w318 The MetAP2 Inhibitor ZGN-1061 Improves Glycemia and has Weight Loss Efficacy with an Improved Safety Profile in Preclinical Models

Bryan F. Burkey, Thomas E. Hughes, James E. Vath, Margaret Wyman, Niel Hoglen, Philip Inskeep

Zafgen, Inc., Boston, MA

ABSTRACT Efficacy Results: Comparable effects of maximally effective Safety Results: Differentiation of ZGN-1061 from beloranib 3) PK Profile: Lower exposure with ZGN-1061 compared to beloranib SUMMARY: Comparison of ZGN-1061 with Beloranib
P P
Methionine aminopeptidase 2 inhibitors (MetAP2i) are a promising new therapeutic approach for the treatment of d ONISN Of ZG N B 106 1 dln d be | Oorani b on bOdV Welght din d 8| UCOSE Background: ® ZGN-1061 is rapidly metabolized and cleared following SC administration. ZGN-1061 Beloranib
obesity, diabetes and associated metabolic complications. Beloranib is a prototype MetAP2i which, when tested in ' ' o ) , . . . . . B} ' i ' ' . : :
‘ . . PR pHe prototyp . . tolerance in obese mice ® MetAP2 inhibitors slow endothelial cell (EC) proliferation via activation of P21 (5, 6); this is hypothesized ® ZGN-1061 has a much shorter half-life than beloranib in animals and humans (Figure 5). Efficacy * Weight loss * Weightloss
obese type 2 diabetes subjects, resulted in 13% weight loss and 2.0% reduction in HbA1c from baseline following 26 : . . o . , :
ks of treatment. Beloranib devel ¢ discontinued due t ‘mbal f thromboemboli - - to contribute to the prothrombotic effects observed with beloranib (Figure 2). ® In humans, the half-life of ZGN-1061 is <1 hour and exposure durations last <12 hours. In contrast, the half- e Improved glucose tolerance e Improved glucose tolerance
Weeks o treatment. Beloranio deveiopment was discontinued due to an imoalance of venous thromoboemoolism 1) ZGN-1061 reduces body weight and improves glucose tolerance and life of beloranib is 8 to 13 hours and exposure durations range from 17 to 24 hours. e Improvements in e Improvements in
events in the treated groups. A second generation MetAP2i, ZGN-1061, has been developed and is in Phase 1 clinical cardiometabolic markers in a mouse model of obesity and insulin resistance , , , , o cardiometabolic markers cardiometabolic makers
testing. ZGN-1061 shows similar effects on diabetes and metabolic endpoints as beloranib in animal models, but has Y Figure 2. Postulated mechanism for prothrombotic response with MetAP2 inhibition , N Half-life of _ , | 4h ds th ot 1 whil : : :
greatly improved safety profiling in model systems of thrombotic risk. In rodent models of obesity and diabetes ZGN- ® ZGN-1061 (subcutaneous [SC], once daily [QD]) for 28 days in diet-induced obese (DIO) Figure 5. > Ortde.r o Ibe Ic') ZSfN_IOESl In animais and humans avoids thrombotic potential while Safety: EC Proliferation ’ 224 h exposure required for * As S,hf)rt as 1 h exposure
1061 (0.1 to 0.3 mg/kg, QD, subcutaneous dosing up to 5 wk) showed potent reductions of HbAlc (-2% + 0.19% from insulin-resistant mice resulted in: 1) G1 cell cycle Diminished EC repair preserving cardlometabolic etrects nhibition sufficient for Inhibition
baseline) along with improved OGTT glucose AUC (-11%), peak glucose (-57 mg/dl), weight loss (-28% at week 4) via e Improvements in body weight, lipids, and cardiometabolic biomarkers (Table 1). arrest and inhibition [response, initiation of} 5 ¥ Safety: PK Profile e Half-life rat: ~0.5 h e Half-life rat: ~3-4 h
reduced body fat (-36%) in addition to plasma LDLc (-34%) and triglyceride (-46%) improvements. In dog toxicology : : : e : of EC proliferation coagulation _ o9 - uman e Half-life dog: ~0.5-1 h e Half-life dog: ~2-9 h
