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Introduction

Axon Medchem is a trusted supplier of high-value life science products, providing Axon Ligands™ as world wide
recognized bioactive reference compounds or drug standards for pharmacological research. With in stock about 3000
excellent quality small molecule inhibitors or modulators targeting close to 1000 biological targets of cell signaling, gene
transcription, apoptosis, cell cycle regulation, CNS and many more areas, Axon Medchem aims to facilitate your scientific
research and development.

Axon Medchem is also a leading European CRO in medicinal chemistry, specialized in contract research and high-quality
synthesis of bio-active and/or drug-like molecules. We have the proven record in developing novel drug candidates and
achieving excellence for a decade by providing our dedicated chemistry services for companies and research institutes
active in the field of life sciences around the world.
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Pharmacological Index

Enzymes

A fundamental task of proteins is to act as enzymes: catalysts that increase the rate of virtually all the chemical reactions
within cells. They are highly selective, accelerating both the rate and specificity of metabolic reactions, from the digestion
of food to the synthesis of DNA. Most enzymes are proteins, although some catalytic RNA molecules have been identified
as well. Cells contain thousands of different enzymes, and their activities determine which of the many possible chemical
reactions actually take place within the cell. The binding of a substrate to the active site of an enzyme is a very specific
interaction. Once a substrate is bound to the active site of an enzyme, multiple mechanisms can accelerate its conversion
to the product of the reaction. Examples of enzymatic conversions of substrates include peptide bond formation or
cleavage, hydrolysis and condensation, oxidation and reduction, phosphorylation, and many more. In addition to binding
their substrates, the active sites of many enzymes bind other ions or small molecules that participate in catalysis. These
molecules are called coenzymes and/or cofactors. In contrast to substrates, coenzymes are not irreversibly altered by the
reactions in which they are involved. While most enzymes move freely (intra- and extracellular) within the organism, many
enzymes are anchored to either membranes or receptorsl.

The Axon Ligands™ that interact with enzymatic processes are arranged into the six major classes of enzymes in line
with the rules of classification stated by the Nomenclature Committee of the International Union of Biochemistry and
Molecular Biology?.

* The Cell: A Molecular Approach. 2nd edition. Cooper GM. Sunderland (MA): Sinauer Associates; 2000.
2 Enzyme Nomenclature 1992. Academic Press, San Diego, California, ISBN 0-12-227164-5.

Enzymes (EC 1.) Oxidoreductases

Oxidoreductases comprise the large class of enzymes that catalyze biological oxidation/reduction reactions. They play an
important role in both aerobic and anaerobic metabolism. They can be found in glycolysis, TCA cycle, oxidative
phosphorylation, and in amino acid metabolism. Subcategories within this class of biological targets are created based
the kind of acceptor molecules involved in the redox reaction they catalyze, and on and the nature of their substrates”.

N Enzyme Nomenclature 1992. Academic Press, San Diego, California, ISBN 0-12-227164-5.

Enzymes (EC 1.1.) Dehydrogenases and Reductases, Hydr oxides

There are 7 different alcohol dehydrogenase (ADH; EC 1.1.1.1) isozymes in human: three belong to class-I: alpha, beta,
and gamma, one to class-Il: pi, one to class-IlIl: chi, one to class-IV: ADH7 and one to class-V: ADH6. Members of the
ADH7 family metabolize a wide variety of substrates, including ethanol, retinol, other aliphatic alcohols, hydroxysteroids,
and lipid peroxidation products. ADH7 is the only ADH not expressed in liver, instead being expressed mainly in the upper
gastrointestinal tract. Genome-wide studies have identified significant associations between single-nucleotide
polymorplhisms in ADH7 with alcoholism, drug dependence and cancer, but the causative variants have not been
identified™.

Atorvastatin (Axon 2043) is probably among the best knows inhibitors of the enzyme HMG-CoA reductase (EC 1.1.1.88),
an enzyme found in liver tissue that plays a key role in the mevalonate pathway, the metabolic pathway that produces
cholesterol and other isoprenoids. Inhibition of the enzyme decreases de novo cholesterol synthesis, increasing
expression of low-density lipoprotein receptors (LDL receptors) on hepatocytes. This increases LDL uptake by the
hepatocytes, decreasing the amount of LDL-cholesterol in the blood. Interestingly, like most drugs, degradation of
Atorvastgatin is initiated by another oxidoreductase enzyme: Cytochrome P450 3A4 (CYP3A4), an enzyme in the class of
EC 1.14°.

The human genome has 5 isocitrate dehydrogenase (IDH; EC 1.1.1.42) genes, coding for 3 distinct IDH enzymes whose
activities are dependent on either NADP (NADP+-dependent IDH1 and IDH2) or NAD (NAD+-dependent IDH3). Both
IDH2 and IDH3 are localized in the mitochondria and participate in the citric acid cycle for energy production, whereas
IDH1 is localized in the cytoplasm and peroxisomes. IDH enzymes catalyze the oxidative decarboxylation of isocitrate to
produce a-ketoglutarate (also known as 2-oxoglutarate) and concomitantly produce NADPH from NADP+. IDH enzymes
also catalyze the reductive carboxylation of a-ketoglutarate to form isocitrate and concomitantly produce NADP+ from
NADPH. Since IDH1 and IDH2 are mutated in 50%—-80% of astrocytomas, oligodendrogliomas, oligoastrocytomas, and
secondary glioblastomas, Isocitrate dehydrogenase (IDH) enzymes have recently become a focal point for research
aimed at understanding the biology of glioma®.

Two 11B-hydroxysteroid dehydrogenases (11B-HSD; EC 1.1.1.146) catalyze the interconversion between active and
inactive glucocorticoids. The enzyme 11B-HSD1 is widely expressed and yields increased local tissue concentration of
active glucocorticoid by converting cortisone into cortisol in humans, and 11-dehydrocorticosterone into corticosterone in
rodents. In contrast, the enzyme 113-HSD2 catalyzes the opposite reaction, the inactivation of active glucocorticoid. 11B-
HSD1 has been Proposed as a new target for type 2 diabetes drugs, since they lower blood glucose levels and improve
insulin sensitivity™.
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Aldose reductase (AR; EC 1.1.1.21) is a NADPH-dependent oxidoreductase and considered the key enzyme in the polyol
pathway. It catalyzes the reduction of a variety of aldehydes and carbonyls, including monosaccharides, and is primarily
known for the conversion of glucose into sorbitol. During states of hyperglycemia, the polyol pathway has increased
activity, resulting in elevated sorbitol levels. Increases in sorbitol concentrations result in cellular and organ injury and in
the decrease of myo-inositol in the peripheral nerves. When myo-inositol is decreased, there is a resulting decrease in
Na+,K+-ATPase activity, which is essential for nerve conduction. Additionally, increased polyol pathway activity and the
overutilization of NADPH by AR may affect a number of other homeostatic mechanisms: NADPH depletion results in
decreased nitric oxide (NO) and reduced glutathione production. Inhibition of this enzyme causes a decrease in the
accumulation of sorbitol in the cells, and may serve possible treatments for diabetic neuropathy

In normal tissues, lactate generation is limited to anaerobic conditions where oxygen levels are low. In contrast, cancer
cells preferentially convert glucose into lactate through glycolysis, even under normal oxygen concentrations, a
phenomenon termed “aerobic glycolysis” or the Warburg effect. Anti-glycolytic therapeutic approaches against cancer
have been (re-)evaluated, in consideration of the dependence that cancer cells have on a high glycolytic rate®. In
particular, human LDH-A (or LDH-5; EC 1.1.1.27), a key glycolytic enzyme that catalyzes the formation of lactate from
pyruvate and is frequently upregulated in clinical tumors, is currently being considered as a strategic target for the
blockage of glycolysis. Since humans missing the LDH-A enzyme (as a hereditary disease), are healthy, it has been
hypothesized that inhibition of LDH-A as an anticancer strategy should give no significant on-target side effects’ ™8,

As the cell wall frames and protects mycobacterial cells, its biosynthesis is a fundamental process for the mycobacterial
survival. As a consequence, the enzymes involved in this process represent potential drug targets in tuberculosis (TB)
treatment. DprEl (EC 1.1.98.3) is a decaprenylphosphoryl-D-ribose oxidase, involved in the biosynthesis of
decaprenylphosphoryl-D-arabinose (DPA), an essential component of the mycobacterial cell wall. In concert with DprE2, it
catalyses the epimerization of decaprenylphosphoryl -D-ribose (DPR) to DPA, via the formation of the intermediate
decaprenylphosphoryl 2-keto-ribose (DPX)

: S Jairam et al. Single-nucleotide polymorphisms interact to affect ADH7 transcription. Alcohol Clin Exp Res. 2014 Apr;38(4):921-9.
2 Pharmacokinetic-pharmacodynamic drug interactions with HMG-CoA reductase inhibitors. W.D. Feely J. Clin Pharmacokinet 2002, 41, 343-370.
3 C. Zhang et al. IDH1/2 mutations target a key hallmark of cancer by deregulating cellular metabolism in glioma. Neuro Oncol. 2013, 15, 1114-1126.
“P. Alberts et al. Selective inhibition of 11 beta-hydroxysteroid dehydrogenase type 1 improves hepatic insulin sensitivity in hyperglycemic mice strains.
Endocrlnology 2003, 144(11), 4755-4762.
® K.E. Schemmel et al . Aldose reductase inhibitors in the treatment of diabetic peripheral neuropathy: a review. J. Diabetes Complications. 2010, 24,
354-360.
°® RA Ward et al. Design and synthesis of novel lactate dehydrogenase A inhibitors by fragment-based lead generation. J Med Chem. 2012 Apr
12;55(7):3285-306.
7 C Granchi et al. Discovery of N-hydroxyindole-based inhibitors of human lactate dehydrogenase isoform A (LDH-A) as starvation agents against
cancer cells. 3 Med Chem. 2011 Mar 24;54(6):1599-612.
® C Granchi et al. Assessing the differential action on cancer cells of LDH-A inhibitors based on the N-hydroxyindole-2-carboxylate (NHI) and malonic
Mal) scaffolds. Org Biomol Chem. 2013 Oct 14;11(38):6588-96.
G Riccardi et al. The DprE1 enzyme, one of the most vulnerable targets of Mycobacterium tuberculosis. Appl Microbiol Biotechnol. 2013
Oct;97(20):8841-8.
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Enzymes (EC 1.1.1) Dehydrogenases and Reductases, IDH /MDH

Similar to IDH, malate dehydrogenases (MDH; EC 1.1.1.37) belong to the NAD-dependent dehydrogenases, and catalyze
the reversible conversion of malate into oxaloacetate. MDH is a rather ubiquitous enzyme, for which several |soforms
have been identified, differing in their subcellular localization and their specifity for the coenzyme NAD or NADP?. Malate
metabolism plays a key role in mitochondrial respiration and as a mediator of hormone-induced enhancement of
mitochondrial respiration. MDH is essential for transamination of glutamate by aspartate aminotransferase. These
combined reactions are the mitochondrial part of the malate aspartate shuttle and are of importance in gluconeogenesis
and ureogenesis and for the release of insulin by pancreatic islets?.

! P. Minérik et al. Malate dehydrogenases--structure and function. Gen Physiol Biophys. 2002 Sep;21(3):257-65.

2 L.A.Fahien et al. Regulation of malate dehydrogenase activity by glutamate, citrate, alpha-ketoglutarate, and multienzyme interaction. J Biol Chem.
1988 Aug 5;263(22):10687-97.
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Enzymes (EC 1.1.1) Dehydrogenases and Reductases, PHGD H

The NAD+-dependent enzyme 3-phosphoglycerate dehydrogenase (PHGDH; EC 1.1.1.95), which catalyzes the first
committed step of serine biosynthesis from glucose via the phosphoserine pathway, is overexpressed in tumors and
cancer cell lines via focal amplification and nuclear factor erythroid-2-related factor 2 (NRF2)-mediated up-regulation.
Since it was found that proliferation of PHGDH-amplified cancer cell lines, and other lines that overexpress PHGDH
without amplification, is inhibited by PHGDH knockdown, PHGDH inhibitors as a targeted therapy for these tumor types
represent an exciting clinical opportunlty

* E Mullarky et al. Identification of a small molecule inhibitor of 3-phosphoglycerate dehydrogenase to target serine biosynthesis in cancers. Proc Natl
Acad Sci U S A. 2016 Feb 16;113(7):1778-83.

2585 CBR 5884..
2623 NCT-503.
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Enzymes (EC 1.2.) Dehydrogenases and Reductases, Alde  hydes

Inhibition of the enzyme S-nitrosoglutathione reductase (GSNOR; EC 1.2.1.46) affects the metabolism of S-
nitrosoglutathione and the maintenance of nitric oxide (NO) homeostasis. GSNOR is a zinc-dependent, NAD+- and
NADH-dependent, medium chain alcohol dehydrogenase (ADH), but shows only modest affinity towards alcohols. Rather,
the enzyme is also known as formaldehyde dehydrogenase, and as such, it targets GSNO in order to reduce its nitroso
group into an unstable S-hydroxylaminoglutathione intermediate. Inhibition of GSNOR by N6022 (Axon 1822) and related
compounds has shown safety and efficacy in animal models of asthma, chronic obstructive pulmonary disease, and
inflammatory bowel disease’.

The mitochondrial pyruvate dehydrogenase complex (PDC) is a complex of three enzymes that convert pyruvate into
acetyl-CoA. Pyruvate dehydrogenase (E1) (PDH; EC 1.2.4.1) is the first component enzyme of PDC that controls
glycolysis-derived pyruvate entry into the tricarboxylic acid (TCA) cycle where it can be oxidized to support ATP
generation or its carbon diverted to anabolism. The activity of PDH (E1) is rapidly regulated by phosphorylation and
dephosphorylation events that are catalyzed by PDH kinases (PDKs 1-4) and PDH phosphatases (PDPs), respectively.
Phosphorylation of PDH results in inhibition of activity, whereas, dephosphorylation increases it*. Besides a crucial role in
patients that suffer from pyruvate dehydrogenase deficiency —one of the most common neurodegenerative disorders
associated with abnormal mitochondrial metabolism— PDH is also topic of interest of many studies on cancer. In cancer
cells pyruvate is abundantly transformed to lactate, regardless of the presence of oxygen. This phenomenon, known
historically as the Warburg effect, is called aerobic glycolysis. The biologic basis of this intensified glycolysis and shift of
pyruvate transformation to lactate in cancer cells is thought to be related to HIF1a®.

1 Mechanism of inhibition for N6022, a first-in-class drug targeting S-nitrosoglutathione reductase. L.S. Green, L.E. Chun, A.K. Patton, X. Sun, G.J.
Rosenthal, J.P. Richards. Biochemistry. 2012, 51,2157-2168.
2 7 Zachar et al. Non-redox-active lipoate derivates disrupt cancer cell mitochondrial metabolism and are potent anticancer agents in vivo. J. Mol. Med.
Berl). 2011, 89(11), 1137-1148.

M.I. Koukourakis et al. Pyruvate Dehydrogenase and Pyruvate Dehydrogenase Kinase Expression in Non Small Cell Lung Cancer and Tumor-
Associated Stroma. Neoplasia. Jan 2005, 7, 1-6.
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1822 N B022...ciiciiiiiiieeiieite ettt Inhibitor of S-nitrosoglutathione reductase (GSNOR)................ Page 566

Enzymes (EC 1.2.1.) Dehydrogenases and Reductases, AL DH

Detoxification of aldehydes generally occurs either via oxidation to the corresponding carboxylic acid or reduction to the
alcohol. The aldehyde dehydrogenase (ALDH; EC 1.2.1.36) superfamily catalyzes the NAD(P)+-dependent oxidation of
aldehydes to their respective carboxylic acid, only ALDH6A1 generating the CoA thioester product. The human genome
encodes for at least 19 distinct ALDH genes. The structure of human ALDHs are similar, functioning as either
homodimers or homotetramers, with each monomer comprised of at least three structural domains; a catalytic domain, a
cofactor binding domain, and an oligomerization domain. Despite similarities in structure and function, the isoenzymes of
the ALDH family of proteins have evolved to recognize different spectrums of aldehyde substrates due to differences in
the size and shape of their respective substrate binding sites. These differences have permitted the development of some
selective activators and inhibitors for various isoenzymes as therapeuticsl.

* C.A. Morgan et al. N,N-diethylaminobenzaldehyde (DEAB) as a substrate and mechanism-based inhibitor for human ALDH isoenzymes. Chem Biol
Interact. 2015 Jun 5;234:18-28.
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Enzymes (EC 1.3.) Oxidases, Dehydrogenases

Dihydroorotate dehydrogenase (DHODH; EC 1.3.3.1) is a flavin-dependent mitochondrial enzyme that catalyzes the
oxidation of dihydroorotate to orotate, the fourth reaction of pyrimidine de-novo synthesisl. Pyrimidine bases are essential
for cellular metabolism and cell growth, and are considered as important precursors used in DNA (thymine and cytosine),
RNA (uracil and cytosine), glycoproteins and phospholipids biosynthesis. Inhibitors of DHODH have proven efficacy for
the treatment of malaria, autoimmune diseases, cancer, rheumatoid arthritis and psoriasis. Many of the clinically relevant
anti-tumor and immunosuppressive drugs target human dihydroorotate dehydrogenase (hDHODH)Z.

The mitochondrial succinate dehydrogenase (SDH or SQR) complex (consisting of four nuclearly encoded subunits)
catalyses the oxidation of succinate to fumarate in the Krebs (TCA) cycle, and feeds electrons to the respiratory chain
(RC) ubiquinone (UQ) pool. Contrasting with most dehydrogenases feeding electrons to the RC, SDH is known to be fully
activated upon reduction of the RC and in the presence of ATP, due to dissociation of its physiological inhibitor,
oxaloacetate, at the active site’. Germline mutations of the genes that encode the SDH subunits result in hereditary
paraganglioma-pheochromocytoma syndromes. Patients with such mutations also develop gastrointestinal stromal
tumors (GISTs) that can be recognized by their distinctive multinodular architecture, predominantly epithelioid
morphology, and predilection for lymph node metastasis’. Recently, evidence has been accumulated that SDH is target of
the anti Leishmanial drug Sitamaquine (Axon 1515), as it targets the respiratory chain in digitonin-permeabilized
promastigotes”.

L H. Munier-Lehmann et al. On dihydroorotate dehydrogenases and their inhibitors and uses. J. Med. Chem. 2013, 56, 3148-3167.

2 V.K. Vyas et al. Recent developments in the medicinal chemistry and therapeutic potential of dihydroorotate dehydrogenase (DHODH) inhibitors. Mini
Rev. Med. Chem. 2011, 11, 1039-1055.

3 P, Rustin et al. Succinate dehydrogenase and human diseases: new insights into a well-known enzyme. Eur J Hum Genet. 2002 May;10(5):289-91.

4 S.R. Williamson et al. Succinate dehydrogenase-deficient renal cell carcinoma: detailed characterization of 11 tumors defining a unique subtype of
renal cell carcinoma. Modern Pathology 2015, 28, 80-94.

® L. Carvalho et al. The 8-aminoguinoline analogue sitamaquine causes oxidative stress in Leishmania donovani promastigotes by targeting succinate
dehydrogenase. Antimicrob. Agents Chemother. 2011, 55, 4204-4210.
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Enzymes (EC 1.4.3.) Oxidases, Mono-amine Oxidases

Mono-amine oxidases play an important role in neurotransmitter metabolism. Inhibitors of this class of enzymes have
played a major role in our understanding of the functional roles of dopamine (DA), norepinephrine (NE), and serotonin (5-
HT) neurotransmission in the CNS. However, due to their potentially lethal dietary and drug interactions (“cheese effect”),
monoamine oxidase inhibitors have historically been reserved as a last-in-line treatment of psychiatric disorders, only to
be used when other classes of antidepressant drugs have failed®.

Semicarbazide-sensitive amine oxidase (SSAO; EC 1.4.3.21) is an enzyme predominantly located in the endothelium and
leukocytes. SSAO is unique among other endothelial-expressed adhesins as it is also an ectoenzyme. A soluble form of
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SSAO is present in plasma and is known as vascular adhesion protein VAP-1. It is well known to regulate two key
inflammatory processes which are integral to progressive renal pathology. Besides causing oxidative stress by its
oxidation products, oxidative stress, SSAO mediates the transmigration of intraluminal leukocytes into sites of tissue
inflammation, which is initially a protective reparative process, but if persistent, can lead to chronic inflammatory cell
accumulation?. Activation of VAP-1 has been implicated in several pathologies, such as: atherosclerosis, diabetes,
Alzheimer's disease, kidney fibrosis, and pulmonary diseases®.

* http://mww.mayoclinic.com/health/depression/DS00175/DSECTION=treatments-and-drugs

2 M Wong et al. Semicarbazide-sensitive amine oxidase (SSAO) inhibition ameliorates kidney fibrosis in a unilateral ureteral obstruction murine model.
Am J Physiol Renal Physiol. 2014 Oct 15;307(8):F908-16.

3 T Valente et al. SSAO/VAP-1 protein expression during mouse embryonic development. Dev Dyn. 2008 Sep;237(9):2585-93.
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Enzymes (EC 1.13.11.) Oxygenases, LOX

12/15-Lipoxygenase (12/15-LO(X); EC 1.13.11.31) is a non-heme, iron-containing enzyme that dioxygenates
polyunsaturated fatty acids into bioactive lipid derivatives, more specifically: it can metabolize arachidonic acid to
generate corresponding hydroxides such as 12-hydroxyeicosatetraenoic acid (12-HETE) and 15-HETE. 12/15-LOX is
widely expressed in the CNS, and has been demonstrated to be involved in the pathogenesis of various neurological
diseases. 12/15-LOX exerts a regulatory role in Alzheimer's disease, an inflammatory and neurodegenerative disease’.
Additionally, human 12/15-LOX (aka 15-LOX-1) is also an attractive therapeutic target for its role in atherogenesis,
diabetes, newborn periventricular leukomalacia, breast cancer and stroke?.

*J. Xu et al. Inhibition of 12/15-lipoxygenase by baicalein induces microglia PPARB/S: a potential therapeutic role for CNS autoimmune disease. Cell
Death Dis. 2013, 4, €569.
2 G. Rai et al. Potent and selective inhibitors of human reticulocyte 12/15-lipoxygenase as anti-stroke therapies. J. Med. Chem. 2014, 57, 4035-4048.
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Enzymes (EC 1.13.11.) Oxygenases, IDO

Indoleamine 2,3-dioxygenase-1 (IDO1; EC 1.13.11.42) is another enzyme in the eukaryotic tryptophan catabolic pathway.
It is a heme-containing, monomeric oxidoreductase that specifically catalyzes the degradation of tryptophan to N-formyl-
kynurenine, which can be subsequently metabolized through a series of steps to form nicotinamide adenine dinucleotide
(NAD+). IDO1 inhibition is proposed to have therapeutic potential in immunodeficiency-associated abnormalities,
including cancer. Previous studies suggest that IDO may be an important regulator of the immunosuppressive
mechanisms responsible for tumor escape from host immune surveillance. Several groups have demonstrated that
blockade of IDO activity can directly increase the ability of tumor-bearing mice to reject tumors™.
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 X. Liu et al. Selective inhibition of IDO1 effectively regulates mediators of antitumor immunity. Blood. 2010, 115, 3520-3530.
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Enzymes (EC 1.14.) Oxygenases

Cytochrome P450 monooxygenases (P450s; EC 1.14.11) are versatile biocatalysts that catalyze the regio- and
stereospecic oxidation of non-activated hydrocarbons under mild conditions. P450s play a role in the synthesis of many
molecules including steroid hormones, certain fats (cholesterol and other fatty acids), and acids used to digest fats (bile
acids). There are approximately 60 CYP genes in humans. Cytochrome P450 enzymes (CYPs or P450s) are heme b
containing monooxygenases. Heme is a prosthetic group consisting of an iron ion coordinated by four nitrogen atoms of
porphyrin. Almost all P450s are external monooxygenases that utilize electrons derived from the pyridine cofactors NADH
or NADPH. For catalytic activity P450s must be associated with redox partner proteins that transfer electrons from
NAD(P)H to the P450 heme center. The ability of P450s to catalyze the regio-, chemo- and stereospecific oxidation of a
vast number of substrates reflects their biological roles and makes them important candidates for scientists to study their
role in primary and secondary metabolism, and drug degradation®.

Besides the large family of cytochrome P450-related (CYP) enzymes, this class of oxidoreductases also includes the well-
known family of cyclooxygenases (COX, officially known as prostaglandin-endoperoxide synthase (PTGS))Z, but also
histone demethylases (JMJD), desaturases and aromatases, and many others.

For example, tyrosinases (EC 1.14.18.1) catalyze the oxidations of both monophenols (cresolase or monophenolase
activity) and o-diphenols (catecholase or diphenolase activity) into reactive o-quinones. Tyrosinase is a multifunctional,
glycosylated, and copper-containing oxidase, and it is the key protein involved in mammalian melanogenesis and is
responsible for enzymatic browning reactions in damaged fruits during post-harvest handling and processing3. In view of
its role in pigmentation, tyrosinase inhibitors have become increasingly important in the cosmetic and medicinal products
used in the prevention of hyperpigmentaion (due to UV radiation)“.

1 V.B. Urlacher et al. Cytochrome P450 monooxygenases: an update on perspectives for synthetic application. Trends Biotechnol. 2012, 30, 26-36.

2 Cyclooxygenase enzymes: regulation and function. F.A. Fitzpatrick. Curr. Pharm. Des. 2004, 10, 577-588.

3T.S. Chang. An updated review of tyrosinase inhibitors. Int J Mol Sci. 2009 May 26;10(6):2440-75.

“ M.T.H. Khan. Molecular design of tyrosinase inhibitors: A critical review of promising novel inhibitors from synthetic origins. Pure Appl. Chem., 2007,
79, 12, 2277-2295.

Enzymes (EC 1.14.11.) Oxygenases, Histone demethylase s

Reversible histone lysine methylation is a major mechanism for regulating chromatin dynamics and gene expression.
Histone demethylases (EC 1.14.11.) are believed to be involved in tumor-suppressive activities. These are Fe2+- and a-
ketoglutarate-dependent oxygenases that are essential components of regulatory transcriptional chromatin complexes.
Until recently, the absence of any selective inhibitors hampered the elucidation of the biological relevance of the
demethylase activity of IMJ enzymes in regulating cellular responses. The discovery of the selective inhibitors GSK J1
and its ethyl ester prodrug GSK J4 (Axon 1934 and 1933 resp.) has recently shown the importance as critical
determinants of pro-inflammatory gene activation in human primary macrophagesl.

* A selective jumonji H3K27 demethylase inhibitor modulates the proinflammatory macrophage response. L.Kruidenier et al. Nature 2012, 488, 404-408.

2573 CPIABS. ..ot Selective inhibitor of KDM5 demethylases (H3K4 specific) ....... Page 336
2622 CPI 4203, Selective inhibitor of KDM5 demethylases (H3K4 specific)........ Page 337
1934 GSK JL ittt Histone demethylase JMID3/UTX inhibitor ............cccccveeviviennne Page 438
1933 GSK J4 ..t Histone demethylase JMID3/UTX inhibitor ............ccccceveivienene Page 438
2160 JIB 04 ..ot Jumoniji histone demethylase inhibitor..............cccooeviiiiiiiens Page 477
3180 JMJD6 inhibitor WL12 EEETIERERTA............................ First-in-class JMJID6 inhibitor ..............cccvovvieieueiereieeeeeinens Page 477
2809 KDMS5 inhibitor compound 48 ..........cccccoevveiiiieiiniiinies Selective and orally bioavailable KDM5 inhibitor ................c...... Page 489
2081 ML 324 dihydrochloride ... ....Page 549
2864 SP 2509 .Page 725
2674 YUKAL .. ....Page 824
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Enzymes (EC 1.14.11.) Oxygenases, LSD1

The mono- and di-methyl lysine demethylase (LSD1 or KDM1A; EC 1.14.11.27) is a a flavin-bound epigenetic enzyme
that oxidatively cleaves methyl groups from monomethyl and dimethyl Lys4 of histone H3 (H3K4Mel, H3K4Me2) and can
contribute to gene silencing. Based on its enzymatic mechanism, LSD1 cannot demethylate trimethylated H3K4Me3, but
members of the iron-dependent JMJ histone demethylases are known to serve this function. LSD1 is highly expressed in
patients with AML, and its overexpression has been implicated in various other tumors. Collectively, these data predicted
that the use of small-molecule inhibitors that target LSD1 could result in epigenetic reprogramming that enhanced or
facilitated the execution of the ATRA-induced differentiation program in AML cells™.

! P. Prusevich et al. A selective phenelzine analogue inhibitor of histone demethylase LSD1. ACS Chem. Biol. 2014, 9, 1284-1293.
2 T. Schenk et al. Inhibition of the LSD1 (KDM1A) demethylase reactivates the all-trans-retinoic acid differentiation pathway in acute myeloid leukemia.
Nat. Med. 2012, 18, 605-611.

2306 BiZINE.....iiieiiiiiieie et LSD1 inhibitor with selectivity over MAO-A/B, and LSD2........... Page 276
2375 GSK-LSDL. ..ottt e Inhibitor of the KDM1 family histone demethylase LSD1........... Page 439
2077 OG-L002 hydrochloride ...........ccecerieneieeiiiieseeieeeee Inhibitor of lysine specific demethylase 1 (LSD1 aka KDM1A)..Page 601

Enzymes (EC 1.14.11.) Oxygenases, HIF-Proline Hydroxyl ases

The Hypoxia-inducible factor (HIF) transcription complex, which is activated by low oxygen tension, controls a diverse
range of cellular processes including angiogenesis, erythropoiesis, bronchodilatation, and cellular metabolism targeted at
increasing oxygen delivery to tissues’. HIF consists of the subunits HIFa and HIFB. Whereas the HIFB subunit is
constitutive, HIFa is tightly regulated by oxygen levels through various mechanisms that include protein stability,
transcription co-activator recruitment and subcellular localization. The molecular mechanism that controls HIFa protein
stability has been characterized in detail. In normoxia, HIFa is ubiquitinated and degraded at the 26S proteasome, while
in hypoxia the protein is stabilized. HIFa ubiquitination in normoxia is mediated by the Von Hippel Lindau (VHL) tumor
suppressor factor which is the substrate recognition subunit of a multimeric E3 ubiquitin ligase complex. Physical
interaction between VHL and HIFa requires hydroxylation of 2 key prolyl residues in the HIFa sequence (P402 and P564
in human HIF-1a), which is catalyzed by the specific prolyl-4-hydroxylases, named PHD1- PHD2 and PHD3 (EC
1.14.11.29). Under hypoxia, PHD hydroxylase activity is reduced; HIFa escapes hydroxylation and proteolysis, leading to
HIF nuclear accumulation and transcriptional induction of target genesz.

' s.S. Karuppagounder, R.R. Ratan. Hypoxia-inducible factor prolyl hydroxylase inhibition: robust new target or another big bust for stroke therapeutics?
J. Cer. Blood FI. Met. 2012, 32, 1347-1361.

2 J.M. Acevedo, L. Centanin, A. Dekanty, P. Wappner. Oxygen Sensing in Drosophila: Multiple Isoforms of the Prolyl Hydroxylase Fatiga Have Different
Capacity to Regulate HIFa/Sima. PLoS One. 2010; 5, e12390.

1977 DMOG ..ottt Cell-permeable HIF-PHD inhibitor...........cccoooviiiiiiiiiiiiiis Page 367
2570 FG-2216 .oooiiiiiiieie ettt HIF-PHD inhibitor that increases plasma EPO levels in vivo.....Page 400
2588 FG-4592 ....cciiiiiiiiiiiiiiici New-generation oral HIF-PHD inhibitor ............ccccoviiiiciiennne Page 401
1948 HIF Phd INNIbItOr 4......ooeiiiiiieeciieccie s Inhibitor of Hypoxia Inducible Factor PHD2.............cccccoeiieen. Page 448
1921 TOX2 oottt Inhibitor of Hypoxia Inducible Factor PHD2................cccccoeeiene Page 470
3095 MK-8BL7 .ottt Potent, orally active pan-inhibitor of HIF-PHD ..............c.ccoce.. Page 544
PL S RAVEG Y N 1l Recent Addition I Oral HIF-PH inhibitor and HIF Stabilizer .............cccccoevvieiiennne Page 791

Enzymes (EC 1.14.13.) Oxygenases, NAD(P)H-dependent

Inhibitors of enzymes of this class of oxidoreductases are frequently applied as antifungal agents. Acting on paired donor
substrates, and using NADH or NADPH as donor, CYP51A1 is the most evolutionarily conserved member of the
cytochrome P450 superfamily, and is involved in the metabolism the steroid lanosterol, a precursor of cholesterol. Azole
fungicides are broad spectrum antifungal compounds used in agriculture and in human and veterinary medicine. The
mechanism of antifungal action relies on inhibition of CYP51, resulting in inhibition of fungal cell growthl.

! Mouse Knockout of the Cholesterogenic Cytochrome P450 Lanosterol 14a-Demethylase (Cyp51) Resembles Antley-Bixler Syndrome. R. Keber et al.
Journal of Biological Chemistry 2011, 286, 29086-29097.

3163 Clotrimazole GEZIEEETTI..........c..coccovvuveeeeiererenarenennne Fungal CYP450 enzyme 14a-demethylase inhibitor.................. Page 323
2105 FIUCONAZOIE ......ociiiiiiiiiiiiiiiie e Fungal CYP450 enzyme 14a-demethylase inhibitor.................. Page 405
2026 PF 04981517 ..ooiiiiiiiiieieieieeieeieeee et Inhibitor of Cytochrome P450 3A4 (CYP3A4)......c.ccccovvviiienne Page 631
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1557 POSACONAZOIE .....cviuiiiiiiiiiieiirie ettt Antifungal agent ..o Page 647
2922 Sulfaphenazole ... CYP2C9 inhibitor; Antibiotic ..........cccooiiiiiiiiicc Page 742
1564 Tienilic ACIH..........ccooviiiiiiiiii e CYP2C10 INhIbItOr ... Page 766
2044 VOTCONAZOIE ..ot Orally bioavailable CYP51 inhibitor; Antifungal agent ............... Page 799
2878 ZL0O0B ..ottt Selective inhibitor of the nNOS-PSD-95 interaction .................. Page 832

Enzymes (EC 1.14.13.) Oxygenases, KMO

Kynurenine 3-monooxygenase (KMO; EC 1.14.13.9) is an enzyme in the eukaryotic tryptophan catabolic pathway (i.e.
kynurenine pathway (KP)). KMO is a FAD-dependent monooxygenase, and is located in the outer mitochondrial
membrane where it converts L-kynurenine to 3-hydroxykynurenine (3-HK). Inhibition of KMO has shown to cause
amelioration of Huntington’s disease-relevant phenotypes in yeast, fruit fly, and mouse models, as well as a mouse model
of Alzheimer’s disease. The effect of KMO inhibition is a shift in the KP toward kynurenine aminotransferase (KAT; EC
2.6.1.7) mediated enhanced kynurenic acid (KYNA) production which, in turn, may cause reduced neuronal vulnerability.
Indeed, the most widely used KMO inhibitor, Ro 61-8048 (Axon 2139), is beneficial in rodent models of brain ischemia,
cerebral malaria, and trypanosomiasis, and in a primate model of Levodopa-induced dyskinesias'. Alterations in the
levels of kynurenine pathway metabolites have been linked to the pathogenesis of a spectrum of brain disorders, as well
as cancer, and several peripheral inflammatory conditions.

1 D. zwilling et al. Kynurenine 3-Monooxygenase Inhibition in Blood Ameliorates Neurodegeneration. Cell 2011, 145, 863-874.
2 M. Amaral et al. Structural basis of kynurenine 3-monooxygenase inhibition. Nature. 2013, 496, 382-385.

3325 PF-06840003 GETIERERTI ... .........coovoveeeveceeceeerenans Selective, brain penetrant, and orally bioavailable IDO1 inhibitorPag 633
2139 RO B1-8B048 ..ottt Inhibitor of kynurenine-3-monooxygenase (KMO) .............c....... Page 679
2118 UPF B48 ..ottt Potent inhibitor of kynurenine-3-monooxygenase (KMO).......... Page 787

Enzymes (EC 1.14.14.) Oxygenases, Monooxygenases

Exemestane (Axon 2045) is an orally active inhibitor of steroidal aromatase (CYP19A1; EC 1.14.14.1), an enzyme
involved in the bio-synthesis of estrogen. The drug is used for the treatment of a specific type of breast cancer (ER-type,
estrogen receptor positive) in post-monopausal women’. Similar to CYP19A1, CYP2B6 (EC 1.14.14.1; biological target
of PPP hydrochloride, Axon 1595) belongs to the same class of oxidoreductases that share the common feature of using
reduced flavin or flavoprotein as donor in the molecular conversion of substrates. CYP2B6 not only is involved in the
metabolism of nicotine, inhibition may also have a significant effect on the efficacy of other drugs in a wide variety of
pathologies that depend on CYP2B6 mediated metabolism (a large number of CYP2B6 substrates including clinically
used therzapeutics, recreational drugs, endogenous chemicals, pesticides and environmental chemicals have been
identified)”.

1 Exemestane: a review of its use in postmenopausal women with breast cancer. E.D. Deeks, L.J. Scott. Drugs. 2009, 69, 889-918.
2 CYP2B6: New Insights into a Historically Overlooked Cytochrome P450 Isozyme. H. Wang, L.M. Tompkins. Curr. Drug. Metab. 2008, 9, 598-610.

3316 Anastrozole GETETIEEERTIL ............ccccoovveereeesreeerenennnns Potent, highly selective, and orally active aromatase inhibitor...Page 213
fH KT I o] oI B Rl Recent Adaition I Potent and selective inhibitor CYP2A6 inhibitor ........................ Page 366
2045 EXEMESIANE......eiiiiiiiiiieieeieeiesie et Irreversible steroidal aromatase (CYP19A1) inhibitor................ Page 393
Iy QWY 17eY.20| Rl Recent Addition H R Potent, highly selective, non-steroidal aromatase inhibitor........ Page 507
1595 PPP Hydrochloride .........cccoevueriiiieiiiiieiieiesiee e CYP2B6 iNNIDITON ...t Page 648
2628 TIMS ..ot CYP1B1 inhibitor that induces apoptosSis.........ccccovvvrerieriesnenns Page 770
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Enzymes (EC 1.14.19.) Oxygenases, Desaturases

Long-chain polyunsaturated fatty acids (PUFA) of the w3- and w6-series are essential for a number of cellular functions
such as maintaining membrane fluidity, providing substrates for eicosanoid signaling, modification of ion channels and
regulation of gene expression. In view of that, these fatty acids are involved in several such basic cellular mechanisms, it
is not surprising that they influence a number of physiological processes and have been implicated in such diverse
conditions as cardiovascular disease, inflammatory diseases, osteoporosis and depressionl. Both Axon 2091 and Axon
2112 are selective inhibitors of these fatty acid converting enzymes (SCD1 and FADS2 or A6-desaturase; EC 1.14.19.1.)

! Relationship of A6-desaturase and A5-desaturase activities with thyroid hormone status in adolescents with eating disorders and weight loss. 1.
Swenne, B. Vessby. Act. Peediatrica 2013, 102, 416-418,

2091 PIUMSIN L oot Inhibitor of stearoyl-coA desaturase (SCD1) ...........ccccceeirirnnne Page 643
2112 SC 26196.....ciiiuiiiiieiiiieiie et Selective A6-desaturase inhibitor ............cccoiiiiiiiiiciis Page 702

Enzymes (EC 1.14.99.) Oxygenases, Cyclooxygenases

Cyclooxygenases (officially: prostaglandin G/H synthase, COX; EC 1.14.99.1) catalyze the first two steps in the
biosynthesis of prostaglandins (PGs), being the bis-dioxygenation and subsequent reduction of arachidonic acid (AA) to
PGG, and PGH,. The two known isoforms (COX-1 and -2) are the targets of the widely used nonsteroidal anti-
inflammatory drugs, indicating a role for these enzymes in pain, fever, inflammation, and tumorigenesis®. Due to substrate
similarities, inhibitors of this class of enzymes have a lot in common with inhibitors of the class discussed above (EC
1.14.19.1).

! Cyclooxygenases: structural and functional insights. C.A. Rouzer, L.J. Marnett. J. Lipid Res. 2009, 50, $29-34.

2288 ATB 346.....ccuiiiiiiiiiiiieieiei e Orally active hydrogen sulfide-releasing COX-inhibitor ............. Page 233
1919 CelECOXID ...ceiiiiiiieiiiiiee e Selective COX-2 inhibitor .........cccciiiiiiiiiiiiiiiciic s Page 308
3176 Diethylcarbamazine citrate GEEEIEEERMEA. .................... FlAriCIdal ArUg ......vveveieceeeceeeceieeeiee s Page 360
3126 Flurbiprofen GEZIEEEDTIN.............cccvevverererererererenennnns Page 407

1974 GW 40B38L......eeiiiieeiiieieeeireeire e Page 442
3318 Indomethacin EEETEEEITI ...........c.oovvviveineeiieeieeeenes Page 468
T2 NV EN S Yl Recent Additiorn R Page 573
3311 Parecoxib sodium
1523 Pravadoline..
2108 SC 236...
2106 Valdecoxib

...Page 615
.Page 649
.Page 701
...Page 791

Enzymes (EC 1.14.99.) Oxygenases, Steroid 17 a-monooxygenases

TAK 700 (Axon 2124) Abiraterone (Axon 1873), and its acetylated prodrug (Axon 1874) are targeting the enzyme 17a-
hydroxylase/C17,20-lyase, a CYP450 complex (CYP17A1; EC 1.14.99.9) that is involved in testosterone production. This
enzyme is expressed in testicular, adrenal, and prostatic tumor tissues and is required for androgen biosynthesis. Both
drugs are used for the treatment of castration-resistant prostate cancer (CRPC) with the advantage of the prodrug
showing improved bioavailability after oral administration. Alternatively, instead of blocking the enzyme that is responsible
for the biosynthesis of testosterone, androgen receptor antagonists like MDV 3100 (Axon 1613) have been studied for the
same applications in CRPC".

* Novel hormonal therapy for castration-resistant prostate cancer. C.N. Sternberg. Ann. Oncol. 2012, 23 (S10), x259-x263.

1873 ADIrAtErONE ....ccvviiiiciiciieieeerie e INhIDItOr CYPLT7AL ... Page 179
1874 Abiraterone acetate ............cccoveveveerieiieniieiieiesee e Prodrug of Abiraterone; Inhibitor of CYP17AL.........cccocveinnnine Page 179
2124 TAK 700.....cciiiiiiiiiiiieicsiee it Highly selective inhibitor of 17,20-lyase (CYP17A1) ................. Page 750
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Enzymes (EC 1.15.1) Dismutases

Dismutation or disproportionation is a type of redox reaction in which a substrate is simultaneously reduced and oxidized
to form two different products. As such, the free radical species superoxide is converted into hydrogen peroxide and
oxygen by the enzyme Superoxide Dismutase (SOD; EC 1.15.1.1), enzymes responsible for the homeostasis of low
levels of reactive oxygen species (ROS). Three forms of superoxide dismutase (SOD1-3) are known to date in mammals,
of which SOD1 is located primarily in the cytoplasm, SOD2 in the mitochondria and SOD3 is extracellular. SOD1 and
SOD3 are copper/zinc-dependent enzymes, while SOD2 functions by incorporation of manganese in the active site. The
harmful species hydrogen peroxide formed by the SOD enzymes can be converted into water (and oxygen) in turn by the
enzymes catalase (EC 1.11.1.6) and multiple peroxiredoxins (EC 1.11.1.15), and glutathione®. Point mutations of SOD1
are reported to be related to the familial form of amyotrophic lateral sclerosis (ALS), a neurological disease that causes
the death of motor neurons with consequent muscular paralysisz.

* I.N. Zelko, T.J. Mariani, R.J. Folz. Superoxide dismutase multigene family: a comparison of the Cuzn-SOD (SOD1), Mn-SOD (SOD2), and EC-SOD
(SOD3) gene structures, evolution, and expression. Fr. Rad. Biol. Med. 2002, 33, 337-349.
2 L. Banci et al. SOD1 and amyotrophic lateral sclerosis: mutations and oligomerization. PLoS One. 2008, 3, e1677.

2176 LCS Luiiiiiiieieeteee e Inhibits SOD1 enzymatic activity. Lung cancer therapeutic....... Page 503

Enzymes (EC 1.17.3.) Oxygenases, Xanthine Oxidases

Xanthine oxidase (XO; EC 1.17.3.2) is an oxidoreductase enzyme that plays an important role in the catabolism of
purines in some species, including humans®. It catalyzes the oxidation of hypoxanthine to xanthine and can further
catalyze the oxidation of xanthine to uric acid. Being capable of reducing the production of uric acid in patients suffering
from Gout by means of xanthine oxidase inhibition, Febuxostat (TEI 6720, Axon 1175) and Piraxostat (Y-700, Axon 1174)
are two important pharmacological tools for the prophylactic treatment of inflammatory arthritis®.

* Molybdenum-containing hydroxylases. Hille R. Arch. Biochem. Biophys. 2005, 433 (1) 107—-16.
2 Chen LX, Schumacher HR. J Clin Rheumatol. 2008 ,14 (5 Suppl) S55-62.

1175 TEI 6720 ...Page 757
3178 Topiroxostat ..Potent xanthine oxidoreductase (XOR) inhibitor .Page 772
1174 Y 700..... ..Xanthine oxidase inhibitor ...Page 822

Enzymes (EC 2.) Transferases

A transferase is an enzyme that catalyzes the transfer of a functional group from one molecule to another. As such,
protein kinases are a significant member of this family of enzymes, being capable of transferring phosphorus-containing
groups (phosphate) from a donor (usually adenosine triphosphate (ATP)) to specific amino acid residues with a free
hydroxyl group of an acceptor in a covalent wayl. As within the class of oxidoreductases, the class of transferases is
divided into subclasses, based on the functional groups the enzymes transfer and the substrate specificity.

* The Cell: A Molecular Approach. 2nd edition. Cooper GM. Sunderland (MA): Sinauer Associates; 2000.

Enzymes (EC 2.1.1.) Methyltransferases

Over the recent years, Axon Medchem has significantly expanded its product line in the field of oncology research tools.
Among them, the DNA methyltransferase and histone methyltransferase inhibitors comprise a small, yet significant
selection of this set of tools. In view of the recent focus in _biology on epigenetics, and DNA methylation being the best-
known epigenetic marker (see also section: Axon Ligands™ for Epigenetic Research), we aim to be up front with these
products to serve researchers in their objective to develop new drugs for the treatment of cancers and study the
mechanisms involved in gene expressionl.

* Epigenetics in Cancer. M. Esteller. N Engl J Med 2008; 358, 1148-1159

2853 Nolatrexed dihydrochloride ..........cc.ccoceviiiieieiiiiiicine Water soluble inhibitor of thymidylate synthase................ccc...... Page 580
3162 Pemetrexed disodium EETIEEETED ............ccovevennene. Inhibitor of DHFR/TS/GARFT; Antifolate antimetabolite............. Page 623

Enzymes (EC 2.1.1.) Methyltransferases, DNA

There are many ways that gene expression is controlled in eukaryotes, but methylation of DNA (not to be confused with
histone methylation) is a common epigenetic signaling tool that cells use to lock genes in the "off" position. Methylation is

Please visit http://www.axonmedchem.com for special offers and availability
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an important component in numerous cellular processes, including embryonic development, genomic imprinting, X-
chromosome inactivation, and preservation of chromosome stability.

DNA methylation occurs at the cytosine bases of eukaryotic DNA, which are converted to 5-methylcytosine by DNA
methyltransferase (DNMT; EC 2.1.1.37) enzymes using S-adenosyl methionine (SAM) as the methyl donor. The altered
cytosine residues are usually immediately adjacent to a guanine nucleotide, resulting in two methylated cytosine residues
sitting diagonally to each other on opposing DNA strands. Different members of the DNMT family of enzymes act either
as de novo DNMTs, putting the initial pattern of methyl groups in place on a DNA sequence, or as maintenance DNMTSs,
copying the methylation from an existing DNA strand to its new partner after replication. Although patterns of DNA
methylation appear to be relatively stable in somatic cells, patterns of histone methylation can change rapidly during the
course of the cell cycle. Despite this difference, several studies have indicated that DNA methylation and histone
methylation at certain positions are connected”.

O6-methylguanine lesions, which are widely accepted as the primary cytotoxic lesions induced by methylating agents, are
efficiently repaired by the DNA repair enzyme O6-methylguanine DNA methyltransferase (MGMT; EC 2.1.1.63) that
removes the methyl adducts from the O6 positions of guanine by transferring it to its internal cysteine residues, resulting
in its own inactivation®. It is ubiquitously expressed, highly conserved, and vital to the maintenance of DNA integrity.
Evidendce has been accumulated that tumors expressing MGMT are remarkably resistant to methylating agents, and this
problem might be circumvented by specific inhibitors of MGMT?.

1 T. Phillips. The Role of Methylation in Gene Expression. Nat. Edu. 2008, 1, online publ.

2 Y. Huang et al. MGMT is a molecular determinant for potency of the DNA-EGFR-combi-molecule ZRS1. Mol. Cancer Res. 2011, 9, 320-331.

3 H.A. Tawbi et al. Inhibition of DNA repair with MGMT pseudosubstrates: phase | study of lomeguatrib in combination with dacarbazine in patients with
advanced melanoma and other solid tumours. Br. J. Cancer. 2011, 105, 773-777.

1590 Decitabine.... ....Page 354
2223 Lomeguatrib. ....Page 511
1691 RG 108 .....cceoviiiiiiiiiiiiinieicirienieinssesnenseeesneneeeenneee. DNA methyltransferase inhibitor ..., Page 672
2347 SGI 1027 dihydrochloride ..........cccooveiiiiiiinieiiiiiicee Inhibitor of DNMT activity in colon cancer cell lines................... Page 710
1254 ZebUIAriNe.........ooiiiiiiiiieeee e DNA methyltransferase inhibitor............ccccociviiiiiiiiciiie Page 831

Enzymes (EC 2.1.1.) Methyltransferases, Histone

Covalent modifications of histone tails have fundamental roles in chromatin structure and function. One such modification,
lysine methylation, has important functions in many biological processes that include heterochromatin formation, X-
chromosome inactivation and transcriptional regulation. The DNA within our cells exists in the form of chromatin. The
basic building block of chromatin is the nucleosome, a structure consisting of an octamer of four core histone proteins
around which 147 base pairs of DNA is wrapped. Core histones are subject to a large number of covalent modifications
(PTMs: Post Translational Modifications) including acetylation, methylation, phosphorylation and ubiquitination. Histone
methylation occurs on arginine and lysine residues and is catalyzed by enzymes belonging to three distinct families of
proteins: the protein arginine specific methyl transferase (PRMT1) family, the SET-domain-containing protein family, and
the non-SET-domain proteins DOT1/DOT1L. Unlike acetylation, which generally correlates with transcriptional activation,
histone lysine methylation can signal either activation or repression, depending on the sites of methylation. Similar to the
discovery that bromodomains can recognize acetylated lysines, studies on histone methylation identified at least three
protein motifs (the Chromo-, the Tudor-, and the WD40-repeat domain) that are capable of forming specific interactions
with methylated lysine residues of histone’®>.G9a HMTase (EHMT2; EC 2.1.1.43), a mammalian Histone
methyltransferase, is a key enzyme for histone H3 dimethylation at lysine-9 (H3K9me2), which is an epigenetic mark of
gene suppression. EHMT2 is highly expressed in human cancer cells and plays a key role in promoting cancer invasion
and metastasis®.

L C. Martin, Y. Zhang. The diverse functions of histone lysine methylation. Nat. Rev. Mol. Cell Biol. 2005, 6, 838-849.

2 E.L. Greer, Y. Shi . Histone methylation: a dynamic mark in health, disease and inheritance. Nat. Rev. Genetics 2012, 13, 343-357

% Z. Lu et al. Histone-lysine methyltransferase EHMT2 is involved in proliferation, apoptosis, cell invasion, and DNA methylation of human
neuroblastoma cells. Anti-Cancer Drugs 2013, 24, 484-493.

2705 A-196 oo Potent and selective inhibitor of SUV4-20.........ccccooviiiiiiiennne Page 177
2863 AMI-L i Inhibitor of PRMT L.....iiiiiiiiiii e Page 202
2635 BAY-598 ... Selective inhibitor of SMYD2 ..........ccocoiiiiiii Page 259
2735 BCI-121 oot INhIDItOr Of SMYD3 ...t Page 263
1692 BIX 01294 trihydrochloride hydrate.............ccceviriiinnennene HMTase inhibitor (G9a and G9a-like protein)..........c..cccccvvveenne Page 275
2210 C 7280948... Page 295

2812 CM-272. ..First-in-class potent, selective and reversible inhibitor of G9a/DNMT 324
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2709 CMP5 ..ottt INhibitor of PRMTS5......ciiiiiiiiiiiici e Page 325
2831 EPZ 015666 .......ccecviiviiiiiiiiiiiiiciieicsece e Potent, selective and orally available inhibitor of PRMT5.......... Page 387
2227 EPZ B43B....c.ooiiiiiiiiiiiiiectee e Inhibitor of Histone Lysine Methyltransferase EZH2.................. Page 388
2140 GSK 126 ....eiiiiiiiiieiee et Inhibitor of Histone Lysine Methyltransferase EZH2.................. Page 430
2710 HLCL65 hydrochloride ..........cccceveriiniiieiieieceeiesiee INhIBItOr Of PRMT5......iiiiiiiiiee e Page 450
2211 PRMT3NhIbItOr L. .o Inhibitor of protein arginine methyltransferase 3 (PRMT3)......... Page 651
2945 First-in-class, potent, selective and cell-active allosteric inhibitor of
SGCT0T7 et PRMT3 L Page 710
2625 SGC2085.......ccuiiiieiieiieeieeie ettt Potent and selective CARM1 inhibitor (aka PRMT4)................. Page 710
1789 UNC 0224 ........coiiiiiiiiiiiiiiiiii i Inhibitor of G9a HMTASE .......coviiiiiiiiiieieiiceeee e Page 784
2418 UNC 0379 ..ciiiiiiiieiiie ettt see e sae e e n Substrate competitive inhibitor of the SETD8..........ccccccveiiees Page 785
1841 UNC 0631....ciiiiiiiiiiiiiiiiiiiiiieic et Inhibitor of G9a/GLP Histone Lysine Methyltransferase............ Page 785
1889 UNC 0638.........coveeviesieiesiciseesessesessisssssaeses e snsnes Inhibitor of G9a (EHMT2)/GLP (EHMTL)........covveverrereeerernnens Page 786
1840 UNC 0646.....c.ueieiiieiiiiiiiieiesie ettt Inhibitor of G9a/GLP Histone Lysine Methyltransferase............ Page 786

Enzymes (EC 2.3.) Acyltransferases

The class of acylgroup transferring enzymes includes a multitude of substrate specific enzymes. For example,
diacylglycerol O-acyltransferase 1 (DGAT1; EC 2.3.1.20) catalyzes the final step of the synthesis of triglycerides (TG) and
plays a critical role in dietary fat absorption in the small intestine. Therefore, it is a potential therapeutic target for
treatment of obesity and related metabolic diseases'. The co-enzyme Acyl-CoA is the donor substrate of the acetyl group
that is transferred to the diglyceride substrates of DGAT1.

RU-SKI 43 hydrochloride (Axon 2035) is a specific inhibitor of the enzyme Hedgehog acyltransferase (HHAT; EC 2.3.1.)
and catalyzes the attachment of palmitate to the N-terminal cysteine of Sonic hedgehog (ShhN, a Shh precursor) via an
amide bond. Mature Shh is a secreted signaling protein that is essential for proper embryonic development. In adults,
aberrant Shh signaling drives initiation and maintenance of medulloblastoma and basal cell carcinoma and has been
implicated in the progression of prostate cancer, gastrointestinal tumors and pancreatic cancer”.

ATP citrate lyase (ACL; EC 2.3.3. 8) is a cytosolic enzyme that catalyzes the synthesis of acetyl-CoA and oxaloacetate
using citrate, CoA, and ATP as substrates and Mg®* as a necessary cofactor, and it is expressed in lipogenic tissues such
as liver and adipose”. In mammals, the formation of acetyl-CoA is an essential step for the de novo synthesis of fatty acid
(FA) and cholesterol for converting the carbohydrate carbon energy source into lipids. Hence, it has been thought that
ACL inhibition would be beneficial for the treatment of obesity and dyslipidemia through the simultaneous inhibition of
endogenous synthesis of FA and cholesterol®. Interestingly, it was found that ACL is also required for increases in histone
acetylation in response to growth factor stimulation and during differentiation, and that glucose availability can affect
histone acetylation in an ACL-dependent manner®.

Y. Hiramine, T. Tanabe. Characterization of acyl-coenzyme A:diacylglycerol acyltransferase (DGAT) enzyme of human small intestine. J. Physiol.
Biochem. 2011, 67, 259-264.

2 E. Petrova et al. Inhibitors of Hedgehog acyltransferase block Sonic Hedgehog signaling. Nat. Chem. Biol. 2013, 9, 247-249.

333 Li et al. 2-hydroxy-N-arylbenzenesulfonamides as ATP-citrate lyase inhibitors. Bioorg Med Chem Lett. 2007 Jun 1;17(11):3208-11.

*Z Ma et al. A novel direct homogeneous assay for ATP citrate lyase. J Lipid Res. 2009 Oct;50(10):2131-5.

° KE Wellen et al. ATP-citrate lyase links cellular metabolism to histone acetylation. Science. 2009 May 22;324(5930):1076-80.

2059 A 922500 ....cuiiiiiiieiie e Highly potent and selective DGAT-1 inhibitor............ccccccceeveee Page 175
2960 ATR-10L .oiiiiiiiiiieie ittt Potent, selective, and orally active ACAT1 inhibitor .................. Page 234
3181 Potent, selective and orally active inhibitor of type | fatty acid

Bl 99179 i SYNNASE (FAS)....eiiiiiiiiiiicit i Page 271
3182 Negative control of Bl 99179 as a selective inhibitor of type | fatty

Bl 99990 ..ot acid SYNthase ........ccoiiiiiiiii Page 271
2506 BMS 303141 ..c.ueiiiiiiiiiieieieeesieee et Cell-permeable ATP-citrate lyase (ACL) inhibitor ...................... Page 280
2035 RU-SKI 43 hydrochloride...........ccccouvirciiiiiciiiiiieie Hedgehog acyltransferase (HHAT) inhibitor.............ccccevieen. Page 686
2835 SPT Imidazopyriding 1 ........ccceeeeierieniieieieeee e Potent serine palmitoyl transferase (SPT) inhibitor ................... Page 728

Please visit http://www.axonrr m.com for special offers and availability

Q_onN

MEDCHEM

Enzymes (EC 2.3.1.) Acyltransferases, Histone

One member of particular interest in the family of acyltransferases is the group of histone acetyltransferases (HATs; EC
2.3.1.48). Enzymes of this kind acetylate core histones, which results in important regulatory effects on chromatin
structure and assembly, and gene transcription. In the nucleus of eukaryotic cells, DNA is highly compacted and
organized into chromatin, whose basic unit is the nucleosome, composed by DNA and an octamer of core histones (H2A,
H2B, H3, H4). The histones expose their N-terminal tails out of the octamer. These tails can be highly post-translationally
modified, leading to the transcription regulation. While histone acetylation is a dynamic reversible process, the balance of
histone acetylation is important for proper cellular function.

Based on their catalytic domains, HATs can be grouped into three groups, mainly: the GNATs (Gcn5 N-
acetyltransferases), the 60 kDa Tat interactive protein (MYSTs) and the orphan HATs. P300/CBP-associated factor
(PCAF), Elp3, Hatl, Hpa2 and Nutl belong to the first group, with the founding member, GCN5. Morf, Ybp2, Sas2 and
Tip60 represent the second group. Not containing a precise consensus HAT domain, the third group is called ‘orphan’,
although these enzymes show an intrinsic HAT activity. p300/CBP, for example, belongs to this group together with Tafl
and several nuclear receptor (NR) co-activators™.

NAT10 (or human N-acetyltransferase-like protein (hALP); EC 2.3.1.xx) is primarily identified as an activator for up-
regulating telomerase activity through stimulation of transcription of hTERT together with histone acetyltransferase
activity. This gene also responds to DNA damage, in which the transcriptional activity of the NAT10 promoter may be
specifically stimulated, and it thus also serves to enhance cell survival in the presence of genotoxic agents®. Additionally,
NAT10, that localizes mainly in the nucleolus, can mediate nuclear shape rescue in laminopathic cells via microtubule
reorganization (tubulin is a known NAT10 substrate). Down-regulation and mutations of the nuclear-architecture proteins
lamin A and C cause misshapen nuclei and altered chromatin organization associated with cancer and laminopathies,
including the premature-aging disease Hutchinson-Gilford progeria syndrome (HGPS). Inhibition of NAT10 KAT activity in
laminopathic cells reduces microtubule anchorage, thereby releasing an external force on the nuclear envelope, and thus
contributes to nuclear shape rescue and global enhancement of cellular fitness®.

Besides HATS, the cell has evolved enzymes that catalyze the removal of acetyl groups from histone as well, termed
histone deacetylases (HDACs, section Enzymes (EC 3.5.1.))".

1 F. Manzo, F. P. Tambaro, A. Mai, L. Altucci. Histone acetyltransferase inhibitors and preclinical studies. Exp. Opin. Ther. Pat. 2009, 19, 761-774.

2 Q. Shen et al. NAT10, a nucleolar protein, localizes to the midbody and regulates cytokinesis and acetylation of microtubules. Exp. Cell Res. 2009,
315, 1653-1667.

3 D. Larrieu et al. Chemical inhibition of NAT10 corrects defects of laminopathic cells. Science. 2014, 344, 527-532.

* Histone acetyltransferase complexes: one size doesn't fit all. K.K. Lee, J.L. Workman. Nature Reviews Mol. Cell Biol. 2007, 8, 284-295.

1490 Anacardic aCid A........cccooiiiiiiiiiii e HAT INhibItOr. ... Page 213
1781 C BB . e HAT inhibitor (p300/CBP selective) ..........ccccoeciiiiiiiiiiiciiiie Page 295
2765 CPTH2 ..ot HAT inhibitor (GEn5p SPECIfiC) .....ccoviviiiiiiiiiiiiciiceccce Page 338
2568 EML 425 ..o Potent dual inhibitor of CBP and p300 (HAT/KAT3) .....ccccceveuen. Page 382
2208 Gallic aCid .......covviiiiiiiiiiiiiiice Multi-affinity drug. AntioxXidant. ...........ccceviiiiiiiiiiececceee Page 414
2319 L 002......iiiiiiiiiiiiiie i Inhibitor of p300 HAT (KAT3B) and p53 acetylation.................. Page 499
1785 MG 149 ..ottt HAT inhibitor (Tip60 and MOZ SPecific)...........cccevviiiiiviiiirns Page 536
2299 ReMOENIN ..ottt Potent NAT 10 inhibitor .......ccocvviiiiiiiiiic Page 669
2339 TH 1834 ...t Tip60 histone acetyltransferase inhibitor ..............cccceiiiinns Page 763
2969 WM-1119 ..ot Highly potent and selective KAT6A inhibitor.............ccccevieene Page 812

Enzymes (EC 2.3.1.) Acyltransferases, Porcupine

Porcupine (PORCN; EC 2.3.1.) is a a multi-pass integral membrane-bound O-acyl transferase (MBOAT) that is required
for post-translational modification of all Wnt proteins to enable their transport, secretion, and activity. Since PORCN has
no known function beyond its role in the biogenesis of Wnts, it is therefore an attractive therapeutic target in diseases with
dysregulated Wnt signaling (e.g. diseases related to stem cell biology, proliferation and angiogenesis)l. Compromised
Porcn activity commonly results in developmental disorders including focal dermal hypoplasia (Goltz syndrome), whereas
hyperactivity of Porcn is associated with cancerous cell growth. Inhibition of PORCN can be an effective strategy for
broadly suppressing Wnt signaling and thus hold potential in regenerative medicine and anticancer applicationsz.

1 T.M. Covey et al. PORCN moonlights in a Wnt-independent pathway that regulates cancer cell proliferation. PLoS ONE 2012, 7, €34532.
2 X. Wang et al. The development of highly potent inhibitors for porcupine. J. Med. Chem. 2013, 56, 2700-2704.

2212 IWP LB..oiiiiiiiiiiiiicic e Highly potent porcupine (Porcn) inhibitor..............ccccoiiiine Page 474
2287 WNE-CB9 ..ottt Highly potent porcupine (Porcn) inhibitor............cccocceiiiiiiee Page 812
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Enzymes (EC 2.3.2.) Aminoacyltransferases

The ribosomal peptidyl transferase center (PTC) resides in the large ribosomal subunit (50S), where two fundamental
biological reactions are processed and catalyzed: peptidyl transfer, the formation of a peptide bond during protein
synthesis, and peptidyl hydrolysis, the release of the complete protein from the peptidyl tRNA upon completion of
translation. Prokaryotic ribosomes consist of two subunits, the large 50S subunit and the smaller 30S subunit; together
they form the 70S ribosome, a molecular machine that selects its substrates, aminoacyl-tRNAs (aa-tRNAs), rapidly and
accurately and catalyzes the synthesis of peptides from amino acids. The 30S subunit contains the decoding site, where
base-pairing interactions between the mRNA codon and the tRNA anticodon determine the selection of the cognate aa-
tRNA. The large ribosomal subunit contains the site of catalysis: the peptidyl transferase (PT; EC 2.3.2.12) center, which is
responsible for making peptide bonds during protein elongation and for the hydrolysis of peptidyl-tRNA (pept-tRNA)
during the termination of protein synthesisl’ . The peptidyl transferase center is a major target of many natural and
synthetic antibiotics.

L E.K.Yun Leung et al. The Mechanism of Peptidyl Transfer Catalysis by the Ribosome. Annu. Rev. Biochem. 2011, 80, 527-555.
2 N. Polacek, A.S. Mankin. The Ribosomal Peptidyl Transferase Center: Structure, Function, Evolution, Inhibition. Crit. Rev. Biochem. Mol. Biol. 2005,
40, 285-311.

2042 AZIRIOMYCIN ..couviiiiii e Macrolide antibiotic; Binds the 50S ribosomal subunit............... Page 250
2063 ClindamyCin .......ccoveiiiiiiiiieiieee e Inhibitor of peptidyl transferase; AntibiotiC..............ccccvvveiienne Page 322
2048 LINEZON ..ot Protein synthesis inhibitor; antibiotic.............cccccooviiiiiiiciiee Page 509
1762 PNU 100480 .....ccccciiiiiiiiiiiiiiiiiiie et Antibacterial agent, inhibitor of ribosomal PTC.............c.cccce.. Page 646
2606 SONthromMYCIN .......ccciiiiiiiicc e Fluoroketolide antibiotic..............cccooeiiiiii e Page 723

Enzymes (EC 2.4.) Glycosyltransferases

Glycosyltransferases catalyze glycosidic bond formation using sugar donors containing a nucleoside phosphate or a lipid
phosphate leaving group. Two structural folds, GT-A and GT-B, have been identified for the nucleotide sugar-dependent
enzymes, but other folds are now appearing for the soluble domains of lipid phosphosugar-dependent glycosyl
transferases. Donor sugar substrates are most commonly activated in the form of nucleoside diphosphate sugars (e.g.,
UDP Gal, GDP Man); however, nucleoside monophosphate sugars (e.g., CMP NeuAc), lipid phosphates (e.g., dolichol
phosphate oligosaccharides), and unsubstituted phosphate are also wused. Nucleotide sugar-dependent
glycosyltransferases are often referred to as Leloir enzymes. The acceptor substrates utilized by glycosyltransferases are
most commonly other sugars but can also be a lipid, protein, nucleic acid, antibiotic, or another small molecule. Glycosyl
transfer most frequently occurs to the nucleophilic oxygen of a hydroxyl substituent of the acceptor. However, it can also
occur to nitrogen, sulfur, and carbon nucleophilesl.

1 L.L. Lairson et al. Glycosyltransferases: Structures, Functions, and Mechanisms. Ann. Rev. Biochem. 2008, 77, 521-555.

Enzymes (EC 2.4.1.) Glycosyltransferases, GPases

Glycogen phosphorylase (GP; EC 2.4.1.1) is the enzyme responsible for controlling the rate of glycogen degradation,
which involves catalyzing the phosphorylytic cleavage of al-4 glycosidic bonds found within macro-glycogen molecules,
thus producing glucose-1-phosphate monomers (Glc-1-P), a process referred to as glycogenolysis. Therefore, both
glycogen synthesis and glucose liberation are intimately linked, the relationship being controlled by hormonal stimulation
(insulin, glucagon, adrenaline, epinephrine). Allosteric effectors binding in specific and localized sites tightly regulate this
catalytic activity™.

Three isoforms of GP have been identified and are located within metabolically active tissues in the human body; the
brain (bGP), liver (IGP) and skeletal muscle (mGP). Activation/deactivation of GP is a controlled process sensitive to intra-
and extracellular signals. GP is an archetypal control enzyme and fine regulation is made possible through four major
sites present on each monomer: catalytic site (C-site), glycogen site (G-site), nucleotide binding site (adenosine
monophosphate (AMP)-site) and phosphorylation site (P-site). Interestingly, important regulation steps are performed
outside the catalytic cavity making GP a case of study for allosteric interactions. Two states of GP prevail symbolizing its
activity state: inactive T state (Tense state) and active R state (Relaxed state). The binding of specific effectors assures
the transition between the two states. The inhibition of GP has been proposed as one method for treating type 2
diabetes®.

N. Gaboriaud-Kolar, A.L. Skaltsounis. Glycogen phosphorylase inhibitors: a patent review (2008-2012). Exp. Opin. Ther. Pat. 2013, 23, 1017-1032.
2 D.J. Baker, P.L. Greenhaff, J.A. Timmons. Glycogen phosphorylase inhibition as a therapeutic target: a review of the recent patent literature. Exp.
Opin. Ther. Pat. 2006, 16, 459-466.

1847 CP 316819... Glycogen Phosphorylase (GPase) inhibitor... ....Page 332
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Enzymes (EC 2.4.2.) Glycosyltransferases, NAMPT

Nicotinamide phosphoribosyltransferase (NAMPT; EC 2.4.2.12), was originally discovered as the cytokine pre-B-cell
colony-enhancing factor 1 (PBEF1) or visfatin, and has several suggested functions. It was found to be an important
cofactor for stem cell factor— and interleukin (IL)-7-mediated B cell maturation. However, in 2002 the murine homologue of
PBEF was found, and this proved to be an enzyme catalyzing the reaction between nicotinamide and 5-phosphoribosyl-1-
pyrophosphate yielding nicotinamide mononucleotide (NMN), an intermediate in the biosynthesis of NAD/NADH: central
molecules involved in energy metabolism, reductive biosynthesis, and antioxidation, histone deacetylation, cell death, and
intracellular calcium release. This widened its potential biological activities. Interestingly, both extracellular (cytokine-like)
and intracellular (enzymatic) functions seem to be responsible for its relevance in immunity, metabolism, and stress
responses in both physiology and pathophysiologyl.

! T.B. Dahl, S. Holm , P. Aukrust, B. Halvorsen. Visfatin/NAMPT: a multifaceted molecule with diverse roles in physiology and pathophysiology. Annu.
Rev. Nutr. 2012, 32, 229-243.

1279 FK BBB ...cieiiiiiiiiiieiiieteie ettt NAMPT inhibitor; NAD biosysthesis inhibitor.................cccoceeee. Page 403
1546 FK 866 hydrochloride..............cccocoiviiiiiiiiiiiiiiicce NAMPT inhIBItOr .....c.oviiiiiccc Page 403
2602 P7C3..iiiiiiieit ittt Compound that activates NAMPT .........cccociiviiiiiiiiiiiiciiies Page 611
2253 STF 118804 .....cciiieiiuieiieiieeieeie ettt Highly specific, next-generation NAMPT inhibitor...................... Page 739

Enzymes (EC 2.4.2.) Glycosyltransferases, PARP

Poly (ADP-ribose) polymerase (PARP; EC 2.4.2.12) is found in the cell's nucleus. The main role is to detect and signal
single strand DNA breaks, preventing healthy cells from malfunctioning and programmed cell death. Cancer cells may
also use PARP to repair DNA damage, thus extending their uncontrolled growth. Such cancers can become resistant to
treatment (chemotherapy and/or radiationz. PARP inhibitors may be especially helpful for the treatment of tumors due to
genetic mutations of BRCAL1 and BRCA2". Human tankyrases (TNKS; EC 2.4.2.30), or TRF1-interacting ankyrin-related
ADP-ribose polymerases, are specific PARPs that enhance telomerase access to telomeres, and post-translationally
modify multiple proteins involved in processes including maintenance of telomere length, sister telomere association, and
trafficking of glut4-containing vesicles.?®. Tankyrase 1 and tankyrase 2 are poly(ADP-ribosyl)ases that are distinguishable from
other members of the enzyme family by the structural features of the catalytic domain, and the presence of a sterile a-motif
multimerization domain and an ankyrin repeat protein-interaction domain®.

