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ABSTRACT

Cytochromes P-450 are a family of enzymes responsible for

metabolism of drug and xenobiotics, such as carcinogen, and
certain physiological compounds, such as steroids and prosta-
glandins. We prepared a monoclonal antibody (MAb 1-7-1) to a
polycyclic hydrocarbon-induced rat cytochrome P-450 that anti-
genically defines and inhibits a type of cytochrome P-450 re
sponsible for aryl hydrocarbon hydroxylase (AHH) and 7-ethoxy-

coumarin deethylase (ECO) activity in human placenta. We ex
amined the placentas from single and twin births from mothers
who smoked cigarettes and nonsmokers. The MAb 1-7-1 inhib
ited the smoking-induced AHH activity of essentially the entire

population of placentas by 70 to 95%. Thus, up to 95% of the
AHH in a population of human placentas is catalyzed by a type
of cytochrome P-450 that contains an antigenic site recognized
by MAb 1-7-1. A second type of cytochrome P-450, which is
insensitive to MAb 1-7-1, is responsible for the ECD activity in

the placentas of nonsmokers. In the placentas from smokers,
both types of P-450 contribute to ECD activity. Their ratios can
be determined by the amount of inhibition by MAb 1-7-1 which

ranges from 0 to 70%. The placentas from both dizygotic and
dichononic monozygotic twins show extraordinarily high intrapair
concordance for both the absolute amounts of AHH and ECD
and their inhibition by MAb 1-7-1 compared with unrelated indi

viduals, indicating that interindividual differences in these param
eters of biological activity are not due to random variation or
experimental error. Our results show that the amount of activity
of antigemcaliy unique types of cytochrome P-450 responsible

for different drug and carcinogen reactions can be measured in
different individuals by the amount of their inhibition by highly
specific monoclonal antibodies. These findings may have general
application to studies on the relationship cytochrome P-450

phenotype to population differences in drug and carcinogen
biotransfomnation.

INTRODUCTION

The cytochromes P-450 are part of the mixed-function oxi

dases which metabolize endogenous compounds, such as ste
roids and prostaglandins, and xenobiotic drugs and carcinogens
which are detoxified or activated to toxic, mutagemc, and carcin
ogenic metabolites (4,5,11,28). The cytochromes P-450 convert
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polycyclic aromatic hydrocarbons to an active form that is co-
valently bound to DNA (9). The latter enzyme system in micro-

somes is used for the activation of a multitude of test chemicals
to their mutagemc forms in the Ames assay (1). For example,
benzo(a)pyrene is converted by the cytochromes P-450 and

metabolically linked enzymes to more than 40 metabolites, one
of which, a benzo(a)pyrene diol-epoxide. is believed to be a major

mutagenic and carcinogenic form (11). The distribution of cyto
chromes P-450 exhibits substrate selectivity and product regio-

and positional stereoselectivity for benzo(a)pyrene metabolism
(11). Thus, the distribution of cytochromes P-450 may govern

metabolic pathway choice between ditoxification and activation
and responsiveness to carcinogens, drugs, and steroids.

Enzyme purification, kinetic, genetic, inhibitor, and immunolog-

ical studies have shown a multiplicity of basal and mducible
cytochromes P-450 (19). Enzyme multiplicity and overlapping
stereo- and regioselectivity have limited the determination of P-

450 phenotype in tissue or individuals. Thus, the precise role of
individual cytochromes P-450 in metabolism or activation of

specific xenobiotics and in individual variation in drug and carcin
ogen responsiveness has not been accomplished. MAbs4 formed

by potentially immortal hybridomas (18,37) are pure and precise
probes for specific antigenic sites on enzyme proteins. MAbs
that interfere with enzyme activity target and identify proteins
functioning in specific reactions.

We have prepared a MAb, MAb 1-7-1, to a polycyclic hydro
carbon-induced cytochrome P-450 from rat liver which com

pletely inhibits the AHH and ECD of the purified enzyme (26) and
inhibits these enzyme activities in certain human tissues, includ
ing placenta (8). Human placentas from women who smoke
cigarettes are induced for AHH and ECD, both cytochrome P-
450 enzymes (13-15, 23, 27, 32, 35). The placentas from

nonsmokers have either undetectable or lower levels of these
enzymes. Kinetic, inhibitor, and genetic studies are suggestive
of 2 forms of P-450 for ECD activity in human placenta (14, 27,

38) and mouse liver (12, 31) and 2 forms of AHH in rat liver (36).
In a population of placentas from women who smoke cigarettes
and from nonsmokers, we have used the MAb 1-7-1 to determine
the distribution of the cytochromes P-450 for AHH and ECD that
are antigemcaliy defined by their sensitivity to the MAb 1-7-1.

