w0 2012/151701 A1 [N I 000 000 OO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/151701 A1

15 November 2012 (15.11.2012) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
AG61K 31/4184 (2006.01)  A61K 31/502 (2006.01) kind of national protection available): AE, AG, AL, AM,
A61K 31/166 (2006.01) A61K 31/517 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
A61K 31/454 (2006.01) A61P 9/12 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
2 I ional Application Number: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(21) International Application Number: PCT/CAYDI2/050306 HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
CT/C KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
10 May 2012 (10.05.2012) OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
. . SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
61/484,463 10 May 2011 (10.05.2011) Us GM, KE, LR, LS, MW, MZ, NA, RW, 8D, SL, 8Z, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(71) Applicant (for all designated States except US): UNI- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
VERSITE LAVAL‘ / VICE-RECTORAT A LA EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
RECHERCHE ET A LA CREATION [CA/CA]; Pavil- MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
lon des Sciences de 1'éducation, Local 1474, 2320, rue des TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Bibliothéques, Québec, Québec G1V 0A6 (CA). ML, MR, NE, SN, TD, TG).
(72) Inventors; and Declarations under Rule 4.17:
(75) Inventors/Applicants (for US only): BONNET, Sébastien , B .
[FR/CA]; 1489, boulevard Raymond, Québec, Québec of inventorship (Rule 4.17(iv))
G1B 0B8 (CA). MASSON, Jean-Yves [CA/CA]; 1615, de  Published:
la Montagne Ouest, Québec, Québec GIK 1W7 (CA). . ,
POIRIER, Guy [CA/CA]; 2293, Philippe-Brodeur, with international search report (Art. 21(3))
Québec, Québec G1T 1H1 (CA).
(74) Agent: ROBIC, LLP; 1001 Square-Victoria, Bloc E - 8th

floor, Montreal, Québec H2Z 2B7 (CA).

(54) Title: METHODS FOR THE TREATMENT AND DIAGNOSTIC OF PULMONARY ARTERIAL HYPERTENSION

(57) Abstract: The present application relates to the use at least one PARP inhibitor or a pharmaceutically acceptable salt thereof for
the treatment of Group 1 pulmonary arterial hypertension (PAH) in a subject, including a human, in need of such treatment. There is
also provided methods of treating and diagnosing Group 1 pulmonary arterial hypertension (PAH).



10

15

20

25

WO 2012/151701 PCT/CA2012/050306

1

METHODS FOR THE TREATMENT AND DIAGNOSTIC OF PULMONARY
ARTERIAL HYPERTENSION

The present invention relates to methods for the treatment and diagnostic of

pulmonary arterial hypertension.

Pulmonary arterial hypertension (PAH) is a vascular disease that is largely
restricted to small pulmonary arteries. PAH occurs in rare idiopathic and familial forms,
but is more commonly part of a syndrome associated with connective tissue diseases,
anorexigen use, HIV or congenital heart disease. PAH, a multifactorial disease, is
characterized by obstructed, constricted small pulmonary arteries (PA). This includes
abnormalities in the blood content of some neurotransmitters and cytokines, namely
increases in serotonin, IL-6, PDGF and endothelin. The media is also characterized by
an increased activation of the nuclear factor of activated T-cells (NFAT) leading to
increased [Ca2+]i-mediated PASMC proliferation, and decreased mitochondrial-
dependent apoptosis (Bonnet et al., 2007a; Bonnet et al., 2006). Finally, the adventitia
is infiltrated with inflammatory cells and exhibits metalloprotease activation (Humbert et
al., 2004). Despite recent therapeutic advances such as endothelin-1 receptor blockers
(e.g. bosentan) (Dupuis and Hoeper, 2008), type 5 phosphodiesterase inhibitors (e.g.
sildenafil) (Li et al., 2007) or PDGF receptor blockers (e.g. imanitib) (Ghofrani et al.,
2005), mortality rates remain high (Archer and Rich, 2000).

Poly(ADP-ribose) polymerases are defined as cell signalling enzymes that
catalyze the transfer of ADP-ribose units from NAD* to a number of acceptor proteins.
PARP-1, the best-characterized member of the PARP family, which currently comprises
18 members, is an abundant nuclear enzyme implicated in cellular responses to DNA
injury provoked by genotoxic stress. PARP is involved in DNA repair and transcriptional
regulation and is now recognized as a key regulator of cell survival and cell death as
well as a master component of a number of transcription factors involved in tumour

development and inflammation including NFAT. PARP becomes activated in response
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to oxidative DNA damage and depletes cellular energy pools, thus leading to cellular

dysfunction in various tissues.

PARP inhibitors are currently being developed for the treatment of cancer. The
inhibition of PARP is relevant for the treatment of cancers with specific DNA-repair
defects, including those arising in carriers of a BRCA1 or BRCA2 mutation. Fong et al.
(Fong et al., 2009) reported that the PARP inhibitor olaparib only showed objective
antitumor activity in patients carrying the BRCA1 or BRCA2 mutation. PARP inhibitors

therefore appear to be relevant for BRCA deficient cells.

PARP inhibition has been studied for the prevention of restenosis after
endarterectomy (Beller et al., 2006). Abdallah et al. (2007) have showed that PARP
inhibition can decrease endothelial cell proliferation. There is no evidence that PARP(s)
is involved in pulmonary arterial hypertension or that PARP(s) expression level is

modified in pulmonary arterial hypertension.

There is therefore a need for new methods for the treatment of PAH. There is

also need for new methods for the diagnostic of PAH.

One embodiment of the invention relates to the use of at least one PARP

inhibitor or a pharmaceutically acceptable thereof for:

-the treatment of Group 1 pulmonary arterial hypertension (PAH) in a subject in
need of such treatment;

-for reducing medial thickness of the pulmonary arteries of a subject suffering

from Group 1 pulmonary arterial hypertension, or

-for inhibiting or reducing Pulmonary Artery Smooth Muscle (PASMC)
proliferation and resistance to apoptosis through a NFAT-dependent mechanism of a
subject in need of such inhibiting or reducing.
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One embodiment of the invention relates to the use at least one PARP inhibitor
or a pharmaceutically acceptable salt thereof for the treatment of Group 1 pulmonary
arterial hypertension (PAH) in a subject, including a human, in need of such treatment.

One embodiment of the invention relates to a pharmaceutical composition
comprising at least one PARP inhibitor or a pharmaceutically acceptable thereof for the

treatment of Group 1 pulmonary arterial hypertension.

One embodiment of the invention relates to a method of treating a subject
suffering from Group 1 pulmonary arterial hypertension (PAH) which comprises
administering to a said human in need of such treatment a dose effective against PAH
of at least one PARP inhibitor or a pharmaceutically acceptable salt thereof.

One embodiment of the invention relates to a method of identifying a patient at
risk of Group 1 PAH comprising identifying the level of PARP in a sample of a subject
and making a decision regarding identifying the patient at risk of Group 1 PAH, wherein
the decision is made based on the level of expression of PARP in the patient compared

to a reference level.

One embodiment of the invention relates to a method of diagnosing group 1
pulmonary arterial hypertension (PAH) in a subject comprising determining the PARP
level in a biological sample of the subject wherein an elevated PARP level compared to
a reference sample indicates that the subject suffers from group 1 PAH.

One embodiment of the invention relates to a method of diagnosing group 1
pulmonary arterial hypertension (PAH) in a subject comprising determining the PARP
regulation in a biological sample of the subject wherein an up-regulated PARP level
compared to a reference sample indicates that the subject suffers from group 1 PAH.

One embodiment of the invention relates to a method for evaluating the likelihood
group 1 pulmonary arterial hypertension (PAH) in a subject comprising:
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-comparing a PARP level in a biological sample from a subject to be tested to a
reference PARP level obtained from a healthy subject; and

-determining if the level of PARP in said biological sample is different from the
level of the reference PARP;

wherein determination of a difference is indicative of the likelihood of group 1
PAH in said subject to be tested.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: (A) The level of 8-hydroxy-desoxyguanosine (80HdG) was monitored in
control PASMC and PAH-PASMC from rats. To do this, we used immunofluorescence
analysis using an anti-OHdG antibody. In undamaged cells, this antibody stains
mitochondrial DNA damage, but not the nucleus. PAH rat cells displayed an
increase in nuclear staining corresponding to increased DNA damage, which is
reversed by the addition of ABT-888. (B) Quantification of unstained nuclei (negative)
versus stained nuclei (stained) counted in rat cells stained for 80HdG. (C)
Quantification of 80HdG positive cells in the human PAH patient versus control
patient. (D) Quantification of 80HdG positive cells in the Control patient with or without
PDGF treatment.

Figure 2: (A) Quantification of g-H2AX foci formation in rat PASMC cells (untreated and
treated with ABT-888). The number of nuclear foci were counted and classified as
depicted (no foci, green; 0-10 foci, yellow; more than 10 foci, red). (B) Quantification of
53BP1 foci formation in rat PASMC cells (untreated and treated with ABT-888). The
number of nuclear foci were counted and classified as depicted (no foci, green; 0-10
foci, yellow; more than 10 foci, red). (C) The oxidative damage was measured in PAH-
PASMC compared to control cell. As predicted, PAH-PASMC have more oxidative DNA
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damage than the control cells. The oxidative DNA damage upregulation is associated
with the increase of the PARP-1 expression.

Figure 3: PARP-1 and pADPr expression
Human PASMC were isolated from patient with or without PAH. All the cells were used

after the third passage.

