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Asian Dust Particles Induce TGF-β1 via Reactive Oxygen Species in 
Bronchial Epithelial Cells
Sun Young Kyung, M.D., Jin Young Yoon, M.S., Yu Jin Kim, M.D., Sang Pyo Lee, M.D., Jeong-Woong Park, 
M.D., Sung Hwan Jeong, M.D.
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and Science, Incheon, Korea

Background: Asian dust storms can be transported across eastern Asia. In vitro, Asian dust particle-induced 
inflammation and enhancement of the allergic reaction have been observed. However, the fibrotic effects of Asian 
dust particles are not clear. Production of transforming growth factor β1 (TGF-β1) and fibronectin were 
investigated in the bronchial epithelial cells after exposure to Asian dust particulate matter (AD-PM10).
Methods: During Asian dust storm periods, air samples were collected. The bronchial epithelial cells were exposed 
to AD-PM10 with and without the antioxidant, N-acetyl-L-cysteine (NAC). Then TGF-β1 and fibronectin were 
detected by Western blotting. The reactive oxygen species (ROS) was detected by the measurement of 
dicholorodihydrofluorescin (DCF), using a FACScan, and visualized by a confocal microscopy.
Results: The expression of TGF-β1, fibronectin and ROS was high after being exposed to AD-PM10, compared 
to the control. NAC attenuated both TGF-β1 and fibronectin expression in the AD-PM10-exposed the bronchial 
epithelial cells.
Conclusion: AD-PM10 may have fibrotic potential in the bronchial epithelial cells and the possible mechanism is 
AD-PM10-induced intracellular ROS.
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Introduction

  Fibrosis is an important process in the development 

of several pulmonary diseases. Airway remodeling in 

asthma and chronic obstructive pulmonary disease 

(COPD) is the result of a fibrotic reaction surrounding 

the airways of the lung, such as basement membrane 

thickening and peribronchiolar fibrosis
1
. The etiologic 

factors of COPD are known to include not only cigarette 

smoke, but also pollutants
1
. Furthermore, idiopathic 

pulmonary fibrosis (IPF) is a fatal lung disease with irre-

versible fibrosis2. Although the diagnosis of IPF requires 

exclusion of other known causes of interstitial lung dis-

eases, such as drug environmental exposure, medi-

cation or systemic disease,  there are several pieces of 

evidence that environmental agents may have an etio-

logic role in pulmonary fibrosis
2
. Inhaled environmental 

agents, such as smoke, dust, and fumes, have been pro-

posed to be involved in the development of pulmonary 

fibrosis
3
. Some epidemilogic studies showed that metal 

exposure and wood dust exposure are increased in pa-

tients with IPF
4
. Other studies have shown that ex-

posure to metal dust, such as cobalt, aluminum, zinc, 

cadmium, and mercury are associated with the develop-

ment of pulmonary fibrosis
5
. 

  Air pollutants have been recognized as a major prob-

lem for human health. Many epidemiologic studies have 
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Figure 1. The proportion of chemical components in 
AD-PM10 used in this study. This was analyzed at the 
Korea Institute of Ceramic Engineering and Technology. 

correlated episodes of elevated PM10 levels with in-

creased mortality and morbidity6-8. Air pollution is asso-

ciated with a variety of cellular toxicities, including in-

flammation, DNA damage, and fibrosis
8
. Exposure to air 

pollution particulates has been associated with airway 

fibrosis other than fibrotic reactions of the lung paren-

chyma
9
. Asian dust is the long-range transport of atmos-

pheric pollutants during dust events in eastern Asia, 

which originate in the Chinese and Mongolian deserts 

during spring season
10
. Recently, there have been possi-

ble adverse effects of these dust events, as the dust 

storms pass through industrialized areas, such as north-

eastern China, which increases the probability that 

Asian dust contains combustion-source particles10. Asian 

dust storm events are associated with an increase in dai-

ly mortality in Seoul, Korea, and Taipei, Taiwan
11,12

. 

The dust also causes aggravation of respiratory symp-

toms of patients with airway diseases, neutrophilic air-

way inflammation in mice, and allergic reactions
13-16

. 

