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Factors affecting type 2 diabetes mellitus

Type 2 Disbetes T2DM progression over time?

Mellitus
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The Initially Described “Terrible Triumvirate” of Diabetes Pathophysiology

From the Triumvirate to

T Hepatic
glucose
Production

Impaired
Insulin secretion

Hyperglycemia
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Ralph A DeFronzo, Diabetes 1988,



Molecular mechanisms responsible for insulin resistance in T2DM followed

by a discussion on organ-specific contributions
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Insulin resistance in the muscles;
defective insulin signalling, glucose
transport, glucose phosphorylation,
glycogen synthesis, pyruvate
dehydrogenase

complex activity, and mitochondrial
oxidative activity.16,18,19 Events in the
liver; insulin resistance/deficiency,
hyperglucagonaemia, enhanced
glucagon sensitivity, and increased
substrate (fatty acids, lactate, glycerol,
and amino acids) delivery, leads to
increased gluconeogenesis, which is
responsible for the increased basal
rate of glucose production and fasting
hyperglycaemia.20-22 Renal
contribution; renal insulin resistance
and augmented renal gluconeogenesis
contribute to fasting hyperglycaemia.23
Vascular endothelium; impaired
vasodilation due to insulin resistance
resulting in reduced insulin and glucose
delivery.24 Finally, post-prandial
hyperglycaemia ensues due to
increased hepatic glucose output,
muscle insulin resistance, reduced
noninsulin-

mediated glucose uptake, and
excessive renal glucose re-absorption



Factors affecting type 2 diabetes mellitus

Natural History of Type 2 Diabetes
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Pathogenesis of type 2 diabetes - The Ominous Octet
...... to the Ominous Octet: A New Paradigm for the Treatment of Type 2 Diabetes Mellitus
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Adapted from De Fronzo RA. Diabetes. 2009;58:773-95.



History of diabetes medications

1918-Early work with
€ guanidine (Synthalin use
stopped in early 1920s)

PR 1983-Recombinant 2008-Colesevelam
human insulin approved for diabetes

® 1984-Second-generation 2009-Bromocriptine
SUs approved for diabetes

¢ 1995-First AGI (a%rbose)

€® 1946-NPH insulin 2013-First SGLT-2

1922-First exogenous inhibitor (canagliflozin)
€ insulin administered to a 4 )
human 1996-First TZD
(troglitazone)
[ - - ; - - ————
1915 1935 1955 1975 1995 2015
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1956-First commericially
available SU in United

. States ¢ 2005-First amylin agonist
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(repaglinide)
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United States; (exenat'lde)
introduced to United ¢ 2006-First DPP-4
States in 1990s) inhibitor (sitagliptin)

Diabetes Spectrum Volume 27, Number 2, 2014



Hyperglycemia in Type 2 Diabetes

Neurotransmitter dysfunction
* GLP-1 receplor
agonisils
« Amyln

Increased lipolysis and reduced
glucose uptake

impaired insulin secretion
» Sullonylurea
* Meglitinide
« GLP-1 recepior
agonists
* DPP-4 inhibitors

i Decreased
incretin effect

Increased glucagon
socretion

i Decreased glucose

* Thiazolidinediones g
* Metformin
M.‘eGﬂomm * Insulin
* 0-Glucosidase - Thiazolidinediones
inhibitors
DeFronzo RA.RY - Colesevelam

Tahrani AA, et al.[2%



The Ominous Octet Pathways
(and Agents That Target Them)

Glucose influx

THepatic T Glucagon
glucose a-Glucosidase secretion
output Glzg_t:toRr: Incretins
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Metformin
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y mia cinides | Linsulin secretion
Renal glucose DPP-4 |
excretion SGLT2
Inhibitor
Glitazones Cycloset
metformin)
CNS

dPeripheral
glucose uptake

Neurotransmitter
dysfunction

Mod. from DeFronzo RA.
Diabetes. 2009;58:773-795;
Tahrani AA et al. Lancet 2011;378:182-197.




Egregious 11

B—Cell-Centric Construct: Egregious Eleven

Targeted Treatments for Mediating Pathways of Hyperglycemia
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Diabetes Care 2016,39:179-186



..to Sweetening Sixteen: Beyond the Ominous Octet

proposed pathophysiological processes
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Gluconeogenesis Testosterone Catecholamine

Phatak SR, J Diabetol 2021;12:1-9.



Multifactorial pathophysiology of obesity and type 2 diabetes.

