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Abstract

Chronic exposure to n-hexane may result in peripheral neuropathy. 2,5-Hexanedione (2,5-HD)
has been identified as a toxic metabolite of z-hexane. The CYP2E!, CYP1A1 and GST genes
are involved in the formation of 2,5-hexanedione from n-hexane as well as the elimination of
2,5-HD-formed electrophile, and these genes are highly polymorphic in the general population.
A nested case-control study in an industrial cohort was conducted to evaluate the associations
between polymorphisms in these metabolic genes and n-hexane-induced peripheral nerve
damage. The study subjects included 22 cases, who worked in a printing factory with symptoms
of peripheral nerve damage, and 163 controls, who came from the same factory of cases. DNA
was extracted from blood samples and genotyping was conducted for CYP2E! Pst, CYP2E1
Dra, CYP2EI Ins96, CYP1A1 Msp, GSTT1 null, GSTM1 null and GSTP! 105V. Uncondi-
tional logistic regression was applied to estimate the odds ratio and 95% confidence intervals.
There were no significant differences between the two groups regarding age, sex, smoking and
alcohol status. A significant association between Dra polymorphism and peripheral nerve
damage was found. The frequency of CYP2E! Dra homozygous mutation in the case group
(18.2%) was higher than that in the control group (3.7%, p=0.015). Individuals with
homozygote genotype (CC) of CYP2E1 Dra had a significantly higher risk of peripheral nerve
damage compared with those with DD genotype (adjusted OR =5.58, 95% CI=1.32-23.65)
after n-hexane exposure duration, sex, age, smoking and alcohol status were adjusted. No
significant association was found that CYP2E1 Pst, CYP2E1 Ins96, CYP1AI Msp, GSTTI1,
GSTM1, GSTP gene polymorphisms associated with the susceptibility of peripheral nerve
damage. These findings suggested that CYP2E]1 gene might increase the susceptibility to #-
hexane-induced peripheral damage.
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Introduction

n-Hexane is a solvent, thinner and cleaning agent currently used in a variety of
industrial and commercial processes, including rubber, adhesive, ink and paint
manufacturing (He et al. 1999, 2000). Chronic exposure to z-hexane may result in
various signs and symptoms of peripheral neuropathy such as acral paresthesia,
weakness in the lower limbs and compromised tendon reflexes. These motor and
sensory deficits are symmetrical and usually limited to the feet and hands.
Electrophysiological findings include prolonged nerve conduction velocities (NCV)
in the median and ulnar nerves and decreased muscle-resting potential amplitudes
(Wang et al. 1986, Chang et al. 1993, Oge et al. 1994, Pastore et al. 2002).

Numerous studies have provided evidence that 2,5-hexanedione (2,5-HD) is the
ultimate neurotoxic agent that causes peripheral neuropathy (Couri et al. 1978,
Spencer et al. 1978). Cytochrome (CYP) P450 enzymes are involved in several steps
of n-hexane biotransformation. 2,5-HD is formed via sequential hydroxylation at the
2- and 5-positions by P4502E1 and 2B (Toftgard et al. 1986, Crosbie et al. 1997,
Jenner 1998), followed by oxidation of the hydroxyl function by alcohol dehydrogen-
ase (Frommer et al. 1974). Iba et al. (2000) found that continued daily n-hexane
treatment resulted in an increased urinary level of 2,5-HD in wild-type mice but not in
CYP2el —/— mice. Pretreatment of rats with the inducer of CYP2EI1 increased 2,5-
HD formation from rats administered z-hexane (Robertson et al. 1989, Raunio et al.
1990), suggesting that CYP2E] is the predominant P450 isozymes responsible for the
biotransformation of n-hexane to 2,5-HD.

n-Hexane is also hydroxylated at other positions of carbon atoms by P450 isozymes
(such as CYPIAI and CYPI1A2), and is metabolized to 1-hexanol, 3-hexanol, 4,5-
dihydroxy-2-hexanone and other compounds. However, this leads to detoxification
(Morohashi et al. 1983, Toftgard et al. 1986).