dels which exhibit si lopath b . I 4 I ~4 fold il * |mprovements in glucose tolerance and insulin sensitivity (Figure 1, Table 2). =1000 = , L , '
models which exhibit signs of coagulopathy, ZGN-1061 has a margin of >150 fold compared to only ™4 old for similarly WMetAP2 - 5 ZGN-1061 t,,, = 0.4 hours £ ZGN-1061 t,, = 0.9 hours e Half-life human: <1 h e Half-life human: 8-13 h
effective doses ofb?/oran{b. This lrfvproveme?t appears to be ?xp/al.ned by a differential enc.iothellal cell (EC) acﬁv:ty Table 1. Similar improvements in body weight, body fat, lipids, and cardiometabolic markers inhibition o Activat f £ 0 Beloranib t 1, = 9.3 hours S Beloranib t, = 12.9 hours e Exposure in humans above e Exposurein humans above
that shows beloranib having a rapid and lasting effect on proliferation and thereby promoting a procoagulant increase with ZGN-1061 and beloranib in DIO mice )rofr?r\;ar:ggtig 3 Thrombomodulin _§ _§ 1 HUVEC EC, : <6 h HUVEC EC_: 224 h
of plasminogen activator inhibitor-1 and decrease of thrombomodulin in ECs with as little as 4-hour exposure. ZGN- g - % PAI-1 © ' © . : : :
) : L . . - : response in ECs £ 104 = i Safety: Safety Margins e  Much higher safety margins for e Lower safety margins
1061, however, requires prolonged exposure of ECs (>24h) to induce such a state. The in vivo pharmacokinetic profile Vehicle ZGN-1061 Beloranib & & | ) | . - .
, , o : 0.3 mg/kg 0.1 mg/kg O : S . nown beloranib toxicities e (Causes coagulopathy in dogs
of ZGN-1061 has a much shorter duration of exposure and is undetectable less than 10 hours after administration. o . . | o S s Y19 : : :
Me'tAP'Z inhibition activates P21, which has 2 eff(-ects.: 1) cell cycle arrest a.nd inhibition of endo.thellal'cell proliferation, and 2? o O 1 O : e No evidence of Coagulopathy or (prECEdEd by INCreases In
| N T RO D U CTl O N Body weight ic::j:&r;ﬁ;Ipcr;?lzzrlr_\fznp(:l;;r?:ggz:gz,‘ti:z‘stlgl;t'lir:i;gizgrrj-tic.:ed cell-associated thrombomodulin and increased PAI-1. Abbreviations: EC g, g, . testicular toxicity D-dimer and thrombin t|me)
= 5 0.01
Baseline, g 48.2 +0.0 48.2 +0.0 48.2 +0.0 2 04 o
L . . L . . . ’ : : L - -e- ZGN-1061 (0.6 mg/kg) “ o ZGN-1061 (1.8 mg)
* Methionine aminopeptidase 2 inhibitors (MetAP2i) are a promising new therapeutic approach for Endpoint, g £0.2 +0.4 36.0 0.5 351409 2) Endothelial Cell Proliteration: Reduced effect of ZGN-1061 compared to beloranib § . = Beloranib (0.6 mg/kg) § = Beloranib (1.8 mg)
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the treatment of diabetes, obesity, and associated metabolic complications. Change, & - 1) o 13 e on inhibition of cell proliferation o 0017 . : e o - > p 000Vt —— A Overview of ZGN-1061 Ef icacy and Safety
* Beloranib is a MetAP2i which, when tested in patients with obesity and type 2 diabetes, resulted Change, % 4.3% ~25.2%*** —27.2%*** ® Although both ZGN-1061 and beloranib slow proliferation in a concentration-dependent manner Time (hours) Time (hours) ® The efficacv of ZGN-1061 is similar to beloranib in DIO mice
in approximately 13% weight loss and 2.0% reduction in HbAlc from baseline following 26 ’ ZGN-1061 requires =24 hours of exposure to have an effect, while an effect of beloranib can be o'bserved Y |
WeekS Of treatment Beloranlb development was d|SCOnt|nUEd due tO an Imbalance Of venous Body fat after e ||-l-t|e A< 1 ho_ur- (Figure 3) ’ Study drug was administered SC. Drug concentrations were evaluated following repeat administration Q3D. (at steady state).Abbreviations:tm:haIf—Iife. o S|m||ar potency for |nh|b|t|on Of MetAPZ as beloran|b.
