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ABSTRACT

Glutathione S-transferase class \t (GSTM1) is known to detoxify certain

carcinogens or their activated metabolites. In a previous study using phe-

notyping methods, individuals genetically devoid of this enzyme activity
were significantly overrepresented among lung cancer patients compared
to controls, suggesting that this trait is a risk factor for lung cancer. Here,
GST class u status has been determined both pheno- and genotypically,
i.e., (a) by ex vivo measurement of franv-stilbene oxide conjugation in
lymphocytes, i/i i by GSTM1 quantification in blood using an immunoas-

say, and (c) by the application of polymerase chain reaction to genomic
DNA with characterization of an inactivating mutation responsible for the
null alÃeleand a G/C single base alleile variance corresponding to the
polymorphism of GSTM1 isoenzymes u and >'>.respectively. One hundred

seventeen lung cancer patients and 155 control patients were studied. The
two groups were of German origin and were similar with respect to age,
sex, smoking history, and catchment area. In about 97% of cases, the three
methods of assigning activity type of GSTM1 gave corresponding results.
By genotype, 55 of 117 lung cancer patients (47.0%) and 73 of 155 control
patients (47.1 %) were GSTM1 active. The control group was confirmed by
analysis of GSTM1 genotype in 200 further, independently studied refer
ence patients; 101 of them were (.S IMI active (50.5%). Thus, the hy
pothesis of heritable GSTM1 deficiency as a host factor predisposing to
lung cancer proved inappropriate. Detailed analysis of subgroups with
respect to smoking habits, age, and sex failed to reveal an impact of GST
class u genotype on lung cancer risk. Among the total of 272 patients
studied, 36 individuals carried at least one i|/ alÃele;however, no unex
pected frequency distribution was observed.

INTRODUCTION

Most cases of lung cancer appear in smokers, reflecting the carci-
nogenicity of long-standing exposure to tobacco smoke. But only a

fraction of smokers will finally die from lung cancer, depending on the
extent of carcinogen exposure, environmental burdens, and endoge
nous host factors, like bioactivation or detoxification of foreign com
pounds. EpidemiolÃ³gica! studies indicated that individuals lacking
certain activating cytochrome P-450 isoenzymes, like cytochrome
P-450 IID6, seem to be endowed with partial protection against lung

cancer (1, 2). Among the predominantly detoxicating phase II en
zymes, human GST3 plays a major role in the detoxification of many

reactive electrophilic compounds by conjugation with glutathione but
also by noncovalent binding (3) of many xenobiotics. Human cyto-

solic GSTs can be classified by their isoelectric points into at least four
classes, for which different terms are used (alternative nomenclatures
in brackets; Refs. 4 and 5): the basic class a (GST2; GSTA), the
near-neutral class p (GST1, GSTM1), the acidic class IT (GST3;
GSTP). and the class 9. Within most of these classes, multiple isoen-

zymes are known.
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GSTM1 activity was first identified in human liver as the benzo-
(a)pyrene oxide-conjugating enzyme (6), but it is expressed in several

tissues, including lymphocytes, making ex vivo phenotyping from
venous blood samples possible. By testing with the substrate TSO,
which is highly specific for GST class |a (7), about one-half of the

Caucasian population was shown to have a complete or almost com
plete lack of GST class u activity (8). Since carcinogens like epoxides
of polycyclic aromatic hydrocarbons are substrates of GSTM1, the
presence of this enzyme should offer some protection against lung
cancer, while individuals lacking GSTM1 activity may be at higher
risk for the toxic effects of xenobiotics incorporated by smoking. The
GST class p investigated here in relation to lung cancer risk includes
at least three allelic variants, i.e., t|/(GSTl type 1; GSTMla), n (GST1
type 2; GSTMlb), and a GSTM null alÃele.It seems that the alÃelesu
and t//differ by only a G-C514 exchange (cDNA sequence given in Ref.

9), leading to an amino acid exchange from the basic lysine (isoen
zyme u) to the near-neutral asparagine (isoenzyme i//) (9, 10). With the

substrates or ligands tested (11), only minor functional differences
between these two isoenzymes were detectable.

The first epidemiological studies on GST class p and lung cancer
risk demonstrated a significantly lower proportion of individuals ac
tive in the ex vivo TSO conjugation assay among lung cancer patients
as compared to a control group (12, 13). These data deserve further
confirmation for the following reasons: (a) The published data pos
tulate a deficiency of GST class u to be one of the major lung cancer
risk factors known to date, a statement which per se demands further
confirmatory studies, (b) Expression of enzymes and frequencies of
heritable deficiencies are known to be strongly influenced by ethnic
ity, (c) Environmental exposures, nutrition, smoking habits, and type
of tobacco smoked may differ at different locations, (d) In patients
suffering from cancer, enzyme activities may be altered due to the
disease or its treatment; e.g., expression of GST class u is hormonally
controlled (14) and induced, e.g., by phÃ©nobarbitalor by propylthio-

uracil. Thus, activity may be an effect of the disease (or its treatment)
rather than its cause, as evidenced by the increased expression of GST
class IT in several types of cancer cells (15).

