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ANTI-ASICT ANTIBODIES AND USES THEREQF

FIELD OF THE INVENTION
[00G1] The pressnt invention relgtes to antibodies, and antigen-binding fragments thereaf,
which are specific for human ASIC1, and methods of use thereol

BACKGROUND
{0002] Acid sensing ion channals (ASICs} are proton-gated calionic channels expressed in the
central and periphenal nervous systems. The ASIC family in humans includas ASICHY, ASICZ,
ASICS and ASIC4 subunits which arrange into homo- or heteromultimeric ion channels in
neuronal mambranes. ASICH, ASICZ and ASICS3 are significantly expressed in the small and
medium nociceptive sensory naurons that are abla to detect noxious chemical, thermal, and
high threshold mechanical stimull. ASICZ and ASIC3 are also exprassed in large neurons that
mostly correspond 1o low thrashold mechanorecaptors.
[0003] ASICs are permeable to Na® and Ca™™ ions and are activated by external pH variations
ranging from pH 6.8 10 4.0. ASICs are belleved 1o play an important role in sansing local
acidosis. Logal lissus acidosis is a halimark of pain and inlammation. and inflamed lissues
fraguently exhibit low pH (as low as ~4.7). Blockage of ASICs has besn proposed as a method
for treating a variety of disorders and conditions. Blockage of ASICT in particular has been
proposed as g means for treating conditions such as pain, neurodegensarative disegses, and
psychiatric diseases.
[0004] Pharmacologic inhibitors of ASICT include the tarantula peplide Psalmotoxin-1 (PeTx1)
which specifically inhibits ASIC1 homomers, and the smafl molecule, non-sefective ASIC
inhibitors amiloride and A-317567. The 40 amino acid peptide toxin APETX2, isolated from sea
anamone, has been shown to inhibit ASICS homomers as well as ASICY/T and ASIC3/2
heteromers.
{0005} Currently, there are no known antibodies that specifically block ASICs. Thus, thereis a
need in the art for novet ASIC inhibitors, such as anti-ASIC1 antibodies, that can be used fo
treat diseases and conditions mediated by ASIC signaling.

BRIEF SUMMARY OF THE INVENTION
{00061 The prasent invention provides antibodies that specifically bind human ASICT,
including, &.¢., antihodies that specifically bind cell surface-expressed ASIC1, The antibodies of
the present inventioy, according o certain embodiments, inhibit acid-induced, ASIC {-mediated
ion currents in cells expressing human ASIC1. The antibodies of the invention are useful, inter
afia, for inhibiting ASICT-mediated signaling and for traating diseases and disorders caused by
or related to ASICT activity and/or signaling. For example, the antibodies of the present
invention can be administered o a patient for the treatment or alleviation of pain and related
conditions.
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{80071 The antibodies of the invention can be full-length {for example, an IgG1 or IgG4
antibody} of may comprise only an antigen-binding portion {for example, a Fab, F(ab), or schy
fragment), and may be modified to affect functionality, e.g., fo eliminate residual effector
functions {Reddy &t al., 2000, J. Immunol. 164:1925-1833).

{80081 The present invention provides an antibody or antigen-binding fragment of an antibody
comprising a heavy chain variable region (HCVR] having an amino acid sequence selected from
the group consisting of SEQ 1D NO: 2,18, 34, 50, 66, 82, 88, 114, 130, 148, 162, 175, 194, 210,
226, 242, 258, 274, 280, 306, 322, 338, 354, 370, and 388, or a subsiantially similar sequence
thereot having al least 90%, atleast 95%, at leasi 88% or al least 99% sequence ideniity.
[0809] Tha prasent invention also provides an antibody or antigan-binding fragment of an
antibody comprising a light chain variable region {LCVR) having an amino acid sequencs
selectad from the group consisting of SEQ 1D NO: 10, 26, 42, 58, 74, 80, 106, 122, 138, 154,
170, 188, 202, 218, 234, 250, 268, 282, 288, 314, 330, 346, 362, 378, and 384, or a
substantially similar segquence thereof having at least 80%, at least 95%, atl least 88% or af least
98% sequence identity.

[0010] The present invention also provides an antibody or antigen-binding fragment thereof
comprising a HOVR and LOVR (HOVRILOVR) sequence pair selected from the group consisting
of SEQ 1D NO: 2/10, 18/28, 34/42, 50/58, 66/74, 82/30, 98/108, 114/122, 1301138, 146/154,
1627170, 178/186, 194/202, Z10/218, 2208/234, 242i2580, 258/288, 274/282, 290/288, 306/314,
3221330, 338/3406, 384/362, 3TW/ITS, and 386/394.

[8011] The present invention alsoe provides an antibody or antigen-binding fragment of an
antibody comprising a heavy chain CORY (HCDR3) domain having an amine acid sequence
setected from the group consisting of SEQ 1D NO 8, 24, 40, 58, 72, 88, 104, 120, 136, 152,
168, 184, 200, 218, 333, 248, 264, 280, 286, 312, 328, 344, 360, 376, and 382, ora
substantially similar sequence thereof having at least 80%., at least 95%, al least 983% or at least
88% sequence identity; and a light chain COR3 (LCDR3I) domain having an amino acid
sagquence selected from the group consisting of SEQ 1D NO: 16, 32, 48, 64, 80, 88, 112, 128,
144, 180, 1786, 192, 208, 224, 240, 2586, 272, 288, 304, 320, 336, 352, 388, 384, and 400, or &
substantially simifar sequence thereof having at least 90%, at least 95%, at least 88% or at least
899% sequence identity.

{00121 In certain embodiments, the antibody or antigen-binding portion of an antibody
comprises a HCDRI/LCDR3 amino acid sequence pair selectad from the group consisting of
SECQHD NQO: BME, 24/32, 40148, 56/84, 72/80, 88/08, 104/112, 1201128, 136/144, 1521160,
16B8/178, 184/182, 200208, 216/2238, 232/240, 248/256, 264/272, Z80/Z88, 2096/304, 312/320,
328/336, 344/352, 360/388, 3761384, and 392/400.

[0013] The prasent mvention also provides an antibody or fragmant thereof further comprising
a heavy chain COR Y (HCDR 1) domain having an amine acid sequence selected from the group
consisting of SEQ 1D NO: 4, 20, 38, 52, 68, 84, 100, 118, 132, 148, 184, 180, 196, 212, 228,
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244 260, 276, 282, 308, 324, 340, 356, 372, and 388, or a substantially similar sequence
thereof having at least 9%, atleast 95%, al least 88% or at least 9% sequence identity; a
heavy chain COR2 (HCDR2) domain having an amino acid sequence selected from the group
consisting of SEQ 1D NO: 8, 22, 38, 54, 76, 86, 102, 118, 134, 150, 186, 182, 198, 214, 230,
248, 282, 278, 294, 310, 328, 342, 358, 374, and 380, or a substantially similar sequence
thergof having at least Q0% atleast 5%, at least 88% or at least 90% sequence identity; a light
chain CDR1 (LCDR1) demain having an amino acid sequence selected fram the group
consisting of SEQ 1D NO: 12, 28, 44, 80, 76, 92, 108, 124, 140, 158, 172, 188, 204, 220, 236,
252, 268, 284, 300, 316,332, 348, 364, 380, and 3986, or a subsiantially similar sequence
thereof having al least 90%, atleast 85%, at least 88% or at least 98% sequence identity; and a
tight chain CDR2 (LCDRR2) domain having an aming acid sequence selected from the group
consisting of SEQ 1D NO: 14, 30, 46, 62, 78, 94, 110, 128, 142, 158, 174, 190, 208, 222, 238,
254 270, 2BB, 302, 318, 334, 350, 388, 382, and 398, or a substantially similar seguence
thersof having ai least 90%, al least 85%, at least 88% or al least 99% sequence identily.
{0014) Certain non<dimiting, exemplary antibodies and antigen-binding fragments of the
invention comprise HCDR1-HCDR2-HCDR3-LCDR1-LCDR2-LCORI domains, respectively,
having the amine acid sequences selected from the group consisting of: SEQ 1D NOs: 4-8-8-12-
14-16 {e.g. HIMBT 12N}, 20-22-24-28-30-32 (g.g. HIMB7 16N} 38-38-40-44-48-48 (&.g.
HIMBT18NY, 52-54-58-80-62-64 (e.g. HIM7101N); 88-70-72-76-78-80 {a.g. H2MT 103N); 84-88-
88-92-84-88 {e.g. H3MB7 13N); 100-102-104-108-110-112 {e.g HIMET15N); 116-118-120-124-
126-128 {e.g. H3IMOB720N); 132-134-136-140-142-144 (&.g. H3MBT7 21N} 148-150-152-158-158-
160 {e.g. HIMET21IN2); 164-166-188-172-174-178 (a.g. HIMET26N); 180-182-184-188-190-
182 {e.g.. HOMG7B60ON}, 196-198-200-204-2068-208 {e.g. HOM71G2N); 212-214-216-220-222-224
{e.g. H3MT7118N}); 228-230-232-236-238-240 {(e.g. H4HO3G2FY), 244-246-248-252-254-256 {e.g.
H4HB383P), 280-262-264-268.270-272 {e.g. H4HB3B4P), 278-378-280-284-286-388 {e.9.
H4HB366P); 202-294-296-300-302-304 (.. H4HB372P), 308-310-312-318-318-320 {s.9.
HEMB374F), 324-328-328-332-334-336 {8.g. H4HBI7EPY), 340-343-344-348-350-352 (.0
H4HB379P), 356-358-360-364-366-388 {g.g. H4HE38QP), 372-374-376-380-382-384 (2.g.
H4HB381F); and 388-390-352-386-398-400 {e.g. H4HB383P).

[8015] In a related embodiment, the invention includes an antibody or anfigen-binding
fragment of an antibody which specifically binds ASICT (e.4., oull surface-expressed ASICT},
wharein the antibody o fragment comprises the heavy and light chain CEBR domains contained
within heayy and light chain variable region (HCVRALCVR) sequences selectet from the group
consisting of SEQ D NO: 2/10, 18/28, 34/42, BO/SB, 66/74, 82/8(, 981106, 114/122, 130138,
146/154, 1827170, 178/186, 104/202, 2104218, 226/234, 242/280, 258/266, 274/282, 280/288,
306/314, 3227330, 388/346, 354/362, 370/378, and 386/384. Methods and {schniques for
identifying CDRs within HCVR and LCVR amino acid sequences are well known in the art and
can be used to identify CDRs within the specifisd HOVR andfor LOVR amino acid sequencas
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disclosed herein. Exemplary conventions that can De used o identify the boundaries of CORs
include, e.g., the Kabat definition, the Chothia definition, and the AbM definition. In general
terms, the Kabat defindtion is based on sequence variability, the Chothia definition is based on
the location of the structural loop regions, and the AbM definition is a8 compromise betwaen the
Kabat and Chothia approaches. See, 8.q., Kabal, "Sequences of Proteins of immunolagicat
interes!” National Institules of Heaith, Bethesda, Md. (1081); Al-Lazikani ! &/, J. Mol 8iol
273927848 (1997}, and Martin et &/, Froc. Nall Acad. Sci. {/SA 86:9268-8272 {1988},

Public databases are also available for identifying CDR saquences within an antibody.

[8018] in another aspedt, the invention pravides nucleic acid molacules encoding anti-ASIC1
aniibodies or fragments thereof. Recombinant exprassion vectors camrying the nuclaic acids of
the invention, and host cells into which such vectors have been introduced, are also
gncompassed by the invention, as are methods of producing the antihodies by culturing the host
cells under conditions permifting produciion of the antibodies, and recovering the antibodies
produced,

{00171 In one embodimeant, the invention provides an antibody or fragment thereof comprising
a HCVR encoded by a nucleic acid sequence selected from the group consisting of SEQ 1D NO:
1, 17, 33, 49, 85, 81, 97, 113, 128, 145, 161, 177, 193, 200, 225, 241, 257, 273, 289, 305, 321,
337, 353, 388, and 385, or a substantially identical sequence having at lzast 80%, at least 85%,
at least 88%, or at least 9% homulogy thereof.

{8018] The present invention also provides an antibody or fragment thereof comprising a
LCVR encoded by & nucleic acid sequence selected from the group consisting of SEQ D NG
9, 25, 41, 57, 73, 89,105, 121, 137, 1583, 189, 185, 201, 217, 233, 2493, 288, 381, 287, 313,
328, 345, 361, 377, and 393, or a substantially identical sequance having at least 0%, at least
a8%, al lsast 98%, or at least 99% homology thereof.

{0018] The presant invention alse provides an antibody or antigen-binding fragment of an
antibody comprising a HCDR3 domain encoded by a nucleotide sequence selected from the
group consisting of SEQ D NO: 7, 23, 39, 58, 71, 87, 103, 118, 135, 151, 167, 183, 188, 215,
231, 247, 263, 279, 285, 311, 327, 343, 359, 375, and 391, or a substantially identical sequence
having at least 80%, atl least 95%, at least 98%, or at ieast 98% homology thereof; and a
LCDR3 domain encoded by a nuclectide sequence selected from the group consisting of SEQ
10 NO: 15, 31, 47, 83, 79, 85, 111, 127, 143, 188, 175, 191, 207, 223, 239, 255, 271, 287, 303,
318, 335, 351, 367, 383, and 398, or a substantially identical sequence having at least 80%, at
least 95%, atl least 98%, or at legst 99% homology thareof.

{0020] The prasent invention also provides an antibody or fragmant thereof which further
comprises a HCDOR1 domaln encoded by a nucleotide sequence selectad from the group
consisting of SEQ 1D NO: 3, 19, 35, 51, 67, 83, 89, 115, 131, 147, 163, 178, 195, 211, 227, 243,
259, 275, 291, 307, 323, 338, 3588, 371, and 387, or 2 substantially identical sequence having at
least 0%, at least 85%, at least 88%, or at least 59% homology thereof, a HCDR2 domain
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encoded by a nucleotide sequence selectad from the group consisting of SEQ 1D NO: 5, 21, 37,
53, 89, 85, 101, 117, 133, 149, 185, 181, 197, 213, 229, 245, 281, 277, 283, 308, 325, 341,
357, 373, and 389, or a substantially identical sequence having at least 0%, at least 85%, at
feast 98%, or al least 99% homology thereof; a LCDR1 domain encoded by a hucleotide
ssquence selected from the group consisting of SEQ 1D NO: 11, 27, 43, 88, 75, 91, 107, 128,
139, 155, 171, 187, 203, 219, 235, 251, 267, 283, 289, 315, 331, 347, 383,379, and 385, or a
substantially identical sequence having at least 80%, al least 88%, at least H8%, or at least 29%
homotogy thereof; and a LCDR2 domain encoded by a nucleotide sequeance selected from the
graup consisting of SEQ 1D NO: 18, 28, 45, 81, 77, 83, 108, 125, 141, 157, 173, 189, 208, 221,
237, 253, 269, 285, 301, 317, 333, 349 365, 381, and 397, or a substantially identical sequence
having at ieast 90%, at least B5%, atl least 8%, or at least B9% homology thereaf.

