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Abstract

Only two DNA repair enzymes, DNA polymerase @3and O@-methylgua
nine-DNA methyltransferase, have been shown to be inducible In mam
m@Iikn cells by genotoxic agents. We show here that crocidolite asbestos
Induces the DNA repair enzyme, apurinlc/apyrlmidinic (AP)-endonucle
am, In Isolated mesothelial cells, the progenitor cells of malignant me
sothelloma Asbestos at nontoxic concentradoas of 1.25 and 25 pg/cm2
significantly increased AP-endonuclease mRNA and protein levels as well

as enzymeactivity(P < 0.05)Ina dose-dependentmannerin rat pleural
mesothellal ceHs These Increases were persistent from 24 to 72 h after
initial exposure to fibers. Changes were not observed with glass beads, a
noncarcinogenic particle. Confocal scanninglaser microscopy showed that

AP-endonucleasewas primarilylocalizedin the nucleusbut also in mite
chondria. Our data are the first to demonstrate the Inducibility of AP
endonuclease by a human dam I carcinogen associated with oxidant stress
in normal cells of the lung.

Introduction

Exposure to asbestos is associated with the development of fibrotic
lung disease, malignant pleural mesotheiomas, and carcinomas of the
lung (1). The mechanisms of asbestos-induced disease are unclear.
However, DNA damage, mutagenesis, and cell proliferation are im
portant features of asbestos-induced lung injury, and recent studies
strongly suggest that excessive production of oxidants by asbestos
mediates these phenomena (reviewed in Ref. 1). Our previous studies
in isolates of RPM2 cells (2) have demonstrated that asbestos in
creases the formation of 8OHdG, one of the most abundant DNA base
damages induced by oxidative stress. 8OHdG is mainly removed by
DNA base excision repair in mammalian cells (3). In Escherichia coli,
8OHdG is removed by the action of formamidopyrimidine DNA
glycosylase, encoded by the MutM gene. This enzyme first breaks the
N-glycosidic bond between the 8OHdG and the deoxyribose ring. A
lyase activity of the same enzyme catalyzes a 3'@-elimination at the
abasic sugar, generating a ring-opened a,f3 unsaturated aldehyde. An
analogous activity has been discovered recently in human cells, and
the gene encoding this enzyme has recently been cloned and se
quenced and has been designated hOGGJ (4). The resulting aj3
unsaturated aldehyde is removed by the action of a 5' APE (class II).
One major APE, i.e., APE, APEX, or HAP1, in mammalian cells has
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been cloned recently by three independent groups (5â€”7).APE is
functionally similar to E. coli exonuclease III and endonuclease IV.
Interestingly, recent studies also suggest that APE has a secondary
function, working as a redox factor to facilitate the DNA-binding
capability of AP-l. Therefore, APE has also been called redox factor
1 (8, 9).

To explore mechanisms of asbestos-induced DNA repair, we ex
amined the inducibility of APE in RPM cells by asbestos at the levels
of gene expression and protein and enzyme activity. Our results show
that crocidolite asbestos [N@(Fe3@)2(Fe2@)3Si8O22(OH%], the most
pathogenic type of asbestos in the causation of mesothelioma in
humans (1), potently increased APE mRNA, protein, and DNA mci
sion activity. These studies suggest that APE may play a role in
asbestos-induced repair against oxidative stress. Finally, because mi
tochondria may be targets of severe oxidative DNA damage (10, 11),
we examined whether APE occurred in these organelles as well as
nuclei using confocal scanning laser microscopy. Colocalization of
APE protein and the mitochondrial specific protein, cytochrome ox
idase subunit I, suggests that mitochondrial sources of APE may be
important in DNA repair elicited by oxidative stress.

Materials and Methods

Materials. NIEHS-processed crocidolite asbestos fibers were obtained
from the Thermal Insulation Manufacturers Association Fiber Repository
(Littleton,CO). These fiber preparationshave a mean fiber length of 19 @m
and a mean fiber diameter of 0.25 pm. Glass beads (1â€”4-jxmdiameter) were
obtainedfromParticleInformationServices, Inc. (Kingston,WA) andused as
a nonfibrous particle control.