There are several evidences that Asian sand particles 

could enhance inflammation by respiratory patho-

gens
17,18

. However, there are no investigations regarding 

the fibrotic effect of the Asian sand particles. The pres-

ent study was designed to investigate whether Asian 

dust particles induce production of transforming growth 

factor-β1 (TGF-β1) and fibronectin through oxidative 

pathways in bronchial epithelial cells. 

Materials and Methods

1. Asian dust particles (AD-PM10) sampling

  Air samples were collected over the course of 2 years 

between 2004 and 2005 in Incheon City of South Korea. 

Asian dust particles (AD-PM10) were sampled using a 

high volume air sampler (HV500F; Sibata, Tokyo, 

Japan) with airflow at 500 L/min for at least 5 hours. 

For sample collection, glass microfiber filters (Millipore, 

Bedford, MA, USA) with a pore size of 0.25μm were 

used. Filters were stored at 4
o
C until use. Particles were 

suspended in phosphate buffered saline (PBS) and soni-

cated the particles for 3 minutes at maximal watt, after 

which the materials were sieved through filters, 10μm 

in size (Mitex membrane filters; Millipore). All AD-PM10 

suspensions were sterilized for removal of micro-

organisms. Endotoxin was measured by a Limulus ame-

bocyte lysate assay kit (BioWhittaker, Walkersville, MD, 

USA), according to the manufacturer s specifications. 

Endotoxin levels in AD-PM10 samples analyzed within 

24 hours of collection gave results similar to those ob-

tained in stored samples and after sterilization. 

2. Chemical composition of AD-PM10

  Chemical composition of AD-PM10 was analyzed at 

the Korea Institute of Ceramic Engineering and Techno-

logy. AD-PM10 contained 48% SiO2, 12% Al2O3, 5% 

Fe2O3, and 1% TiO2 (Figure 1).

3. Exposure of cells to AD-PM10

  Normal bronchial epithelial cells (WI-26VA4 cell line; 

KCLB, Seoul, Korea) were cultured in Dubelcco s modi-

fied Eagle medium ((DMEM; Gibco BRL, Gaithersburg, 

MD, USA) containing 10% fetal bovine serum (FBS). 

Cells were incubated in 5% CO2 at 37
o
. Cells were cul-

tured in 6-well plates and allowed to grow to 

confluence. Near-confluent cells were incubated with 

DMEM containing 0.5% FBS for 24 hours. After this time 

period, cells were treated with prepared AD-PM10. Cells 

were incubated with each concentration (10, 50, 100, 
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250, and 500μg/mL) of suspension for 24 hours. In 

some experiments, cells were pretreated for 1 hour with 

the antioxidant, 5 mM N-acetyl-L-cysteine (NAC; Sigma 

chemical Co., St. Louis, MO, USA).

4. Western blotting

  Cells were washed with PBS and suspended in a lysis 

buffer (PRO-PREP protein extraction solution; Intron 

Biotechnology, Inc., Seoul, Korea). The harvested cells 

were incubated at −20
o
C and the lysates were clarified 

by centrifugation at 13,000 g for 10 minutes. After pro-

tein concentration determination of cell lysates with the 

Bradford assay, 30 g of protein of each lysate was 

mixed with sample buffer. Samples were separated by 

10% sodium dodecyl sulfate-polyacrylamide gel electro-

phoresis, and transferred to a polyvinylidene difluoride 

Western blotting membrane (Roche, Indianapolis, IN, 

USA). Immunoblot sequential incubation with primary 

antibody overnight at 4
o
C and secondary antibody (anti- 

rabbit IgG; Amersham Biosciences, Little Chalfort, UK) 

was added for 1 hour. The membranes were incubated 

with enhanced chemiluminescence detection reagents 

(WEST-SOL plus; Intron Biotechnology, Inc.). Membranes 

were probed with antibodies for actin as a loading 

control. Primary antibodies were obtained from Santa 

Cruz Biotechnology (TGF-β1, fibronectin, and actin; 

Santa Cruz, CA, USA). Immunoreactive bands were 

quantified densitometrically and compared to the 

controls. 

5. Imaging of reactive oxygen species (ROS)

  Bronchial epithelial cells in the presence or absence 

of AD-PM10 grown on a cover glass were incubated in 

serum-free media containing 5-(and-6)-choloromethyl- 

2 ,7 -dicholorodihydrofluorescin diacetate (CM-H2DCFDA; 

Molecular Probes Inc., Eugene, OR, USA) for 20 minutes 

at a final concentration of 5.0μmol/L. After washing 

twice with PBS, cells were placed on a glass slide. 

