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Abstract

Previous research studies on the toxicity of polyhexamethylene guanidine (PHMG) as a humidifier disinfectant majorly
focused on lung fibrosis. Considering that disinfectants in humidifiers are released in aerosol form, the eyes are directly
exposed and highly vulnerable to the detrimental effects of the PHMG. Therefore, in the present study we investigated
the adverse effects of PHMG on the eyes; considering fibrosis as a manifestation of PHMG toxicity in the eye, we
evaluated fibrosis-related biomarkers in cultured Statens Seruminstitut Rabbit Cornea (SIRC) cells. Cell viability was
measured using 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay, fibrosis-related biomarkers
were evaluated through polymerase chain reaction (PCR) and immunoblotting, and oxidative stress was evaluated
using 2’,7’-dichlorodihydrofluorescein diacetate (H:DCFDA). Polyhexamethylene guanidine showed cytotoxicity in a
time and concentration-dependent manner. Fibrosis related biomarkers including transforming growth factor-f (TGF-
), a-smooth muscle actin (a-SMA), matrix metalloproteinase (MMP), tissue inhibitor of metalloproteinase (TIMP) and
hemeoxygenase-1 (HO-1) increased in both gene and protein levels. Oxidative stress also increased in the PHMG-treated
cultured cells. The findings of the present study suggest that PHMG could cause toxicity in the eye as manifested by
fibrosis.
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Introduction

After several typical pulmonary injury cases among pregnant women were reported in Korea in April 2011, a
series of case studies revealed the use of humidifier disinfectants (HDs) as a potential risk factor [1-3]. HDs are chemicals
that are added to the humidifier water tank to prevent the growth of microorganisms. About 20 products were in the Korean
market at that time. According to a nationwide online survey, there were approximately 3.5 to 4.0 million users of HDs, and
approximately 56 % of the online responders were suspected worried about having respiratory diseases. Health conditions
that were reported among people exposed to HDs included asthma, pneumonia, bronchitis, rhinitis, atopic dermatitis,
headaches, eye disease, kidney ailments, and liver disease [4,5]. Recently, the effects of early-life exposure to HDs on lung
function in children was also investigated; a trend similar to the previous studies was observed where the predicted forced
expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) were significantly lower in the HDs exposed group
than in the control group [6].

Based on a survey of HDs products in the market, the main active ingredients were listed as polyhexamethylene
guanidine (PHMG), oligo (2-(2-ethoxy) ethoxyethyl guanidinium (PGH), and a mixture of chloromethylisothiazolinone
(CMIT) and methylisothiazolinone (MIT). Similar to previous studies, the survey results revealed PHMG as the highest risk
factor for respiratory diseases [1,2,8]. Intratracheal instillation of PHMG into C57BL/6 mice induced severe lung
inflammation manifested by the infiltration of mononuclear cells and neutrophils, and increased production of interleukin-
6 (IL-6), tumor necrosis factor-a (TNF-a), chemokine (C-C motif) ligand 2 (CCL2) and chemokine (C-X-C motif) ligand 1
(CXCL1). The inflammatory responses in the lungs gradually increased until 28 days after PHMG exposure. High rates of
collagen deposition and transforming growth factor-beta 1(TGF-31) production as indicators of fibrosis were also observed
in the PHMG exposed animals. The pathological changes in the PHMG treated groups were similar to those observed in
HD exposure associated patients [9- 11]. When mice were exposed to 1.03 mg/m3 PHMG through aerosol inhalation for 3
weeks or 3 weeks followed by other 3 weeks recovery, TGF-p1 and extracellular matrix (ECM) remodeling markers were
up-regulated and these parameters were aggravated after 3 weeks recovery. Extensive collagen deposition was observed in
the peri-bronchiolar and interstitial areas in the PHMG exposed lungs [12]. In rats, nanometer size PHMG aerosol particles
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induced pulmonary inflammation and fibrosis manifested by inflammatory cytokines and fibronectin mRNA increase, as
well as histological changes [13].

