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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 fo r Occupa tional Safety and Hea lth, 
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 research during the 
las t decade on pulmonary carcinogenesis induced by these minerals, the exact molecular 
mechanisms involved in ca rcinogenes is are still unknown. Chronic inflammation and en­
hanced production of reactive oxygen species (ROS) generated by these p articulates have 
been implica ted in the development of tumors. In an attempt to understand the molecular 
basis of ca rcinogen sis induced by these particles, we investiga ted the potential activa tion 
of activator protein- I (A P- I ) by crociclolite and freshly frac tured or aged crystalline silica 
in a /86 P cell line stably transfectecl 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 gene that are involved in encoding cytokines, chemokine , growth 
factors, cell adhesion molecules, and acute-phase proteins that regulate inflammation, cell 
proliferation, and apoplosis. Results of our studies ugge t that asbestos and silica activate 
AP- I through generation of ROS. In in vitro studies, crocidolite asbestos ca used a close- and 
time-dependent AP- 7 activa tion in /86+ cells, which persisted for at least 72 h. In transgenic 
mice exposed to crociclolite asbestos, AP- 7 activation increased significantly by 7 0-folcl in 
lung tissue and 22-folcl in bronchial tissue. This induction of AP- 7 activation by crociclolite 
appears to be mediated through the iniluence of mitogen-aclivated protein kinase (MAPK) 
family members, specifically extracellular signal-regulating protein kinase, ERK 7, and ERK 
2 (da ta not presented). Similarly, freshly frac tured silica caused an 8-folcl increa e in AP- I 
activa tion in /86 P+cells and 22-folcl increase in tran genie mice. The activa tion of AP- I 
by freshly fractured silica was mediated through ERK/ , ERK2, and p38 kinase. Activa tion of 
AP- 7 by asbestos or silica was inhibited in both in vitro and in vivo sys tems by aspirin, which 
exhibits OH radica l scavenging properties. It is propo ed from these studies that asbestos 
and crystalline silica may promote ca rcinogenesis through specific mechanistic pathways 
stimulated by ROS. 

Occupational exposures to asbestos and crys talline silica have been impli­
ca ted in causin g lung ca ncer and o ther pulmonary diseases in humans (Moss­
man & Churg, 1998; Craighead et al., 1982). These minerals are also capable 
o f inducin g tumors in experimental animals and neoplastic transformati on of 
ce lls in culture. Generally, these particles are nega tive in standard geno tox ic 
assays and are thought to function differently than classical ca rcinogens. The 
exact mechanisms by which these inorganic particles induce carcinogenesis 
are still unknown. Chronic inflammation and enhanced production of reactive 
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oxygen species (ROS) generated by these persistent particl es have been im­
plica ted in the deve lopment of tumors (Driscoll et al., 1997; Vallyathan et al., 
1998). Chronic inflammation may predispose the lung to ca rcinogenesis by 
the activation of growth med iato rs, cy tokines, and oncogenic transformations 
(Va llyathan et al., 1998; Mossman et al., 1997) . Therefore, identification of the 
specific molecular and biochemica l pathways involved in ce ll transformation 
and tumor deve lopment in animals fo llowing exposure to these particles is 
important. In an attempt to understand the molecu lar basis of ca rcinogenesis 
induced by these particles, we investi gated the potential activation of activator 
protein-1 (AP-1) by crocidolite and freshly fractured or aged crysta lline silica 
in a J B6 p+ ce ll line stably transfected w ith an AP-1-luciferase reporter plasmid 
(in vitro) and in AP-1-luciferase reporter transgenic mice (in vivo). W e reported 
earli er that both crocido lite asbestos and crysta lline sili ca induce AP-1 activa­
ti on in ce ll culture system as well as in transgenic mice (Ding et al., 1999a, 
1999b). Evidence presented in these stud ies has provided strong support for 
a significa nt rol e of ROS in promoting th e activa tion of AP-1. 

MATERIALS AND METHODS 

The JB6+ mouse ep iderm al cell line, a well-characterized system for study­
ing tumor promotion and neoplas ti c transformation responses, was chosen as 
an in vitro model (D ing et al., 1999a, 1999b). JB6 p+ cells were exposed to 
sili ca (200 µg/ml) or crocidolite (7.5 µg/ ml) for 24 h or 36 h, respectively, at 
3 7°C. At the termination of exposure, the cells were extracted w ith 200 µI of 
lysis buffer and luciferase activity was measured using a chemiluminometer. 
For in vivo studies, we used CS 7Bl/6 male mice, ca rryin g the TRE-luciferase 
transgene, crossed with DBA2 fema les. These mice were intratrachea lly ex­
posed to crocidolite asbestos, fresh ly fractured sili ca, aged sili ca, or vehicle 
(Ding et al., 1999a, 1999b). At 2 and 3 days after exposure, an imals w ere 
sacrificed and lung and bronch iolar ti ssues were removed, homogenized, and 
lysed in lys is buffer overnight at 4°C. Luciferase activity was measured and 
expressed as relative AP-1 activit y. 

