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MARBURG MONGCLONAL ANTIBODIES

(001} This application claims priority to and benefit of U.S. Provisional Patent Application
Na. 51/941,807, filed on February 18, 2014 and of LJ.8. Provisional Patent Application No.
82/016.419, filed on June 24, 2014. The contents of both these applications are herein

incorperated by reference in their entirety.
COVERNMMENT LICENSE RIGHTS

[0G2]  This invention was mads in parl with government support under Grant No. 1 Rg1
AlQ82498-01 awarded by the National Institutes of Haalth {NIH). The Uniled States

government may have certain rights in the invention.
FIELD OF THE INVENTION

(803} The present invention relates to monocional antibodies and antigen-binding portions
of said antibodies that specifically bind to filoviruses. The invention encompasses nucleic
acid molecuies encoding such antibodies and antigen-binding portions and methods of using

and making such antibodies and portions.
BACKGROUND QF THE INVENTION

[004] Filoviruses are enveloped, negative-strand RNA viruses that can cause lethal
hemorrhiagic fever in both humans and non-human primates. The filoviridae family consists
of the major genera Ebolavirus and Marburgvirys. There are five known ebolaviruses (Ebcla
virus (EBQV), Sudan virus (SUDV), Reston virus (RESTV), Bundibugyo virus (BDBV) and
Tal Forest virus (TAFV)) and one marburgvirus, the eponymously named Marburg virus
(MARV). MARV can be further subdivided into different strains: Ci67, Musoke, Popp, Ravn,
which emerged in 1887 and caused one lethal ¢case, and Angola, which emerged in 2005
and caused a large cutbreak with 88% lethality (Bukreyev et al., 1895, Arch Virol,
140(9):1588-1600; Johnson et al., 1996. Arch Virol. 11:1G1-114; International Seciely for
Infectious Disgases. 2005. Marburg hemorrhagic fever — Angola, archive no.
20051108.5269. Brookling, Mass. [Online]). Of these, Ravn is the most divergent in its

glveeprolein sequence from the other strains.

[805] Filoviruses can cause sevars disease in both humans and non-human primates with
mortality rates up to 90%. The filovirus giycoprotein is responsible for altachment and entry
of both ebola- and marburgviruses, and is the key targel of the antibody response.

Relatively few monocional antibodias (mAbs) exist for Marburg virus.

{008] The filoviruses express a single glycoprotein protein (GP) on their surface. GRis

responsibie for attachment and entry of viruses intc target cells. GP is expressed as a
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pracursor that is cleaved by furin to yield two subunits: G 1, which contains the putative
receptor-binding region as well as a large heavily glycosyiated mucin domain, and GPZ,
which drives membrang fuston (Feldmann et al., 2001, J Gen Virol, §2(Pi2):2834-2848).

After cell entry by macropinocytosis, GP is cleaved by host cathepsins.

f007] No curative agent or vaccing is yet approved for use in humans against
marburgvirus. As such, there still exists a need o develop monoacional antibodies that
recagnize GPs of filoviruses (e.g, different strains of Marburg viruses and mambers of the

Ebolavirus genus) and thal may be used {o prevent or treat filoviras infection.
SUMMARY OF THE INVENTION

{6681 The invention encompasses monoclonal antibodies (and antigen-hinding portions
thereof} that bind to a filovirus. In some embodiments, a monocional antibody of the
invention, or an antigen-binding portion thereof, binds specifically to a filovirus and
comprises (i) an immunoglobulin light chain variable region comprising LCDR1, LCDRE, and
LCDR3, and (i) an immunoglobulin heavy chain variable region comprising HCDR1T,
HCDR2, and HCDR3, wherein (a) the LCDR1, LCDR2 and LCDR3 comprise the amino acid
sequencas set forth in SEQ 1D NOs: 6, 7 and 8, respectively, and the HCDR1, HCDRZ, and
HCDR3 comprise the aminc acid sequences set forth in SEQ ID NOs: 18, 19 and 20,
respectively; (b) the LCDR1, LCDRZ and LCDR3 comprise the amino acid sequences set
forth in SEQ 1D NOs: 30, 31 and 32, respectively, and the HCDR1, HCDR2, and HCDR3
comprise the amino acid sequences set forth in SEQ 1D NOs: 42, 43 and 44, respectively; or
(c) the LCDR1, LCDRZ and LCDR3 comprise the amino acid sequences set forth in SEQ 1D
NQs: 54, 85 and 56, respectively, and the HCDR1, HCDR2, and HCDR3 comprisg the
amino acid sequences set forth in SEQ 1D NOs: 66, 67 and 68, respactively, (d) the LCDRA1,
LCDR2 and LCDR3 comprise the amino acid sequences set forth in SEQ ID NOs: 78,78
and 80, respectively, and the HCDR1, HCDRZ, and HCDR3 comprise the amino adid
sequences set forth in SEQ (D NOs: 90, 91 and 92, respectivaly, (e) the LCDR1, LCDR2 and
LCDR3 comprise the amino acid sequences set forth in SEQ 1D NOs: 102, 103 and 104,
respectivaly, and the HCDR1, HCDR2, and HCDRJ comprise the amino acid sequences set
forth in SEQ 1D NOs: 114, 115 and 116, respectively, (T} the LCDR1, LCDRZ and LCDR3J
comprise the amino acid sequences set forth in SEQ D NOs: 128, 127 and 128,
respectively, and the HCDR1, HCDRZ2, and HCDR3 comprise the amino acid sequences set
forth in SEQ D NQOs: 138, 139 and 140, respectively, or (g) the LCDR1, LCDRZ and LCDR3
comprise the amino acid sequences set forth in SEQ D NGs: 150, 151 and 152,
respectively, and the HCDR1, HCDRZ2, and HCDR3 comprise the amino acid seguences set

forth in SEQ 1D NOs: 162, 163 and 164, respectively.
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[8081 In ceriain embodiments, the immunoglobulin light chain variable region of a
monocional antibody or antigen-binding portion comprises an amino acid sequence selected
from the group consisting of SEQ 1D NO:2, SEQ 1D NQ:28, SEQ ID NO:B0, SEQ D NG74,
SEQ 1D NO:G8, SEQ 1D NO:122, and SEQ 1D NO:146. In some embadimants, the
immunoglobulin heavy chain variable region of a monoclonal antibody or antigen-binding
porticn comprises an aming acid seqguence selected from the group consisting of SEG 1D
NO:14, SEQ 1D NO:38, SEQ 1D NO:g2, SEQ D NO:86, SEQ 1D NO:110, SEQ 1D NO:134,
and SECQ D NO:158.

[0016] The invention encompasses a mongclonal antibody or antigen-binding portion thereof
wherein (a) the immunoglebulin light chain variable region comprises the amino acid
sequence set forth in SEQ D NO:2 and the immunoglobulin heavy chain variable region
comprises the amine acld seguence set forth in SEQ 1D NO:14; (b) the immunoglobubin light
chain variable region comprises the aming acid sequance set forth in SEQ 1D NO26 and the
immunoglobulin heavy chain variable region comprises the amino acid sequence set forth in
SEQ 1D NO:38; (¢) the immunogiobulin light chain variabie region comprises the amino acid
sequence set forth in SEQ 1D NO:5C and the immunoglobulin heavy chain variable region
comprises the aming acid sequence set forth in SEQ (D NO:62; (d) the immunogicbulin light
chain variable region comprises the amino acid sequence set forth in SEQ 1D NO:74 and the
immunoglobulin heavy chain variable region comprises the amino acid sequence set forth in
SEQ 1D NO:88; (e) the immunoglobulin light chain variable region comprises the amino acid
sequence set forth in SEQ 1D NO:98 and the immunogiobulin heavy chain variable region
comprises the amino acid sequence set forth in SEQ 1D NO:110; {f) the immunogiobulin light
chain variable region comprises the amino acid sequence sel forth in SEQ 1D NO: 122 and
the immunogiobulin heavy chain variable region comprises the amino acid sequence sel
forth in SEQ 1D NO:134; or (g} the immunoglobulin light chain variable reglon comprises the
amino acid sequence set forth in SEQ 1D NO:146 and the immunaginbulin heavy chain
variable region comprises the amino acid sequence set forth in SEQ D NO:158.

(80111 In some embodiments, a monoclonal antibody or antigen-binding portion of the
invention may be (i) a whole immuncglobulin motecule; (k) an scFv; (¢) a Fab fragment; {d)
an F(ab).; and {e} a disulfide linked Fv. An antibody may comprise an immunoglobulin
canstant region selected from the group consisting of IgG1, IgB2, igG3, 1gG4, {gAl, IgA2,
gD, gk and Igh.

(360121 The invention relates to a monoclonal antibody or antigen-binding portion that binds a
filovirus that is @ member of the Marburgvirtis genus. A filovirus may be any strain of
Marburg virus (e.g., Ravn, Angoia, Muscke, or Fopp Marburg virus strain}. in some

embodiments, a monoclonal antibody or antigen-binding pertion binds to the Marburg virus

[o8)
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giycoprotein. in cerfain embodiments, a monoclonal antibody or antigen-binding portion
birds to the GF1 or the GP2Z subunit of the Marburg virus glvcoprotein.
Fa013] A monocional antibody or antigen-binding portion may be cross-reactive to at least

two filoviruses. At ieast ong of these filoviruses may be a member of the Ebolaviriis genus

Lh

(2.g., Ebola virus, Sudan virus, Bundibugyo virus, Tai Forest virus or Reston virus), A
raoncolonal antibody or artigen-binding portiors may hind to the Ebola virus glycoprotein,
(8014} In one aspect, the invention encompasses a pharmaceutical composition comprising
at lsast one of the monodional antibodies or antigen-binding portions described herein and at
least one pharmacsutically acceptable adjuvant. In another aspect, the invention

10 encompasses a pharmaceutical composition comprising at least ong of the monoclonal
antibodies or antigen-binding portions described herein and at leasi one pharmaceutically
acceptable carrier. A pharmaceutical composition may comprise a second agent {e.9., a
monccional antibody or antigen-binding portion thereof). In some embodiments, a

pharmaceutical composition comprises at least one Marburg virus-binding antibody or

W

antigen-binding portion thergof, and at lgast one Ebola virus-binding antibody or antigen-

binding portion thereof. A pharmaceutical composition may comprise at least two, at least

three, or at least four Marburg virus-binding antibodies or antigen-binding portion thereof. A

pharmaceutical composition may comprise at least two Marburg virus-binding antibodies or

antigen-binding portion thereof, wherein each Marburg virus-hinding antibody or antigen-

20 binding portion bind different epilopes {e.g., overlapping or non-overlapping epitopes) of the
Marburg virus glycoprotein.
{6018] The invention also encompasses a method of amelioraling, preventing, or treating a
filovirus (e.g., Marburg virus or Ebola virus) infection comprising administering 1o a subject in
need thereof a therapeutically effective amount of any of the monoclonal antibodies or

25 antigen-binding portions dascribed herein. In some embodiments, the invention relates to a
method of ameliorating, preventing, or treating a filovirus infection (e.g., Marburg virus or
Ebola virus) comprising administering o a subject in need thereof a therapeutically effective
armount of any of the monoclonal antibodies or antigen-binding portions described herein. An
antibody or antigen-binding portion used in such methods may comprise (i) an

30 immuncglobulin light chain variable region comprising LCDR1, LCDR2, and LCDR3, and (i)

an immunoglobuiin heavy chairs variabie region comprising HCDR1, HCDRZ2, and HCDR3,

wherein (a) the LCDR1, LCDRZ and LCDR3 comprisg the amino acid sequences sei forth in

SEQ D NOs: 6, 7 and 8, respectively, and the HCDR1, HCDR2, and HCDR3 comprise the

amina acid sequences set forth in SEQ D NCs: 18, 19 and 20, respeciively; (b) the LCDR Y,

LCDR2 and LCDR3 comprise the amino acid sequences sat forth in SEQ 1D NOs: 30, 31

(W]
A

and 32, respectively, and the HCDR1, HCDRZ, and HCDRS3 comprise the amino acid

sequences sel forth in SEQ 1D NOs: 42, 43 and 44, respectively; or (¢} the LCDR1, LCDR2

4



10

20

[
N

(9]
[V

WO 2015/127140 PCT/US2015/016708

and LCDR3 comprise the amino acid sequences set forth in SEQ 1D NOs: 54, 55 and 586,
respeciively, and the HCDR1, HCDR2, and HCDR3 comprise the amino acid sequences set
forth in SEQ 1D NQOs: 66, 67 and 68, respectively, (d) the LCDR1, LCDR2 and LCDR3
comprise the amino acid sequences set forth in SEQ 1D NGs: 78, 79 and 8C, respeactively,
and the HCDR1, HCDRZ2, and HCDR3 comprise the aminc acid seqguences sat forth in SEQ
1D NGs: 90, 91 and 9Z, respastively, {g) the LCOR1, LCDR2 and LCDR3 comprise the
amino acld senuences set forth in SEQ D NOs: 102, 103 and 104, respeciively, and the
HCDR1, HCDRZ, and HCDR3 comprise the amino acid sequences set forth in SEQ 1D NDs:
114, 115 and 118, respectively, () the LCDR1, LCDRZ and LCDR3 comprise the amino acid
sequences set forth in SEQ 1D NOs: 126, 127 and 128, respectively, and the HCDR1,
HCDR2, and HCDRS comprise the amino acid sequences set forth in SEQ 1D NOs: 138, 139
and 140, raspectively, or (g) the LCDR1T, LCORZ and LCDR3 comprise the amino acid
sequences set forth in 8EQ ID NOs: 150, 151 and 152, respectively, and the HCDRT,
HCDR2, and HCDR3 comprise the amino acid sequences set forth in SEQ 1D NOs: 162, 163
and 184, respectively. The invention encompasses use of any of the monocional antibodies
or antigen-hinding portions described herein in the preparation of a medicament for
ameliorating, preventing or treating a filovirus (2.g., Marburg virus or Ebola virus) infection in
a subject in need thereoi. The invention further encompasses use of any of the monocional
antibodies or antigen-binding portions described herein for ameliorating, preventing or
freating a filovirus (e.g., Marburg virus or Ebola virus) infection in a subject in need thergof.
[0818] In one aspect, the invention encompasses an isolated nucleic acid molecule
encoding any of the anti-filavirus monoclonal antibodies or antigen-binding portions
described herein. An isolated nuclelc acid malecule may encode {a) the immunoglobuiin tight
chain variable region. (b) the immunoglobulin heavy chain variable regicn, or (¢) the
immunaoglobuin light chain and heavy chain variable regions of any of the monocional
antibodies or antigen-binding portions described herein. in some embodiments, a nucieic
acid molecule comprises one or more nuclectide sequence selected fraom the group
consisting of SEQ 1D NO:1, SEQ 1D NO:3, SEQ 1D NO:4, SEQ 1D NO:5, SEQ D NO:13,
SEQID NO5, SEQ D NOG, SEQ ID NO17, SEQ 1D NO:25, SEQ 1D NG:27, SEQ D
NO:28, SEQ 1D NO:2g, SEQ 1D NO:37, SEG 1D NO:3¢, SEQ 1D NO:40, SEQ 1D NC41,
SEQ 1D NG:49, SEQ D NGC:ET, SEQ 1D NO:BZ, SEQ 1D NO:53, SEQ 1D NO:81, SEQID
NG:83, SEQ 1D NO:64, SEG 1D NO:85S, SEQ D NO:73, SEQ 1D NO:78, SEQ 1D NG:76,
SEQ IDNO:77, SEQ ID NO:85, SEQ 1D NG:87, SEQ 1D NO:88, SEQ 1D NO:89, SEQ ID
NO:G7, SEQ 1D NO:9S, SEQ ID NO:100, SEQ 1D NO:101, SEG 1D NO:109, SEQ iD NO:111,
SEQIDNO:112, SEQ D NG:113, SEG D NG:121, SEQ D NC:123, SEQ 1D NG:124, 3EQ
HD NG:125, SEQ H) NO:133, SEQ 1D NO: 135, SEQ 1D NO:136, SEQ 1D NO:137, SEQ 1D

823
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NO:14§G, SEQ D NO:147, SEQ D NGC:148, SEQ 1D NG:148, SEG 1D NO:187, SEQ 1D
NO:159, SEQ D NGC:60, and SEQ 1D NO:161.

(00171 The invention also relates to an expression veclor comprising a nucleic acid segment
encading (a) the immunoglobulin light chain variable region, {b) the immunaglobutin heavy
chain variable region, or {c) the immunogiobulin light and heavy chain variabie regions of
any of the anti-filovirus monocional antibodies or antigen-binding porticns describad herein,
wherein the nucleic acid segment is operalively linked o requilgtory sequences suitable for
expression of the nucleic acid segment in a host cell. A nucleic acid segment in an
expression vaecior may comprise one or more nuclestide sequence seiected from the group
consisting of SEQ 1D NO:1, SEQ 1D NO:3, SEQ 1D NO:4, SEQ 1D NOS5, SEQ 1D NO:13,
SEQ 1D NO:S, SEQHID NOg, SEQ D NO:7, SEQ D NO:25, SEQ 1D NO:27, SEQ D
NO:28, SEQ D NO:28, SEQ 1D NO:37, SEQ 1D NO:3¢, SEQ 1D NO:40, SEQ D NOG:i41,
SEQ D NO:4Y, SEQ 1D NOS1, SEQ 1D NO:BZ, SEQ 1D NG:53, SEQ 1D NG:61, SEQ 1D
N3, SEQ 1D NO:64, SEG 1D NO:BS, SEQ 1D NO:73, SEQ 1D NO:75, SEQ 1D NO78,
SEQID NO:77, SEQ 1D NO:85, SEQ 1D NO:87, SEQ 1D NO:88, SEQ 1D NO:89, SEQ D
NO:07, SEQ 1D NO:BY, SEQ 1D NO:100, SEQ 1D NO:1D1, SEQ 1D NO:109, SEQ 1D NO:111,
SEGQ D NO:12, SEQID NO:113, SEQ D NGC:121, SEQ 1D NG:123, SEQ ID NG:124, SEQ
{0 NG 125, SEQ 1D NO:133, SEQ 1D NO:135, SEQ 1D NO138, SEQ 1D NG:137, SEQ D
NO:145, SEQ D NO:147, SEQ D NO:148, SEG 1D NO:149, SEQ 1D NO:157, SEQ D
NO:159, SEG D NO:80, and SEQ 1D NO:161. In a further aspect, the invention relates o a
recaormnbinant host cell comprising an expression vector described herein. A reconmbinant host
cell may be a bacterial, eukaryotic or mammalian cell (e.g., a COS-1, COS-7, HEK283,
BHKZ1, CHO, BSC-1, HepG2, SP2/0, Hela, myeloma or lymphoma cell). The invention aiso
relates 10 a method for producing a filovirus-binding monocional antibedy or antigen-binding
portion thereof, the meithod comprising cultring a recombinant host cell comprising an
axpression vector described herein under conditions whereby the nucleic acid segment is
expressed, thereby producing the filovirus-binding monccional antibody or antigen-binding
portion, and, optionally, recovering the filovirus-binding monocional antibody or antigen-
binding portion.

{00181 The invention encompasses a method for detecting a filovirus giyceprotein (e.g., a
Marhurg virus, Ebola virus, Sudan virus, Bundibugyo virus, Tai Forest virus or Resion virus
giveoprotein} in a sample, the mathod comprising contacting the sampls with any of the
monoclonal antibodies or antigen-binding portions described herein. A sample may be a cell,
tissue, or biclogical fluid from a subject suspecied of having or at risk of a fitovirus infection.
[0019] These and other embodiments and/or other aspects of the invention will become
evident upon reference o the foliowing detailed description of the invention and the attached

drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

f0020} Figure 1is g schematic showing the domains of the marburgvirus and ebolavirus
giveoprotein ((3P) and construct design for the antigens described in Example 1. Marburg
(MARV} GP and mucin-deleted constructs are shown at the top; Ebola (EBQV) GP and
mucin-deleted constructs are shown at the bottom. Dashed iines represent deleted regions.
88, signal seguence; IFL, internal fusion foop; TM, fransmembrane. GP ectodomain
constructs (GFe) lack the transmembrane (TM) domain and consist of residues 1-637. GF
actodomain mucin-deieted constructs (GPeAmuc) also lack the mucin-like domain: A257-425
for all MARVY sirains, A314-463 for EBOV (Ebola virus), SUDV (Sudan virus), BDBV
(Bundibugyo virus) and A316-470 for RESTY (Reston virus). As a control for epitope-
mapping exseriments, an additional MARV GP construct was purifisd from S2 cells lacking
both the GF 1 mucin domain (A257-425) and the GF2-wing (A436-483), termed

GPaAMmuUGAW.

[0021] Figure 2 is a {able showing the results of characterization studies of the CAN30,
CANSS and CAN4D series mADs. In some of the studies, these antibodies were tested for
hinding to different strains of MARV and EBOV engineered GFs (Civcoprotein ectodomain,
GPe; glycopretein ectodomain and mucin domain deleted, GPeAmuc; glycoprotein
enzymatically cleaved to resemble the GP core after endosomal cleavage, GFol). Filovirus
species are listed as: M, Muscke; C, Ci67; A, Angola R, Ravn; E, EBOV. Positive binding
with the ELISA assay is represented by (+) when mADb concentrations at 10 pg/mi
demonstrated OD450 > 1.0 units above background, and {++) represents stronger binding if
values wearg achieved at 0.5 yg/ml or balow. Antibodies considered {0 have neultralized

pseudovirus by a reduction of infectivity <60% of control are marked with a P for partial.

{0022] Figure 3 is a bar graph showing the results of ELISA experimants measuring binding
of mAbs CAN30G1T {51}, CANIGGS (G3), CAN3DG4E (G4), CANZ0GS (G5) and CAN3DGS
(GB) to GPAmucAtm (GPdmuc) of MARV-Ravn (left bar in each setl), MARV-Angnia (center

bar in each set), and MARV-Fopp (right bar in gach set).

[0023] Figure 4 is a bar graph showing the resuits of ELISA experiments measuring binding
of mAb CAN40G1 (4051} to various MARV strains. The control mAb was anti-MARV

Musoke.

[0024] Figure 54 is a bar graph showing the resuits of ELISA experiments measuring
binding of mAb CAN40G1 (40G1) to varicus MARY strain and ebolavirus antigens. ELISA
plates wers coated with gach of the ten antigens shown on the x-axis, and immunorgactivity
against CAN4DG1 or positive control anti-MARV musoke mAb {control mAb) bound at §

ug/ml. Experiments were performed in triplicate, and standard deviations are displayed. .
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f0G625] Figure 5B shows ELISA binding curves delermined by binding CAN4DG1 (40G1) or
positive conirol anti-MARY musoke mAb {control mAb) to the indicaled antigens at a starting
soncentration of 25 pa/mi, then diluting down by ten to a concentration of 2.5x107 pgfmt.
Note that antibody binding affinity for MARY GFReAmuc, MARV GPdl, and EBOV GPdlis

similar causing the curves [ overlay.

F0026] Figure 8A is a bar graph showing the resuits of pseudovirus neutralization assays
with mucin-deleted MARYV GP after freatment with anti-MARV mAbs {(as indicated on the x-
axis). Vero celi infectivity of mucin-deleled MARV GP-pseudotyped VSY at an MGl of 0.1 s
shown after treatiment with 50 pg/mi mAb. Percent infectivity is shown on the y-axis.
Grp30GpeiyAb is pooled polycional sera from immunized mice. NON is negative control; no

antibody added.

(0027} Figure 8B is a bar graph showing the resuits of pseudovirus neutralization assays
with full-length (mucin-containing) MARV GP after treatment with anti-MARV mAbs {as
indicated on the x-axis). Vero cell infectivity of mucin-containing MARY GP-pseudotyped
VSV at an MOi of 1.0 is shown after treatment with 50 pg/m! mAb. Percent infectivity is
shown on the y-axis. Grp30palyAb is pooled polyclonal sera from immunized mice. NON is

negative control; no antibody added.

(0028} Figure 7 shows filovirus GP schematics and sequence alignment of mAb epitopes.
38, signal sequence; IFL, internal fusion toop; TM, transmembrane. The furin cleavage site
is indicated with an arrowhead where indicated. Figure 7A shows the Ebola virus GP
schematic and construct design. Dashed lines represent deleted regions. GPeAmuc
constructs remove 314-463 from EBOV, BDBV, SUDV and 316-470 from RESTV. Figure 7B
shows the Marburg virus GP schematic. Figure 78 shows the pepscan dsfined epilopes for
anti-GP2 wing mADbs. This region has four residues unigue 10 strain Ravn, The epitops
sequencas in this figure are assigned the following SEQ D NOs: Ravn {SEQ 1[0 NO:198);
Cig7 (SEQ D NO:18D); Musoke (SEQ 1D NG 206 Angola (SEQ 1D NG:2G1). Figure 7D
shows the results of an experiment where GP2 wing mAb reactivity to Ravr GPeAmuc wi or
E465K was evaluated by ELISA. Positive binding with the ELISA assay is represented by {(+)
when mADb concentrations at 10 pg/m! demonstrated ODR450>1.0 units above background,

and {++) represents stronger binding if values were achieved at 0.5 ug/ml or below.

[0029] Figure 8 Is g Kaplan Msier piot showing the resulls of assays exanmining i vive
protection using mice chalienged with a lethal dose of mouse-adapled MARV Ravn. Mice
were treated one hour post-exposure with anti-GPF antibody; 30G3 (CAN30G3), 3064
(CAN3G0G4), 30GE {CAN3QGSE), 8461 (CANB4AGTY, 54G2 (CANS4G2), 40G1 (CAN4OGHT),

54G3 (CANB4GE3) or PBS alone. Percent survival is shown on the y-axis.
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[00301 Figure 9 shows variable (V) gene sequencing results for murine CANI0GS that

inciude VH and VL sequences from the muring CAN30GS parental clone.

f0031] Figure 10 shows variable (V) gene sequencing resulls for murine CAN4GGT that

inciudes VH and VL sequsences from the murine CAN4QGT parantal clons.

f0032] Figure 11 shows variable (V) gene sequencing resuits for murine CANS4G2 that

inciudes VH and VL sequances from the muring CANS4G2 parental clong.

