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SUMMARY

Cytochrome P-450-dependent aryl hydrocarbon hydroxylase (AHH) and 7-ethoxycou-
mann O-deethylase activities of a cloned line of human lymphoblastoid AHH-1 cells are
inhibited by a monoclonal antibody (MAb 1-7-1) prepared to a 3-methylcholanthrene-
induced rat liver cytochrome P-450. The monoclonal antibody inhibition determined that
a single MAb 1-7-1-sensitive type of cytochrome P-450 is responsible for all of AHH
expression in both the basal and benz[a]anthracene-induced cells. Partial inhibition by
the MAb 1-7-1, however, indicates that at least two forms of cytochrome P-450 catalyze
7-ethoxycoumarin O-deethylase in both the basal and the induced cells, one form of
which is identical to the MAb-sensitive cytochrome P-450 responsible for all of the AHH.
Thus, a single cloned cell line is capable of expressing two classes of cytochromes P-450,
and the observed multiplicity of cytochrome P-450 in animal tissues does not necessarily
depend on cell heterogeneity. A sensitive MAb 1-7-1-based radioimmunoassay also
directly demonstrates the presence in these cells of a MAb 1-7-1-specific type of cyto-
chrome P-450 as well as its elevation in the induced cells. These MAb-based methods
thus can determine the contribution of specific MAb-defined types of cytochromes P-450
to the cellular metabolism of specific xenobiotics.

INTRODUCTION

The cytochromes P-450 metabolize a variety of xeno-
biotic and endobiotic compounds, including carcinogens,
drugs, and steroids (1-5). There is a large multiplicity of
cytochrome P-450 forms (6) which catalyze reactions
that convert these substrates to numerous products, in-
cluding detoxified metabolites and toxic or carcinogenic
compounds. Since the individual cytochrome P-450 iso-
zymes display unique yet overlapping substrate specific-
ity as well as selectivity, the type and amount of cyto-
chromes P-450 present in a tissue may control the choice
of alternative metabolic pathways to detoxification or
activation of products. The multiplicity of cytochromes
P-450 has hindered progress in the determination of the
phenotype, or distribution of isozymes, by conventional
methods. The capability to detect and measure individual
cytochromes P-450 would make feasible a variety of
studies, including relating cytochrome P-450 phenotype
to metabolism of specific substrates to particular metab-
olites, and perhaps to individual susceptibility to carcin-
ogens and individual variation in drug metabolism (7).

As a new approach to the problem of cytochrome P-
450 multiplicity, panels of MAbs’ to cytochromes P-450

I The abbreviations used are: MAb, monoclonal antibody; AHH, aryl

hydrocarbon hydroxylase; ECD, 7-ethoxycoumarmn O-deethylase; BA,
benz[a]anthracene; RIA, radioimmunoassay; MC, 3-methylcholan-
threne.

0026-895X/85/060652-04$02.00/0
Copyright (� 1985 by The American Society for Pharmacology
and Experimental Therapeutics.
All rights of reproduction in any form reserved.

have been prepared (8-14). As highly specific probes for
cytochromes P-450, MAbs can be used to define immu-
nochemically these isozymes based on their epitope con-
tent. An MAb probe thus interacts with “types” or
“classes” of cytochrome P-450, which may include either
a single isozyme or multiple isozymes with a common
epitope. The MAbs have been proven useful for the
detection and identification of cytochromes P-450 by
enzyme inhibition assay (15-17), RIA (18, 19) and im-
munopurification of specific cytochromes P-450 (19-21).

The MAb approach as applied to human tissues (lym-
phocytes, monocytes, placenta, liver) has detected inter-
tissue and interindividual differences in cytochrome P-
450 content (15, 17). Multiple MAb-specific cytochromes
P-450 have previously been found within individual tis-
sues and cells in cultures, including lymphocytes (15).
The cells examined, however, typically consist of popu-
lations which are heterogeneous in their cytochrome P-
450 content. Buffalo rat liver cells, for example, may be
subcloned into cell strains with different AHH activities
(22). A finding of multiple cytochromes P-450 within a
parent population of cells does not therefore reveal
whether the observed spectrum of isozymes is character-
istic of the entire population, or whether individual sub-
clones produce different profiles of cytochrome P-450
isozymes. Examination of an individual cloned cell line
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should reveal whether (a) it expresses either unique or
multiple forms of cytochrome P-450, and (b) induction
increases production of a constitutive cytochrome P-450,
or initiates expression of a nonconstitutive cytochrome
P-450.

