Gut 1993; 34: 549-553

The Liver and
Hepatobiliary Unit, The
Queen Elizabeth
Hospital, Queen
Elizabeth Medical
Centre, Birmingham

M H Davies

E Elias

S Acharya

Clinical Biochemistry
Research Laboratory,
School of Postgraduate
Medicine, University of
Keele, North
Staffordshire Hospital
Centre, Stoke-on-Trent
W Cotton

G C Faulder

A A Fryer

R C Strange

Correspondence to:

Dr R Strange, Clinical
Biochemistry Research
Laboratory, School of
Postgraduate Medicine,
University of Keele, North
Staffordshire Hospital Centre,
Stoke-on-Trent,

Staffordshire ST4 7QB

Accepted for publication
7 September 1992

549

GSTMI1 null polymorphism at the glutathione
S-transferase M1 locus: phenotype and genotype
studies in patients with primary biliary cirrhosis

M H Davies, E Elias, S Acharya, W Cotton, G C Faulder, A A Fryer, R C Strange

Abstract

Studies were carried out to test the hypothesis
that the GSTM1 null phenotype at the p (mu)
class glutathione S-transferase 1 locus is
associated with an increased predisposition to
primary biliary cirrhosis. Starch gel electro-
phoresis was used to compare the prevalence
of GSTM1 null phenotype 0 in patients with
end stage primary biliary cirrhosis and a group
of controls without evidence of liver disease.
The prevalence of GSTMI1 null phenotype in
the primary biliary cirrhosis and control
groups was similar; 39% and 45% respectively.
In the primary biliary cirrhosis group all sub-
jects were of the common GSTM1 0, GSTM1
A, GSTM1 B or GSTM1 A, B phenotypes
while in the controls, one subject showed an
isoform with an anodal mobility compatible
with it being a product of the putative
GSTM1*3 allele. As the GSTM1 phenotype
might be changed by the disease process, the
polymerase chain reaction was used to amplify
the exon 4-exon 5 region of GSTMI1 and show
that in 13 control subjects and 11 patients with
primary biliary cirrhosis, GSTM1 positive and
negative genotypes were associated with
corresponding GSTM1 expressing and non-
expressing phenotypes respectively. The
control subject with GSTM1 3 phenotype
showed a positive genotype.

(Gur 1993; 34: 549-553)

The hepatic response to many chemicals is
polymorphic.'* The phenomenon partly results
from multiple allelism at loci encoding phase I
and II drug metabolising enzymes and includes
examples of inter-individual variation in meta-
bolism such as the occurrence of hypotension in
poor metabolisers of debrisoquine.? Liver
diseases associated with autoantibodies may also
be precipitated by chemicals such as tienilic acid
(Ticrynafen) which can induce a specific form of
chronic active hepatitis. Idiosyncratic meta-
bolism of the drug is believed to trigger the
disease process.**

Primary biliary cirrhosis is a disease of
unknown cause and widely varying severity that
seems to result from both genetical and environ-
mental factors. Dominant features are the
presence of circulating antimitochondrial anti-
bodies and damage and destruction of intra-
hepatic ducts, a process associated with
infiltrating, chronic inflammatory cells, and
ductular proliferation followed by scarring. The
mechanism of breakdown in immune tolerance is
unknown but less effective detoxication of a
xenobiotic that damages ductal antigens may be a

factor in determining susceptibility. Inettective
detoxication of the reactive oxygen species
produced during inflammation may also be
important in determining disease aggressive-
ness.

Support for the view that deficient detoxication
of a xenobiotic(s) is associated with a predis-
position to primary biliary cirrhosis comes from
the recognised predominance of female patients
with the disease which is compatible with
oestrogen mediated effects on the expression
of detoxicating enzymes. Further, poor
sulphoxidation has been described in patients
with primary biliary cirrhosis.® This deficiency
probably results from reduced activity of cysteine
dioxygenase, a polymorphic enzyme that
catalyses the conversion of cysteine to sulphate.