In addition to the respiratory system, the skin and eye are also highly vulnerable to the PHMG detrimental effects
as suggested by an epidemiological survey [5]. However, so far, there are limited research studies on PHMG effects on the
skin and eye. Eye irritation and fibrosis are the most likely manifestations of PHMG toxicity on the eye. Previously, PHMG
toxicity on the eye was investigated through an eye irritation test in a tissue model of the reconstructed human cornea-like
epithelium, however, there is no eye fibrosis-related study so far [14]. In this study, we investigated fibrosis as a
manifestation of PHMG toxicity in the eye; we evaluated inflammatory responses and fibrosis-related biomarkers including
TGEF-B1, TNF-q, tissue inhibitors of metalloproteinases (TIMPs), matrix metalloproteinases (MMPs), and a-smooth muscle
actin (a-SMA).

Materials and Methods

Materials

Polyhexamethylene guanidine hydrochloride (CAS No.57028-96-3) in white powder form at room temperature
was provided by Dr. Y. Zheng, Qingdao University (Qingdao, China). The active ingredient was known to be 95 %, and
PEG-6000 (CAS No. 25322-68-3) was approximately 5 %. Other reagents used in this study including culture media, 2’,7'-
dichlorofluorescin diacetate (H2DCFDA), and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were
high quality products used for cellular and molecular biology study.

Methods
Cell culture

Statens Seruminstitut Rabbit Cornea (SIRC, ATCC® CCL-60™) cells, cell lines which are derived from rabbit
cornea and used for eye irritation test in OECD Test guideline 491, were supplied by the American Type Culture Collection
(ATCC. Manassas, VA, USA). SIRC cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) (Gibco, MA, USA)
containing 10 % heat-inactivated fetal bovine serum (Hyclone, MA, USA), 1 % penicillin and streptomycin (1000 U/mL
penicillin and 100 pug/mL streptomycin) at 37 °C with 5 % CO2 condition. Cells were seeded as in numbers of 5 x 105 cells/mL
in each well of 96-well plate, and pre-incubated for 24 h before the toxicity tests [15].

Cytotoxicity assay

Cytotoxicity was measured using the MTT assay. After 24 h stabilization, the cells were treated with 1 pg/mL, 5
pg/mL, 10 pg/mL and 25 pg/mL concentrations of PHMG for 24 h, 48 h, 72 h and 96 h, respectively. After the exposure, 100
pL of MTT solution (5 mg/mL) was added, and the cells were incubated for 2 h at 37 °C. The cells were treated with 100 uL
of dimethyl sulfoxide to solubilize the purple formazan, and the absorbance was quantified in 570 nm using the microplate
spectrophotometer system (VersaMax, Molecular Devices, Sunnyvale, CA, USA) [15].

Gene expression

The cells were incubated with PHMG for 24 h at concentrations of 1 ug/mL, 5 ug/mL, 10 ug/mL and 25 pg/mL.
Total RNA was prepared using RiboEx™ (GeneAlls. Seoul, Korea) according to the manufacturer’s instruction. Reverse
transcription - polymerase chain reaction (RT-PCR) was performed with 1 ug of total RNA, 1 uL of 100 pmol oligo dT primer
and reaction mixture (Bioneer, Daejeon, Korea) in a total volume of 20 uL at 42 °C for 60 min. Then PCR was performed for
25-30 cycles at 95 °C for 20 sec, 55 °C for 20 sec, and 72 °C for 30 sec. cDNA products were amplified using appropriate
oligo-primers, applied on 1 % agarose gel then separated through electrophoresis and the images were captured. Primer
sequences of amplified genes are shown in Table 1. The partial gene of glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was also amplified as a loading control [15, 16].
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Table 1 Primer sequences of genes used in this study.