Some of the cited problems can be overcome by additional molec
ular-genetic analysis. The PCR capable of detecting the GST class (a
disabling mutation (corresponding to the GST1*0/GST1*0 genotype)

showed a nearly complete correlation with phenotyping results (16,
17). Furthermore, presence of the isoenzyme i|/ variant of GST class
u can be detected by a base-specific PCR reaction first presented here.

Since there may appear in the population different types of mutations
that result in deficient enzyme activity, there is still a need for recon-
firmation of DNA-based results by enzyme activity measurement or

protein quantification. In the present study we compared genetic anal
ysis using PCR with two procedures of phenotyping, determining
reduced glutathione conjugation activity toward TSO in lymphocytes
and quantifying GST class u in whole blood with an immunoassay.
These parameters were determined in patients suffering from lung
cancer and were compared to a control group.

MATERIALS AND METHODS

Epidemiology. The patients were recruited from one hospital in Berlin
(Krankenhaus Zehlendorf. Bereich Heckeshorn) specializing in the treatment
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GLUTATHIONE 5-TRANSFERASE CLASS u IN LUNG CANCER

of pulmonary diseases, between October 1990 and April 1992. The patients

had given their written informed consent. They had to fulfil the following

inclusion criteria: German extraction, an age of less than 85 years, and no
manifest hepatic (e.g., cirrhosis or icterus) or renal (serum creatinine not higher
than 120 UM)failure (Table 1). Lung cancer patients (n = 117) had a histo-
logically proven diagnosis of bronchogenic cancer and no surgical, chemo-

therapeutic, or radiation treatment prior to this study. Patients were excluded
if their initial diagnosis of primary lung cancer had to be revised. Control
subjects (n = 155) were collected at the same time and hospital, and they
had different, mainly pulmonary diagnoses. Thirty-five patients had recovered

from acute periods of bronchopneumonia, 16 suffered from asthma, 20 had

bacterial or viral pneumonia, and the remainder had several other noncancer
diagnoses. Cancer of any origin among the controls was excluded by clinical
examination, laboratory tests, chest X-rays, and abdominal sonography. ABO

blood groups were recorded and compared with frequencies obtained from a

group of 41,423 healthy blood donors of German extraction (18). Each patient
was interviewed for his or her anamnesis, occupational history including
exposure to carcinogens, and especially for smoking history. The extent of
smoking was expressed by pack-years, with one package of 20 cigarettes
smoked daily over 1 year corresponding to 1 pack-year. Smoking of pipes or

cigars was not included in this quantity. Histology of bronchogenic carcinoma
was classified according to the WHO scheme into squamous cell carcinoma,
small cell carcinoma, large cell carcinoma, and adenocarcinoma. A second,
independently collected reference group is presented as a further control,
since theoretically GSTM1 deficiency may also predispose to other pulmonary
diseases. This second group includes 200 patients of Caucasian extraction
without clinical evidence of primary pulmonary disease. Most of these patients
were from the intensive care unit and had various, mostly cardiovascular

diseases.
Blood Samples. Ten to 15 ml of blood were taken by venous puncture and

transferred into polystyrene vials containing an appropriate amount of ethylene
diamine tetraacetate. Six ml were used for lymphocyte isolation (Ficoll-Paque;

Pharmacia, Sweden) (19). Two 500-ul portions were stored frozen as whole

blood, and the remainder was taken for leukocyte isolation using the standard
erythrocyte lysis procedure (20). All samples were prepared within 3 h after
withdrawal and stored at -80Â°C.

PCR. PCR primers were designed according to the known GSTM1 cDNA
sequence and according to the homologous rat genomic DNA sequence (21 ).
Genomic DNA was prepared from leukocytes by standard proteinase K-phe-

nol-chloroform extraction (20). Fifty to 100 ng of DNA were amplified in a
total volume of 25 (al containing 10 ITIMTris-HCl, 50 min KC1, 0.6 HIMMgCl2,

0.02% gelatin, 200 UMof each deoxynucleotide triphosphate, l UMof each
primer, and 0.8 units of Taq polymerase (Perkin-Elmer, Ãœberlingen, Germany)

overlaid with one drop of mineral oil. The following PCR primers were

synthesized by Molbiol (Berlin, Germany) and were used without further

purification:

Primer
position02O3G5G6G7G9PCRposition3'y3'5'5'3'Primersequence5'-CTGGATTGTAGCAGATCATGC-3'5'-CTCCTGATTATGACAGAAGCC-3'5'-AAGCGGCCATGGTTTGCAGGA-3'5'-CTCAAAGCGGGAGATGAAGTC-3'5'-AGGCGTCCAAGCAG-3:5

