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Inflammation and type 2 diabetes (T2D)

Systemic low-grade inflammation is a mild, chronic state of inflammation that involves a
subtle, persistent immune system activation.

Chronic systemic inflammation leads to insulin resistance and beta cell dysfunction

A chronic low grade inflammatory state favors long-term complications (nephropathy, CVD,
NAFLD, retinopathy)

Low-grade chronic inflammation links T2D to other disease conditions:

-Alzheimer’s disease
-Polycystic ovarian syndrome
-Gout

-Rheumatoid arthritis
-Autoimmune diseases

Rohm TV et al Immunity 2022
Sotak M et al. Nat Rev Endocrinol 2025
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2. Inflammation in the pathogenesis of T2D



Chronic inflammation and T2D

Chronic inflammation involves insulin target tissues (adipose tissue, liver, muscle, and islets).

The recruitment, accumulation, and activation of pro-inflammatory macrophages in metabolic
tissues drives chronic low-grade inflammation.

Other immune cells participate in these inflammatory processes:
v' CD8T cells faciliate macrophages polarization into proinflammatory cells
v' CD4 Th1 cells release proinflammatory cytokines
v" Tregs modulate monocytes recruitment

v' Mast cells, innate lymphoid cell type 1 cells, neutrophils, eosinophils, NK cells, B cells
modulate monocytes recruitment and phenotype

Rohm TV et al Immunity 2022
Sotak M et al. Nat Rev Endocrinol 2025



Development of low grade chronic inflammation in T2D

Inflammatory response
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Timing to target inflammation in T2D
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p-value

Low-grade inflammatory peripheral profile in T2D
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Diabetic complications, obesity, glycemic control and therapy
affect low grade inflammation profile in T2D
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Outline

3. Targeting inflammation in T2D
I.  GLP-1RA



GLP-1R are immunoregulatory and anti-inflammatory

Fiorina P et al., Cell Met 2024
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GLP-1RA anti-inflammatory effects in vitro

GLP-1RAs Type of cells Sample/model Effects Reference

In vitro

Exendin-4 Macrophages Cells from Mice JTNF-a; |IL-1p; JIL-6 [25]
Macrophages Cells from healthy human blood 1CD36 [19]
Lymphocytes Cells from healthy human 1CD4" [16]

Exenatide Monocytes/macrophages Cells from healthy human blood 1IL-10; |TNF-q; JIL-1p [24]

Liraglutide Mononuclear cells Cells from COPD human blood |PD-1 expression in CD4" and CD8" T cells [78]
Mononuclear cells Cells from healthy human blood JTNF-o, |MCP-1, 1IL-10 [27]
Kupffer cells Cells from murine liver 1CD2061, |CD16™ [29]
Lymphocytes Cells from murine spleen 1Th1 and Th7 cells [63]

Fiorina P et al., Pharmacol Res. 2022
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GLP-1RA anti-inflammatory effects in preclinical studies

GLP-1RAs Type of cells Sample/model Effects Reference
In vivo
Exendin-4 Macrophages ApoE'/ " mice | TNF-a, |MCP-1 [44]
Macrophages Normoglycemic post-myocardial |CD11b", |CXCL10, |CXCL1, |CCL2 [35]
infarction mice
Macrophages T1D mice |TGF-p1, |CD14" [45]
Exenatide Macrophages Chronic stressed-induced mice |CXCL4, |TLR2, |TLR4 [39]
Liraglutide iNTK cells Obese mice tCD69, 1IL-10 [57]
Lymphocytes from lymph nodesand  Nonobese diabetic mice 1CD4" and CD8™ T cells; [58]
thymus 1CD47CD25 Foxp3™ regulatory T cells
Splenic and visceral lymphocytes Obese mice 1CD4" IL-4 T cells (Th2) and CD4" CD25 + T cells (Treg); [34]
1CD4" IFN-y" T cells (Th1) and CD4™ IL-17a™ T cell (Th17);
|IL-17a, TFN-y, JIL-22
Macrophages High-cholesterol diet-induced mice |CCR7, |IL-6, |TINF-a; [27]
1IL-10, 1CD163*
Intestinal intraepithelial GLP-1R " "mice |IL-1p, |IL-6, JIL-22, |IL-12p, |TNF-a, JCCL2, |CXCL1, |CXCL2 [18]
lymphocytes
Intestinal leucocytes Diet-induced dysmetabolic mice 1CD4" T cells; [60]
1 CD4-Treg cells and Th17 cells; |dendritic cells
Splenic lymphocytes NAFLD mice |CD4™ T cells; |TFN-y, |IL-4 [62]
Dulaglutide  Encephalitogenic lymphocytes Autoimmune encephalomyelitis mice 1Th1l GM-CSF [55]
Intrahepatic leucocytes and Nondiabetic NASH mice |CD8'IL17" cells, |CD4 " IFN-y cells, tFoxp3™ regulatory T cells; [50]

monocytes

1CCL2, |CD11ct, | TNF-a,
JIL-1B

Fiorina P et al., Pharmacol Res. 2022
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GLP-1RA anti-inflammatory effects in clinical trials

