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PACAP38 and PACAP27 has not been shown to be different from each other. Unless indicated
otherwise herein, PACAP or PACAP38 will be used to represent PACAP38, and PACAP27 will
be used to specify PACAP27.

Three PACAP receptors have been reported: one that binds PACAP with high affinity
and has a much lower affinity for VIP (PAC1 receptor, or simply “PAC1”), and two that
recognize PACAP and VIP essentially equally well (VPAC1 and VPAC2 receptors, or simply
“VPAC1” or “VPAC2”, respectively) (Vaudry, D., et al. “Pituitafy adenylate cyclase-activating
polypeptide and its receptors: 20 years after the discovery.”, Pharmacol Rev. 2009; Sep
61(3):283-357).

PACAP is capable of binding all three receptors (PAC1, VPAC1, VPAC2) with similar
potency and is thus not particularly selective. VIP, on the other hand, binds with significantly
higher affinity to VPAC1 and VPAC2, as compared with PAC1. Maxadilan, a 65 amino acid
peptide originally isolated from the sand-fly (Lerner, E.A., et al., “Isolation of maxadilan, a
potent vasodilatory peptide from the salivary glands of the sand fly Lutzomyia longipalpis™, J
Biol Chem. 1991 Jun 15; 266(17):11234-6; Lerner, E.A., et al., “Maxadilan, a PACI receptor
agonist from sand flies”, Peptides. Sep 2007; 28(9): 1651-1654.), is exquisitely selective for
PAC1 compared with VPAC1 or VPAC2, and can thus be used as a PAC1-selective agonist.

SUMMARY

In one aspect, the present Invention refers to an isolated antibody or antigen-binding
b

fragment thereof that specifically binds human PACI, comprising (A) a light chain CDRI
(CDRL1) comprising the sequence of SEQ ID NO: 196, SEQ 1D NO: 197, or SEQ ID NO: 208:
(B) a light chain CDR2 (CDRL2) comprising the sequence of SEQ ID NO: 209; (C) a light chain
CDR3 (CDRL3) comprising the sequence of SEQ ID NO: 215: (D) a heavy chain CDRI1
(CDRHI) comprising the sequence of SEQ 1D NO: 223, SEQ ID NO: 225, or SEQ ID NO: 233;
(E) a heavy chain CDR2 (CDRFHZ) comprising the sequence of SEQ 1D NO: 237 or SEQ ID NO:

238: and (F} a heavy chain CDR3 (CDRH3) comprising the sequence of SEQ 1D NO: 246, SEQ

1D NO: 247, or SEQ ID NO: 250. In another aspect. the present invention refers to an isolated

polynucleotide that encodes an antibody or antigen-binding fragment thereof of the present

invention. In still another aspect, the present invention refers to an expression vector comprising

the polynucleotide of the present invention. In still another aspect, the present invention refers to

a cell line transformed with the expression vector of the present invention. In another aspect the

present invention refers to a method of making an antibody or antigen-binding fragiment thereof

of the present invention, comprising preparing the antibody or antigen-binding fragment thereof
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from the cell line of the present invention that secretes the antibody or antigen-binding fragment

thereof. In another aspect, the present invention refers to a pharmaceutical composition

comprising the antibody or antigen-binding frazment thereof of the present invention and a

pharmaccutically acceptable excipient. In still another aspect, the present invention refers to the

use of the antibodv or anfisen-binding fragment thereof of the present invention in the

manufacture of a medicament for treating a condition associated with PACT in a patient. In one

example, the iwventien—disclosure includes an isolated antibody or antigen-binding fragment
thereof that specifically binds human PAC1, comprising: (A) a light chain CDR1 comprising (i)
an amino acid sequence selected from the group consisting of the LC CDR1 sequences set forth
in Table 4A,A (i1) an amino acid sequence at least 90% identical to an amino acid sequence
selected from the group consisting of the LC CDR1 sequences set forth in Table 4A, or (iii) an
amino acid sequence at least 95% identical to an amino acid sequence selected from the group
consisting of the LC CDR1 sequences set forth in Table 4A; (B) a light chain CDR2 comprising
(i) an amino acid sequence selected from the group consisting of the LC CDR2 sequences set
forth in Table 4A, (ii) an amino acid sequence at least 90% identical to an amino acid sequence
selected from the group consisting of the LC CDR2 sequences set forth in Table 4A, or (iii) an
amino acid sequence at least 95% identical to an amino acid sequence selected from the group
consisting of the LC CDR2 sequences set forth in Table 4A; and (C) a light chain CDR3
comprising (i) an amino acid sequence selected from the group consisting of the LC CDR3
sequences set forth in Table 4A, (ii) an amino acid sequence at least 90% identical to an amino

acid sequence selected from the group consisting of the LC CDR3 sequences set forth in Table
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4A, or (iil) an amino acid sequence at least 95% identical to an amino acid sequence selected

from the group consisting of the LC CDR3 sequences set forth in Table 4A.

In another aspectexample, the invention-disclosure includes an antibody or antigen binding fragment thereof,

wherein (A) the antibody or antigen binding fragment thereof competes for binding, with a Ki of
10 nM or less (e.g., 5 nM or 1 nM), to human PAC1 with a reference antibody, said reference
antibody selected from the group consisting of 01B, 14A, 14B, 26A, 26B, 28A, 29A, 29B, 39A,
and39B; and (B) the antibody or antigen binding fragment thereof specifically binds human
PACI.

In another exampleaspeet, the disclosurehrvention includes an isolated antibody or antigen-binding fragment

thereof that specifically binds human PAC1, comprising: (A) a heavy chain CDR1 comprising (i)
an amino acid sequence selected from the group consisting of the HC CDR1 sequences set forth
in Table 4B, (ii) an amino acid sequence at least 90% identical to an amino acid sequence
selected from the group consisting of the HC CDRI1 sequences set forth in Table 4B, or (iii) an
amino acid sequence at least 95% identical to an amino acid sequence selected from the group
consisting of the HC CDR1 sequences set forth in Table 4B; (B) a heavy chain CDR2 comprising
() an amino acid sequence selected from the group consisting of the HC CDR2 sequences set
forth in Table 4B, (ii) an amino acid sequence at least 90% identical to an amino acid sequence
selected from the group consisting of the HC CDR2 sequences set forth in Table 4B, or (iii) an
amino acid sequence at least 95% identical to an amino acid sequence selected from the group
consisting of the HC CDR2 sequences set forth in Table 4B; and (C) a heavy chain CDR3
comprising (i) an amino acid sequence selected from the group consisting of the HC CDR3
sequences set forth in Table 4B, (ii) an amino acid sequence at least 90% identical to an amino
acid sequence selected from the group consisting of the HC CDR3 sequences set forth in Table
4B, or (iii) an amino acid sequence at least 95% identical to an amino acid sequence selected

from the group consisting of the HC CDR3 sequences set forth in Table 4B.