[00211  According fo cettain embodiments, the antibody or fragment thereof comprises the
heavy and light chain COR sequences encoded by the nucleic acid sequences of 380 1D NOs:
tand 9 {e.g HIMBTI2N), 17 and 25 (o.g. HIMBT16N), 33 and 41 (e.g. HIMET18N), 48 and 57
{e.g. HIMTI0N], 85 and 73 {e.g. HZMT103N), 81 and 89 {e.g. HIMEBT 13N}, 97 and 105 (2.9
HIMB715N, 113 and 121 (g.g. HIMET20N), 128 and 137 {e.g. HOMET721N), 145 and 153 (e.0.
H3MB721N2), 161 and 159 (2.g. HIMET26N), 177 and 185 (e.g. HAMB780N), 193 and 201 (e.g.
H3M7I02NY, 208 andd 217 (g.g HIM7118N), 225 and 233 (e.g H4HB362P), 241 and 248 {e.g.
HAHE383P), 257 and 265 {e.g. H4HB3IB4P), 273 and 281 (e.¢. H4HA3GEP), 288 and 297 {a.q.
HAMS372PY, 305 and 313 {e.g, H4HBAT4P), 321 and 323 (e.¢. H4HAIT7EP), 337 and 345 (e.q.
H4HE378R), 353 and 361 {e.g. H4HB3BOP), 369 and 377 {e.¢. R4HB381P), 385 and 383 (a.g.
H4HE383P,

{0022] The present invention includes ant-ASICT antihodias having a modified glycosyiation
patiern. In some applications, modification to remove undesirable glycosylation sites may be
useful, or an aniibody tacking a fucose moiety prasent an the oligosaccharide chain.

{6023] In another aspect, the invantion provides a pharmaceutical composition comprising a
recombinant human antibody or fragment thereof which speacifically binds ASICT (e.g., cell
surface-expressed ASICT) and a pharmaceutically acceptable carder. In & related aspec!, the
invention features a composition which is a combination of an anti-ASICT antibody and a
second therapeutic agent. v one embodiment, the second therapeulic agent is any agent that
fs advardageously combined with an ant-ASICT antibody. Exemplary agents that may be
advantageously combined with an anti-ASIC1 antibody include, without limitation, other agents
that inhibit ASICY activity {including other antibodies or antigen-binding fragments thereof,
peptide inhibitors, small molecule antagonists, ete) andfor agents which do not directly bind
ASICT but nonetheless interfere with, block or attenuata ASIC t-mediated fon currents in cells.
[0024] In yet another aspect, the invention provides methods for inhibiting ASIC {-mediated
ion currents using an ant-ASICT antibody or antigen-binding portion of an antibody of the
invention, wherein the therapeutic methods comprise administering a therapeutically effective
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amount of a pharmaceulical composition comprising an antibody or antigen-binding fragment of
an antibody of the nvention. The disorder treated is any disease or condition which is
improved, ameliorated, inhibited or prevented by removal, inhibition or reduction of ASICH-
mediatad ion currents. The ant-ASICT antibodies or antibady fragments of the invention may
function to block acid-induced ASIC1-mediated currents, or otherwise inhibit the signaling
activity of ASIC1.

{00251 The prasent invention also includes the use of an ant-ASIC1 antibody or antigen
binding portion of an antibody of the invention in the manufacture of 2 madicament far the
ireatmant of a disease or disorder related to or caused by ASICT-meadiated ion currenis n a
patient.

[0026] Other embodiments will hecome apparent from a review of the ensuing detailed

daseription.

BRIEF DESCRIPTION OF THE FIGURES
{80271 Figure 1 depicis the withdrawal thresholds of mice raated with an anti-ASIC1 antibody
{(H1MGBT18N), or isotype contral antibady, in response 0 @ mechanical pinch of the {ail {pansl A)
or the gastrocnemius muscle {panel B). Resulls are expressed in tarms of withdrawal threshold
to the pinch in grams {(mean + SEM for each cohort of mice}.
[0028] Figure 2 shows the percent change in the withdrawal threshold from baseline in acidic
saline-induced muscle hyperalgesia in mice treated with an anti-ASICT antibody (H1MG7 18N or
isotype control,
[00298] Figure 3 {panels A and B} show the percent change in the withdrawal threshold from
baseline in carrageenan-induced muscle hyperaigesia in mice treated with anti-ASIC1 antibody
{(HAMBT7 18N, 10 or 40 mg/ky - panel A; or H4HET21N2 10 or 30 mp/kg - panel B), or isotype
sontrol.
{00301 Figure 4 shows the extent of faxokinduced {actile allodynia over time in taxol-
administered mice that wete treated with either 30 mg/kg {5.¢.} of an isolype condrol antibody,
30 mg/kg {s.c.) of HIMEY18N, or 100 myg/kg (5.¢.) of gabapentin, Resulls are exprassad in
terms of withdrawal threshold {g) as measured using Von Frey fibers (as described in Example
10}

DETAILED DESCRIPTION
{00311 Before the present invantion is described, it is 1o be understood that this invention is
not limited to particutar methods and experimental conditions described, as such methods and
conditions may vary. His also to be upderstood that the terminclogy used herein is for the
purpose of describing particular embodiments only, and is not intanded 1o be limiling. since the
scope of the present invention will be fimitad only by the appended ciaims.
60321 Unless defined otherwise, alt technical and scientific terms used harein have the same
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meaning as commeonly understood by one of ordinary skilf in the art {o which this invention
belongs. As usad herain, the term "sbout” when used in reference {o a particular recited
numerical value, means thal the value may vary from the recited value by no more than 1%.
For example, as used herein, the expression "about 100" includes 99 and 101 and alf values in
between (e.g., 991, 99.2, 883, 484 eic}

{80331 Although any methods and materials simitar or equivalent to those described herein
can be usad in the practice or testing of the present invention, the preferred methods and
materials are now described.

Pefinitions

{80341 The expressions "ABICT" and "ASICHT fragment,” as used herein refer 10 the human
ASICT protein or fragment unless specified as being from a non-human species (e.g., "mouse
ASICT " "mouse ASICT fragment,” "monkey ASICT," "monkey ASIC1 fragment,” efc.). Human
ASICT has the amino acid as et forth in SEQ D NGO}, The expression "ABIC1," as used
hereir, includes soluble fragmerts of the ASICY exiracellular domain {e.g., pulypeptides
comprising or consisting of at least 30 contigunus amino acids found within aming acids 83 o
424 of JEQ 1D NC:401), as weall as cell surface-axpressed ASICT (as that term is defined hearein
below).

[80358] As used hersin, "an antibody that binds ASIC T or an "anti-ASIGT antibody” includes
antibodies, and antigen-binding fragments thergof, that bind a soluble fragment of an ASICH
protein {e.g., a portion of the extraceliular domain of ASICT) andinr cell surface-expressead
ASICT. The expression "cell surface-expressed ASICT" means one or more ASICT proteins)
that isfare expressed on the surface of & cell in vilro or in vivp, such that at least a portion of the
ASICT pratein {&.g.. amino acids 63 10 424 of SEQ 1D NO:401) is exposed to the extracelidar
side of the cell membrane and accessible to an antigen-binding portion of an antibody. "Cell
surface-expressed ASICTY includes ASIC1 protein contained within the context of a functional
ABIC1 ion channgl in the membrane of a call. In some instances, "cell surface-expressed
ASICT" 1s an ASIC1T protein that is expressed as part of a heteromutiimer on the surface of a
cell {a.g., an ABICH2, ASICTH/3 ar ASIC1/4 heteromultimer]. in other instances, "call surface-
exprassad ASIC1" is ant ASIC 1 protain that is exprassad as part of @ homomultimer on the
surface of a call, Moreover, “cell surface-axprassed ASKL1Y can comprise or consist of ASICH
protein expressed on the surface of a cell which normally expressed ASICT protein.
Alternatively, "cell surface-axpressed ASICT" can comprise or consist of ASICT profein
expressed on the surface of & cell that normally does not express human ASICY on its surface
but has been arlificially engineered to express ASICT on iis surface.

{0036 The term “aniibody”, as used herasin, means any antigen-binding molecule or molecular
complex comprising at least one complementarity determining region ({CDR) that specifically

binds fo or inleracts with a particular antigen {(2.g.. ASIC1). The tarm "antibody” includas
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immunogiobulin molecules comprising four polypeptide chains, two haavy (M} chains and two
fight (L} chains inter-connected by disuifide bonds, as well as multimers thereof {e.g., igM}
Each heavy chain comprises a heavy chain variable region {abbreviated herein as HCVR or Vi)
and a heavy chain constant region. The heavy chain constant region comprises three domains,
Cul, Gu2 and Cyu3. Each light chain comprises a ight chain variable region (ablbreviated herein
as LOVR or V) and a light chain constant region. The light chain constant region conprises
one domain (C 1), The WV and Vi regions can be further subdivided into regions of
hypervariability, lermed complemantarity determining regions ({CDRs), interspersed with reglons
that are more conserved, termed framework regions (FR), Each Vi and V. is composed of
three CDORs and four FRs, arranged from amino-tarminus to carboxy-terminus in the following
order: FR1, CDR1, FR2 CDR2, FR3, CDR3, FR4. in different embodiments of the invantion,
the FRs of the anti-ASIC1 antibody {or antigen-binding portion thereol) may be identical 1o the
human genmniing sequences, or may be naturally or antificially modified. An amino acid
CONSEensys sequence may be defined based on a side-by-side analysis of two or more CDRs.
{80371 The term “antibody”, as used herein, also includes antigen-binding fragments of full
antibody molecules. The terms "antigen-binding portion” of an antibody, "antigen-binding
fragment” of an antibody, and the like, as used herein, include any naturally ocaurring,
enzymatically obtainable, synthetic, or geneticaily enginesrad polypeptide or glycoprotain that
specifically binds an antigen to form a complex. Antigen-linding fragments of an antibody may
be derived, 8.¢., from full antibody molecules using any suitable standard techniques such as
proteolytic digestion or recombinant genetic enginaering lechnigues involving the manipulation
and sxprassion of DNA encoding antibody vanable and optionally constant domains. Such
DNA is known andior is readily available from, e.¢., commarcial sources, DNA libranies
{including, e.g., phage-antibody libraries), or can be synthesized. The DNA may be sequenced
and maniputated chemically or by using molecular biclogy techninues, for example, to arrange
one or more variable and/or constant domains into a suitable configuration, or o introduce
codans, create cysieine residues, modify, add or delele amino acids, efc.

{6038] Non-limiting examples of antigen-binding fragments include: {i} Fab fragments; (i}
F{ab'}2 fragments; (ili) Fd fragments; {iv} Fv fragments; (v} single-chain Fy (scFv) molecules,
{vi} dAb fragments; and {vil) minimal recognition units consisting of the amino acid residues that
mimic the hypearvariable region of an antibody {e.g., an isolated complamentarity determining
ragion (COR) such as a CDRS3 paplide), or a constrained FR3-CDR3-FR4 peptide. Qther
enginesred molecules, such gs domain-specific antibodies, single domain antibodies, domain-
deleted antibosdies, chimeric antibodies, COR-grafted antibodiss, diabodies, iriabodies,
tetrabodies, mintbodies, nanobodiss (e.g. monovalent nanobodies, bivalart nanobodies, atc.),
smatl modidar immunopharmaceuticals (SMIPs), and shark variable IgNAR domains, are also
encompassed within the expression "antigen-binding fragment,” as used herain.

[80381 An antigen-binding fragment of an antibody will typically comprise at least one variahle
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domain. The variable domain may be of any size or amino acid composition and will generally
comprise at least one CDR which is adjacent {o or in frame with one or more framework
sequences. In antigen-binding fragments having a V', domain associated with a V, domain, the
Vi and V, domains may be situsted relative 10 one anothar in any suilable arrangement. For
example, the variable region may be dimeric and contain Vi-Vy, V-V or V-V dimers.
Alternativaly, the antigen-binding fragment of an antibody may contain a monomeric V. or Vy
domain.

{0040} In cerain embodiments, an antigen-binding fragment of an antibody may contain at
least one varnable domain covalently linked o at least one constant domain. Non-fimiting,
exemplary configurations of varialle and constant domains that may be found within an antigen-
binding fragment of an anfibody of the present invention include: {i} Vi-Ca 1 (1) V- G2 () Vi
Cre3; (v} Vi O 1-012; (V) Vir O 1-Cpi2-Ch3; () Vi C0i2-C3; (i) Ve G iy V- Ol (Y V-C2;
(X3 V-G (1) VG t-C2) {xil) V-G 1-Cu2-Gi3; (i) Vi-Cu2-Ci3; and (xivy V-G Inany
configuration of variable and constant domaing, including any of the exemplary configurations
listed above, the variable and constant domains may be either directly linked to one another or
may be linked by a full or partial hinge or linker region. A hinge region may consist of atleast 2
{e.g.. 8, 10, 15, 20, 48, B0 or more) amino acids which resull in a flexible or semi-flexibie linkage
between adjacent variable andior constant domains in a single polypeptide molecule.
Moreover, an antigen-binding fragment of an antibody of the present invention may comprise a
homo-dimer or helero-dimer {or other mullimer) of any of the vaniable and constant domain
configurations listed above in non-covalent association with one another andior with one or
more monomeric Vi or Vy, domain {2.¢., by disulfide bond{s}).

{0041] As with it antibody molecules, antigen-binding fragments may be monospecific or
multispecific {e.g., bispacific). A mullispecific antigen-binding fragment of an antibody will
tvpically comprise at least two different variable domaing, wherein each variable domain is
capable of specifically binding (o a separate antigen or to a different epiiope on the same
antigen. Any multispecific antibody format, including the exemplary bispecific antibedy formats
disclosed herein, may be adaptaed for use in the context of an antigen-binding fragment of an
antibody of the present invention using routine techniques available in the art.

[8042] The term “human antibody”, as used herein, is intended o include antibodies having
variable and constant regions derived from human germiine immunogiobulin sequences. The
human antibodigs of the invention may include amino acid residues not encoded by human
garmiine immunogicbulin sequances {e.g., mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo), Tor example in the CORs and in particular
CDR3. However, the tenn "human antibody”, as used herein, is not intended to include
antibodies in which COR sequences derived from the germiling of anather mammaban species,
such as a mouse, have been grafied onto human framework sequences.

[8043] The term "recombinant human anfibody®, as used herain, is intended fo include all
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human antibodies thal are prepared, expressed, crealed or isolated by recombinant means,
such as antibodies expressed using a recombinant expression vecior transfectad into a host cell
{described further badow), antibodies isolated from a recombinant, combinatorial human
antibody library {described further below), antibedies isolated from an animal (e.g., & mouse)
that is transgenic for human immunogliobulin genes (see a.g., Taylor et al. {1882) Nudl. Acids
Ras. 20:6287-6285} or antibodies prepared, expressed, created or isolated by any other means
that involves splicing of human immunoglobulin gena sequences 1o other DNA sequences.
Such recombinant human antibodies have variable and constant regions derived from human
germiing snmunogicbulin sequences. n certain embodiments, however, such recombinant
human antihodies are subjected to in wire mutagenasis {or, whan an animal transgenic for
human lg sequences is usad, n vivo somatic mutagenesis) and thus the aming acid sequeances
of the Vyy and ¥V regions of the recombinant antibodies are sequences that, while derived from
and related i human germiing Vg and V_ seguences, may not naturally exist within the human
antibody germiing repertaira /n vive.

