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Abstract

Human and experimental evidence indicates that the
developing fetus may be more susceptible than the adult
to the effects of certain carcinogens, including some
polycyclic aromatic hydrocarbons (PAHS). Factors that
can modulate susceptibility include proliferation rates,
detoxification capabilities, and DNA repair capacity.
Biomarkers can facilitate quantification of age-related
susceptibility among human populations. In this study,
we report on three biomarkers measured in paired blood
samples collected at birth from 160 Polish mothers and
newborns: 70 pairs from Krakow (a city with high air
pollution including PAHs) and 90 pairs from Limanowa
(an area with lower ambient pollution but greater indoor
coal use). Biomarkers were: WBC aromatic-DNA adducts
by *2P-postlabeling and PAH-DNA adducts by ELISA (as
indicators of DNA damage from PAHs and other
aromatics) and plasma cotinine (as an internal dosimeter
of cigarette smoke). Correlations were assessed by
Spearman’s rank test, and differences in biomarker levels
were assessed by the Wilcoxon signed-ranks test. A
significant correlation between paired newborn/maternal
samples was seen for aromatic-DNA adduct levels &
0.3; P < 0.001) and plasma cotininer{ = 0.8; P < 0.001)
but not PAH-DNA adduct levels (¢ = 0.14; P = 0.13).
Among the total cohort, levels of the three biomarkers
were higher in newborn samples compared with paired
maternal samples. The difference was significant for
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aromatic-DNA adduct levels (16.6%+ 12.5versus14.21+
15.4/1¢ nucleotides; P = 0.002) and plasma cotinine
(14.2 = 35.5versus8.3 + 24.5 ng/ml; P < 0.001) but not
for PAH-DNA adduct levels (7.9 = 9.9 versus5.9 = 8.2/
10° nucleotides; P = 0.13). When analyses were restricted
to the 80 mother/newborn pairs from whom the blood
sample was drawn concurrently (within 1 h of each
other), levels of all of the three biomarkers were
significantly higher in the newborn compared with paired
maternal blood samples P < 0.05). Results suggest
reduced detoxification capabilities and increased
susceptibility of the fetus to DNA damage, especially in
light of experimental evidence that transplacental
exposures to PAHs are 10-fold lower than paired
maternal exposures. The results have implications for
risk assessment, which currently does not adequately
account for sensitive subsets of the population.

Introduction

Experimental and human evidence indicates that the developing
fetus and neonate can differ in susceptibility to chemical car-
cinogenesis compared with the adult (reviewed in Refs. 1, 2).
Age-related factors that may modulate susceptibility include
differing rates of cell proliferation, abilities to activate and
detoxify carcinogens, DNA repair capacity, and the number of
target cells at risk (1, 2). Bioassays have shown the young to be
both more susceptible and more resistant, depending on the
carcinogen tested, the species evaluated, the age at first expo-
sure, and the target organ (1-5). A number of the PA&te
transplacental carcinogens in experimental bioassays, produc-
ing tumors in the liver, lung, lymphatic tissues, and nervous
system of the offspring (4—6). Cancer incidence at these sites
has been shown to be greater if the PAH exposure begins
prenatally or early postnatally compared with later in life, at
comparable doses (4, 7-10). However, human data on age-
related susceptibility to PAH tumorigenesis are not available
(1). Biomarkers can facilitate evaluation of factors modulating
susceptibility to carcinogens among human populations (11—
13). As an indication of DNA damage, carcinogen-DNA ad-
ducts represent a critical step on the carcinogenic pathway and
are an informative biomarker of age-related susceptibility (11).
Therefore, we have compared levels of two biomarkers of DNA
damage from PAHs and other aromatics in paired maternal and
newborn blood samples: WBC aromatic-DNA adducts*#3-
postlabeling and PAH-DNA adducts by ELISA. Plasma cotin-
ine levels were also compared as an internal dosimeter of
cigarette smoke exposure.

