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Abstract
O6-biethylguanine (O`-meG) is a powerful premutagenic
lesion that can arise from exposure to methylating agents .
Although it has been reported to occur in human DNA,
no systematic epidemiological analysis of its occurrence in
populations suffering general environmental exposure is
available . We report here results from a study of the

presence of 06-meG in maternal and cord bloodleukocyte DNA of women not knowingly exposed to
methylating agents

. Using a modification of an already existing method capable of detecting the lesioq at levels as
low as 16 nmollmolG, the'adduct was detected in 31 .of 36
maternal-and 30 of 36 cord samples, .at levels ranging up
to 192 nmoUmolG. Adduct levels in maternal blood DNA
were significantly higher than those in cord blood DNA
(P < 0.05), and there was a strong correlation between
adduct levels in the hvo_tissues (P < 0 .001 . . Ivariyte
. ~y is, p„ significant association of adduct a els~'f

tI I r tIS at,tt -F„e5A'denc- e s r-pullatl n,ac ive anil ~
o{.ing status or eating bsb,its was fottffd: ~,

F):'owever mFalce u~`~rSifsfvegetables anl"of vrtamta
supplements showed nonstatistically significant trends
toward being associated with lower adduct levels in both
maternal and cord blood DNA. The same trend was
observed after multivariate analysis where all the above
variables were controlled for. These findings indicate that
premutagenic methylation DNA damage is commonplace
in individuals not known to have suffered excessive
exposure to environmental methylating agents or their
precursors and are compatible with an endogenoas origin
of this damage, possibly associated with endogenous
nitrosation processes. .
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Introduction

Although human exposure to genotoxic methylating agents is
thought to be common, little information on the extent or the
origins of this exposure is available. Relatively small numbers
of individuals may suffer workplace exposure to methylating
agents such as dimethylsulfate (an industrial chemical) and
methylbromide (an agricultural chemical) . On the other hand,
large population groups are exposed to powerful methylating
N-nitroso compounds, such as NDMA3 and NNK, which are
present in significant quantities in tobacco smoke . NDMA is
also found in nitrate- or nitrite-treated foods, in certain bever-
ages, and in certain occupational settings (1) . Additional and
probably substantial exposure to NDMA is likely to arise from
the endogenous formation of this compound in the stomach and
possibly other body compartments, as a result of the reaction
between nitrogenous compounds and nitrosating species (2) .
Finally, the .observation in cells lacking the ability to repair
Oe-meG (an important premutagenic DNA adduct) of increased
frequency of spontaneous of mutations characteristic of this
ad,duct .(3). provides, evidence that aberrant DI>CA methylation
may occur as a .continuous intr,acellular process, brought about
by agents the identities of which are still undefined . .
~ Biological evidence of human exposure too methylating

agents comes from studies that have demonstrated the presence
of inethylated DNA adducts in human tissues . For example, in
a number of pilot-scale studies, N'-methylguaniue, the major
DNA adduct formed by methylating agents, has been detected
by 32P-postlabeling in the DNA of tissues (mostly lung) of
individuals suffering general environmental exposure (Refs .
3-10; reviewed in Ref. 11). The adduct was usually found in the
range of 0.1-1 µmol N'-meG/mol G, levels that are high by
comparison to most other DNA adducts found in human DNA.
Furthermore, the frequency of adduct-positive samples was also
high (usually ranging from 30 to 100%), suggesting that expo-
sure to methylating agents is common . However, no systematic
studies of the epidemiology of N7-meG have been reported, and
evidence that its occurrence in human DNA is related to to-
bacco smoke exposure is limited and contradictory (4, 7, 10) .