2,5-HD could disturb energy metabolism processes and then alter neurofilament
transport and axonal degeneration (Spencer et al. 1979). In addition, decreased
adenosine triphosphate production and inhibition of state 3 respiration also occurred
in rat brain mitochondria exposed to 2,5-HD (Medrano & LoPachin 1989). Studies
also showed that 2,5-HD could react directly with axonal protein by the formation of
n-substituted 2,5-dimethylpyrrole adducts at e-amine nitrogen of the lysine residues
of neurofilaments (Pyle et al. 1992, Graham et al. 1995, Decaprio et al. 1997).
Secondary oxidation of the pyrrole ring to an electrophile reacted with neurofilament
nucleophiles resulting in intra- and intermolecular protein cross-linking, and this was
considered to be the determinant event in 2,5-HD neuropathy (Graham et al. 1982,
Zhu et al. 1994). The electrophiles formed by 2,5-HD can be eliminated through the
glutathione conjugation reaction. This reaction can be catalysed by GSTs-produced
enzymes including mu (M), pi (P), theta (T) and then by preventing the electrophile
from conjugating with DNA protein (Mannervik et al. 1992).

Recently, there has been an increased number of reported cases of n-hexane-
induced peripheral neuropathy in China (He et al. 2002a,b) since the first case was
reported in 1994 in Guangdong province (He et al. 1999). n-Hexane neuropathy has
become a relatively new occupational disease in China. Although epidemiological
studies have shown that occupational exposure is a major risk factor for n-hexane
neuropathy (Wang et al. 1986), only a small fraction of workers exposed to n-hexane
develop neuropathy. There is a possibility that genetic factors such as the variants of
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metabolic genes for n-hexane are involved in the procession of n-hexane neuropathy
(Chang et al. 1993, Shao et al. 1999).

The present authors hypothesized that workers with variant alleles for CYP2E],
CYP1A1I and GST genes may be different in their ability to metabolize #z-hexane and,
thus, may alter the risk of peripheral nerve damage. A nested case-control study was
conducted to test whether CYP2E1, CYPIAI and GST genes’ polymorphisms could
modulate the susceptibility of peripheral nerve damage induced by n-hexane.

Material and methods
Study population

The case-control study was conducted based on a study cohort in an offset printing
factory in Shenzhen, China. There were 266 workers (whose job title was ‘printers”)
recruited in the follow up study. Twenty-two cases were found during a 1-year
occupation health surveillance. The cases had at least one of the following symptoms:
(1) diminution of the tendon reflex in the limbs, (2) a decreased tactile sensibility in
the lower extremities, (3) a reduced vibratory sensibility below the knee or ankle, and
(4) decreased muscle power. All cases were validated by an occupational physician
according to the Diagnostic Criteria of Occupational Acute Neurotoxic Disorders Caused by
Chemicals (GBZ76 2002a). They were then re-diagnosed by specialists on a panel of a
diagnostic group responsible for the project of nerve growth factor (NGF) treatment
on n-hexane-induced neuropathy patients.

One hundred and sixty-three controls were recruited from the other workers
working in the same workshops as cases. The controls had to have the following
characters during the health surveillance: (1) no relative signs and symptoms of cases
found during occupational health surveillance, (2) working in the same kind of job
position as the cases, (3) having the same n-hexane exposure duration as the cases,
and (4) no relative disease with peripheral nerve damage such as diabetes and
neurasthenic.

The demographic data for all subjects including gender, age, nationality, smoking
habit, alcohol intake, occupational exposure duration and the recent disease history
were collected by a questionnaire completed by trained interviewers.

All subjects wore general protective masks and gloves for the prevention of possible
inhalation and skin penetration during working time. Data from environmental
measurements of z-hexane were available from the historical records of the workshops
over 2000-03. Based on these results, the median n-hexane concentrations in the air
of the work sites were 49, 126, 48 and 57.5 mg m > in 2000, 2001, 2002 and 2003,
respectively.

The study was approved by the Research Ethic Committee of the National Institute
for Occupational Health and Poison Control, Chinese Center for Disease Control and
Prevention.

