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Supplemental Methods 

In vivo procedures 

Mice were fed a 60% high fat diet for ~20 weeks resulting in a significant increase in body 

weight compared to mice fed a normal chow diet. DIO mice weighed ~50% more than lean mice 

and ~30% of their body weight was fat mass (Huang et al., 2016). Mice were 26-33 weeks old at 

the start of the study and were acclimated for at least 48 hours before study initiation. Mice were 

housed at 4 per cage and had free access to food and water throughout the study. Prior to study 

initiation, mice were weighed and conditioned to oral gavage with daily dosing of vehicle for 7 

days. Mice were then distributed to the treatment groups based on post-conditioning body 

weight and administered vehicle or test articles via oral gavage or subcutaneously based on 

individual body weight. Body weight, food intake and general health were monitored and 

recorded daily. At the end of study, mice were sacrificed by CO2 asphyxiation and blood and 

tissues were collected. 

PK-PD-E modeling of Compound 1 and beloranib in DIO mice 

The pharmacokinetic (PK) model for Compound 1 in DIO mice was built using the total serum 

concentrations for dose groups given a single 10 mg/kg, 30 mg/kg or 100 mg/kg dose (5 mice 

per time point in each group). A two-compartment, extravascular dosing model with log-additive 

error was fit simultaneously to all dose groups with a naïve-pooled approach (Supplemental 

Table S1 and Figure S1) using the appropriate built-in function in Phoenix WinNonlin (Certara 

USA, Princeton, NJ). 

The pharmacokinetic/pharmacodynamic (PK-PD) model for Compound 1 and NMet14-3- 

3response in DIO mice was built using the above PK model and NMet14-3-3levels in PBMCs 

isolated from blood pooled from 5 mice per time point following a single dose of 10 mg/kg, 30 

mg/kg or 100 mg/kg dose. To describe the delay in PD response with respect to PK, Compound 

1 plasma concentrations, C0, were simulated from the PK model built above (with parameters 

fixed), and linked through three transit compartments to an inhibitory indirect effect model: 
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where Ci is the concentration of Compound 1 in each transit compartment; is the transit time in 

each compartment; E is the NMet14-3-3level; Kin and Kout are the production and degradation 

rates of NMet14-3-3, respectively; and Imax and IC50 describe the saturating effect of Compound 

1 on slowing NMet14-3-3processing by MetAP2 (Supplemental Figure S2A). The response 

data were fit simultaneously across all dose groups using a naïve-pooled approach and additive 

error model in Phoenix WinNonlin (Supplemental, Table S1 and Figure S2). The model was 

then used to simulate NMet14-3-3levels up to 28 days at the doses corresponding to the in 

vivo BWL study to predict peak biomarker accumulation following daily Compound 1 treatment. 

The PK model for beloranib in DIO mice was built using the total serum concentrations 

for dose groups given a single 0.1 mg/kg or 0.3 mg/kg dose (3 mice per time point in each 

group). The two-compartment, extravascular dosing model with additive error was fit 

simultaneously to both dose groups with a naïve-pooled approach (Supplemental, Table S1 and 

Figure S3) using the appropriate built-in function in Phoenix. This model structure was the most 

parsimonious to provide a reasonable description of the limited available human data and 

captured the trend well despite fair parameter variance. We deemed the model sufficient for the 

purpose of connecting trends between efficacy and biomarker data. 

The pharmacokinetic-efficacy (PK-E) model for beloranib and BWL response in DIO 

mice was built using the above PK model and the fraction of body weight change in 8 mice per 

dose following daily 0.1 mg/kg or biweekly 0.1 mg/kg, 0.3 mg/kg or 1 mg/kg dosing. To describe 

the delay in PD response with respect to PK, beloranib plasma concentrations, C, were 

simulated from the PK model built above (with parameters fixed), and linked through a lag time, 

Tlag, to an inhibitory indirect effect model: 
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where Clag is the plasma concentration of beloranib after the lag time; BW is the body weight in 

each mouse normalized to its weight at time 0; Kin and Kout are the accumulation and loss rates 

of body weight, respectively; and Emax and EC50 describe the saturating effect of beloranib on 

increasing the rate of weight loss (Supplemental Figure S3E). The response data were fit 

simultaneously across all dose groups using a naïve-pooled approach in Phoenix WinNonlin 

(Supplemental Figure S3). 