3The abbreviations used are: PAH, polycyclic aromatic hydrocarbon; NNK,
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone.
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The biological basis for measuring DNA adducts derives Materials and Methods

from extensive experimental data supporting their role in the Field studies were conducted in Poland during January—March,
initiation and possibly in the progression of cancer (14). An 1992 under the direction of Dr. Wieslaw Jedrychowski (Jagiel-
association between PAH-DNA adduct levels and cancer risk |onian University, Krakow, Poland) in accordance with current
has been seen previously (14-17) in both epidemiological and guidelines for human subjects. Enrollment was restricted to
experimental research. PAHs such as beapyfene readily women who had resided in Krakow or Limanowa for at least 1
cross the placenta. Experimental studies (18—-20) using radio- year and was limited to vaginal deliveries. In all of the cases,
labeled PAHSs indicate that the dose to the fetus is generally an samples of umbilical cord blood (20—60 ml) were collected at
order of magnitude or more lower than the dose to paired delivery, and a maternal blood sample was collected within an
maternal tissues. Adducts formed between DNA and various average of 8.7= 11.6 h after delivery (range5 h before
PAHs have been measured in multiple fetal tissues in experi- delivery to 66 h after delivery). For a subset of 80 of these
mental rodent bioassays (21-23). Fetal levels are generally mother/newborn pairs, the maternal blood sample was drawn
lower than maternal levels but higher than expected given the Within 1 h ofdelivery (either before or after delivery). Samples
maternal/fetal dose differential. Levels of genotoxic damage Were processed as described previously (44).

(micronuclei formation and DNA single strand breaks) after A detailed, validated questionnaire administered to the
transplacental PAH exposure have been shown experimentallymother within 2 days postpartum included information on
to be higher in fetal than paired maternal tissues (23-25). One SMoking (active and passive), residential and employment his-
prior molecular epidemiological study has measured PAH- tories, use of coal stoves for res_ldentlal h_eatlng, and other
DNA adducts in maternal and cord blood samples (26). When €nvironmental exposures as described previously (44).
measured by ELISA with fluorescence detection, PAH-DNA Aromatic-DNA Adducts. The *?P-postlabeling TLC assay
adducts were detected in 18 of 27 and 13 of 21 of the maternal Was carried out at the Karolinska Institute as described previ-
and newborn WBCs, respectively. For mothers and newborns 0usly (50, 51). In brief, DNA was extracted from the crude

with detectable adducts, mean levels were similar (26). nuclei using organic solvents after degrading RNAs and pro-
Cotinine is the major proximal metabolite of nicotine but t€ins; 5ug of DNA was digested by micrococcal nuclease and
has a longer half-life in sera (15—40versus1—3 h for nico- spleen phosphodiesterase tonBcleotides. Adducts were then

tine), and serum concentrations of cotinine are 10-fold higher €nriched by nuclease P1 treatment. A postlabeling reaction was
than they are for nicotine (27-31). It is less biologically active Cc&'ried out and applied on a TLC plate for adduct separation in
than nicotine (30, 31) but has been widely used as a marker of ré€ dimensions. After autoradiography, the adduct spots were
exposure to tobacco smoke (29, 32, 33), which contains a excised from the successfully developed TLC plate for counting
myriad of carcinogens, including the nicotine-derived carcino- ©f adioactivity as uniform areas covering most of the radioac-
gens, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) tive Iractlon: of theI plateéSi}). Two to f;ve”asfsak)‘/s were carrleld

Lo o : ’out for each sample, and the mean of all of the assay results
and N '”'”050.”0“"00“”8 .(34’ 35), as well as carcinogenic were calculated. The detection limit of the assay was 0.07
P.AHTQ' (7). Nlcc_)tl_ne readily crosses the p_Iacenta,_and both adducts/1® nucleotides. The assay detects multiple PAHs and
nicotine and cotinine have been measured in fetal tissues (30,Other aromatic compounds bound to DNA (52). Aromatic-DNA
36._38)' Studies (39-43) comp_aring paireql r_naternal/fetal €0 adduct levels were determined for 122 mothér/newborn pairs.
tinine levels are few and have yielded conflicting results. Both

higher and lower concentrations in maternal samples Comparedscf\r:j_Et’i\:SeA(IjE?_lljgfwiﬁTI-u%';lé ggr?cugt:nvgfrﬁimeggt%rg?ogyei-
with fetal samples have been reported. P P

