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Radiation-Induced PARP Activation Is Enhanced Through
EGFR-ERK Signaling

Michael P. Hagan,1* Adly Yacoub,2 and Paul Dent3

1Department of Radiation Oncology, Virginia Commonwealth University, Richmond, Virginia
2Departments of Radiation Oncology and Biochemistry, Virginia Commonwealth University,
Richmond, Virginia
3Department of Biochemistry, Virginia Commonwealth University, Richmond, Virginia

Abstract We examined the impact of EGFR-ERK signaling on poly (ADP-ribose) polymerase (PARP) activation
following ionizing irradiation of human prostate cancer (PCa) cell lines displaying marked differences in ERK dependence.
PARP activation was indicated by the appearance of polyADP-ribose, the incorporation of P32-labelled NADH, and by
cellular NADH. EGFR-ERK signaling was manipulated through ligand activation or signal interruption using the tyrphostin
AG1478, or MEK inhibitor PD 184352. EGF activation of ERK prior to irradiation was associated with a marked increase in
PARP activation and decreased survival in both cell lines. Prior inactivation of PARP protected both cell lines from the
initial decrease in NADþ and improved the survival of LNCaP cells following combined EGF and IR treatment. MEK
inhibitor PD 184352 also reduced PARP activation and improved LNCaP survival following EGF and IR treatment. These
data imply that PARP activation following exposure to ionizing radiation is enhanced through EGFR-ERK signaling.
J. Cell. Biochem. 101: 1384–1393, 2007. � 2007 Wiley-Liss, Inc.
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Following an ischemic episode, the survival
function of EGFR signaling is exerted through
the Ras/Raf1-ERK1/2, MEKK4-Jnk, and PI3K-
Akt signaling cascades to protect organ par-
enchyma and endothelia from reactive oxygen
species generated during re-oxygenation
[review Szabo, 2003]. In this way, vascular
smooth muscle [Kyaw et al., 2001; Hong et al.,
2004], cardiomyocytes [Kulisz et al., 2002], glial
cells [de Bernardo et al., 2004], both developing
and mature neurons [Kanterewicz et al., 1998;
Hwang et al., 2002; Cagnol et al., 2006], as well
as the renal parenchyma [Tikoo et al., 2001;
Dong et al., 2004] reduce caspase dependent

[Cagnol et al., 2006; Kim et al., 2006] and
independent apoptosis [Panka et al., 2006]. In
each of these examples poly (ADP-ribose) poly-
merase (PARP) activation during reperfusion
increases cell-killing, while PARP inhibition
enhances cell survival.

We have shown, both in androgen dependent
and independent prostate cancer (PCa) cell
lines, that through either ligand activation, or
DNA damage-induced trans-activation, EGFR-
ERK signaling up-regulates the DNA repair
proteins ERCC1, XPC, and XRCC1, enhancing
the removal of damaged DNA [Hagan et al.,
2000, 2004; Yacoub et al., 2001]. Consistent
with these observations, over-expression of the
EGFR enhances cell survival following a geno-
toxic insult [Wollman et al., 1994]. Notwith-
standing, ligand activation of the EGFR near
the time of exposure to ionizing irradiation can
increase cell-killing [Kwok and Sutherland,
1991; Bonner et al., 1994]. Shown initially for
human squamous cell carcinoma lines exposed
to supra-physiologic levels of EGF, increased
cell-killing has also been observed for human
PCa cells administered physiologic EGF
[Howard et al., 1995]. Although, the underlying
molecular events associated with this increase
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in EGF induced cell-killing are unknown,
several recent observations imply a role for
PARP activation.
Examining ERCC1 and XRCC1 mRNAs,

