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ABSTRACT accumulation of diacylglycerol and stimulation of protein kinase C

o ) . o activity, suggesting that asbestos may trigger signaling events leading
Activation of activator protein (AP-1) by crocidolite asbestos was ex-

to cell proliferation (14).
amined in vitro in a JB6 P" cell line stably transfected with AP-1- Prev?o s studies ﬁlav)e shown that asbestos fibers cause dose-depen
luciferase reporter plasmid and in vivo using AP-1-luciferase reporter us stu u P

transgenic mice. Inin vitro studies, crocidolite asbestos caused a dose- angdentand perSIStgnt increases in the expressiorf@$and cjun in rat
time-dependent induction of AP-1 activation in cultured JB6 cells. The Pleural mesothelial cells (7, 8). These proto-oncogenes are the early
elevated AP-1 activity persisted for at least 48 h. Crocidolite ashestos also response genes involved in the transition frompBase to S phase in
induced AP-1 transactivation in the pulmonary and bronchial tissues of the cell cycle (15, 16). Members of tties andjun gene family can
transgenic mice. AP-1 activation was observed at 2 days after intratra- dimerize to form AP-1. AP-1 is a transcription factor composed of
chgal i_nstillation of the mice with asbestos. _At 3 days postexposure, AE—l homodimers and/or heterodimers of Jun (c-Jun, JunB, and JunD) and
act|yat|on was elevated lp-fold in the lung t|ssu_e and_22-f0ld in bron_cr_no- Fos (c-Fos, FosB, Fra-1, Fra-2, and FosB2) gene families (16-19).
lar tissue as compared with their controls. The induction of AP-1 activity This transcription factor regulates the transcription of various genes

by asbestos appeared to be mediated through the activation of mitogen- . .
activated protein kinase family members, including extracellular signal- with the consensus DNA sequence TGA(C/G) TCA, designated as a

regulating protein kinase, Erkl and Erk2. Aspirin inhibited asbestos- TRE in their promoter region (20). Many stimuli, including the tumor
induced AP-1 activity in JB6 cells. Pretreatment of the mice with aspirin Promoter TPA and ROS, regulate AP-1 binding to the DNA of the
also inhibited asbestos-induced AP-1 activation in bronchiolar tissue. The promoter region of a number of intermediate genes that govern
data suggest that further investigation of the role of AP-1 activation inflammation, proliferation, and apoptosis (15, 16, 21). AP-1 and its
in asbestos-induced cell proliferation and carcinogenesis is warranted. In regulated gene expression have been reported to play a key role in
addition, investigation of the potential therapeutic benefits of aspirin  renegplastic-to-neoplastic transformation in cell culture and animal
in the prevention/amelioration of asbestos-induced cancer is justified. models (22, 23). AP-1 is also known to be involved in tumor pro-
gression and metastasis (24, 25).
INTRODUCTION Earlier studies have shown that asbestos is able to cause elevated

expression of c-fognd c-junin rat pleural mesothelial cells via a

Exposure to asbestos is associated with the development of p“'qﬂﬂitein kinase C pathway (7, 14). However, it has been reported that

nary fibrosis, lung cancer, and other malignant cancers (1). In adgis binding of AP-1 protein to DNA does not always result in

tion, exposure to the members of the amphibole subgroup (crocidolitey ,ction of transcription (26). AP-1/DNA binding activity measured
and amosite) is associated with increased incidence of mal'gnﬁg}t el-shift assay does not necessarily correlate with AP-1 transcrip-

mesothelioma and bronchogenic carcinoma (1). The mechanismstig activity (26). Therefore, in the present study we used transgenic

asbestos-induced fibrosis and carcinogenesis are unclear. It is 9effka a5 an animal model to study the possible activation of AP-1 by

ally believed that asbestos-mediated free radical reactions may playagﬂestos (27, 28)
important role (2—6). Asbestos can stimulate cells to generate’RO ' X

ia reactions mediated by iron present on the surface of asbestos. T The JB6 mouse epidermal cell lines, a well-developed cell culture
via reacti : yironp . u . ’ s(}'sstem for studying tumor promotion and antitumor promotion, were
transition metal catalyzes the reduction of hydrogen peroxid®¢H