(0033} Figure 12 s a diagram of an anfigen-antibady complex that may be used for

immunization to mask an immunodominant epitope (see, e.9., Example 2).

[8034] Figure 13 shows microcrystals of a complex between Ravn Marburg virus GP and
CANS4G1 Fab oblained by micrefiuidic free interface diffusion.

DETAILED DESCRIPTION OF THE INVENTICN
{00358} The invention relates (¢ menogslonal antibedies and antigen binding portions thereof
that specifically bind to al least one filovirus (e.9. at least one filovirus glycoprotein (GP}).
The invention also provides pharmaceutical compositions and methods for the prevention or
treatment of a filovirus infection, The filovirus family (Filoviridae) includes two accepted
genera, Ebolavirus and Marburgvirus. The Ebolavirus genus includes £B0V {Eboia virus),
SUDV (Sudan virus), BDBY (Bundibugyo virus), TAFV (Tai Forest virus) and RESTV
{Reston virus). The Marburgvirus genus includes MARV {Marburg virus). All strainsg of MARV
are contemplated for use in this invention (e.g., Ravn, Angola, Musoke, Popp, and Cig7).

Examples of GP amino acid sequences are provided in Table 1 (SEQ D NOs:173-183).

{06038} The section headings used herein are for organizational purposes only and are not o
be construed as limiting the subject matler described. Al documents, or portions of
documents, cited herein, including but not limited to patents, patent applications, articles,
hooks, 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 centradicts that term’s definition in the application, the
definition that appears in this application contfrols. 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.

[00371 In the present description, any concentration range, perceniage range, ratio range,
or integer range is to be undersiood to include the value of any integer within the reciled
range and, when appropriate, fractions thereof (such as ong tenth and one hundrgdih of an

integer), unless otherwise indicated. As used herein, "about” means ¥ 20% of the indicated

9
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range, value, or structure, uniess otherwise indicated or apparent from context. It should be
understood that the terms "a" and "an" as used herein refer to "ong or more” of the
enumerated components uniess otherwise indicated. The use of the alternative (e.g., "or")
shauld be understood to mean either ong, both, or any combination thereof of the
alternalives. As used herein, the terms "include” and "comprise” are used synonymously, in
addition, it should be undersiond that the polypeptides comprising the various combinations
of the components {e.g., domaing or regions) and substiluents described herein, are
disctosed by the present application 1o the same extent as if each polypeptide was set forif
individually. Thus, selection of particular components of individual polypeptides is within the

scope of the present disclosure.

iD038]  In one aspeci, the invention relates to a2 monoclonal antibody or an antigen-binding
portion thereof that specifically binds to a filovirus. A binding demain or profein (e.g.,
antibody or antigen-binding portion) “specifically binds” a target if it binds the target with an
affinity or K, (i.e., 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, Binding domains can be classified as “high affinity”
hinding domains and “low affinity” binding domains. "High affinity” binding domains refer to
those binding domains with a K, of at least about 107 M, at least about 10° M, at least
about 10° M7, atleast about 10" M™, at least about 10" M7, at least about 107 M7, or at
feast about 10" M “Low affinity” binding domains refer to those binding domains with a K,
of up to about 107 M, up to about 16° M™, up to about 10° M. Alternatively, affinity can be
defined as an equilibrium dissociation constant (K.} of a particular binding interaction with
units of M (e.g., about 10°° M to about 107 M). Affinities of binding domain polypeptides and
single chain polypeptides according to the present disclosure can be readily determined
using conventional technigues {see, e.9., Scatchard et al. (1949) Ann. NUY. Acad. Sci.
51:660; and .S, Patent Nos. 5,283,173, 5,468,614, or the gguivalgnt).

(96381 In some embodiments, an antibody or antigen-binding portion specifically binds at
feast one epitope on the GP of Marburg virus (MARY). An antibody or antigen-binding
portion may also bind at least one epitope on the GF of a member of the Ebolavirus genus
(e.g., Ebola virus (EBOV)}. Immunogenic screening constructs were produced for muitiple
strains of MARV GP and EBOV GP: GPe, GPeAmuc, GPeAmucaw, GPcl. Table 2 and
Figure 1 illustrate the nature of the constructs; {i) the MARY GP and EBOVY GP ectodomain
construcis (GPe) lack the transmembrane (TM) domain and consist of residues 1-637; (i)
the MARV GF sctodomain mucin-deleted constructs (GPeAmuc) also lack the mucine-like
domain: AZ57-425 for all MARVY strains; (iii) the EBOV GP ectodomain mucin-deleted

~e

constructs {3Psamuc) also lack the mucine-iike domain: A314-483 for EBCV, SUDYV, BDBY
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and A316-470 for RESTV the MARY GP construct GPeamucAw lacks boih the G*1 mucin
domain (A2B7-425) and the GPZ-wing (A436-483); or, {iv) ihe cleaved MARV GF {(GP¢l}
construct was enzymatically treated o mimic endosomal protease cleavage. The epiiope
may correspond {o the GP1 or GPZ region of the MARY GP. An epitope bound by an
antibody or antigen-binding porticn of the invention may be linear or conformational. The
antibodies may bind e more than one strain of Marburg virus and may also bind to more
than one type of filovirus. The present compositions may be used for passive or active
immunotherapy of a filovirus infection such as Marburg virus or used as prophylactic

vaccines in popultations at risk of infection from Marburg virus ar other types of filoviruses.

1004681 The present antibodies, or antigen-binding portions, include, buti are not fimited to,
monoclonal antibodies, chimeric antibodies, humanized antibadies, polyclonal antibodies,
recombinant antibodies, as well as antigen-binding porlions of the foragoing, e.9., Fab,
F{ab'),, Fab’, F(ab), Fv, and single chain Fv (scFv). An antigen-binding portion of an
antibody may include a portion of an antibody that specifically binds to an epitope on the GP
of MARY as described herein. As used herein, "antibodies” includes fusion proteins

comprising an antigen-binding portion.

{60411 The antibodies of the present invention include murine antibodies produced by
hybridoma series CAN3Q, CAN4Q and CANS4 (see Table 1). Also encompassed by the
present invention are antibodies or antigen-binding portions that include an antigen-binding
portion of an antibody produced by hybridoma series, CAN30, CAN4C and CANG4.
CAN3CGGT, CAN3DGZ, CAN3OG3, CAN30GY, CAN3OGS, CANS4GT, CANDBAGZ, CANSAGS
or CAN40G refer to the hybridoma clone or monoclonal antibodies generated by the
corresponding hybridoma clone. The aminc acid and nucieotide sequences of various
domains of these antibodies are provided in Table 1. For example, 3065, 54G2 and 40G1
refer to hybridoma clones or moncclonal antibodies produced by CAN3OGSE, CANS4GE and

CAN4OGHT, respectively.

(00421 The CDRs of the present antibodies or antigen-binding portions thereof can be
from a non-human or hitman source. The framework of the present antibodies or antigen-
binding portions thereof can be human, humanized, non-human {e.g., a murine framework
modified 1o decrease aniigenicity in humans), or 2 synthetic framework (e.g., 2 consensus
sequence}.

f00431  Inthe case where there are two or more definitions of a term which is used and/or
accepted within the art, the definition of tha term as ussd herein is intended to inciude all
such meanings unless explicitly stated to the contrary. A specific exampie is the use of the

term "complementarily determining region” ("CDR"} to describe the non-contiguous antigen
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combining sites found within the variable region of both heavy and light chain polypeptides.

These particular regions have been described, for example, by Kabat et al,, U.S. Dept, of

Health and Human Services, "Sequences of Proteins of Immunological interest” (1983) and

by Chothia et al., J. Mol. Biol. 186:931-917 (1987), which are incorporated herein by

reference. The Kabat and Chothia definitions include overlapping or subsets of aminc acids

when compared against each other. Nevertheless, application of either definition (or other

definitions known {o those of ordinary skill in the art) to refer to a CDR of an antibody or

variant thergof is intended te be within the scope of the term as defined and used herein,

unlgss otherwise indicated. The appropriate amino acids which encompass the CDRs as

defined by each of the above cited references are set forth in the table below 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

determing which amino acids comprise a particular CER given the variable region amino

acid sequence of the antibody.

COR Definitions”

Kabat Chothia
T T s
VH CDR2 N 50-65 52-58
VH CDR2 95-102 95-102
VL CDR1 24-34 26-32
Vi. COR2 50-56 50-52
Vi CDR3 89-97 91-0¢

“Numbering of all CDR definitions in the table above is according to the numbering

conventions set forth by Kabat et al. {seg below).

[0044] CDRs can also be determined using IMGT® (the international ImMunoGeneTics

information system®) numbering. H: heavy chain; K: kappa or L: light chain. Kabat et al. also

dsfined a numbering system for variable domain sequences that is applicable to any

antibody. One of ordinary skili in the art can unambiguously assign this system of "Kabat

numbering” to any variable domain sequance, without reliance on any experimental data

beyond the sequence itself. As used herein, "Kabat numbering” refers to the numbering

system set forth by Kabat et al., U.S. Dept. of Health and Human Services, "Sequence of

Proteins of Immunological Interaest” {1883). Unless use of the Kabat numbering system is

explicitly noted, however, cansecutive numbering is used for all amino acid sequences in this

disclosure.
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FO0451  In one emboediment, the present antibodies, or antigen-binding portions thereof,
contain al least cne heavy chain variable region and/or at least one light chain variable
region. The heavy chain variable region (or light chain variable region) contains threg CDRs
and four framework regions {FRs), arranged from amino-terminus to carboxyi-terminus in the
following order: FR1, COR1, FRZ, CDR2, FR3, COR3, FR4. Kabat, E£. A, et al. Sequences

h

of Prateins of Immunaclogical Interest, Fifth Edition, U.3. Department of Health and Human
Services, NIH Publication No. 81-3242, 1991, Chothia, C. st al., J. Mol Bicl. 186:801-G17,
1987,

{0048] The present antibodigs or antigen-binding portions can specifically bind to a
16 conformational or non-conformational epitope (or bath) of MARY giycoprotein with a
dissociation constant {Ky) of less than about 107 M, less than about 10 M, less than about

10° M, less than about 107°° M, less than about 10 M, or less than about 167° M.

(00471 The present antibodies or antigen-binding portions can hind specifically o a
conformational or non-conformational epitope (or both) of the EBOV glycoprotein with a

15 dissociation constant (Ky) of less than about 107 M, less than about 10°° M, less than about
107 M, less than about 107 M, less than about 107" M, or less than about 107 M.

F3048] As used herein, the term “sequence identity” refers to a relationship between two or
more polynucleotide sequences or between two or more polypeptide sequences. When a
position in ong sequence is ocoupied by the same nucleic acid base or amino acid residue in

20 the corresponding position of the comparator sequence, the seguences 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 residue ocours
in both sequenceas to vield the number of “identical” positions. The number of “identical”
positions is then divided by the total number of positions in the comparison window and

25 multiplied by 106 to vield the percentage of "sequence identity.” Percentage of "sequence
identity” is determined by comparing two optimally sligned seguences cver a comparison
window. The comparison window for nucleic acid sequences can be, Tor instance, al ieast
about 20, 30, 4G, 80, 60, 70, 80, 80, 100, 110, 124, 130, 140, 150, 160, 170, 180, 190, 200,
300, 400, 530, 600, 700, 840, 900 or 1000 or more nucleic acids in length. The comparison

30 windon for polypeptide seguences can be, for instance, at ieast about 20, 30, 40, 80, 60, 70,
80, 96, 100, 110, 120, 130, 140, 150, 160, 170, 18C, 190, 200, 300 or more aming acids in
lgngth. In order to cptimaily align sequences for comparison, the portion of a polynuciestide
or polypeptide sequence in the comparison window can camprise additions or deigtions

termed gaps while the reference seguence is kept constant. An oplimat alignment is that

o
Ly

alignment which, even with gaps, produces the greatest possible number of “identical”

positions hetween the rafersnce and comparator sequences. Psregntage "seguence
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identity” between two sequences can be determined using the version of the program
"BLADST 2 Seguences” which was available from the National Certer for Biotechnology
nformation as of September 1, 2004, which program incorporates the programs BLASTN
{for nucleotide sequence comparison) and BLASTP (for polypeptide sequence comparison),
which programs are based on the algorithim of Karlin and Altschui (Proc. Natl, Acad. Sci
USA 9D{(121:5873-5877, 1993). When utilizing “BLAST 2 Sequences,” parametears that were
defauli parameters as of September 1, 2004, can be used for word size (3), open gap
paenaity (11}, extension gap penalty (1}, gap dropoff (50), expect valug (10) and any othar
required parameter including but not limited to matrix option. Twe nuciestide or amino acid
sequences are considerad {o have "substantially similar sequence identity” or “substantisl
sequence identity” if the two sequences have at least about 80%, at least about 85%, at
lsast about 90%, at least about 85%, at least about 96%, at least about 97%, at least about

of

98%, or at least about 99% seguence identity relative to each other.

[0049] The invention includes antibodies and antibody fragments comprising a variable
heavy chain region (HCVR or Vi) and a variable light chain region (LCVR or V) at ieast
about 70%, at least about 75%, at least about 80%, at least aboul 85%, at least about 90%,
at least about 85%, at least aboul 9%, about 70% to about 100%, about 80% to about
100%, about 90% to about 100%, about 95% to about 100%, about 70% or more, about
75% or more, about 80% or more, about 81% or maore, about 82% or more, about 85%.
about 90%, about 85%. or about 100% identity to the variable heavy chain region and
variable light chain region of the antibody produced by clone CAN30G1, CAN30GZ,
CANGOGR, CAN30G4, CAN30GSH, CANSAGT, CANS4G2, CANS4G3 or CAN4DGT (see
Table 1) and which are capable of binding to an epitope of MARY GP,

{0650} In related embodiments, antibodies (or the antigen-binding portions) against an
epitope of MARV GP comprise, for example, the CDRs of variable heavy chain regions
andfor variable light chain regions of CAN30G1, CAN30GZ, CANIOG3, CAN30GS,
CAN30GS, CANSAGT, CANS4G2Z, CANS4G3 or CAN4OGT.

[0051] The CDRs of the variable regions from CANS30GS, CAN3GG2, CAN3DGH, CAN30OGS,
CAN30G4A, CANS4AG2 and CAN40GT are shown in Table 1. Table 1 also includes the amino
acid and nucleoiide seguences of the various regicns of the murine CAN30GS, CAN30G2,

CAN30GT, CAN3IOG3, CAN30GY, CANS4GZ and CAN4QGT monacional antibodigs.

{0052} I certain emboediments, antibodies or antigen-hinding portions include a variable
heavy chain region comprising an amino acid sequence having at least about 70%, at least
about 78%, at lgast about 80%, at least about 85%, at least about §0%, at least about 5%,

at least about 98%. about 70% o about 100%. about 80% to about 180%, about 90% to

14
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about 100%, about 5% to about 100%, about 7%, about 75%, about 80%, ahout 81% or
more, about 82% or more, aboul 88%, about 90%, about 95%, or about 100% identity to a
variable heavy chain region amino acid sequence selected from the group consisting of SEQ
D NG:i4, SEQ 1D NO3B, SEQ D NO:B2, SEQ 1D NO:86, SEGID NO: 110, SEG D

5 NO:134, and SEQ 1D NO:138 and are capable of binding an epitope of MARV GP.

(3053} In certain embodiments, antibodies or antigen-binding portions include a variabie
heavy chain region comprising an amino acid sequence selected from the group consisting
of SEQHD NG:14, SEQ 1D NO:38, SEQ ID NO:82, SEQ 1D NO:B6, SEQ 1D NO:110, SEQ D
NO:134, and SEQ 1D NO:1588 and are capable of binding an epitope of MARY GP.

10 {0084} Antibodies or antigen-binding portions can include a variable light chain region
comprising an amino acid sequence having at ieast about 70%, at least about 75%, at least
about 80%, at least about 85%, at least about §0%, at least about 5%, at least about 99%,
about 70% to about 100%, about 80% to about 10G%, about 80% to about 100%, about £5%
(o about 100%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, of

15 about 100% identity to a variable light chain region amino acid sequence selected from the
group consisting of SEQ 1D NO:2Z, SEQ 1D NO:26, SEQ 1D NO:50, SEQ 1D NO:74, SEQ 1D
NO:88, SEQ 1D NO:122, and SEQ 1D NO:146 and are capable of binding an epitope of
MARV GP.

[0055] In certain embodiments, antibodies or antigen-binding portions include a variable

20 light chain region comprising an amino acid sequence selected from the group consisting of
SEQ ID NO:2Z, SEQ 1D NO:26, SEQ 1D NO:50, SEQ 1D NO:74, SEQ D NO:98, SEQ D
NO:122, and SEQ ID NO:146 and are capable of binding an epitope of MARY GP.

[0036] In cerlain emboediments, the antibodies or antigen-binding portions include both a
variable heavy chain region comprising an amino acid sequence having at least about 70%,
25 atleast about 75%, at least about 80%, at teast about 85%, at least about 90%, at least
about 08%, at least about 96%, about 70% to about 100%, about 80% to about 100%, about
890% to about 100%, about 95% to about 100%, about 70%, about 75%, about 80%, about
85%, about 0%, about 98%, or about 100% identity to a variable heavy chain region amino
acid sequence selected from the group consisting of SEQ 1D NO:14, SEQ 1D NO:38, SEQ ID
30 NO:62z, SEQID NO:86, SEQ 1D NO:110, SEQ 1D ND:134, and SEQ ID NO:158, and a
variable light chain region including an amine acid sequence having at least about 70%, at
least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about
98%, at lgast about 98%, about 70% to about 100%, about 80% to about 100%, about 90%

to about 100%, about 5% to about 100%, about 73%, about 75%, about 80%, about 858%,

LA.)
(’[‘

about 80%, about 95%, or about 100% identity to a variable light chain amino acid sequence
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selected from the group consisting of SEQ 1D NO:2, SEQ 1D NO:26, SEQ 1D NO:5D, SEQ il
NO:74, SEQ 1D NO:9&, SEQ D NO:122, and SEQ 1D NO: 146 and are capable of binding an
apitope of MARV GP.

[O0571 Antibodies or antigen-binding portions may comprise a variablg light ¢hain region and
a variabie heavy chain region wherein {a) the immunoglobulin light chain variable region
comprises ihe amine acid seguence set forth in SEQ 1D NO:2 and the immuncglobulin heavy
chain variabie region comprises the amino acid sequence set forth in SEQ 1D NO:14; (b) the
immunoglobulin light chain variable region comprises the aming acld sequence set forth in
SEQ D NO:26 and the immiunoglobulin hgavy chain variable region comprises the amino
acid sequence set forth in SEG 1D NG:38; {¢) the Iimmunocglobulin light chain vanable region
comprises the aming acid sequence set forth in SEQ 1D NO:50 and the immunoginbulin
heavy chain variable region comprises the amino acid sequence set forth in SEQ 1D NO:62;
{d) the immunoglobulin fight chain variable region comprises the amino acid seguance set
forth in SEQ 1D NOL74 and the Immunoglobulin heavy chain variable region comprises the
amino acid seguence set forth in SEQ 1D NO:86; {e) the immunoglobulin light chain variable
region comprises the amino acid sequence set forth in SEQ D NO:98 and the
imrmunoglobulin heavy chain variable region comprises the aming acid sequence set forth in
SEQ ID NO:110; () the immunoglobutin light chain variable region comprises the amino acid
sequence set forth in SEQ 1D NO:122 and the immunoglebulin heavy chain variable region
comprises the amino acid sequence sel forth in SEQ 1D NO;134; or (g) the immunoglobulin
light chain variable region comprises the amino acid sequence set forth in SEQ D NQO:146
and the immunogiobulin heavy chain variable region comprises the amino acid seguence set
forth in SEQ 1D NO:158.

f0058} Antibadigs or antigen-binding portions can specifically bind to an epitope that
overEapS with, or comprises at least about 70%, at least about 75%, at least about 80%, at
east about 85%, at least about 80%, at least about 95%, at least about 98%, about 70% to
about 100%, ahout 80% to about 100%, about 80% 1o about 100%, about $5% to about
100%, about 70%, about 75%, about 80%, about 85%, about 90%, about 35%, or abaut
100% identity {¢ an epilope bound by an antibody produced by clone CAN30GS, CANS4G2
or CANGOGT and/or compete for binding {o an epliope of MARY GP with an antibody
produced by clone CAN3OGS, CANSAGE or CANADGT.
f00591 The antibodies or antigen-binding portions can specifically bind to an gpitope that
overlaps with an epitope bound by an antibody produced by clone CAN30GS, CANS4G2 ar
CAN4OGT and/or compete for binding tc an epitcpe of MARV G with an antibody produced
by clone CAN30GS, CANSAG2 or CAN4DGT.
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(80661 in some embodiments, an antibody or an antigen-binding pertion therecf binds
specificaily to a filovirus and comprises (i) an immunoglebulin light chain variable region
somprising LCDR1, LCDR2, and LCDRS, and (i) an immuneglobulin hgavy chain variabie
region comprising HCDR1, HCDRZ, and HCDR3, wherein {a} the LCDR1, LCDR2 and
LCDR3S comprise the aminc acid sequences set forth in SEQ 12 NOs: 8, 7 and 8.
respactively, and the HCDR1, HCDRZ, and HCDR3 comprise the amino acid seqliences set
forih in SEQ 1D NOs: 18, 19 and 20, respectively; (b) the LCDR1, LCDR2 and LEDRS
comprise the amino acid sequences st forth in SEQ 1D NOs: 30, 31 and 32, respectively,
and the HCDR1, HGDR2, and HCDR3 comprise the amino acid seguences setf forth in SEQ
1D NOs: 42, 43 and 44, respectively; or (¢) the LCDR1, LCDRZ and LCDR3 comprise the
amino acid seguences set forth in SEQ 1D NOs: 84, 55 and 58, respectively, and the
HODRY, HCDR2, and HCDR3 comprise the amino acid sequences set forth in 3EQ 1D NOs:
66, 67 and 68, respectively, (d) the LCDR1, LCDR2 and LCDR3 comprise the amino acid
sequences set forth in SEQ 1D NOs: 78, 79 and 80, respectively, and the HCDR1, HCORZ,
and HCDR3 comprise the amino ackd sequencas sel forth in SEQ 1D NOs: 90, 81 and 92,
raspectivaly, (@) the LCDR1, LCDR2 and LCDRJ comprisea the amino acid sequences set
forth in SEQ 1D NOs: 102, 103 and 104, respectively, and the HCDR1, HCDRZ, and HCDR3
comprise the amino acid sequences set forth in SEQ [D NCs: 114, 115 and 118,
respactively, (Y the LCDRY, LCDRZ and LCDRS comprise the amino acid sequences sel
forth in SEQ 1D NOs: 126, 127 and 128, respectivaly, and the HCDR1, HCDR2, and HCDRS
comprise the amino acid sequences set forth in SEQ D NCGs: 138, 139 and 140,
respectively, or (g) the LCDR1, LCDR2 and LCDR3 comprise the amino acid sequences set
forth in SEQ 1D NQs: 1580, 151 and 152, respectively, and the HCDR1, HCDRZ, and HCDR3
comprise the amino acid sequences set forth in SEQ D NGs: 162, 163 and 164,
respectively.

{0061} A vartabie heavy chain region of the antibodies or antigen-binding portions can
comprise one, two, or three complementarity determining regions (CDRs) that comprise one,
two, or three CORs of the antibody produced by clone CAN30GS, CANZUGZ, CAN3GGHT,
CANSOGR, CAN30G4, CANS4G2 or CANADGT and may be capable of binding an spitope of
MARY GP. A variable heavy chain COR3 (HCDR3) of the antibodies or antigen-binding
portions can comprise the HCDR3 of the antibady produced by clone CAN3OGE, CAN3CGE2,
CAN3BGGH, CAN30G3, CANZOGH, CANBAGZ or CAN40GT and may be capable of binding
an epiiope of MARV GP.

B0621 A variable light chain region of the antibodies or antigen-binding portions can
g g g ap

comprise one, two, or three CDRs of 2 variable light chain region ¢f the antibody produced
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by clone CAN3OGS, CAN30GZ, CANIGGT, CAN3OGS, CAN30G4, CANS4GE or CAN4QGT

and may be capable of binding an epilope of MARY GP,

f0063] An antibody may be a humanized antibody. A humanized antibody of the present
invention is an antibody from a non-human species whereg the amino acid sequance in the
non-antigen binding regions {and/or the antigen-binding regiens) has been altered so that
the antibody more closely resembles a human antibody, and still retains its antigen binding

ability.

{60641 Humanized antibodies can be generated by replacing sequences of the variable
region that are not direclly invoived in antigen binding with eguivalent sequences from
human variable regions. Those methods include isclating, manipulating, and exprassing the
nucieic acid sequences that encode ali or part of variable regions from atleast one of a
heavy or light chain. Sources of such nucleic acid are well known to those skilled in the art
and, for example, may be obtained from a hybridoma producing an antibody against an
epitope of MARY GP. The recombinant DNA encoding the humanized antibody, or fragment

thered!, can then be cloned inte an appropriate expression vector.

[0085] An antibody light or heavy chain variable region consists of a framework region
interrupted by three hypervariable regions, referred to as complementarity determining
regions (CDRs). Humanized antibodies are antibody molecules from non-human species
can have one, two or three (all) CORs from the non-human species as well as a framework

region from a human immunoglobuiin molecule.

