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Abstract Among the various scientific fields covered in

the area of hygiene such as environmental medicine, epi-

demiology, public health and preventive medicine, we are

investigating the immunological effects of fibrous and

particulate substances in the environment and work sur-

roundings, such as asbestos fibers and silica particles. In

addition to these studies, we have attempted to construct

health-promoting living conditions. Thus, in this review we

will summarize our investigations regarding the (1)

immunological effects of asbestos fibers, (2) immunologi-

cal effects of silica particles, and (3) construction of a

health-promoting living environment. This review article

summarizes the 2014 Japanese Society for Hygiene (JSH)

Award Lecture of the 85th Annual Meeting of the JSH

entitled ‘‘Environmental health effects: immunological

effects of fibrous and particulate matter and establishment

of health-promoting environments’’ presented by the first

author of this manuscript, Prof. Otsuki, Department of

Hygiene, Kawasaki Medical School, Kurashiki, Japan, the

recipient of the 2014 JSH award. The results of our

experiments can be summarized as follows: (1) asbestos

fibers reduce anti-tumor immunity, (2) silica particles

chronically activate responder and regulatory T cells

causing an unbalance of these two populations of T helper

cells, which may contribute to the development of

autoimmune disorders frequently complicating silicosis,

and (3) living conditions to enhance natural killer cell

activity were developed, which may promote the preven-

tion of cancers and diminish symptoms of virus infections.

Keywords Asbestos � Silica � Living environment � NK
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Introduction

This review article summarizes the 2014 Japanese Society

for Hygiene (JSH) Award Lecture of the 85th Annual

Meeting of the JSH entitled ‘‘Environmental health effects:

immunological effects of fibrous and particulate matter and

establishment of health-promoting environments’’ pre-

sented by the first author of this manuscript, Prof. Otsuki,

Department of Hygiene, Kawasaki Medical School, Kura-

shiki, Japan, the recipient of the 2014 JSH award. Since we

feel the award was given as a result of the scientific

achievements of all our department as well as various

contributions to the JSH, the present members of our

department are listed as authors. We sincerely appreciate

all the members of the JSH as well as the selection com-

missioners and board members. In addition, all authors

thank the former members of our department (listed in the

Acknowledgments section of this manuscript).

Among the various scientific fields covered in the area

of hygiene such as environmental medicine, epidemiology,

public health and preventive medicine, we are investigating

the immunological effects of fibrous and particulate sub-

stances in the environment and work surroundings, such as

asbestos fibers and silica particles. In addition to these

studies, we have attempted to construct health-promoting

living conditions. Thus, in this review we summarize our

investigations regarding the (1) immunological effects of

asbestos fibers, (2) immunological effects of silica parti-

cles, and (3) construction of a health-promoting living

environment.
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All research using biological samples from patients such

as pleural plaque (PP), malignant mesothelioma (MM),

silicosis (SIL), and healthy volunteers (HV) was performed

in accordance with the principles of the 1983 Declaration

of Helsinki and was approved by the ethical committee of

the Kawasaki Medical School and other organizations

involved in the collection of patient samples.

The immunological effects of asbestos fibers

Figure 1 shows a schematic summary of the immunologi-

cal effects of asbestos fibers and details the effects on

CD4? helper T cells, CD8? cytotoxic lymphocytes (CTL)

and natural killer (NK) cells. Since similar summaries were

reported previously [1–9], it would be better to refer to

these previous reports in addition to this review. Basically,

we hypothesized that asbestos may reduce tumor immunity

by affecting immune cells due to malignant complications

occurring in asbestos-exposed patients such as mesothe-

lioma and lung cancer [10–13].