; ) Y _chosen as amm vitro model in these studies. This cell system of clonal
to generate hydroxyl radical@H). -OH radical can damage various . . . .
) : ..._genetic variants that are"Por P~ allows the study of genetic sus-
cellular components, causing DNA strand breaks, protein modific

tion, and lipid peroxidation (6). Asbestos can trigger a number CFpthlhty to transformation, promotion, and progression at the mo-

. . . cular level. These P, P*, and transformed variants are a series of
molecular and cellular events via reactions mediated by ROS (6_c 1l lines representing earlier-to-late stage of preneoplastic-to-neo
Recent studies have demonstrated that ROS are responsible for ds- P 9 9 P P

bestos-stimulated pro-inflammatory cytokine expression, enhanc® stic ptrotgrcfjess;)%n.sg ar$;ts€a|qlp phg n(t)typefupon dtrarkllsfec;uon

toxicity, development of asbestosis, and carcinogenesis (3, 6, 10, 7! mL_JbT ed p TF(>A). 'de cle S g?r']nf r?ns ormtteh pt enotype

ROS are implicated in asbestos-induced activation of nuclear traf< VErsibly upon \, epiaermal growth factor, or other tumor pro-
moter treatment or with @in overexpression (30, 31). Transformed

scription factorkB (12, 13) and of ornithine decarboxylase, a rate- "~ h . "
limiting enzyme in the synthesis of polyamines that are required f¥f"”"’_‘nt_s grow under anc orage-l_ndependent conditions and are “%mor'
gnic in nude or BALB/c mice in the absence of tumor-promoting

cell proliferation (10). Exposure to ashestos can lead to increaddgn'c TR
conditions. One of the few molecular events known to distinguish P
Received 10/30/98; accepted 2/17/99. and P cellular responses to tumor promoters is the activation of

The costs of publication of this article were defrayed in part by the payment of pagP-1-driven transcription activity in Pcells but notin P cells (22).

charges. This article must therefore be hereby maeldartisemenin accordance with - Furthermore, the induced AP-1 activity appears to be required in the
18 U.S.C. Section 1734 solely to indicate this fact. . . .
1 Supported by NIH Grant CA 74916 at the University of Minnesota, Austin, MN. tumor promoter-lnduced transformation iri Rells (31)-

2To whom requests for reprints should be addressed, at Pathology and PhysiologfRecent studies have shown that aspirin and its related compound

g%ie)azrgg_g%_d;é;\f'g%:')' 218%?29?@_'0;‘_’%25 5;’\71"@2"(1%'%%?0""”' WV 26505. Phongjjicylic acid inhibit the activation of AP-1 and neoplastic transfor-
3 The abbreviations used are: Roé, reactive oxygen species; AP-1, activator proteiﬁnla,-tion induced by tumor promoter TPA and UVB in JB6 cells and in

TPA, 12-0-tetfadeca“%y'PhOVbO'-13-acetate; TlRE, TPA-felsrg)Oﬂsive elem’eﬂﬁfﬁ, AP-1-luciferase transgenic mice (32, 33). We therefore evaluated the
promotion-resistant and -sensitive, respectively; FBS, fetal bovine serum; Erk, extracel- T L . . .
lular signal-regulated protein kinase; JUN, c-JunNErminal kinase; MAPK, mitogen- %btentlal _'nhlbltory rqle Of aSpII’Ir‘.I. n a}SbeStOS"n_duced tran_s_actlvatlon
activated protein kinase. of AP-1 in transgenic mice. Thig vivo evaluation of aspirin was
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considered important because of the potential inhibitory actions kif were used to normalize the phosphorylation assay by using the same-
aspirin in the development and progression of cancer in asbestwgnsferred membrane blot.
exposed populations. Statistical Analysis. Data presented are the meahsSE of values com-

In the present studies, we attempted to answer the following qugg_red and analyzed using a one-way ANOVA. Statistical significance was

tions: (a) Does asbestos induce AP-1 activation both in JB6 Ceﬂgtermined by two-tailed Studertgest for paired data and considered signif-

transfected with AP-1-luciferase reporter plasmid and AP-1-lucifera$8™ P = 0.05.

reporter transgenic mice? (b) If it does, which signal transduction
pathways are involved in asbestos-induced AP-1 activity”Dpes RESULTS
aspirin inhibit asbestos-induced AP-1 activatiowitro in cell culture

din vivo in t o Time Course and Dose-Response of Crocidolite-induced AP-1
andin vivo in transgenic mice?

