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SAR441255 showed substantial body weight loss in diabetic
obese monkeys

SAR441255 also improved glucose control in diabetic obese
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PET imaging in monkeys confirmed high receptor occupancy
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SAR441255 receptor engagement
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In brief

Bossart et al. designed a unimolecular
triple GLP-1R/GCGR/GIPR agonist with
substantial metabolic activity in
preclinical animal models. In a single-
dose study in human subjects,
SAR441255 lowered plasma glucose
during a mixed-meal tolerance test with a
decrease in plasma biomarker levels
supportive of engagement at all three
targeted receptors.

¢ CellP’ress


mailto:martin.bossart@sanofi.�com
mailto:konkar_anish@lilly.�com
https://doi.org/10.1016/j.cmet.2021.12.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cmet.2021.12.005&domain=pdf

Cell Metabolism ¢? CellP’ress

OPEN ACCESS

Effects on weight loss and glycemic control
with SAR441255, a potent unimolecular peptide
GLP-1/GIP/GCG receptor triagonist

Martin Bossart,"-'7-* Michael Wagner,'-'2 Ralf Elvert,>'3 Andreas Evers,'-'* Thomas Hubschle,?> Tim Kloeckener,?'5
Katrin Lorenz," Christine Moessinger,? Olof Eriksson,3* Irina Velikyan,*°> Stefan Pierrou,® Lars Johansson,®
Gabriele Dietert,® Yasmin Dietz-Baum,® Thomas Kissner,® Irene Nowotny,” Christine Einig,® Christelle Jan,°
Faiza Rharbaoui,” Johann Gassenhuber,” Hans-Peter Prochnow,” Inoncent Agueusop,® Niels Porksen,°
William B. Smith,"" Almut Nitsche,’? and Anish Konkar?16-*

1Synthetic Medicinal Modalities, Integrated Drug Discovery Germany, Sanofi, Frankfurt, Germany

2TA Diabetes, Sanofi, Frankfurt, Germany

3Antaros Medical AB, MéIndal, Sweden

4Science For Life Laboratory, Department of Medicinal Chemistry, Uppsala University, Uppsala, Sweden

5PET Centre, Centre for Medical Imaging, Uppsala University Hospital, Uppsala, Sweden

SPreclinical Safety, Sanofi, Frankfurt, Germany

“Translational Medicine & Early Development, Sanofi, Frankfurt, Germany

8Clinical Sciences & Operations, Sanofi, Frankfurt, Germany

9Clinical Sciences & Operations, Sanofi, Chilly-Mazarin, France

10Djabetes Development, Sanofi, Frankfurt, Germany

TINOCCR Alliance for Multispecialty Research (AMR), Knoxville, TN, USA

12Present address: Dewpoint Therapeutics, Frankfurt, Germany

13Present address: Evotec International GmbH, Goettingen, Germany

14Present address: Global Research & Development, Discovery Technologies, Merck Healthcare KGaA, Darmstadt, Germany
15Present address: Cardiometabolic Disease Research, Boehringer Ingelheim Pharma GmbH, Biberach/Riss, Germany
16Present address: Diabetes and Complications Therapeutic Area, Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, IN, USA
17 ead contact

*Correspondence: martin.bossart@sanofi.com (M.B.), konkar_anish@Iilly.com (A.K.)
https://doi.org/10.1016/j.cmet.2021.12.005

SUMMARY

Unimolecular triple incretins, combining the activity of glucagon-like peptide-1 (GLP-1), glucose-depen-
dent insulinotropic polypeptide (GIP), and glucagon (GCG), have demonstrated reduction in body weight
and improved glucose control in rodent models. We developed SAR441255, a synthetic peptide agonist
of the GLP-1, GCG, and GIP receptors, structurally based on the exendin-4 sequence. SAR441255 dis-
plays high potency with balanced activation of all three target receptors. In animal models, metabolic
outcomes were superior to results with a dual GLP-1/GCG receptor agonist. Preclinical in vivo positron
emission tomography imaging demonstrated SAR441255 binding to GLP-1 and GCG receptors. In
healthy subjects, SAR441255 improved glycemic control during a mixed-meal tolerance test and
impacted biomarkers for GCG and GIP receptor activation. Single doses of SAR441255 were well toler-
ated. The results demonstrate that integrating GIP activity into dual GLP-1 and GCG receptor agonism
provides improved effects on weight loss and glycemic control while buffering the diabetogenic risk of
chronic GCG receptor agonism.

INTRODUCTION

The twin epidemics of type 2 diabetes (T2D) and obesity are a
global health burden. Despite advice to manage their disease
by increasing physical activity, maintaining a strict diet, and
use available pharmacotherapy, many patients struggle to
manage T2D and/or obesity (Upadhyay et al., 2018; Zaykov
et al., 2016). At present, glucagon-like peptide 1 receptor ago-
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nists (GLP-1RAs) are the only approved class of drugs to have
shown the potential to effectively treat both T2D and obesity
(Nauck et al., 2021). In view of their significant and sustained
effects on weight loss as well as favorable metabolic effects,
GLP-1RAs are also being evaluated for the treatment of non-
alcoholic fatty liver disease (NAFLD)/non-alcoholic steatohepa-
titis (NASH) (Seghieri et al., 2018; Sumida et al., 2020; Vilar-Go-
mez et al., 2015), an obesity-related condition for which there
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Figure 1. SAR441255 is a potent and balanced agonist of the GLP-1, GIP, and GCG receptors

(A) Amino acid (AA) sequences of GLP-1(7-36)NH,, exendin-4, glucagon (GCG), GIP, and SAR441255. AAs that are identical between GCG and exendin-4 are
colored blue, residues unique to exendin-4 are colored gray, residues unique to GCG are shown in yellow, residues unique to GLP-1 are shown in white, and
residues unique to GIP are shown in purple. Additional modifications introduced to enhance selectivity or metabolic stability are shown in orange.

(B) Modeling hypothesis of the SAR441255 3D structure in the conformation binding to the GLP-1, GIP, and GCG receptor. The color coding of peptide AAs is

equivalent to the sequence color coding outlined in (A).

(C) Agonist potencies (mean apparent 50% stimulatory concentration [ECso] values) from in vitro assays measuring cAMP response to SAR441255 and the
endogenous ligands GLP-1(7-36)NH,, GCG, and GIP(1-42) in HEK293 cells expressing human recombinant GLP-1R, GCGR, or GIPR (n = 4).
(D) Agonist potencies (ECsg values) in cell lines with endogenous expression levels of receptors assessing cAMP elevation (GLP-1R and GCGR) or lipolysis (GIPR)

(n = 3-6).

are currently no approved pharmacological therapies. The
physiological and pharmacological actions of the peptide hor-
mones glucose-dependent insulinotropic peptide (GIP) and
glucagon (GCG), including glucose-dependent insulin secre-
tion, appetite suppression, energy expenditure, and hepatic
fat oxidation, are likely to complement the beneficial effects
of GLP-1 (Finan et al., 2016; Mdller et al., 2017; Perry et al.,
2020). Since the three endogenous peptide hormones GLP-1,
GIP, and GCG share a high degree of sequence homology, it
is feasible to generate analogs that activate each of the three
receptors with similar activity as the individual endogenous li-
gands (Bhat et al., 2013a, 2013b; Gault et al., 2013). DiMarchi
and colleagues in 2015 described such a highly potent unimo-
lecular triagonist using carefully selected amino acids from the
three native peptide hormones in combination with several sta-
bilizing motifs (Finan et al., 2015). The resulting triagonist was
evaluated in a series of preclinical rodent models of obesity
and diabetes, showing impressive effects on body weight
reduction and improved glucose control (Finan et al., 2015).
Based on these highly promising preclinical data, several
GLP-1-based unimolecular dual and triagonists have been sub-
sequently evaluated (Clemmensen et al., 2019; Day et al., 2009;
Di Prospero et al., 2021; Evers et al., 2020; Finan et al., 2013,
2015). To date, clinical data have only been published for
dual incretin agonists (Ambery et al., 2018a; Di Prospero
et al., 2021; Finan et al., 2013; Frias et al., 2017; Frias et al.,
2021; Nahra et al., 2021; Portron et al., 2017; Rosenstock
et al., 2021; Schmitt et al., 2017; Tillner et al., 2019). In this
manuscript, we report preclinical and clinical data for a novel
unimolecular GLP-1, GIP, and GCG receptor triagonist that of-
fers potential for significant benefit in the treatment of meta-
bolic diseases.
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RESULTS AND DISCUSSION

SAR441255 structure and in vitro activity profile

The structure of SAR441255 is based on the selective GLP-1R
agonist exendin-4. In exendin-4, the C-terminal sequence (resi-
dues 30-39) cages Trp25 (tryptophan cage), which provides
enhanced helicity and structural stability to the peptide through
intramolecular interactions and results in improved physico-
chemical and metabolic stability compared with the native pep-
tides GLP-1, GCG, and GIP (Chabenne et al., 2010). Following
careful analysis of 3D structural models based on the known
X-ray structures of the three natural hormones in their respective
receptors (Evers et al., 2018), amino acids (AAs) of GLP-1 at po-
sitions 17 and 21, of GCG at position 18, and of GIP at positions
19 and 28 were introduced to enhance receptor activation at the
GCG and GIP receptors (Figure 1A). In position 2, an Aib (2-ami-
noisobutyric acid) was introduced to further strengthen activa-
tion of all three receptors as well as to protect against dipeptidyl
peptidase IV (DPP-IV) cleavage, a major clearance pathway for
GLP-1 and GIP (Deacon, 2004). Four AAs were mutated in the
exendin tail (positions 32, 34, 35, and 39) to improve the physico-
chemical profile in the presence of antimicrobial preservatives,
particularly to avoid aggregation issues at acidic pH in the pres-
ence of phenolic preservatives (Evers et al., 2019). Further AA
changes at positions 3, 13, 20, and 29 were introduced to
achieve high and balanced activation at each receptor and to
ameliorate chemical stability in buffer formulations (Evers et al.,
2020). While the combination of all 4 changes is needed to
achieve the desired overall profile, Leu in position 13 was espe-
cially important to ensure chemical stability in solution and the
other 3 AAs to achieve high GIPR activation. At position 14, a
C16 fatty acid (palmitic acid) side chain was introduced at the
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e-amino group of lysine using two y-glutamic acid spacers to
prolong in vivo half-life via albumin binding (Bech et al., 2018).
Figure 1B shows the resulting 3D model.

SAR441255 displayed high potency for stimulating human
GLP-1, GCG, and GIP receptors expressed recombinantly in
HEK293 cells, as assessed by monitoring cAMP accumulation.
The peptide displayed potency (mean apparent 50% stimula-
tory concentration [ECsg] values of 1.03, 1.01, and 0.73 pM at
GLP-1R, GCGR, and GIPR, respectively) (Figure 1C) and
maximal activity (data not shown) that were comparable to
those displayed by endogenous agonists for the cognate re-
ceptors (Figure 1C). Similarly, SAR441255 displayed high po-
tency and maximal activity for stimulating mouse and monkey
GLP-1, GCG, and GIP receptors expressed recombinantly in
HEK293 cells (Table S1). We did not directly compare
SAR441255 to mouse and rat GIP in these assays, which
have been previously reported to show higher potency and
maximal activation compared to human GIP (Mroz et al.,
2019; Sparre-Ulrich et al., 2016).

To confirm these activities in a translational setting, the
in vitro activity of SAR441255 was studied in cell systems ex-
pressing endogenous levels of each receptor. GLP-1R agonism
was assessed using the human pancreatic cell line 1.1B4, with
SAR441255 showing similar potency to endogenous ligand
GLP-1 (ECsg values of 27 and 29 pM, respectively) (Figure 1D).
GCGR agonism was tested in primary human hepatocytes us-
ing a buffer system containing 0.1% bovine serum albumin
(BSA). SAR441255 exhibited comparable potency to endoge-
nous GCG (ECso values of 2.1 and 3.0 nM, respectively).
GIPR agonism was studied by monitoring lipolysis in human
adipocytes differentiated in vitro from precursors. Again,
SAR441255 showed a similar potency as the endogenous
ligand GIP (ECso values of 42 and 102 pM, respectively). The
maximal activity of SAR441255 at GLP-1, GCG, and GIP recep-
tors was similar to the cognate endogenous agonist of each re-
ceptor. Overall, SAR441255 was shown to possess a balanced
activity profile both in HEK293 cells that recombinantly overex-
press the three receptors and in cell lines expressing endoge-
nous receptor densities. The potencies closely approximate
the potency of the cognate ligands for their respective
receptors.