'-TA AAGCTCTACTC AG AGT-3 'cDNA

position(5)351-371128-148445-465563-582534-547419-436

PCR was carried out in a programmable water bath (Autogene II; Grant
Instruments, Cambridge, England): after 5 min of pretreatment at 94Â°C,35
cycles of 30 s annealing at 60Â°C( 1.5 min at 54Â°Cwith the primer pair G7/G9)
and 90 s extension at 72Â°Cand 94Â°Cdenaturation for 60 s, followed by a final

30-s annealing and 7-min extension step. Twenty ul of the amplifÃcales were
subjected to electrophoresis on a 4% agarose gel (NuSieve GTG; FMC Bio-

products, Rockland, ME) at 140 V for 60 min. The PCR reaction with primers
2 and 3 (amplificate size, 650 base pairs) was performed to detect the "GST
class u disabling" deletion mutation at exons 4 and 5. PCR with the primer pair

G7/G9 revealed the existence of the allelic variant fyin exon 7, if i|/ was present
in a 200-base pair amplificate (see also Figs. 1 and 2). All DNA samples
analyzed by PCR were proved to contain PCR-amplifiable material by further
PCR assays for certain, nonpolymorphic parts of cytochrome P-450 2D6 (data

not given here). All DNA samples were sufficiently intact and pure to allow
successful restriction fragment analyses.

Confirmation of the u/ij/ Assignments by Sequence Analysis. A segment
of about 200 base pairs, covering exon 7 and part of exon 6 of the GSTMI gene
(and enclosing the u/i|/ site; cf. Fig. 1), was amplified by PCR (same conditions
as given above) using primers G5 and 5' biotin-labeled G6. Following the

electrophoretic separation of 90 ul of amplificate, a gel slice of about 200 ul
was excised from the ethidium bromide-stained gel (NuSieve GTG) under
356-nm light. The gel was dissolved using an agarose-digesting enzyme ac
cording to the manufacturer's instructions (Celase; Biozym, Hameln, Germa

ny). DNA was concentrated and subsequently separated to single-stranded

templates by means of the Dynabead (Dyneal AS, Oslo, Norway) template
preparation system, which uses magnetic streptavidin beads to bind at the 5'

biotin label of the DNA. Sequencing of a selection of 12 samples including 8
samples with a i|/ alÃelewas performed by the dideoxy chain termination
method with the Sequenase 2 kit (USB, Cleveland, OH).

Assay for Glutathione-TSO Conjugation Activity. The conjugation ac

tivity of GST class u toward TSO was measured in lymphocytes (8, 17).

Nonsmokers (n)

Table 1 Demographic data of cancer and control patients

Lung cancerpatientsAll

patients(n}Age

(years)"

RangeBody

weight (kg)"

RangeTotal1176940-8470 39-111Male8968

40-8471

44-111Female2868

49-8064

39-95Total15565

32-8466

39-123Control

patientsMale8365

32-8473

39-97Female72ft?

43-8461

40-123

20

" Medians are provided.
* Cigarette consumption by smokers, expressed in median pack-years.
'"These frequencies are derived from 41,423 blood donors.
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Smoking*RangeBlood

groups (n =109%)A0BAB402-16039
(35.8%)36
(33.0%)28

(25.7%)6
(5.5%)442-16030301753l2-1109611128

403-137
3-13742.3%''38.2%13.7%5.8%203-90
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Fig. l. Assumed gene structure of the human
GST class u gene partly derived from the highly
homologous rat gene (20), since the complete hu
man genomic GSTM1 gene sequence is not yet
known. Exons are depicted as black heirs, with non-
translated cDNA sequences at the 3' and 5' ends

depicted as open boxes. Below, primers with the
respective amplifÃcales.The bar on Exon 7 denotes
the site of the u/i|/ alleile variance. The amplificate
between primers 2 and 3 was invariably present in
TSO-conjugation-active individuals. Presence of
the amplificate between primers 7 and 9 proved the
presence of at least one t/i alÃele.

OLUTATH1ONE S-TRANSFERASE CLASS p IN LUNG CANCER

El E2 E3 E4 ES E6 E7

-1 â€¢¿�â€”

G3 G2

PCR to differentiate
active/inactive
genotype

G9 G7

PCR to differentiate
Vl<l>
genotype

GST-activity

- 650 bp amplificate
present = active

- 200 bp amplificate
present = if/

Fig. 2. Agarose gel electrophoresis for evaluation of the PCR reactions illustrated with
a selection of 20 carcinoma patients included in this study. In the upper pan, the products
of the PCR assay with primers 2 and 3 (active/inactive discrimination) are shown, while
the lower pan shows the products of the assay with primers 7 and 9 (u/i|i discrimination).
Phenotypical assignment according to the TSO assay by active and inactive traits is
indicated by + and -, respectively.

