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SUMMARY
The monoclonal antibody MAb 1 -7-1 , which specifically binds to
cytochromes P-4501A1 and P-4501A2 in 3-methylcholanthrene-
induced rat liver microsomes, was used to identify a cytochrome
P-45OlA1 homologue in human lung microsomes. Although MAb
1-7-1 had similar affinity constants for human and rat micro-
somes, the amount bound to human lung microsomes was
severalfold lower than that bound to microsomes from untreated
rat or rabbit lung and much lower than the amount bound to 3-
methylcholanthrene-induced rat lung or liver microsomes. The
amount bound to untreated baboon lung microsomes was similar
to that bound to human lung microsomes. Three cytochrome P-
450IA1 -catalyzed activities, 7-ethoxyresorufin O-deethylase, 7-
ethoxycoumarin, O-deethylase, and aryl hydrocarbon hydroxyl-

ase, were measurable in human lung microsomes, but the cyto-

chrome P-45OlA2-dependent activity acetanilide 4-hydroxylase

was not. MAb 1 -7-1 inhibited, and its binding correlated strongly
with, 7-ethoxyresorufin O-deethylase activity (r = 0.92, p < 0.01)
in human lung microsomes. 7-Ethoxyresorufin O-deethylase ac-
tivities in human lung were similar to those measured in untreated
baboon lung but considerably lower than those present in un-
treated rabbit lung, untreated or 3-methylcholanthrene-induced
rat lung and liver, or human liver. We conclude that MAb 1 -7-1
recognizes a cytochrome P-4501A1 homologue in human lung
and that no cytochrome P-450lA2 homologue is detected. Cy-
tochrome P-4501A1 is expressed in human lung at relatively low
levels, similar to those observed in untreated primate (baboon)
lung. The majority of the 1 9 human lung samples examined do
not exhibit a permanent polycyclic aromatic hydrocarbon-in-
duced state with respect to this isozyme.

The cytochrome P-450 superfamily, which comprises a large

number of related hemoprotein isozymes that have varying

immunochemical properties, substrate specificities, and tissue

localizations (1, 2), can be further subclassified into at least 14

subfamilies of structurally related isozymes (3). Isozymes of the

cytochrome P-4501 subfamily are of particular toxicological

importance because they bioactivate numerous xenobiotics,

including PAHs, to reactive electrophiles, which may cause

cytotoxicity or initiate carcinogenesis (4-7).

It has long been presumed that levels of cytochrome P-450

in the human lung, and specifically levels of isozymes of the P-

4501 family, may be a determining factor in the susceptibility

of individuals to airborne environmental carcinogens (8). Mul-

tiple cytochrome P-450 isozymes, including members of the P-

4501 family, have been identified and well characterized in rat

and rabbit lung (9). In animal lungs, these isozymes are induc-
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ible by exposure to PAHs. 3MC, a model PAH, induces cyto-

chrome P-4501-related activities, specifically AHH, in rat and

rabbit lung (10, 11). Furthermore, the PAH-containing corn-

ponent of cigarette smoke (12) induces pulmonary AHH and

EROD activities in mice (13) and rats (14, 15).

Individual cytochrome P-450 isozymes in human lung have

not as yet been well characterized. Although direct spectral

demonstration of cytochrome P-450 in the human lung has not

been reported, cytochrome P-450-catalyzed metabolic activity

in human lung homogenates and cell fractions has been dern-

onstrated (16-22). AHH and ECOD activities, both reputed to

be catalyzed primarily by cytochrorne P-4501 isozymes, have

been measured in the human lung (16-22). The response of the

human lung to xenobiotic inducers of cytochrome P-450 has

also been studied (23). A study examining lung tissue samples

from lung cancer patients found a positive correlation between

ECOD and AHH levels and the degree of recent exposure to

cigarette smoke (24). The Ah receptor, which is known to

mediate the induction of cytochrome P-4501 isozymes in ani-

mals, has been demonstrated in the human lung (25). Thus, it
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has been inferred that isozymes of the P-4501 subfamily are

present in the human lung. As yet, no published studies have

definitively demonstrated that homologues of either cyto-

chrome P-4501A1 or cytochrome P-4501A2, or both, are present

in human lung.

Although levels of both cytochrome P-4501A1 and cyto-

chrome P-4501A2 are regulated at the Ah genetic locus, the two

isozymes are not expressed in equal ratios in all tissues. Cyto-

chrome P-4501A1 is present, as demonstrated immunochemi-

cally and catalytically, in both hepatic and extrahepatic tissues,

including the lung, of 3MC-treated rats and rabbits (26, 27).

However, cytochrome P-4501A2 is detectable only in the livers

of these animals and is not seen in the lungs of either untreated

or 3MC-treated animals (26, 27). In humans, expression of

these two isozymes occurs in a pattern similar to that observed

in rabbits and rats. Cytochrome P-4501A1 and P-4501A2 hom-

ologues have both been identified in the human liver (28);

cytochrome P-4501A2 is the predominant P-450I subfamily

member present (29). Because the levels of cytochrome P-

4501A1 are very low in human liver and its levels in extrahepatic

tissues are much higher than its levels in liver, cytochrome P-

4501A1 is considered to be primarily an extrahepatic enzyme

in humans (30). Cytochrome P-450IA1 and its associated activ-

ities have been demonstrated in human placenta (31, 32) and

lymphocytes (33).

The present study utilizes immunochemical assay methods,

namely Western blotting and solid-phase radioimmunoassay,

to investigate whether isozymes ofthe P-4501 family are present

in human lung, and at what levels. The presence in human

lung of a homologue to cytochrome P-450IA1 is demonstrated.

MAb 1-7-1, which specifically recognizes the two known cyto-

chrome P-4501 isozymes in rat liver microsomes, cytochromes

P-4501A1 and P-4501A2 (34), was used to identify and quanti-

tate this cytochrome P-4501 isozyme in human lung micro-

somes. By correlating metabolic selectivity with immunochem-

ical analysis, we demonstrate that a cytochrome P-4501A1 but

not a cytochrome P-4501A2 homologue is present at detectable

levels in human lung microsomes. We compare the levels of

these individual isozymes in the human lung with those present

in other species and estimate the degree of variability of lung

cytochrome P-450IA1 levels in the patient population available

to us.