Genetic traits

Epigenetic processes
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Preethi Chandrasekaran

Int. ]. Mol. Sci. 2024, 25, 1882



Role of key hormones
in glucose and energy
homeostasis.
Glucagon, glucagon-
like peptide-1 (GLP-1),
glucose-dependent
insulinotropic peptide
(GIP), and
oxyntomodulin (OXM)
are preproglucagon
derivatives with varying
effects on the pancreas,
liver,

adipose tissue, and brain
to regulate glucose and
energy homeostasis.
Cholecystokinin (CCK)
and peptide-tyrosine-
tyrosine (PYY) are
pancreatic peptides
predominantly act
through central
mechanisms to

regular energy intake
and expenditure (image
created using
BioRender.

com)

T gluconeogensis,
glycogenolysis and
lipolysis

Role of key hormones in glucose and energy homeostasis
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H. A. Dissanayake
Current Diabetes Reports (2024) 24:1-12

T insulin sensitivity
(1 glucose and fat uptake and fat

storage)

1 insulin

1 insulin

l energy intake

T energy
expenditure

1 insulin

T glucagon

! glucagon

{ glucagon

Glucagon, glucagon-like peptide-1 (GLP-1), glucose-dependent insulinotropic peptide (GIP),
oxyntomodulin (OXM), Cholecystokinin (CCK) and peptide-tyrosine-tyrosine (PYY)



Targets of action of medications for T2D versus abnormalities
contributing to hyperglycemia.

GLP1 RA
TZD

DPP4i

Pancreas: B-cell
J insulin secretion

Insulin

GLP1 RA
DPP4i

Pramlintide

GLP1 RA

Metformin

TZD
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TZD
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T glucagon secretion
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J peripheral glucose
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J incretin effect (GLP-1, GIP)

__Carbohydrate absorption

Gastric emptying

GLP1 RA
Pramlintide
Insulin

GLP1 RA
TZD

GLP1RA

AGI

Pramlintide

SGLT2i

GLP1 RA, glucagon like peptide 1 receptor agonist; TZD, thiazolidinediones; SU, sulfonylurea; DPP4i, dipeptidyl peptidase 4 inhibitor; AGl, alpha glucosidase inhibitor; SGLT2i, sodium

glucose cotransporter 2 inhibitor; GIP, gastric inhibitor polypeptide.

A. DeMarsilis et al.
Metabolism 137 (2022) 155332
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referred to as the “Ominous Octet” lead to T2DM! therapies have been developed that lead

pathophysiologic abnormalities, collectively crozml ol e
to improved glucose control in T2DM

Bromocriptine @

@@ Neurotranzmitter dyzfunction
@@j W Inzulin zecretion

Muzcle glucoze

uptake
HYPERGLYCAEMIA

Inzulin & SU &@
Meglitinide @

TZD ¢&

GLYCAEMIC CONTROL

Pramlintide &

GLP-1RA ¢
DPP-4i &

Metformin

Q A Hepatic glucoze production

[insulin resistance] Colezevelam @

v Renal glucoze
@% excretion

{@ A Lipolysis

The incretin effect is due to gut hormones, GLP-1 and GIP which are secreted in response
to meal ingestion and are served to increase insulin secretion and supress glucagon secretion.

Reduced incretin effect result in hyperglycaemia and eventually in T2DM

SGLT2i &

Adapted from Defronzo RA et al. 2009




Societa Italiana

di Diabetologio

Linea Guida della Societa Italiana di Diabetologia (SID) e
dell’Associazione dei Medici Diabetologi (AMD)

La terapia del diabete mellito di tipo 2

adi bre 2022

Nessun evento

Pregresso evento
cardiovascolar e,'n el cardigvascolare, non Scon;g €nso
scompenso cardiaco, scompenso cardiaco cararaco

eGFR2 60 ml/min
Metformin Metformin?! SGLT2i SGLT2i
) v - Met. | GLPIRA | SGLT-2i | .
SGLT2i GLP1RA GLP1RA Met.? GLP1RA
~ 8 - \ A G 7|\ - 4
Y4 - ~ =
DPP4i || Acar. || Pio. Ins. DPPdi || Acar. || Pio. ins. DPP4i || Acar. || Pio. Ins. DPP4i Acar. Insulin
A L Y [ N 4

ISe la metformina non é controindicata per ridotto eGFR

?Se la metformina non é controindicata per ridotta funzione cardiaca.

‘Eccetto saxagliptin che non € indicato in caso di scompenso cardiaco.

