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In a second aspect, the ability of the protease-resistant 1gGlL nutant of
the invention to engage FcyR and/or conpl enment can be restored by
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conprises a portion of a pharnaceuticall% active nol ecule. The
pharmaceutical conpositions conprising the 1gGlL Fe nutant or active 1gGL Fe
mut ant - conpri sing nol ecul es are useful for the treatnent of diseases
characterized by unwanted or uncontrolled proliferation or mgration of
cells. In one aspect, the protease-resistant constant donain conpositions
of the invention, conbined with a |igand binding domain, are adm ni stered
to a subject in need thereof using a route of admnistration to a body
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3 1gGl hinge region, EU 214-236 4 1g& hinge region (2 he), EU 214-235 5
| gG hybrid hinge region (2h), Ig& EU 233-235 6 2hc (EU 214-447) 7 2h (EU
214-447) 8O020123B3ABY | 332E 9 2h E333A/ K334A 10 2h F243L/ Re9ARLM3IO631741 2h
H268F/ 5324T/ 1 332E 12 2h 52390/ H268F/ 5324T/ 1332E 13 2h

5267E/ H268F/ 5324T/ 1332E

The composition of the invention is a protease-resistant [gG1 antibody comprising
altered amino acid residues in the lower hinge of IgG1, which residues have involvement in Fc
engagement of FcyR as well as having been identified as sites of physiologically-relevant
proteolytic cleavage. In one aspect, the residues of human IgG1 subclass are replaced with the
corresponding lower hinge residues of human IgG2. In one embodiment, the sequence of
E233-1.234-1.235-G236 of human IgG1 is replaced with 1gGG2 P233-V234-A235 with G236
deleted (EU numbering (Edelman et al., Proc Natl Acad Sci USA 63:78-85 1969)). In another
embodiment, the [gG1 residues E233-1.234-1.235-G236-G237 are replaced with P233-V234-
A235 with G236 deleted, and G237 is substituted with an amino acid selected from A, D, P, Q
or S. In still another embodiment, all of the residues in the IgG1 constant domain
corresponding to residues 214-236, KVEPKSCDKT HTCPPCPAPEL LG (SEQ ID NO: 3), are
replaced with a sequence of the corresponding position in human IgG2 or TVERKCCVEC
PPCPAPPVA (SEQ ID NO: 4).

In a second aspect, the ability of the protease-resistant [gG1 mutant of the invention to
engage FcyR and/or complement can be restored by incorporating further mutations. Thus,
without such further substitutions, the protease-resistant [gGGl mutant comprising a protease-
resistant hinge region comprising P233-V234-A235 with G236 deleted, or the mutant wherein
all of the IgG1 constant region sequences of residues 214-236 are replaced with the
corresponding sequences from [gG2, ( SEQ ID NO: 4), has reduced ability to engage FcyR. To
overcome the loss of effector function related to FcR and Clq engagement, additional
mutations are incorporated in the non-hinge constant region so that the modified IgG1 molecule
retains measurable or even enhanced ability to engage FcyR as compared with the wild-type
human IgG1. Thus, in one embodiment of the invention, the protease resistant IgG1 comprises
those molecules comprising an Fc domain having the sequence of a human IgG1 in the hinge
and CH2 regions, from about EU residues 214 to about residue 330, where at least residues
233-237 are substituted with PVA/ (G236 deletion) and, additionally, specific substitutions
selected from S239D/I332E; K326A/E333A; H268F/S324T/1332E; F243L/R292P/Y300L;
S239D/H268F/S324T/1332E; S267E/H268F/S324T/1332E; E333A/K334A;
(G237A/S239D/1332E; and G237S/S239D/1332E; S298A/E333A/K334A;
S239D/K326A/E333A and S267E/I1332E. In a specific embodiment, the IgG molecule derived
from the wild-type IgG1 constant domain sequences comprises SEQ ID NO: 6. In another
embodiment, the protease-resistant [gG is derived from the wild-type Ig(G2 constant domains
with substitutions at of S239D and I332E. Thus, the inclusion of these additional mutations

allowed Fc functions while maintaining protease resistance, and, in some cases, improved the



14 2h K326A/ E333A 15 2h &X37X/ 52390/ 1 332E where X is A, D, P, Qor S 16 2hc
52390/ 1 332E 17 1 g& 52390/ |1 332E 18 2h K326A/ 1332E/ E333A 19 2h 5239D/
K326A / E388A02082h6S267E/ | 332E DETAI LED DESCRI PTI ON OPCTHIS201NWENT4 ON

Abbr evi ati ons ADCC = anti body-dependent cellular cytotoxicity; ADCP,

ant i body- dependent cel |l ul ar phagocytosis; CDC = conpl enent - dependent
cytotoxicity; FDCR = Fc-dependent cytokine rel ease; FcyR or FcgammaR = Fc
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Natural Killer exa 0 ADCC assays are

Nosor hen 1 napeuElrgg e Briasyuns XM I® Brukasthiiretion 173857 5 Bp
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of interest WVTWQCU@%@@E%@WOW*I&H adivatesd %celloirﬁcdlsacmtcrmrhoa@aéﬂpstgu@h as that

di scl osed i Ny yes: Bis, &becialiP BRieridlNAR USA 95: 652, the contents of which is
incorporated by reference inits entirety. Wwere the effector cell acts
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Dependent Ce &nl alilll)t%er erFr)l 0a Oe% ﬁlg ?gIG% Fg; é%)cbmprises a portion of a pharmaceutically active
molecule. The pharmaceutical compositions comprising the [gGGl Fc mutant or active IgG1 Fc
mutant-comprising molecules are useful for the treatment of diseases characterized by
unwanted or uncontrolled proliferation or migration of cells. In one aspect, the protease-
resistant constant domain compositions of the invention, combined with a ligand binding
domain, are administered to a subject in need thereof using a route of administration to a body
compartment in which one or more proteases capable of degrading IgG1 subclass molecules is

found using systemic delivery methods or local delivery methods.



"Conpl ement-directed cytotoxicity”" or CDC refers to the form of
cytotoxicity in which the conpl enent cascade is activated by the conpl enent
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(Fig. 2 SEQ@I&%eMann&#at to compete}é’ﬁ.b%ﬂ%ﬁ;}tﬂgﬂ%Gfjﬁ)(g@l)iﬁdiﬁge(q— nces of the

mammal i an | g eavy chain are signdte n sequenceé as CH1- hi nge- CH2- CH3.
The "hinge", righidWAECLArMs @k se'f)mt@g;@c@lqgm}lsrﬁsrf&&lemthlopg&a&-ﬂe§st9@m5al Iy
defined as including Glu216 and termnating at Pro230 of human |gGl

accor di ng toC?“ﬁt@cﬁé%‘f’ﬂdéV§f@ﬁ%ﬁ%ﬂﬁ@tﬂ?ecﬁ%gﬁlaig%yt%lﬁ%n o Lt isaclybr ?q on of the
chai n may be th¢@ans naeseedr siaplédeliude addi tional residues terned the upper and
| ower hinge regions, such as from Glu216 to Gly237 (Roux et al. J. |nmunol.
1998, 161: 408&prediddC thgraploviem sapargeAPES adseve perfogh@wiggrai@seassitaesingoes 233 to
239 of the Feo @l WRAE 1dck ITIBRRENI N9 Mesh GeNeLials ki@t Lbeyt ed. H nge
regions of other 1gG isotypes may be aligned wth the 1gGl sequence by

pl aci ng t he ¥ stthaisare pyster yelisdy decre@singtles forming i nter-heavy chain S-S
bi nds. Al though boundari es vary slight]y, as nunbered according to the
Kabat syst emFggf‘FFes ARG anr@]¥%as %{pﬁﬁ%rﬁ’tgd‘fv RIRESISS HEHEN Yy SAnt &t o

term nal to whéypelpGend &g eherothe @riysinvuthoglaobisltlnivhedvy s ghabhtheminecul e and
i ncludes the_fi iL.ho_term nal) constant regi on domain of an
innunoglobulp%hegéygﬁ% 3?%?&£855; from about EU positions 118-215. The Fc
domai n extends fromamno acid 231 to am no acid 447; the CH2 domain is
from about Ala231 to Lys340 or Gly341 and the CH3 from about Gly341 or
GLn342 to Lys447. The residues of the IgG heavy chain constant regi on of
the CHL region term nate at Lys. The term "protease resistant” refers
to the ability of a nolecule conprised of peptide bonds, to resist
hydrol yti c cl eavage of one or nore of its peptide bonds in the presence of
a proteolytic enzyme. The resistance to proteolytic enzynes is a relative
property and is conpared to a nolecule which is less able to withstand
hydrol ytic cl eavage of one or nore of itS peptide bonds over a specified
time period and under specified conditions, including the pH and or
tenperature at which the cl eavage resistance is tested. One result of
proteol ytic cl eavage indicative that cl eavage has occurred is the
generation of smaller fragnments (lower nol ecul ar weight) as conpared to the
nol ecul ar wei ght of the intact, non-cleaved parent nol ecul e. The term
"therapeutically effective amount” refers to an anount of an therapeutic
agent as described herein conprising an Fc-donmain which nay be an anti body,
anti body fragnent, or derivative to treat a disease or disorder in a
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The protease-resistance conferred by the conpositions of the invention

i nclude, for exanple the proteases that cleave at residues of |1gGL hinge
regi on t o 2ar®83ubstituted by alternate am no aci ds dercras26mnossivhe
correspondi ng 1 g& residue, such as MW-3, MW-7, MWP-12, HNE, plasm n,
cathepsin G pepsin, [deS, or glutanyl endopeptidase |I from Staph aureus
(Fig. 1) (Ryan et al. 2008 supra). The multi-substituted 1gGL nutants

were sel ected on the bagesr phs¢R@ITIONYRIHY SEOUENOELIEANGT human FcRs

(FcyRI,

FcyRila, FcyRI Ib, FcyRIlla assessed by Al phaScreen0 conpetition

assays) ThesepomiNant sesseptenf urt her tested in the appropriate cellul ar
systens for [their ability to induce ADCC by PBMCs and ADCP by in vitro
di fferentiaféd macr ophfgesc; Humat hxeaenpendsveniaad , hihgt, £HrrodCded herein, the
lgG Iwith the speci f|£ d;@troduced mut ati ons (Table 2) were engilneered
protease-resi stant mAbs derived fromIgGl with an Fc enhancing nutation.
Al ternative|gonpositli Q%@}fz g0, ngx‘faahlg"gaﬂ% a6 TE8 sk Qﬁfngeuéﬁz ZhAcE37 1jn the EU
nunberi ng system (SEQ D NG were made using the wldtype (w]) human
IgGl (SEQ ID NGO 1) (Pﬂ*aél?srl ng pr ot ease- reS| stance i ncl ude either
repl acenent (of—the—€6 seguepce—{SEQ+BNO—4)—hinge—or the
chineric hi née ( SEQ | %ﬂg%ﬁegﬂf@ﬁ%ﬁzyrem dues 233-235 altered as shown
in Table 1. WO-20121 087 746PCTH U520 Fabte—1+—FcDbest on tion I gG
Scaffol d (EU'214- 447 Vﬁéﬁ‘%?]ﬁ%mnfﬁ”‘ TEEH%F’%EU 214- 236) |gGL wt (Uni Prot
P01857, 96- tgGt i\v:rgz?:h “PPC $ D—NO 3 lg& w
(Uni Prot P01859, 97-

6 2he (EU 214-447)

7 2h (EU 214-447)

8 2h S239D/1332E

9 2h E333A/K334A

10 2h F243L/R292P/Y300L

11 2h H268F/S324T/1332E

12 2h S239D/H268F/S324T/1332E

13 2h S267E/H268F/S324T/1332E

14 2h K326A/E333A

15 2h G237X/S239D/1332E where X is A, D, P, Qor S

16 2hc S239D/1332E

17 IgG2 S239D/1332E

18 2h K326A/1332E/ E333A

19 2h S239D/ K326A /E333A

20 2h S267E/1332E




hl g& TVERKCCVECPPCPAPPVA 326) (SEQ I D NO 4) 2 hc hlgGl with
conplete SEQID NO4 1g& hinge region
WO 2012/087746 PCT/US2011/065174

DETAILED DESCRIPTION OF THE INVENTION
Abbreviations

ADCC = antibody-dependent cellular cytotoxicity; ADCP, antibody-dependent cellular
phagocytosis; CDC = complement-dependent cytotoxicity; FDCR = Fc-dependent cytokine
release; FcyR or FegammaR = Fc gamma receptor; GluV8 = glutamyl endopeptidase V8 of
Staphylococcus aureus; 1deS = Immunoglobulin degrading enzyme of Streptococcus pyogenes
IgG = immunoglobulin G; ITAM = immunoreceptor tyrosine-based activating motif ; ITIM =
immunoreceptor tyrosine-based inhibitory motif; Mab = monoclonal antibody; MMP = matrix
metalloproteinase; the term protease is equivalent to proteinase and are used interchangeably;

PR = protease resistant.

Definitions & Explanation of Terminology

"Antibody-dependent cellular cytotoxicity” "Antibody-dependent cell-mediated
cytotoxicity" or ADCC" refers to a form of cytotoxicity in which secreted Ig bound onto Fc
receptors (FcRs) present on certain cytotoxic cells (e.g., Natural Killer (NK) cells, neutrophils,
and macrophages) enables these cytotoxic effector cells to bind specifically to an antigen-
bearing target cell and subsequently kill the target cell with cytotoxins. Ligand specific high-
affinity IgG antibodies directed to the surface of target cells stimulate the cytotoxic cells and
are absolutely required for such killing. Lysis of the target cell is extracellular, requires direct

cell-to-cell contact, and does not involve complement.

