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Introduction: Diabetes and obesity are momentous risk factors threatening people’s lives and health. Currently available incretin
analogue glucagon-like peptide 1 (GLP-1) possesses huge hypoglycemic effect with the unsatisfactory effect of weight loss. Co-
agonists targeting GLP-1R plus glucagon receptor (GCGR) or gastric inhibitory polypeptide receptor (GIPR) show synergistic benefits
in glycaemic control and weight loss. Here, we describe a novel dual GIP and GLP-1 receptor agonist, DR10627, and performed
a preclinical assessment of it.

Methods: The agonistic ability of DR10627 was indirectly assessed by inducing cAMP accumulation in Chinese hamster ovary
(CHO) cells transfected with GLP-1R or GIPR in vitro. The plasma pharmacokinetics of DR10627 were analysed in cynomolgus
monkeys. The OGTTs were performed in Sprague-Dawley (SD) rats. The glucose lowering effects were evaluated by repeated
administration of DR10627 in diabetic (db/db) mice for 4 weeks. The effects of anti-obesity and improving metabolism of DR10627
were evaluated by repeated administration of DR10627 in diet-induced obesity (DIO) mice for 57 days.

Results: DR10627 had the capacity to activate both GLP-1R and GIPR in vitro. The terminal half-life of DR10627 was found to be
approximately 4.19-5.8 h in cynomolgus monkeys. DR10627 had a great improvement in oral glucose tolerance in SD rats. Moreover,
DR10627 had a potent glucose-lowering effect in db/db mice, and the hypoglycemic effect of 18 nmol/kg DR10627 was better than
that of 50 nmol/kg liraglutide. In addition, 10 and 30 nmol/kg DR10627 possessed the ability of potentiating the weight-loss, lipid-
lowing efficacy and improving metabolism to a greater extent than 80 nmol/kg liraglutide.

Conclusion: Preclinical assessment demonstrated that administration of DR10627 resulted in glucose lowering in SD rats and db/db
mice, and substantial body weight reduction and metabolism improvement in DIO mice. DR10627 is a promising agent deserving
further investigation for the treatment of type 2 diabetes and obesity.
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Introduction

As society has developed in recent decades, people’s exercise and dietary patterns are constantly changing, leading to an
increase in overweight or obesity rates.' Overweight [body mass index (BMI) > 25 kg/m?] and obesity (BMI > 30 kg/m?)
are driving global morbidity and mortality, posing a substantial risk for type 2 diabetes (T2D), denoting a huge
worldwide health crisis.”> Moreover, T2D increases the risk of cardiac complications. Achieving weight loss (>5% but

<10%), to a large extent, contributes to minimizing diabetes-associated complications.’
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Bariatric surgery is one of the effective methods to attain long-lasting weight loss, which requires surgeons and
facilities and may cause debilitating adverse effects. Pharmacotherapies based on glucagon-like peptide 1 (GLP-1) have
emerged and achieved continuing clinical successes in the treatment of T2D and obesity over the past decade, profiting
from the function of reducing food intake and weight via physiological satiety pathways. Among diabetes treatment
options, GLP-1 analog treatment can be used safely in diabetics with heart failure and GLP-1 agonists are also safe
medications in treatment of diabetics with atrial fibrillation.* For instance, the STEP-5 trial uncovered the efficacy of
semaglutide (Novo Nordisk) for weight loss, in which 2.4 mg dose of semaglutide achieved weight reduction by 13%
(placebo-subtracted) over two years in adults with overweight (with at least one weight-related comorbidity) or obesity,
without diabetes.” However, this magnitude of weight loss is insufficient for those with higher grades (BMI > 35 kg/mz).

