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ANTIBODIES TO PLASMINOGEN ACTIVATOR INHIBITOR-1 (PAL-1) AND USES
THEREOF
CROSK-REFERENCE TO RELATED APPLICATIONS

This application claims priorily to U.S. Provisional Application No. 61/865,451, filed August
13, 2013, and European Patent Application No. 14305757 8, filed May 22, 2014, which are
incorporated herein by reference in their entireties.

BACKGROUND

Plasminogen Activator Inhibitor type-1 (PAI-1) 1s the main inhibitor of tissue-type
plasminogen activator (tPA} and urokinase-type plasminogen activator (UPA), the key serine
proteases responsible for plasmin generation. PAIL- regulates fibrinolysis by inhibiting plasminogen
activation in the vascular compartment. Fibrinolysis is a tightly coordinated process for degrading
fbrin clots formed by activation of the coagulation cascade. Divsregulation of the
coagulation/fibrinolysis balance leads to abnormal hacmostasis events like bieeding or throrahotic
diseases. PAI-1 is also a key regulator of plasminogen activation o the pericellular compartment
(intravascular and tissular) where veceptor bound plasminogen is activated maindy by urokinase bound

..... i1 i

to the urokinase receptor (UPAR). By inhibiling pericelludar proteolysis, PAL-1 regulates mumerous

i1
H
i

cellular functions like extracelivlar matnx (ECM) degradation, growth factors activation and release
from ECM, matnx metalloproteinases (MMP) actlivation and cellular apoptosis. Recently, protease-
mdependent effects of PAI-1 have been identified through its interaction with cofactors (like
vitronectin, heparin, glycosaminogivean), uPAR-urokinase complexes or cellular receplors (LRE:
low-density Lipoprotein Receptor-related Protein) or mtegrins affecting cell functions like
adhesion/de-adhesion, migration, proliferation and intracellular bicactivity. By these cellular
mechanisms and anti-fibrinolytic effects, a pathogenic rofe of PAI-1 has been established in tumor
growth and metastasis, fibrosis, acute myocardial infarction and metabolic disorders like
atherosclerosis, obesity and diabetes

The Human SERPINE! (PAI-1} gene is localized to chromosome 7, consists of cight introns
and nine exous, and has a size of 12,169 b (Klinger, K.W. et al. Proc. Natl. Acad. Sci. USA 84:8548,
1987). PAL-1 s a single chain glycoprotein of appz‘oximat@ly 56 kDa (379 amino acids} froo the
SERPIN (serine protease mhibitor) superfanmuly that 1s synthesized in the active conformation bat
spontancously becomes latent in the absence of vitronectin (V). Vitronectin, the main cofactor of
PAI-1, stabilizes the active conformation with the Reactive Center Loop (RCL) which is
approximately 20 anino acids that are exposed on the surface. The mechanism of nhibition of PAI-
17s two main targets ({PA and uPA) is a suicide inhibition. The RCL region of PAI-1 bears the bait
peptide bond (R346-M347, also called P1-P’1), which bears the cleavage site for this serine protease.

A Michaelis complex with tPA or uPA forms first, then the catalytic triad reacts with the bait peptide
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bond to form an acyl-enzyme complex that, after cleavage of the P1-P 1 peplide bond, 1nduces strong
conformation changes. The conformational changes cause insertion of the cleaved RCL nto a B-
strand with the protease staying covalently bound as an acyl enzyme with PAL-1. Under non-
phystological circumstances, hydrolysis of this acyl-enzyme complex may tndoce release of the
cleaved PAI-1 and free active protease (Blouse ef al., Biochemistry, 48:1723, 2009},

PAI-1 circulates 1n blood at highly variable levels (nM range) and m excess over +-PA or uPA
concentrations. PAIL-1 exhibits structural flexibility and can be found in one of three conformations:
{1} a latent conformation, {2) an active conformation, or (3} a substrate conformation {see Figure 1.
PAI-1 1s moainly found as a noncovalent conplex with vitroneciin (Kd ~1 nM) that decreases latency

1

ransition by 1.5 10 3 fold. Latent, cleaved or complexed PAT-1 affinity for vitronectin is significantly

reduced. Matrix bound vitronectin also localizes with PAI-1 in the pericelular space. Endothelial
cells, monocytes, macrophages and vascular smooth rauscle cells synthesize this PAI-1 which then
can be stored 1o large amounts under latend foro by platciets (n the o granuie). PAIL-1 is a fast and
specific mbibitor (Wiﬂa the second order rate constant of 10° 10 10" M7s7) of {PA and uPA in solution,
hut reactive against protease bound either to fibrin or their celiular receptors. Other proteases like
thrombain, plasmin, activated Protein € can be also whibited by PAL-1 but less efficiently.

Several 3D structures of human PAI-1 have been solved since the fivst one described 1 1992
(Mottonen ef al., Nature 355:270, 1992) i the latent conformation. These 3D structures inclode
mutant forms of PAIL-1 m the substrate {Aertgeeris ef af., Proteins 23:118, 1995), stabilized active
conformation (Sharp et al,, Structure 7:111, 1999), PAT complexed fo Vitronectin-somatomedin B
domain (Zhou ef af., Nat. Struct. Biol. 10:541, 2003} or with inhibiting pentapeptide from the RCL
loop (Xue &f al., Structure 6:627, 1998). More recently, mouse PAIL-1 struciure in lateni conformation
was clucidated by Dewilde ef al. 7 Struct. Biol. 171:95, 2010) and revealed differences with human
PAL-1 in the RCL position, gate region and position of a-helix A, Structure/function relationships in
PAI-1 have been studied by using more than 600 mutant proteins {reviewed by De Taeye ef al,
Thromb. Haemost, 92:89%, 2004) io Jocalize domains invoived in the various activities of this
ol functional serpin.

Since PAL-1 can be syuthesized by almost every cell fype inchuding hepatocyte, adipocyte,
mesangial cell, fibroblast, myofibroblast, and epithelial cell, its expression greatly varies under
physiological {e.g., circadian variation of plasma PAIL-1 level} and pathological conditions (e.g.,
obesity, metabolic syndrome, insulin resistance, infection, inflammatory diseases, cancer). PAI-1 ig
considered to be an acute phase protein. Transcriptional regulation of PAL-1 mRNA expression is

induced by several cytokines and growth factors {e.g., TGFB, TNFa, EGF, FGF, Insulin, angiotensin

I & 1V}, hormones {e.g., aldosterone, ghicocorticoids, PMA, high glucose) and stress factors {e.g.,

&

hypoxia, reactive oxygen species, lipopolysaccharides).

o
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Moreover, a polyraorphisro in the promoter (position - 675) of the PAL-1 gene affects
expression level. The 4G allele ases PAL-1 level and the 4G/4G variant (0\ curring o around 25%

of the population) induces an increase of approximately 25% of plasma PAL1 level in comparison to
5G/5G (25 % ocowrrence and 44G/5G 50% occurrence). The 4G/4G polymorphism has been linked to
myocardial infarction (Dawson ef al, Arterioscler Thromb, 11:183, 1991}, a specific type of
pulmonary fibrosis (idiopathic interstitial pneumonia) (Kim et al., Mol Med. 9:52, 2003) and the
4(3/4G genotype donor group is an independent risk factor for kidney graft loss due to Interstitial
Fibrosis &Tubular Atrophy (Rerolle ef af., Nephrol. Dial. Transpiant 23:3325, 2008).

Several pathogenic roles have been attributed to PAI-1 in thrombotic discases such as arterial
and venous thrombosis, acute myocardial infarction, and atherosclerosis. Its involvement in metabolic
disorders like insulin resistance syndrome and obesity is well recognized. PAI-1 is also known as 2
profibrotic factor for several organs and has been shown to be over-expressed 1o fibrotic tissues {i.e.,
lever, lung, kidney, heart, abdominal adhesions, skine scar or scleroderma) {reviewed by Ghosh and
Vaughau, J. Cell Physiod. 227:493, 2012). PAI-1 koock-out {(KO) muice are protected from fibrosis in
different models, such as Tver {bile duct Hgation or xenohintic), kidney (unilateral ureteral obstruction
model (UUGY), lung (bleomyem inhalation) (Baumean ef o/, J. Clin. fnvest. 120:19580, 2010; Hattori ef
al., Am. J. Pathol, 164:1091, 2004; Chuang-Tsai ef al, Am. J. Pathol 163:443, 2003} whereas in heart
this deletion 1s protected from induced fibrosis (Takeshita ef al.. AM. J Pathol. 164:449, 2604} but
prone o age-dependent cardiac selective fibrosis (Moriwaki ef al, Cric. Res. $5:637, 2004). Down-
regulation of PAI-1 expression by siBNA (Senoo ef al., Thorax 65:334, 2010) or inhibition by
chemical compaunds ({zvhara ef al., Arievioscler. Thromb. Vasc. Hiol, 28:672, 2008; Huang ef al,
Am. J. Respir. Cell Mol Biol. 46:87, 201 2) have been reported to decrease Tung fibrosis whersas PAT-
1 overexpression of wild type (Eitzman ef all, J. Clin. fnvest. 97:232, 1996) or a PAL-] owtant
remining orxly vitronectin binding but not tPA iohibitor function exacerbates lung fibrosis {Courey &

, Blood 118:2313, 2011).
Bile duct ligation (BDL) hiver fibrosis is atteruated by antibody neuteabizing PAL-L (.S,

Patent No, 7,771,720) whereas down-regulation by siRNA attenuates BDL and xenobiotic induced

Hiver fibrosis (Hu ef ¢, J Heparol. 51:102, 2009). PAL-1 KO mice were protected from cholestatic-
induced liver damage and {ibrosis in BDL (Bergheim et al,, S Pharmacol. Exp. Ther, 316:592, 2006;

Wang ef al , FERS Lett. 581:3098, 2007; Wang ef al., Hepatology 42:1099, 20035} and from
angiotensin H induced liver {ibrosis (Beier et al,, dreh Bioch. Biophys. 510:19, 2011).

PAL-1 KO mice are protected from renal fibrosis in the UL model (Oda er af., Kidney Int.
60, 587, 2001), in diabetic nephropathy (Nicholas ef af,, Kidney fnf. 67:1297, 2005) and in
angiotensin 1 induced nephropathy (Knier ef af., J. Hypertens. 29:1602, 2011; for reviews see Ma et

al. Frontiers Biosci. 14:2028, 2009 and Eddy A.A. Thromd. Haemost. 101:656, 2009). In contrast,
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PAL-1 over expressing ruice display reore severe fibrosis and increased macrophage recruitment
following UUO (Matsuo ef al., Kidney funi. 67: 2221, 2005; Bergheim ef al., J Pharmacol. Exp. Ther.
316:592, 2006). Non-ishibitory PAI-1 mudant (PAL-1 R} has been shown o protect muce from the
development of fibrosis in experimental glomerulonephritis (thyl) m mat by decreasing urinary protein
expression and glomerular matnix accumnlation (Huang ef af., Kidney Int. 70:515, 2006). Peptides
blocking PAI-1 inhibit collagen 3, 4 and fibronectin accumilation m UUQ mice (Gonzalez er al., £xp.
Hiol Med. 234:1511, 2609},
PAI-1, as a target for numerous pathologies, has been the focus of intensive research to inhibit

its activity or to regulate its expression for the last 20 years. Chemical compounds (Suzuki ef ¢f
Fapert Opin. fnvestig. Drugs 20:255, 261 1), monoclonal antibodies (Gils and Declerk, Throméb
Haemaost, 91:425, 2004), peptides, nwtards (Cale and Lawrence, Curr. Drug Targets 8971, 2007),
siRINA or anti-sense RNA have been designed to johibit its various function or to regulate its
expression, However, despite the intensive research, the problem of developing a therapeutically

effective modulator of PAI-T still rematos to be solved. Accordingly, there is a need inthe art for
novel ageats that juhibit the PAL-1 activity for use in the treatiment of PAL-1-mediated luman

pathologies.

SUMMARY OF THE DISCLOSURE
{0 one aspect, disclosed herein is an solated monocional antibody that binds specifically to

buman Plasminogen Activator Inhibitor type-1 (PAI-1}, wherein the antibody comprises a heavy

chain variable region, said heavy chain variable region comprising CDR1 (SEQ 1D NO: 34}, CDR2
(SEQ ID NO: 33), and CDR3 (SEQ ID NO: 32} of SEQ 1D NG: 6, and a light chain variable regi
said light chain variable region compusing CDR1 (S3EQ ID NO: 37), CDIR2 {SEQ 1D NO: 36), and

CDR3 (SEQ ID NO: 35) of SEQ TD NO: 7. Inan additional aspect the beavy chain comprises a

B,

beavy chain variable region comprising SEQ ID NO: 6, and the light chawn comprises a light chain
variable region comprising SEQ ID NO: 7. In a further aspect, heavy chain variable region 18 99%,
B8%, 7%, 96%%, 95%, 94%, 93%, 92%, 91%, or 90% identical to SEQ 13 NO: 6, and the light chamn
variable region is 99%, 98%, 87%, 9650, 95%, 94%, 83%, 92%, 91%, or 90% identical to SEQ I
NO: 7. All % identity approximations indicate the minimum % identity; higher % identity than the
recited values are also encompassed by the disclosu

In another aspect, disclosed herein is an isolated monoclonal antibody that binds specifically
to PAL-1, comprising: (a} heavy chain framework regions, a heavy chain CDRI region comprising
SEQ 1D NO: 34, a heavy chain CDR2Z region comprising SEQ 1D NO: 33, and a heavy chain CDR3
region comprising SEQ 1D NO: 32; and (b) light chain framework regions, a light chain CDRI region

comprising SEQ 1D NO: 37, a light chain CDRZ region comprising SEQ 1D NO: 36, and a light chain

PCT/US2014/050896
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CDR3 region coraprising SEQ 1D NO: 35, In certain aspects, the antibody heavy chain comprises
%, 91%, or 90%

beavy chain framework regions that ate 99%, 98%, 97%, 96%, 93%, 94%, 93%, 92

identical to the heavy chan framework regions of SEQ D NO: 6, and the antibody light chamn
comprises light chamm framework regions that are 99%, 98%, 97%, 96%, 85%., 94%, 93%, 92%, 81%
or 90% dentical to the famework regions of SEQ ID NO: 7.

In one aspect, disclosed herein is an 1solated monocional antibody that binds specifically to
human Plasminogen Activator Inhibitor type-1 (PAI-1), wherein the antibody comprises a heavy
chain variable region, said heavy chain variable region comprising CDR1 (SEQ 1D NO: 22), CDR2
(SEQID NO: 21, and CDR3 (REQ ID NO: 20) of SEQ ID NO: 2, and a light chain variable region,
said light chain variable region comprising CDR1 (SEQ ID N 253, CDR2 (53EQ 1D NO: 24), and
CDR3 (SEQ ID NG: 23) of SEQ 1D NO: 3. In an additional aspect the heavy chain comprises a heavy
chain variable region comprising SEQ 1D NO: 2, and the light chain comprises a light chain variable
region comprigsing SEGQ ID NG: 3, In a further aspect, heavy chain variable region 1 99%, 98%, 97%,
3654, 95%, 94%, 93%, 92%, 91%, or 90% identical to SEQ 1D NO: 2, and the light chain variable
region is 99%, 98%, 9754, 96%, 95%, 94%, 93%, 92%, 91%, or 90% identical to SEQ IDNO: 3

In an additional agpect, disclosed herein is an isolated monoclonal antibody that binds
specifically to PAI-1, comprising: {a} heavy chain framework regions, & heavy chain CDRI region
comprising SEQ ID NO: 22, a heavy chain CDR2 region comprising SEQ ID NO: 21, and 3 heavy
chain CDR3 region comprising SEQ 1D NO: 20; and (b} light chain framework regions, a light chain
CDRI region comprising SEQ 1D NO: 25, a light chain CDR2 region comprising SEQ 1D NO: 24,
and a light chain CDR3 region comprising SEQ 1D KO: 23, In certain aspects, the amibody heavy
chain comprises heavy chain frarnework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 93%

92%, 91%, or 96% idertical 1o the heavy chain framework regions of SEQ 1D NO: 26, and the
antibody light chain comprises light chain framework regions that are 99%, 98%, 97%, 96%, 95%
4%, 93%, 92%, 91%, or 90% identical to the framework regions of SEQ 1D NO: 3

o one aspect, disclosed herein is an solated mounocional antibody that binds specifically to

buman Plasminogen Activator Inhibitor type-1 {PAF-1}, wherein the antibody comprises a beavy
chain variable region, said heavy chain variable region comprising CDR1 (SEQ 1D NG: 283, CDR2
{SEQ D NO: 27), and CDR3 (SEQ 1D NO: 26) of SEQ ID NOG: 4, and a light cham variable region,
said light chain variable region comprnising CDR1 (SEQ D NO: 31}, CDR2 (SEQ 1D NO: 30}, and
CDR3 (SEQ ID NO: 29} of SEQ 1D NO: 5. In an additional a%pect the heavy chain comprises a heavy
chain variable region comprising SLQ ID NO: 4, and the tight chain comprises a light cham variable
region comprising SEQ D NO: 5. In & further aspect, heavy chain variable region is 99%, 98%, 97%,
G8%, 95%, 94%, 93%, 92%, 91%, or 90% identical to SEQ 1D NO: 4, and the light chain variable

region is 99%, 98%, 97%, 96%%, 95%, 94%, 93%, 92%, 91%, or 90% identical to SEQ ID NO: 5.
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1o an additional aspect, disclosed herein is an isolated monoclonal antibody that binds

specifically to PAL-1, comprising: (a) heavy chain framework regions, a heavy chain CDRI region
compnising SEQ 1D NO: 28, a heavy chain CDRZ region comprising SEQ ID NQO: 27, and a heavy
chain CDR3 region comprising SEQ 1D NO: 26; and (b} light chain framework regions, a hght chain
CDR1 region comprising SEQ ID NG: 31, a hight chain CDR2 region comprising SEG 1D NO: 30,
and a light chain CDR3 region comprising SEQ ID NO: 29. In certain aspects, the antibody heavy
chain comprises heavy chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 934%%,

42%, 91%, or 0% identical to the heavy chain framework regions of SEQ IDNO: 4, and the
antibody light chain comprises light chain framework regions that are 99%, 98%, 97%, 96%, 95%,
G4%, 93%, 92%, 91%, or 90% identical 1o the framework regions of SEQ IDNG: 5

In one aspect, disclosed herein is an isolated monocional antibody that binds specifically to
human Plasminogen Activator Inhibitor type-1 {PAI-1), wherein the antibody comprises a heavy
chain variable region, said beavy chain variable region comprising CDR1 {SEQ 1D NGt 46), CDR2
(SEQ ID NO: 39), and CDR3 (SEQ ID NO: 38) of SEQ TD NG 8, and a hght chain variable rﬁgiort,
said light chain variable region comprising CDRI (SEQ ID NG: 43), CDR2 (SEQ ID NO: 42), a
CDR3 (SEQ 1D NO: 41) of SEQ ID NOG: 9. In an additional aspect the heavy chain comprises a heavy
chain variable region comprising SEQ 1D NO: 8, and the hght chain comprises a Bght chain variable
region comprising SEQ 1D NG: 9. In a fumther aspect, heavy chain variable region 18 99%, 98%, 97%,
D654, 95%, 94%, B3%, 92%, 91%, or B0% identical to SEQ 1D NO: %, and the light chain variable
region is 99%, 98Y, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90% identical to SEQ ID NG: 9.

In another aspeet, disclosed herein is an isolated monoclonal antibody that binds specifically
to PAI-1, comprising: {a) heavy chain framework regions, a heavy chain CDR1 region comprist
SEQ ID NO: 40, a heavy chain CDR2 region comprising SEQ 1D NG: 39, and a heavy chain CDR3
region comprising SEQ 1D NO: 38; and (b} light chain framework regions, a light chain CDR1 region
comprising SEQ 1D NO: 43, a light chain CDR2 region comprising SEQ ID NO: 42, and a light chain
CDR3 region comprising SEQ ID NO: 41, In certatn agpects, the antibody heavy chain cornprises
beavy chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90%
identical 1o the heavy chain framework regions of SEQ D NO: §, and the antibody light chain
comprises light chain framework regions that are 99%, 98%, 97%, 86%, 95%, 94%, 93%, 92%, 91%
or 90% wdentical to the famework regions of SEQ ID NO: 8,

In one aspect, disclosed herein is An isolated monocional antibody that binds specifically to
human Plasminogen Activator Inhibitor type-1 (PAI-1), wherein the antibody comprises a heavy
chain variable region, said heavy chain variable region comprising CDR1 (SEQ 1D NO: 523, CDR2
{(SEQ ID NO: 51), and CDR3 (SEQ D NO: 50) of SEQ ID NO: 10, and a hight chain variable region,
said light chain variable region comprising CDR1 (SEQ ID NOx 353, CDR2 (5EQ 1D NO: 54), and

6
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CDR3 (SEQ ID NO: 53) of SEQ ID NO: 1. Tu an additional aspect the heavy chain comprises a
beavy chain variable region comprising SEQ ID NO: 10, and the light chain corprises a light chain
varable region comprising SEQ D NO: 11 In a further aspect, heavy cham variable region is 99%,
B8%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 30% identical to SEQ ID NG: 10, and the light chain
variable regiom 18 99%, 98%, 87%, 96%, 95%, 94%, 83%, 92%, 91%, or 90% identical to SEQ I
NO: 11

In an additional aspect, disclosed herein is an isolated monoclonal antibody that binds
specifically to PAI-1, comprising: (a) heavy chain framework regions, a heavy chain CDR1 region
corprising SEQ 1D NO: 52, a heavy chain CDR2 region comprising SEQ D NO: 51, and 2 heavy
chain CDR3 region comprising SEQ 1D NO: 50; and (b} lig

o

CDR1 region comprising SEQ 1D NO: 55, a light chain CDR2 region comprising SEQ 1D NG: 54,

ht chain framework regions, a light chain

and a hght chain CDR3 region comprising SEQ ID NG: 33, In certain agpects, the antibody heavy
chain comprises heavy chain framowork regions that are 99%, 98Y% Yo, 86%, Q5% 94%, 93%,

92%, 91%, or 99% identical to the heavy chain framework regiong of SEQ ID NQG: 10, and the
autibody light chain comprises light chain framework regiouns that are 99%, 98%, 97%, 96%, 95%,
8454, 93%, 92%, 81%, or 80% identical to the framework regions of SEGQ ID NO: 1L

{n one aspect, disclosed herein is an isolated monocional antibody that binds specifically to
human Plasminogen Activator Inhubitor type-1 {PAI-1), wheremn the antibody comprises a heavy
chain variable region, said heavy chain variable region comprising CDR1 (SEQ 1D NO: 58), CDR2
(SEQID NO: §7), and CDR3 (SEQ ID NO: 536} of SEQ 1D NO: 12, and a light chain variable region,
said light chain variable region comprising CDR1 (SEQ 1D NG: 61}, CDR2 (SEQ ID NO: 60}, and
CDR3 (SEQ ID NO: 59) of SEQ 1D NO: 13. In an additional aspect the heavy chain comprises a
heavy chain variable region comprising SEQ 1D NO: 12, and the light chain comprises a light chain
variable region comprising SEQ ID NO: 13, In a further aspect, heavy chain variable region is 99%,
98%, 97%, 96%, 95%:, 94%, 93%, 92%, 91%, or 90% identical to SEQ ID NO: 12, and the light cha
variable reglon is 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90% identical to SEQ ID

NG 13,

o

1o another aspect, disclosed herein is an isolated muonocional antibody that binds specifically
to PAL-1, comprising: {(a} heavy chain framework regions, a heavy chain CDRI region comprising
SEQ ID NO: 58, a heavy chain CDR2 region comprising SEQ [D NO: 57, and heavy chain COR3
region comprising SEQ D NO: 56; and (b} hight chain framework regions, a light chain CDRI region
comprising SEQ 1D NO: 61, a light chain CDRZ region comprising SEQ [D NO: 60, and a light chain
CDR3 region comprising SEQ 1D NO: 59, In certain aspects, the antibody heavy chain comprises
heavy chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90%

identical to the heavy chain framework regions of SEQ ID NO» 12, and the antibody light ¢hain
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comprises lght chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 81%,
or 98% dentical to the framework regions of SEQ ID NO: 13.

In one aspect, disclosed hercin 18 an olated monoclonal antibody that binds specifically o
Inimman Plasninogen Activator Inhibitor type-1 (PAR-1), wherein the antibody comprises a heavy
chain variable region, said heavy chain variable region compnising CDR1 (SEQ ID NG: 643, CDR2
{(SEQ ID NO: 63), and CDR3 (SEQ 1D NO: 62) of SEQ ID NO: 14, and a hight chain variable region,
said light chain variable region comprising CDR1 (SEQ D NO: 673, CDR2 (SEQ 1D NO: 66), and
CDR3 (SEQ ID NO: 65} of SEQ ID NO: 15, In an additional aspect the heavy cham comprises a

.
H
i

heavy chain variable region comprising SEQ ID NO: 14, and the light chain comprises a light chain

variabic region comprising SEQ ID NO: 15, In a further aspect, beavy chain variable region is 99%,
8%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 30% identical o SEQ ID NO: 14, and the light chain
variable region is 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90% identical to SEQ ID
NO: 15

Inan additional aspect, disclosed herein is an tsolated monoclonal amibody that binds
specifically to PAI-1, comprising: {a) heavy chain frammework regiouns, a heavy chain CDR] regior
comprising SEQ ID NO: 64, a heavy chain CDR2 region comprnising SEQ ID NG: 63, and a heavy
chain COR3 region comaprising SEQ I3 NO: 62; and (b} hght chain framework regions, a light chain
CDR1 region comprising SEQ 1D NQO: 67, @ light chain CDRZ region comprising SEQ D NO: 66,
and a hight chain CDR3 region comprising SEQ 1D NO: 65, In certain aspects, the antibody heavy
chain comprises heavy chain framework regions that are 999, 98%, 97%, 96%, 95%, 94%, 93%,
92%, 91%, or 90% identical to the heavy chain framework regions of SEQ ID NO: 14, and the
antibs)dy ight chain comprises light chain framewaork regions that are 99%, 98%, 97%, 96%, 95%,
94%, s, 92%, 91%, or 90% identical to the framework regions of SEQ ID NO: 15,

Fad

0 one aspect, disclosed herein is an solated monocional antibody that binds specifically to
buman Plasminogen Activator Inhibitor type-1 (PAI-1}, wherein the antibody comprises a heavy
chain variable region, said heavy chain variable region comprising CDR1 (SEQ 1D NG: 743, CDR2
{SEQ D NO: 69), and CDR3 (SEQ TN NG: 68) of SEQ 1D NO: 16, and a hght chain variable region,
said light chain variable region compusing CDR1 (3EGQ ID NO: 73), CDIR2 {(SEQ 1D NGt 72), and
CDR3 (SEQ ID NO: 71) of SEQ ID NO: 17,

In an additional aspect the heavy chain comprises 3 heavy chain variable region comprising
SEQ 1D NO: 16, and the light chain comprises a light chain variable region comprising SEQ 1D NO:
17. In a further aspect, heavy chain vanable region 1s 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%,
1%, or 0% identical to SEQ 1D NO: 16, and the light chain variable region 1s 99%, 98%, 97%,
G96%, 95%, 94%, 93%, 92%, 91%, or 90% identical 1o SEQ IDNO: 17,

{n an additional aspect, disclosed herein is an isolated monoclonal antibody that binds
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specifically to PAIL-1, comprising: (a) heavy chain framework regions, a beavy chain CDRI region
comprising SEQ DN NG: 70, a heavy chain CDRZ region comprising SEQ ID MNG: 69, and a heavy
chain CDR3 region comprising SEQ 1D NO: 68; and (b} light chain framework regions, a hght chain
CDR1 region comprising SEQ ID NG: 73, a light chain CDR2 region comprising SEG ID NO: 72,
and a light chain CDR3 region comprising SEQ ID NG: 71, In certain aspects, the antibody heavy
chain comprises heavy chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 934%%,

42%, 91%, or 0% identical to the heavy chain framework regions of SEQ D NO: 16, and the
antibody light chain comprises light chain framework regions that are 99%, 98%, 97%, 96%, 95%,
G4%, 93%, 92%, 91%, or 90% identical to the framework regions of SEQ ID NO: 17,

In one aspect, disclosed herein is an isolated monocional antibody that binds specifically to
human Plasminogen Activator Inhibitor type-1 {(PAI-1), wherein the antibody comprises a heavy
chain variable region, said beavy chain variable region comprising CDR1 {SEQ 1D NGt 46), CDR2
(SEQ ID N(O: 43), and CDR3 (SEQ ID NO: 44) of SEGQ 1D NO: 80, and a light chain vartable region,
said light chain variable reglon comprising CDRI (SEQ ID NG 493, CDR2 (SEQ ID NO: 48), and
CDR3 {SEQ D NG: 47) of SEQ ID NG: 81,

In an additional aspect the heavy chain comprises a heavy chain variable region comprising
SEQ ID NO: 80, and the light chain comprises a hght chain vaniable region comprising SEQ D NG:
%1, In a further aspect, heavy chain variable region is 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%,
1%, or 90% identical to SEC 1D NO: 80, and the light chain variable region is 99%, 98%, 97%,
6%, 95%, 94%, 93%, 92%, 91%, or 90% identical to SEQ ID NO: 81.

In one aspect, disclosed herein is an isolated monoclonal antibody that binds specifically to
PAI-1, comprising: (a) heavy chain framework regions, a heavy chain CDRI region comprising SEQ
1D NO: 46, a heavy chain CDRZ region comprising SEQ 1D NO: 45, and a heavy chain CDR3 region
conprising SEQ 1D NG: 44; and (b) light chain framework regions, a light chain CDRI region

comprising SEQ 1D NO: 49, a light chain CDR2 region comprising SEQ ID NO: 48, and a light chain

CDR3 region comprising SEQ 1D NO: 47, In certain agpects, the antibody heavy ¢hain coraprises
beavy chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 31%, or 90%

identical 1o the heavy chain framework regions of SEQ 1D NO: 80, and the autibody light chain

comprises tight cham framework regions that are 9956, 98%, 97%, 86%, 85%, 94%, 93%, 92%, 81%,
or 90% wdentical to the framework regions of SEQ ID NO: 81,

In another aspect, disclosed herein is an isolated monoclonal antibody that binds specifically
to Plasminogen Activator Inhibitor type-1 (PAI-1), wherein the antibody comprises a heavy chain
variable region, said heavy chain variable region comprising CDR1 (8EQ ID NO: 78), CDR2 (SEQ
IDNO: 75), and CDR3 (SEQ 1D NO: 74) of SEQ ID NO: 18, and a hight chain variable region, said
light chain variable region comprising CBR1 (SEQ ID NO: 79}, CDR2 (SEQ 1D NG: 78), and CDR3
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{(SEQ D NO: 77) of SEQ 1D 19. In an additional aspect the heavy chain comprises a heavy chain
variable region comprising SEQ 1D NO: 18, and the light chain comprises a light chain variable
region comprising SEQ [D NO: 19. In a further aspect, heavy cham vanable region 1s 99%, 95%,
7%, 96%, 95%, 94%, 93%, 92%, 91%, or 90% identical to SEQ 1D NO: 18, and the light chain
variable region is 99%, 98%, 87%, 9650, 95%, 94%, 83%, 92%, 91%, or 90% identical to SEQ I
NO: 19,

An isolated monoclonal antibody that binds specifically to PAI-1, conmprising: {(a) heavy
chain framework regions, a heavy chain CDR1I region comprising SEQ ID NG: 76, heavy chain
CDR2 region comprising SEQ D NO: 75, and a heavy chain CDR3 region comprising SEQ 1D NO:
74; and (b} light chain framework regions, a light chain CDRI region comprising SEQ 1D NG: 79, =
light chain CDR2 region comprising SEQ 1D NO: 78, and a light chain CDIR3 region comprising SEQ
IBDNO: 77, In certain aspocts, the antibody heavy chain comprises heavy chain framework regions

that are 99%, 98%, 97%, 965, 95%, 94%, 93%, 92%, 91%, or 90% identical to the heavy chain

framework regions of SEQ IDNG: vad the antibody light chain comprises light chain framework
regions that are 99%, 98%, 97%, 86%, 25%, 94% o, 92%, 91%, or 90% identical 1o the

framework regions of SEQ ID NG: 19,

{n one aspect, disclosed herein is an isolated monocional antibody that binds specifically to

g

PAL-1, comprising: {a) heavy chain {ramework regions, 3 heavy chain CDR1 region comprising SEQ
1D NO: 33, heavy cham CDR2 region comprising SEQ D NO: 146, and a heavy chain CDR3 regio
comprising SEQ 1D NO: 32; and (b} light chain framework regions, a light chain CDR1 region
comprising SEQ 1D NO: 37, a light chain CDR2 region comprising SEQ 1D NO: 145, and a light
chain CDR3 region conprising SEQ 1D NG: 35,

Fad

0 one aspect, disclosed herein is an solated monocional antibody that binds specifically to
PAI-1, comaprising: {a) beavy chain framework regions, a heavy chain CDR1 region comprising SEQ
1D NO: 147, heavy chain CDRZ region coraprising SEQ ID NO: 33, and a heavy chain CDR3 region
comprising SEQ 1D NO: 32; and (b) light chain framework regions, a light chaio CDRI region
comprising SEQ 1D NO: 37, a light chain CDR2 region comprising SEQ D NO: 36, and a light chain
CDR3 region comaprising SEQ ID NO: 35,

In one aspect, disclosed hercin 18 an olated monoclonal antibody that binds specifically o
PAL1, comprising: (a) heavy chain framework regions, a heavy chain CDRI region comprising SEQ
1D RO: 147, heavy chain CDR2 region comprising SEQ ID NO: 33, and a heavy chain CDR3 region
comprising SEQ 1D NO: 32; and (b} light chain framework regions, a light chain CDR1 region
comprising SEQ 1D NO: 37, a light chain CDRZ region comprising SEQ [D NO: 145, and a light
chain CDR3 region comprising SEQ 1D NQO: 35,

tG
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10 one aspect, disclosed herein is an solated monocional antibody that binds specifically to
PAL1, cormaprising: {a) beavy chain frarnework regious, a heavy chain CDRI region coruprising SEQ
1D NO: 146, heavy chain CDR2 region compristag SEQ [D NO: 33, and a heavy chain CDR3 region
comprising SEG ID NO: 32; and {b) light chamn framework regions, a hight chain CDRI region
5 comprising SEQ ID NO: 37, a light chain CDR2 region comprising SEQ D NQO: 143, and a Hight
chain CDR3 region comprising SEQ 1D NQO: 35,
In one aspect, disclosed herein is an 1solated monocional antibody that binds specifically to
PAI-1, comprising: {a) heavy chain framework regions, a heavy chain CDRI region comprising SEQ
1 NO: 34, heavy chain CDR2 region comprising SEQ 1D NO: 33, and a heavy chain CDR3 region
10 comprising SEQ ID NO: 32; and (b} light chain framework regions, a light chain CDR1 region
corpprising SEQ 1D NO: 37, a light chain CDRZ region comprising SEQ 1D NO: 145, and a light
chain CDR3 region corapristag SEQ 1D NG: 35,

Inan additional aspect, disclosed herein is an isolated ruonoclonal antibody that binds to

o

essentially the same epitope on PATL-1 as an isolated roonoclonal antibody, coraprising a beavy chain
variabie region, wherein the heavy chain variable region comprises CDRU (SEQ 1D NG: 34), CDR2
(SEQID N(O: 33), and CDR3 (SEQ IDNO: 32} of SEGQ ID NO: 6, and a hght chain variable region,
wherein the hight chain variable region comprises CDR1 (SEQ ID NO: 37), CBR2 (SEQ ID NO: 36},

and CDR3 (SEQ ID NO: 353 of SEQIDNO: 7.

RN

In a certain aspect, disclosed herein is an 1solated monoclonal antibody that binds specifically
20 1o PAI-1, comprising: {(a} heavy chain framework regions, a heavy chain CBR1 region comprising
SEQ ID NG: 76, heavy chain CDEZ region comprising SEQ 1D RNO: 75, and a heavy cham CDR3
region comprising SEQ ID NO: 74; and (b) light chain framework regions, a light chain CDRI region
conprising SEQ 1D NG: 79, a light chain CDR2 region comprising SEQ 1D NO: 78, and 2 light chain
CDR3 region comprising SEQ D NO: 77,

25 10 one aspect, disclosed herein is 2 bumanized monoclonal antibody that binds specifically to
buman PAIL-1, wherein the antibody comprises: {a) a heavy chain having a beavy chain variable
region comprising SEG ID NO: 82, or an antigen-binding fragment thereof, and a light chaw having a
light chain variable region coraprising SEQ ID NO: 91, or an agtigen-binding fragroent thereof; {(b)

a heavy chain having a heavy chain variable region comprising SEQ D NO: 83, or an

(43

{0  antigen-binding fragment thereof, and a light chain having a light chan variable region comprising
SEQ 1D NO: 92, or an antigen-binding fragment thereof: (¢} a heavy chain having a heavy chain
variable region comprising SEQ D NO: 84, or an antigen-binding fragment thereof, and a light chain
having a light chain variable region comprising SEQ D NO: 93, or an antigen-binding fragment
thereof: {d) a heavy chain having a heavy chain variable region comprising SEQ D NO: 85, or an

antigen-binding fragment thereof, and a light chain having a light chain variable region comprising

i1
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SEQ TR NG: 91, or an antigen-binding frag
variable region comprising SEQ ID NO: 85, or ap antigen-binding fragment thereof, and a light chain
having a light chain variable region comprising SEQ ID NO: 93, or an antigen-binding fragment
thereof; (I} a heavy chain having a heavy chain variable region comprising SEQ ID NO: 86, or an
antigen-binding fragment thereof, and a light chain having a light chain vanable region comprising
SEQ 1D NO: 94, or an antigen-binding fragment thereof; (g) a heavy chain having a heavy chain
variable region comprising SEQ 1D NO: 87, or an antigen-binding fragment thereof, and a light chain
having a light chain variable region comprising SEQ D NO: 95, or an antigen-binding fragment
thercof] (h) 2 heavy chain having a heavy chain variable region comprising SEQ 1D NO: 88, or an
antigen-binding fragment thereof, and a light chain having a light chain variable region comprising
SEQ 1D NO: 96, or an antigen-binding fragment thereof; (1 a heavy chain having a heavy chain
variable region comaprising SEQ I3 NG: 89, or an autigen-binding fragmeunt thereod, and a hght chain
having a light chain variable region compusing SEQ 1D NGk 97, or an antigen-binding fragment
thereot; {j) a heavy c¢hair having a heavy chain variable region compusing SEQ 1T NG: 90, or an
auntigen-hinding fragment thereof, and a light chain having a hight chain variabie region comprising
SEQ D NO: 9%, or an antigen-binding fragrent thereof; (k) a beavy chain having & heavy chain
variable region comprising SEQ ID NO: 86, or an antigen-binding fragment thereof, and a hght chain
having « light chain variable region compnising SEQ I NO: 93, or an antigen-bindimng fragment
thereot; (1) a heavy chain having a heavy chain variable region comprising SEQ 1D NO: 86, or an
antigen-binding fragment thereof, and a light chain having a light chain variable region comprising
SEQ ID NO: 95, or an antigen-binding fragment thereof; {m) a heavy chain having a heavy chain

1
}

variable region comprising SEQ ID NO: 89, or an antigen-binding fragment thereot, and a light chain

having a light chain variable region comprising SEQ ID NO: 93, or an antizen-binding fragment
thereof; or (n} 2 heavy chain having a heavy chain variable region comprising SEQ D NO: 89, oran
antigen-binding fragment thereof, and a light chain having a light chain variable region conprising
SEQID NG: 95, oran amigeta--bindin g fragment thereof. In a further aspect, the humanized heavy
chain variable region is 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90% identical 10 any of
the previously disclosed human heavy chain variable regions, and the humanized hght chain variable
reglon 18 98%, 98%, 97%, 86%, 95%, 94%, 93%, 92%, 91%, or 90% identical to any of the
previcusly disclosed human light chain variable regions.

In one aspect, disclosed herein is an 1solated monocional antibody that binds specifically to
PAI-1 comprising: {&) a heavy chain framework region and a heavy chain variable region comprising
SEQ 1D NO: 86, and (b} a light chain framework region and a light chain variable region comprising
SEQ 1D NO: 93, In certain aspects, the isolated monoclonal heavy chain conprises heavy chain
framework rogions that are 99%, 98%6, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90% identical to

12
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the heavy chain framework regions of SEQ 1D NO: 86, and the isolated monoclonal antibody hght
chain coraprises light chain framewaork regions that are 99%, 98%, 9754, 96%, 95%, 94%, 93%, 92%,
1%, or 90% identical o the framework regions of SEQ 1D NO: 93, In certain other aspects, the
isolated monoclonal antibody heavy chain comprises heavy chain framework regions that are 95%
identical to the heavy chain framework regions of SEQ D NO: 86, and the isolated monoclonal
antibody light chain comprises light chain framework regions that are 95% identical to the framework
regions of SEQ 1D NO: 93.

In another aspect, disclosed herein 1s a humanized monoclonal antibody that binds

1
H
i

specifically to human PAIL-1, wherein the anitbody comprises a heavy chain having a heavy chain

variabie region comnprising SEQ 1D NO: 154, or an antigen-binding fragment thereof; and a light
chain baving a light chain variable region comprising SEQ ID NO: 153, or an antigen-binding
fragment thercof. In another aspect, disclosed herein is a humanized monoclonal antibody that binds
specifically to horsan PATL-1, wherein the antibody comprises a beavy chain having a heavy c¢hain
variable region comprising SEQ ID NG: 155, or an antigen-binding fragment thereof, and a light

chain baving a light chain variable region comprising SEQ 1D NG: 153, or an aunligen-hinding
fragment thereof. In a further aspect, the humanized heavy chain variable region is 99%, 98%, 97%,
96%%, 95%, 94%, 83%, 92%, 91%, or 90% identical to any of the previously disclosed human heavy
chain variable regions, and the humanized hight chain vaniable region 18 99%, 98%, 97%, 86%, 95%,
4%, 93%, 92%, 91%, or 0% identical to any of the previously disclosed human light chain variable
regions.

In another aspeet, disclosed herein is an isolated monoclonal antibody that binds specifically
to PAI-1, wherein the antibody binds a polypeptide comprising SEQ 1D NO: 158, Inavother
embodiment, the isolate mmonoclonal antibody binds a fragnient of a polypeptide comprising SEQ 1D
NG: 158, In yet another emmbodiment, the isolated monoclonal antibody that binds specifically 1o PAIL-

1 binds a polypepiide comprising SEQ I NO: 156 and/or SEQ 1D NO: 158, In another embodiment,
the 1solated mounacional antibody that binds specifically to PAI-1 binds a polypeptide comprising SEQ
TDNQO: 156, SEQ ID NQO: 158, and/or SEQ ID NG 157, In still another embodimend, the isolated
monoclonal antibody that binds specifically to PAI-1 comprises specific binding affinily for residue
160, 262, 296-297, 300-307, and/or 310-316 of SEQ 1D NG 1. In certan erabodiments, the solated
monoclonal antibody disclosed herein interacts with at least residues 311, 312, and 313 (B-Q-E} of
SEQ ID NO: 1. In certain embodiments, the PAI-1 bound by the antibody is human PAI-1. In other

embodiments, the PAI-1 bound by the antibody is the active form of human PAI-1.

In other embodiments, the isolated monoclonal antibody that binds specifically to PAIL-1

disclosed herein binds a polypeptide comprising SEQ 1D NO: 161, To still other embodiments, the

—
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isnlated moonoclonal antibody binds a polypeptide comprising SEQ D NO: 159 and/or SEQ 1D NO:
161, In siill other embodiments, the isniated ruonoclonal antibody binds a polypeptide coraprising
SEQ I NO: 159, SEQ 1D NO: 160, and/or SEQ 1D NO: 161, In still ancther embodiment, the
isolated monoclonal antibody that binds specifically to PAL-1 comprises specific binding affimty for
residues 44-64 and/or residues 307-321 of cyno-PAI-1 (SEQ ID NO: 162}, In certain embodiments,
the PAI-1 bound by the antibody is cyno-PAI-1. In other embodiments, the PAI-1 bound by the
antibody is the latent form of cyno-PAI-1.

In a further aspect, disclosed hereimn is an isolated monoclonal antibody that competitively
mhibits binding of any of the disclosed antibodics to PAI-1. In an embodiment, disclosed berein is an
isolated monoclonal antibody that competes for binding and/or competitively nhibits binding with
any of the solated monoclonal antibodics disclosed herein. In cerizin embodiments, the isolated
ruonecional antibody compeies or competitively inhibils binding o buman PAI-1. In certain
embadiments, the isolated wonoclonal antibody corapetes or competitively iahibits bindingto a
polypeptide coraprising SEQ ID NO: 156, SEQ ID NO: 157, and/or SEQ ID NO: 158, Tn another
embadiment, the isolated monoclonal antibody competes or competitively iohibits binding to a
polypeptide comprising SEQ D NOG: 159, SEQ ID NO: 160, and/or SEQ ID NO: 161, Inan
embodiment, the isolated antibody competes for binding to a polypeptide comprnsing SEQ 1D NO:
136, 157, and/or 158 with an isclated monoclonal antibody comprising (a) heavy chain framework
regions, a heavy chain CDR1 region comprising SEQ 1D NO: 34, heavy chain CDR2 region
comprising SEQ 1D NO: 33, and a heavy chain CDR3 region compnising SEQ ID NO: 32; and (b)

e

ight chain framework regions, a light chain CDR1 region comprising SEQ 1D NO: 37, a light chain

CDR2 region comprising SEQ ID NO: 145, and a light chain CDR3 region comprising SEQ 1D NO:

3

3

0 another aspect, discioed herein are nucleotides encoding any of the isolated monoclonal
antibodies disclosed herein.

o one aspect, disclosed herein i a method of treating & condition caused by increased
expression of PAI-1 or increased sensitivity i PAI-1 coraprising administening to a patient or other
suhject orally, parenterally by a solution for injection, by wnhalation, or topically a pharruaceuiically
effective amount of a PAL1 antibody.

In one aspect, disclosed herein 1 a method restoring plasmin generation conmprising
administering o a patient or other subject in need thereof orally, parenterally by a solution for
injection, by inhalation, or fopically a pharmaceutically effective amount of a PAI-1 antibody.
Parenteral adnunistration disciosed herein includes intravenous, drip, intraarterial, intraperitoneal,
mtramuseular, subcutancous, rectal or vaginal, intravenocus, intraarterial, subcutaneous, and

mtramuscular forms of parenteral adnunistration. In some embodiments, the administration to a

14
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patient or other subject comprises muliple administeations. I another aspect, the method of restoring
plasroio generation faciliates therapeutic treatment of a condition comprising increased levels of
fibrotic tissue. In some aspects, the condition s characterized by fibrosis. In some aspects, the
condition is fibrosis, skin {ibrosis, systemic sclerosis, lung fibrosis, idiopathic pulimonary fibrosis,
interstitial tung disease, and chronic lung disease. In other aspects, the plasmin generation facilitates
therapeutic treatment of liver fibrosis, kidney fibrosis, including chronic kidney disease, thronibosis,
venous and artenial thrombosis, deep vein thrombosis, peripheral limb ischemia, disseminated
intravascular coagulation thrombosis, acute ischemic stroke with and without thrombeolysis, or stent

1estenosis.

In another aspect, disclosed herein is the use of a pharmaceutically effective amount of a PAIL-
I antibody for the manufacture of a medicament for treating a condition caused by increased
expression of PAI-1 or increased sensitivity to PAL-T comprising administering o a patient or other
subject orally, parenderally by a solution for injection, by inhalation, or topically,

In one aspect, the rnedicament is for treating a condition comprising increased levels of
fibrotic tissue. In some aspects, the condition is characterized by fibrosis. In some agpects, the
condition 1s fibrosis, skin fibrosis, systemic sclerosis, lung fibrogsis, wdiopathic pulmonary brosis,
mterstitial lung disease, and chronic hing disease. In other aspects, the medicament is for treating a
condition comprising liver fibrosis, kidney fibrosts, mcluding chronic kidney disease, thrombosis,
venous and arterial thrombosis, deep vein thrombosis, peripheral limb ischemia, disseminated
mitravascular coagilation thrombosis, acute ischemic stroke with and without thrombaolysis, or stent
restennsis.

N ~ P
H
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o another aspect, disciosed herein s an isolated monocional antibody that binds specifically

to PAI-1, wherein the antibody inhibits lung fibrosis. In certain embodiments, the antibody inhibits

o
Fae
H

fibrosis in the lung of a subject. In certain embodiments, the antibody inhibits fibrosis i the lung of a
subject with idiopathic pulwonary fibrosis (IPF). Tn some erobodiments, the solated monocional
antibody disclosed herein induces an jncrease in fibrin degradation ju a subject. In certain
embodirnents, the antibody mcreascs fibrin degradation 1o the plasma of the subject. In some other
embodiments, the isolated monoclonal antibody disclosed herein inhibils collagen accumulation in the
lung of a subject. In some embodiments, the subject has IPF. In some other embodiments, the isolated
monoclonal antibody disclosed herein increases D-dimer levels in the bronchoalveolar lavage fhuid
{BALF} of a subject. In some embodiments, the subject has IPF. In some other embodiments, the
isolated monoclonal antibody disclosed herein binds specifically to PAI-1, wherein the antibody
inhibits the increase in lung weight due to fibrosis in a subject. In one embodiment, the subject has

iPF.
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1o another aspect, disclosed herein is the use of a pharmacceutically effective amount of a PAI-
1 antibody for the maoufacture of a medicament for treating a coundition caused by increased
expression of PAI-1 or increased sensitivity to PAIL-1 comprising administering to a patient orally,

5
H
i

parenterally by a sohilion for injection, by whalation, or topically, wherein the condition is 1diopathic
pulmonary {ibrosis.

In another aspect, disclosed herein is a method restoring plasmin generation comprising
administering o a to a patient or other subject thereof orally, parenterally by a solution for injection,
by inhalation, or topically a pharmaceutically effective amount of a PAI-1 antibody, wherein the
plasmin generation tacilitates therapeutic treatment of idiopathic pulmonary fibrosis.

I
0y
J

In another aspect, disclosed herein is an isolated monocional antibody that binds specifica
to PAI-1, wherein the antibody restores fibrinolytic activity in a subject. In certain embodiments, the
antthody resiores Gbrinolytic activily i a subject with acute ischeric stroke. The acuie ischemic
stroke can be either with or without thrombolysis. In some swbodinents, the isolated ruonocloanal
anithody restores clot tysis. In certain embodinnents, the antibody restores 1 vidro clot Iysis. Tastill
ather embodiments, the antibody restores 1n vitro clot lysis with an ICs of about 2 nM.

{n other aspects, disclosed herein is anisolated monoclonal antibody that binds spectfically to
PAJ-1, wherein the antibody restores fibrin breakdown 10 a subject. In some embodiments, the subject
has acute ischemic sivoke,

In another aspect, disclosed herein is the use of a pharmaceutically effective amount of a PAI-
1 antibody for the manufacture of a medicament for treating a condition caused by increased
expression of PAI-1 or increased sensitivity to PAI-1 comprising administering to a patient orally,
parenterally by a sclution for injection, by inhalation, or topically, wherein the condition is acute
ischemic stroke with and without thrombolysis.

T another aspect, disclosed herein s 2 method restoring plasmin generation coraprising
adnunistering o a patient or other subject i need thereof orally, parenterally by a solation for
injection, by inhalalion, or topically a pharmaceutically effective arnount of a PAI-{ auntibody,
wherein the plasrain generation facilitates therapeutic treatment of acute schernic stroke with and
without thrombolysis.

In another aspect, disclosed herein is an isolated monoclonal antibody that binds specifically
to PAL-1, wherein the antibody 1ohibits formation of adhesions in a sebject. In some embodiments,
the adhesion formation is following surgery or injury to the subject. In some emboidments, the
adhesion formation in the subject is abdominal. In other embodiments, the adhesion formation occurs
in the shoulder, pelvis, heart, spine, hand, and other body regions of the subject.

In another aspect, disclosed herein is the use of a pharmaceutically effective amount of a PAI-

i antibody for the manufacture of a medicament for treating or preventing a condition caused by
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increased expression of PAI-] or increased seusitivity 1o PAI-] cowmprising administering to a patient
orally, pareuterally by a solution for injection, by inhalation, or topically, wherein the condition s
abdominal adhesion formation.

In another aspect, disclosed herein is 3 method of restoring plasnuin generation comprising
adiinistering o 3 io 3 patient or other subject 10 need thereof orally, parenterally by a solution for
injection, by inhalation, or topically a pharmaceutically effective amount of a PAI-1 antibody.
wherein the plasmin generation {acilitates therapeutic treatment or prevention of adhesion formation.
I some emboidments, the adhesion formation in the subject is abdominal

In another aspect, disciosed herein is an isolated monocional antibody that binds to a PAT-

i Avitronectin complex. In another aspect, disclosed herein is an isolated monoclonal antibody that
neutralizes PAI-1 activity by inducing PAL-1 substrate conformation. In an embodiment, the antibody
restores or is capable of restoring plasmin generation. o another embodirnent, the isolated
raonoclonal antibody induces or is capable of inducing Gbronectin degradation. Tn yet another
embadiment, the isolated monoclonal antibody induces or is capable of inducing matrix
ruetalioproteinases {MMP) activation,

{n another aspect, the 1selated monoclonal antibody disclosed herein is an antibody fragment.
In some embodiments, the antibody is a single-chain Fv anttbody. In other embodiments, the heavy
chain and hght chain are connected by a flexible linker to form a single-chain antibody. In other
embodiments, the antibody 1s a Fab, Faly', or (Fab'), antibody.

In another aspect, disclosed herein is an isolated monoclonal antibody that binds specifically
to PAI-1, wherein the antibody is a crystallized antibody. In an embodiment, disclosed herein is an
isciated crystal comprising the Fab’ frazment of monoclonal antibody Ad4, wherein the Fab’ fragment
consists of light chain sequence SEQ ID NO:7 and heavy chain sequence SEG 1D NG:6. In another
embodiment, disclosed herein is an isolated crystal comprising a Fab' fragment comprising light chain
sequence SEQ 1D NO:93 and heavy cham sequence SEQ 1D NG:86. Tn an ersbodiment, the isolated
crystal comprises assimetric unit cell dimensions =105 A, b=152 A and 0=298 A. In an embodiment,
the 1solated crystal belongs to P212121 space group. In another embodiment, the isolated crystal
coraprises a 3.3 A resolution of x-ray diffraction. Tn an erabodiment, the isolated crystal retains the

hinlogical activity of the crystallized antibody. In some embodimuents, the isolated crystal bas a

greater half life in vivo than the soluble counterpart of the crystaliiz wibody.
In one aspect, disclosed herein is a pharmaceutical composition comprising: (a} the
crysiallized antibody that binds specifically to PAI-1 and (b) at least one pharmaceutical excipient

which embeds or encapsulates the crystal.

—
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1o another aspect, disclosed herein is 2 pharreaceutical composition corprising 2
pharmaccutically acceptable carrier and a therapeutically effective amount of any of the auntibodies
disclosed herein,

In one aspect, disclosed herein 1s a method of generating an antibody agatnst PAL-L
comprising immumnizing a mammal with a complex composed of PAI-1, or a fragment thereof, and
vitronectin.

In another aspect, disclosed herein is a method of screening a PAI-1 antibody in an ELISA for
its ability to block PAI-1’s function as a tPA activity inhibitor, comprising the steps of: (a} binding
PAI-1 to an ELISA plate; (b) incubating the ELISA plate with the PAI-1 antibody; (¢} incubating the
ELISA plate with tPA; (d) mcubating the ELISA plate with labeled anti-tPA antibody; and (¢}
measuring the ODyes omitted by the labeled anti-tPA antibody; wherein a positive readout indicates
that the PAI-1 antibody binds to PAI-1 but does not block formation of the covalent bound between
PAI-1 and 1PA, and a negative veadout indicates that the PAI-1antibody blocks (PA interaction with
PAI-1.