The ability of any particular antibody to mediate lysis of the target cell by ADCC can
be assayed. To assess ADCC activity, an antibody of interest is added to target cells displaying
the target ligand in combination with immune effector cells, which may be activated by the
antigen antibody complexes resulting in cytolysis of the target cell. Cytolysis is generally
detected by the release of label (e.g. radioactive substrates, fluorescent dyes or natural
intracellular proteins) from the lysed cells. Useful effector cells for such assays include
peripheral blood mononuclear cells (PBMC) and Natural Killer (NK) cells. Specific examples
of in vitro ADCC assays are described in Wisecarver et al, 1985, 19:211; Bruggemann et al,
1987, J Exp Med 166:1351; Wilkinson et al, 2001, J Immunol Methods 258:183; Patel et al,
1995 J Immunol Methods 184:29 (each of which is incorporated by reference). Alternatively, or
additionally, ADCC activity of the antibody of interest may be assessed in vivo, e.g., in a
animal model such as that disclosed in Clynes et al, 1998, PNAS USA 95:652, the contents of

which is incorporated by reference in its entirety. Where the effector cell acts largely through



2h hl gGl KVEPKSCDKTHTCPPCPAPPVA  (SEQ I D NO 5) Conpensati ng
mutations in effector function enhancing regi ons can be selected from
previ ouslwodepmsirtied substitutions as shown in Table 2 lpelras20iTabiies 2.
Mut ati ons (EU nunbered positions) Reference S239D/ 1 332E 1 E333A/ K334A 5

phagocytosis, the process can be described as Antibody Dependent Cellular Phagocytosis
(ADCP).

“Complement-directed cytotoxicity” or CDC refers to the form of cytotoxicity in which
the complement cascade is activated by the complement component Clq binding to antibody

Fc.

The term “effector functions” include those interactions of Fc¢ with Fc gamma receptors
(FcyR) expressed on immune cells, as well as F¢ domain interactions with complement leading
to elimination of the antigen-expressing cell by lytic processes or phagocytosis by effector cells

and complement components.

The terms “Fc,” “Fc-containing protein” or “Fc-containing molecule” as used herein
refer to a monomeric, dimeric or heterodimeric protein having at least an immunoglobulin CH2
and CH3 domain. The CH2 and CH3 domains can form at least a part of the dimeric region of
the protein/molecule (e.g., antibody).

The term “antibody” as used herein is a specific form of an Fc-containing protein
comprising at least one ligand binding domain which contains, or retains substantial homology
to, at least one of a heavy or light chain antibody variable domain of at least one species of

animal antibody.

Wild type human IgG subclass constant sequences are cataloged in the UniProt
database available on-line as PO1857 (IgG1), P01859 (IgG2), P01860 (IgG3), and PO1861
(IgG4). As used herein, "wild type human IgG1 Fc region" refers to a human IgG Fc region
that comprises the amino acid sequence of SEQ ID NO: 1 or a fragment thereof, which is from
residue K214 to residue K447 of the human IgG heavy chain, according to the EU numbering
of Kabat. Amino acids in the constant region are numbered by alignment with the human IgG1
antibody, EU (see Cunningham et al., 1970Biochemistry., 9: 3161-70). That is, the heavy and
light chains of an antibody are aligned with the heavy and light chains of EU to maximize
amino acid sequence identity and each amino acid in the antibody is assigned the same number
as the corresponding amino acid in EU. The EU numbering system is conventionally used in
the art (see generally, Kabat et al, Sequences of Protein of Immunological Interest, NIH
Publication No. 91-3242, US Department of Health and Human Services (1991)). According to
the convention, the alignment between the wildtype [g(G2 constant region and that of EU results

in an empty amino acid at positions 221-223 and 236 (Fig. 2, SEQ ID NO: 2).

The constant domain sequences of the mammalian IgG heavy chain are designated in
sequence as CH1-hinge-CH2-CH3. The “hinge”, "hinge region" or "hinge domain" of an IgG
8



F243L/ R292P/ Y300L 3 H268F/ S324T/ |1 332E 4 S239D/ H268F/ S324T/ 1332E 4

S267E/ H268F/ S324T/ 1332E 4 K326A/ E333A 2 K326A/ 1 332E/ E333A 1, 2 S239D/ K326A
/ E333A 1,R03287RIM4832E 1,4 G37X/ S239D/ | 332E where X i sPAT/US201R0674 0r S 1
S298A/ E333A/ K334A 5 Increased Fc function constructs, previously cited by:

is generally defined as including Glu216 and terminating at Pro230 of human IgG1 according
to the Kabat system but functionally, the flexible portion of the chain may be considered to
include additional residues termed the upper and lower hinge regions, such as from Glu216 to
Gly237 (Roux et al. J. Immunol. 1998, 161:4083) and the lower hinge has been referred to as
residues 233 to 239 of the Fc region where FcgammaR binding was generally attributed. Hinge
regions of other IgG isotypes may be aligned with the IgG1 sequence by placing the first and
last cysteine residues forming inter-heavy chain S--S binds. Although boundaries may vary
slightly, as numbered according to the Kabat system, the CH1 domain is adjacent to the VH
domain and amino terminal to the hinge region of an immunoglobulin heavy chain molecule
and includes the first (most amino terminal) constant region domain of an immunoglobulin
heavy chain, e.g., from about EU positions 118-215. The F¢ domain extends from amino acid
231 to amino acid 447; the CH2 domain is from about Ala231 to Lys340 or Gly341 and the
CH3 from about Gly341 or Gln342 to Lys447. The residues of the IgG heavy chain constant

region of the CH1 region terminate at Lys.

The term "protease resistant” refers to the ability of a molecule comprised of peptide
bonds, to resist hydrolytic cleavage of one or more of its peptide bonds in the presence of a
proteolytic enzyme. The resistance to proteolytic enzymes is a relative property and is
compared to a molecule which is less able to withstand hydrolytic cleavage of one or more of
its peptide bonds over a specified time period and under specified conditions, including the pH
and or temperature at which the cleavage resistance is tested. One result of proteolytic
cleavage indicative that cleavage has occurred is the generation of smaller fragments (lower
molecular weight) as compared to the molecular weight of the intact, non-cleaved parent

molecule.

The term "therapeutically effective amount" refers to an amount of an therapeutic agent
as described herein comprising an Fc-domain which may be an antibody, antibody fragment, or

derivative to treat a disease or disorder in a subject.

Overview

The present invention was motivated by an interest in identifying an Fc domain for use
in the manufacture of therapeutic antibody, Fc-fusions, and like biopharmaceuticals with
improved resistance to proteolysis in sifu and with retained ability to cause cytokine release or

damage or kill target antigen displaying cells and tissues surrounding targeted cells.



1. Lazar, Proc Natl Acad Sci USA 103: 4005-4010 (2006) 2. Idusogie, J

| mmunol 166: 2571- 2575 (2001) 3. Stavenhagen, Cancer Res 67(18):8882-90
(2007) 4.wbhboras7abs al . MAbs 2(2):181-189 (2010) 5. Shi ecaaseatiabsiy4 J Bi ol
Chem 276: 6591- 6604 (2001) Usi ng various neasures of Fc-function
based on in vitro assays, several protease-resistant Fc sequences were

i dentified, that when incorporated into a conplete 1gG structure (H2L2),

provi de resi st anCRofReQREIRAldTS Bvedha &rg%ssaa%&%@g% (R GrRturd PWRAIythishge
resi dues (EU232- 237) while havin ﬁ to bind FcyR or pronote

cytolysis. TAY BHEHYESE opeoiikacy S&Helﬁ%ﬁsﬁ’ﬂ“ﬂ f%rsltsé?mg%lsﬁw BYEBHSt ruct s
conpri si ng atedango@iadkd) eyshing geion srowibdes, agaitin pltolteaand @giloprogdses.
categorized by receptor affinity and in vitro bioactivity is shown in Table
3. Tabl e 3. | sot ypeioss Gomstiyaptotdey Rinctieg hiRiugkouRby RIdy bndRe &yl | a ADCC ADCP

CDC | gGL +++36'fnp'5?fﬁ‘ié"nts+p-'éflf3'ﬁ'iﬁ'n'§ ci‘ifféﬁI"nguTé'fd'i’S" dndtietibdlic processes. Acid-resistant proteases

secreted into the stomach (such as pepsin) and serine proteases present in duodenum (trypsin
and chymotrypsin) enable degradation of food protein within the gastrointestinal tract;
proteases present in blood or serum (thrombin, plasmin, Hageman factor, etc.) play important
role in blood-clotting, as well as lysis of the clots, and regulation of cells of the immune
system. Proteases are present in or released from leukocytes (elastase, cathepsin G). Proteases
determine the lifetime of other proteins thus playing an important metabolic role. Unlike
hormones, interleukins or chemokines, no intracellular signaling or alteration in protein
expression machinery is required, making proteolytic control one of the fastest regulatory
switching mechanisms. Further, cooperative action of the proteases as in cascade reactions,

results in a rapid and efficient amplification of an organism's response to a physiological signal.

Human IgG isotypes (the subclasses of mature gamma globulin class G antibodies;
IgG1, IgG2, 1gG3 and [gG4) exhibit differential capacity to recruit immune functions. For
example, antibody-dependent cellular cytotoxicity (ADCC) is promoted by IgG1 and 1gG3,
antibody-dependent cellular phagocytosis (ADCP) is promoted by IgG1, 1gG2, IgG3 and 1gG4,
and complement dependent cytotoxicity (CDC) is promoted by IgG1 and IgG3. Isotype-
specific engagement of such immune functions is based on selectivity for Fc receptors on
distinct immune cells and the ability to bind C1q thereby activating the assembly of a
membrane attack complex (MAC). Among the various isotypes, relative affinity for Fcy
receptors, which include FeyRI, FeyRlIla/b/c, and FeyRIIIa/b; is high for IgG1 and 1gG3.
However, Fey affinity for IgG2 is considerably lower with the exception of FeyRIla H131
polymorphism and [gGG4 only has measurable affinity for FcyRI. Using comparative sequence
analysis and co-crystal structures, the key contact residues for receptor binding have been
mapped to the amino acid residues spanning the lower hinge and CH2 region ((Hezereh et al., J

Virol 75:12161-12168 2001; Shields et al., J Biol Chem 276:6591-6604 2001).

Many previous studies concluded that substitutions in the residues of the lower hinge of
IgG2 (EU positions 233-235) abrogates FcyR-mediated function and complement activation.
In one report, the substitution of E233P-1.234V-L235A with (G236 deleted in the lower hinge of
IgG1 was one of a panel of Fc constructs of human IgG1 shown to have lost Fc-mediated
effector functions (Armour et al., 1999 Eur J Immunol 29:2613-2624). This information
10



|g& - ++ -+/- - ++ - 1gd 2h (PVA) - - -+/- + ++ - | g3 2h E333A/ K334A - +
-+/- - ++ n.d. 1gGL 2h S239D/ | 332E
WO 2012/087746 PCT/US2011/065174

suggests that replacing the residues in or near the hinge of IgG1 with the corresponding IgG2
residues resulted in a profound loss affinity for binding to FcyRs and loss of ability to affect

complement fixation and cell killing.

Secondly, several of the same residue positions are where proteases cleave the IgG1
(Fig. 1) sequence and which are occupied by different amino acids in the more proteolytic
resistant IgG2 sequence as shown in by alignment of human IgG1 and IgG2 (Fig. 2). The
present inventors used this information as a starting point to design a protease-resistant but

effector-function competent 1gG-Fc.

The present invention is a demonstration for the first time of substitutions in multiple
positions of the IgG1 constant regions (Fc) which unexpectedly provide a protease-resistant and
functional (FcgR-engaging) Fc domain. As appreciated in the art, once the properties of a Fc-
domain having a specific amino acid sequence are known, the information can be applied to the
construction or modification of existing antibodies engineering or Fc-polypeptide fusions.

The protease-resistance conferred by the compositions of the invention include, for example the
proteases that cleave at residues of IgGG1 hinge region that are substituted by alternate amino
acids derived from the corresponding IgG?2 residue, such as MMP-3, MMP-7, MMP-12, HNE,
plasmin, cathepsin G, pepsin, IdeS, or glutamy! endopeptidase I from Staph aureus (Fig. 1)
(Ryan et al. 2008 supra).

The multi-substituted [gGG1 mutants were selected on the bases of their relative
affinities for human FcRs (FcyRI, FeyRlIla, FeyRIIb, FeyRIIla assessed by AlphaScreen®
competition assays). These mutants were further tested in the appropriate cellular systems for
their ability to induce ADCC by PBMCs and ADCP by in vitro differentiated macrophages. In
the experimental data provided herein, the IgG1with the specified introduced mutations (Table
2) were engineered protease-resistant mAbs derived from IgG1 with an Fc enhancing

mutation.

Alternative compositions to IgG1 hinge region residues 214-237 in the EU numbering
system (SEQ ID NO: 3) were made using the wildtype (wt) human IgG1 (SEQ ID NO: 1)
conferring protease-resistance include either replacement of the complete IgG2 sequence (SEQ
ID NO: 4) hinge or the chimeric hinge (SEQ ID NO: 5) with only residues 233-235 altered as

shown in Table 1.

11
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| gGl 2h S2390/ H268F/ S324T/ 1332E ri
| gGL 2h S267E/ H268F/ S324T/ 1 332E ri . d.

.d.
+++++

++++++++AV0O/2012408FM6++ | gGL 2h K326A/ E333A n. d. PCT/US2011/065174
Table 1.
. IgG Scaffold Hinge/Proximal CH2

Fc Designation
(EU 214-447) (EU 214-236)

leG1 wi (UniProt PO1857. 96- KVEPKSCDKTHTCPPCPAPELLG

: higG1

329) (SEQ ID NO:3)

IgG2 wt (UniProt P01859, 97- TVERKCCVECPPCPAPPVA
higG2

326) (SEQ ID NO:4)

2 he hlgG1 Wlth corm)lete SEQ ID NO:4
I2G2 hinge region

oh oGl KVEPKSCDKTHTCPPCPAPPVA

T (SEQ ID NO:5)

Compensating mutations in effector function enhancing regions can be selected from

previously described substitutions as shown in Table 2 below.

Table 2.