According to the safety profile of the STEP program trials, gastrointestinal disorders were the most common adverse
events with semaglutide, typically transient, of mild-to-moderate severity, occurring during dose escalation, and such
events led to permanent treatment discontinuation.” With enhanced efficacy and enlarged therapeutic benefits, co-agonists
appealed to researchers and drug companies, which possess activation activity of GLP-1 receptor plus an additional one
such as gastric inhibitory polypeptide receptor (GIPR) or glucagon receptor (GCGR).® GIP is an insulin stimulating
hormone that is secreted from K cells in the upper small intestines and its postprandial level reached four times that of
GLP-1 under normal physiological conditions,”® stimulating insulin under hyperglycaemic conditions in a glycaemic-
dependent and dose-dependent manner.”'* Additionally, GIP may promote storage of dietary lipids by boosting the
healthy expansion of white adipose tissue (WAT) and reducing food intake and body weight through its actions in the
central nervous system (CNS).'*!> GIP agonists are beneficial in treating both obesity and T2D, and clinical studies have
shown the potential of GIP receptor agonists to be used in combination with other glucose-lowering peptides in the
treatment of obese type 2 diabetes.'® Current research data confirmed the synergistic benefits of GIP on improving lipid
and glucose metabolism when paired with the anorexigenic mechanism of GLP-1.""'® The SURPASS trials revealed that
tirzepatide (Lilly), a GLP1 and GIP receptor co-agonist, is effective in improving glycaemia and reducing weight in T2D,
superior to semaglutide at the 1 mg weekly dose that is licensed for T2D.'” Besides, the SURMOUNT-4 trial demon-
strated that the overall mean weight reduction from week 0 to 88 was 25.3% for tirzepatide and 9.9% for placebo.?’

Here, we characterize a novel dual GIP and GLP-1 receptor agonist DR10627, also known as HZ010. Preclinical
assessment demonstrated that administration of DR10627 resulted in glucose lowering in Sprague-Dawley (SD) rats and
diabetic (db/db) mice, and substantial body weight reduction and metabolism improvement in diet-induced obesity (DIO)
mice. Thus, DR10627 is promising in the treatment of diabetes and obesity and is currently undergoing Phase I clinical trials.

Materials and Methods

Human GLP-1 Receptor and GIP Receptor Agonistic Activity Assay in vitro

To test the ability of DR10627 to activate GLP-1R and GIPR, the cAMP accumulation has been measured using a cell-
based luciferase reporter gene assay based on CHO-K1 cell cotransfected with cDNA for each individual receptor and
a luciferase reporter gene construct fused with a cAMP response element. CHO-K1 was obtained from ATCC (Manassas,
VA, USA). Briefly, the density of the cotransfected cells after digestion and resuspension using slab culture medium
(DMEM/F-12 + 0.5%FBS) was adjusted to a slab density of 2.5 x 10> cells/mL, and then added the cells to the all-white
96-well luminescent plate and incubate at 37°C and 5% CO, for 18-20 hours overnight. Subsequently, serial dilutions of
DR10627 (DMEM/F-12 + 0.5%FBS + 2%BSA) were mixed with the cells in the 96-well plates. Following incubation at
37°C and 5% CO, for further 6 hours, the luciferase activity of the CHO-K1 cells was measured using a Bright-Glo™
Luciferase Assay System purchased from Promega Biotech Co., Ltd (Beijing, China), according to the manufacturer’s
instructions.

Pharmacokinetics Assay Studies in Cynomolgus Monkeys

Cynomolgus monkeys, half male and half female, were assigned into 3 groups (n=6/group). All animals were injected s.c.
with a single dose of DR10627 (1 nmol/kg, 5 nmol/kg or 26 nmol/kg), and blood samples were collected at 0 (pre-dose), 0.5,
1,2,4,8,12, 16,20, 24, 30, 38 and 48 h after administration. The serum concentrations of DR10627 were measured by LC-
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MS/MS. In brief, chromatographic separation was done with a C18 column (4.6 x 50 mm). Mobile phase consisted of
solvent A (0.5% formic acid) and solvent B (acetonitrile consisted of 0.5% formic acid), with a gradient elution (0—0.1 min,
35%; 0.1-1.5 min, 35-90%; 1.5-3.2 min, 95% of solvent B) and the flow rate was 0.8 mL/min. The column temperature
was maintained at 60°C. Mass spectral analysis was performed on a QTRAP 6500 mass spectrometer (AB/Sciex) equipped
with an electrospray ionization (ESI) source and operated in positive ion mode. A calibration solution was used to calibrate
the instrument. The curtain gas (CUR), nebulizer gas (GS1) and turbo gas (GS2) were set at 45 psi, 70 psi and 70 psi,
respectively. The electrospray voltage was 6 kV, and the turbo ion spray source temperature was 400°C. Nitrogen was
employed as the collision gas. The mass spectrometer was operated in the MRM full scan mode with a 1115.3 — 396 m/z
range for DR10627. Based on the biological analysis data, the pharmacokinetic parameters of DR10627 were calculated

with Phoenix WinNonlin 8.1 using the method of non-atrioventricular model analysis.

