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ABSTRACT:

Eight inhibitory monoclonal antibodies (MADbs) individually specific
to human cytochrome P-450 (P-450) 1A1, 1A2, 2A6, 2B6, 2C sub-
family (2C8, 2C9, 2C18 and 2C19), 2D6, 2E1, and 3A4/5 were used
to define the role of single P-450s in the metabolism of diazepam
(DZ), 7-ethoxycoumarin (7-EC), and imipramine (IMl) in human liver
microsomes (HLM). The MAbs were added combinatorially to six
HLM samples. With DZ as a substrate, more than 80% of temaz-
epam (TMZ) formation was inhibited in all six samples by the
addition of MAb to 3A4/5, indicating an 80% contribution of 3A4/5
to TMZ formation. Nordiazepam formation was inhibited with
MAbs to 2B6 (6-23%), 2C subfamily (12-61%) and 3A4/5 (14-45%).
The MAbs to 1A1, 1A2, 2A6, 2D6, and 2E1 did not inhibit TMZ or
nordiazepam formation; this indicates their noninvolvement in DZ
metabolism. The MAb-defined P-450 contribution to 7-EC O-
deethylation in six HLM samples was 17 to 60% for 2E1, 15 to 46%
for 2A6, and 5 to 22% for 1A2, reflecting the role and variation of
each P-450 in this activity. MAbs to 1A1, the 2C subfamily, 2D6, and
3A4/5 did not affect 7-EC metabolism in the HLM samples. IMl is

metabolized mainly to 2-hydroxyimipramine by expressed 2C19
and 2D6, and desipramine (DIM) by expressed 1A2, 2C18, 2C19 and
2D6. Expressed 1A1, 2C9, and 3A4 showed low activities for the
formation of DIM. Of six HLM samples, five showed IMI hydroxy-
lation activity (0.35-2.6 nmol/min/nmol P-450) while one (HL43)
lacked hydroxylation activity. All six HLM samples showed N-
deethylation activity (0.74-1.4 nmol/min/nmol P-450). The MAb-
determined contribution of 2D6 and 2C19 to 2-hydroxyimipramine
formation ranged from 47 to 90% and from 0 to 49%, respectively,
while HL43 did not show 2-hydroxylation. The role of P-450s in-
volved in DIM formation varied for 2C19 (13-50%), 1A2 (23-41%),
and 3A4 (8-26%). These studies demonstrate a system for identi-
fying the quantitative metabolic role of single P-450s and their
interindividual variability in a tissue containing multiple P-450s. The
system using inhibitory MAbs is simple, precise, and applicable to
any P-450-mediated catalytic activity including that for drugs, car-
cinogens, mutagens, toxic chemicals and endobiotics.

Cytochromes P-450 (P-450pre a superfamily of hemoproteinsP-450s and their amounts in human liver and other tissues determine
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that are responsible for the oxidative, peroxidative, and reductitlee metabolic rate and pathway of xenobiotic disposition (Wrighton
metabolism of numerous and diverse xenobiotics including drugd)d Stevens, 1992). The interaction and activity of individual P-450s
carcinogens, and environmental chemicals, as well as endobioiitéhe metabolism of clinically useful drugs may be crucial factors in
including steroids and fatty acids. Human P-450s are presentdgfining drug efficacy, drug-drug interaction, and drug toxicity. The
multiple forms, are heterogeneously distributed in tissues and indpmunoblotting antibodies can be used to measure the content of
viduals, and have different substrate and product specificities whigRecific P-450 forms in tissues and the substrate specificity of indi-
are often overlapping (Gonzalez, 1988: Nelson et al., 1996). TMidual P-450s can be measured with cDNA expressed P-450s (Gonza-

metabolism of a substrate in a tissue is a result of the inherdRf €t @, 1991b; Guengerich, 1995). These measurements, however,

activities of relevant P-450s, the presence of multiple forms of in lo not determine the contribution of each P-450 to the metabolism or

vidual P-450, and the specific cellular content of each P-450. T gtlvatlon of a specific P-450 substrate in a tissue containing multiple

L . Lo -450s.
phenotype of an individual with respect to the forms of individual Monoclonal antibodies (MAbs) are derived from hybridomas with

unlimited growth properties and are of excellent stability. The MAbs
are directed to epitopes on the antigen with very high specificity,
which is generally greater than the specificity of either polyclonal
antibodies or chemical inhibitors. A MAb binding that is specifically
and highly inhibitory to a single P-450 can be used to quantify the
catalytic role of the P-450 in the metabolism of a substrate in a tissue
containing multiple P-450 forms (Gelboin, 1993). The extent of
inhibition affected by the MAb measures the contribution of the single
target P-450 to the metabolic reaction studied. We have produced
102

1 Abbreviations used are: MAb, monoclonal antibody; P-450, cytochrome
P-450; DZ, diazepam; 7-EC, 7-ethoxycoumarin; IMI, imipramine; HLM, human
liver microsome; DIM, desipramine; TMZ, temazepam; NDZ, nordiazepam; 2-OH
IMI, 2-hydroxyimipramine; HPLC, high-performance liquid chromatography; 1B,
immunoblot.

