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Abstract
Emerging evidence suggests that mitochondrial (mt) DNA damage may be a trigger for apoptosis
in oxidant challenged pulmonary artery endothelial cells (PAECs). Understanding the rate-limiting
determinants of mtDNA repair may point to new targets for intervention in acute lung injury. The
base excision repair (BER) pathway is the only pathway for oxidative damage repair in mtDNA.
One of the key BER enzymes is Ogg1, which excises the base oxidation product, 8-oxoguanine.
Previously we demonstrated that over-expression of mitochondrially-targeted Ogg1 in PAECs
attenuated apoptosis induced by xanthine oxidase (XO) treatment. To test the idea that Ogg1 is a
potentially rate-limiting BER determinant protecting cells from oxidant-mediated death, PAECs
transfected with siRNA to Ogg1 were challenged with XO and the extent of mitochondrial and
nuclear DNA damage was determined along with indices of apoptosis. Transfected cells
demonstrated significantly reduced Ogg1 activity, which was accompanied by delayed repair of
XO-induced mtDNA damage and linked to increased XO-mediated apoptosis. The nuclear
genome was undamaged by XO in either control PAECs or cells depleted of Ogg1. These
observations suggest that Ogg1 plays a critical and possibly rate-limiting role in defending PAECs
from oxidant-induced apoptosis by limiting the persistence of oxidative damage in the
mitochondrial genome.
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Introduction
Oxidative stress can kill pulmonary vascular endothelial cells (ECs), but the sentinel
molecules that trigger cell death pathways as a consequence of oxidative modifications are
poorly understood. Emerging evidence, however, points to a conspicuous association
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between oxidative damage to mitochondrial (mt) DNA and induction of apoptosis. First,
mtDNA is about 50 fold more sensitive to oxidative damage than the nuclear genome [1–3].
Global nuclear DNA damage cannot be detected at oxidant burdens far in excess of those
nearly obliterating the mitochondrial genome, even using techniques capable of revealing
damage at single nucleotide resolution applied to sequences with known sensitivity to
oxidative stress [3]. Second, survival of pulmonary arterial (PA), microvascular (MV), and
venous (PV) endothelial cells challenged with xanthine oxidase (XO)-generated reactive
oxygen species (ROS) is inversely related to the rate by which mtDNA damage is repaired
after oxidative damage [3]. MVECs repair oxidative mtDNA damage fastest and are least
sensitive to oxidant-induced cell death, while PAECs and PVECs display intermediate and
highest sensitivities, respectively. Finally, over-expression of a mitochondrially targeted
DNA glycosylase, Ogg1, protects against mtDNA damage and apoptosis induced in PAECs
by XO-generated ROS [4,5]. Similar strategies for protecting against mtDNA damage also
have been shown to suppress asbestos-induced apoptosis in bronchial epithelial and other
cell lines [6,7].

The ability of mitochondrially-targeted Ogg1 to protect against oxidative mtDNA damage in
PAECs may be pharmacologically significant. Oxidative base damage to the mitochondrial
genome is removed by the base excision pathway of DNA repair [8,9] which appears to be
generally similar to the four-step pathway operative in the nucleus. Oxidatively damaged
bases are recognized by DNA glycosylases after which the repair intermediate is processed
by Ape1/Ref-1, a new base is inserted by a DNA polymerase, and the incised strands are re-
ligated by a DNA ligase. The enzymes governing these steps are encoded by nuclear genes
and appear to be subject to regulated import into mitochondria. Which of these steps is
functionally rate-limiting - that is, which determines cell survival in response to oxidant
stress – is unknown. However, the above-mentioned findings that genetically increased
mitochondrial Ogg1 activity suppresses oxidant-induced mtDNA damage and cell death
suggests that the initial step in base excision repair may function in this capacity. To explore
this hypothesis further, the present studies used siRNA to inhibit Ogg1 expression in PAECs
and defined this intervention in terms of changes in XO-induced damage to the
mitochondrial and nuclear genomes and the induction of apoptosis. Our results suggest that
Ogg1 may indeed govern mtDNA repair rate and thereby serve as a rate-limiting step
controlling PAEC fate in response to oxidant stress.