protein levels, and AP-1 and SP-1 promoter
activities, we found both proteins were regu-
lated at the level of their promoters [Yacoub
et al., 2001, 2003]. Interestingly, recent evi-
dence has indicated a role for PARP-1 in the
regulation of both AP-1 [Andreone et al., 2003;
Zingarelli et al., 2004] and SP-1 promoter
activities [Kameoka et al., 2000]. Further,
XRCC1, upregulated after the administration
of EGF, binds the PARP auto-modification
domain with high affinity [Schreiber et al.,
2002]. Finally, evidence for EGF dependent
PARP activation has been shown in cultured
astrocytes [Spina Purrello et al., 2002].
Here, we examine PARP activation following

exposure to ionizing radiation and EGF in PCa
cell lines with either high or low levels of EGFR
expression [Yacoub et al., 2001, 2003; Hagan
et al., 2004]. We report PARP activation to be
dependent on EGF-EGFR-ERK1/2 signaling,
and that EGF-EGFR-ERK1/2 signaling mark-
edly enhances radiation-induced activation of
PARP, reducing cellular NADþ and the survi-
val of LNCaP cells. Blocking PARP activation,
either directly or through an interruption
of EGFR-ERK1/2 signaling, reduced NADþ
depletion and improved LNCaP cell survival.

MATERIALS AND METHODS

Cell Cultures and Protein Extraction

DU145 and LNCaP prostate carcinoma cells
(American Type Culture Collection, Rockville,
MD) were grown in RPMI 1640medium supple-
mented with 5% FBS, penicillin (10 U/ml),
streptomycin (100 mg/ml), L-glutamine (1 mM)
and maintained at 378C with 5% CO2 through
the experiment except during the irradiation
itself. Cells were plated at a density 3.2�
104 cells/cm2. Dissolved in DMSO, MEK1/2
inhibitor PD 184352 (1 mM), EGF (5 ng/ml),
and 2-(dimethylamino)-N-(5,6-dihydro-6-oxo-
phenanthridin-2-yl)acetamide, PJ34 (2 mM)
were added from concentrated stock solutions.
After the indicated period, cellular metabolism
was blocked on ice, cells were washed with ice
cold PBS, and protein was extracted as
described previously [Hagan et al., 2000]. Cells
were resuspended in ice-cold extraction buffer
containing 25 mM Hepes, pH 7.4, 5 mM EDTA,

5 mM EGTA, 5 mM benzamidine, 1% Triton
X100, 0.1% 2-mercaptoethanol, 1 mM PMSF,
20 mg /ml each of leupeptin, aprotinin, and
pepstatin. Protein concentrations were deter-
mined by the Bradford protein assay (Bio-Rad,
Hercules, CA).

Irradiation and Clonogenic Survival

Cells irradiation has been previously describ-
ed [Hagan et al., 2000]. Briefly, cells attached as
monolayers were exposed at room temperature
or ice temperature to 60Co gamma irradiation at
dose rate of 1.1Gy/min. For clonogenic survival,
cells were plated one day prior to irradiation
in sufficient number to produce approximately
100 surviving colonies per 60 mm plastic dish.
Thereafter, cells remained attached for colony
determination. Colonies, defined as �50 cells,
were scored 11–14 days after irradiation.
Survival values were corrected for clonal multi-
plicity at the time of irradiation. Triplicate
samples were scored for each repetition.

SDS Polyacrylamide Gel Electrophoresis
(SDS–PAGE) and Western Blotting

Cells were irradiated and at specified times
for the various treatments, medium was aspi-
rated, and the plates snap frozen. Cells were
lysedwith homogenization buffer and subjected
to immunoprecipitation. Immunoprecipitates
were solubilized with 100 ml SDS–PAGE
sample buffer 10% (w/v) SDS, diluted to
250 ml with distilled water, and placed in a
1008C dry bath for 15 min. One hundred-
microliter aliquots for each time were subjected
to SDS–PAGE on 10% (w/v) polyacrylamide
gels. Gels were transferred to nitrocellulose
for Western blotting using specific antibodies
as indicated. Blots were quantified using
Enhanced Chemi-Luminescence.

