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1 | INTRODUCTION

Analogues of glucagon-like peptide-1 (GLP-1), an incretin hormone

released by the L cells of the gut that promotes potentiation of

Aims: To characterize the pharmacology of MEDIO382, a peptide dual agonist of glucagon-like
peptide-1 (GLP-1) and glucagon receptors.

Materials and methods: MEDIO382 was evaluated in vitro for its ability to stimulate cAMP accu-
mulation in cell lines expressing transfected recombinant or endogenous GLP-1 or glucagon recep-
tors, to potentiate glucose-stimulated insulin secretion (GSIS) in pancreatic p-cell lines and
stimulate hepatic glucose output (HGO) by primary hepatocytes. The ability of MEDIO382 to
reduce body weight and improve energy balance (i.e. food intake and energy expenditure), as well
as control blood glucose, was evaluated in mouse models of obesity and healthy cynomolgus mon-
keys following single and repeated daily subcutaneous administration for up to 2 months.

Results: MEDIO382 potently activated rodent, cynomolgus and human GLP-1 and glucagon
receptors and exhibited a fivefold bias for activation of GLP-1 receptor versus the glucagon
receptor. MEDIO382 produced superior weight loss and comparable glucose lowering to the
GLP-1 peptide analogue liraglutide when administered daily at comparable doses in DIO mice.
The additional fat mass reduction elicited by MEDIO382 probably results from a glucagon
receptor-mediated increase in energy expenditure, whereas food intake suppression results
from activation of the GLP-1 receptor. Notably, the significant weight loss elicited by
MEDIO0382 in DIO mice was recapitulated in cynomolgus monkeys.

Conclusions: Repeated administration of MEDIO382 elicits profound weight loss in DIO mice
and non-human primates, produces robust glucose control and reduces hepatic fat content and
fasting insulin and glucose levels. The balance of activities at the GLP-1 and glucagon receptors
is considered to be optimal for achieving weight and glucose control in overweight or obese

Type 2 diabetic patients.
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glucose-stimulated insulin secretion from pancreatic f-cells and
delays gastric emptying, have been used extensively to reduce ele-
vated plasma glucose levels in type 2 diabetic patients.%> GLP-1 ana-

logues also induce satiety and significantly reduce body weight in
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animal models of obesity, which translates to a small decrease in
excess body weight in humans.®~® Glucagon is a hormone secreted
by the a-cells of the pancreas that elevates blood glucose levels by
promoting glycogen breakdown and glucose release from hepato-
cytes.” Glucagon also reduces food intake in man, an observation first
reported over 50 years ago.? Studies in rats indicated that this effect
of glucagon is due to increased satiety, by acting directly in the portal
venous/hepatic area to decrease meal size.” The endogenous dual
GLP-1/glucagon receptor agonist, oxyntomodulin, decreased food
intake and increased energy expenditure, thus reducing bodyweight
by 2.4% following treatment of healthy overweight and obese
humans for 4 weeks.'°"1* The half-life of oxyntomodulin is, however,
very short (c. 10 minutes), which precludes its clinical utility.*> Sev-
eral reports have recently emerged describing the effects of longer
half-life synthetic dual GLP-1/glucagon receptor agonist peptides in
rodent models of obesity and diabetes, following the original report
from Day et al. (2009).2718 However, none of these novel analogues
has been reported to have advanced to clinical studies to date.

Here we report on the pharmacological properties of
MEDIO382 (Figure 1), a novel dual GLP-1/glucagon receptor peptide
agonist with a balance of agonism at the GLP-1 and glucagon recep-
tors designed to facilitate both weight loss and glycaemic control,
that is currently being developed to treat overweight or obese
patients with type 2 diabetes (T2D).Y? The half-life of MEDIO382
has been extended by enhancing stability to peptidase degradation
and by palmitoylation to facilitate reversible binding to plasma albu-
min.2%2* MEDIO382 was designed and synthesized as part of a
chemistry lead generation and optimization campaign that produced
a series of dual GLP-1/glucagon receptor agonist peptides exhibiting
a range of GLP-1 and glucagon receptor agonist activities. The
desired balance of GLP-1 and glucagon receptor activities for com-
bining weight loss and glucose control in humans was identified on
the basis of systems biology modelling of clinical data for GLP-1
and glucagon analogues and pharmacokinetic-pharmacodynamic

in vivo screening of peptides with different activity ratios in diet-

induced obesity (DIO) mouse models.

2 | MATERIALS AND METHODS

2.1 | Synthesis

MEDIO0382 (Figure 1) was chemically synthesized. Peptide chain elon-
gation on the resin was performed with the aid of a solid phase pep-
tide synthesizer using manufacturer-supplied protocols for coupling
of Fmoc-amino acids. Glutamine residues 20 and 24 were substituted
with amino acids that were not susceptible to deamidation and argi-
nine residue 17 was replaced with glutamate to reduce susceptibility
to proteolysis. The orthogonal protection of the side chain of Lys10
was removed and the free epsilon-amino group was coupled to
gamma-glutamate, followed by palmitic acid to facilitate reversible
binding to albumin to extend plasma half-life. GLP-1, oxyntomodulin
and glucagon were purchased from Bachem AG (Bubendorf, Switzer-
land) and liraglutide from PolyPeptide Laboratories (Strasbourg,

France).

2.2 | Cyclic AMP accumulation assay

Stable Chinese hamster ovary (CHO) cell lines expressing human,
mouse, rat or cynomolgus monkey GLP-1 or glucagon receptor were
generated at AstraZeneca or Medlmmune using public domain- or in-
house-determined sequences for each receptor. INS-1 832/3 and
EndoC-pH1 cells were kindly supplied by Prof. Christopher
B. Newgard (Duke University, Durham, NC, USA) and Prof. Raphael
Scharfmann (Endocells, Paris, France), respectively. Cryopreserved
primary rat, mouse and human pooled hepatocytes were purchased
from Life Technologies (Carlsbad, CA, USA). Agonist potency determi-
nations (ECsq values) for peptides inducing cAMP production were

MEDI0382 HSQGT FTSDX SEYLD SERAR DFVAW LEAGG
Oxyntomodulin HSQGT FTSDY SKYLD SRRAQ DFVQW LMNTL RNRNN IA
Glucagon HSQGT FTSDY SKYLD SRRAQ DFVQW LMNT

GLP-1 (7-37)

