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HUMANIZED FILOVIRUS ANTIBODIES AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

[1001] This application claims priority to U.S. Provisional Application No. 62/118,432,

filed February 19, 2015, which is hereby incorporated by reference in its entirety for all

purposes.
FIELD OF THE DISCLOSURE
{1002] The present disclosure relates to an antibody or antigen-binding portion thereof

that binds to a filovirus, compositions comprising the antibody or antigen-binding portion
thereot, methods of producing the antibody or antigen-binding portion thereof and methods

ol using the antibody or antigen-binding portion thereof.

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONCIALLY

[1003) The content of the text file submitted clectronically herewith is incorporated
herein by reference in its entirety: A computer readable format copy of the Sequence Listing
(filename: EMER 051 _0IWOScqList ST25.txt); date recorded: February 19, 2016; file size
140 KB).

BACKGROUND

[1004] Filovirus infections have been associated with severe fatality rates in humans.
Filoviruses are enveloped, negative-strand RNA viruses and can cause lethal hemorrhagic
fever in bhumans and non-human primates. The Fifoviridae family includes the genera
Marburgvirus and Ebolavirus.

{1005} The Marburgvirus genus includes the species, Marburg marburgvirus, which
includes the members Marburg virus (MARV) and Ravn virus (RAVV). There are at least
two MARY strains, Musoke and Popp, which were identified when the Ravn virus and
Angola virus emerged.

[1606] The Ebolavirus (EBOV) is a pleiomorphic filamentous virus in the Filoviridae
family. Infection with EBOV usually causes a severe hemorrhagic féver,, with 50-90%
lethality. The outbreak frequency of EBOV has also increased recently, Five different

species of EBOV have been identitied: Zaire, Sudan, Cote d’Ivoire, Reston and Bundibugyo,
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each named after the location in which the species was first described. All species are
believed to be lethal to humans, with the possible exception of the rare Cote d’'Ivoire species
and the Reston species. Of these species, the Zaire species of Eholavirus (ZEBOV) is
believed to be the most common and the most lethal,

[1007] The negative-stranded RNA genome of a (ilovirus encodes seven genes. The
proteins encoded by the seven genes include the glycoprotein (GP). The GP is responsible
for attached and entry of the virus into target cells and is expressed as a precursor that is
cleaved to yield two subunits: GP1, which contains the putative receptor-binding region and
heavily glycosylated mucin domain; and GP2, which drives membrane fusion.

{1008} Natural survival from filovirus infection is rare and not clearly understood. There
are currently no approved vaccines or therapeutics for {ilovirus infection. Development of
neutralizing antibodies in the context of natural infection is believed to be difficult.
Accordimgly, there is a need for the development of vaccines and therapeutics for filovirus

infection. The present disclosure addresses these needs and provides related advantages.

SUMMARY OF THE DISCLOSURE

[1009] The present disclosure provides an antibody or antigen-binding portion thereof
that binds to a filovirus. In some embodiments, the antibody or antigen-binding portion
thereofl that binds to a [filovirus, is an isolated antibody or antigen-binding portion thereol
comprising: (&) a light chain CDR1 comprising an amino acid sequence that has at least about
§5% sequence identity to an amino acid sequence comprising SEQ 1D NO: 6, 30, 54, 78, 102,
126, 150, 174 or 198: (b) a light chain CDR2 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence comprising SEQ ID NO: 7, 31,
55, 79, 103, 127, 151, 175, or 199; {¢) a light chain CDR3 comprising an amino acid
sequence that has at least about 85% sequence identity to an amino acid sequence comprising
SEQ ID NO: 8, 32, 56, 80, 104, 128, 152, 176, or 200; (d) a heavy chain CDR1 comprising
an amino acid sequence that has at least about 85% sequence identity to an amino acid
sequence comprising SEQ ID NO: 18, 42, 66, 90, 114, 138, 162, 186, or 210; () a heavy
chain CDR2 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence comprising SEQ ID NO: 19, 43, 67, 91, 115, 139, 163,
187, or 211; (f) a heavy chain CDR3 comprising an amino acid sequence that has ar least
about 85% sequence identity to an amino acid sequence comprising SEQ ID NQO: 20, 44, 68,

92, 116, 140, 164, 188, or 212; (g) a light chain FR1 comprising an amino acid sequence that

[V
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has at least about 85% sequence identity to an amino acid sequence e comprising SEQ ID
NO: 333, 341, 349, 357, 365, 373, 381, 389, or 397, (h) a light chain FR2 comprising an
amino acid sequence that has at least about 85% sequence identity to an amino acid sequence
comprising SEQ ID NO: 334, 342, 350, 358, 366, 374, 382, 390 or 398; (i) a light chain FR3
comprising an amino acid sequence that has at least about 85% sequence identity to an amino
acid sequence comprising SEQ ID NG: 335, 343, 351, 359, 367, 375, 383, 391 or 399; (j) a
light chain FR4 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence comprising SEQ 1D NO: 336, 344, 352, 360, 368, 376,
384, 392, or 400; (k) a heavy chain FR1 comprising an amino acid sequence that has at least

45,

Ll

about 85% sequence identity to an amino acid sequence comprising SEQ 1D NOs: 337,
353, 361, 369, 377, 385, 393, or 401; (1) a heavy chain FR2 comprising an amino acid
sequence that has at least about 85% sequence identity to an amino acid sequence comprising
SEQ 1D NO: 338, 346, 354, 362, 370, 378, 386, 394, or 402; (m) a heavy chain FR3
comprising an amino acid sequence that has at least about 85% sequence identity to an amino
acid sequence comprising SEQ [D NO: 339, 347, 355, 363, 371, 379, 387, 395 or 403; and,
(n) a beavy chain FR4 comprising an amino acid sequence thal has at least about 8§5%
sequence identity to an amino acid sequence comprising SEQ ID NO: 340, 348, 356, 364,
372, 380, 388, 396, or 404.

{1010} In another embodiment, the isolated antibody or antigen-binding portion thereof
comprises: (a) a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence
that has al least about 85% sequence identity to an amino acid sequence comprising SEQ 1D
NOs: 6, 7 and 8, respectively; a heavy chain CDR1, CDR2, and CDR3 comprising an amino
acid sequence that has at least about 85% sequence identity 1o an amino acid sequence
comprising SEQ ID NOs: 18, 19 and 20, respectively; a light chain FR1, FR2, FR3, and FR4
comprising an amino acid sequence that has at least about 85% sequence identity to an amino
acid sequence comprisling SEQ 1D NOs: 333, 334, 335 and 336, respectvely; and a heavy
chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least about
85% sequence identity Lo an amino acid sequence comprising SEQ ID NOs: 337, 338, 339,
and 340, respectively: (b) a light chain CDR1, CDR2, and CDR3 comprising an amino acid
sequence that has at least about 85% sequence identity to an amino acid sequence comprising
SEQ D NOs: 30, 31, and 32, respectively; a heavy chain CDRI, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85% sequence identity to an amino
acid scquence comprising SEQ ID NOs: 42, 43, and 44, respectively; a light chain FR1, FR2,

FR3, and FR4 comprising an amino acid sequence that has at least about 85% sequence
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identity to an amino acid sequence e comprising SEQ ID NQs: 341, 342, 343, and 344,
respectively; and a heavy chain FR1, FR2, FR3, and FR4 comprising an ar.hino acid sequence
that has at least about 85% sequence identity to an amino acid sequence comprising SEQ ID
NOs: 345, 346, 347, and 348, respectively; (¢) a light chain CDR1, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85% sequence identity to an amino
acid sequence comprising SEQ ID NOs: 54, 55, and 56, respectively; a heavy chain CDR1,
CDR2, and CDR3 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence comprising SEQ ID NOs: 66, 67, and 68, respectively; a
light chain FR1, FRZ, FR3, and FR4 comprising an amino acid sequence that has at least
about 85% sequence identity to an amino acid sequence comprising SEQ 1D NOs: 349, 350,
351, and 352, respectively; and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino
acid sequence that has at least about 83% sequence identity to an amino acid sequence
comprising SEQ ID NOs: 353, 354, 355, and 356, respectively; (d) a light chain CDRI,
CDR2. and CDR3 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence comprising SEQ [D NOs: 78, 79 and 80, respectively; a
heavy chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at Ieast
about 85% sequence identity to an amino acid sequence comprising SEQ 1D NOs: 90, 91 and
92, respectively; a light chain FR1T, FR2, FR3, and FR4 comprising an amino acid sequence
that has at least about 85% scquence identity to an amino acid sequence comprising SEQ ID
NOs: 357, 358, 359 and 360, respectively; and a heavy chain FR1, FR2, FR3, and FR4
comprising an amino acid sequence that has at least about 85% sequence identity to an amino
acid sequence comprising SEQ ID NOs: 361, 362, 363, and 364, respectively; (e) a light
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least about
85% sequence identity to an amino acid sequence comprising SEQ 1D NOs: 102, 103, and
104, respectively; a heavy chain CDR1, CDR2, and CDR3 comprising an amino acid
sequence that has at least about 85% sequence identity to an amino acid sequence comprising
SEQ [ NOs: 114, 115, and 116, respectively; a light chain FR1, FR2, FR3, and FR4
comprising an amino acid sequence that has at least about 85% scquence identity o an amino
acid sequence comprising SEQ 1D NOs: 365, 366, 367, and 368, respectively; and a heavy
chain FR1, FR2, FR3, and FR4 comprising an amino acid scquence that has at least about
85% sequence identity to an amino acid sequence comprising SEQ ID NOs: 369, 370, 371,
and 372, respectively; (1) a light chain CDRI, CDR2, and CDR3 comprising an amino acid
sequence that has at least about 85% sequence identity to an amino acid sequence comprising

SEQ ID NOs: 126, 127, and 128, respectively; a heavy chain CDR1, CDR2, and CDR3
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comprising an amino acid sequence that has at least about 83% sequence identity to an amino
acid sequence comprising SEQ 1D NOs: 138, 139, and 140, respectively; a light chain FRI,
FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence comprising SEQ ID NOs: 373, 374, 375, and 376,
respectively; and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence
that has at least about 85% sequence identity to an amino acid sequence domprising SEQ ID
NOs: 377, 378, 379, and 380, respectively; (g) a light chain CDRI, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85% sequence identity to an amino
acid sequence comprising SEQ ID NOs: 130, 151, and 152, respectively; a heavy chain
CDRI1, CDR2, and CDR3 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence comprising SEQ ID NOs: 162, 163, and 164,
respectively; a light chain FRI, FR2, FR3, and FR4 comprising an amino acid sequence that
has at Icast about 85% sequence identity to an amino acid sequence c-omprising SEQ ID NOs:
381, 382, 383, and 384, respectively; and a heavy chain FR1, FR2Z, FR3, and FR4 comprising
an amine acid sequence that has at least about 85% sequence identity to an amino acid
sequence comprising SEQ ID NOs: 385, 386, 387 and 388, respectively; (h) a lght chain
CDRI, CDRZ, and CDR3 comprising an amine acid sequence that has at least about 85%
sequence identity to an amino acid sequence comprising SEQ ID NOs: 174, 175, and 176,
respectively; a heavy chain CDRI, CDR2, and CDR3 comprising an amino acid sequence
that has at least about 85% sequence identity to an amino acid sequence comprising SEQ ID
NOs: 186, 187, and 188, respectively; a light chain FR1, FR2, FR3, and FR4 comprising an
amino acid sequence that has at least about 85% sequence identity to an amino acid sequence
comprising SEQ ID NOs: 389, 390, 391, and 392, respectively; and a heavy chain FR1, FR2,
FR3, and FR4 comprising an amino acid sequence that has at least about 85% sequence
dentity to an amino acid sequence comprising SEQ 1D NOs: 393, 394, 395, and 396,
respectively; or (i) a light chain CDRI1, CDRZ, and CDR3 comprising an amino acid
sequence that has at least about 85% sequence identity to an amino acid sequence comprising
SEQ ID NOs: 198, 199 and 200, respectively; a heavy chain CDR1, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85% sequence identity to an amino
acid sequence comprising SEQ 1D NQOs: 210, 211, and 212, respectively; a light chain FRI,
FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence comprising SEQ 1D NOs: 397, 398, 399, and 400,

respectively; and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence



WO 2016/131125 PCT/CA2016/000040

that has at least about 85% sequence identity to an amino acid sequence comprising SEQ ID
NQs: 401, 402, 403 and 404, respectively.

[1611} In some embodiments, the antibody or antigen-binding portion thereo! that binds
to a filovirus, 1s an isolated antibody or antigen-binding portion thereol comprising: (a) a
light chain CDRI comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence encoded by a nucleotide sequence comprising SEQ ID
NO: 3,27, 51, 75,99, 123, 147, 171 or 195; (b) a Hght chain CDR2 comprising an amino acid
sequence that has at least about 85% sequence identity to an amino acid sequence encoded by
a nucleotide sequence comprising SEQ 1D NO: 4, 28, 52, 76, 100, 124, 148, 172, or 196; (¢) a
light chain CDR3 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence encoded by a nucleotide sequence comprising SEQ ID
NO: 5, 29, 53, 77, 101, 125, 149, 173, or 197; (d) a heavy chain CDR1 comprising an amino
acid sequence that has at least about 85% scquence identity to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ [D NO: 15, 39, 63, 87, 111, 135, 159,
183, or 207; (e} a heavy chain CDR2 comprising an amino acid sequence that has at feast
about 85% sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NO: 16, 40, 64, 88, 112, 136, 160, 184, or 208; (D) a heavy chain CDR3
comprising an amino acid sequence that has at least about 85% scquence identity to an amino
acid sequence encoded by a nucleotide sequence comprising SEQ ID NG: 17, 41, 65, 89, 1 13,
137, 161, 185 or 209; (g) a light chain FRI1 comprising an amino acid sequence that has at
least abour 85% sequence identity to an amino acid sequence encoded by a nucleotide
sequence comprising SEQ ID NO: 9, 33, 57, 81, 103, 129, 153, 177, or 201; (h) a light chain
FR2 comprising an amino acid sequence that has at least about 85% sequence identity (0 an
amino acid sequence encoded by a nucleotide sequence comprising SEQ ID NQ: 10, 34, 58,
82, 106, 130, 154, 178, or 202; (3) a light chain FR3 comprising an amino acid sequence that
has at least about 85% scquence identity to an amino acid sequence encoded by a nucleotide
sequence comprising SEQ ID NO: 11, 35, 59, 83, 107 131, 155, 179 or 203; (j) a light chain
FR4 comprising an amino acid sequence that has at least about 85% sequence identity to an
amino acid sequence encoded by a nucleotide sequence comprising SEQ 1D NO: 12, 36, 60,
84, 108, 132, 156, 180 or 204; (k) a heavy chain FR1 comprising an amino acid sequence that
has at least about 85% sequence identity to an amino acid sequence encoded by a nucleotide
sequence comprising SEQ 1D NO: 21, 45, 69, 93, 117, 141, 165, 189, or 213; (1) a heavy
chain FR2 comprising an amino acid sequence that has at least about 85% scquence identity

to an amino acid sequence encoded by a nucleotide sequence comprising SEQ ID NO: 22,



WO 2016/131125 PCT/CA2016/000040

46, 70, 94, 118, 142, 166, 190 or 214; (m) a heavy chain FR3 comprising an amino acid
sequence that has at least about 85% sequence identity to an amino acid sequence encoded by
a nucleotide sequence comprising SEQ ID NO: 23, 47, 71, 95, 119, 143, 167, 191 or 215;
and, (n) a heavy chain FR4 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence comprising
SEQ ID NO: 24, 48, 72, 96, 120, 144, 168, 192 or 216.

[1012] [n some embodiments, the isolated antibody or aniigen-binding portion thereol
comprises: {a) a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence
that has at least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ [D NOs: 3, 4, and 3, respectively; a heavy chain CDRI,
CDR2, and CDR3 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence encoded by a nucleotide sequence comprising SEQ 1D
NOs: 15, 16, and 17, respectively; a light chain FR1, FR2, FR3, and FR4 comprising an
amino acid sequence that has at least about 85% sequence identity to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ 1D NOs: 9, 10, 11, and 12, respectively;
and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at
least about 83% sequence identity to an amino acid sequence encoded by a nucleotide
sequence comprising SEQ 1D NOs: 21, 22, 23, and 24, respectively; (b) a light chain CDRI,
CDR2, and CDR3 comprising an amino acid sequence that has at least about 85% sequence
identity 10 an amino acid sequence encoded by a nucleotide sequence comprising SEQ ID
NOs: 27, 28, and 29, respectively; a heavy chain CDR1, CDR2, and CI'DRS comprising an
amino acid sequence that has at least about 85% sequence identity to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ ID NOs: 39, 40, and 41, respectively; a
light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least
about 85% sequence identity to an amino acid sequence encoded by a nucleotide sequenece
comprising SEQ ID NOs: 33, 34, 35, and 36, respectively; and a heavy chain FR1, FR2, FR3,
and FR4 comprising an amino acid sequence that has at least about 85% sequence identity to
an amino acid sequence encoded by a nucleotide sequence comprising SEQ ID NOs: 45, 46,
47 and 48, respectively; (¢) a light chain CDR1, CDR2, and CDR3 comprising an amino acid
sequence that has at least about 85% sequence identity to an amino acid sequence encoded by
a nucleotide sequence comprising SEQ ID NOs: 51, 52, and 53, respectively; a heavy chain
CDRI1, CDR2, and CDR3 comprising an amino acid sequence that has at least about 83%
sequence identity to an amino acid sequence encoded by a nucleotide sequence comprising

SEQ ID NOs: 63, 64, and 63, respectively; a light chain FR1, FR2, FR3, and FR4 comprising
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an amino acid sequence that has at least about 85% sequence identity to an amino acid
sequence encoded by a nucleotide sequence comprising SEQ ID NOs: 57, 58, 59 and 60,
respectively; and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence
that has at least abour 85% scquence identity (0 an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NQOs: 69, 70, 71, and 72, respectively; (d) a light
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least about
85% sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NOs: 75, 76, and 77, respectively; a heavy chain CDR1, CDR2, and
CDR3 comprising an amino acid sequence that has at least about 85% sequence identity to an
amino acid sequence encoded by a nucleotide sequence comprising SEQ ID NOs: 87, 88. and
89, respectively; a light chain FRI, FR2, FR3, and FR4 comprising an amino acid sequence
that has at least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 81, 82, 83, and 84, respectively; and a heavy

chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least about
85% sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NOs: 93, 94, 95, and 96, respectively; (€) a light chain CDR1, CDR2,
and CDR3 comprising an amino acid sequence that has at least about 85% sequence identity
to an amino acid sequence encoded by a nucleotide sequence comprivsing‘ SEQ ID NOs: 99,
100, and 101, respectively; a heavy chain CDR1, CDR2, and CDR3 comprising an amino
acid sequence that has at least about 85% sequence identity to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ D NOs: 111, 112, and 113, respectively;
a light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least
about 85% sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ 1D NOs: 105, 106, 107, and 108, respectively; and a heavy chain FR1, FR2,
FR3, and FR4 comprising an amino acid sequence that has at least abbut 85% scquence
identity to an amino acid sequence encoded by a nucleotide sequence comprising SEQ 1D
NOs: 117, 118, 119, and 120, respectively; (f) a light chain CDRI, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85% sequence identity to an amino
acid sequence encoded by a nucleotide sequence comprising SEQ ID NOs: 123, 124 and 125,
respectively; a heavy chain CDRI, CDR2, and CDR3 comprising an amino acid sequence
that has at least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 135, 136, and 137, respectively; a light chain
FRI1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%

sequence identity to an amino acid sequence encoded by a nucleotide secquence comprising
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SEQ ID NOs: 129, 130, 131, 132, respectively; and a heavy chain FR1, FR2, FR3, and FR4
comprising an amino acid sequence that has at least about 85% sequence identity to an amino
acid sequence encoded by a nucleotide sequence comprising SEQ 1D NOs: 141, 142, 143,
and 144, respectively; (g) a light chain CDR1, CDR2, and CDR3 comprising an amino acid
sequence that has at least about 85% sequence identity to an amino acid sequence encoded by
a nucleotide sequence comprising SEQ ID NQs: 147, 148 and 149, respectively; a heavy
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence fheﬁ has at least about
85% sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NOs: 159, 160, and 161, respectively; a light chain FR1, FR2, FR3, and
FR4 comprising an amino acid sequence that has at least about 85% sequence identity to an
amino acid sequence encoded by a nucleotide sequence comprising SEQ ID NQs: 153, 154,
155, and 156, respectively; and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino
acid sequence that has at least about 85% sequence identity to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ ID NOs: 165, 166, 167, and 168,
respectively; (h) a light chain CDR1, CDR2, and CDR3 comprising an amine acid sequence
that bas at least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ 1D NOs: 171, 172, and 173, respectively; a heavy chain
CDRI, CDR2, and CDR3 comprising an amino acid sequence that has at lcast about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence comprising
SEQ 1D NOs: 183, 184, and 185, respectively; a light chain FRI1, FR2, FR3, and FR4
comprising an amino acid sequence that has at least about 85% sequence identity to an amino
acid sequence encoded by a nucleotide sequence comprising SEQ ID NOs: 177, 178, 179 and
180, respectively; and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid
sequence that has at least about 85% sequence identity to an amino acid sequence encoded by
a nucleotide sequence comprising SEQ ID NOs: 189, 190, 191, and 192, respectively; or (i) a
light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least
about 85% sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NQOs: 195, 196 and 197, respectively; a heavy chain CDR1, CDR2, and
CDR3 comprising an amino acid sequence that hias at least about 85% sequence identity to an
amino acid sequence encoded by a nucleotide sequence comprising SEQ ID NOs: 207, 208,
and 209, respectively; a light chain FR1, FR2, FR3, and FR4 comprising an amino acid
sequence that has at least about 85% sequence identity to an amino acid sequence encoded by
a nucleotide sequence comprising SEQ ID NOs: 201, 202, 203 and 204, respectively; and a

heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least

9
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about 85% sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NOs: 213, 214, 215 and 216, respectively.

[1013] In some embodiments, the antibody or antigen-binding portion thereof comprises:
(a) a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to an amino acid sequence encoded by a nucleotide sequence comprising
SEQ ID NO: 13, 37, 61, 85, 109, 133, 157, 181, or 205; and (b) a variable light chain
comprising an amino acid sequence that has at least about 98% sequence identity to an amino
acid sequence encoded by a nucleotide sequence comprising SEQ 1D NO: 1, 25, 49, 73, 97,
121, 145, 169, or 193, In some embodiments, the antibody or antigen-binding portion thereof
comprises: (a) a variable heavy chain comprising an amino acid sequence that has at least
about 98% sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ 1D NO: 13 and a variable light chain comprising an amino acid sequence
that has at lcast about 98% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NO: {; (b) a variable heavy chain comprising an
amino acid sequence that has at least about 98% sequence identily to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ ID NQO: 37 and a variable light chain
comprising an amino acid sequence that has at least about 98% sequence identity to an amino
acid sequence encoded by a nucleotide sequence comprising SEQ ID NO: 25; (¢) a variable
heavy chain comprising an amino acid sequence that has at least about 98% sequence identity
to an amino acid sequence encoded by a nucleatide sequence comprising SEQ ID NO: 61 and
a variable light chain comprising an amino acid sequence that has at least about 98%
sequence identity to an amino acid sequence encoded by a nucleotide sequence comprising
SEQ ID NO: 49; (d) a variable heavy chain comprising an amino acid sequence that has at
least about 98% scquence identity to an amino acid sequence encoded by a pucleotide
sequence comprising SEQ ID NO: 85 and a variable light chain comprising an amino acid
sequence that has at least about 98% sequence identity to an amino acid sequence encoded by
a nucleotide sequence comprising SEQ 1D NO: 73; (e) a variable heavy chain comprising an
amino acid sequence that has at least about 98% sequence identity to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ ID NO: 109 and a variable light chain
comprising an amino acid sequence that has at least about 98% sequence identity to an amino
acid sequence encoded by a nucleotide sequence comprising SEQ ID NO: 97; (f) a variable
heavy chain comprising an amino acid sequence that has at least about 98% sequence identity
to an amino acid sequence encoded by a nucleotide sequence comprising SEQ ID NQO: 133

and a variable light chain comprising an amino acid sequence that has at Jeast about 98%
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sequence identity to an amine acid sequence encoded by a nucleotide setltlexmce comprising
SEQ ID NO: 121; (g) a variable heavy chain comprising an amino acid sequence that has at
least about 98% sequence identity to an amino acid sequence encoded by a nucleotide
sequence comprising SEQ ID NO: 157 and a variable light chain comprising an amino acid
sequence that has at least about 98% sequence identity to an amino acid sequence encoded by
a nucleotide sequence comprising SEQ ID NO: 143; (h) a variable heavy chain comprising an
amine acid sequence that has at least about 98% sequence identity to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ ID NO: 181 and a variable Light chain
comprising an amino acid sequence that has at least about 98% sequence identity to an amino
acid sequence encoded by a nucleotide sequence comprising SEQ ID NO: 169; or (i) a
variable heavy chain comprising an amino acid sequence that has al least about 98%
sequence identity to an amino acid sequence encoded by a nucleotide sequence comprising
SEQ [D NO: 205 and a variable light chain comprising an amino acid sequence that has at
least about 98% sequence identity to an amino acid sequence encoded by a nucleotide
sequence comprising SEQ [D NO: 193,

[1014] In some embodiments, the isolated antibody or antigen-binding portion thereof
that binds to a filovirus comprises: (a) a variable heavy chain comprising an amino acid
sequence that has at least about 98% scquence identity to SEQ 1D NO: 14, 38, 62, 86, 110,
134, 158, 182, or 206; and (b) a variable light chain comprising an amino acid sequence that
has at least about 98% sequence identity to SEQ ID NO: 2, 26, 50, 74, 98, 122, 146, 170 or
194, In some embodiments, the isolated antibody or antigen-binding portion thereof
comprises: (a) a variable heavy chain comprising an amino acid sequence that has at least
about 98% sequence identity to SEQ ID NQO: 14 and a variable light chain comprising an
amino acid sequence that has at least about 98% sequence identity to SEQ 1D NO: 2; (b) a
variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to SEQ ID NO: 38 and a variable light chain comprising an amino acid
sequence that has at least about 98% sequence identity to SEQ ID NQO: 26; (¢) a variable
heavy chain comprising an amino acid sequence that has at least about 98% sequence identity
to SEQ ID NO: 62 and a variable light chain comprising an amino acid sequence that has at
least about 98% sequence identity to SEQ [D NQO: 50; (d) a variable heavy chain comprising
an armmino acid sequence that has at least about 98% sequence identity to SEQ ID NQO: 86 and
a variable light chain comprising an amino acid sequence that has at least about 98%
sequence 1dentity to SEQ ID NO: 74; (¢) a variable heavy chain comprising an amino acid

sequence that has at least about 98% sequence identity to SEQ ID NO: 110 and a variable
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light chain comprising an amino acid sequence that has at least about 98% sequence identity
to SEQ ID NO: 98; (1) a variable heavy chain comprising an amino acid sequence that has at
least about 98% sequence identity to SEQ ID NO: 134 and a variable light chain comprising
an amino acid sequence that has at least about 98% sequence identity to SEQ ID NO: 122; (g)
a variable heavy chain comprising an amino acid sequence that bas at least about 98%
sequence identity to SEQ ID NO: 158 and a variable light chain comprising an amine acid
sequence that has at least about 98% sequence identity to SEQ 1D NO: 146; (h) a variable
heavy'chain comprising an amino acid sequence that has at least about 98% sequence identity
to SEQ ID NO: 182 and a variable light chain comprising an amino acid sequence that has at
least about 98% sequence identity to SEQ ID NO: 170; or (i) a variable heavy chain
comprising an amino acid sequence that has at least about 98% sequence identity io SEQ ID
NO: 206 and a variable light chain comprising an amino acid sequence thét has at least about
98% sequence identity to SEQ ID NO: 194,

[1015] In yet other embodiments, the isolated antibody or antigen-binding portion thereof
comprises: (a) a variable heavy chain comprising an amino acid sequence comprising SEQ
1D NO: 14 and a variable light chain comprising an amino acid sequence comprising SEQ 1D
NO: 2; (b) a variable heavy chain comprising an amino acid sequence comprising SEQ 1D
NO: 38 and a variable light chain comprising an amino acid sequence comprising SEQ [D
NO: 26; (¢} a variable heavy chain comprising an amino acid sequence comprising SEQ 1D
NO: 62 and a variable light chain comprising an amino acid sequence comprising SEQ ID
NO: 50; (d) a variable heavy chain comprising an amino acid sequence comprising SEQ [D
NO: 86 and a variable light chain comprising an amino acid sequence comprising SEQ ID
NO: 74; (e) a variable beavy chain comprising an amino acid sequence comprising SEQ D
NO: 110 and a variable light chain comprising an amino acid sequence comprising SEQ ID
NO: 98; () a variable heavy chain comprising an amino acid sequence comprising SEQ ID
NO: 134 and a variable light chain comprising an amino acid sequence comprising SEQ 1D
NO: 122; (g) a variable heavy chain comprising an amino acid sequence comprising SEQ 1D
NO: 158 and a variable light chain comprising an amino acid sequence comprising SEQ 1D
NO: 146; (h) a variable heavy chain comprising an amino acid sequence comprising SEQ 1D
NO: 182 and a variable light chain comprising an amino acid sequence comprising SEQ 1D
NO: 170; or (i) a variable heavy chain comprising an amino acid sequence comprising SEQ
ID NQ: 206 and a variable light chain comprising an amino acid sequence comprising SEQ
ID NO: 194.