Metabolic effects of SAR441255 in a diet-induced
obesity mouse model

Based on this promising in vitro profile, SAR441255 was charac-
terized in a mouse model of diet-induced obesity (DIO) to study
its effects on body weight. Twenty-five-week-old obese female
C57BL/6NHsd mice (n = 8/group) were treated for 28 days
with different subcutaneous (s.c.) doses of SAR441255 (0.3, 1,
3, 10, or 30 pg/kg) administered twice daily (bid). Based on the
results of an earlier single-dose pharmacokinetic study in lean
mice (mean half-life [t1,2] = 5.9 h; data not shown), bid dosing
was used to ensure sufficient SAR441255 exposure over a
24 h period. This decision was analogous to the bid dosing
used for the GLP-1R agonist liraglutide in DIO mouse studies
where a similar t4,, (4 h) ensured adequate coverage for GLP-1
receptor activation over 24 h (Elvert et al., 2018b; European Med-
icines Agency, 2009; Knudsen, 2010; Madsen et al., 2010; Raun
et al., 2007; Telbel et al., 2018).
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Three comparator groups were studied: a group of chow-
fed lean mice treated with vehicle and two groups of DIO
mice, one treated with vehicle and the other with a previously
identified mouse GLP-1R/GCGR dual agonist (30 nug/kg s.c.
bid) (Elvert et al., 2018b). Dose-dependent effects on body
weight change were observed following treatment with
SAR441255. Compared with baseline, the obese vehicle-
treated control group exhibited a body weight change
of +11.5% on day 26 (Figure 2A). Body weight changes on
day 26 with increasing doses of SAR441255 (0.3, 1, 3, 10,
and 30 pg/kg bid) were +9.7%, +6.9%, +5.8%, —4.8%, and
—14.1%, respectively. SAR441255 doses of 3 ng/kg or greater
showed statistically significant reductions in body weight
compared with vehicle-treated obese controls (Figure 2B).
Due to a forced fasting period prior to a dual energy X-ray ab-
sorptiometry (DEXA) scan on day 26, further body weight
changes were not analyzed. Cage side observations were
routinely made following administration of SAR441255. No
gross changes in behavior were noted at the administered
doses. Other researchers have similarly reported a lack of sig-
nificant behavioral effects with administration of GLP-1 ana-
logs or triagonists to rodents at appropriate dose levels (Finan
et al., 2015; Talsania et al., 2005). Hence, the effect on body
weight change is not due to altered feeding behavior but likely
results from the satiety effects and increased energy expendi-
ture attributed to activation of GLP-1R and GCGR, respec-
tively (Kleinert et al., 2019; Mdller et al., 2019).

Nonfasted blood glucose levels were significantly lower for
SAR441255-treated mice at doses of 1 pg/kg or greater as
compared with vehicle-treated obese controls (Table S2). A
dose-dependent reduction in liver weight was observed on day
28, with the 10 and 30 pg/kg SAR441255 groups being signifi-
cantly lower than the vehicle control group (p < 0.001 and p <
0.0001, respectively) (Table S3). In addition, dose-dependent
decreases in serum AST and ALT levels were observed, indica-
tive of improved liver function in the SAR441255-treated mice.
Compared with obese control mice, mean serum ALT levels
were reduced by 73% and 81% for the SAR441255 10 and
30 pg/kg bid groups (p < 0.001 and p < 0.0001, respectively).
Similarly, mean AST levels were reduced by 46%, 55%, and
58% in the SAR441255 3, 10, and 30 pg/kg bid groups versus
obese controls (p < 0.001, p < 0.0001, and p < 0.0001, respec-
tively). These observations are consistent with results previously
reported by Finan and colleagues using a different balanced tri-
agonist of GLP-1, GIP, and GCG receptors (Finan et al., 2015).
The 30 pg/kg bid dose of SAR441255 also showed a significantly
greater reduction in body weight (14.1%) compared with the
mouse GLP-1R/GCGR dual agonist comparator (6.3 %) adminis-
tered at the same dose. The dual agonist produced a similar
reduction in liver weight (—35%) and a decrease in mean serum
ALT (—72%) and AST (—51%) levels versus obese controls (Ta-
ble S3).

As mouse metabolism, especially feeding behavior, basal
metabolic rate, and primary site of glucose disposal, differs
from human metabolism (Kleinert et al., 2018; Vaughan and Mat-
tison, 2016), further investigation to study the interplay of activa-
tion of all three receptors was undertaken using obese diabetic
cynomolgus monkeys, a more relevant translational preclini-
cal model.
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Figure 2. Effect of SAR441255 on body weight in diet-induced obese (DIO) C57BL/6NHsd mice
Relative (A) and absolute (B) change following twice-daily treatment (26 days) with vehicle, mouse dual GLP-1R/GCGR agonist (30 ng/kg), or increasing doses of

SAR441255.

Values represent means + SEM. Baseline values (just before first dosing on day +1) were compared with results at study end (day +26). Dose-dependent
treatment effects versus obese vehicle control group were analyzed with one-way ANOVA at study end (day +26) followed by Dunnett’s test for pairwise
comparisons between each treated and obese control group. *p < 0.05, **p < 0.01, ****p < 0.0001 versus obese vehicle control.

SAR441255 treatment ameliorates body weight and
metabolic parameters in obese diabetic cynomolgus
monkeys

DIO and diabetic cynomolgus monkeys (Macaca fascicularis) were
treated with SAR441255, another triple GLP-1/GIP/GCG agonist
peptide 12 (Evers et al., 2020), a monkey dual GLP-1/GCGR
agonist (Elvert et al., 2018b), or vehicle for 42 days. Comparative
in vitro data for SAR441255, peptide 12, and the dual agonist on
monkey receptors are shown in Table S1. Doses were increased
in four steps every 3 days—3, 5, 8, and 11 pg/kg for SAR441255;
3, 5, 8, and 10 ng/kg for peptide 12; and 1, 2, 3, and 4 ng/kg for
the dual agonist—reaching the maintenance dose on day 10.
Doses were selected to achieve similar plasma exposure (area
under the curve [AUC]) based on the results of a prior pharmacoki-
netics study in lean cynomolgus monkeys (data not shown).
Top-line body weight and HbA1c data for peptide 12 have been
previously reported (Evers et al., 2020) and are not included in
this report. Vehicle and dual agonist comparator data included in
this previous report are described here in greater detail. Body
weight and glycated hemoglobin (HbA1c) levels remained stable
in vehicle-treated monkeys throughout the study. In comparison,
a significant reduction in body weight was observed following
SAR441255 (—12.6% + 1.74%, p < 0.05) or dual agonist
(—8.1% = 1.7%, p < 0.05) (Evers et al., 2020) treatment (Figures
3A and 3B). Similarly, HbA1c values were significantly decreased
following treatment with SAR441255 (—1.37% + 0.34%, p <
0.05) and the dual agonist (—1.85% + 0.37%, p < 0.05) (Evers
et al., 2020) (Figure 3C). In both treatments, HbA1c values below
5% were achieved at study end, a level consistent with normogly-
cemia in this species (Marigliano et al., 2011). In addition, fasting
plasma glucose (FPG) and ALT levels were significantly lowered
with SAR441255, but not with the dual agonist, with various lipid

62 Cell Metabolism 34, 59-74, January 4, 2022

parameters showing a non-significant reduction in both treatment
groups (Table S4).

Total ketones, 3-hydroxybutyrate, and fibroblast growth fac-
tor 21 (FGF21) levels are three biomarkers that have previously
been used to assess GCGR action (Muller et al., 2017). These
parameters were measured to determine whether they were
suitable biomarkers to document GCG receptor activation in
the context of triple GLP-1R/GCGR/GIPR agonism with
SAR441255. In all groups, total ketones and 3-hydroxybutyrate
levels at baseline were <150 pmol/L (Figures 3D and 3E).
Following treatment for 6 weeks, total ketones and 3-hydroxy-
butyrate levels in the vehicle and monkey dual agonist treat-
ment groups remained relatively unchanged, a finding consis-
tent with previous observations (Elvert et al., 2018b). In
contrast, a trend toward higher values was observed in the
SAR441255 11 ng/kg dose group at the end of the study.
FGF21 levels in the vehicle group were unchanged at study
end while showing a non-significant increase in the dual- and
triagonist-treated groups (Figure 3F). These findings indicate
that total ketones, 3-hydroxybutyrate, and FGF21 levels were
not reliable biomarkers to assess GCGR activation in the
context of concomitant GLP-1R and GIPR activation. Taken
together, the study findings suggest that biomarkers that are
independent of GLP-1R and GIPR activation are required to
unambiguously demonstrate GCGR engagement.

Regarding dual GLP-1R/GCGR agonism, we recently reported
that co-administration of a selective GLP-1R agonist with a se-
lective GCGR agonist in obese diabetic monkeys led to greater
weight loss compared to treatment with each of the individual
components (Elvert et al., 2018a). However, we also noted glyce-
mic control was worse in the group co-administered agonists of
both GLP-1R and GCGR compared to the group treated with an
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Figure 3. SAR441255 ameliorated body weight and improved glycemic control in obese diabetic cynomolgus monkeys

(A-C) Relative (A) and absolute (B) change in body weight and change in HbA1c levels (%) (C) in obese diabetic cynomolgus monkeys following treatment with
vehicle (n = 10), monkey dual GLP-1R/GCGR agonist (4 ng/kg) (n = 7), or 11 ng/kg SAR441255 (n = 7). The baseline values for body weight (A and B) on day 1 and
for HbA1c (%) (C) on day —21 were compared to values at study end (days +42/43). Change in body weight and HbA1c data for vehicle and monkey dual GLP-1R/

GCGR agonist were shown in Evers et al. (2020).

(D-F) Time course of change in plasma total ketone bodies (D), 3-hydroxybutyrate (E), and fibroblast growth factor 21 (FGF-21) (F) levels over 22 h following
treatment with vehicle, monkey dual GLP-1R/GCGR agonist (4 ng/kg), or 11 ng/kg SAR441255. Values at baseline (pre-treatment, day —6) are shown as solid
lines and after 6 weeks (days 42/43) are shown as dashed lines. Area under plasma-concentration-time curve from time zero to 22 h (AUCq.22 1) for each

parameter is shown in the respective insets.

Values represent means + SEM. Differences were determined using one-way ANOVA followed by Dunnett’s test to compare treatment effects versus vehicle
control group. p < 0.05 was considered statistically significant. “p < 0.05, **p < 0.01, ***p < 0.001, ***p < 0.0001 versus vehicle control group.

agonist of the GLP-1R alone. Similar findings were previously re-
ported in DIO rodents (Day et al., 2012).

Compared with these earlier findings, treatment with the tria-
gonist SAR441255 resulted in substantial weight loss in obese
diabetic monkeys without impairing glucose control. Compared
to the dual GLP-1R/GCGR agonist, triple agonist SAR441255
shows considerably greater potency at the GCG receptor
(ECso of 6.6 versus 119.3 pM) (Table S1) (Elvert et al., 2018b).
This substantial increase in GCGR activity in combination with
the effects of GIP pharmacology are expected to provide addi-
tional improvement in body weight reduction compared with
dual GLP-1/GCG receptor agonism (Mroz et al., 2019; Samms
et al.,, 2020; Zhang et al., 2021). Importantly, this increase in
GCGR activity with SAR441255 did not lead to a significant dete-
rioration in glycemic control. The strong additional GIPR agonist
component of SAR441255 in combination with the GLP-1R
agonist component counterbalanced the hyperglycemic effects
typically elicited by activating the GCG receptor component. The
importance of the second glucose-lowering GIP component is
underlined by a recent report of a dual GLP-1R/GCGR agonist
(UNJ-64565111) with high potency at the GCG receptor. Among
individuals with T2D and obesity, a significant dose-dependent
reduction in body weight was observed without any improve-
ment in glycemic control (no HbA1c reduction, increased FPG)
(Di Prospero et al., 2021).

Our collective observations in obese diabetic monkeys (El-
vert et al., 2018a, 2018b; Evers et al., 2020) support previous
observations in obese rodents (Finan et al., 2015) that suggest
GCG and GIP on top of GLP-1R pharmacology provide addi-
tional benefit for body weight reduction in these translational
obesity models.

SAR441255 exhibited GLP-1 and GCG receptor
occupancy in a PET study in lean cynomolgus monkeys
While the contributions of GLP-1, GIP, and GCG receptor
activation by triagonist peptides to the overall pharmacology
can be deduced from in vivo studies that compare pharmaco-
logical effects elicited by triagonist peptides to monoagonists
or dual agonist peptides, performing combination studies
or investigations in single and double knockout rodents, it
is difficult to predict the level of engagement elicited at
each receptor. Further, available circulating biomarkers to
detect receptor engagement have not been clinically validated
and do not provide (semi)quantitative estimates. To further
understand engagement of the different receptors in vivo, re-
ceptor occupancy of SAR441255 at the GLP-1 and the
GCG receptors was studied with the use of positron emis-
sion tomography (PET) imaging following radiotracer adminis-
tration in lean cynomolgus monkeys. Single s.c. doses of
11 pg/kg SAR411255, the maintenance dose used in the
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obese diabetic monkey study, were administered together
with radiotracers. We used an exendin-4-based GLP-1R
radiotracer [*®Ga]Ga-DO3A-Exendin-4 (Selvaraju et al., 2013)
and a newly developed GCGR tracer [®®Ga]Ga-DO3A-Tuna-2
(Eriksson et al., 2020; Eriksson et al., 2019; Velikyan et al.,
2019) to assess engagement of GLP-1R in the pancreas and
GCGR in the liver, respectively. Unfortunately, the lack of a
suitable radiotracer (at the time of conducting this study)
with sufficient potency to assess GIP receptor occupancy
precluded investigation of target engagement at this receptor
by SAR411255.

