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DNA amplification is potentiated when this cell line is pretreated with
Dex to overexpress the DNA-binding domain of PARP.

Abstract
Poly(ADP-ribose)

polymerase

(PARP) is an evolutionally

conserved

nuclear protein present in most eukaryotic species and catalyzes the
formation of ADP-ribose polymers covalently attached to proteins. PARP
is strongly activated by DNA single- or double-strand breaks and is

Materials and Methods

thought to be involved in cellular responses to DNA damage. Based on the
SV40-transformed
Chinese hamster cell line CO60, we had established
stable transfectants that overexpress the PARP DNA-binding domain
conditionally. DNA-binding domain overexpression led to fr<m.v-dominant
inhibition of poly(ADP-ribosyl)ation
and sensitized the cells to genotoxic

maintained as monolayers exactly as described (8). Exponentially growing
cells were trypsinized and plated at 10s (MNNG treatments) or I(T (controls)

agents. Using the amplification of chromosomally integrated SV40 DNA as
an indicator system, we show here that irons-dominant PARP inhibition
potentiates
genetic instability
induced by iV-methyl-Ar'-nitro-jV-nitrosoguanidine

treatment of cells.

Introduction
Poly(ADP-ribosyDation of proteins is catalyzed by the nuclear
enzyme PARP1 (EC 2.4.2.30), with NAD1 serving as substrate, and
represents an immediate-early response of most eukaryotic cells to
DNA damage (reviewed in Ref. 1). PARP binds to DNA strand breaks
by its NH-,-tcrminal DNA-binding domain, resulting in the activation
of its catalytic function.
Although the precise biological role of PARP is not known, this
enzyme activity has been linked with several cellular responses to
DNA damage, i.e.. DNA repair, genetic recombination, and most
recently with apoptosis (2-4). It was postulated from different exper
imental systems that stimulation of the poly(ADP-ribosyl)ation path
way in carcinogen-treated cells counteracts the phenomenon of ge
netic instability. One form of genetic instability is the amplification of
cellular DNA sequences, e.g., oncogenes or drug resistance genes,
which is thought to play an important role in carcinogenesis (reviewed
in Ret. 5). We had shown previously that the chemical ADP-ribosylation inhibitor 3AB potentiates SV40 DNA amplification induced by
the alkylating agent MNNG in the SV40-transformed hamster cell line
CO60 (6). Likewise, MNNG-induced methotrexate resistance and
amplification of the dihvdrofolale reducÃ-ase gene in CHO cells was
potentiated by ADP-ribosylation inhibitors (7). Given the accumulat
ing evidence of nonspecific inhibitor effects, we developed the stably
transfected CO60 subline COM3, in which inhibition of poly(ADPribosyhation is achieved by Dex-inducible overexpression of the mere
DNA-binding domain of PARP, acting as a dominant-negative mutant
of this enzyme (8). Here we demonstrate that MNNG-induced SV40
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CAD. carbam-

Cell Culture and MNNG Treatment. COM3 and COR2 cells are stable
transfectants of the SV40-translbrmed
hamster cell line CO60 and were

cells per 10-cni Petri dish. One day later, fresh medium supplemented or not
with 5 X 10 * M Dex was given. Dex treatment was performed for 24 h.
Thereafter, medium was replaced with medium containing 50 /J.MMNNG ( 10
mM stock solution in PBS) or with normal medium. Cells were further
incubated in these media under routine conditions for 4 days. In some exper
iments. 2 ITIVI3AB (Sigma Chemical Co., MÃ¼nchen.Germany) was added to
the cells 2 h before MNNG treatment and was then continuously present until
cells were harvested for DNA extraction.
DNA Amplification Assay. Adherent cells were trypsinized and combined
with nonadherent cells. Total cellular DNA was extracted, denatured, and
neutralized exactly as described (9). DNA from 5 x H)4 cells was blotted onto
duplicate nitrocellulose membranes using a dot blot apparatus (Schleicher &
SchÃ¼ll.Dassel. Germany). Blots were dried tor 30 min at 80Â°Cand subjected
to prehybridi/ution and hybridization in 50% formamide at 42Â°Cas described
(6). For the detection of amplified SV40 DNA. the 12P-lubeled (10) 2.2-kb
BanMl-Tat/l fragment of SV40 was used while detection of the single-copy
albumin gene was performed on a parallel blot with the l:P-labeled 7(X)-bp
fragment spanning the region between the ///Â»dill site and the 3'-end of the rat
albumin cDNA. Hybridization signals were evaluated by using a phosphorimager (Molecular Dynamics. Kreteld. Germany) or by autoradiography.
To quantitate the SV40 DNA amplification responses to the various treat
ment conditions, peak area values of the SV40 hybridization signals were
divided by the respective albumin values from the parallel blot to correct for
the exact amount of DNA loaded. The resulting values were divided by those
of untreated control cells, thus yielding "amplification factors."