Materials and Methods
Rat pulmonary artery endothelial cell culture and treatment

Rat PAECs were isolated and cultured as described previously [3]. In brief, main pulmonary
arteries were isolated from 250 – 300 g Sprague-Dawley male rats killed with an overdose
of sodium pentobarbital. Isolated arteries were opened and the intimal lining was carefully
scraped with a scalpel. The harvested cells were then placed into flasks (Corning Inc.,
Corning, NY) containing F12 Nutrient Mixture and Dulbecco’s modified Eagle’s medium
(DMEM) mixture (1:1) supplemented with 10% fetal bovine serum (FBS), 100 U/ml
penicillin, and 0.1 mg/ml streptomycin (Invitrogen, Carlsbad, CA). Culture medium was
changed once per week and, after reaching confluence, the cells were harvested using a
0.05% solution of trypsin (Invitrogen, Carlsbad, CA). The endothelial cell phenotype,
confirmed by acetylated LDL uptake, Factor VIII-RAg immunostaining, and the lack of
immunostaining with smooth muscle cell α-actin antibodies (Sigma, St. Louis, MO),
persisted for at least 15 passages.

Enzymatic oxidation of hypoxanthine (HX) by XO was used as a source of reactive oxygen
species for cell treatment. Confluent PAECs transfected with siRNA were challenged for 1
hour with the indicated concentrations of XO and 0.5 mM HX in Hanks’ Balanced Salt
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Solution (HBSS). After treatment, cells were either processed immediately or placed into
cell culture media for recovery. Doses and durations of XO treatment and recovery were
selected based on previous studies showing evolution of XO-mediated mtDNA damage and
apoptosis over a 4–6 hour period [5].

Inhibition and assessment of PAEC Ogg1 expression
Cells were transfected with Ogg1-specific siRNA with the sense and antisense sequences of
5’-GCUUGAUGAUGUCACUUAUtt-3’ and 5’-AUAAGUGACAUCAUCAAGCtg-3’,
respectively or with scrambled sequence siRNA (Ambion, Austin, TX) using DharmaFECT
1 transfection reagent (Dharmacon, Lafayette, CO) following the manufacturer’s
transfection protocol. In brief, cells were seeded in 6 or 12-well plates 24 hours before
transfection and grown to 50–70% confluence. At this point, cell medium was replaced by
transfection medium containing 100 nM of siRNA. OptiMEM (Invitrogen, Carlsbad, CA)
was used as a serum-free medium to prepare working solutions of transfection reagent and
siRNA, which were mixed together, incubated at room temperature for 20 min and
combined with 4 volumes of complete culture medium to obtain transfection medium. Ogg1
mRNA expression in transfected cells was determined 24 h and 48 h after transfection.

Ogg1 mRNA expression, normalized to the abundance of 28S RNA, was quantified using
real time PCR. In brief, total RNA was isolated from cells using PrepEase RNA spin kit
(USB, Cleveland, OH) according to the manufacturer’s protocol. Quantitative real time PCR
was carried out on the iCycler iQ5 (Bio-Rad, Hercules, CA) by amplifying equal amounts of
total RNA using the iScript One-Step RT-PCR Kit with SYBR Green (Bio-Rad, Hercules,
CA), also according to the manufacturer’s protocol. PCR primers were designed with
Beacon Designer 7 software (PREMIER Biosoft International, Palo Alto, CA) and were as
follows: Ogg1, forward 5’-CTAAGAAGACAGAAGGCTAGGTAG-3’, reverse 5’-
TGACTTTGATTTGGGATGTTTGC-3’, and 28S RNA, forward 5’-
CAACCTATTCTCAAACTT-3’, reverse 5’-GTCTATATCAACCAACAC -3’.