wherein (A) the CDRLs comprise (i) a CDRLI selected from the group consisting of CDRL1-C1
and CDRL1-C2, (ii) a CDRL2 selected from the group consisting of CDRL2-C1, CDRL2-C2,
and CDRL2-C3, and (iii) a CDRL3 consisting of CDRL3-C1; (B) the CDRHs comprise (i) a
CDRHI1 selected from the group consistinglof CDRHI1-C1 and CDRH1-C2; (i) a CDRH2
selected from the group consisting of CDRH2-C1, CDRH2-C2, and CDRH2-C3; and (iii) a
CDRH3 consisting of CDRH3-C1, and (C) the antibody or antigen binding fragment thereof
specifically binds human PACI.
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comprises CDRL1-C1, CDRL2-C1, CDRL3-C1, CDRH1-C1, CDRH2-C2, and CDRH3-C1.
In another embedimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRLI1-C1, CDRL2-C1, CDRL3-C1, CDRH1-C1, CDRH2-C3, and CDRH3-C1.
In another embodimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C1, CDRL2-C1, CDRL3-C1, CDRH1-C2, CDRH2-C1, and CDRH3-C]1.
In another embedimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C1, CDRL2-C1, CDRL3-C1, CDRH1-C2, CDRH2-C2, and CDRH3-CI1.
comprises CDRL1-C1, CDRL2-C1, CDRL3-C1, CDRH1-C2, CDRH2-C3, and CDRH3-C1.
In another embeodimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C1, CDRL2-C2, CDRL3-C1, CDRH1-C1, CDRH2-C1, and CDRH3-C1.
In another embedimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C1, CDRL2-C2, CDRL3-C1, CDRH1-C1, CDRH2-C2, and CDRH3-C1.
In another embedimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C1, CDRL2-C2, CDRL3-C1, CDRH1-C1, CDRH2-C3, and CDRH3-C1.
In another embodimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C1, CDRL2-C2, CDRL3-C1, CDRH1-C2, CDRH2-C1, and CDRH3-C1.

comprises CDRL1-C1, CDRL2-C3, CDRL3-C1, CDRH1-C1, CDRH2-C1, and CDRH3-C1.
In another embedimentexample of the above, the antibody or antigen binding fragment thereof

comprises CDRL1-C1, CDRL2-C3, CDRL3-C1, CDRH1-C1, CDRH2-C2, and CDRH3-C1.
In another embeodimentexample of the above, the antibody or antigen binding fragment thereof

comprises CDRL1-C1, CDRL2-C3, CDRL3-C1, CDRHI1-C1, CDRH2-C3, and CDRH3-C1.

comprises CDRL1-C1, CDRL2-C3, CDRL3-C1, CDRH1-C2, CDRH2-C2, and CDRH3-C1.
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comprises CDRL1-C2, CDRL2-C1, CDRL3-C1, CDRHI-C1, CDRH2-C1, and CDRH3-CI1.
In another emboedimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C2, CDRL2-C1, CDRL3-C1, CDRH1-C1, CDRH2-C2, and CDRH3-C1.
In another embeodimertexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C2, CDRL2-C1, CDRL3-C1, CDRH1-C1, CDRH2-C3, and CDRH3-C1.
In another embedimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C2, CDRL2-C1, CDRL3-C1, CDRH1-C2, CDRH2-C1, and CDRH3-C1.
In another embedimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C2, CDRL2-C1, CDRL3-C1, CDRH1-C2, CDRH2-C2, and CDRH3-C1.
comprises CDRL1-C2, CDRL2-C1, CDRL3-C1, CDRHI1-C2, CDRH2-C3, and CDRH3-C]1.
In another embeodimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C2, CDRL2-C2, CDRL3-C1, CDRH1-C1, CDRH2-C1, and CDRH3-C1.

In another esal

eritexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C2, CDRL2-C2, CDRL3-C1, CDRHI-C1, CDRH2-C2, and CDRH3-C1.
In another embedimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C2, CDRL2-C2, CDRL3-C1, CDRH1-C1, CDRH2-C3, and CDRH3-C1.
comprises CDRL1-C2, CDRL2-C2, CDRL3-C1, CDRHI1-C2, CDRH2-C1, and CDRH3-C1.
In another embodimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C2, CDRL2-C2, CDRL3-C1, CDRHI1-C2, CDRH2-C2, and CDRH3-C1.
comprises CDRL1-C2, CDRL2-C2, CDRL3-C1, CDRH1-C2, CDRH2-C3, and CDRH3-C1.
In another embedimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C2, CDRL2-C3, CDRL3-C1, CDRH1-C1, CDRH2-C1, and CDRH3-C1.
In another essbedimentexample of the above, the antibody or antigen binding fragment thereof
comprises CDRL1-C2, CDRL2-C3, CDRL3-C1, CDRH1-C1, CDRH2-C2, and CDRH3-CI.

comprises CDRL1-C2, CDRL2-C3, CDRL3-C1, CDRH1-C2, CDRH2-C1, and CDRH3-C1.
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thereof that specifically binds human PAC1, comprising (i) heavy chain CDRs CDR1, CDR2 and
CDR3, each having a sequence of the corresponding heavy chain CDR as above, and (ii) light
chain CDRs CDR1, CDR2 and CDR3, each having a sequence of the corresponding heavy chain
CDR as above.

thereof, comprising heavy chain CDRs: CDRH1-8, CDRH2-2 and CDRH3-3; and light chain
CDRs: CDRL1-3, CDRL2-2, CDRL3-2.

In another embodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising heavy chain CDRs: CDRH1-11, CDRH2-5 and CDRH3-9; and light chain ’

CDRs: CDRL1-13, CDRL2-1, CDRL3-1.
In another embedimentoxample the iavestiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising heavy chain CDRs: CDRH1-1, CDRH2-4 and CDRH3-6; and light chain

CDRs: CDRLI1-2, CDRL2-1, CDRL3-1.

In another embedimentoxample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising heavy chain CDRs: CDRH1-1, CDRH2-4 and CDRH3-6; and light chain
CDRs: CDRL1I-1, CDRL2-1, CDRL3-1.

In another embedimentexample the ipventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising heavy chain CDRs: CDRH1-3, CDRH2-5 and CDRH3-5; and light chain

CDRs: CDRLI-1, CDRL2-1, CDRL3-1.

thereof, comprising heavy chain CDRs: CDRH1-9, CDRH2-6 and CDRH3-1; and light chain
CDRs: CDRL1-4, CDRL2-3, CDRL3-3.

thereof, comprising heavy chain CDRs: CDRH1-4, CDRH2-7 and CDRH3-8; and light chain
CDRs: CDRL1-6, CDRL2-4, CDRL3-5.

thereof, comprising heavy chain CDRs: CDRH1-10, CDRH2-1 and CDRH3-7; and light chain
CDRs: CDRL1-5, CDRL2-3, CDRL3-4.
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thereof, comprising heavy chain CDRs: CDRH1-6, CDRH2-8 and CDRH3-2; and light chain
CDRs: CDRL1-7, CDRL2-5, CDRL3-6.

thereof, comprising heavy chain CDRs: CDRH1-7, CDRH2-3 and CDRH3-4; and light chain
CDRs: CDRL1-8, CDRL2-6, CDRL3-7.

thereof, comprising heavy chain CDRs: CDRH1-2, CDRH2-8 and CDRH3-2; and light chain
CDRs: CDRL1-9, CDRL2-5, CDRL3-8.

In another embodimentexample the inventiendisclosure includes an antibody or antigen;binding fragment
thereof, comprising heavy chain CDRs: CDRH1-6, CDRH2-8 and CDRH3-2; and light chain
CDRs: CDRLI1-10, CDRL2-5, CDRL3-6.

