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Abstract Organ and cellular distribution and expressiogans, and NF-2 with those of 7 different organs. These
constancy of microsomal cytochrome P450 (CYP) 2€sults indicate that CYP2C and CYP3A are distributed
and 3A in humans were studied with new polyclonal awidely and organ specifically, as well as being variably
tibodies to CYP2C (MP-1) and 3A (NF-2) active in forexpressed in neoplastic and normal states.

malin-fixed, paraffin-embedded tissues. Antibodies were

raised against purified human CYP2C9 and CYP3AKey words Human - Cytochrome P450 2C -

On western blotting, MP-1 reacted with 2C8, 2C9, 2C18/tochrome P450 3A - Immunohistochemistry - Neopl::sms
and 2C19, and NF-2 with 3A4. In both frozen and paraf-

fin sections, hepatocytes showed diffuse immunoreactivi-

ty with MP-1 and centrilobular staining with NF-2. Inintroduction

paraffin sections of 40 kinds of nonneoplastic tissues,

epithelium of the small and large intestine, bile duct, n@ytochrome P450 enzymes (CYPs) are important in the
sal mucosa, kidney and adrenal cortex stained positivekidative, peroxidative and reductive metabolism of en-
with both MP-1 and NF-2 antibodies. Epithelium of gaslogenous and exogenous materials. They metabolize a
tric fundic glands, salivary glands, tracheobronchialide range of foreign chemicals, including drugs, environ-
glands, Brunner’s glands, the prostate, uterine cervix andntal pollutants, natural plant products and alcohols.
nasopharynx showed definite reactivity with MP-1. EpEYPs function not only in the detoxification of internal
thelium of the gastric mucosa with intestinal metaplasend external xenobiotics but also in the metabolic activa-
duodenum, gallbladder and intercalated ducts of the p#@ion of carcinogens and may be involved in tumour initia-
creas and chief cells of the parathyroid and the corpigsh, promotion and progression [1]. Degawa et al. report-
luteum of the ovary reacted with NF-2. Among the need that DNA adducts detected in the human larynx were
plastic tissues, MP-1 reacted with pleomorphic adenomaggely derived from metabolic activation of polycyclic ar-
of the salivary gland and carcinomas of six different asmatic hydrocarbons in cigarette smoke by P450 2C, 3A4,
and/or 1A1 [2]. Moreover, specific CYPs have recently

T. Yokose (]) - K. Mukai been shown to be involved in the metabolism of several
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e mail: tyokose@east.nce.gojp of CYPs to elucidate their carcinogenic effects and devel-
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CYP is most abundant in the liver, and CYP2C and
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CYPs have important roles in chemical carcinogen? and CM-52 column chromatographies as described previously
sis and the effects of cancer therapy, and immense intb#l. Detergent was removed from the purified CYP enzymes in a

. Il column of hydroxy apatite.
est has been focused on human CYP [8]. Most preV'(?Hg%\nalysis of the first 25 N-terminal amino acid sequences of

studies of CYP protein have addressed either the engy purified preparations suggested that they matched the predict-
matic activity or the mRNA level, because there are fest gene sequences of CYP2C9 and CYP3A4 [1], respectively, ex-

human-specific antibodies that are usable in an immui§ept that the first methionine in the CYP3A4 preparation was

; ; . ; ; ; issing.
histochemical study. Anti-murine CYP antibodies ha\FB_ Antibodies were raised against CYP2C and CYP3A in three

often been used in the study of human CYPs, but th@ipanese White rabbits (Charles River Japan, Yokohama, Japan)
specificity is questionable [9] and the recent develogecording to the sensitization schedule described previously [14].

ment of molecular biology has demonstrated the entiG of each immunized animal was prepared from the serum with
mous differences between human and rodent genes hfimPure TM PA kit (Amersham Japan, Tokyo, Japan).