Liraglutide

FIGURE1 Amino acid sequence and chemical
structure of MEDI0382. Sequences of the related
peptides oxyntomodulin, glucagon, GLP-1 (amino
acids 7-37) and liraglutide are also shown.
Differences in amino acids from native glucagon
and GLP-1 are denoted in red. X represents lysine
linked through gamma glutamate to palmitic acid.
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measured in the presence of 0.1% BSA or human, cynomolgus mon-
key, rat or mouse serum albumin at physiological concentrations
(4.4%, 4.2%, 3.2% and 3.2%, respectively; Sigma Aldrich UK or Equi-
tech Bio Inc, Kerrville, TX, USA) in order to account for the impact
that differences among species in plasma protein binding will have on
in vivo efficacy. cAMP generation was measured using the CisBio
dynamic d2 cAMP HTRF assay kit (CisBio, Codolet, France) according
to the manufacturer’s guidelines as previously described.?%23

2.3 | Hepatic glucose output (HGO) assay

The effect of MEDIO382, glucagon and oxyntomodulin on glucose out-
put was tested in primary rat hepatocytes. Fresh Sprague Dawley rat
hepatocytes were purchased from Triangle Research Labs (Research
Triangle Park, NC, USA). Cells (150 000 cells/well) grown on collagen-
coated plates, were washed three times with phosphate-buffered saline
prior to incubation with compounds or vehicle at 37°C for 120 minutes.
The supernatant was removed from each well and cells were lysed in
RIPA buffer (50 mM Tris HCI, 150 mM NaCl, 1% Triton X-100, pH 7.4).
Supernatants were centrifuged and assayed for glucose content using
the Amplex Red Glucose/Glucose Oxidase Assay Kit (Life Technolo-
gies). Protein concentration was determined with the Pierce BCA pro-
tein assay kit (Thermo Scientificc Waltham, MA, USA). Glucose
concentrations were normalized to protein content per well.

2.4 | Glucose-stimulated insulin secretion (GSIS)
assay

Rat INS-1 832/3 insulinoma cells were seeded in a 48-well plate
(250 000 cells/well) for 48 hours and then cultured in the presence
of low glucose (2.8 mM) in Krebs Ringer buffer (2.6 mM CaCl,,
98.5 mM NaCl, 4 mM KCl, 1.2 mM KHyPO4 1.2 mM MgSQOy,,
20 mM HEPES, 25.9 mM NaHCO3, 0.2% BSA, pH 7.4) for 1 hour at
37°C prior to incubation with compounds in the presence of high glu-
cose (8.3 mM) for 1 hour. Insulin secretion was quantified using Mes-
oscale Discovery ECL detection (Rockville, MD, USA).

2.5 | Animal studies

Animal studies were conducted at Medimmune, Inc. (USA), the
Mouse Metabolic Phenotypic Center at Vanderbilt University (USA),
Gubra (Denmark), and Envigo (UK) according to protocols reviewed
and approved by the Institutional Animal Care and Use Committee
(IACUC) of the testing facility and in compliance with the applicable
national laws and regulations concerning humane care and use of lab-
oratory animals and the AstraZeneca Animal Welfare and Bioethics
policies.

C57BIl/6 mice were obtained from Jackson Labs (Bar Harbor,
ME, USA) and were maintained on high-fat diet [HFD; 60% calories
derived from fat (D12492, Research Diets, Inc., New Brunswick, NJ,
USA)] except where noted otherwise. GLP-1 receptor knockout
(KO) mice and their wildtype C57BI/6 littermates were obtained from
Jackson labs and maintained on chow diet (# 2018) (Harlan Teklad,
Madison, WI, USA). Animals were housed on a 12 hour light/12 hour

dark cycle at standard temperature and humidity conditions with ad

libitum access to water and food (except where noted otherwise,
e.g. during fasting prior to glucose tolerance tests, measurement of
food intake or collection of samples for metabolic analysis).

Naive cynomolgus monkeys (Macaca fascicularis) were obtained
from a certified supplier, group housed, allowed access to water ad
libitum and fed on a pelleted diet for monkeys, supplemented with
fresh fruit and biscuits. Supplementary feeding of bread, biscuits
and/or malt loaf with jam and peanut butter was instigated during
the second or third weeks of treatment to minimize body weight loss.
Animals ranged from 33 to 36 months of age (2.6-4.2 kg) at start of
treatment. Access to food was withheld for at least 3 hours prior to

sampling for blood glucose or insulin.

2.6 | Acute food intake in mice

Acute effects of MEDIO382 on food consumption in DIO mice were
assessed by continuous measurement of food intake over a 24 hours
period using a BioDAQ food intake monitoring system (Research
Diets Inc.). Mice (16-17 week old male C57BI/6 fed a 60% HFD for
10-11 weeks) were housed singly in the BioDAQ system and
switched to a 45% kcal HFD diet (D12451, Research Diets Inc.) to
facilitate accurate food intake measurements. Mice were acclimatized
for 3-4 weeks in the BioDAQ system. Animals, weighing approxi-
mately 37 g, were randomized according to 24 hours food intake and
body weight the day before dosing. On the day of the study, mice
(n = 8/group) were fasted for 6 hours prior to dosing. Vehicle (1.85%
w/v propylene glycol and 0.04% v/v Tween 80 in 50 mM phosphate
buffer, pH 7.5), liraglutide (10 nmol/kg) or MEDIO382 (10 nmol/kg)
were administered s.c. approximately 1 hour prior to switching off
lights, whereas oxyntomodulin (OXM; 1000 nmol/kg) was adminis-
tered s.c. 10 minutes prior to lights out. Animals were given access to
45% HFD following lights out and food intake was recorded for
24 hours in the BioDAQ system.

Male GLP-1 KO mice and their
(WT) littermates (7-9 weeks of age) were housed one per cage and

receptor wildtype
allowed to acclimate for 5 days. Mice were sham dosed s.c. with
vehicle (1.85% w/v propylene glycol and 0.04% v/v Tween 80 in
50 mM phosphate buffer, pH 7.5) for 2 days prior to study start.
Mice (mean body weight c. 27-28 g) were randomized to treatment
groups based on body weight and 24 hours food intake. Following an
overnight fast, mice (n = 5-7/group) were injected with vehicle,
MEDI0382 (30 or 100 nmol/kg), liraglutide (30 nmol/kg) or the selec-
tive glucagon receptor agonist IUB288 (30 or 100 nmol/kg)** and
food was returned 30 minutes following dosing. Food was weighed

at 1, 2, 4, 6, 8 and 24 hours time points after return of food.

