Increased Serum Levels of 8-Hydroxy-2'-Deoxyguanosine
in Clinical Depression
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Objective: We sought to understand the pathophysiological effects of depression by examining group differences in serum levels
of 8-hydroxy-2'-deoxyguanosine (8-OHdG), a biomarker of oxidative damage. Methods: Our sample consisted of 169 participants.
Eight-four of these participants met diagnostic criteria for clinical depression. The 85 participants in our comparison group were
matched on age, gender, and ethnicity to the depressed group. 8-OHdG was measured by enzyme-linked immunosorbent assay.
Results: After adjusting for age, gender, race/ethnicity, years of education, daily smoking, average number of alcoholic drinks per
week, average amount of physical activity per week, and body mass index, participants in the depressed group had significantly
higher levels of oxidative DNA damage compared with participants in the control group. Pairwise comparisons showed that
participants with major depression had significantly higher levels of 8-OHdG than control subjects and marginally higher levels of
8-OHdG compared with those with minor depression. Furthermore, participants with recurrent episodes of depression had more
oxidative damage than participants with single episodes, who in turn had more damage than healthy control subjects. Finally,
participants with recurrent episodes of major depression had more DNA damage than other depressed participants, who in turn had
more damage than healthy control subjects. Conclusions: Our findings suggest that increased oxidative damage may represent a common
pathophysiological mechanism, whereby depressed individuals become vulnerable to comorbid medical illness. Key words: depression,

DNA damage, oxidative damage, comorbidity.

8-OHdG = 8-hydroxy-2'-deoxyguanosine; DSM-IV = Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition; DISH =
Depression Interview and Structured Hamilton Interview; ELISA =
enzyme-linked immunosorbent assay; HPLC-EC = high-perfor-
mance liquid chromatography with electrochemical detection; GC-
MS = gas chromatography—mass spectrometry; BMI = body mass
index.

INTRODUCTION

linical depression is a considerable public health problem
(1). Approximately 32 to 35 million adults in the United
States have experienced depression at some point in their life
and approximately 13 million adults have experienced depres-
sion within the past year (2). Clinical depression is also a
considerable medical problem as those with major depressive
disorder (MDD) are at increased risk for serious medical
illness, including cardiovascular disease (3-5), diabetes (6—
8), cancer (9—11), and stroke (12). This risk is often indepen-
dent of traditional risk factors, suggesting that depression may
function as a causal factor in the pathogenesis of multiple
diseases. To understand the pathophysiological effects of de-
pression, we examined one of the biologic mechanisms com-
mon to multiple diseases: oxidative damage to DNA.
Oxidative damage results from biochemical interactions
between reactive oxygen species (ROS) and target biomol-
ecules. ROS can damage nucleic acids, lipids, and proteins;
this damage figures prominently in the etiology and progres-
sion of numerous cancers (13—15) as well as coronary and
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carotid atherosclerosis (16—19). Although many damaged
DNA lesions have been identified (20-23), we have chosen
8-hydroxy-2'-deoxyguanosine (8-OHdG) as our biomarker of
oxidative damage. The importance of this lesion stems from
the fact that it is both abundant in DNA and it is mutagenic
(24-28). Current evidence suggests that 8-OHdG lesions
present in DNA during cellular replication results in somatic
mutation, the driving force behind carcinogenesis. Emerging
evidence suggests that somatic mutation may contribute to
smooth muscle proliferation in the pathogenesis of atheroscle-
rotic plaques (29,30).

Research investigating associations between psychologic
factors and DNA damage is a relatively new area of study, and
there are no published studies examining oxidative damage
levels among clinically depressed individuals. The primary
purpose of this article was to compare mean levels of oxida-
tive DNA damage between clinically depressed patients and a
matched comparison group. We were interested in answering
several related questions: 1) Do patients with depression have
higher levels of oxidative DNA damage, as reflected by
8-OHdG, compared with healthy control subjects? 2) Is there
a dose-response relationship between the severity of depres-
sive symptoms and the extent of DNA damage? 3) Do patients
with longer-standing problems with depression, i.e., those
with recurrent episodes, have greater oxidative damage than
patients with a single episode of depression? To our knowl-
edge, this study represents the first attempt to quantify oxida-
tive DNA damage among patients with clinical depression.

METHODS
Participants

All volunteer participants, both depressed and control subjects, were
recruited from January 2001 to May 2003 by advertisements placed in mass
transit stations and newspapers as well as posted flyers in the St. Louis
metropolitan area. Eighty-four of the participants met diagnostic criteria for
clinical depression and constituted our depressed group. None of these par-
ticipants were taking antidepressant medication for their current depressive
episode. Our comparison group consisted of 85 participants and was matched
case-by-case to the depressed group on age, gender, and ethnicity. All par-
ticipants were medically healthy at study entry: They had no history of
chronic medical illness, no indications of acute infection, normal complete
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blood count, and no prescribed medication regimen other than oral contra-
ceptives in the last 6 months. Additionally, participants in the comparison
group had no history of psychiatric illness. Each participant had a complete
blood count (CBC) with differential to screen for acute infection (Beckman
Coulter, Fullerton, CA). Serum albumin was determined by spectrophotom-
etry (Kyowa Medes, Shizuoka, Japan) and used as a measure of gross
nutritional status to exclude subjects with protein-store deficiencies (there
were none). Using such a medically healthy sample allowed us to rule out
residual confounding by prevalent disease as an explanation for our effects.