Send reprint requests to: Dr. H. V. Gelboin, Bldg. 37, Rm 3E24, National
Institutes of Health, 9000 Rockville Pike, Bethesda, MD 20892.
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TABLE 1
Specific inhibitory MAbs to human P-450s used in this study

Enzyme-Linked

Argr}érggn MAD (ref.) Ig Subtype  Immunosorbent 1B % Inhibition Substrate
Assay
1A1 1-7-1 IgG1 + - >90 7-ECO, phenanthrene, chlorzoxazone
1A2 26-7-5 lgG1 + + >90 7-EC, phenanthrene, IMI, chlorzoxazone
2A6 151-45-4 IgG1 + + >90 Coumarin, 4-nitrophenol, phenanthrene, 7-ECO
2B6 49-10-20 1gG2b + + >90 Testosterone, 7-EC, DZ, phenanthrene
2C8/9/18/19 1-68-11 IgM + - >90 (2C9/18/19)>85 (2C8) DZ, phenanthrene
2D6 512-1-8 IgG1 + + >90 Bufuralol, dextromethorphan, IMI
2E1 1-73-18 IgM + - >90 Phenanthreng;nitroanisole, toluene, chlorzoxazone, 4-methylanisole
3A4/5 3-29-9 IgM + - >090 (3A4) DZ, testosterone, Taxol, cyclosporin, phenanthrene
>60-80 (3A5)
All MAbs are specific to target P-450s as tested with human P450 1A1, 1A2, 2A6, 2B6, 2C8, 2C9, 2C18, 2C19, 2D6, 2E1, 3A4, and 3A5.
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Fic. 1. Metabolism of DZ by cDNA-expressed human P450s.

DZ (200 uM) was added to phosphate buffer (50 mM, pH 7.4) containing 25 pmol of expressed P450. After preincubation at 37°C for 5 min, the reaction was initiate
by the addition of NADPH (1 mM) and incubated at 37°C for 20 min. P450 1A2, 2B6, 2C8, 2C9, 2E1, 3A4, and 3A5 were expressed in HepG2 cells by recoribiaant vac
virus, and 1A1, 2A6, 2C18, 2C19, and 2D6 were expressed in Sf9 cells by recombinant baculovirus. Wild indicates the control microsomes fronvaditiigperus
infected HepG2 or baculovirus infected Sf9 cells. Data are the me&a8D. of three incubations.

specific inhibitory MAbs to a number of human P-450s, viz., 1A1 Materials and Methods

(Park et al., 1982; Yang et al., 1998b), 1A2 (Yang et al., 1998b), 2A6 chemicals. DZ was purchased from USP Convention, Inc. (Rockville,
(Saietal., 1998), 2B6 (Yang et al., 1998a), 2C subfamily (Gelboin gID). TMZ, nordiazepam (NDZ), and 2-oxoquanzepam were kindly supplied
al., 1997; Park et al., 1989), 2D6 (Gelboin et al., 1997; Krausz et dy, Dr. Shen K. Yang (Uniformed Services University of the Health Sciences,
1997), 2E1 (Gelboin et al., 1996), and 3A4/5 (Gelboin et al., 1993¢ethesda, MD). 7-EC and 7-hydroxycoumarin were purchased from Sigma
The MADb to the 2C subfamily inhibits the catalytic activities of eacl¢hemical Co. (St. Louis, MO). IMI and desipramine (DIM) were purchased
of P-450 2C8, 2C9, 2C18, and 2C19. The MAbs used in this study 4fem ICN Biomedicals Inc. (Aurora, OH). 2-Hydroxyimipramine (2-OH IMI)

all inhibitory to at least the 90% level. Thus, these MAbs are centr§pS obtained from Novartis Pharma AG (Basel, Switzerland). NADPH was
components of the developed system that quantitatively determir?gé(:hased from Boehringer Mannheim (Indianapolis, IN). All reagents were of

I L . analytical grade.
the contribution of individual P-450s to drug or carcinogen metabo- Human Liver Microsome (HLM) and cDNA-expressed Human P-450s.

