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The polycyclic aromatic hydrocarbon (PAH) dibenzola,l]-
pyrene (DB[a,l]P), the most carcinogenic PAH tested in
rodent bioassays, exerts its pathobiological activity via
metabolic formation of electrophilically reactive DNA-
binding fjord region (+)-syn-(11S,12R,13S,14R)- or (-)-anti-
(11R,12S,13S,14R)-DBJa,l]P-dihydrodiol epoxides (DB[a,l]-
PDEs). DBJ[a,l]P is metabolized to these DBJa,]]PDEs which
bind to DNA in human mammary carcinoma MCF-7 cells.
The molecular response of MCF-7 cells to DNA damage
caused by DB[a,l]PDEs was investigated by analyzing effects
on the expression of the tumor suppressor protein p53 and
one of its target gene products, the cyclin-dependent kinase
inhibitor p21 WAFL Treatment of MCF-7 cells with (+)-syn-
and (-)-anti-DB[a,]]JPDE at a concentration range of
0.001-0.1uM resulted in DBJa,]]PDE-DNA adduct levels
between 2 and 30, and 3 and 80 pmol/mg DNA, respectively,
8 h after exposure. (-)-anti-DBJa,|]PDE exhibited a higher
binding efficiency that correlated with a significantly
stronger p53 response at low concentrations of the dihydro-
diol epoxides. The level of p53 increased by 6-8 h after
treatment. The p21"AF1 protein amount exceeded control
levels by 12 h and remained elevated for 96 h. At a dose of
0.01uM ( +)-syn-DB[a,l]PDE, an increase in p2%AF! was

observed in the absence of a detectable change in p53 levels.

The results indicate that the increase in p53 induced by
DBJa,l]PDEs in MCF-7 cells requires an adduct level of
~15 pmol/mg DNA and suggest that the level of adducts
rather than the specific structure of the DB[a,]]PDE-DNA

adduct formed triggers the p53 response. The PAH-DNA
adduct level formed may determine whether p53 and
p21WAFL pathways respond, resulting in cell-cycle arrest, or

Abbreviations: (-)-anti-DBJ[a,l]PDE, dibenzo[a,l]pyrene-11R,12S-dihydro-

diol 13S,14R-epoxide; (+)-anti-B[a]PDE, B[a]P-7R,8S-dihydrodiol 9S,10R-
epoxide; (+)-syn-DB[a,l]PDE, dibenzo[a,l]pyrene-11S,12R-dihydrodiol 13S,

14R-epoxide; Bi]P, benzo[a]pyrene; CDK, cyclin-dependent kinase; &BP,
dibenzo[a,l]pyrene; DBJ[a,l]PDE(s), DB[a,l]P-11,12-dihydrodiol 13,14-

fail to respond and increase the risk of mutation induction
by these DNA lesions.

Introduction

The hexacyclic aromatic hydrocarbon dibenzo[a,l]pyrene
(DB[a,l]P) (Figure 1) is the most highly tumorigenic poly-
cyclic aromatic hydrocarbon (PAH) tested to date. The tumor-
initiating activity of DB[a,l]P exceeds that of benzo[a]pyrene
(B[a]P) and even of 7,12-dimethylbenz[a]anthracene (DMBA),
formerly thought to be the most potent carcinogenic PAH after
application to mouse skin or rat mammary gland (1-3).
DB[a,l]P has been detected as a widespread pollutant in
the human environment (4-8), and several laboratories have
investigated the mechanism of DNA damage induction by this
compound. Studies in mammalian cell cultures including
human cell lines (9,10), in mouse skin vivo (9), and in
microsomal preparations (11) revealed that cytochrome P450
enzymes activate DBJa,l[P to its electrophilically reactive
fiord region 11,12-dihydrodiol 13,14-epoxides (DBJa,|]]PDES)
(Figure 1) which predominantly bind to deoxyadenosine res-
idues within DNA. Analysis of the stereochemical course of
the metabolic activation in human mammary carcinoma MCF-
7 cells (10) demonstrated that this PAH is exclusively con-
verted to (+)-syn-(11S,12R,13S,14R)- and (-)-anti-(11R,12S,
13S,14R)-DBJa,l]PDE via their corresponding precursors, the
(+)-(11S,12S)- and (-)-(11R,12R)-dihydrodiols, respectively
(Figure 1). No formation of (+)-anti-(11S,12R,13R,14S)- and
(-)-syn-(11R,12S,13R,14S)-DB[a,l]JPDE was detected (10).
Although only racemic fjord regioayn- andanti-DB[a,|l|PDEs
have been tested, their extraordinarily strong mutagenic activity
in Salmonella typhimuriunand Chinese hamster V79 cells
(12), and their high carcinogenic potency in mouse skin,
newborn mouse and rat mammary gland (13-15) may account
for the high tumorigenicity of DB[a,l]P. Although it has been
proposed that DB[a,l]P can also be activated through a radical
cation intermediate to produce unstable depurinating DNA
adducts (11), no increase in apurinic sites was detected in
MCF-7 cells exposed to DB[a,l]P and its 11,12-dihydrodiol
13,14-epoxides (16). The DNA damage induced in MCF-7
cells treated with DB[a,l]P results from the formation of stable
covalent DB[a,]]PDE-DNA adducts only (16).