(8068} The humanizad antibodies of the present invention can be produced by methods
known in the art. For example, once non-himan {e.q., murine) antibedies are abtained,
variable regions can be sequenced, and the location of the CDRs and framework residues
determined. Kabat, £. A., ef &/ {1891} Sequences of Proteins of Immunalogical Interest,
Fifth Edition, W&, Department of Haalth and Human Services, NiH Publication No. 81-3242.
Chothia, C.ef all {1987} J. Mol. Biol., 196:901-817. The light and heavy chain variable
regions can, optionally, be ligated {o caorresponding constant regions. COR-grafted anlibody
molecules can be produced by COR-grafling or CDR substitution. One. two, or all CDRs of
an imrnunoglobuiin chain can be rgplaced. For example, all of the CDRs of a particiular
antibody may be from at least a portion of a non-human animal {e.g., mouse such as CDRs
shown in Table 1) or only some of the CBRs may be replaced. It is only necessary to keep
the CORs required for binding of the antibody to a predetermined antigen {(e.g.,
conformational gpitope of oligomeric AR). Morrison, &, L., 1985, Science, 229:1202-1207. Gi
el al., 1988, BioTechniques, 4:214. U.S. Patent Nos. 5,585,088; 5,225,539; 5,693,761 and
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893,762, EP 518598, Jones atf al., 1988, Nature, 321:552-5258. Verhoeyan et al., 1683

5
Science. 239:1534, Beidler e 988, J. Immunol., 141:4053-4060.

Ot
T
o
o

FO087] Alse encompassed by the present invention are antibodies or antigen-binding
porticns coniaining one, two, or all CDRs as disclosad herein, together with the other regions
repiaced by sequences from at least one different species including, but not limited o,
human, rabbits, sheep, dogs, cals, cows, horses, goats, pigs, monkeys, apes, gorilias,

chimpanzees, ducks, geese, chickens, amphibians, reptiles and other animals.

{0088} A chimeric antibody is a molecule in which different portions are derived from
different animal species. For exampie, an antibody may contain a variable region derived
from a murine antibody and a human immunoglobidin constant region. Chimeric antibodies
can be produced by recombinant DNA technigues. Morrison, et al., Proc Natl Acad Sci,
81:6851-6855 (1984). For example, a gene enceding a2 muring {or other species)
monoclonal antibody molecule is digested with restriction enzymes to remove the region
encoding the murine F¢, and ihe equivalent portion of a geng encoding a human Fo constant
region is substituted. Chimeric antibodies can also be created by recombinant DNA
technigques where DNA encoding murine V regions ¢an be ligated o DNA encoding the
human constant regions. Better et al., Science, 1988, 240:1041-1043. Liu et al. PNAS, 1987
84:3439-3443. Liu et al,, J. immunol., 1987, 139:35621-3526. Sun et al. PNAS, 1987, 84:214-
218. Nishimura et al., Canc. Res., 1887, 47:999-1005. Wood et al. Nature, 1985, 314:448-
449. Shaw et al., J. Natl. Cancer Inst., 1988, 80:1553-1589. International Paient Publication
Nos. WO1987002671 and WO 86/01533. European Fatent Application Nos. 184, 187;
171,486, 125,023; and 173,484, LS. Patent No. 4,816,567.

[00838] The antibodiss of the invention can be full-length antibodies or can include a
fragment {or fragments) of the antibody having an antigen-binding portion, including, but not
limited to, Fab, F(ab)2, Faby', F(aby, Fv, single chain Fv {sclv), bivalent polypeplides,
multivalent polypeptides, antibody fusion proteins and conjugates, disulfide linked Fy, Fc. Fd,
dAb fragment (e.g., Ward et al., Nature, 341:544-546 (1989)), an isolated CDR, diabodies,
triabodies, tetrabodies, linear antibodies, single-chain, bi-specific, multispecific antibodigs
formed from antibody fragments, or variants and/or mixtures thergof. Single chain
antibodies produced by joining antibody fragments using recombinant methods, or a
synthelic linker, are also encompassed by the present invention. Bird el al. Science, 1988
242:423-426. Huston et al., Proc. Natl, Acad. Sci. USA, 1988, 85:5879-5883.

(0076} The antibodies or antigen-binding portions may be monospecific, bi-specific or
mudtispecific. Muitisnecific or bispecific antibodies or fragments may be specific for different

epilopes of one target poiypeptide {e.9., an epitope of MARV GP) or may centain antigen-
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binding demains specific for more than one target polypeptides (e.g., antigen-binding
domains specific for different epilopes of MARV GF; aniigen-binding domains specific for a
conformational epitope of MARY GP and other antigen of MARY GP; antigen-binding
demains specific for an epitops of MARY GP and an eptiope of EBOV GP ¢r antigen-binding
demains specific for an epitope of MARY &GP and other kind of antigen such as a protein, &
pepiide, etc.). In one embodiment, a multispecific antibedy or antigen-binding portion
comprises al least two different variable domains, wherein each variable domain is capable

of specifically binding 10 a separate antigen or 1o a different epitope on the same antigen.

[00711 In some smbodiments, an antibedy or antigen-binding portion binds to the GP of
more than one MARY strain. In certain embodiments, an antibody or antigen-binding portion
hinds to the GPF of MARY and the GP of at least one member of the Ebolavirtis genus, One
example of a panfllovirus antibody is antibody CAN4QG1. A panfilovirus antibody may

neutralize or pravent an infection by muitiple fitoviruses.

FOBT2T The present antibodies can be linked o or co-expressed with ancther functional
meolecule, e.q., another pegtide or protein. For example, an antibody or fragment thereof can
be functionally linked (e.g., by chemical coupling, genetic fusion, noncovalent association or
otherwise} to ong or more other molecular entities, such as another antibody or antibody
fragment to produce a bi-specific or a multispecific antibody with a second binding
specificity. For example, the present invention includes bi-specific antibodies wherein one
arm of an immunoglcbulin is specific for an epitope of MARY GP, and the other arm of the
immunoglobulin is specific for & second therapeutic target or is conjugated to a therapeutic
maoigty. In another embediment, the present application encompasses bi-spacific antibodies
that are specific both for an epitope of MARVY GP and a ligand for capture, detection,

removal for therapeutic purposes.

[B073] All antibody isctypes are encompassed by the prasent invention, including igG {e.g.,
lgG1, igG2Z, 1gG3, 1gG4), IgM, igA (IgAl, 1gAZ), IgD or IgE. The antibodies or antigen-binding
portions thereof may be mammalian (g.g., mouse, human) antibodies or antigen-binding

portions thereof, The light chains of the antibody may be of kappa or lambda type.

(6074} Chemically and/or enzymatically treated antibodies or antigen-binding portion are
also included in the present application, such as deglycosylation, pegylation, etc. The
antibodies or antigen-binding portion can be molecularly manipulated, such as silencing of
giveosylation sites {e.g. agiycosylated), etc.

[0075] The artibodies or antigen-binding portions can be formed from peptides. The
peptides may aiso include variants, analogs, orthologs, homologs and derivatives of

peptides, that exhibit a biclogical activity, e.q., binding of an antigen. The peptides may alsc
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coniain one or more analogs of an amino acid {including, for example, non-naturaily
occurring amino acids, amino acids which only occur naturally in an unrelaled biclogical
system, modified amino acids from mammalian systems efe.), peptides with substituted
linkages, as well as other modifications known in the art. In certain instances, specific amino

acids may be substituted, deleted, siienced or added.

[8078] The present application encompasses glycosviation variants of the antibodies or
antigen-binding partion described herein. These alternations do not have a substantial effect
on the peptide’s hiological properties such as binding activity, but may improve half-life
and/or bioavailability. For example, antibodies may have aminc acid substitutions in the
framework region, such as to improve binding to the antigen. {n ancther example, a selectad,
small number of acceptor frameweork residues can be replaced by the corresponding donor
amino acids. The danor framework can he a mature or germling human antibody framework
sequence or @ consensus sequence. Guidance concarning how 1o make phanotypically
silent amino acid substitutions is provided in Bowie et al., Science, 247: 1306-1310 (1890).
Cunningham et al., Science, 244: 1081-1085 (1989). Ausubel (ed.), Current Protocals in
Molecular Biology, John Wiley and Sons, Inc. {1994). T. Maniatis, £. F. Fritsch and J.
Sambrook, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor iaboratory, Cold
Spring Harbar, N.Y. (1889). Pearson, Methods Mol. Biol. 243:307-31 (1994). Gonnet et al,,
Science 256:1443-45 (1992).

f0077} An antibody or antigen-binding portion can be derivatized or linked to another
functionai molecule. For example, an antibody can be functionally linked (by chemical
coupling, genetic fusion, noncovalent interaction, eic.) to one or more other molecular
entities, such as ancther antibcdy, a detectabie agent, a cylotoxic agent, a pharmaceutical
agent, a protein or peptide that can mediate association with another molecule (such as a
streptavidin core regicn or 2 polvhistidine tag), or facilitate uptake across blood train barrier
{e.g. fusion to cholera loxin A subuniis), block or interact with receptors, amino acid linkers,
signal sequences, iImminogenic carriers, or igands useful in protein purification, such as
giutathiona-S-transferase, histidine tag, and staphylococcal protein A. One type of
derivatized protein is produced by crosslinking two or more proteins {of the same type or of
different types). Suitable crosslinkers include those that are heterobifunctional, having two
distinct reactive groups separated by an appropriate spacer (e.g., m-maleimidobenzoyl-N-
hydrexysuccinimide ester) or homohifunctional (g.q., disuccinimidy! suberate). Such linkers
are available from Pierce Chemical Company, Rockford, Il Useful detectable agents with
which a protein can be derivalized {or labeled) include fluorescent compounds, various
enzymaes, prosthetic groups, iuminascent materials, bioluminescent materials, and

radicactive materials. Non-limiting. exemplary fluorescent detectabie agents include

N
J
-t



h

10

15

20

(9]
Lo¥sY

WO 2015/127140 PCT/US2015/016708

fluorescein, fluorescein isothiocyanate, rindamine, and, phycoerythrin, A protein or antibody
can alsc be derivatized with detectable enzymes, such as alkaline phosphatase, horseradish
peroxidase, beta-galaclosidase, acetylcholingsterase, glucose oxidase and the like. A
protein can also be derivatized with a prosthetic group (8.g., streptavidin/biotin and

avidin/biotin).

{6078} The present polype s may be the functionally active variant of antibodies ¢
antigen-binding portions thereof disclosed herein, e.g., with less than about 30%, about
28%, about 20%, about 15%, about 10%, about 5% or about 1% amino acid residues
substituted or deleted but retain essentially the same immunclogical properties including, but

not limited to, binding to an epitope of MARV GP.

{0079} The invention also encompasses a nucieic acid encoding the present antibody or
antigen-binding portion thereof that specifically binds to an epitope of MARV GP. The nucleic
acids comprise, for example, polynucleotides that encode all or part of the present antibody,
for example, one or both chains of the antibody, or a fragment, derivative, mutant, or variant
therect. The nucleic acids can comprise one or more additional sequences, for exanple,
regulatory sequences, and/or be part of a larger nucleic acid, for example, a vector. The
nucieic acid may be expressed in a cell to produce the present antibody or antigen-binding
portion thereof. The isolated nucleic acid of the present invention may comprise a sequence
encoding a peptide comprising at lzast about 70%, at least about 75%, at least about §0%
ai least about 85%, at least about 80%, at ieast about 98%, at least about 89%, about 70%

le about 100%, about 80% to about 100%, about 90% {o about 100%, about 85% to about
100%, about 70%, about 75%, about 80%, about 70%, about 75%, about 80%, abotit 85%,
about 80%, about 95%, or about 100% identity to SEQ 1D NDO:2, SEQ ID NO:26, SEQ D
NO:50, SEQ 1D NO:74, SEQ 1D NO:88, SEQ 1D NO:122, and SEG 1D NO:146. The isolated
nucieic acid of the present invention may comprise a sequence encoding a peptide
comprising at least about 70%, at least about 75%, at least about 80%, at least about 85%,
at least about 80%, at least about 5%, at ieast about 99%, about 70% to about 100%,
about 83% to about 100%, about 98% to about 100%, about 85% to about 100%, about
70%, about 75%. about 80%, about 70%, about 75%, about 80%, about 85%, about 90%,
about 95%. or about 100% ideniity o SEQ 1L NO: 14, SEQ D N(O:38, SEQ ID NQ:62, SEQ
HY NC:86, SEQID NO:110, SEQ 1D NO:134, and SEQ 1D NO:158.

(0080} In some embodiments, a nucieic acid molecule comprises one or more nucleotide
sequences seiected from the group consisting of SEQ 1D NG:1, SEQ 1D NG:3, SEQID
NG:4, SEQ 1D NO:5, SEQ 1D NO:13, SEQ D NO:15, SEQ ID NO:18, SEQ D NC:17, SEQ
D NG:25, SEQID NO:27, SEQ 1D NC:28, SEQ ID NO:29, SEQ D NO:37, SEQ 1D NO:39,
SEQ ID NO:40, SEQ 1D NO:41, SEQ D NO:4§, SEQ D NO:51, SEQ ID NO:B2, SEQID
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NO:B3, SEQ D NOg1, SEQ 1D NOE3, SEQ 1D NO:B4, SEQ 1D NO:6S, SEQ 1D NO73,
SEQ I NO:7S, SEQ D NO78, SEQ D NG:77, SEQ 1D NO:8S, SEQ 1D NOG:&7, SEQ 1D
NO:88, SEQ D NOGG, SEQ D NO:97, SEQ 1D NO:99, SEQ 1D NGO:1090, SEQ D NO:101,
SEQ D NO:GY, SEQ D N 111, SEQ D NC:112, SEG 1D NC:113, SEQ 1D NC:12

) NG123, SEQ D NO:124, SEQ 1D NO:125, SEQ D NO:133, SEQ 1D NO:135, SEQ D
NO:136, SEQ D NO:137, SEQ 1D NC:145, SEQ 1D NO:147, SEQ (D NO:148, SEQ D
NG:149, SEQ D NO:TEY, SEQ D NO159, SEQ 1D NO:180, and SEQ D NOG:181.

f6G81] In another aspect, the praesent invention provides vectors comprising a nucleic acid
encoding the present antibody or a portion thergof. The invention also encompasses
expression vaectors comprising any of nucleic acids molecuies or nucleotide sequences
described herein. Examples of vectors include, but are nct limited to, plasmids, viral vectors,
nor-episomal mammalian veclors and exprassion vectors, for example, recombinant

exprassion veciors.

FO082] The recombinant exprassion vectors of the invention can comprise a nucleic acid of
the invention in a form suitable for expression of the nucleic acid in a host cell. The
recombinant expression vectors include one or more regulatory sequences, selected on the
basis of the host celis to be used for expression, which is operably linked to the nucleic acid
sequence to be expressed. The reguiatory sequence can, for example, exart its effects
directly on the regulated nucleic acid, or through the action of one or more other molecules
(e.g., polypeptides that bind tc the regulatory sequence and/or the nucleic acid). Examples
of regulatory sequences include promoters, enhancers and other expression contro
slemeants {(e.q., polyadenylation signals). Further examples of regulatory ssguences are
described in, for example, Goeddel, 1990, Gene Expression Technology: Methads in
Enzymology 185, Academic Press, San Disgo, Calif. and Baron et al., 1985, Nucleic Acids
Res. 23:3605-06. Reguiatory sequences include those that direct constitutive expression of
a nucleolide sequeance in many types of host cells {e.q., SV40 early gene enhancer, Rous
sarcoma virus promoter, cytomegalovirus promoter, etc.), those that direct expression of the
nuciectide sequence only in certain host celis (e.g., tissue-specific reguiaiory seqguences,
see Voss et al,, 1886, Trends Biochem. Sci. 11:287, Maniatis et al., 1987, Science
236:1237, incorporated by reference hergin in their entirgties), and those that direct inducibie
expression of a nucleclide sequence inresponse to particular treaiment or condition {e.g.,
the matallothionin promoter in mammalian cells, the tet-responsive and/or streptomycin
responsive promoter in both prokaryotic and sukaryotic systems, etc.}. It will be appreciated
by ihose skilled in the art that the design of the expression vector can depend on such
faciors as the choice of the host cell {0 be transformed, the level of expression of protein

desired, etc. The expression vectors of the invention can be introduced into host cells to
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thereby produce proteins or pepiides, inciuding fusion proteins or peptides, encoded by

nuciele acids as described herein,

{8083} Changes can be introduced by mutation into a nucleic acid, thereby leading o
changes in the amino acid sequence of a polypeptide (e.g., the present antibody or fragment
therecf) that it encodes. Mutations can be introduced using any technique known in the art.
in one embodiment, one or more particular amino acid residues are changed using, for
example, a site-directed mutagenesis protocol. In another embodiment, one or more
randomly selected residues is changed using, for example, a randorm mutagenesis protocol.
However i is made, a muiant polypeptide can be exprassed and screened for a desired

property (e.q., binding to MARV GP).

[8084] Nucleic acid molecuies encoding a functionally active variant of the present antibody
or antigen-binding portion thereof are also encompassed by the present invention. These
nuciete acid molecules may hybridize with a nucleic acid encoding any of the present
antivody or antigen-binding portion thereof under medium stringency, high stringency, or
very high stringency conditions. Guidance for performing hybridization reactions can be
found in Current Protocols in Molecular Biclogy, John Wiley & Sons, N.Y. 8.3.1-8.3.6, 1989,
which is incorporated herein by reference. Specific hybridization conditions referred to herein
are as follows: 1) medium stringency hybridization conditions: 6XSSC at about 45°C,
followed by one or more washes in 0.2X8S8C, 0.1% SDS at 80°C; 2) high stringency
hybridization conditions: 6XSSC at about 45°C, followed by one or more washes in
0.2XSSC, 0.1% SIS al 85°C; and 3) very high stringency hybridization conditions: 0.5 M
sodium phosphate, 7% SDS at 65°C, followed by one or moreg washes at 0.2X38C, 1% SDS

C
at 65°C.

(00851 A nucleic acid encoding the present antibody or antigen-binding portion thereof may
be introduced into an expression vector that can be expressed in a suitable expression
system, followed by isolation or purification of the expressed antibody or antigen-binding
poertion thereof. Optionally, a nucieic acid encoding the present antibody or antigen-binding
portion thereof can be translated in a cell-free translation system. U.&, Patent No.
4,816,567, Queen et al., Proc Natl Acad Sci USA, 86:10029-10033 {(1989).

{0088} The present antibodies or poitions thereof can be produced by host celis transformed
with BNA encoding light and heavy chains {or portions thereof) of a desired antibody.
Antibodies can be isclated and purified from these culture supematants and/or cells using
standard techniques. For exampile, a host cell may be transformed with DNA enceding the

light chain, the heavy chain, or both, of an antibody. Recombinant DNA technology may also
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be used to remove some or ali of the DNA encading either or both of the light and heavy

chains that is not necessary for binding, .9., the constant region.

f00387] The present nucleic acids can be expressed in various suitable cells, including
prokaryotic and eukaryolic celis, e.g., bacterial cells, {e.g., & colf), yeast cells, plant cells,
insect calls, and mammalian celis. A number of mammalian ceil lines are known in the art
and include immortalized celi tines available from the American Type Cuiture Collection
(ATCC). Non-limiting exampies of the cells include ali cell lines of mammalian origin or
mammalian-like characteristics, including but not limited to, parantal cells, derivatives and/or
enginearsd variants of monkay kidney cells (COS, e.g., CO5-1, CO8-7), HEK2¢3, baby
hamster kidney (BHK, e.g., BHK21), Chinese hamster ovary {CHG), NSO, PerCs, BSC-1,
human hepatocellular carcinoma celis (e.9., Hep G2), 3F2/0, Hela, Madin-Darby bovine
Kidnay (MDBK), mysloma and lvmphoma cells. The engineered varianis include, e.q., glycan

profite modified and/or site-spacific integration site derivatives.

fOB88] The present invention also provides for cells comprising the nucieic acids described
hergin. The cells may be a hybridoma or transfectant. The types of the cells are discussed

above,

{0089} The present antibody or antigen-binding portion can be expressed in various cells.

The types of the cells are discussed above.

[O088] Alternatively, the prasent antibody or antigen-binding portion can be synthesized by
solid phase procedures wall Known in the art. Solid Phase Peplide Synthesis: A Practical
Approach by E. Atherton and R, C. Sheppard, published by IRL at Oxford University Press
(1989). Methods in Molecular Biology, Vol. 35: Peptide Synthesis Protocols {ed. M.
W.Pennington and B. M. Dunn), chapter 7. Solid Phase Peptide Synthesis, Znd Ed., Pierce
Chamical Co., Rockiord, 1L (1884). G. Barany and R. B. Merrifield, The Peplides: Analysis,
Synthesis, Biclogy, editors E. Gross and J. Meienhofar, Vol. 1 and Vol. 2, Academic Press,
New York, (1280), pp. 3-254. M. Bodansky, Principles of Peptide Synthesis, Springer-Verlag

Berlin {1984).

{0691} Conventional methods can be used to prepare the present antigens and constructs o
be used as but not iimited to immunogens and screening peptides.

[00821 In the present invention, marburgvirus (MARV) and ebotavirus {EBOV) glvcoproteing
{GF) antigens were produced by stable celi ing expression in Drosophila 52 and
Spodoptera SI9, or by transient transfection in Gni-/- HEKZ93 celis. Proteins were
engineered with either a strep or HA tag at the C terminus to facilitate purification using

Qiagen siraptactin or Roche anti-HA affinity resin, respectively.
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0093} Immunogenic screening constructs were produced for multiple strains of MARV GP
and EBQV GF: GPe, GPeamuc, GPeAmucAw, GPcl Table 2 and Figure 1 iilustrate the
nature of the constructs; (1) the MARY GP and EBQV GP ectodomain constructs {GPe) tack
the transmambrane {TM} domain and consist of residues 1-637; (i) the MARYV GP
ectodomain mucin-deleted constructs (GPeAmuc) also iack the mucine-like domain: AZH7-
425 for all MARY strains; (i) the EBCV GP ectodomain mucin-deleted construcis
{(GPeAmuc) also lack the mucine-like domain: A314-463 for EBOV, SUDV, BDBY and A316-
470 for RESTV the MARV GP construct GPeamucAw lacks both the GP1 mucin domain
(AZ287-425) and the GFP2-.wing (A436-483}; the cleaved MARV GP (GPcl) construct was
produced to mimic endosomal protease cleavage. The construct was produced by

ncubation of 1 mg MARY Ravn GPeAmuc with C.0Tmg trypsin at 37°C for 1 hour. Cleaved
EBOV GP was produced by treaiment with thermolysin. GPe protgins were further purified
by Superose 6 and all other GPF proteins were purified by Superdex 200 size exclusion

chromatography.

6084} Conventional methods can be used to prepare the present antibodies including

polycional antisera or monoclonal antibodies.

{60851 To produce polyclonal antibodies, 2 mammal (e.g. a mouse, hamster, or rabbit) can
be immunized with an immunogenic form of the gpitope which elicits an antibody response in
the mammal. Following immunization, antisera can be obtained and, if desired, polyclonal

antibodies isolated from the sera.

[8086] In one embodiment, the present invention provides for 2 method for making a
hybridoma that exprasses an antibody that specifically binds o an epitope of MARV GF.
The method contains the following steps: immunizing an animal with a composition that
includes an epitope of MARV GP (s.g., a mucin deleted MARY GP or other peptides as
disciosed herein}; isolating splenocytes from the animal; generating hybridomas from the
splenccytes; and selecting 2 hybridoma that produces an antibody that specifically binds to
an epitope of MARV GP. Kohler and Milstein, Nature, 256: 495, 1975, Harlow, E. and Lane,
0. Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., 1888.

(D087} Mice can be immunized subcutaneously, intraperitcneally or intravenously with the
antigen. After immunization, cne or more beosts may or may not be given. The titers of the
antibodies i the plasma can be monitored by, e.g., ELISA (enzyme-linked immunosorbent
assay), other immunoassay procedurss, or flow eytometry. Mice with sufficient titers of the
antibodies against an epitope of MARY GP are used for fusions. Mice may or may not be

hoosted with the antigen 3 days before sacrifice and removal of the spleen. Mice may or
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may not be boosted with a different antigen before sacrifice and remaval of the spleen. The
mouse spienocyles are isolated and fused with PEG to a mouse myeloma cell line. The
resulting hybridomas are then screenad for the preduction of antigen-specific antibodies,
Cells arg plated, and then incubated in selective medium. Supernatants from individual weils
are then screened by ELISA for monocionatl antibodies against the antigen. The antibody
secreting hybridomas are re-plated, screened again, and if still positive for anti-antigen

moncolonal antibodies, can be subcloned by limiting ditution.

(6068} Adiuvanis that may be used to increase the immunogenicilty of an antigen, e.g., an
epitope of MARY GP, include any compound or compounds that act to increase an immune
response o peptides or combination of peptides. Non-limiting examples of adjuvants
include alum, aluminum phosphate, aluminum hydroxide, MF59 {4.3% wiv squalene, 0.5%
wiv polysorhate 80 (Tween 803, 0.5% wiv sorbitan trioleate (Span 85)), CpG-containing
nucieie acid, Q521 {saponin adjuvant), MPL (Monophosphoryd Lipid A), 3DMPL (3-O-
deacviated MPL), extracts from Aquiila, ISCOMS (ses, e.9., Sjolander et al. (1998) J.
Leukocyie Bicl. 84:713; WOQG/03184; WOU6/11711; WG 00/48830; WOSE/36772;
WO0041720; WOO06/134423 and WOO7/026100), LT/CT mutants, poly(D,L-lactide~co-
aiyeolide) (PLG) microparticies, Quil &, interleukins, Freund's, N-acatyl-muramyb-L-threonyl-
D-isoglutaming (thr-MDP), N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine (CGP 11637,
referred to as nor-MDF), N-acetylmuramyl-L-alanyl-D-isoglutaminyi-L-alanine-2-(1"-2'-dip-
almitoyl-sn-glycero-3-hydroxyphosphoryloxy j-ethylamine (CGP 19838A, referred to as MTR-
PE), and RIBL, which contains thres componants extracted from bacteria, monophosphoryl
lipid A, trehalose dimycolate and cell wall skeleton (MPL+TDM+CWS) in 2 2%

squalene/Tween 30 emulsion.