! A. Patel, S.H. Kaufmann. Development of PARP Inhibitors: An Unfinished Story. Oncology. 2010, 24, 66-68.

2y.J. Chiang et al. Tankyrase 1 and Tankyrase 2 Are Essential but Redundant for Mouse Embryonic Development. PLoS ONE 2008, 3, e2639.
3 H. Seimiya. The telomeric PARP, tankyrases, as targets for cancer therapy. Br. J. Cancer. 2006, 94, 341-345.

“ L. Lehti6 et al. Tankyrases as drug targets. FEBS J. 2013, 280, 3576-3593.

1593 ABT 888 PARP inhibitor-.... ...Page 182
2888 ABT 888 dihydrochloride ..PARP inhibitor. .Page 182
1529 AG 014699 PARP1 inhibitor .. ...Page 191
1496 Aminobenzamide, 3-........cccoiiiiiiiiiiie e Competitive small molecule inhibitor of PARP............cccccovviees Page 203
1464 AZD 2281 ...ooiiiieeiieeee e e PARP INNIDITOT ... Page 243
2241 AZD 2461 .....ooiiiiiiiii PARP inhibitor with poor P-glycoprotein substrate qualities...... Page 243
1268 DR 2313 ..ot PARP INQIDItOr ... Page 372
2885 GEA-69 ....oiiiiiiiiieee e Selective allosteric and cell-active PARP14 MD2 inhibitor ........ Page 417
1566 INIPAND....c.eiiiiiiie i PARP INNIDITOT ... Page 469
2537 Isoquinolinediol, 1,5-.......ccceiiiriiiinieieseeeeee e PARP1 inhibitor and neuroprotective agent.............ccccccevienene Page 472
2510 IWR-1-ENAO ..ottt Inhibitor of the Wnt/B-catenin pathway via TNKS1&2................ Page 474
1922 JW 55 Lo Inhibitor of tankyrase (TNKS 1 and 2) ........ccccoevviivieieciciienne Page 483
2001 KU 0058948 hydrochloride ...........ccceverveiiinieniiniiniiens Potent and specific PARP1 inhibitor. ...Page 495

2759 MEO0328 ... PARP3/ARTD3 inhibitor ...

.Page 532

2928 Niraparib .. ..Potent, selective, and orally available PARP1/2 inhibitor .. .Page 578
1370 NU 1025 ... PARP inhibitor ...Page 591
2599 NVP-TNKSB56......ceeiuiiriiiiieieiiieie st Selective TNKS inhibitor and antagonist of Wnt pathway.......... Page 597
3113 Rucaparib camsylate ............ccccoeiiiiiiiiiii PARPL INNIDItOr ... Page 687
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2502 Talazoparib........ccccciiiiiiiiiiiiii s Potent, selective, and orally available PARP1/2 inhibitor .......... Page 751
2369 UPF 1069 ......ccoviviiiiiiiiiiiiicieieic s PARP-2 inhibitor with >26 fold selectivity over PARP1.............. Page 787
1527 XAV 939 ..ottt Tankyrase (TNKS) inhibitor ... Page 817

Enzymes (EC 2.5.1.) Prenyltransferases

Farnesyltransferase is one of the three members of the family of prenyltransferases that catalyzes the formation of a thio-
ether linkage between the C-1 of an isoprenyl group and a cysteine residue fourth from the C-terminus of the farnesyl
protein. In general, substrates of the prenyltransferases include Ras, Rho, Rab, other Ras-related small GTP-binding
proteins, gamma-subunits of heterotrimeric G-proteins, nuclear lamins, centromeric proteins and many proteins involved
in visual signal transduction. The farnesyltransferase inhibitors, such as LB 42708 (Axon 1794), induce growth arrest and
apoptosis in various human cancer cells by inhibiting the posttranslational activation of Ras. As a result, they suppress
the release of vascular endothelial growth factor (VEGF) from tumor cells. Subsequently LB 42708 can suppress
angiogenesis in vitro and in vivo by blocking the mitogen-activated protein kinase kinase/extracellular signal-regulated
kinase/p38 mitogen-activated protein kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K)/Akt/endothelial nitric-oxide
synthase pathways in endothelial cells without altering FAK/Src activation®.

Glutathione S-transferase P1 (GSTP1 or GSTP-m; EC 2.5.1.18) is a member of a super-gene family of phase Il metabolic
enzymes, which are involved in conjugation reaction in phase Il metabolism of xenobiotics. GSTP1 catalyzes the
reactions between glutathione and a variety of potentially toxic and carcinogenic electrophilic compounds. Moreover,
GSTs also E)Iay an important role in modulating the induction of other enzymes and proteins for cellular functions, such as
DNA repair®. GSTP1 genetic polymorphism is being shown to be an important determinant not only of response to cancer
chemotherapy but also of individual susceptibility to cancer®. More specifically, analyses of somatic genome alterations in
prostatic carcinoma cells have revealed that somatic inactivation of GSTP1, may serve as an initiating genome lesion for
prostatic carcinogenesis®.

! The Farnesyltransferase Inhibitor LB42708 Suppresses Vascular Endothelial Growth Factor-Induced Angiogenesis by Inhibiting Ras-dependent
Mitogen-Activated Protein Kinase and Phosphatidylinositol 3-Kinase/Akt Signal Pathways. C.K. Kim et al. Mol. Pharmacol. 2010, 78, 142-150.

2Z. Mo et al. An updating meta-analysis of the GSTM1, GSTT1, and GSTP1 polymorphisms and prostate cancer: a HUGE review. Prostate. 2009 May
1,69(6):662-88.

®H.W. Lo et al. The human glutathione S-transferase P1 protein is phosphorylated and its metabolic function enhanced by the Ser/Thr protein kinases,
cAMP-dependent protein kinase and protein kinase C, in glioblastoma cells. Cancer Res. 2004 Dec 15;64(24):9131-8.

“W.G. Nelson et al. The molecular pathogenesis of prostate cancer: Implications for prostate cancer prevention. Urology. 2001 Apr;57(4 Suppl 1):39-45.

1489 Geranyl pyrophosphate ammonium salt............c.cccoeeueee Geranyl transferase SUBDSIrate ............ccoccvveiiiiiiiiiiicciccee, Page 418
1794 LB 42708 ......cvviirisiiiiniseeiensieenesieieieesneseesneneeeene. INNIDItOr O farnesyltransferase (FTase)......ocoovvvvcevvviccieevenees Page 502
2940 Neryl pyrophosphate ammonium salt . ....Page 573
2488 Piperlongumine... ....Page 640

Enzymes (EC 2.6.1.) Aminotransferases

Kynurenic acid (KYNA) is formed enzymatically by the irreversible transamination of the pivotal kynurenine pathway
metabolite I-kynurenine  (I-KYN). This reaction is catalyzed by pyridoxal 5'-phosphate (PLP) dependent
aminotransferases. At least four aminotransferases can utilize L-KYN as the amino donor of the transamination reaction
in the mammalian brain. However, only one of them, kynurenine aminotransferase Il (KAT II, E.C. 2.6.1.7), recognizes L-
KYN unencumbered by abundant, competing amino acid substrates. This explains why KAT Il accounts for the majority of
cerebral KYNA synthesis in rat and human brain tissue™?.

1 F. Rossi et al. Crystal structure-based selective targeting of the pyridoxal 5'-phosphate dependent enzyme kynurenine aminotransferase Il for cognitive
enhancement. J. Med. Chem. 2010, 53, 5684-5689.

2 L. Amori et al. On the relationship between the two branches of the kynurenine pathway in the rat brain in vivo. J. Neurochem. 2009, 109, 316-325.
2237 BFF 122....

2924 PF 04859989 hydrochloride ...

Selective inhibitor of kynurenine aminotransferase Il (KAT Il)...Page 267

Potent, selective, brain-penetrant, irreversible inhibitor of
kynurenine aminotransferase Il ...............cccocooiiiiiiiiiiin, Page 630

Enzymes (EC 2.7.) Phosphorus-containing Group Transfer  ases

The large group of enzymes that are classified according to the Enzyme Commission number EC 2.7. are officially
defined as family of transferases that transfer phosphorous-containing groups from one substrate to another, It
comprises general kinases and nucleotidyltransferases, among many other transferases. The section is subdivided
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according to the acceptor group. The protein kinases in this section are divided into the sub-subclasses protein-tyrosine
kinases (EC 2.7.10), protein-serine/threonine kinases (EC 2.7.11), dual-specificity kinases (EC 2.7.12), protein-histidine
kinases (EC 2.7.13) and other protein kinases (EC 2.7.99).

Enzymes (EC 2.7.1.) Kinases, Hydroxide acceptors

When enzymes are capable of transferring phosphate groups to an alcohol moiety of the acceptor substrate, they are
categorized as EC 2.7.1. Ceramide kinase (CerK; EC 2.7.1.138) is an enzyme that phosphorylates endogenous
ceramides, a family of waxy lipid molecules composed of sphingosine and a fatty acid. Ceramides are found in high
concentrations within the cell membrane of cells and are one of the component lipids that make up sphingomyelin, one of
the major lipids in the lipid bilayer. CerK was cloned and categorized on the basis of homology as a subclass of the family
of diacylglycerol kinase (DAGK), distinct from sphingosine kinases (SPHK). CerK bears a Pleckstrin Homology (PH)
domain which is required for membrane binding in vitro, sub-cellular localization at membrane compartments, and
enzymatic activity. NVP 231 (Axon 1600) potently and selectively inhibits the binding of ceramide to CerK, resulting in
decreased levels of the endogenous bioactive lipid ceramide-1-phosphate (C1P), and increased levels of ceramide and
reduced cell growth’.

Galactokinase (GALK; EC 2.7.1.6) catalyzes the conversion of a-D-galactose to galactose 1-phosphate, the second step
in the pathway of the conversion of B-D-galactose, to the more metabolically useful glucose 1-phosphate (Leloir pathway).
Defects in the human enzyme can result in the diseased state referred to as galactosemiaz. Additionally, galactokinase-
like molecules have been shown to act as sensors for the intracellular concentration of galactose and, under suitable
conditions, to function as transcriptional regulators.

Adenosine (ADO) is an endogenous homeostatic inhibitory neuromodulator that reduces cellular excitability at sites of
tissue injury and inflammation. The effects of ADO on cellular excitability are mediated via interactions with different cell
surface receptor subtypes (termed P1 receptors: Al, A2A, A2B, and A3 receptor subtypes) and can result in cellular
protection during conditions of physiological stress or trauma, including ischemia, seizures, inflammation, and pains. The
effects of extracellular ADO are terminated by its reuptake and phosphorylation by ADO kinase (ADK; EC 2.7.1.20) and
via deamination by adenosine deaminase (ADA; EC 3.5.4.4). By preventing ADO phosphorylation, ADK inhibition
increases intracellular ADO concentrations, altering the equilibrium of the bidirectional transport systems responsible for
ADO reuptake with the net effect of increasing the local concentration of ADO in the extracellular compartment.
Therefore, ADK inhibitors may have therapeutic potential as analgesic and anti-inflammatory agents®.

1 C. Graf et al. Targeting ceramide metabolism with a potent and specific ceramide kinase inhibitor. Mol. Pharmacol. 2008, 74, 925-932.

2 H.M. Holden et al. Galactokinase: structure, function and role in type Il galactosemia. Cell. Mol. Life Sci. 2004, 61, 2471-2484.

* M.F. Jarvis et al. ABT-702 (4-amino-5-(3-bromophenyl)-7-(6-morpholinopyridin-3-yl)pyrido[2, 3-d]pyrimidine), a novel orally effective adenosine kinase
inhibitor with analgesic and anti-inflammatory... 3 Pharmacol Exp Ther. 2000 Dec;295(3):1156-64.

* C.H. Lee et al. Discovery of 4-amino-5-(3-bromophenyl)-7-(6-morpholino-pyridin-3-yl)pyrido[2,3-d]pyrimidine, an orally active, non-nucleoside
adenosine kinase inhibitor. J Med Chem. 2001 Jun 21;44(13):2133-8.

2289 ABT T02....eiciiiiiiiiieie ittt The first, non-nucleoside adenosine kinase (ADK) inhibitor ...... Page 181
XISy A=Y\ B/ Recent Addition NN Membrane permeable ITPKA inhibitor (InsP3Kinase specific) ..Page 255
2801 BQRBOS ..ot PIAK INNIDITOT ..o Page 284
2845 KDUBIL ...ttt PIAK INRIDITOT ..o Page 489
1600 NVP 231 ..o CerkK iNNIDIOr. ..o Page 593
B034 Pl-273 oot A substrate-competitive, subtype-specific inhibitor of Pl4Klla...Page 638

2186 SF 1670
3005 UCB9608 (IR ..

Inhibitor of PTEN with inhibitory effect on PTPRC and GALK ...Page 709
...Page 781

Potent and orally bioavailable P14KIII8 inhibitor ...

Enzymes (EC 2.7.1.) Kinases, Hydroxide acceptors, GK

The glucose-phosphorylating enzyme glucokinase (GK; EC 2.7.1.2) was identified as an outstanding drug target for
developing antidiabetic medicines because it has an exceptionally high impact on glucose homeostasis because of its
glucose sensor role in pancreatic B-cells and as a rate-controlling enzyme for hepatic glucose clearance and glycogen
synthesis, both processes that are impaired in type 2 diabetes’. GK facilitates the phosphorylation of glucose to glucose-
6-phosphate (G6P), which is the first step of both glycogen synthesis and glycolysis.

! Glucokinase Activators for Diabetes Therapy. Diabetes Care 2011, 34, S236-S243

3062 AZDILB56 ...cceeeiiiieiiiiieie e Glucokinase (GK) aCtiVator..........c.coviriiiieiriiiiieiieieeeeeie s Page 248
1134 RO 28-0450 .....ciiiiiiiiiaiieieeie ettt Glucokinase (GK) aCtiVatOr..........c.covivereerierireienieeie e Page 678
1355 RO 281674 ..cueiiienieiiieieeieeie ettt Glucokinase (GK) aCtiVatOr..........c.coviiirieiiiniieieiieieeeee e Page 678
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1356 RO 28-1675.....cciiiiiiiiiiiiiiiiiicsieeeei e Glucokinase (GK) aCtivator...........cccceiviiiiiiciiciie e Page 678

Enzymes (EC 2.7.1.) Kinases, Hydroxide acceptors, Sph K

Sphingosine-1-phosphate (S1P), a lipid metabolite, has been recently demonstrated to be an important signaling
mediator for vital cellular and physiological processes, such as cell motility, invasion, proliferation, angiogenesis and
apoptosis. S1P is produced from ceramide and sphingosine via phosphorylation by two isoenzymes (EC 2.7.1.91),
sphingosine kinase-1 (SphK1) and sphingosine kinase-2 (SphK2). The regulation of the levels of these metabolites, a so
called “sphingolipid rheostat”, is complex and a number of enzymes have been demonstrated to be important. Upon
production, S1P interacts with a family of G protein-coupled receptors (S1PR1-5) on the cell surface and/or intracellular
targets, such as histone deacetylase (HDAC) and TRAF2, to play a plethora of roles in diverse pathophysiological
conditions such as inflammation, immunity and cancer. Although SphK1 and SphK2 share a high degree of homology,
they differ significantly in size, tissue distribution, and subcellular localization.

* K. Liu et al. Biological characterization of 3-(2-amino-ethyl)-5-[3-(4-butoxyl-phenyl)-propylidene]-thiazolidine-2,4-dione (K145) as a selective
sphingosine kinase-2 inhibitor and anticancer agent. PLoS One. 2013, 8, e56471.

2880 ABC294B40 ....eoiiieiiiiieieeieeie sttt Selective and orally available SphK2 (or SK2) inhibitor............. Page 179
2484 KBPC-5 ...coiiiiiiiiiiiiiii s SPhKL (0r SK1) @CtVALOT.....c.veieieieeiiiiieie et Page 487
2235 K 145 hydrochloride...........ccooivieiiiiiiniiiciicicceeieee, Selective, substrate competitive SphK2 inhibitor....................... Page 487
2350 PF 543 Citrate .....ccccviivieiiiiiiiiieeciccceee s Cell-permeant reversible inhibitor of SphK1 .............ccccoiie Page 624
2782 SKI T o Orally bioavailable SphK inhibitor.............cccoceiiiiiiiiiiiin, Page 716

Enzymes (EC 2.7.1.) Kinases, Hydroxide acceptors, PFK  FB

Unlike normal cells, cancer cells have been noted to shift their energy metabolism toward glycolysis. This phenomenon,
originally termed the Warburg effect, allows cancer cells to satisfy increased biosynthetic requirements for biomass and
energy. The HIF-1-induced PFKFB3 (EC 2.7.1.105) plays a key role in this adaptation of cancer cells to adopt glycolysis
as the major source of metabolic energy production for fast cell growth. It does so by elevating the concentration of Fru-
2,6-BP, the most potent glycolysis stimulator. As this metabolic conversion has been suggested to be a hallmark of
cancer, PFKFB3 has emerged as a novel target for cancer chemotherapyl.

1 M. Seo, J.D. Kim, D. Neau, I. Sehgal I, Y.H. Lee. Structure-Based Development of Small Molecule PFKFB3 Inhibitors: A Framework for Potential
Cancer Therapeutic Agents Targeting the Warburg Effect. PLoS ONE 2011, 6, 24179.

2175 BPO .o Inhibitor of HIF-1-induced PFKFB3..........ccccoiiiiiiiieiecieeee Page 611
2542 PFK 158....iiiiiiiiiieiiie sttt Nanomolar small molecule inhibitor of PEKFB3...........cccccoveue. Page 634

Enzymes (EC 2.7.1.) Kinases, Hydroxide acceptors, PKM

PKM2 (EC 2.7.1.40) is an isoenzyme of the glycolytic enzyme pyruvate kinase. Four isoforms of pyruvate kinase have
been characterized: the L (PKL) and R (PKR) isoforms, and the M1 (PKM1) and M2 (PKM2) isoforms. The M2 isoform of
catalyzes the final and also a rate-limiting reaction in the glycolytic pathway. The less active form of PKM2 drives glucose
through the route of aerobic glycolysis, while active PKM2 directs glucose towards oxidative metabolism. Additionally,
PKM2 possesses protein tyrosine kinase activity and plays a role in modulating gene expression and thereby contributing
to tumorigenesis. Since all tumor cells exclusively express the embryonic M2 isoform of PK, it is hypothesized that PKM2
is a potential target for cancer therapy. Modulation of PKM2 might also be effective in the treatment of obesity, diabetes,
autoimmune conditions, and antiproliferation-dependent diseases™.

N Wong et al. PKM2, a Central Point of Regulation in Cancer Metabolism. Int. J. Cell Biol. 2013, 2013, 242513.

2149 PKM2 activator 1020 .
2240 TEPP 46 ...

Activator of pyruvate kinase isoenzyme M2 (PKM2) ... ....Page 642

....Page 760

Potent activator of recombinant PKM2. ......

Enzymes (EC 2.7.1.) Kinases, Hydroxide acceptors, PI3 K

Another significantly large group of kinases that regulate the transfer phosphate groups to hydroxyl groups of substrates
is the class of PI3K’s (Phosphatidylinositide 3-kinases, EC 2.7.1.153), a family of enzymes involved in cellular functions
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such as cell growth, proliferation, differentiation, motility, survival and intracellular trafficking. The family may be divided
into three different classes (I-1ll), based on primary structure, regulation, and in vitro lipid substrate specificityl. Since
PI3K’s play a crucial role in the PI3K/AKT/mTOR signaling pathway, Axon LigandsTM interacting with this group of kinases
are listed individually in the section for PI3K/AKT/mTOR signaling.

! PI3K/Akt/mTOR pathway as a target for cancer therapy. D. Morgensztern, H.L. McLeod Drugs 2005, 16, 797-803

1831 A BB .ot PI3K inhibitor (p110 alpha SPeCifiC) .......ccccvvveviiiiiiiiiciiice Page 172
2857 ACAlISID ....eiiiiiiiie e PI3K inhibitor (p110 6 SPECIfiC)......ccecvviiiiiiiiiiiiiiciccecie e Page 184
2925 AIPEIISID ..o PI3K inhibitor (p110-a SPECIfIC).......c.eevveririiiriiiiiiecieeeeeeie Page 196
1424 AS 252424 ........ociiiiiiii PI3K inhibitor (p110 gamma SPECifiC) .........ccoveverreeriiiieieiiene Page 226
1436 AS 252424 bispotassium salt...........ccoceecvevivieiiniiiinennns PI3K inhibitor (p110-y SPECIfiC)......ccccovririiiiiiiiciiicceee Page 226
2748 AUOPhINib ....ooviiiii PIK3C3/VPs34 inhibitor ..........coooiiiiiiiiiiiiicce Page 235
20926 AZD BA82 ..o PI3K inhibitor (p110 B SPECIfiC)......cvveiriiriiiiiiiicieeecceeee Page 246
3055 ...Page 252

1282 ..PI3K and PDPK1 inhibitor ... .Page 254

2170 CAL 101... PI3K inhibitor (p110 delta specific) ... ...Page 296
2039 CZC 24832 ..ot PI3K inhibitor (p110 gamma SPECifiC) .........cccvevverviriiiieiiiieens Page 345
1719 D 106669 ......ccciiiiiiiiiiiiiiiieit et Potent and selective PI3K inhibitor..............ccccciiiiiiiiiins Page 347
1377 GDC 0941 bismesylate............ccccovrviiiiiiiiiiiiiiicieene PIBK INRIDItOr ... Page 416
2994 GNE 317 ..o Brain-penetrant PI3K inhibitor (p110-a specific) ...........ccccuveene Page 425
1912 GSK 2636771 dihydrochloride............c.ccccvciiiiiiiiiins PI3K inhibitor (p110 beta SPecifiC).........ccccviviiviiiiiiiiiiiiiiee Page 437
2168 IC 8711 ... Potent and highly selective inhibitor of the PI3K p1106............. Page 462
1366 LY 294002 ......coiuiiiiiiiiiieiet et PIBK INNIDITOT ... Page 519
3098 ME-401 ....ooiiiiiiiiiiie e Potent, selective and orally available PI3K inhibitor (p110 &

SPECITIC) vttt Page 532
1520 NVP-BBDI130....cccciiiuieiiiieeiesieeie e Dual PI3K and mTOR kinase inhibitor.............ccoceviiiiiiienne Page 594
2029 NVP-BGT226....ccueiiiiuiiieiieiesieeie ettt Orally active dual PIBK/mMTOR inhibitor ...........cccooiviiiiiiiies Page 595
1797 NVP-BKMI120 ....coooiiiiiiiiiiiiiiiiiciicecee e Class | PIBK iNhibitor ..........coccoiiiiiiic Page 596
2610 PDKL inhibitor 2610.......ccccoveiriirieiiiiiicieiereieieeeieees Dual PI3K/PDPKL iNhibitor........cccoiuiiiiiiiiieiiieiceeeiee e Page 622
1380 PI 103 hydrochloride...........ccovveviiiiiiiiiciiiiececicee PI3K inhibitor (p110 SPECIfiC).......ccovueiiiiiiiiiiiciciieceeee Page 637
3045 PI 3065 PI3K inhibitor (p110 & specific) ...Page 637
1334 PIK 75 hydrochloride ..PI3K inhibitor (p110 alpha specific) .. .Page 639
1362 PI3K inhibitor (p110 alpha specific) .. ...Page 639
2716 SARADS ....ocoiiiiiiiiieiet et PIK3C3/VPS34 iNhibitor .......ccvoveiiiiiieiiicc e Page 692
2927 TaSeliSih ..ot PI3K inhibitor (p110 B SPAING) ....cccveeverierierieeieiieeie e Page 753
1417 TGX 221 ettt PI3K inhibitor (p110 beta SPeCfic)........cccevuriiiiiiiiiiicicicee Page 761

Enzymes (EC 2.7.4.) Phosphotransferases

Thymidylate kinase (aka TMPK; EC 2.7.4.9) is involved in the pathway dTTP biosynthesis, which is part of Pyrimidine
metabolism. It phosphorylates thymidine 5'-monophosphate (dTMP) to thymidine 5'-diphosphate (dTDP), and finally by
nucleoside-diphosphate kinase (NDK; EC 2.7.4.6) to thymidine triphosphate (dTTP), a building block of DNA. This
pathway is unique in that all other dNDPs, including dUDP, are directly produced by ribonucleotide reductase (RNR; EC
1.17.4.1). TMPK has an important function in cell proliferation, and is well recognized as a potential drug target, with the
most notable function being in the activation of anti-HIV nucleoside prodrugs. Recent studies have shown that TMPK is a
validated target for antibiotic development against grampositive bacteria of M.tuberculosis and S.aureus as well*, and a
modulator that can increase the potential of anticancer agent doxorubicin toward colon cancer cells regardless of p53
status®. Mechanistic studies have demonstrated that the lack of TMPK functionality in cancer cells leads to dUTP
misincorporation in DNA repair, resulting in cancer cell death®.
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* L Song et al. Elaboration of a proprietary thymidylate kinase inhibitor motif towards anti-tuberculosis agents. Bioorg Med Chem. 2016 Nov
1;24(21):5172-5182.

2 Q Cui et al. Thymidylate kinase: an old topic brings new perspectives. Curr Med Chem. 2013;20(10):1286-305.

3 CM Hu et al. Tumor cells require thymidylate kinase to prevent dUTP incorporation during DNA repair. Cancer Cell. 2012 Jul 10;22(1):36-50.

Enzymes (EC 2.7.7.) Nucleotidyltransferases

Reverse-transcriptase inhibitors (RTIs) are a class of antiretroviral drugs that inhibit the activity of reverse transcriptase, a
viral DNA polymerase that is required for replication of HIV and other retroviruses. Three forms of RTIs are known, of
which nucleoside- and nucleotide reverse transcriptase inhibitors (NRTIs and NtRTIs respectively) essentially show
similar modes of action, while non-nucleoside reverse-transcriptase inhibitors have a completely different mode of action.
NNRTIs block reverse transcriptase by binding at a different site on the enzyme, compared to NRTIs and NtRTIs. NNRTIs
are not incorporated into the viral DNA but instead inhibit the movement of protein domains of reverse transcriptase that
are needed to carry out the process of DNA synthesis. NNRTIs are therefore classified as non-competitive inhibitors of
reverse transcriptase’.

Telomerase (EC 2.7.7.49), a unique enzyme that contains telomerase reverse transcriptase (TERT) and a template-
containing RNA component (TR), facilitates the solution of both chromosome end-related problems: the chromosome
end-protection problem and the chromosome end-replication problem. By synthesizing multiple tandem repeats of DNA
(called telomeric DNA) encoded by its RNA template, telomerase compensates for the erosion of DNA ends during
replication and provides the docking sites for telomeric proteins that bind specifically to the ends of chromosomes to
distinguish them from broken DNA ends. The action of telomerase is required for the survival of continuously dividing cells
such as those of unicellular eukaryotes®.

RNA polymerases (RNAP or Pol; EC 2.7.7.6) are highly conserved multisubunit enzyme complexes (14, 12, and 17
subunits for RNAP1-3, respectively) in eukaryotesS. By responding to changes in the cellular environment, transcription by
RNA polymerase | ultimately determines ribosome production and the potential for cell growth and proliferation. RNAP1
is unique in that in most eukaryotes its sole function is the transcription of genes encoding the large rRNAs. Like Pol Il
and Pol Ill, it requires auxiliary factors that mediate promoter recognition, promote transcription elongation, and facilitate
transcription termination®.

HIV-1 integrase (IN; EC 2.7.7.49) is a polynucleotidyltransferase that catalyzes the integration of the DNA copy of the viral
genome into the genome of the host cell. During viral infection, IN catalyzes two consecutive reactions, each proceeding
by direct transesterification reactions catalyzed at a single active site in the enzyme's core. In the first reaction, IN
removes two nucleotides from the from the 3'-end of each strand of the nascent viral DNA, leaving a recessed 3'CA
dinucleotide. After migration into the nucleus of the infected cell as part of the nucleoprotein complex, IN covalently
attaches each 3’ processed viral end to the host cell DNA, a reaction termed strand transfer®. IN also catalyzes an
apparent reversal of the strand transfer reaction, a process known as disintegration®.

1 L.J. Scott, C.M. Perry. Delavirdine: a review of its use in HIV infection. Drugs. 2000, 60, 1411-1444.

2 J. Nandakumar et al. Finding the end: recruitment of telomerase to telomeres. Nat. Rev. Mol. Cell Biol. 2013, 14, 69-82.

3 A. Vannini et al. Conservation between the RNA polymerase I, II, and IlI transcription initiation machineries. Mol. Cell. 2012, 45, 439-446.

1. Grummt. Life on a planet of its own: regulation of RNA polymerase | transcription in the nucleolus. Genes Dev. 2003, 17, 1691-1702.

® N. Sluis-Cremer et al. Modulation of the oligomeric structures of HIV-1 retroviral enzymes by synthetic peptides and small molecules. Eur J Biochem.
2002 Nov;269(21):5103-11.

° N. Neamati et al. Diarylsulfones, a novel class of human immunodeficiency virus type 1 integrase inhibitors. Antimicrob Agents Chemother. 1997 Feb;
41(2): 385-393.

3008 AOHILILB0 ...ccoovviiiiiiiiiieieci s First-in-class, potent and orally available PCNA inhibitor ..
2301 BIBR 1532...
2462 BMH 21..

...Page 214
Selective telomerase inhibitor inducing senescence .Page 271
..Inhibitor of RNA Polymerase | (RNAP1)..... .Page 277

2173 CX5461.... ...Page 342
1815 Delavirdine Page 355
1534 DapiViliNe....ccociiiiiiiieiiiiiieeieie e Page 350
2855 DOIULEGIAVIF ..ccuviiieiiiiiieieeie ettt HIV integrase inhibitor ... Page 368
3125 EfaVIFENZ ..occviiiiiiiiciiiiiectet e Highly potent, orally bioavailable NNRT inhibitor (HIV-1).......... Page 379
3305 Emtricitabine EEEIIEREMEIN ...........cooveveveeeieieiaiieieeienns Potent and orally bioavailable NRT inhibitor (HIV-1) ................. Page 383
X I (== VTG Recent Adaition HNS RS Competitive inhibitor of HBV viral polymerase.............cccocoeunene Page 385
3135 FAVIPIFAVIT ..ociiiiiiiiiiciieiese et Potent and selective inhibitor of viral RNA polymerase............. Page 397
3191 ISIALTAVIT .oveiiieiiiieeee et Potent and long-acting NNRT inhibitor (HIV-1)..........cccciviinnne Page 471
3002 JH-RE-06 ...ocuiiiiiiiiiiiiieiesieeie sttt Specific and in vivo active REV1-REV7 interaction inhibitor......Page 476
felclcZ: 1Y, 51s [Nl Recent Adalition [ Potent and highly selective NNRT inhibitor (HIV-1)................... Page 514
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3124 NEVIraPINE .....coiviiiiiiiiiiiiiecieiresie e Page 574
2965 PNR-7-02 ...iiiiiiiiiieeiie et Page 645
3120 RAEGIAVIT .oc.eeviiiieiiiiieieeecrce e Potent, selective and orally bioavailable HIV integrase inhibitorPage 664
XISV {o Y IO @l Recent Addition Page 722
3157 Tenofovir Page 759
3302 Tenofovir alafenamide EEEIIEEEIT ... Page 759

Enzymes (EC 2.7.10.) Kinases, Tyrosine specific

Tyrosine specific kinases form a large family of enzymes that are responsible for catalyzing the transfer of ATP to specific
tyrosine residues in target proteins. In turn, the phosphorylation of tyrosine residues causes a change in the function of
the protein that they are contained in. They function in a variety of processes, signal transduction pathways, and actions,
and may be responsible for key events in the bodyl. Axon Ligands™ that interact with tyrosine specific enzymes that are
part of the JAK/STAT signaling pathway have been categorized independently in this catalogue (see section below). The
remainder of Axon Ligands™ that lack interactions with tyrosine kinases of this particular signaling pathway are listed
here, grouped on the basis of their selectivity.

Weel (EC 2.7.10.2) is a protein kinase, regulates the G2 checkpoint in response to DNA damage. Preclinical studies
have elucidated the role of weel in DNA damage repair and the stabilization of replication forks, supporting the validity of
weel inhibition as a viable therapeutic target in cancer. Weel belongs to a family of protein kinases involved in the
terminal phosphorylation and inactivation of cyclin-dependent-kinase 1-bound cyclin B. It is the major kinase responsible
for the inhibitory phosphorylation of the tyrosinel5 residue on Cdk1/Cdc2, near its ATP-binding pocket, and plays a
critical role in the proper timing of cell division by controlling the entry into mitosis and DNA replication during S phase.
Recent evidence demonstrates that weel is also involved in the coordination of DNA replication and the maintenance of
stalled replication forks through regulation of cyclin-dependent kinase 2 (Cdk2)?.

Activated Cdc42 (cell division cycle 42)-associated tyrosine kinase (ACK1; EC 2.7.10.2), also called TNK2 (tyrosine
kinase, non-receptor, 2) is activated in response to multiple cellular signals, including cell adhesion, growth factor
receptors and heterotrimeric GPCR-signalling. interaction of the SH3 (Src homology 3) domain with the EBD (EGFR-
binding domain) in ACK1 forms an auto-inhibition of the kinase activity. Release of this auto-inhibition is a key step for
activation of ACK1. Mutation of the SH3 domain caused activation of ACK1, independent of cell adhesion, suggesting that
cell adhesion-mediated activation of ACK1 is through releasing the auto-inhibition. ACK is amplified and overexpressed in
multiple cancers, and associated with tumour progression through promoting cell growth and migrationS.

Interleukin-2 inducible T-cell kinase (ITK; EC 2.7.10.2) is a member of the TEC-kinase family which encompasses ITK,
RLK, BTK, BMX, and Tec. It is expressed mainly in immune cells such as T-cells, mast cells, NK cells, and NKT cells.
Recent work suggests that ITK may be a negative regulator in mast cells as responses of mast cells lacking ITK to FceR1
signaling are not attenuated and can be increased relative to WT mast cells. In contrast, ITK positively regulates T-cell
receptor (TCR) signaling and plays a role in numerous T-cell responses. ITK is activated downstream of the T-cell
receptor and is strongly upregulated upon activation of naive T cells. As such, it responds to and drives the expression of
IL-2 and activates PLCy1 by phosphorylation. This leads to the production of IP3 and DAG and triggers the release of
intracellular calcium and activation of PKC, respectively®.

Lyn is a member of the Src family of intracellular membrane-associated tyrosine kinases (SFK). Each member has a
unique N-terminal region (SH4) encoding a myristoylation site, and may contain one (e.g. Lyn) or two (e.g. Fyn)
palmitoylation sites, followed by homologous domains for protein interaction (SH3 and SH2), as well as a kinase (SH1)
domain. It has been implicated in cell proliferation and differentiation, apoptosis, migration and metabolism. Intriguingly,
Lyn can mediate both positive and negative signaling processes within the same or different cellular contexts. Lyn is an
important regulator of autoimmune diseases such as asthma and psoriasis, due to its profound ability to influence immune
cell signaling. Lyn has also been found to be important for maintaining the leukemic phenotype of many different liquid
cancers including acute myeloid leukaemia (AML), chronic myeloid leukaemia (CML) and B-cell lymphocytic leukaemia
(BCLL). Lyn is also expressed in some solid tumors and here too it is establishing itself as a potential therapeutic target
for prostate, glioblastoma, colon and more aggressive subtypes of breast cancer®.

Breast tumor kinase (Brk aka protein tyrosine kinase 6 (PTK6) belongs to the non-receptor tyrosine kinases, distantly
related to the c-Src family kinases, with occurrence in the cytoplasma. Brk is activated downstream of multiple growth
factor receptors, including MET, EGF receptor, and ErbB2, and confers aggressive breast cancer phenotypes such as
growth factor—induced cell migration, anchorage-independent growth, modulation of EMT markers, metastasis, and
resistance to targeted therapies’. As Brk is aberrantly expressed in both luminal and triple negative breast cancers
(TNBC) subtypes, but is not found in the normal mammary tissue, it is an attractive candidate for selective targeting of
invasive breast cancer cells’.

* Receptor tyrosine kinase signaling: a view from quantitative proteomics. J. Dengjel, I. Kratchmarova, B. Blagoev. Mol. Biosyst. 2009, 5, 1112-1121.
2 K. Do et al. Weel kinase as a target for cancer therapy. Cell Cycle. 2013, 12, 3159-3164.
% Q. Lin et al. The activation mechanism of ACK1 (activated Cdc42-associated tyrosine kinase 1). Biochem. J. 2012, 445, 255-264.
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4 C.W. Zapf et al. Covalent inhibitors of interleukin-2 inducible T cell kinase (itk) with nanomolar potency in a whole-blood assay. J. Med. Chem. 2012,
55, 10047-10063.

° E. Ingley. Functions of the Lyn tyrosine kinase in health and disease. Cell Commun. Signal. 2012, 10, 21.

° TM Regan Anderson et al. Breast Tumor Kinase (Brk/PTK6) Is Induced by HIF, Glucocorticoid Receptor, and PELP1-Mediated Stress Signaling in
Triple-Negative Breast Cancer. Cancer Res. 2016 Mar 15;76(6):1653-63.

" TM Regan Anderson et al. Breast tumor kinase (Brk/PTK6) is a mediator of hypoxia-associated breast cancer progression. Cancer Res. 2013 Sep
15;73(18):5810-20.

2031 AIM 100 ..ottt et Specific inhibitor of Ack1 tyrosine kinase (TNK2) .........cccccoveues Page 193
1456 AZD 0530 difumarate...........ccccovevviiiiiiiiiiiiiiicci Inhibitor of SRC and ABL tyrosine kinases..............ccccceoiniine Page 240
2294 KRCA 0008.......ccueuemieuiareieeaienieeeneseeseeseeteseeseeseenessenseneas Potent and selective dual ALK/ACKZ1 inhibitor............cccecevenine Page 493
7 X (RN BTl Recent Addition IR Fyn inhibitor targeting the Fyn/Stat3 pathway ...............ccc.cc...... Page 511
1494 MK 1775 (oot Weel kinase inhibitor ...........ccocoviiiiiiiiiiiic e Page 543
1941 MLR 1023 ...ttt Selective allosteric activator of Lyn Kinase ............cccccceeviinens Page 555
2110 PF 06465469 .....ccoeeuiiiuieieiiieieeieeie ettt Inhibitor of interleukin-2 inducible T cell kinase (ITK) ................ Page 633
2560 TilfriniD ...eceeecce s Brk inhibitor with antiproliferative activity.............cccccoccvveenienne Page 767
2762 XMD 8-87 ..ociiiiiiiiiiiiiicicii s Potent and selective inhibitor of Ack1 tyrosine kinase (also known

S TNK2) . Page 819

Enzymes (EC 2.7.10.) Kinases, BTK

Bruton’s tyrosine kinase (BTK; EC 2.7.10.2) is a non-receptor tyrosine kinase belonging to the Tec family of kinases
(TFKs), which form the second largest family of cytoplasmic tyrosine kinases in mammalian cells and include, in addition
to BTK, Tec, Itk, Txk (also known as RIk), and bone marrow tyrosine kinase gene on chromosome X (Bmx). Btk is critical
for B-cell development, differentiation, and signaling. Moreover, BTK expression is assumed to be a prerequisite for B-cell
proliferation and survival. Btk is the only member of the TFKs reported to be associated with human disease (primary
immunodeficiency, named X-linked agammaglobulinemia (XLA) and a milder form: X-linked immunodeficiency (Xid))l.

* A.J. Mohamed. Bruton’s tyrosine kinase (Btk): function, regulation, and transformation with special emphasis on the PH domain. Immun. Reviews.
2009, 228, 58-73.

2226 AVL 292ttt Potent, selective, covalent BTK inhibitor ............ccccceeiiiiiiennne Page 236
2018 CGl 1746 ....coiiviiiiiiiiieiccec s Inhibitor of Bruton's tyrosine kinase (BTK).........ccccooeviiiieineinne Page 310
2862 LFEM-AL3 ..ooiiiiiiciicii ettt Inhibitor of Bruton's tyrosine kinase (BTK).........cccccoeeiiiiincnns Page 508
1858 PCI 32765.....cuiiiiiiiiiiaiieeii ettt Inhibitor of Bruton's tyrosine kinase (BTK)..........cccoovviiiiiinine Page 616

Enzymes (EC 2.7.10.) Kinases, FAK

Protein tyrosine kinase 2 (PTK2 a.k.a. Focal Adhesion Kinase (FAK); EC 2.7.10.2) is a cytoplasmic non-receptor tyrosine
kinase which is found concentrated in the focal adhesions that form between cells growing in the presence of extracellular
matrix constituents. It was originally identified as a substrate for viral Src and as a highly tyrosine-phosphorylated protein
that localized to cell adhesion sites known as focal contacts. FAK has been shown to have a key role in both normal and
tumor cell migration downstream of growth factor- and integrin- receptors. It is the formation of a FAK-Src signaling
complex that is an initial and important event required for maximal FAK activation and cell migration. Activation is involved
in modulating 'corrective’ cell responses to environmental stimuli, which is provoked by signal-mediated effects on actin
polymerization, the assembly or disassembly of focal contacts, and the regulation of protease activation or secretion”.

! S.K. Mitra, D.A. Hanson, D.D. Schlaepfer. Focal adhesion kinase: in command and control of cell motility. Nat. Rev. Mol. Cell Bio. 2005, 6, 56-68

2574 Defactinib........ccoviiiiiiiiiiiii s Second generation inhibitor of FAK and PYK2..............cccocee. Page 355
2107 PF 431396 ..ottt Dual FAK(PTK2) and PYK2 inhibitor ...........ccoevviiiiniiiiicns Page 625
1623 PF 573228 ...ttt FAKINNIDITOT ... Page 625
2459 PND 1186 ...c.uiiuiiiieiieiieeiesieeiie sttt Orally active dual FAK/PYK2 inhibitor ...........cccccooviiiiiiiiiines Page 645
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Enzymes (EC 2.7.10.) Kinases, PYK

Proline-rich tyrosine kinase-2 (PYK2; EC 2.7.10.2) is related to focal adhesion kinase (FAK; EC 2.7.10.2) and shares a
similar domain structure (FERM, kinase, proline-rich and FAT domains) as well as common phosphorylation sites. Both
kinases act as critical mediators for the activation of signaling pathways that regulate cell migration, proliferation, and
survival. By coordinating adhesion and cytoskeletal dynamics with survival and growth signaling, FAK and Pyk2 represent
molecular therapeutic targets in cancer cells as malignant cells often exhibit defects in these processes. Despite their
structural similarity, PYK2 and FAK display a humber of significant differences (distribution, activation). Although PYK2
can be activated following integrin mediated adhesion, PYK2 is primarily activated in response to a variety of stimuli that
increase intracellular calcium. Upregulation of PYK2 expression has been noted in several human tumors, gliomas, and
with advancing WHO grade, and define it a potential target for disease modulation, particularly as it pertains to invasive
cancers, osteoporosis, and inflammatory cellular responsesl.

! C.A. Lipinski et al. The Pyk2 FERM domain: a Novel Therapeutic Target. Expert Opin. Ther. Targets. 2010, 14, 95-108.

2574 Defactinib
2107 PF 431396.
2459 PND 1186..
2743 STK16-IN-1 .....

Second generation inhibitor of FAK and PYK2
Dual FAK(PTK2) and PYK2 inhibitor ..
Orally active dual FAK/PYK2 inhibitor
ATP-competitive STK16 inhibitor..

.Page 355
.Page 625
.Page 645
...Page 740

Enzymes (EC 2.7.10.) Kinases, JAK

Cytokines play pivotal roles in immunity and inflammation, and targeting cytokines and their receptors is an effective
means of treating such disorders. Type | and Il cytokine receptors associate with Janus family kinases (JAKs; EC
2.7.10.2) to effect intracellular signaling®. The JAK family in mammals consists of 4 members: JAK1, JAK2, JAK3 and
TYK2. The unique structure of the JAK kinases clearly distinguishes them from other members of the protein tyrosine
kinase family. The most intriguing feature of these proteins is the presence of two JAK-homology domains (JH1 and JH2),
with extensive homology to the tyrosine kinase domains. A second interesting feature is the absence of any Src-homology
domains SH2 or SH3. Instead, these proteins encode a group of well-conserved domains termed as JAK homology (JH1-
JH7) domains that follow a non-conserved amino terminus of about 30-50 amino acids. Of the dual kinase domains
identified, only the JH1 domain appears to be functional®>. JAK activation occurs upon ligand-mediated receptor
multimerization. The activated JAKs subsequently phosphorylate additional targets, including both the receptors and the
major substrates, STATS (latent transcription factors that reside in the cytoplasm until activated)3.

' M. Pesu et al. Therapeutic targeting of Janus kinases. Immunol. Rev. 2008, 223, 132-142.
2 M.M. Seavey, P. Dobrzanski. The many faces of Janus kinase. Biochem. Pharmacol. 2012, 83, 1136-1145.
% J.S. Rawlings, K.M. Rosler, D.A. Harrison. The JAK/STAT signaling pathway. J. Cell. Sci. 2004, 117, 1281-1283.

1378 AG 490 ... e JAK2 INNIDITOT ... Page 190
2219 AT 9283 ...ttt Multitargeted kinase inhibitor (Aurora, JAK, and BCR-ADbI) ....... Page 232
A778 AZ 960 ...t JAK2 INNIDITOT ... Page 238
1955 BariCitinib ....ccvevieiiiiiiicisc e JAKL and JAKZ2 inhibitor..........ocooiiiiiiiiii e Page 256
1338 CP 690550........cccciiiiiiiiiiiici i JAKS INNIDITOT ... Page 334
1681 CYT 387 oo e JAKL and JAK2 inhibitor...........ccoviiiiiiiiiicccce Page 344
1843 JAK2 iNhibitor 13......cccviiiiiiiiiiieieiiciceeccce e JAKZ INNIDIOT ... Page 476
2554 LY 2784544 ... Selective inhibitor of mutated janus kinase 2 (JAK2V617F)...... Page 523
2792 NVP-BSKBO05 ......ooiiiiiiiiiiieiesiieie ettt Potent, selective and orally bioavailable JAK2 inhibitor............. Page 596
2217 PF 956980 .....c.ccciiiiiiiiiiiiiiiiei e JAKS inhibitor; analogue of Axon 1338 and 2072...........c.cccec... Page 626
1598 RUXONLINID ..o JAKL and JAK2 inhibitor..........ccoveiiiiiiicceeeecee Page 687
2539 SOICItINID ..o Selective JAKL inhibitor..........cccoiiiiiiiiiiii i Page 723
1588 TG 101348....cuiiiiiiiiiiiiiiieei e JAKZ2 INNIDIOT ... Page 761
2072 Tofacitinib Citrate..........cccooviiiiviiiiiiicicccc Potent Janus Kinase 3 (JAK3) inhibitor ............cccccoviiiiiiinns Page 771
2316 WP 10B6......ccocuiiiiieiiieeiiieiiii e JAK2 and STAT3 inhibitor ..o Page 813
2231 XL 019 .o JAK2 INNIDITOT ... Page 818
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Enzymes (EC 2.7.10.) Kinases, SRC

The Src family of protein tyrosine kinases (SFKs; EC 2.7.10.2) plays key roles in regulating signal transduction by a
diverse set of cell surface receptors in the context of multiple cellular environments. The nine members of the Src family
include Src, Lck, Hek, Fyn, BIk, Lyn, Fgr, Yes, and Yrk, and all share a very similar domain structure with a high degree of
homology in the SH1 (catalytic), linker, SH2 (p-Tyr binding), SH3 (protein-protein interaction) and SH4 (membrane
association) domains. In the auto-inhibited, tail-phosphorylated (Tyr527) state, the SH3 and SH2 domains turn inward and
make intramolecular interactions that lock the catalytic domain in an inactive conformation. Several lines of evidence
indicat(i 2that loss of Tyr527 phosphorylation by protein tyrosine phosphatases (PTPs) leads to activation of Src catalytic
activity ™.

1 S.M. Thomas, J.S. Brugge. Cellular functions regulated by Src family kinases. Annu. Rev. Cell Dev. Biol. 1997, 13, 513-609.
2 M.P. Playford, M.D. Schaller. The interplay between Src and integrins in normal and tumor biology. Oncogene 2004, 23, 7928-7946.

1698 A TT004L ...ttt Orally active Src-family selective Ick inhibitor........................... Page 173
1456 AZD 0530 difumarate...........ccccovevviiiiiiiniiiiiieccicie Inhibitor of SRC and ABL tyrosine kinases..............cccccceiiinne Page 240
2097 CGP 77675 .c..iiiiiiiiiiiieieeteieee e Src Family kinase (SFK) inhibitor .............ccooiiiiiiiiiiins Page 310
1392 DaSAtiNID.......ooueiiiiiiiieee e BCR-ABL and SRC tyrosine kinase inhibitor..............c.cccveee. Page 351
2648 Nintedanib .........cccooiiiiiieiiiee s RTK inhibitor with antiangiogenic and antineoplastic activities..Page 578
1892 NM-PPL, 1.t Tyrosine kinase inhibitor of Src, Fyn, Abl, CDK, Trk.................. Page 579
1407 SKIBOB ..ottt ettt BCR-ABL and SRC tyrosine kinase inhibitor..............cccccooee... Page 716
2778 SQUArUNKin A ...ocoociiiiiiiiiee s Selective UNC119—cargo interaction inhibitor .......................... Page 729
1136 SU BB56......c.ocuvviiiiiiiiicic e SRC kinase inhibitor.............c.ocooiiiiiii Page 741
2381 WH-4-023 ...ttt Orally active Src-family selective Ick inhibitor........................... Page 811

Enzymes (EC 2.7.10.) Kinases, SYK

SYK (EC 2.7.10.2) is a non-receptor tyrosine kinase that contains two SRC homology 2 (SH2) domains and a kinase
domain (Box 1) and is most highly expressed by haematopoietic cells. It is known to have a crucial role in adaptive
immune receptor signaling. However, recent reports indicate that SYK also mediates other biological functions, including
cellular adhesion, innate immune recognition, osteoclast maturation, platelet activation and vascular development.
Recruitment of spleen tyrosine kinase (SYK) to plasma membrane receptors occurs through binding of the tandem SH2
domains of SYK to two phosphorylated tyrosine residues of the immunoreceptor tyrosine-based activation motifs (ITAMs)
in the receptor complex. SYK is activated by C-type lectins and integrins, and activates new targets, including the
CARD9-BCL-10-MALT1 pathway and the NLRP3 inflammasome™.

* A. Mécsai, J. Ruland, V.L.J. Tybulewicz. The SYK tyrosine kinase: a crucial player in diverse biological functions. Nat. Rev. Immunol. 2010, 10, 387-
402

2775 Cerdulatinib .......cccoeviiiiiiiiiii Orally active dual Syk/JAK inhibitor............ccccociiiiiiiie Page 309
1936 P 505-15.....cciiiiiiiiiiiiiiiicii e Inhibitor of spleen tyrosine kinase (SyK)............ccccccevviiiiiciinnne Page 611
1674 R ADB ..ottt Spleen tyrosine kinase INhIbItor.............ccociiiiiiiiiiiis Page 661

Enzymes (EC 2.7.10.) Oncogene Fusion Proteins

A small individual group of tyrosine kinase inhibitors is specifically targeting oncogenic fusion proteins. The expression of
these proteins is caused by a reciprocal translocation between chromosomes, 9 and 22 in case of the BCR-ABL fusion
protein. About 95% of the patients suffering from chronic myelogenous leukaemia show expression of this particular
protein, yet it is also found in two other acute forms of leukaemia™2 Our product line includes both the very first drug
registered on the market inhibiting this specific tyrosine kinase (Axon 1394: STI 571 or Imatinib (Novartis)), as well as
well-known follow-up inhibitors, being more potent and/or more active against the emerging Gleevec/Glivec resistant
BCR-ABL clones that originate from point mutations inside the kinase domain of the Bcr-Abl protein and disrupt the
binding site of Imatinib on the tyrosine kinase (e.g. Axon 1392 and Axon 1396 (Dasatinib and Nilotinib resp.)3

Anaplastic large-cell lymphomas (ALCLs) are a subtype of the high-grade non-Hodgkin's family of lymphomas with
distinct morphology, immunophenotype, and prognosis. ALCLs are postulated to arise from T cells and, in rare cases, can
also exhibit a B cell phenotype. ALCL presents as a systemic disease afflicting skin, bone, soft tissues, and other organs,
with or without the involvement of lymph nodes. ALCL can be subdivided into at least two subtypes, characterized by the
presence or absence of chromosomal rearrangements between the anaplastic lymphoma kinase (ALK) gene locus and
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various fusion partners such as nucleophosmin (NPM). NPM-ALK has constitutive tyrosine kinase activity and has been
shown to transform various hematopoietic cell types in vitro and support tumor formation in vivo®.

A small inversion within chromosome 2p results in the formation of a fusion gene comprising portions of the echinoderm
microtubule-associated protein-like 4 (EML4) gene and the anaplastic lymphoma kinase (ALK) gene, and seems to be the
cause og non-small-cell lung cancer (NSCLC) cells. The EML4—-ALK fusion transcript is detected in approx. 7% of NSCLC
patients”.

1 The molecular genetics of Philadelphia chromosome-positive leukemias. Kurzrock, R., Gutterman, J. Talpaz, M. N. Engl. J. Med. 1988, 319, 990-998.

2 Dasatinib in imatinib-resistant Philadelphia chromosome-positive leukemias. Talpaz M, Shah NP, Kantarjian H, et al. N. Engl. J. Med. 2006, 354 2531—
2541.

* BCR-ABL tyrosine kinase inhibitors in the treatment of Philadelphia chromosome positive chronic myeloid leukemia: a review. An, X.; Tiwari, A.; Sun,
Y.; Ding, P.; Ashby Jr, C.; Chen, Z. Leukemia research 2010, 34, 1255-1268.

4 A.V. Galkin et al. Identification of NVP-TAE684, a potent, selective, and efficacious inhibitor of NPM-ALK. Proc. Natl. Acad. Sci. USA 2007, 104 (1),
270-275.

° M. Soda et al. Identification of the transforming EML4-ALK fusion gene in non-small-cell lung cancer. Nature. 2007, 448, 561-566.

1857 AP 24534 ...t BCR-ABL kinase inhibitor (including T315| mutation)............... Page 215
2005 ASP 3026 ..ot Inhibitor of the oncogenic fusion kinase EML4-ALK .................. Page 230
2219 AT 9283 ...ttt Multitargeted kinase inhibitor (Aurora, JAK, and BCR-AbI) ....... Page 232
1392 Dasatinib........cccciiiriiiiiiii e BCR-ABL and SRC tyrosine kinase inhibitor................cccccoe.... Page 351
2123 DCC 2036...uuiuiiiienieiiienieaieeie e eee et ee sttt eesne e An orally active BCR-ABL iNhibitor..........cccoovvveiiiiiiiiciiee Page 353
1882 GNF 2.ttt Inhibitor of BCR-ABL tyrosine kinase ..............cccccvcoviiiiiincins Page 425
1394 Imatinib MeSYIate.........ccooieiiiriiieirieiceeceeeee e BCR-ABL, c-KIT and PDGFR kinase inhibitor......................... Page 465
2121 INNO 40B......oiiiiiiieiiee et Dual BCR-ABL and LYN kinase inhibitor.............cccccoccioiiiennne Page 469
1396 NIlOtNID ... BCR-ABL inhibItOr ......ocvviiiiiiiiiiciicccc s Page 577
3168 Nilotinib hydrochloride EEZMEEERED...............c.covne.. BCR-ABL iNNIDITON ... Page 577
1416 NVP-TAEBBA .....cceeiiiiiiiiiei e NPM-ALK INRIDITOT ...t Page 597
1137 PD 180970....ccuuiiiieiiiiieiiieieeie sttt BCR-ABL tyrosine kinase inhibitor (p210 Specific) ...........coc.... Page 620
1407 SKIBOB......ccoiiviiiiiiiiiiiiciei e BCR-ABL and SRC tyrosine kinase inhibitor................cccccoe.... Page 716

Enzymes (EC 2.7.10.) Kinases involved in JAK/STAT sign  aling

JAKs (Janus Kinase; EC 2.7.10.2; 4 types identified) and STATs (Signal Transducer and Activator of Transcription; 7
types identified) are critical components of many cytokine receptor systems, regulating growth, survival, differentiation
and pathogen resistance. (Cytokine) receptor-bound STATs phosphorylated by JAKs dimerize and translocate into the
nucleus to regulate target gene transcription. In most cases, a specific JAK-STAT combination has been paired with a
specific member of the cytokine receptor family, and this information translated into cell-type specific patterns of cytokine
responsiveness and gene expression. Members of the suppressor of cytokine signaling (SOCS) protein family dampen
receptor signaling via homologous or heterologous feedback regulationlz. Consequently, Janus kinase mutations are
major molecular events in human hematological malignanciesB.

! The JAK-STAT Signaling Pathway: Input and Output Integration. P.J. Murray. J. Immunol. 2007, 178, 2623-2629.

2 A Road Map for Those Who Don't Know JAK-STAT. D.S. Aaronson, C.M. Horvath. Science 2002, 296, 1653-1655

3 Cytokine receptor signaling through the Jak-Stat-Socs pathway in disease. O'Sullivan LA, Liongue C, Lewis RS, Stephenson SE, Ward AC. Mol.
Immunol. 2007, 44, 2497-506.

1378 AG 490 ... JAK2 inhibitor .. .Page 190
1992 AS 1517499.. Potent and selective STAT6 inhibitor.. .Page 227
1778 AZ 960 JAK2 inhibitor ..... .Page 238

2563 AZD 3759 ..
1955 Baricitinib
2489 Brassinin.
1338 CP 690550.
1681 CYT 387.
2568 EML 425.
1843 JAK2 inhibitor 13.

Potent brain-penetrant EGFR tyrosine kinase inhibito
JAK1 and JAK2 inhibitor..
Dual IDO1/STAT3 inhibitor . .Page 285
JAKS inhibitor .. .Page 334
JAK1 and JAK2 inhibitor..... .Page 344
Potent dual inhibitor of CBP and p300 (HAT/KAT3). .Page 382
JAK2 inhibitor .. .Page 476
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2554 LY 2784544 ... ...Selective inhibitor of mutated janus kinase 2 (JAK2V617F)...... Page 523

2217 PF 956980 ...JAKS inhibitor; analogue of Axon 1338 and 2072...................... Page 626
1598 RUXOILINID ...eveiiiieeiieciieee e JAKL and JAKZ iNhIDItOr.......ccviiiiiiiiieciece e Page 687
2539 SOICHINID ..o Selective JAKL iNiDItOr........coccviiiiiiiiiiiiiiccccs Page 723
1588 TG 101348......cuiuiiiiiiiirieiee ettt JAKZ INNIDIOT ..

2560 Tilfrinib ..o Brk inhibitor with antiproliferative activity ..............cc.ccccooiiiiiens
2072 Tofacitinib citrate... ...Potent Janus Kinase 3 (JAK3) inhibitor ...
2316 WP 1066. JAK2 and STAT3 inhibitor
2231 XLO019... ...JAK2 inhibitor

Enzymes (EC 2.7.11.) Kinases, Serine/Threonine specifi ¢

The reversible phosphorylation of proteins represents a major post-translational signaling mechanism and regulatory
pathway that controls a diverse set of cellular processes. The mode of action of these protein kinases is the reversible
hydroxyl-phosphorylation of tyrosine, serine, and/or threonine residues of protein substrates. Since most kinases are
specifically targeting tyrosine substrates, or serine/threonine substrates, the Axon LigandsTM in this catalogue targeting
kinases have been subdivided into the two corresponding classes.

Moreover, often the protein kinase itself is the substrate for an upstream kinase or undergoes auto-phosphorylation as
part of a cascade of protein kinase signaling within the cell. Some representative protein kinase signaling pathways within
cells include growth factor signaling and stress-activated signaling responses. Such pathways are highly interconnected
and complex and regulate numerous cellular functions such as gene transcription, cell growth, proliferation, and
differentiation. Signaling pathways of interest that will be highlighted individually are the DNA-damage response, the
PIBK/AKT/mTOR pathway, the MAPK/ERK pathway, the NF-kB pathway, the TGF-B pathway, and the Wnt/3-Catenin
pathway. Aberrant protein kinase activity can disrupt the normal control of cellular phosphorylation signaling pathways
and lead to tumor formation. Given the critical role that protein kinases have in modulating cellular functions such as
tumorigenesis, this class of enzymes has been targeted for the discovery and design of biologics and small-molecule
inhibitors as potential therapeutic agents®.

Clathrin-mediated endocytosis requires the assembly of a protein coat on the membrane in order to induce curvature and
form a spherical invagination.Adaptor-associated kinase 1 (AAK1; EC 2.7.11.1) is a regulatory protein in clathrin-coated
vesicle endocytic pathway that phosphorylates the p subunit of the clathrin-adaptor protein complexes. Evidence has
accumulated that AAK1 is involved in the regulation of ALS?, nociceptionB, immunology“, and Notch signalings.

CaMKiIl (Caz*/calmodulin—dependent protein kinase II; EC 2.7.11.17) is a serine/threonine kinase with a broad range of
substrates, and it is found in most tissues, but it is present in especially high concentrations in neurons. In mammals, the
kinase is encoded by four genes, a, B, y, and d, with the a and B isozymes predominant in the brain. CaMKII monomers
assemble into a large holoenzyme. Monomers of different isozymes are able to coassemble, allowing for a large number
of possible holoenzyme compositions, existing of 8-12 subunits®. CaMKIl is involved in many signaling cascades.
Neuronal CaM kinase Il regulates important neuronal functions, including neurotransmitter synthesis, neurotransmitter
release, modulation of ion channel activity, cellular transport, cell morphology and neurite extension, gene expression,
and synaptic plasticity. Moreover, its activity is required for induction of long-term potentiation (LTP) in the CAL1 region of
the hippocampus. Since defects in LTP often accompany impairments in spatial learning, and animals that lack the
aCaMKIl isozyme do not learn normally in such tasks, CaMKIl is frequently referred by as an important mediator in the
process of learning and memory. Furthermore, misregulation of CaMKIl is linked to Alzheimer’'s disease, Angelman
syndrome, and heart arrhythmia’.

LIM kinase-1 (LIMK1; EC 2.7.11.1) and LIM kinase-2 (LIMK2) are regulated by several upstream signalling pathways,
principally acting downstream of Rho GTPases to influence the architecture of the actin cytoskeleton by regulating the
activity of the ADF/cofilin family of actin binding and filament severing proteins cofilin1, cofilin2 and destrin®. LIM kinases
have a unique organization of signalling domains, with two amino-terminal LIM domains (each containing double zinc
finger motifs), adjacent PDZ and proline/serine (P/S)-rich regions, followed by a carboxyl-terminal kinase domain. The
LIM domains have been shown to play an important role in regulating kinase activity and likely also contribute to LIMK
function by acting as sites of protein-to-protein and possibly protein-to-DNA interactions.

Mitogen- and stress-activated kinase 1 (MSK1; EC 2.7.11.1) and MSK2 are nuclear protein kinases that regulate
transcription downstream of the ERK1/2 (extracellular-signal-regulated kinase 1/2) and p38a MAPKs (mitogen-activated
protein kinases) via the phosphorylation of CREB (cAMP-response-element-binding protein), ATF1, and histone H3.
MSKs are most closely related to the RSK family of kinases and, similar to RSK, they contain two kinase domains in a
single polypeptide. Mice lacking MSK1 or MSK2, and also a double knockout of both MSK1 and MSK2, are viable and
fertile, but show enhanced inflammation in immune models as well as impairments in some models of memoryg.

MAP kinase-interacting kinases 1 (MNK1; EC 2.7.11.1) and MNK2, two related MAP kinase-activated protein kinases that
are able to integrate signals emanating from both MAP kinase pathways and to phosphorylate elF4E, were identified
recently. Both MNK1 and MNK2 bind tightly to the growth factor-regulated MAP kinases, Erkl and Erk2, and MNK1, but
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not Mnk2, also binds strongly to the stress-activated kinase, p381°. Since MNK1 was found to be a member of the elF4F
complex by binding to the molecular scaffolding protein elF4G, it represents a likely candidate to be the biological relevant
kinase for the cap-binding eukaryotic initiation factor 4E in mitogen- and stress-induced cells™.

Serum and glucocorticoid-regulated kinase 1 (SGK1; EC 2.7.11.1) belongs to a family of kinases that is under acute
transcriptional control by several stimuli, including serum and glucocorticoids. It is involved in the regulation of a wide
variety of ion channels, membrane transporters, cellular enzymes, transcription factors, neuronal excitability, cell growth,
proliferation, survival, migration and apoptosis. As such, SGK1 plays an important role in cellular stress response. SGK1
is activated by the phosphatidylinositol-3-kinase (P13-kinase) pathway involving the 3-phosphoinositide (PIP3)-dependent
kinase PDK1. Additionally, activation of SGK1 may involve the scaffold protein Na+/H+ exchanger regulating factor 2
(NHERF2), which mediates the assembly of SGK1 and PDK1. Activation of SGK1 by PDK1 may further involve the
mammalian target of rapamycin mTOR and the serine/threonine kinase WNK1. SGK1 has been implicated in renal
function and salt appetite, hypertension, extracellular volume regulation, obesity and metabolic syndrome, tumor growth,
inflammation, and fibrosing disease™?.

Serine-arginine protein kinases (SPRKs; EC 2.7.11.1) constitute a relatively novel subfamily of serine-threonine kinases
that specifically phosphorylate serine residues residing in serine-arginine/arginine-serine dipeptide motifs. Originally
considered to be devoted to constitutive and alternative mRNA splicing, SRPKs are now known to expand their influence
to additional steps of MRNA maturation, as well as to other cellular activities, such as chromatin reorganization in somatic
and sperm cells, cell cycle and p53 regulation, and metabolic signalling“.

Haspin is a serine/threonine kinase that phosphorylates Thr-3 of histone H3 in mitosis. This phosphorylation generates a
binding site on H3 for Survivin and thereby positions the Chromosome Passenger Complex at centromeres to regulate
chromosome segregation, and it also displaces proteins such as TFIID that normally bind to H3 through methylated Lys-
4. Depletion of haspin by RNA interference, or microinjection of H3T3ph antibodies, causes chromosome alignment
defects and failure of normal mitosis. Haspin kinase inhibitors are expected to be useful probes for elucidating the cellular
roles of this protein and may have therapeutic utility in treating cancer™.

Cell division cycle 7 kinase (CDC7; EC 2.7.11.1), is important for both the G1/S phase transition and S phase progression
and critical for normal cell cycle progression. It has several structure/function relationships with the CDKs, making it an
important target for pharmacological inhibition. Two important regulator proteins, Dbf4 and Drf1, bind to and modulate the
kinase activity of human CDC7 which phosphorylates several sites on Mcm2 (minichromosome maintenance protein 2),
one of the six subunits of the replicative DNA helicase needed for duplication of the genome. Through regulation of both
DNA synthesis and DNA damage response, both key functions in the survival of tumour cells, CDC7 becomes an
attractive target for pharmacological inhibition. XL 413 (Axon 2268) is such a potent, selective and orally bioavailable
CDCZ3 inhibitor that induces tumor cell apoptosis and inhibition of tumor cell proliferation in CDC7-overexpressing tumor
cells™.

The single branched-chain a-ketoacid dehydrogenase complex (BCKDC) in mitochondria catalyzes the irreversible
oxidative decarboxylation of branch-chain a-ketoacids (BCKA), the second common step in the degradation of branched-
chain amino acids (BCAA) leucine, isoleucine, and valine. The homeostasis of BCAA is critical in health and disease,
participating in the reduction oxidative stress, which in turn promotes survival in rats with advanced liver cirrhosis and
supports mitochondrial biogenesis in cardiac and skeletal muscle. In patients with inherited maple syrup urine disease
(MSUD), the accumulation of BCAA and BCKA caused by the dysfunction of BCKDC leads to sometimes fatal acidosis,
neurological derangement, and mental retardation. Additionally, high blood BCAA concentrations are linked to the
development of insulin resistance and are useful metabolic markers in type 2 diabetes risk assessment'®. Branched-chain
alpha-keto acid dehydrogenase kinase (BDK; EC 2.7.11.4)) is one of the regulating enzymes of BCKDC (BDP; EC
3.1.3.16 is the other enzyme), and phosphorylates and inactivates the BCKDC. The inactivation of BCKDC through
phosphorylation by BDK results in increased BCAA concentrations_in animal tissues. Therefore, modulation of BDK
activity constitutes a major mechanism for BCAA homeostasis in vivo™.

The p21-activated kinases (PAKs 1-6; EC 2.7.11.1) are serine/threonine protein kinases whose activity is stimulated by
the binding of active Rac and Cdc42 GTPases, both members of the Rho GTPase family of proteins, which are well
established key regulators of cell migration and invasion processes involved in cancer metastasis, and control the
formation of lamellipodia and filopodia respectively. The GTPase-activated PAKs function as effectors through their
kinase activity, and mediate downstream signalling events that bring about the physiological effects of GTPase
signalling™®. PAK1 acts as an key mediator to control cell proliferation, survival, death and motility. The PAK family
members are categorized into two groups (PAK1-3, group |; PAK4-6, group Il) based on their structural and biochemical
discrepancies. In general, group | PAKs are comprised of two Src homology 3 (SH-3)-binding motifs and a distinctive
p21/GTPase binding domain (PBD) overlapped with an auto-inhibitory domain (AID) at the N-terminal region and a
conserved non-classical SH3-binding site for the binding of guanine-nucleotide-exchange factor PAK-interacting
exchange factor (PIX). The kinase domain can be found at the C-terminal. In contrast, group Il PAKs only have a PBD
and a kinase domain®.

Traf2 and NcK interacting kinase (TNIK; EC 2.7.11.1) is a protein with both scaffolding and kinase domains that had been
implicated in postsynaptic signalling (glutamate receptor regulation in vitro) as well as in regulation of cell proliferation. As
a member of the germinal centre kinase family, TNIK can activate the c-Jun N-terminal kinase pathway similar to many
germinal center kinases (GCKs). Moreover, the protein has been implicated in Wnt signaling, as it interacts with TCF4 in
the proliferative crypts of mouse small intestine, functioning as a transcriptional activator to promoters of Wnt target genes
in a B-catenin-dependent manner®. As such, TNIK also seems to be an important factor in the growth of colorectal cancer
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cells?. In the nervous system, phosphorylation of TNIK seems to be regulated by the activation of NMDA receptors, and |
has also been implicated in controlling dendritic outgrowth mediated by a ternary complex involving the E3 ubiquitin ligase
Nedd4-1, Rap2A and TNiK. Therefore, the kinase could also play a role in cognitive functions through both synaptic and
nuclear signalling pathways?.

Germinal center kinases (GCKs; EC 2.7.11.1) are a family of ‘Sterile 20 (STE20) like kinases’, that regulate cell
proliferation and apoptosis upon extracellular stimuli. They are mitogen-activated protein kinase (MAPK) kinase kinase
kinases that are termed MAP4Ks and function as upstream activators of the stress-activated protein kinase/c-Jun N-
terminal kinase (SAP/INK) signaling pathway and to a lesser extend of the p38 MAPKs signaling pathwayzs. MAP4K?2 is
reported to play an essential role in pathogen-associated molecular pattern signaling and systemic inflammation. Upon
pathogen-associated molecular pattern stimulation, MAP4K2 can form a complex with tumor-necrosis factor receptor
associated factor 6 and mixed lineage protein kinase 3, which stabilize MAP4K2 to activate JNK/p38 for competent innate
immune response®.

Kinase suppressor of Ras (KSR; EC 2.7.11.25) is a MAPK scaffold that is subject to allosteric regulation through
dimerization with RAF. While deregulation of the Ras—mitogen activated protein kinase (MAPK) pathway is an early event
in many different cancers and a key driver of resistance to targeted therapies, direct targeting of KSR could have
important therapeutic implications for cancer. However, due to its status as a pseudokinase and role as a non-catalytic
regulator of core signalling enzymes, pharmacological approaches that target KSR have been lacking. This is in contrast
to current drug discovery and development efforts that have focused extensively on direct inhibitors of the Ras effector
kinases RAF, MEK, and ERK?,

N Therapeutic Protein Kinase Inhibitors. S. K. Grant. Cell. Mol. Life Sci. 2009, 66, 1163 — 1177.

2 B Shi et al. Dysfunction of endocytic kinase AAK1 in ALS. Int J Mol Sci. 2014 Dec 10;15(12):22918-32.

Sw Kostich et al. Inhibition of AAK1 Kinase as a Novel Therapeutic Approach to Treat Neuropathic Pain. J Pharmacol Exp Ther. 2016 Sep;358(3):371-
86.