Covalent modification of genomic DNA by metabolically
formed DBJ[a,l]PDEs (10,11,17,18) represents a type of cellular
DNA damage demonstrated previously to be responsible for
an increase in the tumor suppressor protein p53. Cells con-
taining wild-type p53 phosphoprotein are able to recognize
DNA damage caused not only by metabolites of PAH (19—
22), but also by UV light (23), ionizing radiation (24) or
antitumor drugs (25). The initial cellular response consists of

epoxide(s); DMSO, dimethyl sulfoxide; FCS, fetal calf serum; PAGE, poly- 5 nuclear accumulation of p53, transcriptional induction of

acrylamide gel electrophoresis; PAH(s), polycyclic aromatic hydrocarbon(s)
PBS, phosphate-buffered saline; PMSF, phenylmethylsulfonyl fluoride; SDS,

various target genes containing p53-binding domains, and

sodium dodecyl sulfate; TBS, Tris-buffered saline; TCPI, trypsin—chymo-Subsequent cell-cycle arrest, usually in @4,26). Within this

trypsin protease inhibitor.
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signal cascade the cyclin-dependent kinase (CDK) inhibitor
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Fig. 1. Schematic representation of the stereoselective metabolism of

) ) ) 3. .
dibenzofa[Jpyrene in human mammary carcinoma MCF-7 cells. Fig. 2. HPLC elution profiles of3P-labeled DB[a,||PDE-DNA adducts

obtained from DNA of MCF-7 cells exposed to 0.Q&1 (+)-syn- or
(-)-anti-DB[a,[]PDE. Treatment with-)-syn-DB[a,|]PDE resulted in two

WAF1 ; i i _major DNA adducts that eluted at 70 and 102 min (dA adducts), whereas
p21 IS an Important mediator of the p53 induced cell (-)-anti-DBJa,l]PDE formed one predominant DNA adduct that eluted at

CyC|e_ arrest (26,27). EV_idenC? that p53 is ir_WOIVed in DNA78 min (dA adduct) and two minor adducts at 62 and 68 min (dG adducts).
repair (28,29) and the induction of apoptosis (26,30) led tll adducts were identified by cochromatography with synthetic standards
recognition that p53 participates in a signal transductiorgs previously described (163*P-post-labeling and separation on HPLC was
pathway which recognizes DNA damage and which carperformed as described in Materials and methods.
subsequently lead to growth arrest untii DNA damage is
repaired or programed cell death has been initiated (31). In
contrast, cells which contain a mutateB3 gene, even if they aprotinin, and the trypsin—chymotrypsin protease inhibitor (TCPI) were
express high constitutive levels of its protein product, lack eebtained from Boehringer Mannheim. Phosphate-buffered saline (PBS) con-
comparable response to DNA damage (21,24) and are mof@ned 3.0 mM KCl, 1.5 mM KiPO,, 140 mM NaCl, 8.0 mM NgHPO,

ible to the induction of mutations and development o pH 7.4).Acry|_am|de and b|sacrylam|de for gel electrophoresis were pu'rchased
sucept : p s a 40% mixture (w/v) from Bio-Rad (Hercules, CA). Preparation of
transformed cell clones. The high prevalencep&3 gene  enantiomeric 11,12-dihydrodiols of D8J]P as described previously (17)

mutations found in human cancers is consistent with this rol@llowed subsequent generation of optically pure (+)-syn- and (-)-anti-
for the p53 protein (32). DBJ[a,[]PDEs using the same synthetic route described for the racemic

In order to determine how specific PAH-DNA adduct levels €°mPounds (12).
determine the cellular response to PAH-DNA damage, wild-ell culture _ _ . _
type p53-expressing mammary adenocarcinoma-derived MC'J_he human mammary carcinoma cell line MCF-7 (original stock line was

. . obtained from the Michigan Cancer Foundation) was grown in 175 aati
7 cells (33) were treated with (+)-syn- and (-)-anti-DB[a,[|PDE culture flasks in a total volume of 50 ml of Dulbecco’'s modified Eagle’'s

and levels of DNA adducts in conjunction with those of the medium, high glucose type (DMEM with 4.5 gglucose/l; Gibco BRL,
tumor suppressor protein p53 and the CDK inhibitor ¥4+  Grand Island, NY), supplemented with 10% fetal calf serum (FCS; Intergen,

were measured over a 96 h period after exposure. Purchase, NY), 0.1 mM non-essential amino acids (Gibco BRL) and 1 mM
sodium pyruvate (Gibco BRL).

