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ANTI-MUTANT CALRETICULIN (CALR) ANTIBODIES AND USES THEREOF

CLAIM OF PRIORITY

This application claims the benefit of U.S. Provisional Patent Application No.
63/287.394, filed on December 8, 2021, U8, Provisional Patent Application No. 63/288,479,
filed on December 10, 2021, and U.S. Provisional Patent Application No. 63/421,052, filed

on Getober 31, 2022, each of which s incorporated by reference herein in its entirety.

SEQUENCE LISTING

This application contains a Sequence Listing that has been submitted electronically as
an XML file named 20443-0736W01 _SL.xml The XML file, created on December 5, 2022,
1s 388,039 bytes i size. The material in the XML file 1s hereby incorporated by reference in

its entirety.

BACKGROUND

Calreticulin {CALR) is a highly conserved chaperone protein that resides primarily in
the endoplasmic reticulum and is involved in a vanety of cellular processes including protein
folding, calciom homeostasis, cell adhesion, and integnin signaling. CALR is also found n
the nucleus, suggesting that it may have a role in transcnption regulation. Mutations in the

gene for CALR have been identified in patients with myeloproliferative neoplasms.

SUMMARY

The present disclosure is based, at least in part, on the development of antibodies
having high binding affintty and specificity to mutant CALR (MroutCALR™).

Accordingly, aspects of the present disclosure provide an antibody that binds to
human mutant calreticohin ({CALR), wherein the antibody comprnises a heavy chain variable
region {VH) comprising a VH CDR1, a VH CDR2, and a VH CDR3, wherein: the VH CDR1
coraprises the amino acid sequence X1XeXsXaXs, wherein X118 S, E, or I wherein X218 Y,
L, or S; wherein X 1s A, §, or F; wherein Xg1s Tor M: and wherein X518 8, Q, or H; the VH
CDR2 comprises the amino acid sequence XeX7XePXoX 10X X2 X XY AKX sX16X17X08G
(SEQ 1D NO:9T), wherein Xe is L or G wherein X71s V. F, or [; wherein Xzis D oor I}

wherein Xo is E, D, or I, wherein X is D, G, F, A, 8, or E; wherem X111s G or A; wherein
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X1z1s Eor Towherein Xi31s T or A wherein Xiais [ M, or N; wherein Xisis Eor
wherein X6 is K or R; wherein X17is F or L; and wherein Xig is R or @; the VHCDR3
coraprises the aming acid scquence

K19X20X21 K20 K23 K04 X5 X6 X 27X s Ko X 36X 31 Xz X Xaa X5 Xae Xa7XKas (SEQ 1D N{:98),

5 wherein Xiois P, E, or absent; wherein X2018 G, E, or abseni; wherein Xo1 18 G, W, §, or
absent; wherein Xo2 is L B, 8, P, or absent; wherein X535 8, L, L T. G, or absent; wherein
X415 P, T, Q. L D, R, or absent; wherein Xos 1s G, I, or absent; wherein Xos s E, Y, PL L D,
or S; wherein Xo71s E, DL A, or G wherein Xos18 S, F, AL E Y, or W, wherein Xoo 18 Y or F;
wherein Xa0is G, D, or W, wherein X1 i3 P Y, L or H, wherein Xaz2is Y or absent; wherein

10 Xmis Y or absent; wherein X34 18 Y or absent; wherein Xss is G or absent; whercin Xoss is M
or absent; wherein X357 1s B or absent; wherein X5s 15 V or absent; wherein the antibody
comprises a light chain variable region (VL) comprising a VL CDR1, a VL CBR2 and a VL
CDR3, wherein: the VL CDRI comprises the amino acid soquence
K39 XKa0X41 K42 X435 XaaXasXas XarXas Ko Xs0¥s: X0 X55 X4 (SEQ 1D NO:99), wherein X3o 18 T,

)
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A, or absent; wherein Xao 18 G or absent; wherein Xa11s 3, G, V, T, or §; wherein Xaz is A,
O, S, or Ny wherein Xa51s 8§, N, B, T, or Y, wherein Xaris @Y, N, D, §, or K wherein Xas
8D, L F, V. 8 or T, wherein Xus 1s N or absent; wherein X47 15 1 or absent; wherem Xasis 1
(G, or R; wherein Xa515 8, G, A, D, L R, or T, wherein Xso 15 Y or absent; wherein Xs1 is N,
K, LorE; wherein Xs2 s Y, S, N, D, FL F. R, or G; wherein X553 1s L or V; and wherein Xsqis
N, H S, D, or F; the VL CDR2 comprises the amino acid sequence Xs5Xs56X57Xs58Xs50Xe0Xo1,
wherein Xss 18T, D, E, Q, or R; wherein Xss 15 A, I3, V, or N; wherein Xs5718 8, G, N, or R;
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wherem Xsgis [, N, D, or K; wheremn Xss 18 L, R, or W, wheren Xeo 18 E or P; and wherein
Xe118 8, T, or L; the VL UDR3 comprises the amino acid sequence

Ko Xs3 XouXos XKoo Xe7XeaXeoX70X71 X72, wherein Xez 1s QL 85, C, or G, wherein X3 15 G, V, 8,
T, or A; wherein Xests @, L. W, or Y, wherem Xes is Q. N, DL T, A, or G; wherein Xes 15 S,
PG N orA; wherem XevisN, Y, LS, N, LLor B wherem Xee s E, B S, LN HL L, or T
wherein Xes 18 13, T, 8, or absent; wherein X is P H, L, R F, A, Q. or absent; wherein Xr1 is

WLV, Y, 8, A, or E; and wherein X728 T, V, or L

N
921

In some embodiments, the VH CDRI comprises the amuno acid sequence of any one

of SEQ ID NOs:1-6; the VH CDR2 comprises the amino acid seqaence of any one of SEQ ID
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Ns:7-17 and 92-95; the VH CDR3 comprises the amino acid sequence of any one of SEQ
D NOs:18-25; the VL CDR1 comprises the amino acid sequence of any one of SEQ 1D

NOs:26-32 or 118; the VL CDR2 comprises the anuno aad sequence of any one of SEQ 1D
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NOs:53-68; and the VL CDR3 comprises the amino acid sequence of any one of SEQ 1D
N3s:69-91.

{n soroc erabodiments, the VH CDRY, the VH CDR2, and the VH CDR3 cach
correspond to the VH CDRs set forth in Tables 1-2 for a single VH clone, and whercin the
VL CDRI, the VL CDR2, and the VL CDR3 cach correspond to the VL CDRs set forth in
Tables 1-2 fora single VL clone.

in some emboduwents, the VH CDRI comprises the amne acid sequence of SEGQ 1D
NGO the VH CDR2 comprises the anino acid sequence of SEQ 1D NG 7; the VH CDR3
comprises the amino acid sequence of SEQ 1D NO:18; the VL CDRI comprises the amine
acid sequence of SEQ 1D NG:26; the VL CDR2 comprises the amino acid sequence of SEQ
1D NG:53; and the VL CDR3 comprises the anino acid sequence of SEQ 1D NO:69;

the VH CDRI comprises the amino acid sequence of SEQ ID NG 1, the VH CBR2
comprises the amino acid sequence of SEQ ID NO7; the VH CDR3 comprises the amino
acid sequence of SEQ D NO:R; the VL CDR1 comprises the amino acid sequence of SEQ
ID NG:27; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:54; and the VL
CDR3 compnses the aming actd sequence of SEQ 1D NG:T0;

the VH CDR1 comprises the amino acid sequence of SEQ ID NG 1, the VH CDR2
coraprises the amino acid sequence of SEQ HD N(G:8; the VH CDR3 comprises the amino
acid sequence of SEQ ID NO:18; the VL CDRI comprises the amino acid sequence of SEQ
1D NG:28; the VL CDR2 comprises the amino acid sequence of SE( 1D NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NOG:71,

the VH CDR/1 comprises the amino acid sequence of SEQ [D NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NO:7; the VH CDR3 comprises the amino
acid sequence of SEQ 1D NG 18; the VL BRI comprises the amino acid sequence of SEQ
1D NO:28; the VL CDRZ comprises the amino acid sequence of SEQ 1D NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:TL;

the VH CDRI comprises the amino acid sequence of SEQ 13 NG 1, the VH CDR2
comprises the amine acid sequence of SEQ 1D NO:7; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG 18, the VL CDRI comprises the amino acid sequence of SEQ
ID NG:29; the VL CDR2 comprises the amino acid sequence of SEQ ID NG54, and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:72;

the VH CDRI1 comprises the anuno acid sequence of SEQ ID NGO 1; the VH CDR2
comprises the ammo acid sequence of SEQ ID NG.7; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG 18; the VL CDRI comprises the amino acid sequence of SEQ
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1D NG:30; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:53; and the VL
CDR3 comprises the amine acid sequence of SEQ 1D NO:71,

the VH CDRI1 comprises the anuno acid sequence of SEQ ID NGO 1; the VH CDR2
comprises the ammo acid sequence of SEQ ID NG.7; the VH CDR3 comprises the amino
acid sequence of SEQ ID NO:18; the VL CDRI comprises the amino acid sequence of SEQ
1D NG:29; the VL CDR2 comprises the aming acid sequence of SEQ 1D NG:54; and the VL
CPR3 comprises the amino acid sequence of SEQ 1D NO:71;

the VH CDR/1 comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NG:7; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG 18; the VL DRI comprises the amino acid sequence of SEQ
1D NO:28; the VL CDRZ comprises the amino acid sequence of SEQ 1D NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:73;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:1; the VH CDR2
comprises the anuino acid sequence of SEQ 1D NO:7; the VH CDR3 comprises the anino
acid sequence of SEQ 1D NO:18; the VE CDR1 comprises the amino acid sequence of SEQ
1D NG:28; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:56; and the VL
CDR3 comprises the aming acid sequence of SEQ ID NG:TH,

the VH CDRI1 comprises the amino acid sequence of SEQ D NGO 1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NG.7; the VH CDR3 comprises the amino
acid sequence of SEQ 1D NO:18; the VL CDRI comprises the amino acid sequence of SEQ
D NG:31; the VI CDR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:TH,

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO: 1, the VH CDR2
comprises the amino acid sequence of SEQ 1D NG:7; the VH CDR3 comprises the amino
acid sequence of SEQ D NG 18; the VL CDRI comprises the anuno acid sequence of SEQ
1D NO:30; the VL CDR2 comprises the amino acid sequence of SEQ ID NO:S7; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:71,

the VH CDR1 comprises the amino acid sequence of SEQ D NGO 1, the VH CDR2
comprises the amino acid sequence of SEQ ID NO:9; the VH CDR3 comprises the amino
acid sequence of SEQQ ID NG 18, the VL DRI comprises the amino acid sequence of SEQ
1D NG:32; the VL CDR2 comprises the amino acid sequence of SEQ ID NO:34; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:71;

the VH CDRI comprises the amino acid sequence of SEQ ID NG 1, the VH CDR2
comprises the amino acid sequence of SEQ 1D NGU7; the VH CDR3 comprises the amino
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acid sequence of SEQ [DNO:18; the VL CDRI1 comprises the amino acid sequence of SEQ
1D NG:33; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:73;

the VH CDRI comprises the amino actd sequence of SEQ ID NG 1, the VH CDR2
comprises the amino acid sequence of SEQ ID NO.7; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG 1R; the VL CDRI comprises the amino acid sequence of SEQ
1D NG:34; the VL CDR2 comprises the ammo acid sequence of SEQ 1D NG:56; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:71,

the VH CDRI comprises the amino acid sequence of SE(Q ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NG:7; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG 18; the VL CDRI comprises the amino acid sequence of SEQ
1D NG:27; the VL CBR2 comprises the amino actd sequence of SEQ ID NO:54; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO.71,

the VH CDR1 comprises the amino acid sequence of SEQ D NGO 1, the VH CDR2
comprises the amino acid sequence of SEQ 1D NO:7; the VH CDR3 comprises the amino
acid sequence of SE(Q ID NG 18; the VL DRI comprises the amino acid sequence of SEQ
1D NG:33; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG54, and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:71;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NG:1; the VH CDR2
comprises the amine acid sequence of SEQ ID NO.7; the VH CDR3 comprises the aming
acid sequence of SEQ 1D NG 18; the VL CDRI comprises the amino acid sequence of SEQ
1D NG:36; the VL CDR2 comprises the ammo acid sequence of SEQ ID NG:54; and the VL
CDR3 comprises the amine acid sequence of SEQ 1D NG:72;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:1; the VH CDR2
cornaprises the amino acid sequence of SEQ 1D NG:7; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG: 18; the VL CDRI comprises the amino acid sequence of SEQ
1D NO:28; the VL CDR2 comprises the amine acid sequence of SEG 1D NG:38; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:TL

the VH CDR/1 comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the aming acid sequence of SEQ 1D NG:7; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG:18; the VL UDR1 comprises the amino acid sequence of SEQ
1D NO:37; the VL CDRZ comprises the amino acid sequence of SEQ 1D NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NG 71,

h
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the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:1; the VH CDR2
comprises the aming acid sequence of SEQ 1D NG:7; the VH CDR3 comprises the amino
acid sequence of SEQ 1D NG 18; the VL CDRI comprises the anuno acid sequence of SEQ
1D NG:338; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:54; and the VL
CBR3 comprises the amino acid sequence of SEQ ID NO:71;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NG 1, the VH CBR2
comprises the anmine acid sequence of SEQ 1D NO7; the VH CDR3 comprises the anuno
acid sequence of SEQ D NO:18; the VL CDR1 comprises the amino acid sequence of SEQ
1D NG:32; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:TL;

the VH CDRI comprises the anuno acid sequence of SEQ ID NG 1 the VH CDR2
comprises the amino acid sequence of SEQ ID NG.7; the VH CDR3 comprises the amino
acid sequence of SEQ 1D NGO 1R; the VL CDRI comprises the amino acid sequonce of SEQ
1D NG:39; the VI CDR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:71,

the VH CDR1 comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NG:7; the VH CDR3 comprises the amino
acid sequence of SEQ ID NO:18; the VL CDRI1 comprises the anino acid sequence of SEQ
iD NO:40; the VL CDR2 comprises the aming acid sequence of SEQ 1D NO:54; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:TL,

the VH CDR1 comprises the amino acid sequence of SEQ I NO:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:10; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG 18, the VL DRI comprises the amino acid sequence of SEQ
1D NO:28; the VL CDR2 comprises the amino acid sequence of SEQ ID NGO:54; and the VL
CDR3 comprses the amino acid sequence of SEGQ 1D NG:71;

the VH CDRI comprises the amino acid sequence of SEQ ID NG 1| the VH CBR2
comprises the amino acid sequence of SEQ ID NO7; the VH CDR3 comprises the amine
acid sequence of SEQ D NO:1R; the VL CDR1 comprises the amino acid sequence of SEQ
ID NG:41; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:54; and the VL
CDR3 compnises the aming actd sequence of SEQ ID NO:T1,

the VH CDR1 comprises the amino acid sequence of SEQ ID NG 1; the VHCDR2
coraprises the amino acid sequence of SEQ 1D NG:7: the VH CDR3 comprises the amino

acid sequence of SEQ ID NG 18; the VL CDRI comprises the amino acid sequence of SEQ
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1D NG:28; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:54; and the VL
CDR3 comprises the amine acid sequence of SEQ 1D NO:70;

the VH CDRI1 comprises the anuno acid sequence of SEQ ID NGO 1; the VH CDR2
comprises the ammo acid sequence of SEQ ID NG.7; the VH CDR3 comprises the amino
actd sequence of SEQ 1D NO:1E; the VL CDRI comprises the amino acid sequence of SEQ
1D NG:40; the VL CDR2 comprises the aming acid sequence of SEQ 1D NG:54; and the VL
CPR3 comprises the amino acid sequence of SEQ 1D NO:71;

the VH CDR/1 comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NG:7; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG 18; the VL DRI comprises the amino acid sequence of SEQ
1D NO:28; the VL CDRZ comprises the amino acid sequence of SEQ 1D NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:74;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:1; the VH CDR2
comprises the anuino acid sequence of SEQ 1D NO:7; the VH CDR3 comprises the anino
acid sequence of SEQ ID NG 18, the VL CDRI comprises the ammo acid sequence of SEQ
1D NG:28; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:54; and the VL
CDR3 comprises the aming acid sequence of SEQ 1D NG:75;

the VH CDRI1 comprises the amino acid sequence of SEQ D NGO 1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NG.7; the VH CDR3 comprises the amino
acid sequence of SEQ 1D NO:18; the VL CDRI comprises the amino acid sequence of SEQ
D NG 18 the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:534; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:TH,

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:2; the VH CDR2
comprises the amino acid sequence of SEQ 1D NO:11; the VH CDR3 comprises the amino
acid sequence of SEQ 1D NG 19; the VL CDR1 comprises the anino acid sequence of SEQ
1D NO:30; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:S9; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:76;

the VH CDR1 comprises the amino acid sequence of SEQ D NO:2; the VH CDR2
comprises the amino acid sequence of SEQ ID NO: 11 the VH CDR3 comprises the anuno
acid sequence of SEQ ID NG 19; the VL DRI comprises the amino acid sequence of SEQ
1D NO:30; the VL CDR2 comprises the amino acid sequence of SEQ ID NGO:35; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:77;

the VH CDRI comprises the amino acid sequence of SEQ ID NG:2; the VH CDR2
comprises the amino acid sequence of SEQ 1D NG:11; the VH CDR3 comprises the amino

~
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acid sequence of SEQ IDNO:19; the VL CDR1 comprises the amino acid sequence of SEQ
1D NG:42; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:59; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:76;

the VH CDRI comprises the anmino actd sequence of SEQ ID NG:2; the VH CDR2
comprises the amino acid sequence of SEQ ID NG 11; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG:19; the VL CDRI comprises the amino acid sequence of SEQ
1D NG:30; the VL CDR2 comprises the ammo acid sequence of SEQ 1D NG:53; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:78;

the VH CDRI comprises the amino acid sequence of SE(Q ID NO:2; the VH CDR2
comprises the amino acid sequence of SEQ 1D NG:12; the VH CDR3 comprises the amino
acid sequence of SEQ D NG 19; the VL CDRI comprises the anuno acid sequence of SEQ
1D NO:30; the VL CBR2 comprises the amino actd sequence of SEQ ID NO:S5; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO.77,

the VH CDR1 comprises the amino acid sequence of SEQ D NO:2; the VH CDR2
comprises the amino acid sequence of SEQ 1D NO: 11, the VH CDR3 comprises the anuno
acid sequence of SEQQ ID NG 19; the VL UDRI comprises the amino acid sequence of SEQ
1D NG:43; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:39; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:79;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NG:2; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:11; the VH CDR3 comprises the aming
acid sequence of SEQ D NG 19; the VL CDR/1 comprises the amino acid sequence of SEQ
1D NG:30; the VL CDR2 comprises the ammo acid sequence of SEQ ID NG:60; and the VL
CDR3 comprises the amine acid sequence of SEQ 1D NG 79,

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:3; the VH CDR2
comaprises the amme acid sequence of SEQ ID NO:13; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG:20; the VL CDRI comprises the amino acid sequence of SEQ
1D NO:44; the VL CDR2 comprises the amino actd sequence of SEG 1D NG:61; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:RO;

the VH CDR1 comprises the amino acid sequence of SEQ 1D N(O:3; the VH CDR2
comprises the aming acid sequence of SEQ ID NO:11; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG:20; the VL UDR1 comprises the amino acid sequence of SEQ
1D NO:43; the VL CDRZ comprises the amino acid sequence of SEQ ID NO:6L; and the VL

CDR3 comprises the amino acid sequence of SEQ ID NG:80;
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the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:4; the VH CDR2
comprises the aming acid sequence of SEQ 1D NG: 14, the VH CDR3 comprises the amino
acid sequence of SEQ D NG:21; the VL CDRI comprises the anino acid sequence of SEQ
1D NG:46; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:62; and the VL
CDR3 comprises the anmuino acid sequence of SEQ ID NG:81,

the VH CDR1 comprises the amino acid sequence of SEQ 1D NG5, the VH CBR2
comprises the amino acid sequence of SEQ 1D NG:14; the VH CDR3 comprises the amino
acid sequence of SEQ 1D NO:21; the VL CDR1 comprises the amino acid sequence of SEQ
1D NG:46; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:62; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:SE;

the VH CDRI comprises the anino acid sequence of SEQ ID NG5, the VH CDR2
comprises the amino acid sequence of SEQ ID NG 14, the VH CDR3 comprises the amino
acid sequence of SEQ D NG:21; the VL CDRI comprises the amino acid sequence of SEQ
1D NG:46; the VI CDR2 comprses the amino acid sequence of SEQ 1D NG:63; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:81,

the VH CDR1 comprises the amino acid sequence of SEQ ID N{:3; the VH CDR2
comprises the ammo acid sequence of SEQ 1D NG:15; the VH CDR3 comprises the amino
acid sequence of SEQ 1D NG:22; the VL CDRI comprises the amino acid sequence of SEQ
iD NO:47, the VL CDR2 comprises the aming acid sequence of SEQ 1D NO:64; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:32;

the VH CDR1 comprises the amino acid sequence of SEQ I NO:3; the VH CDR2
comprises the amino acid sequence of SEQ ID NO: 1S, the VH CDR3 comprises the amino
acid sequence of SEQ ID NG:22; the VL DRI comprises the amino acid sequence of SEQ
1D NO:48; the VL CDR2 comprises the amino acid sequence of SEQ ID NO:64; and the VL
CDR3 comprses the amino acid sequence of SEG 1D NG:83;

the VH CDRI comprises the amino acid sequence of SEQ ID NG:3; the VH CDR2
comprises the amino acid sequence of SEQ ID NQ:135; the VH CDR3 comprises the amino
acid sequence of SEQ D NO:2Z; the VL CDR1 comprises the amino acid sequence of SEQ
ID NG:49; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:65; and the VL
CDR3 compnises the aming actd sequence of SEQ 1D NO:§4,

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:3; the VH CDR2
comprises the amino acid sequence of SEQ 1D NO:15; the VH CDR3 comprises the amino

acid sequence of SEQ ID NG:22; the VL CDRI comprises the amino acid sequence of SEQ
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1D NG:48; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:64; and the VL
CDR3 comprises the amine acid sequence of SEQ 1D NO:S;

the VH CDRI1 comprises the anuno acid sequence of SEQ D NG:3; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:13; the VH CDR3 comprises the amino
acid sequence of SEQ D NG:22; the VL CDRI comprises the amino acid sequence of SEGQ
1D NG:50; the VL CDR2 comprises the amine acid sequence of SEQ 1D NO:65; and the VL
CPR3 comprises the amino acid sequence of SEQ 1D NO:R4;

the VH CDR/1 comprises the amino acid sequence of SEQ D N{O:3; the VH CDR2
comprises the amino acid sequence of SEQ 1D NO: 15, the VH CDR3 comprises the amino
acid sequence of SEQ ID NG:22; the VL DRI comprises the amino acid sequence of SEQ
1D NO:28; the VL CDRZ comprises the amino acid sequence of SEQ ID NG:65; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NQO:86;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:3; the VH CDR2
comprises the amino acid sequence of SEQ TD NO: 15, the VH CDR3 comprises the amino
acid sequence of SEQ ID N(G:22; the VL CDRI comprises the ammo acid sequence of SEQ
1D NG:47; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:64; and the VL
CDR3 comprises the aming acid sequence of SEQ 1D NG:84;

the VH CDRI1 comprises the amino acid sequence of SEQ 1D NG:3; the VH CDR2
comprises the amino acid sequence of SEQ 1D NG 15, the VH CDR3 comprises the aming
acid sequence of SEQ 1D NG:22; the VL CDRI comprises the amino acid sequence of SEQ
D NG 18 the VL CDR2 comprises the amino acid sequence of SEQ D NO:66; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:R7,

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:3; the VH CDR2
comprises the amino acid sequence of SEQ 1D NG: 15, the VH CDR3 comprises the amino
acid sequence of SEQ 1D NG:22; the VL CDRI comprises the anuno acid sequence of SEQ
1D NO:50; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:64; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:RE;

the VH CDR1 comprises the amino acid sequence of SEQ [ NG5, the VH CDR2
comprises the amino acid sequence of SEQ ID NO: 11 the VH CDR3 comprises the anuno
acid sequence of SEQQ ID N(G:23; the VL DRI comprises the amino acid sequence of SEQ
1D NG44, the VL CDR2 comprises the amino acid sequence of SEQ ID NG:61; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:§9Y;

the VH CDRI comprises the amino acid sequence of SEQ ID NG5, the VH CDR2
comprises the amino acid sequence of SEQ 1D NG 16; the VH CDR3 comprises the amino

10



)
N

b3
<

WO 2023/107994 PCT/US2022/081076

acid sequence of SEQ D NO:24; the VL CDR1 comprises the amino acid sequence of SEQ
1D NG:31; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:67; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:90;

the VH CDRI comprises the amino actd sequence of SEQ ID NG:6; the VH CDR2
comprises the amino acid sequence of SEQ ID NG:17; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG:25; the VL CDRI comprises the amino acid sequence of SEQ
1D NG:52; the VL CDR2 comprises the ammo acid sequence of SEQ 1D NG:68; and the VL
CDR3 compnses the amino acid sequence of SEQ 1D NO:91,

the VH CDRI comprises the amino acid sequence of SE(Q ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NG:92; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG 18; the VL CDR I conprises the anuno acid sequence of SEQ
1D NO:30; the VL CBR2 comprises the amino actd sequence of SEQ ID NO:S5; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO.71,

the VH CDR1 comprises the amino acid sequence of SEQ D NGO 1, the VH CDR2
comprises the amino acid sequence of SEQ 1D NO:93; the VH CDR3 comprises the anuno
acid sequence of SE(Q ID NG 18; the VL DRI comprises the amino acid sequence of SEQ
1D NG:30; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:33; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:71;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NG:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:94; the VH CDR3 comprises the aming
acid sequence of SEQ 1D NGO 18; the VL CDRI comprises the amino acid sequence of SEQ
1D NG:30; the VL CDR2 comprises the ammo acid sequence of SEQ ID NG:53; and the VL
CDR3 comprises the amine acid sequence of SEQ 1D NO: 71,

the VH CDR1 comprises the amino acid sequence of SEQ D NO:1; the VH CDR2
comaprises the amme acid sequence of SEQ ID NO:93; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG: 18; the VL CDRI comprises the amino acid sequence of SEQ
1D NO:30; the VL CDR2 comprises the amino actd sequence of SEG 1D NG:55; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:TL

the VH CDR/1 comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NO:92Z; the VH CDR3 comprises the amino
acid sequence of SEQ 1D NG:18; the VL CDR1 comprises the amino acid sequence of SEQ
1D NO:28; the VL CDRZ comprises the amino acid sequence of SEQ 1D NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NG 71,
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the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:1; the VH CDR2
comprises the aming acid sequence of SEQ 1D NG:93; the VH CDR3 comprises the amino
acid sequence of SEQ 1D NG 18; the VL CDRI comprises the anuno acid sequence of SEQ
1D NG:28; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:54; and the VL
CBR3 comprises the amino acid sequence of SEQ ID NO:71;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NG 1, the VH CBR2
comprises the anmine acid sequence of SEQ 1D NO:94; the VH CDR3 comprises the amino
acid sequence of SEQ D NO:18; the VL CDR1 comprises the amino acid sequence of SEQ
1D NG:28; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:534; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:TL;

the VH CDRI1 comprises the anuno acid sequence of SEQ D NG 1; the VH CDR2
comprises the amino acid sequence of SEQ ID N(G:95; the VH CDR3 comprises the amino
acid sequence of SEQ 1D NGO 1R; the VL CDRI comprises the amino acid sequonce of SEQ
1D NG:28; the VI CDR2 comprses the amino acid sequence of SEQ 1D NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:71,

the VH CDR1 comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the ammo acid sequence of SEQ 1D NG:92; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG 18; the VL CDRI comprises the amino acid sequence of SEQ
iD NO:27. the VL CDR2 comprises the aming acid sequence of SEG 1D NO:54; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:TL,

the VH CDR1 comprises the amino acid sequence of SEQ I NO:1; the VH CDR2
comprises the ammo acid sequence of SEQ 1D NO:93; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG 18, the VL DRI comprises the amino acid sequence of SEQ
1D NG:27; the VL CDR2 comprises the amino acid sequence of SEQ ID NO:54; and the VL
CDR3 comprses the amino acid sequence of SEGQ 1D NG:71;

the VH CDRI comprises the amino acid sequence of SEQ ID NG 1| the VH CBR2
comprises the amino acid sequence of SEQ ID NG:94; the VH CDR3 comprises the amino
acid sequence of SEQ D NO:1R; the VL CDR1 comprises the amino acid sequence of SEQ
ID NG:27; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:54; and the VL
CDR3 compnises the aming actd sequence of SEQ ID NO:T1,

the VH CDR1 comprises the anuino acid sequence of SEQ ID NG 1; the VH CDR2
coraprises the amino acid sequence of SEQ 1D N(G:935; the VH CDR3 comprises the amino

acid sequence of SEQ ID NG 18; the VL CDRI comprises the amino acid sequence of SEQ
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ID NG:27; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:54; and the VL
CDR3 comprises the amine acid sequence of SEQ 1D NO:71,

the VH CDRI1 comprises the anuno acid sequence of SEQ ID NGO 1; the VH CDR2
comprises the amino acid sequence of SEQ 1D N(G:92; the VH CDR3 comprises the amino
acid sequence of SEQ ID NO:18; the VL CDRI comprises the amino acid sequence of SEQ
1D NG:36; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:54; and the VL
CPR3 comprises the amino acid sequence of SEQ 1D NOG:72;

the VH CDR/1 comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NO:93; the VH CDR3 comprises the amino
acid sequence of SEQ ID NG 18; the VL DRI comprises the amino acid sequence of SEQ
1D NO:36; the VL CDRZ comprises the amino acid sequence of SEQ 1D NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NO:72;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:1; the VH CDR2
comprises the anino acid sequence of SEQ 1D NO:94; the VH CDR3 comprises the amino
acid sequence of SEQ 1D NO:18; the VE CDR1 comprises the amino acid sequence of SEQ
1D NG:36; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:54; and the VL
CDR3 comprises the aming acid sequence of SEQ 1D NG:72;

the VH CDRI1 comprises the amino acid sequence of SEQ D NGO 1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NG:95; the VH CDR3 comprises the aming
acid sequence of SEQ 1D NO:18; the VL CDRI comprises the amino acid sequence of SEQ
1D NG:36; the VI CDR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO72; or

the VH CDR1 comprises the amino acid sequence of SEQ ID N{(:329; the VH CDRZ
comprises the amino acid sequence of SEQ 1D NG:7; the VH CDR3 comprises the amino
acid sequence of SEQ D NG 18; the VL CDR1 comprises the anino acid sequence of SEQ
1D NO:30; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:SS; and the VL
CDR3 comprises the amino acid sequence of SEQ ID NG:71.

In some embodiments, the VH s at least 80% identical to the amino acid sequence of
any one of SEQ 1D NOs:165-208; and the VL 15 at least 80% identical o the amino acid
sequence of any one of SEQ ID NQOs:264-318.

In some embodiments, the VH comprises the amino acid sequence of any one of SEQ
1D NOs:165-208; and the VL comprises the amino acid sequence of any one of SEQ 1D
NQOs:264-318.

i3



)
N

b3
<

WO 2023/107994 PCT/US2022/081076

In some embodiments, the VH comprises the amino acid sequence of SEQ ID NG: 165
and the VL comprises the amino acid sequence of SEQ 1D N{:264,;

the VH comprises the amino acid sequence of SEQ I NO: 165 and the VL comprises
the amino acid sequence of SEQ ID NO:265;

the VH comprises the amino acid sequence of SEQ 1D NO:166 and the VL comprises
the amino acid sequence of SEQ 1D NO:266;

the VH comprises the amino acid sequence of SEQ D NO: 165 and the VL comprises
the amino acid sequence of SEQ ID N(:266;

the VH comprises the amino acid sequence of SEQ ID N(G: 165 and the VL comprises
the amino acid sequence of SEQ D NO:267;

the VH comprises the amino acid sequence of SEQ 1D NO: 165 and the VL comprises
the amino acid sequence of SEQ 1D NO:268;

the VH comprises the amino acid sequence of SEQ 1> NO: 163 and the VL comprises
the amino acid sequence of SEQ ID NO:269;

the VH comprises the amino acid sequence of SEQ 1D NO: 167 and the VL comprises
the amino acid sequence of SEQ 1D NG:270;

the VH comprises the amino acid sequence of SEQ D NG 165 and the VL comprises
the amino acid sequence of SEQ IDNO:271;

the VH comprises the amino acid sequence of SEQ ID NO: 165 and the VL comprises
the amino acid sequence of SEQ 1D NO:272;

the VH comprises the amino acid sequence of SEQ [ NO: 168 and the VL comprises
the amino acid sequence of SEQ ID N(:273;

the VH comprises the amino acid sequence of SEQ 1D N(:169 and the VL comprises
the amino acid sequence of SEQ D NG:274;

the VH comprises the amino acid sequence of SEQ 1D NO: 170 and the VL comprises
the amino acid sequence of SEQ ID NO:275;

the VH comprises the amino acid sequence of SEQ 1D NO:171 and the VL comprises
the amino acid sequence of SEQ 1D N(O:276;

the VH comprises the amino acid sequence of SEQ ID NG 165 and the VL comprises
the amino acid sequence of SEQ D N(:.277;

the VH comprises the amino acid sequence of SEQ 1D NO: 165 and the VL comprises
the amino acid sequence of SEQ 1D NO:27§8;

the VH comprises the amino acid sequence of SEQ ID NG: 165 and the VL comprises
the amino acid sequence of SEQ ID NO:279;
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the VH comprises the amino acid sequence of SEQ ID NO: 165 and the VL comprises
the amino acid sequence of SEQ ID N(:280;

the VH comprises the amino acid sequence of SEQ I NO: 172 and the VL comprises
the amino acid sequence of SEQ ID NO:281;

the VH comprises the amino acid sequence of SEQ 1D NO:163 and the VL comprises
the amino acid sequence of SEQ 1D NO:282;

the VH comprises the amino acid sequence of SEQ D NO:173 and the VL comprises
the amino acid sequence of SEQ ID N(:283;

the VH comprises the amino acid sequence of SEQ ID N(G: 165 and the VL comprises
the amino acid sequence of SEQ D N(O:284;

the VH comprises the amino acid sequence of SEQ 1D NO: 165 and the VL comprises
the amino acid sequence of SEQ 1D NO:285;

the VH comprises the amino acid sequence of SEQ 13 NO:174 and the VL comprises
the amino acid sequence of SEQ 1D N(O:286;

the VH comprises the amino acid sequence of SEQ 1D NO: 165 and the VL comprises
the amino acid sequence of SEQ ID N(:287;

the VH comprises the amino acid sequence of SEQ D NG 165 and the VL comprises
the amino acid sequence of SEQ 1D NO:28§;

the VH comprises the amino acid sequence of SEQ ID NO: 165 and the VL comprises
the amino acid sequence of SEQ 1D NO:289;

the VH comprises the amino acid sequence of SEQ [ NO: 165 and the VL comprises
the amino acid sequence of SEQ ID N(:290;

the VH comprises the amino acid sequence of SEQ 1D N(: 165 and the VL comprises
the amino acid sequence of SEQ D NG:201;

the VH comprises the amino acid sequence of SEQ 1D NO: 165 and the VL comprises
the amino acid sequence of SEQ ID NO:292;

the VH comprises the amino acid sequence of SEQ 1D NO:175 and the VL comprises
the amino acid sequence of SEQ 1D NO:293;

the VH comprises the amino acid sequence of SEQ 1D NG 175 and the VL comprises
the amino acid sequence of SEQ ID N(2%4;

the VH comprises the amino acid sequence of SEQ 1D NO: 175 and the VL comprises
the amino acid sequence of SEQ 1D NO:295;

the VH comprises the amino acid sequence of SEQ ID NG: 175 and the VL comprises
the amino acid sequence of SEQ ID NO:296;
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the VH comprises the amino acid sequence of SEQ ID NO: 176 and the VL comprises
the amino acid sequence of SEQ ID N(:294;

the VH comprises the amino acid sequence of SEQ I NO: 175 and the VL comprises
the amino acid sequence of SEQ ID NO:297;

the VH comprises the amino acid sequence of SEQ 1D NO:175 and the VL comprises
the amino acid sequence of SEQ 1D NO:298%;

the VH comprises the amino acid sequence of SEQ D NO:177 and the VL compriscs
the amino acid sequence of SEQ ID N(:299;

the VH comprises the amino acid sequence of SEQ ID NG 178 and the VL comprises
the amino acid sequence of SEQ D NO:300;

the VH comprises the amino acid sequence of SEQ 1D NO: 179 and the VL comprises
the amino acid sequence of SEQ 1D NO:301;

the VH comprises the amino acid sequence of SEQ 13 NO:180 and the VL comprises
the amino acid sequence of SEQ 1D NO:301;

the VH comprises the amino acid sequence of SEQ 1D NO: 180 and the VL comprises
the amino acid sequence of SEQ ID N(:.302;

the VH comprises the amino acid sequence of SEQ D NGO 181 and the VL comprises
the amino acid sequence of SEQ 1D NO:303;

the VH comprises the amino acid sequence of SEQ ID NO:182 and the VL comprises
the amino acid sequence of SEQ 1D NO:304;

the VH comprises the amino acid sequence of SEQ [ NO: 182 and the VL comprises
the amino acid sequence of SEQ ID N(:305;

the VH comprises the amino acid sequence of SEQ 1D N(: 183 and the VL comprises
the amino acid sequence of SEQ D NG:30¢;

the VH comprises the amino acid sequence of SEQ 1D NO: 182 and the VL comprises
the amino acid sequence of SEQ ID NO:307;

the VH comprises the amino acid sequence of SEQ 1D NO: 182 and the VL comprises
the amino acid sequence of SEQ 1D NO:308;

the VH comprises the amino acid sequence of SEQ 1D NG 182 and the VL comprises
the amino acid sequence of SEQ ID N(:309;

the VH comprises the amino acid sequence of SEQ 1D NO: 184 and the VL comprises
the amino acid sequence of SEQ ID NO:310;

the VH comprises the amino acid sequence of SEQ ID NG: 182 and the VL comprises
the amino acid sequence of SEQ ID NO:311;

i6



)
i

b3
<

WO 2023/107994 PCT/US2022/081076

the VH comprises the amino acid sequence of SEQ ID NO: 185 and the VL comprises
the amino acid sequence of SEQ ID N(:312;

the VH comprises the amino acid sequence of SEQ I NG: 186 and the VL comprises
the amino acid sequence of SEQ ID NO:313;

the VH comprises the amino acid sequence of SEQ 1D NO:187 and the VL comprises
the amino acid sequence of SEQ 1D NO:314;

the VH comprises the amino acid sequence of SEQ D NO: 188 and the VL compriscs
the amino acid sequence of SEQ ID N(:268;

the VH comprises the amino acid sequence of SEQ ID NG 189 and the VL comprises
the amino acid sequence of SEQ D NO:268;

the VH comprises the amino acid sequence of SEQ 1D NO: 190 and the VL comprises
the amino acid sequence of SEQ 1D NO:268;

the VH comprises the amino acid sequence of SEQ 13 NO:191 and the VL comprises
the amino acid sequence of SEQ ID NO:268;

the VH comprises the amino acid sequence of SEQ 1D NO: 192 and the VL comprises
the amino acid sequence of SEQ ID N(.268;

the VH comprises the amino acid sequence of SEQ D NG 193 and the VL comprises
the amino acid sequence of SEQ ID NO:26§;

the VH comprises the amino acid sequence of SEQ ID NO:194 and the VL comprises
the amino acid sequence of SEQ 1D NO:268;

the VH comprises the amino acid sequence of SEQ I3 NO: 195 and the VL comprises
the amino acid sequence of SEQ ID N(:268;

the VH comprises the amino acid sequence of SEQ 1D N(:196 and the VL comprises
the amino acid sequence of SEQ D NO:268;

the VH comprises the amino acid sequence of SEQ 1D NO: 165 and the VL comprises
the amino acid sequence of SEQ ID NO:315;

the VH comprises the amino acid sequence of SEQ 1D NO: 188 and the VL comprises
the amino acid sequence of SEQ 1D NO:315;

the VH comprises the amino acid sequence of SEQ D NG 189 and the VL comprises
the amino acid sequence of SEQ ID N(:.315;

the VH comprises the aming acid sequence of SEQ 1D NO: 190 and the VL comprises
the amino acid sequence of SEQ ID NO:315;

the VH comprises the amino acid sequence of SEQ ID NO: 191 and the VL comprises

the amino acid sequence of SEQ 1D NO:315;
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the VH comprises the amino acid sequence of SEQ ID NO: 192 and the VL comprises
the amino acid sequence of SEQ ID N(:315;

the VH comprises the amino acid sequence of SEQ I NO: 193 and the VL comprises
the amino acid sequence of SEQ ID NO:315;

the VH comprises the amino acid sequence of SEQ 1D NO:194 and the VL comprises
the amino acid sequence of SEQ 1D NO:315;

the VH comprises the amino acid sequence of SEQ 1D NGO 195 and the VI comprises
the amino acid sequence of SEQ ID NO:315;

the VH comprises the amino acid sequence of SEQ ID N(G: 196 and the VL comprises
the amino acid sequence of SEQ D NO:315;

the VH comprises the amino acid sequence of SEQ 1D NO: 165 and the VL comprises
the amino acid sequence of SEQ 1D NO:316;

