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ABSTRACT:

Considerable variation in offspring outcome occurs following in-
trauterine ethanol exposure. The mechanism underlying this vary-
ing susceptibility may involve genetic differences in ethanol me-
tabolism catalyzed by alcohol dehydrogenase (ADH) and
cytochrome P450 2E1 (CYP2E1). A recent population study dem-
onstrated a protective role for the ADH-B; isoform, which is en-
coded by ADH2*3, an allele unique to African Americans. Drinking
during pregnancy was associated with lower scores on the Bayley
Scales of Infant Developmental Mental Index (MDI), but only in the
offspring of mothers without an ADH2*3 allele. Lower MDI scores
were associated with the three-way interaction among increasing
ethanol intake and maternal and offspring absence of the ADH2*3
allele (p < 0.01, analysis of variance, model r> = 0.09). The protec-

high K,,,, high V.., ADH-B3 isoenzyme, which would provide more
efficient ethanol metabolism at high blood ethanol concentrations.
However, the small amount of variance accounted for by the ADH2
polymorphism suggests that other genetic and/or environmental
factors are also determinants of offspring risk. We recently de-
scribed a 96-bp insertion polymorphism in the CYP2E1 regulatory
region that is associated with enhanced CYP2E1 metabolic ability
in the presence of ethanol intake or obesity, conditions associated
with CYP2E1 induction (p < 0.01, both). The frequency of the
insertion varies across ethnic groups, occurring in about 30% of
African Americans and 7% of Caucasians (p < 0.01), and is suffi-
ciently common to impact susceptibility to alcohol-related birth
defects. Thus, genetic differences in ADH and CYP2E1 are likely
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tion afforded by this allele is likely secondary to its encoding of the  determinants of offspring risk.

Fetal alcohol syndrome is one of the most common known causessgétem. The predominant enzyme in the latter system is cytochrome
congenital mental retardation. However, adverse outcomes followiRg50 2E1 (CYP2EL). This conversion to acetaldehyde is the rate-
intrauterine ethanol exposure range from the full fetal alcohol syndrorimiting step in ethanol metabolism. Acetaldehyde is subsequently
to effects of varying severity, which have been labeled alcohol-relatedidized to acetate predominantly by aldehyde dehydrogenase. Ge-
effects. These effects include growth retardation, isolated structural &tic variation has been reported for each of the enzymes in the
normalities, or neurobehavioral deficits (Streissguth et al., 1980; Goldeathway, and the amount of variation in each enzyme system differs
et al., 1982; Emhart et al., 1985). The mechanism for this variation #T0ss ethnic groups.
offspring susceptibility is unknown; multiple factors may alter risk. The Class | ADH enzymes are the most important ADH isoforms in

Support for pharmacogenetic differences in ethanol metabolism tBg oxidation of ethanol based on both quantity and catalytic activity
determinants of susceptibility to alcohol-related birth defects includ€§viewed in Jornvall and Hoog, 1995). These isoenzymes are het-
multiple animal studies showing the importance of variation in bloggfodimers, composed o, -, andy-subunits encoded at tDH1,
ethanol concentrations (Bonthius et al., 1988; Goodlett et al., 1990) £MdH2 andADH3 loci, respectively. The ADH heterodimers behave
epidemiologic human studies demonstrating ethnic differences in susc&p@ Mixture of the parent homodimers; that is, their subunits appear
tibility (Sokol et al., 1980, 1986). For example, African Americans are & function independently of each other. ThBH2andADH3 loci are
increased risk for adverse offspring outcome compared with Caucasif@ymorph'c’ whereas only one allele has been identified ahDid1

even when ethanol intake during pregnancy is statistically controll (ﬁz_us. The enzymes encgded _at_malﬂl I0c1_Js qnd ?t the polymor-
(Sokol et al., 1986). phic ADH3 locus are fairly similar in their kinetic constants. In