Treatment of MCF-7 cells with+#()-syn- and (-)-anti-DBJ[a,l]PDE

Materials and methods

) After MCF-7 cells covered ~50-60% of the surface area of the flasks (2-3
Chemicals days after splitting of a confluent culture), the media was removed and the
Nuclease P1 (EC 3.1.30.1; froRenicillium citrinum), human prostatic acid cells were washed twice with 20 ml sterile PBS. Medium without FCS (50 ml)
phosphatase (EC 3.1.3.2; from human semen), apyrase (EC 3.6.1.5; fromas added to the flask, then 0of a dimethyl sulfoxide (DMSO) solution
Solanum tuberosum), phosphodiesterase | (EC 3.1.4.1; @mtalus atroy of the enantiomerically pure (+)-syn- or (ajwi-DB[a,]]PDE was added.
and proteinase K (EC 3.4.21.64; fromitirachium album) were purchased (Stock solutions of 1 mg/ml DB{,[]JPDE were diluted in DMSO to adjust the
from Sigma (St. Louis, MO). RNase T1 (EC 3.1.21.3; frohspergillus required concentration.) The cells were treated with the compounds in a
oryzae) and RNase (DNase free, a heterogeneous mixture of ribonucleases fraoncentration range between 0.001 and @M. The control groups were
bovine pancreas) were obtained from Boehringer Mannheim (Indianapolis, IN)reated with 30ul DMSO alone. After 1 h of exposure, the medium was
Unequilibrated phenol and cloned T4 polynucleotide kinase wereremoved and replaced by medium containing 10% FCS. The cells were
purchased from United States Biochemical (Cleveland, OHPRYATP [3500 harvested at 2, 4, 6, 8, 12, 24, 48, 72 and 96 h after treatment by
Ci (129.5 TBg)/mmol] was purchased from Amersham (Arlington Heights, trypsinization with 0.05% trypsin—EDTA (0.05% trypsin, 0.14 M NaCl, 3 mM
IL). The protease inhibitors leupeptin, phenylmethylsulfonyl fluoride (PMSF), KCI, 0.1 M N&HPQ,, 1.5 mM KH,PQ,, 0.5 mM EDTA). After addition of
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Fig. 3. DNA adduct and p53 protein levels in MCF-7 cells 8 h after .

exposure to (+)-syn- or (-)-anti-DB[a,l]PDE. Detection of p53 by western Time after exposure [h]

blotting and analysis of total DNA binding by post-labeling was performed

as described in Materials and methods. A431 (human squamous cell line) Fig. 4. Total DB[a,][PDE-DNA binding in MCF-7 cells after exposure to

protein was included on the blot as a positive control for p53 protein (36). (A) 0.01uM and (B) 0.05uM (+)-syn- or (-)-anti-DB[a,[]PDE for the
times indicated. Analysis of total DNA binding by post-labeling was
performed as described in Materials and methods. Values represent the
means of two independent experiments. Individual values varied from the

an equal volume of medium containing 10% FCS, the cells were centrifugedan within a range of35%.
at 1000g, washed twice with PBS, and the cell pellet stored at —80°C.

DNA preparation

DNA isolation from MCF-7 cell pellets was carried out as described previouslyin water), PMSF (100 mM stock iiso-propanol), aprotinin (1 mg/ml stock
(10). Briefly, the cell pellets were homogenized in EDTA-sodium dodecylin PBS) and TCPI (1 mg/ml stock in PBS). The buffer—cell mixture was
sulfate (SDS) buffer [10 mM Tris, 1 mM N&DTA, 1% SDS (w/v), pH 8]  aspirated through a fine-gauge needle (25 gauge fixed @ ml syringe),

and incubated fol h at37°C with RNase T1 (1000 U/ml) and RNase (DNase then boiled in a water bath until an aggregate of sheared DNA and cell
free; 5pg/ml) on a shaker (100 r.p.m.). Then proteinase K (p@0ml) was fragments had formed (~10 min). After cooling on ice, soluble proteins were
added and the incubation continued for 1 h at 37°C. The mixture was extracteseparated by centrifugation at 10 0§@r 10 min. The protein concentration
twice with 1 vol Tris-saturated phenol (1 M, pH 8.0) then twice with Tris- in this solution was spectrophotometrically determined at 562 nm using the
saturated phenol/chloroforiab-amyl alcohol (25:24:1, v/viv). The DNA was  Bicinchoninic acid colorimetric assay of Pierce (Rockford, IL). Lysates of
precipitated with 2 vol ethanol and 0.1 vol 5 M NaCl, washed with 70% A431 cells (human squamous carcinoma cell line) obtained from the Purdue
ethanol, dried and dissolved in water. The DNA concentration in the solutiorUniversity cell culture laboratory were also prepared for use as a p53-positive
was determined by £s0 nm control in western blot analysis (36). These cells contain high amounts of p53
33p_post-labeling of DB[a,]JPDE-DNA adducts protein due to mutations in codons 248 and 273 of the corresponding gene
which result in increased stability of the protein (37).