Primer name Sequence
TNF-o F, 5 - GGAGCTGCCTTGGTTCTCAC - &
R, 5- ATGTAGCGACGGGTCAGTCA -3
TGE-B F, 5 - CAGAGAAGAACTGCTGTGTGC -3
R, 5 - TGTCCAGGCTCCAGATGTAGG - 3’
2. SMA F, 5 - ATTGTGCTATGTCGCTCTGG - 3’
R, 5 - GATGAAGGAGGGCTGGAA -3’
MMP-2 F, 5 - GCCCTGACCAAGGTTACAGC - 3
R, 5 - CCTGTGACAGGCGGAAGTTC - &
MMP-3 F, 5 - CAAGGGATGCAGACACCACC - 3’
R, 5 - GAGTCCAGCTTGCCTGTCAC -3’
MMP-9 F, 5- AAGACGCAGACGGTGGATTC - 3
R, 5-ACTCACACGCCAGAAGAAGC-3¥
TIMP-1 F, 5 - GAACGGGCTCTTGCACATCA -3’
R, 5' - GAGCTGGTCTGTCCACAAGC - 3
TIMP-2 F, 5 - CTGTGTTTCCGTTGCCCTTG - 3’
R, 5 - AATTACGGCAGCAAGTCCGA - &
TIMP-3 F, 5 - GCCTTCTGCAACTCCGACAT - &
R, 5 - GTGGCGTTGATGGTCGTCTT - &
HO-1 F, 5 - CAGCTTGCCCCAGGATTTGT -3
R, 5 - TACAGGGAGGCCATCACCAG - 3’
COX2 F, 5 - TTTGGTCTGGTGCCTGGTTT - 3’
R, 5 - CATCTGCCTGCTCTGGTCAA - &
GAPDH F, 5 - AGACGGCGTCTGTAGAAGCT -3

R, 5 - GGGCCAAGTCCCACTATTGC - &

Western blot

SIRC cells were seeded in numbers of 5 x 10% cells/mL in each well of 6-well plate and cultured for 24 h. After
rinsing the cultured cells with a fresh medium, PHMG was added at concentrations of 1 pg/mL, 5 ug/mL, 10 pg/mL and 25
pg/mL. Following a 24 h incubation, cells were lysed using a lysis buffer containing sodium dodecyl sulfate (SDS) buffer
and protease inhibitor. The cell lysates were collected and centrifuged at 14,000 g for 15 min. Equal amounts of proteins
assayed by BCA protein assay kit (Thermo Scientific, MA, USA) were applied on SDS-polyacrylamide gel electrophoresis
(PAGE) and the samples were transferred to nitrocellulose membranes. The membranes were incubated with 5 % non-fat
milk in a mixture buffer of tris-buffered saline and Tween 20 (TBST buffer) for 2 h. Anti-rabbit antibody for a-SMA, HO-1,
TGEF-B, COX-2, MMPs, TIMPs, and -actin (Abcam, Cambridge, UK) was incubated overnight at room temperature with
shaking. After washing the membranes, they were incubated with goat polyclonal secondary antibody conjugated with
horseradish peroxidase (Abcam, Cambridge, UK). The membranes were visualized using chemiluminescent western
blotting detection reagents (Bio-Rad, CA, USA) and all the bands were obtained using an image software (Chemidoc-IT?
imager, UVP, CA, USA) [16].

Reactive oxygen species (ROS) evaluation

Cells were grown to confluence in a 12 well-plate at 24 h after seeding (5 x 10° cells/well), were treated with PHMG
at the concentration of 1 ug/mL, 5 pg/mL, 10 ug/mL, and 25 ug/mL, and further incubated with 40 pM of H.DCFDA
(Invitrogen, CA, USA) for 1 h. At the end of H2DCFDA incubation, cells were washed with phosphate-buffered saline (PBS),
and were visualized with a fluorescent microscope (Nikon, Tokyo, Japan) [14].

Results
Cytotoxicity

SIRC cells were incubated with PHMG at concentrations of 1 ug/mL, 5 pg/mL, 10 pg/mL, and 25 ug/mL for 24 h,
48 h, 72 h, and 96 h, respectively, and viability was determined. As shown in Figure 1, cell viability decreased in PHMG-
treated groups in all the test concentrations in a time and concentration-dependent manner. At a low concentration of 1
pg/mL, no cytotoxicity was observed in the 24 h-treatment group but appeared after 48 h-exposure. When the concentration
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of PHMG was increased to 5 pug/mL, cytotoxicity was observed after 24 h-exposure and further increased with increased
exposure time. The ICso values obtained when SIRC cells were incubated with PHMG for 24 h, 48 h, 72 h, and 96 h were,
20.8 pg/mL, 13.8 pg/mL, 8.5 ug/mL, and 6.2 pg/mL, respectively.