Effects on helper T cells

To investigate the effects of asbestos fibers on human T

cells, a human T cell leukemia virus type-1 (HTLV-1)

immortalized polyclonal T cell line, MT-2, was utilized

[14, 15], since this cell line was the most sensitive to

transient exposure to chrysotile asbestos proceeding to

apoptosis among various human lymphoid cell lines

derived from T cell acute leukemia, T and B cell lym-

phomas, myeloma, as well as Epstein–Barr virus immor-

talized lymphoblastoid cell lines. Apoptosis occurred in

MT-2 cells when chrysotile was exposed transiently and

with a relatively high dose and led to the production of

reactive oxygen species (ROS), activation–phosphorylation

of pro-apoptotic signaling molecules such as p38 and JNK,

activation of the mitochondrial apoptotic pathway with

release of cytochrome c from mitochondria to the cyto-

plasm, increase of the Bax and Bax/Bcl-2 ratio, and

cleavage of caspase 9 and 3 [14].

However, when MT-2 (ORG: original cell line which

was never exposed to asbestos) cells were continuously

exposed to chrysotile asbestos with concentrations that

resulted in less than half of the cells being killed following

transient exposure for more than 8 months, the MT-2 cells

acquired resistance to asbestos-induced apoptosis [15].

This subline was designated as CB1 (exposure to chrysotile

B, subline #1). Thereafter, we established the sublines

CB1–3, CA (exposure to chrysotile A) 1–3, and CR (cro-

cidolite exposure) [16]. The CB1 subline showed over-

production of interleukin (IL)-10 and transforming growth

factor (TGF)-b (Fig. 1a). The excess TGF-b caused

resistance to TGF-b-induced growth inhibition found in

MT-2 ORG with phosphorylation of p38 and signal trans-

ducing adaptor proteins (SMAD)-3 (Fig. 1b) [16]. In

addition, excess IL-10 was utilized by an autocrine process

and signal transducer and activator of transcription 3

(STAT3) located downstream of the IL-10 receptor (R) and

was activated/phosphorylated. Thereafter, the Bcl-2

receiving signal from STAT3 was overexpressed in the

CB-1 subline, causing resistance to asbestos-induced

apoptosis (Fig. 1c) [15].

Both cytokines IL-10 and TGF-b are typical soluble

factors that function in CD4?CD25? forkhead box P3

(FoxP3)? regulatory T cells (Treg). In addition, the MT-2

cell line was reported to possess a cellular function similar

to Treg by inhibiting the proliferation of responder T cells

(Tresp) [17, 18]. If the function and volume of Treg are

decreased, excess and prolonged Tresp proliferative reac-

tions against intrinsic and external antigens occur, and

allergy and autoimmune diseases may be induced by these

conditions. On the other hand, if Treg function and volume

are increased, there may be inhibition of the tumor-tar-

geting immune reaction and tumors may result or undergo

accelerated progression [19–21]. Thus, the inhibitory

function against Treg was compared between MT-2 ORG

and the CB1 subline. As expected, MT-2 CB1 showed

enhanced inhibitory function compared with that of MT-2

ORG, as well as the overproduction of IL-10 and TGF-b,
which were also assumed as part of the inhibitory function

[15, 16, 22]. These results supported our hypothesis that

exposure of immune cells to asbestos causes reduction of

anti-tumor immunity [1–9].

In addition, cellular alterations found in MT-2 CB1 were

examined using various proteomics assays [23], and results

revealed the excess phosphorylation of b-actin. Further-
more, other cytoskeletal molecules such as myosin 9,

vimentin and tubulin b2 showed increased binding capacity
to chrysotile fibers (Fig. 1d) [23]. These findings indicated

that the cellular and molecular changes caused by contin-

uous exposure of T cells to asbestos may influence cell

surface molecules because asbestos fibers do not enter

cellular internal spaces [24]. Continuous exposure and

recurrent contact occur on the cell surface. The further

investigation of these molecules may clarify the interaction

between cells and fibers, and the cellular changes caused

by these fibers.