Assessment of Depression

All participants in the depressed group met diagnostic criteria for a current
major depressive disorder (MDD) or minor depressive disorder as defined in
the DSM-IV (31). Diagnoses were made by trained interviewers using the
Depression Interview and Structured Hamilton Interview (DISH), a semi-
structured interview that provides both DSM-IV major and minor depressive
disorder diagnoses and a severity score based on the Structured Interview
Guide for the Hamilton Depression scale (32). To meet criteria for current
MDD, participants must report at least one of the following: depressed mood
or loss of interest or pleasure (31). Furthermore, a participant had to have at
least five out of a possible nine symptoms in the past 2 weeks; these
symptoms must cause clinically significant distress or impairment. Symptoms
cannot result from substance abuse, medication, or a general medial condition
and cannot be accounted for by bereavement. Minor depression is similar to
MDD in duration but is less severe or impairing (two rather than five
symptoms are required). To meet criteria for recurrent MDD, participants
must have experienced at least two separate episodes of MDD with at least
two consecutive months in between (31).

Participants were excluded if they had comorbid psychotic disorders,
eating disorders, substance abuse disorders, or anxiety disorders other than
generalized anxiety disorder. Determination of exclusionary comorbid psy-
chiatric disease was made using modified versions of the Diagnostic Inter-
view Schedule and the Primary Care Evaluation of Mental Disorders (33,34).

Procedures

Sessions began with the explanation of study details and the collection of
written informed consent. To determine eligibility, potential participants
underwent the DISH. The interviewers received extensive training on the
DISH before the study began. To assess the extent of their diagnostic
agreement, both interviewers rated a series of 20 participants. Across the 11
symptom dimensions of the DISH, the interviewers showed an average kappa
of 0.79, a value indicating good to excellent diagnostic agreement. Eligible
participants then answered a series of questionnaires regarding their medical
history and personal health behaviors. Their height and weight was measured
for calculation of body mass index (BMI). Participants next provided a 35-mL
blood sample by antecubital venipuncture. Blood samples were centrifuged at
1000 g for 25 minutes and then the serum was aspirated, divided into aliquots,
and stored at —70°C until the end of the study. All blood draws were taken
in the early morning to control for diurnal rhythms.

Measure of Oxidative Damage

We used serum levels of the oxidized base, 8-hydroxy-2'-deoxyguanosine
(8-OHdG), as our biomarker of oxidative damage. 8-OHdG was measured
with the highly sensitive 8-OHdG check enzyme-linked immunosorbent assay
(ELISA) kit (Genox Corp., Baltimore, MD). This competitive in vitro ELISA
is specifically designed for measurement of 8-OHdG in tissues expected to
have low levels of this damage lesion. Antibody techniques like ELISA offer
a valid and comparatively simple alternative to more technically demanding
HPLC-EC or GC-MS techniques for the quantitation of oxidative DNA
damage (35), and research suggests good correlation between HPLC and
ELISA methods (» = 0.96; [36]).

Procedures followed manufacturer’s instructions. First, serum samples
were passed through Amicon Ultra Centrifugal Filters (Fisher Scientific) to
remove any large-molecular-weight substances. Samples and standards (50
nL) were then added to microtiter plates precoated with 8-OHdG. This was
followed by the addition of 8-OHdG monoclonal antibodies (50 wL). Plates
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were then sealed and incubated at 4°C overnight. In this primary reaction, the
8-OHdG in the serum competes with the 8-OHdG already bound to the plate
for the monoclonal antibody. Higher levels of 8-OHdG in the sample will lead
to lower levels of antibody binding to the plate.

To remove the antibodies bound to 8-OHdG in the serum, the plates were
washed with 250 uL diluted washing buffer and a second enzyme-labeled
antibody (100 L) was added to each well. This second antibody will bind to
the 8-OHdG monoclonal antibody already attached to the plate. After repeat-
ing the plate wash, 100 uL of chromogen was added to each well and
incubated in the dark for 15 minutes. The development of color is proportional
to the amount of antibody in the plate, which in turn is inversely related to the
amount of 8-OHdG in the serum sample. Lower color means higher amounts
of 8-OHdG. Results are expressed in nanograms per milliliter.

Samples from each subject were split and run in triplicate. Plates were
read by a Tecan Sunrise microplate reader. The concentration of 8-OHdG in
each sample was determined by generating standard curves for each lot of
assay reagents from standardized samples contained in each ELISA kit. Curve
fitting was done with Magellan 4.0 software using a four-point logistic model.
The mean of each subject’s three samples was computed and then converted
into a z-score to facilitate interpretation of statistical analyses.

The intraassay coefficient of variation was an acceptable 10.8% (37). We
interpret measurements of 8-OHdG in serum as reflective of overall oxidative
DNA damage in the whole body, similar to the interpretation of 8-OHdG
excreted in urine (38). This measurement will include not only damaged
nuclear DNA removed during base excision repair, but also damaged mito-
chondrial DNA and damaged DNA from cytoplasmic nucleotide pools (35).

Covariates

Gender, ethnic/racial identity, and years of education were all self-
reported. If subjects reported that they smoked cigarettes daily, they were
classified as regular smokers. Body mass index was calculated from height
and weight measurements taken at each session using a balance beam scale
(Seca Corp., Columbia, MD) and were averaged across sessions. Alcohol
consumption was defined as the reported average number of alcoholic drinks
per week. Physical activity was measured with the Paffenbarger Physical
Activity Scale and was defined as the minutes per week the subject partici-
pates in any regular activity akin to brisk walking, jogging, bicycling, and so
on, long enough to work up a sweat. This scale item is the best self-reported
predictor of treadmill-tested VO2-max in healthy men (39).