. . he specificity of anti-CYP2C IgG (MP-1) was assessed by its
their product structures [10]. Until recently, the lack Qfacts Oﬁ the myetabolism of didgfen(aQ m)efenamic a@me_y

availability of antibodies with sufficient specificity haghenytoin and tolbutamides in human liver microsomes. The spec-
precluded immunohistochemical studies of humaiity of anti-CYP3A IgG (NF-2) was assessed by its effect on the
CYP2C and 3A. In addition, the formalin fixation usefretabolism of telosterone in human liver microsomes. NF-2 inhib-

. . - - i 04 | V-
for surgical pathology renders the antigens undetecta@%qtiﬁfégzﬁg)sn(euﬁp%%ﬁsﬂggrggg_t'on by up o0 90% in human liv

[11]. For systemic studies of CYP distribution, it is im- The normal and the neoplastic tissues used in this study are
portant to generate antibodies capable of detectiisged in Tables 1 and 2, respectively. The formalin-fixed, paraffin-

CYP2C and 3A in formalin-fixed, paraﬁin-embeddeémbEddEd tissues were selected from the files of the Pathology Di-

- : - : ion, Tsukuba Medical Center, Ibaraki, Japan, and the Pathology
human tissues, which are the most readily available r%ﬁ/ision, National Cancer Center Hospital East, Chiba, Japan. At

terials. With such antibodies, the immunohistochemiqgst six neoplastic tissue samples were chosen, to include a vari-
method offers advantages for detecting CYPs not onlyeily of morphological differentiation, namely well-, moderately
organs but also at the cellular level and may provide and poorly differentiated types, and grades (high, intermediate and
formation on their functions. low). Nonneoplastic tissues were separated from pathologic mate-
. . .rial. Tissues had been fixed in 10% neutral buffered formalin and
We report the generation of new polyclonal antibodigshedded in paraffin wax. Fresh liver tissues were obtained from
against purified human CYP2C and 3A, which can b@topsy cases and frozen as samples not only for western blotting
applied to formalin-fixed, paraffin-embedded tissuebut also for immunohistochemistry, to compare the immunoreac-
Using these antibodies against CYP2C and 3A, we sttjyties of frozen and formalin-fixed, paraffin-embedded tissues.

. L PR For microsome preparation and western blotting, frozen liver
led their distribution and frequency of expression in hgag tinsed in ice-cold 0.9% NaCl solution. The tissue was minced

patic and extrahepatic organs in nonneoplastic and n@en scissors and homogenized in 10 mM Tris-HCI. Microsomes
plastic states. were prepared from the homogenates by differential centrifugation
[15]. Microsomal pellets were suspended with phosphate buffer
100 mM, pH 7.4 containing 20% glycerol and 10 mM Mg®i-
" crosomal proteins (50 mg) were separated by electrophoresis on
Materials and methods sodium dodecyl sulfate polyacrylamide gels containing 10% acryl-
amide, as described by Laemmli [16]. Resolved proteins were
CYP2C9 and CYP3A4 were purified from liver microsomes of electrotransferred to nitrocellulose membranes, which were
human autopsy sample by previously described methods witlobed with the antibodies and stained as described previously
slight modifications [12, 13]. Liver microsomes were solubilizefd7]. In order to specify the subfamily detected by the antibodies,
with 1.0% cholic acid (w/v) in 100 mM potassium phosphate bufire used 50 ml of microsomal protein solution containing
er (pH 7.25) containing 20% glycerol (v/v), 1.0 mM EDTA, an€YP1Al, 1A2, 2A6, 2B6, 2C8, 2C9, 2C18, 2C19, 2D6, 2E1 or
1.0 mM dithiothreitol. The solubilized supernatant was subject884 (Gentest). The CYP concentrations of these solutions were
to n-octylamino—Sepharose 4B column chromatography as @e5, 1.1, 1.1, 1.6, 0.3, 0.5, 0.1, 0.4, 2.0 and 0.7 nM/ml, respective-
scribed previously [12]. The main CYP fraction was recoverdd We also used control microsomes without CYP (Gentest).
from the column with 100 mM potassium phosphate buffer con- Sections 4 mm thick cut from each paraffin block were at-
taining 0.40% cholic acid (w/v) and 0.06% Emulgen 911 (w/Mjached to 3-aminopropyltriethoxysilane-coated slides (Muto, To-
The peak CYP fraction thus obtained was dialysed against 296, Japan) for immunohistochemistry. The sections were de-
glycerol (v/v) containing 0.1 mM dithiothreitol to lower the phoswaxed by passage through xylene and hydrated with graded eth-
phate concentration and passed through a hydroxy apatite coluamols. The deparaffinized sections were washed three times in
which had been equilibrated with 40 mM potassium phosphaigeosphate-buffered saline (PBS) for 10 min and immersed in
buffer (pH 7.25) containing 20% glycerol (v/v), 0.1 mM dithiomethyl alcohol containing 3% 4@, for 30 min to minimize the
threitol, and 0.20% Emulgen 911 (w/v). The elution of CYP fromndogenous peroxidase activity. After another rinse in PBS, nor-
the column was achieved by increasing the phosphate concentral swine serum was applied and the sections were incubated for
tion from 40 mM to 300 mM (linear gradient, total volume of 6080 min at room temperature in a humidified chamber. The sections
ml), and three peak fractions with CYP activities were obtainedere then incubated overnight with primary antibody MP-1 or NF-
The peak Il fraction contained CYP proteins immunoreactive to andiluted at 1:2000, followed by biotinylated anti-rabbit IgG
anti-CYP3A4 antibody (Gentest Corporation, Woburn, Mass.), a(id300 dilution; Dako, Copenhagen, Denmark) and streptoavidin-
the peak Il fraction contained protein immunoreactive with antdotinylated horseradish peroxidase complex (1:300 dilution,
CYP2C9 antibodies (Gentest Corporation). The peak Il fracti@ako) for 30 min each. The colour reaction was developed with
was applied to a CM-52 CM-cellulose column (1.6x1.6 cm, Whai-:05% 3,3 -diaminobenzidine-tetrahydrochloride (Dojindo, Kuma-
man Japan, Tokyo, Japan), which had been equilibrated with méto, Japan) and 0.005% hydrogen peroxide in 0.05 M Tris solu-
mM potassium phosphate buffer (pH 6.75) containing 20% glycéien (pH 7.6). Between incubations, the sections were always
ol (v/v), 0.2 mM dithiothreitol, 0.1 mM EDTA, and 0.20% Emulwashed three times in PBS. After colour development, the sections
gen 911 (w/v), and the early fractions were found to yield a highlyere counterstained with haematoxylin. Serial sections were used
purified preparation of CYP3A4. CYP2C9 was further purifieds a negative control study by substituting normal rabbit serum or
from the peak fraction Il of the hydroxy apatite column onto DERBS for the primary antibodies.
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Table 1 Immunohistochemical _
localizations of CYP2C and 3A Tissue

CYP2C

CYP3A

in normal human tissues using
polyclonal antibodies, MP-1
and NF-2 C constant expres-
sion,F frequent expression,

O occasional expression, no
expressiond diffuse distribu-
tion, f focal distribution;

Digestive system
Tongue
Salivary glands

Esophagus
Stomach
Duodenum
Jejunum
lleum
Appendix
Colon
Rectum
Liver
Galbladder
Bile duct
Pancreas

Respiratory system
Nasopharynx
Nasal mucosa
Trachea

Lung

Urogenital system
Kidney

Bladder

Testis

Prostate

Ovary

Uterus

Mammary gland
Placenta

Endocrine glands
Thyroid
Parathyroid glands
Adrenal glands

Others

Skin

Ganglia
Cerebral cortex
Cerebellum
Tonsil

Lymph nodes
Spleen

Bone marrow
Inflammatory cells
Heart, Aorta

Intercalated duct epithelium (Cd)
Serous gland (Cf)

Glandular epithelium (Of)
Parietal cells of fundic gland (Fd)
Brunner’s gland epithelium (Od)
Surface epithelium (Od)

Surface epithelium (Od)

Surface epithelium (Od)

Surface epithelium (Od)

Hepatocytes (Cd)

Surface epithelium (Of)
Islet cell (Cf)

Ciliated and glandular epithelium (Ff)

Serous cells of glands (Cd)
Serous cells of glands (Cd)

Serous cells of bronchial glands (Cd)

Proximal tubules (Of)

Secretory epithelium (Ff)

Cervical epithelium (Ff)

Zona reticularis (Cd)

Myeloid cells (Cd)
Neutrophils, basophils (Cd)