{8044] Human antibodies can exist in two forms that are associated with hinge heterogeneity.
in one form, an immunogiobulin molecule comprises a stable four chain construct of
approgimately 150-160 kDa in which the dimers are held fogether by an interchain heavy chain
disulfide bond. in a second form, the dimers ara not linked via inter-chain disulfide bonds and a
molecute of about 75-80 kDa is formed composed of 3 covalently coupled light and heavy chain
{half-antibody). These forms have been sxtremely difficull 1o separate, even after affinily
purification.

{0048] The traguency of appearance of the second form in various intact IgG isotypes is due
to, but not imited 1o, structural differances associated with the hinge region isotype of the
antibody, A single amino acid substitulion in the hinge region of the human igG4 hings can
significantly reduce the appearance of the second form {Angal et al. (1993) Molecudar
immunciogy 30:105) 1o levels typically observed using a human IgG1 hinge. The instant
invertion encompasses antibodies having one or roore mutations in the hinge, G2 or C3
reglon which may be desirable, for exarple, in production, o improve the yield of the desired
antibody forn.

[0046] An "isolated antibody.” as used herain, means an antibody that has been idantified and
separated andior recovered from at least one component of its natural environment. For
example, an antibody that has been separated or removead from at least one component of an
organism, or from g Hesue or call in which the antibody naturally exists or is naturally produced,
is an “isolated antibody” for purposes of the prasent invention.  An jsolated antibody alsa
includas an antibody i sty within a recombinant cell. isolated antibodies ars antibiodies that
have baen subjected 1o at least one purification or isulation step. According o certain
embodiments, an isolated antibody may be substantially free of other cellular material andior
chamicals.
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{6047 A "neutralizing” or "blocking” antibody, as used herain, is intended to refer {o an
antibody whose binding to ASICT reduces or deteciably inhibits acid-induced ASIC1-mediated
fon currents. The inhibition caused by an ASICT neulralizing or blocking antibody need not be
comglete 30 fong as it is detactable using an appropriate assay. Exenwplary assays for
detecting ASIC1 inhibition are describad elsewhera herein,

{80481 The antbASICT antibodies disclosed herein may comprise one or mora anino acid
substitutions, insartions and/or deletions in the framework andior CDR regions of the heavy and
tight chain varigble domains as compared 1o the corresponding germline sequances from which
the antibodies were derived. Such mutations can be readily asceriained by comparing the
amino acid sequenceas disclosed barein 1o germiing sagueances availabla frony, for example,
public antibody sequence databases. The presant invention includes antibodies, and antigen-
binding fragmenis thereof, which are derived from any of the amino acid sequencas disclosad
herein, whersin one or more aminge acids within one or more frarmework and/or CDR regions are
muiated to the corresponding residus(s) of the germiine sequence from which the antibody was
derived, or to the corresponding residus(s) of another human germiine sequance, orte a
congervative amine acid substitution of the corresponding germiine residue(s) (such seguence
changes are referred 10 herein collectively as "germiine mulations™. A person of ordinary skill in
the art, starting with the heavy and light chain variable region sequences disclosad herain, can
easily produce numerous antibodias and antigen-binding fragmants which compise one or
more individual germline mutations or combinations thereof. In certain embodiments, alt of the
framewark and/or CDR residues within the Vyandior Vi domains are mutated back to the
residuies found in the original garmiine seguence frem which the antibody was derived. in other
embodiments, only cerfain residues are mutated hack to the original germiline sequence, e.g.,
only the mulated residues found within the first 8 amino acids of FR1 or within the last 8 amino
acids of FR4, or only the muated rasidues found within CDR 1, CDR2 or CDR3. In other
embodiments, one or more of the framework and/or COR residue(s) are mutated {o the
corresponding residue(s} of a different germiine sequence {Le | a germiine sequence that is
different from the germling sequance from which the antibody was originally derived).
Furthermore, the antibodies of the present invention may contain any combination of two or
more germiing mutations within the framework and/or CDR regions, 2.g ., whersin certain
individual residues are muiated o the corresponding residue of & particular garmiine sequence
while certain other residues that differ from the original germiine sequence are maintained or
are mutated o the corresponding residug of a different germiine sequance, Dnce obtainad,
antibodies and anltigen-binding fragments thal contain one or more garmiineg mutations can be
easily tested for one or more dasired property such as, improved binding specificity, increased
binding affinily, improved or enhancead antagonistic or agonistic hiclogical properties (as the
case may be), reduced immunogenicity, etc. Antibodies and antigen-binding fragments
gbiained in this general manner are encompasssd within the present invention.
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{60491 The present invention alse includes anti-ASIC T antibodies comprising variants of any
of the HOVR, LOVR, andior COR amino acid sequences disclosed herein having one or more
conservative substitutions. For example, the present invention includes anti-ASIC1 antibodies
having HCVR, LCVR, and/or COR amino acid sequences with, e.g., 10 or fewer, 8 or fewsr, S ar
fewer, 4 or fawer, olc. conservative aming acid substitutions ralative to any of the HCVR, LCVR,
and/or COR amino acid sequences disclosed herein

{00801 The term "spitope” refers to an antigenic daterminant that interacts with & specific
anligen binding site in the variable region of an antibody molecule known as a paraiope. A
singls antigen may have mora than ons epifope. Thus, different autibodies may bind o different
araas on an antigen and may have differant bjological effects. Epitopes may be either
conformational or inear. A conformational epitope is produced by spatiaily juxtaposed amina
acids from different segments of the lingar polypeptide chain. A linear epifope is one produced
by adjacent amino acid residues in 8 polypeplide chain. In cerlain circumsiance, an epiiope
may include moighies of saccharides, phosphoryt groups, or sulfonyl groups on the antigen.
{00511  The term "substantial identity” or "substantially identical” when referring o a nucleic
acic or fragment thereod, indicates that, when optimally aligned with appropriate nucleotide
insertions or deletions with ancther nucleic acid {or its complementary strand), there is
nucieotide sequence identity in at least about 85%, and more prefarably at least about 86%,

97 %, 88% or §89% of the nuclentide hases, as measured by any well-kriown algorithm of
sequence identity, such as FASTA, BLAST or Gap, as discussed below. A nucleiz acid
moiecule having substantial identily to a reference nucieic acid moelecuig may, in ceriain
instances, encode a polypeptide having the same o substantially simifar amino acid sequence
as the polypentide encoded by the reference nucieic acid molscule.

{0052] As applisd to polypeptides, the lerm "substantial simifarity” or "substantially similas”
mzans that two peptide sequencas, when optimally afigned, such as by the programs GAP or
BESTFIT using default gap weights, share at least 85% sequence identity, even more
preferably at least 98% or 88% sequence identily. Preferably, residue positions which are not
identical differ by conservative amino acid substitutions. A "conservative amino acid
substitution” is one in which an amino acid residue is subsiituled by another amino acid residue
having a side chain {R group) with similar chemical properties {&.g., charge or hydrophobicity).
in general, a congervative amino acid substitution will not substantially change the functiona!
praperties of a protein. In casas where two or more amino acid sequances differ from each
other by conservative substitutions, the percent sequence identity or degree of similarity may be
adjusted upwards to corect for the conservative nature of the substitution. Means for making
this adjustment are well-known to thosa of skill in the art. See. e.g.. Pearson {1804} Mathods
Mol. Binl. 24 307-331. Examples of groups of amino acids that have side chains with similar
chemical properties include {1) sliphatic side chains: glycine, alaning, valine, leucine and
isoleucine; (2) aliphatic-hydroxy! side chains: serine and threonine; {3) amide-containing side
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chaing. asparagine and glutamineg; (4} aromatic side chains: phenyialanine, tyrosine, and
trypiophan; (8] basic side chaing: lysine, arginine, and histidineg; (6} acidic side chains: aspartalte
and giutamate, and {7) sulfur-containing side chains are cysteine and methionine. Preferred
conservative amino acids substifution groups are: valine-laucine-isolaucine, phenvialanineg-
tyrosine, lysing-arginine, alanine-valine, glutamate-aspartate, and asparagine-glutamine.
Alternativaly, a conservative replacerment is any change having a positive valug In the PAM258
tog-fikalihnod matrix disclosed in Gonnet of 3l (1882) Science 256 1443-1445. A "moderataly
conservative” replacement is any change having a nonnegative value in the PANMZS0 log-
ikelihood matrix.

[0083] Sequance similarity for polypeptides, which is also refarred to as saquence identity, is
typically measured using sequence analysis software. Proten analysis software matches
simifar sequences using measuras of similarity assigned to various substitutions, deletions and
gther modifications, including conservative amino acid substitutions. For instance, GCG
software contains programs such as Gap and Bestfit which can be used with default parameters
to detarmine saquence homology or sequence identity between closely related polypeptides,
such as homologaus polypeptides from different species of organisms or hetween a wild type
protein and a mutein thereof. See, .g., GOG Version €.1. Polypeptide seqguencas alse can be
compared using FASTA using default or recommended parameters, a program in GCG Version
8.1. FASTA {e.g.. FASTAR and FASTA3Z) provides alignments and percant sequance identity of
the regions of the best nverlap between the query and ssarch sequences (Pearson (2000}
supra). Another preferred algorithm when comparing a sequence of the invention to a dalabase
containing a large number of sequences from differant organisms is the computer program
BLAST, especially BLASTP or TBLASTN, using default parameters. See, .¢., Altschul ef al
{1880} J. Mol Biol. 215:403-410 and Altachul et gl (1987} Nucieic Acids Res. 25:3388-402.

Biological Characteristics of the Antibodies

[60584] The present invention includes antibodies that spedifically bind cell surface expressed
ASICT. As used herein, an antibody specificaily binds cell surface expressed ASICT #the
antibody shows detectable binding to a cell that naturally or artificially expresses ASICY but
does not show detectable binding {o an equivalent cell that does not express ASICT. One
exemplary assay format that can be used to determine whether an antibody specifically binds
cell surface-expressed ASICT is fluorescence activated call sorting {(FACS), as illustratad in
Example 3 herein. Qualitative positive FACS binding of an antibody 10 cells which express
ASICT, as shown in Table 2, can be used to identify an antibody as specifically hinding cslt
surface-expressed ASIC1. FALS can alsc be used to quantilatively assess antibody binding to
cefl which express ASIC1 in terms of an ECss value, as shown in Example 3, Table 3. Thus,
according 1o certain embodiments of the present invention, an antibody "specifically binds cell
surface-expressed ASICT" if the antibody, when tested in the FACS assay format of Example 3
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or a substantially similar assay format, exhibits an ECq vaiue of about § nM or less (e.g., about
5.0 nM, 4.5 nM, 4.0 nM, 3.8 nM, 3.8 nM, 2.5 1M, 2.0 nM, 1.5 nM, 1.4 nM, 1.3 nM, 1.2 nM, 11
ni, 1.0 nk, 800 pM, 800 pM, 700 pM, 580G pM, 500 pM, 400 pM, 300 pM, 200 pM, 100 pM, 80
oM, 85 pM, B0 pM, 75 pM, 70 pM, or less}.

[0055] The antibodies of the present invention, according 1o certain ambodiments, may also
{or akernatively} funclion to inhibit acid-induced, ASICt-mediated lon currents in cells
expressing human ABIC1T. As used herain, the exprassion "inhibits asid-induced, ASIC1-
mediatad ion currents” means that, in an assay in which acid-ihduced cellular ion currents or
fiux can be detected andlor quantified, the addition of an antibody of the invention detectably
raduces or inhibits the acid-induced on currents as compared o the on cuvents obiservad in
the absence of the antibody {2.g., in the presence of 8 nan-specific negative control antibody).
A non-limiting exemplary assay that can be usad o determine i an antibody "inhibits acid-
induced, ASIC1-mediated ion currenis” is ilfustrated in Examiple 4 herein. In this Example, fow
pH-activated calciuny flux is measured in ASIC {-expressing cells in the presence of anti-ASICH
antibodies ("FLIPR assay"). By varying the amount of antibody used in this assay format, the
amaount of antibody required to block 50% of low pH-induced ion flux can be calculated and
exprassad as an Gy value (see, 8.4, Example 4, Table 5). The present invention includes
anti-ASICT antibodies that inhibit acid-induced, ASICT-mediated ion currents with an 1Cg; of less
than about 12 nhd when tested in a FLIPR assay at pH of about 5.0 1o about 6.0 {e.g.. at pH 5.0,
514,52 53,54,55,58,57, 58, 58, or 8.0) as described above, or a substantially similar
assay. For example, the invention includes anti-ASIC1T antibodies that exhibit an 1G5 of less
than abowt B nM. 8nbM. 7M. 8 nM, 5 nM, 4 nM. 3 nM, 2nM, 1 nM, 0.8 nM, 0.8 np, 0.7 nM, 08
nM, 0.5 nM, 0.4 nM, 8.3 nM, 0.2 nM, 0.1 nM, or lass, when tested in a FLIPR assay at pH 5.5 as
described above, or a substaniially similar assay.

{8056] Cther exemplary assay formats that can be used o detarmine whather an antibody
“inhibits acid-induced, ASICt-mediated ion currents” are illustrated in Examples 5 and & herein.
in these Examples, aulomated voltage-clamp, palch-clamp assays are used to measura and/or
assess the inhibition of current flux in cells that express ASICT at acidic pH in the presence of
an ant-ASICT antibody, as compared to the current flux observed under equivalent
circumstances in the absence of the antibody {e.g., in the presenca of a hon-specific negative
control antibody). An antibody is deemed to Minhibit acld-induced, ABICT-mediated fon currants”
if the anlibody, when lestad in & voltage-clamyp, paltch-clamp assay at an antibody cancentration
of about 1 nM to about 100 nM, ata pH of abouwt 50 o about 60 (e.g. atpH 50,51, 5.2 5.3,
54, 85 568 87, 58 58 or60), causes at least a 10% current inhilsition (¢ .g., at least abouwt
10%, 15%, 20%, 28%, 30%, 358%, 40%, 45%, 50%, 58%, 80%, 65%, 70%, 75%, 80%, 85%,
S0%, 85%, or greater inhibition of current lux; see, e.g., Example §, Table 8). in some
instances, the antibodies of the invention compietely inhibit current Bux (100% inhibition) at 10
nbt or higher {e.g., 100 n\}, when {ested in a patch-clamp assay format as described above, or
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a substantially similar assay.

{80571 The present inverdion also includes antibodies that inhibi or reduce pain responsea(s)
in various animal pain models. Exemplary animal pain models useful for characterizing the anti-
ASICY antibodies of the present invention are Hlustrated in Examples 7-8, herein. For example,
the present invention includes ant-ASICT antibodies that attenuate or inhibit pain responses o
acid-induced visceral pain in 8 mouse model. {see, e.g., Example 7). In particular, the present
invention includes anti-ASIC 1 antibodies that exhibit at least a 20% inhibition of visceral pain
responses (e.g., abdominal constrictions in response 10 an intraperiioneal injaction of 0.6%
acetic acid) when adouristered at a dose of about 1 or 10 mg/kg 1o a mouse modal as shown in
Example 7, or a substantially similar model. In cerain instances, the percent inhibition in pain
rasponses due to the adminisiration of an anlibody of the prasent invention can be as high as
about 30%, 35%, 40%, 45%, 50%, or higher when teslted in the mouse animal pain model of
Example 7, or a substantially similar model.  Other animal pain models that can be used to
characterize the anti-ASIC antibodies of the present invention Include, 8.g., the mechanical
nociception pain response madels of Example B, the muscle pain models of Example 8, and
other similar animal models available in the ant. Thus, the present invention includes anti-ASICH
antibodies capable of attenuating or inhibiting pain responses o noxious mechanical stimuli
{see, 8.g.. Example 8); and/or acidic-saline- or carrageenan-induced muscle hyperalgesia {see,

&.¢.. Example 8), as demonstrated in appropriate animal modals as exempiified herein,

Epifope Mapping and Related Technologies

{0088] The present inveniion includes anti-ASIC1 antibodies which interact with one or more
amino acids found within the extraceliular domain of buman ASICT {amino acids 63 to 424 of
SEQ 1D NO401). The epitope to which the antibodies bind may consist of a single contiguous
sequence of 3armore {e.g., 3,4, 5,6, 7, 8,8, 10, 11, 12 13, 14, 15,18, 17, 18, 19, 20 or move)
amino acids focated within the extracellular domain of ASICT. Alternatively, the epitope may
consist of a plurality of non-contiguous amino acids {or amino acid sequencas) located within
the extracellular domain of ASICT.

