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Abstract: To elucidate the role of genetic factors in arsenic metabolism, we investigated associations of
genetic polymorphisms in the members of glutathione S-transferase (GST) superfamily with the arsenic
concentrations in hair and urine, and urinary arsenic profile in residents in the Red River Delta, Vietnam.
Genotyping was conducted for GST ol (GSTOI1) Alal40Asp, Glul55del, Glu208Lys, Thr217Asn, and
Ala236Val, GST o2 (GSTO2) Asn142Asp, GST =l (GSTP1) Ile105Val, GST pl (GSTM1) wild/null, and
GST 61 (GSTT1) wild/null. There were no mutation alleles for GSTO1 Glu208Lys, Thr217Asn, and
Ala236Val in this population. GSTO1 Glul55del hetero type showed higher urinary concentration of AsV
than the wild homo type. Higher percentage of DMAV in urine of GSTM1 wild type was observed
compared with that of the null type. Strong correlations between GSTP1 Ile105Val and arsenic exposure
level and profile were observed in this study. Especially, heterozygote of GSTP1 Ile105Val had a higher
metabolic capacity from inorganic arsenic to monomethyl arsenic, while the opposite trend was observed for
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arsenic level in drinking water, and genotypes of As (+ 3 oxidation state) methyltransferase (AS3MT) were

ability of metabolism from As . Furthermore, other factors including sex, age, body mass index,
also significantly co-associated with arsenic level and profile in the Vietnamese. To our knowledge, this is
the first study indicating the associations of genetic factors of GST superfamily with arsenic metabolism in a
Vietnamese population. © 2009 Elsevier Inc. All rights reserved.

Author Keywords: Arsenic; Genetic polymorphism; Glutathione S-transferase w1 (GSTO1); GST 01
(GSTT1); GST pl (GSTM1); GST w1 (GSTP1); GST ®2 (GSTO2); Vietnam

Index Keywords: alanine; arsenic; asparagine; aspartic acid; drinking water; glutamic acid; glutathione
transferase; glutathione transferase M1; glutathione transferase O1; glutathione transferase O2; glutathione
transferase P1; glutathione transferase T1; isoleucine; lysine; methyltransferase; threonine; unclassified
drug; valine; adolescent; adult; age; aged; arsenic poisoning; article; body mass; child; controlled study;
environmental exposure; female; gene deletion; gene mutation; genetic association; genetic polymorphism;
genotype; hair level; heterozygote; human; human tissue; male; metabolic capacity; normal human;
nucleotide sequence; null allele; school child; sex; toxicogenetics; toxicokinetics; urine level; Viet Nam;
water contamination; wild type; Adolescent; Adult; Age Factors; Aged; Arsenic; Body Mass Index; Child;
Female; Genotype; Glutathione Transferase; Hair; Humans; Male; Methyltransferases; Middle Aged;

Polymorphism, Genetic; Rivers; Sex Factors; Vietnam; Water Pollutants, Chemical; Young Adult



Year: 2010

Source title: Toxicology and Applied Pharmacology

Volume: 242

Issue: 3

Page : 352-362

Cited by: 2

Link: Scorpus Link

Molecular Sequence Numbers: GENBANK: AB057594, AY 191318, AY324387, AY817669, BC024005

Chemicals/CAS: alanine, 56-41-7, 6898-94-8; arsenic, 7440-38-2; asparagine, 70-47-3, 7006-34-0; aspartic

acid, 56-84-8, 6899-03-2; glutamic acid, 11070-68-1, 138-15-8, 56-86-0, 6899-05-4; glutathione transferase,

50812-37-8; isoleucine, 7004-09-3, 73-32-5; lysine, 56-87-1, 6899-06-5, 70-54-2; methyltransferase, 9033-

25-4; threonine, 36676-50-3, 72-19-5; valine, 7004-03-7, 72-18-4; AS3MT protein, human, 2.1.1.137;

Arsenic, 7440-38-2; Glutathione Transferase, 2.5.1.18; Methyltransferases, 2.1.1.-; Water Pollutants,

Chemical

Correspondence Address: Iwata, H.; Center for Marine Environmental Studies (CMES), Ehime University,

Bunkyo-cho 2-5, Matsuyama, 790-8577, Japan; email: iwatah@agr.ehime-u.ac.jp

ISSN: 0041008X

CODEN: TXAPA

DOI: 10.1016/j.taap.2009.11.007

PubMed ID: 19914269

Language of Original Document: English

Abbreviated Source Title: Toxicology and Applied Pharmacology

Document Type: Article

Source: Scopus

Authors with affiliations:

» Agusa, T., Department of Legal Medicine, Shimane University Faculty of Medicine, Enya 89-1, Izumo, 693-8501, Japan, Center
for Marine Environmental Studies (CMES), Ehime University, Bunkyo-cho 2-5, Matsuyama, 790-8577, Japan

* Iwata, H., Center for Marine Environmental Studies (CMES), Ehime University, Bunkyo-cho 2-5, Matsuyama, 790-8577, Japan

* Fujihara, J., Department of Legal Medicine, Shimane University Faculty of Medicine, Enya 89-1, Izumo, 693-8501, Japan

» Kunito, T., Department of Environmental Sciences, Faculty of Science, Shinshu University, 3-1-1 Asahi, Matsumoto, 390-8621,
Japan

* Takeshita, H., Department of Legal Medicine, Shimane University Faculty of Medicine, Enya 89-1, Izumo, 693-8501, Japan

* Minh, T.B., Center for Environmental Technology and Sustainable Development (CETASD), Hanoi University of Science,
Vietnam National University, T3 Building, 334 Nguyen Trai Street, Thanh Xuan Dist., Hanoi, Viet Nam

* Trang, P.T.K., Center for Environmental Technology and Sustainable Development (CETASD), Hanoi University of Science,
Vietnam National University, T3 Building, 334 Nguyen Trai Street, Thanh Xuan Dist., Hanoi, Viet Nam

* Viet, P.H., Center for Environmental Technology and Sustainable Development (CETASD), Hanoi University of Science,
Vietnam National University, T3 Building, 334 Nguyen Trai Street, Thanh Xuan Dist., