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Nanomaterials have wide applications in various fields with increasing exposure and potential health risks to humans.  However, there is limited knowledge of the molecular mechanisms leading to harmful effects following exposure to the diverse types of nanoparticles, and there is no accepted framework for risk assessment of nanoparticle exposure.  Among the nanoparticles, titanium dioxide nanoparticles are one of the most highly manufactured and widely used in the world, with a range of applications in consumer products.  Significant toxicity of titanium dioxide nanoparticles has, however, been recognized, suggesting considerable risk to human health.  To evaluate fully their toxicity, assessment of the epigenetic action of these nanoparticles is critical.  However, only a few studies are available examining the capability of nanoparticles to alter epigenetic integrity.   Epigenetic variations can occur through methylation of cytosine nucleotides in DNA or post-translational modification of histones.  Together, these major epigenetic mechanisms can affect whether a gene or set of genes is silenced or activated, which can lead to disruption in cellular function and cause a variety of diseases.  In the present study, the effect of nano-titanium dioxide exposure on DNA methylation and global post-translational histone modifications was investigated in in vitro cellular model systems.   The nanoparticles were characterized for physicochemical properties.  A panel of cells relevant to portals of human exposure (Caco-2 (colorectal) cells, HepG2 (liver) cells, NL-20 (lung) cells, and HaCaT (skin) cells) was exposed to titanium dioxide nanoparticles at sub-cytotoxic concentrations.  The degree of promoter methylation across a defined panel of genes indicative of cellular stress response and toxicity was evaluated in control and nano-titanium dioxide exposed human cells using EpiTect Methyl II Signature PCR System Array technology.  Promotors of several genes in each of the cell lines were identified as being methylated after exposure.  Three of the genes, Cyclin-dependent kinase inhibitor 1A (CDKN1A), Growth arrest and DNA-damage-inducible, alpha (GADD45A), and Scavenger receptor class A, member 3 (SCARA3), were methylated in all cell lines.  Altered expression of these genes is associated with disease etiology.  Enzyme-linked immunosorbent assay-based immunochemical assay showed a decrease in global DNA methylation in cells exposed to titanium dioxide nanoparticles. The results also revealed aberrant expression of epigenetic regulatory genes involved in DNA methylation (DNMT1, DNMT3a, DNMT3b, and MBD2) in exposed cells.  However, changes in the expression levels of these genes varied among the cell lines.   In western blot analysis, exposure to the nanoparticles was found to affect levels of expression of several histone modifications (H3K4me3, H3K9ac, H3K18ac, H3K27me3, H4K16ac) associated with disease.  The findings from this study suggest that epigenetic changes could occur at sub-cytotoxic concentrations and in several human cell types.  Hence for complete characterization of nanoparticle toxicity essential in assessing potential risk, epigenetic studies are critical.  