Mutations (EU numbered positions) Reference
S239D/1332E 1
E333A/K334A 5
F243L/R292P/Y300L 3
H268F/S324T/1332E 4
S239D/H268F/S324T/1332E 4
S267E/H268F/S324T/1332E 4
K326A/E333A 2
K326A/1332E/E333A 1,2
S239D/K326A /E333A 1,2
S267E/1332E 1,4
G237X/S239D/I332E where X is A, D, P, Q,or S 1
S298A/E333A/K334A 5

Increased Fe function constructs, previously cited by:

12



- - +/- +/- +++ +++++ Method of Making the Al tered Fc-Containing Mlecules
The sites for substitution were chosen based on the desire to produce a
conposi t iwo 2oevisnmy6t he structural features of a native aomiusoay/0bX174
maintain stability, retain FcR binding and the capacity to stinulate the
conpl ement cascade, cell lysis, cell phagocytosis or cytokine release.
Proteins, particularly |Iong pol ypeptide chain multiners, with altered or
mut at ed am no aci Gg.ab8. RAMNNGDEE ISk osE@3taed Bowenodi fication of a nucleic
acid within an expression veiﬁgr enggding t he parental sequence in order to
change the corﬁésﬁﬂﬁé?ﬁdnfﬁﬂP 623¢otdn 4°8P the desired amino acid. The
geneti c code aridd Swcehhapet Gods Ras &7(\eR$2inqm7)i n the art. Where a chineric

sequence is creatgd,.SHEhas AN8sFfoQ80:hhe i nvention conprising portions of
| gGl and portions 6F&Id%2, ?%E er se nen?s of the respective encodi ng

nucl ei ¢ aci ds rraySiddssptls tBE! ¢hsget fier” 1 ¥p0s@dhent s repl aced by standard

cl oni ng techni quegsindRAE R &ledsie of FR Fhrlch based on in vithd «Xa G Eevdrf plRLQL M ne

whet her one Fc-contal ning co os'tign gr.antibo y is WD%G ggoteolytic
resistant th&VSaHSE FAPICGHe e@ﬁ“éeﬁet PP B PR EB IO TTPEH, 18F HBCY St e or
extent to whileh2appridt eaktytice © cenayme: degiadesctindie lakef hiegeenidubsgbUzized
Fc-containin 0 itlens.or. anti I IS assessed.. Aft e i peri od,
the degr adat Lo bt B By S e R e B ot hod
capabl e of dedtisiting diistigsted icoreyctsgeingrtsingm cleahiee dhehe binad a3 will pgie the H2geeem as t he
formation of 4@ WREAH& H&eUSAEnT) bR /S UGbatiiy iPhofn BASHEEMENt Of newly
formed fragnents. Alternatively, where cleavage results in | oss of
activity, a fragxei.i onal assay can be performed, including a binding assay.
Proteol ytic cleavage of an 1gGl can occur _at any of the four polyp eptide
chai ns of t h&ogpdvErongrubiet er odi F@RI c| BYRIGCF&RED KhyREMJJeCOTADOEG r@sulits in
the generation of well charactlerized fragnents such gs Fal, (Fgb ')2?, and
Fc fragnent $Igfl approxi mat e byt+tiH que+ho| €ttt ar +wei ghtst+ [Fhergepar+at | on of
such fragnmemts generated duripg a ZLoteolvsis experifgent gqan b

Lol o 10)

acconpl i shedllgé®i ng a si ze exclusi on| chtonpgt egr aphy- ($ECQ) , |byr+ggl -
el ectrophorg¢sis, by MAID -TORIMS (nmatrix-Assisted | ager/ ddsorptli on

i oni zati on {igs82h&t\VA) i ght nass spectromefry) analysds #af tlert+ -
degl ycosyl attion_using PNGase FE (ppl ide Nal \Jmnci dase IZ) ad nprevi ousl y

descri bed (\WROGHGIXIMSRIA WP009045 894A1) - - Ther eflor'é, [whét |is
meant by reLeLenge—Lo—an—EsﬁsgnLaLnng—gon?osLLLgn—LesLsLant tg profeol ytic
cl eavage i s |{#H2SREPISSosi ti ofiTi 5| TS | TKel y 6 he "aEGIRTEd"| | ose
activity, | ¢se—atfinityfor—ahte—bindingparthrer—sugh—astan+FgRupon

BS Hrty—for—adh HH —sugh—as—tah—gt
exposure to| P8t eol ytic enzymddt hlar & conpar at oF il dctl[e, stch as a
w | d-type hysE9DIHPGRE/SBHOIBQE cal Charactefi zati on of |t he Nut ant|s
Fc-containipg proteins can be conDaFed for functionallity by severa
wel | - known il lgGlizhr 0 assays. | n part| etar j-affi nikty flor/-mgnber gd+of++H he

FcyRI, FcyRIl, and FcyRIIl famly OL Fcy receptors ig of ijntergst. These

measur enent $ SEER/HIES el/l}32hg recopbi nant soluble fqrns |of tHe regeptors
or cell-associated forns of the receptors, In additign aftfinitly for FcRn,
t he recept of '[§¥EIPEALIBEE3for t hddpriol onged ci rcul®at i ng "hal|f 31T f[&r6F| | gGs,
can be nmeasured, for exanple using fa ligand bound bead forlmat such as
"ALPHASCREEN' wi th reconbi nant sol ubl e FcRn. Al phaScrieen0,| used i n high
throughput screem g s—a hunugcuuua assay—te tmot-o Y whtch—at-tows
detection of nolecular events such as binding. Coated "Donor" and
"Acceptor" beads are the basis of the Al phaScreen0 assay technol ogy.
Al phaScreen0, a bead based assa?fr,c wor ks through the interaction of the

beads com ngMeflydar Makiag the Aliexsd Fe-GopaipingiMgJequlks o cascade of cheni cal
reactions that act, to erooLu‘guema“% eat I 1Ybaaraplniﬂg ideollr §in[gn I g Di rect or
indirect, e.g. compatitive brnding,  Aeadirenent s anBe “ShpPed For
assessi ng r ehatngtle sghdtirgiftaives ofavdtignantdbody Bs mammgtapriot glamstcR binding andTher e
has been a n@riteg£p§&ity_%/ Qilnﬂta'teQEE cgfn IQM%@aséaggcélﬁl%@f Q&I%hég%cygos_isloggtokinlege‘z’ | gG’8
and 1g4), each exhibiting a di Fferent s%ectrun1of capacitiés to recruit

i mmune functions, such as anti body-dependent cellular cytotoxicity (ADCC,
e.g. lgGl and 1g&), antibody-dependent cellul ar phagocytosis (ADCP, e.g.
lgd, 1g&, 1g& and 1g&), and conpl enment dependent cytotoxicity (CDC
e.g. 1gd@, 1gG3). The isotype-specific engagenent of these functions is
based on differential selectivity for Fc receptors which reside in distinct
i mune cells and the ability to bind C g and activate the assenbly of a
menbrane attack conplex (MAC) resulting in CDC and CDP (conpl enent
dependent phagocytosis) through specific receptors binding conpl enent
conponents on effector macrophages. The hierarchy of ability to bind the
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Phagocyt osi s assays may al so be used to conpare i mune effector functions
of different nmutants, as can assays that neasure cellul ar responses, such
as super owpade12008774af | ammat ory nedi ator rel ease. | n vivopoodsbe1me317be used,
for exanple, in the case of using nutants of anti-CD3 anti bodies to neasure
T cell activation in mce, an activity that is dependent on Fc domai ns
engagi ng specific ligands, such as Fcy receptors. Antibody directed
activation of. B¢ PRRARIRS IR 1&@%1@@%&@%{ R BRBRASIH 11684 bt @fedRRRGOCYt OSi S
(ADCP), causing opsonized target c be engui fed and dl%ested by

macr ophages. ! aﬁ???@“”ﬁbfﬁ%@%bﬁWQ@Q&TQ%Q ?8ﬁﬁ§dggw'wﬂﬁ%gﬁﬁﬁﬁ’H?ﬁﬂ'Ievels of
FcRs can be dnct)ctleg' aparatabdqicntedn dlie tvhaph erebypeondiag BgetlcNbyondsr teMk CSF t 0
expressed el va Fc Fc Ia - I 1l.a) relative
to rmnocytes8 Er aﬂ%t?@h§h%g%ﬁ¥£%f ﬁﬁﬁé mg(ﬁsmeW&ﬁ( %%g%s %ons of the
i nventi on ar ehiwgipykaxncp isereaichsudiai tbh F<a¢féhenm@tt10@ @‘m@mﬂe mrtlcyls pfledueeld by

engi neer ed h?&'ﬁorﬁ et I|g§2 lzﬁ§er g&%@ﬁtb baek r&%@c%b@enc&dtfh% nBASE ackB lIﬂay Qék%ﬁ&@ for
expression of the reconbinant Fc-containing protein or nonoclonal antibody
is an i npor t 48N SRTFP GBIty HBlF] HAnedSHB®ETti on, incl uding, wi thout
limtation, the variation in conposition of the oligosaccharide noieties
decor ati ng t Reotg@hyekdestingn t he i nmunogl obul in CH2 domai n. Thus, one aspect
of the invention involves the selection of appropriate host cells
conpri si ng pol ynukglogist fo deergenyndpé e snelrcwtiing s theportancs apibpdyi ihigoreonst r uct s
of the lnvenbh@ﬁwﬁ&%mﬁéﬁmﬁﬁmgﬁad§WﬁhQ@Qﬂ&%mgunﬁmﬂﬁ&ﬂmghmﬂﬁeﬁ@ﬁknﬁ%ﬁreSS'ng
the desired therapeutic protein Furt her, the host. cell na be of

manmal i an or?QWWO@FC%%&m%@gﬁ@F3%9%%??1Wﬂﬁ%§53“¥m1 TRESOTPPOS{P R gntib 1, CHO
BSC-1, Hep GR,as663]. SR2AOQme 2934, t]lrdeiegadaﬁyrells ﬂﬁﬂuredl ook Oﬂﬁﬁr,ent)éetﬂtiisttloﬂsnsect or
plant cells, or any deriyat trar r el | thereof.
Alternati veI ysmg[ahm }H) c%pabl # de‘%afrryma%el{her smssmn d)f gte cham 1rect gtslméhs gl} or gani sm

i ncapabl e ofﬁgmywosyhmumnqmwakymeﬁvmdeyraewgmﬁmmppbkaby@nwéﬁaewmsor

organi sm s u%ﬂelﬁaﬁwa{} dyrofe cfe%gél@stuﬁg AhosOt a@tm& r&%cﬁ&ilafassag Qflnlbe ﬁgﬁyrm&ll ebsiella
spp., or Pseudononas spp., engineered plant or |nsect cells.

G ycosyl at i offcling hRndiagase%! |y occurring gl ycosylation site within the I gG

heavy chain (N29 so contribu he Fc-bin

DTNty for Foy RO R O CEH ST RS YRy Tuir oD SGE YRR BSEH | sot ype
possesses a dhsncMmﬂmmnﬂmym@mﬂthmmgedﬂg@mbmhwdmagmmsmmu6Wdtes whi ch
variably aff a L L 6y, ol o9 -onal. Yty (Wight,
A and” vor r FEeRR B ARSENY, Vg, ERELER ARl MERLEOR AERINL Y ¢ e of
t he attachednmtemladik@ghtéa?lt@éw@tl%é Sﬂﬁhﬁ?@@n@@ﬁ@ra@éﬁww pragepaindi ng on t he

delglree OL pr t@@%ﬁ@én@@mba&go@@@h&mﬁhmhm@%rmram&ﬁ@g@u&tsm %agaﬁlche? ?s
we as I ant enn ex. o aril . de I.C. acCl acey
neur anmi ni ¢ a&fde gl? ¥W%KWAIFQ}C%§P2M§ g‘é*}tréfbtsﬁlg%ﬁéﬁﬁgge@r@méon Y 10358%

gIucosanlne)ﬂ@ﬁ@nﬂugﬁmﬁmmheammmahﬁsu@gﬁﬁgmmHEmn@wamhmonp@mﬂemtor functions

of the host l.. ;an li go har i i es has been
recogni zed (%ﬂos d%egm% pﬁgloﬁﬁ}f&s%fbe&j(?v(gz@&é? P?%%% (ﬁ %Oébgggé)% 822; Jefferis,
R, et al., 1998 TM@ lw}Bgymeé]n@l%f reReh&ito WY chzbltltaln d?[[lbgsﬂmrrgsﬁsﬁ%o S. L.
supra; Presta L. 2003. Curr Opin ‘Struct Biol Furthernnre
regardi ng a 8abticHerase isthaathe semrotderys 1etsthk‘?1>ét°rbé6%ﬁ”tdé‘él 1%3%%0&1“%@?% i on or
nmodi ficati Onai(ﬁfnt}f fUEOFR-balding bii@eu@Xks Bk cRNpac&hyughdcHsasitendinctfagar educi ng
end in the hkﬁn Sld Hlnkgd sugar %hahgggg an anti body changes the ADCC
activity of f am‘tnﬁ dy> SR Cant’ / 61739) . Further, the
relative contributions of galactosylatlon of the biantennary

ol i gosacchar Biptoegicak Ghargstesizatipnef e Myitanéet i ng A cNac, and fucosyl ati on

i ndi cate that nonfucosyl ated Mabs display a greater capaC|t t o .enhance
ADCC as measur ed F$Po0RI08 PIREES F4 by icPa o aR TCrarihpuier 7 diel t'd t he

N- i nked bi arieBaRaky nPatigs2a6haMbrd@mStk ahdr @S], £SRILehdBayREL failly 02002, J
Biol Chem 277:26733-40Q; Niwa, et al. 2004. Cancer Res. 64:.2127-2133).
Expressi on OFCTBERRIPTS &0l TS T%Fﬁf??i‘t‘é%t%eé‘tsrc@ktieéta&ﬁ‘t“ AL OB hEYOIVIRT | on
using a host cell capable of, engineered,o (as by knock-out or knock down
of specific enzynmes Shi nkawa, et al. 2003 J. Biol. Chem, 278: 3466-3473,;
EP1176195A1) or induced, e.g. by environnental or nutrltlonal mani pul ati on,
to produce a mAb having | ow fucose content is within the scope of the
present invention. Antibodies, Fc and Fc-fusion proteins An anti body
bi ndi ng domain or fragnments thereof can be produced using nethods known to
those skilled in the art and conbined with the information provided herein
can include sequences or be derived fromany manmal, such as, but not
limted to, a human, a nouse, a rabbit, a rat, a rodent, a primte, a goat,
or any conblnatlon thereof Such antlbodles may prOV|de the ba5|c structures
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Li brari es of target binding conmponents, which may include target binding
conponents other than antibody variable regions, may include ribosone

di spl ay |Iwbnarzmssidcyeast display libraries, and bact eri acTdiss@hays174
libraries. Ri bosome display is a nethod of translating nRNAs into their
cognate proteins while keeping the protein attached to the RNA. The nucleic
acid codi ng sequence is recovered by RT-PCR (Mattheakis, L.C. et al. 1994