Intestinal foveolar epithelium (Cd)
Surface epithelium (Cd)
Surface epithelium (Od)
Surface epithelium (Od)
Surface epithelium (Od)
Surface epithelium (Od)
Hepatocytes (Cf)
Surface epithelium (Of)
Surface epithelium (Of)
Intercalated duct epithelium (Ff)

Serous cells of glands (Cf)

Proximal tubules (Of)

Granulosa lutein cells (Cf)

Chief cells (Of)
Zona glomerulosa (Cd)

Plasma cells (Cd)
Plasma cells (Cd)

We evaluated the immunohistochemical results at four exprésan half the samples showed positive immunoreactivity; no ex-
sion frequencies in the organs and at two positive ratio gradesp@ssion: none of the samples showed positive immunoreactivity;
follows. Constant expression: every sample showed positive idiffuse reaction: more than 50% of cells in the same lineage
munoreactivity; frequent expression: the majority of samplesiowed immunoreactivity; focal reaction: less than 50% of cells
showed positive immunoreactivity; occasional expression: lg€ssm one lineage showed immunoreactivity.
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Table 2 Immunohistochemical

localizations of CYP2C and 3A Organs Tumours No. Cyp2C CYP3A
in neoplastic human tissues us-—_, )
ing polyclonal antibodies, MP- Digestive system
1 and NF-2Ko.number of Tongue Squamous cell ca 6 0 0
cases examinedacarcinoma,  gqonhagus Squamous cell ca 6 0 0
Adenocaadenocarcinomdga) . .
focal or scattered distributio) Salivary glands Pleomorphic adenoma 8 6 0
Stomach Tubular adenoca 8 0 2
Poorly differentiated adenoca 6 0 0
Colon Tubular adenoma 6 0 1(a)
Tubular adenoca 9 3(a) 5(a)
Rectum Tubular adenoca 6 0 3(a)
Liver Hepatocellular ca 8 2 4
Gallbladder Tubular adenoca 6 0 0
Bile duct Tubular adenoca 6 0 0
Pancreas Tubular adenoca 6 0 0
Respiratory system
Nasal mucosa Inverted papilloma 6 0 0
Lung Squamous cell ca 6 0 0
Adenoca 6 0 0
Small cell ca 6 0 0
Large cell ca 6 0 0
Urogenital system
Kidney Renal cell ca 6 0 0
Bladder Transitional cell ca 6 0 0
Prostate Adenoca 6 5(@) 0
Ovary Serous ca 6 0 0
Mucinous ca 6 0 0
Uterus Squamous cell ca 6 0 0
Endometrioid ca 6 0 0
Mammary gland Invasive ductal ca 6 2 0
Endocrine glands
Thyroid Papillary ca 6 0 0
Adrenal glands Adenoma 6 0 0
Others
Meninges Meningioma 6 0 0
Brain Astrocytoma 8 0 0
Lymph node Malignant lymphoma 6 0 0

affin sections of liver specimens showed the same distri-
bution pattern as frozen sections (Fig. 3c, d).
MP-1 recognized a single band of CYP2C8, 2C9 and MP-1 and NF-2 positive cells were found in many ex-
2C19 at MW 56,000 (Fig. 1a). NF-2 recognized onlyteahepatic organs (Table 1). Positive cells were limited to
single band of CYP3A4 at MW 57,000 (Fig. 1b). Thepithelial and haematopoietic cells, and no immunoreac-
lane of the negative control microsome showed no badty was observed in the mesenchymal cells of any or-
reactive with MP-1 and NF-2. gans. Two distinct cytoplasmic immunoreactivities were
In 11 human liver microsome samples, MP-1 and NBbserved, diffuse and localized. The latter pattern was
2 detected single bands at MW 56,000 and 57,000, usually present on the luminal sides of cells, forming tu-
spectively (Fig. 2). bular or glandular structures. No reactivity was detected
In frozen sections of the normal liver, MP-1-positiven either the cytoplasmic membrane or the nucleus.
hepatocytes showed a diffuse but sometimes periportallThe distribution of CYP2C in normal tissues was as
distribution in hepatic lobules, while NF-2-positive hepdellows. The epithelium of intercalated ducts and the se-
tocytes were consistently present in the centrilobular areas cells of salivary glands showed constant and diffuse
(Fig. 3a, b). A positive reaction was observed only in tiremunoreactivity, while neither acinar mucous cells nor
cytoplasm, and not in the cell membrane or nucleus. Phe epithelium of larger ducts was immunoreactive. The