La raccomandazione sui pazienti con eGFR< 60ml/min & debole per carenza di studi clinici effettuati su questa popolazione

Si raccomanda la deprescrizione di sulfanilurre e glinidi



Diabetes Care 2024;47(Suppl. 1):5158-5178 | https.//doi.org/10.2337/dc24-S009

USE OF GLUCOSE-LOWERING MEDICATIONS IN THE MANAGEMENT OF TYPE 2 DIABETES

HEALTHY LIFESTYLE BEHAVIORS; DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT (DSMES); SOCIAL DETERMINANTS OF HEALTH (SDOH) ResiARY

Goal: Cardiorenal Risk Reduction in High-Risk Individuals with Type 2 Diabetes (in addition to comprehensive CV risk management)*

'Q Goal: Achievement and Maintenance of Glycemic and Weight Management Goals
+ASCVD! +Indicators of high risk +HF +CKD Glycemic Management: Choose Achievement and Maintenance of
Defined differently across While definitions vary, most Current or prior eGFR <60 mL/min per 1.73 m? OR approaches that provide the Weight Management Goals:
CVOTs but all included comprise 255 years of age symptoms albuminuria (ACR 23.0 mg/mmol efficacy to achieve goals: o .
individuals with established with two or more additional of HF with [30 mg/g]). These measurements Metformin OR Agent(s) icluding [ Set individualized weight management goals ]
CVD (e.g, MI, stroke, any risk factors (including obesity, documented may vary over time; thus, a repeat . (

o : . . . COMBINATION therapy that provide ) . L.
revascularization procedure). hypertension, smoking, HFrEF or HFpEF measure is required to document CKD. adequate EFFICACY to achieve General lifestyle advice: Intensive evidence-
Variably included: conditions dyslipidemia, or albuminuria) and maintain treatment goals medical nutrition based structured

such as transient ischemic - . g - lfnrapylgating pattemsl weight management
attack, unstable angina, . rioritize avoidance of hypoglycemiain physical activity program
amgutatien, symptofgnatic +CKD (on maximally tolerated dose high-risk individuals .
- of ACEi/ARB
o asy::&ton:ia.::;may ) ‘ L Consider medication | | Consider metabolic
A SELT2t PREFERABLY In general, higher efficacy approaches for weight loss Cllsdyy
with rolven SGLT2i* with primary evidence of have greater likelihood of achieving p .
- h:neﬁt ndacing CXD progressien glycemic goals When choosing glucose-lowering therapies:
+ASCVD/Indicators of High Risk in this Use S6LT21 i poope withan 66FR Efficacy for glucose lowering Consider regimen with high-to-very-high dual
population >20 mL/min per 1.73 m?; once initiated Very High: glucose and weight efficacy
GLP-1 RA? with proven SGLT2i® with proven should be continued until initiation Dulaglutide (high dose),
CVD benefit CVD benefit of dialysis or transplantation Semaglutide, Tirzepatide | |
oo T . Insulin Efficacy for weight loss
If A1C above target Injectable (GLP-1 RA/Insulin) Semaglutide, Tirzepatide
High: High:
If A1C above target, for patients on GLP-1 RA (not listed above), Metformin, Dulaglutide, Liraglutide
. . ) o SGLT2i, consider incorporating a S6LT2i, Sulfonylurea, TZD Intermediate:
« For patients on a GlP-ll RA, consider adding SGLT2i with GLP-1 RA or vice versa T GLP-1 RA (not listed above), SGLT2i
proven CVD benefit or vice versa DPP-i N .
o TIDA _eutral. )
DPP-4i, Metformin
$ «lo J
If additional cardiorenal risk reduction or glycemic lowering needed ]— —[ If A1C above target
* In people with HF, CKD, established CVD, or multiple risk factors for CVD, the decision to use a GLP-1 RA or SGLT2i with proven benefit should be independent of background use of metformin; t A strong Identify barriers to goals:

recommendation is warranted for people with CVD and a weaker recommendation for those with indicators of high CV risk. Moreover, a higher absolute risk reduction and thus lower numbers needed to treat
are seen at higher levels of baseline risk and should be factored into the shared decision-making process. See text for details; A Low-dose TZD may be better tolerated and similarly effective; § For SGLT2i, CV/
renal outcomes trials demonstrate their efficacy in reducing the risk of composite MACE, CV death, all-cause mortality, MI, HHF, and renal outcomes in individuals with T2D with established/high risk of CVD;

To AvoID
THERAPEUTIC
INERTIA REASSESS
AND MODIFY TREATMENT

(3-6 MONTHS)