Alkaline Comet Assay

Cells were in exponential growth phase
at the time of assessment of DNA damage.
According to Singh et al. [1988], modified by
Banath et al. [2001], the alkaline comet assay
was used to measure radiation-induced strand
breaks and alkali-labile lesions. Frosted end
glass microscope slides were first coated with
1.0% (w/v) agarose and allowed to dry. Cells
were suspended in 0.5% low melting point
agarose and spread on each of two slides with
a coverslip. After the agarose hardened, the
coverslip was removed and slides were treated
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in the dark at 48C with lysis buffer (1% Triton
X-100, 10% DMSO, 89% stock lysing solution:
2.8 M NaCl, 0.1 M Na2EDTA, 0.01 M Trizma
Base) at least overnight, then rinsed in 0.4 M
Tris, pH 7.5. Slides were then placed in the
electrophoresis unit and covered with a fresh
solution of 300 mM NaOH, 1 mM EDTA, final
pH> 13.0, for 60 min. Slides were electrophor-
esed at 0.9 V/cm with current adjusted to
300 mAmp for 25 min. The slides were washed
in 0.4 M Tris, pH 7.5, placed for 5 min in cold
methanol, and allowed to dry. Each slide was
stained with ethidium bromide (2 mg/ml) for
5 min. Images of 50 cells on each slide were
captured using Zeiss epifluorescence micro-
scope. Comet parameters were determined
using TriTek AutoScoreTM software (TriTek
Corp,Morrisville, VA).Resultswere recordedas
percent DNA in the tail and the SD of that
measure.

Measurement of Cellular NADþ

The cellular NADþ level was determined
using the enzyme cycling assay [Tafani et al.,
2002]. After washing with PBS, cells were
harvested with a plastic policeman for centri-
fugation at 5,000g. The supernatants were
removed, and the pellets resuspended in
500 ml of 100 mM potassium phosphate buffer
containing 3% trichloroacetic acid. After 30min
on ice, the samples were centrifuged at 12,000g.
The acid-soluble fractions were neutralized
with 100 ml of Tris buffer (200 mM) containing
800 mM KOH. Supernatants (20 ml) or NADþ
standards were mixed with a reaction mixture
(90 ml) containing 0.375 mMWST-8, 0.015 mM
1-methoxy phenazine methosulfate, 15 U/ml
alcohol dehydrogenase (Sigma), and 120 mM
ethanol in 100mMpotassiumphosphate buffer,
pH 7.4. The reactionswere performed in 96-well
plates and the plates were incubated at 378C in
the dark for 15 min. The absorbance was read
at 590 nm.

Small Inhibitory RNA Down-Regulation
of NMNAT1 and PARP1

Small inhibitory RNA (siRNA), typically
comprising a duplex of two 21-mer RNAs with
19 complementary nucleotides and 30-terminal
noncomplementary dimers of uridine, can
induce the RNAi-mediated specific suppression
of target genes inmammalian cells. siRNAwere
prepared with a Silencer siRNA construction
kit (Qiagen, Valencia, CA), according to the

manufacturer’s instructions. Cells were incu-
bated with siRNA transfection complexes at
40% confluent. siRNA incubations were per-
formed with RNAiFect reagents (Qiagen)
according to the manufacturer’s instructions.
The nucleotide sequences of the siRNA target
sites in the PARP-1 gene was 50-AAGCCTCC-
GCTCCTGAACAAT-30 and siRNA sequence for
NMNAT1 was 50-GGUUGUUUGAGCUGGC-
CAATT-30. Controls were prepared with a
mismatch sequence lacking significant homo-
logy to any known human gene sequences.
Forty-eight hours after transfection, cells were
treated and lysed in a SDS sample buffer and
separated by SDS–PAGE.

Data Analysis

Comparison of the effects of treatments was
done using one-way analysis of variance and a
two-tailed t-test. Differences with a P-value of
<0.05 were considered statistically significant.
Experiments shown, except where indicated,
are themeans ofmultiple individual points from
multiple separate experiments (�SD).

