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ANTIBODIES TO PLASMINGGEN ACTIVATOR INHIBITOR-1 (PAR-1) AND USES
THEREOF
CROSK-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application No. 61/865,451, filed August
13, 2013, and European Patent Application No., 14303757.8, filed May 22, 2014, which are
incorporated herein by reference in their entireties.

BACKGROUND

Plasminogen Activator Inhibitor type-1 (PAI-1} is the main inhibitor of tissue-type
plasminogen activator (tPA) and urokinase-type plasminogen activator (uPA), the key serine
proteases responsible for plasmin generation. PAIL-1 regulates fibrinolysis by inhibiting plaspunogen
activation in the vascular comapartment. 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 bleeding or theorabotic
diseases. PAI-1 1s also a key regulator of plasiminogen activation 1 the percellular compartment
(intravascular and tissular where recepior bound plasminogen (s activated wainly by urokinase bound
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to the wrokinase receptor (WPAR). By inhibiting pericelluar proteolysis, PAI-1 regulates mumerous
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cellular functions like extraceliular matnx {ECM} degradation, growih factors activation and release
from ECM, matnx metalloproteinases (MMP) activation and celtalar apoptosis. Recently, protease-
mdependent effects of PAI-1 have been identified through its interaction with cotactors (like
vitronectin, heparin, glycosaminoglycan), uPAR-urokinase complexes or cellular receptors (LRP:
low-density Lipoprotein Receptor-related Protein) or integrins affecting cell functions like
adhesion/de-adhesion, migration, proliferation and intracellular bioactivity. By these cellular
mechanisms and anti-fibrinolytic effects, a pathogenic role of PAI-1 has been established in tumor

growth and metastasis, fibrosis, acuic myocardial infarction and metabolic disorders like
atherosclerosis, obesity and diabetes

The Human SERPINE! (PAI-1) geoe is localized fo chromosoras 7, consists of eight introns

and nine exouns, 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 chan glycoprotein of appz‘oximat@ly 56 kDa (379 anuno acids} from the
SERPIN (serine protease mntubitor) superfamily that is synthesized in the active conformation but
spontancously becomes latent in the absence of vitronectin (Vn). Viltronectin, the main cofactor of
PAI-1, stabilizes the active conformation with the Reactive Center Loop (RCL) which is
approximately 20 anune acids that are exposed on the surface. The mechanism of mhibition of PAL-
17's 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 catalvtic triad reacts with the bait peptide
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bond to form an acyl-enzyme complex that, after cleavage of the P1-P7 peptide bond, 1nduces strong
conformation changes. The conformational changes cause insertion of the cleaved RCL wto a §-
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 1ndoce release of the
cleaved PAI-1 and free active protease (Blouse ef o, Biochemistry, 48:1723, 2009},

PAI-1 circulates 1n blood at highly variable levels (nM range) and in excess over t-PA or uPA
concenfrations. 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 vitronectin {(Kd ~1 nM) that decreases latency

ransition by 1.5 to 3 fold. Laient, cleaved or complexed PATL-1 affinity for vitronectin is significantly
reduced. Matrix bound vitronectin also localizes with PAI-1 in the pericellular space. Endothelial
cells, monocytes, macrophages and vascular siooth muscle cells synthesize this PAI-1 which then
can be stored 1o large amounts under latend foron by platelets (in the o granule). PA-1 s a fast and
specific mbibitor (Wiﬂa the second order rate constant of 10° 0 10" M7s™) of {PA and uPA in solution,
hut reactive against protease bound either to fibrin or their cellular recepiors. Gther 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 first one deseribed 13 1992
(Mottonen ef al., Nature 355:270, 1992) n the latent conformation. These 3D structures include
mutant torms of PAI-1 m the substrate (Aertgeerts ef af., Proteins 23:118, 1995), stabilized active
conformation (Sharp et al.,, Structure 7:111, 1999), PAT conplexed to Vitronectin-somatomedin B
domain (Zhou ef ai., Nat. Struct. Biol. 10:541, 2603} or with inhibiting pentapeptide from the RCL
loop (Xue &f al., Structure 6:627, 1998). More recently, mouse PAI-1 structure in latent conformation
was slucidated by Dewilde er 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 660 mutant proteins (reviewed by De Tacye 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 syunthesized by alimost every cell type including hepatocyte, adipocyte,
mesangial cell, fibroblast, myofibroblast, and epithelial cell, its expression greatly varies under
physiological {e.g., circadian variation of plasma PAI-1 level} and pathological conditions {e.g.,
obesity, metabolic syndrome, insulin resistance, infection, nflammatory diseases, cancer). PAL-1 is
considered to be an acute phase protein. Transcriptional regulation of PAI-1 mBNA expression is

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

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

&

hypoxia, reactive oxygen specigs, lipopolysaccharndes).

o



tG

i
RN

20

(43
<

(3]
whn

WO 2015/023752 PCT/US2014/050896

Moreover, a polymorphisro in the promoter (position - 675) of the PAL-1 gene affects
expression level. The 4G allele increases PAL-1 lovel and the 4(G/4G variant {occurting 1o around 25%
of the population) induces an increase of approximately 25% of plasma PAL-1 level in companison to
5G/5G (25 % ocowrrence and 4G/5G 50% occurrence). The 4G/4G polymorphism has been linked to
myocardial infarction (Dawson ef af, Arterioscler Thromb. 11:183, 1991}, a specific type of
pulmonary fibrosis (idiopathic interstitial pneumonia) (Kim et ¢/, Mo/ 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 atiributed 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 a
profibrotic factor for several organs and has been shown to be over-expressed 1o fibrotic tissues {i.e.,
tiver, lung, Kidney, heart, abdominal adbesions, skin: scar or scleroderma) {reviewed by Ghosh and
Vaughau, J. Cell Physiod. 227:493, 2012). PAI-1 koock-out (KO) mice are protected from fibrosis in
different models, such as liver {(bile duct lgation or xenchintic), kidney {unilateral ureteral obstruction
model (UUOY), lung (bleomyem inhalation) (Baumean ef o/, /. Clin. fnvest. 120:1950, 2010; Hattori ef
al., Am. J. Pathol, 164:1091, 2004; Chuang-Tsai ef al, Am. J. Pathol 163:443, 2003} whereas 1n heart
this deletion is protected from mduced fibrosis (Takeshita ef al.. AM. J Pathol. 164:449, 2604) but
prone o age-dependent cardiac selective fibrosis (Moriwali ef al, Cric. Res. 95:637, 2004). Down-
regulation of PAI-1 expression by siBNA (Senoo ef a/., Thorax 65:334, 2010} or mhibition by
chemical compaunds ({zvhara ef al., Arierioscler. Thromb. Vasc. Biol, 28:672, 2008; Huang ef o/,
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 al., J. Clin. fnvest. 97:232, 1996) or a PAL-] purtant
retaining only vitronectin binding but not tPA jshibitor function exacerbates tung fibrosis {Courey &
al., Blood 118:2313, 2011).

Bile duct ligation (BDL) hiver fibrosis is atteruated by antibody neutralizing PAL-1 (UJ.S.
Patent No, 7,771,720) whereas down-regulation by siRNA attenuates BDIL and xenobiotic induced
Hiver fibrosis (Hu ef ¢, J Heparol. 51:102, 2009). PAL1 KO mice were protected from cholestatic-
induced liver damage and fibrosis in BDL (Berghewm et al., J Pharmacol. Exp. Ther. 316:592, 2006;
Wang ef al, FERS Lett. 581:3098, 2007; Wang ef al, Hepatology 42:1099, 2005) 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 ULO model (Oda et al., Kidrney Int.
60, 587, 2001), in diabetic nephropathy (Nicholas ef al., Kidney Int. 67:1297, 2805) and in
angiotensin 11 induced nephropathy (Knier ef al., J. Hypertens. 29:1602, 2011; for reviews sce Ma et

al. Fronfiers Biosci. 14:2028, 2009 and Eddy A.A. Thromd. Haemost. 101:656, 2009). In contrast,
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PAL-1 over cxpressing roice display more severe fibrosis and increased macrophage recruitment
following UUO (Matsuo ef al., Kidney fui. 67: 2221, 2005; Bergheim ef al., J. Pharmacol. Exp. Ther.
316:592, 2006). Non-ishibitory PAL-1 mudant (PAL-1 R} has been shown (o protect mice from the
development of {ibrosis in experimental glomerulonephritis (thyl) n rat by decressing urinary protein
expression and glomerular matrix accumnlation (Huang ef af., Kidney Ini. 70:515, 2006). Peptides
blocking PAI-1 inhibit collagen 3, 4 and fibronectin accumtlation m UUO mice {Gonzalez ef a/., fxp.
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. Chernical compounds (Suzuki ef
Fapert Opin. fnvestig. Drugs 20:255, 261 1), monoclonal antibodics (Gils and Declerk, Thromb
Haemaost, 91:425, 2004), peptides, nwtards (Cale and Lawrence, Curr. Drug Targets 8971, 2007,
siRNA or anti-sense RNA have been designed to tnhibit its various function or to regulate its
expression, However, despite the intensive research, the problern of developing a therapeuticaily

effective modulator of PAI-1 still rematns to be selved. 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 human

pathologies.

SUMMARY OF THE DISCLOSURE
0 one aspect, disclosed herein is an isolated 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 D NO: 343, CDR2
(SEQ ID NO: 33), and CDR3 (SEQ ID NO: 32) of SEQ 1D NG: 6, and a jight chain variable region,
said light chain variable region compusing COR 1 (B3EQ ID NO: 37}, CDR2 (SEQ 1D NO: 36), and
CDR3 (SEQ ID NO: 35) of SEGQ ID NO: 7. Inan additional aspect the beavy chain coraprises a
beavy chain variable region comprising SEQ ID NO: 6, and the light chain comprises a light chain
variable region comprising SEQ D NO: 7. In a further aspect, heavy chain variable region 18 99%,
B8%, 7%, 96%, 95%, 94%, 93%, 92%, 91%, or 30% identical to SEQ 3 NO: 6, and the light chain
variable region is 99%, 98%, 87%, 9654, 95%, 94%, 83%, 92%, 91%, or 90% identical to SEQ I}
NO: 7. All % wdentity approximations indicate the ninimum % identity; higher % identity than the
recited values are also encompassed by the disclosu

In another aspect, disclosed herein is an isolated monocional 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 CDR2 region comprising SEQ 1D NO: 33, and a heavy chain CDR3
region compriging SEQ ID 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
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CDR3 region coraprising SEQ 1D NO: 35, In certain aspects, the amibody heavy chain coraprises
heavy chain framework regiong that are 99%, 98%, 97%, 965, 35%, 94%, 93%, 92%, 91%, or 90%

identical to the heavy chain framework regions of SEQ [D NO: 6, and the antibody light chain
comprises light chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 1%
or 90% dentical to the famework regions of SEQ ID NO: 7.

In one aspect, disclosed herein 1s 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: 22y, CDRZ
(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 CDR 1 (SEQ ID N 253, CDR2 (SEQ 1D NO: 24), and
CDR3 (SEQ 1D NO: 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 ight chain variable
region comprigsing SEQ ID NG: 3, In a further aspect, heavy chain variable region 1§ 99%, 98%, 7%,
3656, 95%, 94%, 93%, 92%, 9 1%, or 90% identical to SEQ ID NG 2, and the light chain varable
region is 99%, 98%, 975, 96%, 95%, 94%, 93%, 92%, 91%, or 0% identical to SEQ ID NG; 3.

In an additional agpect, disclosed heren s an isolated monoclonal antibody that binds
specifically to PAI-1, comprising: {a} heavy chain framework regions, & heavy chain COR1 region
comprising SEQ ID NO: 22, 2 heavy chain CDR2 region comprnising 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 NQ: 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 D NO: 26, and the
antibody light chain comprises light chain framework regions that ate 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 wolated mounacional antibody that binds specifically to
buman Plasminogen Activator Inhibitor type-1 {PAT-1}, wherein the antibody comprises a heavy
chain variable region, said heavy chain variable region comprising CDR1 (SEQ ID NG: 283, CDR2
{SEQ D NO: 27), and CDR3 (SEQ ID NO: 26) of SEQ ID NO: 4, and a light chamn variable region,
said light chain variable region compnising COR1 (SEQ ID NO: 31}, CDR2 (SEQ 1D NO: 30}, and
CDR3 (SEQ ID NO: 29} of SEQ 1D NO: 5. In an additional aspect the heavy chain comprises a heavy
chain variable region comprising SEQID NO: 4, and the light chain comprises a light chain 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 D NO: 4, and the light chain variable

region is 99%, 98%, 97%, 96%%, 95%, 94%, 93%, 92%, 91%, or 0% identical to SEQ 1D 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 CDRY region
compnising SEQ 1D NO: 28, a heavy chain CORZ region comprising SEQ ID NO: 27, and a heavy
chain CDR3 region comprising SEQ 1D NO: 26; and (b} light chain framework regions, a light chain
CDR1 region comprising SEQ 1D NG: 31, a hight chain CDR2 region comprising SEG 1D NG: 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%, 9344,

425, 91%, or 90% identical to the heavy chamn framework regions of SEQ D NO: 4, and the
amibody 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 cormaprising CDR1 {SEG 1D NO: 46), CDR2
(SEQ ID NO: 39), and CDR3 (SEQ ID NO: 38) of SEQ TD NGk 8, and a Hight chain variable rﬁgiort,
said light chain variable region comprising CDRI (SEQ IDNG: 43), CDR2 (SEQ ID ND: 42}, a
CDR3 (SEQ 1D NG: 41) of SEQ ID NOG: 9. In an additional aspect the heavy chain comprises a heavy
chain variable region compnising SEQ 1D NO: 8, and the hght chain comprises a bight chain variable
region comprising SEQ 1D NG: 9. In a further aspect, heavy chain variable region 1s 99%, 98%, 97%,
9650, 95%, 94%, B3%, 92%, 91%, or B0% identical to SEQ 1D NO: 4, and the light chain variable
region is 99%, 98, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 0% identical to SEQ 1D NG: 9.

In another aspect, disclosed herein is an isolated monoclonal antibody that binds specifically
to PAI-1, comprising: {a) heavy chain framework regions, a heavy chain CDR1I region comprist
SEQ ID NG: 40, a heavy chain CDR2 region comprising SEQ 1D NO: 39, and a heavy chain CDR3
region comprising SEQ ID 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 1D NO: 41, In certain agpects, the antibody heavy ¢hain comprises
heavy chain framework regiong that are 99%, 8%, 97%, 96%, 35%, 94%, 93%, 92%, 91%, or 90%
identical 1o the heavy chain framework regions of SEQ 1D NO: 8, and the antibody light chain
comprises light chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 1%
or 90% wdentical to the famework regions of SEQ ID NO: 8,

In one aspect, disclosed herein 1s An isolated monoclonal 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: 52y, CDRZ
{(SEQ ID NO: 51), and CDR3 (SEQ I NO: 50) of SEQ ID NO: 19, and a hight chain variable region,
said light chain variable region comprising CDR 1 (SEQ ID N 553, CDR2 (SEQ 1D NO: 54}, and

6
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CDR3 (SEQ ID NO: 53) of SEG ID NO: 1. T an additional aspect the heavy chain comprises a
heavy chain variable region comprigsing SEQ ID NG: 10, and the light chain comprises a light chain
varable region comprising SEQ D NO: 11, In a forther aspect, heavy chain variable region is 99%,
B8%, 97%, 96%, 95%, 94%, 93%, 92%, 1%, or 30% identical to SEQ ID NG: 10, and the hght chain
variable region is 99%, 98%, 87%, 9654, 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 CDRI region
corprising SEQ 1D NO: 52, a heavy chain CDR2 region comprising SEQ I 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 CDR2Z region comprising SEQ 1D NG: 54,

ht chain framnework regions, a light chain

and a hight chain CDR3 region comprising SEQ D NO: 53, In certain aspects, the antibody heavy
chain comprisces heavy chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 93%,

92%, 91%, or 9$0% ideuntical to the beavy chain framework regions of SEQ ID NO: 10, and the
anttbody light chain comprises light chain framework regious 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 monoclonal antibody that binds specifically to
human Plasminogen Activator Inlubitor type-1 {(PAL-1), wheren the antibody comprises a heavy
chain variable region, said heavy chain variable region comprising CDR1 (SEQ 1D NO: 58), CDR2
(SEQID NG: 57), and CDR3 (SEQ ID NO: 536) of SEG 1D NO: 12, and a light chain variable region,
said light chain variable region comprising CDR 1 (SEQ ID 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 D 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 N 12, and the light cha
variable region s 99%, 98%, 87%, 96%, 9350, 94%, 83%, 92%, 915, or 90% identical to SEQ 1D
NG: 13,

o another aspect, disclosed herein is an isolated monocional antibody that binds specifically
to PAL-1, comprising: (a} heavy chain framework regions, a heavy chain CDR1 region comprising
SEQ ID NO: 58, a heavy chain CDR2 region comprising SEQ [D NO: 57, and heavy chain CDR3
region comprising SEQ D NO: 56; and (b} hight chain framework regions, a light chain CDRI region
comprising SEQ 1D NQO: 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 N(O» 12, and the antibody light chain

~3
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comprises lght chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 31%,
or 90% dentical to the framework regions of SEQ 1D NQO: 13.

In one aspect, disclosed hercin 18 an 1olated monocional antibody that binds specifically to
Inmman 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: 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 ID NO: 673, CDR2 (SEQ 1D NO: 66), and
CDR3 (SEQ D NO: 65) of SEQ 1D NO: 15, In an additional aspect the heavy chain comprises a

.
H
i

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

variabic region comprising SEQ D NO: 15, In a further aspect, heavy chain variable region is 99%,
8%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 30% identical 1o SEQ ID NO: 14, and the light chain
variable region is 99%, 98%, 97%, $6%, 95%, 94%, 93%, 92%, 91%, or 90% identical o SEQ ID
NO: 15

Inan additional aspect, disclosed herein is an tsolated monoclonal amibody that binds
specifically to PAI-1, comprising: {a) heavy chain framework regious, a heavy chain CDR1 region
comprising SEQ ID NO: 64, a heavy chain CDR2 region compnising SEQ ID NG: 63, and a heavy
chain COR3 region comprising SEQ I3 NO: 62; and (b} hght chain framework regions, a light chain
CDR1 region comprising SEC IDNQO: 67, a 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 99%, 98%, 97%, 96%, 95%, 94%, 93%,
92%, 91%, or 90% identical o the heavy chain framework regions of SEQ 1D NO: 14, and the
antibody light chain comprises light chain framework regiong that are 99%, 98%, 97%, 96%, 95%,
4%, 93%, 92%, 91%%, or 90% identical to the framework regions of SEQ ID NO: 15.

0 one aspect, disclosed herein is an isolated 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 ID NG: 703, CDR2
{SEQ D NO: 69), and CDR3 (SEQ TN NG: 68) of SEG 1D NO: 16, and a hght chain variable region,
said light chain variable region compusing COR 1 (B3EQ ID NO: 73}, CDR2 (SEQ TD NO: 72), and
CDR3 (SEQ ID NO: 71) of SEQ ID NO: 17,

I an additional aspect the heavy chamn 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 variable region 1s 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92Y%,
1%, or 90% identical to SEQ 1D NO: 16, and the light chain vaniable region is 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 PAL-1, comprising: (a) heavy chain framework regions, a heavy chain CDRI region
comprising SEQ ID NG: 70, a heavy chain CDR2Z region comprising SEQ ID NG: 69, and a heavy
chain CDR3 region comprising SEQ 1D NO: 68; and (b} light chain framework regions, a light chain
CDR1 region comprising SEQ 1D NG: 73, a hight chain CDR2 region comprising SEQ 1D NG: 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%%,

425, 91%, or 90% 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 comaprising CDR1 {SEQ 1D NO: 46), CDR2
(SEQ ID NO: 43), and CDR3 (SEQ ID NO: 44) of SEG 1D NO: 80, and a light chain variable region,
said light chain variable reglon comprising CDRI (SEGQ ID NG: 49), 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 hight chain variable region comprising SEQ D NG:
%1, In a further aspect, heavy chain variable region is 89%, 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
PAIL-1, comprising: (a) heavy chain framework regions, a heavy chain CDRI region comprising SEQ
TD NO: 46, a heavy chain CDRZ region comprising SEQ 1D NO: 45, and a heavy chain CDR3 region
conprising SEQ ID NO: 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 coraprising SEQ ID NO: 47, In certain aspects, the antibody heavy chain comprises
beavy chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 1%, or 90%

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

comprises light chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 1%
or 90% wdentical to the framework regions of SEQ ID NO: 81,

In another aspect, disclosed herein is an isolated monocional 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 IDNO: 78), CDR2 (SEQ
IDNO: 75), and CDR3 (SEQ ID NO: 74) of SEQ ID NO: 18, and a light chain variable region, said
light chain variable region comprising CBR1 (SEQ ID NO: 79}, CDR2 (SEGQ 1D NG: 78), and CDR3
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{(SEQ ID NO: 77) of SEQ I 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%, 98%,
7%, B6%, 95%, 94%, 93%, 92%, 91%, or 90% identical to SEQ 1D MO 18, and the light chain
variable region is 99%, 98%, 87%, 9654, 95%, 94%, 83%, 92%, 91%, or 90% identical to SEQ I}
NO: 19,

An isolated monoclonal antibody that binds specifically to PAIL-1, comprising: {(a) heavy
chain framework regions, a heavy chain CDRI region comprising SEQ 1D NO: 76, heavy chain
CDR2 region comprising SEQ I 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 ID NOG: 79, =
light chain CDR2 region comaprising SEQ 1D NO: 78, and a light chain CDR3 region comprising SEQ
IBDNO: 77, In certain aspects, the antibody heavy chain comprises heavy chain framnework regions

that are 99%, 98%, 97%, 9654, 95%, 94%, 93%, 92%, 91%, or 30% 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 monoclonal antibody that binds specifically to

g

PAI-1, comprising: (&) heavy chain {ramework regions, 3 beavy chain CDRI region compnising SEQ
1D NO: 33, heavy chain CDR2 region comprising SEQ 1D NO: 146, 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 CDR2 region comprising SEQ 1D NO: 145, and a light
chain CDR3 region conprising SEQ 1D NG: 35,

In one aspect, disclosed herein 18 an 1eolated monocional antibody that binds specifically to
PAI-1, comprising: {a) beavy chain framework regions, a heavy chain CDRI region comprising SEQ
1D NO: 147, heavy chain CDR2 region comaprising SEQ ID NO: 33, and a heavy chain CDR3 region
comprising SEQ ID NO: 32; and (b) light chain framework regions, a light chain CDR1 region
comprising SEQ 1D NOG: 37, a light chain CDR2 region compristng SEQ ID NO: 36, and a light chain
CDR3 region comaprising SEQ ID NO: 35,

In one aspect, disclosed hercin 18 an 1olated monocional antibody that binds specifically to
PALY, comprising: (a) heavy chain framework regions, 3 heavy chain CDR1I region comprising SEQ
IDRO: 147, heavy chain CDR2 region comprising SEQ ID NO: 33, and a heavy chain CDR3 region
comprising SEQ 1D NQO: 32; and (b} light chain framewaork regions, a light chain CDR1 region
comprising SEQ 1D NQO: 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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1o one aspect, disclosed herein is an solated monacional antibody that binds specifically to
PAL1, cormaprising: {a) beavy chain frarnework regious, a heavy chain CDR] region coraprising SEQ
[0 NO: 146, heavy chan CDRZ region comprising SEQ ID NO: 33, and a heavy chain CDR3 region
comprising SEG ID NO: 32; and {b) light chamn framework regions, a hght chain CDRI region
5 comprising SEQ ID NQO: 37, a light chain CDR2 region comprising SEQ D NO: 145, and a hght
chain CDR3 region comprising SEQ 1D NQO: 35,
In one aspect, disclosed herein 1s an isolated monoclonal 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
corprising 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 solated reomoclonal antibody that binds to
essentially the same epitope on PAT-1 as an isolated mwonoclonal astibody, coraprising a beavy chain
variable region, wherein the heavy chain variable region comprises CDRU (SEQ 1D NO: 34), CDR2
(SEQID NG 33), and CDR3 (SEQ ID NO: 32} of SEQ ID NG 6, and a hght chain variable region,
wherein the hight chain variable region comprises COR1 (SECQ ID NO: 37), CDR2 (SEQ ID NO: 36},
and CDR3 (SEQ ID NO: 353 of SEQIDNO: 7.

RN

In a certain aspect, disclosed herein is an solated monoclonal antibody that binds specifically

20 1o PAI-1, comprising: {a) heavy chain framework regions, a heavy chain CDR1 region comprising

SEQ ID NG: 76, heavy chain CDREZ region comprising SEQ 1D NO: 75, and a heavy chamn CDR3

region comprising SEQ ID NO: 74; and (b} light chain framework regions, a light chain CDRI region

conprising SEQ 1D NO: 79, a light chain CDR2 region comprising SEQ D NO: 78, and a light chain

CDR3 region comprising SEQ D N 77,

25 0 one aspect, disclosed herein is a bumanized monoclonal antibody that binds specifically to
buman PAIL-1, wherein the antibody coraprises: (a) 2 heavy chiain having a heavy chain variable
region comprising SEGQ ID NO: 82, or an antigen-binding fragment thereof, and a light chaw having 2
light chain variable region coraprising SEQ ID NO: 91, or an antigen-binding fragruent thereof; ()

a heavy chain having 2 heavy chain variable region comprising SEQ [D NO: 83, oran

{0  antigen-binding fragment thereof, and a light chain having a light chain vanable 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

S antigen-binding fragment thereof, and a light chain having a Hght chain variable region comprising
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variable region comprising SEQ ID NO: 85, or ap antigen-binding fragment thereof, and a light chan
having a light chain variable region comprising SEQ ID NO: 93, or an antigen-binding fragment
thereef; () a heavy chain having 2 heavy chain variable region comprising SEQ [D 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) a heavy chain having a heavy chain variable region comprising SEQ 1D N 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 ID NO: 89, or an antigen-binding fragment thereod, and a hight chain
having a light chain variable region conpuising SEQ ID NO: 97, or an antigen-binding fragment
thereot; {j) a heavy c¢hain having a heavy chain variable region compuising SEQ 1D NG: 90, or an
auntigen-hinding fragment thereof, and a light chain having a ight chain variable region comprising
SEQ ID NO: 9%, or an antigen-binding fragment thereof; (k) a beavy chain having & heavy chain
variable region comprising SEQ ID NG: 86, or an antigen-binding fragment thereof, and a hght chain
having « light chain variable region compnising SEQ I3 NO: 93, or an antigen-binding 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 cham 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 NO: 93, or an antigen-binding fragment
thereot; or (n} 2 heavy chain having a heavy chain variable region comprising SEQ ID NO: 89, 0

L

antigen-binding fragment thereof, and a light chain having a light chain variable region conprising
SEQ ID NG: 95, or an antigen-binding fragment thercof. In a further aspect, the humanized heavy
chain variable region 18 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90% wlentical 1o any of
the previously disclosed human heavy chain variable regions, and the humanized hght chain variable
reglon 18 98%, 98%, 97%, 86%, 35%, 94%, 93%, 92%, 91%, or 90% identical to any of the
previcusly disclosed human light chain variable regions.