« Consider DSMES referral to support self-efficacy in achievement of goals
« Consider technology (e.g., diagnostic CGM) to identify therapeutic gaps and tailor therapy

« |dentify an H that im| hi f
# For GLP-1 RA, CVOTs demonstrate their efficacy in reducing composite MACE, CV death, all-cause mortality, MI, stroke, and renal endpoints in individuals with T2D with established/high risk of CVD. dentify and address SDOH that impact achievement o goals

Figure 9.3— Use of glucose-lowering medications in the management of type 2 diabetes. ACEi, angiotensin-converting enzyme inhibitor; ACR, albumin-to-creatinine ratio; ARB, angiotensin receptor blocker; ASCVD, atherosclerotic cardio-
vascular disease; CGM, continuous glucose monitoring; CKD, chronic kidney disease; CV, cardiovasaular; CVD, cardiovascular disease; CVOT, cardiovascular outcomes trial; DPP-4i, dipeptidyl peptidase 4 inhibitor; eGFR, estimated glomerular
filtration rate; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HHF, hospitalization for heart failure; MACE, major
adverse cardiovascular events; MI, myocardial infarction; SDOH, sodal determinants of health; SGLT2i, sodium-glucose cotransporter 2 inhibitor; T2D, type 2 diabetes; TZD, thiazolidinedione. Adapted from Davies et al. (84).



Schematic illustration of monoagonists, dual agonists and triple agonists based
on GLP-1, GIP and glucagon receptor activation

( )

[Exenatide, Iixisenatidej [Liraglutide, dulaglutide, semaglutide) [Oral semaglutide)

i i I

[Short-acting subcutaneous Long-acting subcutaneous Oral

i

[Monoagonist]

GIP receptor GLP-1 receptor Glucagon receptor
agonism agonism agonism

[ Dual agonist J [Triple agonist] [ Dual agonist j
[ Tirzepatide | [SAR441255, LY3437943] [Cotadutide, SAR425899]
. J

Tschop et al (2023) Diabetologia DOI 10.1007/s00125-023-05929-0
© The Author(s) 2023



Pleiotropic actions of glucagon-like peptide 1.

Brain: promotes satiety, reduces

appetite, improves memory Heart: improves

cardiac output and
endothelial

Skeletal muscle: function

improves insulin
sensitivity and
glucose uptake

Pleiotropic

actions of GLP-1
Liver: reduces Stomach: slows the
hepatic glucose rate of gastric
output emptying

[3-cell: enhances glucose-

dependent insulin secretion in the

pancreas a-cell: Suppresses postprandial
glucagon secretion

EMJ Innov. 2022.



GLP-1 The Road towards Triple Agonists: Glucagon-Like m

Peptide 1, Glucose-Dependent Insulinotropic
Polypeptide and Glucagon Receptor - An Update

Endocrinol Metab 2024;39:12-22

® & @ (

* Increase satiety * Increase insulin secretion « Increase glucose uptake ¢ Appetitle (lack of compelling evidence) ¢ Increase insulin secretion
* Decrease body weight * Decrease glucagon secretion * Increase lipolysis (indirect) * Increase glucagon secretion
* Decrease glucose levels

v | Glucagon A

lioprotection : D: gluoose_ n;m (indirect) : Decrease gastric er:ytlyi:‘g rate * Increase glucose uptake (likely indirect effect) « Increase glucose uptake
- e ) 90 postprancal ghicose * Decrease glucose production (likely indirect effect) * Increase fatty acid uptake
* Increase lipogenesis

* Decrease body weight * Increase insulin secretion * Increase energy expenditure
* Decrease food intake * Increase lipolysis
* Increase gluconeogenesis * Decrease gastric emptying rate

* Increase lipolysis
* Decrease lipogenesis
* Decrease cholesterol levels



Poly-Agonist Pharmacotherapies for Metabolic Diseases

GIP /— Central Nervous System
#9(F)(¥) Food intake
GLP-1
Food reward
Glucagon Neuroprotection
Nausea
Liver Heart ' .
Gluconeogenesis Cardioprotection
Steatosis Energy expenditure
4y
Pancreatic islets
Insulin secretion Stomach
Insulin synthesis Gastric emptying
Glucagon secretion Gastric acid secretion
B-cell survival
Intestine
White adipose tissue | Gastrointestinal motility
Glucose uptake |
Fatty acid uptake . Muscle
Lipogenesis Insulin sensitivity
Lipolysis &%) () Glucose uptake
Lipid accumulation

Camille Allard
Drugs
https://doi.org/10.1007/540265-023-01982-6



Pharmacological treatment of hyperglycemia in type 2

diabetes

Simeon |. Taylor, Zhinous Shahlidzadeh Yazdl, and Amber L. Beltelshees

| Qin Invest. 2021;131(2):e142243.