Experimental Procedures

Materials. Bovine serum albumin, 7-ethoxyresorufin, NADP�, glu-
cose-6-phosphate, glucose-6-phosphate dehydrogenase, [14C]acetanilide

(specific activity, 24.1 mCi/mmol), 4-acetamidophenol, trichioroacetic
acid, potassium phosphate, sodium chloride, potassium chloride, and

magnesium chloride were obtained from Sigma Chemical Co. (St. Louis,

MO). Resorufin, umbelliferone, 7-ethoxycoumarin, high pressure liquid
chromatography-grade methanol, and acetanilide, which was recrystal-

lized twice in water/methanol before use, were purchased from Aldrich

Chemical Company, Inc. (Milwaukee, WI). Newborn calf serum was
obtained from Biologos Inc. (Naperville, IL). 4-[3HjHydroxyacetani-

lide, at a specific activity of 5.5 Ci/mmol, was obtained from New

England Nuclear Research Products (Boston, MA). 3-MC and benzo[aJ

pyrene were purchased from Eastman Kodak Company (Rochester,

NY). The BCIP/NBT phosphatase substrate system, consisting of 5-

bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium, was
purchased from Kirkegaard & Perry Laboratories, Inc. (Gaithersburg,
MD). Alkaline phosphatase-conjugated goat anti-mouse IgG (H + L),

used for Western blotting, and the AffiniPure F(ab’)2 fragment of goat
anti-mouse IgG (H + L), used for radioimmunoassay, were purchased

from Jackson ImmunoResearch Laboratories Inc. (West Grove, PA).

The F(ab’)2 fragment was radioiodinated (35) in our laboratory to a

specific activity of approximately 8 �zCi/�g, using IodoBeads purchased

from Pierce (Rockford, IL). 1251 (100 mCi/mI) was obtained from ICN

Radiochemicals (Irvine, CA). All chemicals for electrophoresis were

purchased from Bio-Rad Laboratories (Richmond, CA).

Human lung tissue. Human lung samples, weighing from 0.5 to 10

g, were obtained as surgical waste from patients undergoing partial

lung resection, for diagnosis and therapy of pulmonary carcinoma, at

the University of Illinois Hospital, Cook County Hospital, or West Side

Veterans Administration Hospital. Lung samples were taken directly

from the operating rooms, snap frozen within 30 mm in liquid nitrogen,

and maintained thereafter at -70”. Only samples that were remote

from any tumor site and free of macroscopically or microscopically
detectable cancer were used.

Animal tissue. Baboon lung samples were obtained from animals

euthanized 6 to 8 weeks after recovery from experimental lumbar disc

surgery. These animals were maintained on a normal diet of commercial

monkey chow and were not exposed to any additional drugs or environ-

mental chemicals. Liver and lung tissues were taken from adult male

Sprague-Dawley rats treated with 3MC (30 mg/kg intraperitoneally,

dissolved in corn oil), or with the equivalent amount of corn oil alone,

for 3 days. Rabbit lung tissue was taken from untreated adult male

New Zealand White rabbits.

Preparation of microsomes. Human lung microsomes were pre-

pared by previously published methods (16, 36). The final pellet was

resuspended in a volume of storage buffer (containing 0.2 M potassium

phosphate, 1 mM EDTA, and 20% glycerol, at pH 7.4) equal to one half

the original tissue weight and was either refrozen at -70” or used

immediately. Antibody binding levels remained constant for at least 1

year when microsomes were stored at -70”, as determined by removal

and assay of selected samples at bimonthly intervals. One gram of

human lung tissue yielded 2-4 mg of microsomal protein. Protein

concentrations were determined by the method of Lowry et a!. (37).
Microsomes from other tissues were prepared by the same method used

for human lung, to control for the effects of the additional washing

steps on microsome recovery and antibody binding affinity.
Immunochemical preparations. Monoclonal antibodies were pre-

pared and selected as described (38). MAb 1-7-1 is selective for isozymes

of the cytochrome P-450I subfamily; in 3MC-induced rat liver micro-

somes it binds only to cytochromes P-4501A1 and P-4501A2 (38). MAb

2-66-3 is selective for those cytochrome P-450 isozymes induced in rat

liver microsomes by phenobarbital (39). A nonspecific mouse IgG

preparation, NBS 1-48-5, which was produced by hybridoma cells (38)

but does not bind selectively to any known cytochrome P-450 isozyme,

was used as a control. MAb 1-7-1, MAb 2-66-3, and NBS 1-48-5 were

obtained from peritoneal ascites fluid produced in tumor-bearing mice.

The ascites fluid was dialyzed with PBS, diluted, and frozen at -70”

until it was used.

Solid-phase radioimmunoassay. Radioimmunoassays were car-

ned out by a modification of previously described methods (34, 40),

using 96-well polyvinyl chloride microtiter plates (Dynatech Labora-

tories, Inc., Chantilly, VA). The wells were coated overnight at 4” with
20 zl of microsome suspension in PBS containing 1 mM magnesium

chloride and 0.02% sodium azide. The microsomal suspensions were

removed by aspiration and the wells were incubated with 150 �zl of 10%

newborn calf serum in PBS, with 0.02% sodium azide, for 1 hr at room

temperature to block nonspecific binding sites. The wells were then

exposed to 20 �l of monoclonal antibody suspension (250 �zg of ascites

protein/ml of PBS), containing 10% newborn calf serum and 0.02%

sodium azide, for 1 hour at room temperature. The wells were then

washed three times with PBS containing 0.1% bovine serum albumin

and 0.02% sodium azide. Subsequently, 20 MI (8 x 10� cpm) of ‘�I-

labeled F(ab’)2 fragment of goat anti-mouse IgG were added to the
wells and incubated at room temperature for 1 hr. After four washes

with PBS containing 0.1% bovine serum albumin and 0.02% sodium

azide, the microtiter plates were dried under a heat lamp and individual
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1 R. F. Goldstein and E. Leung. EQUIL: simulation and data analysis of

binding reactions with arbitrary chemical models. Submitted for publication.

wells were cut with a hot wire and put in counting vials. The vials were

counted in a TM Analytic -y-counter. Specific binding was determined

by subtracting the radioactivity of the sample from that of a blank

obtained by substituting 10% newborn calf serum in PBS for micro-

somal protein.

