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Giilgtin S. Giiven, Mehmet Giiven, Ilhan Onaran, Turgut Ulutin and Seniha Hacihanefioglu

University of Istanbul, Cerrahpasa Faculty of Medicine, Department of Medical Biology, Istanbul, Turkey.

Abstract

Sister chromatid exchange (SCE) and chromosome aberrations (CA) in peripheral lymphocytes has been widely
used in assessing exposure to mutagens and carcinogens. One of the extensively studied genotoxins is
benzo[a]pyrene (BaP). We studied the ability of BaP to induce SCE and CA in 16 glutathione S-transferase M1
(GSTM1)-positive and 15 GSTM1-null individuals by analyzing 72-h whole-blood lymphocyte cultures, either
BaP-untreated (controls) or treated with 5 uM of BaP for 24 or 48 h. There was no differences in the level of
BaP-induced chromosomal aberrations between GSTMZ1-positive or null individuals when the cells were BaP-
exposed for 24 h (0.083 £ 0.059 vs. 0.090 + 0.058) or 48 h (0.092 + 0.057 vs. 0.096 + 0.050. The frequency of SCE in
controls was GSTM1-positive = 2.96 + 0.35 and GSTM1-null = 3.23 + 0.56 while that for BaP-treated lymphocytes
was GSTM1-positive = 5.56 £ 0.83 and GSTM1-null =6.09 £+ 1.11 and were not statistically significant. The rates of
BaP-induced in vitro chromatid and chromosome-type gaps and breaks were similar in all groups, although
GSTM1-null genotype chromatid-type breaks were more frequent (0.064 + 0.039 per metaphase) than chromo-
some-type breaks (0.032 + 0.027 per metaphase) after 48 h treatment with BaP (p < 0.001). These findings suggest

that BaP-induced in vitro SCE and CA are not influenced by the GSTM1 genotype.
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Introduction

Cytogenetic tests such as those for chromosome aber-
ration and sister chromatid exchange are most often applied
in biomonitoring of the genotoxicity of potentially carcino-
genic chemicals in peripheral blood lymphocytes. The
polycyclic aromatic hydrocarbon benzo[a]pyrene (BaP;
3,4-Benzpyrene) is a classic DNA-damaging carcinogen
(Gupta et al., 1988) commonly found in tobacco smoke and
the environment. Epidemiologic studies have shown that
exposure to BaP increases the risk of cancer in the lungs,
stomach, bladder and skin (Nadon ef al., 1995; Vineis and
Caporaso, 1995), although because not all exposed individ-
uals develop cancer genetically determined host factors
may contribute to predisposition to DNA damage (Pas-
torelli et al., 1998) and therefore modulate the risk of can-
cer.

It is known that BaP is a pro-carcinogen requiring
metabolic activation (Gelboin, 1980) and that a large num-
ber of BaP metabolites are produced in phytohemagglu-
tinin-stimulated human lymphocytes, including 78,8c.-di-
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hydroxy-9a.,10a-epoxy-7,8,9,10-tetrahydrobenzo[a]pyre-
ne (BPDE) and 4,5-dihydroxy-4,5-dihydrobenzo[o]pyrene
(Okano et al., 1979). The BaP metabolites produced by
metabolic activation are highly variable and probably de-
pend on specific activation and detoxification enzymes
present in BaP-exposed cells.