Genotyping

After an informed consent was obtained, venous blood was collected from each
subject and then coded. Ethylenediaminetetraacetic acid disodium salt (EDTA-2Na)
was used as an anticoagulant. DNA was isolated from whole blood using the standard
method (Miller et al. 1988). Two single nucleotide polymorphisms (SNPs) of
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CYP2E], including T7668A Dra site in intron 6, G1259C Pst site in the promoter
region were detected by using polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) (Kato et al. 1992, Stephens et al. 1994). The Ins96 in
the 5’-flanking region of CYP2E1 gene was measured by using the PCR method (Cao
et al. 2001). The Msp site of the 3’-flanking region of CYP1A41 was genotyped using
the methods of Tefre et al. (1991), and analysis of GSTP! gene polymorphism
resulting in an Ile/Val substitution at the residual 105 at exon 5 was done as described
by Saarikoski et al. (1998). The genotypes of GSTM1 and GSTT1 were detected by
using a modified multiplex PCR method with globins as the positive control (Zhong et
al. 1993, Katoh et al. 1996). All genotypes were evaluated by at least two persons
independently. Ten per cent of DNA samples randomly chosen from all the samples
were genotyped a second time and the concordance rate was 100%.

Statistical methods

Individuals who had smoked more than 100 cigarettes in their lifetime were
considered as smokers. The subjects who drank at least twice every week during the
past 6 months were defined as alcohol users. The effect of each gene variant on the
peripheral nerve system dysfunction, using the wild genotype as the reference, was
estimated by using unconditional logistic regression to calculate crude and adjusted
odds ratios (ORs) and 95% confidence intervals (CIs). Potential confounders, such as
age, sex, exposure history, the status of smoking and alcohol, were adjusted in
unconditional logistic regression models. All statistical tests were two-sided (o« =0.05)
and performed using Statistical Analysis System software (version 6.12; SAS Institute,
Inc., Cary, NC, USA).

Results

The general characteristics of the study population are summarized in Table 1. All
cases were of Han nationality with an average age of 25.23 years and average n-hexane
exposure duration of 6.54 years. Fifty per cent of cases were current smokers and 48%
were alcohol users. The average age of controls was 27.24 years and the average length
of occupational exposure was 5.97 years. Of them, 42.9% were smokers and 39.3%
were alcohol users. Confounding factors such as age, gender, exposure duration,
smoking and alcohol statue were also comparable, and there were no significant
difference between cases and controls. Although n-hexane exposure duration in the

Table I. Demographic data and n-hexane exposure history in cases and controls.

Variables Cases (n=22) Controls (n=163) P

Age (years, mean+SD) 25.2345.24 27.24+5.86 0.128!
Gender (male/female) 20/2 146/17 0.846>
Exposure history (years, mean +SD) 6.54+4.81 5.97+3.89 0.719°
Current smoker (yes/no,%) 11/11 (50.00) 70/93 (42.94) 0.5632
Alcohol user (yes/no,%) 10/12 (48.00) 64/99 (39.26) 0.6092

'Student’s ¢-test for differences between cases and controls.
252 test for differences between cases and controls.
>Wilcoxon U-tests for differences between cases and controls.
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case group tended to be longer than that of the control group, the difference was also
not statistically significant.

The frequencies for variant alleles of Dra, Pst and Ins96 polymorphisms of CYP2E1
were 0.249, 0.273 and 0.216, respectively, and those of Msp polymorphisms of
CYPI1AI and Ilel05 alleles of GSTP1 gene were 0.551 and 0.205 in the studied
subjects. The distributions of all five genotypes distributions were in a Hardy—
Weinberg equilibrium, indicating that study subjects were sufficiently random and
representative. The ratios of the non-null of GSTT! gene and GSTMI gene were
0.454 and 0.476, respectively.

The frequencies of CYP2E1, CYPIAl, GSTP1, GSTM1 and GSTT1 genotype
distributions in cases and controls are shown in Table II. There was a statistic
difference among the Dra polymorphism. The frequency of the homozygous genotype
mutation C/C in the case group was 18.2%, which was significantly higher than that in
the control group (3.7%). Individuals with homozygous genotype (C/C) had a
significantly higher risk of #-hexane-induced peripheral nerve damage in comparison

Table II. Frequencies of CYP2E1, CYP1A1, GSTP1, GSTMI and GSTT1 genotype distributions in cases
and controls.

