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Abstract

There is much data implicating environmental tobacco smoke (ETS) in the development and progression of disease, notably
cancer, yet the mechanisms for this remain unclear. As ETS is both a pro-oxidant stressor and carcinogen, we investigated the
relationship of ETS exposure to intracellular and serum levels of DNA-damage, both oxidative 8-hydroxy-2-deoxyguanosine
(8OHdG) and general, in non-smokers from non-smoking households, occupationally exposed to ETS. General DNA-damage
consisting of single and double strand breaks, alkali-labile sites and incomplete base-excision repair, increased significantly in a
dose-dependentmannerwi thETSexposure inmen(P:0.015,  n :3 l ,Pearson)butnotwomen (P:0.736,n=17) . ln t race l lu lar
SOHdG-DNA-damage and general DNA-damage were both greater in men than women (P:0.0005 and 0.016, respectively)
but SOHdG seru-n levels did not differ between the genders. Neither 8OHdG-DNA-damage nor serum levels correlated with
increasing ETS exposure. This is the first study to demonstrate dose-dependent increases in DNA-damage from workplace ETS
exposure. Perhaps most interesting was that despite equivalent ETS exposure, significantly greater DNA-damage otcurred in
men than women. These data may begin to provide a mechanistic rationale for the generally higher incidence of some diseases
in males due to tobacco smoke and/or other genotoxic stressors.
O 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Recently, non-smoking areas in bars and sports
clubs have been shown to provide little or no protection
for patrons (Cains et al., 2004), corroborating anec-
dotal medical reports and previous studies contending
that legislation is the most effective tool to reduce envi-
ronmental tobacco smoke (ETS) exposure and smok-
ing behaviour (l{eloma et a1.,2001). While ETS ex-
posure has been linked to a number of disorders such
as asthma, intra-uterine growth restriction, sudden in-
fant death syndrorne and coronary heart disease, it has
been most consistently and strongly implicated in the
initiation and progression of cancer (Anon, 1996). De-
spite this, the temporal relationships and mechanisms
by which cigarette smoke causes initiation and pro-
gression of disease rernains relatively unknown. Fur-
thermore, although social ETS exposure is relatively
controllable (an individual may choose not to enter
premises w,here smokers are present), employees have
little or no inffuence over ETS and may be exposed for
a large part of their working day.

Having previously identified significantly higher 8-
hydroxy-2-deoxyguanosine (8OHdG) levels in non-
smoking workers occupationally exposed to ETS com-
pared to non-smoking workers who are not exposed
to ETS (Howarci ct al., 1998), the goal of this study
was to assess a quantitative relationship between DNA-
damage and workplace ETS exposure, and to inves-
tigate the contribution of the oxidative DNA lesion
8-hydroxy-2-deoxyguanosine (8OHdG) to total ETS-
induced DNA-darnage in the blood of non-smokers.
Differences in DNA-darnage with respect to SOHdG
were also assessed in relation to ETS exposure and de-
mographic variables.

2. l lethods

2. L Par"ticipcutts rurcl recruitment

Non-smokers, l iving in non-smoking households
who work at casiuos and bars in Reno and Las Ve-
gas, NV were recrLlited for the Nevada Environmental
Tobacco Srnoke Study (NETSS). Fifty baseline blood
samples fiorn NETSS were randomly selected for the
current study. All parlicipants provided informed con-
sent and the study were approved by the Biomedical In-

stitutional Review Board at the University of Nevada,
Reno. Participant demographics and baseline charac-
teristics are shown in Table l.