While it is not known if polymorphisms of
other detoxicating enzymes are associated with
primary biliary cirrhosis, enzymes such as the
glutathione S-transferase (GST) that catalyse the
conjugation of many electrophiles with reduced
glutathione as well as the repair of DNA and
lipid oxidised by reactive oxygen species are
possible candidates. The main GST isoforms
are classified into a (alpha), p (mu), 0 (theta),
and x (pi) classes.”® The most widely expressed
u gene, GSTMI, is polymorphic with four
common phenotypes resulting from homo and
heterozygotic combinations of the GSTM1*0
(GST1*0), GSTMI1*A  (GST1*2), and
GSTMI1*B (GST1*1) alleles.®” About 50% of
most populations are homozygous for the deleted
GSTMI1*0 allele and express no GSTMI
enzyme.*" A further, rare putative allele,
GSTM1*3, has been reported but unlike
GSTMI1*A and GSTM1*B has not been charac-
terised.””

The importance of GSTM1 in the detoxication
of electrophiles is indicated by the increased
occurrence of GSTMI null phenotype (GSTM1
0) in several malignancies""'*'* and data
showing GSTM1 0 lymphocytes are more
sensitive to epoxide induced sister chromatid
exchange than GSTMI1 expressing cells.”” The
significance of the GSTM1 0 genotype in deter-
mining susceptibility to carcinogens is unclear,
however, because only a small number of
malignancies have been studied and often with a
small number of patients.'?'*"* Furthermore,
data in lung cancer are conflicting" " and no
relation seems to exist between GSTMI1 0 and at
least some malignancies." "

GSTMI1 may also be important in the repair of
DNA damaged by reactive oxygen species
because in vitro substrates include S5-hydro-
peroxymethyluracil and DNA hydroperoxide.”
Studies showing that GSTMI is generally
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expressed in cells with a high metabolic activity
and that hepatic expression is up regulated
during human development in preparation for
the relatively hyperoxic, extrauterine environ-
ment, also suggest these enzymes are part of an
antioxidant defence system.”

The comparatively small amount of data on
GSTMI expression in patients with liver disease
are confused. Thus, an increased occurrence of
‘GSTML1 0 has been reported in a small series of
Japanese patients with inflammatory conditions,
chronic hepatitis, and alcoholic liver disease"
and, also in Russian patients suffering alcoholic
hepatitis.”? The occurrence of GSTM1 0 how-
ever, was not found increased in white French
subjects with alcoholic cirrhosis.?

Impaired ability to detoxicate xenobiotics and
reactive oxygen species, or both, may increase
susceptibility to primary biliary cirrhosis.
GSTM1 0 might result in impaired detoxication
of antigen inducing xenobiotics so increasing
susceptibility to the disease or, in reduced ability
to repair DNA oxidised during inflammation,
resulting in more aggressive disease. We describe
studies using starch gel electrophoresis and the
polymerase chain reaction to determine the
prevalence of GSTM1 0 in controls and subjects
with the disease.

Patients and methods

LIVER SAMPLES

GSTM1 phenotype was determined in liver
samples from 44 female and four male patients
with primary biliary cirrhosis. The diagnosis of
primary biliary cirrhosis was made on the basis of
positive anti-mitochondrial antibodies, consist-
ent histological change, and cholestatic
biochemical dysfunction. All patients had end
stage liver disease as a result of aggressive
primary biliary cirrhosis and required an ortho-
topic liver transplant. Liver samples were
obtained immediately after hepatectomy, liver
parenchyma was dissected, snap frozen in liquid
N, and stored at —70°C until analysis. Control
liver tissue was obtained from surplus donor
livers (12 men, eight women) following cut down
for paediatric liver transplantation and 49 sub-
jects at postmortem examination. The controls
had no history of liver disease and were without
evidence of malignancy.

DETERMINATION OF GSTM1 PHENOTYPE

The GSTMI1 phenotype was determined using
horizontal starch gel electrophoresis.' Cytosols,
prepared by homogenising liver pieces in 20 mM
TRIS-HCI buffer (pH 7-2), centrifuging the
homogenate (60 min, 4°C, 150 000 g), and
recovering the supernatant (cytosol), were
electrophoresed (16h, 4°C) in starch gels (length
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19 cm, width 11 cm, depth 1 cm) using a TRIS-
citrate buffer system (pH 7-5) GST isoenzymes
were visualised using an initial agarose overlay
containing  1-chloro-2,4-dinitrobenzene and
reduced glutathione followed by a second
overlay containing an iodine-potassium iodide
solution.