Statistical Analyses

We conducted statistical analyses with SPSS (version 10.1.1; SPSS, Inc.,
2000). Preliminary analyses included a series of one-way analysis of variance
(ANOVA) or x* tests of association to determine group equivalence. Vari-
ables that were significantly different between groups were entered in sub-
sequent analyses as covariates. Additional covariates were selected based on
published reports of associations with oxidative DNA damage (21,40-51).
Estimated mean differences in serum levels of 8-OHdG were determined by
analysis of covariance (ANCOVA) with age, gender, ethnicity, years of
education, daily smoking, average number of alcoholic drinks per week,
average amount of brisk physical activity per week, and BMI entered as
covariates. When depression was stratified into more than two categories, we
used the polynomial linear contrast procedure to evaluate linear trends across
groups. Significant trend tests were followed by pairwise comparisons.

RESULTS

Our final sample consisted of 169 people, approximately
81% of whom were women. As expected, depressed and
comparison participants were similar on most demographic
variables, because they were matched during the selection
process on age, gender, and ethnicity. Exceptions are as fol-
lows: there was a significantly higher proportion of smokers in
the depressed group than in the comparison group (x° [1] =
18.89, p < .001). Also, depressed participants were signifi-
cantly less educated (£ [1, 167] = 12.93, p < .001) and were
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DEPRESSION AND DNA DAMAGE

marginally heavier than comparison participants (F' [1, 166] =
3.64, p < .06). Finally, the distribution of income was differ-
ent across groups: there were more depressed people in the
lower income groups than nondepressed people and there
were more nondepressed people in the upper income groups
than depressed people (Mann-Whitney U test, p < .05).

Participants in the depressed group had a mean Hamilton
depression score of 19.0 = 5.1. In contrast, participants in the
comparison group had a mean Hamilton score of 0.4 = 0.9
and none were categorized as depressed by the Hamilton
Depression Scale. The partial correlation between Hamilton
depression scores and serum levels of 8-OHdG was small (» =
0.15, p = .07) controlling for age, gender, race/ethnicity, years
of education, daily smoking, average number of alcoholic
drinks per week, average amount of physical activity per
week, and BMI (Table 1).

Group Differences in Oxidative DNA Damage

After adjusting for age, gender, race/ethnicity, years of
education, daily smoking, average number of alcoholic drinks
per week, average amount of physical activity per week, and
BMI, participants in the depressed group had significantly
higher levels of oxidative DNA damage, as reflected in serum
8-OHdG, compared with participants in the control group

TABLE 1. Sample Demographics and Characteristics

Depressed Comparison
(n = 84) (n = 85)
Age (yrs = SD) 28.7 = 9.0 28.9 =89
Women, n (%) 68 (81) 69 (81.2)
White, n (%) 39 (46.4) 40 (47.1)
Black, n (%) 38 (45.2) 38 (44.7)
Other, n (%) 7 (8.4) 7 (8.3)
Smokers,? n (%) 27 (32.1) 5(5.9)
Body mass index 29.2 £ 9.7 26.8 £ 6.5
(mean = SD)
Obese, n (%) 33(39.3) 21 (25.0)
Average drinks per 3874 2.70 £ 5.1
week (mean = SD)
Years of education® 142 +23 154+ 1.9

(mean = SD)

Last year household
income (median
category)©

Brisk physical activity
(minimum per
week * SD)

Serum 8-OHdG
(mean = SD)

$10,000-14,999

89.6 £ 174.5

0.72 (0.29) ng/mL

$20,000-29,999

111.5£172.8

0.64 (0.23) ng/mL

(F[1,153] = 4.83, p = .029)." This disparity was fairly large;
after the means had been adjusted for covariates, depressed
patients’ 8-OHdG levels were nearly 0.4 standard deviations
higher than control subjects (Figure 1).

Oxidative Damage and Severity of Depression

To determine if there was a dose-response relationship
between severity of depression and oxidative damage, we
stratified the depressed group into those with major (n = 62)
or minor (n = 22) depression according to DSM-IV criteria.
Participants with major depression had an unadjusted mean
(standard deviation [SD]) level of 8-OHdG of 0.75 (0.32)
ng/mL and participants with minor depression had an unad-
justed mean (SD) level of 8-OHdG of 0.63 (0.19) ng/mL.
Adjusting for age, gender, race/ethnicity, years of education,
daily smoking, average number of alcoholic drinks per week,
average amount of physical activity per week, and BMI, an
omnibus test showed significant group differences in levels of
8-OHdG (F [2, 152] = 4.22, p = .016). A polynomial linear
contrast was also significant (contrast estimate [standard error
[SE]] = 0.362 [0.130], p = .006). Pairwise comparisons
showed that participants with major depression had signifi-
cantly higher levels of 8-OHdG than controls (F [1, 141] =
7.81, p = .006) and marginally higher levels of 8-OHdG
compared with those with minor depression (£ [1, 80] = 3.54,
p = .062). This likely was the result of low power resulting
from the small number of participants with minor depression.
Participants with minor depression did not reliably differ from
controls (F [1, 101] = 0.007, p = .933). The effects here were
also fairly large; after the means had been adjusted for covari-
ates, participants’ with major depression had levels of
8-OHdG that were nearly 0.5 standard deviations higher than
participants with minor depression and control subjects.

