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Sex Differences in Adipose Tissue Metabolism as It Relates
to Risk of Diabetes

Michael D. Jensen (Mayo College of Medicine, USA)
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From an epidemiological perspective, it is know that there are differences in insulin resistance, diabetes and CVD risk betweem 
males and females. Because obesity is a common denominatory risk factor, it is important to understand how adiposity 
difference between adult males and females. There are major sex differences in body composition/cellularity, and this is 
accompanied by significant sex differences in adipose tissue fatty acid release as well as adipose tissue fatty acid storage. 
Women have more body fat and more adipocytes than men at any given BMI. 
Insuln resistance is a well-recognized risk factor for diabetes, but it is important to recognize that there are different measures 
of insulin resistance for different tissues. HOMA-IR, which is a composit of insulin and glucose concentrations, estimates whole 
body insulin resistance with respect to glucose metabolism. A low value indicates the individual is more insulin sensitive with 
respect to glucose metabolism. ADIPO-IR is a measure of adipose tissue insulin resistance with regards to lipolysis – it is the 
product of insulin and FFA concentrations; again, a low value indicates the individual is more insulin sensitive with respect 
to adipose tissue lipolysis. Except for plasma glucose concentrations, which statisticallys speaking cannot be employed as a 
predictor of diabetes, insulin resistance with respect to glucose metabolism (HOMA-IR) the best predictor of future Type 2 
Diabetes. After adjusting for age, sex, family history of diabetes, ethnicity, physical activity, and smoking status, greater baseline 
ADIPO-IR predicts a greater risk of incident dysglycemia. Of interest, the normal values for ADIPO-IR are different in adult males 
and females. 
The issue of insulin resistance, and the sex differences surrounding it, is important because diabetes is more prevalent in men 
than in women, especially in middle-aged populations. Peak in diabetes prevalence occurs age 65-69 in men and 70–79 years 
of age in women. Women with diabetes have a greater relative cardiovascular disease risk than men with diabetes. Could this 
relate to the issue of lipotoxicity? It is known that fatty acids act as both a fuel for cells and as signaling molecules. Fatty acids 
in the circulation can arise from adipose tissue (FFA), from meals (chylomicrons) and in the form of lipoproteins (VLDL). Women 
have greater FFA release relative to energy needs, but very modestly greater plasma FFA concentrations. Both men and women 
with upper body/visceral obesity (which is more common in men) typically have subnormal suppression of FFA after meals; this 
can cause insulin resistance in other tissues via lipotoxicity. It has been reported that greater postprandial chylomicronemia 
are a risk factor for metabolic diseases and adipose a main site for meal fatty acid storage. There are differences in the adipose 
depot storage of both meal fatty acids and FFA, with women havning greater storage capacity than men, e.g. the efficiency of 
meal fat storage in subcutaneous fat is greater in women men. There are interesting adipose depot meal fat storage differences 
between the sexes, also. The greater clearance of chylomicrons by adipose tissue in women maintains lower postprandial 
triglyceride concentrations, which likely protects lean tissue from potentially lipotoxic effects of meal-derived fatty acids. We’ve 
also found that the efficiency of FFA storage in subcutaneous fat in women is greater than men. 
This greater recycling of FFA back into adipose tissue allows increase lipolysis in women without as much of an increase in 
FFA concentrations. In summary, fat storage capacity is greater in women than men, probably related to both more body fat, 
greater numbers of adipocytes and (in leg fat) greater lipogenic machinery per adipocyte. Compared with men, adipose tissue 
in women appears to sequester fatty acids and serves as “overflow” storage site for non-oxidized fatty acids, serving to protect 
lean tissue.
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The Role of GIP/or Glucagon Receptor Agonism in the
Treatment of Obesity

