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Projects

• Carolina: NETs-targeting DNAse-loaded nanoparticle
• Fatma: Tips-releasing microneedles for anti-psoriasis drug

intradermal depot / mRNA loaded lipid particles
• Sam: Fluorescent microtattoo for diagnostic applications
• Philippe: Polymeric porous microparticles for biomedical applications
• Elise: Superabsorbent polymeric microneedles for ISF samples for 

heart failure monitoring
• Cloé: Dissolving microneedles for non-invasive administration of 

azapeptides
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• Target NET (DNAse and NETosis inhibitors)
• Increase the half-life of DNAse or NETosis inhibitors

No target - half-life? - Stability?

• Nanoformulations for targeting NET



Liposome generation optimization

4

Last year



RGD-functionalized liposomes
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Last year



RESIDUAL ETHANOL 
QUANTIFICATION BY GC
and HPLC 

Before: 174327 ppm

TFF: 395 ppm

Dialysis: 0 ppm??
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Last year
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y=1321326X+144136
R2= 0.9954

y=1367994X-110579
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y=1374082X-139326
R2= 0.9992

250 ug/mL

y=1348745X-26023
R2= 0.9936

A. B.

EggPC:Chol:DSPE-PEG : 50.5:44.5:5, FFR: 1:1 - TFR: 12mL/min, pH:4 (sodium acetate, 20mM), i[Dnase]: 250 µg/mL. i[lipid]: 10mg/mL-14.26mM. Solvent: Ethanol 95%. Aqueous phase: 
Sodium acetate pH: 4 ± 0.5, Purification method: TFF. Buffer exchange to PBS pH: 7± 0.5 (Forbes, Hussain et al. 2019). 

Analytical method, HPLC: lipids, DNAse (couple of suppliers) 
HPLC)
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DNAse loading into liposomes: FRR effect
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Nanoassembler
10 mg/mL lipid 
DNAse 250 microg/mL 
Different FRR (3:1, 2:1, 1:1): 
TFF purification
no encapsulation



10mg/mL lipid
250microg/mL DNAse

DNAse loading into liposomes: pH effect

pH 4 seems better (DNAse IP: 5,22) positive at pH 4



pH5 for potential issues of DNAse activity
10mg/mL lipid

DNAse loading into liposomes: DNAse concentration effect

Problem reproducibility in loading (better/faster/less lost purification TFF)
No impact of Calcium and Magnesium during liposome production
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A. B. C.

i Lipid concentration (mg/mL) EE% Drug loading %
4 9.3 ±2.6 0.92 ± 0.24
6 3.27 ± 4.68 0.34 ± 0.47

10 0 0

Effect of lipid concentration
DNAse 250 microg/mL 

pH 4 for loading

IP DNAse 5.22
Lipid not really charged



1 2 3

A 2X Unloaded 
Liposomes + PBS

2x Unloaded 
liposomes + Free 

Dnase

2x liposomal 
DNAse + pbs

B 50µL TE 
25µL  C-
25µL  DNA
100 µL Picogreen

50µL TE 
25µL  C+
25µL  DNA
100 µL Picogreen

50µL TE 
25µL  sample
25µL  DNA
100 µL Picogreen

C 50µL TE+Tritonx
25µL  C-
25µL  DNA
100 µL Picogreen

50µL TE +Tritonx
25µL  C+
25µL  DNA
100 µL Picogreen

50µL TE +Tritonx
25µL  sample
25µL  DNA
100 µL Picogreen

Results fluorescence: ʎEX: 480nm , ʎEm: 520nm. 

2 1 7

2335 599 2106

2451 503 1834

2055 265 372

1891 207 383

DNAse loaded Liposomes enzyme activity

Quant-iT™ PicoGreen™

DNAse



LCP  0017    QUANTIFICATION OF LIPOSOMAL DNAse RELEASE BY HPLC AFTER AMICON CENTRIFUGATION Version LCP0017.3 Page 1/1

Objectives Measure the release of DNAse from liposomal formulation:  purifying free protein with Amicon and evaluating liposomal DNAse by HPLC. Issue Date:
12/06/2020

Notes 100 µL Liposomes at 10mg/mL +  3.9 mL of PBS. 
System configuration:  4000g for 18 min, column prewash with Milli Q water

Implementation 
Date: 10/07/2020

After 1h at 37°C
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DNAse release



F1 F3

DOTAP Egg PC Chol DSPE-PEG Size (nm) PDI Zeta Potential 
(mV)

