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INTRODUCTION

▵

METHODS

RESULTS

▵

CONCLUSION

This study demonstrates that PEGylated liposomes functionalized with WGA

constitute a stable and biocompatible nanoplatform for intestinal targeting. The

optimized conjugation strategy preserved the physicochemical properties of the

liposomes while enhancing their interaction with intestinal epithelial cells and

promoting greater cellular uptake. Together, these findings support the potential

of WGA-functionalized liposomes as a versatile delivery platform for the future

oral administration of immunogenic proteins and peptides.
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Oral delivery of
immunogenic proteins

Gastrointestinal barriers
limit absorption

Need for a delivery platform that
protects, transports and targets

WGA-functionalized
PEGylated liposomes

Proteins and peptides are 
susceptible to degradation 

and presente low oral 
bioavailability

Enzymatic degradation, mucus 
layer and tight junctions restrict the 

access of macromolecules to 
inductive sites of the gut-

associated Lymphoid tissue

A multifunctional platform is 
required to enhance stability, 

promote epitelial interaction and 
improve translocation

Wheat Germ Agglutinin (WGA) 
recognizes glycosylated residues 

on the intestinal epithelium, 
promoting specific binding, 

uptake and transcytosis

1 2 3

4 5

LIPOSOME
PREPARATION

WGA
FUNCTIONALIZATION

PHYSICOCHEMICAL
CHARACTERIZATION

EVALUATION OF
FUNCTIONALIZATION

IN VITRO BIOLOGICAL EVALUATION

• Thin-film hydration

• Extrusion (400 → 200 → 100 nm)

• Post-insertion PEGylation 

• EDC/NHS chemistry

• Traut’s reagente (thiolation)

• Purification (ultrafiltration)

• 3 h thiolation (optimal condition)

DLS
Size, PdI,

Zeta potential

NTA
Particle

concentration

NanoFCM
Particle concentration 

and WGA+ (%)

• Size, PdI, zeta potential

• Particle concentration

• WGA density (AF488)

• Distribution and % of WGA+ particles

Spectrofluorimetry (AF488)
WGA density quantification

NanoFCM
Distribution and % of 

WGA+ particles
Caco-2 cells Caco-2 monolayers 

(Transwell®)
Caco-2 monolayers 

(Transwell®)
Caco-2 cells Caco-2 monolayers 

(Transwell®)

MTT assay
(cytocompatibility)

Paracellular 
permeability

(Lucifer Yellow assay)

Translocation of 
liposomes

(NanoFCM)

Cellular uptake
(Flow cytometry)

TEER monitoring
(Transepithelial 

electrical 
resistance)

Enzymatic
degradation

Mucus
barrier

Epithelial
barrier

DLS: Dynamic Light Scattering  |  NTA: Nanoparticle Tracking Analysis  |  NanoFCM: Nanoflow Cytometry

TEER: Transepithelial Electrical Resistance  |  WGA: Wheat Germ Agglutinin

OPTIMIZED WGA
CONJUGATION

STANLE NANOPLATFORM
PRESERVED EPITHELIAL

INTEGRITY
ENHANCED BIOLOGICAL

INTERACTION
TRANSLATIONAL

POTENCIAL

Efficient thiolation-maleimide 
strategy with preserved coloidal 

properties.

≈ 180 nm, low PdI and maintained 
surface charge after 

functionalization

WGA functionalization increases 
cellular uptake and interaction with 

intestinal epitelial cells.

No cytotoxicity (MTT assay)

No significant disruption of 
epitelial barrier (TEER and 

permeability)

Promising platform for future oral 
delivery of immunogenic proteins 

and peptides
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Liposome
PEGylated
liposome

WGA-functionalized
liposome

≈ 130 – 150 nm ≈ 140 – 145 nm ≈ 170 – 180 nm
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4 CELLULAR UPTAKE
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Recovered in apical chamber at T180 (%)

Lowest apical recovery for 
WGA-functionalized liposomes 

(LCW).

↓
Suggests greater interaction 
with the epitelial monolayer.

↓
Likely due to cellular uptake 

and/or intracelular retention.
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