Activity. To examine whether asbestos could induce AP-1 activation
in a stable AP-1-luciferase reporter plasmid-transfected JB@&edM
MATERIALS AND METHODS line, we exposed 5< 10" cells to 7.5ug of crocidolite asbestos
dissolved in 1 ml of MEM. This asbestos concentration was found

. - : ; . ‘optimal for AP-1 activatiorin vitro by a series of experiments with
MD); FBS, gentamicin, and-glutamine was from Life Technologies, Inc. arying concentrations (0 to 3@g/ml) of asbestos at different des-
(Gaithersburg, MD); aspirin was from Sigma Chemical Co. (St. Louis, MO)’. rying . . 9 AR S
The luciferase assay system was from Promega (Madison, WI). Phosphor@iated time periods (672 h)'.chC'dOI'.te asbestos C?US?d a signifi-
MAPK Antibody Kit and MEK 1 inhibitor (PD98059) was from New England Cant dose-dependent AP-1 activation (Fig. 1). The activation reached
BioLabs, Inc. (Beverly, MA). a maximum at a crocidolite concentration of .&/ml (=4 ug/cne).

Cell Culture. The JB6 P AP-1-luciferase stable transfectant cells (JB6An additional increase above 7 g/ml resulted in a slight decrease
AP/kB; Refs. 34 and 35) were cultured in Eagle’s MEM containing 5% FC®f AP-1 activation. Therefore, this concentration was selected as the
2 mm L-glutamine, and 5@ug of gentamicin/ml. The cells were grown at 37°Coptimal concentration required for studies on time course and selec-
in a 5% CQ atmosphere. tive inhibition of AP-1. At intervals from 6 to 72 h, luciferase activity

Assay of AP-1 Activity in Vitro. A confluent monolayer of JB6/ARB ;5 tested. Induction of AP-1 activity startetbeh ofincubation, and
cells was trypsinized, and 5 10* viable cells (suspended in 1 ml of Eagle’stl,}ereafter AP-1 activity increased steadily to the maximum of 2-fold

i )

MEM supplemented with 5% fetal bovine serum) were added to each well ! L .
a 24-well plate. Plates were incubated at 37°C in a humidified atmosphereatgf36 h (Fig. 2). The elevated AP-1 activity persisted for at least 72 h.

5% CQ.. Twelve h later, cells were cultured in Eagle’s MEM supplemented Transactivation of AP-1 by Crocidolite in AP-1-Luciferase Re-

with 0.5% FBS for 12-24 h to minimize basal AP-1 activity and then exposd¥frter Transgenic Mice. Because the binding of AP-1 protein to

to asbestos in the same medium to monitor the effects on AP-1 induction. TABIA does not always result in an induction of transcription, the AP-1
cells were lysed and extracted with 20 of 1X lysis buffer supplied in DNA binding activity measured by gel-shift assay may not correlate
luciferase assay system by the manufacturer. Luciferase activity was measuyuitth AP-1 transcription activity in some cases (26). We used AP-1-
using a Monolight luminometer, model 3010 (Analytical Luminescence Lalyciferase reporter transgenic mice to determine whether crocidolite
oratory, Sparks, MD). The results are expressed as relative AP-1 actifighds to the elevation of AP-1 transcription activity vivo. The
compared with controls. transgenic mice were exposed intratracheally to crocidolite asbestos

Animals and Administration of Asbestos. Two times TRE-luciferase . . o .
reporter transgenic mice were originally established by Rincon and Flavéﬁ‘oo ng/mouse) suspension (1 mg/ml in 0.9% NaCl). At intervals of

C57BL/6 male mouse carrying the 2KRE-luciferase transgene was crossed’ 2, and 3 days afFer e>.(posure, thg ,ll,mg and bronchiolar t|ssue§ were
with a DBA2 (SASCO, Omaha, NE 68101) females by Huangl. (28). The dissected, and their luciferase activities were measured according to