Regarding various molecules affecting anti-tumor

immunity, we have been focusing on chemokine (C-X-C

motif) receptor 3 (CXCR3) and interferon (IFN)-c
(Fig. 1e) [25, 26]. These two molecules were extracted by

pathway and network analyses, and IFN-c signaling

canonical pathway analysis employing cDNA microarray

examination using MT-2 ORG and six independently

established continuously exposed sublines (CB1–3 and
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Fig. 1 Schematic presentation showing the immunological effects of

asbestos fibers on regulatory T cells, CD4? helper T cells, CD8?

cytotoxic T and natural killer cells. ORG MT-2 original cell line, CB1

one of the sublines of the MT-2 cell line continuously exposed to

chrysotile B asbestos, IL interleukin, TGF transforming growth factor,

SMAD signal transducing adaptor proteins, STAT3 signal transducer

and activator of transcription 3, R receptor, CXCR3 chemokine (C-X-

C motif) receptor 3, IFN interferon, CTL cytotoxic T lymphocyte,

PBMC peripheral blood mononuclear cells, NK natural killer. a Excess
production of IL-10 and TGF-b in MT-2 subline (CB1) continuously

exposed to asbestos, b resistance to TGF-b-induced growth inhibition

in MT-2 subline (CB1), c acquisition of asbestos-induced apoptosis in

MT-2 subline (CB1) via excess production of IL-10, phosphorylation

of STAT3 subsequent overexpression of Bcl-2, d enhanced b-actin
phosphorylation in MT-2 subline (CB1), e reduction of CXCR3 and

IFN-c-producibility inMT-2 subline (CB1) meaning reduction of anti-

tumor immunity, f reduction of CTL clonal expansion in co-culture

with asbestos, g aberrant CTL population and function in patients

with pleural plaque (PP) or malignant mesothelioma (MM), h decrease

of NKp46 activating receptor by asbestos exposure in NK cells and

i progressive reduction of NKp46 in patients with PP–MM
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CA1–3). These assays revealed that many molecules in the

IFN-c signaling pathway exhibited reduced expressions,

and that CXCR3 was closely related to these molecules.

Re-examination of CXCR3 expression in the MT-2 ORG

line and six continuously exposed sublines by RT-PCR,

western blotting, flow cytometrical assay and immunohis-

tochemical analysis revealed that asbestos exposure caused

reduced expression of CXCR3 and decreased secretory

potential of IFN-c [25, 26]. Subsequent experiments

involving in vitro continuous exposure to chrysotile of

freshly isolated CD4? T helper cells activated via the T

cell receptor by anti-CD3 and CD-28 antibodies and IL-2

showed similar reductions. Investigation of CD4? T helper

cells derived from asbestos-exposed patients with PP and

MM revealed reduction of CXCR3 and decreased capacity

for expression of IFN-c [25, 26]. Since CXCR3-expressing

T cells attract IFN-c-producing T cells to attack tumor cells

[27, 28], these effects of asbestos fibers are sufficient to

reduce anti-tumor immunity in asbestos-exposed patients

[1–9].

Effects on CTL

To examine the effects of asbestos fibers on CTL, the

mixed lymphocyte reaction (MLR) assay was utilized to

assess clonal expansion (differentiation and proliferation of

CD8? peripheral blood T cells into CTL possessing cell

killing activity) of CD8? T cells when chrysotile fibers

were added in this assay system [29]. Results showed that

the activity of specific lysis, granzyme B and IFN-c
expressions, as well as differentiation to CD45RO?

effector-memory cells, was reduced during the asbestos-

added MLR assays. Moreover, the production of IL-10,

IFN-c and TNF-a, but not IL-2, decreased in the presence

of chrysotile asbestos. These results suggest that exposure

to asbestos potentially suppresses differentiation of cyto-

toxic T lymphocytes, accompanied by decreases in IFN-c
and TNF-a (Fig. 1f) [29].

We then verified the status of CD8? CTL in periph-

eral blood of PP and MM patients with control cells from

HV [30]. The percentage of CD3?CD8? cells in

PBMCs did not differ among the three groups, although

the total number of PBMCs from the PP and MM groups

was lower than that of HV. The percentage of IFN-c?
and CD107a? cells in phorbol myristate acetate (PMA)/

ionomycin-stimulated CD8? lymphocytes did not differ

among the three groups. CD107a was used as the marker

for degranulation of T cells upon antigen stimulation.