RESULTS

EGF Increases Radiation-Induced Cell-Killing

Using the EGFR-dependent cell line DU145
and LNCaP, a prostate carcinoma cell line
which expresses very little EGFR, we examined
clonogenic survival after exposure to ionizing
radiation and EGF. In each case we compared
EGF addition (5 ng/ml) prior to irradiation with
a similar addition made the night before. The
data in Figure 1A,B demonstrate increased cell-
killing for each cell line when EGF was added
1 h prior to irradiation. For DU145 cells, the
survival curve for EGF addition, 1 h prior to
irradiation, appears to be exponential, while
that for the LNCaP cells comprised two sub-
populations, one with significantly increased
sensitivity to irradiation. Ninety percent or
more of the clonogenic cells in each cell popula-
tion appear to have been sensitized by the
addition of EGF 1 h prior to irradiation. Of
these two cell lines, EGF-treated (1 h) LNCaP
cells were substantially more radiosensitive,
associatedwith an estimated value for a1 of 0.44
(�0.08 SEM) versus 0.27 (�0.04 SEM) for the

1a refer to the linear term coefficient of the linear-
quadratic cell-survival formulation, Surviving Frac-
tion¼ e�(aDþbD2).
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DU145 cells. EGF added 16 h prior to irradia-
tion, however, produced a smaller, but measur-
able increase in cell-killing of LNCaP cells, and
no noticeable affect on the survival of DU145
cells. With results shown in Figure 2, the
addition of the MEK1/2 inhibitor PD 184352
(1 mM) reduced EGF-dependent cell-killing in
LNCaP cells, but not in DU145. However, the
addition prior to irradiation of either theMEK1/
2 inhibitor, PD184352, orEGFreduced survival
after exposure to 4Gy for DU145 cells, P¼ 0.01
for each treatment. The combination of
PD 184352 and EGF was not additive for cell-
killing for either cell line.

PARP Inhibition Reduces Cell-Killing
for LNCaP Cells

We examined the time course for EGF-
enhanced cell-killing for both cell lines, includ-
ing pre-treatment with the PARP inhibitor
PJ34. The radiation dose, 4Gy, was chosen
because of its clear association with the EGF-
related enhanced cell-killing shown in Figure 1.
As shown in Figure 3A,B, EGF-enhanced cell-
killing was greatest when the drug was added
prior to the radiation exposure. To a lesser
extent, EGF addition several hours before or
within the first hour after irradiation also

Fig. 1. Clonogenic survival of DU145 (panel A) and LNCaP (panel B) cells following EGF administration
prior to IR. EGF (5 ng/ml) was added at the time indicated. Cell survival was corrected for colony multiplicity
at the time of irradiation. Data points represent the mean and error bars the SD for triplicate samples.

Fig. 2. Clonogenic survival following IR (4Gy) and the indicated treatment. EGF (5 ng/ml) and PD 184352
(1 mM) were added 60 min and 90 min prior to irradiation, respectively. Bar heights represent the mean and
error bars the SD of triplicate samples.
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increased cell-killing. Once again, substantially
more cell-killing was observed for the LNCaP
cell line.

Adding the PARP inhibitor PJ34 (2mM) prior
to, but not after (data not shown), adding
EGF reduced the radiation-induced cell-killing
observed for LNCaP cells. The LNCaP samples
treated with EGF prior to irradiation showed
significantly increased cell-killing (P< 0.04).
However, the survival decreases of those receiv-
ing PJ34 prior to EGF were not significant
(P> 0.2). For DU145 cells, the small increase in
cell-killing observed when EGF (5 ng/ml) was
added (P< 0.03) was not changed significantly
by the addition of PJ34 (P> 0.15). The data
in Figure 4 show that at the concentration
used here, PJ34 reduced the radiation-induced
increase in 32P incorporation from32P-NADþby
more than 80% for each cell line.