thrombotic events in the treated groups compared to placebo (1-4). Baseline, g 19.1 £0.5 18.6 +0.4 18.8 +0.6 : : : * Similar improvements in body weight, glucose tolerance, and other metabolic endpoints in
sroup P P (1-4) : — — ® After up to 8 hours of exposure, there was no effect of ZGN-1061 on the procoagulant markers, P21, 4) Safety Margins: Greatly improved for ZGN-1061 compared to beloranib VivO P y sht, & ’ P
* ZGN-1061 is a novel MetAP2i that was developed for similar efficacy to beloranib but improved Endpoint, g 21.140.4 9.4 £0.5 8.8+0.8 thrombomodulin, or PAI-1, whereas changes in all markers were observed after 8 hours of exposure to e I contrast to beloranib, which produced increases in the coagulation markers D-dimer and thrombin time JGN 10.61 ] . { safet _y ) o o 110 bel b
toxicitv and thrombotic safetv. Baseline, % body fat 40.6 +0.7% 39.6 +1.0% 40.2 +1.0% beloranib (Figure 4). ’ ) - dS an Improvea sarety pronie 1or markers o romoosis comparead to beloranio In
y y e rdooint. % body fat 132 20.7% 275 20 99 vy at 0.6 mg/kg, ZGN-1061 had no effect at 2 mg/kg (Figure 6). vitro and in vivo
» Like beloranib, ZGN-1061 is a novel potent, selective, covalent inhibitor of MetAP2 in vitro. napoint, 7 body 1 iy 2 297 iy | | | | o ) : - " - - : : :
P Lipids (at endpoint) Figure 3. Time- and concentration-dependent effect of ZGN-1061 and beloranib on inhibition ® ZGN-1061 has a S‘iijtaE“a':cV grle;‘terlsafety m?rg'”bft‘)’_r morg"d'ty a”glcojg“"’pathy in dogs, testicular ® ZGN-1061 requires longer exposure duration (224 hours) than beloranib (<4 hours) to
* These studies were designed to assess the nonclinical efficacy and safety of ZGN-1061. Total cholesterol, m/dL 88 197 160611345+ 19154149 of endothelial cell proliferation toxicity in rats, and embryofetal development in rabbits and rats (Table 4). inhibit endothelial cell proliferation.
’ oo o o ® After up to 8 hours of exposure, beloranib affected procoagulant factors, but ZGN-1061
LDL cholesterol, mg/dL 48.5 £5.2 25.6 +4.0** 29.9 +3.4** ZON-1061 EG. = 0.25 M ZGN-1061 Beloranib Figure 6. ZGN-1061 does not alter coagulation markers in dogs had no effect.
— = 0 - . — —
OBJECTIVES HDL cholesterol, mg/dL 225.7 +11.1 165.0 £13.5*** 192.6 £14.7* S Beloranib ECs, = 0.28 nM S 0.3nM = 1nM == 3nM g 0.3nM  -= 1nM = 3nM ZGN-1061 exposure is brief compared to beloranib.
