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Microsomal epoxide hydrolase is a xenobiotic metabolizing
enzyme that catalyzes the conversion of toxic and carcino-
genic epoxides to less toxic dihydrodiols. The cellular local-
ization and distribution of microsomal epoxide hydrolase
were investigated for the first time in normal and neoplastic
human kidney. Light microscopic immunohistochemical
studies using an alkaline phosphatase—anti-alkaline phos-
phatase technique showed that in normal kidney there was
a wide distribution of epoxide hydrolase immunoteactivity.
The main localization of epoxide hydrolase immunoreactivity
was to the proximal and distal tubule epithelial cells. Strong
epoxide hydrolase immunoreactivity was also identified in
epithelium of the collecting ducts. In addition, epoxide

Introduction

The kidney is one of the major organs involved in the metabolism
of xenobiotics, including drugs and toxic foreign compounds, to-
gether with various potential carcinogens and mutagens. Many of
these compounds and also some endogenous compounds ate
metabolized to reactive electrophilic epoxide derivatives, usually
by cytochrome P450-mediated reactions (1,2). The epoxide hydro-
lases (3) are the group of detoxification enzymes that catalyze the
conversion of epoxides to less toxic #7ans-dihydrodiols. The trans-
dihydrodiols can then be conjugated with glutathione (4,5) or gluc-
uronic acid and more readily excreted, although the #ans-dihydro-
diols may themselves be oxidized to produce diol epoxides, which
are more reactive than the parent compounds. The major form of
epoxide hydrolase is microsomal epoxide hydrolase (6,7), which is
membrane-bound and is present in the smooth endoplasmic retic-
ulum. Other forms of epoxide hydrolase that have been identified
are microsomal cholesterol epoxide hydrolase (8, 9), cytosolic or
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hydrolase immunoreactivity was present in vascular endo-
thelial cells, including endothelial cells lining glomerular
capillaries. Epoxide hydrolase immunoreactivity was identi-
fied in all the renal tumors, and in each tumor immunoreac-
tivity for epoxide hydrolase was localized to tumor cells. Im-
munoblotting of both normal kidney and tumor microsomes
confirmed the presence of a single protein band of molecu-
lar weight 49 KD corresponding to the molecular weight of
human hepatic microsomal epoxide hydrolase. ( J Histochem
Cytochem 43:615-620, 1995)
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soluble epoxide hydrolase (10-12), and cytosolic leukotriene Ag
hydrolase (13,14), which differ in their substrate specificity and the
effects of particular inhibitors (15-21).

Epoxides afe toxic, and because they can bind to DNA and cell
proteins and modify cell function epoxides are potentially carcino-
genic and/or mutagenic. In view of the effect of epoxides on cell
function, the expression of epoxide hydrolase appears to play a role
in the development of tumors (22).

In this study we investigated the cellular localization and disti-
bution of microsomal epoxide hydrolase in normal and neoplastic
human kidney.

Materials and Methods

Human Microsomal Epoxide Hydrolase Purification and Polyclonal An-
tibody Production. Human microsomal epoxide hydrolase was purified from
human liver, essentially using the method of Weaver et al. (23). The puri-
fied microsomal epoxide hydtolase gave a single band of molecular weight
49 KD on SDS-PAGE and showed high activity towards phenanthrene 9,10-
epoxide, which was determined by the method of Dansette et al. (24). A
polyclonal antibody was raised in rabbit against the purified human epox-
ide hydrolase as previously desctibed (25) and purified by fractionation with
50% ammonium sulfate. Immunoblotting confirmed that the antibody
recognized human hepatic microsomal epoxide hydrolase, and the anti-
body did not crossteact with cytosolic epoxide hydrolase, as there was no
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reaction when the antibody was immunoblotted against liver or kidney
cytosol.