Glutathione S-transferases (GSTs) belong to a super-
family of multifunctional isoenzymes that contribute to the
detoxification process through several different mecha-
nisms (Hayes and Pulford, 1995). Mammalian cytosolic
GSTs have been grouped into at least six classes (Alpha,
Mu, Pi, Theta, Sigma and Zeta) based on sequence similari-
ties and since GTSs function widely in the metabolic detox-
ification of xenobiotics genetic polymorphism could play
an important role in determining individual sensitivity to
reactive chemicals. In humans GST Mu 1 (GTSM1), a
member of the GST Mu class, is polymorphic, with about
half of the Caucasian population being homozygous for a
deleted GSTM1 gene (GSTMI-null) and therefore fail to
express the protein (Board et al., 1990). The results of ex-
perimental studies indicate that GSTM1 is a marker of sus-
ceptibility to the induction of cytogenetic damage by a cer-
tain class of mutagens (Nielsen et al., 1996; Wiencke et al.,
1990), lack of the GSTMI isoform being associated with
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reduced efficiency in binding genotoxic substrates, includ-
ing epoxides deriving from PAHs and aflatoxins (Hayes
and Pulford, 1995). The null allele produces no enzyme and
previous studies have shown a possible link between the
GSTM 1-null phenotype and susceptibility to cancer, partic-
ularly lung cancer (Harrison et al., 1997; Zhong et al.,
1993). Several studies have suggested that the prevalence
of lung cancer in a large case-controlled study in Turkey is
quite common (38.6% of cancers in males) and that the
GSTM1-null genotype is a risk factor for the development
of lung cancer for the Turkish population (Fidaner ef al.,
2001, Pinarbasi et al., 2003).

To our knowledge, there is no conclusive in vitro data
on the effect of GSTMI deficiency on the cytogenetic dam-
age induction by BaP. The aim of our study was to examine
the ability of BaP to induce different individual cytogenetic
responses measured by sister chromatid exchange and the
frequency of chromosome aberrations taking into account
the possible influence of GSTM ! polymorphism.

Materials and methods

Participants

The experiments were conducted on human whole
blood lymphocytes obtained by veinipuncture from 16 fe-
male and 15 male (n=31) Caucasian volunteers from Istan-
bul, 16 (eight of each sex) being GSTM-positive and 15
(seven men, eight women) being GSTM-null, with a mean
age of 23.4 (range 18-35) years. The group was matched ac-
cording to age, sex, smoking habits, coffee and alcohol con-
sumption and occupation, all of which could influence the
cytogenetic results. All volunteers were healthy non-
smokers with no history of alcohol or coffee addiction and
had not been exposed to any specific mutagens (e.g. X-rays,
medicines) for 3 months prior to the cytogenetic examina-
tion. The research was authorized by the ethics committees
of our institutions and informed consent was obtained from
the participants before the sampling.

Laboratory reagents

Standard lymphocyte culture reagents were purcha-
sed from Gibco Laboratory (Grand Island, NY) while 5-
Bromo-2-deoxyuridine (BrdU), benzo[a]pyrene (BaP) and
other standard laboratory reagents were purchased from
Sigma Chemical (St. Louis, MO). All other chemicals used
in the study were of the highest purity available from com-
mercial sources. Taq DNA polymerase and 2’- deoxyri-
bonucleoside-5’-triphosphates were purchased from Epi-
centre Technologies (Madison, WI). The primers were
purchased from Operon Technologies (Alameda, CA).

Extraction of DNA and detection of the GSTM1
polymorphism

For each sample, DNA was extracted from the pe-
ripheral lymphocytes present in EDTA anticoagulated
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blood by proteinase K digestion and salting out with satu-
rated aqueous NaCl (Miller et al., 1988). Presence or
absence of the GSTM1 gene was determined by the poly-
merase chain reaction (PCR) method described by Zhong et
al. (1993), the GSTM1 primers being 5’~-GAACTCCCTGA
AAAGCTAAAGC-3’ (forward) and 5’-GTTGGGCTCA
AATA TACGGTGG-3’ (reverse) and the product 215bp
Beta-globulin was also tested for because the absence of
GSTM1 amplification product in the presence of the beta-
globulin PCR product indicates a GSTM-null genotype.
The beta-globulin primers used were 5’-CAACTTCATC
CA CGTTCACC-3’ (forward) and 5’-GAAGAGCCAAG
GACAGGTAC-3’ (reverse) and the product 268-bp.