A few studies have also examined the presence in human
tissues of additional, biologically important methylated DNA
lesions, such as the directly miscoding adducts 06-meG and
Oa-meT. In pilot-scale studies, O°-meT was detected in human
liver DNA (but not in WBC DNA) at levels <t }amollmol T
(12). Using an HPLGratlioimmunoassay method with limit of
detectiqn of 0 .5 }tmol Os-meG/mo1.G, Foiles et al. (13) found
this adduct in 5 samples of humann placenta of 20 examined, in
the range 0.6-to 1.6, µmol/mo1 .G, whereas in, more recent
invesflgationsof similar .size, gtiHzing more ..sensipve assays,

a The abbreviafions used are : O'-meG, Oa-methylguanine; 04-mcT, O^-methyl-
thymine ; NDMA, N-nitromdimethylamine; MNU, N-methyl-N-nilrosourea ;
NNK, A{meMylvitrosamino)-1-(3-pyodyl)-1-bntnnone : IiPLC, high-perfoxrn-
ance liquid chromatography ; AGT, alkylguanine-DNA alkyl[ransferase .
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the same adduct has been found in a large proportion of human
WBCs (range, 7-46 nmoVmol G) and liver (range, 110-670
nmol/mol G) DNA samples (14, 15) . As in the case of N7-meG,
these studies suggested that exposure to methylating agents
may be commonplace, but their limited scale did not permit the
investigation of the origin of the adducts . A role for endog-
enously formed N-nitroso compounds is suggested by the ob-
servation of increased incidence of O6-meG in DNA from the
urinary bladder of individuals infected with schistosomiasis
(which leads to inflammation and concomitant production of
nitric oxide and related nitrosating species ; Ref. 16) and by the
discovery of O6-meG in esophageal DNA of individuals in
China with high dietary intake of nitrates (17) . In a large-scale
investigation of the epidemiology of 06-meG, involving exam-
ination of blood leukocyte DNA of 407 individuals drawn from
17 regions worldwide, O6-meG was found in 21 samples at
levels ranging from the limit of detection of the assay used
(0.08 gmoUmol G) up to 0 .3 µmol/mo1 G(18). In this study,
adducts were found more frequently among samples derived
from regions with higher consumption of nitrate-treated foods
and incidence of gastric cancer and from individuals with low
levels of serum pepsinogen A (a marker of chronic atrophic
gastritis) . These observations were consistent with the hypoth-
esis that agents formed through intragastric nitrosation contrib-
uted significantly to methylated adduct formation and implied
that such adducts might have biological significance .

The suggestion that endogenous nitrosation (a process that
occurs to a greater or lesser extent in everyone) may be an
important source of DNA methylation implies that low levels of
methylated adducts in human DNA may be commonplace, even
in individuals with conditions that are not associated with high
endogenous nitrosation (i.e., chronic inflammation or high ni-
trate intake) . To further test this suggestion, an assay of im-
proved sensitivity was developed and used for the investigation
of the presence of Os-meG in maternal and cord blood leuko-
cyte DNA obtained from a group of healthy women living in
Greece, a region known not to be associated with high con-
sumption of nitrate-containing foods .

Materials and Methods
Sample Collection and Subject Information . The cohort in-
vestigated consisted of 36 healthy pregnant women who entered
a major maternity hospital located in Athens . All women en-
tered the hospital no more than 24 h prior to delivery. During
this time, they received their habitual diet (including vitamin
supplements, if applicable) or standard hospital diet . None had
consumed alcohol-containing beverages during this time.

Samples of venous and cord blood (10 ml) were collected
at the time of birth and stored at room temperature until proc-
essing, which took place within 6 h of collection . No anaes-
thetic treatment had been given to any up to the time of blood
collection . On the day after delivery, they underwent an inter-
view, in the context of which a questionnaire was completed
giving information on, among other matters : (a) exposure to
products of fuel combustion (place of residence in relation to
traffic density, type of home heating and cooking facilities) ; (b)
dietary habits, with particular attention to consumption of fmits
and vegetables and smoked or other nitrate-treated meat or fish ;
(c) active or passive smoking (habitual smoking status, number
of cigarettes smoked during the last 24 h, residence with a
smoker, number of cigarettes smoked in her presence during the
last 24 h) ; (d~ consumption of vitamin supplements ; and (e)
family history of cancer. Three of the women left the maternity
clinic before this interview could be undertaken .