Results
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Fig. 1a, b Results of western a. Control 1Al 1A2 2A6 2B6 2C8 2C9 2CI8 2C19 2D6 2EI 3Ad4

blotting with MP-1 and NF-2, ( ( ¢ Calloon emma - K ( (

using control microsomes and
e W

microsomes containing several
CYPs.a MP-1 recognizes a

distinct band each of 2C9 and

2C19 and a faint band each of SgkD
2C8 and 2C18 at about MW
56,000.b NF-2 recognizes only

a single band of CYP3A4 at

MW 57,000 Control negative

control microsome:}

b. Control 1Al 1A2 2A6 2B6 2C8 2C9 2Ci8 2Ci9 2D6 2E1 3Ad
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chief cells of the glands of the gastric fundus showedMyeloid cells of the bone marrow and neutrophils
constant and frequently diffuse immunoreactivity (Figvithin inflammatory lesions, regardless of the organs
4a). The foveolar epithelium and mucous neck and p&rem which they were obtained, showed diffuse and
etal cells of the stomach were not immunoreactive. Tbenstant immunoreactivity. Neural tissue including
surface epithelium of the small intestine and the columive cerebral cortex, cerebellum and ganglia and lym-
nar epithelium in the superficial portion of colonic anghoid cells from the tonsils, lymph nodes and spleen
rectal crypts occasionally reacted with MP-1 (Fig. 4bghowed no immunoreactivity, and nor did the heart and
The middle portion of the crypts was weakly positiveorta.
while the bottom part was negative. Occasionally, we ob-The distribution of CYP3A was also examined. The
served that Brunner’s gland epithelium was diffusely infioveolar epithelium with intestinal metaplasia and duo-
munoreactive (Fig. 4c), while the epithelium of thdenal epithelium showed constant and diffuse immunore-
oesophageal gland and the surface epithelium of the hitgivity (Fig. 5a). The nongoblet intestinal columnar
duct showed focal immunoreactivity. Several immunoreells were positive, while the goblet cells were consis-
active islet cells were randomly distributed throughot#ntly negative. No immunoreactivity was detected in py-
the pancreas (Fig. 4d). There were no immunoreactigéic or fundic gland mucosa, or in Brunner's glands of
cells in the appendix or gallbladder. the duodenum. Columnar epithelium in the superficial

We consistently observed immunoreactivity limited tpart of the small intestine, and in colonic and rectal
the serous cells of nasal, nasopharyngeal, tracheal and
bronchial glands (Fig. 4e). Only ciliated epithelium of
the nasopharynx near the tonsil showed positive MP-1
immunoreactivity. Other ciliated and alveolar epithelia of
the upper or lower respiratory tract were not immuno-
stained. ;

Frequent but focal immunoreactivity was observed #6KD —
the secretory gland epithelium of the prostate (Fig. 4f).
The basal cells of the prostate were consistently nega-
tive. The glandular epithelium of the uterine cervix
showed frequent but focal immunoreactivity (Fig. 49).
Metaplastic squamous cells in the uterine cervix were
not immunostained. Occasionally, the proximal tubular
epithelium of the kidney showed focal immunoreactivity.
Glomeruli and other renal tubuli were uniformly nega2”*P md
tive. No immunoreactivity was detected in the urinary
bladder, testis, ovary, breast or placenta.