DETERMINATION OF GSTM1 GENOTYPE

GSTMI1 genotype was determined in DNA
extracted from liver samples® using polymerase
chain reaction performed with primers to exon 4
(5'-CTGCCCTACTTGATTGATGGG-3') and
exon 5 (5'-CTGGATTGTAGCAGATCATGC-
3") of GSTM1" and, as internal positive control,
primers (5'-ACACAACTGTGTTCACTAGC-3’
and 5'-CAACTTCATCCACGTTCACC-3") to
the B globin gene.” Polymerase chain reactions
were carried out in duplicate in a solution (50 pl)
containing the primers (4x500 nM), Taq
polymerase (1 unit), ANTP (4x0-2 mM), target
DNA (0-5 ug), and buffer (10 mM TRIS-HCI,
pH 9-0, 50 mM KCl, 0-1% vol/vol Triton X-100,
1-5 mM MgCl,). The reaction mixture was over-
layed with 50 pl mineral oil to prevent evapora-
tion. After initial denaturation at 94°C for three
minutes, 30 cycles of primer annealing (55°C, 1
min), elongation (72°C, 2 min), and denaturation
(94°C, 1 min) were performed (Omnigene
Thermal Cycler, Hybaid Ltd, Teddington,
Middlesex). Polymerase chain reaction products
were resolved by electrophoresis in 2% vol/vol
agarose gels, stained with ethidium bromide,
and photographed under ultraviolet light.

As GSTM1 is deleted in GSTM1*0/GSTM1*0
homozygotes," this genotype can be differenti-
ated from GSTM1*0 heterozygotes, GSTM1*A,
and GSTM1*B homo and heterozygotes by the
absence of a 273 bp fragment (exon 4, intron 4,
exon 5 gene segment) on agarose gels.
GSTMI1*A and GSTMI1*B differ by a single base
in exon 7 and so are detected equally.” ¥ Success
of the polymerase chain reaction was confirmed
by the amplification of a 110 bp product from the
P globin gene.

Results

GSTM1 PHENOTYPES IN CONTROLS AND PATIENTS
WITH PRIMARY BILIARY CIRRHOSIS
GST isoenzymes in liver samples were resolved
by electrophoresis in starch gels into four sets;
fast anodal mobility (x class), slower anodal
mobility (a class isoform termed GST2 (5-5)),"
slow anodal mobility (u class, various GSTM1
isoenzymes), and cathodal mobility (a class) (Fig
1). There were no apparent differences between
controls and patients with primary biliary
cirrhosis in the patterns or comparative values of
expression of these GST classes.

While there is often considerable between

TABLE Frequency of GSTM I phenotypes in controls and patients with primary biliary cirrhosis individual variation in the number of o class
isoenzymes expressed in liver cytosols (Fig 1),

GSTM10 GSTMIB GSTMIA GSTMIA,B GSTMI3

Phenotype (%) (%) (%) (%) (%) Total these enzymes are usually strongly expressed.
Controls 31(45) 1319) 20(29) 46) 1) 9 Evidence of a class activity was used therefore, as
Primary a check on the quality of specimens. All samples

s 1709) 6(14) 18 (40) 30) 00) “ assigned a GSTM1 0 phenotype showed cathod-

ally migrating o class GST activity.
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Figure 1: Starch gel
electrophoresis of liver
cytosols from controls and
patients with primary biliary
cirrhosis. The gel shows the
origin and the migration of
various o class GST
towards the cathode
(bottom). Various GST
tsoforms migrated towards
the anode (top); w class
isoforms with intermediate
anodal mobility, the o class
isoform termed GST2 (5-5),
and 7 class isoforms with fast
anodal mobility (top). The
GSTMU1 phenotypes are (left
to right): GSTM1 B
(control), GSTM1 0
(PBC), GSTMI B (PBC),
GSTM1 A,B (PBC), and
putative GSTM1 3
(control).