In another aspect, disclosed herein is a weihod of screening hiybrdomas. In certain
embodiments, the method of screening comprises a reverse screening method osing anti-mouse
mnmobilized aniti-PAL-1 antibodies. In other embodiments, the method of screening comprises or &
forward screening assay using {free PAL-1 as a higand or against immobilized vifronectin, In certain
embodiments, the method is applied to determine the atfinity of an antibody for a PAL-1/vitronectin
complex. In some embodiments, the method comprises: immohbilizing vitronectin to a surface;
contacting PAI-1 with the vitronectin immobilized to the surface, thereby forming a complex;
contacting the surface comprising the complex with the antibody; separating the antibody bound 1o
the comp] ex from unbound antibody; detecting the antibody bound to the complex, and analyzing the

cvels of anitbody bound o the complex to determine the affinity of the antibody for the conplex.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure ¥ depicts a schematic representation of the mechanisras between PAI-1 and the serioe
proteases tissue-type plasminogen activator (IPA) and urokinase-type plasminogen activator (uP4).
PAL-1 exhibiis structural {lexibility and can oceur 1n a latent conformation or an active conformation
when 1t 1s bound to vitronectin (Vn}. The RCL region of PAL-1 bears the bail peptide bond (also
called P1-P17) that is the cleavage site by the serine protease. A Michaelis complex with tPA or uPA
forms first, then the catalytic friad reacts with the bait peptide bond to form an acyl-enzyme coniplex
that, after cleavage of the P1-F’1 peptide bond, mduces strong conformation changes. Acyl enzyme is
a labile complex formed by covalent bond between the serine residue (black triangle) from catalytic

triad from serine protease (tPA) and amino-acid from the substrate (black circle) that underzoes
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further hydrolysis. The conformational changes causes insertion of the cleaved RCL nto a P-strand
with the profease siaying covalently hound as ap acyl enzyme with PAI-1. Under non physiclogical

circunistance, hydrolysis of this acyl-enzyme complex may induce release of the cleaved PAL-1 and
free active prolease.

5 Figure 2 depicts a typical standard curve for antibody titration in the binding ELISA as
described in Example 2. The antibodies 3109, 3388 and 33H1 were positive controls and 1gG1 was
as a negative control.

Figure 3 depicts a representation curve for a finctional ELISA to select antibodies that block
the interaction of PAI-1 with tPA as described in Example 4. The antibody 33H1 is & positive control,
10 1g(31 is a negative control and A44 was identified as a positive antibody clone.
Figure 4 depicts neutralization of human PAI-1 blocking activity of tPA by A44 and

corarnercially available antibodies (33B8 and 33H1} in the chromogeuic assay described 1o Example

A
4.
Figure § depicts neutralization of human PAR-1 blocking activity of tPA by a selection of
15 antibodies produced from different fusions {see Example 4).

Figure 6 depicts human PAL-T and its orthologs block homan tPA activity in chromogenic

1
1e
1id

assay with the similar potency.
Figure 7 depicts neutralization of cynomolgus (cyno) and movse PAI-1 blocking activity of
human tFA by A44 and 3388 (commercially available) antibodies in the chromogenic assay described
26 m Example 4.
Figure 8 depicts SDS-Page analysis of the mechanism of action for antibodies 33HS
{converts PAL-1 fronw active to latent confirmation), 33H1 {converts PAI-1 fron active o substrate
conformation) and A44 to block the interaction of PAL-1 with tPA. Lane 1: molecular weight
standards; Lanc 2: PAL-1 only; Lanc 3: tPA only; Lane 4: PAI-1 in the presence of tPA; Lane 5: 33B8
25 +PALLHPA; Lane 6: 33HI+PAL-1HPA; Lane 7: Add+PAT-1+PA; Lane 8 mAb is an isolype
coutrol antibody.
Figure 2 depicts SDS-Page analysis of the mechanisin of action for antibodies 33HS
{converts PAI-1 from active i latent confirmation), 33H1 {converts PAL-1 from active io substrate

conformation) and antibodies developed from fosions €26, E16 and E21 to block the mteraction of

30 PALI with tPA, Lane 1: molecular weight standards; Lane 2: PAL-{ only; Lane 3: tPA only; Lane 4:
PAI-1 in the presence of tPA; Lane 5; 33B8 +PAL-1 +tPA; Lane 6: 33HI+PAL-1+PA; Lane 7
C26+PAI-1+tPA; Lane 8 E16+PAL-1+PA; Lane 9; EZ21+PAL-IHPA; Lane 16 mAb is an isotype
control antibody.

Figure 10 depicts SD5-Page analysis of the mechanism of action for antibodies 33H3
35 {converts PATL-1 from active to latent confirmation), 33H1 (converts PAT-1 from active to substrate

1o
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conformation) and anitbodies developed from fusions A39, B109 and C43 to block the interaction of
PAL1 with tPA. Lane 1: molecular weight standards; Lane 2: PAL-T only; Lane 3: tPA only; Lane 4:
PAL-1 in the presence of tPA; Lane 5: 33B8 +PAL-1 +PA; Lane 6: 33HIHPALI+PA; Lane 7;
A39+PAL-1-HPA; Lane 8 BIOSHPAL1+PA; Lane 9: C45+PAT-1+PA; Lane 10: mAb is an isotype
control antibody.

Figure 11 depicts the alignment of the light chain of the following murine antibodies: A105
(SEQ D NO: 3), ABS (SEQ ID NG: 5), A44 (SEQ D NO: 7), AT1 (SEQ ID NO: 9), AT5(SEQ D
NO: 81}, BI09 (SEQ ID NOG: 11)1,B28 (SEQ ID NO: 13), C45 (3EQ D NO: 15), E16 (SEQ ID NO:
17y, and E21 (3EQ 1D NO: 19). CDRs are highlighted in bold.

Figure 12 depicts the alignment of the heavy chain of the following rourine antibodies: A105
(SEQ ID N 2), A39 (SEQ 1D NO: 4), Ad4 (SEQ ID N 6), AT1 (SEGQ 1D NO: 8), AT5(SEQ ID
NO: 80}, B109 (SEQ ID NO: 10), B28 (3EQ I NO: 12), C45 (SEQ ID NO: 14y, E16 {(SEQ 1D NO:
16y, and E21 (SEQ ID NO: 18). CDRs, as defined by IMGT, are highlighied in bold.

Figure 13 depicts the alignment of murine Ad4 light chain (SEQ 1D NG: 7y with vkl (SEQ
1D NO: 101) and viambda3 (SEQ 1D NG: 102).

Figure 14 depicts the alignment of murine A44 heavy chain (SEGQ ID NO: 6} with vh2 (BEQ
1B NO: 163) and vh4 (SEQ ID NO: 104}

Figure 18 depicts clone A44 humanization VL with all constructs aligned. All aligned
sequences (SEQ ID NOs: 91-98) are further described below in Table 25. Black boxes represent CDR
domains. Highlighted residues vary in sequence from the residue directly above in the alignment.
Residue numbering 1 as described by IMGT.

Figure 16 depicts clone A44 humanization YH with all constructs aligned. All aligned
sequences (SEQ 1D NOs: 82-90) are further described below in Table 25. Black boxes represent CDR
domains. Highlighied residues vary in sequence from the residue direcily above i1 the alignment.
Residue numbering is as described by IMGT.

Figure 17 depicis percent inhibiion of PAL-1 activity was plofted as a function of mAb
concentration and IC50 was determined Loax using Biosiat speed soflware.

Figure 18 depicis purification of homogeneity recombinant 6-His tagged Fab A44.

Figure 19 depicis SPR analysis with Biacore 2000 using single kinetic analysis of human
PAL-1 glycosylated binding to immobilized APG antibody. A sensogram from single-cycle kinetic is
shown in grey. Fit model is shown in black.

Figure 20 depicts human plasma PAI-1 neutralization by APG, APGv2, and APGv4
antibodies as determined by UK-PAI-1 complex formation detection by ELISA. Percent inhibition of

PAI-1 activity was plotied as a function of concentration of APG, APGVZ, or APGv4 antibodies.
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Figure 21 depicts restoration of hurao plasma clot lysis by A44V 11 (1, 3 or 10 nM) in the
presence of tPA ] uM and PAIL-1 3 nM as detected by turhidimetry kinetic measurement by
absorbance reading at 340 nm as a fonction of tine (nun).

Figure 22 depicis absence of restoration of luman plasma clot lysis by human Ig(G1 negative
countrole {1, 3 or 10 8M) 10 the presence of tPA | nM and PAI-1 3 uM as detected by absorbance at
340 nm as a function of time (min).

Figure 23 depicts restoration of human plasma clot lysis by A44V 11 or human FgGl isotype
negative control at various concentrations.

Figure 24 depicts restoration of human plasma clot lysis by APG, APGV2 or APGVS at
nM in the presence of tPA | oM and PAI-1 3 nM as detected by absorbance at 340 nm as a function
of fime {Juin).

Figure 25 dopicts restoration of human plasma clot bysis by APG vartant 2 and 4 at various
concentrations.

48H

£
=3

Figure 26 depicts imuunoblot anti-PAL-1 on human LE29 myofibroblast supernatants ¢
after freatment by Ad4V11 or IgG isotype control mADb at 50 nM and TGF § ng/ral.

Figure 27 depicts generic MMP activity in human primary long fibroblasts after cell
treatment for 48hr with PBS (control), plasminogen (Pg), Ad4vil and plasminogen {A+Pgior
negative homan 1gG and plasminogen (Negt+Pg}.

Figure 28 depicts human active PAI-1 evel in broncho-alveolar favage fluid (BALF) (A) and
i lung tysate (B) from bleomycin treated mice at day 7 and day ¢ {ollowing treatment at day 4 with
Ad44 or Fg(Gl at 10 mg/kg or PBS by 1.p. administration. Active PAI-1 determined by ELISA (#
HPAIKT Molecular Innovation). Per =¢ of inhibition were calculated by dividing the differ
between A44 bleo and Ig(G bleo by the difference between 1205 bleo and untreated (PBS) mice group.

Figure 29 depicts mouse D-Dimer level in BALF from bleomycin treated mice at day7 and

ay9 tollowing treatment at day4 with Ad4 or IzG1 at 10 ug/kg or PBS by 1.p. administration as
deterroined by ELISA (Asserachrom D-Eh, Dhagoostica Stago). Fold increase i D-dimer induced by
Add ju corparison to Igs are indicated.

Figure 36 depicts right lung weight frorn transgenic humanized mice 21 days after either
saline or bleomycin treatment followed by PBS (vehicle), IgGl or Ad4 10mg/kg 1.p. admimstration
from day4 to day20 every 3 days.

Figure 31 depicts hydroxyproline lung content in transgenic humanized nice 21 days after
gither saline or bleonyyein treatment followed by PBS (vehicle}, IgGl or Ad4 10mg/kg 1p.
administration from day4 to day20 every 3 days.

Figure 32 depicts active PAI-1 level in plasma from monkeys treated by A44V11 (A) mAb

{(n=5) or with Iz(5] isotype control (B) (=4} (5 mg/kg ip) 24 hours before LPS challenge (100 ug/'ke
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v}, Blood sampies were harvested at the indicated time point and active PAI-1 levels were
determotned in plasma using the ELISA {(# HPAIKT from Molecular Innovation).

Figure 33 depicts active PAI-1 level in liver biopsy from monkeys treated by A44V11 (A}
mAb {n=3) or with g1 isotype contrel (B} (n=4} {5 mg/ke ip) 24 bours before LPS challenge (100
ug'kg 1v). Liver biopsies were harvested 1n anesthetized monkeys at the indicated time point and
active PAI-1 levels were determined in lysates using the ELISA (# HPAIKT from Molecular
Innovation).

Figure 34 depicts D-dimer level in plasma {rom monkeys treated by A44V11 (A) mAb (p=
or with Izl isotype control (B} (n=4} (5 mg/keg ip) 24 hours before LPS challenge (100 ug'kz iv).

Blood saniples were harvested at the indicated time point and D-dimer levels were determined in
plasma using the ELISA.

Figure 35 depicts Plasmin-o? Andiplasioin {(PAP) coraplexes level i plastoa from wmonkeys
treated by A44V 11 (A) mAb (p=5) or with {g{5] sotype control (B} (n=4) (5 mg/kg ip} 24 hours
hefore LPS challenge {160 ug/kg v}, Blood samples were harvested at the wndicated time point and
PAP levels were determined in plasma using the ELISA (# Asserachrom PAP from Diagrostica
Stago).

Figure 36 depicts level of active PAL-1 1 intraperttoneal fluid (IPF) and vterine horn lysates.

Active PAIL-1 levels in the mtraperiioneal fluid (A) and uterine horn lysates (B). At the 6 bour and
Day 7 time points active PAI-1 levels were lower in both intraperitoneal fiuid (IPF) and Uterine Homn
(UH) Lysates in the animals treated with A44V11 antibody in comparison to the isotype control
antibody treated animlas, no difference was observed at 72 hour time point. {* p<0.001 caloulated by
the Student T-tost)

Figure 37 depicts another example of purification of hommogeneity recombinant 6-His tagged
Fab Ad4.

Figure 38 depicts purification of homogeneity recombinant 6-His tagged Fab A44 complexed
with the hurnan wi PAT-1 protein.

Figure 39(a) depicts the complex crystallization of the Fab A44/PAL-1 complex, and Figure

3G (b} depicts the best optimized crystals,

e

Figure 40 depicts the rod-like single crystals of the Fab A44/PATL-1 complex.

Figure 41 depicis Fab A44 recognition the active form of human PATL-1 and the latent form of
cyno PAL-1.

Figure 42 depicts the PAI-1 epitope recognized by Fab A44 in (A} active human PAI-1, and
(B) latent cyno PAI-1.

Figure 43 depicts the heavy chain paratope of the Fab A44/PAT-1 complex.

Figure 44 depicts the light chain paratope of the Fab A44/PAT-1 complex.

2
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Figure 45 depicts a sequence alignment of the proposed Ad4 binding epitopes of cyno,
buman, rat, and mouse PAL-1, Sequences are excerpted froma SEQ TD NO:] (PAI- humany, SEQ ID
N{162 (PALY cyno, SEQ D NO:163 (PAL- muouse), and SEQ [D NO:164 (PAL-] rat),

Figure 46 depicis the companison of the mouse PAI-1 stracture with the structure of the
Iniman PAT-1/A44V 11 complex.

Figure 47 shows the structure of human PAL-1/A44V11 complex and the model of
vibronectin binding to PAI-1.

Figure 48 depicts peptic peptide coverage of cyno-PAI-1 (SEQ 1D NO:162); 95.3% sequence
coverage is obtained from 150 overlapping peptic peptides.

Figure 49 depicts representative deuterium uptake plots for cyno-PATL-1 peptides in the
unbound (circle lines), APGv2-bound (x-lines) and Addvli-bound (diamond lincs) states. Residue
ranges/positions are from SEQ 1D NO: 162, (A} most of the peptic peptides showed no difference
hetween cyno-PAT-1 alone or bound to either nAb. {B), peptides covering residues 44-64 showed
stnilar protection from exchange i both mAb-bound states. (C), peptides incorporating residues 295-
322 weorporate less deuterium in both mAb-bound states, however the magnitude of protection is

greater for Addvll

Figure 58 depicts hydrogen/deuterivin exchange (HDX} comparison of cyno-PAL1 alone and
bound to Addvii. (A}, butterfly plot of the average relative fractional exchange with the ymbound
state above and the bound state below. The lines correspond to data acquired for the 10 sec, 1 min, 5
nun, and 240 min time poinis. In (B}, plot of the difference data (in daltons} from the above plot in
(A} for cyno-PAI-1 alone or bound to Addvil.

Figure 51 depicts HDX comparison of cyno-PAI-1 alone and bound to0 APGVZ. To (A),
butterfly plot of the average relative fractional exchange with the unbound state above and the bound
state below. The lines correspond to data acquired for the 10 sec, | min, 5 min and 240 min time
points. In {B), plot of the difference data from panel (A} above for cyno-PAI-1 alone or bound to
APGV2.

Figure 52 depicts HDX comparison of cyno-PAL-1 bound to Ad4vil and bound to APGVZ.

Ta (A), butterfly plot of the average relative fractional exchange with the APGY2 bound state above

and the Ad4v1l bound state below. The lines correspond 1o data acquired for the 10 sec, 1 min, 5 mun
and 240 min time points. In (B), plot of the difference data from panel (A} above for cyno-PAI-1
bound to APGVE or Ad4vil

Figure 53 depicts the cyno-PAI-1:A44v11 epitope determined by HDX M3, The residues of
cynoPAl-1 (SEQ ID NO: 162) which show protection from exchange in the Ad44v11 antibody-bound
state are shown n bold. The residues of cyno-PAI-1:A44v11 epitope determined from the

crystaliization studies is shown in boxes.
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BETAYLED DESCRIPTION
The present invention provides autibodies and {ragments thereof that specifically bind to
Iniman PAT-1 and modulate the biological functions of PAL-1, Such antibodies are particularly usefidl
for treating PAI-1-associated disease or disorders {e.g., fibrosis). The mnvention also provides
pharmaceutical compositions, as well as nocleie acids encoding PAI-1 antibodies, recombinant
expression vectors and host cells for making such antibodies, or fragments thereof. Methods of using
antibodies as disclosed herein to detect PAIL-1 or to modulate PAI-1 activity, either in vitro or in vive,

are also encompassed by the invention.

i. Definitions

In order that the present invention may be more readily understood, ceriain ferms are first
defined.

As used heretn, the term "huran PAL-1" refers 1o 2 peptide comprising or consisting of the

amino acid sequenee listed below:

/HHPPSYVAHLASDFGVRVEQOVAQASKDRNVVESPYGVASVLAMLQLTTG
GETQOQIGAAMGRKIDDKGMAPALRHEYKELMGPWNKDEISTTDATFVORD
LKLVQGFMPHFFRLFRSTVRKGVDFSEVERARFINDWVEKTHTKGMISNLLGE
GAVDQLTRLVLVNALYFNGOQWKTPFPDSSTHRRLFHKSDGSTVSVPMMAQT
NEFNYTEFTTPDGHYYDILELPYHGDTLSMFIAAPYEKEVPLSALTNILSAGLI
SHWKGNMTRLPRLLVLPKFSLETEVDLREKPLENLGMTDMFROQFQADFTSLSD
QEPLHVAQALQKVKIEVNESGTVASSSTAVIVSARMAPEEIMDRPFLFVVRH
NPTGTVLFMGQVMEP (SEQ ID NO. 1), or a fragment thercof.

As used berein, the term "antibody™ refers to rumunoglobulin molecules couprising four
polvpeptide chaius, two heavy (H) chains and two light (L) chatos inter-conunected by disulfide bonds,
as well as multimers thereof (e.g., IgM). Each heavy chain comprises a heavy chain variable region
{abbreviated Vyor VH) and 2 heavy chamn constant region {Cy or CH). The heavy chain constant
region comprises three domams, Cyl, Cy2 and Cy3. Each light chain compnises a hight chain variable
region (abbreviated Vi or VL) and a light chain constant region (Cr or CL). The light chain constant
region comprises one domain (U1}, The Vg and Vi regions can be further subdivided into regions of
hypervanability, termed complementarity deternining regions (CDRs), interspersed with regions that

are more conserved, termed framework regions (FR). Each Vg and Vi 15 composed of three CDES



i
RN

20

(43
<

(3]
whn

WO 2015/023752 PCT/US2014/050896

and four FRs, arranged from arajno-terminus to carboxy-terininus in the following order: FR1, CDRY,
FR2, CDR2, FR3, CDR3, FR4.

As used herein, the term "antigen-binding fragment” of an antibody includes any naturally

5 5
H H
i 1

occurring, enzymatically obtainable, synthetic, or genetically engineered polypeptide or glycoprotein
that specifically binds an antigen to form a complex. Amigen—bindmg fragments of an antibody may
be derived, e.g., from full antibody molecules using any suitable standard techniques such as
proteolytic digestion or recombinant genetic engineering techniques involving the manipulation and
expression of DNA encoding antibody variable and optionally constant domains. Non-limiting
examples of antigen-binding portions include: (i) Fab fragments; (i) F{ab"y, fragments; (iii) Fd

fragments; (iv) Fv fragraents; (v} single~-chain Fv (scFv) molecules; (vi) dAb fragments; and (vii)
minimal recognition units consisting of the anuno acid residucs that miimnic the hwypervariabie region
of an antibody {e.g., an isolated complementarity deternuning region ({CDR)). Other engineered
raclecules, such as diabodics, triabodics, tetrabodies and minibodies, are alse encorapassed within the
SXPICSSIOn "amigenmbiﬂding fragment.”

As used herein, the term "CDR" or "complementarity deteomining region” rueans the
noncontigucus antigen combining sites found within the variable region of both heavy and 1i ght chain
polypeptides. These particular regions have been described by Kabat er ol., J. Biol Chem. 252, 6609-
6616 (1977) and Kabat et o/, Sequences of protein of immunological interest. {1991}, and by Chothia
etal., .S Mol Biol. 196:901-917 (1987) and by MacCalhmm ef al., J. Mol. Biol. 262:732-745 (1996}
where the definitions include overlapping or subsets of amino acid residues when compared against
each other. The Kabat definition is based on sequence variability. The IMGT anique numbering for all

1G and TR V-regions of all specics relies on the high conservation of the structure of the variable

region (Lefranc, Mp ef al., Dev comp. fmmuncl, 27:55-77, 2003}, IMGT numbering, sct up after
aligning more than 5,600 sequences takes into account and combines the definition of the framework

and CDRs. The Clothia definition is based on the location of the structural loop regions. The Contact
definition (MacCallum ¢f «/.) is based on an analysis of the coraplex crystal siructures and antibody-

antigen interactions. The arnino acid residues which encompass the CDRs as defined by cach of the

P

above cited references are set {orth for comparison. In one embodiunent disclosed herein, the term
"CDR" 15 a CDR as defined by the Kabat defimtion. In another embodiment disclosed herein, the
CDR is a CDR as defined by IMGT.

As used herein the term "framework (FR) amino acid residues” refers to those amino acids in
the framework region of an Ig chamn. The term "framework region” or "FR region” as used herein,
mcludes the amino acid residues that are part of the variable region, but are not part of the CDRs {e.g.,

using the Contact definition of CDRs). Therefore, a variable region framework is between about 100-

120 anino acids in length but includes only those anino acids outside of the CDRs.

25
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The present invention also encompasses "conservative amino acid substiutions” in the CDR
aming acid sequences of the antibodies disclosed herein, Lo, amino acid sequence wmodifications
which do not abrogate the binding of the auntibody to the antigen, 1.e., PAL-L. A conservative
substitution is 3 substitution of 3 native amino acid residue with a nonnative residue such that there is
fittle or no effect on the polanty or charge of the amino acid residue at that position. For exanple, a
conservative substitution results from the replacement of a non-polar residue in a polypeptide with
any other non-polar residue. Furthermore, any native residue in the polypeptide may also be
substituted with alanine, as has been previously described for “alanine scanning mutagenesis”
(Curmingham et af., Science 244:1081-85 (1989)). Conservative amino acid substitutions include the
substitution of an amino acid in one class by an amino acid of the same class, where a class is defined
by comon physicochemical aming acid side chain properties and high substitution frequencies in
homoelogous proteius found 1o uature, as determined, for example, by a standard Dayboff frequency
exchange roatrix or BLOSUM matrix. Six general classes of amino acid side chains bave beer
categorized and include: Class 1 {Cys); Class H (Ser, Thy, Pro, Ala, Gly); Class HE {(Asn, Asp, Gin,

), Class IV (His, Arg, Lysy; Class V (Mg, Leu, Val, Met); and Class VI {(Phe, Tyr, Trp). For

example, substitution of an Asp for another class IH residue such ag Asn, Gln, or Glu, 18 8

conservative substitution. Thus, a predicied nonessential anuno acid residue in a PALT antibody s
replaced with another aming acid residue from the same class. Methods of identifying amino acid
conservative substitutions which do not eliminate antigen binding are well-known in the art (see, e.g.,
Brummell ef @i, Biochem. 32:1180, 1993; Kobayashi ef al. Protein Eng. 12:879, 1999; and Burks &f
al. Proc. Natl Acad. Sci. USA 94:412, 1997). General rules for conservative amino acid substitutions
are set forth in Table 1 below.

Table §: Conservative Aming Acid Substitutions

Original Exeraplary Select
Residues Substitutions Suhstitutions
Ala Val, Lew, le Val

Arg Lys, lin, Asn Lys

Asn Gilu, His, Lys, Arg Gln

Asp Ghu Gha

Cys Ser Ser

Glin Asn Asn

Gla Asp Asp

Gly Pro, Ala Ala
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His Asn, Gin, Lys, Arg Arg
e Leu, Val, Mel, Ala, Leu

Phe, Norleucine
Leu Norleucine, e, e

Val, Met, Ala, Phe

Lys Arg, Gln, Asn Arg
Met Lew, Phe, He Leu
Phe Leu, Val, lle, Ala, Leu
Tyr
Pro Ala Ala
Ser Thr Thy
Thr Ser Ser
Tip Tyr, Phe Tyr
Tyr T, Phe, The, Ser Phe
Val fle, Met, Leu, Phe, Leu

Ala, Norleuecine

Conservative amino acid substitutions also encompass non-naturally ocourring amino acid
residues that are typically incorporated by chemical peptide synthesis rather than by synthesis i
biological systems. These inctude peptidomimeties, and other reversed or mverted forms of amino
acid moieties.

Conservative modifications to the amino acid sequence {and the corresponding modifications
to the encoding nucleotides) are expected o produce PAI-1 antibodies having functional and chenical
characteristics similar o those of naturally occurring PAI-1 antibodics. In contrast, substantial
moditications in the functional or chemical characieristics of PAI-1 antibodies muay be accomplished
by selecting substitutions that differ significantly in their effect on maintaining (a) the siructure of the
molecular backbone o the area of the substitution, for example, as a sheet or helical conformation, (b)
the charge or hydrophobicity of the molecule ai the target sife, or {c} the bulk of the side chain.
Naturally occurring residues may be divided 1nto groups based on coramon side chain propertics:

1) hydrophobic: norleucine, Met, Ala, Val, Leo, Te;

23 neutral hydrophilic: Cys, Ser, Thr;

3yacidic: Asp, Ghy

4y basic: Asn, Gln, His, Lys, Arg;

53 residues that mfhience chan orientation: Gly, Pro; and

63 aromatic: Trp, Tyr, Phe.

o]
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Non-couservative substitutions maay involve the exchange of a menber of ons of these classes
for a merber from another class. Such substituied residues raay be infroduced into regions of the
Inmman PAT-1 antibody that are homologous with pon-homan PAL-1 antibody, or into the non-
homeologous regions of the molecule.

In certain aspects, the heavy or light chain vanable regions may be 99%, 98%, 97%, 86%,
G5%, 94%, 93%, 92%, 91%, or 90% identical to any of the variable region sequences disclosed
herein.

As used herein, the term "specifically binds to” refers to the ability of an antibody or an
antigen-binding fragraent thereof 1o bind fo an antigen with an Kd that is lower than 1 x 10°M, 1 x
FOTM, T 10PM, IR 10O M, 1 x 107 M, 1 107 M, T x 167 M, or tess. The term also
encompasses refers to the ability of an antibody or an antigen-binding fragment thercof to bind to an
anfigen with an affinity that is at least two-fold greater than its affinity for a nouspecific antigen.

The disclosure also provides antibodies that competitively inbibit binding of an antibody to an
epitope disclosed herein as deteruined by any raethod koown in the art for d(—:termining competitive
binding, for example, the imuanassays described berein. 1o cerlain embodiments, the antibody
corpetitively inhibits binding to the epitope by at least 95%, at least 90%, at least 85%, at least 80%,

at least 75%, at least T0%, at least 60%, or at least 50%.

i,

P

s used herein, the term "antigen” refers to the binding site or epitope recognized by an
antibody or antigen binding fragment thereof.

As used herem, the term "vector” 1s intended fo refer to a nucleic acid molecule capable of
transporting anocther micleic acid to which it has been linked. One type of vector 1s a "plasmid,” which
refers 1o a circular double siranded DINA loop into which additional DNA segments may be ligated.
Another type of vector is a viral vector, wherein additional DNA segmenis may be ligated inio the
viral genome. Certain veciors are capable of autonomous replication in a host cell into which they are
introduced (e g., bacterial veciors having a bacterial origin of replication and episomal mammalian

veciors). Other vectors { non-episomal marwnalian veclors) can be integrated ato the genome of

a host cell upon introduction mto the host cell, and thereby are replicated along with the host genome.
Maoreover, certain veciors are capahble of directing the expression of genes to which they are
operatively linked. Such vectors are referred {0 herein as "recombinant expression vectors™ {(or siraply,

i
H
i1

"expression vectors"). In general, expression vectors of utility in recombinant DNA technigues are
often in the form of plasmids. The terms, "plasmid” and "vector” may be used interchangeably.

However, the invention 1s intended to include such other forms of expression vectors, such as viral
vectors {e.g., replication defective retroviruses, adenoviruses and adeno-associated viruses), which

serve equivalen‘ functions.
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Nuarnerous expression vector systems may be employed for the purposes of this invention. For

example, one class of vector utilizes DNA elements which are derived from arimal viruses such as
bovine papitioma virus, polyoma virgs, adenovirgs, vaccinia viras, baculovirus, retroviruses {(RSY,
MMTV or MOMLY) or SV48 virus, Others mvolve the use of polycistronic systerns with internal
ribosome binding sites. Additionally, cells which have integrated the DNA inlo thetr clromosomes
may be selected by introducing one or more markers which allow selection of transfected host cells.
The marker may provide for prototrophy to an awxotrophic host, biocide resistance {e.g., antibiotics)
or resistance to heavy metals such as copper. The selectable marker gene can either be directly linked
to the DNA sequences to be expressed, or intraduced into the same cell by cotransformation.
Additional elements may also be needed for optimal synthesis of mRNA. These ciements may inchade
signal sequences, splice signals, as well as transcriptional promoters, enhancers, and termination

signals. In particular embodinaents the cloned variable region genes are inserted into an expression

vector along with the heavy and bght chain constant region genes {¢.g. human) synthetic as discussed
above.

More generally, once a vector or DNA segquence encoding an antibody, or fragmeunt thereod,
has been prepared, the expression vector may be introduced into an appropriate host cell. That is, the
host cells may be transformed. Introduction of the plasmid into the host cell can be accomplished by
various techmques well known to those of skill i the art. These inchude, but are not linted to,
transfection (including electrophoresis and electroporation), protoplast fusion, calcium phosphate
precipitation, cell fusion with enveloped DNA, microinjection, and infection with intact virus. See,

Ridgway, A. A. G. "Mammalian Expression Vectors” Chapter 24.2, pp. 470-472 Vectors, Rodriguez
and Denhardt, Eds. (Butterworths, Bostor, Mass. 1988). An embodiment disclosed herein is plasmid
introduction into the host via clectroporation. The transformed cells are grown under conditions
appropriate 1o the production of the light chaing and heavy chains, and assaved for heavy or light
chain protein synthesis. Excmplary assay techniques include enzyme-linked impwimosorbent assay
{ELISA), radicummuncassay {RI14), or fluorescence-activated cell sorter analysis (FACS),
irornunchistochemistey and the like.

ft

transformation” shall be used 1u a broad sense 1o refer to the

L]

As used berein, the term
introduction of DNA info a recipient bost cell that changes the genotype and conseguently results ina
change in the recipient ce

“Host cells” refers to cells that have been transformed with vectors constructed osing

recombinant DNA techniques and encoding at least one heterologous gene. In descriptions of

processes for iselation of polypeptides from recombinant hosts, the terms

it

cell” and "cell culture” are

used interchangeably to denote the source of antibody unless 1t is clearly specified otherwise. In other

29
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words, recovery of polypeptide from the "cells” may mean either from spun dows whale cells, or
fromn the cell culture containing both the medwm and the suspended cells.

It should be understood that this term is intended to refer not only 1o the particular subject cell
bt to the progeny of such a cell. Because certain modifications may occor in succeeding generations
due to erther muiation or environmental inflaences, such progeny may not, in fact, be identical to the
parent cell, but are still included within the scope of the term “host cell” as used herein.

As used herein, the term "treat,”™ "treating,” and "treatment” refer to therapeutic or
preventative measures described herein. The methods of "treatment” employ administration to a

.
H
1

subject, an antibody or antigen binding fragment disclosed herein , for exampie, 2 subject having a
PAl-1-associated disease or disorder {e.g., a fibrotic disease) or predisposed to having such a discase
or disorder, in order to prevent, cure, delay, reduce the geverity of, or ameliorate one or maore
symptoms of the disease ot disorder or recurring disease or disorder, or in order to prolong the
survival of a subject beyond that expected in the absence of such treatment.

As used herewn, the term "PAI-I-associated discase or disorder™ mcludes disease states with o
without syruptoms associated with a discase state, where alfered levels or activity of PAL-1 are found.
Exernplary PAI-1-associated diseases or disorders inchude various types of fibrosis.

s used herein, the term "effective amount” refers {o that amount of an antibody or an antigen

P

binding fragment thereof that binds PAL-1, which 1s sufficient to effect reatment, prognosis or
diagnosis of a PAI-1-associated disease or disorder, as described herein, when administered to a
subject. A therapeutically effective amount will vary depending upon the subject and disease
condition being treated, the weight and age of the subject, the severity of the disease condition, the
manner of administration and the like, which can readily be determined by one of ordinary skill i the

~

art. The dosages for administration can range from, for example, about | ng to about 10,000 mg,
about 1 ug to about 5,000 mg, about 1 mg to about 1,000 mg, about 10 mg to about 100 mg, of an

antibody or antigen binding fragment thereof, disclosed herein . Dosage regiments may be adjusted to
provide the optimum therapeutic response. An effective arnount is also one w which any toxic or
detrimental effects (i.e., side effects) of an antibody or antigen binding fragment thereof are
minimized or outweighed by the beneficial elfects.

As used herein, the term "subject” or “mammal” inchides any homan or non-human animal.

As used herein, the term "epitope™ refers to an antigenic determinant that dnteracts with a
specific antigen binding site in the variable region of an antibody molecule known as a paratope. A
single antigen may have more than one epitope. Thus, different antibodies may bind to different areas
on an antigen and may have different biological effects. Epitopes may be either conformational or

finear. A conformational epitope is produced by spatially jipitaposed amino acids from different

o
L
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scgments of the linear polypeptide chain. A lHuear epitope is one produced by adjacent amino acid
residues 1o a polypeptide chain.
1t 18 noted here that, as used in this specification and the appended claims, the singular forms

o0
3

a," "an," and "the" inchide phiral reference unless the context clearly dictates otherwise.
i Anti-PAL-1Antibodies
In one aspect the invention provides antibodies, or antigen binding fragments thereof, that
specifically bind to human PAI-1. Exemplary VH, VL and CDR amino acid sequences and nucleotide

sequences of the antibodics disclosed beremn are set forth in Table 2. CDR regions shown in Table 2

arg defined by IMGT.

Table 2: VH, VL and CDR aming acid sequences of exernplary anti-PAL-1 antibodies or
fragments thereef

SEQ 1D NO
ANTIBODY SEQUENCE

mAIDSVH | VOLOQSCGAELMEPGASVRISCEATGFTFSIYWIEWVKQRPG 2
LGLEWIGEILPGSGRTNYNEKFRKGEATFTADTSSNTAFMQLSS
LTSEDSAVYYCARGGLYYDLDYWGOGTILTVSSAKTTIPP

mA10S VL | DVVMTQTPLTLEVTIGQPASISCKESQSLLDSDGKTYENWLLG 3
RPGOSPORLISLVSKLDSGVPDRFTGIGRGTDFTLKLSRVEGA
DLGVYYCWOQDRHFPRTFGGGTKLEIKRAD

mA3% VH QVQLGOSCGAELMKPGASVKISCKATGYTENIY WIQWVKQRP 4
CGHOLEWIGEILPGENTNYNEKFKDKATFTADSSSNTAYMQLSS
LTSEDSAVYYCARLGIGLRGALDYWGOGTSVTVSSAKTTPP

W

mA398 VL DICMTHSPASLSASVGETVTITCRASENIVSYLAWYHQEKQGKS
POLLVYNAKTLAEGVPSRESGSGRGTOQFSLNIKSLOPEDFGTEY
COHRYGSPWTTGGGTELEIKRAD

mA44 VH EMQLQESGPSLVKPSQTLSLTCSVTGDSMTNGY WNWIREFPG 6
NKLEYMGYITYSGSTYYNPSLKGRISITENTSKNQYYLGQELSSY
TTEDTATYYCARWHYGSPYYFDYWGQGTTLTVSSAKTTRE

mA44 VL DIKMTQSPSSMYASLGERVTITCKASQDINSY LSWLQOQEPGKS 7
PETLIYRANRBVDGVPESRFSGEGSGRDYSLTISSLEYEDMGIYY
CLOYDEFPPTTGGUTKLEIKRAD

mAT7l VH QVQLOQSGAELMKPGASVKISCKATGFTFSTYWIEWIKQRPG 8
HGLDWIGEILPGSGNTNYNEKFRKGKATFTADTSSNTVYMQLS
SLTSEDSAVYYCARGOGLYYNLDSWOGQGTTLTVSSAKTTPR

mA7I VL DVVMTQTPLTLSVTIGOPASISCKSSQSLLDSDGETYLYWLLQ 9
RPGOSPKRUIYLVSKLDSGVPDRFTGSGIGTDFTLKISRVEAED
LOVYYCWODTHFPRTFGGGTRKLEIKRAD

mA7S VH QGQLOGSGAELMKPGASVKISCKASGFTFSTYWIAWLKQRPG 80
HGLEWIAEILPGSGLTNYNEIFRGEKATFTADTSSNTAYMQLSS
LISEDSAVYYCARGGLYYAMDYWGOOTSVIVSSAKTTAPR

mA75 VL DVVMTQTPLTLSVTIGQPASICKSSQSLLDSEGKTYLNWLFQR 81
PGOSPEKRLIYLVCKLDCGVPDREFTGSGRGTDFTLKISRVEGED
LOGVYYCOWOGRHFPOTFGGGTKLEIKRAD
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mB10% VH | EVQLOOQSGSVLARPGTSVKMSCKASGYSFTSYWMHWVKQREP 10
GOQGLEWMGAIYPONSGQGLDWIGATYPGNSDTTYNQKIEDEK
AKTTAVASASTAYMEVSSLUTNEDSAVYYCTRGLERWGAMD
YWGOQGTSVTVASAKTTPP

mBI0Y VL | DIVMTOSHKFMSTSAGDRVSIPCKASQDVSSAVAWYQQELG i1
QSPKLLIYSASFRYTOVPDRETGBGSGTDFTITISSVQAEDLAY
YYCQOHYSSPYTRFGGUTNLEIKRAD

mBI8 VH QVOLOOSGAELMKPGASVKISCKATGYTESISWIEWIKQRPGG 12
LEWIGKILPGRGGANYNEKFKGKATVTADTSSNTVYMQLSSL
TSEDSAVYYCARLSTGTRGAFDYWGOGTTLTVSSAKTTPP

(5]

mB28 VL DIQLTOSPASLSASVGATVTITORASENVYSYLAWYQQOROQGK 1
SPOLLVYNAKTLAEGVPSEFSGSGSGTOFSLKINYLQPEDFGS
YYCOHHYGTPPTFGGGTKVEIKRAD

m45 VH QVOQLOOSGVELVRPGTSVEVSCKASGYAFTNY LIEWIKQRPG 14
QGLEWIGVIHPGSGVTNYNEKFKGEAILTADKSSSTAYMQLSS
LISDDSAVYFCARDYYGSSHOGLMDYWGOGTSVTVSS

m{45 VL DIKMTQSPSSMYASLGERVTITCKASQDINSYLSWFQOKPGKS 15
PRTLIYRANRLVDGVPSRFSGRGSGODYSLTISSLEYEDMGIYY
CLOYDEFPRTFGGGTKLEIK

mEB16 VH EVKLVESGGGLVKPGGSLELSCAASGFTFSNYGMSWVROQTPE i6
KGLOGWVASERTGOGNTY Y SDSVEGRFTISRDNDRNILY LOMSS
LTSEDTAVYYCARGLEHWGYFDVWGAGTTVTVSS

mil6 VL DIVMTQOSHKFMSTSVGDRVNITCKASQDVSTAVGWYQQEPG i
QSPKLLIYVSASNRHTGVPDRFTGSGSGTDFTFTISSVQAEDLAY
YYCOQOHYSSPWTTGGGTKLEIK

~J

oo

mE2] VH EVQLQOSGAELVESGASVELSCTASGEFNIKDYYMHWVKQRP 1
EQGLEWIGWIDPENGDTEYDPKFQAKATMTADTSSENTAYLGL
SSLTSEDTAVYYCMYOGNYPYYFDYWGOGTTLTVYSS

mE21 VL DIOMTQTTSSLSASLGDRVTISCRASODISNYLNWYQQOKPDGT 19
VRKLLIYYTSREHSGVPSRESGSGSGTDYSLTISNLEQEDIATYF
COQOGNTLPWIFGGGTRLEIK

mA 105 ARGGLYYDLDY 20
HCDR3
mA1065 ILPGSGST 21
HCDR2
mA 105 GEFTFSIVW 22
HCDR
mATGS LCH3 | WODRHFPRT 23
mAl10Ss LvVs 24
mAT71
LCDR2
mAl05 QSLEDSDGKTY 25
mAT71
LCDR]
mA3S ARLGIGLRGALDY 28
HCDR3
mA3S JLPGSNT 27
HCDR2

>3
oo




WO 2015/023752 PCT/US2014/050896
mA3Y GYTENIYW 28
HCDRI
mA3% LCDR3 | QHRYGSPWT 29
mA39 LCDR2 | NAK 30
mA39 LCDR1 | ENIYSY 31
mA44 ARWHYGSPYYFDY 32
HCDR3
mA44 ITYSGST 33
HCDR2
mA4d GDSMTNGY 34
HCDRI
mA44 LOQYDEFPPT 35
LCDR3
mAds RAN 36
LCDRZ
mA4d ODINSY 37
LCDRI
mATl ARGGOGLYYNLDS 38
HCDR3
mAT1 TLPGSGNT 39
HCDR2
mA71 GFTEFSTY W 48
HCDRI
mA71 LCDR3 { WODTHFPRT 41
mA71 LCBDR2 | LVS 42
wmA7l LCDBR1 | QSLLDSDGKTY 43
mA7S5 ARGGLYYAMDY 44
HCDR3
mA7TS ILPGSGLT 45
HCDR2
mATS GEFTFSTYW 46
HCDRI
mA7S WQGSHEFPOT 47
LCDR3
mA7S LvC 48
LCDR2
mATS QSLLDSEGKTY 49
LOCDRI

[ ]

G
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mB 169 TRGLERWGAMDY 50
HCDR3
mB 109 ILPGSGLT 51
HCDR2
mB16% GFTFSTYW 52
HCDR1
mB 109 QOQHYSSPYT 53
LCDR3
013109 SAS 34
LCDR2
mB 149 QDVSSA 55
LCDR1

mB28 ARLSTGTRGAFDY 56
HCDR3E

mB28 ILPGSGGA 57
HCDR2

mBZs GYTFSISW 38
HCDR1

mB28 LCDR3 | QHHYGTPPT 59

mB28 LCDR2 | NAK &0

mB28 LCDRI | ENVYSY 61

mis45 ARDYYGSSHGLMDY 62
HCDR3

m{45 THPGSGVT 63
HCDR2

m{45 GYAFTNYL &4
HCDRI

mi45 LOYDEFPRT 65
LCDR3

m45 RAN &6
LCDR2

w45 QDENSY &7
LCDR1

mEi6 ARGLRHWGYFEDV 68
HCDR3

mil6 LRTGGNT 69
HCDR2

mE16 GEFTFSNYG 70
HCDRE

mE16 QOHYSSPWT 71
LCDR3

mEi6 SAS 72
LCDR2

k16 QDISNY 73
LCDRI

mE21 MYGNYPYYFDY 74
HCDR3

mE2 1 IDPENGDT 75
HCDR2
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mEZ21 GFNIKDYY 76
HCDRI

mE2 | QQONTLPWT 77
LCDR3

mE21 YTS 78
LCDR2

mE21 QDISNY 7
LCDR]

m= nurine; VH=variable heavy chain; VL=variable light chain;

Nl
W

In another embodiment, the present invention provides anti-PAI-1 antibodies that bind to the
samg epitope or competitively inhibit an antibody, or antigen binding fragment thereof comprising the
YVH and VL region ammo acid sequences set forth in SEQ 1D NO: 6 and 7 respectively. Such
antibodies can be identified using routine competition binding assays mcluding, for example, surface

plasmon resonance (SPR)-based competition assays.

B Modified Anti-PAJ-1 antibodies
Tn certain embodumerds, ardi-PAL-1 antibodies disclosed heretn may comprise one or more
modifications, Modified forras of anti-PAL-1 antibodies disclosed herein can be made using any

techniques known in the art,

i) Redueing Immunogenicity

In certain embodiments, anti-PAL-1 anttbodies, or antigen hinding fragments thereof,
disclosed herein are modified to reduce their immunogenicity using art-recognized techniques. For
example, antibodies, or fragments thereof, can be chimerized, humanized, or deinmumized.

In one embodiment, an antibody, or antigen binding fragments thereof, disclosed herein may
be chimeric. A chimeric antibody 1s an antibody in which different portions of the antibody are
derived from different animal species, such as antibodies baving a variable region derived from a
mauring roonoclonal antibody and a busan immunoglobulin coustant region. Methods for producing
chimeric artibodics, or fragments thereof, are known in the art. See e.g., Morrison, Science 229:1202,
1985; O et al., BioTechniques 4:214, 1986; illies ef al.. J. Immunol. Methods 125:191, [989; U.S.
Patent MNos. 5,807,715; 4,816,567, and 4,816,397, which are incorporated herein by reference in their
entireties. Techmques developed for the production of "chimeric antibodies” {Morrison ef al, Proc.
Narl Acad Sci. 581:851, 1984; Neuberger ef af., Nature 312:604, 1984; Takeda ef al, Nature 314:452,
1985 may be employed for the synthesis of said molecules, For example, a genetic sequence
encoding a binding specificity of a mouse anti-PAI-1 antibody molecule may be fused together with a
sequence from a human antibody molecule of appropriate biological activity. As used herein, a

chimeric antibody is a molecule in which different portions are derived from ditferent animal species,

X
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such as those having a variable region derived from a munine reonoclonal antibody and & homan
immunoglobulin constant region, e.g., humanized antibodies.

In another embodiment, an antibody, or antigen binding fragment thereof, as disclosed herein
is humanized. Humanized antbodies have a binding specificity comprising one or more
complementarity determining regions (CDRs) from a nop-human antibody and framework regions
from a human antibody molecule. Often, framework residues in the human framework regions will be
substituted with the corresponding residue from the CDR donor antibody to alter, or improve, antigen

binding. These framework substitutions are identified by methods well known in the art, ez, by

modeling of the interactions of the CDR and framework residues to identify framework residues
important for antigen binding and sequence conparison to ideniify unusual framework residues at

particular positions. See e.g. Queen ef ¢/, 1).S. Patent No. 5,585,089; Riechmarm ef al., Naoture
332:323, 1988, which are incorporaled berein by reference in thewr entirctics. Auntibodies can be
humanized using a variety of techniques koown in the art including, for example, CDR-grafting (EP
239,400; International Publication No, WO 91/09967; U.S. Patent Nos. 5,225,539; 5,530,101, and
5,585,089), venecring or resurfaciag (EP 592,106; EP 519,596; Padlan, Molecular Immumaology
28:489, 1991; Studnicka ef al, Protein Engincering 7:805, 1994; Roguska. et al., PNAS 91:969,

1994}, and chan shuffling (U.S, Patent No.

5,332,
{n a particular ewbodiment, a humanization method s employed that 1s based on the tmpact

of the molecular flexibility of the antibody during and at innmune recognition (sec International

Publication No. WQO2008/032661, which 1s incorporated herein by reference in its entirety). Protein
flexability is related to the molecular motion of the protein molecule. Protein fexibility is the ability
ot a whole protein, a part of a protein or a single amino acid residuc to adopt an ensemble of
contformations which differ significanily from each other. Information about proiein flexibility can be
obtained by performing protein X-ray crystallography experiments (see, for example, Kundu &f ¢l

Biophys. J. 83:723, 2002}, nuclear magnetic resonance expenments {see, jor example, Freedberg ef

al.. . Am. Chem. Soc. 12007916, 1998) or by tunning maolecular dynamics (MD) simulations. As MD
simulation of a protein is done ot a computer and allows one o determine the motion of all protein
aloras over a period of time by calculating the physical rateractions of the atoms with each other. The
output of a MD simulation is the trajectory of the studied protein over the period of time of the
sinnglation. The trajectory 1s an ensemble of protein conformations, also called snapshots, which are
periodically sampled over the period of the simulation, e.g. every 1 picosecond {ps). It is by analyzing
the ensemble of snapshots that one can guantify the flexibility of the protein amino acid residues.
Thus, a flexible residuc is one which adopts an ensemble of different conformations in the context of
the polypeptide within which that residue resides. MD methods are known in the art, see, ¢.g., Brooks

ef af. "Proteins: A Theoretical Perspective of Dynamics, Structure and Thermodynamics™ (Wiley,

o
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MNew York, 1988}, Several software ecnable MD siowlations, such as Araber (see Case ef ol J. Comp.
Chem. 26:1668, 2005; Brooks ef ¢l J. Comp. Chem. 4:187, 1983; and MacKercell er ¢f. (1998) in "The
Encyclopedia of Computational Chenustry” vol. 1:271-177, Schieyer ef «f., eds. Chichester: John
Wiley & Sons) or Impact (see Rizzo ef al. J. Am. Chem. Soc.; 122:12898, 20003,

Most protein conplexes share a relatively large and planar buried surface and it has been
shown that flexibility of binding partners provides the origin for their plasticity, enabling them to
conformationally adapt to each other (Sundberg and Mariuzza, Srructure 8, R137-R142, 2000). As
such, examples of "induced it" have been shown 1o play a dominant role in protein-protein interfaces.

n addition, there is 2 steadily increasing body of data showing that proteins actually bind ligands of
diverse shapes, sizes and composition (Profein Science 11:184-187, 2002) and that the conformational
diversity appears 1o be an cssential component of the ability to recognize different pariners (James et

., Science 299:1362, 2003). Flexible residues are tnvolved 1n the binding of protein-protein partners
(Grunberg ef al., Strucfure 14, 683, 2006).

The flexible residues can adopt a variety of conformations that provide an ensemble of
wteraction areas that are likely to be recognized by memory B cells and fo trigger an immunogenic
response. Thus, an antibody can be humamzed by modifying a mumber of residoes from the
framework so that the ensemble of conformations and of recognition areas displayed by the modified
anttbody reserble as much as possible those adopted by a human antibody. That can be achieved by
modifying a limited number of residues by: (1) building & homology model of the parent mAb and
ranning an MD simuilation; (2) analyzing the flexible residues and identification of the most flexible
residues of a non-human antibody molecule, as well as identifying residues or motifs likelytobe a
source of heterogeneity or of degradation reaction; (3) wdentifying a human antibody which displays
the most similar ensembile of recognition arcas as the parent antibody; (4) determining the flexible
residucs to be mutated, residuss or motifs likely to be a source of heterogeneity and degradation are
also mutated; and (5) checking for the presence of known T celf or B cell epitopes. The flexible
residues can be found using an MD calculation as taught herein using an implictt solvent model,
which accounts for the interaction of the water solvent with the protein atoms over the period of time
ot the simulation.

Onee the set of {lexible residues has been identified within the variable light and heavy
chains, a set of hurnan heavy and light chain variable region frameworks that closely resemble that of
the antibody of interest 1s 1dentified. That can be done, for example, using a BLAST search on the set
of flexible residues against a database of antibody human germ tine sequence. It can also be done by
comparing the dynamics of the parent mAb with the dynamics of a library of germ line canonical
structures. The CDR residues and neighboring residues are excluded from the search to ensure high

affinity for the antigen is preserved. Flexibie residues then arve replaced.
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When several humean residues show sinilar horaclogies, the selection is driven also by the
nature of the residues that are likely to affect the selution behavior of the bumanized antibody. For
instance, polar residues will often cecur in exposed flexible foops over hydrophobic residues.
Residues which are a potential source of instability and heterogeneity are also muntated even if there

T
H
i

are found in the CDRs. That will inclade exposed methionines as sulfoxide formation can result from
oxygen radicals, proteolytic cleavage of acid labile bonds such as those of the Asp-Pro dipeptide
{(Drug Dev. Res. 61:137, 2004}, deamidation sites found with an exposed asparagine residue followed
by a small amine acid, such as Gly, Ser, Ala, H s, Asn or Cys (/. Chromarog. 837:35, 2006) and N-
zlycosylation sites, such as the Asn-X-Ser/Thr site. Typically, exposed methionines will be
substituted by a Leu, exposed asparagines will be replaced by a glutamine or by an aspartate, or the
subsequent residue will be changed. For the glycosylation site U\gﬁ-x Ser/Thr), cither the Asn or the
ser/Thr residue will be changed.

The resulting composite antibody sequence is checked for the presence of known B cell or
linear T-cell epitopes. A search is performed, for example, with the publicly available browune
Epitope Data Base (AEDB} {(PLOS Riol. (20053 3(3)c91). If 2 known epifope is found withia the
composite sequence, another set of human sequences 1s retrieved and substituted. Thas, unlike the
resurfacing method of U.S. Patent No. 5,639,641, both B-cell-mediated and T-cell-mediated
nmunegenic responses are addressed by the method, The method also avoids the issue of loss of
activity that is sometimes observed with CDR grafting (U.S. Patent No. 5,530,101). In addition,
stability and solubility issues also are considered in the engineering and selection process, resulting in

1 antibody that is optimized for low immunogenicity, high antigen affinity and improved biophysical

roperties.
In some emmbodiments, de-inunumization can be used to decrease the imnwmogenicity of and
antibody, or antizen binding fragment thereof. As used herein, the termn "de-imnumization” includes

alteration of an antibody, or antigen binding fragment thereof, to modity T cell epitopes (see, e.g.,

aternational Publication Nos. WO9832976 A1, WO0034317A2). For exarople, VH and VL

s

sequences from the starting antibody may be analyzed and a human T cell epitope "map”™ way be
generated from each V region showing the location of epitopes ia relation to cmraplmn(fmarity-
determining regions (CDRs) and other key residues within the sequence. Individual T cell epiiopes
from the T cell epitope map are analyzed in order to identify alternative amino acid substitutions with
a low risk of altering activity of the final antibody. A range of alternative VH and VL sequences are
designed comprising combinations of anyino acid substitutions and these sequences are subsequently
incorporated into a range of PAI-1-specific antibodies or fragments thereof for use m the diagnostic
and treatment methods disclosed herein, which are then tested for function. Typically, between 12 and

24 variant antibodies are generated and tested. Conmplete heavy and light chain genes comprising

,‘
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modified V and buman C regions are then cloned into expression vectors and the subscquent plasuiids

introduced into cell haes for the production of whole antibady. The antibodics are then corapared 1o

appropriate biochemical and biclogical assays, and the optimal variant is identified.

i) Effector Functisns and Fc Modifications

Anti-PAI-T antibodies disclosed herein may comprise an antibody constant region {€.g. an
12 constant region, a human IgG constant region, a human IgGGl or {g(G4 constant region) which
mediates one or more effector functions. For example, binding of the C1 component of complement to
an antibody constant region may activate the complement system. Activation of complernent is
important in the opsonization and lysis of cell pathogens. The activation of complement also
stiraulates the inflaramatory response and may also be involved in astoimoume hypersensitivity.
Further, anttbodies bind to receptors on varicus cells via the Fe region, with a Fo recepior binding site
on the antibody Fe region binding to a Fe receptor {(FeR) on a cell. There are a muraber of Fo
receptors which are specific for different classes of antibody, including Igis (gamuma recepiors), Ig8
{epsilon receptars), 1gA (alpha receptors) and IgM (mau receptors). Binding of antibody to Fc
receptors on cell surfaces triggers a mumber of important and diverse biological responses inchiding

5
XY,
i

engullfment and destruction of antibody-coated particles, clearance of urmune complexes, fysis of
antibody-coated target cells by killer cells (called antibody-dependent cell-mediated cytotoxacity, or
ADCC), release of inflammatory mediators, placental transfer and control of immunoglobulin
production. In certain embodiments, the antibodies, or fragments thereof, disclosed herein bind to an
Fe-gamma receptor. In alternative embodiments, anti-PAI-1 antibodies disclosed herein may
conprise a constant region which s devoid of one or more efiector functions {e.g., ADCC activity) or
s unable to bind Fe receptor.