lism in human liver and other tissues. In this study, we have useq gman liver specimens were obtained from organ donors after clinical death
combinatorial MAb system to define the quantitative role of eacfhe NCI Cooperative Human Tissue Network, National Institutes of Health,
P-450 in the metabolism of diazepam (DZ), 7-ethoxycoumarin (Bethesda, MD) and stored at80°C until use. Microsomes were prepared as

EC), and imipramine (IMI) in human liver microsomes. described (Alvares et al., 1970) and microsomal protein (Lowry et al., 1951)
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[ Control B Anti- 3A4/5 and 2C8/9/18/19 length, which are all controlled by HP ChemStation software (Revision
Anti- 3A4/5 D0 Anti- 3A415, 2C819/18/19 and 286 A0.05.01) installed in a Compaq Deskpro 5133 personal computer. HPLC

analysis of metabolism of DZ (Yang et al., 1998c) and 7-EC (Yang et al.,

S 100l . i - ~ ~ A 1998b) were the same as previously described. The metabolites of IMI were
g L ( separated according to Nielsen and Brosen (1993) and modified with a lguna C
3 sol column (4.6 x 250 mm; Phenomenex, Torrance, CA). The mobile phase for
bl _ . . . .. .
N - separation of IMI and its metabolite were methanol/acetonitrile/20 mM KPi
E 60 L (10:40:50 v/v/v, pH 6.5) to methanol/acetonitrile/20 mM KPi (10:55:35 v/vlyv,
= r pH 6.5) by a linear gradient in 25 min. IMI and its metabolites were detected
= 40 L at 250 nm. The metabolites formed were identified by comparing their reten-
5 r tion times with authentic standards.
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MAb Based Analysis of Individual P-450 Contribution to DZ
Metabolism in HLM. We have previously developed a panel of
inhibitory MAbs specific to single human P-450 1A1, 1A2, 2A6, 2B6,
2C subfamily, 2D6, 2E1, and 3A4/5 which are referenced in Table 1.
These MADs are highly specific and strongly inhibitory, by more than
85 to 95%, to the target P-450 activity. No cross-reaction with other
P-450s by enzyme-linked immunosorbent assay, immunoblot (IB),
and inhibition study was observed. A large amount of MAbs was
produced from ascites containing 2.5 to 5 mg/ml MAb.

DZ is used worldwide as an anxiolytic/hypnotic drug. DZ is me-
tabolized by C3-hydroxylation to TMZ and by N1-demethylation to
NDZ by human P-450s (Yang et al., 1998c). Figure 1 shows the &

f , enzyme activities of 12 cDNA-expressed human P-450s in the con-3
HL39 HL40 HL41 HL42 HL43  HL44 version of DZ to TMZ and NDZ. The P-450 2B6 exhibited the highest 3
(24) (12) 23) (18) (16) 05) enzyme activity for N1-demethylation with a specific activity of 7.5
. ) nmol/min/nmol P-450 using 25 pmol of 2B6/ml incubation mixture.
Human Liver Microsomes P-450 2C subfamily, 3A4, and 3A5 also exhibited significant N1-
(Control activity, nmol/min/pmol P450s}) . o .
demethylation activity. C3-hydroxylation was catalyzed by P-450 ‘&
Fic. 2. MAD analysis of individual P450 catalyzed DZ metabolism in HLMs. 3A4 and 3A5, 2C19 exhibited low activity, and no activity was
A, MAD inhibition of HLM-catalyzed DZ C3-hydroxylation. B, MAb inhibition exhibited by the other P-450s examined. The C3-hydroxylation of &

of HLM-catalyzed DZ N1-demethylation. MAbs were added as indicated to 159a4/5 was greater than its N1-demethvlation activity. However. the S
pmol of HLM P450 and preincubated for 5 min at 37°C. The reaction was initiated . 9 y Y- ’ «Q