Western blotting. Lung microsomal proteins (25 gg of microsomal

protein/lane) were separated by the method of Laemmli (41). Some

lanes contained commercial molecular weight standards. Proteins were

transferred to a nitrocellulose membrane (Schleicher & Schuell, Keene,

NH) at 5” , using a Hoeffer Transfor unit operating at constant voltage

(100 V, 1.5 A) (42). The transfer was complete at 45 mm, as judged by

Amido black staining of the nitrocellulose membrane. One centimeter-

wide strips were cut from the membrane and placed in a Hoeffer

multiwell incubation tray, where the nonspecific binding sites were

blocked with 3% ovalbumin in PBS for 1 hr at room temperature (43).

The blocking solution was aspirated and monoclonal antibody, at a
concentration of 250 �sg of ascites protein/ml of PBS containing 1%

ovalbumin, was added and incubated overnight at 4” . This concentra-

tion of monoclonal antibody is 5 times higher than that normally used

for animal or liver microsomes (44); a concentration of 50 �g of ascites

protein/ml was used with the strip obtained from 3MC-treated rat liver

microsomes. After several washes with PBS, the strips were immersed

in PBS containing alkaline phosphatase-conjugated goat anti-mouse
IgG, at 1:10,000 dilution, for 1 hr at room temperature. The membrane

strips were washed twice with PBS containing 0.05% Tween 20 and

twice with PBS alone. Bands corresponding to immunoreactive pro-

teins were detected by addition of a phosphatase substrate system (5-

bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium) and

development for up to 45 mm.

Metabolic activities. ECOD activity was quantitated by fluoro-

metric determination of the conversion of 7-ethoxycoumarin to umbel-

liferone (45). EROD activity was assayed by detecting the conversion

of 7-ethoxyresorufin to resorufin (46). Fluorometric measurement (47)

of phenolic metabolites of benzo[ajpyrene was used to assay AHH

activity. Acetanilide 4-hydroxylase activity was determined by a dual-

label radiometric method, which uses high pressure liquid chromatog-

raphy to separate the hydroxylated metabolites of acetanilide (48). The

following constituents were included in incubations for all four assays

described above: 0.25 ml of 0.2 M potassium phosphate, pH 7.4, 50 �sl

of 100 mM magnesium chloride, 25-100 �zl of microsomes (2-5 mg of

protein/ml), 100 �d of cofactor mix (consisting of 100 mM glucose-6-

phosphate and 10 mM NADP�), 2 units of glucose-6-phosphate dehy-

drogenase, 10 iLl of substrate dissolved in appropriate solvent, and

water to bring the total reaction volume to 1 ml. Tissues with low

enzyme activity were incubated for 30 mm, whereas tissues with high

activity were incubated for 10 mm, after which the reaction was stopped

by the addition of either 0.3 M trichloroacetic acid or methanol. Assays
were run in duplicate or triplicate when tissue amount permitted.

For antibody inhibition studies, saturating levels of monoclonal
antibody suspension (100 jsg of ascites protein/incubation) were incu-

bated with the microsomal preparations for 15 mm on ice before the

addition of the other reaction components, and assays were performed

as described above. Negative controls, with substitution of an equiva-

lent amount of NBS 1 -48-5 ascites protein or buffer for the monoclonal

antibody, were included in each experiment.

Results

Fig. 1 shows that MAb 1-7-1 binds to human lung microsomes

(Fig. 1A) as well as to rat liver and lung microsomes (Fig. 1B).

This binding is dependent upon microsomal protein in amounts

below 10 �sg/well. Linearity appears to be limited by the amount

of microsomal protein rather than by the amount of antigen

present; cpm can be a linear function of antigen level up to at

least 7500 cpm (Fig. 1B). In routine binding assays, wells were

coated with 20 sl of microsomal suspension at a concentration

of 250 �Lg of protein/ml, or 5 sg of microsomal protein/well.

12500 �

�o�o
5000 - L� �

�I
�

2500 -�-/ ,O

0 � ‘� � -+ � � -� -� � �-�-- -t�- � + II

0 4 8 12 16 20

Microsomal protein (�g per we!J)

Fig. 1. Solid-phase radioimmunoassay of human and rat microsomes
using MAb 1-7-1 . Microtiter plates were coated with 20 �l of microsomal
suspensions, at varying concentrations (0-1 000 �g of protein/mI), over-
night at 4#{176}.MAb 1-7-1 was diluted in PBS containing 1 0% newborn calf
serum, and 20 �l (5.0 �g of ascites protein) were added/well. Binding
was detected by addition of 20 �zl (8 X 10� cpm/well) of 1251-conjugated
F(ab’)� fragment of goat anti-mouse lgG (H + L). Specific binding was
obtained by subtraction of the radioactivity of blanks obtained by sub-
stitution of 10% newborn calf serum for microsomal protein. Values are
reported as mean cpm/well of duplicate determinations. A, Microsomes
from two different human lung samples. B, Microsomes from liver and
lung of 3MC-treated rat.

Fig. 2 shows the dependence of detected counts on the amount

of MAb 1-7-1 employed. Wells were coated with 5 �tg of the

indicated microsomal protein. When more than 5 �sg of ascites

protein/well are used, binding sites are saturated and the num-

ber of counts depends only on the amount of antigen present.

This amount of MAb 1-7-1 was used for routine assay. Under

these conditions, the number of counts in each well is a linear

function of the amount of microsomal antigen, whereas the

amount of MAb 1-7-1 added is in excess and does not limit the

number of detectable counts.

Cross-species comparisons of cytochrome P-450I levels using

MAb 1-7-1 binding requires that the affinity of the antibody

be approximately equivalent for the species compared and that

a saturating amount of antibody be used in all cases. Antibody

binding curves were prepared for several different tissues and

analyzed by the computer program EQUIL.’ In Fig. 2, A and

B, the relative affinities of MAb 1-7-1 for 3MC-treated rat liver
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Fig. 3. Western blot analysis of human and untreated baboon lung
microsomes using MAb 1-7-1 . Western blotting was performed as de-
scnbed in Experimental Procedures. Twenty-five micrograms of micro-
somal protein were electrophoresed in each lane. Proteins with a molec-
ular weight of 55,000 were stained in lanes containing microsomal protein
from baboon lung (lane 2) and two human lung samples identified in
Table 1 (lanes 3 and 4). Lane 1 contains protein from 3MC-treated rat
liver microsomes.