“R Tourdot et al. Clathrin mediated endocytosis and its role in viral entry. Atias Genet Cytogenet Oncol Haematol. 2013; 17(8), 583-588

° N Gupta-Rossi et al. The adaptor-associated kinase 1, AAKL, is a positive regulator of the Notch pathway. J Biol Chem. 2011 May 27;286(21):18720-
30.

© LC Griffith. Calcium/calmodulin-dependent protein kinase II: an unforgettable kinase. J Neurosci. 2004 Sep 29;24(39):8391-3.
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19 A J. Waskiewicz et al. Mitogen-activated protein kinases activate the serine/threonine kinases Mnk1 and Mnk2. EMBO J. 1997, 16, 1909-1920.
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3340 ETC-206
2331 FRAX 486.

.Potent, selective and orally available MNK1/2 inhibitor .

...Brain penetrating inhibitor of p21-activated kinases (PAKs)

2713 GSK 2982772 ..ooeiieiiiiiiieeeitei ettt Specific inhibitor of RIPL KiNase. ..........c.cccevviiiiiiiiiicieee Page 432
1570 GSK 650394 ... e SGKL INNIBItOr .. Page 434
3007 GSK BBL2 ..ottt Potent and highly selective TBK1 inhibitor ...........ccccccceeiiiennne Page 435
3024 GSK'BT2 .ottt Potent and selective RIP3 kinase inhibitor ..............cccccivieen. Page 435
X W A SISE7 Y Il Recent Addition U Highly potent and selective IRAK-1/4 inhibitor........................... Page 452
2566 KN O93... oottt Inhibitor of multifunctional CaMKIl.............ccccoiiiiiiiiiiiie Page 491
2555 KN 93 PhoSPhate ......ccveverierieiriirieieisesieeceveeeeesieene Inhibitor of multifunctional CaMKIl...........ccccoviiiiiiiiiiiiiies Page 491
2395 KY 05009 ....c.0ciiiiiieiiiiieieeieeiessesee e esiaseesie e s sra e Inhibitor of TNIK that attenuates Wnt and Smad signaling....... Page 497

1949 LIMK1 inhibitor BMS 4.
2638 LP-935509

...LIM Kinase 1 (LIMKZL) inhibitor ...........ccococoiiiiiniiee Page 508
...Page 514

...Brain penetrant inhibitor of (AAK1)..

2728 NCL-00017509 ...cciiiiuiiriiiiieieniieieeiie et Nek2 kinase iNhibitor ...........cooiiiiiiiiecee e Page 571
2545 PF 06260933 dihydrochloride...........ccccooeeiieiieiinieiieee Potent and selective MAP4K4 inhibitor...........cccooovvviiiiiiiienne Page 632
2232 PKG drug G1 ...cociiiiiiiniiieiinie et Inducer of oxidative activation of protein kinase G la................ Page 642
2905 PKG drug G1 sodium salt ..........cccoceevivieiiiniiiiniiiiiens Inducer of oxidative activation of protein kinase G la................ Page 643
2677 RIPA-56 ....cciiiiiiiiiiiiciccii e RIP1 inhibitor for the treatment of systemic inflammatory response
SYNATOMIE ...ttt Page 675
1897 SB 747651A.. ...Inhibitor of MSK1..
2714 SPHINXBL ottt Potent and selective inhibitor of SRPK1 kinase activity.
2200 SRPIN 340....iiiiiiiiiiiieiesieei et Selective ATP competitive inhibitor of SRPK kinase activity
2721 TE6-LIMKI oeiiiiiiiiieiiieieseeeee et LIM Kinase 2 (LIMK2) inhibitor ..........ccccovviiviiiiiiiiieccce Page 748
fer22: 72 =V {31l Recent Addition ISR Potent and selective TAK1 (MAP3K7) inhibitor ...............c..c...... Page 751
20973 TH 257 oot Selective allosteric inhibitor of LIMKL/2.........c.cccoviiiiiiiiies Page 762
2974 TH 263 ..o Negative control of TH 257 as an allosteric LIMK1/2 inhibitor ...Page 762
2896 WNK INhIDItOr 11 ...ooviiiiiiiiiiieiccieiceeceeee e Selective allosteric inhibitor of WNKZL..........ccoocoiiiiiiiiiiie Page 812
2268 XL 413 hydrochloride...........ccoooviviiiiiiiiiiniiiicicinie Potent, selective and orally bioavailable CDC?7 inhibitor............ Page 819
2937 ZT-12-037-01 .ooeeiieiiieierierieeeie et Specific STKL9 iNhibItOr ..o Page 834

Enzymes (EC 2.7.11.) Kinases, ATM/ATR

Ataxia telangiectasia mutated (ATM; EC 2.7.11.1) kinase recognizes and signals to double-strand breaks (DSB), which
are among the most critical lesions in chromosomal DNA™. ATM is present in the nucleus as an inactive dimer or
oligomer, and is activated in response to DSBs in a process that involves autophosphorylation. This causes a dissociation
of the dimer to form active monomeric forms, which are able to initiate the phosphorylation of many intermediates, such
as p53 and the checkpoint kinase CHK2, which are involved in DNA repair and cell-cycle control®. Similar to ATM, the
ataxia-telangiectasia and Rad3-related (ATR; EC 2.7.11.1) protein and the DNA-activated protein kinase (DNA-PK) play
an important role in responding to agents and extracellular stress that threaten the DNA replication process“. Both ATM
and ATR kinases lie upstream in the DNA-damage-response signal-transduction network and are central to the entire
DNA-damage response; they will be discussed in the corresponding section as well.

' DNA-PK, the DNA-activated protein kinase, is differentially expressed in normal and malignant human tissues. U Moll, R Lau, MA Sypes, MM
Gupta,CW Anderson. Oncogene 1999, 18, 3114-3126.

2 ATM and the DNA damage response. Workshop on ataxia-telangiectasia and related syndromes. Lavin MF, Delia D, Chessa L.EMBO Rep. 2006, 7,
154-160.

° DNA damage activates ATM through intermolecular autophosphorylation and dimer dissociation. Bakkenist CJ, Kastan MB. Nature. 2003, 421, 499-
506.

4 ATM, ATR and DNA-PK: initiators of the cellular genotoxic stress responses. J Yang, Y Yu, H Hamrick, PJ Duerksen-Hughes. Carcinogenesis 2003,
24, 1571-1580.

2345 AZ 20 Page 238
X K2/ NV o eyt Il Recent Addition R Potent, selective, orally active and bioavailable ATR kinase inhibitor 249
2918 BAY 1895344 ......cccoiiiiiiiiiiiiiei e Potent, orally available and highly selective inhibitor of ATR protein 257
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1893 VE 821ttt Inhibitor of the DNA damage response kinase ATR ................. Page 793
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Enzymes (EC 2.7.11.) Kinases, Aurora

The Aurora kinase family (EC 2.7.11.1) is a collection of highly related serine/threonine kinases that functions as a key
regulator of mitosis, essential for accurate and equal segregation of genomic material from parent to daughter cells. As a
result, they play a central role in cell cycle regulationl. Three related kinases known as Aurora-A, Aurora-B, and Aurora-C
have been characterized over the years. Despite significant sequence homology, the localization and functions of these
kinases are largely distinct from one another. Given the association of Aurora overexpression and tumorigenesis, these
kinases hazv3e been targeted for cancer therapy, and a new class of drugs known as Aurora kinase inhibitors has been
developed™.

* Mitotic kinases as regulators of cell division and its checkpoints. E.A. Nigg. Nat. Rev. Mol. Cell Biol. 2001, 2, 21-32.
2 Aurora kinases. V.M. Bolanos-Garcia. Int. J. Biochem. & Cell Biol. 2005, 37, 1572—1577
3 Aurora Kinases: New Targets for Cancer Therapy. R.D. Carvajal, A. Tse, G.K. Schwartz. Clin. Cancer Res. 2006, 12, 6869.

1783 AMG 900 ...ueiiiiiiiiieieei et Aurora inhibitor (NON-SPECIfiC)..........cceviiiiiiiiiiiiiicccs Page 202
2219 AT 9283 ...ttt Multitargeted kinase inhibitor (Aurora, JAK, and BCR-ADbI) ....... Page 232
1597 Aurora A nhiDItor I.......cooeiiiniiiiiiiecieeceee Aurora A iNhIBItOr . ......coviiiiiie e Page 234
1630 Aurora Ainhibitor .........cccoeviiiiiiiiicee Aurora A INRIDItOr.........ooiiiiiii e Page 235
1580 AZD 1152-HQPA .....coiiiiiiiiiiiiiicciecee e Aurora B inhibitor...........oooiiiiiiiii e Page 242
1836 CCT 137690 ....coiiiiiiiiiiiieeiie e Aurora inhibitor (NON-SPECIfiC)..........ccevviiiiiiiiiiiiii s Page 303
1152 GMC 1-165 ....oeiieiiiiieinieieie et AUrora B inhibitor..........cc.cviiiiiiesc e Page 422
2096 HeSPeradin ........cceeuiiieiiiieiesieee e Reversible and ATP-competitive inhibitor of Aurora B............... Page 448
1961 MK 5108 ....ceiiiiiiiiieieeiee ettt Inhibitor of Aurora A KiNase ..........ccccooveviiiiniiieiiecieccccee Page 543
2003 MLN 8237 ..ottt Second generation selective Aurora A inhibitor...............ccccoce. Page 554
2023 PF 03814735 .. ..ottt ATP-competitive inhibitor of aurora kinase Aand B .................. Page 629
2906 SNS 314 MESYIAe ....covviveiiiiiiiicieere e Potent and selective Aurora inhibitor (non-specific) .................. Page 721
1540 VX B80 . .uiiiiieiiiieiiieeiieeieeeieesieesateaieeesee e e e saae e Aurora inhibitor (NON-SPECIfiC).........cccueviiiiiiiiiiiiie e Page 804
1541 ZM 447439 AUrora B inhibitor..........ccoiiiiiiiiiicc e Page 833

Enzymes (EC 2.7.11.) Kinases, CHK

Mammalian cells have established highly elaborate surveillance systems to detect DNA damages and other forms of
genotoxic stress, which is essential to maintain the genomic integrity and, hence, cellular viability. In normal cells,
checkpoint responses are a critical safeguard to prevent tumorigenesis promoted by genetic instability. Two structurally
unrelated but functionally similar protein serine/threonine kinases, checkpoint kinase 1 (CHK1; EC 2.7.11.1) and
checkpoint kinase 2 (CHK2), have emerged as the major mediators of cell cycle checkpoints in response to genotoxic
stress’. CHK1 is a checkpoint kinase in mammals and regulates G2-M and S-phase cell-cycle checkpoints. It is
expressed in the S and G2 phases of proliferating cells and is absent or expressed at very low levels in quiescent and
differentiated cells. CHK1 is activated by phosphorylation in response to various types of DNA damage in mammals,
including damage that is induced by IR, ultraviolet (UV) light, hydroxyurea (HU) and topoisomerase inhibitor. Although
structurally distinct, CHK2 shares overlapping substrate specificity with CHK1. The observations that CHK2 is rapidly
activated following exposure to IR or topotecan, whereas CHK1 is markedly activated by agents that interfere with DNA
replication, have led to the idea that cell-cycle progression is blocked by CHK1 when replication is inhibited, and by CHK2
when double-strand breaks (DSBs) are presentz.

* Differential roles of checkpoint kinase 1, checkpoint kinase 2, and mitogen-activated protein kinase—activated protein kinase 2 in mediating DNA
damage—induced cell cycle arrest: implications for cancer therapy. Z. Xiao, J. Xue, T.J. Sowin, H. Zhang. Mol. Cancer. Ther. 2006, 5, 1935-1943.
2 Targeting the checkpoint kinases: chemosensitization versus chemoprotection. B.B.S. Zhou, J. Bartek. Nat. Rev. Cancer 2004, 4, 216-225.
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1636 CHIR 124 ...ciiiiiiiiiiiiiiiciieie e CHKZL INhIBItOr ... Page 312
1379 PR ATTT36 .ottt CHKZL INhIBItOr ... Page 625

Enzymes (EC 2.7.11.) Kinases, CK

The casein kinase 1 (CK1; EC 2.7.11.1) family of monomeric serine/threonine protein kinases is involved in many diverse
and important cellular functions, such as regulation of membrane transport, cell division, DNA repair, circadian rhythms,
and nuclear localization. Moreover, multiple CK1 family members have been implicated in both positively and negatively
regulating Wnt and Hedgehog (Hh) signaling. No less than seven family members are currently recognized: a, B, y1, y2,
y3, 8, and e. The family members appear to have similar substrate specificity in vitro, and substrate selection is thought to
be regulated in vivo via subcellular localization and docking sites in specific substrates™.

CK1a, CK198, and CK1e are all known to play roles in modulating circadian rhythms. CK18 and CK1e phosphorylate PER
and trigger its proteosomal degradation; mutations in each affect the clock in vivo?, Additionally, CK1d plays an important
role in vesicular trafficking, chromosome segregation, cell cycle progression, cytokinesis, and developmental processes3.
Indicative of potential roles in microtubule organization, CK1d mediates neurite outgrowth and the function of brain-
specific microtubule-associated proteins‘l.

CK2 is a ubiquitous, highly pleiotropic and constitutively active Ser/Thr protein kinase, independent of either second
messengers or phosphorylation events. It has been implicated in neoplasia, cell survival, apoptosis, and virus infection.
CK2 consists of a tetrameric structure composed of two regulatory B-subunits and two catalytic units (o and a') in a
homomeric or heteromeric conformation. The enzyme is known to operate as phosphorylating agent for more than 300
substrates known to date®. Casein kinase 2 activity has been reported to be activated following Wnt signaling pathway
activation, hence the Axon Ligands™ discussed in this section will also be listed in the section of the Wnt/B-catenin
signaling pathway.

* CKI, there's more than one: casein kinase | family members in Wnt and Hedgehog signaling. M.A. Price. Genes & Dev. 2006, 20, 399-410.

2 JW. Lee et al. A small molecule modulates circadian rhythms through phosphorylation of the period protein. Angew. Chem. Int. Ed. Engl. 2011, 50,
10608-10611.

3 T. Maritzen et al. Casein kinase | delta (CKldelta) is involved in lymphocyte physiology. Eur. J. Cell Biol. 2003, 82, 369-378.

“D. Zyss et al. Casein kinase | delta controls centrosome positioning during T cell activation. J. Cell Biol. 2011, 195, 781-797.

° One-thousand-and-one substrates of protein kinase CK2? F. Meggio, L.A. Pinna. FASEB J. 2003, 17, 349-368.

2202 CK2inhibitor 10 .......coveviiiieiiriieieiiceeereeesese e Potent and ATP-competitive inhibitor of CK2 .............ccccoeie Page 321
1965 CX 4945 hydrochloride ..........cccveveriiriiiiciieeseeeseee Inhibitor of casein kinase 2 (CK2).........cccocvviiiiiiiiiiiiciiiiee Page 341
2297 LH 846 ..o Inhibitor of Casein kinase 1 (CK1-0).........cccccvevuiiiiiiiiiiiiiiiienne Page 508
2998 LONQGAAYSIN ..evviiieiieiiieiieieeieeie et Potent CK18/CK1a inhibitor..........coviiiiiiiiiiiicicieece Page 513
1792 PF 4800567 .....eeivieuieiuianieaieeieeieeeeeiee et Inhibitor of Casein kinase 1 (CK1-epsilon) ........cccccoevveiveieenene Page 627
2547 SR 3B029.....cciiiiiiiiiiiie i A potent, highly specific CK16/CK1¢ inhibitor.............cccccoeeeine Page 729
1854 TTP 22. it Inhibitor of Casein kinase 2 (CK2).........ccccovviiiiiiiiiiiiiiccceee Page 776

Enzymes (EC 2.7.11.) Kinases, DNA-PK

DNA-activated protein kinase (DNA-PK; EC 2.7.11.1) plays an important role in responding to agents and extracellular
stress that threaten the DNA replication processl. It is a nuclear protein serine/threonine kinase that must bind to DNA
double-strand breaks (DSB) to be active. The nonhomologous end-joining (NHEJ) pathway is considered the main
pathway for DSB repair in mammalian cells, and is initiated by binding of DNA-dependent protein kinase (DNA-PK)
regulatory subunits to free DNA ends, followed by recruitment of the DNA-dependent kinase catalytic subunit protein
(DNA-PKcs) to DSBs. This assembly results in DNA-PK kinase activation. The DNA-PK complex serves as a platform
that holds both DNA ends together and orchestrates DNA processing and ligation?. DNA-PK inhibiting Axon Ligands™
are also listed in the section of the DNA-damage response.

1 ATM, ATR and DNA-PK: initiators of the cellular genotoxic stress responses. J Yang, Y Yu, H Hamrick, PJ Duerksen-Hughes. Carcinogenesis 2003,
24, 1571-1580.

2 Essential role for DNA-PK-mediated phosphorylation of NR4A nuclear orphan receptors in DNA double-strand break repair. M. Malewicz et al. Genes
& Dev. 2011, 25, 2031-2040.

1584 KU 0060648 trihydrochloride .............ccccoooeiciiniecicniinn DNA-PK INhIDItOr ... Page 495
2604 KU 0060648...........cooieiiiiiiiieiccice e DNA-PK INNIDItOT ..o Page 495
1463 NU 7441 ..o DNA-PK INhIDItOr ... Page 591
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Enzymes (EC 2.7.11.) Kinases, IRE1

Inositol-requiring enzyme 1 (IRE1; EC 2.7.11.1) is an endoplasmatic reticulum (ER) transmembrane sensor that activates
the unfolded protein response (UPR) through a cytoplasmic kinase domain and an RNase domain to maintain the ER and
cellular function®. On ER stress, IRE1 RNase is activated through conformational change, autophosphorylation, and
higher-order oligomerization. The active endoribonuclease domain splices XBP1 mRNA to generate a hew C-terminus,
converting it into a potent unfolded-protein response transcriptional activator and triggering growth arrest and apoptosisz.

Y IRE1: ER stress sensor and cell fate executor. Y. Chen, F. Brandizzi. Trends Cell Biol. 2013, pii, S0962-8924
2 A stress response pathway from the endoplasmic reticulum to the nucleus requires a novel bifunctional protein kinase/endoribonuclease (Irelp) in
mammalian cells. W. Tirasophon, A.A. Welihinda, R.J. Kaufman. Genes Dev. 1998, 12, 1812-1824.

1902 APBC ...t Page 525
1656 lIrestatin 9389 Page 471

3223 MKC8866 Page 544
1670 STF 083010 Page 738

Enzymes (EC 2.7.11.) Kinases, LRRK

Leucine-rich repeat kinase 2 (LRRK2; EC 2.7.11.1) is a promising therapeutic target for some forms of Parkinson’s
disease. because of a missense mutation, G2019S, that is frequently found not only in familial but also sporadic
Parkinson's disease cases. The LRRK2 G2019S mutation enhances kinase activity, suggesting that small molecule
inhibitors may be able to block aberrant LRRK2-dependent signaling in Parkinson’s disease’. However, the physiological
function of LRRK2 kinase as well as its endogenous protein substrates remains poorly understood. There have been
several papers describing potential cellular substrates as well as endogenous functions for this complex protein in the
mammalian neuron. Potential substrates include ezrin, radixin moesin (ERM) proteins, mitogen-activated protein kinase
(MAPK), eukaryotic initiation factor 4E (elF4E)-binding protein (4E-BP), futsch, autophosphorylation, and 14-3-3 proteinsz.

* A.D. Reith et al. GSK2578215A; a potent and highly selective 2-arylmethyloxy-5-substitutent-N-arylbenzamide LRRK2 kinase inhibitor. Bioorg. Med.
Chem. Lett. 2012, 22, 5625-5629.

2 R.E. Drolet et al. Leucine-rich repeat kinase 2 (LRRK2) cellular biology: a review of recent advances in identifying physiological substrates and cellular
functions. J. Neurogenet. 2011, 25, 140-151.

2348 GNE 7915 ittt Potent, selective, and brain-penetrable LRRK2 inhibitor ........... Page 425
2181 GSK 2578215A.....ccciiiiiiiiiiisiicie e Potent and highly selective LRRK2 inhibitor................ccccooee Page 437
2493 LRRK2-IN-L....ccciiiiiiiiiiiiiiiiiii s Potent, ATP-competitive and selective inhibitor of LRRK2........ Page 516
2546 PF OB44TATS .....ocoviviiiieieiiiiese s Selective, brain penetrant, LRRK2 kinase inhibitor ................... Page 632

Enzymes (EC 2.7.11.) Kinases, mTOR

The mammalian target of rapamycin (mTOR; EC 2.7.11.1), a phosphoinositide 3-kinase-related protein kinase, controls
cell growth in response to energy, nutrients, growth factors and other environmental cues, and it figures prominently in
cancer. It belongs to the phosphoinositide 3-kinase (PI3K)-related protein kinase (PIKK) family. mTOR assembles into
two complexes with distinct inputs and downstream effects. mMTOR complex 1 (mTORC1) is defined by its RAPTOR
subunit which is replaced by RICTOR in mTOR complex (mTORC2).

mTORC1 regulates cell growth by promoting translation, ribosome biogenesis and autophagy. Its activation requires
nutrients and amino acids, which result in the RAPTOR-mediated recruitment of mTORC1 to lysosomes and late
endosomes, and co-localization with its activator, the small GTPase RHEB. mTORCL1 substrates include the elF4E-
binding protein 1 (4E-BP1) and ribosomal S6 kinases (S6K).

mTORC2 responds primarily to growth factors, promoting cell-cycle entry, cell survival, actin cytoskeleton polarization and
anabolic output. Its substrates include the Ser/Thr protein kinases Akt, SGK and PKC, which share the hydrophobic motif
phosphorylation site with S6K1.

Noteworthy, rapamycin, which forms a ternary complex with the FK506-binding protein 12 (FKBP12) and the FRB domain
of mTOR, is thought to be an allosteric inhibitor. Rapamycin—-FKBP12 inhibits mMTORC1 to a variable extent that is
substrate and phosphorylation-site dependent, while it does not bind to mTORC2"2

Axon Ligands™ that block mTOR activity are also listed in the section for PI3K/AKT/mTOR signaling.

1 mTOR kinase structure, mechanism and regulation. H. Yang et al. Nature 2013, 497, 217-223.
2mTOR: a protein kinase switching between life and death. L. Asnaghi, P. Bruno, M. Priulla, A. Nicolin. Pharmacol. Res. 2004, 50, 545-549.
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1281 BEZ 235.....cciiiiiiiiiiiiii e Dual PI3K and mTOR kinase inhibitor..............ccccccoviiiiininns Page 266
2630 ECF309.....cciiiiiiiiiiii i Highly selective and potent inhibitor of mTOR signalling........... Page 377
1782 GDC 0980......cociiiiiiiiiiiiiiiic e Dual PI3K and mTOR inhibitor .............c.ccocoviiiiiie Page 417
1596 GSK 2126458 .......oceciieiiiiiiiiieieeienee e Dual PI3K and mMTOR inhibitor .........ccccviviiiiiiiiiiccceceene Page 436
2142 INK 128 Potent and selective mTOR inhibitor ...Page 469

1472 KU 0063794. ..mTOR inhibitor ... .Page 496

2425 MHY 1485.... mTOR activator with an inhibitory effect on autophagy .. ...Page 538
1520 NVP-BBDI130.....ccccciiiiiiiiiiiiiiiiiiie i Dual PI3K and mTOR kinase inhibitor...............cccccoeiiiininne Page 594
2029 NVP-BGT226.....cccccuiiiiiiiiiiiieiieieiteeese et Orally active dual PIBK/mTOR inhibitor ............cccccoviiiiiiinns Page 595
1718 Palomid 529.......cccciiiiiiiiiiiiiii MTOR INNIDItOr ... Page 614
1807 PKIBBT ...ttt Dual PI3K and mMTOR inhibitor .........cc.ccoveiiiiiiiiiccceeene Page 642
2069 RAPAMYCIN....ciuiiiiiiieiieeieeie ettt Specific inhibitor of MTOR; binds to FKBP12...........c.ccccoviiees Page 665
1699 TeMSIrOlIMUS ....ooveiiiiiieieieeie et MTOR INNIDITOT ... Page 758
1833 TOMN L oottt MTOR INNIDITOT ... Page 772
1834 TOMN 2 oo MTOR INNIDITOT ... Page 773
2051 XL 388 ..oiiiiieiiieeiieeiie e Highly potent, selective, ATP-competitive, and orally bioavailable

MTOR INNIDITOT ... Page 818
1706 XL PISK/MTOR inhibitor .........ccccciiiiiiiiiiiiiicciciiie Dual PI3K and mTOR kinase inhibitor...............cccccoeiiiiiinne Page 819

Enzymes (EC 2.7.11.) Kinases, PERK

Protein kinase RNA-like endoplasmic reticulum kinase (PERK; EC 2.7.11.1) is a type | ER membrane protein and one of
three (next to IRE1 and ATF6) primary effectors of the unfolded protein response (UPR), which has a demonstrated role
in tumor growth and angiogenesis. Increase in unfolded proteins in the ER causes release of ER chaperones from the
stress-sensing domain of PERK, which results in its activation via oligomerization and autophosphorylation at multiple
serine, threonine, and tyrosine residues. Upon activation, PERK phosphorylates eukaryotic initiation factor 2a (elF2a),
rendering it an inhibitor of the ribosome translation initiation complex, consequently reducing overall protein synthesis.
The reduction in translation reduces the ER burden, providing time for the cell to process or degrade the accumulated
unfolded proteins to restore ER homeostasis’.

1 JM. Axten et al. Discovery of 7-methyl-5-(1-{[3-(trifluoromethyl)phenyllacetyl}-2,3-dihydro-1H-indol-5-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine

(GSK2606414), a potent and selective first-in-class inhibitor of protein kinase R (PKR)-like endoplasmic reticulum kinase (PERK). J. Med. Chem. 2012,
55, 7193-7207.

2233 GSK 2606414 ......ccoiiiiiiiiiiiiiiiiciteeee e Potent and selective inhibitor of PERK (EIF2AK3) .........cccceeeee Page 437
2278 ISRIB ....oiiiiiiieieeeie et Inhibitor of integrated stress response and PERK signaling......Page 472

Enzymes (EC 2.7.11.) Kinases, Pim

Pim-1, 2 and 3 (EC 2.7.11.1) make up a distinct and highly homologous family of serine/threonine kinases belonging to
the Ca2+/calmodulin-dependent protein kinase-related (CAMK) family. Pim proteins are widely expressed with high levels
in hematopoietic tissue and are aberrantly expressed in a variety of human malignancies. These proteins are considered
to be constitutively active and, therefore, regulated by expression and proteosomal degradation. Gene transcription is
initiated by a wide range of cytokines, mitogens and growth factors that transduce signals via the Janus kinase-signal
transducers and regulators of transcription (JAK/STAT) pathway, thereby regulating Pim expressionl. Pim kinases play a
major role in cell cycle regulation, anti-apoptotic activity and the homing and migration of receptor tyrosine kinases
mediated via the JAK/STAT pathway. The discovery of these kinases being up-regulated in many hematological
malignancies and solid tumors affords them therapeutic opportunities in oncology”.

! Pim kinases in cancer: Diagnostic, prognostic and treatment opportunities. C. Blanco-Aparicioa, A. Carnero. Biochem. Pharm. 2013, 85, 629-643.
2 pim kinase inhibitors: a survey of the patent literature. T. Morwick. Expert Opin. Ther. Pat. 2010, 20, 193-212.

2795 AZD 1208 .....ccoiiiiiiiiiic Pim kinase inhibitor ...........ocoiiiiiiiiieee e Page 242
2305 CX 6258 hydrochloride ...........ccociriiiiiiciiiiesieiiicee Pim Kinase INhibitor............ccooiiiiiii i Page 342
1633 SGI 1776 free@ Dase........ccccveverieieericieceeeeeeseeee Pim kinase INNIbItOr .........ccocciiiiiiiiiicc Page 711
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1923 SMI 4@ c.uviiiiiiiiieeiee et ATP-competitive and selective inhibitor of Pim kinases............. Page 719

Enzymes (EC 2.7.11.) Kinases, PDPK

Among the downstream effectors of PI3Ks (see also section of PI3BK/Akt/mTOR signaling), 3-phosphoinositide-dependent
protein kinase 1 (PDK1 or PDPK1; EC 2.7.11.1) and protein kinase B (PKB)/Akt have a key role in several cancer types.
There is evidence that indicates that alteration of PDK1 is a critical component of oncogenic PI3K signaling in breast
cancer, suggesting that inhibition of PDK1 can inhibit breast cancer progression®. PDK1 is the protein kinase responsible
for regulating the activity of related kinases in the AGC kinase family (including AKT), by phosphorylating a specific
threonine or serine residue within the activation loop (T-loop) which is critical for kinase activation. Many of the kinases
activated by PDK1 regulate cellular processes such as cell survival, differentiation, growth, and protein expression, in
response to second messenger signals. Activation of PI3K by growth factor signaling results in the production of
phosphatidylinositol 3,4-bisphosphate and PIP3, which colocalize AKT and PDK1 to the plasma membrane through
interaction with their respective pleckstrin homology (PH) domains, thus allowing PDK1 to phosphorylate AKT in a PIP3-
dependent manner. Binding of PIP3 to AKT also induces conformational changes that facilitate PDK1 phosphorylationz.

! C. Raimondi, M. Falasca. Targeting PDK1 in cancer. Curr. Med. Chem. 2011, 18, 2763-2769.
? J.R. Medina. Selective 3-Phosphoinositide-Dependent Kinase 1 (PDK1) Inhibitors: Dissecting the Function and Pharmacology of PDK1. J. Med.
Chem., 2013, 56, 2726-2737.

1390 BX 795 .. ittt PDPK1, TBK1 and IKK inhibitor ...........cocooviiiiiiiiiiiie Page 291
1130 BX 912t PDPKL iNhIDItOr ... Page 292
2525 OSU 03012....cuiiiieiiiiieieeiieie sttt ATP competitive PDK-1 inhibitor ..........c.ccccoiiiiiiiiiiiciiis Page 607
2610 PDKI inhibitor 2610........cccccvviriiniiiniirieieinieceeeeeeea Dual PI3K/PDPKL inhibitor........ccceoviiiiiiiiiiececceceie e Page 622
1870 PHT 427 oottt Inhibitor of Akt and PDPKL........cccoiiiiiiiiiiieciceeeee e Page 637
1664 PDPK1 activator (allosteric).... ....Page 653
1659 PDPK1 activator (allosteric).... ....Page 653

Enzymes (EC 2.7.11.) Kinases, Raf

Three different Raf (EC 2.7.11.1) isoforms originating from 3 independent genes can be distinguished in mammals: Raf-
1/c-Raf, B-Raf, and A-Raf. They are bona fide Ras (a membrane-associated guanine nucleotide-binding protein) effectors
and upstream activators of the ubiquitous ERK pathway, which has drawn the attention to these proteins as potential
targets in cancer therapy. All Raf isoforms share a common modular structure consisting of 3 conserved regions (CR)
with distinct functions. CR1 contains a Ras-binding domain (RBD), which is necessary for the interaction with Ras and
with membrane phospholipids required for membrane recruitment, and a cysteine-rich domain (CRD), which is a
secondary Ras-binding site and also necessary for the interaction of CR1 with the kinase domain for Raf auto-inhibition.
CR2 contains important inhibitory phosphorylation sites participating in the negative regulation of Ras binding and Raf
activation. CR3 features the kinase domain, including the activation segment, whose phosphorylation is crucial for kinase
activation. The common and key step in the activation of all 3 Raf isoforms is membrane recruitment by a Ras family
protein. In turn, activated Raf kinases phosphorylate both MEK isoforms MEK1 and MEK2 on 2 residues in the activation
loop, which in turn can bind, phosphorylate, and activate ERK™.

Raf kinase inhibitor protein (RKIP) is a member of the phosphatidylethanolamine-binding protein (PEBP) family that
interacts with a number of different proteins and regulates multiple signaling pathways. PEBP was identified as a
physiologically relevant inhibitor of Raf-MEK-ERK and renamed RKIP. It binds specifically to the Raf-1 kinase, although it
is not a direct substrate of Raf. RKIP inhibits the kinase activity of Raf-1 by dissociating the Raf-1/MEK complex and
acting as a competitive inhibitor of MEK phosphorylation. What's more, RKIP can bind to the N-region of the Raf-1 kinase
domain therebye inhibiting its activation. Besides its role in the Raf-MEK-ERK signaling cascade, it has been shown that
(1) RKIP also antagonizes NF—kB signaling by interacting with several upstream kinases that regulate the IkB protein, (2)
has a positive effect on heterotrimeric G protein-dependent and GSK signaling, (3) inhibits the activation phosphorylation
of the transcriptional factor STAT3, (4) and activates Nrf2 by destabilizing the BTB domain containing protein Keap1?.

1 D. Matallanas et al. Raf family kinases: old dogs have learned new tricks. Genes Cancer. 201, 2, 232-260.
2 J Escara-Wilke et al. Raf kinase inhibitor protein (RKIP) in cancer. Cancer Metastasis Rev. 2012 Dec;31(3-4):615-20.

1545 AZ B28 ...t B-Raf and C-Raf protein kinase inhibitor ..............cccccceviiiinne Page 238
3067 Belvarafenib ..........cccooiiiiiiiiiiice s Orally bioavailable pan-Raf protein kinase inhibitor................... Page 265
1459 GDC 0879....ciiuiiiiiiiiiiiiiiicii it B-Raf protein kinase inhibitor ... Page 416
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1984 GW 5074 ittt Brain-permeable inhibitor of c-Raf with in vivo effects.............. Page 440
2590 LOCOSEALIN ....veviiiiiii it Non-toxic Raf kinase inhibitory protein (RKIP) inhibitor............. Page 512
1624 PLX 4032ttt B-Raf protein kinase inhibitor ............cccccocviiiiiiiii Page 643
TATA PLX AT20 ittt B-Raf protein kinase inhibitor .............ccccooiiiiiiiiiiii Page 644
2817 RAFT09 ..ottt Potent, selective, and efficacious B-Raf and C-Raf protein kinase
INNIDITOT ... Page 664
2504 SB 590885.......coiiiiuiiiiieiieie ettt Selective inhibitor of B-Raf Kinase...........cccccoveviiiiiiiiiiiiies Page 698
JeXcIo RSO VI=Va TSIl Recent Adiition NN Protein kinase inhibitor of Raf/MEK/ERK pathway .................... Page 724
1397 Sorafenib tosylate ...........cceeieiieiiiiiiieee e Protein kinase inhibitor of Raf/MEK/ERK pathway .................... Page 724

Enzymes (EC 2.7.11.) Kinases, RIP

Receptor interacting protein (RIP; EC 2.7.11.1) kinases constitute a family of seven members. They are crucial regulators
of cell survival and death. Based on sequence similarities, mode of regulation and substrate specificities of their catalytic
domain, RIP kinases are closely related to members of the interleukin-1-receptor-associated kinase (IRAK) family. RIP1
and RIP2 (CARDIAK/RICK) also bear a C-terminal domain belonging to the death domain (DD) superfamily, namely, a
DD and a caspase recruitment domain (CARD), respectively, allowing recruitment to large protein complexes initiating
different signalling pathways. RIP1 is a crucial adaptor kinase on the crossroad of stress-induced signalling pathways
(NF-kB, MAPK, Ubiquitin) and a cell's decision to live or die. It is is constitutively expressed in many tissues. However,
TNF-a treatment and T-cell activation can also induce RIP1 expressionl.

IN. Festjens et al. RIP1, a kinase on the crossroads of a cell's decision to live or die. Cell Death Differ. 2007, 14, 400-410.

2608 GSKABL.....ccoiiiiiiiiiiiiiici Inhibitor of RIP1 kinase and TNF induced inflammation............ Page 430
1258 NEeCroStatin-1 ......c.cccoiiiruiiiiiiiiiiie it RIPLINNIDITOr ... Page 571

Enzymes (EC 2.7.11.) Kinases, ROCK

Rho-kinase (EC 2.7.11.1) is a serine/threonine kinase belonging to the AGC family of protein kinases, originally identified
as the first downstream effector of the small GTPase Rho. There are two Rho-kinase members, Rho-kinase
a/ROCK2/ROKa and Rho-kinase B/ROCK1/ROKR; both Rho-kinases are composed of an N-terminal catalytic domain, a
central coiled-coil domain, and a C-terminal PH domain interrupted by a Cys-rich region. Rho family small GTPases, such
as Rho, Rac, and Cdc42, mediate a broad range of cellular responses that involve the actin cytoskeleton. Rho regulates
stress fiber formation and cell contraction, whereas Rac and Cdc42 regulate the formation of lamellipodia and filopodia,
respectively, and promote protrusive activities. Rho family GTPases also modulate microtubule dynamics and cell
polarity. Furthermore, Rho kinase is involved in smooth muscle contraction and actin organization, cell migration,
neuronal architecture and neurite elongation, and cytokenesis, among several other functions™?.

! Rho-kinase/ROCK: A key regulator of the cytoskeleton and cell polarity. M. Amano, M. Nakayama, K. Kaibuchi. Cytoskeleton 2013, 67, 545-554.
2 Rho Kinase (ROCK) Inhibitors. J.K. Liao, M. Seto, K. Noma. J. Cardiovasc. Pharmacol. 2007, 50, 17-24.

2187 AS 1892802. ..Potent, selective, ATP-competitive ROCK inhibitor . .Page 227
2166 AT 13148 dihydrochloride ....Page 232
2753 CCG 232601 ....cocvvveeeirivcrciriceeesieeeeeeeneeeeeneeeeeen.. RNO/MRTF/SRF transcriptional pathway inhibitor...................... Page 301
3092 CCG-203971 ..ocvvveiiireiiiirieiiieineeeereseeneesesee e RNO/IMRTF/SRF transcriptional pathway inhibitor...................... Page 302
3069 Potent and selective Rho/MRTF/SRF transcriptional pathway
CCG-222740 ..o INNIDITOT ... Page 302
1167 GSK 269962A.... .ottt ROCK1 and ROCK2 inhibitor ...........cccocoviiiiiiiiiiiiiiiiinie Page 432
2780 KDO25 ...ttt Selective ATP-competitive inhibitor of ROCK2.............cccoeevenes Page 488
2229 RKILAAT oottt Potent inhibitor of the Rho-associated ROCK kinases .............. Page 677
1535 Thi@ZOVIVIN.....cviiiiiiiiiiniiicinc e ROCK inhibitor and iPSC stimulator; Stem cell related ............. Page 762
1683 Y 27632 dihydrochloride.............cccociiiiiciiiiiiiieiee ROCK1 and ROCK2 inhibitor ..o Page 822
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Enzymes (EC 2.7.11.) Kinases, RSK

The p70 ribosomal S6 kinases (S6K) and p90 ribosomal S6 kinases (RSK) are distinct families of Ser/Thr kinases (EC
2.7.11.1) that regulate diverse cellular processes by phosphorylation of ribosomal protein S6 (Rps6). They transduces
anabolic signals that indicate nutritional status to regulate cell size and growth and metabolism through various
mechanisms. These include effects on the translational machinery and on cellular energy levels through the activity of
adenosine monophosphate (AMP)-activated protein kinase (AMPK)l.

RSKs are downstream effectors of the Ras—extracellular signal-regulated kinase (ERK)/mitogen-activated protein kinase
(MAPK) signaling cascade, and IGF-1 (lIS) and mTOR signaling pathwaysz. RSK phosphorylates a variety of proteins,
including transcription factors, immediate-early gene products, translational regulators, enzymes, and structural proteins,
that potentially link it to many biological processes such as cell proliferation, cell differentiation, and survival. The
ribosomal protein S6 kinase 1 (S6K1) is one of two mammalian p70rsk proteins, acting as a downstream mediator of
mammalian target of rapamycin (mTOR) in the phosphoinositide 3-kinase (PI3K) pathway and/or the Ras-MAPK pathway.
It acts to converge growth factor, hormonal, nutrient and energy signals in order to maintain cellular homeostasis®. It has
been hypothesized that the mTORC1-S6K1 is a master determinant in longevity control®.

* Ribosomal Protein S6 Kinase 1 Signaling Regulates Mammalian Life Span. C. Selman et al. Science 2009, 326, 140-144.

2R. Anjum, J. Blenis. The RSK family of kinases: emerging roles in cellular signaling. Nat. Rev. Mol. Cell Biol, 2008, 9, 747-758.

Y. Abe et al. p90 ribosomal S6 kinase and p70 ribosomal S6 kinase link phosphorylation of the eukaryotic chaperonin containing TCP-1 to growth
factor, insulin, and nutrient signaling. J. Bio.l Chem. 2009, 284, 14939-14948.

“D.C. Bedford. S6K1: reducing the RiSKs of aging. Dis. Model. Mech. 2010, 3, 123-124.

1528 BI-D1870 ..ocueiiiiiiiiiieieeiieie ettt RSK inhibitor (p90 RSK SPECIfiC) ......ccvevviriiriiiiiiiiieciiec e Page 272
1903 DG2 ..ot RSK inhibitor (p70 ribosomal S6 kinase 1 specific)................... Page 358
1848 FIMK ..ottt RSK inhibitor (p90 RSK SPECIfiC) ......cvevueriiiiiiiiiciecieeiesee Page 409
2464 LY 2584702 t0Sylate.......cccvveviiiiiiiiiiiiiiiicieece Oral, ATP competitive inhibitor of p70 S6 kinase (S6K1) .......... Page 523
1602 PF 4708671 .....cccuiiiiiieiieiieiieeie ettt RSK inhibitor (p70 RSK SPECifiC) .......ccccoiviiiiiiiiiiiiciiiiiie Page 627

Enzymes (EC 2.7.11.) Kinases, PKB/Akt

Akt/PKB protein kinase (EC 2.7.11.1), also belongs to the cAMP-dependent protein kinase A, -G, and -C (AGC) super
family of protein kinases that share structural homology within their catalytic domain and have the similar mechanism of
activation’. The serine/threonine kinase Akt, also known as protein kinase B (PKB), is a central node in cell signaling
downstream of growth factors, cytokines, and other cellular stimuli. The Akt/PKB family comprises three highly
homologous members known as PKBa/Aktl, PKBB/Akt2 and PKBy/Akt3 in mammalian cells. The enzyme contributes to
activation of a wide variety of cellular processes, including cell survival, growth, proliferation, glucose uptake, metabolism,
and angiogenesis®. Aberrant loss or gain of Akt activation underlies the pathophysiological properties of a variety of
diseases, including type-2 diabetes and cancer. As is well known, Akt/PKB also acts a prominent downstream effector of
PI3K signaling pathway, and is activated by Class 1A and Class 1B PI3-Kinases.

! The activation of Akt/PKB signaling pathway and cell survival. G. Song, G. Ouyang, S. Bao. J. Cell. Mol. Med. 2005, 9, 59-71.

2 AKT/PKB Signaling: Navigating Downstream. B.D. Manning, L.C. Cantley. Cell 2007, 129, 1261-1274.

2540 Akt INNIDILOr VHI ..o Page 194
2166 AT 13148 dihydrochloride..........oceovvincriiiiiniiieiiiiee Page 232
1859 AZD 5363 dihydrochloride ............cccooeviviiiiiiiiiccs Page 245
1239 DeGUENN ..ottt Page 355
1729 GSK B0693.......cueiiiiiiiiiii e Page 434
2460 GSK 2110183 hydrochloride... ...Page 436
3247 Miltefosine .Page 539
1684 MK 2206 ... .Page 543
3343 ML-9 hydrochloride . ...Page 547
1663 PErifOSING......iiuiiiiiiiiitieie ittt Page 624
1870 PHT 427 ..ottt Page 637
2790 SC BB...ueiiiiuiiiiiiieiiei ettt Page 701
2507 SC 79 Page 701
1685 YS 49 ... Page 824

..PI3K/Akt inhibitor....
..Akt Inhibitor (allosteric).
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Enzymes (EC 2.7.11.) Kinases, IKK

The IKK kinase complex is the core element of the NF-kB cascade (see section of Axon Ligands™ interacting with NF-kB
signaling). It is essentially made of two kinases (IKKa (or IKK-1) and IKKB (or IKK-2); EC 2.7.11.10) and a regulatory
subunit, NEMO/IKKy. NF-kB represents a family of transcription factors that are normally kept inactive in the cytoplasm
through interaction with inhibitory molecules of the IkB family. In response to multiple stimuli such as inflammatory
cytokines, bacterial or viral products, or various types of stress, the IkB molecules become phosphorylated on two critical
serine residues. This modification is recognized by a specific E3 ubiquitin ligase complex and undergoes
polyubiquitination, which targets them for rapid degradation by the 26S proteasome®. As a consequence, free NF-kB
enters the nucleus and activates transcription of a variety of genes participating in the immune and inflammatory
response, cell adhesion, growth control, and protection against apoptosis®.

 The IkB kinase IKK and NF- kB: key elements of proinflammatory signaling. M. Karin, M. Delhase. Semin. Immunol. 2000, 12, 85-98.
2 The IKK Complex, a Central Regulator of NF-kB Activation. A. Israél. Cold Spring Harb Perspect Biol 2010, 2, a000158.

2132 BAY 11-7082 ..ottt IKK inhibitor and anti-inflammatory.............cccccceiiiiiiiiiiiiienn Page 257
1731 BMS 345541 ..ottt Cell-permeable and selective IKB (IKK) inhibitor....................... Page 280
1390 BX 795 ....ciuiiiciiiiiieeieieee s PDPK1, TBK1 and IKK inhibitor ..........ccoviiiiiiiciiccccieene Page 291
1772 CDDO-ME ..ottt IKK-2 inhibitor; Inducer of the Nrf2 pathway ...............ccccevveene Page 305
2725 IMD-0354 ..ottt TKK-2 NRIDIEOT ... Page 465
3046 MRT 67307 ..ooiviiiiiiiiiiiiieieire et TBK1 and IKKe inhibitor...........ocooiiiiiiiicece Page 560

1651 PHA 408 ...
1568 PS1145....

...Page 635
.Page 653
...Page 743

2070 Sulfasalazine

Enzymes (EC 2.7.11.) Kinases, PKC

The protein kinase C (PKC; EC 2.7.11.13) family represents a large group of phospholipid dependent enzymes catalyzing
the covalent transfer of phosphate from ATP to serine and threonine residues of proteins, mediating signal transduction
for cell proliferation, differentiation, apoptosis and angiogenesis. The PKC family consists of at least twelve members,
divided into three subgroups: the classical PKCs (cPKCs: PKCa, PKCBI, PKCBII, and PKCy), which are ca? dependent
and activated by both phosphotidylserine (PS) and diacylgylcerol (DAG); novel PKCs (nPKCs: PKC®, PKCg, PKCn, and
PKCB#), which are ca* independent and regulated by DAG and PS; and atypical PKCs (aPKCs: PKCC, PKCA), which are
ca* independent and do not require DAG for activation, although PS can regulate their activityl. Many of these kinases
show overlapping substrate specificities in vitro. Consistent with their different biological functions, PKC isoforms differ in
their structure, tissue distribution, subcellular localization, mode of activation and substrate specificity. Early observations
that PKC isozymes are activated by tumor-promoting phorbol esters suggested a key role for PKC in tumor promotion and
progression leading to PKC being considered as a target for cancer therapy?.

* Protein kinase C pharmacology: refining the toolbox. A.X. Wu-Zhang, A.C. Newton. Biochem. J. 2013, 452, 195-209.
2 Targeting the protein kinase C family: are we there yet? H.J. Mackay, C.J. Twelves. Nat. Rev. Cancer 2007, 7, 554-562.

2981

Potent and selective PKC-6 inhibitor
..PKC-beta inhibitor ..

...Page 252
.Page 385

1682 Enzastaurin..

2466 GO 6983 ...Page 426
2362 LY 333531 hydrochloride...........cccoevverineeiinieniniiiiens PKC-BINhIbItOr ..o Page 520
1401 LY 333531 MESYIAe....c.ccouiiieiieiieiieieeee e PKC-beta inhibitor ..........cccociiiiiiiiiicccc Page 519
1635 SOtrastaurin..........ccceeeiiiiiiiic i PKC NibItor ... Page 724

Enzymes (EC 2.7.11.) Kinases, PKD

Protein kinase D (PKD; EC 2.7.11.13) consists of a small family of three members (PKD1-3) of ubiquitous serine-
threonine protein kinases that are involved in the regulation of various functions within the cell, including cell proliferation,
apoptosis, adhesion, and cell motility. PKD1 was initially recognized as a member of the protein kinase C (PKC) family
and named PKCp. However, distinct differences in the protein structure, variation in substrate(s) and inhibitor specificity,
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and low homology of the kinase domain to other members of the PKC family resulted in its reclassification. PKD1 is now
classified as a member of the protein kinase D (PKD) family, a distinct branch under the calcium/calmodulin-dependent
protein kinase'. Studies revealed that the mechanism of PKD activation is mediated not only by DAG, but also, directly or
indirectly, through PKCs?.

R Emerging Roles of Protein Kinase D1 in Cancer. V. Sundram, S.C. Chauhan, M. Jaggi. Mol. Cancer Res. 2011, 9, 985-996.
2 Protein Kinase D Signaling. E. Rozengurt, O. Rey, R.T. Waldron. J. Biol. Chem. 2005, 280, 13205-13208.

2798 BPKDI .oviiiiiiieiiesieeie et PKD iNNIDITOT ... Page 283
1627 CID 755673...c.cicuiiiiciiiiiieeieienee et PKD iNhiDItOr ... Page 318
1976 CID 2011756.....ccceeiriiiiiiieieeie ettt ATP-competitive protein kinase D (PKD) inhibitor.................... Page 318

Enzymes (EC 2.7.11.) Kinases, PLK

The Polo-Like Kinase (PLK; EC 2.7.11.21) family of enzymes is localized in the centrosomes or spindle pole bodies and
undergo dramatic subcellular relocation during the cell cycle. They mediate G2/M transitions, activation of cdc25 and
mitotic processes including centrosome maturation, bipolar spindle formation, activation of the anaphase-promoting
complex (APC), chromosome segregation, and actin ring formation (cytokinesis). Deregulated activities of PLKs often
result in abnormalities in centrosome duplication, maturation, and/or microtubule dynamics. PLKs also regulate the
function of the Golgi complex. Deregulated expression of human PLK1 is strongly correlated with the development of
many types of malignancies, and ectopic expression of PLK1 dominant negative protein leads to rapid cell death®. PLK3
is a muItifzunctionaI stress response protein that responses to signals induced by DNA damage and/or mitotic spindle
disruption®.

! Polo-like kinases: a team that plays throughout mitosis. D.M. Glover, I.M. Hagan A.A.M. Tavares. Genes & Dev. 1998, 12, 3777-3787
2 PIk3 Functionally Links DNA Damage to Cell Cycle Arrest and Apoptosis at Least in Part via the p53 Pathway. Xie, S; Wu H, Wang Q, Cogswell J P,
Husain I, Conn C, Stambrook P, Jhanwar-Uniyal M, Dai W. J. Biol. Chem. 2001, 276, 43305-43312.

1129 Bl 2536 ....cviuiiiiiiiieitie et PLKL INRIDItOT .. Page 269
L1473 Bl BT27 oottt PLKL INNIDIEOT ... Page 270
1688 GSK 461364 ..ot PLKL inhibItor ... Page 433
1625 GSK 461364 analogue | .........ccccceveiiiiiiiiiiiiiiiiinccs PLKL INRIDItOr ... Page 433
1626 GSK 461364 analogue Il .........cccevrerreeinenreeienecineenees PLKL INNIBIOT ..t Page 433
1131 GW B4BB82X ...t PLK1 and PLK3 iNhiDItOr .......cooviiiiiiieiiiiecceeccece e Page 444
1910 MLN 0905 ......oiiiiniiiiiiirieieie st PLKL iNRIDITOT .. Page 554
2358 MPSL-IN-2...ciiiiiiiiiiiiee et Inhibitor of Mps1 kinase with add-on affinity for PLK1............... Page 558
2950 Rigosertib SOdium ........cccoooeiiiiiiiiiiiecee e Non-ATP-competitive PLKL inhibitor ............ccooviiiiiiiiiiiee Page 674

Enzymes (EC 2.7.11.) Kinases, CDK

The cell cycle, consisting of four distinct phases (G1, S, G2, and M) is controlled by numerous mechanisms ensuring
correct cell division. Cyclin-dependent kinases (CDKs; EC 2.7.11.22) are a family of protein kinases first discovered for
their role in regulating the cell cycle®. Their kinase activity requires the binding of a regulatory cyclin subunit, upon which
CDKs phosphorylate their substrates on serine and threonine residues. Since cyclins are synthesized and destroyed at
specific times during the cell cycle, CDK kinase activity is regulated in a timely manner. Tumor associated mutations
frequently deregulate certain CDK-cyclin complexes, resulting in either continued proliferation or unscheduled re-entry
into the cell cycle, two properties characteristic of most human tumor cells®*. If it is possible to selectively interrupt the cell
cycle regulation in cancer cells by interfering with CDK action, the cell will die. Therefore, the development of CDK
inhibitors (CKIs) is of great interest.

* The cell cycle: a review of regulation, deregulation and therapeutic targets in cancer. K. Vermeulen, D.R. Van Bockstaele , Z.N. Berneman. Cell Prolif.
2003, 36, 131-149.

2 Cell cycle, CDKs and cancer: a changing paradigm. M.Malumbres, M.Barbacid. Nature Reviews Cancer 2009, 9, 153-166

3 CDK Inhibitors: Cell Cycle Regulators and Beyond. Develop. Cell 2008, 14, 159-169

1539 AT 7519 MESYIALe....cveiieiiiiiiriieieeieeeeee e CDK INNIBItOr ... Page 232
1966 AZD 5438 ..ot CDK inhibitor (1, 2, and 9 SPECIfiC) ........ccecevieriiiiiiiicccee Page 245

3228 CDK inhibitor CR8 GEEIZEEIEI..........cococvvveerieiinene Potent CDK inhibitor (1, 2, 5, 7, and 9 SPeCific)............cccco....... Page 306
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3029 LDCOO00BT ..veevvveeeirrerniresieeaieeasieessiressseessseesssaeessseessseenns Potent, highly specific, ATP-competitive CDK9 inhibitor............ Page 503
2273 LEE OLL..ciiiiiiiiiiiiiiiicii e Orally bioavailable and highly selective inhibitor of CDK4/6....... Page 505
3283 LY2857785 CIEEIREMRL ..........ooooomvvvensinnssssssnssnssnens Highly potent, selective, reversible and ATP-competitive CDK9

INNIDIEOT ... Page 525
1892 NM-PPL, 1- ittt Tyrosine kinase inhibitor of Src, Fyn, Abl, CDK, TrK........c.c..... Page 579
2695 NSC 23005 SOUIUM ....oovviiiiiiiiieieriieeeeeeee e Novel small molecule inhibitor of INK4C (p18(INK4C) or p18)..Page 585
1243 NSC 625987 ....ooeiiieeiieeeeeeeeee e CDK4 INAIDITOT .. Page 588
2052 Palbociclib isethionate ............cceeerienereeniiieseecseee Orally active cyclin-dependent kinase (CDK4/6) inhibitor.......... Page 613
1505 PD 0332991 hydrochloride ..........cccceieiieiieiieiieieieene CDK4 and CDKG6 inhibitor...........ccoiiiiiiiiiiiiccceccs Page 621
2690 PHA-767491 ....occoiiiiiiiiiiiiiicci e Dual CDC7/CDK9 kinase inhibitor.............ccocveiiiiiieiicieieee Page 636
1983 Page 661
1530 Page 679
1776 Page 705
1614 Page 721
XK Z/RST 2 BT I Recent Addition N Potent, highly selective and orally bioavailable dual CDK12/CDK13

inhibitor.. ....Page 733

Enzymes (EC 2.7.11.) Kinases, ERK

Extracellular-signal-regulated kinases (ERKs; EC 2.7.11.24) are members of the larger family of mitogen-activated protein
kinases (MAPKSs) that includes ERK5, the c-Jun N-terminal protein kinases (JNKs) and the p38 MAP kinases, and
transduce extracellular signals from cell surface receptors to the cell nucleus. The activation of ERK is coupled to
stimulation of cell surface receptors via several different upstream signaling pathways, and plays critical roles in the
regulation of gene expression and cell proliferation. The canonical ERK MAP kinase cascade (see section of kinases
involved in MAPK/ERK signaling) is stimulated upon the binding of extracellular growth factors such as EGF and PDGF to
their respective transmembrane receptor tyrosine kinases (RTKs). The subsequent auto-phosphorylation of the
cytoplasmic tails of the receptor on tyrosine leads to the recruitment of Grb-2, which binds the guanine exchange factor
SOS. Recruitment of SOS to the membrane promotes its interaction with the membrane localized small GTPase Ras and
results in GTP loading and activation of Ras. This is followed by the sequential recruitment and activation of the kinases
Raf, MEK, and ERK. Upon activation, MEK phosphorylates ERK, leading to dissociation and dimerization of ERK and
subseqluem translocation into the nucleus. In the nucleus ERK may phosphorylate many substrates including transcription
factors™.

* J.W. Ramos. The regulation of extracellular signal-regulated kinase (ERK) in mammalian cells. Int. J. Biochem. Cell Biol. 2008, 40, 2707-2719.

1808 BIX 02188......ccoiuiiiiiiiiiiniiieiinie ettt Page 275
1809 BIX 02189.. Page 275
1694 FR 180204. Page 411
1846 XMD 8-92 .. Page 820
1621 XMD 8-92 trifluoroacetate BMK1 inhibitor; ERK5 inhibitor .........coovviiiiiiiiiiiccic s Page 820
Protein kinase inhibitor of Raf/MEK/ERK pathway ... ....Page 724

1397 Sorafenib tosylate ..

Enzymes (EC 2.7.11.) Kinases, JNK

As discussed in the section of Axon Ligands™ that inhibit extracellular-signal-regulated kinases (ERK), c-Jun N-terminal
protein kinases (JNKs; EC 2.7.11.24) are also members of the family of mitogen-activated protein kinases (MAPKs) and
integral part of the MAPK/ERK and NF-kB signaling pathways. In mammals, there are 3 different INK genes (JNK 1-3)
encoding for at least 10 alternative splicing forms of 46-55 kDa. JNK1 and JNK2 are ubiquitously expressed, but the
expression of INK3 is mainly restricted to central nervous system (CNS) neurons (high level), cardiac smooth muscle,
and testis (low levels). Besides c-Jun, JNK can phosphorylate a variety of substrates, including additional transcription
factors and even some non-nuclear proteins. JNK is involved in many physiological processes such as embryonic
morphogenesis and naturally occurring programmed cell death, while the unusual activated JNK pathway can cause
pathological cell death and different diseases, among which are neurological disorders, type 2 diabetes, inflammatory
diseases, and cancer’.
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*J. Cui et al. INK pathway: diseases and therapeutic potential. Acta Pharmacol. Sin. 2007, 28, 601-608.

1291 AEG 3482....
2002 AS 602801
2025 CC401..
2634
2361
2949
2519
2365

...Page 189
.Page 227
...Page 300

Enzymes (EC 2.7.11.) Kinases, p38 MAPK

To date, five distinct groups of mitogen activated protein kinases (MAPKs) have been characterized in mammals:
extracellular signal-regulated kinases (ERKs) 1 and 2 (ERK1/2), c-Jun amino-terminal kinases (JNKs) 1, 2, and 3, p38
isoforms a, B, y, and & , ERKs 3 and 4, and ERKS5; all sharing the enzyme commission number EC 2.7.11.24. MAPKs can
be activated by a wide variety of different stimuli, but in general, ERK1 and ERK2 are preferentially activated in response
to growth factors and phorbol esters, while the INK and p38 kinases are more responsive to stress stimuli ranging from
osmotic shock and ionizing radiation to cytokine stimulation. Although each MAPK has unique characteristics, a number
of features are shared by the MAPK pathways studied to date. Each family of MAPKs is composed of a set of three
sequentially acting kinases: a MAPK, a MAPK kinase (MAPKK), and a MAPKK kinase (MAPKKK). p38 (also known as
CSBP, mHOG1, RK, and SAPK2) is the archetypal member of the second MAPK-related pathway in mammalian cells.
The p38 module consists of several MAPKKKSs, including MEKKs 1-4, MLK2 and -3, DLK, ASK1, TpI2 (a.k.a. Cot), and
Tak1, the MAPKKs MEK3 and MEK®6 (a.k.a. MKK3 and MKK®, resp.), and the four known p38 isoforms (a, , y, and d). In
mammalian cells, the p38 isoforms are strongly activated by environmental stresses and inflammatory cytokines but not
appreciably by mitogenic stimuli. Most stimuli that activate p38 also activate JNK, but only p38 is inhibited by the anti-
inflammatory drug SB203580 (Axon 1363 and Axon 1465 (HCI salt; water soluble), which has been extremely useful in
delineating the function of p381.

' P.P. Roux, J. Blenis. ERK and p38 MAPK-Activated Protein Kinases: a Family of Protein Kinases with Diverse Biological Functions. Microbiol. Mol.
Biol. Rev. June 2004, 68, 320-344.

1358 BIRB 796 ......ccviiiiiiiiiiiiiiiiiice MAPK inhibitor (p38 SPECIfiC) .......ccevierieriiieiiceeeece e Page 275
2856 BMS 582949 .....cocoviiiiiiiiiiiieieee e Inhibitor of P38a MAPK........ccoiiiiiiiii e Page 281
1895 LY 2228820 .....cciiiiiiiiiiiee s Inhibitor of P38 MAPK ........ciiiiiiiiiiiic Page 523
3197 Mitochonic acid 5 EEZIEEERRII ..........cococveverereereene Mitochondrial drug; Activator of MAPK-ERK-yap signalling.......Page 540
2366 NG 25 trihydrochloride............cocveveriiniiiciicceecee Type Il inhibitor of TAK1 (MAP3K7) and MAP4K2 (GCK) ......... Page 575
1365 PD 169316....cuiiiiiiieiiaiieiieeiie ettt MAPK inhibitor (p38 SPECIfiC) .......ccevveriiiiiriiciciieeecce Page 620
1837 PH 797804.......ccoiiiiiiiiiiiiiiiicec Inhibitor of P38a MAPK ..........oiiiiiiiiiiee e Page 635
2786 PH 797804, (£)- ..oovveieiiiiiieiiicceec s Inhibitor of p38a MAPK...........ccoviiiiiiiic e Page 635
1364 SB 202190.......cciiiiiiiiiiiiiiii MAPK inhibitor (p38 SPECIfiC) .......ccccovieiiiiiiiiicicicecce Page 693
1363 SB 203580.......cccuiiiiiiiiiiiiiei e MAPK inhibitor (p38 SPecCifiC) ........cccccveviiiiiiiiiiiiiicci Page 693
1465 SB 203580 hydrochloride ...........cccocverviieeneniiniiciiene MAPK inhibitor (p38 SPECifiC) ........ccecvveviiiiiiiiiiiiicieccce Page 694

2444 SB 706504...
1671 SCIO 469..

....Page 700
.Page 705

1357 ....Page 706
3183 SR-318 GIELELELLIEHL.... ... Highly potent and selective type-Il p38 al@ inhibitor ... Page 732
1811 VX 745...iiiiiiiiiciiiiicscccececcsececeeseseeen: INNIDIOT OF p38a MAP KiNaSe........oc Page 805

Enzymes (EC 2.7.11.) Kinases, GSK-3

GSK-3 (EC 2.7.11.26), originally identified in 1980, is one of the few signaling mediators that play central roles in a
diverse range of signaling pathways, including those activated by Wnts, hedgehog, growth factors, cytokines, and G
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protein-coupled Iigandsl. It has been implemented in the mechanisms that regulate cellular proliferation, migration,
inflammation and immune responses, glucose regulation, and apoptosis. Although the original name suggests the
enzyme is involved only in the process of glycogen metabolism, recent findings have revealed over 50 substrates that are
phosphorylated by GSK-3, among them the microtubule-associated protein, tau, that is the predominant component of
neurofibrillary tangles in Alzheimer’s disease. Despite the impressive number of processes the enzyme is involved in, only
four key mechanisms have been identified that contribute to regulating the actions of GSK3 in a substrate-specific
manner. The phosphatidylinositol 3-kinase (PI3K)/Akt signaling pathway activated in response to insulin and many other
growth factors often is a major regulator of GSK3 because Akt phosphorylates GSK3 on these inhibitory serine residues,
blilt several other kinases also can phosphorylate these regulatory serines, such as protein kinase C and protein kinase
A

1 D.Wu, W.Pan. GSK3: a multifaceted kinase in Wnt signaling. Trends Biochem Sci. 2010 Mar;35(3):161-8.
2 Glycogen synthase kinase-3 (GSK3): inflammation, diseases, and therapeutics. RS Jope, CJ Yuskaitis, E Beurel. Neurochem. Res. 2007, 32, 577-595.

1909 A 1070722 ... ..Selective inhibitor of GSK-3.... ....Page 176

2167 AR-A 014418... ATP-competitive GSK-3 inhibitor... ....Page 222
2171 AZD 1080 ..cceeiiiiienieiiieieesie ettt Selective inhibitor of GSK3a and GSK-3f........cccccvevviiiiiiinens Page 241
2194 AZD 2858 hydrochloride ..........ccocereeiiieeieniieseeeseee Potent and highly selective GSK-3 inhibitor..............cccccoeveeen. Page 244
1693 BlO ittt GSK-3 INNIDITOT ... Page 274
2931 BRDOT705 ...cooiiiiiiiiiiiiicciccin s First-in-class, paralog selective GSK3a inhibitor ....................... Page 285
3153 BRDS5BA8B .....oeeiiiieiiieeiie et Negative control compound of BRD0705 as a GSK3a inhibitor.Page 285
1126 CHIR 98014 ...ttt GSK-3INhibItor ..o Page 313
1386 CHIR 99021 ......ciiiiiiiiiiieieiiieieee e GSK-3INNIBItOr ... Page 313
2435 CHIR 99021 dihydrochloride............c.ccccocoiiiiiiiiiiiis GSK-3InhibItor ... Page 313
2511 IM 121 GSK-38 inhibitor attenuating neuronal differentiation................ Page 465
3154 rac-BRDO0705 .. GSK3a inhibitor .. ...Page 663

1303 SB 216763 ..GSK-3 inhibitor ... .Page 694

2010 TDZD8.. ..Selective and non-ATP competitive inhibitor of GSK-3 .Page 755
1562 TWS 119... ....Page 777

Enzymes (EC 2.7.11.) Kinases, AMPK

AMP-activated protein kinase (AMPK; EC 2.7.11.31) is a heterotrimeric enzyme with a key role in regulating cellular
energy metabolism, cell growth and cell polarity. In response to a change in the intracellular AMP:ATP or ADP:ATP ratios
it activates energy-producing pathways and inhibits energy-consuming processes. Furthermore, AMPK is regulated by a
diverse range of hormones among which leptin, adiponectin, ciliary neurotrophic factor and ghrelin. Of the three subunits
a, B, and y that constitute the protein kinase, the a-subunit hosts the catalytic domain, while the latter two subunits 8, and
y fulfill a regulatory function. Activation of AMPK is triggered by phosphorylation of a threonine residue, which lies in the
activation segment of the amino-terminal kinase domain of the a-subunit and results in a several-hundred-fold increase in
activity. In mammals, calcium/calmodulin-dependent protein kinase kinase- (CaMKK), LKB1, and transforming growth
factor-B-activated kinase 1 (TAK1) are the predominant kinases upstream of AMPK?. In turn, activated, phosphorylated
AMPK can be inactivated by protein phosphatases (PP), e.g. PP2A, PP2Ca and Ppm1E. Currently, AMPK is viewed as
an important molecular target since it is believed that novel AMPK modulators may be useful in the therapy of cancer,
metabolic, and neurodegenerative diseases, such as type 2 diabetes, Alzheimer’s disease, and agingz‘s.

NUAK family SNF1-like kinase-1 [NUAK1, also known as ARK5 (AMPK-related kinase 5); EC 2.7.11.1] and the closely
related NUAK2 [SNARK (SNF1/AMPK-related kinase)] are members of the AMPK (AMP-activated Protein kinase) family
of protein kinases that are activated by the LKB1 (liver kinase B1) tumour suppressor protein kinase™. They both contain a
ubiquitin-associated domain located next to the C-terminal of their catalytic domains, which is required for LKB1
phosphorylation and activation. Studies on NUAK kinases hint at roles in regulating cell adhesion, cancer cell invasion,
embryonic development, senescence, proliferation, neuronal polarity and axon branching®. In the field of tumor biology,
NUAK family members have been reported to promote tumor progression and metastatic capacity via the upregulation of
cell proliferation, inhibition of p53-mediated tumor suppression, and increased matrix metalloproteinases (MMPSs) in
various cancer types. A key finding showing that NUAK1 operates as an essential survival factor in oncogenic Myc-driven
tumours and may play a role in regulating tumor proliferation and survival through metabolic alteration in
hepatocarcinoma. Therefore, targeting cellular energy homeostasis through inhibition of NUAK1 could be a valuable
strategy to eliminate Myc-deregulated tumor cells®.
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* Structure of mammalian AMPK and its regulation by ADP. B. Xiao. Nature 2011, 472, 230-233.

2 AMP-activated protein kinase (AMPK) controls the aging process via an integrated signaling network. A. Salminena, K. Kaarnirantac. Ageing Res. Rev.
2012, 11, 230-241.

® AMPK: a nutrient and energy sensor that maintains energy homeostasis. D.G. Hardie, F.A. Ross, S.A. Hawley. Nature Rev. Mol. Cell Biol. 2012, 13,
251-262.

4 J.M. Lizcano et al. LKB1 is a master kinase that activates 13 kinases of the AMPK subfamily, including MARK/PAR-1. EMBO J. 2004 Feb
25,23(4):833-43.

° S. Banerjee et al. Characterization of WZ4003 and HTH-01-015 as selective inhibitors of the LKB1-tumour-suppressor-activated NUAK kinases.
Biochem J. 2014 Jan 1;457(1):215-25.

® X. Sun et al. The regulation and function of the NUAK family. J Mol Endocrinol. 2013 Sep 10;51(2):R15-22.

1466 A TBIBB2 ...ttt AMPK @CHVALOT ... Page 173
2021 HL OL0183....ciiiiiiiiiiiiieiecieeieie e Metformin derivative; AMPK activator..............ccccoviiiiiiiiicnns Page 450
2385 WZ A003.....ceiiiiiiieeeieeeeeee ettt Specific inhibitor of NUAK1 (ARK5) and NUAK2 (SNARK)....... Page 815
2445 ZLN 024 ..ot Allosteric activator of AMP-activated protein kinase (AMPK) ....Page 833

Enzymes (EC 2.7.11.) Kinases, ASK

Being a member of the mitogen-activated protein (MAP) kinase kinase family, the Apoptosis Signal-regulating Kinase 1
(ASK1; EC 2.7.11.35) activates downstream MAP kinases (MAPKSs), c-Jun N-terminal kinases (JNKs) and p38 MAPKs, in
response to various stresses, such as reactive oxygen species (ROS), endoplasmic reticulum (ER) stress,
lipopolysaccharide, and calcium overload. Activation of these pathways induces cellular responses such as apoptosis,
differentiation, cell survival, and production of inflammatory cytokines. Evidence is growing that ASK proteins play pivotal
roles in the pathogenesis and pathology of a wide range of diseases in which ROS and/or ER stress may be common
pathogenic factors, such as cardiovascular, neurodegenerative diseases, and cancers.

At the molecular level, the activation of ASK1 is tightly regulated by phosphorylation of a threonine residue (Thr838 in
human ASK1) within the activation loop of the kinase domain, which appears to be a common activation mechanism
among the ASK family of proteins, i.e., ASK1, ASK2, NSY-1, and DASK1'. ASK1 forms a high molecular mass complex
termed the ASK1 signalosome. Within the signalosome, ASK1 is homooligomerized through its C-terminal coiled-coil
(CCC) domain, a process that is critical for ASK1 activation. Among the regulatory proteins that are involved in the
activation of ASK1, such as TNF-a receptor-associated factor 2 (TRAF2), TRAF6, protein phosphatase 5 (PP5), and
USP9X, the redox protein thioredoxin (Trx) plays a pivotal role: the reduced form of Trx binds to the N-terminal region of
ASK1 and inhibits its kinase activity. Upon oxidation in response to ROS, Trx dissociates from ASK1, and ASK1 is then
activated by the autophosphorylation of the Thr residue in its kinase domain?.

 R. Hayakawa et al. Therapeutic targets in the ASK1-dependent stress signaling pathways. Proc. Jpn. Acad. Ser. B Phys. Biol. Sci. 2012, 88, 434-453.
2 M. Soga, A. Matsuzawa, H. Ichijo. Oxidative Stress-Induced Diseases via the ASK1 Signaling Pathway. Int. J. Cell Biol. 2012, 2012, 439587.