Certain embodiments disclosed herein include anti-PAI-1 antibodies in which at least one
amino acid it one or more of the constant region domains has been deleted or otherwise altered so as
to provide desired biochemical characteristics such as reduced or enhanced effector functions, the
ability to non-covalently dimerize, increased ability to localize at a particular stte in the body {e.g., the

atf-hife, or increased serum half-life when

i

¢ of a tumor or o a particular organ), reduced serum |
compared with a whole, unaltered antibody of approximately the same immunogenicity. For
example, certain antibodics, or fragments thereof, for use in the diagnostic and treatrent methods
described herein are domain deleted antibodies which comprise a polypeptide chain similar to an
immunoglobulin heavy chain, but which lack at least a portion of one or more heavy chain domains.
For stance, in certain antibodies, one entire domain of the constant region of the modified antibody

will be deleted, for example, all or part of the CH2 domain will be deleted.
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1o certain other embodiments, anti-PAT-1 antibodies comprise constant regions derived from

different aniibody isotypes {e.g., constant regions from two oF

more of a human 1gGl, 1gG2, Tg(3, or
12(G4). In other embodiments, anti-PAI-1 antibodies comprises a chimeric hinge (i.e., a hinge
compnising hinge portions derived from hinge domains of different antibody 1sotypes, e.g., an upper
hinge domain from an [gG4 molecude and an IgGl muddle hinge domain}. In one embodiment, an
anti-PAI-1 antibody comprises an Fc region or portion thereof from a human 1gG4 molecule and a

Ser228Pro mutation (Kabat numbering) in the core hinge region of the molecule.

In certain anti-PAI-1 antibodies, the Fc portion may be mutated o increase or decrease

gtiector function using techniques known in the art. For example, the deletion or inactivation
(through point nuutations or oiher means) of & constant region domain may reduce Fe receptor binding
of the circulating modified antibody thereby increasing tumor localization. In other cases it may be
that consiant region modifications consistent with the instant invention moderate complernent binding
and thus reduce the sevum haif-life and nonspecific association of a conjugated cytotoxin. Yet other
ruodifications of the constant region ruay be vsed to rondify disulfide linkages or oligosaccharide
racieties that allow for enbanced localization due to increased antigen specificity or flexibility, The
resulting physiological profile, bioavailability and other biochemical effects of the modifications, such
as tumor localization, biodistribution and serum halflife, may casily be measured and guantified
using well know immmonological technigues without undue experimentation.

In certain embodiments, an F¢ domain employed 1n an antibody disclosed herein is an Fe

ariant. As used herein, the term "Fe variant” refers to an Fc domain having at least one amino acid
substitution relative to the wild-type Fc domain from which said Fe domain is derived. For example,
wherein the Fec domain is derived from a human fgG1 antibody, the Fc variant of said human IgGl Fe
domain conprises at least one amino acid substituiion relative to said Fc domain.

The anine acid substitution(s) of an F¢ variant may be located at any position (i.e., any EU
conveniion amino acid position) within the Fc domain. In one embodiment, the Fo variant comprises a
subsiiiution at an arnino acid posiiion located in 2 hinge doruain or portion thereof. In another
embodinent, the Fe vartant comprises a substitulion at an amino acid position located in a CH2
domain or portion thereof, In another embodiment, the Fe variant comprises a substitution at an amino
acid position located 1 & CH3 domain or portion thereof. In another embodiment, the Fe variant
comprises a substitution al an amino acid position located n a CH4 domain or portion thereofl

The antibodies disclosed herein may employ any art-recognized Fe variant which is known to
impart an improvement {e.g., redoction or enhancement) in effector fimction or FeR binding. Said Fe
variants may include, for example, any one of the amino acid substitutions disclosed in International
PCT Publications WOBS/07089AT1, WO96/14339A1, WOUB/O5TETAL, WO9R/23289A1,
WO99/51642A1, WOSS/58572A1, WOB0/09360A2, WOOU/32767AT, WOGH/42072A2,
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WO02/44215A2, WOOGZ/060919A2, WOD3/074569A42, WOO04/016750A2, WO04/029207A2,
WO04/035752A2, WO04/063351 A2, WO04/G74455A2, WOG4/099249A2, WOD5/040217A2,
WOOS/070963 AL, WOOS/0TT981AZ, WO0S/M92925A2, WO 123780A2, WOD6/019447A1,
WO06/047350A2, and WOO06/085967A2 or ULS. Pat. Nos. 5,648,260; 5,739,277; 5,834,250;

5,869,046; 6,096,871; 6,121,022; 6,194,551; 6,242,195; 6,277,375; 6,528,624; 6,538,124, 6,737,056;
6,821,505; 6,998,253; and 7,083,784, cach of which 1s ncorporated by reference herein. In one
exemplary embodiment, an antibody disclosed herein may comprise an Fc variant comprising an
amino acid substitution at EU position 268 {¢.g., H268D or HZ68E)}. In another exemplary
embodimert, an antibody disclosed herein may comprise an anuno acid substitution at EU position
239 (e.g., 8239 or S239E) or EUJ position 332 (e.g,, 13320 or 1332Q).

In certain embodiments, an antibody disclosed herein may comprise an Fo variant comprising

an amino acid substitution which alters the astigen-independent effector functions of the antibody, in
particular the circulating half-life of the antibody. Such antibodies exhibit either increased or

decreased binding to FcRu when compared to antibodics lacking these substitutions, therefore, have

an increased or decreased half-life i serum, respectively. Fe variants with improved affinity for
FeRn are anticipated to have longer serum half-lives, and such molecudes have useful applications in
methods of treating muammals where long half-life of the adnunisiered antibody 18 desired, e.g., (o
treat a chronic disease or disorder. In contrast, Fe variants with decreased FeRn binding alfinity are
expected to have shorter half-lives, and such molecules are also useful, for example, for
administration to a mammal where a shortened circulation time may be advantageous, e.g. for n vivo
diagnostic imaging or in situations where the starting antibody has toxic side effects when present in
the circulation for prolonged periods. Fo variants with decreased FoRn binding affinity are also iess
likely to cross the placenta and, thus, are also uscful in the treatment of diseases or disorders in
pregnant women. [n addition, other applications in which reduced FoRn binding affinity may be
destred include those applications in which localization the brain, kidney, or hiver is desired. Inone
exemplary embodument, the altered autibodies disclosed herein exhibit reduced transport across the
epithelium of kidney glomeraii from the vasculature. I another embodiment, the altered antibodies
disclosed herein exhibit reduced trausport actoss the blood brain barrier (BBB) from the brain, wto
the vascular space. In one embodiment, an antibody with altered FeRn binding comprises an Fe
domain having one or more amino acid substitutions within the "FeRa binding loop™ of an Fe domain,
The FeRn binding loop is comprised of amino acid residues 280-299 (according to Kabat numbering).
Exemplary amino acid substitutions which altered FeRn binding activity are disclosed in International
PCT Publication No. WO05/047327 which 1s incorporated by reference herem. In certain exemplary

embodiments, the antibodies, or fragments thereof, disclosed herein comprise an Fo domain having
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one or moere of the following substitutions: V284AE, H285E, N286D, K290E and S304D (Kabat
mumbering).

In other embodiments, antibodies, for use 1n the diagnostic and treatment methods descnibed
herein have a constant region, e.g., an IgGl or IgG4 heavy chain constant region, which 1s allered to
reduce or chminate glycosylation. For example, an antibody disclosed herein may also comprise an

e variant comprising an amino acid substituition which alters the glycosylation of the antibody. For
gxample, said Fc variant may have reduced glycosylation (e.g., N- or U-linked glycosylation). In
exemplary embodiments, the F¢ variant comprises reduced glycosylation of the N-linked glycan
normally found at amino acid position 297 (EU numebering). In another emabodiment, the antibody has
an amino acid substitution near or within a glycosylation motif, for example, an N-linked

=lycosylation motif that contains the amino acid sequence NXT or NXS. In a particular embodiment,

the antibody comprises an Fo vartand with an amino acid substitotion at amino acid position 228 or
299 (EU numbering). Inmuore parficular embodirnents, the antibody comprises an IgGl or {p4
constant region comprising an S228P and a T299A wutation (EU numbering).

Exewmplary amito acid substitutions which confer reduce or altered glycosylation are
disclosed 1n International PCT Publication No. WO05/618372, which s incorporated by reference
herem. In certain embodiments, the antibodies, or fragments thereof, disclosed herein are wodified to
eliminaie glycosylation. Such antibodies, or fragments thereof, may be referred to as "aghy™
antibodies, or fragments thereof, {e.g. "agly” antibodies). While not being bound by theory, it is
believed that "agly” antibodies, or {ragments thereof, may have an improved safety and stability
profile in vivo. Exemplary agly antibodies, or fragments thercof, comprise an aglycosylated Fe region
of an IgG4 antibody which is devoid of Fe-eftecior function thereby eliminating the potential for Fe
mediated toxicity to the normal viial organs that express PAI-1. In yet other embodiments, antibodies,

or fragments thereof, disclosed herein comprise an ahtered glycan. For example, the antibody may

have a reduced number of ficose residues on an N-glycan at Asn297 of the Fe region, 1.¢., is
bl

afucosylated. Tn ancther eonbodiment, the antibody may have an altered mumber of stalic acid residue

on the N-glycan at Asn297 of the Fe region.

i) Covalent Attachment

Anti-PAL-1 antibodies disclosed herein may be modified, ¢.g., by the covalent atiachment of
a molecule to the antibody such that covalent attachment does not prevent the antibody from
specifically binding to its cognate epitope. For example, but not by way of limitation, the antibodies,
or fragments thereof, disclosed herein may be modified by glycosylation, acetylation, pegylation,
phosphorylation, amidation, derivatization by known protecting/blocking groups, pmteolytic

L
H
i

cleavage, linkage to a cellular ligand or other protein, eic. Any of numerous chemic
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may be carried out by known technigues, including, but not imited fo specific cherical cleavage,
acetylation, formylation, cic. Additionally, the derivative may contain one or raore non-classical
amino acids.

Amutibodies, or fragments thereof, disclosed herein may further be recombmantly fused to 3
heterologous polypeptide at the N- or Ctermuinus or chemically conjugated (ncluding covalent and
non-covalent conjugations) to polypeptides or other compositions. For example, anti-PAI-1 antibodies
may be recombinantly fused or conjugated to molecules useful as labels in detection assays and
etfector molecules such as heterologous polypeptidesﬁ drugs, radionuchdes, or toxins. See, e.g.,
Interrational PCT publication Nos. WO 92/08495; W 91/14438; WO 89/12624; U.5. Pat. No.

5,314,995; and EP 396,387,

Anti-PAI-1 antibodies may be fused to heterologous polypeptides to increase the in vivo halt-
life or for use in iminBnoassays using raethods koown inthe art. For example, in one embadimern
PEG can be conjugated to the anti-PAI-1 aotibodies disclosed hercin to increase their half-life in
vivo. {Leong, S. R, ef al, Cyfokine 16:106, 2001; Adv. in Drug Deliv. Rev. 34:531, 2002; or Weir ¢t
al., Blochem. Soc. Transactions 30:512, 2002)

Moreover, anti-PAT-1 antibodies disclosed herein can be fused to marker sequences, such ag
a peptide to facilitate their purification or detection. In certain embodinents, the marker amino acid
sequence is a hexa-histidine peptide, such as the tag provided 1n a pQE vector (QIAGEN, Inc., 9239
Eton Avenue, Chatsworth, Califl, 91311}, among others, many of which are commercially available,
As deseribed in Gentz et af., Proc. Natl. Acad. Sci. USA 86:821-824, 1989, for instance, hexa-
histidine provides for convenient purification of the fiision protein. Other peptide tags useful for
purification include, but are not linited to, the "HA™ tag, which corresponds to an epitope derived

1 Fa

fron the influenza hemagglutinin protein (Wilson ef o/, Cell 37:767, 1984} and the "{lag” tag.
Aunti-PAI-1 antibodies disclosed herein may be used in non-conjugated form or may be
conjugated o at least one of a variety of molecules, ¢.g., to iraprove the therapeutic properties of the

molecule, to facilitate target detection, or for ruaging or therapy of the patient. Anti-PAI-1 antibodics

disclosed herein can be labeled or conjugated cither before or afier purification, when purification is
performed. In patticular, anti- PAL-1 antibodies disclosed herern may be conjugated o therapeutic
agents, prodrugs, peptides, proteing, enzymes, virtises, lipids, biological response modifiers,
pharmaceutical agents, or PEG.

The present invention further encompasses anti-PAI-1 antibodies conjugated to a diagnostic
or therapeutic agent. The anti-PAI-1 antibodics can be used diagnostically to, for example, monitor
the development or progression of & imniune cell disorder (e.g., CLL} as part of a clinical testing

procedure o, €.g., determine the efficacy of a given treatment or prevention regimen. Detection can

be facilitated by coupling the anti-PAI-1 antibodies to a detectable substance. Examples of detectable
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subsiances wclude various eneymes, prosihetic groups, flucrescent ruatenials, kiminescent malerials,
bioluminescent materials, radioactive materials, positron ernitling metals using various positron
emission tomographies, and nonradioactive paramagnetic metal tons. See, for example, U.S. Pat. No.
4,741,900 for metal 10ns which can be conjugated to anttibodies for use as diagnostics according 1o the
present tovention. MNon-limiting examples of suitable enzymes include horseradish peroxidase,
alkaline phosphatase, beta-galactosidase, or acetylcholinesterase; non-limiting examples of suitable
prosthetic group complexes include streptavidin/biotin and a ridim’bioﬁn; non-limiting examples of

suttable fhiorescent materials melude umbelliferone, fhiorescemn, flucrescein isothiocyanate,
rhodarsine, dichiorotriazinylamine fluorescein, dansyl chloride or phycoeryihring a non-limiting
exampie of a laminescent material includes fuminol; non-limiting examples of biolaminescent
materials include luciferase, luciferin, and acquorin; and non-limiting examples of suitable radioactive
maaterial inchade 1251, 1331, U or 997 ¢.

Anti-PAI-1 antibodies for use 1n the diagnostic and treatroent methods disclosed herein roay

he conmjugaled to cylotoxing (such as radioisotopes, cylotoxic dmgs, of toxins) therapeutic agents,

cytostatic agents, biological toxins, prodrugs, peplides, protewns, enzyrass, viruses, lipids, biological
response modifiers, pharmacestical agents, immmmologically active hgands {e.g., lymphokines or
other antibodies wherein the resulting molecule binds o both the neoplastic cell and an effector cell
suchas a T cell), or PEG.

{n another embodiment, an anti-PAI-1 antibody for use in the diagnostic and treatment
methods disclosed herein can be conjugated fo a molecule that decreases tumor cell growth. In other
embodiments, the disclosed compositions may conprise antibodies, or fragments thereof, coupled to

rugs or prodrugs. Stili other embodiments disclosed herein comprise the use of antibodics, or

~

fragments thercof, conjugated to specific biotoxins or their cytotoxic fragments such as ricin, gelonin,

> OV
Pscudomonas exotoxin or diphtheria toxin. The selection of which conjugaied or unconjugated

T
H
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antibody to use wiil depend on the type and stage of cancer, use of adjunct treatment (@_g,,
chemotherapy or external radiation) and patient condition, It will be appreciated that one skilled 1n the
art could readily make such a seleciion in view of the teachings herein.

1t will be appreciaied thai, in previous studies, anti-tumor antibodies labeled with sotopes
have been used successilly to destroy tumor cells in amimal models, and 1w some cases in nmans.,
Exemplary radioisotopes include: 907, 1251, 1311, 123 111ig, 105Rb, 1538m, 67Cy, 67Ge, 166Ho,
1770y, 186Re and 188Re. The radionuclides act by producing ionizing radiation which causes
multiple strand breaks in nuclear DNA leading to cell death. The isotopes used to produce therapeutic
conjugates typically produce high energy alpha- or beta-particles which have a short path length. Such
radionuclides kil cells to which they are in close proximity, for example neoplastic cells to which the

Py
£
H

conjugate has attached or has eniered. They have little or no ¢f

elis
¢ils.

¢t on non-localized ¢
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Radionuchdes are essentially non-irarmunogenic

IV, Expression of Anti-PAL1 Antibodies, or Antigen Bindiag Fragments Thereef

Following manipuolation of the isolated genetic material to provide anti-PAI-1 antibodies
disclosed herein as set forth above, the genes are typically 1serted in an expression vector for
ntroduction into host cells that may be used to produce the desired quantity of the claimed antibodies,
or fragments thereofl

In other embodiments the anti-PAI-1 antibodies, or fragments thereof, disclosed herein may
be expressed using polvcistronic constructs. In such expression systems, roultiple gene products of
mterest such as heavy and light chains of antibodies may be produced from a single polycistronic
construet. These systems advantageously use an internal tibosonme entry site (IRES) to provide
reiatively high levels of polypeptides disclosed herein in eukaryolic host cells. Compatible IRES
sequences are disclosed 10 ULS, Pat. No. 6,193,980, that 1s incorporated by reference herein. Those
skilled in the art will appreciate that such expression systerus may be used 1o effectively produce the
full range of polypeptides disclosed w0 the wstant application.

{n one embodiment, the host cell line used for antibody expression is of mammalbian origin;

13
H
i

those skilled in the art can determiine particular host cell lines which are best spited for the desired
gene product to be expressed therein, Exemplary host cell hues include, but are not hmited to, DG44
and DUXB11 {(Chinese Hamster Ovary lines, DHFR minas), HELA (human cervical carcinoma), CV1
{monkey kidney hine), COS (a derivative of CVI with SV40 T antigen), R1610 {(Chinese hamster
fibroblasty BALBC/37T3 (mouse fibroblast), HAK (hamster kidney line), SP2/0 (mouse myclona),
BFA-1cIBPT (bovine endothelial cells), RAH (human tymphocyte), 293 (human kidney). In one
embodiment, the cell line provides for alicred glycosylation, ¢.z., afucosylation, of the
antibodyvexpressed theretrom {e.g., PER.C6.RTM. (Crucell} or FUTB-knock-out CHO cell lines
{Potelligent. RTM. Cells) (Biowa, Princeton, N1} In one embodiment NSO cells may be used. CHO
cells can be used 1 certain specific embodiments. Host cell lines are typically available from
commercial services, the American Tissue Culture Collection or from published lterature.

In vitro production allows scale-up to give large arpounts of the desi olyperiides.

Technigues for mmammalian cell coltivation under tissue colture conditions are known in the art and
include homogeneous suspension culture, e.g. m an airlift reactor or 1 a contimious stirrer reactor, or

mmmobilized or entrapped cell culture, e.g. in hollow fibers, microcapsules, on agarose microbeads o

=4

ceramic cartridges. If necessary or desired, the solutions of polypeptides can be purnified by the
customary chromatography methods, for example gel filtration, ion-exchange chromatography,

chromatography over DEAE-celiulose or (immuno-)atfinity chromatography.
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{Genes encoding the anti-PAIL-1 antibodies, or fragments thereof, disclosed herein can also be

expressed non-roammalian cells such as bacteria or veast or plant cells, In this regard t will be

appreciated that various umcethilar non-mammalian microorganisms such as bacteria can also be
ransformed; i.¢. those capable of being grown in cultures or fermentation. Bacteria, which are
susceptible to transformation, mnclude members of the enterobacteriaceae, such as strains of
Escherichia coli or Salmonella; Bacitlaceae, such as Bacillus subtilis; Prieumococcus; Streptococets,
and Haemophilus influenzae. It will further be appreciated that, when expressed in bacteria, the
polypeptides can become part of inclasion bodies. The polypeptides must be isolated, purified and
then assembled into functional molecules.

In addition to prokaryoies, cukaryotic microbes may also be used. Saccharomyces cergvisiac,
or common baker's yeast, is the most commonly used among eukaryotic microorganisias although a2
number of other strains are conunonly available, For expression in Saccharorayces, the plasrmd
YRp7, for exaraple, (Stinchcornh ef ¢f., Nature, 282:39 (1979); Kingsman ef al., Gene, 7:141 (1979);
Tschemper ef o, Gene, 10:157 (1980} is corumonly used. This plasmid alveady confains the TRPI
zene which provides a sclection warker for a nuutant strain of yeast lacking the ability to grow in
tryptophan, for exaraple ATCC No. 44076 or PEP4-1 {Jones, Genetics, 85:12 (1977)). The presence
of the trpl lesion as a characteristic of the yeast host cell genome then provides an effective

environment for detecting transformation by growth in the absence of tryptophan.

V. Pharmacentical Formulations and Metheds of Administration of Anti-PAL-1 Antibodies.

In another aspect, the invention provides pharmaceutical compositions comprising an anti-
PAI-1 antibody, or fragment thereof.

Methods of preparing and administering antibodies, or fragments thereof, disclosed herein to
a subject are well known to or are readily determnined by those skilled inthe art. The route of
adnunistration of the antibodies, or fragments thereof, disclosed herein may be oral, parenteral, by
inhalation or topical. The term parenteral as vsed herein 1ncludes intravenous, intraartenal,
intraperitoneal, intramuscular, subcutancous, rectal or vaginal adwinistration. The infravenous,
intraarterial, subcutancous and ntrammscolar forms of parenferal administration can be used in certain
embodiments. Wiile all these forms of administration are clearly contemplated as being within the
scope disclosed herein , & form for administration would be a solution for injection, in particular for
ntravenous or intraarterial injection or drip. Usually, a suitable pharmaceutical composition for
injection may comprise a buffer (¢.g. acetate, phosphate or citrate buffer), a surfactant (e.g.
polysorbate), optionally a stabilizer agent (e.g. human albumin), ete. However, in other methods

compatible with the teachings herein, the polypeptides can be delivered directly to the site of the
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2

dverse cellular population thereby increasing the exposure of the diseased tissue to the therapeutic
agent.

Preparations for parenteral administration include sterile agueous or non-aqueous solotions,
suspensions, and emulsions, Examples of non-aqueous solvents are propylene glycol, polyethylene
glycol, vegetable oils such as olive oil, and injectable organic esters such as ethyl oleate. Aqueous
carriers include water, alcoholic/aqueous solations, emulsions or suspensions, meluding saline and
buffered media. In the subject invention, pharmaceutically acceptable carriers include, but are not
fimited to, €.01-0.1M {e.g. 0.05M) phosphate buffer or 0.8% saline. Other conmmon parenteral
vehicles include sodium phosphate solutions, Ringe‘r‘s dextrose, dextrose and sodium chioride,
lactated Ringer's, or fixed oils. Intravenous vehic hade fhuid and nutrient replenishers, electrolyie
replenishers, such as those based on Ringer's dextrose, and the like. Preservatives and other additives
ruay alsc be present such as for exaraple, antiraicrobials, antioxidants, chelating agents, and inert
zases and the like. More particularly, pharmaccotical compositions suitable for igjectable use clude

sterile aqueous solutions (where water soluble) or dispersions and sterile powders for the

(97

extemporanenus preparation of stevile injectable solutions or dispersions. In such cases, th
composition mmist be sterile and should be fluid to the extent that eagy syringability exists. It should be
stable under the conditions of manufacture and slorage and will in an embodiment be preserved
against the contaminating action of nucroorgamsms, such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for exaniple, water, ethanol, polyol (e.g., glycerol,
propylene glyeol, and liguid polyethylene glycol, and the like), and suitable mixtures thereof, The
proper thiidity can be maintained, for example, by the use of a coating such as lecithin, by the
mainienance of the required particle size in the case of dispersion and by the use of surfactants.
Prevention of the action of microorganisms can be achieved by various antibacterial and antifungal

gents, for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal and the like. In certain
embodimems, isotonic agents are included, for exampie, sugars, polyalcohols, such as mannitol,
sorbitol, or sodwrn chioride in the coraposition. Prolonged absorption of the njectable corapositions

san be brought about by including in the composition an agent which delays absorption, for exaraple,
alurainum menostearate and gelatin,

In any case, sterile injectable solotions can be prepared by incorporating an active compound

{e.g., an antibody by itself or in combination with other active agents) m the required amount o an
appropriate solvent with one or a combination of ingredients enumerated herein, as required, followed

by

filtered sterilization. Generally, dispersions are prepared by incorporating the active compound
into a sterile vehicle, which contains a basic dispersion medium and the required other ingredients
from those emuimerated above. In the case of sterile powders for the preparation of sterile injectable

solutions, the methods of preparation can be vacoum drying and freeze-drying, which vields a powder

S
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of an active ingredient plus any additional desired ingredient from a previously sterde-Gliered solution
thereof. The preparations for wjections are processed, filled wnto containers such as ampoules, bags,
bottles, syringes or vials, and sealed under aseptic conditions according to methods known in the art.
Further, the preparations may be packaged and sold 1n the form of a kit such as those described in co-
pending U.S. Ser. No. 89/259,337 and U.S. Ser. No, 08/259,338 each of which 18 incorporated herein
by reference. Such articles of manufacture will in an embodiment have labels or package nserts
indicating that the associated compositions are usefuil for treating a subject sutfering from, or
predisposed to autoimmaune or neoplastic disorders.

Effective doses of the stabilized antibodics, or fragments thereof, disclosed herein, for the
treatment of the above described conditions vary depending upon many different factors, including
means of administration, target site, physiological staic of the patient, whether the patient is human or
an animal, other medications administered, and whether treatruent is prophylactic or therapeuliic
Usually, the patient 1s a human, bui non-human mammals including transgenic mamimals ¢an also be
treated. Treatraent dosages may be titrated using routine wmethods known o those of skill in the art i
aptivoize safety and efficacy.

For passive immunization with an antibody disclosed heren | the dosage may range, ¢.g.,
from about 0.0001 to 100 mg/kg, and more ssually 0.01 to 5 mg/ke {e.g., 0.02 mg/kg, 0.25 mg/ls;g, 8.5

5

mg'keg, 0.75 mg/kg, 1 mg/kg, 2 mg/kg, elc.), of the host body weight. For example dosages can be 1
10

mg'kg body weight or 10 mg/kg body weight or within the range of 1-10 mg/kg, or in particular
embodiments at least 1 mg/kg. Doses intermediate m the above ranges are also intended to be within
the scope disclosed herein .

Subjects can be adnunistered such doses daily, on alternative days, weekly or according to
any other schedule deternmined by cropirical analysis. An exemplary treatment entails administration
in raultiple dosages over a prolonged period, for exampie, of at least six months. Additional
exemplary treatment regimens entaill administration onee per every two weeks or once a monih or
once every 3 to 6 months, Exeraplary dosage schedules include 1-10 mg/kg or 15 mg/kg on
consecutive days, 30 mg/kg on alternate days or 60 mg/kg weekly. In some methods, two or more
monoclonal antibodies with different binding specificities are adirdnistered sunulianeously, in which
case the dosage of each antibody administered may fall within the ranges indicated.

Antibodies or fragments thereof, disclosed herein can be administered on multiple occasions.

1

Intervals between single dosages can be, e.g., daily, weekly, monthly or yearly. Intervals can also be

irregular as indicated by measuring blood levels of polypeptide or target molecule in the patient. In

some methods, dosage is adjusted to achieve a certamn plasma antibody or toxin concentration, €.

2
H
X

>

1000 ug/mi or 25-300 ug/ml. Alternatively, antibodies, or fragments thereof, can be admunistered as a

susiained release formulation, in which case less frequent administration is required. Dosage and

48
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frequency vary depeuding on the half-life of the antibody 1o the patient. In general, hurnanized
antibodies show the longest half-life, (ollowed by chimeric antibodies and vonhuman antibodies. In
one embodiment, the antibodies, or fragments thereof, disclosed herein can be adnunistered i
uniconjugated form. In another embodiment, the auntibodies disclosed herein can be administered
multiple times 1 conjugated form. In still another embodiment, the antibodies, or fragments thereof,
disclosed herein can be administered i unconjugated form, then in conjugated form, or vice versa.

The dosage and frequency of administration can vary depending on whether the treatment is
prophylactic or therapeutic. In prophylactic applications, compositions containing the present
antibodies ot a cocktail thercof are administered to a patient not already in the discase state to enhance
the patierd’s resistance. Such an amount is defined to be a "prophylactic effective dose.” In this use,
the precise amounts again depend upon the patient's state of health and general imounity, but
zenerally range from 0.1 1o 25 rag per dose, especially 6.5 to 2.5 mg per dose. A relatively low dosage
s administered at velatively infrequent intervals over a long period of time. Sowme patients continue 1o
receive treatment for the rest of their Gives.

In therapeutic applications, a relatively high dosage {e.g., from about 1 10 400 mg/kg of
anttbody per dose, with dosages of from 3 to 25 mg being wore commonly used for
radiimmuncconpigales and higher doses for cytotoxin-drug conpugated molecules) at relatively short
mtervals is sometimes required vutil progression of the disease 1s reduced or terminated, and, in
particular embodiments, until the patient shows partial or complete amelioration of symptoms of
disease. Thereafter, the patient can be administered a prophylactic regime.

{n one embodiment, a subject can be freated with a nucleic acid molecule encoding a

-

polypeptide disclosed herein (e.g., 1n a vector). Doses for nucleic acids encoding polypeptides range

£,

from about 10 ngto 1 g, 100 ng to 160 mg, | ug to 10 mg, or 36-300 ug DNA per paticnt. Doses for
infectious viral vectors vary from 10-100, or more, virions per dose.
Therapeutic agents can be admuinistered by parenteral, topical, intravenous, oral,

subcutaneous, intraarterial, intracramal, jotraperiioneal, wiranasal or intrarauscular means for

C/'

prophylactic or therapeutic treatment. Totramuscular njection or intravenous wlission can be used for
adoinistration of an antibody disclosed herein . Tu some methods, therapeutic antibodies, or fragments
thereof, are injected dwectly 1uto the crammom. In some methods, antibodies, or fragments thereof, are
administered as a sustained release composition or device, such as a Medipad™ device.

Agents disclosed herein can optionally be administered in combination with other agents that
are effective in treating the disorder or condition in need of treatment {e.g., prophylactic or
therapeutic). Additional agents are those which are art recognized and are routinely administered for a

particular disorder.
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Effective single treatment dosages (i.¢., therapeutically effective amounts) of 90Y -laheled

antibodies disclosed herein range frorm between about 5 and about 75 wCi, and in an erabodiment

between about 18 and abowt 40 mCi. Effective single treatment non-marrow ablative dosages of 1311-
labeled antibodies range from between about 5 and about 7¢ mi, and in an embodiment between
about 5 and about 40 mCi. Effective single treatruent ablative dosages (i.¢., may require autologous
bone marrow transplantation) of 131i-labeled antibodics range from between about 30 and abowut 600
m{i, and in an embodiment between about 50 and less than about 500 mCi. In conjunction with a
chimeric modified antibody, owing to the longer circulating half-life vis-a-vis murine antibodies, an
sffective single treatment non-marrow ablative dosages of iodine-13] labeled chimeric antibodies
range from between about 5 and about 40 0’4, and in an embodiment, less than about 30 mCi.
Imaging criteria for, ¢.g., the 11 1in label, are typically less than about 5 mCi

While a great deal of clinical experience has been gained with 131F and 90Y, other

Still other radioisotope

radiclabels are known in the art and have been used for surdltar purpose

V)

are
used for tmaging. For exaraple, additional radicisotopes which are compatible with the scope of the
mstant invention include, but are not lmted to, 1231, 1251 32P, $7Co, 64Cy, 67Cu, 778r, 8iRb,
B1Kr, 87Sr, 11310, 127Cs, 129Cs, 1321, 197Hg, 203Pb, 20681, 1771y, 186Re, 212Pb, 21281, 47S¢,
10SRL, 109Pd, 153Sm, 188Re, 198Ay, 225A¢, 211A 213Bu In this respect alpha, gamma and beta
emilters are all compatible with in the iustant wnvention. Further, in view of the instant disclosure 1t 3
submitted that one skilled in the art could readily determine which radionuclides are compatible with
a selected course of treatment without undue experimentation. To this end, additional radionuchides
which have already been used in clinical diagnosis inchude 1251, 1231, 997T¢, 43K, 52Fe, 67(a, 68(a,

a1
H
i

as well as 1 11in. Antibodies have also been labeled with a variety of radionuclides for potential use in
targeted immunotherapy (Peirersz ef ¢l Immunol, Cell Biol. 65: 111, 1987). These radionuclides
include 188Re and 186Re as well as 199Au and 67Cu 1o a lesser extent. U.S. Patent No. 5,460,785

rovides additional data regarding such radioisotopes and is incorporated herein by reference.

As previously discussed, the antibodies, or fragruents thereof, disclosed herein |, can be

L4

e

administered 1o a pharmaceutically effective amount for the w vive treatment of roammalian
disorders. In this regard, it will be appreciated that the disclosed antibodies, or fragments thereof, will
be formulated so as to facilitale administration and promote stability of the active agent. and {n certain
embodiments, pharmacestical compositions in accordance with the present invention comprise a
pharmaceutically acceptable, non-toxic, stertle carrier such as physioiogical saline, non-toxic buffers,
preservatives and the like. For the purposes of the mstant application, a pharmaceutically effective
amount of an antibody disclosed herein , conjugated or unconjugated to a therapeutic agent, shall be
held to mean an amount sufficient to achieve effective binding to a target and to achieve a benefit,

¢.g., 1o amecliorate symptoms of a discase or disorder or to detect a subsiance or a cell. In the case of
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tumor cells, the polypeptide will in certain erabodiments he capable of interacting with selected
inarnunoreactive andigens on neoplastic or tnimunoreactive celis and provide for an increase in the
death of those cells. Of cowrse, the pharmacestical compositions disclosed herein may be
administered in single or multiple doses to provide for a pharmaceutically effective amount of the
polypeptide.

In keeping with the scope of the present disclosure, the antibodies disclosed herein may be
administered to a human or other animal in accordance with the aforementioned methods of treatment
in an amount sufficient to produce a therapeutic or prophylactic effect. The polypeptides disclosed
herein can be administered to such human or other animal in a conventional dosage forn prepared by

-

corbining the antibody disclosed herein with a conventional pharmaceutically accepiabie carrier or

1
H
i

diluent according to known fechniques. It will be recognized by one of skill in the art that the form

and character of the pharmaceutically eptable carrier or diluent 1s dictated by the amount of active

mogredient with which U is to be combined, the route of administration and other well-known

variables. Those skilled 1o the act will further appreciale that a cocktail comprising one or ruore

species of polypeptides according to the present invention may prove to be particularly effective.

VI Methods of Treating PAL-1-Associated Discase or Bisorders

The anti-PAI-1 antibedies, or fragments thereof, disclosed herein are useful for antagonizing
PAI-1 activity. Accordingly, in another aspect, the invention provides methods for treating PAL-1-
associated diseases or disorders by administering o a subject in need of thereof a pharmaceutical
composition comprising one or more anti-PAI-1 antibodies, or antigen binding fragments thereof
digclosed herein .

PAT-1-associated diseases or disorders amenable to treatment include, without Himitation,

pathophysiologic conditions such as kiduey, liver or lung fibrosis or prevention of abdominal
adhesion forpuation.

The aeeurrence of intra-abdominal adhesions is a wajor cause of buman illoess,
Complications of adhesions ruay be as serious as a life-threatening bowel obsiruction, but chronic
pelvic pain and juferidity o women are also common sequelae to peritoneal adhesions. The muajorily
of adhesions 1s induced by surgery but in some cases also has been shown to be caused by
nflaromation, endometriosis, chemical peritonitis, radiotherapy, foreign body reaction, and
continuous ambulatory peritoneal dialysis. Peritoneal damage causes a local mflammatory response
that leads to fibrin deposition. It is assumed that a posttraumatic insuificiency in peritoneal
fibrinolytic activity, caused by a decrease in tisstie plasminogen activator (tPA} and an increase in the
plasminogen activator inhibitors PAI-1 and PAIL-2, permits the deposited fibrin to become organized

into permancnt adhesions.

o
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Currently available and effective treatment option ike Seprafilm® has linaitations for use
only 1 the open aceess {laparotomy) and canoot be used in the lapartoscopy. The search for poiential

treatmuent is ongoing.

In certain exemplary embodiments, antibodies disclosed herein may be issued to treal renal
fibrosis and associated acute kidney injury as well as chronic kidney diseases which are the main
causes of end-stage renal failure.

One skilled in the art would be able, by routine experimentation, fo determine what an

cfiective, non-toxic amouni of antibody {or additional therapeutic agent) would be for the purpose of
treating a PAI-1-associaied discase or disorder. For example, a therapeutically active amount of a

R

polypeptide may vary according to faciors such as the disease siage {e.g., siage | versus stage 1V},

gL

age, sex, medical complications {e.g., imnwtﬂosupp:resssd mditions or diseases) and weight of the
subject, and the ability of the antibody fo elicit a desired response in the subject. The dosage regimen
may be adjusied to provide the optiroum therapeutic response. For example, several divided doses

may be administered daily, or the dose may be proportionally reduced as indicated by the exigencies
of the therapeutic situation. Generally, however, an effective dosage is expected to be in the range of

1
1
i

about 0.85 to 100 mulligrams per kilogram body weight per day and in an embodiment from about 8.5

to 10, milligrams per kilogram body weight per day.

The different aspects disclosed herein and their embodiments can be combined with cach
other. In addition, any of the aspects and their embodiments described above can be combined with
any of the particular aspects and embodiments described herein below.

Some particular aspects and embodiments that further serve to illusirate the present invention

arc given i the following:

DESCRIPTION OF PARTICULAR ASPECTS AND EMBODIMENTS

Claim 1. Anisolated monoclonal antibody that bunds specifically to PAI-1, comprising

(a} aheavy chain frarnework region and a heavy chain variable region, the heavy chain
variahle region comprising a heavy chain CDRI region comprising SEQ 1D NO: 34, a heavy chain
CDR2 region comprising SEQ D NO: 33, and 2 heavy chain CDR3 region comprnising SEQ 1D NG:
32; and

(b} alight chain framework region and a light chain variable regionﬁ the hight chain variable
region comprising a light chain CDR1 region comprising SEQ 1D NO: 37, a light chain CDR2 region
comprising SEQ 1D NO: 145, and a light chain CDR3 region comprising SEQ 1D NO: 35

Claim 2. Anisolated monoclonal antibody that binds specifically to PAI-1 comprising:
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a heavy chain framework region and & heavy chain variable region comprising SEQ
D NG 86, and

{b]

a light chain framework region and a Bght chain variable region comprising SEQ D
NO: 93,
3 Claim 3.

An isolated monoclonal antibody that binds specifically to PAI-1 comprising
(a) a i

heavy chain variable region that is at least 95% identical to the heavy chain variable

region of the antibody of claim 2, and/or

(b} alight chain variable region that is at least 95% identical to the light chain variable region
of the antibody of claim 2.

10 Chimd4.  Anisolated monoclonal antibody that binds to essentially the same

antibody of claim 1.

> epitope as the
Claim 5.

An isolated monoclonal autibody that hinds specifically to PAL-1, comaprising
{ay ahe {

vy chain framework region and a heavy chain variable region, the beavy ¢l
variable region cormprising

hain
a heavy chain CER1 region comprising SEQ [D NO: 34, a heavy chain
15 CDR2 region comprising SEQ 1D NO: 33, and a heavy chain CDR3 region comprising SEQ [D NO
32: and
{b} a hghi chain framework region and a bght chain variable region, the light chain variable
region comprising a light chain CDR1 region comprising SEQ D NO: 37, a light chain CDR2 region
comprising SEQ 1D NO: 36, and a light chain CDR3 region comprising SEQ 1D NG: 35
20
Claim 6. The antibody of claim 5, wherein the heavy chain variable region comprises SEQ 1D NO:
6, and the light chain variable region comprises SEQ 1D NG: 7
Claim 7.  Anisolated monoclonal antibody that binds to essentially the same epitope as the
antibody of claint 5
25  Claim 8. A humaenized monoclonal antibody that binds specifically to human PAT-1, wherein the
artibody comprises:
{a) a heavy chain having a heavy chain variable region comprising SEQ 1D NO: 82, or an
antigen-binding {ragment thereof, and a light chain having a light chain variable region
comprising SEQ D NO: 91, or an antigen-binding fragment thereof
34 (b}

a heavy chain having a heavy chain variable region comprising SEQ ID NO: 83, oran
antigen-binding {ragment thereof, and a light chain having a light chain variable region
comprising SEQ ID NO: 92, or an antigen-binding {ragment thereof;

(<)

A

a heavy chain having a heavy chain variable region comprising SEQ ID NO: 84, oran
antigen-binding {ragment thereot, and a light chain having a higl
conmprising SEQ 1D NOG: 93, or an anti

(3]
whn

ht chain variable region

gcn-binding fragment thereof;

»)
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(d)

a heavy chain having a heavy chain variable region comprising SEQ 1D NO: 85, or an
antigen-binding fragroent thereof, and a light chain having a ight chain variable region
comprising SEQ D NO: 91, or an antigen-binding fragment thereof

{e) ‘

a heavy chain having a heavy chain variable region comprising SEG ID NQO: ¢
antigen-binding {ragment thereof, and a light chain having a

, OT an

ving a hght chain variable region
comprising SEQ ID NO: 93, or an antigen-binding fragment t!
(£

.
hereof;
a heavy chain having a heavy chain variable region comprising SEQ ID NO
antige

<

g SE Y NG: 86, oran
n-binding fragment thereof, and a light chain having a light chain variable region
comprising SEQ 1D NO: 94, or an antigen-binding fragment thereof;
10 (g) a heavy chai

o~
£
H

10 having a heavy chain variable region comaprising SEQ ID NO
artigen-binding fragment thereof, and a light chain having a light chain variable region

] 187, oran
comprising SEQ 1D NGt 95, or an antigen-binding fragment thereof;
(h aheavy ¢

chain haviong a beavy chain variable region comprising SEQ ID NO
antigen-binding fragment thereof, and a light chain having a light chain variahle reg

e2]
20
o]

an
3

i Y00
compnising SEQ 1D NO: 96, or an antigen-binding fragment thereof;

a heavy cham having a beavy chain variable region conprising SEQ ID NO
antigen-binding fragment thereof, and a light chain having a

) 89, oran
light chain variable region

comprising SEQ 1D NO: 97, or an antigen-binding fragment thereofl
Gy a heavy chain having a heavy chain variable region conmprising SEQ ID NO: 90, or an
20 antigen-binding fragment thereof, and a light chain havinga i

ight chain variable region
0

comprising SEG 1D NO: 98, or an antigen-binding fragment thereof]
( a heavy chai

n having a heavy chain variable re
antigen-binding fragment thereof, and

2ion comprising SEQ ID NO: 86, or an
light chain having a light chain variable region

corprising SEQ 1D NO: 95, or an antizer-binding fragment thercof]

25 {m}

a heavy chain having a heavy chain variable region comprising SEQ 1D NG
antigen-binding fragrocat thereof, and a light chain having a

coraprising SEQ ID NO: 93, or an antigen-binding fr
{1}

< 89, or an

[or

ghi chain variable region
207

agroent thereof] or
a heavy chain having a heav

(43
<

chain variable region compnising SEQ 1D NG
antigen-binding {ragment thereof, and a light chain having a

8G9, or an

g a hight chain variable region
comprising SEQ D NO: 95, or an antigen-binding fragment thereof
Claim 9. i

\

An isolated monoclonal antibody that binds specifically to PAI-1
{a) al |

-1, comprising
a heavy chain variable region comprising & heavy chain CDRI1 region comprising
SEQ ID NO: 22, a heavy chain CDR2 region comprising SEQ 1D NO: 21, and a heavy chain
"DR3 region comprisi

CDR3 region comprising SEG 1D NO: 28; and a light chain variable region comprising a light

54
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chain COR] region coraprising SEQ ID NO: 25, a light chain CDR2 region comprising SEQ ID
NO: 24, and 2 light chain CDR3 region compurising SEQ I NG: 23,

(b} a heavy chain variable region comprising a heavy chain CDRI region comprising
SEQ D NO: 25, a heavy chain CDR2 region comprising SEQ ID NO: 27, and a heavy chain
CDIR3 region comprising SEC ID NQO: 26; and a light chain variable region comprising & light
chain CDRI region comprising SEQ D NO: 31, a light chain CDR2 region comprising SEQ ID
NG: 30, and a light chain CDR3 region comprising SEQ 1D NO: 29,

{c} a heavy chain variable region comprising & heavy chain CDRI region comprising
SEQ ID NO: 40, a heavy chain CDR2 region comprising SEQ 1D NO: 39, and a heavy chain

CDR3 region comprising SEQ 1D NO: 38; and a light chain variable region comprising a light
chain CDRI region comprising SEQ ID NOx: 43, a light chain CDR2 region comprising SEQ ID
NG: 42, and a light chain CDR3 region corprising SEQ 1D NO: 41,

() a heavy chain variable regilon comprising a heavy chain CDRI region compuising
SEQ ID NO: 46, a heavy chain CDR2 region comprising SEQ 1D NGt 45, and a heavy chain
CDR3 region coraprising SEQ 1D NO: 44; and a light chain variable region comprising a light
chain CDR1 region comprising SEQ 1D NO: 49, a light chain CDR2 region comprising SEQ 1D
NG 48, and a light chain CDR3 region comprising SEQ D NO: 47,

{e} a heavy chain vanable region comprising a heavy chain CDRI region comprising
SEQ D NO: 52, a heavy chain CDRZ region comprising SEQ 1D NO: 51, and a heavy chain
CDR3 region comprising SEQ 1D NO: 50; and a light chain variable region comprising a light
chain CDR1 region comprising SEQ 1D NO: 55, a light chain CDR2 region comprising SEQ D
NO: 54, and = light chain CDR3 region compurising SEQ 1D NG 53,

() a heavy chain variable region comprising a heavy chain CDRI region comprising
SEQ D NO: 58, a heavy chain CDRZ region comprising SEQ 1D NO: 57, and heavy chain
CDIR3 region comprising SEQ 1D NGt 536; and a light chain variable region comprising a light
chain COR] region coraprising SEQ ID NO: 61, a light chain CDR2 region comprising SEQ 1D
NO: 60, and 2 light chain CDR3 region compurising SEQ I NGt 59,

{g) a heavy chain variable region comprising a heavy chain CDRI regilon comprising
SEQ D NO: 64, a heavy chain CDR2 region comprising SEQ ID NO: 63, and a heavy chain
CDIR3 region comprising SEC ID NQO: 62; and a light chain variable region comprising a light
chain CDRI region comprising SEQ ID NO: 67, a light chain CDR2 region comprising SEQ ID
NGO: 66, and a light chain CDR3 region comprising SEQ 1D NO: 65,

(k) a heavy chain variable region comprising & heavy chain CDRI region comprising
SEQ ID NO: 70, a heavy chain CDR2 region comprising SEQ 1D NO: 69, and a heavy chain

CDR3 region comprising SEQ 1D NO: 68; and a light chain variable region comprising a light

L
whn
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chain CDR1 reglon comprising SEQ ID NO: 73, a light chain CDR2 region comprising SEQ 1D
NO: 72, and 2 light chara CDR3 region comprising SEQ ID NG: 71; o

(1) a heavy chain variable region comprising a heavy chain CDR1 region comprising
SEQ D NO: 76, heavy chain CDRZ region comprising SEQ 1D NO: 75, and a heavy chain
CDR3 region comprising SEGQ ID NO: 74; and « light chain variable region comprising a light
chain CDR1 region comprising SEQ ID NO: 79, a light chain CDR2 region comprising SEQ ID
NO: 78, and a light chain CDR3 region comprising SEQ ID NO: 77

Claim 18, An isolated monoclonal antibody that binds specifically to PAIL-1, that binds to cssentially

the same epitope on PAI-1 as the bumanized monoclonal antibody of claim 8 or claim &

Claim 11. A method of restoring plasmin gencration comprising administering 1o a subject in need
thereof orally, parenterally by a solution for injection, by inhalation, or topically a
pharmaceutically effective amount of a PAL-1 antibody.

Claim 12, The method of claim {1, wherein the metbod treats a condition coruprising jncreased
fevels of fibrotic tissue.

Claim 13, The method of clamn 12, wherein the condition 1s fibrosis, skin fibrosis, systemic
sclerosis, hing fibrosis, idiopatine pulmonary fibrosis, interstitial lung disease, chronic lung
disease, liver fibrosis, kidney fibrosts, chronic kidney discase, thrombosis, venous and arterial
thrombosis, deep vein thrombosis, peripheral limb ischemia, disseminated intravascular
coagulation thrombosis, acute ischemic stroke with and without thrombolysis, or stent
Tes1enosis.

“laim 14, The method of claim 11, 12, or 13 wherein the PAI-1 antibody comprises the antibody of
any of the preceding claims.

.
H
i

“laim 15, Use of a pharmaceutically effective amount of a PAL-1 antibody for the manufacture of a

medicament for treating a condition caused by increased levels of PAL-1 or increased
sensitivity to PAI-1, comprising administering to a patient orally, parenterally by a solution

for wpjection, by inbalation, or fopically.

EXAMPLESR
The present invention is further ilustrated by the {ollowing examples which should not be
construed as further hmiting. The contents of Sequence Listing, Figures and all references, patents
and published patent applications cited throughout this application are expressly incorporated herein
by reference.
Furthermore, in accordance with the present invention there may be employed conventional
molecular biology, microbiclogy, and recombinant DNA technigues within the skill of the art. Such

techiiigues are explained fully in the literature. See, ez, Sambrook, Fritsch & Maniatis, Molecular
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Cloning: A Laboratory Manual, Second Edition (1989) Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York (heretn “Sambrock et al,, 19897); DNA Cloning: A Practical Approach,
Volumes § and IE {DN. Glover ed. 1985); Oligonucieoride Synthesis (M1, Gait ed. 1984}; Nucleic
Acid Hybridization [B.D. Hames & SJ Higgins eds. (1985)); Transcription And Transiation [B.D.
Hames & S.J. Higgins, eds. (1984)]; dnimal Cell Culture [RA Freshuey, ed. (1986})]; fmmobilized
Cells And Frnzymes [IRL Press, (1986)]; B. Perbal, 4 Practical Guide To Molecular Cloning {1984y

F.M. Auosubel et al. {eds.), Curreni Protocols in Molecular Biology, John Wiley & Sons, Inc. (1994).

Example 1: Hybridoma Generation: bmmunization of Mice with PAL1 Protein and Antibedy
Generation

Autibodies were developed that would be cross-reactive to human () and eynomolgus {cyno)
mondkey active PAL {glycosylated or non-glycosylated form) and that would neutralize the inhibitory
activity of PAL-1 and restore downstream production of plasmin thereby being an effective therapeutic
for treatment of kidney, liver or lung fibrosis or prevention of abdominal adhesion formation and
keloid scar formation. Neutralization of PAI-1 inhibitory function by monocional antibodies has been
described to fall under three mechanisms: {1} blocking PAI-1 to {PA or aPA by steric hindrance, (2}

converting PAI-1 into a latent conformation, or (3) converting PAI-1 into a substrate conformation.

a) Antigens

PAI-1 is secrcted from the cells in an active conformation stabilized by its binding with
subuanomolar affinity o vitronectin. PAI-1 undergoes spontancous conformational change from
active conformation into a latent conformation within minutes at 37°C and within hours at room
temperature. Once boond to vitronectin, PAL-1 becomes more resistant to the conformational change
which prolongs the half-life of PAI-1 in active conformation from minutes to hours. To extend active
conformation PALT half-life in the imnmunized animals and to allow the mouse immmune system o
recognize the active PAI-1 conformation, a complex of vitronectin and PAL-1 was used for
immunizations.

Human glycosylated PAI-1 produced in insect cells was purchased from Innovative Research
(Cat# IGLYHPAI-A). Vitronectin (Cat# IHVN) and tPA (Cat¥ HTPA-TC) were also purchased from
Tnnovative Research. To produce tmumunogens PAI-1 was incubated with vitronectin at a 1:1 molar
ratio for | hour at room temperature, or with tPA at a 1:1 molar ratio for 15 minutes at 37°C. All

immunogens were prepared using sterile saline as diluent.

b) Imumunizations

~
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Standard bybridoma production protocols known 1a the art were traplemented to produce
antibodics. Standard approaches previcusly described i the literatore used PAL-{ ouly or PAL-1/APA

complex. The inventors instead generated antibodies against the active conformation of PAIL-1. PAI-
Vvitronectin complex was used as a novel approach to generating antibodies to PAL-1. A three-prong
strategy, outhined below, was taken lo generate antibodies:

(1} Classical immunization of mice with PAl-1/vitronectin complex to obtain mouse

splenocytes for fusion with mouse myyeloma cell line as a fusion partner to produce

hybridoma;

o

(2} Classical immunization of mice with PAI-1/tPA complex to obtain mouse splenocytes for

fusion with mouse myeloma cell line as a fusion partner to produce hybridoma; and

(3) Classical immunization of mice with PAI-1 only to obtain nouse splenocytes for fusion

with mouse myeloma cell line as a fusion partoer to produce hybridoma.

Three mice per antigen (PAL-1 only, Vo/PAE-T complex, tPA/PAI-1 complex) were used in
the study. The roice were 9-20 week-old naive female BALB/c Mice (Charles River, sirain code 028},
On day 0, nine mice were tnwmized intraperioneally with PAL-1 alone, Vo/PATL-1 or tPA/PAT-]
corplexes in phosphate-buffered saline (PBS). A total of 10 ug of antigen per mouse was mixed at
1:1 volome to volume ratio of Sigma Adjovant System (Sigma cat #6322) in & total volame of 200 pl
per mouse. On day 14, mice were boosted with the same amount of antigen and prepared the same
way as on day 0. Onday 21, blood samples were collected for PAI-1 specific antibody titer
evaluation. Mice immunized with PAIL-1/1PA complexes showed very low specific reactivity against
PAJ-Tand high anti-tPA titers and were not used for downstream fusions.

On day 51, the mouse with the highest anti-PAI-1 specific antibody titer and the lowest titer

SE

.1
H

against the protein that PAI-1 was complexed to (i.e., either Vi or tPA) while those having the highest
titer against mouse and rat PAI-1 orthologs were selected for fusion. The mice selected for fusion
were hoosted with PAL-1 only or PAI-1/ Vi complex in PBS as an antigen total of 10 ug per mouse

mixed at 1:1 ratio of Sigma Adjuvant Sysiem {Sigima cat #6322) 10 a total volurae of 200 pl per

mouse as described above. At day 55 mice were sacrificed by €3, chamber, blood was collected
through the cardiac puncture and spleen was harvested for hybridoma production. The other four mice

uniderwent the same procedure at later times {2-4 wonths after the first mouse was used for fusion).
Serum titrations were performed on three mice for PAIL-1 only and PAL-IAPA and two mice

for PAI-1/Vn using the ELISA protocol described in Example 2 (Binding ELISA).