The percentage of perforin? and CD45RA- cells in

fresh CD8? lymphocytes of the PP and MM groups was

higher than that of HV. The percentage of granzyme B?

and perforin? cells in PMA/ionomycin-stimulated

CD8? lymphocytes was higher in the PP group com-

pared with HV [30]. The MM group showed a decrease

of perforin level in CD8? lymphocytes after stimulation

compared to patients with PP [30]. These results indicate

that MM patients have characteristics of impairment

regarding stimulation-induced cytotoxicity of peripheral

blood CD8? lymphocytes, and that PP and MM patients

have a common character of functional alteration in

those lymphocytes, namely, an increase in memory cells

that is possibly related to asbestos exposure (Fig. 1g)

[30].

We have recently been investigating the roles of various

cytokines in the reduction of CTL cell killing caused by

asbestos exposure, and these findings indicate that asbes-

tos-exposed patients exhibit reduced anti-tumor immunity

from the viewpoint of CTL (Fig. 1).

Effects on NK cells

The effects of asbestos exposure on the NK cells and its

function have been reported and summarized previously [3,

6, 31, 32]. As shown in Fig. 1h, analyses using the NK cell

line exposed continuously to the asbestos fibers, freshly

isolated NK cells derived from HV exposed continuously

during in vitro activation, and peripheral blood NK cells

derived from PP and MM patients showed reduced NK cell

killing activity induced by asbestos exposure with down-

regulation of various NK cell activation receptors. Among

these receptors, NKG2D and 2B4 were reduced in cell lines

exposed continuously to asbestos, and the NKp46 receptor

showed decreased expression in freshly isolated NK cells

exposed to asbestos and in peripheral NK cells derived

from PP and MM patients. In particular, the expression

level of NKp46 on the cell surface of NK cells from

patients (PP and MM) and HV was positively related to the

cell killing activity of the peripheral blood NK cells. These

reductions of NK cell activating receptors were accompa-

nied by reduction of phosphorylation of extracellular sig-

nal-regulated kinase (ERK) [31, 32].

Interestingly, the expression level of NKp46 in periph-

eral NK cells derived from PP patients was divided into

two groups, namely, similar to HV as NKp46High and the

low expression group as NKp46Low. Although the close

follow-up of PP cases will be required, it may be assumed

that many PP patients in the NKp46Low group will develop

MM or other asbestos-induced cancers, whereas those in

the NKp46High group will not exhibit such developments

(Fig. 1i) [3, 6, 31, 32].

The overall findings show that asbestos caused reduction

of NK activity as part of immunological effects of asbestos

leading to the development of reduced anti-tumor immu-

nity [1–9].
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The immunological effects of silica particles

Figure 2 summarizes the immunological effects of silica

particles, particularly on peripheral blood T cells, and from

the viewpoint of dysregulation of autoimmunity. SIL

patients exposed continuously to silica particles in the work

environment suffer from lung fibrosis and autoimmune

disorders such as rheumatoid arthritis (known as Caplan’s

syndrome), systemic sclerosis (SSc), and antineutrophil

cytoplasmic antibody (ANCA)-related vasculitis as fre-

quent complications [33–35].

As mentioned above, the function and/or volume of

Treg is reduced following asbestos exposure, and the

reaction of Tresp against foreign and self-antigens may be

prolonged and induced the onset of certain allergic diseases

and autoimmune disorders [19–21]. We estimated the Treg

function of a peripheral CD4?25? T helper fraction

derived from SIL and compared it with that from HV.

Although the strict Treg was defined by FoxP3 expression

in the nucleus, the functional assay could not be performed

after checking nuclear expression at the timing of flow

cytometrical sorting, and the CD4?25? fraction was

Fig. 2 Schematic presentation

of the immunological effects of

silica particles. Silica particles

induced longer survival and

resistance to Fas-mediated

apoptosis in responder T cells.

