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Abstract. Loss of the DNA homologous recombination repair pathway (DHR) sensitizes cells to the effects of clastogenic
chemotherapy agents when the alternative base excision DNA repair pathway (BER) is blocked by inhibitors of poly(ADP-
ribose) polymerases (PARP). The mutation of BRCA is an example of defective DHR, where several PARP inhibitors are now
in advanced stages of clinical trials due to their ability to form synthetic lethality with chemotherapy drugs in breast and ovarian
cancer. Because the inability of cells to perform DHR is the determining factor for successful PARP inhibitor administration
in a chemotherapy protocol, testing of patient cells for sensitization by PARP inhibitors would be advantageous for the
prediction of therapy outcome. This proof-of-principle study set out to design recombinant adenoviruses as a simple tool for
the functional block of PARP1-mediated DNA strand break repair important for the execution of BER that could potentially be
used to test cultured cells from patients for the sensitizing effects of PARP inhibitors in a chemotherapy setting. Recombinant
adenoviruses for the expression of the PARP1 DNA binding domain (DBD) as a dominant-negative PARP1 mutant, for full-
length PARP1 expression and other control viruses were generated and used to infect normal human fibroblasts. Transgene
expression and the modulation of poly(ADP-ribose) (PAR) were studied using immunofluorescence and immunoblotting
techniques. Overexpression of PARP1 increased, but expression of the PARP1 DBD blocked PAR formation in response to
methylnitronitrosoguanidine (MNNG) treatment of virally transduced cells. Ectopic DBD expression caused the formation
of caspase 3 cleavage products of PARP1 protein, which are a marker of apoptotic cell death. Cells infected with control
virus without PARP DBD did not induce caspase 3-mediated cleavage of PARP1. In conclusion, the set of adenoviral vectors
presented in this study can be used to modulate PARP activity in normal human cells and may therefore be used as a tool for
testing cellular sensitization by blocking DNA BER by administration of PARP inhibitors and to gain better understanding
of potential PARP inhibitor resistance.
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1. Introduction

The management and repair of DNA damage represents an important aspect of cellular survival and
the maintenance of genomic stability throughout the lifetime of the cell. Cellular DNA is constantly
subjected to endogenous and environmental damage that would lead to either the demise of the cell or
to mutation if left unrepaired. Overlapping and alternative DNA damage response (DDR) pathways
have evolved to (a) sense DNA damage, (b) signal to halt the cell cycle and (c) activate the appropriate
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cellular response such as recruitment of the appropriate DNA repair enzymes needed for the alternative
DNA repair processes that exist in the cell (recently reviewed in [1, 2]).

DNA damage signaling induces distinct biochemical decision steps that determine cellular fate in
response to DNA damage. Depending on the severity of the damage and the intensity of the damage
signal, cells can either experience temporary cell cycle arrest, undergo apoptosis, differentiate to exit
the cell cycle, or they can become prematurely senescent and die. DNA single- or double- strand breaks
(SB) that occur either as a direct result of the exogenous impact, such as by ionizing radiation, or as
intermediate products of several DNA repair pathways, almost always play a key role in these decisions
because they represent the most severe form of DNA damage.

DNA damage with the formation of single or double SB leads to the rapid induction of
poly(ADP-ribosyl)ation. This post-translational protein modification is mediated by members of the
poly(ADP-ribose) polymerase (PARP) enzyme family [3]. Poly(ADP-ribose) polymerase-1 (PARP1)
is the most prevalent nuclear PARP. Exposure of cells to ionizing radiation, alkylating agents or oxi-
dants lead either directly or as intermediates of cellular DNA repair efforts to the formation of DNA
strand breaks, which activate PARP1 [4, 5]. The activated PARP1 modifies itself and other nuclear
proteins with long, branched chains of poly(ADP-ribose) (PAR), consuming NAD+ as a substrate and
releasing nicotinamide as a byproduct. The ADP-ribose polymers subsequently are quickly degraded
to monomeric ADP-ribose by the activity of poly(ADP-ribose) glycohydrolase (PARG) [6, 7].