Each tracer was administered intravenously on a separate
day to monkeys and a baseline PET scan was performed (Ta-
ble S5). Strong signals from the target organs (liver and
pancreas for [*®Ga]Ga-DO3A-Tuna-2 and [*8Ga]Ga-DO3A-
Exendin-4, respectively) and the kidneys, the latter being the
predominant mode of excretion, were observed (Figures 4A
and 4C). Following signal disappearance, monkeys were
treated with 11 pg/kg SAR441255 s.c., and 2 h later, when
exposure of SAR441255 approached the maximum concen-
tration (Cmax), @ second tracer dose was administered, and
a second PET scan was performed. Mean decreases in signal
intensity from baseline for liver (reflecting GCGR occupancy)
and the pancreas (reflecting GLP-1R occupancy) were
40.6% and 72.5%, respectively (Figures 4B and 4D). This
strong decrease in signal from the target organs in the repeat
PET scan indicated that a significant number of the receptors
in the target organs were occupied by SAR441255 and were
therefore not available for tracer binding. Previous studies
with the GCG tracer [*®Ga]Ga-DO3A-Tuna-2 (doses up to
67 ng/kg) show that treatment with a highly potent acylated
selective GCGR agonist (30 pg/kg) results in signal reductions
(and thereby receptor occupancy) in the liver of up to 70%
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Figure 4. SAR441255 showed high GLP-1 and
GCG receptor occupancy in a PET study in
lean cynomolgus monkeys

Receptor occupancy of GCGR and GLP-1R in lean
monkeys following administration of SAR441255
(11 pg/kg, s.c.). Representative standardized uptake
value (SUV) images of GCGR (A) and GLP-1R (C)
occupancy examinations are shown at baseline (top
panels) and after treatment with SAR441255 (bot-
tom panels). SUV values between 0 and 5 are shown
in scale on the right of each figure (A and C).
Decrease in the binding of each radiotracer (as
measured by Vy) in respective tissue is indicative of
specific receptor binding by SAR441255 (B and D).
Li, liver; Pa, pancreas; Ki, kidney.
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(Eriksson et al., 2019). Similarly, high
doses of the unlabeled GLP-1R tracer
[°®Ga]Ga-DO3A-Exendin-4 (20 ng/kg)
have shown signal reductions of up to
100% in the pancreas (Selvaraju et al.,
2018), reflecting complete GLP-1R occu-
pancy. The high target engagement of
GCGR and GLP-1R with the 11 ng/kg
dose of SAR441255 administered to
lean monkeys in this study was consis-
tent with the findings observed in obese diabetic monkeys
where the same dose demonstrated a robust reduction in
body weight and improved glycemic control.

Vi decrease
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Cardiovascular safety of SAR441255 in lean
telemetered cynomolgus monkeys
Conscious freely moving cynomolgus monkeys (Macaca fascicu-
laris) were treated with once-daily s.c. doses of SAR441255
(3, 30, or 300 pg/kg) or vehicle for 4 days. Heart rate (beats per
min) and systolic blood pressure (SBP) measurements were
continuously recorded every 15 min on day 1 over 24 h post-
dose and on day 4 over 48 h post-dose via an implanted telemetry
unit. A dose-related increase in heart rate lasting up to 10-11 h
was observed following administration of the low (3 pg/kg) and
mid (80 pg/kg) doses of SAR441255 on day 1; this lasted for up
to 20 h in the highest (300 pg/kg) SAR441255 dose group (Fig-
ure S1). The initial increase in heart rate fully disappeared by
day 4 in the low and mid SAR441255 doses but remained slightly
above that of the vehicle-treated group in the high 300 png/kg dose
group and fully disappeared by day 5. There were no statistically
significant dose-related changes in SBP on day 1 following
SAR441255 administration (Figure S2). On day 4, when
compared to vehicle control, all doses of SAR441255 induced a
statistically significant decrease in SBP. The decrease in SBP
was slight (<10 mmHg) and lasted over 24 h. By day 5, SBP values
in the 30 and 300 pg/kg/day groups remained significantly below
those of the vehicle control group.

Based on the preclinical data demonstrating that SAR441255 is
a potent unimolecular triagonist that activates all three receptors
in vitro, provides better weight loss compared with unimolecular
dual GLP-1/GCG receptor agonists in mice and monkey models,
and does not show any major adverse cardiovascular effects in
lean monkeys, SAR441255 was advanced into clinical testing.
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Phase 1 study with SAR441255 in lean to overweight
healthy subjects

A randomized, double-blind, single-center, placebo-controlled
trial assessed the safety, tolerability, pharmacokinetics, and
pharmacodynamics of single ascending s.c. doses of
SAR441255 in lean to overweight healthy subjects (registered
on ClinicalTrials.gov as NCT04521738). Forty-eight healthy sub-
jects were randomized to SAR441255 (3, 9, 20, 40, 80, or 150 ng)
or placebo in a 3:1 ratio. All participants completed the study.
The baseline characteristics are described in Table S6.

Non-compartmental pharmacokinetic = parameters for
SAR441255 in plasma estimated after single doses of 20, 40,
80, and 150 pg are summarized in Table S7. Most subjects
enrolled in the 3 and 9 pg dose groups had insufficient quantifi-
able SAR441255 concentrations for pharmacokinetic parame-
ters to be reported. The plasma concentration-time profile of
the 20 to 150 ug doses of SAR441255 is shown in Figure S3.
Increasing doses were associated with higher plasma concen-
trations and overall exposure.

Following s.c. administration, SAR441255 absorption was
steady, with the median C,,,x reached by 3.0 to 3.5 h. After
reaching Cuax, SAR441255 was eliminated in a monophasic
manner, with a mean elimination terminal half-life of 3.5 to
6.1 hacross the 20 to 150 png range (Table S7). SAR441255 expo-
sure (mean C,,x and AUC) following single s.c. doses showed an
approximate dose-proportional increase across the 20 to 150 nug
range. CL/F was also relatively stable across the 20 to 150 pg
dose range. Collectively, the data were consistent with linear
pharmacokinetics across the 20 to 150 pg dose range.

Plasma glucose, insulin, and C-peptide profiles following admin-
istration of SAR441255 were determined before and after a mixed-
meal test (MMT). Data for the clinically relevant SAR441255 doses
of 80 and 150 ng are presented here in greater detail.

Following administration of single doses of SAR441255 in the
fasting state, maximal reduction in blood glucose levels were
observed at 1 h post-dose, a finding consistent with GLP-1R ag-
onism (Owens et al., 2013). At this time point, 3 of 6 subjects who
received the 80 ng dose and all 6 subjects who received the
150 pg dose with normal glucose values at baseline had glucose
levels that were less than 3.9 mmol/L, a threshold generally used
to define hypoglycemia (International Hypoglycaemia Study
Group, 2015). None of the subjects reported clinical signs or
symptoms of hypoglycemia. The corresponding mean plasma
glucose levels in the two dose groups across all subjects at 1 h
post-dose were 3.75 and 3.52 mmol/L, respectively (Figure 5A).
Further low blood glucose values (i.e., <3.9 mmol/L) were not
observed in either dose group at subsequent time points on day
1 or in the placebo cohort. Blood glucose levels subsequently re-
turned to baseline levels within 1 to 2 h. In contrast, fasting insulin
and C-peptide levels remained relatively stable and showed no
correlation with the glucose levels (Figures 5B and 5C).

The reason for this relatively prompt and consistent reduction
in blood glucose levels is at present unexplained. The low blood
glucose values at ~1 h post-dose occurred earlier than the C,ax
of ~3 h following SAR441255 administration (Table S7). The
rapid recovery to baseline levels within 1 to 2 h is thought to be
a result of the pharmacological activities of GCG and GIP within
the triple agonist that helps to balance the incretin effects. GCG
is a well-known counter-regulatory hormone to insulin. Recent
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data also establish that GIP, in contrast to GLP-1, promotes
release of GCG in conditions of hypoglycemia (Ahrén et al.,
2009; Christensen et al., 2011, 2014). This counter-regulatory ef-
fect of GIP has also been observed in healthy subjects and in
people with T2D (Christensen et al., 2014). Further evaluation
will be required to assess if this phenomenon is particular to
SAR441255 or is observed with other triagonists, and whether
it occurs with multiple dosing or is limited to the first dose.

Following the MMT, a dose-dependent reduction in postpran-
dial plasma glucose (PPG), insulin, and C-peptide levels was
observed with the 80 and 150 pg doses of SAR441255
compared with a slight increase in the placebo group (Figures
5A-5C). All participants fully consumed and tolerated the offered
MMT. The reduction in postprandial insulin and C-peptide levels
suggests that the effect on PPG reduction is driven by inhibition
of gastric emptying, a mechanism consistent with the effect
observed with selective GLP-1 receptor engagement (Marathe
etal., 2013; Owens et al., 2013). Naslund and colleagues showed
that an infusion of GLP-1(7-36)NH, given in conjunction with a
solid mixed meal delayed scintigraphic solid gastric emptying
in healthy male subjects (Naslund et al., 1999). After 180 min,
there was 65% of the food remaining in the stomach compared
with less than 10% in the saline-treated comparator group. This
resulted in a reduced increase in plasma glucose concentrations
in parallel with reduced insulin and C-peptide levels. Similar ef-
fects have been described with the short-acting GLP-1R agonist
lixisenatide, where glucose levels were reduced with a delayed
increase in C-peptide levels (Becker et al., 2015; Lorenz
et al., 2013).

Since gastric emptying effects with long-acting GLP-1 ago-
nists attenuate over time (Umapathysivam et al., 2014; Urva
et al., 2020), we believe this phenomenon will not play a signifi-
cant role in long-term glucose control, and the insulinotropic
character of the three involved principles will become the major
driving force for glucose control.

Single doses of SAR441255 up to 150 ng were well tolerated.
Gastrointestinal disorders (nausea, vomiting, dry mouth, and
mouth ulceration) were the most frequent treatment-emergent
adverse events (TEAEs) reported following treatment with
SAR441255 (Table 1). Nausea was the most frequent TEAE in
the highest 150 pg dose group with 3 events (3 of 6 subjects) re-
ported. All events were mild in severity, occurred between 3 and
4 h after SAR441255 treatment, and were assessed as related to
SAR441255 treatment. One subject in the 150 pg dose group re-
ported a single episode of vomiting (the subject also reported
nausea), but this was assessed as not being related to
SAR441255 treatment. The frequency of gastrointestinal TEAEs,
specifically nausea and vomiting, was consistent with that re-
ported in other healthy volunteer studies evaluating selective
GLP-1RAs and dual receptor agonists (Ambery et al., 2018b;
Coskun et al., 2018; Tillner et al., 2019). TEAEs were reported
in 3 of 12 subjects (25.0%) who received placebo and in 10 of
36 subjects (27.8%) who received SAR441255. The incidence
of TEAEs was the highest in the 80 and 150 pg dose groups. In
the remaining dose groups (3, 9, and 20 pg), the incidence of
TEAEs was similar to placebo. No serious TEAEs, TEAEs leading
to permanent discontinuation, or severe TEAEs were reported
during the study. Except for one AE of lipase increased rated
as being of moderate intensity, all TEAEs were graded as mild
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Figure 5. SAR441255 showed a dose-dependent reduction in PPG, insulin, and C-peptide levels in humans
Glucose (A), insulin (B), and C-peptide (C) profiles following a mixed-meal test (MMT). Baseline (day —1, dashed line) and MMT day profiles (day 1, solid line) are
shown for placebo (blue color, n = 12), 80 ng SAR441255 (black color, n = 6), and 150 ng SAR41255 (green color, n = 6). The vertical dotted line indicates the time

of MMT dosing. Values represent means + SEM.

in severity and mainly comprised the limiting gastrointestinal dis-
orders. No hypersensitivity reactions were reported during
the study.

Despite no dose-limiting TEAEs, dose escalation was stopped
at the 150 pg dose. This was unrelated to the safety and tolera-
bility of SAR441255 but linked to changes in company strategy.

Besides the expected changes in plasma glucose, there was
no evidence of treatment- or dose-related trends in any of the
laboratory parameters measured. No significant changes in
blood pressure were noted, and electrocardiogram (ECG) anal-
ysis showed no changes in the QTc interval in any of the treat-
ment groups. At the 150 png SAR441255 dose level, heart rate
(from standard 12-lead ECGs) was higher compared to the other
dose groups on the treatment day (day 1) and tended to increase
above that observed in the placebo group (Figure S4A). No dif-
ference was observed in subsequent days up to the last study
visit on day 8. Heart rate data extracted from the 24 h continuous
Holter ECG monitoring also showed a trend toward an increase
in heart rate in the 150 pg dose group compared with placebo
over the whole observation period (Figure S4B). These results
were consistent with an initial dose-dependent increase in heart
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rate observed in conscious, telemetered lean cynomolgus mon-
keys when increasing doses of SAR441255 (3, 30, or 300 ng/kg)
were administered once daily for 4 days (Figure S1). In addition,
repeated doses of SAR441255 in this same study induced a sta-
tistically significant decrease in SBP compared with vehicle con-
trol on day 4 (Figure S2). While no effect on blood pressure was
observed in our single-dose healthy volunteer study, increases in
heart rate and a reduction in blood pressure are well-character-
ized effects of GLP-1 receptor agonist activity (Heuvelman et al.,
2020; Lorenz et al., 2017) and have been observed in larger
studies with the dual GIP/GLP-1R agonist tirzepatide (Frias
et al., 2021; Rosenstock et al., 2021). The effects of GCGR ago-
nism on hemodynamic parameters are at present not clearly
defined (Petersen et al., 2018). None of the subjects developed
anti-SAR441255 antibodies during the study.