Cell Culture and Exposure to Particulates. RPM cells were isolated from
the parietal pleura of Fischer 344 rats by methods described previously (12).
Cells werepropagatedforupto 10 passagesin F12/DMEM(by volume,50:50;
Life Technologies, Inc., Grand Island, NY) containing 10% FBS and 100
ng/ml hydrocortisone, 2.5 @g/m1insulin, 2.5 ,xg/ml transferrin, and 2.5 @xg/ml
selenium (Sigma Chemical Co., St. Louis, MO). At confluency, growth me
diumwas replacedwith0.5%FBS-containingcompletemedium,andasbestos
fibers or glass beads were suspended in HBSS (Life Technologies, Inc.) at I
mg/mi and triturated eight times through a 22-gauge needle before being added
directly to medium at final concentrations of 0.5â€”2.5 @g/cm2area of dish (12).
Untreated cultures were removed from the incubator and subjected to mock

manipulations.
Preparation of Nudear Extracts. Nuclear extracts were prepared by a

method as described by Staal et aL (13). Briefly, the cells were harvested at
each time point, washed in buffer [10 msi Hepes/KOH (pH 7.5), 10 msi KC1,
2 msi MgCI2, 1 mM Dli', 0.1 mM EDTA, 0.4 mM phenylmethylsulfonyl

fluoride, 0.2 mM NaF, 0.2 mr@isodium orthovanadate, and 0.3 mg/mI leupep

tin], and lysed at 4Â°Cin the same buffer containing 1% NP4O. The nuclei were
pelleted and resuspended in high-salt buffer [50 mM Hepes (pH 7.8), 50 mM
KC1,300 mMNaCl,0.1 mMEDTA, 1 nmiDli', 0.4 mMphenylmethylsulfonyl
fluoride, 0.2 mM NaF, 0.2 msi sodium orthovanadate, and 10% glycerol] at
4Â°C.The supernatantwas designated as the nuclear extract and stored at
â€”70Â°C.Proteinconcentrationswere determinedby the Bradfordmethod(14).
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Fig. 1. Crocidolite asbestos, but not glass beads, increases steady
state mRNAlevels ofAPE in RPM cells. Fifteen-pg RNA samples were
prepared and loaded in duplicate. Following Northern blot analysis, the
level of APE mRNA was quantifiedby phosphoimaging,andthe values
were normalized to glyceaddthyde-3-phosphate dehydrogenase
(GAPDB) signals (data are the means; bars, SE). *, P < 0.05 in
comparison to untreated controls at each time period. Experiments were
repeatedin duplicateand values are expressedin arbitraryunits.
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MTS Assay and Trypan Blue Exclusion Technique. Two assays were
used to assess the viability of RPM cells after exposure to asbestos. The MTS
cell viabilityassay, basedon conversionof MTS to formazan,was performed
according to the manufacturer's protocol (Promega Corp., Madison, WI). Cells
were grown to confluency in 96-well plates and exposed to particulates in 0.5%
FBS-containing medium as described above for up to 72 h. At each time point,

20 pAofMTS stocksolutionwas thenaddedin 100 xl offresh culturemedium,
and cells were incubated for 2.5 h at 37Â°C.After incubation, culture medium
was removedandevaluatedat490-nm absorptionusinganELISAplatereader
(MolecularDevices, MenloPark,CA). Fordeterminationof numbersof viable
cells excluding trypan blue, an indication of viability, confluent cells treated
identically with asbestos in 12-well plates were trypsinized, pelleted after
centrifugation at 500 X g for 5 mm at 4Â°C,and resuspended in complete
F12/DMEM medium; an aliquot was counted on a hemocytometer slide in
0.5% trypan blue (Sigma).

Northern Blots. Total RNA was prepared, and Northern blot hybridization
performed as described in detail by Shull et al. (15). Purity and concentration
were determined by measuring LW absorbance at 260 and 280 ron. A total of
15 @xgof totalRNA waselectrophoresedona 1%agarose/37%fonnaldehyde
gel, transferredonto nitrocellulosemembrane,andhybridizedto [a-32P]dCTP
labeledcDNA probes.To ascertainequal loadingof RNA on individuallanes,
gels were examinedafterstainingwith ethidiumbromide.Mouse APE cDNA
was kindly provided by Dr. Shuji Seki at OkayamaUniversity (Okayama,
Japan).A cDNA probefor glyceraldehyde-3-phosphatedehydrogenase,kindly
obtained from Dr. L. Jeanteur (Paris, France) was also used as a housekeeping
gene. cDNA probes were labeled with [a-32P]dCTPby random hexamer
priming(Promega).Hybridizationsignals then were quantifiedusing a phos
phoimaging system (G5-250; Bio-Rad, Hercules, CA).