The PK-PD model for beloranib and MetAP2 occupancy response in DIO mice was built 

using the above PK model and fractional unbound MetAP2 levels in whole blood from 5 mice 

per time point (quantified as described in the Methods above) following an acute 0.01 mg/kg, 

0.03 mg/kg or 0.1 mg/kg dose. Beloranib plasma concentrations, C, were simulated from the PK 

model built above (with parameters fixed), and drove the response in the following parsimonious 

inhibitory indirect effect model: 

 

E is the fraction of free MetAP2; Kin and Kout are the production and degradation rates of free 

MetAP2, respectively; and Ceff describes the slope of the effect of beloranib on stimulating 

unbound MetAP2 loss (Supplemental Figure S4A). The response data were fit simultaneously 

across all dose groups using a naïve-pooled approach in Phoenix WinNonlin (Supplemental, 

Table S1 and Figure S4). 
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*Baseline = 0.0115 set to average of vehicle dose group time series 

Supplemental Table S1. PK and PK-PD model parameter fits for Compound 1 and PK, PK-E 
and PK-PD for Beloranib 
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Supplemental Table S2. MetAP2 target engagement cellular activity of MetAP2 inhibitors in 
side by side analysis of mouse cells versus human cells (Methods). Results from two 
independent experiments are shown. 
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Supplemental Table S3. Detection of NMet14-3-3levels in PBMCs isolated from lean and 
obese patients. MetAP2 target engagement EC50 was determined for Beloranib added ex vivo 
to PBMCs isolated from lean or obese patients, as indicated in Figure 2 and Methods. 
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Supplemental Table S4. Efficacy and MetAP2 occupancy achieved by beloranib in obese 
mice. Each study group contained 8 mice for efficacy and 5 for occupancy. Occupancy (after 
one dose) and efficacy (after 7 daily doses) were measured in separated studies. Average and 
SEM are indicated. ^Average of individual mice across 2 to 3 studies. 
  



JPET #259028 Supplemental Materials 
 
 

 

Supplemental Figure S1. PK model diagnostics for Compound 1 in DIO mice. (A-C) 
Logtransformed observed (points) and model-predicted (lines) concentration vs. time for the 10 
mg/kg (A), 30 mg/kg (B), and 100 mg/kg (C) dose groups. (D) Observed vs. model-predicted 
log-transformed plasma concentration of Compound 1 (points), linear regression (dashed blue 
line) and line of unity (black line). (E) Weighted residuals vs. log-transformed model-predicted 
plasma concentration (points), Loess regression (blue line), and absolute Loess regression (red 
lines). (F) Weighted residuals vs. time (points), Loess regression (blue line) and absolute Loess 
regression (red lines). 
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Supplemental Figure S2. PK-PD model and diagnostics for Compound 1 and NMet14-3-3
response in DIO mice. (A) PK-PD model schematic depicting PK model (boxed, with parameters 
fixed for PK-PD model fitting using independent PK model fitting in Supplemental Figure S3 and 

NMet14-3-3response model. (B-E) Observed (points) and model-predicted (lines) NMet14-3- 

3levels in PBMCs vs. time for the vehicle (B), 10 mg/kg (C), 30 mg/kg (D) and 100 mg/kg (E) 

dose groups. (F) Observed vs. model-predicted NMet14-3-3levels (points), linear regression 
(dashed blue line) and line of unity (black line). (G) Weighted residuals vs. model-predicted 