the VH comprises the amino acid sequence of SEQ 13 NO:18% and the VL comprises
the amino acid sequence of SEQ 1D NO:316;

the VH comprises the amino acid sequence of SEQ 1D NO: 189 and the VL comprises
the amino acid sequence of SEQ ID N(:31g;

the VH comprises the amino acid sequence of SEQ D NG 190 and the VL comprises
the amino acid sequence of SEQ ID NO:316;

the VH comprises the amino acid sequence of SEQ ID NO:191 and the VL comprises
the amino acid sequence of SEQ 1D NO:316;

the VH comprises the amino acid sequence of SEQ [ NO: 197 and the VL comprises
the amino acid sequence of SEQ ID N(O:316;

the VH comprises the amino acid sequence of SEQ 1D N(:193 and the VL comprises
the amino acid sequence of SEQ D NG:31¢;

the VH comprises the amino acid sequence of SEQ 1D NO: 194 and the VL comprises
the amino acid sequence of SEQ ID NO:316;

the VH comprises the amino acid sequence of SEQ 1D NO:195 and the VL comprises
the amino acid sequence of SEQ 1D NO:316;

the VH comprises the amino acid sequence of SEQ ID NG 196 and the VL comprises
the amino acid sequence of SEQ ID N(:.31g;

the VH comprises the aming acid sequence of SEQ 1D NO: 197 and the VL comprises
the amino acid sequence of SEQ 1D NO:26§;

the VH comprises the amino acid sequence of SEQ ID NO: 198 and the VL comprises
the amino acid sequence of SEQ ID NO:268;
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the VH comprises the amino acid sequence of SEQ ID N(: 199 and the VL comprises
the amino acid sequence of SEQ ID N(:268;

the VH comprises the amino acid sequence of SEQ I NO:200 and the VL comprises
the amino acid sequence of SEQ ID NO:26§;

the VH comprises the amino acid sequence of SEQ 1D NO:201 and the VL comprises
the amino acid sequence of SEQ 1D NO:268;

the VH comprises the amino acid sequence of SEQ 1D NO:197 and the VI comprises
the amino acid sequence of SEQ ID NO:315;

the VH comprises the amino acid sequence of SEQ ID NG 198 and the VL comprises
the amino acid sequence of SEQ D NO:315;

the VH comprises the amino acid sequence of SEQ 1D NO: 199 and the VL comprises
the amino acid sequence of SEQ 1D NO:315;

the VH comprises the amino acid sequence of SEQ 13 NO:200 and the VL comprises
the amino acid sequence of SEQ ID NO:315;

the VH comprises the amino acid sequence of SEQ 1D NO:201 and the VL comprises
the amino acid sequence of SEQ ID N(:.315;

the VH comprises the amino acid sequence of SEQ D NG 197 and the VL comprises
the amino acid sequence of SEQ ID NO:316;

the VH comprises the amino acid sequence of SEQ ID NO: 198 and the VL comprises
the amino acid sequence of SEQ 1D NO:316;

the VH comprises the amino acid sequence of SEQ [ NO: 199 and the VL comprises
the amino acid sequence of SEQ ID N(O:316;

the VH comprises the amino acid sequence of SEQ 1D N(:200 and the VL comprises
the amino acid sequence of SEQ D NG:31¢;

the VH comprises the amino acid sequence of SEQ 1D NO:201 and the VL comprises
the amino acid sequence of SEQ ID NO:316;

the VH comprises the amino acid sequence of SEQ 1D NO:170 and the VL comprises
the amino acid sequence of SEQ 1D N(O:268;

the VH comprises the amino acid sequence of SEQ D N(:202 and the VL comprises
the amino acid sequence of SEQ ID N(268;

the VH comprises the amino acid sequence of SEQ 1D NO:203 and the VL comprises
the amino acid sequence of SEQ 1D NO:26§;

the VH comprises the amino acid sequence of SEQ ID NO:204 and the VL comprises
the amino acid sequence of SEQ ID NO:268;
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the VH comprises the amino acid sequence of SEQ ID N(:205 and the VL comprises
the amino acid sequence of SEQ ID N(:268;

the VH comprises the amino acid sequence of SEQ I NO:206 and the VL comprises
the amino acid sequence of SEQ ID NO:26§;

the VH comprises the amino acid sequence of SEQ 1D NO:207 and the VL comprises
the amino acid sequence of SEQ 1D NO:268;

the VH comprises the amino acid sequence of SEQ D NO:208 and the VL compriscs
the amino acid sequence of SEQ ID N(:268;

the VH comprises the amino acid sequence of SEQ ID N(G: 170 and the VL comprises
the amino acid sequence of SEQ D NO:315;

the VH comprises the amino acid sequence of SEQ 1D NO:202 and the VL comprises
the amino acid sequence of SEQ 1D NO:315;

the VH comprises the amino acid sequence of SEQ 13 NO:203 and the VL comprises
the amino acid sequence of SEQ ID NO:315;

the VH comprises the amino acid sequence of SEQ 1D NO:204 and the VL comprises
the amino acid sequence of SEQ ID N(:.315;

the VH comprises the amino acid sequence of SEQ D NG:205 and the VL comprises
the amino acid sequence of SEQ ID NO:315;

the VH comprises the amino acid sequence of SEQ ID NO:206 and the VL comprises
the amino acid sequence of SEQ 1D NO:315;

the VH comprises the amino acid sequence of SEQ [ NO:207 and the VL comprises
the amino acid sequence of SEQ ID N(O:315;

the VH comprises the amino acid sequence of SEQ 1D N(:208 and the VL comprises
the amino acid sequence of SEQ D NG:315;

the VH comprises the amino acid sequence of SEQ 1D NO: 170 and the VL comprises
the amino acid sequence of SEQ ID NO:316;

the VH comprises the amino acid sequence of SEQ 1D NO:202 and the VL comprises
the amino acid sequence of SEQ 1D NO:316;

the VH comprises the amino acid sequence of SEQ D N(:203 and the VL comprises
the amino acid sequence of SEQ ID N(:.31g;

the VH comprises the amino acid sequence of SEQ 1D NO:204 and the VL comprises
the amino acid sequence of SEQ ID NO:316;

the VH comprises the amino acid sequence of SEQ ID NO:205 and the VL comprises
the amino acid sequence of SEQ ID NO:316;
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the VH comprises the amino acid sequence of SEQ ID N(:206 and the VL comprises
the amino acid sequence of SEQ ID N(:316;

the VH comprises the amino acid sequence of SEQ I NO:207 and the VL comprises
the amino acid sequence of SEQ ID NO:316;

the VH comprises the amino acid sequence of SEQ 1D NO:208 and the VL comprises
the amino acid sequence of SEQ 1D NO:316;

the VH comprises the amino acid sequence of SEQ D NO: 188 and the VL compriscs
the amino acid sequence of SEQ ID N(O:277;

the VH comprises the amino acid sequence of SEQ ID NG 189 and the VL comprises
the amino acid sequence of SEQ D NOG:277;

the VH comprises the amino acid sequence of SEQ 1D NO: 190 and the VL comprises
the amino acid sequence of SEQ 1D NO:277;

the VH comprises the amino acid sequence of SEQ 13 NO:191 and the VL comprises
the amino acid sequence of SEQ ID NO:277;

the VH comprises the amino acid sequence of SEQ 1D NO: 192 and the VL comprises
the amino acid sequence of SEQ ID N(:.277;

the VH comprises the amino acid sequence of SEQ D NG 193 and the VL comprises
the amino acid sequence of SEQ ID NO:277;

the VH comprises the amino acid sequence of SEQ ID NG 194 and the VL comprises
the amino acid sequence of SEQ 1D NO:277,

the VH comprises the amino acid sequence of SEQ I3 NO: 195 and the VL comprises
the amino acid sequence of SEQ ID N(O:277;

the VH comprises the amino acid sequence of SEQ 1D N(:196 and the VL comprises
the amino acid sequence of SEQ D NG:277;

the VH comprises the amino acid sequence of SEQ 1D NO: 165 and the VL comprises
the amino acid sequence of SEQ ID NO:317;

the VH comprises the amino acid sequence of SEQ 1D NO: 188 and the VL comprises
the amino acid sequence of SEQ 1D NO:317;

the VH comprises the amino acid sequence of SEQ D NG 189 and the VL comprises
the amino acid sequence of SEQ D N(:.317;

the VH comprises the aming acid sequence of SEQ 1D NO: 190 and the VL comprises
the amino acid sequence of SEQ ID NO:317;

the VH comprises the amino acid sequence of SEQ ID NO: 191 and the VL comprises
the amino acid sequence of SEQ ID NO:317;

21



)
i

b3
<

WO 2023/107994 PCT/US2022/081076

the VH comprises the amino acid sequence of SEQ ID NO: 192 and the VL comprises
the amino acid sequence of SEQ ID N(:317;

the VH comprises the amino acid sequence of SEQ I NO: 193 and the VL comprises
the amino acid sequence of SEQ ID NO:317;

the VH comprises the amino acid sequence of SEQ 1D NO:194 and the VL comprises
the amino acid sequence of SEQ 1D NO:317;

the VH comprises the amino acid sequence of SEQ D NO: 195 and the VL compriscs
the amino acid sequence of SEQ ID NO:317;

the VH comprises the amino acid sequence of SEQ ID N(G: 196 and the VL comprises
the amino acid sequence of SEQ D NO:317;

the VH comprises the amino acid sequence of SEQ 1D NO: 197 and the VL comprises
the amino acid sequence of SEQ 1D NO:277;

the VH comprises the amino acid sequence of SEQ 13 NO:19¥% and the VL comprises
the amino acid sequence of SEQ ID NO:277;

the VH comprises the amino acid sequence of SEQ 1D NO: 199 and the VL comprises
the amino acid sequence of SEQ ID N(:.277;

the VH comprises the amino acid sequence of SEQ D NG:200 and the VL comprises
the amino acid sequence of SEQ ID NO:277;

the VH comprises the amino acid sequence of SEQ ID NG:201 and the VL comprises
the amino acid sequence of SEQ 1D NO:277,

the VH comprises the amino acid sequence of SEQ [ NO: 197 and the VL comprises
the amino acid sequence of SEQ ID N(O:317;

the VH comprises the amino acid sequence of SEQ 1D N(: 198 and the VL comprises
the amino acid sequence of SEQ D NG:317;

the VH comprises the amino acid sequence of SEQ 1D NO: 199 and the VL comprises
the amino acid sequence of SEQ ID NO:317;

the VH comprises the amino acid sequence of SEQ 1D NO:200 and the VL comprises
the amino acid sequence of SEQ 1D NO:317;

the VH comprises the amino acid sequence of SEQ 1D N(:201 and the VL comprises
the amino acid sequence of SEQ D N(:.317;

the VH comprises the amino acid sequence of SEQ 1D NO:170 and the VL comprises
the amino acid sequence of SEQ ID NO:277;

the VH comprises the amino acid sequence of SEQ ID NO:202 and the VL comprises

the amino acid sequence of SEQ 1D NO:277;
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the VH comprises the amino acid sequence of SEQ ID N(:203 and the VL comprises
the amino acid sequence of SEQ ID N(:277;

the VH comprises the amino acid sequence of SEQ I NO:204 and the VL comprises
the amino acid sequence of SEQ ID NO:277;

the VH comprises the amino acid sequence of SEQ 1D NO:203 and the VL comprises
the amino acid sequence of SEQ 1D NO:277;

the VH comprises the amino acid sequence of SEQ D NO:206 and the VL comprises
the amino acid sequence of SEQ ID N(O:277;

the VH comprises the amino acid sequence of SEQ ID N(G:207 and the VL comprises
the amino acid sequence of SEQ D NOG:277;

the VH comprises the amino acid sequence of SEQ 1D NO:208 and the VL comprises
the amino acid sequence of SEQ 1D NO:277;

the VH comprises the amino acid sequence of SEQ 13 NO:170 and the VL comprises
the amino acid sequence of SEQ ID NO:317;

the VH comprises the amino acid sequence of SEQ 1D N(:202 and the VL comprises
the amino acid sequence of SEQ ID N(:.317;

the VH comprises the amino acid sequence of SEQ D NG:203 and the VL comprises
the amino acid sequence of SEQ ID NO:317;

the VH comprises the amino acid sequence of SEQ ID NG:204 and the VL comprises
the amino acid sequence of SEQ 1D NO:317;

the VH comprises the amino acid sequence of SEQ [ NO:205 and the VL comprises
the amino acid sequence of SEQ ID N(O:317;

the VH comprises the amino acid sequence of SEQ 1D NO:206 and the VL comprises
the amino acid sequence of SEQ D NG:317;

the VH comprises the amino acid sequence of SEQ 1D NO:207 and the VL comprises
the amino acid sequence of SEQ ID NO:317;

the VH comprises the amino acid sequence of SEQ 1D NO:208 and the VL comprises
the amino acid sequence of SEQ 1D NO:317;

the VH comprises the amino acid sequence of SEQ ID NG 188 and the VL comprises
the amino acid sequence of SEQ D N(:.279;

the VH comprises the aming acid sequence of SEQ 1D NO: 189 and the VL comprises
the amino acid sequence of SEQ ID NO:279;

the VH comprises the amino acid sequence of SEQ ID NO: 190 and the VL comprises
the amino acid sequence of SEQ ID NO:279;
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the VH comprises the amino acid sequence of SEQ ID NO: 191 and the VL comprises
the amino acid sequence of SEQ ID N(:279;

the VH comprises the amino acid sequence of SEQ I NO: 192 and the VL comprises
the amino acid sequence of SEQ ID NO:279;

the VH comprises the amino acid sequence of SEQ 1D NO:193 and the VL comprises
the amino acid sequence of SEQ 1D NO:279;

the VH comprises the amino acid sequence of SEQ D NO:194 and the VL compriscs
the amino acid sequence of SEQ ID N(:279;

the VH comprises the amino acid sequence of SEQ ID N(G: 195 and the VL comprises
the amino acid sequence of SEQ D NOG:279;

the VH comprises the amino acid sequence of SEQ 1D NO: 196 and the VL comprises
the amino acid sequence of SEQ 1D NO:279;

the VH comprises the amino acid sequence of SEQ 1> NO: 163 and the VL comprises
the amino acid sequence of SEQ 1D NO:31g;

the VH comprises the amino acid sequence of SEQ 1D NO: 188 and the VL comprises
the amino acid sequence of SEQ ID N(:.318;

the VH comprises the amino acid sequence of SEQ D NG 189 and the VL comprises
the amino acid sequence of SEQ ID NO:31§;

the VH comprises the amino acid sequence of SEQ ID NO:190 and the VL comprises
the amino acid sequence of SEQ 1D NO:318;

the VH comprises the amino acid sequence of SEQ [ NO: 191 and the VL comprises
the amino acid sequence of SEQ ID N(:318;

the VH comprises the amino acid sequence of SEQ 1D NO: 192 and the VL comprises
the amino acid sequence of SEQ D NO:318;

the VH comprises the amino acid sequence of SEQ 1D NO: 193 and the VL comprises
the amino acid sequence of SEQ ID NO:31§;

the VH comprises the amino acid sequence of SEQ 1D NO: 194 and the VL comprises
the amino acid sequence of SEQ 1D NO:318;

the VH comprises the amino acid sequence of SEQ ID NG 19S5 and the VL comprises
the amino acid sequence of SEQ D N(:31§;

the VH comprises the amino acid sequence of SEQ 1D NO: 196 and the VL comprises
the amino acid sequence of SEQ D NO:31§;

the VH comprises the amino acid sequence of SEQ ID NO: 197 and the VL comprises
the amino acid sequence of SEQ ID NO:279;
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the VH comprises the amino acid sequence of SEQ ID NO: 198 and the VL comprises
the amino acid sequence of SEQ ID N(:279;

the VH comprises the amino acid sequence of SEQ I NO: 199 and the VL comprises
the amino acid sequence of SEQ ID NO:279;

the VH comprises the amino acid sequence of SEQ 1D NO:200 and the VL comprises
the amino acid sequence of SEQ 1D NO:279;

the VH comprises the amino acid sequence of SEQ D NO:201 and the VL comprises
the amino acid sequence of SEQ ID N(:279;

the VH comprises the amino acid sequence of SEQ ID NG 197 and the VL comprises
the amino acid sequence of SEQ D NO:318;

the VH comprises the amino acid sequence of SEQ 1D NO: 198 and the VL comprises
the amino acid sequence of SEQ 1D NO:318;

the VH comprises the amino acid sequence of SEQ 13 NO:199 and the VL comprises
the amino acid sequence of SEQ 1D NO:318;

the VH comprises the amino acid sequence of SEQ 1D N(:200 and the VL comprises
the amino acid sequence of SEQ ID N(:.318;

the VH comprises the amino acid sequence of SEQ [D NG:201 and the VL comprises
the amino acid sequence of SEQ ID NO:31§;

the VH comprises the amino acid sequence of SEQ ID NO:170 and the VL comprises
the amino acid sequence of SEQ 1D NO:279;

the VH comprises the amino acid sequence of SEQ [ NO:207 and the VL comprises
the amino acid sequence of SEQ ID N(:279;

the VH comprises the amino acid sequence of SEQ 1D N(:203 and the VL comprises
the amino acid sequence of SEQ D NG:279;

the VH comprises the amino acid sequence of SEQ 1D NO:204 and the VL comprises
the amino acid sequence of SEQ ID NO:279;

the VH comprises the amino acid sequence of SEQ 1D NG:2035 and the VL comprises
the amino acid sequence of SEQ 1D N(O:279;

the VH comprises the amino acid sequence of SEQ ID N(:206 and the VL comprises
the amino acid sequence of SEQ D N(:.279;

the VH comprises the amino acid sequence of SEQ 1D NO:207 and the VL comprises
the amino acid sequence of SEQ ID NO:279;

the VH comprises the amino acid sequence of SEQ ID NO:208 and the VL comprises
the amino acid sequence of SEQ ID NO:279;
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the VH comprises the amino acid sequence of SEQ ID NO:170 and the VL comprises
the amino acid sequence of SEQ ID N(:318;
the VH comprises the amino acid sequence of SEQ I NO:202 and the VL comprises
the amino acid sequence of SEQ ID NO:318;
5 the VH comprises the amino acid sequence of SEQ 1D NO:203 and the VL comprises
the amino acid sequence of SEQ 1D NO:318;
the VH comprises the amino acid sequence of SEQ D NO:204 and the VL comprises
the amino acid sequence of SEQ ID N(O:318;
the VH comprises the amino acid sequence of SEQ ID N(G:20S and the VL comprises
10 the amino acid sequence of SEQ ID NO:318;
the VH comprises the amino acid sequence of SEQ 1D NO:206 and the VL comprises
the amino acid sequence of SEQ 1D NO:318;
the VH comprises the amino acid sequence of SEQ 13 NO:207 and the VL comprises
the amino acid sequence of SEQ 1D NO:31R; or

)
i

the VH comprises the amino acid sequence of SEQ 1D N(:208 and the VL comprises
the amino acid sequence of SEQ ID N(G:318.

in some embodiments, the VH comprises the amino acid sequence of SEQ ID NG 163
and the VL comprises the amino acid sequence of SEQ 1D NG:268.

In some embodiments, the VH comprises the amino acid sequence of SEG 1D NO: 165

b3
<

and the VL comprises the amino acid sequence of SEQ 1D NG:277.

In some emboduments, the VH comprises the amino acid sequence of SEQ 1D NG: 163
and the VL comprises the amino acid sequence of SEQ 1D ND:270

in some embodiments, the VH comprises the amino acid sequence of SEQ ID NQG: 163

and the VL comprises the amino acid sequence of SEQ 1D N{G:268.

N
921

I some embodiments, the VH comprises the amino acid sequence of SEQ 1D NG: 163
and the VL comprises the amino acid sequence of SEQ ID NG:315.

In some embodiments, the VH comprises the aming acid sequence of SEQ 1D NG: 190
and the VL comprises the amino acid sequence of SEQ 1D NO:31S5.

In some embodiments, the VH cormprises the amuno acid sequence of SEQ ID NG: 196

783
)

and the VL comprises the aming acid sequence of SEQ 1D NG:31S.

In some embodiments, the VH comprises the amino acid sequence of SEQ ID NG: 191
and the VL comprises the amino acid sequence of SEQ 1D NG:277.

fu some embodiments, the VH comprises the amino acid sequence of SEQ 1D N 165
and the VL comprises the amino acid sequence of SEQ ID NG:317.
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In some embodiments, the VH comprises the anuno acid sequence of SEQ ID NG: 191
and the VL comprises the aming acid sequence of SEG 1D NG:318.

{n some crabodiments, the VH comprises the amino acid sequence of SEQ ID NO:193
and the VL comprises the amino acid sequence of SEQ ID NG:3 1R

{n some embodiments, the antibody comprises:

a heavy chain comprising the ammno acid sequence of any one of SEQ ID NOs:119-
135 and 137-164; and

a light chain comprising the amino acid sequence of any one of SEQ 1D NOs:209-249
and 251-263.

in some emabodiments, the antibody comprises:

a heavy cham and a light chain each corresponding to the heavy chain and the light
chain set forth in Tables 4-5 for a single clone selected from the group consisting of clones 1-
33 and 35-215.

In some embodiments, the heavy chain comprises the aniino acid sequence of SEQ 1D
NO: 1O and the hight chain comprises the amino acid sequence of SEQ ID NG:213.

In some embodiments, the heavy chain comprises the amino acid sequence of SEQ ID
NG:119 and the light chain comprises the amino acid sequence of SEQ 1D NG:222.

{n some crabodiments, the heavy chain comprises the amino acid sequence of SEQ 1D
NG:119 and the light chain comprises the amino acid sequence of SEQ D NG 224,

in some embodiments, the heavy chain comprises the amino acid sequence of SEQ 1D
N 142 and the hight chain comprises the amino acid sequence of SEG 1D NG:213.

In some embodiments, the heavy chain comprises the amino acid sequence of SEQ ID
NG: 142 and the hight chain comprises the amino acid sequence of SEQ ID NG:260.

In some emabodiments, the heavy chain comprises the amino acid sequence of SEQ 1D
NG: 145 and the light chain comprises the amino acid sequence of SEQ D NO:260.

in some embodiments, the heavy chain comprises the amino acid sequence of SEQ ID
NG:151 and the light chain comprises the amino acid sequence of SEQ 1D NG:260.

In some embodiments, the heavy chain comprises the anmino acid sequence of SEQ 1D
N 146 and the hight chain comprises the amino acid sequence of SEQ 1D NG:222.

In some embodiments, the heavy chain comprises the amino acid sequence of SEQ ID
N3:142 and the light chain comprises the amino acid sequence of SEQ ID NG:262.

{n some crabodiments, the heavy chain comprises the amino acid sequence of SEQ 13

NG 146 and the light chain comprises the amino acid sequence of SEQ 1D NO:263.
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In some embodiments, the heavy chain comprises the anuno acid sequence of SEQ ID
NO:150 and the hight chain comprises the amino acid sequence of SEQ ID N(G:263.

{n some crabodiments, the antibody comprises a heavy chain vanable region (VH)
comprising a VH CDR1; a VH CDR2; and a VH CDR3; wherein: the VH CDRI comprises
the amine acid sequence ELSMQ (SEQ 1D NG 1); the VH CDR2 comprises the amine acid
sequence GFDPDDX o ETMYAEX10:X103QG (SEQ ID NO:102; Group 1 clones); wherein
X1 15 I or G; wherein Xio2 ts K or B and wherein Xies is F or L; the VH CDR3 18
SPOGYDFFDY (SEQ ID NO:18); wherein the antibody comprises a light chain variable
region (VL) comprising a VL CDR1, a VL CDR2, and a VL CDR3, wherein: the VL CDRI
comprises the amino acid sequence GGXeaX 05X 106GX107 X108 X100V X110 (SEQ 1D NG 103,
Group | clones), wherein Xiwoa is N, I3, or §; wherein Xies is Y, N, or D, wherein Xuos is L or
T, wherein Xio718 S, D, | R, or T, wherein Xios 1s K, E, or [; wherein Xiweis 5, LR G, N, or
A and wherein Xiwis H, F, or N; the VL CBR2 comprises the amino acid sequence
DDX 0 DRPX 0 (SEQ 1D NG104; Group 1 clones), wheren Xin 5 G, 8, or R; and wherein
Xz 1s S or L; and the VL CDR3 comprises the amino acid sequence
QVWDBX11:X014X015DX 16X 17X us (SEQ 1D NO: 105, Group 1 clones), whereim Xz is S or
A, wherein X is Lor 8 wherein Xus is 8, 1 or N, wherein Xys is H, L, or Q) wherein Xi17
is V or L; and wherein Xngis Vor L

In some embodiments, the antibody comprises a heavy chaio vaniable region (VH)
comprising a VH CDR1L a VH CDRZ; and a VH CDR3; wherein: the VH CDRI comprises
the amino acid sequence GY TLTELSMQ (SEQ 1D NG:329); the VH CDRZ comprises the
amino acid sequence GFDPDDX 0 ETMY AEX10:X103QG (SEQ ID NG 102; Group |
clones), wherein Xyo1 1s D or G; wherein Xio 1s K or R, and wherein Xinsis For L; the VH
CDR3 is SPGYDFFDY (SEQ 1D NO:18); wherein the antibody comprises a fight chain
variable region (VL) comprising a VL CDRI, a VL CDRZ, and a VL CDR3, wherem: the VL
CDRI comprises the ammo acid sequence GGX10a X5 X106GX107X 108X 100V X 110 (SEQ 1D
NG:103; Group 1 clones), wherein Xios is N, I3, or 8; wherein Xuws s Y, N, or D; whersin
Xws s Lor T, wheremn Xaor 15 S, B, L, R, or T wherein Xiws 15 K, E, or [; wherein Xugo1s S, 1,
R, G, N, or A; and wherein Xuois H, F, or N; the VL CBR2 comprises the amino acid
sequence DIV BRPX 52 (SEQ ID NO:104; Group 1 clones), wherein Xi1115 G, §, or R
and wherein X1z 15 8 or L; and the VL CDR3 comprises the amino acid sequence
QVWDX X114 X0 5D X116 X0 17X ns (SEQ 1D NGO 105, Group | clones), wherein X318 S or
A; wheremn Xia is Tor §; wherein Xuis is S, L or N; wherein Xus s H, L, or 3 wherein X117
18 VorL; and wherein Xngis Voor L
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In some embodiments, the antibody comprises a heavy chain variable region (VH)
compnsing a VH CDRI a VH CDR2; and a VH CDR3; wherein: the VH UDR1 comprises
the amino acid sequence ELSMQ (SEQ 1D NO:1 ) the VH CDRZ comprises the amino acid
sequence GFDPDDXoa ETMYAEX 100X 105 Q0 (SEQ ID NG 102; Group 1 clones); wherein
Xior is D or G; wherein Xiez is K or R; and wherein Xies is F or L; the VHCDR3 is
SPGYDFFDY (SEQ 1D NO:18); wherein the antibody comprises a light chain varable
region (VL) comprising a VL CDR1, a VL CDR2, and a VL CDR3, wherein: the VL CDR1
comprises the ammo acid sequence TGTSSDVGGYNYVS (SEQ 1D NG:30): the VL CDR2
comprises the amino acid sequence X110VSX120RPS (SEQ 1D NG 106, Group | clones);
wherein Xiio is E or I and wherein X120 is N or K; and the VL CDR3 comprises the amino
acid sequence QVWDSENDLLI(SEQ ID NO:T1).

In some embodiments, the antibody comprises a heavy chain variable region (VH)
comprising a VH CDR1; a VH CDRZ; and a VH CDR3; wherem: the VH CDRI comprises
the amino acid sequence GY TLTELSMQ (SEQ 1D NO:329); the VH CDRZ comprises the
amino acid sequence GFDPDDX 0 ETMY AEX10:X103QG (SEQ ID NG 102; Group |
clonesy; wheretn Xio1 1s D or G, wherein X 18 K or R, and wherein Xaos ts For L; the VH
CDR3 1s SPGYDFFDY (SEQ 1D NO:18); wherein the antibody comprises a hight chain
variable region (VL) comprising a VL CDRI, a VL CBRZ, and a VL CDR3, wherem: the VL
CDR1 comprises the amino acid sequence TOTSSDVGGYNYVS (SEQ ID N(:30); the VL
CDR2 comprises the amino acid sequence Xi19VSX20RPS (SEQ 1D NO:106; Group 1
clones), wherein Xii is E or P; and wherein Xiz0 18 N or K; and the VI CDR3 comprises the
aming acid sequence QVWDSSNDLLI (SEQ 1D NO:71).

In some embodiments, the antibody comprises a heavy chain variable region (VH})
comprising a VH CDR1; a VH CDRZ: and 3 VH CDR3; wherein: the VH CDR1I comprises
the anuno acid sequence DYFIH (SEQ 1D NO:2); the VH CDR2 comprises the amino acid
sequence LYDPEDGETIY AEX o FQG (SEQ ID NG:107; Group 2 clones), wheren X 18
Kor R; the VH CDR3 comprises the amino acid sequence PGGILTDPDAFDIE (SEQ ID
NG 19Y; wherein the antibody comprises a light chain vanable region (VL) comprising a VL.
CDR1, a VL CDR2, and a VL CDR3, wherein: the VL CDR1 comprises the amino acid
sequence X120 TX138DVGGYNX24VS (SEQ 1D NO:108: Group 2 clones), wherein Xz 18
Tor A; wherein X3 1s S or G; and wherein X is Y or H; the VL CDR2 comprises the
aming acid sequence X125V X126 X127RPS (SEQ 1D NG:109; Group 2 clones), wherein Xis 18
D or E; wherein Xz 18 N or §; and wherein Xiz7 18 K or N; and the VL CDR3 comprises the
amino acid sequence S5Y X12sX120588TX020X03:V (SEQ D NG 110; Group 2 clones),
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wherein Xize 18 T or T; wherein X120 18 P or §; wherein Xiso 18 R, P, F, or absent; and wherein
XumisWoryY.

{n some crabodiments, the antibody comprises a heavy chain vanable region (VH)
comprising a VH CDR1; a VH CDR2; and a VH CDR3; wherein: the VH CDRI comprises
the amine acid sequence SYAIS (SEQ ID NG:3); the VH CDR2 compriscs the amino acid
sequence LYDPEDGETIYAEKFX G (SEQ ID NG 111; Group 3 clones), wherein X132 18
Ror (3; the VH CDR3 comprises the amuno acid scquence EESYGP (SEQ 1D NG:20);
wherein the antibody comprises a light chain variable region (VL) comprising a VL CDR1, a
VL CDR2, and a VL UDR3, wherein: the VL CDRI comprises the amino acid sequence
GASQDISNYLX 33 (SEQ ID NG:112; Group 3 clones), X is N or D) the VL CDR2
comprises the amme acid sequence DASNLET (SEQ 1D NO:61); and the VL CDR3
comprises the amino acid sequence QQLNSYPLT (SEQ 1D NO:80).

In some embodiments, the antibody comprises a heavy chain variable region (VH)
comprising a VH CDR1; a VH CDRZ; and a VH CDR3; wheren: the VH CDRI comprises
the amino acid sequence EX s SMH (SEQ 1B NG:113; Group 4 clones), wherein Xissis S or
L; the VH CDR2 comprises the amino acid sequence LYDPEDGETIYAQKFQG (SEQ ID
NG:14); the VH CDR3 comprises the amino acid sequence EEWSGDGDDAFDI (SEGQ ID
NG:21); wherein the antibody comprises a light chain variable region (VL) comprising a VL
CDR1, a VL CDR2, and a VL UDR3, wherein: the VL CDRI comprises the amino acid
sequence SGSSSNIGSYSVS (SEQ 1D NG:46); the VL CDRZ comprises the amino acid
sequence DX13sNKRPS (SEQ 1D NO: 4, Group 4 clones), wherein Xuss is N or D and the
VL CDR3 comprises the amino acid sequence GTWDSSLSAWY (SEQ TD NO:81).

In some embodiments, the antibody comprises a heavy chain variable region (VH})
comprising a VH CDR1; a VH CDRZ: and 3 VH CDR3; wherein: the VH CDR1I comprises
the anuno acid sequence SYAIS (SEQ 1D NG:3); the VH CDR2Z comprises the amino acid
sequence GIHPIFGTANY AQKFQG (SEQ ID NO:15): the VH CDR3 comprises the amino
acid sequence SPLRGSGWYWHYYYGMDV (SEQ 1D NO:22): wherein the antibody
comprises a light chain varnable region (VL) comprising a VL CDR1, a VL CDR2 and a VL
CDR3, wherein: the VL CDRI comprises the amino acid sequence
GONX36d X 137X 13K X130 VH (SEQ 1D NO: 1S, Group 6 clones), wherein Xisis N or K
wherein X137 18 R or G; wherein Xiszis8 A, 8, R, or T; and wherein Xiseis Hor 8§, the VL
CDR2 comprises the aming acid sequence XiaoDXia XiaRPS (SEQ ID NO:116; Group 6
clones), wherein Xuao 18  or R; wherein Xia1 18 S or R; and wherein X142 18 N or K; and the
VL CDR3 comprises the amino acid sequence QXWX 1445X145TX eV (SEQ D NGO 117,
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Group 6 clones), wherein Xuss is A or V; wherein Xias 13 D or (G wherein Xus 15 S or N; and

wherein Xus isV, A or E.

{n some crabodiments, the buman nwtant CALR s buman Type | mutant CALR

comprising the amino acid sequence of SEQ 1D NO:320. In some embodiments, the human

mutant CALR is human Type 2 mutant CALR comprising the amino acid sequence of SEQ

I NG:321.

in some emboduuents, the anti-owtCALR astibody tiubits one or more signaling

pathwavs downstream of thrombopoietin receptor (MPL} in a cell expressing human mutant

CALR; inhubits oncogenic cell proliferation in a cell expressing human mutant CALR; and/or

inhibits dimerization of MPL in a cell expressing human mutant CALR.

{o some cmobodiments, the anti-mutCALR anttbody mwhibits one or more signaling

pathways downstream of MPL in both a first cell expressing human Type 1 mutant CALR

and in a sccond cell expressing human Type 2 mautant CALR, inhibits oncogenic ceoll

proliferation in both a first cell expressing human Type | mutant CALR and in a second cell

expressing human Type 2 mutant CALR; and/or inhibits dimerization of MPL in both a first

cell expressing human Type 1 mutant CALR and in a sceond cell expressing human Type 2

mutant CALR.

{n some crabodiments, the one or nore signaling pathways downstream of MPL are

selected from the group consisting of Janus tyrosine kinase (JAK) and signal transducers and

activators of transcription (STAT) signaling, mitogen-activated protein kinase {(MEK) and

extraccliular signal-regulated kinase (ERK) signaling, serine/threomne kinase {AXKT)

signaling, and mammalian target of rapamycin (mTOR) signaling.

in some embodiments, the anti-mutCALR antibody has modulated Fe effector

function. In some embodiments, the modulated Fo effector function is increased Fe effector

function or reduced Fc effector function. In some embodiments, the anti-mutCALR antibody

has reduced Fe effector function. In some embodiments, the Fe effector function 1s antibody-

dependent cell-mediated cvitotoxicity (ADCC), complement dependent cvictoxicity (CDC),

or antibody dependent cellular phagocytosis (ADCP). In some embodiments, the anti-

mutCALR antibody having reduced Fe effector function has mcreased binding affinity to

human mutant CALR as compared to an antibody without reduced Fe effector function. In

some embodiments, the Fo effector function is ADCC.

{o some crabodiments, the anti-wtCALR antibody is a human or humanized

antibody. In some embodiments, the anti-mutCALR antibody 1s a full-length antibody. In

some embodiments, the anti-mutCALR antibody 1s an IgG1, 1gG2, IgG3 or IgG4 antibody. In

-
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some embodiments, the anti-mutCALR antibody is an IgG1 antibody. In some embodiments,
the anti-muiCALR antibody is a bispecific antibody, a biparatopic antibody, a single chamn
antibody (scFv), an Fab fragment, an Flab’ ) tragment, an Fab’ fragment, an Fsc fragment, an
Fv fragment, an scFv, an sc{Fv), or a diabody.

In some embodiments, the anti-mutCALR antibody is a biparatopic antibody
comprising two heavy chain-light chain pairs or one heavy cham-light chain pair. In some
embodiments, the biparatopic antibody is a full-length antibody. In some embodiments, the
biparatopic antibody comprises one heavy chain-light chain pair.

in some embodiments, the anti-mutCALR antibody 1s conjugated to a toxic substance.
In some embodiments, the toxic substance is a radioisotope or a oytotoxic agent.

Aspects of the present disclosure provide a nucleic acid or a set of nucleic acids,
which collectively encodes any one of the anti-mutCALR antibodies deseribed herein.

Aspects of the present disclosure provide an expression vector or a sot of expression
vectors comprising the nucleic acid or the set of nucleic acids encoding any one of the anti-
mutCALR antibodies described herein operably hinked to a promoter.

Aspects of the present disclosure provide an isolated cell comprising the nucleic acid
or the set of nucleic acids encoding any one of the anti-mutCALR antibodies or the
oxpression veector or the sot of expression vectors comprising the nucleic acid o7 the sct of
nucleic acids encoding any one of the anti-mutCALR antibodics described herein operably
linked to a promoter.

Aspects of the present disclosure provide a method of making the anti-mutCALR
antibody, comprising culturing the cell described herein and isolating the antibody.

Aspects of the present disclosure provide a pharmaceutical composition comprising
the anti-nuntCALR antibody, the nucleic acid or the set of nucleic acids, the expression vector
ot the set of expression vectors, or the isolated cell, and a phammaceutically acceptable
Carrer.

Aspects of the present disclosure provide a method of treating a myeloproliferative
neoplasm m a human subject 10 need thereof, the method comprising administering to the
human subject an effective amount of an anti-mutCALR antibody deseribed herein or the
pharmaceutical composition thereof. Other aspects of the present disclosure provide an anti-
omutCALR antibody described herein for use m the treatment of a myeloproliferative
neoplasm, or the use of an anti-owtCALR antibody desertbed herein for the manufacture of a

medicament for the treatment of a myeloproliferative neoplasm.
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Aspects of the present disclosure provide a method of detecting a CALR exon 9
mutation in a biological sample, the method comprising obtaining a biclogical sample from a
buman subject who has or is suspected of having a myeloproliferative neoplasm and
contacting the sample with an anti-mutCALR antibody deseribed herein such that the ants-
mutCALR antibody binds to 3 mutCALR protein if the mutCALR protein is present in the
biological sample.

Another aspect of the present disclosure provides a method of diagnosing a human
subject with a myeloproliferative neoplasm, the method comprising obtaining a biclogical
sample from a human subject who has or is suspected of having 3 myeloproliferative
neoplasm and contacting the sample with an anti-mitCALR antibody described herein such
that the anti-owstCALR antibody binds to a mutCALR protein if the outCALR protein is
present in the biological sample.

in some embodiments, the mveloproliferative neoplasm is selected from the group
consisting of chronic myelogenous loukemia, polyeythemia vera, primary myelofibrosts,
cssential thrombocevthemia, chromic neutrophilic leukenia, acute myelogenus leukemia, and
chronic eosinophilic leukemia, chronic myelomonocytic leukemia, myeloprohiferative

neoplasm and myelodysplastic syndrome, including myelodysplastic syndrome with

and myelodysplastic syndrome with refractory anemia with excess blasts.

In some embodiments, methods described herein further comprise administering to
the buman subject an additional therapy selected from the group consisting of a Janus
tyrosine kinase (JAK) mhibifor, a phosphoinositide 3-kinase (PI3K) inhibitor, a standard of
care therapy, or a combination thereof. In some embodiments, the JAK inhibitor s raxolitintb
and ftaticimib. In some embodiments, the PI3K mhibitor is parsaclistb. In some embodiments,
the standard of care therapy is selected from the group consisting of IFN-alpha, hyvdroxyurea,
thalidomuide, lenalidomide, an androgen, an ervthropoietin-stimulating agent, a
chemotherapeutic agent, or a combination thereof.

In some embodiments, the adouuistration of the antibody or the phammaceutical
composition thereof in combination with the JAK inlnbitor produces a svnergistic effect. In
some embodiments, the JAK inhibitor is ruxolitinb.

Aspects of the prosent disclosure provide a kit comprising the anti-omitCALR
antibody, the nucleic acid or the set of nucleic acids, the expression vector or the set of

expression vectors, or the solated cell, and instructions for use n treating a
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myveloproliferative neoplasm in a huran subject in need thereof, optionally with instructions

for use in combination with an additional therapy.

BRIEF DESCRIPTION OF THE DRAWINGS

5 FiG. 1 mcludes a graph showing that anti-imtCALR antibodies inhibit STATS

activation 1 Ba/F3 cells expressing MPL/mutCALR.

FiG. 2 meludes graphs showing that anti-mutCALR antibodies inhabit mutCALR
induced cell proliferation in the Ba/F3 cells stably transfected with MPL/mutCALR.

FIG. 3 includes graphs showing that anti-mutCALR antibodies are efficient in

10 mhibiting oncogenic cell proliferation 1n Ba/F3 cells stably transfected with either

MPL/mutCALR Type 1 (top) or MPL/mutCALR Type 2 {bottom).

FiGs. 4A-4G include graphs showing that anti-mutCALR antibodics inhibit the
dimerization of the MPL protein,

FIG. 5 includes a schematic depiction of the dosing schedule of anti-outCALR

o

antibodies in mice injected with tuomor cells expressing MPL/matCALR.