Oxidative Damage and History of Depression

We next sought to determine if those with a history of
recurrent depression (n = 59) evidenced higher levels of
8-OHdG compared with those with either a single episode
of depression (n = 25) or no depression (n = 85). Participants
with recurrent depression had an unadjusted mean (SD) level
of 8-OHdAG of 0.73 (0.31) ng/mL and participants with a
single episode of depression had an unadjusted mean (SD)
level of 8-OHdG of 0.68 (0.25) ng/mL. After adjusting for
covariates, an omnibus test showed a marginal difference
between the groups (F [2, 152] = 2.54, p = .08). Again,
polynomial linear contrast analysis yielded evidence of a
significant linear trend for history of depression (contrast
estimate [SE] = 0.287 [0.129], p = .027) such that partici-
pants with recurrent episodes had greater oxidative damage

(untransformed)
Serum 8-OHdG 0.27-1.70 ng/mL 0.20-1.26
(range) T . . .
Nineteen (11%) of 169 participants were missing data on income and the
(untransformed) L o - <
missing data were not balanced across groups; income data was missing for
" B 14 participants from the control and five participants from the depressed
. X° (1) = 18.89, p < .001. group. An analysis of covariance analysis, including income as an additional
1(167) = '3-60, p < .001. covariate yielded identical results to those presented in the text (F = 5.01,p =
¢ Mann-Whitney U test, p = .049. .027). Therefore, to retain as many participants as possible, we did not include
SD = standard deviation. income as a covariate in subsequent analyses.
Psychosomatic Medicine 68:1-7 (2006) 3
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Figure 1.

-0.1

8-OHdG (ng/ml)

-0.2

-03

-04

-05
Depression Status

D Recurrent Major Depression vs. Other
Depression vs. Controls

0.2

0.1

8-OHdG(ng/ml)

-0.1
-0.2

-0.3

-0.4

Depression Status

Estimated marginal means (standard error of mean) of serum levels of 8-OHdG by depression status controlling for age, gender, race/ethnicity, years

of education, average number of alcoholic drinks per week, average amount of physical activity per week, and body mass index. (A) Mean level of 8-OHdG
in serum of depression and nondepressed participants (# [1, 153] = 4.83, p = .029). (B) Mean Level of 8-OHdG in serum of participants with major depression,
minor depression, and no depression. Univariate tests showed significant group differences in levels of 8-OHdG (F [2, 152] = 4.22, p = .016). A polynomial
linear contrast was significant (contrast estimate [SE] = 0.362 [0.130], p = .006). (C) Mean level of 8-OHdG in serum of participants with recurrent depression,
a single episode of depression, and no depression. Univariate tests showed was a marginal difference between the groups (F [2, 152] = 2.54, p = .08). Polynomial
linear contrast analysis showed a significant linear trend for history of depression (contrast estimate [SE] = 0.287 [0.129], p = .027). (D) Mean Level of 8-OHdG
in serum of participants with recurrent major depression, other depression, and no depression. Univariate test showed significant differences in levels of 8-OHdG
between the groups (F [2, 152] = 3.83, p = .024). A polynomial linear contrast showed a significant linear trend (contrast estimate [SE] = 0.399 [0.144],

p = .006).

than participants with single episodes who in turn had more
damage than healthy control subjects. These effects were
independent of all covariates we included. The differences
here were more moderate; after means were adjusted for
covariates, participants with recurrent depression had 8-OHdG
levels were 0.1 SD higher than participants with a single
episode of depression and participants with a single episode of
depression had 8-OHdG levels that were 0.3 SD higher than
those without depression. Those with recurrent depression
had levels of 8-OHdG that were 0.4 SD higher than control
subjects.

Finally, we examined whether oxidative damage was es-
pecially pronounced in those participants who experience
more severe mood problems, which is often defined as having
recurrent episodes of major depression (52). Participants with
recurrent major depression (n = 41) had an unadjusted mean
(SD) level of 8-OHdG of 0.77 (0.34) ng/mL and other de-
pressed participants (n = 43) had an unadjusted mean (SD)
level of 8-OHAG of 0.67 (0.23) ng/mL. An omnibus test
showed significant differences in levels of 8-OHdG between

4

the groups (F'[2, 152] = 3.83, p = .024). A polynomial linear
contrast showed a significant linear trend for this variable
(contrast estimate [SE] = 0.399 [0.144], p = .006) such that
participants with recurrent episodes of major depression had
more DNA damage than other depressed participants who in
turn had more damage than nondepressed control subjects.
These effects were independent of all covariates we included.
After means were adjusted for covariates, participants with
recurrent major depression had 8-OHdG levels were 0.4 SD
higher than other depressed participants who in turn had
8-OHdG levels that were 0.2 SD higher than those without
control subjects.

DISCUSSION

This study represents the first attempt to assess levels of the
oxidative damage lesion 8-OHdG in the serum of clinically
depressed but otherwise healthy adults. As our results dem-
onstrate, compared with matched control subjects, those with
clinical depression show 0.4 SD higher serum levels of
8-OHdG. Furthermore, there appears to be a relationship be-
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tween severity of depression and level of 8-OHdG: those with
major depression have levels of 8-OHdG 0.5 SD higher than
those with either minor depression or no depression; those
with recurrent depression have levels of §-OHdG 0.4 SD
higher than those with no depression; and those with severe
depression (recurrent major episodes) have levels of 8-OHdG
0.4 SD higher than those with a single episode of major
depression, recurrent or a single episode of minor depression,
and 0.5 SD higher than those with no history of depression.

Our results are consistent with the work of Irie and col-
leagues who conducted a number of studies examining correla-
tions among negative mood, depressive symptoms, and oxidative
DNA damage in healthy workers without clinical depression.
Among women, positive correlations were found between
levels of 8-OHdG and 1) negative mood as measured by
Profile of Mood States (53); 2) perceived workload, perceived
psychological distress, and the perceived impossibility of al-
leviating distress (54); and 3) severe depression as measured
by the General Health Questionnaire (55). Although these
studies were conducted with healthy individuals and not clin-
ically depressed patients, these preliminary but provocative
findings suggest that oxidative damage may exist on a con-
tinuum and underscores the need to further examine levels of
oxidative DNA damage in clinically depressed people.