Ogg1-like activity was determined in sham- and siRNA-transfected PAECs using an
oligonucleotide cleavage assay [4] with modifications. In brief, cells were washed with cold
PBS and harvested with ice-cold buffer containing 20 mM HEPES pH 7.6, 1 mM EDTA, 2
mM DTT, 100 mM KCl, 5% glycerol, 0.05% triton X-100 with 1% of Protease Inhibitor
Cocktail (Sigma, St. Louis, MO). The cell suspension was incubated at 4°C for 30 min and
cleared by centrifugation at 20,000 × g for 10 min. Samples were stored at −80°C. Ogg1-
like DNA glycosylase activity was determined by incubating the above prepared cellular
extract with a 24-mer, 32P-end-labeled, duplex oligonucleotide containing an 8-oxoguanine
at the 10th position (Trevigen, Gaithersburg, MD). An identical oligonucleotide without the
8-oxoguanine was used in parallel reactions as a negative control. Enzyme assays were
performed in 20 µl reaction volume, containing 10 µg of the cellular extract, 85 fmol of
labeled duplex oligonucleotide and NTE reaction buffer (25 mM Tris pH 7.6, 2 mM EDTA,
70 mM NaCl) [10].The reaction was carried out at 37°C for 1 h and terminated by adding 10
µl of 3X denaturing loading dye (300 mM NaOH, 97% formamide, 0.02% bromophenol
blue). Samples were heated to 95°C for 5 min and resolved on 20% acrylamide gels with 8
M urea in TBE buffer.

DNA isolation and damage assessment
Sham and siRNA transfected PAECs cultured on 6-well plates were challenged for 1 h with
the indicated concentrations of XO and 0.5 mM HX in HBSS. To detect damage in
mitochondrial genome, total DNA was isolated immediately after treatment or after
indicated recovery period using a DNeasy Blood and Tissue Kit (Qiagen GmbH, Hamburg,
Germany). Prior to isolation all buffers were purged with nitrogen to prevent DNA
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oxidation. Southern blot analysis was performed as published previously with minor
modifications [5]. In brief, purified DNA was digested with BamHI (New England Biolabs,
Beverly, MA) - 10 U/mg DNA, overnight at 37°C. Following restriction, samples were
precipitated, dissolved in TE buffer and precise DNA concentrations were measured on the
Hoefer DyNA Quant 200 fluorometer (Pharmacia Biotech, San Francisco, CA) using
Hoechst 33258 dye. To reveal oxidative base modifications, DNA was treated with
formamidopyrimidine glycosylase, Fpg (New England Biolabs, Beverly, MA), a bacterial
DNA repair enzyme that cleaves DNA at sites of oxidized purines, thereby creating single-
strand breaks detectable on alkaline Southern blot. Samples containing 500 ng DNA were
treated with 8 units of Fpg in 20 µl of reaction volume at 37°C for 1 h. Subsequently,
samples were treated with NaOH (final concentration 0.1 N) for 15 min at 37°C, mixed with
loading dye and resolved in 0.6% agarose alkaline gel. After electrophoresis DNA was
vacuum transferred to Hybond N+ membrane (Amersham Biosciences, Little Chalfont, UK)
and hybridized with 32P-labeled probe overnight at 55°C. The probe to mtDNA was
generated by PCR using rat mtDNA sequence as template and the following primers: 5’-
GCTGGAACAGGATGAACAGTAT-3’ for the sense strand and 5’-
GTATCATGAAGTACAATGTCAAGGGATGAG-3’ for the anti-sense strand. The 746-bp
product was hybridized with a 10.8-kb fragment of rat mtDNA obtained after BamHI
digestion. After hybridization, the membrane was exposed to XAR-5 X-ray film (Eastman
Kodak Co., Rochester, NY) and autoradiographic images were scanned with a GelLogic
1500 Imaging System (Eastman Kodak Co., Rochester, NY). Changes in the equilibrium
lesion density were calculated as negative ln of the quotient of hybridization intensities in
treated and control bands.