2.2. Cotinine analvsis

Cotinine levels were determined to verify self-
reported non-smoking status and to quantitate ETS ex-
posure. Plasma samples, I mL from NETSS filtered
through Oasis@ MCX (Waters, Milford, MA) cation-
exchange solid phase extraction cartridges and coti-
nine eluted prior to GC/lvIS analysis, as described in
the Product Insert. Briefly, acidified plasma samples
(0.05 meq HCI) were filtered through separate pre-
pared cation-exchange cartridges, washed with 2 mL
0.1M HCI then 2mL methanol and cotinine eluted
with 1.5 mL ammonium hydroxide (5% in methanol).
Eluates were vacuumed to dryness, 60"C (l h), re-
dissolved in 0.2 mL ethyl acetate and filtered through
0.45 pm membrane filters into autosampler vials. Sam-
ples were chromatographed on an Agilent 6890 plus
gas chromatograph (San Femando, CA) and detected
with an Agilent 5973N mass spectrometer operating
in selected ion mode (EI: 70 eV). An aliquot (2 p"L)
of each sample was injected onto a 30 x 0.25 mm
(i.d.) DB5-MS fused silica open tubular column (J&W
Scientific) and chromatograms developed using the
following GC/MSD program: 60"C (lmin), rhen
25"lmrn to 300"C (hold I min); a post-run hold of
l0min at 300oC was imposed after each sample (to-
tal run time : 21.6 min). Clean solvent injections were
made between standard and sample injections to min-
imize carry over of the cotinine analyte. The fragment
at mlz:98.1 was used for quantitation, and retention
time for the cotinine analyte was 7.68 min. Average re-
covery from clean, spiked plasma (0.3-4 ng/ml,) was
100.7 +.1.6% with a CV of  8.0+ 4.4%. The concen-
tration range for the standard curves was l-80 nglmL
with limits of detection and quantitation of 0. I nglmL
and 0. 3 nglmL, respectively.

2.3. Single cell gel electrophoresis (Comet) assay

DNA-damage was assessed by the Comet assay
in whole blood samples with or without inclusion of
human 8-oxoguanine glycosylase (hOGGl) enzyme,
which cleaves 8OHdG-DNA lesions and allows them
to run under electrophoresis and thus be detected. This
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Baseline denrographics of study participants for the whole study population and for male and female participants
-
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was perfbnned r-rsing a commercially avairable FlareTM
assay kit (Trevigen, Gaithersburg, MD) as per the man-
ufacturer's instructions. Briefly, ceils were plated in low
melting point agarose, slides were lysed and DNA un_
winding occurrccl fbr l h at pH >13. Slides were elec_
trophoresed for 30 min (0.g5 V/cm) and dried down
before staining with SyBR greenTM and visualization
using a ffuorescent microscope at 400 x magnification.
Three blocld samples per person were assessed and 50
cells werc scored ranclornly by eye in each sample, on
a scale of 0-4, based on fluorescence beyond th. nu-
cleus and were previously described by Kobayashi et al.
( 1995). The scale used was as followsr 0: no cometing;
I : Cornet < 0.5 times the width of nucleus; 2: Co.Ji
equal to width ofnucleus; 3: Comet greaterthan width
of nucleus; 4 : Comet > two times the width of the nu_

cleus. Scoring cells in this manner has been shown to be
as.accurate and precise as using computer image anal_
ysis (Kobayashi et al., 1995). The individual sclring of
the slides was blinded to any demographic or biochJmi_
cal aspects ofthe blood samples. General DNA_damage
was calculated from the samples with no hOGGI ei_
zyme added, while specific gOHdG-DNA-damage was
calculated by subtracting general DNA_du-ugJ frorn
9-.T".g: in corresponding samples containing nbCCf .
Variability caused specifically by the Cometissay pro_
cedure was controlled by running one loading.ontrot
sample foreveryparticipant. Loading controls were not
lysed and unwound, but were electrophoresed with ex_
perimental samples and developed with ethidium bro_
mide. Every loading control was checked visually on
a microscope and a picture was taken with a Geidoc
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(Biorad, Hercules, CA) to ensure loading of a similar
number of white blood cells and thereby control for re-
tardation in DNA rnigration due to over-loading. Sam-
ples where white blood cells were overloaded were re-
peated. Loading controls also served to measure levels
of arlifactr"ral DNA-damage caused by electrophoresis
alone.