Results and Discussion
Inhibition of Poly(ADP-ribosyl)ation Potentiates Gene Ampli
fication. By using the overexpressed DNA-binding domain of human
PARP as a /rÂ«/;.v-dominantinhibitor of poly (ADP-ribosy l)ation in the
stably transfected cell line COM3 (8), we set out to investigate the
effect of this type of PARP inhibition on carcinogen-induced DNA
amplification. Since COM3 cells were derived from the SV40-transformed Chinese hamster cell line CO60, we chose the amplification of
integrated SV40 DNA as a model system, as originally described by
Lavi ( 11). In COM3 cells, the PARP DNA-binding domain expression
is controlled by the Dex-inducible mouse mammary tumor virus
promoter. COM3 cells also contain an expression construct for the
human glucocorticoid receptor facilitating high-level expression of
the DNA-binding domain (8). To check for any possible side effects
of Dex in combination with glucocorticoid receptor overexpression,
we have established CO60 control transfectants overexpressing this
receptor but lacking the PARP DNA-binding domain cDNA (8). One
of these cell lines, COR2, expresses about twice the amount of
glucocorticoid receptor as does COM3 and is competent to amplify
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SV40 DNA after MNNG treatment, as holds true for COM3 (see
below).
Fig. \A shows representative results of SV40 DNA amplification
experiments done in COM3 cells. At 50 /UMMNNG, there was about
3-fold amplification of SV40 sequences. In parallel, we observed
about 5-fold SV40 DNA amplification in parental CO60 cells (data
not shown); thus, amplification amplitudes of COM3 and CO60 cells
are comparable. Previously, we had detected about 20-fold SV40
DNA amplification in our CO60 cultures with the same MNNG
concentration (6). This difference in the absolute amplitude of SV40
DNA amplification very likely is due to different batches of PCS or
different MNNG solvents (DMSO versus PBS) used. Pretreatment of
COM3 cells with Dex, leading to overproduction of the DNA-binding
domain of PARP, caused a drastic potentiation of MNNG-induced
SV40 DNA amplification (Fig. 1, A and C). The MNNG-induced
amplification of SV40 DNA sequences was potentiated 6-fold in
Dex-pretreated cells compared to untreated cells, whereas there was
nearly 2-fold potentiation of amplification in cells that were treated
with MNNG plus the chemical PARP inhibitor 3AB. The latter result
is in line with our earlier data on CO60 cells showing that under these
conditions, 3AB potentiated SV40 DNA amplification about 2.5-fold.
To check for any side effects of Dex per se in this system, we
investigated SV40 amplification in the control cell line COR2 (Fig.
IÃŸ).MNNG treatment apparently led to a slight increase in SV40
copy number, and this increase was more pronounced in cells cotreated with the chemical PARP inhibitor. However, pretreatment
with Dex had no detectable effect on the amplification amplitude in
COR2 cells. This was also the case when we tested other MNNG
concentrations in the range of 25-100 /XM,whereas in COM3 cells, the
amplification-potentiating
effect of Dex was clearly detectable at all
MNNG concentrations tested (data not shown).
We conclude from our results that inhibition of poly(ADP-ribosyl)ation increases genetic instability in carcinogen-treated cells as
measured by gene amplification. However, neither DNA-binding do
main overexpression nor PARP inhibition with 3AB caused SV40
gene amplification in the absence of DNA damage. This is in contrast
to recent data on stably transfected HeLa cells showing increased
amplification of the CAD gene in the presence of PARP-specific
antisense RNA but without any carcinogen treatment of cells (12). To
see whether this apparent discrepancy is due to the different amplifi
cation systems (SV40 versus CAD), we are currently studying the
influence of PARP inhibition on CAD amplification in COM3 cells.
Interestingly, the effect of rran.v-dominant inhibition of poly(ADPribosyDation on gene amplification is much more pronounced than the
effect exerted by the chemical PARP inhibitor. Immunofluorescence
analysis of cellular poly(ADP-ribose) formation revealed that both
modalities lead to virtually complete inhibition of polymer formation
after treatment with 50 /AMMNNG (data not shown). This is in line
with the equal efficiency of inhibition we have detected previously by
quantitative poly(ADP-ribose) analysis upon 56 Gy of y-irradiation
(8). Thus, there must exist qualitative differences between the two
inhibition modalities. It is conceivable that binding of the DNAbinding domain to a DNA strand break is almost irreversible, and
indeed, it was shown previously that DNA-binding domain overex
pression results in a blockade of MNNG-induced unscheduled DNA
synthesis in living cells (13). Comparable results were obtained in an
in vitro DNA repair system, revealing that unmodified PARP binds
tightly to DNA strand breaks and inhibits DNA repair; auto-poly(ADP-ribosyl)ation of the enzyme then effects its release from the
break and renders lesions accessible for DNA repair enzymes ( 14, 15).
In a cell overexpressing the PARP DNA-binding domain, only few
DNA strand breaks will be occupied by catalytically active PARP and
should, therefore, be protected against such a blockade of DNA repair.
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Fig. 1. MNNG-induced SV40 DNA amplification in COM3 and COR2 cells. Treat
ment of COM3 (A) or COR2 cells (B) with 5 X 10 " M Dex. or with 2 mm 3AB. and
incubation with 50 /IM MNNG were performed as described in "Materials and Methods."
Genomic DNA was purified from cells 4 days after carcinogen treatment and subjected to
DNA dot blotting. Parallel blots were probed with "P-laheled SV40 DNA or rat albumin
cDNA, respectively. Hybridization signals were evaluated by phosphorimaging and were
used to calculate the factors of SV40 DNA amplification (Af~> in MNNG-treated cells
relative to the signals from untreated cells. Hybridi/ation signals of the single-copy
alhumin gene were used to control for the amount of loaded DNA. A and ÃŸ.data are the
mean values from at least three independent experiments; bars, SD. C dot blot autoradiographs from a representative, triplicate SV40 DNA amplification experiment done in
COM3 cells. Hybridizations with the albumin and the SV40 DNA probe, respectively, are
shown.
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By contrast, inhibition of strand break-bound endogenous PARP with