We have also studied a population of placentas from twin births,
with which we have found a high concordance of intrapair values
relative to the large variation of values in placentas from unrelated
individuals.

3 Recipient of support from NIH Grant CA 25362.
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4The abbreviations used are: MAb, monoclonal antibody; AHH, aryl hydrocarbon

hydroxylase; ECO, 7-ethoxyooumarin deethylase; MZ, monozygotic; DC, dicho
nonic; DZ. dizygotic.
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MAb Phenotyping of Placenta! P-450s

MATERIALS AND METHODS

Study Groups. One group of placentas was collected in Denver, CO.
This group included placentas from 15 single births and from 24 twin
births and were from women who smoked at least 10 cigarettes per day
and from nonsmokers. All of the placentas were from normal vaginal
deliveries. These samples were examined within 10 min from delivery,
and microsomes were immediately prepared and stored at -70Â°. Thus,

the placentas from Denver were not frozen in the whole-tissue state but,

rather, the microsomes were prepared immediately. These samples
exhibited significantly higher values than those from Buffalo (below) that
had been stored at -20Â° and -70Â° in the whole-tissue state prior to

microsome preparation.
Another group of 60 placentas was collected in Buffalo, NY, following

normal vaginal deliveries from women who had a history of smoking at
least 10 cigarettes/day. These placentas were stored in the whole-tissue
state at -20Â° for 1 to 8 hr, after which they were stored at -70Â°.
Subsequently, microsomal fractions were isolated and stored at -70Â°

for subsequent assay.
The placenta! tissue, with the exception of a thin outer decidua and

septum, is considered to be genetically part of the fetus. Thus, more
than 95% of the placenta is considered to be of fetal, rather than
maternal, origin (3, 30). Monozygotic twins have either monochorionic or
DC placentation, whereas dizygotic twins are always DC (30). Placentas
were classified as monochorionic if there was a chorion with no visible
ridge between the amnions when these membranes were stripped (2).
Diagnosis was confirmed in questionable fused DC placentas by hlstc-
logical examination. Opposite-sex twin pairs (male-female) were classi
fied as DZ. Same-sex twin pairs were diagnosed as MZ or DZ based on

immunological parameters. Cord blood was typed for 7 polymorphic
blood group systems (ABO, Rh, MM, Kell, Penney, Duffy, and Kidd) in
the same-sex twin pairs. Discordance at any locus was evidence for

dizygosity of the twin pair. Concordance of the 7 blood group systems
was taken as presumptive evidence of monozygosity. The probability of
misclassification of DZ twin pairs as MZ with this method is less than
5%, using the Bayes principle of conditional probabilities (33).

Chemicals. Benzo(a)pyrene. 7-ethoxycoumarin. 7-hydroxycoumarin,

NADPH, and NADH were obtained from Sigma Chemical Co., St. Louis,
MO. Other chemicals used were all reagent grade.

Buffalo Preparations. Placentas were collected and, depending upon
the time of delivery, stored for 1 to 8 hr at -20Â°, followed by storage at
-70Â° or they were stored directly at -70Â°. Microsomes were prepared

by the method of Wang et al. (34). About 100 g of tissue were rinsed in
0.15 M KCI, and a 40% homogenate was prepared in 0.05 M Tris (pH

7.4):0.25 M KCI:5 mm MgCI2:0.25 M sucrose by blending 30 sec at low
speed, 30 sec at high speed, and homogenization with a glass:Teflon
homogenizer. Microsomes were isolated by differential centrifugation,
suspended in the same buffer, and stored at -70Â° until assayed. All

samples were shipped to Bethesda, MD, in dry ice.
Denver Preparations. Placentas were processed within 10 min of

delivery. After removing the decidua, about 150 to 200 g of tissue were
cut, washed, and placed in ice-cold 0.01 M sodium phosphate buffer (pH

7.0) containing 0.15 M KCI. The tissue was blended for 30 sec at high
speed in a Waring blender, and microsomes were isolated by differential
centrifugation as above. Microsomal pellets were overlaid with 0.25 M
sucrose and stored at -70Â° until assayed. All samples were stored in

Buffalo, NY, and were shipped to Bethesda, MD, in dry ice.
Preparation of MAbs. The MAbs were prepared by the hybridoma

method of Koehler and Milstein (18). The detailed preparation and
characterization of MAb 1-7-1 to a partially purified 3-methylcholan-
threne-induced rat liver cytochrome P-450 (MC-P-450), kindly supplied

by Dr. Fred P. Guengerich, has been described (26). Female BALB/c
mice were immunized with MC-P-450. Spleen cells were hybridized,

cloned, and screened for MAb production. The hybridomas producing
MAb 1-7-1 were cloned 3 times prior to their inoculation into mice for the
preparation of ascites fluid containing MAb 1-7-1.