by adding DZ (200uM) and NADPH (1 mM) and terminated by 1 ml of acetonelndividual P-450 activity of DZ metabolism shown in Fig. 1 does not &
after incubation for 30 min at 37°C. OQZ was used as internal standard. HPIeflect the contribution of each P-450 in human liver. Inhibitory MAbs g
analysis was the same as described previously (Yang et al., 1998c). Data areighep-450s were used to determine the contribution of individual =z
means of duplicate incubations. HyHEL, a MAb to lysozyme, was used as contr'gJ;450S to TMZ and NDZ formation in human tissues. Six HLM
and P-450 content (Omura and Sato, 1964) were measured accordinq%npleS showed enzyme activities for C3-hydr0xylatlor_1 ranging from g
published methods. .35 to 8.29 nmol/min/nmol P-450 and N1-demethylation from 0.50 =
Recombinant human P-450 1A2, 2B6, 2C8, 2C9, 2E1, 3A4, and 3A5 wdi@ 2.38 (nmol/min/nmol P-450). With the addition of multiple inhib-
expressed in HepG2 cells using vaccinia virus (Gonzalez et al., 1991a; Ydify MAbs to HLM (Fig. 2A), the formation of TMZ was inhibited by
et al., 1998c). Baculovirus-expressed human P-450 1A1, 1A2, 2A6, 2D&ore than 80% by anti-3A4/5 MAb (MAb 3-29-9), whereas the
2C18, and 2C19 with NADPH P-450 oxidoreductase coexpressed were algdition of MAD to the 2C subfamily (MAb 1-68-11) did not produce
tained from Gentest Corporation (Woburn, MA). any added inhibition indicating that 2C19 is not significantly involved
Inhibition of P-450s Using MADbs. A typical assay contained 25 pmol of jn ¢3-hydroxylation. Figure 2B shows the additive effects of inhibi-
expressed P-450 or 150 to 250 pmol of human liver microsomal P-450s Wﬁﬂ’y MAbs on the DZ N1-demethylation of HLM. The addition of
gscnef C?mgining indicatefd MAES (aEOUt ﬁm '\(/IAb pm)teinr’]-rabl.e Din each antibody inhibited the NDZ formation to a different extent; this
.5 ml of 50 mM potassium phosphate buffer (pH 7.4). The mixture was__. . . . e
preincubated for 5 min at 37°C and then diluted with the buffea & mifinal c_?eflned_ the role of each P-450 in DZ-demethyIat_lon in the different
volume. Substrates (DZ, 7-EC, and IMI) dissolved ind®f methanol were liver mlcrosomg _samples. In H_L39' 3A4/5 contributed 45% of de-
added (final concentration 20@M), and the reaction was initiated by the Methylation activity, 2C subfamily 12%, and 2B6 23%. In HL41, the
addition of NADPH (1 mM) at 37°C. Antilysozyme MAb (HyHEL) with an contribution of 3A4/5 was 17%, 61% for 2C subfamily, and 6% for
amount equivalent to MAbs was used as a control for nonspecific bindingB6. Among the different samples, the range of contribution of 3A4/5
Reactions were incubated for 30 min and terminated with 1 ml of acetorwas 14 to 45%, the 2C subfamily 12 to 61%, and 2B6 6 to 23%. No
2-Oxoquanzepam was used as internal standard for DZ metabolism, benagribition was observed with the addition of MAbs to 1A1, 1A2, 2A6,
(@)pyrenecis-4,5-diol as internal standard for the metabolism of 7-EC angpg, and 2E1. This indicates that the latter P-450s do not significantly
temazepam (TMZ) as internal standard for IMI' metabolism. Samples Wetg il te to DZ demethylation. The variation of inhibition between

extracted twice with 7 ml of dichloromethane and were dried under N2. l’r efgsrent samples is likely the result of individual variability among

HL39 HL40 HL41 HL42 HL43 HL44
(8.3) (3.0) (3.5) (3.5) 2.2) (1.3)
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residue was dissolved in mobile phase and immediately analyzed by rev

phased high-pressure liquid chromatography (HPLC). The metabolites fomfgl(?r samples. L . I
were identified by comparing their retention times with authentic standards. MAP Determination of Individual P-450 Contribution to 7-EC

HPLC. HPLC was performed using a Hewlett-Packard (HP) model HPlOﬂ\!’etabOHS_m_ in HLM. 7'EC .O-C!ee'.[hylatic.)n has been Wide_'Y used .for
liquid chromatography system equipped with a HP model 1050 autosampleghaaracterizing P-450 activity in liver microsomes of various animal
ternary solvent delivery system, and a dioarray detector or multiple wavgpecies including humans. In humans, the major catalysts for 7-EC
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7-OH coumarin formed (nmol/min/nmol P450)

1A1 1A2 2A6 2B6 2C8 2C9 2C18 2C19 2D6 2E1 3A4 3A5  wild

Human P450

Fic. 3. 7-EC O-deethylation by cDNA-expressed human P450s.

