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Figure 1. An example of SNP found both in forward and reverse

sequencing in the 5 UTR region



Table 1. Primers used to amplify eight different fragments of ADH7

exon direction primer sequence

F 5 -AATCAGCCATGCCTAGGCAAA-3’

5 -GGAGGGGACAGAAATGTTCCA-3’

5 -GGCTGCATGTCTCATGCCTT-3’

5 -CCAAACATGGGAAGCATCTCC-3

5-CAGTTTGTTGATTGGTGCAATGTT-3

5-TGTGTGCTATTTCCTTTGATAGGCT-3

5 -ATGGGCTCAATTCACATTTGTT-3

4,5
5 -AACTAGCCTACCCTGTTTCTT-3

5-TTCAGGTTTCACTTTTTGACCC-3

5 -CAAATTTTGGGGTCTTACC-3

5-ATCTCCTCCGTTTTAAACTC-3

5 -CTCATTCTTGGAAGAAAGGCC-3

5 -ACAGGGAAAGTCATAGTGCAGG-3

5 -TCATCATAAGAAACAGTTAC-3’

5 -TCCTTTCTTGAAAGATCTGAA-3

|/ M| M| M| |M|D0D MO0 | |0 |T |0

5 -CTCCAGTTCACCATGACAACAC-3




31, 19 24
26 . 649 ( =155 ),
595 ( =11.6 )

(Independent t-test, X test, P>0.05).

36 (Olivopontocerebellar
atrophy type) MSA 14 (Striatonigral
degeneration type) MSA . 56.7 ( =
13.0 ) 34 ( =26 )

29 ,
1 1 9 , 1 1
12

28 , 1 1

8 , 1 1 14

(x* test, P=0.891).

100 ADH7 SNP
7 SNP . Coding SNP exon (P4)
exon (P6), exon (P7) non-coding
SNP  5-UTR (P1, P2), intron (P3), intron

10



(P5) (Table 2). P6 GG 74

AA 2 26 SNP ,
SNP . P1, P3, P7
, P2 2, 1
1 1 , P5
SNP Fisher’'s Exact Test
SNP
(Table 3).

PCR sequence gene bank conserved sequence
1 mismatch 1 insertion . 100
promoter (5’-UTR) mismatch (C216T)

1 intron insertion (ins19975A)

11

, GA

24

P4



Table 2. The seven different ADH7 single nucleotide polymorphisms

found in 50 patients with multiple system atrophy and 50 controls

fragment . wild-type
name o location mutated sequence
(position) sequence
1 +17 to +27 +17 to +27
5'-UTR
(331) TGCTGTTATAT TGCTGCTATAT
1 +20 to +30 +20 to +30
P2 5'-UTR
(334) TGTTATATACA TGTTACATACA
b3 2 First 203 to 213 203 to 213
(5988) intron CCATTATAATA CCATTTTAATA
P4 4 Fourth 195 to 205 195 to 205
(7516) exon GCAATGCTTGT GCAATACTTGT
. 4 Fourth 312 to 322 312 to 322
(7632) intron AATACGTGTAT AATACATGTAT
b6 5 Sixth 183 to 193 183 to 193
(14939) exon TCTAGGATCAT TCTAGAATCAT
7 Eighth 107 to 117 107 to 117
(20031) exon GGTTTGAAAAG GGTTTCAAAAG

12



Table 3. The frequencies of single nucleotide polymorphisms between

patients with MSA and controls

patients with

name genotype controls (n) p-value*
MSA (n)
Homozygote TT 49 50
P1 0.315
Heterozygote TC 1 0
Homozygote TT 49 48
P2 0.558
Heterozygote TC 1 2
Homozygote AA 49 50
P3 0.315
Heterozygote AT 1 0
P4 Homozygote GG 49 49
1.000
(Ala-Thr)  Heterozygote GA 1 1
Homozygote GG 50 49
P5 0.315
Heterozygote GA 0 1
Homozygote GG 36 38
P6
Heterozygote GA 13 11 0.896
(Arg-Arg)
Homozygote AA 1 1
P7 Homozygote GG 49 50
0.315
(Leu-Phe) Heterozygote GC 1 0