To assess nuclear oxidative DNA damage, pulmonary artery endothelial cells transfected
with scrambled or Ogg1-specific siRNA were subjected to Comet and Fpg FLARE assays,
performed according to the manufacturer's protocol (Trevigen, Gaithersburg, MD),
immediately after a 1 hour exposure to xanthine oxidase, or as a positive control, a 15 min
exposure to 1 mM H2O2,. The combination of Fpg treatment with the Comet assay permits
detection of oxidized purine base products.

Quantification of apoptotic PAECs
As a morphological assessment of XO-induced apoptosis in PAECs, we enumerated the
proportion of cells displaying small, condensed nuclei coincident with increased activated
caspase 3. PAECs were exposed to the indicated concentrations of XO and 0.5 mM HX for
1 hour and harvested 4 hours later. Cells were fixed with 2% paraformaldehyde in PBS (1 h
at 4°C), washed 3 times with 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 0.1% Triton X-100
(TBS-T), and stained with Hoechst 33258 dye (Molecular Probes, Eugene, OR) to
demarcate nuclear morphology. For immunocytochemical analysis of caspase 3, control and
XO-treated PAECs were fixed and washed as just described, then blocked with 5% normal
goat serum in TBS-T, and incubated with primary antibody against activated form of
caspase 3 (Cell Signaling Technology, Beverly, MA), diluted 1:120 in TBS-T with 3% BSA,
at 4°C overnight. Cells were incubated with Texas Red-labeled anti-rabbit IgG (Vector
Laboratories, Burlingame, CA) diluted 1:100 in TBS-T with 3% BSA for 1 hour at room
temperature. Slides were then mounted with fluorescent mounting medium (DAKO,
Carpinteria, CA) and observed with Olympus IX70 fluorescence microscope.
Photomicrographs were taken with a SPOT digital camera using SPOT 2 software
(Diagnostic Instruments, Sterling Heights, MI).

Immunoblot analyses of activated caspase-3
As a biochemical index of apoptosis, the activated form of caspase 3 was detected in total
cell lysate using Western immunoblot analyses applied 4 hours after termination of a 1 hour
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exposure to XO. For preparation of total cell lysate, cells were washed twice with PBS and
lysed in 2% SDS electrophoresis loading buffer after which 15 – 25 µg protein was applied
to an SDS/12% polyacrylamide gel. Following separation, samples were transferred to
nitrocellulose filters (BioRad Laboratories, Hercules, CA). Membranes blocked in 5%
nonfat dry milk in PBS with 0.1% Tween 20 (PBS-T) were incubated overnight at 4°C with
primary rabbit polyclonal antibody (1:600 dilution) recognizing the activated form of
caspase 3 (Cell Signaling Technology, Beverly, MA). After washing, the membranes were
incubated with 1:7,500 diluted HRP-conjugated goat anti-rabbit IgG for 1 h at room
temperature and then revealed by chemiluminescence with the SuperSignal West Dura
detection substrate (Pierce, Rockford, IL).

Statistical analysis
Pooled data are presented as the mean +/− the standard error (SE). Group-dependent
differences were sought using one-way ANOVAs in conjunction with Neumann-Kuels test
where appropriate. Differences were considered significant when p < 0.05.

Results
Ogg1 mRNA expression and Ogg1-like activity in siRNA transfected PAECs

Ogg1 mRNA abundance and Ogg1-like activity in sham and siRNA-transfected PAECs are
shown in FIGURE 1A and B, respectively. In comparison to sham treatment, siRNA
transfection was associated with a substantial reduction in Ogg1 mRNA that persisted for at
least 48h. Oligonucleotide cleavage assays revealed that siRNA transfection reduced DNA
glycosylase activity by over 50%. It should be noted that this assay is not selective for Ogg1;
rather, it reflects the entire constellation of glycosylases present in cultured PAECs,
including Ogg1 and other enzymes with over-lapping specificities for 8-oxoguanine.

