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Piattaforma per la prototipizzazione di Nanomedicine per proteine terapeutiche: la terapia enzimatica sostitutiva per malattie rare neurometaboliche

LSD 
(Lysosomal Storage 

Disorders) 
Heterogeneous rare inherited 

metabolic disorders

ERT
(Enzyme Replacement 

Therapy) 

α-Mannosidosis

• Neurodegenerative symptoms
• Peripheral manifestations 
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Lamzede ® 
(Velmanase-alfa)

First ERT approved for 
non-central nervous system 

manifestation

NANOMEDICINE

No BBB crossing 
Adverse reactions
Enzyme sensitivity

Microfluidic Adaptation and Optimization

Encapsulation of Lamzede ® 

Steps towards potential scale-up

ANP

Surfactants 

PLGA NPs at different % of PVA and Pluronic before (B)  and 
after (A) centrifugation. 

NPs obtained with 1:3, 1:6 and 1:10 FRR proved 
to be stable to freezing-thawing, and storage 
for one month at 4°C, both when encapsulating 
ϐ-Glucosidase  and Lamzede ® 

Bovine Serum Albumin (BSA) as Stabilizers 

Enzyme:BSA molar ratio 1:5, 1:10 and 1:20 before (B) and after (A) 
centrifugation. Control: NPs formulated with enzyme without BSA.

Bovine Serum Albumin (BSA) as Stabilizers 

• Scalable and versatile 
nanoplatform

• Possibility of overcoming ERT 
drawbacks

• Possibility of scaling up for 
industrial perspective 

• Targeting a wide range of diseases 

Il progetto N2ERT è co-finanziato dal Fondo europeo di sviluppo regionale PR FESR 2021-2027, AZIONE 1.1.2. della Regione Emilia-Romagna.

Protection
Targeting
Reduced side effects

DOUBLE EMULSION AND 
SOLVENT EVAPORATION

• Bench-top method
• Scalability

• Reproducibility
• Harsh conditions

MICROFLUIDIC

Scalability
Reproducibility
Mild process conditions
Minimal waste of reagents

Ongoing...

PARAMETERS 
Total Flow Rate (TFR) 
Flow Rate Ratio (FRR) 

Enzyme:Polymer Ratio 

Surfactant: Type and Amount
Lamzede ® Buffer 
Stabilizer

10 mL/min
Model enzyme:
ϐ-Glucosidase

MICROFLUIDIC ADAPTATION AND OPTIMIZATION

Enzyme:Polymer Ratio 

NPs formulated with the same amount of  β-Glucosidase used in
DE technique.

ENZYME:POLYMER RATIO 
1:10 w/w

EE 2±1 4±1 4±2 7±1

FRR

FRR 1:10

NPs formulated with 1:10 w/w enzyme-to-polymer ratio. 
The FRR was 1:1, 1:3, 1:6, and 1:10.

RESUSPENSION
PLURONIC F68 3%

Lamzede ® Buffer  

NPs formulated with the Lamzede® buffer, before and after centrifugation. 
Control: NPs formulated with ß-Glu in MilliQ water

NO INFLUENCE OF BSA

2-FOLD INCREASE OF EE

ENCAPSULATION OF LAMZEDE ® 

TFR 10 mL/min – FRR 1:10 
Enzyme:Polymer ratio 1:10 w/w

SIZE PDI EE

169.7±3.5 0.069±0.019 ≈ 1

4-FOLD INCREASE OF EE

PLGA NPs ϐ-Glucosidase PLGA NPs Lamzede ®

SEM-FEG images

Optimized 

STABLITY 

Same enzyme:polymer ratio used in DE 

BACKGROUND PAST PRESENT

AIMS RESULTS

CONCLUSIONS

Size > 1 μm
PDI  > 0.5

Size > 1 μm
PDI  > 0.5

NO INFLUENCE OF BSA

NO INFLUENCE OF LAMZEDE ® BUFFER
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