In one aspect, disclosed herein 1s an isolated monocional antibody that binds specifically to
PAI-1 comprising: {a) 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 monocional heavy chain conprises heavy chain
framework regions that are 99%, 98%s, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90% identical to

12
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the heavy chain framework regions of SEQ ID NO: 86, and the isolated reonoclonal antibody light
chain coraprises light chain framework regions that are 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%,
1%, or 90% identical to the framework regions of SEQ 1D NO: 93, In certain other aspects, the
isolated monoclonal antibody heavy cham comprises heavy chain framework regions that are 95%
identical to the heavy chan framework regions of SEQ ID 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: 134, or an andigen-binding fragmerd 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 monoclmal antibody that binds
specifically to horuan 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 NO: 153, or an antigen-hinding
fragment thereof. In a further aspect, the humanized heavy chain variable region is 89%., 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%, 87%, 96%, 95%,
4%, 93%, 92%, 91%, or 0% identical to any of the previously disclosed human light chain variable
regions.

In another aspect, disclosed herein is an isolated monoclonal antibody that binds specifically
to PAI-1, wherein the antibody binds a polypeptide comprising SEG I NO: 158, Inanother
embodiment, the isolate muonoclonal antibody binds a fragnent of a polypeptide comprising SEQ ID
NG: 158, In yet another emnbodiment, the isolated monocional antibody that binds specifically 1o PAL

1 binds a polypepiide comprising SEQ I NO: 156 and/or SEQ 1D NO: 138, In another embodiment,
the 1solated mouacional antibody that binds specifically to PAI-1 binds a polypeptide comprising SEQ
TDNQO: 156, SEQ ID NQ: 158, and/or SEQ ID NG: 157, In still another embodiment, the isolated
monoclonal antibody that binds specifically to PAI-1 comaprises specific binding affinily for residue
160, 262, 296-297, 300-307, and/or 310-316 of SEQ ID NG 1. In certain erubodiments, the isolated
monoclonal antibody disclosed herein interacts with at least residues 311, 312, and 313 (D3-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 PAL-1

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

—
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isnlated monoclonal antibody binds a polypeptide coropristng SEQ D NO: 159 and/or SEQ 1D NO:
161, In siill other embodiments, the isniated roonoclonal antibody binds a polypeptide coraprising
SEQ I NO: 159, SEQ 1D NO: 160, and/or SEQ 1D NO: 161, In still another erbodiment, the
isolated monoclonal antibody that binds specifically to PAL-1 comprises specific binding affimty for

1 of cyno-PAL-1 (SEQ ID NG: 162). In certain embodiments,

BV ~

residaes 44-64 and/or residues 307-32
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 herein is an isolated monoclonal antibody that competitively
mhibits binding of any of the disclosed antibodics to PAI-1. In an embodiment, disclosed berein s an
isolated monoclonal antibody that competes for binding and/or conpetitively nhibits binding with
any of the solated monoclonal antibodies disclosed herein. In ceriain embodiments, the isolated
ruonocional antibody competes or competitively inbibils binding o busan PAI-1. In certain
embadiments, the isolated wonoclonal antihody competes or competitively iohibits bindingto a
polypeptide coraprisiag SEQ 1D NOG: 156, SEQ ID NO: 157, and/or SEGQ 1D NO: 158, I another
embadiment, the isolated monoclonal antibody competes or competitively inhibits bindingtoa
polypeptide comprising SEQ D NO: 159, SEQ ID NO: 160, and/or SEQ ID NO: 161, Inan
embodiment, the isolated antibody competes for binding to a polypeptide compnsing SEG I NO:
136, 157, and/or 158 with an isclated monoclonal antibody comprising (&) heavy chain framework
regions, a heavy chain CDRI region comprising SEQ 1D NO: 34, heavy chain CDR2 region
comprising SEQ 1D NO: 33, and a heavy chain CDR3 region comprising SEQ 1D NO: 32; and (b)
light chamn framework regions, a light chain CDR1 region comprising SEQ 1D NO: 37, & light chain

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

3

3

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

1o one aspect, disclosed herein is a method of treating a condition caused by increased
expression of PAI-1 or increased sensitivity i PAI-1 coraprising admainistering to a patient or other
subject orally, parenterally by a solulion for injection, by whalation, or topically a pharrsaceutically
effective amount of a PAL1 antibody.

In one aspect, disclosed herein 1 a method restoring plasnuin generation comprising
administering to 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 disclosed herein includes intravenous, drip, intraarterial, intraperitoneal,
mtramuscular, subcutancous, rectal or vaginal, intravenous, intraarterial, subcutaneous, and

mtranuscular forms of parenteral administration. In some embodinents, the administrationto a
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patient or other subjoct comprises muliple administrations. I another aspect, the method of restoring
plasroin generation faciliates therapeutic treatment of a condition comprising increased levels of
fibrotic tissue. In some aspects, the condition is characterized by fibrosis. In some aspects, the
condition is Obrosis, skin fibrosis, systemic sclerosis, lung fibrosis, idiopathic pulmonary {ibrosis,
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, thronbosis,
venous and artenial thrombosis, deep vein thrombosis, peripheral limb ischemia, disseminated
intravascular coagulation thrombesis, acute ischemic stroke with and without thrombolysis, or stent
restenosis.

In another aspect, disclosed herein is the use of a pharmaceutically effective amount of a PA]-
I antibody for the manufacture of a medicament for treating a condition caused by 1ncreased
expression of PAI-1 or increased sensitivity to PAL1 comprising administering o a patient or other
subject orally, parenderally by a solution for injection, by inhalation, or topically,

In oune aspect, the rnedicanment is for treating a condition comprising increased levels of

fibrotic tissue. In some aspects, the condition is characterized by fibrosis, In some aspects, the
condition 1s fibrosis, skin fibrosis, systernic sclerosis, lung fibrosis, idiopathne pulmonary fibrosis,
mterstitial lung disease, and chronic hing disease. In other aspects, the medicament is for treating a
condition comprising liver fibrosss, kidney fibrosis, mcluding chronic kidney disease, thrombosis,
venous and arterial thrombosis, deep vein thrombeosis, peripheral limb ischemia, disseminated
mitravascular coagilation thrombosis, acute ischemic stroke with and without thrombolysis, or stent
restennsis.

o another aspect, disciosed herein is an isolated monocional antibody that binds specifical
to PAI-1, wherein the antibody inhibite lung fibrosis. In certain embodiments, the antibody inhibits

o
Fae
H

fibrosis in the lung of a subject. In certain embodiments, the antibody inbibits fibrosis in the lung of a
subject with idiopathic pulmonary fibrosis (IPF). Ta some erohodiments, the isolated monoecional
antibody disclosed herein induces an increase in fibrin degradation ju 2 subject. In certawn
embodinents, the antibody mcreases fibrin degradation n the plasma of the subject. In some other
embodiments, the solated monoclonal antibody disclosed herein inhibits collagen accumulation in the
lung of a subject. In some embodiments, the sabject has IPF. In some other embodiments, the isolated
monoclonal antibody disclosed herein increases D-dimer levels in the bronchoalveolar lavage fluid
{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 {ibrosis in a subject. In one embodiment, the subject has

iPF.
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1o another aspect, disclosed herein is the use of a pharmaceutically effective amount of a PAI-

1 antibody for the maoufacture of a medicarment 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 sohuilion for injection, by whalation, or topically, wherein the condition is wdiopathic
pulmonary {ibrosis.

In another aspect, disclosed herein is a method restoring plasmin generation comprising
administering 0 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 Gbrinolylic activily i a subject with acute ischernic stroke. The acuie ischemic

stroke can be either with or without thrombolysis. In some swbodiments, the isolated ruonoclonal
antibody resiores clot tysis. In certain embodirnents, the antibody restores 1 viro clot lysig, Tnstill

ather embodiments, the antibody restores 1n vitro clot lysis with an ICs of about 2 nM.

{n other aspects, disclosed herein is an isolated monoclonal anttbody that binds specifically to
PAJ-1, wherein the antibody restores fibnin 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 & PAI-
1 antibody for the manofacture 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,
parenteraily by a solution for injection, by inhalation, or topically, wherein the condition is acuts
ischemic stroke with and without thrombolysis.

0 another aspect, disclosed herein s 2 method restoring plasmin generation coraprising
adnunistering o a patient or other subject in need thereof orally, parenterally by a solution for
injection, by inhalalion, or topically a pharmaceutically effective ammount of a PAI-1 antibody,
wherein the plasrain generation faciiitates therapeutic treatment of acute ischernic stroke with and
without thrombolysis.

In another aspect, disclosed herein is an isolated monoclonal antibody that binds specifically
to PAIL-1, wherem the antibody whibits formation of adhesions in a sobject. 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 freating or preventing a condition caused by
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increased expression of PAI-] or increased seusitivity to PAI-] cowmprising administering to a patient
orally, parenterally 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 plasmin generation comprising

ministering ic a o a patient or other subject 1n need thereof orally, parenterally by a solution for

injection, by inhalation, or topically a pharmaceuntically effective amount of a PAI-1 antibody,
wherein the plasmin generation facilitates 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 isofated monoclonal antibody that binds 10 a PAT-
i Avitronectin complex. In another aspect, disclosed herein is an isolated monoclonal antibody that
neutralizes PAI-1 activity by inducing PAL-1 subsirate conformation. In an embadiment, the antibody
restores or is capable of restoring plasmin generafion. In another cmbodirpent, the isolated
raonoclonal antibody induces or is capable of inducing fibronectin degradation. In yet another

embadiment, the isolated monoclonal antibody induces or is capable of inducing matrix

ruetalioproteinases {MMP) activation,

{n another aspect, the 1solated monoclonal antibody disclosed herein is an antibody fragrent.
In some embodiments, the antibody is 3 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 SEQ 1D NG:6. In another
embodiment, disclosed herein is an isolated crystal comprising a Fab' fragment comprising light chain
sequence SEQ ID NO:93 and heavy cham sequence SEQ 1D NO:86. In an emnbodiment, the isolated
crystal comprises assimetric unit cell dimensions a=103 &, b=152 A and 0=298 A. In an embodiment,
the 1solated crystal belongs to P212121 space group. In another embodiment, the solated crystal
coraprises a 3.3 A resolution of x-ray diffraction. In an erabodiment, the isolated crystal retains the
hinlogical activity of the crystallized antibody. In some embodiments, the isolated crystal bas a
greater half life in vivo than the soluble counterpart of the crystallized antibody.

{n one aspect, disclosed herein is a pharmaceutical composition compusing: (a) the
crysialiized 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 antibodies
disclosed herein,

In one aspect, disclosed herein s a method of generating an antibody against PAL-1
compnising immumnizing a3 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 PAL-1 antibody; {¢) incubaiing the
ELISA plate with tPA; (d) mcubating the ELISA plate with labeled anti-iPA 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 boud 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 s a wethod of screening hybridomas. In certain
embodiments, the method of screening comprises a reverse screening method gsing anti-mouose
mnmobilized anti-PAL-1 antibodies. In other embodiments, the method of screening comprises or &
forward screening assay using {ree PAL-1 as a hgand or against immobilized vifronectin, In certain
embodiments, the method is applied to determine the affinity of an antibody for a PAL-1/vitronectin
complex. In some embodiments, the method comprises: immobilizing 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 to
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 aniibody for the complex.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure ¥ depicts a schematic represertation of the mechanisius between PAI-] and the serine
proteases tissue-type plasminogen activator (IPA) and urokinase-type plasminogen activator (UPA).
PAL-1 exhibits stroctural {lexibility and can oceur 1n a lalent conformation or an active conformation
when 1t 1s bound to vitronectin (Vn}. The RCL region of PAI-1 bears the bait 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 complex
that, after cleavage of the P1-F'1 peptide bond, mduces strong conformation changes. Acyl enzyme 18
a labile complex formed by covalent bond between the serine residoe (black triangle) from catalytic

triad from serine protease (1PA) and ammo-acid from the substrate (black circie) that underzoes

18
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further hydrolysis. The conformational changes causes insertion of the cleaved RCL into a B-strand
wiih the profease siaying covalently bound as an acyl enzyoe with PAI-1. Under non physiclogical

circunistance, hydrolysis of this acyl-enzyme complex may induce release of the cleaved PAI-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 33H! is a positive controd,
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 Ad4 and

corarnercially available antibodies (33B8 and 33H1} in the chromogeunic assay described 10 Example

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

Figure 6 depicts human PAT-1 and its orthologs block human (PA activity in chromogenic

1
1e
1id

assay with the sumilar potency.
Figure 7 depicts neutrabization 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 PAI-1 fromw 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: PAI-T only; Lanc 3: tPA only; Lane 4: PAI-1 in the presence of tPA; Lane 5: 33B8
25 +PALL HPA; Lane 6 33HI+PAI-IHPA; Lane 70 Ad4+PAT-1+PA; Lane 8 mAb is an isotype
coutrol antibody.
Figure 2 depicts SDS-Page analysis of the mechanisin of action for antibodies 33H8
{converts PAL-1 from active i latent confirmation), 33H1 {converts PAL-1 froo active i 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 +PAIL-1 +tPA; Lane 6: 33HI+PAIL-1+PA; Lane 7
C26+PAI-1+tPA; Lane 8; E16+PAL-144PA; Lane 9: EZ1+PAL-1-HPA; Lane 10: mAb is an isotype
control antibody.

Figure 10 depicts 5DS-Page analysis of the mechanism of action for antibodies 33H3
35 {(converts PAT-1 from active to latent confirmation), 33H1 (converts PAT-1 from active to substrate

1o
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conformation) and anttbodies developed from fusions A39, B109 and C43 to block the interaction of
PAL1 with tPA. Lane 1 molecular weight standards; Lane 2: PAL-{ only; Lane 3: tPA only; Lane 4:
PAL-1 in the presence of tPA; Lane 5: 3388 +PAL-1 HPA; Lane 6: 33HI+PALI+PA; Lane 7;
A39+PAL-1-HPA; Lane 8: BIOS+PAL1+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), A3S (SEQ ID NG: 5), A44 (SEQ D NO: 7), ATL(SEQ ID NO: 9), AT5 (SEQ D
NO: 81), BI09 (SEQ ID NO: 111,B28 (SEQ ID NO: 13), C45 (3EQ D NO: 15), E16 (SEQ ID NO:
17y, and E21 (3EQ 1D NG: 19). CDRs are highli

ahted in bold.

Figure 12 depicts the alignment of the heavy chain of the following rourine antibodies: A105
(SEQ D NOx 2), A39 (SEQ 1D NO: 4), Ad4 (SEQ ID N 6), AT1 (SEQ 1D NO: 83, ATS(SEQ ID
NO: 88}, B109 (SEQ ID NG: 16), B28 (3EQ 1D NO: 12), C45 (SEQ ID NO: 14}, 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 vE] (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 (SEQ
1B NO: 163) and vh4 (SEQ ID NO: 104}

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

Figure 16 depicts clone A44 humanization VH 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 in the alignmment.
Residue numbering is as described by IMGT.

Figure 17 depicts percent inhibition of PAL-1 activity was plotted as a function of mmAb
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
PAL1 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 human plasma clot fysis by A44V 11 {1, 3 or 19 nM) in the
presence of tPA 1 uM and PAL-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 uman plasma clot bysis by homan Ig(Gl 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 TgGl isotype
negative control at various concentrations.

Figure 24 depicts restoration of human plasma clot lysis by APG, APGV2 or APGV4 at
nM in the presence of tPA | oM and PAI-1 3 M as detected by absorbance at 340 nm as a function
of fime {Juin).

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

Figure 26 depicts immunoblot anti-PAL-1 on human LE29 myofibroblast supernatants at 48H
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), plasnunogen (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 flaid (BALF) (A) and
i lung tysate (B) from bleomycin treated mice at day 7 and day ¢ {ollowing treatment at day 4 with
A44 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 IgG 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 mg/kg or PBS by 1.p. administration as
deteroined by ELISA (Asserachrom D-Eh, Dhagnostica Stago). Fold increase 1 D-dimer induced by
Add ju corparison to Igs are indicated.

Figure 30 depicts right Jung weight from transgenic bumanized mice 21 days after either
saling or bleomycin treatinent followed by PBS (vehicle), 1gG1 or Ad4 10mg/ke 1.p. adminstration
from day4 to day20 every 3 days.

Figure 31 depicts hydroxyproline lung content in transgenic humanized mice 21 days after

'S

gither saline or bleonyyein treatment followed by PBS (vehicle), IgGl or A44 10mg/kg ip.
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 betore LPS challenge (100 ug/kg

21
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v}, Blood samples were harvested at the tndicated 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 A44V 11 {A)
mAb {n=3) or with 1gG1 isotype contrel (B} (n=4} {5 mg/kg ip) 24 bours before LPS challenge (100
ug'kg 1v). Liver biopsies were harvested 1n anesthetized monkeys at the indicated time pomnt and
active PAI-1 levels were determined in lysates using the ELISA (# HPAIKT from Molecular
Innovation).

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

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

Figure 35 depicts Plasmin-o2 Andiplasioin {PAP) coraplexes level i plasroa from monkeys
treated by A44V 11 {(A) mAb (n=5) or with 12(5] sotype coutrol (B) (n=4) (5 mg/kg ip} 24 hours
hefore LPS challenge (160 ug/kg 1v). Blood samples were harvested at the indicated time point and
PAP levels were determined in plasma using the ELISA (# Asserachrom PAP from Diagriostica
Stago).

Figure 36 depicts level of active PAL-1 m intraperttoneal flaid (IPF) and uvterine born lysates.
Active PAIL-1 levels in the mtraperiioneal fhud (A} and oterine horn lysates (B). At the 6 hour and
Day 7 time points active PAL-1 levels were lower in both intraperitoneal fluid (JPF) and Uterine Homn
(UH) Lysates in the animals treated with A44V11 antibody in comparison to the isotype control
antibody treated animias, no difference was observed at 72 hour time point. {* p<0.001 calaulated by
the Student T-tost)

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

Figure 38 depicts purification of homogeneity recombinant 6-His tagged Fab Ad4 complexed
with the hurnan wi PAT-1 protein.

Figure 39(a) depicts the complex crystailization of the Fab A44/PAL-1 complex, and Figure
39 (b} depicts the best optimized crystals,

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

Figure 41 depicis Fab Ad4 recognition the active form of haman 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
&



tG

i
RN

20

(43
<

(3]
whn

WO 2015/023752 PCT/US2014/050896

Figure 45 depicts a sequence alignment of the proposed Ad4 binding epitopes of cyno,
buman, rat, and mouse PAL-L, Sequences are excerpted from SEQ D NG (PAT-{ humany, SEQ ID
NO:162 (PAL-1 cyno}, SEQ ID NO:163 (PAL-L mouse), and SEQ [D NO:164 (PAT-1 rat),

Figure 46 depicis the comparison 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-PAI-1 peptides in the
unbound (circle lines), APGv2-bound (x-lines) and Ad4vli-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- alone or bound to either rnAb. (B), peptades covering residues 44-64 showed
stnilar protection from exchange o both rnAb-bound states, (), 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-PAL-1 alone and
bound to Addvii. (A}, butterfly plot of the average relative fractional exchange with the umbound
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 plotin
(A} for cyno-PAI-1 alone or bound to Addvil.

Figure 51 depicts HDX comparison of cyno-PAI-1 alone and bound to APGVZ. Tn (A),
butterfly plot of the average relative fractional exchange with the unbound state above and the bound

.
H
i

state below. The lines correspond to data acquired for the 10 sec, 1 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 APGv2 bound state above
and the Ad4v1l bound state below. The lines correspond o data acquired for the 10 sec, 1 win, 5 nun
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 MS. 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 antibodies and fragments thereof that specifically bind to
Iiman PAT-1 and modulate the biological functions of PAL-1, Such antibodies are particularly usefd
for treating PAI-1-associated disease or disorders {e.g., fibrosis). The mvention also provides
pharmaceutical compositions, as well as nucleic 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 PAI-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, certain terms are fist
defined.

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

amino acid sequenee listed below:

/HHPPSYVAHLASDFGVRVEFQOGVAQASKDRNVVESPYGVASVLAMLQLTTG
GETQOQIGAAMGFKIDDBKGMAPALRHLYKELMGPWNKDEISTTDAIFVQRD
LKLVQGFMPHFFRLFRSTVRKQVDESEVERARFIUNDWVEKTHTKGMISNLLGE
GAVDQLTRLVLYNALYFNGOQWKTPFPDSSTHRRLFHKSDGSTVSVPMMAQT
NEFNYTEFTTPDGHYYDILELPYHGDTLSMFIAAPYERKEVPLSALTNILSAQLI
SHWKGNMTRLPRLLVLPKFSLETEVDLREPLENLGMTDMFERQFQADFTSLSD
QEPLHVAQALQKVKIEVNESGTVASSSTAVIVSARMAPEEIMDRPFLFVVRH
NPTGTVLFMGQVMEP (SEQ ID NO. 1), or a fragment thercof.

As used berein, the term "antibody™ refers to rumunoglobulin maolecules couprising four
polvpeptide chaius, two heavy (H) chains and two light (L) chains inter-conuected by disuifide bonds,
as well as multimers thereod (e.g., IgM). Each heavy chain comprises a heavy chain variable region
{abbreviated Vyor VH} and 2 heavy chain constant region {(Cy or CH). The heavy chain coustant
region comprises three domams, Cyl, Cy2 and C3. Each light chain compnises a hight chain vanable
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 1s conposed of three CDEs
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and four FRs, arranged from arajno-terminus to carboxy-teriminus in the following order: FRI, CDRU,
FR2, CDR2, FR3, CDR3, FR4.
As used herein, the term "antigen-binding fragment” of an antibody includes any natarally

5
H
i

occurring, enzymatically obtainable, synthetic, or genetically engineered polypeptide or glycoprotein
that specifically binds an antigen to form a complex. Antigen-binding 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 techmiques involving the manipulation and
expression of DMNA encoding antibody variable and optionally constant domains. Non-limiting
examples of antigen-binding portions include: (i) Fab fragments; (i) F{ab'y, fragments; (i1i) Fd

fragments; (iv) Fv fragments; (v} single-chain Fv (s¢Fv) molecules; (vi) dAb ragments; and (vii)
minimal recognition units consisting of the anuno acid residues that mimnic the lypervariabie region
of an antibody {e.g., an isolated complementarity determminiag region (CDR)). Other engineered
raclecules, such as diabodics, triabodics, tetrabodies and minibodies, are also encorapassed within the
expression "antigen-binding fagment.”

As used herein, the term "CDR" or "complementarity detemining region” yucans the
noneontigucus antigen combining sites found within the variable region of both heavy and light chain
polypeptides. These particular regions have been described by Kabat er al., J. Biol Chem. 252, 6609-
6616 (1977) and Kabat et o/, Sequences of protein of immunological interest. (1991}, and by Chothia
ef al.,J Mol Biol 196:901-917 (1987) and by MacCalhm 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 snique 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. frmmuncl, 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.} 15 based on an analysis of the coraplex crystal structures and antibody-

(4]

antigen interactions. The arino acid residues which encompass the CDRs as defined by each of the

P

above cited references are set forth for comparison. I'n one embodiment 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) amine acid residues” refers to those amino acids in
the framework region of an Ig cham. The term "framework region” or "FR region” as used herein,
inchudes 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 substitutions” in the CDR
aming acid sequences of the antibodies disclosed herein, Le., amino acid sequence modifications
which do not abrogate the binding of the antibody to the antigen, i.e., PAL-1. 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 example, 3
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 previousty described for “alanine scanning nutagenesis”
(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 sarse class, where a class is defined
by comon physicochemical aming acid side chain properties and high substitution frequencies in
homoelogous proteins found 1o nature, as determined, for exanple, by a standard Dayhoff frequency
exchange yoatrix or BLOSUM matrix. Six general classes of amine acid side chains bave beer
sy, Class 1T (Ser, Thy, Pro, Ala, Gly); Class I {(Asn, Asp, Glo,
), Class IV (His, Arg, Lys); Class V {(Tle, Leu, Val, Met); and Class VI {Phe, Tyr, Tip). For

categorized and include: Class 1

Py
@]

example, substitiion of an Asp for another class HI residue such as Asn, Gln, or Glu, 15 a
conservative substitution. Thes, a predicied nonessential anuino acid residue in a PAL1 antibody s
replaced with another amine acid residue from the same clags. Methods of identifying amino acid
conservative substitutions which do not eliminate antigen binding are well-known in the art (see, e.g.,
Brummell ef af., Biochem. 32:1180, 1993; Kobayashi ef al. Protein Eng. 12:879, 1999; and Burks ef
al. Proc. Natl Acad. Sci. USA 94:412, 1997}, General rules for conservative amine acid substitutions
arc sct forth in Table 1 below.

Table §: Conservative Aming Acid Substitutions

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
Gin Asn Asgn
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, Norleucine

Congervative amino acid substititions also encorupass non-naturally ocourring amino acid
residues that are typically mcorporated by chemical peptide synthesis rather than by synthesis int
biological systems. These inctude peptidomimeties, and other reversed or imverted 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 cheniical
characteristics similar o those of naturally occurring PAL-1 antibodies. In contrast, substantial
modifications in the functional or chemical characieristics of PAI-1 antibodies may be accomplished
by selecting substitutions that differ significantly in their effect on maintaining (a) the siruciure of the
molecular backbone w the arca of the substifution, for example, as a sheet or belical conformation, (b}
the charge or hydrophobicity of the molecule at the target site, or (¢) the bulk of the side chain,
Naturally occurring residues may be divided 1nto groups based on coramon side chain properiies:

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

2y nesitral hydrophilic: Cys, Ser, Thy;

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 may involve the exchange of a menber of one of these classes
for a merber from another class. Such substituied residues ray be infroduced to regions of the
Inmman PAL-1 antibody that are homologous with non-human PAL-T 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%, 96%,
5%, 94%, 93%, 92%, 91%, or 90% 1dentical 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

e
t}

antigen-binding fragraent thereof 1o bind 1o an antigen with an Kd that is lower than 1 x 10° M, I x
FOTM, T 10PM, PR 107 M, 12 107 M, 1x 107 M, T x 167 M, or less. The term also
encompasses refers o the ability of an aniibody or an antigen-binding fragment thercof to bind to an
antigen with an affinity that s at least two-fold greater than its affinity for a nouspecific antigen.