t, 
/,.r,l 

r r rr "rn in a t i o tt oJ' B O H d G c o n c entr atio n s in

Concentrations of SOHdG were determined in
serum sarnples drawn from participants at the same
time as plasma and whole blood samples. Blood
was drawn into a SST vacutainer, allowed to clot at
room temperature for 45 min-l h and centrifuged at
1000rprn for l0min. Serum was aliquoted into cry-
ovials and stored at -70 until use. Before 8OHdG con-
centrations were determined in serum, samples were

thawed, applied to spin filters (10,000 Mw cut-off, Mil-
lipore, Billerica, MA) and centrifuged at 12,000 x g in
a benchtop centrifuge for 30 min. Flow-through was ap-
plied to OXYcheck high sensitivity competitive ELISA
plates (Genox, Baltimore, MD) and quantitation pro-
ceeded as per the manufacturer's instructions.

2.5. Statistical analyses and data manipulation

All analyses were performed with GraphPad prism
3.0 (GraphPad Software, San Diego, CA). Data anal-
ysis showed that DNA-damage results approximated a
Gaussian distribution; thus; unpaired Student's /-tests
with Welch's correction for unequal variances where
appropriate, linear regression and Pearson's correla-
tion and one way ANOVA with Tukey's post test were
used as detailed in Figs. I and 2 andTable 2. Statistical
analysis was performed in a post hoc manner after all
biochemical analyses were completed.
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Fig. I Gencral but not SOHdG-DNA-damage is significantly correlated to workplace ETS exposure in the blood of male non-smokers. (A)
Oxidative 8OHdG (I) and general DNA-damage (A) in the srudy population @:a\.(B) Oxidative gOHdG lesions (l) and total DNA_damage
(A) in males only (n:32). (C) Oxidative 8OHdG lesions (l) and total DNA-damage (A) in females only (n: l7). p-values presented are
Pearson's correlation coeffi cients.
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not differ significantly between or within any demo-
graphic sub-group (Table 2).

General DNA-damage in the Comet assay corre-
lated significantly with increasing cotinine levels in
the whole population (P:0.0042, Pearson, Fig. lA)
but 8OHdG damage did not. Further sub-group anal-
yses showed that general DNA-damage increased
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Fig. 2' 80HdG levels in the serum of non-smokers are not correlated to workplace ETS exposure. (A) Serum 8OHdG concentrations (l) in the
whole study population @ - a9). (B) Serum 8OHdG concentrations (I) in males only (n : 32). (C) Serum 80HdG concentrations (I) in females
o n l y  ( r :  l 7 ) .

0 1 2 3 4 5
{B) Cont in inaconcentrat ion{ng/mL)

3. Results

One participant was excluded because its cotinine
value (l37ngAnl-) represented an active smoker; sub-
sequent statistical analysis was performed with 49
individuals (32 rnen and l7 women). Analysis ofthe re-
rnaining participants indicated that cotinine levels did

Table 2
Relationships of gencral DNA-damage, SOHdG-DNA-damage, serum 8OHdG concentrations and cotinine to demographic sub-groups in the
study population

Gender Caucasian vs. Latino vs.
(t-test) other (l-test) other (l-test)

BMI
(Pearson)

Age
(Pearson)

Marital status
(ANOVA)

Education
(ANOVA)

1 2 3 4
Gontinine concentralion (ng/mL)

Non-oxidative DNA-daurage
8OHdG-DNA-darnage
8OHdG serum concentration
Cotinine

0.6477 0.8587
0.s282 0.9s06
0.8092 0.0289*
0.9276 0s602

0.0163 
**

0.0005"
0.0707
0.4230

0.7531
0.7467
0 . 1 1 3 8
0.309 r

0.5282
0.98',72
0.6102
0.7028

0.9203
0.4398
0.6002
0.6863

0.6221
0 .8512
0.4846
0.3977

Note. tlte lack of sigrtificaltce of cotinine levels betu'een or within any demographic parameters, indicating equivalent ETS exposure in this
populat ion.