. : - . sentially as described previously (53). The detection limit of the
o O vt o ockons ot ol 2558 1 addcrsAucieades Sampes were assave
. . X : o . triplicate at 50ug of DNA/well. The median values were used
city with glevateq ambient air po_IIutlo_n |nclud_|ng PAHs ffo”? to determine the percentage of inhibition. When sufficient DNA
coal-bgrnlng for industry and residential heating) and 90 pairs was available (63% of samples), the assay was repeated. Lab-
from Limanowa (a small town located 70 km southeast of 5 a16ry personnel were blinded to subject status. The antiserum
Krakow with lower ambient pollution levels but 2-fold more

) : was elicited against benz)pyrene-diol-epoxide-DNA but
frequent use of coal-stoves for indoor home heating (44). We ecognizes other structurally related PAH diol-epoxide-DNA

have reported previously (45, 46) that a significant association 4qqycts, including those formed by besjzinthracene and
was seen between ambient particulate levels b um (PM,q) chrysene (54). Thus, positive reaction with the antiserum may
and PAH-DNA but not aromatic-DNA adduct levels in both indicate the presence of multiple PAH-DNA adducts in the
maternal and newborn WBCs. Maternal active and passive sample. Values are expressed as the amount of BPDE-DNA
cigarette smoking status was significantly associated with ma- that would cause a similar inhibition in the assay. PAH-DNA
ternal PAH-DNA but not aromatic-DNA adduct levels (45, 46).  adduct levels were determined for 112 mother/newborn pairs.
However, adduct levels in maternal WBCs did not differ sig- pjasma Cotinine. The method involved liquid/liquid extrac-
nificantly between ex-smokers and nonsmokers (45, 46). NOT tjon of plasma, followed by gas chromatographic separation
was any association seen between maternal smoking status angising a 30-m 0.25 DB WAX megabore column and a nitro-
either measure of DNA adducts in newborn WBCs, possibly gen phosphorus detector operated in the nitrogen mode as
because the activity of placental enzymes that are induced by described previously (44). An internal standadimethyl co-
maternal smoking reduced the biologically effective dose to the tinine, was added to the plasma before extraction. Five-point
fetus (47, 48). Newborn PAH-DNA adduct levels were signif- standard curves were generated for each analytical run, and
icantly inversely associated with birth weight, length, and head low- and high-quality control samples were processed each day.
circumference (49). Newborn plasma cotinine was inversely The method requires cold trapping injection followed by tem-
associated with birth weight and length (49). The present report perature programming to achieve optimal separation resulting
extends the research to compare levels of three biomarkers inin an analysis time of 18 min/sample. To facilitate productivity,
mother/newborn pairs. an autosampler and online automatic data reduction were used
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Table 1 Number of mother/newborn paifsmaternal agé,and smoking
statu$ of mothers

Mother/newborn pairs 160
Mother’s age (yr) 26.3- 4.8
Current smokers 16 (10%)
Ex-smokers 38 (24%)
Nonsmokers 106 (66%)

2 Number of subjects (%).
b Mean =+ SD.

smoking status, newborn adduct levels again exceeded maternal
levels among both nonsmokers and ex-smokers, but the differ-
ence was significant only among the nonsmoké&rs=(0.005)

and was not significant among the ex-smokd?s=( 0.2). By
contrast, aromatic-DNA adduct levels among newborns of cur-
rent smokers were similar and not significantly different from
paired maternal levelP(= 0.79; Table 2).

When analyses were restricted to mother/newborn pairs
from whom blood was drawn concurrently € 61), newborn
aromatic-DNA adduct levels consistently exceeded maternal
adduct levels, but the difference was significant only when
analyses involved all of the mother/newborn pairs with con-

so that samples could be processed during the evening orcurrent blood samplingR = 0.04) and was not significant
overnight, as needed. Cotinine levels were determined on 158 Wwhen analyses were stratified by smoking stafis=(0.1).

mother/newborn pairs, including 80 pairs from whom blood
samples were drawn withil h of each other (concurrent

samples).