Western Blot& Nuclear extracts were prepared and suspended in the Lan
mmli loading buffer for 12% SDS-PAGE, as described previously (16). The
sample was loaded at 2.5 pg/lane on a mini gel (Bio-Rad). After electrophore
sis, proteins were transferred onto nitrocellulose at 100 V for 2 h. Blots were
blocked with 2% nonfat dry milk in CMF-PBS before they were incubated
with a rabbitpolyclonal primaryantiseraraisedagainstpurifiedrecombinant
humanAPE(a gift fromDr. SamuelH. Wilson,NIEHS),diluted1:1000in 2%
nonfat dry milk and 0.1% sodium azide in CMF-PBS for 1 h and peroxidase
conjugated goat anti-rabbit secondary antibody (Vector, Burlingame. CA) for
another 1 h, and APE protein was visualized using the ECL technique (Am

ersham International, Buckinghamshire, United Kingdom). The intensity of
protein signals was quantified with a phosphoimaging system.

Oligonucleotide Substrate Preparation APE has the highest cleavage
efficiency to a synthetic AP-site analogue, tetrahydrofuranyl(F). Thus, the
DNA oligonucleotide, 15-bp F containing (5'-TGAGCAAFAACTAGC-3'),
19-bpuracil (U) containing(5'-CGGTGCGGGCC@CTFCOCT-3')and their
complementary strands carrying A opposite F, and A opposite U, were used
here. The oligonucleotides were 5'-end-labeled with [-y-32P]ATP(Dupont,
MA), using T4 polynucleotide kinase (Life Technologies, Inc.), following the
manufacturer's instructions. The labeled DNA oligonucleotide strands then
wereannealedto thecomplementarystrandsby heatingthemixtureto 90Â°Cfor
3 mm and cooling it down gradually to room temperature. The 5'-end-labeled

duplex DNA fragmentswere then diluted in TE bufferand passed througha
G-50 Sephadex column (Boehringer Mannheim Corp., Indianapolis, IN) to
separate them from free [â€˜y-32P]ATP.Following phenol/chloroform extraction
andcold ethanolprecipitation,the labeleddouble-strandoligonucleotideswere
kept in TE buffer, â€”20Â°C.
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Fig. 2. Crocidolite asbestos, but not glass beads, increases

proteinlevels ofAPE in RPMcells. Nuclearextracts(2.5 @xg)were
preparedandloadedin duplicate.FollowingWesternblot analysis,
the level of APE protein was quantified by phosphoimaging. A,
dose-response studies at 24 h; B, persistent increases are demon
stratedover 24-, 48-, and 72-h time periods(sham,untreated
control; croc, crocidolite asbestos in pg/cm2; GB., glass beads in
,@g/nn2@@@ the means; bars, SE). *, P < 0.05 in comparison
to untreated controls at each time period. Values are expressed in
arbitraryunits.
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APE Indsion Activity Assay. Nuclear extracts were prepared as described
above. For determination of APE activity, an aliquot (5 ng) of cellular nuclear
extracts was incubated with 100 fmol of 32P-labeled oligonucleotide-F (as de
scribed above) in a 10 @dtotal reaction volume diluted with a buffer solution of 50
mM Hepes-KOH (pH 7.5), 50 mM KC1, 10 mM MgCl2, 0.1 mg/sad BSA, and 0.05%
Triton X-l00 for 30 mm at 37Â°C.The reactions were stopped by adding an equal
volume (10 ILl)of 0.06% bromphenolblue and 0.06% xylenecyanole-containing
formamide solution and stored at -20Â°C.For uracil DNA glycosylase,the reac
6am were carried out in the same way as for APE, but using a l00-ng nuclear

extract and 32P-labeledoligonucleotide-containinguracil in a reaction buffer
without MgCl2, and subsequently boiling the samples for 30 mm. Finally, the
DNA reactionproductswere heatedat 65Â°Cfor 5 mm andseparatedon a 15%
polyactylamide gel (National Diagnostics, Atlanta, GA) using a sequence gel
system.Dried gels were subjectedto autoradiographyfor visualizationand quasi
rifled using a phosphoimaging system (Bio-Rad).