2179 ASKIL INhIbItOr 10.....cciuieiiiiiieeiieie e Potent, selective, and orally bioavailable ASK1 inhibitor........... Page 229
1814 NQDI Luuiiiiiiiiiiiiieiee ettt Inhibitor of apoptosis signal-regulating kinase 1 (ASK1) ........... Page 582
2956 Selonsertib ........cccciiiiiiiiii Potent, highly selective, orally available, and ATP-competitive

ASKL INNIDIOT. ... Page 707

Enzymes (EC 2.7.11.) Kinases involved in DNA-damage r  esponse

Nuclear DNA is undoubtedly the most precious component of a cell. It is not surprising therefore that any kind of damage
that introduces a discontinuity in the DNA double helix elicits a prompt cellular reaction. The DNA damage response
(DDR) provides an intrinsic biological barrier against the duplication and partitioning of damaged DNA into daughter cells
and impedes the propagation of corrupted genetic information®. When maintenance of genome integrity fails, it might lead
to programmed cell death (apoptosis), or genomic instability (GIN), which in turn can cause cell transformation and
oncogenesis®. Among the Serine and Threonine specific kinases, a number of them is involved in the processes that play
a significant role in the DDR. For example, Ataxia telangiectasia mutated (ATM) kinase recognizes and signals to double-
strand breaks (DSB), which are among the most critical lesions in chromosomal DNA** ATM is present in the nucleus as
an inactive dimer or oligomer, and is activated in response to DSBs in a process that involves autophosphorylation. This
causes a dissociation of the dimer to form active monomeric forms, which are able to initiate the phosphorylation of many
intermediates, such as p53 and the checkpoint kinase Chk2, which are involved in DNA repair and cell-cycle control’.
Similar to ATM, the ataxia-telangiectasia and Rad3-related (ATR) protein and the DNA-activated protein kinase (DNA-PK)
play an important role in responding to agents and extracellular stress that threaten the DNA replication process®.
Interestingly, a normal and robust checkpoint pathway is thought to be a mechanism of resistance to chemotherapy. As a
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result, ATR-Chk1 pathway components are considered promising therapeutic targets. In Particular, inhibition of ATR-Chk1
pathway components could potentially enhance the effectiveness of replication inhibitors’.

* Living on a break: cellular senescence as a DNA-damage response. F d'Adda di Fagagna. Nature Reviews Cancer 2008, 8, 512-522.

2 Cell-cycle checkpoints and cancer. Kastan, M. B. & Bartek, J. Nature 2004, 432, 316-323.

® DNA-PK, the DNA-activated protein kinase, is differentially expressed in normal and malignant human tissues. U Moll, R Lau, MA Sypes, MM
Gupta,CW Anderson. Oncogene 1999, 18, 3114-3126.

4 ATM and the DNA damage response. Workshop on ataxia-telangiectasia and related syndromes. Lavin MF, Delia D, Chessa L.EMBO Rep. 2006, 7,
154-160.

° DNA damage activates ATM through intermolecular autophosphorylation and dimer dissociation. Bakkenist CJ, Kastan MB. Nature. 2003, 421, 499-
506.

¢ ATM, ATR and DNA-PK: initiators of the cellular genotoxic stress responses. J Yang, Y Yu, H Hamrick, PJ Duerksen-Hughes. Carcinogenesis 2003,
24,1571-1580.

7 Prospects for the Use of ATR Inhibitors to Treat Cancer. JM Wagner, SH Kaufmann. Pharmaceuticals 2010, 3, 1311-1334.

2639 AMG 232 ..ot Selective, and orally bioavailable MDM2-p53 inhibitor .............. Page 201
1399 AZD 7762 hydrochloride...........ccccovvvveiiiniiiiiiiccce CHKINIDITOT ... Page 247
1636 CHIR 124 ..ottt CHKZL INhIBItOr ... Page 312
2250 CHR 6494 trifluoroacetate ...........ccooeeveeeerienienienienieens Specific, first-in-class inhibitor of histone kinase Haspin ........... Page 316
1495 CP ABBT722......coiiiieciiiieiece st ATMANRIDITOT ... Page 332
2173 CXBABL...iiiiiiiiiiiiie ettt Inhibitor of RNA Polymerase | (RNAPL) .......c.cccoovveviiiiiiiiene Page 342
2537 Isoquinolinediol, 1,5-.......cccooiiriiiiiieieeee e PARP1 inhibitor and neuroprotective agent.............cccceceveenene Page 472
2604 KU 00B0648.........cocovirieiniiiiiinieiieieit et DNA-PK INAIDItOT ..o Page 495
1584 KU 0060648 trihydrochloride ..............ccoooviiiiiiiiinininnns DNA-PK iNhibItOr .......ooviiiiiiiccccc Page 495
1367 KU 55933ttt ATMINNIBIOT .. Page 494
1494 MK 1775 oo Weel kinase inhibitor ... Page 543
2564 NSC 59984 ..ottt Activator of p53 that restores WT p53 signaling............cccceeueee Page 588
1463 NU 7441 .ottt DNA-PK INAIDItOT ... Page 591
2599 NVP-TNKSB56......ceeruiiiiiiiiieriieie et Selective TNKS inhibitor and antagonist of Wnt pathway.......... Page 597
1379 PR ATTT36 oottt CHKZL INNIDITOT ..o Page 625
1911 RADS51 inhibitor BO2 .......cccooviiviiiiiiiiicciccieei i INhIbItor Of RADSL ...t Page 663
2299 ReMOUENIN ..ot Potent NAT 10 inhibitor .........ccooiiiiiiiiiiiicc Page 669
1885 RI-L.iiiiiiiiiiiiiiiiie et Inhibitor of the central recombination protein RAD51 ................ Page 673
2584 RS- ..ot Enhancer of CRISPR-based genome editing & HDR/RAD51....Page 684
2518 UF 010 cuiiiiiiieiiieie ettt sttt Class | selective HDAC inhibitor..........cccoiiiiiiiiiiiiiccces Page 782
1893 VE 82L...iiiiiiiiiiiiiieie ittt Inhibitor of the DNA damage response kinase ATR.................. Page 793

Enzymes (EC 2.7.11.) Kinases involved in MAPK/ERK signa  ling

Similar to the PIBK/AKT/mTOR pathway, the MAPK/Erk signaling cascade is activated by a wide variety of receptors
involved in growth and differentiation including receptor tyrosine kinases (RTKSs), integrins, ion channels, and extracellular
stimuli such as heat and stress. The specific components of the cascade vary greatly among different stimuli, but the
architecture of the pathway usually includes a set of adaptors (e.g. Shc, GRB2, Crk, etc.) linking the receptor to a guanine
nucleotide exchange factor (SOS, C3G, etc.) transducing the signal to small GTP binding proteins (Ras, Rap1l), which in
turn activate the core unit of the cascade composed of a MAPKKK (Raf), a MAPKK (MEK1/2), and MAPK (Erk:
extracellular signal-regulated kinases). An activated Erk dimer can regulate targets in the cytosol and also translocate to
the nucleus where it phosphorylates a variety of transcription factors regulating gene expression™?. One example of the
most recent additions to this class of compounds is FMK (Axon 1848), a potent, highly specific and irreversible inhibitor of
p90 ribosomal protein S6 kinase (RSK) 1 and 2. This drug is capable of inducing significant apoptosis in human FGFR3-
expressing, t(4;14)-positive multiple myeloma cells®.

Actually, MEK enzymes are members of the class of dual specificity mitogen-activated protein kinase kinase (EC
2.7.12.2) and should not be listed within the section of serine/threonine specific kinases (EC 2.7.11.). However, as they
are integral members of the group of enzymes involved in MAPK/ERK signaling, and besides having the capability to
phosphorylate tyrosine residues, they are also capable of phosphorylating serine/threonine sites of substrates, MEK
inhibitors are listed in this section for kinases involved in the MAPK/ERK signaling pathway.
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1 ; ] ] . - ; . 1465 SB 203580 hydrochloride ...........ccovviviiiiiiiiiiiiiicie MAPK inhibitor (p38 SPecific) ..........ccccevviiiiviiiiiciciccccc Page 694
Regulatory mechanisms of mitogen-activated kinase signaling. Zhang Y, Dong C. Cell Mol Life Sci. 2007, 64, 2771-2789.
2 pathological roles of MAPK signaling pathways in human diseases. Kim EK, Choi EJ. Biochim Biophys Acta. 2010, 1802, 396-405. 2504 SB 590885.......ccciiiiiiiiiiii Selective inhibitor of B-Raf kinase............cccccocciiiiiiiiiie Page 698
3 Structural bioinformatics-based design of selective, irreversible kinase inhibitors. Cohen MS, Zhang C, Shokat KM, Taunton J. Science 2005, 308 . N
1318-1321. 2444 SB 706504 ........ccociiiiiiiiiiiiiic e Selective p38 MAPK inhibitor. ..........cccooviviiiiiiiiiiccs Page 700
1897 SB TATB5LA. .. .ot INhibitor of MSKL......oviiiiiiiiiiii Page 700
1291 ABG BABZ oot INKANRIDHOT oo Page 189 1671 SCIO 469 oo MAPK inhibItor (D38 SPECIHTIC) - vvrr oo Page 705
2611 APS-2-79 .ottt Inhibitor of KSR and oncogenic Ras signaling..............cccocceee. Page 220 1357 SD 69 MAPK inibitor (p38-alpha SPEGHIC).....orroorr oo Page 706
2002 AS B02B0L...-ovssvvrssvvssvsssvoss s JINKiinhibitor, which inhibited JNK1, JNK2 and JNK3.............. Page 227 EE T IV 7y SN MEKL and MEK2 INRIDIOT . rereeoeeeeeeeveeveeeceeeereeeesesssesessseeeeee Page 717
2179 ASKI INhIbItOr 10......coveiiiiiiiiiieiiiicieeceeeese e Potent, selective, and orally bioavailable ASK1 inhibitor ........... Page 229 1397 SOTATENID (OSYIALE 1o Protein kinase inhibitor of RAIMEK/ERK pathway ................ Page 724
1545 AZB2B . ocsisisssssss s B-Raf and C-Raf protein kinase iNIDItor ... Page 238 2519 SP 600125 ..o oo Selective, reversible, and ATP-competitive JNK inhibitor ..........Page 725
1516 AZD B244 ... MEKI and MEK2 inhibitor ...........cccociiiiiiiiiiiiiccccceee Page 246 2544 SBOEL 2o SUPPIESSOT OF SUPEOXIAE PrOQUCHION . erreereeeesees e Page 689
1999 AZD 8330 ..ueiiiiiiiiieii MEKZL inhibItOr ... Page 247 2365 SR 3576 Potent INK3 inhibitor with >2800-fold selectivity over p38........ Page 730
2178 Bl Allosteric inhibitor of dual-specificity phosphatases (Dusp). ...... Page 262 1811 VX TAS oo INNIBIEOT OF P3BA MAP KINASE...v.er oo Page 805
1528 BIDIBTO oovoosvvsvinsossson RSK INRIbitor (P90 RSK SPECC) . vvssvvssvrssvvs s Page 272 1846 XMD 892 oo BMKZL inhibitor: ERKS iNAIDItOr oo Page 820
1358 BIRB 796 ...cueiiiiiiiiieiieiieie et MAPK inhibitor (p38 SPECifiC) .......ccevveriiriiriiiiceeee e Page 275 1621 XMD 8-92 triflUOr0acetate. ... BMKL inhibitor: ERKS INIDIOT oo Page 820
1809 BIX 02189.....cciiiiiiiiiiiiiiiiiieic e MEKS inhibitor; ERK5 inhibitor ............ccccocoiiiiiiis Page 275
2025 CC 401 ..ot ATP-competitive INK inhibitor.............cccooiiiiiiiiie Page 300
2634 CC-930 .ouuvvuremriineianeeseessesseesseses st Potent, selective, and orally active anti-fibrotic JNK inhibitor.....Page 301 Enzymes (EC 2.7.11.) Kinases involved in the NF- kB signaling
1821 CCT 007093 w.coeoooveeeeeeeeeeeeeeeeeeesseeeeeeeseeeeeessee e Protein phosphatase 1D (PPM1D) inhibitor ................cco.cooo..... Page 303 The NF-kB signaling pathway is involved in a broad range of biological processes including innate and adaptive immunity,
1611 CGP 57380 Mkl inhibit Page 310 inflammation, stress responses, B cell development, and lymphoid organogenesis. A remarkable diversity of stimuli lead
...................................................................... NKL iNhIDItOT ... PAOE to the activation of NF-kB, among which are pro-inflammatory cytokines, LPS, growth factors, and antigen receptors.
2574 Defactinib.........cccviueeiiririririreee s Second generation inhibitor of FAK and PYK2................ccc....... Page 355 They activate an IKK complex (IKKB, IKKa, and NEMO), which phosphorylates IkB proteins. Phosphorylation of kB leads
1903 DG2 ..ttt ettt RSK inhibitor (p70 ribosomal S6 kinase 1 specific)................... Page 358 to 'FS ubiquitination and pr_oteasomal degradation, freeing NF-kB/Rel pomplexes. A(,:t've NF_'KB/_ReI cpmplexes are fl_jrther
) activated by phosphorylation and translocate to the nucleus where, either alone or in combination with other transcription
1825 Erastin ..o RAS lethal compound; VDAC2 modulator ...........coocrnieeninnens Page 388 factor families including AP-1, Ets, and Stat, they induce target gene expression™?. The core elements of NF-kB signaling
1848 FMK ..ottt RSK inhibitor (p90 RSK Specific).........ccovvviriiniciciicccn Page 409 pathways are generally several steps removed from the receptor itself. The intervening steps between receptor and IKK
Lo L form links to parallel signaling pathways. For example, PKC enzymes play important roles in several signal transduction
1694 FR 180204 ........ovriieiiiriieiississiis s ERK inhibitor; AP-1 inhibitor ............ccoooiiiiiiiiiis Page 411 cascades. In NF-kB signaling, PKC-B connects the B cell receptor to canonical activation of NF-kB through a signaling
1459 GDC 0879......ciiiiciiciciiec e B-Raf protein kinase inhibitor ... Page 416 complex, including BclL0/MALT1 and NEMO/IKKy®.
2466 GO B9I83......coeeiiec s Broad spectrum PKC inhibitor ..o Page 426 * Shared principles in NF-kappaB signaling. Hayden MS, Ghosh S. Cell. 2008, 132, 344-362.
1761 GSK 1120212 ..o MEKZ and MEK2 inhibDitor ...........ccoveveveceereceeceiesece e Page 435 ? Rel/NF-«B Transcription Factors. Gilmore TD. http://www.bu.edu/nf-kb/ 2008
® Protein Kinase C-B-Dependent Activation of NF-kB in Stromal Cells Is Indispensable for the Survival of Chronic Lymphocytic Leukemia B Cells In Vivo.
1984 GW 5074 ..ottt Brain-permeable inhibitor of c-Raf with in vivo effects.............. Page 440 G. Lutzny et al. Cancer Cell. 2013, 23, 77-92.
2361 INK-IN-8 ...ttt Remarkably potent and selective covalent inhibitor of INK........ Page 481
. ) ) o ) o 1291 AEG 3482.....ceeeeeeeeeeeeeeeee e INKNRIDIOE ..o Page 189
2590 LOCOSTALIN ...t Non-toxic Raf kinase inhibitory protein (RKIP) inhibitor............. Page 512
o 2611 APS-2-79 oot Inhibitor of KSR and oncogenic Ras signaling.............ccccceevee. Page 220
1895 LY 2228820 ....ccueuiiiiiiiieieie i Inhibitor of P38 MAPK.........ccciiiiiiiiiiic Page 523
i ) . 2002 AS 602801 .......ciiiiiiiiiiiiiiiei JNK inhibitor, which inhibited JNK1, JNK2 and JNK3................ Page 227
2017 ML 210ttt Chemical probe kills cells induced to express mutant RAS........ Page 545
. o . ) 2132 BAY 11-7T082 ....ociiiiiiiiiiiiiiiiciieie et IKK inhibitor and anti-inflammatory..............cccccccoiiiiiiiiinns Page 257
1814 NQDI L.ttt Inhibitor of apoptosis signal-regulating kinase 1 (ASK1) ........... Page 582
o 2178 BCI... Allosteric inhibitor of dual-specificity phosphatases (Dusp). ...... Page 262
1223 PD 98059......ciueiiiaiieieaiieie ettt MEK INRIDITOT ... Page 617
. o 1731 BMS 345541. Cell-permeable and selective IKB (IKK) inhibitor...................... Page 280
1365 PD 169316 ..cuiiiiiiieiiiiieieeiieie ettt MAPK inhibitor (p38 SPECIfiC) .......ccevverieriiiiiicieeee e Page 620
o 1390 BX 795 PDPK1, TBK1 and IKK inhibitor ...........cccociviiiiiiiiiiiiiie Page 291
1368 PD 184352......cciiiiiiiiiiaiieiie ettt MEKL iNRIDITOT ... Page 620
o 2025 CC 401 ATP-competitive JNK inhibitor.. ...Page 300
1408 PD 0325901......cccciiiiiiiiiiiiiiiiic i MEKZ1 and MEK2 inhibitor ...........cccoooiiiiiiiiiiiciecce Page 621
. 2634 CC-930 Potent, selective, and orally active anti-fibrotic JNK inhibitor.....Page 301
2107 PF 431396 .....iiiiiiiiiiiiieieie e Dual FAK(PTK2) and PYK2 inhibitor ............cccccviiiiiiiiiiiis Page 625
o " 1950 CDDO. Potent anti-tumor agent. PPAR-gamma agonist.... .Page 304
1602 PF 4708671 .....ccouiiieeieaiieieeiiesee ettt RSK inhibitor (p70 RSK SPECIfiC) .......ccccvviiiiiiiiiiiiccicicie Page 627 o
. i X . 1772 CDDO-Me.. IKK-2 inhibitor; Inducer of the Nrf2 pathway .Page 305
2545 PF 06260933 dihydrochloride...........ccoceeevrienieieciinenns Potent and selective MAP4K4 inhibitor.............cccoviiiiiiiiinns Page 632
2575 C-DIM12. Nurrl activator stimulating apoptosis in bladder cancer cells....Page 305
1837 PH 797804.......ccoiiiiiiiiiiicii Page 635

2568 EML 425. Potent dual inhibitor of CBP and p300 (HAT/KAT3)....
PKC-beta inhibitor .

NF-kB activation inhibitor; inhibits SOC pathway ..

.Page 382
.Page 385
.Page 392
.Page 426
.Page 430

2647 Pirfenidone.........ccccoiiiiiieiieeeee s Page 640
1624 PLX 4032ttt Page 643
1474 PLX 4720 ..ottt Page 644
1364 SB 202190 .....c.ciuiiiiieiiiiinietie e Page 693
1363 SB 203580.

1682 Enzastaurin
2080 EVP 4593 ..
2466 GO 6983..
2608 GSK481..

Broad spectrum PKC inhibitor ..

Inhibitor of RIP1 kinase and TNF induced inflammation..

Page 693
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1984 GW 5074 ..o Brain-permeable inhibitor of c-Raf with in vivo effects.............. Page 440
2533 Hydroxypioglitazone ...........ccccevveiiiiiiiiniiciiiicsin, Active metabolite of Pioglitazone (M-1V), a PPARy agonist....... Page 459
1793 Lenalidomide ........ccoeoviviiiiiiiiiiiiicicree e Anti-angiogenesis agent and immunomodulator ....................... Page 506
2590 LOCOSTALIN ...uivreiieiec ittt Non-toxic Raf kinase inhibitory protein (RKIP) inhibitor............. Page 512
2362 LY 333531 hydrochloride............cceriinienienienienieniesees PKC-BiNNiDItOr ....c.oiiiiiiiiiiiicee e Page 520
1401 LY 333531 MESYIALe ....c.eeiiiiuiiiiiieeiieiesie e PKC-BiNNiDItor .....c.coviiiiiiiiiiicicicc e Page 519
1888 ML 130...ceieuiiiieieeiieieeiee e eite sttt Potent and selective inhibitor of NOD1 (NLRC1).......cccccevuvnene Page 545
1258 NeCrostatin-1 .........ccccviviiiiiiiiiiiiieiieieseeie e RIPL iNhIbItOr ... Page 571
2366 NG 25 trihydrochloride..........ccooeveeivineniniicieieceeeees Type Il inhibitor of TAK1 (MAP3K7) and MAP4K2 (GCK) ......... Page 575
2174 PD 90780 ....c.uiiitiieiiiiiiteieiesiesie ettt Inhibitor of NGFs binding to the P75 NGFR .........c.ccocccoiininne Page 617
2647 Pirfenidone.........cccooviiiiieiiiesieece e Anti-inflammatory and anti-fibrosis agent ..............ccccceiiiis Page 640
2545 PF 06260933 dihydrochloride............cccoeveiiiienienieninens Potent and selective MAP4K4 inhibitor...........ccccoovvieciiiiiiene Page 632
1651 PHA QD8 ...t TKK=2 INAIDIEOT ... Page 635
1568 PS 1145 . it TKK INRIDITOT .. Page 653
2444 SB 706504 ........c.cciiiiiiiiiiiiiii s Selective p38 MAPK inhibitor. ..........cooiiiiiiiiiiicc Page 700
1635 SOtraStaUNiN ......c.ccvrvreiiiiieiee i PKCINNIDItOF ... Page 724
2519 SP B600125......coiiiiiiiiieieciieiee s Selective, reversible, and ATP-competitive JNK inhibitor.......... Page 725
2143 SPD 304 ..ot Cell permeable inhibitor of TNFa........cccoviiiiiiiiiiiiccie Page 726
2365 SR 3576 . ccueiiiiiiiiieie ittt Potent JNK3 inhibitor with >2800-fold selectivity over p38........ Page 730
2070 SUlfasalazing .........cccooieieiieiieiieee e TKK INRIDITOT .. Page 743

Enzymes (EC 2.7.11.) Kinases involved in PISBK/AKT/mTOR  signaling

Within the class Axon LigandsTM targeting Serine/Threonine specific kinases, special interest is offered for those kinases
that are part of the PIBK/AKT/mTOR signaling pathway. It is strongly involved in the fundamental cellular processes of
protein synthesis and apoptosis, and disturbed activation of this intracellular pathway has been associated with the
development of diseases such as cancer, diabetes mellitus, and autoimmunityl. Upon activation of phosphatidylinositol
(P1)-3-kinase (PI3K) by extracellular growth factors, phosphorylation of the inner membrane phosphoinositides activates
AKT (also known as Protein Kinase B, PKB) and PDPK1 (3-phosphoinositide dependent protein kinase-1). In turn, mTOR
(mammalian target of rapamycin) is activated downstream, which plays an important role in cell cycle progressionz. In
many cancer cells, this PI3K/AKT/mTOR pathway is highly active, which can be the result of amplification or mutation of
the PI3-kinase gene; amplification or mutation of the Akt gene; or loss of function of PTEN (Phosphatase and tensin
homolog). The latter normally regulates the removal of phosphate groups of the PI3K mediated phosphorylated
membrane phospholipids, one of the regulating mechanisms to prevent over activations of this pathway.

 PI3K-Akt pathway: its functions and alterations in human cancer. Osaki M, Oshimura M, Ito H. Apoptosis 2004, 9, 667-676.
2 PI3K/AK/mTOR pathway as a target for cancer therapy. D. Morgensztern, H.L. McLeod Drugs 2005, 16, 797-803

L83L A BB ettt PI3K inhibitor (p110 alpha SPeCifiC) .......ccccevveiiiiiieiiiiiiee Page 172
2540 Akt INNIDILOr VHI ..o Inhibitor of AKEL and 2........cccveiiiiiiiiiieieee e Page 194
2368 AMUVALINID .....ooiiiiiiiiieieeeeee e RTK inhibitor (PDGFR, c-Kit and c-Met)..........cccoevvviiiiiinnenne Page 212
1424 AS 252424 ..o PI3K inhibitor (p110 gamma SPeCifiC) ...........ccccecveviiiiiiiiiics Page 226
1436 AS 252424 bispotassium salt.............ccccevviiiiiiiiiiiininnns PI3K inhibitor (p110-y SPECIfiC) ........cevviviiiiiiiiicccccc Page 226
2171 AZD 1080 ...cueiiiiiiieieeiiieeeee ettt Selective inhibitor of GSK3a and GSK-3B........ccccevviiviiiiicnenne Page 241
2194 AZD 2858 hydrochloride ..........ccoeciriiviiiiiiiiiciinieiees Potent and highly selective GSK-38 inhibitor.............cccccccovenne Page 244
1859 AZD 5363 dihydrochloride ...........ccceevereriiniieicnicieens Inhibitor of protein kinase B (AKt) .........cccoceiiiiiiiiiiiieiiciciee Page 245
1561 AZD 8055 ..ot MTOR INNIDITOT ... Page 247
1282 BAG 956 ..ot PI3K and PDPKL inhibitor .........ccoeiviiiiiiiiiiececcecee e Page 254
1281 BEZ 235. ..ttt Dual PI3K and mTOR kinase inhibitor............ccccooveiiiiinnenne Page 266
1390 BX 795 ... ittt PDPK1, TBK1 and IKK inhibitor ...........ccccoiiiiiiiiiiiiiics Page 291
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1130 BX 912ttt e PDPKZL inhibItOr ..ot Page 292
2039 CZC 24832 ....coiiiiiiiiiiiiiiieii e PI3K inhibitor (p110 gamma SPeCifiC) .........ccccoveueiiiiiiiiiics Page 345
1719 D 106669 .....ccccueieiieeiieeiieeiiieesieeseeesee e e e ee e Potent and selective PI3K inhibitor...........cccooveviiiiieiiiieiiee Page 347
1239 DEGUENIN ..ot AKEINNIDITOT. ... Page 355
2630 ECF309.... ittt Highly selective and potent inhibitor of mTOR signalling........... Page 377
1377 GDC 0941 bismesylate..........ccoevereerieiieieeieseeeseee PIBK INRIDITOT ... Page 416
1782 GDC 0980.....ccuiiiieuieiiierieiieeie e ettt Dual PI3K and mTOR inhibitor ............ccoevviiiiiiiiiieccee Page 417
2466 GO B983.....ceiiiiiiiiie i Broad spectrum PKC inhibitor ... Page 426
1596 GSK 2126458 ....ccvvieiiieiieeiiieeiie et sie e Dual PI3K and mTOR inhibitor ..........ccccceeviiiiiiiiiiiecciecie Page 436
1912 GSK 2636771 dihydrochloride............ccccoeviiiiiiiiniiniinns PI3K inhibitor (p110 beta SPecific)...........cccovvvvinciciciiici Page 437
1729 GSK B90693......c.ceiiiiiiiiiiieieeti ettt ATP-competitive pan-Akt kinase inhibitor..............cccccoeiiiin Page 434
2168 [C 87114 ..ot Potent and highly selective inhibitor of the PI3K p1100............. Page 462
2511 IM 121t GSK-38 inhibitor attenuating neuronal differentiation................ Page 465
2142 INK 128ttt Potent and selective MTOR inhibitor ..o Page 469
1472 KU 0063794......ccooiiiiiiiiiiiiiiii e MTOR INNIDITOT ... Page 496
1366 LY 294002 ......cooiiiiiiiiiiiieiiisiee e PIBK INNIBIOr ... Page 519
1684 MK 2206 ....c.ooiviiiiiiiiiiiicieei e Akt Inhibitor (QlloSteric)..........ccociiiiiiiiiiiiii i Page 543
1520 NVP-BBDI130....cccciiiuieiiciieiecireieeieesve e eie s e sve e saa e Dual PI3K and mTOR kinase inhibitor.............ccoceviiicieiiennne Page 594
2029 NVP-BGT226....ccccceiiuieiiiiieieeieeie et Orally active dual PIBK/mMTOR inhibitor ...........ccociviiiiiiinenns Page 595
1797 NVP-BKMI20 ....coiiiiiiiiieieii e Class | PI3K iNhiDItor ..........ccoviiiiiiiiiiccecececc s Page 596
2525 OSU 03012...c.ueiiiiuiiiiieiieieeieeie et ATP competitive PDK-1 inhibitor ............cccoovviiiiiiiiiiiiiis Page 607
1718 Palomid 529......ccceiiiiiiiiiiieeie e MTOR INNIDITOT ... Page 614
1663 PErifOSINe......ccviviiiiiiiiiicciiei e PIBK/AKL INNIBItOT ... Page 624
1855 PF 04691502 ......ccuiieneeiireeierereerieeeiesienieneeseeeeseeeeneseeneens PI3K and mTOR tyrosine kinase inhibitor.............c.cccceeiiiinnns Page 630
1870 PHT 427 oottt Inhibitor of Akt and PDPKL..........ccooiiiiiiiiiiiiiiiicececee Page 637
1380 PI 103 hydrochloride..........cccvevvereerieiiinieieeiesieeeseeen PI3K inhibitor (p110 SPECIfiC)......cccccvviiiiiiiiiiiiiiciecce Page 637
1334 PIK 75 hydrochloride ...........ccooveiieriiniinieieeieseeeseeene PI3K inhibitor (p110 alpha SPeCifiC) .......ccccvvieiiiiiiiiiiciiiiee Page 639
1362 PIK 90 ittt sttt PI3K inhibitor (p110 alpha SPECIfiC) ......cvvvveriieiiiiiiececiceiee Page 639
1807 PRI S8BT ..ttt ettt Dual PI3K and MTOR inhibitor ...........coccovviviiiiiiiieecicce Page 642
1664 PS A7 ..ot PDPK1 activator (alloSteric)............cccoueviiiiiiiiiiiiiiciieece Page 653
1659 PS 48....oiiiiiiiiiiiiiie i PDPK1 activator (alloSteric)...........ccccovrviiiiiiiiiiieiiiccieeeee Page 653
2069 RAPAMYCIN....eiutiiiiiiiieeieeeie ettt Specific inhibitor of MTOR; binds to FKBP12...........c.ccccovviees Page 665
L1790 SC 6.ttt Allosteric Akt iNhibItor ..........ccciiiiiiii e Page 701
2507 SC 79ttt Unique specific activator of cytosolic Akt; neuroprotective........ Page 701
2200 SRPIN 340, ittt Selective ATP competitive inhibitor of SRPK kinase activity .....Page 733
1699 TemSIrOliMUS ....c.coviiiiiiiriiicirec e MTOR INNIDItOr ... Page 758
1417 TGX 221 ettt PI3K inhibitor (p110 beta SPEeCIfiC)........cccvvverrireiiiiieiieiceee Page 761
1833 TOMNN L oo MTOR INNIDItOr ... Page 772
1834 TOMN 2 oot e MTOR INNIDItOr ..o Page 773
1706 XL PIBK/MTOR inhibitor ........ccveieerieiiiieiesiiesceie e Dual PI3K and mTOR kinase inhibitor.............cccooeviiiiiiiiennne Page 819
16885 YS 49 ..ot PIBK/AKE @CHVALOT ......viiiiiiiiiiiicicie e Page 824

Enzymes (EC 2.7.11.) Kinases involved in Wnt/  B-Catenin signaling

Wnt proteins form a family of highly conserved secreted signaling molecules that regulate cell-to-cell interactions during
embryogenesis (embryonic induction, generation of cell polarity, and the specification of cell fate). Mutations in Wnt genes
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or Wnt pathway components lead to specific developmental defects, while various human diseases, including cancer, are
caused by abnormal Wnt signaling. As currently understood, Wnt proteins bind to receptors of the Frizzled and LRP (low
density Lipoprotein Receptor-related Protein) families on the cell surface. The result is alleviation of pathway inhibition
caused by GSK-3B, APC, and Axin proteins. This stabilizes B-Catenin and promotes its nuclear translocation where it
regulates target gene transcription together with Tcf/Lef proteins. During development, the Wnt/B-catenin pathway
integrates signals from many other pathways including Retinoic acid, FGF, TGF-8, and BMP in many different cell-types
and tissues. In addition, GSK-38 is also involved in glycogen metabolism and other key pathways, which has made its
inhibition relevant to diabetes and neurodegenerative disorders.?.

L wnt signaling and stem cell control. Nusse, R. Cell Research 2008,18, 523-527.
2 Wnt Signaling: Multiple Pathways, Multiple Receptors, and Multiple Transcription Factors. M. D. Gordon, R. Nusse. J Biol Chem. 2006, 281, 22429-
22433.

1909 A 1070722 ..ot Selective inhibitor of GSK-3.........cccoiiiiiiiiiiiice Page 176
2167 AR-A QL4418 ..o ATP-competitive GSK-3 inhibitor..........c.cccooviviiiiiiiiiiciis Page 222
2171 AZD 1080 ...cvieuiiiieienieeie ittt Selective inhibitor of GSK3a and GSK-3f........cccccvvviiiiiiiinens Page 241
2194 AZD 2858 hydrochlofide............ccocoivirciiiiiciciiicce Potent and highly selective GSK-3f inhibitor..............ccccccvvee. Page 244
1693 BlO ittt GSK-3 INNIDITOT ... Page 274
1126 CHIR 98014 ......cciiiiiiiiiiiiiiici i GSK-3 INNIDITOT ... Page 313
1386 CHIR 99021......cuiiiiiiiiiiiieie i GSK-3INhIBItOr ... Page 313
2202 CK2inhibitor 10 .....ccueiieiiiieieriieee e Potent and ATP-competitive inhibitor of CK2 ............ccccccovine Page 321
1965 CX 4945 hydroChloride ........ccoverveieieieieieiesieeeeeseeene Inhibitor of casein kinase 2 (CK2).........ccccoveiiiiiiiiiiiiieicn Page 341
2574 DefactiniD.......cccoiiiiiiieieceeee e Second generation inhibitor of FAK and PYK2............ccccoevvees Page 355
2568 EML 425 ...t Potent dual inhibitor of CBP and p300 (HAT/KAT3) .....ccccceveue. Page 382
1766 1CG 001 ..o Specific inhibitor of Wnt/-catenin signaling pathway................ Page 463
2133 CRTD ittt ettt sttt B-Catenin-responsive transcription (CRT) inhibitor.................... Page 463
2510 IWR-1-eNdO ...ooiiiiiiiiiicicii e Inhibitor of the Wnt/B-catenin pathway via TNKS1&2................ Page 474
2212 IWP LBttt Highly potent porcupine (Porcn) inhibitor...........ccccceviiiiicnns Page 474
1922 JW B5 oo Inhibitor of tankyrase (TNKS 1 and 2) ........cccccceviiieiiiciinienne Page 483
2036 KY 02111 ..ottt Canonical Wnt signaling pathway inhibitor ...............c.cccceiis Page 497
2599 NVP-TNKSB5B......ccceeruiiieiiiaieiiieie e Selective TNKS inhibitor and antagonist of Wnt pathway........... Page 597
1792 PF 4800567 ......cceviiiiiiiiiiiiniicsiciesie i Inhibitor of Casein kinase 1 (CK1-epsilon) ........cccccceveiiieineenne Page 627
1303 SB 216763....c.ciiiiiiiiiiiiiciiiiei e GSK-3INhIBItOr ... Page 694
2084 SKL 200L....ccciiiiiiiiiiiiiiieiiiie s Whnt/B-catenin signaling pathway agonist or activator................ Page 717
2010 TDZD 8...ocuviiiiiiiiieie ittt Selective and non-ATP competitive inhibitor of GSK-38 ........... Page 755
1854 TTP 22ttt Inhibitor of Casein kinase 2 (CK2)........ccccccovvviviiiniiiiiiiiiiee Page 776
1562 TWS 119 i GSK-3B INNIDItOr ... Page 777
2120 Wt AQONISt L. ...oiiieiiiiiiieieeiesieeee st Whnt/B-catenin signaling pathway agonist or activator................ Page 812
1527 XAV 939 ...t Tankyrase (TNKS) inhibitor ..........ccooviiiiiiiiiiciee e Page 817

Enzymes (EC 2.7.12.) Kinases, Dual specificity

Protein kinases fall into three broad classes, characterised with respect to substrate specificity: Serine/threonine-protein
kinases, Tyrosine-protein kinases, and Dual specificity protein kinases (e.g. MEK - phosphorylates both Thr and Tyr on
target proteins)1. Four distinct MAPK cascades have been identified and named according to their MAPK module. These
are extra-cellular signal-regulated kinase (ERK1/2), c-Jun N-terminal kinase (JNK), p38 and ERK5. MEK proteins (EC
2.7.12.1) belong to a family of enzymes that lie upstream to their specific MAPK targets in MAP kinase signaling
pathways, and so far 7 MEK enzymes have been identified. MEK1 and MEK2 are closely related. They both participate in
the Ras/Raf/MEK/ERK signal transduction cascade. MEK1 (a.k.a. MAPKK-1 or MAP2K1) is the prototype member of
MEK family proteins®.
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MPS1 (EC 2.7.12.1), a dual-specificity kinase, is required for the proper functioning of the spindle assembly checkpoint
and for the maintenance of chromosomal stability. Deregulation of these processes or uncoupling of its component parts
can lead to aneuploidy and chromosomal instability (CIN), which are recognized hallmarks of cancer’.

The cdc2-like kinases (Clks; EC 2.7.12.1) are CMGC group (cyclin-dependent kinases (CDKs), mitogen-activated protein
kinases (MAP kinases), glycogen synthase kinases (GSK) and CDK-like kinases) dual-specificity kinases, capable of
autophosphorylation at tyrosine residues while phosphorylating substrates at serine and threonine residues. They make
up an essential and typically large group of kinases found in all eukaryotes. Four isoforms, Clk1-Clk4 are known to date,
which impact mRNA splicing by phosphorylating the serine- and arginine-rich (SR) family of splicing proteinsA.

! S.K. Hanks et al. The protein kinase family: conserved features and deduced phylogeny of the catalytic domains. Science. 1988, 241, 42-52.

ZA. Akinleye et al. MEK and the inhibitors: from bench to bedside. J. Hematol. Oncol. 2013, 6, 27-38.

® small-molecule kinase inhibitors provide insight into Mps1 cell cycle function. N. Kwiatkowski et al. Nat. Chem. Biol. 2010, 6, 359-368.

4 T.C. Coombs et al. Small-molecule pyrimidine inhibitors of the cdc2-like (Clk) and dual specificity tyrosine phosphorylation-regulated (Dyrk) kinases:
Development of chemical probe ML315. Bioorg. Med. Chem. Lett. 2013, 23, 3654—3661.

1642 AZ BLAB ..ot MPS1 kinase inhibitor..........c.ooviiiiiiieicicee e Page 239
1516 AZD 6244 .....ocuiiiiiiiii MEK1 and MEK2 inhibitor ............cccooiiiiiiiiiiiicccce Page 246
1999 AZD 8330 ...eiiiiiiii i MEKZL iNRIBItOr ... Page 247
1808 BIX 02188-ME......ccceiiiiiiiiiiiiiiiiiiciieieee e MEKS inhibitor; ERK5S inhibitor ............ccocooiiiiiiiiiis Page 275
1809 BIX 02189 Page 275
3346 BIX02188 EEZIIEEERTID ...........ccoovovereverennserseeeininiens Potent MEKS iNRiDItOr..........c..civiiiiirieieiceteee e Page 276
2992 CTX-0294885 ......cooeiruiiiiiiiieiiaiieie et Broad-spectrum kinase inhibitor ............ccccociiiiiiiiiii Page 340
1761 GSK 1120212 ....cociiiiiiiiiiiiiciici e MEK1 and MEK2 inhibitor ............cccooiiiiiiiiiiiicccce Page 435
3059 GW 284543 hydrochloride ........c.cccccoveriiiiiciiiiiiee Selective MEKS5 inhibitor..........cccooiiiiiiiiiiiccc Page 441
2358 MPSL-IN-2 ..ottt Inhibitor of Mps1 kinase with add-on affinity for Gak and Plk1..Page 558
1408 PD 0325901......cccciiiiiiiiiiiiiiiii s MEK1 and MEK2 inhibitor ............ccoccoiiiiiiiiiiiiicccce Page 621
1368 PD 184352........cccciiiiiiiiiiiiiec e MEKZL inhibitor ... Page 620
1223 PD 98059......ccciiiiiiiiiiiiiii MEK iNRIDItOr ... Page 617
1629 REVEISINE ...o.viuiiiieieiieiesie ettt MPS1 kinase inhibitor...........ccoviiiiiiiiiiiiccee Page 672
D122 SL 327 oot MEKZL and MEK2 inhibitor .........cccoooiiiiiiiiiiiiiiccce Page 717
2755 TC MPSL 12 ..ottt Potent and selective inhibitor of MPS1 kinase...............ccc.ce.. Page 755
1765 TG 003...ciiiiiiiiiiiiiie i Inhibitor of Cdc2-like kinase (CIk) family.............cccccoeiiiinins Page 761
2520 U 0126 ....ceiiiiiiiiiiiiiiiiiiii s Non-competitive inhibitor of MEKL/2 ..........cceoiiiiiiiiiiiiiee Page 780

Enzymes (EC 3.) Hydrolases

The group of hydrolases (EC 3.-.-.-) consists of 13 subgroups, as determined by the Nomenclature Committee of the
International Union of Biochemistry and Molecular Biology. Only few of them are represented in the Axon Ligands™
catalogue. The enzymes that catalyze the hydrolysis of various bonds are classified by the nature of the chemical bonds
they cleave. Examples of enzymes of this group of enzymes are esterases, peptidases, and deacetylases.

3027 Page 398
2820 Page 502
3080 Page 570
3086 Potent and selective Cdc25 dual specificity phosphatase (DUSP)
inhibitor.. ....Page 586
2702 NQ301 Selective allosteric inhibitor of CD45 .. .Page 582
2821 PFMO1 Inhibitor of MRE11 endonuclease ... ....Page 634
3004 Raphinl . Selective, brain-penetrant, and orally bioavailable inhibitor of
PPPLIRI5B (R1I5B)......ceivvierieieriaeirieseesesesiesieesesaesesseessiesisnees Page 665
2983 Raphinl aCetate .........ccccocivieiriiriciiiieciciece e Selective, brain-penetrant, and orally bioavailable inhibitor of
PPPLIRI5B (R15B)......coovieereeierieieieeeesesesieseeiesees e Page 665
20963 SBI-425 ..o Potent, selective and orally bioavailable TNAP inhibitor............ Page 701
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2892 STXO4 .ooieiiiiieiiee ettt Potent steroid sulfatase (STS) inhibitor ............ccccoviiiiiiiinnne Page 740

Enzymes (EC 3.1.1.) Carboxylesterases

Acetylcholinesterase (AChE; EC 3.1.1.7), a type of serine proteases, is found at mainly neuromuscular junctions and
cholinergic brain synapses, where its activity serves to terminate synaptic transmission, thereby playing a fundamental
role in acetylcholine mediated neurotransmission. Blockade of AChE results in elevated concentrations of acetylcholine in
the synaptic cleft with the potential to cause muscular paralysis, convulsions, bronchial constriction, and death by
asphyxiation. The gradual loss of AChE activity is hypothesized to be the main cause of Alzheimer's disease, as AChE in
healthy organisms plays a key role in the assembly of amyloid fiber’. Additionally, it has been shown that the main active
ingredient in cannabis, tetrahydrocannibinol, is a competitive inhibitor of acetylcholinesterase®.

The hydrolysis of the primary and secondary ester bonds between long chain fatty acids and the glycerol backbone in
triacylglycerols (TAG) is called “lipolysis” and depends on specific hydrolases commonly designated lipases. To date,
three enzymes have been implicated in the complete hydrolysis of TAG molecules in cellular lipid stores: adipose
triglyceride lipase (ATGL; EC 3.1.1.3) selectively performs the first and rate-limiting step hydrolyzing TAGs to generate
diacylglycerols (DAGs) and non-esterified fatty acids (NEFAs). Hormone-sensitive lipase (HSL; EC 3.1.1.79) is a
multifunctional enzyme capable of hydrolyzing a variety of acylesters including TAG, DAG, and monoacylglycerol (MAG).
Within the TAG hydrolysis cascade this enzyme is rate-limiting for DAG catabolism. Finally, monoglyceride lipase (MGL;
EC 3.1.1.23) efficiently cleaves MAG into glycerol and NEFAs. ATGL deficiency causes cardiomyopathy and premature
death in humans and rodents owing to severe TG accumulation in cardiac muscle®.

Lipid-modified proteins are involved in important biological events, such as signal transduction, organisation of the
cytoskeleton and vesicular transport. Post-translational S-palmitoylation for example directs the trafficking and membrane
localization of hundreds of cellular proteins, often involving a coordinated palmitoylation cycle that requires both protein
acyl transferases (PATs) and acyl protein thioesterases (APTs; EC 3.1.2.22). APT1 (a.k.a. LYPLAL) was the first
characterized cytosolic protein depalmitoylase, yet initially annotated as a lysophospholipase®. Since It was shown that
peptides that resemble the dual lipidation motifs of Ras or G-protein a subunits are efficiently palmitoylated and localized
at the plasma membrane, the APT1 enzyme is of interest for its role in Ras signaling related oncology research, among
other fields of interest®.

: Acetylcholinesterase — new roles for an old actor. H. Soreq, S. Seidman. Nat. Rev. Neurosc. 2001, 2, 294-302.

2 A Molecular Link Between the Active Component of Marijuana and Alzheimer's Disease Pathology. L.M. Eubanks et al. Mol Pharm. 2006, 3, 773-777.
3 A. Lass et al. Lipolysis — A highly regulated multi-enzyme complex mediates the catabolism of cellular fat stores. Prog. Lipid Res. 2011, 50, 14-27.
453 Won et al. Molecular Mechanism for Isoform-Selective Inhibition of Acyl Protein Thioesterases 1 and 2 (APT1 and APT2). ACS Chem Biol. 2016
Oct 31.

° M Biel et al. Synthesis and evaluation of acyl protein thioesterase 1 (APT1) inhibitors. Chemistry. 2006 May 15;12(15):4121-43.
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3167 Rivastigmine tartrate

Enzymes (EC 3.1.1.) Carboxylesterases, PLA

Phospholipases and acetylcholinesterases are members of the subclass of esterases. Hydrolyzing phospholipids into a
carboxylic acid and a lysophospholipid, the PLA1 and PLA2 (EC 3.1.1.4) esterases differentiate from PLC (EC 3.1.4.11)
and PLD (EC 3.1.4.4) which are responsible for cleaving either sites of the phophonate bonds present in phospholipids.
Due to the importance of PLA2 in inflammatory responses, regulation of the enzyme is essential. PLA2 is regulated by
phosphorylation and calcium concentrations. PLA2 is phosphorylated by a MAPK at Serine-505. When phosphorylation is
coupled \{vith an influx of calcium ions, PLA2 becomes stimulated and can translocate to the membrane to begin
catalysis.

* Properties and Regulation of Cytosolic Phospholipase A2. C.C. Leslie. J. Biol. Chem. 1997, 272, 16709-16712.

2578 ASB14780 .. Page 228
2661 AZD2716 ... Page 248
1609 CDIBA ... Page 305
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Enzymes (EC 3.1.1.) Carboxylesterases, MAGL

Monoacylglycerol lipase (MAGL; EC 3.1.1.23) is the principal enzyme responsible for the in vivo degradation of 2-
arachidonoyl glycerol (2-AG), an endogenous ligand of the cannabinoid receptors. Two other enzymes that participate in
the breakdown of 2-AG are a/B-hydrolase domain-containing 6 (ABHD6) and a/B-hydrolase domain-containing 12
(ABHD12). It has been hypothesized that inhibition of MAGL may represent a useful and novel approach for the treatment
of neuropathic pain, anxiety and inflammatory bowel diseases, vomiting, and nausea, as well as against the proliferation
and migration of cancer cells®.

' J.Z.Patel et al. Loratadine analogues as MAGL inhibitors. Bioorg Med Chem Lett. 2015 Apr 1;25(7):1436-42.

3000 ABX-143L ..ocuiiiiiiiiiieiieie ettt Highly potent, selective, brain-penetrant, and orally available MAGL
INNIDITOT ... Page 183
2486 JZP 301 ..o Selective reversible inhibitor of MAGL; H1 antagonist............... Page 485
2580 MJINILLO .ottt Potent, selective, and in-vivo-active MAGL inhibitor.................. Page 541
2696 URBBO2 ....ccooiuiiiieiieiiieiiesieeie ettt Non-competitive inhibitor of MAGL ..........cccovviiiiiiieiicceee Page 788

Enzymes (EC 3.1.3.) Phosphoprotein phosphatase

The family of phosphoprotein phosphatases includes enzymes that dephosphorylate serine, threonine (EC 3.1.3.16) and
tyrosine (EC 3.1.3.48) residues within their substrates. Analogous to kinases, some show certain specificity towards
Ser/Thr or Tyr residues, like PPM1D (EC 3.1.3.16). Phosphatases that do not show this selectivity are classified as dual-
specificity phosphatases (DUSP).

Protein phosphatase magnesium-dependent 1 & (PPM1D; EC 3.1.3.16, also known as wipl (wild type p53 induced
protein phosphatase 1)) is a member of the PP2C family of Ser/Thr protein phosphatases, and was initially characterized
as a p53-regulated phosphatase responsible for inactivation of p38 MAPK and consequent inactivation of p53. PPM1D
also abrogates cell cycle checkpoints by reducing p53 and Chk1 activities through direct dephosphorylation, and it has
been shown to be amplified and overexpressed in some human breast and prostate cancers, two steroid hormone-
dependent cancers*?.

Protein phosphatase 1 regulatory subunit 15A (PPP1R15A; also known as growth arrest and DNA damage-inducible
protein GADD34) is a member of the protein family whose expression is up-regulated by growth arrest and DNA damage.
It recruits the serine/threonine-protein phosphatase PP1 to dephosphorylate the translation initiation factor elF-
2A/EIF2S1, thereby reversing the shut-off of protein synthesis initiated by stress-inducible kinases and facilitating
recovery of cells from stress®. PPP1R15a down-regulates the TGF-B signaling pathway by Promoting dephosphorylation
of TGFB1 by PP1, and may promote apoptosis by inducing TP53 phosphorylation on Ser-15".

DUSPs have been implicated as major modulators of critical signalling pathways that are dysregulated in various
diseases. DUSPs can be divided into six subgroups on the basis of sequence similarity. Of these subgroups, a great deal
of research has focused on the characterization of the mitogen-activated protein kinase phosphatases (MKPS)S. While
DUSP1 has been identified as a prototypic MAPK phosphatase (DUSP1), an essential endogenous regulator of the
inflammatory response to lipopolysaccharide (LPS)G, the DUSP6 functions as a feedback regulator of fibroblast growth
factor (FGF) signaling to limit the activity of extracellular signal-regulated kinases (ERKs) 1 and 2.

Tacrolimus (FK506, Axon 2263) is an immunosuppressive agent that suppresses both the immune response and
apoptosis through inhibition of the phosphatase activity of calcineurin (calcium dependent serine/threonine protein
phosphatase 2B; EC 3.1.3.16). FKBP12, the best-characterized member of the FKBP family of immunophilins, interacts
with calcineurin only in the presence of Tacrolimus®. Structural studies have shown that the FKBP12—FK506 complex
binds 'snugly’ to calcineurin and blocks its interaction with substrates. Calcineurin, that is activated by Ca2+ and
calmodulin, is implicated in both signal transduction events and apoptosisg.

The tumor suppressor phosphatase and tensin homolog deleted on chromosome 10 (PTEN; EC 3.1.3.67), a
phosphatidylinositol 3'-phosphatase that converts PtdIns(3,4,5)P3 to phosphatidylinositol 4,5-bisphosphate, is one of the
three regulators (besides PI3K and SHIP) of the cellular level of phosphatidylinositol (3,4,5)-trisphosphate
[PtdIns(3,4,5)P3], and one of the most important tumor suppressors by down-regulating the PI3K—Akt—-mTOR pathway,
through its lipid phosphatase activitym. Due to its protein phosphatase activity, PTEN plays an important role as one of
the key mediators of downstream GPCR signaling. As such, its role is also emerging as an important factor in other
diseases, such as diabetes and autism spectrum disorders. For example, depletion of PTEN enhances the sensitivity of
neutrophil to chemoattractant stimulation, augments neutrophil recruitment to sites of infection, and prevents neutrophil
death. In a neutropenia-related pneumonia model, PTEN-null neutrophils possess an enhanced bacteria-killing capability,
and their recruitment to the inflamed lungs is augmented“.

Protein tyrosine phosphatase, receptor type, C (PTPRC or CD45; EC 3.1.3.48) is expressed at high levels on the surface
of all nucleated hematopoietic cells, and known to be a signaling molecule that regulate a variety of cellular processes
including cell growth, differentiation, mitosis, and oncogenic transformation*?. PTPRC is an essential regulator of T- and
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B-cell antigen receptor signaling. It functions through either direct interaction with components of the antigen receptor
complexes, or by activating various Src family kinases required for the antigen receptor signaling. Throughout the life of a
T-cell, PTPRC is differentially glycosylated, and the glycosylation state of PTPRC controls recognition by various binding
partners, affects intracellular signaling by the cytoplasmic tyrosine phosphatase domain and modulates the response of
the T—cell14to antigenm. This PTPRC also suppresses JAK kinases, and thus functions as a regulator of cytokine receptor
signaling™.

SHP-2 (EC 3.1.3.48; aka tyrosine-protein phosphatase non-receptor type 11 (PTPN11), protein-tyrosine phosphatase 1D
(PTP-1D), or protein-tyrosine phosphatase 2C (PTP-2C)) is a cytoplasmic SH2 (Src-homology 2) domain containing
member of the family of protein tyrosine phosphatases (PTP), transducing signal relay from the cell surface to the
nucleus™. It is ubiquitously expressed and shown to be involved in regulation of cellular development and differentiation,
survival, and migration by promoting growth factors-induced activation of PI3K/Akt, the extracellular signal-related kinases
(ERKs), NF-kB, JAK2/STAT, and other pathways*®.

L D.A. Proia et al. Dual roles for the phosphatase PPM1D in regulating progesterone receptor function. J. Biol. Chem. 2006, 281, 7089-7101.

2. Jiao et al. PPM1D as a novel biomarker for prostate cancer after radical prostatectomy. Anticancer Res. 2014, 34, 2919-2925.

3 H.P. Harding et al. Ppp1r15 gene knockout reveals an essential role for translation initiation factor 2 alpha (elF2a) dephosphorylation in mammalian
development. Proc Natl Acad Sci U S A. 2009, 106(6), 1832—1837.

“ E. Kojima et al. The function of GADD34 is a recovery from a shutoff of protein synthesis induced by ER stress: elucidation by GADD34-deficient mice.
FASEB J. 2003 Aug;17(11):1573-5.

° Dual-specificity phosphatases: critical regulators with diverse cellular targets. K.I. Patterson et al. Biochem. J. 2009, , 418, 475-489.

® Dual specificity phosphatase 1 (DUSP1) regulates a subset of LPS-induced genes and protects mice from lethal endotoxin shock. M. Hammer et al. J.
Exp. Med. 2006, 203, 15-20.

7 Dusp6(Mkp3) is a negative feedback regulator of FGF stimulated ERK signaling during mouse development

Chaoying Li. Development. 2007, 134, 167-176.

® C.B. Kang et al. FKBP family proteins: immunophilins with versatile biological functions. Neurosignals. 2008, 16, 318-325.

° M. Shirane et al. Inherent calcineurin inhibitor FKBP38 targets Bcl-2 to mitochondria and inhibits apoptosis. Nat. Cell Biol. 2003, 5, 28-37.

'y, Li et al. Pretreatment with phosphatase and tensin homolog deleted on chromosome 10 (PTEN) inhibitor SF1670 augments the efficacy of
granulocyte transfusion in a clinically relevant mouse model. Blood. 2011, 117, 6702-6713.

™ C.A. Worby et al. PTEN. Annu. Rev. Biochem. 2014, 83, 641-669.

2 M.L. Hermiston et al. CD45: a critical regulator of signaling thresholds in immune cells. Annu Rev. Immunol. 2003, 21, 107-137.

A Earl et al. CD45 glycosylation controls T-cell life and death. Immunol. Cell Biol. 2008, 86, 608-615.

*J. Zikherman et al. Quantitative differences in CD45 expression unmask functions for CD45 in B-cell development, tolerance, and survival. Proc. Natl.
Acad. Sci. USA. 2012, 109, E3-12.

* CK Qu. The SHP-2 tyrosine phosphatase: signaling mechanisms and biological functions. Cell Res. 2000 Dec;10(4):279-88.

'8 J Kiyan et al. The tyrosine phosphatase SHP-2 controls urokinase-dependent signaling and functions in human vascular smooth muscle cells. Exp
Cell Res. 2009 Apr 1;315(6):1029-39.

2178 Bl Allosteric inhibitor of dual-specificity phosphatases (Dusp). ...... Page 262
2852 BCI hydrochlonide ..........cccceieriiiiiiiiieee e Allosteric inhibitor of dual-specificity phosphatases (DUSP) .....Page 262
1821 CCT 007093 .....ceiiiiiiiiiiiiiie e Protein phosphatase 1D (PPM1D) inhibitor............ccccoveieiieene Page 303
3018 DJI00L .ooeiieiiiieciieeeie et Selective, non-competitive, allosteric inhibitor of PTPo............. Page 365
2524 SEPNIN 1 .o Selective PPPLIR15A iNhibitor ........ccooviiiiiiiiiiiiicc, Page 708
2186 SF 1670 ..ccueiiieiiiiieie ittt Inhibitor of PTEN with inhibitory effect on PTPRC and GALK ...Page 709
2263 TACTOlIMUS ...t Calcineurin (Ca2+ dependent) inhibitor............cccooeviiiiiiinens Page 749
2723 TPI-L o Selective SHPL inhibitor.........cccovoviiiiiiiiee s Page 773

Enzymes (EC 3.1.4.) Phosphodiesterases

No less than eleven sub-types of the enzyme family of phosphodiesterases (PDE; EC 3.1.4.-) are known to date, many of
which exist as splice variants®. They are essential regulators of cyclic nucleotide signaling with diverse physiological
functions. Roughly, the sub-types can be divided into 3 groups: one group of enzymes specifically degrades cyclic
adenosine monophosphate (cCAMP; PDE4, 7 and 8), another group specifically targets cyclic guanosine monophosphate
(cGMP; PDES5, 6, and 9), whereas the third group of enzymes (including PDE1, 2, 3, 10, and 11) are non specific towards
either cAMP or cGMP. PDEs influence a vast array of pharmacological processes, including pro-inflammatory mediator
production and action, ion channel function, muscle contraction, learning, differentiation, apoptosis, lipogenesis,
glycogenolysis and gluconeogenesis. Recent advances in molecular pharmacology of PDE isoenzymes resulted in
identification of new potential applications of PDE inhibitors in various therapeutic areas, including dementia, depression
and schizophrenia®.

Phosphatidic acid (PA) is a lipid second messenger located at the intersection of several lipid metabolism and cell
signaling events including membrane trafficking, survival, and proliferation. Generation of signaling PA has long been
primarily attributed to the activation of phospholipase D (PLD; EC 3.1.4.4). PLD catalyzes the hydrolysis of
phosphatidylcholine into PA. A variety of both receptor—tgrosine kinase and G-protein-coupled receptor stimulations have
been shown to lead to PLD activation and PA generation
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* Molecular biology of the cyclic AMP-specific cyclic nucleotide phosphodiesterases: a diverse family of regulatory enzymes. Bolger G. B. Cell. Signal.
%?’i%s%hggg?;%se: overview of protein structures, potential therapeutic applications and recent progress in drug development. Y. H. Jeon,Y. -S. Heo,
C. M. Kim,Y. -L. Hyun, T. G. Lee, S. Ro and J. M. Cho. Cell. Mol. Life Sci. Vol. 2005, 62, 1198.

3 S.A. Scott et al. Regulation of phospholipase D activity and phosphatidic acid production after purinergic (P2Y6) receptor stimulation. J. Biol. Chem.
2013, 288, 20477-20487.
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Potent, selective, allosteric inhibitor of PDE4D...
Potent PDE4 inhibitor; Anti-inflammatory agent .
Phospholipase D (PLD) inhibitor ..
Potent and selective inhibitor of PDES5 ..
First-in-class, potent ATX inhibitor...
Noncompetitive, neutral, magnesium-dependent SMase inhibitorPac 444
PDE4 inhibitor .... .Page 499
First-in-class, potent, selective and CNS-active NAPE-PLD inhibitorf 506
PDES3 inhibitor . .Page 539

1168 Olprinone hydrochloride..............ccccooviiiiiiiiiiiiiics PDE3 inhibitor ... ...Page 602
1482 Parogrelil ......oovivieeiiieiieieieeee e PDES inhibitor ... ...Page 615
1709 PDES5 inhibitor 42.........covviieiiiieiecieieeeeceeie s PDES inhibitor .... ...Page 622
2825 PDE9A inhibitor C33(S) ....eeovevierierieieneeiesiresieeee e Potent and selective PDE9A inhibitor...........c.cccooovvviiiiiiiiene Page 622
3179 Pentoxifylline EEZIEEERIIN..............covevveverererererererenaes Non-specific inhibitor of CAMP phosphodiesterases.................. Page 623
2148 PF 04447943 ..ottt Selective, brain penetrant PDE9A inhibitor.............cccccviiiiens Page 630
2352 ROFIUMIIAST....ccueiieiiiiiiieicee e First specific PDE4 inhibitor licensed for treatment of COPD.....Page 680
1212 RONPraM ...ocviviiiiiiicic s PDE4 iNhibitor .......coiiiiiii e Page 680
1229 Rolipram, (R)-(-)- ieoerreriinieiirieierieieeeeeese e PDE4 iNhibitor ..o Page 681
1432 Rolipram, (S)-(#)=..ccciviiiiiiiniciiciin e PDE4 iNhibitor .......coiiiiii e Page 681
1592 SB 207499.....cociiiiiiiiiii e PDE4 inhibitor ... Page 694
2046 Sildenafil CItrate ..........ccovereriierieie e Inhibitor of cGMP-specific PDES ..........cccociiiiiiiiiiiiiciicee Page 712
2399 TAK 0B3....ociiiiieiieie ittt ettt Highly potent, selective, and orally active PDE10A inhibitor......Page 749
1225 U 73122 PLC INNIDITOr ... Page 780
1216  ZardaVeriNe.......coveeeiueeiieieeie ettt PDE3 and PDEZ4 iNhibitor .........ccoveiiiieiiiieceecee e Page 828

Enzymes (EC 3.1.22.) Endodeoxyribonucleases

DNA double strand breaks (DSBs) can be repaired by end joining pathways that do not utilize significant homology at the
broken ends, or through homologous recombination (HR). When HR is used for repair, in eukaryotes it is promoted by the
recombinase RAD51 (EC 3.1.22.4), which binds to 3'-tailed single strands at the end of DSBs in a helical fashion and
promotes pairing with homologous DNA sequences as a prelude to strand invasion and repair of the DSBs'. Five
subtypes of the RAD51 recombinase family are known (RAD51B, RAD51C, RAD51D, XRCC2 and XRCC3), which all act
to transduce the DNA damage signal to effector kinases and to promote break repair. RAD51 resides as a small
monomeric molecule which assembles into long helical polymers that wrap around the ssDNA tail at the break site. The
resulting nucleoprotein filament catalyses pairing with and strand invasion into an intact homologous DNA molecule.
Assembly of RAD51 monomers onto ssDNA is a relatively slow process and is facilitated by several mediator proteins.
The tumor suppressor protein BRCA2 is the best-characterized loader of RAD51 monomers at DSBs% Overexpression of
Rad51 is found in human tumors, and its increase is related to p53 function.

“ H.L. Klein. The consequences of Rad51 overexpression for normal and tumor cells. DNA Repair 2008, 7, 686-693.
2 N. Suwakia, K. Klarea, M. Tarsounas. RAD51 paralogs: Roles in DNA damage signaling, recombinational repair and tumorigenesis. Semin. Cell Dev.
Biol. 2011, 22, 898-905.

1911 RADS51 inhibitor BO2 ..........cccooiiiiiiiiiiiiciiccccce Inhibitor of RADSL ..o Page 663
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1885 RI-L.iiiiiiiiiiiiiiiiisiei et Inhibitor of the central recombination protein RAD51 ................ Page 673
2584 RS-1 .ottt Enhancer of CRISPR-based genome editing & HDR/RAD51....Page 684

Enzymes (EC 3.2.1.) Glycosidases

Alpha-Mannosidosis is a lysosomal storage disorder caused by deficient activity of the enzyme alpha-D-mannosidase (EC
3.2.1.24). In humans it is known to be caused by an autosomal recessive genetic mutation. causes sugar build up and
impairs cell function. Complete absence of functional enzyme leads to death during early childhood due to deterioration of
the central nervous system. Enzyme with low residual activity leads to a milder type of the disease, with symptoms like
reduced hearing, mental retardation, susceptibility to bacterial infections and skeletal deformities”.

Miglitol (Axon 2067), an alpha-glucosidase (EC 3.2.1.20) inhibitor, is an oral antihyperglycaemic agent is indicated for the
treatment of patients with type 2 diabetes mellitus®.

* Adult alpha-mannosidosis: clinical progression in the absence of demyelination. A. Gutschalk, 1. Harting, M. Cantz, C. Springer, K. Rohrschneider,
H.M. Meinck. Neurology. 2004, 63, 1744-1746.
2 Miglitol: a review of its therapeutic potential in type 2 diabetes mellitus. L.J. Scott, C.M. Spencer. Drugs. 2000, 9, 521-549.

2617 GSK837149.. ...Selective inhibitor of human fatty acid synthase (FAS).............. Page 434
1730 Kifunensine, (+)- Alpha-mannosidase inhibitor ... Page490
2067 Miglitol .... Alpha-glucosidase inhibitor; oral anti-diabetic .......................... Page539

Selective and orally available inhibitor of influenza
VIrUS NEUraminidases...........cooeovieiiiiiiicic e Page 606

3136 Oseltamivir phosphate .

2934 TH BABT .ottt Potent and selective active-site OGGL1 inhibitor ..............ccoc..... Page 763

Enzymes (EC 3.3.2.) Glycosidases

Soluble expoxide hydrolase (sEH; EC 3.3.2.10) is a key enzyme in the metabolism of eicosanoid epoxides, including
epoxyeicosatrienoic acids (EETs) and of leukotoxin (LTX). EETs, endothelium-derived hyperpolarizing factors, exhibit
potentially beneficial properties, including anti-inflammatory effects and vasodilation. The enzyme is a bifunctional
homodimeric complex located in both cytosol and peroxisomes with hydrolase and phosphatase activity1. GSK2256294A
(Axon 2220) is a potent, selective inhibitor of sEH, and attenuates cigarette smoke-induced inflammation by both
inhibiting its initiation and/or maintenance and promoting its resolution. GSK2256294A would be an appropriate agent to
evaluate the role of sEH in clinical studies, for example in diseases where cigarette smoke is a risk factor, such as chronic
obstructive pulmonary disease (COPD) and cardiovascular disease®.

Leukotriene A4 hydrolase/aminopeptidase (LTA4H; EC 3.3.2.6) is a ubiquitously expressed bifunctional zinc
metalloenzyme with epoxide hydrolase and aminopeptidase activities utilizing the same Zn present active site. It
catalyzes biosynthesis of the proinflammatory mediator, LTB4, implicated in chronic inflammatory diseases. Recently, the
chemotactic tripeptide Pro-Gly-Pro was identified as the enzyme’s endogenous peptidase substrate®*.

L H.C. Shen. Soluble epoxide hydrolase inhibitors: a patent review. Expert Opin. Ther. Pat. 2010, 20, 941-956.

2 P.L. Podolin et al. In vitro and in vivo characterization of a novel soluble epoxide hydrolase inhibitor. Prostaglandins Other Lipid. Mediat. 2013, 104-
105, 25-31.

% s. Thangapandian et al. Molecular dynamics simulation study and hybrid pharmacophore model development in human LTA4H inhibitor design. PLoS
One. 2012, 7, e34593.

* A.M. Fourie. Modulation of inflammatory disease by inhibitors of leukotriene A4 hydrolase. Curr. Opin. Investig. Drugs. 2009, 10, 1173-1182.

2307 ARMIL....oiiiiiiiiii s Novel type of LTA4H inhibitor...........ccociiiiiiiiiiiiicccie Page 224
2220 GSK 2256294A.......ooiiiiiiiiiiiecie e Potent, reversible, tight binding inhibitor of human sgH............. Page437
3022 TUPS .ottt Soluble epoxide hydrolase inhibitor.............cccccviiiiiiiiiien. Page 777

Enzymes (EC 3.4.) Peptidases

Proteases, also known as proteolytic enzymes, are enzymes that catalyze the breakdown of proteins by hydrolysis of
peptide bonds. By cleaving proteins, proteases are involved in the control of a large number of key physiological
processes such as cell-cycle progression, cell proliferation and cell death, DNA replication, tissue remodeling,
haemostasis (coagulation), wound healing and the immune response. So far, inappropriate proteolysis has been found to
have a major role in cancer as well as cardiovascular, inflammatory, neurodegenerative, bacterial, viral and parasitic
diseases. Because excessive proteolysis can be prevented by blocking the appropriate proteases, this area is widely
explored by pharmaceutical companies. Their mechanism of action classifies the large family of proteases as either
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serine, cysteine or threonine proteases (amino-terminal nucleophile hydrolases), or as aspartic, metallo and glutamic
proteases (with glutamic proteases being the only subtype not found in mammals so far)l. Interestingly, the serine and
cysteine proteases act directly as nucleophiles to attack the substrate (by generating covalent acyl enzyme
intermediates). On the other hand, the aspartyl and zinc proteases activate water molecules as the direct attacking
species on the peptide bond. Proteases of the different classes can be further grouped into families on the basis of amino
acid sequence comparison, and families can be assembled into clans based on similarities in their three-dimensional
structures®.

Proteasomes are protein complexes inside all eukaryotes and archaea, and in some bacteria which main function is to
degrade unneeded or damaged proteins by proteolysis. The 26S proteasome is a eukaryotic ATP-dependent protease
(EC 3.4.-) that is known to collaborate with the ubiquitin system, the system that tags proteins with polyubiquitin chains
as a marker for protein degradation in eukaryotic cells that degrades ubiquitin conjugates®. It consists of no less than 31
principal subunits arranged into two subcomplexes, the 20S core protease (CP) and the 19S regulatory particle (RP). The
CP is a broad spectrum ATP- and Ubiquitin-independent protease. It is a cylindrical stack created by the assembly of four
heptameric rings. The two peripheral rings are composed of seven related a-subunits and the two central rings are
composed of seven related B-subunits. The subunits have active sites with various hydrolase cleavage capacities,
enabling the 26S proteasome to cleave most, if not all, peptide bonds®. Bortezomib (Axon 1810) is a specific inhibitor of
26S proteasome activity with approved application for use in multiple myelomas.

! Targeting proteases: successes, failures and future prospects. Boris Turk. Nature Reviews — Drug Discovery. Volume 5, 2006, 785-799.

2 Proteases: Multifunctional Enzymes in Life and Disease. C. Lépez-Otin, J.S. Bond. J. Biol. Chem. 2008, 283, 30433-30437.

3 S. Murata, H. Yashiroda, K. Tanaka. Molecular mechanisms of proteasome assembly. Nat. Rev. Mol. Cell Biol. 2009, 10, 104-115.

*J. Smalle, R.D. Vierstra. The ubiquitin 26S proteasome proteolytic pathway. Annu. Rev. Plant Biol. 2004, 55, 555-590.

® Mechanisms of Proteasome Inhibitor PS-341-induced G2-M-Phase Arrest and Apoptosis in Human Non-Small Cell Lung Cancer Cell Lines. Y Ling et
al. Clin. Cancer Res. 2003, 9, 1145-1154.

1810 BOrEZOMID....ccueiiiiiiiiiieieeie e Inhibitor of 26S Proteasome ...........ccccevvvviviiiiiiicicccce Page 282
1869 MG 132ttt Inhibitor of 26S Proteasome ...........ccccecviiiiiiiiiiiiiccce Page 536
2556 MLN 2238 .....ciuiiiiiiieiiieiesie ettt Selective and reversible 20S proteasome inhibitor................... Page 554
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Enzymes (EC 3.4.11.) Amino peptidases

A class of aminopeptidases, widely distributed throughout the animal and plant kingdoms, and found in many subcellular
organelles, in cytoplasm, and as membrane components. The aminopeptidase MetAP2 (EC 3.4.11.18) is of particular
interest because the enzyme plays a key role in angiogenesis, the growth of new blood vessels, which is necessary for
the progression of diseases including solid tumor cancers and rheumatoid arthritis®.

* Methionine aminopeptidase 2 inhibition is an effective treatment strategy for neuroblastoma in preclinical models. M.J. Morowitz et al. Clin. Cancer
Res. 2005, 11, 2680-2685.