Statistical Analyses. Means and SDs for biomarker levels in

paired maternal and newborn samples are presented. Statistica
analyses were undertaken using nonparametric statistics be-
cause of the distributional properties of the biomarkers and the

large number of samples that were below the limit of detection.

Correlations between biomarkers in paired maternal and new-
born samples were assessed by Spearman’s rank. The differ

ences in biomarker levels in mother/newborn pairs were as-

sessed by the Wilcoxon signed-ranks test. Analyses were first

undertaken involving all of the mother/newborn pairs (total

sample) and then were restricted to the 80 mother/newborn

pairs from whom blood samples were drawn withih ofeach

other (concurrent samples). Associations were considered sig-

nificant atP = 0.05.

Results

Table 3 compares PAH-DNA adduct levels #Ifucleo-
tides) in mother/newborn pairs. When analyses involved all of
the mother/newborn pairs) (= 112), PAH-DNA adduct levels
were somewhat higher in newborn compared with paired ma-
‘ernal WBCs among the total cohort and among newborns of
nonsmokers and ex-smokers (Table 3). The difference was of
borderline significance among the nonsmokels € 0.05;
Table 3). Among the 10 current smokers, maternal adduct
levels exceeded the newborn levels in 7 of the 10 pairs, al-

though they were less than the newborn levels in 1 of the 10

pairs P = 0.05; Table 3). When analyses were restricted to the
mother/newborn pairs from whom the blood samples were
drawn concurrentlyr( = 60), PAH-DNA adducts were higher
in the newborn compared with paired maternal WBCs in all of
the groups except current smokers. The difference was signif-
icant for the total cohortR = 0.04) and among nonsmokers
(P = 0.03).

Table 4 compares plasma cotinine levels (ng/ml) in ma-
ternal and newborn blood samples for all of the mother/
newborn pairs and for the mother/newborn pairs from whom

Data on demographic variables and smoking status are sum-blood was drawn concurrently. Newborn cotinine levels con-
marized in Table 1. Fig. 1 and Fig. 2 show the correlation sistently exceeded maternal levels, and in most cases the dif-
between biomarkers in paired maternal and newborn blood ference was highly significant. Specifically, as seen in Table 4,
samples for all of the mother/newborn pairs. The correlation among the total cohortn(= 158), newborn levels exceeded
between WBC PAH-DNA adduct levels in paired maternal/ those in the paired maternal sample five times as frequently as
newborn samples was not significant (Figh;* = 0.14;P = maternal levels exceeded the paired newborn levels (see ranks,
0.13). WBC aromatic-DNA adduct levels were moderately but Table 4;P < 0.001). Similarly, among the concurrent samples
significantly correlated (Fig.B; r = 0.3; P < 0.001). Plasma (n = 80; Table 4), newborn cotinine levels again exceeded the
cotinine levels were highly correlated (FigA2r = 0.8;P < paired maternal levels five times as frequently as the maternal
0.001). When analyses were restricted to the mother/newbornlevels exceeded the paired newborn levels, a difference that
pairs from whom the blood samples were drawn concurrently, remained highly significant despite the reduced sample size

the correlations between the biomarkers in paired samples (P < 0.001).

remained essentially unchanged. Specifically, WBC PAH-
DNA adduct levels in paired samples were not correlated (
0.08;P = 0.53;n = 60). WBC aromatic-DNA adduct levels in
paired samples were moderately correlatee 0.3;P = 0.01;

n = 61). Plasma cotinine levels in paired samples were highly
correlated ( = 0.8; P < 0.001;n = 80; data not shown).

Tables 2—-4 compare the biomarker levels in mother/
newborn pairs and provide results of the Wilcoxon signed-ranks
test. Analyses are provided both for the total cohort and for the
mother/newborn pairs from whom the blood samples were
drawn concurrently.