F1 50.5 44.5 5 117.6±6.88 0.25±0.03 4.99±2.77
F2 45 10 40 5 110.6±0.75 0.35±0.03 4.85±0.70
F3 31.4 10.2 53.5 4.9 125.52±11.81 0.4±0.001 6.53±1.40

F1.2 40.5 10 44.5 5 115.02±3.70 0.41±0.01 4.32±3.19

pH 7 (DNAse -; DOTAP +)

DOTAP formulation (charge effect)

Analytic problem with DNAse/DOTAP 
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Asymmetrical flow field-flow fractionation (AF4): for release

DNAse + liposomes physical mixture
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A4F Chromatogram  300 - 0 ug/mL experiments

release_100u_lipo 1-1 release_150u_lipo 1-1 release_200u_lipo 1-1

release_300u_lipo 1-1 release_doblenegative 1-1 release_lipoonly 1-1

release_proteinonly 1-1

0
0,01
0,02
0,03
0,04
0,05
0,06
0,07
0,08
0,09

8 9 10 11 12 13 14 15 16 17

Re
la

tiv
e 

ab
so

rb
an

ce
 (2

79
nm

)

Titre de l'axe

Zoom A4F 300-0ug/mL experiments 

release_100u_lipo 1-1 release_150u_lipo 1-1 release_200u_lipo 1-1

release_300u_lipo 1-1 release_doblenegative 1-1 release_lipoonly 1-1

release_proteinonly 1-1

Good resolution; low sensitivity

Asymmetrical flow field-flow fractionation (AF4): for release



DNAse Hydrophobization



Masse derive  26230 Da
(+ 486 Da / 3 =  3 x 162 Da)

Masses  25744 Da

DNAse Hydrophobization: C18 chains



Next months

• Complete characyerization of a few formulations
• Complete release of lead formulation
• In vitro activity (NETs) of lead formulation
• Write publication on formulation optimization
• Move on: overall low loading; DNAse makes everything

complex/expensive



NETs updates



NETs and Covid19







Results
1. Morphological characterization 2.  Insertion capability

3.  Mechanical properties
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1. Particle size and polydispersity 2. Zeta potential

Lipid particles loaded with mRNA coding for peptides anti PCSK9
Proprotein convertase subtilisin/kexin type 9, involved in coronary artery diseases (Pr. Gaetan Mayer)

Compare with CSL3 (Prof. Leblond) as ionisable lipod
DODMA: DOPE: Cholesterol: DSPE-PEG2000, molar ratio of 50: 10: 38.5: 1.5

*N/p ratio 4 (pDNA GFP)
*working conditions: Total flow rate: 12 ml/min; Flow ratio: 3:1 aqueous to organic

Project mostly funded by RQRM



Next year

• Nastaran (NETs-targeting PAD4 Inhibitors-loaded nanoparticle) 
• Matthias (mRNA/metabolic enhancer loaded lipid particles )
• Naghme Superabsorbent polymeric microneedles for ISF samples for 

heart failure monitoring
• Alfonso/Vivienne (upconverting NPs for light-induced release of 

drugs)

• Ahmed (biocompatibility of new dental biomaterials, McGill)



Projects for 2020-2021

• PAD inhibitors into liposomes

• mRNA and metabolism enhancers (rare genetic disese)



PAD4 inhibitors
Protein-arginine deiminase type 4 (PAD4): nuclear enzyme that citrullinates arginine residues, converts amine groups to ketones
Generation of anti-citrullinated protein antibodies (ACPAs) in several autoimmune diseases



- Loading optimization
- Functionality in vitro (NETs)

2 Year: 
- PK
- Activity 

PAD inhibitors loaded liposomes

CL-amidine BB CL-amidine

- Improve PK
- Accumulate in inflammed sites (NETs)



Lysosomal acid lipase (LAL) mRNA and metabolism enhancers



Schematic representation



• Loading of mRNA optimization (Opattro formulation, DMPG-PEG) 
• Internatilazion/transfection in HepG2 cells (FACS, Co-focal, ELISA)
• Loading of adenosine monophosphate kinase (AMPK) activators (key metabolic 

enzyme whose activation blocks lipogenesis and promote lipid oxidation)

Following years
• In vitro LAL deficiency generation in HepG2 cells (CRISPR-Cas9) (Pr. Gravel)
• Formulation functionality in vitro
• Formulation funcitonality in vivo

Project steps
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