Michael A. Nauck (Ruhr-University Bochum, Germany)
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In recent years, GLP-1 receptor agonists (GLP-1 RA) have been characterized as highly effective weight loss agents for subjects 
with and without diabetes mellitus, and liraglutide, as well as semaglutide have been approved for the treatment of obesity. 
Currently, dual or triple agonists not only activating GLP-1 receptor agonists are under development or even have been 
approved (the dual GIP/GLP-1 receptor agonists tirzepatide). What is the contribution of stimulating GIP or glucagon receptors 
in addition to those for GLP-1?
In rodent animals, intracerebroventicular and peripheral administration of long-acting GIP agonists (not of the native GIP 
molecule) reduce food (energy) intake and body weight in animals expressing a functional GIP receptor (not in those without), 
indicating that GIP reduces body weight in a receptor-dependent manner. This is in contrast to the earlier findings that GIP 
receptor knock-out mice are protected from weight gain induced by high-fat feeding, indicating an obesogenic role for GIP. 
Along these lines, genetic studies indicate lower body weight in those with loss-of-function polymorphisms of the GIP receptor. 
In human studies, exogenous administration of GIP did not reduce ad libitum energy intake, a robust effect observed with GLP-
1. Rather, the reduction in energy intake observed with GLP-1 alone was in part counteracted by the additional administration 
of GIP. To complicate matters more, GIP receptor antagonists have led to weight reduction in animal studies, especially in 
combination with GLP-1 receptor agonists. At present, it seems to be difficult to come up with firm conclusions regarding the 
role of GIP in regulating body weight in human subjects. GIP receptor agonism may mitigate nausea and vomiting elicited by 
GLP-1 RAs due to central nervous mechanisms.
Stimulation of the glucagon receptor has some limited effects reducing appetite and food intake, but also leads to increased 
energy expenditure. For subjects with diabetes mellitus, glucagon receptor agonism had been thought to potentially lead 
to deleterious rises in glycaemia. However, recent findings suggest intra-islet elevations of glucagon may stimulate insulin 
secretion and help lower plasma glucose.
As a consequence, dual agonists interacting with GLP-1 and glucagon receptors (e.g., survodutide) appear to provide more 
weight loss than selective GLP-1 receptor agonists do.
The GIP/GLP-1/glucagon triple receptor agonist retatrutide elicits the greatest weight loss (compared to single and dual 
agonists), and in animal experiments retatrutide-induced weight loss is not accompanied by a reduction in energy expenditure 
like weight loss associated with caloric restriction.
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Treatment of Metabolic Syndrome Complications with
Adiponectin Therapeutics
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A strong negative correlation between circulating adiponectin levels and cardiometabolic diseases has been well-documented. 
Research has shown that adiponectin has cardioprotective, insulin sensitizing and direct beneficial metabolic effects. Thus, 
therapeutic approaches to enhance adiponectin action are widely considered to be desirable and adiponectin mimetic 
drug discovery projects have been incorporated in pipelines of major pharma in recent years. The complexity of adiponectin 
structure and function means that recombinant adiponecitn itself is less than ideal as a therapeutic. This lecture will review 
our research on the physiological effects and molecular mechanisms of action of adiponectin in cardiometabolic tissues. 
Scenarios where enhancing adiponectin action would be of most clinical value will be reviewed. Recent progress on discovery 
of adiponectin-based therapeutics will be summarized and recent data to test the effects of the peptide ALY688 in cellular and 
preclinical animal models will be presented. Preliminary data indicate that ALY688, which will enter phase I clinical trials soon, is 
a promising new drug candidate for use in cardiometabolic disease and beyond.

Keywords: adiponectin, metabolism, signal transduction, autophagy, therapeutic.
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PG-102, a Bispecific GLP-1/GLP-2 Receptor Agonist for the 
Treatment of Obesity and Type 2 Diabetes

Sae Won Kim (ProGen Co. Ltd., Korea)
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PG-102 is a first-in-class, ‘heterodimeric’ Fc-fusion protein dual agonist targeting GLP-1R and GLP-2R simultaneously. PG-102 has 
an experimentally optimized receptor potency balance with GLP-1-favored agonism suitable for obesity and type 2 diabetes 
(T2D) treatment and GLP-2, albeit with weaker activity, sufficient to reduce intestinal permeability and (gut-derived) chronic 
low-grade inflammation. 

PG-102 is currently being investigated in phase 1b multiple ascending dose trial in Korea and has shown following benefits 
to date: (i) less frequent dosing; (ii) favorable safety and tolerability profile; (iii) avoidance of lean mass loss (in obesity); (iv) 
outstanding glucose-lowering effects (in T2D); and (v) amelioration of metabolic endotoxemia. First, the phase 1a single-
ascending dose (SAD) trial investigating PG-102 in healthy volunteers revealed distinct pharmacokinetic (PK) profile with 
delayed Tmax (72-96 hours) and high area under the curve (AUClast). PK modeling projected potential for monthly dosing, 
proposing its capacity to increase patient compliance and adherence. Second, PG-102 demonstrated favorable safety and 
tolerability profile, as shown by lower incidence of gastrointestinal side effects compared to competing drugs in similar 
clinical settings (phase 1a in healthy volunteers). Third, in the preclinical model of diet-induced obese (DIO) mice, PG-102 
exhibited more fat mass loss and less lean mass loss than semaglutide, while inducing similar degree of body weight loss. Of 
note, increasing PG-102 dose resulted in greater reductions in fat mass, but lean mass remained unchanged. Fourth, in obese, 
diabetic db/db mice, PG-102 exerted superior glucose-lowering effects than semaglutide, tirzepatide and retatrutide, due to its 
stronger capacity to protect pancreatic beta cells and enhance glucose uptake. Lastly, in both DIO and STAMTM mouse models 
(for metabolic dysfunction-associated steatohepatitis), PG-102 treatment lowered serum LPS and liver enzyme (ALT or AST) 
levels by increasing intestinal permeability. These results suggest PG-102 can control low-grade systemic inflammation which 
drives various types of metabolic comorbidities.

Based on above-mentioned patient-centric and efficacy-focused benefits, we believe that PG-102 can gain a footing in the 
highly competitive GLP-1 receptor agonist market. ProGen plans to further explore safety, tolerability and clinical efficacy of PG-
102 in upcoming phase 2 obesity and type 2 diabetes trials.