(A) (B) Using gRT-PCR and western blot, PARP-1 expression was quantified in
human PAH-PASMC and control PASMC.
(C) (D) pADPr quantification in rat and human PASMC cells: pADP-ribosylation

was monitored on whole cell extracts (untreated or treated with ABT-888, as
indicated), using an antibody recognizing PAR.

Figure 4A, B and C: PARP inhibition decreases proliferation and increase
apoptosis.

Role of PARP in proliferation was demonstrated using PCNA staining and the measure
of calcium concentration by Fluo3-AM (immunofluorescence). As shown, PAH cells are
more proliferative than control cell, and PARP inhibition by ABT888 treatment decrease
significantly the PCNA positive cell as well as the calcium concentration. TUNEL
staining was used t0 measured apoptosis. The decreased in serum starvation induced
apoptosis in PAH-PASMC is restored after PARP inhibition (ABT888).

Figure 5 describes the integrative genomics approach taken to understand PARP
inhibitor mode of action in PAH.

(A) Transcriptomic data analysis from healthy (N=2) and PAH (N=2) patients.

(B) PARP1, PARP2 and Poly ADP ribose interacting proteins (PARP interactome)
generated by mass spectrometry.

(C) Proteins over - expressed significantly (p < 0.01, fold change > 1.5) that are present
in the PARP interactome. Stars (*) mark proteins known to be implicated in glycolysis.
(D) Pathway enrichment analysis performed on the list of all the genes presented in
Figure C.
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Figure 6A and B: PARP inhibition reverses NFAT/HIF-1 activation

NFAT activation was measured by immunofluorescence, and the nuclear translocation
assay. NFAT activation is significantly increased in PAH PASMC. PARP inhibition by
ABT-888 significantly decrease its activation.

Similarly to NFAT, HIF-1alpha activation is increased in PAH-PASMC, PARP inhibition
significantly decreases HIF-1 activation in PAH-PASMC.

Figure 7: PARP inhibition reverses PAH in MCT rats

(A) (B) (C) PARP inhibition was realized in vivo using ABT888 administrated per os. As
shown, after 2 weeks of treatment, mean PA pressure which is increase in PAH rats is
significantly decreased in rats with treatment. The right ventricular hypertrophy
(evaluated by the fulton ratio) that occur secondary to the increase in PA pressure is
also decrease after ABT888 treatment. The decrease in PA pressure seen in ABT-888
treated animals is associated to a significant reduction in PA remodelling (H&E
coloration).

(D) (E) The decrease in PA remodelling in ABT-888 treated animals is associated to a
significant decrease in PASMC proliferation (PCNA) and an increase in PASMC

apoptosis.

Figure 8: PARP-1 expression is increased in PAH human lungs

PARP-1 mRNA expression (QRT-PCR) and protein expression (% of PARP-1 within the
nucleus measured by PARP-1 and DAPI co-localization in immunofluorescence) and its
activation levels (amount of poly-ADP-ribose  polymer measured by
immunofluorescence) were measured in: i) distal PA (<600um) in lung biopsies slides
from 8 individuals with non-familial PAH compared to biopsies from 8 individuals without

pulmonary hypertension (Fig. 8).
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Figure 9: PARP inhibition reverses PAH development

PARP-1 inhibition decreased right ventricle wall thickness when compared to MCT-PAH
rats treated with vehicle (Fig. 9A and B). These findings were invasively confirmed by
direct PA pressure measurements and measurements of the RV / LV+S weigh ratio
(Fulton index) (Fig. 9C and D). To determine whether PARP-1 inhibition can reduce
pulmonary artery remodelling in MCT-PAH rats, we measured distal PA medial wall
thickness. We observed that rats treated with the PARP-1 inhibitor displayed a
significant reduction in medial thickness in small (£ 300 pm) and medium-sized (< 600
Mm) pulmonary arteries (Fig. 9E).

Figure 10:
ABT-888 treatment significantly decreases PARP-1 activity and expression in vivo,

confirming the efficiency of our therapeutic strategy.

Figurei11:
PARP-1 increases PAAT in Sugen rats model.

The following abbreviations are used herein:

PAH: Pulmonary Arterial Hypertension

PA: Pulmonary Artery

PASMC: Pulmonary Artery Smooth Muscle
PAEC: Pulmonary Artery Endothelial Cells
PARP(s): Poly(ADP-ribose) polymerase(s)
PARP-1: Poly(ADP-ribose) polymerase 1
PAAT: Pulmonary Artery Acceleration Time
MCT: Monocrotaline
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The present study is the first providing evidence and mechanistic approaches of
PARP-1 implication in the etiology of human PAH. No studies have studied the putative
implication of PARP-1 in PAH. Using both in vitro (human and rats PAH-PASMC) and in
vivo (monocrotaline-induced PAH in rats) the present inventors have shown that PARP-
1 is upregulated in PAH accounting for PAH-PASMC proliferation and resistance to

apoptosis through a NFAT-dependent mechanism.

The present inventors have demonstrated that orally administrated PARP-1
inhibitors in rats with established PAH reverses distal PA’s remodelling and decreases
pulmonary arterial blood pressure in the gold standard monocrotaline induced PAH
model. These effects were associated with a decrease in NFATc2 activation, PASMC
proliferation and resistance to apoptosis, thus confirming the in vitro findings in human
PAH-PASMC. Monocrotaline animal model is a well accepted model and is commonly
used to study pulmonary hypertension. It has largely contributed to the development of
new therapeutics for PAH over the last decade. A variety of therapeutic strategies has
been tested in monocrotaline based models. Several of these approaches were also
shown to be effective in PAH patients, and clinically proven treatments also work in this

animal model.

The present inventors have found that aberrantly expressed and activated
PARP-1 plays a critical role in the etiology of human PAH. The present inventors have
demonstrated in vitro and in vivo that PARP-1 can be therapeutically targeted leading to

a decrease of proliferation, vascular remodelling and pulmonary arterial blood pressure.

In one aspect, the present invention concerns PARP inhibitors or
pharmaceutically acceptable salts thereof, for use in treating Group 1 pulmonary arterial
hypertension (PAH).

In one aspect, the present invention concerns a method of treating a subject

suffering from Group 1 pulmonary arterial hypertension, by administering to a said
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subject in need of such treatment an effective dose of at least one PARP inhibitors or
pharmaceutically acceptable salts thereof.

In one aspect, the present invention concerns a method of treating warm-blooded
animals including humans suffering from Group 1 pulmonary arterial hypertension, by
administering to a said animal in need of such treatment an effective dose of at least

one PARP inhibitors or pharmaceutically acceptable salts thereof.

The term "Group 1 Pulmonary Arterial Hypertension” as used herein refers the
Venice Clinical Classification of Pulmonary Hypertension (2003). Group 1 PAH is a
disease of the pulmonary vasculature, defined by an elevated pulmonary vascular
resistance, leading to right heart failure and premature death. PAH is characterized by
enhanced pulmonary artery smooth muscle and endothelial cells proliferation and
suppressed apoptosis within pulmonary artery wall.

More specifically, pulmonary arterial hypertension of Group 1 includes:
1.1. Idiopathic (IPAH)
1.2. Familial (FPAH)
1.3. Associated with (APAH)
1.3.1. Collagen vascular disease
1.3.2. Congenital systemic-to-pulmonary shunts
1.3.3. Portal hypertension
1.3.4. HIV infection

1.3.5. Drugs and toxins
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1.3.6. Other (thyroid disorders, glycogen storage disease, Gaucher
disease,

hereditary hemorrhagic telangiectasia, hemoglobinopathies,
myeloproliferative disorders, splenectomy)
5 1.4. Associated with significant venous or capillary involvement
1.4.1. Pulmonary veno-occlusive disease (PVOD)
1.4.2. Pulmonary capillary hemangiomatosis (PCH)
1.5. Persistent pulmonary hypertension of the newborn.

In one aspect the present invention concerns a method of treating a subject,

10 including a human, suffering from:
(a) idiopathic or primary pulmonary hypertension,
(b) familial hypertension,

(c) pulmonary hypertension secondary to, but not limited to, connective tissue

disease, congenital heart defects (shunts), pulmonary fibrosis, portal hypertension, HIV

15 infection, sickle cell disease, drugs and toxins (e.g., anorexigens, cocaine), chronic
hypoxia, chronic pulmonary obstructive disease, sleep apnea, and schistosomiasis,

(d) pulmonary hypertension associated with significant venous or capillary
involvement (pulmonary veno-occlusive disease, pulmonary capillary

hemangiomatosis),

20 (e) secondary pulmonary hypertension that is out of proportion to the degree of

left ventricular dysfunction, or
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(f) persistent pulmonary hypertension in newborn babies, which comprises
administering to said human in need of such treatment a dose effective against the
respective disorder of at least one PARP inhibitors or pharmaceutically acceptable salts
thereof. A method of treating a human suffering from pulmonary arterial hypertension
(PAH) which comprises administering to said subject in need of such treatment a dose
effective against PAH of at least one PARP inhibitor or a pharmaceutically acceptable

salt thereof.

One embodiment of the present invention relates to the use of at least one PARP
inhibitors or pharmaceutically acceptable salts thereof for reducing medial thickness of
the pulmonary arteries of a subject (e.g. warm-blooded animals including humans)
suffering from Group 1 pulmonary arterial hypertension, by administering to a said

animal in need of such treatment an effective dose.