Effect of Ogg1 knockdown on XO-induced nuclear and mitochondrial DNA damage
We applied the traditional Comet assay as well as a modification selective for 8-oxoguanine
to search for oxidative nuclear DNA damage in PAECs immediately after XO + HX
treatment. As shown in FIGURE 2, so-called Comet tails were not evident after XO-
treatment in control cells, thus confirming previous reports that nuclear DNA is insensitive
to ROS generation evoked by this concentration of XO + HX [3]. More interestingly, Comet
tails also were not evident at any time in PAECs with siRNA-mediated reductions in cellular
Ogg1 mRNA expression and Ogg1-like glycosylase activity.

In contrast to the lack of impact of XO + HX on the nuclear genome, as shown in FIGURE 3
oxidative lesions in mtDNA were evident immediately after treatment with the ROS
generating enzyme in both control and Ogg1 knock-down PAECs. In control cells, XO-
induced ROS generation evoked transient accumulation of oxidative mtDNA damage,
peaking at about 1 h after the 60 min exposure to XO + HX and declining to near baseline
levels at 4 h. However, in cells with siRNA-mediated reductions in Ogg1, the application of
XO + HX increased equilibrium mtDNA damage intensity to levels that exceed controls and
peaked at 2 h after XO treatment, and which tended to remain elevated at 4h as well.

Effect of Ogg1 knockdown on XO-induced PAECs apoptosis
The time point for studying the apoptotic markers in XO-challenged PAECs was based on
our earlier work [5] showing that markers of apoptosis (caspase 3 activation, DNA
fragmentation) first appeared at 3 h and peaked at 4–6 h after exposure to XO generated
ROS. Apoptosis in XO-challenged PAECs was assessed morphologically by enumerating
the proportion of cells displaying small, condensed, apoptotic nuclei, in concert with
activated caspase 3 immunostaining. As depicted in FIGURE 4, XO administered to control
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cells in concentrations of 2 – 10 mU/ml caused a modest induction of apoptosis, peaking at
10 – 15% of the total population. In contrast, the extent of morphologically detectable
apoptotic PAECs was increased to about 75% in PAECs with reduced Ogg1 expression.
Western immunoblot analysis of activated caspase 3 corroborated these findings (FIGURE
5); at a concentration of 5 mU/ml XO, activated caspase 3 was increased about 90% in
PAECs with diminished Ogg1 expression.

Discussion
Several lines of provocative evidence link oxidative damage to mtDNA to induction of
apoptosis. In comparison to nuclear DNA, mtDNA is considerably more sensitive to
oxidative damage [1–3]. Oxidative damage to the mitochondrial genome is repaired by the
base excision pathway of DNA repair, and in a variety of cell types the rate of mtDNA
repair is predictive of the cytotoxic response to exogenously applied or mitochondrially
generated oxidants [3,11]. Cells with high rates of mtDNA repair are relatively insensitive to
ROS-mediated cytotoxicity, while those with low rates of repair are more sensitive. Finally,
over-expression of the DNA glycosylase, Ogg1, targeted to mitochondria suppresses
mtDNA damage and cytotoxicity in response to a variety of oxidant stresses in a variety of
cells [4–6,12,13]. Despite these reports, many unanswered questions remain about how
mtDNA integrity is maintained in response to oxidant stress and how oxidative damage to
the mitochondrial genome triggers cell death pathways.