In the adrenal glands, the cortical cells in the zona
ticularis and the inner part of the zona fascicularis ngnglezezf'Lsu%favr‘]’eﬁ‘\t&g(ﬁgﬁ'{‘gl‘f';hngﬂEolslgcg gt';nzdaﬁml% i

diffusely immunoreactive. No immunoreactivity was desrosomes $). MP-1 and NF-2 each recognize a single band, at
tected in the adrenal medulla, thyroid or parathyroid. Mw 56,000 and 57,000, respectivaly




Fig. 3a—d Immunohistochemical localization of CYP using anti- Chief cells of the parathyroid gland showed weak but
CYP antibodies. In frozen sections of the liver, hepatocytes reagffse immunoreactivity (Fig. 5g). The zona glomeru-

ed a diffusely with MP-1 andb centrilobularly with NF-2. In par- . . :
affin sections of the liver, hepatocytes showed the same distritﬁjSa of the adrenal gland was consistently, diffusely im-

tion of CYPs, based on MP-1 andd NF-2 immunostaining, as munoreactive (Fig. 5h). )
frozen sections. x1:°0 Nervous tissue including ganglia, the cerebral cortex

and the cerebellum, and lymphoid organs such as the
tonsils, lymph nodes and spleen, were negative. Plasma

crypts, reacted with NF-2 (Fig. 5b). The crypts werells showed consistent immunoreactivity in the bone
weakly reactive in the middle portion but showed no inmarrow and inflammatory lesions.
munoreactivity at the bottom. The surface epithelium of Several neoplasms showed immunoreactivity with MP-
the gallbladder and bile ducts occasionally showed fodahnd NF-2 (Table 2). MP-1 reacted with the glandular
immunoreactivity. The epithelium of the intercalatedpithelium of pleomorphic adenoma of the parotid gland
ducts in the pancreas was frequently positive (Fig. 5§, of 8 cases). Hepatocellular carcinoma immunoreacted
while that of the salivary glands was negative. with MP-1 in 2 of 8 cases, both of them well-differentiat-

Serous glands of the nasal mucosa showed consiseshtumours (Fig. 6a). Tumour cells from adenocarcinoma
but focal immunoreactivity (Fig. 5d). There were no posf the colon (3 of 9 cases), adenocarcinoma of the prostate
itive cells in the nasopharynx, trachea or lungs. (5 of 6 cases) and infiltrating ductal carcinoma of the

The epithelium of the proximal renal tubules occéreast (2 of 6 cases; Fig. 6b) were also positive. No immu-
sionally showed focal immunoreactivity (Fig. 5e). Distaloreactivity was observed in any case of carcinoma of the
and collecting tubuli were consistently negative. The cpngue, oesophagus, stomach, gallbladder, bile duct, pan-
toplasm of the luteinized granulosa cells was consistetiteas, lung, uterus, kidney, urinary bladder, ovary or thy-
ly but focally positive (Fig. 5f). The transitional cells ofoid, or of astrocytoma and meningioma of the brain or
the urinary bladder, spermatogenic cells in the testisalignant lymphoma involving the lymph nodes. NF-2
ductal and acinar cells of the breast and trophoblastsiowed widespread reactivity with hepatocellular carcino-
the placenta were negative. Squamous and glandular eg-in 4 of 8 cases and the positive cases had well- to mod-
thelium of the uterine cervix and epithelium of the enderately differentiated tumours (Fig. 6¢). Tumour cells from
metrium in proliferative and secretory phases were aBdenocarcinomas of the stomach (2 of 8 cases) and large
devoid of immunoreactivity. intestine (8 of 15 cases, Fig. 6d) reacted with NF-2. How-



Fig. 4a—g Immunohistochemical staining by MP-1. Positive im-
munoreactivity is seen ia gastric fundic gland chief cells (x350),