Enzyme Assays. The AHH was measured by the method of Nebert
and Gelboin (22), and the ECD was assayed by the method of Greenlee
and Poland (12). For controls for the MAb 1-7-1 inhibition studies, we
used the ascites fluid from mice inoculated with the RGNS-1 cells

hybridized with normal spleen cells from nonimmunized mice (26). For
MAb 1-7-1 inhibition studies, the microsomes were preincubated with

greater than saturating levels of the MAb for 15 min in ice prior to enzyme
assay. Saturating levels of MAb were determined in a prior study (8).
The ratios of protein content MAb preparations to placenta! microsomes
in AHH and ECD assay were 40:1 and 20:1, respectively. In all cases,
the amount of MAb 1-7-1 used was greater than a 50-fold excess of the

amount needed for maximum inhibition of enzyme activity.
All the assays were performed at the National Cancer Institute in

Bethesda, MD, in a series of 16 experiments. A standard preparation of
microsomes from the livers of rats induced with 3-methylcholanthrene

was used routinely as a control in all experiments.

RESULTS

Tables 1 and 2 show the results obtained with 2 populations
of human placentas, from Denver, CO, and Buffalo, NY. The

Tabtel
AHHand ECDlevels in humanplacentas: inhibition by MAb 1-7-1

SamplesourceDenverNonsmokerSingle

birthTwin
birth8TotalSmokerSingle

birthTwin
birthTotalBuffaloSmoker"ModerateHeavy(nf91221612182030AHH

units/mg0.5

Â±0.260.2

Â±0.10.3
Â±0.122.5

Â±11.738.5
Â±11.933.2

Â±11.74.2

Â±0.86.7
Â± 1.2%

of MAb 1-7-1
inhibitionNT"NT89.5

Â±0.884.5
Â±3.386.2
Â±2.276.5

Â±3.881
.3 Â±2.8ECDunits/mg36.6

Â±2.954.7
Â±5.547.0
Â±3.9108.3

Â±37.9129.0
Â±22.0122.1

Â±18.820.1

Â±3.226.5
Â± 3.5%

of MAb 1-7-1

inhibition7.3

Â±2.74.7
Â±3.05.8
Â±2.039.5

Â±8.544.2
Â±6.842.6
Â±5.238.3

Â±6.244.0
Â±3.9

'' Number of individuals for single birth placenta and the number of sets of placenta for twin birth placentas.

The average of the twin placentas was taken as a single value.
" Mean Â±S.E.
c NT, not tested.
" Smokers were categorized as moderate if they smoked 10 to 20 cigarettes/day and as heavy smokers if

they smoked more than 20 cigarettes/day.
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Table 2

AHH and ECD levels in placentas from single and twin births from nonsmokers and smokers: MAb inhibition

PlacentationSingle

birthTwin

birthMZ-MCCMZ-DCDZ-DCSingle

birthTwin

birthMZ-MCMZ-DCDZ-DCSample

codeK1K2K3K4K5K6K7K8K9H6aH6bH12aH12bH4aH4bH5aH5bH10aH10bH11aHl1bH1aH1bH2aH2bH3aH3bH7aH7bH8aH8bH9aH9bK10K11K12K13K14K15H18aH1

86H23aH23bH13aH13bH24aH24bH14aH14bH15aH15bH16aH16bH17aH17bH19aH19bH21aH21bH22aH22bH25aH25bAHH