2.7 | Acute intraperitoneal glucose tolerance test
(IPGTT) in mice

Acute effects of MEDIO382 on glucose tolerance were assessed in an
intraperitoneal (i.p.) glucose tolerance test (IPGTT) in DIO mice, GLP-
1 receptor KO mice or their wildtype littermates. Male C57BI/6 mice
(16-17 weeks of age) which had been maintained for 10-11 weeks
on a 60% HFD were singly housed and allowed to acclimate for

approximately 3 weeks prior to study start with continued access to
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60% HFD. Mice (mean body weight c. 40 g; n = 5-7/group) were
sham dosed s.c. with vehicle (1.85% w/v propylene glycol and 0.04%
v/v Tween 80 in 50 mM phosphate buffer, pH 7.5) for 2-3 days to
acclimate to dosing and were randomized into groups based on body-
weight. Mice were then fasted overnight prior to i.p. administration
of glucose (1.5 g/kg). One hour prior to glucose administration, mice
were dosed s.c. with vehicle, MEDIO382 (1 or 10 nmol/kg) or liraglu-
tide (10 or 100 nmol/kg), whereas oxyntomodulin (300 nmol/kg) was
administered 10 minutes prior to the glucose challenge (t =0
minute). Blood glucose measurements from tail snips were performed
at =60, O (immediately prior to glucose challenge), 10, 30, 60 and
120 minute time points. Blood for plasma insulin measurement was
collected at -60, 0, 10 and 30 minutes.

Male GLP-1 receptor KO mice and their wildtype littermates (12-
15 weeks of age) housed one per cage for 5 days were randomized
according to body weight (mean bodyweight c. 27-29 g; n = 6/group)
and sham dosed s.c. with vehicle (1.85% w/v propylene glycol and
0.04% v/v Tween 80 in 50 mM phosphate buffer, pH 7.5) for 2 days
prior to study. Mice fasted for 6 hours were then injected s.c. with
vehicle, MEDIO382 (3 nmol/kg) or liraglutide (3 nmol/kg) at 1 hour
prior to an IPGTT (2 g/kg glucose; t = 0 minute). Blood glucose from
tail snips was measured at 0, 15, 30, 45, 60, 90 and 120 minutes post
glucose challenge.

2.8 | Acute glucose control in 2-hours
fasted mice

Male GLP-1 receptor KO mice and their wildtype littermates (9-11 weeks
of age) were housed singly for 10 days, and sham dosed s.c. with vehicle
(1.85% w/v propylene glycol and 0.04% v/v Tween 80 in 50 mM phos-
phate buffer, pH 7.5) for 3 days prior to study start. Mice were rando-
mized by body weight, (weighing c. 27-29 g; n = 6/group) fasted for
2 hours and injected with somatostatin (10 mg/kg, s.c) to prevent
release of glucagon and insulin from pancreas. Thirty minutes later (t = O
hour) mice were injected s.c. with vehicle, MEDIO382 (3, 10 or 30 nmol/
kg) or 1UB288 (30 nmol/kg). Blood glucose from tail snips was measured
at -0.5,0,0.25,0.5, 1, 1.5, 2 and 3 hours time points.

2.9 | Effects in DIO mice following repeated
administration

Male mice (C57BI/6) were fed a 60% HFD for 14-16 weeks and were
approximately 25-27 weeks of age (mean body weight: 43 g) at start
of study. Animals (n = 11-12/group) received daily s.c. doses of vehi-
cle (1.85% w/v propylene glycol and 0.04% v/v Tween 80 in 50 mM
phosphate buffer, pH 7.5), MEDIO382 (10 or 30 nmol/kg) or liraglu-
tide (40 nmol/kg). Food consumption and body weight were recorded
daily. On day 21, an i.p. glucose bolus (1 g glucose/kg) was adminis-
tered to mice fasted for 4 hours and blood glucose levels were meas-
ured at -45, 0, 30, 60, 90, 120 and 180 minutes relative to glucose
administration (t = O minute). Blood samples for preparation of
plasma were taken from the tail vein for measurement of MEDI0382
and liraglutide exposure at 1, 4, 8 and 24 hours post-dose on the first

and last days of dosing (Day 1 and 27, respectively).

WILEY- 4%

2.10 | Energy expenditure in DIO mice

Male DIO mice, approximately 20 weeks of age, individually housed
with access to high-fat diet (60% kcal/fat, D12492, Research Diets
Inc.; previously on HFD for c. 16 weeks) were randomized to one of
three groups based on body weight (mean body weight 41 g): vehi-
cle (fed ad libitum; n = 4), MEDIO382-treated (n = 8) or vehicle-
treated but pair-fed with the same amount of food as consumed by
MEDI0382-treated mice (n = 8). Vehicle (1.85% w/v propylene gly-
col and 0.04% v/v Tween 80 in 50 mM phosphate buffer, pH 7.5)
or MEDI0O382 (10 nmol/kg) were administered s.c. daily just prior to
lights-off for 21 days. Body weight and food intake were recorded
daily. Body composition was determined by NMR (Bruker minispec,
Bruker, Billerica, MA, USA) on days O, 16 and 21. On days 16-21,
mice were housed in an indirect calorimetry system (Promethion,
Sable Systems, Las Vegas, NV, USA) for energy expenditure assess-
ment. Oxygen consumption and carbon dioxide production were
measured for each mouse at 5 minute intervals for 30 seconds, to
calculate rate of oxygen consumption (VO,), a proxy for metabolic
rate. Respiratory exchange ratio (RER) was calculated as the ratio of
rate of CO, production (VCO,) over VO,. Ambulatory activity was
measured every second with XYZ beams (BXYZ-R, Sable Systems,
NV, USA). Data acquisition and instrument control were coordinated
by MetaScreen v2.2.18 and raw data were processed using Expe-
Data v1.7.30 (Sable Systems). The first 24 hours of data were dis-
carded and three full diurnal cycles of data were averaged to
calculate the mean 24 hours VO, and RER. VO, was normalized to
mean fat-free mass determined via NMR either side of indirect calo-
rimetry to account for differences in body mass between treatment
groups.