Table 3: Serum Titers for Mouse Immunized with PALL, PALU/Vn or PALI/EPA

Serum Titer Agalnst PAER-1 (ODys)
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fmmunogen Mouse # OD 1:100 OD 1:1600 OD 1:10608
PAI-] ] 2.1 1.9 ]
PAT-1 2 2.1 1.4 1
PAL-1 3 2.0 1.4 1

PAI-1/Vn 2 2.15 1.5 ]
PAL-1/Vn 3 1.7 1.25 i
PAL-1/tPA 1 1.2 0.5 0.3
PAL-1/1PA 2 1.3 0.9 0.7
PAL-1/PA 3 1.3 0.9 0.5
NMS n/a 0.4 0.12 0.07
NMS=normal mouse serum; wa=not applicable
Oy using BioTek Synergy HT instrurnent

The mice imnwmized with PAIL-1/APA complex did not reach high specific titer criteria and
were not used for fusions (Table 3). Based on the serum titers presented in Table 3, a total of 5 mice

with bigh specific titer agaiost PAI-1 were sclected for fusiouns.

b} Fusions

The {ive mice having the highest specific titer against PAI-1 were selected for fusions. On the
day of the fusion, the mice were sacnficed in a CO, chamber, blood was collected through cardiac
punctare and the spleens removed and placed into a Petn dish containing 10 mil of serum free
Hybridoma Fusion Medium (JMDM; Iscove's Modified Dulbecco's Medium 500 mi (HyClone
SH30259.01). Splenocytes were squeezed out of the fibroelastic coat by forceps and washed twice in
10 mi of serum free IMDM (including initial spin).

Cells were counted in a Countess Automated Cell Counter. Fusion partner cells (myeloma:
FO {ATCC ref CRL-1646)) and splenocytes were then combined in one 581al tube at ratio of 1:2 o
1:10 (by cell number) and spun down at 970 rpm for 10 min (slow sping to form a {oose peliet.
Preheated (at 37°Cy Iml PEG (PEG 1500 in 75 oM Hepes 50% w/v, Roche cat # 783641
{10783641001) was added drop by drop o the cell pellet over | minute period of time and cells were
mixed after every drop of PEG was added. The pelict was tocubated with PEG for another | rotoute
followed by addition of 19 md of seruu-free IMDM medium over 1 minute, such that the first | mwl
owt of 18 18 added over 30 sec. Cells underwent slow spin at 870 rpm for 10 min to preserve viability.
Fused cells were plated in 96-well plates at 200wl in selection medium (200ml Gibeo Hybridoma

(SEM # 12045), 20mi 10% HyClone SuperLow lgG Defined FRS (# SH30898.03), 2 ml
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penicillin/streptoraycio, 4 md (Hybridoma Fusion and Cloning Supplement (Roche Diagnostics 11 363

735 001 (50X} and 4 wlof HAT (hypoxanthine-aminopterin-thymiding} {Sigma-Aldrich # HO262
50X3). Fusions were ready for screening aboud 10 to 14 days later, or when mediom in the wells

turned yellow, Supernatants from the developed hybridomas were then tested by ELISA (Example 2)

for the presence of antibodies binding to PAIL-1 and PAL-1/Vn complexes.

Example 2; Binding ELISA for bybridoma supernatant sereening for specificity to PAL1 -
Vitrenectin complex

Each fusion from the splecns of the five mice selected resulted in about 5000 clones that
needed to be screened for binding to PAT-1/Vn conplex as a first-step pritaary screen. Primary

reening of the hybridoma supermatants was performed in paralic! using ELISA against cither PAL-1

or PAL-1-Vitronectin compleses to select hybridomas binding specifically o PAI-1 coraplexed to
Vitronectin. The materials used for the ELISA were the following: Tmraulon 4 HBX ELISA plates
(Dynax cat # N0541216); human mounomeric Vitronectin at Sug/ml nnovative Research cat# THVN);
alyeosylated hurnan PAI-1 {active form) {(Molecuiar Innovations caté GLYHPAT-AY; non-
glycosylated mouse PAR1 in some Risions (Molecular Innovations caté MPAT-AY; a secondary
anttbody that was HRP-goal anti-muouse IgG (H+L) (Jackson ImmunoResearch Labs # 115-035-166);
and, ABTS substraie: Roche Diagnostics (# 11 204 521 0013,

Control antibodies used were:
a} 3388, a mouse monocional inhibitory antibody against PAI-1 (IgG1; Innovative Research
cat# IMA-33B8);
b} 33H1, a mouse monocional inhibitory antibody against PAI-1 (JeGi; Innovative Research
cat# IMA-33H1);
¢} 31C9, a mouse monoclonal non-inhibitory antibody against PAI-1 (Je(G1; Innovative
Research cat# IMA-31C9); and
dy 1B7.11, a TeGl isotype coutro] antibody (antt-TNP mAb - produced wn-house from

hybridoma cell bue purchased from ATCC (Cat# TIB-191)

The ELISA method was as [ollows: plates coated with 5 ug/mil Vo in PBS overmght at 4°C at
50 ul/well; the next day plates were blocked 1 hour with 200ul 1% bovine serum albumin in PBS
{(BSA/PBS); plates were washed four times with 200 ul/well PBS; active PAL-1 at 2ug/ml in 1%
BSA/PBS was added to the plates at 50ul/well and incubated 1 hour; plates were washed four times
with 200 ul/well PBS; antibody dilutions in 1%BSA/PBS or hybridoma supernatants from the original
G6-well plates were added to ELISA plates at 50 ul/we

1i; plates were incubated | hour at room
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temperature (RT); plates were washed four times with 200 ul/well PBS; HRP-anti-mouse 1gG 50ul

—

1:2000 in 1% BSA/PRS was added and meubated 1 hour at room temperature; plates were washed
four times with 200 ul/well PBS; ABTS substrate {one pill dissolved in 5 mi) at 50Gul/well was added
to the plates) and then plates were read on BioTek Synergy HT mstrument using Ofgs. A typical
standard curve for antibody titration in the binding ELISA 1s shown in Figure 2. The antibodies 31C9,
3388 and 33H1 served as positive controls and 1gG1 served as a negative control. Table 4 shows that
of the about 5000 clones generated, 675 clones were positive for binding to both PAI-1 and PAT-1/Vn.

These clones were then screened for PAIL-T affinity.

Table 4: Number of Clones Positive for Binding te Both PAL-] and PAL-I/Vn

Fasi RMuReeen Mouse # # of Clones Positive for Binding to
sen noser fuse Both PAL-1 and PAL-UVn
A PAF-1/Vn 2 131
B PAL-1 2 146
C PAI-1/ Vo 3 145
D PAT-1 3 104
E PAL-L 1 149

Example 3: Biacore Screening of Hybridoma Supernatants by Affinity Ranking

Further selection of a high affinity antibody with low off-raic was performed by Biacore.
Biacore hybridoma supernatant screening was performed cither by: (1) reverse screening using anti-
ruouse imnobilized antt-PAL-1 antibodies or (2} forward screening assay using free PAL-1 as a ligand
or against immobilized Vo

The nsiruments used were the BIACORE 2000 or BIACORE 3060 (GE Healthcare),
designed for biomolecular interaction analysis (BIA} i real time. The sensor chip used was the CMS5
chip (GE Healthcare} with carboxymethylated dextran matrix on the surface. Each sensor chip has
four parallel flow cells (Fc). Every flow cell was coupled with anti-mouse 1gG Fe mAb via standard
aminge coupling according to the manufacture’s protocol for chip preparation.

In the Biacore reverse screening assay, ELISA positive hybridoma supernatants were selected
and filtered through 0.2 pm filters before being injected onto Biacore chip surface. Each hybridoma
supernatant was injecied ordo one flow cell of tlow cells FcZ-Fe4d and the 1gG in the hybridona
supernatant would be captured to the chip surface by anti-mouse Ig(s Fe mAb, while Fel was left
alone as reference celis. Human PAT-1 proiein in PBS was then injected to Fel to Fed. PBS buffer

was also igjecied over the chip surface as a blank. After subtracling sigoals of Fel and blank buffer
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runs, the binding affioity (KB disassociation rate {kd) of the antibody from the supernatants to PAT-1
protein was analyzed and ranked using Scrubber 2 software,

In the Biacore forward screening assay, purified human vitronectin protein was ipimobilized
to CMS chip flow cells Fel to Fed, Human or cyno PAL1 were captured ondo all flow cells. Filtered
selected hybridoma supernatants then were mjected over caplured PAI-1 one per flow cell, except Fel
which was reserved as the reference flow cell. PBS buffer was also injected over the chip surface as a
blank. After subtracting signals of Fel and blank buffer runs, binding affinity of antibody in
hybridoma supernatant to the vitronectin captured PAI-1 was analyzed and ranked using Scrubber 2
software (version 2.0a, 2005; BioLogic Software, BioLogic Software Rty Ltd,, 116 Blamey Court,
Campbell, ACT 2612 Australia).

Table 5 shows a selection of positive and negative antibody clones from the fusions A, B, C,
D and E. Not all data was shown because of the large number of antibody clones that were screened.
Only the antibody clones that deronstrated superior (kd < 10 - 1/s) binding dissociation rate against
human and cynoe PAI-1 proteins were selected for the functional chromogenic assay.

Table & Hybridoma Supernatant Binding to Human PALT Affiaity/Of Rate Serecening in

Biacore Assay

Binding {6 hPAL-1 Binding te BPAR-1
Off-rate Off-rate
CLONE | Binding | <=1¢" ;g‘; CLONE | Binding <= 19 gﬁf’i

A9 ND ND ND 26 + - -
AZ0 + - - C45 + + +/-
A37 + - - 46 +
A39 + + 49 + +/- ND
Adl ND ND ND ol + +/- +/-
Add + + + Co6
A47 + + + 69 + + +-
AS2 ND ND ND 76 ND ND N
AT} + + + 78 + - -
ATS + - +fe €85 ND ND ND
AB3 + +/- - Ci49 + - -
A% + - - Ci18 + +/- N[
A%3 + {134 ND ND ND
AY8 + - - 145 + - +/-
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A%9 + + +/- B4 - - -
AlBS + + + Bi2
AIW7 + - - D13 - - ND
Al13 4 + + Dis - - NIy
ALY + +- +/- D31 + - -
Bis NI ND ND D33 /- -
B8 + - - D37 + - -
B28 + + - D48 + + +/-
B29 t D32 +
B32 + + + £4 + + -
B58 + 1 ES +
B83 ND ND N Ell + + -
B8y + + +/- Els + +/-
Be9 + - +i- E26 + NI ND
B168 + + E21 + -
Big9 + + +
B1ig ND N ND
“4” = yepresents positive binding to b/cPAT-1 or an off-rate of less than or equal to 107

66959 1 1 <6,

PR N " ~ . . P 4 4
/= tepresents partial binding to h/cPAI-1 or an offrate slightly higher than to 107
19

4 L - ) o . 1 %] . -4
“. = represents low or no binding to h/cPAI-1 or an off-rate higher than to 107

NI = not determined

Example 4: Functional ELISA for Hybridoma Supernatant Screening to Select for Antibodies
that Bleck the Interaction of PAL-Y with (PA

To allow for selection of functional antibodies, a novel ELISA was developed to allow
distinguishing between antibodies that only bind to PAL-1 versus those antibodies that blocked PAL-
P’s function as tPA inhibilor (functional ELISA}.

Hybridoma supernatants were screened m a novel functional ELISA to identify hybridoma
supernatant from different clones having the ability to block tPA-PAI-1 interaction. The design of the
funectional ELISA is as follows: {1} 1{ the antibody binds to PAI-1 but the antibody binding does not
block formation of the covalent bond between PAIL-1 and tPA, the anti-tPA antibody will bind to the
tPA that is bound to the plate through PAI-1 and gives a positive readout; {2) if the antibody blocks
PAI-1 and thereby blocks the tPA interaction by cither changing PAI-1 confirmation or by sterie

hindrance, the anti-tPA antibody will not be able to bind to the plate and readout will be negative
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{lower ODugs). To paralle], hybridorua supernatants were tested for binding to PAL-1 inthe ELISA

described 1o Example 2. Since the amount of aatibody in the hybridoma supernatant is uoknown, a
lower than conirol reading (.., below the isotype control reading) was considered o be identifying
an antibody of mterest. Dhie to the variable antibody concentration i the supernatant, blocking in
sorie cases was ounly partial,

Streptavidin coated plates (NUNC # 436014} were meubated for 2 hours at RT with 2ug/ml
biotin-PAIL-1 (human PAIL-1 having N-terminal biotin labelled, active fraction; Molecular Innovations
cat# NTBIOPAI-A) in 1% BSA/PBS at 50 ul/mi. Plates were blocked 1 hour with 200ul 1%
BSA/PBS at RT and washed four times with 200 ul/well PBS. Purified antibody dilutions and
hybridoma supernatants were added o wells at 50 ul/well and incubated for 15 nunutes. Plates were
washed four timmes with 200 ul/well PBS. Two-chain tPA (Innovative Research caté HTPA-TC) at
tug/ml was added to the plates at 58 ulwell and incubated for 30 minutes at RT. Plates were washed
four tirnes with 200 ul/well PBS. Aoti-tPA HRP conjugated antibody {Life Span Technologies,
catfl.5-C39721) at 1:3000 dilution were added to the plates and mcubated for 45 winutes. Plates
were washed four times with 200 ul/well PBS. ABTS substrate (one Tablet dissolved in 5 md; Roche
Diagnostics # 11 204 521 §01} at 50ul/well was added to the plates and time allowed for color to
develop. Plates were read on BioTek Synergy HT instrument usimng ODugs. ODs with the values that
are lower than [g( isotype control indicate blocking of tPA hinding to PAL-1.

In some cases Rinctional ELISA was performed prior to Biacore supernatant screening and
served as a selection step that was more important for hybridoma development. A representation
curve with 33H1 as positive control, 1gG1 as negative control and A44 as an identified positive

antibody clone is shown in Figare 3.

Table 6: Functional ELISA for Hybridema Supernatant Screening to Seleet for Antibodies that

Block the Interaction of PAL-1 with (PA

tPA/PALT tPA/PAL-]
PAL Binding PAL-1 Binding
CLONE | ELISA | Inhibition | Selected | CLONE | ELISA Fnhibition Selected
A% + - no 26 + + yes
AZ0 + - 0 C45 + + vEs
A3 + ves 46 + - no
A3% + +/- ves C49 + - no
A4l + + ves 6l + + yes
Add + ves a6 + g yes
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A47 + + ves o8 + + yes
AR2 f 4 C76 1 10
AT + + ves <79 + + yes
AT3 1 - no L85 t - no
ATS + + ves Cigg + + yes
AB3 F + yes 118 + + yes
ARG + + yes Ci34 + - 0o
A93 + - no 148 + + Ves
AS8 F + ves B4 + - no
AY9 + - no Diz + + yes
AXG5 + yes D13 + + yes
ALGT + + yes Bis + + yes
A3 + + ves D33 + + ves
A9 + + ves B33 + + yes
Bis + - no D37 + + yes
BiR + + yes D44 + + yes
B¢ + 4/~ ves D47 + + yes
B29 1 ves D48 + + yes
B3Z + + ves D352 + + Ves
BS3S b + yes DS3 4 4 ves
B85 + - no E4 + - no
Bag + ves ES + - no
BY¢ + + ves Eit + + yes
Bigs + + yes Elé + + yes
B1Go + + yes E20 + - 0o
B11g + yes E21 + + yes
PAL-1 ELISA =a “+” represcots binding to PAL-1 (see Example 2)
tPA/PAI-T Binding Inbibition = a *“+” score represents the interaction of tPA with PAL-1 is inlubuted;
+/- = partial inhibition of the mteraction of tPA with PAL-}

Over 200 supernatants were screenced. Table 6 shows a selection of positive and negative
hybridoma supernatants. About |0 hybridomas per fusion showed ability to block PAL-1 from

binding to tPA in functional ELISA. Based on the data front the bybridomma supematants, hybridomas

o

were selected for sequencing and mediun seale antibody production. Even though D4 did not bind
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well 1o non-glycosylated PATL-1, @t was selected for purification and sequencing based on its Biacore
binding {o glycosylated PATL- 1. The purificd antibodies were further characterized 1n Riacorc for
affinily kinetics, and 10 chromogenic and cellular assays for potency m companson to the

commercially available antibodies.

Exampie 5: Sequencing by 8-RACE (Rapid Amplification of ¢cDNA Ends) and Mouse Antibody
Parification

Antihodies for a specific target generated from a series of fusions could have the same
sequences. By perforning antibody gene sequencing at an carly stage of aniibody generation, any
possibly redundant antibodies were elinunated and the correct antibody zene sequences guided

.
H
H

antibody sciection and humanization as well as chimeric antibody construction.

57-RACE is a procedure for arapiification of nucleic acid sequences from a messepger RNA
remplate between a defined internal site and unkoown sequences atthe 37 or the 57 end of the mRNA.

o

This methodology of amplification with single-sided specificity has been described as “one-sided”
PCR or “anchored” PCR. The original variable murine anti-buman PAI-1 antibody sequence of the
Iead antibody was determined by 53°-RACE cDINA sequencing and confirmed by N-terminal protein
sequencing.

To determine variable heavy (VH) and light chatn (VL} {26 sequences, total RNA from
hybridoma cells was isolated using RNeasy Mini Kit (QIAGEN, Cat No. 74104) according to the
manufacturer’s instiictions. Briefly, cells (5 x 106 cells) were fysed in 350 ul of the kit’s RLT buffer
followed by capturing total RNAs on spin column. RNA was eluted in the kit's TE buffer and stored
on ice.

First-strand cDINA was prepared using SMARTer™ RACE cDNA Aoplification Kit
{ClonTech, Cat No. 634923). The 5°-RACE protocol was performued according to the manufacturer’s
mstructions. VH and VL chain ¢cDNAs were separately amplified by polymerase chain reaction (PCR)
using the 5" -primers supplied with the SMARTer™ kit and the 3° VH and VL gene specific primers

fisted below @

Heavy Chain 3°- Primer: 5°-TATGCAAGGCTTACAACCACA -37 (SEQ ID NO: 105)
Light Chain 37- Primer: §-CTCATTCCTOGTTGAAGCTCTTGAG -3 {SEQ 1D NO: 106)

The amplified VH and VL genes were separately cloned mto TOPO vector using TOPO TA
cloning Kit (Invitrogen, Cat No. K4520-01}. The procedures were performed according to the
manufacturer’s instructions. To transform bacteria, reaction mixtures were added mio competent E.

coli cells and incubated on ice for 20 numites. The tubes, which contained the E. coli cells and the
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reaction mixiure, were heated at 42°C for 40 seconds and added 250 microliters of Tit’s SGC mediam.
After incubating the E. colt at 37°C for 60 mminuics with shaking at 300 rpig, the bacieria were spread
ont LB agar plate containing 100 micrograms per mi of ampicillin followed by incubating at 37°C,
overnight.

Upon confirmation of the inserted VH and VL gene by PCR, five bacteria clones were
selected and propagated in LB broth containing 100 micrograms per mil of ampicillin for plasnid
DNA preparation. The plasmid DNAs were isolated using QlAprep Spin Miniprep Kit {QIAGEN,
Cat No. 27104) according to manufacturer’s instructions. The VH and VL 1gG genes of hybridomas
were sequenced by the Sanger method and the CDRs were deterniined using the Contact definition
(MacCallum ef al.).

Monoclonal antibadies were produced in CEL Line bioreactor flasks (Wilson Wolf

aufacturer’s mastruction:

7l

Manufacturing Corp.; Cal, #CL350 or Cat # CL1000) according o the in

b

~

senum-free raediorn {(GGibeo Cat. #120435) and purified by Protein A/G chromatography (GE
Healtheare Life Sciences, Cat, #28-4083-47 and #28-4082-53). Purified antibodics were further
characterized i Biacore for affinity kinetics, and w chromogenic and cellular assays for potency

corparison to the commercially available antibodies.

Example 6: Functional chromogenic assay using purified antibody

Purified antibodies were tested in a chromogenic assay for the ability to block PAIL-1. PAT-1
mhibits tPA finction, therefore, antibodies that block PAI-1 will result in restoring tPA finction.
Chromogenic assays utilize proteolytic enzymes that act on their natural substrates {proteins and

1

peptides) by hydrolyzing one or more peptide bond(s). This process is usually highly specific in the

e
}

sense that only peptide bonds adjacent to certain amine acids are ¢leaved. Chroniogenic substraies are
peptides that react with proteolytic enzymes resulting in the formation of color which is quantifiable.
Chromogenic substrates are made synthetically and are designed to possess sclectivity similar to that

ot the natural substrate for the enzyme. Attached to the peplide part of the chrorangenic subsirate is 2

chemical group which when released after the enzyme cleavage gives rise o ¢olor. The color change

san be followed specirophotometrically and is proportional o the profeolytic activity.

A chromogenic assay was used to confirm the ability of the antibody to neutralize PAL-1
fimction as a (PA hibitor. (PA 1s able 1o release pNA from the chromogenic sobstrate S2288. S228
in solution has no color, but after being exposed to tPA and subsequent release of pNA, the solution
develops a vellow color that can be read at ODyes. Color formation can be observed over 2-3 hours to
determine kinetics of the enzymatic reaction. PAI-1 is able to block the enzymatic activity of tPA m a

concenifration dependent manmer.

o
~
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A two-step chromogenic assay was performed. All reagents are at 10x concentration until the

step when they were added to substrate solution. Ta the first step, PAL-1 potency in tPA inbibilion was

measured using the chromogenic assay {PAI-1 titration with fixed tPA concentration). The PAI-1
titration curve was analyzed o determine [C5¢ for PAL-1 blocking (PA activity. Aflerward, the IC80
calculated from the corve was selected for Ruther antibody interrogation for ability to neutrabize PAL-
1 blocking function and restore 1PA enzymatic activity. Equal volumies (25 ul) of tPA (at 14 nM)
{Innovative Research, Cat. No IHTPA-TC) and glycosylated (active form) human PAI-1 (Molecular
Innovations, Cat. No.GLYHPAI-A) or non-glycosylated {active form) mouse PAI-1 (Molecular
Innovations Cat. # IMPAIL) were combined and incubated using 3-fold serial dilutions of PAI-1
starting at 108 oM and fixed concentration of tPA.  All protein dilutions were made with

1% BSA/PRS. The mixture was incubated in the wells of a 96-well microtiter plaie for 13 minutes at
room teraperature, Then 200ul chromogenic substrate 82288 (1.25 M) (Chiromogenix, Cat, No. 5

820852} diluted according to roanufacturer’s mstructions 15 added to the wells and OFyy; absorbance

¢ at 405am over 2 hours every 16 minutes is recorded to measure the residual tPA activity, For
controls, background was ragasured in the absence of tPA {no enzymatic reaction), a positive control
was 1o PAL-T (100% (PA activity) and a negative control was PAI-1 at 10-fold excess of tPA
{complete blocking of tPA activity), See Figure 4 for representative curves for 33838, Ad4, 33H1 and
1gGl.

For the second step, the functional properties of the antibodies were determined by assessing
their ability to inhibit active PAI-1 and restore tPA function utilizing the PAI-1 neutralization assay.
For this step, active PAI-1 12.5 ul {(at 56 nM) was incubated with an equal volume of either PBS
{Irvitrogen, Cat. No.14190-144) containing 1% BSA (Sigma, Cat. No. A3059) or with serial 3-fold
dilutions of antibody starting at 2 uM. Control and unknown aniibodics were incubated at
concentrations (5 fold dilutions) ranging from 0.1 1o 300 oM with 3 oM PAI-] and tPA was added 10
the mixture. All the ingredients were incubated at 10x concentration at room temperatire and further
diluted 10 fold with tPA substrate S2288 which upon cleavage by tPA changes color from clea
velow. Samples were read at OD 405 for 2 hours every [0 minutes at 37°C. The mixture was
allowed to react 1o the wells of 2 96-well microtiter plate for 30 minutes at room teraperature o
achieve antibody-antigen complex formation. Then 250l of tPA (3t 14 oM which corresponds to ICy
inhibition of 1PA activity) was added to the wells and incubated for 15 minutes at room temperature.
Finally, 200ul 1.25 mM substrate S2288 diluted according to manufacturer’s instructions was added
to the mix. The absorbance change at 405nm is recorded to measure the residual tPA activity for 2
hours every 10min. One hundred percent PAI-1 activity is defined as the PAI-1 activity observed in
the absence of amibody. Neutralization of PAI-1 activity by the antibody s caleulated from the

residual PAT-1 rity measured in the presence of the andibody. Conirols were IgGl as an isotype
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control {negative) and 33H! oAb and 33BS mAbD as positive controls. See Figure !
3 bl s gl

curves for B28, E16, E21, A75 and TgGl.
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Orthologs of vman PAL-] inhibiting homan tPA were tested 10 the two step chromogenic
assay system. Titration of orthologs was performed as described above for human PAL-1 {see Figure
S5 6 for representative curves of titrations) and tPA activity was determined by chromogenic method {see
Figure 7 for representation curves for 3388 and A44 against cyno and mouse PAL-1). Final
concentration of human tPA used in the assay was 1.4 nM. 12.5 ul active PAL-1 {56 nM) was
incubated with an equal volume of cither PBS contaming 1%BSA or with serial 3-fold dilutions of
antibody siarting at 2uM. The mixture was allowed to react in the wells of a 96-well microtiter piate
10 for 30 minutes at rooms temperatiee. Then 25ul of tPA(14 nM) was added 1o the wells and incubated
for 15 minutes at roorn temperature. To finalize reaction 200 ul tPA substrate S2288 (Chromogenix)
(1.25 wM) was added to the mixture. Ortholog PAI-1 was obtained from Molecular Innovations:
raouse PAT-1 (wild type active fraction; cat# MPAT); rat PAI-] (wild type aclive fraction; cat# RPATD;

and rabbit PAL-1 (stable mutant; cai# RbPAI-IS1L) cyno PAL-1 {active cyno PAL-1) was produced in-

i
RN

house in #.coll. Because of the poor off-rales of the rabbit and ral orthologs in the Biacore screening

{data not shown}, screening of the antibodies against these orthologs was not performed.

Table 7. Activity of Antibodies against Orthelogs and Glycosylation States of PA6-1 in

Functional Chromogenic Assay

PALE-1 Ortholog and Glycosylation Status
non-gly gly non-~gly non-gly
Clone 1D isetype hPal-1 BPAL-1 ePAl-1 mPAl-1
A37 1eGl -
A3Y 1g(G1 - 4+ - -
441 126G} - - - -
Ad4 1zl +t -+ 44 -
A47 IeGl nd -
ATl {eGl ot +++ +++ -
ATS la(52a et -t A -
A83 1gGl nd +/- +/- -
A8% I2G2h - - - -
ASS 121 nd ngd nd nd
A165 1eGl A 4+ -
ALYT {eGl +/- - - -
All3 126G} - - - -
All9 1g(GG2a - - - -
Big 1eGl + +

HY
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B28 FeG2b - +++ - -
B29 126G}
B32 1a(31 nd - - -
B38 1gGl od +
BO {21 nd - - -
Ba9 lg(G2a nd + + -
B185 1gGl - - - -
Bif9 1gGl +++ +++ +++ -
Biig {21 + + -
{26 1251 -+ ++ ++ +
C48 [2G2h At ot At -
€61 1gGl + + + -
Coh {21 + + -
69 1251 -+ ++ ++ -
79 [2G2h - /- +/- -
169 FeG2h +/- +/- +/- -
C1i8 {o(G1 ot ++ - -
Ci45 I2GZb ++ 4+ ++ -
24 Te(G2a + 4+

Bi2 {e(51 + + + -
DK 126G}
Bis 1g(Gl + + + -
D31 G 1 ++ ++
B33 1eGl - - - -
B37 le(G2a
D48 1g(G2a - +- - -
D52 1eGl + +
Eii le(G1 ++ ++ 4+ -
Eis I I S = A4 it
r2i feGZb i A4t et

b=human, c=cynomolgus monkey, m=rmouse, nd=not determined

“-C=ng activity, “H/-“=partial activity’ “+=glight activity, “++ =moderate activity,

“H--T=strong activity

Omne or more antibodies from each fusion demonstrated ability to block both cyno and human

PAI-1 inhibitory function in this assay, with about 14 antibodies having moderate to strong blocking

activity. A3% and B28 had a unique profile in that these two antibodies blocked glycosylated hPAJ-1

it had no activity against human or cyno nor-glycosylated PAI-1. None of the andibodics were able

to block mouse PAI-1 activity efficiertly (within 10 fold of the human PAJT-1) except for C26.

~J
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Example 7: Mechanism of action for menoclonal antibadies

Monocional antibodies can inhibit PAI-1 by three different mechanismos: a} by steric
hindrance, b} by converting PAIL-1 into a latent conformation upon binding, and ¢} by converting PAIL-
1 into a substrate for tPA conformation wstead of the inhibitor (“substrate conformation”). PAL-1
makes a covalent bond with tPA upon interaction with serine prolease.

The chromogenic assay and SDS-PAGE techniques were used to identify antibody
mechanism of action. A reaction between monocional antibody {(or control antibodies), PAI-1 and (PA
was carried out as described above for the functional chromogenic assay. Samples were mixed with

caernli sample bufter and loaded on SDS-PAGE gel under non-reducing conditions and ran for 30
minutes. Afterwards, the gels were stained with Coomassie blue to visualize proteins, complexes and
the cieaved form of PAI-1. Control monoclonal antibodies with known maechanism of action were
used as comparators. 3388 is known to convert PAL-1 o 2 latent conformation and 33H1 18 koown
1o convert PAL-1 into a substrate conformation. This assay could positively identify the substrate
conformation but was unable to distinguish between latent conformation or sieric hindrance.

Representative SDS-gels are shown in Figures 8, 9 and 10.

Table 8 Mechanism of Action of Monoclonal Antibodies

Antibedy Mechanism of Action
Add Converts PAL-1 from Active — Substrate Conformation
26 Converts PAL-1 fron Active — Substrate Conformation
{45 Converts PAI-1 from Active -+ Substrate Conformation
821 Comverts PAE-1 from Active — Substrate Conformation
A39 Converts PAI-1 from Active — Latent Conformation or Steric Hindrance
Bigo Converts PAL-1 from Active — Latent Conformation or Steric Hindrance
El6 Converts PAI-1 from Active - Latent Conformation or Steric Hindrance

Add, €26, C45 and E21 block PAI-1 activily by converting PAI-1 form the active conformation to the
substrate conformation. A3%9 and B109 have a different mechanism of action, but the assay was

unabie to distinguish whether these antibodies block PAI-1 activity by changing PAIL-] from the

active confornation to the latent conformation or by steric hindrance.

Example 8: Purified Antibedy Binding Kinetics

In kinetics measurernent, the angibodies were evaluaied in reverse at 25°C. In the reverse
assay, PAl-1 antibodies were capiured to the anti-mouse IgG Fe antibody surface prepared on CMS
chip followed by mjecting the serial 2x dilutions of PAL-1 proteins (huran or cyno) starting at 40 nM.
A high flow rate was chosen at $0u¥min to avoid mass transportation limitation. Two thousand

seconds was allowed for dissociation time to accommodate for the slow off rate of the selected

~J
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antibodies. The chip was regenerated by glycine-HCI, pH 1.7 buffer afler each round of antibody-
PAL1 binding. Kinetics data analysis was performed using Biacore BlAevaluation sofiware. The
sensorgrams were double-referenced by subtracting the reference flow cell valoes and the blank buffer
values. The sensorgrams were fitted by using the simudated kinetics 111 (Langmuir) model with local

5 Rmax. The data for the antibodies tested are shown below in Table 9.

Table 9: Binding Kinctics by Biacore Reverse Assay

human PAL-1 cyng PAL-
Antibody Dissociation PHssociation Rate kd
Rate kd (1/9) Affinity KD (3D {178} Affinity KD (M)
A3Y 7.09E-G5 1.16E-11 Nb ND
Add 1.49E-05 3.76E-12 <=1 OE-6 <=1 0F-13
ATS 4,76E-04 1.20E-16¢ ND NP
AlfS 1.64E-04 4.238-11 ND ND
B2S 4.61E-04 &6.58-10 ND ND
ND = not determined

Binding kinetics of representative antibodies were further analyzed and compared 10 Bilacore
10 forward assay with vitronectin and PAI-1 complex. In the forward assay, human vitronectin protein
was tmmobilized onto the CMS5 chip in flow cells Fel-Fed by amine coupling. Human PAL-1 was
then captured to the vitronectin surface 1 flow cells Fe2-Fed as ligand. Fel was reserved as reference
cell. The antibodies were diluted 2x starting from 40 nM and 1njected to Fcl-4. Kinetics data

analysis was performed vsing Biacore BlAevalvalion software. The sensorgrams were {irst doable-

15 referenced by subtracting the reference cell vahies and the blank buffer values, and then fitted by 1:1
{(Langmuir) model was used with global Rmax.
Table 16: Kinetics of A44 binding to human vitronectin captured human PAL-1 in Biacore
forward assay
Ad4 binding te Vn kd (1/8) KD (3
captured hPAL-1 <=1 OF-6 <=1 0B-12
20
Data in Table 10 indicated that Ad4 binds froe huiman PAT-Tas well as PAI-1 in vitronectin complex.
Example 9 Fusctional assay is primary human cells
To further nvestigate each antihody’s ability to restore dowunstrear plasmia production by
25 primary human cells, a plasmin gencration assay was used. Ounly antibodies that showed high potency

in the chromogenic assay and good affinity in Biacore were used {ested in this assay.
fe - -~ o y

-
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On day 1, buman prireary hepatic stellate celis {Sciencell CA, cat no SC5300} were plated at
20000cells/well 1n starvation medium (DMEM Gibeotghmtamax-1 4.5¢/1, D-Glucose, Pyruvate
{31966-021), 0.2% Fetal Bovine Serum gold PAA (A11-152)) at 37°C gunder 5% CO2Z. Onday 2, to
neutralize PAL-1 activity, antibodies were pre-incubated with recombinant PAL-1 {Molecolar

S Innovation, cat# IGLYHPAL-A, recombinant Glycosylated human PAL-1, final concentration 5 nM)
for 15 minutes at room temperature. At the same time, (PA (Molecular Innovations (cat# HTPA-TC),
5 nM 1 DMEM without red phenol) was incubated with cells for 15 minutes at 37 °C. After washing
unbound tPA, PAIL-1/mAb mixtures were added on the cells and then residual tPA activity was
measured by adding and glu-Plasminogen/Substrate mixture (Glu-Pg: Sigma cat# 9601-91-6; §.5uM
1 final concentration) and plasmin chromogenic substrate: {CBR00.65 Stago cat # 006128, 0.5mM final
concentration).

Plasraigogen activation to plasmin is detected by kinetic reading every 45 seconds of

A405/492 ura using spectrophotorueter JEMS, Therroofisher) thermostated at 37°C. Biolise software

{Thermofischer) calculates the maximal rate of chrornogenic substrate cleavage: plasmin generation

15 expressed as Vmax: maximal rate of A405/492 nn per muin (mDO/wmin) calculated. PAT-1 inhibition
18 then calcalated with tPA alone as reference {(100% mhibition} and PAL-1 {without mAb, as no
mhibition} and plotted using Biostat speed software to caleulate Hosg and Imax,

Table 11: Plasminogen Generation in Human Primary Hepatic Stellate Cells
Antibody ICggahs meand sem (nhi) Yy mean (Y6} 1
Add 332 & 0,34 97 7
A39 54+ 08 99 3
ATl 861+3.6 90 3
AT5 22.6+8.2 56 4
Al05 27+ 7.8 88 3
B2H T2%E27 S0 3
B109 6.11 +0.88 94 3
€26 Inactiv wa 2
45 654111 97 4
El6 4744227 95 ;
E21 Inactive n/a 3
33H1 2292 £12 56 3
3388 Inactive wa 3
n/a = not applicable
20

Example 16 Antibody binding epitope cxploration by Biacore competition assay
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A selected group of anti-PAI-1 anlibodies with superior binding and hlocking activities were
expiored for their potential binding epiopes v Biacore competition assays. o the assays, the newly
identified antibodies as well as several commercially available anti-PAL-1 antibodies with known
binding site on human PAL-1 were set up o compete for binding to human PAIL-1 protein. Each

S5 antibody was iumchilized onto a flow cell in Blacore CM35 chip using standard amine coupling
reaction. All tested antibodies except for clone B28 retained binding site activity after amine
coupling. Human PAI-1 protein was captured to the immobilized antibody on the chip followed by
injection of each antibody as analyte. Only the analyie antibodies that have different binding sites on
human PAI-1 from the immobilized antibody will show additional binding signals in Biacore. The

10 competition experiments were repeated twice for each immobilized antibody and the results are show

in the following Table.

Table 12: Swiemary of Binding Epitopes from Biacore competition assay

Analyte Antibody

33H1 b b/b | bt bb | bb bic

33B8 /b 1 b/b | bb bb | Wb | bb
Al bh | bb | bb b/ b/b
% 31CH nt jath nt ut nt
: ATH b/t b/c bb | bb b bb | b | bb
5_‘%) ATS b'b | pp b/b b'b | bb | Wb
HEE NSEL Wb | Wb | b | bb
E "B R A RO R R A A

45 /b b/b /b 1 bbb | Wb | bb

26 ble Bb | bbb { bbb | Wb | bl

Ele b/l bb | Wb { pb | bb | blc

E21 bic b/c | bic | bb | bb | bic

p=pariial binding by the analyie antibody, c=competition by the analyte antibody, b=binding by

the analyte antibody;” — “=no PAI-1 binding to the immobilized antibody; nt = not tested

15 When Ad4 s imumobilized and binds PAL-1, C45 (analyte antibody) is unable to bind to PAI-]
that i« bound by Ad4. Therefore, C45 compeles for the same binding site that A44 binds on PAI-1
{denoted in Table 12 as “o/¢”) or Ad4 binding {0 PAI-1 wterferes with C45 hinding to PAT-1. This

~k
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analvsis is confirmed when the experiment is repeated in the eeverse order. Specifically, when €45 1g
the wunobilized antibody and is bound o PAI-1, 444 as the analyte antibody is unable to bind the
PAL-1 that is bound to C43 {denoted 1n Table 12 as “¢/c”). In a similar analysis, A71 and A7S
compete for the same site on PAI-1. The Biacore analysis confirmed that A44 and €45, as well as
AT and ATS5, compete with or lo interfere with each other when binding to PAI-1.

Conversely, the commercially available antibodics, 33H1 and 3388, do not compete with
Ad4. When A44 is the immobilized antibody and is bound to PAIL-1, both 33H1 and 33B8 are able to
stifl bind to the PAI-1 that is bound to A44 (denoted as “b/b” in Table 12}. This is confirmed in the
reverse experiment. When PAI-1 is bound to imumobilized 33H1 or immobilized 33HS, Ad4 is still
able to bind to PAL-1. Thus, the commercial antibodies 33H1 and 33B8 do not compete with or
mterfere with Ad4 binding to PAI-1.

Toterestingly, some tmumobihized antibodies (i.e., B109) blocked analyte antibody {Ls.,
33B8) from binding to the captured PAL-1 protein; bui, when switching the positions of the
imohilized antibody to the analyte antibody (c.z., flipping the patr ou the chip), the antibody pair no
longer competed for binding with each other 1o PAI-]. For example, when B109 was the tmnobilized
autibody bound to PAL1, 3388 was unable to bind PAI-1. However, when 33BE was the immobilized
antibody binding PAI-1, B109 was able to bind PAL-1. One possible explanation for this resoll is that
when the immobilized antibody 1s bound to PAL-1, PAI-1 may shift to an unfavorable conformation
for the second or analyte antibody and prevents the analyte antibody from binding (for instance, when
B109 is the immobilized antibody and 3388 1s the analyte antibody). However, when the antibody
pair is reversed, the immobilizing antibody may bind in such a manner that PAI-1 conformation is
refatively unchanged, thus allowing the analyte antibody to bind to the bound PAI-1 (i.e., the analyte
antibody B109 is able to bind PAI-1 that is bound by the tmmobilized antibody 33B8). Therefors, the
conpetition observed hetween 3388 and B10% was not due to overfapping binding sites on PAI-1 but
ikely due to a2 conformational change i PAI-1 when bound to B109.

Another wteresting ohsexvation was that BZ8 lost binding to human PAI-1 when immobilized

via amuine coupling, suggesting B28’s CDR regions involve aroine acids with primary arsine group(s).

Example 11 Selection of mouse monocional antibedy for humanization

Table 13 shows a suramary of the in vifro data characterizing the most active monocional
antibodies from the {ive fusions performed. Based on these data, A44 was selected for humanization
because A44 was the most potent antibody in the chromogenic assay and in plasmin generation while

having the highest affinity i Biacore.
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Table 13: Sumumary of Moneclenal Antibody Affinity and Potency against Huunan Glyeosylated

PAL-1
Chromogenic Plasmin Mechanism of

Antibady Asgsays (M) Gepevation (M) | Affiniy Kd (M) Action
A39 { 1gGU/k) 1.70, 1.00 54 LISE-11 SH or latent
Add (12G1/k 1.66, 1.50, 1.70 3.32 4.20E-14 substrate
AT71 (1gGl/k) Approx. 4.00 861 KD SH or latent
AT5 {1gGa/k) 3.00 22.6 L20E-10 SH or latent
A0S (1gGU/k) 7.00 278 4.20B-11 SH or latent
B2& ( IeG2b/k) 1.80 7.28 6.5E-10 SH or latent
B189 ( lgGi/) 0.23 6.11 ND SH or latent
C26 (1gGi/ky 5.00 Inactive ND substrate
C45 (1g(:2h) 8.5 10.6 ND substrate
Ei6 (fgGl) i1 4.74 ND SH or latent
E21 (JgG2b) i3 216.0 ND substrate
SH = steric hindrance; NI = not determined

~

The heavy and light chain sequences shown 1o Table 1 are aligned 1o Figure 12 and CDRs, as
defined by IMGT, are highlighted in bold. Based on the in vitro data presented in the Table 13, A44

was selected for humanization.

Exampie 12: Engineering of the anti-PAL-1 A44 Fab: humanization, stabilization and mutation

of unwanted sequence motifs

Several approaches discussed below were taken to humanize, stabilize and optimize the

sequence motifs of the A44 murine antibody against PAI-1.

i) Humanization

The humanization protocol used has been described in PCTAUSOS/74381
(US20110027266), herein wncorporated by reference o its entirety. The variable light (VL) and
variable heavy (VH} sequences of murine Ad4 were used to build a boreology model of anti-PAI-1
Add light chain (1) and heavy chain (HC) in Molecular Operating Eovirooment (MOE; v, 2010.10;
Chemical Computing Group). The following templates were used: light chain framework — 1051

{(84% identity m the framework regions), heavy chain framework — 3KSO (96% identity in the
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framework regions), L1 - 1D5I (94% wdentity), L2 — 1DST (84% identity), L3 — LAXS (72% 1deutity),
HI - 1107 (82% identity), H2 — IMBU (68% identity) and H3 - 2WDB (62% identity). The H3 loop
wag particularty ifficult o model since Trp is the first residue. 2WDEB, although a shoster loop, also

N
H
i

has a Trp at the beginning of the loop and the same Phe-Asp-Tyr sequence at the end of the H3 loop.

The side-chains of Glu-105 (LC) and His-89 were rebuilt and the subsequent model was energy
minimized using the standard procedures implemented in MOE. A molecular dynamics (MD)

simulation of the minimized 3D homology model of the murine A44 was subsequently performed,
with constraints on the protemn backbone at 500 K temperature for 1.1 panoseconds (ns) in
Generalized Born ioplicit solvent. Ten diverse conformations were extracted from this first MD ran
gvery 100 picosceonds (ps) for the last | ns. These diverse conformations were then each submitted

to a MDD simulation, with no constraints on the protein backboune and at 300 K temperature, for 2.3 ns.

2

For gach of the [0 MD rups, the last 2,006 suapshots, onc every ps, from the MD trajectory were then
used o calculate, for each murine Ad4 anuno acid, its oot oean square deviations {onsd) corapared
1o a reference medoid position. By coraparing the average rmasd oo the 10 separate MD runs of a
given amino-acid to the overall average mosd of all A44 murine amino-acids, one decides i the
amino-acid s {lexible enough, as seen during the MD to be considered as likely to interact with T-cell
receptors and responsible for activation of the immune response. 37 amino-acids were 1dentified as
flexible in the murine Ad4 antibody, excluding the CDR and its immediate § A vicinity,

The motion of the 82 most flexible murine A44 amino acids, during the 20 ns (10 x 2 ns),
were then compared 1o the motion of the corresponding flexible amino-acids of 49 homan germline
homology models, for each of which were run the 10 x 2 ns MD simulations. The 49 human germline
models were built by systematically combining the 7 most comnmon humnan geruiine light chains
{(vk1, vk2, vk3, vk4, vlambdal, viamabdaZ, vlambda3} and 7 most common buman germline heavy
chains ( vhia, vhib, vh2, vii3, vh4, vhs, vh6). The vki-vh2 buman germline antibody showed .58
4D similarity of its flexible amnino-acids compared to the flexibie amino-acids of the nwrine Ad4
antibody; the vki-vh2 germline antibody was therefore used to hurnanize A44 antibody focusing on
the fexible amino-acids. The vianabda3-vh4 human germline showed the second highest 41
sirailanty, .57, and was also used as the basis for buranization of the A44 antibody. For the pair
wise anino-acid association between murine Ad4 and vkl-vh2 arnmo-acids, the 2 sequences were
aligned based on the optimal 3D superposition of the alpha carbons of the 2 corresponding homology
models. The pair wise amino-acid association between murine A44 and viambda3-vhd was
performed in a similar manner. Figore 13 shows the alignment of murine A44 light chain with vkl

and viambda3. Figure 14 shows the alignment of mirine A44 heavy chain with vh2 and vh4.

2} Stabilization
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a) Kaoewledge-based approach

The amino-acide of the ight and heavy chaing with low frequency of occurre
2 o R
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rice vs, their

respective canonical sequences, excluding the CDRs, were proposed to be nuilated into the most

ey

frequently found amino-acids (AAGth > 6.5 keal/mol; (E. Monsellier, H. Bedoucte. §. Mol Biol. 362,

2006, p. 580-5933}. This first Hist of consensus mutations for the LC and HC has been restricted to the

amino-acids found in the closest human germline (vk1-vh2). Suggested changes in the immediate

vicinity of the CDRs (5 Angstroms “Vermier” zone (J. Mol Biol. 224, 1992, p. 487-499)) were

removed from consideration. This resulted in two stabilizing nustations in the LC (see Table 15) and

five stabilizing nmutations in the HC {see Table 16). Other eriteria were taken into account o consider

these mutations for potentially stabilizing the anti-PAI-1 Ad4 antibody. These criteria were a
p 3 g Y

favorable change of hydropathy at the surface or 2 molecular mechanics based predicted stabilization

of the mutant. Also, additional stabilizing rautations reported to be successful 1o the literature (E.

Mouselhier & H. Bedouelle, J. Mol. Biol, 362, 2006, p. 580-593; B.J. Steipe ot al. J. Mol. Binl, {994,

246, 188-192) and were counsidered {sce Tables 17 & 18}, however, no additional nwtations were

suggested.
Table 15; Stabilizing Changes Proposed in Light Chain
Residue Proposed Change Caleulated AAGER Ageept Change
Lyg-3 Val 223998 No - not i germling
Met-11 Leu 0.766432 Already changed in
humanization
Tyr-12 Ser 2.04389 Already changed in
humanization
Leu-36 Val 2.17091 No - Veruer
Lys-42 Gln 0.939652 No — not in germling
Thr-46 Leu 2.01966 No-Vernier
Gln-69 Thr 2.16357 No~Vermer
Tyr-88 Ala 292454 Alrcady changed in
humamzation
Met-83 Leu 2.57007 Already changed in
humanization
Gly-84 Ala 8.597822 Yes
[ig-85 Thr 1.27255 Yes
Table 16: Stabilizing Changes Proposed in Heavy Chain
Residue Propuosed Change Calculated AAGER Agcept Change
Glu-1 Gin .562423 Yes
Met-2 Val 341361 No — Vernier
Glg-6 Gin 0.655069 No — Not in germiline
Pro-9 Ala 0.5058324 No -~ Not in germiine
Ser-10 Ghu 2.40018 Already changed in
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humanization
Gln-16 Ala 1.11244 No — Not in germline
Thr-17 Ser 1.79135 No - Not in germiing
Leu-18 Vai $.760243 No - Not in gerline
Ser-19 Lys 1.20539 No — Not i gernidine
Thr-21 Ser 1.3289 Mo — Not in germiling
Ser-23 Lvs 182798 No — Not i germiline
Val-24 Ala 1.35286 No -~ Not in germiine
Thr-25 Ser 172008 Yes
{1e-37 Val 1.66985 No — Not in germiine
Arg-38 Lys 0.568427 No — Not in germling
Lys-39 Gin 2.27769 Yeg
Phe-40 Arg 1.81199 No — Not i germling
Asn-43 Lys 1.42568 Already changed in

humanization
Lys-44 Gly 2.01606 Already changed in

humanization
Tyr-47 Tip 262805 No - Vernier
Met-48 e 1.67766 Ng - Vemier
Pro-61 Glu 1.0856%9 No — Not i gernidine
ser-62 Lys 0.840485 Mo — Not in germiling
Ley-63 Phe 1.25428 No — Not i germiline
Arg-66 Lys 0.528008 No - Not in germiine
He-67 Ala 193797 No - Vernier
Ser-68 Thr 1.36475 Yes
le-069 Leu 0.550185 No — Vernier
Arg-T71 Jal 0.61536 MNo — Vernier
Asn-72 Asp 340632 Yes
Thr-73 Lys (.5597 No - Vemier
Lys-75 sSer 0.81321 No — Not in germiline
Asn-T76 Ser 0.744463 No - Not in germline
Glin-77 Thr 1.30652 No - Not in germiine
Tyr-78 Ala 2.54699 No - Vernier
Val-35 Leu 178111 Mo — Not in germiling
Thr-87 Ser 1.30394 No — Not i germiline
Thr-99 Ser Ng - Not in germbine
Thr-92 Val 1.13798 No — Not in germiine

Table 17: Combinations of stabilizing mutations evaluated

Combination™ Additional chaages suggested Acecept Change
L1 (40->P & 42->(3) None - neither changed No changes

L2 {(43->K) MNone — already K45 None

L3 {(74->T) Nong — already 174 None

L4 {76->53) Nene - already 876 Nong

L3 (84->A, 85->T) Nope - already changed None

stabilization
HI{13>0G) None — not 1n germline None
H2 {61->E, 62->Lys, 63->Phe) Nong in germline Nong
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H3 (86->T, 8§7->§, 88->F) 87 and 8% not in germline Norne
S1{L1 & L5) None No
S2{(HI & H3) Nonge No
*Note: Seguential nurahering used o refer to residues
Table 18%: Stabilization mutations evaluated
Light Chain Residue® Additional changes suggested Accept Change
15->1, V15->f No — V15 in Vki germline
§3->0 MNone — already Q90 Nousg
32->Y None — already Y32 MNone
106->1 None - already 1106 Nons
63->8 None — already 363 None
21->1 MNone — already M21 None
*Note: Sequential numbering used to refer fo residues

b} 3D and MB-based approaches

3D and MD-based approaches have heen previcusly reported (Seco I, Lugue F.1., Baral X,
I Med. Chem. 2009 Apr 23:52(8):2363-71; Malin Jousson et al,, J. Phys. Cheou B 2003, 107:5511-
5518}, Hydrophobic regions of the antibody were explicitly identified by analyzing the molecular
dynamics stmulation of the Fab in a binary solvent {20% 1sopropanol in water, 20 ns production
sinulation). Additional analysis using 3 hydrophobic surface map within Schrodinger’s maestro
software (v. 8.5.207) was completed. The protein surface analyzed by these two methods 1 quile
hydrophilic. Even with both these technigues, no residues contributing to any hydrophobic patches on

the surfaces were present therefore, no anti-aggregation mutations were suggested.

3) Homanization by Grafting

Humanization using grafting techniques has previously been reported (P. T. Jounes, P.H. Dear,
J. Foote, M.S. Neuberger, G. Winter, Nature 1986, 321:522-525). The hurnanization started by
identifying the two closest human gerndines to anti-PAT]L A44 variable domain light and heavy
chains. This was done by performing a BLAST scarch vs. all the human germbines which were
systeruatically enumerated {ali possible combinations of the V & I domaius for the kappa and lambda
chains; V, D and | domaius for the beavy chains). The BLAST searches were performed using an
intranet application buked to the Sequence Information Retrieval and Analysis (SIRA}Y service
provide by the National Center {or Biotechnology Information (NCEI).

The closest human germitine were identified with 70% and 67% seguence identily to anti-
PATL A44 variable domain light and heavy chains, respectively.  Using the internal VBASE germiine
sequences, the light chain was found to be close to V. 11018 {(approximately 64% identity} locus and
the heavy chain was close to 4-30 (approximately 69% identity) locus of the VH4 sub-family. CDR

regions (based on Kabat) and Vernier residues are indicated in italics for mA44 light chain (A44L.C)

ol

o
o
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and for IGVKI-33-01 IGKI4-01 (AGVKI). Vernier residues as defined in . Mol. Biol,, 1992, 224,
487 are underlined. The hurnamzing rautations (in boldface) were obtained by performing a pairwise
comparison of the two aligned sequences, excluding the CDR & Vernier zone residues {also
urderbined 1 monne} as defined above. T46L and Q697 from the murine light chain and M2V 1o the
murine beavy chain (Vernter zone residue} were nmttated to the predominantly conserved human
germline sequence as one part of the humanization by grafting approach (LC5a, HCSa). In another
variant, these three Vernier zone residues were retained as seen in the original murine sequence

(LC5b, HOSb).

mAdd - Light chain (SEQ 1D NO: 141)

DIKMTOSPSS MYASLGERVT ITCKASQDIN SYLSWLQOQKP GKSPRTLIVR

ANRSVDGVPS REFSGSGSGOD YSUTISSLEY EDMGIYYCLY YDEFPPTEGG
GTKLEIK

IGKV1-33-01 IGKH-01 (SEQ D NO: 167
DIQMTQOSPSS LSASVGDREVT ITCQASQDIS NYLNWYQQOKP GEAPKLLIYD
ASNLETGVYPS RFSGSGRGTD FYFTISSLQP ERIATYYCQQ YDNLPLTFGG

GTEVEIK

mA44 - Heavy chain (SEQ D NO: 140)
EMOQLGQESGPS LVKPSQTLSL TCSVTGRSMT NGYWNWIRKE

PGNKLEYMGY ITYSGSTYYN PSLKGRISIT ANTSKNQYYL

IGHV4-59-02 _IGHD6-13-01 IGHI4-02 (SEQ 1D NO: [08)
QVQLOQESGPG LVKPBEETLSL TCTVSGGSVYS SYYWEWIRGE

PGKGLEWIGY IYYSGSTNYN PSLKSEVTIS VBTSKNQFSL
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RLSSVTAADT AVYYCARGYS SSWYYFDIYWG QGTLVYTIVES

The next closest human germline was identified with 59% and 58% sequence identity to anti-
PAIl A44 variable domain light and heavy chains, respectively. Using the internal VBASE
germline, this light chain is found to be cloge to VidH-L6 (~36% identity) locus and the heavy chain
closs to 6-61 locus of the VH6 sub-family. CDR regions (based on Kabat) and Vernier regions and
are indicated in italice. Vernier regions (as defined in J Mol Riol,, 1992, 224, 487) and underlined.
The humanizing mutations were obtained by performing a pairwise comparison of the 2 aligned

scquences, excluding the CDIR & Vernier zone residues {also underlined m rourine) as defined above

and are shown 1n boldface,

mA44 — Light Chain (SEQ ID NG: 141

DICMTQSPSS MYASLGERVT ITCRASQOIN SYLSWILQQKP GKIPKTLIYR

ANRSVDGVPS RESGSGSGED YSLTISSLEY EDMGIYYCLQ YOEFPPTFGG
GTKLEIK

IGKV3-11-02 1GKI4-01 (SEQ ID NO: 143)
EIVLTQSPAT LSLIPGERAT LSCRASQSVS SYLAWYQQKP GQAPRLLIVD
ASNRATGIPA RESGSGSGRD FTLTISSLEP EDFAVYYCQOQ RSNWPLTEGG

GTKVEIK

mA44 — Heavy Chain (SEQ 1D NO: 140)

EMOQLOQESGPS LVKPSQTLIL TCSVTGLSMT N.GYIWNWIR

QYYLOQLSSVT TEDTATYYC A RWHYGSPYYE DYWGQGTTLT VSS

IGHV6-1-02 IGHD6-13-01 IGHI4-02 (SEQ ID NO: 144)

0
[
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QVOLOGSGPG LVKPSQTLAL TCAISGDSVS SNSAAWNWIR
QSPSRGLEWL GRTYYRSKWY NDYAVSVESR ITINPDTSKN

QFSLOLNSVT PEDTAVYYCA RGYSSSWYYT DYWGQGTLYT VSS

4) Mutation of unnwanted sequence motifs
The following motifs of sequences were considered: Asp-Pro {(acid labile bond), Asn-X-
Ser/Thr {glycosylation, X=any amino-acid but Pro), Asp-Gly/Ser/Thr (succinimide/iso-asp formation

in flexible regions}), Asn-Gly/His/Ser/Ala/Cys (exposed deamidation sites), and Met (oxidation in

-

exposed areas). The VL & VH domains of murine anti-PAIL A4d4 possess two potential glveosylation
sites: N7RS (in CDR2) in the LC and NTS in the HC. One exposed deamidation site is present in
CDR1 of the HC (N'(3). Three potential sites of succinimide formation were identified in the
original murine sequence: DG {end of CDR2Y in the LC, and D8 (in CDR1) and DYT in the HC.
The LC probiematic motifs, N7RS and %G, are both in CDR2. Since these mutations occur in a
CDIR, they were addressed by mutation in two proposed engineecred sequences below (L2 and L.C4).
W% was conservatively mutated 1o Glo and FY° was mutated to Ghu. There are four existing
problematic residues n the HEC. The first two occur in CDR1: the potential succininoide forrmation
site, DﬂS, and the desmidation site N°!G. Two additional problematic motifs alse occur in the third
framework region. In CDRI, 7 was mutated to an B o aveid the formation of succinimide, while
N’ was altered to a Q. N and DY were altered to @ and E, respectively. These problematic motifs
were addressed in engineered sequences HC2a and HC4 described below. The HC2b variant containg
only the mutation of the N’'G deamidation site.