Patients with MDD are at increased risk for a variety of
chronic diseases (56). Our findings suggest that the clinical
depression associated with increased oxidative damage may
represent a common pathophysiological mechanism whereby
these patients become vulnerable to multiple comorbid med-
ical illness. We believe that chronic and severe depression
contributes to persistent oxidative stress that in time over-
whelms protective molecular and cellular mechanisms and
simultaneously increases oxidative damage to important mac-
romolecules, including lipids, proteins, and DNA. To the
extent that this it true, differences in the accumulating damage
to lipids, proteins, and nucleic acids, in conjunction with other
genetic and behavioral susceptibility factors, would determine
which disease emerges over time. This model remains to be
fully tested.

It is not immediately clear from the present research how
depressed people might come to have higher levels oxidative
damage, although there are several possibilities. First, clini-
cally depressed people may alter their behaviors in such a way
as to increase oxidative damage. For example, among smok-
ers, depression may lead to increased smoking (57). However,
in our dataset, there were no mean differences in 8-OHdG
between depressed smokers and nonsmokers and no interac-
tion between smoking and depression on mean levels of
8-OHdG. Similarly, we were able to rule out exercise, alcohol
consumption, BMI, medical illness, medication regimens, and
other sociodemographic variables as potential mediating
mechanisms contributing to group differences. We were not,
however, able to rule out dietary differences between de-
pressed and nondepressed individuals that could have poten-
tially contributed to the group differences in 8-OHdG. The
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current study lacks measures of dietary variables and this
question must remain unanswered for the time being.

Alternatively, it may be that depression contributes to
oxidative damage through an increase in the production of,
and exposure to, ROS. Depression is associated with an acti-
vation of innate immune responses (58), promotion of inflam-
mation (59), and heightened vulnerability to latent infection
(60,61). Activated phagocytes are significant sources of ROS
and produce superoxide, hydrogen peroxide, nitric oxide, and
peroxynitrite as part of the cytotoxic host response against
invading pathogens (62). The ROS are antimicrobial; they
damage lipid membranes and protein structures, thus destroy-
ing antigen-bearing cells. Oxidative damage is not limited to
microbial targets, however, and extensive host tissue damage
may result (e.g., [63]). ROS from activated phagocytes can
damage DNA bases (64) and induce strand breaks in neigh-
boring cells (65), leading some to argue that the hydroxyl
radicals and peroxynitrite formed during inflammation are the
greatest contributors to the oxidation of DNA (66). Measures
of neutrophil activation and respiratory burst as well as cyto-
kines such as IL-8, which activate neutrophils, may be a
promising area of future research and could link studies of
oxidative damage with the extensive literature on immune
dysregulation in clinical depression.

Another possibility is that depression does not increase
production or exposure to ROS but rather decreases repair of
damaged DNA. There is some evidence that repair of x-ray-
damaged DNA is slower among highly distressed psychiatric
inpatients, the majority of whom were hospitalized for depres-
sion (67). Reductions in the fidelity or kinetics of repair could
increase measured levels of oxidative damage products by
allowing their persistence rather than increasing their forma-
tion. Unfortunately, the present research is unable to address
these important questions, and future investigations may ben-
efit by expanding the scope of study to include simultaneous
measures of innate immune activation, DNA damage, and
DNA repair.

This study has a number of limitations. From a technical
standpoint, our assay coefficient of variation was marginally
higher than is recommended (37) producing excess variability.
However, the increased variability should have made it more
difficult to detect group differences rather than less. Nonethe-
less, future studies should continually aim for more precise
estimates of 8-OHdG. As already mentioned, we do not have
measures of dietary habits or supplement use, particularly the
consumption of dietary antioxidants. Previous research has
demonstrated associations between oxidative damage and var-
ious dietary constituents (41,68—74), and these measures may
provide additional insight into group differences in oxidative
damage. Also, our cross-sectional design does not allow us to
determine directions of causality, and we cannot definitively say
that depression is causing increased oxidative damage. It may be
that both depression and oxidative damage result from underly-
ing cytokine responses to chronic inflammation (75-77). We also
recognize that our depressed group represents an unusually
“clean” sample in that they were medically healthy and currently
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untreated for their depression. We additionally screened for the
presence of comorbid acute infections and chronic disease, using
these as exclusionary criteria. Although these selection biases
may limit our generalizability, we feel that this was a real strength
of our study because it removed the possibility of confounding by
prevalent diseases, alternative disease processes or treatment
regimens. Furthermore, we feel that this increased the efficiency
of our study by minimizing misclassification bias and permitting
a smaller sample size.

The clinical relevance of increased oxidative damage evi-
denced by clinically depressed individuals is currently un-
known, and future studies should appropriately address this
deficit. Despite this, our data are consistent with the hypoth-
esis that oxidative damage to important macromolecules is a
potential common pathophysiological mechanism underlying
multiple comorbid conditions in depressed people. Future
studies might include multiple oxidative damage markers to
different macromolecules and should address whether depres-
sion remission remediates underlying oxidative damage.

The authors thank Genevieve Tam for her assistance in 8-OHdG
measurement and Michael Irwin, MD, for his insightful comments on
this article.

REFERENCES

1. Cassano P, Fava M. Depression and public health: an overview. J Psy-
chosom Res 2002;53:849-57.

2. Kessler RC, Berglund P, Demler O, Jin R, Koretz D, Merikangas KR,
Rush AJ, Walters EE, Wang PS. The epidemiology of major depressive
disorder: results from the National Comorbidity Survey Replication
(NCS-R). JAMA 2003;289:3095-105.