Effects of SAR441255 on C-telopeptide of cross-linked
type | collagen and AAs

For chimeric peptides exerting effects on multiple receptors with
overlapping downstream effects, it is important to discriminate
between the contribution of individual agonistic component
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Table 1. Treatment-emergent adverse events for placebo and SAR441255 groups by primary system organ class and preferred term (safety population)

Primary system organ class preferred term,

SAR441255 dose

wisijoqela|y 19D

n (%) Placebo (N = 12) 9ug (N=6) 80 ug (N = 6) 150 pg (N = 6)

Any TEAE class 3(25.0) 2(33.3 3 (50.0) 3(50.0)

Nervous system disorders

Dizziness 0 0 0 1(16.7) 1(16.7)

Dizziness postural 1(8.3) 1(16.7) 0 0 0

Headache 2 (16.7) 0 0 0 0 0

Gastrointestinal disorders

Nausea 0 0 0 0 0 3 (50.0)

Vomiting 0 0 0 0 0 1(16.7)

Dry mouth 0 0 0 0 2(33.3) 0

Mouth ulceration 1(8.3) 1(16.7) 0 0 0

Skin and subcutaneous tissue disorders

Dry skin 0 1(16.7) 0 0

Musculoskeletal and connective tissue disorders

Arthralgia 0 0 0 0

General disorders and administration site conditions

Catheter site extravasation 1(8.3) 0

Fatigue 0 1(

Injection site pain 0 1(

Investigations

ALT increased 0 1(16.7) 0 0

Lipase increased 0 0

Orthostatic heart rate response increased 0 0

Injury, poisoning, and procedural complications

Arthropod bite 1(8.3) 0 0 0

N, total number of subjects treated within each group; n (%), number and % of subjects with at least one TEAE in each category. An AE is considered as treatment emergent if it occurred from the time

of the first investigational medicinal product administration up to the end of study visit (included). AE, adverse event; ALT, alanine transaminase; TEAE, treatment-emergent adverse event. AEs were %

coded using MedDRA Version 22.0. @) O
T
ay ]
5y
r
7R
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effects to the overall biological effect. Single-dose studies in hu-
mans are generally not sufficient to understand the complete
pharmacological profile of compounds like SAR441255. To
guide future chronic dosing studies, we were interested in a qual-
itative assessment of whether the receptor engagement
observed in preclinical studies was translatable to humans. In
this respect, the changes in PPG without any substantial in-
crease in insulin levels following SAR441255 administration
were consistent with previously described effects driven by the
GLP-1R engagement (Drucker, 2018). To further delineate the
target engagement of the GIP and GCG receptors by
SAR441255, we used specific biomarkers for each receptor.

For the assessment of GIPR activation, C-telopeptide of
cross-linked type | collagen (CTX), a marker of bone turnover
(Ding et al., 2008) and a biomarker for GIPR engagement (Chris-
tensen et al., 2018; Gasbjerg et al., 2021; Nissen et al., 2014),
was evaluated at multiple time points in the 80 and 150 pg
dose groups. Baseline CTX values were comparable be-
tween placebo and these doses of SAR441255. Following
SAR441255 administration, fasting CTX levels declined by
more than 50% from baseline, showing a further postprandial
decrease (after the MMT) in both dose groups (Figure 6A). In
contrast, CTX levels in the placebo group remained relatively
unchanged in the fasting state and only showed a decrease
following the MMT. The observed decrease in CTX levels
seen following SAR441255 administration suggests the poten-
tial utility of the component GIPR activity in improving bone
health (Christensen et al., 2020) and merits further investigation.
This is of particular interest as patients with T2D are at an
increased risk of bone fractures despite having normal or
increased bone density (Romero-Diaz et al., 2021).

In context of the observed CTX findings, several studies have
evaluated the effects of GIP and GLP-1 administration on CTX
levels. In one study, intravenous (i.v.) infusions of GIP decreased
CTX levels in people with type 1 diabetes (T1D) under conditions
of low and high plasma glucose (Christensen et al., 2018). A
further study showed that oral administration of glucose (via an
oral glucose tolerance test) induced a greater reduction in CTX
levels compared with an isoglycemic i.v. glucose infusion de-
signed to closely mimic the oral glucose load (Westberg-Ras-
mussen et al., 2017). This suggested that the differential effect
on CTX response between the oral and i.v. infusion of glucose
was predominantly influenced by gastrointestinal hormones,
especially GIP, rather than glucose levels. A correlation was
observed between the decline in CTX and peak GIP levels, while
no association was detected with GLP-1, GLP-2, or insulin.
However, other studies argue that GLP-1 infusions influence
CTX plasma levels, which are dependent on the glycemic state.
While an i.v. infusion of GLP-1 under conditions of high glycemia
to overweight or obese men effectively lowered CTX levels
(Bergmann et al., 2019), infusions of GLP-1 under conditions of
low glucose to people with T1D has been shown to not lead to
such a decrease (Christensen et al., 2018). Nissen and col-
leagues reported that injection of high-dose active GLP-1,
GLP-1(7-36) amide, to healthy young individuals resulted in a
prompt increase in plasma concentrations (Cpmax after 15 min)
and a prompt but slight decrease in CTX levels, which were
25% lower after 2 h (Nissen et al., 2019). They also showed
that administration of exendin-4 led to a slower increase in
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plasma levels (Cpax 90 min) and a much slower decrease in
CTX levels, which were 20% lower 2 h after injection.

Considering these more recent observations, a modest
decrease of CTX levels via GLP-1R activation cannot be
excluded. Our study, however, showed a substantial decrease
in CTX levels of greater than 50% after 3 h following
SAR441255 administration under conditions of low glucose prior
to the MTT (Figure 6A). Substantial decreases in CTX were
already observed after 1 h following dosing. These findings sug-
gest that the observed lowering of CTX levels provides strong ev-
idence for GIP receptor target engagement by SAR441255.

The GCGR-specific effects on the plasma levels of AAs have
been well described (Boden et al., 1984; Kraft et al., 2017; Mu
et al., 2012; Okamoto et al., 2015, 2017; Solloway et al., 2015).
Recently, it has also been shown that AAs are sensitive and
translatable GCGR-specific biomarkers for GLP-1R/GCGR
dual agonists (Li et al., 2020). To test for GCGR-target engage-
ment with SAR441255, we measured plasma levels of AAs
over 12 h in the 80 and 150 pg dose cohorts. Baseline (day —1)
AA profiles were similar for the placebo and 80 and 150 pg
SAR441255 cohorts (Figure 6B). Following treatment, a substan-
tial decrease in plasma AA levels over the following 3 h was
observed in the 80 and 150 pg cohorts (shown in blue on heat-
map) compared with baseline, indicating strong activation of
hepatocytic GCGR pathways (Figure 6B). Further, the strong
postprandial increase in plasma AA concentrations observed
at baseline was attenuated in both SAR441255 groups (Fig-
ure 6C). Further, GLP-1R-mediated effects on gastric emptying
may add to the direct effects mediated by the activation of
the GCGR.

Using AAs as a specific biomarker of GCGR activation in this
acute setting, we confirmed that the high target engagement of
GCGR with SAR441255 observed in the monkey PET tracer
study was translatable to humans. Further evaluation with multi-
ple dosing of SAR441255 will be required to assess how these
effects translate in a chronic setting. In particular, the GLP-1R-
mediated delay in gastric emptying observed during the first
weeks following initiation of GLP-1R therapy is likely to diminish
due to tachyphylaxis following constant exposure to the triple
agonist (Maselli and Camilleri, 2021; Nauck et al., 2011; Umapa-
thysivam et al., 2014). Close monitoring of AA levels in long-term
studies will also be crucial as levels of non-essential and essen-
tial AAs (e.g., leucine or tryptophan; Figure 6C) are likely to be
impacted. In this regard, chronic AA deficiency should be
avoided as it is linked to a plethora of diseases (Aliu et al.,
2018). However, the mechanism by which elevated insulin secre-
tion produced by GLP-1 and GIP receptor activity in triagonists
counterbalances this AA effect remains unclear (Everman
et al., 2016). Longer term studies with dual and triagonist mole-
cules containing GCGR agonist activity will help to shed further
light on this issue.

Final summary and implications

The results reported here show that SAR441255 is a highly
potent triagonist targeting GLP-1, GCG, and GIP receptors
with balanced activation of all three targeted receptors.
Following chronic treatment, enhanced effects on each of the
metabolic outcomes, superior to those achieved with a dual
GLP-1/GCG receptor agonist (Elvert et al., 2018b), were
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Figure 6. SAR441255 showed a substantial decrease in CTX and AA levels in humans

(A) Plasma concentrations of CTX following single doses of placebo and SAR441255 (80 and 150 ng dose groups).

(B and C) Heatmap of scaled AA levels (B) and representative individual AA plasma-concentration profiles for 5 selected AAs (C) at baseline (day -1, dashed lines)
and on MMT day (day 1, solid lines) for 80 ng (black, n = 6) and 150 ng SAR441255 (red, n = 6) doses. Placebo data are not shown in (C). The MMT was
administered at 3 h post-dose (i.e., 0 to 3 h and 12 h values are in the fasting state; 3.5 to 5 h values are in the fed state).

Values in (A) represent medians (interquartile range) and (C) represents means + SEM. In (B), each row of the heatmap represents an AA, and each column
represents a participant. The color code in the heatmap represents the relative concentration of each scaled AA (mean/SD): red and blue colors are mean
increased and decreased levels of each AA, respectively. The scaled AA levels range from high (mean + 3 x SD, dark red) to middle (mean, white) to low (mean -
3 x SD, dark blue). The mean of scaled data is 0 and the SD = 1; hence, the range shown is between -3 and +3. On top of the map, the first color bar represents the
study visit (light green for AA levels at baseline and blue for AA levels on MMT day). The second color bar represents the treatment groups and the third bar the
time points (h) on each day.

observed in obese mice and monkeys. These results indicate The data reported here for SAR441255 in diabetic obese mon-
that addition of GIP activity into dual GLP-1 and GCG receptor keys and previously for a separate triagonist (peptide 12) by
agonism provides improved effects on weight loss and glycemic  Evers and colleagues (Evers et al., 2020) suggest that the inter-
control while protecting against the diabetogenic risk of chronic  play of the three receptors involved allows some greater flexi-
GCGR agonism. Importantly, the addition of the GIP component  bility in finding an appropriate receptor balance for a highly effi-
allows an increased potency of the agonist at the GCGR. cient triple agonist targeting both body weight and glucose
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control. All three principles contribute to body weight loss while
two principles (GLP-1/GIP) augment blood glucose lowering.
SAR441255 and peptide 12 are two triple agonists that have
differing activation profiles. Despite these differences in their re-
ceptor activity, both demonstrate a consistent reduction in body
weight while maintaining or improving HbA1c levels.

Recent clinical data for two dual GLP-1R/GCGR dual agonists
highlight the challenges of determining the appropriate potency
balance at the different receptors in these compounds to provide
both substantial body weight loss and improved glucose control.
In one dose-ranging trial, the Fc fusion conjugate JNJ-64565111
with high potency at the GCG receptor showed a significant
reduction in body weight (mean change —7.2% versus placebo
at the highest dose) after 12 weeks in obese diabetic patients
without any improvement in glycemic control (Di Prospero
et al., 2021). In the second trial, the acylated peptide cotadutide
with lower potency at the GCG receptor (Henderson et al., 2016)
showed weight loss (mean change —5.0% versus baseline)
along with reduced HbA1c levels at the highest dose after
54 weeks in obese or overweight diabetic patients (Nahra
et al., 2021). Compared with the selective GLP-1R agonist lira-
glutide comparator, cotadutide showed greater weight loss
(mean difference —1.7%) without any difference in HbA1c levels
after 54 weeks. These results underline the importance of the
initially chosen receptor balance on subsequent clinical out-
comes. In addition, recent clinical data with the dual GIP/GLP-
1R agonist tirzepatide highlight how combining GIP and GLP-1
receptor agonism in a single compound can provide a greater
effect on glucose levels and body weight control than with selec-
tive GLP-1R agonists alone in patients with T2D who are
overweight or obese (Frias et al., 2021). This ongoing under-
standing of the potential benefits of multiple co-agonist incretin
combinations is likely to lead to enhanced treatment options
for patients in a range of metabolic disorders.