As seen from Table 2, aromatic-DNA adduct levels §/10
nucleotides) were higher in newborn than in paired maternal
WBCs. Specifically, when analyses involved all of the mother/
newborn pairsr{ = 122), newborn aromatic-DNA adduct lev-

After stratifying by smoking status, newborn cotinine lev-
els exceeded paired maternal levels in all of the strata (non-
smokers, ex-smokers, and current smokers). This difference
was significant P = 0.005) in all of the strata when analyses
involved the total cohort (Table 4). When analyses were re-
stricted to the concurrent samples (Table 4), newborn cotinine
levels exceeded paired maternal levels in all of the strata
(nonsmokers, ex-smokers, and current smokers), and the mag-
nitude of the difference was similar to that seen in the total
cohort. However, the difference was significant only among
nonsmokers ¥ = 0.008; Table 4) and was not significant
among ex-smokers and current smokers, because of the reduced
sample sizer{ = 16 andn = 4 pairs, respectively).

Table 5 shows the number of mother/newborn pairs with
biomarker levels above and below the limit of detection. The

els exceeded paired maternal levels approximately twice as ratio (meant SD, range) of newborn/maternal biomarker lev-

frequently because they were less than paired maternal levelsels for the mother and newborn pairs in which the biomarker in
(see ranks for mother/newborn pairs; Table 2), a difference that both the maternal and newborn blood samples was above the
was statistically significantR = 0.002). After stratifying by limit of detection is also presented. As seen, the levels of
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Newborn aromatic-DNA adducts

aromatic DNA-adducts were above the limit of detection in the limit of detection, there was a fairly equal distribution
both maternal and newborn WBCs for 113 of 122 (93%) of the among the pairs in which the adduct levels in both the maternal
mother/newborn pairs. Among these pairs, newborn aromatic- and newborn WBCs were below the limit of detection« 24)
DNA adduct levels averaged 4t 12.5 (range, 0.04-105.3) compared with the pairs in whicha) the adduct levels were
times higher than paired maternal adduct levels. above the limit of detection in the newborn WBCs and below
By contrast, the levels of PAH-DNA adducts were above the limit of detection in the maternal WBCa & 20); and b)
the limit of detection in both the maternal and newborn WBCs the adducts were below the limit of detection in the newborn
in only 44 of 112 (39%) of the mother/newborn pairs (Table 5). WBCs and were above the limit of detection in the maternal
Among these mother/newborn pairs with adducts above the WBCs ( = 24).
limit of detection, newborn PAH-DNA adduct levels averaged Levels of plasma cotinine were above the limit of detec-
2.7 = 3.2 (range, 0.11-15.5) times higher than paired maternal tion in both the maternal and newborn blood samples in 58 of
adduct levels. Among the 68 of 122 (61%) of the mother/ 158 (38%) of the mother/newborn pairs (Table 5). Among these
newborn pairs in which the PAH-DNA adduct levels in either pairs, newborn plasma cotinine averaged 2.01.8 (range,
or both of the maternal and/or the newborn WBCs were below 0.67-9.7) times higher than paired maternal cotinine levels. For
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Fig. 2. Correlation between plasma
cotinine levels (ng/ml) in paired ma-

ternal and newborn blood samples.

A, correlation between plasma coti-
nine levels in mother/newborn pairs;
r =0.8;P < 0.001.
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Table 2 WBC aromatic-DNA adduct levels b3?P-postlabeling paired maternal and newborn blood samples

Ranks for mother/newborn pafrs

585

Mean + SD/1@ nucleotides Negative ranks Positive rank$ Tied pa

Maternal Newborn NG. Suni No. Sund No.

