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Abstract

    Genetic polymorphism of genotypes ä-Aminolevulinic acid dehydratase

(ALAD), blood lead, zinc protoporphyrin (ZPP), sister chromatid exchanges (SCEs),

and high SCE frequency cells (HFCs) were evaluated in 26 workers exposed to high

levels of lead and 31 employees exposed to low levels of lead. 30 controls were

matched for age, gender and smoking habits. Results showed that occupationally

exposed workers had significantly higher blood lead, ZPP and hemoglobin levels than

the controls.  ALAD1-1 and ALAD1-2 genotype proportions were as follows: high

exposure group, 65.4% vs. 34.6%; low exposure group, 80.7% vs. 19.4%; control

group, 80% vs. 20%. The ALAD 2-2 genotype was not detected. There was no

significant difference among the three groups with regard to ALAD genotype.

Subjects with ALAD 1-2 genotypes did not have higher levels of blood lead, ZPP or

hemoglobin than those with the ALAD 1-1 genotypes. Average SCE values in the

high exposure group were significantly greater than those in the control group (6.2 v.s.

5.2 SCEs/cell, p<0.05). In HFC analysis, there was a significantly higher HFC rate

(53.9%) in the high exposure group compared to the low exposure group (16.1%) and

control group (10%). High exposure workers who smoked showed a higher level of

HFC (80%) than the control subjects (18.2%), and also had a higher odds ratio (18).

In conclusion, there was a significant association of both SCE and HFC levels with

exposure to lead. However, different ALAD genotypes were not shown to be

associated with levels of blood lead and ZPP among the three groups.
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1. Introduction

Exposure of workers to high levels of lead oxide dust occurs in manufacturing

processes, which seems to be the most common hazard in storage battery plants. The

most important routes of exposure are via inhalation and/or ingestion [1,2]. Blood lead

levels ( BLL) have been used as an indicator of lead exposure and its effects on health.

BLL is affected by recent exposure and often does not reflect long-term exposure;

therefore, earlier exposure is more accurately reflected by zinc protoporphyrin (ZPP)

concentration. The toxic effects of lead may be the consequence of both recent and

earlier exposure. Lead workers with similar exposure intensities differ in BLL and are

affected differently with regard to health [3]. Therefore, there are considerable

interindividual differences in the toxicokinetics of lead. Individual variations are due, in

part, to genetic factors, such as polymorphisms in ä-Aminolevulinic acid dehydratase

(ä-ALAD). ä-ALAD is present in erythrocytes, which has been found to be inhibited by

lead [4]. The degree of inhibition has been correlated with BLL.

ä-ALAD is a polymorphic enzyme encoded by a single gene with two common

alleles (ALAD1 and ALAD2), and has three isoforms (ALAD1-1, ALAD1-2 and

ALAD2-2) [5,6]. Some studies have suggested a relationship between the ALAD

isozyme phenotypes and BLL. Individuals who have at least one copy of ALAD2 , have

higher BLL [7,8]. Other studies have indicated that no association was found between

ALAD genotype and BLL or bone lead levels [9]. In contrast, urinary calcium and

creatinine concentrations were lower in ALAD2 carriers than in ALAD1 carriers [9].

An in vitro study has shown an increase in chromosome aberration (CA) frequency

in human lymphocytes treated with lead compounds compared with control cells [10].

In contrast, another study, on cultured Chinese hamster cells, showed no difference

between control and lead compound treated cells [11]. A number of studies on the
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cytogenetic effects of lead in vivo have been reports. Some studies have shown an

increase in CAs and/or SCE frequency in lymphocytes from workers exposed to lead

[12-15], whereas others have reported negative results [16,17]. Any damage induced in

cellular DNA may persist for some time until circulating blood cells are stimulated to

divide in culture. Published data using human cells dosed with lead in vitro have

suggested that lead ions decrease the fidelity of DNA synthesis or repair [18,19], and

inhibit the activity of DNA polymeraseβand ligase [20]. Hartwig et al. reported

indirect mechanism of lead-induced genotoxicity in Chinese hamster V79 cells [21].

These studies indicate the necessity to consider the influence of DNA-repair processes

when assessing the genotoxicity of lead compounds. Therefore, the purpose of this

study was to investigate the relationship between BLL and ZPP levels as well as ALAD

genotypes in lead workers and to evaluate SCE induction among battery manufacturing

workers exposed to high levels of lead.
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2. Mater ials and methods

2.1. Study subjects

Two groups of lead-exposed workers were examined a storage battery

manufacturer in central Taiwan. The high exposure group consisted of 26 workers in

direct, long-term contact with lead oxides. The low exposure group was selected from

the welding area of the same factory as the high exposure group, and consisted of 31

employees. The 30 controls were selected according to age, gender and smoking

habits to match the lead-exposed groups. Each subject was interviewed using a

construct questionnaire.