Tissue. Nephrectomy specimens excised for primary renal cell carci-
noma and submitted to the Department of Pathology, University of Aber-
deen, were used for this study. Six paired samples of notmal kidney and
tumor were used. Samples of normal kidney were taken at least several cen-
timeters distant from the edge of each tumor, and only macroscopically
viable tumor was sampled. The age range of the patients was 41-84 yeats;
there were three men and three women. Samples of normal kidney and
tumor tissue from each nephrectomy specimen were either rapidly frozen
in liquid nitrogen and stored at ~80°C or fixed in 10% neutral buffered
formalin for 24 hr and then processed to wax. The fresh frozen samples
were used for both immunohistochemical and immunoblotting studies,
and the fixed, embedded samples were used for immunohistochemical
studies. Normal human livers were obtained from renal transplant donors,
placed in ice-cold isotonic saline within 30 min of circulatory arrest, and
stored at -80°C.

Immunohistochemistry. Frozen sections (6 um) of kidney tissue were
air-dried onto glass slides and then fixed in acetone for 15 min. Formalin-
fixed, wax-embedded sections of kidney tissue (4 pm) were dewaxed in xy-
lene and rehydrated in alcohol and spirit (95% alcohol), with each step
being catried out for 5 min at room temperature (RT). After rinsing in
cold water, all the sections were washed in 0.05 M Tris-HCI, pH 7.6, con-
taining 0.15 M NaCl (TBS) before applying anti-epoxide hydrolase anti-
body at a dilution of 1:50 of a stock 20 mg/ml solution, ptepared from
the lyophilate of 2 50% ammonium sulfate precipitate of immunized rab-
bit serum. An antigen retrieval step was not necessary before application
of the primary antibody. Sections were incubated for 1 hr at RT and sites
of bound antibody demonstrated using an alkaline phosphatase-anti-alkaline
phosphatase (APAAP) technique (26). The sections were sequentially in-
cubated with monoclonal mouse anti-rabbit immunoglobulin (1:100 dilu-
tion; Dako, High Wycombe, Bucks, UK), rabbit anti-mouse immunoglob-
ulin (1:100 dilution containing 1% notmal human serum; Dako), and
monoclonal APAAP (1:100 dilution; Dako) each for 30 min at RT, the sec-
tions being washed for two successive 5-min periods after each incubation
to remove unbound antibody. Sites of bound alkaline phosphatase were
demonstrated colorimetrically using a solution containing 3 mg bromo-
chloro-indolyl phosphate (Sigma; Poole, Dorset, UK), 10 mg nitroblue
tetrazolium (Sigma), 6 mg sodium azide, and 4 mg levamisole (Sigma)
in 10 m1 0.05 M Tris-HCl buffer, pH 9.0, containing 0.2% magnesium chlo-
ride. The sections were incubated for 30 min at RT, and the reaction stopped
by washing in cold water. The slides were then air-dried and mounted in
glycetin jelly before being examined by light microscopy to determine qual-
itatively the presence or absence of immunostaining, and its distribution.
Normal rabbit serum and TBS were used as negative controls in place of
the primary antibody, and a positive control was sections of formalin-fixed,
wax-embedded normal human liver, which is known to express microsomal
epoxide hydrolase.