Silica also induces accelerated

Fas-mediated apoptosis in

another fraction of peripheral T

cells. In addition, chronically

activated regulatory T cells

induced accelerated apoptosis.

Overall, an unbalance of

responder T cells and regulatory

T cells was produced. This may

be the cause for the occurrence

of autoimmune diseases as

complications of silicosis. PD-1

programed death 1, DcR3 decoy

receptor 3, I-Flice inhibitor of

FADD-like interleukin-1-beta-

converting enzyme, ICAD

inhibitor of caspase-activated

DNase, FoxP3 forkhead box P3,

Treg regulatory T cell, PBMC

peripheral blood mononuclear

cells. a Reduced Fas-mediated

apoptosis in responder T cells

from silicosis, b various

activation markers in responder

T cells from silicosis,

c detection of functional anti-

Fas autoantibody in serum from

silicosis, d reduction of genes

which physiologically inhibit

Fas-mediated apoptosis found in

PBMC from silicosis,

e overexpression of Fas in Treg

from silicosis as the activation

of Treg, and f unbalance
between responder T cell and

Treg in silicosis
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collected [19–21]. Results showed that the Treg inhibitory

function against the proliferation of auto-CD4?25- T

helper cells stimulated by allo-antigen (using allo-PBMC)

was reduced in the CD4?25? fraction derived from SIL

[36]. These findings indicated that Treg in SIL may have

reduced numbers or function, probably due to the chronic

exposure to silica particles.

On the other hand, we reported that peripheral T helper

cells in SIL are assumed to have two fractions [1, 2, 37,

38]. One is the fraction in which T cells possess resistance

to CD95/Fas-mediated apoptosis by over-production of

extracellular inhibitors such as the soluble form of Fas

molecules (one of the typical alternatively spliced variants

of Fas molecule and known to be elevated in the serum of

various autoimmune diseases [39, 40]), and overexpression

of decoy receptor 3 (DcR3) [41] and other variant mes-

sages of Fas molecules [42]. All these events are assumed

to inhibit Fas-mediated apoptosis by the early binding with

the Fas-ligand at extracellular sites (Fig. 2a). In addition,

soluble IL-2 receptor (sIL-2R) was elevated in SIL serum

when compared with that in HV [43]. Experimentally,

silica particles activated freshly isolated peripheral T cells

derived from HV monitored by the expression of CD69 on

the surface [44]. Together with excess expression of PD-1

in T helper cells from SIL (Fig. 2b) [45], a certain fraction

of helper T cells in SIL is thought to survive longer with

prolonged activation [45]. On the other hand, among the

various auto-antibodies, we found in SIL serum [46–50],

we detected a functional anti-Fas autoantibody (Fig. 2c)

[50]. Thus, some Fas-expressing T cells may proceed to

apoptosis when this auto-antibody was formed in SIL. This

supposition is supported by the finding that mRNA

expression in PBMCs from SIL showed decreased

expression of physiological inhibitors for Fas-mediated

apoptosis such as sentrin, inhibitor of FADD-like IL-1-

beta-converting enzyme (I-flice), survivin, and inhibitor of

caspase-activated DNase (ICAD) [51]. In addition,

peripheral FoxP3? Treg from SIL showed higher CD95/

Fas expression compared with that from HV as a result of

chronic activation [45]. These findings indicated that other

parts of peripheral T helper cells in SIL are sensitive to

Fas-mediated apoptosis and may include Treg [45]. This

fraction may be easily eliminated by Fas-mediated apop-

tosis and repeatedly recruited from bone marrow (Fig. 2d)

[1, 2, 37, 38, 45].