To our knowledge, this is the first time a preclinical monkey
model in conjunction with PET imaging was used to assess
in vivo receptor occupancy and quantify target engagement
of a novel multiagonist at the GLP-1 and GCG receptors. To
further understand receptor occupancy of SAR441255 in hu-
mans, an analogous PET study using these selective PET
tracers for the GLP-1 and GCG receptors would provide valu-
able information. The usefulness of this imaging approach to
assess receptor occupancy was recently reported in individ-
uals with T2D who were treated with the dual GLP-1/GCG re-
ceptor agonist SAR425899 (Eriksson et al., 2020). A recently re-
ported PET tracer for the GIP receptor could also be included in
such a study to assess target engagement at this third receptor
(Eriksson et al., 2021).

Simultaneous target engagement of GIP, GCG, and GLP-1
receptors in humans was also demonstrated in the first-in-hu-
man study. Using previously established biomarkers (CTX,
AAs) for GIPR and GCGR activation, we highlighted the dy-
namic changes in CTX-1 levels and AA concentrations that
occur following administration of SAR441255 in both the fasting
and postprandial state. These data suggest that the effects
observed in preclinical in vivo studies are translatable to hu-
man. While the initial human data in a relatively small number
of healthy subjects are promising, further comparative trials in
larger populations of people with T2D and obesity are required
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to confirm the therapeutic potential of this new GLP-1, GIP, and
GCG receptor triagonist, particularly in comparison with exist-
ing selective GLP-1, dual GLP-1/GCG, and dual GLP-1/GIP re-
ceptor agonists.

Limitations of study

Several limitations in the reported work should be considered. In
the diabetic obese cynomolgus monkey study, the small size of
each group (7-10 animals) limited our ability to detect statistically
significant differences between the active treatment groups for
many of the evaluated parameters. In addition, it was logistically
not possible to include a dual GLP-1R/GIPR agonist comparator
group in this study. In addition, the PET tracer studies were con-
ducted in lean cynomolgus monkeys, while the glycemic and
metabolic effects of SAR441255 were evaluated in obese dia-
betic animals. Differences in receptor expression between lean
and diabetic obese animals may have had an impact on the re-
sults. The lack of a suitable PET tracer with sufficient potency
to assess GIP receptor occupancy also precluded quantitative
assessment of target engagement at this receptor by
SAR411255. However, the observed biomarker findings for
CTX levels provided reasonable qualitative evidence for GIP re-
ceptor engagement by SAR441255.

Several limitations of the single-dose first-in-human study are
recognized. First, only a small number of healthy volunteers were
included due to the primary focus on assessing the safety and
tolerability of SAR441255. While the preliminary pharmacody-
namic results show clear improvement in glycemic parameters
(FPG, PPG) following treatment with this GLP-1, GIP, and GCG
receptor triagonist, the results can potentially be confounded
by the GLP-1R-mediated inhibition of gastric emptying. Second,
uncertainty remains concerning the effect of SAR441255 on gly-
cemic parameters and tolerability with repeated dosing in the
relevant patient population of people with T2D and/or obesity.
The effects of SAR441255 on food intake or energy expenditure
were also not evaluated in this study.
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REAGENT or RESOURCE

SOURCE

IDENTIFIER

Chemicals, peptides, and recombinant proteins

GLP-1(7-36)NH,

GIP

GCG

BSA, essentially fatty acid free
SAR441255

Peptide 12

Mouse dual GLP-1R/GCGR agonist
Monkey dual GLP-1R/GCGR agonist
Rink-Amide resin

Accutase solution
Dimethylformamide (DMF)
20% piperidine/DMF

200 mM amino acid / 500 mM HBTU
2M DIPEA in NMP

Acetic acid
2,2,2-trifluoroethanol (TFE)
Dichloromethane (DCM)

5% DIPEA

RPMI

FBS Good

1% Pen/Strep

HBSS solution

HEPES 20 mM solution
HEPES 15 mM

0.1% BSA

IBMX solution

DMEM

Ham’s F10

3% FCS

Biotin

Pantothenate

Human insulin
Dexamethasone

PPAR gamma agonist
Antibiotic-Antimycotic

L-thyroxine

Phosphate Buffered Saline (PBS) without
calcium or magnesium

Endothelial Cell Growth Medium MV
Elecsys B-CrossLaps (CTX) reagent
Ketamine hydrochloride (DIO study)
Ketamine hydrochloride (PET study)
50% glucose solution

Glucose solution 300 mg/mL

Bachem

Bachem

Bachem

MP Biomedicals
In-house synthesis
In-house synthesis
In-house synthesis
In-house synthesis
Novabiochem
Sigma-Aldrich
Fisher Chemical
Sigma-Aldrich
ABCR
Sigma-Aldrich
Fisher Chemical
Alfa Aesar

VWR

VWR

GIBCO

PAN Biotech
GIBCO

Invitrogen
Invitrogen

GIBCO

PAA Laboratories
AppliChem
GIBCO

GIBCO

PAA Laboratories
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Thermo Fisher
Scientific
Sigma-Aldrich
GIBCO

PromoCell

Roche Diagnostics
Bela-Pharm
Apoteket

Sigma
Fresenius-Kabi

H-6795

H-5645

H-6790

152401

See below
(Evers et al., 2020)
(Elvert et al., 2018b)
(Elvert et al., 2018b)
855120

AB964
SP/2626/41
80645
AB128869
03439
A/0360/PB15
A10788
23373.320
84574.290
Cati#: 21875
P40-38500
Cati#: 15140
Cat#: 14065
Cat#: 15630
Cat#: 12509079
Cat#: K35-002
Catt#: A0695
Cat#: 41965
Cat#: 31550023
A15-101

Cat#: B4501
Cat#: C8731
Cat#: 19278
Cati: C4902
Cati: R2408
Cati#: 15240

Cat#: T2376
Cati: 14190

Cat#: C-22020, C-39225
Cat#: 11972308122
Ketabel 100 mg/mL
Cati#: 511519
G8270-5kg
01-63-07001B

(Continued on next page)
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REAGENT or RESOURCE SOURCE IDENTIFIER
Sevoflurane AbbVie 007462
Acetic acid (glacial) Fisher A/0400/PB15
Glycerol 85% Ph. Eur. Aug. Hedinger GmbH & 040
Co. KG
L-Methionine Sigma-Aldrich M5308
Polysorbate 20 (PS20) KLK Kolb Kotilen-L/1
Critical commercial assays
cAMP Gs dynamic Kit Cisbio Corp 62AM4PEJ
Human Quantitative AA Kit LabCorp 700068
HbA1c Covance HPLC
Monkey FGF-21 ELISA kit Merck Millipore EZHFGF21-19K
Human plasma CTX Elecsys Roche ID 07026960190
B-CrossLaps/serum
Experimental models: Cell lines
HEK293 cells expressing human/mouse/ In-house synthesis N/A
monkey receptors
Human-derived pancreatic 1.1 B4 B-cells ECACC 87092802
LIVERPOOL 50-donor pooled human BiolVT X008005
cryopreserved hepatocytes
Human preadipocytes Lonza PT-5020
Experimental models: Organisms/strains
DIO mice Envigo RMS N/A
Lean mice Envigo RMS N/A
Cynomolgus monkey Kunming Biomed N/A
International
Cynomolgus monkey Hartelust, Tilberg, the N/A
Netherlands
Cynomolgus monkey Noveprim and Le N/A

Tamarinier, Mauritius

Software and algorithms

PMOD 3.7 software

Phoenix WinNonlin

NOTOCORD-hem version 4.3.0

PMOD Technologies
Ltd, Zurich,
Switzerland

Certara, Princeton,
NJ, USA

Notocord, Paris,
France

https://www.pmod.com/web

N/A

N/A

Other

Falcon 75 cm? flasks
Falcon 175 cm? flasks
96-well plate

384-well microplates
Telemetry units

Bair Hugger warming unit
[°8Ga]Ga-DO3A-Exendin4, radiotracer

[°8Ga]Ga-DO3A-Tuna-2, radiotracer
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BD Biosciences
BD Biosciences
Corning, Sigma-Aldrich
Greiner Bio-One

Data Sciences
Company, MN, USA

Arizant Healthcare,
MN, USA

In-house synthesis

In-house synthesis

Cat#: 353136
Cat#: 353112
Cat#: CLS3694
Cat#: 784904
Model L21

Model 505

(Selvaraju et al., 2013; Velikyan
et al., 2017)

(Velikyan et al., 2019; Wagner
et al., 2020)
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REAGENT or RESOURCE

SOURCE

IDENTIFIER

Quantitative nuclear magnetic resonance
(QNMR) spectrometry

Dual energy X-ray absorptiometry (DEXA)
PET-CT scanner

Mouse high fat diet
Mouse normal chow diet

Monkey pelleted diet
Monkey high fat diet

Monkey normal diet

EchoMRI Corporation
Pte Ltd, Singapore

Hologic

GE Healthcare,
Milwaukee, MI, USA

Envigo
Envigo

SAFE, Augy, France

Kunming Biomed
International

Kunming Biomed

EchoMRI-100H

Discovery QDR Series
(Discovery Wi)

Discovery MI

Cati#: TD97366

Teklad global 14% protein rodent
maintenance diet

107C
N/A

N/A

International

RESOURCE AVAILABILITY

Lead contact
Further information and requests for resources and reagents should be directed to and will be fulfilled by the Lead Contact, Martin
Bossart (martin.bossart@sanofi.com).

Materials availability
This study did not generate new unique reagents or materials. Sequences of the monomeric triagonist SAR441255 and the mouse
and monkey specific dual GLP-1/GCG receptor agonists (Elvert et al., 2018b) have been disclosed.

Data and code availability
e Data reported in this paper will be shared by the lead contact upon request
® This paper does not report original code.
® Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Cell line

Human embryonic kidney (HEK293) cell lines stably expressing human, monkey or murine GLP-1, GIP and GCG receptors were
generated at Sanofi, Frankfurt, Germany. Human adipocytes were purchased from Lonza, Basel, Switzerland. Human-derived 1.1
B4 pancreatic B-cells were purchased from the European Collection of Authenticated Cell Cultures (ECACC). The cells were cultured
at 37°C, 5% CO, and 95% humidity in modified HBSS medium (HEK293 cells), RPMI medium (1.1B4 pancreatic B-cells) as described
in detail later in the Method details.

Animals

The protocol for the mouse study was approved by the Animal Care and Use Committee of Covance Laboratories, Greenfield, In-
diana, USA. Protocols for the three monkey studies were approved by the Institutional Animal Care and Use Committee of Kunming
Biomed International (KBI, Yunnan Province, China), the Animal Ethics Committee of the Swedish Animal Welfare Agency and the
Ethics Committee for the Protection of Laboratory Animals (CEPAL) of Sanofi (Sanofi-Aventis Recherche & Développement, Vitry-
Alfortville, France), respectively. The animals received humane care according to the US Association for Assessment and Accredi-
tation of Laboratory Animal Care, the Chinese National Advisory Committee for Laboratory Animal Research (NACLAR), and the
French regulation (Décret 2013-118, dated February 1, 2013) implementing European Directive 2010/63 and European Convention
ETS123. Animals were in generally good health.

Female lean and diet-induced obese (DIO) mice were purchased from Envigo RMS (Indianapolis, USA). Lean mice had been fed for
16 weeks with standard chow (Teklad Global Diets Rodent 2014 ad libitum) to serve as age matched controls while DIO mice had
received a high fat diet (TD97366 ad libitum) to induce the DIO phenotype. Upon arrival at the study site (Covance Laboratories,
Greenfield, Indiana, USA), the animals continued their respective diet for 38 days and at approximately 25 weeks of age were ran-
domized into groups based on their body weight. Animals were grouped-housed (up to five animals per cage during the pre-dose
phase and 4 animals per cage in the dosing phase) on a 12-h/12-h light-dark cycle in a controlled room (temperature 20 to 26°C,
relative humidity range of 30 to 70%) with free access to food and water.
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For the first monkey experiment, cynomolgus monkeys (Macaca fascicularis) born and raised in the KBI breeding facilities (Yunnan
Province, China) were included in the study. Monkeys were individually housed in species- and size-appropriate cages on a 12-h/12-
h light-dark cycle under controlled environmental conditions (temperature 20 to 26°C, relative humidity range of 30 to 70%, a min-
imum of 10 air changes/h) with free access to water. All monkeys received standard environmental enrichment with plastic chew toys,
plastic balls, food puzzles and foraging trays. The animals were fed 3 meals per day consisting of 46.5 g of KBI proprietary standard
monkey formula feed (extruded pellets) in the morning (9-10 am), one regular apple (150 g) in the afternoon (2-3 pm) and 100 g of KBI
proprietary high fat diet (HFD) in the evening (4-5 pm). Food was withdrawn at 5 pm; hence, all the monkeys were always fasted over-
night. After each feeding time, all the remaining food was withdrawn from the monkey and intake was determined by weighing the left-
over food. Total energy intake (in kcal) was determined based on the total daily food intake.