GLP-1RAs Dose Median N of Population Comparison Effects Reference
Follow up patients
Exenatide 10 pg twice daily 12 weeks 24 T2D with BMI > 30  Placebo JTNF-a, |TLR-2, |TLR-4, [74]
](g/I:ﬂ2 JIL-1p, |MCP-1, |JIL-6
Dulaglutide 1.5 mg/week 24 weeks 44 T2D with Add-on IL-6 [71]
BMI > 25 kg/m? treatment
Liraglutide 0.6 mg/day for the first 2 weeks, 1.2 mg/day 24 weeks 41 T2D with Add-on IL-6 [71]
for the next 4 weeks and then 1.8 mg/day BMI > 25 kg/m? treatment
1.8 mg 12 weeks 27 T2D with UACR > Placebo | TNF-a [75]
30 mg/g
0.6 mg /day for 2 weeks followed by 1.2 mg/ 8 weeks 10 T2D with / 1sCD163, |TNF-«, JIL-1p, [65]
day BMI > 30 kg/m? IL-6
Semaglutide Subcutaneous 0.05, 0.1, 0.2, 0.3 or 0.4 mg/day 52 weeks 957 Patients with BMI Placebo lhsCRP [72]
> 30 kg/m?
Oral 3 mg /day for the first 4 weeks, 7 mg for 52 weeks 3183 T2D Empaglifozin |hsCRP [73]

the next 4 weeks and then 14 mg/day

Fiorina P et al., Pharmacol Res. 2022
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3. Targeting inflammation in T2D

ii. SGLT2 inhibitors



Anti-inflammatory effects of SGLT1/2i
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SGLT1/2i anti-inflammatiry effects in vitro

SGLT1/21 Type of cells

Effects

References

Canagliflozin ~ Monocytes
(RAW 264.7 and

THP-1 cells)

Alveolar macrophages

Empaglifiozin  Macrophages
RAW 264.7 macrophages

|IL-1a, |TL-6

|TNF-a, |[IL-1p, 1CD206™,
TM2 phenotype

|CD-40*, 1CD206*

|CD80", | TNF-a, |IL-1p, |IL-6, |IFN-
y, |CCL3, |CCL4, |CCLS, |CXCL10

Xu et al. [74]

Linet al. [56]

Koyani et al. [76]
Leeetal [77]

Fiorina P et al., J Endocrinol Invest 2023
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SGLT1/2i anti-inflammatory effects in preclinical models

SGLT1/2i Organ/tissue Effects References
murine model
Canaglifiozin Heart of high-fat diet-fed ApoE™~ mice |MCP-1, |CD68™ Nasiri-Ansari et al. [57]
LPS-induced lung injury |TNF-a, |IL-6, |[IL-1p, TCD206™ Lin et al. [56]
Empagliflozin T2D |F4/807, |IL-6, |[CCL2, |CCR2, 1IL-10 Radlinger et al. [47]
Liver of mice fed with carbohydrate—high-fat diet |F4/807", |IL-6, | MCP-1, |TNF-« Nasiri-Ansari et al. [19]
C57BL/6 J mice fed with high-fat diet |F4/807, |CD3*, |CD4*, |CD8* Xu et al. [50]
Mice fed with high-fat diet 1 Thl and Th7 cells Park et al. [54]
Dapagliflozin Aortic vessel of C57BL/6 J mice |CD4™, |CD8™" Liu et al. [44]

Diabetic cardiomyopathy
Diabetic kidney disease

Mice with acute infarction

|TNF-a, [IL-6, |IL-1B
| Th7/Treg cells
JIL-6, |IL-1pB, TCD68™

El-Shafey et al. [40]
Wang et al. [43]
Lee et al. [77]

Fiorina P et al., J Endocrinol Invest 2023
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SGLT1/2i effects in clinical trials

SGLT_21 References Drugs Median follow-up  No. of patients  Population  Comparison Effects
y’ -
) Heerspink etal.  Canaglifozin 2 years 1316 9D Glimepiride |TNFRI, IL-6