{00593] Various tachniques known 1o persons of ondinary skilf in the art can e used to
determing whather an antibody “interacts with one or more amino ackis”™ within a polypeptide or
proteirs. Exemplary technigues include, e.g., routine cross-blocking assay such as that
described Anlibodies, Harlow and Lane (Cold Spring Harbor Press, Cold Spring Harb,, N},
alanine scanning mutational analysis, peplide blots analysis {Reineke, 2004, Methods Mol Binl
248:443-483), and peplide cleavage analysis. In addition, methods such as epitope excision,
epitape extraction and chemical modification of antigens can be employed (Tomer, 2000,
Protein Science 8:.487-486). Another method that can be used o identify the amino acids within
a polypeptide with which an antibody interacts is hydrogen/deuterium exchange detected by

mass spaeciromatry. in general tarms, the hydrogen/deuterium exchange mathod involves
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deutarium-labeling the protein of interest, followed by binding the antibody 1o the deuterium-
fabeled protein. Next, the profeinfantibody complex is transferred to water 1o allow hydrogen-
deuterium exchange to ocour at all residues except for the residues protected by the antibody
{which remain deuteriun-iabeled). Afler dissociation of the antibody, the targset protein is
subjected io protease cleavage and mass spectromealry analysis, thereby revealing the
deuterium-labeled residues which correspond to the specific amino acids with which the
antibody interacts. See, a.g., Ehring {1988} Analfytical Biochernistry 287{2¥252-253; Engen and
Smith (2001} Anal. Chem. ¥3:258A-285A,
[80801 The present invention furthser includes ant-ASICT antibodies that bind to the same
gpitope as any of tha specific exemplary antibodies described herein {e.g. HIMS8Y 12N,
HIMB716N, H1ME7 18N, H1MT101N, H2M7103N, H3ME713N, H3MB7 15N, HIME720N,
HIMET2IN, HIME721N2, HIMB728N, HIMSTSON, HIMT102N, H3M7 118N, H4He3a2P,
HAHGIE3P, H4HB384 P, HA4HBIBER, HAHB372P, H4HB374R, HAHB3ITEP, H4HB379R,
HAHEIBOP, H4HB381P, H4HBI33P sic.). Likewise, the present invention also includes anti-
ASICT antibodies that compete for binding to ASICT or to cell surface-expressed ASICT with
any of the specific exemplary antibodies described herein (g.g. HTME7 12N, HIMBT 16N,
HIMB7 18N, H1M7 101N, H2M7 103N, H3MB7 13N, HIMET 18N, H3MB720N, HaME7T21N,
H3MB721N2, HAMB728N, HIMSTEON, H3M7102N, HIM7 118N, H4HB3B2P, H4HB383P,
HAHE3684P, H4HB386P, HAHBIT2P, H4HB374P, HAHB375P, H4HE279P, H4HE380P,
HANE381 P, H4HB383P etc.).
[00681] One can easily determine whather an antibody binds to the same epitope as, or
competas for binding with, a reference anti-ASIC1 antibody by using routing methods known in
the art. For example, 1o determing if a test antibody binds to the same gpitope as a reference
anti-ASICT antibody of the invention, the reference antibody is altowsd 1o bind o an ASICH
protein {e.q., celt surface-exprassed ASIHC1). Next, the ability of a test antibody to bind {o the
ASICT molecule is assessed. H the test antibody is abls o bind to ASIC1 following saturation
hinding with the reference anti-ASIC1 antibody, it can be concluded that the test antibody binds
to & different epitope than the reference anti-ASIC1T antibody. On the other hand, if the test
antibody is not able to bind o the ASIC1 molecule foliowing saturation binding with the
reference anti-ASICT antibody, then the test antibody may bind to the same epitope as the
epitope bound by the reference anti-ABICT antibody of the invention. Additional routine
experimentation (&.g., peplide mutation and binding analyses) can then be carried out to
confirm whether the obsarved jack of binding of the test antibody is in fact due to binding to the
sams epilope a3 the refarence antibody or if steric blocking {or another phenomenon) is
rasponsibile for the lack of chserved binding. Experiments of this sort can be performed using
ELISA, RIA, Blacore, flow cytomeatry or any other gquaniitative or qualitative antibody-binding
assay available in the art. In accordance with cartain embodiments of the present invention,
two antibodies bind {o the same (or overlapping) epitope f, e g, a 1-, 5-, 18-, 20- or 100-fold
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axcess of ong antibody inhibils binding of the other by at least 50% but preferably 75%, 90% or
even %9% as megsured in 8 competitive binding assay (see, &.¢., Junghans &t al., Cancer Res.
1980:50:1405-1502). Alternatively, two antibodies are deemed {o bind o the same epitope i
essentially alt amino acid mutations in the antigen that reduce or eliminate binding of one
antibody reduce or aliminate binding of the other. Two antibodies are deemed o have
“averiapping epitopss” if only a subset of the amino acid mulations that reduca or eliminale
binding of one antibody reduce or eliminate binding of the other.

{0082} To determine if an antibody competes for binding with a reference anti-ASICY antibody,
the above-dascribbed binding meathodology is peformed in two onentalions: In & first oriantation,
the refarence antibody is allowed to bind to an ASIC1 molecule {e.g., cell surface-expressed
ASIC1) under saturating conditions followed by assessment of hinding of the test antibady to
the ASICT molscule, In a second orientation, the test antibody is allowed o hind to an ASICH
molecule under saturating conditions followed by assessment of binding of the reference
antibody to the ASICT molecule. I, in both orientations, only the first {(saturating) antibody is
capable of binding to the ASICT molecule, then it is concluded that the test antibody and the
reference antibody compete for binding to ASIGT. As will be appreciated by a person of
grdinary skill in the art, an antibody that competes for binding with a reference antibody may not
necessarily bind o the same epilope as the reference antibody, but may sterically black binding

of the raferance antibody by binding an overlapping or adiacent epitope.

Preparation of Human Antibodies

[6083] Methods for generating monoclonal antibodies, including fully human monocional
antibodies are known in the arl.  Any such known methods can be used in the context of the
present invention 1o make human antibodies that specificatly bind to human ASIC1.

[0084] Using VELOCIMMUNE™ techniology or any other known method for generating
monocional antibodies, high affinity chimeric antibodies to ASICT are initially isolated having a
human variable region and a mouse conslant region. As in the sxperimental section below, the
antibodiss are characlerized and selected for desirable characteristics, including aifinity,
selectivity, epiiape, ete. The mouse constant regions are replaced with a desired human
constant region o generate the fully human antibody of the invention, for axample wild-type or
modified IgG1 or igB4. While the constant ragion selected may vary according 10 specific use,

high affinity antigen-binding and targsl specificity characterislics reside in the variable region.

Bioeguivalents

[0085] The anti-ASIC1 antibodies and antibody fragments of the present invention ancompass
profeins Raving amino acid sequences that vary from those of the described antibodies but that
retain the ability to bind human ASIC1. Such variant antibodies and anlibody fragments
comprisa one or more additions, deletions, or substitutions of amino acids when compared to
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parent sequence, but exhibit bivlogical activity that is essentially equivalent to that of the
described antibodies. Likewise, the anti-ABICT antibody-encoding DNA sequences of the
prasent invention encompass sequences that comprise one or more additions, deletions, or
substitutions of nuclectides when comparad to the disclosed sequence, but that encode an anti-
ASICT antibody or antibody fragment that is essentially bioaguivalent 1o an ant-ASIC1 antibody
or antibady fragment of the invention. Examples of such variant amino acid and DNA
sequences are discussed abova.

{088} Two antigen-binding proteins, or antibodies, are considered bioaquivaient if, for
example, they ars pharmaceutical equivalants or pharmacedtical altematives whose rate and
extent of absorplion do not show a significant difference when adminisierad at the same molar
dose under similar experimental conditions, either single does or multiple dose. Some
antibodies will be considered equivalants or pharmaceutical alternatives ¥ they ars equivalent in
the axtent of their absorption but not in their rate of absomtion and yet may be considered
bicegquivalent because such differences in the rale of absorption are intentional and are
reflacted in the labeling, are not essential {o the aftainment of effective body drug
concentrations on, .4q., chronic use, and are considerad medically insignificant for the particular
drug product studied.

[6087] In one embodiment, two antigen-binding proteins are hioeguivalent if there are no
chinically maaningiul differences in their safaly, purity, and potency.

{0088] in one embodiment, two antigen-binding proteins are hicequivalent if a patient can be
switched one or more times between the reference product and the biclogical product without
an sxpected increase in the risk of adverse effects, inchuding a clinically significant change in
immunogenicity, of diminished effectivenass, as compared o continued therapy without such
switching.

{0088] In wre embodiment, two antigen-binding proteins are biseguivalent if they both act by a
common mechanism or mechanisms of aclion for the condition or conditions of use, o the
extent that such mechanisms are known.

{00707 Biceguivalence may be demonstmaied by in vivo and i vitro methods. Biveguivalence
measures nclude, e.¢., {8} an in vivo test in humans or other mammals, in which the
conceniration of the antibody or its metabolites is measured in blood, plasma, serum, or other
biological fluid as a function of time; (b} an In vitro tast that has been correlated with and is
reasonably pradictive of human in vivo bicavailability data; (¢} an in vivo test in humans or other
manumals in which the appropriate acute pharmacological effect of the antibody (or #ts target) s
measured as & function of time; and (d} in a well-conirolled clinical trial that establishes safety,
efficacy, or bivavailability or bicequivalence of an antibody.

{0071} Bicequivalanti varianls of anti-ASIG1T antibodies of the invention may be gonstrucied by,
for example, making various substifutions of residues or sequences or deleling terminal or
internal residues or sequenceas not needed for biological activity. For exampie, cysteine
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residues not essential for biclogical activity can be deleted or replaced with other amino acids to
prevent formation of unnecessary or incorrect intramolecular disulfide bridges upon
renaturation. in other contexts, bivceqguivalent antibodias may include anti-ASICT antibody
variants comprising aming acid changss which madify the glyeosyiation characteristics of tha
antibodies, &.g., mutations which eliminate or remove glycosylation.

Species Selectivity and 8pecies Cross-Reactivity

{0072  According to cerlain embodiments of the invention, the anti-ASICT antibodies bind o
human ASIC1 but not to ASIC1 from other species. The praesent invention also includes anti-
ASICT antibodies that bind to human ASIC and o ASICT front one or more non-human
species. For example, the anti-ASICT antibodies of the invention may bind to human ASICH
and may bind or not bind, as the case may be, to one or more of mouse, rat, guinea pig,
hamster, gerbil, pig, cat, dog. rabbil, goat, sheep, cow, horse, camel, synomalogous, marmoset,
rhasus or chimpanzes ASICT. The present invention also includes anti-ASIC1 antibodies that
sadectively block ackd-induced lon currants thwough human ASIC T channals (it not through
non-human ASICT channels). Alternatively, agcording to certain embodiments, ant-ASICH
antibodies are provided that block acid-induced ion currents through human ASICT channels as
well as through non-human (e.g.. mouse, rat, aic. ) ASICH channels {Jge, o.¢., Example 5,

herain}.

Immunoconjugates

{0073] The invantion encompasses anti-ASIC1T monoclonal antibodies conjugated o g
therapeutic moisty {("immunoconjugate”), such as a cylotaxin, a chemotherapeutic drug, an
immunosuppressant or g radicisotope. Cyinloxic agents include any agent that is detrimentat (o
calla. Examples of suitable oviotoxic agenis and chemotherapeutic agents for forming

imimneconjugates are known in the ant, (see for example, WO Q5/103081)}.

Muitispecific Antibodies

{0074] The antibodies of the present invention may be monospeacific, bl-spacific, or
multispecific. Mullispecific antibodies may be specific for different spitopes of one targst
polypeptide or may contain anligen-binding domains specific for more than one target
polypeptide. Ses, e.g., Tutt et al, 1991, J Immunol. 147:60-89; Kufer ef af,, 2004, Trends
Biotechnol. 22:238-244. The andi-ASICY antibodies of the presand ivention can be linked to or
co-expressad with another functional molecule, &.g.. ancther peplide or protein. For exampls,
an antibody or fragment theraof can be Runctionally finked (2.q.. by chemical coupling, genetic
fusion, nancovalant association or otherwise) to ane or more other molecular entities, such as
another antibody or antibody fragment o produce a bi~specific or @ multispecific antibody with a
second binding specificity. For example, the present invention includes bi-specific antibodies

wherein one arm of an immunoglobulin is specific for human ASICT or a fragment theresf, and
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the other arm of the immunogiobulin i3 specific for a second therapeutic target or is conjugated
to a therapeutic mofety.

{80751 An exemplary bi-specific antibody format that can be used in the context of the present
invention involves the use of a first immunogiobudin (1g) GG domain and g second g C.3
domain, wharein the first and second g Cu3 domains diffar from ona another by at least one
amine acid, and wherein at least one amino acid difference reduces binding of the bispecific
antibody to Protain A as compared 1o a bi-gpecific antibody facking the aming acid difference.

in one embodiment, the first ig C.3 domain binds Protein A and the sacond Ig ©43 domain
contains a rmudation that raduces or abolishas Protein A binding such as an HB5R modification
{by IMGT exon numbering; H435R by EU numbering). The secunsd Cu3 may further comprise a
YO8F modification {by IMGT; Y436F by EU). Further modifications that may be found within the
second O3 include: 18K, L18M, N44S, KE2N, VETM, and V821 (by IMGT; D356E, L3581,
N3843, KI92N, V3IO7M, and V4221 by EU) in the case of 1gG 1 antibodies; N445, K52N, and
V821 MGT; N384S, KIU2N, and V4221 by EU) in the case of IgG2 antibodies; and Q15R,
N44S, KE2N, VETM, RASK, E780), and V821 (by IMGT; QO355R, N384S, K392N, V397M, R40AK,
E418Q, and V4221 by EL}) in the case of IgG4 antibodies. Variations on the bi-speacific antibody

farmat described above are contemplated within the scope of the present invention.

