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Nanoparticle/immune system interaction 

• Immune response/reactions?

• Modulation? 

• Toxicity?

Immunodulation? Adjuvant properties? 

Nano as hapten? Antigenicity?

Cytonecrosis? Immunosuppression? 
Cancer?





Cobalt nanoparticles modulate cytokine in vitro 
release by human mononuclear cells, mimicking 

autoimmune disease. 

Di Gioacchino 

et al 2006



Nano Pd induce 
stem cells to 
produce 
different pattern 
of cytokines in 
relation to their 
differentiation 
state

Cytokine production by stem cells

Di Gioacchino et al, in press



CNT and CBP favor allergic reactions

IgE IgG IgE IgG



Park et al. 2010



• Inhibition of degranulation

• Inhibition of cytokine release

• Inhibition of IgE response

• Inhibition of PGD2 production

• Inhibition of IgE and 

not IgE mediated mediatory release

Ryan et al, 2007







Polyomavirus

Virus 

like

particles





HIV vaccination

HIV p24 proteins adsorbed on nanoparticles

Aline et al,2009

DC phenotyping



Novel nanoparticles for the delivery of 
recombinant hepatitis B vaccine

Dhruba et al, 2008

- Recombinant HBsAg (▽)

- HBsAg-PEG5000-PLGA5000 NP (●)

- HBsAg-PEG1000-PLGA5000 NP (  )

- Empty (□ - ○) 



Nanoparticles-Based Allergen-
Delivery Systems 
• Biodegradable Polymeric Nanoparticles. 

o Polyesters

• Polylactides - PLA and PLGA (Bet v 1 – Ole e 1 – ragweed - mites)

• Poly(ε-Caprolactone) – PCL (mostly used for bacterial vaccine)

o Poly(Anhydrides) - (PVMA  (Gantrex nanoparticles) (Grass)

o Poly(Gamma-Glutamic Acid) - γ-PGA (Grass)

o Poly(Vinylpyrrolidone) - PVP (aspergillus fumigatus)

o Polysaccharides – Chitosan (mites - peanut)

• Nondegradable Polymeric Nanoparticles

o Latex, gold, silica, or polystyrene (in vivo clearance?)



Gantrex nanoparticles (methyl vinyl
ether and maleic anhydride - PVMA)

Decrease in specific IgE

Increase in IgG(2a) isotype

Reduced mortality rate and mMCP-1 

levels in challenge experiment

Gomez 2006 - 2010



Induction of Th1-Type Immune Response by Chitosan
Nanoparticles Containing Plasmid DNA Encoding House 
Dust Mite Allergen Der p 2 for Oral Vaccination in Mice 



Investigation of peanut oral immunotherapy
with CpG/peanut nanoparticles in a murine 
model of peanut allergy

Srivastava et al 2016



Immunomodulatory nanoparticles as adjuvants and allergen-delivery system to 
human dendritic cells: Implications for specific immunotherapy



Mannan
nanoparticles

Sirvent, 2016



Biodegradable

Particles as

Vaccine Delivery 

Systems: Size

Matters

2013



• Nanoparticles can be designed to provoke an immune response, by 
either direct immunostimulation of antigen presenting cells or 
delivering antigens to specific cellular compartments 

• For the obtention of the desired therapeutic response, size particle 
control is important since microparticles are rapidly cleared by 
reticuloendothelial system, while nanoparticles have prolonged 
circulation time and are efficient drug, enzyme, and protein carriers 
by any route of administration 

• These biodegradable polymers can be either natural (chitosan, 
alginate, carrageenan, albumin, gelatin, collagen, among others) or 
synthetic [poly(lactic acids), PLA), poly(lactide-co-glycolic acids), 
PLGA), poly(methyl meth- acrylate), PMMA), poly(ε-caprolactone), 
PCL), poly(alkyl- cyanoacrylates), PACA), and copolymers]. 

• The former generally provide a relatively quick drug release, while the 
latter enable extended drug release over periods from days to 
several weeks 







Advanced strategies
in immuno modulation
of cancer by NPs

Mizrahy et al 2017



Nanoparticle assisted
immunotherapy

� Improvement of antigen expression and presentation pathways
o Particulate delivery of epigenetic modulators

o Nanoparticulate delivery of subunit vaccine 

o Targeting DCs via nanoparticulate vaccine 

o Nanoparticulate delivery of cytokines

� Nanoparticulate immunotherapy to target Tumor
Microenvironment
o Soluble mediators

o Suppression of cellular mediators via nanoparticle-based immunotherapies

o Targeting Mieloid Dierived Suppressor Cells (MDSC)

o Targeting Treg

o Targeting Tumor Associated Macrophages (TAMs)

The key advantages of using nanoparticulate carriers:

� Improved solubility and bioavailability of the cargo;

� Possibility to be loaded with a variety of cargos such as siRNA, 

peptides, proteins, and small molecule therapeutics. 

� The cargo can be protected from degradation, which can increase

its half-life, enhancing potential efficacy. 

� NPs can be modified for targeted site-specific delivery, mitigating

systemic toxicity issues. 

� To date, there are 45 NPs formulations approved for clinical use