control<0.1<0.11.90.5<0.1<0.1<0.10.10.1<0.1<0.1<0.1<0.1<0.1<0.1<0.1<0.1<0.1<0.1<0.1<0.11.70.3<0.10.3<0.10.1<0.1<0.1<0.1<0.16.710.510.184.324.23.48.09.16.66.01.20.317.17.371.972.20.41.624.626.2130.7122.829.424.429.638.528.429.736.925.10.20.5+MAb1-7-1 % ofinhibitionNonsmokerNT"NTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNT1.01.6Smokers1.47.82.10.30.90.91.21.00.50.11.61.16.86.8<0.1<0.12.72.713.510.33.33.82.93.55.04.14.12.40.10.2NTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNTNT8585869191918990828358679185919190908990909289849091828689905060ECDcontrol50.834.735.049.238.137.323.037.537.249.239.447.133.753.957.941.242.465.451.721.929.752.137.643.031.6104.3112.935.238.439.742.263.184.063.6329.0123.445.157.574.947.045.211.415.0102.960.5200.8199.838.353.3139.8205.2216.8185.3144.4205.5145.0138.8231.1184.8158.7124.350.849.5+MAb1-7-146.828.429.946.838.940.022.739.536.647.246.846.733.556.360.942.945.066.952.925.932.247.547.042.248.9102.7103.142.741.442.249.246.454.342.091.652.433.046.255.730.435.69.812.859.743.760.359.142.537.272.185.5116.072.668.794.661.264.366.171.265.446.454.450.4%of inhibition8181550010240000000000090202900002635347258272026352114154228707003048584661525458547162596300

* ECD values in the nonsmoker that were sightly stimulated by the MAb 1-7-1 are listed as no inhibition.
6 NT, not tested; MC, monochorionic.
' The 2 samples shown for the twin MZ-MC placenta were taken from each fetal side of the single placenta.
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MAb Phenotyping ofPlacental P-450s

Denver population consisted of single and twin birth placentas
from both nonsmokers and women who smoked cigarettes,
whereas the Buffalo population consisted of single birth placen
tas only from moderate and heavy smokers. We observed a
dramatic, high induction of AHH induced by smoking in the
Denver population. The absolute AHH amounts of the placentas
from the nonsmokers were almost all at nondetectable levels
[0.3 Â±0.1 (S.E.) unit/mg], whereas the placentas from women
who smoked exhibited high values for AHH (33.2 Â±11.7 unit/
mg). The mean of the AHH values for the Buffalo group of heavy
smokers was not significantly higher than the mean values for
AHH shown by the moderate smokers.

There were no significant differences between the values
observed in placentas from single births compared with those
from twin births. In nonsmokers, the absolute values for AHH
were too low to measure their inhibition by the MAb 1-7-1.

In both populations, the measurable values of AHH from
smokers were highly inhibited by the MAb 1-7-1, the mean

inhibition ranging from 76 to 90%. Most of the values for inhibition
of AHH by the MAb 1-7-1 in the placentas of smokers from the

Denver group were greater than 85%. Thus, a very high propor
tion of smoking-induced AHH is a function of a class of cyto-
chrome P-450 that contains an antigenic site recognized by MAb
1-7-1. The binding of this cytochrome P-450 by the MAb 1-7-1

blocks its AHH enzyme activity. Our results also show a greater
than 2-fold increase in the mean of the absolute values for ECD
of the placentas from smokers compared with that from non-

smokers of the Denver population (p < 0.05 for single birth, p <
0.01 for twin birth). No significant differences were found for
ECD values between the moderate and heavy smokers of the
Buffalo population. Previous studies have shown a positive cor
relation between the absolute amount of AHH in placentas and
a history of cigarette smoking (23, 32, 35). Other reports have
shown a poor correlation between the ECD and AHH in autopsy
samples of human liver (16) and in human placenta (14). The
ECD values were elevated about 2-fold only in those women
exhibiting a very high level of AHH activity (50- to 100-fold

induction). Placentas exhibiting low to moderate levels of AHH
did not show an increased level of ECD activity (14,27), although
an earlier study suggested that 3-methylcholanthrene-inducible

ECD and AHH of mice were genetically linked (21). This relation
ship seems more complex in human placenta.

Another dimension of analysis of the cytochrome P-450-cata-

lyzed ECD is its sensitivity to MAb inhibition. We found essentially
little or no inhibition by MAb 1-7-1 of the ECD in all of the

placentas from nonsmokers. Thus, this ECD is a function of a
cytochrome P-450 antigenically different from that cytochrome
P-450 responsible for the AHH induced by cigarette smoking. In

smokers, there was a wide range of inhibition of ECD by the
MAb 1-7-1. Although the mean of the inhibition in all 3 groups of
smokers was about 40%, the amount of inhibition by MAb 1-7-

1 of the ECD of smokers showed a far greater interindividual
variation than did the MAb 1-7-1 inhibition of AHH (Chart 1;
Table 2). Thus, the MAb 1-7-1 inhibition studies show clearly

that there are at least 2 types of ECD, one noninducible and
lacking the antigenic site sensitive to MAb 1-7-1 and a second
type which is both inducible and sensitive to MAb 1-7-1. The
latter type of cytochrome P-450, classified by its sensitivity to
MAb 1-7-1, is responsible for both AHH and ECD induced by

smoking. The extent of inhibition of the ECD and their absolute
levels leave open the possibility of relatively small amounts of a

third type of cytochrome P-450 that is smoking inducible and not
inhibited by the MAb 1-7-1.