b columnar epithelium of the superficial portion of the small intes-
tine (x250),c Brunner’'s glands of the duodenum (x35@)pan-
creatic islet cells (x350)g serous cells of the nasal mucosa
(x140),f prostatic secretory epithelium (x350) andterine cervi-
cal epithelium (x35(:
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Fig. 6a—d Immunohistochemical detection of CYP in neoplastic tiglistribution of CYP2C detected with MP-1 was diffuse
L 80) bl Ss ey  m al e ithin the lobules, while CYP3A detected with NF-2
g?r?o(ma of ihe breast (><180)9l\F1)F-2 istiymmunoreactivegwhlepato- W_as d'St”_bUt_ed in the centrilobular area., in accordance
cellular carcinoma (x360) anbadenocarcinoma of the colon (x220With the findings of Murray et al. [18]. Since the frozen
and paraffin sections of the liver showed the same local-
ization pattern and intensity of CYPs with MP-1 and NF-
ever, no immunoreactivity was observed in any case Zfwe considered these antibodies could be used in an
pleomorphic adenoma of the parotid gland, carcinomaiwfmunohistochemical study using formalin-fixed, paraf-
the tongue, oesophagus, gallbladder, bile duct, pancréiasembedded tissues.
lung, ovary, uterus, kidney, urinary bladder, prostate, Few studies have demonstrate the extrahepatic expres-
breast or thyroid, or of glioma of the brain and malignasibpn of CYP2C immunohistochemically. CYP2C was re-
lymphoma. In all the neoplastic tissues examined, imnperted to be present in the prostatic gland epithelium [19]
noreactivity was limited to the cytoplasm, none being daad to be absent in the transitional epithelium of the uri-
tected in the cytoplasmic membrane or nucleus. nary bladder and in normal squamous epithelium and
squamous cell carcinoma of the oesophagus [20, 21]. The
- - current study confirms that normal squamous epithelium
Discussion of the oesophagus, tongue, nasal mucosa, skin, tonsil or
utgerine cervix does not express CYP2C. As it appears to
rare for normal squamous epithelium to express
P2C, as demonstrated immunohistochemically, we
eculate that cell differentiation may be related to the
regulation of CYP expression; however, this possibility re-
Fig. 5a—h Immunohistochemical staining with NF-2. Positive imyuires further study. No |mml_Jnoh|stochem|caI studies
munoreactivity is seen ia foveolar epithelium of the stomachhave detected CYP2C expression in other organs; there-
with intestinal metaplasia (x180p luminal surface epithelium fore, we can only compare the results with those of immu-
of the small intestine (x140Y) intercalated duct epithelium of EObIOt analysis. De Waziers et al. reported that immuno-

the pancreas (x360) serous cells of the nasal mucosa (x330 ; : :
e proximal tubules of the kidney (x200)granulosa lutein cells of lot analysis of gastrointestinal organs revealed CYP2C

the ovary (x130)g chief cells of the parathyroid gland (x360) an@Ctivity i_n the duodenum, jejunum and ileum, though the
h the zona glomerulosa of the adrenal gland (x250) expression levels were very low [22]. The present obser-

