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% Preclinical and clinical evidence suggests that HIF-2a inhibition is a Fundamentals of Targeting the HIF-2a/ARNT Complex Optimization of Series 1 HIF-2a Inhibitors Pharmacokinetic Characterization of Compound 3
valid approach to destroy tumor cells, particularly in clear cell renal _ o - o _ o _ o o _ o _ _ _ St envEneed et 2lESe Trlsfer Cormeeire 2. ediaied &
carcinoma (ccRCC)!2. Small molecules have been designed to inhibit HIF-2a/ARNT heterodimerization by binding a small, internal cavity in the Series 1 inhibitors were optimized to improve potency and pharmacokinetic properties via structure-based design rieeel o pipe il _ o L petEl] , _
& Arcus Biosciences is develobing novel HIF-2g-specific  small- HIF-2a PAS-B domain. This hydrophobic cavity (shown as blue slate surface below) is fully enclosed with a volume of and iterative interpretation of structure activity relationships. A selection of optimized advanced prototypes are shown favorable in vitro pharmacokinetic profile with low intrinsic clearance in dog
: o : OPINg . pectl : 290A3, and is occupied by 8 water molecules in the apo form. It has been demonstrated that small molecules can enter in Table 2 which potently inhibit HIF-2a function in numerous assays formats without appreciable off-target activity. and _h.uma.n hejpatocyte_s (Table 3). Furthe_rmore, Compound 3 exh|t_)|ted
molecule inhibitors and investigating the biology of HIF-2a in various the cavity and iNUCE @ ==--como<<<<m e | negligible inhibition against a panel of CYP isoforms (Table 4) and no time-
cancer and non-cancer cell subsets. — conformation N \\ o Assay Arcus Arcus Arcus Arcus MK-6482 dependent CYP inhibition (not ShOWﬂ). Compound 3 is further
< Here we describe the application of a pharmacophore mapping and change of the HIF-2a : / ARNT Compound 1 | Compound 2 | Compound 3 | Compound 4 | (PT2977, competitor)’ characterized by moderate-to-low clearance in rat and dog with high
structure-based design approach to discover multiple novel series of PAS-B domain. which. in PDB-4ZP4 (2.4 A) bioavailability in both species (Table 5).
inhihi i i i i N vi ’ " HIF-2a 786-O Luc. IC¢, (nM 61.5 9.4 15.5 4.2 22.8 -
HIF-2a Ith.IbrI]tIOI‘S V\f[hIC.h ?jrg c;]hgrtacterlzi(_:lb_\{lall a coIIect|0r|1 of |nt vitro turn, results in & s0 (NM) Hepatocyte Stability
assays. Hi optimized inhibitors exhibit low-nanomolar potenc .
a air?l t Hllgz yanz a favorable pharmacokinetic profile o destabization of the HIF- MO RGOl >10,000 >10,000 >10,000 >10,000 > 10,000 Mouse Rat Dog Human
gains d P protiie. 20/ARNT complex.® (control, nM) ' ' ' ' '
T1/2
[ HIF-2a BIOLOGY & REGULATION ] H'F'Z‘Z‘nf/::)’A'CSO 64.0 22.7 14.9 14.6 30.4 (min) 21 100 340 950
. - - - - - Clin 33 6.9 2.1 0.7
¢ The solid tumor microenvironment (TME) can be hypoxic and cancer ( _ _ _ _ VEGF Secretion ICy, nd o o ALl e (uL/min/106 cells) - - -
cells require induction of genes associated with r;\etabollsm, !3a5|s fO_I‘ regulation of protein-protein (nM) Table 3. Summary of hepatocyte stability in various species.
proliferation, and angiogenesis to survive and metastasize®. interaction®: Table 2. Potency of select series 1 inhibitors. HIF/control reporter and SPA assays performed as described in Table 1. VEGF CYP Isoform
* The master transcriptional regulators of hypoxia-induced genes are LA PAS.B / -2 Protein Secretion Assay - 786-O cells were treated with inhibitors for 48 hours at 37 °C 5% CO, (Media replaced with fresh after
the Hypoxia-Inducible Factor (HIF) proteins. _— HIF-20. PAS-B 24 hr). VEGF in the cell supernatant was quantified by AlphaLISA (Perkin Elmer). 2C8 209 2C19 2D6 3A4
_ _ e “
< HIF consists of an oxygen-regulated alpha monomer, of which there I + : binding site 125- :
_ : N Figure 2. X-ray structure of HIF-2a/ARNT complex. VEGF Secretion AY
are three isoforms (HIF-1a, HIF-2a, and HIF-3a)*. T PASS — 4 D < A . E s [epil) =20 SRl s = =l
< Alph heterodimerize with titutivel d bet ARNT PAS 8 Inhibitor desi hall ; =" = compound3  HIF-20 PAS-B g7
& crljplel TerTisrs =isnoelinslze Gl & ColtelliEln@ g lisasian ek Stable HIE-20/ARNT Complex] nNNIDITOr aesign challenges. g c 4 . B Table 4. Compound was evaluated in vitro for its potential to inhibit major human
monomer (HIF-13/ARNT) using Per-ARNT-SIM (PAS) protein-protein 2 [Inhit:ltgrzigji:;ﬁi_rd;snﬁgilzﬂ?n of — Small internal pocket limits ligand size S 75 al M‘:(m;‘)s”z“ 7 S drug metabolizing enzymes of the cytochrome P450 family.
interaction domains®. ] . - . & o VK- .