One embodiment of the present invention relates to the use of at least one PARP
inhibitors or pharmaceutically acceptable salts thereof for inhibiting or reducing PAH-
PASMC proliferation and resistance to apoptosis through a NFAT-dependent
mechanism a subject (e.g. warm-blooded animals including humans) by administering

to a said subject in need of such treatment an effective dose.

One embodiment of the present invention relates to the use of at least one PARP
inhibitors or pharmaceutically acceptable salts thereof for reducing medial thickness of
the pulmonary arteries of warm-blooded animals including humans suffering from Group
1 pulmonary arterial hypertension, by administering to a said animal in need of such
treatment an effective dose.

One embodiment of the present invention relates to the use of an effective dose
of at least one PARP inhibitors or pharmaceutically acceptable salts thereof for reducing
medial thickness of the pulmonary arteries of a subject (e.g. warm-blooded animals

including humans) suffering from Group 1 pulmonary arterial hypertension.
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One embodiment of the present invention relates to the use of an effective dose
of at least one PARP inhibitors or pharmaceutically acceptable salts thereof for
inhibiting or reducing PAH-PASMC proliferation and resistance to apoptosis through a
NFAT-dependent mechanism a subject (e.g. warm-blooded animals including humans).

One embodiment of the present invention relates to the use of an effective dose
of at least one PARP inhibitors or pharmaceutically acceptable salis thereof for reducing
medial thickness of the pulmonary arteries of warm-blooded animals including humans

suffering from Group 1 pulmonary arterial hypertension.

As used herein, the term "subject or patient” refers to any subject susceptible of
suffering or suffering from Group 1 PAH. Specifically, such a subject may be, but not
limited to, human, an animal (e.g. cat, dog, cow, horse, etc.). More specifically, the

subject consists of a human.

The term "treating or treatment” as used herein refers to curative and

prophylactic treatment of Group 1 PAH.

The term “curative” as used herein means efficacy in treating on going episodes
of group 1 PAH.

The term “prophylactic” as used herein means the prevention of the onset or
recurrence of group 1 PAH.

The status of patient suffering from PAH can be assessed according to World
Health Organization (WHQ) classification (modified after the New York Association

Functional Classification) as detailed below:

Class | - Patients with pulmonary hypertension but without resulting limitation of
physical activity. Ordinary physical activity does not cause undue dyspnea or fatigue,
chest pain or near syncope.
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Class Il - Patients with pulmonary hypertension resulting in slight limitation of
physical activity. They are comfortable at rest. Ordinary physical activity causes undue
dispend or fatigue, chest pain or near syncope.

Class Il - Patients with pulmonary hypertension resulting in marked limitation of
physical activity. They are comfortable at rest. Less than ordinary activity causes undue
dyspnea or fatigue, chest pain or near syncope.

Class IV - Patients with pulmonary hypertension with inability to carry out any
physical activity without symptoms. These patients manifest signs of right heart failure.
Dyspnea and/or fatigue may even be present at rest. Discomfort is increased by any

physical activity.

The term “PARP inhibitor” as used herein refers to an inhibitor or antagonist of
Poly(ADP-ribose) polymerases (PARP 1 and/or PARP2 ) activity. A PARP inhibitor or
antagonist is a compound that selectively inhibits the activity of PARP and refers to a
compound that when administered to a subject the PARP activity within the subject is
altered, preferably reduced. A drug also able to decrease PARPs expression is also
considered as PARP inhibitor. PARP is activated when Poly ADP ribose polymer is
increased. In one embodiment, a prodrug of a PARP inhibitor is administered to a
subject that is converted to the compound in vivo where it inhibits PARP.

The PARP inhibitor may be any type of compound. For example, the compound
may be a small organic molecule or a biological compound such as an antibody or an
enzyme. Example of PARP inhibitors are described in Penning, Current Opinion In Drug
Discovery & Development 2010 13 (5): 577-586. A person skilled in the art can easily
determine whether a compound is capable of inhibiting PARP activity. Assays for
evaluating PARP activity are for example, described in Poly(ADP-ribose) (PAR) polymer
is a death signal (Andrabi SA et al., 2006). PARP inhibition may be determined using
conventional methods, including for example dot blots (Affar EB et al., Anal Biochem.
1998; 259(2):280-3), and BER assays that measure the direct activity of PARP to form
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poly ADP-ribose chains for example by using radioactive assays with tritiated substrate
NAD or specific antibodies to the polymer chains formed by PARP activity (K.J. Dillon et
al, Journal of Biomolecular Screening, 8(3): 347-352 (2003).

Examples of compounds which are known PARP inhibitors and which may be
used in accordance with the invention include compounds and derivatives thereof from
the class of Nicotinamides, Benzamides, Isoquinolinones, Dihydroisoquinolinones,
Benzimidazoles, indoles, Phthalazin-1 (2H)-ones, quinazolinones, Isoindolinones,
Phenanthridines, phenanthhdinones, Benzopyrones, Unsaturated hydroximic acid

derivatives and Pyridazines.

Examples of compounds which are known PARP inhibitors and which may be

used in accordance with the invention include:

1 . Nicotinamides, such as 5-methyl nicotinamide and O-(2-hydroxy-3-piperidino-

propyl)-3-carboxylic acid amidoxime, and analogues and derivatives thereof.

2. Benzamides, including 3-substituted benzamides such as 3-aminobenzamide,
3-hydroxybenzamide, 3-nitrosobenzamide, 3-methoxybenzamide and 3-
chloroprocainamide, and 4-aminobenzamide, 1, 5-di[(3-

carbamoylphenyl)aminocarbonyloxy] pentane, and analogues and derivatives thereof.

3. Isoquinolinones and Dihydroisoquinolinones, including 2H-isoquinolin-1 -ones,
3H-quinazolin-4-ones, 5-substituted dihydroisoquinolinones such as 5-hydroxy
dihydroisoquinolinone, 5-methyl dihydroisoquinolinone, and 5-hydroxy isoquinolinone,
5-amino isoquinolin-1 -one, 5-dihydroxyisoquinolinone, 3, 4 dihydroisoquinolin-1 (2H)-
ones such as 3, 4 dihydro-5-methoxy-isoquinolin-1 (2H)-one and 3, 4 dihydro-5-methyl-
1 (2H)isoquinolinone, isoquinolin-1 (2H)-ones, 4,5-dihydro-imidazo[4,5,1 -ijjquinolin-6-
ones, 1 , 6,-naphthyridine-5(6H)-ones, 1 ,8-naphthalimides such as 4-amino-1 ,8-
naphthalimide, isoquinolinone, 3, 4-dihydro-5-[4-1 (1 -piperidinyl) butoxy]-1 (2H)-

isoquinolinone, 2, 3-dihydrobenzo[delisoquinolin-1  -one, 1 -1 1 b-dihydro-
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[2H]benzopyrano[4, 3, 2-delisoquinolin-3-one, and tetracyclic lactams, including
benzpyranoisoquinolinones such as benzopyrano[4,3,2-de] isoquinolinone, and
analogues and derivatives thereof.

4. Benzimidazoles and indoles, including benzoxazole-4-carboxamides,
benzimidazole-4-carboxamides, such as 2-substituted benzoxazole 4-carboxamides
and 2-substituted benzimidazole 4-carboxamides such as 2-aryl benzimidazole 4-
carboxamides and  2-cycloalkylbenzimidazole-4-carboxamides including  2-(4-
hydroxphenyl) benzimidazole 4-carboxamide, quinoxalinecarboxamides,
imidazopyridinecarboxamides, 2-phenylindoles, 2-substituted benzoxazoles, such as 2-
phenyl benzoxazole and 2-(3-methoxyphenyl) benzoxazole, 2-substituted
benzimidazoles, such as 2-phenyl benzimidazole and 2-(3-methoxyphenyl)
benzimidazole, 1, 3, 4, 5 tetrahydro-azepino[5, 4, 3-cd]indol-6-one, azepinoindoles and
azepinoindolones such as 1 , 5 dihydro-azepino[4, 5, 6-cd]indolin-6-one and
dihydrodiazapinoindolinone, 3-substituted dihydrodiazapinoindolinones,such as 3-(4-
thfluoromethyl phenyl )-dihydrodiazapinoindolinone, tetrahydrodiazapinoindolinone and
5,6,-dihydroimidazo[4, 5, 1 -, K][1 , 4]benzodiazopin-7(4H)-one, 2-phenyl-5,6-dihydro-
imidazo[4,5,1 -jK][1 ,4]benzodiazepin-7(4H)-one and 2, 3, dihydro-isoindol-1 -one, and
analogues and derivatives thereof.

5. Phthalazin-1 (2H)-ones and quinazolinones, such as 4-hydroxyquinazoline,
phthalazinone, 5-methoxy-4-methyl-1 (2) phthalazinones, 4-substituted phthalazinones,
4-(1 -piperazinyl)-1  (2H)-phthalazinone, tetracyclic benzopyrano[4, 3, 2-de]
phthalazinones and tetracyclic indeno [1 , 2, 3-de] phthalazinones and 2-substituted
quinazolines, such as 8-hydroxy-2-methylquinazolin-4-(3H) one, tricyclic phthalazinones
and 2-aminophthalhydrazide, and analogues and derivatives thereof.