The resulting humanized sequences were blasted for sequence similarity against the IEDB
database {found on the world wide web at imymuneepitope.com, version fune 2609; Vita R., Zarebeski
L., Greenbaum JLAL, Emami H., Hoof 1, Salind N, Damie R., Sette A., Peters B, The immune epitope
database 2.0 Nucleic Acids Res. 2010, Jan, 38 {Databasc issue)DI854-62, Epub 2069, Nov 11} 1o

ensure that none of the scquences contain any known human B- or T-cell epitopes {sequence identity

o]

of 70% used as cut-off for the resuits obiained through BLAST scarch and considering only the
resulis from human species)y. DelClerck, ¢f «f. (Joterpational Publication No. WO 2002034776} have
disclosed antibody binding epiiopes of PAL-L, none of which are problematic for the epitopes
disclosed herein,

For the murine A44 LC, there is one human epitope from Kirschmann ef ¢f. (The Jourmnal of
Imunology, 1995, 155, 5655-5662). 1t possesses ~71% identity over a 14 amino acid stretch as seen

below. The subject sequence was a partial sequence that had not been verified by mass spectrometry.
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No binding data is reported for this peptide. This epitope was seen in all the LC variaats proposed.

No potentially problematic epitopes were identified when a sunilar search was performed for the HC.

5y Original sequences of anti-PALL variable domalns
CDRs are nghlighted in bold and Vermer regions are {as defined by Foote & Winter, J. Mol

Biol., 1992, 224:487-499) arc underlined.

Light Chain (SEQ ID NO: 142)
1 DIKMTOSPSS MYASLGERVT ITCKASQDIN SYLSWLOOKP GEKSPKTLIVR
51 ANRSVDGVPS RFSGSGSGOD YSLTISSLEY EDMGIVYCLGQ YDEFPPTRGG
101 GTKLEIKRAD AAPTVSIF

Germinality index = 70% with IGKV1-33-01 IGKI4-01 [V 1-G1§]

Heavy Chain (SEQ ID NG: 140)

Gernnnality mdex = 67% with IGHV4-59-02 IGHD6-137-01 IGHI4-02 [VH4 4-3¢3

&) Engineered sequences

4D humanization and grafling approaches were applied to the closest two human germline
SOGUENCes

a) Engineered Hght chain sequences

LCla contains seven nutations derived from the 4D humanization method using the closest
germline sequence, vkl LCIb has 12 mutations derived from the 4D hurnanization o the second
closest human germline sequence, vi3, LO2 contains 2 additional mutations in CDR2 as compared to
L{la, These muiations address a potential glycosylation site (N’RS) and a potential site of
succinimide formation (DG). LO3 contains the mutations from the 4D humanization to the closest
germline sequence with an additional 2 stabilizing matations. LC4 combines the hmanizing,
stabifizing and unwanted motif mutations. CDRs and vermier zones are in wtalics, vernier resicdhies are
urderbined, hnumanizing maotations are in boldface, problematic motifs are 1n double strikethrough and

stabilizing mutations are shown in lower case. Figures 16 and 17 show summaries of the mutations.

LC1a (SEQ IDNO: @1
I DIKMTOQSPSS LSASVGBRVT ITCKASQDIN SYLSWLQQKP GKSPKTLIYR
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51 ANRSVDGVPS RESGSGSEGOD YSLTISSLGP EDLGIYYCLY YDEFPPTEGG
101 GTKLEIK
Mo additional luman epitopes for sequence LC1a found m IEDB database. LC1a germinality index =

76% with IGKV1-33-01 IGKI4-01 [VxI-O181L

LCIh (SEQ ID NO: 92}
1 DEKMTQSPSS VRYSPGQTVT ITCRASODIN SYLSHLOQQKP GOQSPKTLIYR
51 ANRSVDGVPS RFSGSGSGOD YSLTISSLQA MDEGIYYCLY YDEFPPTEGG
161 GTRLTIK
In addition to the eptiope described in section 4 above, K39PGQSPKTLI has 70% sequence identity
to KPGQPPRLLI (Kirschmann et al. [, Immun., 1995, 155, 5655-5662). This peptide is reported t©
have ap [C36 >160,000 oM against all the HLA-DR alleles for which it was tested. LC1b germinality

rodex = 67% with JGKV-33-01 _IGKJ4-01 [Vxi-G18].

LC2 (SEQ ID NO: 93):

161 GTKLEIK
No additional human epitopes for sequence LE2 were found in IEDB database.

LC2 germinality index = 76% with IGKV1-33-01 1GKJ4-01 {Vid-0O18].

LC3 (SEQ 1D NO: 94y
1 DIKMTOQSPSS LSASYVGDRVT ITCKASODIN SYLSWLQOQKP GKSPKILIYR
51 ANRSVDGVPS RESGSGSEOD YSLTISSLQP EDLatYYCL YREFPPTEGG
161 GTKLEIK
No additional buman epitopes for sequence LC3 were found in JEDB database. LC3 germinaliy

index = 78% with IGKV1-33-01 IGKI4-01 [Vki-G18].

LC4 (SEQ ID NO: 951
1 DIKMTQSPSS LSASVGDBRVT ITCKASODIN SYLSWELQQKP GKSPKTILIVR
51 AGRSVEGVPS RFSGSGSGOD YSLTISSLQP EDLatYYCLQ YDEFPPTIGG
101 GTKLEIK
Mo additional human epitopes for sequence LC4 were found in IEDB database. LC4 germinality

mndex = 78% with JIGKV1-33-61 1GKJ4-81 [VxI-O18].

35
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LCSa {(SEQ ID NO: 96):

101 GTKVEIK
In addition to the epitope described in section 4 above, A43PKLLIYRAN has 80% sequence identity
to APKLLIYAASSL (Kirschmann et al. J. Immun., 1995, 155, 5655-5662). The molecular weight
was not determined on this peptide and no binding data was reported. LC5a germinality index = 85%

with IGKV1-33-01 IGKI4-01 [VI-OI18].

LCSh (SEQ 1D NOG: 97n
I DIQMTQSPSS LSASVGDRVT ITCKASQDIN SYLSWLQQKP GKAPKILIVR
STANRSVDGYPS RFSGSGRGEN YTRTISSLQP EDIATYYCLY YDEFPPTEGG
101 GTKVEIK
No additional huwan epitopes for sequence LESh were identified in JTEDB database.

LCS5b germunality index = 83% with IGKV1-33-01_IGKI4-01 [Vkl-O18].

LC3¢ (SEQ HI NG: 98):
FEIVMTQSPAT LSLSPGERAT LSCKASQDIN SYLSLQOQKP GOAPRILIYR

STANRSVDGIPA RFSESGSEOD YTLTISSLEP EDFAVYYCLY YDEFPPTEGG

101 GTKVEIK
T addition to the epitope deseribed in section 4 above, KPPGQAPRTLI has 80% sequence identity to
KPGQPPRLLI (Kirschmann et al. I, Immun., 1995, 155, 5655-5662). This peptide is reported to
have an IC50 >100,000 nM against all the HLA-DR alleles for which it was tested. LC5¢ germinality
index = 79% with IGKV3-11-02 1GKI-0 [VkHI-L6]. A schematic of all light chain matations is

shown in Figure 15,

b} Engincercd heavy chain sequesces
HCla contains eight mutations derived from the 413 humanization method to the closest
Ivmman germiline sequence. HC1b contains six mmutations derived from the 4D humanization method
to the 2™ closest germline sequence. HC2a contains four additional mutations when compared 1o
HCla to address unwanted sequence motifs. HC2b only addresses the deamidation site in CDR1
(IN"'(). HO3 contains the humanizing mutations from HC1a with an additional five stabilizing
mutations. HC4 contains humanizing mutations from HCla, stabilizing mutations from HC3 and the

mutations addressing problematic motifs from HC2a. CDRs and vernier zones are in italics, vernier
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residues are underhined, bumanizing mutations are in boldface, probleratic motifs are 1 double

strikethrough and stabilizing rautations are shown in Jower case.

HC1a (SEQ ID NQO: 82):
S51ITYSGSTYYN PSLKGRSSIT ANISKNQYYL TLSSVITVDT ATYYC4RWHY
101 GSPYYFDYWG QGTTLTVSS
Mo human epitopes were wdentified for sequence HCla in [EDB database. HCla germinality index =

68% with IGHV4-31-03_IGHD6-25-01_1GHI4-02,

HC1h (SEQ ID NO: 833
| EMQLOESGPG LVKPSETLSL TOSVTGOSMT NGYWNWIRKF PGKGLEYMGY
S1 JTYSGSTYYN PSLKGRISIT ENTSKNQYYL KL3SVTTADT ATYYCARWHY
101 GSPYYFDYWG QGTTLTVSS

Ne hunian epiiopes were identified for sequence HC1b in IEDB database. HC1b germinality index =

73% with IGHV4-31-03 IGHD6-25-01 IGHI4-02.

HC2a (SEQ [D NO: 84):
1 EMTLKESGPT LVKPTOQTLSL TCSVTGRSMT @GYWNWIRKY PGKALEYMGY
SUITYSGSTYYN PSLKGRISIT RGTSENQYYL TLSSVTTVET ATYYCARWHY
101 GSPYYVEDYIGQGTTLTVSS
No hunian epitopes were identified for sequence HC2a in IEDB database. HC2a germinality index =

67% with IGHV4-31-03_IGHD6E-25-01_IGHI4-02.

HC2b (SEQ 1D NO: 85):
P EMTLKESGPY LVRPTQTLSL TCSVTCGLSMT @GYIWVNWIRKET PGEKALEYMGY
STITYSGSTYYN PSLKGRISIT RNISKNQYYL TLASVTITVDT ATYYCARWHY

No human epitopes were 1dentified for sequence HC2b w IEDB databage. HC2b germinality index =

67% with IGHV4-31-03 IGHD6-25-01 JGHI4-02.

HC3 (SEQ ID NO: 86):
1 gMTLKESGPT LVKPTQTLSL TCSVsGOSMT NGYWNWIRGE PGKALEYMGY
SUITYSGSTYYN PSLKGRAIT RATSKNQYYL TLSSVTTVDT ATYYCARWHY

0
~d
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W GSPYYEDYG QGTTLTVSS
No human epitopes were identified for ssquence HC3 i IEDB database. HC3 germinality jodex =

72% with IGHV4-31-03 IGHD6-25-01 JGHI4-02.

HC4 (SEQ 1D NO: 87):
1 gMTLKESGPT LVKPTOQTLSL TCSVsGESMT @GYWNWIRGF PGKALEYMGY
S1TITYSGSTYYN PSLKGRAT R@TSKNQYYL TLSSVTTVET ATYYCARWHY
101 GSPYYFDYWG QGTTLTVSS
Mo homan epitopes were identified for sequence HC4 in IEDB database. HC4 germinality index =

70% with IGHV4-31-03_IGHD6-25-61_IGHI4-02.

HCS5a (SEQ ID NO: 88):
P QYVQLOESGPG LVKPSETLAL TCTVSGDSMI NGYWNWIRQEP PGEGLEYMGY
SUITVSGSTYYN PSLKSRITIS INTSKNQYSL KLSSVTAADT AVYYCARWHY

Ne human epitopes were identified for sequence HCS5a in IEDB database. HCSa germinabty index =

54% with IGHV4-59-02 IGHD6-13-01 IGHI4-02 [VHS4 4-591

HOCSb (SEQ 1D NG: 89y
1 QMQLOQESGPG LVEPSETLSL TCTVSGOSMT NGYWNWIRQY PGKGLEYMGY
SUITYSGSTYYN PSLKSRIT/S KDISKNQYRE KESSVTAADT AVYYCARWHY
W01 GSPYYEDYRG QGTLVTVSS
No human epitopes were identified for sequence HCSb in IEDB database. HCSb germinality index =

84% with IGHV4-59-02_TGHDE-13-01_IGHI4-02 [VH4 4-39].

HC3¢ (SEQ ID NG: 90
1 QMOQLOOSGPG LVKPSQTLSL TCAISGDRSMT NGYWNWIRGS PSRGLEYAMGY
SUITYSGSTYY A VSVKSRIT/N RDTSKNQISL QLASVTPEDT AVYYCARWHY
No huiman epitopes were 1dentified for sequence HC3¢ 10 IEDB database. HCS¢ gernunality index =
78% with IGHV6-1-02 IGHD6-13-01 IGHI4-02 [VHG 6-011.

A schematic of all heavy chain mutations is shown in Figure 16.

¢} Combinations of Heavy and Light Chain Variant Sequences
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For grafting, three versions for the light chain (LC5a, LCSh, LOSc) and three versions of the
beavy chain (HCSa, HCSb, HCS¢) were created. LLC5a contains 16 mutations derived from grafiing to
the closest human germline sequence and refaining the murine CDR and most of the murine Vermer
zone residues. Two murine Verpier residues, T46 and N69 are not present m any human germbine
sequenee and were conservatively mmitated. LOSb containg 14 mutations derived from grafung to the
closest human germline sequence and retained the murine CDR and all the murine Vernier zone
residues. LCSe contains 22 mutations derived from grafting to the second closest human germiline
sequenice and retained the murine CDR and all the mrine Vernier zone residues.

HC5a contains 20 mutations derived from grafting to the closest fuman germline sequence
and retained the murine CDR and most of the mourine Vernier zone ues with the exception of
M2V, Met occurs with a very low propensity at this position in burnan geruline sequences. HCSh
contains 2¢ mutations devived from grafting o the closest human germiine sequence and retained the
murine CDR and all the murine Vernier zone residues. HC 5S¢ contains 23 mutations derived from
arafting 1o the second closest human germline sequence and retained the murine CDR and all the
mourine Vernier zoune residucs.

Ten combinations were prepared 1 total (summarized i Table 19):

#  LClax HCla (mutations addressing 4D humanization hased on the closest germline

sequence)

s LU x HCIb (mutations addressing 4T3 humanization based on the 2™ closest germline
sequence)

¢ LC2 x HC2a (nwitations addressing 4D lmmanization and unwanted sequences)

e L2 x HC2b (mutations addressing 4D humanization and unwanted sequences)

¢ LCla x HC2b {mutations addressing 4D humanization and snwanied sequences)

e L3 x HC3 (mmutations addressing 41 humamization and stabilization)

s LC4 x HC4 (mutations addressing 4D humanizing, unwanted sequences and stabilization)

& LLCSax HC3a (mutations addressing humanization by grafting retaining CORs and
'rtcoiporatin g 3 couservative Vernier modifications)

® JC5b % HCSb (routations addressing humanization by grafting retaining CDRs and Vernier
regions}

e LCS¢ x HC3e (mutations addressing humanization by grafting retaining CDRs and Vernier
regilons)

>

Table 19: Swmmary of the Ter LC x HC Combinations

0
D
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HCla X{1)
()
HCib X2}
()
HCZ2a x(3)
{(H+UM; Low
HC2h X{4) X{5}
(H+UM)
HC3 X{1h X(6} X {12y
{(H+5)
HC4 X7
{H+URM+S) Low
HCSa X(8)
(G}
HCSh X{(13) X{14) X{9)
(&)
HCS¢ X164
(G} Low
H=humanizing; UM= unwanted motifs; S=stabilizing; G=grafting
Low=low expression levels
Number within the () mdicates the vavant number; note: variants 11 - 14 were added following
characterization of the original fen variands (variants {-10)

Table 21: Mutations of the eight LC variants of the anti-FAll A44 antibedy

-~
= " o (f?
x| o e o,
5 R - g E|E
U pock ok 9] - =¥ food] ok s
- o | &
and
Aspl Gl
Lys3 Gln Gin Val
Ser9 Ala
Serld Thr
Metll Leu Val leu leu Leu Leu Leu Leu
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Tyri2 Ser Ser Ser Ser Ser Ser Ser Ser
Alal3 Val Leu
Leuls Val Pro Val Val Val Val Val Pro
Ghal7 Asp Gln Asp Asp Asp Asp Asp

Argll Thr

Vall9 Ala
Ile21 Leu
Thr22 Ser
Lysd2 Gln Gln
Serd3 Ala Ala Ala
Lys45s Arg
Thrd6 Leu

Asns2 Gln Gin

Asp3é Glu Glu

Vals8 Tie
Seréd Ala
Gin6s Thr

Ser72 Thr Thr Thr
eu’3 Phe Phe

Glu79 Gl Gla Gln Gln Gin Glo Gin

91
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Tyrso Pro Ala Pro Pro Pro Pro Pro Pro
Glugl Met
Met83 Leu Gha Leu Leu Lew ile Tle Phe
Glyg4 Ala Ala Ala Ala Ala
11285 Thr Thr Thr Thr Val
Leultd Val Val Val
Glutds Thr
7 12 9 9 11 16 14 22
8.2
3 2
= g
H=humanizing; UM= unwanted motifs; S=stabilizing; G=grafling

Table 22: Mutations of the nine HC variants of the anti-PAR] A44 antiboedy

= 8 - & . P - -
2 é =3 = & § ) § E mal @ 2 &
;B 8 S RE |z o =
£z 02 |82 §2183212 328 |8 %
FE W L FEIRE D - ASEN L &
woF | = = = = o =
Glul Gin | Gin | Glon | Glo 3ln
Met2 Val
Gin3 Thr The | Thre | Th | The
Glas Lys Lys Lys Lys Lvs Gln
Serif Thr Gly Thr Thr Thr Thr Gly | Gly Gly
Serl3 Thr Tir | Thre | Thr | The
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Glnlé Gla Ghi | Glu

Serl3 The Thr Ala
Val24 15
The25 Ser Ser Ser Ser Ser
Asp27 Glu Glu

Agn3l Gl Gln Gin

Lys39 Gin | Gin | Gln | Glo Gin
Phedl Pro Pro Ser
Gly4d2 Ser

Asndl Lys Lys Lys Lys Lys Lys Lys Lys Arg

Lys44 Ala Gly | Ala Ala Ala Ala Gly | Gly Gly

Asndd Ala
Pro6] Val
Leud3 Val
Glyas Ser Ser Ser
68 Thr Thr The The Thr
The70 Ser Ser Asn
Asn72 Gin Asp | Gln Asp | Asp
Tyr79 Ser Ser e

Glogl Thr Lys Thr The Thy hr Lys | Lys
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Thrg7 Ala Ala Pro

GhaB8 Val Ala Val Val Val Val Ala Ala

Asp89 Gl Glu

Thi92 Val Val Val

Thrii4 feu | Leu Leu

Leulls Val Val Val
» & ) 12 9 i: i6 20 20 23
=3
z o=t

H=humanizing; UM= unwanted motifs; S=stahilizing, G=grafling

In summary, ten varianis were generated during the humanization process. These variants were

expressed and characterized in several in vitro assays as described below.

5 Ty Characterization of Humanization Variants

Bascd on the in silico modsling presented in the above example, ten variants were generated
d variants 14 by CDR grafting; variants 3 and 10 were

{(variants 1 - 8 by 4D bunanization ang

created on the second closest germaline). The variable region of the lght chain and heavy chain DNA
16 of humanized Ad4d were prepared for HEK293 expression. Proteins were generated after cloning the
corresponding DNA joto pXL plasmids (New Eugland Biolabs; Nbel/Ecod 7HI for the HC,
Nhel/BsiWl for the LC), Humanized sequences were codon optinnzed for HEK expression and gene
synthesized by GeneArt {sobsidiary of Life Technologies). The resulting plasmids were co-transfected
and transiently expressed in FreeStyle™293 Expression System (Invitrogen, Cat#K9000-01). Variants
3 and 10 were very poorly expressed and were not further pursued. All other variants were expressed
and purified using Protein A columnns.  Analytical gels showed partial glycosylation (about 5 — 10%)

"

of the light chains in vaniants 6 and 9 and heavy chains in variants 5 and 7 {data not shown). The

remaining eight variants were tested in the chromogenic assay using hPAT and plasmin generation

assay in human stellate cclls using human glycosylated PAL Results are shown in Tabie 23.
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Table 23: Characterization of humanization varissts in plasmin generation and chromegenie

ASSRY
Plasminogen Activation Chromogenic Assay

mAb 188 (abD) Y56% FCS (nM)

Add 3.47 4559 0.44
Add-hvi 3.12 44 .99 .49
Ad4-bv2 Not determined Not determined 0.60
Add-hvd Inactive 26.00 0.52
Ad4-hvS Nt deterrained Not determined 1
Ad4-hvo 1.78 56.94 (.82
Add-Bv7 Not determined Not determined 0,59
A44-hv8 Inactive 1100 6.76
Ad4-hvy 1.9 46.53 (.86

Vanants 6 and 9 showed the best potency in the plasroin generation assay but bad partial (5 -

10%} glycosylation o the light chain. Based on these results, new variants 1 1-14 were produced using

corohinations of heavy chains from variants 6 and 9 and hght chains from variants 5 and 7. Table 24

summuarizes all the variants created.

Tabie 24: Hhumanization varianis

Variant # Description SEQ ID NGs
Ad4-hvi LClax HCLa 109
A44-hv2 LCIb x HCb 110
Add-bv3 LC2 x HC2a 11l
Add-hvd LClax HC2 1z
Ad4-hvs LC2 x HCZb 113
Add-hvé LC3 x HO3 fi4
Add-hv7 LC4 x HC4 1is
Ad4-hvy LCS5a x HCS3a 1i6
A44-hv9 LO3b x HCSh 117
Add-hvid LC5¢ x HCSe 118
A44-bvil LC2 x HC3 119

A44-bvi2 LC4 X HC3 120
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Ad4-Bvi3 LC2 x HCSh 121
Ad4-hvid L4 x HCSh 122
Table 25: DNA Sequence Humanization variants
Gene Protein

HC s

GAGATGACCCTGAAAGAGTCOCGGCCCCACCCTGG
TCAAACCCACCCAGACCCTGAGCCTGACCTGOAG
CGTGACCGGCGACAGCATGACCAACGGCTACTGG
AACTGGATCCGGAAGTTCCCOGGCAAGGCOCTOG
AGTACATGOGCTACATCACCTACAGCGGCAGCAL
CTACTACAACCCCAGCCTOAAGGGCCGGATCAGE
ATCACCCGGAACACCAGCAAGAACCAGTACTACC
TGACCCTGTCCAGOGTG

(SEQ 1D NO: 123)

EMTLKESGPTLVKPTOTLSL
TCSVTGDSMTNGY WNWIRK
FPGKALEYMGYITYSGSTYY
NPSLKGRISITRNTSKNQYYL
TLSSVITVDTATYYCARWH
VGAPYYFDYWGOGTTLTVSS
(SEQ ID NO: 82)

HC1b

GAGATGCAGOTGCAGGAAAGCGGUCCTGOCCTG
GTCAAACCCAGCGAGACACTGAGCCTGACCTGCA
GCOTGACCGGCGACAGCATGACCAACGGOTACTG
GAACTGGATCCGGAAGTTCCCOGGCAAGGGCOTC
GAGTACATGGGCTACATCACCTACAGCGGUAGCA
CCTACTACAACCCCAGCCTGAAGGGCCGGATCAG
CATCACCCGGAACACCAGCAAGAACCAGTACTAC
CTGAAGCTGTCCAGOGTG

(SEG ID NO: 124)

EMQLQESGPGLVKPSETLSL
TCSVTGDSMTNGY WNWIRK
FPGKGLEYMGYITYSGSTYY
NPSLKGRISITRNTSKNGYYL
KL3SVITADTATYYCARWH
YGSPYYFDYWGQGTTLTVSS
(SEQ ID NO: 83)

HC2a

GAGATGACCCTGAAAGAGTCOGGOCCCACCCTGG
TCAAACCCACCCAGACCCTGAGCCTGACCTGOAG
COTGACCGOCGAGAGCATGACCCAGGGCTACTOG
AACTGGATOCGGAAGTTCOCOGGCAAGGCOCTCG
AGTACATGGGCTACATCACCTACAGOGGCAGOAC
CTACTACAACCCCAGCCTGAAGGGCOGGATCAGE
ATCACOCGGCAGACCAGCAAGAACCAGTACTACC
TGACCCTGTCCAGOGTG

(SEQ TD NGk 125)

EMTLKESGPTLVKPTOTLSL
TCSVTGESMTQGYWNWIRK
FPGKALEYMGYITYSGSTYY
NPSLKGRISITROTSKNQYYL
TLSSVTTVETATYYCARWH
VGAPYYFDYWGOGTTLTVSS
(SEQ ID NO: 84)

HO2b

GAGATGACCCTGAAAGAGTCCGGCCCCACCCTGG
TCAAACCCACCCAGACCCTGAGOCTGACCTGCAG
CGTGACCGGCGACAGCATGACCCAGGGCTACTGE
AACTGGATCOGGAAGTTOCCCGGCAAGGLOCTCG
AGTACATGGGCTACATCACCTACAGCGGCAGCAC
CTACTACAACCCCAGCCTGAAGGGCCGGATCAGC
ATCACCCGGAACACCAGCAAGAACCAGTACTACC
TGACCCTOTCCAGCGTO

(SEG 1D NO: 126)

EMTLKESGPTLVKPTQTLSL
TCSVTGDSMTQGY WNWIRK
FPGKALEYMGYITYSGSTYY
NPSLKGRISITRNTSKNGYYL
TLSSVITVDTATYYCARWH
YGSPYYFDYWGQGTTLTVSS
(SEQ ID NO: 85)

HC3

CAGATGACCCTGAAAGAGTCCGGCCCCACOUTGEG
TCAAACCCACCCAGACCCTGAGCCTGACCTGCAG
CGTGTCCGGCGACAGUATGACCAACGGCTACTGG
AACTGGATCCGGCAGTTOCCCGGCAAGGLCCTOG
AGTACATGGGCTACATCACCTACAGOGGCAGCAC
CTACTACAACCCCAGCCTGAAGGGCCGGATCACC
ATCACCCGGGACACCAGCAAGAACCAGTACTACC
TGACCCTGAGCAGCGTG

OMTLEESGPTLVKPTOTLSL
TCSVSGDSMTNGYWNWIRO
FPGKALEYMGYITYSGSTYY
NPSLKGRITITRDTSKNQYYL
TLSSVITVDTATYYCARWH
YGRPYYEDYWGQGTTLTVSS
(SEQ 1D NO: 86)
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(SEQ ID NG: 127)

HC4

CAGATGACCCTGAMMGAGTCCGGCCCCACCCTOG
TCAAACCCACCCAGACCCTGAGCCTGACCTGCAG
CGTGTCCGGCGAGAGCATGACCCAGGGOTACTGG
AACTGGATCCOGGCAGTTCCOCGGCAAGGCCCTCG
AGTACATOGGCTACATCACCTACAGCGOCAGCAC
CTACTACAACCCCAGCCTGAAGGGCCGGATCACC
ATCACCCGGCAGACCAGCAAGAACCAGTACTACC
TGACCCTGAGCAGOGTG

(SEQ 1D NO: 128)

OMTLKESGPTLVKPTQTLAL
TCEVSOESMTQGYWNWIRQ
FPGKALEYMGYITYSGSTYY
NPSLKGRITITROTSKNQY YL
TLSSVITVETATYYCARWH
YGSPYYFDYWGQGTTLTVSS
(SEQ [D NO: 87)

H{5a

CAGGTGCAGCTGLCAGGAAAGCGGUCCTGGLCTOG
TCAAACCCAGCGAGACACTGAGCCTGACCTGCAC
COTGTCCOGCGACAGCATGACCAACGGLTACTGG
AACTGGATCCGGLCAGCCLCCTGGLAAGGGCCTCG
AGTACATCGGGCTACATCACCTACAGLGGLAGCAC
CTACTACAACCCCAGCCTGAAGTCCCGUGATCACC
ATCAGCCGGAACACCAGCAAGAACCAGTACAGC
CTOGAAGCTGAGCAGCGTG

(SEQ ID NO: 129)

QVOLQESGPGLVKPSETLAL
TCTVSGDSMTNGYWNWIRQ
PPOKGLEYMGYITYSGSTYY
NPSLKSRITISRNTSKNGYSL
KLSSVTAADTAVYYCARWH
YGSPYYFDYWGQGTLVTVS
g

(SEQ 1D NO: 88)

HCSh

CAGATGCAGCTGCAGGAAAGCGGCCCTGHOCTOG
TCAAACCCAGOGAGACACTGAGCCTGACCTGCAC
CGTGTCCGGCGACAGCATGACCAACGGCTACTSG
AACTGGATCCGGCAGCCCCCTGGCAAGGGCCTCG
AGTACATGOGCTACATCACCTACAGCGGCAGCAL
CTACTACAACCCCAGCCTGAAGTOCCGGATCACT
ATCAGOCGGGACACCAGCAAGAACCAGTACAGE
CTGAAGCTGAGCAGCGTG

(SEQ 1D NO: 130)

QMOQLQESGPGLVKPSETLSL
TCTVSGDSMTNGY WNWIRGQ
PPGKGLEYMGYITYSGSTYY
NPSLKSRITISRDTSKNQYSL

KLSSVTAADTAVYYCARWH
YGSPYYFDYWGQGTLVTVS
S

(SEQ [D NO: 89)

HC 3¢

CAGATGCAGCTGCAGCAGAGCGOCCCTGGOCTGG
TCAAACCCAGCCAGACCCTGAGCCTGACCTGOGE
CATCAGCGGCGACAGCATGACCAACGGCTACTGG
AACTGGATCOGGCAGAGCOCCAGCAGAGGCCTOG
AGTACATGGGCTACATCACCTACAGCGGCAGCAC
CTACTACGOCGTGTCOGTGAAGTCCOGGATCACT
ATCAACCGGGACACCAGCAAGAACCAGTACAGC
CTGCAGCTGAGCAGCGTG

(SEQ ID NO: 131)

OMQLOOSGPGLVKPSOTLSL
TCAISGDSMTNGYWNWIRQ
SPSRGLEYMGYITYSGSTYY
AVSVESRITINRDTSKNQYSL
QLASVTPEDTAVYYCARWH
YGSPYYFDYWGQGTLVTVS
(SEQ 1D NO: 90)

LCla

GACATCAAGATGACCCAGAGCCCCAGCAGOCTGA
GUGCCAGOGTGGOCGACAGAGTGACCATCACATG
CAAGGCCAGCOCAGGACATCAACAGCTACCTGAGC
TGGCTGCAGCAGAAGCCCGGCAAGAGCOCCCAAG
ACCCTGATCTACCGGGOCAACCGCAGCGTGGACG
GCGTGCCAAGCAGATTTTCCGGCAGCGGOAGOGS
CCAGGACTACAGCCTCACCATCAGCAGCCTGCAG
CCCGAGGACCTGGGUATC

(SEG 1D NO: 132

PIKMTOSPSSLSASVGDRVTT
TCKASQDINSYLSWLOOKPG
KSPKTLIYRANRSVDGVPSRF
SGSGSGODYSLTISSLOPEDL
GIYYCLOYDEFPPTFGGGTE
LEIK

(SEQ ID NO: 91)

LCib

GACATCAAGATGACCCAGAGCCCCAGCAGCGTGT
CCGTGTCTCCTGGUCAGACCGTGACCATCACATG

CAAGGCCAGCCAGGACATCAACAGCTACCTGAGC
TGGCTGCAGCAGAAGUCCGGCCAGTCCCCCAAGA
CCCTOATCTACCOGGGCCAACCGLCAGCGTGGALGEH
CGTGCCAAGCAGATTITCCGGCAGCGGCAGCHGGC

DIKMTQSPSSVSVRPGQTVTI
TCKASQDINSYLISWLOQQKPG
QSPKTLIVRANRSVDGVPSRY
SGSGSGOBYSLTISSLQAMD
EGIYYCLQYDEFPPTFGGGT
ELTIK
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CAGGACTACAGCUCTGACCATCAGCAGCCTGCAGG
CCATGGACGAGGGCATC
(SEQ I NO: 133)

(SEG ID NG: 92)

L2

GACATCAAGATOACUCAGAGCCCCAGCAGOCTGA
GOGCCAGCGTGGGCGACAGAGTGACCATCACATG
CAAGGCCAGCCAGGACATCAACAGCTACCTGAGE
TGGCTGCAGCAGAAGCCCGGCAAGAGCCCCAAG
ACCCTGATCTACCGGGOCCAGCGGAGCGTGGAAG
GOGTGCCAAGCAGATTCAGCGGCAGUGGCTCOGG
CCAGGACTACAGCCTGACCATCAGCAGCCTGCAG
CCCGAGGACCTGGGCATC

(SEQ 1D NO: 134)

DIKMTQSPSELSASVGDRVTI
TCKASQDINSYLSWLOQQKPG
KSPETLIYRAQRSVEGVPSRF
SGSGSGODYSLTISSLOPEDL
GIYYCLQYDEFPPTFGGGTE

LEIK

(SEQ [D NO: 93)

GACATCAAGATGACCCAGAGCCCCAGCAGCCTGA
GCOCCAGCGTGGGUGACAGAGTOACCATCACATG
CAAGGCCAGCCAGGACATCAACAGCTACCTGAGC
TGGCTGCAGCAGAAGCCCGGCAAGAGCCOCAAG
ACCCTOATCTACCGOGCCAACCGCAGCGTGGACG
GCOTGCCAAGCAGATTTTCCGGOAGOGGCAGCGG
CCAGGACTACAGCCTGACCATCAGCAGCCTGCAG
COCGAGGACCTGGOCACT

(SEQ ID NO: 135)

DIKMTQSPSSLSASYGDRVTI
TCKASQODINSYLSWLQQKPG
KSPKTLIVRANRSVDGVPSRF
SGSGSGODYSLTISSLGPRDL
ATYYCLQYDEFPPTFGGGTE
LEIK

(SEQ 1D NO: 94)

LC4

GACATCAAGATOACCCAGAGCCCCAGCAGCCTGA
GOGCCAGCGTGOGCOACAGAGTGACCATCACATG
CAAGGOCAGCCAGGACATCAACAGCTACCTGAGE
TGGCTGCAGCAGAAGCCCGGCAAGAGCOCCCAAG
ACCCTGATCTACCGGGOCCAGCGGAGCGTGGAAG
GOGTGCCAAGCAGATTCAGCGGCAGUGGCTCOGG
CCAGGACTACAGCCTGACCATCAGCAGCCTGCAG
CCOGAGGACCTGGOCACC

(SEQ 1D NO: 136)

DIKMTQSPSELSASVGDRVTI
TCKASQDINSYLSWLQQKPG
KSPKTLIYRAQRSVEGVPSRF
SGRGSGODYSLTISSLOPEDL
ATYYCLOQYDEFPPTFGGGTK
LEIK

(SEQ [D NO: 95)

GACATCCAGATGACCCAGAGCCCCAGCAGCCTGA
GCOCCAGCGTGGGUGACAGAGTOACCATCACATG
CAAGGCCAGCCAGGACATCAACAGCTACCTGAGC
TGGCTGCAGCAGAAGCCCOGGCAAGGUCCCCAAG
CTGCTGATCTACCGGGCCAACCGCAGOGTGGACS
GCOTGCCAAGCAGATTTTCCGGCAGCGGCTOCGG
CACCGACTACACCTTCACCATCAGCAGUCTGCAG
COCOAGGATATOGCCACC

(SEQ 1D NO: 137)

DIOMTQSPSSLSASYVGDRVTI
TCKASQDINSYLSWLQQKPG
KAPKLLIYRANRSVDGVPSR
FSGSGSGTDYTFTISSLOPEDI
ATYYCLOYDEFPPTFGGGTK
VEIK

(SEQ 1D NO: 96)

LCShb

GACATCCAGATGACCCAGAGCCCCAGCAGCLTGA
GOGCCAGCGTGOGCOACAGAGTGACCATCACATG
CAAGGOCAGCCAGGACATCAACAGCTACCTGAGE
TGGOTGCAGCAGAAGCCOGGCAAGGCOCTCAAG
ACCCTGATCTACCGGGOCAACCGCAGCGTGGACG
GOGTGOCAAGCAGATTTTOCGGCAGCGOCAGCGO
CCAGGACTACACCTTCACCATCAGCAGCCTGCAG
CCOGAGGATATCGCCACO

(SEQ 1D NO: 138)

DIOMTOSPSSLSASVGDRVTI
TCKASQDINSYLSWLQOKPG
KAPKTLIYRANRSVDGVPSR
FSGSGSGODYTFTISSLOPEDT
ATYYCLQYDEFPPTFGGGTK
VEIK

(S5EQ D NO: 97)

GAGATCGTGATGACCCAGAGCCCCGCCACCCTET

CTCTGAGUCCTGGCGAGAGAGCCACCCTGAGCTG
CAAGQCCAGCCAGGACATCAACAGCTACCTGAGC
TCGCTGCAGCAGAAGCCCGGLCCAGGCCCCCAGA

EIVMTQSPATLSLSPGERATL
SCKASQDINSYLSWLQQKPG
QAPRTLIYRANRSVDGIPARF
SGSGSGODYTLTISSLEPEDE
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ACCCTGATCTACCGGGCCAACAGAAGCGTGGACG | AVYYCLOYDEFPPTEGGGTK
GCATCOUCGCCAGATTCAGCGGCAGCGGCTCCGG | VEIK
CCAGOGACTACACCCTGACCATCAGCAGCOTGGAA | (SEQ ID NO: 98)
CCCGAGGACTTCGCCGTG
(SEQ D NO: 139)

Protein

CH ASTEKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTTPAVLO
SSGLYSLSSVVTVESSSLGTOQTYICNVNHKESNTEVDKEVEPKSCDKTHTCPPCPAPEL
LGGPSVELFPPKPRDTEMISRTPEVTICVVVDVSHEDPEVEFNWY VDGVEVHNARTEP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVENKALPAPIEKTISKAKGOQPREPQV
YTLPPSRDELTENGQVSLTCLVEGE (SEQ 1D NO: 99)

CL RTVAAPSVEIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWK VDNALOSGNSQESVT
EODSKDSTYSLASTLTLSKADYEKHKVYACEVTHOGLSSPVTK SFNRGEC
(SEQ 1D NG: 100)

All variants, except poorly expressed variants 3 and 10, were tested in Biacore against human and

cyno PAI-1 and Vitronectin-PAI-1 complex. The data is presented in Table 26.

Table 26; Characterization of humanization vaviands in 2 Biacore

Vitronection Chip / Homan FAL1
mABBPALT Vi kal {(1/Ms) kd 1 (1/s) KD MY
Add parental * 5.68E+06 2.298-04 4.04E-11
Ad4-hvi* LIGE+Q7 5.85E-04 3.26E-11
Add-hv2E* 2.99E+06 4.03E-04 1.35E-10
Ad4-Bver 4.59E+06 8.80E-05 1.92B-11
Add-hvS* 2.72E+06 2.76E-05 LOZE-11
Ad4-hvo* 4.38E+06 5.68E-05 1.33E-11
Add-hvTE 4. 34E+06 3.94E8-04 9.64E-11
A44-hvE* n/a wa na
Ad4-hvo* 6.36E+06 1.03E-04 L70E-11
Add-hvii® 7.66E+06 1.22E-04 1.56E-11
Ad4-hvizZ* 5.15E+06 B.14E-05 1.61E-11
Ad4-hviir® 2.40E+06 4.36E-04 1.79E-10
Add-hvid*® 4.06E+06 395E-05 9.576-12
Vitronection Chip / Cyne PAL-1
mAb/ePAL-1/Vi kal (1/Ms} kd 1{i/s5) KD (M)
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Add parental ® 3.98E+06 2. 75E-04 5.96E-11
Add-hviF® 337E+06 8.27E-03 245E-09
Add-hv2Hx 230E+06 3.14E-04 1.37E-1¢
Add-hvdw* 2.260-+05 1.70E-04 752E-10

Add-hvs* 340E+H036 1.11E-04 3.26E-11
Add-hve* 5265406 2.51E-05 5.01E-12
Ad4-RyTH* 2.50E+06 2.39E-04 g 56E-11
Ad4-hv8* n/a n/a a
Add-hvo* 68.51E+06 1.34E-04 2.15E-11
Add-pvliir> 1.36E+06 6.00E-04 387E-1¢
Ad4-hvid* 4.2604+06 2.35E-04 5.69E-11
Add-hvi3Fr 2.12E+06 2.43E-04 1.15E-19
Add-hvig® 36 2.13E-04 3.86E-11

Anti-human IgG Fe chip / homan PAL3
mAb/RPAL1* kal {1/Ms) kd 3 (Us) KD O
Ad4-hvil/BPALS 1.57E+06 6.65E-05 4.25E-11
Ad4-hviZ/hPALY 62E+06 6.70L-05 4.14E-11
Ad4-hvidhPAL-L 1.54E+06 2.52E-05 1.64B-11
A44-bvi4/BPALR 1.25E+36 342E-05 270811
Agpti-boman §gG Fe chip / oyno PALY
mAL/CPALT kal (1/Ms) kd 1 (i/s) KB (B
Ad44-bvil/BPALY 1.87E+36 5.60E-05 3.00E-11
Ad4-hviZ/hPALY 2.24E+G6 5.45E-05 2.44E-11
Ad4-hvidhPAL-L LBOE+GA 5.08E-05 2.70E-11
A44-bvi4/BPALR 2.32E+06 2.69E-05 LISE-1

*1:1 molecular interaction model

**Twao state reaction (conformation change) model

1/a means the variant did not bind effectively to vitronectin/PAI-1 complex

Biacore data did not reveal significant differe

nces between humanized vanants, All

Inmmanized variants, except variant 8, showed alfinity to both cyno PAL-1 and human PAL-1 and PAL-
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1 complexed to vittonectin within an acceptable range. In comparison to parental A44, humanization
did not appear to change antibody affiuity,
Although affinity and potency of the bumamized variauts didn’t differ significantly m the
chromogenic and Biacore assays, the ability of the variants to restore plasmin generation in the
S5 celiular assays was significantly lower than parental mouse antibody for some vartants {se¢ Table 27
sumimarizing comparison of chromogenic assay and cellular assay below). Homanized vaniants 11 —

14 were tested for the ability to block PAI-1 in the cellular assay.

Table 27: Characterization of humanization variants 11-14 in plasmin generation

Plasminogen Activation
mAb OS50 () Y56% n
Ad4 3.3 7979 )
Ad4-Bvil 2.01 85.82 &
Add-bvil 1.99 78,70 6
Add-hvl3 1.82 7130 5
Add-hvid 1.82 £1.22 6
Ad44-hvY 1.51 50.92 4
Ad4-hvi 2.08 58.50 2
10
Variants 11 through 14 showed good potency in the plasmin generation assay and were
firther characterized in additional in vitro assays.
8} Characterization of huwmanization variants in human liver
15 Additional screening of the homanized variants 11 — 14 was performed using endogenously

produced human PAIL-1 from Juman plasma and human fibrotic liver samples.

PAI-1 activity was evaluated by measuring the ability of this serpin to form a stable complex
with urokinase immobilized on 96 well plates. After washing unbound PAI-1, uPA-PAT-1 complexes
were detected by the use of polyclonal antiPAl-1 antibodies. The bound polycional anti-PAJ-1

20 antibodies (which is proportional to active PAI-1 in the sample) was then detected by using a
horseradish peroxidase conjugated secondary antibody (Molecular Tnnovation Cat. No., HPAIKT).
Various concentrations of A44 humamzed variants were incabated for 15 munutes at room
temperature with either human or cynomeolgoes recombinant PAI-1 (6.31 uM final concentration) and
then tested for functional active PAL-1 by uPA-PAIL-1 complex using the ELISA described above.

25  Samples were compared to a human PAI-1 standard. Human plasma from high BMI patients with
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bigh active PAI-1 levels were diluted 4-fold and were incubated with increasing amounts of A4
bumanized variants, Remaining active PAIL-1 levels were determined using uPA-PAIL-1 corplex
detection by ELISA. Cyno recombinant PAL-1 neutralization was also tested by plasmin generation to

confirm ¢ross-reacivity.

Table 28: Humanized variant ability te block endopencus PAL-1 activity

#PAL-1 Standard hPlasma THITE2 Cvng PAL-1
ECS0(nM) | YS50% i n mAD ECS0(mM) | Y536% | N | 1ICS8(nM) | Y50%
1.318-01 5080 2 Ad4-hvil 1.578-02 37.50 2 4.24E-02 50.80 2
1.14E-01 5345 2 Add-hviz 3.35E-03 37.68 2 2.66E-02 5345 2
1.66E-01 5282 {2 Add-hvi3 3.11E-02 61.35 2 2.81E-02 52.82 2
5.638-02 5247 {2 Ad4- hvld 5.86E-02 73.90 2 2.87E-02 52.47 2

Huroan fibrotic liver samples {provided by Biopredic International, Renues, France from
surgical resection of hepatic colon metastasis} were homogenized as follows: weighed frozen liver
samiples were homogenized in dry tubes containing ceramic beads {Cat No §3961-1-003, Bertin
Technology, France) osing Precellys homogeniser (Bertin Technology. France; 4°C, 2x30seconds at
6300 rpmy and then dissolved using 1 ml/g of lysis buffer (NaCl 1.5M 10 TBS -~ Tris Buffer Solution
0.1M Tris + 0.15M NaCl pH7.4). After centrifugation at 4°C at 50060g for 10min, the Hiver lysate in
the supernatant was harvested and stored frozen at -80°C. Total protein concentration using standard
BCA assay and active & total PAIL-1 levels (determined by UK-PAT complex ELISA provided by Mol
Imnov Cat No HPAIKT & Cat No MPAIKT-TOT) were performed following manufacturer
mstractions by plotting standard human PAT-1 concentration vs A450nm using Biostat Calibration
software. Tocreasing concendrations of Ad4 bumanized variaunts incubated with tiver lysate diduted to
2.5 nM of active PAI-1 were evaluated as described previously and data analayzed. Inhibition of PAL-
P activity (PAT-1 activity without mAb being 0% nhibition, vo significant and dose-dependent
of PAL-1 activity was plotted as a fimction of uAb concentration and IC5¢ was determmed Tmax

using Biostat speed software. Data 1s shown m Figure 17 and in Table 29.

Table 29: PAL-1 activity ncutralization by A44-hvil in human Hver

IC36 (add) Tmax (o)
Add-bvit (1 aM) (.0365 99.997
Ad4-hvil 2 nM) 0.0503 99.99
Add-bvil (3 aM) $.0465 9999
Mean +/- sern ¢.0444 +/- 0.004 99.99
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Based on the above data, Ad4-hvll was selected for further characterization n additional structural

studies and additional in vitro and 10 vivo studies.

Example 13:  Humanization of APG antibody by Grafting

5 Humanizaiion using grafting techniques has previously been reported (P. T. Jones, et al.,
Nature 1986, 321:522-525). The humanization of the anit-PAIL murine antibody APG began with the
muring light chain (SEQ 1D NO: 148) and murine heavy chain (SEQ I NO: 149) from German
Patent App. No. DE20G0153251; this raurine antibody is also described in Bebrock et al., Biockimica
ef Biophvsica Acta, 1337(2%257-266 {1997). Ideniifying the germline and canonical classes of the

10 HC and LC chain of the murine antibody yielded roulGHV -39 and nwIGKV14-111, respectively,
Nexti the list of close human gemunlines to anti-PAIL APG vanable domain light and heavy chaing
were identified and ranked by percent identaty. Both steps were done by performing a3 BLAST search
vs. all the human germlines which were systeratically enumerated (all possible combinations of the V
& J domains for the kappa and lambda chaing; V, D and J domains for the heavy chains}, The BLAST
searches were performed using the IMGT/DomainGapAlign tool provided at htip/www.imgt.org.
{(See Bhrenmann, ef al. Uold Spring Harbor Protocols 2011.6 (201 1)). The closest human germlines
were identified with 67.4% and 63.3% sequence identity to anti-PAIL APG variable domain light and
heavy chains, respeciively. Using the IMGT database, the light chain was found to be close to
Hul(GKV 1-33 and the heavy chain was close to HulGHV1-46. The closest human germiine to the
20 anti-PAII APG variable domain heavy chain with a maiching canonical class was found 1o be
HulGHV7-4-1 with a sequence identity of 62.2%.
CDR regions {based on a combination of Kabal and IMGT for APG) and Vernier residues are
indicated 10 Halics for the pavent murine APG (mAPG) light chain (SEQ 1D NO: 148), IGKV 1-33-
01 IGKH-01 (IGKV1a) (SEQ D NG 107y and for JIGKV1-33-01 IGKJZ-62 IGKVib (SEQ 1D
25 MNO: 150) (see Table 30, below). Vernier residues as defined 1o Foole, et al J Mol Binl 224(2):487-
99 (1992} are underlined. The humanizing motations {in boldface) were obtained by performing a
pairwise comparison of the two aligned sequences, exchuding the CDR & Vermer zone residues {also
underlined in mAPG sequences, Table 30) as defined above. No further engineering was performed

on the murine APG antibody. These humanized antibodies were named APGVZ and APGv4.

Table 36: APG humanization sequences

APG
Light Chain
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GTKLENIC

(SEQ 1D NO: 148)

APG
Heavy Chain

QVKLQESGPE LVKPOASVKE SCEKASGYSIT DYNMNWVEQS KGKSLEFIGT

LRFFD YWGOGTTVIVSS

(SEG 1D NO: 149)

IGEVi-33-
01 _IGKI4-01
{(IGKV1a)

DIQMTOSPSS LSASYGBRVT ITCOASQDIS NYLNWYQOKEP GKAPKLLIYVD
ASNLETGVPS RFSGRGSGTD FTFTISSLOP EDIATYYCQO YDNLPLTFGSG
GTEVEIK

(SEQ IDNO: 107)

IGKVi-33-01_
IGKI2-02
(GKV1b)

DIGMTOSPSS LSASVGBRVT ITCQASCDIS NYLNWYQOQKP GKAPKLLIYD
ASNLETGVPS RFSGSGSGTD FTFTISSLOP EDIATYYCQQ YDNLPCSFGQ
GTKLEIK

(SEQ ID NG: 150)

IGHV7-4-1-
02

1GHI4-03

QVOLVOSGSELKKPGASVKYSCKASGYTFTSYAMNWVRQAPGQGLEWM
GWINTNTGNPTYAQGFTGRFVESLDTSVSTAYLOQINSLKAEDTAVYYCARX
xxxYFDY WGQGTLVTVSS

(SEQ IDNOG: 151

IGHV1-46-01
IGH4-03

QVOLVQSGAEVEKPCASVKYSCKASGYTITSY Y MHWVRQAPGRQGLEWM
CGHNPSGGSTSYAQKFQGRVIMTRDTSTSTVYMELSSLRSEDTAVYYCARK
WXYFDYWGQGTLVTVES

(SEQ ID NO: 152)

APGvZ VL2

DIGLTQSPSS LSASYGBRVT ITCKASQLIY SYLSFQOKP GKAPKILIYR AN

GTKLEIK

(SEG D NO: 153)

APGv2 VHZ

QVQLYQSGSE LKKPGASVEY SCKAS GYSFT DYN MNWVROQA
POOQGLEIGI IHPNSGTTTY NOKFRGRAVL SVYDOSVSTAY LOISSLEKAED
TAVYYCARSK LRFEDYWGQG TLVTIVSS

(SEQ ID NO: 154)

APGvd_VHA

QVQLYQSGAE VEKPGASVIY SCKAS GYSET DYN MNWVRQA
POGOGLEW! GIIHPNSGTT TY NOKFKGRATL TVDOSTSTAY MELSSLRSIED
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TAVYYC ARSK LRFFDY WGQG TLVTVES

(SEQ ID NO: 155)

Enpincered sequences

4D humanization and grafling approaches were applied to the buman germiline sequence
matches described above. For the engineered light chain sequences, APGv2 contains the murine hight
chain CDRs grafted into the human IGKV1-33 germline (APGvZ germinality index = 94% with
IGKV1-33-01 IGKI2-01). For the engineered heavy chain sequences, APGvZ and APGv4 contain the
murine heavy chain CDRs grafted into the human IGHV7-4-1 and IGHV1-46 germlines respectively
{(APG VHZ gernunality index = 91% with IGHV7-4-1-02 1GHD6-25-01 IGHI4-02; APG VH4
germinality index = 91% with IGHV1-46-01 IGHD6-25-01 IGHI4-02). See Table 30 abave.

Combinations of Heavy and Light Chain Variant Sequences

For grafting, one version of the light chaim (APGv2_VLZ; SEQ 1D NO: 153} and two versions
of the heavy chain {APGv2 VH2; SEQ ID NO: 154 and APGv4 VH4; SEQ D NOG: 155) were
created. APG VL2 contains 15 mutations derived from grafting to the closest human germitine
sequence and retaining the murine CDR and Vernier zone residues. APG VHI contains 21 mutations
derived from grafting to the closest human germline sequence with a matching canonical class and
retaining the murine CDR and Vernier zone residues. APG VH4 contains 20 mutations derived from
grafting to the closest human germline sequence and retaining the murine CDR and Vernier zong
residues. The delimitations of the CDRs for this grafting protocol are loosely based on the various
different detinitions available in the hiterature.
¢ APG VL2 x APG VH2 (mutations addressing humanization by grafting retaining CDRs and
Vernier regions)
e APG VL2 x APG VH4 (mutations addressing humanization by grafting retaining CDHEs and
Vernier regions)
Two mAPG variants were generated during this humanization campaign, which were named APGv2
and APGv4. These variants were expressed and characterized in several in vifro assays as described

helow.,
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Example 14: Affinity Kinetics for APG andibodies by Surface Plasmonr Resenance

Affinity to human glycosylated PAI-1 (GLYHPAI-A, Molecular Innovation) was mvestigated
by Surface Plasmon Resonance (SPR) for mouse APG and the two humanized varianis (APGvZ &
APGv4) using a Biacore 2000 instrument (GE Healtheare, Uppsala, Sweden).