(8089} The immunized animat can be any animai that is capable of producing recoverablg
antibodies when administered an immunogen, such as, but not limited to, mice, rabbits, rats,
hamsters, goats, horses, monkeys, baboons and humans. in one aspeact, the host is
transgenic and praduces human antibodies, g.9., a mouse expressing the human
immuncglobulin gene segments. U.8. Patent No. 8,236,311; 7,625,559 and 5,770,428, the
disclosure of each of which is incorporated herein by reference in its entirety. Lonberg st al.,
Nature 368(6474): 856-859, 1894, Lonberg. N., Handbook of Experimental Pharmacology
113:48-101, 1894, Lonberg, N. and Huszar, D., Intem. Rev. Immunol., 13 65-83, 1985.

Harding, F. and Lonberg, N., Ann. N.Y. Agad. 8¢l 764:536-548, 1995,

FOG106] After the host is immunized and the antibodies are preduced, the antibodies
are assaved o confirm that they are specific for the antigen of interest and to delermine
whether they exhibit any cress reactivity with other antigens. One method of conducting such

assays Is a sera screen assay as described in U.8, Patent Publication No. 2004/0126829.
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Antibndies against an epitope of MARY GF can be characierized for binding to the antigen

by a variety of known technigues.

f00101] For example, in an ELISA, microliter plates are coated with the antigen in
PRBS, and then biocked with trrelevant proteins such as bovine serum albumin (BSA) diluted
in PBS. Dilutions of plasma from antigen-immunized mice are added to each well and
incubated. The plates are washed and then incubaled with a secondary antibody conjugated
to an enzyme (e.g., alkaline phosphatase}. After washing, the plales are developed with the
enzyme’s substrate (e.g., ABTS), and analyzed al a specific OD. In other armbodiments, lo
deterniine if the selected monecional antibodias bind to unigue epitopss, the antibody can be
hiotinylated which can then be detected with a streptavidin labeled probe. Anti-antigen

antibodies can be tested for reactivity with the antigen by Western blotting.

f80102] Antibodies may alsc be assayed by in vitro multipiex bead-based
immunocassays. Mulliplex bead-bassd immunocassays, such as the Luminex® xMAP®
technology, allow the measurement of one anaiyte or simultangous measurement of multiple
analyies using a library of antigen-containing (or epitope-cantaining) peptides {or proteins)
coupled {o color-coded beads. Each bead is identified by the unigue wavelength it emits
when excited by a laser. Quantitation is accomplished by a sandwich assay using a
fluorescently labeled detaction antibody with affinity 1o the specific analyte captured by the
bead-coupled antibody beads. Excitation by a second laser reads the quantity of bound
detection antibody. Houser, Brett, Using Bead-Based Muftiplexing immuncassays to Explore
Ceilular Response to Drugs, Drug Discover and Development, May 9, 2011, The beads that
can be used in the Luminex® xMAP® immuncassays include MagPlex®, MicroPlex®,
LumAvidin®, SercMiARP ™ microspheres, etc. MagFlex® microspheres arg
superparamagnetic microspheres which are internally labeled with flucrescent dyes and
contain surface carboxyl groups for covalent attachment of igands {or biomolecules). Baker
et al., Conversion of a Caplure ELISA to a Luminex® xMAP® Assay using a Mullipiex
Antibody Screening Method, J. Vis. Exp., (65), e4084 10.3791/4084, DO 10.3791/4084
(2012). Fulton et al., Advanced multipiexed analysis with the FlowMetrix system. Clinical
Chemistry, 43, 1749-1756 (1947). Carson et al., Simultaneous quantitation of 15 cytokines

using a mulliplexed fow cyiometric assay, J. Immunol. Methods, 227, 41-52 {1699),

FO0103] tn one embodiment, to detecl the presence of antibodias o the epitope of
MARY GF in a sampleg, the GPs are coupled to MagPiex® microspheres based on the
migltiglexing xMAP® piatform and analyzed on the MagPix® instrument (Luminex
Corporation, Austin, Texas). The sample is then contacted with GP-coupled microspheres,

~ iy

an immunoassay is used io detect and quantify antibodies specific to the GP.
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f0G104] Different peptides, e.g., Ravn GPeamuc, Angola GPeamue, Musoke
GPeAmuc , CiBY GPsAamuc, Ravn GPe, Angola GPe, EBOV GFe, SUDV GPe, BDBV GPe,
RESTV GPe, EBQV GPeAmue, SUDV GPeAmug, BBV GPeAmuc, RESTY GPeamug,
Ravn GPeAmucAw peplides as disclosed herein, may be coupled to different sets or regions
of MagPlex® microspheres. Because each of these regions has a unique internal
flucrescent dye, the immunoassay is able lo discriminate between the antibodies specific to

the different peptides.

[60165] Biacore™ assay can be used o characierize anlibodies by measuring
protein-profein interaction and binding affinity based on surface plasmon resonance (SPR).
Karlsson et al,, Analysis of active antibody concentration, Journal of Immunological Methods,
(1983) 166, 75-84. Markey F., Measuring concentration, Biajournal, 1899, 2: § - 11.

Antibody titers can also be measured by radicimmunoassay.

fO0106] Hybridomas that produce antibodies that bind, preferably with high affinity, to
the epitope of MARYV GF can than be subcloned and further characterized. One clone from
gach hybridoma, which retains the reactivity of the parent cells (by ELISA}, can then be

chosen for making a cell bank, and for antibody purification.

{00167 To purify the anti-antigen antibodies, supernatants from the cultured
hybridomas can be filtered and concentrated before affinity chromatography with protein A-

Sapharose {(Pharmacia, Piscataway, N.LJ.

FOB168] The prasent antibodies or antigen-binding portions have in vitro and in vivo
therapeutic and/or prophytactic utilities. For example, these antibcdies can be administered
to celis in culture, &.g., in vitro or ex vivo, or to a subject, .q., in vivo, to prevent a filovirus
infection such as a MARYV infection, inhibit or delay the onset of the infaction, or siow
prograssion of the infection. The invention encompassss a method for delecting a filovirus
glycoprotein (e.g., @ Marburg virus, Ebola virus, Sudan virus, Bundibugyo virus, Tai Forest
virus or Reston virus glycoprotein) in a sample, the method comprising contacting the
sample with any cf the monocional antibodies or antigen-binding portions described herain.
A sample may be a cell, lissue, or hiclogical fluid from a subjest suspected of having or at
risk of & filovirus infection.

(001083 Filovirus infections encompassed by the prasent apgiication include, but are
not limited to, marburgvinis and ebofavirus.

FO01183 Infected subjects receiving the present compositions can be in the early,
middle or iate stages of infection, with mild, moderate o severe symptoms. In other cases,
individuals suspected of being exposed to the virus may also receive such lreatment, so the

spread of the virus may be halied or thelr risk of developing symptoms may be diminishad or
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sliminated. In other wards, the anti-MARY treatment can be applied as a method of
preventing MARY infection, olher filovirus infactions, or inhibiting the onset of Tatal symptoms

of the infection.

FO0119] The present compositions, antibodiss and antigen-binding portions may be
administerad to a subject for amelioration, praphylaxis and/or treatment of a filovirus
infection. Amsliorating, or reducing, or reduction of infection or disease, as used hergin, can
inciude but is not Emited to delaving the onset of the infection, attenuating the symptoms of
the infection, shortening the duration of the infection, reducing the viral titer in a patient {eg.
in the blood), or slowing the progression of the infection. Filovirus infections encompassed
by the prasent application includs, but are not limited to, marburgvirus and ebolavirus. One
or more antibodies or portions may be adminisiered to a subject. The one or more antibodies
or antigen-binding portions that are adminislered may comprise (i) an immunoglobiudin light
chain variable region comprising LCDR1, LCDRZ, and LCDR3, and (ii) an immunoglobulin
heavy chain variable region camprising HCDR1, HCDR2, and HCDR3, wherein {a) the
LECDR1Y, LCDR2 and LCDR3 comprise the amino acid seguences set forth in SEQ 1D NOs;
8, 7 and 8, respectively, and the HCDR1, HCDRZ2, and HCDR3 comprise the amino acid
sequences set forth in SEQ 1D NOs: 18, 19 and 20, respectively; (b) the LCDR1, LCDR2 and
LCDOR3 comprise the aming acid sequences set forth in SEQ 1D NOs: 30, 31 and 32,
respectively, and the HCDR1, HCDR2, and HCDR3 comprise the amino acid sequences set
forth in SEQ 1D NOs: 42, 43 and 44, respeclively; or {c} the LCDR1, LCDRZ and LCDR3
comprise the amino acid sequences set forth in SEQ 1D NOs: 54, 55 and 56, respectively,
and the HCDR1, HCDR2, and HCDR3 camprise the amino acid sequences set forth in SEC
tD NOs; 66, 67 and 68§, respactively, (d) the LCDR1, LCDR2 and LCDR3 comprise the
amino acid sequences set forth in SEQ D NOs: 78, 79 and 80, respectively, and the
HCDR1, HCDR2, and HCDR3 comprise the amine acid sequences set forth in SEQ 1D NOs:
90, 91 and 82, respectively, {e} the LCDR1, LCDR2 and LCDR3 comprisg the amino acid
sequences set forth in SEQ 1D NQOs: 102, 163 and 104, respectively, and the HCDRA1,
HCDR2, and HCDRS comprise the amino acid sequences set forth in SEQ 1D NOs: 114, 115
and 1186, respectively, (f) the LCDRY, LCDR2 and LCDR3 comprise the aminoe acid
sequences set forth In SEQ 1D NQs: 126, 127 and 128, respectively, and the HCDRT,
HCDR2, and HCDR3 comprise the amino acid sequences set forth in SEQ 1D NOs: 138, 139

[

and 140, respectively, or (g) the LCDR1, LCDR2 and LCDR3 comprise the amino acid
sequences set forth in SEQ 1D NOs: 130, 151 and 152, respectively, and the HCDR1,
HCDR2, and HCDR3 comprise the amino acid sequences set forth in SEQ 1D NOs: 162, 163
and 1684, respectively. The invention includes administering a pharmaceutically effective

amount of a pharmaceutical composition to an individual diagnosed with a filovirus infection
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or showing symptoms of 2 filovirus infection. A pharmaceutically effeciive amount of the
present pharmaceutical composition can be administered to an individuai at risk of being
exposed 0 and conlracting a filovirus infection. A pharmaceutically gffectivg amcunt to be
administered to the subject can be determined by a physician or other health care
professionat with consideration of individual differences in age, weight, disease severity,
dose and frequency of administration, and individual response to the therapy. An
exemplary, non-limiling range for a therapeutically or prophylacticaily effective amount of an
antibody or antigen-binding portion of the invention is from about 0.0071 to about 60 ma/kg
body weight, about .01 to about 30 mg/kg body weight, about 0.01 to about 25 mg/kg body
weight, about §.5 to about 25 mg/kg body weight, about 0.1 {o about 20 mg/kg body weight,
about 10 to about 20 ma/kg body weight, about 0.75 to about 10 malkg body weight, about 1
to about 10 mg/kg body weight, about 2 to about 8 ma/ky body weight, about 1 to about 2
mg/kg body weight, about 3 to about 8 mg/kg body weight, about 4 to about 7 mg/kg body
weight, about 5 ic aboul 6 mg/kg body weight, about 8 to about 13 mg/kg body weight, about
8.3 to aboul 12.5 mg'kg body weight, about 4 to about 6 mg/kg body weight, about 4.2 1o
about 6.3 mg/kg body waight, about 1.6 to about 2.5 mg/kg body weight, about 2 to about 3

mg/kg body weight, or about 10 ma/kg body weight.

(00112} The antibody or antigen-hinding portion thereof can be administered alone or
in combination together with another therapeutic agent, e.g., a2 second monocicnal or
polyclonal antibody or antigen-binding portion, or other therapeutic agents to treat filovirus
infections {e.g. antiviral agents). The second therapeulic agent may be ancther anti-filovirus
antibody or antigen-binding portion, and may be any of the antibadies or portions described
herein. in nne embodiment, a pharmaceutical composition comprises at least one Marburg
virus-binding antibndy or antigen-binding portion therecf, and at least cne Ebola virus-
binding antibody or antigen-binding portion thereof. A pharmaceutical composition may
comprise at teast two, at least three, or at least four Marburg virus-binding antibodias or
antigen-hinding portion thereof. A pharmaceutical composition may comprise at least two
Marburg virus-binding antibodiss or antigen-binding portion thereaf, and wherein each
Marburg virus-birding antibody or antigen-hinding portion binds different epitopes of the
Marburg virus glycoprotein. As used hergin, “different epitopes” may be overlapping or non-

overlapping.

f60113] The pharmaceutical compositions, therapeutic compaositions, or immunogenic
compositions may contain the antibodies together wilh one or more other active agents.

F&

Alternatively, the present compositions may be administered consecutively, simullaneously
or in combination with one or mare other active agents. Non-limiting examples of the active

agents that may be used in combination with the present compositions include an anti-EBOV
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present composition include those thal are useful for trealing marburgvirus infections or

refated flovirus infgctions. For example, the antibody or antigen-binding portion thereof of

the present disclosure may be co-formulated andior coadministered with one or more

additional antibodies that bind other targets. An additional antibody may be anocther anti-

filovirus antibody or antigen-tinding portion, and may be any of the antibodies or portions

described herein. in one embodiment, an antibedy or portion of the invention is co-

formulated or coadministerad with at least one Ebola virus-binding antibady or antigen-

binding portion thereof. An antibody or portion of the invention may be co-formulated or

coadministered with at least cne at least two, at least three, or at least four other Marburg

virus-binding antibodies or antigen-binding portion thereof. An antibody or portion of the

invention may be co-formulated or coadministered with at least one other Marbury virus-

binding antibody or antigen-binding portion thereof, wherein each Marburg virus-binding

antibody or antigen-binding portion binds different epitcpes of the Marburg virus

glveoprotein. As used herein, “different epitopes” may be overlapping or non-overlapping.

(001141 The present invention further encompasses vaccines and immunogen-

containing compositions, The vaccines or immunogen-containing compositions may

comprise one or more epitopes recognized and/or bound by one or more of the present

antibodies or antigen-binding portion therecf. In one embodiment, the vaccines or

immunogen-containing compositions comprises one or more epitope recognized andfor
bound by cne or maore of CAN3UGT, CAN30GZ, CANS0G3, CAN3OG4, CAN3OGS,
CANS4G1T, CANS4G2Z, CANS4G3 or CAN4OG1, or antigen-binding portion of any of these

antibodies. The vaccines or immunogen-centaining compasitions may centain the epitope, or

may contain a paptlide or protein having the epitope. in one embediment, the epitope-

containing portions, fragments, or peptides are derived from MARV GP. The epitope-

containing portions, fragments, or peptides may also be chemically or recombinantly

synthesized.

f00115] The present invention also provides compositions containing an antibody or

antigen-binding portion therenf described herein. The composition may coniain an isolated

nucieic gcid encoding the present antibody or antigen-binding portion thereof. The present

compositions may also contain a pharmaceutically acceplable carrier. Pharmacsutically

acceptable carriers include any and all solvents, dispersion media, isotonic and absorption

delaying agenis, and the like that are physiologically compatible. The pharmaceutical

composition may be used for praventing the onset or reducing the severity or duration of a

filovirus infection. As discussed above, the antibodies or antigen-binding portions thereof are

specific to MARV GP.
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00116} The invention also feaiures methods of ameliorating, treating or preventing a
filovirus infection in a subject by administering to the subject a pharmaceutical composition
containing at least oneg antibody ¢or antigen-binding portion thereof in an amount effgctive to

treat or prevent a filovirus infection.

FO01177 in certain embodiments, the present composition can be administered to a
subiect at a dose ranging from abeut 1 pg to 1 mg/kg body weight, about 10 pg o 800 pg/kg
hody weight, about 20 g to 600 Lg/kg body weight, about 38 g to 560 pg/kg body weight,
about 10 pg to 400 po/kg body weight, about 20 pg to 400 pg/kg body weight, about 80 ug to
100 pg/kg body weight, about 16 ug o 200 ug per kg body weight, about 100 yg io 200
alkg body weight, about 50 pg/kg body weight, or about 100 pg/kg body weight. The dose
may also range from zbout 10 mg/kg of body weight to about 5 g/kg body weight, about &
ma/kg of body weight to about 2 g/kg body weighi, about 50 mg/kg of body weight to about 4
gfka body weight, about 100 mg/kg of body weight 1o about 3 g/kg body weight, about 0.1
gfkg body weight 1o about 1 g/kg body weight, about 0.2 g/kg body weight to about (.8 g/kg
body weight, about .2 g/kg of body weight to about 4 g/kg body weight, about 10 mgrkg of
hady weight to about 50 mg/kg body weighi, about 0.2 g/kg body weight, about 0.4 glkg
hody weight, about 0.8 ¢/kg body weighl, about & mg/kg body weight to about 500 mglkg
body weight, at least about 10 mg/kg body weight, at least about 15 mg/ kg body weight, at
feast about 20 mg/kg body weight, at least about 25 mg/kg body weight, at least about 30
ma/kg body weight or at least 56 mg/kg body weight, up to about 100 mg/kg body weight, up
to ahout 150 m/kg body weight, up to about 200 mg/kg body weight, up to about 250 mgiky
body weight, up to about 300 ma/kg body weight, or up o about 400 ma/kg body weight. In

other embaodiments, the doses of the immuncogiobulin can be greater or less.

[001183 Using a2 mass/volume unit, the present composition can be administered to a
subject at a dose ranging from abcout 0.1 mg/mi to about 2600 mg/mi, or any amount there
hetween, for exampie 0.1, 0.5, 1, 2, 5, 10, 15, 20, 25, 30, 35, 40, 10 50, 60, 70, 80, 80, 100,
120, 140, 160 180, 200, 250, 500, 750, 1000, 1500, 2000 mag/ml, or any amount
thersbetween; or from about 1 mg/mi to about 2000 mg/ml, or any amount there between,
for example, 1.0, 2.0, 8.0, 10.0, 15.0, 20.¢, 25.0, 30.0, 35.0, 40.0, 50.0 60.0, 70.0, 80.0,
90.0, 100G, 120, 14C, 180 180, 200, 250, 500, 750, 1000, 1600, 2000, myg/ml or any amount
there between; or rom about l0mg/ml! to abouwt I000mg/mi or any amaount 15 there between,
for example, 10.0, 15.0, 20.C, 25.0, 30.0, 35.0, 40.0, 50.0 60.0, 70.0, 80.6, 90.0, 100, 120,
140, 160 180, 200, 25G, 500, 750, 1600 mg/mi, or any amcunt there betweern; or from about
30mg/mi to aboul 10060ma/mi or any amount there between, for example 30.0, 35.0, 40.0,
50.0 80.0, 70.0, 80.0, 80.0, 100, 120, 140, 160 18G, 200, 250, 500, 780, 1600 mg/mi.
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FB0119] The data obiained from the cell culture assays and animal studies can be
used in formulating a range of desage for use in humans or other animal species. in one
smbodiment, the dosage of such compounds lies within a range of circulating concerntrations
that include the EL50 with littls or no toxicity. The dosage can vary within this range
depending upon the dosage form employed and the route of administration utilized. In
another embodiment, ihe therapeuticaily effective dose can be estimated initially from cell
culture assays. A dose can be formulated in animal models to achieve a circulating plasma
concentration range that includes the ICH0 {Le., the congentration of the test compound
which achieves a half~maximai inhibition of symptoms) as determined in cell culture.
Sonderstrup, Springer, Sem. Immunopathol. 25: 35-45, 2603, Nikula et al., inhal. Toxicol.
4(123. 123-53, 2000.

(001207 The compaosition is formulated to contain an effective amount of the present
antivody or antigen-binding portion thereof, whergin the amount depends on the subject to
be treated and the condition to be treated. In one embodiment, the present antibody or
antigen-binding portion thereof is administered at @ dose ranging from about 0.01 mg to
aboui 10 g, from about G.1 myg o about 8 g, from aboud 1 mg to about 8 g, from about 1 mg
te about 7 g, from about 5 mg to about 6 g, from about 10 myg to about & g, from about 20 my
o about 1 g, from about 50 mg to about 300 mg, from about 100 mg to about 800 mg, from
about 0.01mg to about 1) g, from about .05 yg tc about 1.5 mg, from about 10 ug to about
1 mg protein, from aboul 30 yg o about 500 pg, from about 40 pg to about 300 py, from
about 0.1 pa to about 200 mg, from about .1 ug to about 5 [g. from about 5 ug to about 10
Hg, from about 10 g to about 25 pg, from about 25 yg to about 50 pg, fram about 50 ug to
about 100 pg, from about 100 ug to about 500 ug, from about 500 pg to about 1 mg, from
about 1 mg to about 2 mg.  The specific dose level! for any particular subject depends upon
a variety of factors including the activity of the specific peplide, the age, body weight, general
health, sex, diet, time of administration, route of administration, and rate of excretion, drug

combination and the severity of the particutar disease undergoing therapy.

(001213 The duration of administration can vary: it may range from about 10 minutes
tc about 1 day, from about 30 minutes tc about 20 hours, from about 1 hour to about 15
hours, from about 2 hours to about 10 hours, from about 3 hours o about 8 hours, from
about 4 hours o about § hours, from about 1 day to about 1 week, from about 2 weeks o
about 4 weeks, from about 1 month to about 2 months, from about 2 months to about 4
months, from about 4 months to about 8 months, from about 6 months to about 8 months,
from about 8 months to about 1 vear, from about 1 year to about 2 years, or from about 2
years (o about 4 years, or more. The duration of adminisiration may beg about 1 month, about

3 meonths, about 8 months, about 1 year, about 18 months, about 2 years, about & vears, or
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about 10 years. in one embodiment, the treatment may last the remainder of a subject’s

natural life.

eg122] Composiiions can be administered in a singie dose trealment or in mulliple
dose treatments on a schedule and over a time period appropiiate to the age, weight and
condition of the subject, the particular composition usad, and the route of administration. In
ong embodimeant, a single dose of the compasition according to the invention is
administered. In other embcdiments, multiple doses are administered. The frequency of
administration can vary depending on any of a variety of factors, e.g., severity of the
symptoms, degree of immunoprotection desired, whether the composition is used for
prophylactic or curative purposes, etc. For example, the compasition according to the
invention is adminisiered about cnce per day, once per month, twice per month, three times
per menth, about once every other month, every other week (gow), once per week (qw),
twice per week (biw), three times per week {tiw), four times per week, five times per week,
six timas per week, gvary other day {god), daily (qd), twice a day {qid}, three times a day
{tid), about once every 6§ months, about once a year, about once every 2 years, or about
once every 5 vears, slc. The composition may also be administered in one or more doses

per day.

[00123] Effectiveness of the treatment may be assessed during the entire course of
administration after a certain time period, €.g., about every 3 months, about every 6 months,
about every 9 years, about every year, etc. The administration schedule (dose and
frequency) may be adjusted accordingly for any subsequent administrations. U.S. Fatent
Nos. 8,066,893 and 7,968,203,

[00124] Compositions or nucleic acids, polypentides, or antibodies of the invention
can be delivered alone or as pharmaceutical compositions by any routes known in the art,
e.Q., systemically, regionally, or tocally; by intra-arterial, intrathecal {IT), intramuscular,
intravenous {IV), parenieral, intra-pleural cavity, topical, oral, enteral, intranasal,
intraputmonary or inhalational, subcutaneous, inlra-tracheal, transdermal, or transmucosai.
Actual methods for preparing parenterally administrabie compositions will be known or
apparent to those skilled in the art and are described in detail. Bai, J. Neuroimmunol, 80:
85-75, 1987, Warren, J. Neurol. Sai, 152: 31-38, 1697, Tonegawa, J. Exp. Med. 186: 507-
518, 1997. When administering the compositions by injection, the administration may be by

continuous infusion or by single or multiple holus injections.

[00125] i certain embodiments, an antibody of the prasent invention or fragment

therectf may be linked to a half-life extending vehicle known in the art. Such vehicles inciude,

%)
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but are not limited to, ihe Fc domain, polyethylene glycol (PEG), and dextran. Such vehicles

Fa¥a)

are described, e.g.. in U.S. Application No. 08/428,682 and WG 99/25044,

F00126)] The present antibody or fragment thereof may be glyco-maodified (e.g.,

deglycosylated, elc.) with improved effector function profile.

(001273 Pharmaceutical techniques may also be employad to control the duration of
action of the compositions/preparations of the pragsent invention. Conirol release
preparations may be prepared through the use of polymers to complex, encapsulate, or
absorb the antibodies. WQ1899040939, In certain embodiments, the composition takes the
form of, for example, implants, transdermal patches, and microencapsulated delivery
systems. Biodegradabie, biocompatible polymers can be used, such as ethylene vinyl
acetate, polyanhydrides, polygiycolic acid, collagen, polyorthoesters, and polylactic acid.
See, &.g., Sustained and Controlled Release Drug Delivery Systems, J. R. Robinson, ed.,
Marcel Dekker, inc., New York, 1978.

(00128} The pharmaceutical compositions of the present invention may be in a
variety of forms. These include, for example, liquid, semi-solid and solid dosage forms, such
as Hquid solutions {e.g., injectabie and infusible solutions), disparsions or suspensions,
tablets, pills, powders, liposomes and suppositories. The preferred form depends on the
intendsed mode of administration and therapeutic application. The liquid formulation may be
administered dirgctly. The lyophilized powder formulation may be reconstituted in a

physiclogically compatibie medium before administration.