PARP1 plays important roles in the repair of DNA strand breaks which it binds to via its DNA binding
domain (DBD, Fig. 1). Binding of the DBD to a DNA strand break activates the catalytic domain of
PARP1 to form PAR. The biopolymer is covalently bound to glutamate and arginine residues of target
proteins such as H1 and, to a lesser extent, H2A and H2B nucleosomal subunits at the damaged site as
a large, highly electronegative posttranslational modification (PTM). PAR reduces or fully neutralizes
the ability of these proteins and other chromatin components to bind to DNA, leading to profound local

Fig. 1. Features and approximate sizes of PARP1, PARP1 DBD and their apoptotic fragments. Caspase-3 cleavage of PARP1
takes place in the DEVD G amino acid sequence in the middle of the bipartite nuclear localization signal (NLS). The
recognition site of the PARP1 specific antibody (clone C2-10) is depicted by a star. The molecular size of PARP1 protein is
113 kDa and the PARP1 apoptotic fragment recognized by the C2-10 antibody is ∼85 kDa. PARP1 DBD is 44 kDa in size
and the apoptotic fragment of PARP-1 DBD recognized by C2-10 is ∼18 kDa.
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chromatin decondensation by transient removal of H1 and core histones from the DNA (reviewed in
[5, 8]). PARP1 auto-modification with PAR also removes the enzyme from the DNA strand break and
inhibits its enzymatic activity. The local chromatin decondensation mediated by PARP1 is an essential
step in DNA repair, where repair factors need access to the damaged site [9]. In addition, PAR formation
by PARP or PARP2 is involved in a myriad of other biological processes including DNA replication,
transcription, and DNA unknotting mediated by topoisomerases [10–14], cell differentiation during
spermiogenesis and a multitude of epigenetic events such as the regulation of RNA metabolism, the
activation of ATM/ATR-dependent H2AX phosphorylation in the presence of DNA double strand
breaks, and the regulation of histone demethylases such as KDM5B and KDM4D [15–21]. PARP1
and possibly PARP2 play clinically important roles in base excision repair (BER). Alkylating agents,
such as they are used in cancer chemotherapy or the compound MNNG (methylnitronitrosoguanidine)
used in this study, add an alkyl group to DNA bases which triggers a DNA damage response. In the
BER pathway, alkylated G and T are recognized by specific glycosylases that remove altered bases
to create an apurinic or apyrimidinic (AP) site but leave the sugar-phosphate backbone of the DNA
intact. A specific AP endonuclease (APE1) then cleaves the DNA at the AP site to create a single-
strand break (nick) which activates PARP1 [16]. Inhibition of PARP blocks BER, so that the alternative
pathway, homologous recombination repair, is left as the only alternative to repair this type of DNA
damage. If cells are unable to perform homologous recombination repair, such as in breast cancer
cells with defective BRCA protein, they are strongly sensitized to DNA damaging agents when BER
is blocked, which has been the rationale for designing highly potent and bioavailable PARP inhibitors
as anticancer drugs where PARP inhibition causes synthetic lethality in combination with ionizing
radiation or clastogenic antitumor drugs [22–24].

Despite the fact that highly potent PARP inhibitors exist that are currently in clinical trials for targeting
DNA repair in cancer cells (reviewed in [22]), there are currently no inhibitors that are truly selective
for PARP1 versus PARP2 or any of the 13 other PARP enzymes [3, 25]. This circumstance has been a
problem in investigating the roles of the two PARP enzymes because PARP1 and PARP2 have partly
redundant and partly specific functions in cells [26, 27]. In contrast, overexpression of a dominant
negative PARP1 DNA binding domain (DBD) fragment reduces poly(ADP-ribosyl)ation, impairs
efficient DNA repair after DNA damage and renders cells more susceptible to cell death [28–33] but
should not affect any other PARP enzymes. The dominant-negative effect is quite pronounced because
the PARP DBD has both zinc finger domains that tightly bind DNA strand breaks but no catalytic
domain for auto-modification of the enzyme with PAR. By binding to the DNA SB, endogenous wild-
type PARP1 can no longer bind to DNA breaks to be activated and alternative DNA repair pathways
must be activated in the cell. We therefore chose to overexpress the DNA binding domain of PARP1
to specifically interfere with DNA strand break repair in normal human cells with the goal creating a
test system where PARP1 activity is inhibited.