First, the surface of a Sensor Chip CMS5 {(GE Healtheare, Uppsala, Sweden} was prepared
using routine anune coupling for the capture of the mouse and human anti-Fe (Anti-human IgG
{Fcy antibody & Anti-mouse 1gG autibody kits, GE Healthcare). All monoclonal antibodies {mAhs)
were diloted to 5 nM using HBS-EP running buffer. Each purified mAb was captured for three
mirwtes on a different flow cell surface. Human PAT-1 was injected at various concentrations (2.5, 5,
10, 20 and 40 oM} with short dissociation timnes 1n between and 2 long dissociation time at the end
{conlact time: 120 seconds, short dissociation: 90 seconds; long dissociation: 1800 seconds, flow rate:
5¢ ul/mun}. The chip was regenerated by glyeme-HCI, pH 1.7 buffer after each round of antibody-
PAI-1 binding. Kinetics data analysis was performed using Biacore BlAevaluation software. The
sensorgrams were double-referenced by subtracting the reference flow cell valoes and the blank buffer
values. The sensorgrams were fitted by using the simulated kineties 1:1 {Langmuir) model with local

Rmax. {sce Figure 19}, The data for the three APG antibodies are shown in Table 31.

Table 31: Binding Kinetics by Biacore Reverse Assay

buman PAI-]
Antibody Dissociation Rate
ka (M h kd { 1,\; Affinity K (M)
APG 3.82E+06 4.328-04 1.131E8-1¢
APGY2 6.38E+06 2.69E-04 4.080E-11
APGvY 9.48E+06 3.59E-04 3.8G0E-11
Example 18: Characterization of APG antibodies in human plasma

The mouse APG and the humanized variants APGv2 and APGvd were screened tor their
ability 1o block PAI-1 according to the functional assays disclosed herein (see, ¢.g., Examples 6 and 9,
above). Briefly, PAI-1 activity was cvaluated by the ability of this serpin to forma stable complex with
urokinase immobilized on 96 well plates. After washing uobound PAL-L, uPA-PAT-] complexes were
detected by the use of polyclonal antiPAIL-1 antibodies. The hound polyclonal anti-PAL-1 antibodies
{which is proportional {o active PAI-1 in the sample) was then detected vsing a horseradish
peroxidase conjugated secondary antibody according to manufacturer mstractions (Moleculdar

Innovation, Cat # HPAIKT).
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Various concentrations of APG humanteed vaniants (APGv2, APGv4) or parental mouse APG
antibodies were incubated for 1[5 min at roors temperature with undiuied human plasma having a
high active PAI-1 level. Remaining active PAI-1 level was determined using uPA-PAI-1 complex
detection by ELISA as described above (see, ¢.g., Example 6) and acecording to the manufacturer
instruchion.

Inhibition of PAI-1 activity was calculated for each mAb concentration. Percent inhibition of
PAI-1 activity was plotied as a function of concentration of APG humanized vanants (APGv2,
APGv4) or parental mouse APG antibody. Biostat speed software was used to determine 1Cs0 and Ly
after three independent experimenis (in duplicate){see Figure 20} . Data is presented below in Table

Table 32: Plasminogen Generation in Human Plasma

Antibody U504 meank sem (M) Tmax mean (%)
mAPG 1.81 89,7
APGV2 9.62 E-1 945
APGv4 1.28 94 4

Example 16: Clot lysis assay in human plasma: 444V, mAPG, and APG variant activity

The fibrinolytic sysiem is often altered v patients with stroke. A clot Tysis assay can be used
to determine Obrinolytic activity by measuring the degree of fibnin breakdown. See generally
Lindgren, A er al. Stroke 27:1866-1071 (19963, Clot lysis assays have been described in detail
elsewhere, See, ¢.g., Beebe, et al. Thromb. Res 47:123-8 (1987, Tilley et al, J. Vis. Exp. 67:23822.

The functional activity of A44V 11 and other PAI-1 neutralizing antibodies was determined
using a human plasma clot lysis assay. Briefly, the assay applied here induces clot formation using a
mixture of Tissue Factor/CaZ+ in the presence of tPA and a concentration of PAI-1 known to inhibit
clot lysis. Fibrin polymerization induces an increase of turbidimetry that was detected by absorbance
measurenent at 340 nm. The ability of the antibody to restore clot lysis was determined by incubating
mereasing doses of antibody with normal lmman platelet poor plaso

Briefly, clot lysis experuments were performed in microtiter plates. Citrated human plas
(Biopredic Toternational, Renoes, France} was incubated with anti-PAI-1 auntibody ot isotype controle
12G diluied in assay buffer (NaCl, Tris-HCl pH = 7.4). After 15 min incubation at room teroperature,

human glycosylated PAL-1 {GLYHPAI-A, Molecular Innovaiion) was added to a Ginal concentration
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of' 3 nM and incubated for an additional 10 min. +-PA (sciPA, Molecular Tanovation) was then added
to a final concentration of | oM. Clot formation was induced by an aclivation mix comprising Tissue
Factor (nnovin®, Siemens Healthcare Diagnostics, Marborg, Germany) diluted (o 3 final
concentration of 7.5 mM 1o calcnum assay buffer (CaCh).

5 Kinetic reading of absorbance at 340 nm was performed every 30 sec for 5 hours with an
1IEMS miicroplate reader (ThermoFischer) or a SpectrostarNano {(BMG Labtech). To quantify the
gffect on clot lysis, the area under curve (AUC) which reflects the balance between clot formation and
clot lysis was calculated using GraphPad Prism Software. The restoration of clot lysis after antibody
treatment was determnined according to the following calculation:

AUCmax Iysis 7 AU Ctreated

AU (n-) tvsis AUCmanysis

Restoration = 100 x

10 ICs¢ and L, were calcudated using Biostat speed software
The 1 nM concentration of t-PA vielded complete lysis of normal plasma within 2 hours. The
3 nM-concentration of PAI-1 mhibited t-PA-mduced clot ysis. Addition of either -PA or PAI-1 alone
did not affect clot formation. Addition of netther t-PA or PAI-1 did not affect clot formation.
The A44V11 anti-PAT-1 antibody restored human p]atelet poor plasma clot lysis (see Figure
15 21y, while the sotype IgG1 did not (see Figure 22). Ad4V 11 exhibited an ICsq of 2 oM with an I, of
103% at 160 nM {see Figure 23).
The humanized variants of APG anti-PAI-1 antibody also restored buman platelet poor
plasma clot lysis {see Figure 24). APGV2 exhibiied an 1Cse of 2.1 1M and an L of 114% at 100 oM.
APGvE exhibited an {Cse 0f 2.8 oM and an Ly, of 116% at 100 oM (see Figure 25). The clot bysis

20 data 1s summarized below 1 Table 33.

Table 33: Inhibition of clot lysis by anti-PAL-1 antibodies

Antibody 1Cs (oM Imax @ 148 sM
Ad4V1l 1.38 113%
APG V2 2.08
APG V4 2.82
mAPG 2.34
25 Example 17: Assessment of A44V11 Neutralization of PAI-! in Primary Human Lung Cells

The effect of antibody A44V 11 on neutralizaiion of PAI-1 was investigated 10 a long cell-
hased system. TGFB s considered to be the most potent and ubigquilous profibrogente cytokine. TGER

has been shown to induce PAL-1 expression and inhibit the activities of t-PA and plasnun as well as
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collagen degradation in cultured vwrine erabryo Gbroblasts (NFH3T3 cells). See Lin, R-M. dnfioxid

Redox Signal. 10(2): 303-319 {2008). Primary ung fbroblasts strains LL29 (CCL-134) and L197A
{CCL-191} from ATCC (Manassas, Virginia) were plated overnight in a 12-well plate at
concentration of 200,000 cells per well. Cells were incubated for 438 hours with A44V11 antibody or
isotype control IgG) and TGFB {(R&D Systems, Minneapohs, Minn,, cat, #100-B-001yat a
concentration of 5 ng/ml. After 48 hours, cell supernatants were harvested and analyzed by Western
Blot for detection of PAI-1 forms with a rabbit pAb anti PAI-1 {(abcam, ab66705}.

Cells treated with A44V11 antibody after TGFP stimulation display PAI-1 band as a doublet,
which corresponds o the cleaved form of PAI-1 {sec Figure 26, lane 5}). Cells treated with control IgG
do not show this doublet formation (see Figure 26, lane 6). This study demoustrates that treatment of
primary human tung celis with A44V11 induces endogenous PAT-1 substrate conformation, which

allows PAIL-1 1o be cleaved by protease.

Example 18: A44V11 increases activation of MMPg

Plasnun can activate MMPs, enzymes that can degrade most ECM proteins including
collagen, the major proteinaceous conponent of fibrotic tissue. In this regard, plasmin is often cited as
a general activator of MMPs. (See Loskatoft] ef ol J. Clin. fnvesr. 106(12):1441-43 (2060)). PAI-1
decreases MMP activation and matrix degradation by blocking plasmin generation, followed by
irhibition of fibroblast apoptosis. The ability of A44vi1 to stimmulate activation of MMPs was
investigated in a lung cell-based system. Primary lung fibroblasts LL29 (CCL-134) and LL97A
(CCL-191) from ATCC (Manassas, Virginia) were plated overnight in a 12-well plate at 2
concentration of 230,000 cells per well. Cells were incubated for 48 hours with Ad4V 11 or isotype
coutrol (Igf3) and Lys-Plasminogen (Molecular Innovation, cat. # HGPG—?IZ) at a concentration of
0.1 uM. After 48 hours, cell supematants weve barvested and the activities of a vaniety of MMDPs
{including, for example, MMP-1, 2, 3,7, 8, 9, 12, 13, and 14) were detected using a Sensolyte 520
Generic MMP Assay kit (AnaSpec, Fremont, CA, cat. # 71158} according to the mamifacturer’s
instruchions.

As shown in Figure 27, A44V11 stimpulates the activation of plasmin-dependent MMPs in
human tung {ibroblasts. The chart shows two representative separate experiments. Cells treated with
A44V11 and plasminogen showed substantially increased activation when compared to cells treated
with an negative g3l antibody. This study demonstrates that A44V1i1 stimulates MMPs activation in

a plasmin-mediated phenomenon.
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Example 19: Analysis of Ad4V11 potency in Jung fibrosic mouse model (bleomycin

chalienge}

Experimental lung fibrosis induced by bleomycin is a well-studied model of fibrogenesis
supported by ampie literatare. This mode] of pulmonary fibrosis reseimbles that scen in humans and
5 bas been used to assess the effects of potential therapeutic agents as well as basic research. {seg, ¢.2.,

Molina-Molina ef al. Thorax 61:604-610 {2006)).

Pharmacodynamics study in bleomycin treated mice {fibrosis model)
Transgemc wice that express huroan PAL1 {humanized PAL-1 fransgenic mice) were
10 generated by replacing the mouse PAR-1 {SERPINE]) gene CDS {exons and introns }INCBI Ref. No.
NM_ 0088713 with the corresponding human wild type PAL-1 gene CDS (NCBI Ref. No.
NM 000602.3; NC 000007.13)see Khinger, KW. ef af. Proc. Natl Acad. Sci. USA 84:8548% (1987))
under the control of the endogenous mouse PAI-1 gene regulatory sequences in C57B1L/6 x 129 mice
{The Jackson Laboratory, Bar Harbor, Maine). Molecular cloning and generation of transgenic mice
15 are performed according to conventional techniques and according to manufacturer and breeder
instractions. Expression of human PAI-1 and non-expression of mouse PAI-1 was confirmed in
homorygous mice. Both mRNA and protein levels were confirmed by standard gPCR and by ELISA,
respectively. Female homorygous humanized PAL-] transgenic mice aged 8-9 weeks and weighing

cre used for these procedures. Rodent food and water were provided ad fibitum.

20 Mice received 50pi of Bleomycin® (Sanofl, Frauce) dissolved in 0.9% Nalll by intra-tracheal
mjection via wicrospayer at a dose of 2 mg/ke. Condrol wice received 30u] of 0.9% NalCl. For these

procedures, mice were ancsthetized with isoflorane (TEM, Lormont, France} by mhalation and then
mtubated with a 18G cammula, The cannula was connected to a ventilator fed with an

oxygen/isofhirane mixtore to maintain the apacsthesia. Following anesthetization, the microsprayer

25 was introduced m the canmula for bleomycin ingjection directly into the ungs. Mice were then
extubated and allowed to recover from anaesthesia. At day 4, after randomization in 3 groups, mice
were treated once by intra-peritoneal administration of either A44v11 or negative control mouse 1gG1
at 10 mg/kg in PBS (1 mg/ml}.

At designated time points (day 7 or day 9) after bleomycin challenge, mice were anesthotized

30 with a xylazine/ketamine nuix and cuthanized by chest opening. A blood collection was performed b

1

intra-cardiac harvest on a cifrate coated tube. Left bronchia was clamped and the left lung was
removed and fixed with a fixator (FineFix®, Leica Biosystoms, Buffalo Grove, IL) under controlled
pressure for histological analysis A canrwla was then placed wto the trachea for the broncho-alveolar

favage (BAL) procedure (1.5 md of 6.9% MNal’l jnjected and barvest 1o three injections of 6.5 mi). The
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four tobes of the vight lung were then harvested, cut in two pieces and lysed for profein analysis. All
experimenis were performed 1o accordance with European cihical lows and approved by wternal
ethical comity (CEPAL, sanofil.

Ad4V11 levels were determined using ELISA (Molecular Innovation, cat, # HPAIKT) with
coaled biotinylated human PAL-1 plates and detected using secondary anti mouse [gG sulfo-lag
fabeled {(MesoScale Discovery, Gaithersburg, Maryland)., For Day 7 mice treated with A44V11, the
result was 200 nM in piasma, 11 nMin BALF and 12 nM in lung lysate.

As shown in Figure 28, adminstration of a single intra-peritoneal dose (10 mg/kg) of

A44V 11 at day 4 achieves nearly full inhibition of human active PAL-1 both in BAL fiuid and in Jung

o

Iysate in animals sacrificed at day 7 after bleomycin challenge. For day 9 animals, A44V11 (30
mg/ke} achieves nearly full inhibition of human active PAI-1 in lung lysates, but achicves only partial

whibition in BALF.

D-dumers, a {brin degradation product, can be measured 1o assess the degree of fbrin
breakdown. To mgasure fibrin degradation, the levels of D-dumer 1o BALF were deiected by ELISA
{Asserachrom D-Di, Diaguostica Stago, Asnteres, France) according to manufacturer justructions, D-
dimer levels in the BALF of the Ad4V 1 1treated group were increased approximately 2.8-fold at day
7 and 1.6-fold at day 9 when compared to the fgG1 negative control group, suggesting A44V11

treatinent mncreases fibrin degradation (see Figure 29).

Additional studies were performed to further assess A44V 11 activity in reducing fibrosis in
mouse lung challenged with bleomycin. For these studies, niice were sabjected to a similar protocol to
the pharmacodynamy study described above, except that the study duration length was 21 days from
bleomycin chalienge, and treatment with antibody {either A44V11 or IgGl control antibody at 10

-

'kg) was repeated every 3 days starting at day 4 until day 20, At day 21 after bleomycin challengs,

the animals were sacrificed as described above,

Tncrease in Jung weight is known to be an indicator of 1ncreased fibrosis. The right lung

o

i, as a measure of {brosis, was determined for mice in all expertmental groups. As shown in

Figure 30, bleomycin nstillation induces an 1ocrease in right lung weight that was partially ichibited
by repeated dosing of A44V 11 antibody at 10 me/kg. Repeated dosing using the 12(] negative
control antibody did not inhibit the tncrease in right lung weight due fo bleomycin challenge. The
reduction in bleomycin-induced right lung weight merease in A44V 11 -treated mice was statistically
significant when compared to similar bleomycin-induced mice that were treated with IgGI negative
control antibody (p<0.001). Statistical analysis was performed by one-way ANOVA {ollowed by
Mewman-Keuls test. This result indicates that A44V11 inhibits bleomycin-induced fibrosis in the

humanized PAIL-1 mouse lung, whereas a control {g(G1 antibody does not.
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Collagen accunnulation in the lung 8 another known indicator of fbrosis. To assay collagen
accurnulation, lung tissucs from mice sacrificed at day 21 were prepared and separated by HPLC,
followed by the measurement of hydroxyproline. This technique iz detailed elsewhere, for example in
Hattor, ef ol J Clin fnvest. 106(11):1341-1350 (2060). In brief, lung tissue was prepared by
hydrolysis snder acidic condition (6M HCI) for 22 hours at 105°C, followed by evaporation. Primary
amines were blocked in the lung tissue by OPA (phthalaldehyde), and proline/hydroxyprolines were
specifically labeled using NBD (4-chloro-7-nitrobenzofurazan) (Santa Cruz Biotech., Santa Cruz,
CA). Hydrolysates were then separated on Synergi™ 4 pm Hydro-RP 80 A, LC Column 150 x 3 mm
colurons (Phenomenex, Torrance, CA, cat. # 00F-4375-Y0) using HPLC (Shimazu Corp., Kyoto,
Fapan) under acetonitrile gradient. Standard curves of known amounts of hydroxyproline were used as
reference to quantity peak(s). A representation of the quantified data are shown in Figure 31.

Lung collagen accurulation as detected by hydroxyprobine content was 1ncreased o
hleoraycin challenged animals. This increase in lung collagen accurnulation was statistically reduced
{(p<0.08) by repeated dosing of A44V 11 antibody at 10 meg/kg. (see Figure 31}, Repeated dosing using
the 1gG1 negative control antibody did not inbibit the increase jn lung collagen accunwlation due to
bleomyem challenge. The reduction in bleomycm-indaced collagen accumulation increase in
A44V 11 -treated mice was statistically significant when compared to similar bleomycin-induced mice
that were treated with IgG1 negative control antibody (p<0.05). A44V1 i-treated mice showed

approximately 44% less of an increase in collagen accumulation than Ig(Gl control-treated mice.

Example 20: Assessment of A44V11 activity in LFS challenge model in monkeys

An acute lipopolysaccharide (LPS) challenge model in mounkeys was applied to deterraine the
PAL-1 neutralization efficacy of A44V 11 1o vivo. The LPS challenge model is described o Hattor, ef
al. J Clin Divest. 106(11):1341-1350 (2000). The activity of A44V 11 mab on PAT-1 ju monkey
plasma and bver samples was evaluated. Specifically, the experiment was designed to assess the
1

impact of a high dose of LPS (100 pg/kg - IV) on plasma and tissoe levels of PAL-L in the

anesthetized monkey pre-treated {24 hours before} either with A44V11 (3 mg/kg, 1P} or TeGl
{negative control, 5 mg/kg, intra periloneal adnimstration). Experiments were performed
accordance with Furopean cthical lows and approved by mternal ethical comity (CEPAL, sanofi).
Cynomolgus Macaca {ascicularis (male and female) weighing 4 to 9 kg were food-deprived
overnight before long-term anesthesia {at least 8 hours), melading IM induction with Zoletil 50
(Virbac, Taguig City, Philippines) at 0.12 to 0.16 mL/kg followed by inhalation of 2 gascous mix of
atr/oxygen and isoflurane (1 to 3%). Monkey body temperature was maintained within physiclogical

2

ranges using a heating pad. After catheterization, LPS (Serotype 0127-B8) was administred as a | min
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bolus 1 the cephalic accessory vein at a dose of 100 pg/kg (8.4 al/kg). Al various time points, blood
saraples and hver samaples were taken. Blood samaples {on cilrate /EDTA) were harvested and
centirifuged {0 1solate platelet poor plasma. Liver biopsies and terminal necropsy were stored at -80°C,

Active PAL-1, D-dimer and plasmin-o2 antiplasmin levels were determined using

5 commercially available ELISA assays (Mol. Innovation, cat. # HPAIKT; Agserachrom D-Dnmer;
Plasmin-AZ antiplasmin, Diagnostica Stago) according to manufacturer instructions.

In plasma, active PAI-1 level decreases from about 30 ng/m! to below 10 ng/mi in all
monkeys administered with A44vii. (See Figure 32(A)). There was no increase in active PAIL-1 levels
after LPS adminisiration (100 ug/kg). (See Figure 32(A). In contrast, monkeys treated with negative

10 1g(31 control show a strong increase in active PAI-1 levels following LPS administration, with a
maxinwim occuring at about 4 e (approximately 50 to about 250 ng/mi). (Sce Figure 32(B)). Thus,
treatment with negative IgGl control does not reduce the active PAL-1 levels in plasma that were
strongly increased after LPS adnunistration. {Sce Figure 32{R)).

In liver biopsy lysates, a similar phenomenon was observed. Monkeys that were treated with

i
RN

A44V 1T mAb did not show an increase i active PATL-1 levels following LPS treatment. {See Figure
33(A)}  In conirast, LPS administration induced a strong increase of active PAL- (up to 3 ng/mg) in
liver biopsy lysales from negative [gG1 control-treated monkeys {see Figure 33(B)}.

Sunoltaneocusly to PALT neutralization, the D-dimer levels in A44V1 1-treated monkeys {se¢
Figure 34(A)) was found to generally be higher than negative IgG control-treated monkeys (see
20 Figure 34(B)) thus suggesting that A4V 11 treatment in monkeys also induces an increase of fibrin
degradation in plasma.

Finally, plasoia samples of A44V 11 -treated monkeys showed an increased level of plasmin-
o2 antiplasmin (PAP) complexes when compared to the PAP levels in negative 1gG conirol-ircated
monkeys. (see Figure 35(A) and (B)). The increase in PAP compiex and D-dimer in the presence of

25 Ad4V11 indicaies increases in plasmin generation.

Example 21: Accessmend of A44V 11 activity in Abdominal Adbesion Mouse Maodel

The effect of treatment with anti-PAL-1 antibody A44V11 on the formation of adhesions was
gvaluated in a mouse uterine horn model of surgical injury. The mouse uterine horn approximation
and clectrocautery procedure disrupts the serosal surface, causes thermal damage 1o the uterine tissue,

30 and approximates damaged tissue surfaces during the healing process that ultimately resulis in post-
surgical adhesions in 100% of unireated animals. The model and surgical procedure has been

previously described in Haney ALF. etal,, (1993). Fertility and Sterility, 60(3): 550-358.

-/
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For these adhesion studies, the transgenic fernale mice generated above that express
bumanized PAL-1 transgene, approximately 9 wecks old, weighing approximately 20g, were used.
Forty-two matore transgenic female nuce were divided 1nto two groups and subjected to the surgical
procedure designed to create adhesions between the uterine horms (UH), as described 1o detanl in
Haney AF. etal,, (1993). Briefly, each animal was anesthetized with isofhurane for the surgery
according to FACUC guidelines, and a routine midline laparotomy was performed approximately 1.0
cm caudal to the xyphoid process. The UH were identified, approximated medially with a single 7-0
Prolene suture {Ethicon Ing., Somerville, N.J} carefully placed through the muscle wall of each hom,
and the horns tied fogether immediately below the junction of the oviducts at the uterotubal junction.
Care was taken not to damage the ovarian vascular supply. To induce electrocautery injury, a bipolar
clectro cautery unit was used (Vailey Lab Surgistat, Solid state Electrosurgery Unit, Model No. B-20)
on the medial surfaces of each uterine horn, covering an area of approximately 2x6 wmum. The cautery
unit was set as follows: Volts 100, 130 Hz, 50- 60 Amps. A 3 rom wide cautery 1ip was used with
pure coagulating corrent af a seiting of 3, power was inifiated, and the fissuce touched for 1 second at
two bum spots per hora. The rauscle 1ncision was closed with 5-0 Vicryl, BV-1 taper needle (Ethicon
Inc.} in a continuous suture patiern. Skin was closed with 5-0 Prolene, BV-1 Taper needie (Ethicon
Inc.}, in a horizontal matlress suture pattern,

Following the creation of the UH wjory, Group | animals were treated with a volume of .16
mb of an Isotype Control antibody {(30mg/kg}, which was applied to the cautery bums. Group 2
animals were treated with a volume of .16 mL of A44V 11 antibody (30mg/kg) in the same manner.
For each group, animals were euthanized at 6 hours (n=5), 72 hours (n=4)}, or at Day 7 (n=12). (See
Table 34 below). Animals that were scheduled for cuthanasia at 72 hours and Day 7 had second dose

ot antibody (30mg/kg) injected wiraperitoncally (IP) 48 hours after surgery.

Table 34: Treatment schedule for wierine horn injury siudies.

Uroup Troatmond imﬂe pf)im . O.f Dosing
= Huthanized . Anmals Gimoks
6 hours 5 Tine 0
. Isotype Control mAb 72 hours 4 Fxm'cl 048
Group 1 (6.16 mL) hours
' ’ Day 7 12 Time 0+ 48
bours
& howrs 5 Time 0
Anii-PAT-1 Ad4 72 hours 4 Time 0+ 48
Group 2 humanized mAb hours
{0.16 mL) Day 7 12 Time 0 +48
hours
Note: All ammals had uterine horn approximated by subire and cautery burns created prior {o
treatiment.
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Efficacy Evaluation and Analysis:

1 2

Aunimals were euthanized at the indicated time poinds and the formation of adhesions was
evaluated. Brictly, the length of the homns was nieasured from the utering bifurcation to the

approximation suture placed just below the oviducts. The two external sutures surrcunding the
uterine horos were reraoved and the fength of adhesion between uterine horns was measured with the
aid of a microscope, documented, and noted as present or absent (Yes/Nao), Also, any fissues ravolved
in the adbesion formation will be recorded hut ruay vot be included 1n the length of adhesed area. The

distribution of the average percent of adhesed length between utering horns was checked for normality

using the Shapiro-Wilk Test. The groups were compared with each other using Tukey Kramer
analysis if nommally distributed and Wileoxon Rank-Sum analysis if not normally distubuted. In all
cases, a p-value < 0.05 was considered statistically significant. Animals treated with A44V11 showed
significantly lower percent of length of adhesion formation between approximated uterine horns {see

Table 35}

Table 35, Uterine Homn length measurement results.

% of Length with Adhesions
Group N | between the Uterine Horns
(Mean + SEM)

{sotype Control mAb

: 2 +3
{0.16 mL) ! 84
Ad4V 11 mAb 11 61+ 7%
{0.16 mL) { p=0.02)

tically significant relative to the Isotype Control by Wilcoxon Rank Sum Analysis,

*ry= gtatisti
Square Approximation

Chi!

Betection of acrive PALT and tPA levels
Following cuthanasia, anunals had blood {plasma), intraperitoneal fhuid (IPF}, and vierine

born samples coliected for evaluation. Collection of samples were perforrued using conventional
technigues. Plasma, [PF, and uterine hom samples were evaluated for active PAL-1 and tPA levels
using BELISA. (Human PAL-1 Activity ELISA Lkits, Cat. # HPAIKT, Molkecular Innovations, Novi,
MI). Data was processed using Excel, JMP, and Prism Graph pad software. In all cases, & p-value <
0.05 was considered statistically significant. At 6 hour and Bay 7 time point, decreased levels of
active PAI-1 were found in the IP Fluid and Uterine Horn Lysates in the animals treated with A44V11
versus lsotype Control. {See Figure 36). The decreased levels of active PAI-1 in the IPF at 6 hours
was statistically significant result showr in IP Fluid at 6 hour time point in animais treated with Ad4

versus to {sotype Cordrol ( p<8.001 by Student T-test).
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Example 22: Crystal Structure of Humeanized Andibedy A44Vi1

Expression and purification of Fab A44V 11
Reconbinant Fab (rFab) was obtained from transiently transfected HEK293 cells, using two
plasmids encoding the light chain or the C-terminal His-tagzed heavy chain. Afier centrifugation and

5 filtering, rFab from the cell supernatant was applied to an immobilized-metal affinity vesin. After

clution from the resin, the rFab was extensively dialyzed against PBS & stored at 4°C.

Source of Macaca fascicularis PAL I, referred as cynomolgous or cyne PALL:
Recombinant mature cynoraolgous PAL-1 (24-402) was expressed as inclusion bodies in &
3 S pre

10 coli and the recombinant protein was purified using conventional wethods.

Source of human PAL-{
Recombinant matare human PATL-1 (24-402) was purchased from Molecular Innovations Inc.
{catalogue mumber CPAI). It was a stabilized in active conformation by mmtroducing mutations
15 (NISOH, K1547, 33191, M3541), as described by Berkenpas er al. (1995, EMBO §., 14, 2968-2877).
FPreparation & purification of the complexes:
Recombinant Fab & antigen were mixed at a 1.5:1 molar ratio, incubated 30 min at room
temperature, and the coroplexes were further purified by preparative size exclusion on a Superdex 200

20 PG colurun (GE Healthcare), equilibrated with 25 mM MES pH 6.5, 150 roM NaCl

Crvstallization of the Fab A44V11 + Cyno PAI-I complex

The complex was concentraled to 10 mg/ml in 25 M MES pH 6.5, 150 mM NaCl. It

crystallizes in 16-24% ethanol, 160 mM Tris pH 8.5, Ethylene ghveol (30%) was used as

25 cryoprotectant. Crystals diffracted to about 3.3A in space group P321 {a=b=1934A, ¢=144A) on 11029
beamline of ESRF. Data was processed with a combination of XD8 and Scala (GlobalPhasing Lid.,
Cambridge, UK)
Structure determination of the complex Fab A44VI1/Cyno-PAI-i:

30 A model of the Fab variable domain was constructed using Prime in Maestro (Schrodinger,

New York, NY). The constant domain was obtained from published structure 3F0O2. Two different
models of buraan PAL-1 were used: the latent conformation was obtained from {LJ5, the active
conformation from 1GC0. Calculation of Matthews Coefficient (Vi crystal volume per unit of

protein molecular weight) suggests that there are up to four complexes in the asymmetric ot (Vi 2.
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2 assuming a coruplex size of 90 kilodaltons (KD). Molecular Replacement was done using Phaser
{CCP4 suiteMoeCoy, ef ol J. dppl. Cryst. 40: 658-674 (2007), which identified two monoraers of
faterd PAL-1 and two variable domains of Fab, Additional density was clearly visible for the constant

77y 00

. This solution, which corresponds to a Vi 6£4.3 (71%

b
1
1

domains, which had 1o be placed manually

solvent}, was also carefully examined for packing consistency. The structure was refined with Buster

{GlobalPhasing) using non crystallographic symmetry, to an Riree of 29.2% (Rfactor 25.8%). The
constant domains are not stabilized by crystal packing and are poorly resolved in the electron density

map.

Crystallization of the Fab A44V1] + Human PAL-T comple

Protein crystallization is a bottleneck of biomolecular structure determmination by x-ray
crystaliography methods. Success W protein erystallization is directly proportional to the quality of
the protein raolecules used i the crystallization experiments, where the most important quality
critetia are purity and bomogenetty (hoth molecular and conformational) of the proteins in solution.

Initially, to determine the PAL-U/Fab mAb complex structure a native mAb Ad4 was used to
prepare its Fab fragment by papain digestion. This Fab scaled up preparation resulted heterogeneous
Fab fragments which were complexed and purified 1o complex with human wild type (wt) PAL-1
protein. The obtained protem complex was concentraled to 7 mg/ml concentration and screened for
crystallization under 800 individual crystallization conditions at two different temperatures, 4°C and
19°C. No crystaliization hits were detected. In order to improve the protein complex homogeneity
recombinant 6-His tagged Fab A44 was produced, purified and complexed with the homan wild type
PAL-1 protein {see Figure 36).

R
H
i1

The complex crystailization screening resulted first erystallization hits under 20%PEGISK +

PR
1R
i

0.1M Sodmum Acetate pH4.6 conditions. Crystallization optimization by conventional crystallization

methods, Microseed Matrix Scoding, and in sife Trypsinolysis crystallization did not significantly
iraprove the gquabity of crystals. The best obtained crystals were needle-like and were diffracting x-
rays with insufficient resolution for structure determination (10A).

The fathure with the complex crystals crystallization could potentially be explained by the
complex conformational heterogeneity. The wild type PAL-1 molecule is known o adopt three distinct
conformations (active, latent, and substrate} which may mterfere with erystallization. To improve the
quality of the crystals, 6-His tagged A44 Fab i complex with latent PAI-1 was produced. (see Figure
373

The corresponding complex was produced and screened for crystaflization de novo and under

ged Fab Ad44/wt PAL-1 protein complex. The only

&

conditions previously used for 6-His tag

crystatiization hit out of the more than 1000 conditions tested was identified for the complex under

117



tG

i
RN

20

(43
<

(3]
whn

WO 2015/023752 PCT/US2014/050896

20% PEG3350+0,2M vH4 Acetate +4% MPD + 58 oM Meg pH6 counditions {(see Figure 39(a)). After
extensive oplunization 3D crystals were obtained. X-Ray diffraction tests using syonchrotron tugh
intensity X-Ray beam showed ne diffraction sign (see Figure 39(b}, depicting representative
optimized crystals).

To reduce the flexibility of portions of the protein it was decided to produce Ad4 Fab

fragment recombinantly but without an artificial tag such as the 6-His tag used previously. To further
increase the chances for successful erystallization, an active form mutant of PAL-1 (N150H, K154T,
3191, M3541) was purchased from Molecular Inmovations (Cat. #CPAIL Novi, Mi) and used for
coraplex preparation with Fab A44 protein lacking ariificial tag. The complex was concenirated to 12
mg/mlin 25 M MES pH 6.5, 150 mM NaCl. Acceptable rod-like single crystals were obtained in 10
% PEG3350, 100 mM ammonium sulfate and cryoprotected by the addition of 30% ethylene glycol
(see Figure 40). These crystals diffracted to 3.7A resolution, and after extensive cryoprotection
optimization, resulted in an x-ray diffraction data set suitable for the structure determination (3.34). A
dataset was collected to 3.34 at beamline Proxima 1 of synchrotron SOLEIL (Saint-Aubin, France).
spacegroup is P212121 {a=105, b=152 ¢=298). Dala was processed using XDSme scripts {(XDS ref,

Xdsine ref).

Structure defermination of the complex Fab 444V 1/ Human-PAL-1:

Pointless (CCP4) indicated only a 40% confidence in spacegroup identification. In
consequence, initial Molecular Replacement was carried out with Amore (CCP4) to test all possible
space group variants of the P222 point group: P212121 was unambigoously confirmed. Final
Molecular Replacement with Phaser (Phaser, CCP4) identified four dimers of active PAL-1/variable

.
H
i

domain of Fab in the asymunetric unit. The constant domains were added manually in the clectron
density map. The structure was refined with Buster (GlobalPhasing) using non crystallographic

symmeiry, to a Rfree of 28% (Riactor 24.1%).

Epitope and paratope structural analysis

Epitope and paratope regions were identified as formed w the cvuo and burnan complexcs,

7 :

and the complexes were compared. The crystal structures were determined to 3.3A for A44Vil in
complex with vmman and cyno PAL-1. The superimposition of both structures {see Figure 403 shows
that the paratope of A44V 11 is similar for both latent and active forms of PAI-1. Fab A44 recognized
the active form of human PAIL-1 and the latent form of cyno PAI-1. Figure 42 depicts the PAIL-1
gpitope recognized by Fab A4d4 in both active human PAI-1 (Figore 42(A)), and latent cyno PAIL-1
{Figure 42{B}). The paratope-recognizing the latent conformation is part of the paratope recognizing

the active conformation.
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PATL-1 interacts mostly with the heavy chain of A44V 11, as can be seen from the analysis of
the surface areas of interaction. Surface area of the wnteraction between active human PAI-1 and the
heavy chain (average of 4 complexes) is 674A°, Surface area of the interaction between active human
PAL-1 and the light chain (average of 4 complexes) is 372A% Surface area of the interaction between
fatent cyno PAI-1 and the heavy chain (average of 2 complexes) is 703A°. Surface area of the
interaction between latent cyno PAI-1 and the light chain (average of 2 complexes) is 360A°, See
Figures 43 and 44 for depictions of the paratopes of the heavy chain and light chain, respectively.

The residues of the A44V11 part of the paratope are shown below in Table 36. Hesidues in
italic are involved in the interactions with active PAIL-1 but not the latent form, while residues

underlined are interacting only with the latent form. All other residues are involved 1 both interfaces.

Table 36: A44V 11 residues invelved in paratepe with PALL

Location Residues

Heavy Chain (Figure 43)

Loop H1 Thr30, Asn31, Gly32, Tyr33 and Asn35

Tyrd7, TyrsG, Thrd2, Tyr53, Serd4, Gly33, Ser3s,

Loop H2 and neighboring f-strands R
! © g frsira Thrd7 and Tyr38

Loop H3 Trp98, Tyrl00 and Tyri 04

Light Chain (Figure 44)

Loop L1 Asn30 and Tyr32
Loop L2: Arg50 and Arg53
Loop L3: Tyrol, Asp92, G903, Phet4 and ProYs

Despite the different conformations of the human and cyno PAI-I nolecules, the same
residues are involved in interactions with the Fab A44 (bolded residues shown below in the sequernce

of hurnan PAL-1) (SEQ ID NG: 1

VHHPPSYVAHLASDFGVRVFQOVAQASKDRNVVESPFYGVASVLAMLOLTTG
GETQOGIQAAMGFKIDDKGMAPALRHLYKELMGPWNEDEISTTDAIFVORD
LKEVOGEFMPHFFRLFRSTVKOVDFSEVERARFHNDWVKTHTKGMISHLLGT
CAVDOLTREVLVNALYFNGOWKTPFPDSSTHRRLFHKSDGSTVSVPEMMAQT
NEINYTEFTTPDOGHYYDILELPYHGDTLSMEIAAPYERKEVPLSALTNILSAQLE
SHWKGNMTRLPRULVEPKFSLETEVDLREPLENLGMTBMEIRQFQADETSLS
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BOEPLHVALALQEVKIEVNESGTVASSSTAVIVSARMAPEEIUDRPFLFVVRHE
NPTGTVLEFMGQVMEP

Short-hand for the A44V 11 binding epitope for haman PAR-1 18 as follows:

E-X-X-( (BEQ ID NO: 1563
L-X-R (SEQID NO: 157y
T-D-X-X-R-Q-F-Q-A-D-F-T-X-X-8-D-Q-B-P-L (SEQ [D NO: 158)

In sumary, the cyno and human epitopes of PAI-1 recogpizing FabA44 are identical in both

conformations. Fab A44 recognizes both human and cyno PAI-1 but likely not mouse or rat PAI-1.

Example 23: Determination of A44V11 specificity angd cress-reactivity

To determine the specificily and reactivity of A44V 11, the sequence of the A44V 11 epitope
{see above) was used to search for sumilar epitopes in other proteins using 3 motif search with
ScanProsite (SIB Swiss Institate of Bioinformaticsy database. For additional details see Artimo, P. ef
af. Nucleic Acids Res. 40(W 1 W597-603 (2012). All of the epitope sequence matches located in the
search were related to PAI-1, suggesting that the A44V 11 antibody 1s specific for PAI-1.

The A44V11 epitope was also compared to other known x-ray structures (3 search) using in
silico profiling and molecular modeling according to Med-5uMuo, which detects and compares the
biochemical functions on proteins surfaces, including for example hydrogen bonds, charges,
hydrophobic and aromatic groups. Med-SuMo molecular modeling is further described in Jambon, ef
al. Bioinformatics 21(201:3929-30 (2005). The 3D search of the A44V 11 epitope located a similar
motif 1 buman alpha-1-antitrypsin {AAT1}. However, upon further 1nvestigation, the AATT motif
was found to have significant differcnces between the A44V 11 epitope, such that Ad4V 1T is unbikely
to bind. Therefore, sequence pattern and 3D pattern analysis of the A44V11 epitope suggests that
there should be miinimal cross-reactivity with other human proteins,

The human and cyno PATL-1 eputopes for A44V 11 were cornpared to proposed epitopes from
mouse and rat PAI-1. Sequences are excerpled from SEQ ID NO: 1 (PAL-1 human), SEQ ID NO:162
{PAI-1 cyno), SEQ ID NO:163 (PAIL-1 mouse}, and SEQ 1D NO:164 (PAI-1 rat). Rat and mouse PAI-
1 have respectively 75% and 79% sequence identity with human PAI-1. Alignment of the different
PAI-1 sequences show significant differcnces between rat/mouse and buman/cyno sequence in their
respective epitopes, suggesting that A44V1 1 is unlikely to recognize rat or mouse PAI-1 (See Figure

45). For example, mouse PAIL-1 amine acids Ser300, The302, Gin3 14 are different from the
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buman/cyno PAR-1 counterparts. The differences in these residues represent a change in proposed
epitopes, such that mouse PAI-1 cannot be recognized by A44V 11, The structural comparison of the
mouse PAL-1 with the structare of the comiplex human PAL-1/A44V 11 (Figire 46} Buirther indicates
that it should not be possible to obtain both human and mouse activity from the A44V11 antibody.

To forther validate the dentified epitope for A44V 11, the human and cyno A44V11 epilopes
were compared to binding regions of vibronectin. The structure of human PAIL in complex with the
somatomedin B domain of vibronectin has been published (10C0). The structures of these two
complexes were compared (see Figure 47). The structural comparison suggests that the binding of
A44V11 will not impact PAL-1 interaction with vibronectin.

The A44V11 epitope was compared to the epiiopes of other published anti-PAIT antibodies.
No overlap of the A44V 11 epitopes was found with other published anti-PAI-1 antibodies MA-
S55F4AC2 and MA-33H], which bind residues inthe 128-156 region {sec Debrock ¢t al. Thromb
Haemaost, 79:597-601 {1998)}.

Finally, the specificity and lack of cross-reactivity of the A44V 11 antibody was confitrued by
Biacore. Based on the predicted unigue sequence and 3D structure of the A44V11 epitope, molecular

modeling studies indicate strongly that the A44V 11 s specific for human and cyno PATL-1.

Example 24: Epitope Mapping by Hydrogen/Deuterium Exchange Mass Speetrometry
{HBX MS)

Hydrogen/deuterium exchange (HDX) monitored by mass spectrometry (MS} was applied to
the PAI-1-binding antibodies disclosed herein to further characterize the epitopes of each antibody.
HDX MS is a particularly usefizl technigque for comparing muitipie states of the same protein. Detailed
methodology and applications of HDX M3 1o protein therapeutics are disclosed in Wei, ef af., Diug
Discovery Today, 19(1): 95-102 (2014). Briefly, if an agueous, ail-H,O solvent is replaced with an
isctope of hydrogen that has distinctive spectroscopic properties, then one can follow this exchange
process. For most maoders HDX expertmaents, deuterated or “heavy” water (0,0} is used. In particular,
the hydrogen bonded to the hackbone nitrogen {also referred o as the backbone arnide hydrogen) is
usefitl for probing protein conformation. See, e.g., Marcsisin, ef 4l Adnal Bivanal Chem. 397(33: 967
972 (2010}, The exposed and dynamic regions of proteins will exchange quickly, while protected and
rigid regions of protetns will exchange slower. All of the relevant conditions (pH, temperatire, ionic
strength, etc.) are kept constant, so only the difference in structure (solvent accessibility, hydrogen
bonding) impacts this exchange. The interaction of the antibody with PAL-1 will block the iabeling of

certain portions of the antigen, thus producing a different readout based on the site of binding
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Experimental Method:

Stock solutions of cyno-PAL-T (10 uM}, cyno-PAT-1 bound to Addvil (30 wm each) and
cyno-PAL1 bound to APGVZ (16 pm each) were prepared in PBS, pH 7.2. The protein solilions were
allowed to reach bmding equilibriom by incubating for 1 bour at room temperatare, Based ona Ky
value of <50 pM, each of the antibody:antigen complexes were >99% bound under the labeling
conditions described below.,

Deuterium exchange, guenching, and sample mmjection were handled by an automated robotics
system (LEAP Tech., Carrboro, NC). An aliguot of the protein solution was diluted 10-fold with
labeling buffer (PBS in 99.9% 5.0, pD 7.2) and allowed to incubate at 20 °C for 10 sec, 1 min, 3
min, or 4 hours. At the end of the deuteriunt exchange time poiunt, the labeling reaction was quenched

v adding 50 pL of the labeling solution to an equal volume of pre-chilled (0 °C)y 100 oM sodiv
phosphate, 4 M guanidine hydrochloride, 0.5 M TCEP, pH 2.5, Undeuterated controls were prepared
1o an identical fashion by diluting [0-fold with PBS ju H,O.

Each quenched sample (50 uL, 30 pmol of each protein) was tnmediately injected indo a
Waters nanoAcquity with HDX Techuology (Waters Corp., Midford, MA). The profeins were
digested online with & 2.1 um x 30 mm Enzymate BEH pepsin column (Waters Corp.) which was
held at 20 °C. All of the chromatographic elements were held at 0.0 £+ 8.1 °C mnside the cooling
chamber of the alira-performance liguid chromatography (UPLC) systemt. The resulting peptides
were trapped and desalted for 3 min at 100 pl/min and then separated on a 1.0 x 100.0 mm
ACQUITY UPLC HSS T3 column {(Waters Corp.) with a 12 min, 2-40% acetonitrile:water gradient at
40 pl/min. Deuterium levels were not corrected for back exchange and were reported as relative. All
conparison experiments were done under identical conditions, negating the need for back exchange
cotrection. All experiments were performed in triplicate. Peptide cartyover between injections was
climinated by injecting 50 uL of 1.5 M guanidine bydrochloride, $.8% formic acid, and 4%
acctoniirile over all columns after each run.

Mass spectra were acquired with a Waters Synapt G2-Stinstrurnent equipped with a standard
electrospray source {Waters Corp.) run in HDMSe mode. Instrument scttings were as follows:
capillary was 3.5 kV, sampling conc was 3¢ 'V, source offset was 30 'V, source teraperature was 80 °C,
desoclvation temperature was 175 °C, cone gas was 50 U/hr, desolvation gas was 600 L/h, and
nebulizer gas was 6.5 bar. Mass spectra were acquired over an mv/z range of 30-1700. Mass acouracy
was maintained through each run by simultaneous infusion of 100 fmol/ul. human {Ghil }-
Fibrinopeptide B through the lockmass probe.

MSE identification of the undeuterated peptic peptides was preformed using Proteinlynx
Global Server software {(Waters Corp.). Deuterium uptake for each peptide was determined using

DynamX 2.0 software (Waters Corp.). Relative deuterium levels were calculated by subtracting the
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~

centirond of the isotopic distribution for undeuterated peptides from the corresponding centroid of the

deuterium-labeled peptide. Deuterium uptake plots were generated autornatically by the software.

Mownitoring deuterium uptake jor PAL-1 siates

Alfter online pepsin digestion, 1 5¢ overlapping cyno-PATL-1 peptic peptides were wdentified,
resulting m 95.3% sequence coverage (see Figure 48). Deuterium uptake was monitored (from 10 sec
to 4 hours) in all 150 peptides for three different protein states: (1) cyno-PAI-1 alone; (2) Ad4vil
bound to cyno-PAI-1; and (3} APGv2 bound to cyno-PAIL-1.

The majority of the cyno-PAI-1 pepiides showed nearly identical deuterivm uptake between
the three states, which indicaies that there is no mteraction between cyno-PAI-1 and either mAb in
these regions. See Figure 49(A), which depicts one representative peptide region with this result
(residues 139-152). In contrast, pepﬁdes 1acorporating residucs 44-64 showed significant protection
frora exchange (reduced deulerium uptake) when bound o cither Addvil or APGVZ (Figure 49(B).
In addition, peptides incorporating residucs 295-322 also showed sigunificant protection from
exchange when bound to cither Addvll or APGV2 (Figure 4%(C)). For this region, the magnitude of
protection was greater when cyno-PAL-1 was bound to A44v11 rather than APGY2 (See Figure
49(Cy). This ndicates that Ad4vil may provide greater overall protection from exchange than

APGY2 when bound to cyno-PALT,

Comparison studies:

For comparison studies, deuterium uptake was monitored for all of the 150 peptides generated

—ry

ron cach of the three cyno-PAI-1 states. (See, generally, Wei, ef al, Drug Discovery Today, 19(1 x
95-102 (2014)). Data plots {rom cach of the three states were comapared to one another and a butterfly
plot was generated to facilitate data mterpretation {see, ¢.g., Figures 50(A), 51{A), and 52{A)}. For
gach buiterfly plot, the x-axis is the calculated peptide midpoint position, i, of each of the 150 peptides
compared; the y-axis is the average relative fraciional exchange (ratio).

Difference plots were also generated for each coraparison between the cyno-PAT-1 states (sec,
¢.g., Figures 5G(B), 51{B), and 52(B})}. In these plots, the deutertum uplake from one state is
subiracied from the other and plotied sinularly to the butterfly plots. The sum of the differences for
cach peptide 1s represented by a vertical bar. The horizontal dashed lines represent the values at
which either individoal measurenments (0.5 Da) or the som of the differences (1.1 Da) exceed the
error of the measurement and can be considered as real differences between the two states. Additional
details regarding this technique are disclosed in Houde D. et al., /. Pharm. Scil 100(6):2071-86

(2011).
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Firsi, cyno-PAI-1 alone was compared 1o the Addviicyno-PATL-1 bound state {(Figure 50},
The hutierfly plot for this comparison is shown in Figure 56{A). The difference plot for this
comparison is shown i Figure S0{B). The observed differences between cyno-PAL-1 bound to
Ad4vil and free form cyno-PATL-1 are located primarily in two regions of cyno-PAL-1. One region is
near the N-terminus (residoes 44-64) and the other region is near the C-terminus Fesidues 307-321)
{sec Figure SO(B)).

Mext, cyno-PAI-1 alone was compared to the APGvZ2:cyno-PAI-1 bound state (Figure 51).
The butterfly plot for this comparison is shown in Figure 51{A). The difference plot for this
coraparison is shown in Figare 53(B). The ohserved differences between ¢cyno-PAI-1 bound to
APGVZ and free forn cyno-PAT-1 are located primarly in two regions of cyno-PAI-1. One region is
near the N-terminus and the other near the C-termuinus, which 1 simiiar to the Addvllicyno-PAI-]
result. The Addvll and APGY2 coraplexes with cyno-PAL-1 share peptides showing reduced
deuterium uplake when in the bound state, which may jndicate that the epitopes for the two antibodics
are similat

Finally, the two antibody-bound cyno-PAI-1 stales were compared to each other (Figure 52).

The butterfly plot for this comparison is shown 1n Figure 52{A). The difference plot for this

comparison 18 shown in Figure 52(B). The observed difference between Addvilicyno-PAL-1 and

APGv2:icyno-PAI-1 1s located in the C-lerminal region of cyno-PAI-1. (See Figure 52(B)).

Example 25: Epitope comparison of antibodics A44vii and APGv2Z

HDX MS was used to further define the epitopes of the Ad4vii and APGVZ antibodies. By
using the overlapping peptides generated in HDX MS, an antibody epitope can be refined to slightly
better than pepiide-level resolution (for exaniple, see Figure 48). The HDX MS data tor the peptides
which showed significant protection from exchange with A44V 11 binding was further analyzed o
determine the epitope for the cyno-PATL-1:A44v] 1 interaction. The HDX data for the Ad4V 11T epitope
of cyno-PAI-1 was found to be consistent with the epifope determined using the crystallography
approach. The A44V 11 epilope of cyno-PAR-1 identified using HDX MBS appears in Figure 53 (bold},

and below in shorthand format:

T-T-G-G-E-T-R-Q-Q-1-¢ (BEQ ID NO: 159y
R-H-L {SEQ ID NO: 160);
T-D-M-X-X-X-F-Q-A-D-F-T-8-L-8-N-Q-E-P-L-H-V  (SEQ ID NO: 161)

The HDX MS data for the cyno-PAI-1 peptides which showed significant protection from

exchange with APGY2 binding was analyzed to further determine the epitope for the cyno-PAI-
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1:APGV2 interaction. The HDX MS epitope mapping data for A44vil and APGVZ show that the
gpitopes are 10 the same region, as secn generally in Figure 52, In the region of regidues 307-321 the

same peptides show protection in the antibody-bound state for both Ad44vli and APGv2. However,

the maguitude of protection s greater when cyno-PAIL-1 is bound to A44vi] rather than APGv2 (see

Figure 4%(C)). This finding is more apparent in Figure 52(B}, which depicts the difference peaks in
the residue 307-321 region of cyno-PAIL-1. This indicates that there are differences in the specific

contacts made between cyno-PAI-1 and cach of the A44V11 and APGv2 antibodies. Therefore, it

appears that while the epitopes of both A44V11 and APGv2 are located in a similar region of PAI-1,

the epitopes for each anitbody are not the same.
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What is claimed is:

Claim 1. Anisolated monoclonal antibody that binds specifically to PAI-1, comprising:

{a} a3 heavy chain framework region and a heavy chain variable region, the heavy chain
variable region comprising a heavy chain CDR1 region comprising SEQ 1D NG: 34, a heavy chain
CDR2 region comprising SEQ D NO: 33, and a heavy chain CDR3 region comprising SEQ 1D NO:
32; and

(b} alight chain framework region and a light chain variable region, the light chain variable
region comprising a light chain CDR1 region comprising SEQ 1D NO: 37, a light chain CDR2 region

coraprising SEQ 1D NO: 145, and a light chain CDR3 region comprising SEQ 1D NO: 35,

Claim 2. Anisolated monoclonal antibedy that binds specifically to PAL-1 comprising:
(a} 2 heavy chain frawmework region and a heavy chain variable region comprising SEQ
D NO: 86, and
(b} alight chain framework region and a light chan variable region comprising SEQ 1D

KNO: 93,

Claim 3. An isolated monoclonal antibody that binds specifically to PAL1 comprising:
{a) aheavy chain variable region that is at least 959 identical to the heavy chain variable
region of the antibody of claim 2, and/or
{b} alight chain variable region that is at least 95% identical to the light chain variable region
of the antibody of clain 2.
“laim 4. Anisolated monoclonal antibody that binds to essentially the same epitope as the

antibody of claio .

Claim 5. Anisolated monoclonal antibody that bunds specifically to PAI-1, comprising:

{a} a3 heavy chain framework region and a heavy chain variable region, the heavy chain
variable region comprising a heavy chain CDR1 region comprising SEQ 1D NG: 34, a heavy chain
CDR2 region comprising SEQ D NO: 33, and 2 heavy chain CDR3 region comprnising SEQ 1D NG:
32; and

(b} alight chain framework region and a light chain variable region, the light chain variable
region comprising a light chain CDR1 region comprising SEQ 1D NO: 37, a light chain CDR2 region

comprising SEQ 1D NO: 36, and a light chain CDR3 region comprising SEQ 1D NO: 35.
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Claim 6. The antibody of claio 5, wherein the heavy chain variable region conprises SEQ [D NO:

6, and the light chain variable region coraprises SEQ 10 NG: 7.