Sister chromatid exchange analysis

For each blood sample lymphocyte cultures were pre-
pared using 0.5 mL of heparinized whole blood added to
4.5 mL of RPMI 1640 culture medium (Gibco, Grand Is-
land, NY, USA) supplemented 1% v/v L-glutamine, 20%
v/v fetal calf serum, 100 international units/mL of penicil-
lin, 100pg/mL streptomycin, 1.5% w/v phytohemagglu-
tinin and 10 uM of BrdU and the culture incubated at 37 °C
for 72 h after which 0.2 pg/mL of colchicine was added 2 h
prior to harvesting the lymphocytes. Duplicate sets of cul-
tures were made from each blood sample, one set to serve
as control and the other for the experiments with BaP.

For the BaP experiments 5 uM of BaP dissolved in
DMSO was added to the experimental group of cultures
24 h after the start of incubation, which proceeded up to
72 h as for the control cultures. We also added DMSO to the
control cultures at a final concentration of not in excess of
0.1% v/v. During the 48 h of exposure to BaP and/or
DMSO there was no significant change in the lymphocyte
death rate. Techniques for cell harvest and slide preparation
followed conventional procedures (Tucker et al., 1993).
Briefly, the cells were harvested by centrifugation, lysed by
in 0.075 M KCl, fixed in 3:1 (v/v) methanol:acetic acid and
air-dried slides prepared and stained with 5% Giemsa solu-
tion in freshly made Sorenson’s buffer (pH 10.4) for
12 min. The sister chromatid exchange frequency per sam-
ple was assessed by scoring the number of sister chromatid
exchanges in 25 complete second metaphases.

Chromosome aberration analysis

Whole blood cultures were established as described
above except that no BrdU was added and lymphocytes
were treated with 5 uM BaP 24 h and 48 h after the start of
culture. The control cultures received DMSO as described
above. Metaphase chromosome analysis for the detection
of chromosomal aberrations was performed according to
the method of Moorehead et al. (1960), lymphocytes being
harvested and air-dried preparations Giemsa-stained and
scored for chromosome aberrations. For each sample in the
experimental and control group a total of 50 well-spread
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metaphases were analyzed per treatment for chromatid and
chromosome aberrations (breaks and gaps).

Statistical analysis

All tests were performed in duplicate, and the results
were expressed as means =+ their standard deviation (SD).
The results were evaluated using the student’s t-test for de-
pendent and independent groups at p = 0.05.

Results

Sister chromatid exchange analysis

The effect of BaP on the induction of sister chromatid
exchange in lymphocytes is presented in Table 1. In both
genotype groups, treatment of blood lymphocytes with BaP
caused a significant increase in the frequency of sister
chromatid exchange compared with the controls
(p <0.001). The sister chromatid exchange response of the
GSTMI-positive and the GSTM I-null donors did not differ
from each other in either the treated or control cultures
(p > 0.05). Although slightly higher individual sister chro-
matid exchange responses were observed in the control and
BaP-treated cultures for the GSTM-null donors compared

Table 1 - Influence of GSTM1 genotype on sister chromatid exchange
induction by benzo[a]pyrene (BaP).

GSTMI1 genotype and cytogenetic changes induced by BaP

with the GSTM I-positive donors these differences were not
statistically significant at p = 0.05.

Chromosome aberration analysis

In both genotypes there was a statistically significant
increase (p < 0.001) in structural chromosome aberrations
such as chromatid and chromosome gaps and breaks in
BaP-treated metaphases as compared to untreated controls
but there was no statistically significant (p > 0.05) differ-
ence between treatment times (Table 2). The frequency of
chromatid and chromosome gaps and breaks were similar
(p > 0.05) in all the groups, although in GSTM-null lym-
phocytes treated with BaP for 48 h gaps and breaks were
more prevalent in chromatids than chromosomes
(p <0.05). Neither the BaP-treated cells (24 and 48 h treat-
ment) nor the controls showed any statistical difference
(p > 0.05) in chromosome aberrations between GSTMI-
positive and GSTMI-null genotypes.