6. Isoindolinones and analogues and derivatives thereof

7. Phenanthridines and phenanthridinones, such as 5[H]phenanthridin-6-one,
substituted 5[H] phenanthridin-6-ones, especially 2-, 3- substituted 5[H] phenantridin-6-
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ones and sulfonamide/carbannide derivatives of 6(5H)phenanthridinones, thieno[2, 3-
clisoquinolones such as 9-annino thieno[2, 3-clisoquinolone and 9-hydroxythieno[2, 3-
clisoquinolone,  9-methoxythieno[2,  3-clisoquinolone, and  N-(6-0x0-5, 6-
dihydrophenanthridin-2-yl]-2-(N,N-dimethylannino}acetannide, substituted 4,9-

dihydrocyclopenta[lmn]phenanthridine-5-ones, and analogues and derivatives thereof.

8. Benzopyrones such as 1 , 2-benzopyrone, 6-nitrosobenzopyrone, 6-nitroso 1,
2-benzopyrone, and 5-iodo-6-aminobenzopyrone, and analogues and derivatives
thereof.

9. Unsaturated hydroximic acid derivatives such as O-(3-piperidino-2-hydroxy-1 -
propyl)nicotinic amidoxime, and analogues and derivatives thereof.

10. Pyridazines, including fused pyridazines and analogues and derivatives
thereof.

11 . Other compounds such as caffeine, theophylline, and thymidine, and
analogues and derivatives thereof.

Additional PARP inhibitors are described for example in W02009093032,
WQ02009004356, W0O2006078503 W0O2006078711, W0O200642638, W0O2006024545,
W02006003150, WO2006003148, WO2006003147, WO2006003146, WO2004043959,
W02005123687, WO2005097750, W0O2005058843, WO2005054210, WO2005054209,
W02005054201, US2005054631 , W0O2005012305, W0O2004108723 ,W02004105700,
US2004229895, W0O2004096793, W0O2004096779, W0O2004087713, W0O2004048339,
W02004024694, WO2004014873, US6,635,642, US5,587,384, WO2003080581,
WQO2003070707, W02003055865, W0O2003057145, W(02003051879, US6514983,
WO2003007959, US6426415, W0O2003007959, WO 2002036599, W02002094790,
W02002068407, US6476048, W(02001090077, W02001085687, W0O2001085686,
WO02001079184, W0O2001057038, W0O2001023390, W0O2001021615, WO2001016136,
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WQ02001012199, W09524379, Banasik et al. J. Biol. Chem., 267:3, 1569-75 (1992),
Banasik et al. Molec. Cell. Biochem. 138:185-97 (1994)), Cosi (2002) Expert Opin.
Ther. Patents 12 (7), and Southan & Szabo (2003) Curr Med Chem 10:321 -340, and
references therein.

Other examples of compounds which are known PARP inhibitors include the
hydrochloride salt of /V-(-oxo0-5,6-dihydro-phenanthridin-2-yl)-/V,/V-dimethylacetamide
and other analogues or similar compounds, such as INO-1001 that show PARP
inhibition.

In one embodiment, PARP inhibitors include NU1025, ABT-888 (Veliparib),
Olaparib (was AZD-2281), CEP 9722, MK4827, AGO014699, Iniparib (previously BSI
201), LT-673, 3-aminobenzamide and E7016.

In one embodiment, the PARP inhibitor is ABT-888 represented by the formula:

H.N O
Mo —
~N W
H H

or a pharmaceutically acceptable salt thereof.

It is noted in that the present invention is intended to encompass all
pharmaceutically acceptable ionized forms (e.g., salts) and solvates (e.g., hydrates) of
the PARP inhibitors, regardless of whether such ionized forms and solvates are
specified since it is well known in the art to administer pharmaceutical agents in an
ionized or solvated form. It is also noted that unless a particular stereochemistry is
specified, recitation of a compound is intended to encompass all possible stereocisomers

(e.g., enantiomers or diastereomers depending on the number of chiral centers),
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independent of whether the compound is present as an individual isomer or a mixture of

isomers.

There is also provided pharmaceutically acceptable salts of the PARP inhibitors.
By the term pharmaceutically acceptable salts are meant those derived from
pharmaceutically acceptable inorganic and organic acids and bases. Examples of
suitable acids include hydrochloric, hydrobromic, sulphuric, nitric, perchloric, fumaric,
maleic, phosphoric, glycollic, lactic, salicylic, succinic, toleune-p-sulphonic, tartaric,
acetic, trifluoroacetic, citric, methanesulphonic, formic, benzoic, malonic,
naphthalene-2-sulphonic and benzenesulphonic acids. Salts derived from amino acids
are also included (e.g. L-arginine, L-Lysine). Salts derived from appropriate bases
include alkali metals (e.g. sodium, lithium, potassium) and alkaline earth metals (e.g.

calcium, magnesium).

With regards to pharmaceutically acceptable salts, see also the list of FDA
approved commercially marketed salts listed in Table | of Berge et al., Pharmaceutical
Salts, J. of Phar. Sci., vol. 66, no. 1, January 1977, pp. 1-19.

It will be appreciated by those skilled in the art that the PARP inhibitor can exist
in different polymorphic forms. As known in the art, polymorphism is an ability of a
compound to crystallize as more than one distinct crystalline or "polymorphic” species.
A polymorph is a solid crystalline phase of a compound with at least two different
arrangements or polymorphic forms of that compound molecule in the solid state.
Polymorphic forms of any given compound are defined by the same chemical formula or
composition and are as distinct in chemical structure as crystalline structures of two

different chemical compounds.

It will further be appreciated by those skilled in the art that the PARP inhibitor can
exist in different solvate forms, for example hydrates. Solvates of the PARP inhibitor
may also form when solvent molecules are incorporated into the crystalline lattice

structure of the compound molecule during the crystallization process.
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It will be appreciated that the amount of a PARP inhibitor required for use in
treatment will vary not only with the particular compound selected but also with the
route of administration, the nature of the condition for which treatment is required and
the age and condition of the patient and will be ultimately at the discretion of the
attendant physician. In general however a suitable dose will be in the range of from
about 0.1 to about 750 mg/kg of body weight per day, for example, in the range of 0.5 to
60 mg/kg/day, or, for example, in the range of 1 to 20 mg/kg/day.

The desired dose may conveniently be presented in a single dose or as divided
dose administered at appropriate intervals, for example as two, three, four or more

doses per day.

The PARP inhibitor is conveniently administered in unit dosage form; for example
containing 5 to 2000 mg, 10 to 1500 mg, conveniently 20 to 1000 mg, most
conveniently 50 to 700 mg of active ingredient per unit dosage form.

When PARP inhibitor or pharmaceutically acceptable salts thereof are used in
combination with a second therapeutic agent active against Group 1 PAH the dose of
each compound may be either the same as or differ from that when the compound is

used alone. Appropriate doses will be readily appreciated by those skilled in the art.

While it is possible that, for use in therapy, the PARP inhibitor may be
administered as the raw chemical it is preferable to present the active ingredient as a
pharmaceutical composition. The invention thus further provides a pharmaceutical
composition comprising the PARP inhibitor or a pharmaceutically acceptable salt
thereof together with one or more pharmaceutically acceptable carriers therefore and,
optionally, other therapeutic and/or prophylactic ingredients. The carrier(s) must be
"acceptable” in the sense of being compatible with the other ingredients of the

formulation and not deleterious to the recipient thereof.
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Pharmaceutical compositions include those suitable for oral, rectal, nasal, topical
(including buccal and sub-lingual), transdermal, vaginal or parenteral (including
intramuscular, sub-cutaneous and intravenous) administration or in a form suitable for
administration by inhalation or insufflation. The compositions may, where appropriate,
be conveniently presented in discrete dosage units and may be prepared by any of the
methods well known in the art of pharmacy. All methods include the step of bringing into
association the active with liquid carriers or finely divided solid carriers or both and then,
if necessary, shaping the product into the desired compaosition.

Pharmaceutical compositions suitable for oral administration may conveniently
be presented as discrete units such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a powder or granules; as a solution,
a suspension or as an emulsion. The active ingredient may also be presented as a
bolus, electuary or paste. Tablets and capsules for oral administration may contain
conventional excipients such as binding agents, fillers, lubricants, disintegrants, or
wetting agents. The tablets may be coated according to methods well known in the art.
Oral liquid preparations may be in the form of, for example, aqueous or oily
suspensions, solutions, emulsions, syrups or elixirs, or may be presented as a dry
product for constitution with water or other suitable vehicle before use. Such liquid
preparations may contain conventional additives such as suspending agents,
emulsifying agents, non-aqueous vehicles (which may include edible oils), or

preservatives.

The PARP inhibitor may also be formulated for parenteral administration (e.g., by
injection, for example bolus injection or continuous infusion) and may be presented in
unit dose form in ampoules, pre-filled syringes, small volume infusion or in multi-dose
containers with an added preservative. The compositions may take such forms as
suspensions, solutions, or emulsions in oily or aqueous vehicles, and may contain
formulatory agents such as suspending, stabilizing and/or dispersing agents.
Alternatively, the active ingredient may be in powder form, obtained by aseptic isolation
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of sterile solid or by lyophilization from solution, for constitution with a suitable vehicle,
e.g., sterile, pyrogen-free water, before use.

For topical administration to the epidermis, the PARP inhibitor may be formulated
as ointments, creams or lotions, or as a transdermal patch. Such transdermal patches
may contain penetration enhancers such as linalool, carvacrol, thymol, citral, menthol
and t-anethole. Ointments and creams may, for example, be formulated with an
aqueous or oily base with the addition of suitable thickening and/or gelling agents.
Lotions may be formulated with an aqueous or oily base and will in general also contain
one or more emulsifying agents, stabilizing agents, dispersing agents, suspending
agents, thickening agents, or colouring agents.