The absolute values of both AHH and ECD in smokers were
greater in the samples from Denver than those obtained from
Buffalo. One possible cause of these differences may be the
different processing of samples in Denver and Buffalo. We have
reported previously that the AHH activity of placenta decreases
when stored as whole tissue at -20Â° and -70Â° (23). The Denver

placentas were processed immediately after delivery, whereas
the placentas from Buffalo were stored at -20Â° and -70Â° for

variable periods prior to processing. The microsomal pellets
obtained from both sources were frozen at -70Â° until assayed.

Chart 1 shows the AHH and ECD activity of the placenta from
moderate smokers (less than 20 cigarettes/day) and heavy
smokers (greater than 20 cigarettes/day), and the percentage of
inhibition by MAb 1-7-1 of the AHH-specific activity in the pla

centa! microsomes from smokers ranged broadly from 1 to 20
units/mg of protein. The results in Chart 1, a and b. indicate that
the amount of inhibition of the AHH by the MAb 1-7-1 is not a
function of the absolute amount of cytochrome P-450-dependent

AHH induced by the smoking. Thus, in all placentas with AHH
levels from 1.0 to 20 units/mg of protein, the MAb 1-7-1 inhibited

AHH activity by 70 to 95%, indicating that at least 70% and as
much as 95% of placenta! AHH is a function of the type of
cytochrome P-450 that contains an antigenic site sensitive to
MAb 1-7-1. Chart 1, c and d, shows the results with ECD to be

quite different. The range of ECD activity was broad, from 1 to
70 units/mg of protein in different placentas. In contrast to the
results with AHH, the percentage of ECD activity inhibited by the
MAb 1-7-1 ranged from no inhibitory effect to 73% inhibition of
ECD by the MAb 1-7-1. Among the placentas from Buffalo, there

was a moderate correlation between the absolute levels of ECD
activity and the sensitivity to inhibition by the MAb 1-7-1 (r =
0.50, p < 0.01 ; and r = 0.56, p < 0.01, for moderate and heavy
smokers, respectively). Chart 2, however, shows a high corre-
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Chart 1. MAb inhibition of AHH and ECD of human placentas from moderate
smokers (â€¢-20cigarettes/day) (b and d) and heavy smokers (>20 cigarettes/day)
(a and c). One unit of AHH activity is expressed as 1 pmol of 3-hydroxy-
benzo<a)py rene formed per min. The AHH specific activity is units/mg of microsomal
protein. One unit of ECD activity is expressed as 1 prriol of 7-hydroxyethoxycou-

marin formed per min. The specific activity is units/mg of microsomal protein. The
Pearson coefficient of correlation between ECD activity and percentage of inhibition
by MAb 1-7-1 was r = 0.50 (Chart 1d) and 0.56 (Chart 1c).
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Chart 2. Relationshipof ECD activity and percentage of inhibition by MAb 1-7-

1 in placentas from the Denver sample. The average of the twin sets of placentas
was taken as a single value. The coefficient of correlation between ECD activity
and the percentage of inhibition by MAb 1-7-1 in smokers was r = 0.87.

lation between absolute levels of ECD and the degree of MAb
1-7-1 inhibition in the smoker group from Denver (r = 0.87, p <

0.01 ). The 2 lowest values of ECD inhibition were from individuals
who had stopped smoking 1 to 2 weeks prior to delivery (Table
2, H-14 and H-25). With the Denver group, the ECD of non-

smokers shows, with only a few exceptions, very little inhibition
by the MAb 1-7-1 (Chart 2). In Chart 2, each point represents

either a placenta from a single birth or the average of values of
the 2 placentas from a twin, dichorionic birth. Chart 3 shows the
percentage of inhibition by MAb 1-7-1 of AHH and of ECD in the

same sample of placental microsomes from smokers in Buffalo.
There was no distinct parallel between the percentage of inhibi
tion of AHH and that of ECD activity. AHH activity was inhibited
less than 20% in only 2 placentas, and these showed extremly
tow absolute values of AHH of less than 1.0 unit/mg of protein.
In most placentas, AHH was inhibited by greater than 70%, with
the median being 79.4%. Those few placentas exhibiting low
inhibition of the AHH also exhibited low inhibition of the ECD.
There were 3 samples, however, in which the AHH was highly
inhibited (>60%), and the ECD activity was inhibited by less than
20%.