Total blood DNA was extracted by standard methods
involving multiple proteinase K and RNase I treatments and
phenol/chloroform extractions (19) . Lymphocytes for AGT
analysis were isolated using Ficoll gradient (Lymphoprep ; NY-
COMED Pharma, Oslo, Norway), according to the manufac-
turer's procedure .

Assay for Oe-meG. DNA adduct analysis was carried out
using precautions to minimize the risk of cross-contamination,
such as avoiding the handling of known methylated DNA
samples in the same area of the laboratory and using wherever
possible single-use, disposable plasticware . A modification of
the competitive repair assay for Os-meG (20) was used which
had a higher sensitivity than the classical assay used in our
previous studies . This assay involves the use of an excess of the
repair enzyme Os-alkylguanine-DNA alkyltransferase from
Escherichia coli (the ada protein) to repair O6-meG present in
the DNA under examination, followed by back-titration of the
remaining enzyme using a synthetic oligonucleotide containing
a single residue of Oe-meG and 5'-end labeled with ['sS]-
thiophosphate. The amount of unrepaired labeled oligonucleo-
tide is measured by immunoprecipitation with rabbit anti-
O6-meG antiserum, and the amount of O6-meG is finally cal-
culated from a standard curve . This assay, which has a limit of
detection of 0.5 fnrol 06-meG in up to 10 µg of DNA (thus
permitting the detection 80 nmol Oe-meG/mol G) has been
extensively validated in studies of animals treated with meth-
ylating agents as well as in studies of humans treated with
methylating cytostatic drugs (19, 21, 22).

A modification introduced in the present case involved
primarily the use of labeled oligonucleotide of higher specific
activity (achieved through the HPLC separation of the 355-
thiophosphorylated oligonucleotide from the unlabeled starting
material), as well as a few additional changes . After the 5'-end
labeling of the oligonucleotide with y-'sS-labeled ATT and T4
polynucleotide kinase, the radioactive oligonucleotide was re-
covered free of unlabeled starting material using anion ex-
change HPLC (monoQ HR5/5 column, gradient 0.2 to 0.8 M
NaCI, pH 12, and flow 1 ml/min) . The typical specific activity
of the resulting material was 2200 cpm/fmol (equal to the
specific activity of the y-'sS-labeled ATP), 7-15-fold higher
than that of the material used in the classical assay . Use of this
high specific activity oflgomer in the competitive repair assay
as described previously (20), with AGT-pretreated (hence Oe-
meG-free) DNA samples, was found to result occasionally in a
.weak positive signal (equivalent to up to 0 .4 fmol of O6-meG),
presumably caused by nonspecific inhibitors of AGT present in
the DNA. For this reason, an additional modification was
introduced to control for such nonspecific AGT inhibition,
based on the use the method of standard additions instead of the
commonly used standard curve method for adduct quantitation .
Thus, the assay was conducted as follows . Triplicate "test"
mixtures consisting of 1 y.g of standard, methylated calf thymus
DNA, containing 0, 0.2, 0 .4, or 0 .6 fmol 06-meG, each mixed
with 10 µg of unknown DNA sample, plus a separate triplicate
'control" mixture consisting of 1 µg of unmethylated calf
thymus DNA plus 10 µg of the same unknown DNA, previ-
ously treated overnight with a large excess AGT to remove all
O6-meG and repurified by phenol extraction, were prepared . To
each mixture, AGT (10 fmol) was added, and O6-meG repair
was allowed to proceed for 2 h at mom temperature, followed
by the addition of the 'sS-labeled ofigonucleotide (7 fmol) .
After further incubation overnight, any oligonucleotide remain-
ing unrepaired was finally immunoprecipitated, and its radio-
activity was counted, as described previously (20) . The inhibi-

Source: https://www.industrydocuments.ucsf.edu/docs/srcx0066
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Amount of Oe-meG added (fmal) the box indicates the median values, the box boundaries the 25th and 75th
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(Student's paired ttest).