Here we describe an approach using a pair of recombinant adenoviral vectors to achieve overexpres-
sion of PARP1 and PARP1 DBD in primary human fibroblasts to specifically target the repair process
at the DNA strand break by modulating PARP1 activity in normal cells.

2. Material and methods

2.1. Construction of recombinant adenoviruses rAdV-PARP1, rAdV-DBD, rAdV-LacZ and
rAdV-GFP-PARP1

Recombinant adenoviruses for the expression of human PARP1, PARP1 DNA-binding domain
(DBD), green fluorescent protein (GFP) and �-galactosidase (LacZ) were constructed using the method
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published by He et al. 1998 [34]. The cDNA for the Parp1 and Parp1-DBD cassettes [35] (Parp1,
Parp1-DBD, LacZ) were cloned into a recombination plasmid (pTrack-CMV, pShuttle-CMV [34],
giving rise to plasmids pShuttle-CMV-PARP1, pShuttle-CMV-DBD, pShuttle-CMV-LacZ and pTrack-
CMV-PARP1 (the latter containing a GFP transgene under the control of a CMV promoter). These
plasmids were linearized using PmeI (New England Biolabs) and then co-transformed with plasmid
pAdEasy-1 [34] into the recombination-competent E.coli strain BJ5183. Selection with kanamycin
allowed for selection of recombinant virus plasmids pAdV-CMV-PARP1, pAdV-CMV-DBD, pAdV-
CMV-LAcZ and pAd-CMV-GFP-CMV-PARP1. Colonies were expanded in 5 ml cultures and plasmids
were extracted using standard alkaline lysis and analyzed for successful recombination as described
[34].

For viral particle production, 911 cells [6] were seeded in 10 cm tissue culture dishes at a density
of 2 × 106 cells per dish. Twenty-four hours after seeding, cells were transfected with 10�g of recom-
binant plasmid DNA cleaved with PacI (New England Biolabs), using standard calcium phosphate
precipitation. Two to four days after transfection, cells started showing signs of the virus-induced
cytopathic effect. Incubation was allowed for 1-2 additional days after onset of the cytopathic effect.
Cells and supernatant were harvested and used for the propagation / amplification of recombinant viral
particles. High titer stocks were produced using a CsCl ultracentrifugation banding purification step
as described [34], and at http://www.coloncancer.org/adeasy/protocol.htm.

Purified virus suspensions were diluted in Tris-saline-glycerol buffer (10% glycerol, 100 mM
Tris/HCl pH 8.5).

Titration of viral stocks was carried out on 911 cells and titers calculated using a modified TCID50

method (tissue culture infectious dose 50) by Spearman & Kärber [37]. Virus concentrations were
adjusted to 1 × 107 plaque forming units (pfu) per ml.

Infectivity of the resulting viruses were tested on human cancer cell lines HeLa, A549 and U87MG,
as well as on normal human skin fibroblasts (huSF).

2.1.1. Cell culture and Infections
911 cells, (Introgen, Netherlands, now: Crucell, Netherlands) were cultured in Dulbecco’s Modified

Eagle Medium (DMEM, Gibco/BRL) supplemented with 10% fetal bovine serum (Gibco, BRL).
Normal human fibroblast (designated HuFi) (Clonetics, Germany) were cultured according to the
instructions of the supplier.

For infection with recombinant adenoviruses, cells were seeded at a density of 5 × 104 cells/well into
standard 6 well plates which contained one sterile cover slip per well. After 24 h viral stock solution
was added to the cells using the indicated multiplicity of infection (MOI).