Dual-ImmunofluorescentLabelingand COnfOca1ScanningLaser Mi
croscopy. All procedures were performed at room temperature. In brief,
confluent RPM cells on coverslips were washed two times with CMF-PBS,
fixed for 15 nun in 3.7% formaldehyde, rinsed one time with CMF-PBS, and
penneabilized for 15 miii with 1%Triton X-l00. After a rinse with CMF-PBS,
cells were then blocked in 2% nonfat dry milk in CMF-PBS for 30 mm. After
washing with CMF-PBS, cells were incubated for 60 rain with rabbit anti
humanAPE polyclonal antibody(1:100 dilution in blocking solution). Coy
erslips then were rinsed with CMS-PBS and incubated with a mitochondiial
marker, mouse anti-human cytochrome oxidase subunit I monoclonal antibody
(60 pg/ml; Molecular Probes, Eugene, OR) for another 60 mm. Coverslips
were rinsed with CMS-PBS and incubatedwith Cy5-conjugatedgoat anti
rabbit secondary antibody (20 ,.&g/ml;Jackson Immunoresearch Laboratories,
West Grove,PA) andOregonGreenâ€•@8-conjugatedgoatanti-mousesecond

as.), anti@@@y(10 i@@g/m1;Molecular Probes, Eugene, OR) for 60 mm, or with
0.3 @A.MDNA-stainingoxazole yellow homodimer(YOYO;MolecularProbes,
Eugene, OR) for 30 rein. Aftercoverslips were washedthreetimes for 5 mm
with CMF-PBSand one time in double-distilledwater,they were allowed to
air-dry and mounted onto slides with mounting media (Vector-Hl000; Vector
Laboratories, Burlingame, CA). To examine the specificity of APE immuno
fluorescence, a group ofRPM cells was incubated with anti-APE that had been
incubatedwith excess antigen(200 pg/mI purifiedrecombinanthumanAPE)
overnight for comparison. Slides were observed on a Bio-Rad MRC-l000
confocal microscope (Hercules, CA) with a X60 oil immersion lens. Samples
wereexcitedwitheithera 488-nm (forOregonGreenandYOYO)or a 647-nm
(for Cy5) laser wavelengthand examined underidentical instrumentsettings
including gain (1000 V), confocal iris (3.0 mm), laser intensity (30% of
maximum), and Kalman image averaging (nine scans/image). Colocalization
analysis was performed with the multiply function using MPL software (Bio
Rad).Themultiplycommandmultiplieseachpixel in theactivedisplaybox by
the correspondingpixel of a second image. This command is useful for
analyzing images for the degree of colocalization of two different dyes.
Following the multiplicationfunction, the resulting image will only appear
bright in areas that were bright in both images. Conversely, the image will
appeardarkin areasthatwere brightin one image and darkin the other.

Statistical Methods. All raw data from individual experiments were ana
lyzed by ANOVA withthe use of the Student-Newman-Keulstest for multiple
comparisons.

ReSUlts

Asbestos Increases APE Gene Expression in RPM Cells. The
MTS cell viability assay showed that crocidolite asbestos at the
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Fig. 3. Crocidolite asbestos, but not glass beads, increases APE incision
activity in RPM cells. A, titration study. RPM cell nuclear extracts at indicated
concentrations were incubated with 100 fmol of synthetic 32P-labeledduplex
oligonucleotide substrate at 37Â°Cfor 30 mm, and the DNA reaction products
were subjected to a 15%polyacrylamide gel. Lanes 1â€”6,APE incision activity;
Lanes 7â€”11,UDG incision activity. Bands 15-mer and 7-mer represent un
cleaved 32P-labeled 15-bp oligonucleotidc-F and its 7-bp cleavage products,
respectively; bands l9-mer and 12-mer, uncleaved 32P-labeled 19-bp oligonu
cleotide-U and its 12-bp cleavage products, respectively. B, dose-response
study with asbestos at 24 h; C, persistent increases by asbestos over 24-, 48-,
and 72-h periods. Five- and lOO-ngnuclearextractswere used for APE and
UDG studies, respectively, and were prepared and loaded in duplicate. The
upper panels of B and C show APE incision activity; lower panels, UDG
incision activity. Lane 0, control lane without addition of nuclear extracts.
sham, untreated control; Ex@E. coli exonuclease m; croc, crocidolite asbestos
in @xg/cm2;GB., glass beads in @g/cm2.The results were quantified by a
phosphoimaging system. APE cleavage products (the 7-mer band) were nor
malized to UDG cleavage products (the 12-mer band). Data are the means;
bars, SE. C, P < 0.05 in comparison to untreated controls at each time period.
Values are expressed in arbitrary units.
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highest concentration used here (2.5 p.g/cm2 dish) was minimally
toxic (P < 0.05), resulting in a <20% loss of MTS reduction activity
after 72 h of exposure and no changes in trypan blue exclusion when
compared to untreated controls (data not shown). Lower concentra
tions of asbestos (0.5 and 1.25 @tg/cm2dish) caused increases in MTS
reduction at 24 h, decreases in viability at 48 h, and no significant
differences when compared to control levels at 72 h. Northern blot