Proc. Natl. At@0ccep®ls-or {HAsBdiate PRAXof h¥ 8RS Hordli 18 Rdd@¥on SR &R de 0 tht he o
construction of fusion proteins of the nmepbrane-associated al pha-agglutinin
i)ﬁ\aedéggga,tmgéh

yeast adhesi GHHBESHIPe fogfgpro. ¢ O[JeUs a8 PRECIHE Y pe syst em
(Broder, et alampk8dg Nagatit vl @behnobohys, “ABPIRSIREEN"Bab tesmtdahandi spl ay i s
based on fusi th rget. to.e rted. bacterial praoteins that associate
mrh the cor PmksRh Rk 8L AG b4 RIRAEEL AR EOLE 1 BLRSERRR 15 2hno

Bi oeng, 79: 49611508y ?Vhi_ch allows d’dfﬁeﬁdnrv_\f@nﬁ%ﬂm eahts @ucpﬁmﬁildmscffa@ri "ﬁm@t"eiild:_ aci ds
encodi ng t he£QERASbdalARSIhOfasit Band AYERLEQD AQy lSIRLRLE T IRRkHAME! £QL4 des or
as portions of expression vectors including vectors conpatible with

prokar yot i c, baetkastayorqie typughithedtepitisn e’ bt caxps desivich derstlishnand/ or
di spl ay of t hesscaapaséditaactiofs oht b 6l eetiutaH agensmilified eahl. Usectof t he

Fc- Cont ai ni ng Mol ecules ... .. .The conpositions tibod -fusions, Fc
ragnonts) ooiEruEad g i ne QBT TP bR bR M B s ea T o
di agnose, tr eataviddiet @omg poringpdul at e human di sease or specific pathol ogi es
incells, tissues, organs, fluid, o.r,gtﬁ;neral |y, a host. As taught herein,
modi fi cation of tHstefes byet ¢ paghal grolin afrmpblel sopeest(egilgnl OBt ePhandor Fc
fragment to rgnyeanekninat@Erpnoihedhuilor Capdags adakiiaRmi LR bRt AtHdsng

nmeasur abl e Fc ga receptor bindin r ecifie ector functions can be
oo nad v 1 B R T B R b g Ho RE Sihl &l Gty Sty or "

|bl giand. bi Indi pglutlophagaay tosIADICPT &d. ARG 19CRelg0B kg Ipad), Andcgetidnrgt dpadinti city and
i ol ogical a oA Y, n ! mains ke, . Sk an

ot oty ong i BATPLA MM IRTRLAR LG RuARIBLARR 2D,

domai ns; an enydenediffeseniy selestivly fer eagrapierd whickissidodn digénst immuag celotrdits of a

nmenbr ane r eC@tHiit?'Ed bifd] O R AR B hsécMBYREa mEhbra UifREEnAR MO res@itd AN
adhesi on nol ecule. The resulting Cé)nstructtgsésgrow de f,gr anti bodj es and

Fc- const r uct & W% G U SIS HRBI P LAY S NAUET & GrEBRYSIE LR
properties, sdsiniehtpmpsidntadn dficttyr thadropee&i Stthe hiaratcheofditly t@bindthbidtal
The applicants_dis ery.of Fc sequences. . w th uniqu j j of
Fosi stance t Sty aE S Gt uS iR U SRR T bl B AR TAIRHIELIRA Oy
t o engage onelthonghrrompleirengaativaiion bcke? erdd g@rhid/moerolti énfeebin i wyll-fayundntadct cel |

| ysis by activation of effector cells or conplenent provide for the ability
to purpose the biaditgrdipreng)sseyotichabhd ] aseps %Hﬁ?&ﬁ%&%@ﬂdf‘dn%@ci fied

i ndi cation. keytheXaEhRtiodh@n@fichdet yf phficiiargstuabtint Adiesdy-ehli@t such as

t hose invol ved in.neopl asi. her unwanted proliferation.such as in

i nappr opri at églérﬁ%]f%egéﬁgtgfl?% (lgﬁggi)lrs 86@%’%@@?@ S il%WI\lﬁglurl(’aSpBCéﬁcbcé’g)ttoxécui ted by
a nol ecul e cosphiasixprgssdic exndpary(@tRse (e, Nawas BilleedKs tdlmtmeFEeplok, anthe pr esent

| nventi on capabl .ol AR A0ty bk EOOLIAR sBAGLE] LAl 68 drfyar e
readily destr oye%a%y) conp eemsnt - m(s)g‘\{ at et%grrecﬁagnfusrf@. er eef%r e, %act erial

i nfections miggechelitlp exgeagodipens lanREbiseryFewpibsst iukere UK ctllies mFerty on whi ch
I s resistant Qi Pagt ffidedhe (R RhEBSESRRE MaBe/RNA vARKlid thdoniyOacliA%RKE-CDC.
Applicants have identified nmethods of selecting an Fc having the

appropri at e SBFIFREN MRS desrRIpEThy &8s provi ded wor ki ng exanpl es of

pur pose specific dified Fcconprisin | ecul es. Mol ecul es whi.ch
eukaryotic prot ea]g%gorcétg?l%?fsgﬁim naésoi)&b%% &GP TOHE BF © tPreIJu%c?lmﬁlﬂéc, ADCP, and
CDC i ncl ude dififefent ndamtsi a3 cimepgsapghdt Ineasse geiic @shsea sivhraswpdrg@k orn t he hi nge
and CH2 regi s, LEOMARONLIEY H&RLANES: 2h4. L0 Ahout, Sesidus %?»% ere at

| east residues I1121?5,13“%376 are gub'stni tute ?Mgdt he P§V . ?i@é’g’@él%etsleon m%d
further conpPirgnthgl BHEDSrntibedies te trastie st SHEUPhINTHe TpUdE et i wher eby t he
ol ecul e i's gaRARKGN @F 1 OF Gfic IS sudAEFey raRfloCGtibg ladeqat he
constructs 5, 7, 8, n9, 10, Sll%agi?%%eldlfc, 13, SliG, aGnYé 1 0 I n 1a&igarticul ar
enbodi nent, such nol ecul es include substitutions selected from 1332E in
conbi nation with other substitutions such as S239D/ 1 332E (5, 14),

S239D/ H268F/ 1 332E (not nmde), H268F/ S324T/1332E (8),

S239D/ H268F/ S324T/ | 332E (9), S267E/ H268F/ S324T/ 1 332E (10),

Q237X S239D/ | 332E where X is Aor S (12); , K326A/I332E/ E333A (15), and
S267E/ 1 332E (17). Mol ecul es which are resistant to a prokaryotic

prot ease and capabl e of CDC i nclude those nol ecul es conprising an Fc donain
havi ng the sequence of a human IgGl in the hinge and CH2 regions, from
about EU residues 214 to about residue 330 where at |east residues 233- 237
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Tar get ed nol ecul es capabl e of binding antigens on malignant |ynphocytes

i nclude B-cell antigens such as CD19, CD20, and CD22. Solid tunors derived

from epi dwormai2/as7rssue often di splay and are stimul ated pgThisgandedizadi ng to
epi dermal growth factor receptors known as the ErbBlI, ErbB2, ErbB3 and

ot her receptor capable of signaling or causing a proliferative response or

an anti-apoptotic response |eading to unchecked growth of the tunor. O her

comon ant i geAsatRR oegickdghggwmgd«fmeaﬁlbgdy&eb&déna&ﬁl%r &agoamls (ADCP) cabdifs

conposi tions, when conbi ned iate tar | n domai n, are
al so usef ul WOlPFeééaFgeﬁbe”éW b¢ ﬁ]?geg‘i%%@g%feggé%“‘@&%% g ?“F%ﬂ (such as

St r ept 0C0C CUsmacrGthageh ydposoipcigh, leval df EcRs cmlbie d])fﬁereh‘tlatea lintq muMh paeslouypn‘ Usingnza,

Al DS, RSV, S St N | | | osi s,
cocci di OdOI’Ty@\E%S,I S, p/gr%/% e (r)eésceoselleysatedlfev)el&aff 'éf?.-gﬁs (sF ﬁcﬁhgaﬁbrc% 070 §lﬁtl\fenf ection
(such as tryp)aws@ymsam s, toxoplasnosis, giardia, or nmalaria). The

conposi tions are useful i n treating general imunol ogical and autoi nmune

di sorders i neldaditvg obuhtivvay Mukdrkdt ed to the rheumatic di seases, psoriasis,
and scl er oder na. The conpositions are useful in treating disorders
associated with iTi&ppmmsmbﬁtoethangi:rmglemeedr@lex,mgeimgewesliesnoists:oﬁviamerphyocess of
generating n S ted
proliferati oﬁwm%cg(%ﬁcfo? ﬁé/efela hf)s(?cel}(?%%g%\lg%esg%%ﬁ’lt%er}l{oga #%ﬁse}lg&@p@%% ?n(ﬁ"

regul at ed, athd reseeinayt Eprdoytaiging pietyinevrboyasiond aeidod 1@m@ﬂantqoet§b}eorﬁe nmodel i ng,

wound heal i Nehe 304l RBRILIAGH, rcB¥iGd, SitRdut GRTARES tleWh QU HeVshRRbEMnhe( Fol kman and
Cotran, Relatjon of vascul ar proliferation to tumpr growth, Int. Rev. Exp.

Pat hol . ' 16, Q]Gﬁf’saﬁﬁ”@(l%‘%f)tlfs depoiRie HePosgm 188’16I“§mﬁ”t9ﬁ]ﬁ]%ﬂhP§HﬁtdB‘P‘P? -et®te much
nore sl ow y biaspeotoier 1ﬂvyr@16$1n@<flvd§ﬁie|58edtlﬂq (tfh@prcli}ﬁﬁiyhodrbsﬂemﬁl{pnsmg t he
proliferati Orp] lrnautcleotltae etque%S%eCc% | Sthe FEQMER il VoG d cts of%h 1n\per611tt n(Ilor gea%%}

angi ogenesi s'c resultpat cal “angi oyenesi s i's 1nvol ved']

di seases. Forievelxoem@lt efa peaindmev@@embsemgﬂlpé@a@ehermmh paeelrang| onm,

angi of i broma, vascul ar deformty, atherosclerosis, synechia and edenic
sclerosis: and opEHilFmBe bl chmagbec ewanlivioRsiagr mydy adetst dpms&tSton af t er
cornea i rrpl agbslyi MK29B1@H@$Q1HC&BS©-|1&E@@I%53beabﬁ293chtm§Mﬁt19Mpho&lg| ogeni c
corneal disease,. macul ar Egener t.ion, ng%erﬁ%l um retinal degeneration,

Fetrolental FierBirLEPaY I EHurss 461 PP HEP Gt od t o

angi ogenes! S- mrgf‘?érl%tlllerv h%m(t,e%rtﬁ/ %E SRS ﬁoﬁ? a&mgssor%l[ tcuﬂgnll 1tn a%able of.

der mat ol ogi cal di seases such as ps rrasis, SI'S, pyogenic

granul oma, seberylheiepoldeepidss. i sprokpanbus!l ot aeamis, saleln?é ancmfélmetara((ac ne
rosacea or egyiRENRLE QSR MBHstSa {¥. e&rrfls'&@%onaﬁs% CBineNETPANDLIANRS cells.

| ynphangi ogenesi s are al so angi ogenesi s-dependent . Di abetic
retinopathy can takesgaenefind ﬁmlrafn@bf@nn@@l@cq@ylmohfservaﬂﬁn\,t& 190G hervgahuafrer ative.
Proliferativ t thy i.s c e new,_vess formation
(neovascul ar :a\%{g? éUnSU %\7%}‘%2:%50 e nbuqtest[o %%%ce?}?cf) eohnsyg)g? Re &8 @R aletnds into
t he vitreousrgrys tay. WWEiMMpareacdie@efmepcatessew dijtinktewiyse Nelakedscatbpydfagr ns, dry
and wvet. In exudal 'v&ﬁ?ch”%ﬂfy%ffec@'&g%{ﬁ%s@ﬂlblg)r&e&é‘éﬁﬂ of fgﬁcmnal A’é’ﬂ%%*lwn?htn};mh l'ess

common, there is formation of a subretinal network of choroid
neovascul ar i #¥tYHBf T &n Taddtoteeheld: 20i3e WP MY r'AF etuchye of s atncheddgiinked

subretinal f baumydrm RN on&RkdbReldpaldingd 6k 6 hmabfpra@@luﬁgyaﬁewmlmleh@m on. |
centr.a etina

Ne | t t t t .