The disclosure also provides antibodics that competitively inbibi binding of an antibody to an

epitope disclosed herein as deteruined by any raethod koown in the art for d(—:termining competiive

binding, for example, the imimunoassays described hercin. 1o cerlain embodunenis, the antibody
competitively ihabits binding to the epitope by at least 95%, at least 9G%, at least 85%, at least 8094,

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

P

s used herein, the term "antigen” refers to the binding site or epitope recognized by an
antibody or antigen binding fragment thereof.
Ag used herein, the term "vector” is intended to refer to a nucleic acid molecule capable of

transporting ancther micleic acid to which it has been linked. One type of vector is a "plasmid,” which

.

crs o a circular double siranded DNA loop into which additional DNA segoients may be ligated.

1

Another type of vector is & viral vector, wherein additional DNA segmenis may be ligated inio the
viral genome. Certain veciors are capable of autonomous replication i a host cell into which they are

introduced (e.g., bacterial vectors having a bacterial origin of replication and episomal mammalian

¢>‘

veelors), Other vectors {e.g., non-episomal marmalian veciors) can be integrated into the genome of

a host cell uportintroduction indo the host cell, and thereby are rephicated along with the host genome.
Maoreover, certain vectors are capable of directing the expression of genes to which they are
operatively linked. Such vectors are referred {0 herein as "recombinant expression vectors” {or simply,
"expression vectors™), In general, expression veciors 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 is intended to include such other forms of expression vectors, such as viral
vectors {e.g., replication defective retroviruses, adenovirases and adeno-associated viruses), which

serve equivalen‘ functions.
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Nurnerous 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, polyoina virgs, adenovirus, vaccinia virgs, baculoviras, retrovirases {(RSY,
MMTV or MOMLYV) or SV40 vires, Others involve the use of polycistronic systerns with internal

b
1
H

5 ribosome binding sites. Additionally, cells which have 1ntegrated the DNA into their chromosomes
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 introduced into the same celf by cotransfornation.

<

10 Additional clements may also be needed for optimal synthesis of mRNA. These clements may inchade

signal sequences, splice signals, as well as transcriptional promoters, enhancers, and termination
signals. In particular embodinents the cloned variable region genes ave inserted into an expression

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

BOVE.

i
RN

More generally, once a vector or DNA segquence encoding an andibedy, or fragment thereof,
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 knowan to those of skill w the art. These mclude, but are not Hmited to,
transfection (including electrophoresis and electroporation), protoplast fusion, caleium phosphate
20 precipitation, cell fusion with enveloped DNA, micronjection, and infection with intact virus. See,

Ridgway, A. A. G. "Mammalian Expression Vectors” Chapter 24.2, pp. 470-472 Vectors, Rodrigues

and Denhardt, Eds. (Butterworths, Bostor, Mass. 1988). An embodiment disclosed herein is plasnud
introduction into the host via clectroporation. The transformed cells are grown under conditions
appropriate 1o the production of the light chains and heavy chains, and assaved for heavy or light
25 chain protein synthesis. Exemplary assay techniques include enzyme-linked imouwmosorbent assay
{ELISA), radiotmmunoassay (RIA), or fluorescence-activated cell sorter analysis (FACS),
irornunchistochemistey and the like.

ft

As used herein, the term "ransformation” shall be used 1n 2 broad sense to refer to

s

L]

1

introduction of DNA info a reciptent host cell that changes the genotype and conseguently results ina

(43
<

51
il

change in the recipient ce

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

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 frore spun down whale cells, or
fromn the cell culture containing both the medwm and the suspended cells.

1t should be vndersioed that this term s intended to refer not only to the particular subject cell
bt to the progeny of such a cell. Because certain modifications may occor in succeeding generations
due to erther nniiation 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 example, a 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 severity of, or ameliorate one or more
symptoms of the disease or disorder or recurving disease or disorder, or in order to prolong the
survival of a subject beyond that expected in the absence of such treatment.

As used herein, the term "PATR-1-associated disease or disorder™ jucludes disease states with o

without syruptoms associated with a discase state, where alfered levels or activity of PAL-1 are found.

4]
S
o

Exernplary PAI-1-associated diseases or disorders inchude various types of fibrosis.

As used heremn, the term "effective amount” refers o that amount of an antibody or an antigen
binding fragment thereof that binds PAL-1, which 1s sufficient to effect treatment, 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 in the
art. The dosages for administration can range from, for example, about | ng to about 10,000 mg,

about I 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 1 which any toxic or
detrimental effects (i.e., side effects) of an antibody or antigen bunding fragment thereof a
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 "epttope” refers to an antigenic determinant that interacts 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 jinitaposed amino acids from different

o
L
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scgments of the linear polypeptide chain. A Lusar 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
1

a," "an," and "the" inchude phual 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 amiino 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-PAL1 antibodies or
fragments thereef

SEQ 1D NO

ANTIBODY SEQUENCE

mAlDS VH | OVOLOQSGALLMEPGASVEISCKATGFTFSIYWIEWVKORPG 2
LGLEWIGEILPGSGSTNYNEKFKGEATFTADTSSNTAFMOLSS
LTSEDSAVYYCARGGLYYDLDY WOQGTILTVSSAKTTPP

MmAL05 VL | DVVMTOTPLTILSY TIGOPASISCKSSOSLLDSDGKTYLNWLLG

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
HGLEWIABILPGSGLTNYNEIFRGEATFTADTSSNTAYMQLSS
LISEDSAVYYCARGGLYYAMDYWGOOTSVIVSSAKTTAPR

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

mBI0Y VL | DIVMTOSHKFMSTSAGDRVSIPCKASQDVSSAVAWYQQELG i1
QSPKLLIYSASFRYTOVPDRETGBGSGTDFTITISSVQAEDLAY
YYCQOHYSSPYTRFGGUTNLEIKRAD

mB28 VH QVOLGOQSGAELMKPGASVKISCKATGY TFSISWIEWIKQRPGG 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
HCPBR3
mA3S JLPGSNT 27
HCDR2

>3
oo
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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
B3 109 SAS 54
LCDR2
mB 149 QDVSSA 55
LCDR1

mB28 ARLSTGTRGAFDY 56
HCDR3E

mB28 ILPGSGGA 57
HCDR2

mBZs GYTEFSISW 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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mE21 GENIKDYY 76
HCDRI

mE2 | QOGNTLPWT 77
LCDR3

mE21 YTS 78
LCDR2

mE21 QDESNY 79
LCDRY

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

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
5 antibodies can be identified using routine competition binding assays including, for example, surface

plasmon resonance (SPR)-based competition assays.

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

techniques known in the art,

i) Redueing Immunogenicity

In certain embodiments, anli-PAIL-1 antibodies, or antigen binding fragments thereof,

15 disclosed herein are modified to reduce thelr inmmunogenicity using art-recognized technigues. For
gxample, antibodies, or fragments thereof, can be chimerized, humanized, or deimmunized.

In one embodiment, an antibody, or antigen binding fragments thereof, disclosed herein may
be chimeric. A chimeric antibody is an antibody in which different portions of the antibody are
derived from different animal specics, such as antibodies baving a variable region derived from a

20 murine monoclonal antibody and a humarn immunoglobulin constant region. Methods for producing
chimeric artibodics, or fragraents thereof, are known in the art. See e.g., Morrison, Science 229:1202,
1985, (n et al., BioTechnigues 4:214, 1986; Gillies ef ol J. Tmmunol Methods 125:191, 1989; UK,
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.

Nl
W

Narl Acad Sci. 81:851, 1984; Neuberger ef al., Nature 312:604, 1984; Takeda ef al, Nafure 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 different animal species,

X
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such as those having a variable region dertved from a munoe monocional antibody and a 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 non-human antibody and famework 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 i the art, e.g., by

modeling of the interactions of the CDR and framework residues to identify framework residucs
important for antigen binding and sequence comparison to idenitfy unusual framework residues at

particular positions. See e.g. Queen ef ¢/, 1J.S. Patent No. 5,585,089; Riechmamn ef al., Nature
332:323, 1988, which are incorporaled herein by reference in their entircties. Autibodies can be
humanized using a variety of technigues koown in the ari including, for exampie, CDR-grafting (EP
239,400; International Publication No. WO 91/09967; 15,8, Patent Nos. 3,225,539; 5,530,101, and
5,585,089), vencering or resurfacing (EP 592,106; EP 519,596; Padlan, Molecular Immunology
28:489, 1991; Studnicka ef al, Profein Ingineering 7:8085, 1994; Roguska. et al, PNAS 91:969,

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

332

{n a particular embodimend, a humanization method 1 employed that 1s based on the tmpact

of the molecular flexibility of the antibody during and at immune recognition (see International

Publication No. WQ2009/032661, which 1s incorporated herein by reference in its entirety). Protein
flexibility is related to the molecular motion of the protein molecule. Protein flexibility is the ability
ot a whole protein, a part of 2 proiein or & single amino acid residuc to adopt an ensemble of
contormations which differ significantly from cach other. Information about protein flexibility can be
obtained by performing protein X-ray crysiallography experiments (see, for example, Kundu ef ¢l
Biophys. J. 83:723, 2002}, nuclear magnetic resonance expenments {see, jor evamplie, Freedberg ef

al, J. Am. Chem. Soc. 126:7916, 1998) or by runur

12 raolecular dynamics (MD) simulations. Ag M
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 rnteractions 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
sinngation. The trajectory 1s an ensemble of profein conformations, alse 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 quantify the flexibility of the protein amino acid residues.
Thus, a flexible residue is one which adopts an ensemble of different conformations in the context of
the polypeptide within which that residue resides. MD methods are known i 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 sinwlations, such as Amber (see Case ef ol J. Comp.
Chem. 26:1668, 2005; Brooks ef ¢l J Comp. Chem. 4:3187, 1983; and MacKercell ef ol (1998} 1n "The
Encyclopedia of Computational Chenustry™ vol. 1:271-177, Schieyer ef af., eds. Chichester: John
Wiley & Sons) or Impact (see Rizzo ef al. J. Am. Chem. Soc.; 122:12898, 20003,

5 Most protein conmplexes 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, Structure 8, R137-R142, 2060). As
such, examples of "induced it" have been shown o 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

<

3 diverse shapes, sizes and composition (Projein Science 11:184-187, 2002) and that the conformational
diversity appears 1o be an ossential component of the ability to recognize different pariners {(James ¢

., 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

RN

wateraction 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 residues from the
framework so that the ensemble of conformations and of recognition arcas displayed by the modified
anttbody reserble as moch as possible those adopted by @ human antibody. That can be achieved by
modifying a limited number of residues by: (1) building a homology model of the parent mAb and
20 rumning an MD simulation; {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 ensemble of recognition areas 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
25 also mutated; and (8) chocking for the presence of known T cell or B cell epitopes. The flexibie

residues can be found using an MD calculation as taught berein 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 hight and heavy

{}  chains, a set of humnan heavy and light chain variable region frameworks that closely resembie 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 line 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 excloded from the search to ensure high

5 affinity for the antigen is proserved. Flexibie residues then are replaced.

(FS]
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When several humean residues show similar homclogies, the selection is driven also by the
nature of the residues that are likely to affect the solution behavior of the bumanized antibody. For
instance, polar residues will often oecur in exposed flexible loops over hydrophobic residue
Residues which are & potential source of instability and heterogeneity are also mudated even f there

T
H
i

are found in the CDRs. That will inclade exposed methionines as sutfoxide 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 15, Asn or Cys (J. 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 Asnor the
ser/Thr residue will be changed.

The resulting composite antibody sequence is checked for the presence of known B celf or
linear T-cell epitopes. A search is performed, for exarople, with the publicly available howune
Epitope Data Base (AEDB} {PLOS Riol (20053 3(3)91). If a2 known epifope is found within the
composite sequence, another set of niman sequences is retrieved and substituted. Thus, unlike the
resurfacing method of U.S. Patent No. 5,639,641, both B-cell-mediated and T-cell-onediated
nmunegenic responses are addressed by the method, The method also avoids the 1ssue of loss of
activity that is sometimes observed with CDR grafting (U.S. Patent No. 5,530,101). In addition,
stability and solubility issucs 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

ODLY‘ S,
In some emnbodiments, de-immumization can be used to decrease the imnwinogenicity of and
antibody, or antigen binding fragment thereof. As used herein, the term "de-immunization” includes

alteration of an antibody, or antigen binding fragment thereof, to modity T ceil epitopes {see, e.g.,
Tnternational Publication Nos. WO9852976 A1, W30034317A2). For exarnple, VH and VL

quences from the starting antibody may be analyzed and a human T cell epitope "map” may be

o
[
[}

generated from each V region showing the location of epitopes ia relation to compi@m(fntarity-
determining regions (CDRs} and other key residues within the sequence. Individual T cell epiiopes
from the T cell epitope map are analyzed in order o 1dentify alternative amino acid substititions with
a low risk of altering activity of the final antibody. A range of alternative VH and VL seguences are
designed comprising combinations of anino acid substitutions and these sequences are subsequently
ncorporated 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. Complete heavy and light chain genes comprising

,‘
o
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modified V and bura ¢ then cloned 1nto expression vectors and the subsequent plasuids

introduced nto cell haes for the production of whole antibody. The antibodics are then corapared in

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 Ig( constant region, a human IgGl or 1g(G4 constant region) which
mediates one or more effector functions. For example, binding of the Cl conponent of complement o
an antibody constant region may activate the complement system. Activation of complement is
important in the opsonization and lysis of cell pathogens. The activation of complement also
stiraulates the inflaramatory response and may also be jnvolved in astoimowune bypersensitivity.
Further, anttbodies bind to receptors on varicus cells via the Fe region, with a Fe recepior binding site
on the antibody Fe region binding to a Fo receptor {FcR) ona cell. There are a nurnber of Fo
receptors which are specific for different classes of antibody, wncluding Igs (gamma vecepiors}, Ig8
{epsilon receptors), 1gA (alpha receptors) and IgM (rau receptors). Binding of antibody 1o Fc
receptors on cell surfaces triggers a mumber of important and diverse biological responses including

5
XY,
i

engullfiment and destruction of antibody-coated particles, clearance of mrmune complexes, lysis of
antibody-coated target cells by killer cells {called antibody-dependent cell-mediated cytotoxicity, 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 sffector 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 in 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 site in the body {e.g., the

=

site of & tumor or o a particular organ), reduced serum balf-life, or increased serun half-life when
compared with a whole, unaltered antibody of approximately the same immmmogenicity. For
example, certain antibodics, or fragments thereef, for use in the diagnostic and treatient 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 instance, 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.

Lo
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1o certain other embodiments, anii-PAL-1 antibodies comprise constant regions derived from

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

more of a human 1gGl, 1262, 1gG3, or
12G4). In other embodiments, anti-PAI-1 antibodies comprises a chimeric hinge (f.e., a lunge
compnising hinge portions derived from hinge domains of different antibody isotypes, e.g., an upper
hinge domain from an [gG4 molecude and an IgG 1 muddle hinge domain}. In one exnbodiment, an
anti-PAI-1 antibody comprises an Fc region or portion thereof from & human IgG4 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 fo increase or decrease

gtfector function using techniques known in the art. For example, the deletion or inactivation
(through point mutations or oiher means) of a 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 nouspecific association of a conjugated cytotoxin. Yet other
ruodifications of the copstant region reay be used to rondify disulfide linkages or oligosaccharide
racieties that allow for enbanced localization due to increased antigen specificity or flexibility. The
resulting physiological profile, bivavailability and other biochemical effects of the modilicatons, such
as tumor localization, biodistribotion and serum halflife, may casily be measured and guantified
using well know immmonological technigues without undue experimentation.

In certain embodiments, an F¢ domain employed i an antibody disclosed herem is an Fe

ariant. As used herein, the term "Fe variant” refers to an Fe 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 Fe domain is derived from a human fgG1 antibody, the Fc variant of said human IgG1l Fe
domain conprises at least one amino acid substituiion relative to said Fc domain.

The anmine acid substitution(s) of an Fc¢ variant may be located at any position (L., any EU
conveniion amino acid position) within the Fc domain. In one embodiment, the Fo variant comprises a
subsiiution at an arnino acid posiiion located in 2 hinge doroain or portion thereof. In another
embodirnent, the Fo vartant comprises a substifution at an amino acid position located 1o 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 i 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, WOSY/SESTZAL, WOO0/09560A2, WOO0U/32767A1, WOO0/42072A2,
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WO02/44215A2, WOOGZ/060919A2, WOO3/07456942, WO04/516750A2, WO04/029207A72,
WO04/035752A2, WO04/063351 A2, WO04/074455A2, WOG4/099249A2, WODS/040217A2,
WOOS/070963 AL, WOOS/0TT981AZ, WO0S/H92925A2, WOOS/123780A2, WODG6/019447A1,
WO06/047350A2, and WOOH/085967AZ or ULS. Pat. Nos, 5,648,260; 5,739,277; 5,834,250,
5,8068,046; 6,096,871; 6,121,022; 6,194,551, 6,242,195; 6,277,375; 6,528,624; 6,538,124; 6,737,056;

,...a

6,821,505; 6,998,253; and 7,083,784, cach of which 1s incorporated 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 {e.g., H268D or HZ68E}. In another exemplary
embodimerd, an antibody disclosed herein may comprise an amino 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 Fe variant comprising
an amino acid substitution which alters the antigen-tndependent effector functions of the antibody, 1u
particular the circulating halt-life of the antibody. Such antibodies exhibit either increased or

4;

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 molecides have useful applications in
methods of treating mammals where long half-life of the administered antibody 1s desired, e.g., o
treat a chronic disease or disorder. In contrast, Fo variants with decreased FeRn binding affinity are
expected to have shorter half-lives, and such molecules are also useful, for example, for
administration to a mammal where a shortened circulation timne may be advantageous, e.g. for m 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 less
likely to cross the placenta and, thus, are also useful in the treatment of diseascs or disorders in
pregnant women. [n addition, other applications in which reduced FeRn binding atfinity may be
desired include those applications in which localization the brain, kidney, or liver is desired. Inone
exemplary embodument, the altered autibodies disclosed berein exhibit reduced transport across the
epithelium of kidney glomeruli from the vasculature. Inavother embodimend, the altered antibodies
disclosed herein exhibit reduced trausport across 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 "FeRn 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 Fe domain having
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one or mere of the following substitutions: V284E, H285E, N286D, K290E and S304D (Kabat
mumbering).

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

e variant comprising an amino acid substitution 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 Fc variant comprises reduced glycosylation of the N-linked glycan
normally found at amine acid position 297 (EU numebering). In another erabodiment, the antibody has
an amino acid substitution near or within a giycosylation motif, for example, an N-linked
=lycosylation motif that contains the amino acid sequence NXT or NX8. In a particular embodimment,
the antibody comprises an Fo vartant with an amino acid substitotion at amwno acid position 228 ox
299 (EU numbering). In more particular embodiments, the antibody comprises an [gGl or {pG4
constant region comprising an S228P and a T299A wutation (EU numbering).

Exemplary amito acid substitutions which confler reduce or altered glycosylation are
disclosed in International PCT Publication No. WO05/6185372, which s incorporated by reference
herem. In certain embodiments, the antibodies, or fragments thereof, disclosed herein are modified to
eliminaie glycosylation. Such antibodies, or fragments thereof, may be referred to as "aglhy”
antibodies, or fragments thereof, (¢.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 thereof, comprise an aglycosylated Fe region
of an IgG4 antibody which is devoid of Fe-effecior function thereby eliminating the potential for Fe
mediated toxicity to the normal viial organs that express PAI-1. In yei other emabodiments, antibodics,

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

have a reduced number of fucose residucs on an N-glycan at Asn297 of the Fe region, 1.c., is

afucosylated. Tn ancther conbodimnent, the antibody may have an altered number of sialic acid residues

lIJ

on the N-glycan at Asn297 of the Fo 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, proteolytic

L
H
i

cleavage, linkage to a cellular ligand or other protein, eic. Any of numerous chemical modifications

42



i
RN

20

(43
<

(3]
whn

WO 2015/023752 PCT/US2014/050896

may be carried out by known technigues, including, but not indted to specific chemical cleavage,

acetylation, formylation, cic. Additionally, the derivative may contain one or ruore not-classical
amino acids.

Autibodies, or fragments thereof, disclosed herein may {urther be recombmantly fused o a
heterologous polypeptide at the N- or Cternuinus or chemically conjugated (including 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 half-
life or for use in iminBtoassays using raethods koown inthe art. For exanple, i one embodimer
PEG can be conjugated to the anti-PAI-1 aotibodies disclosed hercin to increase their half-life in
vivo. {Leong, S. R, ef al, Cyiokine 16:106, 2001; Adv. in Drug Deliv. Rev. 34:531, 2002; or Woir ¢t
al., Blochem. Soc. Transactions 30:512, 2002)

Moreover, anti-PAT-1 antibodies disclosed herein can be fused to marker seguences, 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 {QFAGEN, Ine., 9259
Eton Avenue, Chatsworth, Califl, 91311}, among others, many of which are commercially available,
As deseribed in Gentz et @/, Proc. Natl. Acad. Sci. USA 85:821-824, 1989, for instance, hexa-
histidine provides for convenient purification of the fuision protein. Other peptide tags useful for
purification include, but are not limited to, the "HA™ tag, which corresponds to an epitope derived

2 fIya

e "flag” tag.

~
fr
I

ot

1 the influenza hemagglutinin protein (Wilson ef of., Cell 37:767, 1984) and
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 improve the therapeutic properties of the

molecule, to facilitate target detection, or for ruaging or therapy of the patie:

if. Anti-PAI-1 aotihodies
disclosed herein can be labeled or conjugated cither before or afier purification, when purification is
performed. In particular, anti- PAL-] 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 a immune cefl disorder (e.g., CLL) as part of a clinical testing

rocedure to, e.2., determine the efficacy of a given treatment or prevention regimen. Delection can
2 i B ) fn

be facilitated by coupling the anti-PAI-1 antibodies to a detectable substance. Exaraples of detectabie
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subsiances welude various eneymes, prosihetic groups, fluorescent raatenials, lminescent materials,
bioluminescent materials, radioactive materials, positeon emitiing metals using various positron
emission tomographies, and nonradioactive paramagnetic melal 1ons. See, for example, U.S. Pat. No.
4,741,900 for metal 10ms which can be conjugaled to antibodies 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

suitable fhiorescent materials mclude umbelliferone, fluorescein, fluorescein isothiocyanate,
rhodamine, dichiorotriazinylamine fluorescein, dansyl chloride or phycoeryihring a non-limiting
exampie of a laminescent material includes tuninol; non-limiting examples of biolaninescent
materials include luciferase, luciferin, and acquorin; and non-limiting examples of suitable radiocactive
maaterial inchade 1251, 1331, U or 997 ¢.

Anti-PAI-1 antibodies for use 10 the diagnostic and treatroent methods disclosed herein may

he comjugaled to cylotoxins (such as radioisotopes, cylotoxic dmgs, or toxins) therapeutic agents,

cytostatic agents, biological toxins, prodrugs, peptides, proteins, enzyrass, viruses, lipids, biological
response modifiers, pharmacentical agents, immunologically active ligands (e.g., lymphokines or
other antibodies wherein the resulting molecule binds to 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 to 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 embodinents disclosed herein comprise the use of antibodies, or

~

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

> OV
Peeudomonas exotoxin or di i htheria toxin, The selection of which boﬂ ugat fed or unc 01" gated

T
H
i

antibody to use will depend on the type and stage of cancer, ot 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 appreciated thal, in previous studies, anti-tumor antibodies labeled with sotopes
have been used successiully to destroy tumor cells in amimal models, and 1 some cases in nians.,
Exemplary radioisotopes include: 90, 1251, 1311 123 111ln, 105Rb, 1538m, 67Cy, 67(Ga, 166H0,
1770y, 186Re and 188Re. The radionuclides act by producing ionizing radiation which causes
multiple strand breaks in nuclear DNA, leadmg 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 tuserted in an expression vector for
ntroduction into host cells that may be used to produce the desired guantity 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, multiple gene products of
mterest such as heavy and light chains of antibodies may be produced from a single polycisironic
construet. These systems advantageously use an internal tibosonme entry site (IRES) to provide
reiatively high levels of polypeptides disclosed hercin in eukaryotic host cells. Compalible IRES
sequences are disclosed 10 ULS, Pat. No. 6,193,980, that 1s tncorporated by reference herein. Those
skilled in the art will appreciate that such expression systeras may be used fo 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 arl can determine particular host cell lines which are best suited for the desired
gene product to be expressed therein. Exemplary bost cell lines inclade, but are not hmited to, BG44
and DUXB11 {(Chmese Hamster Ovary lines, DHFR minus), 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 ling), SP2/0 (mouse myeloma),
BFA-1cIBPT (bovine endothelial cells), RAH (human tymphocyte), 293 ¢(human kidney). In one
embodiment, the cell line provides for aliered glycosylation, e.g., afiicosylation, of the

antibodyexpressed theretrom {(e.g., PER.C6.RTM. (Crucell} or FUT8-knock-out CHO cell lines
{Potcliigent. RTM. Celis) (Biowa, Princeton, NI, In one embodiment NSO cells may be used. CHO
cells can be used 11 certain specific embodiments. Host cell lines are typically available from
commercial services, the American Tissue Culture Collection or from published Iterature.

{n vitro production allows scale-up to give large amounts of the desired polypepiides.

