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synthesized only in trace amounts unlike its human counterpart
[28]. In addition, both SAA and CRP are used as an index for adverse
prognosis of breast cancer [29]. Therefore, we believe that these
diagnostic systems using acute phase proteins for human health
would be useful for predicting the risk of exposure to nano-
materials as well as their likely toxicities, In addition, we showed
that the induction time for the maximum level of haptoglobin, SAA
and CRP are different after treatment with the silica nanoparticles
(Figs. 2 and 3). Therefore, the predictive quality of these biomarkers
is improved when they are used in combination.

Epidemiological studies have suggested that increased levels of
ambient particle including particle with nanometer size are asso-
ciated with adverse effects in the respiratory and cardiovascular
systems [30]. Some reports have shown that humans exposed to
ambient particle have increased blood levels of CRP [31]. In addi-
tion, epidemiological studies have shown associations between
increased concentrations of SAA and CRP in plasma, and increased
risk of cardiovascular diseases [32] and cancer [33]. Therefore we
consider that acute phase proteins would be biomarkers for pre-
dicting the risk of inflammatory disease, cardiovascular diseases
and cancer after exposure by nanomaterials.

In recent years there has been increasing use of nanomaterials in
costmetics, due to their light-diffusing properties and absorbencies,
as well as in foodstuffs, such as additives in powdered foods. In
particular, silica particles have been extensively used in many
consumer products. For example, in the US, the use of amorphous
silica is limited to less than 2.0% by weight of common salt. Other
limits are defined for finished foods (<1%) and dried egg products
(«<5%). We cannot avoid exposure to nanomaterials, either from the
unintentional release of waste products into the environment or by
exposure to medicines, cosmetics and foodstuffs. Thus, it is
important to carry out a safety analysis of nanomaterials after
exposure via various routes. In this study, we showed that the level
of acute phase proteins in the plasma of mice treated with nSP30
intranasally was elevated, although nSP70 did not induce elevation
of each acute phase protein (Fig. 4). Therefore we consider that
nSP30 would induce any toxic biological effects after intranasally
treatment. Now we are trying to examine the pharmacokinetics
and biological effects of nSP30 after intranasally treatment.

We then examined the effects of surface modification of silica
nanoparticles on the production of acute phase proteins, because it
has become evident that surface properties are important factors in
the biological effects of particles. We showed that nSP70 with
amino or carboxyl group surface modifications did not induce the
production of each acute phase proteins (Fig. 5). Previously, we
showed that surface modification of silica particles with functional
groups such as amino or carboxyl group suppressed toxic bioclogical
effects of silica particles such as inflammatory responses [23].
These results also suggest that acute phase proteins could be
a promising candidate biomarker for predicting the strength of
toxicity induced by silica nanoparticles, although it is need to
examine the toxic biological effects of silica nanoparticles with
functional groups. Over recent years, nanomaterials have been
introduced into our everyday lives. For example, silica particles,
titanium dioxide and fullerenes of various crystallographic struc-
tures and surface functional groups are used in a range of different
consumer products. Therefore, we are now trying to evaluate the
response of acute phase proteins to exposure from various
nanomaterials.

In general, acute phase proteins are known to be released from
the liver mainly as a result of inflammatory cytokines such as
interleukin (IL)-6 [19]. However, we confirmed that the levels of IL-
6 were not elevated in the plasma of mice treated with silica
particles at 24 h after treatment (data not shown). Therefore it is
unclear why nanomaterials induce the production of acute phase

proteins, We already showed that although silica particles with
micrometer size tend to be taken up by Kupffer cells, silica nano-
particles with small particle sizes distribute around hepatic
parenchymal cells (unpublished data). It is conceivable that instead
of inflammatory cytokines, small silica particles act directly on the
liver to induce the release of acute phase proteins. We are currently
analyzing the detailed mechanism by which silica particles induce
acute phase proteins in order to identify additional protein
biomarkers.

5. Conclusions

We show here that acute phase proteins such as haptoglobin,
CRP and SAA can act as useful biomarkers for analyzing the risk of
exposure to nanomaterials and their associated toxicity. We believe
that such information would be vital for the future development of
predictive tests for estimation of the potential toxicity of new
nanomaterials based on their physiochemical characteristics.
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