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Lung diseases and nanothechnologies

•Cystic Fibrosis (CF)

•Alpha-1-antitrypsin deficiency (ATD)

•Chronic Obstructive Pulmonary Disease (COPD)

•Emphysema

•Hyperinflammation during sepsis

•Asthma

• Idiopathic lung fibrosis

•Lung cancer

• Infectious diseases (e.g. Tuberculosis)

•Vaccines
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Dosage forms for nasal/pulmonary nanoparticle delivery
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Dry powders: Trojan microparticlesSuspension: Nebulization



mRNA



Site-specific versus systemic delivery

• Improved biodistribution

• Allows controlling the tissue concentration

• Specific cell targeting

• Reduces side effects

• Improve compliance

Engineering Lipid Nanoparticles for 
Enhanced Intracellular Delivery of mRNA 

through Inhalation

ACS Nano 2022, 16, 9, 14792–14806
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January 2023

• LNP1: mRNA-1273 uses SM102 as ionizable lipid

• LNP2: undisclosed formulation of i.n. delivery “LNP is 
modified to improve vaccine delivery to respiratory 
tissue”
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25 µg mRNA-LNP2 i.n. ~ 1µg I.M.

Intranasally administered mRNA-LNP
vaccines, especially when the LNP is
modified to improve vaccine delivery
to respiratory tissue, can induce
comparable binding IgA and IgG and
neutralizing antibody levels against
the SARS-CoV-2 spike protein as
intramuscular vaccine
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The viral loads in the nasal
turbinates and lungs of the
hamsters in the vaccination groups
were significantly lower three days
after the viral challenge. In the
mRNA-LNP2 vaccinated group, the
viral loads were below detection
levels in four hamsters.

25 µg mRNA-LNP2 i.n. ~ 1µg I.M.
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siRNA

Webinaire Adebiotech-Les innovations en formulation 21 avril 2023



Role of TNFα in pulmonary pathophysiology

Proinflammation/
Prooxidation

Bronchioles

Asthma

TNF-α

Inflammed
organelles/organs

Bronchioles & 
Alveoli

Chronic Bronchitis 
Chronic obstructive pulmonary 

disease 

Lung, Heart, 
Kidney, etc

Acute lung injury
Acute respiratory distress 

syndrome 
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Dendrimers for siRNA delivery
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Advantages of Phophorous Dendrimers

▪ Few synthesis steps and high yields

▪ High solubility in water

▪ High chemical stability

▪ Perfect reproducibility of the syntheses

▪ Large quantities under GMP conditions

▪ Easy modification of the chemical nature and
number of end groups

▪ Inexpensive starting materials
▪ Have per se anti-inflammatory effects in
Experimental Arthritis (Science Translational
Medicine, 2011, vol 3, 81ra35)
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SiRNA binding properties
of phosphorus dendriplexes
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Bohr et al. Biomacromolecules, 2017, 18 (8), 2379–2388

DP 
dendriplexes

DM 
dendriplexes

Pyrrolidinium end-groups display better binding properties than the morpholinium

Webinaire Adebiotech-Les innovations en formulation 21 avril 2023



Interaction Mechanisms of Phosphorus Cationic Dendrimers with siRNA 

Deriu et al. Nanoscale, 2018

• DP requires a lower number of terminals groups to
directly bind the siRNA while leaving a large part of it
free to eventually catch another siRNA molecule.

• Higher affinity for DP than DM
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Bohr et al. Biomacromolecules, 2017, 18 (8), 2379–2388

Dendriplexes/RAW 264.7 cells activated by LPS interaction 
and antiTNFα effect

Dendriplexes with pyrrolidinium end groups allow better siRNA cell penetration and dose dependent TNF α inhibition
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In vivo TNFα inhbition after incubation with RAW 264.7 
LPS-activated cells and intranasal administration in mice of siRNA-loaded dendriplexes

Bohr et al. Biomacromolecules, 2017, 18 (8), 2379–2388
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Conclusions

✓Nasal and Pulmonary routes are both suitable
for the delivery of coding and non-coding RNA
✓Vaccine delivery
✓SiRNA delivery targeting inflammatory diseases
such as acute lung injury
✓LNPs are major breakthrough in the delivery
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