3. Lett HS, Blumenthal JA, Babyak MA, Sherwood A, Strauman T, Robins
C, Newman MF. Depression as a risk factor for coronary artery disease:
evidence, mechanisms, and treatment. Psychosom Med 2004;66:305—15.

4. Rudisch B, Nemeroff CB. Epidemiology of comorbid coronary artery
disease and depression. Biol Psychiatry 2003;54:227—40.

5. Musselman DL, Evans DL, Nemeroff CB. The relationship of depression
to cardiovascular disease: epidemiology, biology, and treatment. Arch
Gen Psychiatry 1998;55:580-92.

6. Musselman DL, Betan E, Larsen H, Phillips LS. Relationship of depres-
sion to diabetes types 1 and 2: epidemiology, biology, and treatment. Biol
Psychiatry 2003;54:317-29.

7. Eaton WW. Epidemiologic evidence on the comorbidity of depression
and diabetes. J Psychosom Res 2002;53:903—6.

8. Eaton WW, Armenian H, Gallo J, Pratt L, Ford DE. Depression and risk
for onset of type II diabetes. A prospective population-based study.
Diabetes Care 1996;19:1097—-102.

9. Penninx B, Guralnik J, Pahor M, Ferrucci L, Cerhan J, Wallace R, Havlik
R. Chronically depressed mood and cancer risk in older persons. J Natl
Cancer Inst 1998;90:1888-93.

10. Raison CL, Miller AH. Depression in cancer: new developments regard-
ing diagnosis and treatment. Biol Psychiatry 2003;54:283-94.

11. Spiegel D, Giese-Davis J. Depression and cancer: mechanisms and dis-
ease progression. Biol Psychiatry 2003;54:269—82.

12. Larson SL, Owens PL, Ford D, Eaton W. Depressive disorder, dysthymia,
and risk of stroke: thirteen-year follow-up from the Baltimore epidemi-
ologic catchment area study. Stroke 2001;32:1979—83.

13. Jackson AL, Loeb LA. The contribution of endogenous sources of DNA
damage to the multiple mutations in cancer. Mutat Res 2001;477:7-21.

14. Marnett LJ. Oxyradicals and DNA damage. Carcinogenesis 2000;21:
361-70.

15. Floyd RA. The role of 8-hydroxyguanine in carcinogenesis. Carcinogen-
esis 1990;11:1447-50.

16. Andreassi MG, Botto N. DNA damage as a new emerging risk factor in
atherosclerosis. Trends Cardiovasc Med 2003;13:270-5.

17. Botto N, Masetti S, Petrozzi L, Vassalle C, Manfredi S, Biagini A,

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M. J. FORLENZA AND G. E. MILLER

Andreassi MG. Elevated levels of oxidative DNA damage in patients
with coronary artery disease. Coron Artery Dis 2002;13:269-74.

. Martinet W, Knaapen MWM, De Meyer GRY, Herman AG, Kockx MM.

Elevated levels of oxidative DNA damage and DNA repair enzymes in
human atherosclerotic plaques. Circulation 2002;106:927-32.

. Botto N, Rizza A, Colombo MG, Mazzone AM, Manfredi S, Masetti S,

Clerico A, Biagini A, Andreassi MG. Evidence for DNA damage in
patients with coronary artery disease. Mutation Research/Genetic Toxi-
cology and Environmental Mutagenesis 2001;493:23-30.

Cooke MS, Evans MD, Dizdaroglu M, Linec J. Oxidative DNA damage:
mechanisms, mutation, and disease. FASEB J 2003;17:1195-214.
Proteggente AR, England TG, Rehman A, Rice-Evans CA, Halliwell B.
Gender differences in steady-state levels of oxidative damage to DNA in
healthy individuals. Free Radic Res 2002;36:157—62.

Wang D, Kreutzer DA, Essigmann JM. Mutagenicity and repair of
oxidative DNA damage: insights from studies using defined lesions.
Mutat Res 1998;400:99-115.

Croteau D, Bohr VA. Repair of oxidative damage to nuclear and mito-
chondrial DNA in mammalian cells. J Biol Chem 1997;272:25409—12.
Cheng KC, Cahill DS, Kasai H, Nishimura S, Loeb LA. 8-Hydroxygua-
nine, an abundant form of oxidative DNA damage, causes G-T and A-C
substitutions. J Biol Chem 1992;267:166—72.

Kuchino Y, Mori F, Kasai H, Nishimura S, Inoue H, Iwai S, Ohtsuka E.
Misreading of 8-hydroxydeoxyguanosine-containing DNA in in vitro
DNA replication. Nucleic Acids Symp Ser 1986;157—8.

Kuchino Y, Mori F, Kasai H, Inoue H, Iwai S, Miura K, Ohtsuka E,
Nishimura S. Misreading of DNA templates containing 8-hydroxydeox-
yguanosine at the modified base and at adjacent residues. Nature 1987,
327:77-9.

Le Page F, Margot A, Grollman AP, Sarasin A, Gentile A. Mutagenicity
of a unique 8-oxogaunine in a human Ha-ras sequence in mammalian
cells. Carcinogenesis 1995;16:2779—-84.

Moriya M. Single-stranded shuttle phagemid for mutagenesis studies in
mammalian cells: 8-oxoguanine in DNA induces targeted GoC? ToA
transversions in simian kidney cells. Proc Natl Acad Sci U S A 1993;
90:1122-6.

Andreassi MG, Botto N, Colombo MG, Biagini A, Clerico A. Genetic
instability and atherosclerosis: can somatic mutations account for the
development of cardiovascular diseases? Environ Mol Mutagen 2000;35:
265-9.