Induction of inflammation related genes

To investigate the expression level of mRNA in cultured SIRC cells, RT-PCR was performed. As shown in Figure
2, cyclooxygenase-2 (COX-2) and hemeoxygenase-1 (HO-1) were induced by PHMG. COX-2, a cyclooxygenase enzyme,
catalyzes a key step in the conversion of arachidonic acid to prostaglandin Hz, the immediate substrate for a series of cell-
specific prostaglandin and thromboxane synthases. It is expressed in its inducible form in response to inflammatory stimuli;
this is why all conventional nonsteroidal anti-inflammatory drugs inhibit the expression of COX-2. As shown in Figure 2,
the COX-2 gene was only induced in the highest concentration of PHMG (25 pg/mL). However, the HO-1 which is an
oxidative stress marker and induced by a variety of chemicals was induced by all the PHMG concentrations (from 1 pg/mL
to 25 ug/mL).
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Figure 1 Effects of polyhexamethylene guanidine (PHMG) on the viability of cultured Statens Seruminstitut
Rabbit Cornea (SIRC) cells. Cell viability was assessed by 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assays, and the results are presented as a percentage of control group viability. Cells were treated
with indicated concentrations (1 pg/mL, 5 pg/mL, 10 ug/mL, and 25 pg/mL) for 24 h, 48h, 72 h, and 96 h. Results
represent the means of three separate experiments, and error bars represent the standard error of the mean.
Data were analyzed by one-way ANOVA (analysis of variance) with post-hoc Turkey test. *: P <0.05; **: P <0.01;
#*: P <0.001.
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Figure 2 Effects of polyhexamethylene guanidine (PHMG) on the gene expressions of cyclooxygenase-2 (COX-2)
and heme oxygenase-1 (HO-1) in cultured Statens Seruminstitut Rabbit Cornea (SIRC) cells. Gene expressions of
COX-2 and HO-1 in cultured SIRC cells treated with PHMG were analyzed. Cells were treated with
concentrations of 1 pug/mL, 5 ug/mL, 10 pg/mL, and 25 pg/mL for 24 h. mRNA transcription was determined by
reverse transcription - polymerase chain reaction (RT-PCR) analysis using respective primers described in Table
1. Results were confirmed by three separate experiments, and representative images are shown. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as a housekeeping gene during the comparison of gene
expression data.

Reactive oxygen species (ROS) generation

Images of ROS production in cultured PHMG-treated SIRC cells at 1 pug/mL, 5 pg/mL, 10 ug/mL, and 25 pg/mL
for 24 h were obtained using a fluorescent microscope through H-DCFDA method. Significant evidence of ROS generation
in PHMG-treated SIRC cells is shown in Figure 3. In the highest concentration of PHMG (25 ug/mL), most of the cells were
detached from the bottom of the plate because of cytotoxicity, and the fluorescence emission, a confirmation of ROS
generation, was higher than in the other treated groups. Notably, the ROS generation positively correlated with the
induction of the HO-1 gene.

Changes in fibrosis-related biomarkers

As shown in Figure 4, the gene of TNF-a was induced at PHMG concentration of 10 ug/mL and 25 pg/mL. TNF-
a, a pleiotropic cytokine, triggers multiple signaling pathways involved in inflammation, proliferation, apoptosis, and
fibrosis. TGF-{3 which is also associated with the signaling of fibrosis by modulating the MMPs and TIMPs, was also induced
by PHMG treatment in SIRC cells. Tissue inhibitors of matrix metalloproteinases (TIMP-1, TIMP-2 and TIMP-3), were all
induced at all the PHMG concentrations (from 1 pg/mL to 25 pug/mL). The induction of TIMPs is associated with a significant
reduction in the matrix degradation capacity. Gene expression of MMPs, which are proteinases that degrade ECM, varied
with subtypes; MMP-2 and MMP-3 were induced but MMP-9 was suppressed by PHMG treatment. The gene of a-SMA
which is activated by TGF-3 and associated with fibrosis was also induced by PHMG in cultured SIRC cells. The protein
levels assayed by immunoblotting positively correlated with the changes of gene expressions. As shown in Figure 5, the
protein level of a-SMA was significantly increased in a concentration-dependent manner.
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Figure 3 Effects of polyhexamethylene guanidine(PHMG) on ROS induction in cultured Statens Seruminstitut
Rabbit Cornea (SIRC) cells. Cells were treated with PHMG (1 ug/mL, 5 pg/mL, 10 pg/mL, and 25 pg/mL) for 24
h, and then 2’,7’-dichlorodihydrofluorescein diacetate (H-DCFDA) was added to cells. SIRC cells were visualized
with a fluorescent microscope (x200), the representative images are shown. A) fluorescent microscope image of
non-treated control group; B) 1 ug/mL; C) 5 ug/mL; D) 10 pg/mL; F) 25 ug/mL. Scale bar in figures represent 50