The results of western blotting showed that MP-1 a
NF-2 were specific for CYP2C and CYP3A4. Using fr Y
zen and paraffin sections of the liver tissue, the CG"JE{
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vation that the luminal side of the surface epithelium frowas expressed along the entire length of the human colon
the jejunum to the colon expresses CYP2C is consistensome individuals, while there was no expression in the
with the findings of de Waziers etal. The duodenuoolon tissues from other subjects. They speculated that
showed a different localization of CYP2C; CYP2C waadividual differences in CYP expression in the colon
expressed by the surface epithelium but not by Brunnerigght be important in the metabolism of ingested procar-
glands. Wheeler et al., using an immunoblotting methadnogens, such as food-derived heterocyclic amines, and
reported that CYP2C9 was not detectable in microsconmesusceptibility to cancer [28].
from the lung [23]. However, the present study showed The present study has demonstrated the absence of
CYP2C to be expressed in the serous cells of broncl@aP3A in the lung, the exception being the serous cells
glands. These cells are similar to serous cells in the naggulmonary bronchial glands. Murray et al. also report-
and bronchial mucosa. It is possible that Wheeler etedl that the lung showed no immunoreactivity for
used such samples as peripheral lung tissue, which r@§P3A4 [18]. However, recently, some authors reported
not have included bronchial gland tissues. that there was CYP3A4 in the lung [3, 29, 30]. Kivistoe
CYP3A is a major CYP in the liver. Thus, there aret al. reported that 34% of bronchial epithelium and 38%
more reports on the extrahepatic localization of this evf- seromucous gland cells were immunoreactive for
zyme than on that of CYP2C. Murray et al. reported the IBYP3A [3]. They also detected CYP3A5 mRNA, but not
calization of CYP3A4 in 18 types of tissue using a monGYP3A4 mRNA, in the lung by the RT-PCR method.
clonal antibody, MAb-HL3 [18]. As in our study, theyThese findings suggest that the antibodies used both in
found that CYP3A4 was localized in the surface epitheliume study of Murray et al. [18] and in the present investi-
of the small intestine, the gallbladder epithelium, the progiation, are reactive with CYP3A4 but not with CYP3AS5,
mal renal tubular epithelium, and lutein cells of the ovamhile the antibody used by Kivistoe et al. reacts with
However, they also reported the expressions of CYP3A4QiP3A5. The different reactivities of the antibodies may
the acini of the pancreas, Leydig cells of the testis, epidexplain the discrepant results. Alternatively, the method
mis and sebaceous glands of the skin and polymorphooiuKivistoe et al. might have been sensitive enough to de-
clear cells in the peripheral blood, which were negative fect the lower expression of CYP3A in the lung, which
CYP3A4 in our study. Moreover, we observed CYP3A4 expresses much less CYP3A than the human liver [23].
the foveolar epithelium of the stomach with intestinal meta- Our study demonstrated the presence of CYP2C and 3A
plasia, the surface epithelium of the colon, serous cellsirofneoplastic cells from many organs. Nonneoplastic he-
nasal glands and cells in the zona glomerulosa of the agegocytes showed constant centrilobular expression of
nal gland, where Murray et al. reported absence of this @¥P2C, while hepatocellular carcinoma cells showed vari-
zyme. The discrepancies may be attributable to the folloable expression within a tumour and the immunoreactivity
ing three factors: (1) absence of positive tissue, e.g. foveas decreased in less highly differentiated liver tumours.
lar epithelium of the stomach with intestinal metaplasia, @jmilar trends were also noted in most other tumor types.
different antibody specificities and sensitivities of the im- Breast cancer cells showed CYP2C immunoreactivity
munohistochemical detection system [18], and (3) the diespite the negative result in the nonneoplastic breast tis-
gree of extrahepatic CYP expression [24]. sue. Similar phenomena were also reported in the oesoph-
We found CYP3A in the epithelium of the gastroinagus and prostate and in sarcomas [19, 21, 31]. The ex-
testinal tract from the stomach to the rectum, with tipeession of CYP in neoplastic cells may be a protective
exception of the appendix. Our results confirm those mchanism conferring a survival advantage by providing
Kolars et al. [25]. We recognized marked expression tuimours with a metabolic mechanism for detoxification
the foveolar epithelium of the stomach with intestinaff harmful substances and drugs [32]. Therefore, immu-
metaplasia, but Kolars et al. did not refer to metaplastiohistochemical study of CYPs may provide information
epithelium. Because intestinal metaplasia has been pmsthe effectiveness of drugs against various tumours.
tulated to be one of the steps in human gastric carcinodn conclusion, we studied the distributions of CYP2C
genesis and several carcinogens and/or carcinogenatid 3A in extrahepatic organs with newly generated anti-
enhancers influence each step of the multistep procksdies and demonstrated the cellular distribution of these
[26], the CYP3A associated with the intestinal metaplanzymes, some of which had been analysed only by non-
sia might be involved in the transformation from metammunostaining methods such as immunoblotting or ge-
plastic epithelium to carcinoma. netic analysis. We also demonstrated the localization of
Murray etal. reported that the colonic epitheliuf@YP2C and 3A in various neoplasms. Extrahepatic CYP
showed no immunostaining for CYP3A [18], while othenas been attracting interest in the field of pharmaco-on-
workers have described CYP3A mRNA and proteins eslogy, because the balance between metabolic activa-
detectable by in situ hybridization and immunoblottingon and detoxification of drugs and other chemicals by
[25, 27]. The current study demonstrated diffuse exprésdividual forms of CYP in different tissues is an impor-
sion in CYP3A in the superficial portion of the colonitant factor in the explanation of organ-specific toxicity
epithelium in some cases. These observations raise ghd probably the efficacy of oncostatic drugs [33, 34].
possibility that the colonic mucosa interacts with xenobihe results of the present study provide the basic infor-
otics, and that this reactivity varies among individualsation that we anticipate will be useful for the pharma-
McKinnon et al. also demonstrated that CYP3A mRNgo-oncological analysis of CYP in extrahepatic organs.
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