagonist antibodies for the prevantion,
ameticration. or freatment of vasomotor symptoms, such as CGRP reiated headaches fe.g.. migraine} end

aot flushes.

Rackaround of the Invantion

CGRP (calciionin gene-reiated peptide) Is 2 37 amino acid neuropsptide, which belongs tc a
family of peptides that includes caicitonin, adrenomedullin and amyiin. In humans, two forms of CGRF {o-
CGRP and B-CGRP) exist and nave similar activities. They vary by three aminoe acids and exhibi
differential distribution. At least two CGRP receptor subtypes may also account for differential activities.
CGRP is & neurctransmitter in the central nervous system, and has been shown to be a potent vasodilator
in the periphery, where CGRP-containing neurons are closely associated with blocd vesseis. CGRP-
mediated vasodilatation is also associated with neurcoenic inflammetion, as part of a cascade of events
that results in extravasation of plasma anc vasodiation of the microvesculature and is present in migraine.

CGRP has bzen nated for its possible connection to vasomator symptoms (Wyon et al. Scand. J.
Urol, Nephro!. 35: £2-96 {(2001); Wyon &t al. Menopause 7{1):25-30 (2000)). Vasomotor symptoms
ViMS), such as hot fiushes and night swaals, are the most common sympioms associated wiih
menopause, ocouiring in 80% to 80% of all women following natural or surgicaliy-induced menopause.
Hot fiushes are iikely to be an adaptive response of the central narvous sysiem {CNS) to declining sex
siercids {Freedman Am. J. Human Biol. 13:453-464 (2001)). To date, the most effective therapiss for
flushes are hormone-based treatments, including estrogens and/or some progestins. Hormonal
‘reatments can be effective for alleviating fiushes, but are nct appropriate for all women. Psycheoiegical
ancd emotional symptoms observed. suchk as nervousness, fafigus, Iriiability, insomnia, depression,
memory loss, haadache, anxiety. nervousness or inability to concenirate are considered to be caussd by
the sisep deprivation foliowing het fiush and night sweats (Kramer ef al, in: Murphy et al, 3.sup.rd int!
Symposium on Recent Advances in Urologicai Cancer Diagnosis and Treatment-Proceedings, Paris,
France: SCI: 3-7 {1892)}. "

ien aiso experience hot fiushas foilowing steroic hormone {androgen) withdrawal, This is wue in
cases of age-associated androgen decline (Katovich, et al., Proceedings of the Society for Experimental
Biciogy & Medicine, 1990, 193{2}1 120-35} as weli as in extrems cases of hormone deprivation associated
with ireatments for prosiaie cancer {Berendsen, ef al., European Journal of Pharmacology, 2001, 419{1}:
47-54). As many as one-third of these patients will experience persisient and frequent symptoms ssvere

i

ancugh to cause significant discomfor: and irgonvenience.
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CGRP is a potent vasodilator that has been implicated in the pathology of other vasomotor
symptoms, such as &li forms of vascular headacne, including migraines (with or without auraj and ciuster
headache. Durham, N, Engl. J. Med. 350:1073-1075, 2004. The serum leveis of CGRP in the external
jugular veir are eevated in patlents during migrains headache. Geadsby st al,, Ann, Neurol, 28:188-7,
1990. Intravenous administration of human o-CGRP induced headache and migraine in patients suffering
from migraine without aura, suggesting that CGRP has & causative role in migraine. Lassen et al,
Cephalalgia 22:54-61, 2002.

Possible CGRP invoivement ir migraine has been fhe basis for the development and tesiing ¢f a
number of compounds that inhibit reiease of CGRP (e.g., sumatriptan), antagonize at the CGRP recepior
{(e.g., dipeptide darivative BIBN4096BS (Boerhringer Ingeiheim); CGRP{8-37)), or interact with one or
more of receptor-associated proteins, such as, receptor activity membrang protein (RAMP) or recepior
component protein {(RCP), both of which affect binding of CGRP to iis receptors. Brain, S. et al., Trends
in Pharmacoiogical Sciences 23:51-52, 2002, Alpha-2 adrencosptor sublypes and adenosine A1
recepiors also control (inhibif) CGRP release and trigeminal activation (Goéa‘sby et al., Brain 125:1382-
401, 2002). The adenosine A1 recepior agonist GR79238 (metrafadl), which has been shown to inhibit
neurogenic vasodilation and trigeminal nociception in humans, may aiso have anfi-migraine activity
{Aruimani et al., Cephaialgia 25:1082-1C090, 2008; Giffin et al., Cephalaigia 23:287-292, 2003.)

Coniounding this theory is the observation that treatment with compounds that exclusively inhibit
neurogenic inflammation (e.g., tachykinin NK1 receptor antagonisis) or tfrigeminal activation (e.g., 5HTx
recepior agonisis) have baen shown to be relatively ineffective as acute ‘reatments for migraine, leading
some investigators to question whether inhibiting release of CGRP is the primary machanism of action of
effective anti-migraine treatments. Aruimani et al., Bur. J. Pharmacol. 500:315-330, 2004,

Migraine is a complex, commaon neurclogical condifion thet is characterized by severe, episodic
attacks of headache and associated features, which may include nausea, vomiting, sensifivity to light,
sound or movement. In some patients, the headachs is preceded or accompanied by an auwra. The
headache pain may be severe and may also be unilateral in certain patients,

Migraine attacks are disruptive to daiiy fifs. In US and Westem Eurg:ope_. the overall prevalence of
migraine sufferers is 11% of the general populatich (6% males; 15-18% fernales). Furthermore, the
median frequency of aftacks in an individual is {.5/month, While there are a number of treatments
available to alleviate or reduce symptoms, preventive therapy is recommended for those patients having
more than 3-4 attacks of migraine per month. Goadsby et al. New Zngl. J. Med. 348(4); 257-275, 2002,

The variety of pharmacalogic interventions that have besn used to treat migraine and the
variability in responses among patiants are a testament {o the diverse nature of this disordar,  Thus, such
relatively ncn-seiective drugs as ergot alkaioids (e.g., ergotamine, dihydroergotamine, methysergide},
which exhibit serotonergic, as well as adrenergic, noradrenergic and dopaminergic activity, have bsen
used for over eighty years to treat migraing. Other treatments include opietes (e.g., oxycodone) and §-
adrenergic antagonists (e.g., proprancicl). Some patients, usually those with milder sympioms, are able
to contro! their symptoms with non-prescription remedies such as one or more non-steroidal anti-
infammatory agents (NSAIDs}, such as a combination of aspirin, acetamincphen and caffeine (8.¢..

Excedrin® Migraine).
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More recently, some migraine patients have been treated with topiramate, an anticonvulsant that
biocks voltage-dependent sedium channels and canain glutamate receptors (AMPA-kainate), potentiates
GABA-A receptor activity, and blocks carbonic anhydrase, The relatively recent success of serotonin
5HT-18/1D and/or 8HT~1a receptor agonists. sush as sumalriptan, in some patienis has led researchers
to propose a serctonergic etiology of the disordsr. Unfortunately, while some patients respond well to this
treatment, others are relalively resistant to its effects.

It has been postulated that a dysfunction of an fon channel in the aminargic brainstem nucle!
underlies the disorder, however, the pracise pathophysiology of migraine is not yet wali undsrstood. Ony
form of migraine, familial hemipiagic migraine, has been shown to associaied with missense mutations in
the of subunit of the voltage-gated P/Q-type calcium channel, and it is thought likely that other ion-
channel mutations will aiso be found in other populations of patients. While dilation of blocd vessels is
associated with and exacerbaies the pain symptoms of migraing, such neurovascular events are now
tholght tc be a result of, rather than causative of, the condition, Ovarall, dysfunction of brainsiem
pathways modulating sensory input is considered to be & unifying feature of migraine. Goadsby, P.J. &t
al. New Engl. J. Med. 34614); 257-275, 2002.

Throughout this application various publications (including patents and patent applications) are
referenced. The disclosures of these publications in their entireties are hereby incorporated by reference.

Brief Summary of the Invention

The invention disclosed herein concerns ant-CGRP antagonist aniibodies anc methods of using
anti-CGRP antagonist antibodies for treating or preventing vasomoter sympioms, such as headaches,
such as migraine with or without aura, hemipiegic migraine, cluster headaches, migrainous neuraigia,
chronic headaches, tension headaches, and headaches resulting from other medical conditions (such as
infaction or increasad pressure in the skuli due o a tumor). Other vasomotor sympioms include hot
fiushes.

In one aspect, the present invention provides a method for treating or preventing at least one
vasomotor symptom in an individua' comprising administering to the individual an effective amount of an
anti-CGRP antagonist antibody. '

In ona aspect, the present invention provides a method for freating or preventing nezdache {e.q., '
migraine and cluster headachg) in an individual comprising administering o the individual an effective
amount of an anii-CGRP antagonist antibody.

In another aspect, the invention provides a method for ameliorating, controlling, redusing
incidence of, or delaying the development or progression of headache (e.g., migraine and cluster
heedache) in an individual comprising edministering to the individual an effective amount of an ant-CGRP
antagonist antibody. ’

in a further embodiment, ihe invention provides methods for ameliorating, controlling, reducing
incidence of, or dslaying the develepment or progression of headache (e.g., migraine and cluster
headache) in an individual comprising administering to the individua! an effective amount of an ant-CGRP
artagonist antiboay in combination with at feast one additional agent useful for treating headache. Such
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additional agents include 5-HT1like agorists (and aganists acting at other 5-HT1 sites), and non-stercida’
anti-inflammatory drugs (NSAIDs). '

Examples of 5-HT1 agonists that can be used on combination with an anti-CGRP aniibody
include a class of compounds khowr as tripians, such as sumairiptan, zolmitriptan, naratriptan, rizatriptan,
eletriptan, aimotriptan, and frovatriptan, Ergot alkaloids and reiated compounds are also known to have
5-HT agonist aclivity and have been used te treat headache such as migraine. Included ameng ihese
compounds are ergotamine tatfrate, ergonovine maleste, and ergoioid mesylates (e.g.,
dihydroergocornine, dihydrosrgocristine, dihydroergocryptine, and dihydroergotamine mesylate {DHE
45)).

Exampies of NSAIDs that can be used in combination with an anti-CGRP antibody include
naproxen, flurbiprofen, ketoprofen, oxaprozin, efodolac, indomethasin, ketorolac, nabumetone, mefanamic
acid, and piroxicar. Additional NSAIDs include cyclooxygenase-2 (COX-2) inhibitors. Members of this
greup include: celecoxib; rofecoxib; meloxicary; JTE-522; L-745,337; NS398; and pharmaceutically
acseptable salts thereof.

In another aspect, the invention provides a method for ameliorating, contolling, reducing
incidence of, or delaying the devslopment or progression of hot flushes in an individual comprisiiwg
administering to the individua, an effective amount of an anti-CGRP antagonist antibody.

In another aspect, the invention provides methods for amelicrating, controlling, reducing incidence
o, or delaying the developmant or progression of hot flushes in an individual comprising administering to
the individua; an effective amount of an anti-CGRP antagonist antibody in combination with at least one
additional agent useful for treating hot flushes. Such additional agents include, but are not iimited to,
hormone-based treatments, including estrogens andlor progastins.

in one embﬁdiment, fhe ani-CGRP antagonist antibody csed in any of the methods describad
above Is any of the antibodies as described herein.

in some embodiments, the anti-CGRP aniagonist antibody recogrizes @ human CGRP. in some
embodiments, the anti-CGRP antagonist antibody binds to both humen a-CGRP and B-CGRP. In some

o,

_ embodiments, the anti-CGRP antegonist anibody binds human and rat CGRP. in same embodiments,

the anti-CGRP antagonist antibody binds the C-ierminal fragment having amino acids 25-37 of CGRP. In
some embodiments, the anti-CGRF antagonist antibody binds a C-terminal epitope within amino acids 25-
37 of CGRP.

in soma embodiments, the ant-CGRP antagonist anilbody is & monoecional antizody, In some
embodiments, the anti-CGRP antagonist antibody is humanized. In some embodiments, the antibody is
human. in some embadiments, the anti-CGRP antagonist anticedy is antibody G4 (as described herein).
In scme embodiments. the anti-CGRP antagonist antibody comprises one or more CDRis} (such as one,
two, three, four, five, or, in some embodiments, all six CDRs) of antibody G1 or variants of G1 shown in
Table 6. in siill cther embodiments, the ant-=CGRP antagonist antibody comprises the amino acid
sequence of the heavy chain variable region shown in Figure 5 {(SEQ [D NO: 1) and the amino acid
sequence of the light chain variable region shown in Fioure 5 (SEQ 1D NO: 2).

In some embodimenis, the antbody comprises a modified constant region, such as a constant
regicn that is immunoiogically inert {including partially immunologicaily inert), 2.g., does not trigger
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compliement mediated lysis, does not stimulate antibody-dependent cell mediated cytotoxicity (ADCC),
doss not activete microglia, or having recuce one or more of thesa activiies. in some embediments, the
consiant region is modified as described in Eur. J. Immunol. (1989) 29:2613-2624; PCT Application No,
PCTIGBR9/01441; and/or UK Patent Application No. 9809951.8. In other embodiments, the antibody
comprises a human heavy chain 1gG2 constant region comprising the following mutations: A330P331 o
$3308331 (amino acid numbering with reference to the wildiyps 1gG2 sequence). Eur. J. Immunol,
(1999} 20:2613-2624. In some embodiments, the heavy chain constant region of the antibody is a human
heavy chain lgG1 with any of the following mutatioﬁs: 1) A327A330P331 to G22783308331%1; 2)
£233L23412353235 o P233V234A235 with G236 deieted: 3) £233L234L235 to P233V234AZ35; 4)
E233L2341.235G236A327A330P331 to P233V234A235E327S833082331  with G236 dsleted, 5)
E233L234L235A327A330P331 to P233V234A235CE32783308331; and 6) N287 ic A297 or any other
amino acid except N. In some embodiments, the heavy chain constant region of the antibody is a human
heavy chain IgG4 with any of the following mutations: E233F2341.235G236 to P233V234A235 with G236

. deleted; E233F234L235 to P233V234A235; and 8228L235 {o P228E2385,

in still other embodiments, the constant region is aglycosylated for N-linked glycosylation. In
some embodiments, the constant region is aglycosylated for N-finked glycosylation by mutating the
oligosaccharide attachment residug {such as Asn287) and/or flanking residues that are part of the N-
gtycoéyiation recognition sequence in the constant region. Jn some embadiments, the cons:ant region is
agivcosyiated for N-finked givcosyletion. The constant region may. be aglycosylated for N-inked
glycosylation enzymaticaily or by expressébn in a glycosylation deficient host cell, '

The binding affinity (Ko) of an anti-CGRP antagonist antibody to CGRP (such as human o-CGRP
as measured by surface plasmon resonance at an appropriate temperature, such as 25 or 37 °C) can be
about 0.02 to about 200 nM. In some embodimenis, the binding affinity is any of about 200 nM, about 100
nM, about 50 nM, about 10 nM, about 1 nM, about 500 pM, about 100 pM, aboui 60 pM, about 50 pM,
abowt 20 pM, about 18 pM, about 10 pM, about 5 phi, or about Z pii. In some embodiments, the binding
affinity is iess than any of about 250 nM, about 20C M. about 100 nM, about 50 nM, about 10 nl. atout
1 ni;, about 560 pM, about 100 pM, or about 50 M.

The anfi-CGRP antagonist antibody may be administered prior to. during and/or after headache.
in scme embodiments, the anti-CGRP antagonist antibedy s administered prior i the aftack of headachs
(e.g., migraine and ciuster headache). Administration of an anti-CGRP antagonist antibody can be by any
means known in the art, including: orally, intravencusly, subcutaneously, intraarteriaily, intramuscularly,
intracardially, infraspinally, intrethoracically, intraperitoneally, intraventricularly,  sublingually,
transdermally, and/or via inhalation. Administration may be systemic, e.g. intravenously, or loczlized.

In some embodiments. the anfi-CGRP antagonist antibody may be administered in conjunction
with an another agent, sush as another ageni for {reating headache.

in ancther aspact, the invention provides use of an anti-CGRP antzgonist antibody for the
manufasiure of a medicament for use in any of the mathods described herein, for exampie, for treating or

praventing headache.
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_ in another aspect, the invention provides a pharmaceutical composition for preventing or treating
headache (e.g., migraine and cluster headache) comprising an effective amount of an anti-CGRP
antagonist antibody, in combination with one or more pharmaceutically acceptable excipients.

In another aspect, ths invention provides a kit for use in any of the methods described herein. In
some embodiments, the kif comprises 2 container, a composition comprising an anti-CGRP antagonist
antibody descriped herein, in combination with a pharmaceutically acceptable carrier, and instructions for
using the composition in any of the methods describad herein.

The present invention also provides anti-CGRP anfagonist anfibodies and palypeptides detived

from antibedy G1 or its variants shown in Table 8. Accordingly, in one aspect, the invention is an antibody

G1 (interchangeably termed "G1") that is produced by expression veciors having ATGC Accession Nos.
PTA-6885 and PTA-B8867. For example, in one embodiment is an antibody comprising a heavy chain
produced by the expression vector with ATCC Accession No. PTA-B827. in a further embodiment is an
antibody comprising a fight chain produced by the expression vactor with ATCC Accession No, PTA-8856.
The amino acid sequences of the heavy chain and light cheain variable regions of G1 are shown in Figure
5. Tne sompiementarity determining region {CDR) portions of antibody G* (including Chothia and Kabat
CDRs) are also shown in Figure 5. it is understood that reference ta-any part of or entire region of G1
encompasses sequences produced by the expression vectors having ATCC Accession Nos. PTA-8838
and PTA-6867, andfor the sequences depicted in Figure 5. The inveniion also provides antibody variants
of G1 with amino acid sequences depicted in Tabie 6.

in one aspect, the invention is an antivody comprising a Vy; domain that is at ieast 85%, at jeast
86%, at Jeast 87%, at least 88%, at least 85%, at least 90%, at least 91%, at least 82%, al isast 83%, at
least 94%, at least 85%, at least 85%, at least §7% at least 98%, at least 898% or 15 % identical in aminc
acid sequence to SEQ {D NO: 1. »

In another aspect, the invention is an antibody comprising 2 V| domain that is at least 85%, at
icast 89%, at lsast 87%, al lcast £8%, al least 80%, at least 20%, af least ©1%. at least 92%, at jeast

3%, af least 94%, at least 95%, at ieast 98%, at least 97% at ieast 98%, at least 95% or 100% identical

‘in amino acid sequence fo SEQ ID NO: 2.

in another aspect, the invention is an antibody comprising & fragment or a region of the antibody
G1 or its variants shown in Table 6. In one embodiment, the fragment is a light chain of the antibody G1.
In another embediment, the fragment is a heavy chain of the aniibo:iy G41. In yei another embodiment,
the fragment contains one or more variable regions from 2 light chain and/or a heavy chain of the antibedy
G1. In yei another embodiment, the fragment contains one or more variabla regions from a light chain
anc/or a heavy chain shown in Figure 5. in ye! another embodimeni, the fragment contains one or more
CDRs from a light chain and/ior a heavy chain of the antibody G1.

In another aspect, the invention provides polypeptides (which may or may ot be an antibody)
comprising a Vi CDR3 as sef forth in SEQ 1D NO: 5, or a sequence that differs fom SSQ ID NO S by 1,
2, 3, 4, or 5 amino acid substitutions. In & particular embodiment, such amino acid substitutions are
conservative substitutions. '

in another aspect, the invention provides polypeptides (which may or may not be an antibedy)
comprising a V| CDRS3 as set forth in SEQ 1D NO: 8, or a sequence that differs from SEQ ID NO: 8 by 1,
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2 8 4,0r5 amino acid substitutions. In a particular embodiment, such amino acid substitutions are
conservative substifutions, ‘

in another aspect, the inveniion provides polypeptides (which may or may not be an antibody)
comprising any one or more of the following: a} one or more CDR(s} of antibody G1 or its variants shown
In Table 8; b) CDR H3 from the heavy chain of antibody G1 dr its variants shown in Table 6; ¢) CDR L3
from the light chain of antibody G1 or its variants shown in Table ; d) three CDRs from the light chain of
antibody G1 or its varianis shown in Table 6; e) three CDRs from the heavy chain of antibody G1 or its
variants shown in Table 8; f) three CDRs from the light chain and three CDRs from the heavy chain of
antibody G1 or its variants shown in Table €. The invention further provides polypeptides (which may or
may not be an antibody) comprising any one or more of the following: a) cne or more (one, two, three,
four, five, or six) CDR(s) derived from antibody G1 or its variants shown in Table 8; b) a CDR derived from
CDR H3 from the heavy chain of antibody G1; and/or ¢) a CDR derived from CDR L3 from the light chain
of antibody G1. in some embodiments, the COR is & CDR shown in Figure 5, In some embodiments, the
one or more CDRs derived from antibody G1 or its variants shown in Table 6 are at least about 85%, at
ieast about 86%, at least about 87%, at least about 88%, at least about 89%, at least about 80%, at least
about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 88%. or at least about 89% identical to at least one, at least two,
at least three, at [east four, at least five, or at least six CDRs of G1 or its variants.

in some embodiments, the CDR is a Kabat CDR. in other embodiments, the CDR is a Chothia
CDR. In other embodiments, the CDR is a combination of a Kabat and a Chothia CDR (also termed
“combined CDR" or "extended CDR"). In other words, for any given embodiment containing more than
one CDR, the CDRs may be any of Kabat, Chothia, and/or combined.

In some embodiments, the polypeptide (such as an antibody) comprises the émino acid sequence
of KASKXaaVXaaTYVS, wherein Xaa at position 5 is R, W, G, L, or N; and wherein Xaa at position 7is T,
AD, G R, 8, W, orV. insome embodiments, the amino acid sequence of KASKXaaVXaaTYVS is CDR
of an antibody light chain. '

In some embodiments, the palypeptide (such as an antibody) comprises the amino acid sequence
of XaaXaaSNRYXaa, wherein Xaa at position 1 is G or A; wherein Xaa at position 2 is A or H; and
wherein Xaa at position 7 is L, T, |, or 8.  in some embodiments, the amino acid sequence of
XaaXaaSNRYXaa is CDR2 of an antibody light chain.

in some embodiments, the polypeptide {such as an antibody) comprises the amino acid sequence

- of EIRSXaaShXazXaaATXaaYAXaaAVKG, wherein Xaa at position 5 is E, R, K, Q, or N; wherein Xaa at

posiion 8is A, G, N, E,H, S, L, R, C,F, Y, V, D, or P; wherein Xaa at pesition 9is 8, G, T, Y, C, E, L, A
P, I, N, R, V, B, or M; wherein Xaa at position 12 is H or F; wherein Xaa at position 15 is E or D. In some
embodiments, the amino acid sequence of EIRSXaaSDXaaXaaATXaaYAXaaAVKG is CDR2 of an
antibody heavy chain.

in some embodiments, the polypeplide (such as an antibody) comprises the amino acid sequerice
of SEQ ID NO:1, wherein amino acid residue at position 88 of SEQ ID NO:1 is L or is substituted by A, N,
S, T, V, or R; and wherein amino acid residues at position 100 of SEQ 1D NO:1 is A or is substituted by L,
RS, V,Y,C,GTKorP. R : o '
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in some embodiments, the antibody of the invention is a human antibody. In other embodiments,
the antivody of ine Invention is a humanized antibody. In scme embediments, the antibody is monocicnal.
In some embodiments. the antibody (or polypeptide) is isolated. In some embodiments, the antibady {(or
polypeptide) is substantially pure.

The heavy chain consiant region of the antibodies may be from any types of constant ragion,
such as lgG, Igh, IgD, 1gA, and IgE; and any isotypes, such as IgG1, 1932, 19G3, and 1gG4.

in some embodiments, the antibody comprises a modified constant region as described herein.

In another aspect, the invention provides a polynuciectide {which may be isolated) comprising a
polynusieotide encoding a fragment or a region of the antibody G1 or its variants shown in Tabie 8. In
ane embodiment, the fragment is a light chain of the aniibody G1. In another embodiment, the fragment
is 2 heavy chain of the antibedy G1. In yet another embodiment, the fragment contains one or more
variabie regions from a light chain andior a heavy chain of the antibody G1. In yst another embodiment,
the fragment contains one or more (i.e., one, wo, three, four, five, or six) complementarity determining
regions (CDRs) from & light chaint and/or a heavy chain of the antibody G1.

in another aspect, the invention is a polynucieotide (which may be isolated) comprising 2
nolynucleotide that encodes for antibody G1 or its variants shown in Table 8. In soms embodiments, the
polynucieotide comprises either or bath of the polynusiectides shown in SEQ 1D NO:9 and SEQ 1D NOI1C.

in arother aspsct, the inveniion provides polyrucleotides encoding any of the antibodies

{including antibody fragmeants) or polypeptides described herein.

in another aspect, the invertion provides vectors (including expression and cloning vectors} and
host cells comprising any of the polynuciectide disclosed herein. In some embodiments, the vector is
oDb.CGRP.hFcGl having ATCC No. PTA-8887. in other embodiments, the vector is pEb.CGRP.hKG!
naving ATCC No. PTA-5856. :

In ancther aspect, the invention is & host cali comprising & polynucleotide encoding any of the
antibodlies descrived herein.

In another aspect, the invention is a complex of CGRP bound by any cof the antibodies or
polvpeptides described herein. In some embodiments, the antibody is antibody G1 or its variants shown
in Table 6. ' ‘

In another aspect, the invention is @ pharmaceutical composition comprising an effective amount
of any of the polypeptides (including antibodies, such as an antibcdy comprising one or mora CDRs cf
antibody G1} or polynucieotides described herein, and a pharmacaulically acceptable excipient.

In another aspect, the invention is a method of ganerating antibody G1 comprising culturing &
nast celi ar srogeny thereo? under conditions that allow production of antibody G1, wherein the host cell
comprises an expression vector that encodes for antibedy G1; and, in some embodiments, purifying the
antibody G1. In some embodiments, the expression vector comprises one or both of the pelynucleotide
seqguences shown in SEQ ID NO:S and SEQ ID NO:10.

In ancther aspect, the inveniion provides methods of generating any of the antibodies or
polypeptides described herein by expressing one or mere polynucleotides encoding the antibody (which
may be separately expressed as a single iight or heavy chain, or both a light anc a heavy chain are
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expressed from one vector) or the polypeptide in a suitable cell, generally followed by recovering and/or
isolatinig the antibody or polypeptides of interest.

The anti-CGRP antagonist antibody and polypeptides, and polynucleotides encoding the
antibodies and polypepﬁd’es of the present invention may be used for treating, preventing, ameliorating,
coniroling, or reducing incidence of diseases associated with abrormal function of CGRP, such as
headache (e.g., migraine, cluster headache, chronic headache, and tension headache) and other
conditions that may be treated or prevented by antagonizing CGRP activity.

in another aspect, the invention providas kits and compositions comprising any one or more of the
compositions described herein. These kits, generally in suitable packaging and provided with appropriate
instructions, are useful for any of the methods described herein.

Brief Description of the Drawings

Figure 1 is a table showing binding affinities of 12 murine antibodies for different alanine
substituted human o-CGRP fragments. Binding affinities were measured at 25°C using Biascore by
fiowing Fabs across CGRPs on the chip. The boxed values represent the loss in affinity of alanine

“mutants relative to parental fragment, 25-37 (italic), except K35A, which was derived from a 18-37 parent.

" indicates affinities for 19-37 and 25-37 fragments are the mean average + standard deviation of two
independent measurefﬁents on different sensor chips. “* indicates these interactions deviated from &
simple bimolecular interaction model due to a biphasic offrate, so their affinities were determined using a
conformational change miodel. Grey-scale key: white (1.0) indicates parental affinity; light grey (less than
0.5) indicates higher affinity than parent; dark grey (more than 2) indicates iower affinity than parent; and
black indicates that no binding was detected. - ‘

Figures 2A and 2B show the effect of adminisiering CGRP 8-37 (400‘nmollkg). antibody 4901 (25 -
mg/kg), and antibody 7011 (25 mg/kg) on skin blood flow measured as blood cell flux after electrical pulse
stimulzation for 30 seconds. CGRP 8-37 was administered infravenously (iv) 3-5 min before electrical
pulse stimulation. Antibodies were administered intraperiioneal (IP} 72 hours before electrical pulse
stimulation. Each point in the graphs represents AUGC of one rat treated under the conditions as indicated.
Each line in the graphs represents average AUC of rats treated under the condition as indicated. AUC
(area under the curve) equals to Aflux x Atime. "Aflux" represents the change of flux units after the ’
electrical pulse stimuiation; and "Atime" represents the time period taken for the blood cell flux level to
return to the level before the electrical pulse stimulation.

Figure 3 shows the effect of administering different dosage of antibody 4901 (25 mg/kg, 5§ mgrkg,
2.5 mglkg, or 1 mg/kg) on skin blood flow measured as blood cell flux after electrical pulse stimulation for
30 secands. Antibodies were administered intravenously (IV) 24 hours before electrical pulse stimulation.
Each point in the graph represents AUC of one rat treated under the conditions as indicated. The line in
the graph represents average AUC of rats treated under the cdnd‘:ﬁon as indicated.

Figures 4A and 4B show the effect of administering antibody 4901 (1 mg/kg or 10 mg/kg, iv.),

'antibody 7E9 (10 mg/kg, i.\';), and antibody 8B6 (10 mg/kg, i.v.} on skin blocd flow measured as biood ceil

fiux after electrical pulse stimulation for 30 seconds. Antibodies were administered infravenously (i.v.)
followed by electrical pulse sfimulation at 30 min, 60 min, 80 min, and 120 min after antibody
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administration. Y axis recresents percent of AUC as compared to level of AUC when no antibody was
administered ({time C). X axis reprasents time (minutes) period between the administration of antibedies
and electrical pulse stimulation. ™" Indicates P < 0.05, and ™" indicates P< 0.01, as compared to time 0.

. Data were analyzed using one-way ANOVA with & Dunneil's Muitinle comparison test.

Figure £ shows the amino acid sequence of the heavy chain variable regibn {SEQ D NO:1) and
light chain variable region (SEQ ID NO:2) of aniibody G1. The Kabat CDRS are in bold text, and ihe
Chothia CDRs are undetlined. The amino acid residues for the heavy chain and light chain variable
region are numbered sequentially.

