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Cytochrome P450 expression in oesophageal cancer
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Abstract
The cytochrome P450 superfamily of enzymes
play a central part in the metabolism of
carcinogens and anti-cancer drugs. The
expression, cellular localisation, and distri-
bution of different forms of P450 and the
functionally associated enzymes epoxide
hydrolase and glutathione S-transferases have
been investigated in oesophageal cancer and
non-neoplastic oesophageal tissue using
immunohistochemistry. Expression of the
different enzymes was confined to epithelial
cells in both non-neoplastic samples and
tumour samples except that CYP3A was also
identified in mast cells and glutathione S-
transferase pi was present in chronic inflam-
matory cells. CYPlA was present in a small
percentage of non-neoplastic samples but both
CYP2C and CYP3A were absent. Epoxide
hydrolase was present in half of the non-
neoplastic samples and the different classes of
glutathione S-transferase were present in a low
number of samples. In carcinomas CYP1A,
CYP3A, epoxide hydrolase, and glutathione
S-transferase pi were expressed in at least 60%
of samples. The expression of glutathione
S-transferases alpha and mu were significantly
less in adenocarcinoma compared with
squamous carcinoma.
(Gut 1994; 35: 599-603)

metabolism of compounds initially metabolised
by P450. Epoxide hydrolases participating in
xenobiotic metabolism comprise mainly one
microsomal and one cytosolic form, which con-
vert potentially toxic epoxides to less reactive
dihydrodiols, although subsequent reoxidation
can lead to the formation of diol-epoxide deriva-
tives, which are often more toxic than the parent
compounds.5 The glutathione S-transferases,
like the cytochromes P450, are a complex gene
family of enzymes, which catalyse the conjuga-
tion of reduced glutathione with a variety of
electrophilic compounds generally resulting in
less toxic, more hydrophilic compounds, which
can be more easily excreted.6'5 Like the cyto-
chromes P450 the liver is the main organ in
which the glutathione S-transferases are expres-
sed and specific classes of glutathione S-trans-
ferases are present in many extrahepatic tissues.
There is little information regarding the

presence, distribution, and localisation of
different xenobiotic metabolising enzymes in
either normal oesophagus or oesophageal
tumours and in this study we have investigated
the expression of different forms of P450,
epoxide hydrolase, and glutathione S-transferase
in oesophageal carcinoma and non-neoplastic
oesophageal tissue.

Materials and methods
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Oesophageal cancer is one of the commonest
malignancies of the alimentary tract and this
tumour is often intrinsically resistant to anti-
cancer drugs.' The geographical distribution of
oesophageal cancer has led to the hypothesis that
exposure to various toxic environmental or
dietary chemicals is an important aetiological
factor.2 The principal groups of enzymes
responsible for metabolising toxic exogenous
chemicals, including anti-cancer drugs and
carcinogens, are the cytochromes P450, epoxide
hydrolases, and glutathione S-transferases.317
Therefore these functionally associated groups
of enzymes have important roles in determining
the susceptibility of tissues to the toxic effects of
xenobiotics and the response of tumours to anti-
cancer drugs.4 10
The cytochromes P450 are a multigene

superfamily of haem containing enzymes that
metabolise both xenobiotics (including carcino-
gens, mutagens, and therapeutic drugs) and a
variety of endogenous compounds (including
steroid hormones, arachidonic acid, and fatty
acids).4"'4' The major xenobiotic metabolising
families of P450 are primarily expressed in the
liver, although specific forms of P450 are present
in particular extrahepatic tissues. The epoxide
hydrolases and glutathione S-transferase are two
groups of enzymes that participate in the further