Ju

FIG. 6 includes a graph of mouse survival after treatment with anti-mutCALR
antibadies.
FIG. 7 mchudes a graph of spleen weight in mice after treatment with anti-mutCALR
antibodies.
20 FIG, 8 mcludes a graph of number of platelets 1n blood after treatment of mice with
anti-mutCALR antibodies.
FIG. 9 includes a graph of number of tumor cells in blood after treatment of nuce
with anti-mitCALR antibodies.
FIG. 16 includes graphs showing the ability of an anti-mutCALR antibody to
25 potentiate the therapeutic response of ruxolitinib in the inhibition of oncogenic cell
proliferation triggered by mutCALR Type 1 (top) or Type 2 {bottom}.
FIG, 11 includes a graph showing that aoti-outCALR antibodies compete with MPL
for the binding to ouutCALR.
FiGs. 12A-12C inchude structural data of the Fab-mutCALR-peptide complex.
30 FiGs. 13A-13C include structural data of the Fab fragment binding to the first
outCALR peptide in the asynunettic unit of the crystal strusture.
FiGs. 14A-14C nclude structural data of the Fab fragment binding to the second

mutCALR peptide in the asvmmetric umit of the crystal stractare.
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FIG. 15 includes an mmage of the sequence of mutant CALR peptide (SEQ 1D
N:328) showing the CalR1 conformation binding residues (top) and CalR2 conformation
binding residues (botton), with the residues having close contact with Fabl (<4.5 A) shaded
m grey. Note that the CalR1 and CalR2 conformation residues represent two opposite faces
of the mutant CALR C+terminal helix, with more residues at the N-terminal that are covered
in the CalR1 binding conformation than are covered in the CalR2 binding conformation.
Close contact of Fabl was assessed it MOE (Molecular Operating Environment).

FiGs, 16A-16C include structural data of anti-mutCALR antibody Fab fragment
bound to 31-mer mutant CalR peptide.

FiGs. 17A-17C include structural data from an antigen-antibody interaction analysis.

FIGs. 18A-18C include data showing that anti-mutCALR antibody treatment restored
normal blood counts, splean volume, and bone marrow environment in CALRPEVVEL
engineered mice.

FIGs, 19A-19D include data showing that anti-ramtCALR antibodies inhibit
mutCALR-derved oncogenic functions in CD347 cells isolated from MPN patients carrying
the CALR mutation.

FIG. 29, includes data showing celi-cyele profiles of BaF3 celis with mdicated
genotypes 1t the presence of difterent concentrations of an anti-outCALR antibody.

FiIG, 21A includes a graph showing data that AB1-AB4 and clone 4 bind to
mutCALR.

FiG. 21B includes a graph showing data that clone 4 inhibits cell proliferation.

DETATLED DESCRIPTION

Provided heremn are anti-mutCALR antibodies and related nucleic acids, expression
vectors, cells, kits, and pharmaceutical compositions. The anti-mutCALR antibodies
described herein are useful in the treatment or prevention or diagnosis of myeloproliferative
neoplasms {e.g., chronic myelogenous leukemia, polyevthemia vera, primary myelofibrosis,
essential thrombocythemia, chronic neutrophilic leukemia, acute myelogenus leukemia,
chronic eosinophilic leukemia, chronic myelomonocytic leukemia, myeloproliferative
neoplasm and myelodysplastic syndrome, mnchading myelodysplastic svndrome with
refractory anaeria with ring sideroblasts, myelodysplastic syndrome with refractory anemia,

and myelodysplastic syndrome with refractory anemia with excess blasts.}.
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Mutant CALR and Anti-mutCALR Antibodies
{CALR is a highly conserved chaperone protein that resides primarily in the

endoplasmic reticulum and is mvolved m a varnety of cellular processes including protein

folding, calcium homeostasis, cell adhesion, and mtegrin signaling. Mutations in the CAZLR
5 gene have been identified in patients with myeloproliferative neoplasms. The two most
frequent CALR mutations are a 52 base pair {bp} deletion and a 5 bp insesrtion, which are
referred to as Type 1 and Type 2 mutations, respectively. Type | and Type 2 mutations cause
a+1 frameshift within exon 9 that generates a novel, positively-charged C-terminal amino
acid sequence that lacks the KDEL domain (SEQ 1D NG:347) of the WT protein, thereby
cnabling the mutCALR to escape the ER and activate the thrombopoietin receptor (MPL) and

b
o

induce constitutive activation of Janus kinase 2 (JAK?2) signaling. The amino acid sequences
of human WT CALR, Type | and Type 2 mutCALR, and the novel C-terminal sequence are
shown below. The frameshift amino acid residues i Type | and Type 2 mutCALR are shown

in bold and the novel C-terminal sequence 1s marked by underlining.

)
5ol

Haman WT CALR (GenBank Accession No. NP_(04334.1)

PAVYFREQFLDGDCWTSRWIESKHKSDEFCKEFVLS SCGKFYCDEEKDKGLQT
SQTLVV FTVKH“CVT“FPGGYVK}F GDSEYNIMFGPDL

TTNKPTRT(JJELJ . SGSLEDDWDFLP
D“DDAKYDFDW“FTMDJTWFDPV*UNPFYR
FGVLGLDLWQVKSGTIFDNFLITNDEAYAR
DRKRKEEEEAEDKEDDEDKDEDEEDEEDKEEDEEED

MLLSVPLLLGLLGLAVAE
bODA REYA I.S/—\%F r.PFQ

20

BY LD\-H’“WG ./' KAAE K_‘Q'."L*_.J[\.«.‘).)th‘}l{ui{u
VEGQAKDEL (SEQ ID NG:219}

)
Ul

Human Type | mutCALR

MLLSEVPLLLGL
SCDARFYALEASFEPFENKGQTL
CGPGTKEVHVIFNYKGRNVLINKDIRCKDD] HLYTLIVREL SQVESGSLEDDWDELY
EI\[\IK_/ DASKPEDWDERAKT >'I.7“KFLDT/ K*‘EHT PDPDARKP BEEMDGEWEPPVIONPEYK
30 GEY g DYKGTWIHPET PDPS FOVLGLDLWOVKSGTIFDNFLITNDEAYAE
,‘KQ FFQRTRRMMRTKMRMRRMRRTRRKMRRKMSPAR?RTSCREACLQGW

CGLAVAEPAVYFKEQFLDGDGWTSRWIESKHKSDE
VVQEFTVEHEQNIDCGGEYVE

GKFVLESGKFYGDEEKDEGLOT
SLDQTDMHGDSEYNIMFGPDI

Vit

Human Type 2 mutCALR

35 MLLSVPLLLGLLGLAVAEPAVYFKEQFLDGDGWTSRWIESKHKSDFGKEFVLSSGKFYGDEEK
DEGLOTSQDARFYALSASFEPFSNKGOTLVVOFTVKHEQNIDCGEGYVKLFEPNSLDQTDMHG
DSEYNIMPGPDICCPGTERKVHVIFNYKGKNVLINKDIRCKDDEFTHLY TLIVRPDNTYEVKI
DNSOVESGSLEDDWDFLPPRKEIKDPDASKPEDWDERAKIDDPTDSKPEDWDKPEHIPDPDAK
KPEDWDEEMDGEWERPPVIONPEYKGEWKPROIDNPDYKGTWIHPEIDNPEYSPDPSIYAYDN

40 FGVLGLDLWOVKSGTIFDNFLITNDEAYAREFGNETWEGVTKAARKOMKDKODEEQRLKEEEE
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DEKRKEEEEAEDNCRRMMRTEKMRMRRMRRTRREKMRREMEPARPRTSCREACLOGWTEA

{BEQ ID NO:221)

mutCALR C-terminal consensus moutant sequence

5 RMRRMRERTRREMRRKMSPARPRTSCREACLQGWTIEA (SEQ ID NG:322)

This disclosure provides anti-mutCALR antibodies that are useful in treating or
diagnosing myeloproliferative neoplasms. Note that in the present disclosure, unless stated
otherwise, amino acid positions assigned to CDRs and frameworks 1 a variable region of the

10 anti-moatCALR antibodies are specified according to Kabat; see EA Kabat, Sequences of
Proteins of Immunological Interest, U.S. Dept. of Health and Human Services, Public Health
Service, National Institutes of Health, 1991, (OCoL.CY1138727707.

In some embodiments, the anti-mutCALR antibody is an anti-matCALR antibody that

comprises one, two, three, four, five, and/or six CDRs of any one of the antibodies deseribed

Ul

=)

herein. In some embodiments, an anti-mutCALR anttbody comprises (1) one, two, and/or
three heavy chain CDRs of any one of the clones presented i Tables 1-2, and/or (11} one,
two, and/or three light chaim CDRs from any one of the clones presented in Tables 1-2.
in some cmabodiments, an anti-mutCALR antibody comprises (1) three heavy chain
CDRs from any one of the clones presented in Tables 4-5, and (1) three light chain CDRs
20 from any one of the clones presented in Tables 4-5.
In some embodiments, an anti-mutCALR antibody comprises a heavy chain CDRI,
CPR2, and CDR3 and/or a light chain variable region CDR1, CDR2, and CDR3 from an
antibody described herein. In some embodiments, an anti-mutCALR antibody comprises a
heavy chain CORI1, CBR2, and CDR3 and a light chain CDR1, CDR2, and CDR3 from an
25 antibody described hercin. In some embodiments, an anti-mutCALR antibody comprises a
mouse version, mouse variant, human version, bwman vanant, humanized version, humanized
variant, or affinity matured variant of an antibody described herein.
In some embodiments, an anti-mugCALR antibody comprises a heavy chain CDRI,
CDR2, and CDR3 and/or a light chain variable region CDR1Y, CDR2, and CDR3 from any
30 clone disclosed herein, a humanized version thereof, or variants thereof (including affinity
matured vanants). In some embodiments, an anti-mutCALR antibody comprises a heavy
chain CORI, a heavy chain variable region CDR2, and a heavy chain variable region CDR3
from any clone disclosed hercin. In other emboduments, an anti-mutCALR anttbody

comprises a hight chain variable region CDR 1, a hight chain vanable region CDR2, and a hight
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chain variable region CDR3 from any clone disclosed herein. In certain embodunents, an
anti-motCALR antibody comprises a heavy chain CDR1, a heavy chain variable region
CDR2, 3 heavy chain variable region CDR3, a light chain vanable region CDR L, a light chain
variable region CDR2, and a light chain vanable region CDR3 from antibody any clone
disclosed herein. In some embodiments, an anti-mutCALR antibody s a mouse version of
any clone disclosed hercin. In some embodiments, an anti-mutCALR antibody 1s a mouse
variant of any clong disclosed herem. In some embodiments, an anti-outCALR antibody 1s a
human version of any clone disclosed herein. In some embodiments, an anti-mutCALR
antibody is a human variant of any clone disclosed herein. In some embodiments, an anti-
mutCALR antibody is a humanized version of any clone disclosed herein. In some
embodiments, an anti-mutCALR antibody is a variant of any clone disclosed herein. In some
embodiments, an anti-mutCALR antibody s an affinity matured variant of any clone
disclosed herein.

in some cmbodiments, the anti-mutCALR antibody is a variant of an anti-outCALR
antibody described herein which comprises one to thirty conservative amino acid
substitution(s}, ¢.g., one (o twenty-five, one (o twenty, one to fiftcen, one to ten, one to five,
or one to three conservative amino acid substitution{s). In some cmbodiments, the
conservative amino acid substitutionds) is in a CDIR of the antibody. In some embodiments,
the conservative amino acid substitution{s} is not in a COR of the antibody. In some
embodiments, the conservative amino acid substitution{s) is in a framework region of the
antibody.

In some embodiments, a CDR comprises one amino acid substitution. In some
embodiments, a CDR comprises two amino acid substitotions. In some embodiments, a CDR
comprises three amino acid substitutions. In some embodiments, 3 CDR comprises four
amma actd substitutions. In some embodiments, the one or more anuno acid substitutions are
conservative substitutions. In some embodiments, the CDR is a heavy chain CDRI In some
embodiments, the CDR is a heavy chain variable region CDRZ. In some embodiments, the
CDR 15 a heavy chain variable region CDR3. In some emabodiments, the CDR is a light chain
variable region CDR1. In some embodiments, the UDR 1s a light chain vanable region
CDR2. In some embodiments, the CDR is a light chain variable region CDR3. In some
embodiments, the one or more substitutions are made as part of 2 humanization process. In
some embodiments, the one or more substititions are made as part of a germline

humanization process. In some embodiments, the one or more substitutions are made as part
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of an affinity maturation process. In some embodiments, the one or more substitutions are
made as part of an optimization process.

{n sorae crabodiments, an anti-ontCALR antibody comprises a heavy chaio variable
region CDRI, a heavy chain variable region CDR2, and a heavy chain variable region CDR3,
each of which correspond to the heavy chain variable region CDRs set forth in Tables 1-2 for
a single clone, and a light chain variable region CDRI, a light chain varnable region VL
CPR2, and a light chaio varable region VE CDR3, cach of which correspond to the VL
CDRs set forth 1n Tables 1-2 for a single clone.

In some embodiments, an anti-mutCALR antibody comprises a heavy chain variable
region CDRI, a heavy chain variable region CDR2, a heavy chain variable region CDR3, a
light chain vanable region CDR1Y, a light chain vanable region CDRZ, and a light cham
variable region CDR3, cach of which correspond to the VH and VL CDRs set forth in Tables
§-2 for a single clone.

In some embodiments, an anti-mutCA LR antibody comprises a heavy chain variable
region {VH) comprising a VH CDRI, a VH CDR2, and a VH CDR3, wherein the VH CDRI
comprises the aming acid sequence X1XoXsXaXs, wherein X1 1s 5, E, or D wherein Xo18 Y,
L, or 8; wherein X515 A, 8, or F; wherein Xs 15 | or M; and wherein Xs 15 §, 3, or H; the VH
CDR2 comprises the amino acid sequence XeX7XePXoX 10X 1: XX Xia Y AX 15 X16 X7 XasG
(SEG 1D NO:97), wherein Xe is L or G wherein X7 1s V, F, or I; wherein Xzis D or I
wherein Xs s E, D, or Lwherein Xwois DG F, A S, or E; wherein X118 G or A; wherein
Xiz1s For Towherein Xizis T or A wherein Xiqis [, M, or N; wherein Xus s Eor 3
wherein Xis is K or R; wherein X7 1s F or L; and wherein Xis is R or Q; the VH CDR3
comprises the amino acid sequence
X19X20X21 X022 X03 X024 X5 X6 X 27X 28 X9 X30X 31 X32 X533 X3 X35 X536 X537 X38 (SEQ 1D NO:98),
wherem Xio1s P, E, or absent; wherein X s G, E, or absent; wherein Xo11s G, W, S, or
absent; wherein X225 1, B2, S, P, or absent; wheremn Xz 18 8, L, L T, G, or absent; wheremn
Xais P,T, Q. L D, R orabsent; wherein Xos 15 G, D, or absent; wherein Xos s B Y, P, L, D,
or S; wherein X7 is E. DL A, or G, wherein Xoz 18 S, FL AL E, Y, or W, wherein Xae 18 Y or F,
wherein Xao1s G, I, or W wherein Xs: 8 B, Y, 1, or H; wherem Xs2 18 Y or absent; wherem

{3318 Y or absent; wherein Xz4 18 Y or absent; wherein Xas 18 G or absent; wherein Xas is M
or absent; wherein X37 is P or absent; wherein X is 'V or absent; wherein the antibody
comaprises a light chain varntable region (VL) compuising a VL CDRI, a VL CDRZ2, and a VL
CDR3, wherein the VL CDRI1 comprises the amino acid sequence
XaoXaoXs1 X2 X3 XaaX 45K 46X a7 Xas a0 X s0 X 51 Xs52X53 X5+ {SEQ 1D NG:99), wherein Xao 15 T,

34
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A, or absent; wherein Xao 18 G or absent; whereimn Xa11s Q, G, V, T, or §; wherein Xazis A,
G, S, or N: wherein Xa31s 8§, N, B, T, or Y, wherein Xaa is G, Y, N, D, §, or K wherein Xas
is D, 1, F,V, 5, or T whercin X6 1s N or absent; wherein X47 15 T or absent; wherem Xagis 1,
G, or R, wheremn Xus18 85, G, A, B, L R, or T; wherein X018 Y or absent; wherein Xst is N,

5 K LorE wherein X218 Y, S, N, D, H, F, R, or G wherein Xs3 18 L or V; and wherein Xsq i
N, H S, D, or F; the VL CDR2 comprises the amino acid sequence Xs5Xs56X57X58 X0 Xe0Xo1,
wherein Xss 18T, I, E, Q, or R; wherein Xss 15 A, 13, V, or N; wherein Xs5718 S, G, N, or R
wheremn Xsgis [, N, D, or K; wheremn Xssis L, R, or W, wherein Xeo 18 E or P; and wherein
Xe118 8, T, or L; the VL UDR3 comprises the amino acid sequence

10 XeXe3XeaXesXes X7 XesXeo X0 X711 X7z, wherein Xe2 18 Q. 8, C, or G; wherein Xe3 18 (3, V, S,
T, or A; wherein Xes s G, L, W, or YV, wherein Xes is Q, N, DL T, A, or G, wherein Xes 15 §,
PG N orA wherein Xepis N, Y, E S, N, L or B wherein Xee s ELPS, LN H L, or T
wherein Xes 18 3, T, 8, or absent; wherein X is P, H, L, R F, A, Q. or absent; wherein Xr is

WLV, Y, 8, A or E;and wherein X218 T, V, or L

)
i

In some embodiments, an anti-mutCALR antibody comprises a heavy chain vanable
region {VH} comprising a VH CDRI1; a VH CDR2; and a VH CBR3; wherein the VH CDRI
comprises the amino acid sequence ELSMQ (SEQ ID NG 1); the VH CDR2 comprises the
amino acid sequence GFDPDDX 0 ETMY AEX 100X 10:0QG (SEQ 1D NO:102; Group 1
clones), wherein Xor is I or G wherein Xz 1s K or B and wherein X is For L; the VH
CDR3 1s SPGYDFFDY (SEQ ID NO:18); wherein the antibody comprises a light chain
variable region (VL) comprising a VL CDR1, a VL CDR2, and a VL CDR3, wherein the VL
CDR1 comprises the amino acid sequence GGXuoaX 05X 10sGX 107X 108X 100 VX0 (SEQ 1D

b3
<

NG 103 Group 1 clones), wherein Xioa is N, Ib, or 8; wherein Xios 18 Y, N, or I, wherein

Xwsislor T wherein Xyo7 18 8, D, L B, or T, wherein Xz 18 KL E, or [; wherein Xie0 18 S, |

N
921

R G, N, or A; and wherein X0 is H, F, or N; the VL CDR2 comprises the amino acid
sequence DDX1uDRPX i (SEQ 1D NO:104; Group 1 clones), wherein X115 G, 5, or RS
and wherein X112 18 8 or L; and the VL CDR3 comprises the aming acid sequence
QVWEX01:X114X11sDX 116X X s (SEQ 1D NO05; Group | clones), wherein Xz 5 S or

A; wherem X1ais Tor S; wherein X115 18 8, 1, or N; wherein X is H, L, or ¢; wherein X117

783
)

8V orL; and wherein Xusis Vor k.

In some embodiments, an anti-mutCALR antibody comprises a heavy chain vanable
region {VH) comprising a VH CDRI; a VH CDRZ; and a VH CDR3; wherein the VH CDRI
comprises the ammo acid sequence ELSMQ (SEQ TD NO: 1), the VH CDR2 comprises the
amino acid sequence GFDPDD X0 ETMY AEX 102X103QG (SEQ 1D NO:102; Group 1
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clones), wherem Xioi is I or G; wherein Xioz is K or R; and wherein Xz is For L; the VH
CDR3 15 SPGYDFFDY (SEQ ID NO:18); wherein the antibody comprises a light chain
variable region (VL) comprising a VL CDRI, a VL CDRZ, and a VL CDR3, wherem the VL
CDRI comprises the amino acid sequence TGTSSDVGGYNY VS (SEQ 1D NO:30); the VL
CDR2 comprises the amino acid sequence Xo1oVE3XeRPS (SEQ ID NG:106; Group |
clones); wheremn X 18 E or D) and wherein X0 is N or K; and the VL CDR3 comprises the
amino acid sequence QVWDSSNDLLE (SEQ ID NO:71).

In some embodiments, the antibody comprises a heavy chain variable region (VH)
compnsing a VH CDR1; a VH CDRZ; and 3 VH CDR3; wherein: the VH CDRI comprises
the amino acid sequence GY TLTELSMQ (SEQ 1D NG:329); the VH CDR2 comprises the
ammne acid sequence GFDPDDX 10 ETMY AEX 102X 10:QG (SEQ 1D NG:102; Group 1
clones); wherein Xaor 18 B or G; wherein X is K or R; and wherein Xios is For L; the VH
CDR3 1s SPGYDFFDY (SEQ 1D NO:18): wherein the antibody comprises a hght chain
variable region (VL) comprising a VL CDRI, a VL CDR2, and a VL CDR3, wherem: the VL
CDR1 comprises the amino acid sequence TGTSSDVGGYNYVS (SEQ D NG:30): the VL
CDR2 comprises the amine actd sequence X110VSX120RPS (SEQ ID N(:106; Group |
clones); wherein X0 18 E or D; and wherein Xi20 is N or K; and the VL CDR3 comprises the
aming acid sequence QVWDSSNDLLI (SEQ IDNO:71),

In some embodiments, an anti-mutCALR antibody comprises a heavy chain variable
region {VH) comprising a VH CDRY; a VH CDR2; and a VH CDR3; wherein the VH CDR1
comprises the amino acid sequence DYFIH (SEQ 1D NO:2); the VH CDR2 comprises the
aming acid sequence LYDPEDGETIYAEX 0 FQG (SEQ ID NG:107; Group 2 clones),
wherein Xi2; is K or R; the VH CDR3 comprises the amino acid sequence
PGGILTDPDAFDI (SEQ 1D NO:19); wherein the antibody comprises a light chain variable
region (VL) comprising a VL CDRI, a VL CDRZ, and a VL CDR3, wherein the VL CDRI
cormprises the amino acid sequence XinGTX:SDVGGYNX e VS (SEQ 1D NO:108; Group
2 clones), whercin X2 is T or A; wherein Xi2: 15 S or G and wherein X248 Y or H; the VL
CDRZ comprises the amino acid sequence XisVX126X127RPS (SEQ ID NG 109; Group 2
clongs), wherem Xs s D or E; wherein Xus s N or S; and wherein X127 is K or N and the
VL CDR3 comprises the amino acid sequence SSYXizeXi985TX 50XV (SEQ 1D NG 110,
Group 2 clones), wherein Xy is or T, wherein Xio is P or §; wherein Xisois R, P F, or
absent; and wherein Xaz1is Wor Y.

fu some embodiments, an anti-mutCALR antibody comprises a heavy chain variable
region (VH} comprising a VH CDRI; 2 VHCDRZ; and a2 VH CBR3; wherein the VH CDR1
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comprises the amino acid sequence SYAIS (SEQ ID NG:3); the VH CDR2 comprises the
aming acid sequence LYDPEDGETIYAEKFX 132G (SEQ 1D NG:111; Group 3 clones),
wherein X132 is R or Q) the VH CDR3 comprises the amine acid sequence EESYGP (SEQ 1D
N(G:20}); wherein the antibody comprises a light chain variable region (VL) comprising a VL
CDR1, a VL CDR2, and a VL CDR3, wherein the VL CDRI comprises the ammo acid
sequence QASQDISNYLX 3 (SEQ 1D NO: 112, Group 3 clones), X3 is N or D) the VL
CPR2 comprises the amino acid sequence DASNLET (SEQ 1D NO:61); and the VL CDR3
comprises the amino acid sequence QQLNSYPLT (SEQ ID NO:R0).

In some embodiments, an anti-mutCALR antibody comprises a heavy chain variable
region {VH) comprising a VH CDR1; a VH CDRZ; and a VH CDR3; wherein the VH CDRI
comprises the amme acid sequence EX1uSMH (SEQ 1D NO:113; Group 4 clones), wherein
X1 is S or L; the VH CDR2 comprises the amino acid sequence LVDPEDGETIY AQKFQG
(SEQ 1D NO: 14); the VH CDR3 comprises the amino acid sequence EEWSGDGDDAFDIE
(SEGQ 1D NQ:21); wherein the antibody comprises a light chain variable region (VL)
compnsing a VL CDR1, a VL CDR2, and a VL CDR3, wherein the VL CDRI comprises the
aming acid sequence SGSSSNIGSYSVS (SEQ ID NO:46); the VL CDRZ comprises the

amino acid sequence DX13sNKRPS (SEQ 1D NG:114; Group 4 clones), wherein X35 s N or
D; and the VL CDR3 conprises the amino acid sequence GTWDSSLSAWY (SEQ 1D
NG:&.

In some embodiments, an anti-mutCALR antibody comprises a heavy chain variable
region (VH) comprising a VH CDRI; a VH CDR2; and a VH CDR3; wherein: the VH CDRI
comprises the amino acid sequence SYATS (SEQ ID NG:3); the VH CDR2 comprises the
amineo acid sequence GHPIFGTANY AQKFQG (SEQ 1D NO:15); the VH CDR3 comprises
the amino acid sequence SPLRGSGWYWHYYYGMDY (SEQ ID NOG:.22); wherein the
antibody comprises a light chain variable region (VL) comprising a VL CDR1, a VL CDR2,
and a VL CDR3, wherein the VL CDRI comprises the amino acid sequence
GONX 136l X137X0::K X35 VH (SEQ 1D NO:1135; Group 6 clones}), wherein Xise is N or K
wherein Xi37 18 R or G; wherein Xissis A, S, R, or T; and wherein Xise ts Hor 8; the VL
CDR2 comprises the amino acid sequence Xi140DX 141X 102RPS (SEQ 1D NO:116; Group 6
clones), wherein Xiao 1s @ or R: wherein X141 15 8 or R; and wherein Xz is Nor K: and the
VL CDR3 comprises the amino acid sequence QXuasWX1448Xo45TX eV (SEQ 1D NO:117;
Group 6 clones), wherein X3 15 A or V; wherein Xiss 1s I or (&) wherem Xuss 15 S or N; and

wherem Xus1s ¥V, A, or E.
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In some embodiments, an anti-mutCALR antibody comprises a heavy chain vanable
region with the C-terminal lysine removed. In some embodiments, an anti-mutCALR
antthody comprises a heavy chain vanable region comprising an amino acid sequence that
has the three VH CDRs of any anti-mutCALR clone disclosed herein and which has at least
75%, 80%, 83%, 911%, 95%, 96%, 97%, 98%, 99%, or 100% identity to any one of the VH
sequences set forth in Tables 4-5 and a light chain variable region comprising an aming acid
sequense that bas the three VL CDRs of any anti-outCALR clone disclosed berein and which
has at least 75%, 80%, 83%, 90%, 95%, 96%, 97%, 98%, 99%, or 10(9% identity {0 any one
of the VL scquences set forth in Tables 4-5.

in some erabodiments, an anti-mutCALR antibody comprises a heavy chain variable
region comprsing any one of the VH sequences set forth tn Tables 4-5. In some
embodiments, an anti-mutCALR antibody comprises a light chain variable region comprising
anv one of the VL sequences set forth in Tables 4-5 In some embodiments, an anti-
mutCALR antibody comprises a heavy chain variable region comprising any one of the VH
sequences set forth in Tables 4-5 and a light chain vanable region comprising any one of the
VL sequences sct forth in Tables 4-5.

in some embodiments, an anti-nyutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG 165 and a VL comprising the amno acid sequence of
SEQ D NG:264.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NO: 165 and a VL comprising the amino acid sequence of
SEQ ID NG 265,

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NG: 166 and a VL comprising the amino acid sequence of
SEQ D NO:266.

In some embodiments, an anti-nntCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NO: 163 and a VL comprising the amino acid sequence of
SEQ D NG:266,

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NO:165 and a VL comprising the amino acid sequence of
SEQ 1D NG:267.

{n sorae crabodiments, an anti-nntCALR antibody comprises a VH compusing the
ammo acid sequence of SEQ ID NG 165 and a VL comprising the amino acid sequence of
SEQ D NO:268.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NO:165 and a VL comprising the amine acid sequence of
SEQ D NO:269.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG:167 and a VL comprising the amino acid sequence of
SEGQ 1D NG:270.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NO: 165 and a VL comprising the amino acid sequence of
SEQID NG:27L

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the
ammne acid sequence of SEQ 1D NGO 165 and a VL comprising the amine acid sequence of
SEQIDNOG.272.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NO: 168 and a VL comprising the anuino acid sequence of
SEQID NG:273.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
i

amino acid sequence of SEQ 1D NO: 169 and a VL comprising the aming acid sequence of
SEQ D NO:274.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
<

amino acid sequence of SEQ ID NO: 170 and a VL comprising the amino acid sequence of
SEQ IDNG:275.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO:171 and a VL comprising the amino acid sequence of

SEQ 1D NO:27s.

N
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NG 165 and a VL comprising the amino acid sequence of
SEGIDNO.277.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO: 165 and a VL comprising the amino acid sequence of

SEQ ID NO:278.

783
)

in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG 165 and a VL comprising the amino acid sequence of
SEQ IDNO:279.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:165 and a VL comprising the amine acid sequence of
SEQ 1D NO:280.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG:172 and a VL comprising the amino acid sequence of
SEGQID NO:28L

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:165 and a VL comprising the amino acid sequence of
SEQ ID NO:282.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NGO 173 and a VL comprising the amine acid sequence of
SE(Q [DNG:283.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:165 and a VL comprising the anuino acid sequence of
SEQ ID NG:284.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
i

amino acid sequence of SEQ 1D NO: 165 and a VL comprising the aming acid sequence of
SEQ D NO:285.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
<

amino acid sequence of SEQ ID NO:174 and a VL comprising the amino acid sequence of
SEQ ID NG 286

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NG: 165 and a VL comprising the amine acid sequence of

SEQ 1D NO:287.

N
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NG 165 and a VL comprising the amino acid sequence of
SEG ID NO.288.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO: 165 and a VL comprising the amino acid sequence of

SEQ ID NO:289.

783
)

in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG 165 and a VL comprising the amino acid sequence of
SEQ 1D NO:290.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:165 and a VL comprising the amine acid sequence of
SEQ D NO:291.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG: 165 and a VL comprising the amino acid sequence of
SEGQID NG:292.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:175 and a VL comprising the amino acid sequence of
SEQ ID NG:293.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NGO 175 and a VL comprising the amine acid sequence of
SEQ IDNG:294.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:175 and a VL comprising the amino acid sequence of
SEQ ID NG:295.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
i

amino acid sequence of SEQ 1D NG: 175 and a VL comprising the aming acid sequence of
SEQ D NO:29s.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
<

amino acid sequence of SEQ ID NG 176 and a VL comprising the amino acid sequence of
SEQ IDNG:29%4.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO:175 and a VL comprising the amine acid sequence of

SEQ 1D NO:297.

N
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NG 175 and a VL comprising the amino acid sequence of
SEGQ IDNO298.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO:177 and a VL comprising the amino acid sequence of

SEQ ID NG:299.

783
)

in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG:178 and a VL comprising the amino acid sequence of
SEQ 1D NO:300.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:179 and a VL comprising the amine acid sequence of
SEQ D NO:301.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG 180 and a VL comprising the amino acid sequence of
SEGQID NG:30L

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO: 180 and a VL comprising the amino acid sequence of
SEQ ID NG:302.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ ID NGO 181 and a VL comprising the amine acid sequence of
SEQ 1D NOG:303.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO: 182 and a VL comprising the anino acid sequence of
SEQ ID NG:304.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
N

amino acid sequence of SEQ 1D NO: 182 and a VL comprising the aming acid sequence of
SEQ D NO:305.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ 1D NO: 183 and a VL comprising the amino acid sequence of
SEQ ID NG:306.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NG 182 and a VL comprising the amine acid sequence of

SEQ 1D NO:307.

Ny
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NG 182 and a VL comprising the amino acid sequence of
SEG 1D NO:308.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO: 182 and a VL comprising the amino acid sequence of

SEQ ID NG:309.

[983
)

in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG 184 and a VL comprising the amino acid sequence of
SEQ IDNO:310.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:182 and a VL comprising the amine acid sequence of
SEQ IDNO:31L.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG 185 and a VL comprising the amino acid sequence of
SEGIDNG:312.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO: 186 and a VL comprising the amino acid sequence of
SEQ ID NG:313.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NGO 187 and a VL comprising the amine acid sequence of
SEGQ IDNG:314.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO: 188 and a VL comprising the amino acid sequence of
SEQ ID NG:268.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
i

amino acid sequence of SEQ 1D NO: 189 and a VL comprising the amine acid sequence of
SEQ D NO:268.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ ID NG 190 and a VL comprising the amino acid sequence of
SEQ IDNG:268.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NG: 191 and a VL comprising the amine acid sequence of

SEQ 1D NO:268.

N
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID N(: 192 and a VL comprising the amino acid sequence of
SEGQ ID NO.268.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NO:193 and a VL comprising the amino acid sequence of

SEQ ID NO:268.

783
)

in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG: 194 and a VL comprising the amino acid sequence of
SEQ D NO:268.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO: 195 and a VL comprising the amine acid sequence of
SEQ D NO:268.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG 196 and a VL comprising the amino acid sequence of
SEGQ 1D NG:268.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO: 165 and a VL comprising the amino acid sequence of
SEQ ID NGO:313.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NO: 188 and a VL comprising the amine acid sequence of
SEQIDNO31S.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO: 189 and a VL comprising the anuino acid sequence of
SEQID NG:315

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
i

amino acid sequence of SEQ 1D NO: 190 and a VL comprising the amine acid sequence of
SEQ D NO:315.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ ID NG 191 and a VL comprising the amino acid sequence of
SEQIDNG:315

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NG: 192 and a VL comprising the amine acid sequence of

SEQ 1D NO:315.

N
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID N(: 193 and a VL comprising the amino acid sequence of
SEGQIDNO:31s

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO: 194 and a VL comprising the amino acid sequence of

SEQ ID NO:315.

783
)

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG 195 and a VL comprising the amine acid sequence of
SEQ 1D NO:31S.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:196 and a VL comprising the amine acid sequence of
SEQ D NO:31S.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG: 165 and a VL comprising the amino acid sequence of
SEGQID NG 316

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO: 185 and a VL comprising the amino acid sequence of
SEQ ID NG:316.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NGO 189 and a VL comprising the amine acid sequence of
SEQ IDNO:316.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO: 190 and a VL comprising the anuino acid sequence of
SEQIDNG:316

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
N

amino acid sequence of SEQ 1D NG: 191 and a VL comprising the aming acid sequence of
SEQ D NO:31s.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ 1D NO:192 and a VL comprising the amino acid sequence of
SEQIDNG:316

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ 1D NG: 193 and a VL comprising the amine acid sequence of

SEQ ID NO:31s.

Ny
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID N(: 194 and a VL comprising the amino acid sequence of
SEGQ IDNO: 316

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ ID NO: 195 and a VL comprising the amino acid sequence of

SEQ ID NO:31s.

[983
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in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG:196 and a VL comprising the amine acid sequence of
SEQ IDNO:316.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:197 and a VL comprising the amine acid sequence of
SEQ D NO:268.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG 198 and a VL comprising the amino acid sequence of
SEGQ 1D NG:268.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:199 and a VL comprising the amino acid sequence of
SEQ ID NO:268.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

amma acid sequence of SEQ 1D NO:200 and a VL comprising the amimno acid sequence of
SEQ D NG:268.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:201 and a VL comprising the anino acid sequence of
SEQ ID NG:268.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
N

amino acid sequence of SEQ 1D NG: 197 and a VL comprising the aming acid sequence of
SEQ D NO:315.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ ID NG 198 and a VL comprising the amino acid sequence of
SEQIDNG:315

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NG: 199 and a VL comprising the amine acid sequence of

SEQ 1D NO:315.

Ny
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID N(:200 and a VL comprising the amino acid sequence of
SEGQIDNO:31s

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO:201 and a VL comprising the amino acid sequence of

SEQ ID NO:315.

[983
)

in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG:197 and a VL comprising the amino acid sequence of
SEQ IDNO:316.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO: 198 and a VL comprising the amine acid sequence of
SEQ D NO:31s.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG:199 and a VL comprising the amino acid sequence of
SEGQID NG 316

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:200 and a VL comprising the amino acid sequence of
SEQ ID NG:316.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NO:201 and a VL comprising the amine acid sequence of
SEQ IDNO:316.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:170 and a VL comprising the anino acid sequence of
SEQ ID NG:268.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
N

amino acid sequence of SEQ 1D NO:202 and a VL comprising the aming acid sequence of
SEQ D NO:268.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ ID NG:203 and a VL comprising the amino acid sequence of
SEQ IDNG:268.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NG:204 and a VL comprising the amine acid sequence of

SEQ 1D NO:268.

Ny
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID N(:205 and a VL comprising the amino acid sequence of
SEGQ ID NO.268.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO:206 and a VL comprising the amino acid sequence of

SEQ ID NO:268.

[983
)

in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG:207 and a VL comprising the amino acid sequence of
SEQ D NO:268.

A
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:208 and a VL comprising the amine acid seqguence of
SEQ D NO:268.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG:170 and a VL comprising the amino acid sequence of
SEGQID NG:315.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:202 and a VL comprising the amino acid sequence of
SEQ ID NGO:313.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NO:203 and a VL comprising the amine acid sequence of
SEQIDNO31S.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:204 and a VL comprising the anuno acid sequence of
SEQID NG:315

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
i

amino acid sequence of SEQ 1D NO:205 and a VL comprising the aming acid sequence of
SEQ D NO:315.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ 1D NO:206 and a VL comprising the amino acid sequence of
SEQIDNG:315

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ 1D NG:207 and a VL comprising the amine acid sequence of

SEQ 1D NO:315.

N
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID N(:208 and a VL comprising the amino acid sequence of
SEGQIDNO:31s

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO: 170 and a VL comprising the amino acid sequence of

SEQ ID NO:31s.

783
)

in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ) NG:202 and a VL comprising the amino acid sequence of
SEQ IDNO:316.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:203 and a VL comprising the amino acid sequence of
SEQ D NO:31s.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG:204 and a VL comprising the amino acid sequence of
SEGQID NG 316

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:205 and a VL comprising the amino acid sequence of
SEQ ID NG:316.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NO:206 and a VL comprising the amine acid sequence of
SEQ IDNO:316.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:207 and a VL comprising the anuino acid sequence of
SEQIDNG:316

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
N

amino acid sequence of SEQ 1D NO:208 and a VL comprising the aming acid sequence of
SEQ D NO:31s.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ 1D NO: 188 and a VL comprising the amino acid sequence of
SEQ IDNG:277.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NG 189 and a VL comprising the amine acid sequence of

SEQ 1D NG:277.

Ny
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID N(: 190 and a VL comprising the amino acid sequence of
SEGIDNO.277.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO: 191 and a VL comprising the amino acid sequence of

SEQID NG:277.

[983
)

in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG:192 and a VL comprising the amine acid sequence of
SEQIDNQO277.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:193 and a VL comprising the amine acid seguence of
SEQ IDNO:277.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG:194 and a VL comprising the amino acid sequence of
SEGIDNG.277.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:195 and a VL comprising the amino acid sequence of
SEQ ID NG:277.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NGO 196 and a VL comprising the amine acid sequence of
SEQIDNOG.277.

In some embodiments, an anti~-mutCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:165 and a VL comprising the anuino acid sequence of
SEQIDNG:3IT.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
N

amino acid sequence of SEQ 1D NO: 188 and a VL comprising the aming acid sequence of
SEQ D NO:317.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
<

amino acid sequence of SEQ ID NO: 189 and a VL comprising the amino acid sequence of
SEQIDNG:317.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO: 190 and a VL comprising the amino acid sequence of

SEQ 1D NO:317.

Ny
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NG 191 and a VL comprising the amino acid sequence of
SEGIDNO31T.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO:192 and a VL comprising the amino acid sequence of

SEQ ID NO:317.

[983
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in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG:193 and a VL comprising the amino acid sequence of
SEQIDNO:31T.

h
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:194 and a VL comprising the amine acid seqguence of
SEQ D NO:317.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG 195 and a VL comprising the amino acid sequence of
SEGQIDNG:317.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:196 and a VL comprising the amino acid sequence of
SEQ ID NGO:31T.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NGO 197 and a VL comprising the amine acid sequence of
SEQIDNOG.277.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO: 198 and a VL comprising the anuno acid sequence of
SEQID NG:277.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
N

amino acid sequence of SEQ 1D NG: 199 and a VL comprising the aming acid sequence of
SEQ D NO:277.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ ID NG:200 and a VL comprising the amino acid sequence of
SEQ IDNG:277.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NG:201 and a VL comprising the amine acid sequence of

SEQ 1D NG:277.

Ny
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o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
ammo acid sequence of SEQ ID NO: 197 and a VL comprising the amino acid sequence of
SEGIDNO31T.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO: 198 and a VL comprising the amino acid sequence of

SEQ ID NO:317.

[983
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in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG:199 and a VL comprising the amino acid sequence of
SEQIDNO:31T.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:200 and a VL comprising the amine acid sequence of
SEQ D NO:317.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG:201 and a VL comprising the amino acid sequence of
SEGQIDNG:317.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:170 and a VL comprising the amino acid sequence of
SEQ ID NG:277.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NO:202 and a VL comprising the amine acid sequence of
SEQ IDNG:277.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:203 and a VL comprising the anuno acid sequence of
SEQID NG:277.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
N

amino acid sequence of SEQ 1D NO:204 and a VL comprising the aming acid sequence of
SEQ D NO:277.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ 1D NO:205 and a VL comprising the amino acid sequence of
SEQ IDNG:277.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NG:206 and a VL comprising the amine acid sequence of

SEQ 1D NG:277.