I'HJTSO was synthesized according to the method of Gill et al. (22). Nonla-

beled TSO was purchased from Aldrich (Steinheim, Germany). Ultrasonically
homogenized lymphocytes (0.5-1.5 X 10h cells) were incubated in a final

volume of 100 ul containing 175 niMsodium phosphate (pH 7.2), 4 ITIMreduced
glutathione. and tritiated TSO (specific activity, 90 nCi/nmol) at 50 or 250 UM
for 60 or 12 min, respectively. Conjugated |'H]TSO was quantified by liquid

scintillation counting. Enzyme activity was expressed as pmol conjugate
formed/mi n/106 lymphocytes. In each assay, the rate of nonenzymatic activity

was measured with boiled lymphocytes and subtracted from the total amount
of conjugate formed, which sometimes resulted in negative net values of
activity in GSTM1-inactive persons due to methodical scatter. The high sub

strate concentration (250 UM)was superior for distinguishing persons with very

high activity, inasmuch as the 50 UMassay showed substrate consumption in
these cases. According to BrockmÃ¶ller er til. (17), the GSTM1-active and
-inactive phenotype was assigned, applying an antimode of 10 pmol/min/IO1'
lymphocytes for the assay with 50 UMTSO and 20 pmol/min/10" lymphocytes

for the 250 UMassay.
Immunoassay. The quantitative presence of GSTM 1 antigen was detected

in 50 ul of lysed whole blood using the ELISA technique with one batch of
biotinylated rabbit anti-GST class u specific antibody and streptavidin-perox-
idase-complex (Mukit: Biotrin. Dublin, Ireland). Fitly ul of hemolyzed sam
ples were mixed with 125 ul phosphate-buffered saline including \7c bovine
serum albumin and 25 ul Triton X-IOO. The further procedure was as specified

by the Mukit technical bulletin, with the modification of the quantitative
calibration of all assays, with one batch of electrophoretically pure GST class
u protein (from Biotrin) added to one batch of venous blood of a both genet
ically (PCR assay) and enzymologically (TSO assay) GSTM 1-deficient indi

vidual. Standard curves were made up between 0.016 and 50 ug/ml in whole

blood, and repeated analyses of controls gave a 12% interassay coefficient of
variation for a negative control (mean GSTM1 cross-reacting protein. O.I

ug/ml) and an 8% coefficient of variation for a positive control (mean GSTM I
content, 120 ug/ml) with 7 different measurements. Evaluations were made
with a commercial program for the calculation of immunoassays (RIA-CALC;

Pharmacia, Sweden).
Statistics. Patients' data are mostly presented nonparametrically with me

dians and ranges. Ninety-five % confidence limits of proportions were taken

from tables of the binomial distribution (23). Odds ratios with their 95%
confidence limits express observed versus expected frequencies in the cancer
and control group, respectively. The corresponding P values were calculated by
the exact Fisher test. When comparing quantitative assays, Spearman's rank

correlation analysis was used, since linearity of correlation was not given. The
limit of statistical significance was set at P = 0.05.

RESULTS

Comparison of Assays for GST Class u. In order to demonstrate
the interrelationship of the three different methods for GST class (a
classification a common evaluation of all 272 patients comprising the
117 lung cancer and 155 reference patients was performed. Fig. 3
shows a bimodal distribution of ex vivo enzymatic TSO conjugation
activity (using 50 UMTSO) confirming the previously established
antimode of 10 pmol/min/1 million lymphocytes. All samples were
also measured with the 250 UM assay, confirming the phenotypic
assignment in each case. The histogram of the results of the GSTM1-

speciftc immunoassay (ELISA) showed a bimodal distribution; how
ever, the antimode was less clear than in the case of the enzymatic
assay (Fig. 3). An optimum of correspondence with the two other
methods was achieved by positioning the antimode at 1.4 ug/ml.

Within the group of genotypically GSTM I-inactive persons (n =

144), there was no quantitative correlation between enzymatic activ
ities and ELISA results. A significant correlation (P < 0.001, n = 128)
was obtained between enzymatic activities and ELISA-determined
enzyme concentrations in the genetically GSTM 1-active group. The

scatter may derive from the fact that the ELISA determinations (in
contrast to the TSO conjugation assays) were not normalized for
lymphocyte numbers. Apart from 5 of 272 individuals, the phenotyp-

ical assays confirm each other, and both of them are in conformation
with the PCR-genotyping results. As can be seen in Fig. 3, four of the

noncongruent cases result from an ex vivo activity lower than the
presumed antimode, and three of them were patients with advanced
lung cancer (grade > 3.5), but in all four of these cases, the enzyme