um.
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Figure 4 Effects of polyhexamethylene guanidine(PHMG) on the expressions of fibrosis-related genes in cultured
Statens Seruminstitut Rabbit Cornea (SIRC) cells. Gene expressions of a-SMA, TNF-a, TGF-3, MMPs, and TIMPs
in cultured SIRC cells treated with PHMG were analyzed. Cells were treated with concentrations of 1 ug/mL, 5
pg/mL, 10 pug/mL, and 25 ug/mL for 24 h. mRNA transcription was determined by reverse transcription -
polymerase chain reaction (RT-PCR) analysis using respective primers described in Table 1. Results were
confirmed by three separate experiments and the representative images are shown. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as a housekeeping gene during the comparison of gene expression data.
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Figure 5 Effects of polyhexamethylene guanidine (PHMG) on the expression of fibrosis-related proteins in
cultured Statens Seruminstitut Rabbit Cornea (SIRC) cells. Western blot analysis was performed to evaluate the
expression of fibrosis-related proteins a-SMA, TGF-f3, and MMP-2. Levels of hemooxygense-1 (HO-1) and
cyclooxygenase-2 (COX-2) were also evaluated. Results were confirmed by three separate experiments and
representative images are shown. -actin level was analyzed for the comparisons of protein expression data.
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Discussion

Fibrosis is a pathological wound healing in which connective tissue replaces normal parenchymal tissues, and is
characterized by the accumulation of ECM macromolecules such as collagen, elastin, and fibronectin. Previous studies have
reported the association of fibrosis with renin-angiotensin system, inflammation and oxidative stress, and TGF-3/Smad
signaling. Among them, the TGFp/Smad signaling plays the most important role in the process of fibrosis in many organs
including the lungs, liver, heart and kidneys [17, 18]. The signaling pathway is now known to be an effective target of anti-
fibrotic therapy. Polysaccharides from Ephedra sinica Stapt downregulated the production of TGF-31 and p-Smad2/3 and
reduced pulmonary inflammation [19]. Phenylethanol glycoside from Cistanche tubulosa could block the conduction of the
signaling pathway in TGF{3/Smad signaling and are potential anti-fibrosis screening agents [20]. A major process of fibrosis
is the differentiation of fibroblastic cells into myofibroblasts that express a-SMA. Since myofibroblasts are virtually absent
in normal organs, their presence is a marker of fibrosis pathogenesis and they are largely responsible for the accumulation
of ECM. In the signaling pathway of TGF-3/Smad, Smad 2 and Smad 3 are phosphorylated by TGFf1-receptor-type I and
then, they activate the differentiation of fibroblasts into myofibroblasts [21]. TNF-a is a potent pro-inflammatory cytokine
and inhibits the activity of TGF-f3 in ECM production, such as type I collagen and elastin, and inhibits TGF-f3 signaling by
inhibiting Smad signaling through AP-1 activation [22]. Degradation of ECM, as mediated by MMPs and antagonized by
TIMPs, is critical for embryonic development and adult tissue homeostasis. MMPs and TIMPs are regulated by TNF-a and
TGE-B. Some of MMPs are induced by TNF-a and some TIMPs are induced by TGF-{3, which determines the accumulation
of ECM molecules. This means that the functional antagonisms of the cytokines may be a useful tool in investigating the
complex cellular signals that regulate ECM formation [23].

Myofibroblasts are a differentiated cell type essential for wound healing and tissue remodeling after cell damage.
Myofibroblasts are typically activated-fibroblasts and they can also be derived from other types of cells such as epithelial
cells, endothelial cells and mononuclear cells. Epithelial-mesenchymal transition (EMT) in which the epithelial changes its
phenotype to a myofibroblast, is observed in the process of interstitial renal fibrosis (renal tubular epithelial cells) [24],
pulmonary fibrosis (type II alveolar epithelial cells) [25], liver fibrosis [26], or in specific ocular tissues [27]. TGF-f3 is
expressed in corneal tissues or in an injured cornea, and in infiltrating inflammatory cells in the eyes, and it plays an
important role in the development of scars on the ocular surface.