Figure 6 shows epitope mapping of antibody G1 by peptide competition using Biacore. N-
biotinylated human a-CGRP was capiured on SA sensor chip. G171 Fab (50 nM) in the absencs of a
competing peptide or pre-incubated for 1 1 with 10 ulM of a competing peptide was flowed onto the caip.
Binding of G1 Fab to the human a-CGRP on the chip was measured. Y axis represents percentage of
binding blocked by the presence of the ccnipeting peptide compered with the binding in the absence of
the competing peptide.

Figure 7 shows the effect of administering antibody G1 {1 mg/kg or 10 mg/kg, i.v.) or vehicle
(PBS, 0.01% Tween 20; on skin biood flow measured as blood cell flux after electrical pulse stimutation
for 30 seconds. Antibody G1 or vehicle was administered intravenouéfy (i.v.) followed by nerve electrical
puise stimulation at 30 min, 80 min, 80 min, and 120 min after anticody administration. Y axis represen's
percent of ALIC as compared to level of AUC when no antibody or vehicle (defined as 100%) was
administered (time 0). X axis represents fime (minutes} pericd betwsen the adminisiration of antibedies
and eiectrical pulse siimulation. ™ indicates P < 0.05, and ™* indicates P < 0.01, as compared to
vehicle. Data were analyzed using two-way ANOVA and Bonferroni post tests.

Figurs 8A shows the effect of administering antibody G* {1 mg/kg. 3 mag/kg or 10 mg/kg, i.v.} or
venicle (PBS, 0.01% Tween 20} on skin blood fiow measured as biood cell flux afier elecivical pulse
stimulation for 30 ssconds 24 hours after dosing. Antibody G1 or vehicle was administered intravenausly
(Lv.) 24 hours before nerve elecirizal pulse stimulation. Y axis represents fotal area under curve (change
in blood celi flux multiplied by the change in time from stimuiation unti! flux returns to baseline, AUC). X
axis represents varying doses of antibody G1. "™ ‘indicates P < 0.05, and "™ Indicates P < 0.01, as
compared to vehicle. Data were analyzed using ohe-way ANOVA and Dunn’s multiple comparison test.

Figure 8B shows the effect of administering antibody G1 (0.8 mgikg, 1 mgfkg, 3 mglkg or 10
mg/kg, i.v.) or vehicle (PBS, 0.01% Tween 20) on skin biood fiow measurad as blood cell flux after
slectrical pulse stimulatior. for 30 secands 7 days afier desing. Antibody G1 or vehicle was administered
intravenously {i.v.) 7 days before nerve electrical puise stimulation. Y axis represents total AUC. X axis
represents varying doses of aniibady G1 . "™ indicates P < (.31, and "** indicates P < 0.0%%, as
compared o vehicle. Data were analyzed using one-way ANOVA and Dunn’s multiple comparison test.

Figure 8C is a curve fif analysis of the data from figures 84 ang 83, Antibody G1 or vehicle was
administered infravenousiy (i.v.) either 24 hours or 7 days before nerve electrical pulse stimulation. Y axis
represents total AUC. X axis represants varying dosas of antibody G1 in *mg/kg” on a logarithmic scale fo

determing ECsgp.
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Figure 8 shows the effect of antibody mu7E9 (10 my/kg), BIBN40SEBS or vehicle (PBS, 0.01%
Tween 20) on the change in diamster of the middle meningeai ariery after electrical fisld stimuladion.
Antibody mu7z8, BIBN409SBS or vehicle were administered intravenously (iLv.) at time point O minutes
afier a baseline response fo eiectrical stimulation was esteblished. Y axis represents change in diamster
of the middie meningeal artery after slectrical field stimulaiion. Resting diameter corresponds to 0%. X
axis represents time (minutes) of elestrical pulse stimulation. ™" indicates P < 0.05, and ™™ indicates P <
0.01, as compaied o vehicle. Data were analyzed using ons-way ANCVA and Dunsifs multivle
comyparison test.

Figure 10 shows the effect of varying dosss of antibody G1 {1 mg/kg. 3 mgikg or 10 mg/kg, L.v.; or
vehicle (PBS, 0.01% Tween 20} on the change in diameter of the middle meningeal artery after electrical
field stimulation. Antibody G1 or vehicie was administered intravencusly (i.v.) 7 days before electrical fizld
stimulation. Y axis represents change in diameter of the middie meningeal artery. Resting diametsr
corresponds o 0%. X axis represents stimulation voltage. " indicates P < 0.08, "™ indicates P < (.01,
and " indicates P < 0.001, as comparad to vehicle. Data were analyzed using two-way ANOVA and
Baonferroni posttests.

Figure 11A shows the efiect of aniibody mu4801 (10mg/kg) or vehicle (PBS, 0.01% Tween 20),
administered intravenously (iv.) 24 hours prior, on the decrease in core temperature induced by
subcutaneous injection of naloxone ({1mg/kg) in morphine addicted rats. The Y axis represents
temperature difference from baseline. The X axis represen's time measurad from the point of naloxone
injection.

Figure 11B shows the efiect of antibody mu4901 {10mg/kg) or vehicle {PBS, 0.01% Tween 20),
administered intravenously {(i.v.) 24 hours prior, on the increase in tail surface temperéture induced by

ubcuiansous injection of naioxone (img/kg) in morphine addicted rats. The Y axis represenis
temperature difference from baseline. The X axis represents time measured from the point of naicxone

injeciion.

Detailed Description of the Invention
The invention disclosed herein provides methods for treating and/or praventing vesomctor
symptoms such as headache (e.g., migraine, clusier headache, chronic headachs, and tension

headache) or hat fiush in an individual by administering to the individua! a therapeutically efactive amount
of an anti-CGRP antagonist antibody.

The invention disclosed herein aiso provides anti-CGRP antagonist antibodies and polypeptides
derived from G1 or its vardants shown in Table 6. The invention alsc provides methods of making and

Using thess antibodies and polypeptides.

General Technigues
The practice of the present invention will employ, uniess otherwise indicated, conventional

techniguas of molecuiar biology (including recombinant techniques), microbiology, osil biology,
biochemistry and immunoiogy, which are within the skill of the art. Stich techniques are explained fully in
the literature, such as, Molesular Cioning: A Laboratory Manuai, second edition (Sambrook et al., 1832)
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Cald Spring Harbor Press; Oiigonusieotide Synthesis (M.J. Gait, ed., 1984); Methods in Molecuiar
Biology, Humana Press; Ceil Biology: A Laboratory Notebook (J.E. Callis, ed., 1998) Academic Press;
Animal Cell Cuiture (R.1. Freshney, ed.. 1987}, Introduction to Cell and Tissue Culture (LP, Mather and
P.E. Roberts, 1998} Plenum Press; Cell and Tissue Culture: Laboratory Procedures (A. Doyie, J.B.
Griffiths, and D.G. Newsll, eds., 1093-1208) J. Wiley and Sons; Methods in Erzymology (Academic
Press: Inc.); Handbook of Exparimental Immunology (D.M. Weir and C.C. Blackwal, eds.); Gene Transfer
Vectors for Mammaiian Celis {J.M. Milier and M.P. Caios, eds., 1887); Current Protocols in Molecuiar
Biology (F.M. Ausubei et al, eds,, 1887), PCR: The Polymerase Chain Reaction, (Mullis et al., eds.,
1804); Current Protocols in Immunology (J.E. Coiigan et al., eds., 1891); Short Protocals in Malecwar
Biology (Wiley and Sons, 1899); Immunobioclogy (C.A. Janeway and P. Travers, 1997); Antibodies (P.
Finch, 1997); Aniibodies: a practical approach {D. Catty., ed., IRL Press, 1868-1989); Monoclonal
antibodies: a practical approach (P. Shepherd and C. Dean, eds., Oxford University Press, 2000}; Using
antibodies: a laboratory manual (E. Harlow and D. Lane (Cold Spring Harbor Laboratory Prass, 1999);
The Antibodies (M. Zanetti and J.D. Capra, eds.. Harwood Academic Publishers, 16€3).

Definitions _

An “antibcdy” is an immunoglobulin molecuie capable of specific binding to a target, such 2s 2
carbohydrate, polynuclectides, lipid, polypeptide, ete., through at least one antigen recognition site, located
in the variable region of the immunoglobulin molecule. As-used herein, the term encompasses not only
irtact polyclonal or monocional antibadies, but also fragments thereof {such as Fab, Fab', F(ab’). Fv),
singie chain (ScFv), mutants thereof, fusion proteins comprising an antibady portion (such as domain
antibodies), and any other modified configuration of the immunoglobulin molecule that comprises an
antigen recognition site. An antibody includes an antibody of any class, such as IgG, IgA, or IgM (or sub-
class thereof), and the antibody need not be of any particular class. Depending on the antibody amino
acld sequencs of the constant domain of its heavy chains, immunoglobuline can be assigned i different
classes. Tnere are five major Classes of immunogiobuiing: - igA, IgD, 19E, 19G, and lgM, and severai of
these may be further divided into subclasses (isotypes), e.g., IgG1, 1gG2, 1gG3, igG4, IgA1 and 1gA2. The
heavy-chain constant domains that correspond to the different ciasses of immunoglobuiing are called
alpha, delta, epsilon, gamma, and mu, respectively. The subunit structures and three-dimensional
configurations of different classss of immunoglobulins are well known.

As used herein. "monccional antibody" refers tc an antibody obtained from a populaticn of
substantially homogeneous antibodies, i.e, the individual antibodies comprising the population are
jdentical except for possible naturally-occurring mutations that may be present in minor amounts,
Monccional antibodies are highly spscific, being directed against a single antigenic site. Furthermore, in
contrast {0 polycionai antibody preparations, which typically inciude different antibodies directed against
different determinants (epitop2s}. each menoclonal antibody is directed against a single determinant on
the antigen. The medifier "monacional” indicates the character of the antibody as being obtained from a
substantially homogeneous population of antibodies, and is not to be consirued as requiring production of
the antibody by any particular method. For oxamples, the monoclonal antibodies to be used in accordance
with the present invention may be made by the hybridoma method first described by Kohier and Mi'stain,
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1975, Nature, 256:485, or may be made by recombinant DNA methods such as describaed in U.S. Pat, No.
4,818,587. The moncclonal antibodies may alse be isclated from phage libraries generated using the
techrigues described in McCaflerty et al., 1880, Natdre, 348:552-554. for example.

As used hereir, "humanized" antibodies refer tc forms of non-human {(s.g. murine) antibodias that
are specific chimeric immunoglobuiins, immunogiobufin chains, or fragments thereof (sush as Fv, Fab,
Fab', F(ab'), or other antigen-binding subssquences of antibodies) that contain minimal sequence derived
from non-human immunoglobulin,  For the most part, humanized antibodies are human immunoglobuiins
{reciplent antibody) in which residues from a complementarity defermining region (CDR) of the recipient
are replaced by residues from a CDR of a non-human species (donor antibody) such as mouse, rat, or
rabbit having the desired specificity, affinity, and biological activity. in some instances, Fv framewark
region (FR) residues of the human immunoglobulin are replaced by corresponding non-human residues.
Furthermore, the humanized aniibody may comprise residues that are found neither in the recipient
antibody nor in the imported CDR or framework sequences, but are inciuded 1o further refine and opiimize
antibody performance. In general, the humanized antibody will comprise substentially all of at least one,
and typicaily two, variable domains, in which all or subsiantiaily all of the CDR regions correspond te
thase of a nan-human immunagiobulin and ali or substantially all of the FR regiens are those of @ human
immunoglobulin consensus sequence. The humanized antibody optimally ziso will comprise at least a
portion of an immunoglobulin constant region or domain (F¢), fypically that of 2 human immunogicbutin,
Antihodies may have Fo regions modified as described in WO 99/538572. Other forms of humanized
antivodies have one or more CDRs {one, two, three, four, five, six} which are altered with respect to the
original antibody, which are aiso termed one or more CDRs *derived from" ong or more CDRs from the
original antibody. -

As used herein, "human énﬁbody" means an antibody having an amino acid seauence
corresponding to that of an antibody produced by a human and/or has been made using any of the
tachnigues for making human antibodies known in the art or disciosed herein. This definition of a human
antibody includes antibodies comprising at least one human heavy chain polypeptide or at least one
human light chain polypeptide. One such example is an antbody comprising murine light chain and

human heavy chain paolypaptides. Humarn antibodies can be produced using various {schnigues xnown in

the ars. In one embodiment, the human antinody is selected from a phage fibrary, where that phage
{ibrary expresses human antibodies (Vaughan et al., 1928, Nature Biolecnnology, 14:308-314; Sheels &t
al., 1898, PNAS, (USA) £5:6157-8162: Hoocgenbaom and Winter, 1991, J. Mal. Biol, 227.381; Marks et
al., 1981, J. Mol Biol, 222:881). Human antibodiss can also be made by infroducing human
immunoglobulin loci into transgenic animals, e.g., mice in which the endogenous immunogiobulin genes
have been partially or completely inactivated. This approach is described in U.S. Patent Nos. 5,545,807,
5,545,806; 5,560,825; 5,825,128; 5,633,425; and 5,861,016. Alternatively, the human antibody may be
prepared by immortalizing humat B iymphocytes that produce an aniibody directed against a targst
antigen (such B lymphocytes may be recovered from an individuai or may have been immunized in viiro}.
See, a.g., Coie et al., Monocional Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985); Boerner &t
al., 18841, J. Immunol., 147 {1):85-95; and U.S. Patent Nc. £,750,373.
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As used herein, the term “calcitonin gene-elated peptide” and “CGRP” refers to any form of
calciionin gene-related peptide and variants thereof that relain at least part of the achivity of CGRP. For
example. CGRP may be o-CGRP or 3-CGRP. As used herein, CGRP inciudes all mammalian spscies of
native sequance CGRP, e.g.. human, caning, feline. equine, and bovine.

(interchangeanly termad "ant-CORP

"

As used herein, an “ani-CGRP antagonist antibody
antibody") refers to an antibody that Is able to bind to CGRP and inhibit CGRP biological activity and/or
downsiream pathway(s) mediated by CGRP signaling. An anti-CGRP antagonist antibody encompasses
antibodies that block, antagonize, suppress or reduce (including significantly) CGRP biclogical activity,
including downsiream pathways mediated by CGRP signaling, such as receptor binding andfor eficitation
of a cellular response to CGRP, For pu‘rpose of the present invention, it will be explicitly understood that
the term “anti-CGRP antagonist énﬁbody” encompasses all the previously identified terms, titles, and
functional states and characteristics whereby the CGRP itself, en CGRP biological activity (including but
not Iimited to its ability to mediate any aspect of headache), or the consequences of the biological activity,
are subsiantially nullified, decrsased, or neutralized in any meaningful degree. In some embodiment, an
ant-CGRP antagonist antibody binds CGRP and prevents CGRP binding to & CGRP receptor. In other
smbodiments, an ant-CGRP antibody ' binds CGRP and prevents activatior of a CGRP receptor.
Examples of anti-CGRP antagonist antibodies are provided herein,

As used herein, the terms “G1" and “antibody G1" are used interchangeably to refer ¢ an
antibody produced by expression vectors having deposit numbers of ATCC PTA-6867 and ATCC PTA-
88688. The aminc acid sequence of the heavy chain and light chain variable regions are shown in Figure
5. The CDR portions of antibody G1 (inciuding Chothia and Kabat CORs) are diagrammatically depicted
in Figure 5. The polynucleotides encoding the heavy and fight chain variable regions are shown in SEQ
ID NO:@ and SEQ ID NO:10. The characterization of G1 is described in the Examples.

The terms “polypaptide’, “oligopeptide”, *peptide” and “protein” are used interchangeably herein o
refer {o polymears of amino acids of any ienglit.  The polymer may be linsar or branched, it may comprise
modified amino acids, and it may be interrupted by ncon-amino acids. The terms also encompass an
amino acid polymer that has been modified naturally or by intervertion; for example, disulfide bond
formaticn, glycosylation. lipidation, acstyiation, phosphoryiation, or any other manipulation or modification,
such as conjugation with a labeling component. Aiso included within the definition ars, for example,
poiypeptides containing one or more analogs of an amino acid (including, for example, unnatural aminag
acids, etc.), as woll as cher madifications known in the at. it is understood that, because ihe
polypaptides of this invention are based upon an antibody, the polypeptides can occur as single chains or
associated chains. .

] “Polynucieoctide,” or “nucleic acid,” as used interchangeably herein, refer to polymers of
nucleotides of any iength, and include DNA and RNA. The nucleotides can be deoxyribonucleotides,
riponucleotides, modified nuciectides or bases, andior their anzlogs, or any substrate that can be
incorporated into 2 polymer by DNA or RNA polymerase. A polynucleoiide may comprise modified
nucieotides, such as methylated nucleotides and their analogs. If present, modification to the nuclecide
structure may be imparted bafore or after assembiy of the palymer. The sequence of nuclectides may be
interrupted by non-nuciestide components. A poiynucieotide may be further modified afier polymerization,
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such as by conjugation with a iabeling component. Other fypes of modifications include, for exampie,
“caps®, substitution of one or more of the naturally occuring nucleofides with an anelog, internuclectide
modifications such as, for example, those with uncharged linkages (e.g., methy! phosphonaies,
phosphotriesters, phosphoamidates, carbamates, efc.) and with charged linkages (&.g.,
phosphorothicates, phosphorodithioates, ate.), those containing pendant moieties, such as, for example,
proteins {e.g.. nucieases, toxing, antibodies, signai peplides, ply-L-lysing, etc.), these with intercalators
{e.g., acriding, psoralen, eic.), those containing chelators (e.g., metals, radicactive metals, boron,
oxidative metals, etc.), those containing alkyiators, those with modified linkages (e.g., alpha anomeric
nuclsic acids, efs.), as well as unmodified forms of the polynucieotide(s). Further, any of the hydrexyl
groups ordinarily present in the sugars may be replaced, for example, by phosphonate groups, phosphate
groups, protected by standard protecting groups, or activated to prepare additional linkages to additional
nuciectides, or may be conjugated {o soiid supports. The 5 and 3' terminal OH can be phosphorylated or
substituted with amines or organic capping group moieties of from 1 to 20 carbon atoms. Other hydrexyis
may also be derivatized to standard protecting groups. Polvnucieotides car alsc contain aralogous forms
of ribose or deoxyribose sugars that are generally known in the ari, including, for example, 2’-O-methyl-,
2'-O-aliyl, 2'-fluoro- or 2'-azido-ribose, carboeyclic sugar analogs, Ki-anomeric sugars, epimeric sugare
such as arabincse. xyloses or lyxoses, pyrancss sugars, furanose sugars, sedoheptuloses, acycl

analogs and abasic nucieoside analogs such as methy! ribeside. One or more phosphodiester finkages
may be rerlaced by alternative linking groups. Thess alfernative linking groups includs, but are not
iimited o, embodiments wherein phosphate is replaced by P(O}S(‘thicate”), P{S)S (“dithicate”), (O)NR;
("amidate™), P{OIR, P(O)OR', CO or CH, (“‘formacetal”), in which each R or R' is independently H or
substifuted or unsubstituted afkyl (1-20 C) optionally containing an ether (-C-) linkage, aryl. alkenyi,
cycioatkyl, cycloalkenyl or araidyl. Not all finkages in a poiynucieotide need be identical. The preceding
description applies to ai! polynucleotides referred to herein, including RNA and DNA.

A “variable region” of an antibody refers io the variable region of the antibody hght chain or the
varizble region of the antibody heavy chain, either alone or in combination. The variable regions cf the
heavy and light chain cach consist of four framework regions (FR) connected by three complemantarity
determining regions {CDRs} also known as hypervariable regions. The CDRs in each chain are heid
together in close proximity by the FRs and, with the CDRs from the other chain, contribute io the
formation of the antigen-binding site of antibodies. There arz at ieast two techniques for determining
CDRs: (1) an approach based on cross-spacies sequence variatility {i.e., Kabat et al. Sequances of
Proteins of immunological inferest, (5th ed., 1991, National Institutes of Health, Bethesda MD)); and (2}
an approgch based or crysiallographic studies of anfigen-antibedy complexes {Ai-lazikani et ai (1887) J.
Moles. Biol. 273:927-948)). As used herein, a COR may rafer o CDRs defined by either appreach or by a
combination of both approaches.

A “constant region” of an antibody refers to the constant region of the antibody light chain or the
constant region of the antibody heavy chain, either alone or in combination.

An epitepe that “preferentially binds” or “specifically binds® (used interchangeably hereén) o an
antibody or & polypeptide is a term weli understood in the art, and methods to determine such specific or
preferential binding are also well known in the art. A molecule is said to exnibit “specifiz binding” or
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“preferential binding” if it reacts or assosiates more frequently, more rapidly, with greater duration and/or
with greater affinity with a particular cell or substance than it doss with aiternative cells or substances. An
antibody *specifically binds” or "preferentially binds” to a target if it binds with greater affinity, avidity, more
readily, and/or with greater duration than it binds to other substances. For example, an antibody that
specifically or preferentiaily binds to 2 CGRP epitope is an antibody that binds this epitope with greater
affinity, avidity, more readily, andior with greater duration than it binds to other CGRP epitopes or ron-
CGRP epitapes. )t is also understood by reading this definition that, for example, an antibody {or moiety
or epitope) that spesifically or preferenially binds to a first target may or may not specificaly or
preferentially bind to & second targel,  As such, “spscific binding” or “preferentiai binding” does not
necessarily require (although i can include) exclusive binding. Generaliy, but not necessarily, reference
tc pinding means preferential bindirg.

As used herein, "substantially pure” refers to material which is at least 80% pure {i.e., free from
contaminants), more preferably at least 80 % pure, more preferably at least 95% pure, more preferably at
least 98% pure, more preferably at least 98% pure.

A “host cell” includes an individual cell or cell culture that can be or has been a recipient for
vector(s) for incorporation of polynuciectide inserts. Host cells include progeny of & single host cell, and
the progeny may not necessarily be completely identical {in morphology or in genomic DNA complement)
{c the original parent cell due fo natural, acsidental, or deliberate mutation. A host cell includes calls
transfecied in vivo with a polynucieotidels) of this invention.

" The term "Fc region” is used to define a C-terminal region of an immunog%obélin heavy chain. The
"Fe regién" may be a native sequence Fc region or a variant Fc region. Although the boundaries of the Fg
region of an immunogiébuiin heavy chain might vary, the human igG heavy chain Fc region is usually
defined {o siretch from an amino acid residue at position Cys225, or from Pro230, fo the carboxyi-
terminug thereof. The numbering of the residues in the Fc region is that of the EU index as in Kabat.
Kabat et al., Sequences of Proteins of Imunologica! Interest, 5th Ed. Public Health Service, Natonal
Instituies of Health, Bethesda. Md., 1981, The Fc region of an immurogiobulin generally comprises two
constant domains, CH2 and CH3.

As used herein, "Fc recepior" axd “FeR" describe a recepior that binds to the Fe region of an
antibody. The preferred FeR is & native sequence human FCR. Mareover, a preferred FeR is one which
hinds an IgG antibody (a gamma receptor) and includes receptors of the FoyRl, FovRll, and FeyRll
subciasses, including allelic variants and alternatively spliced forms of these receptors. FoyRIil receptors
include FoyRIA (an "activating receptor”) and FeyRIIB (an “inhibiting receptor”), which have similar amino
acid sequences that differ primariy in the cyioplasmic domains thareof. FoRs are reviewed in Raveich
and Kinet, 1891, Ann. Rev. Immunol., 8:457-82; Capel et ai, 1994, Immunomethods, 4:25-34; and d2
Hags et al,, 1285, J. Lab, Ciin. ied., 128:330-41. "“FcR” also includes the neonatai receptor, FcRn, whizh
is responsible for the transfer of maternal igBs fo the fetus (Guyer &t al., 187€, J. Immunol., 117:587; and
Kim et al,, 1894, J. Immunai., 24:248).

“Complement dependent cytotoxicity” and "CDC" refer to the lysing of a target in the presence of
complement. The complement activatior: pathway is initiated by the binding of the first component of the
compiement system (C1g) to a molecule (e.g. an antibody) complexed with a cognate antigen. To assess
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complement activation, a CDC assay. 8.0, s described in Gazzano-Santoro et al., J. Immunol. Methods,
202:163 {1998), may be performed.

A "functional Fc region” possesses at least one efiector {unction of a native sequence Fe ragion.
Exemplary “effector functions” include Cig bin.diﬁg; complement dependent cytotoxicity {(CDC); Fc
recaptor binding: antibody-capsndent caf-mediated cytotoxicity (ADCCT); phagocytosis, down-reguiation of
cell surface receptors {8.g. B celi reseptor; BCR), etc. Such effector functions generally require the Fe .
region {c be combined with a binding domain {e.Q. an antibody variable domain) and can be assessed
using various assays known in the art for evaluating such antibody effactor functions.

A “native sequence Fc region” comprisés an amino acid sequence identical to the amino acid
sequence of an Fc region found in nature. A "variant Fo region” comprises an amino acid sequence which
differs from that of a native sequence Fe ragion by virtue cf a! ieast one amino acid modification, yet
retains at least one effector function ¢f the native sequence F¢ region. Preferably, the variant Fc region
has at ieast one amino acid substitution compared to a native seauence Fc region or fo the Fc region of a
parent polypeptide, e.g. from about ons 0 about tan amino acid subsfiwtions, and préferably from about
one to about five amino acid substitufions in a native sequence Fc region or in the Fe region of the parent
polypeptide. The variant Fo regicn hersin will preferably possess at least about 80% sequence identity
with a native seguence Fc ragion and/or with an Fc region ofé parent polypeptide, and most preferaply at
least about 90% sequence identity therewiih, more preferably at least about 95%, at least about 96%, at
least about 7%, at least about 98%, at least about 98% sequence identity therewith.

As used herein “antibody-dependent celi-mediatad cytotoxicity’ and *ADCC" refer to a cell-
mediated reaction in which nonspecific cytotoxic cells that express Fe receptors (FcRs) (e.g. natural kilier
(NK) celis, neutrophils, and macrophages) recognize bound antibody cn a target cell and subsequently
cause lvsis of the target cell. ADCC activity of a moecuie of interest can be assessed using an in vitro
ADCC assay, such as that described in U.S. Patent No, 5,500,362 or 5,821,337, Useful effector cells for
such assays inciude peripheral biood mononucisar ceils {(PBWMC) and NK ceiis.  Aiternatively, or
additionaily, ADCC activity of the molecuie of interest may be assessed in vivo, e.g., in a animai mode]
such as that disclosed in Clynes et al., 1898, PNAS (USA), 95:852-858.

As used herein, “treatment” is an approach for obtaining beneficial or desired clinical rasults. For
purposes of this invention, beneficial or desired clinical resulis incluce, but are not limited to, one or more
of the following: improvement in any aspest of a headache including lessening severity, alleviation of pain
intensity. and other associated symptoms, reducing frequency of recurrence, increasing the quality of life
of those suffering from the headache, and decreasing dose of other medications required fo treat the
headache. For migraine, other associated symptoms include, but are not limited to, nausea, vomiting,
and sensitivity fo light, sound, andior mevement. For cluster headache, ofher associated symptems
include, but are nat fimited to swelling under or around the eyes, exsessive tears, red eys, Rhinorrhea or
nasal congestion, and red flushed face.

"Reducing incidence” of headache means any of reducing severity ‘witich can inciude reducing
need for and/or amount of (e.g., exposure to) other drugs andlor therapies generally used for this
condition, including, for example, ergotemine, dihydroergotamine, or triptans for migraine), duration,
andfor frequancy (inciuding, for exampi, delaying or increasing time o nex? episcdic attack in an
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individual). As is understood by those skilled in the art, individuals may vary in terms of their response to
treatment, and, as such, for example, a “method of reducing incidence of headache in an individual”
reflects administering the anti-CGRP antagonist antibody based on a reasonable expectation that such
administration may likely cause such a reduction in incidence in that particular individual.

"Ameliorating” headache or one or more éymptoms of headache means a iessening or
improvement of one or more symptoms of headache as compared fo not administering an anti-CGRP
antagonist antibody. “Ameliorating” aiso includes shortening or reduction in duration of a symptom.

As used herein, "controlling headache" refers to maintaining or reduding severity or duration of
one or more symptoms of headache or frequency of headache attacks in an individual (as compared fo
the level before treatment). For example, the duration or severity of head pain, or frequency of aitacks is
reduced by at least about any of 10%, 20%, 30%, 40%, 50%, 80%, or 70% in the individual 2s compared
to the level befare treatment.

As used therein, “delaying” the development of headache means to defer, hinder, slow, retard,
stabilize, andfor postpone progression of the disease. This delay can be of varying lengths of time, .
depending on the history of the disease and/or individuals being treated. As is evident fo one skilled in

“-the art, a-sufficient or significant delay can, in effect, encompass prevention, in that the individual does not

develop headache (e.g., migraine). A method that “delays” development of the symptom is a method that
reduces probab:l;*y of devaloping the symptom in a given time frame and/or reduces extent of the
sympioms in a gsven time frame, when compared to not using the method. Such compartsons are
typically based on clinical studnes using a statistically significant number of sub)e"ts

“Deveiopmeﬂt" or “progression” of headache means initial manifestations andlf.ar ensuing

~ progression of the disorder. Deveiopment of headache can be detectable and assessed using standard

clinical techniques as well known in the art. However, development also refers to progression thaf may be
undetectable. For purpose of this invention, development or progression refers to the biological course of
the symptoms. “Development” includes occurrence, recurrence, and onset. As used herein “onset” or
“oceurrence” of headache includes initial onset and/or recurrence. _

As used herein, an “effective dosage” or “effective amount’ of drug, compound, or pharmaceutical
composition is an amount sufficient to effect beneficial or desired results. For prophylactic use, beneficial

or desired results include results such as eliminating or reducing the risk, lessening the severity, or

delaying ihe outset of the disease, including biochemical, histological and/or behavioral symptoms of the
disease, its complications and intermediate pathological phenotypes presenting during development of the
disease. For therapeutic use, beneficial or desired results include clinical results such as reducing pain
intensity, duration, or frequency of headache attack, and decreasing one or more symptoms resulting from
headache (biochemical, histological and/or behavioral), including its complications and intermediate
pathological phenotypes presenting during development of the disease, increasing the quality of life of
those suffering from the disease, decreasing the dose of other medications required to treat the disease,
enhancing effect of another medication, andfor de;aytng the progression of the disease of patienis. An
effective dosage can be administered in one or more administrations. For purposes of this invention, an
effective dosage of drug, compound, or pharmaceutical composition is an amount sufficient to accomplish
prophylactic or therapeutic treatment either directly or indirecily. As is understood in the clinical context,
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an effective dosage of a drug, compound, or pharmaceutical composition may or may not be achieved in
conjunciion with another drug, compound, of pharmaceutical composition. Thus, an “effective dcsage”
may be considered in the context of administering one or more therapeutic agents, and a single agent
may be considerad to be given in an sffective amount I, in conjunciion with one or more other agenis, a
dasirabie resuilt may be or is achieved.