A. WBC aromatic-DNA adduct levels in all of the mother/newborn pairs (total sample)
Total cohort i = 122) 14.2+ 15.4 16.6+ 12.5 41 2430 79 4830 2 P =0.002
Nonsmoker 1§ = 79) 15.0+ 16.3 17.1+11.3 25 976 53 2104 1 P = 0.005
Ex-smoker § = 32) 13.0+ 15.6 15.7+ 14.9 11 185 20 311 1 P=0.22
Current smokerr( = 11) 12.0+ 4.2 14.7+ 13.7 5 30 6 36 0 P=0.79

B. WBC aromatic-DNA adduct levels in mother/newborn pairs with blood drawn concurrently (concurrent samples)

Total cohort i = 61) 15.2+17.8 17.8+ 14.4 22 655 39 1237 0 P =0.04
Nonsmoker if = 46) 16.6+ 20.1 17.8+12.4 18 390 28 692 0 P=0.10
Ex-smoker f§ = 12) 10.6* 6.9 16.5+ 20.4 4 29 8 49 0 P=0.43
Current smokerr( = 3) 10.9+ 2.2 23.5+ 20.1 0 0 3 6 0 P=0.11

2 Wilcoxon signed-ranks test.

b Newborn adduct levek maternal adduct levels.
¢Newborn adduct level> maternal adduct levels.
9 Newborn adduct levelss maternal adduct levels.
€ Number of mother/newborn pairs.

fSum of ranks.

73 of 158 (46%) of the pairs, cotinine in both maternal and
newborn plasma was below the limit of detection. Among the
27 pairs in which cotinine in either the maternal or the newborn
plasma was below the limit of detection, there was a higher
proportion of pairs in which the cotinine level was above the
limit of detection in the newborn and below the limit of detec-

tion in the mother (22 of 27) than pairs in which the cotinine

was below the limit of detection in the newborn and was above
the limit of detection in the mother (5 of 27).

Discussion

This study found that the levels of DNA damage from PAHs
and other aromatics were higher in newborn WBCs than in
paired maternal WBCs. The difference in mean adduct levels

ing fetus to DNA damage from this class of carcinogens.

Experimental evidence in rodents indicates that transplacen-
tal exposures to PAHs are generally an order of magnitude or
more lower than paired maternal exposures (18). In light of

these experimental results, our findings suggest that the
amount of DNA damage/delivered dose of PAHs may be

considerably higher in the fetus relative to his/her mother.

This increased susceptibility could result from reduced de-
toxification capabilities or decreased DNA repair capacity

during fetal development (reviewed in Refs. 1, 55).

The ratio of DNA damage in newborn WBCs compared
with maternal WBCs differed by maternal smoking status.
Specifically, among newborns of nonsmoking women, both
aromatic-DNA adducts and PAH-DNA adducts were higher in

between newborn and maternal WBCs was small and not newborn WBCs compared with paired maternal WBCs, a dif-

always statistically significant; nonetheless, the results point
to the possibility of increased susceptibility of the develop-

ference that was highly significant for aromatic-DNA adducts
(P = 0.005) and of borderline significance for PAH-DNA
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Table 3 WBC PAH-DNA adduct levels by ELISA in paired maternal and newborn blood samples

