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General Summary
One of our major research projects in the 2019 academic year was involved in (1) a new
incident of lung diseases in workers handling acrylic acid polymers. Other major research
projects focused on (2) the effects of nanomaterials on chromosomal abnormality and
extracellular vesicles, (3) the effects of zinc-deficiency on the thymus, (4) the role of
phospholipase A2 enzymes in the adverse effects induced by aromatic hydrocarbon receptor activation, (5) decompression stress in the hyperbaric work, (6) association between
work/life-related factors and injuries among workers, (7) social independence of patients
with neurofibromatosis type 2, (8) the effects of polaprezinc on pica and binge eating, (9)
the legacy effect in patients with type 2 diabetes, and (10) the effect of postprandial
hyperglycemia on the incidence of retinopathy in patients with type 2 diabetes.
Research Activities
Epidemiological and experimental studies on a new incident of lung diseases in Japanese
workers handling cross-linked water-soluble acrylic acid polymer powders
Lung diseases developed in many workers in a Japanese company who handled crosslinked water-soluble acrylic acid polymer powders. Because of a lack of supporting evidence for such pulmonary toxicity, we conducted epidemiological and experimental studies to verify whether occupational inhalation exposure to cross-linked water-soluble
acrylic acid polymer powders causes lung diseases.
Experimental medicine
1. Analyses of the biological effects of nanomaterials
To elucidate the effects of nanomaterials at the molecular level, we examined application
of transmission electron microscope, scanning electron microscope, and energy dispersive
X-ray spectroscopy on Chinese hamster lung cells exposed to poly(amidoamine) dendrimer ethylene diamine core, Al2O3, CeO2, or ZnO nanoparticles. Encapsulated elements
were detected in cells exposed to Al2O3 or CeO2 but not in cells exposed to ZnO. Thus,
subcellular localization may be a mechanism of ZnO cytotoxicity, such as oxidative
stress. We have also investigated extracellular vesicles (EVs) secreted from human keratinocyte A549 cells exposed to ZnO nanoparticles (ZnONPs). We found several types of
keratin derived from differentiated keratinocytes in EVs from cells treated with ZnONPs.
We have developed a working hypothesis that ZnONPs may induce cell differentiation
against the human keratinocytes and are testing this possibility.
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2. Inhibitory effects of EVs derived from human colorectal cancer HT29 cells on migration of human keratinocyte HaCaT cells
EVs are thought to be involved in cell-to-cell signal transduction by changing the composition of EVs in response to environmental changes. We found the suppression of
migration of human keratinocytes HaCaT cells treated with EVs released assay by human
colorectal cancer HT29 cells. This effect was not seen in EVs derived from HT29 cells
treated with etoposide. Furthermore, a comparative analysis of the components of each
EV revealed that the clathrin heavy chain was increased in the EVs released from the etoposide-treated cells.
3. Mechanism of thymus atrophy in zinc deficiency
We investigated the potential association of immune dysfunctions and thymus atrophy
induced by zinc deficiency. To this end, we examined interleukin (IL)-7, a T cell maturation factor, and peroxisomal proliferator-activated receptor (PPAR)-γ in the thymus of
rats fed a zinc-deficient diet. The number of PPAR-γ-positive cells, PPAR-γ messenger
RNA expression, and thymic fat in zinc-deficient rats were increased, suggesting the positive association of PPAR-γ to thymic fat. The expression of IL-7 in the thymus of zincdeficient rats was decreased. The decrease in IL-7 messenger RNA expression may be
due to thymic fat.
4. Phospholipases as potential effectors of aryl hydrocarbon receptor activation
We had previously found the major role of cytosolic phospholipase A2α (cPLA2α) in the
adverse effects of aryl hydrocarbon receptor activation. This year, we found that patatinlike phospholipase domain-containing (Pnpla) 7, Pnpla2, and phospholipase A2, group
VII (Pla2g7) have the same expression property as cPLA2α and have the potential to
mediate the effects of aryl hydrocarbon receptor activation. On the other hand, no phospholipase A2 exhibited a potential to compensate the action of cPLA2α.
5. Decompression stress in hyperbaric work
Exposure to a hyperbaric environment and the subsequent decompression to the surface
may cause the decompression stress. The level of decompression stress would be related
to the risk of decompression sickness. However, there are no biomarkers for decompression sickness. Bubbles in the body after decompression and the number of human herpesvirus 6 cells in saliva may permit use of such biomarkers for the decompression stress.
Epidemiological studies
1. Longitudinal association between work/life-related factors and injuries among workers
We examined the longitudinal association between work/life-related variables and injuries by industry using 1-year follow-up data obtained from a nationally representative
sample of Japanese workers. Whereas long working hours, near-misses, and depressive
symptoms at baseline significantly predicted the occurrence of injuries during the followup period, these associations differed by industry.
2. Social independence of patients with neurofibromatosis type 2
We examined the state of social independence and its contributing factors in patients with
neurofibromatosis type 2 using data from a national registry in Japan. Approximately 80%
of patients were socially independent. Socially dependent participants had more neurological features than did those who were socially independent.
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3. Effects of polaprezinc on pica and binge eating
Polaprezinc is a complex of zinc and L-carnosine, both of which participate in the regulation of feeding behavior. Zinc deficiency has been known to be associated with pica,
although the role of zinc supplementation in the treatment of pica has not been well investigated. We performed an open-label trial to evaluate the effects of polaprezinc on pica. In
addition, we performed an open-label trial to evaluate the effects of polaprezinc on binge
eating and its related psychopathology in patients with binge-eating disorder or bulimia
nervosa.
4. Analysis of the duration and extent of the legacy effect in patients with type 2 diabetes
The legacy effect may continue for 14 to 19 years, with a greater effect for 10 years or
less. The end of the legacy effect could be at 15 to 20 years. This effect may be the greatest for diabetic retinopathy, followed by diabetic kidney disease, and the smallest for cardiovascular disease.
5. Effect of postprandial hyperglycemia at clinic visits on the incidence of retinopathy in
patients with type 2 diabetes
An analysis using real-world long-term follow-up data showed that postprandial hyperglycemia at clinic visits may predict the incidence of diabetic retinopathy, independent of
HbA1c. The effect of postprandial hyperglycemia on diabetic retinopathy is obvious in
patients with well-controlled HbA1c and in younger patients.
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