F, offsprings were screened by testing both the basal level and TPA-indud8@ method described (30). Elevated AP-1 activation was not detected
level of luciferase activity for the presence of the AP-1-luciferase reporter
gene. Males and females were housed separately in solid bottom polycarbonate
cages on ventilated animal racks (approximately four to five mice/cage) under 3o
temperature, humidity, and yellow light controlled conditions. Food and water
were availablead libitum. *
The AP-1-luciferase reporter-bearing male and female mice (8—12 weeks of 25 -
age) were randomly divided into six groups consisting of eight mice in each,
group. Crocidolite was suspended in 0.9% sterile NaCl (1 mg/ml) and was
administered (0.1 ml/mouse) by the intratracheal instillation after the anim AE
were anesthetized with sodium pentobarbital (55 mg/kg). Control mice wege
instilled with 0.1 ml of 0.9% NaCl per mouse. For the aspirin treatment studi , 15
aspirin was dissolved in 0.9% NaCl and administrated i.p (120 mg/kg) O.:%
before intratracheal instillation, followed by repeated administration of thg
same dose of aspirin every 12 h until the end of the experiments. % !
Assay of AP-1 Activity in Vivo. Two and 3 days after intratracheal &
instillation with asbestos, the mice were sacrificed by exsanguination under g5 |
deep pentobarbital anesthesia. Bronchiolar tissue and two portions of the lung
(two-thirds of the total weight of lung tissue) were removed and minced with
scissors. Lysis buffer (10Q1/10 mg tissue) was added, and the tissues were 0.0 T T ‘ y y j
lysed overnight at 4°C. The luciferase activity of the tissue supernatant 5 10 1 20 2 %0
obtained after lysis was measured by a luminometer as described previously Crocidolite (ug/ml)
(28). AP-1 activity was expressed relative to the level of luciferase activity of Fig. 1. Dose-response of crocidolite-induced AP-1 activity in JB&®8lls. JB6/APKB

control groups. cells (5x 10*in 1 ml of MEM with 5% FBS) were seeded into each well of a 24-well
Protein Kinase Phosphorylation Assay.Immunoblots for phosphoryla- plate. After overnight culture at 37°C, the cells were cultured in MEM with 0.5% serum
tion of Erks, JNK, and p38 kinase were carried out as described by the proto@2 h. Thereafter, cells were treated with various concentrations of crocidolite asbestos

: . ~ e : . ; 24 h. The AP-1 activity was measured by luciferase activity assay as described in
of New England BioLabs using phospho-specific antibodies against phosp: aterials and Methods.” Results, presented as relative AP-1 induction compared with the

rylated sites of Erks, JNK, and p38 kinase, respectively. Non-phospho-specififtreated control cells, are means of eight assay wells from two independent experiments;
antibodies against Erks, JNK, and p38 kinase proteins provided in each adsay, SE. *, a significant increase from contrdP (< 0.05).
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3 mwm aspirin, the AP-1 activation was completely blocked to the basal
control values, whereas additional aspirin further reduced AP-1 acti-
* * vation below the basal level.
Inhibition of Transactivation of AP-1 by Aspirin in Vivo. To
£ * determine the inhibitory effect of aspirin on crocidolite asbestos-
g 24 * induced AP-1 activatiom vivo, AP-1-luciferase transgenic mice were
ff administered aspirin (120 mg/kg) i.p. 30 min before exposure to
o crocidolite, followed by subsequent administration i.p. every 12 h
i until the termination of the experiment. Aspirin significantly inhibited
2 crocidolite asbestos-induced transactivation of AP-1 activity in bron-
% 4 chiolar tissues (Fig. 5). These results demonstrate that application of
o aspirin not only blocks crocidolite asbestos-induced AP-1 activity in
a cell culture model but also inhibits AP-1 transactivatiorvivo.
0 2
6 12 24 36 48 72
Time (Hr) control
asbestos
Fig. 2. Time course qf crocidolite asbestos-induced AP-1 activity in JB&cElls. = B2 asbestos+aspirin
JB6/APKB cells (5% 10%in 1 ml of MEM plus 5% FBS) were seeded into each well of.E
a 24-well plate. After overnight culture at 37°C, cells were cultured in MEM plus 0.592
FBS for 12 h. The cells were then exposed to @dml/well (4 ug/cn?) crocidolite -
asbestos prepared in the same medium. Other experimental conditions were the sar ! 1 _
those described in the legend to Fig. 1. Results, presented as relative AP-1 induc<g b 5
compared with the untreated control cells, are means of eight assay wells from t @
independent experimentsars, SE. #, significant increase from controP(= 0.05). g
©
® *%
14
30
3 control *%
25 1 2 days 0
KXX3 3 days '
Q XX control
= 02 )
B 201 K] Aspirin (mM)
< P
A :::::: Fig. 4. Inhibition of crocidolite asbestos-induced AP-1 activity by aspirin in JB6 cells.
o 154 * XX JB6/APKB cells (5% 10% suspended in MEM plus 5% FBS were added to each well of
i :::::: 24-well plates. After overnight culture at 37°C, the cells were cultured in MEM with 0.5%
> ::::2: FBS for 12 h. The cells were pretreated with different concentrations of aspirin for 30 min
© 10 - 7 V:::::: and then exposed to 7/&g/ml (4 ug/cn?) crocidolite asbestos. After a 24-h exposure at
[] ’f:o:o:c 37°C and 5% CQ the AP-1 activity was measured using luciferase activity assay. The
e ﬂ/:::::: results, presented relative to the level of luciferase activity of control groups, are means
5 . %:::::: of eight assay wells from two independent experimebéss, SE. *, significant increase
/:::::: from control; #*, significant decrease from asbestos aloRe<( 0.05).
0.0.9
O 7