In another embeodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising heavy chain CDRs: CDRHI1-6, CDRH2-8 and CDRH3-2; and light chain
CDRs: CDRLI1-10, CDRL2-5, CDRL3-6.

In anothér embodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising heavy chain CDRs: CDRH1-6, CDRH2-8 and CDRH3-2; and light chain
CDRs: CDRL1-12, CDRL2-5, CDRL3-6.

thereof, comprising heavy chain CDRs: CDRHI1-5, CDRH2-8 and CDRH3-2; and light chain
CDRs: CDRLI1-11, CDRL2-5, CDRL3-8.

thereof that specifically binds human PAC1, comprising a heavy chain CDR1 selected from the
group consisting of CDRH1-1, CDRH1-2, CDRH1-3, CDRH1-4, CDRH1-5, CDRH]1-6,
CDRH1-7, CDRH1-8, CDRH1-9, CDRH1-10, and CDRH1-11.

thereof that specifically binds human PACI1, comprising a heavy chain CDR2 selected from the
group consisting of CDRH2-1, CDRH2-2, CDRH2-3, CDRH2-4, CDRH2-5, CDRH2-6,
CDRH2-7, and CDRH2-8. |

thereof that specifically binds human PACI1, comprising a heavy chain CDR3 selected from the
group consisting of CDRH3-1, CDRH3-2, CDRH3-3, CDRH3-4, CDRH3-5, CDRH3-6,
CDRH3-7, CDRH3-8 and CDRH3-9.
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In another aspeetexample, the inventiendisclosure includes an isolated antibody or antigen-binding fragment
thereof that specifically binds human PACI, comprising a light chain CDR1 selected from the
group consisting of CDRLI1-1, CDRL1-2, CDRL1-3, CDRL1-4, CDRL1-5, CDRL1-6, CDRLI-
7, CDRL1-8, CDRLI1-9, CDRL1-10, CDRL1-11, CDRL1-12 and CDRL1-13.

In another aspestexample, the inventiondisclosure includes an isolated antibody or antigen-binding fragment

thereof that specifically binds human PAC1, comprising a light chain CDR2 selected from the
group consisting of CDRL2-1, CDRL2-2, CDRL2-3, CDRL2-4, CDRL2-5, and CDRL2-6.

thereof that specifically binds human PAC1, comprising a light chain CDR3 selected from the
group consisting of CDRL3-1, CDRL3-2, CDRL3-3, CDRL3-4, CDRL3-5, CDRL3-6, CDRL3-
7, and CDRL3-8.

In another aspeetexample, the mventiondisclosure includes an isolated antibody or antigen-binding fragment
thereof that optionally specifically binds human PACI, comprising a heavy chain CDR1 as
above, a heavy chain CDR2 as above, a heavy chain CDR3 as above, a light chain CDR1 as

above, a light chain CDR2 as above, and a light chain CDR3 as above.

thereof that optionally specifically binds human PAC1, comprising a light chain variable region
comprising (1) an amino acid sequence selected from the group consisting of the Vi AA
sequences set forth in Table 3A, (i1) an amino acid sequence at least 90% identical to an amino
acid sequence selected from the group consisting of the Vi AA sequences set forth in Table 3A,
or (ii1) an amino acid sequence at least 95% identical to an amino acid sequence selected from

the group consisting of the Vi, AA sequences set forth in Table 3A.

In another aspectexample, the iventiondisclosure includes an isolated antibody or antigen-binding fragment

thereof that specifically binds human PAC1, comprising a heavy chain variable region
comprising (i) an amino acid sequence selected from the group consisting of the Vg AA
sequences set forth in Table 3B, (ii) an amino acid sequence at least 90% identical to an amino
acid sequence selected from the group consisting of the Vg AA sequences set forth in Table 3B,
or (iii) an amino acid sequence at least 95% identical to an amino acid sequence selected from

the group consisting of the Vg AA sequences set forth in Table 3B.

thereof that specifically binds human PACI, comprising a light chain variable region amino acid
sequence selected from the group consisting of LV-01, LV-02, LV-03, LV-04, LV-05, LV-06,
LV-07, LV-08, LV-09, LVQIO, LV-11,LV-12, LV-13, LV-14, LV-15, LV-16, LV-17, LV-18,
LV-19, LV-20, and LV-21.
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Tn another aspectexample, the iventiendisclosure includes an isolated antibody or antigen-binding fragment
thereof that specifically binds human PAC1, comprising a heavy chain variable region amino
acid sequence selected from the group consisting of HV-01, HV-02, HV-03, HV-04, HV-05, HV-
06, HV-07, HV-08, HV-09, HV-10, HV-11, HV-12, HV-13, HV-14, HV-15, HV-16, HV-17,
HV-18, HV-19, HV-20, HV-21, HV-22 HV-23, HV-24, HV-25, and HV-26.

thereof, comprising LV-02 and HV-02.

thereof, comprising LV-03 and HV-02.

In another embodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LV-04 and HV-03.

In another essbodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LV-05 and HV-03. |
thereof, comprising LV-06 and HV-03.

In another embodimentexample the imventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LV-04 and HV-04.

thereof, comprising LV-07 and HV-04.
In another embeodisnentoxample the swventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LV-07 and HV-05.

- thereof, comprising LV-07 and HV-03.

In another emsbodimentexample the #vestiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LV-04 and HV-06.
thereof, comprising LV-04 and HV-06.

In another esmbodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LV-05 and HV-05.
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thereof, comprising LV-09 and HV-05.
In another embodimentexample the ssventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LV-05 and HV-07.

In another embedimentexample the imventiendisclosure includes an antibody or antigen-binding fragment
thereof, comprising LV-05 and HV-08.

In another embedimentexample the wventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LV-09 and HV-07.

In another embeodimmentexample the fnventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LV-09 and HV-08.

thereof, comprising LV-05 and HV-10.
In another embedimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LV-08 and HV-10.

thereof, comprising LV-08 and HV-13.

In another esmbodiznentexanple the iavestiondisclosure includes an antibody or antigen—binding fragment

thereof, comprising LV-10 and HV-14.

thereof, comprising I.V-11 and HV-14.
In another embedimentexample the inventisndisclosyre includes an antibody or antigen-binding fragment
thereof, comprising LV-12 and HV-15.

10
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thereof, comprising LV-12 and HV-16.
In another embodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LV-13 and HV-17.

- In another embedimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LV-14 and HV-18.
thereof, comprising LV-14 and HV-19.

In another %@@mg&ﬁ}m the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LV-15 and HV-20.

In another embodimente;
thereof, comprising LV-18 and HV-23.

In another embedimentexample the inventiendisclospre includes an antibody or antigen-binding fragment
thereof, comprising L.V-19 and HV-24.

In another embodismentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LV-19 and HV-25.

thereof, comprising LV-21 and HV-26.
In another aspectoxample, the #vventiondisclosure includes an isolated antibody or antigen-binding fragment

thereof that specifically binds human PACI1, comprising a (i) a sequence selected from the group
consisting of the sequences set forth in Table 2A, or (ii) a sequence at least 90% identical to one
of the sequences in set forth in Table 2A, or (iii) a sequence at least 95% identical to one of the

sequences in set forth in Table 2A.

thereof that specifically binds human PAC1, comprising a (i) a sequence selected from the group
consisting of the sequences set forth in Table 2B, or (ii) a sequence at least 90% identical to one
of the sequences in set forth in Table 2B, or (iii) a sequence at least 95% identical to one of the

sequences in set forth in Table 2B.