ANTIBODIES
CYPlA and CYP3A were identified using mono-
clonal antibodies RM3'6 and HL3'78 respect-
ively, which have been raised and characterised
in our laboratories as described previously.
(Individual families and forms ofP450 are identi-
fied in this study using the designation CYP
according to the recent updated nomenclature
for cytochrome P450.'2 The P450 forms recog-
nised by immunoreactivity in this study are
classified according to their sub-family and not
identified as being individual members of sub-
families as it is not known whether the antibodies
are specific to certain sub-family members).
CYP2C was identified with a rabbit polyclonal
antibody raised in our laboratories against
the purified human hepatic form CYP2C9,
P45OhB. 19 Epoxide hydrolase was recognised
using a rabbit polyclonal antibody raised and
characterised in our laboratories against a puri-
fied preparation of human hepatic microsomal
epoxide hydrolase.20 Three major cytoplasmic
classes of glutathione S-transferases (alpha, mu,
and pi) were identified individually using rabbit
polyclonal antibodies obtained from Novocastra
Laboratories, Newcastle upon Tyne. All the
antibodies used in this study recognise antigenic
epitopes, which are resistant to formalin fixation
and wax embedding.
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TISSUE
Specimens of oesophageal cancer and non-
neoplastic oesophagus were obtained from
oesophagectomy specimens submitted to the
Department of Pathology, University of
Aberdeen for diagnostic purposes. All the tissue
samples had been fixed in 10% neutral buffered
formalin for 24 hours at room temperature and
then routinely processed to paraffin wax.

IMMUNOHISTOCHEMISTRY2'
Formalin fixed wax embedded sections (4 [tm)
of oesophagus were dewaxed in xylene, rehy-
drated in alcohol, and then washed sequentially
in cold water and 0-05 M TRIS-HCl (pH 7-6)
containing 0415 M sodium chloride (TBS) and
then immunostained with various antibodies as
described below. Both negative and positive
controls were incorporated in the immunohisto-
chemical procedure. Negative controls used in
place of the primary antibody were either TBS
(control for monoclonal antibodies), or normal
rabbit immunoglobulins (control for polyclonal
antibodies). Positive controls were sections of
normal formalin fixed wax embedded human
liver as liver is known to express all the enzymes
being studied.
The sections were examined using transmitted

light microscopy to establish qualitatively the
presence or absence of immunostaining, and its
distribution.

Correlations between the expression of the
different enzymes were determined using the x2
test with Yates's correction.

MONOCLONAL ANTIBODIES
Sections of tissue were incubated for one hour
with each of the monoclonal antibodies at the
following dilutions: anti-CYPlA (RM3), 1/20

TABLE I Number (percentage) ofoesophageal samples
expressing different number ofxenobiotic metabolising
enzymes

No of
xenobiotic
metabolising Non-neoplastic Squamous
enzymes oesophagus carcinoma Adenocarcinoma
expressed (n=-O) (n=25) (n=25)
0 2 (20) 0 0
1 4 (40) 2(8) 2(8)
2 1(10) 4(16) 5 (20)
3 1(10) 0 8 (32)
4 1(10) 2(8) 1(4)
5 1(10) 8 (32) 5 (20)
6 0 6 (24) 3(12)
7 0 3 (12) 1(4)

TABLE II Number (percentage) ofnon-neoplastic oesophageal samples and distinct histological
types ofoesophageal cancer expressing different xenobiotic metabolising enzymes

Non-neoplastic Squamous
oesophagus carcinomta Adenocarcinoma

Xenobiotic metabolising enzyme (n= 10) (n=25) (n=25)

CYPIA 3 (30) 17 (68) 15 (60)
CYP2C 0 8 (32) 5 (20)
CYP3A 0 19(76) 17 (68)
Epoxide hydrolase 5 (50) 21(84) 24 (96)
Glutathione S-transferase alpha 4 (40) 19(76) 8 (32)
Glutathione S-transferase mu 2 (20) 15 (60) 5 (20)
Glutathione S-transferase pi 2 (20) 16 (64) 16 (64)

dilution in TBS of a 50% ammonium sulphate
precipitate of hybridoma culture supernatant,
and anti-CYP3A (HL3) as undiluted hybridoma
culture supernatant. Sites of antibody binding
were shown using an alkaline phosphatase anti-
alkaline phosphatase (APAAP) technique.
Rabbit antimouse immunoglobulin (1/100 con-
taining 1% normal human serum, Dako Ltd,
High Wycombe, Bucks) and monoclonal
APAAP (1/100, Dako) were sequentially applied
to the tissue sections for 30 minutes each.
Between antibody applications the sections were
washed with TBS to remove unbound antibody.
Sites of bound alkaline phosphatase were shown
using an enzyme substrate solution containing
3 mg bromo-chloro-indolyl phosphate (Sigma
Chemical Co Ltd, Poole, Dorset), 10 mg nitro
blue tetrazolium (Sigma), 6 mg sodium azide,
and 4 mg levamisole (Sigma) in 10 ml 0 05 M
TRIS-HCl buffer (pH 9 0) containing 0-2%
magnesium chloride. After incubating the
sections for 30 minutes at room temperature, the
reaction was stopped by washing the sections in
cold tap water. The slides were then air dried and
mounted in glycerine jelly.