12
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[1016] The isolated antibody or antigen-binding portion thereol disclosed herein can be a
whole immunoglobulin, an scFv, a Fab fragment, an F(ab™)2, or a disulfide linked Fv.

[1017] In some embodiments, the isolated antibody of antigen-binding portion thereof
binds to the GP subunit of a {ilovirus, ¢.g., to a GP1 or GP2 subunit. In some embodiments,
the antibody or antigen-binding portion thereof binds to the mucin domain of the GP1 subunit
or wing domain of the GP2 subunit. The filovirus can be Ebolavirus or Marburgvirus, such
as Zaire ebolavirus, Sudan ebolavirus, Reston ebolavirus, Tai Forest ebolavirus, Cote
d'Ivoire ebolavirus, Bundibugyvo ebolavirus, Marburg virus or Ravn virus. In some
embodiments, the antibody iy cross-reactive to at least two filoviruses.

[1018] Alseo provided herein is a nueleic acid sequence encoding an antibody or antigen-
binding portion thereof disclosed herein. The present disclosure also provides an expression
vector comprising a promoter operably linked to a nucleotide sequence disclosed herein, such
as a nucleic acid sequence encoding an antibody or anti gen-binding portion thereof disclosed
herein. In some embodiments, the expression vector comprises a nucleotide sequence with
the following sequences: (a) SEQ ID NOs: 3, 4, 5, 9, 10, 11, 12, 15, 16, 17, 21, 22, 23, and
24; (b) SEQ ID NOs: 27, 28, 29, 33, 34, 35, 36, 39, 40, 41, 45, 46, 47, and 48; (¢) SEQ ID
NOQOs: 51, 52, 53, 57, 58, 59, 60, 63, 64, ,065, 69, 70, 71, and 72; (d) SEQ ID NOQOs: 75, 76, 77,
&1, 82, 83, 84, 87, 88, 89, 93, 94, 93, and 96; (¢} SEQ 1D NOs: 99, 100, 101, 105, 106, 107,

132, 135, 136, 137, 141, 142, 143, and 144; (g) SEQ ID NOs: 147, 148, 149, 153, 154, 155,
156, 159, 160, 161, 165, 166, 167, and 168; (h) SEQ ID NOs: 171, 172, 173, 177, 178, 179,
180, 183, 184, 185, 189, 1§0, 191, and 192; or (i) SEQ ID NOs: 195, 196, 197, 201, 202, 203,
204, 207, 208, 209, 213, 214, 215 and 216. In some embodiments, 1hé expression vector
comprises a nucleotide sequence selected from the group consisting of SEQ ID NOs. 1, 13,
25, 37, 49, 61, 73, 85, 97, 109, 121, 133, 145, 157, 169, 181, 193, or 205. In some
embodiments, the expression vector comprises a nucleotide sequence according to SEQ 1D
NQO: 1, 25, 49, 73, 97, 121, 145, 169, or 193, In some embodiments, the expression vector
comprises a nucleotide sequence according to SEQ ID NO: 13, 37, 61, 85, 109, 133, 157,
181, or 205. In other embodiments, the expression vector comprises a nucleotide sequence
with the following sequences: (a) SEQ ID NOs: 1 and 13; (b) SEQ ID NOS: 25 and 37; (¢}
SEQ ID NOs: 49 and 61; (d) SEQ ID NOs: 73 and 85, (¢) SEQ ID NOs: 97 and 109; () SEQ
ID NOs: 121 and 133; (g) SEQ ID NOs: 145 and 157; (h) SEQ ID NOs: 169 and 181; or (i)
SEQ ID NOs: 193 and 205.
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[1019] Also provided herein is a host cell comprising an expression vector disclosed
herein. In some embodiments, the cell is a bacterial, eukaryotic or mammalian cell. The cell
can be a COS-1, COS-7, HEK293, BHK21, CHO, BSC-1, HepG2, SP2/0, HelLa, myeloma or
lymphoma cell.

[1020] The present disclosure also provides a method of producing an antibody or
antigen-binding portion thereol that binds to a filovirus disclosed herein, In some
embodiments, the method compriges culturing a host cell, such as one disclosed herein, and
recovering the antibody or antigen-binding portion thereof.

(1021} The present disclosure also provides compositions comprising an antibody or
antigen-binding portion thercol disclosed herein. In some embodiments, the composition is a
pharmaceutical composition comprising an antibody or antigen-binding portion thereof. The
pharmaceutical composition can further comprise a pharmaceutically acceptable carrier.
[1022] In some embodiments, the composition comprises an antibody or antigen-binding
portion thereof disclosed herein and one or more other antibodies or antigen-binding portions
thereol. In some embodiments, the one or more other antibodies or antigen-binding portions’
thereof can bind a protein produced by a virus in the Fioviridae family. In some
embodiments, the protein is a glycoprotein. The virus can be Ebolavirus ot Mavrburgvirus.
[n some embodiments, the virus is Zaire eboluvirus, Sudan ebolavirus, Reston ebolavirus, Tai
Forest ebolavirus, Cote d'lvoire ebolavirus, Bundibugyo ebolavirus, Marburg virus or Ravn
virus. The composition can further comprise a pharmaceutically acceptable carrier,

[1023] Also provided herein are methods comprising administering an antibody or
antigen-binding portion disclosed herein. In one embodiment, a method for reducing,
treating or preventing a {ilovirus infection (e.g., a Marburgvirus or Ebolavirus infection) in a
subject in need thereof comprising administering to the subject a therapeutically effective
amount of the antibody or antigen-binding portion thercol disclosed herein is provided. In
some embodiments, a method for reducing, treating or preventing an filovirus infection (e.g.,
a Marburgvirus or Fbolavirus infection) in a subject in need thereof comprises administering
to the subject a therapeutically effective amount of a composition disclosed herein. In some
embodiments, the subject is 4 human.

[1024] Methods for detecting a filovirus (e.g., Marburgvirus or Ebolavirus) in a sample is
also provided herein. In some embodiments, the method comprises contacting the sample
with an antibody or antigen-binding portion thereof disclosed herein. In some embodiments,
the sample 1s a cell, tissue, or biological fluid from a subject suspected of having or at risk of

a filovirus infection.
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DETAILED DESCRIPTION

[1025] The present disclosure relates to an antibody or antigen-binding portion thereof
that binds to a filovirus, compositions comprising the antibody or antigen-binding portion
thereot, methods of producing the antibody or antigen-binding portion thercot and methods
of using the antibody or antigen-binding portion thereof, which are described in [urther detail
below.

11626] The section headings used herein are for organizational purposes only and are not
to be construed as limiting the subject matter described. All documents, or portions of
documents, cited hercin, including but not limited to patents, patent applications, articles,
books, and treatises, are hereby expressly incorporated by reference in their entirety for any
purpose. In the event that one or more of the incorporated documents or portions of
documents define a term that contradicts that term’s definition in the application, the
definition that appears in this application controls., However, mention of any reference,
article, publication, patent, patent publication, and patent application cited herein is not, and
should not be taken as an acknowledgment, or any form of suggestion, that they constitute
valid prior art or form part of the common general knowledge in any country in the world.
[1027] In the present description, any concentration range, percentage range, ratio range,
or integer range is to be understood to include the value of any integer within the recited
range and, when appropriate, fractions thereof (such as one tenth and one hundredth of an
integer), unless otherwise indicated. As used herein, "about” means £ 20% of the indicated
range, value, or structure, unless otherwise indicated. It should be understood that the terms
"a" and "an" as used herein refer to "one or more" of the enumerated components unless
otherwise indicated. The use of the alternative {(e.z., "or") should be understood to mean
cither one, both, or any combination thercot of the alternatives. As used herein, the terms
"include" and "comprise” are used synonymously,

N

[1028] As used herein, “an antibody that binds to a filovirus™ is used interchangeably
with “an anti-filovirus antibody.” An anti-filovirus antibody refers to a monoclonal or
recombinant antibody or antibody fragiment that binds to a floviras with specificity. The
antibody can be human, humanized or chimeric. An anti-filovirus antibody or antigen-
binding portion thereof includes any antibody or substance having a binding domain with the
required specificity, Thus, an anti-lflovirus antibody or antigen-binding portion thereol
includes antibody fragments, derivatives, functional equivalents and homologues of

antibodies, humanized antibodies, including any polypeptide comprising an immunoglobulin

is
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binding domain, whether nataral or wholly or partially synthetic. Chimeric molecules
comprising an immunoglobulin binding domain, or equivalent, fused to another polypeptide
are also included, A humanized antibody may be a modified antibody having the variable
regions of a4 non-human, e.g., murine, antibody and the constant region of a human antibody.
A humanized antibody may also be a modified antibody having the variable regions ol a non-
human, e.g., murine, antibody and the framework region(s) of a human antibody. An anti-
filovirus bzmtibody includes anti-Eholavirus antibodies and anti-Marburgvirus antibodies, in
which an anti-Ebolavirus antibody refers to a monoclonal or recombinant antibody or
antibody fragment that binds to an Fbolavirus with specificity and an anti-Marburagvirus
antibody refers to a menoclonal or recombinant antibody or antibody fragment that binds to a
with Marburgvirus specilicity.  An anti-filovirus antibody also inchudes an antibody that is
cross-reactive to an Ebolaviius and a Marburgvirus.

[1029] As used herein, the term “humanized” refers to a process of making an antibody
or immunoglobulin binding proteins and polypeptides derived from a non-human species
(e.g., mouse or rat) less immunogenic to humans, while still retaining antigen-binding
properties of the original antibody, using genetic engineering techniques. In some
embodiments, the binding domain(s) of an antibody or immunoglobulin binding proteins and
polypeptides {e.g., light and heavy chain variable regions, Fab, scFv) are humanized. T
derived from a non-human source, other regions of the antibody or immunoglobulin binding
proteins and polypeptides, such as the hinge region and constant region domains, can also be
humanized.

[1630] The terms “light chain variable region™ (also referred to as “light chain variable
domain™ or “VL” or V1) and “heavy chain variable region™ (also referred to as “heavy chain
variable domain”™ or “VH” or Vi) refer to the variable binding region from an antibody light
and heavy chain, respectively. The variable binding regions are made up of discrete, well-
defined sub-regions known as “complementarity determining regions” (CDRs) and
“framework regions” (FRs). In one embodiment, the FRs are humanized. The term “CL”
refers to an “immunoglobulin light chain constant region™ or a “light chain constant region,”
ie., a constant region from an antibody light chain.  The term “CH™ relers to an
“immunoglobulin heavy chain constant region” or a “heavy chain constant region,” which is
further divisible, depending on the antibody isoftype into CHI, CH2, and CH3 (IgA, IgD,
IgG), or CHI, CH2. CH3, and CH4 domains (IgE, IgM). A "Fab" (fragment antigen binding)
is the part of an antibody that binds to antigens and includes the variable region and CHI

domain of the heavy chain linked to the light chain via an inter-chain disulfide bond.
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{1031] The six “complementarity determining regions™ or *CDRs” present in an antibody
antigen-binding domain are short, non-contignous sequences of amino acids that are
specifically positioned to form the binding domain as the antibody assumes its three
dimensional configuration in an aqueous environment. The remainder of the amino acids in
the binding domain, referred to as "framework” regions, show less inter-molecular variability.
The frumework regions largely adopt a f-sheet conformation and the CDRs form loops which
connect, and in some cascs form part of, the B-sheet structure. Thus, framework regions act to
form a scaffold that provides for positioning the CDRs in correct orientation by inter-chain,
non-covalent interactions. The binding domain formed by the positioned CDRs defines a
surface complementary to the epitope on the immunoreactive antigen, This complementary
surface promotes the non-covalent binding of the antibody to its cognate epitope. The amino
acids that make up the CDRs and the [ramework regions, respectively, can be readily
identified for any given heavy or light chain variable region by one of ordinary skill in the art,
since they have been delined in various different ways (see, "Sequences of Proteins of
Immunological Interest,” Kabat, E., et al., U.S. Department of Health and Human Services,
(1983); and Chothia and Lesk, J. Mol. Biol,, 196:901-917 (1987), which arc incorporated
herein by reference in their entireties). In some embodiments, an antibody, or antigen-binding
fragment thereof, contains at least one heavy chain variable region and/or at least one light
chain variable region. The heavy chain variable region (or light chain variable region)
typically contains three CDRs and four framework regions (FRs), arranged [rom amino-
terminus to carboxyl-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3,
FR4.

[1032]) In the case where there are two or more definitions of a term which is used and/or
accepted within the art, the definition of the term as used herein is intended to include all
such meanings unless explicitly stated to the contrary. A specific example is the use of the
term "complementarity determining region” ("CDR") to describe the non-contiguous antigen
combining sites found within the variable region of both heavy and light chain polypeptides.
These particular regions have been described, [or example, by Kabat et al., U.S. Dept. of
Health and Human Services, "Sequences ol Proteins of Immunological Interest” (1983) and
by Chothia et al., J. Mol. Biol. 196:901-917 (1987), which are incorporated herein by
reference. The Kabat and Chothia definitions include overlapping or subsets of amino acids
when compared against each other. Nevertheless, application of either delinition (or other
definitions known to those of ordinary skill in the art) to refer to a CDR of an antibody or

variant thereof is intended to be within the scope of the term as defined and used herein,
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unless otherwise indicated. The appropriate amino acids which encompass the CDRs as
defined by each of the above cited references are set forth below in Table 1 as a comparison.
The exact amino acid numbers which encompass a particular CDR will vary depending on
the sequence and size of the CDR. Those skilled in the art can routinely determine which
amino acids comprise a particular CDR given the variable region amino acid sequence of the

antibody.

Table |: CDR Deflinitions®

Kabat Chothia
VH CDR] 31-35 26-32
VH CDR2 50-65 52-58
VI CDR3 95-102 95-102
VL CDRI 24-34 26-32
VL CDR2 50-56 50-52
VL CDR3 89-97 91-96

*Numbering of all CDR definitions in Table 1 is according to the numbering conventions set

forth by Kabat et al. (see below).

[1033] CDRs can also be determined using IMGT® (the international ImMunoGeneTics
information system®) numbering. : heavy chain; K: kappa or L: light chain. Kabat et al.
also defined a numbering system for variable domain sequences that is applicable to any
antibody. One ol ordinary skill in the art can unambignously assign this system ol "Kabat
numbering” to any variable domain sequence, without reliance on any experimental data
beyond the sequence itsclf. As used herein, "Kabat numbering” refers to the numbering
systemn set forth by Kabat et al,, U.S. Dept. of Tlealth and Human Services, "Sequence of
Proteins of Immunological Interest” (1983). Unless use of the Kabat numbering system is
explicitly noted, however, consccutive numbering is uscd for all amino acid sequences in this

disclosure,

77 &%,

11034] As used herein, the term “antigen-binding portion,” “antigen-binding region™ “or
antigen-binding domain™ refers to the domain, region, portion, or site of a protein,
polypeptide, aligopeptide, or peptide or antibody or binding domain derived from an antibody

that possesses the ability to specifically recognize and bind to an antigen. Exemplary binding
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antigen-binding portions include single-chain antibody variable regions (e.g., domain
antibodiss, sFv, scFv, scFab). In certuin embodiments. the binding domain comprises or
consists of an antigen binding site (e.g., comprising a variable heavy chain sequence and
variable light chain sequence or three light chain complementary determining regions (CDRs)
and three heavy chain CDRs from an antibody placed into alternative framework regions
(FRs) {e.g., human FRs optionally comprising one or more amino acid substitutions). A
variety of assays are known for identifying binding domains of the present disclosure that
specifically bind a particular target, including Western blot, ELISA, phage display library
screening, and BIACORE® interaction analysis.

[1035] An antibody or antigen-binding portion “specifically binds™ an antigen if it binds
the antigen with an alfinity or K. (fe., an equilibrium association constant of a particular
binding interaction with units of 1/M) equal to or greater than 10° M-!, while not significantly
binding other components present in a test sample. The antibody or antigen-binding portion
can be classified as “high affinity” or “low affinity.” “High affinity” refer to those antibodies
or antigen-binding portions with a K, of at least about 107 M-!, at least about 10¥ M, at least
about 107 ML, at least about 101 ML, at least about 104 ML, at least about 104 ML, or at
least about 10*3 M. “Low affinity” r refer to those antibodies or antigen-binding portions
with a Ko of up to 107 M, up to 10° ML up t0 10° ML, Alternatively, affinity can be defined
as an equilibrium dissociation constant (Kg) of a particular binding interaction with units of
M (e.g.. 10° M to 1073 M), Affinities of refer to those antibodies or antigen-binding portions
according to the present disclosure can be readily determined using conventional techniques
{(see, e.g., Scatchard et al. (1949) Ano. N.Y. Acad Sci. 51:660; and U.S. Patent Nos.
5.283,173, 5,468,614, or the equivalent).

[1036] As used herein, “reference antibody” refers to an antibody that is known in the art
and which serves the basis for a humanized, chimeric or recombinant antibody. The
reference antibody may be a non-human, (e g., murine), human, humanized, chimeric and / or
recombinant antibody or antibody-like polypeptide.

{1037} “Treatment” or “treating” rvelers to either a therapeutic treatmend or
pmphylactic:’prevemalzive treatinent. A therapeutic treatiment may improve at least one
symptom of disease in an individual receiving treatment or may delay worsening of a
progressive disease 1n an individual, or prevent onset ol additional associated diseases.

[1038] Ameliorating or reducing or reduction of infection), as used herein, can include
but is not limited to delaying the onset of the infection, attenuating the symptoms of the

infection, shortening the duration of the infection, reducing the viral titer in a patient (e.g., in
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the blood), or slowing the progression of the infection. Filovirus infections encompassed by
the present application include, but are not limited to, Marburgvirus and Ebolavirus.

[1039] A “therapeutically etlective amount,” “therapeutically effective dose”™ or
“cllective dose” refers to that amount of the antibody or compound sufficient to result in
amelioration of one or more symptoms of the disease being treated. When applied 10 an
individual active ingredient, administered alone, a therapeutically effective dose refers to that
ingredient alone. When applied to a combination, a therapeutically effective dose refers to
combined amounts of the active ingredients that result in the therapeutic effect, whether
administered serially or simultaneously. One or more specific therapeutic molecules may be
administered according to methods of the invention, each in an effective dose. The effective
dose can be determined empirically (hrough dose studies. The term “therapeutically effective
amount™ is used interchangeably with “prophylactically effective amount™ herein, and refers
to an amount that prevents infection with a filovirus, prevents disease associated with a
filovirus infection, reduces the number and/or severity of symptoms of a {ilovirus infection,
stops or limits the spread of a filovirus, and/or shortens the duration of a [lovirus infection.
[1040] As ysed berein, the term "pharmaceutically acceptable” refers to molecular entitics
and compositions that do not generally produce allergic or other serious adverse reactions
when admintstered using routes well known in the art. Molecular entities and compositions
approved by a regulatory agency of the Federal or a state government or listed in the U.S.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more
particularly in humans are considered to be “pharmaceutically acceptable.”

11041] As used herein, the terms "nucleic acid," "nucleic acid molecule,” or
"polynucleotide” refer to deoxyribonucleotides or ribonucleotides and polymers thereof in
either single- or double-stranded form. Unless specilically limited, the terms encompass
nucleic acids containing analogues of natural nucleotides that have similar binding propertics
as the reference nucleic acid and are metabolized in a manner similar to naturally occurring
nucleotides. Unless otherwise indicated, a particular nucleic acid sequence also implicitly
encompasses conservatively modified variants thereof {e.g., degenerate codon substitulions)
and complementary sequences as well as the sequence explicitly indicated. Specifically,
degenerate codon substitutions can be achieved by generating sequences in which the third
position of one or more selected (or all) codons is substituted with mixed-base and/or
deoxyinosine residues (Batzer et al. (1991) Nucleic Acid Res. 19:5081; Ohtsuka ef al. (1985)
J. Biol. Chem. 260:2605-2608; Cassol ef al. (1992); Rossolini et al. (1994) Mol Cell. Probes

8:91-98). The term nucleic acid is used interchangeably with gene, cDNA, and mRNA
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encoded by a gene. As used herein, the terms "nucleic acid,” "nucleic acid molecule,” or
"polynucleotide” are intended to include DNA molecules (e.g., cDNA or genomic DNA),
RNA molecules (e.g., mRNA), analogs of the DNA or RNA generated using nucleotide
analogs, and derivatives, fragments and homologs thercof.

[1042] The term “expression vector,” as used herein, refers to a nucleic acid molecule,
linear or circular, comprising one or more expression units. In addition to one or more
exXpression units, an expression vector can also include additional nucleic acid segments such
as, for example, one or more origins of replication or one or more selectable markers.
Expression veetors are generally derived from plasmid or viral DNA, or can contain elements
of both.

[1043] As used herein, the term “sequence identily™ refers to a relationship between two
or more polynucleotide sequences or between two or more polypeptide sequences, When a
position in one sequence is occupied by the same nucleic acid base or amino acid residue in
the corresponding position of the comparator sequence, the sequences are said to be
“identical™ at that position. The percentage “sequence identity” is calculated by determining
the number of positions at which the identical nucleic acid base or amino acid residuc occurs
in both sequences to yield the number of “identical” positions. The number of “identical”
positions is then divided by the total number of positions in the comparison window and
multiplied by 100 to yield the percentage of “sequence identity.” Percentage of “sequence
identity” is determined by comparing two optimally aligned sequences over a comparison
window. The comparison window for nucleic acid sequences can be, for instance, al least
about 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200,
300, 400, 500, 600, 700, 00, 900 or 1000 or more nucleic acids in length. The comparison
window for polypeptide sequences can be, for instance, at least about 20, 30, 40, 50, 60, 70,
§0, 99, 100, 110, 120, 130, 140, 130, 160, 170, 180, 190, 200, 300 or more amino acids
length. In order to optimally align scquences for comparison, the portion of a polynucleotide
or polypeptide sequence in the comparison window can comprise addftions or deletions
termed gaps while the reference sequence is ’kepl constanl. An optimal alignment is that
alignmment which, even with gaps, produces the greatest possible number ol “identical”
positions between the reference and comparator sequences. Percentage “sequence identity™
between two sequences can be determined using the version of the program “BLAST 2
Sequences” which was available from the National Center for Biotechnology Information as
of September 1, 2004, which program incorporates the programs BLASTN (for nucleotide

sequence comparison) and BLASTP (for polypeptide sequence comparison), which programs
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are based on the algorithm of Karlin and Altschul (Proc. Natl, Acad. Sei. USA 90(12):5873-
5877, 1993). When utilizing “BLAST 2 Sequences,” parameters that were default parameters
as of September 1, 2004, can be used for word size (3), open gap penalty (11), extension gap
penalty (1), gap dropoff (50), expect value (10) and any other required parameter including
but not limited fo matrix option. Two nucleotide or amino acid sequences are considered to
have “substantially similar sequence identity” or “substantial sequence identity” if the two
sequences have at least about 80%, at least about 85%, at least about 90%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
sequence identity relative to each other.

[1044] The present disclosure relates to an antibody or antigen-binding portion thereof
that binds to a filovirus, compositions comprising the antibody or antigen-binding portion
thereol, methods of producing the antibody or antigen-binding portion thereof and methods
of using the antibody or antigen-binding portion thereof.

[1045] The terms “antibody that binds to a filovirus™ and “anti-{ilovirus antibody™ are
used interchangeably herein. Examples of an anti-filovirus antibody or antigen-binding
portion thercof, include, but are not limited to, (i) the Fab fragment consisting of VL, VI,
CL and CH domains; (i1) the Fd fragment consisting ot the VH and CH domains; (iii) the Fv
fragment consisting of the VL and VH domains of a single antibody (c.g., linked by a
disulfide bond); (iv) the dAb fragment (Ward, E. S. et al., Nature 341: 544-546 (1989)) which
consists of a VH domain; (v) isolated CDR regions; (vi) F(ab": a bivalent fragment
comprising two linked Fab fragments; (vii) single chain Fv molecules (scFv), wherein a VH
domain and a VL domain are linked by a peptide linker which allows the two domains to
associale to [orm an antigen binding site (Bird et al., Science 242: 423-426 (1988); Huston et
al., PNAS USA 85: 5879-5883 (1988)); (viii) bispecilic single chain Fv dimers
(PCT/US92/09965); (ix) "diabodics”, multivalent or multispecific fragments constructed by
gene [usion (WO94/13804; P. Hollinger et al., Proc. Natl, Acad. Sci. USA 90: 6444-6448
(1993)); and (x) whole immunoglobulin.

[1046] In one embodiment, an “anti-filovirus antibody™ is a recombinant anti-filovirus
antibody or polypeptide. Recombinant anti-filovirus antibodies and polypeptides include, for
instance, Fe Tusions, toxin fusions, fusions to enzymatic activities, minibodies, diabodics,
linear antibodies, single chain antibodies, bispecific antibody fragments, scFv and Fab
fragments. A recombinant anti-filovirus antibody includes a molecule or polypeptide that
incorporates an amino acid sequence derived from an anti-filovirus antibody and which is

capable of binding a filovirus with specificity. Recombinant anti-filovirus antibodies include
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molecules that are optimized, for instance, for stability, solubility, in vitro and in vive
binding.

[1047] In one embodiment, an anti-filovirus antibody is a diabody. Diabodies are
multimers of polypeptides, cach polypeptide comprising a [irst domain comprising a binding
region of an nnmunoglobulin light chain and a second domain comprising a binding region of
an immunoglobulin heavy chain, the two domains being linked (e.g., by a peptide linker) but
unable to associated with each other to form an antigen binding site: antigen binding sites are
formed by the association of the first domain of one polypeptide within the multimer with the
second domain of another polypeptide within the multimer. See W(094/13804 which is
incorporated by reference in its entirety.

[1048] In one embodiment, an anti-filovirus antibody is a scFv. A scFv is constructed by
joining a variable heavy chain and a variable light chain with a linker using recombinant
methods. The linker that enables the Viz and Vi regions to be made as a single chain protein.
See, for instance, Bird er af., 1988, Science 242:423-426 and Huston ef al., 1988, Proc. Natl.
Acad. Sci. USA 85:5879-5883. In one embodiment, the scFyv comprises Vp and Vi regions
that are identical or derived from a reference anti-filovirus antibody.

[1049] In one embodiment, an anti-filovirus antibody or antigen-binding portion thereo!
is an Fv. An Fv is an antibody fragment which contains a complete antigen-recognition and
binding site. This region consists of a dimer of one heavy and one light chain variable domain
in tight, non-covalent or covalent association. It is in this configuration that the three CDRs
of each variable domain interact to define an antigen-binding site on the surlace of the Vg-Vi.
dimer. Collectively, the six CDRs confer antigen-binding specificity to the antibody.
However, even a single variable domain (or half of an Fv comprising only three CDRs
specific for an antigen) has the ability to recognize and bind antigen, although at a lower
alfinity than the entire binding site. In one embodiment, the Fv comprises Vi and Vi regions
that are identical or derived from a reference anti-filovirys antibody.

|1050] In one embodiment of the invention, an anti-filovirus antibody is a single chain
polypeptide comprising, [rom amino to carboxyl terminus, a binding domain {e¢.g., scFv), an
immunoglobulin hinge region and an immunoglobulin constant region. In this embodiment,
also known as a small modular immunopharmaccutical (SMIP), the single chain polypeptide
forms a dimer in solution.