11
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thereof that specifically binds human PAC1, comprising a light chain amino acid sequence
selected from the group consisting of LC-01, LC-02, LC-03, LC-04, LC-05, LC-06, LC-07, LC-
08, LC-09, LC-10, LC-11, LC-12, LC-13, LC-14, LC-15, LC-16, LC-17, LC-18, LC-19, LC-20,
and LC-21.

thereof that specifically binds human PAC1, comprising a heavy chain amino acid sequence
selected from the group consisting of HC-01, HC-02, HC—O3, HC-04, HC-05, HC-06, HC-07,
HC-08, HC-09, HC-10, HC-11, HC-12, HC-13, HC-14, HC-15, HC-16, HC-17, HC-18, HC-19,
HC-20, HC-21, HC-22, HC-23, HC-24, HC-25, HC-26, HC-27, HC-28, HC-29, HC-30, HC-31,
HC-32, HC-33, HC-34, HC-35, HC-36, HC-37, HC-38, HC-39, HC-40, HC-41, HC-42, HC-43,
HC-44, HC-45, HC-46, HC-47, HC-48, HC-49, HC-50, HC-51, HC-52, and HC-53.
thereof, comprising LC-01 and HC-01 (01A).

In another embodimentexample the mventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-01 and HC-02 (01B).

In another embodimentexample the svestiendisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-02 and HC-03 (02A).
thereof, comprising LC-02 and HC-04 (02B).

In another embeodimentexample the fnventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-02 and HC-05 (02C).

thereof, comprising LC-04 and HC-08 (04C).

In another emsbodimentexample the ventiendisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-05 and HC-06 (05A).

In another embodimentexample the inventiendisclosure includes an antibody or antigen-binding fragment

thereof, comprising LC-05 and HC-07 (05B).

12



In another embedinentexample the investiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LC-05 and HC-08 (05C).

thereof, comprising LC-06 and HC-06 (06A).
In another embodimentexamnle the inventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LC-06 and HC-07 (06B).

thereof, comprising L.C-06 and HC-08 (06C).
In another embedimentexample the investiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LC-04 and HC-09 (07A).

thereof, comprising L.C-04 and HC-13 (08B).

In another embodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-04 and HC-14 (08C).
thereof, comprising LC-07 and HC-09 (09A).

In another embedimentexample the inventiondisclogure includes an antibody or antigen-binding fragment

thereof, comprising LC-07 and HC-10 (09B).

thereof, comprising LC-07 and HC-12 (10A).
In another embedimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-07 and HC-13 (10B).

thereof, comprising LC-07 and HC-14 (10C).
In another emsbedimentexample the inventiendisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-07 and HC-06 (11A).

13



thereof, comprising LC-07 and HC-08 (11C).
In another embeodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-04 and HC-15 (12A).

thereof, comprising LC-04 and HC-16 (12B).
In another embedimentexample the isventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LC-04 and HC-17 (12C).

thereof, comprising LC-05 and HC-12 (13A).
In another embedimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-05 and HC-13 (13B).

In another embodinentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-05 and HC-14 (13C).

In another embedimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-08 and HC-12 (14A).

In another embedimentexample the inventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LC-08 and HC-13 (14B).

In another embedimentexample the srventiondisciosure includes an antibody or antigen-binding fragment
thereof, comprising LC-05 and HC-18 (16A).

thereof, comprising LC-05 and HC-19 (16B).
In another essbodimentexample the mventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LC-05 and HC-20 (16C).

14



thereof, comprising LC-05 and HC-22 (17B).

In another embodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-05 and HC-23 (17C).

In another emsbedimentexample the inventiendisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-09 and HC-18 (18A).

In another embedimentexample the isventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LC-09 and HC-19 (18B).

thereof, comprising LC-09 and HC-21 (19A).
In another embeodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LC-09 and HC-22 (19B).
thereof, comprising LC-09 and HC-23 (19C).

In another embodimentexample the investisndisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-09 and HC-24 (20A).

In another embedimentexample the inventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LC-09 and HC-25 (20B).

thereof, comprising LC-05 and HC-25 (21B).
In another embodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-05 and HC-26 (21C).

thereof, comprising LC-05 and HC-27 (22A).
In another embedimenicxample the inrventiendisclosure includes an antibody or antigen-binding fragment

thereof, comprising LC-05 and HC-28 (22B).

15



thereof, comprising LC-08 and HC-27 (23A).
In another embedimentexample the iventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-08 and HC-28 (23B).

thereof, comprising LC-08 and HC-29 (23C).
In another embodimentexample the isventiendisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-05 and HC-30 (24A).

thereof, comprising LC-05 and HC-34 (25B).
In another esbodimentexample the inventiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising LC-05 and HC-35 (25C).

thereof, comprising LC-08 and HC-36 (27A).

In another embodimenicxample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-08 and HC-37 (27B).
thereof, comprising LC-08 and HC-38 (27C).

In another emsbodimentexample the inventiendisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-10 and HC-39 (28A).

16



thereof, comprising L.C-10 and HC-41 (28C).

In another embedimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-11 and HC-39 (29A).
thereof, comprising L.C-11 and HC-40 (29B).

In another embeodimentexample the isventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-11 and HC-41 (29C).

thereof, comprising L.C-14 and HC-45 (33A).

In another embedimentexample the investiendisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-14 and HC-46 (34A).
thereof, comprising LC-15 and HC-47 (35A).

In another embodimentoxample the investiondisclosure includes an antibody or antigen-binding fragment

thereof, comprising L.C-16 and HC-48 (36A).

thereof, comprising LC-18 and HC-50 (38A).
In another embedimentexample the investiendisclosure includes an antibody or antigen-binding fragment
thereof, comprising L.C-19 and HC-51 (39A). ‘

2 includes an antibody or antigen-binding fragment
thereof, comprising LC-19 and HC-52 (39B).

In another embedimentexample the inventiondisclosure includes an antibody or antigen-binding fragment
thereof, comprising LC-20 and HC-48 (40A).
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wherein the isolated antibody is selected from the group consisting of a monoclonal antibody, a

Fab fragment, an Fab' fragment, an F(ab")2 fragment, an Fv fragment, a diabody, and a single
chain antibody.
In another aspestexample, the imventiendisclosure includes the isolated antibody as abéve, wherein the

isolated antibody is a monoclonal antibody selected from the group consisting of a fully human

antibody, a humanized antibody and a chimeric antibody.

¢ includes the isolated antibody as above, wherein the
antibody is an IgG1-, IgG2-~, IgG3-, or IgG4-type antibody. |

In another aspeetexample, the inventiondisclosure includes the isolated antibody as above, wherein the
antibody is an aglycosylated IgG1 antibody.

In another aspectexample, the inventiendisclosure includes the isolated antibody as above, wherein the

aglycosylated IgG1 antibody comprises a mutation at position N297 in its heavy chain.

aglycosylated I1gG1 antibody comprises the substitutions N297G, R292C and V302C in its heavy
chain.

In another aspeetoxample, the isventiendisclosure includes the isolated antibody of any as above, wherein

the antibody selectively inhibits hPACT relative to hVPA1 and hVPAC2.

selectivity ratio is greater than 100:1.

