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ZGN-201, a Methionine Aminopeptidase2 Inhibitor, Normalizes Glucose Tolerance in Overweight Dogs 
Thomas E. Hughes1, James E. Vath1, Melanie F. Scott2, Joshua D. Roop2, Jon R. Hastings2, Phil E. Williams2, Doss W. Neal2, Erik R. Nass2, Alan D. Cherrington2

1Zafgen, Incorporated, Cambridge, MA and 2Vanderbilt University School of Medicine, Nashville, TN

Methionine aminopeptidase2 (MetAP2) inhibitor treatment reducesbody weight (BW), reducesfood
intake(FI),increasesfat oxidationandimprovesinsulinsensitivityin obesemice; howeverefficacyhasnot
beenestablishedin non-rodent species. Feedingwith a high-fat high-fructose(HFF)diet in dogshasbeen
observedto induce a selectivehepatic insulin resistance,reducingliver glucoseextraction and causing
glucoseintolerance. We evaluatedthe effects of an 8 week treatment with ZGN-201 (ZGN)on body
weight and metabolicparametersin 6 overweightdogs(3 HFFand 3 chow-fed (OWC)). Thestudy was
comprisedof three phasesςpretreatment(PT: 4 weeks),treatment (ZGNTx: 8 weeks),andwashout(WO:
4 weeks). FI, BW, blood chemistry and hematology,beta-hydroxybutyrate(BHB),and glycerol were
assessedweekly. Oralglucosetolerancetests (OGTT,0.9 g/kg initial BW)were performedat the end of
PT,ZGNTx, andWO.

In HFFdogs,daily oral treatment with ZGNpromoted lossof 81% of excessBW,whereastreatment in
OWCdogs inhibited weight gain. ZGNreduced FI in HFFdogs by 29%, but had minimal effect (9%
reduction)on FI in OWCdogs. Glycerollevelsincreased,reflectingenhancedlipolysis, while BHBlevels,
reflectingfat oxidation,wereincreasedin HFFonly.

ZGNtreatment reversed75%of the abnormalityin the plasmaglucoseexcursionduringthe OGTT,despite
a 32%reductionin insulinsecretion(C-peptideAUC). After the drugwaswashedout, the improvementin
plasmaglucosewascompletelyreversed. Theseresultssuggestthat MetAP2 inhibitor treatment appears
to correctthe defect in hepaticglucoseuptakeseenin this model,andtherebydecreasesthe demandfor
betacell insulinsecretion.

For more information contact thughes@zafgen.com  | Zafgen Incorporated | 5 Cambridge Center | 2nd Floor | Cambridge MA 02142 | +1 617 714 11 63 |  www.zafgen.com  
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ÅMetAP2 inhibition reducedbody weight in the setting
of establishedexcessadiposity in HFFdogs, in part
through reduction in food consumption. Thyroidstatus
wasnot enhancedby treatment.

ÅIndependent of weight loss, glucose tolerance was
improved and insulin secretionwas reducedindicative
of insulin sensitization and a lessened demand for
pancreaticinsulinsecretion.

ÅMetAP2 inhibitor treatment increased lipolysis and
ketogenesis, shown by increasedplasmaglycerol and
beta-hydroxybutyrate levels - indicating a state of
increasedfatty acidmobilizationandoxidation.

ÅThe high-fat high-fructose-fed dog model displays
impaired glucosetolerancedue to a specificdefect in
hepaticglucoseuptake. Giventhe improvementsin oral
glucose tolerance and insulin secretion, MetAP2
inhibitor treatment appears to correct the defect in
hepaticglucoseuptakeseenin this model,and thereby
decreasethe demandfor betacell insulinsecretion.

ÅMetAP2 inhibition appears to be well-tolerated and
showspromiseasa strategyto improvehepaticglucose
uptake and other obesity-associated metabolic
adaptationswhile drivingrapid lossof excessbodyfat.

ÅMore studies will be required to elucidate the
mechanisticbasisfor thesefindings.

ÅMethionine Aminopeptidase 2 (MetAP2) is a broadly
expressedmetalloenzymethat cleavesamino-terminal
methiononeresiduesfrom newlysynthesizedproteins. Its
keyknownsubstratesincludeglyceraldehyde3 phosphate
dehydrogenaseandthioredoxin1 (1).

ÅMultiple studies(2-5) havedemonstrateddramaticweight
lossin obesemicetreatedwith MetAP2 inhibitors.

ÅKey activities associated with weight loss include a
reduction in food consumptionand increasesin adipose
lipolysisandhepaticfatty acidoxidation,whichfurther are
associatedwith improvedmetabolicstate(5).

ÅHigh-fat, high-fructose diet (HFF) feeding induces
overweightandhepaticglucoseintolerancein dogs(6).

ÅThe current study was conducted to investigate the
tolerability and impact of MetAP2 inhibitor treatment on
body weight, food intake, and oral glucosetolerance in
obese and insulin-resistant HFF and chow-fed (Chow)
dogs.

ZGN-201 (fumagillin)

ÅZGN-201 (fumagillin) is a well-
characterized, highly selective
MetAP2 inhibitor (7) suitablefor
use as a prototype inhibitor for
chronic oral administration. It
is a natural product isolated
from Aspergillusfumigatus.