Technigues for mmammalian cell coltivation under tissue colture conditions are known in the art and
include homogeneous suspension culture, e.g. 1 an airlifi reactor or 10 a contimious stirrer reactor, or

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

=

ceramic cartridges. If necessary or desired, the solutions of polypeptides can be purified 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 thercof] digsclosed herein can also be
expressed non-roammalian cells such as bacteria or yveast or plant cells. In thus regard it will be
appreciated that various umcelhilar non-mammalizn microorganisms such as bacteria can also be
ransformed; i.¢. those capable of being grown in cultures or fermentation. Bacteria, which are
susceptible to transformation, wclude merabers of the enterobacteriaceae, such as strains of
Escherichia coli or Salmonella; Bacitlaceae, such as Bacillus subtilis; Prieumococcus; Streptococcus,
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 prokaryotes, cukaryotic microbes may also be used. Saccharomyces cerevisiac,
or common baker's yeast, is the most commonly used among sukaryotic microorganisms although 2
number of other strains are conunonly available, For expression in Saccharorayces, the plasrmd
YRp7, for exaraple, (Stinchcornh ef of., Nature, 282:39 (1979); Kingsman ef al., Gene, 7:141 (1979);
Tschemper ef al., Gene, 10:157 (1980} s coramonly used. This plasmwid alveady confains the TRP!
zene which provides a sclection marker for a muutant strain of yeast lacking the ability to grow in
tryptophan, for example 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 pmvidcs an effective

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

V. Pharmacentical Formulations and Methods 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 in the art. The route of
adnunistration of the antibodics, or fragments thereof, disclosed herein may be oral, parenteral, by
inhalation or topical. The term parenteral as vsed berein 1nclades intravenous, intraartenal,
intraperitoneal, intramuscular, subcutancous, rectal or vaginal adwinistration. The infravenous,
intraarterial, subcutaneous and otramwscolar forms of parenteral administration can be used 10 certain
embodiments. Whle all these forras of administration are clearly contemplated as being within the
scope disclosed herein , & form for admnistration 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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adverse cellular population thereby increasing the exposure of the dissased tissuc to the therapeutic

Preparations for parenteral admuinistration include sterile agueous or non-agueous solutions,
suspensions, and emulsions, Examples of non-agueous 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/agqueous solations, emulsions or suspensions, meluding saline and
buffered media. In the subject invention, pharmaceutically acceptable carriers include, but are not
fimited to, 0.01-0.1M {e.g. 0.05M) phosphate buffer or 0.8% saline. Other common parenteral
vehicles include sodium phosphate solutions, Ringe‘r‘s dextrose, dextrose and sodium chioride,
lactated Ringer's, or fixed cils. Intravenous vehicles inchade fluid and nutrient replenishers, electrolyie
replenishers, such as those based on Ringer's dexirose, and the like. Preservatives and other additives
muay alsc be present such as for exaraple, antiraicrobials, antioxidants, chelating agents, and inert
zases and the like. More particularly, pharmaceuotical compositions suitable for igjectable use inclode
sterile aqueous solutions (where water soluble) or dispersions and sterile powders for the

He

P

extemporancous preparation of stevile injectable solutions or dispersions. I such cases,

L]

composition ymist be sterile and should be fluid to the extent that easy syringability exists, {t should be
stable under the conditions of mamifacture and slorage and will in an embodiment be preserved
against the contaminating action of nucroorgamsms, such as bacteria and fungi. The camrier can be &
solvent or dispersion medium containing, for exanple, water, ethanol, polyol (e.g., glycerol,
propylene glyeol, and liguid polyethylene glycol, and the like}, and suitable nuixtures thereof, The
proper thiidity can be maintained, for example, by the use of a coating such as lecithin, by the
mainienance of the required partticle size in the case of dispersion and by the use of surfactants.
Prevention of the action of microorganisms can be achicved by various antibacterial and antifungal
agents, for example, parabens, chlorobutanel, phenol, ascorbic acid, thimaerosal and the like. In cortain
embodiments, isotonic agents are included, for example, sugars, polyalcohols, such as mannitol,
sorbitol, or sodwrn chioride 1o the coraposition. Prolonged absorption of the jectable 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 tncorporating an active compound

{e.g., an antibody by itself or in combination with other active agents) m the required amount in 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 emumerated above. In the case of sterile powders for the preparation of sterile injectable

solutions, the methods of preparation can be vacuum drying and frecze-drying, which yields a powder

S
~k
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of an active ingredient plus any additional desired ingredient from a previously steride-fliered solotion
thereof. The preparations for wjections are processed, filled o containers such as ampoules, bag
bottles, syringes or vials, and sealed under aseptic conditions according to methods known in the art.
Further, the preparations may be packaged and sold 1 the form of a kit such as those described i co-
pending U.S. Ser. No. 09/259,337 and U.S. Ser. No. 09/259,338 each of which 1s incorporated herein
by reference. Such articles of manufacture will in an embodiment have labels or package inserts
indicating that the associated compositions are useful for treating a subject suffering from, or
predisposed to autoimmaune or neoplastic disorders.

Effective doses of the stabilized antibodies, 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 paticnt, whether the patient is human or
an animal, other wedications administered, and whether freatraent is prophylactic or therapeuiic
Usually, the patient is a human, but non-human mammals including transgenic mammals can also be

ated. Treatmaent dosages may be titrated using routine methods known 1o those of skill in the art io
aptivoize safety and efficacy.

For passive immunization with an antibody disclosed herein | the dosage may range, ¢.g.,
from about 0.0001 to 100 mg/kg, and more gsually 0.01 to 5 mg/ke {e.g., 0.02 mg/ke, 0.25 mg/ls;g, 8.5
mg'keg, 0.75 mg/kg, 1 mg/kg, 2 mg/kg, elc.), of the host body weight. For example dosages can be 1
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 i the above ranges are also intended to be within
the scope disclosed herein .

Subjects can be adnuinistered such doses daily, on alternative days, weekly or according to
any other schedule deternmined by eropirical analysis. An exemplary treatment entails administration

.

in raultiple dosages over a prolonged period, for example, of at [east six months. Additional

exemplary treatment regimens entall administration once 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 alternale days or 60 mug/kg weekly. Tu some methads, two or more
monoclonal antibodies with different binding specificities are adirinistered simulianeously, in which
case the dosage of each antibody administered may fall within the ranges indicated.

Auntibodies or fragments thereof, disclosed herein can be administered on meltiple 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 1s adjusted to achieve a certamn plasma antibody or toxin concentration, e.g., 1

>

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

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

frequency vary depeuding on the half-iife of the antibody 1o the patient. In general, huroanized
antibodies show the longest half-life, (ollowed by chimeric antibodics and vonhuman antibodies, In
one embodiment, the antibodies, or fragments thereof, disclosed herein can be adnunistered i
uniconjugated form. In another embodiment, the antibodies disclosed hercin can be administered
multiple times 1 conjugated form. In still another embodiment, the antibodies, or fragments thereof,
disclosed herein can be administered m 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 thereof are administered to a patient not already in the discase state to enhance

the patiend’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 immunity, 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 admunistered at velatively infrequent intervals over a long period of time. Sowe paticuts 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 5 to

25 g being more commonly used for
radicimmuncconpigales 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 treated with a nucleic acid molecule encoding a
polypeptide disclosed herein (e.g., in 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 36-360 ug DNA per paticnt. Doses for

1

infectious viral vectors vary froot 10-100, or more, virions per dose.

77]

Therapeutic agents can be admuinistered by parenteral, topical, intravenous, oral,

subcutaneous, intraarierial, intracranial, jntraperiioneal, wtranasal or intrarauscular meaus for

C/'

prophylactic or therapeutic treatment. Totramuscular injection or intravenous wlision caa he used for
adouinistration of an antibody disclosed herein . Ta some methods, therapeutic antiboadies, or fragments
thereof, are injected dwrectly 1uto the crammom. In some methods, antibodies, or fragments thereof, are
dministered 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
arg 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 amountsy of 90Y -laheled
antibodies disclosed herein range from between about 5 and about 75 w1, and in an erabodiment
between about 10 and abowt 40 mCi. Effective single treatment non-marrow ablative dosages of 1311-
labeled antibodies range from between about 5 and about 7¢ mCi, and in an embodiment between
about 5 and about 40 mCi. Effective single treatruent ablative dosages (i.¢., may require autologots
bone marrow transplantation) of 131i-labeled antibodics range from between about 30 and about 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
gffective single treatment non-marcow ablative dosages of iodine-131 labeled chimeric antibodies
range from between about 5 and about 40 0y, 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

radiclabels are known in the arl and have been used for sumilar purposes. Still other radioisotopes

N

e
used for tmaging. For exaraple, additional tadioisotopes which are compatible with the scope of the
mstant invention include, but are not liratied to, 1231, 1251, 32P, $7Co, 64Cy, 67Cy, 778r, 8iRb,
B1Kr, 87Sr, 11310, 127Cs, 129Cs, 1321, 197Hg, 203Pb, 2068, 177014, 186Re, 212Pb, 21284, 47Sc¢,
10SRL, 109Pd, 153Sm, 188Re, 198Au, 225A¢, 211A 213Bu In this respect alpha, gampua and beta
emilters are all compatible with int the nstant wnvention. Further, in view of the nstant disclosure 1t 2
submitted that one skilled in the art could readily determine which radionuclhides are compatible with
a selected course of treatment without undue experimentation. To this end, additional radionuchides
which have already been used in clinical diagnosis inchide 1251, 1231, 997T¢, 43K, 52Fe, 67Ga, 68Ga,

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 199A0 and 67Cu 10 a lesser extent. 1.8, Patent No. 5,466,785

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

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

e

administered 1o a pharmaceutically effective amount for the w vive treatment of roammalian

disorders. In this regard, 1t will be appreciated thai the disclosed antibodies, or fragments thereof, will
be formulated so as to facilitate administration and promote stability of the active agent. and In certain
embodiments, pharmacestical compositions in aceordance with the present inveniion comprise &
pharmaceutically acceptable, non-toxic, sterile carrier such as physioiogical saling, 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 sufiicient to achicve effective binding to a target and to achieve a benefit

¢.g., to ameliorate symptoms of a discase or disorder or to detect a subsiance or a cell. In the case of

.
¢
<



(43

(5]

WO 2015/023752 PCT/US2014/050896

tumor cells, the polypeptide will in certain erabodiments be capable of in ting with selected

inarnunoreactive andigens on neaplastic or tmimunorcactive cells and provide for an increase o the

death of those cells. Of course, the pharmacentical composttions disclosed herein may be

administered in single or multiple doses to provide for a pharmaceutically effective amount of the
5 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

-

3 combining the antibody disclosed herein with a conventional pharmaceutically accepiable carrier or

<

1
H
i

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

and character of the pharmaceutically eptable carrier or diluent i¢ dictated by the amount of active

mgredient with which i is to be corabined, the route of administration and other well-knowan

variables. Those skilled 1o the art will further appreciaie that a cocktal] comprising one or ruore

RN

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

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

The anti-PAI-1 antibodies, or fragments thereof, disclosed herein are useful for antagonizing
PAI-1 activity. Accordingly, in another aspect, the invention provides methods for treating PAI-1-
20 associated diseases or disorders by admunistering to 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 limitation,

pathophysiologic conditions such as kidnsy, liver or lung fibrosis or prevention of abdominal

25 adhesion formation.

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 ohsiruction, bul chronic
pelvic pain and juferitdity 1o women are also common sequelae to peritoneal adhesions. The majortly
of adhesions 1s induced by surgery but in some cases also has been shown to be caused by

{0  inflaramation, endometriosis, chemical peritonilis, 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 postiraumatic insuificiency in peritoneal
fibrinolytic activity, caused by a decrease in tissuie plasminogen activator (tPA} and an increase in the
plasminogen activator inhibitors PAI-1 and PAIL-2, permits the deposited fibrin to become orgamzed

5 ioto permanent adhesions.
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Currently available and effective ireatment option hke Sepraftln® has limaitations for use
only 1 the open aceess {laparotouy) and canoot be vsed in the laparoscopy. The search for potential

treatmuent is ongoing.

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

One skilled in the art would be abie, by routine experimentation, fo determine what an
cfiective, non-toxic amount 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 factors such as the disease stage (e.g., stage [ versus siage 1V},

age, sex, medical complications {(e.g., inunosuppressed conditions or diseases) and weight of the
subject, and the ability of the antibody 1o elicit a desired response in the subject. The dosage regimen
may be adjusied to provide the optiraum 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 0.05 to 100 mulligrams per kilogram body weight per day and in an emnbodiment 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 each
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 binds specifically o 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 NG: 34, a heavy chain
CDR2 region comprising SEQ 1D NO: 33, and 2 heavy chain CDR3 region compnising SEQ 1D NO:
32; and

(b} alight chain framework region and a light chain variable regionﬁ the light chain variable
region comprising a light chain CDR1I 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 a heavy chain variable region comprising SEQ
D NG 86, and

(b} alight chain framework region and a hight chain variable region comprising SEQ ID
NG 93,
3 Claim 3. Anisclated monoclonal antibody that binds specifically to PAI-1 comprising
(a) aheavy chain vanable region that is at least 95% 1dentical 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 Chaimd4.,  Anisolated monoclonal antibody that bind

s to essentially the same epitope as €
antibody of claim 1.

.
o
o

Claum 5.

An isolated monoclonal autibody that hinds specifically to PAL-1, comprising
{a) ahea

vy chain framework region and a heavy chain variable region, the beavy chai
variable region comprising ¢

a heavy chain CER1 region comprising SEQ [D NO: 34, a heavy
13 T

=
=

y chain
CDR2 region comprising SEQ 3 NO: 33, and a heavy chain CDR3 region comprising SEQ D NO:
32: and

{b} a hght chain framework region and a hight chain variable region, the 1

ght chain variable
region comprising a light chain CDRI 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
20
Claim 6. The antibody of claim 5, wherein the heavy chain variable region conprise

es SEQ ID NO:
6, and the light chain variable region comprises SEQ 1D NG: 7
Claim 7

An isolated nonoclonal antibody that binds to essentially the same epitope as the
antibody of claiot 5.

25  Claim 8. A humenized monoclonal antibody that binds specifically to human PAT-1, wherein the
artibody comprise
{a) a heavy chain having a heavy chain variable region comprising SEQ 1D NO: 82, ov an
antigen-binding fragment thereof, and a Hght chain having a hght 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 compnsing SEQ I 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;

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

igen-binding fragment thereof;

(3]
whn

A

»)
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(d) a heavy chain having a heavy chain variable region comprising SEG 1D NO
antigen-binding fragent the

veof, and a light chain having a

< 85, oran
ga t ¢ha
comprising SEQ D NO: 91, or an antigen-binding fragment thereof

m variable tegion
(e

a heavy chain having a heavy chain variable region comprising SEG 1D NO: ¢
antigen-binding {ragment thereof, and a light chain having a

P

, Or an
ving a hgh
comprising SEQ ID NO: 93, or an antigen-binding fragment t!

t chain variable region
hereot;
) a heavy chain having a heavy chain variable region comprising SEQ 1D NO

X Alh. 2 B ]
antigen-binding fragment thereof, and a light chain having a light chain variable region
prising

g

<

) 1 86, or an

ot chai
conmprising SEQ 1D NOG: 94, or an anti
10 (2)

gcn-binding fragment thereof;
a hweavy chai

i having a heavy chain variable region coraprising SEQ 1D NO: 87, oran
antigen-binding fragment thereof, and a light chain having a light chain variable region
comprising SEQ 1D NG: 95, or an arnd

a-binding fragment the
(h aheavy ¢

i £
COL

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

e2]
2%
o]

T an

e

i i)
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

(3 89, or an
1

ight chain variable region
comprising SEQ 1D NO: 97, or an antigen-binding fragment thereofl
O

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

¢ a Hight chaimn variable region
comprising SEG 1D NO: 98, or an antigen-binding fragment thereof]
4] a heavy chain having a heavy chain variable r
antigen-binding fragment thereof, and

s
k)

2ion comprising SEQ ID NG: 86, oran
light chain having a light chain variable region

comprising SEQ 1D NO: 95, or an antiger-binding fragment ther

25 {m}

a heavy chain having a heavy chain variable region comprising SEQ 1D NG
antigen-binding fragruent thereof, and a light chain having a
coraprising SEQ ID NO: 93, or an antigen-binding fr
{1}

< 89, or an

a light chain variable region
agroent thereof] or
a heavy chain having a heav

(43

chain variable region compnsing SEQ I NQO: 89, oran
antigen-binding {ragment thereof, and a light chain having a
{ COTpEis]

o4
a1
a g

ghi 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

eavy chain CDR I region comprising
SEQ ID NO: 22, a heavy chain CDR2 region comprising SEQ 1D NO: 21, and a heavy chain
22 re ot SOV 1q1

CDR3 region comprising SEC 1D NO: 28; and a light chain variable region comprising a light
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chain COR] region coraprising SEQ ID NO: 25, a light chain CDR2 region comprising 3EQ D
ing SEQ I Nx 23,

NO: 24, and 2 light chain CDR3 region compris

(b} a heavy chain variable region comprising & 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 1D NQO: 26; and a light chain variable region comprising a 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 a heavy chain CDRI region comprising
SEQ ID NO: 40, a heavy chain CDR2 region comprising SEQ 1D NO: 39, and & 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 vanable region comprising a heavy chain CDRI region compuising
SEQ ID NO: 46, a heavy chain CDR2 region comprising SEQ 1D NG: 45, and a heavy chain
CDR3 region comprising SEQ 1D NO: 44; and a light chain variable region comprising a light
chain CDRI region compnising SEQ 1D NO: 49, a bght 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 3 heavy chain CDR1I region comprising
SEQ ID 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 ID
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 ID
NO: 60, and 2 light chain CDR3 region compurising SEQ I NGt 59,

{g) a heavy chain variable region comprising a beavy chain CDRI region comprising
SEQ D NO: 64, 3 heavy chain CDR2 region comprising SEQ ID NO: 63, and a heavy chain
CDIR3 region comprising SECG 1D NQO: 62; and a light chain variable region comprising a light
chain CDRI region comprising SEQ D 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 a heavy chain CDRI region comprising
SEQ ID NO: 70, a heavy chain CDR2 region comprising SEQ ID 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 ID
NO: 72, and 2 light chara CDR3 region comprising SEQ ID NG: 71; o

(1) a heavy chain variable region comprising & heavy chain CDR1 region comprising
SEQ D NO: 76, heavy chain CDRZ region comprising SEQ IDNO: 75, and a heavy chain
CDR3 region comprising SEQ 1D NO: 74; and « tight 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 essentially

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 to 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 claxm {1, wherein the metbod treats a condition coraprising increased
fevels of fibrotic tissue.

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

“faim 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

“jaim 15, Use of a pharmaceutically effective amount of a PAIL-1 antibody for the manufacture of a
medicament for treating a condition caused by ncreased levels of PAL-1 or increased
sensitivity to PAJ-1, comprising adrowisiering to a patient orally, parenterally by a solution

for wpjection, by inbalation, or fopically.

EXAMPLESR
The presentt invention is further illustrated by the {ollowing examples which should not be
construed as further Bmiting. 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 fislly in the literature. See, ez, Sambrook, Fritsch & Maniatis, Molecular
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Cloning: A Laboratory Manual, Second Edition (1989} Cold Sprivg Harbor Laboratory Press, Cold
Spring Harbor, New York (heretn “Sawmbrook et al., 19897y, DNA Cloning: 4 Practical Approuch,
Volumes § and IE {DN. Glover ed. 1985); Oligonuciearide Synthesis (M1, Gait ed. 1984); Nucleic
Acid Hybridization [B.D. Hames & SJ Higgms eds. (1985} Transcription And Translation [B.D.
Hames & S.J1. Higgins, eds. (1984}]; dnimal Cell Culture [RA. Freshuey, ed. (1986)1; Immobilized
Cells And Fnzymes [IRL Press, (1986)]; B. Perbal, 4 Practical Guide To Molecular Cloning (1984);

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

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

Amntibodies were developed that would be cross-reactive to human (h) and cypomolgus (cyno)
monkey 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 monoclonal antibodies has been
described to fall under three mechanisms: (1} blocking PAI-1 to tPA 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 sodergoes spontansous conformational change from
active conformation into a latent conformation within minutes at 37°C and within hours at room
temperature. Once bound to vitronectin, PAL-1 becomes more resistant to the conformational change
which prolongs the half-life of PAI-1 in active conformation from munutes (o hours. To extend active
conformation PAL-T half-Bife in the immunized animals and to allow the mouse immune 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 Rescarch
(Cat# IGLYHPAI-A). Vitronectin (Cat# IHVN) and tPA (Cat¥ HTPA-TC) were also purchased from
Tnnovative Research. To produce tmmmunogens PAI-1 was incubated with vifronectin at a 1:1 molar
ratio for | hour at room temaperature, or with tPA at a 1:1 molar ratio for 15 nunutes at 37°C. All

immunogens were prepared using sterile saline as difuent.

b) Imumunizations

~
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Standard bybridoma production protocols known 1o the art were taplemented to produce
antibodies. Standard approaches previously descrubed W the biterature used PAL-1 ounly or PAI-1APA

complex. The tnventors instead generated antibodies against the active conformation of PAIL-1. PAI-
vitronectin 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 PAI-1/vitronectin complex to obtain mouse

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

hybridoma;

(2} Classical immunization of mice with PAI-1/iPA 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-1 complex, tPA/PAI-1 coraplex) were used in
the study. The mice were 9-20 week-old naive female BALB/c Mice {(Charles River, sirain code 28},
On day 0, nine mice were unpwmized intraperioneally with PAL-1 alone, Vo/PAL-1 or tPA/PAT-]
coruplexes in phosphate-buffered saline (PBS). A total of 10 ug of antigen per mouse was mixed at
1:1 volome to volume rato of Sigma Adjovant System (Sigma cat #6322) in & total volame of 200 ul
per mouse. On day 14, mice were boosted with the same amount of antigen and prepared the same
way as on day . On day 21, blood samples were collected for PAI-1 specific antibody titer
evaluation. Mice immunized with PAI-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 nuice selected for fusion
were boosted with PAL-1 only or PAT-1/ Vi complex in PBS as an antigen total of 10 ug per mouse

mixed at 1:1 ratio of Sigma Adjuvant Sysiem (Sigma 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, PAL1/Vn or PAL-1/EPA

Serum Titer Agalnst PAER-1 (ODys)
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fmmunogen Mouse # OD 1:100 OD 1:1600 OD 1:10086
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 PAL-1/APA complex did not reach high specific titer criteria and
wers 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 sacrificed 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 (dMDM; Iscove's Modified Dulbecco's Medium 500 mi (HyClone
SH30259.01). Splenocytes were squeezed out of the {ibroelastic 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 50mi tube at ratio of 1:2 o
1:10 (by cell mumber) and spun down at 970 rpm for 10 min (slow spin} to form a loose pellet.
Preheated (at 37°Cy Iml PEG (PEG 1500 in 75 oM Hepes 50% w/v, Roche cat # 783641
{10783641001) was added drop by drop to the cell pellet over | minute period of time and cells were
mixed after every drop of PEG was added. The pelict was tocuhated with PEG for another T raroute
followed by addition of 19 md of serwu-free IMDM medium over 1 minute, such that the first 1 ol
owt of 18 18 added over 30 sec. Cells underwent slow spin at 870 rpm for 16 min to preserve viability.
Fused cells were plated 1n 96-well plates at 200wl in selection medium (200m! Gibeo Hybridoma

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

735 001 (50X} and 4 wl of HAT (hypoxanthine-aminopterin-thymidiog} {Sigma-Aldrich # HO262
50X3). Fusions were ready for screening about 10 to 14 days later, or when medium 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 hybridoma supernatant sereening for specificity to PAL-1 -
Vitrenectin complex

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

screening of the hybridoma supermatants was performed in paraliel using ELISA against cither PAL-]

ar PAL-1-Vitronectin conplexes to select bybridornas binding specifically to PAI-1 coraplexed to
Vitronectin. The materials used for the ELISA were the following: Tmumulon 4 HBX ELISA plates
(Dynax cat # N0541216); human monameric Vitronectin at Sug/ml {Inuovative Rescarch cat# THVN);
alycosylated huran PAI-1 {active form) {Molecular Innovations cat# GLYHPATL-A}; non-
glycosylated mouse PAR1 in some Bisions (Molecular Innovations caté MPAI-A); a secondary
anttbody that was HRP-goat anti-moouse 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 monoclonal inhibitory antibody against PAI-1 (IgG1; Innovative Research
cat# IMA-33B8);
b} 33H1, a mouse monocional inhibitory antibody against PAI-1 (JgGl; Innovative Research
cat# IMA-33H1);
¢} 31C9, 2 mouse monoclonal non-inhibitory antibody agatnst PAL-1 (JeG; Tonovative
Research cat# IMA-31C9); and
dy 1B7.11, a IeGl isotype coutro] antibody (antt-TNP mAb - produced w-house from

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

The ELISA method was as follows: plates coated with 5 ug/ml Vn in PBS overnight 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 2 ug/mlin 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

-
~1
H

S6-well plates were added to ELISA plates at 50 ui/well; plates were incubated | hour at room
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temperature (RT); plates were washed four times with 200 ul/well PBS; HRP-anti-raouse JgG 50ul

22000 in 1% BSA/PRS was added and mcubated 1 hour at room temperature; plates were washed

o

four times with 200 ul/well PBS; ABTS substrate {one pill dissolved in 5 ml) at SGul/well was added
to the plates) and then plates were read on BioTek Synergy HT mstrument using ODyes. A typical
standard curve for antibody titration in the binding ELISA 18 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 PAL-1/Vn.

These clones were then screened for PAIL-T affinity.