In another aspectexample, the inventiondisclosure includes the isolated antibody as above, wherein the
selectivity ratio is greater than 1000:1.

In another aspectexample, the inventiendisclosure includes an isolated polynucleotide that encodes an
antibody of any as above.

In another aspeetexample, the inveationdisclosure includes an isolated nucleic acid encoding an antibody or

antigen-binding fragment thereof that specifically binds human PAC1, comprising (i) a sequence
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selected from the group consisting of the sequences set forth in Table 1A, or (ii) a sequence at
least 90% identical to one of the sequences in set forth in Table 1A, or (iii) a sequence at least

95% identical to one of the sequences in set forth in Table 1A.

antigen-binding fragment thereof that specifically binds human PAC1, comprising (i) a sequence
selected from the group consisting of the sequences set forth in Table 1B, or (ii) a sequence at
least 90% identical to one of the sequences in set forth in Table 1B, or (iii) a sequence at least

95% identical to one of the sequences in set forth in Table 1B.

sequence selected from the group consisting of the sequences set forth in Table 1A, (ii) a nucleic
acid sequence at least 80% identical to a nucleic acid sequence selected from the group
consisting of the sequences set forth in Table 1A, (iii) a nucleic acid sequence at least 90%
identical to a nucleic acid sequence selected from the group consisting of the sequences set forth
in Table 1A, or (iv) a nucleic acid sequence at least 95% identical to a nucleic acid sequence
selected from the group consisting of the sequences set forth in Table 1A.

In another aspestexample, the mx%mgimg@ includes an isolated polynucleotide having a nucleic acid
sequence selected from the group consisting of the sequences set forth in Table 1B, (ii) a nucleic
acid sequence at least 80% identical to a nucleic acid sequence selected from the group
consisting of the sequences set forth in Table 1B, (iii) a nucleic acid sequence at least 90%
identical to a nucleic acid sequence selected from the group consisting of the sequences set forth
in Table 1B, or (iv) a nucleic acid sequence at least 95% identical to a nucleic acid sequence

selected from the group consisting of the sequences set forth in Table 1B.

sequence selected from the group consisting of nucleic acid sequences encoding the variable
regions set forth in Table 3A, (ii) a nucleic acid sequence at least 80% identical to a nucleic acid
sequence selected from the group consisting of nucleic acid sequences encoding the variable
regions set forth in Table 3A, (iii) a nucleic acid sequence at least 90% identical to a nucleic acid
sequence selected from the group consisting of nucleic acid sequences encoding the variable
regions set forth in Table 3A, or (iv) a nucleic acid sequence at least 95% identical to a nucleic

acid sequence selected from the group consisting of nucleic acid sequences encoding the variable

having a nucleic acid sequence selected from the group consisting of nucleic acid sequences
encoding the variable regions set forth in Table 3B, (ii) a nucleic acid sequence at least 80%

identical to a nucleic acid sequence selected from the group consisting of nucleic acid sequences
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encoding the variable regions set forth in Table 3B, (iii) a nucleic acid sequence at least 90%
identical to a nucleic acid sequence selected from the group consisting of nucleic acid sequences
encoding the variable regions set forth in Table 3B, or (iv) a nucleic acid sequence at least 95%
identical to a nucleic acid sequence selected from the group consisting of nucleic acid sequences

encoding the variable regions set forth in Table 3A.

binding fragment thereof of any as above, comprising preparing the antibody or antigen binding
fragment thereof from a host cell as above that secretes the antibody or antigen binding fragment
thereof.

In another aspectexample, the inventiendisclosure includes a pharmaceutical composition comprising an
antibody or antigen binding fragment thereof of any as above and a pharmaceutically acceptable
excipient.

In another aspeetexample, the inventiondisclosyre includes a method for treating a condition associated with

PAC1 in a patient, comprising administering to a patient an effective amount of an antibody or
antigen binding fragment thereof of any as above.
headache.

In another aspeetexample, the isvestiondisclosure includes the method as above, wherein the condition is

migraine.

chronic migraine.
In another aspeetexample, the imventiondisclosure includes the method as above, wherein the condition is

cluster headache.
In another aspestoxample, the isventiondisclosure includes the method of any as above, wherein

the method comprises prophylactic treatment.

BRIEF DESCRIPTION OF THE FIGURES
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Claims:

1. An isolated antibody or antigen-binding fragment thereof that specifically binds h
PACI1, comprising
(A) a light chain CDR1 comprising (i) an amino acid sequence selected fromd the group
consisting of the LC CDRI1 scqucnces sct forth in Table 4A, (ii) an amino acid sgquence at [cast
90% identical to an amino acid sequence selected from the group consisting of the LC CDR1
sequences set forth in Table 4A, or (iii) an amino acid sequence at least 95% identical to an
amino acid sequence selected from the group consisting of the LC CD
Table 4A,;

(B) a light chain CDR2 comprising (i) an amino acid seqyénce selected from the group

sequences set forth in

consisting of the LC CDR2 sequences set forth in Table 4A, (34) an amino acid sequence at least
90% identical to an amino acid sequence selected from the group consisting of the LC CDR2
sequences set forth in Table 4A, or (iii) an amino acid sgQuence at least 95% identical to an
amino acid sequence selected from the group consistifg of the LC CDR2 sequences set forth in
Table 4A;

(C) a light chain CDR3 comprising (i) gh amino acid scquence sclected from the group
consisting of the LC CDR3 sequences set fofth in Table 4A, (ii) an amino acid sequence at least
90% identical to an amino acid sequence/ielected from the group consisting of the LC CDR3
sequences set forth in Table 4A, or (iif) an amino acid sequence at least 95% identical to an

amino acid sequence selected fromythe group consisting of the LC CDR3 sequences set forth in

Table 4A;
(D) a heavy chain CDR1 comprising (i) an amino acid sequence selected from the group
consisting of the HC CDR sequences set forth in Table 4B, (ii) an amino acid sequence at least

90% identical to an an¥no acid sequence selected from the group consisting of the HC CDR1
sequences set forth,ih Table 4B, or (iii) an amino acid sequence at least 95% identical to an
amino acid sequence selected from the group consisting of the HC CDR1 sequences sct forth in
Tabic 4B;

(EYa heavy chain CDR2 comprising (i) an amino acid sequence selected from the group
consistifig of the HC CDR2 sequences set forth in Table 4B, (ii) an amino acid sequence at lcast
90%1dentical to an amino acid sequence selected from the group consisting of the HC CDR2
sgquences set forth in Table 4B, or (iii) an amino acid sequence at least 95% identical to an
amino acid sequence selected from the group consisting of the HC CDR2 sequences set forth in
Table 4B; and
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sequences set forth in Table 4B, or (iii) an amino acid sequence at least 95% identical 6 an
amino acid sequence selected from the group consisting of the HC CDR3 sequenceg’set forth in
Table 4B.

2. An isolated antibody or antigen-binding fragment thereof that specifically binds human
PACI, comprising a light chain variable region comprising (i) an aming/cid sequence selected
from the group consisting of the Vi, AA sequences set forth in Table A, (ii) an amino acid

sequence at least 90% identical to an amino acid sequence selected from the group consisting of
the Vi, AA sequences set forth in Table 3A, or (iii) an amino a¢id sequence at least 95% identical
to an amino acid sequence selected from the group consistiy

Tablc 3A.

g of the Vi, AA sequences set forth in

3. An isolated antibody or antigen-binding fragment thereof, comprising amino acid
sequences LV-01 and HV-01; LV-02 and HV-0Z; LV-03 and HV-02; LV-04 and HV-03; LV-05
and HV-03; LV-06 and HV-03; LV-04 and HV-04; LV-04 and HV-05; LV-07 and HV-04; LV-
07 and HV-05; LV-07 and HV-03; LV-04and HV-06; LV-04 and HV-06; LV-05 and HV-05;
LV-08 and HV-05; LV-09 and HV-03/LV-05 and HV-07; LV-05 and HV-08; LV-09 and HV-
07, LV-09 and HV-08; LV-09 and AV-09; LV-05 and HV-09; LV-05 and HV-10; LV-08 and
HV-10; LV-05 and HV-11; LV05 and HV-12; LV-05 and HV-13; LV-08 and HV-13; LV-10
and HV-14; LV-11 and HV-/4; LV-12 and HV-15; LV-12 and HV-16; LV-13 and HV-17; LV-
14 and HV-18; LV-14 and HV-19; LV-15 and HV-20; LV-16 and HV-21; LV-17 and HV-22;
LV-18 and HV-23; LY-19 and HV-24; LV-19 and HV-25; LV-20 and HV-21; or LV-21 and

HV-26; wherein sgid antibody or antigen-binding fragment thereof binds selectively to hPACI.

4. An isoldted antibody or antigen-binding fragment thereof, comprising amino acid

sequences [AC-01 and HC-01 (01A); LC-01 and HC-02 (01B); LC-02 and HC-03 (02A); LC-02

(08B); LC-05 and HC-08 (05C); LC-06 and HC-06 (06A); LC-06 and HC-07 (06B); LC-06 and
1C-08 (06C); LC-04 and HC-09 (07A); LC-04 and HC-10 (07B); LC-04 and HC-11 (07C); LC-
04 and HC-12 (08A); LC-04 and HC-13 (08B); LC-04 and HC-14 (08C); LC-07 and HC-09

(09A); LC-07 and HC-10 (09B); LC-07 and HC-11 (09C); LC-07 and HC-12 (10A); LC-07 and

1144632~ : PCT/US2014/029128 vy
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HC-13 (10B); LC-07 and HC-14 (10C); LC-07 and HC-06 (11A); LC-07 and HC-07 (11B); LG~
07 and HC-08 (11C); LC-04 and HC-15 (12A); LC-04 and HC-16 (12B); LC-04 and HC-17/
(12Cy; LC-05 and HC-12 (13A); LC-05 and HC-13 (13B); LC-05 and HC-14 (13C); LC-08 and
HC-12 (14A); LC-08 and HC-13 (14B); LC-08 and HC-14 (14C); LC-09 and HC-12 (A5A); LC-
09 and HC-13 (15B); LC-09 and HC-14 (15C); LC-05 and HC-18 (16A); LC-05 and HC-19
(16B); LC-05 and HC-20 (16C); LC-05 and HC-21 (17A); LC-05 and HC-22 (17B); LC-05 and
HC-23 (17C); LC-09 and HC-18 (18A); LC-09 and HC-19 (18B); LC-09 ang/HC-20 (18C); LC-
09 and HC-21 (19A); LC-09 and HC-22 (19B); LC-09 and HC-23 (19C); £.C-09 and HC-24
(20A); LC-09 and HC-25 (20B); LC-09 and HC-26 (20C); LC-05 and AC-24 (21A); LC-05 and
HC-25 (21B); LC-05 and HC-26 (21C); LC-05 and HC-27 (22A); LZ-05 and HC-28 (22B); LC-
05 and HC-29 (22C); LC-08 and HC-27 (23A); LC-08 and HC-28 (23B); LC-08 and HC-29
(23C); LC-05 and HC-30 (24A); LC-05 and HC-31 (24B); LCA05 and HC-32 (24C); LC-05 and
HC-33 (25A); LC-05 and HC-34 (25B); LC-05 and HC-35/(25C); LC-05 and HC-36 (26A); LC-
05 and HC-37 (26B), LC-05 and HC-38 (26C); LC-08 arid HC-36 (27A); LC-08 and HC-37
(27B); LC-08 and HC-38 (27C); LC-10 and HC-39 (28A); LC-10 and HC-40 (28B), LC-10 and
HC-41 (28C); LC-11 and HC-39 (29A); LC-11 and HC-40 (29B); LC-11 and HC-41 (29C); LC-
12 and HC-42 (30A); LC-12 and HC-43 (31A)/1.C-13 and HC-44 (32A); LC-14 and HC-45
(33A); LC-14 and HC-46 (34A); LC-15 and/HC-47 (35A); LC-16 and HC-48 (36A); LC-17 and
HC-49 (37A); LC-18 and HC-50 (38A); KC-19 and HC-51 (39A); LC-19 and HC-52 (39B); LC-
20 and HC-48 (40A); or LC-21 and HZ-53 (41A); wherein said antibody or antigen-binding
fragment thereof binds selectively 6 hPACI.

5. An isolated antibody or/Aantigen-binding fragment thereof, comprising

heavy chain CDRs: ¢DRH1-8, CDRH2-2 and CDRH3-3; and light chain CDRs: CDRL1-
3, CDRL2-2, CDRL3-2,

heavy chain CPRs: CDRHI1-11, CDRH2-5 and CDRH3-9; and light chain CDRs:
CDRL1-13, CDRL2-1, CDRL3-1,

heavy chdin CDRs: CDRH1-1, CDRH2-4 and CDRH3-6; and light chain CDRs: CDRL1-
2, CDRL2-1,£DRL3-1,

hegvy chain CDRs: CDRHI-1, CDRH2-4 and CDRH3-6; and light chain CDRs: CDRL1-
1, CDRA2-1, CDRL3-1,

heavy chain CDRs: CDRH1-3, CDRH2-5 and CDRH3-5; and light chain CDRs: CDRL1-

/CDRL2-1, CDRL3-1,
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heavy chain CDRs: CDRH1-9, CDRH2-6 and CDRH3-1; and light chain CDRs: CD
4, CDRI.2-3, CDRL3-3,
heavy chain CDRs: CDRH1-4, CDRH2-7 and CDRH3-8; and light chain CDRs;,CDRL1-
6, CDRL2-4, CDRL3-5,
5 heavy chain CDRs: CDRH1-10, CDRH2-1 and CDRH3-7; and light chain CDRs:
CDRLI1-5, CDRL2-3, CDRL3-4,
heavy chain CDRs: CDRH1-6, CDRH2-8 and CDRH3-2; and light ¢iiain CDRs: CDRL1-
7, CDRL2-5, CDRL3-6,
heavy chain CDRs; CDRH1-7, CDRH2-3 and CDRH3-4; and Mght chain CDRs: CDRL1-
10 8, CDRL2-6, CDRL3-7,
heavy chain CDRs: CDRH1-2, CDRH2-8 and CDRH3-
9, CDRL2-5, CDRL3-8,
heavy chain CDRs: CDRH1-6, CDRH2-8 and CD
10, CDRL2-5, CDRL3-6,
15 heavy chain CDRs: CDRH1-6, CDRH2-8 a
12, CDRL2-5, CDRL3-6, or
heavy chain CDRs: CDRH1-5, CDRH2-8 and CDRH3-2; and light chain CDRs: CDRL1-
11, CDRL2-5, CDRL3-8,

wherein said antibody or antige

and light chain CDRs: CDRL1-

3-2; and light chain CDRs: CDRL1-

CDRH3-2; and light chain CDRs: CDRL1-

inding fragment thereof binds selectively to hPACI.

20 6. An antibody or antigen binding fragment thereof, wherein

(A)  the antibody or antigen bifiding fragment thereof competes for binding, with a Ki of 100
nM or less (e.g., 50 nM), to
sisting of 01B, 14A, 14B, 26A, 26B, 28A, 29A, 29B, 39A, and39B;

man PAC1 with a reference antibody, said reference antibody
selected from the group ¢
and

25 (B) the antibody @r antigen binding fragment thereof binds selectively to human PACI.

7. An antibgdy or antigen binding fragment thereof, wherein

30 (B) / the CDRHs are selected from the group consisting of: (i) a CDRH1 selected from the
gybup consisting of CDRHI1-C1 and CDRHI1-C2; (ii) a CDRH2 selected from the group
consisting of CDRH2-C1, CDRH2-C2, and CDRH2-C3; and (iii) a CDRH3 consisting of
CDRH3-C1, and
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(C)  the antibody or antigen binding fragment thereof selectively binds human PACI.

8. An isolated antibody or antigen-binding fragment thercof of any of claims 1-7, whcrcin

the antibody is a monoclonal antibody.

9. The isolated antibody of any of claims 1 -8, wherein the isolated antibody/1s selected from
the group consisting of a monoclonal antibody, a Fab fragment, an Fab' fragmént, an F(ab")2

fragment, an Fv fragment, a diabody, and a single chain antibody.

10.  The isolated antibody of claim 9, wherein the monoclonal antipody is selected from the

group consisting of a fully human antibody, a humanized antibody4nd a chimeric antibody.

11.  The isolated antibody of claim 10, wherein the isolategl’antibody is a fully human

monoclonal antibody.

12.  The isolated antibody of claim 8, wherein the ghtibody is an IgG1-, IgG2-, [gG3-, or

IgG4-type antibody.

13.  Theisolated antibody of claim 12, whefein the antibody is an aglycosylated IgG1
antibody.

14.  The isolated antibody of claim/13, wherein the antibody comprises an N297 mutation in

its heavy chain.

15.  The isolated antibody ¢t claim 14, wherein the antibody comprises an N297G substitution

in its heavy chain.

16.  The isolated apfibody of claim 14, wherein the antibody further comprises the
substitutions R292¢ and V302C in its heavy chain.

17. The iso
hPACI relative to VPAL and VPAC2.

tated antibody of any of claims 1-16, wherein the antibody selectively inhibits

he isolated antibody of claim 17, wherein the selectivity ratio is greater than 100:1.
The isolated antibody of claim 18, wherein the selectivity ratio is greater than 1000:1.

20.

An isolated polynucleotide that encodes an antibody of any of claims 1-19.

T PCTUS2014/029128 -/
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21, An expression vector comprising an isolated nucleic acid or polynucleotide of claim
22, A cell linc transformed with cxpression vector of claim 21.

23. A method of making an antibody or antigen binding fragment thereof of any,0f claims 1-
19, comprising preparing the antibody or antigen binding fragment thereof from #’host cell of

claim 22 that secretes the antibody or antigen binding fragment thereof,

24. A pharmaceutical composition comprising an antibody or antig?binding fragment
thereof of any of claims 1-19 and a pharmaceutically acceptable eyyipd nt.

25. A method for treating a condition associated with PACI ir/a patient, comprising
administering to a patient an effective amount of an antibody of antigen binding fragment thereof

of any of claims 1-19.

26. The method of claim 25, wherein the condition i§ headache.

27.  The method of claim 26, wherein the condition is migraine.

28.  The method of claim 27, wherein the igraine is cpisodic migrainc or chronic migraine.
29. The method of claim 26, wherein the condition is cluster headache.

30.  The method of any of claims 25 to 29, wherein the method comprises prophylactic

treatment.
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Claims:

1. An isolated antibody or antigen-binding fragment thereof that specifically binds human
PAC1, comprising

(A) a light chain CDR1 (CDRL1) comprising the sequence of SEQ ID NO: 196, SEQ ID
NO: 197, or SEQ ID NO: 208;

(B) a light chain CDR2 (CDRL2) comprising the sequence of SEQ ID NO: 209;

(C) a light chain CDR3 (CDRL3) comprising the sequence of SEQ ID NO: 215;

(D) a heavy chain CDR1 (CDRH1) comprising the sequence of SEQ [D NO: 223, SEQ
ID NO: 225, or SEQ ID NO: 233; »

(E) a heavy chain CDR2 (CDRH2) comprising the sequence of SEQ ID NO: 237 or SEQ
ID NO: 238; and

(F} a heavy chain CDR3 (CDRH3) comprising the sequence of SEQ ID NO: 246, SEQ ID
NO: 247, or SEQ ID NO: 250.

2. The isolated antibody or antigen-binding fragment thereof of claim 1, wherein:

(a) CDRH1, CDRH2, and CDRH3 have the sequence of SEQ ID NO: 233, SEQ ID NO:
238, and SEQ ID NO: 250, respectively, and CDRL1, CDRL2, and CDRL3 have the sequence
of SEQ ID NO: 208, SEQ ID NO: 209, and SEQ ID NO: 215, respectively;

(b) CDRH1, CDRHZ2, and CDRH3 have the sequence of SEQ ID NO: 223, SEQ ID NO:
237, and SEQ ID NO: 247, respectively, and CDRL1, CDRL2, and CDRL3 have the sequence
of SEQ ID NO: 197, SEQ ID NO: 209, and SEQ ID NO: 215, respectively;

(c) CDRH1, CDRH2, and CDRH3 have the sequence of SEQ ID NO: 223, SEQ ID NO:
237, and SEQ ID NO: 247, respectively and CDRL1, CDRL2, and CDRL3 have the sequence of
SEQ ID NO: 196, SEQ ID NO: 209, and SEQ ID NO: 215, respectively; or

(d) CDRH1, CDRH2, and CDRH3 have the sequence of SEQ ID NO: 225, SEQ ID NO:
238, and SEQ ID NO: 246, respectively and CDRL1, CDRL2, and CDRL3 have the sequence of
SEQ ID NO: 196, SEQ ID NO: 209, and SEQ ID NO: 215, respectively.

3. The isolated antibody or antigen-binding fragment thereof of claim 2, wherein CDRH1,
CDRH2, and CDRH3 have the sequence of SEQ ID NO: 223, SEQ ID NO: 237, and SEQ ID
NO: 247, respectively and CDRL1, CDRL2, and CDRL.3 have the sequence of SEQ ID NO: 196,
SEQ ID NO: 209, and SEQ ID NO: 215, respectively.
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4. The isolated antibody or antigen-binding fragment thereof of claim 1, com

prising a light

chain variable region and a heavy chain variable region, wherein the light chain variable region

comprises a sequence that is at least 90% identical to a sequence selected from
150-159 and the heavy chain variable region comprises a sequence that is
identical to a sequence selected from SEQ ID NOs: 171-183.

5. The isolated antibody or antigen-binding fragment thereof of claim 1, com
chain variable region and a heavy chain variable region, wherein:

(a) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 171;

(b) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 171;

(c) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 172;

(d) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 172;

(e) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ iD NO: 172;

(f) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 173;

(9) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 174;

(h) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ 1D NO: 173;

SEQ ID NOs:
at least 90%
prising a light
: 150 and the
: 151 and the
: 152 and the
: 153 and the
1154 ax_'\d the
: 152 and the
: 152 and the

: 155 and the

(i) the light chain variable region comprises the sequence of SEQ ID NO: 155 and the

heavy chain variable region comprises the sequence of SEQ ID NO: 174;

(j) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 172;

(k) the light chain variable region comprises the sequence of SEQ ID NO

heavy chain variable region comprises the sequence of SEQ ID NO: 175;

. 155 and the

1 152 and the

(1) the light chain variable region comprises the sequence of SEQ ID NO: 153 and the

heavy chain variable region comprises the sequence of SEQ ID NO: 174;
(m) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 174;
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(n) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 174;

(o) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 176;

(p) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ iD NO: 177;

(q) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 176;

. 157 and the

: 153 and the

: 153 and the

. 157 and the

(r) the light chain variable region comprises the sequence of SEQ ID NO: 157 and the

heavy chain variable region comprises the sequence of SEQ ID NO: 177;
(s) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 178;

» 157 and the

(t) the light chain variable region comprises the sequence of SEQ ID NO: 153 and the

heavy chain variable region comprises the sequence of SEQ ID NO: 178;

(u) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 179;

(v) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ 1D NO: 179;

(w) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 180;

(x) the light chain variable region comprises the sequence of SEQ {D NO
heavy chain variable region comprises the sequence of SEQ ID NO: 181;

(y) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 182;

(z) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 182;

(aa) the light chain variable region comprises the sequence of SEQ ID NO
heavy chain variable region comprises the sequence of SEQ ID NO: 183; or

(ab) the light chain variable region comprises the sequence of SEQ ID NO

heavy chain variable region comprises the sequence of SEQ ID NO: 183.

: 153 and the

© 156 and the

: 153 and the

1 153 and the

1153 and the

1 156 and the

: 158 and the

: 159 and the

6. The isolated antibody or antigen-binding fragment thereof of claim 5, wherein the light

chain variable region comprises the sequence of SEQ ID NO: 153 and the heavy chain variable

region comprises the sequence of SEQ ID NO: 182.
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7. The isolated antibody or antigen-binding fragment thereof of claim 1, wherein the
antibody comprises:

(a) a light chain comprising the sequence of SEQ ID NO: 76 and a heavy chain
comprising a sequence selected from SEQ ID NOs: 98-100;

(b) a light chain comprising the sequence of SEQ ID NO: 77 and a heavy chain
comprising the sequence of SEQ ID NO: 98;

(c) a light chain comprising the sequence of SEQ ID NO: 78 and a heavy chain
comprising a sequence selected from SEQ ID NOs: 101-112;

(d) a light chain comprising the sequence of SEQ ID NO: 79 and a heavy chain
comprising a sequence selected from SEQ ID NOs: 101-103, 107-109, and 113-133;

(e) a light chain comprising the sequence of SEQ ID NO: 80 and a heavy chain
comprising a sequence selected from SEQ ID NOs: 101-103;

(f) a light chain comprising the sequence of SEQ ID NO: 81 and a heavy chain
comprising a sequence selected from SEQ ID NOs: 101-109;

(g) a light chain comprising the sequence of SEQ ID NO: 82 and a heavy chain
comprising a sequence selected from SEQ ID NOs: 107-109, 122-124, and 131-133;

(h) a light chain comprising the sequence of SEQ ID NO: 83 and a heavy chain
comprising a sequence selected from SEQ ID NOs: 107-109 and 113-121;

(i) a light chain comprising the sequence of SEQ ID NO: 84 and a heavy chain
comprising a sequence selected from SEQ ID NOs: 134-136; or

(h) a light chain comprising the sequence of SEQ ID NO: 85 and a heavy chain
comprising a sequence selected from SEQ ID NOs: 134-136.

8. The isolated antibody or antigen-binding fragment thereof of claim 7, wherein the
antibody comprises a light chain comprising the sequence of SEQ ID NO: 79 and a heavy chain
comprising the sequence of SEQ ID NO: 131.

9. The isolated antibody or antigen-binding fragment thereof of claim 7, wherein the

antibody comprises a light chain comprising the sequence of SEQ ID NO: 79 and a heavy chain
comprising the sequence of SEQ ID NO: 132.
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10. The isolated antibody or antigen-binding fragment thereof of claim 7, wherein the
antibody comprises a light chain comprising the sequence of SEQ ID NO: 79 and a heavy chain
comprising the sequence of SEQ ID NO: 133.

11. The isolated antibody or antigen-binding fragment thereof of any one of claims 1 to 7,

wherein the antibody is a monoclonal antibody.

12. The isolated antibody or antigen-binding fragment of any one of claims 1 to 7, wherein
the isolated antibody or antigen-binding fragment is selected from the group consisting of a Fab
fragment, an Fab' fragment, an F(ab")2 fragment, an Fv fragment, a diabody, and a single chain

antibody.

13. The isolated antibody or antigen-binding fragment thereof of claim 11, wherein the

monoclonal antibody is a fully human antibody, @ humanized antibody, or a chimeric antibody.

14. The isolated antibody or antigen-binding fragment thereof of claim 13, wherein the

antibody is a fully human monoclonal antibody.

15. The isolated antibody or antigen-binding fragment thereof of claim 11, wherein the

antibody is an IgG1-, 1gG2-, 1IgG3-, or IgG4-type antibody.

16. The isolated antibody or antigen-binding fragment thereof of claim 15, wherein the
antibody is an aglycosylated 1gG1 antibody. |

17. The isolated antibody or antigen-binding fragment thereof of claim 16, wherein the

antibody comprises a mutation at position N297 in its heavy chain.

18. The isolated antibody or antigen-binding fragment thereof of claim 17, wherein the

antibody comprises a N297G mutation in its heavy chain.

19. The isolated antibody or antigen-binding fragment thereof of claim 17, wherein the
antibody further comprises R292C and V302C mutations in its heavy chain.
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20. An isolated polynucleotide that encodes an antibody or antigen-binding fragment thereof

of any one of claims 1 to 19.

21. An expression vector comprising the polynucleotide of claim 20.

22. A cell line transformed with the expression vector of claim 21,

23. A method of making an antibody or antigen-binding fragment thereof of any one of
claims 1 to 19, comprising preparing the antibody or antigen-binding fragment thereof from the

cell line of claim 22 that secretes the antibody or antigen-binding fragment thereof.

24. A pharmaceutical composition comprising the antibody or antigen-binding fragment

thereof of any one of claims 1 to 19 and a pharmaceutically acceptable excipient.

25. Use of the antibody or antigen-binding fragment thereof of any one of claims 1 to 19 in

the manufacture of a medicament for treating a condition associated with PAC1 in a patient.
26. The use of claim 25, wherein the condition is headache.

27. The use of claim 26, wherein the condition is migraine.

28. The use of claim 27, wherein the migraine is episodic migraine or chronic migraine.
29. The use of claim 26, wherein the condition is cluster headache.

30. The use of any of claims 25 to 29, wherein the treating comprises prophylactic

freatment.
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