Ny
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
ammo acid sequence of SEQ ID N(O:207 and a VL comprising the amino acid sequence of
SEGIDNO.277.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NO:208 and a VL comprising the amino acid sequence of

SEQID NG:277.

[983
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in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG:170 and a VL comprising the amine acid sequence of
SEQIDNO:31T.

h
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

aming acid sequence of SEQ 1D NO:202 and a VL comprising the amine acid sequence of
SEQ D NO:317.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG:203 and a VL comprising the amino acid sequence of
SEGQIDNG:317.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:204 and a VL comprising the amino acid sequence of
SEQ ID NGO:31T.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NO:205 and a VL comprising the amino acid sequence of
SEQIDNO31T.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:206 and a VL comprising the anuino acid sequence of
SEQIDNG:3IT.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
i

amino acid sequence of SEQ 1D NO:207 and a VL comprising the amine acid sequence of
SEQ D NO:317.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ ID NG:208 and a VL comprising the amino acid sequence of
SEQIDNG:317.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ 1D NG: 188 and a VL comprising the amine acid sequence of

SEQ ID NG:279.

N
921

o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID N(: 189 and a VL comprising the amino acid sequence of
SEGQ IDNG.279.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO: 190 and a VL comprising the amino acid sequence of

SEQID NG:279.

783
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in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG 191 and a VL comprising the amine acid sequence of
SEQ IDNO:279.



WO 2023/107994 PCT/US2022/081076

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:192 and a VL comprising the amine acid seqguence of
SEQ D NO:279.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG:193 and a VL comprising the amino acid sequence of
SEGQIDNG:279.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:194 and a VL comprising the amino acid sequence of
SEQ ID NG:279.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NGO 195 and a VL comprising the amine acid sequence of
SEGQ IDNOG:279.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO: 196 and a VL comprising the anino acid sequence of
SEQ ID NG:279.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
N

amino acid sequence of SEQ 1D NO: 165 and a VL comprising the aming acid sequence of
SEQ D NO:318.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ 1D NO: 188 and a VL comprising the amino acid sequence of
SEQID NG

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NG 189 and a VL comprising the amine acid sequence of

SEQ 1D NO:318.

Ny
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o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID N(: 190 and a VL comprising the amino acid sequence of
SEGQ IDNO:318.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO: 191 and a VL comprising the amino acid sequence of

SEQ ID NO:318.

[983
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in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG:192 and a VL comprising the amine acid sequence of
SEQ IDNO:318.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ ID NO:193 and a VL comprising the amine acid seguence of
SEQ D NO:318.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG:194 and a VL comprising the amino acid sequence of
SEGQID NG:318.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the
aming acid sequence of SEQ ID NO:195 and a VL comprising the amino acid sequence of
SEQID NO:318.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the
ammne acid sequence of SEQ 1D NGO 196 and a VL comprising the amine acid sequence of
SEQ D NG:3IS.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NO:197 and a VL comprising the amino acid sequence of
SEQ ID NG:279.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
N

amino acid sequence of SEQ 1D NO: 198 and a VL comprising the aming acid sequence of
SEQ D NO:279.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
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amino acid sequence of SEQ ID NO:199 and a VL comprising the amino acid sequence of
SEQ IDNG:279.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NO:200 and a VL comprising the amine acid sequence of

SEQ ID NG:279.

Ny
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o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
ammo acid sequence of SEQ ID N(O:201 and a VL comprising the amino acid sequence of
SEGQ IDNG.279.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO:197 and a VL comprising the amino acid sequence of

SEQ ID NO:318.

[983
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in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG 198 and a VL comprising the amino acid sequence of
SEQ IDNO:318.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO: 199 and a VL comprising the amine acid sequence of
SEQ D NO:318.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG:200 and a VL comprising the amino acid sequence of
SEGQID NG:318.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:201 and a VL comprising the amino acid sequence of
SEQ ID NGO:318.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NO: 170 and a VL comprising the amine acid sequence of
SEGQ IDNOG:279.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:202 and a VL comprising the anino acid sequence of
SEQ ID NG:279.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
i

amino acid sequence of SEQ 1D NO:203 and a VL comprising the aming acid sequence of
SEQ D NO:279.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
<

amino acid sequence of SEQ ID NG:204 and a VL comprising the amino acid sequence of
SEQ IDNG:279.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ 1D NG:205 and 2 VL comprising the amino acid sequence of

SEQ ID NG:279.

N
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o somoe erobodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID N(:206 and a VL comprising the amino acid sequence of
SEGQ IDNG.279.

In some embodiments, an antt-mutCALR antibody comprises a VH comprising the
amine acid sequence of SEQ ID NO:207 and a VL comprising the amino acid sequence of

SEQID NG:279.

783
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in some embodiments, an anti-mutCALR antibody comprises a VH comprising the
aming acid sequence of SEQ 1D NG:208 and a VL comprising the amino acid sequence of
SEQ IDNO:279.
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In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:170 and a VL comprising the amine acid sequence of
SEQ D NO:318.

In some embodiments, an anti-mtCALR antibody comprises a VH comprising the

5 amino acid sequence of SEQ ID NG:202 and a VL comprising the amino acid sequence of
SEGQID NG:318.

In some embodiments, an anti-mwtCALR antibody comprises a VH comprising the

aming acid sequence of SEQ ID NO:203 and a VL comprising the amino acid sequence of
SEQ ID NGO:318.

10 in some erabodiments, an anti-mutCALR antibody comprises a VH comprising the

ammne acid sequence of SEQ 1D NO:204 and a VL comprising the amine acid sequence of
SEQ D NG:3IS.

In some embodiments, an anti~-mtCALR antibody comprises a VH comprising the

amino acid sequence of SEQ ID NO:205 and a VL comprising the anuino acid sequence of
SEQIDNG:318

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

)
i

amino acid sequence of SEQ 1D N3:206 and a VL comprising the aming acid sequence of
SEQ D NO:318.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the
amino acid sequence of SEQ ID NO:207 and a VL comprising the amino acid sequence of
SEQIDNG:318.

In some embodiments, an anti-mutCALR antibody comprises a VH comprising the

b3
<

amine acid sequence of SEQ 1D NG:208 and a VL comprising the amine acid sequence of

SEQ 1D NO:318.

N
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fn some cmbodiments, an anti-mutCALR antibody comprises a modification which
modulates (e.g., reduces or increases) the Fe region~mediated effector function, such as
complement-dependent cyvtotoxicity (CDC), antibody-dependent celiular cytotoxicity
{ADCC) and antibody-dependent cell phagocytosis (ADCP). Depending on the therapeutic
antibody or Fe fusion protein application, it may be desired to cither reduce or increase the

eifector function.

783
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in certain embodiments, an anti-muwCALR antibody has Fe effector function. In
certain crubodiments, an anti-owtCALR aotibody has enhanced Fe effector function. fn
certamn embodiments, an anti-mutCALR antibody exlubits antibody-dependent cell-mediated
cytotoxieity (ADCC). An anti-nntCALR antibody can be engineered to enhance the ADCC
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activity {for review, see Kubota T er o/, Cancer Sci. 2009;100(9):1566-72). For example,

ADCC activity of an antibody can be improved when the antibody itself has a low ADCC
activity, by shghtly modifving the constant region of the antibody (Junttda TT. ef o/, Cancer
Res. 2010.70(11):4481-9). Changes are sometimes also made to improve storage or

5 production or to remove C-ternunal lysines (Kobota T er af. Cancer Sci. 2009;100(9}.1566-

72}. Another suitable method to tmprove ADCC activity of an antibody is by enzymatically
wterfering with the glycosylation pathway resulting in a reduced fucose (von Horsten HH. ef
al. Glyeobiology. 2010;20(12): 1607-18). Allematively, or additionally, other suitable
methods can be ased to achieve ADCC enhancement, for mstance including glycoengingering

10 {Kyowa Hakko/Biowa, GlycAn (Roche) and Eurcka Therapeutics) and mutagenesis, all of
which seck to tmprove Fo binding to low-affinity activating FoyRIla, and/or to reduce
binding to the low affinity mhibitory FeyRIIb. In certain embodiments, a binding moiety of
the present disclosure exhibits enhanced antibody-dependent cell-mediated cytotoxicity

{ADCC). In certain emboduents, a binding motety of the present disclosure 1s afucosylated.

)
i

In certain embodiments, an anti-mutCALR antibody has reduced Fe effector function.
In certain embodiments, an anti-ondCALR antibody exhubits reduced or substantially no
complement-dependent cytotoxicity {CDC), antibody-dependent cellular cytotoxicity
{ADCC) or antibody-dependent cell phagocytosis (ADCYT). In certain cmboduments, an anti-

mutCALR antibody exhibits reduced or substantially no antibodyv-dependent cell-mediated

b3
<

cytotoxicity (ADCC). Ao anti-mutCALR antibody can be engmeered to reduce effector
function, for exanple ADCC activity, by any suitable method including removal of
glveosylation sites in the Fe region. In certain embodiments, an anti-rontCALR antibody that
has a reduced Fe effector fumction {e.g., a reduced ADCC effector function) comprises an

N297A mutation on the heavy chain.

N
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o some embodiments, an anti-mutCALR antibody is an IgG1 1sotype {e.g., 1gG1,
15032, 1g(3 or 1g(G4). In some embodiments, an anti-mutCALR antibody 15 an IgGl. In some
embodiments, an IgG1, 1gG2, 12G3 or IgG4 anti-mtCALR antibody has Fe-effector
function. In some embodiments, an IgGi, 1eG2, 19G3 or IgG4 anti-mutCALR antibody 15

Fe-effector function null. In some embodiments, an IgG1 anti~outCALR antibody has Fe-

783
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effector function. In some embodiments, an IgG1 anti-mutCALR antibody is Fe-effector
function nuil.

{n sorae instances, the anti-mutCALR antibody 1s an antibody fragment. Fragments of
the antibodies described herein {e.g., Fab, Fab’, F{ab'y:, Fach, and Fv} may be prepared by
proteolytic digestion of intact antibodies. For example, antibody fragnients can be obtammed
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by treating the whole antibody with an enzyme such as papain, pepsin, or plasnun or the
FabRICATOR® {1deS) recombinant enzyme {Genovis AB) that digests IgG antibodies to
produce a homogeneous pool of F(ab')2 and Fe/Z fragments. Papain digestion of whole
antibodies produces Flab)z or Fab fragments; pepsin digestion of whole antibodies yields
Fab'y2 or Fab'; and plasmin digestion of whole antibodies yiclds Fach fragments.

Alternatively, antibody fragments can be produced recombinantly. For example,
nucleie acids encoding the antibody fragments of jnterest can be constructed, introduced wdo
an expression vector, and expressed in suitable host cells. See, e.g., Co, M.S. etal, I
Immunol., 152:2968-2976 (1994}); Better, M. and Horwitz, A H., Methods in Enzymology,
178:476-496 (1989); Plueckthun, A and Skerra, A., Methods in Enzymology, 178:476-496
{1989); Lamoyi, E., Methods m Enzymology, 121:652-663 (1989); Rousseaux, . etal,
Methods in Enzymology, {1989) 121:663-669 (1989); and Bird, R.E. et al,, TIBTECH,
§:132-137 (19913}, Antibody fragments can be expressed in and secreted from E. coli, thus
allowing the facile production of large amounts of these fragments. Anuibody fragments can
be isolated from the antibody phage libraries. Alternatively, Fab'-SH fragments can be
directly recovered from K. coli and chemically coupled to form F{ab), fragments {Carter ot
al., Bio/Technology, 10:163-167 (1992}). According to another approach, Flaby: fragments
can be isolated directly from recombinant host cell culture. Fab and F{ab'): fragment with
mcreased 10 vivo half-life comprising a salvage receptor binding epitope residues are
described in U.S. Pat. No. 5,869,046,

In some jnstances, the anti-mutCALR antibody is a mimsbody. Minibodies of anti-
mutCALR anubodies include diabodies, single chain (scFv), and single-chaim (Fv)z (se(Fviz).

A “diabody” is a bivalent mimbody constructed by gene fusion (see, e.g., Holliger, P.
ctal, Proc. Natl. Acad. Sci. U. . A, 90:6444-6448 (1993): EP 404,097, WO 93/11161).
Diabodies are dimers composed of two polypeptide chains. The VL and VH domamn of each
polypeptide chain of the diabody are bound by linkers. The number of amino acid residues
that constitute a linker can be between 2 to 12 residues {e.g., 3-10 residues or five or about
five residues). The hinkers of the polypeptides in a diabody are typically too short to allow the
VL and VH to bind to each other. Thus, the VL and VH encoded in the same polypeptide
chain cannot form a single-chain variable region fragment, but instead form a dimer with a
different single~-chain variable region fragment. As a reselt, a diabody has two antigen-
bindmg sites.

An scFv 1s a single-chain polypeptide antibody obtained by linking the VH and VL
with a linker {see, e.g., Huston ¢t al, Proc. Natl. Acad. Sci. U. S, A, 85:5879-5883 {1988);
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and Phickthun, “The Pharmacology of Monoclonal Antibodies” Vol 113, Ed Resenburg and
Moore, Springer Verlag, New York, pp.269-315, (1994}). The order of VHs and Vis to be
tinked is not particularly linuted, and they may be arranged mn any order. Examples of
arrangements include: [VH] hnker [VL] or [VL] linker [VH]. The heavy chain vanable

5 domain and light chain variable domaim in an scFv may be derived from any anti-mntCALR
antibody described herein.

An se(Fv) is a mauubody in which two VHs and two Vs are linked by a linker to
form a single cham (Hudson, et al., I Tnmunol. Methods, (1999} 231; 177-189 (19993). An
sc{Fviz2 can be prepared, for example, by connecting scFvs with a hoker. The sc(Fv)z of the

10 present invention include antibodies preferably in which two VHs and two VLs are arranged
i the order off VH, VL, VH, and VL ({VH] linker [VL] linker [VH] linker [VL}), beginning
from the N terminus of a single-chain polyvpeptide; however the order of the two VHs and
two Vs is not limited to the above arrangement, and they may be arranged inn any order.

In some instances, the anti-ountCALR antibody is a bispecific antibody. Bispecific

)
i

antibodies are anfibodies that have binding specificitics for at least two different epitopes.
Exemplary bispecific antibodics may bind to two different epitopes of the mutCALR protein.
Other such antibodies may combine a mutCALR binding site with a binding site for another
antigen. Bispecific antibodics can be prepared as full length antibodies or low molecular

weight forms thereof {e.g., F{ab"): bispecific antibodies, sc(Fv} bispecific antibodies,

b3
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diabody bispecific antibodies).

Traditional production of full fength bispecific antibodics is based on the co-
expression of two immunoglobulin heavy cham-light chain pairs, where the two chamns have
different specificities (Millstein et al., Natare, 305:537-539 (1983)). In a different approach,

antibody variable domains with the desired binding specificities are fused to tmmunoglobulin

N
921

constant domain sequences. DDNAs encoding the tmmunoglobulin heavy chain fusions and, if
desired, the immunoglobulin light cham, are inserted into separate expression vectors, and are
co-transfected into a suitable host cell. This provides for greater flexibility in adjusting the
proportions of the three polypeptide fragments. It 1s, however, possible to mnsert the coding

sequences for two or all three polypeptide chains into a single expression vector when the

783
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expression of af least two polypeptide chaims m equal ratios results in high yields.
According to another approach described in U.S. Pat. No. 3,731,168, the interface
between a pair of antibody molecules can be engineered 1o maximize the percentage of
heterodimers that are recovered from recombinant cell culture. The preferred interface
comprises at least a part of the CH3 domain. In this method, one or more small amino acid
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side chans from the mterface of the first antibody molecule are replaced with larger side
chains {e.g., tyrosine or tryptophan}. Compensatory “cavities” of wdentical or similar size to
the large side chain{s) are created on the interface of the second antibody molecule by
replacing large amino acid side chains with smaller ones (e.g., alamine or threonine}. This
provides a mechanism for increasing the vield of the heterodimer over other unwanted end-
products such as homodimers.

Bispecific antibodics mnclude cross-linked or “heterocomugate” antibodies. For
example, one of the antibodies i the heteroconjugate can be coupled to avidin, the other to
biotin. Heteroconjugate antibodies may be made using any convenient cross-linking
methods.

The “diabody™ technology provides an alternative mechanism for making bispecific
antitbody fragments. The fragments comprise a VH connected to a VL by a hinker which is
too short to allow pairing between the two domains on the same chaim. Accordingly, the VH
and VL domains of one fragment are forced to pair with the complementary VL and VH
domains of another fragment, thereby formung two antigen-binding sites.

In certain embodiments, the bispecific anti-matCALR antibody is a biparatopic
antibody A biparatopic antibody is antibody which recognizes two non-identical epitopes
{overlapping or non-overlapping epitopes) on the same target antigen {e.g., the C-termunal of
mutCALR domain). A biparatopic anti-mutCALR antibody can comprise two
immunoglobulin heavy chain-light chain pairs or one immunoglobulin heavy chain-light
chain pair. In some embodiments, a biparatopic anti-outCALR antibody comprises one
immumoglobulin heavy-chain-light chain pair. In some embodiments, a biparatopic anti-
mutCALR antibody is a full-length antibody comprising one immunoglobulin heavy-chain-
light chain pair.

o some nstances, the anti-mutCALR antibody is a multivalent antibody. A
multivalent antibody may be mtemalized (and/or catabolized) faster than a bivalent antibody
by a cell expressing an antigen o which the anttbodies bind. The antibodies describe herein
can be multivalent antibodies with three or more antigen binding sites {e.g., tetravalent
antibodies), which can be readily produced by recombinant expression of nucleic acid
encoding the polypeptide chains of the antibody. The multivalent antibody can comprise a
dimerization domain and three or more antigen binding sites. Ao exemplary dimerization
domain comprises {or constists of} an Fe region or a hinge region. A multivalent antibody can
comprise {or consist of} three to about eight {(e. 2., four) antigen binding sites. The multivalent
antibody optionally comprises at least one polypeptide chain {(e.g., at least two polypeptide
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chains}, wherein the polypeptide chain{s} comprise two or more variable domains, For
instance, the polypeptide chain(s} may comprise VB I-{X 13- VE-(Xo}e-Fe, wherein VD1 is a
furst variable domaim, VD2 1s a second variable domain, Fe is a polypeptide chain of an Fc
region, X | and X2 represent an amino acid or peptide spacer, and nis G or 1.

In some instances, the anti-mutCALR antibody is a conjugated antibody. The
antibodies disclosed herein may be conjugated antibodies, which are bound to various
molecules mchuding macromolecular substances such as polvmers {e. 2., polvethylene glyeol
(PEG), polyethylenimine (PED) modificd with PEG (PEI-PEG), polyglutamic acid (PGA) (N-
(2-Hydroxypropvl} methacrytamide (HPMA} copolymers}, hvaluronic acid, radioactive
materials {e.g., °"Y, 'D). fluorescent substances, luminescent substances, haptens, enzymes,
metal chelates, drugs, and toxins {e.g., calchcamicin, Pseudomonas exotoxin A, ricin {e. 2.,
deglycosylated ricin A chain) and avristatins {e. 2., auristatin E or auristatin F)).

In one embodiment, to tmprove the cytotoxic actions of anti-mutCALR antibodics and
consequently their therapeutic effectiveness, the antibodies are conjugated with highly toxic
substances, including radicisotopes and cytotoxic agents. These conjugates can deliver a
toxic load selectively to the target site (i.e., cells expressing the antigen recognized by the
antibody) while cells that are not recognized by the antibody are spared. In order to minimize
toxicity, conjugates are generally enginecred based on molecules with a short serum half-life
{thus, the use of murine sequences, and IgG3 or Ig(G4 isotypes).

In certain embodiments, an anti-mutCALR antibody is modified with a moisty that
improves its stabilization and/or retention 1 circulation, e.2., in blood, serum, or other
tissues, e.g., by at feast 1.3, 2, 5, 10, or 50 fold. For example, the anti-mutCALR antibody can
be associated with (e.g., conjugated to) a polymer, e.g., a substantially non-antigenic
polymer, such as a polvalkylene oxide or a polyethviene oxide. Suitable polymers will vary
substantially by weight. Polvmers having molecular number average weights ranging from
about 200 to about 35,000 Daltons {or about 1,000 to about 15,004, and 2,000 to about
12,500} can be used. For example, the anti-mutCALR antibody can be conjugated to a water
soluble polymer, e.g.. a hydrophilic polyvinyi polymer, e ., polyvinylalcobol or
polyvinvipyrrolidone. Examples of such polymers include polyalkylene oxide homopolymers
such as polvethylene glyeol {PEG) or polvpropylene glycols, polyoxyethylenated polyols,
copolymers thereof and block copolymers thereof, provided that the water solubility of the
black copolymers 1s maintained. Additional useful polymers include polyoxyalkylenes such

as polvoxvethvlene, polvoxvpropylene, and block copolymers of polvoxvethylene and
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polvoxypropviene; polymethacrylates; carbomers; and branched or unbranched
polysaccharides.
The above-described conjugated antibodies can be prepared by performing chemucal
modifications on the antibodies, respectively, or the lower molecular weight forms thereof
5 described herein. Methods for modifymg antibodies are well known in the art (see, e.g., US

5,057,313 and US 5,156,840).

Methods of Producing Antibodies
Antibodies may be produced in bacterial or sukarvotic cells. Some antibodies, e.g.,

10 Fabs, can be produced in bacterial colis, e.g., £ coli cells. Antibodies can also be produced in
cukaryotic cells such as transformed cell lines (e.g., CHO, 293E, COS}. In addition,
antibodies (e.g., scFvs} can be expressed in a yeast cell such as Pichio (see, e.g., Powers et
al, § Imonunol Methods. 251:123-35 (2001}, Hansenula, or Saccharomyces. To produce the

antibody of mitcrest, a polyoucleotide encoding the antibody is constmcted, midroduced o an

)
i

expression vector, and then expressed in suitable host cells. Standard molecular biology
techniques are used to prepare the recombinant expression vector, transfect the host cells,
select for transformants, culture the host cells and recover the antibody.

{f the antibody 15 to be cxpressed in bacterial cells {e. g, £, coli}, the expression vector
should have characteristics that permit amplification of the vector in the bacterial cells.

Additionally, when &. coli such as IM109, DHS5¢, HB101, or XL 1-Bhue is used as a host, the

b3
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vector must have a promoter, for example, a lacZ promoter {Ward et al,, 341:5344~346 (1989),
araB promoter (Better et al., Science, 240:1041-1043 (1988)), or T7 promoter that can allow
cfficient expression in . coli. Examples of such vectors include, for example, M13-scries

vectors, pUC-series vectors, pBR322, pBluescript, pCR-Script, pGEX-5X-1 {(Pharmacia),

N
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“QlAexpress system” {QIAGEN), pEGFP, and pET (when this expression vector is used, the
host 1s preferably BL21 expressing T7 RNA polymerase). The expression vector may contain
a signal sequence for antibody secretion. For production into the periplasm of £ coli, the
pelB signal sequence (Let et al | I, Bacteriol,, 169:4379 (1987} may be used as the signal

sequence for antibody secretion. For bacterial expression, calciam chlonde methods or

783
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electroporation methods may be used to introduce the expression vector into the bactenal
cell.

{f the antibody 15 to be cxpressed m animal cells such as CHO, COS, and NIH3T3
cells, the expression vector includes a promoter necessary for expression in these cells, for
example, an SV40 promoter (Mulligan et al., Natare, 277:108 (1879)), MMLV-LTR
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promoter, EF la promoter (Mizushima et al., Nucleic Acids Res., 18:53322 (1990}, or UMV
promoter. In addition to the nucleic acid sequence encoding the immuonoglobulin or domain
thereof, the recombinant ¢xpression vectors may carry additional sequences, such as
sequences that regulate replication of the vector in host cells {e. g, ongins of replication) and
5 selectable marker genes. The selectable marker gene facilitates selection of host cells into
which the vector has been introduced {see, e.g.. U.S. Pat. Nos. 4,399,216, 4,634,665 and
5,179,017}, For example, typically the selectable marker gene confers resistance to drugs,
such as G418, hyvgromyein, or methotrexate, on a host cell into which the vector has been
mtroduced. Exampies of vectors with selectable markers include pMAM, pDR2, pBK-RSY,
10 pBK-CMV, pUOPRSY, and pOP13.

{o one embodiment, antibodics are produced in maromalian cells. Exemplary
mammalian host cells for expressing an antibody mchide Chinese Hamster Ovary (CHO
cells) (including dhfe- CHO cells, described 1n Urlaub and Chasin (19803 Proc. Natl. Acad.
Sci. USA 77:4216-4229, used with a DHFR sclectable marker, e.g., as described 1n Kavtiman

and Sharp (1982) Mol. Biol. 159:601 621), human embrvonic kidney 293 cells {e.g., 293,

)
5ol

293E, 293T), COS cells, NIH3T3 cells, lvmphocytic cell lines, e.g., NSO myeloma cells and
SP2 cells, and a cell from a transgenic animal, e.g., a transgenic mammal. For example. the
cell is a mammary epithelial cell.

In an exemplary svstem for antibody expression, a recombinant expression vector

b3
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encoding both the antibody heavy chain and the antibody light chain of an anti-nutCALR
antibody s mtroduced into dhfr— CHO cells by calcium phosphate-mediated transfection.
Within the recombinant expression vector, the antibody heavy and light chain genes are cach
operatively linked to enhancer/promoter regulatory elements {e.g., derived from SV4Q, CMV,

adenovirus and the iike, such as a CMV enhancer/AAMLP promoter regulatory element or an

N
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SV40 enhancer/ AAMLP promoter regulatory element) to drive high levels of transcription of
the genes. The recombinant expression vector also carries a DHFR gene, which allows for
selection of CHO cells that have been transfected with the vector using methotrexate
selection/amplification. The selected transformant host cells are cultured to allow for
expression of the antibody heavy and light chains and the antibody is recovered from the

culture medm.

783
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Antibodies can also be produced by a transgenic animal. For example, U.S. Pat. No.
5,849,992 describes a method of expressing an antibody i the mammary gland of a
transgenic mammal. A transgene is constructed that includes a milk-specific promoter and
nucleic acids encoding the antibody of imterest and a signal sequence for seeretion. The milk
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produced by females of such transgenic mammals includes, secreted-therein, the antibody of
interest. The antibody can be purified from the sulk, or for some applications, used directly.
Animals are also provided comprising one or more of the nucleic acids described herein.

¢ antibodies of the present disclosure can be isolated from inside or outside (such
as from the mediam) of the host cell and purified as substantially pure and homogenous
antibodies. Methods for isolation and purification commonly used for antibody purification
may be used for the isolation and purification of antibodies, and are not lunited to any
particular method. Antibodies may be isolated and punified by appropriately selecting and
combining, for example, cohmn chromatography, filtration, ultrafiltration, salting out,
solvent precipitation, solvent extraction, distillation, immunoprecipitation, SDS-
polyacrylamide gel electrophoresis, 1soclectric focusing, dialvsis, and recrystallization.
Chromatography includes, for example, affimity chromatography, ion exchange
chromatography, hydrophobic chromatography, gel filtration, reverse-phase chromatography,
and adsorption chromatography {Strategies for Protein Punfication and Characterization: A
Laboratory Course Manual. Ed Daniel R, Marshak et al., Cold Spring Harbor Laboratory
Press, 1996}, Chromatography can be carried out using liquid phase chromatography such ag
HPLC and FPLC. Columus used for affinity chromatography include protein A column and
protein G column. Examples of columns using protein A colunn include Hyper D, POROS,
and Sepharose FF {GE Healthcare Biosciences). The present disclosure also includes

antibodies that are highly purified using these purnification methods.

Polynuclestides, Expression Vecetors, and Cells

The disclosure also provides polynucleotides and vectors encoding an anti-motCALR
antibody or portion thereof {e.g., VH, VL, HC, or LT} described herein. The polynucieotides
of the disclosure can be in the form of RNA or in the form of DNA . In some mstances, the
polynucleotide 1s DNA. In some instances, the polynucleotide is complementary DNA
{(cDNA). In some instances, the polvnucleotide is RNA . In some embodiments, a
polynucleotide described herein is isolated. In some embodiments, a polyvnucicotide described
herein 1s punified.

In some instances, the polyvnaclestide encodes a VH comprising the VH CDR1, VH
CDR2, and VH CDR3 of any antibody described herein {see, e.g., Tables 1-5}. In some
mstances, the polynucleotide encodes a VL comprising the VL CDRI, VL CDRZ, and VL
CDR3 of any antibody described herein {sce, 2.g., Tables 1-8). In some instances, the

polymucleotide encodes a heavy chain comprising a VH comprising the VH CDR1I, VH
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CDR2, and VH CBR3 of any antibody described berein (see, e.g., Tables 1-5). In some
instances, the polyvnucleotide encodes a light chain comprising a VL comprising the VL
CDRI, VL CDRZ, and VL CDR3 of any antibody described herein {see, e.g., Tables 1-5}). In
some instances, the polyvnucleotide 1s operably linked to a promoter.

In some instances, the polymucleotide comprises: {1) a first nucleic acid sequence
encoding a first polypeptide, wherein the first polypeptide comprises a VH comprising the
VH CDRI, VH CDR2, and VH CDR3 of any antibody described herein (see, e.g., Tables 1-
5y, and (11) a second nucleic acid sequence encoding a second polvpeptide, wherein the
second polypeptide comprises a VL comprising the VL CDRI, VL CDR2, and VL CDR3 of
any antibody described herein {see, e.g., Tables 1-5). In some instances, the polynucleotide
comprises: (1) a furst nucleic acid sequence encoding a first polypeptide, wherein the fust
polypeptide comprises a heavy chain comprising a VH comprising the VH CDR1, VH
CDRZ, and VH CBR3 of any antibody described herein (sce, e g, Tables 1-5); and (i} a
second nucleic acid sequence encoding a second polypeptide, wherein the second polypepuide
comprises a light chain comprising a VL comprising the VL CDR1Y, VL CDR2, and VL
CDR3 of any anttbody described herein (see, e.g., Tables 1-5). In some instances, the first
nucleic acid is operably linked to a first promoter and the second nucleic acid is operably
linked to a second promoter.

In some instances, the polynucleotide encodes a VH descnibed herein (see, e.g.,
Tables 4-5) or a variant thereof. In some instances, the polynucleotide encodes a polypeptide
comprising an amino acid sequence having at least 809, at least 83%, at least 90%, at least
95%, at least 97%, or 100% identity to the amino acid sequence set forth m any one of SEQ
1D NOs:165-208. In some instances, the polynuclectide encodes a polypeptide comprising an
amino acid sequence having one ormore {e.g., 1,2, 3,4, 5, 6,7, &, 9, 1) amino acid
substitutions, additions, and/or deletions relative to the amino acid sequence set forth in any
one of SEQ 1D NOs:165-208. In some instances, the polynucleotide encodes a polvpeptide
comprising the aming acid sequenae set forth in any one of SEQ ID NOs: 165-208 In some
nstances, the polynucleotide is operably linked to a promoter.

In some mstances, the polynucleotide encodes a VL desenibed heren (see, e g,
Tables 4-8) or a variant thereof. In some instances, the polynucleotide encodes a polypeptide
comprising an amino acid sequence having at feast 80%, at least 83%, at least 90%, at least
95%, at least 97%, or 160% identity to the anmino acid sequence st forth in any one of SEQ
1D NOs:264-318. In some mstances, the polynucleotide encodes a polvpeptide comprising an
amino acid sequence having one ormore {e.g., 1,2,3,4,5,6,7, 8, 9, 10} amino acid
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substitutions, additions, and/or deletions relative to the amno acid sequence set forth in any
ong of SEQ ID NQOs:264-318. In some instances, the polynucleotide encodes a polypeptide
comprising the amino acid sequence set forth in any one of SEQ 1D NOs:264-318. In some
mstances, the polynucieotide is operably hinked to a promoter.

In some instances, the polymucleotide comprises: (i} a first nucleic acid encoding a
first polvpeptide, wherein the first polypeptide comprises a VH described hercin (see, e.g.,
Tables 4-5) or a variant thereof. and (it} a second nucleic acid encoding a second
polypeptide, wherein the second polypeptide comprises a VL described herein (see, e.g.,
Tables 4-8) or a vartant thereof. In some instances, the polyvnucieotide comprises: (i) a first
nucleic acid sequence encoding a first polypeptide, wherein the first polypeptide comprises
an arino acid sequence having at least 80%, at least 85%, at least 90%, at least 95%, at least
57%, or 100% identity to the amino acid sequence set forth in any one of SEQ ID NQGs:165-
208, and (i1} a second nucleic acid sequence encoding a second polypeptide, wherein the
second polypeptide comprises an amino acid sequence having at least 80%, at least 85%, at
least 90%, at least 95%, at least 97%, or 100% identity to the anuno acid sequence set forth n
any one of SEQ D N(s:264-318. In some instances, the polvnucieotide comprises: (1) a first
nucleic acid sequence encoding a first polypeptide, wherein the first polvpeptide comprises
an amino acid sequence having one or more {e.g, 1,2, 3,4, 5, 6,7, 8, 9, 10} amino acid
substitutions, additions, and/or deletions relative to the amine acid sequence set forth in any
one of SEQ 1D NOs: 165-208; and {11} a second nucleic acid sequence encoding a second
polypeptide, wherein the second polypeptide comprises an amino acid sequence having one
ormore{e.g., 1,2, 3,4,5, 6,7, 8 9, 10) anmino acid substitutions, additions, and/or deletions
relative to the amino acid sequence set forth in any one of SEQ 1D N(s:264-318. In some
mstances, the first nucleic acid encodes the amine acid sequence set forth in any one of SEQ
1D NOs: 165-208 and the second nucleic acid encodes the amimno acid sequence set forth in
any one of SEQ ID NOs:264-318. In some mstances, the first nucleic acid is operably hinked
to a first promoter and the second nucleic acid is operably linked to a second promoter.

Also provided herein are expression vectors encoding the anti-owtCALR antibodics
or portions thereof {e.g., VH, VL, HC, and/or LC) described berein. Also provided herein are
expression vectors comprising one or more polyvnocleotides deseribed herein. Various tvpes
of cxpression vectors are known 1o the art and described herein.

Also provided herein are cells comprising the anti-mtCALR antibodies described

herein. Also provided herein are cells comprising one or more polynucleotides described
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herein. Also provided herein are cells comprising one or more expression vectors described

herein. Various tvpes of cells are known in the art and described herein.

Indications
5 The anti-mutCALR antibodies of the present disclosure can inhibit the activity of

mutCALR, inhibit the activity of one or more signaling pathways downstream of MPL,

iohibit oncogenic cell proliferation, tiubit dimenzation of MPL, compete with MPL for

binding to mutCALR, or a combination thercof.

As used herein, an anti-mutCALR antibody that competes with MPL for binding to

10 outCALR means that the anti-mutCALR antibody binds to mutCALR with a greater affinity
than MPL. In some embodiments, the anti-ountCALR antibody binds to mutCALR with about
10-fold, 50-fold, 100-fold, 500-fold or 1000-fold greater affinity than MPL. In some
embodiments, the anti-mtCALR antibody binds to mutCALR with an 1Cse of about 10-fold,
53-fold, 100-fold, 500-fold or 1000-fold less than MPL. In some embodiments, the anti-
mutCALR antibody binds to mutCALR with an 1Cso of between about 0.1 and I nM. In

)
i

some embodiments, the anti-mutCALR antibody binds to matCALR with an ICse of about
C.inM, 02 oM, 03 aM, 04nM, 05 aM, 0.6nM, 0.7 a0M, 0.8 oM, 0.9 nMor I nM.
Accordingly, the antibodies or compositions described herein can be used in methods

of inhibiting activity of mutCALR, inhibiting the activity of one or more signaling pathways

b3
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downstream of MPL. inhibiting oncogenic cell proliferation, inhibiting dimerization of MPL,

inhibit the binding of MPL to mutCALR, or a combination thercof in an ndividual/paticnt in

need of the inhibition by administering an effective amount of an antibody described herein.
Non-limiting examples of signaling pathways downstream of MPL include Jamus

tyrosine kinase {(JAK) and signal transducers and activators of transcription (STAT)Y

N
921

signaling, mitogen-~-activated protein kinase (MEK) and extraceliular signal-regulated kinase
(ERK} signaling, serine/threonine kinase (AKT) signaling, and mammalian target of
rapamycin {mTOR) signaling.

Another aspect of the present disclosure pertains to methods of treating a mutCALR-

associated disease or disorder n an individual {e.g., patient) by admmistering to the

783
)

mdividual in need of such treatment a therapeutically effective amount or dose of one or
more antibodies of the present disclosure or a pharmaceutical composition thereof A
mutCALR-associated disease or disorder can include any disease, disorder or condition that

1s directly or imndirectly linked to expression or activity of matCALR.
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Another aspect of the present disclosure pertains to methods of treating a
myeloproliferative neoplasm in an individual {e.g., patient) by administering to the individual
m need of such treatment a therapeutically effective amount or dose of one or more
antibodies of the present disclosure or a pharmaceuatical composition thereof.

Non-limiting examples of a myeloproliferative neoplasm include chronie
myelogenous foukenya, polycythemia vera, primary myelofibrosis, essential
thrombocyvthemia, chronie neutrophilic leukemia, acute moyelogenus leukemia, chronic
cosmophilic leukemia, chronic myelomonocytic leukemia, myeloproliferative neoplasm and
myelodysplastic syndrome, including myelodysplastic syndrome with refractory anacmia
with ring sideroblasts, myelodysplastic syndrome with refractory anemia, and
myeloadysplastic svadrome with refractory ancmia with excess blasts.

Anti-mutCALR antibodies disclosed herein can be used to treat, alone or in
combination with other therapies, a mycloproliferative neoplasm. or can be used, alone orin
combination with other therapies, for the manufacture of a medicament for the freatment of a
myveloproliferative neoplasm. Non-limiting examples of other therapies include a JAK
nhibitor {e.g., ruxoclitintb, itaticinib}, a PI3K inhibitor {e.g., parsaclisih), a standard of care
therapy {e.g.. IFN-alpha, hydroxyurea, thalidomide, lenalidomide, an androgen, an
cryvthropoietin-stimulating agent, a chemotherapeutic agent), or a combination thereof,

Non-limiting examples of JAK inhibitors for use as described herein are provided in
U.S. Pat No. 7,335,667, U.S. Pat. No. 9,359,358, U.S. Pat. No. 8,691,807, U.S. Pat. No.
9,181,271 and U.S. Pat. No. 9,034,884, cach of which s incorporated herein by reference in
its entirety.

Non-limiting examples of PI3K inhibitors for use as described herein are provided in
U.S. Pat. No. 9,108,984, U.S. Pat. No. 9,062,035, U.S. Pat. No. 8,759,359; and U S, Pat. No.
©.434.746, cach of which 13 incorporated hercin by reference in its entirety.

The terms “mdividual” or “patient” or “subject”, used interchangeably, refer to any
animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs, cats, swine,
cattle, sheep, horses, or primates, and most preferably humans (7.e., a human subject).

The phrase “therapeutically effective amount” refers o the amount of active antibody
or pharmaceutical agent that elicits the biological or medicinal response in a tissue, system,
animal, individual or human that is being sought by a researcher, veterinarian, medical doctor
or other clinician.

As used herein, the term “treating” or “treatment” refers to one or more of (1)

mhibiting the disease; e.g., inhibiting a disease, condition or disorder in an individual who is

~~4
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experiencing or displaying the pathology or symptomatology of the disease, condition or
disorder {i.e., arresting further development of the pathology and/or symptomatology}; and
(2) amchorating the discase; ¢. g, amchiorating a discase, condition or disorder in an
mdividual who is expenencing or displaving the pathology or sympiomatology of the disease,
condition or disorder {i.e., reversing the pathology and/or svmptomatology) such as
decreasing the severity of disease.

In some embodiments, the antibodies of the invention are useful in preventing or
reducing the nisk of developing any of the diseases referred to herem; e.g., preventing or
reducing the risk of developing a disease, condition or disorder in an individual who may be
predisposed to the disease, condition or disorder but does not yet experience or dispiay the

pathology or symptomatology of the discase.

Pharmaceutical Compositions

Axn antt-mutCALR antibody described herein can be formulated as a phamaceutical
composition for administration to a subject, e.g., to treat a disease or disorder deseribed
herein. Typically, a pharmaceutical composition inchudes a pharmacewtically acceptable
carrier. As used herein, “pharmaceutically acceptable carrier” includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like that are physiologically compatible. The composition can
include a pharmaceutically acceptable salt, e.g., an acid addition salt or a base addition salt
(sce, e.z., Berge, S M., et al. (1977} I Pharm. Sci. 66:1-19).

Pharmaceutical formulation is a well-established art, and 1s further deseribed, e g, in
Gennaro {ed.), Remington: The Science and Practice of Phanmacy, 20® ed., Lippincott,
Williams & Wilking (2000} (ISBN: 0683306472}, Ansel ¢t al., Pharmaceutical Dosage Forms
and Drug Delivery Systems, 7th Ed., Lippincott Williams & Witkins Publishers (1999)
(ISBN: 0683305727); and Kibbe {ed ), Handbook of Pharmaceutical Excipients American
Pharmaceutical Association, 3rd ed. (2000) (ISBN: 091733096X.