concentrations determined by ELISA confirmed the genotypical as
signment. They were evaluated as GSTM 1-active individuals, while

the fifth patient (ELISA, >1.4 ug/ml, but negative PCR and negative
enzymatic activity) was classified as a genotypically GST class u
inactive individual. Thus, the complete evaluation of the 272 patients
included leaves no doubt about the correct genetic assignment of an
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Fig. 3. Correspondence of the three analytical
methods for GST class u. All cancer patients (n =
117) and controls (n = 155) are jointly evaluated
(n = 272). â€¢¿�.A. PCR-positive samples â€¢¿�only u
alÃeles,either homo/ygous or paired with a null
alÃele;A, at least one i// alÃele,either homo/.ygous
or paired with a null alÃele).GST class u enzymatic
activity (abscissa. 50 UMTSO assay) and GST class
u specific blood protein content (iirdmaie. ELISA)
are shown by histograms of their frequency distri
butions on the top and right, respectively. Antimixlc
for GSTMI activity was 10 pmol/min/KX1 lympho

cytes and for GSTM1 protein 1.4 ug/ml in whole
blood.

OLUTATHIONE .V-TRANSFERASE CLASS M IN LUNG CANCER
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n
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Fig. 4. Confirmation of the newly developed PCR assay for discrimination of the u and
i// alleile variants by sequence analysis. The three sequence patterns show an individual
with only u genotype, one with only ij/genotype, and one with u/iÂ£genotype. Arnnvs. base
pair at position 534 of the cDNA (9).

individual being either GST class u active or inactive. In all evalua
tions given here, genotype (PCR) was used as the final criterion for
classification.

Differentiated Analysis for the Allelic Variants u and t|;of GST
Class u. The PCR results in Fig. 3 are differentiated concerning the
u and i|/ variants. There are 36 patients carrying at least one i// alÃele.
However, the PCR methodology applied here for all samples fails to
discriminate the homozygotes from the hÃ©tÃ©rozygoteswith the u/i|/
genotype, which could only be achieved by sequence analysis as
performed with a selection of samples and as illustrated in Fig. 4.
Activities of the i|/ variant of GST class u are distributed over the same
activity range as the u variant, as determined by the 50 UMTSO assay
(Fig. 3) and by the 250 UMTSO assay (latter data not shown). This
demonstrates a similar immunoreactivity with the antibodies used and

an affinity for the special test substrate ira/i.v-stilbene oxide that is
similar to that for the u-isoenzyme.

Prevalence of GSTM1 Alleies in Lung Cancer and Control Pa
tients: Whole Group Comparison. Fig. 5 shows the histograms of
the individual catalytic activities for the cancer group and for the
control group in correlation with the genotypic assignments of u and
i|/ isoenzymes. The distribution of enzyme activities is very similar in
the two groups. This is reflected in the statistical analyses in Table 2.
where the genotypically determined frequencies of GST class u active
individuals are given, with further subdivision for gender, age, and
smoking behavior. The same frequency of GSTM I-active individuals

was found among the 117 lung cancer patients (55 of 117, 47.0%; 95%
confidence limits, 38.4-58.8%) as was found in the control group

(47.1 %) and the second reference group (50.5%). Thus, the GST class
u-deficient genotype failed to be a risk factor for bronchogenic cancer
in the whole group. Nevertheless, this genotype may influence car-

cinogenesis in certain subgroups (e.g.. in patients who develop lung
cancer at an unusually early age or within the group of especially
heavy smokers), a hypothesis that could not be confirmed, as dem
onstrated in Table 2.

With respect to the frequency of the i//-isoenzyme variant, lung

cancer patients (17 of 117) and controls (19 of 155) did not signifi
cantly differ. The very highly active (or immunoreactive) individuals
are presumed to include the carriers of two active alÃelesand are
supposed to represent an especially well-protected subgroup, if the

initial hypothesis holds true. Thus, the frequencies of persons with
activities greater than 60 pmol/min/1 million lymphocytes (250 UM
TSO assay) and an immunologically determined concentration greater
than 20 ug/ml were analyzed separately (Table 3). A significant trend
was not obtained.

Stratification According to Histology of Lung Cancer. The im
pact of GST class u isoenzyme polymorphisms on lung cancer sus
ceptibility may be dissimilar among the single histolÃ³gica! types that
are known to differ with respect to causative agents (24), sex prefer
ence, and frequency of oncogene mutations (Table 4). Adenocarci-

noma showed a tendency toward a relatively high proportion of GST
class u active individuals with a high frequency of carriers of the i|/

I(X)7
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GLUTATHIONE S-TRANSFERASE CLASS M IN LUNG CANCER

Fig. 5. Comparison of GST class u activities
(enzymatic activities obtained with the 50-uM
rrans-stilbene oxide assay) in lung cancer patients

and controls. Each individual is depicted by one
box: ^ . GSTMl-active persons (nonmutant by
PCR) with one or two u alÃeles;â€¢¿�GSTMl-active

persons with at least one i/i alÃele;D, persons car
rying two mutant alÃeles(null-alleles); ,

antimode for phenotypic assignment into active or
inactive group.