Table 1. Twelve classes of drugs approved in the United States to decrease HbA1c in patients with T2D

Drug class
Biguanides

Sulfonylureas

Thiazolidinediones

Dipepticylpeptidase-4
(OPP4) inhibitors

Sodium-glucose
cotransporter-2 (SGLT2)
inhibitors

Clucagon-like peptide 1
(GLP1) receptor agonists

Insulins
- Glucosidase inhibitors

Dopaminergic agonists

Bile acid sequestrants

Megiitinides

Amylinomimetic

Approved drugs (US) Basaline
HbAl

Metformin HO

Metformin extended release

Glimepiride
Glipizide
Glibenclamide (glyburide)

Piogiitazone
Rosiglitazone

Alogliptin
Linagliptin
Saxagliptin
Sitagliptin

Canaglifiazin
Dapaglifiozin
Empagiifiozin
Ertugifiozin

Albiglutide
Dulaglutide
Exenatide ER
Liraglutide
Lixisenatide

Semaglutide (s.c. injection)

Semaglutida (oral)
Rapid-acting insulins
Basal insulins
Acarbose

Bromocriptine
Colesavelam

Repaglinide

Nateglinide
Pramlintide

84%
B4%

7%
76%

89%
89%

86%
7%
81%
80%

795%
719%
719%
81%

81%
81%
8.6%
84%
795%
84%
81%
Various

846%

83%

8.2%

83%

87%
9.0%

A HbAtc (%)

Met-HO: -1.8% (titrated dose)
Met-XR: -1.0% (2000 mg/d)

Glimepiride (maan, 3 me/d): -0.6%

Glipizide (5-20 mg/d): ~0.6%

Pioglitazone (30 mg/d): -0.8%
Rosigitazone (4 mg/d):-1.0%
Rosigiitazone (8 mg/d): -12%

Alogiptin (25 me/d): -0.9%

Linagliptin (S mg/d): -04%

Saxagliptin (5 mg/d): ~0.8%

Sitagliptin (100 mg/d):-0.7%

Canaglifiozin (300 me/d): ~077%

Dapagiifiazin (10 me/d): -0.7%
Empaglifiozin (25 mg): ~0.6%
Ertuglifiazin (15 mg): -07%

Albiglutide (30 mg/d): -0.9%
Dulaglutide (1.5 mefwk): ~1.1%
Exenatide ER (2 mg/wk): -15%

Lireglutide (1.8 mg/d): -1.5%
Lixisenatide (10 pg/d):-0.73%

Semaglutide (1 mg/wk, s.c):-14%
Semaglutide (14 mg/d, p.o): -13%

Dose-depandent

Acarbose (50-100 mg, tid): -0.65%

Selected safety issues

Lactic acidosis; vitamin B,
deficiency; abdominal pain,
diarhea, nausea
Hypoglycemia; weight gain;
potential increased risk of CV
mortality

Peripheral edema; congestive
heart failure; weight gain; bone
fractures (esp. in females)

Angioadema (esp. with ACE
inhibitor); joint pain;
pancreatitis listed in

some Pls

CGenitourinary infections;
incraased risk of DKA;
increased risk of amputations
(canaglifiazin, ertuglifiozin)

Nausea and vomiting; Pl for
some drugs lists pancreatitis;
contraindicated in case of
personal or familial history of
MTC or MEN2

Hypoglycemia; weight gain

Diarrhea, flatulence, abdominal
discomfort

Bromocriptine (0.8-16 mg/d): -04% Retroperitoneal fibrosis:

Colesevelam (3.8 g/d): ~0.4%

Repagiinide (0.5-4 mg, tid): ~108%

Nateglinide (120 mg, tid): - 0.6%

orthostatic hypotension

Increased susceptibility to

Comments

Placebo-subtracted monotherapy.
Sources: metformin HCI (92);
metformin XR (93).

HbA Ic-lowering from baseline in
patients inadequately controlled on
metformin. Glimepiride data from Pl
for linagfiptin. Glipizide data from PI
for sitagfiptin.