[1051] The anti-filovirus antibody or antigen-binding portion thereof can be a
recombinant polypeptide, fusion protein or immunoconjugate that binds a filovirus and

comprise an antibody fragment or are derived in part from a monoclonal or polyclonal anti-
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filovirus anttbody. In some embodiments, an anti-filovirus antibody or antigen-binding
portion thereof is a molecule or polypeptide that is derived from a reference anti-filovirus
antibody and is capable of binding with specificity to the same epitope asv the reference anti-
filovirus antibody. In some cmbodiments, the epitope is on a GP subunit ol a filovirus, e.g., a
GPl or GP2 subupit. Thus, in one embodiment, the anti-{ilovirus antibody or antigen-
binding portion thereof binds to the GP1 or GP2 subunit of the filovirus. In some
embodiments, the anti-filovirus antibody or antigen-binding portion thereof binds to the
mucin domain of the GP1 subunit or the wing domain of the GP2 subunit. The GP subunit
can be from Ebolavirus or Marburgvirus, such as Zaire ebolavirus, Sudan ebolavirus, Reston
ebolavirus, Tai Forest ebolavirus, Cote d Tvoire ebolavirus, Bundibugyo ebolavirus, Marburg
virus or Ravn virus.

[1052] In some embodiments, the anti-filovirus antibody binds to one or more specities
of Ebolavirus. In some embodiments, the anti~lilovirus antibody binds to Marburg virus or
Ravn virus. In some embodiments, the anti-filovirus antibody binds to at least two filoviruses.
In some embodiments, the anti-filovirus antibody binds to an Ebolavirus or Marburgvirus.
[1053] An anti-filovirus derived from a reference anli- filovirus antibody can include a
molecule or polypeptide comprising at least about 10 contiguous amino acids, at least about
20 contiguous amino acids or at least about 50 or more contiguous amino acids as the
reference anti- filovirus antibody.

[1054] In one embodiment, an anti-filovirus antibody or antigen-binding portion thereof
comprises a heavy chain CDR1, heavy chain CDR2, heavy chain CDR3, light chain CDR1,
light chain CDR2, and/or light chain CDR3 with the same amino acid sequence as a reference
anti- {ilovirus antibody. In another embodiment. an anti-filovirus antibody or antigen-
binding portion thereof comprises a heavy chain CDRI1, heavy chain CDR2, heavy chaio
CDR3, light chain CDR1, light chain CDR2, and/or light chain CDR3 that has an amino acid
sequence comprising a sequence that has at least about 85%, 86%, 87%., 88%. 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to an amino
acid sequence of the respective heavy chain CDR1, heavy chain CDR2, heavy chain CDR3,
light chain CDR1, light chain CDR2, and/or light chain CDR3 of a reference ant-filovirus
antibody or molecule.

[1455] In another embodiment, an anti-filovirus antibody or antigen-binding portion
thereof comprises a VH and/or VL with the same amino acid sequence as a reference anti-
filovirus molecule. In another embodiment, an anti-filovirus antibody or antigen-binding

portion thereof comprises a VI and/or VL that has an amino acid sequence comprising a
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sequence that has at least about 85%, 86%, 87%, 8&%, 88%, 8§9%, 90%, 91%, 92%. 93%,
94%, 95%, 96%, 97%., 98%, or 99% sequence identity to an amino acid sequence of the
respective VH and/or VL of a reference anti-filovirus molecule.

[1056] In some embodiments, the reference anti-filovirus molecule 1s a murine anti-
filovirus antibody. In some embodiments, the reference anti-filovirus molecule is a murine
anti-Marburgvirus antibody. In one embodiment, the reference anti-filovirus molecule is the
muring anti-fovirus antibody CAN30GS, CANS54G2, CAN30G2, CAN—’lOG}, CAN30GH,
CAN30OG3, or CAN30G4. The CDRs, VHs and VLs of these murine antibodies are provided

in Table 2,

Tabhle 2
Name Chain, Origin Sequence SEQ ID
Region NO:
buCAN30GS K, Attificial pacategigcteaceeagiceecCtgleoergocegigaceoiggcca 1
Variable sequence geeegectecatciectgeegelecteccagiecctaggeacieraacy
region £633CACCLACCLECACZ StacCanTAZCLCCCLLRCCARICCCCCT
goctgctgatetacaag etotccaacegettCicegReptgecepacesc
ttetcocggetecgaetccggoacegacticaccetgaagateiecegogt
ppagpecgageacglogeeatglactactgetcecagtocacccacgty
CCClgRAcCegec geca ecaccangeleeagaleangs
LuCAN3OGS K. Artificial IMVLTQSPLSLPVTLGOPASISCRSSQSLVHSNG 2
variable sequence NTYLHWYQQORPGQSPRLLIYKVSNRFSGVPDR
region FSGSGSGTDFTLKISRVEAEDVGVY YCSQSTHV
PWTFGGGTKVEIK
huCAN30GS K,CDR1 | Artificial cagteectggtgcactecaacggeaacacetac 3
SequBIKe
huCAN30GS K, CDR2 | Artificial aagegtntec 4
sequence
huCAN30GS K, CDR3 | Artificial 1CCCAgLeCacCracgigeeciggace 5
SCuence
LhuCAN30OGS K, CDR1 | Astificial QSLVIISNGNTY 6
sexpuence
huCAN3I0OGSE K, CDR2 | Artificial KVS 7
sequence
huCAN3OGS K.CDR3 | Artificial SQSTHVPWT 8
scquence
huCAN3IOGS K, FR1 Artifictal cacalcgigeigacceagleceeeeigleccigeergigacectgpgce 9
scquence LCCCQECICCaCICCt RCCRCIEcion
huCAN3DGS K, FR2 Artificial clpeactgglaccageagegecceggecagiccecocgecigelgatet 10
sequence ac
huCAN30GS K, FR3 Artificial aacegetictecgyngigeccgacegeiclecggelecggelecgyca 11
SCCRICHICT cegaclicaccetgaagatelccogogigeaggregagpacgtepgocat
glactactge
huCAN3DGS K, FR4 Artificial teggegpogecaccaagglggagatcange 12
sequence
buCAN30GS i1, Artiticial ZagELeCcageigoiEaaglcepgeagc geect gelecagece gy 13
Variable sequence CLCCCLgaagClgiectgezee f&ctc ,;ci geettcaaceetacge
region catgeactgopt ecgceag SeCloC LRCaanpEcctEpantpppig e
CCpeatceRealcaapioC g ECaactac pecacccelacgeeaactes
£LeaagercCaciicaccy Lglcu,ngutLG&EC&&'}QaaLaLC[tua
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cotgeagatgaacicectgaagacegaggacaceeccatgtactactge
glpcgepagtgppageecpccalpgaclaciggggccagggeacest
QELLACCRISCCICEY

huCAN3DGS i, Antificiat EVQLVESGGGLVOQPGGSLKLSCAASGFAFNSY 14
variable Sequence AMIIWVYRQASGKGLEWVARIRIKSGNYATSYA
region GSVKOGREFTVSRDDSKNTFYLOMNSLKTEDTA
MYYCVREWEGAMDYWGOQGTLVTVSS
huCAN30GS H, CDR1 Artificial geclcgecticaaciectacgee 15
sequence
LuCAN30GS 11, CDR2 | Aruficial atccgealeaagiccgocaactacgecace 16
sequence
huCAN3OGS (I, CDR3 | Artificial glgcgcgagtgogaggocgecalggaciac 17
sequence
LhoCAN30GS H. CDR1  Aurificial GFAFNSYA 18
sequence
huCAN30GS 11, CDR2 | Artificial IRIKSGNYAT 19
sequence
huCAN30GS I, CDR3 | Artificial VREWEGAMDY , 25
sequence
huCAN30GS LI FR1 rtificial gaggtpeageloglopaglecge g, cpgeclgglgcapeccggees 21
sequence clecclgaagetgleclgogecgeotes
huCAN3DGS 1I, FR2 Artificial ALFCACL R SLICRCCAZIOTICCEICAARTICOLETARLR ERIE CCT 22
SCQUENCe cuc
huCAN30OGS H, FR3 Artificiaf tectacgeoggelegigaagggeegetcaceglglocogegacgact 23
sequence ceaagaacacciictaccigeagatgaacteectgaagacopaggacac
cgeealglactactoe
huCAN3OGS 11, FR4 Artificial tggpgecaggpoaccetggigacegtgtecteeg 24
sequence
relinCAN30GS | K, Artificial gacategigetgaceeagtocceeetgrecete 25
Variabie sequence gecegertocateiost geegotecteceagiec
region peaacacclacetgoa tgtrmwwcag‘mgw cggoe: 1
celgetgaclacaagglelecaaccgoticteoggegtoncegacceotl
clecggolecgpetecggoaac gacticaccctgaagaleloocegepty
gaggecgapgucgiggpcrtplactictgeioccaglecacecucl e
colggacciteggoagcegeaccaagelggagaleaay
rehuCANIOGS | K, Antificial DIVLTQSPLSLPVTLGQPASISCRSSOSLVIISNG 26
variable sequence NTYLUWYLOQKPGOSPRLLIYKVSNRFSGVPDR
region FSOSGSGTDITLKISRVEAEDVGVYT CSQSTIW
PWTFGGGTKLEIK
rechuCAN3IOGS | K, CDRI Artificial CagICeTtggiEcaciocaac greaacacetac 27
sequence
rehiaCANIOGS K, CDR2 Artificial aagglgics ‘ 28
sequence
rehuCAN30GS K, CDR3 | Anificial LCCCAQICateearglgecelggace 29
sequRNCE
rehuCAN3IOGS K, CDR1 Artificial QSLVHSNGNTY 30
sequence
rehuCAN30GS K. CDR2 | Arificial KVS 3
scquence
repuCAN3OGS | K, CDR3 | Artificial SOSTHVPWT 32
sequence
rehaCAN30GS | K, FRI Artificial gacatogtgetgaceeagicecceotgleoctgeeegigaccatgpeeea 33
sequence gcccgcctccatctccrggu gerectee
rehuCAN3DGS K. FR2 Artificial ctgeactgglacelgeagaagoeeggoecagtecceecgectgcigateta 34
sequence c
rehuCAN3OGS | K, FR3 Artificial aaccgeitcieoggogtpecogaccgoliclecggetecgeciceggea 35
sequence copacttcaccotgangateicecgeglgpageccpaggacgigggegt
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glacuctee
rehuCAN3OGS K., R4 Artificial lteggeggeggeaccaagotggagatcaag 36
sequence
reloCAN3OGS | 11, Artificial gagptgcagelgplgzagy aceg 37
Variable segrence clecclgaagelglectgey ( 2
region carpeacigg LLL[LCUI,;};CCLCC{\ mmg\gu mg _Lg, BRC
Cegrattegealtanglocg geanclac 2rcactleelac goeggles
glgaaggeeogollcaceptplecegegac Q,aLLL(,dd“lC\,LL olicta
CCLEeagategaacascilgaagaccrageacaccgccatgtactactge
glgepcgagteggagegegccatgpaciactggegccagpgcaccet
gatgaccplalectes
reliuCAN3OGS | H, Artificial EVOLVESGGGLVOQPGGSLKLSCAASGFAFNSY 38
variable sequetce AMITWYVCQASGKGLEWVARIRIKSGNYATSYA
region GSVEKGRIFTVSRDDSKSLEFYLOMNNLKTEDTA
MYYCVREWEGAMDYWGQGTLVTVSS
reliCAN30GS | IL CDR1 | Artificial ggcttegocticaactectacgee 39
sequence
relmCAN3OGS | H, CDR2 | Artificial atcegeateaagteeggeaactacpecace 40
sequence
rehuCAN3OGS 1L CDR3 | Arificial atgegepagligggagegegeearggaciac 41
sequence
rehnCANIOGS L, CDRI Artiticial GFAFNSYA 42
sequence
rehuCAN3GGS | L, CDR2 | Artificial IRIKSGNYAT 43
seqpience
rchuCAN3OGS | LL CDR3 | Artificial VREWEGAMDY 44
sequence
rehuCAN30OGS 1, FR1 Artificial gagetgcapclggiaraglcCgEegeegucelgglpcageceeycgy 45
sequence CLCCCLRAapCtElectpCacepectec
rehuCAN30GS H., FR2 Artificial atgeactggetglpecaggeciceggoaigggeelggaglizenigeec 46
sequenee coe
rehuCAN30GS H, FR3 Artificial LCCIACECegRcieeglgaa ge eecgriteaceRiglecgegacgact 47
sequence ceaaglecctgtictacctgeagalgaacaacctgdagace za f,gac..ac
cgeealglactactge
rehu’ AN30GS 1, FR4 Artificial tgggopecagggracceigpigacegiatectce 48
sequetice
cdrCAN3OGS K, Artificial acgleg cecaglonceoetglecctgocogigaceetgggec 49
Yariable sequence CCLECRICLEC cectggtecaciceaac
region ZUCARCACCIACOIZAACIZRICCAZoRZELOCCeRECCARITCeece
goegerlgalclacan gl iccaaccgrgaclecprelgecoracey
CILCICCZROICC ZRCICCEECacc LAt HeacCelZaa gateicesecy
tgeagaccgaggacglgppeptglactacigeleccagtecacceacyt
LCCCIRPACCIiCHeCH pCRaraccaagelenaparcaay
cdrCAN3OGS K, Artificial DVVMTOSPLSLPVTLGQPASISCRSSQSLVHSN 50
variable sequence GNTYLNWFQQRPGQSPRRLIYKVSNRDSGVPD
region RESGSGSGTDFTLKISRVEAEDVGVYYCSQSTH
VPWTFGGGTKVELK
edrCAN3OGS K, CDR1 | Artificial cagtecetggtecactocaac geeaacacctac 51
sequence
cdrCAN3OGS K, CDR2 | Artificial aagplotee : 52
sequence
cdrCAN30GS K, CDR3 | Artificial LCCTARICCACCCaCBIERCCigEace 53
sequence
cdrCAN3OGS K, CDRI Artificial QSLVHSNGNTY 54
sequence
cdrCAN30GS K, CDR2 | Artficial KVS 55
sequence
cdrCAN30GS K,CDR3 | Anificial SQSTIVPWT 56
sequence
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cdrCAN3OG3S K, FRI Artificial gacglpptgalgacecagieccecetgtecoigecegtgaceaiggpee 57
sequence agceegecicealoleetgecpgetecics
cdrCAN30GS K, FR2 Artificial Clgaactgeiocageagegeceoggccagiceceecgocectgalet S8
scquence ac
cdrCAN30GS K, FR3 Artificial BACCECLACICCEZCZLZCCC LACCRCUCICTLETICCR LG 59
seauence CCRACUCACCTIRAAZAICICCCROEIRLaL pCC LAgEace|
LL'!LI'ILU,,C
cdrCAN30OGS K, FR4 Artificial tteggegpogeeaccaapglgpagatlcaag 60
sequence
cdrCAN3ZOGS I, Artificial gaggigoagele teeeg g cgge 61
Variable SEquence ctecetgaagetgteetgegecgecice cgecticaacieciacge
region CalgeaclggetEcercagaecloc pEcaaggecclypaigenteey
CCELaICeRcacangtce g 2Caactac grcaccaretacececclee
SLEAAEEECC SOLCATCACICCOLCZACRACICCAALABCATT BCCL
acctgeagatgaacteoetgaagacegaggacacegecgietactacty
CElECLCLagig Rengeeceroat geactact geeeccaggeracee
tgptoaccatotceiee
cdrCAN3IOGS H, Artificial EVOLVESGGGLVQPGGSLKLSCAASGFAFNSY 62
vartable sequence AMHWVYROQASGKGLEWVGRIRIKSGNYATAY A
region ASVKGRFTISRDDSKNTAYLOMNSLKTEDTAV
YYCVREWEGAMDYWGQGTLVTVSS
¢drCAN30GS II, CDR! | Arificial geettegecticaactectacgcs 63
sequence
cdrCAN3OGS H, CDR2 | Astificial atccgeateaagteoggaactaggecacs 64
SEquUence
cdrCAN3OGS 11, CDR3 | Artificial plgegegagippgagpocpcealgpactac 63
sequence
edrCAN30GS L, CDRY ) Aruficial GFAFNSYA 66
scquence :
cdrCAN30GS H, CDR2 Artiticial IRIKSGNYAT 67
sequence
cdrCAN3OGS 1L CDR3 | Artificial VREWEGAMDY 68
sequence
cdrCAN3OGS H, FR3 Artificial CEECgEeClEglEtageceggeEy 69
sequence
cdrCAN30GS 11, FR2 Artificial canggecctggaglggrlggec 70
sequence cm
cdrCAN3NGS L1, FR3 Artificial geotacgecgeciceglgaggggecgeticaccateiccegegacgast 71
sequence CCOIZARCACCELCIAcCIZea Zalgaaciceclgangaccgaggacs
LCL,qu_muac :
cdrCAN30GS H. FR4 Artificial get: Lé,bbdf_,LL,LdLu.lQ,;i{!_ cgtgtoctee : 72
sequence
huCAN40G K, Agtificial gacategiget gacceagieceoogeetecetggecglglecclggg 73
Variable sequence agegegecaccateectgeaaggecteceagicegt fgaccac Y
regien gegactectac atﬁa'mggacca ZCAZAARCCCELECCARCLCC
agelgetgaletacgecacciocaacclggaglccggeateeeegeccy
CILCICCRLCICC LRCICCROL CACCRACICACCCLZACCAICICTIOCTT
soaggocgageacigeccacctactaclgccageagicctacgagol
20CCCI2ACCUCEROOCCRECAccan RClegagalcaage
buCAN40G1 I, Artificial DIVLTQSPASLAVSLGERATISCKASQSVDHDG 74
variable scquence DSYMNWYQOQKPGQPPKLLIYATSNLESGIPAR
region FSGSGSGTDFTLTISSLOAEDVATYYCQQSYEV
PLTFGAGTELEIK
huCAN40G] K.CDR1 | Artificial Cagiceolgeaccacgac L pacicctac ' 75
SeQuUence
huCAN40G K, CDhR2 Artificial gecacees 76
sequetice
huCAN40G | K. CDOR3 | Artificial cageaglectacgagatecceclgace 77
sequence
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huCAN40GH K, CDR! Artificial QSVDHDGDSY 78
sequence
huCAN40GH K. CDR2 | Artificial ATS 79
sequence
huCAN40G) K. CDR3 | Anificial QQSYEVPLT 80
sequence
huCAN40G) K. FR1 Artificial gacatcglgetpaccoagiceccegeolocciggeegtgtecelzggecy 81
sequence agepegcoaccatcteslgesagpectos
huCAN40G] K, FR2 Artificial alganctgglaccageagaageoeggecugreceocaagetactgatet 82
sequence ac
huCAN4DG] K, FR3 Artiticial aacctggaglecggeatccccgeccgeticlecgpcteoggeteegga 83
sequence cegacicaccetgaccatelectcecircagpecpagpac pleeccac
clactactge
huCAN40G1 K. FR4 Artificial teggegecggeaccaagciggagaleaage 84
sequenee
huCAN40GH H, Artificial E 1L,gq,«,_mct5¢ aECAglCeEEecee gagplgaagaageeegee e 85
Variable sequence CoEigAaguLECClECe ZOACTICCZLCLacarc iCACegAlaca
region CCALCTACtZL B2AaZCaRRCCCEs Lcaagggc clgea ntLLatcg

2CRBCAlCaacee
AZEACCECLILATCCLLALCL
ggagetgtocegeetgeact C

cgoticacctacgactacteeg 2e
cg
LwCAN40G 11, Artificial EVQLOOQSGPEVKKPGASVEKVSCRTSGYTITEY 86
variable segguence THIWVKOQAPGKGLEWIGGINPNIIGGTLYNQKF
region KGRVTLTVDKSSSTAYMELSRLRSDDTAVYYC
ARFTYDYWGOQGTLYTVSS
huCAN40G1 11, CPRI Artiticial geclacaceicaccgaglacace 87
sequence
buCANAOG1 B, CDR2 | Astificial aLcaaCceCAACTACERCHRCATE 88
sequence
huCAN40G1 L, CDR3 | Arificial BECCLCUCACTIACEACIAC . 89
sequence
huCAN40G1 H, CDR1! Artificial GYTFTEYT 90
sequence
LuCAN40G] II, CDR2 | Artificial INPNIIGGT 91
sequence
huCANA40G H.CDR3 | Artificial ARFTYDY 92
_ sequence
huCAN40G1 H, FR1 Artificial LAgEtRCagClEcapagitegReceogapplaaagangecegpege 93
seguence FAAg Ll ICCLECCRLacTice
huCAN40G1 11, FR2 Artificial alecaclggrigaaplagygcccCiggeanggecclg gaglepaicegc 94
sequense £eC
huCAN4GG) H, FR3 Artificial ¢t 'g{acaaccuﬂaamthmg FOVY j_cmg ceclgacegigpacaagl 95
sequenee uumcc"uuauawg agClglect ortec goiceeacacac
ceglotactacipe
huCAN40G1 11, FR4 Artificial L gz,geccm,gn collggigaccgtglecteoy 96
sequence
rehuCANA0GE K, Axtificial gacatcgtgotgaccougiceccegeciceciggeogtgtecotgggeg 97
Variable SEQUENCE agegegocaceatcleclgeaageoctceragicegiggaceacgacg
region gopacicelacatgaactg ptaccagcapaagecceccageoceaca

agoLgetgarclacgccaciCoaaci2agiecgecatCecCgecy
clelecggetceggewcggcaccegacticacectgaacatetectee gt
graggocgaggacgie accacetactaclgecageagiectacgaggt
groectgaccuegeegecgecaceaagetgoapctoaag
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rehuCAN4GG K, Artificial DIVETQSPASLAVSLGERATISCKASQSVDHDG 98
variable sequence DSYMNWYQQKPGQPPKLLIYATSNLESGIPAR
region FSGSGSGTDFTLNISSVQAEDVATYYCQQSYEV
PLTFGAGTKLELK
rehuCAN40GL | K, CDR1 | Artificial cagleoglg gacoacgacgcgactestac 99
sequence
rehuCAN4QG T K, CDR2 Artificial geeaceles ‘ 14¢
’ SCQUENCE
rehuCAN4OG K, CDR3 | Awtificial cageaglectacgaggipoocetgace jol
scquence
relhCAN4OGE K, CDR: Artificial QSVDHUDGDSY 102
SCqUEnCe
rehuCAN40GT K.CDR2 | Agificial ATS 103
scquence
rehuCAN40G | K, CDR3 | Artificial QQSYEVPLT 104
sequence
relhnCAN40G! K, FR1 Actificial gacategtectgaccoagiccecegecteectggeegtglecetgggcg 105
sequence AZCECLCLACCAICICCIEaapgCaicee
rehuCAN40GH K, FR2 Artificial atgaactgglaccageagaageccgesageroeecaagetgetpatot 1066
sequence ac
rehuCAN40G K, IFR3 Artificial aacetggagiccggeateocregeeegeueieegeteeggeticcggea 107
scguence cogaclicacoctgaacateleciecglacaggecgaggacglggecac
clactaclge
rehuCANAOG] K, R4 Astificial fteggegeeppeaceaagetggageigaag 108
sequence
rehuCAN40G Il Artificial LAEELECagelEcageagiccggeccegaggtestpaageccggese 169
Variable sequence clecglgaagalelectgeegeacctecggetacacetlcacegaglaca
region ceatceatlggglgaageaggeoceeggeaagegectggagippaleg
£CEECACIACCCCAACTAC ZRCE ECACCTIZIACAaccagangca
agggrepcgeraceelgacogtggacaaglecteciccacc gretacat

2LABCLELCCCETECiat C,;'xcg}cmcgc CELILACIACIZCECS
cgcticacctacgactactggggecageacacectgetgaccgtgtecte

c
rehuCAN4GGL | H, Artificial EVQLQOSGPEVVKPGASVKISCRTSGYTFTEYT 114
variable sequence HIWVKQAPGKGLEWIGGINPNHGGTLYNQKF
region KGRATLTVDKSSSTAYMELSRLRSDDTAVYYC
ARFTYDYWGQGTLLTVYSS
rehunCAN40GL | I, CDRi | Artificial spclacascticaccgaglacace 111
sequence
relmCAN40G H, CDR2 | Anificial alCaacoecanccacggeEca 112
SCquUEnCe
rehuCAN40G ! H, CDR3 Artifictal cgeticacctacgactac ' 113
' sequence
rehuCAN40G! 11, CDR1 | Anrificial GYTFIEYT 114
sequence
rchuCAN40G H, CDR2 | Artificial INPNHGGT 118
sequence
rehuCANAOG i1, CDR3 | Astificial ARFTYDY 116
sequence
relhCAN40GH H, FR1 Artificial paggtecag 1f’c¢10s.<wxu_gg cccgz{ggtggtgaagcccggcgc 117
sequense ctecptgaagaticlecigesgeacclos
relhuCAN40G if, FR2 Artificial alccactggetgaageaggeccecgaeaagggeciggagtegatcgge 118
sequence 2gc
rehuCAN40G 1L FR3 Artificial cigtacaaccagaagticaaggge cgcgu accctgategiggacaagt 119
sedquence celeclecacegectacatggagetgiocccgeetge geleegacgacac
cgeegtglactaclge
relCAN4OG I, FR4 Artificial tggpgocaggecacacigetgacegtgtoctee 1290
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sequence
cdrCAN40G1 K, Artificial gacalegtgatgaceeaglecoccgactecciggecglglecelgggey 121
Variable sequence agegegeeaccatcaacigeaaglecteccagleogtgpaccacgacg
region LCEACICClAcCIZECCLEplacCapcapaagece fEecageecseca
agolgelgalecEeraciceaccogCgaglesEECEtgceeraccy
clictespgotecgecicegacaccgaciicacseigaccatetectecct
fcagpecgaggacgtogecgtgtactactgocageagtioctaceaggt
pocestpaccicggecage ecaceaa gelgpagatoag
cdrCAN40G1 K, Artificial DIVMTQSPDSLAVSLGERATINCKSSQSVDIIDG 122
variable sequence DSYLAWYQQKPGOPPKLLIYATSTRESGVPDR
region FSGSGSGTDFTLTISSLQAEDVAVYYCQQSYEV
PLTFGOGTKIEIK
cdrCAN4OG] K, CDR1 Axtificiai caglecgtggacoatgacgegactostac 123
SCRICNTE .
cdrCAN40G1 K. CDR2 | Artificial £eCacetee 124
SEqUEnce
cdrCAN40GH K, CDR3 | Astificial cageagicetacgaggtaceceigace 125
sequence
edrCANSOGH K,CDR1 | Arificial QSVDIIDGDSY 126
SECRIENCE
¢drCAN40GH K, CDR2 Artificial ATS 127
SCQUENCe
cdrCAN40GT K. CDR3 Artificial QOSYEVPLT 128
SEQUCnce
cdtCANSOGL K. FRi Artificial gacateglgatgaceeagicoesegacicectlggecglgieccteggcy 129
SCQUence agegegccaccaicaactgcaapioctod
cdrCAN40G! K, FR2 Aniificial Clogectggldcoagcagangeacgeeeageesos s.aagutg tgaict 130
sequence ac
cdrCAN40G1 K, PR3 Artificial accogegaglecggegigcergacegeticlecggoleeggatce gge 131
sequence accgaciicaccetgaceatclectecctgeaggecgaggacgigpeet
practactye
cdeCAN4OGHT K, FR4 Artifictal teggecaggeeaccaageigragatcang 132
STGUEnNce
cdrCAN40GI 11, Artificial capplgcagetgglocagtcs ‘g,,g £CCLARRIRAAZAARCCORELEC 133
Variable sequence ctecgigaagptglectgeaaggecteeggetacaceticaccgagtaca
region cealgeactggelge g,gmggcccc.-ug ccagggeclggagigpatz
L,LL[“L(HCAHLLCLd'iL\«BCf_’{‘b g(/i(.ta"l(.[ cgeecagaague
cagggeegeglgaccal gaccegegacacciceatetlecacegeeiaca
1ELa BCIRICCCECCIacaclce At Racacopecalplactacige e
cegelicacclacgaclaclggggccagepcaceetggtgaccglglect
o
cdrCAN40G1 H, Artificial QVQLVQSGAEVKKPGASVKVSCKASGYTFTE 134
variable SCueLIce YTMHWVRQAPGQGLEWMGWINPNIIGGTNY
region AQKFQGRVTMTRDTSISTAYMELSRLRSDDTA
VYYCARFTYDYWGQGTLVTVSS
cdrCAN40GH L CDR1 | Asificial gectacaceticacogaslacace 135
SCQUCIICT
cdrCAN40G L 11, CDR2 | Austificial alCaacercaacacEece goace 136
sequence
cdrCAN40GL H, CDR3 | Artificial gooegettcacctasgactas 137
sCquence ’
cdrCAN40G 1L CDRT | Anificia) GYTFTEYT 138
sequence
cdrCAN40GT H, CDR2 Artificial INPNHGGT 139
sequence
cdrCAN40GIL H, CDR3 | Arificial ARFTYDY 149
Scquence
cdrCAN40G1 1L, FR1 Artiticial cagglgcagetggtecagiccgecaecoageigaagaageceggeec 141
sequence clecglgaagplgicclgeaaguccioe
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cdrCAN40G! H, FR2 Artificial AlPCAct B RLECECeagRCCCCCEErTageeeigrapigoatppo 142
sequence clgg
cdrCAN40G1 1L PR3 Artificial aactacgeccagaagliccaggeeegeglgaccalgacetgegacace 143
scaquence fccalciccacepoectacatggageipleccgeclpaegeiecgacgacac
geegtptactaclge
cdrCAN40GH 11, FR4 Acrtificial Lg CCAgRECaCCOLEElEacCeieleeicl 144
SEQUELICE
huCANSAG2 K, Artificial ZACELEElEalZaccragaceoectaceolgecoglgaccalgupcs 145
Variable sequence agecegectcoataiertgeaccteeleocagieectgeigaactoogac
region gpepagacclacotgaaciggeigelgeagegecceggecaplocees
aagepeclpalecaccigptglecaageigpactecggegigeecpace
geticteeggctecgpetoe gecacegacticaccotgaagateiccoge
SlEgagECCpapgacgty gr_z > EIElactac el grea ggRcacoeac
ticeocigpaccucggegacgecaccaaggliggasalcaage
huCAN354G2 K, Artificial DVVMTOTPLT LPV T LGOQPASISCTSSQSLLNSD 146
variable sequence GETYLNWLLOQRPGQSPKRLIILVSKLDSGVPD
region RFSGSGSGTDFTLKISRVEAEDVGVYYCWOQGT
HFPWTFGGGTKVEIK
IuCANS4G2 K, CDR1 | Arificial cagteectpeigasciccgacggepagacctac 147
sequence
huCANS4G2 K, CDR2 | Artifictal clgplgtee . 148
sequence
huCANS4G2 K, CDR3 | Artificial LEECAgERCACCCACHCCoCtZaace 149
sequence
hoCANS4G2 K, CDR1 | Artificial QSLLNSDGETY 150
sequence
huCANS4G2 K, CDR2 Artificial LVS 151
sequenee
huCANS4G2 K, CDR3 | Astificial WOGTHFPWT 182
sequence
huCANS4G2 K, FR1 Artificial AACLLEEIRAEACCCAZACTCTCCIZACCOIBLCERIZACCILLLCC 153
sequence agecsgeciceaicieetgeacelectoe
LhuCANS4G2 K, FR2 Artificial clgaactgectgot goagugoccogaecagleccoecaagegotgato 154
sequence ac
huCANS4G2 K, FR3 Artificiat aagelpgaclecggeglgeccgacegeliciceggelocgacioeggea 155
sequence cegaclcaceetgaagatclecegey Lt,m;zu.u gaggacglegecpyt
staciacles
huCAN34G2 K, FR4 Artificial tcggegRegecaccaagglgeagatcaage 156
sequence
huCAN34G2 11, Artificial cagglgoagotgeageagtccgacact gagglEaagaagccogueac 157
Variable sequence cteegigaagptgloctgeaaggecleeggeotacgacticaccaaciicly
region goiggeclggatecgecaggeocceggecagggcctggagtggateg
popacatelacees L,;,cumpamacaccmclacaacga raagiicaa
gegeepegigas gdwbwgawaLlcucudcacugwmcax.
geagelgtoctecelgogeleegaggacacegecglatactictgeiteal
g L[g[ade,C oo C[actggggpgd“ ggcaccétggt.gacc otz
LCCLECE
LuCAN34G2 1L, Artificial QVQLQQSGTEVKKPGASV KVSCKASGYDFTN 158
variable sequence FWLGWIRQATPGQGLEWIGDIYPGGDNTYYNE
region KFKGRVTLTADKSSNTAYMELSSLRSEDTAVY
FCPMILYTLDYWGQGTLVTVSS
huCANS4G2 [, CDR1 | Astificial gectacgactteaceaacttelgg 159
sequence
huCANSAG2 11, CDR2 | Artificial ALCIACCLCERCROCEACAACACS 160
sequence
huCAN34G2 I, CDR3 | Artificial fteatgatectgtacaceciggactac 161
sequence
huCANS4G2 i1, COR1 Artificial GYDFTNFW ’ 162
sequence