Prior to the western blotting, an appropriate amount of each isolated protein
sample (40ug) was diluted in loading buffer [10% glycerol (v/v), 5% 2-
mercaptoethanol (v/v), 0.16 M Tris (pH 6.8), 3% SDS (w/v), 0.06% bromo-

e@Denol blue (w/v)] and separated by SDS—polyacrylamide gel electrophoresis

Post-labeling was carried out as described previously (10). An aliquotjef10
DBJ[a,]]PDE-DNA was digested, post-labeled with-FPJATP (3500 Ci/
mmol) and pre-purified with a Sep-Pakgxartridge (Waters, Milford, MA).
Adducts were separated by HPLC on agCeverse-phase column (@m
Ultrasphere ODS, 4.6X250 mm; Beckman Instruments) and the radiolabel
nucleotides measured with an on-line radioisotope flow-detector (Radiomati
FLO-ONE Beta; Packard Instruments, Downers Grove, IL). The level of DNA
binding (reported as pmol adducts/mg DNA) was calculated based upon th
efficiency of labeling of a B[a]P-7,8-dihydrodiol 9,10-epoxide—DNA standard
as described previously (34).

'AGE) (0.1% SDS, 10% acrylamide) using the following electrode buffer:
44% glycine (w/v), 0.3% Tris base (w/v), 0.1% SDS (w/v), pH 8.3. After
DS-PAGE, the proteins were transferred onto a nitrocellulose membrane
io-Rad) using a transfer buffer consisting of 1.44% glycine (w/v), 0.3%
Tris base (w/v), 20% methanol (pH 8.3), then blocked at room temperature
) ] ) ) with Tris-buffered saline (TBS)-Tween [150 mM NacCl, 0.01 M Tris (pH 8),
Isolation and western blotting of MCF-7 cell protein preparations 0.05% Tween-20 (v/v)] supplemented with 5% (w/v) non-fat dry milk powder
Total proteins from MCF-7 cells treated with-J-syn- or (—)anti-DBJ[a,|]PDE for 10 min. After the blocking step had been repeated, the blot was incubated
were isolated according to the protocol described by Harlow and Lane (35)at room temperature for 1 h with the primary antibody diluted in TBS—Tween
Briefly, the frozen cell pellet was diluted in an appropriate volume of with 0.5% (w/v) non-fat dry milk powder. For p53 detection, the membrane
RIPA lysis buffer [150 mM NaCl, 10 mM Tris—HCI (pH 7.2), 1% sodium was incubated with monoclonal antibody p53 Ab-2 (clone Ab 1801; Oncogene
desoxycholate (w/v), 1% Triton X-100 (v/v), 0.1% SDS (w/v)] (~1 mll10 Science, Uniondale, NY) which recognizes both the human wild-type and
cells). Prior to addition to the cells the RIPA buffer was pre-chilled to 4°C mutant protein. The concentration used was Qugbantibody/ml solution.
and the following were added per ml solution: §0of 0.1 M N&EDTA Monoclonal antibody WAF 1 Ab-1 (clone EA10; Oncogene Science; Q@5
(pH 8.0) and 1Qul of each of the protease inhibitors leupeptin (1 mg/ml stock antibody/ml solution) was used for measuring the W92 protein. After
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Fig. 5. p53 and p2¥AF1 protein levels in MCF-7 cells exposed to 0.QM (+)-syn- or (-)-anti-DBJ[a,]]PDE. At the times indicated treatment, harvesting,
protein isolation and detection of p53 and }2f! were performed as described in Material and methods. A431 (human squamous cell line) protein was
included on the blot as a positive control for p53 protein (36). S, solvent (DMSO)-treated control cells.

incubation with the primary antibody the blot was washed twice with TBS— Measurement of DNA adduct levels at different times