<—Pi class

' «— Alpha class
GST2 (5-5)
i GSTM1

" isoforms
<—Origin

Alpha class
GST

In all primary biliary cirrhosis cases and 68 of
69 controls, GSTM1 isoforms showed one of
four distinct electrophoretic patterns; a fast
anodal band, a slow anodal band, a three banded
pattern, and a complete absence of detectable
activity. These correspond with the GSTM1 B
(GST1 1), GSTM1 A (GST1 2), GSTM1 A,B
(GST1 2-1), and GSTM1 0 phenotypes respec-
tively. In one control sample a band with an
anodal mobility intermediate between GSTM1 B
and GSTM1 A was seen (Fig 1). This may
correspond with the previously reported GST1 3
phenotype.'? There was no evidence of hetero-
dimers with GSTMI*A or GSTMI1*B and
because it is unlikely that the individual is a
GSTM1*3 homozygote, we propose a
GSTMI1*3/GSTM1*0 genotype.

The distribution of GSTM1 phenotypes in 44
patients with primary biliary cirrhosis and 69
control subjects is shown in the Table. The
frequency of the various phenotypes, including
GSTMI1 0 and GSTM1 A, in the two groups was
similar (x*;=0-2139 and %*;=1-22 respectively,
NS) and not different from that in published
series.’ "

GSTMI GENOTYPES IN CONTROLS AND PATIENTS
WITH PRIMARY BILIARY CIRRHOSIS

The GSTMI1 genotype in samples from five
patients with primary biliary cirrhosis and five
controls with the GSTM1 0 phenotype, and six
patients with primary biliary cirrhosis and eight
controls with GSTMI1 expressing phenotypes
was determined using the polymerase chain
reaction. Figure 2 shows the presence of a 273 bp
fragment in individuals classified as possessing
the GSTM1 gene and its absence in GSTM1 0
subjects. In all samples studied phenotype
reflected genotype. The sample from the subject
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Figure 2: Determination of GSTM 1 genotype using
polymerase chain reaction. The agarose gel shows the 273 bp
fragment amplified from the GSTM gene and the 110 bp
fragment from the B globin gene. Samples were classified as
GSTM1 0 genotype by the absence of the 273 bp fragment.
Samples (bottom right to left) show; positive control target
DNA for GSTM 1 and B globin (1), negative control (no
target DNA) (2), duplicate samples GSTM 1 positive (3),
GSTM1 negative genotypes (4,5,6), and molecular weight
markers (pBR322 Hae digest, Sigma) (7). Samples (top)
show; 1, 2, 7 as below, 3, 4, 5, 6 patient samples.

who expressed the putative GSTMI1*3 allele
showed a positive GSTM1 genotype. The 110 bp
fragment amplified from the { globin gene was
identified in all subjects.

Discussion

We have described expression of GST in livers
from controls and patients with aggressive
primary biliary cirrhosis. Only patients with end
stage disease were studied because the putatively
protective effect of GSTMI1 isoforms in
mediating the damaging effects of inflammation
should be most evident in this group. Inspection
of isoenzyme patterns on starch gels, however,
showed no obvious differences between controls
and patients in the levels of expression of a, p,
and = class GST. Furthermore, the incidence of
GSTM1 0 was similar in the two groups. Apart
from one individual with an apparently different
phenotype, all subjects showed the expected
GSTM1 0, GSTM1 A, GSTMI1 B or GSTM1
A,B phenotypes.

Different groups have used various methods
to determine GSTMI1 phenotype.*'' ! The
starch gel electrophoresis approach used in this
study has several advantages; for example,
unlike most other methods, isoenzymes
comprising the products of GSTMI*A,
GSTMI1*B, and other genes such as GSTM1*3
can be identified and allele incidence determined.
Furthermore, as separation is based on protein
charge, phenotypes are not affected by changes
in enzyme activity that result from circulating
inhibitors or drug/diet effects on the level of gene
expression. The technique, however, is not
sufficiently sensitive to allow determination of
GSTM1 phenotype in blood cells and depends
on obtaining tissue samples in which phenotype
could be influenced by disease.