Human Lung
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1��
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Fig. 2. Solid-phase radioimmunoassay of 3MC-induced rat liver(A), 3MC-
induced rat lung (B), and human lung (C) microsomes with MAb 1-7-1.
Assays were performed as described in the legend to Fig. 1 , except that
wells were coated with a fixed amount of microsomal protein (5 �zg in 20
MI) and the amount of MAb 1-7-1 added/well was varied from 0 to 500
�sg of ascites protein, in a volume of 20 �l.

and lung microsomes are analyzed. Using a single binding site

model, a KD of 0.28 sg of ascites protein/ml was calculated for

3MC-induced rat liver microsomes. MAb 1-7-1 has a slightly

higher affinity, with a KD of 0.16 �tg of ascites protein/ml, for

immunoreactive protein in 3MC-induced rat lung microsomes.

In human lung, a higher KD, 0.32 �tg of ascites protein/ml, is

seen (Fig. 2C). Affinity constants have also been calculated for

human lung microsomes using a two-site binding model. They

are 0.18 �sg of ascites protein/ml for the high affinity site and

75 ;zg of ascites protein/ml for the low affinity site. The simi-

larity of the affinity constants among the three tissues suggests

that epitopes recognized by MAb 1-7-1 in rat and human

microsomes have similar affinities for the antibody.

Western blots provide additional evidence that a cytochrome

P-450I species is present in human lung microsomes. Fig. 3

shows that a single band, corresponding to a protein with a

molecular weight of 55,000, is recognized by MAb 1-7-1 in

human lung microsomes. This band migrates in similar fashion

to the Mr 56,000 and 57,000 bands recognized by MAb 1-7-1 in

3MC-treated rat liver microsomes (34). A single band of similar

molecular weight is also recognized by MAb 1-7-1 in baboon

lung microsomes. No bands were identified by the nonspecific

hybridoma-produced IgG ascites preparation NBS 1-48-5 in

rat, baboon, or human lung microsomes (data not shown).

Nineteen human lung samples were subjected to solid-phase

TABLE 1

MAb 1-7-1 binding and metabolic activities in individual human lung
microsome samples
MAb 1 -7-1 binding was determined in triplicate wells for each microsomal sample,
by solid-phase radkimmunoassay, and are reported as mean cpm. EROD, ECOD,
and AHH activities (pmol of product formed/mm/mg of microsomal protein) are
reported as mean values of duplicate determinations. Patient age, sex, and smoking
status are indicated (+, active smoker; -, nonsmoker; NA, smoking history not

Patient
numb& Age

Patient h

Sex

story

Smoker

MAb 1-7-1
tsnc�ng EROD

Metabolic activities

ECOD AHH

cpm ��/mg

2 50 F + 230 0.62 9.80 NT�
3 65 M + 220 0.35 3.43 NT
4 36 M - NT 0.89 4.82 NT
5 67 M NA 170 1.21 6.40 0.81
6 50 F + NT 0.92 7.67 NT
7 68 M + 170 1.53 5.22 1.22
8 53 M + 170 1.55 4.18 NT
9 61 F - NT 1 .63 3.59 NT

10 40 M + 290 5.21 5.74 1.67
11 61 F + 260 3.73 6.43 4.12
12 43 F + 77 0.78 5.28 1.11
13 59 M NA 86 1.07 8.33 1.87
14 51 F NA 210 2.19 4.03 1.75
15 58 M + 130 1.65 6.19 NT
16 60 F + 140 0.85 3.91 NT
17 53 F - 120 2.34 3.67 2.73
18 33 M - 180 1.06 1.95 2.51
19 54 F - 140 0.74 3.14 0.63
20 26 M + 200 0.60 2.52 1.65
21 44 M + 190 0.68 2.80 1.29
22 67 M NA 150 1 .31 3.66 0.73
23 39 M + 690 8.34 6.25 4.26

. NT, not tested.
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radioimmunoassay (Table 1). MAb 1-7-1 binding was observed

with all 19 samples. This binding, measured as cpm of labeled

second antibody bound/well, ranged 9-fold, from 77 to 690

cpm/well, with a mean value ± SD of 200 ± 130 cpm/well.

Table 2 shows that the mean level of antibody binding to

human lung microsomes was 4-fold lower than to untreated rat

lung microsomes and 9-fold lower than to untreated rat liver

microsomes. MAb 1-7-1 binding to human lung microsomes

was at least 25-fold and 50-fold lower, respectively, than its

binding to 3MC-induced rat lung and liver microsomes. MAb

1-7-1 binding to human lung microsomes was also lower than

to microsomes from untreated rabbit lung. Antibody binding

levels for untreated baboon lung microsomes were similar to

the mean value for human lung microsomes.

All 22 human lung microsome samples were capable of de-

ethylating 7-ethoxyresorufin to resorufin (Table 1). There was

a 24-fold variation in EROD activity (0.35 to 8.34 pmol/min/

mg of protein) in the patient population. Fig. 4 shows that the

frequency distribution of pulmonary EROD activity is tightly

clustered for 20 of the 22 samples but 2 lung samples have

EROD values greater than the mean by more than 1 SD. The

mean value (2.05 ± 2.02 pmol/min/mg of protein) of EROD

activity is greatly shifted by sample 23; the median value is

1.14 pmol/min/mg of protein. EROD activity levels (Fig. 5)

correlate strongly with MAb 1-7-1 binding (r = 0.92, p < 0.01).

Baboon lung microsomes had a mean EROD activity of 1.27 ±

0.37 pmol/min/mg of protein (Table 2), which is not statisti-

cally different from the mean value obtained for the human

lung samples. Untreated rabbit lung, 3MC-treated rat lung, and

3MC-treated rat liver had 3, 80, and 6500 times higher EROD

activities, respectively, than did human lung (Table 2).