2.1.2. Microscopic preparations and immunofluorescence staining
One day after infection, cells were treated with 200 �M MNNG (1-Methyl-3-nitro-1-nitrosog-

uanidine, Sigma St. Louis) for 20 min. After treatment, cells were washed with PBS once and fixed
with 4% formaldehyde in PBS for 10 min at room temperature. Fixed coverslips were incubated in
100 mM Glycine in PBS for 1 min, washed with PBS, permeabilized in 0.4% Triton X-100 in PBS
for 3 min, washed and blocked in 5% bovine serum albumin in PBS for 30 min at room temperature.
Immunostaining was performed using a monoclonal antibody against poly(ADP-ribose) (clone 10H,
[38]) and a rabbit antiserum recognizing poly(ADP-ribose) polymerase 1 (PARP1) (Roche, Basel). A
fluorescein-coupled goat anti-mouse antiserum and a rhodamine-coupled goat anti rabbit antiserum
were used as secondary antibodies (Jackson ImmunoResearch Laboratories, West Grove). Coverslips
were embedded in Vectashield mounting medium (Vector Laboratories, Burlingame), which con-
tained 1 �g/ml DAPI (Roche) as a DNA counterstain. Fluorescence microscopy was performed using
an upright fluorescence microscope (Zeiss Axiophot).
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2.2. Western blot analysis

Western blot analyses of were performed using a standard SDS-PAGE method with 10% polyacry-
lamide gels. After electrotransfer to PVDF membranes (Merck Millipore, Billerica), PARP1 protein
was detected using a polyclonal rabbit antiserum (Roche, Basel) and a secondary goat anti-rabbit anti-
body coupled to horseradish peroxidase (Jackson Laboratories) with an enhanced chemoluminescence
(ECL) reaction.

3. Results

Cell lysates from infected 911 cells yielded high virus concentrations (rAdV-PARP1 : 5 × 108 pfu/ml,
rAdV-PARP-GFP: 4 × 108 pfu/ml, rAdV-DBD: 4.7 × 108 pfu/ml, rAdV-GFP-PARP1 : 4 × 108 pfu/ml)
prior to cesium chloride purification. This result indicated that expression of PARP1 or PARP1 DBD
did not interfere with virus propagation.

All cell types tested could be infected efficiently with varying MOI, including huSF where targeting
60% of cells in culture required an MOI of 25 pfu/cell. Infection of huSF with an MOI = 10 pfu/cell
is shown in Fig. 2, demonstrating that normal human cells can be infected with high efficiency by the
recombinant adenoviruses.

Depending on and varying with cell types, very high MOI (5-fold above optimum) triggered cell
death due to some inherent cytotoxicity of the viral infection at excessive concentrations, particularly
in HeLa cells.

We next analyzed infected cells for expression of the transgenes. Western blot analyses of normal
huSF infected with the same MOI (MOI = 25 pfu/cell) of rAdV-PARP1 and rAdV-DBD adenoviruses
showed several-fold overexpression of PARP1 and DBD, respectively, compared to endogenous PARP1
expression (Fig. 3). The expression of PARP1 in huSF after rAdV-GFP-PARP1 infection was only about
half of the PARP1 expression in cells infected with rADV-PARP1, which can be interpreted to be due
to the second CMV-driven expression cassette included in this virus, which was the GFP marker that
was added to indicate infection rate using an epifluorescence microscope for live imaging.

A B

Fig. 2. Normal human skin fibroblasts are efficiently transduced by the recombinant adenovirus. Primary fibroblast were trans-
duced with rAdV-PARP-GFP (MOI = 25). GFP expression was analyzed by fluorescence microscopy 24 h after transduction.
Cells successfully transduced expressed a GFP reporter (B). Phase contrast image of the same cells (A).
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Fig. 3. Transduced cells overexpress PARP1 and PARP1 DBD. Normal human fibroblast cells were transduced with rAdV-
DBD, rAdV-PARP-GFP and rAdV-PARP (MOI = 25 each). Cell lysates were prepared 24 h after transduction and 1 × 105

cells were analyzed by western blot analysis using antibody C2-10 to detect PARP1 and DBD. Overexpression of PARP1
DBD and PARP1 of the expected sizes was observed at 45 kDa and 113 kDa, respectively. Apoptotic fragments (arrows) and
proteolytic cleavage products of both PARP-1 DBD and PARP-1 were also detectable. Note the slightly lower expression
levels obtained with rAd-PARP1-GFP as compared to rAd-PARP1.