An “individual” or a "sutject" is @ mammal, more preferably a human. Mammals alse include, but
ave not limited to, farm animals, sport animals, pets, primates, horses, dogs, cats, mice and rats.

As used herein, "vector" means a consiruct, which is capabie of delivering, and preferably
expressing, ong or more genels) or seguance(s) of interest in a host cell. Examples of vectors inciude,
but are not fimited to, viral vectors, naked DNA or RNA expression vectors, plasmid, cosmid or phage
vectors, DNA or RNA expression vectors associated with cationic condensing agents, DNA or RNA
expression veclors encapsulated in liposomes, and certain eukaryotic cells, such as producer celis.

As used herein, “expression conirol sequence” means a nucigic acid sequence that directs
transaription of a nucieic acid. An expression control ssquence can be a promoter, such as a constitutive
or an inducibie promoter, or an enhancer. The expressich control sequence is operably linked to the
rucleic acid seguence to be transcribed.

As used herein, "pharmaceutically accapiable carder" or "pharmaceutical acceptabie axcinient”
includes any material which, wher combinad with an aciive ingredient, allows the ingredient fo re:ain
biological activity and is non-reactive with the subject’s immune system. Examples inciude, but are not
limited to, any of the standard pharmaceuiical carriers such as a phosphate buffered saline sciution,
water, emulsicns such as oil/water emulsion, and various types of wetting agents. Preferred diluents for
aerosol or parenterai adminisiration are phosphate buifered saline or normal (0.9%) safine. Compositions
comprising such carrers are formulated by well known conveniional methods (see, for example,
Remington's Pharmaceutical Sciences, 18th edition, A. Gennaro, ed., Mack Publishing Co.; Easton, PA,
1890; and Remington, The Science and Praciics of Pharmacy 20in Ed. Mack Publishing, 2000).

The term "K,", as used hersin, is intended to refer to the rate constant for association of an
antibody {o an antigen.

The term "K.¢ ", as used hersin, is intended to refer 0 the rate constant for dissociation ¢f an
antibody from the antibody/antigen complex.

The term "K3", as used kerein, is intended to refer to the equilibrium dissociation constant of an
antibody-antigen interaction.

As used herein, the term "vasomoior symptom,” is intended to refer fo condiiions related to
vasoditation and include, but are not limited fo, headache (such as migraine, ...others), hot fiushing (or hot
flashes), cold flashes, insomnia, sleep disturbances, meod disorders, iritability, excessive perspiration,
night sweats, day sweats, fatigue, and the like, causad by, inter alia, thermoregulatory dysfunction.

As used herein, the terms "flushing”, "hot flush™ and "hot flash” are art-recognized terms that refer
tc ar episcdic disturbance in body lempsrature typicaily consisting of a sudden skin flushing, usually

ascompanied by perspiration in a subjact.
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A._Methods for preventing or treating vasemetor symptoms
in one aspsct, the invention provides a mathod for treating or preventing at least one vasomotor

symptom, such as headache (e.g., migraine) or hot fiushes, in an individual comprising administering to
the individual an effeclive amount of an anti-CGRP antagonist antiiody or polypeptides derived from the
aniivody.

In another aspect, the invention provides a method for ameliorating, controlling, reducing
incidence of, or delaying the development or progression of at least one vasomotor symptom, such as
headache (e.g., migraine) or hot flushes, in an individual comprising administering to the individual an
effactive amount of an anti-CGRP antagonist antibody.

In another aspect, tha invention provides metheds for amelicrating, controlling, reducing incidence
of, or delaying the development or progression cf heacache (e.g., migraine) in an individual comprising
administering to the individual an effective amount of an anti-CGRP antagonist antibody in combiration
with ai ieast one additional agent useful for treating headache.

Such additional agents include, but are not limited to, 5-HT agonists and NSAIDs. For example,
the antibody and the at ieast one additional agent can be concomitantly administered, i.e., they can be
given in close enough temporal proximily to allow their individual therapeutic effects fo overlap. For
example, the amount of 5-HT agonist or NSAID administered in combination with an anii-CGRP antibody
should be sufficient to raduce the frequensy of headache relapse In palisnts or produce longer lasiing
efiicacy compared 1o the administration of either one o these agents in the absence of the cther. This
procedure may be used ic freat headaches falling into any of a wide variety of classes inciuding: migraine
with or without aura; hemiplegic migraine; cluster headaches; migrainous neuralgia; chronic headaches;
tension headaches; headaches resuliing from other medical conditions (such as infection or increased
pressure in the skull due fo a tumor); chronic paroxysmal hemicrania; miscenéneous headasha
unassociated with a structura lesion; headache associated with a non-vascular infracranial disorder;
headache associated with the administration of 2 supstance or ks withdrawal; headache associaied with
noncephalic infection; headache associated with a mefebolic disorder, headache associated with a
disorder of the cranium, neck, eyes, ears, nose, sinuses, ieeth, mouth or other facial or cranial structure;
cranial neuralgias; and nerve trunk pain and deafferentiation pain.

Those skilled in the art wili be able to determine appropriate dosage amounts for pariicular agents
to be used in combination with an anti-CGRP antibody. For exampie, sumatriptan may be administered in
a dosage from about £.01 to about 300 mg. Whnen administered non-parenterally, the typical dosage of
sumatripian is from about 25 {o about 100 mg with about 50 mg being generally preferrad and when
administered parenterally, the preferred dosage is about 6 mg. However, these dosages may be varied
accarding io methods stancard in the art sc that they are optimized for a pariicular patient or jor a
particular combination therapy. Further, for exampig, celecoxib may be administered in an amount of
betwaen 50 and 500 mg. ’

In another aspedct, the invention provides methods for amalicrating, sorirolling, reducing incidence
of, or delaying the deveiopmeant or progression of hot flushes in an individual comprising administering to
the individuai an effective amount of an anti-CGR?P antagorist aniibody in combination with at least one




10

23

N
(e}

3G

35

40

additional agent useful for treating hot flushes, Stich additional agents include, but are not limited to,
hormone-based treatments, including estrogens and/or same progestins,

With respect to all methods described herein, reference to anti-CGRP antagonist antibodies also
include compositions comprising one or more of these agents. These compositions may further comprise
suitable excipients, such as pharmaceutically acceptabie excipienis including buffers, which ara well
known in the art, The present invention can be used glong or in combination with other conventional
metnocs of freatment.

The anti-CGRP antagonist antibody can be administered to an individual via any suiteble route. |t
should be apparent to a person skilled in the art that the examples describad herein are not intended o ba
limiting but fo be Mustrative of the technigues available. Accordingly, in some embodiments, the anti-
CGRP antagonist antibody is administered to a individual in accord with known methods, such as
infravenous administration, &.g., as @ boius or by coniinuous infusion over a period of tims, by
intramuscular, intraperitoneal, intracerebrospinal, subcutaneous, intra-articular, subfingually, intrasynovial,
via insufflation, intrathecal, oral, inhalation or topical routes. Administration can be systemic, eg.,
infravenous administratior, or localized. Commercially availabie nebulizers for liquid formulstions,
including jet nebulizers and ulirasonic nebulizers are useful for administration. Liquid formulations can be
directly nebulized and lyophilized powder car be nebulized after reconstitution. Altematively, anti-CGRP
antagonist antibody can be aerosolized using a fiuorocarbon formulation and a metered dose inhaler, or
inhaled as & lyophilized and milled powder.

In one embodiment, an anti-CGRP aniagonist entihady is administered via site-specific or
targeted iocai delivery technigues, Examples of site-specific or targeied local delivery techniques inciude
various implantable depot sources of the anti-CGRP antagonist antibody or local delivery catheters, such
as infusion catheters, an indweliing catheter, or & needie catheter, synthetic grafts, adventitial wraps.
shunts and stents or other implantable devices, site specific carriers, direct injection, or direct application.
See. e.g., POCT Pubiication No. WO 00/83211 and U.S. Pa

Various formulations of an anti-CGRP antagonist antibody may be used for administration. In
some embodiments, the anti-CGRP antagonist antibody may be administered neat. In some
embodiments, anti-CGRP antagenist antibody and a pharmaceutically acceptable excipient may be in
various formulations. Pharmaceutically acceptable excipients are known in the art, and are relativeiy inert

Lk b o
ient No. 5,981,588,

substances that facilitate acministration of a pharmacologically effective substance. For exampls, an
excipient can give form or consistensy, or act as a diluent. Suitzble excipients inciude but are not limitec
to stabilizing agents, wetling and emulsifying agents, saits for varying osmolarity, encapsulating agents,
bufiers, and skin penefration enhancers. Excipients as wel as formulations for parenteral ancg
nenparenterai drug delivery are set forth in Remington, The Science and Practice of Pharmacy 20th Ec.
Mack Publishing (2000).

{n some embodiments, these agenis as formulated for admunistretion by injestion (e.g.
intraperitoneally, intravenously, subcutaneously, | rémuscu!arly, etc.). Accordingly, these agents can be
combined with pharmaceutically acceptable venicles such as saline, Ringer's solution, dextrose solution,
and the iike. The particular dosage ragimen, i.e., dose, liming and repetition, will depend on the particular

individuat znd that individuzai's medica! history.
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An ant-CGRP antibody zar be administered using any sutable method, including by injection
{e.9., intrapetitoneally, intravenously, subcutaneously, intramuscutarly, eic.). Anti-CGRP antibodies can
also be administered via inhalation, as described herein. Generally, for administration of anti-CGRP
antibodies, an initial candidate dosage can be about 2 mg/kg. For the purpose of the present invention, a
typicai daily desage might range from about any cf 3jgikg o 30 pg/ikg to 300 pgikg to 3 mglkg, to 30
mg/kg to 100 mgikg ¢ miore, depending on the factcrs mentionad above, For example, dosage of about
1 mg/kg, about 2.8 mg/kg, about 5 mg/kg, aboutﬁ'io mg/xg, and about 25 mg/kg may bs used. For
repeated administrations over several days or longer, cepending on the condition, the treatment is
sustained until a desired suppression of symptoms occurs or untll sufficient therapeufic ievels are
achieved, for example, to reduce pain. An exemplary dosing regimen comprises administering an initial
dose of about 2 mglkg, followed by a weekly maintenance dose of abeut 1 mg/kg of the anti-CGRP
antibody, or foliowed by a maintenance dose of about 1 mg/kg every other week. However, other dosage
regimens may be usefu!, depending on the patter of pharmacokinetic decay that the praciitioner wishas
tc achieve. For example, in some embodiments, dosing from ons-four times a week is contemplated.
The progress of this therapy is easily menitored by conventional techniques‘ and assays. The desing
regimen (including the CGRP antagonisi(s) used) can vary over fime.

For the purpose of the present in\fention; the aporopriate dosage of an anii-CGRP antagonist
antibedy will depend on the anti-CGRP antagonist antibody (or compesitions thereof) employed, the type
and severity of headache {2.9., migraine) {o be trealed, whether the agent is administered for preveniive
or therapeutic purposes, previous *herapy, the patient's clinical history anc response to the agent, and the
discretion of the atiending physician. Typically the clinician wiii administer an anti-=CGRP antagonist
antibody, until a dosage is reached that achieves the desired result. Dose and/or frequency can vary over
course of reatment.

Zmpirical considerations, such as the hali-iife, generally will contribute o the determination of the
dosage. For example, antibodies that are compatibie with the human immune system, such as
humanized antibodies or fully human antibodies, may be uscd to prolong half-life of the antibody and to
prevent the antibody being attacked by the host's immune system. Freguency of administration may be
determined and adjusted over the course of therapy, and is generally, but not necessarily, based on
freaiment and/or suppression andior amelioration andior delay of headache (e.g., migrainel.
Alternatively. sustainad continuous release formuations of anii-CGRP antagonist antibodies may bz
appropriate. Various formuiations and devices for achieving sustaired release are known in the arl,

In one embodiment, dosages for an anti-CGRP aniagonist antibody may be determined
empirically in individuals who have been given one or more administration(s) of an ant-~CGRP antagonist
antibody. Individuals are given incremental dosages of an anfi-CGRP antagonist antibody, To assess
efficacy of an anti-CERP antagonist antibedy, an indisaior of the disease can be followed.

Administration of an anti-CGRP antagonist antibody in accordance with the method in the present
invention can be continuous or intermitient, depending, for exampie, upon the recipient's physicloaicai
condition, whather the purpose of the administration is therapeutic or prophylactic, and other faciors
known o skilled practitionsrs. The administration of an anti-CGRP antagonist antibody may be essentially
continucus over 2 preselected period of time or may be in a series of spaced dose, e.g., sither before,
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during, or after deveioping headache (e.g., migraine); before; during; before and after; during and after,
bafore and during; or before, during, and afier developing headache. Administrations can be before, during
and/ar after any event likely to give rise io headache.

[n some embodiments, more than one anti-CGRP antagonist antibody may be present. At least
one, & l=ast two, at least three, at ieast four, at least five diffiereni, or more anti-CGRP antagonist
aniibody can be presen:z.  Generally, those anii-CGRP antagonist antibodies may have complementary
activities that do not adversely affect each cther. An antagonist anti-CGRP antibody can aiso be ueed in
conjunction with other CGRP antagonisis or CGRP receptor antagonists. For example, one or more of
the following CGRP antagonists may be used: an anti-sense moiecule directed fo an CGRP (inciuding an
andi-sense molecule directed ic a nucieic acid encoding CGRP), an CGRP inhibitory compound, an CERP
structural analog, a dominant-negative mutation of a CGRP receptor that binds an CGRP, and an anti-
CGRP receptor antibody. An anti-CGRP antagonist anibody can also be used it conjunction with other
agents that serve to enhance and/or complement the effectiveness of the agents. »

Therapeutic formuiations of the ant-CGRP antagonist antibedy used in accordance with the
presernt invention are prepared for storage by mixing an antibody having the desired degree cf purity with
optional pharmaceutically acceptable carriers, exsipients or stabilizers (Remington, The Science and
Practice of Pharmacy 20th Ed. Mack Publishing {(20C3)), in the form of lyophilized formutations or aqueous
solutions. Acceptabls carriers, excipients, or stabiiizers are nontoxic to resipienis at the desages and
consentrations employed, and may comprise buffers such as phosphate, citrate, and other organic acids;
salts such a2s sodium chioride; anticxidants including ascorbic acid and methioning; preservatives (sush
as ociadecyldimethylbenzy!l ammonium chioride; hexamethonium chioride; benzalkonium chioride,
benzethonium chioride; phenol, butyl or benzyl aicohot; alkyl parabens, such as methyl or propyl paraber;
cétecho!; resorcinol; cyclchexanol; 3-pentanci; and m-cresol); low meiecutar weight {less than about 10
residuss) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophiiic
polymars such as poyvinyloyrrolidons; amino acids such as glycing, glutamine, asparagine, hisliding,
arginine, or lysine; monosacchandes, disaccharides, and other carbohydrates including glucose,
manncse, or dextring; chelating agents such as EDTA, sugars such as sucrose, mannitol, trehalose or
sorbifol; sali-forming counter-ions such as sadiury; metal complexes {e.g. Zn-protein complexes), andior
non-ionic surfactants such as TWEEN™, PLURONICS™ or polyethyiene glycal (PEG).

Liposomes containing the anti-CGRP antagonist antibody are preparad by methods known in the
art, such as described in Epstein, et al., Prce. Natl. Acad. Sci. USA 82:35888 (1885); Hwang, et al,, Proc.
Natl Acad. Sci. USA 77:4030 (1880); and U.S. Pat. Nos. 4,485,045 and 4,544,545, Liposomes with
enhanced circuiation ime are disclosed in U.S. Patent No. 5,013,558, Particularly useful liposames can
be generated by the reverse phase evaporafion method with a lipid composition comprising
phosphatidylchoiine, cholesterol and PEG-derivatized phosphatidylethanolamine (PEG-PE). Liposcmes
are extruded through fiters of defined pore size o yield iiposomes with the desired diameter.

The active ingredients may aisc be sntrapped in microcapsuies prepared, for exampie, by
coacervation techniques or by interfacial polymerization, for exampie, hydroxymethyiceilulose or geiatin-
microcapsuies and poly-(methyimethacylate} microcapsules, respectively, in colioidal drug delivery
systems  (for example, liposomes, albumin microspheres, microemulsions, nano-particles and
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nanocapsules) or in macroemulsions.  Such techniques are disclosed in Remington, The Sciénce and
Practice of Pharmacy 20th Ed. Mack Publishing (2000).

Sustsinad-release prenarations may be prepared. Suitable examples of sustaincd-release
preparations include semipermeable matrices of solid hydrophebic polvmers containing the antibody,
which matrices are in the form of shaped articies, e.g. fims, or microcapsuies. Exampies of sustained-
release matrices include polyesters, hydrogels (for exampie, poly{2-hydroxyethyl-mathacrylate), or 'poly(v
nylaicohol)), polyiactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid and 7 ethyi-L-
glutamate, non-degradable ethylens-vinyl acetate, degradable iactic acid-glvcolic acid copolymers such
as the LUPRON DEPOT ™ (injectable microspheres compesed of laciic acid-glycolic acid copolymer and
lsuprolide acetate), sucrose acetate iscbutyrate, and poly-D-(-)-3-hydrexybutyric acid,

The formulations to be Lised for in vivo administration must be sterile. This is readily accomplished
by, for example, filiraticn through sterile filtration membranes. Therapeutic anti-CGRP antegonist
antivody compositions are generally placed info a container having a sterile access port, for examgle, an
intravenous solution bag or vial having a stopper pierceable by a hypodermic injection needle.

The compositions according o the present invention may be in unit dosage forms such as tablets,
pills, capsules, powders, granuies, solutions or suspensions, or suppositories, for oral, parenteral or recial
administration, or administration by inhalation or insufiiation.

For preparing solic compositions such as iatlets, the principal active ingredient is mixed with 2
pharmaceutical carrier, €.9. conventional tableting ingredients such as com starch, iaciose, sucrose,
sorbitol, talc, stearic' acid, magnesium stedraie, dicalcium phosphate or gums; and other pharmaceuiical
diluents, e.g. water, to form a solid preformulation composition containing a homogeneous mixture of &
sompound of the present invention, or a non-toxic pharmaceutically zcceptabie salt thereof. When
referring o these preformulation compositions as homogenecus, it is' meént that the active ingredient is
dispersed evenly throughout the compesition so that the composition may be readily subdivided into
equally effective unit dosege forms such as tablets, pil's and capsules. This solid preformulation
composition is then subdivided into unit dosags forms of the type described above containing from 0.1 fo
about 500 mg of the active ingredient of the present invention. The {ablats or pills of the novel composition
can be coated or' otherwise compounded to provide a dosage form affording the advantage of prolonged
action. Fer example, the tabiet or pill can comprise an inner dosage and an outer dosage component, the
latter being in the form of an enveiope over the former. The fwo components can be separated by an
enteric layer that serves to resis® disintegration in the stomach and permits the innar component to pass
intac: into the duodenum or {c be deiayed in release. A variety of materials can be used for such enteric
layers or coalings, such materials including a number of poiymeric acids and mixtures of polymeric acids
with such materials as sheilac, catyl aicohol and celiulose acetata.

Suitable surface-active agenis include, in particular, non-ionic agents, such as
polyoxyethylenesorbitans (e.g. Tween™ 20, 4G, 60, 83 or 85) and other sorbitans (e.g. Span'™ 20, 40, 60,
8C or 85). Cumposiions with a surfacs-active agent wiil conveniently comprise between 0.05 and 5%
surface-active agent, and can be between 0.1 and 2.5%. It wii! be appreciated that other ingredients may

be added, for exemple mannitol or oiher pharmaceutically accepiabie vehicles, if necessary.
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Suitable emulsions may be prepered using commercially avaiiable fat emuisions, such as
intralipid™, Lipesyn™, Infonutrol™, Lipofundin™ and Lipiphysan™. The active ingredient may be either
dissolved in a pre-mixed emulsion composition: or alternatively it may be dissolved in an ofi {s.g. soybean
oil, saffiower oll, cottonseed oil, sesame cil, corn oil or aimond oil} and an emulsion formed Upon mixing
with a phespholipid {e.g. egg phospholipids, soybean phespholipids or soybean lecithing and water, twill
be appreciated that other ingrediants may be added, for example gylcerol or glucose, to adjust the tonicity

7 the emuision. Suitabie emuisions will typically contain up to 20% oll, for exampie, between 5 and 2C%.
The fat emuision can comprise fat dropiets between 0.1 and 1.0 im, particuiarly 0.1 and 0.5 1m, and have
& pH in the range of 8.5 t¢ 8.0.

The emulsion compositions can be those prepared by mixing an ant-CGRP antagonist antibody
with intralipid™ or the components thereof {soybsan ofl, egg phosphoiipids, glycerol and water).

Compositions for inhalation or insufiation inciude soiutions and suspensions in pharmacauiically
acceptabie, aqueous or organic solvenis, or mixiures thereof, and powders. The liquid or solid
compositions may contain suitable pharmaceutically acceptable excipients as set out apove. In some
embodiments, the comgositions are administered by the oral or nasal respiratory route for locai or
systemic effect. Compositions in preferably sterile pharmaceutically acceptable solvents may be nebulised
by use of gases, Nebulised solutions may be breathed directiy from the nebulising device or the
nebulising device may be attzched to a face mask, ient or intermittent positive pressure breathing
machine. Solution, suspension or powder compositions may be administerec, preferably erally or nasally,
from devices which deliver the formulation in an appropriate manner.

Diagnosis or assessment of headache is well-established in the art. Assessment may be
perfermed based on subjective measures, such as ‘patient charagterization of symptoms. For exampie,
migraihe may be dizgnosed basad on the following criteria: 1) episodic attacks of headache lasting 4 0 72
hours; 2) with two of the following symptoms: uniatera! pain, throbbing, aggravation on movement, and
pain of moderate or severe intensity; and 3) ons of the foliowirg symptoms: nausez or votiting, and
photophobia or phonophobia. Goadsby et al., N. Engl. J. Med. 345:257-270, 20C2.

Treatmernt efficacy can be essessed by methods well-known in the art.  For example, pain reiief
may be assessed. Accordingly, in some embodiments, pain relief is subjectively observed after 1,2, 0ra
few hours after administering an ant-CGRP antibddy. In some embodiments, frequency of headache
attacks is subjectively observed afier adminisiering an anti-CGRP ariibody.

B. Ant-CGRP antagenist antibodies

The methods of the invention use an anti-CGRP antagonist antibody, which refers o any
antibody molecuie that blocks, suppresses or reduces (including significantly) CGRP biological activity,
including downstream pathways mediated by CGRP signaling, such as receptor binding and/or elicitation

of a celtular response to CGRP.

An anti-CGRP antagonist antibody should exhibit any ong or more of the following characterisiics:
{a} bind to CGRP; (b} bicck CGRF from binding to its receptor(s}; {c} block or decrease CGRP receptor
activation (inciuding cAMP activation); (d) inhibit CGRP bioiogical aciivily or downstream pathways
mediated by CGRP signaling fimction; {e) prevent, amsliorate, or treat any aspect of headache (e.g.,
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migraine); (f} increase clearance of CGRP; and (g) inhibit (reduce) CGRP synihesis, production or
release, Ant-CORP antagonist entipodies ere known in the arl  See, eg., Ten &t al,, Clin. Sai. (Lond).
89:565-73, 1995; Sigma (Missouri, US}, produgt number C7113 {clone #4901); Plourde et al., Pepiides
14:1225-122€, 1983

For purposes of this invention, the antibody reacts with CGRP in 2 manner that inhibite CERP
and/or downstream pathways mediated by the CGRP signaling function. In some embodiments, the anti-
CGRP antagonist antibody recognizes human CGRP. in some embodiments, the anti-CGRFP anfagonist
antibody binds fo both human ¢-CGRP and R-CERP. In some embodiments, the anti-CGRP antagonist
antibody binds human and rat CGRP. In some embodiments, the anti-CGRP antagonist antibody binds
the C-terminai fragment having amine ac'ds 25-37 of CGRP. in some embodimants, the ani-CORP
antagonist antibody binds a C-erminal epitope within amino acids 28-37 of CGRP.

The antibcdies useful in the present invention can encompass monocional antibodies, polycional
antibodies, antibody fragments {e.g., Fab, Fat’, F({ab'2, Fv, Fc, efc.), chimeric antibodies, bispecific
antibodies, hetersconjugate antibodies, single chain (ScFv), mutants thareof, fusion proteins comprising
an anfibedy portion (e.g., a domain antibody). humanized antibodies, and any other maodified configuration
of the immunoglobulin molecule that comprises an antigen recognition site of the required specificity,
including glycosylation variants of antibodies, aminc acid sequence variants of antivodies, and covalentiy

-modified antibodies. The antibodies may be murine, rat, human, or any other origin {ncluding chimeris or

humanized antbodies).
in some embadiments, the anti-CGRP antagonis: antibody is @ monocional antibody. In some
embodiments, the anti-CGRP antagonist antibody is-humanized. In some embodiments, the antibody is
human. "in some embodiments, the anti-CGRP antagonist antibody is antibody G1 {as described herein).
In some embodiments, the anti-CGRP antagonist antibody 6omprises one or more CDR(S} (such as one,
two, thres, four, five, or, in some embodiments, all six CDRs) of antibody G1 or variants of G1 shown in
Table 8 In sili othei embodiments, the ant-CGRP antagonist antisody comprises i
sequence of the heavy chain variabie region shown in Figure 5 (SEQ ID NO:1) and the aminc acid
sequence of the light chain variable region shown in Figure 5 (SEQ 1D NO:2), A
In some embodiments, the antibody comprises a modified constent region, such as a constant
region that is immunologically inert described herein.  In some embodiments, the constant region is
modifted as described in Eur, J. Immunol, (1689} 20:2613-2624; PCT Application No, PCTIGREG/)1441:
and/or UK Patent Application No. 98089581.8. In other embodimenis, the antibody comprises a human
heavy chain IgG2 constant region comprising the following mutations: A330P331 fc 83308331 {(amino
acid numbaring with reference to the wiidtype IgG2 sequence). Eur. J. Immunol. {18988) 28:2673-2324. in
some embodiments, the antibody comprises a constant region of igG4 comprising the foliowing mutations:
E233r234L235 fc P233V234A235. in still cther embodiments, the consiant region is aglycosylated for N-
linked glvcosylstion. In some embodiments, the oconstant region is aglycosyated for N-linked

3

glycosylation by mutating the oligesaccharide atiachment residue (such as Asn257) andior fianking
residues that are part of the N-glycesylatior recognition sequence in the constant region . in some
embodiments, the constant region is aglycosylated for N-linked glycosylation. The constant region may




20

-27.

be aglycosylated for N-linked glycosyiation enzymatically or by expression in a glycosylation deficient host
ceil.

The binding affinily (Kg) of an anti-CERP antagonist antibody to CGRP (such as human o-CGRP)
can be about 0.02 to about 200 nl. In some embodiments, the tinding affinity is any of about 20C nhf,
aboui 100 niv, about 50 nii. about 1€ nid, about 1 nM, about 3G3 piv, about 100 plv, about 80 phi, aboul
50 pM, about 20 pM, abcut 15 ph, about 10 pM, about 5 pi, or about 2 pM. In some embodiments, the
binding affinity is iess than any of about 255 nM, about 200 nM, about 100 nM, about 5G ni, about 16 ol
about 1 nii, about 500 pM, about 100 pht, or abott 50 pii.

One way of determining binding affinity of antibodies fo CGRP is by measuring binding affinity of
monofunctional Fab fragments of the antibody. To obtain monofunctionai Fab fragments, an antibody {for
example, Ig8) can be cleaved with papain or expressed recombinantly. The affinity of an anti-CGRP Fab
fragment of an antibody can be determined by surface plasmon resonance (Blacore30007™ surface
plesmon rescnance (SPR) system, Biacore, INC, Piscataway NJ) equipped with pre-immobilized
streptavidin sznsor chips (SA) using HBS-EP running buffer (3.01M HEPES, pH 7.4, 0.15 NaCi, 3m.
EDTA, 0.005% viv Suriaciant P20). Biotinvlated human CGRP (or any other CGRP) can be diluted inlo
HBS-EP buffer 1o a2 concenTation ¢f tess than C.£ ug/mb and injected across the individua! chip channels
using variable coniact times, to achieve two ranges of antigen density, aither 50-200 responss units (RU)
for detailed Kinetic studies or §00-1,000 RU for screening assays. Regenaration studies have showr that
25mid NaOH in 25% v/v ethanol efiectively remioves the bound Fab while keeping the activify of CGRP on
the chip for over 200 injecticns. Typiczlly, serial dilutions (spanning concentrations of 0.1-10x estimated
Ko) of purified Fab samples are injacted for 1 min at 100 pl/minute and dissociation times of up to 2 hours
are aliowed. The concenfrations of the Fab proteins are determined by ELISA and/or SDS-PAGE
eigctrophoresis using a Fab of known concentration (as defermined by émino acid analysis} as e
standard, Kinetic association rates {k.,) and dissociation rates (ku) ars obtained simultansously by fitting
{he data globally o 2 111 Langmuir binding model (Karlsson, R. Roos, H. Fagerstam, L. Pelersson, B.
{1984). Methods Enzymology 6. 8-110) using the BlAevaluation program. Equilibrium dissociation
constant (Kp) values are calculated a8 kewKen. This proiccol is suitable for use in detarmining binding
affinity of an antivody o any CGRP, inciuding human CGRP, CGRP of another mammalian {such &s
molse CGRP, rat CGRP, primaie CGRP), 23 weli as differant forms of CGRP {such as a and § form;.
Binding affinily of an antibody is generally measured at 25°C, but can aisc be measured at 37°C.

The anti-CGRP antagonist antibodies may be made by any methad known in the art. The route
and schedule of immunization of the host animal are generally in keeping with established and
conventional techniques for antibody stimulation and production, as further described herein.  General
fachnigues for preduction of human and mouse antibodies are known in the art and are described herein.