Effect of a Single DR10627 Administration on Oral Glucose Tolerance in SD Rats
Male SD rats were randomly assigned into 5 groups (body weight, 247~325 g; n=12/group) and each group of the rats
fasted overnight were dosed orally with D-glucose solution at a dose of 2 g glucose/kg of animal body weight
following s.c. injection of the respective doses of vehicle, liraglutide (50 nmol/kg) or DR10627 (1 nmol/kg, 4 nmol/kg,
12 nmol/kg). The blood samples were collected from the tail vein at point O (prior to glucose administration), 15, 30,
60, 90, 120 min post-glucose challenge using ONETOUCH®UltraEasyTM blood glucometer (Johnson & Johnson
China Ltd, China).

Glucose-Lowering Effects of Repeated DR10627 Administrations in db/db Mice
Male db/db mice (7 weeks old) were randomly assigned into 5 groups (body weight, 29.7~36.5 g; n=10/group), including
a model control group (group 2), a liraglutide group (50 nmol/kg, group 3) and 3 doses groups of DR10627 (2 nmol/kg, 6
nmol/kg, 18 nmol/kg, group 4-6). Another 10 male wild-type mice were used as a normal control group (group 1).
Mice in group 2—6 were treated once daily with dosing at a volume of 5 mL/kg subcutaneously for 4 weeks. Blood
glucose was measured before administration to 24 h after administration on D1 and D28. Random blood glucose was
measured once at about 9:30~10:30 a.m. on D6, D13 and D20. Six-hour fasting blood glucose was measured after the
6-h fasting at about 16:30~17:30 p.m. on D7, D14, D20 and D25, the fasting started about 1 h after the administration.

Effects of Repeated DR10627 Administrations in DIO Mice
Male C57BL/6 mice (7 weeks old) were fed a high-fat diet (60% kcal% fat, Research Diets, D12492i) for 11 weeks. Fifty
mice (body weight, 42.2~48.7 g) were screened and assigned randomly into five groups (n = 10/group): a model control
group (group 2), a liraglutide group (80 nmol/kg, group 3), 3 doses groups of DR10627 (3 nmol/kg, 10 nmol/kg, 30
nmol/kg, group 4-6). Another 10 male C57BL/6 mice fed an SPF-grade diet were used as a normal control group
(group 1). Mice in group 2—6 were treated once daily with a dosing volume of 5 mL/kg subcutaneously for 57 days.
Body weight and food take of all groups throughout the study were measured and recorded after administration. Body
weight changes and cumulative food intake were calculated. Abdominal fats including subcutaneous fat, perirenal fat,
epididymal fat, mesenteric fat and subcutancous brown fat of scapula were harvested after the final blood sample
collection, blotted with filter paper, and weighed. Blood samples were collected on DO (pre-dose), D28, D41 and D48
from the tail veins of mice fasted overnight for further biochemical analyses including total cholesterol (TC), triglyceride
(TG) and low-density lipoprotein (LDL).

Statistical Analysis
Statistical analysis was performed using one-way or two-way analysis of variance (ANOVA) followed by LSD, Kruskal-Wallis
or Mann—Whitney test. Results are presented as the mean + SD. Differences with p values less than 0.05 were considered

statistically significant and are identified with an asterisk.
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Ethics Approval

Animal experiments in this study were approved by the Institutional Animal Care and Use Committee (IACUC) of
JOINN Laboratories (China) Co., Ltd. or InnoStar Bio-tech Nantong (China) Co., Ltd. All experiments were performed
according to Guide for the Care and Use of Laboratory Animals (8th ed., 2011) and Regulations on the management of
experimental animals (Revised in 2017).