*  P  <  0 .05 .
" ' P < 0 . 0 1 .
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significantly with ETS exposure in males but not fe-
males  (P :  0 .01  5 ,  n :32 ,F ig .  lB  and P:0 .736,  n :  1 ' l  ,
Fig. lC respectively). The average general DNA-
damage score for males (0.27 + 0.47) was significantly
higher at  than in females (0.06+0.08, P:0.016, r-
test). In contrast, SOHdG-DNA-damage did not corre-
late to increasing ETS exposure in the whole population
nor in either gender (P:0.79, male; P:0.31 female,
Fig. lA-C). Despite this, the average damage scores
for SOHdG-DNA-damage were significantly higher in
males (0.31 + 0.34) than females (0.059 + 0.I l, re-
spectively, P: 0.0005, r-test).

Concentrations of SOHdG in serum did not corre-
late to ETS exposure (Fig. 2A-C) and did not differ
significantly between men than women (P:0.0756).
The 8OHdG levels in serum did correlate significantly
with age (P:0.0289) but did not differ with any other
demographic variable (Table 2). No other demograph-
ics showed significant differences or corelations with
DNA-damage (oxidative or otherwise), SOHdG serum
concentrations or cotinine levels (Table 2).

To eliminate confounding of our results caused by
baseline mi smatching, analysis of baseline demograph-
ics (age, body mass index, education level, marital
status, and ethnic background) was performed. There
were no statistically significant differences in baseline
demographics between male and female participants
(Table 1), strengthening the apparent gender-specific
differences in DNA-damage. Furthermore, although no
sample was thawed more than once prior to these ex-
periments, we assessed whether or not the number of
freeze-thaw cycles affected the average DNA-damage
score from the Comet assay. No significant relation be-
tween the numbers of freeze-thaw cycles and general
DNA-damage or SOHdG-DNA-damage was observed
(P:0.778 and P :0.97, respectively, Pearson). In ad-
dition, although actual numbers were not recorded.
DNA-damage attributed to electrophoresis in the con-
trol slides was checked at random and was very low
with few cells exhibiting any cometing (2-3 Comets/50
cel ls) .

4. Discussion

General DNA-damage in the blood of non-smoking
men increased in a dose-dependent manner with ex-
posure to ETS in the workplace (P:0.015) and was

significantly higher than in women (P:0.0163). In
contrast, neither oxidative 8OHdG-DNA-damage nor
SOHdG concentrations in serum correlated with ETS
exposure. In addition, although SOHdG-DNA-damage
levels were significantly higher in men than women
(P:0.0005), serum concentrations of SOHdG did not
differ between genders.

One of the most important aspects of this study
is that cotinine levels were the same between males
and females (Table 2). Cotinine also did not differ
between or within any other demographic group or
stratification, which is further evidence for equivalent
ETS exposure among all the participants. Different
cotinine levels may be ascribed to differential times
since exposure and/or genetic polymorphism in
CYP2A6, although this polymorphism does not exist
at significant levels in the population sampled (yang et
aL,200l). In addition, confounding variables for food-
related nicotine levels in experimental participants
have been previously investigated and cauliflower,
eggplant, tomatoes, potatoes and black tea contain
measurable levels of cotinine (Benowitz,1996). While
it has been suggested that the dietary intake of nicotine
through these sources could confound studies of ETS,
especially with respect to gender because of fruit and
vegetables intake (Glynn et al., 2005); using phar-
macokinetic analysis and typical American vegetable
consumption data, Benowitz (1996) places the average
dietary nicotine intake at around to 0.7 pg daily
(Benowitz,1996). Additionally, there are no other sex-
related differences in cotinine clearances with gender
(Gries et a1., 1996). Up to 80% of a dose of nicotine
is converted to cotinine via a C-oxidation pathway,
and the resulting cotinine metabolite has a half-life of
l5-I7 h. In comparison, nicotine has a much shorter
half-life of 2.6h and has different clearance rates in
smokers and non-smokers (Benowitz and.Iacob, 1993;
Kyerematen et al., 1990). Hence, due to its longer
half-l i fe, cotinine is readily identif ied in samples,
which may have been drawn relatively long periods
of time after ETS exposure and the methods used to
detect and quantify it (generally GC/MS or LCIMS)
are rapid, sensitive, precise and accurate (Tricker,
2003).

