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Figure 1. OVA-specific IgG and IgE antibody responses after oral exposure to OVA plus silica
particles. BALB/c mice were orally exposed to PBS (vehicle control), OVA alone or OVA plus silica
particles (1 mg OVA and 10 mg particles / 500 pl / mouse) on days 0, 7, 14, and 21. In addition, these
mouse were re-challenged with 1 mg OVA on day 22 and 23. Twenty minutes after final
OVA-administration, plasma was collected and analyzed by ELISA to detect the level of (A)
OVA-specific 1gG and (B) OVA-specific IgE antibody responses. Data represent mean absorbance at
a wavelength of 450 nm (reference wavelength, 655 nm). Data are presented as mean + SEM (n=5
to 8); *P < 0.01 vs OVA alone.
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Figure 2. Cytokine responses induced after oral exposure to OVA plus silica particles. BALB/c
mice were orally exposed to PBS (vehicle control), OVA alone or OVA plus silica particles (1 mg OVA
and 10 mg particles / 500 pl /mouse) on days 0, 7, 14, and 21. In addition, these mouse were
re-challenged with 1 mg OVA on day 22 and 23. On day 23, splenocytes from each group were
prepared and cultured with 1 mg/mL OVA. Culture supernatants were harvested after 5 days of
incubation, and the level of OVA-induced IFN-y produced and released into the culture supernatant
was analyzed by ELISA. Data are presented as mean + SEM (n = 3; 'P < 0.01 vs OVA alone).
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Figure 3. Weight change in mice treated with nSP70. Percent of initial body weight
. was monitored for 9 days after initiation of DSS administration. Data are presented as
means + SEM.
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Figure 5. Application of acute phase proteins to assess exposure of nanomaterials through
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oral routes. BALB/c mice were treated with nSP30, nSP70, or saline orally at 5 mg/mouse. Blood
samples were collected at 24 h after treatment. The level of (A) haptoglobin, (B) CRP, and (C) SAAIn
the plasma of each mouse was examined by ELISA. N.D., not detected. Data are presented as mean
+ SD (n = 5-6).
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Figure 1. OVA-specific IgG and IgE Ab response after oral exposure to OVA plus silica
particles. BALB/c mice were orally exposed to PBS (vehicle control), OVA alone or OVA plus silica
particles (1 mg OVA and 10 mg particles / 500 pl / mouse) on days 0, 7, 14, and 21. In addition,
these mouse were re-challenged with 1 mg OVA on day 22 and 23. 20 minutes after final
OVA-administration, plasma was collected and analyzed by ELISA to detect the level of (A)
OVA-specific IgG and (B) OVA-specific IgE Ab responses. Data represent mean absorbance at a
wavelength of 450 nm (reference wavelength, 655 nm). N.D., not detected. Data are presented as
mean + SEM (n = 5 to 8); P < 0.01 vs OVA alone.
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Figure 2. Cytokine responses induced
after oral exposure to OVA plus silica
particles. BALB/c mice were orally exposed
to PBS (vehicle control), OVA alone or OVA
plus silica particles (1 mg OVA and 10 mg
particles / 500 ul /mouse) on days 0, 7, 14,
and 21. In addition, these mouse were
re-challenged with 1 mg OVA on day 22 and
23. On day 23, splenocytes from each group
were prepared and cultured with 1 mg/mL
OVA. Culture supernatants were harvested
after 5 days of incubation, and the level of
OVA-induced IFN-y produced and released
into the culture supernatant was analyzed by
ELISA. Data are presented as mean + SEM
(n=3; ‘P <0.01 vs OVA alone).
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Although titanium dioxide (TiO;) is widely used, its inhalation can induce inflammatory diseases accom-
panied by interleukin-14 (IL-1p) production. The particle characteristics of TiO, are important factors in
its biological effects. It is urgently necessary to investigate the relationship between the particle charac-
teristics and biological responses for the development of safe forms of TiO,. Here, we systematically com-

K"YW‘{rdS-' pared the production of IL-1p in response to various forms of TiO, by macrophage-like human THP-1 cells
leonkme . using various sizes (nano to micro), crystal structures (anatase or rutile), and shapes (spherical or spicu-
nflammation lar) of TiO,. The production of IL-18 depended dramatically on the characteristics of the TiO,. Notably,
Macrophage i . . . s .
NALP3 smaller anatase and larger rutile particles provoked higher IL-1p production. In addition, IL-1B production
Nanomaterial depended on active cathepsin B and reactive oxygen species production independent of the characteris-
tics of TiO,. Our results provide basic information for the creation of safe and effective novel forms of
TiO,.
© 2010 Elsevier Inc. All rights reserved.
Introduction characteristics, including particle size, surface properties, crystal

Titanium dioxide (TiO,) is a natural mineral that occurs in three
different crystallographic structures: rutile, anatase, and brookite.
Because of its physicochemical properties of good fatigue strength,
machinability, biocompatibility, and whitening and photocatalytic
effects, TiO, is widely used in paints, wastewater treatment, sterili-
zation, cosmetics, foods, biomedical ceramics, and implanted bio-
materials. Rutile is used in pigments and sunscreens. Anatase is
used as an efficient photocatalyst and in printing ink. TiO, is com-
mercially manufactured in large quantities around the world
because it is considered to be of low toxicity [1,2]. However, the
increasing use of TiO, has raised public concern about the potential
risks to human health. For instance, TiO, can induce lung inflamma-
tion and brain damage [3-9]. It has become evident that particle
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structure, and physical attributes, are important factors in cellular
responses. Therefore, it is necessary to evaluate the association
between the particle characteristics of TiO, and its biological effects.

Inflammation has been suggested as a key factor in the develop-
ment of fibrosis and cancers [10]. Studies have shown that TiO,
induces substantial, albeit transient, inflammation accompanied
by significant interleukin-1p (IL-1p) production [6,8]. Macrophages
and the IL-1p produced by them have been suggested to play a cru-
cial role during the early inflammatory response after exposure to
TiO, [6,8]. The pro-inflammatory cytokine IL-1p is involved in the
initiation of inflammatory processes and thus contributes to
inflammatory diseases [11]. In fact, the IL-1B receptor antagonist
anakinra has been successfully used to treat patients suffering
from inflammatory diseases, indicating underlying increased IL-
1B production [12,13]. Therefore, for the development of safe novel
forms of TiO,, systematic analysis of the association between par-
ticle characteristics of TiO, and IL-1p production levels and the elu-
cidation of the mechanisms of TiO,-induced IL-1B production are
urgently needed.

Mature IL-1p is produced through the cleavage of inactive pro-
IL-1B precursor by caspase-1, which is activated within a large