Compositions suitable for topical administration in the mouth include lozenges
comprising active ingredient in a flavored base, usually sucrose and acacia or
tragacanth; pastilles comprising the active ingredient in an inert base such as gelatin
and glycerin or sucrose and acacia; and mouthwashes comprising the active ingredient

in a suitable liquid carrier.

Pharmaceutical compositions suitable for rectal administration wherein the carrier
is a solid are for example presented as unit dose suppositories. Suitable carriers include
cocoa butter and other materials commonly used in the art, and the suppositories may
be conveniently formed by admixture of the active compound with the softened or
melted carrier(s) followed by chilling and shaping in moulds.

Compositions suitable for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, foams or sprays containing in addition to the active
ingredient such carriers as are known in the art to be appropriate.

For intra-nasal administration the compounds or combinations may be used as a
liquid spray or dispersible powder or in the form of drops. Drops may be formulated with

an agueous oOr non-aqueous base also comprising one more dispersing agents,
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solubilizing agents or suspending agents. Liquid sprays are conveniently delivered from
pressurized packs.

For administration by inhalation the compounds or combinations are conveniently
delivered from an insufflator, nebulizer or a pressurized pack or other convenient means
of delivering an aerosol spray. Pressurized packs may comprise a suitable propellant
such as dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane,
carbon dioxide or other suitable gas. In the case of a pressurized aerosol the dosage

unit may be determined by providing a valve to deliver a metered amount.

Alternatively, for administration by inhalation or insufflation, the compounds or
combinations may take the form of a dry powder composition, for example a powder
mix of the compound and a suitable powder base such as lactose or starch. The
powder composition may be presented in unit dosage form in, for example, capsules or
cartridges or e.g. gelatin or blister packs from which the powder may be administered
with the aid of an inhalator or insufflator.

As used herein, the expression "an acceptable carrier” means a vehicle for
containing the compounds obtained by the method of the invention that can be
administered to a subject without adverse effects. Suitable carriers known in the art
include, but are not limited to, gold particles, sterile water, saline, glucose, dextrose, or
buffered solutions. Carriers may include auxiliary agents including, but not limited to,
diluents, stabilizers (i.e., sugars and amino acids), preservatives, wetting agents,
emulsifying agents, pH buffering agents, viscosity enhancing additives, colors and the
like.

In a further embodiment, the invention relates to a method of treating a warm-
blooded animal, especially a human, suffering from pulmonary hypertension, especially
pulmonary arterial hypertension, comprising administering to the animal a combination
which comprises (a) at least one PARP inhibitor or a pharmaceutically acceptable salt
thereof and (b) at least one compound selected from compounds indicated for the
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treatment of pulmonary arterial hypertension, such as calcium channel antagonists, e.g.
nifedipine, e.g. 120 to 240 mg/d, or diltiazem, e.g. 540 to 900 mg/d, prostacyclin, the
prostacyclin analogues iloprost, flolan and treprostinil, adenosine, inhaled nitric oxide,
anticoagulants, e.g. warfarin, digoxin, endothelin receptor blockers, e.g. bosentan,
phosphodiesterease inhibitors, e.g. sildenafil, norepinephrine, angiotensin-converting
enzyme inhibitors e.g. enalapril or diuretics; a combination comprising (a) and (b) as
defined above and optionally at least one pharmaceutically acceptable carrier for
simultaneous, separate or sequential use, in particular for the treatment of pulmonary
arterial hypertension; a pharmaceutical composition comprising such a combination; the
use of such a combination for the preparation of a medicament for the delay of
progression or treatment of pulmonary arterial hypertension; and to a commercial

package or product comprising such a combination.

When the combination partners employed in the combinations as disclosed
herein are applied in the form as marketed as single drugs, their dosage and mode of
administration can take place in accordance with the information provided on the
package insert of the respective marketed drug in order to result in the beneficial effect

described herein, if not mentioned herein otherwise.

As used herein, the term "sample” refers to a variety of sample types obtained
from a subject and can be used in a diagnostic assay. The definition encompasses
blood and other liquid samples of biological origin, solid tissue samples such as a
biopsy specimen or tissue culture or cells derived therefrom. In some embodiments, the
sample is selected from the group consisting of human normal sample, tumor sample,
hair, blood, cell, tissue, organ, brain tissue, blood, serum, sputum, saliva, plasma,
nipple aspirant, synovial fluid, cerebrospinal fluid, sweat, urine, fecal matter, pancreatic
fluid, trabecular fluid, cerebrospinal fluid, tears, bronchial lavage, swabbing, bronchial
aspirant, semen, prostatic fluid, precervicular fluid, vaginal fluids, and pre-ejaculate. In a
further aspect, the sample is lung or blood.
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As used herein, the expression “reference marker” or “reference level” refers to a

marker or marker level present in a healthy subject i.e. not suffering group 1 PAH.

The expression “increased risk” when used in conjunction with “Group 1
Pulmonary Arterial Hypertension” means to denote the probability that Group 1

Pulmonary Arterial Hypertension will develop in the subject.

As used herein, the expression “PARP marker” refers to a PARP polypeptide or

protein or to a nucleotide sequence encoding a PARP in the form of DNA or RNA.

As used herein, the expression “PARP-specific antibody” refers to antibodies that
bind to one or more epitopes of PARP protein, but which do not substantially recognize
and bind other molecules in a sample containing a mixed population of antigenic

molecules.

One aspect of the invention relates to a method of identifying a patient at risk of
group 1 PAH comprising identifying a level of PARP in a sample of a subject, making a
decision regarding identifying the group 1 PAH wherein the decision is made based on
the level of expression of PARP.

In some embodiments, the identification of the level of PARP comprises assay
technique. In some preferred embodiments, the assay technique measures expression
of PARP gene or protein. In some preferred embodiments, the level of PARP is up-

regulated.

The PARP polypeptide and polynucleotide encoding same contemplated by the
present invention may also be used in different ways in the diagnosis of group 1 PAH.

In this connection and in a further embodiment, the present invention provides a
method for evaluating the likelihood of group 1 PAH in a subject. The method comprises

the following steps:



10

15

20

25

WO 2012/151701 PCT/CA2012/050306

25

a. comparing a PARP level in a biological sample from a
subject to be tested to a reference PARP level obtained from a healthy

subject; and

b. determining if the level of PARP in said biological sample is

different from the level of the reference PARP;

wherein determination of a difference is indicative of the likelihood of group 1
PAH in said subject to be tested.

It will be understood by one skilled in the art that the expressions “difference in
levels” or “different from the level” mean that the level of PARP measured in a biological
sample is higher than the level of PARP measured in the control or reference sample.
The larger is the difference between the levels of PARP, higher may be the risk of

suffering or having group 1 PAH.

As one skilled in the art will appreciate, the comparison between PARP levels is
indicative of the subject's risk of suffering or having Group 1 PAH. When the levels of
PARP are substantially identical, the subject’s risk of suffering or having group 1 PAH
may be low. However, larger the difference in the levels of the PARP is, higher may be

the risk of suffering or having group 1 PAH.

As one skilled in the art may appreciate, the measurement of PARP level may be
performed by detecting and quantifying the PARP protein/polypeptide itself and/or the
polynucleotide encoding the same within a biological sample. In the case where the
PARP to be measured is a protein or a polypeptide, the detection of PARP may
involves a detecting agent, which may be, for instance, a specific antibody such as a
purified monoclonal or polyclonal antibody raised against PARP protein or a polypeptide
thereof. In such a case, the determination of PARP marker level is achieved by
contacting a PARP specific antibody with the biological sample under suitable
conditions to obtain a PARP-antibody complex.
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Once detected, PARP may be quantified in accordance with biochemical assays
known by the skilled person in the art of biochemistry and/or analytical chemistry.
Particularly, PARP level may be quantified by, but not limited to, immunoassays such as
enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA), magnetic

immunoassay (MIA) or immunoblot (Western blot).

Where the detection of a PARP nucleotide sequence is advantageously sought,
such may be achieved, for instance, by a genetic detection means, such as a nucleic
acid hybridization process (e.g. Southern blots and Northern blots) or a nucleic acid
amplifying process (e.g. polymerase chain reaction (PCR)) so as to detect and quantify

specific regions of a RNA or DNA strand of the PARP nucleotide sequence.

The present invention further provides kits for use within any of the above
diagnostic methods. Such kits typically comprise two or more components necessary
for performing a diagnostic assay. Components may be compounds, reagents,
containers and/or equipment. For example, one container within a kit may contain an
antibody or fragment thereof that specifically binds to a PARP polypeptide contemplated
by the present invention. One or more additional containers may enclose elements,

such as reagents or buffers, to be used in the assay.

Alternatively, a kit may be designed to detect the level of mMRNA or cDNA
encoding PARP protein in a biological sample. Such kits generally comprise at least
one oligonucleotide probe or primer, as described above, that hybridizes to a
polynucleotide encoding PARP protein. Such an oligonucleotide may be used, for
example, within a PCR or hybridization assay. Additional components that may be
present within such kits include a second oligonucleotide and/or a reagent or container
to facilitate the detection or quantification of a polynucleotide encoding PARP protein.