1666 A 357300 ....cciiiiiiiiiiiiiiie MetAP2 inhibitor ..........coiiiiiii e Page 173

Enzymes (EC 3.4.14.) Di- and tripeptidyl peptidases

Di- and tripeptidyl peptidases (EC 3.4.14.-) make up an individual class of aminopeptidases. DPP4 (EC 3.4.14.5) is also
known as adenosine deaminase complexing protein 2 or CD26 (cluster of differentiation 26). It is an antigenic enzyme
expressed on the surface of most cell types and is associated with immune regulation, signal transduction and apoptosis.
It is an intrinsic membrane glycoprotein and a serine exopeptidase that cleaves X-proline dipeptides from the N-terminus
of polypeptides. Additionally, it has been proven to be implicated in the pathogenesis of type 2 diabetes®.

Butabindide oxalate (Axon 1228) has proven to inhibit the cholecystokinin-8 (CCK-8)-inactivating peptidase, which is in
fact a membrane-bound isoform of tripeptidyl peptidase Il (EC 3.4.14.10). CCK-8 in its sulfated form functions as a
neurotransmitter. It is released in response to ingestion of food and is involved in the control of food digestion through
regulation of gallbladder contraction, pancreatic secretion, and contraction of the pyloric sphincter to delay gastric
emptying. Inhibition of the enzyme therefore could be an opportunity to treat obesity related metabolic diseases®.

* Vildagliptin, a dipetidyl peptidase-IV inhibitor, improves model-assessed B-cell function in patients with type 2 diabetes. A. Mari et al. J. Clin.
Endocrinol. Metab. 2005, 90, 4888-4894.

2 Inhibitors of Tripeptidyl Peptidase 1. 3. Derivation of Butabindide by Successive Structure Optimizations Leading to a Potential General Approach to
Designing Exopeptidase Inhibitors. C.R. Ganellin et al. J. Med. Chem., 2005, 48, 7333-7342.

3310 Alogliptin benzoate EEEIIEEEITIN..............cc.ccovvvvvrennnn, Potent, highly selective and orally active DPP-4 inhibitor.......... Page 196
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1228 Butabindide oXalate ............cccovviiiiiiiiiiiii TPP2iINhibItor.......ciiiiiiiiiiec e Page 290
2354 LiNagliptin ......cooviviiiiiiiiiieiis s Competitive and highly selective DPP-4 inhibitor ...................... Page 509
AN ST [TS L)l Recent Addition EN R Potent, selective and orally active DPP-4 inhibitor .................. Page 714
2470 Trelagliptin SUCCINALE .......cc.veviiiieieniieieeee e Orally active DPP4 inhibitor (type 2 diabetes) ..........c.cccccvvnens Page 774
1631 Vildagliptin ....cc.ceiueeeieieieiieeeeie e DPP4 INAIDITOT ... Page 798

Enzymes (EC 3.4.19.) Omega peptidases

The proper regulation of apoptosis is essential for the survival of multicellular organisms. It has become clear that the
post-translational modification of apoptotic proteins by ubiquitination regulates key components in cell death signaling
cascades. Ubiquitination, which describes the covalent modification of target proteins with ubiquitin, has a profound
bearing on the fate and function of its substrates and requires the enzymic activity of an E1, an E2 and an E3 protein (of
which many subtypes are known to date). While ubiquitination, similarly to phosphorylation, is a reversible modification, in
mammals, approximately 100 DUBs (EC 3.4.19.12) function to depolymerize and remove ubiquitin adducts as well. USP7
and USP47 are just two examples of deubiquitination enzymes that assist in the highly complex processes that regulate
apoptosis®. USP7 (or HAUSP) is most popularly known as a direct antagonist of Mdm2, the E3 ubiquitin ligase for the p53
tumor suppressor protein®. Similarly, USP47 was recently identified as a novel interactor of the E3 ubiquitin ligase SCFp-
Trcp. However, in contrast with the effects of USP7, USP47 depletion seems not to depend on p53 status®.

Human ubiquitin-specific protease 1 (USP1), which is associated with UAF1, has been identified as the deubiquitinase
(DUB) responsible for deubiquitinating PCNA, FANCD2 and FANCI in the DNA damage response. USP1 is also required
for the FANCD?2 foci formation in both mouse and human cells. A high level of genomic instability has been linked to
deficiency in human ATADS5 (the human ortholog of yeast Elgl), which mediates PCNA deubiquitination by USP1-UAF1.
Together, these observations suggest that the DUB activity of USP1-UAF1 is important for the normal cellular response to
DNA damage®.

* Ubiquitylation in apoptosis: a post-translational modification at the edge of life and death. D. Vucic, V.M. Dixit, I.E. Wertz. Nat. Rev. Mol. Cell Biol.
2011, 12, 439-452.

2 M. Li, D. Chen, A. Shiloh, J. Luo, A.Y. Nikolaev, J. Qin, W. Gu. Deubiquitination of p53 by HAUSP is an important pathway for p53 stabilization. Nature
2002, 416, 648-653.

® The ubiquitin-specific protease USP47 is a novel B-TRCP interactor regulating cell survival. A. Peschiaroli, J.R. Skaar, M. Pagano, G. Melino.
Oncogene 2010, 29, 1384-1393.

4 Q. Liang et al.A selective USP1-UAF1 inhibitor links deubiquitination to DNA damage responses. Nat Chem. Biol. 2014, 10, 298-304.

1798 Eeyarestatin l........ccccceviveininieiieiicceeeeee e Inhibitor of ER associated protein degradation (ERAD)............. Page 377
2449 LDN 57444 ...ttt Reversible, competitive inhibitor of UCH-L1 deubiquitinase....... Page 505
2309 ML 3231 . Inhibitor of the USP1-UAF1 deubiquitinase complex................ Page 548
2995 ML 367 ..oiiiiiiieiiiieeee et Inhibitor of ATADS stabilization .............cccccoviviiiiiiiiiie Page 551
2678 ML3B4 ... Inhibitor of the deubiquitinase USP2 ............cccccoovvviiiiiiiiiene Page 552
2228 NSC B87852 .....ueiuiiiciiiiieieiii ettt Inhibitor of 19S DUBs: UCHL5 and USP14..........cccccceevivnnne. Page 589
2011 P O0509L ..ottt Inhibitor of deubiquitinase USP7 and USP47 ............cccoevvenee Page 612
1906 P 22077 .ttt Inhibitor of deubiquitinase USP7 and USP47 ............cccccevvenen. Page 612
2512 SPaUtiNn L ...occiiiiiiiiiiiii s Inhibitor of USP10 and USP13 and autophagy ............cc.ccccceeeee Page 726
2333 TCID it Potent inhibitor of UCHL3 with good selectivity over UCHLL ....Page 755
2991 USP7-USPA47 inhibitor ........cccooieiiriiniiiiceeeseeiesieee Selective inhibitor of deubiquitinase USP7 and USP47............. Page 789
1779 WP 1130ttt Deubiquitinase INhibitor............cccooiiiiie Page 813

Enzymes (EC 3.4.21.) Serine proteases

The large family of serine proteases (almost one-third of all proteases; EC 3.4.21.-) is characterized by its general
mechanism of action to cleave peptide bonds in proteins, in which serine serves as the nucleophilic amino acid at the
(enzyme's) active site. The members of this family can be divided roughly into four sub-groups based on their structure,
being chymotrypsin-like (trypsin-like), subtilisin-like, carboxypeptidase Y-like, and CIp—Iikel.

Factor Xa is a serine endopeptidase located at the confluence of the intrinsic and extrinsic pathways of the blood
coagulation cascade, and composed of two disulfide-linked subunits that converts prothrombin to thrombin. Factor Xa
cleaves after the arginine residue in its preferred cleavage site lle-(Glu or Asp)-Gly-Arg and it will occasionally cleave at
other basic residues. However, it will not cleave at a site followed by proline or arginine. fXa has emerged as an attractive
target for developing safer anticoagulant drugs. Inhibition of fXa should prevent production of new thrombin without
affecting its basal level, which should ensure primary hemostasis®.
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HCV is a plus-stranded RNA virus, and its genome with a large open reading frame encodes a poly protein precursor of
about 3010 amino acid residues having an internal ribosome entry site at 5° untranslated region (UTR), vital for the
translation. This poly protein precursor is cleaved to generate at least 10 proteins, among which the HCV NS3-4A protein.
The NS3-4A serine protease is a non-covalent, heterodimer complex formed by two HCV-encoded proteins, the N-
terminal serine protease domain of NS3 (catalytic subunit) and the NS4A cofactor (activation subunit). The NS3-4A serine
protease is responsible for the proteolytic cleavage at four junctions of the HCV polyprotein precursor: NS3/NS4A (self
cleavage), NS4A/NS4B, NS4B/NS5A, and NS5A/NS5B2, It is hypothesized that development of a specific inhibitors of
NS3 protease activity would be an attractive target for new anti-HCV drugs, since the inhibition of NS3/4A protease will
interfere with the viral life cycle and restore the pathways of innate immunity“.

Human leukocyte elastase, which is also referred to as neutrophil elastase (HLE or HNE; EC 3.4.21.47), is a highly
cationic, broad-spectrum serine protease (30 kDa) primarily located in the azurophil granules of polymorphonuclear
leukocytes in very high concentrations. The serine proteinase is a member of the same family as chymotrypsin and
preferentially cleaves substrates C-terminally to small hydrophobic residues®. Under normal circumstances, the proteolytic
activity of HLE is effectively controlled by its natural inhibitors. However, an imbalance between elastase and its
endogenous inhibitors may result in several pathophysiological states such as chronic obstructive pulmonary disease,
asthma, emphysema, cystic fibrosis, and chronic inflammatory diseases. It is anticipated that an orally active HLE inhibitor
could be useful for the treatment of these diseases®. HLE also participates in direct intracellular killing of phagocytosed
bacteria in phagolysosomes in combination with myeloperoxidase and reactive oxygen species generated by the NADPH
oxidase complex. It exerts its antimicrobial activity on Gram-negative bacteria by cleaving the outer membrane protein A’.
Heparin cofactor Il (HCII; EC 3.4.21.xx) is a serine protease inhibitor (serpin) that inactivates thrombin rapidly in the
presence of certain glycosaminoglycans (GAGs; dermatan sulfate, heparan sulfate, or heparin), but does not inhibit other
proteases involved in coagulation or fibrinolysis. Heparin cofactor Il (HCIl) has several biochemical properties that
distinguish it from other serpins: it specifically inhibits thrombin, and the mechanism of inhibition involves binding of an
acidic domain in HCII to thrombin exosite I. The rate of inhibition increases dramatically (more than 1000-fold) in the
presence of heparin, heparan sulfate, or dermatan sulfate. HCIl has been groposed to regulate coagulation or to
participate in processes such as inflammation, atherosclerosis, and wound repair A

! L. Hedstrom. Serine Protease Mechanism and Specificity. Chem. Rev. 2002, 102, 4501-4524.

2 M. de Candia et al. Novel factor Xa inhibitors: a patent review. Exp. Opin. Ther. Pat. 2009, 19, 1535-1580.

3 C. Lin. HCV NS3-4A Serine Protease. In: S.L. Tan, editor. Hepatitis C Viruses: Genomes and Molecular Biology. Norfolk (UK): Horizon Bioscience;
2006. Chapter 6.

4. Idreess et al. HCV Infection and NS-3 Serine Protease Inhibitors. Virol Mycol 2013, 2, 112.

° U. Meyer-Hoffert et al. Human leukocyte elastase induces keratinocyte proliferation by epidermal growth factor receptor activation. J. Invest. Dermatol.
2004, 123, 338-345.

©J. Pharmacol. Exp. Ther. 2003, 305, 451-459. Z. Kapui et al. Biochemical and pharmacological characterization of 2-(9-(2-piperidinoethoxy)-4-oxo-4H-
pyrido[1,2-a]pyrimidin-2-yloxymethyl)-4-(1-methylethyl)-6-methoxy-1,2-benzisothiazol-3(2H)-one-1,1-dioxide (SSR69071), a novel, orally active elastase
inhibitor.

7 B. Korkmaz et al. Neutrophil elastase, proteinase 3, and cathepsin G as therapeutic targets in human diseases. Pharmacol .Rev. 2010, 62, 726-759.

8 D.M. Tollefsen et al. Heparin cofactor Il modulates the response to vascular injury. Arterioscler. Thromb. Vasc. Biol. 2007, 27, 454-460.

9 L. He et al. Heparin cofactor Il inhibits arterial thrombosis after endothelial injury. J. Clin. Invest. 2002, 109, 213-219.

1754 ApIXaban...........ccooooiiiiiiiii e Factor Xa inhibitor ..........ccccoiiiiiiiii e Page 218
2822 BAY-678 ..ottt Potent, selective and orally active human neutrophil elastase (HNE)

INNIDILOT ... Page 260
3117 Dabigatran etexilate EEZIIEEETET .............cccccvveerrennnene Prodrug of Dabigatran; Thrombin inhibitor.................ccccccevna.... Page 348
2093 Daclatasvir dihydrochloride...........c.cccooeviiiiiiiiiiiiniee Hepatitis C virus (HCV) NS5A protein inhibitor................cccc.... Page 348
1669 DANOPIEVIN ....cvviiieieiiieeieeeie ettt HCV NS3/4A serine protease inhibitor ............cccccovviiiiiiienne Page 349
3116 Edoxaban toSYlate .........ccccceeeiieiiiriiiniieie e Potent, selective and orally active factor Xa inhibitor................. Page 378
2364 GW 3LL6L6A ..ottt Potent human neutrophil elastase (HNE) inhibitor................... Page 442
1536 OAIPAICIl ..o Thrombin inhibitor (via Heparin CoFll).........cccoviiiiiiiiiiiiis Page 601
3175 Rivaroxaban EEETIEEETEID...............cccoovvveeneeeieeenineenenns Highly potent, selective and oral direct FXa inhibitor................. Page 676
1269 SSR 69071 ..ouiiiiiiiiiiiiiiieeit e HLE iNNiDIOr ... Page 734
A NIV ETERV TG Recent Addition B Hepatitis C virus NS5A inhibitor ...........ccoovoiiiiciiciiecieans Page 794
2911 Y 29794 t0SYlate .......cccoviiiiiiiiii e Orally active, brain penetrant, potent and specific prolyl

endopeptidase (PPCE) inhibitor ... ....Page 822

Enzymes (EC 3.4.21.) Serine proteases, PAI-1

Plasminogen activator inhibitor (PAI-1; EC 3.4.21.68) a serine protease inhibitor, is involved in numerous processes
including thrombosis and fibrosis. Its inhibition may thus yield important cardio- and reno-protective benefits. Studies in
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mice overexpressing human PAI-1 also implicate its involvement in broader biological abnormalities, including alopecia,
amyloidosis, and polycystic ovarian syndromel.

LY. Izuhara et al. A novel inhibitor of plasminogen activator inhibitor-1 provides antithrombotic benefits devoid of bleeding effect in nonhuman primates.
J. Cereb. Blood Flow Metab. 2010, 30, 904-912.

2838 ....Page 715
1769 T 1776Na.. ....Page 744
1383 Tiplaxtinin .......c..ccccovviiiiiiiiiic s Pl@SMINogen activator inhibitor-1 (PAI-1) inhibitor..................... Page 767
2344 TM 5275 ...oiiiiccccnccs . S€IECHVE @nd orally active inhibitor of PAI-L.......o, Page 769
2734 TMB4AL ..ot OTAlY @ctive inhibitor of PAILL L Page 769

Enzymes (EC 3.4.22.) Cysteine proteases

A wide variety of cysteine proteases (CPs) exists, that share the common feature of hydrolyzing substrates by direct
nucleophilic attack of a deprotonated cysteine residue at the enzyme’s catalytic site. CPs are responsible for many
biochemical processes occurring in living organisms and they have been implicated in the development and progression
of several diseases that involve abnormal protein turnover. The activity of CPs is regulated among others by their specific
inhibitors: cystatins. Mammalian cysteine proteinases fall into two classes: caspases and the papain superfamily
comprising the papain family, calpains and bleomycin hydrolasesl.

Mucosa-associated-lymphoid-tissue (MALT1; EC 3.4.22.xx) cleavage activity is linked to the pathogenesis of activated B
cell-like diffuse large B cell lymphoma (ABC-DLBCL), a chemoresistant form of DLBCL. The caspase-like domain of
MALT1 cleaves substrates following arginine residues, unlike conventional caspase that cleave after aspartate residues.
MALT1 czleaves and disables A20 (TNFAIP3) and CYLD, both negative regulators of NF-kB, thereby potentiating NF-kB
signaling”.

Human rhinoviruses (HRVs) comprise over 100 different serotypes and are the predominant cause of the common cold.
Although HRV infections are generally mild and self-limiting, they can also be associated with more serious illnesses,
specifically, exacerbation of disease in individuals with underlying respiratory disorders. HRVs are a group of small single-
stranded positive-sense RNA viruses that translate their genetic information into a polyprotein precursor that is mainly
processed by a virally encoded 3C protease (3Cpro; EC 3.4.22.28) to generate functional viral proteins and enzymes. The
enzymatic activity of HRV 3Cpro is essential to viral replication, and is distinguished from most other proteases by the fact
that it has a cysteine nucleophile but with a chymotrypsin-like serine protease folding. This unique protein structure
together with its essential role in viral replication made the 3Cpro an excellent target for antiviral intervention®.

M. Rzychon, D. Chmiel, J. Stec-Niemczyk. Modes of inhibition of cysteine proteases. Act. Biochim. Pol. 2004, 51, 861-873.
2R.M. Young et al. A New “Brew” of MALT1 Inhibitors. Cancer Cell, 2012, 22(6), 706-707.
% Q.M. Wanga et al. Human rhinovirus 3C protease as a potential target for the development of antiviral agents. Curr Protein Pept. Sci. 2007, 8, 19-27.

1571 AG 7088 ...ttt HRV3C protease inhibitor.............cccoiiiiiiiiiiice Page 191
2054 MALTZL inhibitor MI-2 .......ccooiiviiiiiiiicceceeeeee e Highly potent and selective MALTZ1 inhibitor...........ccccccivienne Page 528
B082 SIC5-6 ..eecieeiieiiiiieie ittt Specific, noncovalent separase inhibitor ..............ccccoeciiiies Page 712
2193 Thioridazine hydrochloride............ccocevirieneniieiieieneeee. DA and alpha-1 adrenoceptor antagonist; MALT1 inhibitor-...... Page 765

Enzymes (EC 3.4.22.) Cysteine proteases, Caspases

Proteases play critical roles in the initiation and execution of apoptosis. The caspases (EC 3.4.22.xx), a family of cysteine-
dependent aspartate-directed proteases, are prominent among the death proteases. Caspases are synthesized as
relatively inactive zymogens that become activated by scaffold-mediated transactivation or by cleavage via upstream
proteases in an intracellular cascade. Regulation of caspase activation and activity occurs at several different levels.
Once activated, caspases cleave a variety of intracellular polypeptides, including major structural elements of the
cytoplasm and nucleus, components of the DNA repair machinery, and a number of protein kinases. Collectively, these
scissions disrupt survival pathways and disassemble important architectural components of the cell, contributing to the
stereotypic morphological and biochemical changes that characterize apoptotic cell death’.

1 W.C. Earnshaw et al. Mammalian caspases: structure, activation, substrates, and functions during apoptosis. Annu. Rev. Biochem. 1999, 68, 383-424.

2006 ApPOPLOSIS ACHVALOr 2......ccocuviiiiiieiiiiiiieiee e A cell-permeable apoptosis activator.............ccecveverieieieiieenns Page 218
2158 BOC-D-FMK .....cciiiiiiiiiiiiiiiiiccie s Broad spectrum caspase inhibitor ..............ccccociiiiiiiiiiis Page 283
1375 IVAChLiN ..o Caspase-3 iNhibitor..............cooiiiii Page 473
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1883 NS 3694.....cciiiiiiiiiiiiieie Inhibitor of apoptosis; Inhibits formation of apoptosome............ Page 582
1743 PAC L.ttt Procaspase activating compound L............cccccovciiiiiiiiiiiinins Page 612
2159 Z-VAD-FMK ......ccoiiiiiiiiiiiiic e Pan-caspase inhibitor with in vivo activity....................cccooe Page 827

Enzymes (EC 3.4.22.) Cysteine proteases, CTSK

Cathepsin K (Cat K, CTSK; EC 3.4.22.8) is a member of the CAl family of lysosomal cysteine proteases and of the
papain family. It is considered to be the major enzyme responsible for degradation of the organic bone matrix. It is highly
and selectively expressed in osteoclasts and, under acidic conditions, has the unique ability to degrade type | collagen
helical regions. Unlike the other cathepsins, Cat K not only degrades type | collagen in the telopeptide regions, but is
capable of1 cleaving the triple helical domains at multiple sites. The protease is an attractive target for inhibition of bone
resorption™.

! S.B. Rodan et al. Cathepsin K — A new molecular target for osteoporosis. IBMS BoneKEy 2008, 5, 16-24.

2154 BaliCatiD.....cc.ooviiiiiiiicc Selective inhibitor of cathepsin K............cccooiiiiiiiiiii, Page 254
1771 MK 0822 ...ttt Inhibitor of cathepsin K..........cccooiiiiiiiiiicce Page 542
2156 ONO 5334 ..ottt Potent and orally available inhibitor of cathepsin K ................... Page 603

Enzymes (EC 3.4.23.) Aspartic proteases

Five subfamilies of aspartic proteases (EC 3.4.23.-) are classified, all sharing a highly conserved sequence of Asp-Thr-
Gly. Compared to the three other types of proteases, serine, cysteine, and metalloproteases, aspartic proteases comprise
a relatively small group. The aspartic proteases of many pathogens represent attractive targets for inhibitor design to
control the progression of these diseases. The development of effective HIV protease inhibitor drugs for the treatment of
HIV infection in AIDS illustrates the importance of this approach. Most of the aspartic proteases belong to a pepsin
structural superfamily, having homologous primary and tertiary structures and nearly identical catalytic apparatus’.

* R. Mannhold, H. Kubinyi, G. Folkers (Editors). Aspartic Acid Proteases as Therapeutic Targets. Methods and Principles in Medicinal Chemistry.. 2010.
Wiley-VCH Verlag GmbH & Co. KGaA. ISBN: 9783527318117.

1441 BMS 232632.....ccciiiiiiiiiiieeiie e Protease inhibitor ...........ccooiiiiiiiii Page 279
1753 Compound 120 Deuterated Protease inhibitor (see Axon 1441). ...Page 328
3137 Darunavir ..HIV-1 protease inhibitor .Page 351
3138 Lopinavir ..... ..HIV-1 protease inhibitor .Page 513

1553 Nelfinavir mesylate ...Page 572
3139 RILONAVIE .eeiiiiiiiiieciieciie ettt e e Page 676

Enzymes (EC 3.4.23.) Aspartic proteases, Beta-secreta se (BACE)

The neurotoxic amyloid B-peptide (AB) is a highly hydrophobic peptide, which aggregates to form oligomers. If these
oligomers aggregate further, they start forming fibers, which eventually precipitate and accumulate in amyloid plaques, as
defined in Alzheimer's disease. Generation of AB occurs by processing of the B-amyloid precursor protein (APP) via
proteases called secretases. Three secretases are known, a-, B-, and y-secretase. While B- and y-secretase mediate the
amyloidogenic cleavage events, a-secretase on the contrary prevents AR generation by cleaving APP in the middle of the
AB domain. B-Secretase (EC 3.4.23.46; also called BACE-1 for B-site APP-cleaving enzyme) was identified as a type 1
transmembrane protein containing aspartyl protease activity and belongs to the pepsin family of aspartyl proteases, but
defines a novel subgroup of membrane-associated hydrolases. BACE-1 mediates the primary amyloidogenic cleavage of
APP and generates a membrane-bound APP C-terminal fragment (APP CTF), which is the immediate precursor for the
intramembraneous y-secretase cleavage. In contrast, BACE-2 exhibits an a-secretase-like activity, which cleaves APP in
the middle of the AR domain at amino acids 19 and 20. Thus, BACE-2 does not contribute to the amyloidogenic
processing of APP, which is consistent with the complete lack of AB generation in a BACE-1 knockout™?.

! C. Haass. Take five-BACE and the y-secretase quartet conduct Alzheimer's amyloid B-peptide generation. EMBO J. 2004 February 11; 23(3): 483-
488.
2BACElas a potential biomarker for Alzheimer's disease. B. Decourt, M.N. Sabbagh. J Alzheimers Dis. 2011, 24, Suppl 2, 53-59.

1125 BACE-1 INhIbItOr.......ccviiiiiiiiiiiicce BACE 1 inhibitor .......cooviiiiiiiii e Page 250
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2957 BACE-2 INhIbItOr ...ccccoviiiiiiiiiiciiii Potent and highly selective BACE 2 inhibitor.............ccccccoeeene Page 253
2869 LX2343 .o BACE 1 inhibitor .......ccooviiiiiiiicccccc e Page 518
2225 LY 2811376 ...cciiiiiciiiiiciicci The first orally available non-peptidic BACEL inhibitor .............. Page 524
1964 LY 2886721 hydrochloride..............cccovevivrncciniiiine BACE 1 inhibitor .......ccooviiiiiiiiiiiic Page 524

Enzymes (EC 3.4.23.) Aspartic proteases, Gamma-secret ase

The y-secretase enzyme (EC 3.4.23.46) is a multi-subunit enzyme complex that consists of four core components
(presenilin, nicastrin, APH-1, and PEN-2). Presenilin is an aspartic protease and the catalytic component of the complex.
y-Secretase has the unusual ability to regulate intramembrane proteolysis (RIP) for a growing list of type 1 integral
membrane proteins, including, APP, APP-like proteins (APLPs), E-Cadherin, ErbB4, ephrinB2, CD44, lipoprotein
receptor-related protein (LRP), Notch, sterol regulatory element-binding protein (SREBP), interferon response element
(IRE1), and activated transcription factor 6 (ATF—6)1. Especially for its capability to hydrolyze APP into amyloid-beta (AB)
peptide whose abnormally folded fibrillar form is the primary component of amyloid plaques, y-secretase is a well-known
pharmacological target in the field of Alzheimer’s disease®.

' s, Krishnaswamy et al. The structure and function of Alzheimer's gamma secretase enzyme complex. Crit. Rev. Clin. Lab. Sc. 2009, 46, 282-301.
2 C. Kaether, C. Haass, H. Steiner. Assembly, trafficking and function of gamma-secretase. Neurodegener Dis. 2006, 3, 275-283.

2117 Begacestat...
1487 BZ, y-Secretase Inhibitor .

..Selective Gamma secretase inhibitor (GSI) .Page 264

....Page 293

..Gamma Secretase inhibitor

1484 Page 350
1488 DBZ, y-Secretase INhibitor...........cccceeiiiiiieiiiiiiicieae Gamma Secretase iNNIbITOr ..o Page 352
2521 RO 4929097 .....oiviiiiiiiiiiiiini s Potent y-secretase inhibitor (GSI) targeting Notch signaling .....Page 679

Enzymes (EC 3.4.24.) Metalloproteases

Matrix metalloproteinases (MMPs; EC 3.4.24.-), also called matrixins, function in the extracellular environment of cells
and degrade both matrix and non-matrix proteins. They play central roles in morphogenesis, wound healing, tissue repair
and remodeling in response to injury, e.g. after myocardial infarction, and in progression of diseases such as atheroma,
arthritis, cancer and chronic tissue ulcers. The activities of most matrixins are very low or negligible in the normal steady-
state tissues, but expression is transcriptionally controlled by inflammatory cytokines, growth factors, hormones, cell—cell
and cell-matrix interaction. MMPs are classified as the matrixin subfamily of zinc metalloprotease family (M10)™.

TNF-a converting enzyme (TACE or ADAM17; EC 3.4.24.86), a pro-inflammatory cytokine, catalyzes the formation of
TNF-a from membrane bound TNF-a precursor protein. It is is believed to play pathophysiological roles in inflammation,
anorexia, cachexia, septic shock, viral replication and so on. What's more, TNF-a is a key player in inflammation and joint
damage in rheumatoid arthritis. To control the level of TNF-a release, inhibition of TACE activity has long been
considered as a promising way of treating related inflammatory diseases for which one of the most attractive strategies is
the development of low molecular mass inhibitors of TACEZ.

A disintegrin and metalloproteinase with thrombospondin motifs 5 (ADAMTS-5; EC 3.2.24.xx) plays a role in cartilage
degradation, arthritis, procollagen processing, degradation of proteoglycans, and cancer, among others. It is a member of
the metzincins superfamily of zinc-based proteinasesS, and 1 of the 19 members of a family of secreted
metalloproteinases in humans. ADAMTS-5, also termed ADAMTS-11, aggrecanase-2 or implantin, falls under the
subfamily of proteoglycanases within the ADAMTS family. All of the members of ADAMTS family have a similar structural
organization with an N-terminal metalloproteinase domain followed by various ancillary domains at the C-terminal region‘i.
Several members of the ADAMTS family possess some degree of aggrecanolytic activity in vitro, including ADAMTS-5. It
cleaves human aggrecan to produce the fragments found in synovial fluid and cartilage®.

Endothelin-1 (ET-1) is a potent mitogen for a variety of cell types, including vascular smooth muscle cells, fibroblasts and
endothelial cells, and is able to coordinate the proliferative effects of other peptide growth factors. The endothelin system
has been implicated in the pathobiology of numerous human cancers including those of the prostate, lung, breast, colon
and cervix, and plays a role in the aetiology of other pathologies such as hepatic fibrosis and atherosclerosis. ET-1 is
generated via processing of inactive big-ET-1 by endothelin-converting enzyme-1 (ECE-1; EC 3.4.24.71). ECE-1 is
upregulated in a number of cancers, including prostate cancer, leading to increased levels of ET-1 peptide®.

The proteolytic degradation of AB is a major route of clearance and plays an important role in the pathology of
Alzheimer's Disease (AD). A variety of AB degrading enzymes have been found. Of these enzymes, neprilysin (NEP or
CD10 or common acute lymphoblastic leukemia antigen (CALLA); EC 3.4.24.11) is considered one of the most important
for the control of cerebral AB levels. Neprilysins (NEPs, neutral endopeptidases) and the neprilysin-like peetidases are
typically type Il integral membrane proteins with their active sites facing the extracellular environment’. They are
members of the family of zinc-metalloproteases and have been known to play a central role in the regulatory processes of
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cell-cell signalling. Being thermolysin-like metalloendopeptidases, the family of NEPs comprise angiotensin-converting
enzymes (ACE), endothelin-converting enzymes (ECE) and thimet oligopeptidases (TOP)®.

LH. Nagase, R. Visse, G. Murphy. Structure and function of matrix metalloproteinases and TIMPs. Cardiovasc. Res. 2006, 69, 562-573.

2 P.R. Murumkar et al. Novel TACE inhibitors in drug discovery: a review of patented compounds. Expert Opin. Ther. Pat. 2010, 20, 31-57.

3 T. Shiomi et al. Matrix metalloproteinases, a disintegrin and metalloproteinases, and a disintegrin and metalloproteinases with thrombospondin motifs
in non-neoplastic diseases. Pathol. Int. 2010, 60, 477-496.

4'S. Kumar et al. ADAMTSS5 functions as an anti-angiogenic and anti-tumorigenic protein independent of its proteoglycanase activity. Am. J. Pathol.
2012, 181, 1056-1068.

® R.H. Song et al. Aggrecan degradation in human articular cartilage explants is mediated by both ADAMTS-4 and ADAMTS-5. Arthritis Rheum. 2007,
56, 575-585.

© A.R. Whyteside et al. Endothelin-Converting Enzyme-1 (ECE-1) is post-transcriptionally regulated by alternative polyadenylation. PLoS ONE 2014, 9,
€83260.

7 N.D. Bland et al. Bioinformatic analysis of the neprilysin (M13) family of peptidases reveals complex evolutionary and functional relationships. BMC
Evol. Biol. 2008, 8, 16.

8 B. Spanier et al. Caenorhabditis elegans neprilysin NEP-1: an effector of locomotion and pharyngeal pumping. J. Mol. Biol. 2005, 352, 429-437.

2083 ADAMTS-5 inhibitor.. ....Page 186
2104 CP 471474 .Page 333
1918 Daglutril ....Page 349
3030 INJOIBE .....oovevvreiririeiiiieieieisienieesie e Highly selective pro-MMP9 activation inhibitor ......................... Page 480
2162 NSC 405020 ......cccovvreirircreierineeesieeeeseeneeeseeneeeeennn. MT1-MMP inhibitor specifically targeting PEX-domain. ............. Page 587
1271 PD 166793.....cciiieeieirinieneierenneeenesreeenesresennsnsseeseneees MMP NRIDIGOT Lo Page 619
1181 PF 00356231 ....c.covvveveeiineencierinenerenesneieenesnsseesnneeeeenenee. MMP=12 INHIDIOT oo, Page 628
2328 PTIQ .oiiieiiiiriciitirieiec e NEUTOprotectant;attenuating effects on MMP-3 expression....... Page 654
2370 SB-3CT ..ciiiririiiiriiieeririsieie et POtENE iNhibitor of Gelatinases MMP-2 and MMP-9.................... Page 693
1507 TMI005 ...oocvveiiieiiiieiiienieesieesieesieessnesseessnesseeesneesses TACE/MMP INNIDITOT ..o Page 770
2111 UK 356618.....c.ccivriiiiiiiiniiiciirierieiniesieieisnesesne e POt€Nt MMP-3 (aka Stromelysin-1) inhibitor ... Page 783
2073 UK 383367 ...cccuiiiiiiiiiiieiiiiieiisie et Inhibitor of bone morphogenetic protein 1 (BMP-1, aka PCP)...Page 783

Enzymes (EC 3.5.) Amidases

Amidases are ubiquitous enzymes and biological functions of these enzymes vary widely. Their proteins structures
revealed that aliphatic amidases share the typical a/b hydrolase fold (like nitrilase superfamily) and signature amidases
are evolutionary related to aspartic proteinases. They hydrolyze a wide variety of amides (short chain aliphatic amides,
mid-chain amides, arylamides, a-aminoamides and a-hydroxyamides) and can be grouped on the basis of their catalytic
site and preferred substrate®.

Termination of the anandamide (arachidonoylethanolamide, an endocannabinoid) signaling in the central nervous system
and in peripheral tissues is mediated by the fatty acid amide hydrolase (FAAH; EC 3.5.1.99)2, an integral membrane
serine hydrolase that degrades the fatty acid amide family of signaling lipids. Genetic or pharmacological inactivation of
FAAH leads to analgesic and anti-inflammatory phenotypes in rodents without showing the undesirable side effects
observed with direct cannabinoid receptor agonists, indicating that FAAH may represent an attractive therapeutic target
for the treatment of inflammatory pain and other nervous system disorders®.

Sulbactam sodium (Axon 2041) is a rather classical, yet weak inhibitor of beta-lactamase (sub-family of cyclic amid
hydrolases; EC 3.5.2.6), used to enhance the antibacterial activity of penicillins and cephalosporins against B-lactamase—
producing organisms. B-lactamases may be grouped into four classes, of which A, C, and D are serine hydrolases, and B
encompasses metallo-f-lactamases. During several decades, not only have the class A and C enzymes become widely
disseminated so as to become the most widespread causes of B-lactam antibiotic-resistant Gram-negative infections in
Europe and North America, but many mutant forms have also evolved which are capable of hydrolyzing the expanded-
spectrum B-lactam antibiotics®.

Arginases (EC 3.5.3.1) catalyze the divalent cation dependent hydrolysis of L-arginine to produce L-ornithine and urea,
the final step of the urea cycle. While arginase | (or liver arginase) is cytosolic, and is the best characterized of the
mammalian arginases, arginase Il (or kidney arginase), is mitochondrial in location. Due to its generation of L-ornithine,
arginase is involved in several important downstream metabolic pathways®. Most importantly, the enzyme is crucially
involved in various aspects of inflammation. Arginase has been shown to be either responsible for or to participate in, for
example, inflammation-triggered immune dysfunction, tumour immune escape, fibrosis, immunosuppression and
immunopathology of infectious diseases®. Small-molecule arginase inhibitors are currently described as promising
therapeutics for the treatment of several diseases, including allergic asthma, inflammatory bowel disease, ulcerative
colitis, cardiovascular diseases (atherosclerosis and hypertension), diseases associated with pathogens (e.g.,
Helicobacter pylori, Trypanosoma cruzi, Leishmania, Mycobacterium tuberculosis and Salmonella), cancer and induced or
spontaneous immune disorders’.
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Adenosine deaminase (ADA; EC 3.5.4.4) is a ubiquitous enzyme that catabolizes adenosine and deoxyadenosine to
inosine and deoxyinosine. During an ischemic brain event, the extracellular adenosine concentration increases over 10-
fold and adenosine is deaminated to inosine by ADA. Congenital ADA deficiency results in severe combined
immunodeficiency (SCID), caused by an increase in deoxy-adenosine levels in the serum and tissues. This increases
deoxy-ATP levels in the T-cells and causes T-cell apoptosisa, and primarily affects lymphocyte development, viability, and
function when diagnosed in infancy.

! Amidases: versatile enzymes in nature. M. Sharma, N.N. Sharma, T.C. Bhalla. Rev. Environ. Sci. Biotechnol. 2009, 8, 343-366.

2D.G. Deutsch, N. Ueda, S. Yamamoto. The fatty acid amide hydrolase (FAAH). Prost. Leuk. Ess. Fat. Ac. 2002, 66, 201-210.

% D.S.Johnson et al. Discovery of PF-04457845; A Highly Potent, Orally Bioavailable, and Selective Urea FAAH Inhibitor. ACS Med. Chem. Lett. 2011,
2, 91-96.

4 T. Stachyra et al. Mechanistic Studies of the Inactivation of TEM-1 and P99 by NXL104, a Novel Non-B-Lactam B-Lactamase Inhibitor. Antimicrob.
Agents Chemother. 2010, 54, 5132-5138.

5 D.E. Ash et al. Structure and function of arginases. J. Nutr. 2004, 134, 2760S-2764S.

° M. Munder. Arginase: an emerging key player in the mammalian immune system. Br. J.Pharmacol. 2009, 158, 638-651.

"Y.A. Ivanenkov et al. Small-molecule arginase inhibitors. Pharm. Pat. Anal. 2014, 3, 65-85.

® R. Tamura et al. Neuroprotective effects of adenosine deaminase in the striatum. J Cereb Blood Flow Metab. 2016 Jan 8.

2373 BEC hydrochloride...........cccceiuerienieniiniieieieeeseee e Slow-binding pH-dependent inhibitior of Ariginase land Il ........ Page 264
2434 Deazaadenosine, L-........ccceieiierierieniieee e Adenosine deaminase (ADA) inhibitor............ccocccvviiiiiiiies Page 354
1711 PF 3845 Selective fatty acid amide hydrolase (FAAH) inhibitor............... Page 624
2041 Sulbactam SOdiUM ........cccoiiiiiiiiiiiiieeee e An irreversible inhibitor of B-lactamase.............cccooeiiiiiiiiiens Page 742
3359 URB937 EETIEXTRIID ........cccoooovvieirieereieieieieiaieeeiseenenns Potent, orally available, and peripherally restricted FAAH inhibitorPa 788

Enzymes (EC 3.5.1.) Amidases, LpxC

Gram-negative bacteria differ from Gram-positive bacteria in that they possess a unique outer membrane, with the outer
leaflet of the outer membrane enriched with lipid A, the membrane anchor of lipopolysaccharide (LPS) and the active
component of bacterial endotoxin®. LpxC (UDP-3-O-(R-3-hydroxymyristoyl)-N-acetylglucosamine deacetylase; EC
3.5.1.108) is a metalloenzyme that catalyzes the first committed step in the biosynthesis of lipid A, an essential
component of the outer membrane of Gram-negative bacteria. As such, LpxC is an attractive antibacterial target as there
is no human homologue and it is highly conserved in Gram-negative bacteria. The LpxC inhibitors block LPS synthesis by
blockade of the sepsis cascade, and show enhanced opsonophagocytic killing of the bacteria®.

! X. Liang et al. Synthesis, Structure, and Antibiotic Activity of Aryl-Substituted LpxC Inhibitors. J. Med. Chem., 2013, 56, 6954-6966.
2 Pyridone Methylsulfone Hydroxamate LpxC Inhibitors for the Treatment of Serious Gram-Negative Infections. Justin I. Montgomery et al. J. Med.
Chem., 2012, 55, 1662-1670.

2000 CHIR 090 .......ciiiiiieie ittt Potent and selective LpXC inhibitor ............cccooiviiiiiiiiciee Page 312
1939 LpxC inhibitor 1a.......cccoveviiiiiiiiiiiiiecciecc e Potent antibacterial LpxC inhibitor (gram-negative infections)...Page 515
2113 PF 05081090 .....veiveuieiireieeeieeieeenesee e LpxC inhibitor for treatment of gram-negative infections ........... Page 631

Enzymes (EC 3.5.1.) Amidases, HDAC

Histone deacetylases (HDACs; EC 3.5.1.98) are a class of enzymes that remove acetyl groups from an e-N-acetyl lysine
amino acid of histones. Inhibitors of this class of enzymes have a long history of use in psychiatry and neurology as mood
stabilizers and anti-epileptics. Moreover, Histone deacetylase inhibitors (HDIs) are being studied as an alleviator or
treatment for neurodegenerative diseases’. Recently, this class of enzymes is emerging as an exciting new class of
potential anticancer agents for the treatment of solid and hematological malignancies2 by inhibiting the proliferation and
induction of differentiation and/or apoptosis of tumor cells in culture and in animal models®. HDAC inhibition causes
acetylated nuclear histones to accumulate in both tumor and normal tissues, providing a surrogate marker for the
biological activity of HDAC inhibitors in vivo*. HDAC inhibition not only results in acetylation of histones but also
transcription factors such as p53, GATA-1 and estrogen receptor-alpha. The functional significance of acetylation of non-
histone proteins and the precise mechanisms whereby HDAC inhibitors induce tumor cell growth arrest, differentiation
and/or apoptosis are currently the focus of intensive research. Several HDAC inhibitors have shown impressive antitumor
activity in vivo with remarkably little toxicity in preclinical studies.

Besides HDACs, multiple sirtuins (NAD+-dependent deacetylase sirtuin, SIRT; EC 3.5.1.98) are known to show
deacetg/lase activity. They are considered class Il histone deacetylases that deacetylate histones and transcription
factors”. In turn, sirtuins can be inhibited by nicotinamide, which binds to a specific receptor site of the enzyme, so it is
thought that drugs that interfere with this binding should increase sirtuin activity. Development of new agents that would
specifically block the nicotinamide-binding site could provide an avenue for develospment of newer agents to treat
degenerative diseases such as cancer, Alzheimer's, diabetes, atherosclerosis, and gout’.
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SIRT1 is involved in other signaling pathways as well, since it competes with HDAC1 in deacetylation of PTEN, an
important phosphatase involved in cell signaling via phosphoinositols and the PI3K/AKT/mTOR signaling pathway. Aiming
to keep up with these recent developments in oncology research, Axon Medchem recently added a significant number of
HDAC inhibitors to its ever broadening range of products.

! Histone deacetylase inhibitors: possible implications for neurodegenerative disorders. E. Hahnenet al. Expert Opin Investig Drugs. 2008, 17, 169-84.

2 The Histone Deacetylase Inhibitor LBH589 Is a Potent Antimyeloma Agent that Overcomes Drug Resistance. Maiso P. et al. Cancer Res 2006, 66,
5781.

3 Use of the Nitrile Oxide Cycloaddition (NOC) Reaction for Molecular Probe Generation: A New Class of Enzyme Selective Histone Deacetylase
Inhibitors (HDACIs) Showing Picomolar Activity at HDAC6. AP Kozikowski et al. J. Med. Chem. 2008, 51, 4370-4373.

“ Histone deacetylase inhibitors in cancer treatment. Vigushin DM, Coombes RC. Anticancer Drugs. 2002 ,13, 1-13.

S Histone deacetylase SIRT1 modulates neuronal differentiation by its nuclear translocation. S. Hisahara et al. PNAS 2008, 105, 15599-15604.

% Sirtuin activators. F.J. Alcain, J.M. Villalba. Exp. Opin. Ther. Pat. 2009, 19, 403-414.

3039 ACY-241 .ot Selective and orally available HDACG6 inhibitor.......................... Page 185
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2270 AK 7 Potent, brain-permeable and selective inhibitor of SIRT2.......... Page 194
2394 AR-A2 oo HDAC INAIDItOT. ... Page 222
3115 BeliNOSTAL ...ccueeuveiieieiiieieeee e HDAC INNIDITOT. ... Page 265
2471 BRD 73954 ...ttt Dual HDAC 6/8 inhibitor with excellent selectivity ..................... Page 286
2803 CambiNOl ......ciiiiiiiiiiiisice e Inhibitor of SIRTL and SIRT2 .......cccccoiiiiiiiiiiiccc e Page 297
2014 ClLO4 ..ot HDAC inhibitor causes histone hyperacetylation in cells.......... Page 317
3038 CXDIOL ..oiiiiiiiiiiiiiiieie et HDAC inhibitor (1, 2, 3 Selective).........ccccoiviiiiiciiiiiiiiicce Page 343
1645 HDACSE inhibitor ISOX ........ccccoveiiverceiineciseeceeenens HDACSE INNIDItOT ... Page 447
2529 JNJ 26481585 dihydrochloride ...........cccceieiieiicnicnienne Orally available second-generation pan-HDAC inhibitor............ Page 478
1548 LBH 589.....cciiiiiiiiieiie e HDACTL INNIDITOT ...t Page 503
2430 LW 479 oottt HDAC inhibitor with cytotoxicity in breast cancer cell lines........ Page 518
2505 MOCEHNOSIAL .....oveeiiiiiieiiieieeie sttt Class | selective HDAC inhibitor..........cccoeoiiiiiiiiiiiiicceies Page 556
1707 MC 1568 ....cuiiuiiiiiieiiieiesie ettt ettt HDAC inhibitor (class IIA SEIECHIVE).........cccvveveiriiieiiiiiiiee Page 529
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1853 PCI34051.....cciiiiiieiiieeiee e e HDACS INNIDIOT ... Page 617
1801 PYroXamide.......ccueeeeiuiereinieeienieeieeiee et ee e HDACT INNIDITOT ...t Page 655
2195 RGP 966.....ccuiiiiiiiiiieiiiiieeiesie ettt HDAC3 specific iNNibItor............oceiiiiiiicceceec e Page 673
2704 Salermide ........ccccevieiiiiniicinee e Potent inhibitor of SIRTL and SIRT2 .........cccocoiiiiiiiiiiiiiee Page 691
2495 Santacruzamate A ........ccccceeierierienienieeee e aee e HDAC?2 inhibitor with little inhibition of HDAC4 and HDACS......Page 692
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2968 SIRT7 inhibitor 97491 ......cocceiiiiiiiieeeeee e INNIBItOr OF SIRT7 ..ot Page 713
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Enzymes (EC 3.6.) Anhydride hydrolases

ATPases belong to the class of acid anhydride hydrolases. The most common ATPases (24 proteins) contain the
classical mononucleotide-binding motif, which is known as the P-loop or Walker motif. A second subfamily exists as the
GHL ATPase family, including Hsp90, PMS2, MutL and DNA gyrase B, and share the same left-handed -a-B-fold. Four
conserved sequence motifs have been identified in these enzymes. Finally, B-actin, Hsp70 and FtsA contain a more
complex nucleotide-binding site and form the third and last subfamily of ATPases. The presence of various types of
nucleotide-binding site in ATPases is of interest for drug discovery, as it might allow the design of compounds that
specifically target only one typel.

! ATPases as drug targets: learning from their structure. P. Chéne. Nat. Rev. Drug Discov. 2002, 1, 665-673.

Enzymes (EC 3.6.) Anhydride hydrolases, MTH1

MTH1 (EC 3.6.1.56) is an oxidized purine nucleoside triphosphatase of the nudix hydrolase family, that sanitizes oxidized
dNTP pools to prevent incorporation of damaged bases during DNA replication, thereby preventing the cytotoxicity and
neurotoxicity of oxidized purine nucleotides. In close collaboration with OGG1 (with 8-oxoG DNA glycosylase activity, thus
avoiding the accumulation of 8-oxoG in DNA), both MTH1 and OGG1 are expressed in postmitotic neurons as well as in
proliferative tissues, and it is localized both in the mitochondria and nucleus. This suggests that MTH1 plays an important
role in the prevention of the mutagenicity and cytotoxicity of such oxidized purines as 8-oxoG which are known to
accumulate in the cellular genomel.

Y. Nakabeppu et al. MTH1, an oxidized purine nucleoside triphosphatase, prevents the cytotoxicity and neurotoxicity of oxidized purine nucleotides.
DNA Repair. 2006, 5, 761-772.

2296 Crizotinib, (S)-....cccciviiiiiiiiiiiii e MTHZLNIDItOr ... Page 338
2271 TH 287 hydrochloride ............ccccooeviiiiiiiiiiicie First-in-class MTHL inhibitor ..o Page 762
2272 TH 588 hydrochloride ............ccccooiiiiiiiiiiiicce First-in-class MTHL inhibitor..............ccocooie Page 763

Enzymes (EC 3.6.) Anhydride hydrolases, Hsp

The class of Heat-shock proteins (Hsps; EC 3.6.-.-), the molecular chaperones, comprises five major and broadly
conserved families: Hsp100s, Hsp90s, Hsp70s, Hsp60s, and small heat shock proteins (sHsps). The stress proteins are
typically named after their molecular size in kilodaltons. They are required for the correct folding and maintenance of
client proteins in biologically active conformations, and to stabilize them against heat stress and toxic chemicals
(particularly heavy metals). Although Hsps are ubiquitously expressed proteins, increased expression of Hsps in a
stressed cell is mediated primarily by so-called heat shock transcription factors (HSFs, 1-4). Hsps bind adenosine
triphosphate (ATP), and ATP hydrolysis is required for its function, and is the key driving force for conformational
conversions within the chaperone. Although inactive heat shock proteins exhibit weak to nonexistent ATPase activity, the
presence of a substrate feptide in the binding domain stimulates the ATPase activity of Hsps, increasing its normally slow
rate of ATP hydrolysisl' . In addition, a variety of co-chaperones, immunophilins, and other proteins are involved in the
Hsp90-mediated protein folding pathwaya.

Heat shock cognate protein 70 (Hsc70; EC 3.6.4.10) is a constitutively expressed molecular chaperone which belongs to
the family of heat shock protein 70 (Hsp70). Hsc70 shares some of the structural and functional similarity with Hsp70.
Hsc70 also has different properties compared with Hsp70 and other heat shock family members. Hsc70 and Hsp70 show
significant differences in their carboxyl-terminal domain which is involved in mediating substrate specificity and particular
biological functions. Additionally, Hsc70 and Hsp70 have different expression patterns. Hsc70 is the constitutively
expressed form and only mildly induced during stress situation while Hsp70 is highly inducible during stress. Hsc70
performs its full functions by the cooperation of co-chaperones. It interacts with many other molecules as well and
regulates various cellular functions®.

L K. Richter et al. Intrinsic Inhibition of the Hsp90 ATPase Activity. J. Biol. Chem. 2006, 281, 11301-11311.

J. Verghese et al. Biology of the Heat Shock Response and Protein Chaperones: Budding Yeast (Saccharomyces cerevisiae) as a Model System.
Microbiol. Mol. Biol. Rev. 2012, 76, 115-158.
® M. Rowlands et al. Detection of the ATPase Activity of the Molecular Chaperones Hsp90 and Hsp72 Using the Transcreener™ ADP Assay Kit. J.
Biomol. Screen. 2010, 15, 279-286.
“T. Liu et al. Comprehensive review on the HSC70 functions, interactions with related molecules and involvement in clinical diseases and therapeutic
potential. Pharmacol. Ther. 2012, 136, 354-374.

2251 APOPLOZOIE......cuiviiiiiiiiieicie et Inhibitor of ATPase activity of Hsc70 and HSp70...........ccccceeuee. Page 219
1543 CNF 2024 .....ovviiiiiiiiiiiieciieici e HSPO0 iNhibItOr ........cviiiiiiiii e Page 325
2703 ML34BG ... HSP70 @CHVALOT ... Page 552

Please visit http://www.axonmedchem.com for special offers and availability

Q_onN

MEDCHEM

1542 NVP-AUY922.....coiiiiiiiiiiiiiiiiieic e HSPO0 iNhIDItOr ..o Page 594
1856 PU-H71 trihydrochloride ..........cccccovviiiiiiiiiiiiiiii HSPO0 iNhibItOr ........ocviiiiii e Page 654
1968 STA 9090.......cciiiiiiiiiiiiiii e HSPO0 iNhibItOr ..o Page 737
1608 VER 155008 .......ccoeveuiuiirieieiiriaieieinesreieieseeieeseereeeeeeenenes HSP70 INNIDIOT ... Page 795

Enzymes (EC 3.6.3.) Anhydride hydrolases, ion-pump AT  Pases

Enzymes in this class are ATPases that are involved in catalyzing transmembrane movement of substances, e.g. the
exchange of extracellular potassium (K®) for cytoplasmic ions, being either Na" and/or ca® (EC 3.6.3.9) in order to
maintain the resting potential avail transport, and regulate cellular volume, or H* (EC 3.6.3.10) in order to promote gastric
acid secretion. Digoxigenin (Axon 1649) and its active metabolite (Axon 1695) for example, are known to be a unique
medication with pharmacological effects resulting in hemodynamic, sympatholytic, and electrophysiologic changes. Their
primary mechanism of action is inhibition of the Na'/K* ATPase pump, thereby promoting Na'/Ca® exchange, which
results in an influx of intracellular Ca®* and increased myocardial contraction®. Besides this, recent studies revealed that
digoxin also targets the transcription factor Hypoxia inducible factor HIF-1 by potently inhibiting HIF-1a mRNA translation.
As a result, Digoxin administration increased latency and decreased growth of tumor xenografts, whereas treatment of
established tumors resulted in growth arrest within one week®.

1 M. Ehle et al.Digoxin: Clinical Highlights: A Review of Digoxin and Its Use in Contemporary Medicine. Crit. Path. Cardiol. J. E. B. Med. 2011, 10, 93-98.
2 H. Zhang et al. Digoxin and other cardiac glycosides inhibit HIF-1a synthesis and block tumor growth. PNAS 2008, 105, 19579-19586.

2684 CDNILB3 ....ooiiiiiieiieiieeieeie ettt Allosteric Activator of SERCA2D..........cccoooiiiiiiiiiiiccies Page 306
1695 Digoxigenin bis-digitoxXiside ...........c.cccevviiiiiiiiiiiciin Metabolite of DIGOXIgENIN .........ccooiiiiiiiiiii i Page 361
1649 DIgOXIN...ocuiiiiiiiiiiiiiie ittt Na+/K+ ATPase pump inhibitor ............ccooeiiiiiiiiiicccceeee Page 361
3244 Lansoprazole EEEEEREITEID ...........cccocovvvevieninieeennnenns Proton pump inhibitor (PPI) .........ccevevevereeceiceeeeceeee e Page 501
3161 Pantoprazole sodium EEEEEETTA ............cccovvveeee. Proton pump inhibitor (PPI) .........ccoveuriireeeicisseeeeeeeenes Page 614
1971 TAK 438ttt Potassium-competitive acid blocker (P-CAB).........cccceeviiienene Page 750

Enzymes (EC 3.6.4.) Anhydride hydrolases, ATPases cell  ular movement

Myosin (EC 3.6.4.1) and p97 (also known as Cdc48 or valosin containing protein (VCP; EC 3.6.4.6)) are both ATPases
involved in cellular and subcellular movement. Myosin is an ATPase that converts chemical energy into directed
movement via its cyclic interactions with actin filaments in all eukaryotic cells and can be viewed as a molecular motor".
Although this protein comes in many shapes and sizes, all known myosin superfamily members show widely conserved
regions: the myosin head is commonly subdivided into the motor domain, which is the actin activated ATPase, and the
lever arm, which is an extended helix containing a variable number of consensus calmodulin or calmodulin-like light chain
binding sites; this is followed by a region of coiled coil in two-headed myosins and may contain sequences that act as
elements for protein folding; last is the targeting domain, which binds the myosin to its cellular target. More than 35
classes of myosin have been discovered, 13 of which are represented in humans®. CK 1827452 (Axon 1835), is an agent
that directly activates myosin, for use in the treatment of heart failure.

Nearly all aspects of RNA metabolism, from transcription and translation to mMRNA decay, involve RNA helicases, which
are enzymes that use ATP to bind or remodel RNA and DNA and their protein complexes (e.g. ribonucleoprotein (RNP)
complexes). RNA helicases are found in all three domains of life, and many viruses also encode one or more of these
proteins. Together with the structurally related DNA helicases that function in replication, recombination and repair, the
RNA helicases are classified into superfamilies and families, based on sequence and structural features.Herpes Simplex
Virus (HSV) encodes seven proteins essential for the initiation and propagation of viral chromosomal replication. These
proteins include an origin-binding protein that also contains helicase activity, a heterodimeric DNA polymerase, a single-
stranded (ss)DNA-binding protein and a heterotrimeric helicase-primase®. BAY 57-1293 (Axon 2266) is a potent helicase-
primase inhibitor (HPI) effective against herpes simplex virus (HSV) infections and was found to be superior compared to
all compounds currently used to treat HSV infections®.

VCP/p97 is a member of the large family of ATP-hydrolyzing enzymes involved in the heterotypic fusion of membrane
vesicles with target membranes and the homotypic fusion of various membrane compartments. It belongs to the AAA-type
(ATPase associated with a variety of cell activities) ATPase superfamily and contains two ATPase domains (D1-2). It can
convert the energy of ATP hydrolysis to structurally remodel or unfold client proteins. ATP hydrolysis in D2 seems to
generate the main driving force. A globular N-domain that resides at the periphery of D1 is essential for substrate binding.
It can stabilize unfolded proteins, may regulate ATP hydrolysis and even couple substrate and adaptor binding to ATP
hydrolysis. Although VCP/p97 associates with a large number of interaction partners and protein cofactors, the largest
family of cofactors are proteins containing a ubiquitin-X (UBX) domain or UBX-like domainl, and that its key function is to
unfold proteins and disassemble protein complexes™®.
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During mitosis, chromosomes establish connections to mitotic spindle microtubules (MTs) via specialized protein
complexes, called kinetochores, and subsequently translocate to the midzone of the bipolar spindle. This process is
known as “congression”, and is dynamic in nature: the chromosomes are constantly moving in an oscillatory pattern, with
paired chromosomes displaying coordinated movements. Proper mitotic chromosome alignment is highly dependent on
the activity of kinesin-8 motors, including Kif18A (EC 3.6.4.4)7,8. Although the molecular process is not Xet elucidated,
proof was found that Kif18A is a motile microtubule depolymerase essential for chromosome congression”, and controls
the persistent movement of chromosomes by both increasing the rate at which they make directional switches and
slowing the velocity of their movement. Moreover, it is hypothesized that Kif18A forms a gradient along kinetochore-
microtutl)éjles (kMTs) that directly regulates their length and dynamics to facilitate chromosome alignment at the spindle
equator .

Another member of the kinesin superfamily of microtubule-based motors that plays a critical role in the early stages of
mitosis as it mediates centrosome separation and bipolar spindle assembly and maintenance, is the Kinesin spindle
protein (KSP or Eg5; EC 3.6.4.4). It is a slow, plus end-directed motor of the kinesin-5 subfamily, and forms a
homotetrameric structure capable of binding antiparallel microtubules and sliding them apart'’. Centrosome separation
and bipolar spindle assembly are essential for proper segregation of chromosomes. Failure of KSP function, by
immunodepletion or knockdown of KSP mRNA by small interfering RNA, leads to cell cycle arrest in mitosis with
monoastral microtubule arrays. It is most abundant in proliferating human tissues and is highly expressed in tumors of the
breast, colon, lung, ovary, and uterus™.

1. Rayment. The Structural Basis of the Myosin ATPase Activity. J. Biol. Chem. 1996, 271, 15850-15853.

2 H.L. Sweeney, A. Houdusse. Structural and Functional Insights into the Myosin Motor Mechanism. Annu. Rev. Biophys. 2010, 39, 539-557.

3 J.J. Crute et al. Herpes simplex virus helicase-primase inhibitors are active in animal models of human disease. Nat. Med. 2002, 8, 386 — 391.

* U.A. Betz et al. Potent in vivo antiviral activity of the herpes simplex virus primase-helicase inhibitor BAY 57-1293. Antimicrob. Agents Chemother.
2002, 46, 1766-1772.

° H. Meyer, M. Bug, S. Bremer. Emerging functions of the VCP/p97 AAA-ATPase in the ubiquitin system. Nat. Cell Biol. 2012, 14, 117-123.

® K. Yamanaka, Y. Sasagawa, T. Ogura. Recent advances in p97/VCP/Cdc48 cellular functions. Biochim. Biophys. Act. Mol. Cell Res. 2012, 1823, 130-
137.

7 J. Stumpff et al. Kif18A and chromokinesins confine centromere movements via microtubule growth suppression and spatial control of kinetochore
tension. Dev Cell. 2012 May 15;22(5):1017-29.

8J. Braun et al. Synthesis and Biological Evaluation of Optimized Inhibitors of the Mitotic Kinesin Kif18A. ACS Chem Biol. 2015 Feb 20;10(2):554-60.

® M.I. Mayr et al. The human kinesin Kif18A is a motile microtubule depolymerase essential for chromosome congression. Curr Biol. 2007 Mar
20;17(6):488-98.

3. Stumpff et al. The kinesin-8 motor Kif18A suppresses kinetochore movements to control mitotic chromosome alignment. Dev Cell. 2008
Feb;14(2):252-62.

D, Huszar et al. Kinesin motor proteins as targets for cancer therapy. Cancer Metastasis Rev. 2009 Jun;28(1-2):197-208.

2y, Sarli et al. Targeting the kinesin spindle protein: basic principles and clinical implications. Clin Cancer Res. 2008 Dec 1;14(23):7583-7.
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Enzymes (EC 3.6.5.) Anhydride hydrolases, GTPases

The hydrolysis of guanosine triphosphate (GTP) is a key process in numerous vital processes. Intracellular signal
transduction, protein synthesis, vesicular and nucleocytoplasmic transport, protein targeting, growth control and
differentiation, are all, among other processes, controlled enzymatically by the conversion of GTP into GDP and inorganic
phosphate. GTPases are the molecular switches that catalyze this reaction. They cycle between two conformational
states: one bound to GTP (‘active’ state), the other bound to GDP (‘inactive' state), and they hydrolyze GTP to GDP and

Please visit http://www.axonrr m.com for special offers and availability

Q_onN

MEDCHEM

inorganic phosphate. In the 'on' (GTP) state, GTPases recognize target proteins and generate a response until GTP
hydrolysis returns the switch to the 'off' state'. GTPases can be classified into six families of heterotrimeric G-protein,
small monomeric, protein-synthesizing, signal-recognition-particle, dynamin, and tubulin GTPases (EC 3.6.5.1 — EC
3.6.5.6 respectively). GTP-hydrolysis by GTPases is intrinsically very slow but can be accelerated by orders of magnitude
upon interaction with GTPase-activating proteins (GAPs)Z. In order to bring the GTPase back in the GTP bound ‘on’ state,
so called guanine nucleotide exchange factors (GEFs), which cause the GDP to dissociate from the GTPase, leading to
its association with new GTP.

RAS proteins are small GTPases that act as molecular switches to transduce signals from activated receptors. When in
its GTP-bound state, RAS can bind to and activate a range of downstream effector proteins, which may then result in
diverse cellular outcomes like cell proliferation, survival, differentiation, and neoplastic transformation. Three RAS genes
code for four highly homologous RAS proteins, NRAS, HRAS, and KRAS4B/KRAS4A. These proteins have identical
effector binding domains and hence can interact with the same set of downstream effectors. However, RAS isoforms
have been shown to differ in their abilities to activate various downstream proteins. Mutations affecting the three prototype
Ras oncoproteins, HRAS, NRAS and KRAS, show a high degree of tumor-type specificity’. Oncogenic versions of HRAS
are better than NRAS or KRAS at transforming fibroblast cells, whereas NRAS is better at transforming hematopoietic
cells. Nearly 30% of human cancers, including solid tumors and hematologic malignancies, are associated with mutations
in RAS genes“. Therapies that target the RAS proteins and the signalling pathways that they control would therefore be
very valuable in treating tumours that have activating RAS mutations. However, their potential might be even greater, as
many tumours that lack RAS mutations have found other ways to activate the same pathways".

Rab7 (EC 3.6.5.2) belongs to the superfamily of Ras small GTPases and is a regulator of intracellular
endocytic/membrane trafficking. Additionally, it has been indicated that Rab proteins also regulate cell signalling, cell
growth, cell survival and development. Rab proteins and their associated regulators or effectors have been implicated in
many diseases, such as cancer, pigmentation disorder, neuropathy and lipid metabolism disorders. Rab7, with one of its
effectors, RILP (Rab7-interacting lysosomal protein), recruit the dynein-dynactin motor complex to lysosomes facilitating
lysosome trafficking along microtubules towards the cell nucleus. Moreover, in addition to its recognized role in vesicle
trafficking, Rab7 has recently garnered attention as a regulator of apoptosis in response to growth factor withdrawal and
has been proposed to function as a tumor suppressor proteinw.

Two other members of the family of Ras-like small GTPases, RalA and RalB (EC 3.6.5.2), act downstream of Ras in the
Ral guanine nucleotide exchange factor (RalGEF)/Ral GTPase pathway, and activate cellular processes through
effectors, including Ral-binding protein 1 (RALBP1; also known as RLIP76 and RIP1), the human exocyst subunits SEC5
and EXO84, filamin and phospholipase D1. These effectors mediate regulation of cell adhesion (anchorage
independence), membrane trafficking (exocytosis and endocytosis), mitochondrial fission, and transcription. RalA and
RalB are important drivers of the proliferation, survival and metastasis of multiple human cancers, including skin, lung,
pancreatic, colon, prostate, and bladder cancers®.

Ras-related C3 botulinum toxin substrate 1 (Racl; EC 3.6.5.2) is a small (~21 kDa) signaling G protein (more specifically
a GTPase), and a member of the Rac subfamily of the small monomeric Ras homolog (Rho) family of GTPases.
Members of the Rho family, including Rho, Rac, and Cdc42, control the assembly and organization of the actin
cytoskeleton in mammalian cells. They mediate diverse biological processes, including neuronal morphogenesis, tumor
invasion, and bone formation, and act in a coordinated manner to modulate cellular functions”®.

Cell division control protein 42 homolog (Cdc42; EC 3.6.5.2) plays important roles in cytoskeleton organization, cell cycle
progression, signal transduction, and vesicle trafficking. Overactive Cdc42 has been implicated in the pathology of
cancers, immune diseases and neuronal disorders. Therefore, Cdc42 inhibitors would be useful in probing molecular
pathways and could have therapeutic potential™.

The regulator of G protein signaling 4 (RGS4) is a protein of the class of GTPase activating proteins (GAP) and shows no
GTPase activity bly itself. Instead, RGS proteins are negative regulators of G alpha subunits of heterotrimeric G proteins
(Gi, Go, and Gq)™. Because its functions is inherently part of the well functioning of these heterotrimeric G proteins (EC
3.6.5.1), inhibitors of RGS4 are listed in this particular section.

The guanine nucleotide-binding protein 1 (GBP1; EC 3.6.5.6) is one of the 7 members of the large GTPase family and
most strongly induced by interferons. Members of this family share the ability to undergo oligomerization with a high-
turnover GTPase activity. Structural hallmarks of GBP1 are a large globular a/B-domain harboring the GTPase activity,
and an elongated C-terminal part organized in an a-helical structure with unique features™. GBP1 is highly expressed in
endothelial cells, and is activated by inflammatory cytokines in vitro and in vivo™®. The functional role of GBP1 has not
been fully elucidated to date, but it was shown to inhibit the invasiveness and tube-forming capability of endothelial cells,
play a role in cell-autonomous immunity and bacterial infection, and to exhibit antiviral properties. Since GBP1 is also
known to interact with Blll-tubulin, where it operates as a crucial element to incorporate pro-survival kinases such as PIM1
and NEK6 into microtubules, and seems to be involved in the drug resistance to paclitaxel, it is of interest for the
development of a new class of anticancer agents against Paclitaxel resistant cancer cells™.

! S. Etienne-Manneville, A. Hall. Rho GTPases in cell biology. Nature 2002, 420, 629-635.

2 K. Scheffzek, M.R. Ahmadian, Wittinghofer. GTPase-activating proteins: helping hands to complement an active site. Trends Biochem Sci. 1998, 23,
257-262.

3 A. Berns et al. Kras and Hras--what is the difference? Nat. Genet. 2008, 40, 1149-1150.

4 C. Parikh et al. Oncogenic NRAS, KRAS, and HRAS exhibit different leukemogenic potentials in mice. Cancer Res. 2007, 67, 7139-7146.

° J. Downward et al. Targeting RAS signalling pathways in cancer therapy. Nat. Rev. Cancer. 2003, 3, 11-22.
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©J.J. Steffan et al. Supporting a role for the GTPase Rab7 in prostate cancer progression. PLoS One. 2014, 9, e87882.

" A.L. Edinger. Growth factors regulate cell survival by controlling nutrient transporter expression. Biochem. Soc. Trans. 2005, 33, 225-227.

8C. Yan et al. Discovery and characterization of small molecules that target the GTPase Ral. Nature. 2014 Nov 20;515(7527):443-7.

9 M. Onish et al. Inhibition of Racl promotes BMP-2-induced osteoblastic differentiation. Cell Death Dis. 2013, 4, €698

1. Hong et al. Characterization of a Cdc42 GTPase Inhibitor and its Use as a Molecular Probe. J. Biol. Chem. 2013, 288, 8531-8543.

1 N. Grillet et al. Generation and Characterization of Rgs4 Mutant Mice. Mol. Cell Biol. 2005, 25, 4221-4228.

2 E. Guenzi et al. The guanylate binding protein-1 GTPase controls the invasive and angiogenic capability of endothelial cells through inhibition of
MMP-1 expression. EMBO J. 2003 Aug 1;22(15):3772-82.

3 M. Fukumoto et al. Guanine nucleotide-binding protein 1 is one of the key molecules contributing to cancer cell radioresistance. Cancer Sci. 2014
Oct;105(10):1351-9.

** M. Andreoli et al. Identification of the first inhibitor of the GBP1:PIM1 interaction. Implications for the development of a new class of anticancer agents
against paclitaxel resistant cancer cells. J Med Chem. 2014 Oct 9;57(19):7916-32.
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Enzymes (EC 4.) Lyases

Lyases are enzymes that catatyze the cleavage of C-C, C-O, C-N bonds by other means than by hydrolysis or oxidation.
More specifically, these bonds are cleaved by the process of elimination and the resulting product is the formation of a
double bond or a new ring. Lyases differ from other enzymes in that two substrates are involved in one reaction direction,
but only one substrate is involved in the other direction. To generate either a double bond or a new ring, the enzyme is
acted upon the single substrate and a molecule is eliminated. Lyases can be seen in the reactions of the Citric Acid Cycle
(Krebs cycle) and in glycolysis.

Cytosolic Phosphoenolpyruvate carboxykinase (cPEPCK; EC 4.1.1.32) is an enzyme in the lyase family used in the
metabolic pathway of gluconeogenesis. It converts oxaloacetate into phosphoenolpyruvate and carbon dioxide. cPEPCK
has become a virtual marker for hepatic gluconeogenesis, and the level of its gene transcription in the liver is considered
an important indicator in the evaluation of type 2 diabetes.

The first topical carbonic anhydrase inhibitor for clinical use Dorzolamide HCI (Axon 1517) has been prescribed widely for
the treatment of glaucoma and ocular hypertension. It inhibits carbonic anhydrase Il (CA-Il; EC 4.2.1.1) selectively, which
is the main CA iso-enzyme involved in aqueous humor secretion. Inhibition of CA-Il in the ciliary processes of the eye
decreases aqueous humor secretion, presumably by slowing the formation of bicarbonate ions with subsequent reduction
in sodium and fluid transport. Dorzolamide also accumulates in red blood cells as a result of CA-Il binding, as CA-Il is
found predominantly in erythrocytes. However, sufficient CA-Il activity remains so that adverse effects due to systemic CA
inhibition are not observed®.

Membrane-associated carbonic anhydrase (CA, EC 4.2.1.1) IX (CA IX) is strongly overexpressed in a broad range of
tumor types, and the expression of CA IX negatively correlates with the prognosis of cancer patients. In normal tissues
CA IX expression is much more restricted with abundant expression mainly present in the mucosa of the glandular
stomach. S4 is a carbonic anhydrase (CA) IX and XII inhibitor (Ki values 7 nM and 2 nM, respectively) and showed a
positive response in in vitro assays for tumor cell migration and spreading. Moreover, CAIX inhibitor S4 effectively
inhibited the spontaneous metastasis formation in MDA-MB-231 xenografts®.

