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MOLECULAR ACTIVATION OF ACTIVATOR PROTEIN-1 IN
SILICA AND ASBESTOS-INDUCED CARCINOGENESIS

Val Vallyathan, Min Ding, Xianglin Shi, Vincent Castranova

Pathology and Physiology Research Branch, Health Effects Laboratory
Division, National Institute for Occupational Safety and Health,
Morgantown, West Virginia, USA

Occupational exposures to asbestos and crystalline silica have been implicated in causing
lung cancer and other pulmonary diseases in humans. Despite intensive researcl: during the
last decade on pulmonary carcinogenesis induced by these minerals, the exact molecular
mechanisms involved in carcinogenesis are still unknown. Chronic inflammation and en-
hanced production of reactive oxygen species (ROS) generated by these particulates have
heen implicated in the development of tumors. In an attempt to understand the molecular
basis of carcinogenesis induced by these particles, we investigated the potential activation
of activator protein-1 (AP-1) by crocidolite and freshly fractured or aged crystalline silica
in a JB6 PY cell line stably transfected with AP-1-luciferase reporter plasmid (in vitro) and
in AP-1-luciferase reporter transgenic mice (in vivo). This transcription factor governs the
expression of target genes that are involved in encoding cytokines, chemokines, growth
factors, cell adhesion molecules, and acute-phase proteins that regulate inflammation, cell
proliferation, and apoptosis. Results of our studies suggest that asbestos and silica activate
AP-1 through generation of ROS. In in vitro studies, crocidolite asbestos caused a dose- and
time-dependent AP-1 activation in |B6+ cells, which persisted for at least 72 h. In transgenic
mice exposed to crocidolite ashestos, AP-1 activation increased significantly by 10-fold in
lung tissue and 22-fold in bronchial tissue. This induction of AP-1 activation by crocidolite
appears to be mediated through the influence of mitogen-activated protein kinase (MAPK)
family members, specifically extracellular signal-regulating protein kinase, ERK 1, and ERK
2 (data not presented). Similarly, freshly fractured silica caused an 8-fold increase in AP-1
activation in JB6 P+cells and 22-fold increase in transgenic mice. The activation of AP-1
by freshly fractured silica was mediated through ERKI1, ERK2, and p38 kinasce. Activation of
AP-1 by asbestos or silica was inhibited in both in vitro and in vivo systems by aspirin, which
exhibits OH radical scavenging properties. 1t is proposed from these studies that asbestos
and crystalline silica may promote carcinogencesis through specific mechanistic pathways
stimulated by ROS.

Occupational exposures to ashestos and crystalline silica have been impli-
cated in causing lung cancer and other pulmonary diseases in humans (Moss-
man & Churg, 1998; Craighead et al., 1982). These minerals are also capable
of inducing tumors in experimental animals and neoplastic transformation of
cells in culture. Generally, these particles are negative in standard genotoxic
assays and are thought to function differently than classical carcinogens. The
exact mechanisms by which these inorganic particles induce carcinogenesis
are still unknown. Chronic inflammation and enhanced production of reactive

This article is not subject to U.S. copyright laws.
Address correspondence 1o Val Vallyathan, PhD, NIOSH, 1095 Willowdale Road, Morgantown, WV
26505, USA. E-mail: vavi@cdc.gov






AP-1 ACTIVATION IN ASBESTOS AND SILICA-INDUCED CARCINOGENESIS 355

10

Relative AP-1 Activitation

* %k

ANNN\gE

%
ol
//r S
7. N
Aged Si FreshSi Fresh Si Crocidofite Crocidoiite
+ Aspirin  + Catalase + Aspirin

/L

.n
@

Control resh

FIGURE 1. Silica- or crocidolite-induced AP-1 activation in JB6 PT cells. Mouse epidermal cells, transfected
with AP-T-luciferase reporter plasmid, were exposed to silica (200 ug/ml) or crocidolite (7.5 pg/ml) for 24 h
or 36 h, respectively. AP-1 induction was determined relative to control cells by measuring luciferase activity
by chemiluminescence. Data presented are means and £ SE of at least eight determinations. Asterisk
indicates a significant increase from control. Double asterisk indicates a significant decrease compared to
fresh silica or crocidolite treated cells (p < .05).

ROS play a significant role in both silica- and crocidolite-induced AP-1 ac-
tivation (Figure 1). AP-1 activation of epidermal cells in response to freshly
fractured silica was inhibited by 90% in the presence of aspirin, a scavenger
of ROS5 (Shi et al., 1999). Aspirin also completely inhibited crocidolite-induced
AP-1 activation in vitro. Freshly fractured silica and crocidolite also increased
AP-1 activation of pulmonary tissue after intratracheal exposure of mice (Fig-
ure 2). AP-1 induction in response to crocidolite was increased 10-fold in lung
tissue and 22-fold in bronchiolar tissue, while silica caused a 22-fold increase
in AP-1 activation of whole lung tissue. As with the in vitro system, aspirin
(120 mg/kg), administered intraperitoneally in transgenic mice 30 min prior
to crocidolite instillation and every 12 h thereafter, significantly inhibited AP-1
activation by 89% (Figure 2).

DISCUSSION

These studies show that silica and asbestos activate AP-1 through the gen-
eration of RO5, which is a primary event important in the initiation of signal
transduction cascades leading to the induction of early response genes that
may be critical in carcinogenesis (Ding et al., 1999a, 1999b). Both asbestos
and silica caused a time- and dose-dependent activation of AP-1 in cultured
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dose. These observations suggest that these minerals can promote molecular
events linked to carcinogenesis independently of other confounding factors,
such as tobacco smoke, frequently implicated in epidemiologic studies as a
confounder.
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