(001283 The compositions of the present invention can be prepared as injectables,
pither as liquid solutions or suspensions, or as sofid forims which are suitable for solution or
suspension in tiquid vehicles prior to injection. The composition can also be prepared in solid
form, emulsiiied or the aclive ingredient encapsuiated in liposome vehicles or ofher
particulats carriers used for sustained dslivery. For example, the composition can be in the
form of an ol emulsion, water-in-cil emulsion, water-in-oil-in~water emulsion, site-specific
emulsion, long-residence emulsion, stickyemulsion, microemulsion, nanoemuision,
lipocsome, micraparticle, microsphere, nancsphere, nanoparticle and various natural or
synthatic polymers, such as nonresorbable impermeable polymers such as ethylenevinyi
acetate copclymers and Hytrel® copolymers, swellable polymers such as hydrogels, or
resorbable polymers such as collagen and certain polyacids or polyesters such as those

used to make resorbable sutures. that allow for sustained release of the vaceine.

I0e130 By way of example, intravenocusly injeclable immunoglobulin preparations
may contain an immununocglobuiin distributed in a physiclogically compatible medium.

Suitabie medium for the present compositions may be sterile water for injection (WF1) with or
/
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without isoionic amounts of sodium chioride. For examgile, diluents include steriie WFI,
sodium chioride soiulion (see Gahart, B.L. & Nazareno, AR, Infravenous Medicalions: &
handbook for nursas and allied health professionats, p. 516-521, Mosby, 18473,

00131} The immungcglobulin conceniration in the pharmaceutical composition may

a

range from about .1% {w/w) to about 36% (w/w), from about 0.5% (w/w) to about 26%

{wiw), from about 1% {(wiw) to about 15% {w/w), from about 2% (wiw} to about 3% (Wiw), or

front about 5% {wiw) to about 10% (wiw).

(001321 in certain embodiments, the present composition may be orally administered,
for example, with an inert diluent or an assimilable edible carrier. The compound (and other
ingredients, if deskred) may also be enclosed in a hard or soft shell gelatin capsile,
compressed into tablets, or incorporated directly into the subject's dist. For oral therapeutic
administration, the compounds may be incorporated with excipients and used in the form of
ingestible tablets, buccal lablets, froches, capsules, elixirs, suspensions, syrups, wafers, and
the like. To administer a compound of the invention by other than parenterai administration,
it may be necessary ic ¢oat the compound with, or co-administer the compound with, a
material to prevent iis inactivation. Compositions for oral administration via tablet, capsule or
suspension are prepared using adjuvants including sugars, such as laciose, glucese and
sucrosg: starches such as com starch and potato starch; cellulose and derivatives thereof,
including sodium carboxymethyicelluiose, ethyiceilulose and cellulose acetates; powdered
tragancanth; malt; gelatin; taic; stearic acids; magnesium stearate; calcium sulfate;
vegstable oils, such as peanut oils, cotton seed oil, sesame oil, olive oif and corn oil; polyols
such as propylens glycol, glycerine, sorbital, mannitol and polyethylene glycol; agar; alginic
acids; water; isotonic saline and phosphate buffer solutions. Wetting agents, lubricants such
as sodium lauryl sulfate, stabilizers, tableting agents, anti-oxidants, preservatives, coloring

agents and flavoring agents may also be present.

f00133] Creams, iotions and cintmenis may be prepared for topical application using
an appropriate base such as g triglyceride base. Such creams, totions and ointments may
also contain a surface active agent. Aerosol formulations, for example, for nasal delivery,
may also be prepared in which suitable propeitant adjuvants are used. Other adjuvants may
also be added to the composition regardiess of how it is to be administered, for example,
anti-microbial agents may be added to the composition to prevent microbial growth over
proionged storage pericds. Therapeutic composttions typically must be sterile and stable

under conditions of manufacture and storage.

FO0134] The present antibodies or antigen-binding portions thereof are formuiated into

compositions for delivery to a mammalian subject. The composition is administered alone,

(oM
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and/or mixed with a pharmaceutically acceptable vehicle ar excipient. Suitable vehicles are,
for example, water, saline, dexirose, giveerol, ethanol, or the like, and combinations thereof,
in addition, the vehicle can contain minor amounts of auxiliary substances such as welling or
emulsitying agents, pH buffering agents, or adjuvants. The compositions of the present
invention can alsc include ancillary substances, such as pharmacoiogicai agents, cytokines,
or other biological respanse modifiers. Methods of preparing the formulations are known, or
will be apparent, 1o those skilled in the arl. See, e.q., Remingtor’s Pharmaceutical Sciences,

Mack Publishing Company, Easton, Pennsylvania, 21st gdition,

[00135] The present antibodies or antigen-binding portion thereof can be combined
with a pharmaceutically acceptable carrier. Pharmaceutically acceptable carriers can
sontain a physiclogically acceptable compound that acis to, e.g., stabilize, or increase or
decrease the absorplion or clearance rates of the present antibodies or antigen-binding
portion thereof. Physiologically accepiable compounds can include, e.g., carbohydrates,
atich as glicose, sucrose, or dextrans, antioxidants, such as ascorbic acid or glutathione,
chelating agents, low malecular weight proteins, detergents, liposomal carriers, or excipients
or other stabilizers and/or huffers. Gther physiologically acceptable compounds inciude
wetling agents, emulsifying agents, dispersing agents or preservatives. See e.q.,
Remington’s Pharmaceutical Sciences, Mack Publishing Company, Easton, Pennsylvania,

21st edition.

[00136] In one aspect, the present antibodies or antigen-binding portion thereof are
dissolved in a pharmaceutically acceplable carrier, e.g., an agueous carrier. Examples of
agueous solutions include, e.g., water, saline, phosphaie huffered saline, Hank's solution,
Ringer's solution, dextrose/saline, glucose solutions and the like. The formulations can
contain pharmaceutically acceptable auxiliary substances as required to approximate
physiological conditions, such as buffering agents, tonicity adiusting agents, wetling agents,
detergents and the like. Addilives can alse include additional active ingredients such as
haciaricidal agents, or siabiiizers. For example, the solition can contain sodium acetate,
sodium lactate, sodium chioride, potassium chioride, calcium chioride, sorbitan monolaurate

or friethanolamine oieate.

f006137] Solid formulations can be used in the present invention. They can be
formulaied as, e.g., pills, tableis, powders or capsules. For solid compositions, conventional
solid carriers can be used which include, e.g., mannitol, lactose, starch, magnesium
stearate, sodium saccharin, talcum, cellulose, glucose, sucrose, magnesium carbonate, and
the fike. Suitable pharmaceutical excipients include e.g., starch, celiulose, talc, gltconse,

lactose, sucrose, gelatin, malt, rice, fiour, chalk, silica gel, magnesium stearate, sodium
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stearate, glycerc! monostearate, sodium chloride, dried skim milk, glycercl, propylene glyec

waler, ethanol

F00138] For transmucosal or ransdermal administration, penstrants appropriate lo the
barrier o be permeated can be used in the formulation. Such penelrants are generaily

S known in the art, and include, e.q., for fransmucosal adminisiration, bile salts and fusidic acid
derivatives. In addition, detergents can be used o facilitate permeation. Transmucosal
administration can be through nasal sprays or using suppesitcries. Sayani, Crit. Rev. Ther.
Drug Carrier Syst. 130 85-184, 1896, For topical, transdermal administration, the agents are
formulated into ointments, creams, salves, powders and gels. Transdsrmal delivery systems

10 can also include, e.g., patches.

[O0139] For inhalation, the present compositions can be delivered using any system
known in the ar, including dry powder asrescis, liquids delivery systems, air jet nebulizers,
propeliant systems, and the like. Pation, Biotechniques 18: 141-143, 1898, Also can be
used in the present invention are product and inhaiation delivery systems for polypeptids

15 macromolecules by, e.g., Dura Pharmaceuticals (San Diego, Calif.), Aradigrn (Hayward,
Calif.), Aercgen (Santa Clara, Calii.), Inhale Therageutic Systems (San Carlos, Calif.), and
the like. For exampie, the pharmaceutical formulation can be adminisiered in the form of an
aerosol or mist. For aerosol administration, the formitlation can be supplied in finely divided
form along with a surfactant and propellant. In another aspect, the device for delivering the

20 formulation to respiratory tissue is an inhaler in which the formulation vaporizes. Cther liguid

delivery systems inciude, €.9., air jst nebulizers.

01407 The present campoesilions can also be administered in sustained delivery or
sustaingd release mechanisms. For example, biodegradeable microspherss or capsides or
other bicdegradeable polymer configurations capable of sustained delivery of a peplide can

25 beinciuded in the formutations of the invention {see, e.q., Putney, Nat, Bictechnal. 16: 153-
157, 1998).

[00141] fn one aspect, the compositions are prepared with carriers that wili protect the
peplide against rapid elimination from the body, such as a conirolled release formulation,
including implants and micreencapsulated delivery systems. Biodegradable, biocompatible

30 polymers can be used. such as ethyiene vinyl acstate, polyanhydrides, palyglycolic acid,
coliagen, polyorthoesiers, and polylactic acid. Methods for preparation of such formulations
will be apparent to those skilled in the art. Liposomal suspensions can also be used as

pharmacsutically acceptable carriers, U.S. Patent No. 4,522,811,

[06142] in ong aspsct, the pharmaceutical formuiations comprising nucleic acids,

35 polypeptides, or antibodies of the invention are incorporated in lipid monolayvers or bilayers,

39
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8.G., liposomes. U.S, Patent Nos. §,118,480; 8,098,716, 5,283,185 and §,279,833. Aspects
of the inverition also provide formulalions in which nucieic cids, peptides or polypeplides of
the invention have baen atlached (o the surface of the monolayer or bilayer. For example,
peptides can be attached ¢ hydrazide-PEG-{distearoyiphosphatidyl) ethanclamine-

S0

containing liposomes (see, e.¢., Zalipsky, Bioconjug. Chem. 6: 705-708, 1G835). Liposomes
or any form of lipid membrane, such as pianar lipid membranes or the celi membrane of an
intact cell, e.g., a red blood cell, can be used. Liposomal formulgtions can be by any means,
including administration intravenously, transdermally (see, e.q., Vutla, J. Pharm. Sci. 85: 5-8,
1996), transmucosaily, or orally. The invention also provides pharmaceutical preparations in
which the nucleic acid, peptides andfor polypeptides of the invention are incorporated within
micelles and/or liposomes (see, 8.¢., Suntres, J. Pharm. Pharmacol. 46 23-28, 1694,
Woodlg, Pharm. Res. 9: 26G-265, 1992}, Lipesomes and liposomal formulations can be
prepared according to standard methods and are also well known in the art. Akimary,
Cytokines Mol Ther. 1: 197-210, 1895, Alving, Immunol. Rev. 145: 5-31, 1985, Szoka, Ann.

Rev. Biophys. Biceng, 9: 467, 1880. U.S. Patent Nos. 4, 235,871; 4,501,728 and 4,837 ,028.

f00G143] ftis advantageous to formulate parenteral or oral compositions in dosage unit
form for ease of administration and uniformity of desage. Dosage unit form as used herein
refers to physically discrele units suited as unitary dosages for the subject to be treated;
each unit containing a predetermined quantity of active compound caloulated 1o produce the

desired therapeutic sffect in association with the required pharmaceutical carrier.

00144} Also encompassed by the present invention is an article of manufacture
comprising packaging material and a pharmaceutical composition. The composition
comprises a pharmaceutically acceptable carrier and a pharmacsutically effective amount of
the antibody or antigen-binding portion thereof as described above. The packaging material
may be labeied {¢ indicate that the composition is useful o treat or prevent a filovirus
infection. The packaging material may be any suitable material generally used to package

pharmaceuiical agents including, for exampleg, glass, plastic, foil and cardboard.

§00145] Additional compaonents of the kits may include one or more of the following:
instructions for use; ancther therapeutic agent, an agent useful for coupling an antibody to a
label or therapeutic agent, other reagents, or cther materials for preparing the antibody for
administration; pharmaceutically acceptable carriers; and devices or other materials for

administration to a subject.

(00146} Instructions for use can include instructions for therapeutic applications,
suggested dosages, dose intervals, and/or modes of administration, etc. Cther instructions
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can include instructions on coupling of the antibody tc a label or a therapeutic agent, or for

purification of a conjugated antibody, e.g., from unreacled conjugalion components.

0061473 The kit may or may not conlain al least one nucleic acid encoding the
present antibcdies or fragment thergof, and instructions for exprassion of the nucieic acids.

Cther possible components of the kit include expression vectors and cells.

[003148] The present antibodias, anligen-binding portions thereof, comgpositions and
methods can be used in ali veriebrates, 2., mammals and nen-mammals, including human,
mice, rats, guinea pigs, hamsters, dogs, cats, cows, horses, goats, sheep, pigs, monkays,
apses, gorilas, chimpanzees, rabbils, ducks, geese, chickens, amphibians, reptiles and other
animais. A subject may be a vertebrate, an exparimental animal or a transgenic animal. The

prasent compositions and methads may be for veterinary use.

(001487 The invention will be further clarified by the following examples, which are

intended to be purely exempiary of the invention and in no way limiting,
EXAMPLES
EXAMPLE 1: Antigen preparation

(00130} Marburgvirus {(MARY; Ravn and Angoia straing) and eholavirus glycoprotein
(GP) antigens wers produced by stable celi line expresston in Drosophila $2 and
Spadoptera 519, or by transizant transfaction in Gniy/- HER293 celis, Proteins were
engineered with either a strep or HA tag at the C-terminus to facilitate purification using
streptactin (Qiagen} or anti-HA affinity resin (Roche), respectively. GP ectodomain
construcis {GPeg) lack the transmembrane {THM) domain and consist of residues 1-637. GF
ectodomain mucin-deleted constructs (GPeAmuc) also lack the mucin-like domain: A257-425
for all MARY strains, A314-463 for EBOV (Ebola virus), SUDV {(Sudan virus), BDBV
{(Bundibugyo virus} and A316-470 for RESTY (Reston virug). As a control for epitope-
mapping experiments, an additional MARV G construct was purified from 32 cells lacking
both the GF1 mucin domain (A257-425) and the GRP2-wing (A436-483), termed
GPesamucaw. GP and GP construct seguences are provided in Table 1. To mimic
endosomal cathepsin protease cleavage, cleaved MARY GF {(GPcl) was prodm, 2t by
incubation of MARY Ravn strain GPFeAmuc with trypsin at a ratio of 1:100 in TBS pH 7.5 at
37°C for 1 hour. Cleaved EBOV GP was producad by treatment with thermolysin at a ratio of
1:50 overnight at room temperature in TBS pH 7.5 containing 1mM CaCl.. GPea proteins
were further purified by Superose 6 and all other GP proteins were purified by Superdex 200
size exctusion chromatography. The GP schematic and construct design for the engineered
peptides are shown in the diagram in Figure 1, and a summary of the GP construcis is

shown in Table 2
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Table 1: Amino acid and nucleotide sequences of antibody domains and antigens

. SE(G
T Chain, = aF . L
Antibody Mame Recton Origin Segquence 15
5 N3
gatattglgeigacccaatciceactetesctgecigicagtettyg
agatcaagectoeatetictigoasgatotagicagageatiygtacs
cagtastggaascacciatttacatiggtacotgeagaagecag
K. Muine gocagicte 1 Qa‘dd(,btbuttdtl_tdk_dda{"i tocaacogatittol
CAN3OGE Vartabie ¢ gacaggiicagtggcaqiggaicagggacagatt 1
region SCLHUENLE Zieageagagliggaguetaaggatetgggact
- ttadttots L»Lt«qaaag‘acarat« Jiteegiggacgticygigyag
guaccaagelygaaaicaaa
Murine DIVETQSPLSLPVSLGDOASISCRESQSLYHSN
K., sequence GNTYLHWYLOKPGGQSPNLLIYKVENRFSGVR
CAN3IGGS variable DrfFQLJ SGSGTDFTLRISRVEAEDLGVYFCSQS 2
enlon THYPWTFGGGTRLEIK
YA !
CANIOGS K COR] Murme IIIIIIIII cagagcectigtacacagiaatggaaacacciat 3
AN B o L RJE o
sequenee
A e - - | Murine aaagttice
CAN3OGS K, CDR2 o 4
sequence
CANANGS K _CDR2 Murine tetcanagiacacatgticcgiggacy %
S T Dscquence )
5 QU HANC >
CANIOGS K. CDR] Murtne QSLVHSNGNTY 6
sequence
L N - 1 Murine KVS
CAN30GS K, CDRZ , 7
sequence
5 G X ps o | Murine SQETHVPWT
CAN3DGS K. CDR3 | Murne ” 8
sequence
Murine gaia ttgtgctgaccca_atcitc:oaot;tcccigcctg icagicttgg
CANINGS K, FRi sequence agatcaagecicealcicliigeagaictagt 9
7 Murine ttacattgglacclycagaagecagygecayiciceaaaceiecty
CAN30GS K.FR2 | gequence | atotac 10
Murine aaccgattitetggagtoccagacagaiteagiggeagigyatea
PNy - TDA SCAUENCe gggacagatitcacacicaagatcageagagiggaggetgag
CANIOGS K, FR3 4 gatctgggagttiatitctge 1
CANIOGS X PR Murine ttegatygaggeaccaagctagaaateaas 13
AN N, 5 e
A1 ST S
Murine gagotgeagetigttgagicigglygaggattgglgeagectaaa
sequence ggatcatlg'mactcxcamtc,coocc’quqtt‘thr‘cttca'ct ce
taigeeatgeactgggictyceaggeiccaggaaaqagtiiqaa
H, atgggtigetegcataagaatiaaaagtggtaattaigraacaict
CAN3INGS Variabie taigceggttcagtgacagacagaticacegictccagagaigat i3
repinn tcacaaaactigitctaictyraaatgaacaaccigasaacigay
. gacacagecaigtattactgtgigagagagtgggaagggyciat
ggaciactygggtcaaggaaccicagicacegicicetcag
""""""" I Mutine EVOLVESGGGLVOPKGSLKLSCAASGFAFNS |
CAN3GGS ! l sequence YAMHWYCQAPGRGLEWVARIRIKSGNYATSY i4
varable | o =

AGSVTBRFTVSRDDSGNLFYLGMNNLKTEDT
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region AMYYCVREWEGAMDYWGQGTSVTVSS
CAN3OGS 1, COR) Murmc » gaiticgecticaaticotatgen 15
SCGUCNLe
- - - Muarime ataagaattasaagtggtaattatgeaaca
CAN3OGH 14, CDR2 | oA SE S RRRR S 16
sequenee
- N Murine glasuagagtggyaay tal
CAN3OGS H, CDR3 | unne slaagagaglgggaagyuactatggac 17
sequence
. n e Aurine GFAFNSYA
CAN3OGS H, COR1 | Mo 18
sequence
" P e - | Murine IRIKSGNYAT
CAN3OGS H, ¢pra | Mune 56 19
Sequence
. . = e furine VREWEGAMDY
CANZOGS b, cpRa | Mune SEESA 20
sequense
Murine gagotgeagctigity agintgutggangaitggltagcagectaaa
CAN3IDGS H, FRI sequence ggatcattgaaacicicatgtgecyactet 1
] Murine atgractgggictgecaggetecaggaaagggttiggaatggat
(._: ANS()(}R EL FRZ SCQUCHCC tgdc‘c‘ 22
N’E,-l-n‘i.ne totlatgeoggticagigacagacagaticaccgictceagagat
AN Y SCAUCNEe gattcacaaaactigitctatcigeaaatgaacaacatgaasact .
CAN3OGS H, PR3 1 N gaggacacagccatgtatiacigt 23
CANIOGS H. FRA Murtne tgygggteaaggaacctcagicaccgteteckoag 24
seguence
Mursine gatgtigtgatgacccagacicecctoactitgteggtiaceatign
sequence acagccageciceatoteligeangtcaagteagagectcitaaa
o tagtgatggggagacatatitgaatiggtigitacagaggeecagqy
K, cragtoteccaaagegectaatecatctggtgictaaactggactet
CANS4G2 Varjabic ggagteoctgacaggateactggeagiggateigggacagattt | 24
region cacacigaaaalcaacagagiggagyclgaggatiigggaatit
’ atiattgotggeaagatacacatittcegiggacgitcgaiggagg
caccaagelggaaatcaaac
) Murine DVVMTQTPLTLSVTIGOPASISCTSSQBLLNSD
K., sequence GETYLNWLLORPGOSPKREIHLYSKLDSGVRD
CANSAGE variahle RITGSGSCTDFTLKINRVEAEDLGIYYCWQGT 26
region HEPWTFGGGTKLEIK
Nirine fel=Tal N Fate
CANSAG K CDR Murine agagoectciiaaatagigatgggcagacatat 27
Sequence _
N o - oo NI clggtgtot
CANSAG2 K, CDR2 | e S 28
e B N .
- . ) - | Murine tggcaaggtacacaitiicaglagga
CANS4G2 K,CDR3 | | f9gcagst S 29
sequence
. B B Murine QSLLNSDGETY
CAN34G2 K.CDRI | 0 30
sequence
- o e~ | Murine LVS
CANS4G2 K, CDR2 " 31
SeQuUenee
. e v e o | Murine WQGTHFPWT
CAN54G2 K,CDR3 | HHe ' a2
shasuelcy
CAN54G2 K, FR1 Murin gatgtigtgatgacceagacteseeicactitgloggtiaceatigy 23
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Sequenee acagecageatocatetettgeacgteaagt
Murine tgaatigoiigttacagagyccaggeeagiciccaaagegocia
CANSAGE K, FRY | sequence atecat 34
Murine aaactguactctggagtecaigacaggaicaciggeagiggate
ANEACD > == Sequence i agatifcacacigaaaatcaacagagiggaguctgag =
et o e Muring tteggiogaggeaccaagetqgaaatcaaac
CANS4G2 K.FR4 | Fagiads see ) 36
scquence
Murine caggiccagligeageagictguaactgageltggtaaggectag
SEQUEDES ga actt icagigaagatatestgeaaggottctqgatacgacttcact
) aactittggotaggliggataaageagagyectggacatggactt
H. gaatggattggagatatitacectggagatgataatacitactaca
{ANSAG? Variabie algagaaglicaaggoeaaagicacgelgacigeagacaaat 37
region cetega cibciCcl-E.jLClcitJ{\C}.Cagncdgic}gbﬁtgdr' clgag
- gactetgotgteiatiteigtittatgaticictatactiiggactactyy
gyglcaaggaacetcagicacegictocteay
CANSAG2 Murine | QVQLOQSGTELVRPGTSVKISCKASGYDFTN
H. sequence WLGWIKORPGHGLEWIGDIWVPGGONTYYNE
variable KFKGKVTLTADKSSNTAYMQFSSLTIEDSAVY 318
cnlon FCEMILYTLDYWGQGTEVTVSS
\/b g
CANSAGZ 1. CDR| Munne ggatacgacticactaactittyy 19
U Sequence )
CANS4G2 . COR? Murine attaceotggaggiygataatact 40
T sequence
CANS4G2 H CDRA Murine ittatgaticictatacttiggactac 43
T sequence
CAN3G2 1 CDR] Murine GYDFTNFW 43
T 1 sequence -
CANS4G2 H CDR? Murine WPGGONT 4
7T sequence :
CANS462 4. CDR2 Murine FMILYTLDY A4
T | sequence -
CANNG2 Murine caggiccagtigeageagiciggaactgagetggtaaggeelgg
H, FR sequenee gaclicagtaaagatatectgoaaggettct 48
CANSAG? Murine claggttggatazaagcagagyoclggacatggactigaatggat
H FRZ | qequence tggagat 46
CANS4G2 Murine tactacaatgagaagticaagugeaaagtcacqetgacigeay
AT acaaaicctcgaac cagoctataigeagticaglagectgaca
2 SCQUCNCe E S| £
H, FR3 E tctgaggactetgetgtetaitteigt 47
CANSAG? Y FRA Mauringe tggggleaaggaaccicagleacegictecicag 48
R4 4
’ Sequence
Murine gatgtitigatgacccaaactceacteicectgectgicagictigg
K sequence agatcaagoectccalcicitgeagaiclagicagageattiglacal
AN S A7, . agte atggag,acct Eatltagaa getacctgeagaaaceag )
CAN3UGZ \“_‘]rﬁﬂb_’(" gecagtotecaaag rlqatctaaad agittccaacegattitet 49
regron ggygicccagacay gt aglggeagtggatcagggacagatt
tcacactcaggatcagea cjaqt'*"dgqcicclqaatctc.qqaLt

