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Anti-CD154 antibodies and methods of using them

Cross-Reference to Related Application

This application claims the benefit of United States Provisional Application Serial
number 62/367 660, filed 28 July, 2016, and United States Provisional Application Serial
Number 62/201,150 filed 5 August, 2015, the entire contents of the aforementioned
applications are incorporated herein by reference in thewr entireties.
Ficld of the Invention

The present tovention relates to antibodies specifically binding CI3154,
polynucicotides encoding the antibodies or fragments, and methods of making and using

the foregoing.

Background of the Invention

CD154, also known as CD40 Ligand (CD40L), gp39, TNF-related activation
protein (TRAP), 5¢8 antigen, or T-BAM, 18 a trimeric transmembrane protein of the tomor
necrosis factor (TNF) superfamily. CD154 15 expressed in an activation-dependent,
temporallv-restricted manner on the surface of CD4" T cells. CI3154 is also expressed,
following activation, on a subset of CD8" T cells, basophils, mast cells, eosinophils, natural
killer cells, B cells, macrophages, dendritic cells and platelets. CD154 also exists as a
soluble form in the blood.

CD154 binds to CD40 on antigen-presenting celis (APC), which leads to various
responses depending on the target cell type. CD40-CD1 54 mteraction is essential for
normal T-B cell mteractions, including increased co-stimulation, T-cell priming, cvtokine
production, antibody-class switching and affinity maturation, and antibody and
autcantibody produciion.

Disruption of the CD40/CD154 pathway via CD154 blockage has been shown to
be beneficial in autommmune diseases such as systemic lupus ervthematosus (SLE),
rheamatoid arthnitis (RA), multiple sclerosis (M), inflammatory bowel disease (IBD), type
I diabetes (T1D), and allograft rejection. In humans, mutations n either CD40 or CD154
result in hvper-IeM syndrome characterized by lack of IeG or IgA isotypes {Anstfo er ol

Cell 72:291, 1993).
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Anit-CD1 54 antibodies bave been described for example in Int. Pat. Publ. Nos.
WOI993/08207, WO1994/10308, WO1996/40018, WO1993/0009812, W(1999/051258,
W995/006480, WO 1993/006481, WO 1995/006666, WO2001/002037,
WOI997/617446, WO 1999/01 2566, WO2001/0688060, WO2005/0031735,
WO2006/033702, WO2006/030220, WO2008/118356, WO2012/052203,
WO2012/138768, WO2012/138768, WO2Z013/055745 and WO2013/056008.

Anti-CP134 antibodies have shown to be efficacions 1a the treatment of
autoimmune discases in humans. However, thrombeembolism due to platelet activation
observed upon treatment prohibited continued clinical development. Engageoment of
FeyRIla on platelets has been shown to be causative for platelet activation by the anti-
CD134 antibody 3¢8 (e ef of, J Immunol 192:4083-4092, 2014),

Thus, there 1s a neced for additional anti-CD 154 antibodies with improved safety

and efficacy profiles.

Summary of the invention

The mvention provides for an antagonistic antibody or an antigen binding portion
theroof specifically binding human CD154 of SEQ [D NO: 1, comprisme a heavy chain
corplementarity determining region (HCDR) 1 of SEQ ID NO: 17 (SYGIS), a HCDR2 of
SEQ 1D NG: 23 (WISPIFGNTNYAQKFQG) and a HCDR3 of SEQ IDNO: 30
(SRYYGDLDY), wherein optionally

the HCDRI residue Stismutated to A, C. D E. G LE L M N, Q, R TorV;

the HCDR1 residue [4 is mutated to M, L or V;

the HCDR1 residue S35 is mutated to A

the HCDR2 residue 53 s mutated to A, T or V;

the HCDR2 residue P4 is mutated to V, T. L Qor E;

the HCDR2 residue N8 s mutated to A, C, D EF, G H LK LM, QG RS, T, V,

WoryY:

the HCDR2 residue T9 is mutated to A, C, DL E F. G H LK L M. Q. R 8T, V,
WorY:

the HCDRZ residue NiO s mutated to A, C. D E F, G H LK, LM, 3, R, 5, T,
V,WorV;

the HCDR3 residue 51 1s mutated to A or M,

o)
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the HCDR3 residue RZ is mutated to A, S, Qor K and

the HCDRS residue L7 18 mutated to M.

The mvention also provides for an isolated antagonistic antibody specifically
binding CD154 of SEQ 1D NO: 1, wherein the antibody comprises certain VH and V0L
amino actd sequences as described herein,

The invention also provides for an isolated antagonistic antibody specifically
bmding CD154 of SEQ ID NG: 1. wherein the antibody comprises certain HCDRI,
HCDR2, HCDR3, LCDR1, LCDR2 and LCDR3 amino acid seguences as described herem.

The invention also provides for an isolated antagonistic antibody specifically binding
CD1534 of SEQ ID NO: Icomprising

the HCDR1, the HCDR2, the HCDR3, the LCDRI, the LCDR?Z and the LCDR3 of

SEQ ID NOs: 17, 23,30, 37, 44 and 52, respectively,

the VH of SEQ ID NO: 39 and the VL of SEQ 1D NG: 66; or

the heavy chain of SEQ 1D NO: 80 and the light chain of SEQ 1D NO: 81,

The mvention also provides for an isclated antagonistic antibody or an antigen
binding portion thereof specifically binding CD134 of SEQ ID NO: 1, wherein (D134 s a
homotrimer and the antibody binds a first CD1534 monomer in the homotrimer within
amino acid residues 182-207 of CD1534 and a second CD1354 monomer m the homotrimer
within amino acid residues 176-2533 of CD134, wherein residue numbering is according {o
SEQIDNG: 1.

The mnvention also provides for an inmunoconjugate comprising the antibody or
antigen-bimding portion of the antibody of the invention linked to a therapeutic agent or an
umaging agent.

The mvention also provides for a pharmaceutical composition comprising the
antibody of the invention and a pharmacentically accepted carrier.

The mvention also provides for a polynucleotide encoding the antibody VH of the
mvention, the antibody VL of the mvention, or the antibody VH and VL of the mvention.

The mvention also provides for a vector comprising the polynucleotide of the
mvention,

The mvention also provides for a host cell comprising the vector of the mvention.
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The invention also provides for a method of producing an antibody, comprising
culturing the host celi of the invention m conditions that the antibody 18 expressed, and
recovering the antibody produced by the host cell.

The mvention also provides for a method of treating an autoimmune discase or an
mmune-mediated inflammatory disease comprising administering a therapeutically
effective amount of the isolated antibody of the mvention or a pharmaceutical composition
of the tvention 1o a patient 1a need thercof for a time sufficient to treat the discase.

The mvention also provides for an anti-idiotypic antibody bindmg to the antibody
of the mvention.

The mvention also provides for a kit comprising the antibody of the invention.

Brief Description of the Brawings

Figure 1 shows the effect of antibody Fe on platelet activation by CD154:antibody
mmune complexes (IC). 1€ of soluble human CD1534 (shCD134, indicated as sCD40L
the Figure) and anti-CD 1534 antibody 3¢8 (IgG1 sotype)y (3¢8lpGl IC) activated platelets,
whereas IC of shCD i34 and 508 cioned on silenced IgG1 backbones IgGlsigma,
IgGlsigma-YTE, IgG2aigma or IpG2sigma-YTE (5¢8ipGlz, 5¢8lpgGlz-YTE, 5¢81sG2z or
3c8lgG22-YTE, respoctively) had no effect. Platelet activation was assessed as % of total
platelets expressing PAC-1 (PAC-1 antibody specifically recognizes conformational active
form of olIbf3 ntegrin} and CD62p (P-selectin surface expression). ADP: positive control.
PBS: negative control. Five donors were evaluated for platelet activation. The results are
shown as mean of cach experiment + 5D,

Figure 2 shows that immune complexes (IC) of shCD154 (sCD40L in the Figure)
and effector silent [gG2sigma/x anti-CD 134 antibodies CALB3S, C4LB89, C4LBI89,
C4ALBI9I, C4LB199 and C4LB1350 do not activate platelets. Platelet activation was
assessed as % of total platelets expressing PAC-1 and CD62p. 1C of shCD154 and
Sc8lgGl (5c8lgGl IC) activated platelets. ADP: positive control. Five donors were
evaluated for platelet activation. The results are shown as mean of each experiment + SD.

Figure 3 shows that immune complexes (IC) of shCD 134 (sCD40L) and anti-
CD154 antibodies C4LB89 (IgG2sigma/w), C4LB231 (IgGlsigma/x) and C4LB232
(IgGlsigmalx) do not activate platelets. Platelet activation was assessed as % of total
platelets expressing PAC-1 and CD62p. 5¢8-TgG1 IC activated platelets, which activation
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was blocked by an anti-Feyla antibody, indicating that platelet activation of CD154/35¢8-~
IgGl IC 1s mediated by FoyRHa on platelets. ADP: positive control. PBS: negative
control. Five donors were evaluated for platelet activation. The resulis are shown as mean
of each experiment + SD.

Figure 4 shows the interaction surface between CD134 and C4LB89. Aromatic
residucs F55, VIO and Y102 in HCDR?2 and HCDR3 contribute to most interactions
(vesidue numbering according to SEQ 1D NO: 39). Light chain of C4LB89 does not
contribuie to binding.

Figure 5 shows a two-dimensional cartoon of epitope and paratope residues
identitied from crystal structure of marmoset CD134 1 complex with C4LB89. The
epitope residues are circled with an ellipse and the paratope residues in heavy chain
HCDRI, HCDR2 and HCDR3 are shown (indicated as CDR1, CDR2 and CDR3 1 the
Figure). The antibody binds simultancously to two CD154 monomers A and B. Epitope
residue numbering 15 according to homan CD154 (SEQ ID NG: 1) and paratope residue
numbering is according to heavy chain vanable region of C4LB8% (SEQ D NG: 59).

Figure 6A shows the alignment of rosidues 1-180 of human CD134 (SEQ 1D NO:
1, top row) and marmoset CD1534 (80 1D NO: 2, bottom row) showing that the C4LB89
epitope residues are conserved between human and marmoset CD1514.  Epitope residues
on CD154 monomer 1 are underlined, and epitope residues on monomer 2 are double
underlined.

Figure 68 shows the alignment of residues 181-261 of human CD134 (SEQ ID
NO: 1, top row) and marmoset CD154 (SO D NO: 2, bottom row) showing that the
C4LB89% epitope residues are conserved between hwman and marmoset CD1514. Epitope
residues on CM 34 monomer 1 are underlined, and epitope residues on monomer 2 are
double underlined.

Figure 7 shows that immune complexes (IC) of shCD134 (sCD40L 1n the Figure)
and an IgG1/x anti-CD 134 antibody C41LB237 do not activaic platelets, whereas IC of
shCP154 and another {g(G1 antibody 5¢8 activate platelets. Antibodies aloue had no effect
on platelet activation, which was assessed as % of total platelets expressing PAC-1 and
CD62p. ADP: positive control. PBS: negative control. Five donors were evaluated for
platelet activation. The results are shown as mean of cach experiment + SD. n=4 1 cach

group.
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Figure 8A shows that immune complexes (1C) of shCD134 ((CDA0L i the
Figure) and a Fo sident C4LB119 activate plaiclets in FeyRlla-independent manner,
whereas 1C of shCD154 and antibody with C4LB119 VH/VL domains expressed on [g(Gl
(C4LB287) activated platelets in FoyRIla~-dependent manner.  ADP: positive control.
PBS: negative control.

Figure 8B shows that immune coraplexes (IC) of shCD154 (sCD40L in the
Figure) and a Fo sifent C4LB9%4 activate platelets o FoyRila-independent manner, whereas
IC of shCD154 and antibody with C4LB%4 VH/VL domains expressed on IgGl
(CALB289) activated platelets in FoyRIla~-dependent manner. ADP: positive control. PBS:
negative control.

Figure 8C shows that immmane complexes (IC) of shCD134 (sCD40L in the
Figure) and a Fo silent C4LB83 moderately activate platelets, whereas IC of ¢hCD154 and
antibody with C4LB83 VH/VL domains expressed on IgGl (C4LB288) activated platelets

i FoyRlla-dependent manner. ADP: positive control. PBS: nogative control.

Detailed Deseription of the Invention

All publications, including but not lunited to patents and patent applications cited
i this specification are hercin incorporated by reference as though fully set forth.

It 18 to be understood that the terminology used herein is for the purpose of
describing particular embodiments only and is not intended {o be limiting. Unless defined
otherwise, all technical and scientific terms used herein have the same meaning as
commonly undersiood by one of ordinary skill in the art to which the mvention pertans.

As used herein and in the claims, the smgular forms “a,” “and.” and “the” include
plural reference unless the context clearly dictates otherwise,

Although any methods and materials sinular or equivalent to those desceribed herein
may be used n the practice for testing of the present invention, exemplary materials and
methods are described heren. In deseribing and claiming the present mvention, the
following terminology will be used.

“Specific brading” or “specifically binds™ or “hinds™ refers to antibody binding to
an autigen or an epitope within the antigen with greater affintty than for other antigens.
Typically, the antibody binds to the antigen or the epitope within the antigen with a
dissociation constant (i) of about 1x107 M or less, for gxample about 1x107 M or less,
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about 1x10™° M or less, about 1x107" M or less, or about 1x107 M or less, typically with a
Ky, that is at least one hundred fold less than iés K for binding to a non-specific antigen
{c.g., BSA, casein). The dissociation constant may be measured using standard procedures.
Antibodies that specifically bind to the antigen or the epitope within the antigen may,
however, have cross-reactivity to other related antigens, for example to the same antigen
from other species (homologs), such as buman or monkey, for example Macaca
Jascicularis {cynomolgus, cyno), Pon trogiodyres (chimpanzee, chimp) or Callithrix
Joccohus (common marmoset, marmoset).  Wihile a monospecific antibody specifically
binds one antigen or one epitope, a bispecific antibody specifically binds two distinct
antigens or two distinct epitopes.

"Neatrahizing” or “neutralizes” or “neuiralizing antibody” or “antibody antagonist”
or “antagonist” or “antagonistic” refers to an antibody or an antigen binding portion thereof
that partially or completely inhibits biological activity of human CD134. Asntagonistic
antibodics may be identified using assays for CD154 biological activity as described herem.
Antagonistic antibody that specifically binds human CD154 may inhibit biological activity
of human CD134 by about 20%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 83%, 90%, 93%,
96%, 97%, 98%, 99% or 160%.

“CD1547 refors to human CD154 (hCD154) {c.g. human CD40L) protein. Human
CD134 full length protein amino acid sequence is shown in SEQ IDNO: 1. Human CD154
1s found both on cell membrane as type H membrane protein and exists as scluble form m
plasma. D154 membrase bound form comprises residues 1-261 of SEQ ID NO: 1, with
transmembrane domam positioned between residues 23-46 and the extraceltular domain
spanning residues 47-261. The scluble form of human CD154 {hCD154) is formed by
proteclvtic processing of the membrane bound form, and comprises the residues 113-261
of SEQ 1D NO: 1 (shCD154 ammmo acid sequence is shown i SEQ [D NO: 4). Both
membrane bound and soluble CD154 form biologically active trimers. “CD154”
encompasses the various forms of CD154, mncluding monomer, dimer, trimer, membrane
bound and seluble forms as well as naturally cccurring variants of human CD134. Soluble
human CD154 timer (shCD134 timer) 1s composed of three polypeptide chains cach having
the amino acid sequence of SEQ D NG: 4.

“Antibodies” as used herein is meant in a broad sense and meludes
mmunoglobulin molecules including monoclonal antibodies includimg murine, human,
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humanized and chimeric monoclonal antibodies, antibody fragmenis, bispecific or
multispecific antibodies, dimeric, tetrameric or muliimeric antibodies, single chain
antibodies, domain antibodies and any other modified configuration of the immunoglobulin
molecule that comprises an antigen binding site of the required specificity. “Full antibody
molecules” are comprised of two heavy chains (HC) and two light chains (LC) inter-
connected by disulfide bonds as well as multuners thereof {e.g. IgM). Each heavy chain is
comprised of a heavy chain vanable region (VH) and a heavy chain constant region
{comprised of domains CHI, CH2 and CH3). Each light cham is comprised of a hght cham
variable region (VL) and a light chain constant region (CL). The VH and the VL regions
may be further subdivided into regions of hypervariability, termed complementarity
determining regions (CDR), interspersed with framework regions (FR). Each VH and VL
is composed of three CDRs and four FR segments, arranged from amino-terminus to
carboxv-terminus in the following order: FR1, CDR1, FR2, CBR2, FR3, CDR3, and FR4.

“Complementarity determinung regions (CDR)” are “antigen binding sites” in an
antibody. CDRs may be defined vsing various terms: (1) Complementarity Determining
Regions {CDRg), three 1 the VH (HCPR1, HCDR2, HCDR3) and three in the VL
(LCDRI, LCDR2, LCDR3) are based on sequence variability (Wu and Kabat, J Exp Med
132:211-30, 1970; Kabat ef o/, Sequences of Proteins of Immunological Interest, 5th Ed.
Public Health Service, National Institutes of Health, Bethesda, Md., 1991). (1)
“Hypervariable regions”™, "HVR”, or “HV”, three in the VH (H1, H2, H3) and three in the
VL {L1, L2, L3) refer io the regions of antibody variable domaing which are hypervariable
in stracture as defined by Chothia and Lesk (Chotlua and Lesk, Mol Biol 196:901-17,
1987). The International ImMunoGeneTics (IMGT) database (http://’www_imgt_org)
provides a standardized numbering and definition of antigen-binding sites. The
correspondence between CDORs, HVs and IMGT delineations 18 described in Lefranc ef @/,
Dev Comparat Immunol 27:55-77, 2003. The terms “CDR”, “HCDR1”, “HCDR2”,
“HCDR3”, “LCDRY”, “LCDR2” and “LCDR3” includes CDRs defined by any of the
methods described supra, Kabat, Chothia or IMGT, unless otherwise explicitly stated n the
specification.

Immunoglobuling may be assigned o five major classes, IgA, IgD IgE. Il and
IzM, depending on the heavy chain constant domain aming acid sequence. IgA and IgG

are further sub-classified as the 1sotypes IgAq, 1gA,, 186Gy, IgGy, 1gGs and 1gGy. Antibody

[ee]
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light chains of any vertebrate species can be assigned to one of two clearly distinct types,
namely kappa () and lambda (1), based on the anuno acid sequences of their constant
domains.

“Antibody tragments” or “antigen binding portion of an antibody” refers to a
portion of an mumanoglobulin molecule that retains the heavy chain and/or the light chain
antigen binding site, such as heavy chain complementarity determining regions (HCDR) 1,
2 and 3, hght chain complementarity determuning regions (LCDR} 1, 2 and 3, a heavy chain
variable region (VH}, or a light chain variable region (VL) Antibody fragments include
well known Fab, F(abh2, Fd and Fv fragments as well as domain antibodics (dAb)
consisting one VH domain. VH and VL domains may be hinked together via a synthetic
Iinker to form various types of smgle chain antibody designs where the VH/VL domans
pair miramolecularly, or intermolecularly in those cases when the VH and VL domams are
expressed by separate single cham antibody constructs, to form a monovalent antigen
binding site, such as single chain Fv (scFv) or diabody; described for example in Int. Pat.
Publ. No. WO 1998/44001, Int. Pat. Publ. No. WO1988/01649; Int. Pat. Publ No.
WO1994/13804; Int. Pat. Publ. No. W(Q1992/01047.

“Monoclonal antibody™ refers to an antibody population with single amino acid
composition in each heavy and each light chain, except for possible well known alterations
such as removal of C-termigal lvsine from the antibody heavy chain. Monoclonal
anttbodies typicaily bind one antigenic epiiope, except that bispecific monocional
antibodies bind two distinct antigenic epitopes. Monoclonal antibodies may have
heterogencous glycosyiation within the antibody population. Monoclonal antibody may be
monospecific or multispecific, or monovalent, bivalent or raultivalent. A bispecific
antibody 1s mcluded in the terms monoclonal antibody.

"Isolated antibody” refers to an antibody or antibody fragment that is substanfially
free of other antibodies having different antigenic specificities {(e.g., an isolated antibody
specifically binding CD154 1s substantially free of antibodies that specifically bind antigens
other than CD1534. “Isolated antibody™ encompasses antibodies that are 1solated to a higher
purity, such as antibodies that are 80%. 81%, 82%. 83%. 84%. 853%. 86%. 87%. 88%. 89%,
O0%, 91%, 92%, 93%, 94%, 5%, 96%, 97%, 98%, 99% or 100% pure.

“Chothia residues™ are the antibody VL and VH residues numbered according to

Al-Lazikani (Al-Lazikani ef /., J Mol Biol 273:927-48, 1997).

~
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“Humanized antibodies™ refers to antibodies m which the antigen binding sites are
derived from non-human species and the variable region frameworks are derived from
human immunoglobulin sequences. Humanized antibodies may include substitutions m the
framework regions so that the framework may not be an exact copy of expressed human
mumunoglobulin or germline gene sequences.

“Human antibodies™ refers to antibodies baving heavy and light chain variable
regions 1 which both the framework and the antigen binding site are derived from
sequences of human ornigin. I the antibody contains a constant region or a portion of the
constant region, the constant rogion also is derived from sequences of human origin.

Huoman antibody comprises heavy or light chain variable regions that are “dertved
from” sequences of human origin if the varable regions of the antibody are obtained from a
system that uses human germline immunoglobulin or rearranged immunogiobulin genes.
Such exemplary systems are huwman immunoglobulin gene hibraries displayed on phage,
and transgenic non-human animals such as mice or rats carrying human immunoglobulin
loct as described herein. “Human antibody™ may contain amino acid differences when
corapared to the human germline or rearranged immunoglobulin sequences due to for
example naturally occurning somatic mufations or intentional introduction of substitutions
mto the framework or antigen binding site, or both. Tvpically, “human antibody™ is at lcast
about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% identical 1n amino acid sequence {o an aminge
acid sequence encoded by a human germline or rearranged immunoglobulin gene. In some
cases, “human antibody”™ mav contam consensus framework sequences derived from human
framework sequence analyscs, for example as described in Knappik er o/, J Mol Biol
296:57-86, 2000, or svathetic HCDR3 incorporated into human mmmunoglobulin gene
libraries displaved on phage, for example as described i Shi er o/, J Mol Biol 397:383-9¢,
2010 and Int. Pat. Publ. No. WO2009/085462.

Isolated humanized antibodies are svnthetic. Human antibodics, while derived
from human immunoglobulin sequences, may be generated using systems such as phage
display incorporating synthetic CDRs and/or synthetic frameworks, or may be subjected to
in vifro mutagenesis to maprove antibody properties, resulting in antibodies that are not

expressed by the human antibody germline repertoire in vivo.
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Antibodies in which antigen binding sites are derived from a non-human species
are not included i the definttion of “human antibody™.

“Recombinant” includes antibodies and other proteins that are prepared, expressed,
created or 1solated by recombinant means.

"Epitope" as nsed herein refors to a portion of an antigen to which an antibody
specifically binds. Epitopes nsnally consist of chemically active (such as polar, non-polar
or hvdrophobic) surface groupings of moretics such as amino acids or polysaccharide side
chaing and may have specific three-dimensional structural characteristics, as well as
specific charge characteristics. An epitope may be composed of contiguous and/or
discontiguous amino acids that form a conformational spatial unit. For a discontiguous
epitope, amino acids from differing portions of the linear scquence of the antigen come
close proximity in 3-dimensional space through the foldmg of the protemm molecule.

“Paratope” refers to a portion of an antibody to which an antigen specifically binds.
A paratope mayv be linear m nature or may be discontinuous, formed by a spatial
relationship between non-contiguous aming acids of an antibody rather than a linear series
of amino acids. A “hight chain paratope” and a “heavy chan paratope” or “hight chain
paratope amino acid residues” and “heavy chain paratope amino acid residues” refer to
antibody light chain and heavy chain residues in contact with an antigen, respectively, or in
general, “antibody paratope residues” refer to those anttbody amino acids that are m contact
with anligen.

“Bispecific” refers to an antibody that specifically binds two distinet antigens or
two distmct epitopes within the same antigen. The bispecific antibody may have cross-
reactivity to other related antigens or can bind an epitope that is shared between two or
maore distinet antigens.

“Multispecific” refers to an antibody that specifically binds at least two distingt
antigen or at [east two distinct epitopes within the same antigen. Multispecific antibody
mav bmd for example two, three, four or five distinct antigens or distinct epitopes within
the same antigen.

“In combination with” means that the drugs or therapeutics are administered fo a
subject such as human together in a mixture. concurrently as single agents or sequentially

as single agents i any order.
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“CD154 hiological activity” refers to any activity occurring as a result of CD154
binding to its receptor CD40. CB134 biological activity may be for example CD134-
mediated activation of CD40" B cells or dendritic cells (DC), or downstream activation of
CD40 signaling pathways. CD154 biclogical activity may be measured using well known
methods and methods described herein, such as measuring CD134-mediated B cell
proliferation or B cell activation by assessing ICAM-1 up-regulation or increased cytoking
production by the B cells, CD154-mediated DT activation by assessing increased surface
expression of CD8G and/or CD¥E6 or cytokine secrstion by the DC cells, or activation of
CD40 signaling pathway as assessed by reporter gene assays such as measuring secretion of
secreted embryonic alkaline phosphatase (SEAP) by cells expressing SEAP under the
control of NF-kB-inducible promoter.

“Vector” means a polvnucleotide capable of bemmg duplicated within a biological
system or that can be moved between such systems. Vector polynucleotides typically
contain clements, such as origins of replication, polyadenvlation signal or selection
markers, that function to facilitate the dophcation or maintenance of these polynucleotides
i a biclogical system. Examples of such biological systems may inchide a cell, virus,
animal, plant, and reconstituted biological svstems utilizing biological components capable
of duplicating a vector. The polynucieotide comprising a vector mav be DNA or RNA
molecales or a hybrid of these.

“Expression vecior” means a vector that can be utilized in a biological system or in
areconstituted biological svstem to direct the translation of a polypeptide encoded by a
polvnucieotide scquence present i the expression vector.

“Polvnuclectide” means a molecule comprising a chain of mucleotides covalently
linked by a sugar-phosphate backbone or other equivalent covalent chemistry. Double and
simgle-stranded DNA and RNA are typical examples of polynucleotides.

“Polvpeptide” or “protein” means a molecule that comprises at least two amino
acid residues linked by a peptide bond to form a polypeptide. Small polypeptides of less
than 50 amino acids may be referred to as “peptides™.

Conventional one and three-leiter amino acid codes are used herein as shown in

Table 1.

Table 1.
12
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Amno acid Three-letter code | One-letter code
Alanine Ala A
Arginine Arg R
Asparagine Asn M
Aspartate Asp D
Cysteine Cys C
Glutamate Gin E
Glutamine Glu ¢
Glveme Gly G
Histidine His H
Isoleucme He I
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser N
Threonine Thr T
Tryptophan Trp W
Tyrosine Tyr Y
Vahine Val v

Compeositions of matter

The present invention provides antagonistic antibodies specificallv bindmg CD154
with high affinity and efficiently neutralizing CD134 biological activity. The invention is
based, at feast in part, on the ideniification that contrary 1o the current understanding that
binding of the antibodies specifically binding CP154 to the FoyRlIla on platelets results in
activation and aggregation of platelets and subsequent thromboembolism, it has been herein
discovered that platelet activation also depends on the CD154 epitope the antibodies binds
{o. It has been discovered herein that antibodies of the invention binding certain epitope on

CD134 which are capable of engaging FeyRila do not to mediate platelet activation. In
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addition, the antibodies of the invention are optionally F¢ engineered to prevent iriggering
of additional unwanted immmunostimulatory functions. Therefore, the antibodics of the
mvention may have more favorable safety profiles i the clinical setting when compared to
existing antibodics specifically binding CD134,

CD154 i a target in autotmmunity, graft rejection and other immune-related
discases in mice, non-human primates (NHP) and humans. In several Phase I Clinical
Trials, antibodies specifically binding CD154 have been shown to effectively block the
activities of CD i34 in vivo and ameliorate disease. CD154 antagonists are distinct from all
other therapeutics in its impact on the immune response; they are the onlv therapeutics that
can induce functional mumunological tolerance, as demonstrated both i mice and
monkeys. 1o mice, virtually all autoimmune discase models can be effectively ameliorated
with CD154 antagonists (Noclle ez o/, Ann N'Y Acad Scir 8135: 384-381, 1997; Mackey et
al., J Leukoc Bio] 63: 418-428, 1998; Noclle, Agents Actions Suppl 49: 17-22, 1993,
Quezada ef al., Annu Rev fmumunol 22: 307-328, 2004), with long-term remission
obscrved.

The mvention provides for an isolated antagonistic antibody or an antigen binding
portion thercof specifically binding CD134 of SEQ ID NGO L

The mvention also provides for an isolated antagonistic antibody or an antigen
binding portion thereof specifically binding CD154, wherein CD154 15 3 homotrimer and
the antibody binds a first CD154 monomer 1n the homoirimer within amino acid residues
182-207 of CD154 and a second CD534 monomer in the homotrimer within amino acid
residues §76-233 of CD134, wherein residue numbering s according to SEQ ID NG: 1.

Such exemplary antibody 1s the antibody C4LB8Y. Since antibody C4LB235 and
C4LB236 vanable regions differ by one amino acid residue 10 the LCDR2 when comparad
to those of C4LB89, and since C4LB231 and C4LB232 have wdentical VH/VL sequences
with C4LB89, 1t 1s expected that also these antibodies bind the same CD 154 epitope as
C4LB89. Antibodics that bind CD 154 within residues 182-207 and 176-253 are incapable
of activating platelets even when capable of engaging with FeyR, mcluding FeyRia
Therefore, these antibodies may have improved safety profile when compared to other
antagonistic anttbodies specifically binding CD154,

The mvention also provides for an antagonistic anttbody or an antigen binding
portion theroof specifically binding human CD154 of SEQ ID NO: 1, comprising a heavy
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chain complementarity determining region (HCDR) 1 of SEQ ID NO: 17 (S8YGIS), a
HCDR2 of 3EQ ID NO: 23 (WISPIFGNTNYAQKFQG) and a HCDR3 of SEQ ID NO: 30
(SRYYGDLDY), wheren optionally

the HCDRI residue Stismutated o A, C. D, E. G LE LM N, Q, R Torv;

the HCDR1 residue 4 1s mutated to M, L or V;

the HCDR1 residue S35 is mutated to A

the HCDR2 residue 53 s mutated to A, T or V;

the HCDR2 residue P4 is mutated to V, T. L Qor E;

the HCDR2 residue N8 ismtated 10 A, C, D E F, G H LK L M, QG RS, TV,

Waory,;

the HCDR2 residoe T9 s mutated to A, C, DL EF, G H L KL M, Q. R 8 T, V,

Wory,

the HCDRZ residue NiO s mutated to A, C. D E F, G H LK, LM, 3, R, 5, T,

V,WorV;

the HCDR3 residue 51 1s mutated to A or M,

the HCDR3 residue R2 1s mutated to A, S, Q or K; and

the HCDR3 residue L7 18 mutated to M.