As shown in Figure 1, the viability of cultured SIRC cells was decreased by PHMG in a concentration- and time-
dependent manner. The ICso values obtained at 24 h, 48 h, 72 h, and 96 h of exposure to PHMG were in the same range as
those previously reported in HepG2, A549, BEAS-2B, and THP-1 cells [16]. The ICso values obtained at 24 h, 48 h, 72 h, and
96 h of SIRC cells incubation with PHMG were 20.8 ug/mL, 13.8 pg/mL, 8.5 pg/mL, and 6.2 ug/mL, respectively and 7.6
pg/mL, 5.8 pg/mL, and 5.8 pg/mL at 24 h, 48 h and 72 h, respectively in HepG2 cells. Although the susceptibility is different
from cells to cells, the viability patterns after PHMG exposure is similar. The slight difference in the ICso values could have
resulted from the different assay methods of cell viability, e.g. MTT assay, lactate dehydrogenase (LDH) activity assay, and
WST-1 assay. The induction of the COX-2 gene by PHMG indicates inflammatory responses in the cells. The inflammatory
response could have been initiated by ROS generated in response to PHMG exposure and the induction of HO-1 gene
indicated the possibility PHMG toxicity in the cultured SIRC cells as shown in Figure 2. Reactive oxygen species generation
after exposure to PHMG was previously reported in other studies [28,29]. Reactive oxygen species were generated in
cultured lung epithelia cells treated with PHMG for 6 h at 0.5 pug/mL ~ 4 pg/mL and the ROS was associated with inducing
DNA damage. In the present study, similar results were also observed in SIRC cells as shown in Figure 3. The fluorescent
images were intensified with an increased concentration of PHMG.

Extracellular matrix degradation, a process that determines organ remodeling, depends on the balance between
MMPs and TIMPs. MMPs are an endogenous family of enzymes that degrade ECM proteins and consist of more than 20
unique proteins; MMP-2 and MMP-9 have gelatinase activity and MMP-3 has stromelysins activity. TNF-a activates MMPs,
and TGF-{ inhibits them. The role of TIMPs is to prevent excessive ECM degradation by MMPs. There are four types of
TIMPs, TIMP-1, -2, -3, and -4 which act as natural inhibitors of active forms of all MMPs through binding to MMPs in a 1:1
ratio. So, the balance of MMPs and TIMPs is very important in ECM remodeling [30]. TNF-a and TGF-$ are the most
important cytokines in the process of fibrosis and they antagonize each other. While TNF-a activates MMPs, TGF-{3 activates
TIMPs which in turn inactivate MMPs [30,31]. In the present study, gene expressions of TNF-a and TGF-3 were induced in
cultured SIRC cells treated with PHMG for 24 h. The induction of cytokines, TNF-a and TGEF-3, regulated the gene
expressions of MMPs and TIMPs. TIMP-1, -2, and -3 were all induced in PHMG-treated SIRC cells. On the other hand, gene
expression of MMP-9 was suppressed while those of MMP-2 and MMP-3 were increased by PHMG (Figure 4). The
regulation of MMPs and TIMPs in ECM remodeling is very complex and not fully elucidated yet. Furthermore, the
induction/suppression of MMPs and TIMPs by TNF-a and TGF-3 seems to vary with exposure time and concentration of
the cytokines [32,33]. However, the induction of a-SMA is critical; it determines the final ECM remodeling outcomes. In this
study, the gene expression and protein levels of a-SMA were significantly increased by PHMG in cultured SIRC cells as
shown in Figures 4 and 5.
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Conclusions

As eyes are one of the direct target organs like lung and skin to HDs, they are very vulnerable to the chemicals.
Based on the results, exposure to PHMG may cause fibrosis in cultured rabbit corneal cells through the induction of TNF-
a, TGF-B, and the related process of fibrosis signaling. Human beings exposed to the humidifier disinfectant are known to
suffer from the eye-related disease including conjunctivitis. From this, it seems that detailed investigation and monitoring
of patients on eye disease including fibrosis will be necessary.
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