Interestingly, the PARP1 DBD was expressed at a disproportionately higher rate than full-length
PARP1 and the C2-10 antibody detected a number of shorter peptides in addition to the expected
45 kDa band. Molecular sizes of some of the additional bands are consistent with apoptotic fragment
sizes after caspase 3 cleavage in the DEVD consensus motif [39], which are 43 kDa and 18 kDa for
the DBD (Fig. 3, arrow, Fig. 1). Additional bands may be the result of additional protease activity or
indicate aborted expression products. In addition to apoptotic fragments of full-length PARP1 protein,
which are 43 kDa and 85 kDa in size, minor additional fragment sizes were observed after adenoviral
expression of full-length PARP as well (Fig. 3, arrows, Fig. 1).

In order to determine whether the observed PARP cleavage, which has been widely used as a
molecular marker of apoptosis in cells, was caused by cytotoxicity of the adenoviral infection per
se or by effect of the overexpressed DBD, cells were infected with increasing MOI of the viruses
(Fig. 4). The beta galactosidase-expressing rAdV-LacZ was used as a control virus for viral toxicity
in these experiments. At MOI = 100 pfu/cell, infection with the rAdV-LacZ virus showed toxicity as
indicated by the overall reduced protein concentration despite correction for cell numbers loaded per
lane, suggesting that cells underwent cytopathic effect by the infection and lytic cell death. PARP
cleavage was not enhanced at any MOI using this virus (Fig. 4, right panel, which shows extended
exposure of the ECL reaction to the X-ray film to demonstrate absence of increased PARP cleavage.
In contrast, expression of the PARP1 DBD increased PARP cleavage even at low MOI = 1 (Fig. 4,
right panel). At MOI = 10, significant PARP cleavage product of 87 kDa was detected (Fig. 4, right
panel). These results indicate that DBD overexpression was associated with extensive PARP cleavage
in huSF at higher MOI, which was not primarily due to adenoviral toxicity but to expression of PARP1
DBD. Overexpression of PARP1 and DBD expression was also confirmed at the level of individual
cells using immunofluorescence staining (Fig. 5).
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Fig. 4. Adenoviral transduction of the dominant negative PARP-1 DNA binding domain induces cell death at high MOI. One
million normal human skin fibroblasts were seeded and transduced with rAdV-LacZ and rAdV-DBD at MOI 1, 2, 10 and
100. One day after transduction, cells were trypsinized and cell lysates were prepared and analyzed by Western blot using the
PARP1 specific antibody (clone C2-10). Cells transduced with rAdV-DBD at MOI = 100 showed significant cell death and
therefore the protein content in this lysate was less than in the other samples, in which no significant cell death was observed.
In cells transduced with rAdV-DBD at MOI 1, 10 and 100 Western Blot analysis confirmed very strong expression of PARP1
DBD (low exposure blot, arrowhead). With increasing MOI an increase in PARP1 apoptotic cleavage fragment (below, upper
arrow) and PARP1 DBD apoptotic cleavage fragment (lower arrow) was visible in the longer exposed blot. In addition to the
apoptotic fragment PARP1 DBD transduction at MOI = 10 also produces several other degradation fragments. Transduction
with comparable MOI of rAdV-LacZ did not lead to an increased PARP-1 cleavage or cell death.