The pharmaceutical compositions may be in a variety of forms. These include, for
exarple, Hauid, semi-solid and solid dosage forms, such as hgund solutions {(e.g., njectable
and infusible solutions), dispersions or suspensions, tablets, pills, powders, liposomes and
suppositories. The preferred form can depend on the intended mode of administration and
therapeutic application. Typically compositions for the agents described herein are 1n the

form of injectable or infumble solutions.
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The phammaceutical compositions may be i a variety of forms. These include, for
examyple, Hguid, semi-solid and solid dosage forms, such as liguad solations (e.g., injectable
and infusible solutions), dispersions or suspensions, and liposomes. A suitable form can
depend on the mtended mode of administration and therapeutic application. Typically
compositions for the agents described herein are in the form of njectable or infusible
solutions.

The composition can be formulated as a solution, nucrocmulsion, dispersion,
liposome, or other ordered structure switable for stable storage at high concentration or as a
Ivophilized preparation. Sterile injectable solutions can be prepared by incorporating an anti-
mutCALR antibody described herein in the required amount 1 an appropriate solvent with
one or a combination of mgredients erumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incorporating an agent described herein
into a sterile vehicie that contains a basic dispersion medium and the required other
mgredients from those coumerated above. In the case of sterile powders for the preparation of
sterile njectable solutions, the preferred methods of preparation are vacuum drying and
freeze drying that yield a powder of an agent described herein plus any additional desired
mgredient from a previously sterile-filicred solution thereof. Prolonged absorption of
injectable compositions can be brought about by mcluding in the composition an agent that
delays absorption, for example, monostearate salts.

The anti-mwtCALR antibodies can also be formulated as liposomes prepared by any
surtable method known 1o the art.

Pharmaceutical compositions formulated for subcutancous admmistration may be
suitable in some circomstances because the subject can self-administer the pharmaceutical
composition. Pharmaceutical formulations for subcutancous administration can further
coraprise protein formulations comprising arginine~-HC, histidine, and/or polysorbate, which
may confer increased potency, improved serum halfHlife, or enhanced solubility 1o the anti-

mutCALR antibodies.

Administration

The antt-mutCALR antibody can be adminisiered to a subject, e.g., a subject in need
thereof, for example, a human subject, by a variety of methods. For many applications, the
routc of administration can be mtravenous injection or infusion (1Y), subcutancous ijection

{5C), intraperitoneally (IP), or intramuscular injection.
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The route and/or mode of adounistration of the antibody can also be talored for the
individeal case, e.g., by monitoring the subject, €. 2., asing tomographic imaging, e.g., o
visualize a tumor.

The anti-mutCALR antibody can be admunistered as a fixed dose, or n a mg/kg
patient weight dose. The dose can also be chosen to reduce or avoid production of antibodies
agatnst the anti-ontCALR antibody. Dosage regimens are adjusted to provide the desired
respouse, .., a therapeutic response or a combinatorial therapeutic effect. Generally, doses
of the anti-mutCALR antibody {and optionally a second agent} can be used in orderto
provide a subject with the agent in bicavailable quantities.

>

Dosage unit form or “fixed dose™ or “flat dose™ as used herein refers to physically
discrete units sutted as unttary dosages for the subjects to be treated; cach unit contains a
predetermined quantity of active compound caleulated to produce the desired therapeoutic
effect in association with the required pharmaceutical carrier and optionally in association
with the other agent. Smgle or multiple dosages may be given. Aliematively, or in addition,
the antibody may be administered via continuous infasion.

The disclosure also provides a kit comprising one or more containers of an anti-
mutCALR antibody or a pharmaceutical formulation thereof, optionally with one or more
other prophylactic or therapeutic agents useful for the treatment of a disease or disorder, and
optionally with instractions for using the anti-matCALR antibody or a pharmaceutical
formulation thereof.

The instructions relating to the use of an anti-mutCALR antibody generally include
mformation as to dosage, dosing schedule, and route of admunistration for the intended
treatment. The containers can be unit doses, bulk packages {e.g., multi-dose packages) or sub-
unit doses. Instructions supplied in the kits of the disclosure are typically written instructions
on a label or package msert. The label package insert indicates that an anti-mutCALR
antibody is used for treating, delaying the onset, and/or alleviating a myeloproliferative

neoplasm.

Betection and Diagnosis

Mutant CALR can be detected tn 3 biological sample of a subject who has a
myeloproliferative nooplasm. Thus an aspect of the present disclosure provides a method of
detecting a CALR exon 9 nustation in g subjoct’s biological sample, the method comprising
obtamning a biological sample from a subject who has or is suspected of having a
myeloproliferative neoplasm and contacting the sample with an anti-matCALR antibody of

~4

~
!



s

)

5ol

B3

<

At

b}

921

WO 2023/107994 PCT/US2022/081076

described herein such that the anti-mutCALR antibody binds to the mutCALR protein if the
mutCALR protein is present in the biological sample.

Another aspect of the present disclosure provides a method ot diagnosing a subject
with a mveloproliferative neoplasm, the method comprising obtaining a biological sample
from a subject who has or is suspected of having a myeloproliferative neoplasm and
contacting the sample with an anti-mutCALR antibody described herein such that the anti-
outCALR antibody bionds to the outCALR protein if the mutCALR protein is present ju the
biological sample.

The biological sample can be a blood sample, a bone marrow sample or a serum
sample. In some embodiments, the biclogical sample is fresh or frozen. In some
embodiments, the biclogical sample is fixed, for example in formaldehyde or
paraformaldehyde.

Non-limiting examples of a myeloproliferative neoplasm that can be diagnosed with
the present method include chronic myelogenous feukenuia, polycythemia vera, primary
myvelofibrosis, essential thrombocvthenia, chrome neutrophilic leukemia, acute myelogenus
leskemia, chronte eosimophilic lenkenia, chronic myelomonoceytic leokemia,
myeloproliferative neoplasm and myeladysplastic syndrome, mehiding myelodysplastic
syndrome with refractory anaenua with ring sideroblasts, myelodysplastic syndrome with
refractory anemia, and myelodysplastic syndrome with refractory anemia with excess blasts.

An anti-mutCALR antibody described herein for use tn the present detection or
diagnostic mcthods can also comprise {e.g., be conjugated o) a detectable label. Suitable
detectable labels include a radioisotope, a nanoparticle, a fluorescent compound, a
biolaminescent compound, chemiluminescent compound, a metal chelator, magnetic beads,
metallic beads, colloidal particles, fluorescent dyes, electron-dense reagents, enzymes (for
example, as used 10 an ELISA), biotin, digoxigenin, or haptens. Suitable techniques for
conjugating diagnostic agents fo antibodies are known i the art (see, ¢.g., Jazaveri etl al,,
Sensing and Bio-Sensing Rescarch (2016); 9:17-22 and Balasubramanya, Mater. Methods
(2018); 8:2670).

An anti-mutCALR antibody described herein bound to mutCALR protein, whether
labeled or anlabeled, can be detected by any suitable detection method, mclading
imoumologic techniques such as immunohistochemistey (IHC), immunocytochemistry,
Western blot, or ELISA immunoassay; gel- or blot-based methods; mass spectrometry; flow

cvtometry; or fluorescent activated cell sorting (FACS}.
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The disclosure also provides a kit for the diagnosis of a mveloproliferative neoplasm
comprising one or more contamners of an anti-mutCALR antibody described herein or a
diagnostic formulation thereof, and optionally with fnstructions for using the anti-mtCALR
antibody or a diagnostic formulation thereofto detect a mutCALR exon 9 mutation or

diagnose a myeloproliferative neoplasm.

The following arc examples of the practice of the invention. They are vot to be

construed as hmiting the scope of the invention in any way.,

EXAMPLES
The following examples are provided to better illustrate the claimed mvention and are
not {0 be interpreted as limiting the scope of the invention. To the extent that specific
materials are mentioned, it s merely for purposes of ilfustration and is not intended to limit
the invention. Oue skilled in the art can develop cquivalent means or reactants without the

exercise of inventive capacity and without departing from the scope of the invention.

Example 11 Generation of Anti-mutCALR Antibodies

To generate anti-hwnan mutCALR monaclonal antibodies, mice were immunized
with one plasmid encoding human MPL and a second plasmid encoding human Tyvpe |
mutCCalR. The sequences for mutant CalR and MPL were cloned nto the pVAC2 expression
plasmid (dnvivogen). The nucleotide sequences used in the vectors as well as the sequenaces

of the encoded proteins are shown below.

Human MPL nucleotide sequence:

ATGCCCTCCTGEGCCCTCTTCATEETCACCTCOTGCCTCOTCOTGGLCCUTTCAAAACCTGEC
CCAAGTCAGCAGCCAAGATGTCTCOTTIC ("[’ GCA’T‘(‘Z\C ACT fl&ﬁn’“ SCCCCTGAAGTRGTTTCT
CCOGAACATTTGA C~Af ACTTC AGGAAGAGGCAGCGCCCAGTGE
TACCAGUIGCTGTATGCCTACCIG :GGL. AGAAGCCCOGTGCTTGCOCCCTGAGTTCCCAGAG
CATGCCCCACTTTCEAACCCGATACGTRGTGUCAGTTTCC Af%ﬂ CCAGGAGGEAAGTGCETY
TCTTTCCGUTGCACCTCTGEETGAAGRATCTGTTCCTAAACCAGACTCGEGACTCAGCGAGTC
CTCTTTCTGGACAGTETAGECCTGCOGEUTCCCCCT Lh:TA'L‘Cf\.’l‘ CAAGGUCATGEGETGEGAG
CCAGCCAGGGGARCTTCAGATCAGCTGGEGACGAGCCAGCTCCAGARATCAG TGATTTCCT&:A
GGTACGRACTCCGCTATGGCCCCAGAGATCCCAAGAACTCCACTGGTCCCACGGTCATACAG
CTGATTGCCACAGAAACCTGCTGCCCTGCTCTGCAGAGGCCTCACTCAGCCTCTGC ’T'CT(""‘
CCAGTCTCCATGTGCTCAGCCCACAATGCCCTGGCAAGATGGACCAAAGCAGACCTCCCCAA
CTAGAGAAGCTTCAGCTCTCGACAGCAGAGGETGCAAGCTGCCTCATCTCAGEGACTCCAGCCT
GGCAACTCCTACTGGCTGCAGCTGEGC FGCGAA CTGATGGGATCTCC CTCuchGLJCTC“TG
CGGGATCCTGETCCCTCCCTGTCGACTGTGCACCTGCCTGGAGATGCAGTGECACTTGCACTG

SN SN
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AATGCTTTACCTTGGACCTGAAGAATGTTACCTGTCAATGGCAGCAACAGGACCATECTAGE
TCCCARGGCTTCTTCTACCACAGCAGGGCACGETGCTGUCCCAGAGACAGETACCCCATCTG
GGAGAACTGCGAAGAGCAAGAGAAAACAAATCCAGCACTACAGACCCCACAGTTCTCTCGLT
GCCACTTCAAGTCACGAAATGACAGCATTATTCACATCCTTGTGEAGGTCGACCACAGCCCOG
GGETACTGTTCACACGCTACCTEEGECTCCCCTTTCTGEATCCACCAGGCTGTECGCOTCCCCALC
CCCAAACTTGCACTGGAGGGACGATCTCCAGTGGECAT CTCGCAATTGGAGTGECAGCACCCAT
CETCCTCEECAGCCCAAGAGACCTGTTATCAACTCCEATACACAGGAGAAGGCCATCAGGAC
TGEAAGGTGCTGGAGCCLCCTCTCOGGECCCGAGCGAGEGACCCTEGGAGCTECGCCCECEATC
TCGUTACCETTTACAGCTGCECECCAGECTCAACGGUCCCACCTATCA C

CGTGC GACCCAACTAGGGTGEAGACIGUCALCC ACCGUCTGGEATY
GUTCTGCATCTAGTGUTGHGICTCAGCECCGTCCTGEECCTGCTGUTGCTGAGGETGGIAGTT
TCOTGCACACTACAGGAGACTGAGG sGCCCTCACTTCCAGACCTGCACCGGS
TCCTAGGCCAGTACCTTAGGE! SAGCCCGCCCAAGGCCACAGTOTC? 4
ACCTGTCAAGAAGTGGA! CTCCCCARGTCCTCAGAGAGGALTCC
TTTGCCCCTETGY GACTACCGAAGATTGCAGCITTCTIGCCTGG
GGACCATGECICC, TETGET CACCCATGGCTGAGTCAGGGTCCTGUTGTACCACICAC

ATTGCCAACCATTCCTACCTACCACTAAGCTATTIGCUAGCAGCCT (SEQ ID NO:323}

Human MPL amino acid sequence:

MPSWALFMVTSCLLLAPONLAQVSSODVSLLASDSEPLKCEFSRTFEDLTCFWDEERAAPSGT
YOLLYAYPREKPRACPLSSOSMPHEGTRYVCQFPDOERVRLFFPLHLWVKNVELNQTRTGRY
LEVDSVGLEARRE AMGGSQPGELOISWEEPAPEISDFLRYBELRYGPRDPRNSTGRTIVIQ
LIATETCCPALORPHSASALDOS PCAQPTMPWODGPROTSPSREASALTARGGSCLISGLOR
GNSYWLOLRSERPDGISLGGSWGSWSLPVIVRLPGDAVALGLOCHFTLOLKNVITCOWQQODHAS
RARCCPRDRYPIWENCEEEEKTNPGLOTPOFSRCHFKSRNDS TTHILVEVTTAR
HSYLGSPFWIHQAVRLPTPNLHWRE ISSGHLELEWQHPSSWAAQETCYQLRYPCGEGHQD
WKVLEPPLGARGGETLELRPRSRYRLOLRARLNGPTYQGPWS SWSDPTRVETATETANISLVT
ALHLVLGLSAVLGLLLLRWOPPARYRRLEHALWPSLPDLHERVLGOYLRDTAALSPPRATVSD
TCEEVEPSLLEILPKSSERTPLPLESSQAQMDYRRLOPSCLGTMPLSVCPPMAESGSCOTTH
IANHSYLPLEYWQOOP(SEQ ID NO:324)

ATGCTGCTATCCGTGICGCTGCTEOT GT
GCAGTTTCTGGACGGAG v - CAAAC
PEGCAAATTCGTTCTCAGTTCCGECAAGTTCTACGETGACGAGGAGAAA
GATAAAGGTTTGCAGACAAGCCAGGATGCACGCTTTTATGCTCTGTCGGCCAGTTTCGAGCC
TTTCAGCAACAARGGCCAGACGCTGETGETGCAGTTCACGGTCAAACATCAGCAGARCATC
ACTGTGCGEEGCGECTATGTGAAGCTGTTTCCTAATAGTTTGGACCAGACAGACATGCACGGA
CACTCAGAATACARACATCATCETTTGGTCCCCACATCTGETGGCCCTGGCACCAAGRAGGTTCA
TETCATCTTCAARCTACAAGGECAAGAACGTCGCTGATCAACARGGACATCCETTGCRAGCGATG
ATGAGTTTACACACCTGETACACACTGATTCTGCOCGCCAGACAACACCTATGAGGTGAAGATT
GACAACAGCCAGGTGCGAGTCCGGCTCCTTGCAAGACGATTGGGACTTCCTGCCACCCAAGAA
CGATAAAGGATCCTGATGCTTCAAAACCGGAAGACTCECCATGAGCEGGCCAAGATCGATGATC
CCACAGACTCCAAGCCTGAGCACTGGCACAAGCCCCGAGCATATCCCTGACCCTGATGCTAAG
AAGCCCGAGGACTGGCATGAACAGATGEACGGAGAGTGGGAACCCCCAGTGAT TCAGAACCC
TGEAGTACAAGGSE SEAAGCCCCGECAGATCGATAACCCAGAT TACAAGGGCACTTGGA
TCCACCCAGAANT ACCOCGAGTATTCTCCCEGATCCCAGTATCTATGUCTATCGATAAL
TTTGGCEIGCTGGECCTGHEACCTCTGGIAGGTCAAGTCTGGCACCATCTT TCGACAACTTCCOT
CATCACCA

ACGATCGAGGCATACGUTGAGEAGTTTGECAACGAGACGTGGEGIGTAATAAAGS
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CAGCAGAGAAACARATGARGCACAAACAGCGACGAGGACGCACGAGGACAAGGAGGATGATGAGE
ACAAAGATCGAGGATGAGGAGGATCAGCGAGGACALGCACGAAGATGAGGAGGAAGATCETCCCC
GGCCAGECCAAGCGACCAGCTETAGAGAGGCCTGCCTCCAGGGCTCCGACTGAGECT {SHED

ID NO:325)

Human Type | mutCALR amino acid sequence:
MLLSVPLLLEGLLGLAVAEPAVYFREQFLDGDGWTISRWIESKHRKSDEGKFVLESSGKFYGDEEK
DRGLOTSODARFYALSASFEPFSNKGOTLVVQEFTVKHEQNIDCGEGYVRLEFPNSLDOTDMHG
DSEYNIMFGPDICGPGETKRVHVIFNYKGRNVLINKDIRCKDODEFTHLYTLIVREPDNTYEVEKL
DNSQVESGSLEDDWDFLPPKKIKDPDASKPEDWDERAKIDDPTDSKPEDWDKPEH IPDPDAK
KPEDWDEEMDGEWEPPVIQNPEYKGEWKPRQIDNPDYKGTWIHPEIDNPEYSEDPSIYAYDN
FEVLGLDLWOVKSCTIFDNFLITNDEAYAEREFGNETWGVTKAARKOMKDEQDEEQRTRRMME
TEMRMRREMRRTERKMRREMSPARPRTSCREACLQGWTEA (SEQ ID NO:320)
Plasmablasts were isolated from the mouse spleen and ymph nodes by flow

cvtometry. Antibody sequences of the plasmablasts were determined using 10x Genomics
VH/VL paired B cell sequencing. The murine VH/VL paurs were expressed as chimeras with
hulgG1 Fe and tested for binding and fimctionality. An antibody designated clone 54 was
prodaced by this process.

In addition, multiple selection rounds of single~-donor and multi-donor phage display
libraries were performed according to the method of Erasmus et al., Communications Biology
4, article no. 350 {202 1). Phage libraries were ennched for either 2 or 3 rounds on
biotinylated MBP-mutCalR Type 1 fusion protein {Cepter Biopariners) with deselection
using MBP {Rockland Immunochenucals) and streptavidin beads (Thermo Fisher) each round
(see, e.g., Example 2}, scFv casseties from the library pools showing the strongest specific
enrichment for motCalR were then recombined into a veast display vector to create yeast
display libraries. These were selected over four rounds using decreasing concentrations of
MBP-mutCalR with and without blocking with either a scrambled peptide or oligo-lysine
peptide (Alamanda Polymers). In the final round of selection, veast were also selected for
binding to a biotinvlated mut{CalR long peptide (Biot-LC-
MKDKODEEQRTRRMMRTKMRMRRMRERTRREMRRKMSPARPRTSSREASLOGWTE
A; SEQ ID NG:332) or short peptide (Biot-LC-
MEKDKQDEEQRTRRMMRTKMRMRRMRRTRRKM; SEQ 1D NG:333). Unique
sequences were obtained from the final sorting output by Sanger sequencing of yeast
colomies. For screening, these scFv were reformatted by cloning into a human lgGl
expression vector, then expressed and punfied from Expi?93F cell (Thermo Fisher, cat.
#A14635) supernatants. The MBP-mutCalR Type 1 fusion protein used in this experiment is:

HHEHHEMKIEEGKLVIWINGDRGYNGLARVGKEFEKDTGLRKVIVEHPDKLEEKE ROV
AATGDGPLDI IFWAHDRIGGYAQSGLLARTTPDKAFQDKLYPEFTWDAVRYNGKL IAYFLAVEA

81
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LeLIYNKDLLPNPPKTWEEIPALDKELKAKGKSALMENLOEPYFTWPLIAADGGYAFKYENG
KYDIKDVGVDNAGAKAGLTPFLVDLIKNKHMNADTDYSTAEARAFNKGETAMTINGPWAWSNID
TEEVNYGVITVLPTFKGOPSKPFVGVLSAGINAASPNKELAKEFLENYLLTDEGLEAVNEDKP
GAVALKSYEEELAKDPRIAATMENAQKGEIMPNIPOMSAFWYAVRTAVINAASGRQTVDEA
LKDAQTNSSSLEVLFOGPGLNDIFEAQKIEWHEENLY FQGEPAVYFEKEQFLDGDGWISRWIE
KHKSDFGKEFVLSSGKEFYGCDEEKDKGLOTSODARFYALSASFERPFSNKGQTLVVQOEF TVIHEQON
IDCGGGYVKLEPNSLROTDMHGDSEYNIMFGPDICGPGTRKVHVIFNYKGKNVLINKDIRCK
DDEFTHLYTLIVRPDNTYEVEIDNSQVESGSLEDDWDFLPPKKIKDPDASKPEDWDERAKID
DETDSKPEDWDKPEHIPDPDARKPEDWDEEMDGEWERPPVIQNPEYKGEWKFROIDNPDYKSGT
WIHPEIDNPEYSPREPSITYAYDNIFGVLGLDLWOVKSGETTFDNFL ITNDEAYAREFGNETWGVY
KAABKQMEDEKODEEQRTRRMMRTEMRMREMRRTRREMRREMS PARPRTISCREACLOGWTEA
(SEQ ID NO:334)

The amino acid sequences of the six CDRs for each of the 54 unigue clones are shown
i Table 1. The heavy chain, VH, light chain, and VL sequences of each clong are shown in
Table 4.

Mutations were introduced into three of the identified clones {clones 6, 15, and 17} to
generate 161 umque mutant clones (clones 55-215). The amino acid sequences of the six
CDRs for each of the mutant clones are shown in Table 2. Light chain and heavy chain
sequences of the parental clones {clones 6, 15, and 17} and mutant clones {clones 55-215) are
shown in Table 5. One such mutation to the heavy chain, N297A, resulted in Fe effecior
function “null” mutants, where the Fe effector function, particedarly ADCC, was elinunated
or substantially elinunated. As can be seen from the activity data i the Examples, those
antibodies with N297A Fe effector null mutations have a generally increased binding affinity

for mutCALR than those antibodies without an Fe effector null mutation.
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Example 2: Binding Affinity

The amino acid sequence of recombinant MBP-mutCALR Type 1 fusion protein used in
Expermments 1 and 2 i3
HHHHHEMKIEBEGELVIWINGDKGYNGLAEVGKEFEKDTGIEKVITVEEPDRLEEKFPOVAATGDGE
DIIFWAHDRFGGYAQSGLLARITPDKAFQDKLY PFTWDAVRYNGKLIAYPTAVEALSLIYNKDL
LPNPPKTWEETIPALDKELKAKGKSALMPNLOEPYFIWPLIAADGGYAPKYENGKYDIKDVGVDN
AGAKAGLTFLVDLIKNKHMNADTDY STAEAAPNKGETAMT INGPWAWSNIDTSKVNYGVIVLPT
FPRGOPSKPFVGVLSAGINAASPNKELAKEFLENYLLTDEGLEAVNKDEPLGAVALKSYEEELAK
DPRIAATMENAQKGEIMPNIPOMSAFWYAVETAVINAASGROTVDEALKDAQTRSSESLEVLEQG
PGLNDIFEAQKIEWHEENLYFQGEPAVYFKEQFLDGDGWT SRW I EKHKSUFGKFVLSSGKPYGD
EEXDKGLOTSODARFYALSASFERPFSNKGCTLVVOQFTVEKHEQNIDCGCGGYVKLFPNSLDQTDMH
GDSEYNIMFGEPDICGPGTERKVEVI FNYKGKNVLINKDIRCEDDEFTHLYTLIVRPDNTYEVKID
NSQVESGSLEDDWDFLEPPEKIKDPDASKPEDWDERAKIDDPTDSKPEDWDKPEHIPDPDAKKDPE
DWDEEMDGEWEPPVIOQNPEYRGEWKPROIDNPDYKGTWIHPEIDNPEYSPDPSIYAYDNEFGVLG
LDLWOVKSGTIFDNFLITNDEAYAEEFGNETWGVTKAAEKOMKDKODEEQRTRRMMRTEKMEMRR
MRRTRRKMRREMEPARPRTSCREACLQGWTEA (SEQ ID NG:335)

Experiment §: Recombinant MBP-mutCALR Type 1 fusion protein was custom made at
Cepter {cepterbiopartners.com). Data for the mteraction of antibodies with recombinant MBP-
mutCALR Type 1 fusion protein were collected at 25 °C on a Biacore SK instrument {Cytiva,
Marlborough, MA), and all reagents were obtained from Cytiva unless otherwise specified. The
experiments were conducied using Tris-buffered saline (pH 7.2), 0.005% Surfactant P20, 1 mM
CaClz as runnuing buffer. To prepare the capture surfaces, anti-human Ig(z (Fe) antibodies
{Product # 29234600} was amine-coupled onto a CM4 chip (Product # BR100534) under
standard conditions using an Amine Coupling Kit (Product # BR100050). Anti-mutCALR
antibodies were captured onto the chip surface by injecting over flow cell 2 only at a flow rate of
30 pL/min for 30 seconds. Typical capture levels were in the range of 10-30RU. Recombinant
MBP-mutCALR Type 1 fusion protein was prepared at nominal concentrations of 0, 3.1, 9.3,
27.8,83.3, and 250 oM in the running buffer and was injected over both flow celis 1 and 2 for
210 seconds at a flow rate of 50 ul/min, followed by a S10-second dissociation phase at the
same flow rate. The kinetics pararoeters were obtained by applying 1.1 binding model to fit the
data from rmultiple~-cvcle injection experiments using Biacore Insight Evaluation software. MBP
protein at 250 oM concentration was injected as a control, which showed no binding to anti-

mutCALR antibodies.
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Table 6. Binding affinities and kinetic association and dissociation rate constants to mutCALR for the

mdicated antibodies for Experiment 1.

Clone No.

Ka {1/Ms)

ke (1/8)

KD (M)

1.38E+06

1.96H-02

1.42E-08

2 1.63E+06 1.23E-02 7.58E-09
4 T163E+06 704E03 433E-09
““““ 5 9 35E+03 4.056-03 433609

53 235E-03 102E-0%

33 1.26E-02 1.62E-08

T30 3 0E0s 1.80E-03 5 59E-09

““““ 52 1.23E-02 176E-09
7 6.09E-03 3.83E-09

SATEAHO
3.02E+06

5.38E-03
9.04E-03

1.04E-0%
2.99E-09

2.11E+06

2.92E-03

1.38E-0%

5.14E+05

1.02E-08

23TEH06

¥l
[ <]
1
fow
=

2 56E-09

6.93E+05
2 15E+05

2.95E-09
a 8E-09

........ B

ND
4 8BE-(9

6.03E-09

125E-08
227809

7 Y6E03

t46E+06
L12E+H06

1.32E-02
4.98E-03

9.04E-09
4.46E-(9

2.57E+06

6.64E-03

2.58E-09

2.29E+05

TRIEH0S

2.89E-03
3 43E-03

1.26E-0%
4.37E-09

6.49E+05

4.52E-03
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24 L 261E405

25 | SBSE405  389E03  6.64E9
VVVVVVV 26 ATSEH0S | 4TIED3 9 84E-09

27 T38OEH0S | 366E03 063E-09

T T ae0E0s 8 TED 1 9sEG8
688E+05 | 561E-03  8.16E-09

2.3

09
3.84E-09
1.10E-03 5 13E-09

v ST s o

47 o 2135405 TI2E-04  3.62E-09

ND, not determined.

Experiment 2. Recombinant MBP-mutCALR Type 1 fusion protein was custom made at
Cepter {cepterbiopartners.com). Data for the interaction of antibodies with recombinant
mutCALR protein were collected at 25 °C on a Biacore 8K instrument {Cytiva, Marlborough,
MA), and all reagents were obtained from Cytiva unless otherwise specified. The experiments
were conducted using Tris-buffered saline (pH 7 2), 0.005% Surfactant P20, 1 mM CaCly as
runiing buffer. To prepare the capture surfaces, anti-human IgG (Fe) antibodies (Product #
29234600} was amine-coupled onto a CM4 chip (Product # BR100534) under standard
conditions using an Amine Coupling Kit (Product # BR100050). Anti-mutCALR antibodies were
captured onto the chip surface by imjecting over flow cell 2 only at a flow rate of 10 ul/min for
30 seconds. Typical capture levels were in the range of 15-25RU. Recombimant MBP-mutCALR
Type 1 fusion protein was prepared at nominal concentrations of 8, 0.75, 2.22, 6.67, 20, and 60
M and injected over both flow cells 1 and 2 for 150 seconds at a flow rate of 69 pL/min,
followed by a 230-second dissociation phase at the same flow rate. The kinetics parameters were
obtained by applving 1.1 binding model to it the data from multiple-cycle injection experiments

using Biacore Insight Evaluation software.

166



WO 2023/107994

PCT/US2022/081076

Table 7. Binding affinitics and kinetic association and dissociation rate constants to mutCALR for the

indicated parental and variant antibodies for Experiment 2

Cione Ne. ka (1/Ms) S Ka (i/’s}
o LBAETOS

i 29}: {9

3.52E-10

1.22E-09
1.62E-09

9, s’mm'

5.32E+006

6. 12E+06
1.44E+06

1 29F 06

5.30E-10
1.39E-09

3.43E-10

8. “ZEH,’q
4.2 "F+Ofv

2.01E-(9
4.19E-10

LISE-09
1 19E-09

1O0E+07

2 44% l!)

7 86E+06

1.27E+G6
1.00E+G7

1 12E-09
i 0'\’}? 10

1. (‘2E+06
5.35E+06
4. 'HFH)G

0%

6.53E-10
8.93E-10

5,62@%  1.76E-~ w """
8.51E+06 26E-10
5.74E+06 131E- 09

i 02E+U(=
3. 52E+36

37 3 7. 51E+36
....... 72 L12E406
127 6.92E+06
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Experiment 3. The amwno acid sequence of recombinant MBP-mutCALR Type 2 fusion
protein used in this Expertroent 3 1s!

HHHHHEMKIEEGKLVIWINGDKGYNGLAEVGKKFERDTGIKVTVERPDKLEEKFPOVAATGDGPE
DITFWAHDREFGGYAQSGLLARITPDKAFQDKLY PFTWDAVRYNGKLIAYPIAVEALSLIYNKDL
LPNPPKTWEEIPALDKELKARGKSALMFNLOEPYFTWPLIAADGGYAPKYENGKYDIKDVGVDN
AGARAGLTPFLVDLIKNKHMNADTDYS TAEAAFNKGETAMTINGPWAWSNIDTSKVNYGVTIVLPT
FRGQPSKPEFVGVLSAGINAASPNKELAKEFLENYLLTRDEGLE RRDVPLGAVALKOYVE?LVK
DPRIAATMENAQKGEIMPNIPOMSAFWYAVRTAVINAASGROTVDEALKDAQTRESSLEVLFQG
PGLNDIFEAQKIEWHEENLYFQGEPAVYFKEQFLDG SRWIubKHKSDF SKEVLSSGKEYG
DEEKDEKGLOTSQDARFYALSASFEPFSNKGOTLVVOERTVEHEQNIDCGG

o~
GWT

Y VKLEFPNSLDQTDM
HGDSEYNIMPGPDICGPGTKKVHVIFNYKGENVLINKDIRCRKDDEFTHLYTLIVRPDNTYEVKI

DNESQVESGELEDDWDFLPRPKYIKDPDASKPEDWDERAKIDDPTDIKPEDWDKPEHIPDPDAKKP
EDWDEEMDGEWERPEV IQNPEVKGQWK*)RQIDT\] POYKGTWIHPEIDNPEYSPDPSIYAYDNEGVL
GLDLWOVKEGTIFDNFLITNDEAYAREFPGNETWGVTKAAERKOMEDKODEEQRLKEEEEDRERKE

EEEAEDNCTRRMMRTEKMEMREMRRTRRKMRRKMSPARPRTSCREACLOGWTEA (SEQ ID
NO:331)
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Recombimant MBP-muwtCALR Type 2 fusion protein was custom made at Cepter
{cepterbiopartners.com). Data for the interaction of antibodies with recombinant MBP-
mutCALR Type 2 fusion protein were collected as described m Experiment 2. The chip used was
a Biacore Series S Sensor Chip CM4 with anti-hoFe immobilized onto the chip swface.

Recombinant MBP-mutCALR Type 2 fusion protein was prepared at nominal concentrations of
¥ ¥

{85 ]

1.1, 3.3, 10, 30, and 90 nM. Typical capture levels were in the range of 16-37RU. The results are

shown in Table 8.

Table 8, Binding affinities and kinetic association and dissociation rate constants to mutCALR for

10 the indicated antibodies.

K (1/Ms)

] R
R54E+0S
6.68E+03

ke (1/8)

Example 3: Binding of Anti-mutCALR Asntibodies to Cell Surface MPL and mutCALR

To assess binding of CALR antibodies to cell surface CALR, parental Bal3 (DSMZ) cells or

BaF3 cells stably expressing only human MPL or both human MPL (Uniprot Number: P40238-1) and

15 bhuman mutCALR Type 1 and Type 2 were used. On the day of the assay, cells were washed and
resuspended 1n assay buffer. Approximately 200,000 cells/well were added to 96-well plates and stained
with the indicated concentration of anitbodies for 30 nuautes on ice. Cells were then washed and stained
with goat anti-human secondary compugated to R

3 for 30 minutes on ice.
20
a5 e
Clone Na. MPL-matiCALR MPL-autCALR MPL-mutCALR AUC
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43 Low Binding Low Biading 29834
"""" 46 No binding No Binding 28469
57 No Binding No Binding 26608
“““““ 4% Low Binding Low Binding 30304
49 0.89 172 26401
________ o
g

MPL-mutCALR
ECSS (ug/ml)

MPEL-mutCALR
Hiil Slope

NI

73 0.0043 0.91 67293
61 0.0063 0.68 62366
183 0.0050 0.87 70657
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0.0058

64963

0.0034

62800

0.0017

85218

0.0079

69938
71126

49545

0.0067

0.0082

0.0020
0.0032

0.0043

60764

62632
58276

58328
48363

ND, not determined.
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Example 4: Anti-mutCALR Antibody Mediated Inhibition of pSTATS

To test the ability of anti-muatCALR antibodies o inhibit phosphorylation of STATS,
Ba/F3 cells (DSMZ) expressing MPL and Type 1 mutCALR variants were generated by
nucleofection (Amaxa Cell Line Nucleofection Kit V, Lonza, Basel, Switzerland) and cultured in
RPMI 1640 + 10% FBS + selection antibistics. Prior (24 hours} to pSTATS assessment, cells
were cultured in selection-free media and then plated at 200,000 cells per well (96 well plate)} in
RPMI 1640, 10% FBS. Antibodies were added o the cells and incubated for 2 hours followed by
cell lysing and quantification of pSTAT-5 levels by MSD (Phospho-STATS5a,b Whole Cell
Lysate Kit, MSD, Kenilworth, NI}, Anti-mutC ALR antibodies inhibit phosphorviation of STATS

i a dose~-dependent manner (FIG. 1},

Table 11. 1Cso values for anti-mutCALR antibody mediated inhibition of pSTATS.

{lene No. ICSG (ug/mi)
3 12.7
______________________ s S
i 0.47
2 0.12
T - —
5 0.03
"""""" 31 268
S— g e
6 0.03
53 0.402
_________________________ s et
....... o B
52 : 0.346
34 0.672
""""" 12 0.061
e e
33 0.444
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36 0.092

37 0.030

"""" 14 0.06
. e - e

s G4

6.028

45 13
46 3.9
_____ e e
43 2.6
49 93
,,,,,,,,,,,,,,,,,,, S5 e —
51 4

Example 8:  Anti-mutCALR Antibody Mediated Inhibition of Cell Proliferation

To test the ability of anti-mutCALR antibodies to inhibit cell proliferation, engineered
Ba/F3 cells transfected with MPL and mutCALR Type 1 were plated at 5,000 cells per well in
RPMI 1640 + 2% FBS, antthodies added, mcubated for 72 hours, and followed by assessment of
cell viability using the CellTiter-Glo Luminescent Cell Viability Assay (Promega, Madison, W)

and Top Count (Perkin Elmer, Boston, MA) or Pherastar (BMG Labtech, Ortenberg, Germany)
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for luminescence quantification. Anti-mutCALR antibodies mhibit mutCALR-induced
oncogenic cell proliferation in a dose-dependent manner 1n both the Ba/F3 engineered cells

(FIG. 2).

Table 12. 1Cse values for anti-mutCALR antibody mediated inhibition of cell proliferation

{Ba/F3 engineered cells} obtained after high-throughput primary screening.

Clone No. IC56 (pe/mll)
______ e e
_____________________ e e
..... o e
2 0.0714
................... ; P
““““““ s 0.0049
31 13.0100
.................. o -
.................... i -
52 0.0337
7 0.0113
_____ o i
""" 40 0.0384
9 0.0046
_____________________ s st
.................... i -
34 0.0593
12 0.0043
____ o s
"""""" 33 0.0880
36 0.0903
_____________________ s st
..................... e e
41 0.3420
5 0.0037
s e
7 0.0129
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..... P i
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184 0.0019
188 0.0046

ND, not determined.
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Example 6:  Anti-mutCALR Antibody inhibits oncogenic cell proliferation induced by
both Type 1 and Type 2 CALR mutations

To test the ability of anti-mutCALR antibodies to inhibit oncogenic cell proliferation
triggered by the Type 1 and Type 2 CALR mutations , Ba/F3 cells (DSMZ) were engineered to
express MPL + mutCALR Type 1 (52bp deletion; SEQ D NO:320) or MPL + mutCALR Type 2
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{Sbp msertion, SEQ D NG:321). Cells were plated at 5,000 celis per well in RPMI 1640 + 2%
FBS, antibodies added, mcubated for 72 hours, and followed by assessment of cell viability
using the CellTiter-Glo Luminescent Cell Viability Assay (Promega, Madison, Wi} and Top
Count (Perkin Elmer, Boston, MA} or Pherastar (BMG Labtech, Ortenberg, Germany) for
fuminescence quantification. Anti-mutant CALR antibodies show potency to inhibit mutCALR-

mduced oncogenic cell proliferation associated with both Type 1 and Type 2 mutations (FiG. 3).

Example 7: Antir-muwtCALR Antibody Mediated Inhibition of MPL Dimerization

Inhibition of MPL dimerization was tested as a potential mechanism of action of the anti-
mutCALR antibodies. HAPI celis knocked out for human JAKZ (Horizon Dhscovery, Etd.) were
transiently transfected with vectors encoding the MPL-LgBiT and MPL-smBiT fusion proteins
(Promega Corp.}. Also included in the transfection were vectors encoding the full-length human
JAKZ and the full-length WT or mutant CALR Type | protein (full-length cds cloned into the
pD253729 vector, ATUM Bio). The cells were transfected in 9¢ well plates using Trans-{T 2020
reagent (Mirus Bio LLC) with equivalent amounts of each plasmid. Celis were then incubated at
37°C, 5% COs. 6 hours post-transfeciion, antibodies were diluted into growth medium (IMDM,
10% ¥BS) and added to the cells at the indicated concenirations. The plates were incubated
overnight and the growth medium was replaced with 100 ul OPTI-MEM L, no phenol red,
containing the same concentrations of antibodies. After 1 hour at 37°C, 3% CO», 25 pl NanoGlo
Live Cell Reagent (Promega) was added to each well Plates were returned to the incubator for
30 munutes before luminescence was read on a PHER Astar FSX (BMG Labtech). Data was
analyzed using GraphPad PRISM Software (version 7.04) and expressed as percent inhibition
compared 1o 1sotype control. As shown in FIGs, 444G, anti-mutCALR antibodies {clones 55,

635, 68, 74, 134, 134, and 188) can inhibit MPL dimerization.