WO 2016/131125 PCT/CA2016/000040

huCANS4G2 H, CDR2 Artificial IYPGGDNT 163
sequence
ICANS4G2 11, CDR3 | Attificial FMILYTLDY 164
. sequence
LuCANS4G2 H, FR1 Artificial (ZUageagicCEgeaccgaglgaagaagecogeead 165
sequence Lptectgeaag poclee
huCAN3S4G2 H, FR2 Astifictal cepccagprreeey, 166
sequence
huCAN34G2 11, FR3 Artificiat . aagticanggoccgcgteacerigacegecgacaagt 167
sequence clecaacace g CClacalggagcigIeCLeCOLEC RLICCRAREACAC
cegtotactictec
huCANS4G2 I, FR4 Artificial L‘gg,gg cagggoaccoiggigaccgigtoctecy 168
sequence
rehuCANS4G2 | K, Artifictal gt;zaccctz.gg,cc 169
Variable sOqUEnNCY L(QddLLLCLﬂL
region coaglocoee
eactee g ELECCCRace
},ﬂ\,’ilm,x L},guuug,g,cu‘.u 55Lacc5aulicau..u.gaagatuuccg,,\,
gtgpapgeepagpacctgggeatctactactgetggeaggpoacccact
tecectpeaccicgocogcgocaccangoloeasalcans
rehaCANS4G2 | K, Artificial DVVMTQTPLTLPVTLGQPASISCTSSQSLLNSD 170
variable sequence GETYLNWLLQRPGQSPKRLIHLVSKLDSGVPD
region RISGSGSGTDFTLKISRVEAEDLGIYYCWQGTH
FPWTFGGGTKVEIK
rehuCANS4G2 | K, CDR!L | Artificial caglecelgelgaacicegacgpegagacetac 171
sequence
rchuCANS4G2 | K, CDR2 | Agificial clggtgiec 172
sequence
rehuCANS4G2 | K, CDR3 | Artificial tggeaggpcacccacliceeciggace 173
sequence
rehuCANS4G2 | K, CDR1 | Araficial QSIL.LNSDGETY 174
sequence
rebuCANS4G2 | K. CDR2Z | Artificial LVS } 175
sequence
rehuCANS4G2 | KL CDR3 | Artificial WOQGTIHFPWT 176
sequence
rehuCANS4G2 K, FR1 Artificial LaCgigetealgacelagacceecelZgaceeigroigaceolgece 177
sequence a clecalclectgeaceiectee
rehuCANS4G2 K, FR2 Artificial ICLECLECAPCECOCO ZETCAZLCTUCoRALT BECLZALTT 178
seguence
rehuCANS4G2 K, FR3 Artificial A20C1RLACICCYECEIRCCCLACCICALCTRECICCERCIECRRE 179
sequence ACCZACUCACOCI AaRAICICCrgeRig gaggecengpacelypec
. ﬂtum stactee
rebuCAN34G2 | K, FR4 Artificial teggeggoggeaccaaggtaeagatcaag 180
sequence '
rebuCANS4G2 | 11, Artificial CAgELECHZTIZEAgragIcCogCACCEAgLIplgaanceepaeas i81
Variable sequence cl cg amlucclwcaa ggeotecggctacgacticaccaactiolg
region geig Lutg £2atCaa PCagEeCoCoERCCaggpectra gt geaicy
gcL,'iC’ll(,ldCCLCE{{_.LL,L,Lg&LﬁdLaClek tacaacgagaagitcaa
gegeaagelgacectgaccgeegacaagiecticcaacacegectacat
ggagiiclectoreigegetee gaggacacegee gtgtactictgeicat
gatceiglacaccetgpactactggepccapgecaccotgglgaceaty
tectee
rchuCANS4G2 | 11, Artiticial QVQLQOSGTEVVKPGASVKISCKASGYDFTNF 182
variable sequence WLGWIKQAPGQGLEWIGDIYPGGDNTYYNEK
region FKGKVTLTADKSSNTAYMEFSSLRSEDTAVYF
CEMILYTLDYWGQGTLVTVSS
relaCANS4G2 | L, CDRI | Artificial gpclacgacticaccaacticleg 183

L2
(5]
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sequence .
rehuCANSAG2 H, CDR2 Artificial alclaceCogeep Eegacaacace 184
sequence
rehuCANS4G2 11, CDR3 | Artificial feargateclglacaceclggactac 1858
sequence
rehuCAN34G2 | 1L CDR1 | Artificial GYDETNIW 186
sequence
rchuCANS4G2 | 1L CDR2 Artificial IYPGGDNT 187
sequence
rehoCANS4G2 H, CDR3 Artificial FMILYTLDY 188
sequence
rebuCANS4G2 | 1L FRY Axtificial caggtgoagotgeagea g,zuggaccga 2 2LERLeAngeCegRiRe 189
SEqUELIcE Clecpigaagatciccigcaageec
rehuCANS4G2 H, FR2 Artificial CLEpeelegaltangeageoece g cappocctgraglggatege 1%0
sequence cgac
rehuCANS4G2 | 11, FR3 Artificial tactacaacgagaaglicaagupeaag glpac 1, accgeegacaagt 191
seduencs celecaacacegesacalggagiicto blLCt. tpogelesgaggacace
peogtptacliclgs
rechuCANS4G2 | 1L, FR4 Artificial 12LLaCCagEReACCOIRQILACRIgtectes 192
sequence
cdrCANI4G2 K, Artificial LacLLagtQalaacccagtwbccclgtactg cetgaceelageee 193
Variable sequence agecegectceatelcctgecgeoetoscagtecelgotgaactecgac
region oECLagacclaccigaacigaliccastagepecergacagleceac
cgeegectgalclaceigglgtocaaccgogactoogeegtgecegacs
gottetcoggetecggetee gaoacegacticaccelgaapateleccge
plpgageccgaggacgigpac gtatactacigerggeagagcacecac
treccotgpnecticgoepgegocnccaagplygapatcang
cd:CANS4G? K, Artificial DVVMTQSPLSLPVTLGQPASISCRSSOSLINSD 194
variable sequence GETYLNWFQQRPGQSPRRLIYLVSNRDSGVPD
region RF SGTDITLKISRVEAEDVGVYYCWQGT
HFPWTFGGGTKVEIK
cdrCANS4GZ K, CDR1 Artificial CAgICCCIRCIZaARCicCLacEeceagacclac 195
sequence
cdrCAN34G2 K, CDR2 | Artificial clggtgice 196
sequence
cdrCANS4G2 K, CDR3 | Agficial TERCARELCACCCATIICCCLIZZace 197
sequence
edrCANS4G2 K, CDR1 | Artificial QSLLNSDGETY i 198
sequUence
cdrCANS4G2 K. CDR2 | Arificial LvVS 199
sequence
cdirtCANS4G2 K, CDR3 Artificial WOOTHEPWT 200
sequence
cdrCANS4G2 K, FR1 Artificial gacglggtgalgacceaglecceoctgleceigeceglgacceigggee 201
sequence A8CCCECCICCATCICTIRECCRCeCtad
cdrCANS4G2 K, FR2 Artificial Clgaactgguocagcagegeeeeggecagiccceocgegoctgatet 202
scquence ac
odrCANS4G2 K, ER3 Artifictal aaccpcpacicegpegtgcccpacegeiicteeggoteegecte ggc 263
sequence cegacticacectgaagatetod g, rigpapgpecgagpacalegeeat
stactactgs
cdrCANS4G2 K, FR4 Artificial HCQECLECLICACCaARLeIE LAralcaag 204
sequence
cdrCANS4G2 H, Artificial cagelacageigplecagiccoRCRCC LA ElLanpangecesecec 205
Variable sequence cleegigaagptgiccigeangpoctecggetacgacticaccaactictly
region palgeactggplpcgecagpececegpccapgpcclggagtppaties
geatcatctaccoeggeg aegacaacacctectacgeccagaagiteca
gegecgeglpaccatpaccegegacaceiccacciceaceatotacatg
pagetgteelecclgegeiccgagpacacogecgiglactacigoucaly
atcctglacacociggactactggpeccaggecacectiggigacegigtc
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clee
cdrCANS4G2 il Artificial QVQLVQSGAEVKKPGASVKVSCKASGY DFTN 266
variable sequence FWMIIWVROAPGQGLEWMGHYPGGDNTSYA
region QKFQGRVTMTRDTSTSTVYMELSSLRSEDTAV
YYCEMILYTLDYWGQGTLVTVSS
carCANS4GE 11, CDRi Artificial LLCiac gaciicaccaaclict gy 207
sequence
cdrCANS4G2 I, CDR2 | Aruficial aletaccecEorur LACAncace : 208
sequence
cdrCANS4G2 IL, CDR3 | Artificial geatgatcctgtacacectygactac 209
sequence
cdrCANS4G2 H, CDR1 | Anificial GYDFTNFW 210
sequence
cdrCAN3S4G2 II. CDR2 | Artificial IYPGGDNT 211
scquence
cdrCANS4G2 H, CDR3 Artificial FMILYTLDY 212
sequence
cdrCANS4G? I, FR1 Artificial cagptgeagotggtgeagleegroge g agRlEAGgAAZCCeRCRe 213
sequence ctecgtgaagptglccipeangoccioc
¢drCANS4G2 H, ¥FR2 Aruficial atgcactgggracaccageeccecgeccageectapagtasatees 214
sequence Cate
cdrCANS4G? H, FR3 Artiticial tectacgeecagaagiiccaggoccgoglgacealgaccegegacacet 215
SSQUENce ceacclceaceptglacatgpapetgtecicetigegelecgag gacace
gocglatactactge
cdrCANS4G2 LI, R4 Artificial 1ELEOCCARRECACCCIERTIEACCIRICCICe 216
sCquUenCe
Ravn GPeAmuc | GPeAmue | Synthetic MKTIYFLISL TLIQSIKTLP VLEIASNSQP 217
ATM Marburg virus | QDVDSVCSGT LOKTEDVHLM GFTLSGQKVA
DSPLEASKRW AFRTGVPPKN
VEYTEGEEAK TCYNISVTDP SGKSLLLDPP
SNIRDYPKCK
TVHHIQGONP HAQGIALHLW
GAFFLYDRVA STTMYRGKVF TEGNIAAMIY
NKTVHRMIFS
RQGOQGYRHMN LTSTNKYWTS
SNETQRNDTG CFGILQEYNS TNNQTCPPSL
KPPSLPTVTP
SIISTNTOIN TAKSGTMRPP IYFRKKRSIF
WEKEGDIFPFL DGLINTEIDF DPIPNTETIF
DESPSENTST NEEQHTPPNL SLTFSYFPDK
NGDTAYSGEN ENDCDAELRI WSVQEDDLAA
GLSWIPFFGP GIEGLYTAGL IKNQNNLVCR
LRRLANQTAK SLELLLRVTT EERTFSLINR
HAIDFLLTRW GOGTCKVLGPD CCIGIEDLSK
NISEQIDKIR KDEQKEET
Angola GPeAmue | Synthetic METTCLLISLILIQGVKTLP ILE] Al':.NIQ_P 218
GPeAmuc ATM Marburg virus | QNVDSVCSGT LOKTEDVIILM GFTLSGOKVA
DSPLEASKRW AFRAGVPPKN
VEYTEGEEAK TCYNISVTDP SGKSLLLDPP
TNIRDYPKCK
THIHIQGONP TTAQGIALITLW GAFFLYDRIA
STTMYRGKVF TEGNIAAMIV NKTVIIKMIFS
RQGOGYRIIMN LTSTNKYWTS
SNGTQTNDTG CFGTLQLEYNS TKNOTCAPSK
KPLPLPTALIP
EVELTSTSTD ATKLNTTQHL VYFRRKRNIL
WREGDMFPFL DGLINAPIDF DPVPNTKTIF
DESSSSGASA EEDQUASPNI SLTLSYFPKV
NENTAHSGEN ENDCDAELRI WSVQEDDLAA
GLSWIPFFGP GIEGLYTAGL IXKNONNLVCR

L]
Lh
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LRRLANQTAK SLELLLRVIT EERTFSLINR
HAIDFLLARW GGTCKVLGPD CCIGIEDLSR
NISEQIDQIK KDEQKEGT

Musoke GPeAmue | Synihetic MKTTCFLISL ILIQGTKNLP ILEIASNNQP 219
GPeAmuc ATM Marburg virus | QNVDSVCSGT LQKTEDVIILM GFTLSGQKVA

DSPLEASKRW AFRTGVPPKN
VEYTEGEEAK TCYNISVTDP SGKSLLLDPP
TNIRDYPKCK

THIHIQGONP HAQGIALINLW GAFFLYDRIA
STTMYRGKVE TEGNIAAMIV NKTVIIKMIFS

ROQGQGYRIIMN LTSTNKYWTS
SNGTQTNDTG CFGALQEYNS TKNQTCAPSK
IPPPLPTARP

EIKLTSTPTD ATKLNTTQIIL VYFRRKRSIL
WREGDMFPFL DGLINAPIDF DPVPNTKTIF

DESSSSGASA EEDQIIASPNI SLTLSYFPN]
NENTAYSGEN ENDCDAELRI WSVQEDDLAA

GLSWIPI'FGP GIEGLYTAVL IKNQNNLVCR
LRRLANQTAK SLELLLRVTT EERTFSLINR

HAIDFLLTRW GGTCKVLGPD CCIGIEDLSK
NISEQIDQIK KDEQKEGT

Ci67 GPeAmuc | GPeAmuc | Synthetic MEKTTCLFISL ILIQGIKTLP ILEIASNNGQP 2240
ATM Marburg vicus | QNVDSVOSGT LOKTEDVILILM GFTLSGOQKVA
DSPLEASKRW AFRTGVPPKN
VEYTEGEEAK TCYNISVTDP SGKSLLLDPP
TNIRDYPKCK

TILHOQGQNP TAQGIALIILW GAFFLYDRIA
STTMYRGRVF TEGNIAAMIV NKTVLKMIFS

RQGQGYRIMN LTSTNKYWTS
NNGTQTNDTG CFGALOEYNS TKNQTCAPSK
IPSPLPTARP

EIKPTSTPTD ATTLNTTQIL VYFRKKRSIL
WREGDMFPFL DGLINAPIDF DPVPNTKTIEF

DESSSSGASA EEDQIUASPNI SLTLSYFPNI
NENTAYSGEN ENDCDAELRI WSVQEDDLAA

GLSWIPFFGP GIEGLYTAGL IKNONNLVCR
LRRLANQTAK SLELLLRVTT EERTFSLINR

HAIDFLLTRW GGTCKVLGPD CCIGIEDLSR
NISEQIDOIK KDEQKEGT

CAN30GS K, Murine gataligtectgacecaatctocactolecolgectgicaptoipgagate 221
Variable sequence aagectecatetettgeagaictagicagagectigtacacagtaatggaa
region acacctatitacatiggtacetgeagaageeaggecagtictctaaacctee
tgatctacnaaglitccaace gattttctggaatoccagacaggitcagte g
caglggatcagggacagalitcacacloragalcageagagteguggot
pagealctgpoagiitatitctgeiclcanagtacacatgitcegiggacgtl
cgglepagncaccaagelggaaatcaaa
CAN30GS K. Murine DIVLTQOSPLSLPVSLGDOASISCRSSQSLVIISNG 222
variable sequence NTYLUWYLOKPGQSPNLLIYKVSNRFSGVPDR
region FSGSGSGTDFTLKISRVEAEDLGVYFCSQSTIIV
PWTIGGGTKLEIK
CAN30GS K.CDR1 | Murine cagagectigtacacagtaatggaaacacclat 223
sequence
CAN30GS K,CDR2 | Murine aaagiiter ' 224
sequence
CAN30GS K, CDR3 | Murine clcanagtacacatgliceglggacy 225
sequence
CAN30GS K, CDR1 | Murine QSLVHSNGNTY 226
sequence
CAN30GS K, CDR2 | Murine KVS 227
sequence
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CAN30GS K, CDR3 | Murine SQSTHVPWT 228
seguence
CAN30GS 11, Murine gagglecagengigaglolgatagaggatiggtecageciaaaggate 229
Variable sequonce altpanactelcalglgecgoeicigglicgeciicaaticelalgecatgc
region aclpgtelgecaggelecaggaaaggptitpoaatggptigclogeata
agaaliaaaaglaglantiatgcaacatctiaigeegglicagtgacagaca
gatcaccgictocagagatgattcacasaactpticlatetgcaaatgaa
caacclganaactgaggacacageatgiattactotaigagagagtoes
aaggggclatgeactaciggggtcaaggaaccicagicacegicicctea
ju .
CAN30GS 1L, Murine EVQLVESGGGLVQPKGSLKLSCAASGFAFNSY 230
variable sequeiice AMHWVCQAPGKGLEWVARIRIKSGNYATSYA
region GSVIDRFTVSRDDSONLFYLQMNNLKTEDTA
MYYCVREWEGAMDYWGOGTSVTVSS
CAN3OGS 11, CDR) Murine gelticgecticaatiectatges 231
sequence
CAN3DGS 11, CDR2 | Murine ataagaattanaagipglastiatgeaaca 232
sequence
CAN30GS H, CDR3 | Murine plpagagagtgppaagpgoctatggoactac 233
sequence
CAN30GS 1L CDR1 | Murine GFAFNSYA 234
sequerice
CAN3DGS H, CDR2 Murinc IRTIKSGNYAT 235
sequence
CAN3OGS 11, CDR3 | Muwine VREWEGAMDY 236
sequence
CAN34G2 K. Murine gatgligigatgacccagacleceeigacitigleggtiaccatiggacage 237
Variable sequence cageetecateictigeac gtcaagicagagectettaaatagtzatgueo
region agacatattigaattggligliacagageceaggecagictccanagenes
taatccatelggLglelaanciggaciotggagteccLgacaggatcactg
geagiggarctggeacagatitcacactgaaaatcaacagagtggagect
gagpauiggeaatilatiatigetggraagglacacatiitecglggacett
CEOLEEagecaccaageligeaaalcaaac
CANS54G2 K, Murine DVVMTOTPLTLSVTIGQPASISCTSSQSLLNSDG 238
variable segueiice ETYINWLLORPGQSPKRLINLVSKLDSGVPDRI
region TGSGSGTDFTLKINRVEAEDLGIYY CWQGTLLF
PWTFGGGTKLEIK
CANS4G2 K, CDR1 Murine cagageciciiaaatagigalggpgagacaial 239
sequence
CANS4G2 K, CDR2 | Murine ctggtoret 244
sequence
CANS4G2 K, CDR3 Murine tgpcaagglacacatiticegtpgacy 241
sequence
CANS4G2 K, CDR1 | Murine QSLLNSDGETY 242
Sequence
CANS34G2 K, CDR2 | Murine LVS 243
sequence '
CANS4G2 K. CDR3 | Murine WOQGTIPWT 244
sequence
CANS4G2 H, Murine cagglccagitgcageagiviggaactgageigptaapgoctgg pacite 245
Variablc scquence aglgaapatatectgoaaggcliclggatacgacticactaaciitigpota
region gglipgataaageagaggcectgpacalggactigaatpgatigpagatat
Hacccipgapeteataatactiactacaatgagaagticaa ggpoaaagt
cacgelgactgeagacaasalcclegaacacagegiatatgeagicaga
gectgacatclgaggacielgelgtoantictgiategaticteiataclity
gaciactggooleaaggaaccicagicacegietecicag
CANS4G2 11, Murine QVQLOQQSGTELVRPGTSVKISCKASGYDFTNF 246
variable sequence WLGWIKQRPGHGLEWIGDIYPGGDNTYYNEK
region FKGKVTLTADKSSNTAYMOQFSSLTSEDSAVYE

(¥
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CEMILYTLDYWGQGTSVTVSS

CANS4G2 11, CDR Murine gratacgactteactaactitlgg 247
sequence
CANSAG2 [1.CDR2 | Murine dlttaceclgyagglgataatact . 248
sequence ,
CANS4G2 " ILCDR3 | Murine tiatgatictelatactitggaclac 249
sequence
CANS4G2 1, COR1 | Murine GYDFTNFW 250
sequence
CANS4G2 H, CDR2 | Murine IYPGGDNT 251
sequence
CAN34G2 11, CDR3 | Murine FMILYTLDY 252
sequence
CAN3IOG2 K, Murine patgltttgatpacecaaaciceactetecetgetgtcagtetiggagatc 253
Variable sequence aageelctaicicilgeagatlctagicagageattgtacaaglaatggaga
region caccratttagaatggtacctgeagaaaccageecagteiccaaagetect

gatclacaaaguiccaaceganiictgggpceeagacag
cagtgpatcagggacagatticacacteaggatcageagagtegagect
gaggatetgaoagitatiactgctttcangpiticacalittceglggacgtt
CEUlEpapracaceaaclyraaaleasac

CAN3OG2 K. Murtne DVLMTQTPLSLPVSLGDOQASISCRSSQSIVIISN 254
variable sequence GDTYLEWYLOQKPGQSPKLLIYKVSNRFSGVPD
region RESGSGSGTDFTLRISRVEAEDLGVYYCFQGSI!
FPWTFGGGTKLEIK
CAN30G2 K, CDRI Murine cagageatigtacatagtaatggagacacctat 255
seguence
CAN30G2 K. CDR2 | Murine aanglilce 256
sequence
CAN30OG2 K, CDR3 | Murine ticaaggilcacatttlceglggacy 257
sequence '
CAN30G2 K, CDR1 Murine OSIVHSNGDTY 258
sequence
CAN30G2 K, CDR2Z | Murine KVS 259
sequence
CAN3IG2 K, CDR3 Muring FOGSHFPWTY 260
SCQUENCT
CAN30G2 L1, Murine gatglgcapeigplggapiciggpgpappcitagipeagecigpaggpl 261
Variable sequence ceeggaaacielectgtacagectelggatteactitcagiagetitgpaat
region geaclgggltcgleagertiecagaganggegctggaglygelogeatac

altapagiggoagtagiaaaarctactaty cacgeloaageEccesy
allcaccatetccaga gacaatcecaagascaceeigilest ganat gac
cagictaapgulolgagoacacggecatgtatiaclglgonagageptegst
acgaggpgerectgrliiigoilaclggggccaagegaciciggloactgie

. tctgeag
CAN30G2 if, Murine DVQLVESGGGLVQPGGSRKLSCTASGFTESSIG 262
variable seguence MIITWVRQAPEKGLEWVAYISSGSSKIYYADTV
region KGRFTISRONPEKNTLFLOMTSLRSEDTAMYYC
ARGWYEGAWFAYWGQGTLVIVSA
CAN30G2 H, CDR1 Murine ggalactitcaglagetitgga 263
sequience
CAN30G2 11, CDR2 | Murine altaglagtgecagapiaaaale 264
sequence
CAN30G2 1, CDR3 | Murine geaagagggipptacgagggocelggtitacttac 265
sequence ,
CAN3NG2 H.CDR1 | Murine GFTISSFG 266
sequence
CAN30G2 [, CDR2 | Murine ISSGSSKI 267
sCqUEnCE