The present invention will be more readily understood by referring to the
following example. The examples are illustrative of the wide range of applicability of the
present invention and are not intended to limit its scope. Modifications and variations
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can be made therein without departing from the spirit and scope of the invention.
Although any methods and materials similar or equivalent to those described herein can
be used in the practice for testing of the present invention, the following methods and
materials are described. The issued patents, published patent applications, and
references that are cited herein are hereby incorporated by reference to the same
extent as if each was specifically and individually indicated to be incorporated by

reference. In the case of inconsistencies, the present disclosure will prevalil.

EXAMPLES and RESULTS:

Example 1

PARP-1 is upregulated in human and rodent PAH-PASMC.

The involvement of PARP in PAH was confirmed by monitoring whether PARP-1
is aberrantly expressed in human and rodent PAH. PASMC were isolated from distal
pulmonary arteries of two non-familial PAH patients and 2 control patients; 5 fawn-
Hooded rats (FHR) with established PAH and 5 FHR-BN1 known to be resistant to PAH
(Bonnet et al., 2006). All these cells were cultured as previously described (Bonnet et
al., 2006; McMurtry et al., 2005) (passage 6 and less). The expression and activity of
PARP-1 was measured. PARP-1 upregulation in the PAH group versus the control
group was confirmed by gqRT-PCR in both human and rodent PASMC. Activity was
measured by immunofluorescence detection of poly (ADP-ribose) polymer formation. As
shown in Fig. 3, PARP-1 activity is significantly increased in both human and rodent
PAH-PASMC.
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Example 2

PARP-1 activation is associated with PASMC oxidative stress, disrupted
mitochondria and DNA injury.

As it is well known that PARP activity is induced by DNA damage, we monitored
the level of 8-hydroxy-desoxyguanosine (80OHAG) in healthy rat PASMC cells and rat
PAH-PASMC. To do this, we used immunofluorescence analysis using anti-OHdG
antibody. In undamaged cells, this antibody stains mitochondrial DNA damage, but not
the nucleus. PAH-PASMC cells displayed an increase in nuclear staining corresponding
to increased DNA damage (Fig. 1). Similarly, the anti-80HdG nuclear staining of human
PAH cells was significantly increased compared to control PASMC. PAH can be
recapitulated by treatment of control cells with PDGF. Again, human control cells
treated with PDGF accumulated 80HdAG compared to the untreated cells. To confirm
that DNA damage is increased in PAH, 53BP1 staining was used as a surrogate marker
for the accumulation of DNA double strand breaks (DSBs). PAH-PASMC showed a 2-
fold increase in 53BP1 foci compared to control PASMC (Fig. 2A&B). Furthermore, an
increase in oxidative stress was observed (Fig. 2C). Finally, PARP-1 mRNA and protein
levels as well as PAR polymer levels are increased in PAH-PASMC compare to control
PASMC (Fig. 3) showing that the levels of PARP-1 and DNA damage are important

factors contributing to PAH.

Example 3

PARP-1 promotes PASMC proliferation and resistance to apoptosis (Fig. 4).

To study the effect of PARP-1 on PASMC proliferation and apoptosis in vitro,
cultured human PAH-PASMCs were either exposed to 10% FBS to promote
proliferation or 0.1% FBS to induce apoptosis (Bonnet et al., 2007b). When compared
to control PASMCs containing a low level of PARP-1, PAH-PASMCs displayed higher
cell proliferation rate and resistance to induced apoptosis. The implication of PARP-1 in
regulating PASMC proliferation and apoptosis was confirmed in PAH-PASMCs, in which
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PARP-1 inhibition decreased proliferation and resistance to apoptosis to levels similar
to those seen in control-PASMCs.

Example 4

PARP-1 upregulation promotes the activation of the pro-proliferative and
anti-apoptotic NFAT pathway in PAH-PASMCs. PARP promotes NFAT and HIF
(Fig. 6)

The increase in PASMC proliferation and resistance to apoptosis observed in
PAH has been linked to the activation of the NFAT pathways (Bonnet et al., 2007Db).
The putative implication of PARP-1 in these pathways was thus investigated. As
expected, we observed an increase in the activity of NFAT (increased NFATc2 nuclear
translocation) in PAH-PASMCs. This finding demonstrates that an upregulation of
PARP-1 leads to the activation of NFAT pathway in PAH-PASMCs. This finding is in
agreement with previously published results in T-cells (Olabisi et al., 2008; Valdor et al.,
2008).

Example 5

Decreasing PARP-1 level in PAH-PASMCs reverses the pro-proliferation
and anti- apoptotic phenotype of PAH-PASMCs (Fig. 4).

In PAH-PASMCs, NFAT-mediated proliferation (Bonnet et al., 2007b; Wong et
al., 2005) has been linked to the downregulation of K* channels (Bonnet and Archer,
2007; Platoshyn et al., 2000) resulting in membrane depolarization (Platoshyn et al.,
2000; Yuan, 1995), opening the voltage-dependent calcium channels, thereby
increasing intracellular calcium concentration ([Ca®*]) (Bonnet et al., 2007a; Wong et
al., 2005; Yuan, 1995). Using Fluo-3AM and PCNA we measured the effect of PARP-1
inhibition on [Ca®*]; and PASMCs proliferation. The PARP-1 inhibition in PAH-PASMCs
decreases [Ca?*]i and PASMC proliferation to the level seen in control-PASMCs. To

further confirm that these effects were mediated via NFAT pathway, we treated cells
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with the NFAT inhibitor VIVIT (Bonnet et al., 2007b). VIVIT treatment does not further
decrease [Ca**] in PAH-PASMCs where the PARP-1 activity has been inhibited.

Resistance to apoptosis observed in PAH-PASMCs has been linked to
mitochondrial membrane potential (A¥n,) hyperpolarization, which would block the
release of pro-apoptotic mediators like cytochrome ¢ (Bonnet et al., 2007a; Bonnet et
al., 2009). Using tetramethylrhodamine methyl ester (TMRM), we measured whether
PARP-1 inhibition can affect mitochondrial hyperpolarization. PARP-1 inhibition in PAH-
PASMCs depolarizes AW, to a level similar to that observed in control-PASMCs.
Moreover it was demonstrated that PARP-1 inhibition depolarizes PAH-PASMCs to a
level similar to the one seen in VIVIT-treated PAH-PASMC. Finally, both PARP-1 and
VIVIT did not have additive effects on AW, suggesting that PARP-1 effects on AW, is
mainly mediated by NFAT.

Example 6

PARP-1 inhibition reverses Monocrotaline (MCT)-induced PAH.

In order to test if PARP-1 inhibition can reverse symptoms of PAH in the rat
model, PARP-1 inhibitor was orally given to rats with established MCT-induced PAH
rats (10-15 days after MCT injection). PARP-1 expression and activity were measured
in the lungs of treated animals and compared to the untreated animals. The results
revealed that orally available PARP-1 inhibitor significantly decreases PARP-1 activity

and expression in vivo.

Longitudinal study to assess the efficacy of PARP inhibitor treatment was
performed for two weeks using non-invasive measurements  (Doppler
echocardiography). PARP-1 inhibition in MCT-PAH rats reduced pulmonary arterial
pressure as assessed by the pulmonary artery acceleration time (PAAT), a Doppler
parameter linked to PA pressure (PAAT being inversely correlated to PA pressure). In
addition, PARP-1 inhibition decreased right ventricle wall thickness when compared to
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MCT-PAH rats treated with vehicle. These findings were invasively confirmed by direct
PA pressure measurements by right catheterization and measurements of the RV /
LV+S weigh ratio. To determine whether PARP-1 inhibition can reduce pulmonary
artery remodelling in MCT-PAH animals, we measured medial wall thickness.

PARP-1 inhibition in MCT-PAH rats reduces pulmonary arterial pressure and
decreases right ventricle wall thickness when compared to MCT-PAH rats treated with
vehicle. Animals treated with PARP-1 inhibitor displayed a significant reduction in
medial thickness of small (£ 300 um) and medium-sized (< 600 um) pulmonary arteries
(Fig. 7A). A significant decrease in PASMC proliferation (as assessed by PCNA
distribution) and resistance to apoptosis (TUNEL) was also observed in rats treated with
PARP-1 inhibitor (Fig. 7B).

Example 7

PARP-1 expression is increased in PAH human lungs.

PARP upregulation in human lung from 8 PAH patients compared to 8 healthy
patients was quantified by qRT-PCR. Total RNA was extracted from paraffin lung with a
specific RecoverAll Total Nucleic Acid Isolation Kit (Applied Biosystems; # AM1975).
PARP expression was measured with specific tagman assay (Applied Biosystems). As
shown, mRNA PARP expression is significantly increased in human PAH patients
compare to healthy patients. The results are presented on Fig. 8

Example 8

PARP-inhibition reverses PAH development.

In vivo, ABT-888 (6mg/kg) was administered per os during 2 weeks after PAH
establishment (2 weeks post MCT injection). The effect of ABT-888 was first
investigated by a non-invasive echocardiography: we measured a decrease in PAAT
(pulmonary artery acceleration time), which is a parameter inversely proportional to the
mean PAP, and a decrease in the RV free wall thickness that give information on the
state of RV hypertrophy. These results were confirmed invasively by right catherization
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with a decrease of mean PAP in the rats treated with ABT compared to the rats MCT
only. The fulton index showed a decrease in RV Hypertrophy as well and finally,
vascular remodeling quantified by H&E staining. Demonstrated that vascular
remodeling was nearly normalized. The results are presented on Fig. 9.

Example 9

PARP- expression and activation is decreased using ABT-888.