f
Bronchiolar

Fig. 3. Crocidolite asbestos induces the transactivation of AP-1 in AP-1-lucifera
transgenic mice. The AP-1-luciferase transgenic mice were intratracheally instilled w
100 ng of crocidolite asbestos suspended in 0.1 ml of 0.9% sterile saline. At 2 or 3 de
after exposure, the mice were sacrificed, and the lung and bronchiolar tissues w
removed. The luciferase activity of the tissue was measured as described in “Materials
Methods.” The results, presented relative to the level of luciferase activity of contr
groups, are means of eight mickars, SE. *, significant increase from controkx,
significant increase from 2 days after exposuPe<{ 0.05).

at 1 day after exposure (data not shown), but increased significantly
2 or 3 days after exposure (Fig. 3). At 3 days postexposure, t

induction of AP-1 activation by crocidolite was 10 times higher The

lung tissue and 22 times higher in bronchiolar tissue than that of t
control groups.

Inhibition of Asbestos-induced AP-1 Activity by Aspirin in JB6
Cells. It was reported that aspirin inhibits both UVB and tumol

16
*
144 == control T
ZZZ] asbestos
Q 12 4 8 asbestos+aspirin
=
E=1
o
10 - —
< %%
)
o 8
p 4
(]
2 6 7
=]
©
O
4 * / *%
0 E. Eég! T
Lung Bronchiolar

promoter TPA'ind_UCGd aCtivatic_m o_f AP-1, and it also b|OCkS.TPA_\- Fig. 5. Blocking of crocidolite asbestos-induced AP-1 activity by aspirimivo. The
induced neoplastic transformation in JB6 cells and transgenic mige-1-transgenic mice were i.p. injected with 120 mg/kg aspirin 30 min before intratra-

(32, 33). To determine whether aspirin has any inhibitory effects (g

Heal instillation of 10Qug of crocidolite asbestos suspended in 0.1 ml of 0.9% sterile
aline and followed by sequential applications of the same dose of aspirin every 12 h.

crocidolite asbestos-induced AP-1 activation, JB6 cells were pi€ontrol group received 0.1 ml of 0.9% NaCl alone. Forty-eight h later, the mice were
treated for 30 min with aspirin before exposure to asbestos. As shokiftgd. and the luciferase activity of lung and bronchiolar tissues was measured as