44
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fattac t(*,WC?aaqqm acaititcogiggacgttcggiggagy

caccaagelggaasatcaaac

i Murine DVLMTOTPLSLPVSLGDOASISCRSSQSIVHS
K, sequence NGOTYLEWYLOKPGOSPKLLPYYKVSNRFSGY
CANING2 variable FORFSGSGSGTDFTLERISRVEAEDLGVYYCFQ Kb
region GSHFPWTFOGGTRLEIK
CANINGY K_CDRI Murine cagageatiglacatagtaatggagacacctat &1
Sequence
s e ey~ L MUTIDG aaagttice ,
CAN30G2 K, COR2 | 0 = 52
SCguenee
. s | Murine tticaaggticacatittcegtagacy
CANIOG? K, cDR3 | Mui = foglagace 73
sequence
Ry . Murine QSIVHENGDTY
CAN3OG2 K, CDR] | anne = 84
sequence
oy e o ey~ | Murine KVS&
CAN30G2 K, CDR2 | ’ 58
sequence
R . | Murime FQGSHFPWT i
CAN30G2 K,CDR3 | Y o 56
SCUCHee
Murine gatgttitgaigacccaaacicnacictecctgecigtcagiotigy
CANIBG2 K, FR1 sequence agatcaagectocateictigragatctagt R7
Murine ttiagaaiggiaccigeagaaaccaggecagiciccaaageicat
(‘/\NSOGE K, FR2 sequence gaiCtaC 58
Murine aaccgatiitctggggleccagacaggticagiggeagiggatca
= ] K LOALENCE gggacagatticacacicaggatcageagagtygaggotgag
LY OO sequence : ;
e .. 1 Murine ttcggiggaggeaccaagetggaaatcaaac .
CANIG2 K, FR4 o 60
sequence
Murine gatgtgeagetygtagagictgggggaggottagtgeagectsg
sequence aggoteeeggaaacictectgiacagocticlggaticactticagt
i agottiggaalgeacigggticglcaggelecagagaaggggat
H goagtgygicgeatacattagtagiggeagtagiazaatciacia
N B P o . lgeagacacggigaagggocgaticaceaiciccagagacaat .
CAN3GG2 Variabie ceoaagaacacoctgttcatgeaaatgaccagictaaggtctga 61
region ggacacggecatgtattacigtgcaagaggatggtacgaggag
geolggiitgoitactggggecaagggacictggteactgictelg
cag
v Muring DVOQLVESGGGLVQPGGSRKLSCTASGFTFSS
H. sequence FOGMHWVRQAPEKGLEWVAYISEGSEKIYYAD
CAN3IOG?2 variable | TVKGRFTISRDNPENTLFLOGMTSLRSEDTAMY 63
region CARGWYEGAWFAYWGOGTLVTVSA
o~ = e Muring altcactitcagtagetiigga .
CAN30G2 H, COR1 | 8 49 63
sequencee -
e vees - | Murine attagtagiggeagtagtaaaate )
CAN3DG2 H, CDR2 © P IRES e 64
sequence
N e ag ST =T o - TeIaInTatats St
CANIOG? 1. CDR3 {vi urine geaagaggygiggtacgagngagectggttigettac 6%
SCAqUeNee
CAN3OG2 H, CBRT | Murne GFTFSSFG 66

s
(@]
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- ~lsequence
= e e - L Muring ISSGSSK! -
CAN30G? H,CDR2 67
___________ sequence
Aarine SWYEGAWEF
CANIOGE H, CDR3 Murine ARGWYEGAWFAY 68
sequence
) Maurine saigigeagetggtogagictgtgugaggettagtycagectyy
CAN3NG2 1, FRI sequence agagtoecygaaacicicaigtacagecict $9
_ Murine atgcaciggglicgicaggeiccayagaaggggcigyagiagy
(\,‘A\N)’O(_Ez }}, FR2 sequence t-“gcm‘ac 7(}
Murine tactatgcagacacggigaagggecgaticaccatclccagag
. o — = T acaaicecaagaacaccetgticoigraaatgaccagtetaag
) R sequence s &
CAN3OG2 H, FR3 ) gtotgaggacacggocatgtatiacigt 7
€ AN . FRA Muarine iggugecangagactetggteacigtetotgcag 7
CARINC ¥ 1, PN
‘ SEqUEnce
Murine gacattgtgetgacccaateicnagcettetitggeigtoictetagg
sequence geagagggeciceatetectgecaaggecagecaaagtattgat
- J catgatggigatagtiatatgaactggtaccaacagaaraccagg
I, acagcnacccaaactocicatctatgclacatccaatetagaaic
CANAOGHT Vartabie tgggatcccagncagaittagiggeagtagaicigggacagact 73
recion icacccicaacatcoatectgtgiaggaggaggaigotgraac
= clattactgicageagagttatgaggticegetcangticggigely
fgaccaageiggagelgazac
Murine DIVETQSPASLAVILGQRASISCKASQSVDHD
K. sequence GDSYMNWYQQKPGOPFPPKLLIYATSNLESGIP
CAN4OG] variable | ARFEGSGSGTDFTLNIMPVEEEDAATYYCOQO T4
region SYEVPLTFGAGTKLELK
CANAOG K CDR] Murine casagigligateatgalgotgatagtial 75
E i ks sequence B
o g~ | Murine getacatee
CANAGG] K,CDRz | U e 76
sCuence
CANABGI K. CDR3 Murting agcagagitaigaguticegeteacy -
h tTTT | sequence '
N m e Murme QEVDHDGDSY
CAN4OG K,CDRI1 | ’ 78
sequence
= 3 s~ | Murie ATS
CANAOG) KCprz T 79
Sequence
T - Murine QQSYEVPLT
CAN4OG K,CDR3 |~ MF 89
seguenee
Murine gacaiigtygetgaccoaatcteccagaticttignotgtgtetotagg
(‘/‘\N’iﬁ(; l K,, rR; SC(]UC“CC geagagggced to cat"tcctg( aaggccage 81
Murine algaactggiaccaacagaaacraggacagecacccaaant
C AMAGG K, FR2 SCQUenee cotcatctat 82
Muarine aaictagaatcigggatcc g aggtitagtggeaglgggtet
CANARE s SEQUCTIES gggacagacttcaceotcaan t atectgiggaggaggagg -
CANAGGT K. PR3 ! atchgca:c‘c‘?-ttak,tgk 83
CANSGGL K, FR4 | Murinc _ttcggtgctgggaccaagctgga_gctgaaas: 84

48
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- 3 SCGUEnce S i ~
Murine gaggtecagetgeaacagiciggaccigagatggigaagacty
sequence gygcitcagigaagataicotgcaggacticiggatacacatica

cigaatacaccaticas thgfc zagcagagocqlggaasga
H. gecttgagiggatiggaggtattaatcotanccalgglggtactct 85
CANAOGT Variabic ctacaaccagaagticaagaicasggcoacatigactglagac -
region aagicciccageacagectacatggageicegeagoctgacat
= ctgaggatictgeagictattactgtgecaagattiacitacgactact
gggaccaagyeaccacicteacagiotoctcag
_ Murine =V OLOQQSGRELVKPGASVKISCRTSGYTRTEY
i, sedpeence TIHWVROSRGKSLEWIGGINPNHGAGTLYNQK
CANADG variable | FRVEATLTVDKESSTAYMELRSLTSEDSAVYY 86
region CARFTYDYWGQGTTLTVES
- . < Murine atacacattcactgaatacace ;
CANAOGI H, CDR1 SEsaeaateatty L
sequence
i . v e~ | Murine attaatectaaccatggiqutact £3
CANAOG ) H, CDRY | unne Fleelaactalyggy :
seguence | -
T N e o | Murine geaagatitactiacgactac
CANAOG H, COR3 ‘ Beead o 89
sequence
. N Muysine GYTFTEYT
CANAOGH H, CDR1 _ 90
sequenee
N ) vy oaps . | Munine INPNMHGGT
CAN4OGI H, CDR2 . 91
sequence
: N e~ | Murine ARFTYDY )
CAN4OG H, CBR3 |~ 893
sequence
Murine gagglecagelgeaacagiclggacctoagetygtgaagocty
CANAGGH H, FRI SCAUENCe gggcitcagtgaagatatcelgeaggactict 93
_ o Muring attcactguatgaageagagecgiggaaagagectigagigga
CAN4DG H, FR2 | sequence ttggaggt 94
Murine clotacaaccagaagticaaggicaaggocacatigacigltaga
. v <5 Eas TR caagicciceageacageclacatggaget cctqcctgdm "
A N4 scducnce
CANADGL H, FR3 . tetgaggattotgeagtotatiactyt 95
A . Muring tggggccaaggeaccactctcacagtotectea
CAN40GI H FR4 | SHaEpeasoEtast gieleeitad 96
sequence
Murine gaaaaigiicicacceagtetccagoaaicalgtetgeatoteeag
SEQUENCE gaggaaaaggtcaceatgacotgeagigecagoicaagigtaac
ltaw%qcz ctaqiacbagmqaa yicaageaccicoeccaas
K. clelggaitiatgacacatccaasctggeticlygagteccaggte
CAN3OG Vartabie gcttcaq‘ccragiqqgtctc‘*]aaa\,tuttcu teictcacgaicag 97
region cageatggaggatgaagatatigecacttattactgttticagaag
- aqm;gqlaucgidgac,gttcgga Jggaggaccaagetagaa
alaazac
) Murine ENMVLETGSPAIMSASPGERYTMTCSASSSVTY
K, sequence Mh‘N‘.’QQE\QSTQPVL‘NEYD SKLASGVRPGRES
CANIBGI varighle GOSGESGNSYSLTISSMEAEDVATYYCFQGSGY 08
region PYTFGGGTE\LCIK
e S Murine gecagetcaagiataacttac

CAN3OG K, CDR! R AR 49

sequence )

EaS
3
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Sy Ty e o | Murime gacacatnc
CAN3OG] K,Cbrz | U ; 166
sequence L
CANIOGI K CDR2 Muringe titcaguugagtaaoiacecgtacacy 101
T T L sequence
AU g Murine ASESVTY
CAN3OGH K, CORI | " 102
sequence
s gy | Murine DTS ,
CAN3DG) K, CpDr2 T 193
SCCRUCTCT
R D ey 5 | MutiDe FOGSGYPYT
CAN3Z0GI K, COR3 | " o 104
sequence
Murine gaaaalgiicicacccagictocagaaatcatglotgeatotocay
CANINGL K, FR] sequence gggazaaggteaccatgacctgeagi LELR)
Murine zwgcacﬁggtéccagcagaagﬁcmagcacaﬁ:ccccaaacuﬁ _
CAN3OGI K,FR2 | sequence | Gaatital 106
Muarine aaaciggeticiggagtcccaggicgeticagiggeagtyggtct
g s . —— ggaaactcttacicicloacgatcagoagealggagactgaaga
A ; B sequenc N & EER 7
(,JA\ Nj()()l K, l Rj } & tg?tgccacitatt’icig‘-‘ E@ i
ot . Muring ticoracgguugaccangctygaaataaaac
CAN3OG K, FR4 | fEsgRsaseeandedd ‘ 108
Segquence
Murine cagatccaghiggigeagtotggaccigagetgaagaagentys
sequence agagacagicaagatcteotgraaggceticigggtataceticac
_ ) ' aaacialggaatgaacigggigaageaggotccagganaggg
H, titaaagtggatyggoeiggataaacacciacaciggaaageca
CAN3IOGH Vartable acalatgtigatgacitcaagguacggtiigectictatitggaaac 169
- clolgecaacactgectatilgeagaicaacaacctcaaaaat
region Y geag : g
- aggacacqgetacatattictyigasagtggaggitiacgacgag
gactaciggggocaaggcaccacictcacagicteaicay
Murine QIDLVOSGPELKKPGETVKISCKASGYTFTMNY
H. sequence GMNWVKQAPGKGLKWMGWINTYTGRPTYVD
CANIDGH variable ’ DFKGRFAFSLETSANTAYLOINNLKNEDTATY 116
region FCESGOYDEDRYWGQGTTLTVES
eQIOT
CANIDG] 0 CDR1 Muarine gogtataccticacaaactatgga 111
e T sequence
. e S ~ | Murine atacacacctecaciggaaagera
CAN3OG H,CDR2 | 0e o 112
sequence
CANIOG H. CDR3 Murine gaaagtggeggtiacgacgaggactac 113
S e SEQuUETCE | . .
SR . .1 Murine GYTETNYG i
CAN30G1 H,CDRI | T ) 114
sequenee
AN g~ | Murine INTYTGKP ~
CAN30G1 H, CDRZ | ’ 115
' sequence
. == s b Maurine ESGGYDEDY .
CAN3OGI H,CDR3 | N 116
Sequence
Murtine cagatccagtiggtycagictggacatgagetigaagaagaecigy
CAN3GGH 11., FRI sequenee agagacagicaagatctectgcaaggotict 117
CANIOG] H.FRD Murine atgaacigggigasgoaggciccaggaaagagittaaagigga 118

sequence

tgageigg
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Murine acatatgttgatgacticaagggacqgiiigecticicttiggraac
- ' o i AT O oite tqwaaaarh ctatligeagatcaacaacctcaaaaaty .
AN g 2 SCUChee Y E ¢
CAN3OG] H, FR3 \] aggacacggolacalaittolgt 119
CAN3NG H F}'{/.‘I ......... anc lggageecaaggeaccacicicacagtetecteayg 120
e ’ sequence
Murine gatgttttgaigacecaaactecactcioectgectgteagictigy
SeUENCE agatcaagoectecaltcictigoagaicltagicagaacatigtacat
i ’ agtaalggazacaco f—ll‘ﬁ%@‘%d tggtacetgeagaaatengy
K. aagittccaacegattticly
CAN3DG3 Variable agtggatcagggacagaltt | 121
region cacacteaagatcageagagiggaggoigaggatetgggagit
- tattactgetitcaaggticacattiicegiggacgticgaiggagae
accaagctggaaatcaasc
Murine DVLMTQTPLSLPVSLGDQASISCRSSEONIVHS
K. | gequence | NGNTYLEWYLOKSGOSPKLLIVKVSNRFSGY
CAN3OGA variable | PORFSGSGEGTDFTLRISRVEAEDLGVYYCFQ 122
region GEHFPWTEGGGTKLEIK
CAN3OGA K CDR Muring cagaacatigtacatagtaaiggaaacacctal 173
CAVINSUL . , 3
’ sequence “
. o e | Murine aaagtttce
CANIDG3 K, CDR2 | Munne J 124
sedquence
YT g o | MuTIE titcaaggitcacattiicogiggang .
CAN3GG3 K, CDBR3 128
sequenge
- N . Murine QNIVHSNGNTY
CAN30G3 K, CDRI ” 126
' sequence
. . o o | Muring KVS
CAN3IDG3 K, CDR2 N 127
SCCUCHCe
Avivs R TAAS
CAN3OGE K, cpry | Mune | FRGSHFEWT 128
‘ sequence
Murine gatgtttigatgaccean Aactecactct tecotgentgicagictigg
CAN3OGS K FRI | gequence | 89Atcaageciceatcicigoagatctagt 129
) ] Murine ltagaatggtaccigeagaaatcaggocagtctccasageteat
(JZXN:‘(}(F% i\q {‘ {: qu gence gdiCh—]C 139
Murine aaccgattitetggggteccagacaggticagtggeagigoatea
AN L Seaquence gggacagatiicacactcaagalcageagagiggaggctgag
(__-J)\. NJUJ K., }“PL} Kl qai(,?.g(‘(}aqiﬁ’ lt’lCtgL 131
AU .‘ Muring tieggiagaygcaccaagatggaaattaaad
CAN30G3 K, FR4 ’ 132
Sequence
Muring caggiqeagetgaaggagicaggacctggestggltygegocct
Sequence cacaga :;C( tgta ra\cacatu"? g cteagggtictectiaae
’ : cotecaqgaasgggic
H tqgartg chagieela*qc" qtqctg aagogoatactat
e - aatflagticicaaatccagactgagcealcageaaggacaacic
AN i able 9
CAN3OGS Va“fib’“ caagagtcaagtitic ttaaaaatgaacagtctgcaaac:‘g.,tpa 133
CRI0n cacagecatgiaciacigigecaaacateggacitigattacgac

fgctatggactaciggggteaagaaatticagicaceyictectca
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' Murine OVGLKESGPGLVAPSOSLSITOTVSGFSLTDY
H, SECUENCE GITWIRGPPGRGLEWLGVIWGGGSAYYNLVL
CANIOGR varable | SRLSISKDBNSKSQVFLEMNSLOTODTAMYYC 134
ropion AKHRTLITTAMDYWGQGISVTVSS
CAN3OGA 1 CPR] Muring gaattctectiancogactatgat 135
T T Seuence -
CAN3OG3 H. cprz | Mure atalggggiggtagaageaca 136
B TR 1o L YR (SRR P PR SR
N P06 . Muting geecaaacaicquactiigattacgactgetatggactac
CANING3 H, CDR3 o 137
sequence
AN Murine GFSLTDYG
CAN3DG3 H, COR1 | R 138
sequence
— s | Murine WGGGSA
CAN3DG H, CDR2 N T 139
sequence
YNNI Murine AKHRTLITTAMDY
CAN30G3 H, CDR3 146
seguence |
Murine caggtucagetgaaggagicaggacctggoectggtggegeect
CANINGS H, FRi sequence cacagagectgtceaicacatgractglotea 143
» Murine ataacciggaticgocagectccaggaaagggiciggagtgoct
CAN30G3 H,FR2 | sequence gagagta 142
Murine tactatanttitagitctcaaatceagactgageatcageaaggac
R s . S—— aactccaagagicaagiticitaaaaatgaacagicigeaaact
CAN3ZOG)3 H, FR3 | sequence A o Saacagield 143

gatgacacagonatyiactacigl

CAN30GS

i, FR4

Murine

tgaggtcaaggaatticagtracegtctontoag

sequence
©Murme gatgittigatgacrcanactocantciccotgectsicag ictigg
sequence agalcaagociceateictigeagalictagicagaacatigtacat
agigatggasacanciatitagaatggtaccigeagaaaceag
K, goragtctocaragcelicoigatctacaaattitcoaacegatitict
CANIOGE Variable ggggotcccagacaggticagtggcagiggatcagggacagatt 145
region teacactcaagaicagoagagiggagantygaggalctggoagt
i ttattactycittcaaggiicacatgticotoccacgtteggtactge
gaccaageiggageotgaaac
Murine DVLMTOTRLSLPYSLGDOASISCRSSQNIVHS
K, sequence DONTYLEWYLQKPGQSPKLLIYKFSNRFSGVR
CAN3NGY variable DRFSGSGSGTRFTLKISRVEAEDLGVYYCFQ 146
reaion COHVPPTFGAGTKLELK
CANZOGE K_CDR1 ermc cagaacatigtacatagtgatggaaacacctat 147
seuence
Mutine aaattitoe 148

CAN30G4

K, CDR2Z

SCAULNCE

CAN3GGY

K, CDR3

Murine

tttcaaggticacatyitccicocacg

149

SEqUENnce

R o Murine GNIHEDGNTY )

CAN3NGA K. CDR1 | unee AR 156
sequence ;

. s . Aurine KFS -

CAN30GY K, cprz | M 151
SCOUCNLe
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e o | Murine FQGSHVPPT
CAN3IOGA K,CDR3 | % - 152
seqreence
Murine gatgttttgatg acccaaaqtccactctcoctgcctgts:agtcttgg
CANIOGA K, FR1 sequence agatraagentreatcictignagaictagt 153
M,J;me ttagaaiggtaccignagaaaccaggocagiciccaaagetont
C/’\ NSO(34 K, kRZ chucncc gatCtaC ‘554
Murine aaccgattttgtgggglccr;agacaggﬁcagtggcagtggatea
A NG SN seauence gagacagatiicacacicaagalcagoagagtygaggeligag
CANIOGA K, ER3 ] gatctgggagiitattactge 155
z - 5 e Murine tteggigelgggaccaagetggageigaaac .
CAN3GGE K, FR4 T o 156
‘ e Sequence
Murine gaagtyaagelggtadagictyggggagyetiagtgaagtcty
sequence gagggteccigaaactctectgigeagiciciggaticactitcagt
: acclatgecaiglcitgggiicgocagattcoggagaagagyoty
H gagtaggicgeaaccattagiaalggtggtagiiatatetaciatic
" R _ agacagigtgaaggglegaticaccatetccagagacaatgee _
CANIDGA Vai I?bie aagaacacccigtacetgeaaaigageagictgaggtolgagg 157
region acacggecatgtattacigigeacgacatagggagicetatagat
acgactgattigottaciggggecaagggactetggicactgteic
tgcag
Murine EVRLVESGGGLYKSGGSLKLSCAVEGFTESTY
H, sequence AMSWVRQIPERKRLEWVATIGNGGEYIYYSDHSY
CANIOGE variable | l'\"GRFT%SRDNAKNTLVLg}kag§LFﬁf_5E_DTAMYYC 158
region ARMRESYRYDWFAYWGQGTLYTVSA
CAN3OGE HOCPR1 Murine ggattcactitcagtacetatges 159
T T sequence
CANIOGA H CDR? Murine attagtaatgotggtaghtatate 160
. N U 3, L g
' SCAUCNLT
oy e Mutme geacgacatagggagtectataggtacgactggttigettac :
CAN3OGY H, CDR3 o . 161
; ‘ sequence
. o= Murine GFTFSTYA ,,
CAN30G4 H,CDRI1 | v 162
sequence
i i — furine ISNGGE'Y :
€ AN3OGA H, CDR2 | Munne —— 163
SERIENCE
- ey | MUTINE ARHRESYRYDWEAY
CAN3I0GH H, CDR3 164
’ ' - SCUCNCe
Murine gaagtgaagetggtggagictggagaaggettagigaagicig
CAN3IGGY H, FRI sequence gagggloccigaaacicicatgigoagictct 165
Murine alglcttgggticgecagaticeggagaagagactggagiaggt ]
Murine tactattcagacagigigaagggtcgaticaccaiciccagagac
) ~ = == aaigcoaagaacaccctgtacctycaaatgageagictgaggt
LA N3G sequence o o A EAhat 7
CAN3IGGH H FR3 ‘ ' ctgaggacacquecatgtatiactgt 167
CAN3IOGE 4. FR4 Murine tggggccaagggacteiggicactgiciclgoay 168
o i ) sequence
Rava GFeAmuc | GPeAmu | Synthetic MKTIYFLISLILIQSIKTLPVLEIASNSQPQDVDS 169
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CATM | Marburg VCSGTLQRTEDVHLMGF TLSGOKVADSPLEA
N il SKRWAFRTGVPPKNVEY TEGEEAKTCYNISY
TOPSGKSLLLDPPSNIRDYPKCK TYHHIQGQN
PHAQGIALHLWGAFFLYDRVASTTMYRGKVE
TEGNIAAMIVNKTVHRMIE SRQGQGYRHMNLT
STNKYWTSSNETORNDTGCFGILQEYNSTNN
OTCPRSLKPRSLPTVTPSIHS TNTQINTAKSGT
MRPEIYERKKRSIFWKEGDIFPFLDGLINTEIDE
DRIPNTETIFDESPSENTSTNEEQHTFPNISLTF
SYFPDKNGDTAYSGENENDCDAELRIWSVQE
DDLAAGLSWIPEF GPGIEGLY TAGLIKNQNNLY
CRURRLANGTAKSLELLLRVTTEERTESLINRH
AIDELLTRWGGTCKVLGPDCCIGIEDLSKNISE
QIDKIRKDEQKEET

MKTTCLLISLILIQGVKTLPILEIASNIOPQNVDS
VCSGTLAKTEDVHLMGFTLSGOKVADSPLEA
SKRWAFRAGYPPKNVEY TEGEEAKTCYNISY
TDPSGKSLLLDPPTNIRDYPKCKTIHHIGGGNP
HADGIALHLWGAFFLYDRIASTTMYRGKVFTE
| GNIAAMIVNKTVHKMIFSRQGQGYRHMNLTST
GPoamy | Synthetic | NKYWTSSNGTGTNDTGOFGTLREYNSTKNG
FOOMY | Marburg | TCAPSKKPLPLPTAHPEVKLTSTSTDATKLNTT | 176
CATM OHLVYFRRKENILWREGDMFPFLDGLINAPID
FDPVPNTKTIFDESSSSGASAEEDQHASPNIS
LTLSYFPKVNENTAHSGENENDCDAELRIV SV
QEDDLAAGLSWIPEFGPGIEGLYTAGLIKNQN
NLYCRLRRLANQTAKSLELLLRVTTEERTFSL!
NRHAIDFLLARWGGTCKVLGPDCCIGIEDLSR
NISEQIDQIKKDEQKEGT

Angola GPeAmuc

METTCFLESLILIQGTKNLPILEIASNNQPQONVD
SVCSGTLAKTEDVHLMGFTLEGQKVADSPLE
ASKRWAFRTGVPPKNVEYTEGEEAKTCYNIS
VTDPSGKSLLLDPPTNIRDYPRKOKTIHHIGGQON
PHAQGIALHLWGAFFLYDRIASTTMYRGKVFT
N i EGNIAAMIVNRKTVHEMIFSRQGQCYRHMNLTS
GPeAmu Synthetic TNKYWTSSNGTOQTNDTGCFGALOEYNSTKN
Marburg QTCAPSKIPPRPLPTARPEIKLTSTPTDATKLNT 17t
Virus TOHLVYFRRKRSILWREGDMFPFLDGLINAPY
DFDRPVPNTKTIFDESSSSGASAERDQHASPNI
SLTLSYFPNINENTAYSGENENDCDAELRIWS
VOEDDLAAGLSWIPFFGPGIEGLY TAVLIKNGN
NLVORLRRLANQTAKSLELLLRVTTEERTFSLE
NERHAIDFLLTRWGGTORVLGRPRCCIGIEDLEK
NISEQIDQIKKDEOKEGT

Musoke
GPcAmuc cATM

MKTTCLRISLILIQGIKTLPILEIASNNGPGNVDS
VOSGTLOKTEDVHLMGF TLEGOKVADSPLEA
SKRWAERTGVPEKNVEYTEGEEAKTCYNISY
TDPSGKSLLLDPPTNIRDYPKCKTIMHIGGQNP
HAQGIALHLWGAFFLYDRIASTTMYRGRVF TE
. , GNIAAMIVNKTVHKMIF SRGGGGYRHMNLTST
GPoamy | Syathetic | NKYWTSNNGTQTNDTGOFGALQEYNSTNG
Ci67 GPeAmuc v Marburg TCAPSKIPSPLPTARPEIKPTSTRPTDATTLNTT 172
CATM L0 | QHLVYFRKKRSILWREGDMFPFLOGUINAPIDF
DPVPNTKTIFDESSSSGASAEEDQHASPNISL
TLSYFPNINENTAYSGENENDCDAELRIWSYQ
EDDLAAGLSWIPFFGPGIECLY TAGLIKNQNNL
VCRLRRLANQTAKSLELLLRVTTEERTFSLINR
HAIDFLLTRWGGTCKVLGPDCCIGIEDLSRNIS
EQIDQIKKBEQKEGT