Andreassi MG. Coronary atherosclerosis and somatic mutations: an over-
view of the contributive factors for oxidative DNA damage. Mutation
Research/Reviews in Mutation Research 2003;543:67—-86.

Diagnostic and Statistical Manual of Mental Disorders, 4th ed. Washing-
ton, DC: American Psychiatric Association; 1994.

Freedland KE, Skala JA, Carney RM, Raczynski JM, Taylor CB, Mendes
de Leon CF, Ironson G, Youngblood ME, Krishnan KR, Veith RC. The
Depression Interview and Structured Hamilton (DISH): rationale, devel-
opment, characteristics, and clinical validity. Psychosom Med 2002;64:
897-905.

Spitzer RL, Williams JB, Kroenke K, Linzer M, deGruy FV 3rd, Hahn
SR, Brody D, Johnson JG. Utility of a new procedure for diagnosing
mental disorders in primary care. The PRIME-MD 1000 study. JAMA
1994;272:1749-56.

Robins LN, Helzer JE, Croughan J, Ratcliff KS. National Institute of
Mental Health Diagnostic Interview Schedule. Its history, characteristics,
and validity. Arch Gen Psychiatry 1981;38:381-9.

Cooke M, Evan MD, Herbert KE, Lunec J. Urinary 8-oxo0-2’-
deoxyguanosine—source, significance, and supplements. Free Radic Res
2000;32:381-97.

Yin B, Whyatt RM, Perera FP, Randall MC, Cooper TB, Santella RM.
Determination of 8-hydroxydeoxyguanosine by an immunoaffinity chro-
matography-monoclonal antibody-based ELISA. Free Radic Biol Med
1995;18:1023-32.

European Standards Committee on Oxidative DNA Damage. Comparison
of different methods of measuring 8-oxoguanine as a marker of oxidative
DNA damage. Free Radic Res 2000;32:333—41.

Poulsen H, Priemé H, Loft S. Role of oxidative DNA damage in cancer
initiation and promotion. Eur J Cancer 1998;7:9—16.

Paffenbarger RS Jr, Blair SN, Lee IM, Hyde RT. Measurement of
physical activity to assess health effects in free-living populations. Med
Sci Sports Exerc 1993;25:60-70.

Lee H, Lim MLR, Lu C, Liu VWS, Fahn H, Zhang C, Nagley P, Wei Y.
Concurrent increase of oxidative DNA damage and lipid peroxidation

Psychosomatic Medicine 68:1-7 (2006)

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



DEPRESSION AND DNA DAMAGE

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

together with mitochondrial DNA mutation in human lung tissues during
aging: Smoking enhances oxidative stress on aged tissues. Arch Biochem
Biophys 1999;362:309-16.

Thompson HJ, Heimendinger J, Haegele A, Sedlacek SM, Gilllette C,
O’Neill C, Wolfe P, Conry C. Effect of increased vegetable and fruit
consumption on markers of oxidative cellular damage. Carcinogenesis
1999;20:2261-6.

Van Zeeland AA, de Groot AjL, Hall J, Donato F. 8-Hydroxyguanosine
in DNA from leukocytes of healthy adults: relationship with cigarette
smoking, environmental tobacco smoke, alcohol and coffee consumption.
Mutat Res 1999;439:249-57.

Asami S, Hirano T, Yamaguchi R, Itoh H, Kasai H. Reduction of
8-hydroxyguanine in human leukocyte DNA by physical exercise. Free
Radic Res 1998;29.

Hartmann A, Pfuhler S, Dennog C, Germadnik D, Pilger A, Speit G.
Exercise-induced DNA effects in human leukocytes are not accompanied
by increased formation of 8-hydroxy-2'-deoxyguanosine or induction of
micronuclei. Free Radic Biol Med 1998;24:245-51.

Asami S, Manabe H, Miyake J, Tsurudome Y, Hirano T, Yamaguchi R,
Itoh H, Kasai H. Cigarette smoking induces an increase in oxidative DNA
damage, 8-hydroxyguanosine, in a central site of the human lung. Car-
cinogenesis 1997;18:1763—6.

Okamura K, Doi T, Hamada K, Sakurai M, Yoshioka Y, Mitsuzono R,
Migata T, Sumida S, Sugawa-Katayama Y. Effect of repeated exercise on
urinary 8-hydroxy-deoxyguanosine excretion in humans. Free Radic Res
1997;26:507—-14.

Asami S, Hirano T, Yamaguchi R, Itoh H, Kasai H. Increase of a type of
oxidative DNA damage, 8-hydroxyguanine, and its repair activity in
human leukocytes by cigarette smoking. Cancer Res 1996;56.
Nakajima M, Takeuchi T, Takeshita T, Morimoto K. 8-hydroxydeox-
yguanosine in human leukocyte DNA and daily health practice factors:
effects of individual alcohol sensitivity. Environ Health Perspect 1996;
104:1336-8.

Inoue T, Mu Z, Sumikawa K, Adachi K, Okochi T. Effects of physical
exercise on the content of 8-hydroxydeoxyguanosine in nuclear DNA
prepared from human leukocytes. Jpn J Cancer Res 1993;84:720-5.
Loft S, Vistisen K, Ewertz M, Tjenneland A, Overvad K Poulsen HE.
Oxidative damage estimated by 8-hydroxydeoxyguanosine excretion in
humans: influence of smoking gender and body mass index. Carcinogen-
esis 1992;13:2241-7.

Hsu TC FC. The role of ethanol in oncogenesis of the upper aerodigestive
tract; inhibition of DNA repair. Anticancer Res 1991;11:1995-8.
Glassman AH, O’Connor CM, Califf RM, Swedberg K, Schwartz P,
Bigger JT Jr, Krishnan KRR, van Zyl LT, Swenson JR, Finkel MS,
Landau C, Shapiro PA, Pepine CJ, Mardekian J, Harrison WM, for the
Sertraline Antidepressant Heart Attack Randomized Trial Group. Sertra-
line treatment of major depression in patients with acute MI or unstable
angina. JAMA 2002;288:701-9.