One approach to analysis of the cytochrome P-450
isozymes in a cell line is by reaction phenotyping, which
is a characterization of their catalytic activities with
respect to inhibition by a MAb. If the observed activities
all derive from a single MAb-inhibitable type of cyto-
chrome P-450, which may include one or more isozymes,
the MAb should similarly inhibit all these activities. But
if a cloned cell expresses multiple types of cytochrome
P-450, each with a different substrate and product spec-
ificity, an MAb may interact with only some forms but
not others and variable degrees of inhibition will be
observed.

The AHH-1 cell line, recently derived as a subclone of
RPMI-1788 lymphoblasts (23), possesses a basal AHH
activity that is induced by polycyclic hydrocarbons. We
have examined the inhibition of cytochrome P-450-de-
pendent enzyme activity by MAb 1-7-1, made to 3-
methylcholanthrene-induced rat liver cytochrome P-450.
This MAb has been especially well characterized in nu-
merous studies. It specifically inhibits purified MC-in-
ducible, AHH-active cytochrome P-450 from rat liver
(12) as well as microsomes from MC-treated rats (12,
16), while no inhibition is observed on microsomes from
untreated or phenobarbital-treated rats (12, 16). These
results demonstrate that in rat liver only MC pretreat-
ment results in the presence of MAb-sensitive AHH-
and ECD-active cytochromes P-450. It also demonstrates
that, in the livers of untreated rats and mice, the AHH
and ECD activities are a result of cytochromes P-450
that are insensitive to MAb 1-7-1 and are thus lacking
the MAb-sensitive epitope. This MAb has also been
shown to be specific for MC-inducible cytochrome P-450
in RIA studies (18, 19) of animal tissue microsomes. In
addition, amino acid sequence analysis of rat hepatic
cytochromes P-450 immunopurified with MAb 1-7-1 in-
dicates that it specifically recognizes the P-450c and P-
450d isozymes (21). Other studies with human tissues
(15, 17) and extrahepatic animal tissues (16) have shown
the presence of MAb 1-7-1-specific cytochromes P-450
with AHH and ECD activities in uninduced as well as
MC-induced animals.

Enzyme inhibition assays of AHH and ECD have been
performed to characterize the cytochromes P-450 respon-
sible for these activities in AHH-1 cells with respect to

sensitivity to MAb 1-7-1. In addition, we measured the
cytochrome P-450 content of AHH-1 cells with an RIA
that is based on MAb 1-7-1. We report that these two
types of analyses, enzyme inhibition and RIA, yield
consistent and complementary results for AHH-1 cells.
The two methodologies are rapid, efficient, and require
small amounts of tissues or cells. When coupled together,
such MAb-based analyses provide a novel, powerful ap-
proach with which to examine human tissues and cells
for cytochrome P-450 content, regulation, and synthesis.

MATERIALS AND METHODS

AHH-1 cells were subcloned from the parent RPMI-1788 lympho-

blasts and selected for their inducibility for AHH by polycyclic hydro-

carbons (23). The cells were cultured in RPM! medium 1640 supple-

mented with 5% horse serum (both from GIBCO), and were maintained

in constant exponential growth by daily dilution to 4 X 10’ cells/mI.

They were induced by treatment with 2 �zg/ml BA (Sigma) for 24 hr

prior to harvest.

Standard methods were employed for measurement of AHH (24)

and ECD (25) activities. For the activity assays, cells were centrifuged,
washed with phosphate-buffered saline, and resuspended in 0.05 M

Tris-HC1 (pH 8.5) to 10� cells/ml. They were then disrupted with a

glass/Teflon homogenizer. A volume of homogenate equivalent to 1-2

x iO� cells was typically assayed in a total volume of 1.0 ml of the

standard assay mixtures (24, 25). MAb 1-7-1 to rat liver 3-methyl-

cholanthrene-induced cytochrome P-450 was prepared (12) and purified

from ascites fluid (19, 20). For MAb-inhibition studies, 0.1 ml of the

appropriate concentration of MAb in phosphate-buffered saline was

preincubated with the cell homogenate for 15 mm at 23� prior to

initiation of the reactions. As a control, each assay was carried out

with an anti-lysozyme MAb, obtained from Dr. S. Smith-Gill (National
Cancer Institute).