The amino acid sequences for the MPL-LgBiT and MPL-smBiT fusion proteins used in
this Example are:
MPL-smBiT

MPEWALFMVTSCLLLAPONLAQVSSQDVSLLASDSEPLKCFSRTFEDLTCFWDEEEAARS
GTYQLLYAYPREKPRACPLESQEMPHPGTRYVCQFPDOEEVRLFFPLEHLWVENVELNGTR
TORVLFVDEVGLPAPPS T IRKAMGGSQPGELCISWEREPAPEISDFLRYELRYGPRDPRNSGT
GPTVIQLIATETCCPALORPHSASALDCSPCAQPTMPHODGRPROTS PSREASALTARGGS
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CLISGLOPGNSYWLOLRSEPDGISLGGEWGEWSLPVIVDLPGCDAVALGLOCFTLDLENVT
COWQOODHASSQGFFYHSRARCCPRDRYPIWENCEEEEKTNPGLOTPQFSRCHFKSRNDS
ITHILVEVITAPGTVHSYLGSPFWIHQAVRLPTPNLEWREISSGHLELEWQHPSSWAAQE
TCYQLRYTGEGHODWKVLEPPLGARGGTLELRPRERYRLOLRARLNGPTYQOGPWSSWSDP
TRVETATETAWISLVTALHLVLGLSAVLGLLLLRWOQFPAHYRRLRHALWPSLPDLHRVLG
QYLRDTAALSPPRATVSDTCEEVEPSLLEILPESSERTPLPLCSSQAQMDYRRLOPSCLG
TMPLEVCPPMAESGSCCTTHIANHSYLPLEYWQQPRPVSCGS SCGGGGSGEGESSGVTGYRLE
EEIL (SEQ ID NG:336)

MPL-LgBiT

MPEWALFMVTSCLLLAPONLAQVSSQDVSLLASDSEPLKCFERTFEDLTCFWDEEEAARS
GTYQLLYAYPREKPRACPLESQEMPHPGTRYVCQFPDOEEVRLFFPLEHLWVENVELNGTR
TORVLFVDEVGLPAPPS T IKAMGGSQPGELCISWEREPAPEISDFLRYELRYGPRDPRNSGT
GPTVIQLIATETCCPALQRPHSASALDCEPCAQPTMPUWODGPKQTSPSREASALTAEGGS
CLISCGLOPGNSYWLOLRSEPDGISLGGSHWGSWSLEVIVDLPGDAVALGLOCFTLDLENVT
COWOQODHASSOGFPYHSRARCCPRDRYPIWENCEREEEKTNPGLOTPOFSRCHFKSRNDS
ITIHILVEVTTAPGTVHSYLGSPFWIHQAVRLPTPNLHWRE ISSGHLELEWQHPSSWAAQE
TCYQLRYTGEGHODWKVLEPPLGARGGTLELRPRORYRLOLRARLNGPTYQGPWSSWSDP
TRVETATETAWISLVTALHLVLGLEAVLGLLLLEWQFPAHYRRLRHALWPSLPDLHRVLG
OYLRDTAALSPPKATVSDTCEEVERPSLLETILPKESERTPLPLCSSEQACMDYRRLOPSCLG
IMPLSVCEPPMAESGSCCTTHIANHEYLPLSYWOOPVEQGESSGCGGSGGEGESGVETLEDE
VEDWEQTAAYNLDOVLEQGGVSSLLONLAVSVTPIQRIVRSGENALKIDIEVIIPYEGLS
ADOMAQIEEVEFKVVYPVDDEEFPRKVILPYGTLVIDGVIPNMLNYFGRPYEGIAVEFDGKKIT
VIGTLWNGNKIIDERLITPDGSMLEFRVTINS (SEQ ID NO:337)

Example 8: Effect of Anti-mutCALR Antibedy in Mice Injected with Tumor Celis
Expressing MPL-mutCALR

To test the functional abifity of anti-mutCALR antibodies 1n vivo, antibodies were
evaluated in a mouse model of tumor growth. Engineered Ba/F3 tumor cells expressing
MPL/mutCALR Type 1 were inoculated intravenously in NSG immunodeficient mice (NOD-
scid IL2Rgamma™", The Jackson Laboratories, Bar Harbor, ME). Tumors were allowed to grow
for 10 days when mice were randonuzed into antibody or isotype control treatment groups.
Different doses of antibodies were administered intraperitoneally and tumor growth was
followed over tume by assessing the presence and number of tumor cells in the blood (Sysmex,
Kobe, Japan). Further, full hematology and tumor mfiltration in the spleen and bone marrow
were evaluated for assessment of antibody potencies. A representative in vivo study is shown in

FIG. 8.
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The anti-mmutCALR antibodies prolonged mouse survival (F1G., 6) and prevented
splenomegaly (F1G. 7), thrombocytopenia (FIG. 8}, and proliferation of tumor cells in the bleod

(FIG. 9).

Example 9:  Anti-muiCALR Antibodies potentiate the therapeutic response of ruxolitinid
in the inhibition of oncogenic celf profiferation triggered by mutCALR Type
Tor Type2
To test the ability of anti-mutCALR antibodies to potentiate the therapeutic response of
the JAK1/2 nhibitor ruxolitinib, Ba/F3 cells were engingered to express MPL + mutCALR Type
1 {52 bp deletion} or MPL + mutCALR Type 2 (5 bp insertion) as described above. Cells were
plated at 5,000 cells per well in RPMI 1640 + 2% FBS, treated with 30aM of ruxolitinib and/or
anti-mutC ALR antibodies. Cells were incubated for 72 hours followed by assessment of cell
viability using the CellTiter-Glo Luminescent Cell Viability Assay (Promega, Madison, W1) and
Top Count (Perkin Elmer, Boston, MA} or Pherastar (BMG Labtech, Ortenberg, Germany) for
fuminescence quantification. Ruxolitinib used at a concentration of 50 nM inhibited the level of
oncogenic cell proliferation by approximately 20% (dotted line). Anti-mutant CALR antibody
clone 6 potentiated the ability of ruxolitinib to inhibit cell proliferation in cells carrying the
CALR Type 1 (FIG. 18; top} or Type 2 (FIG. 16; bottom) mutation. ICs values for various

clones are shown in Table 13.

Table 13. ICs0 values for anti-mutCALR antibody or antibody plus ruxolitinib mediated

infubition of cell proliferation {(Ba/F3-TPOR/mutCALR type | engineered cells),

LﬁgVICS{E (,ug/’mL) '

Antibody +
ruxolitinib
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53 -0.173 -0.424
74 -0 438 -1.438

Example 18: Anti-mutCALR Antibodies compete with MPL in vitro for the binding to
mutCALR

The ammo acid sequence of recombinant Fis tag hMPL used n this example 18

SCDVSLLASDSEPLRKCESRTFEDLTICEFWDEEEAAPSCGTYQLLYAYPREKPRACPLSSQSMPHEG
TRYVCQFPDOEEVRLFPPLHLWVENVELNOTRTQRVLEVDSVGLPAPPE I TKAMGGEQPGELQT
SWEEPAPEISDFLRYELRYGPRDPEKNSTGPTVIQLIATETCCPALORPHSASALDQSPCAQPTM
PHODGPROTEPSREASALTAEGGSCLISGLOPGNEYWLOLRSEPDGISLGGEWGEWSLPVIVRL
PGDAVALGLOQCFTLDLENVTCOWOOODHAS SOGFFYHSRARCCFRDRYPIWENCEEEEXKTNPGL
CTPOFSRCHFKSRNDSITHILVEVTTAPGTVHSY LGS PFWIHCAVRLPTPNLEWREISSGHLEL
EWQHPS SWAAQETCYQLRYTGECGHODWKVLEPPLGARGGTLELRPRSRYRLOLRARLNGPTYQG
PWSSWSDPTRVETATETAWHHEHHE (SEC ID NO:338)

The amine acid sequence of recombinant Flag tag GFP tev_hmoutCALR Type 1 used in
this example 1s:

MDYXDDDDKGGVESKGEELFIGVVEILVELDGDVNGHEKFSVEGEGEGDATYGKLTLRKFICTTGKL
PVPWPTLVITLTYGVOCFSRYPDHMEKQHD P FKEAMPEGYVQERTIFFEDDCNYKTRAEVKEEGD
TLVNRIELKGIDPREDGN ILGHKLEYNYNSHNVY IMADROKNGIKVNFKIRHENIEDGSVOLADH
YOONTPIGDGRPVLLPDNHYLSTQSKLSKDPNEKRDEMVLLEFVTAAGITLEMDELYKENLYFQG
NKGSIEGREPAVYFREQFLDCGDGWTSRWIESKHKSDEFGKEVLESGKEFYGCDEEKDEGLOTSODAR
FYALSASFEPFENKGOTLVVOFTVKHEONIDCGGGYVELFPNSLDOQTDMHGDSEYNIMEFGPDIC
GPGTKRVHVIFNYKGKNVLINKDIRCKDDEFPTHLYTLIVRPDNTYEVKIDNSQVESGSLEDDWD
FLPPKKIKDPDASKPEDWDERAKIDDPTDSKPEDWDKPEHIPDPDAKKPEDWDEEMDGEWERPV
IONPEYRGEWKPROIDNPDYRKGTWIHPREIDNPEYSPDPSIYAYDNFGVLGLDLWQVKSGTIFDN
FPLITNDEAYAREFGOETWGVTKAAEKOMKDXODEEQRTRRMMRTEKMRMRRMRRETRREEM
ARPRTSCREACLOGWTEALEVLFQGPGSGAKXDEL (SEQ ID NO:326)

Recombinant His tag hMPL and recombinant Flag tag GFP_tev_hmutCALR Type 1
proteins (80 nM MPL + 5 oM mutCALR) were incubated in assay buffer (HEPES, pH 7.5 50
nb; Prionex 0.05%; NafCl 100 oM Pluoronic F-127 0.01%; CaClz ImM; MpCl2 1mM; DTT)
for 1 h at room temperature to allow for the formation of the mutCALR/MPL complex. Ina 384-
well plate, Sul of anti-mutCALR antibodies 6 and 32, non-functional CALZ antibody (Dhanova),
or urdagged mutCALR {competitor) was incubated with 5ul of the mutCALR/MPL protein mix
for 1 hat room temperature. HTRY detection solution (2 nM anti-FLAG-Europium, and 100 oM

anti-6xHis-SureLight® APC) was then added and the plate was read on BMG PHER Astar FSX
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using kinetic HTRF protocol, obtaining readings every 15 minutes for 120 minutes total. Data
showed that binding equilibrium was reached by 90 min and the 90 min time point HTRF Ratio
values were used for analysis. HTRF Ratio from each test well containing FLAG-GFP-tev-
mutCALR + MPL-6xHis solution was background-subtracted using control well (MPL His tag
not included). Percent-of-control values were obtained by dividing the background-subiracted
HTRF Ratios for each test well by the buffer control well in the same plate row. The data shows
that untagged mutCALR competes with FLAG tag mutCALR for binding to MPL {positive
control} while the isotype does not interfere with the mutCALR/MPL interaction {negative
control). Whereas the non-functional CALZ antibody showed some signal inhihition at high
concentration (> 100 nM)}, the anti-mutCALR antibodies 6 and 32 fully inhibited the interaction
of MPL and muiCALR, indicating that the anti-mutCALR antibodies compete with MPL for
binding to mutCALR (FIG. 11}

Example 11: Structural Determination of Fab Fragment from Anti-mutCALR Antibody
Bound fo muiCALR 21-mer Peptide

For Examples 11 and 12, and FIGs. 12, 13, 14, 15, 16 and 17, the CCG numbering
scheme from MOE (Molecular Operating Environment, 2019 .01; Chemical Computing Group
ULC, 1010 Sherbooke St. West, Suite #910, Montreal, QC, Canada, H3A 2R7, 2021) was used

for CDR definttions and antibody sequence numbering,

The Fab portion of anti-mutCALR antibody {(clone 55; also referred to as antibody 35)
was expressed and purified as follows:

The Fab portion of antibody 35 was expressed in Expi293F cells (Thermo Fisher, cat.
#A14635) by transient transfection for S days. The Fab was purified from clarified supernatants
by binding to CaptureSelect CH1-XL Affinity Matrix {ThermoFisher), washing with PBS buffer,
and elutimg with SOmM sodium acetate, pH 4.0, After elution, Fab was buffer exchanged to PRS
and concentrated using Ultra-15 centrifugal filter unit, 10 kDa MWCO (Amicon) and then stored

at ~80°C.
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Sequences:

Fab Heavy Chain:
EVOLVOSGAEVKKPGASVKVSCRKVEGYTLTELEMOWVROAFGKGLEWMGGEFDPDDGETMY ARKE
QGRLITVITEDTSTDTVYMELRSLTSEDTALYFCATS PCYDFFDYWGQGTLVIVSSASTKGRPSVER
LARPSSKSTSGETAALGCLVKDYFRERPVIVSWNSGALTSGVHTFPAVLOQSSCGLYSLESVVIVRESS
SLETOTYICNVNHKPSNTKVDKRVEPKSCDKTHT (SEQ ID NO:327)

Fab Light Chain:
CSALTQOPASVSGSPGOSITISCTGTSSDVGEYNYVSWYQQOHPGRAPKIMIYEVENRPSGVSNRER
SGENSGNTATLTINRVEAGDEADYYCQVWDSSNDLLIFGGGTKLTVLGOPKAAPSVTLFPPSSE
ELOANKATLVCLISDEFYPGAVIVAWKADSSPVKAGVETTTRPSKQSNNKYAASSYLSLTRPEQWKS
HRSYSCQVTHEGSTVEKTVAPTECE (SEQ ID NO:213)

Crystallization was performed as follows:

Fab: The Fab portion of antibody 35 was concentrated to 10 mg/mL in TBS buffer.
Sparse matrix crystallization screens were set up using an NT8 crystallization robot
{Formulatrix, Bedford, MA)}. Drops containing 200 nl (Fab fragment) + 200 nl {reservoir) were
used for the setup and the plates were incubated at 4°C, 13°C and 20°C. Crystals of the Fab
portion of antibody 55 appeared in condition C10 of the JCSG Top96 Screen (0.1 M HEPES pH
7.8, 20% (wiv) PEG 8,000 (Rigaku, Bainbridge Island, WA) after five days incubation at 4°C.

Fab-mutCALR Peptide: The Fab portion of antihody 55 was muxed with mutCALR
peptide (Acetyl-DEEQRTRRMMRTEKMRMRRMRR-NHz; SEQID NG:33% ataratioof 1115
molar excess, and then concentrated to a final concentration of 35 mg/ml. Sparse matrix
crystallization screens were set up using an NT8 crystallization robot (Formulatrix, Bedford,
MA}. Drops containing 200 ni (Fab plus mutCALR peptide) + 200 nl (reservorr) were used for
the setup and the plates were meubated at 4°C, 13°C and 20°C. Inwial crystal hits grew from
condition C7 of the JCSG Top96 Screen (Rigaky, Bambrnidge Island, WA) after 3 days
meubation at 4°C. This mitial hit condition was further refined, leading to the mutCALR peptide
bound crystals. The final condition for Fab-mutCALR peptide was 0.1 M Bicine pH 7.94, 19%
w/v PEG 6000. These crystals grew 1n approximately five days.

All crystals were flash cooled in liquid nitrogen for X-ray data collection.
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Data Collection, Processing and Refinement was performed as follows:

Diffraction data was collected at 100K using synchrotron radiation at the Advanced
Photon Source (IMCA-CAT beambine 17-1D). Diffraction data indexing, mtegration and scaling
were performed with the AutoPROC package. Data collection statistics, phasing and refinement
are given in Table 14.

For the Fab-Apo data, MoRda {Keegan and Winn. {2007} Acta Cryst. D63, 447-57;
Keegan et al. {2018) Acta Cryst. B74, 167-82; and Winn et al. (2011} Acta. Cryst D67, 235-42)
was used to place two copies of a Fab fragment as a template (PDB 1D SAZE). For the Fab-
mutCALR peptide data Phaser was used to place fragments of the Fab-Apo model and
subsequent rounds of manual model building were performed resulting in a model containing
two Fabs and 3 peptides. For both datasets, subsequent cycles of density modifications, model
building and refinement were carried out using Refmac (Murshudov et al. (1997} Acta Cryst
D33, 240-255), Coot (Emsley et al (2010) Acta Crystallographica Section D - Biological
Crystaliography, 66, 486-501) and Phenix (Liebschner et al. (2019} Acta Cryst. (2019}, D7S,
861-77) until the structores converged at reasonable R-work and R-free (Table 14). The final
models were analyzed for good stereochenustry, geometry and clash scores using MolProbity

{Table 14).

Results:

The structure of Fab-Apo was determined to 2.9 A and consists of residues Light chains
2-213, and Heavy chains 2-219 (2 Fabs) and has good electron density throughout, with the
exception of residues Chain L: Asp28-Tyr34, Chain H: Ser99-Gly101, Lysi134-Gly139, Chain
M. Gly24-Tyr34, Chain [ Ser133-Gly138 which are not modelled due to weak electron density.
The structure was refined to an Rowork/R-free of 23% and 30%, respectively, and has good
sterepchemistry throughout with 4 Ramachandran outhiers which 15 acceptable for this resolution
(48" percentile for this residue range, Table 14).

The structure of Fab-mutCALR peptide was determined to 3.2 A. The two Light chains
consist of residues Chain L; 2-215, Chain M:2-216; and two Heavy chains H:2-219 and [:2-185.
There are two Fabs and two peptides in the asymmetric unit. The model has good electron
density throughout, with the exception of the following residues: Chain H, Ser132-Gly139;

Chain M, Thr25-Glv31; and Chain §, Ala130-Ala142, which are not modelled due to weak
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electron density. The structure was refined to an R-work/R-free of 23% and 32%, respectively,

and has good stereochemistry throughout with 7 Ramachandran outliers which is acceptable for

this resolution (56th percentile for this residue range, Table 14).

Table 14, Data collection statistics, phasing and refinement.

Resolution range

Space grouyp

5452 229004 -2.9)
P11

583 -32{(3314 -32)

P12

119565 (1638)

16045 (1359

Mudtiplicity
Completeness (%)

L2600
9736 (82.11)

2.0 2.0)
93.80 (82.11)
1331 (66

0123405113

0.0739 (0.1868)

R-pim . 0.08796 (0.3616) 0.05226 (0.1321)
oC12 L 0.983 (0.677 L 0.992 (0.929)

R-work 0.2301 (0.2879) 0.2288 (0.2838)
R-free L 0.3032 (0.3904) 6.3174 (0.3856)
CCwork) L 0.805 (0.757) 5.899 (0803}

macromaoiccules
Protein residues

RMS(honds)
RS G :
Ramachandran favered (%) 9579 91.17
Ramachandran allowed (%} 3.7 786

Ramachandran outliers (%)

macromaoiccules
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As shown in FEG. 12A the asymmetric unit of the crystal structure includes one Fab
molecule bound to two mutCALR peptides (referred to as CalR1 and CalR2). The structure
mnchudes 2 Light chains (shown in white), 2 heavy chains (shown in black) and 2 identical
peptides representing a portion of the mutant CALR C-terminal domain (CalR1, gray and CalR2,
white). The Fab binds to the two mutCALR peptides in two distinct binding confirmations (FIG.
124A). Only Fv regions of the Fab are displaved for clarity.

Fi(s. 12B shows the compuosition of the CDR loops (L1, L2, 1.3, H1, H2, and H3}, the
amino acid composition, and the length of the Fab. CDR predictions performed using the CCG
scheme in MOE (Molecular Operating Environment). Amino acids highlighted in bold/ftalics are
noted for significant contributions to CalR1 peptide binding as detatled in FiGs, 138-13C.
Amine acids highlighted 1n bold/underlined are noted for significant contributions to CalR2
peptide binding as detailed m FIGs. 14B-14C. Amino acids denoted by an asterix contribute to
both CalR1 and CalR2 binding. ¥FIG. 12C shows the Arrangement of CalR1 (gray) and CalR2
{white} 10 the CDR region of Fabl (top) and the arrangement of the CDR loops (L1, L2, 1.3, H1,
H2, and H3) and orientation of CalR1 {gray) and CalR2 (wiute) in the CDR region of Fabl
{bottom}.

FiGs. 13A-138 show residues involved i binding of the Fab to CalR1. A magmnfied
image of selected CalR1-Fabl interacting residues is shown in FIG3B. FIG. 13C provides
details for the selected CalR1-Fabl interacting residues shown in FIG. 13B. FiGs, 14A-14B
show residues mvolved i binding of the Fab to CalR2. A magnified image of selected CalR2-
Fabl interacting residues is shown in FIG. 14B. FIG. 14C provides details for the selected
CalR2-Fabl mteracting residues shown in FIG. 14B. In FIGs, 13A-13C and FIGs, 144-14C,
Residues were selected based on distance and interaction type determined by MOE (Molecular
Operating Environment). Heavy chain residues are shown in black and light chain residues are
shown white. Distances in Angstroms are shown by dotted lines. Interacting residues are shown
as sticks and were calcolated using InterfaceResidues py script and Pymol {protein osaka-
v.ac. jp/resfp/supracryst/suzuki/jpxtal/Katsutani/en/interface php}.

FIG. 15 shows the sequence of mutant CALR pepiide with the CalR1 conformation

binding residues {(top) and CalR2 conformation binding residues {(bottom) in grey shading.

185



{85 ]

U

WO 2023/107994 PCT/US2022/081076

Example 12: Structural Betermination of Fab Fragment from anti-mutCALR Antibody
Bound with Type 1 Mutant CalR 3i-mer Peptide
The Fab fragment having the sequences shown below was purified as described above for

Example 11.

Sequences:

Fab Heavy Chain

EVOILVOSGAEVKKPGASVEVESCKVSGY TLTELSMOWVROAPGKGLEWMGGPFDPUDAETMY ARKF
CGRLITVTEDTSTDTVYMELSSLRSEDTAVY FCATSPGYDFFDYWGOGTLVTVSSASTRGPESVER
LAPSEKSTSGETAALGCLVEDYFRPEPVIVEW NSG}\LTQ’*'\:’HTF““VMQSSGLVSLRS‘\/ VIVPSS
SLETOTYICNVNHEKPSNTKVDRKRVEPKSCDKTHT (SEQ ID NO:330

Fab Light Chain

SYVLTQOPPSVSVAPGKTARITCTGTSEDVGEYNYVEWYQQKPGQAPVLVVYEVSNRPSGI FERE

SGENSGNTATLTISRVEAGDEADYYCOVWDSSNDLLIFGGGTKLIVLGOPRKAAPSVILEFPRPES

EL Q *\?K“TLVC‘LI‘:;DFYPGA"TVAWKAD::S PVKAGVETTTPEKOENNKYAASSYLSLTPEQWKS
HREYSCOVTHEGSTVEKTVAPTECS (SEQ ID NO:260)

31-mer mutCALR peptide:
H-DEEQRTRRMMRTKMRMRRMRRTRREKMRRKMS -OH (SEQ ID NO:340)

Crystallization was performed as follows: Recombinant Fab fragment was mixed with the
31-mer peptide at a ratio of 1.3 molar excess, and then concentrated to a final concentration of 21
mg/ml. Sparse matrix crystallization screens were set up using an NT§ crystallization robot
{Formulatrix, Bedford, MA} Drops containing 200 ni (Fab fragroent plus CalR peptide} + 200 nl
(reservoir) were used for the setup and the plates were incubated at 4°C, 13°C and 26°C. Crystals
grew from condition E7 of the JCRG Top96 Screen (Rigaku, Bambridge Island, WA) after one
day of mcubation at 20°C. The {inal crystal condition for antibody X:31-mer peptide complex
was TRIS G.1M, pHE.S, Polyethylene glycol 400 409 viv, and 0.2 M Lithium sulfate.

All erystals were flash cooled o liquid mitrogen for X-ray data collection.

Data Collection, Processing and Refinement was performed as follows: Diffraction data
was collected at 100K at (A= 0.9201 A) with an Eiger 9M detector using synchrotron radiation at

beamline 17-1D-1 at the Center for BioMolecular Structure at the National Synchrotron Light
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Source I, Brookhaven, NY, USA. 1800 images were collected using a rotation of 0.1° per
mmage. Diffraction data indexing, integration and scaling were performed using Fast dp. Data
collection statistics, phasing and refinement are given 1n Table 15

For the Fab fragment-31-mer peptide data, Phaser was used to place fragments of the Fab

fragment model and subsequent rounds of manual model building were performed resulting na

{85 ]

modei containing 1 Fab and 1 peptide. Subsequent cycles of density modifications, model
building and refinement were carried out using Refmac, Coot and Phenix untiil the structure
converged at reasonable R-work and R-free (Table 15). The final model were analvzed for good

stereochemistry, geometry and clash scores using MolProbity {Table 15}

Tabie 15, Data collection statistics, phasing and refinement.

Fab fmgmém:(“aiR pcptide (3i-mer)

Resofution range

29.62 -2.04 (2,113 -2.04)

' Space group
Unit celt

Total reflections

C121
103.37 71 477 92.347 90 105.807 90

Completeness (%)

Mean Isigmadl)
Wilsen B-factor

99.76 (39.90)
10,09 (1.61)
38.61

0.997 (0.679
.99% (0.899)

TA2664 (4190)

1995 (198)

}
39

R-work (.2017 (3.273%)
R-free 0.2262 (0.307%)
CC(work)
o o 6545 (0.560)
Number of non-hydrogen atoms | 3690
.................. e AT
vﬁgénds ) 38
spivent

Protein residues
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Ramachandran allewed (Yo} | 4,39
Ramackandran outliers (%) 0.44
AAAAAAAAAA Rotamer outliers (‘?/o) ’ ‘ ’ o
T gy —
................. ‘A‘vemge Wi R TET
............... - ‘z‘iéi;{)i':'é'biiéculéé‘“"”"""""'5' e
Results:

The structure of Fab fragment-31-mer mutCalR peptide was determined at 2.0 A with
space group C 1 2 1. Each asymmetric untt contains one Fab molecule and one 31-mer peptide
molecule. The Fab molecule consists of a light chain, Chain L 2-215, and a heavy chain, Chain
H:1-221. The model has well defined electron density throughout, with the exception of the
following residues: Chain H, Glyd2-Lys43, which are not modelled due to weak electron density.
The structure was refined to an R-work/R-free of 20.1% and 22.6%, respectively, and has good
stereochemistry throughout with 2 Ramachandran outliers.

FIG. 16A shows views of the protein structure in an asymmetric unit. The asymmetric
unit consists of 1 light chain, 1 heavy cham from the Fab fragment and a 3 1-amino acid peptude
from Type | mutant CalR. FIG. 16B shows a zoom-in view for the region of CDR and mutant
CalR peptide. Constant regions of the Fab are excluded for clanity. FIG. 16C shows the CDR
composition of the Fab fragment. Bold font denotes amino acids that contribute to the epiiope
recognition in mutant CalR. CCG nambering scheme was used for defining the CDR 10 MOE
{Molecular Operaving Fnvironment, 2019.01; Chemical Computing Group ULC, 1010
Sherbooke St West, Suite #910, Montreal, QC, Canada, H3A 2R7, 2021},

FIG. 17A shows an llustration of interacting residues located across CDR regions from
the heavy chain and the hight chain. FIG. 17B shows selected residues for interaction analysis
between the antibody and the antigen CalR31 (3 1-mer mutant CalR peptide). Residues selected
based on distance and interaction type determined by MOE (Molecular Operating Environment,
2019.01; Chemical Computing Group ULC, 1010 Sherbooke St. West, Suite #910, Montreal,
QC, Canada, H3A 2R7, 2021). The side chain of residugs are shown in stick representation with

numbering adopted from the CCG scheme in MOE. FIG. 17C shows results from a detailed
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interaction analysis between the CalR31 and the CDR of antibody. The distance between

mteracting pairs were calculated in MOE. Distances in Angstroms are shown by dotted lines.

Exaraple 13: Efficacy of Anti-mutCALR Antibody in a2 Mouse Model of Essential
Thrombocythemia

To test the therapeutic potential of anti-mutCALR antibodies i vive, an antibody was
evaluated in a mouse model of essential thrombocythemia (ET). In this mouse model, a
conditional allele that expresses a mutCALR protem with a C-terminal sequence (DELSZ)
identical to what found in MPN patients was knocked in to the mouse CALR sequence. The
engineered mice {CALRdel/del} develop an ET-like disease with marked thrombocytosis,
splenomegaly, and abnormal megakaryocytosis (Li et al. Blood 2018; 131:64%9). The expression
of mutCALR in the engineered mice was induced with intraperitoneal injections of
polyinosinic polycytidylic acid (poly LC) (250 pg/dose; every other day for a total of 3
mjections). Treatment initiated 19 weeks post-poly L C induction and consisted of intravenous
injections of anti-mutCALR antibody {clone 74} at 50 myg/kg QW for a total of 4 weeks. ET
phenotype was confirmed by assessing the platelets counts 1o the blood (Sysmex, Kobe, Japan),
spleen size and bone roarrow histology. A representative study 13 shown m FlGs, 184-18C.

The ant-mutCALR antibody restored normal platelet counts (FIG. 184), spleen volume
{FIG. 188), and the bone roarrow cell envronment {FIG. 18C).

Taken together, these results demonstrate the efficacy of the antt-mutCALR antibodies in

treating ET.

Example 14: Efficacy of Antb-mutCALR Antibody in Primary Patient Cells

CD347 cells isolated from MPN patients carryving the CALR mutation were used o
charactenize the ability of an anti-mutCALR antibody to inhibit the mutCALR-derived oncogenic
function. Peripheral blood mononuclear cells (PBMCs} were isolated from non-identified blood
samples from MPN patients by Ficoll gradient extraction (Fisher Scientific) and CD34" cells
were enriched using magnetic enrichment (Miltenyt Biotec). (D347 cells were cultured for seven
days in SFEM-H media (STEMCELL Technologies) containing hSCF, hFLT3L, TPQ,
L2698, SR1, and UMI17L.
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CD34+ cells (50,000 cells/well) were then plated into 96-well plates and treated with a
mutCALR or isotype control antibody for 2 hours. Following treatment, plates were centrifuged,
the supernatant was aspirated and subsequently washed with PBS. After centrifugation the cell
pellets were lvsed using lvsing buffer (Cell Signaling Technologies} supplemented with Tx
HaltT™ Protease and Phosphatase Inhibitor Cockiail (Thermo Fisher Scientific). Lysates were
added to the Phospho (Tyr694)/Total STATS5a b whole cell fysate kit {(Meso Scale Diagnostics)
and phospho-STATS levels were then quantitated using Meso Sector § 600 (Meso Scale
Diagnostics). Clone 74 selectively inhubited pSTATS 1n CD34+ cells harboring mutCALR ina
dose-dependent manner, while the isotype control (IgG) at 10 yg/mL had no impact on CD347
cells. Moreover, pSTATS was not inhibited in CD34+ cells harboring the Vo17F JAKZ mutation
(FIG. 19A).

To evaluate the ability of antibodies to inhubit mutCALR oncogenic function and
imbalanced proliferation of megakaryocytes, CD34" cells (50,000 cells/well) were added to a 12-
well plate with SFEM-U supplemented with hSCF, hGCSF, bIL3, and K16 and treated with a
mutCALR antibody or isotype control for 6 days. Cells were stained and analyzed by flow
cytometry {LSRFortessa™ X-20 avalyzer, BD Biosciences). Antibodies used were: APC anti-
human CD38 antibody (BioLegend), FITC anti-human hineage cocktail (Biolegend),
PE/Cyanine7 anti-human CD34 antibody {BioLegend), PE anti-human CD41 antibody
{BioLegend), APC mouse anti-human CD42b antibody (BD Pharmingen). Megakaryocyies were
identified as the CD417 CD42b7 cells. The anti-mutCALR antibodies (clones 74 and 65)
selectively prevented the differentiation of mutCALR™ {3347 cells into mature megakarvocytes
in a dose~dependent manner, while isotype control (IgG) had no impact on this population. A
representative experiment is shown i FIG, 198

In another experiment, the CD34" cells described above were added at 50,000 cells/well
to a 12-well plate containing 2.0 mL culture media with specified concentrations of clone 74 or
1sotype control. The treatment period was 12 hours. After 12 hours, cells were collected, washed
and lysed using lysing buffer {Cell Signaling Technologies) supplemented with 1x Halt™
Protease and Phosphatase Inhibitor Cocktail (Thermo Fisher Scientific). Protein samples (6 ug)
were separated in pre-casted 4-12% TrisGglycine gels {Thermo Fisher Scientific) and transferred
to nitroceltulose membranes using iBlot 2 Dry Blotting System and iBlot™ 2 Transfer Stacks

{Thermo Fisher Scientific). The nitrocellulose membranes were blocked with StartingBlock
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{Thermo Fisher Scientific) for one hour and probed with antibodies to detect pSTATS (Cell
Signaling}, STATS (Cell Signaling), pSTAT3 (Cell Signaling), STAT3 (Cell Signaling}, and B-
actin {Cell Signaling}. Detection was performed using horseradish peroxidase (HRP-conjugated
secondary rabbit antibody (Cell Signaling} and chemiluminescence HRF substrate (Thermo
Scientific}. Clone 74 selectively inhibited pSTATS and pSTATS in CD34+ cells harboring
mutCALR in a dose-dependent manner, while the 1sotype control (Ig(G) at 10 pg/mL had no
impact on CD347 cells (FIG. 190).

In another experiment, Clone 74 and ruxolitintb were combined to determine the impact
of co-treatment on megakaryopoiesis produced by CD347 cells from human cord blood (W'T
cells) or an MPN patient with mutCALR (mutCALR celis). After six days in culture, 25 nM
ruxolitinib alone did not impact the frequency of megakaryocytes produced by either WT or
mutCALR-expressing (D347 cells. In contrast, 25 ug/mL of clone 74 alone selectively reduced
the production of megakaryocytes from mutCALR™ CD347 cells but not from WT CD347 cells.
Further, the combination of 25 nM ruxolitinib and 25 ug/mL of clone 74 led to further depletion
of pathogenic megakaryocytes produced by mutCALR”™ CD347 cells (FIG. 191,

Taken together, these resuits demoustrate the ability of the anti-mutCALR antibodies to

mhibit mutCALR-derived oncogenic functions i MPN patient cells.

Example 15: Effect of Anti-mutCALR Antibody in the Cell Cyele

Engineered Bal'3 cells (10,000 cells/well} were added to a 12-well plate containing 2.0
mL culture media with serially diluted antibodies. The treatment period was for 24 hours. After
22 howrs of incubation, Ba/F3 cells were pulse-labeled with Brdl for 2 hours. After 24 hours,
Ba/F3 cells were collected, washed with PBS and incubated with BD Cyvtofix/Cytoperm buffer
for 20 minutes on ice. Cells were then washed with the BD Perm/Wash buffer and the cell pellets
were resuspended in 100 pL of BD Cyioperm and Permeabilization buffer and incobated on ice
for 10 minutes. Cells were then washed and resuspended in 100 ul of BD Cyiofix/Cytoperm
buffer and incubated at room temperature for 5 muinutes. Cells were washed and treated with 100
ul of 300 pg/mk solution of DNase, and incubated for 1 hour at room temperature, and were
then washed and resuspended in 50 pi of BD Perm/Wash buffer containing anti-BrdU-APC
antibody for 20 minutes in the dark at room temperature. After additional washing, cells were

resuspended in PBS containing 2% FBS and 7-AAD and analyzed for cell cycle profiles on the
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LSRFortessa™ X-20 analyzer (BD Biosciences). Clone 74 was screened to determine its effect
on the cell cycle using WT BaF3 cells or Ba/F3-TPOR/mutCALR iype 1. Clone 74 selectively
mnduced apoptosis in BaF3 cells carrying mutCALR in 2 dose-dependent manner, whereas
isotype control (fe(3) had no effect on these cells. In contrast, clone 74 did not impact cell cycle

profiles of WT BaF3 cells (FIG. 28).

Example 16: Activity of Anti-mutCALR Antibody

Cell binding of various anti-mutCALR antibodies as compared to clone 4 was assessed
using engineered BaF3 cells stably expressing human MPL and human muntCALR Type |, The
antibodies used in this experiment were obtained commercially (AB1: CALZ antibody, [Jianova)
or synthesized from sequences found in the hiterature (AB2: anti-mutCALR antibody including
VH and VL regions of antibody B3 from WO2020175689 fused to human constant regions;
AB3: anti-mutCALR antibody including the BJO9S VH region and the BJI097 VL region from
WO2019178362 fused to human constant regions; and AB4: anti-mutCALR antibody including
VH and VL regions of antibody 8B2-H6 from WO2016087514 fused to human constant

FegIONs ).

Sequences:
ABZ heavy chain:

CVOLQCSGAELVKPGSSVKISCKASGY TPTRNFIHWIKQCPGNGLEWIGWIFPGDGDTEYNQKE
NGKATLTADKSSSTAYMOLSSLTSEDSAVYFCARGNYNYEYEFDYWG Q”VMVTVSbASTKGPSVF
PLAPSSKETSGGTAALGCLVKDYFPPERPVIVSWNSGALTEGVHTFPAVLOSSGLY SLSEVVTVES
SSLGTQTYICNVNHKPSNTEVDEKRVERPKSCDKTHTCPR PAPR;TGGPSV”LF“PKT&DTLMIQ
RTPEVICVVVDVSHEDPEVKEFNWYVDGVEVENAKTRKPREEQYNSTYRVVSVLTVLEQDWLNGKE
YEKCEVENKALPARPIEKTISKAKGOPREPQVYTLEPPSREEMIKNQVELTCLVKGFYPSDIAVEWE
ENGOPENNYETTPEVLDSDGSFFLY SKLTVDRSRWQQCGNVESCSVMHEALHNHYTOKSLELSPG
(SEQ ID NQO:341)

ABZ light chan

DIOMTCSPASLSASLGETVSIECLASEDIYSYLATD
SGSGTCFSLKISGMOPEDEGDYFCLOGSKEPYTE
TASVVCLLNNEY PREAFVOWKVDNALQSGNSQES VT
ACEVTHQGLSSPVTKSFNRGEC (8EQ ID NO: 3

COQEPCKSPOLLIFAANRLODGVPSRESG
CTKZEL“@RTVAAPSVF FPPSDEQLKSG
BODS
4

NY
GP
SVTEQDSKDSTYSLSSTLTLSKADYEKHEVY

2)
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AB3 heavy chain:
QVQLVOSGARVKEPGASVEVSCKASGY SEFTGYY THWVROQAPGOGLEWIGY ISAYNGASSYNOKE
KGRATFIVDTSISTAYMELSRLRSDDTAVY YCASSMDYWGOGTLVIVSSASTKGPSVEFPLARSS
KESTSGETAALGCLVKDYFRPEPVIVSWNSGALTSGVHTFRPAVLOSSGLY SLESVVIVRSSSLGEGTY
TYTITCNVNHEHKEPSNTEVDERVEPKSCDKTHTCPPCPAPELLGGPSVFLEPPKPKDTIMISRTPEVT
CVVVDVSHEDPEVEFNWYVDGVEVENAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSE
NKALPAFIEKTISKAKGOPREPQVYTLPPEREEMTRNOVSLTCLVKGEFYPSDIAVEWESNGOPRPE
NNYXKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVESCSVMHEALHENHYTCKSLSLEPG (SEQ
ID NO:343)

*AB3 hght cham

DVVMTQSPLSLPVITLGOPASISCHSSOSLLDSDGKTYLNWLOORPCOS PERLIYLVEKLDSGVPR
DRESGSGSGTDEFTLRIGRVEAEDVGVYHCWOGTHEPYTRPGOGTELIEKRTVAARPSVEIFPPSDE
QLKESGTASVVCLLNNFYPREAKVOWKVDNALCSGNSQESVTECDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:344)

T

*There was an EI—1E transposition when synthesizing the VL sequence at the end of the

variable region; otherwise, the VL sequence is identical to the BI097 VL region.

AB4 Heavy Chain:

EVOLEQSGPELVKTGASVKISCKASGYSFTGYYITHWVKOSHGKS LEWIGYISCYNGASSYNQKE
KGKATEFTVDTESSTAYMOFNSLTSGDSAVYYCASSMDYWGOGTSVIVESASTRKGPSVEPLAPSK
STEGGETAALGCLVKDYFPERPVIVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVIVRPESSLGTQT
YICNVNHKPSNTEVDERVEPKSCDKTHTCPPCPAPELLGGRPSVELFPPRKPKDTLMISRTPEVCY
VVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNS TYRVVSVLTVLHODWLNGRKEYECRVSNK
ALPAPIEKTISKAKGRPREPQVYTLPPSREEMTKNQVELTCLVEGEFYPSDIAVEWESNGOPNNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVFSCESVMHEALHNHYTOKSLSLSPG (SEQ ID
NG:245)

AB4 Light Chain

DVVMTOTPLTLSVTIGRPASTECKESQSLLDSDOKTYLNWLLORPGOS PRKRLIYLVSKLDSGVP
DRETGSGSGTDFTLKISRVEAEDLGVYHCWQGTHFPYTFGGGTKLEIKRTVAAPSVFIFPPEDC
LKEGTASVVCLLNNFYPREAXVOWKVDNALQSGNSQESVTEQDSKDSTYSLESTLTLSKADYEK
HEKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:346)

Approximately 200,000 cells/well were added to 96-well plates and stained with the
mdicated concentration of antibodies for 30 minutes on ice. Cells were then washed and stained
with goat anti-human secondary conjugated to R-phycoerythrin (R-PE} (Jackson Immungo
Research Laboratories) for 30 minutes on ice. The cells were then washed again and analyzed by

flow cytometry. Geometric Mean Fluorescence Intensity {GMFI) of cell binding was graphed
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using GraphPad Prism Software {(version 7.04). As shown in FIG. 214 the anti-mutant CALR
anttbodies show differential levels of binding to cells expressing mutant CALR

The ability of the five antibodies shown here to inhibit cell proliferation was tested.
Inhubition of cell proliferation was assessed using engineered BaF3 cells expressing
MPL/mutCALR Type 1. Cells were plated at 5,000 cells per well in RPMI 1640 + 2% FBS,
anttbodies were added and incubated for 72 hours, followed by assessment of cell viability using
the CellTiter-Glo Luminescent Cell Viability Assay (Promega, Madison, W1} and Top Count
{Perkin Elmer, Boston, MA) or Pherastar (BMG Labtech, Ortenberg, Germany) for
luminescence quantification. As shown in FIG. 218, among the antibodies shown to bind mutant
CALR, only clone 4 is able to substantially inhibit cell proliferation. The data shown in FiGs,
21A and 21B were compiled from different experiments.