7-EC (200uM) was added to phosphate buffer (50 mM, pH 7.4) containing 25 pmol of expressed P-450. After preincubation at 37°C for 5 min, the reaction was initéte(
by the addition of NADPH (1 mM) and incubated at 37°C for 20 min. P450 1A2, 2B6, 2C8, 2C9, 2E1, 3A4, and 3A5 were expressed in HepG2 with vaccinia virus,%@nc

nofladse’pwp wouiy papeojumoq

1A1, 2A6, 2C18, 2C19, and 2D6 were expressed in Sf9 cells with baculovirus. Wild indicates the control microsomes from wild-type vaccinia tedisep&2 or =
baculovirus-infected Sf9 cells. Data are the meanS.D. of three incubations. HPLC analysis are the same as described previously (Yang et al., 1998b). “;.

E
O-deethylation are 1A2 and 2E1 (Bayliss et al., 1994; Yamazaki et adybfamily, 2D6, and 3A4/5 to HLM had no effect, indicating that z
1996). In this study, we examined the enzyme activity of 12 cDN#hese P-450s do not contribute significantly to 7-B&ieethylation. &
expressed human P-450 for 7-EEdeethylation (Fig. 3). Among the  An experiment shown in Table 2 compares the inhibition of 7-EC 2
P-450 enzymes examined, P-450 1Al had the highest activity fd@ethylation in HLM by both a single MAb and in the presence of i
7-EC O-deethylation, followed by 2B6, 2E1, 1A2, and 2A6. Thedther MAbs. The average difference was 4.4% with a S.D. of 2.2%, 7,
P-450s 2C subfamily, 2D6, 3A4, and 3A5 exhibited only negligiblédicating that the inhibitory activity of a single MAb is the same 3

activity, which was comparable to control values (HepG2 cells if¢gardiess whether added singly or with other MAbs. In these addi-
fected with wild-type vaccinia virus or Sf9 cells infected with wild-tional four HLM samples, the 7-EC-deethylation activity ranged from
type baculovirus). 1.6 to 4.4 nmol/min/nmol P-450s. The contribution of each P-450 to

Six samples of normal HLMs were used for combinatorial analysfs EC Metabolism is shown in Table 2. Together with Fig. 4, the range
of MAD inhibition of HLM catalyzed 7-ECO-deethylation (Fig. 4). of activity contribution among the 10 HLM samples was 16 to 60%

. . . for 2E1, 11 to 46% for 2A6, 0 to 48% for 2B6, and 5 to 22% for 1A2.
The total activity of 7-deethylation varied from 1.34 to 2.51 nmol° Combinatorial Analysis of IMI Metabolism in HLM Using

min/nmol P-450s in six HLM samples. The activity of Ir]dl\“dualMAbs. IMLI is a tricyclic antidepressant which is widely used in the

samples is demonstrated. n .F.Ig' 4. With HLL}O’ the addition of a_mtlr'eatment of depression. The metabolic fate of IMI involves mainly
2E1 MAD (MAD 1-73-18) inhibited the formation of 7-OH coumanin_ qemethylation to the active metabolite DIM and aromatic hydroxy-
by 60%, indicating that 60% of the metabolic activity was the resylis; o 10 2-0H IMI. It was reported that P-450 1A2, 2C19, 2D6, and
of 2E1. Upon the simultaneous addition of anti-2A6 MAb3p4 catalyze IMI metabolism (Ball et al., 1997; Madsen et al., 1997).
(MAb151[hyphen45-4), an additional 15% inhibition of 7-OH ECAmong 12 cDNA-expressed human P-450s, 2C19, 2C18, 2D6, and
formation was observed, demonstrating a 15% contribution of 2A6 Q2 \were found to exhibit stronty-demethylation activity, and 1A1,
the reaction. Simultaneous addition of anti-2B6 and anti-1A2 MABgCg, and 3A4 exhibited low activity (Fig. 5). P-450 2D6 and 2C19

showed only a 6% contribution from 2B6 and a 7% contribution fromghowed high activity for 2-hydroxylation, and 1A1 and 2C18 exhib-
1A2. In HL44, the contribution of the individual P-450s to 7-OHited low activity. Six HLM samples were used to determine the

coumarin formation was 17% for 2E1, 46% for 2A6, 0% for 2B6, anthdividual P-450 contribution to IMI metabolism with inhibitory
21.5% for 1A2. The range of contribution among the different HLMVAbs (Fig. 6). HL39-catalyzed 2-hydroxylation of IMI was inhibited
samples was 17 to 60% for 2E1, 15 to 46% for 2A6, 0 to 8% for 2B&y more than 90% with anti-2D6 antibody, indicating that 2D6 is
and 5 to 22% for 1A2. The addition of MAbs to 1A1l, the 2Cresponsible for more than 90% of 2-hydroxylation in this liver. How-
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{1 Control Anti- 2E1 Bl Anti- 2E1 and 2A6
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Fic. 4. MADb analysis of individual P-450 catalyzed 7-EC O-deethylation of HLMs.

