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In the last few years, there has been enormous interest
in graphene oxide (GO) for its wide variety of applica-
tions[1]. However, for any medical application, the
immune system-impact of GO still remain to be fully
understood. Moreover, the modulation of immune cells
mediated by nanomaterials could be interesting also in
immunotheraphy applications[2]. Indeed, nanomaterials
and more in general nanotechnology can enhance the
efficacy of immunostimulatory small molecules and bio-
logics by altering their co-localization, biodistribution,
and release kinetics[3].
Following these aims we focused on the molecular

effects of two GOs, different for lateral size dimensions,
on human peripheral blood mononuclear cells (PBMCs).
GOs were fully characterized then, we performed a wide

range of standard assays looking at cell viability, cell
activation and multiple cytokines secretion. We charac-
terized the molecular impact of GOs on 84 genes
immune-response-related. Additionally, a whole genome
analysis was conducted on T cells and monocytes as
representative of the innate and adaptive immune
responses. In Figure 1 TEM and AFM characterization
of GO-Small (140 nm) and GO-Large (4mm). We did
not detect any toxicity in GO PBMCs treated samples.
The 84 gene expression analysis evidenced a clear
dimension-dependent impact of GOs on cell activation
(Figure 2). In particular, the GO-Small modulated
16 genes (Fold Regulation >4) compared to only 5 of
GO-Large (in red in Figure 2 C). Action confirmed also
by cytokine analysis (Figure 2 D). These evidences were
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also confirmed by microarray analysis on T and monocytes
cell lines. GO-Small impact the immune cell activation,
underlined by the over expression of many pathways such
as leukocyte chemotaxis pathway (Figure 3), genes such as
CXCL10 ligand pathway and CXCR3 receptor (Figure 3,
red box). Moreover, we found a strong action on cell meta-
bolism with a down-regulation on energetic pathways such
as oxidative-phosphorylation pathway in both cell types
(data not shown). Our work represents a comprehensive
molecular-characterization of different sized GOs on
immune cells giving crucial information for the chemical
and physical design of graphene for biomedical applications
i.e. as a new possible drug delivery systems and nanoimmu-
notherapy tools.
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