NMet14-3-3(points), Loess regression (blue line), and absolute Loess regression (red lines). 
(H) Weighted residuals vs. time (points), Loess regression (blue line) and absolute Loess 
regression (red lines). 
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Supplemental Figure S3. PK model (A-D) and PK-E model (E-M) diagnostics for beloranib in 
DIO mice. (A) Observed (points) and model-predicted (lines) concentration vs. time for the 0.3 
mg/kg (blue circles) and 0.1 mg/kg (red squares) dose groups. (B) Observed vs. modelpredicted 
plasma concentration of beloranib (points), linear regression (dashed blue line) and 
line of unity (black line). (C) Weighted residuals vs. model-predicted plasma concentration 
(points), Loess regression (blue line) and absolute Loess regression (red lines). (D) Weighted 
residuals vs. time (points), Loess regression (blue line) and absolute Loess regression (red 
lines). (E) PK-E model schematic depicting PK model (boxed, with parameters fixed for PK-PD 
model fitting using independent PK model fitting in Supplemental Figure S5) and body weight 
response model. (F-J) Observed (points) and model-predicted (lines) baseline-normalized body 
weight vs. time for the vehicle (F), 0.1 mg/kg daily (G), and 0.1 mg/kg (H), 0.3 mg/kg (I), and 1 
mg/kg (J) twice weekly dose groups. (K) Observed vs. model-predicted baseline-normalized 
body weight (points), linear regression (dashed blue line) and line of unity (black line). (L) 
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Weighted residuals vs. model-predicted baseline-normalized body weight (points), Loess 
regression (blue line), and absolute Loess regression (red lines). (M) Weighted residuals vs. 
time (points), Loess regression (blue line) and absolute Loess regression (red lines). 
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Supplemental Figure S4. PK-PD model and diagnostics for beloranib and MetAP2 occupancy 
in DIO mice. (A) PK-PD model schematic depicting PK model (boxed, with parameters fixed for 
PK-PD model fitting using independent PK model fitting in Supplemental Figure S5) and 
MetAP2 occupancy response model. (B-D) Observed (points) and model-predicted (lines) 
fraction free MetAP2 in whole blood vs. time for the 0.01 mg/kg (B), 0.03 mg/kg (C), and 0.1 
mg/kg (D) dose groups. (E) Observed vs. model-predicted fraction free MetAP2 (points), linear 
regression (dashed blue line), and line of unity (black line). (F) Weighted residuals vs. 
modelpredicted fraction free MetAP2 (points), Loess regression (blue line) and absolute Loess 
regression (red lines). (I) Weighted residuals vs. time (points), Loess regression (blue line) and 
absolute Loess regression (red lines). 
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Supplemental Figure S5. Beloranib dose-exposure relationship in humans. AUC0-24h vs. dose 
observed in a clinical trial of beloranib in cancer patients (Shin et al., 2010) and obese patients 
(Hughes et al., 2013). The line represents the linear regression relationship used to estimate 
daily human exposure for a given dose. 
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Supplemental Figure S6. PK, target engagement in PBMC and adipose and efficacy for 

Compound 1. (A) NMet14-3-3and drug levels were measured over time in PBMCs and 
plasma from DIO mice treated with the Compound 1 at 30mpk qdx2. Each point represents the 

level of NMet14-3-3in PBMCs, which were isolated from blood that was pooled from 5 DIO 
mice. Mice were treated for 2 days with Compound 1. Blood and tissue collections started 2 
hours after the last dose on day 2. (B) The area under the effect curve (AUE) was calculated for 
the curves shown in (A) as well as similar curves obtained from the indicated adipose depots 
(not shown). AUE are from 0-72 hours starting from the last dose of the study. (C) Body weight 
loss efficacy in DIO mice at day 3, 5 and 7 as determined in a separate study for Compound 1 
at 30 mg/kg daily. Target engagement in PBMC and adipose for three MetAP2 inhibitors is 

shown in D-E. NMet14-3-3was measured over time in PBMCs from DIO mice treated with the 

indicated MetAP2 inhibitor (D). Each point represents the level of NMet14-3-3in PBMCs, 



JPET #259028 Supplemental Materials 
 
 

which were isolated from blood that was pooled from 5 DIO mice. Mice were treated for 2 days 
with the indicated compound as follows. Compound 1 was administered orally at 30 mg/kg at 
time 0 and 24hours; beloranib was administered sc to DIO mice at 0.3 mg/kg at time 0 and 24 
hours; A357300 was administered sc at 15 mg/kg at time 0, 12 and 24 hours. The dose 
selection was based on efficacy studies showing similar BWL efficacy (7-11%) at day 7. 
The area under the effect curve was calculated for the curves shown in (D) as well as similar 
curves obtained from the indicated adipose depots and the AUE is depicted in the bar graph in 
(E). AUE are from 0-72 hours starting from the last dose of the 2 day study. Note that the data 
shown in D and E for Compound 1 are the same as that shown in A and B and are shown in the 
in panels D and E for side by side comparison to other MetAP2 inhibitors. 