Candidate Number Number of Crude OR Adjusted OR
gene Genotype of cases controls (95% CI) (95% CI)
CYP2EI1Dra
DD 12 91 1.00 (reference) 1.00 (reference)
CD 6 66 0.69 (0.25-1.93) 0.69 (0.24-1.94)
cC 4 6 5.06 (1.25-20.5)* 5.58 (1.32-23.65)%
CYP2E1 Pst
clcl 15 109 1.00 (reference) 1.00 (reference)
clc2 6 52 0.84 (0.31-2.29) 0.83 (0.29-2.34)
c2c2 1 2 3.63 (0.31-42.54) 3.39 (0.25-45.12)
CYP2E1Ins96
—/ = 13 99 1.00 (reference) 1.00 (reference)
—/+ 9 64 1.12 (0.44-2.87) 1.14 (0.45-2.94)
or
+/+
CYPI1A 1Msp
mlml 6 49 1.00 (reference) 1.00 (reference)
mlm2 13 81 1.31 (0.47-3.67) 1.49 (0.51-4.33)
m2m?2 3 33 0.74 (0.17-3.18) 0.93 (0.21-4.24)
GSTPI
Ile/Ile 15 102 1.00 (reference) 1.00 (reference)
Ile/Val 6 54 0.74 (0.25-2.11) 0.76 (0.28-2.06)
Val/Val 1 7 1.14 (0.12-10.65) 0.97 (0.11-8.46)
GSTTI
null 10 74 1.00 (reference) 1.00 (reference)
non-null 12 89 0.99 (0.41-2.44) 1.22 (0.48-3.11)
GSTM1
null 12 76 1.00 (reference) 1.00 (reference)
non-null 10 87 0.73(0.30-1.78) 0.77 (0.30-1.96)

Odds ratios are adjusted for age gender, exposure history, smoking and alcohol status.
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with those with wild-type genotype (D/D) (adjusted OR=5.58, 95% CI=1.32—
23.65) after adjusting for exposure history, gender, age, smoking and drinking status.

Other sites of CYP2E1 were Pst and Ins96bp polymorphism in the regulatory
region. The ratios of c2¢c2 (PstI homozygous mutation) and Ins96 (+/+ or +/—)
genotype were 1/22, 9/22 in cases and 2/163, 64/163 in controls, respectively, which
were consistent with the result of De Roos et al. (2003). Nevertheless, no association
was found between Pst I and Ins96 polymorphisms of the CYP2El gene and
susceptibility to peripheral nerve damage. The frequency of CYPIA1 homozygous
mutation was not different between cases and controls (13.6 versus 20.26%).

The distributions of GSTP! GSTT1 and GSTM1 genotypes in case group were
similar to the control group. The data also showed no associations of GSTs
polymorphism with peripheral nerve damage.

Discussion

Both the host and external environment factors affect many toxicant-induced health
impairments and diseases. The differences in individual expressions of toxicity have
become a hot point in toxicology. The possible impact of metabolic enzyme gene
polymorphisms on individual susceptibility to n-hexane-induced peripheral nerve
damage needs to be investigated. Up to now the authors are aware of no previous
study that has investigated the possible impact of n-hexane metabolic enzyme gene
polymorphisms on individual susceptibility to peripheral nerve damage. The results
showed that workers with homozygote mutation (C/C) of CYP2E1 Dra had a greater
risk of peripheral nerve damage compared with the D/D genotype, suggesting that the
CYP2E1l Dra polymorphism may be a susceptibility gene to n-hexane-induced
peripheral nerve damage.

The CYP2EI gene lies on chromosome 10 (Umeno et al. 1988) and has been
identified as the main CYP450 isoform responsible for the metabolism of n-hexane
(Robertson et al. 1989, Iba et al. 2000). Since chronic exposure to alcohol is an
inducer well known to enhance CYP2EI1 activity (Koop & Tierney 1990, Daiker et al.
2000), the ratio of alcohol users between cases and controls was compared and there
was no difference in this study.