Results
Chemical Structure of DR10627

The peptide DR10627 is a chemically synthesized linear chain consisting of 39 amino acids. N-terminal amino acid
sequence of DR10627 (1-29) is based on GLP-1, with mutation sites related to GIP activity introduced, and the 10 amino
acids in the C-terminal are borrowed from exenatide, known as tryptophan cage, to enhance metabolic stability, and the
C-terminus is amidated. A palmitoyl group is conjugated to DR10627 via a -y-glutamyl-linker connected to the Lys'’
position. Palmitoylation endows albumin binding, prolonging half-life (Figure 1). The molecular weight of DR10627 is
4457.96 Da.

DR10627 is a Dual GLP-I and GIP Receptor Agonist in vitro

DR10627 was designed to be fully recombinantly expressed as a unimolecular polypeptide with dual GLP-1/GIP receptor
agonistic activities. In receptor activation assay using cell lines with recombinantly expressed GIPR or GLP-1R,
DR10627 effectively stimulates cAMP accumulation by either receptor in a concentration-dependent manner. The
potency (EC50) value of DR10627 was 17.65 pM for GLP-1R, which was approximately 41.93% of the potency
(EC50 = 7.40 pM) of native GLP-1. The potency value of DR10627 for GIPR was 0.26 nM, which was approximately
714.83% of the potency (EC40 = 1.88 nM) of native GIP (Figure 2). These results showed DR10627 could activate both
GLP-1R and GIPR in vitro.

DR10627 Has an Extended Half-life in vivo

To explore the concentration—time dynamics of DR10627 in vivo, the pharmacokinetics of DR10627 were assessed in
cynomolgus monkeys. After s.c. administration of single doses of 1 nmol/kg, 5 nmol/kg and 26 nmol/kg, the increase of Cyax
(the maximal observed plasma concentration) and AUCyr obs (the area under the plasma concentration curve from zero to
infinity) in cynomolgus monkeys was proportional to the dose. The pharmacokinetic parameters for DR10627 in plasma are

A
GLP-1 HAEGT FTSDV SSYLE GQAAK EFIAW LVKGR G

GIP YAEGT FISDY SIAMD KIHQQ DFVNW LLAQK GKKND WKHNI TQ
Exenatide HGEGT FTSDL SKQME EEAVR LFIEW LKNGG PSSGA PPPS
Liraglutide HAEGT FTSDV SSYLE GQAAX EFIAW LVRGR G
DR10627 YSEGT FTSDK*SKYLD SQAAQ DFVQW LLAGG PSSGA PPPS-NH2

B 0
YSEGTFTSD—HN \)\—SKYLDSQAAQDFVQWLLAGGPSSGAPPPS-NH2

1

0 O§:,OH
MJ:H/\/\g,NH

Figure | Amino acid sequence of GLP-IR/GIPR coagonist, DR10627 and the related peptides GLP-1, GIP, exenatide and liraglutide. Differences in amino acids from native
GLP-1 and GIP are denoted in red. K* indicates a palmitoyl group conjugated to the &-N of K10 via a -y-glutamyl-linker (yE-C16) (A). Structure schematic of DR10627 (B).
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Figure 2 Representative concentration—response curves of DR10627, liraglutide, GLP-1 or GIP in cAMP accumulation assays of CHO cell lines expressing human GLP-|
receptors (A) or human GIP receptors (B). Values are presented as the mean (+ SD) from duplicate analyses fitted with a 4-parameter logistic fit to determine the EC50
value.

presented in Table 1. The maximum DR10627 concentration observed occurred within 68 h after dosing and the terminal
half-life of DR10627 was found to be approximately 4.19-5.8 h (Figure 3), thus supporting a once-daily dosing regimen.

DR10627 Improves Oral Glucose Tolerance in SD Rat

To evaluate the effect of DR10627 on glucose tolerance, we performed an OGTT in SD rats. As shown in Figure 4, 4 nmol/kg
DR10627 significantly lowered blood glucose level at 30, 60, and 90 min (p < 0.001) and 12 nmol/kg DR10627 significantly
lowered blood glucose level at 30, 60, 90 and 120 min (p < 0.001) compared with that achieved with vehicle. Moreover,
significant reductions in glucose level were induced by 12 nmol/kg DR10627 compared to 50 nmol/kg liraglutide at 30, 60 min
(» <0.01-0.001) (Figure 4A). There was no difference in glucose-lowering effect between 1 nmol/kg DR10627 and vehicle.
Meanwhile, a significant decrease in glucose response, measured by OGTT AUC (0-2 h), was observed in 4 nmol/kg and 12
nmol/kg DR10627 compared with vehicle, and 12 nmol/kg DR10627 AUC (0-2 h) was significantly lower than 50 nmol/kg
liraglutide (Figure 4B). Therefore, these results indicated that DR10627 had a great improvement on oral glucose tolerance in
SD rat, and 12 nmol/kg DR10627 was more potent than 50 nmol/kg liraglutide.