Soluble guanylate cyclase (sGC; EC 4.6.1.2), a heme-containing heterodimer, is the only proven receptor for the gaseous
ligand NO and plays a crucial role in the NO/cGMP signaling pathway and downstream functional effects, e.g.,
vasorelaxation, platelet aggregation, or neurotransmission. Activation of the enzyme by NO leads to a five coordinated
heme-—nitrosyl complex, and facilitates conversion of GTP to the intracellular second messenger cGMP. It is this latter
molecule cGMP, which mediates the majority of biological actions attributed to NO. sGC is expressed in virtually all
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mammalian cells and is important in mediating numerous physiological processes, including vascular and non-vascular
smooth muscle relaxation, peripheral and central neurotransmission, platelet reactivity and phototransduction“.

A Perspective on the Biology of Phosphoenolpyruvate Carboxykinase 55 Years After Its Discovery. R.W. Hanson. J. Biol. Chem.Them. Minirev. Ser.
2009, 1-6.

2 Dorzolamide. A review of its pharmacology and therapeutic potential in the management of glaucoma and ocular hypertension. J.A. Balfour, M.1. Wilde.
Drugs Aging. 1997, 10, 384-403.

®R.G. Gieling et al. Antin ic effect of sulf carbonic anhydrase IX inhibitors in breast carcinoma xenografts. J Med Chem. 2012, 55(11),
5591-600.

* A.J. Hobbs et al. Soluble guanylate cyclase. Exp. Opin. Ther. Targets 2000, 4, 735-749
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Enzymes (EC 4.2.99.) Lyases, APE

Base excision repair (BER) is the predominant system correcting simple DNA base lesions formed by oxidation or other
DNA damaging agents. Repair of apurinic/apyrimidinic (AP) sites arising in the genome spontaneously or as
intermediates of BER is critical owing to their toxic and mutagenic effects. The mammalian apurinic/apyrimidinic
endonuclease Apel (EC 4.2.99.18) is a Mg”—dependent multifunctional protein operating in protection of cells from
oxidative stress via its DNA repair, redox, and transcription regulatory activities. The human AP endonuclease Apel, also
called Ref-1 is the major and crucial enzyme for the recognition and processing of AP sites in the base excision repair
(BER) of DNA'. APE1 operates by incising the DNA phosphodiester backbone 5’ to AP sites, generating a nick with 3"
hydroxyl and 5'-deoxyribose phosphate (dRP) termini. Repair of the resulting nick is completed by DNA polymerase and
DNA ligase. In addition to its endonuclease activity, APE1 is known to have 3'-phosphodiesterase and 3'-phosphatase
activity and 3' to 5’ exonuclease activity as well as a role in regulating the redox state of several transcription factors®.

* S.Madlenera et al. Essential role for mammalian apurinic/apyrimidinic (AP) endonuclease Apel/Ref-1 in telomere maintenance. PNAS 2013, publ.
online before print.

2 K.M. Schermerhorn, S. Delaney. Transient-State Kinetics of Apurinic/Apyrimidinic (AP) Endonuclease 1 Acting on an Authentic AP Site and Commonly
Used Substrate Analogs: The Effect of Diverse Metal lons and Base Mismatches. Biochem. 2013, 52, 7669-7677.
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Enzymes (EC 4.6.1.) Lyases, P-O

Soluble guanylate cyclase (sGC; EC 4.6.1.2), a heme-containing heterodimer, is the only proven receptor for the gaseous
ligand NO and plays a crucial role in the NO/cGMP signaling pathway and downstream functional effects, e.g.,
vasorelaxation, platelet aggregation, or neurotransmission. Activation of the enzyme by NO leads to a five coordinated
heme-nitrosyl complex, and facilitates conversion of GTP to the intracellular second messenger cGMP. It is this latter
molecule cGMP, which mediates the majority of biological actions attributed to NO. sGC is expressed in virtually all
mammalian cells and is important in mediating numerous physiological processes, including vascular and non-vascular
smooth muscle relaxation, peripheral and central neurotransmission, platelet reactivity and phototransductionl.

Another member of the family of P-O lyases is adenylate cyclase (or adenylyl cyclase; EC 4.6.1.1), an enzyme with key
regulatory roles in essentially all cells. At least nine closely related isoforms of adenylate cyclases (ACs), the enzymes
responsible for the synthesis of cyclic AMP (cAMP) from ATP, have been cloned and characterized in mammals. In
addition to their ability to respond to Gas and to FSK, the different isoforms can receive signals from a variety of sources,
including other G proteins, e.g. Gai and Gy, protein kinases (PKA, PKC, and calmodulin (CaM) kinase), phosphatases
(calcineurin), calcium, and Ca2+/CaM, and these isoforms are able to support and integrate differential regulatory
pathways through cross-talk with other signal transduction systems. All isoforms are expressed in brain cells, although the
expression of any individual isoform is restricted to discrete structures of the central nervous system. In the peripheral
tissues, the pattern of AC expression is more specific>. Although many drugs inhibit or stimulate AC activity through the
respective upstream G-protein coupled receptors, ACs themselves have not been major drug targets. Over the past
decade studies on the physiological functions of the different mammalian AC isoforms as well as advances in the
development of isoform-selective AC inhibitors and activators suggest that ACs could be useful drug targets3.

L A.J. Hobbs et al. Soluble guanylate cyclase. Exp. Opin. Ther. Targets 2000, 4, 735-749
2 J. Hanoune et al. Regulation and role of adenylyl cyclase isoforms. Annu. Rev. Pharmacol. Toxicol. 2001, 41, 145-174.
®S. Pierre et al. Capturing adenylyl cyclases as potential drug targets. Nat. Rev. Drug Discov. 2009, 8, 321-335.
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Enzymes (EC 5.) Isomerases

From a mechanistic point of view, isomerases are enzymes that catalyze the structural rearrangement of isomers. Five
subclasses are recognized by the Nomenclature Committee of the International Union of Biochemistry and Molecular
Biology on the nomenclature and classification of enzymes. Cyclophilin A (CypA; EC 5.2.1.8) is a member of the peptidyl-
prolyl cis-trans isomerase (PPlase) family, which catalyzes the cis-trans isomerization of proline imidic peptide bonds in
oligopeptides and accelerates the folding of proteins. They are known to bind to cyclosporine, an immunosuppressant
which is usually used to suppress rejection after internal organ transplants. More specifically, the cyclosporin-cyclophilin
A complex inhibits a calcium/calmodulin-dependent phosphatase, calcineurin, the inhibition of which is thought to halt the
production of the pro-inflammatory molecules interleukin 2 and TNF alphal.

Microsomal prostaglandin E (PGE) synthase-1 (mPGES-1; EC 5.3.99.3) is a member of the MAPEG (membrane-
associated proteins involved in eicosanoid and glutathione metabolism) superfamily, showing significant homology with
other MAPEG superfamily proteins, including microsomal glutathione-S-transferase (GST)-1-lke 1 (MGST-1), 5-
lipoxygenase (LOX)-activating protein (FLAP) and leukotriene C4 synthase (LTC4). It is a glutathione dependent inducible
enzyme that couples with cyclooxygenase-2 (COX-2) for the biosynthesis of Prostaglandin E2 (PGE2); a bioactive lipid
that can elicit a wide range of biological effects associated with inflammation and cancer.?

* The cyclophilins. P. Wang, J. Heitman. Genome Biol. 2005, 6, 226.
2 M. Nakanishi et al. mMPGES-1 as a target for cancer suppression: A comprehensive invited review "Phospholipase A2 and lipid mediators"”. Biochimie.
2010, 92, 660-664.
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Enzymes (EC 5.99.1.) Isomerases, Topo

Topoisomerases are a family of enzymes that catalyze the unwinding and unknotting of DNA sequences. By introducing
transient 'nicks’, these enzymes can relieve the topological pile-up of DNA that is caused by processes such as replication
and transcription. DNA Topoisomerase | (Topol; EC. 5.99.1.2) regulates the overwinding or underwinding of DNA in an
ATP-independent manner. It binds to single-stranded DNA and cuts the phosphate backbone of the DNA. This
intermediate break allows the DNA to be untangled or unwound, and, at the end of these processes, the DNA backbone
is resealed again. Since the overall chemical composition and connectivity of the DNA do not change, the tangled and
untangled DNAs are chemical isomers, differing only in their global topologyl.

In slight contrast, topoisomerase IV (Topo IV; EC 5.99.1.3) is an essential ATP-dependent type Il topoisomerase that
transports one segment of DNA through a transient double-strand break in a second segment of DNA. In vivo, Topo IV
unlinks catenated chromosomes before cell division and relaxes positive supercoils generated during DNA replication®.
Topoisomerase inhibitors work by interfering with mammalian-type eukaryotic topoisomerases in cancer cells. This
induces breaks in the DNA that ultimately lead to programmed cell death (apoptosis). However, this DNA-damaging
effect, outside of its potentially curative properties, may also lead to secondary neoplasms in the patient.

1 DNA topoisomerases: structure, function, and mechanism. J.J. Champoux. Annu. Rev. Biochem. 2001, 70, 369-413.
2 K.C. Neuman, G. Charvin, D. Bensimon, V. Croquette. Mechanisms of chiral discrimination by topoisomerase IV. PNAS 2009, 106, 6986-6991.
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Enzymes (EC 6.) Ligases

Ligases (EC 6.-.-.-) form a major class of enzymes that catalyze the ligation (i.e. linking together) of two molecules with
concomitant hydrolysis of the pyrophosPhate bond in adenosine 5'-triphosphate (ATP) or a similar triphosphate, forming
C-C, C-0, C-S, P-O or C-N bonds". Originally, biochemical nomenclature distinguished synthetases and synthases.
Under the original definition, synthases do not use energy from nucleoside triphosphates (such as ATP, GTP, CTP, TTP,
and UTP), whereas synthetases do use nucleoside triphosphates. It is also said that a synthase is a lyase (a lyase is an
enzyme that catalyzes the breaking of various chemical bonds by means other than hydrolysis and oxidation, often
forming a new double bond or a new ring structure) and does not require any energy, whereas a synthetase is a ligase (a
ligase is an enzyme that binds two chemicals or compounds) and thus requires energy. However, the Joint Commission
on Biochemical Nomenclature (JCBN) dictates that "synthase" can be used with any enzyme that catalyses synthesis
(whether or not it uses nucleoside triphosphates), whereas "synthetase" is to be used synonymously.

DNA ligases together with RNA ligases and mRNA capping enzymes constitute the nucleotidyl transferase superfamily.
DNA ligases play a vital role in the diverse processes of DNA replication, recombination and repair, catalyzing the joining
of interruptions in the phosphodiester backbone of duplex DNA, thereby utilizing either ATP or NAD+ as nucleotide
cofactor. Multiple DNA ligases exist, yet all the eukaryotic ATP-dependent DNA ligases are related in sequence and
structure, sharing a common catalytic region comprising a DNA-binding domain, a nucleotidyltransferase (NTase)
domain, and an oligonucleotide/oligosaccharide binding (OB)-fold domain® Deficiency in either DNA ligase 1, DNA ligase
IIl, or DNA ligase IV causes different phenotypes of mammalian cell lines®.

DNA ligase IV (EC 6.5.1.1), which is conserved in all eukaryotes, is part of a family of ATP-dependent DNA ligases that
are involved in DNA replication, recombination and repair. It is a nuclear enzyme that joins the breaks in the
phosphodiester backbone of DNA by the process of non-homologous end joining (NHEJ)*. DNA ligases have two
common domains: a catalytic domain (CD) that contains several conserved nucleotide-binding motifs, and a conserved
non-catalytic domain (NCD). In addition, DNA ligase IV has a long C-terminal extension comprising of two BRCT
domains (after the C-terminal domain of a breast cancer susceptibility protein, BRCA1), which are phosphopeptide-
binding modules found in many proteins that regulate DNA damage responses (such as BRCA1, MDC1 and BARD1).
These BRCT domains are connected to a short linker region that is required for the binding of the XRCC4 protein, which
is important for ligase activitys.

! A. D. McNaught, A. Wilkinson. IUPAC. Compendium of Chemical Terminology, 2nd ed. (the "Gold Book"). Blackwell Scientific Publications, Oxford
1997).

gT Ellenberger et al. Eukaryotic DNA ligases: structural and functional insights. Annu Rev Biochem. 2008;77:313-38.

3 IV Martin et al. ATP-dependent DNA ligases. Genome Biol. 2002;3(4):REVIEWS3005. Epub 2002 Mar 19.

IV Martin et al. ATP-dependent DNA ligases. Genome Biol. 2002;3(4):REVIEWS3005. Epub 2002 Mar 19.

° T Ellenberger et al. Eukaryotic DNA ligases: structural and functional insights. Annu Rev Biochem. 2008;77:313-38.

fh Lol TR MEONE: TRl Recent Addition N Specific inhibitor of the LRS-RagD interaction...............c.....c..... Page 263
2549 LB7 ettt Cytotoxic inhibitor of DNA ligase | and I .........ccccccooeviiiiiiinens Page 499
2531 SCR7 PYFAZINE....cceueiiueeieeaieeiesieeeenieete s DNA ligase IV mediated inhibitor of NHEJ...........cccccoociiiiienne Page 705

Enzymes (EC 6.1.1.) Ligases, MetRS

Methionine- (or methionyl-) tRNA synthethase (MetRS or MRS, EC 6.1.1.10) belongs to the fairly large family of
aminoacyl-tRNA synthetases (ARSs) that catalyze the condensation of a specific amino acid with its cognate tRNA in a
reaction that is dependent on ATP. This is the first essential step of protein translation using the genetic code to translate
genetic information (in the form of messenger RNA) to produce protein, and is also referred to as tRNA charging. There is
at least one ARS enzyme designated for each amino acid’. MetRS have long been recognized as potential targets for
antibacterial agents (gram positive microbes). Inhibition of a tRNA synthetase essentially mimics starvation for amino
acids by lowering the ratio of charged to uncharged tRNA within the cell®.

1 A. Antonellis, E.D. Green. The Role of Aminoacyl-tRNA Synthetases in Genetic Diseases. Annu. Rev. Genomics Hum. Genet. 2008, 9,87-107.
2 Mode of Action and Biochemical Characterization of REP8839, a Novel Inhibitor of Methionyl-tRNA Synthetase. U.A. Ochsner, C.L. Young, K.C.
Stone, F.B. Dean, N. Janjic, I.A. Critchley. Antimicrob. Agents Chemother. 2005, 49, 4253-4262.

1705 REP 3123 dihydrochloride ..
1704 REP 8839....

MetRS inhibitor... ....Page 669
....Page 669

MetRS inhibitor...

Enzymes (EC 6.3.2.) Ligases, Ubiquitin

The attachment of ubiquitin and ubiquitin-like polypeptides to intracellular proteins is a key mechanism in regulating many
cellular and organismal processes. Assembly of a chain of at least four ubiquitins linked together via their Lys48 residue
marks cellular proteins for degradation by the 26S proteasome. In contrast, monoubiquitination or polyubiquitination with
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chains linked together via Lys63 serve as nonproteolytic signals in intracellular trafficking, DNA repair, and signal
transduction pathways. Ubiquitination of proteins is achieved through an enzymatic cascade involving ubiquitin-activating
(E1), ubiquitin-conjugating (E2), and ubiquitin-ligating (E3) enzymes (EC 6.3.2.19). Two major types of E3s exist in
eukaryotes, defined by the presence of either a HECT or a RING domain®. The SCF (Skpl, Cullins, F-box proteins)
multisubunit E3 ubiquitin ligase, also known as CRL (Cullin-RING ubiquitin Ligase) is the largest E3 ubiquitin ligase family
that promotes the ubiquitination of various regulatory proteins for targeted degradation, thus regulating many biological
processes, including cell cycle progression, signal transduction, and DNA replicationz.

The vast majority of p53-regulated genes are induced in response to various stress signals and are responsible for
maintaining genetic stability, DNA repair, regulation of crucial cell-cycle check points, and finally induction of apoptosis.
The activity of p53 is tightly controlled by two major negative regulators including murine double minute 2 (MDM2; EC
6.3.2.19) and 4 (MDM4 or MDMX) proteins. Human MDM2 and MDMX are structurally related and contain three well-
conserved domains: an N-terminal domain (responsible for p53 binding), a zinc-finger domain (function largely unknown)
and a C-terminal RING domain (responsible for formation of homo- and heterodimers). Additionally, the RING domain of
MDM2 confers E3 ubiquitin ligase activity. Concentration/activity of p53 is kept at low level in unstressed cells. This is
accomplished by three parallel mechanisms mediated by MDM2 and/or MDMX. First, MDM2 and MDMX bind the N-
terminal transactivation domain (TAD) of p53, preventing thereby its interaction with the transcription machinery and
resulting in the inhibition of p53-responsive gene expression. Second, MDM2/X proteins export p53 outside the nucleus
into the cytoplasm where it can no longer activate transcription. Finally, MDM2 marks p53 for proteasomal degradation3.
Many tumors overproduce MDM2 to impair p53 function. Therefore, restoration of p53 activity by inhibiting the p53—
MDM2 binding represents an attractive novel approach to cancer therapy".

When directed to the nucleus by TGF-B or BMP signals, Smad proteins undergo cyclin-dependent kinase 8/9 (CDK8/9)
and glycogen synthase kinase-3 (GSK3) phosphorylations that mediate the binding of YAP and Pin1 for transcriptional
action, and of ubiquitin ligases Smurfl and Nedd4L for Smad destruction®. Smad ubiquitylation regulatory factor-1
(Smurfl; EC 6.3.2.19) has been identified as a HECT type E3, and has been related to multiple biological processes such
as cell growth and migration, and explored for several physiological functions in bone formation, embryonic development,
and tumorigenesiss. Smurfl was identified as a negative regulator of BMP signaling, as it ubiquitinates Smadl and
Smad5 for proteasomal degradation to prevent the mild BMP signal from bursting into an overwhelming consequence.
CDK8-mediated phosphorylation of Smadl/5 facilitates the transcriptional complex in activating its target genes.
Further;nore, it promotes GSK3-mediated phosphorylation of Smad1/5, which leads to the capture of Smadl/5 by
Smurfl’.

1 R.J. Deshaies, C.A.P. Joazeiro. RING Domain E3 Ubiquitin Ligases. Annu. Rev. Biochem. 2009, 78, 399-434.

2. Jia et al. SCF E3 ubiquitin ligases as anticancer targets. Curr Cancer Drug Targets. 2011 Mar;11(3):347-56.

3 K. Zak et al. Mdm2 and MdmX inhibitors for the treatment of cancer: a patent review (2011 — present). Exp. Opin. Ther. Pat. 2013, 23, 425-448.
“B.T. Vu, L. Vassilev. Small-Molecule Inhibitors of the p53-MDM2 Interaction. Curr. Top. Microbiol. Immun. 2011, 348, 151-172.

° E. Aragén et al. A Smad action turnover switch operated by WW domain readers of a phosphoserine code. Genes Dev. 2011 Jun 15;25(12):1275-88.
°Y. Cao et al.A Smurf1 tale: function and regulation of an ubiquitin ligase in multiple cellular networks. Cell Mol Life Sci. 2013 Jul;70(13):2305-17.

Y. Cao et al. Selective small molecule compounds increase BMP-2 responsiveness by inhibiting Smurf1-mediated Smad1/5 degradation. Sci Rep.
2014 May 14;4:4965.
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1953 PRT ALB5 ...vviiiiieiieiiiee ettt E3 Ubiquitin ligase Bmil/RinglA inhibitor ...........cccccoooeiiiennn. Page 652
2009 RITA oo Activates p53 through inhibition of MDM2 ............c.ccociiiininne Page 675
2741 SARAD5838 ......coccociiiiiiiiiiiii e MDM2-p53 INhIDItOr ... Page 692
2164 ST 172550 ..ottt Small molecule inhibitor of MDMX.........cccociviiiiiiiiiiiciies Page 715
1904 SMER 3 .ottt Inhibitor of an SCF family E3 Ubiquitin ligase.............cccccoeveeen. Page 719
2426 SMURFL Iinhibitor ADL ........ccevviiiirieiiiieieeeeseeee e Inhibitor of E3 ubiquitin-protein ligase SMURF1............ccccoeue. Page 720
2437 SP 1AL ..o MDM2 inhibitor with therapeutic effects in breast cancer .......... Page 724
2894 STF 62247 ...ocviiiiiiiiiiiiiciieii e Inducer of apoptosis and autophagy in VHL-deficient RCC cellsPage¢ 738
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Enzymes (EC various) Ubiquitin Proteasome System

The ubiquitin-proteasome system (UPS) targets numerous cellular proteins for degradation. It is a highly complex,
temporally controlled, and tightly regulated process that plays major roles in a variety of basic cellular processesl.
Degradation of a protein via the ubiquitin-proteasome pathway involves two discrete and successive steps: (1) tagging of
the substrate by covalent attachment of multiple ubiquitin molecules to synthesize the polyubiquitin chain proteolytic
signal and (2) degradation of the tagged protein by the 26S proteasome complex with release of free and reusable
ubiquitin catalyzed by ubiquitin-recycling enzymes (DUBs)®. Conjugation of ubiquitin to the protein substrate proceeds via
a three-step cascade mechanism. Initially, the ubiquitin-activating enzyme E1 activates ubiquitin in an ATP-requiring
reaction resulting in a high-energy thiol ester intermediate. Subsequently, this intermediate is transferred to a member of
the ubiquitin-carrier proteins family of enzymes, E2 (also known as a ubiquitin-conjugating enzyme [UBC]). Finally, from
E2, the activated ubiquitin moiety is attached to the substrate that is specifically bound to an E3, a member of the
ubiquitin-protein ligase family of proteins. By successively adding additional activated ubiquitin moieties to internal Lys
residues on the previously conjugated ubiquitin molecule, a polyubiquitin chain is synthesized. The degradation signal
that is recognized by the 26S proteasome complex is made of a Lys48 polyubiquitin chain. Conjugation to other Lys
residues, Lys63 for example, serves nonproteolytic functions of the system, such as activation of transcriptiona.

* Drug discovery in the ubiquitin—proteasome system. G. Nalepa, M. Rolfe, J.W.Harper. Nature Reviews Drug Discovery2006, 5, 596-613.

2 Mechanisms of Proteasome Inhibitor PS-341-induced G2-M-Phase Arrest and Apoptosis in Human Non-Small Cell Lung Cancer Cell Lines. Y Ling et
al. Clin. Cancer Res. 2003, 9, 1145-1154.

3 The Ubiquitin Proteasome System in Neurodegenerative Diseases: Sometimes the Chicken, Sometimes the Egg. A.Ciechanover, P. Brundin. Neuron
2003, 40, 427-446.
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2199 ONX 0914 ..ottt Selective inhibitor of LMP7 subunit of immunoproteasome....... Page 603
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lon Channels

lon channels are pore-forming membrane proteins that act as gated pathways for the movement of ions across cell
membranes. They are found in both surface and intracellular membranes, and play essential roles in the physiology of all
cell types. lon channels are especially prominent components of the nervous system as they underlie the nerve
impulse and because "transmitter-activated" channels mediate conduction across the synapses of a nerve cell’'s axon. In
addition, ion channels are key components in a wide variety of biological processes that involve rapid changes in cells,
such as cardiac, skeletal, and smooth-muscle contraction, epithelial transport of nutrients and ions, T-cell activation
and pancreatic beta-cell insulin release. Many human diseases are caused by defects in ion channel function, which can
lead to disease in a number of different ways: Gain, or loss, of channel function (channel-pathies), defective regulation of
channel activity by intracellular or extracellular ligands or by channel modulators, by autoantibodies binding to ion channel
proteins, or even by ion channels that act as lethal agents'.

lon channels can be categorized based upon multiple characteristics, e.g. their selectivity in permeability for a certain type
of ion, the number of pores, or by their mechanism of activation. The wide range of Axon Ligands™ in this catalogue
targeting ion channels has been categorized into ligand gated ion channels and voltage gated ion channels. Both
categories are subdivided on the basis of their selectivity towards activating ligand or the type of ion.

* Taken from Oxford Textbook of Medicine, fifth edition, 2010. ISBN 9780470987261.

lon Channels: Ligand-gated

Whereas the voltage-gated ion channels underlying the action potential typically allow only one type of ion to permeate,
channels activated by extracellular ligands are usually less selective, allowing two or more types of ions to pass through
the channel pore®. In most cases, these ligand gated ion channels have allosteric binding sites, and can be regulated by
endogenous chemical signals originating from neurotransmitters and/or cytoplasmic modulators. Ligand gated ions
channels (LGICs) can be classified in three superfamilies. The superfamily of Cys-loop receptors resembles the structure
and mechanism of the nicotinic acetylcholine receptors, and all share a characteristic loop formed by a disulfide bond
between two cysteine residues in the N terminal extracellular domain. Most conspicuously, all the receptors of this
superfamily possess four hydrophobic amino-acid sequences, which are long enough to span the plasma membrane.
Accordingly, they sometimes are termed four-transmembrane (4TM)-sequence receptors. This first class of LGICs
includes both anionic receptors (glycine (GlyR), GABAA (GABAAR), as well as cationic receptors (nicotinic acetylcholine
(nAChR), Zinc-activated ion channel (ZAC), and one class of serotonin receptors (5-HT3R)).

Secondly, the superfamily of ionotropic glutamate receptors (iGIuR) share the feature of being activated by the
neurotransmitter glutamate. They form tetramers with each subunit consisting of three domains. The one domain
consisting of three transmembrane helices (TMD) actually forms the ions channel. The members of this superfamily are
AMPA (GluA), Kainate (GluK), NMDA (GIuN), and orphan (GluD) receptors.

Finally, the third superfamily of LGICs is represented by a class of ATP-gated channels. The only members known to date
are the P2X receptors (P2X 1-7) which form trimers with only two transmembrane helices per subunit?.

1 Neuroscience. 2nd edition. Purves D, Augustine GJ, Fitzpatrick D, et al., editors. Sunderland (MA): Sinauer Associates; 2001
2 Ligand-Gated lon Channels. F. Hucho, C. Weise. Angew.Chem.Int.Ed. 2001, 40, 3100-3116.

lon Channels (Ligand-gated) Cys-loop, anionic

The Cys-loop class of LGICs forms a superfamily of ionotropic receptors that includes two types of anion-permeable
channels, which are represented by receptors for the neurotransmitters GABA (gamma-aminobutyric acid ) and glycine,
and allow negatively charged chloride ions to migrate through the cell membrane. Activation of these receptors in general
leads to rapid inhibitory synaptic transmission.

Upon activation, the GABAA receptor selectively conducts CI- through its pore, resulting in hyperpolarization of the
neuron. This causes an inhibitory effect on neurotransmission by diminishing the chance of a successful action potential
occurring. Mild inhibition of neuronal firing by drugs acting at the GABAA receptor causes a reduction of anxiety in the
patient (an anxiolytic effect) while more pronounced inhibition induces general anesthesia®.

As a consequence of its high affinity binding to its natural inhibitor, strychnine, the GlyR was the first nicotinicoid receptor
isolated from mammalian nervous tissue. Structurally and functionally, the glycine receptor is most closely related to the
GABAA receptor. GlyRs are primarily expressed in spinal cord, brain stem, caudal brain, and retina. In adult neurons, the
inhibitory chloride influx upon glycine receptor activation stabilizes the resting potential of the cell, rendering them
electrically quiescent. Reduced channel expression and/or reduced activity of mutants often result in channelopathies
involving muscle tone regulation, such as human startle disease (hyperekplexia)B.

! Novel animal-health drug targets from ligand-gated chloride channels. V. Raymond, D.B. Sattelle. Nat. Rev. Drug Discov. 2002, 1, 427-436.
2 Structure, Function, and Modulation of GABAA Receptors. E. Sigel M.E. Steinmann. J. Biol. Chem. 2012, 287, 40224-40231.
3 Structure and Function of the Glycine Receptor and Related Nicotinicoid Receptors. M. Cascio. J. Biol. Chem. 2004, 279, 19383-19386.

3042 AZD B280 ..ceeeiveiieieeiee e Selective, orally active, allosteric GABA-A a2/3 receptor modulatorP 246
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1457 NS 11394 . PAM Of GABAA .......oiiiiiiiiiii e Page 583
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2784 PK 11195, (R)-(-)-N-Desmethyl- ..........ccoovivviiiiiiiiiinns Radioligand precursor of the benzodiazepine antagonist (R)-(-)-PK
T2195 L Page 641
2833 PK 11195, N-Desmethyl- .......ccccciiiiviiiiiiiiiiiiiiiiices Radioligand precursor of the benzodiazepine antagonist PK 11195P 641
1195 SL B51498 ...t GABAA-aIpha2 agonist.........c.ccuviviiiiriiiiiiie e Page 717
3119 SHAPENTOI .ot PAM 0f GABAA ..ottt Page 740
1422 TP 003 ...iiieieiiieiie ettt ettt et GABAA-alpha3 agoniSt........cc.ociiiiiiiiiiieieciieie e Page 773
1646  ZAlEPION ....ooeiiiiiieiieteee e GABAA-alphal agonist........cceciiiiiiiiiiiiiiiiieie e Page 828
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lon Channels (Ligand-gated) Cys-loop, cationic

Nicotinergic acetylcholine receptors are made up of 5 subunits, symmetrically arranged around a central pore (ion
channel). It is considered the best-characterized LGIC and a prototypical structure for the class of 4TM receptors.
nAChRs are found mainly in postsynaptic membranes of central nervous system synapses and of the neuromuscular
endplate. The physiological signal to which nAChR responds is the neurotransmitter acetylcholine, but it is also activated
by nicotine. The assembly of combinations of subunits (17 distinct subunits have been identified) results in a large
number of different receptors with a high variety of functional diversity as a resuit".

5-HT3 differ from all other 5-HT (serotonin) receptors whose actions are mediated via G proteins. Their structure and
function has placed them in the Cys-loop family of cationic ligand-gated ion channels. 5-HT3 receptors are located in both
the peripheral (PNS) and central (CNS) nervous systems. In the CNS, 5-HT3 receptors may play roles in a variety of
functions including emesis, cognition and anxiety, whereas in the PNS they play a role in a variety of sympathetic,
parasympathetic and sensory functions (e.g. signaling in gastrointestinal tract, gut motility and peristalsis)z.

R Ligand-Gated lon Channels. F. Hucho, C. Weise. Angew.Chem.Int.Ed. 2001, 40, 3100-3116.

2 5-HT3 Receptors. A. J. Thompson, S. C. R. Lummis. Curr Pharm Des. 2006; 12(28): 3615-3630.

2694 4ABP-TQS ..o Page 171
1097 Alosetron hydrochloride Page 196
2401 AT 1001.. Page 231
1096 Azasetron hydrochloride Page 240
2535 Azasetron hydrochloride, (-)- .. L5-HTB antagonist.........cvicicicicc e Page 241
2534 Azasetron hydrochloride, (+)- .
1153 B-HT 920 dihydrochloride .
1078 Epibatidine dihydrochloride, (-)-.
1077 Epibatidine dihydrochloride, (+)-
1076 Epibatidine dihydrochloride, (+)-

5-HT3 antagonist..........c.ccooiiiiiiiiiiicicc e Page 240
D2 agonist, alpha-2 adrenoceptor agonist; 5-HT3 antagonist ...Page 268

Nicotinic acetylcholine receptor agonist..

Nicotinic acetylcholine receptor agonist..
Nicotinic acetylcholine receptor agonist..
1449 Granisetron hydrochloride
2860 GTS 21 dihydrochloride ..

5-HT3 antagonist....

...Selective a7 nicotinic acetylcholine receptor (NAChR) partial

AJONIST. ...ttt Page 439
3101 Palonosetron hydrochloride ..........cccocvvviiiiiiiiiiiiinns Highly potent, selective and orally active 5-HT3 antagonist ...... Page 614
3286 Penehyclidine hydrochloride EEEMEEEITA ................... ANGCNONINETGIC AIUG ..o Page 623
2109 PHA 543613 dihydrochloride ...........ccocveveniiienienienees nAChR agonist (selective for a7 sub-unit) .........ccccccoeviiiiinnens Page 636

85 Please visit http://www.axonmedchem.com for special offers and availability

Q_onN

MEDCHEM
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1384 Varenicline dihydrochloride.............cccoceeiiiiiiiiiiiiiiee Nicotinic acetylcholine receptor agonist.............cccccoveiveiineniens Page 792
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lon Channels (Ligand-gated) Glutamate, ionotropic

L-glutamate is the major excitatory neurotransmitter in the central nervous system. The glutamate system represents an
attractive molecular target in the treatment of epilepsy, neurodegenerative diseases (Alzheimer's disease, Parkinson’s
disease, Huntington’s chorea), schizophrenia, ischemia, pain, alcoholism and mood disorders®.
Alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) is an artificial glutamate analogue. Its receptor
(originally named quisqualate receptor) is a non-NMDA-type ionotropic transmembrane receptor for glutamate that
mediates fast synaptic transmission in the central nervous system. Like all ionotropic glutamate receptors, it consists of
tetramers of four different types of subunits (GIuR1-GluR4). The AMPA receptor GIuA2 (GIuR2) tetramer was the first and
currently only glutamate receptor ion channel to be crystallizedz.

Kainate, a natural product, is an excitotoxic glutamate analogue produced by an algae, while NMDA is N-methyl-d-
aspartate. Although all three glutamate receptor subtypes respond to glutamate, they can be distinguished by their
response to these artificial agonists. Their distribution in the brain, physiological function, and mechanism and kinetics of
activation and regulation are very different®. In two ways, the NMDA receptor is distinct from the other LGICs. First, it is
both ligand-gated and voltage-dependent. Second, it requires co-activation by two ligands: glutamate and either d-serine
or egcirJe. What's more, the receptor controls a cation channel that is highly permeable to multiple monovalent ions and
calcium”.

* Molecular structure of ionotropic glutamate receptors. A.A. Kaczor, D. Matosiuk. Curr Med Chem. 2010,17, 2608-2635.

2 AMPA receptors as drug targets in neurological disease--advantages, caveats, and future outlook. P.K. Chang, D. Verbich, R.A. McKinney. Eur. J.
Neurosci. 2012, 35, 1908-1916.

% Kainate receptors. P. Pinheiro, C. Mulle. Cell and Tissue Research. 2006, 326, 457-482.

* The Role of N-Methyl-D-Aspartate (NMDA) Receptors in Pain: A Review. A.B. Petrenko et al. Anest. Analg. 2003, 97, 1108-1116

3335 AZD6765 dihydrochloride GEEMEEENED ...................... Noncompetitive NMDA antagonist..................covvereererererenennnnns Page 249
3088 BCP, L- ..ottt Brain-penetrant modulator of AMPA receptor...........c.ccccevevenen. Page 263
1217 CFM 2 AMPA aNtAGONIST.......eouvieiiiiiiiaiieie et Page 309
2079 CMPDA .. ..ottt Positive allosteric modulator of AMPA receptor.............c.c.ccc.... Page 325
1200 CNQX eriiiiiiiieiieiesteieeeie sttt st AMPA/Kainate antagonist...........cceoviereririreieiiiieeeeieeseseens Page 326
2522 CNQX disOdium Salt .....coveviveriieeiiieiieesiee s AMPA/Kainate antagonist............ccccueiveiiriieiiciiiieeeeee e Page 326
2254 CP 101606........cceeeiiiaireniieieeie ettt NMDA NR2B antagonist..........c.cccceiiieiiiiiiiiiiciiciececie e Page 330
1406 CP 101606 MESYIALE ......ocveeuveriieieriieiesiee e NMDA NR2B antagoniSt..........cccceiuiiieiiiiiiiiiiiiieiesecie e Page 331
3089 CXBL6 vttt Positive allosteric modulator of AMPA receptor............ccceeveue.. Page 341
3090 CXBAB ..ottt et Positive allosteric modulator of AMPA receptor............cccecveue.. Page 342
1201 DNQX .ttt AMPA/Kainate antagonist............ccccceiviiiriiniiciiicicceeeee Page 368
1246 ENProdil.......cccooviviiiiiiiiiiiii e NMDA antagoniSt ........c.ccviiviiiiiiiieiiie it Page 381
1262 GAVESHNEL.....iiiiiiiiiiiiieiee e NMDA antagonist (glycine Site) .........cccccvvvviiiiiiiiiiiiiiiiiiiiiee Page 415
1374 GYKIB3B55 ..uiiiiiiiiiiieiiieeiieesireeste e seesiee e AMPA aNtagOniSt........cuiiviiiiiiiiiieeeie e Page 445
1156  IfEeNProdil........cccoiieeiiieeee e NMDA antagoniSt .......cccveciiiiiiiiiieiiiiecie e Page 464
2793 JINJ 55511118 ..coiiiiiiiieiiiieeie ettt Negative modulator of AMPA receptor (TARP-y8 selective) .....Page 480
1353 LamOtNgiNe ....c.ocuiuiieiiiinieiciiree e Glutamate antagonist; Na+ channel blocker.............c.cccooovens Page 501
1249 N 20C hydrochlofide...........ccoovireiiiiiciiiiiicceeee NMDA @NtagONISE ....c.veiieeiiiiieiieiieeie et Page 564
3349 NMDAR-TRPM4 blocker C19 dihydrochloride

....Page 579
3348 NMDAR-TRPM4 blocker C8 dihydrochloride

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, NMDAR/TRPM4 interaction interface inhibitor ................c......... Page 579
1434 RGH 896......oiiiiiiiiiiiiieieee e NMDA NR2B @ntagOniSt.........c.ccoveruiiienieniiniieieeieaiesieeee e Page 673
1314 RO 25-6981 hydrochloride..........c.ccccevviiiiiiiiiiiiiiie NMDA NR2B antagonist..........cccoeiiiiiiiiiiiiicicee s Page 677
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2601 RO 25-6981 maleate .........cccoevveiiiiiiiiiiiciieieseeie e NMDA NR2B antagoniSt..........ccoveiiiiiieiiiiiiiieieeeeeeee e Page 677
1788 S 18986 ....cceiiiiiiiiiiiiie Positive allosteric modulator of AMPA receptor............cc.ccccce... Page 691
2708 TCN-201 .oviiiiiiiiiieieiiieeeee et NMDA NR2A antagonist..........cccccciiiiiiiiiiiiiiiiisccie e Page 756
1312 YM 90K hydrochloride .........cccocveveereenienieienieeeec e AMPA antagOniSt...........ccueiiiiiiiiiiiiiiiie e Page 823
2261 ZD 9379 ..t Antagonist of the glycine site on the NMDA receptor complex..Page 830

lon Channels (Ligand-gated) P2X

P2X receptors belong to a larger family of receptors known as the purinergic receptorsl. Unlike the G-protein coupled P1
and P2Y receptors, the P2X receptors are ATP-gated cation channels with important roles in diverse pathophysiological
processes 2(afferem signaling (including pain), regulation of renal blood flow, vascular endothelium, and inflammatory
responses)”.

N ATP-gated P2X cation-channels. M.F. Jarvisa, B.S. Khakh. Neuropharm. 2009, 56, 208-215.
2 Signaling at Purinergic P2X Receptors. A. Surprenant, R.A. North. Ann. Rev. Physiol. 2009, 71, 333-359.

2182 A BOA598 .......ociiiiiiiiie Potent and selective P2X7 antagonist.............cccccoveiiiiiiiiicinns Page 174
2523 BX 430 ...ttt Allosteric antagonist of human P2X4 receptor channels ........... Page 291
1967 GW 791343 hydrochloride ..........cccoceviiiiiiniiiiiiciiee P2X7 receptor antagonist and allosteric modulator ................... Page 443
2890 JINJ 47965567 ..ottt Potent, brain-penetrant P2X7 antagonist.............cccceccvieiiienne Page 479

lon Channels (Ligand-gated) unclassified

Cystic fibrosis transmembrane conductance regulator (CFTR) is an ABC (ATP-binding cassette) transporter-class ion
channel that transports chloride and thiocyanate ions across epithelial cell membranes®. Like the P2X receptors, the
CFTR has an ATP binding domain, and is considered a cAMP-activated ATP-gated anion channel. It is found in the
epithelial cells of many organs including the lung, liver, pancreas, digestive tract, reproductive tract, and skin. Chloride
transport through the CFTR channel works in concert with sodium transport through epithelial sodium channels (ENaC) to
maintain salt, fluid, and pH homeostasis in various epithelial tissues. Mutations of the CFTR gene affect functioning of the
chloride ion channels in these cell membranes, leading to cystic fibrosis and congenital absence of the vas deferens?®.

 The ABC protein turned chloride channel whose failure causes cystic fibrosis. D.C. Gadsby, P. Vergani, L. Csanady. Nature 2006, 440, 477-483.
2 Cystic fibrosis transmembrane regulator protein mutations: ‘class’ opportunity for novel drug innovation. K.D. MacDonald, K.R. McKenzie, P.L.Zeitlin.
Paediatr. Drugs 2007, 9, 1-10.

2552 AdJUAIN ..o Male contraceptive with anti-proliferative activity....................... Page 187
1763 COPO 22.....ciiiiiiiiiiiiiiec Modulator of CFTR (delta-F508 Selective)..........cccoeeeeiiennenenne Page 328
2572 GlYH 101, .ttt Highly potent and selective CFTR inhibitor.............ccocceviiiennne Page 421
3234 Lumacaftor EEEIIERERTIN...........co.ovveeeeeieieieieieieieienenes Selective and orally bioavailable CFTR COIMector..................... Page 517
2295 PPQ 102....cciiiiiiiiiiiiiicec e CFTRINNIDITOT ..o Page 649
21689 VX BBL..iiiiiiiieciiieeiee ettt Corrector 0f the CFTR .....cciiiiiiiieieeeeee e Page 804
2503 VX 770 ittt Orally bioavailable CFTR potentiator.............cccccevvviiiiieciiinenn. Page 805

lon Channels: Voltage-gated

lon channels are specialized proteins embedded in the membrane. The ion selectivity of the channel is a property
associated with its permeation pathway, normally called the pore. The magnitude of the current across the membrane
depends on the density of channels, the conductance of the open channel, and how often the channel spends in its open
position or its open probability. The salient feature of channels involved in excitable membranes is that the open
probability is regulated by the transmembrane voltage or membrane potential. Changes in the membrane potential can be
picked up by a voltage sensor that detects the voltage and transfers its energy to the pore to control its gatel. Despite
their differences in ion selectivity and gating capabilities, voltage-gated channels in general share a number of structural
features. They have a common structure with 24 transmembrane segments and a specialized pore region. Voltage-gated
Na+ and Ca2+ channels are composed of a single pore-forming polypeptide (the alpha subunit), plus various auxiliary
subunits. The alpha subunits of these channels contain four repeats of a core motif, which consists of six predicted
transmembrane regions, S1-S6. Voltage-activated K+ channels are tetramers, with each subunit containing a single core
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motif. The ion-selective pore of these channels are formed by loops between the S5 and S6 regions, often called the P-
regions or P-loops; four of these loops approach close together at the axis of the porez.

* The Voltage Sensor in Voltage-Dependent lon Channels. F. Bezanilla. Physiol. Rev. 2000,80, 555-592.
2 The moving parts of voltage-gated ion channels. G. Yellen. Q. Rev. Bioph. 1998, 31, 239-295.

lon Channels (Voltage-gated) Calcium

Calcium channels have long been the target of therapeutic drugs aimed at treating the symptoms of cardiovascular
disease and migraine headache. They regulate the permeability of the cell membrane towards calcium. Axon Medchem
offers pharmacological standards that interact at each of the 2 main classes within the family of calcium channels, the
voltage-gated, and the ligand-gated channels (see also section of non-calcium-selective ligand-gated ion channels)l.

! International Union of Pharmacology. XLVIIl. Nomenclature and Structure-Function Relationships of Voltage-Gated Calcium Channels. WA Catterall, E
Perez-Reyes, TP Snutch, J Striessnig. Pharmacol Rev 57:411-425, 2005

3015 Amlodiping DESYIALE .....cc.ceeeviiiieiirieiiee e Ca2+ channel BIOCKET..........cc.oiiiiiiiiiicceeec s Page 211
3013 AranidipiNg .....ccoeiiueieiiiiicieteee e Ca2+ channel antagoniSt...........coeiiiiirieieieeie e Page 222
3160 Azelnidipine .......cccccoiiiiiiiiiiiie Calcium channel blocker ... Page 249
3014 Barnidipine hydrochloride ............ccccoovviiiiiiiiiiiiiies Potent Ca2+ channel blocker (L-type voltage gated)................. Page 257
1697 BAY K 8B44 ...ttt Ca2+ channel activator (L-type voltage-gated)...............ccoceeus Page 261
1758 BAY K 8644, (R)-(F)- cueeeirieeieriieieriieieesee e Ca2+ channel blocker (L-type voltage-gated)...........c..cccovvvnennes Page 261
1759 BAY K 8644, (S)-(=)- «ovververueererieeierierienieesieeeesie e Ca2+ channel opener (L-type voltage-gated) ...........cccceevinenns Page 261
3131 Benidipine hydrochloride ...........ccccooeiiiiiiiiiiiiieicsees Ca2+ channel bIOCKET..........ccoiiiiiiiiiiiiiecee s Page 265
1868 CRAC iNhibItor 44 ........coviviiiiiiiiieeieeee e Potent and selective CRAC ion channel blocker ....................... Page 338
2952 Fantofarone ...........cccceciiiiiiiiiiieicsee e Highly potent and specific Ca2+ channel antagonist................. Page 396
1448 Felodipine ........ccvoviiiiiiiiiiiic Ca2+ channel blocker ..o Page 398
3185 LB51582 ...oocvviiiiiieiiieiiie e Ca2+ channel bIOCKET..........ccuiiiiiiiiiiiicee s Page 500
2V NITVEY [TV ISRl Recent Addition [N Ca2+ channel antagonist.............c..coeurieveiereiieeeieeee s Page 576
2068 NIfEdIPINE...c.iiuiiiiiieiiiee et Ca2+ channel blocker (L-type voltage gated)...........c..cccceveens Page 576
3158 Otilonium bromide ..........cccceeeiieiiniiniieienieeseeesees Ca2+ channel bIOCKET..........ccociiiiiiiiiiiicci s Page 650
1823 Pregabalin ..o Reduces synaptic signaling by binding to a26 subunits ............ Page 650
1221 SKF 96365 hydrochloride .............ccocooiiiiiiiiiiiiiiiiins Ca2+ channel blocker...........ccccciiiiiiiiiii i Page 716
3025 Z944 ..o Highly selective, orally available Ca2+ channel blocker (T-type

VOIAGE GAEA). .. .i i Page 827

lon Channels (Voltage-gated) Potassium

Potassium channels are a diverse and ubiquitous family of membrane proteins present in both excitable and non-
excitable cells. Members of this channel family play critical roles in cellular signaling processes regulating
neurotransmitter release, heart rate, insulin secretion, neuronal excitability, epithelial electrolyte transport, smooth muscle
contraction, and cell volume regulation. Over 50 human genes encoding various potassium channels have been cloned
during the past decade’. Based on the structure of the potassium channels, four main classes can be identified. The basis
of all channels consists of four subunits that are clustered to form the ion-permeation pathway across the membrane.
Each of the four subunits is build uP of two transmembrane helices and a short loop between them. Distinct features
characterize the four main classes”: inwardly rectifying potassium channels (2TM/P channels), voltage and/or ligand
gated ion channels (6TM/P channels), hybrid channels made from the two previously mentioned classes (8TM/2P
channels), and dimer channels (4TM/2P channels) made from two repeats of the inwardly rectifying channels, and are
often referred to as ‘leakage channels’. Also the hyperpolarization-activated and cyclic nucleotide-gated (HCN) channels
belong to the superfamily of voltage-gated K+ (Kv) and cyclic nucleotide-gated (CNG) channels. They are sometimes
referred to as “pacemaker channels” because they help to generate rhythmic activity within groups of heart and brain
cells.

Axon Medchem offers a variety of potassium channel openers and blockers, including the racemate and optically pure
enantiomers of BMS 204352 (Axon 1112, Axon 1308, and Axon 1309), modulators of the Maxi-K channel (or BK channel,
member of 6TM/P channel class), and Zatebradine HCI (Axon 1248, HCN channel blocker).
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! potassium Channels: Molecular Defects, Diseases, and Therapeutic Opportunities. C.C. Shieh, M. Coghlan, J.P. Sullivan, M. Gopalakrishnan.
Pharmacological Reviews, 2000, 52, 557-594.
2 Jon conduction pore is conserved among potassium channels. Lu, Z., Klem, A. M. & Ramu, Y. Nature 2001, 413, 809-813.

2979 ASP 2905 ..o Potent, selective and orally active KCNH3 (Kv12.2) inhibitor ....Page 230
2243 AVE 0118 hydrochloride ...........cooerieniiieieiieieeiesieee Potassium channel blocker (Kv1.5, Kv4.3, Kir3.4, and IKr).....Page 236
1294 Chromanol 293B.........ccccoveiririerieiiiiieieieesreeeeee e KCNQ1 channel blocker...........ociiiiiiiiiiiicecccee e Page 316
1322 DIMP 543t K+ channel blocker; Ach release stimulator .............cccccccevieene Page 367
2103 Dofetilide........cccviiiiiiiiiiiiiiii s Kv11.1 (hERG) channel blocker...........ccccoiiiiiiiiiiiiiiiiics Page 368
1437 Flupirtine maleate .............ccocoeiiiiiiiiiiiiicceces ANAIGESIC.....oviiiicieiic e Page 407
2724 ICA-069673 ....cceeeeeeeeciee e eee st e et e e saa e eeeennae e KCNQ2/KCNQ3 channel opener; Anti-convulsant..................... Page 462
3091 ICA-11038L ...ocuiiiieiiiiiieieeieeee ettt KCNQ2/KCNQ3 channel opener; Anti-convulsant..................... Page 462
1735 Kv1.3 Channel blocker 42..........cccooiiiiieienieieecieae Kv1.3 potassium channel blocker.............cccovviiiiiiiiiiiiiiiee Page 496
3032 LUFT244 oot Potent negative allosteric modulator (NAM) of the Kv11.1 (RERG)
channel... Page 517

2747 ML 213 KCNQ2/KCNQ4 channel opener ..
2615 ML252..... Selective and brain penetrant KCNQ?2 inhibitor ..

3196 ML277 [EZIERED .. ...Potent and selective KCNQ1 channel activator.. Page 548
2094 NS B180.....ccciiiiiiiiiiiieiece e KCa3.1 channel blocker .. Page 583
3365 Repaglinide GEEEIEEEREI..............ccovvverenneereneneeeens K+ channel blocker (SURL/Kir6.2 Selective)............ccoceveeeenns Page 670
1525 Retigabine ......cccoeiieiiiiiieieeiesie et KCNQ channel opener; Anti-convulsant............ccccocevviiiinnenene Page 671
2252 Retigabine dihydrochloride ............cocoviriiiiiieiiniiniees KCNQ channel opener; Anti-convulsant.............ccccceeciiciinennne Page 671
1657 S 9047 ..o Ikur/Kv1.5 channel INhibitor ...........c.ooveiiiiiiieee Page 690
1987 XE 991 ...ttt KCNQ channel and M-current bIocker............cccoovvienieiicnieenne Page 817
1305 XE 991 dihydrochloride............ccccveiiiiiiiiiiiiiiiiiciie KCNQ channel and M-current blocker.............ccccocoiiiiiiicns Page 817
1248 Zatebradine hydrochloride............cccocooviviiiiiiiiccs HCN channel bIoCKer...........ccoiiiiiiiiccecc Page 828

lon Channels (Voltage-gated) Sodium

Voltage-gated sodium channels, which produce the inward membrane current necessary for regenerative action potential
production within the mammalian nervous system, are expressed in primary sensory neurons and have emer%;ed as
important targets in the study of the molecular pathophysiology of pain and in the search for new pain therapies™. Nine
members of the family of voltage-gated sodium channels have been identified thus far, consisting of a large alpha subunit
that associates with other proteins, such as beta subunits®. An alpha subunit, consisting on its own of four repeating
trans-membrane domains forming the actual pore, forms the core of the channel and is functional on its own. When
accessory proteins assemble with alpha subunits, the resulting complex can display altered voltage dependence and
cellular localization. Ligand gated sodium channels (e.g. nicotinic receptors) are activated by endogenous acetylcholine.
Activation causes a conformational change of the receptor, leading to the opening of the internal pore, and enabling
extra-cellular sodium ions to flow into the cell.

As the quest for new selective molecules targeting sodium channels for the treatment of chronic pain continues, Axon
Medchem intends to expand its range of sodium channel modulators accordingly.

! Sodium channels and pain. S.G. Waxman*, S. Dib-Hajj, T.R. Cummins, J.A. Black. Proc. Natl. Acad. Sci. USA 1999, 96, 7635-7639.
2 International Union of Pharmacology. XLVII. Nomenclature and structure-function relationships of voltage-gated sodium channels. W.A. Catterall, A.L.
Goldin, S.G. Waxman. Pharmacol Rev. 2005, 57, 397-409.

1915 A B0BAB7 ..ottt Blocker of the voltage-gated Nav1.8 channel...............ccccceeue. Page 174
1113 AM 36 dihydrochloride ..........ccooeviiiiiiniiiiiecece Na+ channel BIOCKET...........ccviiiiiiiiiiececc e Page 197
2548 CNV 1014802 hydrochloride............c.ccocovviiinnniiiiiciens Na+ channel blocker; anti-convulsant................ccccccoeiiiiicns Page 326
1899 GSK2 ..ttt Na+ channel blocker; anti-convulsSant.............cccceoevierieicniennne Page 430
1444 LacoSaAMIdE .......ccccceviviiiiiiiiiiiiiieeeceee e Na+ channel blocker; anti-convulsant.............cccccceeveiiiicniennnne Page 500
1791 Navl.7 blocker 24.........cccooiiiiiiiiiiiicecce Nav1.7 BIOCKEr ........c.ooviiiii e Page 569
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1780 Navl.7 blocker 52........ccccoviiiiiiiiiiiiiiiicciece NavL.7 INNIDIOr ..o Page 569
2056 XEN 907 ..oociiiiiiiiiiiiiiisicieei s Sodium channel blocker (voltage-gated Nav1.7)............ccc........ Page 818

lon Channels (Voltage-gated) Transient Receptor Poten tial

The largest group of receptors that function as noxious stimuli detectors in nociceptors is the transient receptor potential
(TRP) channel family. TRPs have been subclassified into the C, V, M, A, P, and ML subfamilies. The members are
principal transducers of thermal stimuli that depolarize nerve terminals to the action potential threshold. A role of TRP
channels specifically in pain and thermosensation was first suggested by the finding that mammalian TRPV1 is activated
by both noxious heat and capsaicin, the active ingredient of chilli peppers. Although there is little amino-acid conservation
among distant TRP channels, they share a similar architecture of six-transmembrane domains with cytoplasmic amino
and carboxy termini. TRP channels are thought to function as tetramers, mostly as homomers. Six of the 28 TRP
channels from the three distinct TRP family subtypes are activated by temperature (TRPV1-4, TRPM8 and TRPAL).
Three other TRP channels (TRPM2, TRPM4 and TRPM5) are strongly modulated b¥ warm temperatures as well;
however, the lack of expression in nociceptor neurons argues against a role in nociception™.

The Vanilloid receptor (TRPV1), member of the Transient Receptor Potential Channel super family, is an ion channel
which is selective for calcium and magnesium over sodium ions. It is believed to be activated through a variety of
mechanisms, among which the binding of molecules containing a vanillyl moiety, also present in capsaicin. ABT 102
(Axon 1504) does not show this particular vanillyl moiety, yet is a member of the class of di(arylalkyl)- and
aryl(arylakyl)ureas, a class of compounds that also include two SB compounds (SB 705498, and SB 452533), which have
entered clinical trials®.

The transient receptor potential ankyrin-repeat 1 (TRPA1) channel is the sole member of the TRPA branch of the TRP
ion channel gene family. TRPA channels resemble TRPN channels that were implicated in mechanotransduction and
hearing in Drosophila and zebrafish. However, the ion channel domain of TRPA channels is evolutionarily distant from
TRPN channels®. TRPA1 channels are required for neuronal excitation, the release of inflammatory neuropeptides, and
subsequent pain hypersensitivity“. TRPAL is also activated by the release of inflammatory agents from nonneuronal cells
in the area of tissue injury or disease, and by environmental irritants and pungent chemicals, such as cinnamaldehyde
and mustard oil. Extracellular Ca®* is a key regulator of TRPAL activity, both potentiating and subsequently inactivating it®.
The transient receptor potential, subfamily C (TRPC) channels are ubiquitously expressed among cell types and mediate
signals in response to phospholipase C (PLC)-coupled receptorss. Among the TRPs, the 6 members of the human TRPC
subfamily are unique in that they are not only responsible for agonist-activated nonselective cation currents, but they also
participate in the so-called slow sustained mode of Ca2+ signaling, which requires sustained elevations of intracellular
Ca2+ ([Ca2+]i)’.

For all organisms, detection and adaptation to cold temperature is crucial to survival. Cold sensing in the innocuous range
of cold (>10-15 °C) in the mammalian peripheral nervous system is thought to rely primarily on transient receptor potential
(TRP) ion channels, most notably the menthol receptor, TRPM8. The TRP cation channel, subfamily C member 5
(TRPCS5), is found to be highly sensitive to cold in the temperature range 37-25 °C, and is thus hypothesized to play a
role in sensing cold®. Additionally, the channel may have an important role in the pathogenesis of hypertension®.

L A. Patapoutian et al. Transient receptor potential channels: targeting pain at the source. Nat Rev Drug Discov. 2009 Jan;8(1):55-68.

2 (R)-(5-tert-Butyl-2,3-dihydro-1H-inden-1-yl)-3-(1H-indazol-4-yl)-urea (ABT-102) Blocks Polymodal activation of Transient Receptor Potential Vanilloid 1
Receptors in Vitro and Heat-Evoked Firing of Spinal Dorsal Horn Neurons in Vivo. C.S. Surowy et al. J. Pharmacol. Exp. Ther. 2008, 326, 879-888.

® W.B. Liedtke, S. Heller, editors. TRP lon Channel Function in Sensory Transduction and Cellular Signaling Cascades. Boca Raton (FL): CRC Press;
2007.

* D.M. Bautista et al. TRPAL: A gatekeeper for inflammation. Annu Rev Physiol. 2013;75:181-200.

° Y.Y. Wang et al. The nociceptor ion channel TRPAL is potentiated and inactivated by permeating calcium ions. J Biol Chem. 2008 Nov
21;283(47):32691-703.

© J. Soboloff et al. TRPC channels: integrators of multiple cellular signals. Handb Exp Pharmacol. 2007;(179):575-91.

7 L. Birnbaumer. The TRPC class of ion channels: a critical review of their roles in slow, sustained increases in intracellular Ca(2+) concentrations. Annu
Rev Pharmacol Toxicol. 2009;49:395-426.

8 K. zimmermann et al. Transient receptor potential cation channel, subfamily C, member 5 (TRPCS5) is a cold-transducer in the peripheral nervous
system. Proc Natl Acad Sci U S A. 2011 Nov 1;108(44):18114-9.

9K.T. Cheng et al. Contribution and regulation of TRPC channels in store-operated Ca2+ entry. Curr Top Membr. 2013;71:149-79.

1816 A TBALEB8B ..ot e TRPV1 receptor antagoniSt ............ceveerrierieaiieniieiesie e Page 174
1504 ABT 102....ccciiiiiiiiieiiieiesiieit e TRPVL @ntagOoniSt .........cuccuiiiiiiiiiiiiiiiicieee e Page 180
3036 Bl 749327 ....ccoiiiiiiiiiicieic Potent, selective and orally bioavailable TRPCG inhibitor.......... Page 270
2458 ClEMIZOIE......iiiiiiiiiiiicicie e Inhbitor of the transient receptor potential channel TRPC5....... Page 322
2742 GSK 2193874 ..ottt Orally active TRPV4 antagonist..........cccccviiiiiiiiiiiiiiiieiiens Page 432
2423 M8-B hydrochloride............cccerieieerieniiiieieeeseee e Selective and potent antagonist of the TRPM8 channel............ Page 527
2980 ML2-SAL ..ottt Potent and selective activator of TRPML2..........cccccevviiieniennne Page 551
2374 OPLOVIN ..ottt Reversible photoactivated TRPAL agonist ............cccccccveevivnennne Page 604
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2483 PF 05105679 .....cciiiiiiiiiiiiiiiisiieie e TRPMS8 inhibitor with >100-fold selectivity...........c.ccocoveviriinens Page 631
2498 RQ 00203078 .....cccccviriiiieiiiiisiieie s Selective, potent, and orally active TRPM8 antagonist ............. Page 684

lon Channels: Inward rectifier, Potassium

A group of potassium channels with a predicted membrane topology of two TMDs (M1-M2) and a pore (P) domain
comprises inward rectifier channels (K;) and ATP-sensitive (Katp) channels. Currently, seven subfamilies (Kirl-7) have
been identified, the majority of which form K" channels with varying degrees of inward rectification when expressed in
heterologous expression systems. They can be classified into four functional groups: classical Kir channels (Kir2.x) are
constitutively active, G protein-gated Kir channels (Kg or Kir3.x) are regulated by G protein-coupled receptors, ATP-
sensitive K; channels (Kir6.x) are tightly linked to cellular metabolism, and K" transport channels (Kirl.x, Kir4.x, Kir5.x,
and Kir7.x) ~.

Kare channels couple cell metabolism to electrical activity of the plasma membrane by regulating membrane K fluxes. A
reduction in metabolism opens Karp channels, producing K* efflux, membrane hyperpolarization, and suppression of
electrical activity. Conversely, increased metabolism closes Karp channels. The consequent membrane depolarization
stimulates electrical activity and may thereby trigger cellular responses such as the release of hormones and
neurotransmitters, or muscle contraction. Given their critical role in regulating electrical excitability in many cells, it is
evident that disruption of Katp channel function can lead to disease. To date, mutations in Karp channel genes have been
shown to cause neonatal diabetes, hyperinsulinemia, and dilated cardiomyopathy in humans. The Karp channel is an
octameric complex of 4 Kir6.x and 4 SURx subunits®.

G protein-gated Kir Channels (Kir3.x, a.k.a. Kg channels or GIRKs) are one of the targets of GPCRs, that, upon activation
of the GPCR by its ligand (hormone or neurotransmitter) release two intracellular effector molecules (G, and Gg,) that can
effectuate channel opening resulting in hyperpolarization of the cell. The Kg channels can be activated by intracellular
GTP (GTPi) in the presence of agonist or by intracellular GTPyS even in the absence of agonist. After a long controversy,
it was finally established that Kg channels are activated by Gg, subunits of PTX-sensitive G proteins. Functional Kg
channels are tetrameric assemblies of Kir3 family subunits and can be either homomeric or heteromeric. The composition
of subunit of K channels varies among different cells and tissues which allows them to play diverse functional roles”.

L H. Hibino et al. Inwardly rectifying potassium channels: their structure, function, and physiological roles. Physiol Rev. 2010 Jan;90(1):291-366.
2 ATP-sensitive potassium channelopathies: focus on insulin secretion. F.M. Ashcroft. J. Clin. Invest. 2005, 115, 2047-2058.

2064 Glibenclamide potassium Salt........c.cccoceeeererreieniiennens KATP channel blocker; inhibits SURL .........cccocoiiiiiiiiiiiiiie Page 420
1757 HMR L1008 ....ouiiiiiiiiiieiieie ettt K+ channel blocker (SUR1/Kir6.2 selective)............ccccoecvervennnne Page 451
2436 ML 297 ..o Selective activator of the GIRK potassium channel.................. Page 547
1647 NN AL oo K+ channel opener (SUR1/Kir6.2 Selective) ...........ccocvevvervennnne Page 580
1274 PNU 37883 hydrochloride............coeviiveiiininiiiiiiinics K+ channel blocker (ATP sensitive, vascular) ............ccccccoeveneene Page 646

lon Channels: Calcium-activated, Potassium

Calcium-activated potassium channels are a large family of potassium channels that are found throughout the central
nervous system and in many other cell types. These channels are activated by rises in cytosolic calcium largely in
response to calcium influx via voltage-gated calcium channels that open during action potentials'. The International Union
of Pharmacology has put the Ca®" activated K* channels into one family which can be subdivided into two functionally but
genetically unrelated groups. One group include Small conductance KCa channels (KCa 2.1 (SK1), 2.2 (SK2) and 2.3
(SK3)). These channels are sensitive to block by apamin (100 pM-10 nM), which distinguishes them from all other KCa
channels. The group additionally is made up of Intermediate conductance channels ( KCa3.1 (IK)). These channels are
voltage-insensitive and are activated by low concentrations of internal calcium (less than 1.0 microM). Both IK and SK
channels play roles in processes involving calcium-dependent signaling in both electrically excitable and nonexcitable
cells. Unless they do not bind calcium directly they detect it by virtue of calmodulin, which is constitutively bound to the C-
terminal region. Binding of calcium to this calmodulin results in conformational changes that are in turn responsible for
channel gating. The second group of Ca* activated K* channels include Large conductance KCa channels (KCal.1, also
known as BK channel, Slo or Slol), a voltage-sensitive channel that binds calcium independently of calmodulin but
mediated by at least three divalent cation binding sites in the cytoplasmic carboxyl domain of each channel subunit. Other
members of this group are KCa4.1 (Slack or Slo2.2), KCa4.2 (Slick or Slo2.1), and KCa5.1 (SIoS)Z.

! calcium-Activated Potassium Channels: Multiple Contributions to Neuronal Function. E.S.L. Faber and P. Sah. Neuroscientist 2003, 9, 181-194.
2 A.D. Wei et al. International Union of Pharmacology. LIl. Nomenclature and molecular relationships of calcium-activated potassium channels.
Pharmacol. Rev. 2005, 57, 463-472.

1112 BMS 204352.....cuiiiiiiiiiiiiiieie e Maxi K+ channel 0pener..........cccoiiiiiiiiiiiiicecee e Page 278
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1308 BMS 204352, (£)- .oveiviiiiiiiiiiiiiiie st K+ channel Opener ..........cccociiiiiiiiii i Page 278
1309 BMS 204352, (R)-(-)= cvivervrieneniiiieiineiieiieies e K+ channel Opener ..o Page 279
1313 EBIO, Lottt K+ channel opener (Ca2+ activated)............ccccceevviviiiiiiiiene Page 376
2329 NS 19504 ... ettt Activator of LC Ca2+-activated potassium (BK) channels......... Page 584
2854 NS 1619 .ooiiiiiiiiiiie et Selective activator of large-conductance Ca2+-activated potassium

(BK) channels............ccccoviiiiiiiiii Page 583

lon Channels: Two-pore-domain, Potassium

TASK-3 (KCNK9 or K;r9.1) is a member of the family of leak or two-pore-domiain potassium channels, which have 4
transmembrane segments and 2 P-domains, and is one of the major determinants of cell membrane potential and input
resistance’. TASK-3 (TWIK-related acid-sensitive K+ channel) is involved in cortical function and might also be involved in
the formation of cortical neural circuits. The ion channel is >50% identical to TASK-1 at the amino acid level, and in
whole-cell recordings the two channels have similar physiological properties but different pH sensitivities. TASK-1 and
TASK-3 are co-expressed in a number of different cell types, suggesting the possibility that they form heterodimeric
channels®. TASK-3 is particularly abundant in the hippocampus, cerebellum and cortex, and in specific nuclei including
the locus coeruleus, paraventricular nuclei of thalamus and the dorsal raphe. Its activity has been shown to regulate both
neurotransmitter release as well as mediating the effects of neurotransmitter activation including the activity of 5-HT-
releasing neurons of the dorsal raphe. TASK-3 inhibitors could lead to therapeutic agents against neurological conditions
including sleep disorders, neurodegeneration, cognitive impairment, Parkinson’s disease, Huntington’s disease, or major
depressive disorder®.

! Y. Bando et al. Dysfunction of KCNK potassium channels impairs neuronal migration in the developing mouse cerebral cortex. Cereb Cortex. 2014
Apr;24(4):1017-29.

E.M. Talley et al. Modulation of TASK-1 (Kcnk3) and TASK-3 (Kcnk9) potassium channels: volatile anesthetics and neurotransmitters share a
molecular site of action. J Biol Chem. 2002 May 17;277(20):17733-42.
3 C.A. Coburn et al. Discovery of a pharmacologically active antagonist of the two-pore-domain potassium channel K2P9.1 (TASK-3). ChemMedChem.
2012 Jan 2;7(1):123-33.

3019 A2764 dihydrochloride ...........cccocevivinciiiiiiiciciiee Selective inhibitor of the TRESK potassium channel................. Page 177
B060 A2793 .ot Inhibitor of the TRESK and TASK-1 potassium channel............ Page 177
2872 ML 335 ..o Selective activator of the TREK-1 and TREK-2 potassium channelP: 549
2840 ML 365 ..ooiiiiiiiieiiieeiee e Potent and selective inhibitor of the TASK-1 potassium channelPage 550
2403 PK-THPP .ot Potent and selective TASK-3 antagonist ............cccoceeviiiiiennne Page 642

lon Channels: Voltage-dependent Anion Selective

Not an ion channel in the sense of a gateway for ions to change the transmembrane voltage or membrane potential, but
rather the mitochondrial voltage-dependent anion channel (VDAC) controls the transit of adenine nucleotides, Ca2+, and
other metabolites both into and out of the mitochondrion in a voltage dependent manner. It is constituent of the
mitochondrial permeability transition pore (PTP). Three kinds of VDACs (1-3) are known to date®.

The assumption has generally been that VDAC is constantly open during metabolism. Recent data, however, suggest that
VDAC has the ability to close and inhibit exchange of metabolites within intact cells®. In the closed state, ions, but not
small molecule metabolites, can penetrate VDAC pores; in the open state, both ions and metabolites pass through VDAC
channels. In addition, the closed state is cation-selective, whereas the open state is anion-selective. VDACs are
increasingly linked with the control of apoptosis®* Since VDAC channels close early in the evolution of apoptosis with the
consequence that mitochondria cannot release ATP or take up ADP, Pi and respiratory substrates from the cytosol, they
induce mitochondrial dysfunction, release of oxidative species and, ultimately, non-apoptotic, oxidative cell death®. This
process has a degree of selectivity for cells with activated RAS-RAF-MEK signalling.

! ca2+-dependent control of the permeability properties of the mitochondrial outer membrane and voltage-dependent anion-selective channel (VDAC).
Bathori G, Csordas G, Garcia-Perez C, Davies E, Hajndczky G. J Biol Chem 2006, 281, 17347-17358.

2 Voltage-dependent anion channel (VDAC) as mitochondrial governator—Thinking outside the box. J.J. Lemasters, E. Holmuhamedov. Biochim.
Biophys. Act. 2006, 1762, 181 — 190.

® The voltage-dependent anion channel (VDAC): function in intracellular signaling, cell life and cell death. Shoshan-Barmatz V, Israelson A, Brdiczka D,
Sheu SS. Curr Pharm Des 2006, 12, 2249-2270.

* The mitochondrial permeability transition pore may comprise VDAC molecules. |. Binary structure and voltage dependence of the pore. Szab¢ I, Zoratti
M. FEBS Lett 1993, 330, 201-205.

° Mitochondrial outer membrane permeability change and hypersensitivity to digitonin early in staurosporine-induced apoptosis. S. Duan, P. Hajek, C.
Lin, S.K. Shin, G. Attardi, A. Chomyn. J. Biol. Chem. 2003, 278, 1346 — 1353.
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lon Channels: Calcium-activated, Chloride

At least eight families of chloride channels have been identified as membrane or intracellular chloride channels/binding
proteins; they include the ligand-gated chloride channels (e.g., GABAA and glycine), cystic fibrosis transmembrane
conductance regulator (CFTR), CLC, bestrophins, calcium-activated chloride channel regulator (CLCA), chloride
intracellular channel (CLIC), Tweety, and the most recently characterized TMEM16/anoctamin family. Only the latter four
of these chloride channel families contain members regulated by calcium®. Calcium activated Chloride Channels (CaCCs)
are anion-selective channels that are activated by increases in cytosolic Ca>". They have been implicated in a variety of
cellular functions such as fertilization of the oocyte,transepithelial fluid transport, repolarization and action potential
duration in cardiac myocytes, olfactory transduction, and regulation of smooth muscle tone. Within the airways, they
contribute to epithelial fluid secretion.?

TMEM16A (alternative name, anoctamin-1, ANO1) was identified as a CaCC, as its heterologous expression in oocytes
and mammalian cells produced outwardly rectifying, Ca2+-sensitive Cl- currents. It is expressed in epithelial cells in
airways, salivary gland, intestine, and other tissues, as well as in arterial smooth muscle, intestinal pacemaker cells,
sensory neurons, and various tumors. Evidence was found for involvement of ANO1 in chloride secretion in salivaréy
gland and airway epithelia, intestinal and vascular smooth muscle contraction, nociception, and bile formation®.

1 G Gallos et al. Calcium-Activated Chloride Channels. Chapter in “Calcium Signaling In Airway Smooth Muscle Cells”. Y.-X. Wang (ed.), Springer
International Publishing Switzerland 2014.
2 J Eggermont et al. Calcium-activated chloride channels: (un)known, (un)loved? Proc Am Thorac Soc. 2004;1(1):22-7.