Thus, the ECD activity of individual placentas is a function of
2 types of cytochrome P-450, a type lacking the antigenic site
for MAb 1-7-1 and, thus, entirely insensitive to the MAb 1-7-1
and a cytochrome P-450 type sensitive to MAb 1-7-1 inhibition.
The ratio of these 2 types of cytochrome P-450 can be deter
mined with the MAb 1-7-1. In certain individuals, mostly non-

smokers, all of the ECD is a function of the insensitive cyto
chrome P-450. Greenlee and Poland (12) and Pelkonen and

Moilanen (27) have reported that at least 2 and possibly more
components are involved in the ECD activity of mice and human
placental microsomes because of the nonlinearity of the Eadie-
Hofstee plots. Our results with MAb 1-7-1 clearly distinguish 2
types of cytochrome P-450 and the extent of their contribution

to ECD activity.
Chart 4 shows a moderate to good correlation (r = 0.70)

between the absolute level of AHH activity and the percentage
of inhibition of the placental ECD activity by MAb 1-7-1 in the

Buffalo population. This suggests that the type of cytochrome
P-450 catalyzing AHH that is inducible by cigarette smoking and
sensitive to MAb 1-7-1 is the same type as the cytochrome P-
450 responsible for the MAb 1-7-1-sensitive ECD activity. Thus

the greater the AHH values, the greater will be the contribution
of the MAB 1-7-1 -sensitive type to the total ECD value. However,
the relative contribution of MAb 1-7-1-sensitive P-450 to total

ECD activity was less than that to induced AHH activity.
The inducibility of AHH activity in human lymphocytes is re

ported to be under genetic control (17, 24). Insight might be
gained into the complex interactions of hereditary and environ
mental factors and random biological or experimental variation
through the investigation of placentas from human twins. These
studies may clarify whether interindividual differences in AHH
and ECD are due to random variation or strongly influenced by
genetic and environmental influences. Twenty-four paired sam

ples from twin placentas were studied (Tables 1 and 2; Chart 5).
The mean values of AHH in the placentas from nonsmokers and
smokers were 0.2 Â±0.1 and 38.5 Â±11.9 units/mg, respectively.
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ChartS. Relationship of AHH and ECD inhibition by MAb 1-7-1 in Buffalo
samples.Points, mean of duplicate determinations.

100 -

80

60

Â§ 20

10 12 14 16 18 20

AHH

Chart 4. Relationship of AHH levels and MAb inhibition of ECD in human
placentas from Buffalo samples. Details of the assay are as in Chart 1. Data were
fitted by the method of linear regression. The correlation coefficient (r) = 0.70 (p <
0.001); Y = 2.96 X + 28.20.
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Those of ECO were 54.7 Â±5.5 and 129.0 Â±22.0 units/mg,
respectively. In the nonsmokers, both the MZ, DC, and the DZ
placenta showed little or no AHH activity except for the DZ-DC

twin pair H9. This patient might have been exposed to inducing
agents in the environment, food, or drugs she received during
pregnancy. The placentas from this patient were also the only
ones in which the ECD levels were significantly inhibited by the
MAb 1-7-1. Thus, the sensitivity of ECD to MAb 1-7-1 inhibition

may be a good index of exposure to Â¡nducersof the ECD enzyme.
We did not have sufficient numbers of placenta from twins to

study the heritability as determined by differences in the con
cordance of MZ-DC twins compared with that of DZ-DC twins.

It is clear, however, that the concordance of ECD values for all

120

=200

MZ-MC MZ-DC

i .-e so

II

I

DZ-DC-

hi ,111(11
HIS H23 H13 H24 HU H15 H16 H17 HIS H21H22 H25

Charts. AHH and ECD activities in twin birth placentas from smokers and
inhibition by MAb 1-7-1.MC, monochorionic.
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twins was very high and that the variability between the placentas
of twin pairs as far less than that for the placentas of unrelated
individuals.