EGF Does Not Significantly Increase
Radiation-Induced DNA Damage in LNCaP Cells

Because EGFR activation has a potential to
increase superoxide production, we also exam-
ined the possibility that the administration of
EGF either produced or enhanced radiation-
induced DNA damage. For these experiments
LNCaP cells grown as monolayers were irra-
diated at ice temperature 60 min following the
addition of either 5 ng EGF solubilized in SOD
or SOD alone. Comet assays were performed as
described in theMaterials andMethods section.
The results, plotted inFigure 5, as percentage of
the DNA in the tail [Kumaravel and Jha, 2006],
show no significant impact of EGF addition on
the radiation dose response. All of the EGFþ IR

Fig. 3. Clonogenic survival of DU145 (panel A) and LNCaP (panel B) cells as a function of treatment time
relative to the time of irradiation. PJ34 (2 mM) was added 30 min prior to the addition of EGF (5 ng/ml added at
the time indicated on the figure). Error bars are as shown in Figure 1.

Fig. 4. NAD(H) incorporation following IR (4Gy)was determin-
ed from TCA precipitable radiolabel, incorporated from P32-
NAD(H).

Fig. 5. DNA damage following irradiation of LNCaP cells. After
single-cell electrophoresis, performed as described in Materials
and Methods, individual comets were scored as the percent DNA
in the comet tail. Samples were treated either with 5 ng/ml EGF
(closed circles) or carrier alone (open circles) 1 h prior to
irradiation at ice temperature.
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data are within the 95% CI for the radiation-
only data.

EGFR-ERK1/2 Signaling Activates PARP and
Increases Radiation-Induced PARP Activation

The presence of polyADP-ribose is a reliable
indicator of PARP activation. Therefore, we
examined Western blots for the 10 H MAb to
polyADP-ribose for each cell line after irradia-
tion and/or EGF addition. These data, depicted
in Figure 6A, show that for each cell line either
irradiation or EGF addition led to increased
polyADP-ribose production. Compared with
the single agent treatments, the combination
of EGF and irradiation significantly increased
the polyADP-ribose. When, however, EGF-
EGFR-ERK1/2 signaling was abrogated by the
MEK1/2 inhibitor (PD184352) or the tyrphostin
AG1478, polyADP-ribose production by com-
bined EGF and IR was reduced. Shown in
Figure 6B, the addition of the PARP inhibitor
PJ34 (2 mM) confirmed that the increased
polyADP-ribose was dependent on PARP activ-
ity. For each cell line, adding PJ34 prior to the
addition of EGF or irradiation reduced the
increased polyADP-ribose production following
IR, EGF addition or the combination.
Though the polyADP-ribose signal is usually

attributed largely to PARP1 [Ame et al., 2004],
we examined these polyADP-ribose responses
after having knocked down PARP1. The same
EGF, IR, and EGF/IR maneuvers were per-
formed 48 h after addition of siRNA directed
against PARP1. The data for LNCaP cells,
depicted in Figure 7, compare polyADP-ribose
synthesis, PARP, phosphorylation of EGFR at
Tyr1173, and pERK1/2 levels after a 48 h
exposure to either siRNA directed against
PARP1 or a scrambled RNA control. Reduced
levels of PARP1 were associated with near-
elimination of polyADP-ribose, but normal
EFGR phosphorylation at Tyr1173 and ERK1/
2 activations following the addition of EGF
(5ng/ml) and/or irradiation (4Gy) [Yacoub et al.,
2001, 2003].