Polymorphisms of the CYP2E1 gene have been identified in humans, of which the
Dra polymorphism particularly is located in intron 6 (C/D). The relationship of the
Dra polymorphism and gene expression has been postulated. Uematsu et al. (1994)
suggested that the Dra polymorphism might be associated with the gene expression of
CYP2E1 at the mRNA level. Studies have showed that the frequency of the C allele is
different in different races: 0.11 in Spanish and Finnish people (Savolainen et al.
1997, Vidal et al. 2004) and 0.26 in the Japanese population (Uematsu et al. 1991). In
the current study, the frequency of the C allele was 0.25, which is similar to a previous
report of Chinese people (Zhai et al. 1998). The present study found that individuals
with homozygote genotype (CC) of CYP2EI Dra had a significantly higher risk of
peripheral nerve damage in comparison with those with DD genotype (OR =5.06,
95% CI=1.25-20.5). This might be due to an increase of 2,5-HD formation in
workers with CC genotype than in ones with DD genotype because of elevated
CYP2E] activities. Similar results were obtained after n-hexane exposure duration,
gender, age, smoking and alcohol status were adjusted (OR =5.58, 95% CI=1.32—
23.65). Another two polymorphism sites were Pst, Ins 96 of CYP2E] located in the
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regulatory 5’-flanking region (cl/c2, Ins 96 +/—) that may affect its transcriptional
regulation (Hayashi et al. 1991) and increased activity (McCarver et al. 1998); the
present data did not show the distribution difference between cases and controls.

CYP1Al is also an important phase I enzyme in metabolizing z-hexane to 2,5-HD,
which can be hydroxylated at the 1- or 3-position carbon atoms of z-hexane and form
detoxification compounds. Two major relevant genetic polymorphisms have been
demonstrated in the CYPIAI gene. One is a T —»C substitution in the 3’-flanking
region altering protein folding. In this study, the frequency of CYP1AI Msp I was
consistent with those described in the literature for the Chinese population (Wang et
al. 2003) and no significant association was found between CYPIAI Msp I
polymorphism and peripheral nerve damage.

Glutathione S-transferases (GSTs) are phase II enzymes responsible for catalysing
the biotransformation of a variety of electrophiles. They have a central role in the
detoxification of activated metabolites. In the present study, GS7s gene variants
played no significant role in the risk of peripheral nerve system dysfunction.

In the present study, the workers with peripheral nerve damage who were defined as
observation subjects according to the Diagnostic Criteria of Occupational Chronic n-
Hexane Poisoning (GBZ84 2002b) were selected as our cases, whose symptoms were
slighter than in n-hexane-induced neuropathy patients. There are some disadvantages
in the study of hospitalized patients since these patients usually present due to an
exposure to a high level of n-hexane (223.7—17107.5 mg m ™ °) in a relatively short
period. However, in the present study, the levels of n-hexane in workshop air were
mostly below 100 mg m ~>, therefore it is convenient to explore the genetic effect on
impairment induced by z-hexane at a relatively low exposure level. The disadvantage
of our study, however, is that a small number of subjects with CYP2E1 Dra variant
genotypes would make estimates imprecise. A small sample size may explain the lack
of associations of Pst, 96 Ins of CYP2E1, CYP1Al, GSTT1, GSTM1 and GSTP!I
with peripheral nerve damage in this study. The misclassification may have occurred
only in controls with slight damage, although the cases were defined by an
occupational physician and then re-diagnosed and validated by a diagnostic panel.

In conclusion, it was found that Dra of CYP2EI polymorphism may be a
susceptibility gene to n-hexane-induced peripheral nerve system dysfunction. A larger
study is needed to validate these findings.

Acknowledgements

Research was supported by the National Nature and Science Foundation of China
(30170797) and the National Key Basic Research and Development Program
(2002CB512903, 2002CB512907). The authors thank Drs Lai Hongpiao and Lin
Kaiping for data collection. They are also grateful to Dr Ye Nengquan for technical
assistance.

References

Cao DZ, Wan JX, Zhu XM, Liu ], Jin XP, Xia ZL. 2001. Effect of GSTMI1 and CYP2E1l genetic
polymorphism on susceptibility to chronic benzene poisoning. Journal of Labor Medicine 18:334—337.

