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Chapterr 9 

Geneticc susceptibility to chronic toxic encephalopathy 

Abstract t 
AA major effect of long-term exposure to organic solvents is the development of chronic toxic 
encephalopathyy (CTE). The biological mechanism of CTE is unknown, but reactive metabolic 
intermediatess are believed to play a role. Inherited differences in metabolic capacity, 
therefore,, may determine the susceptibility of an individual to the toxic effects of organic 
solvents.. To examine the association between inherited metabolic capacity of several 
xenobiotic-metabolisingg enzymes and risk of CTE in a Caucasian population, we investigated 
622 CTE patients and 47 controls. Exposure to organic solvents was assessed by means of an 
occupationall  history questionnaire. The Rsal and Dral polymorphisms of the CYP2E1 gene, 
thee Mspl and Ile/Val polymorphisms of the CYP1A1 gene, the exon 3 and 4 polymorphisms of 
thee mEH gene, and the GSTM1 and GSTT1 null genotypes were assessed by PCR 
amplificationn and, if appropriate, digestion with restriction enzymes. Logistic regression was 
usedd to obtain odds ratios corrected for age and exposure to organic solvents. The CYP2E1 
DralDral mdRsal genotypes were associated with CTE (odds ratio 4.75; 95% confidence interval 
(CI)) 1.08 - 20.9, respectively 25; 95% CI 1.24 - 500). A strong association was observed 
betweenn the Dral and Rsal genotypes (Fishers exact test, p < 0.005). These results are the first 
too demonstrate a possible association between CYP2E1 genetic polymorphisms and the risk of 
developingg CTE. 

BasedBased on Mira A.M. Wenker, Sanja Kezic, Aart C. Monster and Frederik A. de Wolff, 

submitted. submitted. 
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Introduction n 
Organicc solvents are extensively used in the industry. In The Netherlands (population 16 
million)) about 500,000 people are in some way occupationally exposed to organic solvents. 
Onee of the major effects of exposure is central nervous system (CNS) impairment, ranging 
fromm a (reversible) CNS depression at acute exposure to chronic toxic encephalopathy (CTE) 
att long-term exposure. CTE comprises cognitive and behavioural changes, such as short-term 
memoryy loss, attentional impairment, fatigue, and sometimes mood and personality changes 
[1-3]. . 

Thee biological mechanism by which organic solvents induce CNS impairment is not 
known;; generally, it is believed that the solvent itself is responsible for the acute effects while 
(reactive)) metabolic intermediates of solvents are thought to be responsible for the long-term 
effectss [4]. The conversion of solvents to reactive intermediates is mainly dependent on 
oxidationn by cytochrome P450 (CYP). The intermediate metabolites can be detoxified 
throughh different pathways, e.g., conjugation with glutathione, catalysed by glutathione S-
transferasee (GST), or hydrolysis to trans-dihydrodiol derivatives, catalysed by microsomal 
epoxidee hydrolase (mEH). An important aspect in the toxicity of organic solvents is, 
therefore,, the balance between activation and detoxication. Genetic polymorphism has been 
shownn for all enzymes mentioned. Some of these polymorphisms can change the catalytic 
activityy of the enzyme involved. Recent studies showed that inherited differences in metabolic 
capacityy play an important role in susceptibility to environmentally-induced diseases [5-8]. 

Cytochromee P450 2E1 is the key enzyme in metabolism of numerous organic solvents 
[9];; it plays a significant role in the metabolism of ethanol in chronic alcohol abusers. Recent 
studiess have shown up to 50-fold interindividual variability in the expression of CYP2E1 [10] 
andd a number of single-nucleotide polymorphisms (SNPs) of the CYP2E1 gene have been 
identifiedd [11,12]. One of them seems to be a functional polymorphism and falls within the 
5'-flankingg region at a putative HNF-1 binding site, CYP2E1*5B. This polymorphism is 
detectablee with the restriction enzyme Rsal and is associated with an increase in 
transcriptionall  activity, mRNA and protein expression in vitro over the wild type [13]. 
Anotherr SNP of the CYP2E1 gene, CYP2E1*6, revealed using the Dra\ restriction enzyme, is 
locatedd in intron 6. Although a direct relationship between this allele and CYP2E1 expression 
andd activity has not been established, the distribution of the CYP2E1*6 genotypes in Japanese 
wass different between lung cancer patients and controls [14]. CYP1A1 is another isozyme 
whichh plays a significant role in the biotransformation of xenobiotics, and two SNPs have 
beenn identified [15]. One, the Msp\ polymorphism {CYP1A1*2A\ is located in the 3' non-
codingg region of the gene. A second SNP has been found in exon 7, CYP1A1*2C, leading to 
ann isoleucine to valine amino acid substitution. This amino acid change lies within the haem-
bindingg region of the protein and has subsequently been demonstrated to increase the catalytic 
activityy of the enzyme 3-7 fold [15,16]. Both SNPs have been associated with lung cancer in 
Japanesee [17] but not in other ethnic groups. 