15-

10-

5-

5-

10-

15-

Lung cancer patients
n = 117

Control patients
n = 155

Genotype (PCR):

Q mutant
g active, Â¡jalÃele

â€¢¿�active, \Â¡ialÃele

10 20 30 40 50 60 70
pmole/min/1 million lymphocytes

Table 2 Genotypically active GST class p individuals among lung cancer and control patients

LungcancerAll

patientsMaleFemaleAge<70

years>70
yearsSmokingNonsmoker1-20

pack-years>20
pack-yearsTotaln1178928744361695GSTM1

+n55431235204942(%)(47.0)(48.3)(42.9)(47.3)(46.5)(66.7)(56.3)(44.2)Control

patientsTotaln155837210847204392GSTM1

+n7342315023121744(%)(47.1)(50.6)(43.1)(46.3)(48.9)(60.0)(39.5)(47.8)Oddsratio"1.000.920.991.040.911.331.960.8695%
confidencelimits0.60-1.660.48-1.730.37-2.610.55-1.%0.37-2.250.15-17.90.53-7.500.47-1.60Second

referencegroupTotalu2001307014951N

A''NANAGSTM1

+H10166357427(%)(50.5)(50.8)(50.0)(49.7)(52.9)

' Ratio of frequencies of GSTMl-active versus inactive individuals among cancer and control patients.
' For this second reference group data on smoking history are not available.

Table 3 Frequence of individuals with especially high activity of GST class u

LungcancerAll

patientsMaleFemaleAge<70

years>70
yearsTotaln11789288443Highlyn26197179active"<%)(22.2)(21.3)(25.0)(21.8)(20.9)Totaln155837210847ControlsHighlyn3920192514active(%)(25.2)(24.1)(26.4)(23.1)(29.8)

" Individuals were classified as phenotypically highly active if they had an activity of

>60 pmol/min/1 million lymphocytes (with the 250 UMTSO assay) and if their blood
GTSM1 specific immunoreactive protein content was greater than 20 ug/ml.

alÃele(6 of 32 adenocarcinoma patients), especially in males. The
lowest frequency of GSTMl-active individuals was observed in the

case of squamous cell carcinoma. Similar trends were reported by
Zhong et al. (25).

Confounding Factors Influencing Degree of GSTM1 Pheno
typic Expression. Phenotypical expression of GST class u activity
may be altered during life by, e.g., the tumor disease, smoking habits,
or other modulators. These influences were analyzed by separate
evaluation of the GSTM1 nonmutant individuals. Several factors with

presumed potential on GSTM1 activity are provided in Fig. 6. By
exploratory statistical analysis none of the subgroups showed a no
ticeable deviation of median or 95% range, with one exception: con
jugation activity decreased with increasing stages of tumor (P < 0.05
by Spearman's rank correlation analysis), suggesting that individuals

with earlier tumor stages (stage < 2) showed a significantly higher
enzymatic activity than the later stages (stage > 3, P < 0.005).

DISCUSSION

Advantage of Genotype Analysis. Individual disposition as to
GSTM1 was assessed by three different methods mirroring different
stages of expression between genotype (chromosomal DNA) and phe-

notype, thus reflecting possible influencing factors of GSTM1 activ
ity. Since PCR on genomic DNA reflects the inherited individual
disposition, which remains constant during life, PCR is a suitable
indicator of a history of conjugation activity toward presumed carcin
ogens of cancer, dating back possibly for decades. Furthermore, gen
otype analysis allowed the classification of the GSTM I allelic variants
\i and t/Â»on a broad epidemiological basis, a classification that could
previously be achieved only by electrophoretic separation of GSTs
extracted from liver tissue. So far no functional consequences of the
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Table 4 Frequencies of GST class fj active individuals among different types of lung cancer, differentiated according to p and <|/isoenzymes

CancerpatientsMaleGSTMI+"Squamous

cellcarcinomaSmall
cellcarcinomaLarge
cellcarcinomaKreyberg

typeI''Adenocarcinoma'All

cancerpatientsAll

control patientsTotaln4114308532117155n1761639165573W41.542.953.345.950.047.047.1tlt+n4251161719Totaln36102470198983GSTMI+"n1441331124342(%1C38.940.054.244.363.248.350.6ifrrn3238413IOTotaln54613132872FemaleGSTMI+"n323841231%c60.050.050.053.330.842.943.1i/H-*n1023259
a Numbers comprise both isoenzymes u and <//of GST class u active individuals; thus, the 5 allelic conformations, u/u, u/null. u/t|/. t///null.and
* Patients among GSTM1+ individuals with at least one i//alÃele.
' % of respective total.
'' Kreyberg type 1 tumors comprise squumous cell, small cell, and large cell cancer.
' Kreyberg type II.