Therapeutic Formulation and Administration

[0078] The invention provides pharmaceutical compasitions comprising the anti-ASICH
antibodies of antigan-binding fragments thereof of the present invention. The pharmacauticsl
compaositions of the invention are formulated with suitable carriers, excipients, and other agents
that provide improved transfer, defivery, tolerance, and the like. A multitude of appropriate
farmulations can be found in the formulary known to all pharmaceutical chemists: Remington's
Pharmaceutical Sciences, Mack Publishing Company, Easton, PA. These formulations include,
for example, powders, pasies, cintments, jeliies, waxes, olls, lipids, lipid {cationic or anionic)
containing vesicles (such as LIPGFECTIN™, Life Technologies, Carlsbad, CA), DNA
conjugates, anhydrous absorplion pastes, olbinswater and water-in-oil emulsions, emulsions
carbowax {polysthylane glvcols of varicus moleculsr weights), semi-solid gels, and semi-solid
mixtures confaining carbowax. Sas also Powell ot al. "Compendium of excipients for parenteral
formulations” PDA (1998} J Pharm Sci Techno! 52:2338-311.

{00771 The dose of antibody administered to a patient may vary depending upon the age and
the size of the palient, target disease, conditions, route of administration, and the ike. The
preferred dose is fypically calculated according to body weight or body surface area. When an
antibody of the present invention is used for treating a condition or disease associated with
ASICT activity in an adult patient, it may be advantageous 1o intravenously administer the
antibody of the present invention nomally at a single dose of about Q.01 o about 20 mgikg
body weight, more preferably about 0.02 to about 7, about 0.03 to about &, or about 0.085 o
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about 3 mg/kg body weight. Depending on the severity of the condition, the frequency and the
duration of the treatment can be adjusted. Effeclive dosages and schedules for administering
anti-ASIC1 antibodies may be determined empirically, for example, patient progress can be
monitored by paricdic assessment, and the dosa adjusted accordingly. Moreovar, interspecias
scaling of dosages can be performed using well-known methods in the ant (8.g., Mordenti ef af,
1981, Pharmacew!. Res. &1351).

{078 Warious delivery systems are known and can be used 1o administer the pharmaceuticat
composition of the invantion, e.g., encapsulation in liposomes, microparticles, microcapsules,
racombinant cells capable of expressing the mutant viruses, receptor mediated endocylosis
{see, e.g., Wu et al., 1887, J. Biol. Cham, 282:4428-4432). Mathods of introduction include,
are not imited to, intradermal, inframuscular, infraperitoneal, infravenous, subcutaneous,
intranasal, epidural, and oral routes. The composition may be administered by any convenient
route, for example by infusion or bolus injection, by absotption through epithelial or
mucocuianaous linings (8.4, oral mucosa, rectal and intestinal mucosa, eic.) and may be
administerad togather with other biologically active agenis. Adminisiration can be systemiic or
focal.

{8079] A pharmaceutical composition of the present invention can be delivered
subcutanecusly or intravenousty with a standard needis and syringe. In addition, with respect
to subtutaneous delivery, a pen delivery devics raadily has applications in delivering a
pharmacsutioal compoesition of the present invention. Such a pen delivery devize can be
reusable or disposable. A reusable pen delivery device generally utilizes a replaceable
cartridge that contains a sharmaceutical composition. Once all of the pharmacautical
compostion within the carlridgs has been administered and the cartridge is ampty, the ampty
cariridge can readily be discarded and replaced with a new carlridge that contains the
pharmaceutical composition. The pen delivery device can then be reused. in a disposable pen
delivery device, there is no replaceable carindge. Rather, the disposable pen delivery davice
comes prefilled with the pharmaceutical compasition held in a reservoir within the device. Once
the reservolr is emplied of the pharmaceutical composition, the entire devive is discarded.
[6080] Numerous reusable pen and auloinjector delivery devices have applications in the
subcutaneous delivery of a pharmaceutical composition of the present invention. Examples
include, but are not fimited to AUTQPEN™ (Owen Mumford, Inc., Woodstock, UK},
DISETRONIC™ pan (Disetronic Medical Systems, Bargdor], Swilzarfand}, HUMALOG MiX
FE/25™ pan, HUMALOG™ pen, HUMALIN 70/30™ pen {Eh Lilly and Co., Indianapolis, IN},
NOVOPENT™ | Il and Hi (Nova Nordisk, Copenhagen, Denmark), NOVOPEN JUNIOR™ {Navo
Nardisk, Copenhagsn, Denmark), BD™ pen (Becton Dickinson, Franklin Lakes, NJ},
OPTIPEN™  OPTIPEN PRO™  OPTIPEN STARLET™, and OPTICLIK™ {sanofi-aventis,
Frankfurl, Germany}, {0 name only a few. Examples of disposable pen delivery devices having
applications in subcutaneous delivery of a pharmaceutical composition of the present invention
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include, but are not limiled to the SOLOSTAR™ pen (sanofi-aventis}, the FLEXPEN™ {Novo
Nordisk), and the KWIKPEN™ (Eli Lilly), the SURECLICK™ Autoinjector (Amgen, Thousand
Oaks, CA), the PENLET™ (Haselmefer, Stutigart, Germany), the EFIPEN (Dey, L.P.}, and the
HUBMIRA™ Pen (Abbatt Labs, Abbott Park IL), to name only a few.

{00811 In certain situations, the pharmacautical composition can be delivered in a controlled
release system. In one embadirment, 3 pump may be used (see Langer, supra; Sefton, 1987,
CRC Crit. Ref. Blomed. Eng. 14:201). In ancther embodinent, polymeric materials can be
used; sag, Medical Applications of Controlled Release, Langer and Wise {eds.), 1874, CRQ
Pres., Boca Raton, Florida. In yel another embodimeant, a controlied releass system can be
placad in proximity of the composition’s target, thus regquiring only a fraction of the systemic
dose (see, e.g., Goodson, 1284, in Medical Applications of Controfled Release, supra, vol. 2,
pp. 115-138). Other controlled release systems are discussed in the review by Langer, 1990,
Science 249:1527-1533.

[8082] The injectable preparations may inciude dosage forms for infravenous, subsutaneaous,
intracutansous and intramuscular injections, drip infusions, efc. These injectable preparations
may be prepared by methods publicly known. For example, the injectable preparations may be
prepared, e.g., by dissolving, suspending or enuisifying the antibody or its salt described above
in 2 sterile aguecus meadium or an oily medium conventionally used for injections. As the
aqueous medium for injextions, there are, for exampla, physiological saling, an isotonic solution
containing ghucose and other auxiliary agents, efc., which may be used in combination with an
appropriate solubilizing agent such as an alcohol (e.g., ethanol), a polyaicohol {g.q., propyiena
glycol, polvethiviene giveol), a nonionic surfactant {e.q., polysorbate 80, HUO-5¢
{potyaxyethylens (50 mol) adduct of hydrogenated castor oil}], ele. As the oilly madium, there
are amployed, e.q., sesame Cff, soybean oil, elc., which may be used in combination with a
solubilizing agent such as benzyl benzoate, beneyl alcohinl, gle. The injection thus prepared is
praferably filled in an appropriate ampoule.

[0083] Advantagecusly, the pharmaceutical compaositions for oral or parenteral use described
above are preparad inte dosage forms in a unit dose sulted to fit a dose of the active
ingredients. Such dosage forms in a unit dose include, for example, tablets, pills, capsules,
injections {(ampoules), suppositories, etc. The amount of the aforesaid antibody contained is
genarally about 5 to about 500 mg pear dosage form it a unit dose; especially in the form of
injection, it is preferred that the aforesaid antibody is contained in abowt 5 to about 100 mg and
in about 10 to abowt 250 mg for the other dosage forms.

Therapeulic Uses of the Antibodies
[0084] The antibodies of the invention are useful, infer alfa, for the freatment, prevention
and/or amalioration of any disease or disorder associated with or mediated by ASIC1 activity or

treatable by blocking or attenusting add-induced, ASIC1-mediated ion currents in neuronal cells

.22 -



WO 2013/116296 PCT/US2013/023784

of an individual. Exemplary diseases and disorders that can be treated with the anth-ASICH
antibodies of the present invention incitde pain conditions such as nociceptive pain and visceral
pain {e.g., pain from inflammatory bowe! diseasea/irritable bowel syndrome, interstitial cystitis,
pancreatitis, andomatrosis, chronic pelvic pain syndromae, alc.), as well as pain associated with
inflammation {(g.q., inflammalory musdcle pain), polymyositis, post-cperative ingision {8.9., post-
surgical paing, neuwropathy {e.g., diabelic neuropathy), sciatica, post-herpetic neuralgia,
myofascial pain syndromes {e.g., chironic myofascial pain}, arthritis, sickle cell, enteric nerve
ischemia, claudication pain, bone fracture, bum, osteoporotic fracture, gowt, migraine headache,
fibronyalgia, complex regional pain syndroms, acule harpelic pain, sic. The antihodiss of the
invantion may aiso ba used o traat, prevent and/or amaliorate conditions such as, e.g.,
neurodegenerative diseases {(e.g., demyelinating diseasas such as mulliple sclerasis,
amyotrophic lateral aclerosis, elc.}, brain injury {e.g., stroke, fraumatic brain injury, brain
acidosis), newclogical disorders {e.g., seizures, seizure disorders), and psychiatric diseases
{e.g., depression, anxiely disorders, post-traumatic stress disorder, panic disorder, ete.)

{0085] The ardi-ASIC1T antibodias of the present invention are also useful for treating or
preventing cancer-associated pain. "Cancer-associated pain” includes, e.¢., bone cancer pain,
including pain from cancer that has metastasized 10 bone {e.g.. breast cancer, prosiate cancer,
lung cancer, sarcoma, kidney cancer, multiple myeloma, s}, "Cancer-associated pain® also
includes pain mare generally asseciatad with cancerous conditians such as, e.g., renal call
carcinoma, pancreaiic carcinoma, breast cancer, head and neck zancer, prostate cancer,
malignant gliomas, ostecsarcoma, coloractal cancer, gastric gancer, malignant mescthelioma,
multiple myeloma, ovarian cancer, small cell lung cancer, non-small cell lung cancer, synovial
sarcoma, thyroid cancer, or melanoma. The anti-ASICT antibodiss of the present invention are
also useful for treabing or preventing pain caused by or associated with cancer therapy ar anti-
canger medical freatments, &.¢., chemotherapy-induced neuropathic pain such as pain caused
by or associated with treatment with paclitaxel (Taxol™), docetaxe! (Taxotere®); nitrosoures,
cyclophosphamide, doxorubicin, epirubicin, 5-fluorouraci, topotecan, rinotecan, carmusting,
estramustine, and platinum-based chemotherapeutic compounds, such as cisplatin, carboplatin,
and iproplatin.

Combination Therapies

{0086] The present invention includes therapeutic administration regimens which comprise
administering an anti-ASIC1 antibody of the present invention in combination with at least one
additional therapeutically sctive component. Non-limiting examples of such additional
therapeutically active components include other ASIC inhibitors such as, 2.g., a second anti-
ASICT antibody, an antibedy directed against a different ASIC component (&.4g., antb-ASIC2
antibody, anti-ASICS antibody, anti-ASIC4 antibody, elc.), a peplide ASIC inhibitor (e g,

psaimoloxin-1 [PoeTxi], APETXZ, etc.}, and/or a small molecule ASIC inhibitor {8.g., amiloride,
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A-3175867 etc.).

[80871 Other agents that may be beneficially administered in combination with the anti-ASIC1
antibodies of the invention include cytoking inhibitors {including smali-molecule cytokine
inhibitars and antibodies that bind to oyvtokines such as fL-1, 1L-2, IL-3, L4 1L-5, IL-6, IL-8, IL-8,
{L-11, 1-12, 13, 117, 1L-18, or to their respective receptors), antivirals, antibiptics,
analgesics, corticosteroids and/or NSAIDs.

{00881 The additional therapsuticatly active componani{s) may be administered prior o,
concurrent with, or after the administration of an anti-ASIC1 antiiady of the prasent invention;
{for purposes of the present disclosure, such administration ragimens are considerad the
acministration of an anti-ASIC1 antibody "in combination with™ an additional therapsautically

active component).

Biagnostic Uses of the Antibodies

{0088] The ant-ABIC1T antibodies of the present invention may also be used to detact and/or
measure ASICT, ar ASIC-axpressing cells in & sample, e.g., for diagnostic purposes. For
example, an antl-ASIC 1 antibody, or fragment thersof, may be used to diagnose a condition or
disaase charactarized by aberrant expression {e.¢., over-axprassion, under-expression, lack of
expresaion, efe.) of ASICY. Exemplary diagnostic assays for ASICT may comprise, e.g.,
contacting & sample, oblained from a patient, with an anti-AGSIC1 antibody of the invention,
wherein the antbASICT antibody is labeled with a detectable label or reporter molecule.
Alternatively, an unlabeled anti-ASIC 1 antibody can be used in diagnostic applications in
combination with a secondary antibody which is itself detectably labeled. The detectabie label
of reporter molecule can be a radivisotope, such as “H, ¥C, P, 3, or ", a fluorescent or
chemiluminescent molety such as flucrescein {sothiocyanate, or rhodamine; or an enzyme such
as altkaline phoaphatase, beta-galactosidase, horseradish peroxidase, or luciferase. Specific
exemplary assays that can be used to detect or measure ASICT In a sample include enzyme-
linked immunosorbent assay (ELISA), radioimmuncassay {RIA}, and fuiorescence-activated call
sorting (FAGCS}.

{0094] Samples that can be used in ASIC1 diagnostic assays according fo the present
invention include any tissue or fluid sample oblainabls from a patient which contains detectabls
guantities of ASIC1 protein, or fragments thereof, under normal or pathological conditions,
Generally, levels of ASICT in a particular sample oblained from a healthy patient (e.g., a patiant
not afflicted with a disease or condition associated with abnormat ASICT levels or activity) will
be measured {o initially establish 8 baseline, or standard, level of ASIC1. This baseline level of
ASICT can then be compared against the levels of ASICT measured in samples obiained from
individuals suspected of having a ASIC1 related disease or condition
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EXAMPLES
{80811 The following exampiles are put forth so as 1o provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the methods and
sompositions of the invention, and are not intendead to imit the scope of what the inventors
regard as their invention. Efforts have been made o ensure accuracy with respect to numbears
used (g.g., amounts tamperature, efc.) bul some experimental errors and deviations shouid be
accounted for. Unless indicated otherwise, parts are parts by weight, molecular weightis
average molecudar weight, temperature is in degraes Centigrade, and pressure is at or near
atmospheric.