Triglycerid /dL 63.1+3.4 71.7 +4.4 82.3 +3.5* 5 §125'+6n|\/| = 12nM £ 1257 = 6nM = 12nM ~ /GN-1061 h h sh half-life than bel b | dh
. . . . . riglycerides, mg 143 7 4. .3 3. = 2 004 = 1004 £  64- . 18- o - as a much shorter half-lite than beloranib in animals and humans.
* Efficacy: Determine the efficacy of ZGN-1061 on body weight, glycemic control, and : — : £ 75 = £ € TITtiasaa. > L) Vehicle . . e
cardiometabolic markers in a mouse model of obesity and insulin resistance. Cardiometabolic biomarkers (at endpoint) 9 < 75 = 75 3254- % 32 g g(egllc:lr-;r?i?)1((gz6nr§g/l/(|?g)) 2 . ZGN-1061 has improved safety margins (NOAELs) compared to beloranib in vivo for:
. .. ) -hydroxybutyrate (umol/L) 514.0 +57.9 633.5 +50.4* 630.7 +41.4 S 50- €  50- S 50- 2 167 ' S : Morbidit
» Safety: Evaluate the effects of ZGN-1061 on in vitro and in vivo markers of thrombotic & . — — = £ £ . - Extremis Extremis Y
potential, pharmacokinetics, and toxicology. Leptin (ng/mL) 31.3+3.6 4.7 £0.9 6.6 £1.1 ;1-_, 25- e ZGN-1061 = o ,.;.’ o § . * L 144 T { * Coagulopathy
Data are mean and SEM. Mice (n=9-10/group) received drug or vehicle SC QD for 28 days. Body fat was analyzed by DXA (dual-energy x-ray absorptiometry). Lipids and biomarkers were 7,2 = Beloranib g_ o c QE, T .‘ Testicu Ia r toxicity
collected in the morning after an overnight fast at endpoint only. Comparisons vs Vehicle of treatments were by Williams’ test (ZGN-1061) and multiple t-test (beloranib). *p<0.05, **p<0.01 o 0+ T T v ! -25 v v v v v v Q. -25 T T ! T T T 8 2- T - E - T
ok : Hone OD — V.o = . CEM = O 2 -1 0 1 2 O 1 4 8 24 48 72 O 1 4 8 24 48 72 g c 12- . .
and p<0.001 vs Vehicle. Abbreviations: QD = once daily; SC = subcutaneous; SEM = standard error of the mean. T Y L 5 — Embryofetal tOX|C|ty
METHODS log[drug concentration] (nM) Time (hours) Time (hours) £ 1 .|. .g 1
i . . . . . . T 0.5- o
DlO |\/|0use EfﬁcaCy StUdy F|gu re 1 S|m||ar Improvement N g|UCOSG tOlerance W|th ZG N‘1061 and be|0ranlb IN DlO mice Data are me.z.arT and SEM. Cell proliferation was studied utilizing HUVECs in the presence or absence of compound for varying amounts of time prior to washout. Proliferation was assessed at ‘Qu 0.25- E 5 = a - ? ,E I_E 10 J. l L
Diet-induced obese (DIO) mice: Male C57BL/6J mice (Charles River) were placed on a high-fat diet (45% kcal as fat) for ZezlIhcl,-luUrf/IlEJgILZIhnugr:a?ll\lljénoll)\llle;c(zacl\(/(g:iﬂ\:\zcztﬁ\iﬁ:;j a1 1 provieuoresent STt o e smount DA, loning s messure el ety ARbievatons FEendotheld % 0.125 - = 1o 8
34 weeks. DIO mice (approximately 37 weeks of age) were maintained on high-fat diet for the duration of the study. 261 O Vehicle 14+ o Vehicl o Baseline  Day 1 Day 4 Day 7 Day 10 Baseline  Day 1 Day 4 Day 7 Day 10 CO N C I_U S | O N
-0~ ZGN-1061 (0.3 mg/kg) 12 - z(eal\llc1e061 (0.3 mg/kg) : - o
Treatment: Mice received 0.3 mg/kg ZGN-1061, 0.1 mg/kg beloranib, or vehicle (5% mannitol in 10 mM phosphate, S 22 ** Beloranib (0.1 mg/kg) = = Beloranib (0.1 mg?kg? Flg(;l reh4'|_Z(|3N_|1|O6f1t does nOtSahﬁeCt thfrOmbosls markers that are changed by beloranib in o indicates day that belorantb.trested animals were in extreris (animals euthanized due to morbidity). * ZGN-1061 shows similar effects on glucose tolerance, body weight, and cardiometabolic
pH 7.5) SC, QD for 28 days. (Doses of ZGN-1061 and beloranib were selected based on similar exposure in mice). % 5 101 endothelial cells atter up to s hours of exposure markers as beloranib in animal models, but has a greatly improved safety profile.