Discussion

In this in vitro study we used two cytogenetic end-
points (sister chromatid exchange and chromosome aberra-
tions) to investigate the relationship between BaP-induced
cytogenetic damage and GSTM1 polymorphism in human
lymphocytes.

Although BaP itself is relatively non-toxic it is bioac-

GSTM1 Number of ~ Number of sister chromatid exchanges . R .
genotype individuals per metaphase tivated in vivo by cytochrome P450 and peroxidases gener-
(mean = standard deviation) ating highly toxic electrophilic and free radical reactive in-
Control BaP termediates such as BPDE which can irreversibly damage
Posit 6 5064035 5 56 £ 0.83" DNA by covalent binding or oxidation (Sullivan, 1985) and
ostive SO SRR which has high specificity for GSTM1 (Seidegard and
Null 15 3.23+0.56 6.09+1.11°

“significant at p < 0.001 when compared with control cultures without
BaP.

Ekstrom, 1997). Lymphocytes posses GSTM1 activity and
are subject to oxidative stress when exposed to various fac-
tors (Seidegard and Pero, 1985) and have been extensively

Table 2 - Chromosome aberrations after 24 and 48 h exposure to benzo[a] pyrene (BaP).

GSTM1I genotype, treatment Total Total aberrations per metaphase Aberration per metaphase type

and BaP exposure time (h) aberrations (mean =+ standard deviation) (mean =+ standard deviation)
Chromatid Chromosome

Positive, 16 individuals

BaP-24 h 67 0.083 £ 0.059* 0.036 £0.027* 0.047 £0.047 *

BaP-48 h 74 0.092 +0.057* 0.050 +0.041° 0.042 +0.037°

Control-24 h 13 0.017 £0.022 0.009 +0.012 0.008 +0.012

Control-48 h 13 0.017 £ 0.025 0.009 +0.016 0.008 £0.016

Null, 15 individuals

BaP-24 h 69 0.090 + 0.058" 0.045 £ 0.039* 0.044 + 0.025°

BaP-48 h 72 0.096 + 0.050" 0.064 + 0.039~° 0.032 +0.027°

Control-24 h 14 0.018 £ 0.027 0.009 +0.016 0.009 +0.016

Control-48 h 12 0.016 +0.025 0.008 £ 0.012 0.008 +£0.014

“significant at p < 0.001 when compared with control cultures.
“significant at p < 0.05 when compared with chromosome type (chromatid versus chromosome).
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used as a convenient tissue source for investigating the
cytotoxicity of xenobiotics. If the GSTM1 isotype is in-
volved in defense against oxidative stress then GSTM-null
lymphocytes should be more susceptible to genotoxic and
cytotoxic damage but in our study there was no statistically
significant difference between GSTM/-null and GSTM -
positive lymphocytes in terms of the frequency of sister
chromatid exchange or chromosome aberrations. Our re-
sults support those of Onaran et al. (2001) which suggest
that lack of the GSTM1 gene does not influence micro-
nuclei induction by BaP in human lymphocyte cultures.

Only a limited number of in vitro studies have been
performed using cytogenetic biomarkers to investigate the
role of GSTMI polymorphism on sensitivity to BaP. A
study by Salama et al. (2001) showed an increase in BaP-
induced chromosome aberrations but not sister chromatid
exchange in GSTMI-null lymphocytes. However, when
Xiong et al. (2001) investigated the role of null GSTM1
and GSTTI (GST Theta 1) genotypes on BPDE-induced
chromosomal aberrations in peripheral blood lympho-
cytes from women with breast cancer and matched con-
trols they found that the GSTM-null genotype was not as-
sociated with an increased tendency to form chromosomal
aberrations in either the breast-cancer or the control
group. These different results in terms of chromosome ab-
errations may be due to the different experimental condi-
tions used in the different studies such as the concentra-
tion and duration of BaP-treatment, the use of BPDE
instead of BaP, the type of detection methods used (Sa-
lama et al. (2001) used the fluorescence in situ hybridiza-
tion (FISH) assay in their study), the influence of com-
bined genotypes involved in BaP metabolism (Salama et
al. (2001) used the GSTMI-null/EH4 (epoxide hydrolase
4) genotypes) and the effects of DNA repair. A recent
study by Pastorelli et al. (2002) demonstrated that the
XPD (xeroderma pigmentosum group D) genotype in
combination with the GSTM-null genotype significantly
influenced the percentage detectability and levels of
BPDE-DNA in white blood cells.