CAN30G2 H. CDR3 | Murine ARGWYEGAWFAY 268
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sequence
CANAOGH K., Murine gacatiglgctgacceaaletecagetletitgpelgtptetotagggeapa 269
Variable sequenc gggcclecalclecigeaaggeragecaaagtgiigateatgatggigat
region agliatatgaacigglaccaacagaanccaggacagocacceaaactect
catstatgelacatocaatctagaatetggpateccagecageiiagloge
aglggeiclggpacagacticaccelcaacatocalecipgigpaggagea
geatpctecaacctattacipicageagagttalgageticopercacstic
gpigctggpaccaagelgpapcigaaad
CAN40G1 K, Murine DIVLTQSPASLAVSLGQRASISCKASQSVDIIDG 276
variable sequence DSYMNWYQOQKPGQPPKLLIYATSNLESGIPAR
region FSGSGSGTDIFTLINIIPVEREDAATY Y CQQSYEV
PLTFGAGTKILELK
CAN40GL K, CDR1 | Murine caaaglgilgatcalgatpglyatagttat 271
sequence
CAN40G! K, CDR2 | Muring getacatee 272
sequence
CAN40GH K, CDR3 | Murhie cageagagitalpagpticepeicacs 273
sequence
CANAOG! K,CDR1 | Murine QSVDIIDGDSY 274
sequence
CAN40G1 K,CDR2 | Murine ATS 278
SEUCTICE
CAN40GH K, CDR3 | Murine QQSYEVPLT 276
SEGUeNCE :
CANA4OGH H, Murine gaggiccagoigeaacagieiggaccigagelggteaagecigggactt 277
Variable STUENCE caglgaagataiceigeaggactlclggatacacalicacigaatacacca
region tcactggglgaageagagecplggasagageetigagigratggagy
{attaarcclanccatgleg lactCletacaaccagan gticaagicang
gocacatipactgtagacaagreciccageacagectacatgpageicey
cageelgasaletgaggatictgeagictattact glgeaagatitacuiacy
aclacigggpccaaggaccacicicacagteiccicag
CAN40G1 H, Murine EVQLQQSGPELVKPGASVKISCRTSGYTFTEYT 278
variable sequence IMWVKQSRGK SLEWIGGINPNHGGTLYNQKFK
region VKATLTVDKSSSTAYMELRSLTSEDSAVYYCA
RFTYDYWGOQGTTLTVSS
CAN40G1T H, CDRY | Murine oARCACAICACLEAAATACC . 279
sequence
CAN40G1 H, CDR2 | Murine altaatcctaaceatgglggta 289
sequerce
CAN40G1 II, CDR3 | Muriue gcaagalltacttacgactac 281
sequence
CAN4OGH H, CDR! | Murine OYTFTEYT 282
sequence
CAN40G1 H, CDR2 Murine INPNHGGT 233
SCUCNCe
CAN40GH IL CDR3 | Murine ARTFTYDY 284
sequence :
CAN3OG! K, Murine ganaalgiiclcacceagiciceageaalcalglictgcaiciccagpueaa 285
Variable sequence aagelcaccatgac ngud’YLEL‘CH}ZLKL(M“lgldd&lldu} geacty
region glaccagoagaaglcaageacelececcaaaclotg patliatgacacat
ccanractggetictggapleccagalegeilcagtegeagiggeicigga
aactctracicictoacgatcageageatggaggotgaagatgegecactt
attactottitcag e eastopalacceglacacpiicgrageaapnacc
aageiggaaatananc
CAN30GH K, Murine ENVLTQSPAIMSASPGEKVTMTCSASSSVTYM 286
variable sequence HWYQQESSTSPRKLWIYDTSKLASGYPGRISGS
region GSGNSYSLTISSMEAEDVATYYCFQGSGYPYTY
GGGTKLEIK
CAN30GL K, CDRl | Murine eccagetcaagretaactiac 287
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sequence
CAN30OGH K, CDR2 Murine pacacatoe 288
sequence ,
CAN3OGH K, CDR3 Murine ficaggeaglggalacceglacacg 289
sequeunce
CAN30GH K, CDR1 Murine ASSSVTY 290
segquence
CAN3OG1 K, CDR2 | Murine DTS 291
sequence
CAN30G1 K, CDR3 Murine FQGSGYPYT 292
sequence
CAN30OGI LI, Murine cagatccagttggrecagtetggacclgageigaagaagectggagaga 293
Yariable sequence cagtcaagatctiectpCaaggctictgpptataccticacaaactatggaat
region gaaclggglpaagcaggelecaggaaageattianagiggatggpcly
gatagacacctacactggaaagecaacataigitgalgacitcaagggac
getitgoeticlefttgganace elgooaacactgectatiteea gatcaac
aaccteanadalgaggacacggelacstalitcigigaaa glegageitac
gacgagpaclaclggegeeaaggeaccacicleacagietectieag
CAN30GH H, Murine QIOLVQSGPELKKPGETVKISCKASGYTFTINYG 294
variable sequence MNWVKQAPOKGLKWMGWINTYTGKPTYVD
region DFKGRFAFSLETSANTAYLQINNLKNEDTATYF
CESGGYDEDYWGQGTTLTVSS
CAN30G1 I, CORY | Murine geetalaccticacaaactatgga 295
sequence
CAN30G! H, CDR2 | Murine ataaacacclacactggasagrea 296
sequence
CAN30GT L CDR3 | Murine gaaagtggagmttacgacgaggaclac 297
sequence '
CAN3DGH LL CDRY | Murine GYTFTNYG 298
sequence
CAM3I0OGH I, CDR2 Murine INTYTGKP 299
sequence
CAN3GGH I, CDR3 | Murine ESGGYDEDY 360
sequence
CAN3OG3 K, Murine gatgitgatgacecaaaciceactcliccctgectgteagiottggagate 301
Vartable sequence aageetccatcteitgeagaictagtcagaacattglacatagiantggaaa
region cacctalltagaatgglacctgeagaaatcaggecagieiccaaagetect
gatclacaaagliiccaacegatiticiggegieccagacaggueaglze
caglggaicagggacagaliicacacicaagalcageagagtgeaggct
gagpatctggragtitaltacigeliicaageiicacauticcgiggacgli
Cgutgearecadcan ZC Zeanicaaac
CAN30G3 K, Murine DVLMTQTPLSLPVSLGDQASISCRSSQNIVHSN 302
variable sequence GNTYLEWYLOKSGQSPKLLIYKVSNRFSGVPD
region RFSGSGSGTDFTLKISRVEAEDLGVYYCFQGSH
FPWTFGGGTKLEIK
CAN30G3 K, CDRI1 Muring cagnacatigtacatagiaalggaaacacctat 303
sequence
CAN30G3 K, CDR2 | Murine aauaglites 364
sequence
CAN30G3 K, CDBR3 | Murine titcaaggiicacatidcegtegacy ¢S
sequence
CAN30G3 K, CDR1 | Murine OQNIVHSNGNTY : 306
SCqUence
CAN30G3 K, CDR2 | Murine KVS 307
sequence
CAN30G3 K, CDR3 | Murine FQGSHFPWT 308
sequence
CAN30G3 H, Murine cagglgcagoigragpagleaggacciggotggigpegccoicacag 369
Variable Seuence agcectgtocatcacatgeactgletcaggpttetecttaacegactatg gta
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region taacctggallcgecageaiccaggasapgetotggagtggetpepant
aatatpgegtppippaapepcalactataatitaglictcaaalecagacly
ageatcageaaggacaactccaagagicaaguictiaaaartgaacagt
clgcaaacigatgacacagecalglactactglgecaaacatcggaciing
attacgactgotatggactactg g gricaaggaatiica gleacegiorcct
cag
CAN30G3 i1, Murine QVQLKESGPOGLVAPSQSLSITCTVSGFSLTDYGL 310
variable sequence TWIRQPPGKGLEWLGVIWGGUGSAYYNLVLKS
region RLSISKDNSKSOVILKMNSLOTDDTAMYYCAK
HRTLITTAMDYWGQGISVTYSS
CAN30GS 11, CDR1 | Murine gegttetectaaccgactatggt 311
sequerice
CAN30G3 B, CDRZ | Murine AaigeoeloglEraagopes 312
seuence
CAN30G3 L1, CDR3 Murine gecaaacawggactitgattac gactectatggactac 313
sequenice
CAN3OGS H, CDR Murine GFSLTDYG 314
sequeLce
CAN30G3 1, CDR2 | Murine IWGGGSA 315
sequence
CAN30OG3 . CDR3 | Murine AKIIRTLITTAMDY 316
SEGUENce
CAN30GH [ Murine gatgititgatpacceaaaciceactcicectgectgteagtellggagate 317
Variable sequence aageotccateteligeagatetagicagaacaligacataglgalgaaa
region cacctalilagaalgptacetpcagaaaccageccagiotocaaagotoct
gatclacaaatiltccaaccgaltliclgpgelcccagacagoticaglepc
aglggatcaggpacagatitcacacicaagaleageagaglggapoctg
agpatctggpaglitatactgelitcaaggttcacatgttoctcccacgttc
gelyclegpaccaagelgeagcieaans
CAN30G4H K, Murine DVLMTQTPLSLPVSLGDGQASISCRSSQNIVIISD 318
variable sequence GNTYLEWYLQKPGQSPKLLIYKFSNRFSGVPD
region RIFSGSGSGTDITLKISRVEAEDLGVY YCIFQGSH
VPPTFOAGTKLELK
CAN3OGY K.CDR! | Murine cagaacattgtacatagtgatggaaacacctat 319
sequence )
CAN30G4 K, CDR2 | Murine aaauttee 320
sequence
CAN3OG4 K, CDR3 | Murine tieaagalicacatgecteecacg 321
sequence
CAN30G4 K, CDR1 | Murine QNIVIISDGNTY 322
sequence
CAN30G4H K, CDR2 | Murine KFS 323
scquence
CAN30G4 K, CDR3 | Murine FQGSHVPPT 324
sequence
CAN30GH Li, Murine gaaglgaageigelegagivlgpgeragecilagigaagiclgpgagggl 325
Variahle scquence COCIEaaactCleCtgiEcagtciCgRAtCACIICagac Clalgeeaty
region teliggelicgecagattecggagaagageotggagtpgelogeaaceat
tagtaatggreptagtiatatctactaticagacagtgigaaggete gattca
cecatctocagagacaatgecaagaacacecigtacctgeaaatgageant
ctgaggtelgaggacacggecatglatlaciglgeacgacalageeaglc
clatagglacgactggiugeitaclggggocaagggactetggieactgl
ctetgeag
CAN30G4 I, Murine EVKLVESGGGLVKSGGSLKLSCAVSGETFSTY 3i6
variable seguence AMSWVYROIPEKRLEWVATISNGGSYIYYSDSV
region KGRFTISRDNAKNTLY LOMSSLRSEDTAMYYC
ARIIRESYRYDWFAYWGQGTLVTVSA
CAN30G4 11, CDR} Murine ggattcactitcagtacetatgee 327
sequence
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CAN30G4 H, CBR2 | Murine altagtaatgptie plagitatatc 328
SCQUCNee

CAN30G4 L, CDR3 | Murine geacgacalagggagicctatagglacgactggtitgetiac 329
sequence

CAN30GH H, CDR1 Murine GFTFSTYA . 330

: SCQUENTe

CAN30GH H, CDR2 Murine ISNGGSY] 331
SCQUence

CAN3OG4 1, CDR3 Murine ARHRESYRYDWIAY 32
sequence

huCAN30GS K. FR1 Artificial DIVLTOSPLSLPVTLGQPASISCRSS 333
SCQULNCE

huCAN3OGS K, I'R2 Artificial LIIWYQOQRPGQSPRLLIY 334
SCQUENCE

huCAN3OGS K, FR3 Artificial NRFSGVPDRFSGSGSGTDFTLKISRYEAEDVGY 338
sequeltce YYC

huCAN3DGS K, FR4 Artificial FGGGTKVEIK 336
sequence

huCAN3DGS H, FR} Aurtificial EVOLVESGGGLVQPGGSLKLSCAAS 337
sequence

huCAN30GS H, FR2 Artificial MHWVROQASGKGLEWVAR 338
sequence

huCAN30GS I, FR3 Artificial SYAGSVKGRFTVSRDDSKNTFEY LOQMNSLKTED 339
SeQUence TAMYYC

huCAN3OGS 1, FR4 Avtificial WGQGTLVTVSS 340
sequence

rchuCAN30GS | K, 'R Artificial DIVLTQSPLSLPVTLGQPASISCRSS 341
SCquence

rebuCAN3OGS K, FR2 Axtificial LHWYLOQKPGQSPRLLLY ’ 342
sequence

rehuCAN3OGS K, IFR3 Artificial NRFSGVPDRFSGSGSGTDFTLKISRVEAEDVGY 343
sequence YFC

rehaCAN3OGS K., FR4 Artificial FGOGGTKLEIK 344
sequence

reluCAN3OGS i1, FR1 Artificial EVOLVESGGGLVQPGGSLKLSCAAS 345
SCQULNCe

rehuCAN3OGS | 1L FR2 Artificial MIIWVCQASGKGLEWVAR 346
sequence

rebuCAN3GGS H, FR3 Axtificial SYAGSVKGRFTVSRDDSKSLEFY LOMNNLKTED 347
sequence TAMYYC

rehuCAN30GS | 1L FR4 Artificial WGOQGTLVTVSS ‘ 348
sequence

cdrCAN3O0GS K, FR} Artificial DVVMTOQSPLSLPVTLGOQPASISCRSS 349
sequence

cdrCAN30GS K, FR2 Artificial INWFQORPGQSPRRLIY 350
SCQUENCE

cdrCAN30GS K, FR3 Artificial NRDSGVPDRFSGSGSGTDFTLKISRVEAEDVGY 351
sequence YYC

edrCAN3UGS K, FR4 Artificial FGQUGGTKVEIK 352
sequence

cdrCANZOGS L1, FR1 Artificial EVQLVESGGGLVOQPGGSLKLSCAAS 353
SCqUENCE

cdrCAN3GGS H, FR2 Artificial MHWVRQASGKGLEWVGR : 354
SeqUENce

cdrCAN30GS 1L, FR3 Artificial AYAASVKGRFTISRDDSKNTAYLOMNSLKTED 3588
sequence TAVYYC

cdrCAN30GS I, FR4 Artificial WGQGTLVTVSS 356
SeqUence
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huCAN4DG] K, FR1 Arxtificial DIVLTQSPASLAVSLGERATISCKAS 357
sequence

LuCAN40G L K, FR2 Artificial MNWYQOKPGQPPKLLIY 358
sequence

haCAN40GH K. FR3 Arificial NLESGIPARFSGSGSGTDFTLTISSLOAEDVATY 359
SCQUENCe YC

huCAN40G | K. FR4 Artificial FOAGTKLEIK 360
sequence |

huCAN40G1 i1, FRY Artificial | EVOLOOSGPEVKKPGASVKVSCRTS 361
sequence |

huCAN40G] 11, FR2 Actificial HIWVKQAPGKGLEWIGG 362
sequence ,

huCAN40GH I1. FR3 Artificial LYNQKFKGRVTLTVDKSSSTAYMELSRLRSDD 363
sequence TAVYYC

huCAN40G1 11, R4 Aruficial WOOGTLVTVSS 304
sequence

reluCAN40GL | K, FRI Artificial DIVLTOQSPASLAVSLGERATISCKAS 305
sequence

rehuCAN4AOGE | K FR2 Actficial MNWYQQKPGQPPKLLIY 366
scquence

rebuCAN40GE | K, FR3 Artificial NLESGIPARFSGSGSGTDFTLNISSVQAEDVAT 367
SegUence YYC

rehuCAN40G 1 K, FR4 Artificiat FGAGTKLELK 368
sequence

rehuCAN40G ! H, FR1 Artificial EVQLQOSGPEVVKPGASVEKISCRTS 369
sequence

reluCANGOGH H, FR2 Artificial INWVEKQAPGKGLEWIGG 370
sequetice

rehuCANAOGH 1, FR3 Artifictal LYNQKFKGRATLTVDKSSSTAYMELSRLRSDD 371
sequence TAVYYC

rehuCAN40GT I, FR4 Artificial WGOGTLLTVSS 372
sequence

cdrCAN40G1 K, FR! Artificial DIVMTQSPRSLAVSLGERATINCKSS 373
saquence

cdrCAN40G L K, FR2 Artificial LAWYQQKPGOPPKLLIY 374
sequence

cdrCAN40G] K, FR3 Artificial TRESGVPDRFSGSGSGTDFTLTISSLQALDVAY 375
sequence YYC

cdrCANANG] K, FR4 Artificial FGOGTXLEIK 376
sequence i

cdrCANAOG] 1L FR1 Arificial QVQLVOSGAEVKKPGASVKVSCKAS 377
sequeice

cdrCAN4OGH I, FR2 Axtificial MHWVROQAPGQGLEWMGW 378
sequetice

cdrCANAOGT 11 FR3 Artificial NYAQKFQGRVIMTRDTSISTAYMELSRLRSDD 379
sequence TAVYYC

cdrCANAOGL 11, FR4 Arificial WGQGTLVTIVSS 380
sequetice '

buCANS4AG2 K, FR1 Axtificial DVVMTQTPLTLPVTLGOQPABISCTSS 381

. sequence

huCAN3I4G2 K, FRZ Artificial LNWLLORPGOSPKRLIL 382
sequence

huCANS4G2 K., FR3 Artificial KLDSGVPDRFSGSGSGTDFTLKISRVEAEDVGY 383
sequence YYC

huCANS4G2 K, FR4 Artificial FGGGTKVEIK 384
SeqUBIKe

huCAN34G2 1, FR1 Aruificial | QVQLOQOSGTEVRKKPGASVKVSCKAS 385
sequence !
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huCAN34G2 H, FR2 Artificial LOGWIRQAPGQGLEWIGD 386
sequence

ImCANS4G2 1L FR3 Artificial YYNERKFRGRVTLTADKSSNTAYMELSSLRSED 387
scquence TAVYFC

huCANS4G2 H, FR4 Artificial WGQGTLVTVES 388
SCQUENCT

rehuCANS4G2 K. FR1 Artificial DVVMTOTPLTLPVTLGQPASISCTSS 389
sequence

rehnCANS4G2 K., FR2 Artificial LNWLLOQRPGOSPKRLII ' 390
sequence

rehuCANS4G2 K, FR3 Artificial KLDSGVYPDRISGSGSGTDFTLKISRVEALDLGIY 391
SeqUeNIcE YC

rehuCANS4G2 K, FR4 Artificial FOGGTKVEIK 392
sequence

rehuCANS4G2 LI, FR1 Actificial OVOLOQSGTEVVKPGASVKISCKAS 393
sequence

rehuCANS4G2 I, FR2 Artificiat LGWIKQAPGQGLEWIGD 394
sequence

rebuCAN34G2 L PR3 Artificial YYNEKFKGKVTLTADKSSNTAYMEFSSLRSED 395
sequence TAVYFC )

rehunCANS4G2 11, FR4 Ariificial WOGQGTLVTVSS 396
sequence

cArCANS4G2 K, FR1 Artificial DVVMTQSPLSLPVTLGQPASISCRSS 397
sequence

cchCAN3Z4G2 K, FR2 Axtifteial LNWFQOQRPGOQSPRRLILY 398
SCQUCICC

cdrCANS4G2 K, I'R3 Artificial NRDSGVPDRISGSGSGTDFTLRKISRVEAEDVGVY 399
SCqUEence YYC

cdrCANS4G2 K. FR4 Axuficial FGGGTKVEIK 400
sequence

cdrCANS4G2 11, FR1 Artificial QVQLVOQSGAEVKKPGASVKVSCKAS 401
sequence )

cdrCANS4G2 I, FR2 Artificial MHWVRQAPGQGLEWMGI 402
sequence

cdrCAN34G2 H, FR3 Artificial SYAQKFQGRVIMTRIDTSTSTVYMELSSLRSED 403
SCUELICE TAVYYC

cdrCAN34G2 11, FR4 Artificial WGQGTLVTVSS 404
sequence

[1057] In one embodiment, an anti-filovirus antibody or antigen-binding portion thereof

is a humanized antibody of a murine anti-filovirus antibody. The humanized anti-filovirus
antibody or antigen-binding fragment thereof can comprise one or more CIDRs of a murine
anti-filovirus antibody and one or more human FRs. In one embodiment, the humanized anti-
filovirus antibody or antigen-binding fragment thereof comprises one or more CDRs of the
murine anti-filovirus antibody CAN30GS, CANS54G2, CAN30G2, CAN40G1, CAN3IOGI,
CAN30G3, or CAN30G4. In one embodiment, the humanized anti-filovirus antibody or
antigen-binding [ragment thereol compriscs one or more haman FRs from Table 2. ‘

[1058] In one embodiment, a humanized anti-filovirus antibody or antigen-binding
portion thereof comprises a light chain CDR1 comprising an amino acid sequence comprising

a sequence that has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%. 92%, 93%,
q . .
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94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid sequence of
SEQ ID NO: 6, 30, 54, 78, 102, 126, 150, 174 or 198; a light chain CDR2 comprising an
amino acid sequence comprising a sequence that has at least about 85%, 86%, 87%, 88%,
8§8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%. or 100% scquence
identity to an amino acid sequence of SEQ ID NO: 7, 31, 55, 79, 103, 127, 151, 175, or 199,
a light chain CDR3 comprising an amino acid sequence comprising a sequence that has at
least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%,
98%, 99%, or 100% sequence identity to an amino acid sequence of SEQ ID NO: §, 32, 56,
80, 104, 128, 152, 176, or 200; a heavy chain CDRI comprising an amino acid sequence
comprising a sequence that has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%., or 100% sequence identily to an amino acid
sequence of SEQ ID NQ: 18, 42, 66, 90, 114, 138, 162, 186, or 210; a heavy chain CDR2
comprising an amino acid sequence comprising a sequence that has at least about 85%, 86%,
8§7%. 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%. or 100%
sequence identity to an amino acid sequence of SEQ 1D NO: 19, 43, 67, 91, 115, 139, 163,
187, or 211; and/or a heavy chain CDR3 comprising an amino acid sequence comprising a
sequence that has at least about 83%., 86%, 87%, 88%, 8R8%, 89%, 90%. 91%, 92%, 93%,
94%. 95%, 96%, 97%, 98%, 99%, or 100% sequence 1dentity to an amino acid sequence of
SEQ ID NO: 20, 44, 68,92, 116, 140, 164, 188, or 212.
[1039] In one embodiment, a humanized anti-filovirus antibody or antigen-binding
portion thereol further comprises a light chain FR1 comprising an amino acid scquence
comprising a sequence that has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%,
92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%. or 100% sequence identity 10 an amino acid
sequence of SEQ I NO: 333, 341, 349, 357, 365, 373, 381, 389, or 397, a lght chain FR2
comprising an amino acid sequence comprising a sequence that has at least about 85%, 86%,
87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to an amino acid sequence of SEQ ID NO: 334, 342, 330, 338, 366, 374,
382, 390 or 398; a hght chain FR3 comprising an amino acid sequence comprising a
sequence that has at least about 85%. 88%, 87%, 8&%. 88%, B9%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid sequence of
SEQ I NO: 335, 343, 351, 359, 367, 375, 383, 391 or 399; a light chain FR4 comprising an
amino acid sequence comprising a sequence that has at least about 85%, 86%, 87%, 88%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%. 97%, 98%, 99%, or 100% secquence
identity to an amino acid sequence of SEQ 1D NO: 336, 344, 352, 360, 368, 376, 384, 392, or
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400; a heavy chain FR1 comprising an amino acid sequence comprising a sequence that has
at least aboutr 85%, 8656, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%., 95%, 96%,
7%, 98%, 99%, or 100% sequence identity to an amine acid sequence ol SEQ ID NOs: 337,
345, 353, 361, 369, 377, 385, 393, or 401; a heavy chain FR2 comprising an amino acid
sequence comprising a sequence that has at least about 85%, 86%, 87%, 88%, 88%. 89%,
0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an
amino acid sequence of SEQ ID NO: 338, 346, 334, 362, 370, 378, 386, 394, or 402; a heavy
chain FR3 comprising an amino acid sequence comprising a sequence that has at least about
85%, 86%. 87%, &8%, 88%, 89%, 90%, 91%, 92%, 93%, 94%., 35%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence of SEQ ID NQO: 339, 347, 355, 363,
371, 379, 387, 395 or 403; and/or a heavy chain FR4 comprising an amino acid sequence
comprising a sequence that has at least about 85%, 86%, 87%, 88%, 88%. $9%, 20%, 9
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% scquence identity to an amino acid
sequence of SEQ ID NQ: 340, 348, 356, 304, 372, 380, 388, 396, or 404.
[1068] In some embodiments, a humanized anti-filovirus antibody or antigen-binding
portion thereof comprises: a light chain CDR1, CDR2, and CDR3 comprising an amino acid
sequence that has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity o an amino acid sequence
comprising SEQ 1D NOs: 6, 7 and &, respectively; a heavy chain CDRI, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85%, 86%, 87%, 88%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an
amino aéid sequence comprising SEQ ID NOs: 18, 19 and 20, respectively; a light chain FR1,
FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%, 86%,
7%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to an amino acid sequence comprising SEQ ID NOs: 333, 334, 335 and
336, respectively; and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid
sequence that has at least about 85%, 86%, 87%, 88%. 88%. 89%, 90%, 9195, 92%, 93%,
94%, 95%, 96%, 97%, 98%. 99%, or 100% sequence identity o0 an amino acid sequence
comprising SEQ ID NOs: 337, 338, 339, and 340, respectively,
[1061] In another embodiment, a humanized anti-filovirus antibody comprises a light
chain CDRI, CDR2, and CDR3 comprising an amino acid sequence that has at least about
85%, 86%, 87%, 88%, 88%, 89%, 90%, S1%, 92%., 93%, 94%, 95%,. 96%, 97%, 98%., 99%,
or 100% sequence identity to an amino acid sequence comprising SEQ [D NOs: 30, 31, and

32, respectively; a heavy chain CDR1, CDR2, and CDR3 comprising an amino acid sequence
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that has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%., 94%, 95%,
6%, 97%, 98%, 99%, or 100% sequence identity to an amino acid sequence comprising
SEQ ID NOs: 42, 43, and 44, respectively; a light chain FR1, FR2, FR3, and FR4 comprising
an amino acid sequence that has at least about 85%, 86%, 87%, 8§8%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid
sequence e comprising SEQ ID NOs: 341, 342, 343, and 344, respectively; and a heavy chain
FR1, ‘FR?_, FR3. and FR4 comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%, 88%, 89%, 90%, 91%, o, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to an amino acid sequence comprising SEQ ID NOs: 345, 346, 347,
and 348, respectively,
[1062] In another embodiment, a humanized anti-{lovirus antibody comprises a light
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least about
85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence comprising SEQ ID NOs: 54, 55, and
506, respectively; a heavy chain CDR1, CDR2, and CDR3 comprising an amino acid sequence
that has at least about 83%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%., 94%, 95%,
6%, 97%, 98%, 99%, or 100% sequence identity to an amino acid sequence comprising
SEQ 1D NOs: 66, 67, and 68, respectively; a light chain FR1, FR2, FR3, and FR4 comprising
an amino acid sequence that has at least about 85%, 86%, &7%, R88%, 88%, §9%, 90%, 91%,
Y%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid
sequence comprising SEQ ID NOs: 349, 350, 351, and 352, respectively; and a heavy chain
FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to an amino acid sequence comprising SEQ 1D NOs: 353, 354, 355,
and 356, respectively.
[1063] In another embodiment, a humanized anti-filovirus antibody comprises a light
chain CDR1, CDR2Z, and CDR3 comprising an amino acid sequence that has at least about
853%., 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%. 99%,
or 100% sequence identity to an amino acid sequence comprising SEQ [D NOs: 78, 79 and
80, respectively; a heavy chain CDRI, CDR2, and CDR3 comprising an amino acid sequence
that has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, o, 98%, 99%, or 100% sequence identity to an amino acid sequence comprising
SEQ 1D NOs: 90, 91 and 92, respectively; a light chain FR1, FR2, FR3, and FR4 comprising
an amino acid sequence that has at least about 85%, 86%, 87%, 88%, 88%, 8§9%, 90%, 91%,
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92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid
sequence comprising SEQ ID NOs: 357, 358, 359 and 360, respectively; and a heavy chain
R1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to an amino acid sequence comprising SEQ ID NOs: 361, 362, 363,
and 364, respectively.
[L064] In another embodiment, a humanized anti-filovirus antibody comprises a light
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least about
85%, Ra%, B7%, 88%, 8%, 89%, 90%, 91%. 92%, 93%, 94%, 95%, 96%, 97%, 98%., 99%,
or 100% sequence identity to an amino acid sequence comprising SEQ 1D NQOs: 102, 103, and
104, respectively; a heavy chain CDRI, CDR2, and CDR3 comprising an amino acid
sequence that has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%.
94%., 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid sequence
comprising SEQ 1D NQOs: 114, 115, and 116, respectively; a light chain FR1, FR2, FR3, and
FR4 comprising an amino acid sequence that has at least about 85%, 86%, 87%, 88%, 88%,
89%, 90%, 919, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% scquence identity to
an amino acid sequence comprising SEQ ID NOs: 365, 366, 367, and 368, respectively; and a
heavy chain FR1, FR2, ¥R3, and FR4 comprising an amino acid sequence that has at least
about 85%, 86%, 87%, 8%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% sequence identity to an amino acid sequence comprising SEQ ID NOs: 369,
370, 371, and 372, respectively.
[L065] In another embodiment, a humanized anti-filovirus antibody comprises a light
chain CDRI, CDR2, and CDR3 comprising an amino acid sequence that has at least about
85%, 86%, 87%, 88%, 88%, 89%, Y0%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence comprising SEQ ID NOs: 126, 127,
and 128, respectively; a heavy chain CDRI1, CDR2, and CDR3 comprising an amino acid
sequence that has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%,
94%., 95%. 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid sequence
comprising SEQ [D NOs: 138, 139, and 140, respectively; a light chain FR1, FR2, FR3, and
FR4 comprising an amino acid sequence that has at least about 85%, 86%, §7%, 88%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to
an amino acid sequence comprising SEQ ID NOs: 373, 374, 375, and 376, respectively; and a
heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least

about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
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99%, or 100% sequence identity to an amino acid sequence comprising SEQ ID NOs: 377,
378, 379, and 380, respectively:
(1366} In another embod.iment, the humanized anti-filovirus antibody comprises a light
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least about
85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence comprising SEQ ID NQs: 150, 151,
and 152, respectively; a heavy chain CDR1, CDR2, and CDR3 comprising an amino acid
sequence that has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid sequence
comprising SEQ ID NOQOs: 162, 163, and 164, respectively; a light chain FR1, FR2, FR3, and
FR4 comprising an amino acid sequence that has at least about 85%, 86%, 87%, 88%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or 100% sequence identity to
an amino acid sequence comprising SEQ ID NOs: 381, 382, 383, and 384, respectively; and a
heavy chain FRI, FR2, FR3, and FR4 comprising an amino acid sequence that has at least
about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% sequence identity to an amino acid sequence comprising SEQ ID NOs: 385,
386, 387 and 388, respectively.
11067] In another embodiment, a humanized anti-filovirus antibody comprises a light
chain CDR1, CDR2, and CDR3 comprising an amino acid scquence that has at Jeast about
85%, 86%, 87%, 8B8%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence comprising SEQ 1D NOs: 174, 175,
and 176, respectively; a heavy chain CDR1, CDR2, and CDR3 comprising an amino acid
sequence that has at least about 8§5%, 86%, 87%. 88%, 88%, 89%. 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid sequence
comprising SEQ ID NOs: 186, 187, and 188, respectively; a light ¢chain FR1, FR2, FR3, and
FR4 comprising an amino acid sequence that has at least about 85%, 86%, 87%. 88%, 88%,
89%, B0%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or 100% sequence identity to
an amino acid sequence comprising SEQ 1D NOs: 389, 390, 391, and 392, respectively; and a
heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least
about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%,
99%, or 100% sequence identity to an amino acid sequence comprising SEQ 1D NOs: 393,
394, 395, and 396, respectively,
[1068] In another embodiment, a humanized anti-filovirus antibody comprises a light

chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least about
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85%, 86%%, 87%, 88%, 88%, 89%, 00%, 91%, 92%, 93% %o, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity o an amino acid sequence comprising SEQ 1D NOs: 198, 199 and
200, respectively; a heavy chain CDRI1, CDR2, and CDR3 comprising an amino acid
sequence that has at least about 85%, B6%, 87%, 889%,, 88%, 89%, 90%, 91%, 92%, 939%,
94%, 95%, 96%, 97%, 98%. 99%, or 100% sequence identity to an amino acid sequence
comprising SEQ [D NOs: 210, 211, and 212, respectively; a light chain FR1, FR2, FR3, and
FR4 comprising an amino acid sequence that has at least about 85%, 86%, 87%, 88%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to
an amino acid sequence comprising SEQ 1D NOs: 397, 398, 399, and 400,‘respectivcly; and a
heavy chain FR1, FR2, FR3, and FR4 comprising an ammo acid sequence that has at least
about 85%, 86%, §7%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99%, or 100% sequence identity to an amino acid sequence comprising SEQ ID NOs: 401,
402, 403 and 404, respectively.