In order to assess the efficiency of our treatment, we quantified PARP and
poly(ADP)ribose activities by immunofluorescence on lung histological sections in rats
treated or not with ABT-888. As described in (Bonnet et al., 2007a; Bonnet et al., 2009),
the poly(ADP)ribose is increased in lung from PAH-rats after 2 weeks of monocrotaline
injection, and is significantly decreased by ABT administration. PARP activation is
efficiently decreased as well after ABT-888 administration (6mg/kg). The results are
presented on Fig. 10.

Example 10

PAH model

The Sugen rats model is a new PAH experimental model where rats receive
SU5416 (s.c.) added with 3 weeks of hypoxia (10% O2) (Abe et al.) After these 3
weeks, the rats return in a normoxic environment for 12 more weeks. This model
develop a more sever state of PAH with development of plexiform lesion in the last
weeks. After the 3 weeks of hypoxia, PAH development is evaluated by non-invasive
techniques (echocardiopgraphy). PAAT is decreased in PAH Sugen rats and reversed
with ABT-888 administration (6mg/kg) at the 7" weeks after SU5416 injection. The
results are presented on Fig. 11.
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Use at least one PARP inhibitor or a pharmaceutically acceptable
thereof for:

-the treatment of Group 1 pulmonary arterial hypertension (PAH) in a
subject in need of such treatment;

-for reducing medial thickness of the pulmonary arteries of a subject
suffering from Group 1 pulmonary arterial hypertension, or

-for inhibiting or reducing Pulmonary Artery Smooth Muscle (PASMC)
proliferation and resistance to apoptosis through a NFAT-dependent
mechanism of a subject in need of such inhibiting or reducing.

The use according to claim 1 wherein the subject is human.

The use according to claim 1 or 2 wherein the PARP inhibitor from the
class of Nicotinamides, Benzamides, Isoquinolinones,
Dihydroisoquinolinones, Benzimidazoles, indoles, Phthalazin-1 (2H)-
ones, quinazolinones, Isoindolinones, Phenanthridines,
phenanthhdinones, Benzopyrones, Unsaturated hydroximic acid

derivatives or Pyridazines.

The use according to claim 1 or 2, wherein the PARP inhibitor is
NU1025, ABT-888 (Veliparib), Olaparib (was AZD-2281), CEP 9722,
MK4827, AGO014699, Iniparib (previously BSI 201), LT-673, 3-
aminobenzamide or E7016.

The use according to claim 4 wherein PARP inhibitor is ABT-888.

The use according to any one claims 1 to 5 wherein Group 1 PAH is:
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(a) idiopathic or primary pulmonary hypertension,
(b) familial hypertension,

(c) pulmonary hypertension secondary to, but not limited to, connective
tissue disease, congenital heart defects (shunts), pulmonary fibrosis,
portal hypertension, HIV infection, sickle cell disease, drugs and toxins
(e.g., anorexigens, cocaine), chronic hypoxia, chronic pulmonary

obstructive disease, sleep apnea, and schistosomiasis,

(d) pulmonary hypertension associated with significant venous or capillary
involvement (pulmonary veno-occlusive disease, pulmonary capillary

hemangiomatosis),

(e) secondary pulmonary hypertension that is out of proportion to the
degree of left ventricular dysfunction, or

(f) persistent pulmonary hypertension in newborn babies.

The use according to any one of claims 1 to 6 further comprising using
at least one additional compound indicated for the treatment of

pulmonary arterial hypertension.

The use of claim 7 wherein the compound indicated for the treatment of
pulmonary arterial hypertension is a calcium channel antagonist, an
anticoagulant, endothelin receptor blockers, phosphodiesterease

inhibitors, angiotensin-converting enzyme inhibitors or diuretics.

The use of claim 8 wherein the compound indicated for the treatment of
pulmonary arterial hypertension is nifedipine, diltiazem, eprostacyclin,
prostacyclin, iloprost, flolan treprostinil, adenosine, inhaled nitric oxide,

warfarin, digoxin, bosentan, sildenafil, norepinephrine or enalapril.
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12.

13.

14.

15.

38

A pharmaceutical composition comprising at least one PARP inhibitor
or a pharmaceutically acceptable thereof for the treatment of Group 1

pulmonary arterial hypertension.

The pharmaceutical composition of claim 10 further comprising at least
one additional compound indicated for the treatment of pulmonary
arterial hypertension.

The pharmaceutical composition of claim 11 wherein the compound
indicated for the treatment of pulmonary arterial hypertension is a
calcium channel antagonist, an anticoagulant, endothelin receptor
blockers, phosphodiesterease inhibitors, angiotensin-converting

enzyme inhibitors or diuretics..

The pharmaceutical composition of claim 11 wherein the compound
indicated for the treatment of pulmonary arterial hypertension is
nifedipine, diltiazem, eprostacyclin, prostacyclin, iloprost, flolan
treprostinil, adenosine, inhaled nitric oxide, warfarin, digoxin, bosentan,

sildenafil, norepinephrine or enalapril.

The pharmaceutical composition of any one of claims 10 to 13 further
comprising a pharmaceutically acceptable carrier.

A method of treating a subject suffering from Group 1 pulmonary
arterial hypertension (PAH) which comprises administering to a said
human in need of such treatment a dose effective against PAH of at
least one PARP inhibitor or a pharmaceutically acceptable salt thereof.
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The method of claim 15 wherein the Group 1 PAH is:
(a) idiopathic or primary pulmonary hypertension,
(b) familial hypertension,

(c) pulmonary hypertension secondary to, but not limited to, connective
tissue disease, congenital heart defects (shunts), pulmonary fibrosis,
portal hypertension, HIV infection, sickle cell disease, drugs and toxins
(e.g., anorexigens, cocaine), chronic hypoxia, chronic pulmonary
obstructive disease, sleep apnea, and schistosomiasis,

(d) pulmonary hypertension associated with significant venous or capillary
involvement (pulmonary veno-occlusive disease, pulmonary capillary

hemangiomatosis),

(e) secondary pulmonary hypertension that is out of proportion to the

degree of left ventricular dysfunction, or

(f) persistent pulmonary hypertension in newborn babies, which
comprises administering to said human in need of such treatment a
dose effective against the respective disorder of at least one PARP

inhibitor or a pharmaceutically acceptable salt thereof.

The method according to claim 15 or 16 wherein the subject is human.

The method according to any one of claims 15 to 17 wherein the PARP
inhibitor from the class of Nicotinamides, Benzamides, Isoquinolinones,
Dihydroisoquinolinones, Benzimidazoles, indoles, Phthalazin-1 (2H)-
ones, quinazolinones, Isoindolinones, Phenanthridines,
phenanthhdinones, Benzopyrones, Unsaturated hydroximic acid

derivatives or Pyridazines.

The method according to any one of claims 15 to 17 wherein the PARP
inhibitor is NU1025, ABT-888(Veliparib), Olaparib (was AZD-2281),
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21.

22.

23.

24.

25.
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CEP 9722, MK4827, AG014699, Iniparib (previously BSI 201), LT-673,
3-aminobenzamide or E7016.

The method according to claim 19 wherein PARP inhibitor is ABT-888.

The method according to any one of claims 15 to 20 further comprising
administering at least one additional compound indicated for the
treatment of pulmonary arterial hypertension.

The method of claim 21 wherein the compound indicated for the
treatment of pulmonary arterial hypertension is a calcium channel
antagonist, an anticoagulant, endothelin  receptor blockers,
phosphodiesterease  inhibitors,  angiotensin-converting  enzyme
inhibitors or diuretics..

The method of claim 21 wherein the compound indicated for the
treatment of pulmonary arterial hypertension is nifedipine, diltiazem,
eprostacyclin, prostacyclin, iloprost, flolan treprostinil, adenosine,
inhaled nitric  oxide, warfarin, digoxin, bosentan, sildenafil,

norepinephrine or enalapril.

A method of diagnosing group 1 pulmonary arterial hypertension (PAH)
in a subject comprising determining the PARP level in a biological
sample of the subject wherein an elevated PARP level compared to a
reference sample indicates that the subject suffers from group 1 PAH.

A method of diagnosing group 1 pulmonary arterial hypertension (PAH)
in a subject comprising determining the PARP regulation in a biological
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26.

41

sample of the subject wherein an up-regulated PARP level compared to
a reference sample indicates that the subject suffers from group 1 PAH.

A method for evaluating the likelihood of group 1 pulmonary arterial
hypertension (PAH) in a subject comprising:
-comparing a PARP level in a biological sample from a subject to
be tested to a reference PARP level obtained from a healthy
subject; and

-determining if the level of PARP in said biological sample is
different from the level of the reference PARP;

wherein determination of a difference is indicative of the likelihood of group 1
PAH in said subject to be tested.

27.

28.

29.

30.

The method of claim 26 wherein the level of PARP in said biological
sample is elevated compared to the reference PARP.

The method of any one of claims 24 to 27 wherein the patient is human.

The method of any one of claims 25 to 28 wherein the reference is the
level present in subject not suffering group 1 PAH.

The method according to any one of claim 25 to 27 wherein the
biological sample is lung or blood.