ECOD activity was also detected in every human lung sample

tested (Table 1). ECOD activity in human lung samples ranged

5-fold, from 1.95 to 9.80 pmol/min/mg of protein, with a mean

value ± SD of 4.69 ± 1.72 pmol/min/mg of protein. ECOD

activity levels in individual human lung samples were distrib-

uted normally about the mean (Fig. 6). MAb 1-7-1 binding

correlated poorly (r = 0.26) with ECOD activity (Fig. 7),

indicating that the cytochrome P-450 isozyme recognized by

MAb 1-7-1 does not account for all of the ECOD activity

measured in the individual human lung samples. The four

baboon lung samples had ECOD activity levels similar to those

seen in human lung, with a mean ± SD of 5.73 ± 2.56 pmol/

mm/mg of protein (Table 2). Far higher ECOD activities of

TABLE 2

160, 225, and 270 pmol/min/mg of protein were observed in

lung microsomes from untreated rat, 3MC-treated rat, and

untreated rabbit, respectively (Table 2). 3MC-induced rat liver

microsomes contained the highest ECOD activity (6400 pmol/

mm/mg of protein) of any tissue tested. Human liver microso-

mal ECOD activity was 68 pmol/min/mg of protein.

AHH activity was measurable in all 14 human lung micro-

somal fractions assayed (Table 1). Individual activities were

normally distributed (Fig. 8). The relatively poor correlation

between AHH activity and MAb 1-7-1 binding (r = 0.60) also

indicates that the immunoreactive protein recognized by MAb

1-7-1 is not the sole form of cytochrome P-450 responsible for

benzo[a]pyrene hydroxylation in the human lung (Fig. 9).

Human and baboon lung microsomes had mean activities of

1.89 ± 1.15 and 1.32 ± 0.43 pmol/min/mg of protein, respec-

tively, which were not significantly different. Untreated rabbit

and rat lung microsomes had AHH activities of 12.0 and 4.2

pmol/min/mg of protein. As expected, the 3MC-treated rat

liver and lung microsomes possessed considerably higher AHH

activity, 1800 and 40 pmol/min/mg of protein, respectively

(Table 2).

Human lung microsomes contained no detectable acetanilide

4-hydroxylase activity (Table 3). The lowest level of detection

of activity by this assay is 0.05 pmol/min/mg of protein. Both

untreated baboon and rat lung microsomes were without acet-

anilide 4-hydroxylase activity as well. Acetanilide 4-hydroxyl-

ase activity was measurable in untreated rabbit lung and in

3MC-treated rat liver and lung at levels of 0.2, 148, and 0.3

pmol/min/mg of protein, respectively (Table 3).

The fact that EROD activity in these human lung samples

correlates well with MAb 1-7-1 binding suggests that EROD

activity is catalyzed principally by those species of cytochrome

P-450 that bind to MAb 1-7-1. Therefore, the ability of MAb

1-7-1 to inhibit EROD activity in human lung microsomes was

also determined. Fig. 10 shows that EROD activity in both

human and 3MC-treated rat lung is inhibited by MAb 1-7-1.

The inhibition curves parallel one another and activities from

both species are maximally inhibited in the presence of 50 �tg

of ascites protein/reaction tube. Human lung microsomes were

preincubated with saturating amounts of MAb 1-7-1 (100 �tg of

ascites protein/reaction tube) and inhibition of EROD activity

was determined for each of seven samples. EROD activity after

inhibition of MAb 1-7-1 ranged from 81 to 22% of control

levels, with a mean value of 47 ± 24% of control (Table 4).

MAb 1-7-1 binding and metabolic activities in microsomes from different species
MAb 1 -7-1 binding was determined in duplicate (animal tissue) or tnplicate (human tissue) wells for each of the number of samples given in parentheses, by solid phase

radioimmunoassay, and are reported as mean cpm ± standard deviation. EROD, ECOD, and AHH activities were measured in duplicate determinations from the number
of microsomal samples given in parentheses and are reported as mean (pmol of product/mm/mg of microsomal protein) ± standard deviation.

Metabolic activities
Tissue MAb 1-7-1 beding

EROD ECOD AHH

cpm pmol/min/mg

Human lung 200 ± 130 (19) 2.05 ± 2.0 (22) 4.69 ± 1 .7 (22) 1 .89 ± 1 .1 (14)
Baboon lung 240 ± 38 (4) 1 .27 ± 0.37 (4) 5.73 ± 2.6 (4) 1 .32 ± 0.43(3)
Rabbit lung 1500 ± 59 (3) 9.20 ± 3.9 (3) 295 ± 65 (3) 12.3 ± 2.8 (3)
Rat lung 840(2) 8.27 ± 1.9(3) 160 ± 18(3) 4.2 ± 1.8(3)
3MC-treated rat lung 4700 ± 150 (3) 1 47 ± 15 (3) 245 ± 14 (3) 55.5 ± 18 (3)
Rat liver 1900 (2) NT8 NT NT
3MC-treated rat liver 10000 ± 41 0 (3) 12800 ± 900 (3) 6400 ± 450 (3) 1 800 ± 150 (3)
Human liver 320 ± 25 (4) NT NT NT

8 NT, not tested.
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Fig. 4. Distribution of EROD activities from individual human and baboon
lung samples. Ordinate, the number of individual microsomal samples
with specific metabolic activities falling between values indicated by
marks on the abscissa.

Fig. 5. Correlation of EROD activity with MAb 1-7-1 binding in individual
human lung samples. EROD activities (pmol of resorufin formed/mm/mg
of protein) are indicated in Table 1 . MAb 1-7-1 binding to human lung
microsomes was determined by solid-phase radioimmunoassay (20). A
correlation coefficient of 0.92 was calculated.
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Fig. 6. Distribution of EROD activities from individual human and baboon
lung samples. Ordinate, the number of individual microsomal samples
with specific metabolic activities falling between values indicated by
marks on the abscissa.

MAb 1-7-1 also inhibited EROD activity in baboon lung to

similar levels, 51 ± 11% ofcontrol. EROD activity was inhibited

in 3MC-treated rat lung and untreated rabbit lung microsomes

to 20 and 46% of control levels, respectively. MAb 1-7-1 also

inhibited EROD activity in all three human liver samples to a

mean level of 73 ± 6.8% of control. MAb 2-66-3, a monoclonal

antibody that recognizes one or more phenobarbital-inducible
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Fig. 7. Correlation of ECOD activity with MAb 1 -7-1 binding in individual
human lung samples. ECOD activities (pmol of umbelliferone formed/
mm/mg of protein) are indicated in Table 1 . MAb 1-7-1 binding to human
lung microsomes was determined by solid-phase radioimmunoassay (20).
A correlation coefficient of 0.26 was calculated.
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Fig. 8. Distribution of AHH activities from individual human and baboon
lung samples. Ordinate, the number of individual microsomal samples
with specific metabolic activities falling between values indicated by
marks on the abscissa.