* Fisher’s exact test

13
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nucleus), (paraventricular nucleus) ,
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.20
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ADH 18
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15
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23
ADH7  promoter 3 ,6
SNP RFLP
SNP  ADH7
SNP
exon flanking intron
direct sequencing
7 SNP

16



2
(P4)

exon (P7)

argnine (AGA)

P2 SNP
intron

region

P6

SNP  alanine (GCT)

exon
threonin (ACT) ,

SNP  leucine (TTG) pheylalanine (TTC)

SNP
MSA
exon (P6) SNP
Arginine (AGG)
4 non-coding SNP P1,
5'-UTR , P3, P5
intron non-coding
SNP
MSA
SNP P2,
P2, P6  SNP
.23
ADH7

MSA

17



50

ADH7

1. ADH7

MSA

18

50

ADH 7



1. Harding RM, Fullerton SM, Griffiths RC, Bond J, Cox MJ, Schneider JA,
et al. Archaic African and Asian lineages in the genetic ancestry of

modern humans. Am J Human Genet 1997;60:772-789.

2. Bandmann O, Wenning GK, Quinn NP, Harding AE. Arg296 to Cys296
polymorphism in exon 6 of cytochrome P450-2D6 (CYP2D6) is not
associated with multiple system atrophy. J Neurol Neurosurg

Psychiatry 1995;59:557.

3. Bandmann O, Sweeney MG, Daniel SE, Wenning GK, Quinn N, Marsden
CD, et al. Multiple system atrophy is genetically distinct from
identified inherited causes of spinocerebellar degeneration.

Neurology 1997;49:1598-1604.

4. Nicholl DJ, Bennett P, Hiller L, Bonifati V, Vanacore N, Fabbrini G, et

al. A study of five candidate genes in Parkinson’'s disease and related

neurodegenerative disorders. Neurology 1999;53:1415-1421.

19



5. Morris HR, Vaughan JR, Datta SR, Bandopadhyay R, Rohan de Silva HA,
Schrag A, et al. Multiple system atrophy/progressive supranuclear
palsy: alpha-synuclein, synphilin, tau, and APOE. Neurology 2000

26;55:1918-1920.

6. lwahashi K, Miyatake R, Tsuneoka Y, Matsuo Y, Ichikawa Y, Hosokawa
K, et al. A novel cytochrome P-4501ID6 (CYP2D6) mutant gene
associated with multiple system atrophy. J Neurol Neurosurg

Psychiatry 1995;58:263-264.

7. Plante-Bordeneuve V, Bandmann O, Wenning G, Quinn NP, Daniel SE,
Harding AE. CYP2D6-debrisoquine hydroxylase gene polymorphism

in multiple system atrophy. Mov Disord 1995;10:277-278.

8. Masataka N, Hideshi K, Osamu K, Hirofumi M, Hiroyuki M, Yuishin I, et

al. Contribution of the interleukin-1beta gene polymorphism in

multiple system atrophy. Mov Disord 2002;17:808-811.

9. Allali-Hassani A, Peralba JM, Martras S, Farres F, Pares X. Retinoid,

omega-hydroxyfatty acids and cytotoxic aldehydes as physiologic

20



10.

11.

12.

13.

substrates, and H2 receptors antagonists as pharmacological
inhibitors or human class IV alcohol dehydrogenase in human. Brain

Res 2000;852:186-190.

Hoog JO, Jasper JH, Patrik S, Stefan S. Mammalian Alcohol
Dehydrogenase- Functional and Structural Implications. J Biomed Sci

2001:;8:71-76.

Yokiyama H, Baraona E, Lieber CS. Upstream structure of human
ADH7 gene and the organ distribution of its expression. Biochem

Biophys Res Commun 1995;2:216-222.

Gilman S, Low PA, Quinn N, Albanese A, Ben-Sholomo Y, Fowler CJ,
et al. Consensus statement on the diagnosis of multiple system

atrophy. J Neurol Sci 1999;163:94-98.

Zgombic-Knight M, Foglio MH, Duester G. Genomic structure and
expression of the ADH7 gene encoding human class IV alcohol
dehydrogenase, the form most efficient for retinol metabolism in vitro.