For the second monkey experiment, lean cynomolgus monkeys (Macaca fascicularis) of Chinese origin were procured from Har-
telust (Tilburg, the Netherlands) and included in a PET study. The animals were kept in groups of up to 10 individuals in a space of
~12-20 m? with combined indoor / outdoor living (at least 2 m? per monkey). The cage height was 2.5-3.7 m. Ten monkeys could sit in
an outside enclosure (volume at least 20 m?, height at least 2.5 m). Each monkey could move throughout the outside enclosure and
was given the opportunity for activity and movements. Cages have a fixed interior with places where they could sit and things that
they could climb on (e.g., recycled fire hoses, plastic pipes). Loose furnishings were replaced according to a certain schedule,
including a bathtub, plastic bottles, plastic ball with holes in it (that could be filled with things that monkeys could peel off), wooden
chopsticks, cardboard boxes and telephone directories (which they could tear apart). Monkeys had constant ad libitum access to the
fodder (extruded pellets) and received fresh fruits and vegetables three times per day. The monkeys were kept together except when
participating in experiments.

In the third monkey experiment, cynomolgus monkeys (Macaca fascicularis) were procured from Noveprim Ltd and Le Tamarinier
(Mauritius) and included in a cardiovascular safety study. Upon arrival at the study site (Sanofi-Aventis Recherche & Développement,
Alfortville, France) each animal was acclimated to an animal room for at least 3 weeks. Following surgical implantation of a telemetry
device, each animal was kept in animal rooms for a recovery period of at least 2 weeks before being included in the study. During the
weeks preceding the beginning of the study, the implanted monkeys were accustomed to the experimental conditions in a test room.
For the study, 6 animals were selected from a colony of previously implanted cynomolgus monkeys. During the study, the animals
were moved from animal rooms (19.9 m?) to a dedicated test room where they were dual- or singly-housed in cages (2.2 m?) accord-
ing to social compatibility. Monkeys were housed in animal and test rooms on a 12-h/12-h light-dark cycle under controlled environ-
mental conditions (temperature 20 to 24°C, relative humidity range of 40 to 70%, a minimum of 15 air changes/h) with free access to
filtered water. All monkeys received standard environmental enrichment with toys. The animals were fed once a day at a fixed time
with a certified pelleted diet (150 g limit). In addition, fresh fruits/vegetables, and delicacies (sunflower seeds and peanuts) were also
provided everyday according to local procedure.

Human subjects

Trial design

A phase 1, randomized, double-blind, single-center, placebo-controlled trial was designed to evaluate the safety, tolerability, phar-
macokinetics, and pharmacodynamics of single ascending subcutaneous (s.c.) doses of SAR441255 in lean to overweight healthy
male or female adults. This study was conducted at New Orleans Center for Clinical Research, Knoxville, Tennessee, USA between
April 2019 and September 2019. The study protocol was approved by an independent Ethics Committee and the trial was conducted
in accordance with the guidelines established by the Declaration of Helsinki and the International Conference on Harmonization -
Good Clinical Practice. Written informed consent was obtained from all study participants before study entry.

Participants

Eligible participants were healthy individuals aged 18 to 55 years with a body mass index (BMI) between 20 and 30 kg/m? (normal- to
overweight). Participants were required to have normal blood pressure, pulse rate, body temperature, laboratory values, Holter and
12-lead electrocardiogram (ECG) results. No concomitant medication was allowed during the trial. A standard diet was maintained
during the trial, including control of fluid and food intake. Completeness of meal intake was monitored and recorded.

METHOD DETAILS

Solid phase peptide synthesis of SAR441255

The solid phase synthesis was carried out on Rink-Amide resin (4-(2’,4’-Dimethoxyphenyl-Fmoc-aminomethyl)-phenoxyacetamido-
norleucylaminomethyl resin) (Novabiochem), 100-200 mesh, loading of 0.43 mmol/g on a Prelude peptide synthesizer (Protein Tech-
nologies). Fluorenylmethoxycarbonyl protecting group (Fmoc) protected natural amino acids (AAs) were purchased from Protein
Technologies Inc., Novabiochem, Iris Biotech or Bachem. The following AAs were used as starting materials: Fmoc-L-Ala-OH,
Fmoc-D-Ala-OH, Fmoc-L-Arg(Pbf)-OH, Fmoc-L-Asp(OtBu)-OH, Fmoc-L-GIn(Trt)-OH, Fmoc-L-Glu(OtBu)-OH, Fmoc-Gly-OH,
Fmoc-L-His(Trt)-OH, Fmoc-L-lle-OH, Fmoc-L-Leu-OH, Fmoc-L-Lys(Boc)-OH, Fmoc-L-Phe-OH, Fmoc-L-Pro-OH, Fmoc-L-
Ser(tBu)-OH, Fmoc-L-Thr(tBu)-OH, Fmoc-L-Trp(Boc)-OH, Fmoc-Aib-OH. The Fmoc-synthesis strategy was applied with 2-(1H-ben-
zotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU) / diisopropylethylamine (DIPEA)-activation. Dimethylforma-
mide (DMF) (Fisher Chemical) was used as the solvent. For deprotection two runs of 20% piperidine/DMF (Sigma-Aldrich) for 2.5 min
were followed by 7 DMF washes. Double couplings were done with a 2:5:10 mixture of 200 mM AA / 500 mM HBTU (ABCR) / 2M
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DIPEA in NMP (Sigma-Aldrich) (20 min each) followed by 5 DMF washes. In position 14, Fmoc-Lys(Mmt)-OH and in position 1 Boc-
His(Trt)-OH were used in the solid phase synthesis protocol. The monomethoxytrityl (Mmt) group was removed by repeated treat-
ment with acetic acid (AcOH, Fisher Chemical) / 2,2,2-trifluoroethanol (TFE, Alfa Aesar) / dichloromethane (DCM, VWR) mixture
(1:2:7) for 15 min at room temperature (RT), the resin then repeatedly washed with DCM, 5% DIPEA (VWR) in DCM and 5% DIPEA
in DCM/DMF. Thereafter, Palm-yGlu-yGlu-OSu was coupled to the liberated amino group employing DIPEA as base. The peptide
was cleaved from the resin with King’s cocktail consisting of 82.5% trifluoroacetic acid (TFA), 5% phenol, 5% water, 5% thioanisole,
2.5% 1,2-ethanedithiol (EDT) (King et al., 1990). The crude peptide was then precipitated in cold diethyl ether, centrifuged, and lyoph-
ilized. Peptides were analyzed by analytical high-performance liquid chromatography (HPLC) and checked by electrospray ionization
(ESI) mass spectrometry. The crude product was purified via preparative reversed-phase (RP)-HPLC on a Akta Purifier System (Cy-
tiva, formerly GE Healthcare), a Jasco semi-preparative HPLC System (Jasco) or an Agilent 1100 HPLC system (Agilent) on a Waters
column (Sunfire Prep C18 ODB 5 um 30 x 250 mm) using an acetonitrile/water (with 0.1% trifluoroacetic acid [TFA]) gradient. Prod-
uct-containing fractions were collected and lyophilized to obtain the purified product, typically as TFA salt.

The purified peptide was analyzed on an 6230B Time of Flight (TOF) liquid chromatography/mass spectrometry (LC/MS) System
using a Dual Agilent Jet Stream ESI source (Agilent). Liquid chromatography (LC) was performed on a ACQUITY UPLC CSH C18
1.7 um (150 x 2.1 mm) column (Waters) at 50°C using a gradient of solvents: H,O + 0.05% TFA: acetonitrile (ACN) + 0.035% TFA
(flow 0.5 mL/min) (gradient: 80:20 (0 min) to 80:20 (3 min) to 25:75 (23 min) to 2:98 (23.5 min) to 2:98 (30.5 min) to 80:20 (31 min)
to 80:20 (37 min)). The desired compound was detected with a retention time of 9.995 min (observed peptide mass 4863.67; calcu-
lated peptide mass 4863.63) with a purity of 95%.

In vitro cellular assays for GLP-1, GIP and GCG receptor activation

The ability of SAR441255 to activate GLP-1, GIP and glucagon (GCG) receptors was determined using functional assays, as
described previously (Evers et al., 2017). The natural ligands for each receptor, namely GLP-1(7-36)NH,, GCG and GIP(1-42),
were used as the reference compounds. HEK293 cell lines stably expressing recombinant human, monkey or murine GLP-1, GIP
or GCG receptors were used to measure elevation of cAMP levels in response to each compound. The HEK293 cells were grown
in Falcon 175 cm? cell culture flasks (BD Biosciences) overnight to near confluence in medium [composition: Dulbecco’s Modified
Eagle Medium (DMEM, GIBCO) and 10% fetal bovine serum (FBS, PAN Biotech)] at 37°C, 5% CO, and 95% humidity. The medium
was then removed, and cells were washed with phosphate buffered saline (PBS) lacking calcium and magnesium (GIBCO), followed
by proteinase treatment with Accutase (Sigma-Aldrich). Detached cells were washed and resuspended in assay buffer [composition:
Hank’s balanced salt solution (HBSS, Invitrogen), 20 mM HEPES (Invitrogen), 0.1% bovine serum albumin (BSA, PAA Laboratories),
and 2 mM 3-isobutyl-1-methylxanthine (IBMX, AppliChem)], and cellular density was determined. The cell suspension was then
diluted to 400,000 cells/mL, and 25 pL aliquots were dispensed into the wells of 96-well plates (Corning, Sigma-Aldrich). For
cAMP measurement, 25 uL of test compound in assay buffer was added to the wells, followed by incubation for 30 min at room tem-
perature. cAMP levels generated following test compound stimulation were measured using a cAMP Gs dynamic kit (Cisbio), based
on homogeneous time-resolved fluorescence (HTRF) technology, by following the manufacturer’s instructions. After addition of
HTRF reagents diluted in lysis buffer (kit components), the plates were incubated for 1 h, followed by measurement of the fluores-
cence ratio at 665/620 nm. The in vitro potency of the compounds was quantified by determining the concentrations that caused
50% activation of the maximal response (ECso). Data were reported as the mean + standard error of the mean (SEM) of three
replicates.

The in vitro activity of SAR441255 was also studied in cell systems expressing endogenous levels of each receptor.

Endogenous GLP-1 receptor efficacy was assessed with 1.1B4 human pancreatic beta-cells (ECACC) (McCluskey et al., 2011) that
were cultivated at 37°C, 5% CO, and 95% humidity in RPMI (GIBCO) supplemented with 10% FBS Good (PAN Biotech) and 1% Pen/
Strep (GIBCO). For cAMP measurements, 7500 cells per well were dispensed in 25 pL assay buffer containing HBSS (Invitrogen),
20 mM HEPES (Invitrogen), 0.1% BSA (PAA Laboratories) on a 96-well plate (Corning, Sigma-Aldrich). For measurement of cCAMP
generation, 25 ul of test compound (1:10 serial dilutions) in assay buffer plus 2 mM IBMX (AppliChem) was added to each well of
the 96-well plate, followed by incubation for 30 min at room temperature.

Endogenous GCG receptor efficacy was accessed with frozen primary human hepatocytes (BiolVT) that were thawed in assay
buffer containing HBSS (Invitrogen), 20 mM HEPES (Invitrogen), and 0.01% BSA (PAA Laboratories). For cAMP measurements,
1000 cells per well were dispensed in 5 uL assay buffer containing HBSS (Invitrogen), 20 mM HEPES (Invitrogen), and 0.1% BSA
(PAA Laboratories) on a 384-well plate (Greiner). For measurement of cCAMP generation, 5 uL of test compound (1:5 or 1:8 serial di-
lutions) in assay buffer plus 2 mM IBMX (AppliChem) was added to each well of the 384-well plate, followed by incubation for 30 min at
room temperature.

Lastly, endogenous GIP receptor efficacy was studied by monitoring lipolysis in human adipocytes differentiated in vitro from
precursors.

Human preadipocytes (Lonza) were seeded on a 96-well plate (Corning) in Endothelial Cell Growth medium with supplement mix
(PromoCell) as 28,000 cells per well. After 6 h, the medium was changed to differentiation medium consisting of DMEM (GIBCO),
Ham’s F10 (GIBCO), 15 mM HEPES (GIBCO), 3% FCS (PAA), 33 uM biotin (Sigma-Aldrich), 17 uM pantothenate (Sigma-Aldrich),
0.1 uM human insulin (Sigma-Aldrich), 1 uM dexamethasone (Sigma-Aldrich), 0.1 uM PPAR gamma agonist (Sigma-Aldrich), 0.6 x
antibiotic-antimycotic (Thermo Fisher), 200 uM IBMX (AppliChem), and 0.01 uM L-thyroxine (Sigma-Aldrich). Preadipocytes were
differentiated for at least 14 days and starved overnight before the lipolysis assay in starvation medium, consisting of DMEM (GIBCO),
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Ham’s F10 (GIBCO), 15 mM HEPES (GIBCO), 3% FCS (PAA), 33 uM biotin (Sigma-Aldrich), and 17 uM pantothenate (Sigma-Aldrich).