Table 4: Number of Clones Positive for Binding te Both PAL-1 and PAL-I/Vn

Fasi RMuReeen Mouse # # of Clones Positive for Binding to
sen noser fuse Both PAL1 and PALUVn
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-rate was parformed by Biacore.
Biacore hybridoma supsrnatant screening was performed cither by: (1) reverse screening using anti-
roouse inmobilized 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} m real time. The sensor chip used was the CM3
chip (GE Healthcare} with carboxymethylated dextran matrix on the sorface. Each sensor chip has
four parallel flow cells (Fo). Every fow cell was coupled with anti-mouse IgG Fo 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 pym filters before being injected onto Biacore chip surface. Each hybridoma
supernatant was injecied onto one flow cell of tiow cells FcZ-Fe4d and the IgG in the hybridoma
supernatant would be captured to the chip surface by anti-rocuse 126G Fo mAb, while Fol was left
alone as reference cells. Human PAT-1 proiein in PBS was then imjected to Fel to Fed. PBS buffer

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

In the Biacore forward screening assay, purified human vitronectin protein was iinmobilized
to CMS chip flow cells Fel to Fed, Human or cyno PAL-1 were captored onto all flow cells. Fillered
selected hybridoma sopernatants 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 hecause of the large nomber of antibody clones that were screencd.
Only the antibody clones that dersonstrated superior (kd < 16 ' 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 Sereening 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 + - - C46 +
A39 + + 49 + +/- ND
Adl ND ND ND ol + +/- +/-
A44 + + + Co6
A47 + + + 69 + + +-
A82 ND ND ND C76 ND ND ND
AT1 + + + C79 + - -
ATS + - +fe €85 ND ND ND
AB3 + /- - Ci09 + - -
ARS + - - Cii8 + i ND
A%3 + {134 ND ND ND
AY8 + - - 145 + - +/-




RN

10

WO 2015/023752 PCT/US2014/050896

A99 + + +/- B4 - - -
AlBS + + + Bi2
AIW7 + - - D13 - - ND
Al13 4 + + Dis - - NIy
ALY + +- +/- D31 + - -
Bis NI ND ND D33 b= -
B8 + - - D37 + - -
B28 + + - D48 + + +/-
B29 t FERY: +
B32 + + + £4 + + -
B58 + 1 ES +
B83 ND ND N Ell + + -
B3Y + + - K16 + +in
Be9 + - +i- E26 + NI ND
B165 + + 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

6599 4

I gl - " ~ . . a4 .3 -4
/= tepresents partial binding to h/cPAI-1 or an offrate slightly higher than to 107
4 L - ) o . 1 %] . -4
“. = represents low or no binding to b/cPAI-1 or an off-rate higher than to 19

NI = not determined

Example 4: Functional ELISA for Hybridoma Supernatant Screening to Select for Antibodies
that Bleck the Inferaction of PALL with (PA

To allow for selection of functional antibodies, a novel ELISA was developed to allow
distinguishing between antibodies that only bind to PAIL-1 versus those antibodics that blocked PAT-
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
functional ELISA is as follows: (1} if the antibody binds to PAI-1 but the antibody binding does not
block formation of the covalent bond between PAIL-1 and (PA, 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 mteraction by either changing PAI-1 confirmation or by steric

hindrance, the anti-tPA antibody will not be able 1o bind to the plate and readout will be negative
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{lower ODugs). To paralle], hybridorna supernatants were tested for binding to PAL-1 inthe ELISA
described 1o Example 2. Since the amount of antibody in the bybridoma supernatant is unknown, 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 BT with Zug/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/ml. 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 56 ul/well and incubated for 15 nunutes. Plates were
washed four tirnes with 200 ul/well PBS. Two-chain tPA (Innovative Research caté HTPA-TC) at
tug/ml was added to the plates at 56 ulVwell and incubated for 30 winutes at RT. Plates were washed
four tirues with 200 ul/well PBS. Anti-tPA HRP conjugated autibody (Life Span Technologies,
catfl.5-C39721) at 1:3000 dilution were added 1o the plates and mcubated for 45 winutes. Plates
were washed four times with 200 ul/well PBS. ABTS substrate (one Tablet dissolved 0 5 mi; Roche
Diagnostics # 11 204 521 601} at 50ul/well was added to the plates and time allowed for color to
develop. Plates were read on BioTek Synergy HT instrument using ODugs. ODs with the values that
are lower than [g( isotype control indicate blocking of tPA hinding to PAL-1.

{n 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 te Seleet for Antibodies that

Block the Interaction of PAL-1 with (PA

tPA/PALT tPA/PAL-]
Pal-1 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 + + /s
Ad4 1 yes a6 + + yes
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A47 + + ves o8 + + yes
AS2 + - 4 C76 + - no
AT + + ves <79 + + yes
AT3 1 - no L85 t - no
ATS + + ves Cigg + + yes
AB3 b + ves {118 1 1 Vs
ARS + + yes Ci34 + - no
A93 + - no 148 + + Ves
AS8 F + ves B4 1 20
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 + + /e
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 “+7 score represents the iuteraction of tPA with PAL-1 is inlnbuted;

+/- = partial inhibition of the mteraction of tPA with PAL-}

Over 200 supernatants were screencd. Table 6 shows a selection of positive and negative
hybridoma superpatants. About |0 hybridomas per fusion showed ability to block PAIL-1 from
binding to tPA in finctional ELISA. Based on the data front the hybridoma supematants, hybridomas

were selected for sequencing and medium scale antibody production. Even though D4 did not bind
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well to non-ghycosylated PAL-1, it was selected for purification and sequencing based on its Biacore
binding {o glycosylated PATL- 1. The purificd antibodies were further characterized in Riacore for

affinily kinetics, and 10 chromogenic and celtular 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 aniitbody generation, any
possibly redundant antibodies were elinunated and the comrect antibody zene sequences guided

.
H
H

antibody sciection and humanization as well as chimeric antibody construction.

s
£
i

57-RALCE is a procedure for amaplification of nucleic acid sequences from a messenger RNA

femplate between a defined internal site and unkoown sequences atthe 37 or the 537 end of the mRNA,
This methodology of amplification with single-sided specificity has been described as “ong-sided”
PCR or “anchored” PCR. The original variable murine anti-human PAI-1 antibody sequence of the
lead antibody was determined by 5°-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 M Kit (QIAGEN, Cat No. 74104) according 1o the
manufacturer’s instnictions. Briefly, cells (5 x 106 cells) were lysed in 350 ul of the kit’s RLT buffer
followed by capturing total RNAs on spin column. RNA was ehuted in the kit's TE buffer and stored
on ice.

First-strand cDNA was prepared using SMARTer™ RACE ¢DNA Anplification Kit
{ClonTech, Cat No. 634923). The 5 -RACE protocol was periormed according to the manuiacturer’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

o

fisted below @

Heavy Chain 3°- Primer: 5"-TATGCAAGGCTTACAACCACA -3° (SEQ ID NG: 105)
Light Chain 37- Primer: §-CTCATTCCTGTTGAAGCTCTTGAG -3 (SEQ 1D NG: 106}

The amplified VH and VL genes were separately cloned into 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 numutes. The tubes, which contained the E. coli ¢ells and the
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reaction mixture, were heated at 42°C for 40 seconds and added 250 microliters of T’s SGC medium,
After tncubating the E. colt at 37°C for 60 ninuics with shaking ai 300 rprg, 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
DINA preparation. The plasmid DNAs were isolated using QlAprep Spin Miniprep Kit {QIAGEN,
Cat No. 27104) according to manufacturer’s instructions. The VH and VL Ig(G genes of hybridomas
were sequenced by the Sanger method and the CDRs were deternined using the Contact definition

(MacCallum ef al.).

Monoclonal antibadies were produced in CELLing bioreactor flasks (Wilson Wolf
Manufacturing Corp.; Cal, #CL350 or Cat # CL1000) according ic wanufacturer’s jastructions in

~

senum-free raediorn {(Gibeo Cat. #12045) and purified by Protein A/G chromatography (GE
Healtheare Life Sciences, Cat, #28-4083-47 and #28-4082-33). Purified antibodics were further
characterized i Biacore for affinity kinetics, and 1w chromogenic and cellular assays for potency

corparison to the commercially available antibodies.

Example 6: Functional chromogenic assay using purified antibody

Purified antibodies were tested 1n a chromogenic assay for the ability to block PAL-1. PAT-1
mhibits tPA function, therefore, antibodies that block PAIL-1 will result in restoring tPA funcuion.
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
sense that only peptide bonds adjacent to certain amino acids are cleaved. Chromogenic 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 selectivity similar to that

ot the natural substrate for the enzyme. Attached to the peptide part of the chrorangenic subsirate s 2

chemical group which when released after the enzyme cleavage gives rise o color. 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 PAT-1
fimction as a (PA hibitor, (PA 15 able to refease pNA from the chromogenic substrate S2288. S228
in solution has no color, but after being exposed to tPA and subsequent release of pNA, the sohution
develops a vellow color that can be read at OD,ues. Color formation can be observed over 2-3 hours to
determine kinetics of the enzymatic reaction. PAI-1 s 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. Al teagents are at 10x concentration until the

step when they were added to substrate sohution. Tn the first siep, PAL-1 potency it tPA inbibiiion was

measured using the chromogenic assay {(PAI-1 titration with fixed tPA concentration). The PAT-1
titration curve was analyzed o determine [C5¢ for PAL1 blocking {PA activity. Aflerward, the IC80
calculated from the corve was selected for Ruther antibody interrogation for ability to neutrabze PAIL-
1 blocking function and restore tPA enzymatic activily. Equal volumes (25 ul) of tPA (at 14 nM)
{Innovative Research, Cat. Mo IHTPA-TC) and glycosylated (active form} human PAI-1 (Molecular
Innovations, Cat. No.GLYHPAI-A) or non-glycosylated (active form) mouse PAIL-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 texaperature. Then 200ul chromogenic substrate 82288 (1,25 M) (Chromogenix, Cat. No, 5

820852 diluted according to roanufacturer’s mstructions is added to the wells and ODyy; absorbance

¢ at 405am over 2 hours every 16 minutes is recorded to measure the residual tPA activity, For
controls, background was rueasured in the absence of tPA (o enzymatic reaction), a positive countrol
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, Add, 33HT 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 ¢ither 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 antibodies were incubated at
concentrations (5 fold dilutions) ranging from 0.1 1o 300 oM with 3 oM PAI-] and tPA was added 1o
the mixture. All the ingredicnts were incubated at 10x concentration at yoom temperatire and further
diuted 19 fold with tPA substrate S2288 which upon cleavage by tPA changes color from clea
velow. Samples were read at OD 405 for 2 howrs every 10 minutes at 37°C. The mixture was
allowed to react in the wells of 2 96-well microtiter plate for 30 mivuies at room teruperature to
achieve antibody-antigen complex formation. Then 25ul of {PA {at 14 nM which corresponds to ICyg
inhibition of 1PA activity) was added to the wells and incubated for 15 minutes at room temperature.
Finally, 2004l 1.25 mM substrate S2288 diluted according to manufacturer’s instructions was added
to the mix. The absorbance change at 405nm is recorded o measure the residual tPA activity for 2
hours every 10min. One hundred percent PAI-1 activity 1s defined as the PAI-1 activity observed in
the absence of amibody. Neutralization of PAI-1 activity by the antibody 1s calculated from the

residual PAT-1 rity measured in the presence of the andibody. Conitrols were IgGl as an isotype
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control (i‘nﬁgz ve} and 33HT ruAb and 33B8 wAb as positive controls. See Figure 5 for representative
curves for B28, E16, BE21, A75 and IgGl.
Orthologs of uman PAL-] inhibiting homan tPA were tested 1n the two step chiromogenic
assay system. Titration of orthologs was performed as described above for human PAL-1 (see Figure
S5 6 for representative corves of titrations) and (PA activity was determined by chromogenic method (see
Figure 7 for representation curves for 3388 and A44 against cyno and mouse PAIL-1). Final
concentration of human tPA used in the assay was 1.4 nM. 12.5 ul active PAI-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 2 96-well microtiter plate
10 for 30 minutes at roors temperatizee. Then 25ul of 1PA(14 nM) was added o 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; catd MPAT); tat PAT-] (wild type acive fraction; cat# RPAD;
and rabbit PAL-1 (stable mutant; cai# RbPAI-IS1L) cyno PAL-1 {active cyno PAIL-1) was praduced in-

i
RN

house in F.coll. Because of the poor off-rales of the rabbit and rat orthologs in the Biacore scresuning

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

Table 7: Activity of Antibodies against Orthelogs and Glycosylation States of PALI 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
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 - - -
B&9 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 1eGl At ++ +4
B33 1eGl - - - -
B37 le(G2a
D48 1g(G2a - +- - -
D52 1eGl + +
Eii le(G1 ++ ++ 4+ -
Ei6 oGl - A bt
r2i feGZb - 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., A39 and B28 had a unique profile in that these two antibodies blocked glycosylated hPAI-1

it had no activity against human or cyno noreglycosylated PAI-1. None of the andibodies were able

to block mouse PAI-1 activity efficierdly (within 10 fold of the buman PAI-1) except for C26.

~J

L



1

o]
wh

{

RN

WO 2015/023752 PCT/US2014/050896

Example 7: Mechanism of action for menoclonal antibadies

Monoclonal antibodies can inhibit PAI-1 by three different mechanisms: a) by steric
hindrance, b} by converting PAIL-1 into a2 latent conformation upon binding, and ¢} by converting PAI-
1 into a substrate for tPA conformation nstead of the inbibitor (‘substrate conformation”). PAL-1
makes a covalent bond with tPA upon interaction with serine prolease.

The chromogenic assay and SDS-PAGE techmiques were used to identify antibody
mechanism of action. A reaction between monoclonal 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 biue to visualize proteins, complexes and
the cleaved form of PAI-1. Control monoclonal antibodies with known mechanism of action were
used as comparators. 3388 is known to convert PAL-1 into a latent conformation and 33H1 1s koown
1o convert PAL-1 into a substrate conformation. This assay could positively identily the substrate
conformation but was unable to distinguish between latent conformation or steric bindrance.

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

Ad4d, 026, 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 PAI-] from the

active confornation to the latent conformation or by steric hindrance.

Example 8: Purified Antibedy Binding Kinetics

In kinetics measurcraent, the andibodies were evaluated in reverse at 25°C. Tn the reverse
assay, PAl-1 aotibodies were capiured to the anti-mouse IgG Fe antibody surface prepared on CM53
chip followed by mjecting the serial 2x dilutions of PAL-1 proteins (huraan or cyno) starting at 40 nM.
A high flow rate was chosen at S0u¥min to avoid mass transportation limutation. Two thousand

seconds was allowed for dissociation time to accommodate for the slow off rate of the selected
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antibodies. The chip was regenerated by glycine-HCI, pH 1.7 buffer aficr each round of antibody-
PAL1 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 simudated kinetics 111 (Langmur) model with local

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 KB (D
A3Y 7.09E-G5 1.16E-11 Nb ND
Add 1.49E-05 3.76E-12 <=1 OE-6 <=1 0E-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 corapared v Biacore
forward assay with vitronectin and PAT-1 complex. Inthe forward assay, human vitronectin protein
was tmmobilized onto the CMS5 chip i flow cells Fel-Fed by amine coupling. Homan PAL-T was
then captured to the vitronectin surface 1w flow cells Fe2-Fed as ligand. Fel was reserved as reference
cell. The antibodies were diluted 2x starting from 40 nM and injected to Fel-4. Kinetics data
analysis was performed vsing Biacore BlAevalvation software. The sensorgrams were {irst double-
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 vitvonectin captured human PAR-1 in Biacore

forward assay

Ad4 binding te Vn kd (1/8) KD (3
captured hPAL-1 <=1 OF-6 <=1 0E-12

Data in Table 10 indicated that Ad4 binds froe hnxman PAT-Tas well as PAI-T in vitronectin complex.

X8 ¢ 9: Fuactist ssay in primary humas cell:
Example 9 Fuactional assay ia primary humas cells

To further nvestigate each antihody’s ability to restore dowastrears plasmuin production by
primary buman cells, a plasmin generation assay was used. Ouly antihodics that showed bigh potency

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

~J
[



WO 2015/023752 PCT/US2014/050896

On day 1, buman prireary hepatic stellate cells {Sciencell CA, cat no SC5300) were plated at
20000cells/well 1n starvation medium (DMEM Gibeotghmtamax-1 4.5g/L D-Glucase, Pyruvate
{31966-021), (.2% Fetal Bovine Serum gold PAA (A11-152}) at 37°C vunder 5% COZ. Cu day 2, to
neutralize PAL-1 activity, auntibodies were pre-incubated with recombinant PAL1 {Molecular

S5 Innovation, cat# IGLYHPAL-A, recombinant Glycosylated human PAL-, final concentration 5 nM)
for 15 minutes at room temperature. At the same time, tPA (Molecular Innovations {(cat# HTPA-TC),
5 nM i DMEM without red phenol} was incubated with cells for 15 minutes at 37 °C. After washing
unbound tPA, PAL-1/mAb mixtures were added on the cells and then residual tPA activity was
measured by adding and ghu-Plasninogen/Substrate mixture {Glu-Pg: Sigma ca# 9001-91-6; 0.5uM
10 final concentration) and plasmin chromogenic substrate: {CBR00.65 Stago cat # 80128, 0.51uM final
concentration).

Plasrainogen activation to plasminis detected by kinetic reading every 45 seconds of

A405/492 ura using spectrophotorueter JEMS, Thernuofisher) 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 ran per min uDO/min) calculated. PAL-L inhibition
18 then calcalated with tPA alone as reference {(100% whibition} and PAL1 {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 = nol applicable
20

Example 16 Antibody binding epitope cxploration by Biacore competition assay
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A selected group of anti-PAT-1 anlibodies with superior binding and hlocking activities were
expiored for their potential binding epilopes 1o 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 bindmg to human PAI-1 protein. Each

S5 antibody was iurchilized onto a flow cell in Blacore CMS5 chip using standard amne 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 analyte antibodies that have different binding sites on
human PAIL-1 from the immobilized antibody will show additional binding signals in Biacore. The

10 competition experiments were repeated twice for sach immobilized andibody and the results are show

in the following Table.

Table 12: Swiemary of Binding Epitopes from Biacore conapetition assay

Analyte Antibody

3341 b | bb | bb | bb | bb bic

33B% bic | bb | bb | b b/b /b
Al b | b | bb | bb b/h b/b
% 3iCH ul nt 1t nt ut nt
i AT1 bb | bic | bb | bb bb | bb | bb | bb
é ATS b | pip bb | bb | bb | bb
HEE w6 | Wb Bo [ b | be | b
E B8 N . B - - . . - - .

C45 /b bb | bb | bb | bh | bhb

C26 ble b/ | bib | B/b | bb | bl

El6 b/b bb | B | b | bb | bl

E21 bic bie | blc | b/b | bib | bic

p=pariial binding by the analyle 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 imunobilized 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/c”y or Ad4 binding {0 PAI-1 wterferes with C45 binding to PAT-1. This
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analvsis is confirmed when the experiment is repeated in the reverse order. Specifically, when (45 i
the wunobilized antibody and is bound o PAI-1, A44 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 33B8, do not compete with
Ad4. When A44 is the immobilized antibody and 1s bound to PAIL-1, both 33H1 and 33B8 are able to
stifl bind to the PAI-1 that is bound to Ad4 (denoted as “b/b” in Table 12}. This is confirmed in the
reverse experiment. When PAI-1 is bound to immobilized 33H1 or immobilized 33HS, A44 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 (L.,
33B8) from binding to the captured PAL-1 protein; but, when switching the positions of the
imohilized antibody to the analyte antibody {c.g., flipping the pair ou the chup), the antibody pair no
longer competed for binding with each other 1o PAI-1. For example, when B109 was the tmnobilized
autibody bound to PAL1, 3388 was unable to bind PAI-1. However, whent 33BE was the immobilized
antibody binding PAI-1, B109 was able to bind PAL-1. One possible explanation for this resuli is that
when the immobihized antibody is bound to PAL-1, PAIL-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 33B8 is the analyte antibody). However, when the antibody
pair is reversed, the immobilizing antibody may bind in such a manner that PAl-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 o bind PAI-1 that is bound by the iramobilized 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 observation was that BZ8 lost binding to buman PAI-] when immohitized

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

Example 11 Selection of mouse monocional antibedy for humanization

Table 13 shows a summary of the in vifre data characterizing the most active monocional
antibodies from the five 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: Sunumary of Monoclonal Antibody Affinity and Potency against Hunan Glycosylated

Pakg
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 fatent
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 o laters
B109 ({gGU/R) 0.23 6.11 ND SH or fatent
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 CDRx, 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 refercnce 1o its entirety. The variable light {VL) and
variable heavy (VH} sequences of murine Ad44 were used to build 2 homaology model of anti-PAL-1
Add light chain (1) and heavy chain (HC) in Molecular Operating Eovirooment (MOE; v. 2010.18;
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

~1
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framework regions), L1 - 1D51 (94% identityy, L2 — 1DST (84% identity), L3 — LAXS {72% identity),
HI - 1107 (82% wdeniity), H2 — IMBU (68% dentity) and H3 - 2WDB (62% identity}. The H3 loop
wag particularty difficult to odel since Trp is the first residue. 2WDEB, although a shorter loop, also

he H3 loop.

L
x

has a Trp at the beginping of the loop and the same Phe-Asp-Tyr sequence at the end of ¢
The side-chains of Glo-165 (LC) and His-99 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 protem backbone at 500 K temperature for 1.1 nanoseconds (ns) in
Generalized Born ioplicit solvent. Ten diverse conformations were extracted from this first MD} run
gvery 100 picoscconds (ps) for the last | ns. These diverse conformations were then each submitied

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

i

For gach of the [0 MD runs, the last 2,000 suapshots, one every ps, rom the MD trajectory were then
used to calculate, for each murine Ad4 amino acid, its oot rean square deviations (tosd) cormpared
1o a reference medoid position. By coraparing the average yusd on the 16 separate MD runs of a
given amino-acid to the overall average rrosd of all A44 murine amino-acids, one decides 1f 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 mmune response. 37 amino-acids were wdentified as
flexible in the murine Ad4 antibody, excluding the CDR and its immediate § A vicinity,

The motion of the 62 most flexible murine A44 amino acids, during the 20 ns (10 x 2 ns),
were then compared 1o the motion of the corresponding {lexible amino-acids of 49 human germiine
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 hurnan geruiine light chains
(vki, vk2, vk3, vk4, vlambdal, viambda2, vlambda3) and 7 most common human germline heavy
chains (vhia, vhib, vh2, vh3, vh4, vI§, vhé). The vkl-vh2 human germline antibody showed 0.58
4D similarity of its flexible amino-acids compared to the flexible amino-acids of the nwrine Ad4
antibody; the vki-vh2 germline antibody was therefore used to burnanize Ad44 antibody focusing on
the fexible amino-acids. The viambda3-vh4 human germbine showed the second highest 41

sirarlanity, .57, and was also used as the basis for bumarngzation of the Ad4 antibody. For the pair
wise amino-acid association between murine Ad4 and vkl -vh2 ammo-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-vh4 was

A

performed in a similar manner. Figore 13 shows the alignment of murine A44 light chain with vki

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

PCT/US2014/050896

rce vs, their

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

ey

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

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

amino-acids found in the closest human germiline (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 1o 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 mutations reported to be successful o the Hiterature (E.

Mouselhier & H. Bedouelle, J. Mol. Biol, 362, 2006, p. 580-593; B.J. Steipe ot al. J. Mol. Binl, 1994,

246, 188-192) and were cousidered {sce Tables 17 & 18), however, no additional mutations were

suggested.
Table 15; Stabilizing Changes Proposed in Light Chain
Residue Proposed Change Caleulated AAGER Aceept Change
Lyg-3 Val 223998 No - not i germiline
Met-11 Leu 0.766432 Already changed in
humanization
Tyr-12 Ser 2.04389 Already changed in
humanization
Leu-36 Val 2.17091 No - Vernier
Lys-42 Gln 0.939652 No — not in germiling
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 Agccept Change
Glu-1 3in .562423 Yes
Met-2 Val 341361 No — Vernier
Glg-6 Gin 0.655069 No — Not in germiing
Pro-9 Ala 0.5058324 No -~ Not in germibine
Ser-10 Ghu 2.40018 Already changed in
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humanization
Gln-16 Ala 1.11244 No — Not in germiline
Thr-17 Ser 1.79135 No - Not in germine
Leu-18 Vai $.760243 No - Not in gemline
Ser-19 Lys 1.20539 No — Not i germiine
Thr-21 Ser 1.3289 Mo — Not in germline
Ser-23 Lvs 182798 No — Not i germiing
Val-24 Ala 1.35286 No -~ Not in germiine
Thr-25 Ser 172008 Yes
fle-37 Val 1.66985 No — Not in germiine
Arg-38 Lys 0.568427 No — Not in germiine
Lys-39 Gin 2.27769 Yeg
Phe-40 Arg 1.81199 No — Not i germline
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 No - Vernicr
Pro-61 Glu 1.0856%9 No — Not i germiine
ser-62 Lys 0.840485 Mo — Not in germline
Ley-63 Phe 1.25428 No — Not i germiing
Arg-66 Lys 0.528008 No - Not in germdine
He-67 Ala 193797 No - Vernier
Ser-68 Thr 1.36475 Yes
le-069 Leu 0.550185 No — Vernier
Arg-T71 Jal 0.61536 No — Verier
Asn-72 Asp 340632 Yes
Thr-73 Lys (.5597 No - Vernier
Lys-75 Ser 0.81321 No — Not in germline
Asn-T76 Ser 0.744463 No - Not in germbine
Glin-77 Thr 1.30652 No - Not in gemnline
Tyr-78 Ala 2.54699 MNo — Vernier
Val-35 Leu 178111 Mo — Not in germline
Thr-87 Ser 1.30394 No — Not i germiing
Thr-99 Ser Ng - Not in germbine
Thr-92 Val 1.13798 No - Not in gamline

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

stabilization

HI{13>0G) None — not 1n germline None
H2 {61->E, 62->Lys, 63->Phe) Nong in germline Nohe
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H3 (86->T, 8§7->§, 88->F) 87 and 8% not in germline None
S1{L1 & L5) None No
S2{(HI & H3) Nong 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

RN

b} 3D and MB-based approaches

3D and MD-based approaches have heen previcusly reported (Seco I, Lugue F.I., Barmit X,
J Med. Chem. 2009 Apr 23:52(8):2363-71; Malin Jousson et al,, J. Phys. Chem. B 2003, 167:5511-
5518}, Hydrophobic regions of the antibody were explicitly identified by analyziong the molecular
dynamics simulation of the Fab in a binary solvent {20% i1sopropanol in water, 20 ns production
10 sunulation). Additional analysis using a hydrophobic surface map within Schrodinger’s maesiro
software (v. 8.5.207) was completed. The protein surface analyzed by these two methods 18 quite
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.

15 3) Homanizatien by Grafting
Humanization using grafting techniques has previously been reported (P. T. Jones, P.H. Dear,
J. Foote, M.S. Neuberger, (G. Winter, Nature 1986, 321:522-525). The humanization started by
identifying the two closest human gerpdines 1o anti-PAT] A44 variable domain light and heavy
chains. This was done by performing a BLAST scarch vs. all the human germiioes which were
20 systematically enumerated {all possible combinations of the V & T dowmains for the kappa and lambda
chains; V, D and | domaios for the beavy chains). The BLAST searches were performned using an
intranet application linked to the Sequence Information Retrieval and Analysis {SIRA}Y service
provide by the National Center {or Biotechnology Information (NCEI).