It is contemplated that any mammalian subject including humans or antibody producing cells
therefrom can be marnipulated i serve ag the basis for production of mammalian, including human,
hybridoma celi tines. Typically, the host animal is inocuiated intraperitoneally, intramuscuiarly, oraily,
subcutaneously, intrapiantar, and/or intradermally with an amount of immunogen, including as describad

herein.
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Hyhtidomas can be prepared from the lymphocytes and immortalized myeloma cells using the
general somatic cell hybridization technique of Kohier, B. and Milstein, C. (1875) Nature 256:495-497 or
as modified by Buck, D. W.,, et al,, In Vitro, 18:377-381 (1982). Available mysloma lines, incitding but not
fimited to X83-Ag8.833 and those from the Salk institute, Cell Distribution Center, San Diego, Caiii,, USA,
may be usad in the hybricizalion. Ganerally, the technigue involves fusing myeloma ceiis and lymphetd
celis using & Tusogen such as poivethylene glycol, or by electrical means well known to those skilled in the
art. Afier the fusion, the cells are separated from the fusion medium and grown in a sslective growth
medium, such as hypoxanthine-aminopterin-thymidine (HAT) medium, fo efiminate unhybridized parent
cells. Any of the madia described herein, supplemanted with or without serum, can be used for culturing
hybridomas that secrete monaogional antibodies. As ansther alternative io the cell fusion technicue, EBV
immortalized B cells may be used to produce tha anti-CGRP monoclonal antibodies of the subject
invention. The hybridomas are expanded and subcloned, if desired. and supernatants are assayed for
anti-immuncgen activity by corventional immuncassay procedures (e.g., radioimmuncassay, enzyme
immunoassay, or fiuorescence immunoassay}.

Hybridomas that may oe used as source of antibodies encompass ali desivatives, progeny cells of
the parent hybridomas tha! produce mornosional antibodies specific for CGRP, or a portion thereof.

Hybridomas thal produce such antibodies may be grown in vitre or in vivo using known
procedures. The monocional antibcdies may be isolated from the culture media or body fiuids, by
conventicnal immunogichulin punification procedures such as ammonium sulfate precipitation, gl
electrophoresis, dialysis, chromatography, and ultrafiltration, if desired. Undesired activity if present, can
be removed, for example, by running the preparation over adsorbents made of the immunogen attached
to & solid phase and eluting or releasing the desired antibodies off the immunogen. Immunization of a
host animal with 2 human CGRP, or & fragment containing the target amine acid sequence oon}ugatéd fo
a protein that is immunogenic in the species o be immunized, e.g., xevhoie fimpet hemocyanin, serum
aibumin, boving thyregiobufin, or scybean trypsin fnhibitor using a difuncticnal or derivatizing agent, for
exampie maleimidobenzoy! suffosuccinimide ester (conjugation through ocysteine residues), N-
hydroxysucsinimide (through lysin’e residues), glutaradehyde, succinic anhydride, SGCI2, or RIN=C=NR.
where R and R1 are different alkyl ‘groups, can vield a population of antibodies (e.g., monocioral
anfibodies).

If desired, the anti-CGRF antagonist antbody (monocional or polycional) of interast may be
sequenced and the polynucleciide ssquence may then be cloned inio a vector for expression or
propagation. The seguence enceding the antibody of interest may be maintained in vector in a host cell
and the host cell can then be expanded and frozen for future use. In an alternative, the polynucleofide
sequense may be used for genetic maniputation 0 *humanize” the antibody or fo improve the affinity, or
other characieristics of the antibcdy. For exampie, the constant region may be engineered to more
resembie human constant regions tc aveid immune response if the antibody is used in clinical trials and
freatments in humans. !t may be desirable to genetically manipulate the antibedy seguasnce to obidain
greater affinity to CGRP and greater efficacy in inhibiting CGRP. i wili be apparent to ons of skill in the
art that one or more polynucleotide changes can te made to the anti-CGRP antagonist antibody and still

maintein its kinding ability to CGRP.
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There are four generai steps to humanize a monoclonal antibody. These are: (1) determining the
nuclectide and predicted amino acid sequence of the starting antibady light and heavy variable domains
(2) designing the humanized antibody, .., dsciding which antibody framework region to use during the
humanizing process (3} the actual humanizing methodologiesftechniques and (4) the transfection and
expression of ihe humanized aniibody. See, for example, US. Patent Nos. 4,816,587, 5,807,715,
5,866,692, 6,331,415, 5,530,101, 5,693,781; 5,693,762; 5,585,082; and 6,180,370.

A number of *humanized” antibody molecules cornprising an antigen-binding site derived from a
non-human immunoglobulin have been described, including chimeric antibodies having rodent or modified
rodent V regicns and their associated complementarity determining regions {CDRs) fused to human
constant domains, See, for exampie, Winter et ai. Nature 349:293-289 (1691). Lobugtic &t al. Prec. Nat.
Acad. Sci. USA 88:4220-4224 {1988), Shaw et al. J Immunol. 138:4534-453€ (1887), and Brown et al.
Cancer Res. 47:3577-3583 (1987). Ofher references describe rodent CDRs grafted info a human
supporting: framework region (FR) prior to fusion with an appropriate human antibody censtant domain.
Seeg, for example, Rieshmanr &t a.. Nature 332:323-327 £1988), Verhoeyen et al. Science 239:1534-1535
(1888), and Jones ef al. Nature 321:522-525 (1888). Another reference describes rodent CDRs
supporiad by recombinantly venesred rodent framework regions. See, for example, Eurcpean Patent
Publication No, 056195885. These “humanized” molecules are designed to minimize unwanted
immunoiogical response towerd rodent ant-human antibedy molesules which limits the duration and

o

effectiveness of therapeutic applications of those moieties in human recipients. For example, the antibody
constant region can be enginesrad such that it is immunologically inert {(e.g.. does not trigger complement
lysis). See, e.g. PCT Pubiication No. PCT/GB29/01441; UK Patent Application No, 9808851.8. Other
methods of humanizing antibcdies that may also be ulilized are disclosed by Daugherty et al., Nuci. Acics
Res. 18:2474-2473 (1991 and in U.S. Patent Nos. 6,180,377; 6,084,297, 5,957,857, 5,866,592;
6,210,671, and 8,35C,851; and In PCT Publication No. WO 01/27130.

i yel encther ailternative, fully human antibodies may bde obtained by using coemmercially
availeble mice that have been enginesred fo express specific human immunoglobuiin proteins.
Transgenic animals that are designed to produce a more desiratle (e.g., fully human antibodies) or more
robust immune response may alss be used for generation of humanized or human antibodies. Examples
of such technoiogy ars Xenomouse ™ from Abganix, inc. {Fremont, CA) and HuMAb-Mouse® and TC
Mouse™ from Madarex, Inc. {Frinceton, NJ).

In an aiternative, antibodies may be made recombinantly and expressed using any mathod known
in the art.  |n another alternative, antibodies may be made recombinantly by phage dispiay technolegy.
See, for example, U.8. Patent Nos. 5,585,332; 5,580,717; 5,733,743, and 6,285,1580; and Winter et a!.,
Annu. Rev. Immurol. 12:433-455 {1694). Alternatively, the phage display technology (McCafierty et al., '

Nature 348:552-553 (1830)) can be used fo produce human antibedies and antibody fragments in vitro,

from immungcglebuiin variakle V) domain gene repertoires from unimmunized donars. According to this
technique, aniibody V domain genes are cloned in-frame into either 2 maior or minor coat protein gene of
a filamentous basieriophage, such as M135 or fd, and dispiayed as functionai antibody iragmentis on the
suriace of the phage particie. Because the filamentous particle contains a single-stranded DNA copy of
the phage gencmie, selections tased on the functional properties of the antibody also resuli in sefection of
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the gens encoding the antihody exnbiting those properties. Thus, the phage mimics some of the
g
properiies of the B csll. Phage dispiay can be performed in a variety of formats; for review see, e.g.,

uE3 (ECH I ¥

Johnson, Kevin 8. and Chiswell, David J., Current Opinion in Structural Biology 3:554-571 (1293).

-Saveral sources of V-gene segmenis can be usad for phage dispiay. Clackson et al., Nature 352:624-528
G g piay

{1981) isciated a diverse aray of anti-oxazclene antibodies from a smali random combinaterial library of V
genes derived from the spleens of immunized mice. A repertoire of V genes from unimmunized human
donars can te constructed and antibedies to g diverse array of antigens (including self-antigens) can be
isolafed essentially following the techriques daescribed by Mark et al,, J. Mol. Biol. 222:581-587 (1991}, or
Griffith et al., EMBO J. 12:7258-784 (1882). In a naiural immuns response, antibody genes accumulate
mutetions at a high rate (somatic hypermutation). Some of the changes introduced will confer higher
affinity, and B cslis dispiaving high-affinity surface immunoglobulin are preferentially replicated and
differentiated during subsequent antigen challenge. This natural process can be mimicked by employing
the technigue known as “chain shuffling,” Marks, et al., Bio/Technol. 10:779-783 (1982)). In this method,
the affinity of “primary” human antdodies obtained by phage display can be improved by sequsntialy
replacing the heavy and light chair V region genes with reperfoires of natur"a!ly ocourfing variants
{repertoires} of V domain genes cobiained from unimmunized donors. This fechnique allows ithe
production of antibodies and antibody fragments with affinities in the pM-nM range. A strategy for making
vary iarge phage anticody repericires {aiso kKnown as "the mother-ci-al! livraries”) has been dascribed by
Waterhouse et al., Nucl Acids Ree, 21:2265-2266 (1983). Gene shuffiing can also be used to derive
human antibodies from rodent ant’bodies, whare the human antibody has simiar affinities and specifisities
to the starting rodent antibody. Acserding to this method, which is also referred o as “epitope imprinting”,
the heavy or jight chain V domain gene of rodent antibodies obtained by phage display technigue is
repiaced with a reperioire of human V domain genes, creating redent-human chimeras, Selection on
antigen results in isoiation of human variable regions capable of restoring a functional antigen-binding
site, l.e., the epitope governs {imprints) e choice of pariner. When the process is repeated in order fo
replace the remaining rodent V domain, @ human antibody is cbiained (see PCT Publication No. WO
§3/3524 3, published April 1, 1983}, Unlike iraditional humanization of rodent antibodies by CDR grafing,
this fechnigus provides complsiely human antibodies, which have no framework or CDR residues of
rodent origin. »

It is ‘apparent that although the above discugsion pertains fo humanized antibodies, the general
principles discussed ars applicable to customizing antibodies for use, for example, in dogs, cats, primate,
eduines and bovines, 1t is further apparent that ona or more aspects of humanizing an antibsdy described
hersin may be combined. €., COR grafting, framework mutation and CDR mutation.

Antihodies may be made recombinantly by first isolating the antibodies and antibody producing
celis from host animals, obtaining the gene sequence, and using the gene sequence fo axprass the
antibody recombinantly in host cells {e.g.. CHO ceils). Another method which may be employed is to
express the antibody sequence in plants {e.g., tobacco) or fransgenic milk. Methods for expressing
antibodies resombinantly in planis or miik have been disclosed. Sse, for exampie, Peeters, etal. Vaccine
19:275€ (2001); Lonberg, N. and D. Huszar Int. Rev.Jmmunol 13:65 (1995); and Pollock, et al., J Immunol
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Metheds 231:147(1298). Msthods for making derivatives of antibodies, ¢.¢., humanized. single chain, atc.
are known in the art.

Immunoassays and flow cytometry sorting techniques such as fiuorescence activated cell sorting
(FASS; can also be employed 1o isalate antibodies that are specific far CGRP.

The antibodies can be bound ¢ many different carriers. Carriers can be active and/or inert.
Zxamples of wellknown carriers include polypropylene. polystyrene, polyethyiene, dextran. nylon,
amylases, giass, natural and modified ceiluioses, polyacrylamides, agaroses and magnstite. The nature
of the carrier can be eiiher sclubie or insolubie for purposes of the invention, Those skilled in the art will
know of other suiteble carriers for binding antibodies, or will be able to ascertain such, using routine
experimentation. In some embocimants, the carrer comprises @ moiety that targets the myocardium,

DNA encoding the monoclonal antibodies is readily isolated and sequenced using conventional
procedures {e.d., by using ciigonucleotds probes that are capable of binding specifically to ganes
encoding the neavy and light chains of the monocional antibodies). The hybridoma cells serve as &
oreferred source of sush DNA, Orce isolated, the DNA may be placed inte expression vectors (such as
expression vectors disclesed in PCT Publication No. WO 87/044€2), which are then transfecied into host
cells such as E. coli cells, simian COS celis, Chinese hamster ovary (CHO) cells, or myeloma cefls that do
not otherwise produce immurogiobulin protein, to obtain the synthesis of monosional antibodies in the
recembinant host cells. See, e.g., PCT Publication No. WO 87/04482, The DNA also may be maodified,
for exampia, by substituting the coding sequence for human hsavy and light chain constant domains in
place of the homeicgous muring sequances. Merrison et ai, Proc. Nat. Acad. Sci. 81:6851 (1984}, or by
sovaiently joining to the immunoglobulin coding sequence all or part of the coding sequence for a non-
immunogiobuiin polypeptide. in that manner, *chimearic” or *hybrid” antibodies are prepared that have the
binding specificity of an ant-CGRP monoctonal antibody herein.

Ant-CGRP antagonist anticodies and polypeptides derived from antibodies can be identified or
characterized using mathods kKnown in the ant, whereby redugtion, amelicration, or neutralization of an
CGRP biclogical activity is detected and/or messured. For example, ant-CGRP antagonist antibody can
also be identified by incubsting a candicate ageht with CGRP and moniforing any one or more of the
following characteristics: fa} bind {o CGRP; (b) biock CGRP frem binding to its receptor!s); {¢) block or
decrease CORP recepter activation {inciuding cAMP activation); (¢} inhibit CGRP biological activily or
downsiream pathways mediated by CGRP signaling function; (e) prevent, ameliorate, or treat any aspast
of headacne {s.g., migrainej; {f; incraase clearance of CGRP; and {g) inhibit {reduce) CGRP synthesis,
production or release. In some embodiments, an anti-CGRP antagonist antibody or poiypeptide is
identified by incubating = candidate agent with CGRP and monitoring binding andior attendant reduction
or nautralization of a biclegical activity of CGRP. The binding assay may be performed with purified
CGRP polypeptida(s}, or with cells naturally expressing, or transfected to expresé, CGRP polypeptide(s).
in one embodiment, the binding assay s a competitive binding assay, whers the abilily of a candidate
antibody fo compste with a known anti-CGRP artagonist for CGRP binging is evaluated. The assay may
be performed in various formats, including the ELISA format  in other embodiments, an anti-CGRP
antagonist antibody is identified by incubating 2 candidate agent with CGRP and menitoring binding and
atiendant inhibition of CGRP receptor activation expressed on the surface of a cell.
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Following initial identification, the activity of a canditiate ant-CGRP antagonist antibody can be
fusther confirmed ang rafinad by bioassays, known o test the targeted binlogical activities, Alternatively,
binassays can be used fo screen candidates directly. For example, CGRP promotes a number of
maasurable changes in responsive celle, These inciuda, but are not limited to, stimulation of cAMP in the
celi {e.g., SKN-MC cells). Antagonist actvity may also be measured using animal models, such as
maasuring skin vasodiiatation induced by stimulation of the rat saphenous nerve. Escott et al, Br. J.
Pharmacoi. 110: 772-778, 1€93. Anima: modeis of headaches (such as, migraine) may further be used
for testing efficacy of antagonist antibodies or polypeptides. Reuter, et al., Functional Neurology (15)
Suppl.3, 2006, Some of the methods for identifying and characterizing anii-CGRP antagonist antibcdy or
polypeptide are described in detaii in the Examples.

Anii-CGRP aniagonist antibodies may be characterized using mathads wall known in the art. For
example, one method is to ideniify the epitope to which it binds, or “epitope mapping.” There are many
mathods known In the art for mapping and characterizing the location of apitopes en preteins, including
solving the crystal structure of an antibody-antigen complex, compatition assays, gehe fragment
expression assays, and synihetic peptide-based assays, as described, for example, in Chapter 11 of
Harlow and Lane, Using Antibedies, a Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York, 1828. In an additional example, epitope mapping can be usad to determine the
sequence to which an ant-CGRP antagenist antibody binds. Epiteps miapping is commerciaily available
from various sources, for exampie, Pepscan Systems (Edelhertweg 15, 8219 PH Lelystad, The
Nethsrlands), The epiicpe can be a iinear epitape, i.e., containad in 2 single stretch of amine acids, ora
sonformationai epitope formed by & three-dimensional interaction of amino acids that may not necessariy
be contained in a single stretch. Peptides of varving lengths (e.qg., at izast 4-8 amino acids long) can be
isolated or synthesized {e.g., recombinantly; and used for binding assays with an anti-CGRP antagoenist
antibedy. In andiher examplg, the editcpe to which the anti-CGRP antagonist antibody binds can be
determined i & systematic scresning by using overlepping peptides derivec from the CGRP sequence
and determining binding by the ant-CGRP antagonist antibody. According to the gene fragment
expression assays, the opar reading frame encoding CGRP is fragmented sifner randomly or py specific
genetic constructions and the reactivity of the expressed fragments of CGRP with the antibody to be
tested is determived. The gere fragments may, for example. be produced by PCR and then transcribed
and transtated into protein in vitro, i the presence of radioactive amino acids. The binding of the antibody
to the radicactively igbsiad CGRP fragments is then determined by immunoprecisitation and gel
clesirophoresis,  Certain epitopss cant also be identified by using large libraries of random peptide
secuences dispiayed on the surfass of phage pariicles (phage libraries). Allernatively, a defined library of
cveriapping peptide fragments can be tested for binding to the test antibody in simple bincding assays. in
an additional example, mutaganasis of an antigen binding domain, domain swapning experiments and
alanine scanning mutagsnesis can be performed (o ideniify residues required, sufficient, and/or necessary
for epitope binding. For exampie, domain swapping experiments can be performed using a mutant CGRP
in which various fragments of the CGRP peiypepiide have besn replaced {swapped) with secuences from

a closely related, but antigenically distinct protein {such as another member of the neurotrophin protain
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family). By assessing binding of the antitody to the mutant CGRP. the importance of the parficular CGRP
fragment to antibody binding can be assssssc.

Yet ancther method which can be used to characterize an anti-CGRP antagonist antibody is to
use competition assays with other antibodies known to bind to the same antigen, i.e., various fragments
on CGRP, ic determing if the ant-CGRP antagenist antibody binds fo the same epifope as ofher
antibogizs. Competition: assays are well known to those of skill in the art.

An expression vecior can be used o direct exprassion of an anti-CGRP antagonist antibody. Ons
skiliad in the art is familiar with acminisiration of expression vectors ¢ obiain expression of an exogenous
protein in viva, See, a.g.. U.S. Patent Nos, 6,436,008; 6,413,942; and 6,376,471, Administrelion of
expression vectors includes local or systemic administration, inciuding injection, oral administration,
varficls gun or catheterized administration, and topical administration. In another embodiment, the
expression vsctor is adminisiered cirectiy o the sympathetic trunk or ganglion, or intc a coronary artery,
atrium, ventrizal, or pericardicm,

Targeted delivery of therapeutic compositions containing an expression vector, or subgenomic
poiynuclectides can aisc be ussd, Recepi:or-rhediated DNA delivery fechniques are described i, for
example, Findeis et al,, Trends Blctechnol, (1QQSj 11:202; Chiou et al., Gene Therapeutics; Methods And
Applications Of Direct Gene Transfer (LA, Wolff, ed.) (1984), Wu et al,, J. Biol. Chem. {1988) 283:827;
Wu et al.. J. Bicl. Chem. {1984) 2588:542; Zenke et al., Proc. Natl. Acad. Sci. USA (1800) 87:3€55; Wu et
al., J. Biol. Chem. (1851} 28€:338.
in a range cf about 100 ng to abcut 200 ma of DNA for local administration in a gene therapy protocal.
Congentration ranges of about 560 ng to about 50 mg, about 1 ug to about 2 mg, about 5 ug to about 500
1g. and about 20 ug to about 100 ug of DNA can also be used during a gene therapy protocol. The
therapeuiic polynuciectides and polypeptides can be delivered using gene delivery vehicles, The gane

Therapautic compositions coptaining a peiynucleotids are administerad

delivery vehic.e can be of vira! or non-viral origin {ses generally, Joily, Cancer Gene Therapy (1284) 1:51;
Kimura, Human Gene Therapy (1994) 5:843; Connally, Human Gene Therapy (1985) 1:185; and Kapiit;,
Neture Genatics (1984} 8:148). Expression of such coding sequencas can be induced using endogenous
mammalian or heterologous promoters.  Expression of the coding seguence can be either constitutive or
regulated.

Viral-based vectors for delivery of a desired polynucleotide and expression in a desired cell are
well known In the art.  Exempary viral-based vehicles inciude, but are not limited to, resombinant
retroviruses (see, e.g., PCT Publication Nog, WO 90/07935; WO 94/03822; WO 93/25698; WO 93/25234;
WO 83/11230; WO 93/10218; WO £1/02808: U.S. Patent Nos. 5, 219,740 and 4,777,127, GB Patent No.
2,200,851; and EP Patent No. 0 345 242), alphavirus-based vectors {e.g., Sindbis virus vectors, Semiiki
forest virus (ATCC VR-87; ATCC VR-1247), Ross River virus {ATCC VR-373; ATCC VR-1246) and
Verszuelan equing encephalitis virus (ATCC VR-828; ATCC VR-1253; ATCC VR 1248, ATCC VR-832)].
and adeno-~associzted virus {AAV) vectors {ses, e.g., PCT Publication Nos. WO 94/12848, WO 93/037869;
WO €3/18191; WO §4/28828; WO 385/11584 and WO 95/00855), Adminisiration of DNA linked fo killed
adenovirus as described in Curiel, Hum. Gene Ther. (1992) 3:147 can also bs employed.

Non-viral delivery vehicles and methods can aiso be empioyed, including, but not fimited io,
poiycationic condensed DNA linked or uniinked 1o killed adenovirug alcne {see, e.g., Curiel, Hum. Gene
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Ther. {1992) 3:147); ligand-linked DNA (see, e.g.,, Wi, J. Biol. Chem. (1989} 264:16985}; eukaryotic cell
defivery vehicles cells {see, e.g., U.S. Patent No. 5,814 482; PCT Pubiication Nos. WO 95/07994: WO
98/17072; WO ©5/30763; and WO 87/42338) and nugleic charge neuiralization or fusion with cell
membranes. Naxed DNA can also bs employed. Exemplary naked DNA infroduction methods are
described in PCYT Publication No. WO 80/11092 and U8, Patent No. 5,580,886, Liposomes that can act
gene deiivery vehicies are desciibed In U.S. Patent No. 5,422,120, PCT Publication Nos. WO

S/13798; WO 94/23557, WO 91/14445; ard EP 0524988, Additional approaches are described in Philip,

Mol. Cell Biol, (1894) 14:2411, and in Woffendin, Proc. Natl. Acad. Sci. (1884) 81:15681.
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C. Antibodv G1_and reiated antibodiss_poivpentides. polynuciectides, vectors and host celis

This invention encompasses compositions, including pharmaceutical coh\positionst comprising
antinocy G1 and its variants shewn in Takle 8 cr polypeptide derived from antibody G1 and its variants
shown in Teble &; and polynuclectides comprising sequences encoding G1 and its varianis or the
poypeptide. As used herein, compositions comprise ohe or more antibodies or polypeptides (which may
or may nct be an antibody} that tind tc CGRP, and/or one or more polynucieotides comprising sequences

“encoding one or more antibodies or polypeptides that bind to CGRP. These compositions may further

comprise suiteble excipients, such as phermacettically acceptable excipients including buffers, which are
weil known in the an.

The ant-CGRP antagonist antibodies and polypeptides of the invention are characterized by any
rone or more) of the following charasterisics. {a) bind to CGRP; fb) piock CGRP from binding fo its
recepior(s); {c¢; block or decrease CGRP recepicr activation {including cAMP activation); {d) inhibit CGRP
biclegica!l activity or downstream pathways m=diated by CGRP signaling function; (e} prevent, ameliorate,
or treat any aspect of hecdache (e.g.. migraine); {f) increase clearance of CGRP; and (g) inhibit {reducs;
CGRF synthesls, production or release.

Accordingly, the inveniion provides any of the following, o comp
pharmaceutical compositions} comprising any of the following: (a} antibody G1 or its variants shown in
Tabie & (b) 2 fragment or a region ¢f antibody G1 or ifs variants shown in Table 6; (¢) a light chain of
antibody G1 or its variants shown in Table 8, {d} a heavy chain of antidcdy G1 or its variants shown in
Tabie 8; {e} one or more variabie region(s} from a light chain and/or & heavy chain of antibody G1 or its
variants shown in Table 6; {f) one or more COR(s) {one, two, three, four, five or six CDRs) of antibody &1
or i‘s variants shown in Table £; (¢) CDR H2 from the heavy chain of antikody G1; (h) CDR L3 from the
fight chain of antthody G1 or its varianis shown in Table 8; (i) three CDRs from the light chain of antibody
&1 or s variants shown in Table G; i} thres CDORs from the heavy chain of antibody G1 or its varianis
shown in Table 6, (k) three CDRs from the light chain and three CDRs from the heavy chain, of antibody
G1 or its variants shown in Tabie &; and (%) an antibedy comprising any one of (b) through (k). The

.Inveriion aiso provides poiypeptides comprising any one or mere of the above.

The CDR portions of antibody Gt {including Chothia and Kabat CORs) are diagrammatically
depicted in Figure 8. Determination of CDR regions is well within the skill of the art. 1t is undersicod that
in some embodiments, CORs can be a combination of the Kabat and Chothia CDR (also termed
"combined CDRs" or “extended CDRs"). In some embodiments, the CDRs are the Kabat CDRs. In other
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embodiments, the CDRs are the Chothia CDRs. In other words, in embodiments with more than one
CDR, {he CORs may be any of Kaba!, Chcthia, combination CORs, or combinztions thereof,

In some embodiments, the invention provides a polypeptide (which may or may not be an
antibedy) which comprises at least on2 CDR at least two, at ieast three, or at izast four, at least five, or all
six CDRs that are substantizlly identical tc at icest one CDR, at least two, &f least three, at isast four, at
lzast five or afi six CDRs of G1 or iis variants shown in Table 6. Othar embadiments include antibodies

which have at least two, three, four, five, or six CDR(s} that are substantially identical to at least two,
three, four. five or six CDRs of 31 or derived from G1. In some embodiments, the at least one, two, three,
four, five, of six COR(s) are at izast about 85%, 86%, 87%, 8B%, 88%, 90%, 95%, 989%, §7%, 38%, or
9% identical to at least one, two, three, four, five or six CDRs of G1 or its variants shown in Table 8. tis
undersiood (haf, for purposes of this invention, binding specificity andior overall activity s generally
retained_. glthough the extent of aciivity may vary compared to Gt or ite variants shown in Table 8 (may be
greater or losser’,

The invention alsc provides = polypeptide (which may or may not be en antibody) which
comprises an amino acid sequence of G1 or its variants shown in Table & that has any of the following: at
least 5 contiguous amino acids, at least & configuous amino acids, at least about 10 contigitous amine
acids, at lzast about 15 contiguous amino acids, at least about 20 contiguous amino acids, at least about
25 centigious amino acids, at least about 32 contiguous amino asids of a sequence of G1 or its variants
shown in Table 8, wherein at least 3 of the amins acids are from a variabls region of 31 (Figure 5) or #s
variarts shown in Tabie 8. In one embodinent, e vartable region is from a light chain of G1. in ancther
embodiment, the variable region is from a heavy chain of G1. An exempiary polypeptide has contiguous
amine acid {iengths described above) from both the heavy and light chain variable regions of G1.  in
ancther embodiment, the 5 (or more) conliguous aming acids are from a complernentarity determining
region {COR) of G541 shown in Figure 5. In some embodiments, the contiguous amino acids are from 2
varizble region of G1.

The binding affinity (i) of an ant-CGRP antagbnist antibody and polyreptide to CGRP {such as
numar: a-CGRP) can be about 8.0€ © about 200 nivl. In some embodiments, the binding affinity is any ¢f
about 200 nM, 100 nM, about 80 nM, about 10 nM, ebout 1 nM; about 500 p. about 100 ph4, about 60
phi. about ST piv.“ about 20 ¢l about 1£ pld. aboul 10 pM, about 5 pM, or about Z pil. In some

* embodiments, the binding affinity is Iess than any of about 250 niM, about 200 nM, about 100 nM, about

50 ni, aoout 10 nk. about 1 nh, about 560 ph, about 100 pM, or about 50 pM.