2.2 Lead analysis

Venous blood was obtained from study subjects and drawn into EDTA-containing

tubes. Blood lead was measured by graphite furnace atomic absorption

spectrophotometry (GFAAS) (Perkin Elmer 5100 AAS). ZPP was determined using

hematofluorimetry (Aviv/Model 206, Biomedical Inc.).

2.3. Genotypes of ALAD

ALAD genotype was determined for each subject for which a residual blood

specimen was available. Genomic DNA was prepared from human blood

lymphocytes by standard procedures. The ALAD genotypes were determined by a

modification of the method described by Wetmur et al. [21] and Schwartz et al.〔22〕.

A commercial PCR kit containing Taq DNA polymerase (Wako Corp. Tokyo) was 1

μg DNA. Blood samples were preheated for 3 cycles of 3 min. at 94℃ and then 3

min. at 55℃. Taq polymerase was then added. Reactions were heated for 10 sec at 55

℃, 30 sec at 71℃ and 30 sec at 94℃ for 35 cycles in a Thermal Cycler. PCR
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products was a 916 base pair fragment, which was electrophoresed on a 3% agarose

gel. This fragment was cleaved at the Msp1restriction site. Digestion with Msp1

restriction enzyme yielded 582 bp (ALAD1) or 511 bp (ALAD2) fragments.

2.4. SCE assay

Whole blood was drawn into heparinized tubes. The cultures were set up by

adding 0.3 ml of blood to 5.0 ml of RPMI 1640 medium with 15% fetal bovine serum,

3% phytohemagglutinin (Gibco), and 20µM bromodeoxyuridine (Merck). The cells

were incubated in the dark for 70h at 37℃, and then 2h before fixation, 2×10-7 M

colcemid was added. To detect SCE, the slides were stained using the fluorescence-

plus-Giemsa method 〔23〕. For the observation of SCE per cell, 30 second-division

metaphases were scored per sample. Exchanges at the centromere were not included

in the count. The percentage of high frequency cells (HFC) was also determined;

HFC was defined as the percentage of lymphocytes exhibiting an SCE score over the

median 95% value of the results from the 19 non-smoking control subjects. The cut-

off value was 9 SCE/cell.

2.5. Statistical analysis

SAS/pc+ 6.04 statistics software (SAS/STAT) was used for all data analysis. χ2-

test and t-test were used to compare the basic characteristics, blood lead and ZPP

levels, and SCE frequency between lead workers and controls. HFC analysis used

Mantel-Haenszel χ2-test. The regression model was also used.
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3. Results

The characteristics of the high and low exposure groups and control group are

summarized in Table1. For the ALAD genotypes, there was no significant difference

among the three groups. The high exposure, low exposure and control groups had

ALAD1-1 vs. ALAD1-2 genotype proportions of 65.4% vs. 34.6%, 80.7% vs. 19.4%,

and 80% vs. 20%, respectively. No subjects were homozygous for the ALAD2 allele

(ALAD 2-2 genotype). For BLL, ZPP and hemoglobin, there was a significant

difference between each of the three groups. BLL and ZPP levels were highest in the

high exposure group (28.4 and 102.8, respectively), and hemoglobin concentration

was highest in the low exposure group (16.9). Seven workers (12%) in the high

exposure group had BLL that exceeded the current regulation levels (40ug/dl for

males and 30 ug/dl for females) (data not shown).

Table 2 compares BLL, ZPP levels and hemoglobin concentration for ALAD1-1

and ALAD1-2 genotypes. The mean BLL among workers in the high exposure group

who were homozygous for the ALAD1 allele was 27.7 ug/dl, while the mean value for

the ALAD2 allele was 29.7 ug/dl. The mean ZPP level of the high exposure workers

who were homozygous for the ALAD1 allele was 109.4 ug/dl, while the mean for

those who were heterozygous for the ALAD2 allele was 88.4 ug/dl. Using the t test,

exposed and control subjects who carried the ALAD2 allele, and in whom the ALAD1

allele was homozygous, did not differ significantly with respect to BLL, ZPP and

hemoglobin levels.

Table 3 shows that average SCE values in the high exposure group was

significantly greater than those in the control group (6.2 v.s. 5.2 SCEs/cell, p<0.05).

Smokers in the high exposure group and control groups differed by 6.5 and 5.7

SCEs/cell (p<0.01), respectively. In both work duration groups, SCE frequency was
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higher in the high exposure group compared to the low exposure group, but there was

no significant difference between the work duration groups in both exposure groups.

Table 4 reveals a significantly higher HFC percentage (53.9%) in the high

exposure group compared to the low exposure group (16.1%) and control group

(10%). Smokers and non-smokers exposed to high levels of lead had higher HFC

percentages (80% and 47.6%) than the low exposure (14.3% and 16.7%) and control

groups (18.2% and 5.3%). High exposure subjects with work duration of 15 or more

years had significantly higher HFC percentages (54.6%) than the low exposure group

(19.1%).