Tween for 10 min each and then incubated for 1 h at room temperature wit Q8vi _ _ \_anti-
the secondary antibody (goat anti-mouse 1gG linked to horseradish peroxidas fter exposure to 0.01 and 0. (+) syn- or ( ) anti

diluted in TBS—Tween. The membranes were washed three times with TBSPB[a,[]PDE alsq demonstrated the ConSiderably_ greater
Tween and the proteins were detected using the enhanced chemiluminescer@@ount of reaction of the (-)-anti-diastereomer with DNA

technique (Amersham). Protein lysates from A431 cells were used as i these cells (Figure 4). The maximal DNA adduct levels
positive control for p53. after treatment with 0.0EM (+)-syn-DB[a,|]PDE or 0.01M
(-)-anti-DB[a,l]PDE were comparable (38 versus 35 pmol
adducts/mg DNA). Almost 60 pmol adducts/mg DNA were
Human mammary carcinoma MCF-7 cells were treated wittobtained 6 h after incubation of MCF-7 cells with 0.0
enantomerically pure (+)-syn- or (-)-anti-DB[a,[]PDE (Figure (-)-anti-DB[a,|]PDE, a modification level of ~1 adduct/50 000
1) in order to determine how DNA adduct formation affectednucleotides. DNA adduction reached maximal levels 6-8 h
the cellular content of the tumor suppressor p53 protein angfter exposure for both of the DB[a,l]PDE diastereomers used
the CDK-inhibitor p2¥A71. The HPLC elution profiles of the  (Figure 4). The amount of adducts subsequently decreased and
33p-post-labeled DNA adducts formed in MCF-7 cells afterreached 0.8 and 3.4 pmol/mg DNA 96 h after exposure to
treatment with 0.03tM (+)-syn- and (-)-anti-DB[a,I[PDE are .01 pM (+)-syn- or (-)-anti-DB[a,|JPDE (Figure 4).

shown in Figure 2. The DNA from MCF-7 cells treated with  \western blot analysis of p53 and PP£? protein levels in
(+)-syn-DBJa,[]PDE contained two major adduct peaks that\icF-7 cells after incubation with 0.0aM (+)-syn- or (-)-
eluted at 70 and 102 min. These have previously been identifi%ti_DB[aJ]pDE are shown in Figure 5. Levels of p53 exceeded
as dA adducts by cochromatography with synthetic standardsontrol values between 4 and 6 h and reached the maximum
(10). The DNA from MCF-7 cells treated with (-)-anti- |gye| by 8 h after treatment with 0.QaM (-)-anti-DB[a,]]PDE.

DB[a,[]PDE contained three major adduct peaks. The large,psequently, the amount decreased and returned to control

peak eluted at 78 min is a dA adduct and the smaller peal\?alues after 48 h. A large i : 1
. . ge increase in P2 was observed

?A“ted da'lrt1 6 d2 ﬁg.‘dl 68 m!g ar$ dtG daciﬁlucts (102[: At aI][ ?hoseDSN°~8 h after treatment with (-)-anti-DB[a,]|PDE (Figure 5). The

ese dihydrodiol epoxides tested, the proportions of the DNA, o ¢ this protein remained elevated at all times examined

adducts present were similar; however, the absolute amount

of DNA adducts varied_wit_h the dose of dihydrodiol ePOXid_eS-;st:gings\,:g Igefeocr:ggs;t r;%y\”tsi'rglee z;‘(t:ecrtl?:gﬁ:fer]nt() fofthla Cpés;
The level of DNA binding and amount of p53 protein in cells with 0.01pM (+)-syn-DB[a,[]PDE (Figure 5). Although

MCF-7 cells observed 8 h after treatment with increasin ) ;
concentrations of (+)-syn- and (-)-anti-DB[a,[][PDE are%reatment with 0.0uM (+)-syn-DBJ[a,][PDE did not cause a

shown in Figure 3. For both dihydrodiol epoxides the amount of €t€ctable increase in ps3 protein, this treatment did result in
DNA adducts present increased with dose. Exposure to (—f Considerable increase in the amount of the"fi21 protein
anti-DB[a,]]PDE resulted in 3- to 4-fold higher DNA adduct (Figure 5). This increase was detectable after 12 h of exposure
formation than treatment with the same dose of (+)-synnd persisted through 96 h. _

DB[a,l[PDE. An increase in p53 protein levels was also T0 determine whether an intermediate dose of (+)-syn-
detected at low concentrations of (—)-anti-DB[a,JPDE. DB[&,l[PDE that gave DNA binding levels comparable with
Whereas treatment with 0.QIM (-)-anti-DB[a,[]PDE caused that of 0.01uM (-)-anti-DB[a,]]PDE (Figure 3) would result

a detectable increase in p53, the threshold dose for a visibi@ similar effects on p53 and p24™! levels, cells were treated
increase in p53 was in a range between 0.02 and @\3n  Wwith 0.025 uM (+)-syn-DB[a,I[PDE for up to 96 h. The
cells treated with the diastereomeric (+)-syn-DB[a,l[PDEwestern blots shown in Figure 6 demonstrate that this dose of
(Figure 3). The adduct level at which an increase in p53 level§+)-syn-DB[a,l]]PDE caused an increase in p53 at 6-8 h and
was observed was in a comparable range of ~15-20 pmol/mg detectable increase in g&f* at 12 h that persisted through-
DNA for both dihydrodiol epoxides. out 96 h. Thus, doses of (+)-syn- and (-)-anti-DB[a,l]PDE
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"_ ey 5 in a previous study using the ultimate genotoxic metabolite
L. LA e . v P of B[a]P, B[a]P-7R,8S-dihydrodiol 95,10R-epoxide {(+)-anti-