Source: Pls for 2 drugs.
AHbATC: placebo-subtracted data.
PROactive suggested decreased risk
of MACE-3 for pioglitazone.
AHbA1c: placebo-subtracted data
for saxagfiptin; change from baseline
for other drugs. Studies conducted in
patients inadequately controlled on
metformin. Source: Pi for each drug.
Placebo-subtracted HbA Ic-lowering
in patients inadequately controlled
on metformin. Source: P1 for each
drug. Decreased risk of MACE-3 for
canaglifiozin and empaglifiozin.
HbA Ic-lowering from baseline in
patients inadequately controlled
on metformin. Source: Pi for each
drug. Clinical trials: decreased risk of
MACE-3 for liraglutide, dulaglutide,
semaglutide, and albiglutide.

HbA Ic-lowering depends on insulin
dose.

Placebo-subtracted HbA Ic-lowering
on top of metformin. Source: P1
Change from baseline in patients

inadequately controlled on 1-2 oral

drugs. Source: PI.
Change from baseline HBA Icin

vitamin K deficiency patients recaiving background therapy

Hypoglycemia

with metformin. Source: Pl.

HbA Ic-lowering corrected for effect of

metformin monotherapy. Source: PL

Pramlintide (120 pg, tid):-03%  Hypoglycemia; contraindicatedin  HbAlc-lowering assessed relative

gastroparesis or
fypoglycemia unawareness

to the effects of background insulin
therapy. Source: PI.

Most data were obtained from FDA-approved prescribing information (PI). When sulfonylureas were approved, the Pl did not report HbA1c-lowering; so
efficacy data for glimepiride and glipizide were obtained from Pl for linagliptin and sitagliptin, respectively. The table lists HbA1c-lowering for monotherapy
with metformin (32, 93). For other drugs, the table lists efficacy data for second-line therapy — most often in patients who were inadequately controlled

on metformin. ACE, angiotensin-converting enzyme; LV, cardiovascular; DKA, diabetic ketoacidosis; ER, extended release; MEN2, multiple endocrine

neoplasia type 2; MTC, medullary thyroid cancer.



Extra-glycemic effects of anti-diabetic medications

Ischemic stroke Cardipvascular
disease

| Metformin | SGLT2 inhibitor
| Pioglitazone | GLP-1RA
: | Semaglhtide TZD
Neurodegenerative ® l .
disease ‘ ’ Heart failure

| Mothwmin Anti-diabetic
| Pioglitazono medications
2| DPP4 inhibitor
2| GLP-1RA

> t TZD - ol
l SGLT2 inhibitor : X B4y

NAFLD/NASH

| N\ Chronic kidney
disease

| SGLT2 mhibitor

| GLP-1RA
C i ?| DPP4 inhibitor
| GLP-1RA et
7| SGLT2 inhibitor | Metformin -
t'

Endocrinol Metab 2022;37:415-429



What is on the horizon for type 2 diabetes
pharmacotherapy? - An overview of the
antidiabetic drug development pipeline