The invention also provides methods of making any of these antibodies or polypeplides. The
antipadies of this invention can bes made by procedures known in the art. The polypepiides can be
produced by protsolytic or other degradation of the antibodies, by recombinant methods (i.e., singie or
fusion peoiypeptides) as described above or by chemical synthesis. Puolypeplides of the anfibedies,
especially shorier polypeptides up to about 5C amino acids, are convenentiy made by chemical synthesis.
Methods of chemicai synthesis are known in the art and are commercially available. For example, an
artibody could e produced by an aufemnated polypaptide synthesizer empioying the sofid phase msthod.,

See also, U.S. Patent Nos. £,807,715; 4,816,587, and 6,331,415
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In ancther aliernative, the antivodies can be made recombinantly Using procedures that are well
known in the art. In one embodiment, & polynuclectide comprises a sequence encoding the heavy chain
andior the light chain variable regions of antbody G1 shown in SEQ 1D NC:@ and SEQ 1D NO:1C, in
anather embodiment, the polynucleotids comprising the nucleotide sequencs shown in SEQ D NO:S and
SEQ 1D NC:10 are cloned intc one or more vectors for expression or propagation. The sequence
encocing the anifbody of interest may be maintained in a vector in a host csit and the host cell can than
be expanded and frozen for future use. Veclors {including expression vectors) and hest cells are further
descrived hersin,

The invention alse encomgpasses sing:e chaln variable reglon fragments ("sckv™ of antibodies of
this invention, such as G1. Single chain variable region fragments are made by linking light and/or haavy
chain variapie regions by using a short linking peptide. Bird et al. (1988) Science 242:423-426, An
exampie of a linking peptide is (GGGBGES)E which bridges approximately 3.5 nm between the carboxy
terminus of one variabls region and the amino terminus of the other variabie region. Linkers of other
seguences have been designed and used. Bird ot ai. {1988). Linkers can in turn b2 modified for
additionzi functions, such as afachment of drugs or attachment to soiid supports. The singie chain
varianis can be produced eithar recqmbinantfy or synthefically. For synthetic production of scFv, an

Jtemated synthesizer can be used. Far recombinant producticn of scFv, a suftabie plasmid containing
polynucieofide that ercodes the scFv can be introduced into & suitable host cell, either eukaryotic, such
ac yeast, piant, insect or mammalian sells, or prokaryctic, such as E, coli. Poiynucleotidas encading the
scFv of interest can be made by routina manipulations such as iigation of polynuciectides. The resultant
scFv can be isolated using standard protein purification techniques known in the art. )

Other forms cf single chain antibodies, such as diabodies are also encompassed. Diabodies are
bivalent, bispecific antivodies in which \/H and VL domains are expressed on a single polypeptide chain,
but using a linker that is fco short to allow for pairing betwsen the twe domains on the same chain,
reating two

Q

thereby forcing the demains o pair with complementary domains of another chain and
arigen binding sites {see e.g., Holliger, P, et &l (1883) Pros. Nati. Acad Sci. USA 90:6444-6448; Poljak,
R. J., et al. (1964} Structurs 2:1121-4123). N

or example, bispecific antbodies, morocional antibodies that have binding specificities for at
ieast two different antigens, can be prepared using the antibodies disclosed herein. Methods for making
bispesific antibodies are inown in the art {sze, eg, Suresh e! al., 1988, Methods in Enzymology
121:270). Tracitiorally, ‘he rscompzinant production of bispecific antbodes was basad on the

coexpression of two immuneglobulin heavy chain-light chain pairs, with the wo heavy chains having

According o cne approach {o making dispecific antibodies, antibody variabie domains with the

different specificities {Milistsin and Cuelio, 1383, Nature 305, 537-539).

desired binding specificities (anfibody-antigen combining sites) are fused to immunoglobulin constant
domain ssouenses. The fusion praferably is with an immunoglobulin heavy chain constan: domain,
comprising at least part of the hinge, CHZ2 ard CH3 regions. It is preferred to have the first heavy chain
constant regicn (CH1j, containing the siie necessary for fight chain binding, present in at least one of the
fusions. DNAs enceding the immunoglobulin heavy chain fusions and, if desirec. the immunogiobulin light
chain, are inseried info separate expression vectors, and are cotransfected into a suitable host organism,
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This provides for great flexibility in adjosting the mutual proportions of the ihree polypeptide fragments in
embodiments when unequal ratios of the three polypeptide chains used in the construction provide the
optimum vyields, It is, however, possible to insert the coding sequences for two-or all three polypeptide
chains in one expression vector when the expression of at least two polypeptide chains in equal ratios
results in high yields or when the ratios are of no particular significance. ‘

In one approach, the bispecific antibodies are composed of a hybrid immunoglobulin heavy chain
with & first binding specificity in’ one arm, and a hybrid immunogiobulin heavy chain-light chain pair
(providing @ second binding specificity) in the other arm. This asymmetric structure, with an
immunoglobulin light chain in only one half of the bispecific molecule, facilifates the separation of the
desired bispecific compound from unwanted immunoglobulin chain combinations, This approach is

_described in PCT Publication No. WO 94/04690, published March 3, 1994.

Heteroconjugate antibodies, comprising two covalently joined antibodies, are also within the
scope of the invention. Such antibodies have been used to target immune system celis fo unwanted cells
(U.S. Patent No. 4,676,980), and for ireatment of HIV infection (PCT application. publication Nos. WO
91/00360 and WO 82/200373; EP 03089). Heteroconjugate antibodies may be made using any
convenient-cros&ﬁnking methods. Suitable cross-linking agents and technigues are well known in the art, .
and are described in U.S. Patent No. 4,676,980.

Chimeric or hybrid antibodies also may be prepared in vitro using known methods of synthetic
protein chemistry, including those involving cross-linking agents. For sxample, immunotoxins may be
constructed using a disulfide exchange reaction or by forming a thioether bond. Examples of suitable
reagents for this purpose include iminothiclate énd methyl-4-mercaptobutyrimidate.

Humanized antibody comprising one or more CDRs of antibody G1 or iis variants shown in Table
8, or one or more CDRs deri\)ed from antibody G1 or its variants shown in Table 6 can be made using any
methods known in the art, For example, four general steps may be used to humanize a monocional
antibody. ‘

The invention encompasses modifications to antibody G1 or its variants shown in Table 8,
including functionally equivalent antibodias which do not significantly affect their properties and variants
which have enhanced or decreased activity and/or affinity. For example, the aminc acid sequence of
antibody G1 or its variants shown in Table 6 may be mutated to obtain an antibody with the desired
binding affinity to CGRP. Modification of polypeptides is routine practice in the art and need not be
described in detail herein. Modification of polypeptides is exempiified in the Examples. Examples of
modified peiypeptides include polypeptides with conservative substitutions of amino acid residues, one or
more deletions or additions of amino acids which do not significantly delsteriously change the functional
activity, or use of chemical analogs.

Amino acid sequence insertions include amino- and/or carboxyi-terminal fusions ranging in length
from one residue to polypeptides containing a hundred or more residues, as well as intrasequence
insertions of single or multiple amino acid residues. Examples of {erminal insertions include an antibody
with an N-terminal mathiony! residue or the antibody fused to an epitope tag. Other insertional variants of
the antibody molecule include the fusion to the N- or C-terminus of the antibody of an enzyme or a
polypeptide which increases the serum half-life of the antibody.
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Sabstitution variants have &t least one amino acid residue in the antibody molecule removed and

a different residue inserted in iis place. The sites of greatest interest for substitutional mutagenesis
include the hypervariable regions, but FR alierations are also contemplated. Conservative substitutions
are shewn in Tabie 7 under the heading of "consarvative substitutions”, If such substifutions resuilt in a
crniengs in bioiogical activily, then more supsiantial changas, dencminated “"axemplary substitutions” in
Table 1, or as further described beiow in sference to amino acid classes, may be introduced and the

in]

products screened.

Tehle 1: Amino Acid Substitutions

Original Residue j Conservalive Subsiitutions Exemplary Substitutions
i Aia (A ; - Val Val, Ley; lie
! Arg (R} Lys Lys: Gin: Asn
Asn (N} I Gln i Gln; His; Asp, Lys; Arg
Asp (D) Glu- Glu; Asn
Cys (C) | Ser Ser; Ala
Gln(Q) Asn Asri, Glu
Glu (E}) Asp Asp; Gin
Gly (G) - Ala Ala
HETH Arg % Asn. GIn: Lys. Arg
Ie (i} Leu Leu; Vai; Met; Ala; Phe;
Norleucine
i Leu L) . e Norieusing; lle; Val; Mat; Ala:
' ! Phe
Lys (K} Arg Arg, Gin; Asn
v Met (W) Leu Leu; Phe; lle
f Pre 7] Tyr Ceu; Val Tie; Ala, Tyr
Frol®) | A =
Ser (S} Thr Thr
o Thr (T) | Ser Ser
Tro (W) Ty Tyr, Phe
Tyr (Y3 Phe Trp; Phe; Thr; Ser
Vai (Vy ‘ Leu lle; Leu; Met; Phe; Ala;
1 Norleuzing

Bubstantial medifications in the biological properties of the antibody are accomplished by
selecting substitutions that diffier significanily in iheir effect on maintaining (a) the struciure of the
polypeptide backbons in the area of the substitution, for example, as & shee! or helical conformation. (b}
the charge or hydrophobicity of the molecule at the target site, or (¢) the bulk of the side chain. Naturaliy

occurring residues are divided info groups based on common side-chain properties:
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(1) Non-pofar: Norlsucine, Met, Ala, Vai, Lau, lie;
{2) Polar without chargs: Cys, Ser, Thr, Asn, Glry,
(3) Acidic (negatively charged): Asp,
(4) Basic {positively charged): Lys. Arg;
{ id t influence chain crientation; Gly, Pro; and

(6) Aromatic: Trp, Tyr, Phe, His.

Non-conservative substituions ara mada by exchanging & member of one of these classes for
anoiher class.

Any cysteing residus not involved in maintaining the proper conformation of the antibody alse may
be substituted, gensrally with serine, to improve the oxidative siabiiity of the mclecule and pravent
aberrant cross-linking. Conversely, cysteine bond(s) may be added to the anitbody to improve its stabiiity,
parlictlarly where the antibody is an antibody fragment such as an Fv fragment.

Aminc acid modifications can range from changing or modifying one or more amino acids to
complete redesign of a region, such as the variabie region. Changes in the variable region can alter
binding affinily and/or specificity.  In some embiodiments, no more than one to five conservative amino
acld subsiitutions are made within a CDR domain. In other embediments, nc more than one fo three
conservaiive aminc acic substitutions are made within a CDR domair. I sﬁ[iﬂ other embogiments, 18
CDR domain is COR H3 andior CDR L2, '

) Modifications also include glvsosylated and nonglycosyiated polypeptides, as well as polypeptides
with other posi-iransiational modifications, such as, for example, glycosyiation with different sugars,
acetylation, and phosphorylation. Antibodies are glycosylated at conserved positions in theilr constant
regions {Jefferis and Lund, 1887, Cham. Immunol 85:111-128; Wright and Morrison, 1897, TibTECH
15:26-32i. The oigoseccharide side chains of the immunoglobulins affect the protain's function (Boyd et
al., 1605, Mol Immunol. 32:1311-1318; Wittwe and Howard, 1990, Biochem. 28:4175-4180) and the
intramolecular Intsraction dsiween porticns of the glycoprotein, which can affect the conformation ang
presented three-dimensicnal surface of the glycoprotein (Hefferis and Lund, supra; Wyss and Wagnar,
1888, Current Opin. Biotech, 7:408-416). Oiliposaccharides may aise serve to target a given glycoprotein
tc certain meleculss based upon specific recognition structures. Glycosyiation of antibodies-has also been
reported to affect antibody-dependent celidlar cylotoxicity (ADCC)  In particular, CHO calls with
tefracycline-regulated  expression  of Pt 4-N-acetylglucosaminyltransierase il (GnTh]), e
glycesyltransferase catalyzing formation of bisecting GlcNAc, was reported to have improved ADCC
axtivity (Umana et al., 1866, Mature Biotech. 17:175-180).

Giycosyiation of antibodizs is typicaliy sither N-linked or O-finked. N-linked refers fo the
sttachment of the carbohvdrate moiely to the side chain of an asparegine residue, The iripeptide
sequances asparagina-X-sarine, asparagine-X-threonine, and asparagina-X-cysteine, where X is any
amino acid except proline, are the recognition sequences for enzymatic attachment of the carbohydrate
moicly fo the asparaging side chain. Thus, the presence of sither of these tripeptide seguences in a
polypentide creates a potential glysosylation sife.  C-inked glvcosylation refers to the aitachment of cne
of ine sugars N-acetyigaiactosamine, galactose, or xylose 10 a hydroxyamino acid, most commonly serine

or firsonine, although -hydroxyproling or E-hydroxylysine may also ve used.
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Addition of glycosylaticn sites to the antibedy is conveniently accomplished by aftering the amino
scic sequence such that it contains one or more of the above-described tripeptide sequanses {for N-linked
glycosylation sites). The alteratior. may also be made by the addition of, or substitution by, one or more
serine or threonine residues fc the sequence of the original antibody (for O-linked glycosylation sites).

The glycosylation pattern of antibodies may also be altered without aitering the underlying
nucieotids sequenca. Giycosylation largsly dapends on the host cell used to express the antibody.
Since the csll fype used for expression of recombinant glycoproteins, e.g. antibodies, as potential
therapsutics is rarely the native cell, variations in the glycosylation pattern of the antibodies can bs
axpacied (see, e.q. Hse et al., 1887, J. Biol. Cheim. 272:8052-8070).

In addition to the choice of host cells, factors that affest glycosylation during recombinant
production of antibodies include growth mods, mediz formulation, culture density, oxygenation, pH,
purification schemes and thz like. Various methods have besn proposad to alter the glvcosylation patem

.

achieved in a pariicuiar host organism including introducing or overexprassing certain enzymes involved -
in oiigosacshande produstion (. 8, Palent Nos, §,047,235; §,51C,2581 and 5.278,289). Glycosylalion, or
certain typas of givcosyiaion, san ke enzymatically removed from the glycoprotein, for exampie using
endogiycosidase H {E;ﬂc Hj), N-gycosidase F, endoglycosidase F1, endoglycosidase F2,
endoglycosidase F3. in additon, the recombinant host cell can be genetically engineerad to be defestive
in processing certain types of poivsaccharides. These and simifar techniques are well knrown in the art.
Other mothods of modification inciude using coupling techniques known in the ar, inciuding, buf -
not iimited to, enzymatic means, oxidative substitution and cheiation. Modifications can be used, for
example, for attachment of labeis for immunoassay. Modified Gi polypeptides are made using
estabiished procedures In the art and can be screened using standard assays known in the art, some of
which are described below and in the Exampies. - A
In some embediments of the invention, the antibody comprises a modified constant region, such
as a constant ragion that is Immunoiogically inert or parfially inert, e.g., dees not trigger complement
mediated iysis, does not stimulete antibody-dependent ceil mediated cytotoxicity (ADCC), or doss not
ctivate microglia; or have redused aclivities {compared io the unmodified aniivody) in any one or mora of
the following: trtg ering complemeant mediated iysis, stimulating antibody-dependent cell mediated
cytotaxicity (ADCC). or activating microglia. Different modifications of the constant region may be used to
acniave orimai ‘evel andror combinzglion of effeclor funclions. See, for exampie, Morgan e al
immunclogy 88:318-324 (1933); Lund € ai,, J. immunclogy 157:4863-8 157.4953-4869 (1296}, idusogie
et ai., J. Immunclegy 164:4778-4184 (2000); Tao ef al, J. Immunoiogy 143: 2595-2601 (1989); and
Jefferis et al., Immunowgical Reviews 153:53-75 {1888). In some embodiments, the constant region is
modified as described in Eur. J. iImmunoi. (1688) 29:2513-2624; PCT Application No. PCT/GB29/01441;
and/or UK Patont Application No, 8808851.8 . In other embodiments, the antibody comprises a human
heavy chain 1gG2 constant region comprising the following mutations: A330P331 to 83308331 (amino
acid numbering with reference to the wildtype igG2 seguence). Eur. J. Immunol. (1889) 29:2613-2624. |
stil other embodimants, the constant region is aglycosylated for N-linked glycosylation. in some
embodiments, the corstant region is aglycosylated for N-linked glycosylation by mutating the glycosylated
amiro acid residue or fianking residues that are part of the N-glycosylation recognition sequence in the
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constant regicn. For example, N-glycosylation site N287 may be mutated o A, Q. K, or H. See. Tao et
al, J. immunology 143: 2885-25C1 (1988); and Jefferis of al., Immunological Reviews 183:58-78 (1398).
In scrme embadiments, ths constant regicn is aglycosylated for N-linked glycosylation. The constant
region may be aglycasylated for N-linked gycosylation enzymaticzlly (such as removing carbohydrate by
enzyme PNGase), or by sxprassion in 2 glycosyiation deficient host cell.

Other antibcdy modifications include aniibodies that have besn modified as described in PCT
Publication No. WO 99/58572, published Novembar 18, 1999, These antibodies comprise, in addition fo a
binding domain directed at the target molecule, an effector domain having an aminoc acid sequence
substentially homologous o ali or part of a constant domain of a human immunoglobulin heavy chain,
These antibodias are capable of binding the target molecule without triggering significant complement
depender: lysis, or cal-mediated destruction of the targel. In some embodiments, the effector domain is
capatie of specifically binding FoRn and/or FeyRllb. These are typically based on chimeric domains
derived from two or more human immunogiobulin heavy chain C,2 domains. Aniibodies modified in this
manner ara particuiarly suitable for use n chronic antibody therapy. 1o avoid infiammatory and other
adverse reactions to conventional antibody therapy.

The invention incudes affinily matured embodiments. For examgle, affinily matured aniibodies
can be produced by procsdures Krown in the art (Marks et al., 1882, Bio/fMTeshnelogy, 10:778-783;
Barbas et al., 1984, Proc Nat Aczc. Sci, USA 91:3808-3813; Schier et al., 1985, Gene, 169:147-165;
Yelton et al, 1985, . Immunsi, 155:1994—2604; Jackson et al, 1235, J. Immuncl, 154(7):3310-¢;
Hawkins et @i, 1882, J. Mol. Biol., 2256:886-8¢5; and WOZ004/058184).

The foliowing mathods may be used for adjusting the affinity of an antibody and for charactarizing
a CDR. One way of characterizing 2 CDR of an antibody and/or altering (such as improving) the binding

:

“affinity of & poiypeptide, such as an antibody, termed “library scanning mutagenesis”. Generally, fibrary

scanning mutagenesis works as foliows. Ons or more amino acid positions in the CDR are replaced with
twe or mosie (sush as 3,4, 5,6, 7, 8, & 10, 11, 12, 18, 14, 15, 18, 17, 18, 18, or 20) amino acids using art
recogrizad methods. This generates smali iibraries of clonas {in soms embodiments, one for every amino
acid position that is analyzed), each with a complexity of two or more members (if two or more amino
acids are substitied at every oosition). Generally, the library also includes a clone comprising the native
fansubsttuted) amino acic, A small rumbper of clones, e.g., about 20-80 clones (depending on the
compiexity of the library, from each lorary are screened for binding affinity to the target polypeptice (or
other binding target), and cancidates with increased, the sama, decreased or no binding are identfied.
Meihods for determining pinding affiniy ere well-known in the art. Binding affinily may be determined
uging Biacore surface plasmon resonance analysis, which detects differences in binding affinity of about
Z-foid or greater. Biacore is pariicularly useful when the starting antibody already binds with a relatively
high affinity, for example a Kp of ebout 10 nM or lower. Screening using Biacore surface plasmon
resonance is described in the Examples, herein.

Binding afiinity may be determined using Kinexa Biocensor, scintilfation proximity assays, ELISA,
ORIGEN immunoassay (IGEN), fiuorescence guenching, fluorescence transfer, and/or yeast display.
Binding affinity may aiso be scresnsd using a suitable bicassay.
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In some embodiments, every amiro acid position in @ CDR is replaced (in some embodiments,
cne & 2 fme) with all 208 natural aminc acids using art recognized mutlagenesis methads (some of which
are descriped hsrein). This gencrates small libraries of clones (in some embodiments, one for every
aminc acid pesiticn that is enalyzed), each with a complexity of 20 members (if all 20 amino acids are
subsiituted at every position).

In some embodiments, the library to be screened comprises substitutions in two or more
positions, which may be in the same CDR or in'two or more CDRs. Thus, the library may comprise
substitutions in fwo or more pesitions in one CDR. The iibrary may comprise substitution in two or more
pasitions in dwc or more CORs. The library may comprise substitution in 3, 4, 3. or more positions, said
posiions found in two, tnree, four, five or six CDRs. The substiution may be prepsred using low
redundancy codons, Seg, €.5., Tatle 2 ¢f Baiint et al. , (1983) Gene 137(1):108-18).

The CDR may be CDRH2 andior CDRL3. The CDR may be one or more of CDRL1, CDRL2,
CDRL3, CDRH1, CDRM2, andfor CDRH3. The CDR may be a Kabat CDR, a Chothia CDR, or an
extended CDR.

Cancidates with improved binding may be secguenced, thereby identifying 2 CDR substitution
mutant whick restlis in improved efiinity {(alsc termed an “improved" substitution), Candicates that bind
may elso be seguenced, thereby identifying a COR substituion which retains tinding.

Fiuitiple rounds of screening may bs conducted. For example, candidates (each comprising an
amino acid substitution &t one or more position of one or more COR) with improved bfncﬁng are aiso
useful for the design of a second iibrary centalning at least the original and substituted amino acid at each
improved CDR position (i.e., amino acid pesition in the CDR at which a substiiufion mutant showad
improved binding). Preparation, and screening or selection of this library is discussed further below.

Library scanning mutegenesis alsc provides a means for characterizing 2 CDR, ir so far as tﬁe
fraguency cf ciones with improved binding, the same dinding, decreased binding of no binding alsc
provige infermation reiating 1o the importance of each amino acid position for the stability of the antibody-
antiger. compiex. For example, if a posilion of the CDR retains binding when changad to all 20 amino
acids, that positicn is identified s a posiiion that is uniikely to be required for antigen binding.
Conversely, if a position of CDR refains binding in only a small percentage of substitutions, that position is
identified as a position that is important fo CDR funclion. Thus. the library scanning mutagenesis
matlods generate information regarding positions in the CDRs that can be changad to many different
amine acids {including &il 20 amino acids}, and positions in the CDRs wnich cannot be changed or which
czn ony j:Js cihanged ‘o a few aminc acids.

Candidaies with improved afinily may bs combined in & second lbrary, which includes the
improved amino acid, the criginal amino acid at that position. and may further include additional
substifutions at that position, depending on the complexity of the (ibrary that is desired, or permitted using
the desired screening or selection method. In addition, if desired, adjacent amino acid position can be
randomized fo al least two or more amino asids. Randomization of adjacent amino acids may permit
additicnal conformational ilexbilly in the mutant COR, which may in turn, permit or facilitate the
introduction of a farger number of imorovirg mutations. Tne library may alsc comprise substitution at

nositions that did not show improvad affinity in the first round of screening.
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The sacond library is scrzened or salected for library mambers with improved and/or aitered
binding affinity using any method known in the art, including screening using Biacore surface plasmon
resonancs analysis. and selection using any msthod known in the art for selection, including phage
display. yeast display, and rinoscme dispiay.

The invention alsc encompassas fusion proieins comprising ohe or more fragmants or regions
from the anfiboCies (such as G1) or polypectides of this invention. In one embodiment, a fusion
peiypeptide is provided that comprises at ieast 10 configuous amino acids of the variable light chain
regicr shown in SEQ 1D NC:2 (Figure §; andior at least 10 aminc acids of the verlable heavy chain region
shown in SEQ iD NO:1 (Figure 5}. In other embaodiments, a fusion polypeptide is provided that comprises
al Jeast about 1€, at least about 15, at ieast about 20, a: least about 25, or at least about 30 contiguous
aminc acids of the variabie iight chain region shown in SEQ ID NC:2 (Figure §) and/or at least about 10,
at least about 15, at isast about 20, at 'east about 28, or at least about 30 contiguous amino acids of the
veriatle neavy chain region shown in SEQ ID NO:1 {Figure 5,. In another embodiment, the fusion
polypeptide comprises a light shain variable region and/or & heavy chain variable region of G1, as shown
in SEQ ID NO:2 and SEQ 1D NO:1 of Figure £ In another embodiment, the fusion polypeptide comprises
one or more CDR({s} of G1. In still other embodiments, the fusion polypeptide comprises COR H3 and/or
CDR L2 of antibody G1. For purposss of this invention, an G1 fusion protein contains one or more G1
anlibedies and anolher amine acid seguence to which it is not attached in the native molecule, for
example, a heterologous sequence or a homologous sequence from another region.  Exemplary
heterologous sequencas includs, but are not limied to 2 “lag” such as a FLAG lag or a SHis tag. Tags
are well known in the art.

A G1 fausion poiypeptide can be created by metheds known in the art, for example, syntheticaily or
recombinanty. Tyoically, the G1 fusion proteins of this invention are made by preparing an expfessing,e
polynusiectide encoding them using recombirant mathods described herein, although they may alsc be
prepared by other means known in the ar, including, for exampie, chemical synthesis.

This invention also provides compositions comprising antibodies or polypeptides derived from G1
conjugatad (for exampls, linked) t6 an agent that facilitate coupling fo 2 solid support {such as biotin or
avidin). For simplicily, reference will be mace gsneraily to G1 or antibodies with the understanding that
thase methads apply to any of the CGRP binding embodiments described herein. Conjugation generally
refers tc iinking these componentis as described herein.  The finking (which is generally fixing these
components in proximate association at Jeast for administration) can be achieved in any number of ways.
For exampie, a direct reaction between an agant and an antibody is possibie when each possesses a
substituent capable of reacting with the ofther. For exampie, a nucleophilic group, such as an aming or
sulfrydryl group. on one may be carable of reacting with a carbonyi-containing group. such as an
anhydride or an acid halide, or with an alkyi group containing & gooed leaving grous (e.g., a halide} on the
other.

An antibody or polypepiide of this invention may be linked o a ]abeling agent (aiternatively termed
“label”; such as a flusrescent molecule; a radicactive molecuie or any others labeis known in the art

Labels are known ir, the art which generally provids (gither directly or indirectly) a signal,
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The invention also provides compositions (including pharmaceutical compesitions) and kits
comprising antinody &1, and, as this discosure makes clear, any aor all of the antbodiss andior
polypeptides described herein!

The invention also provides isolated polynuciectides encoding the antibodies and polypeptides of
ihe invention {including an antihody comprising the polypeptide sequsnses of the light chain and heawy
chain variabie regions shown in Figure §), and vectors and host calls comprising the polynucieotide.

Agcordingly, the inventior: provides polynucieotides (or compositicns, including pharmaceutical
cempositions). comprising polynuciectides encoding any of the following: (8) antibody G1 or its variants
shown in Tatle 8; (b} a fragment or a region of antibady G1 or its variants shown in Table §; {(c) a light
chain of antibody G1 or ifs varianis shown in Table 6; (d) a heavy chain of antibody G1 or its veriants
shown in Table &; {&) one or more variahle region{sj from a light chain andior a heavy chain of antibady
G1 or Its variants shown in Takle 8; (§ cne or mere CDR(s) (one. two, three, four, five or six CDRs) of
antibody G1 or its variants shown in Table 6; {g} CDR HS from the heavy chain of antibody G1; (h) CDR
L2 from {he light chain of antibody G cr its varianis shown in Table 6; (i) three CDRs from the light chain
of antibody G1 or its variants shown in Table 6; (§) three CDRs from the heavy chain of antibedy &1 or its
variants shown in Tabie 8; (k} three CDRs from the light chain and three CORs from the heavy chain, of
antibogy 51 or its varients shown in Tavle 8; and (1) an antibady comprising any one of (b} through (k). In
some embodiments, the pelynucleotide comprises either or both of the pelynuciectide(s) shown in SEQ ID
NO: ¢ and 8EQ 1D NO: 10, '

In another aspect, the invention provides pciynuclectides encoding any of the antibodies
(including antibody fragments) and polypeptides descrived herein, such as antibodies and polypeptides
having impaired effector function. Polynuclesticdes can be made by procedures known in the art.

In another aspect, the invention provides compositions (such as a pharmaceutical compositions)
camprising any of the poiyaucteotides of the invention. In some embodiments, the composition comprises
an expression vector comprising a polvnucleotide encoding the G1 antibody as described herein. In cther
embediment, the composition coniprises an expression vector comprising 2 pelynucieotide ensoding any
of the antivadies or polypertides described herein. In stii other embodiments, the composition cemprises
either or both of the polynucieoiides shown in SEQ D NO:¢ and SEQ ID NO:10. Expression vectars, and
administration of polynucieoatids cormpositions are further described herein.

in anothar aspect, ihe invention provides a method of making any of the polynuclectides
described herein.

Pciynucleotides complemsntary {5 any such sequances are also sncompassed by the present
invention. Polynuclectides may be single-siranded (coding or antisense) or double-stranded, and may be
CNA (genomic, cONA or syntheticy or RNA molecuies. RNA molecules inglude HnRNA moieculas, which
contain infrons and correspond to a DNA molecule in @ one-to-cne manner, and mRNA molecules, which
do not contain introns.  Additional cading or non~cdding sequences may, but need not, be present within a
poiynucledtide of the present inventior, and 2 poiynuclestide may, but nsed not, be linked to other
moleculas and/or support materiats.

Polynucisotides may comprise a nafive sequence (i.e,, an endogenous sequence that encodes an

antibody or a sorticn thereof) or may comprise a variant of such a seguence. Polynucleotide variants
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contain cne or more substitutions, additions, delstions and/or insertions such that the immunoreactivity of
the encoded polypepiide is not diminished. re!a_tive te a nalive immunoreactive molecule. The effect on
the immunoreactivity of the encoded polypeptide may generally be assessed as described herein.
Veranis preferadly exhibit at isast abaut 70% identity, more preferably af I=ast about 83% identity and
most preferably at ieast about 80% identity fo a polynuclesiide sequence that encodes a native antibody
or & portion thereof.

Two polynuciectide or polypepiids sequences are said to be “identical® if the sequence of
nucieotiaes or aminc acids’in the two sequances is the same when aligned for maximum correspondence
as Jdescribed bsiow. Comparisons dsiween two sequences are typically performed by comparing the
sequences over @ comparison window io identify and compare local regions of sequence similanty. A
“comparison window” as used herein, refers fo a segment of at least about 20 contiguous pesitions,
usually 30 to about 75, 40 to about 50, in which a sequence may be compared io a reference sequence of
‘the same number of conligucus pesitions afier the two seauences are optimally figned.

Optimai alignment of sequences for comparison may be condusted using the Megalign program
in the Lasergens suife of bicinformatics software (DNASTAR, Inc., Madison, W), using default
parameters. This programn embodies several alignment schemes described in the following references:
Dayhof, M.O. {1978 A modei of evciutionary change in proteins - Matrices for detecting distant
refationships.  In Dayhoff, M.O. {ed.} Atlas of Protein Sequence and Siructure, National Biomedical
Research Foundation, Washington DC Vol. 5. Suppl 3, pp. 345-358; Hein J., 1990, Unified Approach fo
Afignment and Phyiogenes pp. §25-845 Methods in Enzymology vol, 183, Academic Press, inc., San
Diego, CA; Higgins, D.G. and Sharp, F.M., 1989, CABIOS 5:151-153; Myers, E.W. and Mulier W., 1988,

ABIOS 4:14-17: Robinson, £.D., 1871, Comb. Theor. 11:105; Santou, N., Nes, M., 1887, Mo!. Biol. Evol.
4:.408-425; Sneath, P.H.A. and Sokal, R.R., 1873, Numerical Taxonomy the Principles and Practica of
Numerical Taxonomy, Freeman Press. Sar Francisco, CA; Wilour, W.J. and Lisman, D.J., 1983, Proc.
Naf. Acad. Sci. USA 80:726-730.

referably, the "parcentage of sequence identity” is determined by comparing two optimally
aligned soguences over @ window of coemparisor of at least 20 positions, wherein the portion of the
polynucleotide or polypeptide sequence in the comparison window may comprise additions or deletions
{ie. garns) of 20 percent or less, usually 5 to 15 percent, or 10 to 12 percent, as compared to the
reference seguences {which does not comprise additions or deletions) for optimal alignment of the two
seguences, The percentage is calculated by determining the number of positions at which the identical
nucigic acid bases or amine &cid residue occurs in both sequences to yield the number of matched
ositions, dividing the number of matched positions by the totai number of positions in the reference
seguence {i.e. fhe window sizej and muiltiplying the results by 100 to yield the percentage of sequense
identity.