Vel ocol usi GHBR FRYTSHaNS! § B abr Bl Tt bt ab S0 at S e UBME1  pul 1 ng
the iris up Mhetyl meraangd @idoCNANAY. fuchiregaMetosdand/bivtiak (N-7¢etyl Edcosallﬁ]&@)

Rheumat oi d_af&fifdstd t%mr%ﬁ‘suéﬁﬁ 'ﬁ!é‘?(géagtro\é eﬁéc?o“r‘%‘é‘uon LSR: hro LJnFI

i nappr opri at e angi ogenesi vascu ar en cells in the
synovi al cavPligpsichargercpiignt aghdptibaqiss has hpdnaeeasiizst (Liglt Mk]i‘ n&gl. 189§d results in

cartil age desfy udi6Q3:and: aptacrmant, 1\99$1lihnmmus lsB54-he walohi &Ulhat i on (Koch

AK, Pol verini PJ and Lei bovich 47 9(1986)
TR PHE I G I e TG A I A

578- 581 ( 1999)egarking i subik, chaéi tnhan khitibsdyRt @ ueportetilthat &bldiod 626 AXR8on.of fucose at Th e
conposi tions are useful in treating psorjasis, which is caused by
uncontrolled proliferation of skin cells. Fast grow ng cell requires
sufficient blood supply, and abnornal angiogenesis is induced in psoriasis
(Fol kman J., J. Invest. Dernmatol. 59, 40- 48 (1972)). A nunber of
factors are involved in processes and events | eading to angi ogenesis: cel
adhesi on nol ecul es, integrins, vascular endothelial growh factor (VEG),
TNFal pha, bFG-, and cytokines including IL-6 and IL-12. For exanple, the
closely related but distinct integrins al phavbeta3 and aVb5 have been shown
to medi at e i ndependent pat hways in the angi ogeni c process. An anti body
generated agalnst aIphaVbetaB blocked ba5|c f|broblast gromﬁh factor (bFGF)

o o v v - "



CD 142 CD20 struct Scaf fol d Sequence 1 1gGl w higGl SEQ I D NO
1 X X2 1g& w
WO 2012/087746 PCT/US2011/065174

the proximal N-acetylglucosamine at the reducing end in the N-glycoside-linked sugar chain of

an antibody changes the ADCC activity of the antibody significantly (WO00/61739).

Further, the relative contributions of galactosylation of the biantennary
oligosaccharides, the presence of bisecting GlcNac, and fucosylation indicate that non-
fucosylated Mabs display a greater capacity to enhance ADCC as measured in vitro and in vivo
than other modifications to the N-linked biantennary oligosaccharide structures (Shields, et al.

2002. J Biol Chem. 277:26733-40; Niwa, et al. 2004. Cancer Res. 64:2127-2133).

Expression or manufacture of a protease-resistant mAb of the invention using a host
cell capable of, engineered to (as by knock-out or knock down of specific enzymes Shinkawa,
et al. 2003 J. Biol. Chem., 278: 3466-3473; EP1176195A1) or induced, ¢.g. by environmental
or nutritional manipulation, to produce a mAb having low fucose content is within the scope of

the present invention.

Antibodies, Fc and Fc-fusion proteins

An antibody binding domain or fragments thereof can be produced using methods
known to those skilled in the art and combined with the information provided herein can
include sequences or be derived from any mammal, such as, but not limited to, a human, a
mouse, a rabbit, a rat, a rodent, a primate, a goat, or any combination therecof. Such antibodies
may provide the basic structures and components of binding domains for useful in producing
the antibody constructs of the present invention. In one aspect, the antibodies binding domains
are obtained from hybridomas prepared by immunizing a mouse or other animal with the target
peptides, cells or tissues extracts. The antibodies can be obtained using any of the hybridoma
techniques well known in the art, see, ¢.g., Harlow and Lane, antibodies, a Laboratory Manual,
Cold Spring Harbor, NY (1989) entirely incorporated herein by reference or by selection of an
antibody producing lymphocyte and cloning the nucleic acid sequences coding for the binding

domains using techniques known in the art.

The present invention is directed to the constant region of a human IgG. Therefore,
any antibody or fusion protein comprising a human Fc-domain wherein it is desirable that the
final composition display both proteolytic-resistance (as described herein) and the ability to
bind FcgR and promote ADCC, ADCP, and/or CDC in an in vitro assay is encompassed by the
present invention. A targeting moiety including but not limited to an antibody Fv or single
variable domain may be fused to the Fc-composition as desired. An"Fv" consists of a dimer of
one heavy- and one light-chain variable region domain in tight, non-covalent association. From
the folding of these two domains emanate six hypervariable loops (3 loops each from the H and
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hig& SEQID NGO 2 X X 3 2 hc (all hinge residues fromlg&) hlgGL SEQ I D
) 6 X 4 2h hlgGl SEQID NO 7 X X 5 2h S239D/1332E hlgGl SEQ ID NO 8 X
X WO 2012/087746 PCT/US2011/065174

L chain) that contribute the amino acid residues for antigen binding and confer antigen binding
specificity to the antibody. However, even a single variable domain (or half of an Fv
comprising only three CDRs specific for an antigen) has the ability to recognize and bind
antigen, although often at a lower affinity than the entire binding site. "Single-chain Fv" also
abbreviated as "sFv" or "scFv" are antibody fragments that comprise the VH and VL antibody
domains connected into a single polypeptide chain. The scFv polypeptide generally comprises a
polypeptide linker between the VH and VL. The targeting moiety may also be selected from a
paratope of an antibody (binding residues not limited to CDRs or variable domain structures);
an enzyme; a hormone; a receptor; a cytokine; an immune cell surface antigen; and an adhesion
molecule when the construct is produced entirely by recombinant methods. The targeting
moiety may also be of non-proteinaceous nature such as a carbohydrate, a lipid, a
lipopolysaccharide, an organic molecule, or a metal or metal complex. Generally, when present,
the targeting molecule will be connected to the Fc- by a linker which may be a polypeptide or
nonpolypeptide.

Fc-comprising proteins or Fc fragments described herein can be derived in several
ways well known in the art. The antibodies binding domains or Fc-fusion proteins or
components and domains thereof may also be obtained from selecting from libraries of such
domains or components, e.g., a phage library. A phage library can be created by inserting a
library of random oligonucleotides or a library of polynucleotides containing sequences of
interest, such as from the B-cells of an immunized animal or human (Smith, G.P. 1985. Science
228: 1315-1317). Antibody phage libraries contain heavy (H) and light (L) chain variable
region pairs in one phage allowing the expression of single-chain Fv fragments or Fab
fragments (Hoogenboom, et al. 2000, Immunol. Today 21(8) 371-8). The diversity of a
phagemid library can be manipulated to increase and/or alter the immunospecificities of the
monoclonal antibodies of the library to produce and subsequently identify additional, desirable,
human monoclonal antibodies. For example, the heavy (H) chain and light (L) chain
immunoglobulin molecule encoding genes can be randomly mixed (shuffled) to create new HL
pairs in an assembled immunoglobulin molecule. Additionally, either or both the H and L
chain encoding genes can be mutagenized in a complementarity determining region (CDR) of
the variable region of the immunoglobulin polypeptide, and subsequently screened for desirable
affinity and neutralization capabilities. Antibody or Fc libraries also can be created
synthetically by selecting one or more human framework sequences and introducing collections
of CDR cassettes derived from human antibody repertoires or through designed variation

(Kretzschmar and von Ruden 2000, Current Opinion in Biotechnology, 13:598-602). The
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positions of diversity are not limited to CDRs, but can also include the framework segments of
the variable regions or may include other than antibody variable regions, such as peptides. In

one aspect, a phage library capable of displaying dimeric Fc structures linked to the phage coat
protein pIX as described in applicants co-pending application (U.S. Serial No. 61/261767) may

be used to select novel Fc-comprising structures according to the present invention.

Libraries of target binding components, which may include target binding components
other than antibody variable regions, may include ribosome display libraries, yeast display
libraries, and bacterial display libraries. Ribosome display is a method of translating mRNAs
nto their cognate proteins while keeping the protein attached to the RNA. The nucleic acid
coding sequence is recovered by RT-PCR (Mattheakis, L.C. et al. 1994 Proc. Natl. Acad. Sci.
USA 91, 9022). Yeast display is based on the construction of fusion proteins of the membrane-
associated alpha-agglutinin yeast adhesion receptor, agal and aga2, a part of the mating type
system (Broder, et al. 1997 Nature Biotechnology, 15:553-7). Bacterial display is based on
fusion of the target to exported bacterial proteins that associate with the cell membrane or cell

wall (Chen and Georgiou 2002. Biotechnol Bioeng, 79:496-503).

The invention also provides for nucleic acids encoding the compositions of the
invention as isolated polynucleotides or as portions of expression vectors including vectors
compatible with prokaryotic, eukaryotic or filamentous phage expression, secretion and/or

display of the compositions or directed mutagens thereof.

Use of the Fe-Containing Molecules

The compositions (antibody, Fe-fusions, Fe fragments) generated by any of the above
described methods may be used to diagnose, treat, detect, or modulate human disease or
specific pathologies in cells, tissues, organs, fluid, or, generally, a host. As taught herein,
modification of the Fc portion of an antibody, Fc-fusion protein, or Fc fragment to reduce or
ablate proteolytic degradation while retaining measurable Fc gamma receptor binding or
specified effector functions can be combined with a binding domain, such as the paratope of an
antibody or a ligand binding domain, which retains the original targeting specificity and
biological activity. Examplary binding domains are a paratope of an antibody, one or more
antibody CDRs, or one or more antibody variable domains; an enzyme; a hormone; a receptor;
an extracellular domain of a membrane receptor; a cytokine; an immune cell surface antigen;
and an adhesion molecule. The resulting constructs provide for antibodies and Fc-constructs
with a superior spectrum of activities, biophysical properties, stability and ability to persist in

the body of a host.

19



X X 10 2h 5267E/ H268F/ 5324T/1332E hlgGlL SEQ ID NGO 13 X X 11 2h K326A/ E333A
higGL SEQID NO 14 X X 12 2h &37X/ S239D/ 1 332E where X is A, D, P, Qor S
hl gGlL SEQvODRoN@87M6 X 13 2hc 52390/ | 332E PCT/US2011/065174

The applicants discovery of Fc sequences with unique combinations of resistance to
physiologically-relevant proteases and ability or nonability to engage one or more Fcgamma
receptors and/or the ability to affect cell lysis by activation of effector cells or complement
provide for the ability to purpose the binding molecule for maximal effectiveness in a specified
indication. For example, the ability to target aberrant host cells such as those involved in
neoplasia or other unwanted proliferation such as in inappropriate angiogenesis, inappropriate
fibrosis would be best suited by a molecule comprising a eukaryotic protease-resistant Fc of the
present invention capable of ADCC and ADCP. In contrast, bacterial cells are readily
destroyed by complement-mediated mechanisms. Therefore, bacterial infections may be
treated by a suitable Fc-construct of the invention which is resistant to bacterial proteases and

has the ability to invoke CDC.

Applicants have identified methods of selecting an Fc having the appropriate
combination of properties and provided working examples of purpose specific modified Fc-
comprising molecules. Molecules which eukaryotic protease-resistant and capable of one or
more of ADCC, ADCP, and CDC include an Fc domain having the sequence of a human IgG1
in the hinge and CH2 regions, from about EU residues 214 to about residue 330 where at least
residues 233-237 are substituted with PVA/ (G236 deletion) and further comprising one or
more substitutions in the CH2 domain whereby the molecule is capable of one or more of
ADCC, ADCP, and CDC include the constructs 5, 7, 8,9, 10, 11, 12, 14, 15, 16, and 17.In a
particular embodiment, such molecules include substitutions selected from I332E in
combination with other substitutions such as S239D/I332E (5, 14), S239D/H268F/I332E (not
made), H268F/S324T/1332E (8), S239D/H268F/S324T/1332E (9), S267E/H268F/S324T/1332E
(10), G237X/S239D/1332E where X is A or S (12); , K326A/I1332E/E333A (15), and
S267E/1332E (17).

Molecules which are resistant to a prokaryotic protease and capable of CDC include
those molecules comprising an Fc domain having the sequence of a human IgG1 in the hinge
and CH2 regions, from about EU residues 214 to about residue 330 where at least residues 233-
237 are substituted with PVA/ (G236 deletion) and further comprising one or more
substitutions in the CH2 domain selected from K326A/E333A (11),
S267E/H268F/S324T/1332E (10), K326A/1332E/E333A (15), S239D/ K326A/E333A (16), and
S267E/1332E (17).

Molecules which are eukaryotic protease-resistant but do not promote target cell lysis
may also be advantageously used to treat a disease or conditions wherein target cell modulation

and not target cell destruction is the objective such as by using an antibody or other Fc-
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CD20 whi ch akér@mdasttﬁgﬁtmaan%t CRGteAG krds\ahdbutiil MreM&-KD@CC@bﬁs or @SR ayi ng
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covered wi t hfanulgionniurihia feedbpriaesuiie @TtVatPIFPaI’YI hrommpiag aidestions wasasehi | e

shaking for 3QismmiRuives 19@p@am{ae@icglgflac&ﬁah@fomumeﬁ eqfithis vehidRs SR MeirVas
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(Per ki nEl mer for%kh‘ﬁtioﬁ’dé us\lmﬂf’ PIOAETS $4-11B7 B aﬂﬁum)ﬂ PRASETSEAY
excitation/ emmlepln e geatitgtn: Bawcdat andvastits dnsdraidy ed ™ Edtiéd; aphRad. PRI SMIm
sof tware and r. i nal 0 ition.curves were

ol ot ted s ngHammen e S g BRen e ST E b RSl s o
initial int ei\@sufaqtmgpm@del@%?r fAtervepctinley muLSEEPL-i bility of mAb constructs to a
nunber of phy5|olog|cally rel evant proteases previously shown to cl eave
1gGL in the |ower ﬁ{oﬁ@@—r?sg@in‘blﬁG cgrpposition with effector function in stable or preserved

formulations as described herein or known in the art, can be administered to a patient in

Pr ot ease

accordance with the present invention via a variety of delivery methods including intravenous
(I.V.); intramusclular (I.M.); subcutaneously (S.C.); transdermal; pulmonary; transmucosal;
using a formulation in an implant, osmotic pump, cartridge, micropump; or other means

appreciated by the skilled artisan, as well-known in the art.