POLYCLONAL ANTIBODIES
Anti-CYP2C was applied to tissue sections at a
dilution of 1 in 500 (stock solution 20 mg/ml in
TBS prepared from the lyophilate of a 50%
ammonium sulphate precipitate of immunised
rabbit serum). Anti-epoxide hydrolase was
applied at a dilution of 1/50 of a stock 20 mg/ml
solution, prepared from the lyophilate of a 50%
ammonium sulphate precipitate of immunised
rabbit serum. Antibodies to the different classes
of glutathione S-transferase were applied at the
following dilutions of a stock solution (protein
concentration 1 mg/ml): glutathione S-trans-
ferase alpha 1/100; glutathione S-transferase mu
1/50; glutathione S-transferase pi 1/200. The
antibodies were applied to tissue sections for one
hour at room temperature, and the sites ofbound
antibody shown using the APAAP technique.
After removal ofunbound primary antibody, the
sections were incubated with monoclonal mouse
antirabbit immunoglobulin (1/100, Dako) for
30 minutes before application of rabbit anti-
mouse immunoglobulin, APAAP, and alkaline
phosphatase substrate solution. The sections
were then processed as described above.

Results

NON-NEOPLASTIC OESOPHAGUS
Tissue samples obtained from proximal resec-
tion margins of 10 oesophagectomy specimens
that had been excised for squamous carcinoma
were used to investigate the presence of the
various enzymes in non-neoplastic oesophagus.
These specimens contained all layers of the
oesophagus including both squamous epithelial
lining and muscularis. CYPIA immunoreact-
ivity was identified in 30% of samples and there
was no immunoreactivity for either CYP2C9 or
CYP3A in any of the non-neoplastic specimens
of oesophagus. Epoxide hydrolase was identified
in 50% of the samples and immunoreactivity for
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the different classes of glutathione S-transferase
alpha, pi, and mu was present in 40, 20, and 20%
of the samples respectively. In all cases the
positive immunoreactivity was identified
with the stratified squamous epithelium with
immunostaining being present in all layers of the
epithelium. Connective tissue, blood vessels,
and smooth muscle showed no immunostrain-
ing.

OESOPHAGEAL CANCER
Fifty oesophageal cancers were studied consist-
ing of 25 squamous carcinomas and 25 adeno-
carcinomas. Based on immunoreactivity, all the
carcinomas expressed at least one enzyme and
four tumours expressed all seven enzymes (Table
I). CYP1A, CYP2C, and CYP3A were identified
in 32, 13, and 36 tumours respectively (64, 26,
and 72% of the neoplasms respectively). There
was widespread expression of epoxide hydrolase
with 45 (90%) of tumours showing positive
immunoreactivity. Glutathione S-transferase
alpha, mu, and pi were present in 27, 20, and 32
of carcinomas respectively (54, 40, and 64% of
tumours respectively). Table II summarises the
detailed expression of the various xenobiotic
metabolising enzymes in the different histo-
logical types of oesophageal cancer. The expres-
sion of glutathione S-transferase alpha (x2,
p=0005, 1 degree of freedom) and glutathione
S-transferase mu (x2, p=0 009, 1 degree of
freedom) were significantly less in adeno-
carcinomas compared with squamous carcino-
mas. The expression of all the other enzymes was
similar in the different histological types of
oesophageal cancer.

Immunoreactivity for each enzyme was
present in the cytoplasm of tumour cells (Figs
1-3), although in a few cases nuclear staining for
the different classes of glutathione S-transferases

Figure 2: Immunoreactivityfor epoxide hydrolase is identified
within tumour cells ofan adenocarcinoma ofthe oesophagus
(original magnification x 160).

was also seen. The immunoreactivity for each
enzyme had a uniform distribution throughout
each tumour. In addition, mast cells in normal
and carcinoma samples consistently showed
strong positive staining for CYP3A while
glutathione S-transferase pi immunoreactivity
was also identified in chronic inflammatory cells.