Liver

* FGF21 analogues

* Fructose-1,6-biphosphatase inhibitors
* Glucokinase activators

* Glimins

* GLP-1/glucagon/GIP receptor agonists
* Glucagon receptor antagonists

* Lyn kinase activators

Central nervous system

* GDF]15 agonists

Pancreas

* Amylin receptor agonists
* Glucokinase activators

* Glimins

* GLP-1/glucagon/GIP receptor agonists

Multiple tissues
* Direct AMPK activators
* PTB-1B inhibitors

Muscle tissue

* Activin type II receptor modulators
* Glimins

* Glucagon receptor antagonists

* PTB-1B inhibitors

Adipose tissue

* FGF21 analogues

* Lyn kinase activators

Kidneys
* SGLT inhibitors

Intestines

* Amylin receptor agonists
* Glucokinase activators

* GLP-1 receptor agonists
GPRI119 agonists

SGLT inhibitors

Karl Sebastian Johansson
Expert Opinion on Drug Discovery

10.1080/17460441.2020.1791078




Polyagonists in Type 2 Diabetes Management

Table 1 Polyagonists in clinical trials

Agent Mechanism of action Route and frequency of administration Active trials Phase
Tirzepatide (LY 3298176) GLP-1/GIP dual agonists Subcutaneous once a week Multiple (see text) 3
CT-868 GLP-1/GIP dual agonists Subcutaneous once a day NCTO05110846 2
VK2735/VK2735-oral GLP-1/GIP dual agonists Subcutaneous once a week/oral once daily NCT05203237 1
LY-3537031 GLP-1/GIP dual agonists Subcutaneous NCT04648865 1
CT-388 GLP-1/GIP dual agonists Subcutaneous once a week NCT04838405 1
DR 10627, DR 10628 GLP-1/GIP dual agonists Subcutaneous CTR20232870 1
BI456906 GLP-1/GCGR dual agonist Subcutaneous once or twice a week NCTO6066528 3
HEC88473 GLP-1/FGF21 dual agonist Subcutaneous once a week NCT05943886 1
Maridebart cafraglutide (AMG133) GLP-IR agonist/GIPR antagonist Subcutaneous injection once in 4 weeks ~ NCT05669599 2
Retatrutide (LY 3437943) GLP-1, GIP, GCGR triagonist Subcutaneous once a week NCT05929079 3
DR 10624 GLP-1, GCGR, FGFR21 triagonist Subcutaneous injection NCTO5378893 1

H. A. Dissanayake
Current Diabetes Reports (2024) 24:1-12



Trends in Antidiabetic Drug Discovery:
FDA Approved Drugs, New Drugs in
Clinical Trials and Global Sales

The molecular targets of the 99 anti-diabetic agents in
clinical trials

Targeted pathway
SGLT

GLP1R

DPP4

Insulin receptor
TZD

Dopamine receptor
Alpha- glucosidase

(9, ]
Established targets

: M Phase 1
4 Amylin receptors
W Phase 2
Biguanide; Alpha- glucosidase I
M Phase 3

Phase 3 and phase 4

FDA-approved drugs
w

N

Receptors: Other

Receptors: GCGR

Receptors: GPR119

Receptors: GABA

Receptors: GR

Receptors: GLP1R; GCGR

I I I II II I I Receptors: GLP1R; GCGR; GIPR
Receptors: GLP1R; GIPR

1
v
@
0 5
Voo gl ()’Lh‘o‘bi)'\fb‘b‘b()%h‘o‘b o=
PSP °§b LI IR LI IR S L S LS L U RN g SN 2 Enzymes
, AT - = Kinases
¥ Insulin (mono and comb) ® DPP4 inihibitors ®m GLP1R agonists )
Kinases: GCK
SU and TZD (mono and comb) = SGLT2 inhibitors m Meglitinides Kinases: AMPK
® Biguanide combinations DPP4 + SGLT2 inhibitors ™ Other Transporters
¥ Alpha-glucosidase inhibitors Immunomodulation
lon channels
Dahién AD, Other
Front. Pharmacol. 12:807548. Undisclosed

doi: 10.3389/fphar.2021.807548

o
N

4 6 8 10 12
Number of agents in clinical development
DPP4, Dipeptidyl peptidase 4; GLP- 1R, Glucagon-like peptide-1 (GLP-1) receptor; SGLT2, Sodium-glucose co-transporter-2; TZD, Thiazolinediones; GCGR, Glucagon

receptor; GPR119, Glucose-dependent insulinotropic receptor (G-Protein coupled receptor 119); GR, Glucocorticoid receptor; GIPR, Gastric Inhibitory Polypeptide
Receptor; GCK, glucokinase; AMPK, 5-AMP-activated protein kinase.



L’evoluzione della terapia del diabete tipo 2
- Take home message -

Terapia basata sul Terapia basata sul
raggiungimento del target “globale”
target glicemico del diabete

\‘ Terapia sempre piu /

personalizzata



E-.
(4

NCCADEMIN
SICOB

CORSO SICOB Il EDIZIONE
MILANO 11-12 APRILE 2024

IL MANAGEMENT
DELLOBESITA

DIRETTORI DEL CORSO: MAURIZIO DE LUCA, GIUSEPPE NAVARRA

l { d i

Corso sul management nutrizionale, psicologico-
~ psichiatrico, motorio, farmacologico, endoscopico
e chirurgico peri pazienti affetti da obesita.

PROVIDER SICOB
EVENTO ACCREDITATO ECM 401500
15 CREDITI FORMATIVI

Grazie



Leptin

i
Insulin sensitivity > ; ; Adiponectin

Lipolysis { Adipose tissue Visfatin
Triglyceride storage Resistin

Adiopose tissue browning Apelin
Thermogenesis Omentin

Release of Adipokines RBP4

Vaspin
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Brain Skeletal muscle
Glucose uptake/production B cell function Incretin secretion Appetite Glucose uptake
Lipid metabolism B cell proliferation Resorption Satiety B-oxidation
Fat accumulation Insulin secretion Activity Insulin sensitivity
B-oxidation Glucagon secretion Thermogenesis Myokine secretion
Immune responses Energy expenditure Lipid storage