. . . . . : - — Binding affinity may not correlate with S Preclinical Species Pharmacokinetics
< Disruption of HIF-a/HIF-18 heterodimer formation is an effective Small molecule binds to HIF-2a PAS-B cavity functio?]al acti)\//ity y z 507 . P
means to inhibition of HIF-2a-dependent gene transcription®. Conformational change : o : ° : CL Vss Ty F
il Shemie SlEnEee — High affinity ligands often possess undesirable S 25- Species (L/h/ke) (L/kg) (h) (%)
NORMOXIA FYPOXIA ST physicochemical properties (high lipophilicity)
/ \ / \ \_ Gene transcription inactive ] L y, 0- Rat 1.94 3.04 1.3 79
| 1 | | I 1
A A A D 0.26 1.25 3.7 78
A : : : . . : 0 _ . .
@ @ Extensive Characterization of Initial HIF-2a Initial Lead Series Log 10 [Compound] (M) J
@ @ Figure 4. A) Representative VEGF dose-response curve of optimized Arcus Table 5. Summary of experimental PK parameters in rat and dog. Rats were dosed
+0 Hvdroxviati Eod lati A HIF-2a 786-O Luc. B Control Reporter HIF-2a inhibitors. MK-6482 included for comparison.”® B) X-ray co-crystal L ARNT PAS-B 0.25 mg/kg IV in DMAC:Ethanol:Propylene Glycol:Saline (10:10:30:50) and 2 mg/kg
2 ydroxylation ydroxylation Assay Series 1 | Series 2 | Series 3 - .. 7 e e'® e structure of prototypical series 1 analog, Arcus Compound 1 (orange spheres), bound | PO in PEG400:Vitamin E TPGS (95:5). Dogs were dosed 0.33 mg/kg IV in
Hypoxia - ol ® -"0“3:...' to HIF-2a/ARNT complex confirms inhibitor binding to PAS-B domain hydrophobic cavity. . DMA/PG/water (1:1:1) and 2 mg/kg PO in 1% HMPC.
5 3 [ ] | ® ]
HiF-2q iF-2q HIF-20 786-O Luc. N : . ) .
(Cellular) Iy (uM) 2.4 1.12 0.72 ; : andsAD, Arcus Compound 3 Selectively Inhibits HIF-2a Gene Transcription [ SUMMARY ]
— 286-0 Reporter § 50 E 50 | .- Serﬁes 1 ! HIF'ZG Target GeneS .
(control, uM) > 30 > 30 > 30 . oo ' 22:22; 101 2RO 251 Pl (Sl Figure 5. Prototype HIF-2a inhibitor < Three distinct compound series are undergoing iterative SAR
E3 ngase / Nuclear - . I | I ! . I I \_I____I _____ ] . *kkk *kkk  kkkk *kkk  kkkk *kkk *kkk . *kkk *kkk  kkkk *kkk *kkk  kkkk *kkk (Compound 3) |nhib|ts HIIF_Z.G_1 but not optimization to develop novel HIF_ZG antagonists. Representative
S @ Translocation H|F-§a TSAT,A -0 - o T I T . g} HIF-1a-, mediated transcription of pro- compounds from each series show both HIF-2a binding and functional
Association \ £ ISUEE e (degrees) C SPA D TSA i o6 & 154 UPTele SIS S S el activity in cell-based assays (Table 1, Figure 3).
Formation HIE-20 MST K 125 5x10¢- = 2 Hep3B hepatocellular carcinoma cells (wild- & Series 1 inhibit h b S S A o b d desi d
(M) D 15 0.44 0.13 i § o4 § 1] o T L el B ) ST (e % Series 1 inhibitors have been optimized via structure-based design an
| K z | 0.1, 1.0 , or 10 pM of Compound 3 or MK- interrogation of SAR trends to afford numerous potent advanced
f P ol W Ao N | 1, 1.0, SAR
\ o HIF-2a ITC K 0.44 125 0.66 = S i\ i o 6482 and exposed to hypoxia (1% O,) for 16 prototype HIF-2a inhibitors (Table 2).
Ubqu|t|nat|on CBP‘/fSO (MM) - . . ‘é 50+ é o E‘l 0.0- N e 0- T h prior to RNA isolation. Gene expression < A prototypica| examp|e’ Compound 3’ Strong|y inhibited HIF-2a target
¥ b M HIF-2HIF-18 HIF-20. SPA IC - H DMSO DMSO s T oasz DMSO DMSO s wieas2 levels of HIF-2a target genes (EPO and PAI1) gene expression in Hep3B cells. In contrast HIF-1a target genes
N 20 1.0 0.96 0.49 o 1 (uM) (uM) (uM) (uM) and HIF-1a genes (PDK1 and PGK1) were : - T T .
0 (uM) e v : Gt : expression was minimally altered indicating Arcus inhibitors are highly
A sy A e HIF-1a Target Genes determined by gPCR (24“' method) relative . :
,, HRE Log o Comoun an e () PDK1 . PGK1 to HPRT1. selective for HIF-2a (Figure 5).
8' *kkk 1 7 *kkk * *%kk * * ) - - - . - . .
@zq SraeaEaTE Degradatiy HIF-2a Target Gene Transcription % Optimized Arcus |nh|p|tors, such as Compound 3, _exr_ublt a favorab!e
k j Table 1. Representative initial lead examples for Arcus Series 1, Series 2, and Series 3 HIF-2a inhibitor compounds. (MST = 6 . N pharmacokinetic profile (_:haracter!zed .by .I.OW. Intrlns.lc. Clearance "
microscale thermophoresis, ITC = isothermal calorimetry) Figure 3. A & B) HIF and Control Cellular Reporter Assay. 786-O renal 5 S g human hepatocytes and high oral bioavailability in preclinical species.
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