Ethanol is oxidized to acetaldehyde by two enzyme systems, al contrast, the kinetic constants of the possible enzymes encoded at the
hol dehydrogenase (ADWH and the microsomal ethanol oxidiz,ing%‘om_i2 locus (ADHB,,, -2, and $58,) vary by orders of mag-
nitude (Table 1) (Bosron et al., 1983a; Burnell et al., 1989; Ehrig et
al., 1990). Compared with all other ADH class | isoforms, AIBE3,
exhibits markedly greater capacity and maximal velocity for ethanol
oxidation. Thus, the polymorphism at th&DH2 locus would be
expected to result in significant differences in ethanol metabolism.
The most common allele at this locusPH2*1, occurs in varying
frequencies in all populations. TheDH2*2 allele has been docu-
mented in the majority of Far East Asian individuals and in a smaller
percentage of Caucasians. TABH2*3 allele has only been docu-
mented in the African American population, occurring at a frequency
of 15 to 20% (Bosron et al., 1983b; Bosron and Li, 1987). The kinetic
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1 Abbreviations used are: ADH, alcohol dehydrogenase; ADH-343;, ADH-B,8,,
and ADH-B53, ADH homodimeric isoforms encoded by ADH2*1, ADH2*2, and
ADH2*3; MDI, Mental Index of the Bayley Scales of Infant Development; ANOVA,
analysis of variance.
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TABLE 1
Kinetic characteristics of the isozymes encoded at the Aidds ﬁ 125 _
From Bosron and Li, 1986. -g
ADH Genotype ADH Isozyme K Vinax : 120
(mM ethano) (min~Y) ‘g
ADH2*1 B.B 0.05 9 () .
ADH2*2 B;B; 0.9 400 £ 115
ADH2*3 BaBs 36 300 o
2 110-
S
disparity between the enzyme encoded by this allele and that encodan
by the commorADH2*1 allele and the uniqueness of tA®H2*3 E 105
allele in African Americans, a population at increased risk to adversg *

outcome after intrauterine ethanol exposure, suggested this genefe 190

polymorphism as a putative genetic risk factor for alcohol-relateg

birth defects. >
In a large prospective population study that evaluated both materng

and offspringADH2 genotype as a determinant of risk from intrauter- %

ine ethanol exposure, theDH2*3 allele appeared to be protective @ 90

(McCarver et al., 1997). In this study, after informed consent, African

95

American womenr{ = 243) were enrolled using a stratified recruit- (+) ADH2*3 (-) ADH2*3 (+) ADH2*3 (-) ADH2*3
ment strategy based on two variables, periconceptional alcohol intake
andADH2 genotype. At the first prenatal visit and at each subsequent Maternal Genotype