The ability of other antibodies of the present disclosure to inhibit cell proliferation as
compared to AB1, AB2, AB3 and AB4 was tested in the same manner as described above. The
identified anti-mutCALR antibody clones listed below inhibited mutCALR-induced oncogenic
cell proliferation in a dose-dependent manner, while AB1, AB2, AB3 and AB4 showed no

functional activity. The ICso valoes are shown in Table 16,

Table 16. ITs0 values for anti-mutCALR antibody mediated inhibition of cell proliferation

Clone No. ICS6 (ng/miy
33 9.5
39 21

35 2.18
36 0.9%
41 3.98
4 .10
51 10
37 0.201
AB1 >6(
AB2 =60
AB3 >60
AB4 >60
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OTHER EMBODIMENTS
It 1s to be understood that while the invention has been described in conjunction with the
detailed description thereof, the foregoing description is intended to iHustrate and not limit the
scope of the mvention, which is defined by the scope of the appended claims. Other aspects,

advantages, and modifications are within the scope of the following claims.
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WHAT IS CLAIMED I

1. An antibody that binds to human mutant calreticubin (CALR), wherein:

the antibody comprises a heavy chain variable region { VH) comprising a VH CDR1, a
VH CDR2Z, and a VH CDR3, wherein:

the VH CDRI comprises the amino acid sequence X1 X XaX4Xs, wherein X118 8, E, or
D wherein X218 Y, L, or 8; wherein X5 18 A, S, or F; wherein X4 is I or M, and wherein X515 §,
Q, or H;

the VH CDR2 comprises the aming acid sequence
KeX7XsPXoXioX XXX YAX 15X 16X X G (SEQ ID NO:97), wherein Xe s L or G;
wherein X71s V, F, or I; wherein Xg is I or I; wherein Xo s E, I3, or I; wherein Xy is D, G, F, A,
S, or E; wherein Xy1 1s G or A; wherein X127 15 B or T, wherein X3 is T or A; wherein Xiais I, M,
or N; wherein X5 1s E or Q; wherein X 1s K or R; wherein X17 18 F or L; and wherein Xisis R
or

the VH CDR3 comprises the amine acid sequence
K19X00X01 X220 23 X4 X 25 X6 X 27X08X 05K 30X 1 X 32 X33 X34 X35 X36 X7z (SEQ 1D NO:98), wheremn
Xiv1s P, E, or absent; wherein Xz0 13 G, E, or absent; wherein X21 18 G, W, S, or absent; wherein
Kzz1is LD, 8, P, or absent, wherein X238 8, L, L T, G, or absent; wherein Xos1s P, T, Q, L DL R,
or absent; wherein X515 G, I, or absent; wherein Xzs 5 B, Y, P, L, D, or S; wherem Xo71s E, D,
A, or G, wherem Xz 15 5, F, A, B, Y, or W, wherein Xos is Y or F; wherein Xso1s G, D, or W,
wherein X1 18 P, Y, I, or H; wherein X3 18 Y or absent; wherein X33 18 Y or absent; wherein X
1s Y or absent; wherein Xas is G or absent; wherein Xze 18 M or absent; wherein Xz718 D or
absent; wherein Xss 18 'V or absent;

wherein the antibody comprises a light chain vanable region (VL) comprising a VL
CDRI1, a VL CBR2, and a VL CDR3, wherein:

the VL CDR1 comprises the amino acid sequence
K39 XaoX a1 Xa2X a3 XaaXas X a6 K47 XKaeXaoX 50X 51 X520 X53 Xsa (SEQ 1D NO:99), wherein X515 T, A or
absent; wherein Xao 1s G or absent; wheremn X418 Q, G, V, T, or §; wherein X218 A, (3, S, or N;
wherein Xe: 15 S, N, D, T, or YV, wherein Xaa s Q, Y, N, DB, 8§, or K; wherein Xgs s B, L F, V| §,

or T, wherein X4s 18 N or absent; wherein X47 18 I or absent; wherein Xuz 15 I, G, or R; wherein
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X015 S, G, A DL R or T; wherein Xso1s Y or absent; wherein X551 is N, K, I, or E; wherein
X528 Y, S, N, D, H, F R or (5, wherein Xs3 is L or V; and wherein Xs41s N, H, 8, D, or F;

the VL CDR2 comprises the amino acid sequence XssXs56Xs7Xs5sXs0Xs0Xe1, wherein Xs3
s T, 0 E, Q, or R; wherein Xs6 18 A, D, V, or N; wherein X5718 8, (3, N, or R, wherein Xss 15 1,
N, D, or K; wherein Xso1s L, R, or W, wherein Xeoo is E or P; and wherein Xs118 8, T, or L;

the VL CDR3 comprises the anmino acid sequence XezXe3Nos XesXosXer XeosXeo XX 71 Xn,
wherein X218 Q. 8, €, or G; wherein Xe31s 3, V. 5, T, or A; wherein Xes 13 Q, L, W, or Y,
wherein Xes 1s Q, N, D, I T, A, or G; wherein Xec1s S, P, G, N, or A; wherein Xo71s N, Y, 1, 8,
N, L, or D; wherein Xes s E, P, S, I, N, H, L, or T, wherein Xeo 1s I3, T, S, or absent; wherein X7

isP.H L R F A, Q, orabsent; wherein Xy is W, L, V) Y, S, A, or E; and wherein X7z 18T, V,

or I
2. The antibody of claim 1, wherein:
the VH CDRI comprises the amino acid sequence of any one of SEQ 1D N(Gs:1-6;
the VH CDR2 comprises the amine acid sequence of any one of SEQ 1D NQOs:7-17 and
92-95;
the VH CDR3 comprises the amino acid sequence of any one of SEQ 1D NOs: 18-25;
the VL CDR1 comprises the amino acid sequence of any one of SEQ 1D NOs:26-32 or
118;
the VL CDR2 comprises the aming acid sequence of any one of SEQ 1D NOs:53-68; and
the VL CDR3 comprises the armno acid sequence of any one of SEQ D NOs:69-91.
3, The antibody of claim 1, wheremn the VH CDRI, the VH CDR2Z, and the VH CDR3 each

correspond to the VH CDRs set forth in Tables 1-2 for a single clone selected from the group
consisting of clones 1-53 and 55-215, and wherein the VL CDRI, the VL CDR2, and the VL
CDR3 each correspond 1o the VL CDRs set forth in Tables 1-2 for a single clone selected from

the group consisting of clones 1-53 and 55-215.

4. The antibody of claim 1, wherein:
the VH CDR1I comprises the aming acid sequence of SEQ ID NO:1; the VH CDR2

comprises the aming acid sequence of SEQ ID NO.7; the VH CDR3 comprises the amino acid
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sequence of SEQ [D N(O:18; the VL CDRI comprises the amino acid sequence of SEQ ID
NQO:26; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:53; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG:69;

the VH CDR1I comprises the amino acid sequence of SEQ 1D NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NO:7; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NOG:18; the VL CDR1 comprises the amino acid sequence of SEQ 1D
N(:27; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:34; and the VL CDR3
comprises the amino acid seguence of SEQ 1D NG:70;

the VH CDR1 comprises the amino acid sequence of SEQ ID NG 1; the VH CDR2
comprises the amine acid sequence of SEQ ID NO:8; the VH CDR3 comprises the amino acid
sequence of SEQ ID NO:18; the VL CDR1 comprises the amino acid sequence of SEQ 1D
NO:28; the VL CDR2 comprises the amino acid sequence of SEQ ID NO:34; and the VL CDR3
comprises the amine acid sequence of SEQ 1D NO:71;

the VH CDRI comprises the amino acid sequence of SEQ D NO:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:7; the VH CDR3 comprises the amno acid
sequence of SEQ ID NO:18; the VL. CDRI comprises the anmino actd sequence of SEQ ID
N(:28; the VL CDR2 comprises the anuno acid sequence of SEQ ID NG:54; and the VL. CDR3
comprises the amino acid sequence of SEQ D NG 71,

the VH CDR1 comprises the amino acid sequence of SEQ D NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NQO:7; the VH CDR3 comprises the aming acid
sequence of SEQ 1D NOG:18; the VL. CDR1 comprises the amino acid sequence of SEQ 1D
N{:29; the VL UDR2 comprises the amino acid sequence of SEQ 1D NO:54; and the VL CDR3
comprises the amino acid sequence of SEQ ID N(O:72;

the VH CDRI comprises the amino acid sequence of SEQ ID NOt1; the VH CDR2
comprises the amine acid sequence of SEQ ID NG:7; the VH CDR3 comprises the amino acid
sequence of SEQ ID NO:18; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:30; the VL CDR2 comprises the amino acid sequence of SEQ ID NG.55; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:71;

the VH CDR1 comprises the amino acid sequence of SEQ 12 NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NG 7, the VH CDR3 comprises the amino acid

sequence of SEQ 1D NOG:18; the VL CDR1 comprises the amino acid sequence of SEQ 1D
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MN(:29; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:34; and the VL CDR3
comprises the amino acid sequence of SEQ ID NO:71,

the VH CDR1I comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the aming acid sequence of SEQ ID NG 7; the VH CDR3 comprises the amino acid
sequence of SEQ ID NO:18; the VL CDRI comprises the aming acid sequence of SEQ ID
NQO:28; the VL CDBR2 comprises the aming acid sequence of SEQ 1D NGO 54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:73;

the VH CDRI comprises the amino acid sequence of SEQ D NO:1; the VH CDR2
comprises the amino acid sequence of SEQ D NO:7; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL CDRI1 comprises the amino acid sequence of SEQ 1D
N(G:28; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:56; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG:71;

the VH CDR1 comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NGO 7; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VI CDR1 comprises the amino acid sequence of SEQ 1D
NQO:31; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:34; and the VL CDR3
comprises the aminoe acid sequence of SEQ ID NO:71;

the VH CDRI comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NQ:7; the VH CDR3 comprises the amino acid
sequence of SEQ ID N 18; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:30; the VI CBR2 comprises the amino acid sequence of SE(Q ID NG:57; and the VL CDR3
comprises the ammno acid sequence of SEQ 1D NO:71;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NG 9; the VH CDR3 comprises the aming acid
sequence of SEQ 1D NO:18; the VL. CDR1 comprises the amino acid sequence of SEQ ID
NG:32; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL CBR3
comprises the amino acid sequence of SEQ ID NO:71;

the VH CDR1 comprises the amino acid sequence of SEQ ID NO:1; the VH CDRZ
comprises the amino acid sequence of SEQ ID N(G:7; the VH CDR3 comprises the amino acid

sequence of SEQ [D NG 18; the VL CDRI comprises the amino acid sequence of SEQ ID
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MN(:33; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:34; and the VL CDR3
comprises the aming acid sequence of SEQ ID NO:73;

the VH CDR1I comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the aming acid sequence of SEQ ID NO'7; the VH CDR3 comprises the amino acid
sequence of SEQ ID NG 18; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:34; the VL CBR2 comprises the amino acid sequence of SEQ 1D NG:56; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:71;

the VH CDRI comprises the amino acid sequence of SEQ D NO:1; the VH CDR2
comprises the amino acid sequence of SEQ D NO:7; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL CDRI1 comprises the amino acid sequence of SEQ 1D
NG:27; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG:71;

the VH CDR1Y comprises the amine acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NGO 7; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VI CDR1 comprises the amino acid sequence of SEQ 1D
NQO:35; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:34; and the VL CDR3
comprises the aminoe acid sequence of SEQ ID NO:71;

the VH CDRI comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:7; the VH CDR3 comprises the ammno acid
sequence of SEQ ID N 18; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:36; the VL CBR2 comprises the amino acid sequence of SE( ID NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG:72;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:1; the VH CDR2
comprises the amimno acid sequence of SEQ 1D NG:7; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL. CDR1 comprises the amino acid sequence of SEQ ID
NG:2&; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:5&; and the VL CBR3
comprises the amino acid sequence of SEQ ID NO:71;

the VH CDR1 comprises the amino acid sequence of SEQ ID NO:1; the VH CDRZ
comprises the amino acid sequence of SEQ ID N(G:7; the VH CDR3 comprises the amino acid

sequence of SEQ [D NG 18; the VL CDRI comprises the amino acid sequence of SEQ ID
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MN(:37; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:34; and the VL CDR3
comprises the aming acid sequence of SEQ ID NO:71;

the VH CDR1I comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the aming acid sequence of SEQ ID NO'7; the VH CDR3 comprises the amino acid
sequence of SEQ ID NG 18; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:38; the VL CBR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:71;

the VH CDRI comprises the amino acid sequence of SEQ D NO:1; the VH CDR2
comprises the amino acid sequence of SEQ D NO:7; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL CDRI1 comprises the amino acid sequence of SEQ 1D
NG:3Z; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG:71;

the VH CDR1Y comprises the amine acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NGO 7; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VI CDR1 comprises the amino acid sequence of SEQ 1D
NQO:39; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:34; and the VL CDR3
comprises the aminoe acid sequence of SEQ ID NO:71;

the VH CDRI comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:7; the VH CDR3 comprises the ammno acid
sequence of SEQ ID N 18; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:40; the VL CBR2 comprises the amino acid sequence of SE(Q ID NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG:71;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:1; the VH CDR2
comprises the ammno acid sequence of SEQ 1D NO:10; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL. CDR1 comprises the amino acid sequence of SEQ ID
NG:28; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:54; and the VL CBR3
comprises the amino acid sequence of SEQ ID NO:71;

the VH CDR1 comprises the amino acid sequence of SEQ ID NO:1; the VH CDRZ
comprises the amino acid sequence of SEQ ID N(G:7; the VH CDR3 comprises the amino acid

sequence of SEQ [D NG 18; the VL CDRI comprises the amino acid sequence of SEQ ID
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N(:41; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG 34; and the VL CDR3
comprises the aming acid sequence of SEQ ID NO:71;

the VH CDR1I comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the aming acid sequence of SEQ ID NO'7; the VH CDR3 comprises the amino acid
sequence of SEQ ID NG 18; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:28; the VL CBR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:70;

the VH CDRI comprises the amino acid sequence of SEQ D NO:1; the VH CDR2
comprises the amino acid sequence of SEQ D NO:7; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL CDRI1 comprises the amino acid sequence of SEQ 1D
N(G:40; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG:71;

the VH CDR1Y comprises the amine acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NGO 7; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VI CDR1 comprises the amino acid sequence of SEQ 1D
NQO:28; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:34; and the VL CDR3
comprises the aminoe acid sequence of SEQ ID NQ:74;

the VH CDRI comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:7; the VH CDR3 comprises the ammno acid
sequence of SEQ ID N 18; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:28; the VI CBR2 comprises the amino acid sequence of SE( ID NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG:75;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:1; the VH CDR2
comprises the amimno acid sequence of SEQ 1D NG:7; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL. CDR1 comprises the amino acid sequence of SEQ ID
NG:118; the VL CDRZ comprises the amino acid sequence of SEQ 1D NG 34; and the VL
CDR3 comprises the aming acid sequence of SEQ ID NO:71;

the VH CDR1 comprises the amino acid sequence of SEQ ID NO:2; the VH CDRZ
comprises the aming acid sequence of SEQ ID NO:11; the VH CDR3 comprises the amino acid

sequence of SEQ [D N(G:19; the VL CDRI comprises the amino acid sequence of SEQ ID
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MN(:30; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:39; and the VL CDR3
comprises the aming acid sequence of SEQ ID NO:76;

the VH CDRI comprises the aming acid sequence of SEQ D NO:Z; the VH CDR2
comprises the aming acid sequence of SEQ ID NO:11; the VH CDR3 comprises the amino acid
sequence of SEQ ID N(G:19; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:30; the VL CBR2 comprises the amino acid sequence of SEQ 1D NG:55; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:77;

the VH CDRI comprises the amino acid sequence of SEQ [D NO:2; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:11; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:19; the VL CDR1 comprises the amino acid sequence of SEQ 1D
N(G:4Z; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:59; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG 76;

the VH CDR1Y comprises the amine acid sequence of SEQ ID NO:2; the VH CDR2
comprises the aming acid sequence of SEQ 1D NO:11; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:19; the VI CDR1 comprises the amino acid sequence of SEQ 1D
NQO:30; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:53; and the VL CDR3
comprises the aminoe acid sequence of SEQ ID NO:78;

the VH CDRI comprises the amino acid sequence of SEQ ID NO:2; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:12; the VH CDR3 comprises the amino acid
sequence of SEQ ID N 19; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:30; the VL CBR2 comprises the amino acid sequence of SE( ID NGS5, and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG:77;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:2; the VH CDR2
comprises the ammno acid sequence of SEQ 1D NO:11; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NOG:19; the VL CDR1 comprises the amino acid sequence of SEQ ID
NG:43; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:59; and the VL CBR3
comprises the amino acid sequence of SEQ ID N(O:79;

the VH CDR1 comprises the aming acid sequence of SEQ ID N(O:2; the VH CDRZ
comprises the aming acid sequence of SEQ ID NO:11; the VH CDR3 comprises the amino acid

sequence of SEQ [D N(G:19; the VL CDRI comprises the amino acid sequence of SEQ ID
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MN(:30; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:60; and the VL CDR3
comprises the aming acid sequence of SEQ ID NO:79;

the VH CDR1I comprises the aming acid sequence of SEQ D NG:3; the VH CDR2
comprises the aming acid sequence of SEQ ID N(O:13; the VH CDR3 comprises the amino acid
sequence of SEQ ID NO:20; the VL CDRI comprises the amino acid sequence of SEQ ID
NQO:44; the VL CDBR2 comprises the aming acid sequence of SEQ 1D NO:61; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:80;

the VH CDRI comprises the amino acid sequence of SEQ D NO:3; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:11; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:20; the VL CDR1 comprises the amino acid sequence of SEQ 1D
N(G:45; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:61; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:80;

the VH CDR1Y comprises the aming acid sequence of SEQ ID NO:4; the VH CDR2
comprises the amino acid sequence of SEQ 1D NO:14; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:21; the VI CDR1 comprises the amino acid sequence of SEQ 1D
NQO:46; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:62; and the VL CDR3
comprises the aminoe acid sequence of SEQ ID NO:81,;

the VH CDRI comprises the amino acid sequence of SEQ ID NO:5; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:14; the VH CDR3 comprises the amino acid
sequence of SEQ ID N(O:21; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:46; the VI CBR2 comprises the amino acid sequence of SEQ ID NG:62; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:81;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NG:S; the VH CDR2
comprises the ammno acid sequence of SEQ 1D NO: 14; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:21; the VL CBR1 comprises the amino acid sequence of SEQ ID
NG:46; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:63; and the VL CBR3
comprises the amino acid sequence of SEQ ID NO:&1;

the VH CDR1 comprises the aming acid sequence of SEQ ID N(O:3; the VH CDRZ
comprises the aming acid sequence of SEQ ID N(O:15; the VH CDR3 comprises the amino acid

sequence of SEQ [D NG:22; the VL CDRI comprises the amino acid sequence of SEQ ID
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N(:47; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:64; and the VL CDR3
comprises the amino acid sequence of SEQ ID N(O:&2;

the VH CDR1I comprises the aming acid sequence of SEQ D NG:3; the VH CDR2
comprises the aming acid sequence of SEG ID NO:15; the VH CDR3 comprises the aminoe acid
sequence of SEQ ID NG:22; the VL CDRI comprises the amino acid sequence of SEQ ID
NQO:48; the VL CDBR2 comprises the aming acid sequence of SEQ 1D NO.64; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:83;

the VH CDRI comprises the amino acid sequence of SEQ D NO:3; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:15; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:22; the VL CDRI1 comprises the amino acid sequence of SEQ 1D
N(G:49; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:63; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG 84,

the VH CDR1Y comprises the amine acid sequence of SEQ ID NO:3; the VH CDR2
comprises the amino acid sequence of SEQ 1D NO:1S; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:22; the VI CDR1 comprises the amino acid sequence of SEQ 1D
NQO:48; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:64; and the VL CDR3
comprises the aminoe acid sequence of SEQ ID NQO:85;

the VH CDRI comprises the amino acid sequence of SEQ ID NO:3; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:15; the VH CDR3 comprises the amino acid
sequence of SEQ ID N(:22; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:50; the VI CBR2 comprises the amino acid sequence of SE(Q ID NG:65; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:84;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NG:3; the VH CDR2
comprises the ammo acid sequence of SEQ 1D NO:15; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:22; the VL CDR1 comprises the amino acid sequence of SEQ ID
NG:2&; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:66; and the VL CBR3
comprises the amino acid sequence of SEQ ID NO:86;

the VH CDR1 comprises the aming acid sequence of SEQ ID N(O:3; the VH CDRZ
comprises the aming acid sequence of SEQ ID NO15; the VH CDR3 comprises the amino acid

sequence of SEQ [D NG:22; the VL CDRI comprises the amino acid sequence of SEQ ID
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N(:47; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:64; and the VL CDR3
comprises the aming acid sequence of SEQ ID NO:84;

the VH CDR1I comprises the aming acid sequence of SEQ D NG:3; the VH CDR2
comprises the aming acid sequence of SEQ ID NO:15; the VH CDR3 comprises the amino acid
sequence of SEQ ID NG:22; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:118; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:66; and the VL
CDR3 comprises the amino acid sequence of SEQ 1D NO:87,;

the VH CDRI comprises the amino acid sequence of SEQ D NO:3; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:15; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:22; the VL CDRI1 comprises the amino acid sequence of SEQ 1D
NG:530; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:64; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:88,;

the VH CDR1Y comprises the aming acid sequence of SEQ ID NO:S; the VH CDR2
comprises the aming acid sequence of SEQ 1D NO:11; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:23; the VI CDR1 comprises the amino acid sequence of SEQ 1D
NQO:44; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:61; and the VL CDR3
comprises the amine acid sequence of SEQ ID NO:§9;

the VH CDRI comprises the amino acid sequence of SEQ ID NO:5; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:16; the VH CDR3 comprises the amino acid
sequence of SEQ ID N(:24; the VL CDRI comprises the amino acid sequence of SEQ ID
NG5 the VI CBR2 comprises the amino acid sequence of SEQ ID NG:67; and the VL CDR3
comprises the ammno acid sequence of SEQ 1 NG:96;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NG:1; the VH CDR2
comprises the ammno acid sequence of SEQ 1D NO:92; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL. CDR1 comprises the amino acid sequence of SEQ ID
NG:30; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:53; and the VL CBR3
comprises the amino acid sequence of SEQ ID NO:71;

the VH CDR1 comprises the aming acid sequence of SEQ ID NO:1; the VH CDRZ
comprises the aming acid sequence of SEQ ID N(:93; the VH CDR3 comprises the amino acid

sequence of SEQ [D NG 18; the VL CDRI comprises the amino acid sequence of SEQ ID

206



WO 2023/107994 PCT/US2022/081076

MN(:30; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:35; and the VL CDR3
comprises the aming acid sequence of SEQ ID NO:71;

the VH CDR1I comprises the aming acid sequence of SEQ ID NG 1; the VH CDR2
comprises the aming acid sequence of SEG ID NO:94; the VH CDR3 comprises the aminoe acid
sequence of SEQ ID NG 18; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:30; the VL CBR2 comprises the amino acid sequence of SEQ 1D NG:55; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:71;

the VH CDRI comprises the amino acid sequence of SEQ D NO:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:95; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL CDRI1 comprises the amino acid sequence of SEQ 1D
NG:30; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:SS; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG 71,

the VH CDR1Y comprises the aming acid sequence of SEQ ID NO:1; the VH CDR2
comprises the aming acid sequence of SEQ 1D NO:92; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VI CDR1 comprises the amino acid sequence of SEQ 1D
NQO:28; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:34; and the VL CDR3
comprises the aminoe acid sequence of SEQ ID NGO 71,

the VH CDRI comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amine acid sequence of SEQ 1D N(:93; the VH CDR3 comprises the amino acid
sequence of SEQ ID N 18; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:28; the VI CBR2 comprises the amino acid sequence of SE( ID NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG:71;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NG:1; the VH CDR2
comprises the ammo acid sequence of SEQ 1D NO:94; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL. CDR1 comprises the amino acid sequence of SEQ ID
NG:28; the VL CDR2 comprises the amino acid sequence of SEQ ID NG:54; and the VL CBR3
comprises the amino acid sequence of SEQ ID NO:71;

the VH CDR1 comprises the aming acid sequence of SEQ ID NO:1; the VH CDRZ
comprises the aming acid sequence of SEQ ID N(O:95; the VH CDR3 comprises the amino acid

sequence of SEQ [D NG 18; the VL CDRI comprises the amino acid sequence of SEQ ID
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N(:28; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:34; and the VL CDR3
comprises the aming acid sequence of SEQ ID NO:71;

the VH CDR1I comprises the aming acid sequence of SEQ ID NG 1; the VH CDR2
comprises the aming acid sequence of SEQ ID N(O:92; the VH CDR3 comprises the amino acid
sequence of SEQ ID NG 18; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:27; the VL CBR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:71;

the VH CDRI comprises the amino acid sequence of SEQ D NO:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:93; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL CDRI1 comprises the amino acid sequence of SEQ 1D
NG:27; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG 71,

the VH CDR1Y comprises the amine acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amino acid sequence of SEQ 1D NO:94; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VI CDR1 comprises the amino acid sequence of SEQ 1D
NQO:27; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:34; and the VL CDR3
comprises the aminoe acid sequence of SEQ ID NGO 71,

the VH CDRI comprises the amino acid sequence of SEQ ID NO:1; the VH CDR2
comprises the amine acid sequence of SEQ 1D N(:95; the VH CDR3 comprises the amino acid
sequence of SEQ ID N 18; the VL CDRI comprises the amino acid sequence of SEQ ID
NG:27; the VL CBR2 comprises the amino acid sequence of SE( ID NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NG:71;

the VH CDR1 comprises the amino acid sequence of SEQ 1D NO:1; the VH CDR2
comprises the ammno acid sequence of SEQ 1D NO:92; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL. CDR1 comprises the amino acid sequence of SEQ ID
NG:36; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL CBR3
comprises the amino acid sequence of SEQ ID NO:72;

the VH CDR1 comprises the aming acid sequence of SEQ ID NO:1; the VH CDRZ
comprises the aming acid sequence of SEQ ID N(:93; the VH CDR3 comprises the amino acid

sequence of SEQ [D NG 18; the VL CDRI comprises the amino acid sequence of SEQ ID
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MN(:36; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:34; and the VL CDR3
comprises the amino acid sequence of SEQ ID N(O:72;

the VH CDR1I comprises the aming acid sequence of SEQ D NO:1; the VH CDR2
comprises the aming acid sequence of SEG ID NO:94; the VH CDR3 comprises the aminoe acid
sequence of SEQ ID NO:18; the VL CDRI comprises the aming acid sequence of SEQ ID
NQO:36; the VL CDBR2 comprises the aming acid sequence of SEQ 1D NGO 54; and the VL CDR3
comprises the amino acid sequence of SEQ 1D NO:72;

the VH CDRI comprises the amino acid sequence of SEQ D NO:1; the VH CDR2
comprises the amino acid sequence of SEQ ID NO:95; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VL CDRI1 comprises the amino acid sequence of SEQ 1D
NG:36; the VL CDR2 comprises the amino acid sequence of SEQ 1D NG:54; and the VL CDR3
comprises the amino acid sequence of SEQ ID NOG:72; or

the VH CDR1 comprises the amino acid sequence of SEQ ID NO:329; the VH CDR2
comprises the amino acid sequence of SEQ 1D NGO 7; the VH CDR3 comprises the amino acid
sequence of SEQ 1D NO:18; the VI CDR1 comprises the amino acid sequence of SEQ 1D
NQO:30; the VL CDR2 comprises the amino acid sequence of SEQ 1D NO:53; and the VL CDR3

comprises the amine acid sequence of SEQ ID NO:71.

5 The antibody of any one of claims 1-4, whersin:

the VH is at least 80% identical to the amine acid sequence of any one of SEQ 1D
NOs:165-181 and 183-208; and

the VL 1s at least 80% 1dentical to the amino acid sequence of any one of SEQ ID

NO5:264-304 and 306-318.

6. The antibody of claim 1, wherein

the VH comprises the amino acid sequence of any one of SEQ ID NOs: 165-181 and 183-
208; and

the VL comprises the amino acid sequence of any one of SEQ 1D NOs:264-304 and 306-
318
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7 The antibody of claim 1, wherein

the VH comprises the amino acid sequence of SEQ 12 NO:165 and the VL comprises the
amino acid sequence of SEQ 1 NO:264;

the VH comprises the amino acid sequence of SEQ 1D NO:165 and the VL comprises the
aming acid sequence of SEQ 11 NO:265;

the VH comprises the amino acid sequence of SEQ I NO:166 and the VL comprises the
amino acid sequence of SEQ 1D N(:266;

the VH comprises the amino acid sequence of SEQ D NO:165 and the VL comprises the
amino acid sequence of SEQ 1D NO:266;

the VH comprises the amino acid sequence of SEQ 1D NO:165 and the VL comprises the
amino acid sequence of SEQ {D NO:267;

the VH comprises the amino acid sequence of SEQ D NO:165 and the VL comprises the
amino acid sequence of SEQ 1D NO:268;

the VH comprises the amine acid sequence of SEQ 12 NO:165 and the VL comprises the
amino acid sequence of SEQ 1D NO:269;

the VH comprises the amino acid sequence of SEQ ID NO:167 and the VL comprises the
aroino acid sequence of SEQ 1D NO:270;

the VH comprises the amino acid sequence of SEQ ID NO: 165 and the VL comprises the
amino acid sequence of SEQ ID NO:271;

the VH comprises the amino acid sequence of SEQ ID N 165 and the VL comprises the
amino acid sequence of SEQ ID N(G:272;

the VH comprises the amino acid sequence of SEQ [D N1 168 and the VL comprises the
amino acid sequence of SEQ D N(G:273;

the VH comprises the amino acid sequence of SEQ ID N{(:169 and the VL comprises the
amino acid sequence of SEQ ID N(G:274;

the VH comprises the amino acid sequence of SEQ ID NO:170 and the VL comprises the
amino acid sequence of SEG 1D N(O:275;

the VH comprises the aming acid sequence of SEQ D N(O:171 and the VL comprises the
amino acid sequence of SEQ 1D NG:276;
the VH comprises the amino acid sequence of SEG ID NO:165 and the VL comprises the

Rolele B
I

amino acid sequence of SEQ 1D NG:277;
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the VH comprises the aming acid sequence of SEQ D N(O:165 and the VL comprises the
amino acid sequence of SEQ 1D NO:278;

the VH compnises the amine acid sequence of SEQ ID N 165 and the VL comprises the
amino acid sequence of SEQ 1D NG:279;

the VH comprises the amino acid sequence of SEQ ID NO:165 and the VL comprises the
amino acid sequence of SEQ 1D NG:28(,;

the VH comprises the aming acid sequence of SEQ ID NO:172 and the VL comprises the
anmuino acid sequence of SEG 1D NO:281;

the VH comprises the aminoe acid sequence of SEQ ID NO:165 and the VL comprises the
amine acid sequence of SEQ 1D N(O:282;

the VH comprises the amino acid sequence of SEQ 1D NO:173 and the VL comprises the
aming acid sequence of SEQ 1D N(O:283;

the VH comprises the amino acid sequence of SEQ D NO: 165 and the VL comprises the
amino acid sequence of SEQ 1D NO:284;

the VH comprises the amine acid sequence of SEQ D NO:165 and the VL comprises the
amine acid sequence of SEQ 1D NG:285;

the VH comprises the amino acid sequence of SEQ TD NG: 174 and the VL comprises the
amino acid sequence of SEQ 1D NG:286;

the VH comprises the amino acid sequence of SEQ ID NO:16S and the VL comprises the
amino acid sequence of SEQ 1D NO: 287,

the VH comprises the anmino acid sequence of SEQ 13 NO: 165 and the VL comprises the
amino acid sequence of SEQ 10 NO:288;

the VH comprises the anino acid sequence of SEQ 1D NO: 165 and the VL comprises the
aming acid sequence of SEQ 1D NO: 289,

the VH comprises the amino acid sequence of SEQ 1D NO: 165 and the VL comprises the
amino acid sequence of SEQ 1D NG:290;

the VH comprises the amino acid sequence of SEQ H» NO: 165 and the VL comprises the
amino acid sequence of SEQ 1 NO:291,

the VH comprises the amino acid sequence of SEQ 12 NO:165 and the VL comprises the
amino acid sequence of SEQ 1 NO:292;
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the VH comprises the aming acid sequence of SEQ D NO:175 and the VL comprises the
amino acid sequence of SEQ 1D N(G:293;

the VH compnises the aming acid sequence of SEQ ID NO:175 and the VL comprises the
amino acid sequence of SEQ 1D NG:294;

the VH comprises the aming acid sequence of SEQ D NO:175 and the VL comprises the
amino acid sequence of SEQ 1D N(G:295;

the VH comprises the aming acid sequence of SEQ ID NO:175 and the VL comprises the
anmuino acid sequence of SEQ 1D NG 296,

the VH comprises the aminoe acid sequence of SEQ ID NO:176 and the VL comprises the
amine acid sequence of SEQ ID N(O:294;

the VH comprises the amino acid sequence of SEQ 1D NO:175 and the VL comprises the
aming acid sequence of SEQ 1D N(O:297;

the VH comprises the amino acid sequence of SEQ D NO:175 and the VL comprises the
amino acid sequence of SEQ 1D NO:298;

the VH comprises the amine acid sequence of SEQ D NO: 177 and the VL comprises the
amine acid sequence of SEQ 1D NG:299;

the VH comprises the amino acid sequence of SEQ TD NG: 178 and the VL comprises the
amino acid sequence of SEQ 1D NG:300;

the VH comprises the amino acid sequence of SEQ D NO: 179 and the VL comprises the
amino acid sequence of SEQ 1D NO:301,

the VH comprises the anmino acid sequence of SEQ 13 NO: 180 and the VL comprises the
amino acid sequence of SEQ 1D NO:301,

the VH comprises the anino acid sequence of SEQ 1 NO: 180 and the VL comprises the
aming acid sequence of SEQ 1D NO:302;

the VH comprises the amino acid sequence of SEQ 1D NO: 181 and the VL comprises the
amino acid sequence of SEQ 1D NG:303;

the VH comprises the amino acid sequence of SEQ H» NO: 182 and the VL comprises the
amino acid sequence of SEQ 1 NO:304;

the VH comprises the amino acid sequence of SEQ 1 NO:183 and the VL comprises the

amino acid sequence of SEQ 1 NO:306;
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the VH comprises the aming acid sequence of SEQ D N(:182 and the VL comprises the
amino acid sequence of SEQ 1D NG:307;

the VH compnises the aming acid sequence of SEQ ID N 182 and the VL comprises the
amino acid sequence of SEQ 1D NG:308;

the VH comprises the amino acid sequence of SEQ ID NO:182 and the VL comprises the
amino acid sequence of SEQ 1D NG:309;

the VH comprises the aming acid sequence of SEQ ID N(O:184 and the VL comprises the
anmuino acid sequence of SEGQ 1D NG:310;

the VH comprises the amino acid sequence of SEQ 1D NO:182 and the VL comprises the
amino acid sequence of SEQ 1D NG:311;

the VH comprises the amino acid sequence of SEQ 1D NO: 185 and the VL comprises the
aming acid sequence of SEQ 1D NO:312;

the VH comprises the amino acid sequence of SEQ D NO: 186 and the VL comprises the
amino acid sequence of SEQ 1D NO:313;

the VH comprises the amine acid sequence of SEQ D NO: 187 and the VL comprises the
amine acid sequence of SEQ 1D NG:3 14

the VH comprises the amino acid sequence of SEQ TD NG 188 and the VL comprises the
amino acid sequence of SEQ 1D NG 268;

the VH comprises the amino acid sequence of SEQ ID NO: 189 and the VL comprises the
amino acid sequence of SEQ 1D NO:268;

the VH comprises the anmino acid sequence of SEQ 13 NO: 190 and the VL comprises the
amino acid sequence of SEQ 1D NO:268;

the VH comprises the anino acid sequence of SEQ 1D NO: 191 and the VL comprises the
aming acid sequence of SEQ 1D NO:268;

the VH comprises the amino acid sequence of SEQ 1D NO:192 and the VL comprises the
amino acid sequence of SEQ 1D N(:268;

the VH comprises the amino acid sequence of SEQ 1 NO: 193 and the VL comprises the
amino acid sequence of SEQ 1 NO:268;

the VH comprises the amino acid sequence of SEQ 12 NO:194 and the VL comprises the

amino acid sequence of SEQ 11 NO:268;
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the VH comprises the aming acid sequence of SEQ D N(O:195 and the VL comprises the
amino acid sequence of SEQ 1D NO:268;

the VH compnises the aming acid sequence of SEQ ID N 196 and the VL comprises the
amino acid sequence of SEQ 1D NO:268;

the VH comprises the amino acid sequence of SEQ ID NO:165 and the VL comprises the
amino acid sequence of SEQ 1D NG:315;

the VH comprises the aming acid sequence of SEQ ID N(O:188 and the VL comprises the
amino acid sequence of SEQ 1D NO:31S;

the VH comprises the aminoe acid sequence of SEQ ID NO:189 and the VL comprises the
amino acid sequence of SEQ 1D NG:315;

the VH comprises the amino acid sequence of SEQ 1D NO:190 and the VL comprises the
aming acid sequence of SEQ ID NO:31S;

the VH comprises the amino acid sequence of SEQ D NO:191 and the VL comprises the
amino acid sequence of SEQ 1D NO:31S;

the VH comprises the amine acid sequence of SEQ D NO:192 and the VL comprises the
amine acid sequence of SEQ 1D NG:31S;

the VH comprises the amino acid sequence of SEQ TD NG: 193 and the VL comprises the
amino acid sequence of SEQ ID NG:31S;

the VH comprises the amino acid sequence of SEQ D NO: 194 and the VL comprises the
amino acid sequence of SEQ 1D NG:315;

the VH comprises the anmino acid sequence of SEQ 13 NO: 195 and the VL comprises the
amino acid sequence of SEQ 1D NG:31S;

the VH comprises the anino acid sequence of SEQ 1D NO:196 and the VL comprises the
aming acid sequence of SEQ 1D NO:31S;

the VH comprises the amino acid sequence of SEQ 1D NO: 165 and the VL comprises the
amino acid sequence of SEQ 1D NG:316;

the VH comprises the amino acid sequence of SEQ H» NO: 188 and the VL comprises the
amino acid sequence of SEQ 1D NO:316;

the VH comprises the amino acid sequence of SEQ 12 NO:189 and the VL comprises the

amino acid sequence of SEQ 1D NG:316;
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the VH comprises the aming acid sequence of SEQ D N(O:190 and the VL comprises the
amino acid sequence of SEQ 1D NG:316;

the VH compnises the amine acid sequence of SEQ ID N{O:191 and the VL comprises the
amino acid sequence of SEQ 1D NG:316;

the VH comprises the amino acid sequence of SEQ ID NO:192 and the VL comprises the
amino acid sequence of SEQ 1D NG:31¢6;

the VH comprises the aming acid sequence of SEQ ID N(O:193 and the VL comprises the
anmuine acid sequence of SEGQ 1D NO:316;

the VH comprises the amino acid sequence of SEQ ID NO:194 and the VL comprises the
amine acid sequence of SEQ ID NO:31¢4;

the VH comprises the amino acid sequence of SEQ 1D NO: 195 and the VL comprises the
aming acid sequence of SEQ ID NO:316;

the VH comprises the amino acid sequence of SEQ D NO:196 and the VL comprises the
amino acid sequence of SEQ 1D NO:316;

the VH comprises the amine acid sequence of SEQ D NO:197 and the VL comprises the
amine acid sequence of SEQ 1D NG:268;

the VH comprises the amino acid sequence of SEQ TD NGO: 198 and the VL comprises the
amino acid sequence of SEQ 1D NG 268;

the VH comprises the amino acid sequence of SEQ D NO:199 and the VL comprises the
amino acid sequence of SEQ 1D NO:268;

the VH comprises the anmino acid sequence of SEQ 13 NO:200 and the VL comprises the
amino acid sequence of SEQ 1D NO:268;

the VH comprises the anino acid sequence of SEQ 1D NO:201 and the VL comprises the
aming acid sequence of SEQ 1D NO:268;

the VH comprises the amino acid sequence of SEQ 1D NO:197 and the VL comprises the
amino acid sequence of SEQ 1D NG:315;

the VH comprises the amino acid sequence of SEQ H» NO: 198 and the VL comprises the
amino acid sequence of SEQ 1D NO:315;

the VH comprises the amino acid sequence of SEQ 12 NO:199 and the VL comprises the

amino acid sequence of SEQ 1D NG:315;
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the VH comprises the aming acid sequence of SEQ D N(O:200 and the VL comprises the
amino acid sequence of SEQ 1D NG:315;

the VH compnises the aming acid sequence of SEQ ID N{O:201 and the VL comprises the
amino acid sequence of SEQ 1D NG:315;

the VH comprises the amino acid sequence of SEQ ID NO:197 and the VL comprises the
amino acid sequence of SEQ 1D NG:31¢6;

the VH comprises the aming acid sequence of SEQ ID N(O:198 and the VL comprises the
anmuine acid sequence of SEGQ 1D NO:316;

the VH comprises the aminoe acid sequence of SEQ ID NO:199 and the VL comprises the
amine acid sequence of SEQ ID NO:31¢4;

the VH comprises the amino acid sequence of SEQ 1D NO:200 and the VL comprises the
aming acid sequence of SEQ ID NO:316;

the VH comprises the aming acid sequence of SEQ ID NO:201 and the VL compiises the
amino acid sequence of SEQ 1D NO:316;

the VH comprises the amine acid sequence of SEQ D NO: 170 and the VL comprises the
amine acid sequence of SEQ 1D NG:268;

the VH comprises the amino acid sequence of SEQ TD NG:202 and the VL comprises the
amino acid sequence of SEQ 1D NG 268;

the VH comprises the amino acid sequence of SEQ D NO:203 and the VL comprises the
amino acid sequence of SEQ 1D NO:268;

the VH comprises the anmino acid sequence of SEQ 13 NO:204 and the VL comprises the
amino acid sequence of SEQ 1D NO:268;

the VH comprises the anino acid sequence of SEQ 1 NO:205 and the VL comprises the
aming acid sequence of SEQ 1D NO:268;

the VH comprises the anmino acid sequence of SEQ 1D NO:206 and the VL comprises the
amino acid sequence of SEQ 1D N(:268;