T T . B[a]PDE} (19), both fjord region DB[a,/]PDEs caused
’ . - il __,..--/ p21"™**  significantly higher DNA adduct and p53 protein levels/uM
dihydrodiol epoxide. Exposure of MCF-7 cells to 0.Q#1
(-)-anti-DB[a,l]PDE (Figure 3) or 0.31M (+)-anti-B[a]PDE
(19), both stereoisomers witR,S,S,R-configuration, resulted
in a comparable DNA binding (~50 pmol adducts/mg DNA)

ad

Ad431 8§ 2 4 & 8B 12 24 48 TI %%

Time after exposure [h]

Fig. 6. p53 and p2AF1 protein levels in MCF-7 cells exposed to and increases in p53 protein levels. These findings indicate
0.025uM (+)-syn-DBJ[a,l]PDE. At the times indicated treatment, that irrespective of the structure of the specific PAH-DNA
harvesting, protein isolation and detection of p53 and¥#21 were adduct formed, doses of (+)-anti-B[a]PDE, (-)-anti-

performed as described in Material and methods. A431 (human squamous DB[a,]]PDE or (+)-syn-DB[a,]JPDE that formed the same
g?gtgrnezs%)(_)tgl,nsvgﬁlserlmrt]ig&egog?tr?:t:éoéc?riri|pé)e5|:2Ye control for pS3 :gg:z of adducts resulted in similar increases in p53 protein
The effect of the DBJa,[[PDEs on cellular levels of p53
brotein and p244F1 protein were similar at various times for
doses that gave similar DNA adduct levels. Levels of p53 in
MCF-7 cells increased to a detectable extent by 4-6 h
after exposure to 0.0tM (-)-anti-DB[a,l]PDE (Figure 5) or
The strong carcinogen DBJa,l]P has been found to exert it9.025uM (+)-syn-DB[a,l]PDE (Figure 6). In both cultures a
genotoxic activity in human mammary MCF-7 cells predomi-large increase in p2%'F! protein was observed after 8-10 h
nantly via metabolic activation to (+)-syn- and (-)-anti- and p2¥A*1 levels remained elevated up to 96 h (Figures 5
DBJ[a,l]PDE which react with genomic DNA to form mainly and 6). The time lag observed between p53 response and
deoxyadenosine adducts (10,16). Measurement of DNAnduction of p2AF1 after treatment with 0.0LUM (-)-anti-
adducts formed in MCF-7 cells after direct incubation with eachDB[a,I]PDE or 0.025uM (+)-syn-DBJa,[]PDE is consistent
diastereomeric DBJ[a,l]PDE revealed that (-)-anti-DB[a,l]PDE with a temporal connection between these increases. Others
caused a 3- to 4-fold higher DNA modification level have demonstrated in various wild-type p53-expressing human
compared with (+)-syn-DB[a,l]PDE over a dose range fromcell lines that DNA damage leads to nuclear accumulation of
0.005 to 0.1uM (Figure 3). Higher levels of (-)-anti- this protein followed by induction of p2%\¥1 and subsequent
DB[a,]]JPDE-DNA adducts compared with (+)-syn- cell-cycle arrest in G (24,26,27,40). In addition to this
DBJ[a,|l]PDE-DNA adducts were observed in cultures treatecb53-dependent signal transduction pathway via induction of
with 0.01 or 0.05uM (-)-anti- or (+)-syn-DBJ[a,l]PDE over p21"AFl evidence has been found for p53-independent induc-
the period of 2—96 h after exposure (Figure 4). The significantiytion of p21"¥AF! caused by DNA damage (41). The results
lower DNA adduct level observed after exposure to equimolaobtained after treatment of MCF-7 cells with 0.0M (+)-
concentrations of (+)-syn-DBJa,[[PDE compared with (-)- syn-DB[a,l]JPDE (Figure 5) may involve such a pathway.
