Biomedical Science Letters 2021, 27(3): 111~120

https://doi.org/10.15616/BSL.2021.27.3.111
eISSN : 2288-7415

I Review W

Pulmonary Fibrosis caused by Asbestos Fibers in the Respiratory Airway

Ji-Woo Jung* and Eung-Sam Kim ™"

Department of Biological Sciences, Chonnam National University, Gwangju 61186, Korea

Asbestos products had been widely used until 2007 in Korea since the 1930s. A total ban on their production and
applications has been imposed because of the toxic effect of asbestos fibers on the human health. The inhaled asbestos

fibers increase reactive oxygen species and inflammatory reactions in the respiratory airway including the alveolar sac,
resulting in DNA damages and secretion of several inflammatory cytokines or chemokines. These paracrine communications
promote the proliferation of fibroblasts and the synthesis of collagen fibers, thereby depositing them into the extracellular
matrix at the interstitial space of alveoli. The fibrotic tissue hindered the gas exchange in the alveolus. This reviews describes
not only the cytotoxic effects of asbestos fibers with different physical or chemical characteristics but also the interaction

of cells that make up the respiratory airway to understand the molecular or cellular mechanisms of asbestos fiber-induced

toxicity. In addition, we propose a pulmonary toxicity research technique based on the mini-lung that can mimic human

respiratory system as an alternative to overcome the limitations of the conventional risk assessment of asbestos fibers.
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Table 1. Asbestos-related pulmonary diseases in Korea from 2014 to 2019 (source: Ko et al., 2020)

(unit: person)

Year Asbestosis Malignant mesothelioma Lung cancer Diffuse pleural thickening Total
2014 162 42 21 2 227
2015 199 41 48 - 288
2016 294 45 75 2 416
2017 313 62 74 - 449
2018 395 59 68 - 522
2019 526 47 73 - 646
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Table 2. Comparison of serpentine and amphibole asbestos

Serpentine

Amphibole

Chemical formula

Chemical structure

h
Oxygen

Y

Chrysotile [Mg3(Si,05)(OH)4]

Extended sheet

Crocidolite [Na,Fe)(FeMg);SigO,,(OH),]
Amosite [(Fe,Mg);SigO,,(OH),]

Double chain

Basic unit
siof
Representative
SEM image
(Image source: Kim et al., 2010) (Image source: Toyokuni, 2009)
Fiber shape Curly Straight
Surface area per mass Large Small
Cytotoxicity Less toxic Toxic
Commercial uses until 2007 in Korea Most frequently used Rarely used
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(A) Fe¥* + -0, — Fe? + 0,
(B) Fe?* + H,0, — Fe®* + OH + OH-

Fig. 1. Scheme of the biochemical process for generation of reactive
oxygen or nitrogen species in alveolar or inflammatory cells ex-
posed to asbestos fibers. (A) Harber-Weiss reaction. (B) Fenton
reaction (Abbreviations: iNOS, inducible nitric oxide synthase).
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Fig. 2. Pulmonary fibrosis associated with the exposure time or
amount of asbestos fibers. The normal, inflammatory, and fibrotic
alveoli are colored in white, yellow, and red, respectively. (A) Early
phase of alveolar fibrosis by asbestos fibers. (B) Pulmonary fibrosis
by sustained exposure to asbestos fibers.
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Fig. 3. Signaling cascades of the macrophage-independent fibrosis
in the alveolar tissue. (A) The activation of the EGFR downstream
by asbestos fibers leads to the increase in the level of cytokines or
chemokines for the full-scale inflammation. (B) ROS generated
in alveolar cells or fibroblasts by asbestos fibers damage gDNA
and mtDNA, resulting in their apoptotic cell death (Abbreviations:
EGFR, epidermal growth factor receptor; MAPK, mitogen-activated
protein kinase; NF-«kB, nuclear factor-kappa B; AP-1, activator
protein-1; mtDNA, mitochondrial DNA; ROS, reactive oxygen
species; TNF-a, tumor necrosis factor-a; IL, interleukin, MIP,
macrophage inflammatory protein).
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duced by asbestos-exposed epithelial cells
trigger the cascade of the fibrosis with no
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Fig. 5. Schematic illustration of the mini-lung to be reconstructed by combining 3D cell printing and microfluidic approaches for mimicking
the anatomical hierarchy of the human lung with the trachea, bronchi, bronchiole, and alveoli. The mini-lung system facilitate the risk
assessment of air-born particles such as asbestos fibers, ultrafine dusts, nanoplastics, and aerosols.
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