W Namkung et al. Small-molecule activators of TMEM16A, a calcium-activated chloride channel, stimulate epithelial chloride secretion and intestinal
contraction. FASEB J. 2011 Nov;25(11):4048-62.

2576 BACE .ot Activator of TMEML6A (ANOL) ...cc.ooviviiiiiiiiieiieieie e Page 376
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Receptors

All cells in a multicellular organism are constantly exposed to a variety of extracellular signals that they need to interpret
and translate into an appropriate response to their environment. These signals can be soluble factors generated locally
(for example, synaptic transmission) or distantly (for example, hormones and growth factors), ligands on the surface of
other cells, or the extracellular matrix itself. To achieve this, cells maintain a diversity of receptors on their surface that
respond specifically to individual stimuli. These receptors fall into families, based primarily on the way in which they
generate the intracellular signals that give rise to the particular functional responses. Moreover, the activity of a given
receptor can be modulated by other signalling pathways in a variety of ways, generating the flexibility required of such a
complex system. Axon Ligands™ that target receptors are categorized based on the major classification proposed by the
IUPAC, incluing G-protein coupled receptors, enzyme linked receptors, (ligand gated) ion channels, nuclear receptors,
and cytokine receptors”.

*1.J. Uings, S.N. Farrow. Cell receptors and cell signaling. Mol. Pathol. 2000, 53, 295-299.

Receptors: Cytokine

Cytokines and chemokines are both small proteins made by cells in the immune system. They are important in the
production and growth of lymphocytes, and in regulating responses to infection or injury such as inflammation and wound
healing. Cytokines are the general category of messenger molecules, while chemokines are a special type of cytokine
that direct the migration (chemotaxis) of white blood cells to infected or damaged tissues. Unlike most other cytokines,
chemokines regulate their action through interactions with seven-transmembrane, rhodopsin-like G protein-coupled
receptors (GPCRs)®. Cytokines are secreted in the mammalian immune system, and used as messenger molecules to
control the duration and strength of the immune response to foreign microorganisms. Many cytokines produced by T cells
direct the immune response of various white blood cells (leukocytes) to a foreign microorganism in the body. Among the
important varieties are the interleukin (IL) molecules and interferon alpha and beta. The ILs help regulate inflammation,
fever, and wound healing, among other things, while the interferons block the replication of viruses??.

As part of the superfamily of cytokine receptors belongs to the large family of GPCR receptors (GPCR-Al1 and A2),
among which the CCR and CXC type chemokine receptors, Axon Ligands™ that interact with these receptors have thus
been listed in the corresponding sections of the GPCR receptors as well. Additionally, the superfamily of cytokine
receptors differentiates tumor necrosis factor (TNF) type receptors and interleukin (IL) type receptors, and a small sub-
family of other cytokine receptors that do not fit into the previously lised subfamilies, based on either structure or function.
Colony-stimulating factor 1 (CSF1) and interleukin-34 (IL-34) are functional ligands of the CSF1 receptor (CSF1R) and
thus are key regulators of the monocyte/macrophage lineage. CSF1, also known as M-CSF, regulates the survival,
proliferation, differentiation, and chemotaxis of cells of the monocyte/macrophage lineage. It is produced by multiple cell
types, including monocytes/macrophages, endothelial cells, fibroblasts, and bone marrow stromal cells. The biological
effects of CSF1 are mediated by a single CSF1 receptor (CSF1R), which is encoded by the c-fms proto-oncogene. Ligand
binding to CSF1R in macrophages triggers multiple signal transduction pathways resulting in activation of AKT and cAMP
responsive element—binding protein (CREB) and mitogen-activated protein kinase®. Interestingly, high levels of CSF1
have been implicated in the patophysiology of Alzheimers disease®.

The members of the TNF ligand family exert their biological functions via interaction with their cognate membrane
receptors, comprising the TNF receptor (TNF-R) family. The members of the TNF-R family contain one to six cysteine-rich
repeats in their extracellular domain, typically each with three cysteine bridges. Two receptors, TNF-R1 (TNF receptor
type 1; CD120a; p55/60) and TNF-R2 (TNF receptor type 2; CD120b; p75/80) bind membrane-integrated TNF (memTNF)
as well as soluble TNF (STNF), but also the secreted homotrimeric molecule lymphotoxin-alpha (LTalpha). TNF-R1 is
constitutively expressed in most tissues, whereas expression of TNF-R2 is highly regulated and is typically found in cells
of the immune system. In the vast majority of cells, TNF-R1 appears to be the key mediator of TNF signalling, whereas in
the lymphoid system TNF-R2 seems to play a major role. The cytokine TNF, produced by macrophages/monocytes
during acute inflammation may be considered to represent a major proinflammatory mediator, with an optional capacity to
induce necrosis and apoptosisﬁ. In (patho)physiological situations, TNF shows a remarkable functional duality, being
strongly engaged both in tissue regeneration/expansion and destruction”.

Among cytokine receptors, Glycoprotein 130 (gp130) is the most promiscuous, meaning that it can transduce signals from
many different ligands: it is part of the receptor signaling complexes for at least 9 cytokines of the Interleukin (IL)-6 family,
a group of functionally and structurally related proteins that utilize gp130 as a common signal transducer within their
receptor complex that is required for signaling. Ligand binding induces the association of gp130 with a cytokine-specific
receptor-a chain, followed by the activation of downstream signaling cascades including JAK/STAT, RAS/RAF/MAPK,
and PI3K/AKT pathways. As a ubiquitously expressed receptor, gp130 is involved in a wide range of important biologic
processes including inflammation, immune resonse, cancer, stem cell maintenance, embryonic development,
hematopoiesis, cardiovascular action, and neuronal survival®®

' M.J. Cameron, D.J. Kelvin. Cytokines, Chemokines and Their Receptors. Mdm. Curie Biosc. Dbase [Internet]. Landes Bioscience 2000.
http://www.ncbi.nlm.nih.gov/books/NBK6294/

2L.C. Borish, J.W. Steinke. 2. Cytokines and chemokines. J. Allergy Clin. Immunol. 2003, 111, S460-75.

3 C.A. Dinarello. Historical Review of Cytokines. Eur. J. Immunol. 2007, 37, S34-S45.
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#J. Luo et al. Colony-stimulating factor 1 receptor (CSF1R) signaling in injured neurons facilitates protection and survival. J Exp Med. 2013 Jan
14;210(1):157-72.

° A. Olmos-Alonso et al. Pharmacological targeting of CSF1R inhibits microglial proliferation and prevents the progression of Alzheimer's-like pathology.
Brain. 2016 Jan 8. pii: awv379.

° H.T. Idriss et al. TNF alpha and the TNF receptor superfamily: structure-function relationship(s). Microsc. Res. Tech. 2000, 50, 184-195.

" H. Wajant et al. Tumor necrosis factor signaling. Cell Death Differ. 2003, 10, 45-65.

8 S. Xu et al. Discovery of a novel orally active small-molecule gp130 inhibitor for the treatment of ovarian cancer. Mol Cancer Ther. 2013 Jun;12(6):937-
49.

 U.A. White et al. The gp130 receptor cytokine family: regulators of adipocyte development and function. Curr Pharm Des. 2011;17(4):340-6.
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Receptors: Enzyme Linked

Many of the Axon Ligands™ in this class of compounds target receptors of various growth factors, such as EGF, VEGF,
and PDGF. These receptors are members of the class of enzyme linked receptors, which, as integral membrane proteins,
possess both receptor functionality (extra-cellular) as well as enzymatic catalytic functionality (intracellular)? The
majority of the enzymatic activity of this class of receptors is characterized by kinase-like activity. Based on this feature,
five main classes can be distinguished®: Receptor Tyrosine Kinases (RTKs), and Receptor Serine/Threonine Kinases
(RSTKs, participating in MAPK and TGF-beta signaling pathways, among others) are well known. Additionally, there are
classes of Receptor Guanylyl Cyclases, Histidine Kinase associated Receptors (receptors that associate with proteins
that have histidine kinase activity), and finally a class of Tyrosine Kinase associated Receptors (e.g. Cytokine Receptors).
In addition, some transmembrane tyrosine phosphatases (Receptor-like) Protein Tyrosine Phosphatases (PTPs)), which
remove phosphate from phosphotyrosine side chains of specific proteins, are thought to function as receptors, although
for the most part their ligands are unknown. Within each of these main classes, sub-classes exist, based on the specific
endogenous ligands. Many of the enzyme linked receptors play a role in the regulation of cell proliferation, programmed
cell death (apoptosis), cell differentiation, and embryonic development, and therefore are of great interest as targets for
the treatment of cancer®. Furthermore, malfunctioning of receptors of this kind is associated with the development of
neurodegenerative diseases, such as multiple sclerosis and Alzheimer's disease®.

! Catalytic Receptors. S.P.H. Alexander, A. Mathie, and J.A. Peters. Br. J. Pharmacol. 2007, 150(S1): S122-S127
2 Cell Signaling by Receptor Tyrosine Kinases. M.A. Lemmon, J. Schlessinger. Cell 2010, 141, 1117-1134
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® Molecular Biology of the Cell. 4th edition. Alberts B, Johnson A, Lewis J, et al. New York: Garland Science; 2002.

“ Tyrosine kinase receptors as attractive targets of cancer therapy. Bennasroune A, Gardin A., Aunis D., Crémel G., Hubert P. Crit. Rev. Oncol.
Hematol. 2004, 50, 23-38.

° The EGF receptor family: spearheading a merger of signaling and therapeutics. Bublil E.M., Yarden Y. Curr. Opin. Cell Biol. 2007, 19,124-134.

Receptors (Enzyme Linked, RTK class |) ErbB receptor family

The ErbB receptor tyrosine kinase family consists of four cell surface receptors: ErbB1/EGFR/HER1, and ErbB2-4/HER2-
4. ERbB receptor tyrosine kinases have important roles in human cancer. The gene symbol, ErbB, is derived from the
name of a viral oncogene to which these receptors are homologous: Erythroblastic Leukemia Viral Oncogene. Insufficient
ErbB signaling in humans is associated with the development of neurodegenerative diseases, such as multiple sclerosis
and Alzheimer's disease.’ Additionally, research revealed that the expression or activation of epidermal growth factor
receptor and ErbB2 are altered in many epithelial tumors, and clinical studies indicate that they have important roles in
tumor aetiology and progression3.

! Regulation of ERBB Receptors.C.S. Gerbin.Nature Education 2010, 3(9), 36
2 The EGF receptor family: spearheading a merger of signaling and therapeutics. E.M. Bublil, Y. Yarden. Curr. Opin. Cell Biol. 2007, 19 (2), 124-134.
3 ERBB receptors and cancer: the complexity of targeted inhibitors. N.E.Hynes, H.A. Lane. Nat Rev Cancer. 2005, 5(5),341.
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Receptors (Enzyme Linked, RTK class Il) Insulin rece  ptor family

The pleiotropic actions of insulin are mediated by a single receptor tyrosine kinase. A generally accepted paradigm is that
insulin receptors, acting through insulin receptor substrates (insulin, and Insulin-like growth factors (IGF) | and II),
stimulate the lipid kinase activity of phosphatidylinositol 3-kinase. The rapid rise in Tris-phosphorylated inositol (PIP3)
that ensues triggers a cascade of PIP3-dependent serine/threonine kinases. Among the latter, Akt and atypical protein
kinase C isoforms are thought to be involved in insulin regulation of glucose transport and oxidation; glycogen, lipid, and
protein synthesis; and modulation of gene expression. “Insulin insensitivity”, or a decrease in insulin receptor signaling,
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leads to diabetes mellitus type 2 — the cells are unable to take up glucose, and the result is hyperglycemia (an increase in
circulating glucose), and all the sequelae that result from diabetes.

* The Insulin Receptor and Its Cellular Targets. Y. Kido, J. Nakae, D. Accili. J. Clin.Endocrin. Met. 2001, 86, 972-979.
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Receptors (Enzyme Linked, RTK class Ill) PDGF recepto  r family

The PDGF family of growth factors consists of five different disulphide-linked dimers built up of four different polypeptide
chains encoded by four different genes. These five isoforms act via two receptor tyrosine kinases, PDGF receptors alpha
and beta’. The PDGFs have a common structure with the typical growth factor domain involved in the dimerization of the
two subunits, and in receptor binding and activation. All four PDGF chains contain a highly conserved growth factor
domain, denoted the PDGF/VEGF homology domain®. Upon activation by their endogenous ligands, these receptors
dimerize, and are activated by auto-phosphorylation of several sites on their cytosolic domains, which serve to mediate
binding of co-factors and subsequently activate signal transduction, for example, through the PI3K and the MAPK
pathways. Both PDGF and VEGF family members are potent mitogenic and angiogenic factors with critical roles in tumor
formation as well as embryonic development and wound healingS.

FLT3 (Fms-liketyrosine kinase 3, aka CD135) is a cytokine receptor which belongs to the class Il receptor tyrosine kinase
family. It is expressed on the surface of many hematopoietic progenitor cells. Notably, approximately one-third of acute
myeloid leukemia (AML) patients have mutations of this gene, and such mutations are one of the most frequently
identified types of genetic alterations in AML. The majority of the mutations involve an internal tandem duplication (ITD) in
the juxtamembrane (JM) domain of FLT3, which is specifically found in AML®,

Stem cell factor (SCF, also called Steel factor or Kit ligand) is a dimeric molecule that exerts its biological functions by
binding to and activating the receptor tyrosine kinase c-KIT or CD117. It is also classified as cytokine receptor. Activation
of c-Kit leads to its autophosphorylation and initiation of signal transduction. Signaling proteins are recruited to activated
c-Kit by certain interaction domains (e.g., SH2 and PTB) that specifically bind to phosphorylated tyrosine residues in the
intracellular region of c-Kit. It is expressed by fibroblasts and endothelial cells throughout the body, and activation of c-Kit
signaling has been found to mediate cell survival, migration, and proliferation depending on the cell type. Signaling from
c-Kit is crucial for normal hematopoiesis, pigmentation, fertility, gut movement, and some aspects of the nervous system.
Deregulated c-Kit kinase activity has been found in a number of pathological conditions, including cancer and allergy®.

1 The PDGF family: four gene products form five dimeric isoforms. L. Fredriksson, H. Li, U. Eriksson. Cytokine Growth Factor Rev. 2004,15, 197-204.

2 vascular endothelial growth factors Vegf-B and Vegf-C. V. Joukov, A. Kaipainen, M. Jeltsch, K. Pajusola, B. Olofsson, V. Kumar et al. J. Cell Physiol.
1997, 173, 211-215.

® Role of platelet-derived growth factors in physiology and medicine. J. Andrae, R. Gallini, C. Betsholtz. Genes Dev. 2008, 22, 1276-1312.

* S. Takahashi. Downstream molecular pathways of FLT3 in the pathogenesis of acute myeloid leukemia: biology and therapeutic implications. J.
Hematol. Oncol. 2011, 4, 13.

®J. Lennartsson et al. Stem cell factor receptor/c-Kit: from basic science to clinical implications. Physiol. Rev. 2012, 92, 1619-1649.

1419 AB L1010 iiiiiuiiiiieie ittt PDGFR, c-KIT and FGFR3 tyrosine kinase inhibitor ................. Page 178
1638 ABT 869....cciiiuiiiieiieiiieiesie ettt PDGFR, c-KIT and VEGFR tyrosine kinase inhibitor................. Page 182
1696 AC 220 dihydrochloride ...........cocerieiiiieiiiieieeieeeee FLT3NNIDITOT .o Page 183
1414 AG 013736....ccceiiiiiiiiiiiiiiiiir s PDGFR,c-KIT and VEGFR tyrosine kinase inhibitor.................. Page 191
1768 AMG 706 ...ttt Multiple receptor tyrosine kinase inhibitor...............ccccccevninne Page 201
2368 AMUVALINID .....ccoiiiiiiiiiii RTK inhibitor (PDGFR, c-Kit and c-Met)..........ccccccviiiiiininne Page 212
2061 CID 11654378.....ccueeeneeiereeieienierieeeiesienieneeneeeeeeeeseseeneens Highly potent FMS kinase inhibitor ..............ccociciiiiiiiiiies Page 319
1415 CT 53518ttt PDGFR, c¢-KIT and FLT3 tyrosine kinase inhibitor..................... Page 339
2571 GW 2580 ...cuviiiiiieiieiieeiie sttt Orally bioavailable inhibitor of cFMS kinase and CSF1R .......... Page 440
1420 GW 78B034.....coiuieuiiieieiiiiieeie ettt PDGFR, c-KIT and VEGFR tyrosine kinase inhibitor................. Page 443
2648 NIntedanib ........cccooiiiiiiiiiee e RTK inhibitor with antiangiogenic and antineoplastic activities..Page 578
1547 OS1 930 .iiiiiiiiiiiiiie i c-Kit and VEGFR2 tyrosine kinase inhibitor.............c..ccccccvenee Page 607

2501 Pexidartinib...
1678 Regorafenib..

Mutil-targeted RTK inhibitor of CSF1R, c-Kit, and FLT3............ Page 624
Multi-kinase RTK inhibitor............c.ccooviiiiiiiiicc Page 668
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1891 SU BBB8.....cueiviiiierieiierieie ettt Inhibitor of RTK targeting PDGFR, VEGF and FGFR................ Page 741
2767 SULLB52 ...oocviiiiiiiiiiiicicciii s Multi-targeted receptor tyrosine kinase inhibitor........................ Page 742
1398 Sunitinib Malate ...........cceeiiiiiiiiiiiici e Multi-targeted receptor tyrosine kinase inhibitor...............c........ Page 743

Receptors (Enzyme Linked, RTK class IV) VEGF receptor  family

VEGF is one of the key regulators of angiogenesis, vasculogenesis, and developmental hematopoiesis. It is a mitogen
and survival factor for vascular endothelial cells while also promoting vascular endothelial cell and monocyte motility™.
Binding of growth factors to the ectodomain of their transmembrane receptors leads to receptor dimerization, protein
kinase activation, trans-autophosphorylation, and initiation of signaling pathways. The VEGF family of receptors consists
of three protein—tyrosine kinases (VEGFR1-3) and two non-protein kinase co-receptors (neuropilin-1 and 2)2. Targeting
VEGF receptors proved to be a successful therapeutic approach for disorders with non-physiologic angiogenesis
including alge—related macular degeneration of the eye, diabetic retinopathy, rheumatoid arthritis, tumor growth and
metastasis™.

* vascular endothelial growth factor (VEGF) signaling during tumor progression. A comprehensive review of the discovery of the VEGF family of ligands
and receptors. R. Roskoski Jr. Crit. Rev. Oncol. Hematol. 2007, 62, 179-213.

2 VEGF receptor protein—tyrosine kinases: Structure and regulation. Mini Review. R. Roskoski Jr. Biochem. Biophys. Res. Com. 2008, 375, 287—-291.
1419 AB 1010.. PDGFR, c-KIT and FGFR3 tyrosine kinase inhibitor .
1638 ABT 869.. PDGFR, c¢-KIT and VEGFR tyrosine kinase inhibitor.
1414 AG 013736. PDGFR,c-KIT and VEGFR tyrosine kinase inhibitor..
1768 AMG 706 Multiple receptor tyrosine kinase inhibitor..
2849 Apatinib .. ...Inhibitor of VEGFR2 ..
1850 BMS 540215.. ...Inhibitor of VEGFR (subtype 2 and 3 selective)..
2837 BMS 605541 . ...Potent, selective, orally active, and ATP-competitive VEGFR2

INRIDITOT .. Page 281
1864 Brivanib alaninate ............ccoceiiiiiiiiiiiiee e Prodrug of BMS 540215; Inhibitor of VEGFR ...........cccoeeinienen. Page 287
1819 Cabozantinib S-malate ............cccceeiiiiiiiiiiiiicc Inhibitor of MET and VEGFR2..........ccccooiiiiiiiiiiiiiecee Page 295
1461 Cediranib ........coooiiiiiiiiii e VEGFR tyrosine kinase inhibitor.............ccccociiiiiiiiiiiiis Page 307
1662 CP 5ATB32....cuiiiieiieieeiieie ettt VEGFR2 tyrosine kinase inhibitor.............ccccooviiiiiiiiiciiis Page 333
1942 E 3810 dihydrochloride.............cccoerieiieneeiieniieieeeciees Dual VEGFR/FGFR tyrosine kinase inhibitor..............c.cccoeve. Page 376
1582 FOretinib.....cc.ooeiiiiieieecee e c-MET and VEGFR2 tyrosine kinase inhibitor ...............c.ccccce. Page 409
1959 GOIVALINID....c..oiuiiiiiiiiiee e Potent inhibitor of c-MET (HGFR) and VEGFR2 ..........ccccccveuee. Page 427
1420 GW 786034.......ccuiiiiiiiiiiiiiiieiiieiee e PDGFR, c-KIT and VEGFR tyrosine kinase inhibitor................. Page 443
3165 Lenvatinib CEETEEEREIN ...........cooovveeeeeieeeieeieieeeeenes Multi-targeted receptor tyrosine kinase inhibitor ........................ Page 506
2648 Nintedanib .........ccoeviiiiiiiiiii s RTK inhibitor with antiangiogenic and antineoplastic activities..Page 578
2865 NVP-ACCT8I ....ooiiiiiiieicieeeeecee e Inhibitor of VEGFR2 .......ccoiiiiiiiiiiiiiciicc Page 593
1547 OS1 930 .ottt c-Kit and VEGFR2 tyrosine kinase inhibitor..............cccccccoves Page 607
2501 Pexidartinib..........ccooiiieiierieiesiee s Mutil-targeted RTK inhibitor of CSF1R, c-Kit, and FLT3............ Page 624
1678 RegOorafenib ........cccoeiiiiiiiiieie e Multi-kinase RTK inhibitor...........cooiiviiiiiiceec Page 668
1667 SU B402.....ccciiiiiiiiiiiiiiiiiii e Fibroblast growth factor receptor (FGFR) inhibitor .................... Page 741
1891 SU BBB8......cceeuieirinicieciisieieie et Inhibitor of RTK targeting PDGFR, VEGF and FGFR................ Page 741
1398 Sunitinib malate ...........coeeiiiiiiiiiiic Multi-targeted receptor tyrosine kinase inhibitor........................ Page 743
1717 TIVOZANID .t VEGFRL, 2, and 3 tyrosine kinase inhibitor..............cccccecevinne Page 768
1411 Vandetanib .......cccooeeiiiiiiiiie e VEGFR and EGFR tyrosine kinase inhibitor..............c..cccocveee Page 786
1637 Vatalanib.........cooiiiiiiiiiiie e VEGFR tyrosine kinase inhibitor.............cccooiiveiiiiiiiciics Page 793
1978 ZM 323881 Hydrochloride ...........ccoceeverieriienieicnieieene INhIBItOr Of VEGFR-2 ...t Page 833
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Receptors (Enzyme Linked, RTK class V) FGF receptor  family

The fibroblast growth factor receptors (FGFRs) include the four highly conserved transmembrane receptor tyrosine
kinases FGFR1, FGFR2, FGFR3, and FGFR4. One additional receptor, FGFR5 (FGFRL-1), is devoid of kinase activity
but able to bind FGFs and may act as a negative regulator of signaling’. The FGF signaling pathway plays a critical role in
many physiological processes during embryonal development and maintenance of adult organ systems, including
angiogenesis and wound repair, cell proliferation, migration, differentiation, and cell survival. Aberrations in this signaling
pathway can give rise to tumor progression and growth of multiple cancer types. In addition, it may serve as a
mechanism of resistance to antivascular endothelial growth factor targeted therapy. As such this pathway has emerged
as a relevant therapeutic target, and several agents that can inhibit or modulate its signaling are in various stages of
development.?

! structural and functional diversity in the FGF receptor multigene family. D.E. Johnson, L.T. Williams. Adv Cancer Res. 1993, 60, 1-41
2 FGF receptor inhibitors: role in cancer therapy. Daniele G, Corral J, Molife LR, de Bono JS. Curr. Oncol. Rep. 2012 14(2):111-119.

2930 AlOFANID ...t Allosteric inhibitor of FGFR2........cccociviiiiiiiiiiicccieecee Page 195
1917 AZD 4547 ..ot Potent and selective FGFR inhibitor.............cccocociiiiiiiiis Page 244
1942 E 3810 dihydrochloride............ccoeriiniinieiiiiesieicsee Dual VEGFR/FGFR tyrosine kinase inhibitor..............cc.ccocvee. Page 376
1981 LY 2874455 ...t Potent and selective FGFR iNhibitor...........cccooiiiiiiiiiiiiiee Page 524
2648 NIntedanib ........cccooiiiiiiiiieeee e RTK inhibitor with antiangiogenic and antineoplastic activities..Page 578
1775 NVP-BGJ398 ....ciiiiiiiiiiiieieeie et Inhibitor of FGFR tyrosine kinases 1,2 ,3and 4 ...........c.cccoce.... Page 594
1944 NVP-BGJ398 Phosphate .........cccccvriiinieiniiiiiieieesiinens Inhibitor of FGFR tyrosine kinases 1,2 ,3and 4 .............c........ Page 595
2098 PD 161570 ..cc.ciiiiiiiiieiiiieieeie et Selective FGFRL inhibitor...........cocooiiiiiiiiiciicce Page 619
1673 PD 173074 ... e FGFR1 and FGFR3 inhibitor .........ccccoviiiiiiiiiiiiccice Page 620
2953 RODIIINID ©.veeveeiiiieeceses e First-in-class, highly selective and potent FGFR4 inhibitor........ Page 680
2234 SSR 128129 .....coiiiiiiiiiiiieeieeie e Allosteric inhibitor of FGF receptor signaling.............ccccccovvenene Page 735
1667 SU SAD2....ciiiiiiiiieie ettt Fibroblast growth factor receptor (FGFR) inhibitor .................... Page 741
1891 SU BBB8.....cceeiueiiiinieiiieiiesie ettt Inhibitor of RTK targeting PDGFR, VEGF and FGFR................ Page 741

Receptors (Enzyme Linked, RTK class VII) Trk recepto  r family

Tropomyosin-related kinases (Trks) are receptor tyrosine kinases normally expressed in neuronal tissue where they play
important role in both development and function of the nervous system.1 The Trk receptor family is composed of three
members (A, B, and C) activated by specific ligands called neurotrophins (NTs). Activations upon ligand binding triggers
oligomerization of the receptors, phosphorylation of specific tyrosine residues in the kinase domain, and downstream
signal transduction pathways, including survival, proliferation, and differentiation in normal and neoplastic neuronal cells.
Deregulation of TrkA and TrkB and their cognate ligands has been described in numerous types of cancers including
prostate, breast, colorectal, ovarian, lung, pancreas, melanoma, thyroid, and neuroblastoma and occurs mainly through
wild type receptor overexpression, activation, amplification, and/or mutation. Importantly, increased Trks activation in
tumor tissues correlates with an aggressive phenotype and poor clinical outcome?.

The recently added PD 90780 (Axon 2174) is an inhibitor of NGFs binding to the P75 NGF-receptor, a.k.a. Low-Affinity
Nerve Growth Factor Receptor. In general, mature NTs bind preferentially to Trk and p75NTR, whereas proneurotrophins,
which contain an N-terminal domain proteolytically removed in “mature” forms, interact with p7SNTR and through their N-
terminal domains, with the sorting receptor sortilin. p75NTR interacts with Trks and modulates Trk signaling but is also
independently coupled to various prosurvival and proapoptotic signaling systems. Depending on the operative ligands,
co-expression of Trk or other receptors, and expression of downstream signaling elements, p75NTR promotes cell
survival or death and modulates neurite outgrowths.

* Trk receptors: mediators of neurotrophin action. A. Patapoutian, L. F. Reichardt. Curr. Opin. Neurobiol. 2001, 11, 272-280.

2 |dentification of a Novel Series of Potent TrkA Receptor Tyrosine Kinase Inhibitors. Stéphane L. Raeppel, Frédéric Gaudette, Hannah Nguyen, et al.
Int. J. Med. Chem. 2012, Article ID 412614.

3 Small, Nonpeptide p75NTR Ligands Induce Survival Signaling and Inhibit proNGF-Induced Death. S.M. Massa e al. J. Neuroscience. 2006, 26, 5288-
5300.

2468 ANA 12 ..o TrkB antagonist with anxiolytic and antidepressant activity....... Page 213
1610 AZ 23 e TrkA and TrkB inhibitor.........ccoiviiiiii e Page 238
2089 Dihydroxyflavone, 7,8-........cccceveieerieniinieieeeseeee e Tyrosine kinase receptor B (TrkB) agonist ............cccccveeiiivinens Page 362
2248 GNF 5837 ..cuiiiiiiiieie ittt Potent tropomyosin receptor kinase (Trk) inhibitor.................... Page 426
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1251 GW 44L1756......ccuiiiiiiiiiiinieisie et TrkA INNIBITOT ... Page 442
1892 NM-PPL, 1- it Tyrosine kinase inhibitor of Src, Fyn, Abl, CDK, Trk...........c...... Page 579
2174 PD 90780......ccciiiiiiiiiiiiiieces s Inhibitor of NGFs binding to the P75 NGFR .............ccccoooi. Page 617

Receptors (Enzyme Linked, RTK class X) HGF receptor ~ family

c-Met (MET or MNNG HOS Transforming gene) is a proto-oncogene that encodes a protein known as hepatocyte growth
factor receptor (HGFR). It was originally identified as an oncogene activated in vitro after treatment of a human
osteogenic sarcoma (HOS) cell line." Currently, c-Met receives great interest for its role of aberrant signaling in
tumorigenesis, particularly in the development of the invasive and metastatic phenotypes. Signaling via the Met-HGF/SF
pathway has been shown to lead to a wide range of biological activities including proliferation (mitosis), scattering
(motility), and branching morphogenesis, embryological development, wound healing, tissue regeneration, angiogenesis,
growth, invasion, and morphogenic differentiation.’

* Molecular cloning of a new transforming gene from a chemically transformed human cell line. C.S. Cooper, M. Park, D.G. Blair et al. Nature 1984, 311,
29-33.

2 M. Jeffers, L. Schmidt, N. Nakaigawa, et al. Activating mutations for the met tyrosine kinase receptor in human cancer. Proc. Natl. Acad. Sci. USA.
1997, 94, 11445-11450.

1916 AMG 208 ....cuiiiiiiieieieeie et Inhibitor of c-MET receptor tyrosine kinase (RTK)............c........ Page 201
1838 ARQ 197 ..ottt c-MET tyrosine kinase INhibitor .............ccooiiiiiiiiiiiiiiiis Page 225
1819 Cabozantinib S-malate ..........ccceeeiiiiiiieiiieeee e Inhibitor of MET and VEGFR2.........ccceiiiiiiiiiiieicececceee Page 295
1582 FOretinib.....cc.ooiiiiiieiieee e ¢c-MET and VEGFR2 tyrosine kinase inhibitor ...............ccccocee. Page 409
1959  GOIVALINID.....ceiiiiiiiieiiiee e Potent inhibitor of c-MET (HGFR) and VEGFR2 ...........ccccceeu... Page 427
2553 LY 2801653 ......ooiiiiiiiiiiiiiiiei s Multi-kinase inhibitor with potent activity against c-MET............ Page 524
1660 PF 02341066 .......ccveviiiiiiiiiiiiiieieiieieseeie e ¢-MET Inhibitor; NPM-ALK inhibitor............ccocoiciiiiiiie Page 628
1583 PF 04217903 mesylate.........cccoevvviiiiiiniiiiiiiciciicie c-MET tyrosine kinase INhibitor .............ccccooiiiiiiiiiiiie Page 629
1914 SGX 523 ... ATP-competitive inhibitor of c-MET .........ccocoiiiiiiiiiiiiiis Page 711
1581 SU 11274 ittt ATP-competitive inhibitor of C-MET ........cccooiviiiiiiiiiiiciis Page 741

Receptors (Enzyme Linked, RTK class XI) TAM receptor  family

The protein encoded by this gene is a member of the receptor tyrosine kinase subfamily. Axl belongs to the TAM (Tyro3,
Axl, and Mer) RTK family, whose members function as inhibitors of innate inflammatory responses in dendritic cells and
are essential to the prevention of lupus-like autoimmunity. Additionally, the members of this family of RTKs have been
implicated in the development and metastasis of many cancers, including hematological malignancies and solid tumors of
the colon, brain and breast. Although it is similar to other receptor tyrosine kinases, this protein represents a unique
structure of the extracellular region that juxtaposes IgL and FNIII repeats. It transduces signals from the extracellular
matrix into the cytoplasm by binding growth factors like vitamin K-dependent protein growth-arrest-specific gene 6. It is
involved in the stimulation of cell proliferation and can also mediate cell aggregation by homophilic bindingz.

* Mer or Axl receptor tyrosine kinase inhibition promotes apoptosis, blocks growth and enhances chemosensitivity of human non-small cell lung cancer.
R.M.A. Linger et al. Oncogene 2012, 1-12.

2 |dentification of Axl as a downstream effector of TGF-B1 during Langerhans cell differentiation and epidermal homeostasis. Bauer T, Zagérska A,
Jurkin J, Yasmin N, Kéffel R, Richter S, Gesslbauer B, Lemke G, Strobl H. J. Exp. Med. 2012, 209, 2033-2047

2553 LY 2801653...
1946 R 428 dihydrochloride

2086 UNC 569.
2346 UNC 2250..

Multi-kinase inhibitor with potent activity against c-MET..

Selective inhibitor of Axl receptor tyrosine kinases.
Reversible and ATP-competitive inhibitor of Mer (RTK) ..

...Potent and selective Mer kinase inhibitor. ....

Receptors (Enzyme Linked, RTK class XIIlI) EPH receptor  family

The Eph receptor tyrosine kinases and their ephrin ligands have intriguing expression patterns in cancer cells and tumor
blood vessels, which suggest important roles for their bidirectional signals in many aspects of cancer development and
progression.1 They have been shown to affect the growth, migration and invasion of cancer cells in culture as well as
tumor growth, invasiveness, angiogenesis and metastasis in vivo.
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* Eph receptors and ephrins in cancer: bidirectional signaling and beyond. E.B. Pasquale. Nature Reviews Cancer 10, 165-180 (March 2010)

1829 NVP-BHGT712 ..ottt Inhibitor of EphB4 Kinase...........cccoouiiiiiiiiiiiiiciceceeeee Page 595

Receptors (Enzyme Linked, RTK class XIV) RET receptor  family

The RET (“rearranged during transfection”) proto-oncogene encodes a receptor-type tyrosine kinase with an intracellular
domain, a transmembrane domain, and an intracellular tyrosine kinase domain. The ligands for RET have been identified
as neurotrophic factors of the glial cell-line derived neurotrophic factor (GDNF) family, including GDNF, neurturin, artemin,
and persephin. All these factors activate RET via different glycosyl phosphatidylinositol-linked GFRa receptors.! The
receptor appears to be essential for the normal development of several kinds of nerve cells, including nerves in the
intestine (enteric neurons) and the autonomic nervous system. The RET protein is also necessary for normal kidney
development and the production of sperm (spermatogenesis).” Mutations in the RET gene have been found in a number
of human diseases, including several different cancers of neuroendocrine origin and a gut syndrome characterized by
intestinal obstruction known as Hirschsprung’s disease®.

* The RET proto-oncogene in human cancers. S.M. Jhiang. Oncogene 2000, 19, 5590-5597

2 signaling by the RET receptor tyrosine kinase and its role in the development of the mammalian enteric nervous system. S. Taraviras, V. Pachnis et al.
Development 1999, 126, 2785-2797.

3 CF Ibafiez et al. Structure and physiology of the RET receptor tyrosine kinase. Cold Spring Harb Perspect Biol. 2013 Feb 1;5(2). pii: a009134.

1678 Regorafenib Page 668
3226 RET agonist Q525 EETIMEEERED ..........ccooveveveeernanee Highly selective RET @gONiSt..........ccccovevviiiriiriieeeieieiesesenennns Page 670
2667 RET INNIbItOr 2667 .......c.ocivveiiiiirieiiiiccicieieceeee RTK inhibitor active against wild-type RET and its mutants ...... Page 670
3195 Selpercatinib .........cccooviiiiiiiiiiii Potent, highly selective, and ATP-competitive RET inhibitor.....Page 707

Receptors (Enzyme Linked, RTK class XVI) Collagen rec  eptor family

Discoidin domain receptors 1 and 2 (DDR1 and DDR2) are structurally-related membrane protein tyrosine kinases
activated by different types of a major extracellular matrix component, triple-helical collagen. Collagen is probably the
most abundant protein in man, with at least 29 families of genes encoding proteins, which undergo splice variation and
post-translational processing, and may exist in monomeric or polymeric forms, producing a triple-stranded, twine-like
structure. DDRs participate in several processes such as cell adhesion, migration, proliferation, and matrix remodeling.
DDR1 is found in highly invasive tumor cells, suggesting its involvement in tumor progression. DDR1 appears to be
preferentially expressed in tumor cells (epithelial), whereas DDR2 is expressed in tumor stroma*?.

1 K. Valencia et al. Inhibition of collagen receptor discoidin domain receptor-1 (DDR1) reduces cell survival, homing, and colonization in lung cancer
bone metastasis. Clin. Cancer Res. 2012, 18, 969-980.
2 R.R. Valiathan et al. Discoidin domain receptor tyrosine kinases: new players in cancer progression. Cancer Metastasis Rev. 2012, 31, 295-321.

2265 DDRI-IN-L....ocoiiiiiiiiiiiciiiii e Selective DDR1 receptor tyrosine kinase (RTK) inhibitor .......... Page 353

Receptors (Enzyme Linked, RTK class XIX) LTK recepto  r family

As a result of their high degree of similarity, Anaplastic Lymphoma Kinase (ALK) and Leukocyte Tyrosine Kinase (LTK)
were originally identified as a member of the ros/insulin receptor subfamily of receptor tyrosine kinases.! ALK was first
discovered as the constitutively active nucleophosmin (NPM)-ALK oncoprotein in anaplastic large cell lymphomas (ALCL).
Full length ALK is abundantly expressed in neural tissue during embryogenesis, but levels fall during early development.
Consequently, it has been hypothesized to play a critical role in normal development and differentiation of the central and
peripheral nervous systemz. ALK fusions derived from gene translocations are associated with large cell lymphomas and
inflammatory myofibrilastic tumors.

* ALK, the chromosome 2 gene locus altered by the t(2;5) in non-Hodgkin's lymphoma, encodes a novel neural receptor tyrosine kinase that is highly
related to leukocyte tyrosine kinase (LTK). S.W. Morris, C. Naeve, P. Mathew, P.L. James, M.N. Kirstein, X. Cui, D.P. Witte. Oncogene 1997, 14, 2175-
2188

2 ALK inhibitors, a pharmaceutical perspective. E. Ardini, A. Galvani. Front. Oncol. 2012, 17, 1-8.

2153 AZD 3463 ... Potent inhibitor of ALK and IGFLR ........cccccvvviiiiiiiiiiiiicie Page 244
2978 Brigatinih ......ccccoiiiiiiiieiieee e Potent, selective, and orally active anaplastic lymphoma kinase
(ALK) InhibDItor ... Page 286
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1884 CH 5424802........c.ccceiiiiiiiiiiiiiiiiicece e Orally available and selective ALK inhibitor.............c.cccccoeeee Page 312
2294 KRCA 0008........ocoiiiiiiiiiiiiiiiiiieie e Potent and selective dual ALK/ACK1 inhibitor............cccccoeee Page 493
2224 LDK 378ttt Selective anaplastic lymphoma kinase (ALK) inhibitor .............. Page 504
1509 LDN 193189.....ccuiiiiiiiiirieieierineereie e BMP-ALK iNNIDILOT ...t Page 504
1661 SB 431542 ..ot TGF-betaR1 inhibitor; ALK inhibitor...........ccooooviiiiiiiiiiciiis Page 697
1660 PF 02341066 ......c.oovcvieieiieieierineeieiereseeie st ¢-MET Inhibitor; NPM-ALK inhibitor..........cccoovviiiiiiiice Page 628
2600 PF 06463922 .....coeiiiiuieiiiieieaieeie ettt Potent, ALK/ROS1 selective inhibitor .............cccooiiieiiiiiiienne Page 633

Receptors (Enzyme Linked, RSTK class I) ALK receptor  family

Transforming growth factor-B (TGF-B) family, including TGF-B, activin, Nodal, bone morphogenetic proteins (BMPs) and
others, play vital roles in diverse cellular processes, including cell proliferation, differentiation, apoptosis, cell plasticity and
migration. The type | receptor serine/threonine kinases (RSTKs) are also known as activin receptor-like kinases (ALKs)
for which a systematic nomenclature has been proposed (ALK1-7) Its dysfunctions can result in various kinds of diseases,
such as cancer and tissue fibrosis. Ligand binding leads to formation of the receptor heterocomplex, in which TGF-BRII
phosphorylates threonine and serine residues of TGF-BRI and thus activates TGF-BRI. The activated TGF-BRI recruits
and phosphorylates a subset of SMAD proteins (SMAD 2/3) which are then translocated to the nucleus where they form
transcription complexes with DNA binding factors and co-activators/co-repressors to regulate transcription of the target
genes’. In normal cells, TGF-B, acting through its signaling pathway, stops the cell cycle at the G1 stage to stop
proliferation, induce differentiation, or promote apoptosis. When a cell is transformed into a cancer cell, parts of the TGF-
B signaling pathway are mutated, and TGF-B no longer controls the cell. These cancer cells proliferatez.

* Regulation of TGF-B receptor activity. F. Huang Y.G. Chen. Cell Biosc. 2012, 2-9.
2 Mechanisms of TGF-beta signaling from cell membrane to the nucleus. ShiY, Massagué J. Cell. 2003, 113, 685-700.

B N 0 i N TGF-betaR1 inhibitor; ALK 5 inhibitor............cccovveeeiiiivieeceiiies Page 176
B N < 2 0 N TGF-betaR1 inhibitor; ALK 5 inhibitor...........ccoovveeeiiiiieeeceiis Page 176
1708 DOrSOMOIPRIN ...ttt Inhibitor of BMP signaling. Inhibits ALK2, 3and 6..................... Page 369
2150 Dorsomorphin dihydrochloride...........coccoveoiiiiiiiininieanne Inhibitor of BMP signaling. Inhibits ALK2, 3and 6..................... Page 370
1832 GW 788388B......cceeiviuiiiiiiiiiiniirie ettt INNIDIOr TGF-BRIL......oiiiiiiiiiiii e Page 443
2236 IN L1130 ..ttt TGF-BR 1 inhibitor........ocviiiiiiiiii e Page 467
2189 K 02288 ......cceiiiiiiiiiiiiieieeit et Inhibitor of BMP signaling. Inhibits ALK1, 2, and 6.................... Page 487
1509 LDN 193189.....ccuiiiiiiiiirieieie et BMP-ALK iNNIDIOT ... Page 504
2201 LDN 212854 trihydrochloride ...........ccooeeeenieiieiienienines Potent ALK2-biased BMP type | receptor kinase inhibitor ......... Page 504
1661 SB 431542 TGF-betaR1 inhibitor; ALK inhibitor............oooovviiveeeiiiiiiecceeiis Page 697
2197 SB 505124 ...ttt Selective inhibitor of TGF- type | receptors ALK4 and ALK5...Page 698
2285 SB 525334 ...t Selective inhibitor of the TGF-BR1 (ALK5) receptor .................. Page 698
1387 SD 208......occiiiiiiiiaiieitieteeie e TGF-betaR 1 inhibitor ... Page 706
2903 SJ000291942 ....cooiuviiiiiiiiiiiesii e Activator of the canonical BMP signaling pathway .................... Page 715

Receptors (Enzyme Linked, RSTK class Il) Activin rece  ptor family

Activins are dimeric growth and differentiation factors which belong to the transforming growth factor-beta (TGF-beta)
superfamily of structurally related signaling proteins. Activins signal through a heteromeric complex of receptor serine
kinases which include type | and type Il receptors, and transduce signals through Smad-dependent and independent
mechanisms. Type | receptors are essential for signaling; and type Il receptors are required for binding ligands and for
expression of type | receptors. Type | and Il receptors form a stable complex after ligand binding, resulting in
phosphcl)rzylation of type | receptors by type Il receptors. Type Il receptors are considered to be constitutively active
kinases™.”.

* Activin receptor signaling: a potential therapeutic target for osteoporosis. S. Lotinun, R.S.Pearsall, W.C. Horne, R. Baron Curr. Mol. Pharmacol. 2012,
5, 195-204.
2 Activin receptor antagonists for cancer-related anemia and bone disease. S.Z. Fields et al. Exp. Opinion Invest. Drugs 2013, 22, 87-101.

2323 ITD-1

....Page 473
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2467 1TD-1, (F)- eeoiiiiiiiiie i Selective inhibitor of TGFB/Smad signaling.............cccccccvevnaeee Page 473
1491 LY 2157299 ..o TGF-betaR2 inhibitor...........cccoiiiiiiiiiii e Page 522
2943 SRI-011381 hydrochloride ...........cccccoviiiiiiiiiiiiiiiiee TGF-B signaling agonist ...........ccccocovviviiiiniiiicie Page 733
3076 TILOL oo Potent and selective anti-cancer agent targeting low TBRIII-

expressing malignant T-cell leukemia/lymphoma cells.............. Page 768

Receptors: G protein-coupled (GPCRSs)

G-protein coupled receptors (GPCRs) are a diverse super-family of proteins located within the plasma membrane of
eukaryotic cells which have a common architecture consisting of seven-transmembrane (7-TM) segments, connected by
extracellular (ECL) and intracellular (ICL) loops. They differ from other 7-TM proteins in their ability to activate guanine-
nucleotide binding proteins or B-arrestin and so initiate a signaling cascade. Therefore, they are among the most
important pharmaceutical drug targetsl'z. GPCRs are activated by a wide variety of stimulants, including light, odorant
molecules, peptide and non-peptide neurotransmitters, hormones, growth factors and lipids, and control a wide variety of
physiolo%ical processes including sensory transduction, cell-cell communication, neuronal transmission, and hormonal
signaling”. Upon activation by a stimulant (binding or conformational change of ligand), the conformation of the receptor is
altered, which can result into two principal signal transduction pathways involving the G protein-coupled receptors: the
cAMP signal pathway and the phosphatidylinositol signal pathway“.

Analysis of the human genome revealed at least 799 unique GPCRs. One widely adopted scheme classify the GPCRs
into six families, with the most important and extensively studied being: family A (Rhodopsin-like); family B (Secretin);
family C (Metabotropic glutamate/pheromone); family D (Fungal mating hormone); family E (Cyclic AMP); family F
(Frizzled/Smoothened)®.

Besides the increasing number of categorized GPCRs with assigned endogenous ligands and (partially) elucidated
signaling pathways, a large number of GPCRs remain whose endogenous ligands are unknown, and are classified as
orphan GPCRs. Traditionally this class of GPCRs has been difficult to study and although molecular biological and
bioinformatics techniques made the identification of orphan GPCRs amenable, the development of therapeutic
compounds targeting these receptors has been extremely slow. Nevertheless, these GPCRs are considered important
targets based on their distribution and behavioral phenotype as revealed by animals lacking the receptor® and 7’ GPR139
for example (a.k.a. or GPRgl or GPCR12), is an orphan receptor first identified as a rhodopsin family GPCR with
exclusive expression in the central nervous system. Its closest homolog, GPR142, however, is expressed primarily in the
pancreas and other peripheral tissues®. GPR139 is coupled with Gq signaling and appears to be constitutively active
when recombinantly expressed in mammalian cells®.

! Modeling the 3D structure of GPCRs: advances and application to drug discovery. Becker O.M., Shacham S., Marantz Y., Noiman S. Current Opinion
in Drug Discovery & Development [2003, 6(3):353-361]

2 G protein coupled receptors — exploiting flexible conformations. K.L. Chapman, J..BC. Findlay, G.K. Kinsella. Eur. Pharm. Rev. 2012, 6

% Tools for GPCR drug discovery. R. Zhang, X. Xie. Acta Pharmacologica Sinica (2012) 33: 372-384

* G proteins: transducers of receptor-generated signals. Gilman A.G. Annu. Rev. Biochem. 1987, 56, 615-49

° P. Joost, A. Methner. Phylogenetic analysis of 277 human G-protein-coupled receptors as a tool for the prediction of orphan receptor ligands. Gen.
Biol. 2002, 3, 0063.

© S Chung et al. Orphan GPCR research. Br J Pharmacol. 2008 Mar;153 Suppl 1:5339-46.

7 JA Stockert et al. Advancements in therapeutically targeting orphan GPCRs. Front Pharmacol. 2015 May 8;6:100.

8 C. Liu et al. GPR139, an Orphan Receptor Highly Enriched in the Habenula and Septum, Is Activated by the Essential Amino Acids L-Tryptophan and
L-Phenylalanine. Mol Pharmacol. 2015 Nov;88(5):911-25.

° CA Dvorak et al. Identification and SAR of Glycine Benzamides as Potent Agonists for the GPR139 Receptor. ACS Med Chem Lett. 2015 Jul
20;6(9):1015-8.

3017 BRDAT80 ....coociiiiiiiiiiiiieie et Potent and selective imidazolinel (I1) receptor ligand; TMED9

DINAEr ..o Page 285
2915 CID 1375606 ....cceeeueiueeieiiieiesieeiesieesie st Selective surrogate agonist for GPR27 .........cccccvvviviiiiiiiiinens Page 318
2895 D3-BAIT ittt Positive allosteric modulator (PAM) of TSH receptor ................ Page 347
2962 FTBMT ..ottt Potent, selective and orally available GPR52 agonist ............... Page 412
2569 JINJ 63533054 .ccuiiuieriiiieeieiieeiesieesie ettt Potent, brain-penetrant, selective agonist of GPR139............... Page 480
2870 ML 221 ..ot Apelin receptor (APJ) antagonist...........cccoveiieiiiiiiiiieiseens Page 546
2609 NCRWOO0O05-FO5 .......ccooviiiiiiiiiiiicicc e GPR139 antagonist ............cccoviiiiiiiiiiiiicccce Page 571

Receptors (GPCR-A1) Chemokine CC

Peptide receptors, in general, are members of the large family of G-protein coupled receptors. Their endogenous ligands
are neuropeptides and proteins of various kinds, such as chemokine (subfamily Al), vasopressin (subfamily A6),
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neurokinin (subfamily A9), and thrombin (subfamily A15). The diversity of endogenous ligands implies the wide range of
biological processes they are involved in: include learning, memory, response to stress, pain, addiction, feeding behavior,
sexual behavior, reproduction, the immune response, thermal control, kidney function, cardiovascular function (including
blood pressure and heart rate) and many others’. The discovery that peptide receptors (somatostatin (subfamily A4) in
particular) are over-expressed in most human neuroendocrine tumors has focused the recent interest in peptide receptors
as potential targets for the treatment of cancers®.

The CCR1 receptor is a member of the beta chemokine receptor family. Chemokines and their receptors are critical for
the recruitment of effector immune cells to the site of inflammation. The ligands of this receptor include macrophage
inflammatory protein 1 alpha (MIP-1 alpha), regulated on activation normal T expressed and secreted protein (RANTES),
monocyte chemoattractant protein 3 (MCP-3), and myeloid progenitor inhibitory factor-1 (MPIF-1). Following interaction
with their specific chemokine ligands, chemokine receptors trigger a flux in intracellular calcium (Ca2+) ions (calcium
signaling). This causes cell responses, including the onset of a process known as chemotaxis that traffics the cell to a
desired location within the organism3.

Fractalkine is a transmembrane protein and chemokine involved in the adhesion and migration of leukocytes. The protein
encoded by this gene is a receptor for fractalkine (CX3CR1). CX3CR1 and its ligand help control the migration and
recruitment of immune effector cells in numerous inflammatory diseases and may play a role in cancer progression,
immune evasion, and metastasis. Increasing evidence indicates that CX3CR1 is required for monocyte homeostasis and
differentiation and regulates the fate of monocyte-derived cells in other inflammatory diseases such as cardiovascular
disease and liver fibrosis. However, precisely how CX3CR1 regulates tumor-associated macrophages (TAMs) subtypes in
the tumor microenvironment remains unknown’. Besides, evidence is found that the fractalkine receptor also is a
coreceptor for HIV-1, and some variations in this gene lead to increased susceptibility to HIV-1 infection and rapid
progression to AIDS®.

! Designing peptide receptor agonists and antagonists. V.J. Hruby. Nature Reviews Drug Discovery 2002, 1, 847-858.

2 Neuropeptide receptors in health and disease: the molecular basis for in vivo imaging. Reubi J.C. J. Nucl. Med. 1995, 36,1825-1835.

3 Chemokine receptors and their role in inflammation and infectious diseases. Murdoch C., Finn A. Blood 2000, 95, 3032-3043

*J. Zheng et al. Chemokine receptor CX3CR1 contributes to macrophage survival in tumor metastasis. Mol. Cancer. 2013, 12, 141.

® R. Cotter et al. Fractalkine (CX3CL1) and brain inflammation: Implications for HIV-1-associated dementia. J. Neurovirol. 2002, 8, 585-598.

1179 ALBL..oiiiiiiiiiiiice e CCRI1 @NntagOoniSt ........cciiuiiiiiiiiiiieieit et Page 178
2842 AZD 2098 ......ociiiiiiiiiie s Potent, selective and bioavailable CCR4 receptor antagonist...Page 243
2082 BXATL it Selective CCR1 receptor antagonist...........ccccecviviiiiiiciiinenn. Page 291
2255 CX3CR1 antagonist 18a.........cevereerierieneenieeiesieeieneeeees Antagonist of the Fractalkine receptor (FKN or CX3CR1).......... Page 343
2685  VEICIIMON ..ottt ittt CCRY @NtAGONIST ...ttt Page 796
2636 YJIC-L10592 .....ocvoiiiiniiiciiiiieiett et CCR2 @NtAGONISt ....viuvieieiireieiieteeee et Page 822

Receptors (GPCR-A2) Chemokine CXC, Interleukin

CXC chemokine receptors are integral membrane proteins that specifically bind and respond to cytokines of the CXC
chemokine family. CXCR1 and CXCR2 (IL8R-a and IL8R—B respectively) are closely related receptors that recognize
CXC chemokines that possess an E-L-R amino acid motif immediately adjacent to their CXC motif; they are both
expressed on the surface of neutrophils in mammals. While CXCR3 is expressed predominantly on T lymphocytes, the
CXCR4 receptor has a wide cellular distribution, with expression on most immature and mature hematopoietic cell typesl.

1 Chemokine receptors and their role in inflammation and infectious diseases. Murdoch C., Finn A. Blood 2000, 95, 3032-3043

1738 AMD 3100.......ccciiiierieirieieie e CXCR4 @NtagONISt.......cuviviviieiiiiiiiieiese et Page 200
1930 AMD 3B4B5.....ciuiiiiiiieieeiieie et Potent and selective CXCR4 antagonist...........ccccoevvevveeennenne Page 200
1800 CXCR3 ANtagOoniSt BC.......coveuiriirieiiiiiireieieieieieeeieseenes CXCR3 @NtAGONIST....c.viueeuiiiiieiieiie ittt Page 343
2921 LIT-927 oottt Selective, locally and orally active CXCL12 neutraligand.......... Page 511
1501 PD 0220245.......ccccoiiiiiiiiiiiiii e ILBR @NLAGONIST .....eeieiieiie ittt Page 621
1559 SB 265610 ...ccuiiiiiieiiieiiie ettt CXCR2 AaNtagONiSt.......ccuviiiiiiiiiiaieiiiaieeie et Page 695
2593 SB 332235 ... CXCR2 antagonist exhibiting anti-inflammatory effects............. Page 697
2993 UNBSS5162 ....oooiiiiiiiiiiicciieceecee e Pan-antagonist of CXCL chemokine expression ...............c....... Page 784
1620 WZ BLL..ociiuiiiiiiiiicieiie ettt CXCR4 @NtAgONISt. ... .euveuiriieiieieeeeieie sttt Page 815
2861 ZK 756326 dihydrochloride ...........ccccoveeieiinienieniesnes CCRB @QONIST ...ttt Page 832
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Receptors (GPCR-A3) Angiotensin

The angiotensin receptors are activated by the vasoconstricting peptide angiotensin Il. They are important for the renin-
angiotensin system (RAS) or the renin-angiotensin-aldosterone system (RAAS); a hormone system that regulates blood
pressure and water (fluid) balance. Effects mediated by the AT2 receptor are suggested to include inhibition of cell
growth, fetal tissue development, modulation of extracellular matrix, neuronal regeneration, apoptosis, cellular
differentiation, and maybe vasodilatation and left ventricular hypertrophyl.

! The Angiotensin Il Type 2 Receptor Causes Constitutive Growth of Cardiomyocytes and Does Not Antagonize Angiotensin Il Type 1 Receptor—
Mediated Hypertrophy. A. Amore, M.J. Black, W.G. Thomas. Hypertension. 2005, 46, 1347-1354

3104 Candesartan CileXetil .........ccocoveiiiiiiiniiieiieeeee s Potent and highly specific AT2 receptor antagonist.................. Page 297
3102 LOSAMAN ..ottt Non-peptide, potent and orally active angiotensin Il receptor

ANTAGONIST......eviiiiic i Page 514
1969 M 24, . First non-peptide selective AT2 receptor agonist .............c....... Page 527
3105 Olmesartan EEEIEEEREID ............c..cocovevereerererarererennnnnns Potent and selective AT1 antagonist ...............ccceceeereverererennnns Page 602
1276 PD 123319 ditrifluoroacetate .............ccoeeveinricicnieninnens AT2 @NtagONIST .....cviuiiiiiiiiice e Page 618
3103 TEIMISAIAN ..veeiveeeiieiiie e Non-peptide, highly potent and selective AT1 receptor antagonistPa 758
3106 ValSartan .........ccceciiiiiiiiiiiiiiiei e Potent, highly selective, and orally active AT1 antagonist......... Page 792

Receptors (GPCR-A4) Opioid, Somatostatin

Three members of the family of opiod receptors are known to date. The family name originates from the active
hallucinating component of Papaver somniferum (opium), whereas the first assignment of names of each member was
based on the most potent opiate used to study the three subtypes: mu (morphine, OP3), kappa (ketocyclazocine, OP2),
and sigma (SKF 10047)". The later discovery of another subtype?, named delta (named after the species vas deferens
used for this study, OP1), and the finding that the sigma receptor was actually a non-opioid receptor® resulted in the
currently know classification of mu, kappa, and delta receptor subtypes (OP1-OP3)*. A fourth opioid receptor subtype
(Nociceptin, OP4) has been identified as a result of clonin% techniques. This receptor shows a significant degree of
homology in the cDNA coding for this and the other subtypes”. Opiate receptors are abundantly present in the brain, and
present in the spinal cord and digestive tract. Besides the fact that these receptors are well known for their key
interactions with opiates mediating hallucinating and analgesic effects, they do interact with endogenous ligands
(endorphins) as well. Activation of opioid receptors by endogenous and exogenous ligands results in a multitude of
effects, which include analgesia, respiratory depression, euphoria, feeding, the release of hormones, inhibition of
gastrointestinal transit, and effects on anxiety.

Neuropeptide somatostatin (SST) is a cyclic neuropeptide containing a disulfide bond and is produced by specialized cells
in a large number of human organs and tissues. SST primarily acts as inhibitor of endocrine and exocrine secretion via
the activation of five G-protein-coupled receptors (GPCR-A4 subfamily), named SST1-5. SST is ubiquitously expressed in
humans, with high concentrations in brain, liver, lungs, pancreas, thyroid, gastrointestinal tract, and adrenal gland mainly
acting as an inhibitor of exocrine and endocrine secretions on target organs. SST suppresses GH, prolactin, and TSH
production from pituitary gland, insulin, glucagon and exocrine secretions from pancreas, and several gastrointestinal
peptides. In the brain, SST acts as neuromodulator, with physiological effects on neuroendocrine, motor, and cognitive
functions, and as neurotransmitter, exerting both stimulatory and inhibitory effects®’.

* The effects of morphine- and nalorphine-like drugs in the nondependent and morphine dependent chronic spinal dog. Martin, W.R., Eades, C.G.,
Thompson, J.A., Huppler, R.E., Gilbert, P.E. J. Pharmacol. Exp. Ther. 1976, 197, 517-532.

2 Endogenous opioid peptides: multiple agonists and receptors. N Lord JA, Waterfield AA, Hughes J, Kosterlitz HW. Nature. 1977, 267, 495-499

N Psychotomimetic sigma-opiates and PCP. Mannalack, D.T., Beart, P.M., Gundlach, A.L. Trends Pharmacol. Sci. 1986, 7, 448-451.

* International Union of Pharmacology. XII. Classification of opioid receptors. Dhawan BN, Cesselin F, Raghubir R, Reisine T, Bradley PB, Portoghese
PS, Hamon M. Pharmacol. Rev. 1996, 48, 567-92.

5 ORL1, a novel member of the opioid receptor family. Cloning, functional expression and localization. Mollereau C, Parmentier M, Mailleux P, Butour
JL, Moisand C, Chalon P, Caput D, Vassart G, Meunier JC. FEBS Lett. 1994, 341, 33-38.

S Classification and nomenclature of somatostatin receptors. Hoyer D. et al. Trends Pharmacol. Sci. 1995, 16, 86-88

" F. Barbieri et al. Peptide receptor targeting in cancer: the somatostatin paradigm. Int. J. Pept. 2013, 926295.

1751 ADL 5859......iiiiiiiiiiiiiiiiiiiiiit e Selective delta-opioid receptor agonist.............cccccoeeviiciicnienne Page 187
1784 BAN ORL 24......ccociiiiiiiiiiiiiiiiiiee NOP receptor antagoniSt...........ccuerrirereriereeie e Page 254
1163 Binaltorphimine dihydrochloride, nor- ...........cccccoociviinene Kappa-opioid antagonist ..o Page 273
1140 FedotoziNe tartrale...........cceerverrereerieieeeeeeie e Kappa(1a) opioid agoniSt.........c.cccciiiiiiiiiiiiiiiii i Page 398
1607 FK 960 ..ot Somatostatin agonist............ccocviiiiiiiiiii Page 404
A RST I = TV Al Recent Addition N Enhancer of Somatostatin release...............oceoevvverreererrvennnnns Page 404
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1213 Funaltrexamine hydrochloride, beta- ..........ccccccveiiiinnne Mu-0pioid antagoniSt ..........cceoiriiiiiiiie e Page 412
1226 GNTI dihydrochloride...........cccocviviiiiiiiiniiiiicci Kappa-opioid antagonist..............cccouiiiiiiiiiiniciccceee s Page 426
2781 HS666 hydrochloride ..........ccoceviriiininiiciiiiccieieiee, Kappa-opioid partial agonist.............cccccviiiiiiiiiiiiiciiii Page 453
1805 JTC B0L ..ot NOP receptor antagoniSt...........cccciiiiiiiiiiiiiiicie e Page 482
1577 Nalbuphine hydrochloride.............cccceiiiiiieniiiiiciceee Analgesic. K-opioid agonist and p-opioid partial agonist ........... Page 567
1573 Nalmefene hydrochloride............ccooeiiiiiiinieiiiciie Opioid ANTAGONIST .....cviiiiiiiiiiiieie e Page 567
1205 Naloxonazine dihydrochloride.............cccccviiiiiiiiiiinicnns OPi0id ANTAGONIST .....c.viieeiieiieie et Page 567
1230 Naloxone Benzoylhydrazone..........cccocccveviniiiiiicininne Kappa-opioid agonist...........ccccuviiiiiiiciiiiic e Page 568
2415 Naloxone hydrochloride............ccccooeviiiiiiiiiiiiie Neutral opioid antagonist..............cccovviiiiiiiiiiiie Page 568
2416 Naltrexone hydrochloride...........coceovvireriiiiiniieiies Opioid antagonist with preference for p- and k-receptors.......... Page 568
1413 SB 612111 hydrochloride ............ccccooviiiiiiiiiiiiiiiics NOP antagonist...........cccoviiiiiiiiiiiiis e Page 697
1412 SINC 80 ..ttt ettt Delta-opioid @gONISt.........c.coviiiiiiiiiiiieii i Page 721
1202 U 50488 hydrochloride..........ccccoeiiiiiiiiiiiciiciscies Kappa-opioid agOniSt.........cccueririeiiiiieie e Page 780

Receptors (GPCR-A5) Neuropeptides, Leukotrienes

Subfamily A5 of the GPCRs consist of seven members of receptors that are activated by either neuropeptides or
leukotriene-derivatives (galanin, leukotrienes and cysteinyl leukotrienes, relaxin, melanin, urotensin, and kisspeptin
(a.k.a. metastin).

The cysteinyl leukotrienes (cys-LTs) are a family of potent bioactive lipids that act through two structurally divergent
GPCRs, termed the CysLT1 and CysLT2. Their endogenous ligands are LTC4, LTD4, and LTE4 are peptide-conjugated
lipids that are prominent products of activated eosinophils, basophils, mast cells (MCs), and macrophages. These
leukotrienes are commonly recognized as potent inflammatory mediators that initiate and propagate a diverse array of
biologic responses. Consequently, clinically efficacious receptor antagonists and inhibitors of cys-LT synthesis have been
introduced to treat asthma, immune responses, inflammation, tissue repair, and fibrosis'.

Melanin concentrating hormone (MCH) is an orexigenic cyclic nonadeca-peptide, predominantly expressed in the lateral
hypothalamus and zona incerta, acting at the G-protein coupled receptors (GPCRs) MCHR1 and MCHR2 widely
expressed in the brain. MCH is an important mediator of enerzgy homeostasis, stimulating food intake in rats after intra
cerebro-ventricular (icv) injection, and increasing body weight®. Additionally, an emerging body of literature supports a
role for MCH and MCHRL1 in the endocrine and behavioral responses to stress, suggesting that drugs interacting at this
receptor might have an antidepressant and/or anxiolyic effect®

Y Kanaoka et al. Cysteiny! leukotrienes and their receptors: cellular distribution and function in immune and inflammatory responses. J Immunol. 2004
Aug 1;173(3):1503-10.

2 Melanin concentrating hormone receptor 1 (MCHR1) antagonists—Still a viable approach for obesity treatment? T. Hogberg, T.M. Frimurerb, P.K.
Sasmalc. Bioorg. Med.Chem.Lett. 2012, 22, 6039-6047

% Preclinical Evaluation of Melanin-Concentrating Hormone Receptor 1 Antagonism for the Treatment of Obesity and Depression. D.R. Gehlert, et al.
J.Pharm.Exp.Ther. 2009, 329, 429-438

2738 CysLT1 Antagonist Q8 ........ccccevieiriirieririiieiicieieeeieas Antagonist of the cysteinyl leukotriene receptor 1 (CysLT1)......Page 344
1569 GW 803430......cccuiiiiiiiiiiiiiiiiiceie e MCHZL antagoniSt.........cocciiiiiiiiiiiciie i Page 443
3236 Montelukast sodium EEZIEEERTID .............coovverenrneennen. Potent and selective CysLT1 receptor antagonist ................... Page 557
2620 QUININID ..o Antagonist of CysSLTL and -2........ccccvevuiiiiiiiiniiiiiieie e Page 659

Receptors (GPCR-A6) Cholecystokinin, Orexin, Vasopres  sin, GnRH

Cholecystokinin receptors (CCK1 and CCK2, a.k.a. CCK-A and CCK-B respectively) are activated by gastrin as well as by
cholecystokins (CCK) CCK-4; CCK-8; and CCK-33. Activation of these receptors evokes secretion of amylase by
pancreatic acinar cells, acid and pepsin by stomach mucosal cells, and contraction of the pylorus and galbladder. Several
CCK-A (CCK1) antagonists have been developed over the years for the treatment of stomach ulcers (Proglumide,
Lorglumide, and Devazepide), but also for their potential as drugs to limit the development of gastrointestinal cancers
such as colon cancer’. However, by far the main focus of CCK antagonist research has focused on the development of
selective CCK-B antagonists as novel medications which have been primarily investigated for the treatment of anxiety and
panic attacks, as well as for other roles such as analgesic effects, sexual behavior, learning, and memory?.

Orexin-A and orexin-B (also known as hypocretin-1 and hypocretin-2, respectively) are neuropeptides that bind to the
GPCRs orexin-1 and orexin-2. The orexin system has been implicated in the regulation of functions such as reward
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seeking, feeding behavior, locomotion and physical activity, and arousal from sleep and the sleep—wake cycle. Upon
receptor activation, intracellular calcium levels increase. Orexin deficiency has been linked to narcoleptic symptoms such
as sudden sleep attacks and cataplexy3.

Vasopressin, also known as antidiuretic hormone, is a nonapeptide, and found to be essential for cardiovascular
homeostasis. The antidiuretic effect of vasopressin has been exploited clinically for over half a century to treat diabetes
insipidus. Three receptor subtypes are known to date (V1A-B, and V2 (original designation) or V1-3 (where V1A=V1 and
V1B=V3)). Although all three of these proteins are G-protein coupled receptors (GPCRs), activation of V1A (V1) and V1B
(V3) stimulate phospholipase C, while activation of V2 stimulates adenylate cyclase“.

The gonadotropin-releasing hormone (GnRH) receptor is expressed on the surface of pituitary gonadotrope cells as well
as lymphocytes, breast, ovary, and prostate. The fundamental role of hypothalamic GnRH in the reproductive system by
stimulation of pituitary gonadotropin secretion has made it a prime drug target for treatment of infertility, sex hormone-
dependent diseases and for novel contraception in man®.

The vertebrate Neuropeptide S (NPSR-NPS) system has been established as an important signaling system in the
central nervous system and is involved in physiological processes such as locomotor activity, wakefulness, asthma
pathogenesis, anxiety and food intake. The NPSR-NPS system is closely related to the vasopressin-like receptor—
vasopressin/oxytocin peptide (VPR-VP/OT) system. Single nucleotide polymorphisms (SNPs) and isoforms in the human
NPSR gene are associated with risks of asthma, bronchial hyper-responsiveness, immunological disorders such as
rhinoconjunctivitis, respiratory distress syndrome and irritable bowel syndrome. Consequently, potent NPSR antagonists
have potential for multiple clinical applications for the treatment of obesity, hypersomia and anxiety disorders®.

! Selective CCK-A but not CCK-B receptor antagonists inhibit HT-29 cell proliferation: synergism with pharmacological levels of melatonin. C. Gonzalez-
Puga et al. Journal of Pineal Research 2005, 39, 243-250

2 The CCKB antagonist C1988 reduces food intake in fasted rats via a dopamine mediated pathway. L. Frommelt. Peptides, 2013, 39, 111-118.

3 Orexin Receptor Antagonism, a New Sleep-Enabling Paradigm: A Proof-of-Concept Clinical Trial. P. Hoever et al. Clin. Pharm. Ther. 2012, 91, 975—
985.

* Science Review: Vasopressin and the cardiovascular system part 1 — receptor physiology. C.L. Holmes, D.W. Landry J.T. Granton. Critical Care 2003,
7,427-434.

5 GnRHs and GnRH receptors. R.P.Millar, Anim Reprod Sci. 2005, 88, 5-28.

® R. Valsalan et al. Evolutionary history of the neuropeptide S receptor/neuropeptide S system. Gen Comp Endocrinol. 2014 Dec 1;209:11-20.

2012 EMPA Lo Orexin type 2 (OX2) receptor antagonist...........ccecvevvevereanenns Page 382
2146 FedOVaPAGON. ......ccouiieeieiiieeie et ettt nae e Selective vasopressin V2 receptor agonist...........c.cccvevveriinens Page 398
3071 LIT-00L oottt Potent and specific oxytocin receptor agonist .............ccccceevenene Page 511
2321 ML 154, .o Selective, and brain penetrant NPS receptor antagonist........... Page 545
2095 SB 334867 ....ccuiiiiiiiiiiieieie e First selective orexin 1 (OX1) antagonist............ccccceeviciiiiennne Page 697
2192 SB 674042 ...ccciiiiiiiiiie ettt Nonpeptide OX1 selective antagonist.............ccccevverericieniiennnne Page 699
1245 SR 27897 ....oiiiiiiiiiiiiee e CCKL antagoniSt .........cccueiiiiiiiiiiiii it Page 731
1256 SR 49059......ccuuiiiiiiiitieiese et Vasopressin (V1A) antagonist..........cecveiiiiiiiiniieiieiciieiens Page 731
1114 SSR 149415 ...ooiiiiiiiiieeeeee e Vasopressin (V1B) antagoniSt..........c.ecveiireeiereiieiieiciieiens Page 734
1270 T 9BATS .ot GNRH or LHRH @ntagoniSt.........cccoiiriiiiiiiiieieiicsiceee s Page 747
2744 TCSL1102 ..ociiiiiiiiiiiicecci e Dual orexin (OX1/2) receptor antagonist ............cceeereerieneennnns Page 756
1591 TOIVAPLAN ..ttt Vasopressin (V2) antagonist ...........ccceevririieiiiiiiieiceseeens Page 771
1867 Vasopressin antagonist 1867..........cccvvvreervenienienieneennens Orally available and selective V1b receptor antagonist............. Page 793
2711 WAY-267464 dihydrochloride ............ccccocviiiiiiiiniiiinns Oxytocin receptor agonist...........ccocooieiiiiiiiicic e Page 810

Receptors (GPCR-A7) Endothelin, Neurotensin, GHS

Endothelins are very potent vasoconstrictors that bind to smooth muscle endothelin receptors, of which there are two
subtypes: ETA and ETB receptors. Their activation causes the release of calcium by the sarcoplasmic reticulum (SR) and
increased smooth muscle contraction and vasoconstriction. The receptors have been implicated in the pathogenesis of
hypertension, coronary vasospasm, and heart failure®.