Images were collected with a confocal laser scanning 

microscope (IX81; Olympus, Tokyo, Japan). The gen-

eration of ROS was evaluated as the fluorescence in-

tensity of dicholorodihydrofluorescin (DCF).

6. ROS measurement

  The cell-permeable fluorogenic probe, 2',7'-dichlordi-

hydrofluorescin diacetate (DCF-DA), was used to detect 

oxidative stress in bronchial epithelial cells. To analyze 

the intracellular ROS by FACScan flow cytometer, 

AD-PM10-exposed cells were washed twice with PBS 

and incubated in serum-free media containing 5 mM 

5-(and-6)-choloromethyl-2',7'-dicholorodihydro-

fluorescin diacetate (CM-H2DCFDA; Molecular Probes 

Inc.) for 20 minutes at 37oC in a CO2 incubator. The 

intracellular fluorescence intensity was measured in the 

cells by using a flow cytometer (FACSFlow; BD Biosci-

ences, San Jose, CA, USA). For each analysis, 20,000 

events were recorded.

7. Statistical analysis

  All values are expressed as the mean±standard error. 

Significant differences between the multiple groups 

were analyzed using one-way ANOVA or the non-para-

metric Kruskal-Wallis test. The post hoc analysis was 

applied using the Scheffe test. Differences between the 

two groups were compared by a non-parametric two-in-

dependent sample Mann-Whitney U test. All statistical 

analyses were performed with SPSS ver. 12.0 (SPSS Inc., 

Chicago, IL, USA). A value of p＜0.05 was accepted 

as statistically significant and 0.05≤p＜0.1 indicated a 

trend.

Results

1. Effect of AD-PM10 on induction of TGF-β1 and 

fibronectin

  Cell exposure to AD-PM10 induced the time-depend-

ent production of TGF-β1. TGF-β1 was increased over 

the first 48 hours and peaked at 96 hours (Figure 2A). 

To study the dose dependence of TGF-β1 production, 

WI-26VA4 cells were treated with increasing concen-

trations of AD-PM10 at 48 hours. Maximum production 

of TGF-β1 occurred at 50μg/mL of AD-PM10. The lev-

els of TGF-β1 production with 50 and 100μg/mL of 

AD-PM10 were significantly higher compared with con-
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Figure 2. Time-dependent and dose-dependent effects of AD-PM10 on transforming growth factor β1 (TGF-β1) and
fibronectin production. WI-26VA4 cells were incubated for the indicated period of time with 100μg/mL of AD-PM10
(A). Alternatively, these cells were incubated for 48 hours with the indicated concentrations of AD-PM10 (B). The levels
of TGF-β1 production with 50 and 100μg/mL of AD-PM10 were significantly higher compared with control values
(black squares). The levels of fibronectin production with AD-PM10 were significantly higher compared with the control
values (white circle). In the dose-response experiments of AD-PM10, the means±SD of five separate experiments are
shown. *Significant increase over the non-stimulated control cells.

trol values. The production of fibronectin was enhanced 

over the first 24 hours and peaked at 96 hours (Figure 

2B). To study the concentration dependence of fi-

bronectin production, cells were incubated with increas-

ing doses of AD-PM10 at 48 hours. The peak production 

of fibronectin occurred at 100μg/mL of AD-PM10. The 

levels of fibronectin production with 10, 100, and 500 

μg/mL of AD-PM10 were significantly higher com-

pared to control values.

2. Effect of AD-PM10 on production of intracellular, 

DCF-sensitive ROS

  Figure 3 shows DCF-sensitive ROS production in nor-

mal bronchial epithelial cells incubated with 0, 10, 50, 

100, 250, and 500μg/mL of a AD-PM10 suspension. 

The DCF-sensitive ROS in AD-PM10-exposed bronchial 

epithelial cells showed a significantly higher expression 

compared with controls (Figure 3B). The level of ROS 

production was peak at 50μg/mL of AD-PM10. 