In some embodiments, the antibody of the nvention comprises a fight chain
coraplementarity determining region (LCDR)Y 1 of SEQ D NO: 37 (RASQSISSYLN)Y, a
LCDR2 of SEQ 1D NO: 44 {YANSLOS) and a LUDR3 of SEQ ID NO: 532
(QOQSDSIPWT), wherein optionally

the LCDR1 residue Qd ismutated to A, C. D EF G H LK L M N R S TV,

Wory;

the LCDRI residue SSismutated to AL C, D EF, G H LK L M, N, Q, R, T, V,

WorY:

the LCDRI residue S7ismutated to A, C, D EF, G H LK LM N QR TV,

Wor Y,

the LCDRI residue S8 isomtated 0o AL C, B EF, G H LK LM, N, QR TV,

WorV,

the LCDR2 residue A2 is mutaied {0 S;

the LCDR2 residue N3 s mutated to A, C. D E F, G H LK, LM, Q, R S, TV,

WorY;
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the LCDRZ residue S4ismutated to AL C, D EF, G H LK L M, N, Q, R, T, V,

WorY:

the LCDR2 residue L3 s mutated to A, C.D.EF. G H LK M N Q R S, T, V,

WorY;

the LCDR2 residue Q6 1s mutated to £, D or N;

the LCDR2 residue 87 ismutated to AL C. D EF, G H LK L M N, Q. R T, V,

WorY:

the LCDR3 residue 3 1s mutated to A;

the LCDR3 residue D4 18 mutated to N;

the LCDR3 residue S5 ismutated 0o A, C. D, EF, G H LKL MUN, Q R, TV V,

WorY;and

the LCDR3 residue I6 s mutated to A, C. D E, G KL M N, Q. R S, Tor V.

A crystal structure of a complex of antibody C4LB89 and CD134 revealed that the
anttbody binds CD154 with VH residues only. Further analyses indicated that cortain
substitutions as shown in Table 19 and Table 20 as indicated supra, in the CDRg of the
antibody are not expected to affect the overall structare of the complex and therefore
characteristics of the antibody.

In some embodiments, the antibody of the nvention comprises a fight chain
coraplementarity determining region (LCDRY 1, a LCDR2 and a LUDR3 of

SEQ ID NOs: 36, 43 and 51, respectively;

SEG ID NGs: 37, 44 and 32, respectively;

SEQ D NOs: 38, 45 and 33, respectively;

SEQ D NOs: 39, 46 and 54, respectively;

SEQ ID NOs: 40, 47 and 55, respectively;

SEQ D NOGg: 41, 47 and 36, respectively;

SEQ ID NQOs: 42, 48 and 37, respectively;

SEQ 1D NOs: 37, 49 and 52, respectively: or

SEQ ID NOs: 37,50 and 52, respectively.

In some embodiments, the antibody of the invention comprises the LCDR1, the

LCDRZ and the LCDR3 of SEQ 1D NGs: 37, 44 and 52, respectively.
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In some embodiments, the antibody of the invention comprises the HCDRI, the
HCDBR2, the HCDR3, the LCDR1, the LCDR2 and the LCDR3 of SEQ ID NOs: 17, 23, 30,
37, 44 and 52, respectively.

In some embodiments, the antibody of the invention comprises the HCDRI, the
HCDR2, the HCDR3, the LCDRI, the LCDR2 and the LCDR3 of SEQ 13 NOs: 17, 23, 30,
37.49 and 32, respectively.

In some embodiments, the antibody of the mvention comprises the HCDRI, the
HCDR2, the HCDR3, the LCDRI, the LCDR2 and the LCDR3 of SEQ 1D NOg: 17, 23, 30,
37,30 and 52, respectively.

In some embodiments, an inunune complex of the anttbody of the mvention and
soluble human CD1 54 (shCD134) does not activate platelets, wherein platclet activation 1¢
measured by Peselectin surface expression on platelets.

Platelet activation 1s a well-known process that converts the smooth, nonadherent
platelet into a sticky spiculated particle that releases and expresses biologically active
substances and acquires the ability to bind the plasma protein fibrinogen. Activation may
also occur as a result of the physical stimulus of high finid shear stress, such as that found
at the site of a critical arterial narrowing (Quinn ef ¢f., 20035, Platelet Function: assessment,
diagnosis, and treatment, Humana Press, pp. 3-20). Activation of platclots results in
activation of intracellular signaling pathways resulting in upregulation of platelet sucface
expression of P-selectin and increased binding affinity of fibrinogen to integrin receptors
ollbB3. Platelet activation may therefore be measured by measuring tcreased P-selectin
surface expression or binding of probe higand e.g. PAC-1 to ollbB3 integrin on platelets
using for example flow cyvtometry. The antibodies of the imvention do not activate human
platelets when the antibody n complex with shCD134 does not elevate surface expression
of P-selectin or increase binding of probe ligand (e.g. PAC-1) to odibp3 integrin 1n
statistically significant manner when compared to the surface expression of P-selectin and
mereased binding of probe ligand (¢.g. PAC-1} to alibB3 mtegrin induced by shCD i34,

In some embodiments, the antibody of the invention has at least onc of the
following properties:

binds to CD154 with a dissociation constant (Kp) of about 52107 M or less, when

the Kpis measured using ProteOn XPR36 system at 23°C 1 Dulbecco’s phosphate

b
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buffered saline contaming 0.03% polysorbate P20 and 100 po/ml bovine serum

albumin;

inhibits CD1354-mediated human B cell proliferation with an 1Cs, value of about

2.7x107 M or less; or

inhibits CD1354-mediated expression of secreted embryonic alkaline phosphatase
(SEAP) under NF-xB-inducible mterferon-3 (IFN-3) muumal promoter in HEK293 cells
stably exprossing SEAP and human CD40 with an ICs, value of about 2.1x10™® M or less.

In some embodiments, the antibody of the invention binds CD154 with a
dissociation constant (Kp) of about 3x10”° M or fess, about 1x10” M or less, about 5x107°
M or less, about 1x107" M or less, about 5107 M or less, or about 1x10™ M or less.

In some embodiments, the antibody specifically binding CD1354 cross-reacts with
Macaca jascicularis (cyno) CD134 or Callithrix jacchus (marmoset) CD154,

The affinity of an antibody to human, cvno or marmoset CD154 may be
determined experimentally using any suitable method. Such methods mayv utilize ProteOn
XPR36, Biacore 3000 or KinExA instrumentation, ELISA or competitive binding assays
known to those skilled 1n the art. The measured affinuty of a particular antibody to CD154
may vary if measured under different conditions (e.g., osmolarity, pH). Thus,
measurements of affinity and other binding parameters (e.2.. Kp, Ko, Kog) are typically
made with standardized conditions and a standardized buffer, such as the buffer described
herein. Skilled in the art wall appreciate that the internal error for affinity measurements for
example using Biacore 3000 or ProteOn (measured as standard deviation, SD) can typically
be within 5-33% for measurements within the tvpical limits of detection. Therefore the
ferm “about” reflects the tvpical standard deviation n the assayv. For examaple, the typical
ST for a Kp of 1x107 M is up to +0.33x107 M.

In some embodiments, the antibody of the invention inhibits UD154-mediated
human B cell proliferation with an 1Cs value of about 2.7x1 0" M or less.

In the B cell proliferation assay, Ix 10 human tonsil B cells may be cultured with
100 ng/ml recombimant humag 1L-21, 0.5 pg/ml trimeric recombinant soluble human
CD134 expressed as a leucine zipper fusion protemn and anti-CD134 antibodies in a range
of 0.000064-25 pe/ml m a final volume of 200 pl/iwell. After 2 davs incubation methyl (-
3H)-Thymidine (0.5 uCi/well) may be added to the cultures and effect of the antibodics on
human B cell proliferation may be determined after overnight 1incubation.
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In some embodiments, the antibody of the invention inhibits CD134-1aduced
expression of secreted embryonic alkaline phosphatase (SEAP) under NF-xB-inducible
mterferon-f (IFN-B) mmimal promoter in HEK293 cels stably expressing SEAP and
haman CD40 with an [Cs value of about 2. 1210 M or less.

In some embodiments, the antibody of the invention mhibits CD134-induced
expression of secreted embryomic alkaline phosphatase (SEAP) under NF-xB-~nducible
[FN-B minimal promoter in HEK293 cells stably oxpressing SEAP and human CD40 with
an 1Cs, value of between about 2.1x10™° M and 5.4x16™ M.

The colls that may be used are for example HEK-Blue™ CD40L cells (InvivoGen,
San Diego, CA). Human CD154 may be provided as trimeric soluble CD134-leucine
zipper fusion protein. Signal from the secreted alkaline phosphatase may be detected and
an [Cso may be calculated for the inhibition using well known methods.

In some embodiments, the antibody of the invention binds a first CD154 monomer
and a second CD154 monomer simultancously i a CD154 homotrimer.

In some embodiments, the antibody of the invention binds at least one, two, three,
four, five, six, seven or cight TD 154 residues m the first CD1534 monomer within amine
acid residues 182-207 of CD1534 of SEQ 1D NO: 1.

In some embodiments, the antibody of the invention binds at least one, two, three,
four, five, six, seven or eight CD154 residues in the second CD1534 monomer within amino
acid residues 176-253 of CD154 of SEQ ID NG 1.

In some embodiments, the antibody of the inveation binds residucs E182, 5183,
Q186, A187, P188, 5214, A215 and R207 1n the first CD 154 monomer, wheren residue
numbering is according to SEQ ID NO: L

In some embodiments, the antibody of the invention binds residues T176, F177,
(178, 0220, 5248, H249, G230 and F253 1n the sccond CD154 monomer, wherein residoe
numbering is according to SEQ ID NQO: L

“Within” means that the antibody binds only residues inside the anminoe acid
streiches 182-207, 176-354 or 182-207 and 176-354.

Such exemplary antibodv 1s the antibody C4LB89. Since antibody C41LB235 and
C4LB236 variable regions differ by one amino acid residue in the LCDR2 when compared

to those of C4LBEY, and since C4LB231 and C4LB232 have dentical VH/VL sequences
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with C41L.B89, it 15 expected that also these antibodies bind the same CD134 epitope as
C41.B&9,

In some embodiments, the antibody of the invention binds human CD134 with
paratope residues that reside m the VH of the antibody.

“Paratope residue” is a residue in the antibody VH or VL that resides within 4 A
from the CD154 residues. Paratope residues may be identified from crystal structures of
the complex of antibody with CB134.

An exemplary antibody that binds CD 134 with VH paratope residuces only without
VL m contact with antigen is an antibody that comprises the VH and the VL of antibody
C41.B89. Since C4LB2335 and C41.8B236 variable regions differ by one ammeo acid residue
it the LCDR2 when compared to those of C4LB89Y, and since C4LB2Z31 and C4LB232
have 1dentical VH/VL sequences with C4LBE9, it 1s expected that also these antibodies
bind CD 154 with VH residues onlyv. Antibodies that bind CDB 1354 within residues 182-207
or 176-354 of SEQ 1D NO: 1 orresidues E182, S183, (186, A187, P188, 8214, A215 and
R207 i the first CD154 monomer and residues T176, F177, C178, 0220, 8248, H249,
(G250 and F233 in the second CD154 monomer in the CD154 homotrimer are incapable of
activating platelets even when capable of ongaging with FeyR, mcluding FeyRUa.
Therefore, these antibodies may have an nmmproved safety provide when compared to other
anttbodies that specifically bmd CD154.

In some embodiments, the antibody the imvention comprises a heavy chain variable
region (VH) of SEQ 1D NO: 39, optionally the VH comprising one, two, three, four, five,
stx, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen or fifteen amino acid
substitutions.

In some embodiments, the antibody of the invention comprises the heavy chain
variable region (VH) of SEQ ID NO: 39

The antibody comprising the HCDR, the HCDR?Z and the HCDR3 of SEQ ID
NQOs: 17, 23 and 30, respectively, or having the HCDRs of VH of SEQ D NO: 39 or the
YH of SEQ ID NO: 59 binds CD154 with the antibody VH only. Therefore, the VH of
SEQ ID NO: 39 or the VH compnising the HCDRI, the HCDRZ and the HCDR3 of SEQ
D NOs: 17, 23 and 30, respectively, may be combined with any light chain variable region
(VL) sequence and the binding of the resulting antibody to CD154 may be tested using
assays described herein to generate an antibody that specifically binds CD154.
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For example, the VH comprising the HCDR1, the HCDR2 and the HCDR3 of SEQ
1D NOs: 17, 23 and 30, respectively, or the VH of SEQ ID NG: 59 mav be used to soreen
for VL domains capable of forming a two-domain specific antigen-binding fragment
capable of binding to CD154. The screening may be accomplished by phage display
screening methods using for example hierarchical dual combinatorial approach disclosed
PCT Publ. No. WO1992/01047. In this approach, an individual colony containing cither a
Hor L chain clone, for example VH of SEQ 1D NG: 39, 15 used to infect a compleie library
of clones encoding the other chain (L or H}, and the resulting two-chain specific antigen-
bindimg domain is selected in accordance with phage display techniques as described herein
and tested for 1ts binding and antagonistic activity towards CD154,

Alternatively, the VH or SEQ ID NG: 539 or the VH comprising the HCDR, the
HCDR2 and the HCDR3 of SEQ 1D NOs: 17, 23 and 30, respectively, mav be combined
with VL domams of existing CD154 antibodies or CD134 antibodies described heremn, and
the resulting antibody is tested for its binding and antagonistic activity towards CD154.

In some embodiments, the antibody of the invention comprises a light chain
variable region (VL) of SEQ 1D NOs: 65, 66, 67, 68, 69, 70, 71, 72 or 73, optionally the
VL comprismg one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen or fifteen amino acid substitutions.

In some embodiments, the antibody of the invention comprises the VH of SEQ ID
NG 59 and the VL or SEQ ID NQOs: 63, 66,67, 6%, 65, 70, 71, 72 or 73.

In some embodiments, the antibody of the invention comprises a hight chain
vanable region (VL) of SEQ ID NGs: 66, 72 or 73, optionally the VL comprising one, two,
three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen or fifteen
amino acid substitutions.

In some embodiments, the antibody of the invention comprises the VH of SEQ 1D
NQO: 59 and the VL of SEQ ID NQ: 66,

In some embodiments, the antibody of the invention comprises the VH of SEQ ID
NO: 39 and the VL of SEQ 1D NO: 72

In some embodiments, the antibody of the invention comprises the VH of SEQ ID
NG: 59 and the VL of SEQ ID NO: 73,

In some embodiments, the antibody of the mvention comprising at least one
substitution in an Fc region, wherein the antibody does not activate human platelets.
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In some embodiments, the antibody of the invention has reduced binding to FoyR],
FeyRHa, FoyRIb, FoyRUla or FeyRUIb.

“Reduced binding™ refers to reduced binding of the antibodies of the invention
having at least one substitution in the Fc region to an FoyR receptor when compared to the
binding of the parental antibody without the substitution to the same FeyR receptor.
“Reduced binding” may be at keast about 100-fold, at least about 500-fold, at feast about
1000-fold, at lcast about 5000-fold, at least about 10,000-fold, or at Ieast about 20,000-fold
reduced binding. In practice, antibodies exhibiting “reduced binding™ to a particular FeyR
refer to antibodies that have statistically nsignificant effector function mediated by the
particular FeyR.

In some embodiments, the antibody of the invention comprises at least one
substitution in the Fc region.

In some embodiments, the at least one substitution 1o the Fo region is a substituiion

234A, L235A, G237A, P2385, M2352Y, 82547, T256E, H268A, A3308 or P3315,
wherein residue numbering 1s according to the EU Index.

In some embodiments, the antibody of the invention comprises substitutions
L234A, L235A, G237A, P238S, H268A, A3308 or P331S in the Fe region, wherein residue
npumbering 1s according to the EU Index.

In some embodiments, the at least one substitution in the Fe region 15 a substitution
V234A, G237A, P238S, M252Y |, 532547, T256E H268A, V309L, A3308 or P33185,
wherein residue numbering 18 according to the EU Index,

In some embodiments, the antibody of the invention comprises substitutions
V234A, (GZ37A, P2385, H268A, V30SL, A330S and P3318 in the Fo region, wheren
residue numbering 1s according to the EU Index.

The mvention also provides for an antagonistic antibodv or an antigen binding
portion thereof specifically binding CD134 of SEQ 1D NO: 1, comprising a heavy c¢haia of
SEQ ID NO: 80 and a light chain of SEQ ID NO: &1,

The mvention also provides for an antagonistic antibody or an antigen binding
portion thercof specifically binding CD154 of SEQ ID NG |, comprising a heavy chain of
SEQ 1D NO: 82 and a light chamn of SEQ D NG: 81,
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The mvention also provides for an antagonistic antibody or an antigen binding
portion thereof specifically binding CD154 of SEQ ID NG: 1, comprising a heavy chain of
SEQ ID NO: 83 and a light chamn of SEQ D NG: 81,

SEQ 1D NO: 80 (C4LB389 VH on lgGlsigma: C4LB231 HC)
QVOLVQOSGAEVEKPGSSVKVSCKASGGTFSSYGISWYVROAPGOGLEWMGWISPIF
GNTNYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARSRYYGDRLDYWG
QGTLVTVSESASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALT
SGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTEVDKKVEPKSC
DKTHTCPPCPAPEAAGASSVFLFPPRKPKDTLMISRTPEVTCVVVDVSAEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCKVSNKALP
SSIEKTISKAKGOPREPQVY TLPPSREEMTRKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQOQGNVFSCSVMHEALHNHYTQKSL
SLSPGK

SEQ ID NO: &1 (Laght chain of C4LB8Y and C4LB231)
DIOMTQSPSSLSASVGDRVTITCRASGSISSYLNWYQOKPGKAPKLLIYYANSL
QSGVPSRESGSGRGTDFTLTISSLOPEDFATYYCQOSDSIPWTFGOGTKVEIKRTVA
APSVFIFPPSDEQLKSGTASVYCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQD
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ 1D NG: 82 (C4LBE% VH on {gGlsigmaYTE)
QVOQLVOSGAEVKKPGESVEVSCRASGGTFSSYGISWVRQAPGQGLEWMGWISPIF
GNTNYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARSRYYGDLDYWG
QGTLVTVSSASTRGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALT
SGVHTFPAVLOSSGLYSLESSVVTVPSSSLGTOTYICNYNHEPSNTKYVBKKVEPKSC
DKTHTCPPCPAPEAAGASSVELFPPKPKDTLYITREPEVTCVVVIDVSAEDPEVKEN
WYVDGVEVHNAKTRKPREEQYNSTYRVVEVLTVEHODWLNGRKEYKCKVANKALP
SSIEKTISKAKGOPREPOQVYTLPPSREEMTKNOQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVEFSCSVMHEALHNHYTQKSL
SLSPGK
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SEQ 1D NO: 83 (C4LB8Y% VH on IgG2sigma)
QVOLVOSGAEVKKPGSSVEVSCKASGGTFSSYGISWVRQAPGQGLEWMGWISPIF
ONTNYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARSRYYGDLDYWG
QGTLVTVSSASTKGPSVEFPLAPCSRSTSESTAALGCLVKDYFPEPVTVEWNSGALTS
GVHTFPAVLOSSGLYSLESVVTVPSSNFGTOTYTONVDHEPSNTKVDKTVERKCC
VECPPCPAPPAAASSYFLFPPKPKDTLMISRTPEVTCVYVVDVSAEDPEVOFNWYVD
GVEVHNAKTKPREEQFNSTFRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTI
SKTKGQOPREPQVYTLPPSREEMTKNQVSLTCLVEKGFYPSDIAVEWESNGQPENNY
KTTPPMLDSDGSFFLYSKLTVDKSRWOQGNVFSCSVMHEALHNHYTQRSLSLSPG
K

Immune offoctor properties of the antibodies of the invention may be enhanced or
sifenced through Fc modifications by techniques known to those skilled in the art. For
example, Fe effector functions such as Clq binding, complement dependent cyiotoxicity
(CDOC), antibody-dependent cell-mediated cytotoxicity (ADCC), phagocvtosis, down
reguiation of cell surface receptors {e.g., B cell recepior; BCR), etc. may be provided
and/or controlled by modifving residues in the Fe responsible for these activities. For
example, Fo substitutions V234A/G237A/P2385, V234A/G237A/H268(,
H268A/V309L/A3305/P331 or V234A/G237A/P238S/H268A/VINOL/A3308/P331S (Inth
Pat. Publ. No. WO11/066501) or L234A/L235A/G237A/P2385/H268A/A33085/P331S8 may
be mntroduced to the antibodies of the wvention.

Binding of the antibodics of the invention to FeyRI, FeyRlla, FeyRIIb, FeyRlila
and FcyRIHb may be evaluated using recombinant soluble forms or cell-associated forms
of the Foy receptors. For example, direct or indirect, e.g., competitive binding,
measurements may be applied for assessing relative affinitics and avidities of the antibodics
of the invention o various FeyR. In an exemplary assay, test antibody binding to soluble
FeyR captured on a plate is evaluated using competitive binding between 1 pg/mli
brotmylated human IgGl and serial ditutions of test anithody pre-complexed with andigen.

In some embodiments, the antibody of the mvention has reduced antibody
dependent cellular cvtotoxicity (ADCC), antibody-dependent cellular phagocytosis”

("ADCP") and/or complement dependent cytotoxicity (CDC).
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" Antibody-dependent cellular cviotoxicuy™, ™

antibody-dependent cell-mediated
cytotoxicity” or “ADCC" is a mechanism for inducing cell death that depends upon the
mteraction of antibody-coated target cells with effector cells possessing Iyvtic activity, such
as natural killer cells, monocyies, macrophages and neutrophils via Fe gamma recoptors
(FcyR) expressed on cffector cells. For example, NK cells express FeyR1Ila, whereas
manocyies express FoyRI, FoyRU and FeyRIla, To assess ADCC activity of the antibodies
of the invention, the antibody may be added to target cells m combination with immune
effector cells, which may be activated by the antigen antibody complexes resulting 1n
cyvtolysis of the target cell. Cyvtolysis is generally detected by the release of label (e.g.
radivactive substrates, fluorescent dves or natural intraccltular proteins) from the bysed
cells. Exemplary effector cells for such assavs include peripheral blood mononuclear cells
(PBMC) and NK cells. Exemplary target cells include D1.1 Jurkat cells (ATCC® CRL-
1091374 or T cells expressiag CD154.

" Antibody -dependent cellular phagooytosis” ("ADCP™) refors (o a mechanism of
climmation of antibody-coated target cells by nternalization by phagocyiic cells, such as
macrophages or dendritic cells. ADCP may be evaluated using monocyte-derived
macrophages as effector cells and D11 Jurkat cells expressing CD1354 engincered to
express GFP or other labeled molecule as target celis. Effctoritarget cell ratio may be for
example 4:1. Effector colls may be incubated with target cells for 4 hours with or without
the test CD154 antibody. After incubation, cells may be detached using accutase.
Macrophages may be identified with anti-CD11b and anti-CD 14 antibodies coupled to a
fluorescent label, and percent phagocytosis may be determined based on % GFP flucrescent
in the CD11"CD14" macrophages using standard methods.

“Complement-dependent cytotoxacity”, or "CD{C”, refers to a mechanism for
mducing cell death in which an Fe effector domain of a target-bound antibody binds and
activates complement component Clg which in turn activates the complement cascade
fcading to target cell death. Activation of complement may alse resolt 1n deposition of
complement components on the target cell surface that faciiitate ADCC by binding
complement receptors (e.g., CR3) on leukocytes. CDC of CD154-cxpresaing cells mav be
measured for example by plating Jurkat celle in an appropriate medium, adding anti-CD154

antibodies mnto the mixture, followed by addition of pooled human serum. After incubation

N
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period, percentage (%) hvsed cells mav be detected as % propidiom 1odide stained cells in
FACS assay using standard methods.

“Reduced ADCC”, “reduced CDC” and “reduced ADCP” refers to antibody -
mduced ADCC, CDC and/or ADCP that 1s statistically insignificant m standard assays that
measure ADCC, CDC and/or ADCP, such as assavs described herein and in assays
described in U.S. Pat. No. 8,871,204,

The antibodies of the invention with a desired affinity and neutralization profile
may be selected from hibranes of variants or fragments by panning with human CD1534 or
marmoset CD154 and optionally by further antibody affinity maturation. In an exemplary
panning campaige, phage libraries may be panned with marmoset CD154. Alternatively,
antibodies of the invention may be gencrated by mmunizing mice with human CD154 or
marnmoset CD154 or both, and screening the hybriomas for binding to human CD154, and
subsequently assessing the antagonistic propertics of the antibodies using methods
described herein.

In some embodiments, the antibody of the invention competes for binding to
CD154 with an antibody comprising the VH of SEQ 1D NG: 59 and the VL of SEQ 1D NO:
06.

Competition between specific binding to CD134 with antibodics of the mvention
coraprising ¢ertain VH and VL sequences may be assaved i vitro using well known
methods. For example. binding of MSD Sulfo-Tag"™ NHS-ester-labeled antibody to
D154 1n the presence of an snlabeled antibody maybe assessed by FLISA, or Bioacore
analyses or flow cytometry may be used to demonstrate competition with the antibodies of
the current mvention. The antibody competes for binding to CD154 with a reference
anttbody (e.g. an antibody comprising the VH of SEQ ID NO: 59 and the VL of SEQ 1D
NQ: 66) when the antibody inhibits binding of the reference antibody to CB154 by 80% or
maore, for example 83% or more, 90% or more, or 95% or more.

In some embodiments, the VH of SEQ 1D NO: 59 may be combined with the VL of
any of the anti-CD 154 antibodics described i Int. Pat. Publ. Nos. W0 1993/08207,
WO1994/10308, WO 1996/40918, WO1993/009812, WO 1999/051258, WO 1995/006480,
WO1995/006481, WO 1995/006666, WO2001/002057, WO1997/017446,
WOI1999/612566, WO2001/068860, WO2005/0031735, WO2006/033702,
WOZ006/630220, WO2008/118356, WO2012/052205, WO2012/138768,
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WO2012/138768, W2013/055745 and WO2013/056068 to gencrate an antagonistic anti-
CD154 antibody. The binding and antagonistic activity of the resulting antibodies may be
tested using assays and protocols described heremn.

The invention also provides for an antagonistic antibody specifically binding a
CD154 of SEQ D NO: 1, comprising the HCDRI, the HCDR2 and the HCDR3 of

SEQ D NOs: 16, 22 and 29, respectively;

SEQ D NGe: 17, 23 and 30, respectively;

SEQ ID NQGs: 16, 24 and 31, respectively;

SEQ D NOs: 18, 25 and 32, respectively;

SEQ ID NOs: 19, 26 and 33, respectively;

SEG D NGs: 20, 27 and 34, respactively; or

SEQ ID NOs: 21, 28 and 33, respectively.

The mvention also provides for an antagonistic anttbody specifically binding
CD154 of SEQ ID NO: 1, comprising the HCDRI, the HCDR2 and the HCDR3 of

SEQ ID NOs: 16, 22 and 29, respectively;

SEG D NGs: 17, 23 and 30, respactively;

SEQ ID NOs: 16, 24 and 31, respectively;

SEQ D NOs: 18, 25 and 32, respectively;

SEQ D NOs: 19, 26 and 33, respectively;

SEQ ID NOs: 20, 27 and 34, respectively: or

SEGID NGs: 21, 28 and 35, respectively, and the LCDRI, the LCDR2 and the

LCDR3 of

SEQ D NOs: 36,43 and 51, respectively;

SEQ D NOs: 37, 44 and 52, respectively;

SEQ D NOg: 3%, 45 and 33, respectively;

SEQ ID NQOs: 39, 46 and 34, respectively;

SEQ ID NOs: 40,47 and 35, respectively;

SEQ ID NOs: 41, 47 and 56, respectively;

SEQ D NOs: 42, 48 and 57, respectively;

SEQ 1D NGg: 37, 49 and 32, respectively; or

SEQ ID NQOs: 37, 50 and 52, respectively.

N
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In some embodiments, the antibody of the invention comprises the HCDRI, the
HCDR2 and the HCDR3 of SEQ 1D NOs: 16, 22 and 29, respeciively, and the LCDR1, the
LCDR2 and the LCDR3 of SEQ ID NOs: 36, 43 and 51, respectively; or the VH of SEQ
[D NO: 58 and the VL of SEQ ID NO: 63,

In some embodiments, the antibody of the invention comprises the HCDRI1, the
HCDR2Z and the HCDR3 of SEQ ID NOs: 17, 23 and 30, respectively, and the LCDR1, the
LCDR2Z and the LCDR3 of SEQ 1D NGs: 37, 44 and 52, respeciively; or the VH of SEQ
ID NO: 59 and the VL of SEQ ID NO: 66.

In some embodiments, the antibody of the invention comprises the HCDRI, the
HCDR?2 and the HCDR3 of SEQ 1D NOs: 16, 24 and 31, respectively, and the LCDR1, the
LCDR2 and the LUDR3 of SEQ 1D NOs: 38, 45 and 33, respectively: or the VH of SEQ
ID NO: 60 and the VL or SEQ ID NO: 67.

In some embodiments, the antibody of the invention comprises the HCDRI1, the
HCDR2 and the HCDR3 of SEQ 1D NOs: 18, 25 and 32, respectively, and the LCDR, the
LCDR2Z and the LCDR3 of SEQ 1D NOs: 39, 46 and 54, respectively: or the VH of SEQ
ID NG: 61 and the VL or SEQ ID NG: 68.

In some embodiments, the antibody of the invention comprises the HCDRI, the
HCDR?2 and the HCDR3 of SEQ 1D NOs: 19, 26 and 33, respectively, and LCDRI, the
LCDR2 and the LCDR3 of SEQ 1D NOs: 40, 47 and 33, respectively; or the VH of SEQ
ID'NO: 62 and the VL or SEQ ID NO: 69.

In some embodiments, the antibody of the invention comprises the HCDRI. the
HCDR2 and the HCDR3 of SEQ 1D NOs: 20, 27 and 34, respectively, and the LCDR1, the
LCDR2 and the LCDR3 of SEQ ID NOs: 41, 47 and 56, respectivelv; or the VH of SEQ
1D NO: 63 and the VL or SEQ ID NG: 70,

In some embodiments, the antibody of the mvention comprises the HCDRI, the
HCDR?2 and the HCDR3 of SEQ ID NQOs: 21, 28 and 35, respectively, and the LCDR1, the
LCDR2 and the LCDR3 of SEQ ID NQOs: 42, 48 and 537, respectively; or the VH of SEQ
1D NO: 64 and the VL or SEQ IDNO: 71,

In some embodiments, the antibody of the invention comprises the HCDRI, the
HCDR2 and the HCDR3 of SEQ 1D NOs: 17, 23 and 30, respectively, and LCDR1, the
LCDR2 and the LCDR3 of SEQ ID NOs: 37, 49 and 52, respectively; or the VH of SEQ
[D NO: 59 and the VL or SEQ ID NO: 72
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In some embodiments, the antibody of the invention comprises the HCDRI, the
HCDR2 and the HCDR3 of SEQ 1D NOs: 17, 23 and 30, respeciively, and the LCDR1, the
LCDR2 and the LCDR3 of SEQ ID NOs: 37, 50 and 52, respectively; or the VH of SEQ
[D NO: 59 and the VL or SEQ ID NO: 73.