MADbs were added as indicated to 150 pmol of HLM P-450 and preincubated for 5 min at 37°C. The incubation is desktétedats and Methodand HPLC analysis
is as the same as previous reported (Yang et al., 1998b). Data are the means of duplicate incubations. HyHEL, a MAb to lysozyme, was used as control.

ever, in HL40, anti-2D6 and anti-2C subfamily MAbs inhibited 2-hy-

droxylation of IMI by 47% and 38%, respectively. This demonstrates TABLE 2

that both 2D6 and 2C18/19 are major enzymes for the formation of Inhibition of 7-ECO metabolism in HLM by the addition of a single MAD
2-OH IMI in HL40. The cDNA-expressed P-450 2C8 and 2C9 did nat compared to the its inhibitory effects when in combination with other MAbs

show IMI hydroxylation activity (Fig. 5), and thus the MAb 1-68-11 v Single MAb Combinatorial Addition of MAbs

inhibition of IMI hydroxylation in HL40 indicated the contribution of @CtVity) 1105 450 06 Inhibition

MADb to P-450 % Inhibition
P-450 2C18/19. Furthermore, HL43 did not exhibit 2-hydroxy|ation'_”_75 Control o Control o
activity, indicating a very low content of both 2D6 and 2C19. We (1 g) 2E1 26 2E1 26
further examined the 2D6 content of HL43 with IB analysis with MAb 2A6 28 2E1+ 2A6 32
512-1-8 (anti-2D6) which indicated an absence of 2D6 protein (un- ﬁg g; ggii %':g 1 ggg + 1po ig
published data). The results with the human liver specimens showgg| 76 Control 0 Control 0
that the contribution of 2D6 to the hydroxylation ranged widely from (4.6) 2E1 16 2E1 16
0 to 90%. The 0% reflects an absent 2D6 in the HL43 liver. The range 2A6 22 2E1+ 2A6 26
of 2C18/19 to 2-hydroxylation also greatly varied, from 0 to 49%. ﬁg fg ggii %’:g 1 ggg 4 1A2 ﬁ
None of the P-450s 1A2, 2A6, 2B6, 2C8/9, 2E1, and 3A4/5 showedh 77 Control 0 Control 0
a significant contribution to 2-hydroxylation in six HLM samples (3.1) 2E1 57 2E1 57
(Fig. 6A). Figure 6B shows the contribution of individual P-450s to ggg 22 22'2111 gﬁg + 2B6 ﬁ
DIM formation in the six human liver samples. The ranges of contri- 1A2 10 2E1+ 2A6 + 2B6 + 1A2 3
bution of 2C18/19, 1A2, and 3A4 were 13 to 50%, 23 to 41%, and 81L80 Control 0 Control 0
to 26%, respectively. Thus, the major enzymes involved in IMI(4-4) 2E1 22 2E1 22
demethylation were 2C18/19, 1A2, and 3Ad. P-450 2C18 content is ore PR -
very low in human liver; therefore, the contribution of 2C18/19 to IMI 1A2 10 2E1+ 2A6 + 2B6 + 1A2 7

metabolism is malnly from 2C19. Althoth the expressed 2D6 eX_aControI activity is presented in nmol 7-OH coumarin formed/min/nmol P-450. Data are

hibited both 2-hydroxylation and demethylation activities, P-450 2D6eans of duplicated incubations.
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IMI (200 uM) was added to phosphate buffer (50 mM, pH 7.4) containing 25 pmol of expressed P-450. After preincubation at 37°C for 5 min, the reaction was |n|t§te(
by the addition of NADPH (1 mM) and incubated at 37°C for 20 min. P450 1A2, 2B6, 2C8, 2C9, 2E1, 3A4, and 3A5 were expressed in HepG2 with vaccinia virus ganc
1A1, 2A6, 2C18, 2C19, and 2D6 were expressed in Sf9 cells infected with recombinant baculovirus. Wild indicates the control microsomes froenvaidityg
virus-infected HepG2 or baculovirus infected Sf9 cell. Data are the mea8D. of three incubations.