Claim 7. Anisolated monoclonal antibody that binds to essentially the same epitope as the

5 antibody of claim 3,

Claim 8. A humanized monoclonal antibody that binds specifically to human PAI-1, wherein the

antibody comprises:

(a) a lweavy chain having a heavy chain variable region comprising SEQ ID NO: 82, oran
10 antigen-binding fragment thereof, and a light chain having a light chan variable region

o~
£
H

comprising SEQ 1D NGt 91, or an antigen-binding fragment thereof;

je2]
Lo

(b a heavy chain having a beavy chain variable region comprising SEQ ID NO: 83, oran
antigen-binding fragment thereof, and a light chain having a light chain variahle region
comprising SEQ 1D NGt 92, or an antigen-binding fragment thereof;

15 {c} a heavy chain having a heavy chain variable region conmprising SEQ B NO: 84, or an

5
H
i

antigen-binding fragment thereof, and a light chain having a light chain variable region
comprising SEG 1D NG: 93, or an antigen-binding fragment thereof;

(&) a heavy chain having a heavy chain variable region comprising SEQ 1D NO: 85, or an
antigen-binding fragment thereof, and a light chain having a light chain variable region

20 comprising SEQ 1D NO: 91, or an antigen-binding fragment thercof]

(&) a heavy chain having a heavy chain variable region comprising SEQ 1D NO: 85, or an
antigen-binding fragruent thereof, and a light chain having a light chain variable region
corprising SEQ 1D NO: 93, or an antigen-binding fragment thereof;

(t a heavy chain having a heavy chain variable region comprising SEQ 1D NGt 86, oran

25 antigen-binding fragroent thereof, and a light chain having a light chain variable region

coraprising SEQ ID NO: 94, or an antigen-binding fragroent thereof]

‘\J

{g) a heavy chain having a heavy chain variable region comprising SEQ 1D NO: 87, or an
antigen-binding {ragment thereof, and a light chain having a light chain variable region

comprising SEQ ID NO: 95, or an antigen-binding {ragment thereot;

(43
<

{h} a heavy chain having a heavy chain variable region comprising SEQ ID NQO: 88, oran

A

antigen-binding {ragment thereof, and a light chain having a light chain variable region
comprising SEQ ID NO: 96, or an antigen-binding {ragment thereof;
(1) a heavy chain having a heavy chain variable region comprising SEQ 1D NO: 89, oran

b

antigen-binding {ragment thereof, and a light chain having a light chain variable region

o~
£
H

comprising SEQ 1D NO: 97, or an antigen-binding fragment thereof;

(3]
whn

127
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)] a heavy chain having a heavy chain variable region comprising SEQ ID NO: 90, or an
antigen-binding fragrocnt thereof, and a light chain having a hight chain variable region
comprising SEQ ID NO: 9%, or an antigen-binding {ragment thereot;

H a heavy chain having a heavy chain variable region comprising SEQ ID NQO: 86, oran

1
i

antigen-binding {ragment thereof, and a light chain having a light chain variable region
comprising SEQ ID NO: 95, or an antigen-binding {ragment thereof;

{m) a heavy chain having a heavy chain variable region comprising SEQ ID NO: 89, oran
antigen-binding fragment thereof, and a light chain having a light chain variable region
comprising SEQ TD NO: 93, or an anfigen-binding {fragment thereof; or

(1} a lweavy chain having a heavy chain variable region comprising SEQ ID NO: 89, or an
antigen-binding fragment thereof, and a light chain having a light chain variable region

comprising SEQ 1D NGt 95, or an antigen-binding fragment thereof,

Clam 9.  Anisolated monoclonal antibody that binds specifically to PAL-1, comprising
{a} a heavy chain variable region comprising & heavy chain CDR1 region comprising SEQ D
NO: 22, a heavy chain CDR2 region comprising SEQ 1D NO: 21, and a heavy chamn
CDR3 region comprising SEQ [D NO: 20; and a light cham vanable region comprising a
light chain CDR1 region comprising SEQ 1D NO: 25, a light chain CDR2 region
comprising SEQ ID NO: 24, and a light chain CDR3 region comprising SEQ 1D NO: 23,

(b} a heavy chain vanable region comprising a heavy chain CDR1 region comprising
SEQ D NO: 28, a heavy chain CDRZ region comprising SEQ 1D NO: 27, and a heavy chain
CDR3 region comprising SEQ 1D NO: 26; and a light chain variable region comprising a light
chain CDRI region comprising SECG 1D NQO: 31, a light chain CDR2 region comprising SEQ ID
NO: 30, and = light chain CDR3 region comprising SEQ D N(G: 29,

{c) a heavy chain variable region comprising a heavy chain CDR1 regilon comprising
SEQ ID NO: 40, a heavy chain CDR2 region comprising SEQ 1D NO: 39, and a heavy chain
CDIR3 region comprising SEQ 1D NG: 38; and a light chain variable region comprising a light
chain CDRI region comprising SEQ ID NO: 43, a light chain CDR2 region comprising SEQ 1D
NO: 42, and 3 light chain CDR3 region comprising SEQ ID NG: 41,

() a heavy chain variable region comprising a heavy chain CDR1 region comprising
SEQ ID NO: 46, a heavy chain CDR2 region comprising SEQ 1D NO: 45, and a heavy chain
CDR3 region comprising SEG 1D NO: 44; and a light chain variable region comprising a light
chain CDR1 region comprising SEQ ID NO: 49, a light chain CDR2 region comprising SEQ ID
NO: 48, and a light chaim CDR3 region comprising SEQ ID NG: 47,
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(e} a heavy chain variable region comprising a heavy chain CDR 1 region comprising
SEQ ID NO: 52, a heavy chain CDR2 region comprising SEQ ID NO: 51, and a heavy chain
CDR3 region comprising SEQ ID NO: 5¢; and a light chain variable region comprising a light
chain CDRI region comprising SEQ ID NO: 55, a light chain CDR2 region comprising SEQ 1D
NO: 54, and 3 light chain CDR3 region comprising SEQ 3 NG: 53,

) a heavy chain variable region comprising & heavy chain CDR1 region comprising
SEQ D NO: 58, a heavy chain CDR2 region comprising SEQ ID NO: 57, and heavy chan
CDR3 region comprising SEQ 1D NO: 56; and a light chain variable region comprising a light
chain CDRI region comprising SEQ 1D NO: 61, a light chain CDR2 re
NO: 60, and a light chain CDR3 region comprising SEQ 1D NO: 59,

egion comprising SEQ ID

(g) a hweavy chain variable region comprising a heavy chain CDR1 region comprising
SEQ ID NO: 64, a heavy chain CDR2 region comprising SEQ 1D NGt 63, and a heavy chain
CDR3 region coraprising SEQ 1D NO: 62; and a light chain variable region comprising a light
chain CDR1 region compusing SEQ 1D NO: 67, a light chain CDR2 region comprising SEQ [D
MNO: 66, and a light chain CDIR3 region comprising SEQ IDNO: 65,

{h} a heavy chain vanable region comprising a beavy chain CDR1 region comprising
SEQ 3 NO: 70, a beavy chain CDR2 region comprising SEQ [D NO: 69, and 3 heavy chain
CDR3 region comprising SEQ 1D NO: 68; and a light chain variable region comprising a hight
chain CDR1 region comprising SEQ 1D NO: 73, a light chain CDRZ region comprising SEQ D
NO: 72, and a light chain CDR3 region comprising SEQ ID NO: 71; or

(i) a heavy chain vanable region comprising a heavy chain CDR1 region comprising
SEQ ID NO: 76, heavy chain CDR2 region comprising SEQ D NO: 75, and a heavy chain
CDR3 region comprising SEQ 1D NO: 74; and a light chain variable region comprising a light
chain CDRI region comprising SEQ ID NO: 79, a light chain CDR2 region comprising SEQ ID
NO: 78, and a light chain CDR3 region comprising SEQ IDNG: 77,

Claim 16, Anisolated monoclonal antibody that binds specifically o PAI-1, that binds to essentially
the same epitope on PAI-1 as the humanized monoclonal antibody of claim 8 or ¢laim 9.
Claim 1], A method of restoring plasmin generation comprising administering to a subject in need

thereof orally, parenterally by a sohution for injection, by inhalation, or topically, a

pharmacentically effective amount of a PAI-1 antibody.

Claim 12, The method of claim 11, wherein the method treats a condition comprising increased

levels of fibrotic tUssue.

Claim 13, The method of claim 12, wheremn the condition is fibrosis, skin fibrosis, systemic

scierosis, lung fibrosis, idiopathic pulmonary {ibrosis, interstitial lung disease, chronic hing

discase, liver fibrosis, kidney fibrosis, chronic kidney disecase, thrombosis, venous and arterial

PCT/US2014/050896
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thromhbosis, decp vein thrombuosis, peripheral hmb ischenmia, disseminated intravascular

coagulation thrombosis, acute ischemic stroke with and withou! throrabolysis, or stent

restenosis.
The method of ¢laim 11, 12, or 13 wherem the PAI-1 antibody comprises the antibody of

Claim 14,
any of the preceding claims.
Claim 15, Use of a pharmaceutically effective amount of a PAI-1 antibody for the manufacture of a
medicament for treating a condition caused by increased levels of PAI-1 or increased
prising administering {o a patient orally, parcanterally by a solution

sensitivity to PAL-1, comg

for injection, by inhalation, or topically.

et
L
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A44V11 anti-PAl antibody effect on
restoration of clot lysis
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g1 isotype effect on restoration of clot lysis
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Native and humanized APG anti-PAl antibody
effect on restoration of clot lysis
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/050896

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO7K16/38
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

CO7K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, BIOSIS, EMBASE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

NOBLE NANCY [U)
10 November 2011 (2011-11-10)
Y the whole document

and page 196

ET AL) 28 May 2009 (2009-05-28)
Y the whole document

X WO 20117139973 A2 (ABBOTT LAB [US];
ANDERSON IAN [US]; COYLE ANTHONY [US];

in particular, pages 2-3, pages 159-176

X US 2009/136500 Al (STAUNTON DONALD E [US]

in particular, pages 4-5 and 29-39.

11-13,15

1-10,14

11-13,15
1-10,14

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

15 December 2014

Date of mailing of the international search report

23/12/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Pérez-Mato, Isabel

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.

INTERNATIONAL SEARCH REPORT PCT/US2014/050896
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the claimed

a. (means)

on paper
in electronic form

b.  (time)
D in the international application as filed

3. Additional comments:

invention, the international search was carried out on the basis of:

D together with the international application in electronic form
subsequently to this Authority for the purpose of search

2. In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been filed
or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2009)




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2014/050896
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.
3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y C N BERRY ET AL: "Antithrombotic activity
of a monoclonal antibody inducing the
substrate form of plasminogen activator
inhibitor type 1 in rat models of venous
and arterial thrombosis",

BRITISH JOURNAL OF PHARMACOLOGY,

vol. 125, no. 1,

1 September 1998 (1998-09-01), pages
29-34, XP055082632,

ISSN: 0007-1188, DOI:
10.1038/sj.bjp.0702030

the whole document

Y TROELS WIND ET AL: "Epitope mapping for
four monoclonal antibodies against human
plasminogen activator inhibitor type-1 :
Implications for antibody-mediated
PAI-1-neutralization and
vitronectin-binding",

EUROPEAN JOURNAL OF BIOCHEMISTRY,
WILEY-BLACKWELL PUBLISHING LTD, GB,

vol. 268, no. 4,

1 February 2001 (2001-02-01), pages
1095-1106, XP008164019,

ISSN: 0014-2956, DOI:
10.1046/J.1432-1327.2001.2680041095. X
[retrieved on 2001-12-20]

the whole document

Y NOVOA DE ARMAS ET AL: "Study of
Recombinant Antibody Fragments and PAI-1
Complexes Combining Protein-Protein
Docking and Results from Site-Directed
Mutagenesis",

STRUCTURE, CURRENT BIOLOGY LTD.,
PHILADELPHIA, PA, US,

vol. 15, no. 9,

7 September 2007 (2007-09-07), pages
1105-1116, XP022234543,

ISSN: 0969-2126, DOI:
10.1016/J.STR.2007.07.009

the whole document

Y K. VERBEKE ET AL: "Inhibition of
plasminogen activator inhibitor-1:
antibody fragments and their unique
sequences as a tool for the development of
profibrinolytic drugs",

JOURNAL OF THROMBOSIS AND HAEMOSTASIS,
vol. 2, no. 2,

1 February 2004 (2004-02-01), pages
298-305, XP055082581,

ISSN: 1538-7933, DOI:
10.1111/3.1538-7933.2004.00583.x

the whole document

_/__

1-10,14

1-10,14

1-10,14

1-10,14
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Y

K. VERBEKE ET AL: "Cloning and paratope
analysis of an antibody fragment, a
rational approach for the design of a
PAI-1 inhibitor",

JOURNAL OF THROMBOSIS AND HAEMOSTASIS,
vol. 2, no. 2,

1 February 2004 (2004-02-01), pages
289-297, XP055082582,

ISSN: 1538-7933, DOI:
10.1111/3.1538-7933.2004.00582.x

the whole document

DOMINIK NAESSENS ET AL: "Elucidation of
the epitope of a Tatency-inducing
antibody: identification of a new
molecular target for PAI-1 inhibition.",
THROMBOSIS AND HAEMOSTASIS,

vol. 90, no. 1, 1 July 2003 (2003-07-01),
pages 52-58, XP055082583,

ISSN: 0340-6245, DOI: 10.1267/THR003010052

the whole document

N. V. GORLATOVA ET AL: "Mapping of a
Conformational Epitope on Plasminogen
Activator Inhibitor-1 by Random
Mutagenesis. IMPLICATIONS FOR SERPIN
FUNCTION",

JOURNAL OF BIOLOGICAL CHEMISTRY,

vol. 278, no. 18,

25 April 2003 (2003-04-25), pages
16329-16335, XP055082586,

ISSN: 0021-9258, DOI:
10.1074/jbc.M208420200

the whole document

DEBROCK S ET AL: "Neutralization of
plasminogen activator inhibitor-1
inhibitory properties: identification of
two different mechanisms",

BIOCHIMICA ET BIOPHYSICA ACTA. PROTEIN
STRUCTURE AND MOLECULAR ENZYMOLOGY,
ELSEVIER, AMSTERDAM; NL,

vol. 1337, no. 2,

8 February 1997 (1997-02-08), pages
257-266, XP004281570,

ISSN: 0167-4838, DOI:
10.1016/S0167-4838(96)00173-2

the whole document
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1-10,14
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Binding",
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vol. 274, no. 25,

18 June 1999 (1999-06-18), pages
17511-17517, XP055082621,

ISSN: 0021-9258, DOI:
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the whole document

KOEN VERBEKE ET AL: "Elucidation of the
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International Application No. PCT/ US2014/ 050896

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-15

directed to an anti-PAI-1 antibody comprising CDRs of SEQ ID
NOs: 32-35, 37 and 145, to an anti-PAI-1 antibody comprising
CDRs of SEQ ID NOs: 32-37, to humanized variants of said
antibodies, to antibodies binding the same epitope as any of
said antibodies, and to the use of said antibodies in
therapy.

1.1. claims: 9-15(partially)

directed to an anti-PAI-1 antibody comprising CDRs of SEQ ID
NOs: 20-25, to antibodies binding the same epitope as said
antibody, and to the use of any of said antibodies in
therapy.

1.2. claims: 9-15(partially)

directed to an anti-PAI-1 antibody comprising CDRs of SEQ ID
NOs: 26-31, to antibodies binding the same epitope as said
antibody, and to the use of any of said antibodies in
therapy.

1.3. claims: 9-15(partially)

directed to an anti-PAI-1 antibody comprising CDRs of SEQ ID
NOs: 38-43, to antibodies binding the same epitope as said
antibody, and to the use of any of said antibodies in
therapy.

1.4. claims: 9-15(partially)

directed to an anti-PAI-1 antibody comprising CDRs of SEQ ID
NOs: 44-49, to antibodies binding the same epitope as said
antibody, and to the use of any of said antibodies in
therapy.

1.5. claims: 9-15(partially)

directed to an anti-PAI-1 antibody comprising CDRs of SEQ ID
NOs: 50-55, to antibodies binding the same epitope as said
antibody, and to the use of any of said antibodies in
therapy.

1.6. claims: 9-15(partially)
directed to an anti-PAI-1 antibody comprising CDRs of SEQ ID
NOs: 56-61, to antibodies binding the same epitope as said
antibody, and to the use of any of said antibodies in
therapy.

1.7. claims: 9-15(partially)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

directed to an anti-PAI-1 antibody comprising CDRs of SEQ ID
NOs: 62-67, to antibodies binding the same epitope as said
antibody, and to the use of any of said antibodies in
therapy.

1.8. claims: 9-15(partially)

directed to an anti-PAI-1 antibody comprising CDRs of SEQ ID
NOs: 68-73, to antibodies binding the same epitope as said
antibody, and to the use of any of said antibodies in
therapy.

1.9. claims: 9-15(partially)

directed to an anti-PAI-1 antibody comprising CDRs of SEQ ID
NOs: 74-79, to antibodies binding the same epitope as said
antibody, and to the use of any of said antibodies in
therapy.




<110>
<120>

Sanofi

ANTIBODIES TO PLASMINOGEN ACTIVATOR INHIBITOR-1 (PAI-1) AND USES

THEREOF

<130>
<160>
<170>
<210>
211>
<212>
<213>
<400> 1

Val His His
1

147

1
379
PRT
Homo

Val Arg Val

Val Phe Ser

35

Thr Thr Gly

50

Lys Ile Asp

05

Glu Leu Met

Ile Phe Val

Phe Phe Arg

115

Val Glu Arg

130

Lys Gly Met

145

13-596-WO

PatentIn version

sapiens
Pro Pro Ser

5
Phe Gln Gln
20
Pro Tyr Gly
Gly Glu Thr
Asp Lys Gly
70
Gly Pro Trp
85
Gln Arg Asp
100

Leu Phe Arg

Ala Arg Phe

SEQUENCE LISTING

3.5

Tyr Val Ala His Leu Ala Ser

Val Ala Gln
25

Val Ala Ser
40

Gln Gln Gln
55

Met Ala Pro

Asn Lys Asp

Leu Lys Leu
105

Ser Thr Val
120

Ile Ile Asn
135

10

Ala Ser Lys Asp

Val Leu Ala Met

45

Ile Gln Ala Ala

60

Ala Leu Arg His

75

Glu Ile Ser Thr

90

Val Gln Gly Phe

Lys Gln Val Asp

125

Asp Trp Val Lys

140

Ile Ser Asn Leu Leu Gly Lys Gly Ala Val

150

155

Asp Phe
15

Arg Asn
30

Leu Gln

Met Gly

Leu Tyr

Thr Asp

95

Met Pro

110

Phe Ser

Thr His

Asp Gln

Gly

Val

Leu

Phe

Lys

80

Ala

His

Glu

Thr

Leu
160



Thr Arg Leu

Thr Pro Phe

Asp Gly Ser
195

Asn Tyr Thr
210

Glu Leu Pro
225

Tyr Glu Lys

Gln Leu Ile

Leu Val Leu
275

Pro Leu Glu
290

Asp Phe Thr
305

Leu Gln Lys

Ser Ser Thr

Ile Met Asp
355

Thr Val Leu
370

Val Leu Val
165

Pro Asp Ser
180

Thr Val Ser

Glu Phe Thr

Tyr His Gly

230

Glu Val
245

Pro

Ser His Trp

260

Pro Lys Phe

Asn

Leu Gly

Leu Ser
310

Ser

Val Lys Ile

325

Ala Val
340

Ile

Arg Pro Phe

Phe

Asn Ala Leu Tyr Phe Asn Gly

Ser

Val

Thr

215

Asp

Leu

Lys

Thr

Pro

200

Pro

Thr

Ser

Gly

170

His Arg Arg Leu Phe

185

Met Met Ala Gln Thr

Asp Gly His Tyr

Leu Ser Met
235

220

Phe

205

Tyr

Ile

Ala Leu Thr Asn Ile

250

Asn Met Thr Arg Leu Pro Arg

265

Ser Leu Glu Thr Glu Val

Met
295

Asp

Glu

Val

280

Thr

Gln

Val

Ser

Leu Phe

375

360

Met Gly Gln Val

Asp
285

Asp Met Phe Arg Gln

Glu Pro Leu
315

300

His

Val

Asn Glu Ser Gly Thr

330

Ala Arg Met Ala Pro

345

Val Val Arg

Met Glu Pro

His

Asn
365

Gln Trp
175

Lys

His Lys
190

Ser

Asn Lys Phe

Asp Ile Leu

Ala Ala Pro

240

Leu Ser Ala

255

Leu
270

Leu Arg Lys

Phe Gln Ala

Ala Gln Ala

320

Val Ala
335

Ser

Glu Glu
350

Pro Thr Gly



<210> 2

211> 124

<212> PRT

<213> Artificial Sequence

<220>
<223> mAl105 VH

<400> 2

Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Met Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Thr Gly Phe Thr Phe Ser Ile Tyr
20 25 30

Trp Ile Glu Trp Val Lys Gln Arg Pro Gly Leu Gly Leu Glu Trp Ile
35 40 45

Gly Glu Ile Leu Pro Gly Ser Gly Ser Thr Asn Tyr Asn Glu Lys Phe
50 55 60

Lys Gly Lys Ala Thr Phe Thr Ala Asp Thr Ser Ser Asn Thr Ala Phe
65 70 75 80

Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Gly Gly Leu Tyr Tyr Asp Leu Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Ile Leu Thr Val Ser Ser Ala Lys Thr Thr Pro Pro
115 120

<210> 3

211> 115

<212> PRT

<213> Artificial Sequence

<220>
<223> mAl105 VL

<400> 3
Asp Val Val Met Thr Gln Thr Pro Leu Thr Leu Ser Val Thr Ile Gly
1 5 10 15

Gln Pro Ala Ser Ile Ser Cys Lys Ser Ser Gln Ser Leu Leu Asp Ser
20 25 30



Asp Gly Lys
35

40

Pro Gln Arg Leu Ile Ser Leu Val Ser

50

55

Asp Arg Phe Thr Gly Ser Gly Ser Gly
65 70

Ser Arg Val Glu Gly Ala Asp Leu Gly

85

Arg His Phe Pro Arg Thr Phe Gly Gly

100 105

Arg Ala Asp

<210>
211>
212>
<213>

<220>
<223>

<400>

115

4

125

PRT

Artificial Sequence

mA39 VH
4

Gln Val Gln Leu Gln GIn Ser Gly Ala

1

Ser Val Lys Ile Ser Cys Lys Ala Thr
20

5

25

Trp Ile Gln Trp Val Lys Gln Arg Pro

35 40

Gly Glu Ile Leu Pro Gly Ser Asn Thr

50

55

Asp Lys Ala Thr Phe Thr Ala Asp Ser
65

70

Gln Leu Ser Ser Leu Thr Ser Glu Asp

85

Lys

Thr

Val

90

Gly

Glu

10

Gly

Gly

Asn

Ser

Ser
90

Leu Asp
60

Asp Phe
75

Tyr Tyr

Thr Lys

Leu Met

Tyr Thr

His Gly

Tyr Asn
60

Ser Asn
75

Ala Val

Thr Tyr Leu Asn Trp Leu Leu Gln Arg Pro Gly Gln
45

Ser Gly Val

Thr Leu Lys

Cys Trp Gln
95

Leu Glu Ile
110

Lys Pro Gly
15

Phe Asn Ile
30

Leu Glu Trp
45

Glu Lys Phe

Thr Ala Tyr

Tyr Tyr Cys
95

Ser

Pro

Leu

Asp

Lys

Ala

Tyr

Ile

Lys

Met

Ala



Arg Leu Gly Ile Gly Leu Arg Gly Ala Leu Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Ser Val Thr Val Ser Ser Ala Lys Thr Thr Pro Pro
115 120 125

210> 5

211> 110

<212> PRT

<213> Artificial Sequence

<220>
<223> mA39 VL

<400> 5
Asp Ile Gln Met Thr His Ser Pro Ala Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Glu Thr Val Thr Ile Thr Cys Arg Ala Ser Glu Asn Ile Tyr Ser Tyr
20 25 30

Leu Ala Trp Tyr His Gln Lys Gln Gly Lys Ser Pro Gln Leu Leu Val
35 40 45

Tyr Asn Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Gln Phe Ser Leu Asn Ile Lys Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Gly Thr Phe Tyr Cys Gln His Arg Tyr Gly Ser Pro Trp
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg Ala Asp
100 105 110

210> 6

Q211> 125

<212> PRT

<213> Artificial Sequence

<220>
<223> mA44 VH

<400> 6



Glu Met Gln Leu Gln Glu Ser
1 5

Thr Leu Ser Leu Thr Cys Ser
20

Tyr Trp Asn Trp Ile Arg Lys
35

Gly Tyr Ile Thr Tyr Ser Gly
50 55

Gly Arg Ile Ser Ile Thr Arg
65 70

Gln Leu Ser Ser Val Thr Thr
85

Arg Trp His Tyr Gly Ser Pro
100

Thr Thr Leu Thr Val Ser Ser
115

<210> 7

<211> 110

<212> PRT

<213> Artificial Sequence

<220>
<223> mA44 VL

<400> 7
Asp Ile Lys Met Thr Gln Ser
1 5

Glu Arg Val Thr Ile Thr Cys
20

Leu Ser Trp Leu Gln Gln Lys
35

Tyr Arg Ala Asn Arg Ser Val
50 55

Gly Pro

Val Thr
25

Phe Pro
40

Ser Thr

Asn Thr

Glu Asp

Tyr Tyr
105

Ala Lys
120

Pro Ser

Lys Ala
25

Pro Gly
40

Asp Gly

Ser Leu
10

Gly Asp

Gly Asn

Tyr Tyr

Ser Lys

75

Thr Ala
90
Phe Asp

Thr Thr

Ser Met
10
Ser Gln

Lys Ser

Val Pro

Val

Ser

Lys

Asn

60

Asn

Thr

Tyr

Pro

Tyr

Asp

Pro

Ser
60

Lys Pro

Met Thr
30

Leu Glu
45

Pro Ser
Gln Tyr
Tyr Tyr

Trp Gly
110

Pro
125

Ala Ser
Ile Asn
Lys Thr
45

Arg Phe

Ser Gln

15

Asn Gly

Tyr Met

Leu Lys

Tyr Leu

Cys Ala

95

Gln Gly

Leu Gly

15

Ser Tyr

Leu Ile

Ser Gly



Ser Gly Ser Gly GIn Asp Tyr Ser Leu Thr Ile Ser Ser Leu Glu Tyr
65 70 75 80

Glu Asp Met Gly Ile Tyr Tyr Cys Leu Gln Tyr Asp Glu Phe Pro Pro
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg Ala Asp
100 105 110

<210> 8

211> 124

<212> PRT

<213> Artificial Sequence

<220>
<223> mA71 VH

<400> 8

Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Met Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Thr Gly Phe Thr Phe Ser Thr Tyr
20 25 30

Trp Ile Glu Trp Ile Lys Gln Arg Pro Gly His Gly Leu Asp Trp Ile
35 40 45

Gly Glu Ile Leu Pro Gly Ser Gly Asn Thr Asn Tyr Asn Glu Lys Phe
50 55 60

Lys Gly Lys Ala Thr Phe Thr Ala Asp Thr Ser Ser Asn Thr Val Tyr
65 70 75 80

Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Gly Gly Leu Tyr Tyr Asn Leu Asp Ser Trp Gly Gln Gly Thr
100 105 110

Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Pro Pro
115 120

<210> 9

211> 115

<212> PRT

<213> Artificial Sequence



<220>

<223> mA71 VL

<400> 9

Asp Val Val Met Thr Gln Thr Pro Leu Thr Leu Ser Val Thr Ile Gly
1 5 10 15

Gln Pro Ala Ser Ile Ser Cys Lys Ser Ser Gln Ser Leu Leu Asp Ser
20 25 30

Asp Gly Lys Thr Tyr Leu Tyr Trp Leu Leu Gln Arg Pro Gly Gln Ser
35 40 45

Pro Lys Arg Leu Ile Tyr Leu Val Ser Lys Leu Asp Ser Gly Val Pro
50 55 60

Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Trp Gln Asp
85 90 95

Thr His Phe Pro Arg Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110

Arg Ala Asp
115

<210> 10

211> 140

<212> PRT

<213> Artificial Sequence

<220>
<223> mB109 VH

<400> 10
Glu Val Gln Leu Gln Gln Ser Gly Ser Val Leu Ala Arg Pro Gly Thr
1 5 10 15

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Ser Tyr
20 25 30

Trp Met His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Met
35 40 45



Gly Ala Ile Tyr Pro Gly Asn Ser Gly
50 55

Ala Ile Tyr Pro Gly Asn Ser Asp Thr
65 70

Asp Lys Ala Lys Leu Thr Ala Val Ala
85

Glu Val Ser Ser Leu Thr Asn Glu Asp
100 105

Arg Gly Leu Arg Arg Trp Gly Ala Met
115 120

Ser Val Thr Val Ser Ser Ala Lys Thr
130 135

<210> 11

<211> 110

<212> PRT

<213> Artificial Sequence

<220>
<223> mB109 VL

<400> 11

Asp Ile Val Met Thr GIn Ser His Lys
1 5

Asp Arg Val Ser Ile Pro Cys Lys Ala
20 25

Val Ala Trp Tyr Gln Gln Lys Leu Gly
35 40

Tyr Ser Ala Ser Phe Arg Tyr Thr Gly
50 55

Ser Gly Ser Gly Thr Asp Phe Thr Phe
65 70

Glu Asp Leu Ala Val Tyr Tyr Cys Gln
85

Gln

Thr

Ser

90

Ser

Asp

Thr

Phe

10

Ser

Gln

Val

Thr

Gln
90

Gly

Tyr

75

Ala

Ala

Tyr

Pro

Met

Gln

Ser

Pro

Ile

75

His

Leu Asp Trp Ile Gly
60

Asn Gln Lys Phe Glu
80

Ser Thr Ala Tyr Met
95

Val Tyr Tyr Cys Thr
110

Trp Gly Gln Gly Thr
125

Pro
140

Ser Thr Ser Ala Gly
15

Asp Val Ser Ser Ala
30

Pro Lys Leu Leu Ile
45

Asp Arg Phe Thr Gly
60

Ser Ser Val Gln Ala
80

Tyr Ser Ser Pro Tyr
95



Thr Phe Gly Gly Gly Thr Asn Leu Glu Ile Lys Arg Ala Asp

100 105

<210> 12

211> 125

<212> PRT

<213> Artificial Sequence

<220>
<223> mB28 VH

<400> 12

110

Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Met Lys Pro Gly Ala
1

5

10 15

30

Ser Val Lys Ile Ser Cys Lys Ala Thr Gly Tyr Thr Phe Ser Ile Ser
25

20

Trp Ile Glu Trp Ile Lys Gln Arg Pro Gly Gly Leu Glu Trp Ile Gly
40

35

45

Lys Ile Leu Pro Gly Ser Gly Gly Ala Asn Tyr Asn Glu Lys Phe Lys
60

50 55

Gly Lys Ala Thr Val Thr Ala Asp Thr
65 70

Ser Ser Asn Thr Val Tyr Met
75 80

Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala

85

90 95

Arg Leu Ser Thr Gly Thr Arg Gly Ala Phe Asp Tyr Trp Gly Gln Gly

100 105

110

Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Pro Pro

115 120

<210> 13

<211> 110

<212> PRT

<213> Artificial Sequence

<220>
<223> mB28 VL

<400> 13

125



Asp Ile Gln Leu Thr Gln
1 5

Ala Thr Val Thr Ile Thr
20

Leu Ala Trp Tyr Gln Gln
35
Tyr Asn Ala Lys Thr Leu
50

Ser Gly Ser Gly Thr Gln
65 70

Glu Asp Phe Gly Ser Tyr
85

Thr Phe Gly Gly Gly Thr
100

Q10> 14
211> 121
<212> PRT

Ser

Cys

Lys

Ala

55

Phe

Tyr

Lys

<213> Artificial Sequence

<220>
<223> mC45 VH

<400> 14
Gln Val Gln Leu Gln Gln
| 5

Ser Val Lys Val Ser Cys
20

Leu Ile Glu Trp Ile Lys Gln

35

Gly Val Ile His Pro Gly
50

Lys Gly Lys Ala Ile Leu
65 70

Ser

Lys

Ser
55

Thr

Pro Ala Ser Leu Ser
10

Arg Ala Ser Glu Asn
25

Gln Gly Lys Ser Pro
40

Glu Gly Val Pro Ser
60

Ser Leu Lys Ile Asn
75

Cys Gln His His Tyr
90

Val Glu Ile Lys Arg
105

Gly Val Glu Leu Val
10

Ala Ser Gly Tyr Ala
25

Arg Pro Gly Gln Gly
40

Gly Val Thr Asn Tyr
60

Ala Asp Lys Ser Ser
75

Ala Ser Val Gly
15

Val Tyr Ser Tyr
30

Gln Leu Leu Val
45

Arg Phe Ser Gly

Tyr Leu Gln Pro

Gly Thr Pro Pro
95

Ala Asp
110

Arg Pro Gly Thr
15
Phe Thr Asn Tyr
30
Leu Glu Trp Ile
45

Asn Glu Lys Phe

Ser Thr Ala Tyr
80



Met Gln Leu Ser Ser Leu Thr Ser Asp Asp Ser Ala Val Tyr Phe Cys
85 90 95

Ala Arg Asp Tyr Tyr Gly Ser Ser His Gly Leu Met Asp Tyr Trp Gly
100 105 110

Gln Gly Thr Ser Val Thr Val Ser Ser
115 120

<210> 15

211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> mC45 VL

<400> 15

Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Met Tyr Ala Ser Leu Gly
1 5 10 15

Glu Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Asn Ser Tyr
20 25 30

Leu Ser Trp Phe Gln Gln Lys Pro Gly Lys Ser Pro Lys Thr Leu Ile
35 40 45

Tyr Arg Ala Asn Arg Leu Val Asp Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly GIn Asp Tyr Ser Leu Thr Ile Ser Ser Leu Glu Tyr
65 70 75 80

Glu Asp Met Gly Ile Tyr Tyr Cys Leu Gln Tyr Asp Glu Phe Pro Arg
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105

<210> 16

211> 118

<212> PRT

<213> Artificial Sequence

<220>
<223> mEl16 VH



<400> 16
Glu Val Lys Leu Val Glu Ser Gly Gly
1 5

Ser Leu Lys Leu Ser Cys Ala Ala Ser
20

25

Gly Met Ser Trp Val Arg Gln Thr Pro

35 40

Ala Ser Leu Arg Thr Gly Gly Asn Thr

50 55

Gly
65

Arg Phe Thr Ile Ser Arg Asp Asn
70

Gln Met Ser Ser Leu Thr Ser Glu Asp

85

Gly Leu Arg His Trp Gly Tyr Phe
100 105

Arg

Thr Val Thr Val Ser Ser
115

<210>
211>
212>
<213>

<220>
<223>

<400>

Asp Ile Val Met Thr GIn Ser His Lys
1 5

17

107

PRT

Artificial Sequence

mE16 VL
17

Asp Arg Val Asn Ile Thr Cys Lys Ala
20 25

Val Gly Trp Tyr Gln Gln Glu Pro Gly
35 40

Tyr Ser Ala Ser Asn Arg His Thr Gly
50 55

Gly Leu Val
10

Gly Phe Thr

Glu Lys Gly

Tyr Tyr Ser
60

Asp Arg Asn
75

Thr Ala Val
90

Asp Val Trp

Phe Met Ser
10

Ser Gln Asp

Gln Ser Pro

Val Pro Asp
60

Lys

Phe

Leu

45

Asp

Ile

Tyr

Gly

Thr

Val

Lys

45

Arg

Pro Gly Gly
15

Ser Asn Tyr
30

Gly Trp Val
Ser Val Lys

Leu Tyr Leu
80

Tyr Cys Ala
95

Ala Gly Thr
110

Ser Val Gly
15

Ser Thr Ala
30

Leu Leu Ile

Phe Thr Gly



Ser Gly Ser Gly Thr Asp Phe Thr Phe
65 70

Glu Asp Leu Ala Val Tyr Tyr Cys Gln
85

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys

100 105

<210> 18

211> 118

<212> PRT

<213> Artificial Sequence

<220>
<223> mE21 VH

<400> 18
Glu Val Gln Leu Gln GIn Ser Gly Ala
1 5

Ser Val Lys Leu Ser Cys Thr Ala Ser
20 25

Tyr Met His Trp Val Lys Gln Arg Pro
35 40

Gly Trp Ile Asp Pro Glu Asn Gly Asp
50 55

Gln Ala Lys Ala Thr Met Thr Ala Asp
65 70

Thr Ile Ser Ser Val Gln Ala

75

80

Gln His Tyr Ser Ser Pro Trp

90

95

Glu Leu Val Arg Ser Gly

10

15

Gly Phe Asn Ile Lys Asp

30

Glu Gln Gly Leu Glu Trp

45

Thr Glu Tyr Asp Pro

60

Thr Ser Ser Asn Thr

75

Leu Gln Leu Ser Ser Leu Thr Ser Glu Asp Thr Ala Val Tyr

85

90

Met Tyr Gly Asn Tyr Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln

100 105

Thr Leu Thr Val Ser Ser
115

210> 19
Q211> 107

110

Lys

Ala

Tyr
95

Gly

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Thr



<212>
<213>

<220>
<223> mE21 VL

<400> 19

Asp Ile Gln Met Thr Gln Thr Thr
1 5

PRT
Artificial Sequence

Asp Arg Val Thr Ile Ser Cys Arg
20

Leu Asn Trp Tyr Gln GIn Lys Pro
35 40

Tyr Tyr Thr Ser Arg Leu His Ser
50 55

Ser Gly Ser Gly Thr Asp Tyr Ser
65 70

Glu Asp Ile Ala Thr Tyr Phe Cys
85

Thr Phe Gly Gly Gly Thr Lys Leu
100

<210>
211>
212>
<213>

<220>
<223> mA105 HCDR3

<400> 20
Ala Arg Gly Gly Leu Tyr Tyr Asp
1 5

20

11

PRT

Artificial Sequence

<210> 21

211> 8

<212> PRT

<213> Artificial Sequence

<220>

<223> mAl105 HCDR2

Ser Ser Leu Ser Ala Ser Leu Gly
10 15

Ala Ser Gln Asp Ile Ser Asn Tyr
25 30

Asp Gly Thr Val Lys Leu Leu Ile
45

Gly Val Pro Ser Arg Phe Ser Gly
60

Leu Thr Ile Ser Asn Leu Glu Gln
75 80

Gln Gln Gly Asn Thr Leu Pro Trp
90 95

Glu Ile Lys
105

Leu Asp Tyr
10



<400> 21

Ile Leu Pro Gly Ser Gly Ser Thr
1 5

<210> 22

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mA105 HCDR1

<400> 22

Gly Phe Thr Phe Ser Ile Tyr Trp
1 5

<210> 23

211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> mA105 LCDR3

<400> 23

Trp Gln Asp Arg His Phe Pro Arg Thr
1 5

<210> 24

211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> mA105 LCDR2

<400> 24

Leu Val Ser
1

<210> 25

211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> mA105 LCDR1

<400> 25



Gln Ser Leu Leu Asp Ser Asp Gly Lys Thr Tyr
1 5 10

<210> 26

211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> mA39 HCDR3

<400> 26

Ala Arg Leu Gly Ile Gly Leu Arg Gly Ala Leu Asp Tyr
1 5 10

<210> 27

L211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> mA39 HCDR2

<400> 27

Ile Leu Pro Gly Ser Asn Thr
1 5

<210> 28

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mA39 HCDR1

<400> 28
Gly Tyr Thr Phe Asn Ile Tyr Trp
1 5

<210> 29

211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> mA39 LCDR3

<400> 29
Gln His Arg Tyr Gly Ser Pro Trp Thr
1 5



<210> 30

211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> mA39 LCDR2

<400> 30

Asn Ala Lys
1

<210> 31

Q211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> mA38 LCDRI

<400> 31
Glu Asn Ile Tyr Ser Tyr
1 5

<210> 32

211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> mA44 HCDR3

<400> 32
Ala Arg Trp His Tyr Gly Ser Pro Tyr Tyr Phe Asp Tyr
1 5 10

<210> 33
L211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> mA44 HCDR2

<400> 33

Ile Thr Tyr Ser Gly Ser Thr
1 5



<210> 34

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mA44 HCDR1

<400> 34
Gly Asp Ser Met Thr Asn Gly Tyr
1 5

<210> 35

211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> mA44 1.CDR3

<400> 35

Leu Gln Tyr Asp Glu Phe Pro Pro Thr
1 5

<210> 36

211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> mA44 1.CDR2

<400> 36
Arg Ala Asn
1

<210> 37

211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> mA44 1.CDR1

<400> 37
Gln Asp Ile Asn Ser Tyr
1 5

210> 38
L1l> 11



<212> PRT
<213> Artificial Sequence

<220>
<223> mA71 HCDR3

<400> 38

Ala Arg Gly Gly Leu Tyr Tyr Asn Leu Asp Ser
1 5 10

<210> 39

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mA71 HCDR2

<400> 39

Ile Leu Pro Gly Ser Gly Asn Thr
1 5

<210> 40

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mA71 HCDR1

<400> 40

Gly Phe Thr Phe Ser Thr Tyr Trp
1 5

<210> 41

211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> mA71 LCDR3

<400> 41

Trp Gln Asp Thr His Phe Pro Arg Thr
1 5

210> 42

211> 3

<212> PRT

<213> Artificial Sequence



<220>
<223> mA71 LCDR2

<400> 42

Leu Val Ser
1

<210> 43

211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> mA71 LCDR1

<400> 43
Gln Ser Leu Leu Asp Ser Asp Gly Lys Thr Tyr
1 5 10

<210> 44

211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> mA75 HCDR3

<400> 44

Ala Arg Gly Gly Leu Tyr Tyr Ala Met Asp Tyr
1 5 10

<210> 45

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mA75 HCDR2

<400> 45

Ile Leu Pro Gly Ser Gly Leu Thr
1 5

<210> 46

211> 8

<212> PRT

<213> Artificial Sequence

<220>



<223> mA75 HCDRI
<400> 46

Gly Phe Thr Phe Ser Thr Tyr Trp
1 5

<210> 47

211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> mA75 LCDR3

<400> 47

Trp Gln Gly Ser His Phe Pro Gln Thr
1 5

<210> 48

211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> mA75 LCDR2

<400> 48

Leu Val Cys
1

<210> 49

211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> mA75 LCDR1

<400> 49

Gln Ser Leu Leu Asp Ser Glu Gly Lys Thr Tyr
1 5 10

<210> 50

L211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> mB109 HCDR3



<400> 50
Thr Arg Gly Leu Arg Arg Trp Gly Ala Met Asp Tyr
1 5 10

<210> 51

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mB109 HCDR2

<400> 51

Ile Leu Pro Gly Ser Gly Leu Thr
1 5

<210> 52

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mB109 HCDR1

<400> 52

Gly Phe Thr Phe Ser Thr Tyr Trp
1 5

<210> 53

211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> mB109 LCDR3

<400> 53

Gln Gln His Tyr Ser Ser Pro Tyr Thr
1 5

<210> 54

211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> mB109 LCDR2

<400> 54



Ser Ala Ser
1

<210> 55

Q211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> mB109 LCDR1

<400> 55

Gln Asp Val Ser Ser Ala
1 5

<210> 56

211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> mB28 HCDR3

<400> 56

Ala Arg Leu Ser Thr Gly Thr Arg Gly Ala Phe Asp Tyr
1 5 10

<210> 57

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mB28 HCDR2

<400> 57

Ile Leu Pro Gly Ser Gly Gly Ala
1 5

<210> 58

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mB28 HCDR1

<400> 58

Gly Tyr Thr Phe Ser Ile Ser Trp
1 5



<210> 59

211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> mB28 LCDR3

<400> 59

Gln His His Tyr Gly Thr Pro Pro Thr
1 5

<210> 60

L21l> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> mB28 LCDR2

<400> 60

Asn Ala Lys
1

<210> 61

L21l> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> mB28 LCDR1

<400> 61
Glu Asn Val Tyr Ser Tyr
1 5

<210> 62

211> 14

<212> PRT

<213> Artificial Sequence

<220>
<223> mC45 HCDR3

<400> 62

Ala Arg Asp Tyr Tyr Gly Ser Ser His Gly Leu Met Asp Tyr
1 5 10



<210> 63

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mC45 HCDR2

<400> 63

Ile His Pro Gly Ser Gly Val Thr
1 5

<210> 64

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mC45 HCDR1

<400> 64

Gly Tyr Ala Phe Thr Asn Tyr Leu
1 5

<210> 65

211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> mC45 LCDR3

<400> 65

Leu Gln Tyr Asp Glu Phe Pro Arg Thr
1 5

<210> 66

211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> mC45 LCDR2

<400> 66
Arg Ala Asn
1

Q10> 67
QLll> 6



<212> PRT
<213> Artificial Sequence

<220>
<223> mC45 LCDR1

<400> 67
Gln Asp Ile Asn Ser Tyr
1 5

<210> 68

L211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> mE16 HCDR3

<400> 68
Ala Arg Gly Leu Arg His Trp Gly Tyr Phe Asp Val
1 5 10

<210> 69
L211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> mE16 HCDR2

<400> 69

Leu Arg Thr Gly Gly Asn Thr
1 5

<210> 70

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mE16 HCDR1

<400> 70

Gly Phe Thr Phe Ser Asn Tyr Gly
1 5

<210> 71

211> 9

<212> PRT

<213> Artificial Sequence



<220>
<223> mE16 LCDR3

<400> 71

Gln Gln His Tyr Ser Ser Pro Trp Thr
1 5

210> 72

L21l> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> mE16 LCDR2

<400> 72
Ser Ala Ser
1

<210> 73

Q211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> mEl16 LCDRI

<400> 73
Gln Asp Ile Ser Asn Tyr
1 5

<210> 74

211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> mE21 HCDR3

<400> 74

Met Tyr Gly Asn Tyr Pro Tyr Tyr Phe Asp Tyr
1 5 10

<210> 75

211> 8

<212> PRT

<213> Artificial Sequence

<220>



<223> mE21 HCDR2
<400> 75

Ile Asp Pro Glu Asn Gly Asp Thr
1 5

<210> 76

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> mE21 HCDR1

<400> 76
Gly Phe Asn Ile Lys Asp Tyr Tyr
1 5

210> 77

211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> mE21 LCDR3

<400> 77

Gln Gln Gly Asn Thr Leu Pro Trp Thr
1 5

<210> 78

211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> mE21 LCDR2

<400> 78

Tyr Thr Ser
1

<210> 79

211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> mE21 LCDR1



<400> 79
Gln Asp Ile Ser Asn Tyr
1 5

<210>
211>
212>
<213>

<220>
<223> mA75 VH

<400> 80
Gln Gly Gln Leu
1

80

124

PRT

Artificial Sequence

Gln Gln Ser Gly
5

Ser Val Lys Ile Ser Cys Lys Ala
20

Trp Ile Ala Trp Leu Lys Gln Arg

35 40

Ala Glu Ile Leu Pro Gly Ser Gly
50 55

Arg Gly Lys Ala Thr Phe Thr Ala
65 70

Met Gln Leu Ser Ser Leu Thr Ser
85

Ala Arg Gly Gly Leu Tyr Tyr Ala
100

Ser Val Thr Val Ser Ser Ala Lys
115 120

<210>
211>
212>
<213>

<220>
<223>

<400>

81

114

PRT

Artificial Sequence

mA75 VL
81

Ala Glu Leu Met Lys Pro Gly Ala
10 15

Ser Gly Phe Thr Phe Ser Thr Tyr
25 30

Pro Gly His Gly Leu Glu Trp Ile
45

Leu Thr Asn Tyr Asn Glu Ile Phe
60

Asp Thr Ser Ser Asn Thr Ala Tyr
75 80

Glu Asp Ser Ala Val Tyr Tyr Cys
90 95

Met Asp Tyr Trp Gly Gln Gly Thr
105 110

Thr Thr Ala Pro



Asp Val Val Met Thr Gln Thr Pro Leu
1 5

Gln Pro Ala Ser Ile Cys Lys Ser Ser
20 25

Gly Lys Thr Tyr Leu Asn Trp Leu Phe
35 40

Lys Arg Leu Ile Tyr Leu Val Cys Lys
50 55

Arg Phe Thr Gly Ser Gly Ser Gly Thr
65 70

Arg Val Glu Gly Glu Asp Leu Gly Val
85

His Phe Pro Gln Thr Phe Gly Gly Gly
100 105

Ala Asp

<210> 82

211> 119

<212> PRT

<213> Artificial Sequence

<220>
<223> HCla

<400> 82
Glu Met Thr Leu Lys Glu Ser Gly Pro
1 5

Thr Leu Ser Leu Thr Cys Ser Val Thr
20 25

Tyr Trp Asn Trp Ile Arg Lys Phe Pro
35 40

Gly Tyr Ile Thr Tyr Ser Gly Ser Thr
50 55

Thr Leu Ser Val Thr Ile
10 15

Gln Ser Leu Leu Asp Ser
30

Gln Arg Pro Gly Gln Ser
45

Leu Asp Cys Gly Val Pro
60

Asp Phe Thr Leu Lys Ile
75

Tyr Tyr Cys Trp Gln Gly
90 95

Thr Lys Leu Glu Ile Lys
110

Thr Leu Val Lys Pro Thr
10 15

Gly Asp Ser Met Thr Asn
30

Gly Lys Ala Leu Glu Tyr
45

Tyr Tyr Asn Pro Ser Leu
60

Gly

Glu

Pro

Asp

Ser

80

Ser

Arg

Gln

Gly

Met

Lys



Gly Arg Ile Ser Ile Thr Arg Asn Thr Ser Lys Asn Gln Tyr Tyr Leu
65 70 75 80

Thr Leu Ser Ser Val Thr Thr Val Asp Thr Ala Thr Tyr Tyr Cys Ala
85 90 95

Arg Trp His Tyr Gly Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Thr Leu Thr Val Ser Ser
115

<210> &3

211> 119

<212> PRT

<213> Artificial Sequence

<220>
<223> HClb

<400> &3
Glu Met Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu
1 5 10 15

Thr Leu Ser Leu Thr Cys Ser Val Thr Gly Asp Ser Met Thr Asn Gly
20 25 30

Tyr Trp Asn Trp Ile Arg Lys Phe Pro Gly Lys Gly Leu Glu Tyr Met
35 40 45

Gly Tyr Ile Thr Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys
50 55 60

Gly Arg Ile Ser Ile Thr Arg Asn Thr Ser Lys Asn Gln Tyr Tyr Leu
65 70 75 80

Lys Leu Ser Ser Val Thr Thr Ala Asp Thr Ala Thr Tyr Tyr Cys Ala
85 90 95

Arg Trp His Tyr Gly Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Thr Leu Thr Val Ser Ser
115



210> 84

211> 119

<212> PRT

<213> Artificial Sequence

<220>
<223> HC2a

<400> &4

Glu Met Thr Leu Lys Glu Ser Gly Pro Thr Leu Val Lys Pro Thr Gln
1 5 10 15

Thr Leu Ser Leu Thr Cys Ser Val Thr Gly Glu Ser Met Thr Gln Gly
20 25 30

Tyr Trp Asn Trp Ile Arg Lys Phe Pro Gly Lys Ala Leu Glu Tyr Met
35 40 45

Gly Tyr Ile Thr Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys
50 55 60

Gly Arg Ile Ser Ile Thr Arg Gln Thr Ser Lys Asn Gln Tyr Tyr Leu
65 70 75 80

Thr Leu Ser Ser Val Thr Thr Val Glu Thr Ala Thr Tyr Tyr Cys Ala
85 90 95

Arg Trp His Tyr Gly Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Thr Leu Thr Val Ser Ser
115

<210> 85

211> 119

<212> PRT

<213> Artificial Sequence

<220>
<223> HC2b

<400> 85
Glu Met Thr Leu Lys Glu Ser Gly Pro Thr Leu Val Lys Pro Thr Gln
1 5 10 15

Thr Leu Ser Leu Thr Cys Ser Val Thr Gly Asp Ser Met Thr Gln Gly
20 25 30



Tyr Trp

Gly Tyr
50

Gly Arg
65

Thr Leu

Arg Trp

Thr Thr

<210>
211>
212>
<213>

<220>
<223>

<400>
Gln Met
1

Thr Leu

Tyr Trp

Gly Tyr
50

Gly Arg
65

Thr Leu

Asn Trp Ile Arg Lys
35

Ile Thr Tyr Ser Gly
55

Ile Ser Ile Thr Arg
70

Ser Ser Val Thr Thr
85

His Tyr Gly Ser Pro
100

Leu Thr Val Ser Ser
115

86

119

PRT

Artificial Sequence
HC3

86

Thr Leu Lys Glu Ser

5

Ser Leu Thr Cys Ser
20

Asn Trp Ile Arg Gln
35

Ile Thr Tyr Ser Gly
55

Ile Thr Ile Thr Arg
70

Ser Ser Val Thr Thr
85

Phe

40

Ser

Asn

Val

Tyr

Gly

Val

Phe

40

Ser

Asp

Val

Pro

Thr

Thr

Asp

Tyr
105

Pro

Ser

25

Pro

Thr

Thr

Asp

Gly Lys Ala Leu Glu Tyr Met
45

Tyr Tyr Asn Pro Ser Leu
60
Ser Lys Asn Gln Tyr Tyr

Thr Ala Thr Tyr Tyr Cys

90

Phe Asp Tyr Trp Gly Gln

Thr Leu Val Lys Pro Thr

10

Gly Asp Ser Met Thr Asn
Gly Lys Ala Leu Glu Tyr
45

Tyr Tyr Asn Pro Ser Leu
60

75

110

30

95

15

Lys

Leu

Ala

Gly

Gln

Gly

Met

Lys

Ser Lys Asn Gln Tyr Tyr Leu
80

75

Thr Ala Thr Tyr Tyr Cys Ala

90

95



Arg Trp His Tyr Gly Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly

100

Thr Thr Leu Thr Val
115

Q210> &7
211> 119
<212> PRT

105 110

Ser Ser

<213> Artificial Sequence

<220>
<223> HC4

<400> 87
GIn Met Thr Leu Lys
1 5

Thr Leu Ser Leu Thr
20

Tyr Trp Asn Trp Ile
35

Gly Tyr Ile Thr Tyr
50

Gly Arg Ile Thr Ile
65

Thr Leu Ser Ser Val
85

Arg Trp His Tyr Gly
100

Thr Thr Leu Thr Val
115

210> &8
211> 119
<212> PRT

Glu Ser Gly Pro Thr Leu Val Lys Pro Thr
10 15

Cys Ser Val Ser Gly Glu Ser Met Thr Gln
25 30

Arg Gln Phe Pro Gly Lys Ala Leu Glu Tyr
40 45

Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu
55 60

Thr Arg Gln Thr Ser Lys Asn Gln Tyr Tyr
70 75

Thr Thr Val Glu Thr Ala Thr Tyr Tyr Cys
90 95

Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln
105 110

Ser Ser

<213> Artificial Sequence

<220>

Gln

Gly

Met

Lys

Leu

80

Ala

Gly



<223> HC5a

<400>
Gln Val
|

Thr Leu
Tyr Trp

Gly Tyr
50

Ser Arg
65

Lys Leu
Arg Trp
Thr Leu

<210>
211>
212>
<213>

<220>
<223>

<400>
Gln Met
1

88

Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser

5

Ser Leu Thr Cys Thr Val Ser

20

35

25

40

Ile Thr Tyr Ser Gly Ser Thr

55

Ile Thr Ile Ser Arg Asn Thr

70

10 15

Gly Asp Ser Met Thr Asn
30

Asn Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Tyr
45

Tyr Tyr Asn Pro Ser Leu
60

Ser Lys Asn Gln Tyr Ser
75

Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys

85

His Tyr Gly Ser Pro Tyr Tyr

100

Val Thr Val Ser Ser
115

89

119

PRT

Artificial Sequence

HC5b
89

105

90 95

Phe Asp Tyr Trp Gly Gln
110

Glu

Gly

Met

Lys

Leu

80

Ala

Gly

Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Glu

5

10 15

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Asp Ser Met Thr Asn Gly

20

25

30

Tyr Trp Asn Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Tyr Met
35 40 45



Gly Tyr Ile Thr Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys
50 55 60

Ser Arg Ile Thr Ile Ser Arg Asp Thr Ser Lys Asn Gln Tyr Ser Leu
65 70 75 80

Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95

Arg Trp His Tyr Gly Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

<210> 90

211> 119

<212> PRT

<213> Artificial Sequence

<220>
<223> HC5a

<400> 90
Gln Met Gln Leu Gln Gln Ser Gly Pro Gly Leu Val Lys Pro Ser Gln
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Ile Ser Gly Asp Ser Met Thr Asn Gly
20 25 30

Tyr Trp Asn Trp Ile Arg Gln Ser Pro Ser Arg Gly Leu Glu Tyr Met
35 40 45

Gly Tyr Ile Thr Tyr Ser Gly Ser Thr Tyr Tyr Ala Val Ser Val Lys
50 55 60

Ser Arg Ile Thr Ile Asn Arg Asp Thr Ser Lys Asn Gln Tyr Ser Leu
65 70 75 80

Gln Leu Ser Ser Val Thr Pro Glu Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95

Arg Trp His Tyr Gly Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly
100 105 110