Ravn (GenBank | GP Marburg | MKTIYFLISLILIGSIKTLPYLEIASNSQPQDVDS | 173

52
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Accaession No.
ACDI3005. 1)

virgs,
Kenya
Fax7

VCSGTLQRTEDVHLMGFTLSGOKVADSPLEA
SKRWAFRTGVPPKNVEYTEGEEAKTCYNISY
TOPSGHSLLLDPRESNIRDYPKCKTVHHIQGO
PHAQGIALHLWGAFFLYDRVASTTMYRGKVF
TEGNIAAMIVNKTVHRMIFSRQGQGYRHMNLT
STNKYWTSSNETGRNDTGCFGILQEYNSTNN
DTCPFSLKPPSLPTVTPSIHSTNTQINTAKSGT
MNPSSBREDLMISGEGSGEQGPHTTLNVVT
QKGSSTILSTRSLHPSTSOHEQNSTNPSRHAY
TEHNGTDPTTOPATLLNNTNTTRTYNTLRYN
LETPEPPTRNITNNOTOGRELAESEQTNAQLNT
TLOPTENPTTAQDTNSTTNIMTTEDITSKHFT
NSSPDESPTTRPPIYERKKRSIFWREGDIFPFL
DGLINTEIDFDRIPNTETIFOESPSFNTSTNEEQ
HTPPNISLTFSYFPDOKNGDTAYSGENENDCDA
ELRIWSVQEDDLAAGLSWIPFFGPGIEGLYTA
GLIKNQNNLYCRLRELANQTAKSLELLLRVTTE
ERTFSLINRHAIBFLLTRWGGTCKVLGPBCCIG
IEDESKNISEQIDRIRKDEQKEETGWGLGGRW
WTSDWEVLUTNLGILLLLSIAVLIALSCICRIFTRY
G

Angola (GenBank
Accession No,
ABEZ7064.1)

GP

Marburg
virus,
Angola,
Lake
Victoria
2005

3

MKTTCLLSLILIQGVKTLRILEIASNIQPQNVRS
VESGTLQRKTERVHLMGFTLSGOKVADSPLEA
SKRWAFRAGVPFKNVEYTEGEEAKTCYNISY
TOPSGHSLLLDPPTNIRDYPKCKTIHHIGGONP
HAQGIALHLWGAFFLYDRIASTTMYRGKVETE
GMAAMIVNKTVHEKMIF SRQGQGYRHMNLTST
NRKYWTSSNGTOETNDTGCFGTLQEYNSTING
TCAPSKKPLPLPTAHPEVKLTSTSTDATKLNTT
DENSDDEDLTTSGSGSGEQERPYTTSDAATKG
GLESTMPPTRSFQPSTPQQGGNNTNHSQGY
VIEPGKTNTTAQPEMPPHNTTTISTNNTSKHN
LETRSVPIQNATNYNTQSTAPENEQTSAPSKT

LLPTENPTTAKSTNSTKSPTTTVPNTTNKYST
SPSPTPNSTAQHLVYFRREKRNILWREGDMFRP
FLDGLINAPIDFDPVPNTKTIFDESSSSGASAE
EDQHASPNISLTLSYFPKVNENTAHSGENEND
CDAELRIWSVQEDDLAAGLSWIPFFGPGIEGL
YTAGLIKNQMNNLYCRLRRLANQTAKSLELLLR
VITEERTESLINRHAIDFLLARWGGETCRVLGP
DCCIGIEDLSRNISEQIDGIKKDEQKEGTGWGL
GGRWW TSDWGVLTNLGILLLESIAVLIALSCIC
RIFTKYIG

Musoke
(GenBank
Accession No.
CAATELIT. Y

GP

Marburg
virus,
Kenya,
1980

MKTTCFLISLULIQGTKNLPILEIASNNOPQNVD
SVCSGTLOKTEDVHLMGFTLSGOGRVADSPLE
ASKRWAFRTGVPPKNVEYTEGEEAKTCYNIS
VTRPSOGKSLLLDPPTNIRDYPKCKTIHHIGGON
PHAQGIALHLWGAFFLYDRIASTTMYRGKVFT
EGNIAAMIVNKTVHKMIFSRQGQGYRHMNLTS
TNKYWTSSNGTOTNDTGOFGALQEYNSTRN
DTCAFSKIPPRPLPTARFPEIKLTSTRPTDATKLNT
TOPSSDDEDLATSGSGSGEREPHTTSRAVTK
QGLSSTMPPTPSPOPSTPQQGGNNTNHSQD
AVTELDKNNTTAQPSMPPHNTTTISTNNTSKH
NFSTLSAPLONTTNDNTGSTITENEQTSAPSIT
TLPPTONPTTAKSTSSKKGRATTARPNTTNEHF
TSPPFTRPSSTAGHLVYFRRKRSILWREGDMF
PFLODGLINAPIDFDRFVPNTRTIFDESSSSGASA
EEDQHASPNISLTLSYFPNINENTAYSGENEN
DCDAELRIWSVOQEDDLAAGLSWIPFFGPGIEG

178

{41
o
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LY TAVLIKNONNLYGRLRRLANGTAKSLELLLR
VTTEERTFSLINRHAIDFLLTRWGGTCOKVLGP
DOCIGIEDLSKNISEQIDQIKKDECGKEGTGWGE
GOKWWTSDWGVLTNLGILLLLSIAVLIALSCIC
RIFTKYIG
n&mcumuuoevnp" ETASNMNGPAONVDS
COGTLOKTEDVHLMGFTLSGUKVADSPLEA
QKRWAF RTGVEPKNVEYTEGEEAKTCYNISY
TOPSCKSLLLDPPTNIRDYPKCK TIHHIQGQNP
HAQGIALHLWGAFFLYDRIASTTMYRGRVETE
GNIAAMIVNKTVHKMIF SRQGQGYRHMNLTST
NKYWTSNNGTOTNG TGCFGALOEYNSTKNG
TCAF‘-SKIPSPLPT/\RF[‘!KF‘TSTFTD/\TTL NTT
DPNNDDEDLITSGSGSGEQERYTTSDAVTKQ
Ci67 (GenBank Marburg GLQQTMF‘PTPSPQPoTPOQE&;NNIDHSQ(‘T
: VTEPNKTNTTAGPSMPPHNTTAISTNNTSKNN |
e frus, | FSTLSVSLONTTNYDTQSTATENEQTSAPSKT
ABSITA58.1) Victoria TLPPTGMLTTAKSTNNTKGPTTTAPNMTNGHL
TSPSPTPNPTTGHLYYFRKKR SILWREGDMFP
FLDGLINAPIDFDPYPNTK TIFDESSSSGASAE
EDQHASPNISLTLSYFPRINENTAYSGENEND
COAELRIWSVQEDDLAAGLSWIPFFGPGIEGL
YTAGLIKNQNNLYCRLRRLANQTAKSLELLLR
VTTEERTFSLINRHAIDFLL TRWGGTOKVLGP
DCCIGIEDLSRNISEQIDQIKKDEQKEGTGWGL.
COKWWTSDWGVLTNLGILLLLSIAVLIALSCIC
RIFTKYIG
MGVTGILOLPRDRFKRTSEFLWVIILEQRTESIP
LGVIHNSTLQVSDVDKLVCRDKLSSTNQLRSV
GLNLEGNGVATDVPSATKRWGFRSGVPPKVY
NYEAGEWAENCYNLEIKKPDGSECLPAAPDGH
RGFPRORYVHKYSGTGPCAGDFAFHKEGARF
LYDRLASTVIYRGTTFAEGVVAFLILPQAKKDF
FSSHPLREPYNATEDPSSGYYSTTIRYQATGF
GTNETEYLFEVDNLTYVOLESRFTRPQFLLALN

Accession No. aGp virus, Lake

e Bl DS ETIYTSGKRSNTTGKLIWKVNPEIDT TIGEWAF
A ——. WETKKNLTRKIRSEELSF TVVSNGAKNISGQS
e - Ebola PARTSSDPGTNTTTEDHKIMASENSSAMVOY | -
g e S d virug, 1976 | HSOGREAAVSHLTTLATISTSPQSLTTKPGPD
Accession No. ’ NSTHNTPVYKLDISEATQVEQHHRRTDNDSTA
U23187.1) SDTPSATTAAGPPKAENTNTSKSTDFLDPATT

TSF"‘QNH\)CTAO\’N;\;THHQDTCEFSASSGKL
GLITNTIAGVAGLITGGRRTRREAIVNAQRKC

PNLHYWTTQDEGAAIGLAW IQVFQPA/\FQIWF
GLMHNQDGLICGLRQLANETTQALGLFLRATT
ELRTFSILNRKAIDFLLORWGGTCHILGPDCCH
ERHEW TKNITDKIDQHIHDFVDKTLPDQGDND
MWWTGWRQWIPAGIGYTGVHAVIALFCICKFV
F

MGVTGILQLPRDRFKRTSFFLWVILFGRTFSIP
LGVIHNSTLQYSDVDKLYORDKLSS TNQLRSV
GLNLEGNGVYATDVPSATKRWGFRSGVPPKVY
NYEAGEWAENCYNLEIKKPDGSECLPAAPDGH
AN —_ RGFPRCRYVHKYSGTGRCAGDFAFHKEGAFF
f--'bO‘;fsggﬁ 91 Gp ij.b.o;"“i_g% LYDRLASTVIYRGTTFAEGVVAFLILPQAKKDF | 178
¢ /0Gh VIS, 19720 | ESSHPLREPYNATEDPSSGYYSTTIRYQATGF
GTNETEYLFEVDNLTYVQLESRFTRPQFLLQLN
ETHYTSGKRSNTTGKLIWKVNPEIDTTIGEWAF
WETKKNLTRKIRSEELSF TAVSNRAKNISGQS

PARTSSDPGTNTTTERHKIMASENSSAMVOY |
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HSOGREAAVSHLTTLATISTSPOPFTTKPGPD
NSTHNTPVYKLDISEATQVEQHHRRTDNDSTA
SDTPPATTAAGPLKAEMTNTSKGTDLLDPATT
TOSPONHSETAGNNNTHHQDTGEESASSGKL
GLITNTIAGVAGLITGGRRARREAIVNAQPKCN
PNLHYWTTQDEGAAIGLAWIPYFGPAAEGIYT
EGLMHNGODGLICGLRAQLANETTOALGLFLRAT
TELRTFSILNRKAIDFLLORWGGTCHILGPRCC
IEPHDWTKNITDKIDQREDFVOKTLPDQGDND
NWWTGWRQWIPAGIGVTGVHAVIALECICKERY
F

MEGLSLLQLPRDKFRKSSFFYWVHLFQKAFS
MPLGYVTNSTLEVTEIDQLVCKDHLASTRGLK
SVGLNLEGSGVSTRIPSATRKRWGFRSGVPPQ
VVEYEAGEWAENCYNLEIKKPDGSECLPPPP
DGVRGFPRCRYVHKAQGTGPCPGRYAFHKD
GAFFLYDRLASTVIYRCVYNFAEGVIAFLILAKPK
ETFLQSPRIREAANYTENTSSYYATSYLEYEIE
NFGAQHSTTLRKINNNTFVLLDRPHTPOQFLFQ
LNETIQLHQQLSNT TGKLIWTLDANINADIGEW
Sudan AFWENKKNLSEQLRGEELSFETLSLNETEDD
P cholavirus, | DATSSRTTKGRISDRATRKYSDLVPKDSPGM I
1976 VSLHVPEGETTLPSQNSTEGRRVDVNTQETIT
ETTATHGTNGNNMQISTICTGLSSSQHL.GSSPT
MARPSPETQTSTTYTPKLPVMTTEEPTTPPRNS
PGSTTEARPTLTTRPENITTAVKTYVWAQESTSNG
LITSTVTGILGSLGLRKRSRRGVYMNTRATGKCN
PNLHYWTAQEGHNAAGIAWIPYFGPGAEGIYT
EGLMHNONALVOGLROQLANETTQALQLFLRA
TIELRTYTILNRKAIDFLLRRWGGTCRILGPDC
CIEPHDWTKNITRKINQIHDFIDNPLPNQDNDD
NWWTOWRQWIPAGIGITGHANALLCVCKLLC

Ebola Sudan
Maleo 1979

~~3
1

MGVTGILOLPRORFKRTSFFLWVILFGRTFSIP
LGVIHNSTLQYSDVDKLVCRDKLSSTNQLRSY
GLNLEGNGVATDVPSVTKRWGF RSGVPPKVY
NYEAGEWAENCYNLEIKKPDGSECLPAAPDG
RGFPRCRYVHKVSGTGPCAGDFAFHKEGARF
LYDRLASTVIYRGTTFAEGVVAFLILFOAKKDF
FSSHPLREPYNATEDPSSGYYSTTIRYQATGF
GTNETEYLFEVDNLTYVOLESRFTPQFLLOLN
ETiYASGKRSNTTGKLIWKYNPEIDTTIGEWAF
Makosa Ebola 1y WETKKNLTRKIRSEELSF TAVSNGPKNISGQS
virs (GenBank | ° o C | Zaire PARTSSDPETNTTNEDHKIMASENSSAMVOY
Accession No. | SPICUE 1 g lavines | HSDGRKAAVSHLTTLATISTSPQPPTTKTGPD
AIEIRR05 1y | Precursor NSTHNTPVYKLDISEATQVGOHHRRADNDST

ASDTPPATTAAGPLKAENTNTSKSADSLDLAT
TSPQNYSETAGNNNTHHODTGEESASSGKL
GLITNTIAGVAGLITGGRRTRREVIVNAGPKCN
PNLHYWTTODEGAAIGLAWIPYFGPAAEGIYT
EGLMHNQDGLICGLRQLANETTOALOLFLRAT
TELRTFSILNRKAIDFLLORWGGTCHILGPDCC
IEPHDW TKNITDKIDQIHDFVDKTLPDQGDND
NWWTGWROWIPAGIGY TGVIAVIALFCICKFY
F

186

, , MGVTGILGLPRDRFKRTSFFLWVIILFGRTFSIP
Zaire Ebolavirus o o0 1o 0 LGVIHNSTLQYSDVDKLVCROKLSSTNOLRPY
(GenBank E:.,P N :b lavirus, | GLNLEGNGVATDVPSATKRWGFRSGVPPKVY
ACTesSimi NG & COBIVIUS, | NYEAGEWAENCYNLEIKKPDGSECLPAAPDG!
AAMT034y | precursor | 1976 RGFPRCRYVHKVSGTGPCAGDFAFHKEGAFF
’ LYDRLASTVIYRGTTFAEGVVAFLILPQAKKDF

181

W
Ot




WO 2015/127140 PCT/US2015/016708

FSSHPLREFVNATEDPSSGYYSTTIRYQATGE
GTNETEYLFEVONLETYVOLEPRFTPQFLLQLN
ETIVTSGKRSNTTGKLUIWKYNFEIRTTIGEWAF
WETKKNLTRKIRSEELSFTVVSNTHHQDTGER
SASSGKLGLITNTIAGVAGLITGGRRTRREANV
MAQPKCNPNLHYWTTOGDEGAAIGLAWIPYFG
PAAEGIYTEGLMENODGLICGLRQLANETTQA
LGLFLRATTELRTFSILNRKAIDFLLGRWGGTC
HILGPRDCCIEPHDWTHKNITOKIDOIHDFVOKTL
PD

MGVTGILOLPRDRFKRTSFFLAVILFGRTFSIP
LGVIHNS TLOVSEVIKLYCRDKLSSTNQLRSY
GLNLEGNGVATDVPSATKRWGFRSGVPPKVY
NYEAGEWAENCYNLEIKKPDGSECLPAAPDG
RGFPRCRYVHKYSGTGPCAGDFAFHKEGAFF
LYDRLASTVIYRGTTFAEGVVAFLILPOAKKDE
Makona Ebola | .o FSSHPLREPVNATEDPSSGYYSTTIRYOATGF
virus (GenBank | ° o | Zaire GTNETEYLFEVDNLTYVOLESRFTPQFLLALN
Accession No. | SPKCGE 1 lavirus | ETIVTSGKRSNTTGKLIWKYNPEIDTTIGEWAF
AAQSS04R. 1y TRt WETKKNLTRKIRSEELSFTAVSNTHHQDTGEE

SASSGKLGLITNTIAGVAGLITGGRRARREAN
NAQPKCNPNLHYW TTQDEGAAIGLAWIPYFG
PAAEGIY TEGLMHNGDGLICGLROLANETTQA
LOLFLRATTELRTESILNRKAIDFLLORWGGTC
HILGPDCCIEPHDW TKNITOKIDO IHDFVDKTL
PD

i82

MGGLSLLQLPRDKFRKSSFFVWVILFQRAFS
MPLGVYVYTNSTLEVTEIDOLVCKDHLASTBGLK
SVGLNLEGSGVYSTRIFSATRRWGFRSGVPPR
VVEYEAGEWAENCYNLEIKKPRESECLPPPP
DGVRGFPRCRYVHKAQGTGPCPGDYAFHKD
= . GAFFLYBRLASTVIVRGVNFAEGVIAFLILAKPK
Sudan cbolavirus ETFLOSPPIREAVNYTENTSSYYATSYLEYEIE
(GenBank Gp Sudan NFGAQHSTTLFKIDNNTFVRLDRPHTPOFLFQ
Acgcsdion Mo, 35 eholavirus | LNDTIHLHQOLENT TGRLIWTLDANINADIGEW
AGL73446) AFWENKKNLSEQLRGEELSFEALSNITTAVKT
VILPQESTONGLITSTVTGILGSLGLRRKRERRQT
TKATGKCNPNLHYWTAQEQHNAAGIAWIRY
FGPGAEGIYTEGLMHNONALVCGLROLANET
TOALQLFLRATTELRTYTILNRKAIDFLLRRWG
GTCRILGPRCCIEPHDWTKNITDKINQIHDEID
NPLPN

183

in Tabie 1, the CORs are IMGT numbering. H: heavy chain; K: kappa chain.
EXAMPLE 2. Production of GP-Fab complex

F08151] Ravn GPaamuc (SEGQ 1D NO:188) was produced in Drosopfifia 52 cells,
purified by streptactin affinity via a C-terminal strep tag, and the trimeric portion isclated on &
Superdex 200 sizing column. A CAN30G4 Fab fragment was generaied by standard papain
digestion of the CAN30G4 1gG antibody (sequences of the CAN3UG4A antibody are provided
in Table 1) and purified by Mono Q icn-exchange chromatography. Five molar excess Fab
was added to the trimeric GPeamuc and allowed o bind overnight at 4”C. The campiex

creaied was referred 0 as CANZUG4A Fah-Rava GPeAmuc. which was then used to
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immunize mice (see Example 3). A diagram of the antigen-antibody compiex is shown in

Figure 12 {bul in the absence of a chemical cross-inking reagent).

F00152) Figure 13 shows crystals of Marburg virus GF (Ravn) in complex with Fab

fragments from mAb CANS4G1. This complex nucieates crystals in multiple conditions.

EXAMPLE 3: Derivation and screening of monocional antibodies binding to Marburg
virus {MARVY}

[00153] Monoclonal antibodies (mAbs) 1o Marburg virus (MARV) were generated by
immunizing mice to produce an antibody directed o an epitope in the glycoprotein (GP) of
MARVY. Immunization of mice was performed according to standard operating procedures.
Six week-old female BALB/c mice {University of Maniloba, using Animal Use Protocols
approved by the Protocol Management and Review Committee]) were injected
subcutaneously {SC) with 20 pg of inert MARV Ravn GPeAmuc (SEQ 1D NO:169} or MARV
Angola GPeAmuc (SECQ 1D NG:170) in Freund’s Complete Adjuvant (CFA) (Brenntag
Biosector; on day 1. On day 32 the mice received 20 ug of the same MARV GP injected
intraperitoneally (1.P.) in Incomplete Freund's Adjuvant (IFA) (Brenntag Biosector) in a total
volume of 100 pl. On day 36, the mice received 20 pg of the same antigen in a total volume
of 100 ul 1.P. with iFA. Serum analysis from test bleeds at this point showed specific serum
g3 titers to MARV GP (dala not shown). Mice received 1-2 boosters of recombinant MARV
GP protgin (10 g in IFALP.) prior 1o a final push of § yg purified GP (in PBS by 1P) before
conducting fusions. Standard protocols were usad to produce hybridoma cell Enes, and
monoclonal antibodies were purified on Protein G resin. Mouse sera were screened on Ravn
GPeAmuc, and spleen fusion and hybridoma screening was performed on those mice with
specific and strong interaction with Ravrn GP. Spleens were harvested three days after the
final push and mice were euthanized hy anesthesia overdose and exsanquinated by cardiac
puncture. The spleens were subsequently excised under aseptic conditions and cell fusions
performed essentially according to standard technigues. Positive selected IgG-secreting
clones were subjected to large-scale production and subsegueni characterization by
immunolegical methods. Isotyping was performed using a commercial murine isotyping
dipstick tast {(Roche} according 1o the manuiacturer's instructions. Hybridoma cullure
supernalants were concentrated 5-10 fold using Amicon stirred cell nitrogen concentrators
with 30 ka cutolf Millipore (YM-30) membranes (both from Millipore, Billerica, MA). Mice
immunized with Angola GPeAmuc purified from S2 celis vielded antibody 40G1. Mice
immunized with Ravn GPelmuc purified from Gnt -/~ HEK293 celis raised antibodies 3051,
30G3. 30G4 and 3065, Mice immunized with Ravn GPeAmuc, and then boosted with &
complex of Ravn GPeAmuc bound to 30G4 Fab (CAN30G4 Fab-Ravn GPeAmuc), raised

antibodies 5431, 54G2 and S4G3 as presentad in Table 4.

57
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Consiruct

Description”

MARV GF

Deleted Regibns*

Full length GP (1-681)

MARY GPe

Deleted transmembrang
(TM) domain

638-681 (TM)

MARY GFeaAmuc

Deleted TM & mucin-like

domain {muc)

257-425 (TM)
638-681 {(muc}

MARY GPeAmMUCAW

Deleted TM, muc & GP2
wing {(w)

MARY GPcl

Cleaved GP with deletad
TM & muc

257-425 (TM)
638-681 (muc)
436-483 (w)

257-425 (TM)
638-681 {muc)

EBOV GP Full length (1-676)

EBOV GPe Deleted TM domain 638-676
EBOV GPeAamuc - EBOV, | Deleted TM & mucin-like 314-463
SubDv, BDBV domain (muc)

EBOV GPeAmuc - Deleted TM & mucin-like | 316-470
RESTV domain {muc)

* Numbering of the amino acids begins at the first amino acid of the MARV or EBOV GP

signal sequence, as indicated on Figure 1.

[00154]

Angola GP. Briefly, 98-well MaxiSorp plates (NUNC) were coated with 200 ng/well of

Antibodies were screened via ELISA method against either Ravn GP or

antigen, covered and incubated overnight at 4°C. Plates were washed &X in Milli-Q water to

remove any unbound antigen and then blocked with Blocking Buffer {5% Skim Milk Powder

(SMP) in Phosphate Buffered Saline (PBS)). Plates were incubated for 1 heur at 37°C and

then washed SX in Milli-Q water. Plates were then coated with hybridoma supernatant and
serially diluted 2-fold in Ditution Buffer (2.5% SMP in PBS) starting at 1 pg/mb. After a 1 hour

incubation period at 37°C, plates were then washed 5X in Milli-Q water. Goat anti-Mouse

IgG-HRP was then added to the plate at a 1:2000 dilution in Dilution Buffer and incubated

again for 1 hour at 37°C. Plates were then washed and substrate added to the plates. Plates

were read using 405nm wavelength after 15 minutes, 30 minutes or 1 hour {incubation at

room temperature).
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From this immunization and screening, a panel of 27 antibedies was raisad

against Marburg Ravn GP and 1 against the Marburg Angola GP (Table 3).

Table 3: List of anti-Marburg GP antibodies generated

mAb 1D Isotype Specificily
CANZ0GT-2-2 lgG1/kappa Binds Ravn GP1 subunit
CAN3I0G2-2-1 lgGilkappa Reactive with HA purification tag and not
GP
CANZ0G3-2-3 lgGtikappa Largely specific for Ravn GP
CAN30G4-1-2 lgG1l/kappa Marburg virus cross-reactive, directed
against GP2 and binds both GPAmucAMtm
and GP2
CANB0OGS-1-1 lgGt/kappa Binds both GPAmucAtm and GP2 from
Ravn
CAN30G6-1-2 lgG1/kappa Specific for GPAMUCA {does not bind |
GP2 expressed alone), is specific for Ravn
CANS4G1T-1 lgG1/kappa Binds to Ravn GP1/2
CANB4G2-2 lgGi/kappa Binds epitope on Ravn GP2
CANB4G3-2 lgGl/kappa Binds epitope on Ravn GP2
CANG1G1-2 lgG2a/kappa | Binds to both Ravn GP1/2 (stronger to GP1)
CANG1G2-1 lgG1/kappa Binds to both Ravn GP1/2
CANG1G3-2 lgGilkappa Binds o both Ravn GP1/2
CANB1G4-1 lgGt/kappa Binds to Ravn GP1
CANG1G5-1 lgGilkappa Binds o both Ravin GP1/2
CANGS1GE-3 lgGtikapps Binds io both Ravn GP1/2 (stronger to GP1)
CANG1G7-1 lgGilkappa Binds t¢ Ravn GP2
CANB1G8-1 lgG1/kappa Binds to Ravn GP1
CANG2G1-3 lgGt/kappa Recognizes Ravn GP1/2
CANG2G2-1 lgG1/kappa Recognizes Ravn GP /2 (stronger to GP1)
CANG2GS-3 igG2a/kappa Fiécognézes Ravn GP1/2 {(stronger to GP2)
CANG2G6-1 | Binds to Ravn GP2 B
CANBZG7-1 lgG2b/kappa Recognhizes Ravn GP1/2 |
CANB3G1-1 IgG2alkappa Binds to Ravn GP2 subunit

59
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CANB3G2-2 lgG2alkapps | Binds to Ravn GP2 subunit

CANB3G3-1 lgG1/kappa Likely binds to conformational epitope on
Ravn GP

CANBH3G4-1 lgGiikappa Binds to Ravn GP1/2

CANB3GTY-3 lgG3kappa Likely binds to conformational epitope on
Ravn GP

CANB3GS-2 lgG1i/kappa Binds to Ravin GP1 subunii

CAN4OGH lgG1i/kappa Binds to Angola GP
{001586] A list of immunogens and boosting immunogens used for selected anti-

Marburg GP mAbs is provided in Table 4.