Aq Biosi

did not show a significant contribution to DIM formation in the HLM precise reagents for the quantitative analysis of an individual P-450
samples. role for drug metabolism in human liver. The percentage of inhibition
) ) of each individual P-450 activity in a liver reflects the P-450 contri-
Discussion bution to a substrate metabolism in that liver. The variability of
The multiplicity and heterogeneity of P-450s in human tissugercentage inhibition by a single MADb to its target P-450 in different &
prevent the identification and quantitative analysis of the role sBmples is due to the fact that different human samples contain
individual P-450s in the metabolism of the numerous P-450 suBfferent and heterogeneous complement of P-450s, some of wh|c
strates. With a combinatorial method using a panel of eight inhibitorpay compete with the target P-450 for substrate.
MADbs specific to their target P-450s, the current study describes arhe O-deethylation of 7-EC has been widely used as a marker
system using inhibitory MAbs to define the role of individual P-4508ctivity for assessing substrate specificities of P-450s. P-450 2E1 and
in the metabolism of DZ, 7-EC, and IMI in human liver. 1A2 have been reported to be principal enzymes involved in 7-EC
DZ is N-demethylated to NDZ and C3-hydroxylated to TMZ. ManyO-deethylation in human liver (Yamazaki et al., 1996). In this study,
studies in vivo and in vitro have demonstrated that the P-450 2B6 ane examined the roles of individual forms of human P-450s for 7-EC
2C subfamily are involved in NDZ formation and that 3A4/5 catalyzedeethylation. Of the 12 cDNA expressed human P-450s, 1A1, 1A2,
TMZ formation (Yasumori et al., 1993; Ono et al., 1996; Yang et al2A6, 2B6, 2C19, and 2E1 showed a higkdeethylation activity with
1998c). However, cDNA-expressed P-450 activity does not reflect ttiee rank of 1A1>>2B6>2E1>1A2>2A6. In the HLM samples ex-
guantitative role of the individual P-450 in human liver. With theamined, the MAb defined contribution of the individual P-450s to
addition of single or multiple MAbs to HLM, the role of individual 7-EC O-deethylation was 16 to 60% for 2E1, 11 to 46% for 2A6, O to
P-450s in different liver samples was defined. P-450 3A4/5 wd8% for 2B6, and 5 to 22% for 1A2. The total inhibition of HLM by
responsible mainly for the formation of TMZ; none of the othethe MADbs to the four P-450s was more than 85%, indicating that 2E1,
P-450s showed a significant contribution. Therefore, TMZ formatio®A6, 2B6, and 1A2 are responsible for essentially alDsfleethyla-
from DZ might be considered a specific reaction for P-450 3A4/5. ThHen in human liver. Although 1A1 exhibits the high&3tdeethylation
range of each P-450 for NDZ formation in six human liver samplexctivity, its content in normal human liver is very low or absent
was 14 to 45% for 3A4/5, 12 to 61% for the 2C subfamily, and 6 t@Guengerich, 1995); thus, it is not a factor in normal HLM metabo-
23% for 2B6. When the MAbs to 3A4/5, 2C subfamily, and 2B6 werksm.
all combined, the inhibition of NDZ formation was more than 80%. IMI metabolism was examined with 12 expressed human P-450s.
This indicates that these P-450s are responsible for 80% of DXe activities of the P-450s involved in DIM formation are ranked as
N-demethylation activity in human liver. Thus, MAbs are simple andC19>2C18>2D6>1A2>3A4 and 2C9. In HLM samples, DIM
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TABLE 3
MADb determined contribution (%) of individual P-450s to the metabolism of seven substrates in HLM
Substrate Metabolite HLM Activity* 1A2 2A6 2B6 2C8/9/18/19 2D6 2E1 3A4/5
Bufuralol 1-OH 0.007-0.012 2-25 2 — 24-69 14-76 — —
bufuralol

Detromethorphan Dextrophan 0.058-0.86 — — — ®nd 50-93 — —
Phenacetin Acetaminophen 0.44-2.5 64-84 0-8.8 — 4.6-20 (2C19) — — —
Coumarin 7-OH coumarin 0.29-3.5 — >90 — — — — —
7-ECO 7-OH coumarin 1.3-4.4 5-22 11-46 0-48 — — 16-60 —
Dz T™Z 1.3-8.3 — — — — — — >80

NDZ 0.5-2.4 — — 6-23 12-61 — — 14-45
IM 2-OH IM 0.35-2.6 — — — 0-49 (2C18/19) 47-90 — —

DIM 0.74-14 23-41 — — 13-50 — — 8-26

Control HLM activity values are presented in nmol product/min/nmol P-450s.
a8, contribution less than 4% or not detectable by respective P-450s.
nd, not determined; cDNA-expressed 2C8/9/18/19 showed enzyme activity (unpublished data).