Thr Leu Val Thr Val Ser Ser
115

<210> 91

211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> [Cla

<400> 91
Asp Ile Lys Met Thr Gln Ser
1 5

Asp Arg Val Thr Ile Thr Cys
20

Leu Ser Trp Leu Gln Gln Lys
35

Tyr Arg Ala Asn Arg Ser Val
50 55

Ser Gly Ser Gly Gln Asp Tyr
65 70

Glu Asp Leu Gly Ile Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys
100

<210> 92

211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> LClb

<400> 92

Pro Ser Ser Leu Ser Ala Ser Val Gly

10

Lys Ala Ser Gln
25

Pro Gly Lys Ser
40
Asp Gly Val Pro

Ser Leu Thr Ile
75

Cys Leu Gln Tyr
90

Leu Glu Ile Lys
105

15

Asp Ile Asn Ser Tyr
30

Pro Lys Thr Leu Ile
45

Ser Arg Phe Ser Gly
60

Ser Ser Leu Gln Pro
80

Asp Glu Phe Pro Pro
95

Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Val Ser Val Ser Pro Gly
1

5

10

15

Gln Thr Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Asn Ser Tyr
25 30

20



Leu Ser Trp Leu Gln Gln Lys
35

Tyr Arg Ala Asn Arg Ser Val
50 55

Ser Gly Ser Gly Gln Asp Tyr
65 70

Met Asp Glu Gly Ile Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys
100

<210>
211>
212>
<213>

<220>
<223> 1C2

<400> 93

Asp Ile Lys Met Thr Gln Ser
1 5

93

107

PRT

Artificial Sequence

Asp Arg Val Thr Ile Thr Cys
20

Leu Ser Trp Leu Gln Gln Lys
35

Tyr Arg Ala Gln Arg Ser Val
50 55

Ser Gly Ser Gly Gln Asp Tyr
65 70

Glu Asp Leu Gly Ile Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys
100

Pro Gly Gln
40

Asp Gly Val
Ser Leu Thr

Cys Leu Gln
90

Leu Thr Ile
105

Pro Ser Ser
10

Lys Ala Ser
25

Pro Gly Lys
40

Glu Gly Val
Ser Leu Thr
Cys Leu Gln

90

Leu Glu Ile
105

Ser

Pro

Ile

75

Tyr

Lys

Leu

Gln

Ser

Pro

Ile

75

Tyr

Lys

Pro

Ser

60

Ser

Asp

Ser

Asp

Pro

Ser

60

Ser

Asp

Lys Thr Leu Ile
45

Arg Phe Ser Gly

Ser Leu GIn Ala
80

Glu Phe Pro Pro
95

Ala Ser Val Gly
15

Ile Asn Ser Tyr
30

Lys Thr Leu Ile
45

Arg Phe Ser Gly

Ser Leu GIn Pro
80

Glu Phe Pro Pro
95



<210> 94

211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> LC3

<400> 94
Asp Ile Lys Met Thr Gln Ser
1 5

Asp Arg Val Thr Ile Thr Cys
20

Leu Ser Trp Leu Gln Gln Lys
35

Tyr Arg Ala Asn Arg Ser Val
50 55

Ser Gly Ser Gly Gln Asp Tyr
65 70

Glu Asp Leu Ala Thr Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys
100

<210> 95

211> 107

<212> PRT

<213> Artificial Sequence

<220>
223> LC4

<400> 95

Pro Ser Ser Leu
10

Lys Ala Ser Gln
25

Pro Gly Lys Ser
40
Asp Gly Val Pro

Ser Leu Thr Ile
75

Cys Leu Gln Tyr
90

Leu Glu Ile Lys
105

Ser Ala Ser Val Gly
15

Asp Ile Asn Ser Tyr
30

Pro Lys Thr Leu Ile
45

Ser Arg Phe Ser Gly
60

Ser Ser Leu Gln Pro
80

Asp Glu Phe Pro Pro
95

Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1

5

10

15

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Asn Ser Tyr
25 30

20



Leu Ser Trp Leu Gln Gln Lys
35

Tyr Arg Ala Gln Arg Ser Val
50 55

Ser Gly Ser Gly Gln Asp Tyr
65 70

Glu Asp Leu Ala Thr Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys
100

<210>
211>
212>
<213>

<220>
<223> LC5a

<400> 96

Asp Ile Gln Met Thr Gln Ser
1 5

96

107

PRT

Artificial Sequence

Asp Arg Val Thr Ile Thr Cys
20

Leu Ser Trp Leu Gln Gln Lys
35

Tyr Arg Ala Asn Arg Ser Val
50 55

Ser Gly Ser Gly Thr Asp Tyr
65 70

Glu Asp Ile Ala Thr Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys
100

Pro Gly Lys
40

Glu Gly Val
Ser Leu Thr

Cys Leu Gln
90

Leu Glu Ile
105

Pro Ser Ser
10

Lys Ala Ser
25

Pro Gly Lys
40

Asp Gly Val
Thr Phe Thr
Cys Leu Gln

90

Val Glu Ile
105

Ser

Pro

Ile

75

Tyr

Lys

Leu

Gln

Ala

Pro

Ile

75

Lys

Pro

Ser

60

Ser

Asp

Ser

Asp

Pro

Ser

60

Ser

Asp

Lys Thr Leu Ile
45

Arg Phe Ser Gly

Ser Leu GIn Pro
80

Glu Phe Pro Pro
95

Ala Ser Val Gly
15

Ile Asn Ser Tyr
30

Lys Leu Leu Ile
45

Arg Phe Ser Gly

Ser Leu GIn Pro
80

Glu Phe Pro Pro
95



<210>
211>
212>
<213>

<220>
<223> LC5b

<400> 97

Asp Ile Gln Met Thr Gln Ser
1 5

97

107

PRT

Artificial Sequence

Asp Arg Val Thr Ile Thr Cys
20

Leu Ser Trp Leu Gln Gln Lys
35

Tyr Arg Ala Asn Arg Ser Val
50 55

Ser Gly Ser Gly Gln Asp Tyr
65 70

Glu Asp Ile Ala Thr Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys
100

<210>
211>
212>
<213>

<220>
<223> L1C5¢

<400> 98

Glu Ile Val Met Thr Gln Ser
| 5

98

107

PRT

Artificial Sequence

Glu Arg Ala Thr Leu Ser Cys
20

Leu Ser Trp Leu Gln Gln Lys
35

Pro Ser Ser Leu Ser Ala Ser Val Gly
10 15

Lys Ala Ser Gln Asp Ile Asn Ser Tyr
25 30

Pro Gly Lys Ala Pro Lys Thr Leu Ile
40 45

Asp Gly Val Pro Ser Arg Phe Ser Gly
60

Thr Phe Thr Ile Ser Ser Leu Gln Pro
75 80

Cys Leu GIn Tyr Asp Glu Phe Pro Pro
90 95

Val Glu Ile Lys
105

Pro Ala Thr Leu Ser Leu Ser Pro Gly
10 15

Lys Ala Ser Gln Asp Ile Asn Ser Tyr
25 30

Pro Gly Gln Ala Pro Arg Thr Leu Ile
40 45



Tyr Arg Ala Asn Arg Ser Val
50 55

Ser Gly Ser Gly Gln Asp Tyr
65 70

Glu Asp Phe Ala Val Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys
100

<210>
211>
212>
<213>

<220>
<223> C(H

<400> 99

Ala Ser Thr Lys Gly Pro Ser
1 5

99

255

PRT

Artificial Sequence

Ser Thr Ser Gly Gly Thr Ala
20

Phe Pro Glu Pro Val Thr Val
35

Gly Val His Thr Phe Pro Ala
50 55

Leu Ser Ser Val Val Thr Val
65 70

Tyr Ile Cys Asn Val Asn His
85

Lys Val Glu Pro Lys Ser Cys
100

Pro Ala Pro Glu Leu Leu Gly
115

Asp

Thr

Cys

Val

Val

Ala

Ser

40

Val

Pro

Lys

Asp

Gly
120

Gly Ile Pro Ala Arg Phe Ser
60

Ile Ser Ser Leu Glu
75

Leu Thr

Leu Gln Tyr Asp Glu Phe Pro

90 95
Glu Ile Lys
105
Phe Pro Leu Ala Pro Ser Ser

10 15

Leu Gly Cys
25

Leu Val Lys Asp
30

Trp Asn Ser Gly Ala Leu Thr
45

Leu Gln Ser Ser Gly Leu Tyr
60

Ser Leu Gly Thr Gln
75

Ser Ser

Pro Ser

Asn Thr Lys Val Asp
90 95

Lys Thr His

105

Thr Cys Pro Pro
110

Val Phe Leu Phe Pro

125

Pro Ser

Gly
Pro

80

Pro

Lys

Tyr

Ser

Ser

Thr

80

Lys

Cys

Pro



Lys Pro Lys Asp Thr Leu Met
130 135

Val Val
145

Val Asp Val Ser His
150

Tyr Val Asp Gly Val Glu Val

165

Glu Gln Tyr Asn Ser Thr Tyr
180

His Gln Asp Trp Leu Asn Gly
195

Lys Ala Leu Pro Ala Pro Ile
210 215

Gln Pro Arg Glu Pro GIn Val

225 230

Leu Thr Lys Asn Gln Val Ser
245

<210> 100

211> 107

<212> PRT

<213> Artificial Sequence

<220>

<223> CL

<400> 100

Arg Thr Val Ala Ala Pro Ser

1 5

Gln Leu Lys Ser Gly Thr Ala
20

Tyr Pro Arg Glu Ala Lys Val
35

Ser Gly Asn Ser Gln Glu Ser
50 55

Ile

Glu

His

Arg

Lys

200

Glu

Tyr

Leu

Val

Ser

Gln

40

Val

Ser

Asp

Asn

Val

185

Glu

Lys

Thr

Thr

Phe

Val
25

Trp

Thr

Arg Thr Pro Glu Val
140

Thr Cys

Pro Glu Val Lys
155

Phe Asn Trp

160

Ala Lys Thr
170

Pro Arg Glu
175

Lys

Val Ser Val Leu Thr

190

Val Leu

Lys Val Ser Asn

205

Tyr Lys Cys

Thr Ile Ser
220

Lys Ala Lys Gly

Arg Asp Glu
240

Leu Pro Pro Ser
235

Cys Leu Val
250

Gly Phe
255

Lys

I[le Phe Pro Pro Ser
10

Asp Glu
15

Val Cys Leu Leu Asn Asn Phe
30

Lys Val Asp Asn Ala Leu Gln
45

Glu Gln Asp Ser Lys Asp Ser
60



Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu
65 70 75 80

Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser
85 90 95

Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
100 105

<210> 101
211> 107
<212> PRT
<213> Artificial Sequence

<220>
<223> vkl

<400> 101

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser Ser Tyr
20 25 30

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Leu Ala Thr Tyr Tyr Cys Gln Gln Ser Tyr Ser Thr Pro Pro
85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> 102
211> 106
<212> PRT
<213> Artificial Sequence

<220>



<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

v]ambda3

misc_feature
(22)..(22)
Xaa can be any naturally occurring amino acid

misc_feature
(87)..(87)
Xaa can be any naturally occurring amino acid

102

Ser Tyr Glu Leu Thr Gln Pro Pro Ser Val Ser Val Ser Pro Gly Gln
1

5 10 15

Thr Ala Ser Ile Thr Xaa Ser Gly Asp Lys Leu Gly Asp Lys Tyr Ala
25 30

20

Ser Trp Tyr Gln GIn Lys Pro Gly Gln Ser Pro Val Leu Val Ile Tyr

35 40 45

Gln Asp Ser Lys Arg Pro Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
50

55 60

Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile Ser Gly Thr Gln Ala Met

05

70 75 80

Asp Glu Ala Asp Tyr Tyr Xaa Gln Ala Trp Asp Ser Ser Ala Val Val

85 90 95

Phe Gly Gly Gly Thr Lys Leu Thr Val Leu

<210>
211>
212>
<213>

<220>
<223>

<400>

100 105

103
120
PRT
Artificial Sequence

vh?2
103

Gln Val Thr Leu Lys Glu Ser Gly Pro Thr Leu Val Lys Pro Thr Gln
1

5 10 15

Thr Leu Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Ser Thr Ser



20

Gly Val Gly Val Gly Trp Ile Arg

35 40

Trp Leu Ala Arg Ile Asp Trp Asp
50 55

Leu Lys Thr Arg Leu Thr Ile Ser
65 70

Val Leu Thr Met Thr Asn Met Asp
85

Cys Ala Arg Met Gly Phe Thr Gly
100

Gly Thr Leu Val Thr Val Ser Ser

115 120
<210> 104
211> 118
<212> PRT
<213> Artificial Sequence
<220>
<223> vh4
<220>
<221> misc_feature
222> (22)..(22)
<223> Xaa can be any naturally
<220>
<221> misc_feature
<222> (95)..(95)
<223> Xaa can be any naturally
<400> 104
Gln Val Gln Leu Gln Glu Ser Gly
1 5

Thr Leu Ser Leu Thr Xaa Thr Val
20

Tyr Trp Ser Trp Ile Arg Gln Pro
35 40

25 30

Gln Pro Pro Gly Lys Ala Leu Glu
45

Asp Asp Lys Tyr Tyr Ser Thr Ser
60

Lys Asp Thr Ser Lys Asn Gln Val
75 80

Pro Val Asp Thr Ala Thr Tyr Tyr
90 95

Thr Tyr Phe Asp Tyr Trp Gly Gln
105 110

occurring amino acid

occurring amino acid

Pro Gly Leu Val Lys Pro Ser Glu
10 15

Ser Gly Gly Ser Ile Ser Ser Tyr
25 30

Pro Gly Lys Gly Leu Glu Trp Ile
45



Gly Tyr Ile Tyr Tyr Ser Gly Ser Thr Asn Tyr Asn Pro Ser Leu Lys
50 55 60

Ser Arg Val Thr Ile Ser Val Asp Thr Ser Lys Asn Gln Phe Ser Leu
65 70 75 80

Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Xaa Ala
85 90 95

Arg Gly Asp Ser Ser Gly Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser
115

<210> 105

211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Heavy Chain 3'- Primer

<400> 105
tatgcaaggc ttacaaccac a

<210> 106

211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Light Chain 3'- Primer

<400> 106
ctcattcctg ttgaagctct tgag

<210> 107
211> 107
<212> PRT
<213> Artificial Sequence

<220>
<223> IGKV1-33-01_IGKJ4-01

<400> 107

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

21

24



Asp Arg Val Thr Ile Thr Cys Gln Ala Ser Gln
20 25

Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Ala
35 40

Tyr Asp Ala Ser Asn Leu Glu Thr Gly Val Pro
50 55

Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile
65 70 75

Glu Asp Ile Ala Thr Tyr Tyr Cys Gln Gln Tyr
85 90

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105

<210> 108
211> 119
<212> PRT
<213> Artificial Sequence

<220>
<223> IGHV4-59-02_IGHD6-13-01_IGHJ4-02

<400> 108
Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu
1 5 10

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Gly
20 25

Tyr Trp Ser Trp Ile Arg Gln Pro Pro Gly Lys
35 40

Gly Tyr Ile Tyr Tyr Ser Gly Ser Thr Asn Tyr
50 55

Ser Arg Val Thr Ile Ser Val Asp Thr Ser Lys
65 70 75

Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala
85 90

Asp

Pro

Ser

60

Ser

Asp

Val

Ser

Gly

Asn

60

Asn

Val

Ile Ser Asn Tyr
30

Lys Leu Leu Ile
45

Arg Phe Ser Gly

Ser Leu GIn Pro
80

Asn Leu Pro Leu
95

Lys Pro Ser Glu
15

Val Ser Ser Tyr
30

Leu Glu Trp Ile
45
Pro Ser Leu Lys

Gln Phe Ser Leu
80

Tyr Tyr Cys Ala
95



Arg Gly Tyr Ser Ser Ser Trp Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly

Thr Leu Val Thr Val Ser Ser

115

<210>
211>
212>
<213>

<220>
<223>

<400> 109
Asp Ile Lys
1

109
226
PRT

Asp Arg Val

Leu Ser Trp
35

Tyr Arg Ala
50

Ser Gly Ser
65

A44-hvl

Artificial Sequence

[Cla x HCla

Met Thr Gln Ser

5

Thr Ile Thr Cys

Leu Gln Gln Lys

Asn Arg Ser Val

55

Gly Gln Asp Tyr

70

Glu Asp Leu Gly Ile Tyr Tyr

Thr Phe Gly

Glu Ser Gly
115

Cys Ser Val
130

Arg Lys Phe
145

85

Gly Gly Thr Lys

Pro Thr Leu Val

Thr Gly Asp Ser

135

Pro Gly Lys Ala

150

105

Pro Ser Ser Leu Ser Ala
10

Lys Ala Ser Gln Asp Ile
25

Pro Gly Lys Ser Pro Lys
40 45

Asp Gly Val Pro Ser Arg
60

Ser Leu Thr Ile Ser Ser
75

Cys Leu Gln Tyr Asp Glu
90

Leu Glu Ile Lys Glu Met
105

Lys Pro Thr Gln Thr Leu
120 125

Met Thr Asn Gly Tyr Trp
140

Leu Glu Tyr Met Gly Tyr
155

110

Ser Val Gly
15

Asn Ser Tyr
30

Thr Leu Ile

Phe Ser Gly

Leu Gln Pro
80

Phe Pro Pro
95

Thr Leu Lys
110

Ser Leu Thr

Asn Trp Ile

Ile Thr Tyr
160



Ser Gly Ser Thr Tyr Tyr Asn
165

Thr Arg Asn Thr Ser Lys Asn
180

Thr Thr Val Asp Thr Ala Thr
195

Ser Pro Tyr Tyr Phe Asp Tyr
210 215

Ser Ser
225

<210> 110
211> 226
<212> PRT
<213> Artificial Sequence

<220>
<223> A44-hv2 LClb x HClb

<400> 110
Asp Ile Lys Met Thr Gln Ser
1 5

Gln Thr Val Thr Ile Thr Cys
20

Leu Ser Trp Leu Gln Gln Lys
35

Tyr Arg Ala Asn Arg Ser Val
50 55

Ser Gly Ser Gly Gln Asp Tyr
65 70

Met Asp Glu Gly Ile Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys
100

Pro Ser Leu Lys Gly Arg Ile Ser Ile
170 175

Gln Tyr Tyr Leu Thr Leu Ser Ser Val
185 190

Tyr Tyr Cys Ala Arg Trp His Tyr Gly
200 205

Trp Gly Gln Gly Thr Thr Leu Thr Val
220

Pro Ser Ser Val Ser Val Ser Pro Gly
10 15

Lys Ala Ser Gln Asp Ile Asn Ser Tyr
25 30

Pro Gly Gln Ser Pro Lys Thr Leu Ile
40 45

Asp Gly Val Pro Ser Arg Phe Ser Gly
60

Ser Leu Thr Ile Ser Ser Leu Gln Ala
75 80

Cys Leu GIn Tyr Asp Glu Phe Pro Pro
90 95

Leu Thr Ile Lys Glu Met Gln Leu Gln
105 110



Glu Ser Gly Pro Gly Leu Val Lys Pro Ser
115 120

Cys Ser Val Thr Gly Asp Ser Met Thr Asn
130 135

Arg Lys Phe Pro Gly Lys Gly Leu Glu Tyr
145 150

Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu
165 170

Thr Arg Asn Thr Ser Lys Asn Gln Tyr Tyr
180 185

Thr Thr Ala Asp Thr Ala Thr Tyr Tyr Cys
195 200

Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln
210 215

Ser Ser
225

<210> 111
211> 226
<212> PRT
<213> Artificial Sequence

<220>
<223> A44-hv3 LC2 x HC2a

<400> 111
Asp Ile Lys Met Thr Gln Ser Pro Ser Ser
1 5 10

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser
20 25

Leu Ser Trp Leu Gln GIn Lys Pro Gly Lys
35 40

Tyr Arg Ala Gln Arg Ser Val Glu Gly Val
50 55

Glu Thr
Gly Tyr

140

Met Gly

155

Lys Gly

Leu Lys

Ala Arg

Gly Thr
220

Leu Ser

Gln Asp

Ser Pro

Pro Ser
60

Leu

125

Trp

Tyr

Arg

Leu

Trp

205

Thr

Ala

Ile

Lys

45

Arg

Ser

Asn

Ile

Ile

Ser

190

His

Leu

Ser

Asn

30

Thr

Phe

Leu Thr

Trp Ile

Thr Tyr

160

Ser Ile

175

Ser Val

Tyr Gly

Thr Val

Val Gly

15

Ser Tyr

Leu Ile

Ser Gly



Ser Gly Ser Gly Gln Asp Tyr Ser Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Leu Gly Ile Tyr Tyr Cys Leu Gln Tyr Asp Glu Phe Pro Pro
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Glu Met Thr Leu Lys
100 105 110

Glu Ser Gly Pro Thr Leu Val Lys Pro Thr Gln Thr Leu Ser Leu Thr
115 120 125

Cys Ser Val Thr Gly Glu Ser Met Thr Gln Gly Tyr Trp Asn Trp Ile
130 135 140

Arg Lys Phe Pro Gly Lys Ala Leu Glu Tyr Met Gly Tyr Ile Thr Tyr
145 150 155 160

Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys Gly Arg Ile Ser Ile
165 170 175

Thr Arg Gln Thr Ser Lys Asn Gln Tyr Tyr Leu Thr Leu Ser Ser Val
180 185 190

Thr Thr Val Glu Thr Ala Thr Tyr Tyr Cys Ala Arg Trp His Tyr Gly
195 200 205

Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val
210 215 220

<

Ser Ser
225

<210> 112
211> 226
<212> PRT
<213> Artificial Sequence

<220>
<223> A44-hv4 [Cla x HC2b

<400> 112

Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15



Asp Arg

Leu Ser

Tyr Arg
50

Ser Gly
65

Glu Asp

Thr Phe

Glu Ser

Cys Ser
130

Arg Lys
145

Ser Gly

Thr Arg

Thr Thr

Ser Pro

210

Ser Ser
225

Val Thr Ile
20

Trp Leu Gln
35

Ala Asn Arg

Ser Gly Gln

Leu Gly Ile
85

Gly Gly Gly
100

Gly Pro Thr

Val Thr Gly

Phe Pro Gly

Ser Thr Tyr
165

Asn Thr Ser
180

Val Asp Thr
195

Tyr Tyr Phe

Thr Cys Lys Ala Ser Gln Asp Ile
25

Gln Lys Pro Gly Lys Ser Pro Lys
40 45

Ser Val Asp Gly Val Pro Ser Arg
55 60

Asp Tyr Ser Leu Thr Ile Ser Ser
70 75

Tyr Tyr Cys Leu Gln Tyr Asp Glu
90

Thr Lys Leu Glu Ile Lys Glu Met
105

Leu Val Lys Pro Thr Gln Thr Leu
120 125

Asp Ser Met Thr Gln Gly Tyr Trp
135 140

Lys Ala Leu Glu Tyr Met Gly Tyr
150 155

Tyr Asn Pro Ser Leu Lys Gly Arg
170

Lys Asn Gln Tyr Tyr Leu Thr Leu
185

Ala Thr Tyr Tyr Cys Ala Arg Trp
200 205

Asp Tyr Trp Gly Gln Gly Thr Thr
215 220

<

Asn Ser
30

Thr Leu

Phe Ser

Leu Gln

Phe Pro
95

Thr Leu
110

Ser Leu

Asn Trp

I[le Thr

Ile Ser

175

Ser Ser
190

His Tyr

Leu Thr

Tyr

Ile

Gly

Pro

80

Pro

Lys

Thr

Ile

Tyr

160

Ile

Val

Gly

Val



<210>
211>
212>
<213>

<220>
<223>

<400> 113
Asp Ile Lys
1

113
226
PRT

Asp Arg Val

Trp
35

Leu Ser

Tyr Arg Ala
50

Ser Gly
65

Ser

Glu Asp

Thr Phe Gly

Glu Ser

Cys Ser
130

Arg Lys Phe

145

Ser Gly Ser

Thr Arg Asn

Met

Thr

20

Leu

Gln

Gly

Gly

100

Pro

Thr

Pro

Thr

Thr
180

Artificial Sequence

A44-hv5 LC2 x HC2b

Thr Gln Ser
5

Ile Thr Cys
Gln Gln Lys
Arg Ser Val

55

Gln Asp Tyr
70

Leu Gly Ile Tyr Tyr
85

Gly Thr Lys

Thr Leu Val

Gly Asp Ser
135

Pro Ser Ser
10

Lys Ala Ser
25

Pro Gly Lys

40

Glu Gly Val

Ser Leu Thr

Cys Leu Gln Tyr Asp Glu Phe

90

Leu Glu Ile
105

Lys Pro Thr
120

Met Thr Gln Gly Tyr

Gly Lys Ala Leu Glu Tyr

150

Leu Ser Ala

Gln Asp Ile

Ser Pro Lys
45

Pro Ser Arg

60

Ile Ser
75

Ser

Lys Glu Met

Gln Thr Leu

125

Trp
140

Met Gly Tyr
155

Tyr Tyr Asn Pro Ser Leu Lys Gly Arg

165

Ser Lys Asn Gln Tyr Tyr Leu Thr Leu Ser

170

185

Ser Val Gly
15

Asn Ser Tyr
30

Thr Leu Ile

Phe Ser Gly

Leu Gln Pro

80

Pro Pro

95

Thr
110

Leu Lys

Ser Leu Thr

Asn Trp Ile

Ile Thr Tyr

160

Ile Ser Ile

175

Ser Val

190



Thr Thr Val Asp Thr Ala Thr Tyr Tyr Cys Ala Arg Trp His Tyr Gly

195

200

205

Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val
215

210

Ser Ser

225

<210>
211>
212>
<213>

<220>
<223>

<400>

Asp Ile Lys Met Thr Gln Ser
1

Asp Arg Val Thr Ile Thr Cys
Leu Ser Trp Leu Gln Gln Lys

Tyr Arg Ala Asn Arg Ser Val
50

05

Glu Asp Leu Ala Thr Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys

Glu Ser Gly Pro Thr Leu Val

Cys Ser Val Ser Gly Asp Ser
130

114
226
PRT
Artificial Sequence

A44-hv6 LC3 x HC3
114

5

20

35

55

Ser Gly Ser Gly Gln Asp Tyr
70

100

115

135

220

Pro Ser Ser Leu Ser
10

Lys Ala Ser Gln Asp
25

Pro Gly Lys Ser Pro
40

Asp Gly Val Pro Ser
60

Ser Leu Thr Ile Ser
75

Cys Leu GlIn Tyr Asp
90

Leu Glu Ile Lys Gln
105

Lys Pro Thr Gln Thr
120

Met Thr Asn Gly Tyr
140

Ala Ser Val Gly
15

Ile Asn Ser Tyr
30

Lys Thr Leu Ile
45

Arg Phe Ser Gly

Ser Leu GIn Pro
80

Glu Phe Pro Pro
95

Met Thr Leu Lys
110

Leu Ser Leu Thr
125

Trp Asn Trp Ile



Arg Gln Phe Pro Gly Lys Ala Leu Glu Tyr Met Gly Tyr Ile Thr Tyr
145 150 155 160

Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys Gly Arg Ile Thr Ile
165 170 175

Thr Arg Asp Thr Ser Lys Asn Gln Tyr Tyr Leu Thr Leu Ser Ser Val
180 185 190

Thr Thr Val Asp Thr Ala Thr Tyr Tyr Cys Ala Arg Trp His Tyr Gly
195 200 205

Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val
210 215 220

Ser Ser
225

<210> 115
211> 226
<212> PRT
<213> Artificial Sequence

<220>
<223> A44-hv7 LC4 x HC4

<400> 115
Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Asn Ser Tyr
20 25 30

Leu Ser Trp Leu Gln Gln Lys Pro Gly Lys Ser Pro Lys Thr Leu Ile
35 40 45

Tyr Arg Ala Gln Arg Ser Val Glu Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Gln Asp Tyr Ser Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Leu Ala Thr Tyr Tyr Cys Leu Gln Tyr Asp Glu Phe Pro Pro
85 90 95



Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys GIn Met Thr Leu Lys
100 105 110

Glu Ser Gly Pro Thr Leu Val Lys Pro Thr Gln Thr Leu Ser Leu Thr
115 120 125

Cys Ser Val Ser Gly Glu Ser Met Thr Gln Gly Tyr Trp Asn Trp Ile
130 135 140

Arg Gln Phe Pro Gly Lys Ala Leu Glu Tyr Met Gly Tyr Ile Thr Tyr
145 150 155 160

Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys Gly Arg Ile Thr Ile
165 170 175

Thr Arg Gln Thr Ser Lys Asn Gln Tyr Tyr Leu Thr Leu Ser Ser Val
180 185 190

Thr Thr Val Glu Thr Ala Thr Tyr Tyr Cys Ala Arg Trp His Tyr Gly
195 200 205

Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val
210 215 220

Ser Ser
225

<210> 116
211> 226
<212> PRT
<213> Artificial Sequence

<220>
<223> A44-hv8 LC5a x HCSa

<400> 116
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Asn Ser Tyr
20 25 30

Leu Ser Trp Leu Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45



Tyr Arg Ala Asn Arg Ser Val Asp Gly Val
50

55

Ser Gly Ser Gly Thr Asp Tyr Thr Phe Thr

65

70

Glu Asp Ile Ala Thr Tyr Tyr Cys Leu Gln

85 90

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile

100 105

Glu Ser Gly Pro Gly Leu Val Lys Pro Ser

115 120

Cys Thr Val Ser Gly Asp Ser Met Thr Asn

130

135

Arg Gln Pro Pro Gly Lys Gly Leu Glu Tyr

145

150

Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu

165 170

Ser Arg Asn Thr Ser Lys Asn Gln Tyr Ser

180 185

Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys

195 200

Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln

210

Ser Ser

225

<210>
211>
212>
<213>

<220>
<223>

<400>

215
117
226
PRT
Artificial Sequence

A44-hv9 LCSb x HCSb
117

Pro Ser Arg Phe Ser
60

Ile Ser Ser Leu Gln
75

Tyr Asp Glu Phe Pro
95

Gly

Pro
80

Pro

Lys Gln Val Gln Leu Gln

110

Glu Thr Leu Ser Leu Thr

125

Gly Tyr Trp Asn Trp
140

Met Gly Tyr Ile Thr
155

Lys Ser Arg Ile Thr
175

Leu Lys Leu Ser Ser
190

Ala Arg Trp His Tyr
205

Gly Thr Leu Val Thr
220

Ile

Tyr

160

Ile

Val

Gly

Val



Asp Ile
1

Asp Arg

Leu Ser

Tyr Arg
50

Ser Gly
65

Glu Asp

Thr Phe

Glu Ser

Cys Thr
130

Arg Gln
145

Ser Gly

Ser Arg

Thr Ala

Ser Pro
210

Ser Ser
225

Gln

Val

Trp

35

Ala

Ser

Ile

Gly

Pro

Ser

Asp

Ala

195

Tyr

Met Thr
5

Thr Ile
20

Leu Gln

Asn Arg

Gly Gln

Ala Thr
85

Gly Gly
100

Pro Gly

Ser Gly

Pro Gly

Thr Tyr

165

Thr Ser
180

Asp Thr

Tyr Phe

Gln Ser Pro

Thr Cys Lys

Gln Lys Pro
40

Ser Val Asp
55

Asp Tyr Thr
70

Tyr Tyr Cys

Thr Lys Val

Leu Val Lys
120

Asp Ser Met
135

Lys Gly Leu
150

Tyr Asn Pro

Lys Asn Gln

Ala Val Tyr
200

Asp Tyr Trp
215

Ser

Ala

25

Gly

Gly

Phe

Leu

Glu

105

Pro

Thr

Glu

Ser

Tyr

185

Tyr

Ser
10

Ser

Val

Thr

Gln

90

Ile

Ser

Asn

Tyr

Leu

170

Ser

Cys

Leu

Gln

Ala

Pro

Ile

75

Lys

Glu

Gly

Met

155

Lys

Leu

Ser Ala

Asp Ile

Pro Lys
45

Ser Arg
60

Ser Ser

Asp Glu

Gln Met

Thr Leu
125

Tyr Trp

140

Gly Tyr

Ser Arg

Lys Leu

Ser

Asn

30

Thr

Phe

Leu

Phe

Gln

110

Ser

Asn

Ile

Ser
190

Ala Arg Trp His

205

Gly Gln Gly Thr Leu Val

220

Val

15

Ser

Leu

Ser

Gln

Pro

95

Leu

Leu

Trp

Thr

Thr

175

Ser

Tyr

Thr

Gly

Tyr

Ile

Gly

Pro

Pro

Gln

Thr

Ile

Tyr

160

Ile

Val

Gly

Val



<210>
211>
212>
<213>

<220>
<223>

<400>

118
226
PRT
Artificial Sequence

Ad4-hv10 LC5¢ x HC5c
118

Glu Ile Val Met Thr Gln Ser

1

5

Glu Arg Ala Thr Leu Ser Cys

Leu Ser
Tyr Arg
50

Ser Gly

05

Glu Asp

Thr Phe

Gln Ser

Cys Ala
130

20

Trp Leu Gln Gln Lys
35

Ala Asn Arg Ser Val
55

Ser Gly Gln Asp Tyr
70

Phe Ala Val Tyr Tyr
85

Gly Gly Gly Thr Lys
100

Gly Pro Gly Leu Val
115

Ile Ser Gly Asp Ser
135

Pro Ala Thr Leu Ser Leu Ser Pro Gly
10 15

Lys Ala Ser Gln Asp Ile Asn Ser Tyr
25 30

Pro Gly Gln Ala Pro Arg Thr Leu Ile
40 45

Asp Gly Ile Pro Ala Arg Phe Ser Gly
60

Thr Leu Thr Ile Ser Ser Leu Glu Pro
75 80

Cys Leu GIn Tyr Asp Glu Phe Pro Pro
90 95

Val Glu Ile Lys Gln Met Gln Leu Gln
105 110

Lys Pro Ser Gln Thr Leu Ser Leu Thr
120 125

Met Thr Asn Gly Tyr Trp Asn Trp Ile
140

Arg Gln Ser Pro Ser Arg Gly Leu Glu Tyr Met Gly Tyr Ile Thr Tyr

145

150

155 160

Ser Gly Ser Thr Tyr Tyr Ala Val Ser Val Lys Ser Arg Ile Thr Ile

Asn Arg Asp

165

180

170 175

Thr Ser Lys Asn Gln Tyr Ser Leu Gln Leu Ser Ser Val

185 190



Thr Pro Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Trp His Tyr Gly

195

200

205

Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val

210

Ser Ser
225

<210>
211>
212>
<213>

<220>
<223>

<400>
Asp Ile

1

Asp Arg

Leu Ser

Tyr Arg
50

Ser Gly

65

Glu Asp

Thr Phe

Glu Ser

Cys Ser
130

215
119
226
PRT
Artificial Sequence

A44-hvll LC2 x HC3
119

Lys Met Thr Gln Ser
5

Val Thr Ile Thr Cys
20

Trp Leu Gln Gln Lys
35

Ala Gln Arg Ser Val
55

Ser Gly Gln Asp Tyr
70
Leu Gly Ile Tyr Tyr
85

Gly Gly Gly Thr Lys
100

Gly Pro Thr Leu Val
115

Val Ser Gly Asp Ser
135

220

Pro Ser Ser Leu Ser
10

Lys Ala Ser Gln Asp
25

Pro Gly Lys Ser Pro
40

Glu Gly Val Pro Ser
60

Ser Leu Thr Ile Ser
75

Ala

Ile

Lys

45

Arg

Ser

Ser Val Gly
15

Asn Ser Tyr
30

Thr Leu Ile

Phe Ser Gly

Leu Gln Pro
80

Cys Leu Gln Tyr Asp Glu Phe Pro Pro
90

Leu Glu Ile Lys Gln
105

Lys Pro Thr Gln Thr
120

Met Thr Asn Gly Tyr
140

Met

Leu
125

Trp

95

Thr Leu Lys
110

Ser Leu Thr

Asn Trp Ile



Arg Gln Phe Pro Gly Lys Ala Leu Glu Tyr Met Gly Tyr Ile Thr Tyr
145 150 155 160

Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys Gly Arg Ile Thr Ile
165 170 175

Thr Arg Asp Thr Ser Lys Asn Gln Tyr Tyr Leu Thr Leu Ser Ser Val
180 185 190

Thr Thr Val Asp Thr Ala Thr Tyr Tyr Cys Ala Arg Trp His Tyr Gly
195 200 205

Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val
210 215 220

Ser Ser
225

<210> 120
211> 226
<212> PRT
<213> Artificial Sequence

<220>
<223> A44-hv12 LC4 X HC3

<400> 120
Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Asn Ser Tyr
20 25 30

Leu Ser Trp Leu Gln Gln Lys Pro Gly Lys Ser Pro Lys Thr Leu Ile
35 40 45

Tyr Arg Ala Gln Arg Ser Val Glu Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Gln Asp Tyr Ser Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Leu Ala Thr Tyr Tyr Cys Leu Gln Tyr Asp Glu Phe Pro Pro
85 90 95



Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys GIn Met Thr Leu Lys
100 105 110

Glu Ser Gly Pro Thr Leu Val Lys Pro Thr Gln Thr Leu Ser Leu Thr
115 120 125

Cys Ser Val Ser Gly Asp Ser Met Thr Asn Gly Tyr Trp Asn Trp Ile
130 135 140

Arg Gln Phe Pro Gly Lys Ala Leu Glu Tyr Met Gly Tyr Ile Thr Tyr
145 150 155 160

Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys Gly Arg Ile Thr Ile
165 170 175

Thr Arg Asp Thr Ser Lys Asn Gln Tyr Tyr Leu Thr Leu Ser Ser Val
180 185 190

Thr Thr Val Asp Thr Ala Thr Tyr Tyr Cys Ala Arg Trp His Tyr Gly
195 200 205

Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val
210 215 220

<

Ser Ser
225

<210> 121
211> 226
<212> PRT
<213> Artificial Sequence

<220>
<223> A44-hv13 LC2 x HC5Db

<400> 121
Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Asn Ser Tyr
20 25 30

Leu Ser Trp Leu Gln Gln Lys Pro Gly Lys Ser Pro Lys Thr Leu Ile
35 40 45



Tyr Arg Ala Gln Arg Ser
50

Ser Gly Ser Gly Gln Asp
65 70

Glu Asp Leu Gly Ile Tyr
85

Thr Phe Gly Gly Gly Thr
100

Glu Ser Gly Pro Gly Leu
115

Cys Thr Val Ser Gly Asp
130

Arg Gln Pro Pro Gly Lys
145 150

Ser Gly Ser Thr Tyr Tyr
165

Ser Arg Asp Thr Ser Lys
180

Thr Ala Ala Asp Thr Ala
195

Ser Pro Tyr Tyr Phe Asp
210

Ser Ser
225

Q210> 122
Q11> 226
<212> PRT

Val Glu Gly Val
55

Tyr Ser Leu Thr

Tyr Cys Leu Gln
90

Lys Leu Glu Ile
105

Val Lys Pro Ser
120

Ser Met Thr Asn
135

Gly Leu Glu Tyr

Asn Pro Ser Leu
170

Asn Gln Tyr Ser
185

Val Tyr Tyr Cys
200

Tyr Trp Gly Gln
215

<213> Artificial Sequence

<220>

<223> A44-hvl4 LC4 x HCSb

Pro Ser Arg Phe Ser
60

Ile Ser Ser Leu Gln
75

Tyr Asp Glu Phe Pro
95

Lys Gln Met Gln Leu
110

Glu Thr Leu Ser Leu
125

Gly Tyr Trp Asn Trp
140

Met Gly Tyr Ile Thr
155

Lys Ser Arg Ile Thr
175

Leu Lys Leu Ser Ser
190

Ala Arg Trp His Tyr
205

Gly Thr Leu Val Thr
220

Gly

Pro

80

Pro

Gln

Thr

Ile

Tyr

160

Ile

Val

Gly

Val



<400>
Asp Ile
1

Asp Arg
Leu Ser

Tyr Arg
50

Ser Gly
65

Glu Asp
Thr Phe

Glu Ser

Cys Thr
130

Arg Gln
145

Ser Gly
Ser Arg

Thr Ala

Ser Pro
210

122

Lys

Val

Trp

Ala

Ser

Leu

Gly

Pro

Ser

Asp

Ala

195

Tyr

Met Thr Gln Ser Pro
5

Thr Ile Thr Cys Lys
20

Leu Gln Gln Lys Pro
40

Gln Arg Ser Val Glu
55

Gly Gln Asp Tyr Ser
70

Ala Thr Tyr Tyr Cys
85

Gly Gly Thr Lys Leu
100

Pro Gly Leu Val Lys
120

Ser Gly Asp Ser Met
135

Pro Gly Lys Gly Leu
150

Thr Tyr Tyr Asn Pro
165

Thr Ser Lys Asn Gln
180

Asp Thr Ala Val Tyr
200

Tyr Phe Asp Tyr Trp
215

Ser Ser
10

Ala Ser
25

Gly Lys

Gly Val

Leu Thr

Leu Gln
90

Glu Ile
105

Pro Ser

Thr Asn

Glu Tyr

Ser Leu
170

Tyr Ser
185

Tyr Cys

Gly Gln

Leu

Gln

Ser

Pro

Ile

75

Tyr

Lys

Glu

Gly

Met

155

Lys

Leu

Ala

Gly

Ser Ala Ser

Asp Ile Asn
30

Pro Lys Thr

Ser Arg Phe
60

Ser Ser Leu

Asp Glu Phe

Gln Met Gln
110

Thr Leu Ser
125

Tyr Trp Asn
140

Gly Tyr Ile

Ser Arg Ile

Lys Leu Ser
190

Arg Trp His
205

Thr Leu Val
220

Val

15

Ser

Leu

Ser

Gln

Pro

Leu

Leu

Trp

Thr

Thr

175

Ser

Tyr

Thr

Gly

Tyr

Ile

Gly

Pro

80

Pro

Gln

Thr

Ile

Tyr

160

Ile

Val

Gly

Val



Ser Ser
225

<210> 123
211> 255
<212> DNA
<213> Artificial Sequence

<220>
<223> HCla

<400> 123
gagatgaccc tgaaagagtc cggccccacce

acctgcageg tgaccggega cagcatgacce
cccggcaagg ccctcgagta catgggetac
cccagectga agggccggat cagcatcacc
accctgtcca gegtg

Q10> 124

211> 255

<212> DNA

<213> Artificial Sequence

<220>
<223> HClb

<400> 124
gagatgcage tgcaggaaag cggecctggce

acctgcageg tgaccggega cagcatgacce
cccggcaagg gectcgagta catgggetac
cccagectga agggcecggat cagcatcace
aagctgtcca gegtg

210> 125

Q211> 255

<212> DNA

<213> Artificial Sequence

<220>
<223> HC2a

<400> 125

ctggtcaaac
aacggctact
atcacctaca

cggaacacca

ctggtcaaac
aacggctact
atcacctaca

cggaacacca

ccacccagac
ggaactggat
gcggeageac

gcaagaacca

ccagcgagac
ggaactggat
gcggeageac

gcaagaacca

cctgagectg
ccggaagttc
ctactacaac

gtactacctg

actgagectg
ccggaagttc
ctactacaac

gtactacctg

gagatgaccc tgaaagagtc cggecccace ctggtcaaac ccacccagac cctgagectg

acctgcageg tgaccggcga gagecatgacc cagggctact ggaactggat ccggaagttce

cccggecaagg cecctcgagta catgggetac atcacctaca gcggeageac ctactacaac

60
120
180
240
255

60
120
180
240
255

60
120
180



cccagectga agggecggat cagcatcacc cggcagacca gcaagaacca gtactacctg

accctgtcca gegtg

126
255
DNA
Arti

<210>
211>
212>
<213>

<220>
<223> HC2b

<400> 126
gagatgaccc

acctgcageg
cccggeaagg

cccagectga

ficial Sequence

tgaaagagtc cggccccacce
tgaccggega cagcatgacce
ccctcgagta catgggetac

agggccggat cagcatcacc

accctgtcca gegtg

127
255
DNA
Arti

<210>
211>
212>
<213>

<220>
<223> HC3

<400> 127
cagatgaccc

acctgcageg
cccggeaagg

cccagectga

ficial Sequence

tgaaagagtc cggccccacce
tgtccggega cagecatgacce
ccctcgagta catgggetac

agggccggat caccatcacc

accctgagca gegtg

128
255
DNA
Arti

<210>
211>
212>
<213>

<220>
<223>

<400>

HC4
128

ficial Sequence

ctggtcaaac
cagggctact
atcacctaca

cggaacacca

ctggtcaaac
aacggctact
atcacctaca

cgggacacca

ccacccagac
ggaactggat
gcggeageac

gcaagaacca

ccacccagac
ggaactggat
gcggeageac

gcaagaacca

cctgagectg
ccggaagttc
ctactacaac

gtactacctg

cctgagectg
ccggcagttc
ctactacaac

gtactacctg

cagatgaccc tgaaagagtc cggccccacc ctggtcaaac ccacccagac cctgagectg

acctgcageg tgtccggcga gagecatgacc cagggctact ggaactggat ccggeagttce

240
255

60
120
180
240
255

60
120
180
240
255

60
120



cccggecaagg cecctcgagta catgggetac atcacctaca gcggeageac ctactacaac

cccagectga agggecggat caccatcacc cggcagacca gcaagaacca gtactacctg

accctgagca gegtg

<210>
211>
212>
<213>

<220>
<223>

<400>

129
255
DNA
Artificial Sequence

HC5a
129

caggtgcagc tgcaggaaag cggccctggce

acctgcaccg tgtccggcga cagcatgacce

cctggcaagg gectcgagta catgggetac

cccagectga agtcccggat caccatcage

aagctgagca gegtg

<210>
211>
212>
<213>

<220>
<223>

<400>

130
255
DNA
Artificial Sequence

HC5b
130

cagatgcagc tgcaggaaag cggccctggce

acctgcaccg tgtccggcga cagcatgacc

cctggcaagg gectcgagta catgggetac

cccagectga agtcccggat caccatcage

aagctgagca gegtg

<210>
211>
212>
<213>

<220>
<223>

<400>

131
255
DNA
Artificial Sequence

HC5c¢
131

ctggtcaaac
aacggctact
atcacctaca

cggaacacca

ctggtcaaac
aacggctact
atcacctaca

cgggacacca

ccagcgagac
ggaactggat
gcggeageac

gcaagaacca

ccagcgagac
ggaactggat
gcggeageac

gcaagaacca

actgagcctg
ccggcagecc
ctactacaac

gtacagcctg

actgagectg
ccggcagecc
ctactacaac

gtacagcctg

cagatgcagc tgcagcagag cggccctgge ctggtcaaac ccagecagac cctgagectg

180
240
255

60
120
180
240
255

60
120
180
240
255

60



acctgcgeca tcageggcga cagecatgacc aacggctact ggaactggat ccggecagage

cccagcagag gectcgagta catgggetac atcacctaca gcggeageac ctactacgcece

gtgtccgtga agtcccggat caccatcaac cgggacacca gcaagaacca gtacagectg

cagctgageca gegtg

<210>
211>
212>
<213>

<220>
<223> [Cla

<400> 132
gacatcaaga

132
255
DNA
Arti

atcacatgca

ggcaagagcce

ficial Sequence

tgacccagag ccccagcage
aggccageca ggacatcaac

ccaagaccct gatctaccgg

agattttccg gcagecggcag cggccaggac

gaggacctgg

<210>
211>
212>
<213>

<220>
<223> LClb

<400> 133
gacatcaaga

133
255
DNA
Arti

atcacatgca
ggecagtecce

agattttccg

atggacgagg

<210>
211>
212>
<213>

<220>
<223>

134
255
DNA
Arti

LC2

gcatc

ficial Sequence

tgacccagag ccccagcage
aggccageca ggacatcaac
ccaagaccct gatctaccgg
gcagcggcag cggccaggac

gcatc

ficial Sequence

ctgagcgceca
agctacctga
gccaaccgea

tacagcctga

gtgtccgtgt
agctacctga
gccaaccgea

tacagcctga

gcgtgggcga
gctggctgca
gcgtggacgg

ccatcagcag

ctcctggeca
gctggctgca
gcgtggacgg

ccatcagcag

cagagtgacc
gcagaagecce
cgtgccaagc

cctgcagecc

gaccgtgacc
gcagaagecce
cgtgccaagc

cctgcaggec

120
180
240
255

60
120
180
240
255

60
120
180
240
255



<400> 134
gacatcaaga

atcacatgca

ggcaagagcce

tgacccagag ccccagcage
aggccageca ggacatcaac

ccaagaccct gatctaccgg

agattcagcg gcageggctc cggccaggac

gaggacctgg gcatc

<210>
211>
212>
<213>

135
255
DNA

<220>
<223> LC3

<400> 135
gacatcaaga

atcacatgca
ggcaagagcce
agattttccg

gaggacctgg

<210>
211>
212>
<213>

136
255
DNA

<220>
<223> LC4

<400> 136
gacatcaaga

atcacatgca
ggcaagagcc
agattcagcg
gaggacctgg
<210>
211>

<212>
<213>

137
255
DNA

<220>

Artificial Sequence

tgacccagag ccccagcage
aggccageca ggacatcaac
ccaagaccct gatctaccgg
gcagcggcag cggccaggac

ccacc

Artificial Sequence

tgacccagag ccccagcage
aggccageca ggacatcaac
ccaagaccct gatctaccgg
gcagcggctce cggccaggac

ccacc

Artificial Sequence

ctgagcgceca
agctacctga
gcecagegga

tacagcctga

ctgagcgceca
agctacctga
gccaaccgea

tacagcctga

ctgagcgceca
agctacctga
gcecagegga

tacagcctga

gcgtgggcga
gctggctgca
gcgtggaagg

ccatcagcag

gcgtgggcga
gctggctgca
gcgtggacgg

ccatcagcag

gcgtgggcga
gctggctgca
gcgtggaagg

ccatcagcag

cagagtgacc
gcagaagecce
cgtgccaagc

cctgcagecc

cagagtgacc
gcagaagecce
cgtgccaagc

cctgcagecc

cagagtgacc
gcagaagecce
cgtgccaagc

cctgcagecc

60
120
180
240
255

60
120
180
240
255

60
120
180
240
255



<223> LCha

<400> 137
gacatccaga

atcacatgca

ggcaaggccce

tgacccagag ccccagcage
aggccageca ggacatcaac

ccaagctget gatctaccgg

agattttccg gcageggctc cggecaccgac

gaggatatcg

138
255
DNA
Arti

<210>
211>
212>
<213>

<220>
<223> LC5b

<400> 138
gacatccaga

atcacatgca
ggcaaggccce

agattttccg

gaggatatcg

139
255
DNA
Arti

<210>
211>
212>
<213>

<220>
<223> L1C5¢

<400> 139
gagatcgtga

ctgagctgca
ggccaggcecce
agattcagcg
gaggacttcg
140
119

PRT
Arti

<210>
211>
212>
<213>

ccacc

ficial Sequence

tgacccagag ccccagcage
aggccageca ggacatcaac
ccaagaccct gatctaccgg
gcagcggcag cggccaggac

ccacc

ficial Sequence

tgacccagag ccccgecacce
aggccagcca ggacatcaac
ccagaaccct gatctaccgg

gcageggcetce cggecaggac

cecgtg

ficial Sequence

ctgagcgceca
agctacctga
gccaaccgea

tacaccttca

ctgagcgceca
agctacctga
gccaaccgea

tacaccttca

ctgtctctga
agctacctga
gccaacagaa

tacaccctga

gcgtgggcga
gctggctgca
gcgtggacgg

ccatcagcag

gcgtgggcga
gctggctgca
gcgtggacgg

ccatcagcag

gcectggega
gctggctgca
gcgtggacgg

ccatcagcag

cagagtgacc
gcagaagecce
cgtgccaagc

cctgcagecc

cagagtgacc
gcagaagecce
cgtgccaagc

cctgcagecc

gagagccacce
gcagaagecce
catccecgec

cctggaaccce

60
120
180
240
255

60
120
180
240
255

60
120
180
240
255



<220>

<223> mA44 VH

<400> 140

Glu Met Gln Leu Gln Glu Ser Gly Pro Ser Leu Val Lys Pro Ser Gln
1 5 10 15

Thr Leu Ser Leu Thr Cys Ser Val Thr Gly Asp Ser Met Thr Asn Gly
20 25 30

Tyr Trp Asn Trp Ile Arg Lys Phe Pro Gly Asn Lys Leu Glu Tyr Met
35 40 45

Gly Tyr Ile Thr Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser Leu Lys
50 55 60

Gly Arg Ile Ser Ile Thr Arg Asn Thr Ser Lys Asn Gln Tyr Tyr Leu
65 70 75 80

Gln Leu Ser Ser Val Thr Thr Glu Asp Thr Ala Thr Tyr Tyr Cys Ala
85 90 95

Arg Trp His Tyr Gly Ser Pro Tyr Tyr Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Thr Leu Thr Val Ser Ser
115

<210> 141
211> 107
<212> PRT
<213> Artificial Sequence

<220>
<223> mA44 VL

<400> 141
Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Met Tyr Ala Ser Leu Gly
1 5 10 15

Glu Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Asn Ser Tyr
20 25 30

Leu Ser Trp Leu Gln Gln Lys Pro Gly Lys Ser Pro Lys Thr Leu Ile
35 40 45



Tyr Arg Ala Asn Arg Ser Val
50 55

Ser Gly Ser Gly Gln Asp Tyr
65 70

Glu Asp Met Gly Ile Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys
100

<210> 142
211> 118
<212> PRT
<213> Artificial Sequence

<220>
<223> mA44 VL

<400> 142
Asp Ile Lys Met Thr Gln Ser
1 5

Glu Arg Val Thr Ile Thr Cys
20

Leu Ser Trp Leu Gln Gln Lys
35

Tyr Arg Ala Asn Arg Ser Val
50 55

Ser Gly Ser Gly Gln Asp Tyr
65 70

Glu Asp Met Gly Ile Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys
100

Pro Thr Val Ser Ile Phe
115

Asp Gly Val Pro Ser Arg Phe Ser Gly
60

Ser Leu Thr Ile Ser Ser Leu Glu Tyr
75 80

Cys Leu GIn Tyr Asp Glu Phe Pro Pro
90 95

Leu Glu Ile Lys
105

Pro Ser Ser Met Tyr Ala Ser Leu Gly
10 15

Lys Ala Ser Gln Asp Ile Asn Ser Tyr
25 30

Pro Gly Lys Ser Pro Lys Thr Leu Ile
40 45

Asp Gly Val Pro Ser Arg Phe Ser Gly
60

Ser Leu Thr Ile Ser Ser Leu Glu Tyr
75 80

Cys Leu GIn Tyr Asp Glu Phe Pro Pro
90 95

Leu Glu Ile Lys Arg Ala Asp Ala Ala
105 110



<210> 143

211> 107

<212> PRT

<213> Artificial Sequence

<220>

<223> 1GKV3-11-02_IGKJ4-0

<400> 143

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
35 40 45

Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Arg Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro
65 70 75 80

Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Arg Ser Asn Trp Pro Leu
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys

100 105
<210> 144
211> 123
<212> PRT
<213> Artificial Sequence
<220>
<223> IGHV6-1-02_IGHD6-13-01_IGHI4-02
<400> 144
Gln Val Gln Leu Gln Gln Ser Gly Pro Gly Leu Val Lys Pro Ser Gln
1 5 10 15

Thr Leu Ser Leu Thr Cys Ala Ile Ser Gly Asp Ser Val Ser Ser Asn
20 25 30



Ser Ala Ala Trp Asn Trp Ile Arg Gln
35 40

Trp Leu Gly Arg Thr Tyr Tyr Arg Ser
50 55

Val Ser Val Lys Ser Arg Ile Thr Ile
65 70

Gln Phe Ser Leu Gln Leu Asn Ser Val
85

Tyr Tyr Cys Ala Arg Gly Tyr Ser Ser
100 105

Trp Gly Gln Gly Thr Leu Val Thr Val
115 120

<210> 145

211> 3

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic

<400> 145

Arg Ala Gln
1

<210> 146

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic

<400> 146

Gly Glu Ser Met Thr Gln Gly Tyr
1 5

<210> 147

211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic

Ser Pro Ser Arg Gly Leu Glu
45
Lys Trp Tyr Asn Asp Tyr Ala
60

Asn Pro Asp Thr Ser Lys Asn
75 80

Thr Pro Glu Asp Thr Ala Val
90 95

Ser Trp Tyr Tyr Phe Asp Tyr
110

Ser Ser



<400> 147
Gly Asp Ser Met Thr Gln Gly Tyr
| 5
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