Irie M, Asami S, Nagata S, Ikeda M, Miyata M, Kasai H. Psychosocial
factors as a potential trigger of oxidative DNA damage in human leuko-
cytes. Jpn J Cancer Res 2001;92:367-76.

Irie M, Asami S, Nagata S, Miyata M, Kasai H. Relationships between
perceived workload, stress and oxidative DNA damage. Int Arch Occup
Environ Health 2001;74:153-7.

Irie M, Asami S, Tkeda M, Kasai H. Depressive state relates to female
oxidative DNA damage via neutrophil activation. Biochem Biophys Res
Commun 2003;311:1014-8.

Krishnan KRR, Delong M, Kraemer H, Carney R, Spiegel D, Gordon C,
McDonald W, Dew MA, Alexopoulos G, Buckwalter K. Comorbidity of
depression with other medical diseases in the elderly. Biol Psychiatry
2002;52:559-88.

Psychosomatic Medicine 68:1-7 (2006)

57.

58.

59.

60.

61.
62.
. Simic MG. DNA markers of oxidative processes in vivo: relevance to
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

Miller GE, Cohen S, Herbert TB. Pathways linking major depression and
immunity in ambulatory female patients. Psychosom Med 1999;61:
850—-60.

Herbert TB, Cohen S. Depression and immunity: a meta-analytic review.
Psychol Bull 1993;113:472-86.

Miller GE, Freedland KE, Carney RM, Stetler CA, Banks WA. Pathways
linking depression, adiposity, and inflammatory markers in healthy young
adults. Brain Behav Immun 2003;17:276—85.

Miller GE, Freedland KE, Duntley S, Carney RM. Relation of depressive
symptoms to C-reactive protein and pathogen burden (cytomegalovirus,
herpes simplex virus, Epstein-Barr virus) in patients with earlier acute
coronary syndromes. Am J Cardiol 2005;95:317-21.

Miller GE, Stetler CA, Carney RM, Freedland KE, Banks WA. Clinical
depression and inflammatory risk markers for coronary heart disease.
Am J Cardiol 2002;90:1279—83.

Babior BM. Phagocytes and oxidative stress. Am J Med 2000;109:33—44.

carcinogenesis and anticarcinogenesis. Cancer Res 1994;54:1918s—23s.
Jackson JH, Gajewski E, Schraufstatter IU, Hyslop PA, Fuciarelli AF,
Cochrane CG, Dizdaroglu M. Damage to the bases in DNA induced by
stimulated human neutrophils. J Clin Invest 1989;84:1644-9.

Shacter E, Beecham EJ, Covey JM, Kohn KW, Potter M. Activated
neutrophils induce prolonged DNA damage in neighboring cells. Carci-
nogenesis 1988;9:2297-304.

Aust AE, Eveleigh JF. Mechanisms of DNA oxidation. Proc Soc Exp
Biol Med 1999;222:246-52.

Kiecolt-Glaser JK, Stephens RE, Lipetz PD, Speicher CE, Glaser R.
Distress and DNA repair in human lymphocytes. J Behav Med 1985;8:
311-20.

Ross JS, Stagliano NE, Donovan MJ, Breitbart RE, Ginsburg GS. Ath-
erosclerosis and cancer: common molecular pathways of disease devel-
opment and progression. Ann N 'Y Acad Sci 2001;947:271-93.

Welch RW, Turley E, Sweetman SF, Kennedy G, Collins AR, Dunne A,
Livingstone MBE, McKenna PG, McKelvey-Martin vJ, Strain JJ. Dietary
antioxidant supplementation & DNA damage in smokers and nonsmok-
ers. Nutr Cancer 1999;34:167-72.

Wachsman JT. The beneficial effects of dietary restriction: reduced
oxidative damage and enhanced apoptosis. Mutat Res 1996;350:25-34.
Green MH, Lowe JE, Waugh AP, Aldridge KE, Cole J, Arlett CF. Effects
of diet and vitamin C on DNA strand breakage in freshly-isolated human
white blood cells. Mutat Res 1994;316:91-102.

Vega-Lopez S, Devaraj S, Jialal 1. Oxidative stress and antioxidant
supplementation in the management of diabetic cardiovascular disease.
J Investig Med 2004;52:24-32.

Ambrosone CB, Freudenheim JL, Thompson PA, Bowman E, Vena JE,
Marshall JR, Graham S, Laughlin R, Nemoto T, Shields PG. Manganese
superoxide dismutase (MnSOD) genetic polymorphisms, dietary antioxi-
dants, and risk of breast cancer. Cancer Res 1999;59:602—6.

Verhagen H, Poulsen HE, Loft S, van Poppel G, Willems MI, van
Bladeren PJ. Reduction of oxidative DNA-damage in humans by Brussels
sprouts. Carcinogenesis 1995;16:969-70.

Miller AH. Cytokines and sickness behavior: implications for cancer care
and control. Brain Behav Immun 2003;17:132—4.

Licinio J, Wong ML. The role of inflammatory mediators in the biology
of major depression: central nervous system cytokines modulate the
biological substrate of depressive symptoms, regulate stress-responsive
systems, and contribute to neurotoxicity and neuroprotection. Mol Psy-
chiatry 1999;4:317-27.

Capuron L, Dantzer R. Cytokines and depression: the need for a new
paradigm. Brain Behav Immun 2003;17:119-24.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