Example 1. Generation of Human Antibodies to Human ASICH

[0092] To generate anti-human ASICT antibodies, a DNA immunization procadure was used
in which g DNA plasmid encoding full-length human ASIC1, together with & separate plasmid
encoding adjuvant, were injected intradermally into & VELOCIMMUNE® mouse {Regenaron
Pharmaceuticals, inc., Tarrytown, NY}). The site of injection was then electroporated to inducs
host cell transfection of the plasmids. The VELOCIMMUNE® mice used for the immunization
comprise DNA encoding human immunoglobulin heavwy and kappa light chain variable regions
arsd lack the andogenous mouse asreTa gene. The antibody immune response was monitored
by a cell binding assay using celis engineered to express human ASICT. When a desired
immune response was achieved, splenocytes were harvested and fused with mouse myeloma
cefls to presarve their viability and form hybridoma cell lines. The hybridoma cell lines wers
screened and selected o identify cell lines that produce ASIC1-specific antibodies. Using this
technique several anti-ASICT chimeric antibodies (L e., antibodies possessing human variable
domains and mouse constant domains} wera obtained; exemplary antibodies generated in this
mannear were designated as follows: HIMB712N, HIMGET7 18N, HiIMBT718N, HIM71D1N,

H2M7 103N, H3ME7 13N, HIM67 18N, H3MB720N, HIMET21N, H3MBT721N2, HAMB728N,
H3MB7BON, HAM7102N, and H3M7 118N,

{00831 Ant-ASICT antibodizs were also isolatad directly from antigen-positive B calls without
fusion {o mysloma cells, as described in US 2007/0280945A1. Using this method, several fully
human ani-ASIC 1 antibodies {e., antibodies possessing human variable domains and human
constant domains) weare oblained; exemplary antibodias generated in this manner ware
designated as follows: H4HB362P, HAHBIBIP, HAHBR64P, H4HB3BBP, HAHB372P,
HAHBA74P, H4HBIT?EP, H4HB37OR, H4HB380P, HAHE38IP, and H4HB383P,

{8084] Cerlain bivlogical properties of the exemplary anti-ABIC1 antibodies generated in
accordance with the methods of this Exanple are described in detail in the Examples set forth
helow.
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Example 2. Heavy and Light Chain Variable Region Amino Acid Sequences
[B0SB] Table 1 sets forth the heavy and light chain varigble region aming acid sequence pairs
of selected anti-ASIC1 antibodies and their corresponding antibody idendifiers.

Table 1
SEQ ID NOs:
Antibody
Designation | HCVR | HCDR1 | HCDR2 | HCDR3 | LCVR | LCDRY | LCDR2 | LCDR3

6712N 2 4 & 8 10 12 14 16
6716N 18 20 22 24 26 28 30 32
B718N | 34 38 38 | 40 42 44 48 48
7101N 50 52 54 58 58 &0 62 B4
7103N 86 68 70 72 74 76 78 80
6713N 82 84 86 88 90 82 94 96
6715N 08 100 102 104 106 108 110 112
§720N 114 118 118 120 122 124 126 128
B721N 130 132 134 136 128 140 142 144
8721N2 148 148 150 152 154 156 158 160
6726N 182 184 166 188 170 172 174 176
KTHON 178 180 182 184 186 188 194 192
7102N 184 196 198 200 202 204 206 208
7118N 210 212 214 216 218 220 222 224
8362F 26 | 228 230 232 234 236 238 240
B363P 242 244 246 243 250 252 254 258
8364P 258 260 262 264 266 268 270 272
8366F 274 276 278 280 282 284 286 288
8372P 290 292 204 296 298 300 302 304
8374F 306 308 310 312 314 316 318 320
8375pP 322 324 326 328 330 332 334 336
RI79P 338 340 342 244 348 348 350 352
S3R0P 354 356 358 360 362 364 386 368
8381F 370 372 374 378 378 380 382 384
£383P 384 388 390 302 304 396 398 400

{0096] Antibodies are typically referrad to herein according to the following nomenclature: Fo
prefix (e.g. "H4H", "HAIMY, "HZM"), followed by @ numerical identifier {e.g. "6712" or "6362" as
shown in Table 1), followad by a "P” or "N” suffix.  Thus, according fo this nomenclatre, an
antibody may be referrad to herein as, e.g.. "HIMBT12N" or "H4HB3682P", The HdH, H1M, and
H3M prefixes on the antibody designations used herein indicate the parlicular Fe region of the
antibody. For example, an "H1M" antibody has a8 mouse 1gG1 Feo, whereas an "H4H® antibody
has 2 human IgG4 Fo. As will be appreciated by a person of ordinary skill in the art, an H1M or
H3M antibody can be converted to an H4H antibody, and vice versa, bul in any event, the
variable domains (including the CORs) ~ which are indicated by the numerical identifiers shown

in Tabia 1 - will remain the same.
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Example 3. Antibody Binding to Cells Expressing Full-Length Human or Mouse ASIC1
{8097} To further characterize anti~-ASICT antibodies, their ability 1o bind either (8) a mouse
fibroblast 3T3 cell line stably ransfacted fo overexpress full length human ASICT (3TIMASICT;
aming acida 1-528 of NCBI accassion number NF_001088.2 [SEQ 1D NO:401)), (b) a 313 cell
fine stably transfected 1o over express full length mouse ASICTa (ITIMASIC1a; amino acids 1-
528 of NCBI accession number NP_033727), or {c) a ND7 cell line (ECACC, # 52080003} that
is & fusion cell ing of mouse neurcblastoma and rat dorsal root ganglia that endogenously
expresses rat ASICT, was determined using flow cytametry (FACS). ND7 cells were
differentiated by replacing the culture meadia with low-serum media {0.5% FBS) containing 1 mM
dibutyryl-cAMP {Cat. No. sc-201587A, Santa Cruz Biotechnology, Inc., Santa Cruz, CA). FACS
binding was tasted for some antibodies on both undifferentiated ND7 cells and differentiated
ND7 cells.

[0098] To perform the FACS binding experiments, adherent cells were collected using 1 mM
EDTA in PBS, then washed, and re-suspended in cold PBS containing 8% FBS. For each
binding experiment, each anti-ASIC1 antibody {at final concanirations of 10 nM of purified
artibodies or 3.3 nld for antibody supernatants for binding to 3THRASICY cells and SniM for
binding fo 3T3mASIG 1z or ND7 celis) was added fo 250,000 cells in 500 yl of PBS with 5%
FBS. Afier incubation for 20 minutes at room temperature, 8 secondary antibody which
recogrizes human Fc (Cat. No. 108-138-088, Jackson immunoResearch Laboratories, Ing,,
West Grove, PA) or mouse Fo {Cat. No. 550826, BD Biosciences, San Jose, CAland is
conjugated to allophycocvanin, was then added {0 the cell mixture at a final concentration of
13.3 nM. Adler incubating for 20 minules on ice, the celis were washad and resuspended in
PBS containing 5% FBS, then sorted and analyzed on a flow cylometer (FACS8Calibur, BD
Biosciences, San Jose, CA) o determing relative binding by the candidate antibodies fo the
tested call lings. Histograms of calls stalned with anti-ASICT antibodies were comparad with
those of cells stained with secondary antibody afone. Percentage of ASICT signat over
secondary antibody alone was calculated using Flowdo software {Trae Star, Ashland, OR). The
samples stained with anti-ASICY antibodies were recorded as FACS positive when gated
greater than 10%. The samples stained with ant-ASIC1 antibodies were recorded as FACS
negative when gated lower than 1%. The samples stained with anti-ASICT antiboady were
recorded as weak when gated betweaen 1%-10%. The binding specificities of the anh-ASIC1
antibodies o 3T3MASICY cells, 3T3/MASIC1a cells and ND7 cells are summarized in Table 2

{ND = not determined).
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Tabhie 2. Binding Specificity of Anti-AS{C1 Antibodies As Determined by FACS

FACS Binding | FACS Binding to | FACS Binding to
FACS Binding | fo 3T3/mASICTa | Undifferentiated | Differentiated
Antibody to 3TIhASICH ND7 calls | ND7 cells
H1MB7 12N Positive ND KD ND
 H3MB721N __Positive 7 Positive Negative ND
HIMB718N | Positive Positive Positive Pasitive
H4HB372F Negative ND ND ND
H4AHB374P Negative ND ND | ND
H4HB3I7EF Negative ND ND ND
H4HE3TIP Negalive ND ND ND
H4HB380F Negative ND ND ND
HaHe3Ig P Nagative ND ND ND
H4HB383P Negative ND ND ND
HaHe3862P Negative ND ND | ND
HAHB383P Positive ND ND N
H4HB3I84P Positive ND ND ND
HIM7101N Fositive Positive Positive ND
HIMBT18N Pogitive ND ND ND
H3ME728N Fositive Positive Positive Positive
HIMB720N Positive Negative Negative i Negative
H3ME7 13N Positive ND NG ND
,,,,, HI3M7102N | Positive 1 Positive | Positive | ~~ NB
H3ME7EON | Positive ND ND ND
H2M7 103N Positive Positive Negative Negative
H3IMB7 15N Positive ND ND ND
H3M7118N Pogitive Weak Weak | Fositive
HaHo3e6R Positive Pusitive Positive Positive
H4AHBT721N2 Fositive Positive Pasitive Positive

{0089] Binding affinity of selected anlibodies o 3TIMASICT calls was Rurther examined by
FACS using multiple antibody concentrations (67 nM, 8.7 nM, 0.67 nM, 67 pM, and 8.7 pM)
from which approximate EC., vahies were caloulated. The mean fluorescence intensity (MFD
signal observed for the anti-ASICT antibodies was subtracted by the background signal
{secondary antibody alone) and plotted as a function of antibody concantration to determing
ECq values using GraphPad Prism (Table 3).

Table 3: EQ,; Values for Select Anti-ASIC1 Antibodies
Binding fo IT3hASIC1 Cells

Antibody ECs
HiME7T 12N < 100 pM
HAMB721N 85 phi
H1ME7 18N 550 pM
H4HE8383P 836 pM
HIMB713N 215 pM
H3ME718N 72 pM
H1MB7 16N 23 pM
HIRME720N 1.4 nM
H3MB726N 2.6 nM
H3MBTO0N 853 pM
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HIM710IN 720 pM
H3M7 102N 54 0
H3M7118N 67 nM
H2M7103N 1.7 0
H4HB364P 1.5 nM
HaHB366P 1.0 ni
HaHB721N2 1.7 nM

{01001 As shown in Table 2, seventeen of the 25 antibodies {ested demonstrated specific
binding 1o 3TIHhASICT cell ling; sight of 10 antibodiss tested demonstrated positive binding o
the 3T3/MASIC1a cells; six of 10 antibodies tested demonsirated positive binding o the
undifferentiated ND7 cell ing; and five of 7 antibodies tasted demonstrated positive binding o
the differentiatad ND7 cell iine. Notably, one antibody (H3M7 118N} demonstrated weak binding
to both 3TIMASIC ia and undifferentiated ND7 call ines but positive binding to 3TI/hASIC
cells. As shown in Table 3, the anti-ASIC1 antibodies tested at multipls antibody concentrations
demonsivated high affinity FACS binding with approximate ECs, valuas as low as 23 pM for
binding to the 3T3MASICH cells.

Example 4. Anti-ASICT Antibodies Block Acid-Mediated Cell Signaling in a Cellular
Calcium Flux Assay

{31011 To characterize functional blocking of acid-mediated cell signaiing by anti-ASICH
antibodies, an assay that measures cellular calcium flux was implermented using a cell line,
HEK233 CLAF10 (1F10), that was transiently transfected o exprass human ASICT (amino
acids 1-528 of NCBI accession number NP_0010862.2 [SEQ ID NOM4G1]). This cell line was
created from the parental line HEKZ383/08 that was sigbly transfecied 10 exprass human Par2.
Transfected cells were incubated at 37°C, 5% CO; for 2 days before replating into 8 98-well
black, clear botton assay plate at & conceniration of 100,600 calls per well, Cells were allowed
to adhere to the plate at room emperaturs for 20 minutes then incubated avernight at 37°C, 5%
CO,.

{01021 The Fluo-4 NW calcium assay kit (Invitrogen, # F36206) was used to determing the
level of intraceliular calcium fux within cells activated by low pH buffers. Assay buffer was
prepared according to the manufacturer's specifications. Fifty pb of probenecid {77 poful} was
added to § mb of buffer C {2xHBSS), which was then added to component A {Fluo-4 dye}). Anti-
ASHKC1 antibodies were dilutaed in the Fluo-4 dye to 3 concentration of 250 nM for the single
point blocking assay. The antibodiss that blocked calcium Rux stimulated by low pi buffers
were further characterized in this assay using multiple antibody concenirations. Anti-ASICH
antibodies were diluted lo a concentration of 250 nM in the dye and an 8 point 1:3 dilution series
{ranging from 250 to 0.1 nM)} was used to determineg the blacking ICx of sach antibody. The
call culture madia was ramoved fram the assay plate containing cells and 50 yl of the Fluo-4
dye containing anti-ASIC1 antibody was then added. The piates were incubated at 37°C, 5%

.26 -



WO 2013/116296 PCT/US2013/023784

CQ; for 1 hour before reading by FLIPR Tetra (Molecular Devices).

[8103] The pH of buffer C was adjusted to pH 5 0 or pH 5.5 and added to a reservoir plate
before addition {o the cells. The FUIPR Tetra then added 50 b of the fow pH buffer from the
reservoir plate 1o the calls in the assay plate at a speed of 50yl per second. The calcium signal
produced by each well for 10 seconds prior (o buffer addition {(pre-read) and for 100 seconds
after buffer addition was measurad by FLIPR Telra using an excitation wavelength setling of
4703-480 nm and an emission wavelength sefting of 515-575 nm. The difference between the
maximum obsearved value obigined after buffer agdition and the minimum value during the
enlire assay including both the prewread and after buffer addition was calculated and graphsd
using GraphPad Prism. Results are shown in Tables 4 and 5.

Table 4: Blocking of Acid-Mediated Cellular Calcium Flux by
250 nM of Anli-ASIC1 Antibodies at pH 5.5 and 5.0

FLIPR
250 nM Single Poirt

Antibody pH 55 pH 5.0
HiMaTI2N Weak Neg
H3MB721N Pos Pos
HIMB7 18R Pos Fos
HIM7101N MNeg Neg
HIMB7IEN Weak Weak
H3MB728N Neg Neg
H3ME7 20N Neg Neg
HIMBT13N Weak Weaak
HIMT 102N Neg Neg
H3META0N Pos Weak
H2ZM7103N Meg Neg
H3MB7 158N Weak Weak
HIM7 118N Neg Nag
HAHE372P Weak Neg
H4HBIT4PR Weak Neg
H4HG375P Weak Weak
H4HBITUP Neg Neg
H4HB380P Weak Neag
H4HB3B1P Weak Meg
H4HB3B3P Neg Neg
H4HE382P Neg Neg
H4HBIGIP Neg Neg
HAHB364P Neg Neg
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H4MB386P MNeg Neg

Tabie 5: Dose dependent blocking of acid-mediated cellular
calcium flux by anti-ABIC1 antibodies at pH 5.5 and 5.0

FLIPR Dose Curve
Antibody pH 8.5 % Block. | pH 5.8 10 nM pH §.0 % Block pH 5.0 1Cs nM
HIMB7 12N 64% 8 niv 10%, No dose dep. No dose dep.
HIMBTZ1IN 4% 0.3 nM 25% 100
H1MBT 18N 78% 0.6 nM 48% Joo
H3MET 13N 83% 0.2 nM 23%, No dose dep. No dose dep.
H3MBT7 15N 39% 0.1 nM 10%. No dose dep. Ng dose dep.
H1MG7 16N 37% 1.1 nik 25%, No dose dep. No dose dep.
H3MB760N T1% 0.8 nM 56% 1 oM
H4HB375P 27% 0.1 nM 10%, No dose dap. No dose dep.
H4HB380P Nag Neg Neg Neg
H4HE381P Nag Neg Neg Nag

[2104] As shown in Table 4, two of the 24 antibodies, HIME721N and H1MEY 18N, exhibited
greater than 30% blockade of the calcium flux {(Pos) al the single concentration of 250 n at
both pH 5.5 and pH 5.0, and one antibody (H3MB780N) exhibited greater than 30% block at
only pH 5.8, Twelve of the 24 antibodies at pH 5.5 and 17 of the 24 antibodies at pH 8.0 tested
at the single concentration of 250 nM did not exhibit measurable blockade (Neg). Nine of the 24
antibodies at pH 8.5, and 5 of the 24 antibodies at pH 5.0, tested at the single concentration of
250 nM exhibiled a reduction in calcium fhix between 10-30% (Weak).