2.11 | Effects in cynomolgus monkeys following
repeated administration

Effects of MEDIO382 on food consumption, bodyweight and fasting
glucose were assessed in healthy cynomolgus monkeys as part of 4-
and 8-week toxicity studies and, in addition, effects on fasting insulin
were measured as part of a 4-week toxicity study. In the 4-week
study, groups of three male monkeys received daily s.c. doses of
vehicle (1.85% w/v propylene glycol and 0.04% v/v Tween 80 in
50 mM phosphate buffer, pH 7.5) or MEDIO382 at dose levels of
4, 8 or 27 nmol/kg/d for 29 days. In the 8-week study, groups of
three male and three female monkeys received daily s.c. doses
of vehicle (1.85% w/v propylene glycol and 0.04% v/v Tween 80 in
50 mM phosphate buffer, pH 7.5) or MEDIO382 at dose levels of
8, 16 or 27 nmol/kg/d for 57 days. Additional groups of two male
and two female cynomolgus monkeys were similarly treated at the
same dose levels for 8 weeks but were retained for an additional 4-
week treatment-free period to assess reversibility of bodyweight
changes. Food consumption and body weights were recorded daily
and blood samples were collected for measurement of MEDIO382,
glucose and insulin (4-week study only) prior to dosing and at 1, 4,
8, 12, 18 and 24 hours after dosing on Day 1 and 29 (4-week study)
or 57 (8-week study).
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2.12 | Measurement of peptides

Blood was collected into tubes containing EDTA anticoagulant, cen-
trifuged at 2000 x g for 10 minutes at ambient temperature and
plasma immediately frozen prior to measurement of MEDIO382 or lir-
aglutide by LC-MS/MS after protein precipitation extraction with
either ice-cold 75% acetonitrile or 95% ethanol. Following mixing and
centrifugation, supernatant was injected on an Acquity BEH C8 or
C18 UPLC column (Waters corp., MA, USA) and eluted using a gradi-
ent mobile-phase (Mobile phase A: 0.2% formic acid in water or 0.2%
formic acid and 2% acetonitrile in water, Mobile phase B: 0.2% formic
acid in acetonitrile) using a Waters Acquity LC system and Applied
Biosystems 5500 mass spectrometer.

2.13 | Measurement of glucose and insulin

Blood was sampled from a tail vein or tail snips in mice and a periph-
eral vein in monkeys. Blood glucose from tail snips was determined at
the specified time points using the Ascensia Breeze 2 blood glucose
monitoring system (Bayer Healthcare LLC, Mishawaka, IN, USA) in
the acute mouse studies. Blood glucose from venous samples was
measured with a BIOSEN c-Line glucose meter (EKF-diagnostics,
Barleben, Germany) in the repeat dose DIO mouse study or with an
ACCU-CHEK glucose meter (La Roche AG, Basel, Switzerland) in
monkeys. Blood was collected into tubes containing EDTA anticoagu-
lant, centrifuged at 2000 x g for 10 minutes at ambient temperature
and plasma immediately frozen prior to measurement of insulin by
immunoassay using a Mesoscale rat/mouse insulin kit (K152BZC-1,
Rockville, MD, USA) in the mouse acute IPGTT study, an Alphalisa
kit (Perkin Elmer, Waltham, MA, USA) in the repeat dose DIO mouse
study and an EMD Millipore kit (Nottingham, UK) in monkeys. Access
to food was withheld for monkeys for at least 3 hours prior to sam-

pling for glucose and insulin.

2.14 | Statistical methods

Graphical presentations, calculations and statistical analyses were car-
ried out with GraphPad software (San Diego, CA, USA). Results are
expressed as mean =+ standard error of the mean (SEM) unless other-
wise stated. In vivo data were analysed with two-way ANOVA fol-
lowed by Dunnett's post-hoc test (food intake, body weight and
IPGTT glucose challenge data) or a one-way ANOVA followed by
Dunnett’s or Bonferroni's post-hoc test (interval food intake, IPGTT
AUC and terminal fat and clinical chemistry data). Longitudinal food
intake and body weight data in the energy expenditure study were
analysed by two-way repeated measures ANOVA and Tukey's multi-
ple comparison post-hoc test. Body composition and mean 24 hours
VO,, mean 24 hours RER and physical activity data were analysed
using one-way ANOVA and Tukey's multiple comparison test. In all
cases, p <.05 was considered significant. Average steady state
plasma exposure (Css, average) was calculated using a non-linear
mixed effect pharmacokinetic modelling approach using the FOCE
Extended Least Squares estimation method as implemented in Phoe-
nix WinNonlin 6.4, NMLE 1.3 (Certara L.P., Princeton, NJ, USA).

3 | RESULTS

3.1 | MEDIO382 is a potent and selective GLP-1
and glucagon receptor agonist in vitro

The potency (ECso) values for MEDIO382 as measured by cAMP
generation in CHO cells over-expressing human recombinant GLP-1
or glucagon receptors in the presence of 0.1% BSA were 6.9 and
10.2 pM, respectively, which were within 10-fold of the native
ligands (Figure 2 and Table 1). These potencies were decreased by
protein binding when assays were performed in the presence of
physiological concentrations of plasma albumin. The potency relative
to the native ligands GLP-1 and glucagon is higher for MEDIO382 at
the human GLP-1R (1%) than at the human glucagon receptor
(0.2%) and this relationship is maintained for mouse, rat and cyno-
molgus monkey GLP-1 and glucagon receptors (Table 2). MEDIO382
stimulated a concentration-dependent increase in cAMP accumula-
tion in rat (INS-1 832/3) and human (EndoC-BH1) pancreatic p-cell
lines as well as rat, mouse and human hepatocytes (Table 1). In
addition, MEDIO382 potentiated glucose-stimulated insulin secretion
in the rat (INS-1 832/3) pancreatic B-cell line and increased glucose
output in rat hepatocytes (Figure 2 and Table 1). MEDIO382 showed
>10,000-fold selectivity for GLP-1 and glucagon receptor activation
over related Class B G protein-coupled receptors such as those for
human GIP, GLP-2 and secretin (Figure S1, Supporting Information).

3.2 | Acute administration of MEDIO382 reduces
food intake in mice

MEDI0382 (10 nmol/kg, s.c.) robustly suppressed food intake in DIO
mice relative to vehicle-treated controls during 0-12 hours after
administration (Figures 3A and S2, Supporting Information). Mean
food intake was reduced during this time interval to approximately
31% of control mice treated with vehicle (p < .001). The effect of
MEDIO382 was evident early (0-2 hours postdose), at which time
oxyntomodulin (1000 nmol/kg, s.c.) also significantly suppressed food
intake (Figure S2A, Supporting Information). Oxyntomodulin was inef-
fective during the 0-12 hours interval (Figure S2B, Supporting Infor-
mation), as expected from its short plasma half-life.2>2> The terminal
plasma half-life of MEDIO382 in mice after subcutaneous administra-
tion was measured in a separate study and was approximately
5 hours (data not shown) which is similar to liraglutide (c. 7 hours).2%
Liraglutide (10 nmol/kg, s.c.) reduced food intake to approximately
46% relative to vehicle controls at 0-12 hours (p < .001), but not dur-
ing 0-2 hours (Figure S2A and B, Supporting Information). None of
the drugs administered had a significant effect during the 12-
24 hours time interval after a single administration (Figure S2C, Sup-
porting Information).