EGF Enhances the Radiation-Induced NADþ
Decrease in a PARP Dependent Fashion

Because PARP inhibition increased the sur-
vival of irradiated LNCaP cells, we examined
NADþ levels for each cell line following irradia-
tion, bothwith andwithout the addition of EGF.
Using the enzyme-cycling assay described in

Materials and Methods, NADþ levels were
determined as a function of time and radiation
dose. As shown in Figure 8, baseline levels of
NADþ were increased for LNCaP cells relative

Fig. 6. PolyADP-ribose production following IR, EGF, or the
combination. Panel A shows immunoblots for polyADP-ribose
(10 H MAb) and PARP after EGF (5 ng/ml) addition, IR exposure
(4Gy), or the combination. PD 184352 (1 mM) or AG1478 (1 ng/
ml) were added 30 min prior to the addition of EGF or carrier.
PARP is shown as a loading control. Panel B shows the reduction
in polyADP-ribose associated with PJ34 (2 mM) addition 30 min
prior to the addition of EGF. ERK2 is shown as a loading control.
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to DU145 cells, 62 (�2 SD) versus 42 (�3 SD)
pmol/8� 105 cells, respectively. Following irra-
diation,NADþ levels increased forDU145 cells,
normalizing after 60 min. Over this same
period, NADþ levels decreased by 25% for
LNCaP cells. The prior addition of EGF, how-
ever, reduced NADþ levels during the first
30 min following irradiation for each cell line,
15% and 24% for DU145 and LNCaP cells,
respectively.

For both cell lines the decreased in NADþ
following combined EGF and IR depended on
active PARP. The data in Figure 8 show for each
cell line that the addition of PJ34 (2mM) 30min
prior to the addition of EGF blocked the early
NADþdecrease. In thepresence of PJ34,NADþ
levels increased during this period.

siRNA Directed Against NMNAT Enhances the
PARP-Dependent, Radiation-Induced

NADþ Decrease

Though synthesis of polyADP-ribose follow-
ing IR was robust for both cell lines, there
was no commensurate decrease in NADþ.
This complex NADþ response, shown in
Figure 8A,B, led us to examine cells in which
the salvage pathway for NADþ synthesis was
impaired throughNMNAT reduction. NMNAT-

siRNA treatment of each cell line, as described
in Materials and Methods, knocked-down
NMNAT mRNA by 60–80%, an example of
which is shown in Figure 9A for DU145 cells. By
72 h after siRNA addition, the NMNAT mRNA
reduction was associated with a 21% reduction
in the baseline NADþ for LNCaP cells, but no
change from baseline NADþ for DU145 cells
(Figures 9 B,C). However, when each cell line
was irradiated 72 h after NMNAT-siRNA addi-
tion, the NADþ decrease occurred earlier and
was significantly greater than before. The
NADþ decrease, transient for LNCaP cells,
persisted for DU145 cells. The addition of
PJ34partially reversed these radiation-induced
decreases in NADþ.

DISCUSSION

Previous reports have noted modestly
enhanced radiation sensitivity of cells derived
either from human squamous cell carcinomas

Fig. 8. NADþ following IR. NADþ was quantified using the
modified enzyme-cycling assay described in Materials and
Methods. Cells (DU145, panel A; and LNCaP, panel B) were
irradiated at ice temperature were incubated at 378C for the time
indicated on the figure. EGF (5 ng/ml) was added 1 h prior to
irradiation. PJ34 (2 mM) was added 30 min prior to the addition of
EGF. Data symbols and error bars are as described in Figure 1.

Fig. 7. siRNA against PARP prior to IR, EGF, or combination
treatment. LNCaP cells were transfected with siRNA directed
against PARP1 or a scrambled control as described in Materials
and Methods. Forty-eight hours after transfection cells were
treated as indicated in the figure. EGF (5 ng/ml) was added 1 h
prior to irradiation. Cells were harvested for lysates 30 min after
irradiation or 90 min after addition of EGF. Immunoblotts were
performed for polyADP-ribose (10 H), PARP1, pEGFR (Tyr 1173),
pERK, and ERK2 (as a loading control).
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or prostate adenocarcinomas exposed to EGF
[Kwok and Sutherland, 1991; Howard et al.,
1995]. Radiation sensitivity appeared to be
dependent on the timing of the EGF addition,
more effective at the time of or following
irradiation, but was apparently unrelated
either to cell proliferation [Kwok and Suther-
land, 1991; Howard et al., 1995] or DNA single-
strand break repair [Kwok and Sutherland,
1991; Howard et al., 1995]. In the present work,
DU145 cells appeared to show this pattern of
increased radiation sensitivity due to EGF
addition.