ybLAdod Aq parosioid "palosuods Dd-CING:BIPU| e 2Z0Z ‘6 JaqWanoN uo /wod*fwgnby/:dny wol papeojumod “€66T [HdY T UO 67+ ¥ INB/9ETT 0T Se paysiand isiy N9


http://gut.bmj.com/

552

A polymerase chain reaction approach was
therefore, used to determine GSTM1 genotype
and confirm phenotype assignments. Recent
studies have shown that u class genes comprise a
complex family that are likely to show gene
conversion.” Our discovery that GSTM1 pheno-
type reflects genotype is reassuring because use
of primers to the exon 4/5 region alone could give
false positives in GSTM1*0 homozygotes if this
part of the gene had been transposed or (less
likely) false negatives if this region was
polymorphic.

Like many detoxicating enzymes, GSTMI1
shows multiple allelism. While early studies
indicated that GSTM1 isoforms were encoded by
three genes, recent studies have described a
further allele, GST1*3, in several Far Eastern
groups.'?® This study suggests that this, or at
least a similar allele, is also expressed at low
frequency, in a British population. While the
mobility of this isoform in starch gels indicates it
is u class and the polymerase chain reaction
studies show the exon 4 and exon 5 regions are
homologous with GSTMI, the recognised
complexity of this GST class* ¥ prevents definite
classification of this isoform as a product of
GSTMI.

The GSTM1 0 polymorphism has attracted
much recent interest because it seems to be
associated with increased susceptibility to certain
malignancies including lung, astrocytoma,
stomach, and large bowel." "' The basis for this
apparently increased susceptibility is unclear
although it is believed that subjects with GSTM1
0 will show less effective detoxication of
compounds with carcinogenic potential, such as
epoxides and the products of reactive oxygen
species attack on DNA, or both. In the context of
liver disease, GSTM1 0 might be expected to be
important as the gene is strongly expressed in the
liver, contributing up to 50% of total GST
activity in GSTMI expressors.' The finding of
an increased occurrence of GSTM1 0 in patients
with chronic hepatitis and alcoholic hepatitis
supports this view although immunohisto-
chemical studies in a small series of patients
suffering hepatocellular carcinoma or cholangio-
carcinoma do not indicate that the locus is
protective in these malignancies. '

The suggested clinical usefulness of the
GSTM1 0 polymorphism as a marker of suscepti-
bility to disease depends on a greater knowledge
of the function of these isoforms. Their putative
role in the repair of oxidatively damaged DNA
prompts the suggestion that expression of
GSTMLI is important in the protection of cells
from inflammation-derived reactive oxygen
species. Subjects with GSTMI1 0 may therefore,
be more susceptible to inflammation induced
damage which in some cases may progress to
malignancy particularly following phagocyte
mediated activation of potential carcinogens
such as polycyclic aromatic hydrocarbons and
aromatic amines.” This study shows that even in
patients with the most aggressive form of primary
biliary cirrhosis, expression of GST isoforms is
apparently unaltered and the failure to express
GSTMI1 does not seem to be disadvantageous.

While most interest has centred on the possi-
bility that failure to express GSTM1 isoforms is
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detrimental, it is possible that the GSTMI*A
and GSTM1*B alleles are not equally protective.
While this possibility has not been thoroughly
investigated, we did not detect differences in
allele incidence between controls and patients
with primary biliary cirrhosis or adenocarcinoma
of the stomach and colon."” It is also possible
that GSTMI1*0/GSTMI1*A and GSTMI1*0/
GSTMI1*B heterozygotes are at increased risk
compared with the corresponding GSTMI1*A
and GSTM1*B homozygotes. The possibility
has not been investigated since most techniques,
including starch gel electrophoresis and poly-
merase chain reaction, cannot distinguish these
homo and heterozygotes.

We thank Dr John Taylor for much helpful advice regarding the u
family and the possibility that alleles are not equally protective, Dr
Peter Jones and Dr Mary Jones for statistical analysis, and Mrs
Julie Alldersea and Mrs Lei Zhao for the polymerase chain
reaction analyses.
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