Concentration-dependent, significant differences did not 
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Figure 3. Dicholorodihydrofluorescin (DCF)-sensitive re-
active oxygen species (ROS) production in bronchial epi-
thelial cells incubated with 0∼500μg/mL of a AD-PM10
suspension. The confocal microscopic examination shows
a high expression of intracellular ROS in AD-PM10-ex-
posed bronchial epithelial cells (A). On measuring the lev-
els of DCF-sensitive ROS using FACScan, ROS in AD- 
PM10-exposed bronchial epithelial cells showed sig-
nificantly higher expression compared with controls (black
squares) and N-acetyl-L-cysteine (NAC) attenuated the in-
crease of ROS generation (white squares) (B). The experi-
ments were repeated over five times. *Significant increase
over unstimulated control cells. †Significant differences be-
tween NAC-treated cells and cells not treated with NAC.

occur between cells exposed to variable concentrations 

of AD-PM10. We demonstrated that the antioxidant, 

NAC, attenuates the expression of intracellular ROS. As 

another method, intracellular ROS expression was ex-

amined using confocal microscopy (Figure 3A). The 

confocal microscopic findings showed a high ex-

pression of intracellular ROS in AD-PM10-exposed bron-

chial epithelial cells.

3. Effect of NAC on AD-PM10-induced TGF-β1 and 

fibronectin

  Figure 4 presents the expression of TGF-β1 using 

Western blotting by normal bronchial epithelial cells in-

cubated with medium alone (control); and 10, 50, 100, 

250, and 500μg/mL of AD-PM10 suspension. The lev-

els of TGF-β1 production with 50 and 100μg/mL of 

AD-PM10 were significantly higher compared with con-

trol values. Also, the expression of TGF-β1 in 

AD-PM10-exposed cells was inhibited by the anti-

oxidant, NAC. Figure 4 shows that NAC effectively 

blocked the expression of TGF-β1 in bronchial epi-

thelial cells with the AD-PM10 suspension. The Western 

blotting for the analysis of fibronectin expression was 

performed in the bronchial epithelial cells incubated 

with 0 (medium alone, control), 50, and 100μg/mL of 

AD-PM10 for 24 hours (Figure 5). As the result of densi-

tometric analysis, the values of fibronectin production 

was stronger in the cells exposed to AD-PM10 than con-

trol (Figure 4B). Otherwise NAC downregulated the ex-

pression of fibronection exposed to AD-PM10.
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Figure 4. Effect of NAC on AD-PM10-induced trans-
forming growth factor β1 (TGF-β1). On Western blotting,
TGF-β1 with exposure to AD-PM10 increased more than
the unexposed control, and N-acetyl-L-cysteine (NAC) at-
tenuated TGF-β1 induction with AD-PM10 (A). The levels
of TGF-β1 production with 50 and 100μg/mL of 
AD-PM10 were significantly higher compared with control
values (white bar). NAC effectively blocked the expression
of TGF-β1 (black bar) (B). The experiments were re-
peated over five times. *A significant increase over un-
stimulated control cells. †,‡Significant difference between
cells treated with NAC and cells not treated with NAC 
(†p＜0.05, ‡0.05＜p＜0.1).

Figure 5. Effect of N-acetyl-L-cysteine (NAC) on AD- 
PM10 induced fibronectin. On Western blotting, fi-
bronectin with exposure to AD-PM10 increased greater
than the unexposed control, and NAC attenuated fi-
bronctin production with AD-PM10 (A). The levels of fi-
bronectin production with 50 and 100μg/mL of AD- 
PM10 were significantly higher compared with control val-
ues (white bar). And NAC effectively blocked the ex-
pression of fibronectin (black bar) (B). The experiments
were repeated over five times.

Discussion

  The results showed that AD-PM10 collected during 

Asian dust periods induced the production of TGF-β1, 

and fibronectin in normal bronchial epithelial cells. This 

increase in the protein production of TGF-β1, and fi-

bronectin was induced by an intracellular ROS. 