prenatal visit, the mother’s alcohol intake was determined using an
interviewer-directed day-by-day recall of both the type and amount bf- 1 Impact of the maternal ADH2 genotype upon the outcome of offspring of
. . L .. women abstaining (open columns) or drinking (hatched columns) during
alcohol consumed in the previous 2 weeks. At the initial visit, the pregnancy.
mOt_her Was_ also aSI(_Ed to recgll_her alcohol con_sumptl_on du”n_g th(:bffspring neurobehavioral outcome was measured as the scores on the MDI of
periconceptional period. Stratifying on alcohol intake informationhe Bayley Scales of Infant Development at 1 year of age @43 infants). Bayley
mothers were selected for determination of tiddH2 genotype. This scores were significantly lower among offspring whose mothers lackéd#i?*3
two-variable stratification strategy resulted in about half the wom%‘f'e and consumed ethanol during pregnangy<*0.01, ANOVA, Duncan’s post
. . o c test). Data are shown as mearS.D.
having at least onADH2*3 allele, and about a third were classified
as heavy drinkers during the periconceptional period, defined as
drinking more than one standard drink a day. About half the infangémilar in direction to the impact seen on infant mental development.
had at least onADH2*3 allele. Infant development was assessed at@ontrolling for gestational age, the only significant predictor of poorer
year of age using the Mental Index (MDI) of the Bayley Scales dffant growth was the two-way interaction between ethanol intake in
Infant Development. For all statistical analyses, multiple confoundiRjegnancy and the absence of a mateAiaH2*3 allele. With that
variables were tested, including maternal socioeconomic status, etiieraction in the model, none of the other variables related to ethanol,
cation, other children in the home, presence of smoking, as well as ffgoking, or illicit substance use were associated with differences in
number of cigarettes, and illicit substance use. offspring growth. Thus, among African Americans, the presence of
Maternal drinking during pregnancy was associated with lower Mijhe ADH2*3 allele appears to be associated with protection from
scores; however, this effect was secondary to the effect of alcofélverse outcome, both in terms of birth weight and mental develop-
exposure on the offspring whose mothers did not havéid2*3 allele  ment at 1 year of age.
(Fig. 1). Infants of drinking mothers with ahDH2*3 allele had MDI ~ We suggest the mechanism of this protective effect is based on
scores that were similar in distribution to nondrinking women. A similahetabolic differences that would be expected from the differences in
impact was seen for infant genotype (Fig. 2). Those infants without Hie encoded enzymes. Damage from intrauterine ethanol exposure has
ADH2*3 allele whose mothers consumed alcohol during pregnancy Hagen linked to binge drinking, which would be associated with ethanol
scores similar to the infants of nondrinking women. In contrast, infarg@ncentrations of 20 to 40 mM. At these blood ethanol concentrations,
without anADH2*3 allele whose mothers were drinkers scored signifthe enzyme encoded by theDH2*1 allele would be saturated,
cantly worse on neurobehavioral testing than either alcohol-expostddereas that encoded BpPH2*3 would not be (Table 1). In addition,
offspring with anADH2*3 allele or the offspring of nondrinkers. Thesethe maximal velocity of the enzyme encoded APH2*3 is much
observations were confirmed with analysis of variance testing in whigieater. Thus, at high blood alcohol concentrations, the presence of
all potential confounders were included. The strongest predictor of lowibe ADH2*3 allele and the encoding of a high-capacity enzyme would
MDI scores was the three-way interaction between maternal drinkingesthance ethanol elimination.
the first prenatal visit, the absence of a mate&iaH2*3 allele, and the  Although the observation of the protective effect of thBH2*3
absence of an offspringDH2*3 allele (ANOVA, p < 0.01, overall allele is statistically significant and the direction of the effect is
modelr? = 0.09). consistent for both maternal and offspring genotype, as well as for
Ethanol use in pregnancy was associated with poorer growth irbath offspring growth and development, the magnitude of the effect
dose-dependent fashion, with the offspring of women drinking mom infant outcome is relatively small. Thus, other environmental
than one drink per day being significantly smaller than drinkingnd/or genetic factors contribute to the varying susceptibility of Af-
women consuming less than a drink a day whose offspring were,rinan American offspring exposed to ethanol antenatally. The null
turn, smaller than the offspring of nondrinking women. The impact ofariant of aldehyde dehydrogenase, which is associated with de-
the absence of a maternADH2*3 allele on offspring growth was creased elimination of acetaldehyde, does not occur in the African
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Insertion Mutation Wild Type

Offspring Genotype
Fic. 3. The impact of the presence of the CYP2EL1 insertion mutation on
Fic. 2. Impact of offspring ADH2 genotype upon the outcome of offspring of ~ CYP2E1 metabolic ability, measured as the ratio of the concentration of 6-
women abstaining (open columns) or drinking (hatched columns) during hydroxychlorzoxazone to chlorzoxazone in a 3-h blood sample following a single
pregnancy. chlorzoxazone dose.

Offspring neurobehavioral outcome was measured as the scores on the MDI offhe presence of the varia@tYP2Elallele containing the 96-bp insertion in the

the Bayley Scales of Infant Development at 1 year of age @43 infants). Bayley presence of drinking (hatched boxes) was associated with enhanced CYP2E1 £

scores were significantly lower among the infants withouA&H2*3 allele whose metabolic ability. In contrast, consistent with the insertion location in the regulatory

mothers consumed ethanol during pregnangy<*0.05, ANOVA, Duncan’s post region, presence of the variant allele did not seem to impact activity among

hoc test). Data are shown as mearS.D. nondrinkers (open boxes). Data are shown as medians (middle dot) Qrth@7%"
percentiles (box outline).

Americans population; therefore, it is not a contributing factor in this

population. Multiple genetic variants have been described fQje| as environmental exposures, are necessary to better define the

wioJ) papeojumoq
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CYP2E1 which encodes the predominant enzyme in the microsomgterminants of complex diseases such as alcohol-related birth defects S

ethanol oxidizing system (McBride et al., 1987; Hayashi et al,, 199]; \yhich environmental factors and multiple genes contribute to
Uematsu et al., 1991; Hu et al., 1997; Fairbrother et al., 1998),man risk.

However, until recently, none have been shown to effect in vivo
human enzyme activity. Recently, we identified a functional genetic

polymorphism in the regulatory region c€YP2E] based on an ) coodlett CR and (1988) Blood alcohol s .
. P . . . Bonthius DJ, Goodlett CR and West JR (1! Blood alcohol concentration and severity o
mcr_ease In-n vivo _c_hlorzoxazo_ne metgbo!lsm m the presence 00ﬂicrocephaly in neonatal rats depend on the pattern of alcohol administraticohol
environmental conditions associated with induction (Fig. 3) (Mc-5:209-214.