/ are included.

u/i|; polymorphism of GSTM1 have been shown, but still it may be
that ligand or substrate binding differs between u and \Â¡t,depending on
their different isoelectric points.

Although genotype analysis alone proved to be of high accuracy,
different, partly rare mutations might appear in the population, result
ing in impaired enzyme activity, cases which might be misclassified
by routine PCR diagnostic techniques that are capable of investigating
only the particular part of the gene they were designed for. However,
only 4 patients among the total of 272 ( 1.5%) had discrepant PCR and
TSO assay results, and in 2 other cases (0.7%) PCR and ELISA results
were inconsistent. Thus, in all of the 272 patients the genotypical
classification was confirmed by at least one of the two phenotypical
quantifications of GSTM1, and in 266 of 272 cases the genotypical
result was confirmed by both phenotypical assays.

Comparison with Previous Studies. Seidegard el al. (13) de
scribed a pronounced underrepresentation of the GST class u active
individuals among lung cancer patients (36.6%) versus controls (58.
3%) (cf. Table 5). Such a great difference could have been detected
with a statistical type-a error (one-sided) of 5% and a power of over
95% with a minimum of n = 84 individuals in each of both groups

(26). Thus, the sample size of our study is more than enough to
conclude that the earlier findings of Seidegard et al. could not be
confirmed in our population. Our study is consistent with a British
study (25) that found no overrepresentation of GSTM1-deficient in

dividuals among lung cancer patients. Interestingly, the rate of

GSTMI-inactive individuals was about 10% higher in the individuals

from Berlin as compared to the closely ethnically related British
population. As illustrated in Fig. 3 (especially in the histogram of the
GST concentrations determined by ELISA), the exact positioning of
the antimode may be difficult, depending on the assay conditions.

The matched control group in our study did not consist of randomly
selected persons from the general population but of patients recruited
at the same time and in the same hospital who were comparable with
the lung cancer patients with respect to age, sex, catchment area, and
smoking habits. Therefore, a selection bias cannot be completely ruled
out, and for this reason a further group of 200 patients (Table 2,
Second reference group) suffering from neither cancer nor other lung
diseases, studied at the same time in another hospital, gave a similar
frequency of 50.5% GSTM 1-active individuals. In an earlier compi

lation, Board el al. (4) reported a proportion of 38% to 65% of GST
class u phenotypically deficient individuals in several studies among
Caucasians. It seems difficult to decide the extent to which these
differences are due to analytical differences or to ethnic differences
within the Caucasian population, a problem which again emphazises
the great value of confirming each individual's phenotype by a geno

typical analysis.
In this study on heritable lung cancer risk factors it seems appro

priate to clarify the GSTM1 status as either active or inactive (Tables
2 and 4). Nevertheless, a graduated analysis of the activity measure
ments may still be valuable, since not only the coding gene but also

Fig. 6. Exploratory quantitative analysis of
GSTM1 activity in genetically active individuals
with lung cancer (n = 55) after stratification ac
cording to several factors. For comparison,
GSTM1-active members of the control group are
also given. The box plots indicate median values,
interquartile (50%) ranges, and 95^ ranges. Num
bers below, group size. Enzymatic activities were
determined ex vivo in lymphocytes with the 250-
UM TSO assay. Values below the antimode
( ) represent the four individuals with posi
tive a PCR result but inactive phenotype (cf. Figs.
3 and 5).

Â»150-oaEc.2

100-IXCo1

50-aâ€¢O-1711i

Â«1121.2
i91;11 J)17I1111|I1I)11'1711Ir132Lg
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Table 5 EpidemiolÃ³gica! studies on GST class fj activity as a lung cancer risk factor

ResearcherSeidegard

el al..1986Seidegard"pia/..

1990Zhong

el al.,1991Heckbert

<â€¢;<;/.,1992This

sludy, 1992Analytical

techniques Lung cancer patientsControlsPhenotype

Genotype Total GSTM1+ Total GSTM1+(95TSO

conjugation 66 23 (34.89t) 7846(59.0%)TSO

conjugation 191 70 (36.6%) 192112(58.3%)Immunoassay

RFLP' 228 130(57.0%) 225130(57.8%)TSO

conjugation RFLP'' 66 24 (37%)'' 120 52(43%)TSO

conjugation PCR 117 55(47.0%) 155 73(47.1%)
- immunoassayOdds

ratio*

% confidencelimits)0.37

(0.18-0.77)0.41

(0.27-0.64)0.97

(0.66-1.43)0.75

(0.38-1.45)1.00

(0.60-1.67)Place

ofstudyNew

York (U.S.)
Lund(Sweden)New

York (U.S.)
Lund(Sweden)EnglandSeattle

(U.S.)Berlin

(Germany)Ethnicity

ReferenceProbably

mixedProbably

mixedCaucasianCaucasianCaucasian12132526

" This follow-up study includes all patients from (he above-cited study ( 12).
'' Frequencies of GTSM1+ and GSTM I- in cancer patients and controls.
' RFLP, restriction fragment length polymorphism.
'' A few patients of this study have been confirmed by RFLP.
'' Sum of intermediate and high activity provided in this study.