The cell survival changes noted here for
LNCaP cells are more marked than those
previously reported and unlike previous reports
are observed following EGF addition. Within a
few hours of irradiation, however, blocking
PARP activation protected LNCaP cells from
the increase in radiation sensitivity due to EGF
addition. Moreover, interruption of EGFR-ERK
signaling reduced PARP activation, eliminated
the radiation-induced early transient decrease
in NADþ, and also increased LNCaP survival.

Initially recognized for its role inDNAstrand-
break repair, PARP has been shown to partici-
pate in the regulation of transcription, DNA
replication, apoptosis, and redox signaling
[recently reviewed by Schreiber et al., 2006].
Evidence from both in vitro and in vivo studies
shows that PARP activation can be so profound
as to reduce substantially nuclear NADþ
[Junod et al., 1989; Coppola et al., 1995; Endres
et al., 1997]. This mechanism has been widely
conjectured to underlie those decreases in cell
survival associatedwith activated PARP [Deva-
laraja-Narashimha et al., 2005; Moonen et al.,
2005; Szabo, 2005; Ying et al., 2005; Kaundal
et al., 2006]. It has also become clear that
reducing PARP activity allows survival under
circumstances that would normally induce
apoptosis [Szabo, 2005; Ying et al., 2005;
Kaundal et al., 2006]. Additionally, PARP1
appears to have a role in transducing cell-
survival signaling through the ras/raf/ERK
and PI-3K/Akt pathways [Veres et al., 2004;
Zingarelli et al., 2004; Kovacs et al., 2006].

Shown here, the activation of PARP by EGF-
ERK signaling, irradiation and the combination
occurs in both DU145 cells, which are EGF
dependent for growth, and LNCaP cells, which
display a reduced level of EGFR. Regardless,
interruption of EGFR-ERK signaling reduces
both constitutive polyADP-ribose synthesis and
radiation-induced polyADP-ribose production
for both cell lines. Though there are marked
differences in the radiation response of these
two cell lines, for each cell line, EGF addition
prior to, during or immediately after irradiation
leads to decreased cell survival.

These data further show that for each cell line
PARP activation as a result of EGF-ERK
signaling could be interrupted at the EGFR
level, level of MEK1/2 phosphorylation of ERK,
or directly. With EGF-ERK signaling intact,
EGF addition increased the synthesis of
polyADP-ribose and the reduction in NADþ

Fig. 9. NADþ following IR after NMNAT knockdown. Panel A
shows the typical PCR results for NMNAT mRNA in LNCaP cells.
DU145 cells (panel B) and LNCaP cells (panel C) were
transfected with siRNA directed against NMNAT 72 h prior to
IR exposure (7Gy). Data symbols represent the mean of duplicate
samples. The 7Gy alone curves are repeated for reference from
Figure 8.
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following irradiaton.Upon interruption ofEGF-
ERK signaling, radiation-induced polyADP-
ribose synthesis decreased, and NADþ levels
were not as dramatically reduced following
irradiation. Comparison of polyADP-ribose
levels after either PJ34 addition or having
knocked-down PARP1, implied that these
events were attributable to PARP1 activation.

In summary, the results suggest that EGF-
ERK signaling enhances both the constitutive
activation and radiation-induced activation of
PARP1. Moreover, this level of PARP1 activa-
tionmaydecreaseNADþ to a level incompatible
with cell survival. Future studies will examine
the interaction of ERK and PARP as well
as downstream effects on PARP-dependent
transcription.
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