Our in vitro experiments supported these findings. When

freshly isolated PBMCs from HV were cultured in vitro

with silica particles, the percentage of the CD4?25?

fraction gradually increased during the culture period,

although CD4?FoxP3? cells were reduced [45]. These

findings indicated that silica can activate Tresp expressing

CD25, although silica also activated Treg-inducing Fas

expression and subsequent apoptosis as a result of the

activation (Fig. 2e). These results may suggest that the

CD4?25? fraction in SIL showed reduced Treg function,

since there might be activated and CD25 expressing Tresp

and reduced Treg (Fig. 2f) [45].

As shown in Fig. 2f, the overall findings indicate that an

unbalance (decrease of Treg and increase of Tresp) may be

present in the peripheral blood of SIL, and this unbalance

may be the cause of subsequent autoimmune diseases in

SIL [37, 38, 52–56]. In the future, the effects of silica

particles on Th17 cells, which are considered to play an

important role in the development of autoimmune disease

[57–59], should be analyzed to better understand the

comprehensive effects of silica particles on immune dys-

regulation, particularly impairment of autoimmunity.

Construction of health-promoting living conditions

Because of possibilities that various chemicals and other

substances in living circumstances cause the health

impairment separately or multiply, similar to the

immunological effects induced by silica particles or

asbestos fibers as mentioned above, it is necessary to

construct the health-promoting living environment to ade-

quately activate the human immune system. For this

standpoint, we had been investigated the establishment and

analyses of health-promoting indoor air condition.

Figure 3 shows one of the approaches that can be used

to construct health-promoting living conditions. Our

approach succeeded in developing living conditions that

enhanced NK cell activity [60]. These series of experi-

ments were performed in collaboration with the research of

Sekisui-House Co. Ltd., Yamada SXL Home Co. Ltd. and

Artech Kohboh Co. Ltd. The conflict of interest (COI)

declaration is shown at the end of this manuscript.

The basic concept of this approach is to develop nega-

tively charged particle-dominant indoor air conditions

(NCPDIAC) [60, 61]. The particles are approximately

20 nm in diameter. NCPDIAC was created by painting a

charcoal coating made using fine charcoal powder onto the

wall and ceiling of a room. The charcoal coating desig-

nated as Health Coat� was produced by Artech Kohboh

Co., Ltd. In addition, a forced negatively charged particle-

dominant indoor air condition was created by applying an

electric voltage (72 V) between the backside of the walls of

a room and the ground as shown in Fig. 3a. These mixed

devices were designated SUMICAS� and provided by

Yamada SXL Home Co. Ltd. and Artech Kohbou Co. Ltd.

It is known that a high negatively charged particle-domi-

nant air condition is present in a forest, particularly near a

waterfall.

Initial experiments involved the short-term (2.5 h) stay

under these air conditions [61]. In the wide underground
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Fig. 3 Schematic summary of the construction of health-promoting

living conditions using negatively charged particle-dominant indoor

air conditions. IL interleukin, NK: natural killer. a Mechanisms

yielding negatively charged particles dominant indoor air condition

(NCPDIAC), b slight but significant elevation of IL-2 by short term

(2.5 h stay in CPDIAC), c activation of NK cell killing activity by

medium stay (2-week night stay in NCPDIAC), d slight but

significant activation of T cell and NK cells examined in vitro

experiments resembling NCPDIAC situation, e setting of Sumicas� to

produce NCPDIAC at living or sleeping rooms in actual resident

homes and experimental trials of 3 months ON or OFF, and f elevation
of NK activity in 3 months ON trials and reduction of it in 3 months

OFF trials
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laboratory of the Comprehensive Housing R&D Institute of

Sekisui House Co. Ltd. (Kidugawa, Kyodo, Japan), model

rooms were constructed with an NCPDIAC device. The

area and volume of the laboratory were approximately 539

and 1,564 m3, respectively, and those of experimental

rooms were 9.1 and 22.8 m3, respectively. The negatively

charged particles were continuously predominant in

experimental rooms at a level of 800 particles/mm3 [61].