anti-DBJ[a,l]JPDE might be due to increased sequestration ofAlthough no increase in p53 was observed at any time after
the syn-diastereomer as a consequence of its preferentiallyeatment up to 96 h, a considerable increase in“p21
adopted aligned conformation (12). Vicinayn-dihydrodiol  protein was detected by 12 h after exposure and maintained
epoxides preferring this conformation have been shown tdor 4 days.
undergo significantly accelerated solvolytic opening of their The CDK-inhibitor p2AF1 inhibits both the cyclin-depend-
oxiranyl ring under neutral conditions compared with corres-ent G, kinases and the $M-specific cdc2 kinase (42,43). A
pondinganti-diastereomers (38). This explanation would alsonumber of types of DNA damage have been demonstrated to
be consistent with the observation that (+)-syn-DB[a,||PDE—cause G arrest controlled by a wild-type p53-dependent
DNA adducts were only detected in MCF-7 cells after treatmentnduction of p2XAF1 (21,24,44). However, DNA damage can
with high doses of the parent PAH (148M), whereas (-)- also result in an arrest in GDNA damage induced by-
anti-DB[a,]]PDE-DNA adducts were present at detectableirradiation has been found to induce/ accumulation of
levels after exposure to a dose as low as 0.aBbDBJ[a,[][P  cells that lack wild-type p53 expression (24,45). Up-regulation
(39). of wild-type p53 gene expression in human fibroblasts in the
DNA damage induced by both DBJa,l]PDEs increased theabsence of any DNA damaging agent has also been shown to
cellular content of the p53 protein 8 h after exposure (Figurgesult in the mediation of a reversible growth arrest by both
3). Therefore, DB[a,][PDE-DNA adducts caused a similarthe control of the G and the G/M checkpoints (45). In
increase in p53 protein levels in MCF-7 cells as has beeboth cases, the arrest was associated with high levels of
observed in various human cell cultures treated with a numbgu21VAFL (45).
of DNA-damaging agents including ionizing radiation (24), Measurement of the p2%F! content in MCF-7 cells after
antitumor drugs (25) and metabolites of other PAHs (19,21,22)treatment with 0.00uM DB[a,l]P (39) or different doses of
A dose as low as 0.0uM (-)-anti-DBJ[a,]]PDE caused a (-)-anti- and (+)-syn-DBJa,l]PDE (Figures 5 and 6) revealed
detectable increase in the level of the p53 protein, but 0.02that the level of this protein did not exceed control values
0.03uM (+)-syn-DBJa,l]PDE was required to cause a compar-until ~48 h after exposure to the parent PAH or 12—-24 h after
able p53 increase (Figure 3). Based upon the respective levekposure to both fjord region DB[a,|]]PDEs. Therefore, any
of DNA adducts formed by these dihydrodiol epoxides (Figurecell-cycle arrest caused by increases in ‘g1 in response
3), (+)-syn-DBJa,|]PDE-DNA adducts were essentially asto the DBJ[a,/]PDE-induced DNA damage may occur after
effective per adduct in causing an increase in p53 as (-)-antkeplication of DNA containing appreciable levels of
DBJ[a,|]PDE-DNA adducts. Compared with the results obtainedDBJ[a,]]PDE-DNA adducts. The concept that PAHs can act as
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that gave at least 15 pmol adducts/mg DNA caused simila
increases in p53 and p?4™ protein levels.