Varianis may alsc, cr aliernatively. be substantially homoiogous fc a native gene, or a portion or
compiement thereof. Such polynucleotide variants are capable of hybridizing under moderately siringent
conditions to a naturally occurring DNA seguence enseding a nalive antibody (or a complemeniary

sejuence).
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Suitable "moderataly stringen: conditicns” include prewashing in a soiution of 5 X S8C, 0.5%
SDS, 1.0 miM EDTA {pH 8.0}; hybridizing at 50°C-65°C, 5 X 8SC, ovemnight; foliowed by washing twise at
55°C for 20 minuies with each of 2X, 0.5X and 0.2X SSC 'containing 0.1 % SDS.

As used herein, "highly stringent congditions" or "high stringency conditions” are those thatr {1
ampioy ow jonic sirength and high femperature for washing, for example 0.015 M sodium chioride/0.0015
M scdium ciirate/G.1% sodium dodscy! sdlfate at 5C°C; (2) employ during hybridization a denaturing
agent, such as formamide, for example, 50% {viv) formamide with 0.1% bovine serum albumin/0.1%
Ficcli0. 1% polyvinyipyrrolidone/80mM sodium phosphate buffer at pH 8.5 with 750 mM sodium chioride,
75 ml; sodium citraie at 42°C; or (3} employ 50% formamide, § X 88C (0.75 M NaCi, 0.075 M sodium
c'trate), 50 mM sodium phosphete (pH 6.8), 0.1% sodium pyrophesphate, 5 x Denhardi's solution,
sonicated salmen sperm DNA (80 ug/mi), 0.1% SDS, and 0% dexiran sulfate at 42°C, with washes &t
42°C in 0.2 % SSC {scdium chicride/sodium citrate) and 50% formamide at £5°C, followed by a high-
stringancy wasn consisting of 3.1 x SSC containing EDTA at 55°C. The skilled artisan wili recognize how
to adjust the temperature, ionic sirength, efc. as necessary to accommodate factors such as probe length
and the like, ,

tt will be appreciated by those of ordinary skill in the art that, as a result of the degeneracy of the

" genetic code. there are many hucicotide sequences that encode a polypeptide as described herein.

Some of inese poiyaucieotides bear minimai homcicgy o the nucleaotide sequence of any native gene.
Nonethaiess, polynucieotides that vary due to differences in codon usage are spacifically contemplated by
e present invenion. Further, ailsles of tha genes comprising the polynuclestide sequences provided
herein are within the scope of the present invention. Alieles are endogenous genes that are altered as a
resut of one or more mutations, such as deletions, addiions and/or substititions of nuclectides. The
resuiting mRNA and protein may, but nesd not, have an altered structure or function. Alleles may be
ideniified using standard techniques (such as hybridization. amplification andior database sequence
sompariscn).

The polynucleotides of this invention can be obtained using chemical synthesis, recombinan:
methods, or PCR. Methods of chemical polynucisotide synthesis are well known in the at and need noi
be described in detell herein. One of skill in the art can use the sequences provided herein and &
commercial DNA synthesizer {0 produce e desired DNA sequence.

For preparing polynucieotides using recombinant mstheds, a polynucleotide comprising a desired
saguance can be inserted inte a suitabie vector, and the vector in tum can be introduced into 2 suitable
nost cell {or rezlication and amplification, as further discussed herein. Polynuciectides may be insertec
into host cells by any means known in the art. Cells are trar‘;sformed by introducing an excgenous
polynsiectide by direst upteke, endocytosis, transisclion, F-mating or eleciroporation. Once infroducad,
the exogencus polynuciectide can be maintained within the cell as a non-integrated vector (such as a
plasmig) or integrated into the host cell genome. The polynucleotide so amplified can be isolated frem the
host ceft by methods well known within the art. Ssg, e.g., Sambrook et al. (198€).

Aiternaiively, PCR allows reproduction of DNA seguences. PCR fechnoiogy is weil known in the
art and is described in U.8. Patent Nos. 4,583,195, 4,800,158, 4,754,085 and 4.6€3,202, as well as PCR:
The Polymerase Chain Reaction, Muliis &t al. eds., Birkauswer Prass, Boston (1994). ‘
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RNA can be obtained by using the isolated DNA in an appropriate vector and inserting it into a
stiiable hest call. When the celi replicates and the DNA is transcribed into RNA, the RNA can then be
isoiated using methods well known to those of skill in the ari, as set forth in Sambrock et al., (1989), for
exampie,

Suitebls cloning vectors may 2e consiructed according © siandard techniques, or may be
selected from a large number of cloning vectors available in the arl. While the cloning vector selected
may vary according to the host cell infended to be usad, useful cioning vectors will generally have the
abiiity to self-repiicate, may possess a single fargst for g particular restriction endonuclease, andior may
cary genes for @ marker that can be used in selecting clones conlaining the vector. Suitable examples
inciude plasmids and ‘bacteral viruses, e.g., pUC18, pUC1TS, Bluescript (e.g., pBS SK+) and its
derivatives, mp18, mp19, pBR322, nhMiBY, ColE1, pCR1, RP4, phage DNAs, and shuitle vectars such as
pSA3 and pAT28. These and many other cioning vectors are avaiiable from commercial vendors such as
BicRad, Sirategere, and Invitrogen.

Expression veciors gencraily are replicable polynucieotide construcis that contain a
polynuclestice according to the invention. It is impliac that an expression vector must be replicable in the
host cells either as episomes or as an integral part of the chromosomal DNA. Suitable expression vectors
include but are not limited fo plasmids, viral vectors, including adenoviruses, adenoc-associated viruses,
retroviruses, cosmids, and expression vecter(s) disclosed in PCT Publication No. WO 87/04462. Vector
components may generally inslude. but are not limited to, one or mere of the following: a signal sequencs;
an origin of replication; one or more marker genes, suikabie transcriptional conirolling elements (such as
promoters, enhancers and ferminator). For expression (i.e., translation), one or more transiziional
controlling eizmenis are alsc ustaily required, such as ribosome binding sites, franslaticn initiation sites,
and stop codons.

Tha vectors containing the polynucieotides of interest can be introduced into the host celi by any
of a number of appropr.ate means, including eiectroporation, transfection ernploying calcium chioride,
rubidium chioride, calcium phosphate, DEAE-dextran, or other substances; microprojectile bombardment;
lipofection; and infection (2.0., where the vector is an infectious agent such as vaccinia virus). The chcice
of introducing vectors cr poiynuiciactides wiii often depend on features of the host cell.

The inveniion aiso prevides host celis comprising any of the poiynucieotides described herein.
Any host czlis cagable of ovar-expressing haterologous DNAs can te used for the purpose of isolating th
genes encocing the antibody, polypeptide or protein of interest.  Non-limiting examples of mammalian
nost cells inciude bui not limited to COS, Hela, and CHO cells. See also PCT Publication No, WO
87/04432. Suitsbie non-mammaiian host celis include prokarycies {such as E. coli or B. subtiflis) and
yeast {such as 8. cersvisae, 8. pombe; or K. lactis). Preferably, the host cells express the cDNAs at a
feval of abeut 5 foid highar, mere praferadiy 10 foid higher. even more prefarably 20 foid higher than that
of the corresponding endoganous entibedy or protein of interest, if present, in the host celie.  Scresning
the host celis for a specific binding to AL1-40 is effected by an immunoassay or FACS. A cell

overexpressing the anticedy or profein of inleres! can be identified.
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D. Cempositions

The compositions used in the methods of the invention comprise an effective amount of an anti-
CGRP antagonist antibody cr an anti-CGRP antagonist antibody derived polypeptide described herein.
Exampias of such compesitions, as well as how o formulate, are aiso described in an earlier section and
below. In one embodimeni the composition furiner comprises a CGRP antagonist.  in another
embodimant, the composition comprises one or more anti-CGRP antagonist antibodies.  in cther

-

emoodimenis, the antii-CGRF artagenist ant'hody recognizes human CERP, In still other embodiments,
the anti-CGRP antagonist enfibedy is numanized. In still other embodiment, the anfi-CGRP antagonist
antibody comprises a constant region that does not irigger an unwanted or undesirable immune response,
such as antibody-mediated lysis or ADCC. In other embodiments, the ant-CGRP antagonist antibody
comprises one or more CDR{s} of anfitody G1 (such as one, two, three, four, five, or, in some
embodiments, all six CDRs from G1). In some embodiments, the anti-CGRP antagonist antibody is

- human.

it Is understood that the compositions can comprise mere than one ant-CGRP antagonist
antibody {e.g., & mixture of anti-CGRP antagonist antibadias that recognize different epitopes of CGRP).
Other exemplary compoesfitions comprise more thar one anti-CGRP antagonist antibodies that recognize
the same epitope(s;, or different species of anti-CGRP antagonist antibodies that bind to different
epitopes of CGRP.

The composition usad in the present invention can further comprise pharmaceutically acseptable
carriers, excipients, or stabifizers (Remington: The Science and practice of Pharmacy 20th Ed. (2000)
Lippincott Williams and Wilkins, Ed, K E. Hoovar)), in the form of lycphiiized formulations or agueous
solutions. -Acceptable carriers, excipients, or stabilizers are nontoxic fo recipients at the dosages and
cencentrations, and may comprise bufers stich as phosphate, citrate, and other organic acids;
antioxidants including ascorbic acld and methioning; preservatives {such as octadecyldimethylbenzyl
ammonium chionde; hexamethonium chioride; benzalkonium chloride, benzethonium chioride; phenol,
butyl or bsnzy! alcoho!, alkyl parabens such as methyl or propyl paraben; catacho! resorcinol;
cyclchexanol; 3-pentanol; and m-crasol}; low molecular weight (less than about 10 residues) polypeptides;
proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as
poiyvinyloyrrolidone; amino asids such &s giycine, plutamine, asparagine. histidine, arginine, or lysing;
monosaccharides, disaccharidos, and other carbohydrates including glucose, mannose, or dextrans;
chelating agents such as EDTA; sugars such as sucrese, mannitol, trahalose or sorbitol; salt-forming
counter-ions such as sodium; metal compiexeé (e.g. Zn-protein complexes); and/or non-ionic surfactants
such as TWEEN™, PLURONICS™ or polyetnyiene glycol (PEG). Pharmaceutically acceptable
exciptents are further described herein.

The anti-CGRP antagonist antibody and composfiions thereof can also be usad in conjunction

withh ather agenis that serve to enhance andior complement the effectiveness of the agents.

E Kits

The jnvention also provides kits for uss in the instant methods. Kifs of the invention inciude one
or more containers comprising an anti-CGRP antegonist antidody (such as a humanized antivody) or
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polypeptide described herein and instructions for use in accordance with any of the methods of the
invention described herein. Generally, these instructions comprise a description of administration of the
ant~CGRP antagonist antibody to treat, ameiiorate or prevent headache {such as migraine) according to
any of the methods described herein. The Kit may further comprise a description of selecting an individual
suitable for treztment based on identifving whether that individual has headache or whether the individua
e at risk of having headachs. In stili other embodiments, the instructions comprise a description of
administering an anti-CGRP antagonist antibody to an individual at risk of having headache {such as
migraine). .
In some embodiments, the antibody is a humanized aniibody. In some embcedirnents, the
antibody is human. In other smbodiments, the antibody is @ monacional antibody. In stili other
embodiments, In soms embodiment, the antibody comprises one or more CDR(s) of aniibody G1 (such
as ong, fwe, three, four, five, or, in some emdodimants, ail sx CORs from G1;.

The instructions relating fo the use of an anii-CGRP antagonist aniibody generally include
infcrmation as to dosage, desing schaduie, and roure of administraticn for the intended treaiment. The
containers may be unit doses, bulk packages (e.g., multi-dose packages; or sub-unit doses. Instructions
slppied I the kits of the invention are iypically writien instructions on a label or package insert (&.9., a
paper sheet included in the Kit), but machine-readable instructions (e.g., instructions carried on a
magnetic or optica storage disk) are alse accepiable,

The label or package inseri indicates that the composition is used for treating, ameliorating and/or
preventing headashe (such as migraine). insirustions may be provided for practicing any of the methods
described herein.

The kits of this invention are in suitable packaging. Suitable packaging includes, but is not limited
{0, vials, botles, jars, fiexible packaging {e.g.. sealed Mylar or plastic bags), and the lke.. Also
coniempiated are packages for use in combination with a specific device, such as an inhaler, nasal
scéminisiration device {e.g., an atomizer) or an infusion device such as & minipump. A kit may have a
sterile access port (for example the container may be an infravenous solution bag or a vial having a
stopper pierceable by a hypcdermic injection needie). The container may aisc have a sterile access port
(for exampie the container may be an intravenous solution bag or a vial having a stopper pierceable by a
hypodermic inisstion needie}. At least ang aclive agent in the composition is an anti-CGRP antagonist
anfbedy. The container may further comprise a second pharmaceutically active agant.

Kits may opticnaly provice addiionai components such as buifers and interpretive informastion,
Normally, the kit comprises a container and a label or package insert{s) on or associated with the
cortainer,

The following Exampies are provided to iliustraie but not limit the invention.

Examples
Example 1. Generation and characterizaticn of monacional antibodies directed against CGRP
Genarztion of anti-CGRP antibodies. To generate anti-CGRP antibodies that have cress-spacies
reactivity for rat and human CGRP, mice were immunized with 25-100 ug of human o-CGRP or B-CGRP
coniugated fo KLH in adjuvant (53 wl pac foolpad, <0C ul total per mouse) at various intsrvas,
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Immmunization was generally performed as described in Geerligs HJ et al,, 1989, J. Immunol. Methods
124:95-102;, Kenney JS et al,, 19238, I immunc!. Mathods 121:157-166; and Wicher K et al., 1988, Int.
Arch. Allergy Appl. immunol. 89:128-135. Wice were first immunized with 50 pg of human a-CGRP or B-
CGRP conjugaied to KLH In CFA (complete Freund's adjuvant). After 21 days, mice were secondly
immunized with 26 g of buman B-CGRP {for mice first immunized with human o-CGRP) or a-CGRP {for
mice first immunized with human B-CGRP) conjugated to KLH in IFA {incomplete Freund's adjuvant).
Twenty three days iater afiar the sscond immunization, third immunization was performed with 25 ug of
rat o-CGRP conjugated o KLH in IFA. Ten days later, antibody titers were tested using ELISA. Forth

immunizaiion was performed with 25 ng of He peplide (rat o-CEGRP-KLH) in IFA 34 days after the third

“immunization, Final booster was performed with 100 pg soluble peptide (rat a-CGRP) 32 days after the

forth immunizaiion.

Splenocytes were oblained from the immunized mouse and fused with NSO myeloma cells at a
ratio of 1011, with poivetnylene glyco! 150C. The hybrids were plated out into S8-well plates in DMEM
containing 20% horse serurn ard z-cxaloacetate!pyruvateﬁnéu!in (Sigma), ard
aypoxanthine/aminopierin/thymidine seiection was begun. On day 8, 100 ui of DMEM containing 20%
horse serum was addad to all the wells. Supermatants of the hybrids were screened by using aniibody
capiure immunoassay. Datermination of antibody class was done with class-specific second antibodies.

A pzanei of monocional antibody-predusing cell lines was se]e-cted based on their binding ¢
human and rat CGRP for further characterization. These antibodies and characteristics are shown below
inTables 2and 3. '

Purification and Fab fragment preparation. Monoclonal antibodies selected for further
characterization were purified from supemnatants of hybridoma cultures using prolein A affinity
chromatography. The supernatants were equilibrated to pH 8. The supernatants were then loaded o the
protein A column MabSelect {Amersham Bicsciences # 17-519¢-02) equilibrated with PBS to pH 8. The
column was washed with § column volumess of PBS, pH 8. The antibedies were eluted with £0 mid
citrate-phosphate buffer, pH 3. The eluted antibodies wers neutralized with 1M Phosphate Buffer, p 8. -
The purified anticodies were dialyzed with PBS, pH 7.4, The antibody concentrations were determined by
SDS-PAGE, using a murine monaclenal antibody standard curve.

Fabs wers preparsd by papain proteolysis of the full antibodies using immunopure Fab kit (Plerce
# 44885) and purified by fiow through protein A chromaiography following manufacturer instructions.
Concentrations were determined by ELiSA and/or 8DS-PAGE elestrophoresis using a standard Fab of
known concentration (determined by amino zcid analysis), and by A2B0 using 10D=0.8 mgimi {or
thecrstical equivaient based on the amine acid sequancs).

'Afﬁnéty defermination of the Fabs. Afinities of the anti-CGRP monocional antbodies wer
datermined at sither 26°C or 37°C using the Biacora3000™ surface plasmon resonance (SPR) system
{Biacore, INC, Piscataway NJ) with the manufgcture's own rurning buffer, HBS-EP {10 mM HEPES pH
7.4, 150 mit NaCl, 3 mM EDTA, 0.005% v/v polysorbate P20}, Affinity was dstermined by capturing N-
terminally bictinyiated CGRP peptides {cusiom ordered from GenScript Corporation, New Jerssy cr
Giobai Peptide Services, Coiorado) via pre-immobiiized streptavidin on SA chip and meaasuring binding
kinetics of aniibody Fab tirrated across the CGRP surface. Biotinylated CGRP was diluted intc HRS-EP
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and iniscted over the chip at a cercentration of iess than 0.001 mg/mi. Using variable fiow time across the
individual chip channels, two ranges of antigen density were achieved: <50 responise units (RU) for
detailed kinetic studies and aboui 800 RU for conceniration stucies and screening. Two- or three-fold
seria Giutions typicaly &t concentrations spanning 1 uM - 8.1 nM (aimed at 0.1-70x esiimalsd K;) of
purified Fab fragments were injected for 1 minuie at 100 pl/min and dissoclation fimes of 10 minutes were
allowed. Afer each binding cvele, surfaces were regenerated with 25 mivi NaOH in 25% viv ethanol,
which was iolerated over hundreds of cycles, Kinetic association rate (ke.) and dissocistion rawe (Ka)
were obtained simultaneousty hy fitting the data to a 1.1 Langmuir binding model {Karisson, R. Roos, H.
Fagersiam, L. Pelersson, B. (1684). Methods Enzymoiogy 8. 89-110) using the BiAevaiualion program.
Gichal eguitbrium dissccigtion constants (K5) or "affinities” were calculzted from the ratio Kr = Kylks..
Afiinitias of the murina Fab fragments are shown in Tables 2 and 3.

Epitcre mapping of the murine anti-CGRP antivodies. To determine the epitope that ani-CERP
antibodies bind on human a-CGRP, binding affinities of the Fab fragments to various CGRP fragments
were measured as described above by capturing N-terminally biotinylated CGRP fragments aminoc acids
18-37 and aminc acids 25-37 on a SA sensor chip. Figure 1 shows their binding affinitiss measured at

- 25°C. As shown in Figure 14, ail antibodies, except antibody 4901, bind to human o-CGRP fragments 16-

37 and 253-37 with afinity simiiar 1o their binding affinity to full length human o-CGRP {1-37}. Anibody
43801 binds to human a-CGRP fragment 25-37 with six fold lower affinity than binding te full length human
o-CGRP fragment, due mainly io a loss in offrate. The data indicaie thai these ant-CGRP antibodies
gengrally bind to the C-terminal end of CGRP.

Alanine scanning was performed to further charzcierize amino acids in human o-CGRP involved
in binding cof anti-CGRP antibodies. Different variants of human a-CGRP with single alanine subsiiutions
ware gansrated by peptide synthesis. Their amino acid sequences ara shown in Table 4 aldng with ali the
other pepiides used in the Rlacore analysis. Affiniiles of Fab fragments of the anti-CGRP aniibodies fo
these variants were determined using Blacore as described above. As shown in Figure 1, &l 12
anitbedies target a Cerminai epitope, with amino acid F37 being the most crucial residue. Mutation ¢
F37 io alanine significant’y lewered the affinity or even compietely knocked out binding of the anti-CGRP
anibodies o tne peplide. The next most important amino acid residue is G33, however, only the high
affinity antbodies (7E8, 888, 10A8, and 7D11) were affected by alanine replacement at this position.
Amino acid rasidue S34 3'so plays a significani. but lesser, roiz in the binding of these four high affinity

antibodies.




Tebie 2. Charactzristics of the anti-CGRP moncciona! antibodies' binding to human o-CGRP and their

aniegonist activity

{ Antibedies | Kefehuman a-  Kgtohumang-  Celi-based blocking | ICe ("M binding
P CBRP at25°C [ CGR i human o-CGRP sites) at 25°C i
(nM) | (nWT) | binding o its (room temp.) !
' ; i receptor 2t 25°C | measured in
i ; " (maazsured by CAMP ! radicligand binding |
| ! ' activation) assay. ‘
7ES 1 1.0 0.8 | Yes 2.5 ,
8B5 Vi 142 ' Yes 4.0 |
. 1GAB | 2.1 730 L Yes n.d. 1
7011 44 | 5.4 i Yes n.d. )
5H2 2.3 T4z | Yes 12.9 |
4801 - B% . 138 i Yes . 58 :
14E1C¢ : 83 ~ 178 :» Yes n.d.
988 85 i 185 i No n.d.
13C2 [z 379 No nd.
| 14AL 148 581 ' No n.d.
605 210 47 No [ nd. ]
iCs [ 206 652 I No i n.d. :

Note: Antibody 4801 is commercially avallable {Sigmsa, Product No. C7113).

r.d. = not determined

Table 3.

Characteristics of the anti-CGRP monocional antibedies' binding to rat 0-CGRP and aniagonist

astivity
: Antibodias | Ko fo rat o-CGRP at | Celi-based biocking of | In wvive blocking _
1 37°C (W) binding of rat g-CGRP | saphenous nerve assay |
] ;‘io its receptor at 25°C
i {maasured by cAMP ‘
activation) !
4801 i 3.4 Yes Yes 5
" 7ES Y47 . Yes i Yes
| 6H2 1 54 No i No
886 {78 Yes Yes
7D11 F 218 Yes ’ Yes
! 10A8 451 ' Nc nd. K
oR8 ‘876 i No | n.d. i
14E10 ..ige2 No | nd, i
“3C2 ;> 1000 1 No fn.d. E
[ 14A3 . > 1000 " NZ i n.g.
805 © > 10C0 i No i n.d !
1C5 > 1000 I No | nd, j

“r.d." Indicates no test was periormed for the antibedy.

Tabie 4. Aming zcid sequences of human a-CGRP fragments (SEQ 1D NOS:15-40) and related peplides
(SEQ 1D NOS:41-47:.  All peptides are C-lerminally amidated except SEQ 1D NOS:35-40. Residues in

hold indicate point mutations.

| CGRP ! Aminc acid sequence i irSEd IDNO |
C 13T {WT) ; ACDTATCVTHRLAGLLSRSGGVVKNNFVPTNVGSKAF .15 ;
8-37 l VTHRLAGLILSRSGGVVKNNFVPTNVGSKAF 18 ]
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i CGRP ; Aming acid sequence i SEQIDND
[}
18-37 SGEVWKNNFVPTNVGSKAF 17
"P29A {16-37) " SGGVVKNNFVATNVGSKAF g
K33A (16-87) SGGVVKNNFVPTNVGSAAF 1S
T KBBE (15-37) | SGOVVKNNF VP TNVGSEAF 28 ""'"“
| KEHM (18-37)  SGCYVKNNFVPTNVGSMAF _ 21
| K35Q (19-37) SGGVVKNNFVPTNVGSQAF 2
i FSTA (19-37) SGEVVKNNFVPTNVGSKAA 3
| 25-38A . NNFVPTNVGSKAFA 24
25-37 [ NNFVPTNVGSKAF 25
F27A (26-37) I NNAVPTNVGSKAF [ 26
V284, {25-37) " NNFAPTNVGSKAF a7
| P29A (25-37) . NNFVATNVGSKAF ' 28
T30A (25-37) NNFVPANVGSKAF 28
N31A (25-37) NNFVPTAVGSKAF 30
VB2A (25-57) - NNFVPTNAGSKAF Y
i G33A (25-37) | NNFVPTNVASKAF 32
| B34A (25-37) | NNFVPTNVGAKAF - 133
! =37A (25-37) NNFVPTNVGSKAA 134
' 25-37 . NFVPTNVGSKAF : 35
{ 19-37-Co0oH SGGVWKNNFVPTNVGSKAF i 38
. 19-35-CO0H SGGVVKNNFVPTNVGSKA 137
"{-36-CO0H . ACOTATCVTHRLAGLLSRSGGVVKNNFVATNVGSKA 38
1-15-COCH i ACDTATCVTHRLAGLLSRS . 39
1-13-COOH ! ACDTATCVTHRLA 140
[ rat a{1-37) " SCNTATCVTHRLAGLLSRSGGVVKDNFVPTNVGSEAF T 41
‘rat a (19-57) " SGGVVKDNFVPTNVCSEAF 42 i
| human B (1-87) | ACNTATCVTHRLAGLLSRSGGMVKSNFVPTNVGSKAF 43 |
[rat® (1-37) ¢ SCNTATCVIHRLAGLLSRSGGVVKDNFVETNVGSKAF 44 .
. Human caicitonin® .| CGNLSTCMLGTYTQDFNKFHTFPQTAIGVGAP 45 l
[ (1-32) | i
Fruman amylin (1~ | KCNTATCATQRLANFLVHSSNNFGAILSSTNVGSNTY 48 g
£ 37) i
. Human . YRQSMNNFQGLRSFGCRFGTCTVAKLAHQIYQF TDK P47 "j
! adrenomeduliin (1- ; DKDNVAPRSKISPQGY ] i
1 52) : J

Example 2: Screening of anti-CGRP antagenist antibodies using in vitro assays.
Nurine anti-CGRP antbodies were further scresned for antagonist activity in Viro using cell

based cAMP activation assay end binding assay.

Antagonist activiy measured by cAMP assay. Five microliters of human or rat o-CGRP (final
concentraticn 5C nMj in the oresence or absence of an anii-CGRP antibody {final concentration 1-8303
nM), or rat a-CGRP or human a-CGRP (final concentration 6.1 nM-10 pM; as a positive controi for c-AMiP
zctivation} was dispensed info & 384-wel! plate (Nunc, Cat No. 254857). Ten microliters of celle {human
SK-N-M.C if human o-CGRP is used, or rat L8 from ATCC if rat o-CGRP is used) in stimulation buffer (20
mM HEPES, pH 7.4, 148 mi NaCl, 5 mi KCI, 1+ mM CaCly, 1 mM MgCly, and 500 uMi 3-Isobutyi-i-
methyixanthine {IBMX}) wers sddad into the wells of the piate. The plate was incubated at room
temperaturs for 30 min. ‘

A%er the incubation, cAMP actvation was performed using HitHunter'™ Enzyme Fragmsnt
Complementeation Assay (Applied Biosystems) foliowing manufacture’s instruction. The assay is based on




n

16

5

20

25

o
<«

Oy
ey

40

“B4.

a genetically enginsered B-galactesidase enzyme that consists of two frégments -termed Enzyme
Acceptor {EAY and Enzyme Donor (ED). Wher the two fragments ars separated, the enzyms is inactive,
When the fragrments are togethar they oan recoimbine spontaneously to form active enzyme by a process
caled complementation. The EFC assay platform ufilizes ah ED-cAMP peptide conjugate in which cAMP
is recognized by anti-cAMP. This ED fragment is capabie of reasscoiation with EA 6 form acuve enzyme.
n the assay, ant-cAMP antibody is optimally fitrated to bind ED-cAMP conjugate and inhibit enzyme
formation. Levels of cAMP in cel tysate samples compsate with ED-cAMP conjugate for binding to the anti-
cAMP antibody. The amount of free ED conjugate in the assay is proportional to the concaniration cf
CAMP. Thereiors, cAMP is measured by the formation of active enzyme that Is quaniifisd by the furmnover
of fi-galactosidase iuminescent substrate. The cAMP activation assay was performed by adding 10 w of
lysis buffer and anti-cAMIP antibody (1:1 ratio) following by incubation at room temperature for 60 min.
Then 1C ul of ED-cAMP reageni was acced inte sach well and incubated for 50 mirules at room
tempsrature.  After the incubation, 26 ul of EA reagent and CL mixture (containing the subsirate) {1:1
ratic) was added into each weli and incubated for -3 hours or overnight at room temperaiure. The plate
was read &t 1 second/wel! on PMT Instrument or 3C seconds/place on imager. The antitodies that inhibit
activation of cAMP by o-CGRP were ideniified (refetred fo as "yves") in Tables 2 and 3 above. Data in
Taties Z and 3 indicate that antibodies that demonstrated antagonist activity in the zssay general'y have
high affinity. Far exampie, anfibodies having Ky {determined at 25°C) of about 80 nM cr Jess to human o-
CGRP or having Kp {determined at 37°C) of about 47 nM or iess to rat a-CGRP showed antagon'st
activity in this assay. .

Redioligand binding assay. Binding gssay was performed to measure the 1Cg of ant-CGRP
antibody i blocking the CGRP from binding 1o {he receptor es described previously. Zimmermann et 8!,

Peptides 16:421-4, 1985; Mallee et al., J. Biol. Chem. 277:14284-8, 2002. Membranes {25 pg) from SK-
N-KAC celis were incubatad for 3G min at room temperaiure in incubation buffer (50 mM Tris-HCL, gH 7.4,
5 mii MgCLe, C.1% BSA) containing 10 pM ““i-human ¢-GGRP in a total volume of 1 mL. Ts determing
inhibition concentrations (ICy), antibodies or uniabaled CGRP (as a control), from & about 100 fold higher
steck solution were dissolvad at varying concenirations in the incubation buffer and incubated at the same
time with membranes ard 10 pM '*-human o-CGRP. Incubation was terminated by fiitration through a
glass microfiber fiter (Gi/B, 1umy} which had tean blocked with 0.6% polyethylemimine. Dosa responss
curves were plotted anc K values ware determined by using the souation: K= ICs/(1+{fligandliis); where
the equitibrium dissociation constant Kg = 8 ph for human o-CGRP to CGRP1 reseptor as present in SK-
N-MC calls, and Bma = ¢.026 pmoi/mg profein. The reported ICy; value (in terms of IgG moe'scules) was
convertad to binding sites {by multiplying it by 2) so that it could be compared with the affinities (Kg)
determined by Siacore {see Table 2).