After building the experimental (with NCPDIAC) and

control (no NCPDIAC) rooms with the same appearance,

60 HV for each condition were recruited and stayed in the

rooms for 2.5 h. The various biological parameters listed

below were then monitored. (1) As indicators of general

conditions, blood chemistry including liver and kidney

functions, blood sugar and lactic acid, and peripheral blood

count were measured using peripheral blood. Blood pres-

sure and pulse rate were also measured pre- and post-ad-

mission. (2) As stress markers, blood cortisol and salivary

cortisol, chromogranin A, amylase, and secretary

immunoglobulin (Ig) A were measured. (3) The autonomic

nervous system was examined using the Flicker test, a

stabilometer and heart rate monitoring for 3 min. RR

intervals were estimated and the SD was considered an

index of the fluctuation of heart rate. (4) As immunological

parameters, serum levels of Ig E and Ig A, cytokines

related to Th1/Th2 balance, and IFN-c, TNF-a, IL-2, -4, -6
and -10 were evaluated. (5) Blood viscosity was measured

by the Micro-Channel Flow Analyzer MC-FAN (MC

Laboratory Inc., Tokyo, Japan).

As shown in Fig. 3b, the most significant and important

finding of these experiments was the slight but significant

increase of IL-2 after a 2.5-h stay in experimental

NCPDIAC rooms compared to control rooms. Addition-

ally, the changes in IL4 (increase), RR interval of heart rate

monitor (decrease), and blood viscosity (decrease) was

significant when values for NCPDIAC rooms were com-

pared with those for control rooms [61].

Although there were no differences regarding stress

markers and emotional mood analysis using the Profile of

Mood States (POMS) questionnaire, it was clear that cer-

tain effects were induced by NCPDIAC. As a consequence,

experiments involving a 2-week night stay were performed

as the next step [60, 62]. Fifteen HV were recruited and

received 3 months of on-the-job training at the Compre-

hensive Housing R&D Institute of Sekisui House Co. Ltd.

Since HV needed to be familiar with the dormitory and

training, and due to the limited number of subjects, they

entered dormitory rooms for 4 weeks and then moved into

control rooms (without NCPDIAC) without being notified

whether or not they had entered rooms with or without the

NCPDIAC device. After spending 2 weeks in control

rooms, they again moved to rooms with the NCPDIAC

without notification. Biological monitoring was then

performed before and after entering both control and

experimental rooms [60, 62]. The parameters monitored

were similar to those used in the initial short-term experi-

ments in addition to other parameters such as NK cell

activity and urine 8-hydroxydeoxyguanosine (8-OHdG)

corrected by urine creatinine concentration because these

may be altered after a 2-week stay, and not a 2.5-h stay.

NCPDIAC was utilized in experiments and differences

between negatively and positively charged particles were

approximately 500 particles/m3 [60, 62]. Although changes

of parameters in individual subjects varied, results revealed

that the only parameter that showed a significant change

was NK cell activity. NCPDIAC induced an increase of

NK cell activity (Fig. 3c). This suggested that the recurrent

slight elevation of IL-2 as found in short-stay experiments

during the 2-week night stay induced activation of NK cells

[60, 62].

An in vitro assay was then performed. Since it was very

difficult to establish a cell culture incubator with

NCPDIAC, negatively charged particles were continuously

belched into and sucked out from the culture incubator, and

various immunological reactions using lymphocytes

derived from HV were investigated (Fig. 3d) [63]. The

level of negatively charged particles was approximately

3,000 particles/m3 higher in the experimental incubator

compared with the standard control incubator. The

immunobiological investigations in the experimental

incubator showed upregulation of the CD25 surface marker

as the early activation parameter in CD4? cells, an

increase of IFN-c production in CD4? cells when stimu-

lated via the T cell receptor and elevation of NK cell

activity. In addition to these findings, the Immune-Index as

calculated by Log10 {[(NK cytotoxicity) 9 (concentration

of IFN-c) 9 (concentration of IL-2)] divided by [concen-

tration of IL-10]} also increased in the experimental

incubator when compared with that in the standard control

incubator [63]. These findings indicated that NCPDIAC

may positively stimulate the human immune system, par-

ticularly activation of NK cells, whereas there were no

definite adverse effects from immune stimulation because

of the slight activation of T cells.