Discussion
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‘stealth carcinogens’ by allowing replication prior to cell-cycle

Indoor air sampling and mutagenicity studies of emissions from unvented
coal combustionEnviron. Sci. Technagl21, 308-311.

arrest has been prOposed. by Khetnal. .(22)' Although .they 7.Mumford,J.L., Xueming,L., Fuding,H., Xu,B.L. and Chuang,J.C. (1995)
_Observed ceII-cypIe arrest .II’I S phase with Or_“y a Sma”. '”9fease Human exposure and dosimetry of polycyclic aromatic hydrocarbons in
in p2IWAFL protein levels in cells treated with racemanti- urine from Xuan Wei, China with high lung cancer mortality associated
11,12-dihydrodiol 13,14-epoxide of benzo[g]chrysene, the 21 h with exposure to unvented coal smol@arcinogenesislG, 3031-3036.
time-point tested may have been early in the'¥¥1 response 8-(51”90707")"\T"h'z-’_g:"t‘?fr.zgpg-';f Al ri”gfé'leéR'g' H'g.m;”'HoiCr'] acnlgfhorc‘)yké?g'
. . . identificati ig cular weight polynu r aromati
(22)' In_studies with .DB[a’I]P (39)’. B[a]P a’?d (+)'am|' hydrocarbons in a biologically active fraction of cigarette smoke
B[a]PDE (19, L.C.KaSpln and W.M.Ball’d, UnpUb“Shed reSU|tS) CondensateBeitr_ Tabakforsch_Q’ 79-101.
we observed a cell-cycle arrest in/@ in MCF-7 cells and  9.Ralston,S.L., Lau,H.H.S., Seidel,A., Luch,A., Platt,K.L. and Baird,W.M.
a large increase in p2%F! levels. The observed cell-cycle (1994|1) Identi;ication of ditl)(enzeli[l]py:’ene—DNA adducts formed in cells
; _ in culture and in mouse skiRolycyclic Aromat. Comp§, 199-206.
arrest in phases other than Gay be dule to a DNA damage- ;oo icon' ST Seidel A, LuchA. PlattK.L. and BairdW.M. (1995)
'”dUPEd Iong-term expression of M , such as'descrlbed Stereoselective activation of dibenadlpyrene to (-)anti(11R,
by Di Leonardoet al. (44), caused by treatment with DB[a,I[P 125,135 14R)- and (+)-syn@12R,13S,14R)-11,12-diol-13,14-epoxides
or (+)-syn- and (_)-anti-DB[a,I]PDE (Figures 5 and 6)_ which bind extensively t(l)l (Iieoxyadenosine residues of DNA in the human
The present study demonstrates that there is a dose- mammary carcinoma cell line MCF-Zarcinogenesisl6, 2899-2907.
de endgnt increase i>r/1 53 protein levels in MCF-7 cells aftefttK-M., TodorovicR,, Rogan,B.G., CavalieriEL., Ariese,F., SuhM.,
p p p . Jankowiak,R. and Small,G.J. (1995) Identification and quantitation of
exposure to (+)-syn- or (-)-anti-DB[a,l|PDE. Both stereo- ibenzola,lJpyrene—DNA adducts formed by rat liver microsoinesitro:
isomeric compounds are the DNA-binding products of preponderance of depurination addugmchemistry34, 8043-8049.
metabolic activation of DB[a,[]P. The stereoisomer with 12-Lugh,A-,tGlatt_,Ht--Rantlﬁtt,E_-L-,t Oesch,F. afr)ddSeid_el,A-l(llSig4c)j_Eygthg_sils
B " ; Noanti_ iyni.  and mutagenicity of the diastereomeric fijord-region 11,12-dihydrodio
R’S’S'R conflguratlon, the ( ) anti DB[a’l]PDE' f(_)rms signi 13,14-epoxides of dibenzo[a,l]pyren@arcinogenesisl5, 2507-2516.
ficantly more DNA adducts and induces an increase of3 gijH.s. KoleP.L., WileyJ.C., LiK.M., Higginbotham,S., Rogan,E.G.
p53 at significantly lower concentrations than the (+)-syn- and Cavalieri,E.L. (1994) Synthesis and tumor-initiating activity in mouse
DBJ[a,l]PDE with S,R,S,R-configuration. These results together skin of dibenzof[Jpyrene syn- and anti-fiord-region diolepoxides.
with our previous findings on (+)-anti-B[a]PDE-treated MCF- _Carcinogenesisl5, 2455-2460.
S . . . 14.Amin,S., Krzeminski,J., Rivenson,A., Kurtzke,C., Hecht,S.S. and El-
7 cells .(19) indicate that th? Increase Of Wlld-type ps3 proteml Bayoumy,K. (1995) Mammary carcinogenicity in female CD rats of fjord
levels is related to formation of a critical level of adducts region diol epoxides of benzgjphenanthrene, benzo[gchrysene and
rather than by specific adduct structures and configurations. dibenzo[a,l]pyreneCarcinogenesisl6, 1971-1974.
The results demonstrate that formation of DB[a,||PDE-DNA15.Amin,S., DesaiD., DaiW., Harvey,R.G. and HechtS.S. (1995)
adducts also causes a long-term induction of the CDK inhibitor Tumorigenicity in newborn mice of fjord region and other sterically

. . . hindered diol epoxides of benzgfhrysene, dibenzalllpyrene
WAF1 1
p21 . The presence of an increase in Wéﬁ- protein levels (dibenzo[def,p]chrysene), 4H-cyclopemteflchrysene and fluoranthene.

in the absence of a detectable increase in p53 protein levels carcinogenesis]6, 2813-2817.

in cells treated with 0.0uM (+)-syn-DB[a,l]PDE suggests 16.Melendez-Colon,V.J., Smith,C.A., Seidel,A.,, LuchA., Platt,K.-L. and

that p53-independent induction of Ml can also result Baird,W.M. (1997) Formation of stable adducts and absence of depurination
. DNA adducts in cells and DNA treated with the potent carcinogen

from DB[a’I]PDEXBNA adduct f_ormatlon. The Iong term dibenzol[a,l]pyrene or its diol epoxide®roc. Natl Acad. Sci. USAQ4,

induction of p2YAFl after formation of DB[a,]|PDE-DNA 13542-13547.

adducts may lead to BV arrest, which remains to be further 17.Luch,A., Seidel,A., Glatt,H.-R. and Platt,K.L. (1997) Metabolic activation

established. of the (+)-S,S- and (-)-R,R-enantiomerstrains-11,12-dihydroxy-11,12-
dihydrodibenzad,l]pyrene: stereoselectivity, DNA adduct formation, and
mutagenicity in Chinese hamster V79 celShem. Res. Toxicol10,
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