In some embodiments, the antibody of the invention comprises the VH and the VL
wherein the VH comprises the ammo acid sequence of SEQ 1D NOs: 58, 59, 60, 61, 62, 63
or 64.

In some embodiments, the antibody of the invention comprises the VH and the VL,
wherein the VL comprises the amino acid sequence of SEQ 1D NQOs: 63, 66, 67, 68, 69, 70,

71

)
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In some embodiments, the antibody of the invention comprises the VH of SEQ ID
NQOs: 58, 39, 60, 61, 62, 63 or 64, and the VL of SEQ ID NQOs: 65, 66, 67, 68, 69, 70, 71,
72 or 73.

In some embodiments, the antibody of the invention comprises the HCDRI,
HCDR2 and HCDR3 amino acid sequences of the VH of SEQ 1D NQOs: 63, 66, 67, 68, 69,
70,71, 72 or 73, and the LCDRI, LCDR2 and LCDRS amino acid sequences of the VL of
SEQ ID NOs: 65, 66, 67, 68, 69, 70, 71, 72 or 73, wherein the CDRs are defined according
to Kabat, Chothua and/or IMGT.

Variants of the antibodies of the invention comprising the VH or the VL amino
acid sequences shown in Table 8, Table 9 and Table 14 are withm the scope of the
mvention. For example, variants may comprise oneg, two, three, four, five. six, seven,
cight, ming, ten, cleven, twelve, thirteen, fourteen or fifteen amino acid substitutions 1n the
YH and/or the VL that do not adversely affect the antibody propertics. In some
embodiments, the sequence identity may be about 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98% or 99% to the VH or the VL amino acid sequence of the wvention,

The percent identity between the two sequences is a function of the number of
identical positions shared by the sequences (.¢., % identity =# of identical positions/total #
of positions x100), taking into account the number of gaps, and the length of cach gap,
which need to be ntroduced for optimal alignment of the two sequences.

The percent identity between two amino acid sequences may be determined using
the algorithm of E. Meyers and W. Miller (Compur. Appl. Biosci., 4:11-17 (1988)) which
has been incorporated into the ALIGN program (version 2.0), using a PAM120 weight

29



WO 2017/024146 PCT/US2016/045574

residue table, a gap length penalty of 12 and a gap penalty of 4. In addition, the percent
identity between two amino acid sequences may be determined using the Needleman and
Wunsch (/. Mol Biol. 48:444-433 (1970}) algorithm which has been meorporated mito the
GAP program n the GCG software package {available at http://_www_gcg com}, using
either a Blossum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14,12, 10, 8, 6,
or 4 and a length weightof 1,2, 3.4, 5, or 6.

In some embodiments, the antibody of the mvention comprises the VH that is at
least 90%, 90%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% 1dentical to the VH
of SEQ 1D NOs: 38, 39, 60, 61, 62, 63 or 64, wherein the antibody exhubits one or more of
the following propertics:

an immune complex of the antibody and shCD 134 does not activate platelets,

wheremn platelet activation 1s measwred by P-selectin surface expression on

platelets;

binds to CI154 with a dissociation constant (Kp) of about 3x10™ M or less, when

the Kpis measured using ProteOn XPR36 system using experimental design

described in Example 1, affinity measurements;

inhibits CD154-mediated human B cell proliferation with an ICs; value of about

2.7x107 Mor less; or

inhibits CD154-mediated expression of secreted embryonic alkaline phosphatase

(SEAP) under NF-xB-inducible mierferon-3 (IFN-3) minimal promoter in

HEK293 cells stably expressing SEAP and human CD40 with an ICs, value of

about 2.1x10™ M or less.

In some embodiments, the antibody of the invention comprises the VL that s at
least 90%, 90%, 92%, 93%, 94%0, 95%0, 96%, 97%, 98%, 99% or 100% identical to the VL
of SEQ ID NQs: 63, 66, 67, 68, 69, 70, 71, 72 or 73, wherein the antibody exhibits one or
more of the following properties:

an immune complex of the antibody and shCD 154 does not activate platelets,

wherein platelet activation s measured by P-selectin surface expression on

platelets:

binds to CD154 with a dissociation constant (Kp) of about 5x10™ M or less, when

the Kp ismeasured using ProteOn XPR36 systom using expeorimental design
described 1in Example 1, affinity measurcraents;

2
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inhibits CD154-mediated human B cell proliferation with an 1Cs; value of about

2.7x107 M or less; or

inhibits CD134-mediated expression of secreted embryonic alkaline phosphatase

{(SEAP} under NF-xB-nducible mierferon-§ (IFN-B) minimal promoter in

HEK?293 cells stably expressing SEAP and human CD40 with an [Csy value of

about 2.1x10™® M or less.

In some embodiments, the antibody of the mvention comprises the VH that s at
feast 90%, 90%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the VH
of SEQ 1D NQOs: 58, 59, 60, 61, 62, 63 or 64 and the VL that s at least 90%, 90%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the VL of SEQ 1D NOs: 65,
66, 67, 68,69, 70, 71, 72 or 73, wherein the antibody exhibits one or more of the following
propertics:

an mmune complex of the antibody and shCD154 does not activate platelets,

wherein platelet activation 1s measured by P-selectin surface expression on

plaiclets;

binds to CD154 with a dissociation constant (Kp) of about 3x10” M or less, when

the Kpismeasured using ProteOn XPR36 svstem using experimental design

described in Example 1, affiuty measurements;

inhibits CD154-mediated human B cell proliferation with an 15, value of about

2.7x10™ M or less; or

inhibits CD154-mediated expression of secreted embryonic alkaline phosphatase

{(SEAP) under NF-xB-inducible mterferon-p (IFN-3) mimimal promoter in

HEKZ293 cells stably expressing SEAP and human CB40 with an I1Cs value of

about 2.1x10™® M or less.

In some embodiments, the antibody of the invention comprises the VH that is at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the VH
of SEQ ID NQOs: 58

In some embodiments, the antibody of the mvention comprises the VH that is at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% 1dentical to the VH
of SEQ 1D NOs: 39.
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In some embodiments, the antibody of the invention comprises the VH that is at
least 90%, 91%%, 92%, 93%0, 94%0, 95%0, 96%, 97%, 98%, 99% or 100% identical to the VH
of SEQ ID NQOs: 60

In some embodiments, the antibody of the invention comprises the VH that is at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the VH
of SEQ ID NOs: 61.

In some embodiments, the antibody of the mvention comprises the VH that is at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the VH
of SEQ 1D NOs: 62.

In some embodiments, the antibody of the invention comprises the VH that is at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical o the VH
of SEQ 1D NOs: 63.

In some embodiments, the antibody of the mvention comprises the VH that s at
feast 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or 100% identical to the VH
of SEQ ID NOs: 64,

In some embodiments, the antibody of the invention comprises the VL that s at
least 90%, 91%, 92%, 93%, 94%0, 93%, 96%, 97%, 98%, 99% or 100% identical to the VL
of SEQ 1D NOs: 63,

In some embodiments, the antibody of the invention comprises the VL that s at
least 90%, 91%%, 92%, 93%, 94%%, 95%0, 96%%, 97%, 98%%, 99% or 100% 1dentical to the VL
of SEQ ID NQOs: 66.

In some embodiments, the antibody of the mvention comprises the VL that 1s at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the VL
of SEQ ID NOs: 67.

In some embodiments, the antibody of the mvention comprises the VL that is at
least 90%, 91%, 92%, 93%,, 94%, 95%, 96%, 97%, 98%,, 99% or 100% identical to the VL
of SEQ ID NOs: 68.

In some embodiments, the antibody of the invention comprises the VL that is at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the VL

of SEQ ID NOs: 69.
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In some embodiments, the antibody of the invention comprises the VL that s at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the VL
of SEQ ID NQOs: 70

In some embodiments, the antibody of the invention comprises the VL that is at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the VL
of SEQ ID NOs: 71.

In some embodiments, the antibody of the mvention comprises the VL that is at
least 90%, 91%, 92%, 93%,, 94%, 95%, 96%, 97%, 98%,, 99% or 100% identical to the VL
of SEQ 1D NOs: 72.

In some embodiments, the antibody of the imvention comprises the VL that 1s at
feast 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 160% 1dentical to the VL
of SEQ 1D NOs: 73.

In some embodiments, the antibody the mvention comprises the VH of SEQ ID
NQO: 58 and the VL or SEQ 1D NO: 63, wherein the VH, the VL or both the VH and the
VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen or fifteen amino acid substitutions.

In some embodiments, the antibody of the invention comprises the VH of SEQ ID
NO: 59 and the VL or SEQ 1D NO: 66, wherein the VH, the VL or both the VH and the
VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirieen, fourteen or {ifteen amino acid substitutions.

In some embodiments, the antibody of the invention comprises the VH of SEQ ID
NQG: 60 and the VL or SEQ ID NO: 67, wherein the VH, the VL or both the VH and the
YL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen or fifteen amino acid substitutions.

In some embodiments, the antibody of the invention comprises the VH of SEQ 1D
NO: 61 and the VL or SEQ ID NO: 68, wherein the VH, the VL or both the VH and the
VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen or fifteen ammo acid substitutions.

In some embodiments, the antibody of the mvention comprises the VH of SEQ ID
NO: 62 and the VL or SEQ ID NO: 69, wherein the VH, the VL or both the VH and the
VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten, cleven,
twelve, thirteen, fourteen or fifteen amino acid substitutions.

2
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In some embodiments, the antibody of the invention comprises the VH of SEQ ID
NO: 63 and the VL or SEQ ID NO: 70, wherein the VH, the VL or both the VH and the
VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten, cleven,
twelve, thirteen, fourteen or fifteen amino acid substitutions,

In some embodiments, the antibody of the invention comprises the VH of SEQ ID
NO: 64 and the VL or SEQ 1D NO: 71, wherein the VH, the VL or both the VH and the
VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten. eleven,
twelve, thirteen, fourteen or fifteen amino acid substitations.

In some embodiments, the antibody of the invention comprises the VH of SEQ ID
NO: 59 and the VL or SEQ 1D NO: 72, wherein the VH, the VL or both the VH and the
V1L optionally comprise one, two, three, four, five, six, seven, eight, nine, ten, cloven,
twelve, thirteen, fourteen or fiftcen amino acid substitutions.

In some embodiments, the antibody of the invention comprises the VH of SEQ [D
NGO: 59 and the VL or SEQ 1D NO: 73, wherein the VH, the VL or both the VH and the
VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen or fifteen amino acid substitutions.

In some embodiments, the antibody of the invention comprises the HCDRI, the
HCDR2, the HCDRS3, the LCDRI, the LCDR?2 and the LCDR3 amuno acid sequences,
shown in Table 8, Table 9 and Table 14, or conservative modifications thereof, and
wherein the antibodies retam the desired functional properties of the antagonistic
antibodies specifically binding CD154.

In some embodiments, the antibody of the invention comprises the HCDRI, the
HCDR?2 and the HCDR3 of SEQ 1D NOs: 16, 22 and 29, respectively, and conservative
maodifications thereof,

In some embodiments, the antibody of the mvention comprises the HCDRI, the
HCDR2 and the HCDR3 of SEQ ID NQOs: 17, 23 and 30, respectively, and conservative
modifications thereof.

In some embodiments, the antibody of the invention comprises the HCDRI1, the
HCDRZ and the HCDR3 of SEQ 1D NOs: 16, 24 and 31, respectively, and conservative

modifications thereof.

34



WO 2017/024146 PCT/US2016/045574

In some embodiments, the antibody of the invention comprises the HCDRI, the
HCDR2 and the HCDR3 of SEQ 1D NOs: 18, 25 and 32, respectively, and conservative
modifications thereof

In some embodiments, the antibody of the invention comprises the HCDRI, the
HCDR?2 and the HCDR3 of SEQ 1D NOs: 19, 26 and 33, respectively, and conservative
maodifications thereof,

In some embodiments, the antibody of the mvention comprises the HCDRI, the
HCDR2 and the HCDR3 of SEQ ID NQOs: 20, 27 and 34, respectively, and conservative
modifications thereof.

In some embodiments, the antibody of the invention comprises the HCDR1E, the
HCDRZ and the HCDR3 of EQ ID NQOs: 21, 28 and 33, respeciively, and conservative
modifications thereof,

In some embodiments, the antibody of the mvention comprises the LCDRI, the
LCDR2, and the LCDR3 of SEQ D NOs: 36, 43 and 31, respectively, and conservative
modifications thereof

In some embodiments, the antibody of the invention comprises the LCDRI, the
LCDR2, and the LCDR3 SEQ [D NOs: 37, 44 and 32, respectively, and conservative
modifications thereof

In some embodiments, the antibody of the invention comprises the LCDR1, the
LCDR2, and the LCDR3 SEQ 1D NOs: 38, 45 and 33, respectively, and conservative
maodifications thercof.

In some embodiments, the antibody of the mvention comprises the LCDRI, the
LCDR2, and the LCDR3 SEQ 1D NQOs: 39, 46 and 54, respectively, and conservative
maodifications thereof,

In some embodiments, the antibody the mvention comprises the LCDRI, the
LCDR2, and the LCDR3 SEQ ID NQs: 40, 47 and 35, respectively, and conservative
modifications thereof,

In some embodiments, the antibody of the invention comprises the LCDRI, the
LCDR2, and the LCDR3 SEQ ID NQOs: 41, 47 and 56, respeciively, and conservative

modifications thereof.
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In some embodiments, the antibody of the invention comprises the LCDR1, the
LCDR2Z, and the LCDR3 SEQ 1D NOs: 42, 48 and 37, respectively, and conservative
modifications thercof

In some embodiments, the antibody of the invention comprises the LCDRI1, the
LCDR2, and the LCDR3 SEQ 1D NOs: 37, 49 and 52, respectively, and conservative
maodifications thereof,

In some embodiments, the antibody of the mvention comprises the LCDRI, the
LCDR2, and the LCDR3 SEQ ID NQOs: 37, 50 and 32, respectively, and conservative
modifications thereof.

The antibodies of the invention comprising certain HCDRI, HCDR2, HCDR3,
LCDR1, LCDRZ and LCDR3 sequences and conservative modifications thercof
exhibit one or more of the following properties:

an inmune complex of the antibody and shCD 134 does not activate platelets,

wherein platelet activation 1s measwred by P-selectin surface expression on

platelets;

bind to D154 with a dissociation constant {(Kp} of about 5x107 M or less, when

the Kp ismeasured using ProteOn XPR36 system using experimental design

described in Example 1, affinity measurcments;

inhibit CD154-mediated buman B cell proliferation with an 1Csy value of about

2. 75107 M or less; or

inlibit CB1534-mediated expression of secreted embryonic alkaline phosphatase

(SEAP) vader NF-xB-inducible mierferon-§ (IFN-p) minuual promoter in

HEK?293 ¢ells stably expressing SEAP and human CD40 with an [Csg value of

about 2.1x10™® M or less.

“Conservative modification” refers to amino acid modifications that do not
significantly affect or alter the binding characteristics of the antibody containing the amino
acid sequences. Conservative modifications include amino acid substitutions, additions
and deletions. Conservative substitutions are those in which the amino acid s replaced with
an amino acid residue having a similar side chain. The famibies of amino acid residucs
having stmilar side chains are well defined and include amino acids with acidic side chains
{c.g., aspartic acid, glutamic acid), basic side chains {¢.g., Iysine, arginine, histidine},
nonpolar side chains {e.g., alanine, valine, leucine, 1soleucine, proline, phenylalanine,
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methionine), uncharged polar side chains (e.g., glvecine, asparagine, glutamine, cysteine,
sering, threonine, tyrosine, iryplophan), aromatic side chains {¢.g.. phenyialanine,
tryptophan, histidine, tyrosine), aliphatic side chans {e.g., glvoame, alamine, valine, leucine,
isoleucine, serine, threonine), anmude (¢.g., asparagine, glutamine), beta-branched side
chains {(¢.g., threonine, valing, isoleucine) and sulfur-containing side chains {cvsteine,
methionine). Furthenmore, any native residue in the polypeptide may also be substituted
with alanine, as has been previously described for alamine scanning muotagenesis
{(MacLennan er o/, Acta Physiol. Scand. Suppl. 643:53-67, 1998; Sasaki ef ol., Adv.
Biophys. 35:1-24, 1998). Amino acid substitutions to the antibodics of the mmvention may
be made by well-known methods for example by PCR mutagenesis {US Pat. No.
4,683,195, Aliernatively, ibraries of vananis may be generated using known methoeds, for
cxample using random (NNK} or non-random codons, for example DVK codons, which
encode 11 amino acids (Ala, Cys, Asp, Glu, Gly, Lys, Asn, Arg, Ser, Tvr, Trp). The
resulting antibody variants may be tested for their characteristics using assays described
herein.

Although the embodiments iHlustrated in the Examples comprise pairs of vartable
regions, one from a heavy chain and one from a hight chain, a skilled artisan will recognize
that alternative cmbodiments may comprise single heavy or light chaim variable regions.
The single variable region may be used to screen for variable domams capable of forming a
two-domain spectfic antigen-binding fragment capable of for example specifically biuding
io CD134. The screening may be accomphlished by phage display screening methods using
for example hierarchical dual combinatorial approach disclosed in Int. Pat. Publ. No.
WO1992/01047 as described herein.

Antibodies of the mvention may be gencrated using various technologies. For
example, the hybridoma method of Kohler and Milstein, Nafure 256:495, 1975 may be
ased to generate monoclonal antibodies. In the hvbridoma method, a mouse or other host
animal, such as a hamster, rat or monkey, 1s immunized with human, marmoset or cyno
CD154 or fragments of C1354, such as soluble form of CD154, followed by fusion of
spleen cells from immunized animals with myeloma cells using standard methods to form
hvbridoma cells {Goding, Monoclonal Antibodies: Principles and Practice, pp.59-103

{Academic Press, 1986)). Colonies arising from single immortalized hybridoma cells are
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screened for production of antibodies with desired properties, such as specificity of
bmding . cross-reactivity or lack thereof and affiaty for the antigen.

Various host amimals may be used to produce the antibodics of the invention. For
example, Balb/c mice may be used to generate antibodics. The antibodies made in Balb/c
mice and other non-human anumals may be humanized using various technologies to
generate more human-like sequences. Exemplary humanization techniques including
selection of human acceptor frameworks are known and inclade CDR grafting (U S, Pat.
Neo. 5,225,539), SDR grafting (U.S. Pat. No. 6,818,749), Resurfacing (Padlan, Mol
[mmunol 28:489-499, 1991, Specificity Determining Residues Resurfacing (U.S. Pat.
Publ. No. 20100261620), human-adaptation (or human framework adaptation) (U.S. Pat.
Pabl. No. US20609/0118127), Superhumanization (U.S. Pat. Ne. 7,709, 226} and guided
sclection (Osbourn ef of (2005) Methods 36:61-68, 2005, U8, Pat. No. 5,365,332). In
these methods, CPRs of parental antibodies are transterred onto human frameworks that
may be sclected based on their overall homology to the parental frameworks, based on
framework CDR length, homology or canonical structure information, or a combimation
thereof.

Humanized antibodies may be further optimized to improve thew selectivity or
affuity to a desired antigen by incorporating altered framework support residues to
preserve binding affiuty (backmutations) by techniques such as those disclosed as
described in Int. Pat. Publ. No. WO90/007861 and mn Int. Pat. Publ. No. W092/22653, or
by mtroducing variation to any of the CDRs to improve for example affinity of the
antibody.

Transgenic mice carrving human immunoglobulin (Ig) loct in their gonome may be
used to generate human antibodies against a target protein, and are described in for example
Int. Pat. Publ No. WO90/04036, U.S. Pat. No. 6150384, Int. Pat. Publ No. W(099/45962,
Int. Pat. Publ. No. WO02/066630, Int. Pat. Publ No. W002/43473, Lonberg ef of (1994}
Nature 368:856-9; Green ef af (1994) Nature Genet. 7:13-21; Green & Jakobovits (1998)
Fxp. Med. 188:483-93; Lonberg and Huszar (1995) /nr. Rev. Immunol 13:65-93;
Bruggemann et af (1991) Fur. J. Immunol. 21:1323- 1326, Fishwild er ol (1996) Nat.
Biotechnol. 14:845-851; Mendez et of (1997} Nat. Genetr. 15:146-156; Green (1999} J.
Immunol Methods 231:11-23; Yang ef of (1999) Cancer Res. 59:1236-1243; Briggemann
and Taussig (1997 Curr. Opin. Biotechnol. 8:455-458; Int. Pat. Publ. No. WO02/043478).
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The endogenous immunoglobulin loct 1n such mice may be disrupted or deleted, and at
least one complete or partial human immunocglobulin locus may be mserted into the mouse
genome using homologous or non-homologous recombination, using transchromosomes, or
using miugenes. Companics such as Regeneron (bttp://_www_regenecron_com ), Harbour
Antibodics (hitp:// www_harbourantibodies_com), Open Monoclonal Technology, Inc.
(OMT) (http://_ www_omtine net), KyMab (hitp:// www_kymab com), Triannt
(hitp://_www . inanni_com) and Ablexis (http:// www_ablexis_com) may be engaged o
provide human antibodies directed aganst a sclocted antigen using technology as described
above.

Human antibodies may be selected from a phage display library, where the phage is
engineered to express human immunoglobulins or portions thereof such as Fabs, single
chain antibodies (scFv), or unpaired or paired antibody vanable regions Knappik ef o/,

J. Mol Biol 296:37-86, 2000; Krebs ef of, J Immunol Meth 254.67-84 2001, Vaughan e/ al.,
Nature Biotechnology 14:309-314, 1996; Sheets er of , PITAS (USA) 95:6157-6162, 1998;
Hoogenboom and Winter, J Mol Biol 227:381,1991; Marks ef o/, J Mol Biol 222:581,
1991). The antibodics of the invention may be isclated for example from phage display
Library exprogsing antibody heavy and light chain vaniable regions as fusion proteins with
bacteriophage pIX coat protein as described m Shi et o/, J Mo/ Biol 397:385-96, 2010 and
Int. Pat. Publ. No. WO09/085462). The bibrarics may be screened for phage binding to
human, marmoset and/or cyno CD154 and the obtained positive clones may be further
characterized, the Fabs isolated from the clone lysates, and expressed as full length IgGs.
Such phage display methods for 1selating human antibodics are described in for example:
U5, Patent Nos. 5,223,409; 5,403 484; and 5,571,698 to Laduer et o/.; 1.8, Patent Nos.
5427908 and 3, 380,717 to Dower ef al.; U.S. Patent Nos. 5,969,108 and 6,172,197 to
McCafferty ef ol ; and U S, Patent Nos. 5,885,793; 6,521 404: 6,544,731, 6,355,313,
6,582.915 and 6,593,081 to Gniffiths e/ ol

Preparation of immunogenic antigens and monoclonal antibody production may be
performed using any suitable technigue, such as recombinant protein production. The
mmunogenic antigens may be administered to an anumal in the form of purified protein,
or protein mixtures inciuding whole cells or cell or tissue extracts, or the antigen may be
formed de novo m the animal’s body from nucleic acids encoding said antigen or a portion

thereof
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The antibodies of the mvention may be human or humanized.

In some embodiments, the antibody of the mvention comprises a VH framework
derived from human gormline gene VHI 169, VH4 439 VHI 1-02 or VH4 4-59

In some embodiments, the antibody of the invention comprises a VL framework
derived from human germbine gene VKIV_ B3, VK1 O12 or VL3 3R,

The antibodies of the mvention may be of IgA, gD, IoE, oG or IgM type. The
antibodies of the mvention may be of IgG1, 12G2, [gG3, isG4 type.

The antibodics of the mvention may further be engineered to generate modified
antibody with similar or altered propertics when compared to the parental antibody. The
VH, the VL, the VH and the VL, the constant regions, VH framework, VL framework, or
any or all of the six CDRs may be engincered i the antibodies of the invention.

The antibodies of the nvention may be engmeered by CDR grafting. One or more
CDR sequences of the antibodies of the invention may be grafied to a different framework
sequence. CDR grafting may be done using methods described herem. Tn some
embodiments, the antibodies of the invention comprise a VH that comprises the HDCR1 of
SEQID NOs: 16,17, 18,19, 20 or 21, the HCDR2 of SEQ ID NQs: 22, 23, 24, 25, 26, 27
or 28, the HCDR3 of SEQ ID NOs: 29, 30, 31, 32, 33, 34 or 35 and theVL that comprises
the LCDR1 of SEQ 1D NOs: 36,37, 38, 39, 40, 41 or 42, the LCDRZ2 of SEQ 1D NQs: 43,
44,45, 6. 47,48, 49 or 50 and/or the LCDR3 of SEQ 1D NOs: 51, 52, 53, 54, 535, 56 or 57,
wherein the VH framework is not derived from VHI 1-69, VH4 4.39 VHI 1-02 or
VH4 4-59, and the VL framework is not derived from VKIV B3, VKI 012 or VL3 3R
The framework sequences to be used mav be obtamned from public DNA databases or
published references that include geombine antibody gene sequences. For example, germling
DNA and the encoded protein sequences for human heavy and light chain variable region
genes can be found at IMGT®, the international ImMunoGeneTics mformation system®
hitp:// www-nmgt org. Framework sequences that may be used to replace the existing
framework sequences n the antibodies of the mvention are those that show the highest
percent identity to C41.B3, C4L.B89, C4LB94, C4LB150, C4LRB189, C4LBI91, C4LB199,
C4LB231, C4LB232, C4L.B35 and C4LB236.

The framework sequences of the parental and enginecred antibodics may further be
maodificd, for example by backmutations to restore and/or naprove binding of the resulting
antibody to the antigen as described for example in U.S. Pat No. 6,180,370, The
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framework sequences of the parental and engineered antibodies may further be modified by
mutating one or more residues within the framework region, or even within one or more
CDR regions, to remove T-cell epitopes to thereby reduce the potential immunogemicity of
the antibody. This approach is also referred to as “deimmunization” and described in
further detail in ULS. Pat. Publ. No. 20030153043,

The CDR residues of the antibodies of the invention may be mutated to improve
one or more binding properties of the antibody of interest. Site-directed mutagenesis or
PCR-mediated mutagenesis may be performed to introduce the mutation{(s) and the effect
on anttbody binding, or other functional property of mierest, mav be evaluated i in vitro or
in vivo assavs as described herein and provided in the Examples. Exemplary substitutions
that may be introduced are conservative modifications as discussed supra. Moreover,
typically no more than one, two, three, four or five residues witlun a CDR region are
altered.

Fc substitutions may be made to the antibody of the mvention to modulate antibody
half-life. For example, one or more of the substitutions M252Y, 82347 and T236E may be
mtroduced to morcase the half-life of the resulting astibody (Dall" Acqua ef o/, I Biol
Chem 281:23514-240, 2006).

Additionally, antibodies of the invention may be posi-translationally modified by
processes such as glycosylation, isomerization, deglvcosylation or non-naturally cccurring
covalent modification such as the addition of polvethylene glycol moieties {(pegvlation) and
lipidation. Such modifications may occur in vivo or in vitre. For example, the antibodies
of the invention may be conjugated to polvethviene glveol (PEGvlated) to mmprove thewr
pharmacokinetic profiles. Conjugation may be carried out by techniques known to those
skilled 10 the art. Conjugation of therapeutic antibodies with PEG has been shown to
enhance pharmacodynamics while not mterfering with function (Knigh ef ¢/, Platelets
15:409-18, 2004; Leong er o/, Cyviokine 16:106-19, 2001, Yang ef o/, Protein Eng. 16:761-
70, 2003).

Antibodies or fragments thercof of the invention modified to improve stability,
sclectivity, cross-reactivity, affinity, immunogenicity or other desirable biological or
biophysical property are within the scope of the invention. Stability of an antibody 1s
mfluenced by a number of factors, inchiding {1} core packing of mdividual domains that
affects their intrinsic stability, (2) protein/protein interface interactions that have impact
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upon the HC and LC pairing, (3) burial of polar and charged residues, (4) H-bonding
network for polar and charged residues; and (53 surface charge and polar residue
distribution among other mtra- and mter-molecular forces (Worn et af., J Mol Biol 305.989-
1010, 2001). Potential structure destabilizing residues may be identified based upon the
crvstal structure of the antibody or by molecular modeling m certain cases, and the effect of
the residues on antibody stability mayv be tested by generating and evaluating variants
harboring mutations in the identified residues. One of the wavs to increase antibody
stability 1s to raise the thermal transition midpoint (T,) as measured by differential
scanning calorimetry (DSC). In general, the protein T, is corrclated with its stability and
mversely correlated with 1ts susceptibility to unfolding and denaturation in sclution and the
degradation processes that depend on the tendency of the protein to unfold (Remmele ef g/,
Biopharmm 13:36-46, 2000). A number of studies have found correlation between the
ranking of the physical stability of formulations measured as thermal stability by DSC and
physical stability measured by other methods (Gupta ef o/, AAPS PharmSci 3ES, 2003;
Zhang ef af., J Pharm Sci 93:.3076-89, 2004, Maa ef /., Tat J Pharm 140:155-68, 1996;
Bedu-Addo ef af., Pharm Res 21:1353-61, 2004; Remmele ef o/, Pharm Res 13:200-8,
1997). Formulation studics suggest that a Fab T, has unplication for long-term physical
stability of a corresponding mAb.

In some embodiments, the antibody of the invention is a bispecific antibody.

In some embodiments, the antibody of the mvention 1s a multispecific antibody.

The monospecific antibodies specifically binding CP154 of the invention may be
engineered nto bispecific antibodios which are also encompassed withun the scope of the
mvention. The VL and/or the VH regions of the antibodies of the invention may be
engincered using published methods into single chain bispecific antibodies as structures
such as TandAb® designs (Int. Pat. Publ No. W(G1999/57150; U.S. Pat. Publ. No.
2011/0206672) or mito bispectfic scFVs as structures such as those disclosed m U.S. Pat
No. 3,569,620 Int. Pat. Publ. No. WO1995/13388, Int. Pat. Publ No. WO1997/14719 or
Int. Pat. Publ. No. WO2011/036460.

The VL and/or the VH regions of the antibodies of the mvention may be
engineered 1nto bispecific full length antibodies, where cach antibody arm binds a distinct
antigen or epitope. Such bispecific antibodies may be made bv modulating the CH3
mteractions between the two antibody heavy chains to form bispecific antibodics using

42



WO 2017/024146 PCT/US2016/045574

fechnologies such as those described mm U.S. Pat. No. 7,695,936, Int. Pat. Publ. No.
WO2004/111233; U.S. Pat. Publ. No. 2010/0015133; U.S. Pai. Publ. No. 2007/0287170;
Int. Pat. Publ. No. WO2008/119333; U.S. Pat. Publ No. 2009/0182127; U.S. Pat. Publ.
No. 2010/0286374; 1.5, Pat. Publ. No. 201 1/0123332; Int. Pat. Publ. No.
WO2011/131746; Int. Pat. Publ. No. WO2011/143545; or U.S, Pat. Publ. No.
2012/0149876.