Fig. 9. Correlation of AHH activity with MAb 1-7-1 binding in individual
human lung samples. AHH activities (pmol of 3-hydroxybenzo[a]pyrene
formed/mm/mg of protein) are indicated in Table 1 . MAb 1-7-1 binding
to human lung microsomes was determined by solid-phase radioimmuno-
assay (20). A correlation coefficient of 0.60 was calculated.

rat liver cytochrome P-450 isozymes (39, 49), was also used in

an attempt to inhibit EROD activity. At concentrations of 100

;zg of ascites protein/reaction tube, MAb 2-66-3 and NBS 1-

48-5, a nonspecific hybridoma-produced IgG preparation, had

no inhibitory effect on EROD activity in any sample tested

(Table 4).
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TABLE 3

Acetanilide 4-hydroxylase activities in microsomes from different
species

Acetanilide 4-hydroxylase activity was measured in 1 0 individual human lung
microsomal samples and in microsomes from different species. Activities are

reported as the mean value (pmol of 4-acetamidophenol formed/mm/mg of protein)
of duplicate determinations from the number of different microsomal samples given
in parentheses. The lowest activity detectable by the assay was estimated to be
0.05 pmol/min/mg of protein.

Acetanilide 4-
Tissue hydroxylase activity

pmol/min/mg

Human lung
11 <0.05
12 <0.05

13 <0.05
17 <0.05
18 <0.05

19 <0.05
20 <0.05

21 <0.05
22 <0.05
23 <0.05

Untreated baboon lung <0.05 (3)
Untreated rabbit lung 0.2 (2)
Untreated rat lung <0.05 (2)
3MC-treated rat lung 0.3 (2)
Untreated rat liver 2.9 (2)
3MC-treated rat liver 1 48 (2)
Human liver 1 .3 ± 0.6 (4)

Inhibition of EROD activity by monoclonal antibodies
Inhibition by MAb 1 -7-1 . MAb 2-66-3, and nonspecific mouse hybridoma IgG NBS
1 -48-5 of EROD activity in microsomes from human lung samples and other tissues
was determined. Monoclonal antibodies (1 00 �tg of ascites fluid protein) were
incubated with microsomes for 1 5 mm before the addition of other reaction
components. The activities are reported as mean values of the percentage of
control (uninhibited) EROD activity for duplicate determinations from the number of
different microsomal samples per group given in parentheses.

EROD activity
Tissue

MAb 2-66-3 MAb 1-7-1 NBS 1-48-5

% of cant to!

Human lung
10 99 22 100
11 102 39 97
13 103 24 100
19 100 81 96
21 108 71 100

22 100 60 100
23 98 30 100

Baboon lung 93 (3) 51 (3) 103 (3)
Rabbit lung 95 (2) 48 (2) 99 (2)
Untreated rat lung 1 00 (2) 46 (2) 100 (2)
3MC-treated rat lung 97 (2) 20 (2) 98 (2)
Human liver

A 100 77 100
C 103 77 100
D 98 65 98

0-0 3klC Rot
.-. Human2�

>

“� 60

0
L

C
0
0

� 20

Inhibition of ECOD activfty by monoclonal antibodies
The inhibitory effect of MAb 1 -7-1 ,MAb 2-66-3, and nonspecific mouse hybridoma
IgG NBS 1 -48-5 on ECOD activity in microsomes from human lung samples and
other tissues was determined. Monoclonal antibodies (1 00 �g of ascites fluid
protein) were incubated with microsomes for 1 5 mm before the addition of other
reaction components. The activities are reported as mean values of the percentage

of control (uninhibited) ECOD activity for duplicate determinations from the number
of different microsomal samples per group given in parentheses.

ECOD activity
Tissue

MAb 2-66-3 MAb 1-7-1 NBS 1-48-5

Human lung
10 102 100 100
11 100 95 95
13 100 98 98
19 105 100 100
21 100 105 100
22 104 108 102
23 98 106 95

Baboon lung 1 04 (3) 107 (3) 105 (3)
Rabbit lung 72 (2) 88 (2) 100 (2)
Untreated rat lung 67 (2) 90 (2) 99 (2)
3MC-treated rat lung 87 (2) 65 (2) 100(2)
Human liver

A 102 100 104
C 104 100 103
D 106 100 103

0 25 50 75

Ascites protein (jsg/reaction)

Fig. 10. Immunotitration of EROD activity in human lung and 3MC-
induced rat lung microsomes by MAb 1 -7-1 . Lung microsomes were
incubated with varied amounts (0-200 ,�g of ascites protein) of MAb 1-
7-1 for 1 5 mm before the addition of the other reaction components.
Data shown are the means of duplicate incubations and are expressed
as percentage of control activity, measured in the absence of monoclonal
antibody.

MAb 1-7-1 did not inhibit ECOD activity in the human lung,

nor was ECOD activity inhibited by MAb 1-7-1 in baboon lung

or human liver microsomes (Table 5). MAb 1-7-1 did inhibit

ECOD activity in 3MC-treated rat and rabbit lung microsomes,

to levels of 65 and 88% of control, respectively. MAb 2-66-3

did not inhibit ECOD activity in human lung, baboon lung, or

human liver microsomes. MAb 2-66-3 inhibited ECOD activity

in untreated rat and rabbit lung to levels of 67 and 72% of

control, respectively. NBS 1-48-5 had no effect on ECOD

activity in any sample tested (Table 5). Because of the low

amount of tissue available, the inhibition of AHH activity by

MAb 1-7-1 was not determined.

tural homology to those of the cytochrome P-4501 family. The

fact that the association constants of MAb 1-7-1 are similar for

immunoreactive proteins in both human lung and 3MC-induced

rat liver (Fig. 2) suggests that cytochrome P-4501 isozymes with

significant structural homology are present in microsomes from

both species. The presence of an isozyme of the cytochrome P-

4501 family in the human lung is further demonstrated by

Western blot analysis (Fig. 3). A single protein band in human

lung microsomes, with an apparent molecular weight of 55,000,

is recognized by MAb 1-7-1. This protein has a molecular weight

characteristic of a cytochrome P-450 isozyme but differs

slightly from the M. 56,000 and 57,000 proteins recognized by

640 Wheeler et a!.

We have used solid-phase radioimmunoassay to directly mea-

sure human lung cytochrome P-450 isozymes that have struc-

i#{224}o i�s 150 175 200

Discussion

TABLE 4

TABLE 5

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 4, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