[0105]  As shown in Table 5, eight of the 10 antibodies tested for dose dependent blocking at
pH 5.5 exhibited a percent blockade of the calcium flux ranging from 27% o 78% and 1Gss
valizes ranging from 0.1 nM to 6 M. Two of the antibodies tested for dose dependent calcium
flux blockade at pH 5.5, H4HB380P and H4HB381P, exhibited no measwrable blockade. Two of
the 10 antibndies lested for dose depsandent blocking at pH 5.0, H3ME721N and HIME7 18N,
exhibited a 25% and 48% blockade of the calcium flux, respectivaly, but 10, values could not be

determined {1C*) despite showing dose dependence. One of the 10 antibodies tested for dose

Qa0 value of 1 nM. Five of the 10 antibodies tested for dose dependent calcium flux blockade at
pH 5.0 exhibited no dose dependent blockade but blocked behtween 10% and 25% of the
calcium fiux at each of the antibody soncentrations tested. Two of the 10 antibodies fested for
dose dependent biocking at pH 5.0, H4HS8380F and H4HB381P, exhibited no measurable
blockade.
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Example 5. AnthASICT Antibodies Block Acid-nduced ASICT lon Cuwrrents in an
Automated Voltage-Clamp Patch-Clamp Assay [Q-Pateh]

[0106] The Q-Fatch {(Sophion Bioscience, inc., Ballerup, Denmark), a microchip-based
automated patch-clamp system, was used 1o determing the ability of the anti-ASICT antibodies
to inhibit either the human ASIC1T current in a stably transfected HEKZ283 cell line expressing the
full length human ASIC 1 channel (HEK/MASIC 1, aming acids 1-528 of NCBI accession number
NP_001088.2) or the mouse ASIC1a current in a stably transfected 373 cell line expressing the
fuli-length mouse ASIC1a channe! (3T3/MASBIC 1a; amino acids 1-526 of NCBi agcession
number NP_033727).

{01071 HEK/MASICT cells were cultured in DMEM high glucose media, 10% fatal bovine
serum (FBS), 1% non-essential amine acids and 500 ug/ml Geneticin® (Invitrogen, # 18131}
3T3MASIC 1a cells were cultured n DMEM high glucosea media, 10% FBS, 1% penicillin /
sirgptomycin/ glutaming (Invilrogen, #10378-018), and 400ugiml Geneticin®. On the day of
the recordings, calls ware harvested with Dalachin cell detachment solution (Genlantis, San
Diego, CA, # T100100), centrifuged and rasuspended i 1.4 mb serum fres solution [CHO-BFM-
H media {Invitrogen, # 31033), HEPES 25 mi and penicillin/straptomycin 100 units/iml]. The
cell suspension was then incubated on a shaker for 40 minutes at room temperature (RT). Two
or three anti-ASIC1 antibodies and a control antibody were run in paraliel in one experiment.
Thus, at the end of the incubation, the cell suspension was dispensed into 4 tubes
{approximately Sx10° cells in 300 plLiube) and the antibodies were diluted to a final
concantration of 100 ni directly in the tubes for single point expeniments, or al a range of
concentrations for dose response experiments and then incubated on a shaker for 20 minutes
at BT. Al the end of the incubation, ceils were lnaded on the Q-Patch.

{8108) Cells were five! perfused with a huffer at pH 7.4 (NaCl 140 mM, KCI 4 mM, MgCl; 1
mid, CaCl; 2 mM, glucose 5 mb and HERPES 10 mM) containing 0.2% (wiv) boving serum
atbumin {extraceliular buffer) and the antibody of interest at a final concentration of 100 niM for
single point experiments, or al a range of concenirations for dose response experiments, was
added and allowed o incabate for abowt 3 minutes. Then, the human ASICT current was
elicited for one second by the addition of the exdraceliddar buffer adiusted to pH 6.0 while cells
wera maintained at a holding poterntial of \80 mV. Thirly ub of amiloride was added after sach
recording on the Q-Patch to demonstrate that the cells were responsive through the duration of
the assay. The composilion of the intraceliular recording solution was CsGl 140 mM, MgCl, 4
miM, EGTA 10 mM and HEPES 10 mM: adjusted to pH 7.3 with CsOH.

{01091  All ant-ASICY antibodies ware tested in quadruplicate in parallel with the control
irrelevant antibody. Channel blocking was measured as percent inhibition of current flux in the
presence of anti-ASIC 1 antibody relative to current fiux in the presence of the control rrefevant
antibody, averaned over multiple blocking axperiments. Results are summarized it Table 8.
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Table §: Percent inhibition of Acid-induced Human ASIC1T Currents
by AnH-ASICT Antibodies at 100 nM

Antibody Current
Number of | concentration inhibition
Antihaody wells tested {nh} {%)
SQMSHEN 10 ) 100 0
H3MB7 15N 7 106 B0
HIMET20N 7 100 82
HIMB726N 3 100 8%
H3MGTZIN 14 100 100
HIMB7 18N a 100 100
H4MHB372P 4 100 0
H4HBIT74P 8 100 ¢
H4HE375P 5 100 o
H4HBI79P 4 100 30
H4HE380P ) 100 0
H4HBIB1P 8 100 25
H4H8383P 4 100 15
H4HE3E2P 4 100 29
H4HB363P 4 108 ¢
H4HE3B4P 2 100 G
H4HB366P & 108 7E
HSM 70889N ) 4 | 160 | 25
HIM7101N 4 100 g7
HIM7TIO2N | 3 | 1o | 100
H2bM7 103N 7 100 82
H3MT 104N 7 100 35
HIM7 17N 4 100 3o

[0118} As shown in Table 6, seventeen of the 23 antibodies tested at 100 nid on the Q-Patch
demonstrated functional inhibition of human ASICY current with & of the 17 antibodies showing
a blockade greater than 70%. Eleven antibodies (HTMOY18N, H3ME720N, HIMET721N,
HIMB726N, H4HB368R, HIM710IN, H3M7102N, H2DM7 103N, H3M7T 118N, H4HE718N, and
H4HG721N2) were further tested for their ability 1o inhibil the human ASICT current at different
concentrations on the Q-Patch, and nine antibodiss (H4HET 18N, M3MBT20N, H3MET21N,
HIM7I0N, H3M7 102N, H2bM7103N, H3MBT7 28N, H4HB366P, and H3M7 118N} were tested
for their ability to inhiblt the mouse ASIC 1 current. The percentage of blockade chserved for
these antibodies is summarized in Table 7 {(human ASIC1) and Table 8 (mouse ABICH1).
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Table 7: Percent inhibition of Acid-induced Human ASIC1T Currents
by Anti-ASIC1 Antibodies at Various Antibody Concentrations

Antibody % Current
Number of concentration inhibition

Antihaody weils tested {nh} + SEM

4 1040 100120

18 10 98 + 1
HiMBT 18N

13 1 83 %13

& 0.1 D0

13 100 83+ 9

8 50 g8t o
H3IME720N

3 10 70

4 1 0

14 100 100

8 50 100
H3MB721N e e

11 10 75 % 10

6 1 30

14 100 77+3
H3MB726N 12 10 30 & 11

7 1 15¢ 15

7 100 T& £ 8
HEHERGEP 8 13 53+ 8

7 3 3815

"""""""""""""" 4 1 18 1 g7

10 40 g9 x 0.7
HIM7101N 4 5 96

10 1 57 2+ 18

4 0.1 7

4 104 a9

8 10 98 + 1
HIMTIG2N

3 3 35

10 1 0x0

7 100 98+ 3
. 3 50 96

H2BM7 103N
8 10 8115
4 3 O
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2 100 99
HAMT 118N 2 10 59

2 x 30

7 10 100

6 5 98 +2
HAHET 18N 2 ! a7

8 0.6 66 4

4 0.3 54

4 0.1 12

7 10 9542

13 5 93 % 1
HAHBT21N2 e SEE L

8 06 327401

3 0.3 40

4 0.1 1

Tahile 8: Percent Inhibifton of Acid-dnduced Mouse ASIC1a Currends
by Anti-ASIC1 Antibodies at Various Antibody Councentrations

Antibody % Current
Numberof | concentration jnhibition
Antibody wells tesied {niA) * SEM
8 e
4 5
,,,,,,,,,,,,,,,,,, o L
.................. 8 ...f B3
2 0.1
R AR R CER
4 L A T &3
RSMST—EON _:Qg e . TB e e 448 AAAAAAAAAAAAAAAAA
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& .1 21+ 8
4 100 , &1
HIME721N 3 I I 87 ]
4 1 8
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HIM7TIGIN 4 100 80
HIMT 102N 4 100 10D
8 L1 R S -1 S
3 50 77
PUVEDRUIR IR S ARSI N - B
_________________ PSS SRS AT SO~ S
................ W L8388
7 G.1 31
A 100 51
H3ME7I6N B B f B
. IR S 23]
4 1 3
100 48
H4HBI68P 10 R
5 - S
1 10
100 L 82 £3
3 80 87
HaMTIeN | e L I .
- T S— 2
8 § 86

[0111] As shown in Tabie 7, one antibody, H3METZ6N, blockad the human ASICT current with
an apparent 10, greater than 10 nM, while six antibodies {(HIMB720N, H3ME72 1N, H4HEB386P,
H3M7102N, H2bMY 103N and H3M7 118N} blockad the human ASICT current with an apparent
{050 of 10 nM or less. Four of the antibodies, HIME7 18N, HIM7101N, H4M87 18N, and
MAME721N2, blocked the human ASICT current with an apparent 1Csq less than 1nM.

{0112}  As shown in Table 8, six of the 10 anli-ASICT antibodies (HA4HET18N, HIMET2 1N,
HE4HB721N2, H1M7 101N, HIM7102N and H3M7118N) tested on the mouse ASICT expressing
cells inhibited 80 to 100% of the mouse ASICT current at highest antibody concentration tested,
while four antibodies (H3MB720N, HIMBT726N, H4HE366F, and H2bM7 103N} only inhibited the
current by approximately 80% or less, H3M7 118N, H2bM7 103N, H3M6T20N and H3MB721N
blocked the mouse ASICT current with an apparent 1y, leas than 25 nM. H4HB7 18N blocked
the human ASIC1 current with an apparent 1Gs, less than nl.

[8113] The Q-Patch was also usetd to determine the ability of the anti-ASIC1 antibody

HAHE7 18N {o inhibit the ASICT current in the ND7/23 call Hine (ECACC, # 82080008}, whith is a
fusion cell kine of mouse neurchlastoma and rat doraal root gangiia that endogenousty

gxpresaes rat ASICT.
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[6114] NDV/E3 celis were cullured in DMEM high glucose media containing 10% FBS, ZmM
glutaming, 1% penicillin-streptomycin (Invitrogen, # 10378-018}). The day after seading, ND7/23
cells were differentiated by replacing the culture media with low-serum media (5.5% FBE)
containing 1 mb dibulyryl-cAMP {Santa Cruz, # 5¢-201567A). On the day of the recordings,
calls weare harvested using StemPro Accutase cell dissociation reagant (Invitrogen, # A11105-
13, centrifugad, and resuspended in 1 mb of endraceliular buffer solution. The cell suspension
was then oaded on the Q-Patch.

[0118] Cells were first perfusad with an extracefular buffer solution at pH 7.4 {NaCl 140 mM,
KCH4 mb, BgCh 1 mM, CaCl; 2 m, glucose 5 mM and HEPES 10 mM, adjusted to pH 7.4
with MaOH) containing £.2% {w/v} bovine serum atbumin for § minutes o stabifize the pateh.
The rat ASIC1 current was then slicited for one second by the addition of the extraceliular
buffer, which was adjusted to pH 8.0, while the cells were maintained at a holding potential of -
80 mY. The rat ABICT current was slicited 2 limes in exdracellular buffer at pH 6 and then 2
additional times in the same extraceliular buffer containing aither 10 nM of an isotype control
antibody or 10 nM of the anti-ASIC1 antibody {(H4HE7 18N, HIME720N, H2bM71Q3N,
HIMET726N, H4HB306F and HIM7118N). Afler the anti-ASIC1 antibody recordings 10 nM of
the selective ASICT antagonist PcTx1 (Alomone Labs, # STP-200) was added o the cells {o
evaluate the contribution of ASICT-specific currants to the current elicited by extracethdar buffer
at pH 8. The composition of the intraceliuiar recording solution was CsF 120 mi, NaCl 15 miM,
EGTA 10 mdt and HEPES 10 mM, adjusted to pH 7.3 with CsOH.

[0118] Channel blocking was measured as percent inhibition of current fux in the presence of
anti-ASICT antibady refative 1o the current fiux measured before the application of the antibogdy
and was compared fo the percent inhibition of current flux in the presence of PeTx1, which was
used {0 define the maximum ASIC1-specific current blockade. Results are shown in Table 8.

Table 9: Percent Inhibition of Acid-Induced Rat ASIC1a Currenis in
ND7 Ceils by Anti-ASICT Antibodies

Antibody
Number of Concentration Fercent Gurrent
Antibody Wells Testad {ni) inhibifion £ SEM
HAHB7 18N B 10 100
HIMB720N 4 10 43 215
HZbM7 103N 5 10 20614
HIMET7 28N 5 10 748
H4HB366P 3 10 36 20
HIM7 118N 10 10 65 % 11
isotype Control 21 10 153

{84171 As shown in Table 8, H4HE7 18N demonstrated a 100% inhibition of the rat ASICH
currenis in differentiated NDT/23 cells at a concentration of 10 nM (n= 8) while H3ME720N and
HAM7 118N inhibited the current by approximately 43% and 85%, respectively. Thres
antibodies (MZHM7 103N, H3MB726N and H4MHE386F} did not demonstrate significant inhibition
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of rat ASICT currents at 10 nM in these experiments.

Example 8. An Anti-ASIC1 Antibody Blocks Acid-Induced ASICT jon Currgnts in an
Automated Voltage-Clamp Patch-Clamp Assay [Port-A-Patch]

[0118] The Port-a-Patch {Nanion Technnlogias Inc., North Brunswick, NJdJ, a8 micrachip-based
automated patch-clamp system, was used o determine the half maximal inhibitory
conecentration (1050} of the antFASIC T antibody H1ME7 18N neadad 10 inhibit the human ASICH
current in a stably transfecled HEK283 celf line exprassing tha full length human ASIC1 channel
{HEK/MASICY; amingo acids 1-828 of NCBI accession number NF_D01086.2).

{0119}
serum, 1% non-essantial aming acids and 500 yg/ml Genelicin® {nvitrogen, # 10131). On the

HEK/MASICT cells were cultured in DMEM high glucose media, 10% fetal bovine

day of the recordings, ceils were harvested with Detachin cell detachment solution {Genlantis,
San Diego, CA, #T100100), centrifuged, and resuspanded in 500 ul. extracellular huffer solution
{Nall 140 mM, KCI 4 mM, MgCl: 1 mM, CaCl 2 mM, glucose 5 mM and HEPES 10 mM, pH
7.4 with NaOH} The cell suspension was then loaded on the Port-a-Patch.