Chang CM, Yu CW, Fong KY, Leung SY, Tsin TW, Yu YL, Cheung TF, Chan SY. 1993. N-hexane
neuropathy in offset printers. Journal of Neurology, Neurosurgery and Psychiatry 56:538—-542.

Couri D, Abdel-Rahman MS, Hetland LB. 1978. Biotransformation of n-hexane and methyl n-butyl ketone
in guinea pigs and mice. American Industrial Hygiene Association Journal 39:295-300.

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

68 Y. Zhang et al.

Crosbie SJ, Blain PG, Williams FM. 1997. Metabolism of n-hexane by rat liver and extrahepatic tissues and
the effect of cytochrome P-450 inducers. Human Experimental Toxicology 16:131-137.

Daiker DH, Shipp BK, Schoenfeld HA, Klimpel GR, Witz G, Moslen MT, Ward ]JB Jr. 2000. Effect of
CYP2E1 induction by ethanol on the immunotoxicity and genotoxicity of extended low-level benzene
exposure. Journal of Toxicology and Environmental Health 59:181-196.

De Roos AJ, Rothman N, Inskip PD, Linet MS, Shapiro WR, Selker RG, Fine HA, Black PM, Pittman GS,
Bell DA. 2003. Genetic polymorphisms in GSTMI1, -P1, -T1, and CYP2E1 and the risk of adult brain
tumors. Cancer Epidemiology Biomarkers and Prevention 12:14—22.

Decaprio AP, Kinney EA, Fowke JH. 1997. Regioselective binding of 2,5-hexanedione to high-molecular-
weight rat neurofilament protein in vitro. Toxicology and Applied Pharmacology 145:211-217.

Diagnostic criteria of occupational acute neurotoxic disorders caused by chemicals (GBZ76 2002a).
Ministry of Health, Beijing, PR China.

Diagnostic criteria of occupational chronic n-hexane poisoning (GBZ84 2002b). Ministry of Health,
Beijing, PR China.

Frommer U, Ullrich V, Orrenius S. 1974. Influence of inducers and inhibitors on the hydroxylation pattern
of N-hexane in rat liver microsomes. FEBS Letters 41:14—-16.

Graham DG, Amarnath V, Valentine WM, Pyle S]J. 1995. Pathogenetic studies of hexane and carbon
disulfide neurotoxicity. Critical Reviews in Toxicology 25:91-112.

Graham DG, Anthony DC, Boeklheide K, Maschmann NA, Richards RG, Wolfram AM, Sham BR. 1982.
Studies of the molecular pathogenesis of hexane neuropathy. II. Evidence that pyrrole derivatization of
lysyl residues leads to protein crosslinking. Toxicology and Applied Pharmacology 64:415-422.

Hayashi SI, Watanabe J, Kawajiri K. 1991. Genetic polymorphism of the 5’-flanking region change
transcriptional regulation of the human cytochrome P450IIE1 gene. Journal of Biochemistry 110:559—
565.

He FS, Ren Y], Wang SJ. 1999. Occupational medicine of China. Beijing: Publishing Company of Public
Health. p. 437-439.

He JX, Huang XQ, Xie WL, Kong LZ, Zhu GH, Zhang DH, Huang JX. 2002b. Effect of N-hexane on
exposure worker health. Chinese Occupational Medicine 29:32—-34. [in Chinese]

He JX, Li LY, Huang XQ, Lin BJ, Wu K, Chen GH, Liang N, Huang XC. 2000. Survey of occupational
damage induced by n-hexane in Shenzhen city. Chinese Occupational Medicine 27:50—51. [in Chinese]

He JX, Lin BJ, Wu ZJ. 2002a. Survey of occupational hazards caused by organ solvent in foreign-own
enterprise in Shenzhen city. Occupation and Health 18:15-16. [in Chinese]

Iba MM, Fung J, Gonzalez FJ. 2000. Function Cyp2el is required for substantial in vivo formation of 2,5-
hexanedione from n-hexane in the mouse. Toxicokinetics and Metabolism 74:582—-586.

Jenner P. 1998. Oxidative mechanisms in nigral cell death in Parkinson’s disease. Movement Disorders
13:24-34.