Human Lung Cytochrome P-4501A1 641

MAb 1-7-1 in 3MC-treated rat liver microsomes. A Mr 55,000

protein is also recognized in microsomes from untreated baboon

lung microsomes. It should be noted that, although several

different human lung microsome samples were examined by

Western blot analysis, only those two samples that showed the

highest amount of antibody binding by radioimmunoassay

(samples 10 and 23) produced visible bands. The other samples

tested (samples 16, 20 and 22) produced no visible bands. Also,

in order to visualize these bands in human and baboon lung

microsomes, a 5-fold increase in the amount of MAb 1-7-1 was

required. Although 3MC-induced rat liver (Fig. 3; see also Ref.

44) and 3MC-induced rat lung (data not shown) produce visible

bands when a 50 �zg/ml dilution of MAb 1-7-1 is used, a 250

�g/ml antibody concentration is required for visualization of

the cytochrome P-450 species in these two human lung micro-

some samples.

In rat and rabbit, cytochrome P-4501A1 is expressed and

inducible in both the lung and liver, whereas cytochrome P-

450IA2 is expressed and inducible only in the liver and not in

the lung (26, 27). In over 90% of human liver samples, cyto-

chrome P-4501A2 is the sole cytochrome P-4501 isozyme ex-

pressed, and no cytochrome P-4501A1 homologue is detectable

(28). MAb 1-7-1 binding is seen in every human liver sample

we tested (Table 2); we, therefore, presume that in our assay

MAb 1-7-1 identifies a cytochrome P-4501A2 homologue in

human liver. But because MAb 1-7-1 recognizes both cyto-

chromes P-450IA1 and P-4501A2 in rat liver, the number and

identities of cytochrome P-4501 subspecies present in the hu-

man lung cannot be ascertained by our radioimmunoassay

alone. Ideally, monoclonal antibodies such as 1-36-1 and 1-31-

2, which are monospecific for rat P-450IA1 but not for rat P-

4501A2 (34, 50), could be utilized to provide a more definitive

identification of the isozyme species present. However, when

we used either of these monoclonal antibodies in our radio-

immunoassay of human lung microsomes, no binding was ob-

served (data not shown). We infer that MAb 1-7-1 recognizes

an epitope that is present on rat and human P-450IA1 and P-

4501A2 homologues, whereas antibodies 1-36-1 and 1-31-2 rec-

ognize an epitope specific for rat P-450IA1 that is not present

on human P-450IA1. Therefore, because no monoclonal anti-

body exists that is monospecific for human P-4501A1, the

cytochrome P-450-dependent metabolism of four substrates

was measured in human lung microsomes, to determine the

levels of specific isozymes of the cytochrome P-450I family

present. Of the four activities measured, only EROD, ECOD,

and AHH were measurable in the human lung. All human lung

samples tested contained cytochrome P-450 isozymes that were

able to metabolize all three substrates.

Only EROD activity correlated significantly (r = 0.92) with

MAb 1-7-1 binding to individual human lung samples. MAb 1-

7-1 also inhibited EROD activity in human lung (Fig. 10).

Reconstitution studies using purified cytochrome P-450 prep-

arations have shown that cytochrome P-450IA1 is the primary

isozyme that catalyzes the deethylation of 7-ethoxyresorufin in

rodent liver (51, 52). Although cytochrome P-4501A2 possesses

some EROD activity, its specific EROD activity is only 5%

that of cytochrome P-4501A1. Other cytochrome P-450 iso-

zymes have negligible EROD activity (52, 53). The ability of

MAb 1-7-1 to inhibit cytochrome P-4501-linked activities in

PAH-induced animal tissues has previously been reported (38,

54). It is not unexpected, then, that MAb 1-7-1 binding corre-

lates with, and inhibits, EROD activity in the human lung.

EROD activity was not inhibited by MAb 2-66-3, a monoclonal

antibody that binds cytochrome P-450 isozymes present in

phenobarbital-induced rat liver (39). The degree of inhibition

of EROD activity was variable; this observation contradicts

somewhat our finding that EROD activity and MAb 1-7-1

binding, as detected by radioimmunoassay, are highly corre-

lated (Fig. 5). Variability in inhibition of enzymatic activity

may reflect a multiplicity of isozymes that catalyze the exam-

med reaction. However, previous observations that greater than

90% of all EROD activity is cytochrome P-450IA1 dependent

(51-53), coupled with our data showing strong correlation of

EROD activity with MAb 1-7-1 binding (Fig. 5) and absence of

measurable P-450IA2-dependent activity in these samples (Ta-

ble 3), leads us to conclude that the experiments measuring

inhibition of EROD activity by MAb 1-7-1 are less precise than

the radioimmunoassay analysis. This high degree of variability

in enzyme inhibition by MAb 1-7-1 has previously been ob-

served with human liver (55) and lymphocytes (56). We con-

dude that the human lung contains a homologue of rat cyto-

chrome P-450IA1 that binds MAb 1-7-1 and probably is the

principal isozyme present that catalyzes the metabolism of 7-

ethoxyresorufin. Therefore, both EROD activity and radio-

immunoassay of MAb 1-7-1 binding provide good estimates of

P-450IA1 enzyme levels, as well as P-4501A1-linked catalytic

activity, in the human lung.