Thus, practically and experimentally, the NCPDIAC

device enhanced NK activity with slight immune stimula-

tion. Since there was no critical adverse effect due to

NCPDIAC, a final experiment was performed that involved

a long-term stay for 3 months [64]. Actually, HV were

recruited for this experiment who received information

concerning this device, gave their written informed con-

sent, and agreed to add this device to their residential home

or condominium in sleeping or living rooms (Fig. 3e). The

charcoal coating designated as Health Coat� was set by

Artech Kohboh Co. Ltd. In addition, a forced negatively

charged particle-dominant indoor air condition was created

78 Environ Health Prev Med (2016) 21:71–81

123



by applying an electric voltage (72 V) between the back-

side of the walls of a room and the ground. These mixed

devices were designated SUMICAS� and provided by

Yamada SXL Home Co. Ltd. The differences between

negatively and positively charged particles were approxi-

mately 500–800 particles/m3, even in the actual home or

condominium setting. Every 3 months HV then switched

the NCPDIAC device ON or OFF by themselves, and

blood and urine (for 8-OHdG) sampling was performed. In

addition to the recording of general conditions, NK cell

activity and specific Ig E for various environmental anti-

gens and 29 kinds of cytokines were measured by a

Luminex� bead-based multiplex assay. Results showed

that the NCPDIAC device enhanced NK activity (Fig. 3f).

Specifically, there was a significant increase of NK cell

activity after living in NCPDIAC for 3 months. Further-

more, a significant decrease of NK cell activity was

detected after living for 3 months in the OFF period for the

NCPDIAC device. Moreover, there were slight increases of

cytokines such as epidermal growth factor (EGF) and IFN-

inducible protein 10 (IP-10) during ON periods. A com-

parison of cytokine status between ON and OFF periods

showed that basic immune status was stimulated slightly

during ON periods under NCPDIAC [64].

The overall findings shown in Fig. 3 [60–64] indicate

that the NCPDIAC device caused activation of NK activity

and stimulated immune status, and, therefore, could be set

in the home or office buildings to potentially improve the

health of occupants.

Conclusion

Among the various scientific fields covered in the hygiene

area such as environmental medicine, epidemiology, public

health and preventive medicine, we are investigating the

immunological effects of fibrous and particulate substances

in the environment and work surroundings such as asbestos

fibers and silica particles. In addition to these studies, we

have attempted to construct health-promoting living con-

ditions. Thus, in this review we summarize our investiga-

tions regarding the (1) immunological effects of asbestos

fibers, (2) immunological effects of silica particles, and (3)

construction of a health-promoting living environment.

Asbestos fibers cause reduction of anti-tumor immunity

in asbestos-exposed patients. To utilize our experimental

findings in the clinical fields, we are attempting to establish

early diagnostic parameters using various alterations in

human immune cells and cytokines, since these cells were

easily drawn from peripheral blood and without the need

for any irradiation, which is a concern in recent screening

radiological examinations for asbestos exposure and indi-

viduals with MM.

Silica particles cause dysregulation of autoimmunity and

induce various autoimmune diseases in SIL patients as

complications. Advances in scientific findings regarding

silica-induced autoimmune diseases may support these

patients suffering from autoimmune disease and lung

fibrosis, particularly in the area of worker compensation.

Additionally, there may be certain discoveries that will

help us to recognize and understand the pathophysiological

mechanisms of etiology-unknown autoimmune disorders.

Finally, the construction of health-promoting living

circumstances is important to maintain healthy conditions

in all people, particularly the aged members of society. Our

device is one of these constructions and may support the

prevention of cancers and diminish symptoms from viral

infections.

Scientific approaches to examine the impact of envi-

ronmental factors on human health are necessary to

improve the quality of life of all people, and we should

continuously make tremendous efforts to establish these

health-promoting environments.
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