
mitosis (17 genes) and cell adhesion molecules (8 genes)
(Additional file 1 Table S2). Among the 8 genes in cell
adhesion molecules, upregulated H2-DMb1 and down-
regulated H2-Ab1, H2-Eb1, H2-Q2 were associated with
major histocompatibility complex (MHC) molecules, and
endocytosis followed by antigen processing. Quantitative
RT-PCR data showed that expression levels of a monocyte
chemoattractant chemokine Ccl2 and a chemokine related
to inhalation of silica particles Cxcl1 [23] were not affected
by the particles released from the ultrasonic humidifier
operated with tap water or high-silica water (Figure 3).
Expression of an inflammatory cytokine Tnf was at quite
low level in the lung of any groups.

Effect of particles released from ultrasonic humidifier on
histology of the lung and alveolar macrophage
HE-stained images did not show any remarkable changes
or cell proliferation in lung after inhalation of particles
from the humidifier with tap water or high-silica water
(24 hr/day, 7–14 days). The lung tissues obtained from
experiment 5 (24 hr/day for 14 days inhalation with the
commercial high-silica water vs. ultrapure water; Table 1)
were also subjected to analysis by immunohistochemistry
and TEM. TEM observation of the lung tissues (Figure 4A)
and BALF cells (Figure 4B) revealed that alveolar macro-
phages endocytosed the particles. The endocytosed parti-
cles showed a high contrast without staining by uranyl

Figure 2 FE-SEM images, TEM images and EDS spectrum of particles released from ultrasonic humidifier. FE-SEM images of particles
(0.5− 2.5 μm) released from the humidifier with (A) tap water and (B) high-silica water under humidity 75%; particles (<0.5 μm) from the humidifier
with tap water under (C) humidity 75% and (D, E) 99% are shown. TEM image of particles (<0.5 μm) from the humidifier with (F) tap water and (G)
high-silica water under humidity 75%. Scale bars represent (A, B) 1 μm, (C, F, G) 200 nm, and (D, E) 500 nm. (H) EDS spectrum of the particle (C) is
shown. The peaks of Na, Mg, Si, S, and Ca were detected at 0.97, 1.26, 1.78, 2.33, and 3.71 keV, respectively.

Table 4 Significantly enriched GO categories from the
microarray data
Gene
ontology

Enrichment
factor

P-value

Mitosis 3.05 <0.001

Meiosis 5.35 0.001

Regulation of axonogenesis 8.61 0.001

Antigen processing and presentation of peptide
or polysaccharide antigen via MHC class II

13.7 0.001

Chromosome, centromeric region 3.50 0.001

Kinetochore 3.80 0.001

Decidualization 12.2 0.002

MHC class II protein complex 12.2 0.002

Peptide antigen binding 12.2 0.002

Platelet activation 7.32 0.002

Gamma-aminobutyric acid signaling pathway 11.0 0.002

Motile cilium 6.65 0.003

Retinol metabolic process 9.98 0.003

Adenylate cyclase-activating G-protein
coupled receptor signaling pathway

6.36 0.003

Antigen processing and presentation of
exogenous peptide antigen via MHC class II

8.44 0.005

Chromosome segregation 3.60 0.006

Axon part 7.32 0.007
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