DR10627 Has a Potent Glucose-Lowering Effect in db/db Mice

To confirm the glucose-lowering effect of DR10627, we explored the effect of DR10627 on glycemic control in type 2
diabetic db/db mice that were treated with either a daily s.c. administration of the respective doses of DR10627,
liraglutide or vehicle for 4 weeks. As shown in Figure SA, blood glucose levels were similar among all groups before
administration on D1, and decreased significantly after treatment with DR10627 or liraglutide. Figure 5B shows that
before administration on D28, the blood glucose levels treated with 2, 6 and 18 nmol/kg DR10627 or 50 nmol/kg
liraglutide were significantly lower than that of vehicle (24.3 £2.9,22.1 +4.5, 184 +5.4,27.0 + 3.9 mM vs 33.6 + 6.4
mM, p < 0.05-0.001). The trend of blood glucose change treated with 2 nmol/kg DR10627 was similar to that of 50
nmol/kg liraglutide. The blood glucose decreased to the lowest level at 2 h after administration of 12 nmol/kg DR10627,

Table | Pharmacokinetic Parameters in Cynomolgus Monkeys (Mean + Standard Deviation)

DR10627 Cmax Tmax (median AUCINF obs T2 (h) C’F obs Vz F obs
(ng/mL) [min, max]) h (ng/h/mL) (mL/h/kg) | (mL/h/kg)
| nmol/kg 13.6 £ 1.71 6.00 [4.00, 8.00] h 194 £ 15.9 5.80 + 1.26 21.2 + 1.69 185 + 34.0
5 nmol/kg 90.2 + 30.0 | 8.00 [4.00, 8.00] h 1380 + 470 5.05+ 0405 | 16.7 £+ 6.32 122 + 47.6
26 nmol/kg | 557 % 131 8.00 [8.00, 8.00] h 8700 + 2120 4.19£0957 | 140+383 | 814+ 139

Abbreviations: C,,, the maximal observed plasma concentration; T, the time of the maximal observed plasma concentration;
AUC|NE obs) the area under the plasma concentration curve from zero to infinity; T, terminal elimination half-life; Clg o, clearance as
a function of bioavailability; Vz  ops, the volume of distribution at steady state as a function of bioavailability.
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Figure 3 Pharmacokinetics of DR10627 in cynomolgus monkeys. Blood samples were collected at the indicated time points after a single s.c. injection of DR10627
(I nmol/kg, 5 nmol/kg, 26 nmol/kg) in cynomolgus monkeys (n = 6). The serum concentrations of DR10627 were measured by LC-MS/MS. Pharmacokinetic parameters of DR10627
were calculated with Phoenix WinNonlin 8.1 using the method of non-atrioventricular model analysis. Values are presented as mean (£ SD).
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Figure 4 Effects of single doses of DR10627 and liraglutide on glucose tolerance in OGTT in SD rats. Glucose levels of rats at 0, |5, 30, 60, 90 and 120 min post-glucose
challenge (A) and overall area under the curve (AUC) values (B). Male SD rat fasted overnight were dosed orally with D-glucose solution at a dose of 2 g glucose/kg of animal
body weight following subcutaneous injection of the respective doses of vehicle, liraglutide (50 nmol/kg) or DR10627 (I nmol/kg, 4 nmol/kg, 12 nmol/kg). Blood samples were
collected at the indicated time points. Time 0 was immediately prior to glucose challenge. The values represent the mean * SD. n = 12 mice/group. **p < 0.00] compared to
vehicle; %p < 0.05 compared to liraglutide (50 nmol/kg).

significantly lower than that of vehicle (24.1 + 2.5 vs 34.5 £ 8.2 mM, p < 0.001), and the hypoglycemic effect lasted for
24 h. From 0.5 h to 24 h after treatment, the blood glucose treated with 6 and 18 nmol/kg DR10627 was significantly
lower than that of vehicle (p < 0.05-0.001), and the hypoglycemic effect was dose-dependent. Moreover, the blood
glucose treated with 18 nmol/kg DR10627 was significantly lower than that of 50 nmol/kg liraglutide (p < 0.05-0.001) at
0.5h, 1h, 12h and 24h after treatment.