Table 4. List of selected anti-Marburg GP antibodies generated

(93]

10

mAb D Immunogen Boosting mmunogsen Isotype

CAN30GH Ravn GPeAmuc Ravn GFPeAmuc lgG1/kappa

CAN30G2 Ravn GPeamuc Ravn GPeAmuc lgG1/kappa

CAN30G3 Ravn GPeAmuc Ravn GPesAmuc lgG1/kappa

CAN30G4 Ravn GPReAmuc Ravn GPeAmuc IgG1/kappa

CANIGGH Ravn GPeAnuic Ravn GPaamuc lgG1/kappa

CANS4GT Ravn GPeAmuc Ravn GPeAmuc-CAN3UG4 Fab lgG1/kappa
complex

CANSAG?2 Ravn GPeAmiuc Ravn GPeAmuc-CAN30G4 Fab igG?.f_kapE)a—
complex

CANB4GS Ravn GPeAmuc Ravn GPeAmuc-CAN30GGH Fab lgG1likappa
complex

CAN4GGT | Angola GPeAmus ngola GPeAmuc T lgGlikappa

EXAMPLE 4. ELISA testing of mouse anti-Marburg GF monoclional antibodies

f00187) An ELISA was performed (o test the binding of the mAbs against multiple
strains of Marburg GP, GFe, GPeAmug, and to determine if the mAbs are cross-reactive to

o~

varicus strains of Ebola virus (EBOV) GP, GPe and Gpedlmuc. The ELISA plate was coated

with 200 ng/well of antigen. The wells were blocked with 5% skim milk then probed with

serially diluted generated mAbs starting (0.1 pg/mi to 1 pg/mb). Binding was detected wilh

o~

80
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commercial goat anti-Mouse IgG-HRP. The plaie was read at 405nm after a minimum of 15

minutes incubation with subsirale,

fOG158) The CAN30, CANB4 and CAN4O series mAbs were all tesled for binding 1o
different sirains of MARY {Muscke, CI67, Angola, and Ravn) and EBOV snginsersd GPs
(GFe, GPeAmuc and GPal). Figure 2 lists the resuits in table form. The results show the
binding of all antibodies to MARY GPeAmuc and GPcl in multipie Marburg sirains.
CAN3OGH, CAN30GS, CAN4OGT and CANS4G3 show binding to the GPe of all MARY
strains tested. Al other mAbs tested only showed binding to MARV Raviy GPe, CAN3GGH,
CAN4GGT, CANS4GT and CANS4G3 showed binding to MARV Ravit GPeAmucAw.
CAN4OG1T was the only cross-reactive mAb, showing binding tc EBCV GPeAmuc and EBOV
Gl

[00159] Figure 3 shows the ELISA results when using the CAN30 series mAbs to test
binding o Marburg virus Ravn GPedmuc, Angola GPeiAmuc and Popp GPeAmuc. As shown
in Figure 3, all CANZ0 mAbs, except for CAN30G6, showed binding o Ravn Gpelimue,

Angola GPeAmuc and Popp GPeAmuc.

F00160] CAN4OG1 {anti-MARV Angola mAb) was tested for cross-reactivity to various
MARY strains and ebolaviruses, To determine cross-reactivity, ELISAs were performed
using the GPeAmuc of the Ravn, Angola, Popp, and Musoke strains of MARY, the GPeAmuc
of the eholaviruses EBOV, SUDV, and BOBV, or the cleaved MARY and EBOV GPs (GPcl)
as coating antigens. CAN4(G1 was further evaluated for binding to the complete, mucin-
containing ectodomain of MARY Angaia, EBOV, SUDV, and BOBV and to the secreted sGP
of EBOV and RESTV. As shown in Figures 4, 5A and 5B, CAN40G1binds to MARV GP and
mucin-delsted GP from multipie MARV strains, CAN4QG1 is also cross-reactive to EBOV GP
as well as EBOV GPeAmuc.

FO3161] For animals boosted with CAN30G4 Fab-RavnGPelmue and the CANS4
mAbs that were generated from hybridoma fusions, cross reactivity was directed towards
P11 and GP2 eptitcpes that were unigue in comparison to CAN4OGT immunized with the
Angola strain GPAmuc. The CANSB4 mAbs were also directed away from the
immunodominant GPZ wing elicited by immunizations with RavnGPeAmuc {e2.g. CAN30
fusions), however, one mAD clone did resuit in immunorecognition towards the GRZ wing
elicted by several CAN30 mAbs, but specificity against the GFs across the Marburg strains

Wwas unigue in relation to GPe and GPeAmuc,
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EXAMPLE 5. Western blots performed with mouse anti-Marburg GP monocional

antibodies

FO0162) A 4-12% gradient SDS-PAGE gelis run for 1.5 hours at 200 volis with a
combination of MARY and EBOV proteins. The gel is then transferred to a nitroceliuiose
membrane for a minimum of 1 hour at 45 volts. The membrane is blocked overnight at 4°C
with 5% skinm milk in IXTBST. The next day the mAbs {17 Ab) are diluted in 2.5% skim milk
in IXTBST at concentrations ranging from 2 ug/mb to & ug/mL depending on the antibody
and used to probe the membrane containing the ransferred proteins for 2 hours &t room
temperaturg (RT). The membranes are then washed with 1xTBST (o remove unbound 1° Ab
and probed with anti-mouse 1gG-HRP {2° Ab) at a dilution of 1:4000 tc 1:5000 for 1.5 houwrs
al RT.

EXAMPLE 6: Pssudovirus neutralization assay performed with mouse anti-Marburg

GP monocionat antibodies

FO0163] Antibodies were tested for neutralization of recombinant Vesicular
Stomatitis Virus (V8V) pseudotyped with MARY GP. V3V pseudovirions containing a GFP
gene in place of the V3V G gene (VSVAG) and bearing the glycoprotein of MARY Ravn
were generated as previously described (Takeda et al. Proc Nat/ Acad Sci USA, 1997,
894(26): 14764-14769). Experiments were performed in triplicate with VSVAG bearing either
full-iength MARV Ravn GP (VSVAG-GP) or mucin-deleted A257-425 GP (VSVAG-GPAmuUC).
Pseudovirions were incubated with anti-VSV G mAbL for 1 hour at RT, then incubated with
2.5, 10 or 50 jigfmi. of each anti-MARY GP mAb in DMEM-10%F8S for an additional hour.
Pseudovirion/mAb complexes were added to Vero cells al a mulliplicity of infection (MQO1) of

0.61. Aftar 48 hours, infection was gvaluated by counting GFP-gxpressing cells.

F00164] As shown in Figure 8A, mAbs CAN30G4 and CAN3OGS could suppress
infectivity down to 20% or less against mucin-delsted MARV GP. In contrast, polyclonal
sera obtained at time of exsanguination from immunized mice (Grp30polyAb) neutralized

only slightly better (approximately 16% infeclivily remained).

§06165] The best neutralizing mAbs in this panel neutralized mucin-containing
Marburg virus GP-pseudotypes approximately 530%, while polyctonal sera neutralized the
same viruses to approximately 40% infectivity (Figure 8B}, Cne possible explanation for why
the mucin-deleted virus was easier to neuiralize than the mucin-containing virus is that the
large mucin-like domain could restrict access to antibody epitopes on GP, as has been
suggested for Ebola virus., Recent sludies in the field sugges! that a cocktall of monoclenal
antibodias offers better in vivo protection against Ebola virus than individuat mAbs alone,

and hence, combinations of some of these mAbs may improve upon neuiralization capacity

62



4

15

29
o

WO 2015/127140 PCT/US2015/016708

nver any single mAb alone. mAbs CAN3OG3, CAN3CGS, CANS4GT and CANS4GE
neutralized mucin containing {full fength) viruses approximately 806% (Figure 8}, In both
examples wharg antibodies were dirgcted away from the GP2 wing (CANS4G1 and
CANS4AGI), neutralization was on par with other antibodies directed towards GP1 and GPZ
{e.g. CAN3OGT and CAN4QGT).

EXAMBLE 7: Epitope mapping with pin peptides

[003166] Pin peptides were designad to cover the GP1 and GP2 subunits of Marburg
Viusoke GP (NCBI Accession number NC_001808) and Marburg Ravn GP (NCBI Accession
number AB_04Y1906) by designing 1Bmers overlapping by 10 amino acids and removing
the mucin domain and transmembrang domain along with the signal peptide seguence and
cytoplasmic tall (Feldmann et al., 2001, J Gen Virol, §2(Pt 12):2833-2848; Wil et al., 1993, J
Virol. 67(3):1203-1210). MARV-Angola and MARV-Muscke are approximately 3% identical
in GP protein sequence, and MARV and RAVV are approximately 78% identical in GP
protein sequence. Because of the similarity belween Angola and Musoke, Musoke and Ravn
pins were designed. Internal cysteines were replaced by methionine o prevent dimerization

of peptide with conserved subslitution.

{00167 For the assay, pins were activated by rinsing in methanol for a few seconds
and allowed to air-dry. Pins were then blocked with 200 pL of Blocking Buffer (1% SMP +
1% Tween-20 in PBS) in 96-well round bottom plates and incubated for 2 hours at RT. Pins
were then washed with Wash Solution {0.9% wiv NaCl + 0.08% Tween-20 in PBS) 3X for
~imin/wash. Pins wers then immediately coated with 100 pL of a 1/5 dilution of supernatant
in Dilution Buffer (0.1% SMP + 0.1% Tween-20 in PBS) in new 96-well reund bottom plates
and left covered overnight at 4°C. The next day, pins werg washed 3X in wash solution and
then incubated at room temperature for 1 hour in a 1:5000 dilution of Goat anti-mouse 1gG-
HRP in dilution buffer with 100 ubiweli. After incubation, pins were washed 3x in wash
solution. ABTS subsirate was then applied at 200 pl/well to 36-well flal-boitom MaxiSorp

plaies and readings taken at 15 minutes, 30 minutes and 1 hour.

f60168] Table 5 shows the resuits of epitope mapping. Figures 7A, 78, 7C and 7D
show the schematics of the MARY GP protein and the epitopes for CAN3GG3, CAN30G4,
CAN30GS and CANS4G2. Although the results indicate CAN3DG3, CAN3CG4, CAN3OGH
and CANS43E2 bind to the GR2 subunit of MARY along an overlapping epitope, specificily is
modulated more specificaily towards the N-terminal residuss, These sulle differences arg
reflected in specificity across the different Marburg strains (Fig 2, 6a and €b). CAN40G1T may
bind a conformational epitope. CANS4G1 is shown to bind to GP2 but in a region outside of

the N-iterminal residues bound by the other GP2 specific antibodies.

N
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Table 5: Pin peptide mapping of mAbs {o Marburg Ravn GP and Marburg Angola GP

Marburg GF Absorbance
mAb ID pins subunit Pins {thour} Peptide Ssguence
urreactive to pins
CAN30GH Ravn N/A N/A N/A HLESESs S8,
recagnizes contorma
tional epiicpe
D4 0.848 LINTEIDFDMIPNTE
D5 0.373 (SEQ 1D NO:184)
CAN30G2 Ravn GP2
IDFDPIPNTETIFDE
(SEQ I NO:185)
IDFDPIPNTETIFDE
(SEQ 1D NG:186)
CAN30G3 Rawn GP2
D5 1.840 IPNTETIFDESPSEN
D6 1.116 (SEQ 1D NO:187)
PNLDGLINTEIDFDP
(SEQ 1D NG:188)
CAN30G4 Ravn GP2 HINTEIDFDRIPRTE
(SEQ 1D NG:189)
03 0.838
D4 Qverflow® | IDFDPIPNTETIFDE
D5 1.966 (SEQ 1D NO:190)
LINTEIDFDPIPNTE
(SEQ ID NG:131)
CAN3DOGS Ravn GP2 PFDRIENTETIFOE
(SEQ 1D NO:192)
4 0.631
D5 Overflow | IPNTETIFDESPSEN
D6 Overflow | {SEQ 1D NOG:193)

&4
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Likely binds

) ] GP1/GP . A .
CAN3OGE Ravn i Multiple N/A conformational epitope,
or repest sequence
_ Likely binds
GP1/GP , . ,
CANS4G1 Ravn . Multiple conformational epitope,
N/A or repeat sequence
LINTEIDFDPIPNTE
(SEQ 1D NG:194)
D5
CANb4 (2 Ravn GP2 -
2757 IDFDPIPNTETIFDE
1.849 (SEQ D NG:195)
LINTEIDFDPIPNTE
) (SEQ 1D NG:196)
D5 2.220
CANS4G3 Ravn GP2
D6 1.444

IDFDPIPNTETIFDE

(SEQ D NOA197)

=

unreactiva to pins

{tested 2x}, likely

CAN40G1 Ravn N/A N/A N/A _
recognizes
conformational epilope
May recognize a repeat
GPA/GP ,
CAN4DGT | Musoke 5 Multiple N/A sequence or

conformational epitope

*Note: Gverflow value is greater than 3.9

EXAMPLE 8: Mouse /n vivo protection experiments

[601689]

All procedures with infectious marburgviruses were peiformed in biosafety

level 4 (BSL-4) facilities. BALB/c mice were chailenged intraperitoneally {I1P) with 1000

ptague-forming units (p.f.u.) mouse-adapted MARV. One hour post-exposure, the mice were

treated IP with 500 ug (0.5 m! of 1.0 mg/ml mAD in PBS soiution} of purilied monocicnal

antibody or PBS alone. One study also included a negative control group treated with 560 pg

of anti-HA igG at 1.0 mg/mL. Clinical signs for infection were monitored for 28 days post-

exposure at which point the study ended, and mice were euthanized.
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[00170]

the mAbs as well as the resuits from the in vivo protection studies. Figure 8 is a line graph

Two separate studies were performed. Table 6 shows the characteristics of

showing the results from the two in vivo studies. CAN30GS and CANS4G2 showed the
greatest protection with 100% and 80% survival, respectively, in both studies. CAN3CG3 and
CAN3Z0G4 showed greater than 50% protection, while CAN4O(G1 showed 40% proteciion. in
this case, although CANB4AG2 and CANIDGS may be predicted (o show equivalent efficacy
hased ¢n epitope mapping (Example 7) and cross reactivity (Figure 2) there was a marked

difference in vivo against Marburg Ravn challenge in mouse adapied modsl.

Tablae 8: Summary of antibodies generated (¢ Marburg Ravn GP, Marburg Angola GP
and Marburg Musoke GP and their protective properties in vive.

o Protection in BALB/c
Cross Reactivity VEVAGIGP ,
mAD Epitope , mice
with GFPeAmuc Neulralization ©..
Study 1 Study 2
30G1| R AMP GP1 5%
N-term
3033 R, A M P 40% 810 6/10
GP2
30G4 R,A M, P 451-475 B50% {10
30G5 R,AMP 456-475 50% 10/10 10/10
40G1 | R, A M, P, Eboav GP1 0% 4110
C-term
54G1 R,M,P 50% 0/10
GP2
N-term
54G2 R, A M P 40% 9/10 9/1¢
GP2
54G3 R,A M, P GP1 0% 10/10 A
61G2 R, A M, P GP1 20% 1110
61G5 R,A M P unknown 30%

EXAMPLE 9: V-gene sequencing

(00171

Mini Kit. The amplification of V genes from the RNA was performed using the Qiagen

RNA was isolated from the parental hybridoma clonal cell ling using RNeasy

CneStep RT-PCR Kit. Several combinations of primer sets werg used. The results of the
PCR amplification reactions were determinad by examining the PCR products on an
analytical agarose gel, and the visualized bands al approximately 300-500bp were gel

isclated for cloning. The extracted DNA was directly TA cloned inio the pCR2.1-TOPO

503)
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vector using the low melt agarose methed in TOFPGO TA Cloning manual. The cione reactions
were sequenced in both directions using the M13 Forward and M13 Reverse primers.

Sequance data was analyzed using DNAStar Lasergane Software.

fog1723] Figures 8-11 show the resulting arranged V-gene sequences compared (o
IMGTN-Queast reference directory sets and to the NCB! immunoglabulin biast search for
CANSGGSE, CANB4GZ and CAN4ADG1. The figures include results for both the VH and VL

sequences of the murine parental clone.
EXAMPLE 10: Efficacy of panfilovirus mAb in in vive Ebola virus infection model

FO0173] The panfilovirus murine antibody CAN40G1 was tested in an in vivo Ebola
virus infection model. BALB/c mice were separated inte pans and moved into a BSL-4 facility
three days before challenge. Mice were challenged i.p. with a targeted 100C PFU mouse
adapted Ebola virus {ma-EBOV). All groups, except for No Treatment group, were treated
I.p. with 560 sl of pre-formulated mAb 1-2 hours post challenge and 3 days post-challenge.
Mice were treated with a positive control anti-EBOV mAb; CAN40GT; or no antibody (No
Treatment). Mice were monitored for signs of disease and weight was checked daily. Study
was terminated on day 28 post challenge. The survival data for the groups at 10 days post

challenge is shown in Table 7.

Table 7: Percentage survival of mice challenged with ma-EBOV at 10 days post

chailenge

Treatment group Percent survival

Positive Control anti-EBOV mAb | 100

CAN4GGH 20
No Treatment 0
(30174 The scope of the present inventions is not limited by what has been

nize that

specifically shown and described herein above. Those skilled in the art will recog
there are suitable alternatives to the depicted examples of materials, configurations,
constructions and dimensions. Numerous references, including patents and various
publications, are cited and discussed in the description of this invention. The citation and
discussion of such references is provided merely {6 clarify the description of the present
invention and is not an admission that any reference is prior art {0 the invention described
herein. Ali references cited and discussed in this specification are harsin incorporated by

reference in thelr entirety. Variations, modifications and other impiementations of what is

oy’
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described herein will occur to those of ordinary skili in the art without departing from the spirit
and scope of the invention. While certain embodimeants of the present invention have been
shown and described, it will be obvious to those skilled in the art that changes and
medifications may be made without departing from the spirit and scope of the invention. The
matier set forth in the foregoing description and accompanying drawings is offered by way of

Hlustration only and not as a limitation.



CLAIMS.

1.

10,

A monoclonal antibody or an antigen-binding portion thereof that specifically binds
to a filovirus, wherein the antibody or antigen-binding portion thereof comprises (i)
an immunoglobulin light chain variable region comprising LCDR1, LCDR2, and
LCDR3, and (ii) an immunoglobulin heavy chain variable region comprising
HCDR1, HCDR2, and HCDR3, wherein the LCDR1, LCDR2, and LCDR3 comprise
the amino acid sequences set forth in SEQ ID NOs: 6, 7, and 8, respectively, and
the HCDR1, HCDR2, and HCDR3 comprise the amino acid sequences set forth in
SEQ ID NOs: 18, 19, and 20, respectively.

The monoclonal antibody or antigen-binding portion thereof of claim 1, wherein the
immunoglobulin light chain variable region comprises the amino acid sequence set
forth in SEQ ID NO:2 and the immunoglobulin heavy chain variable region
comprises the amino acid sequence set forth in SEQ ID NO:14.

The monoclonal antibody or antigen-binding portion thereof of claim 1 or 2, wherein
the monoclonal antibody or antigen-binding portion thereof is selected from the
group consisting of: (i) a whole immunoglobulin molecule; (b) an scFv; (c) a Fab
fragment; (d) an F(ab')2; and (e) a disulfide linked Fv.

The monoclonal antibody of any one of claims 1-3, wherein the antibody comprises
an immunoglobulin constant region selected from the group consisting of 1gG1,
IgG2, IgG3, IgG4, IgA1, IgA2, IgD, IgE, and IgM.

The monoclonal antibody or antigen-binding portion thereof of any one of claims
1-4, wherein the filovirus is a member of the Marburgvirus genus.

The monoclonal antibody or antigen-binding portion thereof of claim &, wherein the
filovirus is selected from the group consisting of Ravn, Angola, Musoke, and Popp
Marburg virus strains.

The monoclonal antibody or antigen-binding portion thereof of any one of claims
1-6, wherein the monoclonal antibody or antigen-binding portion binds to the
Marburg virus glycoprotein.

The monoclonal antibody or antigen-binding portion thereof of any one of claims
1-7, wherein the monoclonal antibody or antigen-binding portion thereof binds to
the GP2 subunit of the Marburg virus glycoprotein.

A pharmaceutical composition comprising the monoclonal antibody or antigen-
binding portion thereof of any one of claim 1-8 and at least one pharmaceutically
acceptable adjuvant.

A pharmaceutical composition comprising the monoclonal antibody or antigen-
binding portion thereof of any one of claims 1-8 and at least one pharmaceutically
acceptable carrier.
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14.

15.

16.

17.

18.

19.

20.

2%

22.

The pharmaceutical composition of claim 9 or 10, further comprising a second
agent.

The pharmaceutical composition of claim 11, wherein the second agent is a
monoclonal antibody or antigen-binding portion thereof,

The pharmaceutical composition of claim 11 or 12, wherein the pharmaceutical
composition comprises at least one Marburg virus-binding antibody or antigen-
binding portion thereof, and at least one Ebola virus-binding antibody or antigen-
binding portion thereof.

The pharmaceutical composition of any one of claims 9-13, wherein the
pharmaceutical composition comprises at least two, at least three, or at least four
Marburg virus-binding antibodies or antigen-binding portion thereof.

The pharmaceutical composition of any one of claims 9-14, wherein the
pharmaceutical composition comprises at least two Marburg virus-binding
antibodies or antigen-binding portion thereof, and wherein each Marburg virus-
binding antibody or antigen-binding portion thereof binds to a different epitope of
the Marburg virus glycoprotein.

Use of the monoclonal antibody or antigen-binding portion thereof of any one of
claims 1-8 or the pharmaceutical composition of any one of claims 9-15 in the
preparation of a medicament for ameliorating, preventing, or treating a filovirus
infection in a subject in need thereof.

The use of claim 16, wherein the filovirus infection is a Marburg virus infection or
an Ebola virus infection.

An isolated nucleic acid molecule encoding the monoclonal antibody or antigen-
binding portion thereof of any one of claims 1-8.

An isolated nucleic acid molecule encoding (a) the immunoglobulin light chain
variable region, (b) the immunoglobulin heavy chain variable region, or (c) the
immunoglobulin light chain and heavy chain variable regions of the monoclonal
antibody or antigen-binding portion thereof of any one of claims 1-8.

The isolated nucleic acid molecule of claim 18 or 19, wherein the nucleic acid
molecule comprises one or more nucleotide sequence selected from the group
consisting of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:13, SEQ ID NO:15, SEQ ID NO:16, and SEQ ID NO:17.

The isolated nucleic acid molecule of claim 18 or 19, wherein the nucleic acid
molecule comprises the nucleotide sequence of SEQ ID NO:202 or 203.

An expression vector comprising a nucleic acid segment encoding (a) the
immunoglobulin light chain variable region, (b) the immunoglobulin heavy chain
variable region, or (c) the immunoglobulin light and heavy chain variable regions
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24,

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

of the monoclonal antibody or antigen-binding portion thereof of any one of claims
1-8, wherein the nucleic acid segment is operatively linked to regulatory sequences
suitable for expression of the nucleic acid segment in a host cell.

The expression vector of claim 22, wherein the nucleic acid segment comprises
one or more nucleotide sequence selected from the group consisting of SEQ ID
NO:1, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:13, SEQ ID NO:15,
SEQ ID NO:16, and SEQ ID NO:17.

The expression vector of claim 23, wherein the nucleic acid segment comprises
the nucleotide sequence of SEQ ID NO:202 or 203.

A recombinant host cell comprising the expression vector of any one of claims 22-
24.

The recombinant host cell of claim 25, wherein the cell is a bacterial, eukaryotic,
or mammalian cell.

The recombinant host cell of claim 25 or 26, wherein the cell is a COS-1, COS-7,
HEK293, BHK21, CHO, BSC-1, HepG2, SP2/0, HeLa, myeloma, or lymphoma cell.

A method for producing a filovirus-binding monoclonal antibody or antigen-binding
portion thereof, wherein the method comprises culturing a recombinant host cell
comprising the expression vector of any one of claims 22-24 under conditions
whereby the nucleic acid segment is expressed, thereby producing the filovirus-
binding monoclonal antibody or antigen-binding portion.

The method of claim 28, further comprising recovering the filovirus-binding
monoclonal antibody or antigen-binding portion thereof.

A method for detecting a filovirus glycoprotein in a sample, the method comprising
contacting the sample with the antibody or antigen-binding portion thereof of any
one of claims 1-8.

The method of claim 30, wherein the sample is a cell, tissue, or biological fluid from
a subject suspected of having or at risk of a filovirus infection.

The method of claim 30 or 31, wherein the filovirus glycoprotein is a Marburg virus,
Ebola virus, Sudan virus, Bundibugyo virus, Tai Forest virus, or Reston virus
glycoprotein.

The monoclonal antibody or antigen-binding portion thereof of any one of claims
1-8 or the pharmaceutical composition of any one of claims 9-15 for use in therapy.

The monoclonal antibody or antigen-binding portion thereof of any one of claims

1-8 or the pharmaceutical composition of any one of claims 9-15 for use in
ameliorating, preventing, or treating a filovirus infection in a subject in need thereof.
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35.  The manoclonal antibody or antigen-binding portion thereof or the pharmaceutical
composition for use in claim 34, wherein the filovirus infection is a Marburg virus
infection or an Ebola virus infection,
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