Fig. l . T},pical standard addinon curves. Differentsmounts of standard, meth-
ylated calf thymus DNA were added to the unlmawn DNA and subjected to
competitive repair as described . The immunuprecipitated radioactivity shown on
the verticntaxis is that obtained after subtracting the radiuactivtty immunopre-
cipitated in the presence of the same unknown DNA aRer complete removal uf its
O`-meG (see "Materials and Methods") . The amount of O°-meG present in the
DNA was calculated by dividing the vertical tntercept by the slope of the line . In
the examplcs shown here, the amounts of O°-meG were 42 nmotimol G in the
maternal blood sample (solid line) and nondetettuble in the cord blood sample
(dasLedfine)d

tion of oligonucleotide repair caused by the O6-meG present in
the unknown DNA was evaluated by subtracting the amount of
radioactivity immunoprecipitated from the °conttvl" mixture
from that immunoprecipitated from the test mixture containing
the unknown DNA without O6-meG-containing standard DNA .
The amount of adduct present in the unknown DNA was
calculated by dividing this difference by the slope of the `Yest"
standard addition curve . Typical standard addition curves for a
pair of maternal and cord blood DNA are shown in Fig . 1 . The
intra- and interassay variabilities were less than 7 and 10%,
respectively . The limit of sensitivity of the assay reached 0 .10
fmol Oa-meG in 10 µg of DNA (16 nmol O6-me(l/mol G) .

Measurement of AGT in Lymphocytes. AGT in extracts of
maternal and cord blood lymphocytes was measured using
3H-methyiated DNA as substrate as described elsewhere (21) .

Statistical Analysis . Oa-Methylguanine adduct levels and
AGT levels were approximately normally distributed, as indi-
cated by application of the Kolmogorov-Smirnov normality
tesS and consequently were analyzed using Smdent's I test
(paired and two-sample), ANOVA, and multiple linear regres-
sion models .

Results
Among 36 pairs of maternal and cord blood DNA samples
analyzed for 06-meG, all but 5 maternal and 6 cord blood DNA
samples contained detectable amounts of 06-meG. Adduct lev-
els in maternal DNA were in the range of 16 -176 nmol/mol G
and had a mean value of 56 nmollmol G(corresponding to
0.036 fmol/µg DNA ; (SD, 41 nmol/mol G), whereas those in
cord blood were in the range of 16-192 nmol/mol G and had a
mean value of 45 nmol/mol G(corresponding to 0.028 fmoVµg

Os-meG in maternal blood DNA (nmol/mo(G)

F."& 3. Rela6onship between O°-me(i levels in matemal and cord blood DNA.

DNA; SD, 41 nmollmol G; Fig. 2) . The mean value for the
adduct levels in maternal blood DNA was statistically signifi-
cantly higher than that in cord blood DNA (P = 0 .047 ; Stu-
dent's paired t test) . A strong correlation between adduct levels
in maternal and cord blood DNA was observed (rz = 0 .47; P<
0.001 ; Fig, 3) .

AGT levels in lymphocyte extracts were measured in all
36 pairs of lymphocytes from maternal peripheral or cord blood
(Fig . 4) . The mean values were 8.32 fmoUµg DNA (SD, 2 .91
fmol/µg DNA) and 7 .43 fmollt.cg DNA (SD, 2.2 fmoUµg
DNA) for maternal and cord blood lymphocytes, respectively .
Maternal lymphocytes appeared to have higher AGT activity
than cord blood lymphocytes, although the difference was not
statistically significant (P = 0.089 ; Student's paired t test) . No
correlation was found between AGT activities in maternal and

N .

Source: https://www.industrydocuments.ucsf.edu/docs/srcx0066
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the corresponding cord blood lymphocytes (r~ = 0 .005; P=
0.634), nor was there a correlation between AGT and adduct
levels in either matemal or cord WBC DNA (r2 = 0 .026, P=
0.37; and r2 < 0 .001, P= 0 .93, respectively) .