For example, bispecific antibodies may be gencrated in vitro 1 a cell-free
environment by introducing asymmetrical mutations m the CH3 regions of two
monospecific homodimeric antibodies and forming the bispecific heterodimeric antibody
from two parent monospecific homodimeric antibodies in reducing conditions to allow
disulfide bond isomerization according to methods desceribed 1n Intl Pat. Pobl. No.
WO2011/131746. In the methods, two monospecific bivalent antibodies are engincered to
have certain substitutions at the CH3 domain that promote heterodimer stability; the
antibodics are incubated together under reducing conditions sufficient to allow the
cysteines in the hinge region to undergo disulfide bond isomerization; thereby generating
the bispecific antibody by Fab arm exchange. The incubation conditions may optiually be
restored to non-reducing. Exemplary reducing agents that may be used are 2-
mercaptocthylanune (2-MEA), dithiothreitol (DTT), dithicervthritol (DTE), glutathione,
tris(2-carboxvethyvhphosphine (TCEP), L-cysteine and beta-mercaptoethanol, preferably a
reducing agent selecied from the group consisting of: 2- mercaploethylamine, dithiothreiiol
and tris(Z-carboxyethylphosphine. For example, mmcubation for at least 90 min at a
temperatare of at least 20°C n the presence of at least 23 mM 2-MEA or in the presence of
at least 0.5 mM dithiothreitol at a pH of from 5-8, forexample atpHof 70 orat pHof 7.4
mayv be used.

Exemplary CH3 mutations that mav be used in a first heavy chan and 1 2 second
heavy cham of the bispeeific antibody are K409R and/or F405L.

Additional bispecific siructures into which the VL and/or the VH regions of the antibodics
of the invention may be incorporated are for example Dual Varniable Domain
Immunoglobulins (DVD) (Int. Pat. Publ. No. W0O2009/134776), or structures that include
varions dimerization domans to connect the two antibody arms with different specificity,
such as leucine zipper or collagen dimerization domains (Int. Pat. Publ. No.
WO2012/622811, U.S. Pat. No. 5,932 448; U.S. Pat. No. 6,833,441). DVDs are full length
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antibodies comprising the beavy chain having a structure VH1-linker-VH2-CH and the
light chain having the structure VL 1-linker-VL2-CL; linker being optional.

The mvention also provides for an antagonistic antibody that specifically binds
CD134 of SEQ ID NO: 1 baving certain VH and VL scquences, wherein the antibody YVH
1s encoded by a first polvaucleotide and the antibody VL is encoded by a second synthetic
polynucleotide. The polvnucleotide may be a complementary deoxynucleic acid (cDNA),
and may be codon optimized for expression 1 suitable host. Codon optimization 18 a well-
known technology.

In some embodiments, the polynuclecotides encoding the antibodv VH or VL of the

wmvention comprise the sequences of SEQ 1D NQs: 76, 77, 78 or 79.
2 ]

SEQ 1D NO: 76 (encoding VH of C4LB231)
GACATCCAGATGACCCAGAGCCCCAGCAGCCTGAGCGCCAGCGTGGGCGACAG
AGTGACCATCACCTGTCGGGCCAGCCAGAGCATCAGCAGCTACCTGAACTGGT
ATCAGCAGAAGCCCGGCAAGGCCCCCAAGUTGCTGATCTACTACGCCAACAGT
CTGCAGAGCGGCOTGCCCAGCAGATTCAGCGGCAGCGGCTCCGGCACCGACTT
CACCCTGACCATCAGCAGCCTGCAGCCCGAGGACTTCGCCACCTACTACTGCCA
GCAGAGCGACAGCATCCCCTGGACCTTCGGCCAGGGCACCAAGGTGGAAATCA
AG

SEG ID NG: 77 (encoding VL of C4LB231)
CAGGTCCAGCTGGTGCAGTCTGGCGCCGAAGTGAAGAAACCCGGCAGCAGCGT
GAAGGTGTCCTGCAAGGCCAGCGGCGGCACCTTCAGCAGCTACGGCATCAGCT
GGGTCCGACAGGCCCCAGGACAGGGCCTGGAATGGATGGGCTGGATCAGCCCC
ATCTTCGGCAACACCAACTACGUCCAGAAATTCCAGGGCAGAGTGACCATCALC
CGCCGACGAGAGCACCAGCACCGCCTACATGGAACTGAGCAGCCTGCGGAGLG
AGGACACCGCCGTGTACTACTGCGUCAGAAGCCGGTACTACGGCGACCTGGAC
TACTGGGGCCAGGGCACCCTGGTCACCGTGTCCTCT

SEQ 1D MNO: 78 (encoding VH of C4LB191)
CAGGTGCAGCTGOTGCAGAGCGOLGCTCAGGTGCAGCTGUTGCAGTCTGGEGC
CGAAGTGAAGAAACCTGGCGCCAGCATGAAGGTGTCCTGCAAGGCCAGCGGCT
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ACACCTTCACCGACTACTACATCCACTGOOTGCGCCAGGCCCCAGGUCAGGGA
CTGGAATGOCGTGGCACGGTTCAACCCCAACAGCGOCCACACCAACGOUGLCCA
GAAATTCCAGGGCAGAGTCGACCATGACCCGUGOACACCAGCATCAGCACCGCCT
ACATGGAACTCGACCCGGUTGCOGGAGCGACGACACCGUCGTOGTACCACTGTGCC
AGAGAGGGCCGAGCTGGCCGGCATCTTCTTCGACTACTGGGOCCAGGGCACCCT
GGTGACAGTGTCCAGC

SEG ID NG: 79 {(encoding VL of C4LBI%1)
AGCTACGAGCTGACCCAGCCCCCCAGCGTGTCCGTGTCTCCTGGCCAGACCGCC
AGCATCACCTGTAGCGGCGACAAGCTGGGUGACAAATACGTGTCCTGGAACCA
CCAGAAGCCCGGUCAGAGUCCCOTGCTGUGTGATCTACCAGGACCGGAAGAGGL
CCAGCGGCATCCCCOGAGAGATTCAGCGGUAGCAACAGCGGCAACACCGCCACC
CTGACCATCAGCGGCACCCAGGCCATGGACGAGGCCCGACTACTACTGCCAGGC
CTGGGACAGCAGCACCGTGGTGTTCGGCGGAGGCACCAAGCTGACCGTGCTG

The invention also provides for an isolated polynucleotide encoding any of the
antibody heavy chain variable regions, the antibody light chain variable regions, the
antibody hoavy chains and/or the antibody light chaims of the mvention. Certain exemplary
polynucicotides are disclosed herein, however, other polynuclectides which, given the
degeneracy of the genetic code or codon preferences in a given expression system, encode
the antibodies of the inveniion are also within the scope of the mvention. Exemplary
polynuciectides are for example polynucieotides having the sequences shown m SEQ 1D
NQs: 76, 77, 78 AND 79, The polynucicotide soquences encoding the VH orthe V6 or a
fragment thereof of the antibody of the invention may be operably linked to one or more
regulatory clements, such as a promoter or enhancer, that allow expression of the
nucleotide sequence m the miended host cell. The polynucleotide may be a ¢cDNA.

The mvention also provides for a vector comprising the polynucleotide of the
mvention. Such vectors may be plasmid vectors, viral vectors, vectors for baculovirus
expression, transposon based vectors or any other vector suitable for introduction of the
synthetic polynucleotide of the invention into a given organisma or genetic background by
any means. For example, polynucleotides encoding light and/or heavy cham variable
regions of the antibodies of the invention, optionally linked to constant regions, are mserted
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mto expression vectors. The light and/or heavy chains may be cloned in the same or
different expression vectors. The DNA segmenis encoding immunoglobulin chains may be
operably hinked to control sequences in the expression vector(s) that ensure the expression
of immunoglobulin polvpeptides. Such control sequences melude signal sequences,
promoters (¢.g. naturally associated or heterclogous promoters), enhancer cloments, and
franscription termination sequences, and are chosen to be compatible with the host cell
chosen to express the antibody. Once the vector has been incorporated into the appropriate
host, the host i1s mamtaned under conditions suitable for high level expression of the
proteins encoded by the incorporated polynucieotides.

Suitable expression vectors are tvpically replicable i the host organisms either as
episomes or as an tegral part of the host chromosomal DNA. Commonly, expression
vectors contain selection markers such as ampicillin-resistance, hygromyein-resistance,
tetracychne resistance, kanamycin resistance or neomycin rosistance to pernut detection of
those cells transformed with the desired DNA sequences.

Suitable promoter and enhancer elements are known in the art. For expression in a
eukarvotic cell, exemplary promoters include Hght and/or heavy chamn nomuonoglobulin
gene promoter and enhancer elements; cvtomegalovirus immediate carly promoter; herpes
stmplex virus thymidine kinase promoter; carly and late SV 40 promoters; promoter present
m long terminal repeats from a retrovirus; mouse metallothionein-1 promoter; and vartous
art-known tissue specific promoters. Selection of the appropriate veclor and promoter is
well within the level of ordinary skill in the art.

Large numbers of suitable vectors and promoters are known to those of skill in the
art; many arc commercially available for gencrating a subject recombinant constructs. The
following vectors are provided by way of example. Bacterial: pBs, phagescript, PsiX174,
pBluescript SK, pBs KS, pNHSEa, pNH16a, pNH18a, pNH46a (Stratagene, La Jolla, Cahf,
USAY pTrc9%A, pKK223-3, pKK233-3, pDR340, and pRITS (Pharmacia, Uppsala,
Sweden). Eukarvotic: pWhneo, pSV2eat, pOG44, PXR1, pSG (Stratagene) pSVKS3, pBPV,
pMASG and pSVL (Pharmacia).

The mvention also provides for a host cell comprising one or more vectors of the
invention. “Host cell” refers (o a cell into which a vector has been introduced. It is
anderstood that the term host cell s intended to refer not only to the particular subjoct cell

but to the progeny of such a cell, and also to a stable cell line generated from the particular
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subject cell. Because certain modifications may occur in succeeding generations due {o
cither mutation or environmental influences, such progeny may not be wdentical to the
parent cell, but are still included within the scope of the term "host cell” as used heremn.
Such host cells may be eukarvotic cells, prokarvotic cells, plant cells or archeal cells.

Escherichia coli, bacilli, such as Bacillus subtilis, and other enterobacteriaceae,
such as Salmonella, Serratia, and various Pseudomonas species are examples of
prokaryotic host cells. Other microbes, such as veast, are also useful for expression.
Saccharomyces {e.g., S. cerevisiac) and Pichia are examples of suitable yeast host cells.
Excmplary cukarvotic colls may beo of mamunalian, insect, avian or other animal origing.
Mammalian eukarvotic cells include immortalized cell lines such as hybridomas or
myeloma cell Lines such as SP2/0 {American Type Culture Collection (ATCC), Manassas,
VA, CRL-1581), NS (European Collection of Cell Cultures (ECACC), Salisbury,
Wiltshire, UK, ECACC No. 831103503), FO (ATCC CRL-1646) and Ag633 (ATCC CRL-
1580) murine cell lines. An exemplary human myeloma cell line 15 U266 (ATTC CRL-
TIB-196). Other useful cell Iimes include those derived from Chinese Hamster Ovary
(CHO} cells such as CHO-KISV (Lonza Biclogics, Walkersville, MD, CHO-KI (ATCC
CRL-61) or DG44.

The mvention also provides for a method of producing an antibody of the mvention
coraprising culturing the host cell of the tnvention in conditions that the antibody 1
expressed. and recovering the antibody produced by the host cell. Methods of making
antibodies and purifving them are well known i the art. Once synthesized {(cither
chemically or recombinantly), the whole antibodics, their dimers, individual hght and/or
heavy chains, or other antibody fragments such as VH and/ or VL., may be purified
according to standard procedures, including ammonmm sulfate precipitation, affinity
columns, column chromatography, hagh performance liquid chromatography (HPLO)
purification, gel electrophoresis, and the like (see generally Scopes, Protein Purification
(Springer- Verlag, N.Y , (1982)). A subject antibody may be substantially pure, ¢.g., at
least about 80% to 85% pure, at least about 85% to 90% pure, at feast about 90% 1o 95%
pure, or at least about 98% to 99%, or more, pure, ¢.g., free from contanunants such as cell
debris, macromolecules. ete. other than the subject anttbody.

The mvention also provides for a method for producing an antagonistic antibody
specifically binding CD154 of SEQ ID NO: 1, comprising:
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incorporating the first pobynucleotide encoding the VH of the antibody and the

second polynucleotide encoding the VL of the antibody into an expression vector;

transforming a host cell with the exprogsion vector;

culturing the host cell in culture medium under conditions wherein the VL and the

VH are expressed and form the antibody; and

recoverimg the antibody from the host cell or culivre medium.

The polynucleotides encoding ceriain VH or VL sequences of the invention may be
meorporated into vectors using standard molecular biology methods. Host cell
transformation, culture, antibody expression and purification are done using well known

methods.

RBethods of Treatment

Antagouistic antibodies spectfically binding D154 of the mvention, for example
antibodies C4LBS, C4L.B8S, C4LB%4, C4LB150, C4LB189, C4LB19Y, C4LB19Y,
C41.8231, C4LB232, C4LB335 and C4LB236, mayv be used for the freatment and/or
prevention of any condition or discase wherem antagonizing the effects of CD 134 may be
therapeutically effective and may reduce the symptoms of the discase. Examples thereof
include the treatment of allergic, autoimmune, cancer, transplant, GVHD, mflamm atory
and other conditions, especiallv conditions wherern the induction of tolerance and/or the
suppression of humoral immunity are therapeutically desirable. Diseases that may be
ireated with the antibodies of the invention are immune-mediated mflammatory discases or
autoimmune diseases such as arthritis, svstemic lapus erythematosus (SLE), mflammatory
bowel disease, transplantation, kidney transplantation, skin transpiantation, bone marrow
transplantation, graft versus host disease (GVHD), immmune thrombocytopenia (ITP),
multiple sclerosis, thyroiditis, type I diabetes or atherosclerosis.

Bevond simply blocking CD1354-CD40 interactions, anti-CD1 54 therapy leads to
the induction of immunoclogic tolerance {Gordon et al., Diabetes 47: 1199-1206, 1988);
Markees et al, Transplaniation 64: 329-333, 1997, Jarvinen et al., Transplantation 76:
1375-1379, 2003; Quezada et al., Blood 102: 1920-1926, 2003, Frleta et al., J Immunother
26: 72-84, 20603 Elster ot al., Transplantation 72: 1473-1478, 2001, Benda ot ah, {ell
Transplantation 11: 715-720, 2002; Wekerle and Svkes, Annual review of medicine 2001,
$2:353-370"; Camirand ot al., Transplantation 73; 433-461, 2002).
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The mvention also provides for a method of treating an immune-mediated
mflammatory discase or an autommmune disease, comprising administering a
therapeutically effective amount of the antibody of the mvention to a subject in need
thereof for a time sufficient to treat the mmmune-mediated mflammatory discase or
autoimmune discase.

The mvention also provides for a method of treating arthritis, comprising
administering a therapeutically effective amount of the antibody of the invention to a
subject i need thereof for a time sufficient to treat arthritis.

In some embodiments, arthritis 1s juvenile arthnitis, rheumatoid arthritis, psoriatic
arthritis, Reiter’s svadrome, ankylosing spondyvlitis, or gouty arthritis,

The mvention also provides for a method of tfreating hupus, comprising
administoring a therapeutically effective amount of the antibody of the tnvention to a
subject 1 noed thereof for & time sufficient to treat lupus.

In some embodiments, fupus is systemic lupus ervthematosus (SLE) or cutancous
lupus ervthematosus (CLE).

In some embodiments, the subject has lupus nephrifis.

The mvention also provides for a method of treating mflammatory bowel discase,
comprising administering a therapeutically effective amount of the antibody of the
mvention to a subject 1n need thereof for a ime sufficient to treat inflammatory bowel
disease.

In some embodiments, inflammatory bowel discase 1s Crohn’s disease.

In some embodiments, inflammatory bowel discase is ulcerative colitis.

“Treatment” or “treat” refers to therapeutic treatment. Individuals in need of
freatment include those subjects diagnosed with the disorder or a symptom of the disorder.
Subjects that may be treated also melude those prone (o or susceptible o have the disorder,
of those n which the disorder is to be provented. Beneficial or desired chuical results
mclude alleviation of symptoms, diminishment of extent of disease, stabilized (i.¢., not
worsening ) state of discase, delav or slowing of discase progression, amelioration or
palliation of the disease state, and remission (whether partial or total), whether detectable or
undetectable. Beneficial chimical result include, in a subject who has received treatment, for
example reduced proliferation of B cells or dendritic cells, reduction of mflammatory
cvtokines, adhesion molecules, proteases, immunoglobuling (in mstances where the CD40
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bearing cell is a B cell), combinations thereof, increased production of anti- inflammatory
proteins, a reduction o the number of autoreactive cells, an increase i immune {olerance,
mhibition of antoreactive cell survival, and/or a decrease in one or more symptoms
mediated by stimulation of CD40-expressing cells by CD154,

Clinical response may be assessed using screening techniques such as magnetic
-esonance tmaging (MRI) scan, x-radiographic mmaging, computed tomographic {CT) scan,
flow cytometry or fluorescence-activated cell sorter (FAUS) analysis, histology, gross
pathology, and blood chemistry, mcludmg but not hmited to changes detectable by ELISA,
RIA, chromatography, and the hike.

Exemplary antibodies that may be used in the methods of the vention comprise
the VH, the VL, the HCDR and/or the LCDR regions as shown in Table 2, Table 3, Table
4, Table 5, Table 6, table 7, Table 8, Table 9, Table 13 and Table 14, and antibodies
C4LBS, C4LB89, C4LB9%, C4LB130, C4LB189, C4LB191, C4LB199, C4LB231,
C4LB232, C4LB35 and C41LB236.

The methods of the invention may be used to treat a subject belonging to any
amimal classification. Examples of subjects that may be treated inclade marmmals such as
humans, rodents, dogs, cats and farm animals.

The antibodies of the invention may be useful in the preparation of a medicament
for such treatiment, wherem the medicament is prepared for admmistration m dosages
defined herein.

The antibodics of the mvention may be administered i combination a second
therapeuntic agent.

The second therapeutic agent may be any known therapy for autoimmune and
mflammatory diseases, including any agent or combination of agents that are known to be
useful, or which have been used or are currently 1n use, {for ireatment of astoimmune and
mflammatory diseases. Such therapies and therapeutic agents mclude surgery or surgical
procedures (e.g. splencctomy, lvimphadenectomy, thyroidectomy, plasmapheresis,
leukophorests, cell, tissue, or organ transplantation, intestinal procedures, organ perfusion,
and the like), radiation therapy, therapy such as steroid therapy and nos-steroidal therapy,
hormone therapy. oytokine therapy. therapy with dermatolegical agents (for example,

topical agents used to treat skin conditions such as allergies, contact dermatitis, and

o
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psoriasis), immunosuppressive therapy, and other anti-inflammatory monoclonal antibody
therapy.

The second therapeutic agent may be a corticosteroid, an antimalanal drug, an
immunosuppressant, a cvtotoxic drug, or a B-cell modulator.

In some embodiments, the second therapeutic agent is prednisone, prednisolone,
methylprednisolone, deflazcort, hvdroxychloroguine, azathioprine, methotrexate,
cyclophosphamide, mycophenolate mofet] (MMF), myvcophenolate sodium, cyclosporine,
leflunomide, tacrolimus RITUXAN® {rituximab) , or BENLYSTA® {(beltmumab).

In some embodiments, the antibodies of the mvention are administered in
combimation with a second therapeutic agent. Exemplary second therapeutic agents are
corticosteroids, nonsteroidal anti-inflammatory drogs (NSAIDg), salicylates,
hvdroxvehioroquine, sulfasalazine, cytotoxic drugs, immunosuppressive drugs
mmunomodulatory antibodies, methotrexate, cyclophosphamide, mizoribing,
chlorambucil, cvclosporine, tacrolimus (FK506 ; ProGrafrM), mveophenolate mofeti), and
azathioprine (G-mercaptopuring), sirolimus {rapamyvein), deoxyspergualin, leflunomide and
1ts malononitriloamide analogs; anti-CTLA4 antibodies and Ig fusions, anti-B bvmphocyvic
stimulator antibodios {c.g., LYMPHOSTAT-BTM} and CTLA4-Ig fusions (BLyS-ig), anti-
CD80 antibodies, anti-T cell antibodies such as anti-CD3 (OKT3), anti-CD4,
corticosteroids such as, for example, clobetasol, halobetasol, hydrocortisone, trnamcinolone,
betamethasone, fluccinole, fluocinonide, prednisone, prednisclone, methylpredniscolone;
non-steroidal anti- inflammatory dregs (NSAIDS) such as, for example, salfasalazine,
medications contaiming mesalamine {known as 3-ASA agents), celecoxib, diclofenac,
etodolac, fenprofen, flurbiprofen, ibuprofen, ketoprofen, meclofamate, meloxican,
nabumetone, naproxen, oxaprozin, piroxicam, rofecoxib, sahicylates, sulindac, and tolmetin;
phosphodiesterase-4 inhibitors, anti-TNFou antibodies REMICADE® (infliximab),
SIMPONI® (golimamab) and HUMIRA® {(adalimumab), thalidomide or tts analogs such
as lenalidomide.

The antibodies of the mvention may be administered in combination with a second
therapentic agent simultancously, sequentially or separaicly .

Treatment cffectiveness or RA may be assessed using effectivencss as measured by

clinical responses defined by the American College of Rheumatology criteria, the European
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League of Rheumatism criteria, or any other criteria. See for example, Felson et al. (1993)

Arthritis Rheum. 38 : 727-35 and van Gestel et al. (1996} Arthritis Rheum. 39: 34-40.

Administration/Pharmaceutical Compositions

The mvention provides for pharmaceutical compositions of the antagonstic
antthodies specifically binding CD154 of the invention and a pharmaceutically acceptable
carrier. For therapeutic use, the antibodies the invention may be prepared as
pharmaceutical compositions containing an effective amount of the antibody as an active
mgredient in a pharmaceuntically acceptable carrier. The term "carrier” refers to a diluent,
adpuvant, excipient, or vehicle with which the active compound is adminisiered. Such
rehicles may be liquids, such as water and oils, moluding those of petrolcam, arumal,
vegetable or synthetic origin, such as peanut o1l, sovbean oil, mineral oil, sesame o1l and
the like. For example, 0.4% saline and 0.3% glycine can be used. These solutions are
sterile and generally free of particulate matter. They may be sterilized by conventional,
well-kaown sterilization techniques (e g., filtration). The compositions may contain
pharmaceutically acceptable auxtliary substances as required to approximate physiological
conditions such as pH adjusting and buffering agents, stabilizing, thickening, lubnicating
and coloring agents, ctc. The concentration of the molocules or antibodies of the invention
m such pharmaceuntical formufation may vary widely, 7.e., from less than about 0.3%,
usually to at least about 1% to as much as 3%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45% or 50% by weight and will be selected primarily based on required dose, fluid
volumes, viscosifies, ete., according to the particular mode of administration selected.
Suitable vehicles and formulations, inclusive of other human proteins, ¢.g., human serum
albumm, are described, for example, in e.g. Remington: The Science and Practice of
Pharmacy, 21% Edition, Troy, D.B. cd., Lipincott Williams and Wilkins, Philadclphia, PA
2006, Part 5, Pharmaceutical Manufacturing pp 691-1092, Sec especially pp. 958-989.

The mods of admunistration of the antibodics of the mvention i the methods of the
mvention may be anv suitable route such as parenteral administration, ¢.g., intradermal,
mtramuscular, intraperitoneal, infravenous or subcutaneous, transmucosal {oral, intranasal,
intravaginal, rectal} or other means appreciated by the skalied artisan, as well known m the

art.
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The antibodies of the mvention may be admanistered to a subject by any suitable
rouie, for examaple parentally by intravenous (i.v.} imfosion or bolus injection,
mtramuscularly or subcutanecusly or wtraperiioneally. 7.v. infusion may be given over for,
example, 15, 30, 60, 90, 120, 180, or 240 minutes, or from 1, 2,3,4,5,6,7, 8,9, 10, 11 or
12 hours.

The dose given to a subject having an immune-mediated inflammatory disease or
an autoimmpne disease such as theumatoid arthritis is sufficient to alleviaie or at least
partially arrest the discase being treated (“therapeutically effective amount™) and may be
sometimes 0.005 mg/kg to about 100 mg/kg, e.g. about 0.05 mg/kg to about 20 mg/kg or
about (0.1 mg/kg to about 20 mg/ke, or about 1 mg to about 20 mg/ke, or about 4 mg/kg,
about 8 mg/kg, about 16 mg/kg or about 24 me/kg ,or,eg., about1,2.3,4,5,6.7.8,%or
10 meg/kg, but may even higher, for example about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 23,
30, 40, 50, 60, 70, 80, 90 or 100 mg/kg.

A fixed unit dose may also be given, for example, 50, 100, 200, 300 or 1000 mg, or
the dose may be based on the patient's surface area, ¢.g., 500, 400, 300, 250, 200, or 100
mg/m”. Usually between 1 and § doses, (e.g.. 1,2. 3.4, 5, 6, 7 or 8) may be administered to
treat the immunc-mediated mflammatory disease, such as theumatoid arthntis, but 9, 10,
11,12, 13, 14, 15,16, 17, 18, 19, 20 or more doses may be given.

The administration of the antibodies of the invention may be repeated after one
day, two days, three davs, four davs, five days, six davs, one week, two weeks, three weeks,
one month, five weeks, six weeks, seven weeks, two months, three months, four months,
five months, six months or longer. Repeated courses of treatment are also possible, as is
chronic administration. The repeated admustration may be at the same dose or at a
different dose. For example, the antibodies of the nvention may be administered at (.1
mg/ke, at 1 mg/kg, at 5 me/ke, at 8 mg/kg or at 16 mg/kg at weekly interval for 8 wecks,
followed by administration at 8 mg/kg or at 16 mg/kg every two weeks for an additional 16
weeks, followed by admimistration at 8 mg/ kg or at 16 mg/kg every four weeks by
mtravenous infusion.

The antibodies of the nvention may be provided by maintenance therapy, such as,
c.g _, once a week for a period of 6 months or more.

For example, the antibodies of the invention may be provided as a daily dosage in

an amount of about 0.1-10C mg/kg, such as 053,09, 1.6, 1.1,1.5,2,3,4,5,6,7, 8,9, 10,
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11,12, 83,14, 15,16, 17,18, 19,20, 21, 22,23, 24,25, 26, 27,28, 29, 30, 40, 45, 50, 60,
70, 80, 90 or 100 mg/kg, per day, on at leastone of day 1,2.3,4. 5.6, 7. 8,9, 10, 11, 12,
13,14, 15,16, 17,18, 19,20, 21,22, 23, 24,25, 26 27 28 29 30,31,32, 33,34, 35, 36,
37,38, 39, or 40, or altematively, at least one of week 1,2,3,4,5,6,7,8, 9,10, 11,12, 13,
14, 15,16, 17, 18, 19 or 20 after mitiation of treatment, or any combination thereof, using
single or divided doses of every 24, 12, 8, 6, 4, or 2 hours, or any combination thereof,

The antibodies of the invention may also be admiaistered prophylactically in order
to reduce the risk of developing the immune-mediated mflammatory discase or an
autotmmune disease such as arthnitis or theumatoid arthritis, and/or delay the onset of the
mmune-mediated inflammatory discase of the autoimmune disease.

Thus. a pharmaceutical composition of the invention for mtramuscular mjection
may be prepared (o contain | mi sterile buffered water, and between about | ng to about
100 mg/kg, e.g. about 30 ng to about 30 mg/ke or more preferably, about 5 mg to about 25
mg/ke, of the antibody of the invention.

For example. a pharmaceutical composition comprising the antibodies of the
mvention for intravenous infusion may be made up to contain about 200 mi of sterile
Ringer's solution, and about 8 mg to about 2400 mg, about 400 mg to about 1600 mg, or
about 400 mg to about 300 mg of the antibodies of the invention for admmistration to a 80
ke paticnt. Methods for preparing parenterally administrable compositions are well kaown
and are described m more detail in, for example, "Remington's Pharmaceutical Science”,
15th od, Mack Publishing Company, Easton, PA.

The “therapeutically effective amount” of the antibodios of the mvention effective
i the treatment of an immune-mediated inflammatory disease or an antoimmune discase
may be determined by standard research technigques. For example, i vitro assays may be
emploved to help Wdentify optimal dosage ranges. Optionally, the dosage of the antibodics
of the wvention that may be effective in the treatment of immune-modiated wflammatory
diseases or autoimmune discases such as arthritis or rheumatoid arthritis may be
detormined by admimnistering the antibodies to relevant amimal models well kaown in the
art. Selection of a particular effective dose may be determined (e.g., via clinical trials) by
those skilled in the art based upon the consideration of several factors. Soch factors inchude
the discase to be treated or prevented, the symptoms involved, the patient’s body mass, the
patient's immune status and other factors known by the skilled artisan. The precise dose to
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be emploved mn the formulation will also depend on the route of adounistration, and the
severtty of disease, and should be decided according to the judgment of the practitioner and
each patient's circumstances. Effective doses can be extrapolated from dose-response
curves derived from i vitro or amimal model test systems. The antibodies of the invention
may be tested for their efficacy and cffective dosage using any of the models described
herein.

The antibodies of the invention may be lvophilized for storage and reconstituted in
a suitable carrier prior to use. This technique has been shown to be effective with
conventional protein preparations and well known fvophilization and reconstitution

technigues can be emploved.

Anti-idiotypic antibodies

The present mvention provides for an anti-idiotypic antibody binding to the
antibody of the mvention.

The mvention alse provides for an anti-idiotypic antibody specifically binding the
antibody comprising the VH of SEQ 1D NO: 38 and the VL or SEQ ID NG: 65

The mvention also provides for an anti-idiotypic antibody specifically binding the
antibody comprising the VH of SEQ 1D NO: 539 and the VL or SEQ D NO: 66,

The invention also provides for an anti-idiotypic antibody specifically binding the
anfibody comprising the VH of SEQ 1D NO: 60 and the VL or SEQ ID NO: 67,

The mnvention alse provides for an anti-idiotypic anttbody specifically binding the
antibody comprising the VH of SEQ D NO: 61 and the VL or SEQ ID NO: 68

The mvention also provides for an anti-idiotypic antibodv specifically binding the
anttbody comprising the VH of SEQ 1D NO: 62 and the VL or SEQ ID NG: 69

The mvention also provides for an anti-idiotypic antibody specifically binding the
antibody comprising the VH of SEQ ID NO: 63 and the VL or SEQ D NG: 70.