Geneticc polymorphism also exists in other enzymes involved in the biotransformation 
off  xenobiotics. Striking differences, up to 60-fold, in mEH activity were measured in humans 
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[18],, and two SNPs were identified within the coding region of the gene which result in 
aminoo acid substitutions at two position, exon 3 113Tyr/His and exon 4 139His/Arg. In vitro 
expressionn analysis indicated that the polymorphism in exon 3 leads to a 50% reduction in 
proteinn content, thereby reducing enzyme activity. The polymorphism in exon 4 increased the 
proteinn content, and therefore enzyme activity, by at least 25% [19]. A few studies reported 
onn the association of these polymorphisms and risk of disease. One study found an increased 
riskk of chronic obstructive pulmonary disease and emphysema in carriers of the slow allele 
[20]. . 

Thee glutathione S-transferase gene family exists of 4 classes a, \i, 7t, and G. GSTM1 is 
aa member of the u class and 40-60% of Caucasians are deficient in GSTM1 activity because 
theyy are homozygous for the deleted GSTM1*0 allele. This deficiency is associated with an 
increasedd risk of smoking-induced lung cancer [5]. The 9 class, GSTT1, is also polymorphic 
withh homozygotes for the deleted GSTT1*0 allele comprising 15-40% of Caucasians [21]. An 
associationn of this null genotype and an increased risk of astrocytoma and meningioma has 
beenn observed [22]. 

Itt is conceivable that individuals with genotypes associated with a more efficient 
activatingg enzyme and/or a less efficient detoxication enzyme might be at particularly high 
riskrisk of adverse health effects, if exposed to organic solvents. Therefore, the aim of this study 
wass to examine the association between inherited metabolic capabilities (CYP2E, CYP1A1, 
mEH,, GSTM1, GSTT1) and risk of CTE in a Caucasian population. 

Materiall and methods 
Chemicals Chemicals 
TaqTaq DNA polymerase, dNTPs, Rsal, Dra\, Mspl and EcoRV were obtained from Boehringer-
Mannheimm (Mannheim, Germany). Hindi was obtained from New England Biolabs (USA). 
Primerss were provided by Isogen (Maarssen, The Netherlands). 

Subjects Subjects 
Sixty-twoo male patients and 47 male controls were included in this study. All subjects were 
Caucasians.. Patients were diagnosed by the Netherlands Center of Occupational Diseases 
(NCOD),, using a structured interview, a neurological examination, a haematological and 
biochemicall  screen, and a neuropsychological examination including the Neurobehavioral 
Evaluationn System (NES). The diagnostic procedure and criteria for CTE have been derived 
fromm the WHO recommendations [23]. The control group consisted of a subgroup of subjects 
(n=28)) occupationally exposed to organic solvents who were referred to the NCOD but did 
nott have any objective or subjective signs of CTE as assessed by the NES tests and symptom 
questionnaires;; a second subgroup consisted of painters (n=19) recruited by an Occupational 
Healthh Service during the yearly check-up who did not have any objective or subjective signs 
off  CTE, ass assessed by the two questionnaires and symptom complaints. 

Basedd on the occupational history and occupation-specific questionnaires, exposure to 
organicc solvents was assessed by an experienced occupational hygiënist. Scores on four items 
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weree determined: duration of exposure (in years), level of exposure, ranging from low (1) to 
highh (3), symptoms of acute exposure, ranging from never (0) to daily (3), and use of personal 
protectionn equipment, ranging from never (0) to always (-2). In order to compare the exposure 
betweenn patients and controls an exposure index was constructed of these four items, which 
rangedd from 1 to 9. 

Eachh person signed an informed consent before entering the study and the study was 
approvedd by the Medical Ethics Committee of the Amsterdam Medical Center. 

Genotyping Genotyping 

Onee tube of EDTA-blood was drawn (7 ml) and leukocyte DNA extracted using the Blood & 
Celll  Culture DNA midi kit (Qiagen). The cl/c2 and C/D genotypes of the CYP2E1 gene were 
determinedd by PCR-RFLP, according to published methods [24,25]. Ten ul of PCR product 
wass digested with 10 units of Rsal or Dral at 37 °C for 3 hours and the products analysed by 
electrophoresiss on a 1.5% agarose gel. The Ile/Val and ml genotypes of the CYP1A1 gene 
weree determined by PCR-RFLP according to published methods [26,27]. The Ile/Val 
polymorphismm was detected using designed RFLP. Ten ul of PCR product was digested with 
100 units of Hindi or Mspl at 37 °C for 3 hours and the products analysed by electrophoresis 
onn a 3% agarose gel for the Ile/Val polymorphism and on a 1.5% agarose gel for the Mspl 
polymorphism. . 