Besides, the random blood glucose (RBG) and fasting blood glucose (FBG) levels were measured during the study.
The RBG level of the model control group was significantly higher than that of the normal control group on D6, D13 and
D20, while DR10627 significantly lowered RBG level in a dose-dependent way. In addition, 18 nmol’kg DR10627 was
more potent than 50 nmol/kg liraglutide in decreasing the RBG level (Figure 5C). Similar to the RGB level, DR10627
significantly lowered the FBG level in a dose-dependent way and 18 nmol/kg DR10627 exhibited enhanced effect than
50 nmol/kg liraglutide on decreasing the FBG level (Figure 5D). These results demonstrated that DR10627 had a potent
glucose-lowering effect in db/db mice and the hypoglycemic effect of 18 nmol/kg DR10627 was better than that of 50
nmol/kg liraglutide.
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Figure 5 Effects of repeated-dose treatment with DR10627 and liraglutide on glucose tolerance in db/db mice. Male db/db mice were treated with either a daily s.c.
administration the respective doses of vehicle, liraglutide (50 nmol/kg) or DR10627 (2 nmol/kg, 6 nmol/kg, 18 nmol/kg) for 4 weeks. Blood glucose was measured before
administration to 24 h after administration on DI (A) and D28 (B), random blood glucose was measured on D6, D13 and D20 (C). Fasting blood glucose was measured on
D7, D14, D20 and D25 (D). The values represent the mean * SD. n = |0 mice/group.

DR10627 Reduces Body Weight and Improves Metabolism in DIO Mice
To characterize the metabolic effects of DR10627, we conducted daily doses of DR10627 or liraglutide to DIO mice for 57 days.
DR10627 and liraglutide in DIO mice significantly reduced the body weight from D5 to D57 compared to the vehicle. The mean
body weight of the vehicle-treated animals increased by 9 + 3.81% on D57, whereas administrations of 3, 10 and 30 nmol/kg
DR10627 led to more reductions in the mean body weight than that of 80 nmol/kg liraglutide (15 + 6.35%, 20 + 7.75%,
24 +4.24% vs 8 +4.87%, p <0.05-0.001) (Figure 6A). In addition to body weight, all dose of DR10627 and liraglutide also lead
to a reduction in food intake. The cumulative total food intake of DIO mice received repeated treatment with 3, 10 and 30 nmol/
kg DR10627 was significantly lower than that of the vehicle treated mice (32.96 + 3.13, 29.73 + 2.44, 30.63 + 3.71 vs 42.12 +
1.97, p <0.001). Additionally, 10 and 30 nmol/’kg DR10627 exhibited enhanced effect on reduction of cumulative total food
intake compared with 80 nmol/kg liraglutide (29.73 +2.44,30.63 + 3.71 vs 34.05 + 1.97, p <0.05-0.001) over the course of study
(Figure 6B).

Moreover, we measured body fat accumulation biochemical parameters including cholesterol, triglyceride and LDLC.
As shown in Figure 6C, 3, 10 and 30 nmol’kg DR10627 significantly reduced abdominal fat-to-body ratio in a dose-
dependent manner compared to vehicle (3.863 + 1.344, 3.473 + 0.302, 2.343 + 0.490 vs 6.838 + 1.169, p < 0.001).
Moreover, 10 and 30 nmol/kg DR10627 exhibited enhanced effect on reduction of abdominal fat-to-body ratio compared
with 80 nmol/kg liraglutide (3.473 + 0.302, 2.343 £ 0.490 vs 4.507 + 1.032, p < 0.05-0.001). Meantime, all dose of
DR10627 showed the effect of reducing cholesterol, triglyceride and LDLC, which was similar to or slightly stronger
than 80 nmol/kg liraglutide (Figure 6D-F). Since the liver is the central pivot of fat metabolism, we evaluated the liver
lesions by liver weighing and physiological observation. Results showed that DR10627 significantly reduced the liver
weight (Supplementary Figure 1) and improved the liver steatosis (Supplementary Table 1 and Supplementary Figure 2)