The mvention also provides for an anti-idiotypic antibody specifically binding the
antibody comprising the VH of SEQ ID NO: 64 and the VL or SEQ D NO: 71

The invention also provides for an anti-idiotypic antibody specifically binding the
antibody comprising the VH of SEQ 1D NO: 39 and the VL or SEQ ID NO: 72,

The mvention also provides for an anti-idiotypic antibody specifically bimding the
anttbody comprising the VH of SEQ D NO: 59 and the VL or SEQ 1D NO: 73
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An anti-idiotypic (Id) antibody 1s an antibody which recognizes the antigenic
determimants {e.g. the paratope or CDRs) of the anitbody. The Id antibody may be antigen-
blocking or non-blocking. The antigen-blocking Id may be used to detoct the free antibody
i a sample (e.g. CD134 antibody of the nvention described herein). The non-blocking Id
may be used to detect the total antibody (free, partially bond to antigen, or fully bound to
antigen) in a sample. An Id antibody may be prepared by immunizing an animal with the
antibody to which an anti-Id is being prepared.

An anti-Id antibody may also be used as an inmunoges to induce an immune
response m vet another animal, producing a so-called anti-anti-Id antibody. An anti-anti-Id
may be epitopically identical to the original mAb, which mduced the anti-ld. Thus, by
using antibodics to the idiotypic determinanis of a mAb, it i possible to identify other
clones expressing antibodics of identical specificity. Anti-Id antibodics may be vaned
(thercby producing anti-Id antibody variants) and/or derivatized by any suitable technique,
such as those described elsewhere hercin with respect to the antibodies specitically binding

HLA-DR antibodies.

Immunoconjugates

An "tmmunoconjugate” refers to the antibody of the mvention conjugated to one or
maore beterologous molecule(s).

In some embodiments, the antthody of the mvention 1s conjugated to one or more
cvtotoxic agents. Exemplary such cyvtotoxic agents include chemotherapeutic agents or
drugs, growth inhibitory agents, toxans {e.g., protemn toxins, enzymatically active toxins of
bacterial, fungal, plant, or animal origim, or fragments thereof), and radioactive isotopes.

In some embodiments, an immunoconjugate is an antibody-drug conjugate (ADC)
in which the antibody of the invention is comjugated o one or more drugs, such asto a
maytansinoid (see, e.g., ULS. Patent No. 3,208,020, 5,416,06}}; an auristatin such as
monomethyvlauristatin drug motetics DE and DF (MMAE and MMAF) (see, e.g., US.
Patent Nos. 3,635,483 and 5,780,588, and 7,498,298), a dolastatin, a calicheamicin or

erivative thereof (see, e.g., U.S. Patent Nos. 5,712,374, 5,714,586, 5,739, 116, 5,767,285,
5,770,701, 5,770,710, 5.773,001, and 3,877.296; Hinman ¢f /., (1993} Cancer Res
33:3336-3342; and Lode ef ol ,{(1998) Cancer Res 58:2925-2528); an anthracychne such as
daunomyein or doxorubicin (see, ¢.g., Kratz ef ol., (2006) Current Med. Chem 13:477-523;
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Jeffrey et al., (2006) Bioorganic & Med Chem Letters 16:358-362; Torgov ef al., (2003)
Bioconj Chem 16:717-721; Nagy er al., (2000) Proc Nati Acad Sci USA 97:829-834;
Dubowchik et al, Bioorg. & Med. Chem. Letters 12: 1529-1532 (2002}, Kmng et of., (2002)
JMed Chem 45:4336-4343; and U.S, Patent No, 6,630,579}, methotrexate, vindesme, a
taxane such as docetaxel, paclitaxel, larotaxel, tesetaxel, and ortataxel.

In some embodiments, the mmmunoconjugate comprises the antibody of the
invention conjugated to an enzymatically active toxin or fragraent thercof, such as
diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain
(from Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-
sarcin, Aleurites fordu proteins, dianthin proteins, Phytolaca americana proteins (PAPL
PAPIH, and PAP-5), momordica charantia inhibitor, corcin, orotin, sapacuaria officinalis
mhibitor, gelonin, mitogelln, restrictocm, phenomyein, enomvem, and the tricothecenes.

In some embodiments, the antibody of the imvention is conjugated to a radioactive
atom to form a radioconjugate. A variety of radicactive 1sotopes are available for the
produciion of radioconjugates. Examples inclade At211, 1131, 1125, Y90, Rel186, Rel88,
Sm1353, Bi212, P32, Pb212 and radicactive isolopes of Lu. When the radioconjugate is used
for detection, it may comprise a radioactive atom for scintigraphic studies, for example
tc99m or 1123, or a spin label for nuclear magnetic resonance (NMR) imaging (also known
as magnetic resonance imaging, wri), such as todine- 123 again, 1iodine-~ 131, indium-1
fluorine-19, carbon-13, nitrogen-13, oxygen-17, gadohinium, manganese or ron.

Conjugates of the antibody of the mvention and the cytotoxic agent may be made
using a variety of bifunctional protein coupling agents such as N-succnmidy!-3-(2-
pyridyldithio) propionate (SPDP), succiminudyl-4-(N-maleimidomethvl) cvclohexane-l-
carboxylate (SMCC), imincthiolane (IT), bifunctional derivatives of imidoesters (such as
dimethyl adipumidaie HQ), active esters {such as disuccinimidyi suberate), aldehydes {such
as glutaraldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine),
bis~diazonitum derivatives (such as bis-(p-diazoniumbenzoyj-cthylenediamine),
duisocvanates (such as toluene 2,6~dusocyanate), and bis-active fluorine compounds {such
as 1.5-difluoro-2 4-dimitrobenzene). For example, a ricin immunotoxin may be prepared as
described in Vitetia ef af., (1987) Science 238: 1098, Carbon- 14-labeled -
isothiocyanatobenzyl-3-methyidicthvlene triammepentaacetic acid (MX- DTPA} s an

exemplary chelating agent for conjugation of radionucleotide to the antibody. See, c.g.,

-~
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W094/11026. The linker may be a "cleavable linker” facilitating release of a cytotoxic drug
in the cell. For example, an acid-labie linker, peptidase-sensitive linker, photolabile linker,
dimethyi linker or disulfide-containing linker (Chan er o/, (1992} Cancer Res 52: 127-131;
U.S. Patent No. 5,208,020) may be used.

The mnmuncconjugates or ADCs may be prepared with cross-linker reagents such
as BMPS, EMCS, GMBS, HBYS, LC-SMCC, MBS, MPBH, 8BAP, 81A, SIAB, SMCC,
SMFB, SMPH, sulfe-EMCS, sulfe-GMBS, solfo-KMUS, sulfo-MBS, sulfe-SIAB, sulfo-
SMCC, and sulfo- SMPB, and SVSB Guccinimidyi-(4-vinylsulfone)benzoate) which are
commerciallv available (e.g., from Pierce Biotechnology, Inc., Rockford, 1L, U.S.A).

The mvention also provides for an immunoconjugate comprising the antibody
specifically binding CD134 of SEQ ID NO: 1 of the invention linked to a therapeutic agent

or an imaging agent.

Further embediments of the invention

Set out below are certain further embodiments of the invention accordimg to the
disclosures elsewhere herein. Features from embodiments of the invention set out above
described as relating to the mvention disclosed herein also relate to each and every one of

these further numbered embodiments.

1} An isolated antagomisiic antibody or an antigen binding portion thereof specifically
binding human CD154 of SEQ {D NG: 1, comprising a heavy chamn complementarity
determining region (HCDR) | of SEQ ID NG: 17 (8YGIS), a HCDRZ of SEQ ID NO:
23 (WISPIFGNTNY AQKFQG) and a HCDR3 of SEQ 1D NO: 30 (SRYYGDLDY),
wherein optionally
a) the HCDRI residue Slismutatedto A, C, B, E, G LK LM N, QR Tor vV,

b) the HCDRI residue [4 is mutated to M, L or V;

¢} the HCDRI residue S35 1s mutated to A;

d) the HCDRZ residue 83 s mutated to A, T or V;

e} the HCDR?2 residue P4 is mutated to V, T, L Q or E;

£y the HCDRZ residue N8 s mutatedto A, C, DLEF, G, H LK LM, Q. R S, T.V,
WorY,
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Nanr’

the HCDR2 residue T9 is mutated to A, C, DL EF, G H LK L, M. Q. R 8, T, V,

WorY:

by the HCDR2 residue N1G s mutated to A, C. D EF, G H LK, LM, 3, R, 5, T,
V,WorV;

1} the HCDR3 residue S1 is mutated to A or M;

1} the HCDR3 residue RZ s mutated to A, S, Q or K and

k3 the HCDRS3 residue L7 18 mutated to M.

4]

2) The antibody of claim 1, comprising a hght chain complomentarity determining region
(LCDR)Y 1 of SEQ D NO: 37 (RASQSISSYLN), a LCDRZ2 of SEQ 1D NQO: 44
(YANSLQS) and a LCDR3 of SEQ ID NG: 52 (QOSDSIPWT), wherem optionally
a} the LCDR] residue Qd ismutated to A, C, DL EF, G H LK LM, N R § TV,
Wory,

b) the LCDRI residue S5 ismutated o A, C, B EF, G H LK L M N QR TV,
WorY;

¢) the LCDRIresidue S7Tismutatedto A C. D ELF GH LK LM N QR TV,
Wor Y;

dy the LCDRI residue S8 ismutated to A, C, DL EF G H LK LM N. QR T, V,
Wory;

¢} the LCDRZ residue A2 1s mutated to S;

fy  the LCDR2 residue N3 s mutated io A,C, D EF. G H LK L M, Q, RS, T.V,
WorY;

g1 the LCDRZ residue S4 s mutated to A, C,DLEF G H LK LM N QR T, V,
Wory;

h) the LCDRZ residue LS sowtated 0 A, C, D E, F, GO H LK, M, N, QLR 8, T, V,
WorY:

1} the LCDR2 residue Q6 1s mutated to B, D or N

1} the LCDRZ residue 87 s mutated to A, C, DL EF G H LK LM N QR T, V,

Wory;

k) the LCDRS3 residue 53 1s mutated to A

1} the LCDR3 residue D4 15 mutated o N,

m) the LCDR3 residue S3ismutated to A, C, D, ELF G H LK LM, N, QR TV,
WorY,; and

U
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n) the LCDR3 residue 6 s mutated to A, C, DL E, GO K LM N, QR 5 T, V.

3) The antibody according to embodiment 1 or 2, comprising the HCDRI1 of SEQ ID NO:
17 (SYGIS), the HCDR2 of SEQ 1D NO: 23 (WISPIFGNTNYAQKFQG), the HCDR3
of SEQ 1D NG: 30 (SRYYGDLDY), the LCDR1 of SEQ D NQ: 37
{(RASQSISSYLN), the LCDR2 of SEQ 1D NO: 44 (YANSLQS) and the LCDR3 of
SEQ 1D NO: 52 (QOSDSIPWT).

4) The antibody according to any one of embodiments 1-3, comprising
a} the VH of SEQ ID NO: 39 and the VL of SEQ ID NO: 66; or
b) the heavy cham of SEQ 1D NO: 80 and the hight chain of SEQ 1D NO: 81,

H

N’

An solated antagonisiic antibody specifically binding soluble hurnan CD154

(shCD154) of SEGQ ID NG: 4.

6} The antibody according to any one of embodiments 1-5, comprising at least one
substitution e an Fe region.

7y The antibody according to any one of embodiments 1-6, wherein the antibody does not
activate human platelets.

8) The aatibody according to any one of embodiments 1-7, wherein the antibody binds to
shCD 154 with a dissociation constant Ky of about 55107 M or less, about 1x10” M or
less, about 5x167° M or less. about 1x10™" M or less, about 5x10™" M or less. or about
Ex10™ M or less, when the Kp s measured using ProteOn XPR36 svstem using
experimental design described in Example 1, affinity measurements.

9) The antibody according to any one of embodiments 1-8, wherein the antibody inhubits
shCD134-mediated human B cell proliferation with an ICs value of between about
7.0%x10™ ' M to about 6x107" M.

10} The antibody according to any one of embodiments 1-9, wherein the antibody inhibits
shCD134-medialed expression of secrcted embryonic alfkaline phosphatase (SEAP)
under NF-kB-inductble interferon-p (IFN-B) minimal promoter in HEK293 celis stably
expressing SEAP and human CD40 with an 1Cs, value of about 2.1x10™ M or less.

11} The antibody according to any one of embodiments 1-10, wherein the antibody

competes for binding to shCD154 with an antibody comprising a heavy chain variable

region {VH} and a light cham vanable region {VL), wherein the VH compnises the

sequence of SEQ ID NO: 59 and the VL comprises the sequence of SEQ 1D NO: 66.

N
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12} The antibody according to any one of embodiments 1-11, wherein the antibody

comprises heavy chain complementarity deternuning regions (HCDR) 1 (HCDR1), 2

{(HCDBR2) and 3 (HCDR3) amino acid sequences of the VH of SEQ ID NOs: 53, 59,

60, 61, 62, 63 or 64, optionally having one, two or three conservative amino acid
substitutions in the HCDR1, the HCDR2 and/or the HCDR3, wherein the HCDRs are
defined by Kabat, Chothia or IMGT.

13) The antibody according to any one of embodiments 1-12, wherein the antibody

comprises light chain complementarity determining regions (LCDR) 1 (LCDR1), 2
(LCDR2) and 3 (LCDR3) amino acid sequences of the VL of SEQ 1D NOs: 63, 66, 67,

68, 69,70, 71, 72 or 73. optionally having one, two or three conservative amino acid
substitutions in the LCDR1, the LCDR2 and/or the LCDR3, wherein the LCDRs are
defined by Kabat, Chothia or IMGT.

14} The antibody according to any one of embodiments 1-13, comprising the HCDRI, the

HCDR2 and the HCDR3 amino acid sequences of

a)

d)

e}

g)

SEQ ID NOs:
SEG ID NOs:
thereof

SEQ 1D NOs:
thereof,

SEQ ID NOs:
SEGQ ID NOGs:
SEQ ID NOs:
or

SEQ ID NOs:

16, 22 and 29, respectively, and conservative modifications thereof)

17, 23 and 30, respectively, and conservative modifications
16, 24 and 31, respectively, and conservative modifications
18,25 and 32, respectively, and conservative modifications thereof,
19, 26 and 33, respectively, and conservative modifications thereof;

20, 27 and 34, respectively, and conservative modifications thereof,

21, 28 and 33, respectively, and conservative modifications thercof.

15) The antibody according to any one of embodiments 1-10 comprising, the LCDRI, the

LCDR2, and the LCDR3 amino acid sequences of

a)
b)
¢
d)
el

f)

SEQ ID NOs:
SEQ D NQOs:
SEQ 1D NOs:
SEQ ID NOs:
SEQ ID NQOs:
SEQ D NOs:

36, 43 and 31, respectively, and conservative modifications thereof’
37, 44 and 52, respectively, and conservative modifications thercof,
38. 45 and 33, respectively, and conservative modifications thercof:
39, 46 and 34, respectively, and conservative modifications thereof,
48, 47 and 35, respectively, and conservative modifications thereof,
41, 47 and 56, respectively, and conservative modifications thereof,

61



WO 2017/024146

Nanr’

4]

i)

PCT/US2016/045574

SEQ 1D NOs: 42, 48 and 57, respectively, and conservative modifications thereof

SEQ ID NGg: 37, 49 and 572, respectively, and conservative modifications thercof)

or

SEQ [D NOs: 37, 50 and 32, respectively, and conservative modifications thereof,

16) The antibody according to anv one of embodiments 1-15 comprising the HCDRI, the

HCDRZ and the HCDR3 of

a)
b)
c)
dj
e}
)

£

SEQ ID NOg:
SEQ ID NQOs:
SEQ D NOs:
SEQ ID NOs:
SEG ID NOs:
SEQ ID NOs:
SEQ ID NQOs:

16,272 and 29,
17, 23 and 38,
16,24 and 31,
18, 25 and 32,
19, 26 and 33,
20,27 and 34,
2%, 28 and 35,

respectively;
respectively;
respectively;
respectively;
respectively;
respectively; or

respectively.

17) The antibody according to any one of embodiments 1-16 comprising the LCDRI, the

LCDR2 and the LCDR3 of

al

i}

SEG ID NOs:
SEQ ID NOs:
SEQ 1D NOs:
SEQ 1D NOs:
SEQ ID NOs:
SEG ID NOs:
SEQ ID NOs:
SEQ D NQOs:
SEQ 1D NOs:

36,43 and 51,
37,44 and 32,
38,45 and 53,
39, 46 and 34,
40, 47 and 53,
41, 47 and 36,
42, 48 and 37,

respactively;
respectively;
respectively;
respectively;
respectively;
respactively;

respectively;

37, 49 and 52, respectively; or

37,50 and 32, respectively,

18) The antibody according to any onc of embodiments 1-17 comprising the HCDR1, the
HCDRZ and the HCDR3 of SEQ ID NGs: 16, 22 and 29, respectively, and the LCDRI,
the LCDRZ and the LCDRS of SEQ 1D NOs: 36, 43 and 31, respectively.

19) The antibody according to anv one of embodiments 1-17 comprising the HCDRI, the
HCDR2 and the HCDR3 of SEQ 1D NOs: 17, 23 and 30, respectively, and the LCDRI,
the LOCDRZ and the LCDR3 of SEQ D NOs: 37, 44 and 532, respectively.
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20} The antibody according to any one of embodiments 1-17 comprising the HCDRI, the
HCDR2 and the HCDR3 of SEQ 1D NOGs: 16, 24 and 31, respectively, and the LCDRI,
the LCDR2 and the LCDR3 of SEQ ID NQs: 38, 45 and 33, respectively.

21) The antibody according to any one of embodiments 1-17 comprising the HCDR1, the
HCDRZ and the HCDR3 of SEQ 1D NQs: 18, 25 and 32, respectively, and the LCDRI,
the LCDRZ and the LCDR3 of SEQ 1D NUs: 39, 46 and 34, respectively.

22) The antibody according to any one of embodiments 1-17 comprising the HCDR1, the
HCDRZ2 and the HCDR3 of SEQ ID NGs: 19, 26 and 33, respectively, and LCDRI, the
LCDR2 and the LCDR3 of SEQ ID NOs: 40, 47 and 53, respectively.

23) The antibody according to any one of embodiments 1-17 comprising the HCDRI, the
HCDRZ and the HCDR3 of SEQ ID NGs: 28, 27 and 34, respectively, and the LCDRI,
the LCDRZ and the LCDRS3 of SEQ 1D NOs: 41, 47 and 36, respectively.

24} The antibody according to any one of embodiments 1-17 comprising the HCDRY the
HCDR2 and the HCDR3 of SEQ 1D NGs: 21, 28 and 35, respectively, and the LCDRI,
the LUDR2 and the LCDR3 of SEQ 1D NOs: 42, 48 and 37, respectively.

23} The antibody according to any one of embodiments 1-17 comprising the HCDR1, the
HCDR?2 and the HCDR3 of SEQ 1D NQGs: 17, 23 and 30, respectively, and LCDR1, the
LCDR2 and the LCDR3 of SEQ ID NOs: 37, 49 and 52, respectively.

26) The antibody according to any one of embodiments 1-17 comprising the HCDRI, the
HCDR2 and the HCDR3 of SEQ ID NOs: 17, 23 and 30, respectively, and the LCDR1,
the LCDRZ and the LCDR3 of SEQ ID NGOs: 37, 50 and 32, respectively.

27} The antibody according to any one of embodiments 1-26, comprising the VH that g at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the
VH of SEQ 1D NOs: 38, 59, 60, 61, 62, 63 or 64

28) The antibody according to any one of embodiments 1-27, comprising the VL that is at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the
VL of SEQ 1D NOs: 65, 66, 67, 68, 69, 70, 71, 72 or 73.

29) The antibody according to any one of embodiments 1-28 comprising the VH of SEQ
D NG: 58 and the VL or SEQ ID NO: 63, wherein the VH, the VL or both the VH and
the VL optionally comprise one. two, three, four, five, six, seven, eight, nine, ten,

eleven, twelve, thirteen, fourteen or fifteen amino acid substitutions.
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30) The antibody according to any one of embodiments 1-28 comprising the VH of SEQ
10 NOG: 39 and the VL or SEQ ID NO: 66, wherein the VH, the VL or both the VH and
the VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen or fiftecn amine acid substitutions.

31) The antibody according to anv one of embodiments 1-28 comprising the VH of SEQ
I NG: 60 and the VL or SEQ ID NO: 67, wherein the VH, the VL or both the VH and
the VL optionally comprise one. two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen or fifteen amino acid substitutions.

32) The antibody according to any one of embodiments 1-28 comprising the VH of SEQ
1D NO: 61 and the VL or SEQ ID NO: 68, wherewn the VH, the VL or both the VH and
the VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen or fifteen amino acid substitutions.

33) The antibody according to any one of embodiments 1-28 comprising the VH of SEQ
D NG 62 and the VL or SEQ ID NO: 69, wherein the VH, the VL or both the VH and
the VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen or fifteen amine acid substitutions.

34) The antibody according to any one of embodiments 1-28 comprising the VH of SEQ
ID NO: 63 and the VL or SEQ ID NO: 70, wherein the VH, the VL or both the VH and
the VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen or fifteen aming acid substitutions.

353 The antibody according to any one of embodiments 1-28 comprising the VH of SEQ
D NO: 64 and the VL or SEQ ID NOG: 71, whereimn the VH, the VL or both the VH and
the VL optionally comprise ong, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen or fifteen amino acid substitutions.

36) The antibody according to any one of embodiments 1-28 comprising the VH of SEQ
ID NQO: 539 and the VL or SEQ ID NO: 72, wherein the VH, the VL or both the VH and
the VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen or fiftcen amino acid substitutions..

37) The antibody according to any one of embodiments 1-28 comprising the VH of SEQ
10 NG: 39 and the VL or SEQ ID NOG: 73, wherein the VH, the VL or both the VH and
the VL optionally comprise one, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen or fifteen amino acid substitutions.
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38) The antibody according to any one of embodiments 1-37, wherein the antibody
comprises af least one substitution in an Fo region.

39) The antibody according to any one of embodiments 1-38, wherein the at least one
substitution 1n the Fe region 1s substitutions L234A, L235A, G237A, P238S, H268A,
A3305 and P3315S, wherem residuc numbering 15 according to the EU Index.

40) The antibody according to any one of embodiments 1-38, wheremn the at least one
substitution i the Fc region is substitutions V234A, G237A, P238S, H268A, V3051,
A3305 and P3315, wherem residue numbering 18 according to the EU Index.

41) The antibody according to any one of embodiments 1-40, wherein the antibody 1s of
IeGl, 1gG2, [eG3 or 1gG4 1sotvpe.

42} The antibody according to any one of embodiments 1-41, whercin all antibody
paratope residues reside n the VH.

43} The antibody according to any one of embodiments 1-42, wherein the antibody binds a
first CD1 54 monomer and a second CD34 monomer simultancously i a soluble
human CD 154 tnmer.

44} The antibody according to embodiment 43, wherein the antibody binds at least one,
two, three, four, five, six, seven or eight CD134 residues i the first CD134 monomer
within amino acid residues 182-207 of CD1534 of SEQ ID NO: 1, wherein residue
numbering s according to SEQ ID NO: 1.

45} The antibody according (¢ embodiment 43 or 44, wherein the antibody binds at least
one, two, three, four, five, six, seven or erght CD154 residucs in the second CD134
monomer withm amino acid residues 176-233 of CD134 of SEQ 1D NO: 1, wherein
residuc numbering 1s according to SEQ ID NG: 1

46) The antibody according to any one of embodiments 43-43, wherein the antibody binds
residues BE182, S185, Q186, A187, P188, S214, A215 and R207 in the first CD154
monomer, wherein residue nambering is according to SEQ ID NO: 1

47} The antibody according to any one of embodiments 43-46, wherein the antibody binds
residues T176, F177, C178, 3220, 8248, H249, (G250 and F353 in the second C3154
monomer, wherein residuc numbering s according to SEQ [D NOG: 1,

48) A bispecific molecule comprising the antibody or antigen-binding portion thereof
according to any one of embodiments 1-47 linked to a second antigen-binding

molecule having a different binding specificity.

N
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49) The antibody according to any one of embodiments 1-47 or the bispecific molecule of
claim 48 that
a} does not activate human platelets in immune complex with shCD154;
b) binds to shCD 154 with a dissociation constant Ky, of about 5x10™ M or less;

¢} inhibits shCD154-mediated human B cell proliferation; or

o

3 inhibits CD154 biological activity in NF-kB-SEAP reporter geone assay.

50) An immunoconjugate comprising the antibody or antigen-binding portion thereof
according to any one of embodiments 1-47 linked to a therapeutic agent or an imaging
agent.

313 A phammaceutical composition comprising the antibody according to anv one of
embodiments 1-47 and a pharmacentically accepted carrer.

32) A polynucleotide encoding the antibody VH, the antibody VL or the antibody VH and
the antibody VL of any one of embodiments 1-47.

33) A vector comprising the polynucleotide of embodiment 52,

34} A host cell comprising the vector of embodiment 53,

35} A method of producing an antibody, compnising culturing the host cell of embodiment
54 in conditions that the antibody 1s expressed, and recovering the antibody produced
by the host cell.

36) The antibody according to any of embodiments 1-47 or the pharmaceutical
composition according to embodiment 51 for use in the freatment of an autoimmune
disease or an immune-mediated inflammatory disease.

37) The antibody according to any one of embodiments 1-47 for use of arthritis, systemic
tupus ervthematosus (SLE), inflammatory bowel disease, transplantation, kidney
transplantation, skin transplantation. bone marrow {ransplantation, grafl versus host
discase (GVHD), immune thrombocytopema (ITP), multiple sclerosis, thyrowditis, type
[ diabetes or atherosclorosis.

58) The antibody according to any one of embodiments 1-47 for use 1a the treatment of
rheumatoid arthritis.

39) The antibody according to any one of embodunents 1-47 for use i the treatment of
Tupus.

60} The antibody according to any one of embodiments 1-47 for use in the treatment of

transplantation.

N
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61} The antibody according to any one of embodiments 1-47 for use in the treatment of
inflammatory bowel disease.

623 The antibody according to any of the embodiments 1-47 for use according to any of the
embodiments 36-61 m combination with a second therapeutic agent.

63) The antibody according to embodiment 62, wherein the second therapeutic agent is
nonsteroidal anti-inflammatory drugs (NSATDs), salicyiates, hvdroxychloroguine,
sulfasalazine. corticosteroids, cyiotoxic drugs, immunosuppressive drugs and/or

antibodies.

The mvention also provides for an isolated antibody or an antigen binding portion
thereof specifically binding homan CD154 of SEQ ID NG: 1, comprising a heavy chamn
complementarnity determming region (HCDR) 1 of SEQ ID NO: 17 (SY(GIS), a HCDR2 of
SEQ 1D NG: 23 (WISPIFGNTNYAQKFQG), a HCDR3 of SEQ D NO: 30
(SRYYGDLDY), a light chain complementarity determining region (LCDR) 1 of SEQ 1D
NO: 37 (RASQSISSYLN), a LCDR2 of SEQ 1D NO: 44 (YANSLQS) and a LCDR3 of
SEQ 1D NG: 52 (QOQSDSIPWT).

The mvention also provides for an isolated antagonistic antibody specifically
binding soluble human CD154 (shCD134) of SEQ ID NO: 4, comprising the HCDR1 of
SEQIDNG: 17 (SYGIS), the HCBR2 of SEQ ID NG: 23 (WISPIFGNTNYAQKFREG), the
HCDR3 of SEQ ID NO: 30 {SRYYGDLDY), the LCDR1I of SEQ ID NG: 37
(RASQSISSYLN), the LCDR2 of SEQ 1D NO: 44 (YANSLQS) and the LCDR3 of SEQ
D NO: 52 (QQSDSIPWT),

In some embodiments, the antibody comprises the VH of SEQ 1D NO: 539 and the
VL of SEG ID NO: 66.

In some embodiments, the antibody binds to shCD 1534 with a dissociation constant
Ky of about 5x10™ M or less, about 1x107 M or less, about 55107 M or less, about 1x10™
M or less, about 5x 107 M or less, or about 1x10™ M or less, when the Kp  measured
using ProteOn XPR36 svstem using experimental design described 1n Example 1, affinity
measurements.

In some embodiments, the antibody nhibits shCP154-mediated human B cell

proliferation with an ICso value of between about 7.0x1 0% M to about 6x107° M.

N
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In some embodiments, the antibody 1nhibits shCD154-mediated expression of
secreted embryouic alkaline phosphatase (SEAP) under NF-xB-mducible interferon-f3
{(IFN-B} minimal promoter in HEK293 cells stably expressing SEAP and buman CD40 with
an 1Csq value of about 2.1x10™® M or less.

In some embodiments, the antibody 1s of 1gG1 isotype, optionally comprising
heavy chamn substitutions L234A, L235A G237A P2385, H268A, A330S8 and P3318 when
compared to the wild-tvpe IgGL

In some embodiments, the antibody comprises the VH of SEQ 1D NO: 39 and the
VL of SEQ ID NO:66 and 15 of IgGl 1sotype, optionally comprising heavy chain
substitutions L234A, L235A, G237A, P238S, H268A, A330S5 and P3315 when compared
to the wild~type IgGl.

In some embodiments, the antibody comprises the VH of SEQ 1D NO: 59 and the
VL of SEGQ ID NO: 66 and 1s of IgG1/x 1sotype comprising heavy chain substitotions
L234A L235A, G237A, P238S, H268A, A3308 and P3318 when compared to the wild-
type IgGl.

In some embodiments, the antibody 1s of 1g(G2 1sotvpe, optionally comprising
heavy chain substitutions V234A, G237A, P238S, H2684, V3091, A330S and P3318
when compared to the wild-type 1gG2.

In some embodiments, the antibody comprises the VH of SEQ ID NO: 39 and the
VL of SEQ 1D NG: 66 and 15 of 1g(G2/x 1sotype comprising heavy chain substitutions
YV234A, G237A, P238K, HZ68A, V3091, A3308 and P3315 when compared to the wild-
type 1gG2.

In some embodiments, the antibody comprises a heavy chain {(HC) of SEQ D NO:
80 and a light cham (LC) of SEQ 1D NO: 81,

In some embodiments, the antibody comprises a heavy cham (HC) of SEQ [ NO:
80 and a light chain (LCY of SEQ 1D NO: 81,

In some embodiments. the antibody 1s a bispecific antibody.

The aniibody s spitable for use in therapy, for example in treating an agtoimmune
disease.

The antibody is suitable for use in therapy, for example in treating an immune-
mediated inflammatory discase.

The antibody 15 sustable {or vse in therapy, for example in treating arthritis.
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suitable for use i therapy, for example n treating systemic lupus

The antibody 1s suitable for use in therapy, for example s treating mflammatory

bowel disease.

The antibody 1s

The antibody 1s
transplantation.

The antibody 18
ransplantation.

The anttbody s

i

{ransplantation.

The antthody 1

423

discase.

The antibody 1

L2l

thrombocytopenia.
The antibody 18
sclerosis.
The antibody 1s
The antibody 1
The anithody 1
The antibody 18

et
[72]

w2

arthritis.
The antibody 1

The antibody 1

W2

et
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colitis.