Next, we investigated whether PAR formation is altered in normal cells overexpressing PARP1 or the
PARP1 DBD. Cultured normal human skin fibroblasts were transduced with rAdV-PARP1 or rAdV-
DBD 24 hours prior to treatment with the alkylating agent MNNG. This compound adds alkyl groups
to the O6 of guanine (G) and O4 of thymine (T) bases in DNA, which triggers DNA base excision
repair (BER) and PARP activation. PAR synthesis in response to MNNG treatment was detected in
mock-infected (using Tris-saline-glycerol buffer), normal control cells but not in these normal cells
mock-treated with phosphate-buffered saline (PBS) buffer which was used as a solvent for MNNG
(Fig. 5). PAR synthesis was strongly increased in rAdV-PARP1 infected, MNNG-treated fibroblasts
but effectively suppressed below detection level in rAdV-DBD infected cells (Fig. 5, u, y). These data
show that ectopic PARP1 overexpression and DBD expression using adenoviral vectors can be used
to elevate or suppress cellular PAR levels in response to genotoxic stress.

4. Discussion

The rAdV-DBD vectors described in this report were able to block PARP1-dependent activity at
DNA strand breaks in the presence of the alkylating agent MNNG. Viruses causing overexpression of
PARP1 resulted in elevated PAR formation in transduced cells under the same conditions. We propose
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Fig. 5. Poly(ADP-ribose) formation is altered in cells overexpressing PARP1 and PARP1 DBD. Normal human skin fibroblasts
were transduced with rAdV-DBD and rAdV-PARP (MOI = 25 each). Twenty-four hours after transduction, cells were treated
with 200 �M MNNG for 20 min. Cells were washed with PBS, fixed with 4% formaldehyde and immunofluorescence staining
was performed using a monoclonal antibody (10H) to detect poly(ADP-ribose) (PAR) and a polyclonal rabbit antiserum to
detect PARP1. Secondary antibodies used were goat anti-mouse (fluorescein coupled (FITC, green) and goat anti-rabbit
(rhodamine-coupled (TRITC, red). DNA was counterstained with DAPI. I. Fibroblast transduced with either rAdV-PARP
or rAdV-DBD showed stronger nuclear PARP1 signals (g and l, respectively) than control cells (c). Without exogenously
induced DNA damage, no increased PAR formation could be observed in control cells and in PARP1 and PARP1 DBD
overexpressing cells (c, f, k). II. After MNNG induced DNA damage, control cells showed strong nuclear poly(ADP-ribose)
signals (o). The PARP1 signal in these cells are very strong (p). Therefore the merge of PAR signals and PARP1 signals
shows a green nuclear color (q). In cells overexpressing PARP1, the PAR signals (s) were stronger in cells which also showed
a stronger PARP1 specific staining (compare arrows in s and t), indicating that a high expression level due to the transduction
leads to an increase in PAR formation. In the merged image, these cells appear yellowish, while cells with lower PARP1
expression levels appear greenish (u). In cells which overexpressed the dominant negative DBD of PARP1, cells with strong
PARP1 DBD signals (arrows in x) lacked PAR signals (arrows in w). In the merged image (y), these cells therefore appeared
red (arrows), while cells without strong DBD signals appeared greenish due to the ADP-ribose polymer signals.
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that together with the infection control virus rAdV-LacZ this pair of viruses may be a unique tool to
investigate PARP1-dependent DNA repair.

We set out to develop a system to investigate consequences of impaired versus improved DNA strand
break repair in primary human cells. In the present study we addressed how this could be achieved by
targeting the poly(ADP-ribose) pathway in cells that are difficult to transfect using adenoviral vectors.

The viruses we constructed are intended to serve many purposes. First, they should be a suitable
research tool to investigate biological functions of impaired versus enhanced PAR formation in response
to genotoxic agents in normal cells. Investigating poly(ADP-ribose) (PAR) metabolism in primary cells
has been difficult due to a lack of appropriate genetic tools by which PAR levels can be modulated
in cells that are difficult or impossible to transfect. Second, we propose to use them to screen patient
cells for sensitization by PARP inhibition, without the expected development of resistance against
PARP inhibitor drugs [40]. Recent progress in the understanding of PARP functions in DNA repair, as
outlined above have put PARP inhibition at the forefront of anticancer drug development (reviewed in
[41]). To determine which patients would be suitable depends on the ability of the ovarian or breast
cancer cells to perform homologous recombination as an alternate pathway to BER. The viral vectors
presented here may be used as part of a homologous recombination deficiency test to determine whether
a cancer patient would be a good candidate for treatment with PARP inhibitors. Previous and ongoing
investigations to develop a laboratory test that detects homologous recombination deficiency use deep
sequencing-based genomic analysis of the loss of heterozygosity, as they are caused for example by
the mutation of BRCA1/2 genes [42, 43]. In contrast, blocking PARP activation using DBD expression
followed by low dose exposure to radiation or radiomimetic chemicals inducing DNA strand breaks
would identify cells that are hypersensitive compared to appropriate controls as a quick first round
screening approach.