8 18- £ 8 : Table 4. Favorable improvements in safety with ZGN-1061 compared to beloranib : - 4 - : -
Oral Glucose Tolerance Test (OGTT): An oral glucose tolerance test was performed 60 minutes after dosing (t =0 § % P21 Thrombomodulin PAI-1 P Y P * Notably, safety margins for morbidity and coagulopathy fo_r similarly effective Clm'caJ
min) at baseline and on Day 30. Blood samples were obtained at t =-60 min (baseline 1; B1), 0 min (baseline 2; B2), o, 2 6 06 . 500- ZGN-1061 NOAEL = = Beloranib NOAEL 1| Fold improvement Clinical Safety doses are over 150-fold for ZGN-1061 compared to approximately 4-fold for beloranib.
and 15, 30, 60, and 120 min. Plasma glucose was assayed using a clinical reagent (ThermoFisher hexokinase reagent £ O— e 4 | (AUC ngxh/mL) (AUC ngxh/mL) for ZGN-1061 vs Margins for - : : - :
y 91, OL, dlid 225 T . . 7 E &5 - . l . Beloranib 7GN-1061 ® ZGN-1061 represents a potential new treatment for diabetes and obesity. Clinical studies
TR15421). Plasma insulin was assayed using a commercial ELISA (Alpco 80-INSMU-E10) and log transformed. = 10- 8 ol o @ S 34 — 'S 600 designed to investicate the safetv and efficacv of ZGN-1061 in treatment of diabetes and
o | —— b= © 0.4 o — o Dog safety 3 mg/kg 0.2 mg/kg T
- Z 3 8 S— 3 7
— ——— - - — ——— - - O o o — o
B1 B2 15 30 60 120 B1 B2 15 30 60 120 N 32 =S =) 2 500- él Dog coagulopathy >2 mg/kg 0.2 mg/kg . 500 REFERENCES
Time (min) Time (min) Q- ; Q- Q — (619) (43) >14x
0.0 0 0 Rat test 1. Hughes et al. Ascending dose-controlled trial of beloranib, a novel obesity treatment for safety, tolerability, and weight loss in obese women. Obesity (Silver Spring).
dla are mean an ice (h=9- roup) were fasted overni an osed wi vehicle or stu ru N ora ucose tolerance test was perrorme minutes after dosin = 0 1 10 0 1 10 O 1 10 a es S >25 m /k 0'3 m /k 2013'21(9)1782_8
ziﬁ). Blood samp(ljeiE\Al\//ng/lobtzf\inegd ;'(c){g=—6§)min (B;),E) gwin (BZ),ggt\d 1d5fj30, 20, ;:d 120|min. tDa(:: Sregc:IE;Jgted flrgrln the rfasliduals o; thte stahiticfal mo((jjeGIg. Comtpari:(t)nsdvs Veghi(zle?)f Drug Concentration (nM) Drug Concentration (nM) Drug Concentration (nM) 518 518 >55X >600 2. Kim_ et al. Efficacy and safet.y of beloranib for weight IO§S in Obes? adults: a randomized controlled trial. Diabetes Obes_Metab' 2015;17(6):566_72'_ ) )
treatments were by Williams’ test (ZGN-1061) and multiple t-test (beloranib). **p<0.01 and ***p<0.001 vs Vehicle. Abbreviations: SEM = standard error of the mean. (2100) (38.1) 3.  Proietto et al. #312-LB. Weight Loss and Improvement in Glycemic Control: Results from a 26-Week, Phase 2, Randomized, Placebo-Controlled, Clinical Trial of
Rabbit embrvofetal Beloranib in Patients with Obesity and Type 2 Diabetes. 76th Scientific Sessions of the American Diabetes Association; New Orleans, LA. June 10-14, 2016.