of the DIO mice in a dose-dependent way more than liraglutide. Collectively, these results demonstrated that 10 and 30
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Figure 6 Effects of || weeks of repeated-dose treatment with DR10627 on body weight change (A), cumulative food intake (B), abdominal fat to body weight ratio (C),
cholesterol (D), triglyceride (E) and LDLC (F) in male DIO mice. Male DIO mice were treated with either a daily s.c. administration the respective doses of vehicle,
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#p < 0.01, ¥*p < 0.001 compared to vehicle; #p < 0.05; *p < 0.01 compared to liraglutide (80 nmol/kg).

nmol/kg DR10627 possessed the ability to potentiate the weight-loss, lipid-lowering efficacy and improve metabolism to
a greater extent than 80 nmol/kg liraglutide.

Discussion

Benefiting from the positive effects of GLP-1 on insulin secretion and suppression of glucagon secretion as well as B-cell
survival, GLP-1 possesses a potent hypoglycemic effect on the treatment of T2D.?'** Besides, GLP-1R is expressed in
the brain, where GLP-1 takes the effect of slowing gastric emptying and intestinal transit as well as promoting satiety by
activation of GLP-1Rs at central and peripheral enteric neurons. Hence, pharmacotherapies based on GLP-1 on treatment
of obesity come into being.?**> In 2014, liraglutide (marketed as Saxenda for obesity) as the first GLP-1RA was
approved by the FDA for managing obesity, without concurrent diabetes. The SCALE trials demonstrated that 2-year
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liraglutide-receiving contributed to 5-10% on weight loss in non-diabetic participants.”® Nevertheless, any positive
effects on weight loss can be eliminated by drug discontinuation due to gastrointestinal side-effects.?’

The combination of GLP-1 and GIP seems to be a promising solution towards enhancing weight loss efficacy while
attenuating GLP-1RA-induced adverse events theoretically. Not only is GIP able to strengthen glucose-stimulated insulin
secretion working with GLP-1 but it can also act in the CNS to lower food intake and reduce body weight as well as
attenuate GLP-1RA-induced adverse events such as nausea and emesis when combined with GLP-1.3%"!

To apply the theory to practice, we designed a GLP-1R and GIPR co-agonist, DR10627, the sequence of which is
based on GLP-1 with several mutation sites related to GIP activity substituted (Figure 1), possessing activation potency
for both GLP-1R and GIPR with a bias towards GLP-1R activation in vitro (Figure 2). Of note, there are no unnatural
amino acids in the sequence of DR10627, considering that introducing unnatural amino acids may increase the risk of
immunogenicity increasing, for instance, taspoglutide, which contains Aib (a-amino isobutyric acid) in the sequence,
caused 49% rate of antitaspoglutide antibodies detection in its Phase 3 trial.*?

The half-life of GLP-1 and GIP in the circulation is approximately a few minutes on account of fast renal clearance
and rapid enzymatic inactivation such as dipeptidyl peptidase-4 (DPP-4).>* Many strategies to prolong half-life have
emerged, such as nonnatural amino acids substitution, PEG modification and FC fusion.** For DR10627, Tyr at position
10 of which is substituted by Lys compared to GLP-1 or GIP in order to crosslink a palmitoyl group via a -y-glutamyl-
linker (Figure 1), possesses enhanced activity and prolonged half-life (data not shown). Table 1 shows that the terminal
half-life of DR10627 in cynomolgus monkeys was 4.19-5.8 h (Figure 3), which is suitable for once-daily dosing. Of
note, tirzepatide, which is also a GLP-1 and GIP receptor co-agonist, has shown great success in the treatment of T2D
and has huge potential in the treatment of obesity. Different from DR10627, tirzepatide is a 39 amino acid linear peptide,
conjugated to a C20 fatty diacid moiety via a linker connected to the lysine,?® containing two non-coded amino acid
residues (Aib) at positions 2 and 13, providing a once-weekly dosing regimen in humans (Supplementary Figure 3).%3

The success of tirzepatide demonstrates the therapeutic value of the GLP-1 and GIP co-agonist, and we look forward to
the exciting results of DR10627 in future clinical trials.