PCT/CA2012/050306

WO 2012/151701

1/11

JOIIUOT UBLLINY B

4D d+H0IIUOT uBLINLY BF

aamsod

HYd BB
|eaue g

angisod

anpedau

uewny - 5PHOS

el

ELVTEETT

DPHOS8

cosies O 1Y

ansod sanedau

——

joaue) g
HYd

w001

%00T

uewny - HpHOS

- 000
Hvd
000z
ooov

0009

ooo8
|osuo)

oooot

888-19Y -



WO 2012/151701 PCT/CA2012/050306

2111

Control PAH

- + - + ABT-888

blue: DAPI
red; gH2AX
gH2AX foci
80.00
60,00
40,00 =0
010 Oxidative damage is
2000 1 .10 increased in PAH PASMC
.00
KBT-885 0.0 = %
: | o |
Control ;’ o 0084
, . 8
g
& 0064
1733
Q
Control PAH é 0.04
- + ABT888 3
002 4
0.00
[ Control
biue: DAPI PAH
red: 53BP1 -
53BP1 foci
80,00
50.00
40.00
B0
# 110
20.00
B =10
.00
ABT-B8%

Control




PCT/CA2012/050306

WO 2012/151701

3/11

idgyd-nue:gm

Wi/ 888-19Y

s

L

0 Wit/ 888-1av

HYd
00 3
2
50 &
>
-0l X
D
R
013
. wn
- 02 m.
=

L 62

H

v

[o5ue)

d

uewny

1dQyd-nue ;g

01

0l 0

HYd

[illlsp}

ey

S|I92 DWSYd uewny pue jes uj uonesynuenb iggyd

HAdVO

idavd

l-ddvd

J0Iq LLIa)SBA

Hvd Il
lonuon []

54
divd sale|s)

L
Lo
ol

v

| )
L=
oy
yoissaldxe

- OF
Hod-L3b
uoissaldxe L-dMNVd



WO 2012/151701 PCT/CA2012/050306

4/11
=
<
m
° | I D D B |
E o o o o o o
w g 2 ¢ °
n4
[e0] [e0]
[e0] [e0]
[0 0] [0 0]
[ [
m m
_ < _ <
e + < +
T I I T I I
(@]
S& & S&&
~J
< L
< 2
0 :llll
Q. ~ 8 8 & & ©°

s|[e2 aAnisod YNOd % s|1o0 aanisod TINNL %



PCT/CA2012/050306

WO 2012/151701

511

‘5154100418 pue | dyvd uaamiaq qu jeuoidiiasuel) e aaey jou JyBiw s1ay) jey}
Bunsabbns Aped s sy Jeyiaho) uaxe] [soiwouss JNg ‘(e 1@ oubio] s)192 JaA)
pue g3 asnow ul pauodal usag sAeY S)Nsal IBJILUIS " | d ¥d 10 uone|nfal-umop

ayl Aq pajoaye 1ou ale sauaf Bulurewss ay) ‘pajedap uaag aaey

12U} Ldyvd ¥d=ax3q "sisAloadB ul pajealidw pue [} L0z W3r 'S 3PuUUeg]
Hy'd w pajenBal-dn ale 1ey) [0 0z 22u195 aW0alold ‘D9 Jauiod]
Ldyvd Yy Bunoeiaiul sauah ayy 1s)| a|gel siyL [elep paysigndun]

{9=N) 1 dMvd 1surefie yNYIs ue pue (9=N) ¥N

N IS [04U0D B UM palesd) 5|80

eaH Bunedwod Ag paulelqo alam uoissaldxe auall xupwAYy "L 8|qel

600 (1T 2[I5NW “@Seuly 21eanid ZIADd
C1-306'C 9€'g- T esedawAjod {esoqu-dav) Aled|  Tduvd
Z5°0 T- v eseusdoipAyep sieioe] YHA
TT°0 T'T- T @sejous TONd
o0'0 ZI'T- s1eydsoydsiq-as019n)) ¥ 2sEORY| wOATY
anjea-d |a8uey) pjo4 [eciewwisg uoiuyaq | sjoqwig

Adueya pa4

101qIYu! dHvd pUB Hvd JO

SOIWLOUDS DAIIRISO1U|

og

BWIOJORIBIUI d¥Yd Ul Juasaud
Hyd Ul suielold passaldxa-lano
Joj Juswiyouue Aemuyled

wuswyouug

ryi

0L 0¢ Ol 0

Ir
yieap o2 weibold

Alquissse xa|dLiod
Ie[nas|oLiolaeLl Jejnjien

sisoldode
10 Uopanpu|

SIBAI0DAID)

Iy

mwmoo;&mo_mo_o_n_ ABO|0JUO auUsD)

[800Z ¥¥N ‘0T0Z "125 awoa0ld 'OO Jalliod] [TTOZ AT 'S 13uung]

9WO]OEI2]UIl 4HVYd

awoidiiosuel) Hyd



WO 2012/151701

% NFAT nuclear

translocation

ratio Hif1a/SM-actine

6/11

NFAT activation

40 =
30«

20

104

0

HIF-1alpha

PCT/CA2012/050306

1 Control
Il PAH
1 pPAH + ABTSSS

[ Control
Il PAH
1 pAH + ABTSS8



PCT/CA2012/050306

WO 2012/151701

711

88819V + HYd [

Hvd IR
losuod [

2

0 4

C

=z

AL

§e}

(o]

w

07 =

- <

4]

(9]

—tt 3 Lo @

s ¥ w0

T3NNL

888149V + HVd [
Hvd IR
loquod [

2

@

3

o

o

@

=

(@]

(3'9H) Buijapowal sefnaseA yd

88819V + HVd [

Hvd Il
lojuod ]

= OV

= 09

s|[e2 aAnIsod YNOd %

= 08

VNOd
sisojdode sasealoul uoniqIyul 4yvd

=
0 o 8
-
3 E >
02 = -0Z 2
s, &
oy S oy €
< @
— [ N | W E)
% o = 09 * P =09 w
T
)
ones uojn4 ainssaud yd uesapy

Juawdojanap Hyd Sosianal uoniqiyul 4yvd



WO 2012/151701 PCT/CA2012/050306

8/11

[ Control
B PAH

Lungs
wedkede
| —

S8l 0} pazijjew.ou
uoissaidxs suab 4yyd aAnels.

PARP-1 expression is increased in PAH human lungs



PCT/CA2012/050306

WO 2012/151701

888-LAV+HVd =g

Hvd Il
losuod [

A

ID M
o
.omm
V)

- OV =
=

r

- 09 3
oy

. [7;]
EE 23 uow%

(3'9H) Buijapowal iejnaseA yd

uonoaful | DN JBYE Yoo

911

¥

888-L8V+HVd [
Hvd I -

Ll

onuod [ -

€

4 I 0
W =00

S0

"0l

"Gl

"0¢

-GZ
AydoapiedAy ny

wl

* * %

= 0C

> OV

SAT/AY Oljel

Xapui uojin4

=0

=0c¢

B4
[ 3L 3

*

*yy - (9

(BHww) ainssalid yd uesiy

ainssaid yd4 uespy

uonoaful | DN Jaye Yoo\

14

€

A

At

[4

0

lvvd

juswidojaAap HYd S9sianal uoniqiyul 4yvd



PCT/CA2012/050306

WO 2012/151701

10/11

888-18V+HVd Ll

Hvd I
louod [

0 0
2
0z 3 -0000}
Py 0
For ) = I ooooz &
- e 888-19V+HVd [ ol
09 S Hvd [l - 0000€ i
(T S— 5] PP c
x v lgg 7 losuod [] - 00007 ™
dyvd asoqu(day)Aiod

888-19V Buisn paseatdop sI uonjeAde pue uoissaldxe dyvd



PCT/CA2012/050306

WO 2012/151701

11/11

=01

=
3
0z @
888-1GV+HVd = 2
Hvd Il |
lonuod [ bmed Loy
lvvd

‘lopouw sjel uabng ul | Yy d sesealoul uoliqiyul l-ddvVd



INTERNATIONAL SEARCH REPORT International application No.
PCT/CA2012/0503006

A CLASSIFICATION OF SUBJECT MATTER
IPC: A61K 31/4184 (2006.01) , A61K 31/166 (2006.01) . A6IK 31/454 (2006.01) , A61K 31/502 (2006.01) ,
A6IK 31/517 (2006.01) , A61K 31/55 (2006.01), A6IP 9/12 (2006.01)

According to International Patent Classitication (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: A61K 31/4184, A6IK 31/166, A61K 31/454, A61K 31/502, A6IK 31/517, A61K 31/55. A61P 9/12

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the mternational search (name of database(s) and, where practicable, search terms used)
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons :

1. [X] Claim Nos. :  15-23
because they relate to subject matter not required to be searched by this Authority, namely :
Claims 15-23 relate to a method of medical treatment, which the International Search Authority 1s not required to search under

Atrticle 17(2)a(I) and Rule 39.1(iv) of the Patent Cooperation Treaty Regulations. This authority has nevertheless conducted a
search based on the alleged therapeutic effect of a composition comprising a PARFP inhibitor.

2. | ] Claim Nos. :

because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent
that no meaningful international search can be carried out, specifically

3. [ ] Claim Nos. :

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows :

1. [ ] Asall required additional search fees were timelv paid by the applicant, this international search report covers all

searchable claims.

2. | ] Asall searchable claims could be searched without effort justifving additional fees, this Authority did not invite

pavment of additional fees.

3. [ ] Asonlysome of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claim Nos. :

4. | ] No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claim Nos. :

Remark on Protest | | The additional search fees were accompanied by the applicant’s protest and. where applicable,

the pavment of a protest fee.

[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

[ ] No protest accompanied the pavment of additional search fees.
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