gene-regulatory elements and further factors affecting gene expression

may influence GSTM1 activity and cancer risk. Furthermore, there
may be a gene-dose effect, i.e., persons with two active alÃelesmay

have higher activities than persons with only one active alÃele.How
ever, Table 3 shows no unexpected frequency distribution for the
subgroup and exceptionally high activity in both the cancer and con
trol groups. With the results illustrated in Figs. 3 and 6, there is no
indication that the variation in GSTM 1 expression between different
studies is influenced by disease.

Still, it may be possible that there is a certain protective effect of
GSTM I. A difference in the proportion of GSTM 1-deficient individ

uals of 10% between lung cancer and control patients would clearly be
of medical and scientific relevance. To detect such a difference (keep
ing the one-sided type-a error and the type-ÃŸerror at 0.05), however,

would require an analysis of about 650 individuals in both groups
(27). Furthermore, the detection of an effect of GST class u on the
tendency to develop certain histological types of lung cancer would
require an analysis of even much larger samples. Such studies are
suggested from the trends found in another study (25) showing a high
frequency of GSTM I-active individuals among lung adenocarcinoma

patients. Our data confirm this trend in male adenocarcinoma patients
but, interestingly, show the opposite trend for female adenocarcinoma
patients. Adenocarcinoma was already early considered a nosological
entity, a hypothesis, recently confirmed by a very high frequency of
certain ras mutations (28) not found in other types of lung cancer.
Special carcinogens and a special inherited set of xenobiotic metab
olizing enzymes may be responsible for such ras mutations.

Rationales for Studying the GSTM1 Deficiency as a Lung Can
cer Risk Factor. Apart from the epidemiological studies performed
so far it remains to be determined how expression of GSTM I in
lymphocytes reflects the expression of this enzyme in the different cell
types of the lung from which pulmonary neoplasms arise. From the
occurrence of GSTM 1 in such different tissues as liver, lymphocytes,
and the endothelium of the urinary bladder,4 it seems likely that

GSTM1 is also expressed in certain pulmonary cell types, a hypoth
esis which remains to be proved, however, by immunohistochemistry
and in situ hybridization. In vitro, the protective role of this glu-
tathione 5-transferase could be clearly demonstrated in several exper
iments: reactive metabolites of "prominent" carcinogens like benzo-

(a)pyrene are known to be detoxicated, and the mutagenicity of
benzo(a)pyrene-5,6-oxide was greatly reduced by coincubation with

4 J. Brockmoller et al., unpublished manuscript.

GSTM1 (29). A cytogenetic study showed a higher incidence of
chromosome damage in lymphocytes with low GSTM1 activity on
exposure to /ra/w-stilbene oxide (19). GSTM1 was shown to be the
main dichloropropane-conjugating enzyme, but an analysis of the

metabolic pattern in human urine samples did not reveal any impact
on GSTM1 status (30). Besides, the overall effect on foreign com
pound metabolism may be complicated by the ambivalent role of
GSTs, which are not only detoxifying enzmyes but which produce
some chemicals even more toxic or mutagenic than their unconjugated
precursors (as in the case of the toxic solvent dibromoethane) (31). It
seems likely that GSTM1 is protective against only certain environ
mental carcinogens, may have no effect on others, but may play a
deleterious role with a third group of carcinogens.

Some carcinogens have been shown to finally result in clearly
defined mutations, like N-methylnitroso urea, which experimentally
produced Gâ€”>Atransitions at codon 12 of the ras oncogene (32), or
aflatoxin B,, which seems to leave its fingerprints by producing Gâ€”Â»T

transversions in liver carcinoma (33). In this sense, it will have to be
determined whether such types of mutations in the ras oncogene or in
the p53 tumor suppressor gene can be correlated with the activity of
foreign compound metabolizing enzymes such as GSTM I. Prediction
of lung cancer risk should take into consideration several host factors,
including a combined evaluation of different foreign compound acti
vating enzymes, like cytochrome P-450 1A1 and 1A2 inducibility or
the arylamine /V-acetyltransferase and the cytochrome P-450 2D6

polymorphisms (2).
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