The closest nman germitine were identified with 70% and 67% seguence identily to anti-

b
N

PAIL A44 variable domain light and heavy chains, respectively.  Using the internal VBASE germline
sequeneces, 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 (A44LC)

ol

o
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and for IGVKI-33-01 IGKI4-01 (AGVK ). Vernier residues as defined in J. Mol. Binl,, 1992, 224,
487 are underlined. The hurnanizing 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 (3697 from the wmurine light chain and M2V in the
murine beavy chain (Vernter zone residue} were rmtated to the predominantly conserved human
germline sequence as one part of the humanization by grafting approach (LC5a, HC3Sa). In another
variant, these three Vernier zone residies 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)

EMOQLGESGPS LVKPSQTLIL TCSVTGDSMT NGYWNWIRKE

PGNKLEYMGY ITYSGSTYYN PSLKGRISIT ANTSKNQYYL

IGHV4-59-02_IGHDé-13-01_IGHI-02 (SEQ 1D NG: 108)
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 close to VidH-L6 (~36% idendity) 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 inJ Mol Riol,, 1992, 224, 487) and underlined.
The humanizing mutations were obtained by performing a pairwise comparison of the 2 aligned

scquences, excluding the CDR & Vernier zone residues {also underdined i xourine) as defined above

and are shown 1n boldface,

mA44 — Light Chain (SEQ ID NG: 141

DICMTQSPSS MYASLGERVT ITCRASQOIN SYLSWILQQKP GKIPKTLIYR

ANRSVDGOVPS RESGSGSEOD YSLTISSLEY EDMGIYYCLQ YOEFPPTIGG
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 unwanted sequence motifs

The following motifs of sequences were considered: Asp-Pro {acid labile bond), Asn-X-

~ .

er/Thr {glycosylation, X=any amino-acid but Pro), Asp-Gly/Ser/Thr (succinimide/iso-asp formation

o

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

-

exposed areas). The VL & VH domains of murine anti-PAIL A44 possess two potential glycosylation
sites: N7RS (in CDR2) in the LC and NTS in the HC. One exposed deamidation site is prosent in
CDR1 of the HC (NY'(3). Three potential sites of succinimide formation were identified in the
original murine sequence: DG (end of CDR2Y in the LC, and DY'S (in CDR1) and DYT in the HC.
The LC probiematic motifs, NRS and %G, are both in CDR2. Since these mutations occur in a
CDIR, they were addressed by mutation in two proposed engineered sequences below (L2 and LC4).
W% was conservatively mutated to Glo and FY° was mutated to Gy, There are four existing
problematic residues in the HC. The first two occur in CDR1: the potential succiniroide forrnation
site, DﬂS, and the desmidation site N°!G. Two additional problematic motifs alse occur in the thied
framework region. In CDRI, I¥' was mutated to an E to avoid the formation of succinimide, while
N’!was altered to a . N and DY were altered to @ and E, respectively. These problematic motifs
were addressed in engingered 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 imomuneepitope.com, version June 2609; Vita R., Zarebesk:
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)D854-62, Epub 20609, Nov 11} 1o
ensure that none of the scquences contain any kuown human B- or T-cell epitopes (sequence identity
ot 76% used as cut-off for the results obtained through BLAST search and considering only the
resulis from human species)y. DelClerck, ¢f «f. (International Publication No. W3 2002034776) have
disclosed antibody binding epitopes of PAI-1, 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 Journal 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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Ne 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 lnghlighted in bold and Vernier regions are {as defined by Foote & Winter, J. Mol

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

Light Chain (SEQ ID NO: 142)
1 DIKMTOQSPSS MYASLGERVT ITCKASODIN SYLSWLOOQKP GEKSPKTLIYR
51 ANRSVDGVPS RFSGSGSGOD YSLTISSLEY EDMGIYYCLG YDEFPPTEGG
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

4P 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 LCTb has 12 mutations derived from the 4D hurnamization o the second
closest human germline sequence, vi3. LO2 contains 2 additional sutations in CDR2 as compared to
L{la. These muiations address a potential glycosylation site (N'RS) and a potential site of
succinimide formation (D°G). LC3 contains the mutations from the 40 humanization to the closest
germline sequence with an additional 2 stabilizing mutations. LL4 combines the humanizing,
stabifizing and unwanted motif mutations. CDRs and vermnier zones are in italics, vernier residues are
urderbined, humanizing muotations are in boldface, problematic motifs are 1 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 EDLGIYYCLE YDEFPPTEGG
101 GTKLEIK
Mo additional luman epitopes for sequence LC1a found m [EDB database. LC1a germinalily index =

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

LCIh (SEQ ID NO: 92}
I DEKMTQSPSS VRYSPGQTVT ITCRASODIN SYLSHLQQKP GOQSPKTLIYR
51 ANRSVDGVPS RFSGSESGOD YSLTISSLQA MDEGIYYCLQ YDEFPPTEGG
161 GTRLTIK
In addition to the eptiope described in section 4 above, K39PGQSPKTLI has 70% sequence identity
to KPGQPPRLLI (Kirschmann et al. [, lmmun., 1995, 155, 5655-5662). This peptide is reported to
have ap [C56 >100,000 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 DIKMTOSPSS LSASYVGDRVT ITCKASQDIN SYLSWLQQKP GKSPKILIYR
51 ANRSVDGVPS RESGSGSEOD YSLTISSLQP EDLatYYCLY YREFPPTEGG
161 GTKLEIK
No additional buman epitopes for sequence LC3 were found in JEDB database, LC3 germinalily

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

LC4 (SEQ ID NO: 951
1 DIKMTQSPSS LSASVGDRVT ITCKASODIN SYLSWELQQKP GKSPKTLIVR
51 AGRSVEGVES RFSGSGSGOD YSLTISSLQP EDLatYYCLQ YDEFPPTFGG
101 GTKLEIK
Mo additional human epitopes for sequence LC4 were found 1in IEDB database. LC4 germinality

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

35
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LCSa {(SEQ ID NO: 96):

161 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 gernuinality index = 85%

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

LCSh (SEG 1D NO: 97):
1 DIGMTOSPSS LEASVGDRVT ITCKASODIN SYLSIWLOQKP GKAPKILIVR
S1ANRSVDRGVPS RFSGSGSGODN YTFTISSLOP EDIATYYOLO YREFPPTEGG
16] 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):
LEVMTQSPAT LSLSPGERAT LSCKASQDIN SYLSWLOQOQKP GOAPRILIYR

STANRSVDGIPA RFSESGSEOD YTLTISSLEP EDFAVYYCLY YDEFPPTEGG

101 GTKVEIK
T addition to the epitope deseribed in section 4 above, K PGQAPRTLI 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 1M against all the HLA-DR alleles for which it was tested. LC5¢ germinality
index = 79% with IGKV3-11-02 IGKI-0 [VkHI-L6]. A schematic of all light chain untations s

shown in Figure 15,

b} Engincercd heavy chain sequesces
HCla contains eight mutations derived from the 413 bumanization method to the closest
hvmman germiline sequence. HC1b contains six mmutations derived from the 4D homanization method
to the 2™ closest germline sequence. HC2a contains four additional mutations when compared to
HCla to address unwanted sequence motifs. HC2b only addresses the deamidation site in CDRI
(IN"'(). HO3 contains the humanizing mutations from HCla 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 initalics, vernier
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residues are underlined, humanizing mutations are in boldface, probleratic motifs are 10 double

strikethrough and stabilizing rautations are shown in Jower case.

HC1a (SEQ ID NQO: 82):
SUITYSGSTYYN PSLKGR/SIT ANISKNQYYL TLESVTTVDT ATYYCARWHY
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
| EMQLGESGPG LVKPSETLSL TOSVTGDSMT NGYWNWIRKF PGKGLEYMGY
S1 JTYSGSTYYN PSLKGRISIT ENTSKNOQYYL 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 LVKPTQTLSL TCSVTGRSMT @GYWNWIRKY PGRKALEYMGY
SUITYSGSTYYN PSLKGRISIT RGTSENQYYL TLSSVTTVET ATYYCARWHY
101 GSPYYVEDYIGQGTTLTVSS
No hunian epitopes were identified for sequence HC2a in IEDB database. HC2a gernunality index =

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

HC2b (SEQ 1D NO: 85):
P EMTLKESGPY LVRPTQTLSL TCSVTGOSMT @GYIWNWIRKT PGEALEYMGY
STITYSGSTYYN PSLKGRISIT RNISKNQYYL TLASVTITVDT ATYYCARWHY

No human epitopes were 1dentified for sequence HC2b w IEDB databage. HC2b germinahity mdex =

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

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

0
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W GSPYYEDYG QGTTLTVSS
No human epitopes were identified for sequence HC3 m IEDB database. HC3 germinality tndex =

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

HC4 (SEQ 1D NO: 87):
1 gMTLKESGPT LVKPTQTLSL TCSVsGRSMT QG YWNWIRGF PGKALEYMGY
51 ITYSGSTYYN PSLKGRIUT RQTSKENQYYL TLSSVITVET ATYYCARWHY
161 GSPYYFDYIG QGTTLTVSS

Mo homan epitopes were wdentified for sequence HC4 in TEDB database. HC4 germinality index =

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

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

Ne human epiiopes were identified for sequence HCS5a in IEDEB database. HCSa germinality index =

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

HOCSb (SEQ 1D NG: 89y
1 QMQLOQESGPG LVEPSETLSL TCTVSGRSMT NGYWNWIRQP 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 TCAISGRSMT NGYWNWIRGS PSRGLEYMGY
SUITYSGSTYY A VSVKSRITIN RDTSKNQISL QLAISVTPEDT AVYYCARWHY
No human epitopes were 1dentified for sequence HC3¢ 1 IEDB database. HCS¢ gernunabity 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 {(L{5a, LCSh, LO5¢) and three versions of the
beavy chain (HCS5a, HCSb, HCS¢) were created. LLC5a contains 16 mutations derived from grafiing to
the closest human germline sequence and retaining the wmurine CDR and most of the murine Vermer
zone residues. Two murine Verpier residues, T46 and N69 are not present 1 any human germine

5 sequence and were congservatively mutated. LOSh containg 14 mutations derived from grafting 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 germline
sequenice and retained the murine CDR and all the mrine Vernier zone residues.

HC5a contains 20 mutations derived from grafting to the clossst human germline sequence

<

10 and retained the murine CDR and most of the rmurine Vernier zone residues with the exception of
M2V, Met occurs with a very low propensity at this position in burnan geruline sequences. HCSb
contains 2¢ mutations devived from grafting o the closest uman germiine sequence and retatned the
ryrine CDR and all the murine Vernter zone residues. HCS¢ containg 23 mutations derived from

arafting 1o the second closest human germline sequence and retained the wurine CDR and all the

15 rourine Vernier zone residues.
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 413 humanization based on the 2" closest germline
20 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)
25 s LC4 x HC4 (mutations addressing 4D homanizing, unwanted sequences and stabibization)
& LLCSa x HC3a (mutations addressing humanization by grafting retaining CDRs and
incorporating 3 counservative Vermier modifications}
® JC5b % HCSb (soutations addressing humanization by grafting retaining CDRs and Vernier
regions}
30 e LCS¢ x HC3e (mutations addressing humanization by grafting retaining CDRs and Vernier
regions)

Table 19: Swmmary of the Ter LC x HC Combinations

0
D
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- @
o |82 |8E |8% |22 |8z 8o |fs
SE 8% |31 |8 | 2F 9% 8% |§E
= =
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 vanant number; note: variants 11 - 14 were added following
characterization of the original fen variands (variants {-10)

Table 21: Mutationg of the eight LL variants of the anti-PAI Ad4 sutibedy

-~
= " o (f?
x| o e P,
5 R - I
U pock ok 9] - =¥ food] ok po
- 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
Ghul7 Asp Gln Asp Asp Asp Asp Asp

Argll Thr

Vall9 Ala
Ile21 Leu
Thi22 Ser
Lys42 Gin Gln
Serd3 Ala Ala Ala
Lysd3 Arg
Thrds Leu

Asns2 Gln Gin

Agpse Glu Glu

Valsg fie

Seréd Ala
Ginso Thr

Ser?2 Thr Thr Thr
Leu73 Phe Phe

Glu79 Gln Gln Gin Gln Gin Gl Gin
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Tyrso Pro Ala Pro Pro Pro Pro Pro Pro
Glugl Met
Met#3 Leu Gha Leu Leu Leu Il HG Phe
Glyg4 Ala Ala Ala Ala Ala
11285 Thr Thr Thr Thr Val
Leuidd Val Val Val
Ghul0s Thr
7 12 9 9 11 18 14 22
g .2
3 2
7=
H=humanizing; UM= unwanted motifs; S=stabilizing; G=grafting

Table 22: Mutations of the nine HC variants of the anti-PAYL Ad4 antibody

00 o~ o~ ;-; ' o~ o~ o~
2E B & =5 ez :"f; mE Y ) v
28 NN F = -
EEs 2 |8 L2102 |s%ig & &
FE W » EEIRES B W W &
SF = | = Ty |(FTiE O E R
Glul Gl | Gin | Gln | Glo 3ln
Met2 Val
Glns Thr Thr | The | The | Thr
Glas Lys Lys Lys Lys Lvs Gln
Serid The | Gly | Thr | Thr | Thr The | Gly | Gly | Gly
Seris The Thr Thr Thr Thr
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Glnié Glu Gl | Glu

Ser23 Thr Thr Ala
Vai24 fie
TheZs Ser Ser Ser Ser Ser
Asgp27 Gla Gl

Asn3i Gl Gln Gin

Lys39 Gin | Gin | Gl | Gln | Ghn
Phedd Pro Pro Ser
Gly4d2 Ser

Asnd3 Lys Lys | Lys | Lys Lys Lys | Lys | Lys | Asrg

Lysd4 Ala | Gly | Ala | Ala | Ala | Ala Gly | Gly | Gly

Agn6l Ala
Prot ] Val
Leud3 Val
Glyas Ser Ser Ser
68 Thr Thr The The Thr
Thr70 Ser Ser Asn
Asn’72 Gin Asp | Gln Asp | Asp
Tyr79 Ser Ser Ser

Glo#l Thr Lys Thr The Thy Thr | 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.

Ty Characterization of Humanization Variants

Bascd on the in silico modeling presented in the above example, ten variants were generated
{variantts 1 - 8 by 4D buwmanization and variants 10 by CDR grafiing; variands 3 and 10 were

created on the second closest germaline). The variable region of the light chain and heavy chain DNA
of hurnanized Ad4d were prepared for HEK293 expression. Proteius were generated after cloning the
corresponding DNA joto pXL plasmids (New Eogland Biolabs; Nbel/Ecod 7H for the HC,
Nhel/BsiWl for the LC), Humanized sequences were codon optinnzed for HEK expression and gene
synthesized by GeneArt {sabsidiary of Life Technologies). The resulting plasmids were co-transfected
and transiently expressed in FreeStyle 293 Expression Syster (Invitrogen, Cat#K9000-¢1). Variants
3 and 10 were very poorly expressed and were not further pursued. All other variants were expressed

and purified using Protein A colunms.  Analytical gels showed partial ghycosylation {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 cells using human glycosylated PAL Results are shown in Table 23.
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Table 23: Characterization of humanization varissts in plasmin generstion and chromogenic

ASSRY
Plasminogen Activation Chromogenic Assay

mAb 188 (abD) Y56% FCSH (nbh)

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 1.1t
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 plasmoin generation assay but bad partial (5 -

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

corohinations of heavy chains from vaniants 6 and 9 and hight chains from vartants 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
Add-hvo LO5hb x HCSh 1i7
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

GAGATGACCCTGAAAGAGTCOGGCCCCACCCTGG
TCAAACCCACCCAGACCCTGAGCCTGACCTGOAG
CGTGACCGGCGACAGCATGACCAACGGCTACTGG
AACTGGATCCGGAAGTTCCCOGGCAAGGCOCTOG
AGTACATGOGCTACATCACCTACAGCGGCAGCAL
CTACTACAACCCCAGCCTOAAGGGCCGGATCAGE
ATCACCCGGAACACCAGCAAGAACCAGTACTACC
TGACCCTGTCCAGOGTG

(SEQ 1D NO: 123)

EMTLKESGPTLVKPTOTLSL
TCSVTGDSMTNGY WNWIRK
FPGKALEYMGYITYSGSTYY
NPSLKGRISITRNTSKNQYYL
TLSSVTTVDTATYYCARWH
VGAPYVFDYWGOQGTTLTVSS
(SEQ ID NO: 82)

HC1b

GAGATGCAGOTGCAGGAAAGCGGUCCTGOCCTG
GTCAAACCCAGCGAGACACTGAGCCTGACCTGCA
GCOTGACCGGCGACAGCATGACCAACGGOTACTG
GAACTGGATCCGGAAGTTCCCOGGCAAGGGCOTC
GAGTACATGGGCTACATCACCTACAGCGGUAGCA
CCTACTACAACCCCAGCCTGAAGGGCCGGATCAG
CATCACCCGGAACACCAGCAAGAACCAGTACTAC
CTGAAGCTGTCCAGOGTG

(SEG ID NO: 124)

EMQLQESGPGLVKPSETLSL
TCSVTGDSMTNGY WNWIRK
FPGKGLEYMGYITYSGSTYY
NPSLKGRISITRNTSKNGYYL
KL3SVITADTATYYCARWH

YGSPYYFDYWGQGTTLTIVSS
(SEQ ID NO: 83)

HC2a

GAGATGACCCTGAAAGAGTCOGGOCCCACCCTGG
TCAAACCCACCCAGACCCTGAGCCTGACCTGOAG
COTGACCGOCGAGAGCATGACCCAGGGCTACTOG
AACTGGATOCGGAAGTTCOCOGGCAAGGCOCTCG
AGTACATGGGCTACATCACCTACAGOGGCAGOAC
CTACTACAACCCCAGCCTGAAGGGCOGGATCAGE
ATCACOCGGCAGACCAGCAAGAACCAGTACTACC
TGACCCTGTCCAGOGTG

(SEQ TD NGk 125)

EMTLKESGPTLVKPTOTLSL
TCSVTGESMTQGYWNWIRK
FPGKALEYMGYITYSGSTYY
NPSLKGRISITROTSKNOQYYL
TLSSVITVETATYYCARWH
VGAPYVFDYWGOQGTTLTVSS
(SEQ ID NO: 84)

HO2b

GAGATGACCCTGAAAGAGTCCGGCCCCACCCTGG
TCAAACCCACCCAGACCCTGAGOCTGACCTGCAG
CGTGACCGGCGACAGCATGACCCAGGGCTACTGE
AACTGGATCOGGAAGTTOCCCGGCAAGGLOCTCG
AGTACATGGGCTACATCACCTACAGCGGCAGCAC
CTACTACAACCCCAGCCTGAAGGGCCGGATCAGC
ATCACCCGGAACACCAGCAAGAACCAGTACTACC
TGACCCTOTCCAGCGTO

(SEG 1D NO: 126)

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

HC3

CAGATGACCCTGAAAGAGTCCGGCCCCACOUTGEG
TCAAACCCACCCAGACCCTGAGCCTGACCTGCAG
COTGTCCGGCGACAGCATGACCAACGGUTACTGG
AACTGGATCCGGCAGTTOCCCGGCAAGGLCCTOG
AGTACATGGGCTACATCACCTACAGOGGCAGCAC
CTACTACAACCCCAGCCTGAAGGGCCGGATCACC
ATCACCCGGGACACCAGCAAGAACCAGTACTACC
TGACCCTGAGCAGCGTG

OMTLEKESGPTLVKPTOTLSL
TCSVSGDSMTNGYWNWIRQ
FPGKALEYMGYITYSGSTYY
NPSLKGRITITRDTSENQYYL
TLSSVTTVDTATYYCARWH
YGRPYYFDYWGOQGTTLTVSS
(SEQ 1D NO: 86)
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(SEQ ID NG: 127)

CAGATGACCCTGAMMGAGTCCGGCCCCACCCTOG
TCAAACCCACCCAGACCCTGAGCCTGACCTGCAG
CGTGTCCGGCGAGAGCATGACCCAGGGOTACTGG
AACTGGATCCOGGCAGTTCCOCGGCAAGGCCCTCG
AGTACATOGGCTACATCACCTACAGCGOCAGCAC
CTACTACAACCCCAGCCTGAAGGGCCGGATCACC
ATCACCCGGCAGACCAGCAAGAACCAGTACTACC
TGACCCTGAGCAGOGTG

(SEQ 1D NO: 128)

OMTLKESGPTLVEPTQTLSL
TCSVSGESMTOGYWNWIRQ
FPGKALEYMGYITYSGSTYY
NPSLEGRITITROTSKNOYYL
TLSSVTTVETATYYCARWH
YGSPYYPDYWGQGTTLTVSS
(SEQ D NO: 87)

H{5a

CAGGTGCAGCTGLCAGGAAAGCGGUCCTGGLCTOG
TCAAACCCAGCGAGACACTGAGCCTGACCTGCAC
COTGTCCOGCGACAGCATGACCAACGGLTACTGG
AACTGGATCCGGLCAGCCLCCTGGLAAGGGCCTCG
AGTACATCGGGCTACATCACCTACAGLGGLAGCAC
CTACTACAACCCCAGCCTGAAGTCCCGUGATCACC
ATCAGCCGGAACACCAGCAAGAACCAGTACAGC
CTOGAAGCTGAGCAGCGTG

(SEQ ID NO: 129)

QVOLQESGPGLVEPSETLSL
TCTVSGDSMTNGYWNWIRQ
PPOKGLEYMGYITYSGSTYY
NPSLKSRITISRNTSKNGYSL
KLASSVTAADTAVYYCARWH
YGSPYYFDYWGQGTLVTVS
g

(SEQ 1D NO: 88)

HCSh

CAGATGCAGCTGCAGGAAAGCGGCCCTGHOCTOG
TCAAACCCAGOGAGACACTGAGCCTGACCTGCAC
CGTGTCCGGCGACAGCATGACCAACGGCTACTSG
AACTGGATCCGGCAGCCCCCTGGCAAGGGCCTCG
AGTACATGOGCTACATCACCTACAGCGGCAGCAL
CTACTACAACCCCAGCCTGAAGTOCCGGATCACT
ATCAGOCGGGACACCAGCAAGAACCAGTACAGE
CTGAAGCTGAGCAGCGTG

(SEQ 1D NO: 130)

QMOLQESGPGLVKPSETLSL
TCTVSGDSMTNGY WNWIRG
PPGKGLEYMGYITYSGSTYY
NPSLKSRITISRDTSKNQYSL

KLSSVTAADTAVYYCARWH
YGSPYYFDYWGQGTLVTVS
S

(SEQ [D NO: 89)

HC 3¢

CAGATGCAGCTGCAGCAGAGCGOCCCTGGOCTGG
TCAAACCCAGCCAGACCCTGAGCCTGACCTGOGE
CATCAGCGGCGACAGCATGACCAACGGCTACTGG
AACTGGATCOGGCAGAGCOCCAGCAGAGGCCTOG
AGTACATGGGCTACATCACCTACAGCGGCAGCAC
CTACTACGOCGTGTCOGTGAAGTCCOGGATCACT
ATCAACCGGGACACCAGCAAGAACCAGTACAGC
CTGCAGCTGAGCAGCGTG

(SEQ ID NO: 131)

OMQLOQSGPGLVKPSQTLSL
TCAISGDSMTNGYWNWIRQ
SPSRGLEYMOYITYSGSTYY
AVSVESRITINRDTSKNQYSL
QLSSVTPEDTAVYYCARWH
YGSPYYFDYWGQGTLVTVS
(SEQ 1D NO: 90)

LCla

GACATCAAGATGACCCAGAGCCCCAGCAGOCTGA
GUGCCAGOGTGGOCGACAGAGTGACCATCACATG
CAAGGCCAGCOCAGGACATCAACAGCTACCTGAGC
TGGCTGCAGCAGAAGCCCGGCAAGAGCOCCCAAG
ACCCTGATCTACCGGGOCAACCGCAGCGTGGACG
GCGTGCCAAGCAGATTTTCCGGCAGCGGOAGOGS
CCAGGACTACAGCCTCACCATCAGCAGCCTGCAG
CCCGAGGACCTGGGUATC

(SEG 1D NO: 132

PIKMTOSPSSLSASVGDRVTT
TCKASQDINSYLSWLOOKPG
KSPKTLIYRANRSVDGVPSRF
SGSGSGODYSLTISSLOPEDL
GIYYCLOYDEFPPTFGGGTK
LEIK

(SEQ ID NO: 91)

LCib

GACATCAAGATGACCCAGAGCCCCAGCAGCGTGT
CCGTGTCTCCTGGUCAGACCGTGACCATCACATG

CAAGGCCAGCCAGGACATCAACAGCTACCTGAGC
TGGCTGCAGCAGAAGUCCGGCCAGTCCCCCAAGA
CCCTOATCTACCOGGGCCAACCGLCAGCGTGGALGEH
CGTGCCAAGCAGATTITCCGGCAGCGGCAGCHGGC

DIKMTQSPSSVEVRPGQTVTI
TCKASQDINSYLSWLQQKPG
QSPKTLIVRANRSVDGVPSRY
SGSGSGOBYSLTISSLQAMD
EGIYYCLQYDEFPPTFGGGT
ELTIK
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CAGGACTACAGCUCTGACCATCAGCAGCCTGCAGG
CCATGGACGAGGGCATC
(SEQ I NO: 133)

(SEG ID NG: 92)

L2

GACATCAAGATOACUCAGAGCCCCAGCAGOCTGA
GOGCCAGCGTGGGCGACAGAGTGACCATCACATG
CAAGGCCAGCCAGGACATCAACAGCTACCTGAGE
TGGCTGCAGCAGAAGCCCGGCAAGAGCCCCAAG
ACCCTGATCTACCGGGLCCAGCGGAGCGTGGAAG
GOGTGCCAAGCAGATTCAGCGGCAGUGGCTCOGG
CCAGGACTACAGCCTGACCATCAGCAGCCTGCAG
CCCGAGGACCTGGGCATC

(SEQ 1D NO: 134)

DIKMTQSPSSLSASVGDRVTI
TCKASQDINSYLSWLOQQKPG
KSPETLIYRAQRSVEGVPSRY
SGSGSGODYSLTISSLOPEDL
GIYYCLQYDEFPPTFGGGTE

LEIK

(SEQ [D NO: 93)

GACATCAAGATGACCCAGAGCCCCAGCAGCCTGA
GCOCCAGCGTGGGUGACAGAGTOACCATCACATG
CAAGGCCAGCCAGGACATCAACAGCTACCTGAGC
TGGCTGCAGCAGAAGCCCGGCAAGAGCCOCAAG
ACCCTOATCTACCGOGCCAACCGCAGCGTGGACG
GCOTGCCAAGCAGATTTTCCGGOAGOGGCAGCGG
CCAGGACTACAGCCTGACCATCAGCAGCCTGCAG
COCGAGGACCTGGOCACT

(SEQ ID NO: 135)

DIKMTQSPSSLSASVGDRVTI
TCKASQDINSYLSWLQOQKPG
KSPKTLIYRANRSVDGVPSRF
SGSGSGODYSLTISSLOPEDL
ATYYCLQYDEFPPTFGGGTE
LEIK

(SEQ 1D NO: 94)