Both AHH and ECOD activities have previously been used

to estimate the levels and catalytic activity of cytochrome P-

4501 isozymes in the human lung (19-19). Although cytochrome

P-4501A1 has been shown to have the highest amount of ECOD

activity relative to other isozymes in rodent liver (52), other

cytochrome P-450 isozymes also contribute significantly to this

activity (52, 53). Every human lung sample tested possessed

measurable AHH and ECOD activities, but levels of these

activities correlated poorly with MAb 1-7-1 binding. Coeffi-

cients of 0.60 and 0.26 were calculated for the correlation of

AHH and ECOD activities, respectively, with MAb 1-7-1 bind-

ing. The finding that MAb 1-7-1 binding to human lung micro-

somes does not accurately reflect ECOD activity is further

illustrated by the inability of MAb 1-7-1 to inhibit ECOD

activity in the human lung. The fact that MAb 2-66-3 inhibits

ECOD activity in rabbit and rat lung microsomes indicates

that cytochrome P-450 isozymes other than P-4501A1 or

450IA2 contribute to ECOD activity in these tissues. MAb 2-

66-3 did not inhibit ECOD activity in the human lung, indicat-

ing that cytochrome P-450 isozymes identified by MAb 1-7-1

or MAb 2-66-3 do not contribute to ECOD activity in the

human lung. Due to the limited quantity of individual lung

samples, inhibition of AHH activity in the lung by MAb 1-7-1

was not measured. Previous studies have shown that AHH

activity, which is measured as the rate of formation of phenolic

metabolites of benzo[a}pyrene, is catalyzed by several cyto-

chrome P-450 isozymes, including members of the P-4501 and

P-45011 subfamilies, in both rodent and human tissues (57).

We conclude that neither ECOD nor AHH activities provide

the most accurate measure of the levels of cytochrome P-4501

isozymes in the human lung and that EROD activity is a

preferable indicator.

Acetanilide 4-hydroxylase activity was not above the level of

detection of 0.05 pmol/min/mg of protein in any human lung

microsomal sample tested. In contrast to EROD activity, acet-
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anilide 4-hydroxylase activity is catalyzed selectively by cyto-

chrome P-4501A2 and not by cytochrome P-4501A1 (58, 59).

The absence of acetanilide 4-hydroxylase activity in human

lung suggests either that cytochrome P-4501A2 is not expressed

in this tissue or that it is expressed at levels much lower than

those found in lungs of untreated rats or rabbits. We conclude

that, although MAb 1-7-1 binding reflects levels of both cyto-

chromes P-4501A1 and P-450IA2 in rat liver (34, 54), in human

lung MAb 1-7-1 binds primarily to a homologue of cytochrome

P-450IA1. MAb 1-7-1 binding in this tissue, therefore, quanti-

tatively measures the levels of cytochrome P-4501A1 present.

Both cytochromes P-450IA1 and P-4501A2 are present in hu-

man liver, as are their associated activities (28-30). The absence

of cytochrome P-450IA2 from the human lung suggests that

the two cytochrome P-4501 isozymes are not co-expressed in

this tissue in humans. As is the case for rats and rabbits (26,

27), in humans both isozymes are present, and presumably

inducible, in the liver, but only cytochrome P-4501A1 is detect-

able in the lung. Thus, the human lung is similar to both animal

lung (26, 27) and another human extrahepatic tissue, placenta

(31, 32), in that cytochrome P-4501A1 is the principal cyto-

chrome P-4501 isozyme expressed and cytochrome P-4501A2

levels are not detectable.

Both solid-phase radioimmunoassay and EROD activity

measurements demonstrate that cytochrome P-450IA1 levels

are low in human lung, relative to other species. In accord with

previous studies (20, 24), ECOD and AHH activities in the

human lung microsomes are also much lower than levels meas-

ured in either untreated rabbit or untreated rat lung. Untreated

baboon lung microsomes have metabolic capabilities very sim-

ilar to those of human lung microsomes for all four metabolic

activities measured. The presence of a cytochrome P-4501 hom-

ologue in untreated baboon lung suggests that a constitutive

form of cytochrome P-4501 is present at low levels in primate

lung, even under conditions that are “noninduced”, i.e., when

the subject is isolated as much as possible from exogenous

airborne and dietary chemicals. The high degree of similarity

in both EROD and MAb 1-7-1 binding levels between the

baboon and human lungs implies that cytochrome P-4501A1

levels are similar in both species. The median EROD activity

in the human lung samples, 1.14 pmol/min/mg of protein, is

nearly identical to that median EROD activity measured in the

untreated baboon lung, 1.28 pmol/min/mg of protein. The data

further indicate that baboon or other primate lungs may provide

a good model for estimating the ability of human lungs to

metabolize xenobiotics but that other commonly employed

animal models (i.e., rat and rabbit) greatly overestimate the

rather low levels of pulmonary cytochrome P-450I isozymes

present in humans and, therefore, do not provide the best

toxicological models.

The fact that comparable levels of cytochrome P-4501A1,

measured by both immunochemical and catalytic criteria, are

seen in human lung and untreated baboon lung suggests that

this isozyme is not present at highly induced levels in the

majority of human lungs and that human lung cytochrome P-

450IA1 levels in most patients tested, somewhat surprisingly,

do not reflect a permanent “PAH-induced” state. Two individ-

ual human lung samples (samples 10 and 23) have EROD

activities and MAb 1-7-1 binding levels that are significantly

higher than the mean value. The reason for the high levels in

these two samples is not known. Both patients were active

cigarette smokers at the time of biopsy. Cigarette smoking

generally induces monooxygenase activities in the human lung

(24) and cigarette smoke induces, in particular, cytochrome P-

4501-dependent activities in rat lung (14, 15). Cytochrome P-

450! isozymes and related enzyme activities are inducible by

cigarette smoking in human placenta, lymphocytes, and fetal

liver (29, 32, 55, 60). A time-dependent induction by cigarette

smoke of the cytochrome P-4501-related activities AHH and

ECOD in lung has been demonstrated in human lung cancer

patients (24). In our study, cytochrome P-4501 levels did not

appear to be induced in the majority of the human lung samples

tested, even though 12 of the 19 tissue samples were from

cigarette smokers. This may be due to cessation of smoking for

a sufficiently long period of time before hospitalization, com-

bined with a relatively rapid return of isozyme levels to normal

values. A combination of factors, both environmental (but non-

smoking-related) and genetic, may also influence cytochrome

P-450IA1 and EROD activity levels in these two atypical lung

samples.

In conclusion, we demonstrate that the cytochrome P-450I

isozyme that binds MAb 1-7-1 in human lung is a P-4501A1

homologue and that a homologue to cytochrome P-4501A2 is

not expressed in human lung. This cytochrome P-4501A1 hom-

ologue is present at relatively low levels and does not appear to

exist in a permanently induced state. Through its resistance to

cytochrome P-4501A1 induction, the human lung is afforded

some degree of protection from exposure to xenobiotics that

readily induce this toxicologically important cytochrome P-450

isozyme in other species and tissues.
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