Thee two mutations in the mEH gene were analysed according to the method of Smith 
andd Harrison [20]. Ten ul of PCR product was digested with 10 units of EcoRV or Rsal and 
analysedd by 3% agarose gel electrophoresis. GSTM1 and GSTT1 genotypes were determined 
inn the same PCR run according to the method of Arand et al. [28]. Albumine served as 
internall  control. 

StatisticalStatistical analysis 

Crudee odds ratios were determined to test the association of genotype with disease, together 
withh their 95% confidence interval, to determine statistical significance. Logistic regression 
wass used to adjust the odds ratios for age and all exposure variables (duration, level, peak 
exposure,, personal protection). Genes of which the prevalence was shown to be significantly 
differentt in case and control groups were studied for possible interactions. 

Results s 
Casess and controls had comparable mean ages and duration of exposure (table 1). Cases had 
higherr scores on level of exposure and acute intoxication symptoms and lower scores on the 
usee of personal protection measures. The overall exposure index was significantly higher in 
patientss compared to controls (t-test, p < 0.05). 

Noo homozygous carriers for the mutant alleles of the CYP2E1 and CYP1A1 gene were 
found.. A high degree of association was observed between the presence of the C-allele and 
thee presence of the c2-allele of the CYP2E1 gene (Fishers exact test, p < 0.005); 4 out of 5 
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subjectss with the c2-allele also carried the C-allele. All subjects with the exon 7 
polymorphismm of the CYP1A1 gene carried the ml-allele. 

Tablee 1 CharacteristicsCharacteristics ofCTE case-control study subjects 

Number r 

Meann age (years) 
Exposuree duration (years) 

Exposuree level3 L/M/H 
Acutee exposure" N/S/R/D 

Personall  protection' N/R/A 

Exposuree index 

Cases s 
62 2 

46.55  7.7 

25.55  10.2 
7/36/17 7 

1/15/36/8 8 

54/6/0 0 

6.77 1 

Controls s 

47 7 
44.99  9.8 

26.66 0 

13/28/6* * 
5/32/8/2* * 

34/12/1* * 

5.55  1.2** 

numberr of persons per exposure level; L=low, M=middle, H=high 
bb number of persons with symptoms of acute exposure ; N=never, S=sometimes (weekly 

orr less), R=regular (weekly to daily), D=daily (several times per day) 
cc number of persons that use personal protection measures; N=never, R=regular, A=always 
**  significantly different from cases using the chi-square test, p < 0.05 

***  significantly different from cases using Student's t-test, p < 0.05 

Thee distribution of the genotypes by cases and controls is presented in table 2, along 
withh the crude odds ratio. There was no statistical difference between cases and controls in 
frequencyy for the different CYP450, GST and exon 4 mEH genotypes. The odds ratio for the 
heterozygouss genotype of the exon 3 polymorphism of the mEH gene was borderline 
significantt (2.25; 0.92 - 5.50). However, the odds ratio for the homozygous mutant genotype 
wass exactly the same as for the wild type. 

Forr the CYP2E1 polymorphisms, high exposure was associated with a lower 
percentagee of mutant alleles in the patients (Fischer's exact test, p < 0.05) but not in controls 
(dataa not shown). This was not the case for the other polymorphisms. The odds ratios adjusted 
forr the exposure variables and age are presented in table 2; the odds ratio changed to 4.75 
(1.088 - 20.9) for the Oral and 24.9 (1.24-500) for the Rsa\ polymorphism. Interaction 
betweenn the separate CYP2E1 mutations and the mEH exon 3 mutation were studied. These 
polymorphismss were included for statistical reasons and because, assuming that reactive 
metabolitess are important in the development of CTE, they represent activating and 
detoxicatingg enzymes, respectively. However, no interaction between Dral and mEH, or Rsal 
andd mEH was found. 