the VH comprises the amino acid sequence of SEQ H» NO:207 and the VL comprises the
amino acid sequence of SEQ 1 NO:268;

the VH comprises the amino acid sequence of SEQ 1 NO:208 and the VL comprises the

amino acid sequence of SEQ 11 NO:268;
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the VH comprises the aming acid sequence of SEQ D N(O:170 and the VL comprises the
amino acid sequence of SEQ 1D NG:315;

the VH compnises the aming acid sequence of SEQ ID N{O:202 and the VL comprises the
amino acid sequence of SEQ 1D NG:315;

the VH comprises the amino acid sequence of SEQ ID NO:203 and the VL comprises the
amino acid sequence of SEQ 1D NG:315;

the VH comprises the aming acid sequence of SEQ ID N(O:204 and the VL comprises the
amino acid sequence of SEQ 1D NO:31S;

the VH comprises the aminoe acid sequence of SEQ ID NO:20S and the VL comprises the
amino acid sequence of SEQ 1D NG:315;

the VH comprises the aming acid sequence of SEQ ID NO:206 and the VL comprises the
aming acid sequence of SEQ ID NO:31S;

the VH comprises the aming acid sequence of SEQ ID NO:207 and the VL compiises the
amino acid sequence of SEQ 1D NO:31S;

the VH comprises the amine acid sequence of SEQ D NO:208 and the VL comprises the
amine acid sequence of SEQ 1D NG:31S;

the VH comprises the amino acid sequence of SEQ TD NG 170 and the VL comprises the
amino acid sequence of SEQ ID NG:316;

the VH comprises the amino acid sequence of SEQ ID NO:202 and the VL comprises the
amino acid sequence of SEQ 1D NG:316;

the VH comprises the anmiuno acid sequence of SEQ 13 NO:203 and the VL comprises the
amino aceid sequence of SEQ 1D NG:316;

the VH comprises the anino acid sequence of SEQ 1D NO:204 and the VL comprises the
aming acid sequence of SEQ 1D NO:316;

the VH comprises the amino acid sequence of SEQ 1D NO:205 and the VL comprises the
amino acid sequence of SEQ 1D NG:316;

the VH comprises the amino acid sequence of SEQ H» NO:206 and the VL comprises the
amino acid sequence of SEQ 1D NO:316;

the VH comprises the amino acid sequence of SEQ 12 NO:207 and the VL comprises the

amino acid sequence of SEQ 1D NG:316;
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the VH comprises the aming acid sequence of SEQ D N(O:208 and the VL comprises the
amino acid sequence of SEQ 1D NG:316;

the VH compnises the aming acid sequence of SEQ ID N 188 and the VL comprises the
amino acid sequence of SEQ 1D NG:277;

the VH comprises the aming acid sequence of SEQ [D NO:189 and the VL comprises the
amino acid sequence of SEQ 1D NG:277;

the VH comprises the aming acid sequence of SEQ ID N(O:190 and the VL comprises the
anmuino acid sequence of SEGQ 1D NG:277;

the VH comprises the amino acid sequence of SEQ 1D NO:191 and the VL comprises the
amine acid sequence of SEQ ID NG:277;

the VH comprises the amino acid sequence of SEQ 1D NO:192 and the VL comprises the
aming acid sequence of SEQ 1D NO:277;

the VH comprises the amino acid sequence of SEQ D NO:193 and the VL comprises the
aming acid sequence of SEQ 1D NG:277;

the VH comprises the amine acid sequence of SEQ D NO: 194 and the VL comprises the
amine acid sequence of SEQ 1D NG:277;

the VH comprises the amino acid sequence of SEQ TD NG: 195 and the VL comprises the
amino acid sequence of SEQ 1D NG:277;

the VH comprises the amino acid sequence of SEQ ID NO: 196 and the VL comprises the
amino acid sequence of SEQ 1D NG:277,

the VH comprises the anmino acid sequence of SEQ 13 NO: 165 and the VL comprises the
amino acid sequence of SEQ 1D NG:317;

the VH comprises the anino acid sequence of SEQ 1 NO: 188 and the VL comprises the
aming acid sequence of SEQ 1D NO:317;

the VH comprises the amino acid sequence of SEQ 1D NO: 189 and the VL comprises the
amino acid sequence of SEQ 1D NG:317;

the VH comprises the amino acid sequence of SEQ H» NO: 190 and the VL comprises the
amino acid sequence of SEQ 1D NO:317,

the VH comprises the amino acid sequence of SEQ 12 NO:191 and the VL comprises the

amino acid sequence of SEQ 1D NG:317;
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the VH comprises the aming acid sequence of SEQ [D N(:192 and the VL comprises the
amino acid sequence of SEQ 1D NG:317;

the VH compnises the aming acid sequence of SEQ ID N 193 and the VL comprises the
amino acid sequence of SEQ 1D NG:317;

the VH comprises the amino acid sequence of SEQ ID N 194 and the VL comprises the
amino acid sequence of SEQ 1D NG:317;

the VH comprises the aming acid sequence of SEQ ID NO:195 and the VL comprises the
amuine acid sequence of SEGQ 1D NO:317;

the VH comprises the aminoe acid sequence of SEQ ID NO:196 and the VL comprises the
amino acid sequence of SEQ 1D NG:317;

the VH comprises the amino acid sequence of SEQ 1D NO:197 and the VL comprises the
aming acid sequence of SEQ 1D NO:277;

the VH comprises the aming acid sequence of SEQ ID NO:198 and the VL compiises the
aming acid sequence of SEQ 1D NG:277;

the VH comprises the amine acid sequence of SEQ D NO: 199 and the VL comprises the
amine acid sequence of SEQ 1D NG:277;

the VH comprises the amino acid sequence of SEQ TD NG:200 and the VL comprises the
amino acid sequence of SEQ 1D NG:277;

the VH comprises the amino acid sequence of SEQ D NO:201 and the VL comprises the
amino acid sequence of SEQ 1D NG:277,

the VH comprises the anmino acid sequence of SEQ 13 NO: 197 and the VL comprises the
amino acid sequence of SEQ 1D NG:317;

the VH comprises the anino acid sequence of SEQ 1D NO: 198 and the VL comprises the
aming acid sequence of SEQ 1D NO:317;

the VH comprises the amino acid sequence of SEQ 1D NO: 199 and the VL comprises the
amino acid sequence of SEQ 1D NG:317;

the VH comprises the amino acid sequence of SEQ H» NO:200 and the VL comprises the
amino acid sequence of SEQ 1D NO:317,

the VH comprises the amino acid sequence of SEQ 12 NO:201 and the VL comprises the

amino acid sequence of SEQ 1D NG:317;
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the VH comprises the aming acid sequence of SEQ D N(O:170 and the VL comprises the
amino acid sequence of SEQ 1D NG:277;

the VH compnises the aming acid sequence of SEQ ID N{O:202 and the VL comprises the
amino acid sequence of SEQ 1D NG:277;

the VH comprises the amino acid sequence of SEQ ID NO:203 and the VL comprises the
amino acid sequence of SEQ 1D NG:277;

the VH comprises the aming acid sequence of SEQ ID N(O:204 and the VL comprises the
anmuino acid sequence of SEGQ 1D NG:277;

the VH comprises the aminoe acid sequence of SEQ ID NO:20S and the VL comprises the
amine acid sequence of SEQ ID NG:277;

the VH comprises the aming acid sequence of SEQ ID NO:206 and the VL comprises the
aming acid sequence of SEQ 1D NO:277;

the VH comprises the aming acid sequence of SEQ ID NO:207 and the VL compiises the
aming acid sequence of SEQ 1D NG:277;

the VH comprises the amine acid sequence of SEQ D NO:208 and the VL comprises the
amine acid sequence of SEQ 1D NG:277;

the VH comprises the amino acid sequence of SEQ TD NG: 170 and the VL comprises the
amino acid sequence of SEQ ID NG:317;

the VH comprises the amino acid sequence of SEQ ID NO:202 and the VL comprises the
amino acid sequence of SEQ 1D NG:317,

the VH comprises the anmiuno acid sequence of SEQ 13 NO:203 and the VL comprises the
amino acid sequence of SEQ 1D NG:317;

the VH comprises the anino acid sequence of SEQ 1D NO:204 and the VL comprises the
aming acid sequence of SEQ 1D NO:317;

the VH comprises the amino acid sequence of SEQ 1D NO:205 and the VL comprises the
amino acid sequence of SEQ 1D NG:317;

the VH comprises the amino acid sequence of SEQ H» NO:206 and the VL comprises the
amino acid sequence of SEQ 1D NO:317,

the VH comprises the amino acid sequence of SEQ 12 NO:207 and the VL comprises the

amino acid sequence of SEQ 1D NG:317;
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the VH comprises the aming acid sequence of SEQ D N(O:208 and the VL comprises the
amino acid sequence of SEQ 1D NG:317;

the VH compnises the aming acid sequence of SEQ ID N 188 and the VL comprises the
amino acid sequence of SEQ 1D NG:279;

the VH comprises the amino acid sequence of SEQ ID NO:189 and the VL comprises the
amino acid sequence of SEQ 1D NG:279;

the VH comprises the aming acid sequence of SEQ ID N(O:190 and the VL comprises the
anmuno acid sequence of SEGQ 1D NG:279;

the VH comprises the amino acid sequence of SEQ 1D NO:191 and the VL comprises the
amine acid sequence of SEQ ID NG:279;

the VH comprises the amino acid sequence of SEQ 1D NO:192 and the VL comprises the
aming acid sequence of SEQ 1D NO:279;

the VH comprises the amino acid sequence of SEQ D NO:193 and the VL comprises the
amino acid sequence of SEQ 1D NO:279;

the VH comprises the amine acid sequence of SEQ D NO: 194 and the VL comprises the
amine acid sequence of SEQ 1D NG:279;

the VH comprises the amino acid sequence of SEQ TD NG: 195 and the VL comprises the
amino acid sequence of SEQ 1D NG:279;

the VH comprises the amino acid sequence of SEQ ID NO: 196 and the VL comprises the
amino acid sequence of SEQ 1D NG:279,

the VH comprises the anmino acid sequence of SEQ 13 NO: 165 and the VL comprises the
amino acid sequence of SEQ 1D NO:318;

the VH comprises the anino acid sequence of SEQ 1 NO: 188 and the VL comprises the
aming acid sequence of SEQ 1D NO:318;

the VH comprises the amino acid sequence of SEQ 1D NO: 189 and the VL comprises the
amino acid sequence of SEQ 1D NG:318;

the VH comprises the amino acid sequence of SEQ H» NO: 190 and the VL comprises the
amino acid sequence of SEQ 1D NO:318;

the VH comprises the amino acid sequence of SEQ 12 NO:191 and the VL comprises the

amino acid sequence of SEQ 1D NG:318;
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the VH comprises the aming acid sequence of SEQ [D N(:192 and the VL comprises the
amino acid sequence of SEQ 1D NG:318;

the VH compnises the aming acid sequence of SEQ ID N 193 and the VL comprises the
amino acid sequence of SEQ 1D NG:318;

the VH comprises the amino acid sequence of SEQ ID N 194 and the VL comprises the
amino acid sequence of SEQ 1D NO:318;

the VH comprises the aming acid sequence of SEQ ID NO:195 and the VL comprises the
amino acid sequence of SEQ 1D NO:318;

the VH comprises the aminoe acid sequence of SEQ ID NO:196 and the VL comprises the
amino acid sequence of SEQ 1D NG:318;

the VH comprises the amino acid sequence of SEQ 1D NO:197 and the VL comprises the
aming acid sequence of SEQ 1D NO:279;

the VH comprises the aming acid sequence of SEQ ID NO:198 and the VL compiises the
amino acid sequence of SEQ 1D NO:279;

the VH comprises the amine acid sequence of SEQ D NO: 199 and the VL comprises the
amine acid sequence of SEQ 1D NG:279;

the VH comprises the amino acid sequence of SEQ TD NG:200 and the VL comprises the
amino acid sequence of SEQ 1D NG:279;

the VH comprises the amino acid sequence of SEQ D NO:201 and the VL comprises the
amino acid sequence of SEQ 1D NG:279,

the VH comprises the anmino acid sequence of SEQ 13 NO: 197 and the VL comprises the
amino acid sequence of SEQ 1D NO:318;

the VH comprises the anino acid sequence of SEQ 1D NO: 198 and the VL comprises the
aming acid sequence of SEQ 1D NO:318;

the VH comprises the amino acid sequence of SEQ 1D NO: 199 and the VL comprises the
amino acid sequence of SEQ 1D NG:318;

the VH comprises the amino acid sequence of SEQ H» NO:200 and the VL comprises the
amino acid sequence of SEQ 1D NO:318;

the VH comprises the amino acid sequence of SEQ 12 NO:201 and the VL comprises the

amino acid sequence of SEQ 1D NG:318;
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the VH comprises the aming acid sequence of SEQ D N(O:170 and the VL comprises the
amino acid sequence of SEQ 1D NG:279;

the VH compnises the aming acid sequence of SEQ ID N{O:202 and the VL comprises the
amino acid sequence of SEQ 1D NG:279;

the VH comprises the amino acid sequence of SEQ ID NO:203 and the VL comprises the
amino acid sequence of SEQ 1D NG:279;

the VH comprises the aming acid sequence of SEQ ID NO:204 and the VL comprises the
anmuno acid sequence of SEGQ 1D NG:279;

the VH comprises the aminoe acid sequence of SEQ ID NO:20S and the VL comprises the
amine acid sequence of SEQ ID NG:279;

the VH comprises the aming acid sequence of SEQ ID NO:206 and the VL comprises the
aming acid sequence of SEQ 1D NO:279;

the VH comprises the aming acid sequence of SEQ ID NO:207 and the VL compiises the
amino acid sequence of SEQ 1D NO:279;

the VH comprises the amine acid sequence of SEQ D NO:208 and the VL comprises the
amine acid sequence of SEQ 1D NG:279;

the VH comprises the amino acid sequence of SEQ TD NG: 170 and the VL comprises the
amino acid sequence of SEQ 1D NG:318;

the VH comprises the amino acid sequence of SEQ ID NO:202 and the VL comprises the
amino acid sequence of SEQ 1D NO:318;

the VH comprises the anmiuno acid sequence of SEQ 13 NO:203 and the VL comprises the
amino acid sequence of SEQ 1D NO:318;

the VH comprises the anino acid sequence of SEQ 1D NO:204 and the VL comprises the
aming acid sequence of SEQ 1D NO:318;

the VH comprises the amino acid sequence of SEQ 1D NO:205 and the VL comprises the
amino acid sequence of SEQ 1D NG:318;

the VH comprises the amino acid sequence of SEQ H» NO:206 and the VL comprises the
amino acid sequence of SEQ 1D NO:318;

the VH comprises the amino acid sequence of SEQ 12 NO:207 and the VL comprises the

amino acid sequence of SEQ 1D NO:318; or
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the VH comprises the aming acid sequence of SEQ D N(O:208 and the VL comprises the
amino acid sequence of SEQ ID NG:318.

& The antibody of claim 1, wherein the VH comprises the aming acid sequence of SEQ ID

NG:165 and the VL comprises the amino acid sequence of SEQ 1D NO:268.

9. The antibody of claim 1, wheremn the VH comprises the amino acid sequence of SEQ ID

NO:165 and the VL comprises the amine acid sequence of SEQ 1D NG:277.

10. The antibody of claim 1, wherein the VH comprises the aming acid sequence of SEQID

NG 168 and the VL comprises the amino acid sequence of SEQ [D NO:279.

11 The antibody of claim 1, wherein the VH comprises the amine acid sequence of SEQ 1D

NO:165 and the VL comprises the amine acid sequence of SEQ 1D NO: 268

12, The antibody of clavn 1, wherein the VH comprises the amino acid sequence of SEQ 1D

NG 165 and the VL comprises the amino acid sequence of SEQ ID NO:315.

13. The antibody of claim 1, wherein the VH comprises the amino acid sequence of SEQ ID

NO:190 and the VL comprises the amine acid sequence of SEQ 1D NG:31S.

14, The antibody of clawm 1, wherem the VH comprises the anino acid sequence of SEQ 1D

N:196 and the VL comprises the amino acid sequence of SEQ ID NG:315.

15. The antibody of claim 1, wherein the VH comprises the amino acid sequence of SEQ ID

NG:191 and the VL comprises the amino acid sequence of SEQ 1D NG:277.

16. The antibody of claim 1, wherem the VH comprises the amino acid sequence of SEQ ID

NQ:165 and the VL comprises the amino acid sequence of SEQ D NO:317.
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17. The antibody of claim 1, wherem the VH comprises the amino acid sequence of SEQ ID

NG:191 and the VL comprises the amino acid sequence of SEQ [D NO:318.

18 The antibody of claim 1, wherein the VH comprises the aming acid sequence of SEQ ID

N:195 and the VL comprises the amino acid sequence of SEQ 1D NO:318.

19. The antibody of claim 1, wherein the antibody comprises:

a heavy chain comprising the amino acid sequence of any one of SEQ ID NOs:119-135
and 137-164; and

a light chain comprising the amino acid sequence of any one of SEQ 1D NOs:209-249

and 251-263.

20. The antibody of claim 1, wherein the antibody comprises:
a heavy chain and a light chain each corresponding to the heavy chain and the light chain
set forth 1o Tables 4-5 for a single clone selected from the group consisting of clones 1-53 and

S8-215.

21 The antthody of claim 19, wherein the heavy chain comprises the amino acid sequence of

SEQ ID NG 119 and the light chain comprises the amino acid sequence of SEQ 1D NG:213.

22, The antibody of claim 19, wherein the heavy chain comprises the amino acid sequence of

SEQ 1D NG:119 and the hight chain comprises the amino acid sequence of SEQ 1D NG:222.

23. The antibody of claim 19, wherein the heavy chain comprises the amino acid sequence of
SEQ ID NG 119 and the light chain comprises the amino acid sequence of SEQ 1D NG:224.
24, The antibody of claim 19, wherein the heavy chain comprises the amino acid sequence of

SEQ ID N(O: 142 and the light chain comprises the amino acid sequence of SEQ D NO:213.

25, The antibody of claim 19, wherein the heavy chain comprises the amino acid sequence of

SEQ 1D NG:142 and the light chain comprises the amino acid sequence of SEQ ID NG:260.
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26, The antibody of claim 19, wherein the heavy chain comprises the amino acid sequence of
SEQ 1D NO:145 and the light chain comprises the amino acid sequence of SEQ 1D NO:260.
27. The antibody of claim 19, wherein the heavy chain comprises the amino acid sequence of

SEQ 1D NG:151 and the light chain comprises the amino acid sequence of SEQ ID NG 260,

28, The antibody of claim 19, wherein the heavy chain comprises the amino acid sequence of
SE(Q ID NO: 146 and the Light chain comprises the amino acid sequence of SEQ 1D NO:222.

29 The antibody of claim 19, wherein the heavy chain comprises the amino acid sequence of

SEQ I NG: 142 and the light chain comprises the amino acid sequence of SEQ 1D NG 262,

30. The antibody of claim 19, wherein the heavy chain comprises the amino acid seguence of

SEQ 1D NQO: 146 and the light chain comprises the amino acid sequence of SEQ 1D NO:263.

3L The antibody of clavn 19, wherein the heavy chain coroprises the amino acid sequence of

SEQ 1D NG 150 and the light chain comprises the amino acid sequence of SEQ 1D NO:263.

32. Anantibody that binds to hurnan mutant calreticulin (CALR), wherein:

the antibody comprises a heavy chan vanable region (VH) comprising a VH CDR1; a
VH CDR2; and a VH CDR3; wherein:

the VH CDR1 comprises the amino acid sequence ELSMQ (SEQ 1D NG 1),

the VH CDR2 comprises the amino acid sequence GFDPDDX 10 ETMY AEX102X103Q0G
{(SEQ 1D NG:102); wherein Xiot 18 D or (§; wherein X102 18 K or R; and wherein Xis s For L

the VH CDR3 is SPGYDFFDY {SEQ ID NG 18y,

wherein the antibody comprises a hight chain varable region (VL) comprising a VL
CDR1, a VL CBR2, and a VL CDR3, wherein:

the VL CDRI comprises the aming acid sequence GGXioaX105Xi06GX 107X 108 X009V X110
{(SEQ 1D NG:103), wherein Xaos is N, D, or §; wherein Xios is Y, N, or £, wherein Xie s Lor T
wherein X171 8, D, L R, or T; wherein Xios is K, E, or I; wherein Xioo is S, LR, G, N, or A;

and wherein Xsiois H, F, or N;
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the VL CDR2 comprises the amino acid sequence DDXii:BRP X (SEG 1D NG:104),
wherein X111 18 G, S, or R; and wherein Xanzis S or L; and

the VL CDR3 comprises the amino acid sequence QVWDXi13X1uX11sD X6 Xn17Xuiz
{SEQ 1D NO:105), wherein X113 18 8 or A; wherein Xiuis {1 or §; wherein Xus 18 8, | or N

wherein Xus is H, L, or 3; wherein Xi1718 V or L; and wherein Xuigis V or L

43
3

The antibody of claim 32, wherein
the VH CDRI comprises the amino acid sequence GYTLTELSMG (SEG ID NO:329).

34, An antibody that binds to human mutant calreticulin (CALR), wherein:

the antibody comprises a heavy chain variable region (VH) comprising a VH CDR1; a
VH CDR2; and a VH CDR3; wherein:

the VH CDR1Y comprises the aming acid sequence ELSMQ (SEQ 1D NO:1);

the VH CDR2 comprises the amine acid sequence GFDRPDD X0 ETMYAEX 0 X103QG
{(SEQ ID NG:102); wheremn Xior 18 B3 or G; wherewn Xio2 18 K or R; and wherein Xuoz s F or L;

the VH CDR3 is SPGYDFFDY (SEQ ID NO:18);

wherein the antibody comprises a light chain vanable region (VL) comprising a VL.
CDRI1, a VL CDR2, and a VL CDR3, whersin:

the VL CDRI cormprises the amino acid sequence TGTSSDVGGYNYVS (SEQ ID
NO:30);

the VL CDR2 comprises the amino acid sequence X119V SXi20RPS (SEQ ID NG 106},
wherem X11e 18 E or D and wherein X018 N or K and

the VL CDR3 comprises the amino acid sequence QVWDSSNDLLI (8EQ 1D NO:71).

35. The antibody of claim 34, wherein

the VH CDRI1 comprises the amino acid sequence GYTLTELSMQ (SEQ 1D NG:329).

(o
o

An antibody that binds to human mutant calreticubin (CALR), wherein:

the antibody comprises a heavy chain variable region { VH) comprising a VH CDR1; a
VH CDR2; and a VH CDR3; wherem:

the VH CDR1 comprises the amine acid sequence DYFIH (SEQ D NO:2);
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the VH CDR2 comprises the aming acid sequence LVDPEDGETIYAEX 121 FQG (REQ
1D NO: 1073, wheremn Xuoiis K or R

the VH CDR3 comprises the aming acid sequence PGGILTDPDAFDI (SEG 1D NO:119),

wherein the antibody comprises a light chain vanable region (VL) comprising a VL
CDR1,a VL CDR2, and a VL CDR3, wherein:

the VL CDR1 comprises the amino acid sequence X1nGTX:SBVGGYNXn4VE (SEQ
D NG:108), wherein Xy22 18 T or A; wherein X123 18 § or G; and wherein Xj2a 18 Y or H;

the VL CDRZ2 comprises the anuno acid sequence Xi2sVXi26X127RPS (SEQ 1D NO:109),
wherein Xus 18 I or B; wherein X6 18 N or §; and wherein X127 1s K or N; and

the VL CDR3 comprises the amino acid sequence SSYXaX 12088 TX 130X051V (SEQ 1D
NG:110), wherein Xz 1s Y or T; wherein X9 is P or §; wherein X130 s R, P, F, or absent; and

wherein Xy31is Wor Y.

37. An antibody that binds to human mutant calreticulin (CALR), wherein:

the antibody comprises a heavy chain variable region (VH) comprising a VH CDRI; a
VH CDR2; and a VH CDR3; whereint

the VH CDR1 comprises the amino acid sequence SYAIS (SEQ ID NO:3);

the VH CDR2 comprises the amino acud sequence LVDPEDGETIYAEKFX1::G (SEQ
ID NG D), wherein Xasz s R or (3

the VH CDR3 comprises the amino acid sequence EESYGP (SEQ D NO:20y;

wherem the antibody comprises a light chain variable region {VL) comprising a VL.
CDR1, a VL CDR2, and a VL CDR3, wherain:

the VL CDR1I comprises the amino acid sequence QASQDISNYL X33 (SEQ ID
NO:112), Xaza s Nor I

the VL CDR2 comprises the amino acid sequence DASNLET (SEQ 1D NG:61); and

the VL CDBR3 comprises the amino acid sequence QQLNSYPLT (SEQ 1D NO:80).

(8]

8. An antibody that binds to human mutant calreticubin (CALR), wherein:
the antibody comprises a heavy chain variable region { VH) comprising a VH CDR1; a

VH CDR2; and a VH CDR3; wherein:
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the VH CDR1I comprises the aming acid sequence EXiuSMH (SEQ 1D NO:113},
wherein X 18 S or L

the VH CDR2 comprises the aming acid sequence LVDPEDGETIYAQKFQG (SEQ 1D
NQ:14y;

the VH CDR3 comprises the aming acid sequence EEWSGDGDDAFDI (SEQ 1D
NG:21);

wherein the antibody comprises a light chain variable region (VL) comprising a VL
CDR1, a VL CDR2, and a VL CDR3, wherein:

the VL CDRI1 comprises the amino acid sequence SGSSSNIGSYSVS (SEQ ID NO:406);

the VL CDRZ comprises the amino acid sequence DX i:sNKRPS (SEQ 1D NO:114),
wherein X135 is N or ); and

the VL CDR3 comprises the anmuno acid sequence GTWDSSLSAWY (SEQ 1D NO:81).

39, An antibody that binds to human mutant calreticulin (CALR), wherein:

the antibody comprises a heavy chain variable region (VH) comprising a VH CDRI; a
VH CDR2; and a VH CDR3; whereint

the VH CDR1 comprises the amino acid sequence SYAIS (SEQ ID NO:3);

the VH CDR2 comprises the amino acud sequence GIIPIFGTANYAQKFQG (SEQID
NO:15);

the VH CDR3 comprises the amino acid sequence SPLRGSGWYWHYYYGMDYV (SEG
D NO:22),

wherein the antibody comprises a light chain vanable region (VL) comprising a VL
CDR1, a VL CBR2, and 3 VL CDR3, wherein:

the VL CDRIT comprises the amino acid sequence GGNX13s1 Xz X sk XusoVH (SEQ 1D
NG 115}, wherein Xi36 18 N or K wherein X371 R or G wherein Xz 3 A, S, R, or T; and
wheremn X is Hor §;

the VL CDRZ comprises the amino acid sequence X140DX 11 X10RPS (SEQ 1D NO: 116},
wherein X0 1s Q@ or R, wherein X141 18 8 or R; and wherein X142 15 N or K and

the VL CDR3 comprises the anmino acid sequence QXianWX1248X1sTXasV (SEQ ID
N(:117), wherein Xia3 15 A or V, wherein X4 18 D or G; wherein Xuss 15 8 or N; and wherein

XucsV, A or E.



WO 2023/107994 PCT/US2022/081076

40, An antibody that binds to human mutant calreticubin (CALR), wherein:

the antibody comprises a heavy chain variable region { VH) comprising a VH CDR1; a
VH CDR2; and a VH CDR3; wherein:

the VH CDR1 comprises the amine acid sequence TSGMGVG (SEQ 1D NO:6};

the VH CDR2 comprises the aming acid sequence HIWWDDDKYYNPYLKN (SEQ ID
NG7Y;

the VH CDR3 comprises the amino acid sequence SAYGSTYGY (SEQ 1D NG:25);

wherein the antibody comprises a light chain variable region (VL) comprising a VL
CDR1, a VL CDR2, and a VL CDR3, wherein:

the VL CDR1 comprises the amino acid sequence KASQSVDYDGDSFMN (SEQ ID
NO:52);

the VL CDR2 comprises the amino acid sequence TASILES (SEQ ID NO:68); and

the VL CDR3 comprises the amino acid sequence QOSNEDPWT (SEQ 1D NO:91).

41, The antibody of claim 40, wherein the VH 15 at least 80% identical to the ammo acid
sequence of SEQ 1D NO:182; and the VL 15 at least 80% identical to the amino acid sequence of
SEQ ID NG:308.

42, The antibody of claim 41, wherein the VH comprises the amino acid sequence of SEQ ID

NO:182; and the VL comprises the aming acid sequence of SEQ 1D NO:305.

43, The antibody of claim 42, wherein the heavy chain comprises the amino acid sequence of

SEQ ID NG 136, and the light chain comprises the amino acid sequence of SE{ 1D N(G:250.

44, An antibody that binds to hurmnan mutant calreticulin (CALR), wherein the antibody:
mhibits one or more signaling pathways downstream of thrombopoietin receptor (MPL}
in a cell expressing human mutant CALR;
inhibits oncogenic cell proliferation in a cell expressing human mutant CALR;
inhibits dimerization of MPL in a cell expressing human mutant CALR; and/or

inhibits binding of MPL io human mutant CALR.
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45, The antibody of claim 44, wherein the aniibody:

inhibits one or more signaling pathways downstream of MPL in both a first cell
expressing human Type 1 mustant CALR and 1n a second cell expressing human Type 2 mutant
CALR;

inhibits oncogenic cell proliferation in both a first cell expressing human Type 1 mutant
CALR and in a second cell expressing human Type 2 mutant CALR; and/or

inhibits dimerization of MPL in both a first cell expressing human Type 1 mutant CALR

and in a second cell expressing human Type 2 mutant CALR.

46, The antibody of claim 44 or claim 43, wherein the one or more signaling pathways
downstream of MPL are selected from the group consisting of Janus tyrosine kinase {(JAK) and
signal transducers and activators of transcription (STAT) signaling, mitogen-activated protein
kinase (MEK) and extracellular signal-regulated kinase (ERK) signaling, serine/threonine kinase

{AKT) signaling, and mammalian target of rapamycin (mTOR) signaling,

47. The antibody of claim 44, wherein the antibody binds to human mutant CALR witha

greater affinity than human mutant CALR binds to MPL.

48, The antibody of claim 44, wherein the antibody binds to buman routant CALR with an

1Cs0 of between about 0.1 and 1 nM.

49, An antibody that binds to human mutant calreticulin (CALR), wherein the antibody has

modulated Fe effector function.

50. The antibody of claim 49, wherein the modulated Fe effector function is increased Fe

effector function or reduced Fo effector function.

51 The antibody of claim 49 or claim 50, wherein the antibody has reduced Fc effector

function.

231



WO 2023/107994 PCT/US2022/081076

52. The antibody of any one of claims 49-51, wherein the Fe effector function is antibody-
dependent celi-mediated cytotoxicity (ADCC), complement dependent cytotoxicity {CDC), or

antibody dependent cellular phagocytosis (ADCP).

53 The antibody of any one of claims 49-52, wherein the antibody having reduced Fc
effector function has increased binding affinity to human mutant CALR as compared to an

antibody without reduced Fo effector function.

54, The antibody of claim 53, wherein the Fc effector function s ADCC,

55, An antibody that binds to human mutant calreticulin {CALR), wherein the antibody binds
to human mutant CALR at an epitope within DEEQRTRRMMRTKMRMRRMRR (SEQ 1D
N(O:328).

56. The antibody of claim 55, wherein the antibody binds within amuno acids 8-20 of

DEEGRTRRMMRTEKMRMRRERMRR (SEQ 1D NO:328).

57. The antthody of claim 56, wherein the antibody binds to:

one or more of the amino acid residues RE, M10, M9, and R20 m
DEEQRTRRMMRTEKMRMRRMRR (SEQ 1D NO:328); or

all of the amimo acid residues R8, M0, M19, and R20 in DEEQRTRRMMRTKMRMRRMRR
{(SEQ 1D N(G:328).

58, The antibody of claim S5, wherein the antibody binds within amino acids 1-20 of

DEEQRTRRMMRTEMRMREMRR (SEQ 1D NO:328).

59, The antibody of claim 58, wherein the antibody binds to

one or more of D1, R5, R& M9, M10, R11, T12, M14, R15, M16, M19, and R20 in
DEEQRTRRMMRTKMRMRRMRR (SEQ 1D NG:328); or

all of D1, RS, R, MO, MI0, R11, T12 M4 RIS M16, M19, and R20 in
DEEQRTRRMMRTKMRMRRMRR (SEQ 1D NG:328).
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60. The antibody of claim 55, wherein the antibody binds within amino acids 7-21 of

DEEGRTRRMMRTKMRMRRMRR (SEQ D NO:328).

61. The antibody of claim 60, wherein the antibody binds to one or more of the amino acid
residues R7, R11, R17, R20, and R21 in DEEQRTRRMMRTKMRMRRMRR (SEG ID
NG3283; or

62, The antibody of claim 60, wherein the antibody binds to all of the amino acid residues
R7,R11,R17 R20, and R21 in DEEQRTRRMMRTKMRMRRMRR (SEQ D NO:328).

63. The antibody of claim S5, wherein the antibody binds within amino acids 6-21 of

DEEGRTREMMRTEMRMRRMRR (SEQ D NO:328)

64. The antibody of claim 55, wherein the antibody binds to one or more of the amino acid
residues T6, R7, M10, R11, M14, R17, R18, R20, and R21 in
DEEQRTRRMMRTEMRMRREMRR (SEQ 1D NO:328).

63. The antthody of claim 63, wherein the antibody binds to all of the amino acid residues
T6, R7, MIG, Ri1, M4, R17, RI8, R20, and R21 1n DEEQRTRRMMRTEMRMRRMRR (SEQ
1D NO:328).

66. An antibody that binds to human mutant calreticulin (CALR), wherein the antibody binds

two non-identical epitopes within DEEGRTRRMMRTKMRMRRMRR (SEQ 1D NG:328).

67, An antibody that binds to human mutant calreticolin (CALR), wherein the antibody binds
to homan mutant CALR at a first epitope within DEEQRTRRMMRTEMRMRRMRR (SEQ ID
NE:328) and at a second epitope within of DEEQRTRRMMRTKMRMRRMRR {SEQ ID

N(:328), wherein the first epitope and the second epitope are non-identical.

68, The antibody of claim 67, wherein the antibody binds to the first epitope at one or more

of the amino acid residues B8, M10, M19, and R20 in DEEQRTRRMMRTKMRMRRMRR
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{(SEQ 1D NG:328) and the antibody binds to the second epitope at one or more of the amine acid
residues R7, R11, R17, R20, and R21 in DEEQRTRRMMRTKMRMRRMRR (SEQ 1D
N{G:328).

69, The antibody of claim 67, wherein the antibody binds to the first epitope at all of the
amino acid restdues R8, M10, M19, and R20 in DEEGRTRRMMRTKMEMRRMRR (SEQ 1D
N(:328) and the antibody binds to the second epitope at all of the amino acid residues R7, R11,
R17, R20, and R21 in DEEQRTRRMMRTKMRMRRMRR (SEQ ID NG:328).

70. The antibody of claim 67, wherein the antibody binds to the first epitope at one or more
of the amino acid residues D1, RS, R®, MO, M10, R11, T12, M14, R15, M16, M19, and R20 in
DEEQRTRRMMRTKMRMRRMRR (SEQ 1D NO:328) and the antibody binds to the second
epitope at one or more of the amino acid residues T6, R7, M10, R11, M14, R17, R18, R20, and
R21 in DEEQRTRRMMRTKMRMRRMRR (SEQ 1D NQ:328).

71. The antibody of claun 67, wherein the antibody binds fo the first epitope at all of the
amino acid residues D1, RS, R, MO, MI0, R11, Ti2z, M14, R15 Ml6 M19, and R20 mn
DEEQRTREMMRTKMRMRRMRR (SEQ I3 N(:328) and the anttbody binds to the second
epitope at all of the anuno acid residues T6, R7, M0, R11, M4, R17 R18, R20,and R21
DEEQRTRRMMRTEMRMRRMRR (SEQ 113 NO:328).

72. An antibody that binds to human mutant CALR and competes for binding to human

mutant CALR with an antibody that has a heavy chain comprising the amino acid sequence of

SEQ 1D NG:327 and a light chain comprising the amino acid sequence of SEQ ID N(:213.
73 An antibody that binds to human mutant CALR and inhibits or reduces binding of human

mutant CALR to thrombopoietin receptor (MPL).

74. The antibody of any one of claims 1 o 73, wheremn the human mutant CALR 1s human

Type 1 mutant CALR comprising the amino acid sequence of SEQ 1D NG:320.
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75, The antibody of any one of claims 1 to 73, wherein the human mutant CALR is human

Type 2 mutant CALR comprising the amino acid sequence of SEQ 1 NO:321.

76, The antibody of any one of claims 1-75, wherain the antibody is 2 human or humanized

antibody.

The antibody of any one of claims 1-76, wherein the antibody is a full-length antibody.

78. The antibody of any one of claims 1-77, wherein the antibody 15 an IgGl, 1gG2, 1gG3 or

1G4 antihody.

79. The antibody of claim 78, wherein the antibody 15 an IgG1 anitbody.
80. The antibody of any one of claims 1-75, wherein the antibody 1s a bispecific antibody, a

biparatopic antibody, a single cham antibody {scFv), an Fab fragment, an F{ab ) fragment, an

Fab’ fragment, an Fsc fragment, an Fv fragment, an scFv, an se(Fv, or a diabody.

31. The antihody of claim 80, wherein the antibody 15 a hiparatopic antihody comprising two

heavy chain-light chain pairs or one heavy cham-light chain pair.

&2, The antibody of claim 80, wherein the biparatopic antibody 15 a full-length antibody.
&3 The antibody of claim 81 or claim 82, wherein the biparatopic antibody comprises one

heavy chain-hight chain pair.

34, The antibody of any of claims 1-83, which is conjugated to a toxic substance,
85, The antibody of claim 84, which 1s conjugated to a radioisctope or a cytotoxic agent.
86. A nucleic acid or a set of nucleic acids, which collectively encodes the antibody of any

one of claims 1-85,



WO 2023/107994 PCT/US2022/081076

87. An expression vector or a set of expression vectors comprising the nucleic acid or the set

of nucleic acids of claim 86 operably linked to a promoter.

88, An 1solated cell comprising the nucleic acid or the set of nucleic acids of claim 86 or the

expression vector or the set of expression vectors of claim 87.

39. A method of making the antibody of any one of claims 1-85, comprising culturing the

cell of claim 88 and isolating the antibody.

90. A pharmaceutical composition comprising the antibody of any one of claims 1-85, the
nucleic acid or the set of nucleic acids of claim 86, the expression vector or the set of expression

vectors of claim 87, or the 1solated cell of claim 88, and a pharmaceutically acceptable carrier.

91. A method of treating a myeloproliferative neoplasm in a human subject in need thereof,
the method comprising admuustering to the human subject an effective amount of the antihody

of any one of claims 1-85 or the pharmaceutical composition of claim 90.

92, The rmethod of claun 91, wherein the myeloproliferative neoplasm is selected from the
group counsisting of chronie myelogenous leukemia, polycyvthemia vera, primary myelofibrosis,
essential thrombocythemia, chronic neutrophilic leukerma, acute myelogenus leukemia, chronie
eosmophilic leukemia, chronic myelomonocytic leukemia, myeloproliferative neoplasm and
myelodysplastic syndrome, including myelodysplastic syndrome with refractory anaemia with
ring sideroblasts, myelodysplastic syndrome with refractory anemua, and myelodysplastic

syndrome with refractory anemia with excess biasts.

93, The method of claim 91 or claim 92, further comprising admimstering to the human
subject an additional therapy selected from the group consisting of a Janus tyrosine kinase (JAK)
mhibitor, a phosphoinositide 3-kinase (P13K) inhibitor, a standard of care therapy, or a

combination thereof

94, The method of claim 93, wherein the JAK inhibitor is ruxolitinib and ttaticinib.
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95, The method of claim 93, wherem the PI3K inhibitor is parsaclisib.

96. The method of claim 93, wherein the standard of care therapy is selected from the group
consisting of IFN-alpha, hydroxyurea, thalidomide, lenalidomide, an androgen, an

erythropoletin-stimulating agent, a chemotherapeutic agent, or a combination thereof

97. The method of claim 93, wherein the administration of the antibody of any one of claims
1-85 or the pharmaceutical composition of claim 90 in combination with the JAK inhibitor

produces a synergistic effect.

O8. The method of claim 97, wherein the JAK inhibitor is ruxolitinib.

99. A kit comprising the antibody of any one of claims 1-85, the nucleic acid or the set of
nucleic acids of claim 86, the expression vector or the set of expression vectors of claim 87, or
the isolated cell of claim 88, and nstructions for use m treating a myeloproliferative neoplasm in
a human subject in need thereof, optionally with instructions for use in combination with an

additional therapy.

100, A method of detecting a CALR exon 9 mutation in a biological sample, the method
comprising obtaining a biological sample from a human subject who has or 15 suspected of
having a myeloproliferative neoplasm and contacting the sample with the antibody of any one of
claims 1-85 such that the antibody binds to a mutCALR protein if the mutCALR protein is

present in the biological sample.

101, A method of diagnosing a human subject with a myeloproliferative neoplasm, the method
comprising obtaining a biological sample from a human subject who has or 13 suspected of
having a myeloproliferative neoplasm and contacting the sample with the antibody of any one of
claims 1-85 such that the antibody binds to a mutCALR protein if the mutCALR protein is

present in the biological sample.

237