GENE AMPLIFICATION
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benzamide derivatives, acting as competitive inhibitors of the sub
strate NAD+, may be less complete; thus, blockades of all of the
strand breaks may be weaker, due to low-level PARP automodification still going on. Indeed, it was shown that the temporary presence
of even short poly(ADP-ribose) chains on PARP abrogates inhibition
of excision repair by this protein (16).
PARP Inhibition and Genetic Instability. MNNG treatment of
cells leads to base alkylations that are removed by base-excision
repair, in the course of which DNA strand breaks are formed. De
pending on the MNNG concentration, the majority of these breaks
will be single-strand breaks. Binding of the DNA-binding domain to
these breaks inhibits repair and should thus enhance the risk of a
second lesion in the neighborhood, which then can lead to DNA
double-strand breaks and even chromosomal breaks. Interestingly, it
was demonstrated in stable HeLa transfectants that overexpression of
the PARP DNA-binding domain increases the frequency of sister
chromatid exchanges (17). Chromosomal breaks play an important
role in the initiation and maintenance of the so-called unequal sister
chromatid exchange/breakage-fusion-bridge
cycle mechanism that is
postulated to cause DNA amplification of dihydrofolate reducÃ-ase,
CAD (reviewed in Ref. 5), and P-glycoprotein ( 18) genes in Chinese
hamster cells. On the other hand, it was shown in CO60 cells that
during MNNG-induced SV40 DNA amplification, hairpin structures
are formed as a primary amplification product, presumably by a
so-called U-turn replication mechanism involving DNA polymerase
template switching (19). According to this model, there is no require
ment for chromosomal breaks; instead, arrested replication forks
should promote such a mechanism. Although we could show previ
ously that in the absence of DNA damage polyomavirus DNA repli
cation is not limited by overexpression of the DNA-binding domain in
COM3 cells (8), blocking of replication forks might occur by binding
of this polypeptide to carcinogen-induced DNA strand breaks.
It has been demonstrated by several groups that genetic instability and
gene amplification can result from an inappropriate entry of cells into and
progression through S-phase due to the absence of p53 or Rb functions
(Ref. 20 and references therein). In SV40-transformed CO60 cells, large
T-antigen should bind both p53 and Rb, thus allowing carcinogen-treated
cells to enter S phase. Since COM3 cells retain their competence to
undergo apoptosis upon MNNG treatment,4 we are currently investigat
ing a possible link between increased genetic instability by trans-domi
nant inhibition of poly(ADP-ribosyl)ation and p53 activation leading to
apoptosis. By using this system, we hope to contribute to the molecular
understanding of the role of PARP in carcinogenesis.
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