o _ _ . o . abDbl Y 0.9 mg/kg <0.1 mg/kg 4. McCandless et al. Effects of MetAP2 inhibition on hyperphagia and body weight in Prader-Willi syndrome: a randomized, double-blind, placebo-controlled trial.
Table 2. Similar improvement in glucose tolerance with ZGN-1061 and beloranib in DIO mice 0.6- 5 800- >10x 70 Diabetes Obes Metab. in press.
(230) (<22'2) 5. Yeh et al. The antiangiogenic agent TNP-470 requires p53 and p21CIP/WAF for endothelial cell growth arrest. Proc Natl Acad Sci U S A. 2000;97(23):12782-7.
Vehicle ZGN-1061 Beloranib o .."53 Se%k ..“E.’- 4 ..."E.’- 500- Rat embryofetal 0.5 mg/kg 0.3 mg/kg 6. Kumar et al. p53 impairs endothelial function by transcriptionally repressing Kruppel-Like Factor 2. Arterioscler Thromb Vasc Biol. 2011;31(1):133-41.
0.3 mg/k 0.1 mg/k 'c © 0.4+ = o O 1.8x 10
8/ke 8/ke © o s 31 T 2 o0 (32.9) (18.5)
. * % % * % % ] @ == ]
Fastlng glUCOSE (mM) 12.140.5 8.8%0.3 9.220.6 % § 0.2- ;',1 2- § T Result are shown for in vivo toxicology studies cor.1d.ucted in rats and rabbits with dosing Q3D. Safety margins were calculated by dividing repeat dose AUC_, from the toxicology
Glucose AUC, ., (MMxh) 379415 25.4 4124+ 25.8 41.3%** - = 24 T T g0 =, o, B2 e e et 0.2 il dose Abbreatons: AU, = s cer he cre ot
Fasting insulin (ng/mL) 2.6 £0.2 0.7 £0.0%** 1.3 £0.2%** o B2 B3 ; *x N
Insulin AUC, .. (ng/mLxh) 11.3+0.7 4.5 +£0.3*** 5.4 +0.6%** | o 1 10 o 1 10 o 1 10
== Drug Concentration (nM) Drug Concentration (nM) Drug Concentration (nM)
Data are shown as adjusted means and standard errors of the mean (SEM) are calculated from the residuals of the statistical models. Mice (n=9-10/group) were fasted overnight and dosed
with vehicle or study drug SC, followed by an oral glucose tolerance test 60 minutes after dosing (t= 0 min). Glucose and insulin were measured at baseline (0 min). Comparisons vs Vehicle
of treatments were by Williams’ test (ZGN-1061) and multiple t-test (beloranib). ***p<0.001 vs Vehicle. Abbreviations: AUC_,, = area under the curve from time 0 to 120 minutes; SEM = Data are mean, SEM, and min/max. Cultured HUVECs were maintained in the presence or absence of test articles 8 hours prior to compound washout. Protein levels were assessed utilizing
standard error of the mean. enzyme-linked immunosorbent assays (ELISA). Abbreviations: HUVEC = human umbilical vein endothelial cells; PAI-1 = plasminogen activator inhibitor-1; SEM = standard error of the mean.
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