Kato S, Shields PG, Caporaso NE, Hoover RN, Trump BF, Sugimura H, Weston A, Harris CC. 1992.
Cytochrome P450IIE1 genetic polymorphisms, racial variation, and lung cancer risk. Cancer Research
52:6712-6715.

Katoh T, Nagata N, Kuroda Y, Itoh H, Kawahara A, Kuroki N, Ookuma R, Bell DA. 1996. Glutathione S-
transferase M1 (GSTMI1) and T1 (GSTT1) genetic polymorphism and susceptibility to gastric and
colorectal adenocarcinoma. Carcinogenesis 17:1855—1859.

Koop DR, Tierney DJ. 1990. Multiple mechanisms in the regulation of ethanol-inducible cytochrome
P450IIE1. Bioessays 12:429-435.

Mannervik B, Awasthi YC, Board PG, Haves JD, Di Ilio C, Ketterer B, Listowsky I, Morgenstern R,
Muramatsu M, Pearson WR. 1992. Nomenclature for human glutathione transferases. Biochemistry
Journal 282:305-306.

McCarver DG, Byun R, Hines RN, Hichme M, Wegenek W. 1998. A genetic polymorphism in the
regulatory sequences of human CYP2EL: association with increased chlorzoxazone hydroxylation in the
presence of obesity and ethanol intake. Toxicology and Applied Pharmacology 152:276-281.

Medrano CJ, LoPachin RM. 1989. Effects of acrylamide and 2,5-hexanedione on brain mitochondrial
respiration. Neurotoxicology 10:249-255.

Miller SA, Dykes DD, Polesly HF. 1988. A simple salting out procedure for extracting DNA from human
nucleated cells. Nucleic Acids Research 16:12—-15.

Morohashi K, Sdano H, Okada Y, Omura T. 1983. Position specificity in n-hexane hydroxylation by two
forms of cytochrome P-450 in rat liver microsomes. Journal of Biochemistry 93:413-419.

Oge AE, Yazici ], Boyaciyan A, Eryildiz A, Ornek I, Konyalioglu R, Cengiz S, Oksak OZ, Asar S, Baslo A.
1994. Peripheral and central conduction in n-hexane polyneuropathy. Muscle and Nerve 17:1416—-1430.

RIGHTES



Biomarkers Downloaded from informahealthcare.com by Hacettepe Univ. on 11/18/12
For personal use only.

Metabolic gene polymorphisms and peripheral nerve damage 69

Pastore C, Izura V, Marhuenda D, Prieto M], Roel J, Cardona A. 2002. Partial conduction block in n-
hexane neuropathy. Muscle and Nerve 26:132-135.

Pyle SJ, Amarnath V, Graham DG, Anthony DC. 1992. The role of pyrrole formation in the alteration of
neurofilament transport induced during exposure to 2,5-hexanedione. Journal of Neuropathology and
Experimental Neurology 51:451-458.

Raunio H, Liira J, Elovaara E, Pelkonen O. 1990. Cytochrome P450 isozyme induction by methyl ethyl
ketone and m-xylene in rat liver. Toxicology and Applied Pharmacology 103:175—179.

Robertson P Jr, White EL, Bus JS. 1989. Effects of methyl ethyl ketone pretreatment on hepatic mixed-
function oxidase activity and on in vivo metabolism of n-hexane. Xenobiotica 19:721-729.

Saarikoski ST, Voho A, Reinikainen M, Anttil S, Karjalainen A, Malaneilie C, Vainio H, Husgafvel-
Pursiainen K, Hirvonen A. 1998. Combined effect of polymorphic GST genes on individual
susceptibility to lung cancer. International Journal of Cancer 77:516—-521.

Savolainen VT, Pajarinen J, Perola M, Penttila A, Karhunen PJ. 1997. Polymorphism in the cytochrome
P450 2E1 gene and the risk of alcoholic liver disease. Journal of Hepatology 26:55-61.

Shao P, He JC, Ni PQ, Zheng RY. 1999. Display of neuro-electrophysiology in patients with chronic n-
hexane intoxication. Zhongguo Shiyong Neike Zazhi 19:355-357.