analysis, at intervals from 24 to 72 h, showed that asbestos caused
statistically significant (P < 0.05) increases in steady-state mRNA
levels of APE over time in a dose-dependent manner (Fig. 1). In
comparison, exposure to glass beads (2.5 @g/cm2dish), a nonfibrous
particle, did not change levels of APE niRNA at any time when
compared to untreated control cells.

Asbestos Increases APE Protein Levels in RPM Cells. Western
blot analysis was used to determine whether steady-state levels of
APE mRNAs correlated with amounts of immunoreactive protein. As
shown in Fig 2A, asbestos significantly increased (P < 0.05) APE
protein levels in a dose-dependent manner. At all time periods, as
bestos, but not glass beads, at comparable concentrations caused
elevations in APE protein in comparison to untreated controls
(Fig. 2B).

Asbestos Increases APE Incision ActiVity in RPM Cells. One of
the major functions ofthe APE protein is to cleave the phosphodiester
bond on the 5' AP-site. Thus, we used an AP-site incision activity
assay to ascertain whether the induction of APE gene expression and
protein was accompanied by increases in APE activity. Nuclear cx
tracts from treated and untreated cells were incubated with a radiola
beled synthetic 15-mer duplex oligonucleotide-F, which is specific for
testing APE, and the resulting DNA products were resolved on dena
tured polyacrylamide gels. A ubiquitous and highly conserved DNA

repair enzyme, UDG, which removes uracil residues from DNA after
dUMP incorporation or deamination of cytosine, was used here for
comparison. The samples were loaded in duplicate on the gel for APE
and UDG incision detection. As shown in Fig. 3, the lower bands (7-
and 12-mer) represent enzyme incision products of APE and UDG,
respectively, and the APE band was normalized to the UDG band in
quantification of results. Because concentration dependence is impor
tant, a titration study was performed. As shown in Fig. 3A, the nuclear
protein concentrations used here were in the reaction linear range.
Data in Fig. 3, B and C, show that the doses and time periods of
asbestos-induced increases in APE mRNA and protein (Figs. 1 and 2)
correlated with protracted and cleaved APE activity levels. In con
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INDUCIBILITY OF AP-ENDONUCLEASE IN PLEURAL CELLS

A B C
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Fig. 4. Cellular distribution of APE protein in RPM cells using confocal scanning laser microscopy. A-C, D-F, and Gâ€”Hare the same field of cells. A, an APE antibody imaged
by using a 647-nm channel. B. DNA staining by YOYO imaged by using a 488-nm channel. C, the merged image of A and B. D and G. cells labeled with an antibody against subunit
I of cytochrome oxidase to demonstrate localization of mitochondria (imaged by using wavelength laser excitation 488-nm). E, normal RPM cells labeled with an APE antibody. H,
cells stained with an APE antibody preabsorbed with excess APE antigen and imaged by using 647-nm wavelength laser excitation. F and I, overlap signals from the images of D and
E, andG andH, respectively,renderedusinga mathematicalmultiplyfunctionasdescribedin â€œMaterialsandMethods.â€•Theimagesresultingfromthemultiplyfunctionhavebeen
pseudo-colored blue, with the blue representing areas of staining overlap from images D and E, or F and G, respectively. Note the colocalization of APE and subunit I of cytochrome
oxidase as represented by the blue staining in F.

trast, glass beads had no effects on APE activity at any time period.

Because APE and E. coli exonuclease ifi have class II APE activity,
we used exonuclease ifi here as a positive control. As shown in Fig.
3C, the products generated by APE and exonuclease III are the same
size.