The disruption of different Parp genes, including Parp1 and Parp2 has been performed in mice
[44–46]. Each of the individual knock-out mice has a relatively mild phenotype but disruption of both
genes is lethal at an early embryonic stage [26], suggesting common overlapping as well as individual
functions of the two enzymes. In addition, gene knock-down strategies have also been used to target
PARP1 expression, but in general these studies have shown that loss of the individual PARP enzymes
and their pharmacological block have very different consequences and phenotypes [32, 33, 47].

Although PARP1 overexpression, as well as its functional downregulation has been performed
in a great variety of animal cancer cells and in mouse models, research on human cells has been
limited mainly to cancer cell lines. Non-immortalized, normal cell populations are mostly difficult
to transfect using conventional methods and their limited proliferation capacity in culture hinders
extended selection procedures in order to generate stably transfected cell clones, which is another
problem effectively addressed by this study.

While there are many endogenous and environmental substances that inhibit PARP1 [48], there
is currently no pharmacological solution to increase PARP activity in cells. Poly(ADP-ribosyl)ation
has been shown to be of major importance in the general maintenance of chromosomal integrity
and genomic stability, particularly under conditions of low or moderate genotoxic stress. In contrast,
extremely high levels of PARP1 activation, often designated as “overactivation”, lead to depletion of
cellular NAD+ and ATP pools and necrotic cell death [1], reviewed in [2].

The overexpression of PARP1 has been used previously to upregulate steady state levels of PAR [35,
49]. Increased PARP1 expression paradoxically resulted in an increased sensitivity of cells towards
ionizing irradiation, probably due to excessive NAD depletion due to an exaggerated PAR formation,
but also simultaneously to a reduction of sister chromatid exchange (SCE) frequencies after low DNA
damage by alkylating agents, suggesting an improved processing of DNA strand breaks in cells [49] or
an involvement in homologous recombination repair, or both. PARP1/2 and PAR-mediated chromatin
decondensation is very transient due the enzyme PAR glycohydrolase (PARG), which quickly digests
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PAR shortly after its formation. The interplay of PARG and PARP1/2 in response to DNA damage
involving strand breaks leads to a highly dynamic metabolism of NAD+, PAR and monomeric ADP-
ribose where the half-life of PAR is in the range of seconds to minutes [50]. The resulting dramatic
NAD depletion and PAR interaction with specific mitochondrial can lead to a quasi-necrotic, and not
entirely understood, death of cells with excessive DNA strand breakage due to mitochondrial release
of apoptosis inducing factor (AIF) and cytochrome C [3, 51–54]. This type of cell death is more typical
in certain primary cells that proliferate only slowly or not at all, like cardiomyocytes, or that do not
typically undergo apoptosis, such as fibroblasts. However, human fibroblast transduced with rAd-DBD
showed an increase in apoptotic cleavage of PARP1 and displayed an increase in cell death. Fibroblasts
typically undergo senescence instead of apoptosis, suggesting that caspase3-dependent PARP cleavage
may also be a marker of other types of cell death in normal cells. DBD expression was found to be
toxic where very high MOI was used, corresponding to toxicity of DBD itself, not of virus, as judged
by a control LacZ virus.

Taken together, utilization of this novel Adenovirus 5-PARP expression system should promote
research on the effects of an altered poly(ADP-ribosyl)ation capacity in a wide variety of primary cell
types, including those of human origin, and may be useful for screening of DNA repair capacity of
normal cells, for example within a personalized medicine program.
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