The data on adduct levels were analyzed using information
obtained from the questionnaire. Univariate analysis did not
reveal any statistically significant effects on Os-meG levels of
the location of residence (rural, suburban, or urban; Table 1) .
This result was not altered when other parameters that might
affect the level of residence air pollution (distance from streets
with heavy traffic and type of indoor heaflng and cooking) were
taken into consideration (results not shown) . Similarly, no
effect was observed for any of the other parameters examined,
including habitual active or passive smoking status or corre-
sponding recent exposures ; consumption of fruits and vegeta-
bles, fruit juices, or smoked foods ; or family history of cancer
(Table 1) . A nonstatistically significant difference toward lower
adduct levels, especially in cord blood DNA, was observed in
women taking vitamin supplements as compared with those not
taking such supplements (P = 0 .11, r test) . This difference
remained evident when a multiple linear regression model was
employed utilizing adduct levels as the dependent variable and
residence air pollution, exposure to active or passive smoking,
consumption of fruits and vegetables, fruit juices, and vitamin
supplements as independent variables (Table 2). After adjust-
ment for the remaining model variables, those consuming vi-
tamin supplements had on average 27 nmoi Oe-meG/mol G in
maternal WBC DNA (P = 0 .08) and 26 nmol Os-meG/mol G
in cord WBC DNA less than those not taking such supplements
(P=0.15) .

No correlations were observed between AGT levels and
any of the personal parameters tested (data not shown) .

Discussion

By introducing a number of modifications to an already estab-
lished and well-validated assay for 06-meG, we have been able
to detect this adduct at levels corresponding to 1 .6 mnollmol G,
--5-fold lower than the limit of sensitivity of the version re-
ported previously of the assay. Although the modified assay is
significantly more complex and requires substantially larger
amounts of DNA, its availability constitutes a significant de-

velopment that may facilitate future studies of the epidemiology

of Os-meG .
In a previous study, we found a higher frequency of

O6-meG in the DNA of individuals drawn from regions known
to be associated with high consumption of nitrate-treated foods
as well as with high incidence of gastric cancer (18) . In that
study, none of 74 WBC DNA samples derived from Greek
individuals was found to contain O6-meG above the limit of
detection of the assay used on that occasion . Greece is a region
in which the prevalent diet does not include frequent consump-
tion of nitrate-treated foods or other items likely to be rich in
N-nitroso compounds, and additionally it has a relatively low
incidence of most cancers, including gastric cancer (23, 24) .

Use of a more sensitive assay in the presently reported
study resulted in the same adduct being detected in most of 36
pairs of maternal and cord WBC DNA samples examined,
almost always at levels below the limit of detaction of the
previously used version of the assay. The frequent observation
of 06-meG is compatible with the hypothesis described in the
"Introduction" of this report, i.e ., that endogenous nitrosation,
a phenomenon known to occur even in' individuals without
excessive exposure to nitrate or other nitrosation precursors,
gives rise to a ubiquitous background level of DNA methylation
damage. Such a background may be increased by exposure to
unusually large amounts of nitrosation precursors or to pre-
formed N-nitroso compounds themselves, situations that have
been epidemiologically associated with increased incidence of
various types of cancer (25) .

The levels of 06-meG in peripheral WBC DNA observed
in the present study are comparable with those reported by
others (see "Introduction") . Adduct levels in cord blood DNA
were measured for the fust time in the present investigation .
They were found to be lower than, and showed a strong cor-
relation with, those in maternal blood DNA, suggesting trans-
placental exposure of the fetus to methylating agents circulating
in fhe mother's blood . Methylating N-nitroso compounds such
as NDMA, MNU, and the tobacco-specific nitrosamine NNK
are active transplacental carcinogens in rodents (26-29), and
they can cause DNA methylation in rodent embryonic tissues
(30-33). However, information on the relative levels of DNA
damage induced specifically in maternal and cord blood DNA
is available only for NDMA. In a study in pams monkeys,
Chlrabra et aL (34) have shown that a single dose of NDMA
gave rise to 06-meG in cord blood leukocytes at levels -25%
of those seen in maternal WBC . Thus, the relative adduct levels
observed in the present study are compatible with their being
derived from NDMA.