Ranks for mother/newborn pairs

Mean + SD/1@ nucleotides Negative ranks Positive rank$ Ties! p2
Maternal Newborn NG. Sund No.® Sund No.®
A. WBC PAH-DNA adduct levels in all of the mother/newborn pairs (total sample)
Total cohort (i = 112) 5.9+ 8.2 7.9+ 9.9 43 1557 44 2271 25 P=0.13
Nonsmoker if = 70) 51+ 6.3 8.1+ 9.4 25 498 28 933 17 P =0.05
Ex-smoker § = 32) 54+ 6.7 84+ 13 11 130 15 221 6 P=0.25
Current smokerr( = 10) 12,9+ 17.5 4.6* 8.4 7 32 1 4 2 P =0.05
B. WBC PAH-DNA adduct levels in mother/newborn pairs with blood drawn concurrently (concurrent samples)
Total cohort ( = 60) 5774 9.4+ 11.0 21 382 27 794 12 P =0.04
Nonsmoker 1§ = 45) 49+ 6.8 9.1+ 10.2 15 191 21 475 9 P =0.03
Ex-smoker § = 12) 9.4+ 95 12.7+ 14.0 5 24 6 42 1 P=0.42
Current smokerr( = 3) 3.7+ 4.6 1.0£ 0.0 1 1 0 0 2 P =0.32
2 Wilcoxon signed-ranks test.
® Newborn adduct levek maternal adduct levels.
°Newborn adduct levels> maternal adduct levels.
9 Newborn adduct levelss maternal adduct levels.
€ Number of mother/newborn pairs.
fSum of ranks.
Table 4 Plasma cotinine levels in paired maternal and newborn blood samples
Ranks for mother/newborn pafrs
Mean = SD ng/ml Negative ranks Positive rank$ Ties pa
Maternal Newborn NG. Sund No.® Sund No.®
A. Plasma cotinine levels in all of the mother/newborn pairs (total sample)
Total cohort i = 158) 8.3+ 24.5 14.2+ 35.5 13 344 64 2659 81 P < 0.001
Nonsmoker i = 104) 3.2+ 16.5 4.0+ 18.3 11 201 33 790 60 P = 0.001
Ex-smoker i = 38) 11.4+ 28.2 17.7+ 38.3 2 21 16 150 20 P = 0.005
Current smokerr( = 16) 34.7+ 38.6 72.2+ 53.8 0 0 15 120 1 P = 0.001
B. Plasma cotinine levels in mother/newborn pairs with blood drawn concurrently (concurrent samples)
Total cohort (i = 80) 7.2+ 259 7.7+ 273 8 159 33 703 39 P < 0.001
Nonsmoker i = 60) 3.3+19.4 3.4+ 18.9 7 104 23 362 30 P = 0.008
Ex-smoker i = 16) 9.4+ 229 10.1* 23.9 1 7 7 29 8 P =0.12
Current smokerr( = 4) 57.0* 62.8 63.7£ 714 0 0 3 6 1 P=0.11

2 Wilcoxon signed-ranks test.

b Newborn cotinine levels< maternal cotinine levels.
¢Newborn cotinine levels> maternal cotinine levels.
9 Newborn cotinine levels= maternal cotinine levels.
¢ Number of mother/newborn pairs.

fSum of ranks.

Table 5 Number of maternal/newborn pairs with biomarker levels above and below the limit of detection and ratio of newborn/maternal biomarker levels among
pairs with detectable levels

Pairs with maternal and newborn levels above
the limit of detection

Pairs with maternal and/or newborn levels below limit
of detection

Both below Newborn above/ Newborn below/ Both above Ratio newborn/maternal
detection maternal below maternal above detection levels: meant SD (range)
Aromatic-DNA adduct levels N=2 N=2 N=5 N =113 4.1+ 12.5 (0.04-105.3)
PAH-DNA adduct levels N =24 N =20 N =24 N =44 2.7+ 3.2 (0.11-15.5)
Plasma cotinine N=73 N = 22 N=5 N = 58 2.0+ 1.8 (0.67-9.7)

adducts P = 0.05). By contrast, among newborns of current
smoking women, aromatic-DNA adducts were not significantly
different from paired maternal level® & 0.8) and PAH-DNA
adducts were lowerR = 0.05). It is possible that enzyme
activity of cytochrome P4501A1 (CYP1ALl) in placental tissue

have shown placental CYP1ALl to be highly induced by mater-
nal cigarette smoking. Prior evidence suggests that induction of
CYP1ALl in placentas of smokers may reduce the biologically
effective dose to the fetus (47, 48). As reported previously (45,
60), we also found that placental CYP1Al was inversely,

contributed to these differences. We and others (44, 56-59) although not significantly, correlated with PAH-DNA adduct
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levels in WBCs and placental tissue from newborns in the
current cohort.

This study also found that cotinine levels were consis-
tently and, in most cases, significantly higher in newborn
plasma compared with paired maternal plasma. Few prior stud-
ies (39—43) have compared cotinine levels in mother/newborn
pairs, and results have been conflicting, with both higher and
lower concentration in the neonate reported. It is likely that
methodological differences in the timing of the maternal blood
collection relative to newborn blood collection have contrib-

The findings have implications for risk assessment, which cur-
rently does not adequately account for sensitive subsets of the
population.
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