The OGTT in SD rat showed DR10627 had a great improvement on oral glucose tolerance in a dose-dependent way,
especially 12 nmol/kg DR10627 was more potent than 50 nmol/kg liraglutide, suggesting that GLP-1 and GIP
synergistically exert hypoglycemic effects (Figure 4). This synergy effect was further verified by administration of
respective doses of DR10627, liraglutide or vehicle in type 2 diabetic db/db mice. Blood glucose levels were improved
by 4-week administration of DR10627 and liraglutide, including RBG and FBG, and 18 nmol/kg DR10627 was also
superior to 50 nmol/kg liraglutide (Figure 5). These results showed that the GLP-1R and GIPR co-agonist DR10627 had
greater potential than GLP-1RA in treatment of T2D.

The study in DIO mice showed administration of 10 nmol/kg and 30 nmol’kg DR10627 for 57 days exhibited
enhanced effect on weight loss and reduction of food intake better than 80 nmol/kg liraglutide (Figure 6A and B). The
underlying mechanism is that GIP action in the CNS may enhance the GLP-1-mediated metabolic effect. In addition, 10
nmol/kg and 30 nmol’kg DR10627 also induced greater lipid lowering, including reduction in abdominal fat mass
compared to 80 nmol/kg liraglutide. Furthermore, DR10627 treatment decreased TC, TG and LDL during the course of
the study (Figure 6). The curative effect of DR10627 is probably in association with GIP’s capacity to target WAT to
improve lipid uptake and storage as well as energy metabolism. Moreover, non-alcoholic fatty liver disease (NAFLD) is
closely related to T2D, and the liver is an important regulatory organ of glucose and lipid metabolism, playing a key role
in maintaining the homeostasis of blood sugar and blood lipids. Our results demonstrated that DR10627 significantly
reduced the liver weight (Supplementary Figure 1) and improved the liver steatosis (Supplementary Table 1 and

Supplementary Figure 2) of the DIO mice in a dose-dependent way more than liraglutide, probably due to the DR10627-

reduced improvement of lipid metabolism. These results suggest that GLP-1R and GIPR co-agonists can reduce the risk
of developing serious liver disease in patients with diabetes.

Chronic tissue inflammation has emerged as a key feature of obesity and T2D and is observed in insulin target tissues,
such as adipose tissue, liver, muscle, and pancreatic islets, which results in long-term complications of diabetes,
including non-alcoholic fatty liver disease (NAFLD), retinopathy, cardiovascular disease, and nephropathy.**’

Clinical studies confirmed the beneficial effects of anti-inflammatory treatment in diabetes and associated
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complications.*® Preclinical studies showed that GLP-1RAs have inhibitory effects on many inflammatory pathways.
GLP-1RAs exert their positive effects beyond the reduction of glucose control or weight loss and can be used as first-line
drugs in diabetic patients with high cardiovascular risk, probably profiting from their anti-inflammatory properties.** On
the other hand, GIP is associated with the control of inflammation and energy homeostasis.*>*' These research findings
make the dual GLP-1 GIP receptor co-agonists amazing candidate for therapy in obesity or T2D and associated
complications.

Above all, DR10627, as a GLP-1R and GIPR co-agonist, has excellent potency for glycaemic improvement in db/db
mice as well as weight-loss and lipid-lowering in DIO mice, which outbalances liraglutide. Besides, DR10627 is well
tolerated in cynomolgus monkeys (data not shown). Based on these findings and safety data from preclinical studies,
DR10627 was approved for phase I clinical trials by the National Medical Products Administration (NMPA) in
January 2022, and the efficacy of DR10627 in combination with other drugs is also worth exploring.

Conclusion

In conclusion, our study describes a novel dual glucagon-like peptide-1 and gastric inhibitory polypeptide receptor
agonist, DR10627. Preclinical assessment demonstrated that DR10627 possessed the ability of glucose lowering,
substantial body weight reduction and metabolism improvement in rodents, deserving further investigation for the
treatment of type 2 diabetes and obesity.
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