The effect of MEDIO382-treatment (30 or 100 nmol/kg s.c.) was
also compared to treatment with liraglutide (30 nmol/kg s.c.) and the
selective glucagon receptor agonist IUB288 (30 or 100 nmol/kg s.c.)
in lean male GLP-1 receptor KO mice and their wildtype littermates
(Supplementary Figure S3A and B, Supporting Information). Neither
MEDIO382 nor liraglutide had an effect on food intake in GLP-1
receptor KO mice, but both peptides robustly reduced food
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FIGURE 2 Potency of MEDIO382 in transfected and physiologically relevant endogenous receptor systems. Representative concentration-
response curves for MEDIO382, GLP-1, glucagon (GCG), oxyntomodulin (OXM) and liraglutide in cAMP accumulation assays in CHO cell lines
expressing human GLP-1 receptors (A), human GCG receptors (B), rat INS-1 832/3 B-cell line (C) and rat hepatocytes (D) all in the presence of
0.1% BSA. Concentration-response curve for MEDIO382, GLP-1, liraglutide and OXM in rat INS-1 832/3 glucose-stimulated insulin secretion
assay (GSIS) in the presence of 0.2% BSA (E). Concentration-response curve for MEDI0382, GCG and OXM in rat hepatocyte glucose output
(HGO) assay in the presence of 0.1% BSA (F). Values are mean (=SEM) from duplicate analysis fitted with 4-parameter logistic fit to determine

ECso. Data shown representative of n = 3 experiments.

consumption in wildtype mice. I[UB288 failed to affect food intake in
both GLP-1 receptor KO and wildtype mice.

3.3 | Acute administration of MEDI0382
improves glucose control in mice

Following single s.c. administration of vehicle, MEDIO382, oxyntomo-

dulin or liraglutide to DIO mice, blood glucose levels measured prior

to an intraperitoneal glucose tolerance test (IPGTT; t = 0) decreased
significantly in mice dosed with liraglutide at 100 nmol/kg (Figure 3B;
p < .05). After the glucose challenge, only 10 nmol/kg MEDI0O382
reduced blood glucose levels (p < .05) at the 15 minutes time point
compared with vehicle-treated mice. However, at the 30, 60 and
120 minutes time points post-challenge, MEDIO382, oxyntomodulin
and liraglutide reduced glucose excursion at all dose levels (p < .001)

compared with vehicle control (Figure 3B). Glucose tolerance was
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TABLE1 Potency (ECsq values) for MEDIO382, GLP-1, glucagon, oxyntomodulin and liraglutide for transfected receptors expressed in CHO
cells and at endogenous receptor populations in the rat INS-1 832/3 p-cell line, human EndoC-gH1 p-cell line, and primary human, mouse and
rat hepatocytes for both second messenger and functional readouts

CHO- CHO-

human human Rat INS-1 Rat Mouse Pooled human Rat INS-1 Rat

GLP- GCGR 832/3 Human EndoC  hepatocyte hepatocyte hepatocyte 832/3 hepatocyte
Agonist 1R cAMP  cAMP p-cell cAMP p-cell cAMP cAMP cAMP cAMP p-cell GSIS HGO
GLP-1? 2.0+ 0.1 Inactive 32+5 219 + 75 Inactive Inactive Inactive 1068 + 2732 Inactive
Glucagon 264 + 101 1.3 + 0.08 10708 + 6737 22306 + 11141 75+ 8 58 +£ 11 665 + 141  Not tested 68 + 24
MEDI0382 69 +06 102+ 15 226 + 66 1051 + 316 462 + 57 840 + 80 2447 + 151 1506 + 447 83 + 28
Oxyntomodulin 102 + 26  18.1 + 1.2 2286 + 297 4253 4+ 651 2277 + 755 1395 + 190 9963 + 2310 33043 + 5025 1954 + 1139
Liraglutide 3.2+ 0.7 Inactive 81 + 10 285 + 69 Not tested Not tested Not tested 1430 4+ 372 Not tested

Values are geometric mean (&= SEM) ECsq (pM) from n = 3 independent experiments in the presence of 0.1% or 0.2% (GSIS) BSA.
'GLP-1 = GLP-1 (7-36)NH,.
2GLP-1 = ser8 GLP-1.

TABLE 2 Potency (ECsq values) and relative potency of MEDIO382 at human, cynomolgus monkey, mouse and rat transfected GLP-1 (GLP-1R)
or glucagon (GCGR) receptors expressed in CHO cells measured by cAMP accumulation in the presence of physiological plasma albumin levels

GLP-1R activity relative GCGR activity relative

Species GLP-1R ECsq (pM) GCGR ECsg (pM) to GLP1 (%)* to glucagon (%)? GCGR/GLP-1R ratio®
Human 188 + 43 682 + 154 1.02 0.19 0.19
Monkey 52 + 0.78 318 + 35 8.59 1.32 0.15
Mouse 74 + 12 614 + 141 2.88 071 0.25
Rat 50.6 + 8.7 24173 + 4240 1.13 0.13 0.12

Values are geometric mean (£ SEM) ECso (pM) from n = 4 independent experiments in the presence of 4.4% human albumin, 4.2% monkey albumin,
3.2% mouse albumin or 3.2% rat albumin.

1GLP-1R activity relative to GLP-1% = (geometric mean ECso GLP1/geometric mean ECso MEDI0382) x 100.
2GlucR activity relative to glucagon % = (geometric mean ECs glucagon/geometric mean ECso MEDIO382) x 100.
3GlucR/GLP-1R ratio = GlucR activity relative to glucagon %/GLP-1R activity relative to GLP-1%.

significantly improved in all treatment groups (p < .0001) with glu-
cose AUC's of 2487, 877, 785, 1345, 801 and 1182 mmol/L*min for
vehicle, 1 nmol/kg MEDI0382, 10 nmol/kg MEDI0382, 10 nmol/kg
liraglutide, 100 nmol/kg liraglutide and 300 nmol/kg oxyntomodulin,
respectively (Figure 3B inset).

Plasma insulin levels measured at the -60, 0, 10 and 30 min time
points were variable and only the high dose of MEDIO382 (10 nmol/
kg) showed a significant increase in insulin (p < .05) at the 10 minutes
time-point compared to vehicle-treated mice (Figure 3C).