RESULTS 

Exposure of mouse epidermal cell s to crys talline silica or crocidolite re­
sulted in activation of AP-1 (Figure 1 ). Thi s activation was dose and time de­
pendent (da ta no t shown). For freshly fractured silica, significant activation was 
noted after a 24-h exposure to 80 µg/ ml si li ca. As shown in Figure 1, freshly 
fractured sili ca was a more potent acti va tor of AP-1 than aged si li ca. Significant 
activation of AP-1 was also noted after a 24-h exposure to 2.5 µg/ml crocido­
lite asbestos. This activation reached a maximum at 7.5 µg/ml crocidolite. At 
7.5 µg/ml crocido lite, activation was significantly increased after 24 h of expo­
sure, reached a maximum at 36 h, and was sti ll eleva ted after 72 h (data not 
shown). 
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FIGU RE 1. Si lica- or crocidolite-induced AP-1 activa tion in JB6 p+ cells. M ouse epidermal cells, transfected 
with AP-1-lucife rase reporter plasmid, were exposed to silica (200 µg/1111) or crocidoli te (7.5 µg/ml) for 24 h 
or 36 h, respectively. AP-1 induction was determined relative to contro l ce lls by measuring luciferase acti vity 
by chemiluminescence. Data presented are means and ± SE of at least eight determinations. As terisk 
indica tes a significant increase from control. Double asterisk indica tes a significa nt decrease compared to 
fresh silica or crocidolite trea ted cells (p ::; .05). 

ROS play a signi fi cant ro le in bo th sili ca- and crocidoli te-induced AP-1 ac­
tivation {Figure 1 ). AP-1 activa ti on of epidermal cells in response to freshly 
fractured sili ca was inhibited by 90% in the presence of aspirin, a scavenger 
qf ROS (Shi et al., 1999). Aspirin also completely inhibited crocidoli te-induced 
AP-1 activa tion in vitro . Freshly fractured silica and crocidolite also increased 
AP-1 activa tion of pu lmonary ti ssue after intratracheal exposure of mice {Fi g­
ure 2). A P-1 induction in response to crocidolite w as increased 10-fold in lung 
ti ssue and 22-fold in bronchio lar tissu e, w hile sil ica caused a 22-fo ld increase 
in AP-1 activation of whole lung ti ssue. As with the in vitro system, aspirin 
(1 20 mg/ kg), administered intraperiton eally in transgenic mice 30 min prior 
to crocidolite insti llation and every 12 h therea fter, significantly inhibited AP-1 
activa tion by 89% (Figure 2). 

DISCUSSION 

These studies show that silica and asbestos activa te AP-1 through the gen­
eration of RO S, w hich is a primary event important in the initiation of signal 
transduction cascades leading to the induction of ea rly response genes that 
may be critical in carcinogenes is {D ing et al., 1999a, 1999b) . Both asbestos 
and sili ca caused a time- and dose-dependent activation of AP-1 in cultured 
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FIGURE 2. Silica- or crocido lite-induced AP-1 ac ti va tion in mouse lun g. AP-1 -luciferase reporter transgenic 
mice were exposed by in tratrachea l insti llation to 5 mg silica or 100 (1 g crocidolite ilnd anima ls were 
sacrifi ced at 3 days post-exposure. AP-1 induction was determined relative to control (saline-trea ted) mice 
by measuring luciferase ac tivity by chemiluminescence. Data presented are means and ± SE of at least 
eight animals. Asterisk indica tes a significan t increase from control. Double asteri sk indica tes a significa nt 
decrease from crocic\oli te w ith a scavenger (p ~ .05). 

JB6 p+ cells and tra nsgenic mice (Din g et al., 1999a, 1999b). AP-1 activati on 
reached a maximum at 200 µg/ ml sili ca. With 200 µg/ ml sili ca, activa ti on was 
signi ficantly increased after 12 h of exposure, reached a maximum at 24 h, and 
declined but was stil l eleva ted at 48 - 72 h. With crocidolite asbestos in mice, 
AP-1 ac ti va ti on was first observed at 2 days and reached a maximum after 
3 days. Phosphorylati on o f extrace llu lar signal-regulating pro tein kinase ERK1 
and ERK2 appears to play an important role in silica- or crocido lite-induced 
AP-1 acti va ti on in ep iderm al cells (Ding et al., 1999a, 1999b). In addition, sil­
ica also stimulate increase phosphorylation of p38 protein kinase (Ding et al., 
1999b). Aspirin, an ROS scavenger, significantly inhibits silica or crocido lite­
induced AP-1 activa ti on. Therefore, we propose that the ca rci nogenic effect o f 
crocidolite asbestos and crysta ll ine silica may be mediated through the genera­
ti on of ·oH leading to the inducti on o f AP-1 acti va ti on. It is interesting to note 
that the effect of crys tall ine sil ica on AP-1 acti va ti on was an eightfold increase, 
compared to a moderate twofo ld increase w ith crocido lite (Fi gure 1 ). How­
ever, transactiva tion of AP-1 in transgenic mice was simi lar for lung in freshly 
frac tured silica exposed and fo r bronchiolar ti ssue in crocidolite exposed ani­
mals. This may be related to the di fferent pa thways of activati on of AP-1 and 
increased concentration o f ROS produced w ith silica used here at a higher 



AP-1 ACTIVATION IN ASBESTOS AND SILICA-INDUCED CARCINOGENESIS 357 

dose. These observations suggest that these minera ls can promote molecular 
events linked to carcinogenes is independently of other confounding factors, 
such as tobacco smoke, frequently implicated in epidemiologic studies as a 
confounder. 
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