[0120] Cells were first perfused with extraceliular buffer at pH 7.4 containing 0.1% (wiv)
bovine seruny atbumin for about § miinutes o stabilize the paich. Then, the human ASICH
current was elicited for three seconds by the addition of the extracediular buffer adjustad to pH

& 0 while calls were maintainad at a holding potential of -80 mV. The human ASICT current was
glicited 3 times {2 minutes apart) in pH 8.0 extraceliudar buffer and 3 timeas inpH 6.0
extracelular buffer containing sither 100nM of an isotype control antibody or 10, 3, 1. 4.8 ar 0.8
v of the anti-ASICT antibody HIMSB7 18N, Thirty plM of amiloride in pH 8 extraceliular buffer
was added after complating the pH-stimulated measuremants to demonstrate that the cells were
responsive through the duration of the assay. The composition of the intracellular recording
sofution was CsF 120 m, NaCl; 15 mM, EGTA 10 mM and HEPES 10 mM,; adjusted to pH 7.3
with CsOH.

[6121] Channel blocking was measured as percent inhibition of current flux in the presence of
anti-ASICT antibody relative 10 current flux before application of the antibody. This was
averaged over mulliple blocking experiments.

{81221 The percentage of blockade of the human ASICT current by 18, 3, 1, 6.8 and 0.8 nM of
H1MB7 18N is sunwnarized in Table 10.

Tabie 10: Percent Inhibition of Human ASIC1 Current by An Anti-ASIC1
Antibody At Various Concentrations

Antibordy % Current
Number of | conceniration inhibition
Antibody wells testod {nivh} ¥ SEM
3 10 84 % 1
HIMB7 18N
3 3 86£7
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4 1 78%86
3 0.8 3340
4 0.8 1729
isotype
control ¢ 100 g

{81231 H1Ma718N showed a dosa-dependent inhibition of human ASICT curent with a
catculatad 1C:, of 860 pM, while the isotype controf antibody showed no inhibition of the qurrant
at @ concentration of 100 nb.

Exampile 7. An Anli-ASICT Antibody Reduces Visceral Pain Responses in a Mouse Model
{8124 in this exampie, the ability of the anti-ASIC1 antibody H1ME7 18N 1o attenuate visceral
pain in a model of acetic acld induced abdomingl constrictions was assessed. Wild-type
CE78LIS mice from Jackson Lahoratory (Bar Harbor, ME} were used in this expenment.
Separate cohoris of mice {n=10} recaived 10 mg/kg {s.c.) of an isotype control mAb or 1 or 10
morkg (s.c)of HIMETIEN. Twenty-four hours after antibody dosing all cohorts recaived an
intraperitoneal injection of 6.6% acetic acid, which produced stereotypical abdominal stretching
brehaviors {e.g. constrictions) that were counted by a blinded obsarver for up 1o 30 minutas post-
injection. The resuits of this expariment, expressad in terms of the percant changs in the total
number of abdominal constrictions, are shown in Table 11 (8t data are represented as mean &
SEM).

Table 11: Effect of Anti-ASIC1T Antibody on Abdominal
Consirictions Induced by Acetic Acid injection

Percent Change in
Abdominal Constrictions

Dose of HIME7 18N Ralative ta Control
1 -32.08 %158
10 -46.57 £ 19.3

[6125] This example demonstrates that anti-ASIC1 antibody (H1ME7 18N}, which was shown
te potently block acid-induced ASICT ion currents {see Examples 4 through 8), was effective in
alleviating acid-induced visceral pain responsges in a mause modef. |

Exampie 8. An Anti-ASICY Antibody Produces Analgesia to a Noxious Mechanical
Stimulus in a Mouse Modal

{0126} In this Example, the ability of an anli-ASIC1 antibody {(H1ME7 18N) to produce
anaigesia in response o noxious pinchipressure stimul was assessed.

[0127) Wild-type CE7BL/E mice from Jackson Laboratory {Bar Harbor, ME} were used in this
gxpariment. Separate cohorts of mice received 1, 10, or 40 mo/kg {s.c.) of HIMB718N, or 10
mg/kg (s.¢) of an isciype control antibody. Twanty-four hours after antibody doging, separate
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cohorts (n=10) were tesled for their mechanical nociception thresholds, which were measured
by the withdrawatl threshold 1o a pinch of the gastrochemius musdcle or the tall (Model #2455
HTC Life Sclence, Woodland Hiils, CA). Mechanical nociception in the {all was measurad in
fice traated with 1 mgfkg and 10 mglkg of HIME7 18N in addition to those treated with an
isotype control,. Mechanical nociception in the gastrocnemius muscle was measured in aiice
treated with 10 mgfkg and 40 mg/kg of H1ME7 18N in addition o those treated with an isotype
control. The results of these experiments, expressed as withdrawal threshold to the pinch in
grams {mean = SEM for each cohort of mice), are shown in Figure 1, panels A and 8.

[0128] For both experiments, H1MG7 18N reatment resuited in g significant increase in the
withdrawal threshold at the highest antibody dose tested (10 mg/kg in tall experiment [Figure 1,
panet Al and 40 mg/kg in the gastrocnemius muscle experiment {Figure 1, panel B]) compared
with the isotype control as determined by ANOVA {p=0.0015 for the tail and 0.0228 for the

gastrocnerdus muscle} and by Bonferonni post-hoc test (* = p<D.05).

Example 9. An Anti-ASIC1 Antibody Aftenuates Muscle Pain in Mouse Models

{61291 In this Example, the abllity of antb-ABIC1T antibodies H1MB7 18N and H4HE721N2Z 1o
attenuate muscie pain resulting from injection of either acidic satine (pH 5.5} or 3% carragaenan
was assessed. Wild-type CE7BL/S mice from Jackson Laboratory (Bar Harbor, ME) ware used
in these experiments.

{01301 0 a first experiment, separate cohorts of mice raceived 10 maika (8.0) of an sotype
controf antibody or 10 mg/kg {s.¢.) of RTMBT18N. Twentyfour hours after antibody dosing all
mice received an intramuscular injection of acidic saline {(pH 5.5) into the gastrocnemius
muscie, which produced robust primary mechanical hyperaigesia of several davs as measured
by the withdrawal threshold to a pinch of the muscle (Model #2455, {TC Life Science,
Woodiand Hills, CAY. Results are shown in Figure 2.

[0131] In & second experiment, separate cohoris of mice received 10 mgikg (s.c.jof an
isotype control mAb; 10, or 40 mgkg (s.c.) of HIMET18N; or 10 or 30 mglkg {s.c.) of
H4HB721IN2. Twenty-four hours after antibody dosing all mice received an intramusculay
injection of 3% carrageenan (wiv) inta the gastrocnamius muscle, which produced robust
primary mechanical hyperalgesia of several days as measured by the withdrawal threshald o a
pinch of the muscle (Mode] #2458, ITC Life Science, Woodland Hills, CA). Resuits are shown
in Figures 3A (10 and 40 mgikg H1MB718N) and 3B {10 and 30 mgikg R4HBT21N2}.

[0132] The rasults of these experiments, as shown in Figures 2 and 3, are expressed in terms
of the percant changs in the withdrawat threshold from baseline (all dala are representad as
mean + SEM). For both sxperiments, a significant main effect of the H1ME7 18N treatmant was
observed by repeated measures ANOVA (p=0 0383 for acidic saline and 0.0183 for
carragesnarn), For the second experiment, a significant main effect of the HIMB721N2

treatment was observed by repeated measures ANOVA (p=0.0018). *=p<005and ™ =p
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<(.01 by Bonferonni post-hoc test for the given time point. Thus, both antibodies demonstrate
substantial efficacy in glleviating muscle pain in the experimental systems used herasin.

Example 10. Efficacy of Anti-ASICT Antibody in 8 Modeal of Chemotherapy-induced
Neuropathic-Like Pain

{0133] in this Example, the ability of the anti-ASICT antibody HAMET 18N to attenuate
neuropathic-like pain resulting from systamic exposure the chamotherapeautic agent taxol was
agssessad. Wikd-type CS57BL/E male mice from Jacksont Labaratory {Bar Harbor, ME) weare used
in these expariments. After baseling behavioral testing, all mice recaived a regimen of taxol {4
mig/kg, every other day for a total of 4 doses) prioy to initiating therapeutic dosing. Separate
cohorts of mice recaived 30 my/kg (s.¢.} of an isolype contral mAb, 30 mofkg {5.c.) of
H1MB718N, or 100 mg/kg (s.0.) of gabapentin. The antibodies were administered 24 hours prior
to each wesekly bahavioral test and gabapentin was administerad 2 hours prior to each weekly
behavioral test. Tactile allodynia was measurad in all cohorts using von Fraey fibers (#58011,
Stoefling Co., Wood Dale, 1L} according to the up-down method of Dixon (Chaplan st al., J
Neurosel Methods. 83(1r55-83). The results of this experiment are shown in Figure 4 {all data
are represented as mean + SEM).

[0134] As iHlusitrated in Figure 4, a significant main effect of both HIMS718N treatment and
gabapentin treatmeant was observed compared 10 the isotype control cohort by repeated
maasures ANOVA {(p=0.0003 for H4HEB718N, p<0.00001 for gabapentin). Thus, this Example
suggasts that anti-ASIGT antibodies of the present invention are highly effective in alleviating
chemotherapy-induced pain responses.

{0135] Collectively, the resulis of the foregoing Examples support the use of anti-ASICH

blocking antibodies for the treatment of a varisty of pain condlitions.

[0136] The presant invention is not {o be limited in scope by the specific embodiments
described herein. indeesd, various modifications of the invention in addition to those desarnibed
herein will became apparentio those skilled in the art from the foregoing description and the
accompanying figures. Such modifications arg intended to fall within the scope of the appended

claims.
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What is claimed is:

1. An isolated antibody or antigen-binding fragment thereof that specifically binds cell surface-
expressed acid sensing ion channel 1 (ASIC1) (SEQ ID NO:401), as measured using a fluorometric
imaging plate reader (FLIPR) assay, wherein the antibody or antigen-binding fragment comprises: (a)
three complementarity determining regions (CDRs) of a heavy chain variable region (HCVR) having
the amino acid sequence selected from the group consisting of SEQ ID NOs: 2, 34, 50, 66, 114, 130,
146, 162, 194, 210, 242, 258, and 274; and (b) three CDRs of a light chain variable region (LCVR)
having the amino acid sequence selected from the group consisting of SEQ ID NOs: 10, 42, 58, 74,
122, 138, 154, 170, 202, 218, 250, 266, and 282.

2. The antibody or antigen-binding fragment of claim 1, wherein the antibody or antigen-binding
fragment thereof specifically binds cell surface-expressed ASIC1 with an ECsg of 1 nM or less as
measured using fluorescence activated cell sorting (FACS).

3. The antibody or antigen-binding fragment of claim 1, wherein the antibody or antigen-binding
fragment thereof inhibits acid-induced, ASIC1-mediated ion currents in cells expressing human
ASIC1.

4. The antibody or antigen-binding fragment of claim 3, wherein the antibody or antigen-binding
fragment thereof inhibits acid-induced cellular calcium flux in cells expressing ASIC1 at pH of about
5.0 to about 6.0 with an 1Cs of 6 nM or less as measured using a FLIPR assay.

5. The antibody or antigen-binding fragment of claim 3, wherein the antibody or antigen-binding
fragment thereof inhibits acid-induced ion currents at pH of about 5.0 to about 6.0 with an ICsg0f 10
nM or less as measured using a patch-clamp assay.

6. A pharmaceutical composition comprising the antibody or antigen-binding fragment of claim 3
and a pharmaceutically acceptable carrier or diluent.

7. An isolated antibody or antigen-binding fragment thereof that competes for binding to cell
surface-expressed ASIC1 with a reference antibody comprising three heavy chain CDRs and three
light chain CDRs of an HCVR/LCVR sequence pair selected from the group consisting of SEQ ID NOs:
2/10; 34/42; 50/58; 66/74; 114/122; 130/138; 146/154; 162/170; 194/202; 210/218; 242/250;
258/266; and 274/282, wherein said isolated antibody or antigen-binding fragment thereof
comprises three heavy chain CDRs and three light chain CDRs of an HCVR/LCVR sequence pair
comprising SEQ ID NOs: 34/42.

8. The antibody or antigen-binding fragment of claim 7, wherein the antibody or antigen-binding
fragment thereof inhibits acid-induced ASIC1-mediated ion currents in cells expressing human ASIC1.

9. An isolated antibody, or antigen-binding fragment thereof, that specifically binds cell surface-
expressed ASIC1 (SEQ ID NO:401}), wherein the antibody or antigen-binding fragment comprises: (a)
three complementarity determining regions (CDRs) of a heavy chain variable region (HCVR) having
the amino acid sequence selected from the group consisting of SEQ ID NOs: 2, 34, 50, 66, 114, 130,
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146, 162, 194, 210, 242, 258, and 274; and (b) three CDRs of a light chain variable region {LCVR)
having the amino acid sequence selected from the group consisting of SEQ ID NOs: 10, 42, 58, 74,
122, 138, 154, 170, 202, 218, 250, 266, and 282.

10. The isolated antibody or antigen-binding fragment of claim 9, wherein the antibody or antigen-
binding fragment comprises three heavy chain CDRs and three light chain CDRs of a HCVR/LCVR
amino acid sequence pair selected from the group consisting of: SEQ ID NOs: 2/10; 34/42; 50/58;
66/74; 114/122; 130/138; 146/154; 162/170; 194/202; 210/218; 242/250; 258/266; and 274/282.

11. The isolated antibody or antigen-binding fragment of claim 9, wherein the antibody or antigen-
binding fragment comprises HCDR1-HCDR2-HCDR3-LCDR1-LCDR2-LCDR3domains, respectively,
selected from the group consisting of: SEQ ID NOs: 4-6-8-12-14-16; 36-38-40-44-46-48; 52-54-56-60-
62-64; 68-70-72-76-78-80; 116-118-120-124-126-128; 132-134-136-140-142-144; 148-150-152-156-
158-160; 164-166-168-172-174-176; 196198-200-204-206-208; 212-214-216-220-222-224; 244-246-
248-252-254-256; 260-262-264-268-270-272; and 276-278-280-284-286-288.

12. An isolated antibody, or antigen-binding fragment thereof, that specifically binds cell surface-
expressed ASIC1 (SEQ ID NO:401), wherein the antibody or antigen-binding fragment comprises: (a)
three CDRs in a heavy chain variable region (HCVR) having the amino acid sequence selected from
the group consisting of SEQ ID NOs: 2, 34, 50, 66, 114, 130, 146, 162, 194, 210, 242, 258, and 274;
and (b) three CDRs in a light chain variable region {LCVR) having the amino acid sequence selected
from the group consisting of SEQ ID NOs: 10, 42, 58, 74, 122, 138, 154, 170, 202, 218, 250, 266, and
282.

13. The isolated antibody or antigen-binding fragment of claim 12, wherein the antibody or antigen-
binding fragment comprises three heavy chain CDRs and three light chain CDRs in a HCVR/LCVR
amino acid sequence pair selected from the group consisting of: SEQ ID NOs: 2/10; 34/42; 50/58;
66/74; 114/122; 130/138; 146/154; 162/170; 194/202; 210/218; 242/250; 258/266; and 274/282.
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