The findings that mitochondrially-targeted Ogg1 protects against ROS-induced mtDNA
damage and cell death suggest that the initial, glycosylase-mediated step in base excision
repair could be rate limiting in the cytotoxic response to oxidant stress. To address this idea,
in the current study we used siRNA to decrease cellular Ogg1 expression in PAECs and
defined its effect in terms of nuclear and mitochondrial DNA damage and cell death in
response to ROS generated by XO + HX. Interestingly, while this inhibitory strategy nearly
abolished Ogg1 mRNA expression, glycosylase activity directed against an oligonucleotide
harboring 8-oxoguanine was reduced by only 50 – 60%. This disparity may reflect the
presence of residual Ogg1 protein remaining even 48 h after persistent suppression of Ogg1
mRNA expression, but more likely represents the activities of the other glycosylases acting
on 8-oxoguanine and known to be present in mammalian cells [14–16].

We found that the reduction in Ogg1 mRNA and diminution of Ogg1-like activity
differentially impacted sensitivities of the nuclear and mitochondrial genomes to oxidant
stress. Xanthine oxidase exposure failed to damage nuclear DNA not only in sham-
transfected PAECs, but also in cells with reduced Ogg1, as detected by Comet and Fpg
FLARE assays. These results are consistent with our previous findings; using the highly
sensitive ligation-mediated PCR method to detect damage at single nucleotide resolution and
quantitative Southern blot analysis to reveal base damage ≈4–10Kb sequences, we were
unable to detect XO-mediated base damage at doses similar to that used in the current study
[3,17]. Indeed, damage to nuclear genes barely rose above the limit of detection at an XO
concentration of 400 mU/ml, which produced 100% cytotoxicity and obliterated mtDNA
integrity. Reports from other investigators also demonstrate that mtDNA is more prone to
oxidative damage than nuclear genes. In Ogg1 knockout mice, for example, the
mitochondrial genome contains almost 9 times more 8-oxoguanine than control animals,
while in the nuclear DNA the level of 8-oxoguanine is increased only 2-fold [18]. There are
multiple explanations for the divergent sensitivities of the two genomes to oxidant stress.
For many years, the relative resistance of the nuclear genome to ROS damage, in
comparison to mtDNA, was ascribed to the compact structure of chromatin and the presence
of multiple, avid DNA repair pathways in the nucleus. By contrast, the mtDNA-protein
nucleoid structure is believed to be more accessible to ROS and is protected principally by
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the base excision DNA repair (BER) pathway, with the presence of other repair mechanisms
doubtful. In terms of the base excision repair pathway, there are various glycosylases present
in the nucleus, many of which are also present in mitochondria. Our findings show that
despite the reduction in Ogg1 mRNA expression, total cell glycosylase activity directed
against the common base oxidation product, 8-oxoguanine, remained at about 45% of
control. Thus, it is possible that the compact chromatin structure of nuclear DNA acting in
concert with DNA glycosylases other than Ogg1 combined to retain nuclear DNA protection
even in the face of limited Ogg1.

In marked contrast, Ogg1 knockdown exerted significant effects on the integrity of the
mitochondrial genome. Reduction in Ogg1 expression did not affect the density of oxidative
mtDNA damage in the baseline state, nor did it impact the initial increase in mtDNA lesion
density evoked by 1h treatment with XO. Importantly, however, Ogg1 deficiency delayed
mtDNA repair after XO-induced damage. The persistent oxidative mtDNA damage in cells
with reduced Ogg1 activity was accompanied by a marked increase in the proportion of
PAECs undergoing apoptosis. These observations are consistent with previous studies
showing that over-expression of Ogg1 in mitochondria increases not only mtDNA repair
rate after oxidative damage, but also enhances survival in multiple types of cells, including
PAECs [4,5,7,12,13,19]. Collectively, these findings support the view that Ogg1 plays a
functionally significant role in governing repair of oxidative mtDNA damage and in
initiation of apoptosis in response to exogenously generated oxidants. In addition, they point
to the prospect that persistence of mtDNA damage after its initial introduction by an oxidant
stress may interact with the magnitude of damage in terms of dictating cell survival.