For site specific administration to a body compartment or cavity, the administration
may be intrarticular, intrabronchial, intraabdominal, intracapsular, intracartilaginous,

intracavitary, intracelial, intracelebellar, intracerebroventricular, intracolic, intracervical,
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EXAMPLE 5: ADDI TI ONAL PROTEASE- RESI STANT CONTRUCTS Only two CH2
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| gGl 2h S239D/ H268F/ S324T/ 1 332E 2h DFTE (9) 1gGL 2h S267E/ H268F/ S324T/ | 332E
2h EFTE (10) 1gGL 2h K326A/ E333A 2h AA (11) 1gGl 2h 237A/ S239D/ | 332E 2h
XDE (12) wQGR1288326/ | 332E 1 g& DE (14) 1gGl 2h K326A/ 1382H/S2E3IBEA7Lh AEA
(15) 1gGl 2h S239D/ K326A /E333A 2h DAA (16) 1gGl 2h S267E/ 1332E 2h EE
(17) \Where sufficient data was avail abl e, EC50 val ues cal cul ated when a
cell killing was conplete or near conplete for the in vitro assays used as
a proxy for vari ogxa®frigct: @oNSIRYIGTIONIGF SN WRS PR ®VF FEREUERIE shown in
Tabl es 6A and 6B were generated under identical conditions except that the
donor PBMC sour ceAwaiss ﬁicﬁﬂs&ﬁﬂ’[ﬁhowﬂ'hﬁﬂ’igﬁmﬁdcbthlﬁniﬁg)ﬂhdhiﬁg‘kaém ofrenwe t he | gGl
\é\i t I(\]/-I) t Iyn _el_g(\év haéi?y r&soormg uh 1(l)'ln?%dthé[ Eu> ;[egigrg ! ecteg I%OHII I?golerﬁlw%}elg\t{neera ed0| ogi cal
using standard recombmant technology. The designation 2he¢ denotes that the IgG1 constant

domain corresponding to the Kabat numbering of the EU antibody (EU numbering) from 214 to
236 (SEQ ID NO: 3) have been replaced with the corresponding IgG2 sequence (SEQ ID NO:
4). The designation 2h denotes that the residues of IgG1 E233-1.234-1.235-G236 are replaced
by the corresponding residues of 1gG2 P233-V234-A235 with G235 deleted.

Table 4.
Con- Designation/Construct I1gG Isotype EU 214-447 CD142 CD20
struct Scaffold Sequence
1 IgG1 wi higG1l SEQ ID NO: 1 X
2 | IgG2 wt higG?2 SEQ ID NO: 2 X X
3 2 he (all hinge residues from .
15G2) higG1l SEQ ID NO: 6
4 2h higGl SEQID NO: 7 X X
5 2h S239D/1332E higGl SEQID NO: 8 X X
6 2h E333A/K334A higG1 SEQID NO: 9 X
7 2h F243L/R292P/Y300L higG1 SEQ ID NO: 10 X X
8 2h H268F/S324T/1332E higG1 SEQID NO: 11 X X
9 |2n _ X X
S239D/H268F/S324T/13326 | MeGl | SEQIDNO: 12
10 |2h . X X
S267E/H268F/S324T/13328 | 801 SEQID NO: 13
11 2h K326A/E333A higG1 SEQIDNO: 14 X X
12 2h G237X/S239D/1332E . X
where Xis A, D, P, Qor S higGl SEQIDNO: 15
13 2he S239D/1332E higG1 SEQID NO: 16 X
14 IgG2 S239D/1332E higG2 SEQ ID NO: 17 X

The variable regions of the one set of antibody constructs bind to CD142 (tissue
factor) which allowed testing of Fc-dependent cell-killing of the antibodies in cellular assays
using MDA-MB-231 (ATCC, HTB-26™) expressing tissue factor (Brezski et al., Proc Natl
Acad Sci USA 106:17864-17869 2009). An additional panel was generated with variable
regions that bind to CD20 which allowed testing of CDC activity using WIL2-S cells
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displaying CD20 (ATCC, CRL-8885) (Brezski et al., Proc Natl Acad Sci USA 106:17864-
17869 2009). All of the antibodies were expressed transiently in 293T cells using standard
cloning methods and procedures. MAbs were purified using protein A columns to greater than

95% purity prior to experimental analysis.
Protease Digestion of wild type and mAb constructs

Protease digestions of purified IgGs were carried out at pH 7.5 in phosphate-buffered
saline (PBS) or, for the MMPs (MMP-3, MMP-7, MMP-12 and MMP-13 were all obtained
from Enzo Life Sciences), in Tris-buffered saline buffer at 37 °C. IdeS was obtained from
Genovis, and GluV8 was obtained from Pierce. CaCl, was included in the MMP reactions at 5
mM for all MMPs tested. Antibody concentrations were 0.5 mg/mL and reactions were
nitiated by addition of enzyme to approximately 1-2% (w/w) ratio to IgG unless otherwise
specified. IgG cleavage was assessed by analysis of the electrophorograms after Agilent
Biosizing microcapillary electrophoresis (Agilent Technologies). All digests were performed

in duplicate.
ALPHASCREEN® competition binding assays

Competition binding studies were carried out in half-well volume 96-well opaque
plates (Corning) in assay buffer (PBS, 0.05% BSA, 0.01% Tween-20) at pH 7.4. All
competition studies were carried out against biotinylated IgG1 (1 IgG: 2 biotin, using EZ
Link™ NHS-LC-biotin, Pierce) at a fixed concentration and competing wild type and protease-
resistant constructs in serial 3-fold dilutions. FeyR concentrations were 0.2 pg/ml in final
concentration of the assays. Biotinylated IgG1 (0.2 pg/ml final) and wild type and protease-
resistant antibodies (10 pl) were sequentially added to each row of a 96-well plate in duplicates.
Thereafter designated FcyRs were added followed by the sequential addition of 10 pl each of
1/50 diluted nickel chelate (Ni)-acceptor beads and streptavidin (SA)-donor beads. The opaque
plate was covered with an aluminum seal to maintain light-safe conditions while shaking for 30
minutes on an Orbital shaker. Thereafter the seal was removed and the fluorescence was read
on an ENVISION™ plate reader (PerkinElmer) equipped with appropriate filter set of
AlphaScreen® excitation/emission spectra. Raw data was transferred to GraphPad PRISM™
software and normalized for maximal signal and competition curves were plotted using non-

linear regression curve-fitting software.
Results

Of initial interest was to determine the susceptibility of mAb constructs to a number of
physiologically-relevant proteases previously shown to cleave IgG1 in the lower hinge region;
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MMP-3, MMP-7, MMP-12, MMP-13, GluV8 and IdeS. Constructs 1-5, 7, 9-11, 12 (G237A),
13-14 were tested as CD142 binding antibodies. The proteases cleaved IgG1 to a varying
degree over 24 hours. Whereas MMP-3, MMP-12, IdeS elimnated all intact IgG1 (construct 1)
within 24 hours, MMP-7 cleaved about 30%, MMP-13 about 40% and GluV8 about 60%.
Construct 4 (2h) and those constructs with the 2h lower hinge modification were resistant to all
of the MMPs to more or less the same degree. Construct 4 was resistant to GluV8 but not IdeS.

Construct 2 were also more resistant to GluV8 digestion.

IdeS has been shown to cleave all human IgG isotypes (von Pawel-Rammingen et al.,
EMBO 21:1607-1615 2002). The data from a time course study (Figure 3A) indicate that IdeS
rapidly converted IgG1 (1) and IgG2 (2) to the F(ab"), fragment (within 5 minutes of
incubation) while the IgG1 sample 2h (4) had single-cleaved intermediate through 120 minutes.
Of the constructs tested, 2h S239D/1332E (5) was the most proteolytic resistant construct to
IdeS (Figure 3B), with intact IgG detected even after 24 hour incubation (the other antibody
constructs had no detectable intact [gG by 5 minutes). The mutation of S239D in (5) which is
near the IdeS cleavage point between G236 and G237, may contribute to the additional protease
resistance as compared to IgG1 2h (4).

A panel of 12 anti-CD142 antibody constructs (1-5, 7, 9-13, and 14) was tested along
with their wildtype IgG1 and IgG2 counterparts for susceptibility to proteolysis by IdeS,
Gluv8, MMP-3, and MMP-12, and. The data for intact IgG remaining after 24 hour incubation

was calculated from the electrophorograms and shown in FIG. 4A-D.

The data demonstrated that [gG1 wt (1), [gG2 wt (2), 2he (3), IgG1 2h (4), 2he
S239D/1332E (13), 1gG2 S239D/1332E (14), and 2h K326A/E333A (11) were susceptible to
proteolysis by IdeS after a 24 hour incubation. In contrast, the constructs 2h S239D/1332E (5),
2h G237A/S239D/1332E (12), 2h F243L/R292P/Y300L (7), 2h S239D/H268F/S324T/1332E
(9), and 2h S267E/H268F/S324T/1332E (10) were resistant to proteolysis by IdeS.
Surprisingly, constructs with more Ig(G2 hinge region substitutions (comprising SEQ ID NO: 4)
were not resistant to IdeS proteolysis. The construct [gG2 S239D/I1332E had less than 40%

mtact IgG remaining after 24 hours digestion with IdeS.

Digestion with the GluV8 protease from Staph aureus indicated that the constructs
Ig(G2 S239D/1332E (14), 2h S239D/1332E (5), 2h G237A/S239D/1332E (12), and 2h
F243L/R292P/Y300L (7) had a range of 40-60% intact [gG remaining after a 24 hour digestion,
similar to the level of cleavage seen for I[gG1 wt (1). The constructs IgG2 wt (2) , 2hc (3), 2hc
S239D/1332E (14), IgG1 2h (4), [gG1 2h K326A/E333A (11), 2h S239D/H268F/S324T/1332E
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(9), and 2h S267E/H268F/S324T/1332E (10) showed increased resistance to proteolysis by
GluVvs (all having greater than 75% intact IgG remaining) relative to IgG1 wt.

MMP-3 and MMP-12 represent two types of cancer associated proteases. Less than 5%
mtact [gG1 wt was detected after digestion with both MMP-3 and MMP-12. In contrast,
human IgG2 wt and all of the constructs tested displayed increased protease-resistance to both
MMP-3 and MMP-12 as demonstrated by greater than 60% intact IgG remaining after 24 hours

of digestion.
Fcy Receptor Binding Results

The ability of some of the Fc- constructs to compete for binding to the Fey family of
receptors with wt IgG1 was assessed. The ability of the constructs to reduce maxiumum signal
produced by the biotinylated IgG1 are shown in Fig. 5A-G. The initial screens included
Constructs 1-2, 4-6. For the initial group of constructs tested, [gG2 (2), IgG1 2h (4), and 2h
E333A/K334A (6) showed no detectable binding to the high affinity FcyRI, while a wild-type
IgG1 showed robust binding. The 2h S239D/1332E (5) showed detectable but reduced binding
to FeyRI compared to IgG1. The IgG1 2h (4) and 2h E333A/K334A (6) showed no detectable
binding to FcyRIIa, while the 2h S239D/1332E (5) construct showed comparable binding to
IgG1 wt (Fig. 5B). Three constructs: 1gG2 (2), [gG1 2h (4), and 2h E333A/K334A (6) showed
no detectable binding to FeyRIIb, while IgG1 (1) and 2h S239D/1332E (5) showed comparable
binding (Fig. 5D). 1gG2 (2), IgG1 2h (4), and 2h E333A/K334A (6) showed comparable, but
reduced binding to FeyRIIla compared to IgG1. The 2h S239D/1332E (5) construct displayed
the highest level of binding to FcyRIIla, even higher than IgG1 wt (Fig. 5F).

Additionally, the 2h S239D/H268F/S324T/1332E (9) construct displayed comparable
binding to IgG1, whereas the 2h S267E/H268F/S324T/1332E (10) construct had increased
binding to FcyRIIa compared to IgG1 wt (Figure 5C). Both of the constructs 2h
S239D/H268F/S324T/1332E (9) and 2h S267E/H268F/S324T/1332E (10) displayed increased
binding to FcyRIIb relative to IgG1 wt (Figure SE). The construct 2h K326A/E333A (11)
showed minimal detectable binding to both FcyRIla (Figure 5C) and FeyRIIb (Figure SE).

The construct 2h S267E/H268F/S324T/1332E (10) showed slightly decreased binding
to FeyRlIlIa compared to IgG1 wt, whereas the construct 2h S239D/H268F/S324T/1332E (9)
had increased binding to FeyRlIlla (Figure 5G). The 2h K326A/E333A (11) displayed weak
binding to FeyRIIla compared to IgG1 wt (Figure 5G).
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Summary

These results indicated that the proteolytic resistant constructs comprising 2h
S239D/I332E (5), 2h S239D/H268F/S324T/1332E (9), and 2h S267E/H268F/S324T/1332E (10)
were capable of binding to FcyRlIla, IIb, and Illa to varying degrees, and all three of these
constructs had increased binding relative to the 2h (4) mutation alone. The mutation of
residues in the lower hinge of IgG1 combined with other CH2 mutations, which enhanced
FcyRlIIa binding affinity over IgG1 wt as with construct 2h S267E/H268F/S324T/1332E (10),
enhanced affinity of 2h S239D/H268F/S324T/1332E (9) and 2h S267E/H268F/S324T/1332E
(10) for FeyRIlb, enhanced FeyRlIlla binding affinity over IgG1 wt as with the constructs 2h
S239D/1332E (5) and 2h S239D/H268F/S324T/1332E (9) were an unexpected results.

EXAMPLE 2. ANTIBODY-DEPENDENT CELLULAR PHAGOCYTOSIS (ADCP)

In order to test the ability of the protease-resistant mAbs to mediate Fc-dependent in
vitro cell killing, ADCP assays were performed. In this assay, phagocytic cells are recruited to

the target antigen displaying cell by antibody binding and target cell destruction is measured.
Procedure

PBMCs were isolated from normal human donors using Ficoll gradient centrifugation.
CD14pos monocytes were purified from PBMCs by negative depletion using a CD14 Isolation
kit that did not deplete CD16pos monocytes (Stem Cell Technologies). Monocytes were plated
at 0.1x10° cells/cm* in X-VIVO-10 medium (Lonza) containing 10% FBS and 20 ng/ml GM-
CSF (R&D Systems) for 7 days. 100 ng/ml of IFNy (R&D Systems) was added for the final 24
hours of differentiation. The target cells for the ADCP assay were GFP-expressing MDA-MB-
231 cells. Isolated macrophages were incubated with GFP-expressing MDA-MB-231 at a ratio
of 4:1 for 4 hours with or without wild type and protease-resistant mAb constructs in 96 well
U-bottom plates. After incubation, cells were removed from the 96 well plates using Accutase
(Sigma). Macrophages were identified with anti-CD11b and anti-CD14 antibodies (both from
BD Biosciences) coupled to AlexaFluor 647 (Invitrogen), and then cells were acquired on a
FACs Calibur (BD Biosciences). The data were analyzed using FloJo Software (Tree Star).
The percent phagocytosis was determined by the following equation ((GFPpos, CD11bpos,
CD14pos cells) / (GFPpos, CD11bpos, CD14pos cells plus GFPpos alone cells) x 100%.