149 9 



ChapterChapter 9 

Tablee 2 Distribution of genotypes in CTE patients and controls and odds ratio with 95% confidence 
interval interval 

CYP2E1 1 

CYP1A1 1 

GSTM1 1 

GSTT1 1 

EH3 3 

EH4 4 

DD D 
CD D 

clcl l 

clc2 2 

wt t 

wt/ml l 

ile/ile e 

ile/val l 

positive e 
null l 

positive e 
null l 

wt t 

wt/mt t 

mt t 

wt t 

wt/mt t 

mt t 

Cases s 

50 0 
12 2 

58 8 
4 4 

47 7 
15 5 

59 9 
3 3 

30 0 

32 2 

49 9 

13 3 

23 3 
27 7 

12 2 

34 4 
24 4 

4 4 

Controls s 
42 2 

5 5 

46 6 

1 1 

31 1 

16 6 

43 3 

4 4 

24 4 

23 3 

36 6 
11 1 

23 3 
12 2 

12 2 

23 3 

19 9 

5 5 

Oddss ratio" 

2.02(0.66-6.19) ) 

3.17(0.34-29.4) ) 

0.62(0.27-1.43) ) 

0.55(0.12-2.57) ) 

1.111 (0.52-2.38) 

0.87(0.35-2.16) ) 

2.255 (0.92-5.50) 
1.0(0.37-2.68) ) 

0.85(0.38-1.90) ) 
0.54(0.13-2.23) ) 

Adjustedd odds ratio b 

4.75(1.08-20.9) ) 

24.9(1.24-500) ) 

0.45(0.16-- 1.28) 

0.26(0.04-- 1.83) 

0.89(0.35-2.30) ) 

1.07(0.36-3.19) ) 

2.96(0.88-9.95) ) 
2.10(0.58-7.58) ) 

0.94(0.34-2.58) ) 
0.20(0.04-- 1.17) 

Crudee odds ratio 

'' Odds ratio adjusted for all exposure variables and age 

Discussion n 
Thee results from this study suggest that the genotypic variants of the CYP2E1 gene are 
associatedd with risk of CTE. Subject with the mutant C-allele were at a 4.75-fold risk of 
diseasee and those with the mutant c2-allele were at a 25-fold risk of disease. Given the strong 
associationn observed between the CYP2E1 *6 and the CYP2E1 *5B alleles, it is impossible to 
disentanglee the independent effects of these polymorphisms on disease risk. One explanation 
forr the higher risk of CTE found in persons with the c2-allele might be formation of a larger 
amountt of reactive metabolites after exposure to organic solvents, since numerous organic 
solventss are substrates for CYP2E1 and Watanabe et al. [13] observed a 10-fold increase in 
thee gene expression of the variant c2-allele relative to the wild type. 

Ann exposed control group was included in the present research in order to study the 
interactionn between exposure and genotype. Exposure appeared to be a confounding factor in 
thee association between the CYP2E1 polymorphisms and risk of CTE (table 2). This is due to 
thee fact that high exposure was associated with a higher percentage of CTE patients, but with 
aa lower percentage of CYP2E1 mutant alleles in the CTE patients. Therefore, susceptibility of 
carrierss of the CYP2E1 mutant alleles to CTE seems to be more profound at low exposure 
levels.. This has been observed before in pharmacogenetic studies with chemical carcinogens 
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andd has been explained by the fact that at high exposure levels the relevant enzyme is 
saturatedd both in rapid and slow metabolisers, while this does not happen at low doses [29]. 
However,, the mechanism by which the CYP2E1 polymorphisms increase the risk for CTE 
remainss uncertain, because several studies have reported that the c2-allele did not influence 
CYP2E1-mediatedd chlorzoxazone [30,31] and nitrophenol hydroxylations [32]. Another 
possiblee explanation might be that the polymorphic sites of the CYP2E1 gene are in linkage 
disequilibriumm with other genes that influence susceptibility to CTE. 

Thee patients also showed an excess of mEH exon 3 mutated alleles (slow allele), due 
too a higher proportion of heterozygotes. This excess of heterozygotes was of marginal 
statisticall  significance, due to the relatively small study size. Interestingly, there was no 
differencee between patients and controls in the proportion of subjects homozygous for the 
sloww allele. No interaction was observed between the mEH slow allele and the CYP2E1 
mutations,, meaning that for a person with both mutations the risk of CTE is multiplicative. 

Theree was no association between the GSTM1 and GSTT1 polymorphism and CTE, in 
contrastt to a study by Söderkvist et al. [33]. In that study an odds ratio of 2.55 for the GSTM1 
nulll  genotype was reported. The discrepancy in results may be related to differences in 
solventt exposure, as GSTM1 is only involved in metabolism of some organic solvents [34]. It 
iss possible that exposure to these particular solvents has occurred in the Swedish study and 
nott in our study. No assessment was made in the Swedish study, nor in our study, to which 
solventss the subjects had been exposed. Due to recall bias and uncertainty on the composition 
off  industrial products (due to trade secrets), assessment of historical exposure to individual 
solventss is very difficult. 

Inn summary, results from the present study suggest an association between CYP2E1 
genotype,, and possibly mEH exon 3 genotype, and risk of developing CTE. Larger studies, 
whichh should include subject homozygous for the mutant CYP2E1 alleles, are needed to 
confirmm and extend the present findings. 
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