The data with MAb 1-7-1 are reported relative to those of the

antilysozyme MAb; the latter had no significant effect on enzyme

activities. The RIA procedure was essentially as previously described

(18), except that [3HJMAb 1-7-1 was used. This was prepared by

reductive methylation with NaB3H4 (New England Nuclear) (26) to a

specific activity of 1.9 x 10� cpm/g�g. The microtiter wells were coated

with 1 � of liver microsomes from MC-treated rats (specific P-450

content of 1.5 nmol/mg). [‘H]MAb 1-7-1 (3500 cpm) was then added
along with several different amounts of AHH-1 homogenate. Data are

presented as per cent inhibition of binding by [3H]MAb 1-7-1 to the

microtiter wells.

RESULTS

Treatment ofAHH-1 cells with BA induced both AHH
and ECD activities. The AHH activity increased 7-fold.
Values of 0.046 ± 0.012 and 0.328 ± 0.047 pmol/min/106

cells were found for control and induced cells, respec-
tively. The degree of induction of ECD activity was much
less. Values of 17 ± 7 and 39 ± 3 fmol/min/106 cells were

obtained for control and induced cells, respectively. The
effect of MAb 1-7-1 on these activities is illustrated by
the experiment in Fig. 1. The measured activity as well
as the per cent residual activity in the presence of differ-
ent amounts of MAb is presented in order to facilitate
comparison between the various samples.

Fig. 1 clearly shows that both AHH and ECD are
inhibited in both control and BA-induced cells. AHH
inhibition (Fig. 1A) is virtually complete, indicating that
this activity derives entirely from cytochromes P-450
that contain the epitope recognized by MAb 1-7-1. The
observation that AHH is completely inhibited in induced
as well as in control cells demonstrates that the AHH-
active cytochromes P-450 induced by BA are of the same
type (MAb 1-7-1-sensitive) as the AHH-active cyto-
chromes P-450 present in basal cells.

Inhibition of ECD was observed for both control and
induced cells (Fig. 1B), indicating that both contain
ECD-active cytochrome P-450 that contains the epitope
for, and is inhibited by, MAb 1-7-1. However, since
inhibition of ECD activity is only partial, even at the
highest level of added MAb (100 �zg), both control and
induced cells also contain an additional type of cyto-
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FIG. 1. Inhthition of (A) AHH and (B) ECD activity by AHH-1 cells

byMAb 1-7-1

Bottom graphs: activity of basal cells in the presence of MAb 1-7-1

(0) and control MAb (Lx); activity of BA-induced cells in the presence

of MAb 1-7-1 (#{149})and control MAb (A). Top graphs are the per cent

inhibition by MAb 1-7-1 of basal cells (0) and BA-induced cells (#{149}).

chrome P-450 that is ECD-active but is not inhibited by
MAb 1-7-1. The inhibition profiles for both control and
induced cells are similar, suggesting that BA treatment
elevates the levels of both types of ECD-active cyto-
chromes P-450, MAb-sensitive and MAb-insensitive, to
a similar extent.

The cytochromes P-450 in AHH-1 cells can be defined
and distinguished on the basis of their interaction with
MAb 1-7-1 as determined by the influence of this MAb
on two cytochrome P-450-dependent catalytic activities.
AHH activity derives entirely from MAb-specific cyto-
chrome P-450, while ECD derives partially (70%) from
MAb-specific cytochrome P-450 and partially (30%)
from MAb-insensitive cytochrome P-450. Whether the

AHH and inhibitable ECD activities derive from the
same cytochrome P-450 is unknown, although the cyto-
chromes P-450 responsible for both these activities are
of the same type, i.e., those which contain an epitope
specific for MAb 1-7-1. The results with AHH-1 cells are
qualitatively similar to those previously obtained with
human lymphocytes (15). With the latter, however, AHH
was inhibited 18-78% among lymphocytes from different
individuals, indicating individual variation in AHH
expression. The more complete inhibition observed with
AHH-1 cells may result from greater homogeneity of
cytochrome P-450 in this cloned line of cells. AHH-1
cells may thus provide a model system for characterizing
cytochrome P-450 content, regulation, and synthesis in
human cells.