Discussion
We have investigated
specific sub-families

the expression of three
of cytochrome P450

Figure 1: All the tumour cells ofa moderatelv differentiated
squamous carcinoma ofoesophagus show CYPIA
immunoreactivt4y (original magnification x 160).

Figure 3: Expression ofglutathione S-transferase alpha in an
oesophageal squamous carcinoma. All the tumour cells show
strong immunoreactivity (original magnification x 160).
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(CYP1A, CYP2C, CYP3A) and the functionally
associated enzymes epoxide hydrolase and
glutathione S-transferase in oesophageal cancer
and non-neoplastic oesophagus. The presence in
the diet of carcinogens or pro-carcinogens,
which can be metabolically activated is an
important factor in the development of oesopha-
geal cancer2 and these compounds are generally
metabolised by the xenobiotic metabolising
forms of cytochrome P450. The outcome of
metabolism in terms of activation (toxicity) or
deactivation (detoxification) will depend on the
cellular localisation, comparative amount, and
activity of the different xenobiotic metabolising
enzymes present in a particular tissue. In non-
neoplastic oesophagus there was only a low
frequency of expression of the enzymes studied
and in particular there was no expression of
CYP3A. Samples of non-neoplastic oesophagus
were obtained from the proximal resection
margins of oesophagectomy specimens that con-
tained tumour. Although these specimens dis-
played no histological abnormality they may not
be functionally strictly normal, as they had been
obtained from specimens that contained tumour.
Ethically, however, it is not possible to obtain
entirely normal oesophagus. A low level of P450
associated mono-oxygenase activity towards N-
nitrosomethyl-n-amylamine has been identified
in microsomes prepared from non-neoplastic
human oesophageal mucosa although the
particular form or forms of P450 contributing to
this activity were not identified.22

Within the human alimentary tract CYP3A is
present in a high concentration in the small
intestine'8 23 but either absent or present at a low
concentration from colon2' and it is suggested
that a high concentration of CYP3A in the small
intestine protects the small intestine from the
development of cancer.24 Conversely, the
absence of CYP3A from other sites in the
alimentary tract may contribute to the frequent
development of malignancy. The failure
to detect immunoreactive CYP3A in non-
neoplastic oesophagus may support this
hypothesis.

There have been no extensive investigations of
drug metabolising enzymes in oesophageal
neoplasia. The only xenobiotic metabolising
enzyme that has been studied in oesophageal
malignancy is the pi class of glutathione S-
transferase.2127 Both glutathione S-transferase pi
mRNA and protein are present in low amounts
in non-neoplastic oesophagus but at an increased
level in a high proportion of oesophageal
squamous carcinomas.
The two different histological groups of oeso-

phageal tumours, namely squamous carcinoma
and adenocarcinoma, generally showed a similar
pattern of expression of the different enzymes
studied with the exception that the glutathione
S-transferases alpha and mu were expressed
significantly less in adenocarcinoma than
squamous carcinoma. The differential expres-
sion of these forms of glutathione S-transferase
may provide an opportunity clinically for the
improved selection of anti-cancer drugs based on
knowledge of their metabolism by these forms of
glutathione S-transferases.

Almost all the tumours displayed positive

epoxide hydrolase immunoreactivity and we
have previously identified epoxide hydrolase
immunoreactivity in a variety of different malig-
nant tumours including hepatoma,20 colon
cancer, and breast cancer,28 which suggests that
epoxide hydrolase expression may be a common
molecular event in malignancy.

In conclusion, we have found non-neoplastic
oesophageal epithelium to be characterised by
a low frequency of expression of different
xenobiotic metabolising enzymes, with CYP2C
and CYP3A being undetectable. In oesophageal
cancer the phenotypic expression of the different
enzymes was complex with the presence in at
least 60% of all tumours ofCYPlA and CYP3A,
epoxide hydrolase and glutathione S-transferase
pi. The frequent expression of the different
xenobiotic metabolising enzymes in oesophageal
cancer may contribute to the anti-cancer drug
resistance that is characteristic of oesophageal
cancer.
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