formation was mainly catalyzed by 1A2 (23—42%), 2C subfamilfjuman liver/tissue containing multiple P-450s is the consequence of
(13-50%), and 3A4 (8—26%). P-450 3A4 is the most abundant P-466th the P-450 activity and the other P-450s involved in the metab-
in human liver, consisting of about 29% of the total P-450 (Vemlism. The P-450 activity is a reflection of both its protein content and
meulen, 1996). Thus, 3A4 showed a significant contribution to DIkhe intrinsic activity of the P-450. In HLM, 2D6 is of the relatively

formation in human liver although expressed 3A4 exhibited a rellw content (about 1.5% of total P-450) and the high content of 1A2

tively low N-demethylation activity. In contrast, 2D6 did not show g12.7%), 2C subfamily (18.2%), and 3A4 (28.8%) (Guengerich, 1995; §
contribution to DIM formation in human liver although the expressedermeulen, 1996). The P-450s catalyzing IMI 2-hydroxylation were Z
2D6 showed a highN-demethylation activity. The percentage ofexamined. Their activity is ranked as 2D8C19>2C18. Of the six f%’
contribution of an individual P-450 to the metabolism of a substrate fuman liver samples examined, HL43 exhibitdddemethylation o
activity, but did not show detectable 2-hydroxylation activity. This is g
—J Control Anti- 3A4 due to the absence of 2D6 in this liver as determined by IB. In HL39, %
M Anti- 3A4 and 2D6 W77 Anti- 3A4, 2D6 and 2C8/9/18/19 HL42, and HL44, about 80 to 90% 2-OH IMI formation is a function &
Anti- 3A4, 2D6, 2C8/9/18/19 and 1A2 of 2D6. However, the formation of 2-OH IMI in HL40 and HL41 was @
- — contributed by both 2D6 (47% and 43%, respectively) and 2C18/19.2
E 100 |- ‘ M M A (38% and 49%, respectively). The result demonstrates the usefulnes§
3 80 5 ‘ of the MAbs for defining the individual P-450 contribution to sub- 5
= : strate metabolism in an individual tissue such as liver. o
T sl Previously, we reported the isolation of MAbs to human P-450$f’,
Q r 3A4 (Gelboin et al., 1995), 2E1 (Gelboin et al., 1996), 2D6 (Gelboin 'S
S L : ; et al., 1997; Krausz et al., 1997), 2C subfamily (Park et al., 1989; ;
.g A 3 Gelboin et al., 1997), 2B6 (Yang et al., 1998a), 2A6 (Sai et al., 1998), 2
S ¥r i . 1A2 (Yang et al., 1998b), and 1A1(Park et al., 1982; Yang et al., %
= 0‘: | % 1998b). With these MAbs, we have defined the individual P-450 @
HL39  HL40  HL41 HL42  HL44 function in the metabolism of bufuralol, dextromethorphen, phena-
(2.6 (0.35) (0.83) (0.43) (0.85) cetin, and coumarin. Here, MAbs we used defined the role of each§
[ P-450 in the metabolism of DZ, 7-EC, and IMI. Table 3 shows a ©
?g: 100 - summary of the MAb-defined quantitative roles of individual P-450s
S 80 L responsible for substrate metabolism in human liver. A complete
é r complement of inhibitory MAbs to the major human P-450s would
S 6oL permit the construction of a map of P-450-based metabolism. Another
\_O’ 5 aspect of drug metabolism that can be analyzed with the inhibitory
= 40 |- MADb is the metabolic relationship between drugs competitive for the
8 20 L same P-450. The contribution to the metabolism of a single drug or
° i multiple drugs by individual P-450s is important to the understanding
[ mE 7 the regulation of the rates of drug metabolism, pharmacologic char-
HL39 HL40 HL41 HL42  HL43  HL44 acter, and toxicity. In turn, this information can lead to improved
(.05  (1.34) (089 (089) (074 (137 control of drug choice, dosage, and efficacy. The system using inhib-
Human Liver Microsomes itory MAbs is both simple and precise and applicable to any P-450
(Control activity, nmol/min/pmol P450s) mediated catalytic activity which includes that of drugs, carcinogens,

Fic. 6. Analysis of individual P-450 contribution to IMI metabolism of HLMs. mutagens, toxic chemicals, and endobiotics.
A, MAb inhibition of HLM-catalyzed IMI 2-hydroxylation. B, MAb inhibition of
HLM-catalyzed IMIN-demethylation. MAbs were added as indicated to 200 pmol References
of HLM P450 and preincubated for 5 min at 37°C. The reaction was initiated % - : "
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