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Figure 3. ZGN-1061 reduced liver weight, liver galectin-3, and plasma ALT and AST

Data are mean and SEM (n=10-12/group). Data were analyzed by one-way ANOVA with Dunnett’s Multiple Comparison Test. *p<0.05, **p<0.01, ***p<0.001 
compared to Vehicle. Abbreviations: ALT = alanine aminotransferase; AST = aspartate aminotransferase; SEM = standard error of the mean

4) ZGN-1061 prevented long-term weight loss in nSTZ mice
• nSTZ mice gained weight for approximately 50 days followed by pathological weight loss and 

mortality (n=1) (Figure 4)

• Mice treated with ZGN-1061 exhibited transient pharmacologic weight loss followed by 
sustained weight gain through the end of the study (Figure 4)

Figure 4. Change in body weight over the course of treatment 

Data are mean and SEM (n=10/group). Abbreviations: SEM = standard error of the mean

5) ZGN-1061 improved glycemic control in nSTZ mice
• ZGN-1061 (3.0 mg/kg) normalized A1C levels to that of WT mice (Figure 5)

• ZGN-1061 (3.0 mg/kg) reduced random blood glucose levels (p<0.05 vs vehicle, data not shown) 

• ZGN-1061 (3.0 mg/kg) reduced plasma triglycerides and cholesterol (both p<0.05 vs vehicle, 
data not shown)

Figure 5. ZGN-1061 reduced A1C in hyperglycemic nSTZ mice

Data are mean and SEM (n=10/group). Data were analyzed by two-sided Mann-Whitney test compared to vehicle. **p<0.01 compared to Vehicle. 
Abbreviations: SEM = standard error of the mean

6) ZGN-1061 improved hepatic pathology in nSTZ mice
• ZGN-1061 reduced liver nodule area (Figures 6 and 7)

• ZGN-1061 reduced hepatomegaly as determined by liver to body weight ratio (p<0.05 for all 
doses, data not shown) 

RESULTS:
1) ZGN-1061 reduced body weight in DIO-NASH mice
• Treatment with ZGN-1061 resulted in weight loss that was statistically significant vs vehicle and 

that was sustained throughout the duration of the study (Figure 1)

• Treatment with ZGN-1061 did not alter food intake (data not shown)

Figure 1. ZGN-1061 produced a dose-dependent reduction in body weight 

Percent change in body weight relative to Day 0 (baseline). Data are mean and SEM (n=10-12/group). Mean absolute body weights on Day 0 were 37.4 ±0.7 
g for vehicle, 37.6 ±0.9 g for low dose ZGN-1061 (0.06 mg/kg), and 37.7 ±0.7 g for high dose ZGN-1061 (0.3 mg/kg). Data were analyzed by one-way ANOVA 
with Dunnett’s Multiple Comparison Test on Day 55. **p<0.01, ***p<0.001 compared to Vehicle. Abbreviations: SEM = standard error of the mean

2) ZGN-1061 improved NAFLD activity score (NAS, a composite measure of 
steatosis, inflammation, and ballooning degeneration)11

• ZGN-1061 reduced NAS composite score in most animals, whereas NAS was unchanged or 
higher in vehicle-treated mice (Figure 2)

• High dose ZGN-1061 (0.3 mg/kg) reduced NAS from baseline (6.2 ±0.2) to Week 8 (5.0 ±0.3, p=0.002), 
whereas low dose ZGN-1061 (0.06 mg/kg) showed a trend towards reduced NAS (p=0.054) 

• Improvements in NAS were primarily due to changes in steatosis and hepatocellular ballooning 
(data not shown)

• Fibrosis stage was modest at the start of study (1.5 to 1.7; 0-4 scale) and was unchanged in 
vehicle-treated mice over the course of the study; there was no treatment effect on fibrosis 
stage or liver Col1a1 content (data not shown)

Figure 2. ZGN-1061 improved NAFLD activity score (NAS)

Summary of histopathological scoring of the pre- and post-study biopsies. For each group the number of animals with a higher (worsening), same, or lower 
(improvement) score at post- compared to pre-study is indicated by the height of the bar. For each compound group, significance of number of animals with 
a lower score was assessed using Fisher’s exact test followed by adjustment for multiple correction using the Bonferroni method. **p<0.01, ***p<0.001 
compared to Vehicle. Abbreviations: NAFLD = nonalcoholic fatty liver disease; NAS = NAFLD activity score

3) ZGN-1061 reduced liver weight and improved markers of liver damage 
in DIO-NASH mice

• Compared to vehicle, mice treated with 0.3 mg/kg ZGN-1061 had reduced liver weight (-31%, 
p<0.001, Figure 3), liver triglycerides (-43%, p<0.001), and liver cholesterol (-26%, p=0.075, data 
not shown)

• ZGN-1061 reduced liver galectin-3 content, a biomarker of inflammation and fibrosis (Figure 3)

• ZGN-1061 reduced plasma liver enzymes ALT and AST (Figure 3) 