APE Is Present in RPM Cell Mitochondria Using immunoflu
orescence techniques, we found that APE protein is mainly localized
in the nucleus of RPM cells (Fig. 4). We further confirmed its nuclear
localization by staining cell nuclei with the DNA dye, YOYO (Fig. 4,
Aâ€”C).However, APE fluorescence (red) was relatively diffuse in the
cytoplasm of RPM cells, suggesting a possibility of mitochondrial
distribution (Fig.@ Using an antibody against cytochrome oxidase
subunit I, which is exclusively present in mitochondria (Fig. 4, D and
G), we demonstrated, by using multiple overlap techniques and con
focal scanning laser microscopy, that APE protein is present in mi
tochondria (Fig. 4, E and F). A preabsorption control, using APE
antibody in the presence of excess APE, confirmed the specificity of
these results (Fig. 4, H and 1). Although Tomkinson et a!. (17) have
found that antibodies raised against APE cross-react with two pro
teins, 82 kDa and 65 kDa, from mitochondria of the mouse plasma
cytoma cell line (MCP-l 1), the 65-kDa protein [despite different

molecular mass from the major nuclear forms], has similar 5' AP-site
cleavage properties compared with the nuclear APE (17).

193

Discussion

Studies presented here show that asbestos is capable of inducing
APE at levels of steady-state mRNA, nuclear protein, and AP-site
incision activity in normal mammalian cells of the pleura. These
increases are persistent from 24 to 72 h and occur in a dose-dependent
manner. By contrast, glass beads, a nonfibrous particle, did not elicit
effects. Because APE mRNA levels were unchanged after RPM cells
were treated with H2O2 alone at a range of concentrations (10â€”500
@.LM)and time frames (data not shown), data indicate that the effects of

asbestos are specific in these cell types and may be due to reactive

species other than H202.
The most frequent target of endogenous DNA damage is probably

the AP-site. It has been estimated that 2,000â€”10,000 AP-sites are
generated spontaneously per mammalian cell per day (18). This situ
ation is further aggravated during oxidative stress. Previous attempts
have failed to demonstrate that the APE gene is inducible using
various oxidative and genotoxic agents, including paraquat and bleo
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mycin in human transformed cell lines (19). However, it has been
reported that APE is inducible under hypoxic conditions or during
regeneration of the epitheium after physical injury (20, 21). In addi
tion, patterns of inducibility may vary in nonnal versus transformed
cells. Transformed cell lines tend to have high APE basal levels
(10â€”20timeshigherthanuntransformedcells),whichmaymaskor
prevent effects of agents inducing APE (19). Using a human SV4O
T-antigen transformed mesotheial cell line (Met5A), asbestos at
doses and time points used here did not induce APE gene expression
(data not shown), supporting this hypothesis.

In comparison to patterns of 8OHdG formation (2), asbestos in
duced APE gene expression after relatively shorter periods of expo
sure and at lower nontoxic concentrations of fibers. Recent studies in
our laboratory have shown that asbestos persistently induces c-los and
c-jun gene expression and transcription factor AP-l to DNA-binding
activity in RPM cells (22). Mapping of the APE promoter has iden
rifled an AP-l binding site (19). However, phorbol ester increased
c-fos mRNA levels, but not APE gene transcription, in this study (19).
Thus, it is unclear whether increases in c-fos and c-jun gene expres
sion and AP-1 DNA binding are related directly to increases in APE
gene transcription. These observations are noteworthy because APE
has redox activity facilitating AP-l activity (8, 9). Thus, up-regulation
of APE could be both a consequence of cellular response to oxidative
stress and an important event in this signaling transduction pathway.

Although it comprises less than 1% of the total cellular DNA in
mammalian cells, mitochondrial DNA is a potential target for oxida

tive stress because more than 90% of intracellular oxidants are gen
crated in mitochondria. Moreover, mitochondrial DNA lacks a histone
structure, which may prevent oxidative DNA damage in the nucleus.
Recent studies have revealed that mitochondria have significant DNA
repair capacity (10, 11). However, mitochondrial DNA is more sen
sitive than nuclear DNA to H202-induced damage, and protracted
exposures lead to persistent mitochondrial damage and loss of mito
chondria function (1 1). Although these studies and biochemical stud
ies have implicated APE activity in mitochondria, our results here
demonstrate APE localization in mitochondria of normal cells of the
pleura that are targets of asbestos-induced oxidative stress and carci
nogenesis. Future studies are designed to determine the role of in
creased APE activity in repair from asbestos-associated cell damage
and/or proliferation.
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