Serial dilutions (1:10) of compounds in adipocyte medium (DMEM (GIBCO), Ham’s F10 (GIBCO), 15 mM HEPES (GIBCO), 3% FCS
(PAA), 33 uM biotin (Sigma-Aldrich), 17 pM pantothenate (Sigma-Aldrich), 0.1 uM human insulin (Sigma-Aldrich), 1 uM dexametha-
sone (Sigma-Aldrich), 0.1 uM PPAR gamma agonist (Sigma-Aldrich), 0.6 x antibiotic-antimycotic (Thermo Fisher)) were added to the
starved differentiated adipocytes and incubated at 37°C for 240 min. The amount of the produced free glycerol in each well was
determined using free glycerol reagent (Sigma-Aldrich).

Diet-Induced Obese (DIO) mouse study

Ten lean C57BL/6NHsd and 75 DIO female mice were included in the study. At initiation of dosing, the animals were approximately
25 weeks of age, with body weights ranging from 22.4 to 24.8 g for the lean mice and from 42.0 to 53.7 g for the DIO mice. Animals
were assigned to 8 treatment groups based on body weight.

At baseline, blood glucose concentrations were measured and blood for insulin analysis was collected. Body composition (deter-
mination of fat, lean, free water, and total water masses) was measured using quantitative nuclear magnetic resonance (QNMR)
spectrometry (EchoMRI-100H) on the same day. Following randomization (day 1), animals received s.c. injections of SAR441255
(0.3, 1, 3, 10 or 30 png/kg), vehicle control (PBS) or mouse dual GLP-1R/GCGR agonist (30 png/kg) (Elvert et al., 2018b) administered
twice daily (bid) for 28 days at a volume of 5 mL/kg. Animals were dosed only once on the day of scheduled necropsy.

The effectiveness of each treatment was determined by assessment of mortality, clinical observations, body weights, body fat con-
tent, and food consumption at follow-up. Blood was collected for measurements of blood glucose and insulin concentration, and
clinical chemistry. QNMR spectrometry was performed on day 26 of the dosing phase.

One animal (vehicle control) died during QNMR blood collection on day 26. All other animals survived to day 28 when they were
anesthetized via isoflurane, exsanguinated, and necropsied. Daily body weights and food consumption were reported until day 26
due to an animal death and collection errors for body weight and food consumption on days 27 and 28. The amount of food
consumed by each cage of animals (four per cage) was estimated by measuring the full and empty feeder weights daily during
the dosing phase. Consumption was calculated as grams per animal per day.

Blood for blood glucose measurements was collected via a tail clip on day 1 and day 26 of the dosing phase at 0 h (pre-dose) and 1,
2, 3, 4, 6, and 24 h post-dose. The 24-h sample was collected prior to dosing on day 2, and the 0-h, 24-h, and day 26 samples were
collected prior to any other in-life activities. Blood for insulin measurement was collected from non-fasted animals via tail clip on day
26. Blood was collected into potassium-ethylene diamine tetra-acetic acid (KsEDTA)-anticoagulant tubes and maintained on wet ice.
Samples were centrifuged and plasma stored at —60 to —80°C until analysis (performed in singlet). Blood for clinical chemistry was
collected from nonfasted animals under isoflurane via orbital sinus on day 28 of the dosing phase. Blood was collected into serum
separator tubes (without anticoagulant) and allowed to clot at ambient temperature. Samples were centrifuged within 1 h of collection
and serum was stored at —60 to —80°C, until analysis.

A macroscopic examination of the external features of the carcass; external body orifices; abdominal, thoracic, and cranial cav-
ities; organs; and tissues was performed. Organ weights were recorded at the scheduled sacrifice.

Effects of SAR441255 on body weight in obese, diabetic cynomolgus monkeys

The effects of SAR441255 on body weight change was studied in male obese, insulin resistant and diabetic cynomolgus monkeys
(Macaca fascicularis) and compared with a monkey-specific dual GLP-1R/GCGR agonist (Elvert et al., 2018b), another triple GLP-1/
GIP/GCG agonist peptide 12 (Evers et al., 2020) and vehicle. The study was conducted over 16 weeks and included a 1-week se-
lection period; a 3-week training and acclimatization period; a 2-week run-in period; a ~1.5-week dose escalation period; a ~4.5-
week dosing period; a 1 week run-out period; and, a 4-week washout period (Evers et al., 2020).

Monkeys on a high fat diet (HFD) for > 8 months were screened to identify those animals to be used in the treatment phase of the
study. Included monkeys were required to fulfil the following criteria: age > 8 years, body weight of > 8 kg, fasting glucose > 110 mg/
dL, fasting insulin > 70 uU/mL, and normal complete blood count (CBC), liver and kidney function. Animals underwent training for
3 weeks to acclimatize them to the experimental procedures involving blood collection and administration of the study treatment.
The training included single cage housing, in-cage arm presentation training, venipuncture desensitization without sedation, s.c.
dosing (saline), bottled water intake training, and food rewards for each training session. Procedures initiated during the training
period included twice daily cage-side clinical observation, daily measurement of food and water intake and weekly body weight
measurement.

Following this, a 2-week run-in period was used for basal metabolic profiling (including measurement of plasma glucose, insulin,
fibroblast growth factor 21 (FGF-21), total ketone bodies [T-Ket], 3-hydroxybutyrate [3-HB], triglyceride [TG], total cholesterol [T-C],
low density lipoprotein cholesterol [LDL-C], high density lipoprotein cholesterol [HDL-C], glycated hemoglobin A1c [HbA1c], and
non-esterified fatty acids [NEFA]), safety blood sampling (anti-drug antibodies [ADA], herpes B and measles virus by polymerase
chain reaction [PCR]), an intravenous glucose tolerance test [ivGTT], daily s.c. dosing using normal saline (0.1 mL/kg), while the
training procedure was continued.

Glucose, TG, and total-, HDL- and LDL-C, T-Ket and 3-HB concentrations in plasma were measured on a C311 or C501 biochem-
ical analyzer (Roche Diagnostics, Mannheim, Germany). Plasma insulin concentrations were measured on a Cobas e411 Immu-
nology analyzer (Roche Diagnostics) and plasma FGF-21 concentrations were measured by ELISA (Millipore).
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The ivGTT performed during the run-in period was conducted with the animal under sedation with intramuscular [IM] injections of
ketamine hydrochloride [HCI] (Bela-Pharm, Germany, 10 mg/kg). Following a 16 h overnight fast, the animals received an intravenous
(IV) glucose bolus (0.5 g/kg, as 50% glucose solution (Sigma) over 30 s into the saphenous vein or a suitable peripheral vein based on
the following dose calculation: Volume (mL) of 50% glucose solution = body weight [BW] (kg) x 0.5 (g/kg) / 0.5 (g/mL) or 1 mL/Kkg).
Venous blood samples (~1 mL) for measurement of glucose and insulin levels were collected in pre-chilled K;EDTA tubes pre-
dose (0 min) and at 1, 3, 5, 10, 20, 40 and 60 min after completion of the bolus glucose injection. Samples were centrifuged within
30 min of collection.

At the end of the run-in period, the selected monkeys were randomly assigned to one of four dose groups (10 animals each) based
on their bodyweight, total energy intake and their glucose/insulin exposure (area under the plasma concentration-time curve [AUC])
results from the ivGTT.

The test compounds (SAR441255, peptide 12, and the monkey-specific dual GLP-1R/GCGR agonist) and vehicle (PBS solution,
pH 7.5) were administered to the alert/non-sedated animals as a once-daily s.c. injection in-cage between 10:30 (after breakfast) and
11:30 am over the 6-week dosing period (2 weeks dose-escalation phase, 4-weeks dosing phase on high maintenance dose) accord-
ing to the assigned dose groups. The test compounds were formulated on the days of dosing in a PBS solution, at pH 7.5.

The dosing for SAR441255 was increased employing four steps every three days: 3, 5, 8, 11 ng/kg. The dosing of peptide 12 and
the dual GLP-1R/GCGR agonist were increased within the same time interval: 3, 5, 8, 10 ng/kg and 1, 2, 3, 4 ug/kg, respectively. For
the monkeys with relatively lower total energy intake, individualized dose designs were applied. Monkeys with food supplementation
for one or more consecutive days were excluded from dosing and from the study.

During the entire dosing period, food and water intake was monitored daily and body weight was measured every 3 to 4 days.
Venous blood samples for safety profiling (aspartate aminotransferase [AST], alanine aminotransferase [ALT], alkaline phosphatase
[ALP], creatinine [Cr], blood urea nitrogen [BUN]) and CBC, pharmacokinetic profile, and metabolic profiling (as described above)
were collected weekly; safety profiling (AST, ALT, ALP, Cr, BUN) and CBC: bi-weekly; glucose and insulin profiling, including T-
Ket, and 3-HB, was performed throughout the study. Blood samples for pharmacokinetic sampling were collected on sampling
days before and 1, 2, 4, 8 and 22 h post-dosing in all groups.

AST, ALT, ALP, Cr, and BUN concentrations in plasma were measured on a Roche C311 or C501 biochemical analyzer (Roche
Diagnostics). CBC in plasma was measured on a Sysmex XT 2000i analyzer (Sysmex, Norderstedt, Germany).

After the dosing period, the animals underwent a 1-week run-out period in which dosing was continued and metabolic parameters
were monitored to compare with baseline values. A further ivGTT was performed on day 45.

A 4-week washout period with continued observations then followed to monitor recovery. During this period, blood samples were
collected for metabolic profiling (as described above), safety profiling and CBC, ADA samples, and herpes B and measles virus
by PCR.

For analysis, 3 animals per test treatment group were excluded due to food supplementation for one or more days during the study
period.

PET imaging and analysis in lean cynomolgus monkeys
Gallium-68 radiolabeling of [?®Ga]Ga-DO3A-Exendin-4 (Selvaraju et al., 2013; Velikyan et al., 2017) and the GCGR PET Tracer [*®Ga]
Ga-DO3A-Tuna-2 (Velikyan et al., 2019; Wagner et al., 2020) was performed as described previously.

The radiochemical purity was over 90% (n = 23) with no unknown impurity of over 5%. Molar activity values varied depending on the
age of the generator and were, on average, 43.1 = 14.6 MBg/nmol (n = 23) and 33.4 + 9.9 MBg/nmol (n = 23), respectively for [*®Ga]
Ga-DO3A-Tuna-2 and [*8Ga]Ga-DO3A-Exendin-4 (range 13-67 MBg/nmol) at the end of the synthesis. The reproducibility was high
with non-decay corrected radiochemical yield of 45.2 + 2.5% (n = 23) and 41.6 + 2.1% (n = 23), respectively for [*®Ga]Ga-DO3A-Tuna-
2 and [*®Ga]Ga-DO3A-Exendin-4 and a success rate of 100%.

PET-CT imaging was performed in 3 female cynomolgus monkeys (weight 4.6 + 0.9, range 3.8-5.8 kg), which were housed in the
Astrid Fagraeus Laboratory at the Karolinska Institutet, Solna, Sweden. They were transported to the PET facility of Uppsala Univer-
sity Hospital on the morning of each experiment. Anesthesia was induced by intramuscular injection of ketamine HCI (10 mg/kg) at the
housing facility prior to transportation. Venous catheters were placed in each leg for IV anesthesia, PET tracer administration, study
drug administration, blood sampling and measurements of radioactivity. Following endotracheal intubation at the PET center, anes-
thesia was maintained with a mixture of 1%-4% sevoflurane (AbbVie), oxygen, and medical air. Body temperature was maintained
throughout the examination by a Bair Hugger warming unit (Arizant Healthcare). Body temperature, ECG, heart rate, respiratory rate,
oxygen saturation, blood pressure and glucose were monitored throughout the experiments. Fluid balance was maintained by a
continuous infusion of saline or Ringer’s acetate and supplemented with glucose if required.

Receptor occupancy studies were performed by PET-CT at the PET facility of Uppsala University Hospital, using tracer parameters
optimized in prior dose escalation studies (Eriksson et al., 2019). Each animal was examined with one of two tracers ([*3Ga]Ga-DO3A-
Exendin-4 or [*®Ga]Ga-DO3A-Tuna-2) on separate study days, at least 6 weeks apart. Two dynamic PET-CT scans were performed
on each dosing day. Animals were positioned to include the abdomen in the field of view (FOV) of a PET-CT scanner (Discovery M,
15 cm FOV, approximately 5 mm resolution, GE Healthcare) by assistance of a low dose CT scout view (140 kV, 10 mAs). Attenuation
correction was acquired by a 140 kV, Auto mA 10-80 mA CT examination. Dynamic PET measurements were acquired over 90 min in
list mode.
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In the morning, a baseline PET-CT dynamic examination over 90 min was performed for measurement of GCGR or GLP-1R occu-
pancy. The PET tracer ([68Ga]Ga—D03A-Tuna-2, [68Ga]Ga—D03A-Exendin—4) was administered IV in radioactive levels corresponding
to approximately 0.05 pg/kg or less peptide mass. Peptide doses at this level were previously shown in dose escalation studies
(Eriksson et al., 2019) to induce minimal or negligible receptor occupancy by itself (e.g., no mass effect), thereby fulfilling the tracer
requirement (< 5% occupancy induced by radiotracer alone). Table S5 shows the administered radioactivity and peptide mass for
each PET examination for each monkey.