Tabie 2 shows the |Cs; of murine antibodies 7Eg. 886, 8HZ and 4901. Data indicate that antibody
affinity generally correlates with ICg: antibodies with higher affinity (flower Kg values) have lower ICs; in

the ragicligand binding assay.




[84]

10

)
[34]

30

(&)
Ot

- 55 -

Sxampie 3; Eifect of anti-CGRP antagcnist antinedies on skin vesodilatation induced by stimuistion of rat

saphehous nerve

To test antagonist activity of anti-CGRP antibodies, effect of the antibodies on skin vasodiiatation
by stimulation of rat saphenous nerve was fested using & rat mode] described praviousiy. Escott ef ai., Br.
. Pharmacol. 110:772-778, 1993. In this rat model, slectrical stimulation of saghenous nerve induces

€.

relzase of CGRP from narve erdings, resulting in an increase in skin blood flow. Blood fiow in the oot
skin of maie Sprague Dwalsy rats (170-300 g, from Charies River Hollister) was measured affer
saphenous nerve siimulgtion. Rats were maintained under anssthesia with 2% isoflurane. Bretylum
tosylate {30 mgfkg, administered iv) was given at the beginning of the expariment to minimize
vascconstriction due to the concomitant stimulation of sympathetic fibers of the saphenous nerve. Baody
temperature was mainiaingd at 37°C by the use of a rectal probe thermostatically connected to &
temperature conirolied heating pad. Compounds including antibodies. positive conirol (CGRP 8-37), and
vehicia (PBS, C.01% Tween 20) ware given intravenously threugh the rignt femoral vein, except for the
experiment shown in Figure 3, the test compound and the cantrol were injected through t2ii vein, and for
expariments shown in Figures 2A and 2B, antibodies 4801 and 7D11 were injected intraperitoneally (IP).
Positive contrel compound CGRP 8-37 {vasodilatation antagonist), due to its short half-life, was given 3-5
min before nerve stimulaticn at 400 nmol/kg {200 ). Tan et al, Clin. Sci. 89:655-73, 1895, The
aniibocies were given in different coses (1 mg/kg, 2.5 maikg, 5 mg/kg, 16 mgikg, and 25 ma/kg).

For experimanis shown in Figures 2A and 2B, antibody 4801 (25 mgfkg). antitody 7D%1 (28
mg/kg), cr vehicle control {PBS with C.01% Tween 20) was administered intraperitoneally (iP} 72 heurs
before the electrical puise stimulation. For experimant shown in Figure 3, antibody 4901 (1 mgikg, 2.5
mafkg, 5 maikg, or 25 mglkg) or venicle control (PBS with 0.01% Tween 20) was administered
intravenously 24 hours befers the electrical puise stimulation. After administration of the antibodiss or
vehicle sontro!. the saphencus nerve of the right hindimb was exposed surgically, cut sreximaliy and
covered with prastic wrap o preven: drving. A lassr Doppler probe was piaced over the medio-dorsai side
of the hindpaw skin, which s the regicn innervated by the saphenous nerve. Skin blocd ficw, measured
as blood call flux, was monitored with a laser Dopplsr fliow meter. When a stable base-line fiux {less than
5% variation) was established for at least 5 min, the nerve was placed over platinum bipolar elsctrodss
and electrically stimulated with 60 pulses {2 Hz, 10 V, 1 ms, for 30 sec) and then again 20 minules iater
Cumulative change in skin blood flow was estimated by the arez under the flux-lime curve (AUC, which is
ecuat to changs i fux multiplied by change in time} for each flux response to slectrical puisa stimuiation.
The average of the biood fiow resporse to the twe stimuiations was taken. Animals were kept uncer
anesthesia for a period of one to three hours.

As shown in Figure 2A and Figure 2B, blood fiow increass stimulated by applving eiectronic
puises cn saphenous nerve was inhibitad by the presence cf CEBRP 8-37 (400 nmol/kg, administered iv.),
ariibody 43C1 (25 mg/kg. administerec ip), or antibody 7D11 (25 mg/kg, administered ip} as comparad to
the confroi. CGRP 8-37 was administered 3-8 min before the saphenous nerve siimuistion; and
antibodies were adminisiered 72 hours before the saphenous nerve stimulation. As shown in Figure 3,
blcod flow increase stimulated by applying electronic pulses on saphenous nerve was inhibited by tha
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presence of antibady 4901 at different doses (1 mgalkg. 2.5 mg/kg. & rg/kg, anc 25 mg/xg) administered
intravenously at 24 h before the saphenous nerve stimulation.

For experiments shown in Figures 4A and 4B, saphenous nerve was exposed surgically bafor
antibody administration. The saphenous nerve of the right hirdlimb was exposed surgicaty, cut
proximally and covered with piastic wrap to pravent drying, A leser Dopbier probe was placed over the
madio-dorsal side of the hindpaw skin. which is the region innervated by the saphenous nerve. Skin
biocd flow, measured as blood cali flux, was monitored with a iaser Doppler flow meter. Thirty fo forly five
minutes after bretylium fosylale injection, when 2 stable baseine fiux (less than 5% variation) was
established for af jeast § min. the nerve was placed over platium bipoiar electrodes and electrically
stimulated (2Hz, 10V, 1 ms, for 3C sec) and again 20 minutes later, The average of the biood fiow flux
response to these fwo stimulations wes used o estabiish ihe baseline response {time 0} {o eiecirical
stimulaticn. Antibody 4901 {1 mgikg or 10 ma/kg), antibady 7E9 (10 mag/kg), antibody 885 (10 ma'kg), of
vehicle (PBS with 0.01% Tween 20) were then administerad intravenously (i.v.). The nerve was
subsequent'y stimulated (2Hz, 10V, 1 ms, for 30 sec) at 30 min, 50 min, 80 min, and 120 min affer
aniibody or vehicle agministratior. Animals were kept under anesthesia for a period of epproximately
three hours. Cumulative change in skin blood flow was estimated by the area under the flux-time curve
(AUC, which is equai to changs ir flux mutt:’p:’:ed- by change in time) for each flux response to eiecirical
puise stimuiations. .

Ag shown in Figure 4A, blood flow increass stimulated by applying electronic puises on
saphenous nerve was significantly inhinitad by ine presence of antibady 4807 1 mg/kg administered iv..
when electronic pulse stimulation was appiled at 80 min, 80 mir, and 120 min after the antibody
adwinistration, and biood fiow increase stimulated by applying electronic pulses on saphenous nerve was
significantiy inhibited by the presence of antivcdy 4801 10 mga/kg administered {.v., when eiectronic pulse
stimulation was applied at 30 min, 80 min, 93 min, and 120 min after the antibody administration. Figure
4B shows that blood fiow incrzase stimulated by applying alectronic pulses on saphonous nsrve was
significansy inhibited by the presence cf antibody 7ES (1C mg/kg, administered i.v.) when eiectronic puise
stimulation was appiisd at 30 min, 60 min, 80 min, and 120 min after aniibody administration, and by the
presence of antibody 888 (10 mg/<g, administered iv.) when electronic puise stimulation was appiisd at
30 min after antibody administration.

These data indicate that anfibodies 4801, 7ES, 7011, and 8BS are effective in blocking CGRP

sctivity as measured Dy skin vasodilataiion induced by stimuiaiion of rat saphenous nerve.

Exzmple 4. Characterization of ani-CORP andibody G1 and is varianis

Amine asid seatiences for the heavy chain variable region and light chain variable region of anii-
CGRP antibody G1 are shown in Figure 5. The following methods were used for expression and
characterization of antibody G4 and iis variants,

Expression vector used. Expression of ihe Fab fragment of the antibodies was under control of
an IPTG inducible lacZ promoter similar to that described in Barbas (2001) Phage dispiay: a iaboratory
manua;, Cold Spring Harbor, NY. Cold Spring Harbor Laboratory Press pg 2.10. Vector pComb3X;,
however, modifications included addition and expression of the foliowing additional domains: the human
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Kappa light chain constant domain and the CH1 constant domain of 1gG2 human immunogiohulin, Ig
gamma-2 chain C region, pretein acsession number P01839; Immunoglobulin kappz fight chain
{homosapiens}, protein accession number CAAGR1B1. ‘

Small scale Fab preparation. From E. Coli fransformed (either using electroporation-competent
TG1 celis or chemicaily-competent Top 10 celis} with & Fab library, single colonies were used to inocuiate
both a master plate {agar LB + carbenisillin {50 ugfnl) + 2% glucose) and a working plate (2 mbiwel!, o6-
well/plate) where each wel. coniained +.8mlL LB + carbenicillin (50 ugiml) + 2% glucose. A gas
carmeabie adhasive seal (ABgene, Surrey. UK} was appiied to the piate, Both plales were incubaied at
30°C for 12-18h: the working piate was shaken vigorously. The master plate was stored ab 4°C unth
needed, while the cells from the working piate were pellsted (400C rpm, 4°C, 26 mins} and resuspended
in 4.0 ml. LB + carpenicilin (50 ug/ml} + 0.8 mM PTG te induce expression of Fabs by vigorous shaking
for 5h at 30°C. induced celis were centrifuges at 4000 rpm, 4°C for 20 mins and resuspended in C.6 mL
Biacore HB-SEP buffer (10 miM Hepes pH 7.4, 150 mM NaCl, 3 miM EDTA, 0.005% viv P20). Lysis of HB-
SEP resuspended cells was accomplished by freezing (-80°C) and then thawing at 37°C. Cell lysates
were centrifuged at 4000 rpm, 4°C for 1 hour to separate the debris from the Fab-containing supernatants,
which wera subsegquently filtered (0.2 um) using a Millipore MultiScreen Assay System 25-Well Filtration
Plate and vacuum manifold. Biacare wes used to analyze filtered supernatants by injecting them across
CGRPs cn the sensor chip. Afiinity-saiscted ciones expressing Fabs were rescued from the master piate,
vhich provided tempigte DNA for PCR, segquencing, and plasmid preparation.

Large scale Fab preparation. To obtain kinefic parameters, Fabs were expressed on z larger
scale as foliows. Erlenmeayer flasks containing 150 mlL LB + carbenicillin (50 ug/ml) + 2% giucose were
inoculated with 1 mL of & *starter” overnight culture from an affinity-selected Fab-expressing E. Coli clone.
The remainder of the starter cuiture (~3 mL) was used tc prepare piasmid DNA (QiAprep mini-prep,
Qisgen Kit} for sequencing and further mranipulation. The large culture was incubated at 3C°C with
vigorous shaiking unii an ODesony oF 1.0 was zitained (typicaliy 12-16 h). The ceils were pelieisd ty
centrifuging &t £000 rpm, 4°C for 2Cmins, and resuspended in 15C mL LB + carbenicillin (50 ug/ml} + 0.5
miM PTG, Affer 5 h expression at 30°C, celis were pelleted by cenirifuging &t 4600 rpm, 4°C for 20mins,
resuspended in 10 mL Biacore HBS-EP buifer, and lysed using a single freeze (-80°C)/thaw (37°Ci cycle.
Cell iysaies were pelleted by cenirfuging at 4000rpm, £°C for 1hour, and the supematant was ccllested
and filtered (C.2um). Filtered supernatants were loaded onto Ni-NTA superfiow sepharose {Qiagen,
Valancia. CA) columns equilibrated with PBS, pH 8, then washed with 5 column volumes of PBS, pH 8.
Individual Fabs eluted i different fractions with PBS (piH 8) + 300 mh Imidazole. Fractions containing
Fabs were pooled and dialyzed in PBS, then quantifisd by ELISA prior to affinity characterization.

Full anfibody preparation. For expression of ful antibodies, heavy and light chain variab'e regions
viere clened in mammalian expression vectars and ransfectad using lipofectamine inte HEK 283 celis for
transient expression. Antibodies were purified using protein A using standard meathods.

Vector pDb.CGRP.nFeGl is an expression vecior comprising the heavy chain of the G1 antidody,
and i3 suitabie for fransient or siabie expression of the heavy chain, Vecior pDb.CERP.hFCGI has
nucieotide sequences corresponding fo the foliowing regions: the murine cytomegalovirus promoter region
{nuclectides 7-812); a synthetic intron (nucieotides 613-1679); the DHFR coding region (nucleotides 688~
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253); humen growth hormone signal peptide (nucieotides 1899-1875); heavy chain variable region of G1
(nucleotides 1677-2621); human heavy chein lg&2 constant region containing the following mutations:
A33CP331 to 82308331 faminc acid numbering with reference to the wildiype 1gG2 sequence; sees Eur. .
immunol. {1868} 22:2813-28241. Vecior pDb.CGRP.hFeG! was deposited at the ATCC o July 15, 2008,
and was assigned ATCC Accession No. PTA-8857.

Vector pEb.CGRP.0KGI is an expression vector comprising the light chain of the G1 antinoay,
and is suitable for transient expression of the light chain. Vector pEb.CGRP.hKG! has nucleotide
ssquences corresponding tc the following regions: the mutine cytomegaiovirus promoter region
{nucleotides 2-613); human EF-1 Intron {nuciectides 614-1148); human growth hormone signal peptide
{nucisolides 1160-1237); antibody G1 tight chain variable region (nuclectides 1238-1558); human kappa
chain constant regicn (nucieotides 1559-1882). Vector pEb.CGRP.hKGI was deposited at the ATCC on
July 15, 2003, and was assignad ATCC Accession No. PTA-8866. »

Blacore assay for affinity determination. Affinities of G1 monoclonal antibody and its variants
were determined at either 25°C or 37°C using the Biacore3000™ surface plasmon resonance (SPR)
systern {Biacore, INC, Piscataway NJ). Affinity was determined by capiuring N-erminally bictinylated
CGRP or fragments via pre-immobilized streptavidin (SA sensor chip) and measuring the binding kinetics
of antibody G1 Fab fragments or variants titrated across the CGRP or fragment on the chip. All Biacors
assays were conducted in HBS-EP running buffer (10 mM HEPES pH 7.4, 150 mM NaCi, 3 mi EDTA,
0.005% viv poiyscrbate P20}, CGRP surfaces were prepared by diluting the N-bictinylated CGRP 1o &
concentration of iess than C.001 mg/mlk into HBS-EP buffer and injecting it across the SA sansor chip
using variable contact fimes. Low capacity surfaces, corresponding to capture levels <50 regponse units
(RU) were used for high-resolution kinetic studies, whareas high cepacily surfaces {about 800 RU of
:aptu'rec:' CGRP} were used for concentration studies, screening, and solution affinity determinations.
Kinstic caia were obtained by diluting antibody G1 Fab serially in two- or three-fold increments to
concentrations spanning 1ul-0.1nM (aimad at 0.1-10x estimated Ky). Samples were fypicaily injscted for
1minute at 100 pl/min and dissociation times of at least 10 minutes ware allowed. After each binding
cycle, surfaces were regenerated with 25mM NaOH in 25% viv ethano!, which was ‘tolerated over
hundreds of cycies. An entire litration series (iypicaily generated in duplicate) was fit globally to a 1:1
Langmuir binding model using the BlAevaiuation program. This returned a unigue pair of association and
dissociation kinetic rate consiants {respectively, Ko @nd kqej for cach binding interaction, whose ratic gave
the eguilibrium dissociation constant Kz = kake). Affinities Ky values) determined in this way are listed
in Tabies 8 and 7.

High-resolution analysis of binding interactions with extremely siow offrates. For interactions with
extremely slov offrales (in particuiar, antibody 3% Fab binding to human 7-CGRP con the chip gt 25°C),
affinitizs werg odlained in a tws-part experiment. The proiocol described above was used with the
following madifisations. The associationr: rate constant (k) was determinec by injecting a 2-foid titration
series (in dupficate) spanning 550 nMi-1 nM for 30 sec at 100 ul/min and ajiowing cnly @ 30 sec
dissosiation phase. The dissociation rate constant (k.«) was determined by injecting three concantrations
{high, medium. and iow; cf the same litration seres in duplicate for 30sec and aliowing a Z-hour
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gisscciation phass. Tha affinity {Kq) of each interaciion was obtainad by combining the ke, and Kes values
P g

obtained in both types of expariments, as shown in Table 5.

Determining solution affinity by Slacore. The solution afiinity of antibody G1 for rats-CGRP and
F37A4 (16-37% human <-CGRP was maasired by Blacore at 37°C. A high capacity CGRP chip surface
was usad ($he hign-afinity numan -CGRP was chosen for detection purposes and HBS-EF running
buffer was fiowed at 5 ul/min. Antibody G1 Fab fragment at & constant concentration of 5 nM {aimed to
be at or below ths expected K. of the solution-based interaction) was pre-incubated with competing
peptide, sither ratS-CGRP or F37A (18-37) human T-CGRP, at final concentrations spanning 1 nii to 1
uM in 3-fold sedal dilutions. Anfibody G1 Fab solutions in the absence or presence of solution-bzsed
competing peptide, were injected across CGRP on the chip and the depletion of binding responses
detecied at the chip surface as a result of solution competition was monitored. These binding responses

L

were converied o “free Fab concentrations” using a calibration curve, which was constructed by titrating
antbody G1 Fab alone (5, 2.5, 1.25, 6.625, 0.325 and 0 nMj across the CGRP on the chip. “Free Fab
concanirations” were piotied agalnst ihe concentration of competing solution-based pepfide used to
generate each data po‘mt ang fit to a solution affinity modet using the BlAevaluation software. The soivtion
affinitizs determinad {indirectiy) in this way are shown in Tabies 5 and 7 and were used to vaiidale the
affinities obtainsd when Fabs are injected directly across N-biatinylated CGRPs on a SA chip. The close
agresment betwsen the effiniies defermined by these two methods confirms that tethering an N-
bictinylated version of the CGRP 15 the chip does not alter its native solution binding activity.

Tabie & below shows the binding afiinities of antibody G1 fo human a-CGRP, human 8-CGRP, rat
o-CGRP, and rat B-CGRP determined by Biacore, by fiowing Fab fragments acress N-bictinylated CGRPs
on a SA chip. To better resolve the affinities of binding interactions with extremely slow offrates, affinifies

. were aiso determinad in a two-part experiment to complement this assay orientation, the solution affinity

of the rat c-CGRP interacticn weas giso determinad (as described above). The ciose agreement of the
affinities measurad in both assay orsntalions confirms that the binding affinity of the native rat o-CGRP in
solution is not aitered when it is N-biotinyiaiad and fsthered to & SA chip.

Table §. Binding affinities of antibody G1 Fabs tifraled across CGRPs on the chip

i CGRP on chio. i Temg. {°0) Ko {1/0iS) i Kt (1/5} : Ko (nM)

: Human o-CGRP i 28 1.86 x 107 £ 7.80x10° | 6.042 (7%, n=4)"

" Human o-CGRP a7 5.78 x 107 3 63x 107 0.083 (4%, n=2"" |
Human B-CGRP 37 4.51x10° i 6.98x 107 0.155
Ratl 0-CGRP 25 5.08 x 10° 5.48x10° 1.22 (12%, n=2)*
Rat a-CGRP 37 1.85x10° 3.99x 107 2.57* 1

(Sclutlo‘. Ko=10 (50%
n~4)$\w
Rat B-CGRP 37 516 x18° 7.85x 107 0.152

*Affinidies for 9-CGRPs {rat and humar) were determined in 2 high-resoiution two-part experiment, in
which ths dissccigtion phasz was moenitored for 2 hours {ihe values for Ke, ke, and Ko represent the
average of n replicale expenments with the standard deviation expressed as a percent variance).
GRPs {rat and human; were daterminad by global analysis using cnly a 20-min

O

Afinities for (-
dzssoc ztion phase, which was not accurate enough o guantify their extremely offratms (their offrates are
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likely slower than stated here and therefore their affiniies are likely even higher). Antibody G1 Fab
dissociated extremely slowly tfrom all CGRPs (except a-rat CGRP) with offrates that approached the
resolution limit of the Biacore assay (especially at 25°C).

*=Solution affinity determined by mesasuring ihe depletion of binding responses detected at CGRP on the
chip for antibody G1 Fab pre-incubated with solution-based rat a-CGRP competitor.

Teble & bstow shows antibodies having the amino acid sequence variation as compared ©
antibody G1 and their effinities to beth rat a-CGRP and human a-CGRP, All amino acid substitutions of
the varlants shown in Table & are described relative 1o the sequence of G1. The binding affinities of Fab
fragments were determined by Biacore by flowing them across CGRPs on g SA chip.

Table 8. Aminc acid sequences and binding affinity data for antibody G1 variants determined at 37°C by

Biaczore.
| Clone -+ L1 {12 P H2 HC-FW3 [ g-rat i a-rat a-human , o-humen
! Ko (1/5) Ko (nM) 1 ke (1fs) i Ko (nid)
‘G1 3.99x107 2.57 3.63x10° 1 0.083
ST ! | A100L [110x107 P 1.73x10° | ;
(M2 v i | L9SA | 2.8x10° | 58 . 3.4x107 2 !

; ‘ FAT00R i ;
3 | LI%A 2.0x10° j61 2.1x10% 7
.' ,. A1008 ! :
TV I : TL9BA T1E2x10° 1844 16.95x107 . 043 ,
! i ‘ P AT00V_ o ; : ;

Wi ~ t LgsA 7.35:107 1408 3.22x107 : 0.20 !
- , | A100Y .

Me . E | L39N 784x107 1438 P 1.33x10" 083
M7 | ; | LoON 8.48x10T 1510 1 243107 [ 1.52

. A100C ;
a8 _ LOgN 7.45x107 414 9.20x10° | 0.58
; i A100G o '
N ! : . L9EN “n.d. i n.d, S 1.00x10%  0.03
L) | | a100v i | !
M10 ; LoeS 1.51x10° 83.9 1.73x10°  1.08
A1008 - |
VI ER ! i 138 P4.83x10° 12883 2.88x10° A7
i ‘ [ A100T ' 4' ’ ]
FRA12 i 71295 11,94x1G° | 107.8 . 1.01x10° : 083 ;
) A100V
M13 ! LeoT 1.84x1C~ 102.2 1.86x107 | 1.18
, , ; | A100G _ - ~ L i
cM14 ; i | LOET “n.c. n.d. S1.00x10° T G.OB '
: : A100K E ! I.
M15 | ' L9eT 1.15x107 {639 1.58x10™ | .10
: A100P ; : _

M18 : 1 L9GT feosxiCt 1553 11.65x107 1.03 !
L ; ; ( 41008 ‘ | [ ;
 M17 ! TL95T 2.06x10° | 1144 1.85x10" ; 1.16 !

. A100V i !
EEE | Logv 122x10° T 67.8 703x10° | 0.44
: : ! FA100G i s
FM1E i f LoV i n.d o nd. 1.00x10° ; 0.06 ;
i i ATOOR | : |
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Clone | L1 'z jl H2 HC-FW3 [ arrat grat | ohuman | o-human |
. 1 i Ko (175} Ko (nM) | ke f178) Ko (nM)
M20 R2BW i | L8R | 1.44x1C7 80.0 1.35x10° 1 0.85 f
{ A160L f | ;
W21 R28W L39S i B.95%10 15.2 14210 1123
M22 | R28W , LogT A0 61.4 1.16x10_ 1 D.73
[ M23 | R28G i TTagT | 799107 1 44.4 1.30x10° [ 0.e1
! " A1ODV ' :
M24 | R28L . .96T 1.04x10° ;1 57.8 148167 1 0.93
At0O0V -'
M25 T R28N i L99T 1.4x10° 76 1.4x107 1.3
| A100V
25 TR2BN (A5G | LT 224x107  51.3 148x10°  ; 0.63
- ' | FAIGOV L :
MZ27 | R28N | l L95T 3.41x167 189.4 3.57x10° | 2.23
T30A ! Al00V
M28 | R2aN - Z54R . L9ST i 1.25x10° 66.4 g.98x10™ | 0.62
5 730D ! ASTN L AT00V ' i i
M28 I R28N , LogT 3.50x107 | 1954 1 3BINICT [ 2.38
T30G | | AtogV . | i
N30 R28N | PEB4K | L99T 18.38x10° 3544 P 500x10™ | 3.69
TG CASTE L At00V o
D M2 R28N CES4K L9ST 3.61x1C7 200.6 S SATXICY 247
7306 | ' AS7G . A100V ;
M3Z [ R28N } E54K . Le9T 2.96x1C° 164.4 L 27Ix16% 1 189
130G | A57H | A10ov !
 M33 [ R28N E54K | 96T 1 6.22x75° 5122 : 7.50x10° i 465
. T3 PASTN L A100 : : ~
| . T30G | QEBE i.ﬁqou ? i . :
(M34 | R2BN E34K | Lo9T 2A7xA0° 1208 645x1CT 404
T30G ASTN | ATOOV j ! 1
: L | S58T | | ; i
“M35  R2EBN | EbaK . LGt 91T 2217 . 239x10° |1 2.12
i 732G {ABTS . ATOQV : l |
M3E | R28N L9oT 4.79x10° | 2661 2.3x107 | 148
T30R ! A100V _
M37 | R28N [A57G ™ 1997 T145xi0° 1 80.6 S 228x10F V141 ;
P [ 7308 | ; ATCOV .' ’% !
i M3&  |R28N | LagT 5.14x10° 282.9 C218107 | 1.36
T30W | A100V
M39 R28N | GBOA | AB7TN [ L9eT 2.95x1G™ 552.8 4.25x10° [ 2.66
Ll iBeT 1SB8Y | AtOOV ) i y
CW4C T TR2EBN GBDA | EB4K  LBET .38 720000.0 ; 1.28x1CY | 8.00 -
| _LBBT I ABTL . AtOoV
M4 R26N | GB0A | E54K | L9ST 4.53x10° 2517 2.40x10°% 1431
| 58T | AB7N | AtOOV
i E84D b
M42 | R2EN . G504 | EB4K LesT TTEA0T 4178 417x107 2 ET
S LB8T | ABTN 1 A10TV : { ' i
; He1F | : "
M43~ [RZBN | GB0A | EB4K ' L8sT 4.53x10° 2517 28340 | 1.64
TLBBT [ ASTN ¢ AYGOV | |
o | 858C : ;
M44 TR28N T GhOA | EB4K  T[09T 8.13x107 | 443 g Z10x10° | 2.05 s'
(LBBT | ASTN | AT00V i i
n S58E | }
M485 R28N  GB80A | EB4K | LO3T TE.58x10° , 259 2407 1 1.85 !
TLEST [ ASTN  AtOGV , :
| ; | S58E : !
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[Clone  Li L2 H2 - P HC-FW3 | a-rat "oerad I'o-human | a-human
.’ Ko 1/8) Ko (n) ke (US| Ko (nM)
E54D '
W46 . R2E6N | G50A | E54K | LT 2.64x10° 163.3 5.30x10° | 3.37
i 56T | AB7N | A100V
! S58E :
! - HB1E
W& RZBN | GBOA | EsdK | LGET 825x10° 4573 3.32x1G° | 2.08
: ; L56T  ASTN | A100V :
$586
Wi4B | R28N | G50A | EB4K | Le9T 0.0843 19056 | 8.42x10° | 5.26
| L56T | AS7N | A1ooV
5 sssL |
"M49 | R28N | GBOA | E54K - LT 0.0745 8222 | 5.05x10° 372
L3BT - AS7N | A100V ‘ :
858Y -
HB1F - ‘:
M50 | R28N | GBOA | E54K | LS9T 530x10° | 2044 4.06x1G" | 2.54
L56T | AS7R | A1DOV ,
ME1 . R28N  L5Bl | E54K . LOGT 1.1ex10°” 655 131x10°  0.82
' i A57G 1 AfOOV . i
82 RGN | Lo8l | EB4K | LOST | 2.20x10° 1278 2.81x10° . 1.76 ,
A57N | A100V |
| S58A : ‘
M53 | R2BN | L66I | EB4K | LoaT 161107 106.1 3.74x1G° | 2.34 l
: ASTN | ATODV !
; S58G ! _
THMEZ RSN, GBUA I EB4K | LeeT CZ 6107 1200 T76x10° 1148
T30A ASTN | a1d0v |
S58P !
M55 | R28N | LB6S | E54K | LooT 5.85x10° 3350 478x10° | 2.9
T30A ‘ AS7N | A1OOV ~
SBBE
NS . lesap
Ms6 | TRZENTT158ST [ ESAK . LeeT 5.35x10" 518.4 Z79xi00  2.9¢
39D ASTN | A10OV
H31F | -
WB7 | R28N | L56S | E54K | LOST 0.0104 1200 3.22x10° | 3.08
130D ASTN : A100V
SB8E '
"TA88  R28N | L5385 | EB5eK  LeeT No binding . n.a. Tqesxioe 1249
| - T300 ASTN : A100V i
‘ ; ss8l | ;
: HB1F | ! i
W56 | k28N | LB6S | E54K 1 L9ST 0.0123 8833 | B.odxi0° | 328
T30D AS7N | A10DY
] - S58N
: H31F .
MB0 | RZEN | 588 | EB4K | LGGT 0.0272 BT [ eAIX10° | 569
T30D AS7N | A100V : :
S58R |
: 4 H51E
MET T R28N [ AS1H | E54Q | 99T 529x10° | 269.4 Z59x1G° 2.87
: LT30G LASTN  ATOOV ; :
{HBIE _ |
MBZ . R28N TABIH EBAK | L9ST 5 76x10° 247 557x10- | 585
T30G | LSBT |AB7N | A100V
! , S58E | |
(WMed | R28N | G50A | E54K 99T ~ | DB5x10° 147.2 1.50x10° ! 9.38
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Clone L1 L2 H2 HC-FW3 i a-rat o-rat g-human a-human
: Koyt (1/8) Kp (M) 1 Ko (1/5) K (i)
| T30G | AS7TN | A100V
: “ | 8887 [
M54 RZBN GB0A [ EZE4K | LeaT T 0.0234 13000 | 1.32x10° | B.25
TI06 ! AS7TN . A10OV ¢
S58V ,
MB35 | R28N | GBOA | EBAK | LGST £07x10° 226.1 2.03x10° | 5.02
: ' 730G 'LE8l | AB7C ! A10OV ' . '
iMB8 | ReBN | LEST | =84K - L88T TEAIXICT (2838 E20x1GT | 3.25
{ | 7300 | | ASTE | AGOOV ! )
M87 | Ro8N | L8l E54K | Le3T T4.71x10° 1 95.C | 820x10° | 5.13
T30G AS7F | A100V ]
M88 I R2BN i LS8I [ ES4K LooT 8.76x1G™ 3756 1 4.28x10™. | 268
T30G CABTN S At0DV ‘
| : : i 8D ¢ : : i
! =p4D | L |
MBS R28N | L56I EBAK 1 LS9T T .81x107 100.8 7.32x10° | 458
T30G ABTN | A1OOV
. : S8E
TM7C R8N 158l i EB4K : LeST TB.07TX10° 3372 EBex10° | 3.45
PTRIG I AB7S L A10QV ) v
i M71 R28N  L&at E54K | LeaT 1 2.12x107° 117.8 1.28x1G° | 8.00
; T30G AB7Y | At0QV
W72 R28N | 1885 | Es4K | 1.99T 3.95x10° 219.4 4.00x10% | 2.50
: T30G A100V
M73 R28N . 1888 | EZ4K :LlG3T 2.00x10° 166.7 i 2.55x70° | 1.58
: | T30S | D ABTN ATDOV j i
‘ ! g58Y :
EG4D -
Ni74 RZBN | LS | EBAK | L99T 6.03x10° 3350 5.97x10~ | 3.73
T30G A57S  ATDQV
CMTE U R28N TL58S T EB4K [ LeST "1.87x10° | 10389 1.15x10° | 7.25
: LTENG C ABTV | A100V . !
" M75 R28N | GECA | A57G | L99T 1.16x16° 64.4 3584x10° | 2.28
T30S | L56T A100V
M77 RZ8N | Gb0A | EBAK | LGBT 0.0143 7944 4.77x10° 1268
, 17308 1BT i ABTD | A100V _
M78 ' R28N ' GBOA | EGAK . LEOT 0167 S92778 1.349x10° ¢ 848
i | T39S -E-'Lsér PASTN | ATOCV !
. E _lses8T | L
M9 R28N | GB0A | EB4K | LSOT 0.19 10555.6 | 1.20x10° | 8.08
T30S 1 186T ! A57P | A10OV
M80 R28N | L5581 'EB4K - LgOT 700093 5518.7 2.00x10° | 13.06
T30S | ASTN | A%OOV ! i
i i S5y : !
W81 RZ8N~ L5685 | E54K L9291 4.29x107 2383 T 4.30x10" 1 3.08
T30S AS7N | A1DOV
S58E _ E
[YER R28N | AS4H T ASYN | LeoT 8.99x16™ 7 3883 1 8.77xi07 | 5.48
T3V LBAT AIOOV ! ! ;
W83  R28N | AB1H . EB54K | L9ST { No binding | n.d. ; 6.33x10° | 5.83
P TR0V I LBET | ABTN ATCCV |
S58M [
HB1F i :
[ Ms4 R28N TA5TH |Es4N L8397 | 1.76x107 g77.8 TT0Bx10T {678 |
’ | TB0V T LBET P ASTN T A0V ', i = ;
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Al CDRs including both Kabat and Chothia CDRs. Amine acid residues are Nnumbered seguentizily (see
Figure 5). Ali clongs have L3+H1+H3 seguances identical to G1.