The antibody 18

suttable for use 1 therapy, for example in treating transplantation.

suitable for use in therapy, for example 1n treating kidney

stable for use in therapy, for example in treating skin

suitable for use in therapy, for example in treating bone marrow

saitable for use m therapy, for example in treating graft versus host

suitable for use in therapy, for cxample mn treating inunune

suitable for use in therapy, for example 1n {reating multiple

suttable for use 1 therapy, for example n treating thyvroiditis.

suitable for use in therapy, for example in treating type | diabetes.

suitable for use in therapy, for example i treating atherosclerosis.

suitable for use in therapy, for example i treating rheumatoid

suttable for use in therapy, for oxample in treating Crobu’s discase.

suitable for use in therapy, for cxample m treating nlcerative

stable for use in therapy, for example i treating nflammatory

bowel disease, in combination a second therapeutic agent.

The present vention will sow be described with reference to the following

specific, non-limiting examples.

N

«



WO 2017/024146 PCT/US2016/045574

Example 1. Materials and methods

Generation of proteins used

As endogenous CD134 signals as a trimer, recombinant CD154 was expressed in
multiple ways to obtain a functional recombinant trimer.  Soluble human CD154
(shCD154; SEQ ID NO: 4), soluble Caliithrix jacchus {common marmoset; herein
referred to as marmoset) CD154 (smCD154; SEQ ID NG 3) or soluble Macaca
Jascicularis {cynomolgous, herein referred to as cyno) D154 (scCD154; SEQ ID NG: 6)
were cloned and expressed as His6 (SEQ 1D NO: 10) fusions (shCD154-lus, SEQ 1D NO:
7. smCD134-lus, SEQ D NO: 8; scCD154-his, SEQ 1D NO: 9) or as a fusion with leucine
zpper (ILZ) (SEQ ID NO: 11) (shCD154-1LZ, SEQ ID NQO: 12; smCD154-1L7Z, SEQ ID
NG: 13; scCD154-1L7Z, SEQ ID NG: 14). Cloning, expression and protein purification was
done using standard methods. Both the His and ILZ fusions were predominantly trimers.
smCD154 and smCD134-1L7 were biotinylated using £Z-Lin&™ Sulfo-NHS-L.C-Biotin and
Labeling Kit (Thermo, cat no 21327), the success of the bictinylation was analyvzed by
HABA-avidin assay (Thermo, Cat no 46610) and Octet. Cells expressing human CD40

N

SEQ 1D NO: 15) were used in some assavs. D11 Jurkat cells (ATCCY CRL-10913™
{ 3 ( .

endogenously cxpressing human CD154 were used m some assays.

Human CD154; SEQID NG 1
MIETYNQTSPRSAATGLPISMKIFMYLLTVFLITOMIGSALFAVYLHRRLDKIEDER
NLHEDFVFMKTIQRCNTGERSLSLLNCEFIKSQFEGFVEDIMLNKEETKKENSFEM
QKGDONPQIAAHVISEASSKTTSVLOQWAEKGYYTMSNNLVTLENGKQLTVKRQG
LYYIYAQVTFCSNREASSQAPFIASLCLKSPGRFERILLRAANTHSSAKPCGOQOQSIHL
GGVFELQPGASVFVNVTDPSQVSHGTGFTSFGLLKL

Marmoset CD154; SEQ TD NO: 2
MIETYNQPVPRSAATGPPVSMKIFMYLLTVFLITOMIGSALFAVYLHRRLDKIEDER
NLHEDFVFMETIORCNTGERSLSLLNCEEIKSQFEGFVEDIMLNKEEKKKENSFEM
QKGDONPOIAAHVISEASSKTTSVEOQWAEKGYYTMSNNLVTLENGKQOLTVKRQG
LYYIVAQVTFCSNREASSQAPFIASLCLKPPNRFERILLRAANTHSSAKPCGQQSIHL
GGIFELQPGASVEVNVTDRSQVSHGTGFTSFGLLKL
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Cynomolgus CD1354; SEQ 1D NQ: 3
MIETYNQPSPRSAATGLPYVRMEIFMYLLTIFLITOMIGSALFAVYLHRRLUDKIEDER
NLHEDFVFMKTIQRONTGERSLSLLNCEEIKSQFEGFVEDIMLNKEEKKKENSFEM
QRGDONPQIAAHVISEASSKTTSVLOWAEKGYYTMSNNLVTLENGKQLTVKRQG
LYYIYAQVTFCSNREASSQAPFIASLCLKSPGRFERILLRAANTHSSAKPCGQOSIHL
GGVFELQPGASVEYNVTDPSQVSHGTGFTSFGLEKL

shCD134; SEQ ID NO: 4
MOKGDONPOQIAAHVISEASSKTTSVLOWAEKGYYTMSNNLYTLENGKQLTVKREG
GLYYIYAQVTFCSNREASSQAPFIASLCLKSPGRFERILLRAANTHSSAKPCGOQOSIH
LGGVFELQPGASVEVNVTDPSQVSHGTGFTSFGLLKL

smCD154; SEQ ID NO: 3
MOKGDONPOIAAHVISEASSKTTSVLOWAEKGYYTMSNNLYVTLENGRQLTVKRG
GLYYIYAQVTFCSNREASSQAPFIASLCLKPPNRFERILLRAANTHSSAKPCGOOSIH
LGGIFELQPGASVEVYNVTDPSOQVSHGTGFTSFGLLKL

scCD134; SEQIDNO: 6
MOKGDONPOIAAHVISEASSKTTSVLOWAEKGYYTMSNNLVTLENGKQLTVKRO
GLYYIYAQVTFCSNREASSQAPFIASLCLKSPGRFERILLRAANTHSSAKPCGOQOSIH
LGGVFELQPGASVEVNVTDPSQVSHGTGFTSFGLLKL

shCD134 ~his; SEQIDNG: 7
GSHHHHHHGGGSMOQKGDONPOIAAHVISEASSKTTSVLOWAEKGY YTMSNNLVT
LENGKOLTVKROGLYYIYAQVTFCSNREASSQAPFIASLCLEKSPGRFERILLRAANT
HSSAKPCGQOSIHLGGVFELQPGASVFYNVTDPSQVSHGTGFTSFGLLEKL

smCD154-his; SEQIDNO: 8
GSHHHHHHGGGSMOQKGDONPOIAAHVISEASSKTTSVLOWAEKGY YTMSNNLVT
LENGKOLTVKROGLYYIYAQVTFCSNREASSQAPFIASLCLEKPPNRFERILLRAANT
HASSAKPCGOQOSIHLGGIFELQPGASVEVNVTDPSOVSHGTGFTSFGLLKL
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scCD134 -his; SEQ ID NO: 9
GSHHHHHHGGGIMORKGDONPOIAAHVISEASSKTTSVLOWAEKGY YTMSNNLVT
LENGROQLTVERQGLYYIVAQVTFCSNREASSQAPFIASLCLKSPGRFERILLRAANT
HSSAKPCGQOSIHLGGVFELQPGASVEVNVTDPSQVSHGTGFTSFGLLKL

His6: SEQ ID NO: 10
HHHHHH

ILZ; SEQ ID NO: 11
RMKQIEDKIEEILSKIYHIENEIARIKKLIGER

shCD154 -ILZ; SEQ ID NO: 12
GSHHHHHHGGGSRMKOQIEDKIEEILSKIYHIENEIARIKKLIGERGGGSMOKGDONP
AAHVISEASSKTTSVLOWAEKGY YTMSNNLVTLENGKOQLTVERQGLYYIYAQY
TFCSNREASSQAPFIASLCLKSPGRFERILLRAANTHRSAKPCGQOSIHLGGVEFELQP
GASVEVNVTDPSQVSHGTGFTSFGLLKL

smCDE534 -ILZ: SEQ 1D NO: 13
GSHHHHHHGGGSRMKGIEDKIEEILSKIYHIENEIARIKKLIGERGGGSMOQKGDONP
QIAAHVISEASSKTTSVLOWAEKGY YTMSNNLVTLENGKQLTVKRQGLYYIYAQY
TFCSNREASSQAPFIASLCLKPPNRFERILLRAANTHSSAKPCGOQOSIHLGGIFELQPG
ASVFVNVTDPSOQVSHGTGFTSFGLLKL

scCD134-IL7; SEQ ID NO: 14
GSHHHHHHGGGSRMEQIEDKIEEILSKIYHIENEIARIKKLIGERGGGSMQKGDONP
GIAAHVISEASSKTTSVLOWAEKGY YTMSNNLVTLENGRKOQLTVERQGLYYIVAQY
TFCENREASSQAPFIASLCLESPGRFERILLRAANTHRSAKPCGQOQSHLGGVFELQP
GASVEVYNVTDPSQVSHGTGFTSFGLLKL

buman CB40; SEQ ID NO: 15
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MVRLPLOCVLWGCLLTAVHPEPPTACREKQYLINSQCCSLCQPGOKLVSDCTEFTE
TECLPCGESEFLDTWNRETHCHQHKYCDPNLGLRVQOKGTSETDTICTCEEGWHC
TSEACESCVLHRSCSPGFOVEQIATGVSDTICEPCPVGFFSNVSSAFEKCHPWTSCE
TKDLVVGQQAGTNKTDYVCGPODRLRALVVIPHFGILFAILLVLVFIKKVAKKPTNK
APHPRQEPQEINFPDDLPGSNTAAPYVOQETLHGCOPVTQEDGKESRISVOERQ

Affinity measurements

Affimity measurements using Surface Plasmon Resonance (SPR) were performed
using a ProteOn XPR36 system (BioRad). A biosensor surface was prepared by coupling
anti-Human lgG Fe (Jackson cat#109-003-098) o the modified alginate polymer laver
surface of a GLC chip (BioRad, Cat#176-5011) using the manufacturer mnstructions for
amine~couphng chemisiry. Approximately 4700 RU (response units) of test antibodies
were tnmobilized. The kinotic experiments were performed at 23°C in nnning buffer
(DPBS+0.03% polysarbate P20+100pg/ml BSA). To perform kinetic expertments, 100 RU
of antibodies were captured followed by injections of analvtes (shCD154-his and
smC154-hig) at concentrations ranging from 0.391nM to 100nM (n a 4-fold senal
dilution). The association phase was monitored for 3 minutes at 30 pl/oun followed by 15
minutes of buffer flow (dissociation phase). The chip surface was regenerated with two 18
sccond pulses of 100 mM H3PO4 (Sigma, Catd7961) at 100 pl/min.

The collected data were processed using ProteOn Manager software. First, the data
was corrected for background using mter-spots. Then, double reference subtraction of the
data was performed by using the buffer mjection for analvie mjections. The kinetic analysig

of the data was performed using a Langmuir 1:1 binding model.

{BiS4-induced Ramos cell activation
Ability of the anti-CD134 antibodies to imhibit Ramos cell activation was assessed

asing CD34 as a marker for cellular activation. Ramos colls {(Burkitt’s lvmphoma cells,

)
A Tpraa R ey
ATl LRt

™Y maintained according to vendor protocol were seeded into a 96 well
v-bottom plate at 2.0 x 10 cells/well in complete growth medium in 100 pl/well. The test
antibodies at conceuntrations 0.2, 2 or 20 ug/ml were pre-tncubated with 40 og/ml smCD154
-his for 1 h at room temperature (RT) and then added to the cells. The plate was covered
and incubated overmight (37°C, 5% C0,). On the following dav the assay plate was spun
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down and the spent treatment medium removed. The resulting cell pellets were washed
with cold PBS/2% FBS and then cells stained with PE labelled anti-CD34 (ICAM-1)
antibody or appropriate 1sotype control for 1 h at 4°C. The cells were washed with cold
PB8/2% ¥FBS, resuspended m 100 ul/well cold PBS/2% FBS and the fluorescent signal
{(vellow channel) measured on a flow cytometer. Antibodics were determined to be
antagonists when they met the criteria: % potency relative to 5C8 antibody > 5% 5C8
potency, where % potency refers o the normalized percent mhubition relative to 3C8 at the

highest concentration tested.

NWF-kB-SEAP reporter gene assay

Ability of the ant1-CD 154 antibodies to inhibit CD154nduced CD40 downstream
signaling pathways wore assessed using HER-Blue™ CD40L cells (Invivogen), engincered
to express human CD40 and transfected with a secreted embryounic afkaline phosphatase
(SEAP) reporter gene under the control of NF-«B-inducible promoter (IFN-f minimal
promoter). The cells were stumulated with either buman or cyno CD1354, or with Jurkat
cells. HEK-Blue™ CD40L cells were maintained according to the vendor’s protocol and all
activity assays were performed in DMEM supplemented with 10% heat-inactivated fetal
bovine serom and 1X Glutamax. The cells were seeded indo 96 well tissue culture plates at
a cell density of 2.5 or 3 x 10* cells per well in 100 pl volume and incubated overnight
(37°C, 3% CO,). On the following dav 4X solutions of shCD154-His or shCD1354-1L7, or
D11 Jurkat cells were pre-mceunbated with 4X solutions of anti-CD134 antibodies (at
appropriate concenirations) at a 1:1 ratio to vield 2X solutions of CD1 54 antibody pre-
complex mixtures. The CD154 antibody mixtures were mncubated at RT for 1| b, while the
D11 Jurkat:mAb mixture was mcubated at 37°C and 3% CO, for 1 h. At the end of the pre-
complex incubation period, 100 pl/well of the 2X pre-complex solutions were added to the
96 well assay plate containing HEK-Blue™ CD40L cells; the final assav volume was 200
wl/well with final CD154 concentrations of 80 ng/ml shCD134-His, or 40 ng/ml shCD1534-
ILZ, or 2.5 — 6.0 x 10* D11 Jurkat cells. After 16-24 h of treatment time (37°C, 5% CO»)
the supernatants were analyzed for phosphatase (SEAP) activity by measuring absorbance
(650 noy of 40 ul/well of supernatants that was moubated with 160 pliwell of QUANTE-

Blue™ (Invivogen) at 37°C for 30-60.
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Jurkat cell-mediated dendritic cell activation assay

Ability of the auti-CD134 antibodies to imhibit Jurkat-cell mediated activation of
DC was evaluated by measuring reduced production of various cvickines by the BC.
Human monocvtes (Biclogic Specialtics) were cultured with 50 ng/ml IL-4 and GM-CSF
for six davs. The cells were replenished with fresh media (with IL-4 and GM-CSF) on day
3. The immature DCs (iDCs) (CD1a’ CD14°Y CD83) were used in cell assays on day 6.
2.5x10° D1.1 Jurkat cells (irradiated at 1000 rads) were incubated with 0.000064-25 yg/ml
ug/ml anti-CD 154 antibodics for 15-20 minutes then co-cultured with 2.5x10* iDCs in a
final volume of 200 pl/well in a 96-well round botiom plate. After 48 hour incubation

supernatants were harvested for cytokine analvsis.

Jurkat cell-mediated B cell activation assay

Ability of the anti-CD 1 54 antibodics to mhubit Jurkat-cell mediated B cell
activation was evaluated by assessing the effect of the antibodies on B cell proliferation.
Ix10° D1.1 Jurkat cells (irradiated at 5000 rads) were co-cultured with 1x10° humas tonsil
B cells in the presence of IL-21 (100 ng/ml) and 0.0077 ng/mi-15 pg/ml of anti-CD134
antibodies m a fimal volume of 200 pliwell 1n a 86-well round bottom plate. After 2 days
meubation methyl (3H)-Thymidine (0.5 pCiiwell) were added to the cultures and buman B

cell proliferation was determined after overnight incubation.

CD154-mediated B cell activation assay

Ability of the anti-CD134 antibodies to inhibit rocombmant CD154-mediated B
cell activation was evaluated in human or cynomolgus B cells. Ix10° human tonsil B cells
or cynomoigus monkey spleen cells were coltured with 100 ng/ral rhil-21, 0.5 pg/ml
shCP154-1LZ, and 0.0077 ng/mi-15 pg/ml of anti-CD134 antibodics i a final volome of
200 pliwell in a 96-well round bottom plate. After 2 days mcubation methyl (-3H)-
Thymidine (0.5 uCr/well) were added to the cultures and human B cell proliferation was

detormined after overnight mncubation.

Example 2, Isslation of anti-{U D154 antibodics from phage display Bbraries
D154 binding Fabs were selected from de novo pIX phage display libraries as
described in Shi et o/, J Mol Biol 397:385-96, 2010; Int. Pat. Publ. No. W(2009/085462;
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U.S. Pat. Publ No. US2010/0021477). Bricfly, the libraries were generated by diversifving
human scaffolds where germline VH genes IGHV1-69*01, IGHV3-23*01, and IGHV3-
31*0} were recombined with the hunnan IGHI-4 minmigene via the H3 loop, and human
gormiing Vikappa genes Q12 (IGKV1I-39%01), L6 (JGRV3-11¥01), A27 JGKV3-20%01),
and B3 (IGKV4-1*01) were recombined with the 1GKJ-1 minigene to assemble complete
VH and VL domains. The positions in the heavy and light chain variable regions around
Hi, H2, L1, L2 and L3 loops corresponding to positions identified to be frequently in
contact with protein and peptide antigens were chosen for diversification. Seguence
diversity at selected positions was limited to residues occurring at each position in the
IGHV or IGLY germline gene families of the respective IGHV or IGLV genes. Diversity
at the H3 loop was generailed by utilizing short to mid-sized syathetic loops of lengths 7-14
amino acids. The amino acid distribution at H3 was designed to mimic the observed
varigtion of amino acids in human antibodies. Library design 1s detailed in Shief o/, J Mol
Biol 397:383-96, 2010, The scaffolds utilized to gencrate libraries were named according
to their human VH and VL germline gene origin. The three heavy chain libraries were
corabined with the four gemmiine ight chains or germline light chain libraries to generate
12 unigue VH:VL combinations for panning experiments agamnst sm{CD 154 or colls
expressing full-length cyno CD134.

The libraries were panned against either full length cvno CD134 (SEQ 1D NO: 3)
expressed stably in CHO-g cells or bistimylated and nonbiotimylated smCD154 (SEQ ID
NO: 3). After several rounds of panning, a polyvclonal phage ELISA using smTD 154 ags
antigens was performed to detect the specific enrichment of individual panning
experiments. The phage collected from those panning experiments which demonstrated
enrichment for binders to smCD154were further screened with a monoclonal Fab ELISA in
which Fab proteins expressed from individoal Fab clones were used as binders to
nonbotinviated smCD154 directly coated on the plate. The Fab clones with binding signal
four times higher than the negative control Fabs were selectod to be screened m full IgG
format. Sclect Fabs were cloned into 1g(G2sigmar/kappa backbone and characterized further
using for binding to D1.1 hurkat cells. IgGZaigina is a silent Fo and has substitutions
V234A, G237A, P238S, H268A  V30Q9L, A330S and P33185 when compared to the wild
tvpe 1g(G2. Ig(GZsigma is described in U.S. Pat. No. 8,961,967
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Example 3. Generation of anti-CD 154 antibodies in rats

Anti-CD134 antibodies were generated using fransgenic rats expressing human
mmunoglobulin loci, the OmniRat®; OMT, Inc. The OmniRat® endogenous
mpmunoglobulin loct are replaced by human Igk and Igh loct and a chimernic human/rat IgH
focus with V. D and ] segments of human origin linked to the rat Cylocus. The IgH locus
contains 22 human Vys, all human D and Jy segmenis 1 natural configuration linked to the
rat Cy locus. Generation and characterization of the OmniRat® is described in Osborn, ef
af. JImmunol 190: 1481-1490, 2013, and Int. Pat. Publ. No. W(O2014/093908.

OmniRat® was immunized with smCD 154 by the repetitive immunization at
multiple sites (RIMMS) protocol. Following a 45 day immunization regimen, lymph nodes
were harvested from all four rats and used to generate hybridomas. Hybridoma supernatants
m 96-well plates wore screened via binding FLISA to identify mAbs which exhubited
bindimg to smCID1 54, from which hyvbridoma supernatants exhibiting an assay signal

greater than 3-fold the negative control average were selected.

Select antibodics were cloned as full length 1g(G2¢igma/i. Antibodies
demonstrating antagonist activity in CD154-induced Ramos cell activation were selected

for further characterization.

Exampie 4. Characterization of the antibodies

Several antt-U D154 antibodies obtained from phage display or transgenic ammals
expressing human mnmunoglobulin loci which demonstrated antagonistic activity as
described in Examples 2 and 3 were sequenced and further characterized for their binding
to human and cyno deadritic cells, for therr ability to inhibit human and ¢vao dendritic and
B cell functions, and for antibody effector functions. The VH and the VL regions of the
antibodies were sequenced using standard methods.

Table 2 shows the HCDR1 amino acid sequences of select antibodies.

Table 3 shows the HCDR2 amino acid sequences of select antibodies.

Table 4 shows the HCDR3 amino acid sequences of select antibodics.

Table 5 shows the LCDR1 amimno acid sequences of select antibodies.

7
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Table 6 shows the LCDR2 amino acid sequences of select antibodies.
Table 7 shows the LCDR3 amino acid sequences of select antibodies.
Table 8 shows the VH amino acid sequences of select antibodies.

Table ¢ shows the VL amino acid sequences of sclect antibodies

Table 2,
HCDR1
mAb 1D SEQ
Sequence D
NO:
C4LB5 SYAIS 16
C4LB8B2 | &SYGIS 17
C41.B94 | SYAIS 16
C4LB150 | SYSFYWG | 18
C4LB183 | AYYIH 19
C4LB191 | DYYIH 20
C4LB18g | SFIYYWG 21
Table 3.
HCDR2
SEQ
mAb 1D Sequence iD
NO:
C4LB5 GHPIFGTANYAQKFQG 22
C41LB82 | WISPIFGNTNYAQKFQG 23
C4LB94 | GISPYFONTNYAQKFQG 24

78




WO 2017/024146

C4LB150 | SLYYSGSTYYNPSLKS 25
C4LB189 | RINPDSGGTDYAQRFQG 26
C4LB191 | RFNPNSGDTNGAQKFQG | 27
C4LB189 | CIYSSGGTYYNPSLKS 28
Table 4.
HCDR3
mAb 1D SEQ
Sequence D
NO:
C41B5 GASVWDGPRAEVFDY 29
C4LB88 | SRYYGDLDY 30
C4LB94 | DTGWVGAFYLDY 31
C4LB150 | LQLGTTTDYFDH 32
C41B189 | DWNYYDGSGYFGPGYYGLDY | 33
C4LB181 | EGELAGIFFDY 34
C4LB199 | LWLGTTTDYFDY 35
Table 5.
LCDRA
mAb 1D SEQID
Sequence
NO:
C4LB5 KSSQSVLASSNNENFLA 36
C4LB8Y | RASQSISSYLN 37
C4LB84 | KSSQEVLYSSNNKNYLA 38
C4LB150 | SGDELGDKFAC 39
C4LB189 | SGDKLGDKYVC 40
C4LB191 | SGDKLGDKYVS 41

PCT/US2016/045574
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|C4LB199 isGDKLGDKFAC 42
Table 6.
LCDR2
mAb 1D SEQ D
Sequence
NO:
C4LES SASTRES 43
C4LE8Y YANSLQAS 44
C4LBo4 WASTRES 45
C4LB1580 | QENKRFS 48
C4LBE188 | QDRKRPS 47
C4LB191 | QDRKRPS 47
C4LB198 | GDDKRPS 48
Table 7.
LCDORS3
mAb 1D SEQID
Sequence
NO:
C4LB5 QQAYTTPFT 51
C4LESS QASDSIPWT 52
C4LBo4 QAQYYSTPLT &3
C4LB150 | CAWDSDTAV 54
C4LB189 | QAWDSGTVY 55
C4LBE191 | QAWDSSTVY 56
C4ALB199 | QAWDSNTVV &7

Table 8.

03]
O
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mAb 1D

VH name

PCT/US2016/045574

VH

Sequence

SEQ

NO:

C4LB5

C4lLH12

QVQLVQSGAEVKKPGSEVKYSCKAS
GGTFSSYAISWVYRQAPGQGLEWMGG
HPIFGTANYAQKFQGRVTITADESTST
AYMELSSLRSEDTAVYYCARGASVW
DGPAEVFDYWGQGTLVTVES

58

C4LB89

C4LH165

QVQLVOSGAEVEKKPGSSVKVSCKAS
GGTFSSYGISWVRQAPGQGLEWMG
WISPIFGNTNYAQKFQGRVTITADEST
STAYMELSSLREEDTAVYYCARSRYY
GDLDYWGQGTLVTVES

59

C4LBY%4

C4LHOg

QVOLVQSGAEVKKPGSSVKVSCKAS
GGTFSSYAISWVRQAPGQGLEWMGG
ISPYFONTNYAQKFQGRVTITADESTS
TAYMELSSLRSEDTAVYYCARDTGWY
GAFYLDYWGQGTLVTVSES

80

C4LB150

C4LH201

QLQLOESGPGLVYKPSETLELTCTVEG
GSISSYSFYWGWIRQPPGQGLEWIGS
LYYSGESTYYNPSLKSRATMEVVTEKT
QFSLNLNSVTAADTAVYYCARLQLGT
TTDYFDHWGQGTLVTVES

61

£4LB189

C4LH240

QVQLVOSGAEVEKKPGASYKVSCKAS
GYTFAAYYIHWVRQAPGQGLEWMGR
INFDSGGTDYAQRFQGRVTMTRDTSI
STAYMELSRLRSDDTAVFYCARDWNY
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YDGSGYFGPGYYGLDVWGQGTTVTY
&8
QVOLVQSGAEVKKPGASMKYEBCOKAS
GYTFTDYYIHWVRQAPGQGLEWVGR
C4LB191 | C4LH242 | FNPNSGDTNGAQKFQGRVTMTRDTSI | 63
STAYMELTRLRSDDTAVYHCAREGEL
AGIFFDYWGQGTLVTVSS
QVOLQESGPGLVKPSETLSLTCTVEG
DSISSFIYYWGWIRQPPGKGLDWVGC
C4LB199 | C4LH250 | IYSSGGTYYNPSLKSRVTISVDTEKNG | 64
FSLKLPSVTAADTAVYYCARLWLGTTT

DYFDYWGQGTLVTVSS
Table 9.
VL6
mAD 1D VL SEQ
Sequence o

NO:

DIVMTQSPDSLAVSLGERATINCKSSQ
SVLASSENNENFLAWYQOQKPGQPPKLL
C4LB5 C4lLs IYSASTRESGVPDRFSGEGSGTDFTLT | 65
ISSLQAERVAVYYCQOAYTTPFTFGQ
GTKVEIK

DIQMTQSPSSLEASVGDRVTITCRASQ
CALBAS | CALLAS SISSYLNWYQQKPGKAPKLLIYYANSL o6
QEGVPSRFSGSGSGTDFTLTISSLOP

EDFATYYCQQSDEIPWTFGQGTKVE]
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K

DIVMTQSPDSLAVSLGERATINCKSSQ
SVLYSSNNKNYLAWYQQKPGQPPKLL
C4LBB4 | PHOL2 IYWASTRESGVPDRFSGSGSGTDRTL | 67
TISSLQAEDVAVYYCQQYYSTPLTFGQ
GTKVEIK
SYELTQPPSVEVEPGOTASITCSGDEL
GDKFACWYQOKPGQSPVLVIWQENK
C4LB150 | C4LL8Z | RPSGIPERFSGSNSGNTATLTISGTOA | 68
MDEADYYCQAWDSDTAVFGGGTKLT
Vi
SYELTQPPSVSVSPGQTASVTCSGDK
LGDKYVOWYQRKPGQSPVLVIYQDRK
C4LB189 | C4LL116 | RPSGIPERFOGSNSGNTATLTISGTQA | 69
IDEADYYCQAWDSGTVVFGRGTKLTY
L
SYELTQPPSVSVEPGQTASITCSGDKL
GDKYVSWNHQKPGQSPVLVIYQDRK
C4LB191 | IAPL39 RPSGIPERFSGONSGNTATLTISGTQA | 70
MDEADYYCQAWDSSTVVFGGGTKLT
Vi
SYELTQPPSVEVEPGOTVSITCSGDKL
GDKFACWYQQOKPGQSPVVVIYQDDK
C4LB199 | C4LL125 | RPSGIPERFSGSTSGNTATLTISGTQA | 71
MDEADYYCQAWDSNTVYVFGGGTKLT
Vi

o
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The antibodies inbibited function of both endogenous CD154 provided on Jurkat
cells (1.1 Jurkat cells in Table 10) and recombinantly expressed human CP154 tnmer
(oxpressed as shCD134-ILZ or shCD154-hus) as measured using the NF-«B SEAP reporter
gene agsay. The antibodies inhubited signahing with 1Cs values ranging from 0.08-21.15
aM. The ICs,; values for select antibodies m the assay are shown in Table 18, The range of
ICs values 1 the table for cach antibody represent the lowest and the highest 1s, values
obtained from separate experiments, while the singular value indicates the antibody was

tested in one experiment, or only one valid 1Cs value was available.

Table 18,
NF-xB SEAP reporter gene assay; [Cap (nM)
mAb 1D
D11 Jurkat® shCD154-1L.7* shCD154-his*

C4LB3 1.55 .54 1.03-1.37
C4LB8Y 0.08-0.32 1.91-2.44 3.93-5.69
C4LB9% 0.13 437 7.37-21.15
C4LB130 3.57 4.95 8.87-9 81
C41.B189 2.06 1.63 6.531-13.60
C4LB19 2.19-3 46
C4LB19Y 1.21 1.09 2.00-2.70

*(CI3154 format used to induce signaling

The ability of the antibodics to inhibit dendritic cell activation was assessed using

H.-12p40 secretion as a marker for DC activation. The antibodies inhibited DC activation
induced by endogencus CD134 provided on hurkat cells with 10 vahies ranging from .02
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10 0.49 nM. Table 11 shows the ICs, values for select antibodies in the assay. The ICs

range m the Table represenis the lowest and the highest ICsg value ohiained in separate

expertments across 2-4 donors with 1-6 repetitions.

Table #1.

Jurkat celi~-mediated
HAD ID dendritic cell activation
assay; 1Csy (6M)
C41LBS5 (.32-0.49
C4LB8Y 0.02-0.09
C4LBY% 0.07-0.09
C4LB150 0.25-0.30
C4LBIRY 0.13-0.16
C4LBI191 0.38-0.39
C4LB199 $4.19-0.20

The ability of the antibodies to mhibit human or cyno B cell activation was

measured using B cell proliferation as readout. The antibodics mhibited both endogenous

CD154 (D1.1 Jurkat cells) and recombinant human CD154 trimer (sh{CD154-1L7) induced

proliferation with 1Csy values ranging from 0.01-5.35 nM. Table 12 shows the 1Cs;y values

for various antibodies obtained in buman or cvnoe B cell activation assay. The ICs, range in

the table represents the lowest and the highest ICs, value obtamed 1 separate experiments

across 2-4 donors with 1-6 repetitions. A singular ICy value in the Table indicates

availability of one valid 1Cs, value.