After the baseline PET examination, s.c. 11 ng/kg SAR441255 (in PBS) was administered to each monkey. Two h post-dose (cor-
responding to the ~C,,,ox of SAR441255), a second 90 min dynamic PET examination was performed in an identical manner with the
tracer again administered at radioactive levels corresponding to negligible mass effect to avoid significant receptor occupancy
induced by the radiotracer itself. This second PET examination investigated the changes in tissue binding (pancreas for GLP-1R
and liver for GCGR, respectively) following SAR441255 treatment.

Image processing was performed according to standard optimized procedures for the PET scanner. The PET list mode data were
reconstructed into 33 frames (12 x 10s,6 X 30s,5 x 120 s, 5 x 300 s, 5 x 600 s). Image acquisition was performed in three di-
mensions (3D) and reconstructed using an iterative Q-Clear 200 algorithm.

PET images were analyzed using PMOD 3.7 software (PMOD Technologies). Regions of Interest (ROls) were segmented on trans-
axial PET projections assisted by accompanying CT scan images if available. Tissues were segmented on transaxial projections and
combined into Volumes of Interest (VOI). For the liver, the portal vein and the vena cava were excluded by assistance of CT, as well as
comparison of early and late image summations.

To determine an image-derived arterial input function, single pixel ROIs were placed in the aorta to avoid partial volume effects.
There was no or minimal movement of the monkey during the day, as the body was fixated in a bear hugger.

The dynamic PET measurements were expressed as Standardized Uptake Values (SUV). Graphical analysis as described by Lo-
gan and colleagues (Logan et al., 1990) was applied to the PET dynamic data from the pancreas or liver and analyzed using PMOD 3.7
software (PKIN module, PMOD Technologies). Volume of Distribution (V;) was calculated using image-derived aortic curves as input.
The aortic input curve was corrected for the plasma-to-whole blood ratios obtained from blood sampling during each experiment.
The aortic input curve was also corrected for the metabolic stability, i.e., the percentage of native [?®Ga]Ga-DO3A-Exendin-4 or
[?8Ga]Ga-DO3A-Tuna-2 remaining in the blood, based on a population estimate determined in previous PET studies in cynomolgus
monkeys. Goodness of fit for the model fitting was performed in the PKIN module (PMOD Technologies) using the standard assess-
ments including Chi2, Sum-of-squares and R2. Individual V; results for each scan are shown in Table S5.

Cardiovascular safety of SAR441255 in lean telemetered cynomolgus monkeys

The effect of SAR441255 on cardiovascular function was studied in freely moving conscious telemetered cynomolgus monkeys
(Macaca fascicularis). The study included a 3-week acclimatization period, insertion of a telemetry device under general anesthesia,
a 2-week recovery period, and then 4 experimental sessions separated by a 1-week washout period. Each experimental session
included 4-days of repeated s.c. administration of study treatment (SAR441255 or vehicle control) followed by a 1-day recovery
period. Thereafter, animals returned to the animal room for one week.

Selected conscious freely moving monkeys (n = 6, 4 males and 2 females, 3.12 to 6.10 kg body weight and 37 to 51 months old at
the first experimental session) were randomly assigned to s.c. once daily vehicle (aqueous solution of 2.5% Glycerol (w/w) / 0.3% L-
Methionine (w/w)/0.09% Glacial acetic acid (w/w)/ 0.02% aqueous solution polysorbate 20 (PS20) at 10% (w/w) adjusted to pH 4.5),
or SAR441255 at 3, 30 and 300 ng/kg/day (dosing volume 0.3 or 0.5 mL/kg) over a 4-day period as solutions in control article accord-
ing to a cross-over design (one dose by session for 4 successive days of dosing from day 1 to day 4) with a washout period of one
week between each session. Arterial blood pressure (systolic, diastolic, and mean), heart rate (beats per min), ECG parameters and
body temperature were continuously recorded on day 1 over 24 h post-dosing and on day 4 over 48 h post-dosing via the implanted
telemetry unit [Data Sciences International). Measurements were collected every 15 min from at least 2 h prior to administration of
SAR441255 (or vehicle) each morning (11:00).

Phase 1 study in healthy lean-to-overweight subjects
Trial design
In this first-in-human, double-blind, placebo-controlled study, participants were randomly assigned to receive single ascending s.c.
doses of SAR441255 or placebo in a ratio of 2:6 (placebo [n = 2], SAR441255 [n = 6]). The originally planned doses were 3, 9, 20, 40,
60, and 75 ng to be administered in 6 cohorts (with the addition of an optional seventh cohort). Following analysis of measured plasma
levels of SAR441255 in subjects receiving 3, 9, and 20 ng doses (first 3 cohorts) suggesting exposure was lower than initially pre-
dicted, the dose levels of cohorts 5 and 6 were increased and a seventh dose cohort added to better assess the adverse event
(AE) profile at higher doses. The revised dose escalation plan for SAR441255 was 3, 9, 20, 40, 80, 150, and 250 pg.

Participants were confined in the clinical research unit during the whole treatment period from the day before dosing (day —1) until
4 days (cohort 1 to 4) or 3 days (cohort 5 and 6) after SAR441255 or placebo administration. Completeness of meal intake was moni-
tored and recorded.

In total, 48 participants received single doses of SAR441255 ranging from 3 to 150 pg in 6 cohorts. Table S6 shows the baseline
characteristics (day —1) of participants enrolled in the trial.
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Trial medication and endpoints

SAR441255 or matching placebo were administered in the morning (fasting) by s.c. injection in the abdomen of the subject. The pri-
mary endpoint was safety and tolerability of single s.c. doses of SAR441255. Secondary endpoints included various pharmacokinetic
parameters, and the pharmacodynamic endpoints of change in glucose, insulin, and C-peptide before and after a mixed meal test
(MTT). Exploratory secondary endpoints included change from baseline in AA concentrations before and after the MMT, and plasma
concentrations of C-terminal telopeptide of type | collagen (CTX) before and after SAR441255 administration.

Mixed meal test

The mixed meal consisted of an energy bar (e.g., Powerbar Protein Snack Bar, Peanut Butter Caramel 50 g) containing ~200 kcal
(composed of ~23 g carbohydrates, ~12 g proteins and ~9 g fat) and a 430 mL liquid energy drink (e.g., Ensure Plus Therapeutic
Nutrition Drink, Abbott) containing ~600 kcal (~92 g carbohydrate, ~24 g protein and ~20 g fat). The meal was given 8 h (cohorts
1 to 4) or 3 h (cohorts 5 and 6) after administration of study drug (day 1) and at the corresponding time at baseline (day -1).

The MMT was administered at the anticipated t,,ox of SAR441255 on the day of treatment (day 1) and corresponding time point at base-
line. In cohorts 1to 4 (3, 9, 20, and 40 ng doses), the meal was given 8 h after administration of the study drug at around 4 pm and at the
corresponding time at baseline. Participants remained fasted for at least 4 h prior to the MMT (food and drink were not allowed except
water and a light snack 4 h after dosing of the study drug). For cohorts 5 and 6 (80 and 150 ug doses), pharmacokinetic data from first 4
dose cohorts (1to 4) showed that t,,ox 0ccurred much earlier and therefore the MMT was given ~3 h after administration of the study drug
(or at corresponding time point at baseline). Participants similarly remained under fasted conditions until the MMT, with a snack served at
3 pm (4 h after study drug administration or corresponding time point at baseline) and a dinner was served around 8 pm.

Safety evaluation

The safety and tolerability of SAR441255 was assessed by 12-lead ECG, vital signs, routine laboratory variables, 24 h Holter moni-
toring (baseline and day of dosing), physical examination, reporting of AEs and injection site reactions, level of antidrug antibodies
(ADAs), and any episodes of hypoglycemia. ADA samples were collected pre- and post-dose and at 4-week (day 28 + 3) follow-up.
AEs were coded using Medical Dictionary for Regulatory Activities (MedDRA) version 21.1.

Blood samples and analysis

Venous blood samples were collected before and then at frequent times after dosing in each cohort; that is, every 30 min for the first 4
h, every 60 min from 5 to 10 h, every 120 min from 10 to 14 h and 22 to 24 h, and then at 28 and 32 h. All samples were centrifuged
within 30 min of collection. Plasma was transferred to separate tubes, frozen immediately and stored at —80°C until analysis.

Plasma concentrations of SAR441255 were determined using a validated liquid chromatography-tandem mass spectrometry (LC-
MS/MS) assay at Covance (Indianapolis, USA). Plasma concentrations within the validated concentration range (0.2-80 ng/mL) were
used to calculate the pharmacokinetic parameters. The lower limit of quantification (LLOQ) was 0.2 ng/mL. Assessment for the pres-
ence of ADAs was performed in a Sanofi laboratory (Frankfurt, Germany) using an internally developed and validated enzyme-linked
immunosorbent assay having a limit of detection (LOD) of 0.050 ug/mL.

Standard non-compartmental analysis was used to calculate the AUC up to the time of the last quantifiable concentration (AUC.¢1)
and extrapolated to infinity (AUC;y); percentage of the AUC extrapolated from the last observed time point (AUCqxtrap); Peak plasma
concentrations (Crax); apparent total body clearance (CL/F); and terminal elimination half-life associated with the terminal slope (ty,,).
Time to maximum plasma concentration (tmax) Was reported as median values. For descriptive statistics of pharmacokinetic param-
eters, the arithmetic mean and standard deviation (SD) were reported.

The effect of SAR441255 on the plasma concentrations of selected exploratory biomarkers, including AAs and CTX, were as-
sessed in cohorts 1, 2, 5 and 6, at baseline and at several time points post dosing (day 1).

Glucose concentration was measured enzymatically. Plasma insulin and C-peptide concentrations were measured by Electroche-
miluminescence immunoassay (ECLIA). CTX concentration in plasma was determined using the Elecsys B-CrossLaps reagent
(Roche Diagnostics) on a Cobas 6000 instrument equipped with a €601 module (Roche Diagnostics). The assay is a quantitative
immunological test based on chemiluminescence readout. Analysis was performed according to the manufacturer’s protocol with
an LLOQ of 0.01 ng/mL. Quantitative AA analysis of the plasma samples was performed by LC-MS/MS at LabCorp (Burlington, North
Carolina, USA).

QUANTIFICATION AND STATISTICAL ANALYSIS
Calculations

PET imaging and analysis
SUV were calculated as follows:

SUV (1) 3 F?ad/oact/wtyﬁssue (Bq)/VO/Umeﬂssue (CC)

1) Radioactivityinected(Bq),/ Weightsea, (g)

Effects of SAR441255 on AAs
The treatment effect of SAR441255 on AA levels was investigated with the following linear mixed model as defined by the following
equation:

Biomarker = p + cohort + time point + cohort: time point + (1:subject) + ¢
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with cohort, time point and interaction between cohort and time point as fixed terms and subject as a random factor. The placebo
group and baseline (day —1) values were set as the reference groups.

Statistical analysis

Animal studies

Descriptive statistics [mean + SEM] were used to summarize the measurement results. The measurement data taken at specified pre-
treatment time points were designated as baseline values. Statistical tests were conducted for some parameters, as described in the
respective figure legends. Treatment effects of SAR441255 were compared using one-way analysis of variance (AVOVA) or a two-
way ANOVA followed by Dunnett’s test for multiple comparisons of treatment effect versus the vehicle and obese control groups,
respectively. A P value < 0.05 was considered statistically significant, and the level of significance was indicated. All analyses
were performed using SAS version 9.4 (SAS Institute, NC, USA) under Linux via interface software EVERST@T v6.1.0.

Healthy subject phase 1 study

The sample size for this trial was based on empirical considerations. As the trial was an exploratory, first-in-human study with a small
sample size, all pharmacokinetic, pharmacodynamic and safety parameters were analyzed descriptively.

Pharmacokinetic parameter estimates for SAR441255 were calculated using standard non-compartmental methods with PKDMS
(inhouse software version 3.0 with Phoenix, version 1.4, Certara USA, Princeton, NJ) and SAS version 9.4 (SAS Institute).

Exploratory biomarkers were analyzed in the placebo (n = 4) cohort and the 80 and 150 pg dose cohorts (n = 6 in each). The dataset
was checked for outliers prior to statistical analyses. Outliers were defined as observations that fell below Quartile 1 minus 3 times the
interquartile range [IQR] or above Quartile 3 plus 3 times the IQR. No outliers were detected.

Each AA was centered to the mean value and scaled to the SD of the centered values. A heatmap representation of the data matrix
was generated highlighting the visit and treatment arms for visualizing the global treatment effect on AAs. The profile for each
biomarker was plotted as mean + SEM by time point, colored by visit and shaped by cohort. The placebo group was not added
to the plots to ease the readability. The treatment effect was further investigated using the linear mixed model described above.

ADDITIONAL RESOURCES

Clinical trial registry number NCT04521738: https://clinicaltrials.gov/ct2/show/NCT04521738
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