Another issue relating to the timing of procur-
ing blood samples is the rate of SOHdG-DNA lesion
repair. The kinetics of hOGGI for 8OH2dG fol-
low Michaelis-Menten kinetics and have a V^u* of
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0.51 + 0.17 nM/min 8OH2dG (Asagoshi et al., 2000).
Thus, at high 8OH2dG levels, the enzyme may become
saturated, indicating that the length of time from ETS
exposure to DNA repair may also be dependent on the
level of exposure. Despite this, the ftss1 forhOGGl with
respectto 8OH2dG is 0.034 min, which is relatively fast
(Asagoshi et al., 2000). This is complicated by a distinct
sequence affinity of hOGGI for 8OH2dG in certain
portions of the genetic code, whereby sometimes the
rate and efficiency of hOGG I for SOHdG is altered by
the position on the lesion. The same is true for the other
enzyme that removes SOH2dG, formamidopyrimidine
DNA glycosylase (Fpg). This enzyme has a V^u* of
2.1 + 0.7 nM and a ksil of 1.8 min (resulting in similar
intrinsic clearances to hOGGI) and also demonstrates
a DNA-sequence specific affinity for lesions (Asagoshi
et  a l . ,  2000).

This study was designed to determine whether
a dose-dependent relationship between DNA-damage
and increasing occupational ETS exposure exists. Pre-
vious research from our laboratory has demonstrated
significantly higher 8OHdG levels in non-smoking
workers occupationally exposed to ETS compared to
non-smoking workers who are not exposed (Howard et
al., 1998), and we wished to follow on from this finding
and investigate dose-response relationships between
levels of ETS exposure and levels of DNA-damage.
It has also been shown that self-reported ETS expo-
sure significantly underestimates the actual exposure
of study participants to ETS (Delorenze et a1.,2002)
and that ethnicity, marital status, education and age
(Iribanen et al., 2004; Kurtz et al., 2003; Reynolds et
al.,2004; Soliman etaL.,2004) can affect exposure lev-
els. In orderto address this, the current study used blood
cotinine levels as a marker of ETS exposure not self-
reporting, and the data presented in Table 2 demonstrate
that no significant differences in cotinine levels were
observed between or within these demographic sub-
groups. This indicates that our findings are not skewed
by mismatching between males and females and fur-
ther, that the measured ETS exposure is likely to com-
prise almost exclusively of workplace ETS exposure
and not exposure through the home (often correlated
with marital status (Kurtz et al. 2003; Reynolds et al.
2004)) or social exposure (often correlated with age
(Reynolds et al., 2004)).

Although previous studies have reported higher
8OHdG in smokers than non-smokers (Loft et al., IggZ)