Multiple linear regression analysis was used to examine SCEs frequency for

smoking, work duration, ALAD genotypes, BLL and ZPP levels (Table 5). Analyses

of lead workers, smoking and BLL were significantly associated with SCE values, but

the other variables were not. A significant difference between the observed incidence

of SCEs was revealed when smokers and non-smokers of all three groups were

compared.
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4. Discussion

ALAD polymorphism has been shown to vary among different racial groups. The

proportion of ALAD1-2 allele among Koreans is 11% 〔24〕, which is similar to

German (11%) 〔25〕, and Italian (11%) 〔26〕 but higher than Japanese (6%) 〔25〕.

The proportion among Taiwanese in a previous study was found to be 4.4% 〔27〕.

The current study showed a prevalence of 19.4% and 20% among low exposure and

control groups, but the prevalence among high exposure workers was 34.6%. This

proportion was higher than the estimated range of 10~20% among Caucasian

populations〔22,25,26,28〕. In the current study, the ALAD 2-2 genotype was not

detected. Differences in the proportion of ALAD2 allele may be due to ethnic,

individual factors and/or variation resulting from small sample sizes. However,

previous studies have shown that the ALAD2 allele may be associated with an

increased risk of lead poisoning 〔7〕. Therefore, it is essential to explore further the

factors that effect an increased proportion of ALAD2 allele among workers exposed to

high lead levels.

Interindividual differences of BLL were found to be influenced by the type and

route of exposure, age, gender, and genetic component (such as ALAD genotype).

The ALAD polymorphism appears to influence the toxicokinetics of lead. The ä-

ALAD activity in erythrocytes is known to be inhibited by lead 〔29〕. In previous

studies of lead workers, it has been shown that there were higher BLL among subjects

of the ALAD2 allele than among homozygotes for the ALAD1 allele〔8,28,30〕. The

data presented here show that mean BLL of subjects with the ALAD1-2 genotype

were similar to those with ALAD1-1 under the same conditions. The ALAD genotype

was not found to be associated with BLL and ZPP levels. Similar observations have
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been made of occupationally lead-exposed subjects. However, there was no difference

in ALAD activity between the ALAD 2-2 genotype and ALAD 1-1 genotype,

matched for blood lead levels, possibly due in part to a small sample size〔28,31〕.

Wulf (1980) and Andersen et al. (1982) observed an increase in SCE frequency in

human lymphocytes exposed to different lead-ion concentrations 〔32,33〕. In the

current study, the significantly increased SCE frequencies in workers’ lymphocytes

were consistent with the results reported by Grandjean et al. (1983) in a similar study

on healthy individuals occupationally exposed to lead 〔13〕. Furthermore, SCE

values were directly proportional to BLL. In the current study, it has been

demonstrated that lead has a genotoxic effect as indicated by the significant increase

in SCE frequency among long-term lead workers. However, some authors have not

found any effect of lead exposure on SCEs in vivo and in vitro〔16,34,35〕.

Tobacco smoking is the most important cause of lung cancer. There is strong

evidence of a relationship between smoking habits and SCE frequencies 〔36-39〕.

Our data also showed the influence of smoking on SCE frequencies; the difference

between smokers and non-smokers was statistically significant in all three groups

(Table 5). In addition, since HFC percentage was used as a sensitive indicator of

occupational exposure to a similar heavy metal (chromiun) in our previous study on

chromium workers,〔38,39〕it was used as a biological effect marker for lead in the

current study. In the current study, the considerable increase in the percentage of cells

with ≥ 9 SCEs per cell suggests the existence of a subgroup of lymphocytes in which

genotoxic lesions persist. The difference in the HFC percentage among the high

exposure group and the low exposure or control groups was about 37.8% and 43.9%

for three studies. The smoking groups who were exposed to high levels of lead had
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higher HFC percentages (exceeded 47.6%) than the non-smoking subjects; this

finding may mean that the effect of the lead exposure on HFC is similar to the effect

of smoking.

Previous epidemiological studies have shown an association of high exposure to

lead among battery industry workers and the incidence of renal tumor, lung and

stomach cancer〔40-43〕. Other data has revealed that after adjustment for smoking,

ethnic, and socioeconomic factors, there remains a high risk of lung cancer for

workers exposed to lead〔42〕. Lead is a weak mutagen in mammalian cells. Some

studies have reported that lead has a direct effect on the reproductive system 〔44,45〕,

and an indirect effect on the DNA repair system 〔18-21〕 . Lead has been

demonstrated to disrupt DNA synthesis and repair〔18,19〕. Several papers have

shown that the interaction of lead with polymarases or ligases involved in DNA

excision repair step and inhibition of DNA repair may constitute one mechanism of

genotoxicity 〔18-20〕. DNA impairment and genotoxic effects may be magnified

when repair is inhibited, as shown in a study on UV-induced SCEs in cells exposed to

different lead-ion levels 〔21〕. In conclusion, there is a significant association

between BLL and ZPP with SCE frequency among lead-exposed workers. However,

there was no significance between lead exposure groups with regard to ALAD

genotypes. As such, it is important for reseachers to consider indirectly induced SCE

formation when measuring the genotoxicity of lead oxides among battery

manufacturing plant workers.
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