[1069] In another embodiment, a humanized anti-filovirus antibody or antigen-binding
portion thereof comprises 2 VH comprising an amino acid sequence that has at least about
85%, 86%, 87%, 88%, 88%, 89%, 90%, %1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to SEQ ID NO: 14, 38, 62, 86, 110, 134, 158, 182, or 206, and/or
a VI comprising an amino acid sequence that has at least about 85%, 86%, 87%, 88%, %8%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to
SEQ 1D NO: 2, 26, 50, 74, 98, 122, 146, 170 or 194,

[1070] A humanized anti-filovirus antibody or antigen-binding portion thereof can
comprise a VH comprising an amino acid sequence that has at least about 85%, 86%, 87%,
88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to SEQ ID NO: 14 and a VL comprising an amino acid sequence that has at
least about 85%, 86%, 87%., 88%, 88%, 9%, 90%, 91%, 92%,, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% scquence identity 10 SEQ ID NO: 2.

{1071} In some embodiments, a humanized anti-filovirus antibody or antigen-binding
portion thereof comprises a VH comprising an amino acid sequence that has at least about
85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 9R%, 99%,
or [00% sequence identity to SEQ 1D NO: 38 and a VL comprising an amino acid sequence
that has at least about 83%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%%, 95%,
96%, 97%, 98%:, 99%, or 100% sequence identity to SEQ 1D NO: 26.

[1072] In some embodiments, a humanized anti-filovirus antibody or anfigen-binding

portion thereof comprises a VII comprising an amino acid sequence that has at least about
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85%, 86%, B7%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to SEQ ID NO: 62 and a VL comprising an amino acid sequence
that has at least about 85%, 86%, 87%., 88%, 88%, 8%, 90%, 91%, 2%, 93%, 94%, 95%,
96%, 97%, 98%:, 99%, or 100%, sequence identity to SEQ ID NO: 50.

[1¥73] In some embodiments, a humanized anti-filovirus antibody or antigen-binding
portion thereol comprises a VH comprising an amino acid sequence that has at least about
5%, 86%%, R7%, 88%, 88%, 89%, 90%%, 91%, 92%, 93%, 94%. 95%. 96%, 97%, 98%, 99%,
or 100% sequence identity to SEQ ID NO: 86 and a VL comprising an amino acid sequence

that has at least about 85%, 86%, 87%, 8%, 88%. 89%, 90%, 91%. 92%, 93%, 94%, 95%
96%, 97%, 98%, 99%, or 100% sequence identity to SEQ ID NOQ: 74,
[1674] In some embodiments, a humanized anti-lilovirus antibody or antigen-binding
portion thereof comprises a VH comprising an amino acid sequence that has at least about
85%. 8G6%, 87%, 88%, 88%, 899%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%. 99%
or 100% sequence identity to SEQ ID NO: 110 and a VL comprising an amino acid sequence
that has at least about 85%, 86%, 87%, 88%;, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity to SEQ ID NQO: 98.
[1075] In some embodiments, a humanized anti-filovirus antibody or antigen-binding
portion thereol compriscs a VH comprising an amino acid scquence that has at least about
85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to SEQ ID NO: 134 and a VL comprising an amino acid sequence
that has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%. 91%, 92%, 93%., 94%, 95%,
96%, 97%, 98%., 99%, or 100% sequence identity to SEQ ID NO: 122,
[10786] In some embodimenis, a humanized anti-filovirus aniibody or antigen-binding
poﬂiion thereof comprises a VI comprising an amino acid sequence that has at least about
5%, 86%, 87%, 889%, 88%, 85%, 00%, 91%, 92%, 93%. 94%, 95%, 96%,, 97%, 98%, 99%,
or 100% sequence identity to SEQ ID NO: 158 and a VL comprising an amino acid sequence
that has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity io SEQ 1D NO: 146.
(o7 In some embodiments, a hwmanized anti-filovires antibody or antigen-binding
portion thereof compriscs a VH comprising an amino acid sequence that has at least about
85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to SEQ ID NO: 182 and a VL comprising an amino acid sequence
that has at least sbout 85%, 86%, 87%, 88%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, H7%, 98%, 99%, or 100% sequence identity to SEQ ID NO: 170,
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[1678) In some embodiments, a humanized anti-filovirus antibody or antigen-binding
poﬂiicm thereof comprises a VH comprising an amino acid sequence that has at least about
%o, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%. 99%,
or 100% sequence identity to SEQ ID NO: 206 and a VL comprising an amino acid
sequence that has at least about §5%, 86%, 87%, 88%, 88%, 89%, 90%. 91%, 92%, 93%,
94%, 95%, 96%%, 97%, 98%, 99%, or 100% sequence identity to SEQ ID NO: 194,
[1079] In one embodiment, a humanized anti-filovirus antibody or antigen-binding
portion thereof comprises a light chain CDR1 comprising an amino acid sequence that has at
least about 85%, 86%, 87%, 88%, 8&8%, 89%, 90%, 91%. 92%. 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% sequence identity to an amino acid sequence encoded by a nucleotide
sequence of SEQ ID NO: 3, 27, 51, 75, 99, 123, 147, 171 or 195; a light chain CDR2
comprising an amino acid sequence comprising a sequence that has at least about 83%, 86%,
87%., 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ 1D
NO: 4, 28, 52, 76, 100, 124, 148, 172, or 196; a light chain CDR3 comprising an amino acid
sequence comprising a sequence that has at least about 85%, 86%, 87%, 889%, 88%, 89%.,
90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an
amino acid sequence encoded by a nucleotide sequence of SEQ ID NO: 5, 29, 53, 77, 101,
125, 149, 173, or 197; a heavy chain CDR1 comprising an amino acid sequence comprising a
sequence that has at least about §5%, 86%. 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid sequence
encoded by a nucleotide sequence of SEQ ID NO: 15, 39, 63, 87, 111, 135, 159, 183, or 207;
a heavy chain CDR2 comprising an amino acid sequence comprising a sequence that has at
lcast about 85%, 86%, 87%, 88%, 88%. 89%, 90%, 91%, 92%. 93%. 94%., 95%. 96%. 97%,
98%, 99%, or 100% scquence identity to an amino acid sequence encoded by a nucleotide
sequence of SEQ ID NO: 16, 40, 64, 88, 112, 136, 160, 184, or 208; and/or a heavy chain
CDR3 comprising an amino acid sequence comprising a sequence that has at least about
85%, 86%, B7%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ D NO: 17,41, 65,89, 113, 137, 161, 185 or 209.
[1080] [n one embodiment, a humanized anti-filovirus antibody or antigen-binding
portion thereof further comprises a light chain FR1 comprising an amino acid sequence
comprising a sequence that has at least about 85%, 86%, 87%, 88%, 88° /07 9%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence idemity to an amino acid
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sequence encoded by a nucleotide sequence of SEQ ID NO: 9, 33, 57, 81, 105, 129, 153, 177,
or 201; a light chain FR2 c-omprising an ammno acid sequence c-on')pr.isi:n g a sequence that bas
at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%. 91%, 92%, 93%, 94%, 95%, 96%,
F7%, 98%, 99%. or 100% scquence identity to an amino acid scquence cneoded by a
nucleotide sequence of SEQ ID NO: 10, 34, 58, 82, 106, 130, 154, 178, or 202; a light chain
FR3 comprising an amino acid sequence comprising a sequence that has at least about 85%,
86%, 87%, 88%, 88%, 89%, 90%, $1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%. or
100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ
ID NO: 11, 35, 59, 83, 107 131, 155, 179 or 203; a light chain FR4 comprising an amino acid
sequence comprising a sequence that has at least about 85%, 86%, 87%, 88%, 88%, 89%,
90%, 91%, 92%, 93%, 4%, 95%, 96%, 97%, 98%. 99%. or 100% sequence identity to an
amino acid sequence encoded by a nucleotide sequence of SEQ ID NO: 12, 36, 60, 84, 108,
132, 156, 180 or 204; a heavy chain FR1 comprising an amino acid sequence comprising a
sequence that has at least about 85%, 86%, 87%. 88%, 88%, §9%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%., 99%, or 100% sequence identity to an amino acid sequence
encoded by a nucleotide sequence of SEQ ID NOs: 21, 45, 69, 93, 117, 141, 165, 189, or 213;
a heavy chain FR2 comprising an amino acid sequence comprising a seéquence that has at
least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,, 95%, 96%, 97%,
98%, 99%, or 100% sequence identity to an amino acid sequence encoded by a nucleotide
sequence of SEQ ID NO: 22, 46, 70, 94, 118, 142, 166, 190 or 214; a heavy chain FR3
comprising an amino acid sequence comprising a sequence that has at least about 85%, 86%,
7%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to an amino acid scquence encoded by a nucleotide sequence of SEQ ID
NO: 23, 47, 71, 95, 119, 143, 167, 191 or 215; and/or a heavy chain FR4 comprising an
amino acid sequence comprising a sequence that has at least about 85%, 86%, 87%, 88%,
88%, 89%, 90%, 91%, 92%, 939, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to an amino acid sequence encoded by a nucleotide sequence of SEQ ID NO: 24, 48,
72,96, 120, 144, 168, 192 or 216.

[1081] In some embodiments, a humanized anti-filovirus antibody or antigen-binding
portion thercof comprises: a light chain CDR1, C,‘DRE, and CDR3 comprising an amino acid
sequence that has at least about §5%, 86%, 87%, {8%, 88%. 89%, 90%, G1%, 92%, 93%,
94%, 95%, 96%. 97%. 98%, 99%, or 100% sequence identity to an amino acid sequence
encoded by a nucleotide sequence of SEQ ID NOs: 3, 4, and 3, respectively; a heavy chain

CDRI, CDR2, and CDR3 comprising an amino acid sequence that has at least about 85%,
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86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ
ID NOs: 15, 16, and 17, respectively; a light chain FR1, FR2, FR3, and FR4 comprising an
amino actd scquence that has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid
sequence encoded by a nucleotide sequence of SEQ ID NUs: 9, 10, 11, and 12, respectively;
and a heavy chain FR1, FR2, FRB, and FR4 comprising an amino acid sequence that has at
least about 85%, 86%, 87%, 8 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%. 99%, or 100% sequence 1dc‘ntity to an amino acid sequence encoded by a nucleotide
sequence of SEQ ID NOs: 21, 22, 23, and 24, respectively.

[1082] In another embodiment, a humanized anti-filovirus antibody comprises a light
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least about
5%, 86%, 87%, B8%, 88%, 89%, 90%., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NOs: 27, 28, and 29, respectively; a heavy chain CDRI, CDR2, and CDR3
comprising an amino acid sequence that has at Jeast about 859%, 86%, 87%, 88%, 8&8%%, 89%,

%o, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99%, or 100% sequence identity to an
amino acid scquence encoded by a nucleotide sequence of SEQ 1D NOs: 39, 40, and 41,
respectively; a light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that
has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 10% sequence ideniity to an amino acid sequence encoded by a
nucleotide sequence of SEQ ID NOs: 33, 34, 35, and 36, respectively; and a heavy chain
FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%, 88%, 8§9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ
1D NOs: 45, 46, 47 and 48, respectively.

{1083 In another embodiment, a bumanized anti-filovirus antibody comprises a light
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least about
85%, 86%0, 87%, 8B8%, 88%. 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NOs: 51, 52, and 53, respectively; a heavy chain CDRI1, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85%, 86%, 87%, 8§8%, 8%, 89%,

0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an

amino acid sequence encoded by a nucleotide sequence of SEQ 1D NOs: 63, 64, and 65,
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respectively; a light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that
has at least about 85%, 86%, 87%, 88%. 88%. 89%., 90%, 91%, 92%, 93%., 94%, 95%, 96%,
97%, 98%, 99%, or 100% sequence identity to an amino acid sequence encoded by a
nucleotide sequence of SEQ ID NOs: 57, 38, 59 and 60, respectively; and a heavy chain FR1,
FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%, 86%,
87%, 83%, B8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ ID
NOs: 69, 70, 71, and 72, respectively.
[1084] In another embodiment, a humanized anti-Hlovirus antibody comprises a light
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least about
85%, 86%, 87%. 88%, 88%, 89%, 90%, 91%, 92%, 93%, 934%, 95%, 36%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NOs: 75, 76, and 77, respectively; a heavy chain CDRI1, CDR2, and CDR3
comprising an amino acid sequence that has at Jeast about 85%,, 86%, 87%, 88%, 88%, 89%
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 8%, 99%, or 100% sequence identity to an
amino acid sequence encoded by a nucleotide sequence of SEQ ID NOs: 87, 88, and §9,
respectively; a light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that
has at Icast about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%., or 100% scquence identity to an amino acid sequence encoded by a
nucleotide sequence of SEQ ID NOs: 81, 82, 83, and 84, respectively; and a heavy chain
FRI, FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%. 94%, 95%, 96%. 97%, 98%, 99%, or
100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ
1D NQOs: 93, 94, 95, and 96, respectively.
[1085] In another embodiment, a humanized anti-filovirus antibody comprises a light
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least about
85%, 80%, 87%, 88%, 88%, 89%, 90%. 91%, 92%., 93%, 94%, 95%, 96%, 97%. 98%, 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NOs: 99, 100, and 101, respectively; a heavy chain CDR1, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85%, 86%, 87%, 88%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an
amino acid sequence encoded by a nucleotide sequence of SEQ ID NOs: 111, 112, and 113,
respectively; a light chain FR1, FR2, FR3, and FR4 comprising an amino acid scquence that

has at least about 85% 70, 86%, 8//0, RR%, RS%, 89% Sy 90% 70, ‘)l(yo, 92‘%), 93”/6, 940/0. 959%, 96“/0

55



WO 2016/131125 PCT/CA2016/000040

97%, 98%, 99%, or 100% sequence identity to an amino acid sequence encoded by a
nucleotide sequence of SEQ ID NQOs: 103, 106, 107, and 108, réspec-t.ively; and a heavy chamn
FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%,
86%, 87%., 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ
ID NOs: 117, 118, 119, and 120, respectively,
[1086] In another embodiment, a humanized anti-filovirus antibody comprises a light
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that bas at Jeast about
83%, BOY0, B7%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 35%. 96%, 97%., 98%., 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NOs: 123, 124 and 125,, respectively; a heavy chain CDR1, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85%, 86%, 87%, 88%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an
amino acid sequence encoded by a nucleotide sequence of SEQ ID NOs: 135, 136, and 137,
respectively; a light chain FR1, FR2, FR3, and FR4 comprising an amino. acid sequence that
has at least about §5%, 86%, §7%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%., or 100% sequence identity to an amino acid sequence encoded by a
nucleotide sequence of SEQ 11 NOs: 129, 130, 131, and 132, respectively; and a heavy chain
FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity 1o an amino acid sequence encoded by a nucleotide sequence of SEQ
ID NOs: 141, 142, 143, and 144, respectively.
[1087] In another embodiment, the humanized anti-filovirus antbody comprises a light
hain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at feast about
5%, 86%%5, 87%, 88%, 889%;, 89%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,

w ©n

or 100% scquence identity to an amino acid sequence encoded by a nucleotide scquence of
SEQ ID NOs: 147, 148 and 149, respectively; a heavy chain CDR1, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85%, 86%%, 87%, 88%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an
amino acid sequence encoded by a nucleotide sequence of SEQ ID NOs: 159, 160, and 161,
respectively; a light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that
has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%. 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% sequence identity to an amino acid sequence encoded by a

nucleotide sequence of SEQ ID NOs: 153, 154, 153, and 156, respectively; and a heavy chain
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FRI1, FR2Z, FRS, and FR4 comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%, 88%, §9%. 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%., 98%., 99%. or
100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ
ID NOs: 165, 166, 167, and 168, respectively.
[1088] In another embodiment, a humanized anti-[ilovirus antibody comprises a light
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least about
5%, 86%, R7%. 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%. 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NOs: 171, 172, and 173, respectively; a heavy chain CDRI, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85%, 86%, &7 %f, B8%, 8R%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity (o an
amino acid sequence encoded by a nucleotide sequence of SEQ ID NOs: 183, 184, and 185,
respectively; a light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that
has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% sequence identity to an amino acid sequence encoded by a
nucleotide sequence of SEQ ID NOs: 177, 178, 179 and 180, respectively; and a heavy chain
FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 979 %, 98%, 99%. or
100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ
ID NOs: 189, 190, 191, and 192, respectively.
[1089] In another embodiment, a humanized anti-filovirus antibody comprises a light
chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least about
5%, 86%, 87%, 88%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 9%%, 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NOs: 195, 196 and 197, respectively; a heavy chain CDRI, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85%, 86%, 87%, 88%, 88%, 89%,
90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an
amino acid sequence encoded by a nucleotide sequence of SEQ ID NOs: 207, 208, and 209,
respectively; a light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that
has at least about 85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
Y%, 98%, 99%, or 100% sequence identity to an amino acid sequence encoded by a
nucleotide sequence of SEQ ID NOs: 201, 202, 203 and 204, respectively; and a heavy chain
FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
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100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ
ID NOs: 213, 214, 215 and 216, respectively.

{1090) In another embodiment, a humanized anti-filovirus antibody or antigen-binding
portion thereofl comprises a VH comprising an amino acid sequence that has at least about
85%, 86%, 87%, 88%, 88%, 89%, 90%. 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NO: 13, 37, 61, 85, 109, 133, 157, 181, or 203; and/or a VL. comprising an amino
acid sequence that bas at least about 85%, 86%, 87%, 88%, 88%. R9%, 90%., 91%, 92%
93%. 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to an amino acid
sequence encoded by a nucleotide sequence of SEQ ID NO: 1, 25, 49, 73, 97, 121, 145, 169,
or 193,

[1091] A humanized anti-filovirus antibody or antigen-binding portion thereo! can
comprise a VH comprising an amino acid sequence that has at least about 85%, 86%. 87%,
88%, 88%, 89%. 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ 1D
NO: 13 and a VL comprising an amino acid sequence that has at least about 85%, 86%, 87%,
88%, 88%, 899, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or 100%
sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ (D
NO: 1.

[1092] In some embodiments, a humanized anti-filovirus antibody or antigen-binding
portion thercof comprises a VH comprising an amino acid sequence that has at least about
85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%%, 92%, 93%., 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ 1D NO: 37 and a VL comprising an amino acid sequence that has at least about 85%,
8§6%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99%, or
100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NG: 25,

[1093] In some embodiments, a humanized anti-filovirus antibody or antigen-binding
portion thereof comprises a VH comprising an amino acid sequence that has at least about
85%, 86%, 87%, 88%, 8§8%, 89%, 0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NO: 61 and a VL comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or

N
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100% sequence identity t0 an amino acid sequence encoded by a nucleotide sequence of
SEQ I NO: 49.

(1694} In some embodiments, 2 humanized anti-filovirus antibody or antigen-binding
portion thercof comprises a VH comprising an amino acid scquence that has at least about
8§5%, 86%, 8§7%, 88%, S8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ D NO: 85 and a VL comprising an amino acid ‘»Lquunu, that has at least about 85%,
86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NO: 73.

[1095] In some embodiments, a humanized anti-filovirus antibody or antigen-binding
portion thereof comprises a VH comprising an amino acid sequence that has at least about
85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% L 99%,,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ D NO: 109 and a VL comprising an amino acid sequence that has at least about 85%,
860/0, /n, 88%, 88% 70, 899/6, 90%, 9106, 929/0, 93‘?/:), C)4/0~ /0, 960/(), 970/0, 98%%, 990/?‘;_, or
100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of SEQ
[D NO: 97,

[1396] In some embodiments, a humanized anti-filovirus antibody or antigen-binding
portion thereol comprises a VH comprising an amino acid sequence that has at least about
85%, 86%, 87%, R8%, 88%, 8%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NO: 133 and a VL comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%., 88%, 89%, 90%, 91%, 92%., 93%. 94%, 95%, 96%. 97%, 98%, 99%, or
1009  sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NO: 121,

{1097} In some embodiments, a humanized anti-filovirus antibody or antigen-binding
portion thereof comprises a VH comprising an amino acid sequence that has at least about
85%, 86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 5%, 96%, 97%, 98%, 99%,
or 100% scqucncc identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NO: 157 and a VL comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%. 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of

SEQ ID NO: 145,
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[1098] In some embeodiments, a humanized anti-filovirus antibody or antigen-binding
portion thereofl comprises a VH comprising an amino acid sequence that has at least about
5%, 86%, 87%, B&%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% scquence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NO: 181 and a VL comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ ID NQO: 169,
[1099] In some embodiments, & humanized anti-flovirus antibody or antigen-binding
portion thereol comprises a VH comprising an amino acid sequence that has at least about
85%. 0%, 87%, 88%, 88%, 89%, 20%. G1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to an amino acid sequence encoded by a nucleotide sequence of
SEQ IID NO: 205 and a VL comprising an amino acid sequence that has at least about 85%,
86%, 87%, 88%, 88%. 89%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity f0 an amino acid sequence encoded by a nucleotide sequence ol
SEQ ID NO: 193.
[1100] Another aspeét of the present disclosure is a multispecific molecule comprising a
humanized anti-filovirus antibody or antigen-binding portion thercof disclosed herein. A
multispecific molecule has specificity for at least two different antigens or epitopes. While
such a molecule generally binds to two antigens (Z.e., bispecific molecule or antibody), the
term "multispecific molecule” in the present invention encompasses an anti-filovirus antibody
having specificity for two or more (such as three) antigens. A multispecific molecule
comprising an anti-{ilovirus antibody or antigen-binding portion thereol binds at least one
epitope of a filoviras. In some embodiments, the two or more antigens are {ilovirus antigens.
In some embodiments, the two or more antigens include an antigen that is not a {ilovirus
antigen,
{1101} A multispecific molecule may comprise a tull length antibody or a fragment of
such an aniibody. In one embodiment, the anti-filovirus antibody is a scFv dimer or diabody
rather than whole antibody. Diabodies and scFv can be constructed without an Fe region,
using only variable domains. DHabodies are bivalent, bispecific antibodies in which Vy and
Vi domains are expressed on a single polypeptide chain, but using a linker that is too short to
allow for pairing between the two domains on the same chain, thereby forcing the domains to

pair with complementary domains of another chain and creating two antigen binding sites.
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[1102] In one embodiment, the multivalent or multispecific anti-filovirus antibody
comprises two dimerized single chain polypeptides. For instance, in one embodunent, each
single chain polypeptide comprises, from amino to carboxy! terminus, a first binding domain
(e.g., sc¢Fv), an immunoglobulin hinge region, an immunoglobulin constant region (with or
without a CHI region), a c-terminus linker, and a second binding domain. The c-terminus
linker may comprise, for instance, an amine acid linker derived from an amino acid sequence
of an immunogiobulin hinge region (e.g., an immunoglobulin “core” hinge region) or an
amino acid sequence derived from a stalk region of a type II C lectin (e.g, NKG2A,
NKG2D). In one embodiment, the ¢-terminus linker comprises an amino acid sequence such
as (A4S)® or (GuS)’. The single chain polypeptide may also comprise a heterodimerization
domain so that each single chain polypeptide dimerizes with a different single chain
polypeptide such that a heterodimer is formed with up to four different binding domains,
[1103] The disclosure also includes nucleic acids {e.z., DNA or RNA) encoding an anti-
filovirus antibody or antigen-binding portion thereof described herein. Nucleic acids of the
disclosure include nucleic acids comprising a region that is substantially identical to a
polynucleotide as listed in Table 2. Nucleic acids of the disclosure also include
complementary nucleic acids. The nucleic acid sequences provided herein can be exploited
using codon optimization, degenerate sequence, silent mutations, and other DNA techniques
tc optimize expression in a particular host, and the present disclosure encompasses such
sequence modifications.

[1104] Nucleic acids encoding an anti-filovirus antibody or antigen-binding portion
thereof described herein can be propagated by placing the nucleic acids in a vector. The
choice of appropriate vector is well within the skill of the art. Many such vectors are
available commercially. A nucleie acid encoding an antibody or antigen-binding portion
thereof disclosed herein, a nucleie acid molecule encoding the polypeptide, operably linked to
regulatory scquences that control transcriptional expression In ap expression vector, is
introduced into a host cell. In addition to transcriptional regulatory sequences, such as
promoters and enhancers, expression vectors can include translational regulatory sequences
and a marker gene which is suitable for selection of cells that carry the expression vector.
The gene product encoded by a polynucleotide of the disclosure is cxpressed in any
convenient expression system, including, for example, bacterial, yeast, insect, amphibian and
mammalian systems.