and for workers in smoking compared to smoke-free
workplaces (Howard et al., l99B), dose-dependent ef-
fects of ETS on either 8OHdG lesions or other forms
of DNA-damage have not been reported in humans. It
has been shown by HPLC with electro-chemical detec-
tion method that SOHdG-DNA lesions are significantly
higher in pooled male blood samples than pooled fe-
male blood samples, and that large geographical dif-
ferences in damage levels occur (Collins et al., 1998).
Our study is in agreement with these findings regard-
ing the gender-differences in SOHdG-DNA adducts.
although all of our samples were from a similar geo-
graphic region. Because we employed a Comet assay
approach, individual blood samples could be assessed
(blood volume is the limiting factor for HPLCiECD
analysis), thereby increasing the power of the experi-
ment. The advantages of using the Comet assay include
the small number of cells required, the high sensitiv-
ity of the procedure (DNA-damage caused by <5 cGy
gamma rays can be observed) and the economical, fast
and simple nature of the assay (Rojas et al., 1999). The
disadvantages of the Comet assay as it was used here
mostly relate to technical variability in scoring cells
and interpretation of results and the sample sizes per
assay, which have been criticised for causing sampling
bias. These concerns are somewhat mitigated by hav-
ing all of the cell scoring performed by one person and
scoring large numbers of cells (50 cells per determi-
nation, in triplicate) (Kobayashi et al., 1995; Rojas et
al., 1999).In addition, sampling bias relates more to
solid tissues where results may be skewed by region-
specific differences in DNA-damage. In a circulating
tissue such as blood, regio-specificity in DNA-damage
is less likely to be observed and unlikely to have been
a factor in this study. Finally, our manner of scoring
cells using the 0-4 scale and assessing damage by eye
has been shown by previous investigators to be as ac-
curate, more sensitive and faster than computer image
analysis and to correlate almost exactly with computer-
tzed analyses of ratio (DNA% in tail) and tail moment
(product ofratio and tail distance) when graded concen-
trations of known DNA damaging agents were tested
and scored by double blinded investigators (Kobayashi
et  a l . ,  1995).

Since most ofthe damage caused by cigarette smoke
is believed to occur through DNA adducts, the power
of the Comet assay in detecting DNA-damage caused
by smoking and/or ETS has been questioned due to the
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fact that DNA cross links and adducts retard the migra-
tion in the assay (Sram et al., 1998). These properties
of DNA migration under electrophoresis are likely to
be responsible, at least in paft, for many conflicting re-
ports on DNA-damage caused by cigarette smoke when
the Comet assay was used as the only form of analy-
sis and may be accountable for the results of the lone
study where Comet assays reported less DNA-damage
in smokers than non-smokers (Speit et a1., 2003). The
pH of DNA unwinding and electrophoresis and the
length of time unwinding and electrophoresis are per-
formed are also critical to the amount of cometing ob-
served. For example, as pH increases so do the amount
and types of DNA-damage detected. Therefore, differ-
ences in DNA-damage reported by different laborato-
ries could be due to variance in the pH of DNA un-
winding and/or running buffers. In the present studies,
as well as using an enzyme to cleave DNA at 8OHdG-
adducts sites and comparing these results to assays in
the same participants where enzyme was not added,
unwinding was carried out at pH >13 where the assay
detects the most possible forms of DNA-damage. Ad-
ditionally, as discussed above, our use of loading and
running controls enabled changes in DNA migration
due to the number of cells loaded and cometing caused
by the method itselfto be eliminated as variables. More-
over, because SYBR greenTM was used as the detector
fluorophore, the assay is extremely sensitive. This is
important as a recent investigation of differences in
DNA-damage between smokers and non-smokers us-
ing ethidium bromide as a fluorophore reported that de-
tection of smoke-induced DNA-damage was limited in
the Comet assay (Sram et al., 1998). When comparing
fluorophores, ethidium bromide shows 3O-fold fluores-
cence enhancement upon binding to DNA while SYBR
greenrM exhibits 1000-fold fluorescence enhancement
(Molecular Probes, 2004\.

Despite equivalent workplace ETS exposure, both
intracellular 8OHdG and general DNA-damage were
greater in males than females, but there were no sig-
nificant differences between men and women in serum
levels of extracellular (repaired) 8OHdG. Some cau-
tion is needed in interpreting these results because it is
possible that if these experiments were expanded to a
larger population, differences in extracellular SOHdG
serum concentrations between the men and women
would become significant, as the P-value between men
and women in the current study was low (0.07). In

