The Effect of Gold Nanoparticles on Dendritic Cells
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Gold is recognized as one of the most biocompatible
and stable materials, and has been used for many years as
a medical agent, among others in the form of salt for the
treatment of rheumatoid arthritis [1]. More recent
biological applications have been focusing on using gold
nanoparticles for drug and gene delivery [2], or as a
photothermal agent causing highly localized heating
applicablein cancer therapy [3].

There is however very little information available
concerning what influence such particles have on the
immune system, e.g. on dendritic cells (DCs). DCs are
present throughout the human body but are particularly
localized at antigen-exposed sites, such as the skin. They
are the most efficient type of antigen presenting cells
having a capacity both to initiate primary and secondary
immune responses, by expressing cytokines, MHC and co-
stimulatory molecules such as CD80, CD83 and CD86 [4-
5]. DCs decide whether an immune response should be
initiated and are able to affect the development of T-helper
cells into Treg-, Thl- or Th2-cells depending on their
cytokines produced and their expression of co-stimulatory
molecules [6].

We addressed the question whether spherical gold
nanoparticles of 6 nm in diameter affect DCs, looking at
morphology, viability, expression of cytokines and of co-
stimulatory and antigen presenting molecules. This was
assessed by using human monocyte derived DCs (myeloid
DCs) and peripheral blood mononuclear cells from healthy
blood donors together with gold nanoparticles [7], and
various techniques including light microscopy, flow
cytometry and ELISpot. After having overcome
aggregation problems of gold nanoparticles by stabilizing
with human serum albumin (HSA) and devel oped methods
to produce nanoparticles with low lipopolysaccharide
(LPS) contamination, experiments revealed that both
morphology and viability were not affected by the gold
nanoparticles. The expression of CD80, CD83, CD86 and
MHC class Il was only to a minor degree up-regulated
after 6 and 24 h, and CD40 and MHC class | was not
affected, which indicates biocompatibility of gold
nanoparticles. This is further supported by low or no
expression of the cytokines I1L-10, I1L-12 and IFN-alpha.
HSA by itself did not have an effect on the DCs. In
conclusion, gold nanoparticles of 6 nm in diameter are
highly unlikely to initiate a danger signa to the immune
system through the dendritic cells, and have therefore the
potential to be used as inert carriers in biomedical
applications.
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	2. COMPUTATIONAL METHODS
	The pristine and relaxed after a heat treatment structures show a spectrum with only one peak corresponding to the unit cell of the zeolite proving that the integrity of the template was conserved. Lee, Han and Hyeon shown experimentally a peak appearing at 23 (2*θ) corresponding to 1.8 Å-1. This peak could be associated to an amorphous region remainder from the experimental method. Moreover, we can see the comparison with an amorphous structure corresponding to a coke of saccharose obtain at 400 K [ ] confirming this possiblity. Recently, Hou et al [ ] have shown a new method to obtain replica with after heat treatment, they improved the texture of the replica. We calculated the Bulk modulus of the faujasite using a GULP model [ ], which is a core-shell potential, giving the Hessian matrix, and after diagonalization, we obtain a Bulk Modulus of Bo=59 GPa. Thus, the hydrostatic properties of the replica were obtain from the calculation of the energy as a function of the hydrostatic pressure, giving a Bo=700GPa for a density of 0.9cc/g. Thus, we have simulated the molecular nitrogen adsorption isotherms at 77K, using a Grand Canonical Monte-Carlo method, and with a LJ model. We obtained a good agreement with some results depending of the samples (see figure 3). However, we did not attribute why we obtained an insufficiency in the quantity of gas adsorbed compared to the best replica of Kyotani, unless an increasing of the porosity during the zeolite leaching, or a mesoporosity underestimated in their experiments or even if a resulting part of amorphous carbon is coexisting in their samples.
	Therefore, to go into the discussion, we calculated the PSD estimated with the Gelb-Gubbins method (see figure 4). Due to this topological method, we can calculate precisely the PSD of our structures and then compare to the DFT method applied to the N2 isotherms. First, the differential PSD curve show that our replica is a completely made of spherical pores with a size of 10 Ǻ diameter offering a high microporosity. Besides, we obtained an adsorbed volume around 0.7cc/g, in good agreement with experimental results.  
	4. CONCLUSION
	We have performed Grand Canonical Monte-Carlo (GCMC) simulations of Chemical Vapour Deposition of carbon faujasite zeolites based on a tight binding model for the adsorbate-adsorbate interactions that enables to account for covalent bonding along with a realistic model for adsorbate-substrate interactions. We obtain a 3D interconnected porous carbon structures from the zeolite faujasite, that is stable upon matrix removal. Beside, we characterized the textural structure of this replica, the nitrogen adsorption properties, and his pore size distribution. The hydrostatic mechanical properties of this replica has exhibited a very higher bulk modulus compared to the faujasite and is really interesting for its very low density. It is presently considered as a possible gas storage device for methane and hydrogen.
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