Enzyme activity and inhibition by MAb 1-7-1 were studied by

an analysis of variance comparing interpair variation to intrapair
variation (Tables 3 and 4) (29). The intrapair variation of both
AHH and ECD activity was significantly less than the interpair
variation. This difference was greater in smokers for both AHH
and ECD activity. The intraclass correlation for ECD in nonsmok
ers was 0.88, and that for smokers was 0.94, while the intraclass
correlation for AHH in smokers was 0.99. The intraclass corre
lations for inhibition of AHH and ECD in smokers were 0.92 and
0.82, respectively. Thus, the twins from smokers showed ex
traordinary concordance, probably because of greater environ
mental influences in the placentas of smokers and the fact that
these placentas were likely to have nearly identical inducer
content for DC twins. In the placentas from the twins of smokers,
there was a wide range of AHH activity, from less than 1.0 to
130 units/mg. In 2 sets of placenta exhibiting low levels of AHH,
H-25 and H-14, the patient had ceased smoking 1 and 2 weeks
prior to delivery. The ECD of both the H-25 placentas was not
inhibited by MAb 1-7-1, and the 2 placentas from the H-14 twins

were inhibited 0 and 30%, respectively. This might reflect a
disproportionate removal of inducer from one of the placentas
after the cessation of smoking. Ten of 12 pairs of twin placentas
from smokers showed high AHH sensitivity to MAb 1-7-1 inhibi
tion (>85%). In the remaining 2 sets, the MAb 1-7-1 inhibition of

AHH was 57 and 67%, respectively. ECD values in twin placentas
from smokers ranged widely from 11 to 216 units/mg. The
heterogeneity of samples in respect to the inhibition of ECD by
the MAb 1-7-1 was also far greater than that for AHH (0 to 70%).

The concordance of the DZ twins analyzed is as great as that
for the few pairs of MZ twins. In several cases, one MZ pair, H-
13, and 3 DZ pairs, H-15, H-17, and H-21, we observed large

differences in the absolute levels of ECD in the twin pair. The
MAb 1-7-1 inhibition of H-13 was 42 and 28%, for H-15, 48 and
58%, and for H-17, 52 and 54%, respectively.

DISCUSSION

The nature, multiplicity, and dependence of different metabolic
functions of individual cytochromes P-450 in placenta have not

been clearly defined. Pelkonen and Moilanen (27) failed to ob
serve differences in placentas from smokers and nonsmokers in
patterns of cytochrome P-450 analyzed by gel electrophoresis.

Analysis of large populations of placentas shows that high AHH
activity is observed only in placentas from cigarette smokers,

Tabte3
Analysis of variance table tor enzyme level

Nonsmoker
Between pairs
Within pairsAHH

leveld.f.

Mean square Fd.f.11

12ECO

levelMean

square965.7285

58.7100F16.45

Intraclasscorrelation r = 0.88, p = 1.4 x IO"6

Smoker
Between pairs
Within pairs

11
12

2,659.8639
17.0392

156.10 11
12

10,195.3289
300.2033

Intraclasscorrelation r = 0.99, p < 10"1

33.96

Intraclasscorrelation r = 0.94, p < 10"*
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Table 4
Analysis of variance table for inhibition by MAb 1-7-1

Inhibition of AHH by MAb 1-7-1 Inhibitionof ECD by MAb 1-7-1

d.f. Mean square d.f. Mean square

Smoker
Between pairs 11 283.4848
Within pairs 1211.0833Intraclass

corrÃ©lationr = 0.92, p -25.581.2 x 10-"11

1056.2841
1272.2917Intraclass

correlation T= 0.82, p14.61= 2.7 x 10-"

whereas moderate to high ECD activity is observed in both
women who do not smoke cigarettes and those who smoke
cigarettes. Any measurement of a specific cytochrome P-450-
catalyzed reaction represents the total activity contributed by
multiple forms of cytochrome P-450. Our studies introduce a
new dimension by which the tissue content of a specific antigen-
ically unique type of cytochrome P-450 can be measured. A MAb
that inhibits enzyme activity permits a quantitative analysis of
the contribution to a specific reaction of an antigenically unique
type of cytochrome P-450. The cytochromes P-450 are a family
of isozymes that are the enzyme interface between higher or
ganisms and a variety of drugs, environmental chemicals, and
some endogenous metabolites (4,5,11, 28). The cytochromes
P-450, in conjunction with metabolically linked enzymes, serve
as major detoxification systems. However, many xenobiotics,
including drugs, carcinogens, and other chemicals, exhibit tox-
icity, carcinogenicity, or mutagenicity only after being activated
by the cytochrome P-450 and metabolically related enzyme
system. Biochemical individuality in drug and carcinogen sensi
tivity for a specific tissue, organ, or individual may indeed be a
function of the type and amount of each cytochrome P-450