in Fig. 4, aspirin exhibited a significant dose-dependent inhibitoy,

effect on crocidolite-induced AP-1 activation. At a concentration of

escribed in “Materials and Methods.” The results, presented relative to the level of
Yciferase activity of control groups, are means of eight mieag;s, SE. *, significant
ihcrease above controks, significant decrease from asbestos aldRe( 0.05).
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Activation of Erks but not INK and p38 Kinase by Crocidolite 3
Asbestos.Because the MAPK family, including Erks and JNKs as
well as p38 kinase, are the upstream activator kinases responsible for
the c-Jun phosphorylation and AP-1 activation (36—41), we tested
which class of MAPK is involved in the AP-1 activation by crocid-%‘
olite. We examined the influences of crocidolite asbestos on thg 2 -
phosphorylation of Erk1, Erk2, JNK, and MAPK p38. Using antibod;‘f [
ies specific for the above MAPK family and phospho-specific for thg
phosphorylated MAPK family, we studied Erk1, Erk2, JNK, andf,
MAPK p38 proteins and the protein phosphorylation in Erk1, Erk2z
JNK, and MAPK p38. Crocidolite asbestos did not affect the pho%
phorylation levels of INK and MAPK p38 proteins (data not shownft
But crocidolite significantly stimulated the phosphorylation of Erkl
and Erk2 (Fig. &) proteins. As shown in Fig./ crocidolite-induced
phosphorylation of Erkl and Erk2 is in a time-dependent manner,
peaking in 15 min. These results suggested that induction of AP-1 ¢ 5 20 50
activity by asbestos might be through an activation of an Erk-depend-
ent, INK- and p38-independent pathway.

Addiiona studies using MEK 1 innibitor support this hypothesis, 76, Iheten ol ool svesis e L bty b HEKL i
MEK 1 is an upstream activator of Erks. MEK 1 inhibitor has beefyr 1 h and then exposed to 7/5g/ml (4 ugicn?) crocidolite asbestos. After a 24-h
shown to act as a highly selective inhibitor of MEK 1 activation (42xposure at 37°C and 5% GOthe AP-1 activity was measured using the luciferase
43). AS shown in Fig. 7, at a concentration of 20 MEK L inhibitor, S€01) 558 Th resuls, peserie eftve (o the fevel ofucrase sy ofconto
the AP-1 activation induced by asbestos was completely inhibitefnificant decrease from contrdp (= 0.05).

These results provide further evidence in support of the induction of
AP-1 activity by asbestos, which might be through an Erk-dependent

0 T T

MEK1 Inhibitor (uM)

pathway. Aspirin(mM) 0 0 05 2 4
Inhibition of AP-1 by Aspirin Is Not Through the Inhibition of ~ Asbestosugm) 01515 15 13

Erkl and Erk2. To test whether aspirin inhibits AP-1 through the < Phosphorylated P44 (Erk1)

inhibition of Erk1 and Erk2, JB6 cells were pretreated with aspirin fc - < Phosphorylated P42 (Erk2)

30 min. We found that pretreatment of cells with aspirin did not effec.
asbestos-induced phosphorylation of Erkl and Erk2 proteins (Fig. 8)Fig. 8. Aspirin does not inhibit asbestos-induced phosphorylation of Erkl and Erk2.

indi inhihiti _ i i 6 cells were cultured in monolayers in six-well (35-mm diameter) plates until 90%
These results indicated that inhibition of AP-1 by aspirin is through gcﬁnﬂuent. The cells were cultured in 0.1% FBS MEM for 48 h. The cells were pretreated

Erkl- or Erk2-independent pathway. This result also suggests thak aspirin or medium alone for 30 min and then exposed tquifinl (4.7 pg/cn?)
kinases upstream of Erkl or Erk2 are not |ike|y to be involved igsbestos with or without aspirin for 15 min. The phosphorylated Erkl and Erk2 proteins

aspirin-mediated inhibition of AP-1. were analyzed as described in Fig. 7.

DISCUSSION Previous studies using different model systems have suggested the
important role of AP-1 activation in preneoplastic-to-neoplastic trans-
The results obtained in the present study show that asbestos is #ighation in cell culture and animal models (16, 31-33). AP-1 is a
to induce AP-1 activation in cell cultures and in AP-1-luciferaseritical mediator of tumor promotion involved in a diversity of pro-
reporter transgenic mice. The induction of AP-1 activity by asbestgesses. This transcription factor is able to alter gene expression in
may be through an Erkl- or Erk2-dependent and JNK- or MAPkesponse to a number of stimuli including the tumor promoter TPA,
p38-independent pathway. Aspirin exhibits an inhibitory effect ospidermal growth factor, tumor necrosis factgrinterleukin 1, and
asbestos-induced AP-1 activation in bathvitro andin vivo models. UV irradiation (16). Some of the genes known to be regulated by
This inhibitory effect is not mediated through an Erkl- or Erk2AP-1 are involved in the immune and inflammatory responses, tumor

dependent pathway. promotion, and tumor progression. These include cytokines such as
interleukin 1, tumor necrosis facter- granulocyte-macrophage col-
A ony-stimulating factor, collagenase 1V, and stromelysin (44—47).