No correlation was observed between O6-meG and AGT
levels . This is in line with similar observations in patients
accumulating much large levels of Os-meG as a result of
chemotherapy with methylating drugs such as procarbazine or
dacarbazine, where only in individuals with very low levels of
AGT was a trend toward increased adduct accumulation ob-
served (Refs. 19, 22, and 35; reviewed in Ref. 36) . These
observations suggest that AGT variation within the range usu-
alV observed in human populations may not substantially affect
O -meG accumulation .

Studies in humans treated with tnethylating chemothera-
peutic drugs have shown that Os-meGG in human WBCs is
relatively short-lived; its half-life is approximately 22-25 h(19,
35) . This implies that the adduct levels measured in the present
study were probably determined primarily by recent exposure
(previous 24 h) . For this reason, an effort was to include among
the parameters utilized in the statistical analysis factorslikely to
reflect recent exposure to methylating agents or their precur-

Source: https://www.industrydocuments.ucsf.edu/docs/srcx0066
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Table I Effects of residential air pollution, smoking, passive smoking, and diet on O°-meG levels in matemal and cord blood DNA : bivariate analysis

Os-meG (nmol/mol G)

Maternal blood,
mean (SD) ~

Cord blood,
mean (SD)

Location residence°
1 5 61(58) 0 .69` 39(20) 0 .49`
2 1 46(-) 45(-)
3 4 78(68) 77(78)
4 23 51(51) 44(30)

Habitual smokinglsmoking during last 24 h°
No 28 55(43) 47(45) 0 .45
Yes 5 60(11) 0 .83 63(24)

Passive smoking
No 7 48 (30) 40 (29)
Yes 26 58(43) 0 .61 53(46) 0.49

Consumption of fish and meat
<2 times/week 7 71(54) 0 .25` 66(59) 0.41`
2,t timeslweek 20 46(27) 43(34)
Every day 6 70(59) 39(54)

Nitrate-treated foods
<1 fime/week 28 55(43) 0.91 47(43) 0.9
?I time/week 3 58(14) 44 (24)

Fruits or vegetables
Less than every day 6 37 (23) 0.29 38(21) 0.49
Every day 25 55(39) 50(45)

Vitamin supplements .
No 15 64(43) 0.29 64(50) O.II
Yes 17 50 (38) 38 (35)

Frultjuioes (portions/day)
-1 14 59(46) 0.88` 61(54) 0.32'
2 to 50(47) 33(32)
>2 6 56(24) 47(39)

Family history of canccr
No 27 58(42) 50(43)
Yes 6 48 (34) 0.6 50(13) 0 .97

°Ps from independent samples t test.
° 1, rural; 2, suburban without indushial activities ; 3, suburban with industnal activities ; 4, urban.
°PS from one-way ANOVA analysis.
° Divislon of subjects by habitual smoking or recent smoking resulted in identical subgroups .

Tnble 2 Effects of residential a'tr pollution, cigarette amoking exposure, and diet on Os-meG levels in matemal and cord blood DNA :
Multiple lineaz regression model

Maternal blood adducts (nmeUmol G) Cord blood adducts (nmol/mol 0)