Isolated monocytes were differentiated in vitro using GM-CSF and IFNy as described.
As was shown by others, the differentiated macrophages expressed all of the FcyRs (FeyRI,
FcyRlIIa, FeyRIIb, and FeyRII1a) (data not shown).
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Results

The data represented in Figure 6A indicates that IgG1 wt (1) and 2h S239D/1332E (5)
acheived the highest levels of ADCP. The ADCP capacity of IgG2 wt (2), IgG1 2h (4), and 2h
E333A/K334A (6) produced low but detectable ADCP capacity. These results indicate that the
protease-resistant construct 2h S239D/1332E (5) was capable of phagocytosing tumor cells at a
level comparable to IgG1 wt. In a separate experiment, an additional panel of CH2 constructs
containing the IgG1 2h hinge region were tested for ADCP capacity (Figure 6B). In this group,
the constructs 2h S239D/I332E (5), 2h F243L/R292P/Y300L (7), and 2h
S239D/H268F/S324T/1332E (9) had similar ADCP as IgG1 wt (1), whereas the constructs 2h
S267E/H268F/S324T/1332E (10), 2h H268F/S324T/I1332E (8), and 2h G237A/S239D/1332E
(12) had slightly decreased maximal phagocytosis relative to [gG1 wt. The constructs 2h
K326A/E333A (11) had low but detectable ADCP, similar to IgG2 wt (2) and IgG1 2h (4).
Finally, the constructs containing the complete hinge of [gG2 were tested for ADCP. The
construct [gGG2 S239D/I1332E (14) displayed similar ADCP as IgG1 wt, whereas the constructs
2hce (3) and 2hc S239D/1332E (13) displayed low but detectable ADCP.

EXAMPLE 3. ANTIBODY-DEPENDENT CELLULAR CYTOTOXICITY (ADCC)

In this assay, mononuclear cells are recruited to the target antigen displaying cell and

target cell destruction is measured.
Procedure

ADCC assays were performed as previously described (Scallon et al., Mol Immunol
44:1524-1534 2007). Briefly, PBMCs were purified from human blood by Ficoll gradients and
used as effector cells for ADCC assays. MDA-MB-231 human breast carcinoma cells (ATCC
HTB-26) were used as target cells with a ratio of 1 target cell to 50 effector cells. Target cells
were pre-labeled with BATDA (PerkinElmer) for 20 minutes at 37°C, washed twice and
resuspended in DMEM, 10% heat-inactivated FBS, 2mM L-glutamine (all from Invitrogen).
Target (1 x 10" cells) and effector cells (0.5 x 10° cells) were combined and 100ul of cells were
added to the wells of 96-well U-bottom plates. An additional 100ul was added with or without
wild type and protease-resistant mAb constructs. All samples were performed in duplicate.
The plates were centrifuged at 200g for 3 minutes, incubated at 37°C for 2 hours, and then
centrifuged again at 200g for 3 minutes. A total of 20pl of supernatant was removed per well
and cell lysis was measured by the addition of 200ul of the DELPHIA Europium-based reagent
(PerkinElmer). Fluorescence was measured using an Envision 2101 Multilabel Reader

(PerkinElmer). Data were normalized to maximal cytotoxicity with 0.67% Triton X-100
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) fold ADCP EC50 (ng/m) fold CDC EC50 (ng/m) fold IgGlL wt 0.42 1
114 1 2h AEA (15) 0.17 2.5 44* 4.2 202 0.56

WO 2012/087746 PCT/US2011/065174

(ng/ m
186 1

(Sigma Aldrich) and minimal control determined by spontaneous release of BATDA from
target cells in the absence of any antibody. Data were fit to a sigmoidal dose-response model

using GraphPad Prism v5.
Results

The data were plotted so that the level of cell lysis is represented on the Y-axis as a
function of antibody concentration. The data shown in Figure 7A indicate that 2h
S239D/1332E (5) construct had the highest level of ADCC capacity which was approximately
an 8-fold (as evidenced by the shift in apparent EC50) improvement over [gG1 wt in the
depicted assay.

In another experiment, the ADCC capacity of an extended panel of constructs was
compared. Figure 7B depicts the curves generated by the data. Three constructs (2h
S239D/1332E (5), 2h F243L/R292P/Y300L (7), and 2h S239D/H268F/S324T/1332E (9) had
increased ADCC capacity relative to [gG1 wt. The 2h G237A/S239D/1332E (12) and 2h
H268F/S324T/1332E (8) constructs had slightly increased ADCC over [gG1 wt, whereas the
constructs 2h K326A/E333A (11) and 2h S267E/H268F/S324T/1332E (10) had detectable, but
decreased ADCC relative to [gG1 wt. Figure 7C depicts ADCC results from a panel of
constructs that contained the complete hinge region of IgG2. The IgG2 S239D/I332E (14)
construct had a lower EC50 than IgG1 wt, but also a lower maximal lysis. The constructs 2hc
(3) and 2hc S239D/1332E (13) had detectable ADCC above IgG2 wt, but lower than IgG1 wt.
Taken together, these results demonstrate that mutation of critical residues in the lower hinge
can be compensated for to restore ADCC and FcyR-binding by a number of CH2 mutations.
However, not all of the CH2 mutations made to the IgG1 2h (3) backbone tested were capable
of restoring/enhancing ADCC relative to IgG1 wt.

These results were consistent with the FcyRIlla binding assay (Figure 5F-G) showing
enhanced affinity of 2h S239D/1332E (5) and 2h S239D/H268F/S324T/1332E (9), because
FeyRIIa-expressing NK cells are thought to be the relevant effector cell in ADCC.

EXAMPLE 4. COMPLEMENT-DEPENDENT CYTOTOXICITY (CDC)

In this assay, complement components are recruited to the target antigen displaying cell

and target cell destruction is measured.
Procedure

CDC assays were performed as previously described (Brezski et al. J Immunol.
181(5):3183-3192 2008). WIL2-S cells were used as target cells for CDC assays. 50ul of cells
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th%)%la 3527vére incubated at room temperature for 2 hours. 50ul of 10% rabbit complement
(Invitrogen) was added to the wells and the plates were incubated for 20 minutes at 37°C. All
samples were performed in duplicate. The plates were centrifuged at 200g for 3 minutes and
50ul of supernatant was removed to separate plates and CDC was measured with LDH
cytotoxicity detection kit (Roche). Absorbance was measured using a Spectra max Plus 384
(PerkinElmer). Data were normalized to maximal cytotoxicity with Triton X-100 (Sigma
Aldrich) and minimal control containing only cells and complement alone. Data were fit to a

sigmoidal dose-response model using GraphPad Prism v5.
Results

The data shown in Figure 8 indicate that the constructs 2h S267E/H268F/S324T/1332E
(10) and 2h K326A/E333A (11) both achieved similar levels of cell lysis as IgG1 wt. The
constructs [gG1 2h (4), 2h S239D/1332E (5), 2h F243L/R292P/Y300L (7), and 2h
S239D/H268F/S324T/1332E (9) had minimal CDC capacity which was similar to that
measured for IgG2 wt (2).

EXAMPLE 5: ADDITIONAL PROTEASE-RESISTANT CONTRUCTS

Only two CH2 mutations, in combination with the E233P/L.234V/L235A with G236
deleted, were capable of CDC activity comparable to IgG1 wt, namely 2h K326A/K334A (11)
and 2h S267E/H268F/S324T/1332E (10). However, 2h K326A/K334A (11) had minimal
ADCC and ADCP activity, and 2h S267E/H268F/S324T/1332E (10) had reduced ADCC
activity relative to IgG1 wt. It would be beneficial to engineer protease-resistant constructs that
have all three activities (ADCC, ADCP, and CDC). The H268F/S324T mutations alone were
previously not shown to increase affinity to FcyRs (Moore et al.), whereas the construct 2h
H268F/S324T/I332E had increased ADCC relative to 2h. Therefore, the I332E mutation alone
may restore ADCC to the 2h protease-resistant hinge construct. Therefore, constructs will be
generated that combine both ADCC/ADCP restoration with CDC restoration to the 2h parent
hinge including 2h K326A/1332E/E333A (15) (SEQ ID NO: 18), S239D/K326A/E333A (SEQ
ID NO: 19) (16), and S267E/I332E (17) (SEQ ID NO: 20).

The three constructs were tested using the materials and methods described in Example

1. The three constructs displayed resistance to MMP-3 and MMP-12 compared to IgG1 wt.
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Table 7. Construct ADCC ADCP | gGl 2h DE ++++++ +++++ 1 gGlL 2h ADE ++++++
++++ 1gGL 2h DDE + + 1gGlL 2h PDE ++ + I1gGl 2h QDE + + 1gGL 2h SDE +++++ ++
WO 2012/087746 PCT/US2011/065174

As was previously demonstrated, [gG2 wt (2) was resistant to GluV8, whereas IgG1 wt
(1) had less than 60% intact IgG left after a 24 hour digestion. The three constructs had
increased resistance to GluV8 compared to [gG1 wt. However, constructs 2h
K326A/1332E/E333A (15) and 2h S267E/I1332E (17) had decreased resistance to GluV8
compared to [gGG2 wt, while 2h S239D/K326A/E333A (16) had resistance comparable to IgG2
wt. These data suggest that mutations which introduce an additional Glu into the CH2 in
combination with the lower hinge mutation creates a novel GluV8 cleavage site (e.g. 2h
S239D/1332E (5), 2h K326A/1332E/E333A (15) and 2h S267E/1332E (17)), whereas mutations
that do not incorporate a Glu into the CH2 display resistance to GluV8 similar to IgG2 wt (e.g.
2h K326A/E333A (11) and 2h S239D/K326A/E333A (16)).

Both IgG1 wt and IgGG2 wt were susceptible to proteolysis by IdeS. The two constructs
2h K326A/1332E/E333A (15) and 2h S267E/I332E (17) had greater than 90% intact IgG
remaining after a 24 hour incubation with IdeS, whereas the construct 2h
S239D/K326A/E333A (16) had less than 20% intact IgG remaining. These results suggest that
the addition of a Glu into the CH2 in combination with the lower hinge mutation increases the
protease-resistance to IdeS, a property which the lower hinge mutation alone, 2h (4), does not

impart.

The three constructs were tested for their ability to perform ADCP, ADCC, and CDC.
The three constructs had increased ADCP capacity compared to both IgG2 wt and 2h (4), but
decreased maximum ADCP compared to IgG1 wt. Two of the constructs, 2h
K326A/1332E/E333A (15) and 2h S239D/K326A/E333A (16) had slightly increased ADCC
relative to IgG1 wt. The construct 2h S267E/1332E (17) had decreased ADCC relative to IgG1
wt, but increased ADCC relative to [gGG2 wt and 2h (4). All three constructs had increased
CDC capacity relative to IgG2 wt and 2h (4); however, the CDC for all three was slightly
decreased relative to IgG1 wt.

EXAMPLE 6: SUMMARY OF BENEFICIAL MUTATIONS

The following eleven Fc variants were shown to provide an antibody composition
resistant to one or more proteases capable of cleaving [gG1 in the lower hinge while providing
one or more effector functions exhibited by the wild-type human IgGl. The symbol 2h
designates IgG1 with E233P/L.234V/L235A — (G236 deleted.

Table5.
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A summary of the conbined relative protease resistance (PR) to specific
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shown in Table 8 bel ow where those constructs with conbi ned protease

resi stance and one or nore denonstrable effector activities are in white.
Tabl e 8. |sotype/ Construct PR MWs PR | deS PR 3 uVv8 ADCC ADCP CDC

lgG I w () FFF+F

Construct

IAbbreviation (#)

IgG1 2h S239D/I332E Ph DE (5)
IgG1 2h F243L/R292P/Y300L Dh LPL(7)
IgG1 2h H268F/S324T/1332E Dh FTE (8)
IgG1 2h S239D/H268F/S324T/1332E Ph DFTE (9)
IgG1 2h S267E/H268F/S324T/1332E Ph EFTE (10)
IgG1 2h K326A/E333A Dh AA (11)
IgG1 2h G237A/S239D/1332E Ph XDE (12)

I1gG2 S239D/1332E

I2G2 DE (14)

IgG1 2h K326A/ I332E/ E333A Dh AEA (15)
IgG1 2h S239D/ K326A /E333A 2h DAA (16)
IgG1 2h S267E/ 1332E Dh EE (17)

Where sufficient data was available, EC50 values calculated when a cell killing was
complete or near complete for the in vitro assays used as a proxy for various effector function is
shown below. The data shown in Tables 6A and 6B were generated under identical conditions
except that the donor PBMC source was different. Therefore, the fold change from the IgG1 wt

(1) in each experiment is used to standardize the relative biological activity.

Table 6A.

Construct (#) ADCC fold ADCP EC50 | fold CDC EC50 | fold
EC50 ng/ml ng/ml
ng/ml

IgG1 wt (1) 4.8 1 27 1 96 1
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n. d.

n/a = not applicable (insufficient binding curve data to determine EC50), * submaximal lysis

achieved

n.d. =no data

fold = EC50 IgG1 wt / EC50 construct

The effect on ADCC and ACDP of an additional modification at G237 in the lower
hinge in addition to S239D/I332E and 233PVA/236, was examined using constructs listed in
the Table 7 below. The G237A construct was tested and found to have resistance to MMPs,
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Construct (#) ADCC fold ADCP EC50 | fold CDC EC50 | fold
ECS50 ng/ml n
ng/ml
2h DE (5) 0.53 9 54 0.5 n/a n/a
2h G237A/DE (13) | 0.47 10 24 1.1 n.d. n.d.
2h LPL (7) 0.31 15 30 0.9 n/a n/a
2h AA (11) 21 0.2 n/a n/a 157 0.6
2h DFTE (9) 0.70 7 34 0.8 n/a n/a
2h EFTE (10) n/a n/a 44 0.6 77 1.2
Table 6B
Construct (#) ADCC fold ADCP EC50 | fold CDC fold
EC50 (ng/ml) EC50
(ng/ml) (ng/ml)

IgGl wt 0.42 1 186 1 114 1
2h AEA (15) 0.17 2.5 44* 4.2 202 0.56
2h DAA (16) 0.14 3.4 42% 4.4 308 0.37
2h EE (17) 5.6 0.08 52%* 3.6 592 0.19




n.d. 1gG I 2h (4) +++++ +++++ ++ 119Gl 2h DE (5) +++++ ++++ ++ ++++++
+++++ - 1 gGL 2h LPL (7) +++++ ++++ ++ ++++++ +++++ -
WO 2012/087746 PCT/US2011/065174

IdeS, and GluV8. The other constructs were not evaluated in the digestion assays. These data
indicate that Ala(A) and Ser (S) are tolerated at 237 but do not increase the cytolytic activity of
the Fc above that displayed by the parent molecule, 2h DE (5).