The acute effect of MEDIO382 on glucose control was also
determined in lean male GLP-1 receptor KO mice and their wildtype
C57BI/6 littermates (Figure S3C-F, Supporting Information). Treat-
ment with MEDIO382 or liraglutide (both at 3 nmol/kg, s.c.) had no
effect on glucose excursion compared to vehicle treatment in GLP-1
receptor KO mice following an IPGTT (Figure S3C and D, Supporting
Information). In contrast, treatment with MEDIO382 or liraglutide
robustly lowered glucose excursion in wildtype mice compared to
vehicle treatment. MEDIO382 had a greater effect on reducing glu-
cose excursion than liraglutide at an equimolar dose level. In lean
male GLP-1 receptor KO mice which had been fasted for 2 hours and
treated with somatostatin (10 mg/kg, s.c.) to prevent pancreatic
release of glucagon and insulin, treatment with MEDIO382 (3, 10 or
30 nmol/kg, s.c.) robustly elevated glucose levels compared to
vehicle-treated mice, and had an effect similar to that elicited by the

glucagon receptor agonist IUB 288 (30 nmol/kg, s.c.; Figure S3E,

Supporting Information). Maximal effect on glucose elevation was
evident at the lowest dose of MEDIO382 (3 nmol/kg) tested. In con-
trast, MEDIO382-treatment reduced fasted blood glucose levels in
wildtype mice (Figure S3F, Supporting Information). IlUB288 substan-
tially, but transiently, elevated blood glucose level following
s.c. dosing in wildtype mice treated with somatostatin, but glucose
then declined to a level lower than vehicle-treated mice at 2 and

3 hours post-dose.

3.4 | Repeated administration of MEDI0382
reduces body weight and food intake and improves
glucose tolerance in DIO mice

Repeated once-daily s.c. administration of MEDIO382 or liraglutide to
DIO mice significantly (p < .05) reduced body weight (Figure 4A). The
mean body weight of vehicle-treated animals increased by 2.5% of
starting body weight over the course of the 4-week study, whereas the
mean body weight loss was 21%, 30% and 21% of starting body weight
at dose levels of 10 nmol/kg MEDIO382, 30 nmol/kg MEDIO382 and
40 nmol/kg liraglutide, respectively. The average steady state plasma
exposure (Css, average) at the end of the study was 12.3, 38.3 and
93.0 nmol/L at dose levels of 10 nmol/kg MEDIO382, 30 nmol/kg
MEDI0382 and 40 nmol/kg liraglutide, respectively.

The marked reductions in body weight upon repeated treatment

with MEDIO382 and liraglutide were reflected in an immediate
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FIGURE 6 Effect of MEDIO382 on body
weight in cynomolgus monkeys after
repeated daily administration of vehicle or
MEDI0382 (8, 16 or 27 nmol/kg/d;

30, 60 or 100 ug/kg/d, s.c.) for 57 days.
Values are mean (+ SD); n = 5 male and

5 female animals/group during dosing

301 & vehicle
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suppression of food intake compared to vehicle-treated mice
(p < .05), with the hypophagic effect reaching its maximum on Day 1-
2 (Figure 4B). Food intake gradually returned to baseline levels and
normalized from day 9 for MEDIO382 and from day 18 for liraglutide.
Cumulative total food intake was significantly reduced (p < .001) by
both MEDI0382 (10 and 30 nmol/kg doses) and liraglutide (40 nmol/
kg) when compared to vehicle treatment (Figure 4B inset). The impact
of liraglutide on food intake was greater than that produced by the
high dose of MEDIO382 (p < .05). The mean cumulative food intake
at the end of study was 61, 53, 50 and 42 g for vehicle, 10 nmol/kg
MEDIO382, 30 nmol/kg MEDIO382 and 40 nmol/kg liraglutide-
treated groups, respectively.

In order to assess the metabolic impact of MEDIO382, an IPGTT
was performed on day 21 (Figure 4C). Glucose tolerance was signifi-
cantly improved (p < .001) in all treatment groups with glucose AUC's
of 2339, 1294, 1281, and 1442 mmol/L*min for vehicle, 10 nmol/kg
MEDIO382, 30 nmol/kg MEDIO382 and 40 nmol/kg liraglutide,
respectively. Furthermore, blood glucose levels measured prior to the
glucose challenge (t = 0 minute) were also reduced in all treatment
groups (p < .05). Improvements in several metabolic parameters
measured at the end of the study, e.g. fat mass, liver triglycerides and
plasma biomarkers such as fasting insulin, glucose and alanine amino-
transferase (ALT), were noted following repeated treatment with
MEDIO0382 or liraglutide (Figures S4-S6, Supporting Information).

35 |

DIO mice were dosed daily for 3 weeks with either vehicle or
MEDIO382 (10 nmol/kg) and an additional group of vehicle-treated

mice were pair-fed with the same amount of food consumed by the

Energy expenditure in DIO mice

MEDIO382-treated group in order to determine the impact of
MEDIO382 administration on metabolic rate by indirect calorimetry
assessment during the last 4 days of treatment (Figure 5). Food
intake of MEDIO382-treated mice on day 0-16 was significantly
reduced by 19% relative to vehicle controls and was matched in the

pair-fed group (17% lower compared to vehicle, both p <.001

phase; n = 2 male and 2 female animals/
group during recovery phase. *p < .05;
##p < 01; *##p < ,001 compared to vehicle.

compared to vehicle; data not shown). Body weight was equally
reduced by MEDIO382 and pair-feeding relative to vehicle controls
through the first 10 days of treatment, whereupon the body weights
of pair-fed mice stabilized while MEDIO382-treated mice continued
to lose weight to a greater extent compared to pair-fed mice
(Figure 5A). MEDIO382 administration was associated with signifi-
cantly reduced fat mass relative to vehicle and pair-fed groups
(p < .05), whereas fat-free mass was not different between groups
(data not shown). Indirect calorimetry revealed that VO, (rate of oxy-
gen consumption, a proxy for metabolic rate) was elevated in mice
dosed with MEDIO382 (Figure 5B). Mean 24 hours VO, was signifi-
cantly higher (by 22%, p < .05) relative to vehicle controls, but did
not quite reach statistical significance compared to pair-fed controls
(15% increase, p = .077, Figure 5C). The respiratory exchange ratio
(RER) was low overall (Figure 5D), as expected for mice on high-fat
diet when fat utilization is forced by the diet. Nevertheless,
MEDIO0382-treated mice exhibited significantly lower mean 24 hours
RER relative to vehicle controls (p < .05), with a strong trend appar-
ent when compared to pair-fed mice (p = .064; Figure 5E). Analysis
of ambulatory activity showed no significant difference in total dis-

tance travelled between groups (data not shown).

3.6 | Repeated administration of MEDI0382
reduces body weight in cynomolgus monkeys

The terminal plasma half-life of MEDIO382 in cynomolgus monkeys
after s.c. administration was measured in a separate single-dose study
and ranged from 5 to 8 hours (data not shown). The body weights of
healthy cynomolgus monkeys following daily s.c. administration of
MEDIO382 at dose levels of 8, 16 or 27 nmol/kg/d for 8 weeks
reduced in a dose-dependent fashion (Figure 6). The mean body
weights of control animals increased by 9% (males) and 10% (females)
of starting body weight over the course of the 8-week study,
whereas the mean body weight loss (with range for individual animals
in parentheses) on the last day of dosing (Day 57) was 5% (7% to
4%), 7% (12% to 2%) and 11% (16% to 8%) of starting body weight



HENDERSON ET AL.