Endpoint High -FatHigh-Fructose Fed Dogs (n=3) Chow-Fed Dogs (n=3)

PT ZGNTx WO PT ZGNTx WO

Glucose AAB0-90

(mg/dl-h)
180 ± 52 97 ± 40 174 ± 41 37 ± 13 34 ± 10 68 ± 3

Insulin AAB0-90

(µU/ml-h)
67 ± 8 48 ± 6* 112 ± 19 30 ± 4 26 ± 5 49 ± 15

C-Peptide AAB 0-90

(ng/ml-h)
1.1 ± 0.1 0.5 ± 0.2* 1.6 ± 0.4 0.8 ± 0.1 0.4 ± 0.1* 0.9 ± 0.2

Glycerol (µM) 72 ± 10 131 ± 4* 73 ± 14 94 ± 9 143 ± 26 94 ± 14

�t-HB(µM) 51 ± 13 76 ± 9* 44 ± 11 41 ± 9 48 ± 11 47 ± 5 

T3 (ng/dl) 97 ± 11 72 ± 6* 62 ± 3 106 ± 16 103 ± 10 74 ± 2

T4 (µg/ml) 1.2 ± 0.2 1.2 ± 0.1 1.2 ± 0.1 1.7 ± 0.3 2.3 ± 0.4 1.8 ± 0.3

WBC (103/µl) 6.7 ± 0.4 7.5  ± 0.1 7.5 ± 0.2 9.1 ± 2.1 8.7 ± 1.7  10.5 ± 2.2*

Platelets (103/µl) 165 ± 70 160 ± 64 220± 53 226 ± 54 236 ± 26 255 ± 5

Values are means ± SEM.AAB: Area Above Baseline, calculated by the trapezoidal rule method; PT: Pretreatment; ZGNTx: ZGN-201 treatment after 8 weeks; WO: 
Washout after 4 weeks. * indicates p<0.05 vsPT  by paired t-test: ̡ -HB: Beta hydroxybutyrateΤ ¢оΥ оΣрΣоΩ-triiodothyronine; T4: thyroxine; WBC: White Blood Cell count

Figure5. MetAP2 inhibitor improvesglucosetolerance and reducesbeta cell demand in overweight dogs. Glucoseand C-peptide
concentrationsweredeterminedfollowingoral administrationof a 0.9 g/kgglucose(Polycose®)loadat time=0 min to overnightfasted
dogsbefore(bluesymbols)andafter (redsymbols)8 weeksof ZGN-201treatment andafter a 4 weekwashoutperiod(greensymbols).
Valuesaremeans± SEM(n=3). HFF: High-fat high-fructosediet-fed; Chow: Chowdiet-fed

Figure2. MetAP2 inhibitor (ZGN-201) treatment inhibits food
intake in HFFdogs during the period of active weight loss.
Values are means ± SEM (n=3). Food consumption during
treatment wassignificantlydifferent from baseline. Foodintake
followingwashoutwasequivalentto baseline.

Figure 4. MetAP2 inhibitor (ZGN-201) treatment inhibits
food intake to a minor extent in chow-fed dogs. Valuesare
means ± SEM(n=3). Foodconsumptionduringtreatment was
significantly different from baseline. Food intake following
washoutwasequivalentto baseline.

Figure 3. MetAP2 inhibitor (ZGN-201) treatment inhibits
weight gain in chow-fed dogs. Bodyweightswere obtained
weeklyand plotted aspercentweight changeduringbaseline
(blue),during treatment with ZGN-201 for 8 weeks(red) and
during4 weekswash-out (green). Baselineweightswere 17.6
± 0.2 kg. Valuesaremeans± SEM(n=3).

Figure1. MetAP2 inhibitor (ZGN-201) treatment inducesloss
of excessbody weight in HFFdogs. Bodyweightswereobtained
weekly and plotted as percent weight changeduring baseline
(blue), during treatment with ZGN-201 for 8 weeks (red) and
during4 weeksof wash-out (green). Baselineweightswere 31.5
± 2.1 kg. Valuesaremeans± SEM(n=3).
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Effectsof ZGN-201 were studied in mixed-breed hounds and beagledogs
treatedbyoral administrationfor a periodof 8 weeks.

Animalsand care. Mixed-breedhoundswere maintainedon a high-fat high-
fructosediet (HFF; 17%fructose,52 %fat) for approximately3 yearsbefore
initiation of the study. Animalswere overweight and weight stable for 2
years. Beagledogswere maintainedon standarddog chow supplemented
with cannedmeat to encourageweight gain. Theanimalsand all associated
procedureswere conductedin facilities compliant with the NIH guidelines
andthe Principlesof LaboratoryAnimalCare,the Guidefor the CareandUse
of LaboratoryAnimals, andthe UnitedStatesDepartmentof Agriculture.

Treatment. ZGN-201 was administeredas a solution in 50 mM sodium
carbonateto providea daily doseof 0.1 mg/kg (weeks1-6) or 0.2 mg/kg
(weeks7-8). Thesedosesinhibited tissueMetAP2 activity asindicatedby
preservation of methionyl amino-terminal sequencesof the known
MetAP2 substrates thioredoxin-1 and glyceraldehyde-3 phosphate
dehydrogenasein blood cellsand biopsiesof fat and muscletissuefrom
the animalsin this study. Theanimalswereassesseddailyfor food intake.
Generalphysicalcondition includingstool andurinaryoutput andphysical
activity were observedon a daily basisby the laboratory staff and staff
veterinarians. Thedogshad a calm demeanor,no evidenceof lethargy,
somnolence,neurologicalsymptomsor behavioralabnormalities

Plasmaand blood analyses. Plasmaglucoselevelswere measuredusing
an AnaloxGM9 GlucoseAnalyzer. Plasmainsulin and plasmaC-peptide
concentrationswere measuredusing άaƛƭƭƛǇƻǊŜRIA double ŀƴǘƛōƻŘȅέ
procedures. Bloodcell countsand thyroid hormoneconcentrationswere
determined by the VUSMclinical laboratory core facility usingstandard
clinicalchemistrymethodologies.

Week of Study