Ko = Kotftlon. All Ko values were determined in a screening mode except those that are ungdarined, which
wers obtained by glckal ansiysis of 2 Fab cc-ncéntration series {G1 was analyzed in a high-resaiution
mode). Underlined Kp values were therefors determined experimentally by measuring Koe. Other ke

values were estimated tc be the same as M28.
n.d. = not determined

Te determing the epifope on human o-CGRRP thal is recognized by antibady G1, Biacore assays
deseribed above were ussd. Human o-CGRP was purchassd as an N-biotinviated version fo enable its
high-affinity capiure via SA sensor chips. The binding of G1 Fab fregment o the human o-CGRP on the
chip in the absance or presence of a CGRP paptide was determinad. Typically, a 2000:1 mol peptide/Fab
solution (e.9., 10 uM peptide in 50nM G1 Fab) was injected across human 2-CGRP on the chip. Figure 8
shows the percentage of binding blocked by sompsting peptide. Data shown in Figure 6 indicate that
peptides that bleck 100% binding of G1 Fab to human a-CGRP are 1-37 (WT), 8-37. 26-37, P23A (18-37},
K354 (18-37), K35E (18-37}, and K35M (19-37) of human a-CGRP; 1-37 of B-CGRP {(WT); 1-37 of rat ¢-
CGRP {WT}; and 1-37 of rat 3-CGRP (WT). Ali these peptides are amidated at the C-terminus. Peptides
F37A (16-37) and 18-37 {the iat{e? not amidated at the C-terminus) of human a-CGRP also biocked about
80% to 80% of pbinding of &1 Fab io human o-CGRP. Peplide 1-35 {nct amidated st the C-terminus) of
human o-CGRP biocked about 40% of binding of G1 Fab to human a-CGRP. Peptide fragment 18-38
{amidated 2t the C-terminus) of human o-CGRP; peptide fragments 1-13 anc 1-1§ of human o-CGRP
{neither of which are amidated at the C-terminus}; and human amylin, calcitonin, and adrenomedullin {all
amidated at the C-terminus) did not compete with binding of G1 Fab to human o-CGRP on the chip.
These data demonsirate that C1 targets a C-lerminal epifope of CGRP and that both the identity of the
mos: tarminal residus {F37) and its emidation is impertant for binding.

Binding affinities ¢f G1 Fab {c variants of human &-CGRP (at 37°C) was also determined. Table 7
below shows the affinities as measured directly by titrating G1 Fab across N-bictinyiated human o-CGRP
and variants on the chip. Data in Table 7 indicate that antibody G1 binds to a C-terminal epitope with F37
and G33 bsing the most irﬁportant’ rasidues. G4 does not bind to CGRP when an extra amino acid residus

(atanine; is added at the C-terminal (which is amidated).

Table 7. Binding affinities of Gt Fab to human o-CGRP and variants msasured at 37°C (see Table 4 for
their aminc acid segquences)
! CGRP on chip | k. (1/Ms) kaff{‘lifs)' Ky (i)

L A-37 (W ' 4.88x10° | 7.83x1C" | 0.8 (high resolution Ky, = 0.05)
~16-37 1 480x10° " 7.30x1C° 7 0.16
{ 25-37 340x1CT - 8.80x1CY | 328
. F27A 2637y 1 3.25x10° 1 1.24x1C7 10,38

V28A (25-37)  3.32x10° | €.38x15° | 0.28
P28A (25-37) { 2.28x10° | 1.78x10° 1 0.79
T30A (25-37) | 1.79x1C° | 8.49x16” | 0.47
INB1A (25-87) | 2.17x10° | 1.14x1C0* | 0.53
"V32A(25-37) . 2.02x10° 134810 [ 1.7
" G33A(25-37) 1 2.07x10° 1 0.0281 | 147
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"CGRP on ohi | Kog (/M) | Kex (1757_] Ko (1)

L K2EE (18-37) © 5.68x10° , §.78x107 | 8.7

S34A (25-37) | 2.51x10° | 7.84x107 | 3.04
[ C35A (10-37) | 2.25x10° | 2.87x10° | 1.33

TKEEM (19-37) | 2.65x10° | 1.34x10° | 0.51
K3EQ (19-57) | 1.95x10° | 2.70x10" | 1.88
F37A (25-87) | 8.60x10° 1 B.48x30° | 85 (sokifion Ko = 172 nil) i
38A 125-38A | - i - i No binding detected k

The above data indicate thet the epifope that antibody G1 binds is on the C-terminal end of
human a-CGRP, and aming acids 33 and 37 on human o-CGRP are ‘mportant for binding of antibody G1.
Also, ihe amidation of residue F37 is important for binding. v

Exzmple 5§ Effect of anti-CGRP aiagonist aniihody G1 on skir vasodifatation induzed by stimulation of

raf saphenous herve
To test antagonist activity of anti-CGRP antibody G1, effect of the antibody on skin vasodiiatation
by stimuiation of rat saphenous nerve was tested using a rat model described in Exampie 3. Brigfly, rats

were maintained anesthesia with 2% isoflurane. Bretyiium tosylate (30 mgfkg, administered iv.) was
given at the beginning of the experiment to minimize vasoconstriction dugs to the concomitant stinmulation
of sympathetic fibers of the saphencus nerve. Body temperature was miaintained at $7°C by the use of &
rectal probe thermestaiically connected {fo a temperature controlled heating blanket. The saphenous
nerve of the right hindlimb was exposed surgically, cut proximally and covered with plastic wrap to prevent
drying. A laser Doppier probe was placed over the medio-dorsal side of the hindpaw skin, which is the
region innervated by the saphenous nerve. Skin blood flow, measured as blood call flux, was monitored
with a feser Doppler flow meler. In exgertmenis to defermine effects of antivody within fwo hours of
injection thirty to fgrty five minutes after brefylium tosyiate injecticn, when a stable basedine flux {less than
5% variation) was sstabiishad for at least § min, the narve was placed ovear platium bipdlar electrodes and
eiectrically stimuiated {2Hz, 10V, 1 ms, for 30 sec) and again 20 minutes later. The average of the blood
flow fiux response i{o these fwo stimulations was used o establish the baseiing response (time G} o
elecirical stimulation. Antibody G1 {1 mg/kg or 10 ma/kg} or vehicie (P38 with 0.01% Twesn 20 equal
volume ¢ ©0 mg/kg G1) were hen administered intravenously (iv.). The nerve was subssguently
stimuiated (2Hz, 10V, 1 ms, for 3C sec) at 30 min, 80 min, 80 min, and 120 min after the antibody
administration.  Animals were kept urder anesthesia for a period of aporoximaiely three hours.
Cumuiative change in skin blood flow was estimeted by the area under the flux-time curve (AUC, which is
equal o change in flux multipiied by change in time) for each flux response fo electrical puise stimulations.

As shown in Figure 7, blood fiow increase stimulated by applying electrenic pulses on sapherous
rerve was sgnificantly inhibited by the pressnce of antibocy Gt1 at 1 mglkg {administered iv.} as
compared to the vehicie, when the saphenous nerve was electically stimulated at 90 min after the
antibody administration. Blood flow increase stimuialed by applying elsctronic pulses on saphenous
nerve was significanty inhibited by the presence of antibody G1 at 10 mgikg {administered i.v.} as
compared to the vehicle, when the saphenous nerve was electrically stimulated at 80 minutes and 120

minutes afier antibocdy administraiion,
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in experiments to determine effects of the antibodies at longer fime poinis in the saphenous
assay, rais wers injecied Lv. with the indicated doses of antibody 24 hours or 7 days prior to preparing the
animzl for saphenp'us nerve stimulation as described above, In these expsriments it was impossible to
gstablish a baseline response in individual rats to electrical pulse stimuation prior to dosing, sc treated
groups were compared o animals dosed with vehicle (PBS, 0.01% Tween 20) at 24 hours or 7 days.

As shown in Figures 8A and 8B blood flow increases In the dorso-medial hindpaw skin evoked by
saphenous nerve siimulation were significantly inhibited in the groups of animals dosed with elther 10
mg/kg or 3 mglkg G1 at either 24 hours or 7 days prior to stimulation as compared te vehicle groups
dosed at the sams time points.

Figure EC reprasants a curve fit enalysis appiiea to the dose resgonse data represenied in figures
8A and 8B to detsrmine the dose regquired for 50% maximal effect (ECes). The ECs at 24 hours is 1.3

mg/kg and the ECyy at 7 days is siightly lower {3.8mg/kg).

Exampig 8: Acute effect of anli-CGRP antagonist antibodv G in a dural arfery (closed cranial window)
assa )

Closed Cranial Window Model: The purpose of this expsriment was to determine the acute sffect of anti-
CGRP antagonist antbodies and comriare it with the acute effect of the CGRP receptor aniagonist
DIBN4098BS. Experimenis were carried out as previously described (Willismson et al., Cephalaigia
17(4):518-24 (1267)} with the following modifications. Sprague Dawley rats (300-400g} were anesthetized
with 70mg/kg i.p. peniobarbilal, Aresthesia was maintained with 20mgrkg/hr i.v. pentobarbital. Rats were
cannuiated through the jugular vein for delivery of ail drugs. Blood pressure was monitored with a probe
(mikro-ip catheter, Millar Instruments) threadad through the femoral artery into the abdomina; aorta. The
rats ware frachestomized and breathing rate was maintained at 75 breaths per minute at a volumae of 3.5
mL. After fixating the head in & stereotactic instrument and removing the scalp, a 2x6mm window in the
izt pariete! area just latera! to the sagitta! suture was made by thinning the bone with a dental ¢rill. Using
a micromanipulator, a platinum bipciar sieclrode was lowered onto the surface and covered with heavy
minerai oil. Lateral to the elestrode window ancther window of 5x8 mm was created and filied with heavy
mineral off through which tha diameier of a branch of the middle meningeal artery (MMA) was
continuously monitored with a CCD camera and a videc dimension analyzer (Living Systems). The rats
were rested for no less than 45 minuies after the preparation. A baseline responss tc electrical
st'muistion was established {15 V, 1C hz, C.5 ms pulses, 30 seconds) and then rats were dosed i.v. with
axperimental compound (10mgikg mu7E8, 30071g/ky BIRN40OYEES or PBS 0.01%Tween 20). Additional
gizctrical stimuiations were dore at & (BIBNACGSBS), 3¢, 80, 90 and 120 minuies after dosing. All data
was recorced using chart software (ADinstruments). ,

As shown in Figure @ mu7E9 at 10mg/kg signifcantly blocks MIMA dilation evoked by electrical
field stimuiation within 80 minutes afler dosing and maintains the efect throughout the duraticn of the
assay {120 minutes). For comparison BIBNAGEEBS blocks MIMA difation within § minutes of dosing but
the effect has compleiely disappeared by 99 minutes. The magnitude of the bjock is comparabie between
BIBN40S58S and muTES.
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Example 7. Chronic effect of ant-CGRP antagonist antibody G1 in a dural artery (closed cranial window)

agsay

The purposz of this experiment was io determine if the anti CGRP antibody couid still block
electrically siimulated MMA dilation 7 days after desing. Preparation of the rats was identical to the above
described acute experiment (Exarmpie 8) with the foliowing exceptions. Rals were injected Lv. {10mglkg,
3mg/kg or img/kg G1) 7 days prior to creating the closed cranial window prep and stimulation. It was
impossible o establish a baselire dilation response to siectrical stimulation pricr to dosing as in the acute
experiment so the antibody groups were compared to dilation of the MMA in a vehicie (PBS, 0.01%
Tween 20} dosed conirol group. After the rats were aliowed to rest for no less than 45 minutes the dura
was eleciricaly stimulated at 30 minute intervals, Stimuiations were at 2.5V, 5V, 10V, 18V and 20V, all &t
10hz, 0.5 ms pulses for 30 seconds. '

As shown in Figure 10 G1 at 1C ma/kg and 3 mg/kg significantly blocked MMA dilation svoked by
eiectricai stimuiation in the range of 10 10 20 veits. This data demonsirates that G1 can block e!éétrically

stimulated MMA dilation up fo 7 days after dosing.

Exampie 8: Morphine withdrawal hot fiush model

The morphine withdrawal rat mode! is an established rodent model for menopausal hot flush
mechanisms (Sive et al., Brain Res. 1028(2):191-202 (2004); Merchenthaler et al.. Maiuritas 30:307-316
{1698}, Katovich ef al., Brain Res. 454:85-64 {1989}, Simpkins et al., Life Sciences 32:1857-1¢85 {1983)).
Basically the rats are addictad 1o morphine by implanting morphine peliets under the skin. Upan addiction
the animals are injacted with naloxone {opioid antagonist) which sends them into withdrawal immediately.
This withdrawal is ascompanied by a skin temperaiure increass, a core body temperature decrease, an

increase in hear rate and an increase in serum luteinizing hormone. These are all simifar in magnitude
and fiming fo what occurs in human hot fiush (Simpkins et al,, Life Sciences 32:1857-1966 (1983)).
Furthermare, if rals are treated with estradiol prior to inducing withdrawal, the symptorns of hat flush are
reduced (Merchenthaler ef ai., Maturitas 30:307-318 (1988)). This is why the morphine withdrawal model
is believed to mimic olinical hot flush.

Ovatiectomized rats were ordered from Charies River Laboratories. Nof less than 7 days post
ovariectomy morphine dependency was created by implanting a r:‘;()rphine nellet (75 mg morphine base}
supcutanecusly. Twe days iater 2 more pelists wars implanted. The foliowing day rafs were inlected
intravenously with either 10 mg/kg 4801 [**] or vehicle (PBS, 0.01% tween), Two days after the second
pelizting the rats were anesthelized with ketamine (80 mg/kg) and lightly restrained. A surface
tempersture thermogcoupie was taped o the base of the tail and a rectal thermocouple is used io measure
core temparature. Data was recorded using Chart software (ADInstruments), After recording 15 minutes
of stable baselineg temperature, naloxone (img/kg) was injected subscutaneously, Temperature was
recorded continuously for the naxt 60 minutes. The resuits are shown in Figures 11A and 118,

{ is understood that the exampies and embodiments described hersin are for iliustrative purpeses
oniy and that various modifications or changas in light thereo! wili be suggested to persons skilled in the
art and are to be included within the spirit and purview of this application. Afl publications, patents and
patent applications cited harein are hereby incorporated by referencs in their entirety for ail purpesss o
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the same extent as if each individual publication, patent or patent application were specifically and
0P

individually indicated to be so incorporsied by reference.

Deposit of Biclogical Material
The following materiais have been deposited with the American Type Cuilture Collection, 16551
University Boulevard, Marassas, Virginia 20110-2208, USA (ATCC:

Meterial Antibody No, ATCC Accession No. Date of Deposit
2Db.CGRP . hiFcGl G1 heavy chain PTA-S85T . Uy 15, 2005
£h.CGRP.AKGI G1 light chain PTA-5865 Juiy 18, 2005

Vector pEb.CGRP.IKGI is a polynuciectide encoding the G1 light chain variable region and the
light chain kappa constant region; and vector pDb.CGRP.AFcGI is a polynucieotide encoding the G
heavy chain variable region and the heavy chain IgG2 constant region containing the following mutations:
A330P331 tc S3308331 (amino acid numbering with reference to the wildtype 1gG2 sequence; see Eur. J.
Immunol. (1988} 28:2613-2624).

These depcsiis were made urder the provisicns of the Budapest Treaty on the Intemaiional
Recegnition of the Deposit of Microorganisms for the Purpose of Patent Procedure and the Reguiations
thereunder {Budapest Treaty). Tnis assures maintenance of a viable culture of the deposit for 3C years
from the date of deposit. The depcsit wili b2 made available by ATCC under the terms of the Budapest
Treaty, and subject to an’ agreement between Rinat Neuroscience Carp. and ATCC, which assures
permanent and Unrestricled availability of the progeny of the culiure of the deposit fo the public upon
issuance of the pertinent U.S. patent or upon faying cpen fo the public of any U.S. or foreign patent
appiication, whichever comes first, and assures availability of the progeny to ons determinad by the U.S.
Commissioner cf Patents and Trademarks to be entitied thareto according to 35 USC Section 122 and the
Commissioner's niies pursuant therefo (including 37 CFR Section 1,14 with particular reference io 883
0G 638).

The assignee of the presen: eppiication has agreed that i @ culture of the materiais on deposit
should die or be iosi or destroyed when cullivated under suitabie conditions, the mater,aas wiil be promptly
repiacad on notification with another of the same. Availability of the deposited material is not to be
construed as & license fo prachce the inventicn i contravention of ths rights granted under the authority

of any government in accordance with its patent laws.

Antibody sequences

G1 heavy chein veriable region amino acid seauence (SEQ 1D NO:1)
EVQLVESGGGLVQPGGSLRLSCAASGFT FSNY\‘VISWVRQAPoKGLEWVr\ElPSr-SDASA“‘HY EAVKG
RFTISRDNAKNSLYLQMNSLRAEDTAVYYCLAYEDYGLAIQNYWGQGTLVTVSS

G1 light chain \ériable region aming agid seguence (SEQ 1D NO:2)
EVLTQSPATLSLSPGERATLSCKASKRYTTYVSWY QQKPGQAPRLLIYCASNRYLGIPARFSGSGSGTDF
TLTISSLEPEDFAVYYCSQSYNYPYTFGRGTKLEIK
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G1 CDR H1 fextended COR) (SEQ 1D NO:3)
GFTFSNYWIS '

G1 CDR H2 (extended CORI (SEQ ID NO:4)
EIRSESDASATHYAEAVKG

G1.CDR H3 (SEQ 1D NO:5;
YEDYGLAIQNY

G1 CDORL1{SEQ ID NO:6)
KASKRVTTYVS

G4 CDR L2 [SEQ ID NO:7)
GASNRYL

G1COR L3 (SEQ ID NO:8)
SQSYNYPYT

G1 heavy chain variable region nucleotide secuence (SEQ ID NO:8)
GAAG’]TCAGCTGGTTGAATCCGGTGGTGGTC'TGG’ITCAGCCAGGTGGTTCCCTGCGTC‘E‘GTCCTGC
GCTGCTTCCGGTTTCACCTTCTCCAACTACTGGATCTCCTGGGTTCETCAGGCTCCTGGTAAAGGTCT
GGAATGGGTTGCTGAAATCCCTTCCGAATCCGACGCGTCCGCTACCCATTACGCTGAAGCTGTTAAA
GGTCGTI'TCACCATCTCCC-STGACAACGCTAAGAAC?CCCfG‘a’ACCTGCAGATGAACTCCCTGCGTG
CTGAAGACACCGCTGTTTACTACTGCCTGECTTACTTTGACTACGGTCTGGCTATCCAGAACTACTGS
GGTCAGGGTACCCTGSTTACSGTITSCTCL

G1 licht chain variable region nucleotide sequence (SEQ ID NO:10)

)

GAAATCGTTCTGACCCAGTCCCCEGCTACCCTETCCCTGTCCCCAGGTGAACGTGCTACCCTGTCCTGE
AAAGCTTCCAAACGGGETTACCACCTACCTTTCCTGGTACCAGCAGAAACCCGGTCAGGCTCCTCGTCTG
CTGATCTACGGTGCTTCCAACCGTTACCTCGBTATCCCAGTTCGTTTCTCCGGTTICCGGTTCCGGTACCG
ACTTCACCCTGACCATCTCCTCCCTGGAACCCGAAGACTTCGCTGTTTACTACTGCAGTCAGTCCTACAA
CTACCCCTACACCTTCGGTCAGGGTACCAAACTGGAAATCAAA

G1 heavy chain fuit antibody amino acid sequence (ingluding modified 1gG2 es descoribed hereint {SEQ 1D
NO:1Y

EVQLVESGGGLYQPGGSLRLSCAASGFTF SNYWISWVRQAPGKGLEWVAEIRSESDASATHYAEAVKGR
FTISRDNARNSLYLQIWMINSLRAEDTAVYYCLAYFDY GLAIGNYWGQGTLYTVSSASTKGPSVFPLAPCSRS
TSESTAALGCLVKDYFPEPVTVESWNSGALTSGVHTFPAVLASSGLYSLESVVTVPSSNFGTRTYTCNVDE
KPSNTKVYDKTVERKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVEHEDPEVQFNWY
VDEVEVHNAKTKPREEQFNSTFRVVSVLTVVHODWLNGKEYKCKVSNKGLPSSIEKTISKTKGQPREPQV
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YTLPPSREEMTKNQVSLTCLYKGFYPSDIAVEWESNGQPENNYKT TPPMLDSDGSFFLY SKLTVDKSRW
QQGNVFSCSVMHRZALHNHYTQKSLSLSPGK

G1 light chain fuli antibodv amino acid sequence (SEQ ID NO:12)
EIVLTORPATLSLSPGERATLSCKASKRYVTTYVSWY QQKPGHAPRLLIY GASNRYLGIPARFSGSGSGTD
FTLTISSLEPEDFAVYYCSQSYNYPYTFGQGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYP
REAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSF
NRGEC

@1 heavy chain full_antbody nucleotide seguence (inciuding modified 19G2 as described hersing (SEQ 1D
NO:13
GAAGTTCAGCTGGTTGAATCCGGTSGTGGTCTGGTTCAGCCAGGTGGTTCCCTGCGTCTuTCCTGC
GCTECTTCCGGTTTCACCTTCTCCAACTACTGCATCTCCTEGGGTTCETCAGGCTCCTGGTARAGGTC

TGGAATGGGTTGCTBAAATCCGTTCCGAATCCGACGCETCCGCTACCCATTACGCTGAAGCTGTTAA

AGGTCGTTTCACCATCTCCCGTCACAACGCTAAGAACTCCCTGTACCTGCAGATGAACTCCCTGCGET
GCTBAAGACACCGECTGTTTACTACTGCCTGBCTTACTTTICGACTACGGTCTGGCTATCCAGAACTACTG
GGCTCAGBGTACCCTGGTTACCETTTCCTCCGCCTCCACCAAGGGCCCATCTGTCTTCCCACTGGL

-CCCATGCTCCCGLAGCACCTCCBAGABTACAGCCECCLTGEECTGCCTEGGTCAAGGACTACTTCCC

AGAACCTGTGACCGTGTCCTGBAACTCTGGCGLTCTGACCAGCGGCGTGCACACCTTCCCAGETGT
CCTGCAGTCCTCAGGTCTCTACTCCCTCAGCAGCGTGETGACCGTGCCATCCAGCAACTTCGGECAC
CCAGACCTACACCTGCAACETAGATCACAAGCCAAGCAACACCAAGCETCGACAAGACCGTGGAGAG
AARACTCTTCTGTGBAGTGTCCACCTTGTCCAGCCCCTCCAGTEGECCGGACCATCCGTETTCCTETIC
CCTCCAAAGCCAAAGGACACCCTGATGATCTCCAGAACCCCAGAGGTGACCTGTGTGETGGTGGAC
GTGTCCCACGAGGACCCAGAGGTGCAGTTCAACTGGTATGTGGACGGBAGTGRAGGTGCACAACGCC
AAGACCAABCCAAGAGACGAGCACTTCAACTCCACCTICAGAGTCGTCGAGCGTGCTGACCETGETE
CACCAGGACTGGCTGAACGGAAAGCACTATAAGTCGTAAGGTGTCCAACAAGGGACTGCCATCCAGC

~ ATCGAGAAGAGCATCTCCAAGACCAAGGGACAGCCAAGAGAGCCACAGGTGTATACCCTGCCCCCA

TCCAGAGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGTCTGGTCGAAGGGATTCTATCCATCCG
ACATCGCCGTGGAGTGGGAGTCLAACGEACAGCCAGAGAACAACTATAAGACCACCCCTCCAATGE
TGGACTCCGACGGATCCTTICTTCCTGTATTCCAAGCTGACCGTGGACAAGTCCAGATGGTAGCAGGS
AAACGTGTTCTCTTGTTCCGTGATGCACGAGGCCCTGCACAACCACTATACCCAGAAGAGCCTGTCS
CTGTCTCCAGGAAAGTAA

G1 light chain full antibody nucleotide seguence (SEQ 1D NO:14)
GAAATCGTTCTEACCCAGTCOCCEGCTACCCTGTCCCTGTCCCCAGCTGAACGTGCTACCCTEYCCT
GCAAAGCTTCCAAACGGGTTACCACCTACGTTTCCTGGTACCAGCAGAAACCCEGTCAGBCTCCTCG
TCTGCTGATCTACGGTGCTTICCAACCETTACCTCGGTATCCCAGCTCGTITCTCCGGTTCCEGTTCC
GGTACCGACTTCACCCTGACCATCTCCTCLOCTEBAACCCGAAGACTTCGCTGTITACTACTGCAGTC
AGTCCTACAACTACCCCTACACCTTCGGTCAGEETACCALACTGGAAATCAAACGCACTETEGCTGT
ACCA’!‘CTGTCTTCATCTTCCCTGCATCTGATGAGCAGTTGAAATCCGGAACTGCCTCTGTTGTGTGCC
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TGCTBAATAACTTCTATCCGCGCGAGGCCAAAGTACAGTEGAAGGTGGATAACGCCCTCCAATCOG
GTAACTCCCAGGAGAGTGTCACAGAGCAGEACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCC
TGACCCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTCCGAAGTCACCCATCAGGGCC

- TGAGTTCTCCAGTCACAAAGAGCTTCAACCGCGGTGAGTGCTAA

Amino acid seguence comparison of humar and rat CGRP (human o-CGRP (SEQ ID NO:15}; human B-
CGRP (SEQ ID NO:43); rat a-CGRP (SEQ ID NC:41}; and rat B-CGRP {SEQ ID NO:44)):
NH»-ACDTATCVTHRLAGLLSRSGGVVKNNFVPTNVGSKAF-CONH, (human a-CGRP)
NHz-ACNTATCVTHRLAGLLSRSGEMVKSNFVPTNVGSKAF-CONH; {human B-CGRP)
NHo-SCNTATCVTHRLAGLLSRSGGVWKDNFVPTNVGSEAF-CONH, (rat a-CGRP)
NH-SCNTATCVTHRLAGLLSRSGGVVKRNFVETNVGSKAF-CONH;, (rat §-CGRP)
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Claims

1. An isolated polynucleotide comprising a polynucleotide encoding the antibody G1 or its

variants shown in Table 6, or a fragment thereof.

2. The isolated polynucleotide according to claim 1, wherein the fragment is selected from,
(a) a light chain of the antibody G1,

(b) a heavy chain of the antibody G1,

(c) a fragment containing one or more variable regions from a light chain and/or a heavy chain
of the antibody G1,

(d) a fragment containing any of one, two, three, four, five or six complementarity determining

regions from a light chain and/or a heavy chain of the antibody G1.

3. The isolated polynuclectide according io claim 1, wherein the polynucleotide comprises
either or both of the polynucieotides shown in SEQ ID NO:13 and SEQ ID NO:14.

4. The isolated polynucleotide according to claim 1, wherein the polynucleotide comprises
either or both of the polynucleotides shown in SEQ ID NO:9 and SEQ ID NO:10.

5. A vector comprising the polynucleotide according to any one of claims 1 to 4.

6. The vector according to claim 5 wherein the vector is deposited with ATCC No. PTA-6867
or ATCC No. PTA-6866.

7. A host cell comprising the polynucleotide according to any one of claims 1 to 4 or the

vector according to either of claims 5 or 6.

8. A method of generating antibody G1 or its variants shown in Table 6, or a fragment thereof
comprising the steps of expressing the polynucleotide according to any one of claims 1 to 4 or
the vector according to either of claims 5 or 6 in a suitable cell and (b) optionally recovering

and/or isolating the antibody or fragment thereof.