Neurotensin (NTS) is a 13 aminio acid peptide that functions as both a neurotransmitter and a hormone through the
activation of the three neurotensin receptors known to date (NTSR1-3). NTS shows a wide range of biological activities.
In the brain, NTS modulates opioid-independent analgesia, the inhibition of food intake and the activity of dopaminergic
systems. Consequently, it plays an important role in Parkinson’s disease and the pathogenesis of schizophrenia, the
modulation of dopamine neurotransmission, hypothermia, antinociception, and in promoting the growth of cancer cells®.
Originally thought of as a stomach-derived endocrine peptide acting via its receptors in the central nervous system to
stimulate food intake and growth hormone expression, ghrelin and its receptor (growth hormone secretagogue receptor
(GHS-R)) are widely expressed in a number of organ systems, including cancer cells. Ghrelin is currently known to be the
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most potent endogenous inducer of the growth hormone (GH)/insulin-like growth factor-1 (IGF-1) axis and of food intake
in mammals®. Endogenous ghrelin also appears to be an important modulator of physiological functions relevant to aging.
Since endogenous ghrelin activity declines during aging, it has been hypothesized that GHS-R1a agonists may prove
beneficial as interventive agents‘l.

* Endothelins and Endothelin Receptor Antagonists. Therapeutic Considerations for a Novel Class of Cardiovascular Drugs. T.F. Lischer, M. Barton.
Circulation. 2000, 102, 2434-2440

2 Structure of the agonist-bound neurotensin receptor. Jim F. White et al. Nature 2012, 490, 508-513

3 Ghrelin and the Growth Hormone Secretagogue Receptor Constitute a Novel Autocrine Pathway in Astrocytoma Motility. V.D. Dixit et al. J. Biol. Chem.
2006, 281, 16681-16690

“ Ghrelin Receptor (GHS-R1A) Agonists Show Potential as Interventive Agents during Aging. R.G.Smith et al. Ann. N.Y.Ac.Sc. 2007, 119, 147-164

1648 Ambrisentan.
2340 AZ-GHS-22..
2147 CpdD hydrochloride

Page 199
..Orally available Ghrelin receptor (GHS-R1a) inverse agonist ...Page 250
..Ghrelin receptor (GhrR aka GHSR-1a) antagonist.. .Page 335

1975 ....Page 363
1376 MK B77 ..o GTOWER hOrmone secretagogue (GHS) agonist ... Page 541
2632 ML31A.....oooiiiiiiiiiciicece e NONPEPLIiC B-Arrestin biased agonist of NTRL........oos Page 548
1255 SR 142948........coooiiiiiiiiiiiiiiciccencenieesee e NEUTOTENSIN @NTAGONIST.... Page 732
1164 SR 48692......ccccvviiiiniciiiniecieiseiceieeesseeeeseeeeenn NEUTOTENSIN 1 @NEAGONIST.....e Page 731

Receptors (GPCR-A8) Mas

The renin-angiotensin-system (RAS) constitutes an important hormonal system in the physiological regulation of blood
pressure. The classic RAS can be defined as the ACE-Ang II-AT1R axis that promotes vasoconstriction, sodium
retention, and other mechanisms to maintain blood pressure, as well as increased oxidative stress, fibrosis, cellular
growth, and inflammation in pathological conditions. In contrast, the non-classical RAS composed of the ACE2-Ang-(1-7)-
Mas receptor axis generally opposes the actions of a stimulated Ang II-AT1R axis through an increase in nitric oxide and
prostaglandins and mediates vasodilation, inhibition of cell growth, anti-thrombosis and anti-arrhythmogenic effects,
natriuresis, diuresis, and oxidative stress’. The Mas receptor is expressed in brain, testis, heart, and kidney, and is
proven to be a Gg-coupled receptor that in early studies was suggested to be an angiotensin Il (ANG II) receptorz.

1 M.C. Chappell et al. Update on the angiotensin converting enzyme 2-angiotensin (1-7)-Mas receptor axis: fetal programing, sex differences, and
intracellular pathways. Front. Endocrinol. 2014, 4, 00201.
2 A.C. Simdes e Silva et al. ACE2, angiotensin-(1-7) and Mas receptor axis in inflammation and fibrosis. Br. J. Pharmacol. 2013, 169, 477-492.

2191 AR 244555........oiiiiiiiiii s Inverse agonist of Mas G-protein signaling .............cccccceeenenne Page 221

Receptors (GPCR-A9) Neurokinin

The mammalian tachykinins are a group of neuropeptides that include substance P, neurokinin A (NKA; also known as
tachykinin precursor 1) and neurokinin B (NKB; also known as tachykinin 3). These tachykinins are widely distributed in
the central nervous system (CNS) but they have distinct expression patterns. The biological actions of substance P, NKA
and NKB are mediated via the activation of G protein-coupled seven-transmembrane domain receptors designated as
tachykinin receptor 1 (TACR1; also known as the NK1 receptor), TACR2 (also known as the NK2 receptor) and TACR3
(also known as the NK3 receptor), respectively. Both NK1 and NK3 receptors are widely distributed in the CNS, whereas
the NK2 receptor is found in the smooth muscle of the gastrointestinal, respiratory and urinary tracts, but it has also been
located in discrete regions of the rodent CNS. The development of drugs interacting with NK receptors has focused
predominantly on the treatment of social anxiety disorders (SAD). Unfortunately, clinical trials with several NK1
antagonists showed inconsistent or no positive results for the treatment of SAD'.

* T.E. Klassert et al. Tachykinins and Neurokinin Receptors in Bone Marrow Functions: Neural-Hematopoietic Link. J. Rec. Lig. Chann. Res. 2010,
2010, 51-61.

1486 APrEPItANT ...c.ocuvviiiieiieiireeee e Substance P antagonist (SPA); NK1 inhibitor...........c.ccccevvees Page 220
1901 Casopitant mesylate ..........ccoccevvieiniiiiiiiiiisisescs NKZL antagonist..........ccoooueiiiiiinieisreses e Page 299
1119 GR 159897 ...ociiiiiiiiiiieiic e NK2 antagonist............coceiiiiiiiiiiii e Page 428
2499 NEtUPITANT ..cc.eiviiiiie it Selective NK1 antagonist; Prevents nausea and vomiting ........ Page 573
1618 Orvepitant maleate ............ccoccoeieiiniiiiciieccecce NKL antagonists .........cccoviiiiiiiiiiniiicic e Page 605
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1533 OSANELANT.....ccviiiiiiiiiicici i NK3 @ntagoniSt.........c.ccuiiiiiiiiiiiiiiii i Page 606

Receptors (GPCR-A9) Melatonin

Melatonin is considered an important hormonal output of the circadian system mediating the entrainment of the circadian
rhythms of several biological functions®. Besides, it is involved in numerous physiological processes including blood
pressure regulation, oncogenesis, retinal physiology, seasonal reproduction, ovarian physiology, immune function and
most recently in inducing osteoblast differentiation. It interacts at either of the two melatonin receptor subtypes (MT1 and
MT2) present in humans and other mammals®.

The MT1 subtype is present in high concentrations in the pituitary gland and the suprachiasmatic nuclei (SCN) of the
hypothalamus, whereas the MT2 subtype is mainly present in the retina.

* Melatonin: therapeutic and clinical utilization. Altun A, Ugur-Altun B. Int J Clin Pract. 2007, 61,,835-845.
2 Melatonin receptors step into the light: cloning and classification of subtypes. Reppert S.M., Weaver D.R., Godson C. Trends Pharmacol Sci. 1996,
17,100-102.

1492 AgOMEIALINE. .....c.ocuiiiiiiiiiiciie e Melatonin agonist; 5-HT2C antagonist ...........cccceovevereeiennennne Page 193
1335 AH 001ttt Melatonin agONISt ........cveeiiriiiieieeie e Page 193
1336 AH 002......ccciiiiiiiiiiiiici i Melatonin agONISt ........cveiiiiiiiieie e Page 193
1351 DH 97 oottt Melatonin (MT2) antagoniSt..........coeiieieiiiinieieieeie e Page 359
1350 LUZINGOIE ...cuiiiiieiie e Melatonin antagonist ...........ccocivieiiiiiiiiiiicec e Page 518

Receptors (GPCR-A11) GPR40-related, P2Y purine

Free fatty acids (FFAs) are essential nutrients. An ever-increasing number of studies have demonstrated that FFAs are
important signaling molecules as well, contributing to many cellular functions. FFAs have been found to activate several G
protein—coupled receptors (GPCRs), which are named free fatty acid receptors (FFARSs), including G protein—coupled
receptor 40 (GPR40 aka FFAR1), GPR41 (FFAR3), GPR43 (FFAR2), GPR84, GPR119, and GPR120 (FFAR4)". The
FFAR'’s are a critical component of the body’s nutrient sensing apparatus, and small molecule agonists and antagonists of
these receptors show considerable promise in the management of obesity, dyslipidemia, and diabetes. Unlike the classic
‘lock and key’' relationship between receptors and their ligands, nutrient receptors are considered to be promiscuous in
that they can be activated by a range of ligands®. GPR84 is activated by medium-chain FFAs (MCFAs) with 9-14 carbons
and classified as A18 GPCR (and not class All as other FFARs). It is expressed mainly in the immune-related tissues,
such as thymus, spleen, bone marrow, and peripheral blood leukocytes, and is significantly upregulated in
monocytes/macrophages upon lipopolysaccharide (LPS) stimulation. In activated T cells, GPR84 has been found to
regulate early interleukin 4 (IL-4) gene expression’.

The potent effects of purines were first reported in 1929. The first purinoceptors were defined in 1978 only, while
arguably, they are the most abundant receptors in living organisms and appeared early in evolution. Separate membrane
receptors for adenosine (P1 receptors) and ATP (P2 receptors) were recognized in 1978 and, later, P2 receptors were
divided into ionotropic P2X and metabotropic P2Y receptors on the basis of mechanism of action, pharmacology and
molecular cIoningA. P2X receptors are classical cationic ligand-operated channels that upon ATP binding open the pore
permeable to Na+, K+ and Ca2+. They are trimers formed from individual subunits encoded by seven distinct genes
(designated P2X1-7). Based on phylogenetic similarity, presence of amino acids important for ligand binding and
selectivity of G-protein coupling, two distinct P2Y subgroups with a high level of sequence divergence are recognized: the
P2Y1, P2Y2, P2Y4, P2Y6, and P2Y11 subgroup and the P2Y12, P2Y13, and P2Y14 subgroup. Receptors of the first
subgroup principally use Gg/G11 to activate the phospholipase C/inositol triphosphate (InsP3) endoplasmic reticulum
Ca2+-release pathway, whereas receptors of the second subgroup almost exclusively couple to Gi/o, which inhibits
adenylyl cyclase and modulate ion channels®. P2Y receptors can be stimulated by a wider range of nucleotides such as
ATP, ADP, UTP, UDP and UDP-glucose.

GPR109A is a Gi/Go protein-coupled receptor of the A11 subfamily of GPCR receptors. It is both a receptor for nicotinate
(niacin or vitamine B3) and mediates the lipid-lowering actions of the vitamin, as well as it is a receptor for butyrate in the
colon. Nicotinic acid and its derivative, e.g., Acipimox, have been used clinically in the treatment for hyperlipidemia. These
substances are known to lower elevated plasma concentration of low-density lipoprotein (LDL), intermediate-density
lipoprotein, very low-density lipoprotein (VLDL), triglycerides (TG), and lipoprotein Lp(a), and also increase plasma high
density lipoprotein (HDL) concentrations, resulting in an improvement of mortality rate against coronary artery disease®.
GPR109A expression in colon is induced by gut microbiota and is downregulated in colon cancer. GPR109A in immune
cells plays a nonredundant function in niacin-mediated suppression of inflammation and atherosclerosis’.

! Q Zhang et al. Discovery and Characterization of a Novel Small-Molecule Agonist for Medium-Chain Free Fatty Acid Receptor G Protein-Coupled
Receptor 84. J Pharmacol Exp Ther. 2016 May;357(2):337-44.
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2 Free fatty acid receptors: emerging targets for treatment of diabetes and its complications V. Vangaveti, V. Shashidhar, G. Jarrod, B.T. Baune, R.L.
Kennedy. Ther. Adv. Endocrinol. Metab. 2010, 1, 165-175

3 J Wang et al. Medium-chain fatty acids as ligands for orphan G protein-coupled receptor GPR84. J Biol Chem. 2006 Nov 10;281(45):34457-64.

“* Purinergic signaling in the nervous system: an overview. Maria P. Abbracchiol, Geoffrey Burnstock2, , Alexei Verkhratsky3, 4, Herbert Zimmermann.
Trends Neurosci. 2009, 32, 19-29

® International Union of Pharmacology. Update and subclassification of the P2Y G protein-coupled nucleotide receptors: from molecular mechanisms
and pathophysiology to therapy. M.P. Abbracchio et al. Pharmacol. Rev. 2006, 58, 281-341

©T. Soga et al. Molecular identification of nicotinic acid receptor. Biochem. Biophys. Res. Commun. 2003, 303, 364-369.

" N. Singh et al. Activation of Gpr109a, receptor for niacin and the commensal metabolite butyrate, suppresses colonic inflammation and carcinogenesis.
Immunity. 2014, 40, 128-139.

2405 AMG 837 ...oiiiiiiiiiiie it Orally bioavailable partial agonist of GPR40 (FFAL)................. Page 202
2794 AR 420626 .....cceveeeeeiieeiiee e GPR41 receptor agonist (FFA3) .......cccccviiiiiiiiiiiicccccccee, Page 221
3057 DC260126 .....oeuveiieieeiiieiieeieeie st GPR40 receptor antagonist (FFAL) ........ccocoevveriiiiiiicceieee. Page 352
2582 GSK L13T7BATA. ...ttt Potent and selective FFA4/GPR120 agonist..........cccccccvviennene Page 431
2013 GW 9508 ....cueiiuiiiieiieitieie ittt GPR40 receptor agonist (FFAL) ........cocoivriinieiieiieeeeeesiee Page 441
1576 MK 0354 ...ociiiiiiiiiiiiiiiiie i GPR109a partial agonist; affects HDL levels in blood................ Page 541
1862 MRS 2578....ciiiieiiiieeiie ettt P2Y6 nucleotide receptor antagonist............c.coeeeeriericiienienenns Page 559
3056 NF-56-EJ40 ....cccoiiiiiiiiiiiiiiiiiiicieee s High-affinity, human-selective SUCNR1 (GPR91) antagonist...Page 575
2075 TUG 891 ..ottt Potent and selective GPR120 (FFA4) agonist...........cccccvvveuene Page 776
3078 TUG-13T75 ittt Potent GPR43 receptor agonist (FFA2)..........cccovvvvieciiiinienne Page 777
2616 ZQ-16 .ot Potent and selective GPR84 agonist..........c.cccoueviiienieiienians Page 830

Receptors (GPCR-A12) P2Y purine

The P2Y14 purinergic receptor is activated by the endogenous ligand UDP-glucose and other UDP-sugars. It is probably
the most atypical P2Y receptor, which is distributed in the immune system, including in dendritic cells and the central
nervous system. It has been implicated in extending the known immune system functions of P2Y receptors by
participating in the regulation of the stem cell compartment, and it may also play a role in neuroimmune function®.

* Development of selective agonists and antagonists of P2Y receptors. K.A. Jacobson, A.A. Ivanov, S. de Castro, T.K.Harden, H. Ko. Purinergic
Signaling 2009, 5, 75-89

1958 P2Y14 Antagonist Prodrug 7j HCl.........cccociviiiiiiiiis Prodrug of P2Y14 receptor antagonist ..............ccccvceeivieininnens Page 612
3111 TICAGIEIOT ..eouiiiitiiieie ittt Selective, reversible and orally available P2Y12 antagonist......Page 766

Receptors (GPCR-A13) Cannabinoid

Cannabinoids, which include the bioactive constituents of the marijuana plant Cannabis sativa, as well as endogenous
lipids (endocannabinoids) and synthetic compounds with cannabinoid-like activity, interact with specific receptors to cause
their effects on target tissues. To date, three receptors have been identified by molecular cloning; these are the transient
receptor potential vanilloid type 1 receptor (TRPV1) ion channel, and the G protein-coupled receptors (GPCRs) CB1 and
CB2. At the phylogenetic level, CB1 and CB2 are most related to the family of lipid receptors, formerly EDG receptors,
which are activated by the sphingolipids sphingosine-1-phosphate (S1P) and lysophosphatidic acid (LPA). CB1 and CB2
are also lipid receptors, and recognize acylethanolamide analogues, typified by anandamide (arachidonoylethanolamide,
AEA), and 2-arachidonoylglycerol (2-AG). TRPV1 is activated by various lipids including acylethanolamides such as AEA.
Recently, two orphan GPCRs have emerged as candidate non-CB1/CB2 receptors. These are GPR119, which is
reportedly a receptor for OEA, and GPR55, which is reportedly activated by various cannabinoids.

Whereas CBL1 receptors are predominantly located in the brain, and are therefore responsible for the euphoric and
anticonvulsive effects of cannabinoids, CB2 receptors can be found in the immune system and are believed to be
responsible for the anti-inflammatory effect of cannabinoids’. Besides the general effects of cannabinoids already
mentioned, multiple synthetic drugs interacting at CB receptors have proven a functional role for the treatment of obesity
(Axon 1220, and analogues Axon 1218, Axon 1219, Axon 1713, and Axon 1714), or as analgesic (Axon 1497, Axon
1498, Axon 1522, and Axon 1523).

As stated earlier, Based on a phylogenetic analysis, the family of cannabinoid receptors should be separated into two
different classes of the rhodopsin-like family of GPCRs. While CB1 and CB2 receptors share a group together with
lysophospholipid (LPL) and melanocortin receptors (A13), the newly recognized GPR55, GPR119, (and GPR18)
receptors3are officially member of another group (A15), together with protein activated receptors (PAR) and other LPL
receptors”.
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* A.J. Brown. Novel cannabinoid receptors. Br. J. Pharmacol. 2007, 152, 567-575.

2 s lipid signaling through cannabinoid 2 receptors part of a protective system? Pacher P, Mechoulam R. Prog Lipid Res. 2011, 50, 193-211.

3 P. Joost, A. Methner. Phylogenetic analysis of 277 human G-protein-coupled receptors as a tool for the prediction of orphan receptor ligands. Gen.
Biol. 2002, 3, 0063.
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2791 AMAL13 i CBL ANtAgONISt.....ccueiviiiieiieiie ittt Page 199
2541 APD 597 ..ottt Orally bioavailable selective GPR119 agonist.............cccccveueeee Page 216
1235 Cannabidiol, Abnormal ...........ccccceiviiiiiiniiiiiiii Cannabinoid agoniSt.............ccciiiiiiiiiiiici e Page 298
2015 CP 945598.......cccoiiiiiiiiiiiiiii e CB1 antagonist...........cccooiviiiiiiiiiicc Page 335
2119 CP 945598 hydrochloride ..........cccooveriieeniniesincneee CBL antagOniSt......c.cciuiiiiiiiiiiiiieie ittt Page 335
3097 DBPR2LL ..ottt Potent and selective peripherally restricted CB1 antagonist/inverse
agonist .Page 352

1925 GW 842166X
1440 HU 308 ...

Cannabinoid CB2 receptor agonist.. .Page 444
.Page 454

.Page 470

CB2 agonist..

1574 lodopravadoline .. CB2 antagonist

1498 JWH 018. CB2 agonist.. .Page 484
1497 JWH 073. CB2 agonist.. .Page 484
1418 IWH 133 i CB2 agonist.. ...Page 484
1522 IWH 250 ...ttt CBL1 agonist; CB2 agonist ..........cccccviiiiiiiiiiiiiiii s Page 484
1550 MK 0364 ...ttt CBL1 antagonist/inverse agonist.............cccceeieriiiiiieiieiesnens Page 542
1565 PSNCBAM L....ooiiiiiiiiiiiiiieieeie ettt CBL1 antagonist (AllOStEriC) .......c.cccoiviiiiiiiiiiiiiiii i Page 654
1713 SLV 319 e CBL AntAgONISt......c.eiviiiieiiirieiieie et Page 718
1714 SLV 319, (R)~(F) eeveeveieiiniiieiinie et Inactive enantiomer of SLV 319 .........cccoviiviiinciciciicccc Page 718
1712 SLV 319, raC-(£)- eooviiieiiiiiiiieiieie e Racemate of CB1 antagonist Ibipinabant (Axon 1713).............. Page 718
1220 SR 141716A ..oiiiiiiiiiiiiiiii e CBL ANtAgONISt..c..ccueiviiiieiieiie ittt Page 732
1924 SR L144528....cceviiieeeiie ettt CB2 receptor antagonist and/or an inverse agonist................... Page 732
2543 ZCZ 011 Brain penetrant CB1 positive allosteric modulator (PAM).......... Page 829

Receptors (GPCR-A13) Lysophospholipid

Members of the family of Lysophospholipid receptors are GPCRs that are important for lipid signalingl. Their endogenous
ligands encompass lysophosphatidic acid (LPA) and sphingosine 1-phosphate (S1P). The principal effects of LPA and
S1P are growth related, including induction of cellular proliferation, alterations in differentiation and survival, and
suppression of apoptosis. LPA and S1P also evoke cellular effector functions, which are dependent on cytoskeletal
responses such as contraction, secretion, adhesion, and chemotaxis®®. There are five SLPRs known to date, that activate
different intracellular signaling pathways and differentially regulate endothelial cell function. SIPR1 couples to Gi and
activates the phosphatidylinositol 3-kinase (PI3K) pathway, Rac, cortical actin assembly, and cell migration. In sharp
contrast, SIPR2 antagonizes S1PR1-Gi-PI3K signaling in the endothelium through activation of the G12/13-Rho-Rho
kinase (ROCK)-PTEN pathway. This implies that the balance between S1PR1 and S1PR2 signaling in a specific vascular
bed will determine the endothelial responses to S1P*.The classical S1PR1 ligand Fingolimod (FTY 720, Axon 1485) is
known for its characteristics as an immunomodulating drug, approved for treating multiple sclerosis. Interestingly, recent
studies indicated the ligand could also be a candidate therapeutic drug for the treatment of heart failure and arrhythmias
by activation of the P21-activated kinase-1 (Pak1)®.

* International Union of Pharmacology. XXXIV. Lysophospholipid receptor nomenclature.J Chun, EJ Goetzl, T Hla, Y Igarashi, KR Lynch, W Moolenaar,
S Pyne, G Tigyi. Pharmacol Rev 2002, 54, 265-269.

2 Diversity of cellular receptors and functions for the lysophospholipid growth factors lysophosphatidic acid and sphingosine 1-phosphate. EJ Goetzl, S
An. FASEB J 1998, 12, 1589-1598.

? Lysophospholipid receptors: signaling, pharmacology and regulation by lysophospholipid metabolism. D Meyer zu Heringdorf, KH Jakobs. Biochim.
Biophys. Acta 2007, 1768 , 923-940.

* G. Zhang et al. Critical role of sphingosine-1-phosphate receptor 2 (SLPR2) in acute vascular inflammation. Blood. 2013 Jul 18;122(3):443-55.

° FTY720 prevents ischemia/reperfusion injury-associated arrhythmias in an ex vivo rat heart model via activation of Pak1/Akt signaling. EE Egom, Y
Ke, H Musa, T Mohamed, T Wang, E Cartqgright, RJ Solaro, M Lei. J. Mol. Cell. Cardiol. 2010, 48, 406-414.
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3096 Amiselimod hydrochloride
1485 Fingolimod.
1866 JTE 013..
1615 KRP 203....
1947 RP 001 hydrochloride
1672 SEW 2871.
2404 TY 52156...

...Novel potent and selective LPA1 antagonist................cc.ccceeeune Page 198
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S1PR1 agonist; Immunosuppressant..
S1PR2 antagonist ..... Page 482
S1PR1 agonist .
A picomolar S1PR1 agonist.
S1PR1 agonist .
...Selective, competitive, and orally active S1P3 antagonist..

Receptors (GPCR-A14) Eicosanoid

Prostanoids are a subclass of eicosanoids consisting of the prostaglandins, the thromboxanes, and the prostacyclins.
They are the cycloox¥genase metabolites of arachidonic acid, and include prostaglandin (PG) D2, PGE2, PGF2a, PGI2,
and thromboxane A2". Their activities are related to a diversity of endogenous processes such as inflammation, platelet
aggregation, and vasoconstriction/relaxation. Prostanoid receptors belong to the large family of GPCRs, and can be
grouped into three categories, based on the type of heterotrimeric G-protein activated by the different receptors, and thus
the cellular response evoked (Gs (DP1, EP2), Gq (EP1), and Gi (EP3)).

Prostaglandin D2 (PGD?2) is an acidic lipid mediator that is derived from arachidonic acid by the sequential action of
cyclooxygenase(s) (COX) and PGD2 synthase(s). Arachidonic acid is converted by COX-1 and COX-2 in a two-step
process to first PGG2 and then PGH2. These unstable endoperoxide intermediates are converted to PGD2 by either the
haematopoietic or lipocalin PGD2 synthase. PGD2 is produced in the brain where it might be involved in the regulation of
sleep and other central nervous system (CNS) activities, including pain perception. In peripheral tissues, the richest
cellular source of PGD2 is the mast cell’>. The CRTH2 receptor is an important mediator of the inflammatory effects of
PGD2. Strikingly, it has low homology to the rest of the prostaglandin receptors, but high sequence homology to
chemoattractant receptors such as the N-formyl peptide receptors and cysteinyl leukotriene receptors. The receptor is
expressed on TH2 cells, but not on TH1 cells, and hence the name chemoattractant receptor-homologous molecule
expressed on TH2 cells (CRTH2)®.

The Prostacyclin (PGl,) receptor , also termed the prostaglandin 12 receptor or just IP, is coupled to a guanosine
nucleotide-binding a-stimulatory protein (Gas). IP is found on a variety of cell types and exhibits broad physiological
effects. PGI, regulates both the innate and adaptive immune systems and its effects are, for the most part, thought to be
anti-inflammatory or immunosuppressive in nature. For a long time, PGIl, has been understood to play a role in
cardiovascular health, specifically having powerful vasodilatory effects via relaxation of smooth muscle and inhibiting of
platelet aggregation“.

* Prostanoid Receptors: Structures, Properties, and Functions. S Narumiya, Y Sugimoto, F Ushikubi. Physiol Rev 1999, 79, 1193-1226.

2 R. Pettipher et al. Antagonism of the prostaglandin D2 receptors DP1 and CRTH2 as an approach to treat allergic diseases. Nat. Rev. Drug Discov.
2007, 6, 313-325.

3T, Ulven et al. Novel CRTH2 antagonists: a review of patents from 2006 to 2009. Expert Opin. Ther. Pat. 2010, 20, 1505-1530.

* SL Dorris et al. PGI2 as a regulator of inflammatory diseases. Mediators Inflamm. 2012;2012:926968.
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2024 PF 04418948 ..ottt Prostaglandin EP2 receptor antagonist............cccvveeiiiiiiienne Page 629
2874 RAINEPAYG ..eveeuveiieiiiiieie ettt Potent, orally active IP receptor (PGI2) agonist............ccccevenee Page 664
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1447 Seratrotast.........ccocceiiiiiiiiiiiiiiiie i Thromboxane A2 antagonist .............ccecveiriiieiiiiiiecieeeee Page 708

Receptors (GPCR-A15) Cannabinoid

Based on phylogenetic analysis, the family of cannabinoid receptors is separated into two different classes of the
rhodopsin-like family of GPCRs. While CB1 and CB2 receptors share a group together with lysophospholipid (LPL) and
melanocortin receptors (A13), the newly recognized GPR55, GPR119, and GPR18 receptors are officially member of
another group (A15), together with protein activated receptors (PAR) and other LPL receptors’.

Two orphan GPCRs have recently been implicated as novel cannabinoid receptors; these are GPR119, which has been
proposed as a receptor for oleoylethanolamide, and GPR55 which has been proposed as a receptor activated by multiple
different cannabinoid ligands.

GPR55 has been demonstrated to interact with chemically unrelated cannabinoid ligands, in both mammalian and non-
mammalian recombinant expression systems, and by independent research groups. Clearly, there is some relationship
between the ligand-binding sites of GPR55 and CB1/CB2; however, the endogenous agonist and physiological relevance
of GPR55 are not yet clear. Studies have suggested that L-a-lysophosphatidylinositol (LPI), which activates GPR55 but
not CB1 or CB2 receptors, could be its endogenous ligand. Conversely, cannabidiol (CBD) is a GPR55 antagonistz.
GPR119 is strongly implicated in the regulation of energy balance and body weight. However, further corroborating data
of the acztivity of acylethanolamides at GPR119 will be required before it can be regarded unequivocally as a cannabinoid
receptor”.

1 P. Joost, A. Methner. Phylogenetic analysis of 277 human G-protein-coupled receptors as a tool for the prediction of orphan receptor ligands. Gen.
Biol. 2002, 3, 0063.

2's. Sylantyev et al. Cannabinoid- and lysophosphatidylinositol-sensitive receptor GPR55 boosts neurotransmitter release at central synapses.Proc. Nat.
Acad. Sci. USA 2013, 110, 5193-5198.

3 A.J. Brown. Novel cannabinoid receptors. Br. J. Pharmacol. 2007, 152, 567-575.

2380 APD 668 ..ot Potent and selective, orally active GPR119 agonist.................. Page 217
1572 AR 231453 ...t Cannabinoid GPR119 AQONISt........ccccvuiiiiiiiiieiiiiiiieeeeeaees Page 221
1234 Cannabidiol.........cccccveiiiniiiiirre e GPR55 @NtagONiSt.......ccviiiiiiiiieie ittt Page 298
2092 MBX 2982.....ciuiiiiiiiiiiiieieeie ettt Potent and selective GPR119 agoniSt.........ccceevriirieneeiieniennns Page 528
3028 MLIBA ...t Potent and selective GPR55 agonist............cccoccoiiiiiiiiiiins Page 551
fcr2<To I V| W Tok Rl Recent Adidition JNNNN RN Potent functional antagonist of EBI-2 ............ccccoieieierireniins Page 553
ferch M N[[=12R=Is Il Recent Addition NN Potent and selective EBI-2 antagonist...............ccceeeeereennnnns Page 576
1211 Palmitoylethanolamide...........ccoceriiiiineiiiiesiececee Endocannabinoid; GPR55 agonist ..........ccccveviiiiiiiiiciiiiee Page 613

Receptors (GPCR-A15) Proteinase activated

Proteinase-activated receptors (PARs), a family of four seven-transmembrane G protein-coupled receptors, act as targets
for signaling by various proteolytic enzymes. PARs are characterized by a unique activation mechanism involving the
proteolytic unmasking of a tethered ligand that stimulates the receptor. Given the broad spectrum of roles that PARs have
in normal and pathological tissue function, these receptors are emerging as potential therapeutic targets for several
diseases including arthritis, colitis, asthma, neurodegenerative conditions, tumor invasion and cardiovascular diseases.
The proteolytic mechanisms that regulate PAR activity are more complex than initially anticipated. Thus, via a proteinase,
a PAR can be: activated by a tethered ligand mechanism; disarmed for further activation by an activating proteinase; or
activated via a non-canonical mechanism involving cleavage at a site distinct from the one that reveals the canonical
tethered ligand sequence®.

! Targeting proteinase-activated receptors: therapeutic potential and challenges. R. Ramachandran, F. Noorbakhsh, K. DeFea, M.D. Hollenberg. Nat.
Rev. Drug Disc. 2012, 11, 69-86.

2898 AC 264613 ...c.oeiiiiiiiiieieie et Potent, selective, and metabolically stable PAR2 agonist......... Page 184
2030 E 5555 hydrobromide ..........ccccceveririiinieiiiniieieeneeens Potent and orally active PARL antagonist ...........ccccceceeiieiienene Page 376
1622 GB 83 ..ottt PAR2 antagoniSt .........ccouiiiiiiiiiie i Page 415
B043 1191 o Potent PAR2 antagonist ..........c.cceiiiiiiiiiiiiiiiciciece e Page 461
1928 ML 161t Allosteric inhibitor of PARL .........cccoviiiiiiiiiiiiiiiccs Page 545
1755 SCH 530348 .....c.oviiiiiiiieiee it PARL @ntagOniSt ........ccveiiiiriiiiiieerieiee e Page 704
1275 SCH 79797 dihydrochloride............cccocoiiiiiiiiiiiinis PARL QNtagONiSt .....c..eiuieiiriiiiieieiie et Page 703
2055 Q94 hydrochloride ..........cceeviiviiiiiiiiiiiiiccec Negative allosteric modulator of PAR1 (Gaq linkage) ............... Page 658
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Receptors (GPCR-A17) (nor-)Adrenaline

The classification of alpha and beta subtypes of the adrenergic receptor results from the diverse responses towards
adrenergic stimulation. Epinephrine and norepinephrine are the primary adrenergic neurotransmitters. The receptors are
part of the super family of metabotropic G-protein coupled receptors (GPCRs), and are often referred to as being
responsible for the ‘flight or fight response’. Activation of the alpha subtype generally results in vasoconstriction, whereas
activation of the beta subtype leads to vasodilatation. While beta blockers are generally known for their management of
cardiac arrhythmias, cardioprotection after myocardial infarction (heart attack), angina and hypertension (e.g. Axon 1159
(Celiprolol hydrochloride), and Axon 1518 (Timolol maleate))l, in contrast, drugs interacting at the alpha adrenergic
receptors are often used for a variety of medical disorders; e.g. for the treatment of hemorrhagic shock (Axon 1154, B-HT
933 dihydrochloride)?, as an antidepressant, antidiabetic, or to prevent central neurodegenerative disorders (e.?. Axon
1155, Efaroxan hydrochloride)®, or for the treatment of narcolepsy and sleep disorders (e.g. Axon 1296, Modafinil)”.

 G-Protein-coupled receptors: Better beta-blockers. J. Owens. Nature Reviews Drug Discovery 2005, 4, 371.

? Pressor effects of the alpha 2-adrenoceptor agonist B-HT 933 in anaesthetized and haemorrhagic rats: comparison with the haemodynamic effects of
amidephrine. M. R. MacLean, M. Thomson, C. R. Hiley. Br J Pharmacol. 1989, 97, 419-432.

3 Use of efaroxan and derivatives thereof for the treatment of Alzheimer's disease. F. Colpaert et al. US patent US4855385, 1989.

“ Randomized trial of modafinil as a treatment for the excessive daytime somnolence in narcolepsy. Becker PM, et al. Neurology 2000, 54, 1166-1175.

1371 Atipamezole hydrochloride ..........cccocooeeiiiiiniiiiciiiiens Alpha-2 adrenoceptor antagonist .............ccccerviiiriiciiciieieen Page 233
1154 B-HT 933 dihydrochloride ...........ccccoveeiiviiiiiicies Alpha-2 adrenoceptor agonist ...........c.ccocevviviiicciiniieiiniens Page 268
2335 Brexpiprazole dihydrochloride............ccccooeiiiieniniennnns Antipsychotic drug candidate...............ccocoviiiiiiiiiiiiicis Page 286
1555 Brimoniding tartrate ..........cocoovverveeeierenieeeseeeseseeeee Alpha-2 adrenoceptor agonist ............ccuceeeiriveiiniriciee e Page 287
1157 BromobULErol .........cccouiriiiiiiriirieeieeieeiee e Beta-2 gONISt .....cc.eiiiiiiiiiiiiiiieie et Page 287
1159 Celiprolol hydrochloride ............ccccoviiiiiiiiiniiiiiiccces Beta-1 antagonist ...........cccciviiiiiiiiii i Page 308
3044 Clonidine hydrochloride ...........ccccvviiiiiiiiiiniiiiiiiiis a2 adrenoceptor @gONISt............ccviiriiiiiii i Page 322
3065 Dexmedetomidine hydrochloride .............ccocceeiiiiicinnene Selective a2 adrenoceptor agonist ...........c.ccceieveiiieiiciiieceas Page 358
1155 Efaroxan hydrochloride..............cccooiviiiiiiiiiiiiiiics Alpha-2 adrenoceptor antagonist .............cccceeeciciiiniiniiiiens Page 379
3066 Medetomidine hydrochloride ..........c.cocerveereneieiienens Potent and selective a2 adrenoceptor agonist..............cccceeeeune Page 532
1750 MIBG .ottt Radiopharmaceutical; Noradrenaline analogue......................... Page 538
2414 MIraDEGION. ....ccuviiieieiitieeeee ettt Selective and orally active agonist of the 83-adrenoceptor ....... Page 539
1296 MOdafiNil ....ceeiueiiiiieieie e Alpha-1 adrenoceptor agonist ..........c.coveeeiirieriiieie e Page 556
2040 Prazosin hydrochloride ...........cccoociiiinciiiiiiicieiceee Peripherally acting Alpha-1 adrenoceptor antagonist................ Page 650
3112 SIlOdOSIN .oviiiiiiiiiiiciice Selective alA adrenoceptor antagonist............cccccvieeieiiieienas Page 713
1290 ST 9L ittt Alpha-2 adrenoceptor agonist .............ccccceueiriiiciiiiic i Page 736
1519 Sunepitron hydrochloride............cccooviiiiiiiiiiiiiiis Anxiolytic and antidepressant drug...........c.ccococevviriiiniiniiinns Page 743
2579 TAK 259t Selective and orally active alD adrenoceptor antagonist.......... Page 750
2193 Thioridazine hydrochloride.............coceviiiiiiiieiiiienees DA and alpha-1 adrenoceptor antagonist; MALT1 inhibitor-...... Page 765
1518 Timolol MAl AL .......cc.evuieiiieiiieee e beta-1 adrenergic antagonist............ccveciriviiiiiiciieiiecieccees Page 767

Receptors (GPCR-A17) Dopamine

Dopamine receptors are widespread in the body of vertebrates, playing major roles in processes of the central nervous
system, as well as in the periphery. In the CNS, dopaminergic neurons are critically involved in voluntary movement,
memory, learning, sleep, attention, feeding, and rewarding, Well known examples of disorders as a result of malfunction
of the central dopaminergic system are Parkinson’s disease (loss of striatal dopaminergic innervations in the brain),
schizophrenia, depression, ADHD, and addiction (among many others). In the periphery, dopamine plays important
physiological roles in the regulation of olfaction, retinal processes, hormonal regulation, cardiovascular functions,
sympathetic regulation, immune system, renal functions, and more®. Five major classes (D1-D5) have been identified thus
far, which can be grouped into two sub classes. The group of D1-like receptors (members D1 and D5; all stimulating the
second messenger system adenylate cyclase), and the group of D2-like receptors (members D2, D3 and D4; all inhibiting
adenylate cyclase). As widespread and abundant as dopaminergic neurons are in the body of vertebrates, as
comprehensive and diverse is the list of Axon Ligands™ interacting at all subtypes of dopaminergic receptors (selectively,
or specific combinations).

115 Please visit http://www.axonmedchem.com for special offers and availability
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* The Physiology, Signaling, and Pharmacology of Dopamine Receptors. J-M Beaulieu, R.R. Gainetdinov. Pharmacol. Rev. 2011, 63, 182-217
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A BBL393 ..
ABT 724 trihydrochloride ............ccocoovviiniiiiiniiie
ACR16 hydrochloride...........cccuerviiiiiiiniiiiiicicccccs
Aminotetraline hydrobromide, 5,6-Dihydroxy-2-...............
Aminotetraline hydrobromide, 6,7-Dihydroxy-2-...............

Aminotetraline hydrobromide, 6,7-Dihydroxy-N-
MEthYI-N-ProPYI- ..o

Aminotetraline hydrobromide, 6,7-Dimethoxy-2-..............
Aminotetraline hydrochloride, (R)-(+)-5-Methoxy-2- ........

Aminotetraline hydrochloride, (R)-5-Methoxy-N-
PrOPYI-2- e

Aminotetraline hydrochloride, (S)-(-)-5-Methoxy-2-..........

Aminotetraline hydrochloride, (S)-5-Methoxy-N-
PrOPYI-2 et

Aminotetraline hydrochloride, 5,6-Dihydroxy-N-
MEthYI-N-ProPYIl- ..o e

Aminotetraline hydrochloride, 5-Methoxy-2- ...........c........
Aminotetraline hydrochloride, 5-Methoxy-N-propyl-2-......
Aminotetraline hydrochloride, N-Methyl-N-propyl-2-........
Aminotetraline hydrochloride, Prop-2-ynyl-2-...................
AMISUIPHTE ...
Aripiprazole, thio-..........coceeveeiiiierieeeceee s
B-HT 920 dihydrochloride ...........ccccoeiirieiiniiiiiiciceee
B-HT 958 dihydrochloride ...........cccceienieiiiiiiiiicicee
Brexpiprazole dihydrochloride.............cccoeiiiiiiniciiies
CP 226269....c.cuiiieiiiiicieieieiee et

Dihydro-2H-1-benzopyran-8-ol hydrochloride, 3-
(Dipropylaming)-3,4-........cceeeriirerierieaee e

Hydroxy-DPAT hydrobromide, (R)-(+)-7-.....ccccoerveerennenns
Hydroxy-DPAT hydrobromide, (R)-5-.........ccccoeeiirincnnnns
Hydroxy-DPAT hydrobromide, (R)-6-.........c..ccccooveviniiinns
Hydroxy-DPAT hydrobromide, (S)-(-)-7-....cocveviriiiriinens
Hydroxy-DPAT hydrobromide, (S)-5-.......cccoovevviiiiiininns
Hydroxy-DPAT hydrobromide, (S)-6-.......cccocveverierennenns
Hydroxy-DPAT hydrobromide, 5-.........cccccceviiniiiinneniens
Hydroxy-DPAT hydrobromide, 6-............ccccoviiviinicinnnnns
Hydroxy-DPAT hydrobromide, 7-........ccccoeceviiiiiinniiiens
JNJ 37822681 dihydrochloride ............c.ocoevviiiicciiinns

Potent, brain-penetrant, selective antagonist of the dopamine D4

TECEPIOT ...t Page 173
D4 @QONISE ...t Page 182
Dopaminergic stabilizer that stabilizes psychomotor activity .....Page 185
Dopaming agonist ..........ccoccoiiiiiiiiiii i Page 203
Dopaming agonist ..........cccovuiiiiiiiiiiiis i Page 203
Dopamine agonist ............ccoccviriiiiiiii i Page 204
DOopaming agoniSt .......ccueciiiiiiiiiiiiiiie i Page 204
DOPaMINE AQONIST .....veiieiiiiiiiieiie e Page 204
DOPamMINE AQONIST .....veiviiiiiiiiiieieie et Page 205
DOPaMINE AQONIST ....vevieiiiiiiiiieieeie e Page 206
Dopaming agoniSt ..........cciiiiiiiiiiiiiieci e Page 207
Dopamine agonist ...........cccccciiriiiiiiii i Page 207
DOopPamiNg agONIST .......cveuiiiiiiiieiiiie e Page 208
DOPaMINE AQONIST ...vviiieiiiiiiiii ettt Page 208
Dopaming agonist ..........ccccovriiiiiiiiiie i Page 210
Dopamine agonist ............ccccoviriiriiiii i Page 210
D2 and D3 antagoniSt.........ccueireieiiiiiiiieiieie et Page 211
Atypical antipSyChotiC ..........ccoovoiiiiiiiiicc i Page 223
D2 agonist, alpha-2 adrenoceptor agonist; 5-HT3 antagonist ...Page 268
D2 agonist; Alpha-2 adrenoceptor agonist ..............cccceeeervennne Page 268
Antipsychotic drug candidate. .............cccoeviiiiiiiiiiiiiiicee Page 286
D2 QQONIST ...t Page 331
DOPaMINE AQONIST ....veveeiiiiiiiiieiie e Page 362
Neurotensin and dopamine receptor antagonist....................... Page 363
Dopamine agonist ............ccccciieiiiiiinis i Page 369
Dopaming agonist ..........ccciviiiiiiiiiiie i Page 369
D2 and alpha-1 adrenoceptor antagonist .............ccccccoceeiveiennne. Page 372
D2 QQONIST ...ttt Page 391
D3 @NTAGONIST ...ttt Page 428
D3 AGONIST ... Page 455
D2 @NTAGONIST ....eeiieiieiiieie ettt Page 456
Dopaming @gonist .........cccciviiiiiiiiiiiie i Page 456
D3 AQONISt .....uviiiiiiiiec e Page 457
D2 QQONISt .....vviciicic i Page 457
Dopaming agonist ..........cc.cciiiiiiiiiii i Page 457
D2 AQONIST ...ttt Page 458
DOPaMINE AQONIST ....veiieiiiiiiie e Page 458
D3 AQONIST ...ttt Page 458
D2 @NtagOniSt ........cueiiiiiiiiiiiit e Page 479
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1063 Methyl-prop-2-ynyl-(1,2,3,4-tetrahydro-naphthalen-2-
yl)-amine hydrochloride, (-)-enantiomer.............c.ccccocueueee Dopaming agonist ...........ccovuiiiiiiiiiiie e Page 535

1062 Methyl-prop-2-ynyl-(1,2,3,4-tetrahydro-naphthalen-2-
yl)-amine hydrochloride, (+)-enantiomer....

1101 Molindone hydrochloride..
1075 MPTP hydrochloride ..
1065 N 0426 hydrochloride.
1038 N 0437 hydrochloride.
1041 N 0734 hydrochloride.
1039 N 0924 hydrochloride.
1405 NNC 756.

D2 antagonist; MAO inhibitor..
Dopamine neurotoxin ...
Dopamine agonist ..
Dopamine agonist ..
Dopamine agonist ..
Dopamine agonist; less active enantiomer of N-0437 (1038)
D1 antagonist ...
1160 Norapomorphine hydrobromide, R(-)
1742 NS 30678 hydrochloride
1074 PD 128907 hydrochloride, (-)-.
1073 PD 128907 hydrochloride, (+)-
1072 PD 128907 hydrochloride, ()-...
1002 Phenol hydrobromide, 3-[2-(Diproplyamino)ethyl]
1071 PHNO hydrochloride, (+)-.
1070 PHNO hydrochloride, ()- .
1198 Piribedil...

Dopamine agonist ..
D2 ligand; competitive-like D2 antagonist properties.
D3 agonist.
D3 agonist .
D3 agonist....
Dopamine agonist ..
D2 agonist.
D2 agonist; racemate of PHNO (Axon 1071)

Dopamine agonist ..

1035 PPHT hydrochloride... ...D2 agonist.....

1036 PPHT hydrochloride, (R)- ......cccocviiiiiiiiiiiiiiciicice (R)-enantiomer of PPHT (Axon 1035); D2 agonist .

1037 PPHT hydrochloride, (S)-......ccucereirerenieiaiesieneeeeneeens (S)-enantiomer of PPHT (Axon 1035); D2 agonist .

1161 Propylnorapomorphine hydrochloride, R(-)-N-................. D2 QQONIST ...ttt

1514 Ropinirole hydrochloride ............cccoeieiieiieiinieseiciee D2, D3 and D4 agoniSt .........ccoueiiiiiiiiiiiiiieiecece e

1040 ROGOUNE ..ueiiiiiiiiieieeiie et Dopamine agonist; more active enantiomer of N-0437 (1038) ..Page 683
1003 RU 24213 ... D2 QQONIST ...ttt Page 685
1920 SB 277011A ..ottt D3 dopamine receptor antagonist ..............cccccecieiiiiiiiiiiiiciens Page 696
2115 Sonepiprazole hydrochloride ...........c.ccococviviiiiniiiicins Selective dopamine D4 antagonist.............cccooeevevercciinieccnn Page 722
1342 ST 148 ... D2 antagoniSt .........cuviiiiiiciciiiece Page 736
1343 ST 198 ..ttt D3 antagoniSt .......c.occuiiiiiiiiiiii i Page 736
2193 Thioridazine hydrochloride.............cocueiiiieiiiieiinienees DA and alpha-1 adrenoceptor antagonist; MALT1 inhibitor-...... Page 765
1004 TL 102 hydrobromide...........cccvveieereeiieseenieniiesiesee e DOopaming agONiSt .......ccoecuiiiiiiiiiiiiieie e Page 768
1005 TL 232 hydrobromide...........cccoveeereeiienieieniesieeee e DOPaMINE AQONIST ..c..veuvieiiiiiiieeie et Page 769
1060 TL 99 hydrobromide..........cccovriiieiniiiiiiiisiieeseses Dopaming agonist ...........ccivuiiiiiiiiiii i Page 768
1069 U 99194 Malate .........ccovervriiriiniiiiiicicieeeeces D3 antagoniSt .........cviiiiiiicciiec e Page 781
2562 UNC 9994 hydrochloride ..........cccccovviiviiiiiiiiniiiiiiiiie, B-Arrestin-biased dopamine D2R agonist.............cccccoveiieicanne Page 787

Receptors (GPCR-A17) Non Selective Dopamine/Serotonin

Most Axon Ligands™ in this category of compounds are labeled antipsychotic (typical, or atypical), since many of the
common drugs to treat this class of mental disorders show affinity for both dopaminergic and serotonergic receptors
(among several others). The first generation of antipsychotics (typical), developed in the 1950’s consisted of mainly
phenothiazines (chlorpromazine)', and butyrophenones (haloperidol)’. Though still considered benchmark
antipsychotics®, they are known for there unwanted side effects such as dry mouth, extra pyramidal side effects, and
tardive dyskinesia®. The atypical antipshychotics, or second generation antipsychotics, are less likely to cause the afore
mentioned side effects, and improve the quality of live compared to the typical antipsychotics. However, this class of
drugs is also far from free of side effects®. Among them, many Clozapine (Axon 1146) analogues, Aripiprazole (Axon
1143), and Ziprazidone (Axon 1446).
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Based on a phylogenetic analysis, the family of serotonin (5-HT) receptors should be separated into two different classes
among the subgroup of biogenic amine receptors of the rhodopsin-like family of GPCRs. The GPCR-A17 class includes
all 5-HT2 and 5-HT6 receptors, while 5-HT1, 5-HT4 5HT-5 and 5HT7 receptors form an individual class: GPCR-A19°.

* Recherches sur les diméthylaminopropyl-N phénothiazines substituées. Charpentier P, Gailliot P, Jacob R, et al. Comptes rendus de 'Académie des
sciences (Paris), 1952, 235, 59-60.

2 Haloperidol: fifteen years of clinical experience. Ayd FJ. Diseases of the Nervous System 1972, 33, 459-69.

3 Haloperidol versus chlorpromazine for treatment of schizophrenia. C. Leucht, M. Kitzmantel, L. Chua, J. Kane, and S. Leucht. Schizophr Bull 2008, 34,
813-815.

“ Antipsychotics - the future of schizophrenia treatment. G. Beaumont. Curr Med Res Opin. 2000,16, 37-42.

° side effects of atypical antipsychotics: a brief overview. A. Ugok and W. Gaebel. World Psychiatry. 2008, 7, 58-62.

© P. Joost, A. Methner. Phylogenetic analysis of 277 human G-protein-coupled receptors as a tool for the prediction of orphan receptor ligands. Gen.
Biol. 2002, 3, 0063.

1143 AMPIPrazole........ccccevveiiiniriiiicicee e Atypical antipsyChotiC .............cociviiiiiiiiii e Page 223
1503 Asenapine maleate............cccccovvriiriiciiniiiiicccee Atypical antipSyChotiC ..........coovoviiiiiiicc e Page 229
1508 Bifeprunox MeSYIate ..........cccevveveerienienieieeeseee e D2 agonist; 5-HTLIA @gonist .......ccccovvueviiiiiiiiiiiiciececieiee Page 273
2353 BlONANSEIIN....cuiiiiiieieiieiesieieierie e Potent dopamine D2 and serotonin 5-HT2 antagonist............... Page 277
2335 Brexpiprazole dihydrochloride............ccoeienieiiniienienne Antipsychotic drug candidate..............cccoooiiiiiiiiiiiiiie Page 286
1146 ClOZAPINE...c..iiiiiiieeiie ittt Atypical antipSYChOTIC ........c.eeiviiieiiiiiie e Page 323
2846 Clozapine, N-Desmethyl- .........cccocoviiiiiciiiiicicn Metabolite of Clozapine...........ccccoveveiiiiiiiicieccc Page 324
2127 Fluphenazine decanoate dihydrochloride ..............c.c..... Antipsychotic with high affinity for D- and 5-HT receptors......... Page 407
1151 GMC 1-116 c.oiiiiiiiiiiiieiccieeii e Clozapine analogue.............cccouiiiiiiiiniiiiec e Page 422
1148 GMC 1-169 ...t Atypical antipSyChotiC .........cc.ciiiiiiiiiiii e Page 423
1150 GMC 2-83 ...ttt Atypical antipSYChOTIC .........ccoviiiiiiiiiii e Page 424
1149 GMC B1-39 ..ot Atypical antipSyChOtIC .........c.covviiiiiiiiiiiici Page 424
1493 HOPEIAONE ....cveieieiie ittt ettt Atypical @antipSYChOTIC .........coiviiieiiiiiii e Page 465
1147 1SOCIOZAPINE......cuiiiiiiiiiiiict e Typical antipSYChOLIC ........ocviiiiieiiii e Page 471
1298 OlaNZAPINE....ccuviieieiiiieeiieeie ettt Atypical antipSYCNOTIC ........c.eeiviiiieiiiieic e Page 602
1354 Quetiapine fumarate ...........cccvereiriiinicieieeceesee Atypical antipsSyChotiC ..........c.ccociiiiiiiiiii e Page 658
1454 RISPeridone...........cccovviiiiiiiiiic i Atypical antipSyChotiC ..........ccooveviiiiiiicc e Page 675
1236 SKF 83566 hydrobromide.............cccccevviiiiiiiiiiiiiis D1 @antagoniSt .........cocueoiiiiiiiiiii i Page 715
1519 Sunepitron hydrochloride.........ccocerveirereieicieseeeseens Anxiolytic and antidepressant drug...........ccccerevieiiieeiieinenens Page 743
2424 WAY 100635 Maleate.........ccerveeerieeieniieieeiesieeee s 5-HT1A antagonist with D4 agonistic properties..............ccccee.. Page 808
1086 WAY 100635 trihydrochloride ...........cccceoeevuerienieniieiienne 5-HTLA @ntagOniSt.......ccveieiiieiiieieiiieeeee e Page 808
1087 WAY 100635 trihydrochloride, desmethyl-..............cce... Building Block for labelled 5-HT1A antagonist.............ccccccceeee Page 808
1446 Ziprasidone hydrochloride ............ccccoveiiiiiiiiiiiiiiiiis Atypical antipSYChOTIC ........c.eeiviiieiiiieie e Page 831

Receptors (GPCR-A17) Serotonin

All members of the large family of serotonin receptors (5-HT1 — 5-HT7) are members of the large family of G-protein
coupled receptors, except for the 5-HT3 receptor subtype, which is considered a ligand gated ion channel'. Serotonin
receptors are abundantly present in the CNS, and in the periphery, predominantly in the gastrointestinal tract, and in the
blood®. They are involved in a wide variety of processes, such as the regulation of mood, sleep, appetite, memory, and
learning (CNS), but also in cardiovascular processes and the regulation of intestinal movements (periphery). Probably the
best known examples of failure of serotonergic deregulation (low concentrations) in the brain are anxiety®, schizophrenia®,
and depression, although recent publications put serious question marks near the serotonin hypothesis of depression,
since direct proof of serotonin deficiency as the cause of depressions is still Iackings. For each member of the family of
serotonin receptors, Axon Medchem can offer pharmacological standards with high quality, selectivity, and efficacy.
Based on a phylogenetic analysis, the family of serotonin (5-HT) receptors should be separated into two different classes
among the subgroup of biogenic amine receptors of the rhodopsin-like family of GPCRs. The GPCR-A17 class includes
all 5-HT2 and 5-HT6 receptors, while 5-HT1, 5-HT4 5HT-5 and 5HT7 receptors form an individual class: GPCR-A19°.

The 5-HT6R is among the latest identified members of the 5-HT receptor family and is a particularly interesting receptor
subtype because of its relatively low level of sequence homology (<50%) compared to other serotonin receptors. They
include a short third cytoplasmatic loop and a long C-terminal tail, and one intron located in the middle of the third
cytoplasmatic loop, as compared to most other serotonergic receptors. The 5-HT6R has shown enormous expectation as
a drug target for the development of cognitive enhancers, based on localization, pharmacology, and behavioral data
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accumulated’. Since cognition dysfunction is one of the primary manifestations of several neurodegenerative diseases
such as Alzheimer's disease (AD), the localization of 5-HT6 receptors in brain areas involved in learning and memory
processes has identified this receptor as a putative target for ADE.

Being among the most recently discovered receptors for serotonin, the 5-HT7R is also one of the least well characterized.
A physiological role for the 5-HT7 receptor within the central nervous has been clearly established in circadian rhythm
regulation and in thermoregulation. The early finding that several antipsychotics and antidepressants have high affinity for
the 5-HT7R, as well as its demonstrated presence in relevant regions of the brain, has prompted several preclinical
studies evaluating the possible involvement of the 5-HT7 receptor in psychiatric disorders and other pathological
processes of the nervous system. Interesting findings have also been made in studies focusing on learning and memory.
Moreover, a role fo the 5-HT7R has also been suggested in neuroendocrine regulation. Possible functions in the
periphery are mostly related to the presence of 5-HT7 receptors on smooth muscle cells. Thus, a role for the 5-HT7
receptor has been suggested in irritable bowel syndrome, the control of micturition, and in the reproductive system®.

* Neuronal 5-HT receptors in the perifiery. J.R. Fozard. Neuropharmacology 1984, 23, 1473-1486.

2 International Union of Pharmacology classification of receptors for 5-hydroxytryptamine (Serotonin). D. Hoyer, D.E. Clarke, J.R. Fozard, P.R. Hartig,
G.R. Martin, E.J. Mylecharane, P.R. Saxena and P.P. Humphrey. Pharmacol. Rev. 1994, 46, 157-203.

3 The Functional Anatomy, Neurochemistry, and Pharmacology of Anxiety. P.T. Ninan, J Clin Psychiatry 1999, 60, 12-17.

“ Depression: the case for a monoamine deficiency. P.L.Delgado. J Clin Psychiatry 2000, 61, Suppl 6, 7-11

5 Serotonin and Depression: A Disconnect between the Advertisements and the Scientific Literature. J.R. Lacasse, J. Leo. PLoS Med 2005, 2, e392.

® P. Joost, A. Methner. Phylogenetic analysis of 277 human G-protein-coupled receptors as a tool for the prediction of orphan receptor ligands. Gen.
Biol. 2002, 3, 0063.

" D. Marazziti et al. Serotonin receptors of type 6 (5-HT6): from neuroscience to clinical pharmacology. Curr. Med. Chem. 2013, 20, 371-377.

8 B. Benhami et al. Serotonin 5-HT6 receptor antagonists for the treatment of cognitive deficiency in Alzheimer's disease. J. Med. Chem. 2014, 57,
7160-7181.

9 P.B. Hedlund et al. The 5-HT7 receptor and disorders of the nervous system: an overview. Psychopharmacology (Berl). 2009, 206, 345-354.
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2851 GMC 1-161 ..ooiiiiiiiiiiiicec Clozapine analog with 5-HT2A, M1 and D2 affinity, devoid of D1
affiNities ..o Page 422
1575 5-HT6 antagonist 29 ........ccccceviiiiiiiiiiiiniiinieeseceee Selective brain penetrant 5-HT6 receptor antagonist ................ Page 453
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2144 Lu AE58054 hydrochloride ...........ccoceveiieneiieneniences Selective 5-HT6 antagonist with good oral bioavailability .......... Page 517
1105 MDL 100009 ......cccutiiiieaieeeieeeire et 5-HT2A @ntagOniSt.......ccveriiiiiiiiieiiieieie e Page 529
1103 MDL 100151 ...ciiiiiieiiieeiee e 5-HT2A @ntagOniSt.......cc.veeiiiiiiiiieiiieieeeie e Page 530
1104 MDL 100907 .....ccuviiiiiriiiiiiiiiiiicsie e 5-HT2A @ntagOniSt.......ccveiviiiiiiiieiie e Page 530
1108 MDL 105725, (=)= tcvevvieiiiiiiiniiiic it 5-HT2A antagonist...........cccoovriiiiiiiiiiiicicecc s Page 530
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1849 MS 245 0XalALe......ceeuiieiiiiiiiiieieeee e 5-HTB @ntagONiSt......ccueiueeiiiiiiiieiieiie et Page 559
2811 NBOH hydrochloride, 25CN- ........ccccoreiiiiiciiciiiccie Selective brain penetrant 5-HT2A receptor agonist................... Page 570
1102 Nefazodone hydrochloride..........cccccceviviiiiiiiiiiiiiie Antidepressant; 5-HT2A antagonist.............ccoccecvviiiciiciicenne. Page 572
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1745 SB 242084 dihydrochloride...........ccceeoeierienieniciicicee Selective 5-HT2C receptor antagonist...........cccvrvereiieiiennenn. Page 695
2183 SB 269970 hydrochloride ..........ccccoviveiiiiiiiciiiice Potent and selective 5-HT7 antagonist............ccccoevvveeriieneenne Page 696
1099 SB 271046 hydrochloride ...........cccovveviiiiiiiiiiiiiiies 5-HT6 antagoniSt.........ccocoeiuiiiiiiiiiiici e Page 696
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2715 SUVN-502 ....ociiiiiiiiiiiiiiiieit e Selective, orally active, brain-penetrant 5-HT6 receptor antagonistP: 744
2889 VADL2 ...ooiiiiiiiiiii i Positive allosteric modulator (PAM) of 5-HT2C receptor ........... Page 791
1710 WAY 208466 dihydrochloride ...........c.cccveviiieniniinienne Potent and selective 5-HT6 receptor agonist..............cccccevveuene Page 808

Receptors (GPCR-A17) Trace Amine Associated

lidentification of the trace amine-associated receptor 1 (TAAR1) provided evidence for a direct biological effect of so-
called trace amines (TAs) such as p-tyramine (pTyr), B-phenylethylamine (PEA), octopamine, and tryptamine. These
biogenic amines previously denoted as false neurotransmitters, are metabolites of amino acids with structural similarity to
classical biogenic amines. Although they are only found at low concentrations in the brain, TAs have been implicated in a
wide range of neuropathological disorders, including schizophrenia, major depression, anxiety states, Parkinson's
disease, and attention deficit hyperactivity disorder. TAARL, a member of the TAAR family, is a G protein-coupled
receptor that signals through Gs to elevate intracellular cAMP levels in response to TAs. It is expressed throughout the
limbic and monoaminergic systems, including the ventral tegmental area (VTA) and dorsal raphe nucleus (DRN) and has
been implicated in the negative modulation of monoaminergic neurotransmission”.

! F.G. Revel et al. TAAR1 activation modulates monoaminergic neurotransmission, preventing hyperdopaminergic and hypoglutamatergic activity. Proc
Natl Acad Sci U S A. 2011 May 17;108(20):8485-90.

2419 EPPTB ..ottt First, potent and selective full antagonist of TAARL.................. Page 387

Receptors (GPCR-A18) Acetylcholine, muscarinic

The class of transmembrane acetylcholine receptors can be divided into two main groups: the muscarinic (metabotropic)
and the nicotinergic (ionotropic) receptors. This as a result of the specific binding affinities once determined of the two
types of receptors for muscarine and nicotine respectively*?. The latter type is classified as a ligand gated ion channel,
since activation of this receptor allows sodium ions to enter a cells interior and potassium and/or calcium ions to exit
(section lon channels (Ligand gated, Cys-loop, cationic)3. Unlike the nicotinergic acetylcholine receptor, the muscarinic
type is part of the family of G-protein coupled receptors. In general, muscarinic acetylcholine receptors are known to play
highly important and diverse roles in many basic physiological processes including gastrointestinal, cardiovascular, motor,
attention, learning, memory, pain, sleep, and other functions®. Four subtypes have been identified, localized and
characterized (M1-M4), whereas a fifth member has been cloned (M5), yet its function has not been revealed
completelys's. In order to facilitate the study of this most recent addition to the family of mACh receptors, Axon Medchem
offers VU 0238429 (Axon 1786) as a high affinity drug (ECs, of approximately 1.16 uM at M5) with >30-fold selectivity
versus M1 and M3, and no M2 or M4 potentiator activity.

GPR84 is activated by medium-chain FFAs (MCFAs) with 9-14 carbons and classified as A18 GPCR (and not class A1l
as other FFARs). It is expressed mainly in the immune-related tissues, such as thymus, spleen, bone marrow, and
peripheral blood leukocytes, and is significantly upregulated in monocytes/macrophages upon lipopolysaccharide (LPS)
stimulation. In activated T cells, GPR84 has been found to regulate early interleukin 4 (IL-4) gene expression’.

* The pharmacology of flaxedil with observations on certain analogs. Riker WF, Wescoe WC. Ann NY Acad Sci 1951, 54, 373-394.

? The Chemical Transmission of Nerve Action. O. Loewi. Nobel Lecture, December 12, 1936.

3 Purves, Dale, George J. Augustine, David Fitzpatrick, William C. Hall, Anthony-Samuel LaMantia, James O. McNamara, and Leonard E. White (2008).
Neuroscience. 4th ed.. Sinauer Associates. pp. 122—6. ISBN 978-0-87893-697-7.

4 Cloning and Expression of the Human and Rat m5 Muscarinic Acetylcholine Receptor Genes. Bonner, T. I.; Young, A. C.; Brann, M. R.; Buckley, N. J.
Neuron 1988, 1, 403-410.

® Muscarinic acetylcholine receptor subtypes: localization and structure/function. Brann MR, Ellis J, Jergensen H, Hill-Eubanks D, Jones SV. Prog Brain
Res. 1993, 98, 121-7.

® Discovery of the first highly M5-preferring muscarinic acetylcholine receptor ligand, an M5 positive allosteric modulator derived from a series of 5-
trifluoromethoxy N-benzyl isatins. Bridges TM, Marlo JE, Niswender CM, et al. J. Med. Chem. 2009, 52, 3445-8.

7 J Wang et al. Medium-chain fatty acids as ligands for orphan G protein-coupled receptor GPR84. J Biol Chem. 2006 Nov 10;281(45):34457-64.
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1289 GMC 1-109 ..oiiiiiiiiiiieieeieeie ettt Clozapine analog devoid of DA, 5-HT2, H1 and a1 affinities, but

with high ML affinity.........ccccciiiiii Page 422
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1786 VU 0238429......ccciiiiiiiiiiiiiiiiciceee e Selective PAM of M5 MAChR (CHRMS)........cccccoviiiiiiiiiiee Page 800
1787 VU 0255035.....cccciiiiiiiiiiiiiiiiiciie e Selective M1 MAChR Antagonist ..........cccccoeviiciiiiiciiciiece Page 801
1703 VU 0357017 hydrochloride ...........ccccooviiiiiiiiiiiiiiiins PAM of ML MACHR .....cociiiiiiiic Page 801
1943 VU 0365114 .o Selective PAM of M5 MAChR (CHRMS).......ccccccoiiiiiiiiiiiiiies Page 801
2739 VU B008BBB7 ...c.veeneeeerieiiiiiieeiieesiee et Selective NAM of M5 MAChR (CHRMS) .......ccccorviiiiiiiiines Page 803
2832 VU B008B67, FAC(£) .vvereeveerrerrieeeriierieseesieeeesieeeeseeenees Selective NAM of M5 MAChR (CHRMS) .......cccccoiiiiiiiiiiiiiies Page 803
3271 VU0486846 EETIEEENTIL ..o Potent and highly selective PAM of M1 MAChR.............c.c........ Page 803
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2616 ZQ-16 .eoveiiiieieiiieie et Potent and selective GPR84 agonist............ccccecveieiiiiiiinennns Page 830

Receptors (GPCR-A18) Adenosine

Four subtypes of adenosine receptors (ARs) have been identified among vertebrates so far (Al, A2A, A2B and A3).
These receptors all have a distinctive pharmacological profile, tissue distribution and effector coupling®.

All four members are coupled to a G-protein (A1l and A3 subtypes to Gi, and A2 subtypes to Gs). As a result, stimulation
of A1 and A3 subtypes in general results in neurotransmission through the inhibition of adenylate cyclase and
phospholipase C, whereas stimulation of the A2 subtypes leads to enhanced neurotransmission. More specifically, Al
and A2A receptors play a role in regulating myocardial oxygen consumption and coronary blood flow. Besides, stimulation
of the Al receptor has a myocardial depressant effect by decreasing the conduction of electrical impulses and
suppressing pacemaker cell function, resulting in a decrease in heart rate.

Recently, clinical evidence was found for the A3 receptor to be involved in rheumatoid arthritis, among other myocardial
functions.? Interestingly, evidence is growing for a certain role of adenosine receptors in the field of oncology.3

* International Union of Basic and Clinical Pharmacology. LXXXI. Nomenclature and classification

of adenosine receptors—an update. B.B. Fredholm, A.P. ljzerman, K.A. Jacobson, J. Linden, C.E. Muller. Pharmacol. Rev. 2011, 63, 1-34.

2 Clinical evidence for utilization of the A3 adenosine receptor as a target to treat rheumatoid arthritis: data from a phase Il clinical trial. MH Silverman et
al. J. Rheumatol.2008, 35, 41-48.

3 Adenosine receptors and cancer. Gessi S, Merighi S, Sacchetto V, Simioni C, Borea PA. Biochim Biophys Acta. 2011, 1808, 1400-12.
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1253 SCH 58261 ..ccuvieeiiieiiieeiee ettt Adenosine A2A antagoniSt .........ccccevereiiiiieiiiieeeee e Page 703
1264 SCH 442416 ..o Adenosine A2A antagoniSt..........ccviiiiiiiiiiiniiii e Page 703
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Receptors (GPCR-A18) Histamine

Histamine exerts a range of effects on many physiological and pathological processes and new roles are still being
elucidated. The best characterized roles of histamine are those in (allergic) inflammation, gastric acid secretion and as a
neurotransmitter’. The four histamine receptors known to date (H1-H4) all belong to the large family of G-protein coupled
receptors. Activation of the H1 receptor results in elevated levels of inositol phosphate through coupling to the Gq protein.
These receptors are expressed on multiple cell types including endothelial cells and smooth muscle cells, where they
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mediate vasodilatation and bronchoconstriction. Antagonists of H1 receptors have been used for many years in the
treatment of allergic inflammatory responses. H2 receptors activate Gs (actually member of GPCR-A17 family) and
increase cyclic AMP formation. They regulate various functions of histamine, including heart contraction, gastric acid
secretion, cell proliferation and differentiation, and immune responsesz.

H3 receptors mediate their function through Gi/o proteins, leading to inhibition of cAMP formation, enhancing calcium
mobilization and activating mitogen-activated protein kinases (MAPKSs) and ion channels. Their activation stimulates the
negative feedback mechanism that reduces central histaminergic activity. Besides, this subtype seems to play roles in
cognition, sleep-wake status, obesity and (neuro-) inflammation®.

Activation of the H4 receptor in primary cells appears to be mainly coupled to pertussis-toxin-sensitive Gi/o proteins,
which signal through increases in intracellular calcium. Although there is still much work to be done to uncover the
function of the H4 receptor, it has been implicated in mast cell, eosinophil and dendritic cell chemotaxis, as well as
cytokine production from T cells and dendritic cells. The development of ligands selectively interacting at this receptor,
such as JNJ 7777120 (Axon 1306), and JNJ 10191584 (Axon 1307) can play an important role in revealing the biological
function of the most recent member of the family of histamine receptors®.

* The role of histamine H1 and H4 receptors in allergic inflammation: the search for new antihistamines. R.L. Thurmond, E.W. Gelfand, P.J. Dunford.
Nature Rev. Drug Discov. 2008, 7, 41-53.

2 Definition and antagonism of histamine H2-receptors. Black, J. W., Duncan, W. A. M., Durant, C. J., Ganellin, C. R. & Parsons, E. M. Nature 1972,
236, 385-390.

% The histamine H3 receptor: from gene cloning to H3 receptor drugs. Leurs, R., Bakker, R. A., Timmerman, H.,de Esch, I. J. P. Nature Rev. Drug
Discov. 2005, 4, 107-120.

* Development and chemistry of histamine H4 receptor ligands as potential modulators of inflammatory and allergic responses. Venable, J. D.,
Thurmond, R. L. Antiinflamm. Antiallergy Agents Med. Chem. 2006, 5, 307-322.
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