WILEY- 12

for males and 5% (9% to 2%), 11% (22% to 4%) and 13% (20% to 6%)
of starting body weight for females at dose levels of 8, 16 or
27 nmol/kg/d, respectively. Significant body weight loss compared to
vehicle-treated animals occurred mainly during the first 2 weeks
(p < .05—p < .001) and thereafter stabilized for the remainder of the
treatment period. Bodyweight loss was not associated with any
adverse clinical signs or vomiting in monkeys except for one female
animal dosed at 27 nmol/kg/d in the 8-week study which was killed
prematurely on Day 36 because of poor clinical condition (subdued,
thin and dehydrated with multiple skin lesions) which was considered
to be related to significant weight loss in this individual (up to 20% of
starting bodyweight).

Body weights generally returned to pretreatment values within
approximately 2 weeks of cessation of treatment in all groups, but it
is interesting to note that the body weights in all treated groups sta-
bilized at a lower level than that in controls during the last 2 weeks
of the treatment-free period. The changes in bodyweight were asso-
ciated with concomitant reductions in food consumption (Figure S7E,
Supporting Information).

Fasting blood glucose and plasma insulin were measured in mon-
keys in a separate study following daily s.c. administration of
MEDIO0382 at dose levels of O, 4, 8 or 27 nmol/kg/d for 29 days, but
there were no notable changes in either parameter compared with
baseline throughout the course of the study (Figure S7A-D, Support-

ing Information).

4 | DISCUSSION

Approximately 80%-90% of individuals with type 2 diabetes (T2D) are
overweight or obese?” and weight reduction by diet or drug interven-
tion is associated with reduced blood glucose levels and reduced cardio-
vascular risk factors.?8%° GLP-1 analogues have been shown to
improve glycaemic control and lead to reduction in insulin dose in T2D
subjects.®1733 GLP-1 agonists also reduce body weight in animal models
of obesity and induce modest weight loss in humans.***-3¢ The GLP-1
analogue Saxenda (liraglutide 3 mg), which was approved in 2014 for
treatment of obese adults with weight-related health conditions, has
been shown in clinical trials to reduce body weight by 5%-6% versus
placebo after 56 weeks.>> MEDI0O382 was designed to achieve glucose
control equivalent to that of liraglutide by virtue of its GLP-1 receptor
agonist activity, and shows broadly similar potency to liraglutide in
human and rat pancreatic p-cell lines and in recombinant GLP-1 recep-
tor cell lines (Table 1). The GLP-1 activity was complemented with glu-
cagon receptor agonist activity in a single peptide to harness the
additional effects of glucagon on energy intake, metabolic rate and
energy expenditure and hence further reduce bodyweight.3”=4°

This is the first report of the use of more physiologically relevant
endogenous receptor systems, namely human and rodent pancreatic
B-cells and hepatocytes, utilizing both second messenger (cAMP) and
functional (GSIS and HGO) endpoints for characterization of the
potency profile of a dual GLP-1/glucagon receptor agonist. The
potencies in cAMP and biological effect assays at endogenous recep-
tor systems are right shifted in comparison to transfected cell lines

for all molecules tested, presumably because of increased receptor

reserve resulting from receptor overexpression in transfected recep-
tor systems (Table 1). The relative potency of MEDIO382 in the
human and rat pancreatic p-cell lines and hepatocytes when com-
pared to GLP-1, glucagon, oxyntomodulin and liraglutide was, how-
ever, similar to that observed in transfected cell lines (Table 1). The
balance of activity at the GLP-1 and glucagon receptors in humans,
determined using transfected cell lines, was confirmed to be biased
approximately fivefold towards GLP-1 receptor activation versus glu-
cagon receptor activation (Table 2) and is predicted to provide signifi-
cant weight loss and glucose control in humans by systems biology
modelling of clinical glucagon and GLP-1 data (data not shown). Fur-
thermore, the balance of agonistic activity at each receptor is pre-
served across species (Table 2), thus allowing its pharmacology to be
evaluated in different preclinical models.

MEDIO382 elicited profound bodyweight loss in DIO mice and
healthy cynomolgus monkeys, and this is the first time that body-
weight reductions have been shown to translate from rodents to
non-human primates for a dual GLP-1/glucagon receptor agonist. In
monkeys, significant and sustained dose-dependent body weight loss
(of up to c. 20% compared to starting body weight in individual ani-
mals dosed s.c. at 27 nmol/kg for 8 weeks) was observed, which is
remarkable considering that these animals were young, lean and still
growing. Interestingly, bodyweights of monkeys treated with
MEDIO382 appeared to stabilize at a lower level than did control ani-
mals during the last 2 weeks of the treatment-free period in all trea-
ted groups (Figure 6), which suggests that treated animals do not
attain the same bodyweights as control animals, even after cessation
of treatment, and opens up the intriguing possibility that the thresh-
old at which bodyweight is maintained has been re-set.

In DIO mice, mean body weights decreased by up to 30% com-
pared with starting bodyweight after daily s.c. administration of
MEDIO382 for 4 weeks at a dose level of 30 nmol/kg. Liraglutide
was used as a comparator to facilitate translation to the clinic, since it
is currently the only incretin-based therapy to have been approved
for treatment of obesity. At the end of the treatment period, mean
body weight loss in mice treated at the lowest dose level of
MEDIO0382 (10 nmol/kg) was similar to that in animals dosed with lir-
aglutide at 40 nmol/kg (21% reduction compared to starting body-
weight in both cases). This facilitates a direct comparison of the two
interventions without having to account for any differential effects of
weight loss on metabolic parameters (Figures S4-S6, Supporting
Information). The dose of liraglutide (40 nmol/kg) was chosen to
mimic steady state unbound plasma drug exposure in humans at the

approved dose level of 3 mg 264!