[1105] The disclosure includes an expression vector comprising a nucleic acid segment,

wherein the nucleic acid segiment may comprise a nucleotide sequence with the following
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sequences: (a) SEQID NOs: 3,4, 5,9, 10, 11, 12, 15, 16,17, 21, 22, 23, and 24; (b) SEQ ID
NOs: 27, 28, 29, 33, 34, 35, 36, 39, 40, 41, 45, 46, 47, and 48; (¢) SEQ ID NOs: 51, 52, 53,
57, 58, 59, 60, 63, 64, 65, 69, 70, 71, and 72; (d) SEQ ID NOs: 75, 76, 77, 81, 82, 83, 84, 87,
88, 89, 93,94, 95, and 96; (¢) SEQ ID NOs: 99, 100, 101, 105, 106, 107, 108, 111, 112, 113,
117, 118, 119, and 120; (1) SEQ ID NOs: 123, 124, 125, 129, 130, 131, 132, 135, 136, 137,
141, 142, 143, and 144; (g) SEQ ID NOs: 147, 148, 149, 153, 154, 155, 156, 159, 160, 161,
1635, 166, 167, and 168; (h) SEQ ID NOs: 171, 172,173, 177, 178, 179, 180, 183, 184, 185,
189, 190, 191, and 192; (i) SEQ 1D NOs: 195, 196, 197, 201, 202, 203, 204 207, 208, 209,
213, 214, 215 and 216; a nucleotide sequence that has at least about 70%, 75%, 80%. 85%,
86%, 87%, 8%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%., 98%, 99%, or
100% sequence identity to one of the nucleotide sequences of (a)-(i); or a nucleotide
sequence encoding the same amino acids as one of the nucleotide sequences of (a)-(i).
[1106] In some embodiments, an expression veetor comprises a nucleotide sequence with
the following sequences: (a) SEQ ID NOs: 1 and 13; (b) SEQ ID NOs: 25 and 37; (¢) SEQ ID
NOs: 49 and 61; (d) SEQ 1D NOs: 73 and 85; () SEQ ID NOs: 97 and 109; (Y SEQ 1D NOs:
121 and 133; (g) SEQ ID NOs: 145 and 157; (h) SEQ 1D NOs: 169 and 181; (i) SEQ D NOs:
193 and 205; 4 nucleotide sequence that has at least about 70%, 75%, 80%, 85%, 86%, 87%,
8%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 935%, 96%, 97%, 98%, 99%, or 100%
sequence identity to one of the nucleotide sequences of (a)-(1); or a nucleotide sequence
encoding the same amino acids as one of the nucleotide sequences of (a)-(i).
[1107] Also provided herein is a host cell comprising an expression vector disclosed
herein. Accordingly, antibodies and antigen-binding portions thereof disclosed herein can be
produced in genetically engineered host cells according to conventional techniques. Suitable
host cells are those cell types that can be translormed or transfected with exogenous DNA
and grown in culture, and include bacterial, cukaryotic or mammalian cells, such as cultured
higher cukaryotic cells (including cultured cells of multicellular organisms), particularly
cultured mammalian cells. Cultured mammalian cells are suitable hosts for production of
recombinant proteins for use within the present disclosure. Examples of suitable mammalian
host cells include COS-1, COS-7, HEK293, BHK21, CHO, BSC-1, HepG2, SP2/0, Hela,
myeloma or lymphoma cell.  Other mammalian host cells include African green monkey
kidney cells (Vero; ATCC CRIL 1587), human embryonic kidney cells (293-T1EK; ATCC
CRL 1573), baby hamster kidney cells (BHK-21, BHK-570; ATCC CRL 8544, ATCC CRL
10314), canine kidney cells (MDCK; ATCC CCL 34), Chinese hamster ovary cells (CHO-
K1; ATCC CCL61; ClIO DG44; CIIO DXBI11 (Ilyclone, Logan, UT): see also, e.g.. Chasin
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et al., Som. Cell. Molec. Genet. 12:555, 1986)), rat pituitary cells (GH1; ATCC CCL82),
HeLa S3 cells (ATCC CCL2.2), rat hepatoma cells (H-4-11-E; ATCC CRL 1548) SV40-
transformed monkey kidney cells (COS-1; ATCC CRL 1650) and murine embryonic cells
(NIH-3T3; ATCC CRL 1658). Additional suitable cell lines arc known in the art and
available from public depositories such as the American Type Culture Collection, Manassas,
Virginia,

[1108] The present disclosure also provides a composition comprising an anti-filovirus
antibody or antigen-binding portion thereof and one or more other antibodies or antigen-
binding portions thercof, wherein the one or more other antibodies or antigen-binding
portions thereof binds a protein produced by a virus in the Filoviridae family. The one or
more other antibodies or antigen-binding portions thereof can bind a glycoprotein, such as GP
(e.g., GP1 or GP2). In some embodiments, the one or more other antibodies or antigen-
binding portions thereol binds Ebolavirus andior Marburgvirus, such as Zaire ebolavirus,
Sudan ebolavirus, Reston ebolavirus, Tai Forest ebolavirus, Bundibugvo ebolavirus, Cote
d’Ivoire ebolavirus, Marburg virus or Ravn virus, In some embodiments, the composition
further comprises a pharmaceutically acceptable carrier.

[1109] In some embodiments, a composition comprising an anti-tilovirus antibody or
antigen-binding portion thercol disclosed herein with another antibody or antigen-binding
portion thereof act synergistically when administered to a subject in need. As used herein,
“synergy” or a “synergistic” response refers to an activity or improvement (e.g., prevents
infection with a filovirus, prevents discase associated with a [Jlovirus infection, reduces the
number and/or severity of symptoms of a filovirus infection, stops or limits the spread of a
filovirus, and/or shortens the duration of a filovirus infection at a rate) that is grealer than the
sum of the effect of each therapy as a monotherapy. As can be appreciated by a skilled
artisan, synergy can be shown in vitro, ex vivo and in vivo.

{1110} As will be appreciated by one of skill in the art, the antibody or antigen-binding
portion thereof may be used in the preparation of a medicament or pharmaceutical
composition for administration (either therapeutic or prophylactic) to a subject in need of
such treatment. In these embodiments, the medicament or pharmaceutical composition is
prepared by mixing the antibody or antigen-binding portion thercol with a pharmaceutically
acceptable carrier. The resulting composition is pharmacologically acceptable il its
administration can be tolerated by a recipient patient. Accordingly, another aspect of the
present disclosure 1s a pharmaceutical composition comprising an anti-filovirus antibody or

antigen-binding portion thereof disclosed herein and a pharmaceutically acceptable carrier.
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The pharmaceutical composition can comprise a pharmaceutically acceptable carrier, diluent,
excipient, and/or other additives, such as water, a pharmaceutical acceptable organic solvent,
collagen, polyvinyl alcohol, polyvinylpyrrolidone, a  carboxyvinyl  polymer,
carboxymethyleellulose sodium, polyacrylic sodium, sodium alginate, water-soluble dextran,
carboxymethyl starch sodium, pectin, methyl cellulose, ethvl cellulose, xanthan gum, gum
Arabic, casein, gelatin, agar, diglycerin, glycerin, propylene glycol, polyethylene glycol,
Vaseline, paraffin, stearyl alcohol, stearic acid, human serum albumin (HSA), mannitol,
sorbitol, lactose, a pharmaceutically acceptable surfactant and the like. Additives used are
chosen from, but not limited to, the above or combinations thereof, as appropriate, depending
on the dosage form of the present invention.

[1111] Formulation of the composition will vary according to the route of administration
selected (e.g., solution, emulsion). An appropriate composition comprising the active agent
to be administered can be prepared in a physiologically acceptable vehicle or carrier. For
solutions or emulsions, suitable carriers include, for example, agqueous or alcoholic/aqueous
solutions, emulsions or suspensions, including saline and bulfered media. Parenteral vehicles
can include sodimum chloride solution, Ringer's dextrose, dextrose and sodium chloride,
lactated Ringer's or fixed oils. Intravenous vehicles can include various  additives,
preservatives, or fluid, nutrient or c].cétroiyic replenishers

(1112] The pharmaceutical compositions may be in the form of a sterile injectable
aqueous, oleaginous suspension, dispersions or sterile powders for the extemporaneous
preparation of sierile injectable solutions or dispersions. The suspension may be formulated
according to the known art using those suitable dispersing or wetting agents and suspending
agents which have been mentioned above. The sterile injectable preparation may also be a
sterile injectable solution or suspension in a non-toxic parenterally-acceptable diluent or
solvent, lTor example as a solution in 1,3-butane diol. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyethylene glycol, and the like), suitable mixtures thereof,
vegetable oils, Ringer's solution and isofonic sodium chloride solution. In addition, sterile,
fixed oils are conventionally employed as a solvent or suspending medium. For this purpose
any bland fixed oil may be eniployed including synthetic mono- or diglycerides. [n addition,
fatty acids such as oleic acid lind use in the preparation of injectables.

[1113] In all cases the form should be sterile and must be fluid to the extent that easy
syringability exists. The proper fluidity can be maintained, for example, by the use ol a

coating, such as lecithin, by the maintenance of the required particle size in the case of
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dispersion and by the use of surfactants. Tt must be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of
microorganisms, such as bacteria and fungi. The prevention of the action of microorganisms
can be brought about by various antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it will be
desirable to include isotonic agents, for example, sugars or sodium chloride. Prolonged
absorption of the injectable compositions can be brought about by the use in the compositions
of agents delaying absorption, for example, aluminum monostearate and gelatin.

(1114} Compositions useful for administration may be formulated with uptake or
absorption enhancers to increase their efficacy. Such enhancers include for example,
salicylate, glycocholate/linoleate, glycholate, aprotinin, bacitracin, SDS, caprate and the like.
See, eg., Fix (J. Pharm. Sci., 85:1282-1285, 1996) and Olivai and Stella (4nn. Rev.
Pharmacol. Toxicol., 32:521-544, 1993),

[1115] In some embodiments, the present disclosure provides methods for reducing,
preventing, or treating a filovirus infection in a subject in need thereol. In some
embodiments, a subject in need thereol includes a subject that has been infected with a
filovirus, is showing symptoms consistent with a filovirus infection, is exhibiting a filovirus
infection, is suspected of having a filovirus infection, or is at risk of developing a filovirus
infection. Thus, in some embodiments, provided herein is a method of treating a filovirus
infection or outbreak comprising administering a therapeutically or prophylactically effective
amount of an anti-filovirus antibody or antigen-binding portion thercofl to an individual in
need of such treatment. In some embodiments, the filovirus infection or outbreak is a
Marburgvirus infection. In other embodiments, the infection is an Ebolavirus infection.
[1116] In one aspect, the antibodics or antigen-binding portion thereof may be formulated
mnto a pharmaceutical product for providing treatment for individuals for filovirus infection,
comprising a therapeutically effective amount of said antibody or antigen-binding portion. In
some embodiments, an effective amount of the antibody or antigen-binding portion thereol
may be formulated into a pharmacentical product for trealing an individual who has been
infected with or exposed to a f{ilovirus, who is at risk ol a filovirus infection, or who is
displaying symptoms of a filovirus infection (e.g., 8 Marburgvirus or Ebolavirus infection).
A therapeutically effective amount can be determined by the skilled person. The
therapeutically effective dosage of the pharmaceutical composition can be determined readily

by the skilled artisan, for example, from animal studies. In addition, human clinical studies
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can be performed to determine the preferred effective dose for humans by a skilled artisan,
The precise dose to be employed will also depend on the route of administration.

[1117] In some embodiments, the antibodies and antigen-binding portions provided
herein may be administered via enteral (including without limitation oral administration and
rectal adminisiration) or parenteral (including without limitation intravenous administration,
intramuscular administration, and aerosol delivery) administration, Additional exemplary
appropriate methods for administration of the antibodies and antigen-binding fragments
provided herein include nasal, buccal, vaginal, ophthalmic, subcutaneous, intraperitoneal,
intraarterial, spinal, intrathecal, intra-articular, intra-arterial, sub-arachnoid, sublingual, oral
mucosal, bronchial, lymphatic, intra-uterine, integrated on an implantable device such as a
suture or in an implantable device such as an implantable polymer, intradural, intracortical, or
dermal. Such compositions would normally be administered as pharmaceutically acceptable
compositions as described herein. In some embodiments, the antibodies or antigen-binding
portions thereol may be administered to the subject once per day, or in multiple doses per
day. In one embodiment, the antibodies or antigen-binding portions thereof are administered
to the subject until symptoms improve or resolve and/or until the subject is no longer at risk
ol a filovirus infection,

[1118] As used herein, the term “subject” or “patient™ refers to any member of the
subphylum cordata, including, without limitation, humans and other primates, including non-
human primates such as chimpanzees and other apes and monkey species. Farm animals
such as caitle, sheep, pigs, goals and horses; domestic mammals such as dogs and cats;
laboratory animals including rodents such as mice, rats (including cotton rats) and guinea
pigs; birds, including domestic, .wild and game birds such as chickens, turkevs and other
gallinaceous birds, ducks, geese, and the like are also non-limiting examples. The terms
“mammals” and “animals” arc included in this definition. Both adult and newborn
individuals are intended to be covered. In particular, the methods and compositions provided
herein are methods and compositions for treating filovirus infections in human subjects.
{1119] [n general, it is desirable to provide the recipient with a dosage of antibody which
is in the range of from about 1 pg/kg body weight of individual w0 1 wkg body weight. It is of
note that many factors are involved in determining what s a therapeutically effective dose or
elfective amount such as, for example but by no means limited to, the patient’s age, weight,
sex and general condition. Effective amounts may also vary according to the quality of the

preparation and the scverity of the infection or outbreak. Accordingly, it is noted that one of
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skill in the art will be able to determine what constitutes an “effective amount” based on a
particular set of circumstances without undue experimentation.

[1120] | In some embodiments, the antibody or antigen-binding portion thereof is
“protective” or “ncutralizing” and accordingly on administration will hinder the spread of the
virus. In some embodiments, the antibodies and antigen-binding portions thereof provided
herein interfere either with viral attachment, entry and/or unpackaging once inside the cell.
Accordingly, in some embodiments, administering an effective amount to an individual in
need of such treatment will resuit in at least one of the following: reduced viral load,
reduction in severity of symptoms associated with the filovirus infection, and reduced or
slowed viral reproduction,

[1121] In other embodiments of the invention, the antibody or aniigen-binding portion
thereof described herein may be used in a method for detecting a filovirus (e.g.,
Marburgvirus or Ebolavirusy in a sample suspected of containing the filovirus. In other
embodiments, the antibody or antigen-binding portion thereof described herein may be used
in 4 method for diagnosing a filovirus infection. Such methods are well known in the art and
a wide varicty of suitable methods will be readily apparent (o one of skill in the art. Such
methods may involve contacting the sample to be investigated with the antibody or antigen-
binding [ragment thercol” under conditions suitable for binding, and then detecting the bound
antibody or fragment. The sample may be, for example, a biological sample, such as cells,
tissue, biological fluid or the like or may be an environmental sample such as a soil or water
sample or a food sample such as canned goods, meats and the like. Other suitable samples
will be readily apparent to one of skill in the art.

[1122]  As will be appreciated by one of skill in the art, detection antibodies must show
high specificity and avidity for their antigenic target. As such, showing that a monoclonal
antibody or antigen-binding fragment thereof reacts with the antigenic target derived [rom a
highly purified or in vitro prepared sample does not guarantce that the antibody has suflicient
specificity for use with biological sample. That is, the antibody must have suflicient
specificity that it will not produce false positives or react with antigens from related, viruses.
Examples of suitable tests for determining utility as a diagnostic or as a neutralizing mAb

include but are by no means limited to negative neutralization and/or negative detection of a

being detected thereby showing that the mAbs can be used to show that an immune response
to filovirus has occurred in patient/animal sera, meaning that they were exposed/infected

(abrogation of binding by human antibodies). Alternatively, biological material such as
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blood, mucus or stool with could be spiked or enriched with the virus and the monoclonal
antibodies used to detect added virus in the sample, which would in turn determine limits of
detection as well as other parameters of the monoclonal antibodies. Biological samples from
experimentally infected animals could also be used to determine the utility of the mAbs at
different stages of the infection cycle.

(1123} In some embodiments, at least one of the detection antibodies is mixed with a
biological sample under suitable conditions to promote binding of the at least one detection
antibody with the antigenic target if the antigenic target is present in the biological sample.
Binding ol the detection antibody to an antigenic target within the sample is then detected
using means known in the art, for example, by use of a labelled sécondary antibody or other
means discussed herein and/or known in the art.  In some embodiments, the detection
antibody (e.g., an anti-filovirus antibody disclosed herein) is labelled.

[1124) While various embodiments have been described above, it should be understood
that they have been presented by wayv of example, and not limitation. Where methods
described above indicate certain events occurring in certain order, the ordering ol certain
events can be modified. Additionally, certain of the events may be performed concurrently in
a parallel process when possible, as well as performed sequentially as described above.

[1125] All publications, patents and patent applications discussed and cited hercin are
incorporated herein by reference in their entirctics. It is understood that the disclosed
invention is not limited to the particular methodology, protocols and materials described as
these can vary. It is also understood that the terminology used herein is for the purposes of
describing particular embodiments only and is not intended to limit the scope of the present

invention which will be limited only by the appended claims.
EXAMPLES

[1126] The invention will be further clarified by the following examples, which are

intended to be purely exemplary of the invention and in no way limiting.

Example 1: V Gene Sequencing

[1127] V gene sequencing for CAN30GS was performed by {irst isolating RNA from the
CAN30GS parental hybridoma clonal cell line using the RNAeasy Mini Kit. A panel of
specific primers for each variable gene group was used to amplify the ¢cDNA in a single step

RT-PCR reaction to generate ¢cDNA encoding the heavy and light chain variable domains
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(VH and VL) of CAN30GS. The ¢DNAs were cloned and sequenced using standard
techniques. After sequencing and identification of the variable gene, subgf()up specific leader
primers were designed to remove potential mutations from degenerate primers in the original
primer panel to ensure sequence identity of the full variable gene sequence. The ¢cDNA
sequences encoding the VL and VH of CAN30GS are presented as SEQ D NO: 221 and
SEQ ID NO: 229, respectively, and the amino acid sequences are shown as SEQ 1D NQ: 222
and SEQ ID NO: 230. respectively. The amino acid sequences of the three light chain
complementarity determining regions LCDRI, LCDR2, and LCDR3 are presen ted as SEQ 1D
NO:226, SEQ ID NO: 227, and SEQ ID NO: 228, respectively, and the HCDR1, HCDR2,
and HCDR3 regions are presented as SEQ 1D NQO: 234, SEQ [D NO: 235, and SEQ ID NO:
236, respectively.

[1128] V gene sequencing for the CAN40GT parental hybridoma clonal cell line follows
the same procedure as described above for CAN30GS. The ¢DNA sequences encoding the
VL and VH of CAN40G1 are presented as SEQ ID NO: 269 and SEQ ID NO: 277,
respectively, and the amino acid sequences are shown as SEQ ID NO: 270 and SEQ ID NO:
278, respectively.  The amino acid sequences of the three light chain complementarity
determining regions LCDRI1, LCDR2, and LCDR3 are presented as SEQ 1D NO: 274, SEQ
ID NO: 275, and SEQ ID NQO: 276, respectively, and the HCDR1, HCDR2, and HCDR3
regions are presented as SEQ ID NO: 282, SEQ ID NO: 283, and SEQ ID NO: 284,
respectively,

[1129] V gene sequencing for the CANS4G2 parental hvbridoma elonal cell line follows
the same procedure as described above for CAN30GS. The ¢DNA sequences encoding the
VL and VH of CAN54G2 are presented as SEQ ID NO: 237 and SEQ ID NO: 245,
respectively, and the amino acid sequences are shown as SEQ ID NO: 238 and SEQ ID NO:
246, respectively.  The amino acid sequences of the three light chain complementarity
determining regions LCDRI, LCDR2, and LCDR3 are presented as SEQ 1D NO: 242, SEQ
D NO: 243, and SEQ D NO: 244, respectively, and the HCDR1, HCDR2, and HCDR3
regions are presented as SEQ ID NO: 250, SEQ ID NO: 251, and SEQ ID NO: 252,

respectively.

Example 2: Humanization of Murine Marbure mAh

[1130] Humanization of CAN30GS
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[1131] Human germline heavy and light chain variable domains with maximum identity
alignment with the murine sequences were identified in the NCBI databases for use as
identify acceptor frameworks, The human germline alleles selected were IGHV3-73-01/
IGHI4-01 (VH chain) and IGKV2-30-02/IGKJ2-02 (VK chain). These human germline
alleles were identified as best matching and used as an acceptor {ramework for grafting the
CDRs. All 6 CDRs (SEQ ID NOs: 63-65 and 51-53) corresponding to heaﬂ*y and light chains
were inserted o the human framework regions to encode complementarity determining
regions for heavy and light chains (SEQ ID NOs: 254-256 and 262-264). The cdrCAN30GS
VL and VH regions are presented as SEQ ID NOs: 49 and 30 (nucleotide and amino acid
sequences of ¢drCAN30GS VL) and SEQ D NQs: 61 and 62 (nucleotide and amino acid
sequences of ¢drCAN30GS VH).

[1132] Surface exposure and/or involvement in folding or interchain contacts were
determined and residues were changed or maintained based on thclsc determinations.
Antibodies huCAN30GS and rehuCAN30GS “Human engineered” were generated by
identifying the closest human germline allele for CAN30GS mAbs VH and Vk, individually,
These were then designed for use as acceptor {rameworks, resulting in the VH and VL
sequences of huCAN3OGS. These sequences are presented as SEQ D NOs: 1 and 2
(nucleotide and amino acid sequences of huCAN30GS VL, respectively) and SEQ ID NOs:
13 and 14 {nucleotide and amino acid sequences of huCAN30OGS V I:[,’rcspcctivciy}. The
rehuCAN9GT mAb was further resurfaced by substitution{s) made on surface exposed amino
acids to correspond to the adopted human {rameworks without disruption of the CDRs. These
sequences are presented as SEQ D NOs: 25 and 26 (nucleotide and amino acid sequences of
rehuCAN30GS VL) and SEQ ID NOs: 37 and 38 (nucleotide and amino acid sequences of
rehuCAN30GS VH).

[1133] Humanization of CAN40G1

[1134] The humanized IgG1/k versions of the CAN40G! murine mAb were created as
above for CAN30GS. The human genmline alleles selected were IGHV1-2-02/ IGHI4-01 (VH
chain) and IGKV4-1-01/ IGKJ2-0 (VK chain). All 6 CDRs (SEQ ID NQs: 135-137 and 123-
125) corresponding to heavy and light chains were inserted into the human {Tamework
regions to encode complementarity determining regions for heavy and light chains (SEQ D
NOs: 138-140 and 126-128). The ¢drCAN40G1 VL and VH regions are presented as SEQ ID
NOs: 121 and 122 (nucleotide and amino acid sequences of cdrCAN40G1 VL) and SEQ 1D
NOs: 133 and 134 (nucleotide and amino acid sequences of c¢drCAN4OGl VIH). The

huCAN40G1 sequences are presented as SEQ ID NOs: 73 and 74 (nucleotide and amino acid
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sequences of huCAN40G! VL) and SEQ ID NOs: 85 and 86 (nucleotide and amino acid
sequences of huCAN40G1 VH). The rehuCAN40G1 sequences are presented as SEQ ID
NOs 97 and 98 (nucleotide and amino acid sequences of rehuCAN40G! VL) and SEQ 1D
NOs 109 and 110 (nucleotide and amino acid sequences of rehuCAN40G1 VH).

[1135] Humanization of CAN54G2

{1136] The humanized IgGl/k versions of the CANS54G2 murine mAb were created as
above for CAN30GS. The human germline alleles selected were IGHV1-46-01/ IGHJ4-01
(VH chain) and IGKV2-30-02/ 1GKJ2-02 (VK chain). All 6 CDRs (SEQ ID NOs: 207-209
and 195-197) corresponding to heavy and light chains were inserted into the human
framework regions to encode complementarity determining regions for heavy and light
chains (SEQ ID NOs: 66-68 and 54-36). The ¢cdrCANS54G2 VL and VH regions are presented
as SEQ ID NOs: 193 and 194 (nucleotide and amino acid sequences of ¢drCAN54G2 VL)
and SEQ ID NOs: 205 and 206 (nucleotide and amino acid sequences of ¢cdrCANS54G2 VH).
The buCAN54G2 sequences are presented as SEQ ID NOs: 145 and 146 (nucleotide and
amino acid sequences of huCANS54G2 VL) and SEQ ID NOs: 157 and 138 (nucleotide and
amino acid sequences of huCANS4G2 VII). The rehuCANS4G2 sequences are presented as
SEQ ID NOs: 169 and 170 (nucleotide and amino acid sequences of rehuCANS54G2 VL) and
SEQ ID NOs: 181 and 182 (nucleotide and amino acid sequences of rehuCANS4G2 VH).

Example 3: Transient Expression and Purification of Humanized Marburs mAbs

[1137] The VH and VL regions for the humanized Marburg mAbs described in Example
2 (cdrCAN30GS, huCAN30GS,  rebuCAN30GS,  cdrCAN40GI, heCAN40GI,
rehuCAN40GI, ¢drCANS54G2, huCANS4G2, and rehuCANS4G2) were cloned into vectors
for expression as full-sized humanized antibodies having human IgG constant regions. The
VH and VL regions of the parent murine antibody (CAN30GS, CAN40G1, and CAN54G2)
were also cloned into human constant region vectors for expression as mouse-human
chimeric antibodies,

[1138] Humanized Marburg mAbs were produced by transient transfections in 293F,
CHO-S or CHOKI1S-V cells. One day prior to transfection, 293F, CHO-S or CHOK1S8-V
cells were counted using a Haemocytometer in the presence of Trypan Blue, then passaged
into transfection medium (293F cells remained in FreeStyle 293 Expression medium; CHO
cells were translerred into DMEM/F12 supplemented with 10% FBS and L-Glutamine) at a

concentration of 6-8x10° cells/ml and incubated 24 hours at 37°C, 8% CO- and in 2 shaking
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incubator at 100 rpm.  Freestyle Max Transfection Agent was diluted 1/16 in Optimem
before being added to 312.5 pg of the appropriate DNA also diluted in Optimem.
DNA/Freestyle Max Transfection Agent mix was incubated at room temperature for 20
minutes and added to 250 x 10° cells in FreeStyle 293 Expression Medium (no DMSO) for
293F cells or DMEM/F12 + 10% FBS + 5 mM L-Ghutamine that had been treated for 3 hours
with 1% DMSO for CHO cells.

[1139] The culture was harvested after incubation at 37°C/5% C03/125 rpm in a shaking
incubator by centrifuging the culture at 1455 x g for 30 minutes, removing the supernatant
and filtering it through a 0.22 uM bottle top filter. The supernatant was concentrated by spin
cell concentrator equipped with a 50 kDa membrane to a final volume of ~100 mL. The
concentraled supematant was purified by Protein G purification on the FPLC or by using
Protein G GraviTrap columns (manual purification system), The purified sample was butfer
exchanged by spin-cell concentrator equipped with a 50 kDa membrane into D-PBS and
concentrated down to a final volume of 1-2 mL. The final protein concentration was

determined by BCA using the Pierce BCA Kit.

Example 4: Screening of Humeanized Marbure mAbs

[1140] An BLISA was performed to test the binding ol the humanized Marburg mAbs
described in Example 3 against multiple strains of Marburg GP (Musoke, Ravn or Angola) or
derivatives thereof (GPe. GP ectodomain; GPeAmuc, GPe with mucin domain removed;
GPeAmucAtm, GPe with both mucin and transmembrane domains removed) and to determine
il they are cross-reactive to various strains of Ebola virus (EBOV) GP or derivatives thereof
(GPe, GPeAmuc, GPeAmucAtm). The ELISA plate was coated with 200ng/well of antigen.
The wells were blocked with 5% skim milk then probed with 60 pl sen'alfyv diluted humanized
mADbs starting at (17.0ug/mL to 2.1ug/mL). After washing plates, binding was detected with
commmercial goat anti-human HRP conjugate antibody. Where appropriate, development and
detection were carried out with anti-murine HRP-conjugated secondary Abs at the
appropriate dilution for positive confrols, murine mAbs, and negative (IgG Control mAD)
controls were also run. The plate was read at 405nm after minimum 15 minutes incubation at
room temperature (RT) with ABTS substrate.

[1141] . Results: huCAN30GS, huCAN40G1 and huCANS54G2 were tested for binding
by ELISA to MARYV Ravn, MARV Angola and MARV Musoke GPe, along with the murine
versions (MuCAN30GS, muCAN40G1 and muCANS54G2). Table 3 lists the ELISA results in
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table form. The results show both murine and humanized versions of CAN40G1, and
CANS4G2 bind and recognize all of the MARV GPe’s. Murine and humanized versions of

CAN30GS bind and recognize only the MARV Ravn GPe,

Table 3. ELISA Results of anti-MARV humanized and murine mAbs vs. MARV

Glycoproteins
Glycoprotein
{GP} mAb @ 2Zug/mlL OD4os @ 30 min
muCAN30GS 0.160
huCAN30GS 2.740
muCAN40G1 0.504
MARVY Ravn huCAN40G1 2.753
muCANS54G2 0.160
huCAN54G2 0.830
lgG Neg Control {murineg} 0.049
1gG Neg Control (human) 0.052
muCAN40G1 0.857
huCAN40G1 3.825
MARVY Angola muCAN54G2 0.150
huCAN54G2 0.502
IgG Neg Control {murine) 0.047
1gG Neg Control (human} 0.054
muCANA4DGL 0.536
huCAN4QOG1 2.735
MARV Musoke muCANS4G2 0.185
huCAN54G2 0.908
1gG Neg Control {murine) 0.049
lgG Neg Control (human} 0.056

Example 5. Western Blots of Humanized Mavbure mAbs

[1142] A 4-12% gradient SDS-PAGE gel 1s run for 1.5 hours at 200 volis with a
combination of MARYV and EBOV GP proteins. The gel is then transferred to a nitrocellulose
membrane for a minimum of 1 hour at 45 volts. The membrane is blocked overnight at 4°C
with 5% skim milk in IxTBST. The next day the humanized Ebola mAbs (1°Ab) described in
Example 3 are diluted in 2.5% skim milk in IxTBST at concentrations ranging from 2 ug/mL
to 5 wug/ml. depending on the antibody and used to probe the membrane containing the

transferred proteins for 2 hours at room temperature (RT). The membranes are then washed
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with IxTBST to remove unbound 1°Ab and probed with anti-human IgG-HRP (2°Ab) at a
dilution of 1:4000 to 1:5000 for 1.5 hours at RT. Where appropriate, development and
detection are carried out with anti-murine HRP-conjugated secondary Abs at the appropriate

dilution for controls.