Spencer PS, Bischoff MC, Schaumburg HH. 1978. On the specific molecular configuration of neurotoxic
aliphatic hexacarbon compounds causing central—peripheral distal axonpathy. Toxicology and Applied
Pharmacology 44:17-28.

Spencer PS, Sabri MI, Moore CL. 1979. Does a defect in energy metabolism in the nerve fiber underlie
axonal degeneration in polyneuropathies? Annals in Neurology 5:501-507.

Stephens S, Stephens EA, Taylor JA, Kaplan N, Yang CH, Hsieh LL, Lucier GW, Bell DA. 1994. Ethnic
variation in the CYP2E1 gene: polymorphism analysis of 695 African-Americans, European-Americans
and Taiwanese. Pharmacogenetics 4:185—192.

Tefre T, Ryberg D, Haugen A, Nebert DW, Skaug V, Brogger A, Borresen AL. 1991. Human CYP1Al
(cytochrome P(1)450) gene: lack of association between the Msp I restriction fragment length
polymorphism and incidence of lung cancer in a Norwegian population. Pharmacogenetics 1:20-25.

Toftgard R, Haaparanta T, Eng T, Halpert J. 1986. Rat lung and liver microsomal cytochrome P-450
isozymes involved in the hydroxylation of n-hexane. Biochemistry and Pharmacology 35:3733-3738.

Uematsu F, Ikawa S, Kikuchi H, Sagami I, Kanamaru R, Abe T, Satoh K, Motomiya M, Watanbe M. 1994.
Restriction fragment length polymorphism of the human CYP2E1 (cytochrome P450IIE1) gene and
susceptibility to lung cancer: possible relevance to low smoking exposure. Pharmacogenetics 4:55—-63.

Uematsu F, Kikuchi H, Motomiya M, Abe T, Sagami I, Ohmachi T, Wakui A, Kanamaru R, Watanabe M.
1991. Association between restriction fragment length polymorphism of the human cytochrome P450
IIE1 gene and susceptibility to lung cancer. Japan Journal of Cancer Research 82:254—-256.

Umeno M, McBride OW, Yang CS, Gelboin HV, Gonzalez FJ. 1988. Human ethanol-inducible P450IIE1:
complete gene sequence, promoter characterization, chromosome mapping, and cDNA-directed
expression. Biochemistry 27:9006—9013.

Vidal F, Lorenzo A, Auget T, Olona M, Broch M, Gutierrez C, Aguilar C, Estupina P, Santos M, Richart C.
2004. Genetic polymorphisms of ADH2, ADH3, CYP4502E1 Dra-I and Pst-I, and ALDH2 in Spanish
men: lack of association with alcoholism and alcoholic liver disease. Journal of Hepatology 41:744—750.

Wang JD, Chang YC, Kao KP, Huang CC, Lin CC, Yeh WY. 1986. An outbreak of n-hexane-induced
polyneuropathy among press proofing worker. American Journal of Industrial Medicine 10:111-118.

Wang LD, Zheng S, Liu B, Zhu JX, Li Y], Li JX. 2003. CYP1A1, GSTs and mEH polymorphisms and
susceptibility to esophageal carcinoma: study of population from a high-incidence area in north China.
World Journal of Gastroenterology 9:1394—1397.

Zhai YH, Shi YB, Zhong L], Sun L, Sun XW, Cheng JR, Xiang YB, Lim Y], Dai XD, Shields P, Gao YT.
1998. Cytochrome P450 2E1 genetic polymorphism and non-smoking female lung cancer risk.
Carcinogenesis Teratogenesis and Mutagenesis 10:355—-358.

Zhong S, Wyllie AH, Barnes D, Wolf CR, Spur NK. 1993. Relationship between the GSTMI1 genetic
polymorphism and susceptibility to bladder, breast and colon cancer. Carcinogenesis 14:1821-1824.
Zhu M, Spink DC, Yan B, Bank S, DeCaprio AP. 1994. Formation and structure of cross-linking and
monomeric pyrrole autoxidation products in 2,5-hexanedione-treated amino acids, peptides, and protein.

Chemical Research in Toxicology 7:551—-558.

RIGHTES

Wy