(3 coefficients SE P S coefficients SE P

Residence air pollution I, luw . . . 5, high -1 .8 5 .4 0 .74 -6.5 6.5 0.33
Passive smoking No, 0/Yes, I -0 .7 16 .1 0 .96 8.8 19.5 0.66
Active smoking No, o/Yes, I 27 .4 34 .3 0 .44 2.4 41 .5 0.96
Consumption of fmits or vegetables less than every day, Vevery day, 2 32 .6 23 0 .18 24.1 27.9 0.4
Cansumption of fmitjuices (portiuns/day) s1:1/2 :2/z2 :3 -1 .3 9 .7 0 .89 -5.1 11 .7 0.67
Consumption of vitamin supplements No, 0(Yes, I -26 .5 14 .3 0 .08 -26 .3 17 .3 0 .15

sors. Given that the study subjects were pregnant women who
had spent the last 24 h prior to sample donation in the same
maternity hospital, suffering similar ambient and dietary expo-
sures during this time, the most important additional factors to
control for had to do with recent smoking exposure. This was
done by including in our analysis information on habitual active
or passive smoking, as well as on cigarettes smoked by or in the
presence of each subject during the previous 24 h . However,
neither these nor any of the other questionnaire parameters
examined showed a statistically significant correlation with
adduct levels .

The only parameter that showed a consistent and neatly

statistically significant trend toward being associated with
lower adduct levels, in both maternal and cord WBC DNA, was
intake of vitamin supplements (Tables 1 and 2) . In all cases the
supplements consisted of vitamin C alone or in combination
with other vitamins. Vitamin C is known to be a potent inhibitor
of nitrosafton reactions in vitro and in vivo (37), especially at
high doses such as those associated with the intake of vitamin
supplements (38) . Thus, the observed association is compatible
with, and provides plausibility to, the suggestion that methyl-
ation damage may arise via endogenous generation of methy-
lating N-nitroso compounds . It is notable (hat maternal con-
sumption of vitamin supplements has been reported recently in

Source: https://www.industrydocuments.ucsf.edu/docs/srcx0066
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two studies to be associated with a protective effect against
childhood brain mmours (39, 40) . In the latter study, maternal
consumption of vitatxlin supplements appeared to reduce child-
hood brain cancer risks associated with consumption of cured
meats during pregnancy, an observation compatible with their
acting to block endogenous nitrosation reactions . A similar
protective effect of vitamin supplements against cueed meat-
associated brain cancer risks has also been reported in a study
of adult brain cancer in women (41) . Finally, vitamin supple-
ment consumption has also been reported to reduce the risk of
brain cancer in men (42) . These epidemiological observations,
in combination with our observation of a possible protective
effect of vitamin supplements against the induction of the
precarcinogenic DNA adduct 06-meG in both maternal and
cord blood DNA, provides some support for the hypothesis that
endogenous nitrosation processes may play a role in the etiol-
ogy of adult or childhood brain carcinogenesis .

The identity of the methylating agent(s) responsible for the
induction of the observed adducts is unknown . The well-known
ability of SN 1-type methylating agents to induce relatively high
levels of O-methylation makes it likely that the agent in ques-
tion belongs to this chemical category, Animal studies have
shown that NDMA is, on a per orally administered dose basis,
by far the most efficient agent capable of generating 06-meG in
blood cell DNA when compared with other known methylating
agents (e.g., MNU and NNK; Refs . 21 and 43) .4 Hence, given
the known endogenous formation of NDMA in the human
body, as indicated by its presence in gastric juice and its
excretion in urine (44, 45), this nitrosandne seems a plausible
candidate for giving rise to the observed adducts. This possi-
bility is also compatible with the available information, already
mentioned, on the relative ability of NDMA to methylate ma-
ternal and cord blood leukocyte DNA of patas monkeys (34) .

In conclusion, our demonstration of the presence of the
precarcinogenic adduet 06-meG in maternal and cord leukocyte
DNA of a large proportion of women not thought to have
suffered high exposure to known methylating agents or N-
nitroso compounds or their preciusors indicates that DNA
methylation constitutes a significant genotoxic burden for the
general population. Furthermore, the observation of a possible
protective effect of intake of vitamin C supplements provides
limited support for the hypothesis that endogenous nitrosation
processes may contribute significantly to this burden .
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