, which is also tolerable in terms of
nausea and vomiting in humans. It was not possible to compare
higher doses of liraglutide and MEDIO382 since the bodyweight loss
caused by higher doses of MEDIO382 would have exceeded the ethi-
cal limits set by the project license under which the studies were con-
ducted. It is interesting to note that the average steady state plasma
exposure (Css, average) at which similar bodyweight loss was
achieved was notably lower for MEDIO382 at a dose level of
10 nmol/kg (12.3 nM) than for liraglutide (93 nM) and this provides
indirect support for the contribution of glucagon receptor agonism to
the weight loss effects observed with MEDIO382. The MEDIO382

exposures are >10-fold greater than the ECsy determined in the
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mouse hepatocyte cAMP potency assay in vitro. Furthermore, the
rate of decline in bodyweight of liraglutide-treated animals decreased
after approximately 14 days, whereas MEDIO382-treated animals
continued to lose weight throughout the 28-day period (Figure 4A).
Weight loss was accompanied by a significant reduction in body fat
in the subcutaneous and visceral fat compartments (Figure S4, Sup-
porting Information). Plasma parameters measured at the end of
treatment in DIO mice showed an increase in p-hydroxybutyrate and
kisspeptin levels (Figure S6, Supporting Information), suggesting a
glucagon receptor activation-driven increase in fatty acid oxida-
tion.*>*® The reduction in bodyweight also corresponded with a
reduction in food intake by mice and monkeys. Although weight loss
in DIO mice at a dose level of MEDIO382 of 10 nmol/kg was similar
to that in animals dosed with liraglutide (40 nmol/kg), the reduction
in food intake was less for MEDIO382 (Figure 4B), which suggests
that the additional weight loss induced by MEDIO382 was unlikely to
be related to increased nausea or taste aversion. Moreover, there
were no differences in locomotor activity after repeated dosing of
DIO mice with MEDIO382 compared to vehicle-treated animals in
the energy expenditure study. Since the additional weight loss
evoked by MEDIO382 was not just a consequence of reduced food
intake, other glucagon receptor-driven mechanisms, such as increased

0 were considered likely to contribute to this

energy expenditure,*
effect.

This proposal is supported by evidence from a separate indirect
DIO mice,

MEDIO382-treated mice exhibit greater bodyweight loss compared

calorimetry study conducted in illustrating  that
with both vehicle-treated and pair-fed control mice treated with vehi-
cle. This result suggests that the effects of MEDIO382 on bodyweight
are not simply a reflection of reduced energy intake, but are also due
to increased energy expenditure (Figure 5). MEDIO382-treated mice
exhibited higher oxygen consumption (VO,), suggesting enhanced
metabolic rate, and a lower respiratory exchange ratio (RER), indica-
tive of preferential fat oxidation, compared with vehicle and pair-fed
controls, which may be responsible for the greater bodyweight loss
produced by MEDIO382 compared to pair-fed controls. In this con-
text, oxyntomodulin and its analogues, but not GLP-1 analogues,
have been reported to increase energy expenditure in rodents and
overweight humans, and these activities contribute to the weight loss
effects.11644-48 Eyrther support for the role of glucagon receptor
activation by MEDIO382, in energy expenditure as compared with
energy intake, comes from studies measuring the acute effects of
MEDI0382, liraglutide and 1UB288 (a selective glucagon agonist) in
GLP-1R KO mice and wild-type C57BI/6 littermates (Figure S3, Sup-
porting Information). MEDIO382 and liraglutide robustly reduced food
intake and improved glucose tolerance in wild type mice (Figure S3B
and D, Supporting Information), but these effects were abolished in
GLP-1R KO mice (Figure S3A and C, Supporting Information).
IUB288 also failed to reduce food intake in both GLP-1R KO mice
and wild type littermates (Figure S3A and B, Supporting Information).
Similarly, in 2-hours fasted wildtype mice dosed with somatostatin
to prevent release of pancreatic glucagon and insulin, glucose con-
trol was also driven by GLP-1 receptor activation (Figure S3F, Sup-
porting Information). In contrast, in GLP-1 receptor KO mice dosed

with somatostatin, MEDIO382 elicited a robust maximal elevation in

glucose levels at the lowest dose tested (3 nmol/kg; Figure S3E,
Supporting Information). This was the same dose that elicited robust
glucose tolerance in an IPGTT in wildtype mice. Thus, the energy
intake and glucose control effects of MEDIO382 are driven mainly
by GLP-1 receptor activation, whereas blood glucose elevation
(in the absence of GLP-1 receptors) and energy expenditure appear
to be mediated by glucagon receptor activation. Taken together, our
results indicate that MEDIO382 possesses a strong glucagon recep-
tor tone that is counterbalanced by the GLP-1 activity of the
peptide.

It is interesting to note that the reduction in food intake
appeared to parallel body weight loss in cynomolgus monkeys and
both stabilized at a lower level after approximately 2 weeks of treat-
ment (Figures 6 and S7E, Supporting Information) whereas in DIO
mice, food intake normalized after approximately 9 days although
bodyweights continued to decline (Figure 4A and B). It is possible
that an increase in food intake in monkeys was obscured by an
increased intake of supplementary food (bread, biscuits and/or malt
loaf with jam and peanut butter) which was provided to help mini-
mize weight loss because this was more palatable than pelleted diet
and the amount of supplementary food eaten was not recorded. It
remains to be seen whether the food-intake and weight-loss profile
of MEDIO382 in humans translates best to DIO rodents or lean
monkeys.

MEDIO0382 suppressed the acute rise in plasma glucose after glu-
cose challenge in DIO mice after a single dose, or after repeated daily
dosing for 21 days (Figures 3B and 4C). The effect of MEDIO382 was
similar to that of liraglutide (40 nmol/kg) at both dose levels (10 and
30 nmol/kg) after repeated dosing. There was a significant reduction
in plasma insulin after repeated dosing with MEDIO382 or liraglutide
for 21 days (Figure S6A, Supporting Information) which is probably a
consequence of improved insulin sensitivity induced by weight loss.
A significant reduction in fat mass, accompanied by a profound
improvement in liver health, characterized by decreased liver triglyc-
eride content and plasma ALT levels (Figures S4 and S5, Supporting
Information), was observed after repeated dosing and this is likely to
contribute to increased insulin-mediated glucose disposal in fat and
liver. The effects of MEDIO382 on glycaemic control after repeated
dosing are therefore in line with those of liraglutide and are consist-
ent with the similar GLP-1 receptor potency of the two molecules.
The fact that there were no notable changes in plasma glucose or
insulin in healthy monkeys suggests that the balance of activities at
GLP-1 and glucagon receptors is optimal for both glycaemic control
and safety.

In summary, MEDIO382 is a novel dual GLP-1/glucagon receptor
peptide agonist with a balance of agonism at GLP-1 and glucagon
receptors which provides glycaemic control following glucose chal-
lenge in obese insulin-resistant mice and in lean mice, without having
an adverse effect on resting glucose levels. The key differentiator
from GLP-1 agonists such as liraglutide is the enhanced weight loss
which is a consequence of the glucagon component and has been
demonstrated in DIO mice and, for the first time, in non-human pri-
mates. MEDIO382 has recently entered clinical development to evalu-
ate its potential as a treatment for overweight or obese individuals
with T2D.*?
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