Immunoblotting. Microsomes were prepated as previously described
(23). Briefly, tissue samples were thawed in 25 m! 0.01 M Tris-HC] buffer,
pH 7.4, containing 1.15% KCl before being homogenized in 0.01 M Tis-
HCI buffer, pH 7.4, containing 0.25 M sucrose, 15% glycerol, using an
UltraTurrax homogenizer (type TP 18/2; Janke and Kunkel AG, Staufen
Breisgau, Germany). After centrifugation at 15,000 x g for 20 min, the
supernatant was removed and recentrifuged at 116,000 x g for 50 min.
The pellet from this spin was re-suspended in 0.1 M Tris-HCI buffer, pH
7.4, containing 15% glycerol, 1 mM EDTA, recentrifuged at 116,000 x g
for 50 min, and the pellet finally re-suspended in Tris-HCI-glycerol-EDTA
buffer. Microsomal protein concentration was determined by the method
of Lowry (27). The microsomes prepared from six notmal kidney samples
and their corresponding primary tumots had protein concentrations rang-
ing from 2.4 mg/ml to 8.4 mg/mi.
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A discontinuous polyacrylamide gel system, as described by Laemmli
(28) with modifications (23), was employed for separation of proteins in
the kidney microsomes. Twenty pl of a 1 mg/ml preparation of normal sam-
ples and 40 pl of a 0.5 mg/ml preparation of tumor samples in 0.125 M
Tris-HCI, pH 6.8, containing 2.35% (w/v) sodium dodecyl sulfate (SDS;
Sigma), 5% (v/v) 2-mercaptoethanol, and 0.005% bromophenol blue track-
ing dye were loaded onto the gel, with 10 pl of a 1 mg/ml preparation
of human liver microsomes and 1 pg and 2 pg loadings of purified human
hepatic microsomal epoxide hydrolase used as positive controls. Samples
were run on a 10% non-gradient gel at 30 mA, and resolved proteins blot-
ted onto a nitrocellulose membrane (Schleicher & Schuell; Dassel, Ger-
many) overnight as described by Towbin et al. (29). Nonspecific binding
sites were blocked with PBS containing 2% (w/v) Marvel, 0.05% (v/v) Tween
20 for 30 min at RT with continuous shaking, this buffer also being also
being used for washing stages. The nitrocellulose membrane was then in-
cubated with anti-epoxide hydrolase (1:1000) for 90 min and goat anti-rabbit
immunoglobulin horseradish petoxidase conjugate (1:2000; Bio-Rad Labora-
tories, Hemel Hempsted, Herts, UK) for 60 min. The membrane was washed
for three successive 15-min periods and one 60-min period after each incu-
bation to remove unbound antibody. Bound horseradish peroxidase was
then visualized with an Enhanced Chemiluminescence (ECL) kit (Amet-
sham International; Aylesbuty, Bucks, UK). Detection was carried out as
desctibed in the ECL protocol, with the X-ray film (Hyperfilm-ECL; Amet-
sham) being exposed for 30 sec.

Results

Immunobhistochemistry

Normal Kidney. Both frozen sections and formalin-fixed, wax-
embedded sections of kidney gave an identical distribution of epox-
ide hydrolase immunoreactivity. In normal kidney, strong immuno-
reactivity for epoxide hydrolase was identified within the cortex
and the medulla. Immunoreactivity for epoxide hydrolase was pres-
ent in the proximal and distal convoluted tubules (Figure 1). Marked
epoxide hydrolase immunoreactivity was also present in the tubule
epithelial cells located in the medulla (Figure 2), and the epithe-
lial cells of the collecting ducts also displayed immunoreactivity
for epoxide hydrolase. Immunostaining was identified as strong ho-
mogeneous cytoplasmic staining of cells without nuclear staining,
and there was no apparent staining of the microvillous border of
tubule cells. Immunoreactivity for epoxide hydrolase was also
demonstrated in endothelial cells of renal vessels, including glo-
merular capillaries, and there was weak immunostaining of some
of the epithelial cells of the parietal layer of Bowman’s capsule. No
immunoreactivity for epoxide hydrolase was observed in connec-
tive tissue, and immunostaining was abolished when the epoxide
hydrolase antibody was replaced by normal rabbit serum or TBS
in the immunohistochemical procedure (Figure 3).

Kidney Tumors. All the tumors studied were primary renal cell
carcinomas, and each tumor showed a variable histological pattern
with solid areas and papillary areas. Cytologically, the tumors con-
tained a variable number of clear cells and tall columnar cells. Posi-
tive immunoreactivity for epoxide hydrolase was identified in all
the renal tumots. There was positive staining within tumor cells,
and the precise pattern of immunoreactivity depended on the cy-
tology of the tumor cells. Strong diffuse cytoplasmic immunoreac-
tivity was identified in columnar tumor cells (Figure 4), but im-
munoreactivity for epoxide hydrolase was less intense in clear cells,
with only a rim of cytoplasmic staining present at the periphery