Over expression of pn in JB6 P™ cells causes neoplastic transfor-
s < Phosphorylated P44 MAPK (Brk1)  Mation. Inhibi_tion of AP-1 a(_:tivity by _either p_harmaceutical agents,
h “ ==+ Pphosphorylated PA2 MAPK (Erk2)  such as fluocinolone acetonide or retinoic acid, or molecular biolog-
ical inhibitors, such as dominant-negativgua-and dominant-nega-

Time (min) 0 15 30 60 90 120

B tive phosphatidylinositol-3 kinase, was found to block tumor promot-
. ' er-induced neoplastic transformation (23, 31, 32, 34, 35, 48).
Time (min) 0 15 30 6 9% 120 Exposure to asbestos causes the development of pulmonary fibro-
s <+ P44 MAPK (Erkl) . ) ; . .
- =-<_P42MAPK(E,k2) sis, bronchogenic carcinoma, and malignant mesothelioma (1). Me-

sothelioma and other asbestos-associated diseases, such as lung cancer
Fig. 6. Asbestos induces phosphorylation of Erk1 and Erk2. JB6 cells were culturaéid asbestosis, are characterized by chronic inflammation and cell

in monolayers in six-well (35-mm diameter) plates until 90% confluent. The cell : . . . . .
were cultured in 0.1% FBS MEM for 48 h. Then the cells were exposed tagiBl Proliferation. Using mesothelial cells, earlier studies have reported

(4.7 uglen®) crocidolite asbestos. The cells were lysed, and phosphorylated Erk1 atitieit asbestos is able to cause increased expressiofosiand c-jun

Erk2 proteins A) and nonphosphorylated Erkl and Erk2 proteiBsWere assayed by $7) These studies provided important information regarding the
a PhosphoPlus MAPKs kit from New England BioLabs. The phosphorylated proteins chanisms in which asbestos trigaers cell-sianaling cascades leadin
and nonphosphorylated proteins were analyzed by using the same-transferred mi 99 g 9 g

brane blot. to transactivation of proto-oncogene. However, the inductionjahc-
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expression is not necessarily predictive of AP-1 activation (49). ARrough an Erk1l- or Erk2-independent pathway. These studies also
1/DNA binding activity measured by gel-shift assay does not alwagsiggested that kinases upstream of Erkl or Erk2 are probably not
correlate with AP-1 transcription activity (26), and there is a lack afvolved in the aspirin-mediated inhibition of AP-1 activation.

in vivo studies to support this finding. Recently, a transgenic mouse,In conclusion, the results obtained in the present study show that
which expressed a2 TRE luciferase in all cell types, was developedisbestos was able to cause AP-1 activation in JB6 cells and AP-1-
(27, 28). The development of this transgenic mouse makes it possibieiferase reporter transgenic mice. The induction of AP-1 activation
to study the role of AP-1 activation in tumor promotion and investiabove control was 10-fold in lung tissue and 22-fold in bronchiolar
gate the mechanism of action for possible therapeutic agents. Restigisue. Aspirin significantly inhibited asbestos-induced AP-1 activa-
obtained from the present study show that asbestos is able to caim® in bothin vivo andin vitro systems. It has been proposed that
AP-1 activation in JB6 cells, as well as in pulmonary tissues @afctivation of AP-1 may be associated with the carcinogenic effect of
transgenic mice. Maximal AP-1 activation was 10-fold in lung tissuasbestos. If this hypothesis is correct, our data suggest that activation
and 22-fold in bronchiolar tissue 3 days after intratracheal instillatiasf AP-1 may play a pivotal role in the development of human lung
of crocidolite. These findings are consistent with the previous repa@ncer caused by asbestos. The inhibitory effect of aspirin on asbes-
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these complex tissues are not clear. Additional studies are required to

answer this question.
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