[72] |MMP7, FNI

Hess et al. Empagliflozin 24 weeks 23 T2D Placebao 1CDa3t,

|PAI-1 [79] |CD133%, 1CD8O*
|VCAM-1 Kim et al. Empagliflozin 30 days 6l T2D Glimepiride JL-1p
IMCP-1 [80]

Borzouei et al. [78]  Empagliflozin 24 weeks 56 T2D Add-on treatment 1CD4* T cells, [TL-17,
to metformin and TL-10, TROXP3,
gliclazide TSTATS

Bonora et al. Dapaglifiozin 74 weeks 31 T2D Placebo 1CD34"KDR*

[75]

Fiorina P et al., J Endocrinol Invest 2023 20
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3. Targeting inflammation in T2D

iii. Other approaches



Targeting surface receptors and circulating cytokines
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Sotak M et al. Nat Rev Endocrinol 2025



New intracellular targets: inflammasome and NF-kB
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Rohm TV et al Immunity 2022

Direct targeting of inflammation in T2D
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Repurposing of antidiabetic drugs in neuroinflammation

Company Drug Marme
Evdurean®
Asbralenncy foenatide
Apettoe™
Liraglutide Victain®
P Mordink
Gremgic®
Sanmaglutide —
Mo sy Ing. Emenatide NL Y0
Peptron fxenatide AT
Sanadi-deaerbn Lisosanatide Adlyxla® fl yaumin®
GLP-10 agonisk spprosed for
Warscas ) E e Wi

matsbolic dsesae freatment

PL

Phx

PR,

Pl
L

PLx

Plx
PLs

Glyama

Oinical Trial
FHCTORASBEAT

ENCTO197 1242

PMCTOA0 5002
*ELICTR 0L O- (0P R 2- 26- 5F
PNCTIHD 3 060
*IEACTH 14553730
*ACTRN 1252 000063 754

FMCTO12551063

WCTO11 78810

*ELICTR o &- (M35 06-41-RE

FHCTO1468351
ENCTO1343075
BNCTORGS BEGS

ENCTOIE50:82
“ISACTNTI2E3ET1
ENCTD4TT 7409
FNCTOETT IS0
FNCTOGT 00
R TIM S 2
PMCTIHGREA 2
ENCTO2435243

WA

Phase  Status
1 Ongang

Lt

Com pletied (2020]

fecrunting
Crpaing
Crging
Orgairg

Rcruiting

e | WA WA B P

z Completed (20006]

F i phited [ 100 5]
Plot  Completed (O8]

Completed (50 3]
Cngong
Completed (500 7]

Lo R

Mot et recniting
Riecruiti ng
Riecruiting
Recruiting

Ungmng
LUnpmrg
Umgang
CNRmng

Completed (F0Q1]

BPF R W W R

=

Outcomes

A

Treabment smproved off-medication motor scores,

See (3) Arkaudr et al, 20017

M
&
Mi&
&
Mi&

Treatrment redocsd amylohd-B-42 concentration in

Extraoelinlar vesiohes.
Se (o) s o ol 2015
Treabment impeored mobor abilities and cognition.
B[] AwTes- Omead of of,, 2203
Traatmant | mprossad Trazaoin loveks in FROS gatants.
Sai |d.| fpoitos Esteve of al, JOAD
Traratreeerat resainbainesd hialohey Brain glucose setabsdism.
S [ ) Gl of o, 2016
A
Traatrent improsed non-maoior sympborms, quabty of life,
argd mekilty, See 8] Mo et o, A
&
MA
Mf&
Mi&
/A
Mi&
MNf&
Mi&
GLF-1R agonist treatmient cohont had red uoed rish of
developing glavcoma. See ) SenVng =f o, 203

Kopp KO et al Pharmacol Res 2022

25



Outline

1. Introduction
2. Inflammation in the pathogenesis of T2D
3. Targeting inflammation in T2D
i. GLP-1RA
ii. SGLT2 inhibitors
iii. Other approaches
4. Conclusions

26



Inflammatory markers

Conclusions

Low grade inflammation in T2D

T2D diagnosis CVD development

Is it too late?

GLP1-RA or other

disease-modifying drugs

. Is it sufficient?
Healthy PEOP Earlier?

Years Pellegrini V et al Cells 2024



Conclusions

e Chronic unresolved systemic inflammation drives T2D and related cardiometabolic disease.

e Anti-inflammatory drugs are approved but have adverse effects (weight gain, infections)

e Specialized pro-resolving mediators (lipoxins) are of therapeutic interest.

e Specific biomarkers for low grade chronic inflammation to identify at risk patients are lacking.

e Studies evaluating effects of antidiabetic drugs on low grade chronic inflammation are lacking.
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