ABSTRACT
Background: Diabetes heightens the risk of developing nonalcoholic steatohepatitis (NASH) and hepatocellular 
carcinoma (HCC). ZGN-1061 (1061) is a methionine aminopeptidase 2 (MetAP2) inhibitor in clinical development 
for improved glycemic control in patients with type 2 diabetes. In obese mice, 1061 reduces fat mass and 
improves glycemic control and other metabolic parameters. Preliminary data indicate that MetAP2 inhibitors 
reduce liver weight and may improve liver function but 1061 effects in preclinical models of liver disease have not 
been studied.
Methods: We investigated the effects of 1061 on metabolic parameters and hepatic pathology in mice with diet-
induced obesity and biopsy-confirmed NASH (DIO-NASH, n=10-11/group) and in mice with neonatal streptozotocin 
treatment administered a high-fat diet (HFD) (nSTZ, n=10/group), which results in hyperglycemia, development of 
liver nodules, and subsequent HCC.  
Results: In DIO-NASH mice, 8 wks of treatment with 1061 (0.3 mg/kg SC) produced a vehicle-corrected 13% 
reduction in body weight, 31% reduction in liver weight, and 21% reduction in liver triglyceride (all p<0.05). 
Nonalcoholic fatty liver disease activity score (NAS), a composite measure of steatosis, inflammation, and 
ballooning degeneration (range 0-8), was unchanged in vehicle-treated mice (BL 6.2±0.1, Wk8 6.4±0.2) but was 
reduced in the 1061 group (BL 6.2±0.2, Wk8 5.0±0.3, p=0.002). The improvement in NAS with 1061 was primarily 
attributed to improvements in the NAS component measures of steatosis and hepatocellular ballooning (p<0.05). 
When administered a HFD, nSTZ mice exhibited weight gain for approximately 50 days followed by pathological 
weight loss and mortality (n=1). However, nSTZ mice treated with 1061 (3.0 mg/kg PO) for 10 wks exhibited 
transient pharmacologic weight loss followed by sustained weight gain, improved glycemic control (reduced blood 
glucose and A1C), reduced plasma lipids, and reduced hepatomegaly vs vehicle (all p<0.05). In addition, 1061 
reduced liver nodule area (p<0.05).
Conclusion: In DIO-NASH mice, 1061 markedly reduced body weight, liver weight, and hepatic triglyceride content 
and improved liver function, steatohepatitis, and NAS composite score. In nSTZ mice, 1061 improved glycemic 
control, attenuated hepatomegaly, and had a protective effect against hyperproliferative nodule formation. 
These findings demonstrate potential benefit of 1061 for improving liver function and treating NASH and its 
complications.

INTRODUCTION
• Diabetes is associated with increased fat accumulation in the liver, which can lead to 

nonalcoholic fatty liver disease (NAFLD) with progression to nonalcoholic steatohepatitis 
(NASH)1,2

• Methionine aminopeptidase 2 (MetAP2) inhibitors improve glycemic control in animals3,4 and 
humans5 by improving peripheral insulin sensitivity, glucose utilization, and storage

• MetAP2 inhibitors have also been shown to improve liver fibrosis scores and reduce the 
appearance of preneoplastic cells in a mouse model of diabetes and NASH6

• ZGN-1061 is a MetAP2 inhibitor in clinical development for improved glycemic control in 
patients with type 2 diabetes7

• In diet-induced obese (DIO) mice, ZGN-1061 improves glycemic control and other metabolic 
parameters and reduces fat mass8

OBJECTIVE
• Determine the effects of ZGN-1061 on metabolic parameters and hepatic 

pathology in mouse models of NASH 

METHODS
• Diet-induced obese mouse model of NASH (DIO-NASH)9,10: Male C57BL/6J mice were fed 

AMLN diet (40% fat, 20% fructose, 2% cholesterol; Research Diets) for 37 weeks prior to and 
throughout the study. Only mice with baseline fibrosis stage ≥1 and steatosis score ≥2 were 
included. Animals were stratified by liver type 1 collagen (Col1a1) quantification. Animals 
(N=10-12/group) were randomized to receive once daily SC treatment with 0.06 mg/kg ZGN-
1061, 0.3 mg/kg ZGN-1061, or vehicle for 8 weeks

• Neonatal streptozotocin (nSTZ) mouse model of NASH: Male C57BL/6J mice with neonatal 
streptozotocin treatment were administered a modified high-fat diet (40% fat, 20% fructose, 
2% cholesterol; Research Diets), which results in hyperglycemia, development of liver nodules, 
and subsequent hepatocellular carcinoma. Animals (n=10/group) were randomized to receive 
daily treatment with vehicle, 0.3 or 3.0 mg/kg ZGN-1061 PO for 10 weeks

Figure 6. Liver histology in nSTZ mice

A. Vehicle

B. ZGN-1061 (3.0 mg/kg)

Representative images of liver histology. Blue circles are drawn around example nodules

Figure 7. ZGN-1061 reduced liver nodule area in nSTZ mice

Data are mean and SEM (n=10/group). Data were analyzed by unpaired t-test or Mann-Whitney test compared to vehicle. *p<0.05 compared to Vehicle. 
Abbreviations: SEM = standard error of the mean

CONCLUSIONS
• In DIO-NASH mice, ZGN-1061 markedly reduced body weight, liver weight, and 

triglyceride content and improved liver function, steatohepatitis, NAS composite 
score, and markers of liver injury and inflammation

• In nSTZ mice, ZGN-1061 improved glycemic control, attenuated hepatomegaly, 
and had a protective effect against pathological weight loss and hyperproliferative 
nodule formation

• These findings demonstrate the potential benefit of ZGN-1061 in improving liver 
function and treating NASH

• Further investigation of the mechanism and efficacy of MetAP2 inhibition in treating 
NASH is warranted 
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