Coagulation
Vasoactive factors
Insulin sensitivity

Figure 4. Adipokines released by adipose tissue are central in the control of endocrine and secretory
functions of many organs. The adipose tissue secretes various molecules known as adipokines which Preethi Chandrasekaran
act as powerful signal molecules. The activity of these adipokines impacts biological processes in

liver, pancreas, gut, brain, skeletal muscles and many other organs. Int. J. Mol. Sci. 2024, 25, 1882



Figure 6. Fats and lipids in the pathogenesis of type 2 diabetes. An overabundance of fatty acids and

o _® . . . 1ed in fat (which cannot be stored in adipocytes), lead to

Fats and lipids in the pathogenesis of type 2 diabetes. ... i, peripheral tissues such as the liver, muscles and

pancreas. This accumulation triggers numerous molecular changes that result in increased glucose

production, lowered glucose disposal and impaired insulin secretion. These factors are hallmarks of
diabetes. This figure was adapted in a modified form from [65].

Oversupply of
fatty acids and lipids

Adlpocytes «-_[
. High-fat diet
(‘Western diet')

Liver Skeletal muscles
Tnglycerldes
Ceramides T Ceramides T
Diacylglycerol t Diacylglycerol Ceramides 1
Insulin resistance Protein kinase C | Dicylglycerol
Insulin receptor phosphorylation l Insulin expression l
Citrate synthase activity | Glucose transporter 2 |

3-Hydroxylacyl-CoA dehydrogenase l
Carnitine palmitoyltransferase 1 l

. l

Glucose production T Glucose disposal l Insulin secretion l

Preethi Chandrasekaran
Int. ]. Mol. Sci. 2024, 25, 1882



Diagnosing Prediabetes and
Diabetes Mellitus

Fasting Plasma Glucose

m Prediabetes

<100 mg/dL 100-125 mg/dL  >126 mg/dL

pre-C
Normal Prediabetes

<140 mg/dL 140-199 mg/dL  >200 mg/dL

a ala¥a s & ! : v |
m Prediabetes Diabetes

<5.7% <5.7-6.4% 26.5%

50




HILA Auto- - Insulin
nOZ = -2 I cells
DQOBI  antibodies treatment

A Figure 2—Genetic determinants influence IR (whether centrally or peripherally induced), loss of

B-cell function and mass, environmental triggers (such as viruses, endocrine disruptors, food

advanced glycosylation end products, gut biome), and immune modulation and inflammation.

s ) Singly or, more commonly, in various combinations, these factors converge on the genetically

Metabolic TCF7L2 C-peptide susceptible B-cell, impinge on B-cell function and biology, and orchestrate the shift from nor-

syndrome FTO moglycemia to hyperglycemia. As this process takes place regardless of subtype of DM, the
dysfunctional B-cell is the final common denominator in all DM.
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Glucose Lowering Treatment Modalities
of Type 2 Diabetes Mellitus

Life style modification (healthy diet, physical activity and weight control) is essential in every stage of the therapy.

A1C<8.5% A1C=8.5%-10 Symptomatic A1C > 10%

PREMIXED INSULIN

INSULIN PUMP

Efficacy s s ss—
Hypoglycemia risk e s— s—"

Weight change

CV efficacy memmm s s——

SEMT TYPE 2 DIABETES TREATMENT ALGORITHM'?

IfA1Cis =7% or above the individual target, then the treatment should be changed. *‘MET is the preferred monotherapy drug. If MET is contraindicated
or there is intolerance for MET, treatment with another drug can be initiated.

AIC, glycated MbAle; MET, metformin; SGLT2-I, sadium glucese co-transporter 2 inhibitor; GLP- 1A, glucagon-like peplide-1 receptor agonist; DFP4-1, Dipeptidyl peplidase-4 inhibitor; INS, insulin;
T2ZD, thiazolidinedione; SV, sulphemylurea; GLN, glinide; AGI, slpha-glucesidase inhibitor; CV, cardicvascular.

Fig.2 Antiglycemic agent selection due © efficacy, Hba lc targess, and co-morbidities according o The Society of Endocrinology and Metabolism of Turkey
Adv Exp Med Biol - Advances in Intemal Medicine
https://doi.org/10.1007/5584_2020_516



The clinically most relevant mechanisms of action of GLP-1, glucagon and GIP

GLP-1
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A

B—Cell-Centric Construct: Egregious Eleven

The B-Cell is the FINAL COMMON DENOMINATOR of B-Cell Damage
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