H H : i sron WF and Li TK (1986) Genetic polymorphism of human liver alcohol and aldehyde
Carver et al,, 199_8)_' This _p0|ym0r_phlsm occurs at relgtlvely hlglFPdehydrogenases and their relationship to alcohol metabolism and alcohblegmatology
frequency and exhibits ethnic variation. About 31% of African Amer- 6:502-510.

icans have at least one allele with the insertion, in contrast to about Bogron WF and Li TK (1987) Catalytic properties of human liver alcohol dehydrogenase
isoenzymesEnzyme37:19-28.

of Caucasiansp( < 0-01) (McCarver et aI., 1998)- The sequence Q£05ron WF, Magnes LJ and Li TK (1983a) Kinetic and electrophoretic properties of native and

this mutation, 5CAG AGG CAC AGG CAC CCT GTC GTC CTG 5 recorﬂ\;)/igesI isoenZ{TeSdofL.h#??fgg\;ebr) i:cohol tliehyd:Ogﬁrﬁfl!geﬂe?istryﬂ:legééBW-
osron WF, Magnes LJ and Li uman liver alcohol dehydrogenase;, olis

ATT ATT TCA CCT TGT CAC GGG CAG AGG CAC AGG C_:AC results from genetic polymorphism at the ARgene locusBiochem Geneﬁl:73l5—74éf. I

CCT GTC GTC CTG ATT ATT TCA CCT TGT CAC GGA-3isa Bumell JC, Li TK and Bosron WF (1989) Purification and steady-state kinetic characterization

H . of human liver3p3 alcohol dehydrogenasBiochemistry28:6810—6815.

96 mer that CO,nSIStS of two near perfECt 48 b,p repeatg (D'G' rig T, Bosron WF and Li TK (1990) Alcohol and aldehyde dehydrogenalsehol Alcohol

Carver, unpublished data). Furthermore, the insertion is a perfect:105-116.

duplication of a 96-base pair sequence contained in the wild-tyﬁ@haﬂ CB, Wolf AW, Linn PL, Sokol RJ, Kennard MJ and Filipovich HF (1985) Alcohol-

. . L. related birth defects: Syndromal anomalies, intrauterine growth retardation, and neonatal
allele. Both the wild-type and mutant alleles contain four additionalyepavioral assessmemgoho, Clin Exp Re9:447—453. ¢

copies that are highly homologous to the 48-bp repeat. Sequendiagprother KS, Grove J, de Waziers |, Steimel DT, Day CP, Crespi CL and Daly AK (1998)
data from eight individuals who were heterozygous for this mutati0nﬁgigg.og4§fgsczhara(:te"Za‘"’" of novel polymorphisms in the CYP2E1 g¥tmmacoge-
confirmed that the wild-type allele contains six of these 48-base paisiden NL, Sokol RJ, Kuhnert BR and Bottoms S (1982) Maternal alcohol use and infant

H H H elopmentPediatrics70:931-934.
repeats, whereas the mutant allele contains 6|ght repeats. The posz@; ett CR, Marcussen BL and West JR (1990) A single day of alcohol exposure during the

role of this 48-bp sequence in the regulationrGfP2E1is intriguing brain growth spurt induces brain weight restriction and cerebellar Purkinje cellAtsshol

because the sequence contains several putative transcription fact6¥o7-114. "y ) o ) _
.. . h v bei . tigated. The i t of thHaya5h| S, Watanabe J and Kawajiri K (1991) Genetic polymorphisms in’ tfierfking region
bmdmg sites that are current y Deing Investigated. € Impact 0 I%hange transcriptional regulation of the human cytochrome P450IIE1 deBiechem110:

regulatory polymorphism as a risk factor for alcohol-related birth559-56s.

B R o ; Hu Y, Oscarson M, Johansson |, Yue QY, Dahl ML, Tabone M, Arinco S, Albano E and
defects is being evalu.ated ellmong mother-infant p:?:lll’S of kmz . Ingelman-Sundberg M (1997) Genetic polymorphism of human CYP2EL: Characterization of
genotype. Such studies, simultaneously evaluating multiple loci aswo variant allelesMol Pharmacol51:370—-376.
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