addition, when discussing aspects of DNA repair in
this study, it is important to note that DNA repair was
not measured directly, thus attributing differences be-
tween DNA-bound 8OHdG lesions and free plasma
SOHdG to repair remains a hypothesis meaning that
concrete conclusions regarding gender-related differ-
ences in DNA repair are difficult to substantiate within
the size and power of this study. Despite this, these data
may indicate gender-differences in DNA-damage and
repair capacity and speculatively provide a rationale
for the higher incidences of some syndromes (notably
most cancers and heart disease) in males compared to
females (Manton, 2000). Although women are more
susceptible to certain forms of cancer such as cancers
of the breast, these cancers are predominantly hor-
monal and not mechanistically genotoxic (Wingo et
a1.,2003).In addition, although women have overtaken
men with respect to incidence of lung cancers since the
1980s, this has largely been attributed to behavioural
and social factors not biochemical or cellular events
(Levi et al., 2004; Wingo et al., 2003). For cancers
where initiation is predominantly through genotoxic
and mutagenic means, such as liver, gastro-intestinal,
bladder and colo-rectal cancers, epidemiological stud-
ies have uniformly reported greater incidences in men
than women in both Europe and USA over the last cen-
tury (Levi et al., 2004; Manton, 2000 p. I l; Wingo et
al., 2003). Recent research has demonstrated a consti-
tutive polymorphism of the hOGGI gene that results
in reduced ability to repair SOHdG lesions. This poly-
morphism is also associated with higher lung cancer
risk (Park et al., 2004). Also, Gackowski et al. (2003)
have reported that levels of 8OHdG in DNA isolated
blood of lung cancer patients was significantly higher
than that in DNA isolated from healthy smokers and
non-smokers (Gackowski et a1.,2003).It is, therefore,
possible that data presented showing higher BOHdG
lesions in the blood of men exposed to ETS may be
associated with lung cancer risk.

The distinction between excised bases and intra-
cellular, bound DNA-damage is particularly important
in terms of long-term affects on homeostasis, cell cy-
cling and the development of disease. For example,
incomplete base-excision repair sites, which are de-
tected in nuclear DNA by the Comet assay and likely
make up some of the general DNA-damage observed
here, frequently leads to inappropriate transcription,
cell cycling and metastasis (Gantt et al., l986). It is



l 8 A.C. Collier et al. / Tbxicology Letters 155 (2005) l0-19

difficult to say precisely how detrimental the general
DNA-damage detected herein will be in the long-term
because double and single strand breaks, incomplete
base-excision repair sites and alkali-labile sites are all
detected by the Comet assay, but their relative frequen-
cies in the present study are unknown. In contrast, a di-
rect measure of the amount of 8OHdG-DNA-damage
was measured and the amount of SOHdG in serum
(which is more indicative of DNA repair capacity) was
also measured providing a direct gauge of repair ca-
pacity.

ETS is known to be a carcinogen, pro-oxidant stres-
sor and genotoxic agent. Here we have shown a signifi-
cant, positive correlation of greater DNA-damage with
increasing ETS exposure. A direct correlation between
ETS exposure and non-8OHdG damage would be even
more conclusive in the presence of either a control
group (such as non-smokers not exposed to ETS) show-
ing a lack of such correlation or in a longitudinal group
showing increasing DNA-damage levels with time.
However, perhaps the most interesting finding was the
gender-specific differences in DNA-damage and po-
tential differences in repair observed. These results
provide a "snapshot" of the interplay between DNA-
damage and ETS exposure, and along with other re-
cent findings, further evidence that gene-environment
interactions of DNA repair enzymes may be impor-
tant in cancer risk and mutagen sensitivity (Ito et al.,
2004; Tuimala et al., 2002). The dose-dependency ob-
served for general DNA-damage and ETS, suggests a
dynamic equilibrium between damage and repair with
respect to ETS exposure over time, while discrepancies
between higher levels of intracellular DNA-damage
(both general and 8OHdG) in men than women but
comparable amounts of (repaired) serum 8OHdG, may
imply gender disparities in the expression and activ-
ity of DNA repair enzymes. This study may provide
insight into the genotoxic, mutagenic and carcino-
genic mechanisms of ETS and also may also help ex-
plain gender-differences in the susceptibility to cancer
and other diseases caused or exacerbated by tobacco
smoke.
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