LC4

GACATCAAGATOACCCAGAGCCCCAGCAGCCTGA
GOGCCAGCGTGOGCOACAGAGTGACCATCACATG
CAAGGOCAGCCAGGACATCAACAGCTACCTGAGE
TGGCTGCAGCAGAAGCCCGGCAAGAGCOCCCAAG
ACCCTGATCTACCGGGOCCAGCGGAGCGTGGAAG
GOGTGCCAAGCAGATTCAGCGGCAGUGGCTCOGG
CCAGGACTACAGCCTGACCATCAGCAGCCTGCAG
CCOGAGGACCTGGOCACC

(SEQ 1D NO: 136)

DIKMTQSPSSLSASVGDRVTI
TCKASQDINSYLSWLQQKPG
KSPKTLIYRAQRSVEGVPSRF
SG3GSGODYSLTISSLOPEDL
ATYYCLOYDEFPPTFGGGTK
LEIK

(SEQ [D NO: 95)

GACATCCAGATGACCCAGAGCCCCAGCAGCCTGA
GCOCCAGCGTGGGUGACAGAGTOACCATCACATG
CAAGGCCAGCCAGGACATCAACAGCTACCTGAGC
TGGCTGCAGCAGAAGCCCOGGCAAGGUCCCCAAG
CTGCTGATCTACCGGGCCAACCGCAGOGTGGACS
GCOTGCCAAGCAGATTTTCCGGCAGCGGCTOCGG
CACCGACTACACCTTCACCATCAGCAGUCTGCAG
COCOAGGATATOGCCACC

(SEQ 1D NO: 137)

DIOMTQSPSSLSASVGDRVTI
TCKASQDINSYLSWLQOQKPG
KAPKLLIYRANRSVDGVPSR
FSGSGSGTDYTFTISSLOQPEDI
ATYYCLOYDEFPPTFGGGTK
VEIK

(SEQ 1D NO: 96)

LCShb

GACATCCAGATGACCCAGAGCCCCAGCAGCLTGA
GOGCCAGCGTGOGCOACAGAGTGACCATCACATG
CAAGGOCAGCCAGGACATCAACAGCTACCTGAGE
TGGOTGCAGCAGAAGCCOGGCAAGGCOCTCAAG
ACCCTGATCTACCGGGOCAACCGCAGCGTGGACG
GOGTGOCAAGCAGATTTTOCGGCAGCGOCAGCGO
CCAGGACTACACCTTCACCATCAGCAGCCTGCAG
CCOGAGGATATCOCCACO

(SEQ 1D NO: 138)

DIOMTOSPSSLSASVGDRYTI
TCKASQDINSYLSWLGQQKPG
KAPKTLIYRANRSVDGVPSR
FSGSGSGODYTFTISSLQPEDI
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 ASTEKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWHNSGALTSGVHTITPAVEQ
SSGLYSLSSVVTVESSSLOTOTYICNVNHKESNTE VOKEVEPKSCDKTHTCPPCPAPEL
LGGPSVELFPPKPEDTEMISRTPEVTCVVVDVSHEDPEVEFNWYVDOVEVHNAKTEP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVENKALPAPIEKTISKAKGOQPREPQV
YTLPPSRDELTENGQVSLTCLVEGE (SEQ 1D NO: 99)

CL RTVAAPSVEIFPPSDEQLKSGTASVVOLLNNFYPREAKVOWK VDNALOSGNSQESVT
EODSKDSTYSLASTLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC
(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 (M)
Add parental * 5.68E+06 2.298-04 4.04E-11
Ad4-hvi* LIGE+Q7 5.85E-04 326E-11
Add-hv2E* 2.99E+06 4.03E-04 1.35E-10
Ad4-Bver 4.59E+06 8.80E-05 1.92E-11
Add-hvS* 2.72E+06 2.76E-05 LO2E-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 n/a
Ad4-hvo* 6.36E+06 1.03E-04 1L70E-11
Add-hvii® 7.66E+06 1.22E-04 1.56E-11
Ad4-hvizZ* 5.15E+06 B.14E-05 i.61E-11
Ad4-hviir® 2.40E+06 4.36E-04 1.79E-10
Add-hvid*® 4.06E+06 395E-05 9.57E-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 2.758-04 8.96E-11
Add-hviF® 337E+HDG 8.27E-03 2A4S5E-09
Adg-hyIE® Z2.30E+06 3.14E-04 1.37E-10
Add-Bvgr 2.268+05 1.708-04 7.52E-10

Add-hvs*® 3 40E+06 1.11E-04 3.26E-11
Add-hve*® 5.26E4+06 2.51E-05 5.01E-12
Ad4-hyTH* 2.50E+06 2.39E-04 9.56E-11
Ad4-hvg* na wa n/a
Ad4hvo> 6.51E+06 1.34E-04 2.1S5E-11
Add-hviiF* 1.36E+06 6.00E-04 3.87E-10
Ad4-hviZ* 426E+06 2.358-04 5.69E-11
Add-hvi3F* 2 1ZE+06 2.438-04 1.15E8-19
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 A
Ad4-hvil/BPALS 1.57E+06 6.65E-05 4.25E-11
Ad4-hviZ/hPALY L.62E+06 6.70L-05 4.14E-11
Ad4-hvidhPAL-L 1.54E+06 2.528-05 1.64E-11
A44-bvi4/BPALR 1.25E+36 342E-05 2.708-11
Agpti-boman §gG Fe chip / oyno PALY
mAL/CPALT kal (1/Ms) kd 1 (i/s) KD (D
Ad44-bvil/BPALY 1.87E+36 5.60E-05 3.00EB-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-U

*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 buman PAL-1 and PAI-
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1 complexed to vittoneotin within an acceptable range. In corpanison to patental A44, umanization
did not appear to change antibody affiuity,
Although affinity and potency of the humamized variauts didn’t differ significantly m the
chromogenic and Biacore assays, the ability of the vanants to restore plasmin generation in the
S5 celiular agsays was significantly lower than parental mouse antibody for some variants {se¢ Table 27
sumimarizing comparison of chromogenic assay and celtular assay below). Humanized vanants 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 6
Ad4-Bvil 2.01 85.82 6
Add-bvil 1.99 78,70 6
Add-hvl3 1.82 7130 6
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 polency 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 humanized vanants 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 coraplex
with urokinase immobilized on 96 well plates. After washing unbound PAI-1, uPA-PAI-1 complexes
were detected by the use of polyclonal antiPAl-1 antibodies. The bound polycional anti-PAJ-]

20 antibodies (which is proportional 1o active PAI-1 in the sample) was then detected by using a
horseradish peroxidase conjugated secondary antibody (Moleoular Tnnovation Cat. No, HPAIKT),
Various concentrations of A44 humamzed variants were incubated for 15 munutes at room
temperatire with either human or cynomelgos recombinant PAI-1 (0.31 uM final concentration) and
then tested for functional active PAL-1 by uPA-PAIL-1 complex vsing 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 areounis of Ad4
bumarnized variants, Remaining active PAIL-1 levels were determined using uPA-PATL-1 coraplex
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 endogenous PAIL-1 activity
hPAl-1 Standard hPiasma THIT82 Cyno PAL-1
ECS0(nM) | YS50% i n mAD ECS0(aM) | V38% | N | ICS8mMy | Y50%
1.31E-01 5080 1 2 Ad4-bvil 1.578-02 37.50 2 4.24E-02 5080 1 2
1.14E-01 5345 & 2 Ad4-hviZ 3.35E-03 37.68 2 2.66E-02 53.45 2
1.66E-01 5282 & 2 A44-hvi3 3.11E-02 61.35 2 2.81E-02 52.82 2
5.63E-02 5247 + 2 Ad4- hvid 5,86E-07 73.90 2 2.87E-02 5247 1 2

Huroan fibrotic liver samples {provided by Biopredic International, Renues, France from
surgical resection of hepatic colon metastasis} were homogemzed as follows: weighed frozen liver
samiples were homogenized in dry tubes containing ceramic beads {Cat No 03961-1-003, Bertmn
Technology, France} osing Precellys homogeniser (Bertin Technology. France; 4°C, 2x30scconds at
6300 rpm} and then dissolved using 1 ml/g of lysis buffer (NaCl 1.5M 10 TBS -~ Tris Buffer Solation
0.1M Tris + 0.15M NaCl pH7.4). After centrifugation at 4°C at 5000g for 10min, the liver 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 A44 bumanized variants incubated with liver lysate diduted to
2.5 nM of active PAI-1 were evaluated as described previously and data analayzed. Inlubition of PAL-
[ activity (PAT-1 activity without mAb being 0% intibition, vo significant and dose-dependent
of PAL-1 activity was plotted as a fimction of mAb concentration and IC5¢ was determned Imax

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-bvil {1 aM) (4.0365 99.997
Ad4-hvil 2 nM) 0.0503 99.99
Add-bvil (3 aM) $.0465 9999
Mean +/- sern ¢.0444 +/- 0.004 99.99




WO 2015/023752 PCT/US2014/050896

Based on the above data, Ad4-hvll was selecied for further characterzation w additional structural

studies and additional in vitro and 10 vivo studies.

Example 13:  Humanization of APG antibody by Grafting

5 Humanizaiion using grafting fechniques has previously been reported (P. T. Jones, et al.,
Nature 1986, 321:522-525). The humanization of the anii-PAIT murine antibody APG began with the
muring light chain (SEQ 1D NO: 148) and murine heavy chain (SEQ ID NO: 149} from German
Patenit App. No. DE20G0153251; this maurine antibody is also described in Dehrock et al., Biockimica
ef Biophvsica Acta, 1337(2%257-266 {1997). Identifying the germlbine and canonical classes of the

10 HC and L chain of the murine antibody vielded roulGHV -39 and nwIGKV14-111, respectively.
Nexti the tist of close human gewulines to anti-PAIL APG vanable domain light and beavy chains
were identified and ranked by percent identaty. Both steps were done by performiing a BLAST search
vs. all the human germlines which were systematically enumerated {(all possible combinations of the V
& J domains for the kappa and lambda chains; V, D and J domains for the beavy chains), The BLAST
searches were performed using the IMGT/DomainGapAlign tool provided at htip/www.imgt.org.
{(See Bhrenmann, ef af. 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
HulGKV 1-33 and the heavy chain was close to HufGHV1-46. The closest human germline to the
20 anti-PAIl APG variable domain heavy chain with a matching canonical ¢lass was found 1o be
HulGHV7-4-1 with a sequence identity of 62.2%.
CDR regions {based on a combination of Kabat and IMGT for APG) and Vernier residues are
indicated 10 talics for the pavent murine APG (mAPG) light chain (SEQ 1D NO: 148), IGKV1-33-
01 IGKH-01 (IGKV1a) (SEQ I NO: 107y and for JIGKV1-33-01 IGKJ2-02 (IGKVib) (SEQ ID
25 NO: 150) (see Table 30, below). Vernier residues as defined in Foote, 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, excluding the CDR & Vermer zone residues {also
underlined in mAPG sequences, Table 30) as defined above. Mo further engincering was performed

on the murine APG antibody. These humanized antibodies were named APGVZ and APGv4.

Table 36: APG humanization sequences

APG
Light Chain ANRLIDGVPS RESGSGSGOD YSLTISSLEY EHMGIYYCLQ YDEFPFTEGS
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GTKLENIC

(SEQ 1D NO: 148)

APG
Heavy Chain

QVKLQESGPE LVKPOASVKIE SCKASGYSI T DYNMNWVEQS KGKSLEWIGT

LRFFDYWGOQG TTVTVSS

(SEG 1D NO: 149)

IGEVi-33-
01 _IGKI4-01
{(IGKV1a)

DIQMTOSPSS LSASYGEBRVT ITCOASQDIS NYLNWYQQOKP GKAPKLLIYD
ASNLETGVPS RFSGAGSGTD FTFTISSLOP EDIATYYCQOQ YDNLPLTFGG
GTEVEIK

(SEQ IDNO: 107)

IGKVi-33-01_
IGKI2-02
(GKV1b)

DIGMTOSPSS LSASVGBRVT ITCQASCDIS NYLNWYQOQKP GKAPKLLIYVD
ASNLETGVPS RFSGSGSGTD FTFTISSLOP ERIATYYCQQ YDNLPCSFGQ
GTKLEIK

(SEQ ID NG: 150)

IGHV7-4-1-
02

1GHI4-03

QVOLVOSGSELKKPGASVKYSCKASGYTFTSYAMNWVRQAPGQGLEWM
GWINTNTGNPTYAQGFTGRIVESLDTSVSTAYLOQISSLKAEDTAVYYCARX
xxxYFDY WGQGTLVTVSS

(SEQ IDNOG: 151

IGHV1-46-01
IGH4-03

QVOLVQSGAEVEKPCASVKYSCKASGYTFTSY YMHWVRQAPGRGLEWM
CGHNPSGGSTSYAQKFQGRVIMTRDTSTSTVYMELSSERSEDTAVYYCARXx
WXYFDYWGQGTLVTVES

(SEQ ID NO: 152)

APGvZ VL2

DIGLTQSPSS LSASYVGBRVT ITCKASQOIY SYLSIWFQOKP GKAPKILIYR AN

GTKLEIK

(SEG D NO: 153)

APGv2 VHZ

QVQLYQSGSE LKKPGASVEY SCKAS GYSFT DYN MNWVROQA
POOQGLEWIGIIHPNSGTTTY NOKFRGRAVL SYDOSVSTAY LOISSLKAED
TAVYYCARSK LRFEDYWGQG TLVTIVSS

(SEQ ID NO: 154)

APGvd_VHA

QVQLYQSGAE VEKPGASVIY SCKAS GYSET DYN MNWVRQA
PGOGLEW! GIIHPNSGTT TY NOKFKGRATL TVDOSTSTAY MELSSLRSED
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TAVYYC ARSK LRFFDY WGQG TLVTVES

(SEQ ID NO: 155)

Enpincered sequences

4D humanwation and grafling approaches were applied to the human germiline sequence
matches described above. For the engineered light chain sequences, APGv2 contains the murine light
chain CDRs grafted into the human 1GKV1-33 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 germiines respectively
{APG VHZ gerpunality index = 91% with IGHV7-4-1-02 1GHD6-25-01 1GHI4-02; 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_VL2; SEQ 1B NG: 153} and two versions
of the heavy chain {APGv2 VHZ; SEQ IDNO: 154 and APGv4 VHA4; SEQ IDNO: 155) were
created. APG VL2 contains 15 mutations denived from grafting to the closest human germiline
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 murnine CDR and Vernier zone
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 himanization by grafting retaining CDRs 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 vifre assays as described

helow.,
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Example 14: Affinity Kinetics for APG andibodies by Surface Plasmon Resenance

Affinity to human glycosylated PAI-1 (GLYHPAI-A, Molecular Innovation} was investigated
by Surface Plasmon Resonance (SPR) for mouse APG and the two humanized vanants (APGvI &
APGv4) using a Biacore 2000 instrument (GE Healtheare, Uppsala, Sweden).

First, the surface of & Sensor Chip CM3 (GE Healtheare, Uppsale, Sweden} was prepared
using routine amine coupling for the capture of the mouse and human anti-Fe (Anti-hunnan IgG
{Fcy antibody & Anti-mouse 1gG autibody kits, GE Healthcare). All monoclonal antibodices {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 PAI-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 scconds; long dissoctation: 1800 seconds, flow rate:
5¢ ul/mun}. The chip was regenerated by glyeme-HCL 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. {see 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 (1/5) Affinity KT¥ (M)
APG 3. 87L+06 4.328-04 1.131E-10
APGY2 6.38E+06 2.69E-04 4.080E-11
APGvY 9.48E+06 3.59E-04 3.800E-11
Example 18: Characterization of APG antibodies in human plasma

The mouse APG and the humanized variants APGv2 and APGvd were screened for their
ability to block PAI-1 according to the functional assays disclosed herein (see, ¢.g., Examples 6 and 9,
above). Briefly, PAI-1 activity was evaluated by the ability of this serpin to form stable complex with
urokinase immobilized on 96 well piates. After Washirag unhound PAL-1, uPA-PAT-] complexcs were
detected by the uge of polyclonal antiPAL-1 antibodies. The bound polyvelonal anti-PAL-1 antibodics
{which is proportional {o active PAI-1 in the sample) was then detected vsing a horseradish
peroxidase conjugated secondary antibody according to manufacturer mstractions {Molecular

Innovation, Cat # HPAIKT).

106



tG

i
RN

b
N

WO 2015/023752 PCT/US2014/050896

Various concentrations of APG humanieed vanants (APGv2, APGv4) or parental mouse APG
antibodies were incubated for 15 min at roors temperature with undiuied buman plasma having a
high active PAI-1 level. Rempaining active PAI-1 level was determined using uPA-PAI-1 complex
detection by ELISA as described ahove (s3¢¢, ¢.g., Example 6) and according 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 variants (APGv2,
APGv4) or parental mouse APG antibody. Biostat speed software was used to determine 1Cs0 and by
after three independent experimentis (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: A44VEHL, mAFPG, and APG variant activity

The fibrinolytic system is often altered v patients with stroke. A clol lysis assay can be used
to determine brinolytic activity by measuring the degree of fibnin breakdown. See generally
Lindgren, Al er al. Stroke 27:1866-1071 {19963, Clot lysis assays have been described in detail
elsewhere, See, e.g., Becbe, et al. Tlromb. Res. 47:123-8 (1987}, Tilley etal., J Vis. Exp.67:23822,

The functional activity of A44V 11 and other PAIL-1 neuiralizing antibodies was determined
using a human plasma clot lysis assay. Bricfly, the assay applied here induces clot formation using a
mixture of Tissue Factor/Cal+ in the presence of tPA and a concentration of PAI-1 known to inhibit
clot lysis. Fibrin polymerization induces an mcrease of turbidimetry that was detected by absorbance
measurement 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 lvsis experiments were performed m nucrotiter plates. Citrated human plas
{(Biopredic Toternational, Renoes, France} was incubated with anti-PAI-1 antibody ot isotype controle
12G diluied in assay bufler (NaCl, Tris-HCl pH = 7.4). After 15 min incubation at room texoperature,

human glycosylated PAL-1 {GLYHPAI-A, Molecular Innovaiion) was added to a final 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 | nM. Clot formation was induced by an activation mix comprising Tissue
Factor (nnovin®, Siemens Healtheare Diagnostics, Marborg, Germany) diluted to 2 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 arca under curve (AUC) which reflects the balance between clot formation and
clot lysis was calculated using GraphPad Prism Software. The restoration of c¢lot lysis after antibody
treatment was determnined according to the following calculation:

‘- ST
AU i'ma,x Iysis 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 howrs. The
3 nM-concentration of PAI-1 mhibited t-PA-induced clot lysis. 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
5 213, while the sotype IgG1 did not (see Figure 22). Ad4V 11 exhibited an ICsq of 2 oM with an L of
103% at 160 nM (see Figure 23).
The bumanized variants of APG anti-PAI-1 antibody algo restored buman platelet poor
plasma clot lysis {see Figure 24). APGv2 exbibiied an 1Cse of 2.1 1M and an L of 114% at 100 uM,
APGvE exhibited an {Cso 0f 2.8 oM and an Ly, of 116% at 100 oM {(see Figure 25). The clot tygis

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 Neatralization of FAI- in Primary Human Lung Cells

The effect of antibody A44V 11 on neulralization of PAI-1 was investigated 18 a luag cell-
hased system. TGEFB s considered to be the most potent and ubiquitous proftbrogenic cytokine. TGER

has been shown to tnduce PAL-1 expression and inhibit the activities of t-PA and plasnin as well as
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collagen degradation in cultured vwrine erabryo Gbroblasts (NFH3T3 cells). See Lin, R-M. dusioxid
Redox Signal, 10(2): 303-319 {Z008). Primary fung fbroblasts strains LL29 {CCL-134) and LLS7A
{CCL-191} from ATCC (Manassas, Virginiay were plated overnight m & 12-well plate at a
concentration of 200,000 cells per well, Cells were incubated for 48 howrs with A44V11 antibody or
isotype control (IgG) and TGFE (R&D Systems, Minneapohs, Minn,, cat, #100-B-001at 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 TGF stimulation display PAI-1 band as a doublet,
which corresponds o the cleaved form of PAI-1 (sec Figure 26, lanc 5). Cells treated with control IgG
do not show this doublet formation (see Figure 26, lane 6). This study demoustrates that treatment of
primary fuman hing cells with A44V 11 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 mcluding
collagen, the major proteinaceous coniponent of fibrotic tissue. In this regard, plasmin is often cited as
a general activator of MMPs, (See Loskutoft], ef ol J. Clin. fnvesr, 106(12):1441-43 (2000)). PAI-1
decreases MMP activation and matrix degradation by blocking plasmin generation, followed by
irthibition of fibroblast apoptosis. The ability of A44vi1 to stimulate activation of MMPs was
investigated in a lung cell-based system. Primary Jung fibroblasts LL29 (CCL-134) and LL97A
(CCL-191) from ATCC (Manassas, Virginia) were plated overnight in a 12-well plate at
concentration of 230,000 cells per well. Cells were incubated for 48 hours with A44V 11T or isotype
coutrol (Igf3) and Lys-Plasminogen (Molecular Innovation, cat. # HGPG—?IZ) at a concentration of
0.1 uM. After 48 hours, cell supematants were barvested and the activities of a varicty of MMPs
{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 stimulates the activation of plasmin-dependent MMPs 1n
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 fg(i1 antibody. This study demonstrates that A44V11 stimulates MMPs activation in

a plasmin-mediated phenomenon.
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Example 19: Analysis of A44V11 potency in lung fibrosic mouse model (blepmycin

chalienge}

Experimental lung fibrosis induced by bleomycin i1s a well-studied model of fibrogenesis
supported by ampie literatare. This model of pulmonary fibrosis reserables that seen in lumans and
5 has been used 1o assess the effects of potential therapeutic agents as well as basic research. (ses, 6.2.,

Molina-Molina ef al. Thorax 61:604-610 {2006)).

Pharmacodynamics study in bleomycin treated mice {fibrosis model)
Transgemc wice that express human PALT (humanized PAT-1 transgenic mice) were
10 generated by replacing the mouse PAI-1 (SERPINED) gene CDS {exons and introns {NCBI Refl 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 8418548 (19857))
under the control of the endogenous mouse PAI-1 gene regulatory sequences in C57BL/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 ELIRA,
respectively. Female homorygous humanized PAL-1 transgenic mice aged 8-9 weeks and weighing

ere used for these procedures. Rodent food and water were provided ad libitum.

20 Mice received 50pi of Bleomycin® (Sanofl, France) dissolved Nall by intra-tracheal
mjection via wicrospayer at a dose of 2 mg/ke. Corndrol wice received 56u] of 0.9% NalCl. For these
procedures, mice were ancsthetized with isoflorane (TEM, Lormont, France} by mhalation and then
mtubated with a 18G canmila. The cannula was connecied to a ventilator fed with an

oxygen/isofhirane mixtore to maintain the apacsthesia. Following anesthetization, the microsprayer

25 was introduced 1 the cannula for bleomycin igjection directly into the fungs. 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 Ad4vil or negative control mouse {gGl
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 oix and cuthanized by chest opening. A blood collection was performed b

4 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 Biosystems, Buffalo Grove, IL) under controlled
pressure for histological analysis A casrwla was then placed wto the trachea for the broncho-alveolar

lavage (BAL) procedure (1.5 ml of 6.9% MNal’l injected and barvest in theee 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 protein analysis. All
experimenis were performed 1o accordance with European cthical 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-tag
fabeled (MesoScale Discovery, Gaithershburg, 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, adnuinistration of a single intra-peritoneal dose (10 mg/kg) of

A44V 11 at day 4 achieves nearly full inhibition of human active PAL-I both in BAL fluid and in Tung

o

1 1

Iysate in animals sacrificed at day 7 after bleomycin challenge. For day 9 animals, A44V 11 (30

.
H
H

mg/ke} achieves nearly full inhibition of human active PAI-1 in lung lvsates, but achieves only partia
whibition in BALF.

D-dumers, a {brin degradation product, can be measured 1o assess the degree of {ibrin
hreakdown. To rueasure fibrin degradation, the levels of D-dimer 1w BALF were detecied by ELISA
{Asserachrom D-Di, Diaguostica Stago, Asnieres, France) according to marufacturer jnstructions, B-
dimer levels in the BALF of the Ad4V 1 Ttreated group were increased approximately 2.8-fold at day
7 and 1.6-fold at day 9 when compared to the IgG1 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, mice were subjected 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 afier bleomycin challenge,

o DS
the animals were sacrificed as described above,

Tncrease in Jung weight is known to be an indicator of increased fibrosis. The right fung

o

i, as a measure of {brosis, was determined for roice in all experumental groups. As shown in

Figure 30, bleomycin mstillation induces an tocrease in right jung weight that was partially ichibited
by repeated dosing of A44V 11 antibody at 10 me/kg. Repeated dosing using the 12(5] negative
control antibody did not intubit the tncrease in right lung weight due to bleomycin challenge. The
reduction in bleomycin-induced right lung weight merease in A44V 1 -treated mice was statistically
significant when compared to similar bleomycin-induced mice that were treated with IgG1 negative
control antibody {(p<0.001). Statistical analysis was performed by one-way ANOVA followed by
MNewman-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 i avother knowo indicator of Gbrosis. To assay collagen
accumulation, lung tissucs from mice sacrificed at day 21 were prepared and separated by HPLC,
followed by the measurement of hydroxyproline. This techniqoe is detailed elsewhere, for example in
Hattor, ef of. J Clin fnvest. 106{1 1):1341-1350 (2060). In brief, hung tissue was prepared by
hydrolysis onder acidic condition (6M HCI) for 22 hours at 185°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 ym 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 peakis). A representation of the quantified data are shown in Figure 3 1.

Lung collagen accurulation as detected by hydroxyprohine content was tncreased 1o
hleoraycin challenged animals. This increase in lung collagen accurmulation was statistically reduced
{(p<0.08) by repeated dosing of A44V 11 antibody at 10 meg/ke. (see Figure 31}, Repeated dosing using
the 1gG1 negative control antibody did not inbibit the increase ju lung collagen accunwlation due to
bleomyem challenge. The reduction in bleomycm-induced collagen accumulation increase in
A44V 1 -reated mice was statistically significant when compared to similar bleomycin-induced mice
that were ireated with IgGl negative control antibody (p<0.05). A44V11-ireated mice showed

approximately 44% less of an increase in collagen accumuilation than Ig(Gi control-treated mice.

