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introduction

90 % total cases

diabetes mellitus

2045: 1 700 million

International Diabetes Federation, IDF Diabetes Atlas: 10th Editions. 2021.
Chatterjee S., et al.. Lancet. 389 (2017) 2239-2251.
Wu Y., et al.. Int. J. Med. Sci. 11 (2014) 1185-1200.
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T2DM: Type 2 diabetes mellitus

T2DM is characterized by insulin resistance

and inadequate secretion of insulin
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Methods & Results

GLP-1 Analogs
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How to improve the oral delivery of

semaglutide?

To incorporate semaglutide into polymeric NPs
surface-functionalized with FcRn-targeted ligands
(Peptide, FcBP,, and affibody, Z;z,)

FcBP: FcRn-binding peptide
Zecpo: Affibody molecule

FcRn: Neonatal Fc receptor
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Semaglutide
ww PLGA-PEG
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Methods & Results

Selection of FcRn-targeted ligands with affinity for hFcRn

‘, FcRn-targeted ligand

FcRn-ligands:PLGA-PEG-Mal Conjugation
Code Ko pH 6.0 (nM) Ko pH 7.4 (nM) : )
. HSA HSA 7,300 = 1,300 No binding
CQRFVTGHFGGLHPANG FcBP, No binding No binding o
Cys
4 HO o}
NH, 0 0
. N— PEG-PLGA
CQRFCTGHFGGLYPCNG FcBP, No binding No binding Cys-FcRn-targeted uga,..dlll | N— PEG-PLGA — FcRn-targeted ligand-HO SH
____________________________________________________________________________ NH; 0
RF-Pen-TGHFG-Sar-NMeLeu-YPC FcBP, No binding No binding ¥\9—/ ]
____________________________________________________________________________ Mal
VDAKYAKEWMRAAHEIRWLPNLTFDQRV Zren 72232 No binding
AFIHKLEDDPSQSSELLSEAKKLNDSQAPKC
Kp: Dissociation constant 100+ Atomic composition (%)
g Polymer = ----mmmmmmmmmmem e e e e o o
OE Cls O1s Nis S2p
& PLGA-PEG-Mal:FcBP, mock reaction == 77 T T T T T T T T T T T T T T T T T T et
& PLGA-PEG-Mal 70.8 29.1 0.1 a.
E BN PLGA-PEG-Mal:FcBP, ° e
4 -
FCcBP, and Z g, covalently |2 [ PLGA-PEG:Zgcpy mock reaction PLGA-PEG-Mal:FcBP, 67.5 315 09 0.09
. kA B PLGA-PEG-MaliZpgy, e oo
linked to PLGA-PEG-Mal g PLGA-PEG-Mal:Zrrr 66.4 33.0 0.6 0.04
o

Pinto S., et al. J Control Release 366 (2024) 621-636.
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Production of FcRn-targeted Nanoparticles
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Pinto S., et al. J Control Release 366 (2024) 621-636.
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Methods & Results

FIRST EMULSION | |
70% Amplitude:2 min

Adueous phase
Semaglutide in solution

Organic phase
PLGA-PEG-MALIFCBP; or
PLGA-PEG-MAL Zr.n.in
dichioromethane:

SECOND EMULSION [ |
70 % Amplitudes2 min

First emulsion (w/o)

N

Aqueous phase
2% (wiv) PVA 15h

Semaglutide-NPs

FcBP,-Semaglutide-NPs
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In vitro uptake of FcRn-targeted NPs by intestinal cells Merge
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Methods & Results

Microinjection of FcRn-targeted NPs into Human Intestinal Organoids lumen

E-cadherin hFcRn Nuclei Merge
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HIOs endogenously express hFcRn

Pinto S., et al. J Control Release 366 (2024) 621-636.
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Calcein-AM PLGA-FKR648 Merge

After Injection Before Injection

Scale bars represent 500 pm

HIOs: Human Intestinal Organoids
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E-cadherin Merge

In vitro uptake of FcRn-targeted NPs by HIOs
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Intraperitoneal injection:
Nicotinamide (210 mg.kg™)
Streptozotocin (180 mg.kg™)

Day 0 Day 2

End Experiment

iilj'nduction of T2DM

.................................. >
g Day 9
L%i' ( [
N ‘Liv\ ®

S
D S - Stomach
D - Duodenum
J J - Jejunum
I I - lleum

- C C - Cecum

CR CR - Colorecum

Control

Pinto S., et al. ACS Nano 18 (2024) 28406-28424.
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Methods & Results

Biodistribution of FcRn-targeted NPs through the gastrointestinal tract of T2DM-induced mice
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Methods & Results

FcRn-targeted NPs induced a glucoregulatory effect after single administration

Oral Gavage: Blood glucose
IntraperitoneaI(iznljgcnt.ligr:(:g Semaglutide levels .
Nicotinamide K & measurements
i i (180 mghkg Semaglutide-NPs 3mg.kg"
Streptozotocin g FcBP,-Semaglutide-NPs
) Zresn-Semaglutide-NPs [ Nermoglycemic

Relative Glycemia (%)
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—a  s.c. administration: I Oral Semaglutide
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Pinto S., et al. ACS Nano 18 (2024) 28406-28424.
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Methods & Results

FcRn-targeted NPs induced a glucoregulatory effect after multiple administrations

P Oral Gavage: Blood glucose
Intraperitoneal injection: x :emaglutide mea:x‘;zl;ems
Nicotinamide emaglutlde-NP.s 3mgkg’
Streptozotocin :':BF:;:;TIQI'.M_&NPS]
ol glutide-NPs 1 Normoglycemic
W PBS
[ s.c. Semaglutide
I Oral Semaglutide
Il Semaglutide-NPs
Il FcBP;-Semaglutide-NPs

M Z;r,-Semaglutide-NPs

Day 2 Day 9

=" ¢.c. administration:
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Pinto S., et al. ACS Nano 18 (2024) 28406-28424.
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Conclusions

FcRn-targeted FcBP, and Zg g, Semaglutide was FEREEEE [ FcRn-targeted
ligands FcBP, were successfully incorporated into interacted with semaglutide-NPs
and Zgg, conjugated to PLGA-PEG NPs, intestinal cells and  EERRLISEEIELIE
interacted with PLGA-PEG-Mal co- FEs HIOs that endogenously BRI =F- T ET LT3
hFcRn at polymer via Mal- functionalized express hFcRn response than non-
an acidic thiol chemistry with FcBP, and targeted NPs and

pH-dependent oral semaglutide

ZFcRn

manner

’ 3 PLGA-PEG-Mal
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hFcRn+

Caco-2 cells #4» Semaglutide

@ Non-targeted NPs

¥

@ FcRn-targeted NPs

Glucose levels

Time




FcRn-targeted NPs demonstrated to be a promising nanoplatform for improving the oral

delivery of semaglutide and for enhancing the treatment of T2DM
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