  Particulate matter is a mixture of inorganic and organ-

ic components that vary in size, origin, and composi-

tion19. Particle size and composition in particular influ-

ence cellular toxicity. PM10, with an aerodynamic diam-

eter ＜10μm, is known to induce adverse respiratory 

effects19. Asian dust particles in the size range of 1∼10

μm are deposited in areas as far away as Korea over 

a distance of 1,500∼2,000 km
10

. We prepared Asian 

dust particles to PM10 using filters, 10μm in size. Much 

of the information on the component-specific effects of 

PM comes from recently conducted in vitro and in vivo 

toxicologic studies using different compositions, such as 

residual oil fly ashes
20

, metals
21

, diesel
22

, and ambient 

PM from different sources
23

. The exposure to variable 

dusts, including asbestos, coal, silica, silicates, iron di-

oxide, aluminum oxide, and mineral dusts, induce fib-

rosis of the small airways
21

. In the present study, 

AD-PM10 have fibrotic potentials in the bronchial epi-
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thelial cells. We analyzed the chemical composition of 

AD-PM10 used in this study. The results demonstrated 

that the main components of AD-PM10 are SiO2, and 

metals such as Al2O3, Fe2O3, and TiO2. These compo-

nents are known as fibrogenic dusts. We demonstrated 

that the fibrogenic mediator, TGF-β1, and fibronectin, 

one of the matrix components, were induced by 

AD-PM10. TGF-β is a key regulator of both normal 

wound repair and the aberrant repair mechanisms char-

acteristic of many fibrotic diseases, including pulmonary 

fibrosis24. Furthermore, TGF-β is a mediator of matrix, 

particularly collagen and fibronectin. Several compo-

nents of particles have been known to the effect with 

fibrosis, particularly in the small airway. Gursinsky et 

al.
20

 reported that fly ash particles induce TGF-β1 and 

collagen 1 in primary fibroblasts and Dai et al.
21
 showed 

that mineral dusts produce fibrogenic mediators, such 

as TGF-β1 and platelet-derived growth factor (PDGF)-A 

in rat tracheal explants. There was a study that urban 

ambient particles upregulate the PDGF receptor system 

in lung myofibroblasts
25

. Our results show that Asian 

dust particles might have fibrotic effects in the bronchial 

epithelial cells. 

  According to results of this study, ROS increased in 

bronchial epithelial cells with AD-PM10 compared to 

non-exposed controls and the induction of TGF-β1 in 

the bronchial epithelial cells with AD-PM10 was in-

hibited by the antioxidant, NAC, suggesting that intra-

cellular ROS mediates AD-PM10-induced TGF-β1 

production. The respiratory system, including the air-

way and lungs, is exposed to higher environmental oxi-

dants than other tissues26. Exogenous oxidants and pol-

lutants, such as cigarette smoke, asbestos fibers, and 

other particles, increase oxidant production
27

. Several 

studies in cellular and animal models suggest a variety 

of possible mechanisms, including effects of particle 

components on the intracellular sources of ROS, indirect 

effects due to pro-inflammatory mediators released from 

PM-stimulated macrophages, and neural stimulation af-

ter particle deposition in the lungs
28

. There are several 

pieces of evidence that oxidative stress may be involved 

in the mechanism of disease initiation and progression 

following exposure to particular particles, such as silica, 

asbestos, and mineral dusts27,28. Oxidative stress also 

was proposed as an important mechanism of COPD and 

pulmonary fibrosis
26,27

. Airway diseases, such as bron-

chial asthma and COPD, have evidence of increased ox-

idative stress
27

. Recently, there are studies that patients 

with IPF have higher levels of oxidant stress than con-

trol patients, and antioxidant NAC have a protective ef-

fect on the progression of IPF
26,29

. There are several po-

tential interactions between TGF-β and oxidants/anti-

oxidants in the lung. TGF-β differentiated myofibro-

blasts can themselves serve as a source of oxidant pro-

duction
30
. Furthermore, in vitro studies have shown that 

ROS increase the release of TGF-β from pulmonary ep-

ithelial cells
31

. The peak reaction on the induction of 

ROS, TGF-β1 revealed moderate concentration of 

AD-PM10 such as 50 or 100μg/mL. We measured cell 

viability via MTT assay, high concentration of AD-PM10, 

250 and 500μg/mL, showed significant decrease of via-

bility (data not shown). As these results, high concen-

tration of AD-PM10 decreases cell viability, and then 

may attenuates ability to produce inctracellular ROS. 

However, the peak production of fibronectin by 

AD-PM10 was different with the peak ROS production. 

It suggests that other mechanism may be associated 

with AD-PM10 induced fibronectin production.

  We conclude that AD-PM10 might have fibrotic po-

tential which is mediated by ROS. Further studies are 

needed that which components of AD-PM10 induce fi-

brotic potential.  
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