There have been other studies with BaP which have
addressed the relationship between GSTM 1 polymorphism
and some biomarkers present in humans exposed to poly-
cyclic hydrocarbons, but it remains unclear whether or not
GSTM1 polymorphism modulates in vivo BaP genotoxicity
or carcinogenicity in humans. Our results agree with cyto-
genetic studies on people who have been environmentally
or occupationally to exposed polycyclic hydrocarbons have
shown no difference in the levels of cytogenetic markers
between GSTMI-null and GSTMI-positive genotypes
(Binkova et al., 1996; Carstensen et al., 1993; Kalina et al.,
1998). However, studies involving DNA adducts in people
exposed to polycyclic hydrocarbons have reported that the
type of GSTM1 genotype, either alone or in combination
with other genotypes, influences DNA adduct levels (Ichi-
ba et al., 1994; Topinka et al., 1997) although other studies

145

have shown no such GSTM-dependent differences (Bin-
kova et al., 1996; Mooney et al., 1997).

Our findings support the work of Wei ef al. (1996),
who found that that BaP increased chromosomal aberra-
tions in human lymphocytes. It is not only the increase in
the frequency of structural chromosome aberrations but
also their type and distribution which are important. The
type of aberrations induced by genotoxic agents are cell-
cycle dependent, with most chemically induced aberrations
being formed only during DNA synthesis, probably due to
misreplication. Chemical agents induce mainly chroma-
tid-type aberrations and are also very efficient in inducing
sister chromatid exchange (Natarajan, 1993). The exact
mechanism of how BaP induces chromosomal aberrations
remains unclear, although it is known that BaP-induced
DNA damage is repaired mainly by nucleotide excision re-
pair (NER) . During the repair process, it is likely that de-
layed completion of initial nicking of DNA strands by NER
may induce DNA strand breaks that eventually lead to
chromatid breaks (Tang et al., 1992). Our study showed
that although the rates of in vitro BaP-induced chromatid
and chromosome-type gaps and breaks were generally sim-
ilar in all the groups, chromatid-type breaks were signifi-
cantly more frequent (p < 0.05) than chromosome-type
breaks in GSTMI-null lymphocytes after 48 h treatment
with BaP. The conversion of BaP to DNA-reactive metabo-
lites is dependent on a cascade of biotransformations and
BaP metabolites, which are substrates for GSTM1, might
be active during long-term exposure to BaP, suggesting that
higher levels of chromatid-type breaks may occur in indi-
viduals with the GSTM-null genotype. Indeed, it has been
reported that the amount of BaP metabolized is signifi-
cantly increased by incubating mitogen-stimulated lym-
phocytes with BaP for between 24 and 72 h (Gurtoo et al.,
1980; Thompson et al., 1989).

In summary, our results indicate that lack of the
GSTM1 gene does not influence the in vitro genotoxicity or
cytotoxicity of BaP in human lymphocytes. However, the
question of whether the GSTM1 genotype influences in vi-
tro BaP-induced cytogenetic damage is difficult to answer
because the presence of other susceptibility genes may
modify the effect of the GSTM-null. Further research is
warranted to confirm our findings and investigate possible
risk modulation by genetic polymorphisms of carcinogen-
metabolizing enzymes and DNA repair genes that are rele-
vant to the phenotype.
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