Example 6: Pseudovirus Neutralization Assay

[1143] The humanized Marburg mAbs described in Example 3 are tested for
neutralization of recombinant Vesicular stomatitis virus (VSV) pseudotyped with MARV GP.
VSV pseundovirions containing a GFP gene in place of the VSV G gene (VSVAG) and
bearing the glycoprotein of MARYV are generated as previously described (Takeda, A. et al.
Proc WNatl Acad Sci USA, 1997. 94(26): 14764-14769). Experiments are performed in
triplicate with VSVAG bearing either full-length MARV GP (VSVAG-GP) or mucin-deleted
A257-425 GP (VSVAG-GPAmuc). Pseudovirions are incubated with anti-VSV G mAb for 1
hour at RT, then incubated with 2.5, 10 or 50 pg/mL of each humanized Marburg mAb in
DMEM-10%FBS for an additional hour. Pseudovirion/mAb complexes are added to Vero
cells at a multiplicity of infection (MOI) of 0.01. After 48 hours, infection was evaluated by

counting GFP-expressing cells.

Example 7: Mouse in vivo Protection Experiments

[1144] All procedures with infectious marburgviruses are performed in biosafety level 4
facilities under IACUC-approved protocols. One hour pre- or post-exposure, BALB/c mice
are treated intraperitonecally (IP) with purificd humanized Ebola mAbs described in Example
3, non-relevant IgG, or PBS alone. The mice are then challenged 1P with 1000 plaque-
forming units (p.fu.) mousc-adapted MARV. Mice are monitored for clinical signs of
infections for 28 days post-exposurc at which point the study ends and the mice are

euthanized.
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What is claimed is:

1. An isolated antibody or antigen-binding portion thercol that binds to a filovirus, wherein
the antibody or antigen~binding portion thereof comprises:
a) a light chain CDR! comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence comprising SEQ 1D NO: 6, 78, or 15{;
by a light chain CDR2 comprising an amino acid sequence that has at léast about 85%
sequence identity to an amino acid sequence comprising SEQ ID NO: 7, 79, or 151;
¢} a light chain CDR3 comprising an amine acid sequence that has at least about 85%
sequence identity to an amino acid sequence comprising SEQ ID NO: 8, 80 or 152,
d) abeavy chain CDRI1 comprising an amino acid sequence that has at least about 85%

sequence identity to an amino acid sequence comprising SEQ [D NO: 18, 90, or 162;

0,
—

a heavy chain CDR2 comprising an amino acid sequence that has at least about 85%

sequence identity to an amino acid sequence comprising SEQ ID NO: 19, 91, or 163;

f) aheavy chain CDR3 comprising an amino acid sequence that has at Jeast about 85%
sequence identity to an amino acid sequence comprising SEQ ID NQ:; 20, 92, and 164,

g} alight chain FR1 comprising an amino acid sequence that has at least about 85%
sequence wdentity to an amino acid sequence ¢ comprising SEQ ID NO: 333, 349, 357,
373, or 381;

h) alight chain FR2 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence comprising SEQ ID NO: 334, 342, 330,
358,374, 382,

i} a light chain FR3 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence comprising SEQ 1D NO: 335, 343, 351,
359,367, 375, 383, or 391;

j) alight chain FR4 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence comprising SEQ D NO: 336, 344, 360,
368, or 376;

k) aheavy chain FR1 comprising an amino acid sequence that has at least about 83%
sequence identity to an amino acid sequence comprising SEQ D NOs: 337, 361, 369,
377,385, or 393;

1) aheavy chain FR2 comprising an amino acid sequence that has at least about 85%

sequence identity to an amino acid sequence comprising SEQ ID NO: 338, 346, 354,

362,378, 3846, 394, or 402,
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m) a heavy chain FR3 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence comprising SEQ ID NO: 339, 347, 335,
363,371, 379, 387, 395 or 403; and,

n) a heavy chain FR4 comprising an amino acid sequence that has at least about 85%

sequence identity to an amino acid sequence comprising SEQ 1D NO: 340 or 372.

2. The isolated antibody or antigen-binding portion thereofl of ¢laim 1, wherein the antibody
or antigen-binding portion thereof comprises:

a} a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence comprising SEQ 1D
NOs: 6, 7 and §, respectively; a heavy chain CDR1, CDR2, and CDR3 comprising an
amino acid sequence that has at least about 85% sequence identity to an amino acid
sequence comprising SEQ ID NOs: 18, 19 and 20, respectively; a light chain FR1,
FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence comprising SEQ 1D NQs: 333, 334, 335
and 336, respectively; and a heavy chain FR1, FR2, FR3, and FR4 comprising an
amine acid sequence that has at least about 85% sequence identity to an amino acid
sequence comprising SEQ 1D NOs: 337, 338, 339, and 340, respectively;

b) a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about §5% sequence identity to an amino acid sequence comprising SEQ 1D
NOs: 30, 31, and 32, respectively; a heavy chain CDR1, CDR2, and CDR3
comprising an amino acid sequence that has at least about 83% sequence identity to
an amino acid sequence comprising SEQ 1D NQOs: 42, 43, and 44, respectively: a
light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that bas at
least about 85% scquence identity to an amino acid sequence e comprising SEQ D
NOs: 341, 342, 343, and 344, respectively: and a heavy chain FRI, FR2, FR3, and
FR4 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence comprising SEQ 1D NOs: 345, 346, 347, and 348,
respectively;

¢) a light chain CDRI, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence comprising SEQ D
NOs: 54, 55, and 56, respectively: a heavy chain CDR1, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85% sequence identity to

an amino acid sequence comprising SEQ [D NQOs: 66, 67, and 68, respectively; a
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light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence comprising SEQ ID
NOs: 349, 350, 351, and 352, respectively; and a heavy chain FR1, FR2, FR3, and
FR4 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence comprising SEQ 1D NOs: 353, 354, 355, and 356,
respectively;

d) a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence comprising SEQ ID
NOs: 78, 79 and 80), respectively; a heavy chain CDR1, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85% sequence identity to
an amino acid sequence comprising SEQ 1D NOs: 90, 91 and 92, respectively; a light
chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at least
about 85% sequence identity to an amino acid sequence comprising SEQ ID NOs:
357, 358, 359 and 360, respectively; and a heavy chain FR1, FR2, FR3, and FR4
comprising an amino acid sequence that has at least about 85% sequence identity to
an amino acid sequence comprising SEQ 1D NQs: 361, 362, 363, and 364,
respectively;

¢} a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence comprising SEQ 1D
NOs:102, 103, and 104, respectively; a heavy chain CDR1, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85% sequence identity to
an amino acid sequence comprising SEQ ID NOs: 114, 115, and 116, respectively; a
light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence comprising SEQ ID
NOs: 365, 366, 367, and 368, respectively; and a heavy chain FR1, FR2, FR3, and
FR4 comprising an samino acid sequence that has at least about 85% sequence
identity to an amino acid sequence comprising SEQ [D NOs: 369, 370, 371, and 372.
respectively;

) alight chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence comprising SEQ 1D
NOs: 126, 127, and 128, respectively; a heavy chain CDR1, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85% sequence identity to
an amino acid sequence comprising SEQ D NOs: 138, 139, and 140, respectively; a

light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at

77



WO 2016/131125 PCT/CA2016/000040

least about 85% sequence identity to an amino acid sequence comprising SEQ ID
NOs: 373, 374, 375, and 376, respectively; and a heavy chain FR1, FR2, FR3, and
FR4 comprising an amino acid sequence that has at least about 85% sequence
1dentity to an amino acid sequence comprising SEQ ID NOs: 377, 378, 379, and 380,
respectively;

g) a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence comprising SEQ 1D
NOs: 150, 151, and 152, respectively; a heavy chain CDRI, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85% sequence identity to
an amino acid sequence comprising SEQ ID NQOs: 162, 163, and 164, respectively; a
light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence comprising SEQ 1D
NOs: 381, 382, 383, and 384, respectively; and a heavy chain FR1, FR2, FR3, and
FR4 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence comprising SEQ ID NQOs: 385, 386. 387 and 388,
respectively;

h) a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence comprising SEQ ID
NOs: 174, 175, and 176, respectively; a heavy chain CDRI, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85% sequence identity to
an amino acid sequence comprising SEQ 1D NOs: 186, 187, and 188, respectively; a
light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence comprising SEQ ID
NOs: 389, 390, 391, and 392, respectively; and a heavy chain FRI, FR2, FR3, and
FR4 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid scquence comprising SEQ 1D NOs: 393, 394, 393, and 396,
respectively; or

1) alight chain CDRI, CDR2, and CDR3 comprising an amino acid sequence that has at
least about §5% sequence identity t an amino acid sequence comprising SEQ ID
NQOs: 195, 199 and 200, respectively; a heavy chain CDR1, CDR2, and CDR3
comprising an amino acid sequence that has at least about 85% SeduenC-e identity to
an amino acid sequence comprising SEQ 1D NOs: 210, 211, and 212, respectively; a
light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at

least about §5% sequence identity to an amino acid sequence comprising SEQ ID
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NOs: 397, 398, 399, and 400, respectively; and a heavy chain FR1, FR2, FR3, and
FR4 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence comprising SEQ 1D NQs: 401, 402, 403 and 404,

respectively.

3. An isolated antibody or antigen-binding portion thereo!l that binds to a filovirus, wherein
the antibody or antigen-binding portion thereof comprises:

a) a light chain CDR1 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ 1D NO: 3, 75, or 147;

b) alight chéin CDR2 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ [D NO: 4, 76, or 148;

¢) a light chain CDR3 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ 1D NO: §, 77, or 149;

d) a heavy chain CDRI1 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ 1D NOs: 15, 87, or 159;

¢) aheavy chain CDR2 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NOs: 16, 88, or 160;

f) aheavy chain CDR3 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NQO: 17, 89, or 161;

g} a light chain FR1 comprising an amino acid scquence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NO: 9, 57, 81, 129, or 153;

h) a light chain FR2 comprising an amino acid sequence that has at least about 85%
sequence 1dentity to an amino acid sequence encoeded by a nucleotide sequence
comprising SEQ 1D NO: 190, 34, 58, 82, 130, or 154, .

1) a light chain FR3 comprising an amine acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence

comprising SEQ ID NO: 11, 35, 59, 83, 107 131, 155, or 179;
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j} alight chain FR4 comprising an amino acid sequence that has at least about 83%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ 1D NO: 12, 36, 60, 84, 108, or 132;

k) aheavy chain FR1 comprising an amino acid sequence that has at least about 83%
sequence identity to an aminoe acid sequence encoded by a nucleotide sequence
comprising SEQ ID NOs: 21, 93, 117, 141, 165, or 189;

) & heavy chain FR2 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NQO: 22, 46, 70, 94, 142, 166, 1590 or 214;

m) a heavy chain FR3 comprising an amine acid sequence that has at least about 85%
sequence idenlity 1o an amino acid sequence encoded by a nucleotide sequence
comprising SEQ D NQOs: 23, 47, 71, 95, 119, 143, 167, 191 or 215; and,

n) aheavy chain FR4 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence

comprising SEQ 1D NOs: 24, 48, or 120,

4. The isolared antibody or antigen-binding portion thereof of ¢laim 3, whérein the antibody
or antigen-binding portion thercof comprises:

a) a light chain CDR1, CDR2, and CDR3 compfising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a nucleotide
sequence comprising SEQ ID NOs: 3, 4, and 5, respectively; a heavy chain CDR1,
CDR2, and CDR3 comprising an amino acid sequence that has at least about 85%
sequence idenlity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ 1D NOs: 15, 16, and 17, respectively; a light chain FR1, FR2, FR3,
and FR4 comprising an amino acid sequence that has at least about 85% sequence
identity to an amino acid sequence encoded by a nucleotide sequence comprising SEQ
D NOs: 9, 10, 11, and 12, respectively; and a heavy chain FR1, FR2, FR3, and FR4
comprising an amino acid sequence that has at least about 85% sequence identity to an
amino acid sequence encoded by a nucleotide sequence comprising SEQ D NOs: 21,
22, 23, and 24, respectively; v

by a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 27, 28, and 29, respectively; a heavy

chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at least
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about 85% sequence identity to an amino acid sequence encoded by a nucleotide
sequence comptrising SEQ ID NOs: 39, 40, and 41, respectively; a light chain FR1,
FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ 1D NOs: 33, 34, 35, and 36, respectively; and a heavy chain FR1,
FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NOs: 45, 46, 47 and 48, respectively;

¢} a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 51, 52, and 53, respectively; a heavy
chain CDRI, CDR2, and CDR3 comprising an amino acid sequence that has at least
about 85% sequence identity to an amine acid sequence encoded by a nucleotide
sequence comprising SEQ ID NOs: 63, 64, and 65, respectively; a light chain FR1,
FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nuecleotide sequence
comprising SEQ 1D NQOs: 57, 58, 59 and 60, respectively; and a heavy chain FR1,
FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NOs: 69, 70, 71, and 72, respectively;

d) a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ 1D NOs: 75, 76, and 77, respectively; a heavy
chain CDRI, CDR2, and CDR3 comprising an amino acid sequence that has at least
about 85% sequence identity to an amino acid sequence encoded by a nucleotide
sequence comprising SEQ ID NOs: 87, 88, and 89, respeciively; a light chain FR1,
FR2, FR3, and FR4 comprising an amino acid sequence that has at least about 85%
sequence idenfity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ 1D NOs: 81, 82, 83, and 84, respectively; and a heavy chain FR1,
FRZ, FR3, and FR4 comprising an amino acid sequence that has at least about 85%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ 1D NOs: 93, 94, 95, and 96, respectively;

¢} a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about §5% sequence identity to an amino acid sequence encoded by a
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nucleotide sequence comprising SEQ ID NOs: 99, 100, and 101, respectively: a
heavy chain CDRI1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 5% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 111, 112, and 113, respectively; a
light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 105, 106, 107, and 108, respectively;
and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that
has at least about 83% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 117, 118, 119, and 120, respectively;
Iy alight chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 123, 124 and 125, respectively; a
heavy chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 135, 136, and 137, respectively: a
fight chain FRI, FR2, FR3, and FR4 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 129, 130, 131, and 132, respectively;
and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that
has at Ieast about 85% sequence identily to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 141, 142, 143, and 144, respectively;
€) a light chain CDR 1, CDR2, and CDR3 comprising an amino acid sequence ihat has at
least about 85% scquence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ 1D NOs: 147, 148 and 149, respectively; a
heavy chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 159, 160, and 161, respectively; a
light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 153, 154, 155, and 156, respectively;
and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that
has at least about 85% sequence identity to an amino acid sequence encoded by a

nucleotide sequence comprising SEQ ID NOs: 163, 166, 167, and 168, respectively;
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h) a light chain CDR 1, CDR2, and CDR3 comprising an amino acid sequence that has at

least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 171, 172, and 173, respectively; a
heavy chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about §5% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 183, 184, and 185, ‘respective}y; a
light chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 177, 178, 179 and 180, respectively;
and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that
has at least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 189, 190, 191, and 192, respectively;

or

1) a light chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at

least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 195, 196 and 197, respectively; a
heavy chain CDR1, CDR2, and CDR3 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 207, 208, and 209, respectively; a
light chain FRI, FR2, FR3, and FR4 comprising an amino acid sequence that has at
least about 85% sequence identity to an amino acid sequence encoded by a
nucleotide sequence comprising SEQ ID NOs: 201, 202, 203 and 204, respectively;
and a heavy chain FR1, FR2, FR3, and FR4 comprising an amino acid sequence that
has at lcast about 85% sequence identity to an amino acid sequence encoded by a

nucleotide sequence comprising SEQ ID NOs: 213, 214, 215 and 216, respectively.

5. An 1solated antibody or antigen-binding portion thereof that binds to a filovirus, wherein

the antibody or antigen-binding portion thereol comprises:

a)

b)

a variable heavy chain comprising an amino acid sequence (hat has at least about 98%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NO: 13, 37, 61, 85, 109, 133, 157, 181, or 205; and

a variable light chain comprising an amino acid sequence that has at least about 98%
sequence identity to an amino acid sequence encoded by a nucleotide sequence

comprising SEQ ID NO: 1, 25,49, 73, 97, 121, 145, 169, or 193.
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6. The antibody or antigen-binding portion thereof of claim 5, wherein the antibody of

antigen-binding portion thereof comprises:

a)

b)

<)

d)

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NO: 13 and a variable light chain comprising an amino acid
sequence that has at least about 98% sequence identity to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ ID NO: 1;

a variable heavy chain comprising an amino acid sequence that has at least about
98% sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NO: 37 and a variable light chain comprising an amino acid
sequence that has at least about 98% sequence identity to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ 1D NO: 25;

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NQO: 61 and a variable light chain comprising an amino acid
sequence that has at least about 98% sequence identity to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ 1D NO: 49;

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NO: 85 and a variable light chain comprising an amino acid
sequence that has at least about 98% sequence identity to an amino acid sequence
encoded by a nucleoiide sequence comprising SEQ D NG: 73;

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NO: 109 and a variable light chain comprising an amino acid
sequence that has at least about 98% sequence identity to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ ID NO: 97;

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ 1D NO: 133 and a variable light chain comprising an amino acid
sequence that has at least about 98% sequence identity to an amino acid sequence

encoded by a nucleotide sequence comprising SEQ ID NO: 121;
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a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to an amineo acid sequence encoded by a nucleotide sequence
comprising SEQ ID NO: 157 and a variable light chain comprising an amino acid
sequence that has at least about 98% sequence identity to an amino acid sequence
encoded by a nucleotide sequence comprising SEQ ID NO: 145;

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NO: 181 and a variable light chain comprising an amino acid
sequence that has at least about 98% sequence identity to an amino acid sequence
encaded by a nucleotide sequence comprising SEQ ID NO: 169; or

a variable heavy chain comprising an amino acid sequence that has al least about 98%
sequence identity to an amino acid sequence encoded by a nucleotide sequence
comprising SEQ ID NG: 205 and a variable light chain comprising an amino acid
sequence that has at least about 98% sequence identity to an amino acid sequence

encoded by a nucleotide sequence comprising SEQ D NO: 193,

7. Anisolated antibody or antigen-binding portion thereof that binds to a filovirus, wherein

the antibody or antigen-binding portion thereol comprises:

a)

b)

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to SEQ 1D NO: 14, 38, 62, 86, 110, 134, 158, 182, or 206; and
a variable light chain comprising an amino acid sequence that has at least about 98%

sequence identity to SEQ ID NO: 2, 26, 50, 74, 98, 122, 146, 170 or 194,

8. The 1solated antibody or antigen-binding portion of ¢laim 7, wherein the antibody or

antigen-binding portion thereofl comprises:

)

b)

<)

a variable heavy chain comprising an amino acid sequence that has at lcast about 98%
sequence identity to SEQ [D NO: 14 and a variable light chain comprising an amino
acid sequence that has at least about 98% sequence identity to SEQ ID NO: 2;

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to SEQ [D NO: 38 and a variable light chain comprising an amino
acid sequence that has at least about 98% sequence identity to SEQ 1D NO: 26;

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to SEQ ID NO: 62 and a variable light chain com‘prising an amino

acid sequence that has at least about 98% sequence identity to SEQ ID NO: 50;
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d

h)

i)

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to SEQ ID NO: 86 and a variable light chain comprising an amino
acid sequence that has at least about 98% sequence identity to SEQ ID NO: 74;

¥
Qo

a variable heavy chain comprising an amino acid sequence that has at least about 989
sequence identity to SEQ ID NO: 110 and a variable light chain comprising an amino
acid sequence that has at least about 98% sequence identity to SEQ ID NO: 98;

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to SEQ ID NO: 134 and a variable light chain comprising an amino
acid sequence that has at least about 98% sequence identity to SEQ ID NO; 122,

& variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to SEQ ID NO: 158 and a variable light chain comprising an amino
acid sequence that has at least about 98% sequence identity to SEQ 1D NO: 146;

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to SEQ ID NO: 182 and a variable light chain comprising an amino
acid sequence that has at least about 98% sequence identity to SEQ 1D NO: 170; or

a variable heavy chain comprising an amino acid sequence that has at least about 98%
sequence identity to SEQ ID NQO: 206 and a variable light chain comprising an amino

acid sequence that has at least about 98% sequence identity to SEQ 11 NO: 194,
1 1 3

9. The isolated antibody or antigen-binding portion of claim 8, wherein the antibody or

antigen-binding portion thercol comprises:

a)

b)

d)

a variable heavy chain comprising an amino acid sequence comprising SEQ ID NO:
14 and a variable light chain comprising an amino acid sequence comprising SEQ 1D
NO: 2;

a variable heavy chain comprising an amino acid sequence comprising SEQ I NO:
38 and a variable light chain comprising an amino acid sequence comprising SEQ ID
NO: 26;

a variable heavy chain comprising an amino acid sequence comprising SEQ ID NO:
62 and a variable light chain comprising an amino acid sequence comprising SEQ 1D
NO: 50,

a variable heavy chain comprising an amino acid sequence comprising SEQ [D NO:
86 and a variable light chain comprising an amino acid sequence comprising SEQ ID

NQO: 74,
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€) a variable heavy chain comprising an amino acid sequence comprising SEQ TD NO:
110 and a variable light chain comprising an amino acid sequence comprising SEQ ID
NO: 98,

) avariable heavy chain comprising an amino acid sequence comprising SEQ ID NO:
134 and a variable light chain comprising an amino acid sequence comprising SEQ ID
NO: 122

g) a variable heavy chain comprising an amino acid sequence comprising SEQ 1D NO:
158 and a variable light chain comprising an amino acid sequence comprising SEQ ID
NO: 146;

h) a variable heavy chain comprising an amino acid sequence comprising SEQ ID NO:
182 and a variable light chain comprising an amino acid sequence comprising SEQ [D
NGO 170; or

1} a variable heavy chain comprising an amino acid sequence comprising SEQ ID NO:
206 and a variable light chain comprising an amino acid sequence Comprising SEQID

NO: 194,

10. The isolated antibody or antigen-binding portion thereof of any one of the preceding
claims, wherein the antibody or antigen-binding portion is sclected from the group consisting
of: (i) a whole immunoglobulin; (ii) an scFv; (iii) a Fab fragment; (iv) an Fab)2; and (v) a

disulfide linked Fv.

t1. The isolated antibody of antigen-binding portion thereof of any one of the preceding
claims, wherein the antibody or antigen-binding portion thereof binds to the GP subunit of

the filovirus.

12. The 130lated antibody or antigen-binding portion thercof of any one of the preceding
claims, wherein the antibody or antigen-binding portion thereof binds to the mucin domain of

the GP1 subunit of the (ilovirus.

13. The 1solated antibody or antigen-binding portion thereol of any one of the preceding
claims, wherein the antibody or antigen-binding portion thereof binds to the GP2 subunit of

the N1lovirus.
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14. The isolated antibody or antigen-binding portion thereof of any one ol the preceding
claims, wherein the antibody or antigen-binding portion thereof binds to the GP2 wing

subunit of the filovirus.

15. The isolated antibody or antigen-binding portion thereof of any one of the preceding
claims, wherein the antibody or antigen-binding portion thereof is cross-reactive to at least

two floviruses,

16. The isolated antibody of antigen-binding portion thereof of any one of the preceding

claims, wherein the [lovirus is Ebolavirus or Marburgvirus.

17. The isolated antibody of antigen-binding portion thereof of any one of the preceding
claims, wherein the filovirus is Zaire ebolavirus, Sudan ebolavirus, Reston ebolavirus, Tai

Forest ebolavirus, Cote d’fvoire ebolavirus or Bundibugyo ebolavirus.

18, A nucleic acid sequence encoding the antibody or antigen-binding portion thereof of any

one of ¢laims 1-17.

19. An expression vector comprising a promoter operably linked to a nucleotide sequence of

claim 18,

20. An expression vector comprising a nucleotide sequence with the following sequences:
a) SEQID NOs: 3,4,5,9,10, 11, 12, 15, 16, 17, 21, 22, 23, and 24;
b} SEQ ID NOs: 27, 28, 29, 33, 34, 35, 36, 39, 40, 41, 45, 46, 47, and 48;
¢} SEQ ID NOs: 51, 52, 53, 57, 38, 59, 60, 63, 64, 65, 69, 70, 71, and 72;

d) SEQ ID NOs: 75, 76, 77, 81, 82, 83, 84, 87, 88, 89, 93, 94, 95, and 96;

e) SEQ ID NOs: 99, 100, 101, 105, 106, 107, 108, 111, 112, 113, 117, 118, 119, and
1206,

D SEQID NOs: 123, 124, 125, 129, 130, 131, 132, 135, 136, 137, 141, 142, 143, and
144;

g) SEQ ID NOs: 147, 148, 149, 153, 154, 155, 156, 159, 160, 161, 165, 166, 167, and
168;

h) SEQ ID NOs: 171, 172, 173, 177, 178, 179, 180, 183, 184, 185, 189, 190, 191, and
192; or
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i) SEQ ID NOs: 195, 196, 197, 201, 202, 203, 204, 207, 208, 209, 213, 214, 215 and
216.

21. An expression vector comprising a nucleotide sequence with the following sequences:
a) SEQID NOs: [ and 13; '
b} SEQ ID NOs: 25 and 37;
¢} SEQID NOs: 49 and 61;
d)} SEQ ID NOs: 73 and 85;
e} SEQ ID NOs: 97 and 109;
f) SEQID NOsg: 121 and 133;
g) SEQ ID NQOs: 145 and 157;
h)y SEQID NOs: 169 and 181; or
1) SEQ ID NOs: 193 and 205.

22. A host cell comprising the expression vector of any one of ¢laims 19-21,
23. The host cell of claim 22, wherein the cell is a bacterial, eukaryotic or mammalian cell.

24. The host cell of claim 22 or 23, wherein the cell is COS-1, COS-7, HEK293, BHK 21,
CHO, BSC-1, HepG2, SP2/0, HeLy, myeloma or lymphoma cell.

25. A method of producing an antibody or antigen-binding portion thereof that binds to a
filovirus comprising:
a) culturing a host cell of any one of claims 22-24; and

b) recovering the antibody or antigen-binding portion thereof

26. A pharmaceutical composition comprising the antibody or antigen-binding portion

‘thereof of any one of claims 1-17 and a pharmaceutically acceplable carrier.

27. A composition comprising the antibody or antigen-binding portion thereofl of any one of
claims 1-17 and one or more other antibodies or antigen-binding portions thereof, wherein the
one or more other antibodies or antigen-binding portions thereof binds a protein produced by

a virus in the Filoviridae Tamily.
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28. The composition of claim 27, wherein the protein is a glycoprotein,

29. The composition of claim 27 or 28, wherein the virus is Eholavirus or Marburgvirus.

30. The composition of claim 29, wherein the virus is Zaire ebolavirus, Sudan ebolavirus,
Reston ebolavirus, Tai Forest ebolavirus, Bundibugyo ebolavirus, Cote d’Ivoirve ebolavirus,
Marburg virus or Ravn virus,

31. The composition of any one of claims 27-30, further comprising a pharmaceutically

acceptable carrier,

32. A method for ameliorating, treating or preventing a filovirus infection in a subject in
need thereof, the method comprising administering to the subject a therapeutically effective

amount of the antibody or antigen-binding portion thereof of any one of claims 1-17.

33. A method for ameliorating, treating or preventing a filovirus infection in a subject in
need thereof, the method comprising administering to the subject a therapeutically effective
amount of the composition of any onc of claims 26-31.

34. The method of claim 32 or 33, wherein the subject is a hunan.

35. A method for detecting Marburgvirus in a sample, the method comprising contacting the

sample with the antibody or antigen-binding portion thereof of any one of claims 1-13.

32. The method of claim 35, wherein the sample is a cell, tissue, or biological {luid from a

subject suspected of having or at risk of a filovirus infection.
33. An expression veclor comprising a nucleotide sequence selected from the group

consisting of SEQ ID NOs: 1, 13, 25, 37, 49, 61, 73, 85, 97, 109, 121, 133, 145, 157, 169,
181, 193, and 205.
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