Example 20: Assessment of A44V11 activity in LFS challenge model in monkeys

An acute lipopolysaccharide (EPS) challenge raodel in mounkeys was applied to determine the
PAL-1 neutralization efficacy of A44V 11 1o vivo. The LPS challenge model is described 1o Hattor, e/
al. J Clin favest. 106(11):1341-1350 (2006}, The activity of A44V 11 mAb on PAL-L in monkey
plasma and bver samples was evaluated. Specifically, the experiment was designed to assess the
1

impact of a high dose of LPS (180 pg/kg - IV) on plasma and tissoe levels of PAL-L in the

anesthetized monkey pre-treated {24 hours before) erther with A44V11 (5 mg/kg, IP) or IeGl
{negative control, 5 mg/kg, intra periloneal adninistration). Experiments were performed m
accordance with Furopean cthical lows and approved by mnternal 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
at/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 admivistred as a 1 min
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bolus 1 the cephalic accessory vein at 2 dose of 100 pg/kg (0.4 mal/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; Asserachrom D-Dhner;
Plasmin-AZ antiplasmin, Diagnostica Stago) according to manufacturer instructions.

In plasma, active PAI-1 level decreases from about 30 ng/ml to below 10 ng/mi in alt
monkeys administered with A44vii. (See Figure 32(A)). There was no increase in active PAL-1 levels
after LPS adminisiration (100 ug/kg). (See Figure 32(A). In contrast, monkeys treated with negative

10 TGl control show a strong increase in active PAI-1 levels following LPS administration, with a
maxinwm occuring at about 4 e (approximately 50 to about 250 ng/mi). (See Figure 32(B})). Thus,
treatment with negative IgGl control does not reduce the active PAR-1 levels in plasma that were
strongly increased after LPS adnunistration. {Sce Figure 32{R)).

In liver biopsy lysates, a simtiar phenomenon was observed. Monkeys that were treated with

i
RN

A44V 1T mAb did not show an increase 1 active PATL-1 levels following LPS treatment. {See Figure
33(A))  In conirast, LPS administration induced a strong increase of active PAL-1 (up to 3 ng/mg) in
liver biopsy lysales from negative [gG1 control-treated monkeys {see Figure 33(B)}.

Simelianecusly to PAL1 neutralization, the D-dimer levels in A44V1 I-treated monkeys {se¢
Figure 34(A}) was found to generally be higher than negative 1gG control-treated monkeys (see
20 Figure 34(B)) thus suggesting that Ad4V 11 weatment in monkeys also induces an increase of fibrin
degradation in plasma.

Finally, plasoia samples of A44V 11 -treaied monkeys showed an increased level of plasmin-
o2 antiplasmin (PAP) complexes when compared to the PAP levels in negative 1g( conirol-ircated
monkeys. {see Figure 35(A) and {(B}). The increase in PAP compiex and D-dimer in the presence of

25 A44V11 indicaics incroases in plasmin gencration,

Example 21c Accessment of A44V 11 activity in Abdominal Adbesion Mouse Maoded

The effect of treatment with anti-PAIL-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 to the uterine tissoe,

3¢ 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 weeks old, weighing approximately 20g, were used.
Forty-two matore transgenic female rmuce were divided 1nto two groups and subjected to the surgical
procedure designed to create adhesions between the uterine horms (UH), as described 1o detal in
Haney AF. etal, {1993). Briefly, each animal was anesthetized with isofhwane 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 Inc., Somerville, N.J} carefully placed through the muscle wall of each hom,
and the horns tied together 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 utering horn, covering an area of approximaiely 236 mm. The cautery
unit was set as follows: Volts 100, 130 Hz, 50- 60 Amps. A 3 om wide cautery tip was used with
pure coagulating corrent af a seiting of 3, power was initiated, and the tissuc touched for 1 second at
two bum spots per horn. The rauscle 1ncision was closed with 5-0 Vicryl, BV-1 taper needie (Ethicon
Inc.} in a continuous suture patiern. Skin was closed with 5-0 Prolene, BY-1 Taper needle (Ethicon
Inc.}, in a horizontal matlress suture pattern,

Following the creation of the UH wjory, Group | animals were treated with 3 volume of 0.16
mi of an Isotype Control antibody (30mg/kg}, which was applied to the cautery bums. Group 2
animals were freated 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 (ZOmaks)
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 amimals had uterine horn approximated by sutire and cautery burns created prior {o
treatiment.
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Efficacy Evaluation and Analysis:

1 2

Aunimals were euthanized at the indicated tine points and the formation of adhesions was
5 evaluated. Briefly, the length of the horms was measured from the uterine hifurcation to the

approximation suture placed just below the oviducts. The two external sutures surrounding the
uterine horos were reraoved and the length of adhesion hetween uterine borns was measured with the
aid of a microscope, documented, and noted as presend or absent (Yes/No}, Also, any tissues involved
in the adhesion formation will be recorded but ruay not be included i the length of adhesed arca. The

10 distribution of the average percent of adhesed length between uterine 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-Som analysis if nol normally distributed. In all
cases, a p-value < 0.05 was considered statistically significant. Animals treated with A44V11 showed
sigmificantly lower percent of length of adhesion formation between approximated uterine horns {see

15 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)

*ny= gtatistically significant relative to the Isotype Control by Wilcoxon Rank Sum Analysis,
Chi Square Approximation

20 Detection of active PALT and tPA levels
Following cuthanasia, anunals had blood (plasmoa), intraperitoneal fluid (IPF}, and uterine
born samples coliected for evaluation. Collection of samples were pexforrued using conventional
technigues. Plasma, [PF, and uterine hom samples were evaluated for active PALL1 and tPA levels
using BELISA. (Human PAL-1 Activity ELISA kits, Cat, # HPAIKT, Molecular Iunovations, Novi,

25 MI). Data was processed using Excel, IMP, and Prism Graph pad software. In all cases, a p-value <
0.05 was considered statistically significant. At 6 hour and Bay 7 time point, decreased levels of
active PAL-1 were fouind 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 fime point in animals treated with A44

.
(]
o
o

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-taggzed heavy chain. After centrifugation and

5 fitering, tFab from the cell supernatart was applied to ap immobilized-metal affinity resin, 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 raature cynoranigous PAI-1 {24-402) was expressed as inclusion bodies in F.

10 coli and the recombinant protein was purified using conventional wethods.

Source of human PAL-{
Recombinant matare human PAT-1 (24-402) was purchased from Molecular Innovations Inc.
{catalogue mumber CPAI). It was a stabilized in active conformation by miroducing mutations

15 (NISOH, K1547, 3191, M33541), as described by Berkenpas er ol (1995, EMBO §,, 14, 2968-2877).

FPreparation & purification of the complexes:
Recombinant Fab & antigen were mixed at & 1.5:1 molar ratio, incubated 30 min at room
temperature, and the coraplexes 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 mM MES pH 6.5, 150 mM NaCl It

crystallizes in 16-24% ethanol, 160 wM Tris pH 5. Bthylene glyeol (30%) was used as

25 eryoprotectant. Crystals diffracted to about 3.3A in space group P321 {a=b=193A, ¢=144A) on 11029
beamline of ESRF. Data was processed with a combination of X8 and Scala (GlobalPhasing Ltd.,
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 3702, Two different
models of huraan PAL-1 were used: the latent conformation was obtained from 1LJ5, the active
conformmation from 10GCO. Calculation of Matthews Coefficient (Vi crystal volume per unit of

protein molecular weighty suggests that there are up to four comaplexes in the asymmetric vt (Vi 2
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2 assuming a coruplex size of 90 kilodaltons (K1), Molecular Replacement was done using Phaser
{CCP4 suiteMeCoy, ef al. J. Appl. Cryst. 40: 658-674 (2007), which identified two ruonoroers 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 Viy 0£4.3 (71%

b
1
1

domains, which had 1o be placed manually

solvent}, was also carefully examined for packing consistenicy. The stucture 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 A44V 1] + Human FALT com
iE 1pie

Protein crystallization is a bottleneck of biomolecular structure determination by x-ray

crystaliography methods. Success i protein erystallization is directly proportional to the quality of

the protein raolecules used in the crystallization experiments, where the most tnportant gualbity

critetia are purity and bormogeneity (hoth molecular and conformational) of the proteins in solution.

Initially, to determine the PAL-U/Fab mAb complex structure a native mAb A44 was used to
prepare its Fab fragment by papain digestion. This Fab sealed up preparation resulted heterogeneous
Fab fragments which were complexed and purified 1n complex with human wild type (wt) PAL-1
protein. The obtained protemn complex was concentrated to 7 mg/ml concentration and screened for
crystallization under 800 individual crystallization conditions at two different temperatures, 4°C and
19°C. No crystallization 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 erystaliization hits under 20%PEGISK +

PR
1R
i

0.1M Sodmum Acetate pH4.6 conditions. Crystallization optimization by conventional crystailization

methods, Microseed Matrix Sceding, and in sifu 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 crystaiiization could potentially be explained by the
complex conformational heterogeneity. The wild type PAL-L molecule is known o adopt three distinct
conformations (active, latent, and substrate} which may mterfere with crystallization. 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

conditions previously used for 6-His tagged Fab Ad4/wt PAL-1 protein complex. The only

&

.
H
i

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 wH4 Acetate +4% MPD + 58 oM Meg pHé counditions (sce Figure 39(a)). After
extensive oplunization 3D crystals were obtained. X-Ray diffraction tests using synchrotron high
intensity X-Ray beam showed ne diffraction sign {see Figure 39(b), depicting representative
optimized crystals).

To reduce the flexibibity of portions of the protemn it was decided to produce A4 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, 1547,

3191, M3541) was purchased from Molecular Inmovations (Cat. #CPATL Novi, MI) and used for
coraplex preparation with Fab A44 protein lacking ariificial tag. The complex was concenirated 1o 12
mg/miin 25 mM MES pH 6.5, 150 mM NaCl. Acceptable rod-like single crystals were obtained in 10
% PEG3350, 100 mM ammonium sulfate and crvoprotected by the addition of 30% ethylene glyeol
(svee Figure 40). These crystals diffracied to 3.7A resolution, and afier exiensive cryoprotection
optimization, resulted in an x-ray diffraction data sel suitable for the structure determination (3.34). A
dataset was collected to 3.34 at beamline Proxima 1 of synchrotron SOLEIL {Saini-Aubin, France).
spacegroup is P212121 {a=105, b=152 ¢=298). Dala was processed using XDSoe 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 counstant domains were added manually in the electron
density map. The structure was refined with Buster (GlobalPhasing) using non crystatlographic

symmeiry, to a Rfree of 28% (Riactor 24.1%).

Epitope and paratope structural analysis

Eptlope and paratope regions were identified as formed 1 the cyno and buman complexes,
and the complexes were compared. The crystal structures were determined to 3.3A for A44Vil in
complex with hvmman and cyno PAL-1. The superimposition of both structures {see Figune 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 PAI-1 and the latent form of cyno PAI-1. Figure 42 depicts the PAIL-1
gpitope recognized by Fab Ad4 in both active human PAIL-1 (Figare 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 secn from the analysis of
the surface areas of interaction. Surface area of the 1nteraction between active human PAI-1 and the
heavy chain (average of 4 complexes) is 674A%, Surface area of the interaction between active homan
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 36047, 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. Residues in
italic are invaolved 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 in 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, Gly3s, SerSs,

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-1 molecules, the sanme
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
GETQOOQIQAAMGFKIDDKGMAPALRHLYKELMGPWHNEDEISTTDAIFVORD
LKLVOGEFMPHFFRLFRSTVKOVDFSEVERARFHNDWVKTHTKGMISHLLGT
CAVDOLTREVLVNALYFNGOWKTPFPDSSTHRRLFHKSDGSTVSVEMMAQT
NEINYTEFTTPDOHYYDILELPYHGDTLSMEFIAAPYERKEVPLSALTNILSAGLI
SHWKOGNMTRLPRULVEPKFSLETEVDLREPLENLGMTBMIRQGFQADETSLS
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BOEPLHVALALQEVKIEVNESGTVASSSTAVIVSARMAPERIIDRPFLEVVRHE
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 sumnary, the cyno and human epitopes of PAI-] recognizing FabAd44 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 similar epitopes in other proteins using 2 motif search with
ScanProsite (SIB Swiss Institate of Bioinformaticsy database. For additional details see Artimo, P. ef
al. Nucleic Acids Res. 40(W 1W3597-603 (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 (31 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 Jammbon, ef
al. Bioinformatics 21(20):3929-30 (2005), The 3D search of the A44V 11 epitope located a similar
motif i buman alpha-1-antitrypsin {AAT1}. However, upon further iovestigation, the AATI motif
wag found to have significant differences between the A44V 11 epitope, such that A44V 11 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 PAL-1 eputopes for A44V 11 were compared to proposed epitopes from
mouse and rat PAL-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 PAI-1 amino acids Ser300, The302, Gin3 14 are difforent from the
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buman/cyno PAE-1 counterparts. The differences in these residues tepresent a change in proposed
epitopes, such that mouse PAI-1 cannot be recognized by A44V 11, The siructural comparison of the
mouse PAL-1 with the structure of the complex human PAL-1/A44V 11 (Figure 463 further indicates
that it should not be possible to obtain both human and mouse activity from the A44V 11 antibody.

To further validate the 1dentified epitope for A44V 11, the human and cyno A44V 11 epitopes
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 (sce 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-PAIL antibodics.
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 Dehrock ¢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 A44V 11 epitope, roolecular

modeling studies indicate strongly that the Ad4V 11 is specific for human and cyno PAL-1.

Example 24: Epitope Mapping by Hydrogen/Deuterium Exchange Mass Spectrometry
{HBX MS)
Hydrogen/deuterium exchange (HDX) monitored by mass spectrometry (MS} was applied to
the PAI-1-binding antibodies disclogsed herem to further characterize the epitopes of cach antibody.

.
H
e

HDX MS is a particularly usefizl technigque for comparing multiple states of the same protein. Detailed
methodology and applications of HDX MS 1o protein therapeutics are disclosed in Wei, ef af., Drug
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 speciroscopic properties, then one can follow this exchange
process. For most maodern HDX expertmaents, deuterated or “heavy” water (1,0} is used. In particular,
the hydrogen bonded to the hackbone nirogen {also referred o as the backbone amide hydrog@rt) 18
usefitl for probing protein conformation. See, ¢.g., Marcsisin, ef @l Adnal Bivanal Chem. 3973y 967~
972 (2010). The exposed and dynamic regions of proteins will exchange quickly, while protected and
rigid regions of proteins 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 PAI-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-PAE-1 (10 uM}, cyno-PAT-1 bound to Addv]l (10 wm cach) and
cyno-PAL-1 bound to APGvZ (16 um each) were prepared in PBS, pH 7.2. The protein sohilions were
allowed to reach binding equilibrium by incubating for 1 hour at room teruperature. 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 injection 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% B0, 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 sxchange time poiunt, the labeling reaction was guenched

v adding 50 uL of the labeling solution to an equal volume of pre-chilled (8 °C)y 100 oM sodiu
phosphate, 4 M guanidine hydrochioride, 0.5 M TCEP, pH 2.5, Undeuterated controls were prepared
1o an identical fashion by diluting [0-fold with PBS ju H,O.

Bach quenched sample (50 ul, 56 pmol of each protein) was inmediately igjected indo a
Waters nanoAcquity with HDX Techuology (Waters Corp., Milford, MA). The profeins were
digested online with & 2.1 wm 1 3¢ mm Enzymale BEH pepsin column (Waters Corp. ) which was
held at 20 °C. All of the chromalographic elements were held at 0.0 £ 8.1 °C inside the cooling
chamber of the slira-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% acetonitrilie: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 carryover between injections was
climinated by irjecting 50 ul of 1.5 M guanidine bydrochloride, 0.8% formic acid, and 4%
acctoniirile over all columns after each run.

Mass spectra were acquired with a Waters Synapt G2-Stinstrament equipped with a standard
clectrospray source {Waters Corp.) run in HDMSe mode, Instrument scttings were as follows:
capillary was 3.5 kV, sampling conge was 30V, source offset was 30 'V, source teraperature was 80 °C,
desoclvation temperature was 175 °C, cone gas was 50 L/hr, desolvation gas was 600 L/h, and
nebulizer gas was 6.5 bar. Mass spectra were acquired over an mv/z range of 30-1780. Mass accuracy
was maintained through each run by simultaneous infusion of 100 fimol/ul miman {Glul ]-
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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centivrond 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

After online pepsin digestion, 1 50 overlapping cyno-PATL-1 peptic peptides were identified,
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 deuterium uptake between
the three states, which indicates that there is no mteraction beiween cyno-PAI-1 and ecither 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 A44vi1 or APGV2 (Figure 49(B)).
In addition, peptides incorporating residues 295-322 also showed sigunificant protection from
exchange when bound to cither Addvll or APGVY2 (Figure 49(C)). For this region, the magoitude of
protection was greater when cyno-PAL-1 was bound to Ad4vii rather than APGv2 (See Figure
49(Cy). This indicates that Ad4vll 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 )
95-102 (2014)). Data plots {rom cach of the three states were comapared to one ancther and a butterily
plot was generated to facilitate data nterpretation (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-PAI-1 states (see,
¢.g., Figures 530(B), 51{B), and 52(B})}. In these plots, the deuterium uptake from one state is
subiracied from the other and plotied sinlarly to the butter{ly plots. The sum of the differences for
cach peptide 1s represented by a vertical bar. The borizontal dashed lines represent the values at
which either individual 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., .2 Pharm. Scil 100(6):2071-86

(2011).
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Firsi, cyno-PAI-1 alone was compared 1o the Addvilicyno-PAL-1 bound state (Figure 50).
The hutierfly plot for this corparison 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 ¢yno-PAL1. One region is
near the N-terminus (residoes 44-64) and the other region is near the C-terminus (esidues 307-321)
{see Figure S0(B}).

Mext, cyno-PAI-1 alone was compared to the APGvZ2:cyno-PAI-1 bound state (Figore 51).
The butterfly plot for this comparison is shown in Figure 51{A). The difference plot for this
coraparison is shown in Figure 53(B). The observed differences between cyno-PAI-1 bound to
APGVZ and free forn cyro-PAT-1 are located primarily in two regions of cyno-PAI-1. One region is
near the N-terminus and the other near the C-terminus, which is similar 1o the Addvll:cyno-PAI-]
result. The Addvll and APGY2 coraplexes with cyno-PAL-1 share peptides showing reduced
deuterium uptake when in the bound state, which may jadicate that the epitopes for the two antibodies
are similat

wally, the two antibody-bound cyno-PAI-1 states were compared to each other (Figure 32).

The butterfly plot for this comparison is shown w Figare 52(A). The difference plot for this
comparison 15 shown in Figure 32(B). The observed difference between Addvil.cyno-PALT 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 Ad4vil and APGvZ antibodies. By
using the overlapping peptides zenerated in HDX MS, an antibody epitope can be refined to slightly
better than peptide-level resolution (for exaniple, see Figure 48). The HDX M3 data for the peptides
which showed significant protection from exchange with A44V11 binding was further analyzed 1o
determine the epitope for the cyno-PATL-1:A44v] 1 interaction, The HDX data for the Ad4V11 epitope
of cyno-PAI-1 was found to be consistent with the epiiope determined using the crystallography
approach. The A44V 11 epilope of cyno-PAT-1 identified using HDX MS 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 epiiope for the cyno-PAI-
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1:APGV2 interaction. The HDX MS epitope mapping data for Addvil and APGV2Z show that the
epilopes are 10 the same region, as seen generally in Figuve 52, In the region of residues 307-321 the
same peptides show protection in the antibody-bound state for both Addvii 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-PAI-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, 1t
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 PAL-1, comprising:

{a} aheavy chain framework region and 8 heavy chatn variable region, the heavy chain
vaniable 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 chan framework region and a light chain variable region, the light chain variable
region comprising a light chain CDR1I region comprising SEQ 1D NO: 37, a light chain CDR2 region

corprising SEQ 1D NO: 145, and a light chain CDR3 region comprising SEQ TD NO: 35.

Claim 2.  Anisolated monoclonal antibody that binds specifically to PAL-1 comprising:
(a} 2 heavy chain framework 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 PAL-1 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 o the light chain variable region
of the antibody of clain 2.
“laim 4. Anisolaied monoclonal antibody that binds to essentially the same epitope as the

antibody of claio .

Claim 5. Anisolated monoclonal antibody that binds specifically to PAT-], comprising:

{a} aheavy chain framework region and 8 heavy chata variable region, the heavy chain
vaniable region comprising a heavy chain CDR1 region comprising SEQ 1D NG: 34, a heavy chain
CDR2 region comprising SEQ 1D NO: 33, and 2 heavy chain CDR3 region compnising SEQ 1D NO:
32; and

(b} alight cham framework region and a light chain variable region, the light chain variable
region comprising a light chain CDR1I 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.



20

(43
<

(3]
whn

WO 2015/023752 PCT/US2014/050896

Claim 6. The antibody of claim 5, wherein the heavy chain variable region comprises SEQ 1D 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

antibody of claim 5.

Claim 8. A humanized monoclonal antibody that binds specifically to human PAIL-1, wherein the

antibody comprises:

(a) a lweavy chain having a heavy chain variable region comprising SEQ D NG: 82, oran

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

o~
£
H

comprising SEQ 1D NGt 91, or an antigen-binding fragment thereof;

je2]
Lo

(b a heavy chaig having a beavy chain variable region coraprising SEQ 1D NO: 83, or an
antigen-binding fragment thereof, and a light chain having a light chain variable region
comprising SEQ 1D NGt 92, or an antigen-binding fragment thereof;

s

{c} a heavy chain having a beavy chain variable region comprising SEQ ID 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 ID NO: 85, or an
antigen-binding fragment thereof, and a light chain having a light chain variable region
comprising SEQ 1D NO: 91, or an antigen-binding fragment thercof]

(&) a heavy chain having a heavy chain variable region comprising SEQ ID NO: 85, or an
antigen-binding fragment 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 NG: 86, oran
antigen-binding fragruent thereof, and a light chaio having a highi 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, ovan
antigen-binding {ragment thereof, and a light chain having a hight chain variable region
comprising SEQ ID NO: 95, or an antigen-binding {ragment thereot;

{h} a heavy chain having a heavy chain variable region compnising SEQ 1D NQO: 88, oran
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;
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)] a heavy chain having a heavy chain variable region comprising SEQ 1D NO: 94, or an
antigen-binding fragrocat thereof, and a light chain having a hght chain variable region
comprising SEQ ID NO: 9%, or an antigen-binding {ragment thereot;

H a heavy chain having a heavy chain variable region compnising SEQ 1D NO: 86, oran

1
i

antigen-binding {ragment thereof, and a light chain having a highi 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 1D 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 D NG: 89, oran
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,

Claim 9. Aag isolated moonoclonal antibody that binds specifically to PAL-1, comaprising
{a} a heavy chain variable region comprising a heavy chain CDR1 region comprising SEQ ID
NQO: 22, a heavy chain CDR2 region comprising SEQ ID NO: 21, and & heavy chain
CDR3 region comprising SEQ [D NO: 20; and 3 light cham variable region comprising 2
light chain CDR1I region comprising SEQ D 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 ID NO: 28, a heavy chain CDRZ region comprising SEQ 1D NO: 27, and a heavy chain
CDR3 region comprising SEQ 1D NGt 26; and a light chain variable region comprising a fight
chain CDR1 region comprising SEQ ID NO: 31, a light chain CDR2 region compriging 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 CDR 1 region comprising
SEQ ID NO: 40, a heavy chain CDR2 region comprising SEQ 1D NO: 39, and a heavy chain
CDIR3 region comprising SEQ 1D NO: 38; and a light chain variable region comprising a tight
chain CDRI region comprising SEQ ID NO: 43, 2 light chain CDR2 region comprising SEQ ID
NO: 42, and 3 light chain CDR3 region comprising SEQ ID NG: 41,

() a heavy chain variable region comprising & heavy chain CDR1 region comprising
SEQ ID NO: 46, a heavy chain CDR2 region comprising SEQ ID 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,



tG

20

(43
<

(3]
whn

WO 2015/023752

(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 1D NO: 51, and a heavy chain
CDR3 region comprising SEGQ ID NO: 53¢; and a light chain variable region comprising a light
chain CDRI region comprising SEQ ID NO: 55, a light chain CDR2 region comprising SEQ ID
NO: 54, and 3 light chain CDR3 region comprising SEQ 3 NG: 53,

) a heavy chain variable region comprising a heavy chain CDRI region comprising
SEQ D NO: 58, a heavy chain CDR2 region comprising SEQ 1D NO: 57, and heavy chain
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 ID NO: 59,

egion comprising SEQ ID

(g) a lweavy 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 comprising SEQ 1D NO: 62; and a light chain vaviable region comprisiog a hght
chaia CDR1 region compusing SEQ 1D NO: 67, a light chain CDR2 region comprising SEQ 1D
MNO: 66, and a light chain CDIR3 region comprising SEQ IDNO: 65,

{h} a heavy chain vanable region comprising 3 heavy chain CDR1 region comprising
SEQ Y NO: 70, a beavy chain CDR2 region comprising SEQ D NO: 69, and a2 heavy chain
CDR3 region comprising SEQ 1D NO: 68; and a light chain variable region comprising a light
chain CDR1 region comprising SEQ 1D NO: 73, a light chain CDR2 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 1D NO: 75, and a heavy chain
CDR3 region comprising SEQ 1D NO: 74; and a fight 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 to PAI-1, that binds to esseuatially
the same epitope on PAE-1 as the humanized monoclonal antibody of claim 8 or ¢laim 9.
Claim 1], A method of restoring plasmin generation comprising adminisiering to a subject in need

thereof orally, parenterally by a schiution for imjection, 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, wherein the condition is fibrosis, skin fibrosis, systemic

scierosis, lung tibrosis, diopathic pulmonary {ibrosis, interstitial lung disease, chronic hing

discase, liver fibrosis, kidney fibrosis, chronic kidney discase, thrombosis, venous and arterial

PCT/US2014/050896
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thromhbosis, decp vein thrombuosis, peripheral b ischemia, disseminated intravascular

coagulation thrombosis, acute ischemic sivoke with and withou! throrabolysis, or stent

restenosis.

Claim 14,  The method of claim 11, 12, or 13 wheren the PAI-1 antibody comprises the antibody of

5 any of the preceding claims.

Claim 15, Use of a pharmaceutically effective amount of a PAI-1 antibody for t

medicament for treating a condition caused by increased levels of PAI-1 or increased
patieni orally, pareuterally by a soluiion

e mamifacture of a

prising administering {o a

sensitivity to PAL-1, comg

for injection, by inhalation, or topically.

et
L
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