J Biol Chem 1995;270:4305-4311.

21



14.

15.

16.

17.

18.

19.

Nickerson DA, Tobe VO, Taylor SL. Polyphred: automating the
detection and genotyping of single nucleotide substitutions using
fluorescence-based sequencing. Nucleic Acids Res 1997;25:2745-

2751.

Risch N, Merikangas K. The future of genetic studies of complex

human diseases. Science 1996;273:1516-1517.

Victor M, Ropper A. Principles of neurology. 7th ed. New York:

MacGraw-Hill Inc; 2001. 1237p

Harper C. The neuropathology of alcohol-specific brain damage, or

does alcohol damage the brain? J Neuropathol Exp Neurol

1998;57:101-110.

Kerr JT, Maxwell DS, Crabb DW. Immunocytochemistry of alcohol

dehydrogenase in the rat central nervous system. Alcohol Clin Exp

Res 1989;13:730-736.

Picklo MF, Olson SJ, Markesbery WR, Montine TJ. Expression and

22



20.

21.

activities of aldo-keto oxidoreductases in Alzheimer disease. J

Neuropathol Exp Neurol 2001;60:686-695.

Huentelman MJ, Peters CM, Ervine WE, Polutnik SM, Johnson P.
Ethanol has differential effects on rat neuron and thymocyte reactive
oxygen species levels and cell viability. Comp Biochem Physiol C

Pharmacol Toxicol Endocrinol 1999;124:83-89.

Zetterstrom RH, Simon A, Giacobini MM, Eriksson U, Olson L.
Localization of cellular retinoid-binding proteins suggests specific
roles for retinoids in the adult central nervous system. Neuroscience

1994;62:899-918.

22. Zetterstrom RH, Solomin L, Jansson L, Hoffer B, Olson L, Perlmann T.

23.

Dopamine neuron agenesis in Nurrl-deficient mice. Science

1997;276:248-250.

Buervenich S, Sydow O, Carmine A, Zhang Z, Anvret M, Olson L.

Alcohol dehydrogenase alles in Parkinson’'s disease. Mov Disord

2000;15:813-818.

23



24. Tan EK, Nagamitsu S, Matsuura T, Khajavi M, Jankovic J, Ondo W, et

al. Alcohol dehydrogenase polymorphism and Parkinson’'s disease.

Neurosci Lett 2001;305:70-72.

25. Gambaro G, Anglani F, D’angelo A. Association studies of genetic

polymorphisms and complex disease. Lancet 2000;355:308-311.

24



Abstract

The frequencies of single nucleotide polymorphism in
alcohol dehydrogenase-7 gene in patients with multiple

system atrophy and healthy controls

Hyun Sook Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Associate Professor Myung Sik Lee)

A single nucleotide polymorphism (SNP) may cause individual
variations in the vulnerability to a specific disease. It can also provide
clues to predict the amount of response to treatment. In a Swedish study,
a combination of four alcohol dehydrogenase7 (ADH7) gene SNPs was
found more frequently in patients with idiopathic Parkinson’s disease
(IPD) than in controls. Chronic alcohol ingestion may induce widespread
pathological lesions, of which distribution is more similar with that of
MSA rather than IPD. However, the association between ADH7 gene
SNPs and multiple system atrophy (MSA) has not been studied. 50
patients with ‘probable’ MSA were studied and compared to 50 controls.

A polymerase chain reaction and direct sequencing of the ADH7 gene
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were performed. The frequencies of ADH7 SNPs found in patients with
MSA with those in controls were compared. Seven SNPs, one insertion
and one mismatch were found in both the patients with MSA and the
controls. Three of the seven SNPs were located in coding regions, with
the other four being located in non-coding regions. There was no
significant difference in the frequencies of each SNP between the
patients and the controls (p>0.05). One type of mismatch (C216T) was
found in all the patients and the controls. One type of insertion
(ins19975A) was found in one control. The amount of alcohol intake was
not different between the patients and the controls. This study shows that
there is no association between the SNP of the ADH7 gene and the

amount of alcohol consumed in the development of MSA in Korean people.

Key words: alcohol dehydrogenase 7, single nucleotide polymorphism,

multiple system atrophy
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