Table 7.
Construct ADCC ADCP
IgG1 2h DE o+ 44+
IgG1 2h ADE o+ 4+
IgG1 2h DDE + +
IgG1l 2h PDE ++ +
IgG1 2h QDE + +
IgG1 2h SDE 4+ ++

A summary of the combined relative protease resistance (PR) to specific
physiologically relevant proteases and the in vitro results for proxy assays indicating potential
effector function (ADCC, ADCP, and CDC) are shown in Table 8 below where those
constructs with combined protease resistance and one or more demonstrable effector activities

are in white.

Table 8.

| IgGl wt (1) - - + -+ bt bt
IgG2 wt (2) T - - - ++ -

- IgG1 2he (3) - - - + ++ n.d.

1gGl 2he DE (13)]  +++++ . bt + . n.d.

| IgG1 2h (4) - - - + ++ -

éIgGthDE(s) - -+ ++ -+ -+ -

éIgGthLPL(7) -+ -+ ++ A - -
IgG1 2h FTE (8) -+ -+ F A 4+ -

§IgG12hDFTE(9) -+ b+ ++++ A - -

%IgGthEFTE -+ -+ ++H++ + 44 e

(10)




lgGl 2h FTE (8) +++++ ++++ +++++ ++++++ +++ - 1 gGlL 2h DFTE (9) +++++ +++++

++++ ++++++ +++++ - 1 gGL 2h EFTE (10) +++++ ++++ ++++ + ++++ +++++
WO 2012/087746 PCT/US2011/065174
Isotvpe/ Construct| PR MMPs | PRIdes | PRGlvs | apcc | abce | cpc
| 2h AA (11) -+ - 4+ +++ ++ A+
2h ADE (12) -+ -+ ++ F 4 44 n.d.
IgG2 DE (14) 4+ +++ ++ 4+ 44 n.d.
2h AEA (15) -+ - +++ A +++ ++++
2h DAA (16) bkt + - 4 + o+
2h EE (17) -+ - +++ + +++ ++++

Summary of Results

The study of Fc constructs presented herein demonstrated that substitution of residues
EU 233-236 with PVA/, the sites where proteases were shown to cleave the IgG1 molecule,
produced an Fc that was resistant to MMP-3, MMP-12, and GluVS; proteases that cleave
between residues 232 and 234 (Fig. 1). When combined with these substitutions, additional
modifications produced resistance to the Staphylococcus protease IdeS whether the residue
positions substituted include a modification at the presumed cleavage site (EU236-237) or at a

more distal position.

Substitution of the residues EU 233-236 with PVA/ (2h, construct 4) alone resulted in the
loss of cytolytic functions measureable by the in vitro assays described for ADCC, ADCP, and
CDC. With respect to the combination of IgGG1 Fc modifications previously reported to enhance
one or more effector functions (Table 2) with the lower hinge PVA/ substitution, unexpectedly
restored one or more aspects of in vitro cytolytic activity. Thus, no single construct was both
protease-resistant and had measurable or enhanced activity for all three effector functions as

measured by in vitro cell killing or cell lysis assays for ADCC, ADCP, and CDC.

1. Eight constructs had protease-resistance and enhanced or comparable ADCC compared
toIgGl wt: 5,7, 8,9, 12, 14, 15, and 16. Six of these incorporate the 1332E
substitution: including IgG1 2h DE (5), IgG1 2h FTE (8), IgG1 2h DFTE (9), IgG1 2h
ADE (12),IgG2 DE (14) and IgG1 2h AEA (15).

2. Three PR constructs had similar ADCP compared to IgG1 wt including IgG1 2h DE
(5), IgG1 2h LPL (7), and IgG1 2h DFTE (9). Three constructs had slightly reduced
ADCP compared to IgG1 including IgG1l 2h FTE (8), [gG1l 2h EFTE (10), IgG1 2h
ADE (12), and IgG2 DE (14).
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| sotype/ Construct PR MWs PR | deS PR GluV8 ADCC ADCP CDC 2h AA (11)
+++++ - e+
WO 2012/087746 PCT/US2011/065174

3. Five PR mutations restored CDC capacity, [gG1 2h AA (11), IgG 2h EFTE (10), 2h
AEA (15), 2h DAA (16), and 2h EE (17). In addition, all five had detectable, but
reduced ADCP compared to IgG1 wt. Two variants, 2h AEA (15), 2h DAA (16), also
had enhance ADCC as compared to IgG1 wt (1).

Two constructs (8 and 9) comprising H268F/S324T mutations did not have restored
CDC when a protease-resistant hinge was present. The S267E mutation (EFTE (10))
restored CDC but decreased FeyRlIlla binding (also noted by Moore et al. mAbs 2010
2(2):181.) The S267E mutation increased affinity to FcyRIIb.
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What is claimed is:

1. An isolated modified Fe-containing molecule or a frag-
ment thereof comprising a wild type human IgG1 Feregion of
SEQ 1D NO: 1 comprising a hinge, a CH2 domain and a CH3
domain, wherein

a) the sequence of E233-1.234-1.235-G236 in the hinge is

replaced with P233-V234-A235 with G236 deleted: and

b) the CH2 domain comprises at least one substitution

selected from S239D/1332E, K326 A/E333 A, H268F/
S324T/1332E, F2431/R292P/Y300L, S239D/H268F/
S324T/1332E, S267E/H268F/S324T/1332E, K326A/
1332E/E333A, S230D/K326 A/E333A, S267E/M1332E
and G237X/82391)/1332E where X is A, D, P, Q or §;
wherein amino acid residues are numbered according to
EU numbering.

2. The isolated modified Fc-domain containing molecule
of claim 1, wherein the molecule is resistant o proteclytic
degradation by a protease that cleaves the wild type human
Ig(GG1 molecule between or at residues 222-237 (EU number-
ing).

3. The isolated modified Fc-domain containing molecule
of claim 1, wherein the molecule is capable of promoting
antibody-dependent cellular phagocytosis (ADCP) measured
in the presence of CDI14 positive and/or CDI11b positive
human monocyte-derived macrophages, is capable of pro-
moting antibody-dependent cell-mediated cytotoxicity
(ADCC) measured in the presence of blood mononuclear
cells. and/or is capable of promoting complement-dependent
cytotoxicity (CDC) measured by cell lysis in the presence of
complement.

4. The isolated modified Fe-domain containing molecule
of claim 3, wherein the molecule induces I[.-10 secretion by
human monocyte-derived macrophages by about no more
than three times more when compared to the I1.-10 secretion
by the human monocyte-derived macrophages in the absence
of the 1solated modified Fe-containing molecule.

5. The isolated modified Fc-domain containing molecule
of claim 4. wherein the molecule has an 1C,, fold change ratio
value of 0.04 or less measured in a competition assay with
biotinylated human IgG1 to 0.2 pg/ml soluble human FeyRI,
wherein the IC., fold change ratio is a ratio of an IC, value
for a wild type human Ig(G1 to an 1C, value for the isolated
modified Fe-domain containing protein of claim 1.

6. The isolated modified Fc-domain containing molecule
of claim 5, wherein the molecule at a concentration of (.5
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pg/ml induces interferon-gamma (IFNy) secretion by phe-
ripheral blood mononuclear cells (PBMCs) by at least three
times more when compared to the IFNy secretion by the
PBMCs in the absence of the isolated modified Fe-domain
containing molecule.

7. The isolated modified Fe-domain containing molecule
of claim 1, wherein the protease that cleaves the wild type
[eG1 molecule between or at residues 222-237 is matrix
metalloprotease (MMP) 2 (MMP-2), MMP-3, MMP-7,
MMP-9, MMP-12, MMP-13, immunoglobulin degrading
enzyme from Strep. Pyrongenes (1deS), glutamyl endopepti-
dase 1 from Staph. awreus (GluV8), human neutrophil
elastase (HNE), plasmin, cathepsin G, or pepsin.

8. The isolated modified Fe-domain containing molecule
of claim 7, wherein the protease that cleaves the wild type
IgG1 molecule between or at residues 222-237 is MMP-3,
MMP-7, MMP-12, MMP-13, IdeS, or GluV8.

9. The isolated modified Fe-domain containing molecule
ofclaim 1, wherein the Fc-containing molecule comprises the
polypeptide sequence of SEQ 1D NOs: 8, 10-15 or 18-20.

10. The isolated modified Fc-domain containing molecule
of claim 1, wherein the Fc-containing molecule is an antibody
or an Fc fusion protein.

11. An isolated antibody or fragment thereof comprising a
modified Fe-containing molecule comprising a wild type
human Ig(1 Fe region of SEQ [D NO: 1 comprising a hinge,
a CH2 domain and a CH3 domain, wherein

a) the sequence of E233-1.234-1.235-(3236 in the hinge is

replaced with P233-V234-A235 with (G236 deleted: and

b) the CH2 domain comprises at least one substitution

selected from S239D/1332E, K326 A/E333A, H268F/
S324°T/1332E, F2430L/R292P/Y300L., S2391/H268E/
S324T/1332E, S26TE/H268F/S324T/1332E, K326A/
1332E/E333A, S2391VK326A/E333A, S267E/1332E
and G237X/82391)/1332E where X 1s A, DL P. Q or §;
wherein amino acid residues are numbered according to
EU numbering.

12. The isolated antibody of claim 11, wherein the antibody
1s resistant to proteolytic degradation by a protease that
cleaves the wild type human IgGl molecule between or at
residues 222-237.

13. Theisolated antibody of claim 11, wherein the antibody
is capable of promoting antibody-dependent cellular phago-
cytosis (ADCP) measured in the presence of CD14 positive
and/or CD11b positive human monocyte-derived macroph-
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ages, is capable of promoting antibody-dependent cell-medi-
ated cytotoxicity (ADCC) measured in the presence of blood
mononuclear cells, or 1s capable of promoting complement-
dependent cytotoxicity (CDC) measured by cell lysis in the
presence of complement.

14. The isolated antibody of claim 11, wherein the antibody
is capable of promoting antibody-dependent cellular phago-
cyiosis (ADCP) measured in the presence of CD14 positive
and/or CD11b positive human monocyte-derived macroph-
ages, is capable of promoting antibody-dependent cell-medi-
ated cytotoxicity (ADCC) measured in the presence ol blood
mononuclear cells, and 1s capable of promoting complement-
dependent cytotoxicity (CDC) measured by cell lysis in the
presence of complement.

15. The isolated antibody of claim 13 or 14, wherein the
antibody induces 1L.-10 secretion by human monocyte-de-
rived macrophages by about no more than three times more
when compared to the I[L-10 secretion by the human mono-
cyte-derived macrophages in the absence of the isolated anti-
body.

16. The isolated antibody of claim 14, wherein the antibody
has an IC, fold change ratio value 0f 0.04 or less measured in
a competition assay with biotinylated human IgGl to 0.2
ng/ml soluble human FeyRI, wherein the 1C.,, fold change
ratio is aratio of an [C, value for a wild type human [gG1 to
an 1C, value for the 1solated antibody of claim 11.

17.The isolated antibody of claim 16, wherein the antibody
at a concentration of 0.5 pg/ml induces interferon-gamma
(IFNYy) secretion by pheripheral blood mononuclear cells
(PBMCs) by at least three times more when compared to the
IFNy secretion by the PBMCs in the absence of the isolated
antibody.

18. Theisolated antibody of claim 12, wherein the protease
that cleaves the wild type Ig(s1 molecule between or at resi-
dues 222-237 is matrix metalloprotease (MMP) 2 (MMP-2),
MMP-3, MMP-7, MMP-9, MMP-12, MMP-13, immunoglo-
bulin degrading enzyme from Strep. Pyrongenes (1deS), or
glutamyl endopeptidase 1 from Staph. awreus (GluVS),
human neutrophil elastase (HNE), plasmin, cathepsin G, or

pepsin.

19. The isolated antibody of claim 18, wherein the protease
that cleaves the wild type 1g(G1 molecule between or at resi-
dues 222-237 is MMP-3, MMP-7, MMP-12, MMP-13, IdeS.
or GluV8.
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20. The isolated antibody of claim 11, wherein the antibody
comprises the polypeptide sequence of SEQ IDNOs: 8,10-15
or 18-20.

21. The isolated antibody of claim 11, wherein the antibody
binds to an antigen on a tumor cell, tumor matrix, or tumor
vasculature.

22. The antibody of claim 21, wherein the antibody binds
CD20, ErbB1, ErbB2, ErbB3, VEGFE, RON., or tissue factor.

23. A pharmaceutical composition comprising the isolated
modified Fe-domain containing molecule of claim 1 or the
isolated antibody of claim 11.

24.  The isolated antibody of claim 11, wherein the CH2

domain comprises the substitution S239D/K326A/E333A
having the polypeptide sequence of SEQ ID NO: 19,

25. Theisolated antibody of claim 24, wherein the antibody
binds CD20, ErbB1, ErbB2, ErbB3, VEGF, RON, or tissue
factor.

26. Theisolatedantibody of claim 25, wherein the antibody
binds CD20 or tissue factor.

27. Theisolatedantibody of claim 26, wherein the antibody
binds tissue factor.
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