The specific pathway linking mtDNA damage and repair to cell death may be more complex
than previously surmised. Traditional concepts hold that mtDNA damage leads to a
reduction in mtDNA encoded subunits of the electron transport chain, which in turn
promotes a degenerative cycle of excessive ROS generation and increasing mtDNA damage
ultimately culminating in mitochondrial-triggered, ROS-dependent apoptosis [20–22]. Thus,
increasing or decreasing the persistence of mtDNA damage – for example, by increasing or
decreasing the efficiency of mtDNA repair – would be predicted to exert coordinate effects
on the propensity for oxidant-mediated apoptosis. In support of this idea, Chatterjee and co-
authors demonstrated that targeting an R229Q mutant hOgg1 to mitochondria of HeLa cells
significantly reduced mtDNA integrity and resulted in decreased cellular survival after
exposure to oxidative stress [23]. Moreover, mitochondrially-targeted mutant hOgg1 caused
more cell death than nuclear-targeted mutant hOgg1 upon exposure of cells to oxidative
damage.

Challenging this traditional notion are recent findings by Kamp and coworkers showing that
over-expression and mitochondrial targeting of either a wild type Ogg1 or a DNA
glycosylase-deficient Ogg1 mutant protected against asbestos-induced apoptosis in A549
cells [6]. They also demonstrated that aconitase co-immunoprecipitated with over-expressed,
mitochondrially targeted Ogg1, and on this basis proposed the intriguing hypothesis that the
DNA repair enzyme functions to suppress oxidant mediated cell death not by contributing to
mtDNA repair per se, but rather, by inhibiting the ROS-dependent mobilization of pro-
apoptotic aconitase. Expanding on this concept of mtDNA-protein stability, several recent
reports suggest that mtDNA-protein complexes – nucleoids - are considerably more dynamic
than previously appreciated and are linked to the cell cytoskeleton by filaments spanning the
inner and outer mitochondrial membranes [24]. It is thus tempting to speculate that
persistent oxidative mtDNA damage may alter mtDNA-protein binding in the nucleoid
complex which in turn results in release of pro-apoptotic proteins or abnormal interactions
between mitochondria and cytoskeleton, either of which could trigger an apoptotic signal.
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The concept that oxidative mtDNA damage interacts with an Ogg1-depedent step in mtDNA
base excision repair pathway to regulate pulmonary vascular EC fate in response to oxidant
stress could have interesting implications for identifying individuals at risk for oxidant
mediated acute lung injury. In this regard, polymorphisms in the Ogg1 gene are known to be
linked to an increased risk for various malignancies [25–27]. In light of the current finding
that reduced Ogg1 expression and Ogg1-like activity sensitizes PAECs to ROS-induced
apoptosis, it is tempting to speculate that such polymorphisms could confer an exaggerated
risk for oxidant-mediated lung injury. Related to this concept, if Ogg1 is functionally rate-
limiting in the survival response of pulmonary vascular ECs to oxidant stress, then
pharmacologic strategies to enhance mitochondrial activity of the enzyme, perhaps using
targeted fusion protein constructs, could be therapeutically advantageous. Obviously,
considerable additional investigation will be required to address these interesting
possibilities.
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Abbreviations Used

ANOVA analysis of variance

Ape1/Ref-1 apurinic/apyrimidinic endonuclease

BER base excision repair

BSA bovine serum albumin

DTT dithiothreitol

ECs endothelial cells

FBS fetal bovine serum

Fpg formamidopyrimidine DNA glycosylase

HRP horseradish peroxidase

HX hypoxanthine

LDL low density lipoprotein

mtDNA mitochondrial DNA

MV microvascular

Ogg1 8-oxoguanine DNA glycosylase

PA pulmonary arterial

PAECs pulmonary artery endothelial cells

PV pulmonary venous

ROS reactive oxygen species

RT reverse transcription

SE standard error

TBE Tris/Borate/EDTA
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TE Tris/EDTA