Complementary to the enzyme inhibition experiments,
the cytochrome P-450 content of both basal and BA-
induced cells was independently evaluated by competi-
tive RIA with [3H]MAb 1-7-1. The standard Competition
curve with various amounts of rat microsomes from MC-
induced rats is plotted in Fig. 2. The level of MAb-
specific cytochrome P-450 in homogenized AHH-1 cells
is related to the degree of inhibition of [3H]MAb 1-7-1
binding to the microtiter wells. The curve for induced
cells is considerably shifted to the left of the curve for
basal cells, indicating higher levels of MAb-specific cy-
tochrome P-450. The RIA detects about a 3-fold eleva-
tion in the level of this cytochrome P-450 upon BA
treatment. The degree of elevation is comparable, but
not identical, to the observed degree of induction of
catalytic activities. The relationship between cytochrome
P-450 levels as measured enzymatically and by RIA is
not direct, since RIA may detect MAb-specific cyto-
chromes P-450 with neither AHH nor ECD activity. In
addition, ECD activity partially derives from cyto-

MICROSOMES (pg) ( .

FIG. 2. Competitive RIA ofAHH-1 cells

Microtiter wells were coated with liver microsomes from MC-in-

duced rats and the percentage of maximal binding of [3H]MAb 1-7-1

to the wells was measured in the presence of varying amounts of rat

liver microsomes (#{149})(lower abscissa), and basal (�) or BA-induced

(0) cells (upper abscissa).
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Send reprint requests to: Fred K. Friedman, Laboratory of Molec-
ular Carcinogenesis, National Cancer Institute, Bethesda, MD 20205.

chromes P-450 that are distinct from the MAb-specific
form and hence not measurable by the RIA.

DISCUSSION

The multiplicity of cytochromes P-450 has been dem-
onstrated in numerous species and tissues by several
criteria, including spectral, electrophoretic, catalytic, and
immunologic properties (6). Additional isozymes are con-
tinually being discovered and subjected to these analyses
while cloned genes are being isolated and sequenced (27-
29). An individual cell therefore has the potential to
express a number of Cytochromes P-450, but it is at
present unclear whether individual cells in a population
express only a single cytochrome P-450 or whether they
express a range of isozymes. The Cytochrome P-450
phenotype of a cell depends on both genetic and environ-
mental factors such as sex, nutritional and developmen-
tal state of the organism, and exposure to drugs or
xenobiotiCs. Responsiveness to such a wide variety of
factors and stimuli requires complex regulatory meCha-
nisms that are poorly characterized at present. Cloned
cell lines in a controlled environment provide a system
with relatively uniform properties for studying the cel-
lular and molecular aspects of CytoChrome P-450 regu-
lation. The AHH-1 cell line may be a suitable model for
such studies using MAbs to detect and distinguish var-
ious CytoChrome P-450 isozymes under various experi-
mental conditions. This report exemplifies such a study
in that it demonstrates that (a) AHH-1 cells express
only one type of MAb-defined class of cytochrome P-450
that is responsible for all of the AHH activity in both
basal and induced cells and (b) AHH-1 cells express two
MAb-defined classes of cytochrome P-450 (sensitive and
insensitive), responsible for ECD and that both classes
are present in both basal and BA-induced cells.

As shown in this report, RIA and enzyme inhibition
studies using MAbs yield consistent and complementary
information on cellular cytochrome P-450 content. The
methodologies described with MAb 1-7-1 can be extended
to include other MAbs, and thus to characterize the
entire range of cellular cytochromes P-450 on the basis
of their interaction with a panel of MAbs. In addition to
examining MAb-based RIAs and the effect of MAbs on
catalytic activities, MAb-based immunopurifications
(19-21) may also be performed. Such a multidimensional
approach provides a phenotype of cytochrome P-450 in
human tissues and cells which may be useful in relating
the expression of specific cytochrome P-450 isozymes to
individual susceptibility to carcinogenesis and sensitivity
to certain drugs. The analyses carried out with AHH-1
cells can thus be applied to phenotyping of lymphocytes,
which are readily available human cells, since the meth-
odologies presented in this report are easily adapted for
carrying out such studies on suitable human populations.
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