Table 12.

mAb D

B celf activation assay; [Csy (aM)

D11 Jurkat cells/

shCD154-1L7/ buman B

¢hCD1534-1L.Z/ cvno B

o
1
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human B cells® celle® cell*
C41L.B35 0.19-0.28 2.74 535
C41B89 0.01-0.02 0.20-0.48 0.13-0.44
C41LB% 0.01-0.03 0.07-0.14 0.30-031
C4LB150 0.27-0.31 nd 1.14-2.00
C41.B189 0.47-0.65 nd 4.35-5.16
C4LB191 0.64-1.00 nd $.25-0.36
C4LB199 (.04-0.27 nd 1.89-2.31
nd: not done
*CD154 format used to mnduce signaling/ source of B cells

Exampie 5. Engincering of antibodics 1o minimize post-transiational modification
risk

The VL of antibody C4LBR2 contamned a putative deamuination sife i LCDR2
{(N52-553 1n the hight chain C4L149, SEQ 1D NO: 66). Substitutions were mdividually
made to cach posifion (N325 and S337T) in the VL. The mutated light chains were co-
expressed with the parental heavy cham C4LHI63 (SEQ ID NO: 39) to generate antibodies
C4L.B233 and C4L.B236 as IgG2sigma/x. The amino acid sequences of the LCDRZ and
VL of C4LB2335 and C4LB236 are shown m Table 13 and Table 14, respectively.
C4L.B235 comprises the HCDRs of SEQ 1D NOs: 17, 23 and 30, the LCDRs of SEQ ID
NOs 37,49 and 52, the VH of SEQ 1D NO: 59 and the VL of SEQ 1D NO: 72, C41L.B23¢6
coraprises the HCDRs of SEQ ID NOs: 17, 23 and 30, the LCDRs of SEQ ID NGs 37, 50
and 32, the VH of SEQ ID NO: 39 and the VL of SEQ 1D NG: 73,

o
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Table 13,

PCT/US2016/045574

LCDR2
mAb 1D SEQ D
Sequence
NO:
C41B235 | YASSLAS 49
C41B2368 | YANTLQS 50
Table 14,
Vi
mAb iD Vi SEQ
Sequence
D NO:
DIQMTQSPSSLSASVGDRVTI
TCRASQSBISSYLNWYQQKPG
KAPKLLIYYASSLQSGVPSRF
C41.B235 C4LL160 72
SGSGSGTDFTLTISSLAPEDF
ATYYCQQSDSIPWTFGQGTK
VEIK
DIQMTQSPSSLSASVGDRVTI
TCRASQSISSYLNWYQQKPG
KAPKLLIYYANTLQSGVPSRF
C41.B236 C4lLL161 73
SGSGSGTODFTLTISSLAPEDF
ATYYCQQSDSIPWTFGQGTK
VEIK




WO 2017/024146 PCT/US2016/045574

Both antibodies were tested for their ability to inhibut cyno B cell proliferation.
C41L.B235 showed similar potency to C4LB8Y, while C4LB236 showed reduced potency
compared to C4LB8Y,

Example 6, Effector silent anti-CD154 antibodies do not induce platelet activation

Anti-CD154 antibodies have been developed m the clinic with positive outcomes in
patienis with astornmune diseases, however, due to incidents of thromboembolism {(TE)
further clinical development of the antibodies were halted. Humamized 3¢8 antibody
(IgG1/x) 1s anti~-CD154 antibody which in the clinic induced TE (Yazdany ef of., Lupus
13:377-380, 2004). It 15 hvpothesized that thromboembolism (TE) mediated by humanized
3¢8 15 a result of platelet activation and aggregation from formation of high-ordered anti-
CD134/CD154 mmmune complexes (IC) that cross-link platelets by binding Fe to platelet
FeyRIla receptor. I vitro, engmeered 3c¢8 antibody with silenced Fo (D265 A substitution
m [z} lacking FoyRlIla receptor binding did not activate platelets (Xie et o/, J Immunol
192:4083-4092 2014}

Anti-CPB134 antibodies with abolished binding to at least FeyR1Ha and having
reduced effector functions may thus be wore suitable as a therapeutic with a reduced nisk
for TE.

To that end, effector silent anti-CD 154 antibodies were generated with various Fe
substitutions and tested for their effect on platelet activation.

VH and VL of the humanized 5¢8 antibody (Karpusas er a/., Structure 9: 321-329,
2001) were cloned as IgGlsigma/x, [gGlsigmaYTE/x, 1gG2sigmalx or IgG2sigmaYTE/k
o evaluate effect of the Fe on platelet activation; the resulting antibodies were named
S5c8lgGlsigma, Sc8lgGlsigmaYTE, 5¢8lpGZsigma and 5¢c8lgG2sigma¥YTE), IgGlsigma
contains substitutions L234A, L233A, G237A, P2385, H268A, A330S, and P331S when
compared to the wild type IgGl. IgGleaigmaYTE containg L234A, L235A (G237A, P2385,
M2352Y, 52547, T256FE H268A, A3308 and P3318 substitutions. 1g(G2sigma contains
V234A, GZ37A, P2385, H268A, V3081, A3308 and P3318 substitutions. lgGZsigmaYTE
containg V2344, G237A, P238S, M232Y, 82547, T256E, H268A, V3091, A3308 and
P3315 substitutions. Residue numbering is according to the EU Index. Antibodies with

IgG2Zsigma backbone lack effector functions and binding to FeyR as described in U.S. Pat.
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No. 8,961,967, YTE substitation (M252Y, 52347, T256E) is described in Dall’Acqua et
al., J Biol Chem 281:23514-24, 2006.
VH and the VL domains of the humanized 5¢8 are shown in SEQ ID NOs: 74 and

75, respectively.

SEQ D NUO: 74
QVOLVOSGAEVVKPGASVKLSCKASGYIFTSYYMYWVKQAPGOGLEWIGEINPSN
GDTNFNEKFKSKATLTVDKSASTAYMELSSLRSEDTAVYYCTRSDGRNDMDSWG
QGTLVTVSS

SEQ ID NO: 75
DIVLTQSPATLSVSPGERATISCRASQRVSSSTYSYMHWYQOKPGQPPKLLIKYASN
LESGVPARFSGSGSGTDFTLTISSVEPEDFATYYCQHSWEIPPTFGGGTKLEIK

S5c8lpGlsigma, 5¢8lpGlsigmaYTE, Sc8ig(G2sigma and 3¢8igGZsigmaYTE were
tested for their effect on platelet activation.

Blood from healthy human donors, pre-screened for low response to shCD154
alone, was used. Platelet activation was evaluated by flow cytometry using validated
platelet activation markers PAC-1 {activated GPIb/1lla) and CD62p (P-selectiny. Briefly,
whole blood (WB) was added o modified Tyrodes-HEPES buffer contanung ImM Cally,
and anti-PACT and anti-CD62p antibodies with or without FeyRIia blocking antibody
(clone 1V 3, StemCell Technologies #60012) were added to the mixture and mcubated for
25 minntes. Pre-formed mmune complexes of sobuble CE 1534 (PeproTech, cat #316-02.
SEQ ID NO: 4 or Tonbo Biosciences, cat#21-7088) /antibody at molar ratio of 3:1
CD134:ant1-CD134 were added to the mixture and incubated for another 20 mnutes;
platelets were fixed in 1% formalm followed by FACS analysis. Platelet activation for
cach condition was assessed as % of gated platelets (CD61 positive events) expressing
PAC-1 and CD62p; 5000 CD61 expressing events {platelets were captured and analyrzed
for cach treatment condition. Results of the experiment are shown in Figure 1.
CD154/35¢8lpGl Gwild-tvpe IgG ) IC activated platelets, while CD154 1C with 5¢8-
IaGlsigma, Sc8IgGlsigmaYTE, 5¢8lgG2sigma and 3¢8lgG2sigma-YTE did not activate
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platelets.  Platelet activation with ADP was not inhibited by the ioumune complexes (data
not shownd. None of the astibodics alone activated platelets (data not shown).

Anti-CD1 54 antibodies C4LBS, C4LB8RY, C4LB%4, C4LB150, C4LB18S,
C4LB191, C4LB199 (all Ip(2sigma effector silent mAbs) were also tested in platelet
activation assay to confirm the antibodies had abolished binding to FeyR11a and did not
activate plateleis. Figure 2 shows the results of the experiment, demonsiraiing that
mmune complexes of CD154 m complex with C4LB3, C4LB89%, C4LB150, C4L.B139,
C4LBISY or C4LB199 failed to activate platelets. CD134/ C4LB9%4 1C induced PAC-1 on
platelets. The results demonstrate that anti-CD 154 antibodies with IgGlsigma,
IgGlisigma¥Y TE, gG2sigma or [gG2sigmaYTE isotypes 1w general may sot activate
platelets, and may therefore have an improved safety profile over the antibodics on wild

type lgGl.

Example 7, Effect of isotype switching on antibody properties

Variable regions of antibody C4LB89 were cloned as IgGlsigma/x and
IeGlsigma¥Y TE isotypes to assess possible differences in functionality and developability.
The new antibodies were named C4LB231 (IgGlsigma) and C4L.B232 (lgGlsigmaYTE).

The resulting IgGlsigma and IgGlsigma¥Y TE antibodies were compared {o the
parental antibody 1 thewr functionality. C4LB231 and C4LB232 were comparable in
function to the parental C4LBEY. Table 13 shows the 15, values or a range of the 1C;,
values for cach antibody in the functional assavs as indicated in the Table, The 1Cs; range
in the table represents the lowest and the highest 1Cs value obtamed m experiments across
2-4 donors with 1-6 repetitions. A singular 1Cs, vahue n the table mdicates avalability of

one vahd 1Cs, value.

Table 15,

mAb
CD154 format used to

Assay
mduce signaling o ,
C4LB231 C41B232

O
)
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NF-kB SEAP reporter gene
) ; D1.1 Jurkat 0.27
assay; [Csy (nM)

NF-«B SEAP reporter gene
) ‘ shCD154-1L7 121 1.25-1.45
assay; [Csy (nM)

NF-kB SEAP reporter gene

shCD154-his 215 1.77-1.99
assay; [ICsy (nM)
Jurkat cell-mediated
dendritic cell activation D11 Jurkat 0.02-0.04 $.03-0.03
assay; 1L-12p40 ICs, (aM)
human B cell proliferation
D11 Jurkat 0.01-0.01 $.01-0.01
human B cell proliferation , ]
, shCD134-1L7 $.38-0.67 $.42-0.74
IC@(\. (‘Iﬂ\/{\)
cyno B cell proliferation )
shCD134-1LZ 0.25-0.55 $4.20-0.35

ICsy (M)

C41.B231 and C4LB232 were also tested for their effect on platelets. Neither
shCPB154:C4LB231 nor shCD154:C41.8232 ICs activated platelets over the bascline.
CD154/5¢8IgGl IC activated platelets, and the activation was blocked i the presence of
IV .3, demonstrating that platelet activation was mediated by IC binding to FeyRla. Figure

3 shows the results of the experiment.
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Exampie 8. Anti-CD154 antibodies bind human CD154 with high affinity

Affinity measurements were done using ProteOn as described in Exaraple 1. The
on-rate, off-rate and affinity are shown in Table 16, The parameters reported in tlus table
were obtaimed from a 111 Langmuir binding model for all samples, except C4LB9%4 and

C4L.B150 that fitted with two-states binding model.

Table 16,

Sample ka {1/Ms) kd {1/s) Kp (M3

C4LB3 3.70E+03 1.78E-04 312E-16
C41L.B8S 1.61E+06 3.80E-04 2. 35E-16
C4LBY%4 {.538E+06 3.29E-03 2.09E-09
C4LB150 2. 278406 6.17E-03 2.72E-09
C41LB189Y 3.55E+H03 2.G6E-04 3.81E-10
C4L.B191 3.62E+06 1.76E-04 313E-11
C41L.B199 1.60FE+06 4.04E-04 2.533E-10

Exampic 9. Crystal structure of marmoset CD134 in complex with C4LB89

The epitope of antibody C4LB8Y was identified using X-ray crystallography. The
His-tagged Fab fragment of C4LB89 and the His-tagged soluble form of marmoset CD40L
(smCD154-his) were expressed in HEK293 GnTl cells and purified using affinity and size-
exclaston chromatography. The smCD134:C4LB89Y complex was mcubated overnight at
4°C, concentrated. and separated from the uncomplexed species using size-¢xclusion
chromatography. The complex was crystallized by the vapor-diffusion method from
solution containing 16% PEG 3350, 0.2 M ammonium citraie, 5.1 M MES, pH 6.5, The
crystals belong to the cubic space group P2,3 with unit coll dimensions of 162.1 A. The
structure of the complex was determined by the molecular replacoment method using the
crystal structurcs of the C4LB89 Fab and CD40L (PDB entry 1ALY) as scarch modcls.

The smCD154:C4L B89 complex is a symmetric irimer sitting on the
cryvstaliographic 3-fold axis. C4LB89 binds mCD154 at the interface between two subunits

at the epitope distal from the cell surface. The epitope includes 16 residues, § from cach of
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two CD154 subuniis. The epitope residues are E182, S185, Q186, AI87, P188, 5214,
AZ13 and R207 in the first CD134 subumt and T176, F177, C178, (3220, 8248, H249,
(3230 and F253 in the second CD154 subunit. Epitope residue numbering 1s according to
full length human CD134 of SEQ D NO: 1. The paratope 1s defined as antibody residues
within 4 A from the CD 154 residucs. The C4LBSY paratope includes 9 residucs from the
heavy chain of C4L.B89: 831 and Y32 from HCDRI, 852, 154, F33 and N37 from HCDR2
and R100, Y101 and Y102 from HCDR3. Paratope residue mumbering 1s according to
C4LB8S VH of SEQ ID NG: 39, The light chain is not involved in contacts with mCD 134,
Basod on the number of contacts, F533 in HCDR2 15 a key antigen recognition clement. F55
makes contact to CID154 residues T176, F177. C178, (3220, 8248, H249, G230 and F253.
HCDRS3 residues Y101 and Y102 also contribute to binding. Figure 4 shows the HCDR2
and HCDR3 contact residues and lack of binding of the LC to CD154. Figure 5 shows a
cartoon of the epitope and paratope residues.

Human and marmoset soluble CD154 proteins differ by 8 amino acid residues only.
All mCD154 C4LB89 epitope residues are conserved in human. Therefore, it 18 expected
that the epitope 1s conserved between marmnoset and human CD154. The alignment of the

full length human and marmoset CD134 proteins are shown n Figare 6.

Exampie 16, Platelet activation by anti-CUD134 antibodies is epitope dependent

C4LB89 vanable regions (VH of SEQ ID NO: 539 and VL of SEQ ID NO: 66) were
cloned as IgG1/k, resulting in C41L.B237 antibody. C4LB237 was confumed to retain
binding human CD1354 (Table 17) as measured using ProtoOn as described in Example 1.
The atfinity of C41LB237 to human CD134 was 23.625 4 pM. Switching 1sotype of the
YVH/VL derived from C4LB89 from IgG2sigma to IgGl appeared to change the binding
affinity of the resulting antibody.

As expected, C4LB237 bound human FoyRila and FoyRIla with a Kp of 0.994 uM
and (.146 uM, respectively. C4LB237 showed comparable potency to C4LB231 and higher
potency than C4LB89 in NF-kB SEAP reporter gene assay when shCD154-his was used to
induce signaling (Table 18).

C4LB237 was tested for its effect on platelet activation. shCD154:C4LB237 [Cs

did not activate platelets over the baseling, as shown in Figure 7. This result suggests that

O
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i addition to the Fc, the epitope of the antibody contributes to the ability or inability of the

antibody to aclivate platelets.

Table 17,

Sample ka (1/Ms) 10° { kd (1/s) 10 | Kp (pMD)
C4LB231 (1=%) 2.53+0.15 7814069 31.043.3
C4LB232 (0=8) 2.54+0.15 8.89+0 91 35.2+45.2
C4LB237  (n=4) 2.5940.20 6.03+0.98 23.6+5.4
Table 18.

mAb ICso (nM) Pl

1C (aM)

C4LB231 232 2.11-2.58

C4LB237 236 2.43.2.70

C4LB8Y 6.22 5.27-734

Exampie 11, Engincering neutral mutations on {4L.B8Y

Analyses of the crystal structure of C4LBES in complex with CDi34 revealed

positions i the CDRs of C4LB8% which may be mutated without affecting the overall

structure of the complex and which therefore are expected not to affect properties of the

C41L.B89 antibody. These nentral mutations on the light chain CDRs are listed in Table 19

and in the heavy chain CDRS i Table 26, The numbering of the residues that can be

mutated 15 shown both on the mdividual CDRs and the VL or the VH. For example,
residue Q4 on LCDRI of SEQ ID NO: 37 (RASQSISSYLN) may be mutated to A, C, D, E,
F.GH LKL M. N, R, S, T, V, Wor Y with the expectation that the charactenistics of

the antibody do not change sebstantially. The corresponding residue in the VL of SEQ ID

NG: 6615 Q27.
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Mautations shown in Table 19 or Table 26 are made singulacly or 1n combination

onio C4LB8Y using standard methods. The resulting VH/VL pairs are expressed and the

mutated antibodies wolated and characterized using methods descenibed herein,

Table 19,

C41LBRY VL
C41.B8Y )
(SEQID .
C4LBRS LCDR LCDR Possible substitutions
. NQO: 66)
residue )
residue
ACDE FG H LK L, M,
Q4 Q27
MRS T.V, WY
LCDRI SEQID ACDUE F, G H, LK, L M,
S3 $28
NG: 37 N,QR TV, W, Y
(RASQSISSYLN), . - ACDE F.G H LK L M,
57 530
N, QR T, VWY
AC DEF GH LK LM,
S8 S31
N,QR TV, W, Y
A2 A5l S
ACDEF G H LK LM,
N3 N32
QR ET VWY
AC D EFGHLK LM,
CDR2 of SEQ ID S4 833
N,GRT.V,W Y
NG: 44
- AC.DE.F G H LK MN,
{(YANSL(QS) L5 L54
QRS T, VWY
Q6 33 E.D. N
ACDE FG H LK L, M,
S7 856
N.QRT VWY
83 S91 A
LCDR3 of SEQ 1D
4 D92 N
NO: 32
ACDEFGHLK LM
(QOSDSIPWT), R 893
N,GRT.V,W Y

O
6]
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A.C.D.E. G K.L M.N, Q,
R,S.T,V

I6 194

Table 20,
C4LB8&9 VH
C4L.B8% | (SEQID
C4LB8S HCDR HCDR NO: 393 Posgsible substitutions
residuc Residue
position
ACDEGLKLMN Q.
Si 831
HCDRI SEQID R TV
NG 17 (SYGIR) 14 134 M,L,V
85 S35 A
53 552 ATV
I5 154 V., T.LQE
HCDRZ of SEQ ID ACDEFEGHLK LM,
Ng W57
NG: 23 QRSTV,WY
(WISPIFGNTNYA AC,DE,F,G H LK L, M,
o 19 T58
QKFQG) N QR B VWY
ACDEFEGHLK LM,
Nig W59
QR STV, W, Y
HCDR3 of SEQID | 81 S99 A M
NG: 30 R2 RIGO AS QK
(SRYYGDLDY}, R7 L103 M

Exampic 12. Evaluation of platelet activation and higher order inumuane complex
formation

Upon evaluation of the crvstal structure data for Fab region and shCD154 complex
for C4LB231 and 5C8IgG1 carlier expermments with SC-HPLC and DLS as well as review

of the platelet activation data, it was hypothesized that slight differences in binding of anti-
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CD154 antibodies with the shCD1534 trimer may faciitate higher order tnmune complex
formation: 1) the C4LB231 Fab binds between 2 subunits of the sCD154 trimer while 3C8
Fab binds 1 subunit of sCD 154, 2) the C4LB231 Fab appears to be more rigid in this
conformation than the 3¢8 Fab 3) and the angle of binding of the anti-CD154 antibody with
sCD154,

In order to further evaluate the role of the antibody epitope mediating platelet
activation and higher order immune complex formation with shCD1 54, the VH and the VL
of various anti-CD 154 antibodics were cloned and expressed as Fe silent IgG2sigma and
[gGlsigma isotypes or as Ig(Gl. The generated antibodics are shown in Table 21. Platelet
activation assays were done as described in Example 6. For the higher order tmmune
coraplex formation evaluations via size exclusion high performance liquid chromatography
(SE-HPLC) and dynamic light scattering (DLS), the antibodies were complexed with
shCD154 at 1:1 {aka 10:10) and 10:1 molar ratios to evaluate if there were concentration

dependent difforences in immune complexation.

Table 21.
) ] YVHSEQID VL SEQID
Antibody name Isotype ) )
NO: NO:
5C8igG2sigma
gG2o
{C4LB71)
74 75
508G
1gG1
{M5CBS8)
C4LB89 lgG2o
C4LB231 igGlo 39 66
C4LB237 g6t
C4LB119 lgG2o
C4LB29C igGlo 84 85
C4LB287 g6t
C4LB83 1gG20 86 87

O
=~
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C41B288 igGl

C4LB%4 igG2o

C4LB234 igGlo 60 67
C41B289 igGl

Ig(G20: IgG2sigma
IeGlo: IgGlsigma

SEQ ID NO: 84 VH of C4LB119
OVOLVOSCGAEVKKPGESSVEVSCRASGGTFSSYYISWVROQAPGQGLEWMGAIDPYF
GYANYAQKFOGRVTITADESTSTAYMELSSLRSEDTAVYYCARTGLNYGGFDYW
GOGTLVTVSS

SEQID NO: 85 VL of C4LB1I9
EIVLTOQSPATLSLSPGERATLSCRASQSVSSYLAWYQQOKPGOAPRLLIYDASNRATG
IPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORSNWPLTFGOGTRVEIK

SEQ ID N(: 86 VH of C4LB83
OVOLVOSGAEVKKPGSSVEKVSCKASGOTRSSYAISWVRQAPGOGLEWMGWIHPIF
GNTNYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARERKDFRGYTKLDY
WGEOGTLVTVSS

SEQ ID NG: 87 VL of C4LBE3
DIOMTQSPSSLSASVGDRVTITCRASQSINNWLNWYQOQKPGKAPKLLIYAASSLOS
GVPSRESGSGSGTDFTLTISSLOPEDFATY Y CQQSFSFPYTRGOGTKVEIK

C4L.B33 and C4LB119 bimding characteristics and funciionality was assessed using

protocols described in Example | and are shown in Table 22,

Table 22.
Antibody ka (1/Ms) kd (1/s) Kp (M) Beell

98



WO 2017/024146 PCT/US2016/045574

activation

assay 1Csg

(aM)*
C4LBS3 2 L0E+06 4. 70F-03 2 23E09 0.64-1.09
C4LB119 1 84F+06 8 80E-03 4.79E-09 081-2.03

*hiCD154-1L7 mdoced activation of human B cells. The range mdicates the

fowest and highest [C;, value obtained in separate experiments across 2 donors

Methods
SE-HPLC

Immune complexes of antibodies shown in Table 21 and Alexafhuo-448 labeled
shCE 54 were prepared at 111 and 1001 anttbody:shCD 134 molar ratio in 110 pl of 1xPBS
and incubated at 37°C for 30 min. 100 ul of each sample were injected to column
(Agdent, 1100/1200 system ) for each run, which contained 5 pg of AF488 labeled
shCI154 and 15 ug (1:1 ratio), or 150 pg (10:1 ratio) of anti-CD1 534 mAb. Molecular
weight was calculated based on the retention time of the standards (Bio-Rad). The
refationship between the molecular weight and retention time of the protein satisfies the
equation:

log M) =h-cT,
where M 15 the molecular weight, T is the retention time, and b and ¢ are constants. A hoear
curve of log(M) and T was obtained from the standard SE-HPLC chromatogram by least

squares fitting, with R = 0.9928.

BLS

DLS measurement s based on light scattering principies and molecular or
Brownian Motion. Brownian motion, a typically behavior of molecules m solution, causes
light scattered to be both in and out of phase, resulting n constructive and destructive
mterferences. The result 1s that the intensity of the scattered light fluctuates with time.
During DLS or QELS (quasi-clectric light scatiering ) analysis, this time-dependent
flactuation i the scattered light intensity 18 captured by a fast photon counter. The

fhuctuations are directly proportional to the rate of diffusion. Resolution of the correlation
5%
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data using the Stokes-Finstein equation vields the hvdrodyaanmic radius. Unlike SEC-
MALS, or SEC, where sample resclution can distinguish between monomer and dimer,
DLS is only able to resolve species that are separated by a size factor of ~4, therefore
monomer and tetramer will begin to be resolved; however monomer through dimer will

not, but will report a weighted average of the mixture.

Stokes-Emstein equation: Ry = kT/6anD; wherem
D = diffusion coefficient,
k = Boltzmann’s constant
T = temperature

T = VISCOsitY

Antibodics alone at 10 uM or inmune complexes of antibodies shown in Table 21
and shCD 154 were prepared at 10:1 or 10:10 molar concentrations of antibody:shCD154
(10 uM antibody with either 1 uM or 10 uM shCD154) in PBS. All samples were
prepared in glass vials with vial inserts (250 L deactivated glass with polymer feet,
Agilent cat# 5181-8872), and samples were added in the following order: PBS,
mAb, shCD 54, Samples were mixed by gentle vortexing then incubated at RT,
with rocking (Nutating Mixer (VWR) ~30 rev/min for approximately 23 hr. It
needed, antibodies were first concentrated using siandard methods.

Particle sizes and species distribution n all samples were determined on a DynaPro
Plate Reader DLS instrument (Wyatt Technologies Corporation) at 23 °C. DLS
consistency was first validated using BSA (data not shown), Measurements were made by
mtroducing 30 ub of sample in each of 3 wells for (triplicate measurements). DLS
megsuremenis weare acquired in g DynaPro plate reader. Twenty 5-se¢ acquisitions were
performed on each sample, and laser power was awtomatically adjusted by the mstrument.
Parameters used for data analysis included a viscosity at 23 "C for PBS of 1019 cPand a
refractive index value at 389 nm & 23 °C for PBS of 1.333. A globular protemn model was
used by the program. Signals were bucketed mio peaks, where Peakl was 0.1-10 nm,
Peak?2 was 10-100 nm, Peak3 was 100-1000 nm and Peak4 was 1000-3000 nm. Visible

precipitates (f formed) in the sample were noted. Data analysis was performed using
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Dynamics software {Wyatt Technology Inc.). Plots of percent mass versus species radius
{Rh) were generated. Peak radius, polvdispersity, percent mass and percent infensity were

calculated and recorded.

Results
Platelet activation

Ability of the inmune complexes of shCD 154 and antibodies expressed as Fc
sifent Tg(2sigma or IgGlsigma, or as wild-type IgG1 to activate platelets were assessed.
5¢8 antibody cloned on various IgG scaffolds was used as a control. Figure 3 shows that
5¢81gG1:shCD154 mmmune complexes activated platelets 10 FeyRIla-dependent manner, as
an anti- FoyRila antibody inhibited 5¢8IgGi-mediated platelet activation. 5¢8 VH/VL
regions cloned on effector silent Fo, IgGlsigma or Ig(G2sipma lost their ability to activate
platelets (Figure 1), These results are consisient to what has boen deseribed carlier.
However, unexpectedly, experiments conducted in Example 10 demonstrated that tnmune
complexes with wild-type IgG1 antibody (C4LBB237:5hCD134) did not activate platelets
(Figure 7), prompting further studies into possible eptiope dependency of platelat
activation.

The VH/VL regions of 4 distinct antibodics were cloned as Ig(G2sigma, IgGlsigma
or wild-tvpe IgG1 in order to evaluate the effect of the epitope and/or Fo on platelet
activation as well as on formation of higher order immune complexes. Contrary to what
has been disclosed carlier in literature, 1t was found that platelet activation was in some
cases mediated by the antibody epitope independent on FeyRHa~-mediated cross-hnking.

Figure 8A, Figure 8B and Figure 8C shows the summary of the analvses.
Immune complexes of Fo stlent antibodies C4LB119 (Figure 8A) and C4LBY% (Figure
88) activated platelets in FeyRila-independent manner, as pre-block with an anti-FoyRIla
antibody failed to inhibit platelets activation. [C of C4LBE3, also an Fo silent antibody,
moderately activated platelets (Figure 8C). IC of antibodies with identical VH/VL
domains cloned on wild-type IgG1 in cach case activated platelete m FoyRITa-mediated
fashion {C4LB278 in Figure 8A, C41.B289 in Figure 8B, and C4L.B288 in Figure 8C).
Therefore, several antibodies were identified which mediated platelet activation despite of

having a sient Fe. One VH/VL domain pair was identified which mediated platelet



WO 2017/024146 PCT/US2016/045574

activation netther on silent (C4LB231) nor wild-type IgG1 (C4LB237). These data

demonstrate that antibody epitope plavs a role in mediating platelet aggregation.

Higher order immune complex formation

SE-HPLC and DLS were used to further evaluate the presence of lugher order
mmune complex formation and the approxumnate size of these immune coraplexes between
anti-CD154 antibodies shown in Table 21 and shCD134. AgshCD154 15 a trimer in
solution, the expected stoichiometry of the antibodyv:shCD 154 trimer in solution 1s 3:1. For
SE-HPLC, heavier and thus larger tmmune complexes would have shorter retention times,
while lighter and thus smaller immune complexes would have longer retention times, with
the exception of very large immune complexes that are unable {o clute off the column and
evidenced by low % recovery. For DLS, the larger the radius (Rh) value the larger the
mpmunc complex. Plate DLS technigues cannot resolve Iglo monomers, dimers, trimers
and tetramers. Thus Rh values obtained will be a weighted average of monomer — tetramer,
therefore Rh values that are closer to 6.5 could represent solutions of mAbs containing
higher ordered specics, typically dimer. Where binding of mAb to shTCD154 i
stoichiometric two species may be present - the 3:1 complex {(~500 kDa} and unbound
antibody (~150 kDa) which corresponds to Rh valuos of ~8.8 nm and 3-6.5 nm for the 3:1
coraplex and free mAb respectively. Neither technique can exactly resolve the molecular
weight of the immune complexes, but can allow comparative sizes. Table 23 shows the

relationship of reiention ime and hvdrodynamic radii to approximate molecular weights.

Table 23.
fmmune Complex Approximate SE-HPLC DLS
Molecular Weight Retention time Hyvdrodvnamic
(kDa) (min) Radius
{nrm )}
mAb 156 ~ 9 min St 6.5
mAb:shCD1534 (tnimer) 550 ~ 7 min ~8.8
Higher order inmune ~ 1000 <7 mm ~12




WO 2017/024146 PCT/US2016/045574

complexes

BLS

mAbs in the absence of CD134 and anttbody shCD154 immune complex sizes
were evaluated in conditions in which antibody :shCD154 complexes were formed in excess
of antibody (10:1 molar ratio) and at equivalent concentration (1:1 molar ratio). Under the
conditions where antibody is in excess, the antibody typically saturates CD1 354 sites to form
the mmune complex, and excess unbound antibody 1s present. Under equivalent
concentration, no free antibody or free shCID 134 s present. The Rh values obtained for
cach mAb i the absence of sh CD154 and in the presence of sh CD134 at 16:1 and 10:10
molar ratios are shown in Table 24,

A typical mAb with a nominal MW of 150 kDa yields an Rh value £ 53.0-6.3 nm.
Ig(G dimers, often seen during size exclusion chromatography, cannot be resolved by plate
DLS techniques. The Rh values obtained will be a weighted average of monomer —
tetramer, therefore Rh valoes that are closer to 6.5 could represent solutions of mAbs
containing higher ordered species, typically dimer.