present.
There have been various conflicting reports on the relationship

between AHH inducibility in lymphocytes and the incidence of
lung cancer (10, 17, 24). Pharmacokinetic studies of drug and
carcinogen metabolism in human tissues have described large
interindividual differences. In some cases, there are similarities
in the metabolism of certain drugs and carcinogens. Recently,
an extraordinary polymorphism of human drug metabolism has
been reported. Two drugs, debrisoquine (20) and sparteine (7),
are deficiently metabolized by 7 to 9% of the White population.
The absence of a particular form of cytochrome P-450 is respon
sible for the genetic polymorphism in debrisoquine hydroxylation
(6).

The experimental approach presented here may have appli
cation to understanding specific cytochrome P-450 involvement
governing rates of drug metabolism and carcinogen susceptibil
ity. Placenta is a human tissue readily available in abundant
quantity. The placenta contains a host of enzymes including the
cytochromes P-450 engaged in drug, carcinogen, and steroid
metabolism (3, 15). These enzyme systems undoubtedly serve
to protect the fetus from xenobiotic hazards by detoxification
reactions as well as by regulation of steroid hydroxylation. Alter
nate metabolic pathways may result in the formation of toxic or
carcinogenic metabolites. Placentas from twins can be used to
study the role of random variation and the environmental and
genetic contributions to the regulation of enzyme level. Several
groups have reported the multiplicity of cytochrome P-450-de-
pendent reactions in placenta! tissue (14, 27, 38).

Our studies using the MAb 1-7-1 precisely define the contri

bution of the antigenically defined class of cytochrome P-450 to
the AHH and ECD activities of placentas from women who
smoked cigarettes and nonsmokers. This cytochrome P-450 is
responsible for almost all the AHH from smokers and much of
the smoking-induced ECD. Another class of cytochrome P-450,
defined by its insensitivity to MAb 1-7-1, is responsible for
virtually all of the ECD found in nonsmokers and from 0 to 70%
of the ECD of smokers. Thus, an individual placenta can be
phenotyped for the amount of AHH and ECD activity dependent
on these 2 classes of cytochrome P-450. The MAb 1-7-1-
sensitive class of cytochrome P-450 is also present in control
and induced human lymphocytes, absent in human monocytes
and liver (8), and is responsible for AHH induced in rat liver. The
MAb 1-7-1 may be useful in defining the cytochrome P-450 type,
in both freshly prepared samples and those stored in a frozen
state and exhibiting lower absolute values for both AHH and
ECD enzyme activities. We had insufficient numbers of placenta
from MZ and DZ twins to make heritability estimates, i.e., to
define genetic versus environmental contribution to AHH and
ECD activities. We did, however, observe an extraordinarily high
concordance of intratwin values for both the MZ and DZ twins.
The interpair variation was far greater than the intrapair variation
over a wide range of absolute values of AHH and ECD in
placentas from smokers. The DC placentas from a set of twins
are exposed to nearly identical environments. Each twin set is
exposed to a unique environment, since each mother's smoking

habits, /.e., type of cigarette, amount smoked, tar content, and
numerous other factors such as distribution of the inducers in
the placenta, make each woman smoker unique. Our data sug
gest that the environment of women with unique smoking habits
plays a dominant role in the regulation of AHH and ECD levels.
The high concordance among DZ twins suggests the possibility
that relatively few genes control AHH and ECD inducibility in
placentaand that frequencies of alÃelesresponsible for inducibility
are high in the human population. A study of AHH inducibility in
the lymphocytes of twins found that the relative concordance of
the MZ and DZ twin sets suggested that AHH inducibility was
regulated by relatively few genes (25).

It is probable that a library of MAbs will be developed which
will be specific for individual and classes of cytochromes P-450
containing common antigenic domains. The MAbs may serve to
phenotype a tissue, organ, or individual. When the MAb inhibits
enzyme activity, such as MAb 1-7-1 does, it may serve to
quantitate the contribution of a specific epitope containing cyto
chromes P-450 to the metabolism of a given substrate. This may
be useful in determining the relationship between the cytochrome
P-450 phenotype and drug and carcinogen metabolism and
activation and thereby identify populations with unique sensitivity
to particular.drugs or hypersusceptibility to exposure to chemical
carcinogens.
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