XO xanthine oxidase
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FIGURE 1.
Abundance of Ogg1 mRNA and Ogg1-like activity in pulmonary artery endothelial cells
transfected with Ogg1-specific siRNA. (A) Decrease in Ogg1 mRNA accumulation
normalized to the abundance of 28S RNA in PAECs transfected with Ogg1-specific siRNA
compared with sham-transfected cells 24 and 48 hours after transfection. (Mean ± SE, N =
6, *p < 0.05). (B) Oligonucleotide cleavage assay for Ogg1-like activity in PAECs
transfected with Ogg1-specific siRNA (Ogg1) and in cells transfected with a scrambled
siRNA (Scr) 48 hours after transfection. LEFT: Representative autoradiograph of gel
separation of 32P-labeled substrate (S) and product (P) of the Ogg1 enzymatic reaction.
RIGHT: Results of oligonucleotide cleavage assays calculated as the ratio of product to
substrate band intensities ratio and displayed as mean ± SE (N = 5, *p < 0.05).
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FIGURE 2.
Lack of nuclear DNA fragmentation as detected by the Fpg-FLARE Comet assay in
pulmonary artery endothelial cells transfected with either scrambled (A) or Ogg1-specific
(B) siRNA and harvested immediately after 1 hour treatment with xanthine oxidase (5 mU/
ml). Note lack of Comet “tails”. Negative results also were obtained in cells treated with 2
and 10 mU/ml of XO using either the conventional Comet assay or the Fpg-FLARE. (C)
Pulmonary artery endothelial cells without any treatment were used as a negative control.
(D) PAECs treated with 1 mM hydrogen peroxide for 15 min at 4°C were used as a positive
control for the assay.
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FIGURE 3.
Quantitative Southern blot analysis of Fpg-sensitive mtDNA damage in pulmonary artery
endothelial cells. (A) Representative autoradiograph of Southern blot of mtDNA from
PAECs transfected with scrambled (Scr) and Ogg1-specific (Ogg1) siRNA immediately
after 1 h treatment with xanthine oxidase (XO, 2 or 5 mU/ml; 0 h) or without treatment (XO,
0 mU/ml; 0 h) and 1, 2 or 4 hours later. (B) Calculated changes in equilibrium lesion density
in mtDNA normalized to 10 kb in PAECs immediately after 60 min treatment with XO, 2 or
5 mU/ml and at 1, 2 or 4 hours after removal of XO. Bars reflect means ± SE of 4
determinations. Note that lesions in mtDNA from Ogg1 siRNA transfected cells are
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significantly higher (*p < 0.05) at 2 h post XO treatment in comparison to sham-transfected
cells.
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FIGURE 4.
Immunocytochemical analysis of apoptotic markers in pulmonary artery endothelial cells
transfected with scrambled and Ogg1-specific siRNA 4 h after cell treatment with xanthine
oxidase. (A – D) Photomicrographs of PAECs transfected with scrambled ( A and C) or
Ogg1-specific ( B and D) siRNA without treatment (A and B, Control) or after 1 h exposure
to xanthine oxidase (C and D, XO 5 mU/ml) stained with Hoechst 33258 (blue) and
antibodies against activated caspase 3 (red). (E) Pooled data displaying means ± SE of the
percentage of apoptotic cells in cultures of siRNA transfected PAECs 4 h after exposure to
xanthine oxidase (XO) in the indicated concentrations. (N = 4, *p < 0.05).
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FIGURE 5.
Western blot analysis of pulmonary artery endothelial cells transfected with scrambled and
Ogg1-specific siRNA for active caspase 3 after cell exposure to xanthine oxidase. (A)
Representative Western blot analysis for active caspase 3 in PAECs transfected with
scrambled (Scr) or Ogg1-specific (Ogg1) siRNA (Control) or harvested 4 hours after
treatment with xanthine oxidase (2 or 5 mU/ml). (B) Pooled data for relative band intensities
of activated caspase 3 hybridization displayed as mean ± SE (N = 3, *p < 0.05).
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