For mAbs in the absence of CD154, expected Ry, values of 5.5-6.3 nm were
observed for all mAbs except C4LB287 and C41L.B234, with R, values of 6.9, and 7.1 nm,
respectively, suggested that these antibodies have inherent aggregation {endencies.

The Rh values for the antibody:shCD 154 complexes formed at 10:1 ratio were
generally less than about 8.8 nm, indicative of the 3:1 stochiometric complex without
formation of higher order immune complexes, excopt for 5c8IgG2sigma (C4LB71) and
C4L.B234 (R, values 8.9 and 9.3 nm respectively), indicating that higher order immune
coraplexes were formed.

Increasing shCD134 concentration to 10 uM resulted 1 antibody :shCD1534
mmune complexce with elevated Rh when compared to the complexes with 1 uM CD154
(10:1 antibodyv:CD154 ratio). Some of the antibody:shCD 154 complexes demonstrated
heterogeneicity with high molecular weight secondary species present ranging from 7-25%
of the total mass. C4LB71, 5C8IgGE, C4LB8S, C4LB119, C4LB%4, C4LB234 and
C4L.8289 IC Rh values were 221, 615, 56.3,45.0, 183, 18.7 and 19.6 nm respectively. In
addition, C4LB89, C4L.B119, C4L.B33, C4LB228 also formed specics 900-4000 nm, and
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C4LB8Y and C4LB119 formed precipitates mdicating very large immune complexes.

Species near 12 nm Rb typically correspond to a mass of ~1,000 kDa, therefore these mAbs

form very large immune complexcs with CD154 under these conditions.

Table 24.
Hyvdrodvnamic radius (Rh), am
Antibody Isotype
10:0% 16:1% 10:10%
S5e8lg G20
1Glo 5.8 8.9 221
(C4LB71)
5¢81eGl {g(G1 5.7 8.3 19.6
C41.B89 1Glo 5.9 5.3, (4082) 615 ppt
C4LB231 1eGlo 39 8.2 10.5
C4LB237 1eGl 6.1 7.4 98
C4LBI119 G20 6.3 8.0 36.3 ppt
C41LB290 1eGlo 6.1 83 133
C41LB287 1eGl 6.9 8.2 12.9
C4LB83 1eGlo 6 0.1 14.3, (3632)
C4lLB288 Gl 6.1 5.6 10.9
C4LB% Q20 6.1 6.9 45
C4LR234 1gGlo 7.1 9.3, (83) 53, (18.3)
7.8, (17,
C41L.R289 1gG1 5.6, 3.7,(18.7)
1350)
* Antibody :shCD154 ratio
Rh of sceondary species were included i parenthesis if the Yunass
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was > 23%
ppt: solution precipitated
12G2o: IgG2sigma

IpGlo: IgGlsigma

SE-HPLC

Table 25 shows the Retention time, recovery rate, and estimated molecular weight
{(MW) of anti- CD154 antibodics alone and in immune complex with shCD 154 obtained
from the SE-HPLC analvses. A tvpical antibody has a MW of about 150 kD, and shCD134
trimer has a MW of about 30 kDa. Therefore, a mAb:shCD154 trimer complex with 3:1

stoichiometry has an expected MW of about 500 kDa.

Table 25,

Retention
‘ Peak %o MW

mAb ID Type Ratio* Time
o Area Recovery (kDa)

{min)
5¢81gG20 | 1gG20 11 6.24 6887 852 15968
(CALBT1 10:1 6.2% 7348 9.9 15382
5¢8ipGl 1sGl 11 73 1096 357 3928
103 6.92 3280 69.2 8456
C41.B8Y 1gG2o 11 6.19 356 16.9%% 1673.2
10:3 6.33 3662 45 3%% 1440.8
C4LB231 | IgGlo 11 6.97 6766 3.8 507
10:1 6.97 7181 88.9 507
C41LB237 {igGl 551 6.99 6506 80.5 7921
10:1 6.99 7977 9%.7 7921
C4LB119 | 12G2o 11 9.59 307 5.6%%* 69.7
10:1 %.02 4667 g 3% 302 4
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C4LB290 {1gGlo 11 7.01 4957 614 774
10:1 7.01 6983 86.4 774
C4LB287 | 1gGl 11 7 5937 73.5 784.7
10:1 702 8011 99.2 7702
C4LBSE3 1220 11 7.86 5193 04.3 3512
10:1 7.84 3335 86.9 3578
C4LB238 | 1gGl 11 7.62 4169 76.6 4393
10:1 737 3582 955 3552
C4LBY4 1gG2¢ IR 6.01 3233 40.0%* 19799
10:1 6.02 7748 959 1961.5
C4LB234 | Ig(Glo 11 6.26 5534 86.6 15673
10:1 6.53 7922 981 12176
C4L.B289 | 1gGl 11 6.25 3800 83.5 1582
10:1 6.53 7958 985 12176
*mAb:CD154)
** Recovery rate < 30%
Antibodies with identical VH/VL are separated into groups divided by
emply rows
I12G20: 12G2sigma
[eGio: IgGlsigma

All antibodies formed an immune complex with shCD 134, C4LB231, C4L.B237,
C4LB290, C4LB287 (all 1gGlsigma) formed an immune complex with sCD134 and eluted
at 7.0 min however C4LB290 and C4LB287 had lower % recoveries at the 1.1 condition
compared to the 10:1 condition while C4LB231 and C4LB237 had higher % recoveries (>
80%). C4LB28S (1gGl), C4LB234 (gGlsigma), 5c8leGlsigma (C4LB71) and C41L.BBY%4
(leG2sigma) eluted carlier at 6.2 to 6.5 mun indicating larger complexes were formed than
with the aforementioned mAbs. 5¢81gG1l had a broad peak at the expecied retention time
for the 3:1 mAb:shCD154 trimer immune complox, however the broad peak and lower
recovery (56% at the 1:1 condition) indicated that lugher order immune complexes may
have formed which may have cither interacted with or did not enter the column. C4LB89
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and C4L.B119 (both IgG2sigma) formed complex with shCD154 and eluted with a broad
peak and very low recovery (6—17% at the 1:1 condition), likely due to the formation of
large complexes which did not enter the column. In general, antibodics on IgG2sigma
isotypes formed larger immune complexes when compared to the antibodies on lgGleigma
or IgGl.

Table 26 shows a summmary of antibody characteristics. Overall, the platelet
activation data, the SE-HPLC and DLS data together indicate that platelet activation s not
entirely attributed to an active Fe. The data indicates that sntibodies with silent Fe such as
[gGlsigma and Ig(G2sigma are capable of formung larger size immune complexes greater
than that of the expected 3:1 mAb to shCD 1534 trimer complex and that some antibodies on
silent Fe are capable of plaielet activation. The data supports a conclusion that both the
VH/VL domains {(e.g. the opitope the antibody binds to) and the higher order immune

complex formation contribute to platelet activation.

Table 26.

IC SE-HPLC

Platelet 1C DLS Rh {am)
Platelet o RT (min}
) o activation
Autibody | Isotype | activation |
mdependent
* 10:1% | L:1* L 10:1* | 10:10%

on FeyRlla

5c8lg (G20

12G2s No 6.3 6.2 8.9 22.1
(CALB7D)

5¢81eGlo | IeGlo No

5¢8igGl 1gGl Yes No 6.9 7.3 3.3 19.6
; . 33,
CALBSS IG20 No 6.4" 6.2" 615 p
40827
C4LB231 | IgGlo No 7.0 7.0 3.2 183
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C4LB237 112Gl No 7.0 7.0 7.4 9.8
C4LB11Y | 1gG20 Yes Yes 8.0" 9.6" 8.0 56.3p
C4LB290 | IeGlo 7.0 7.0 %3 133
C41LB287 112Gl Yes No 7.0 7.0 8.2 12.9
‘ 14.3,
41883 IgG2c | Margmnal Yes 7.8 7.9 6.1 16327
C41LB28% 112Gl Yes No 7.4 7.6 6.6 10.9
C41LB%4 IeG2o Yes Yes 6.0 6.0° 69 45
) 53,
C4LB234 | IeGlo 6.5 6.3 g3
1837
37,
C41.B289 1gG1 Yes Ne 6.5 6.3 7.8 '
187
*antibody:shCI 54 ratio
**assessment using cither PAC-1 or CD62p expression
*SE-HPLC % recovery < 50%
“Rh of sccondary species were included if the Y%omass was > 25%
p: sclution precipitated
I12G20: 12G2sigma
IgGlo: gGlsigma




Claims
1) An

isolated antagonistic antibody or an antigen binding portion thereof specifically binding

human CD154 of SEQ ID NO: 1, comprising a light chain complementarity determining

regi

on (LCDR) 1 of SEQ ID NO: 37 (RASQSISSYLN), a LCDR2 of SEQ ID NO: 44

(YANSLQS), a LCDR3 of SEQ ID NO: 52 (QQSDSIPWT), a heavy chain complementarity
determining region (HCDR) 1 of SEQ ID NO: 17 (SYGIS), a HCDR2 of SEQ ID NO: 23
(WISPIFGNTNYAQKFQG), and a HCDR3 of SEQ ID NO: 30 (SRYYGDLDY), wherein
optionally:

a)

b)

c)

d)

f)

9)

h)

)
K)

1)

m)

n)

the LCDR1 residue Q4 is mutatedto A,C,D,E,F,G,H, K, L,M,N,R, S, T, V, W or
Y;

the LCDR1 residue S5 is mutatedto A,C,D,E,F,G,H, |, K, L, M, N, Q,R, T, V, W or
Y;

the LCDR1 residue S7 is mutatedto A,C,D,E,F,G,H, |, K,L,M,N,Q, R, T, V, W or
Y;

the LCDR1 residue S8 is mutatedto A,C,D,E,F,G,H, |, K,L,M,N, Q,R, T, V, W or
Y;

the LCDR2 residue A2 is mutated to S;

the LCDR2 residue N3 is mutatedto A,C,D,E,F,G,H, |, K,L,M,Q,R,S, T, V, W or
Y;

the LCDR2 residue S4 is mutatedto A,C,D,E,F,G,H, |, K,L,M,N, Q,R, T, V, W or
Y;

the LCDR2 residue L5 is mutatedto A, C,D,E,F,G,H, I, K, M,N,Q,R, S, T, V, W or
Y;

the LCDR2 residue Q6 is mutated to E, D or N;

the LCDR2 residue S7 is mutatedto A,C,D,E,F, G, H, |, K,L,M,N,Q,R, T, V, W or
Y;

the LCDR3 residue S3 is mutated to A,

the LCDR3 residue D4 is mutated to N;

the LCDR3 residue S5 is mutatedto A,C,D,E,F,G,H, |, K,L,M,N,Q,R, T, V, Wor
Y;

the LCDR3 residue 16 is mutatedto A, C, D, E, G, K, L, M, N, Q, R, S, Tor V;
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2)

y)

the HCDR1 residue S1 is mutatedto A,C,D,E, G, |, K, L, M, N, Q, R, Tor V;

the HCDR1 residue 14 is mutated to M, L or V;

the HCDR1 residue S5 is mutated to A,

the HCDR2 residue S3 is mutated to A, T or V,

the HCDR2 residue P4 is mutated to V, T, L Q or E;

the HCDR2 residue N8 is mutatedto A,C,D,E,F,G,H, |, K,L,M,Q,R,S, T, V, W or
Y;

the HCDR2 residue T9 is mutatedto A,C,D,E,F,G,H, |, K,L,M,Q,R, S, T, V, W or
Y;

the HCDR2 residue N10 is mutatedto A, C,D,E,F,G,H, I, K, L,M,Q,R,S, T, V, W
ory;

the HCDR3 residue S1 is mutated to A or M;

the HCDR3 residue R2 is mutated to A, S, Q or K; or

the HCDR3 residue L7 is mutated to M.

An isolated antagonistic antibody or an antigen binding portion thereof specifically binding

human CD154 of SEQ ID NO: 1, comprising a heavy chain complementarity determining
region (HCDR) 1 of SEQ ID NO: 17 (SYGIS), a HCDR2 of SEQ ID NO: 23
(WISPIFGNTNYAQKFQG) and a HCDR3 of SEQ ID NO: 30 (SRYYGDLDY), wherein
optionally

a)
b)
c)
d)
e)
f)

9)

h)

the HCDR1 residue S1 is mutatedto A,C,D,E, G, I, K, L, M, N, Q, R, Tor V;

the HCDR1 residue 14 is mutated to M, L or V;

the HCDR1 residue S5 is mutated to A;

the HCDR2 residue S3 is mutated to A, T or V;

the HCDR2 residue P4 is mutated to V, T, L Q or E;

the HCDR2 residue N8 is mutatedto A, C,D,E,F,G,H, |, K,L,M, Q,R,S, T, V, Wor
Y;

the HCDR?2 residue T9 is mutatedto A, C,D,E,F,G,H, I, K, L,M,Q,R, S, T, V, W or
Y;

the HCDR2 residue N10 is mutatedto A,C,D,E,F,G,H, |, K,L,M,Q,R,S, T, V, W
ory,

the HCDR3 residue S1 is mutated to A or M;
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3)

4)

)
K)

the HCDR3 residue R2 is mutated to A, S, Q or K;
the HCDR3 residue L7 is mutated to M; and

a light chain complementarity determining region (LCDR) 1, a LCDR2 and a LCDR3 of:
SEQ ID NOs: 36, 43 and 51, respectively;

SEQ ID NOs: 37, 44 and 52, respectively;

SEQ ID NOs: 38, 45 and 53, respectively;

SEQ ID NOs: 39, 46 and 54, respectively;

SEQ ID NOs: 40, 47 and 55, respectively;

SEQ ID NOs: 41, 47 and 56, respectively;

SEQ ID NOs: 42, 48 and 57, respectively;

SEQ ID NOs: 37, 49 and 52, respectively; or

SEQ ID NOs: 37, 50 and 52, respectively.

The antibody or antigen binding portion thereof of claim 1, comprising the HCDR1 of SEQ
ID NO: 17 (SYGIS), the HCDR2 of SEQ ID NO: 23 (WISPIFGNTNYAQKFQQG), the
HCDR3 of SEQ ID NO: 30 (SRYYGDLDY), the LCDR1 of SEQ ID NO: 37
(RASQSISSYLN), the LCDR2 of SEQ ID NO: 44 (YANSLQS) and the LCDR3 of SEQ ID
NO: 52 (QQSDSIPWT).

The antibody or antigen binding portion thereof of claim 1, wherein the antibody has at least

one of the following properties:

a)

b)

d)

an immune complex of the antibody and soluble human CD154 (shCD154) does not
activate platelets, wherein platelet activation is measured by P-selectin surface
expression on platelets;

binds to CD154 with a dissociation constant (Kp) of about 5x10™° M or less, when the Kp
is measured using ProteOn XPR36 system at 25°C in Dulbecco’s phosphate buffered
saline containing 0.03% polysorbate P20 and 100 pg/ml bovine serum albumin;

inhibits CD154-mediated human B cell proliferation with an ICs value of about 2.7x10°
M or less; or

inhibits CD154-mediated expression of secreted embryonic alkaline phosphatase (SEAP)
under NF-kB-inducible interferon-B (IFN-B) minimal promoter in HEK293 cells stably
expressing SEAP and human CD40 with an ICs, value of about 2.1x10°® M or less.
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5) The antibody or antigen binding portion thereof of claim 1, wherein the human CD154 is a
homotrimer and the antibody binds a first CD154 monomer in the homotrimer within amino
acid residues 182-207 of CD154 and a second CD154 monomer in the homotrimer within
amino acid residues 176-253 of CD154, wherein residue numbering is according to SEQ ID
NO: 1.

6) The antibody or antigen binding portion thereof of claim 5, wherein the antibody binds
residues E182, S185, Q186, A187, P188, S214, A215 and R207 in the first CD154
monomer, wherein residue numbering is according to SEQ ID NO: 1.

7) The antibody or antigen binding portion thereof of claim 5, wherein the antibody binds
residues T176, F177, C178, Q220, S248, H249, G250 and F353 in the second CD154
monomer, wherein residue numbering is according to SEQ ID NO: 1.

8) The antibody or antigen binding portion thereof of claim 2, comprising a heavy chain
variable region (VH) of SEQ ID NO: 59.

9) The antibody or antigen binding portion thereof of claim 8, comprising a light chain variable
region (VL) of SEQ ID NOs: 65, 66, 67, 68, 69, 70, 71, 72 or 73.

10) The antibody or antigen binding portion thereof of claim 9, comprising the VL of SEQ ID
NOs: 66, 72 or 73.

11) The antibody or antigen binding portion thereof of claim 10, comprising the VH of SEQ ID
NO: 59 and the VL of SEQ ID NO: 66.

12) The antibody or antigen binding portion thereof of claim 10, comprising the VH of SEQ ID
NO: 59 and the VL of SEQ ID NO: 72.

13) The antibody or antigen binding portion thereof of claim 10, comprising the VH of SEQ ID
NO: 59 and the VL of SEQ ID NO: 73.

14) The antibody or antigen binding portion thereof of claim 1, wherein the antibody is of 1gG1,
1gG2, IgG3 or IgG4 isotype.

15) The antibody or antigen binding portion thereof of claim 14 comprising at least one
substitution in an Fc region, wherein the at least one substitution in the Fc region is a
substitution L234A, L235A, G237A, P238S, M252Y, S254T, T256E, H268A, A330S or

P331S, wherein residue numbering is according to the EU Index.
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16) The antibody or antigen binding portion thereof of claim 15, comprising substitutions
L234A, L235A, G237A, P238S, H268A, A330S or P331S in the Fc region, wherein residue
numbering is according to the EU Index.

17) The antibody or antigen binding portion thereof of claim 14 comprising at least one
substitution in an Fc region, wherein the at least one substitution in the Fc region is a
substitution V234A, G237A, P238S, M252Y, S254T, T256E, H268A, VV309L, A330S or
P331S, wherein residue numbering is according to the EU Index.

18) The antibody or antigen binding portion thereof of claim 17, comprising substitutions
V234A, G237A, P238S, H268A, VV309L, A330S and P331S in the Fc region, wherein
residue numbering is according to the EU Index.

19) The antibody or antigen binding portion thereof of claim 14, comprising a heavy chain (HC)
and a light chain (LC) of SEQ ID NOs:

a) 80 and 81, respectively;
b) 82 and 81, respectively; or
c) 83 and 81, respectively.

20) The antibody or antigen binding portion thereof of claim 1, wherein the antibody is
multispecific.

21) An isolated antagonistic antibody or an antigen binding portion thereof specifically binding
CD154 of SEQ ID NO: 1, comprising
a) the HCDR1, the HCDR2, the HCDR3, the LCDR1, the LCDR2 and the LCDR3 of SEQ

ID NOs: 17, 23, 30, 37, 44 and 52, respectively;
b) the VH of SEQ ID NO: 59 and the VL of SEQ ID NO: 66; or
c) the heavy chain of SEQ ID NO: 80 and the light chain of SEQ ID NO: 81.

22) The antibody or antigen binding portion thereof of claim 1, wherein the human CD154 is a
homotrimer and the antibody binds a first CD154 monomer in the homotrimer within amino
acid residues 182-207 of CD154 and a second CD154 monomer in the homotrimer within
amino acid residues 176-253 of CD154, wherein residue numbering is according to SEQ 1D
NO: 1.

23) An immunoconjugate comprising the antibody or antigen binding portion thereof of claim 1

linked to a therapeutic agent or an imaging agent.

113



24) A pharmaceutical composition comprising the antibody or antigen binding portion thereof of
claim 1 and a pharmaceutically accepted carrier.

25) Use of the pharmaceutical composition of claim 24 in the manufacture of a medicament for
inhibiting a biological activity of the human CD154 in a subject in need thereof, wherein the
subject is in need of treatment of an autoimmune disease or an immune-mediated
inflammatory disease.

26) The use of claim 25, wherein the immune-mediated inflammatory disease or the autoimmune
disease is arthritis, systemic lupus erythematosus (SLE), inflammatory bowel disease,
transplantation, kidney transplantation, skin transplantation, bone marrow transplantation,
graft versus host disease (GVHD), immune thrombocytopenia (ITP), multiple sclerosis,
thyroiditis, type | diabetes or atherosclerosis.

27) The use of claim 26 wherein the arthritis is rheumatoid arthritis, juvenile arthritis, psoriatic
arthritis, Reiter’s syndrome, ankylosing spondylitis, or gouty arthritis.

28) The use of claim 25, wherein the autoimmune disease or the immune-mediated inflammatory
disease is lupus.

29) The use of claim 25, wherein the autoimmune disease or the immune-mediated inflammatory
disease is transplantation.

30) The use of claim 25, wherein the autoimmune disease or the immune-mediated inflammatory
disease is inflammatory bowel disease (IBD).

31) The use of claim 30, wherein the IBD is Crohn’s disease or ulcerative colitis.

32) The use of claim 25, wherein the medicament further comprises a second therapeutic agent.

33) The use of claim 32, wherein the second therapeutic agent is selected from the group
consisting of nonsteroidal anti-inflammatory drugs (NSAIDs), salicylates,
hydroxychloroquine, sulfasalazine, corticosteroids, cytotoxic drugs, immunosuppressive
drugs and antibodies.

34) An isolated antagonistic antibody or an antigen binding portion thereof specifically binding
CD154 of SEQ ID NO: 1, comprising an HCDR1, an HCDR2, an HCDR3, a LCDR1, a
LCDR2, and a LCDR3 of
a) SEQ ID NOs: 16, 22, 29, 36, 43 and 51, respectively;

b) SEQ ID NOs: 17, 23, 30, 37, 44 and 52, respectively;
c) SEQ ID NOs: 16, 24, 31, 38, 45 and 53, respectively;
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d) SEQ ID NOs: 18, 25, 32, 39, 46 and 54, respectively;

e) SEQ ID NOs: 19, 26, 33, 40, 47 and 55, respectively;

f) SEQ ID NOs: 20, 27, 34, 41, 47 and 56, respectively;

g) SEQ ID NOs: 21, 28, 35, 42, 48 and 57, respectively;

h) SEQ ID NOs: 17, 23, 30, 37, 49 and 52, respectively; or

i) SEQ ID NOs: 17, 23, 30, 37, 50 and 52, respectively, wherein the HCDR1, the HCDR2,
the HCDR3, the LCDR1, the LCDR2 and the LCDR3 are defined by Kabat, Chothia or IMGT.

35) The antibody or antigen binding portion thereof of claim 34, comprising
a) the HCDR1, the HCDR2 and the HCDR3 of SEQ ID NOs: 16, 22 and 29, respectively,
and the LCDR1, the LCDR2 and the LCDR3 of SEQ ID NOs: 36, 43 and 51,
respectively; or
b) the VH of SEQ ID NO: 58 and the VL of SEQ ID NO: 65.
36) The antibody or antigen binding portion thereof of claim 34, comprising
a) the HCDR1, the HCDR2 and the HCDR3 of SEQ ID NOs: 17, 23 and 30, respectively,
and the LCDR1, the LCDR2 and the LCDR3 of SEQ ID NOs: 37, 44 and 52,
respectively; or
b) the VH of SEQ ID NO: 59 and the VL of SEQ ID NO: 66.
37) The antibody or antigen binding portion thereof of claim 34, comprising
a) the HCDR1, the HCDR2 and the HCDR3 of SEQ ID NOs: 16, 24 and 31, respectively,
and the LCDR1, the LCDR2 and the LCDR3 of SEQ ID NOs: 38, 45 and 53,
respectively; or
b) the VH of SEQ ID NO: 60 and the VL of SEQ ID NO: 67.
38) The antibody or antigen binding portion thereof of claim 34, comprising
a) the HCDR1, the HCDR2 and the HCDR3 of SEQ ID NOs: 18, 25 and 32, respectively,
and the LCDR1, the LCDR2 and the LCDR3 of SEQ ID NOs: 39, 46 and 54,
respectively; or
b) the VH of SEQ ID NO: 61 and the VL of SEQ ID NO: 68.
39) The antibody or antigen binding portion thereof of claim 34, comprising
a) the HCDRL1, the HCDR2 and the HCDR3 of SEQ ID NOs: 19, 26 and 33, respectively,
and LCDR1, the LCDR2 and the LCDR3 of SEQ ID NOs: 40, 47 and 55, respectively; or
b) the VH of SEQ ID NO: 62 and the VL of SEQ ID NO: 69.
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40) The antibody or antigen binding portion thereof of claim 34, comprising

a) the HCDR1, the HCDR2 and the HCDR3 of SEQ ID NOs: 20, 27 and 34, respectively,
and the LCDR1, the LCDR2 and the LCDR3 of SEQ ID NOs: 41, 47 and 56,
respectively; or

b) the VH of SEQ ID NO: 63 and the VL of SEQ ID NO: 70.

41) The antibody or antigen binding portion thereof of claim 34, comprising

a) the HCDR1, the HCDR2 and the HCDR3 of SEQ ID NOs: 21, 28 and 35, respectively,
and the LCDR1, the LCDR2 and the LCDR3 of SEQ ID NOs: 42, 48 and 57,
respectively; or

b) the VH of SEQ ID NO: 64 and the VL of SEQ ID NO: 71.

42) The antibody or antigen binding portion thereof of claim 34, comprising
a) the HCDR1, the HCDR2 and the HCDR3 of SEQ ID NOs: 17, 23 and 30, respectively,

and LCDR1, the LCDR2 and the LCDR3 of SEQ ID NOs: 37, 49 and 52, respectively; or

b) the VH of SEQ ID NO: 59 and the VL of SEQ ID NO: 72.

43) The antibody or antigen binding portion thereof of claim 34, comprising

a) the HCDR1, the HCDR2 and the HCDR3 of SEQ ID NOs: 17, 23 and 30, respectively,
and the LCDR1, the LCDR2 and the LCDR3 of SEQ ID NOs: 37, 50 and 52,
respectively; or

b) the VH of SEQ ID NO: 59 and the VL of SEQ ID NO: 73.

44) The antibody or antigen binding portion thereof of claim 34, wherein the antibody is of
IgG1, 1gG2, 1gG3 or 1gG4 isotype.

45) The antibody or antigen binding portion thereof of claim 44 comprising at least one
substitution in an Fc region, wherein the at least one substitution in the Fc region is a
substitution L234A, L235A, G237A, P238S, M252Y, S254T, T256E, H268A, A330S or
P331S, wherein residue numbering is according to the EU Index.

46) The antibody or antigen binding portion thereof of claim 45, comprising substitutions
L234A, L235A, G237A, P238S, H268A, A330S and P331S in the Fc region, wherein
residue numbering is according to the EU Index.

47) The antibody or antigen binding portion thereof of claim 44 comprising at least one

substitution in an Fc region, wherein the at least one substitution in the Fc region is a
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substitution V234A, G237A, P238S, M252Y, S254T, T256E, H268A, VV309L, A330S or

P331S, wherein residue numbering is according to the EU Index.

48) The antibody or antigen binding portion thereof of claim 47, comprising substitutions
V234A, G237A, P238S, H268A, VV309L, A330S and P331S in the Fc region, wherein
residue numbering is according to the EU Index.

49) The antibody or antigen binding portion thereof of claim 34, wherein the antibody is
multispecific.

50) The antibody or antigen binding portion thereof of claim 34, wherein the antibody has at
least one of the following properties:

a) an immune complex of the antibody and soluble human CD154 (shCD154) does not
activate platelets, wherein platelet activation is measured by P-selectin surface
expression on platelets;

b) binds to CD154 with a dissociation constant (Kp) of about 5x10° M or less, when the Kp
is measured using ProteOn XPR36 system at 25°C in Dulbecco’s phosphate buffered
saline containing 0.03% polysorbate P20 and 100 pg/ml bovine serum albumin;

c) inhibits CD154-mediated human B cell proliferation with an 1Csq value of about 2.7x107
M or less; or

d) inhibits CD154-mediated expression of secreted embryonic alkaline phosphatase (SEAP)
under NF-kB-inducible interferon-B (IFN-B) minimal promoter in HEK293 cells stably
expressing SEAP and human CD40 with an ICsg value of about 2.1x10°® M or less.

51) An immunoconjugate comprising the antibody or antigen binding portion thereof of claim 34
linked to a therapeutic agent or an imaging agent.

52) A pharmaceutical composition comprising the antibody or antigen binding portion thereof of
claim 34 and a pharmaceutically accepted carrier.

53) Use of the pharmaceutical composition of claim 52 in the manufacture of a medicament for
inhibiting a biological activity of the CD154 in a subject in need thereof wherein the subject
is in need of treatment of an autoimmune disease or an immune-mediated inflammatory
disease.

54) The use of claim 53, wherein the immune-mediated inflammatory disease or the autoimmune
disease is arthritis, systemic lupus erythematosus (SLE), inflammatory bowel disease,

transplantation, kidney transplantation, skin transplantation, bone marrow transplantation,
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graft versus host disease (GVHD), immune thrombocytopenia (ITP), multiple sclerosis,
thyroiditis, type | diabetes or atherosclerosis.

55) The use of claim 54, wherein the arthritis is rheumatoid arthritis.

56) The use of claim 53, wherein the autoimmune disease or the immune-mediated inflammatory
disease is lupus.

57) The use of claim 53, wherein the autoimmune disease or the immune-mediated inflammatory
disease is transplantation.

58) The use of claim 53, wherein the autoimmune disease or the immune-mediated inflammatory
disease is inflammatory bowel disease.

59) The use of claim 58, wherein the inflammatory bowel disease is Crohn’s disease or
ulcerative colitis.

60) The use of claim 53, wherein the medicament further comprises a second therapeutic agent.

61) The use of claim 60, wherein the second therapeutic agent is selected from the group
consisting of nonsteroidal anti-inflammatory drugs (NSAIDSs), salicylates,
hydroxychloroquine, sulfasalazine, corticosteroids, cytotoxic drugs, immunosuppressive
drugs and antibodies.

62) A kit comprising the antibody or antigen binding portion thereof of claim 1.

63) The kit of claim 62, further comprising reagents for detecting the antibody or antigen binding
portion thereof.

64) An immunoconjugate comprising the antibody or antigen binding portion thereof of claim 21
linked to a therapeutic agent or an imaging agent.

65) A pharmaceutical composition comprising the antibody or antigen binding portion thereof of
claim 21 and a pharmaceutically accepted carrier.

66) Use of the pharmaceutical composition of claim 65 in the manufacture of a medicament for
inhibiting a biological activity of the CD154 in a subject in need thereof, wherein the subject
is in need of treatment of an autoimmune disease or an immune-mediated inflammatory

disease.

118



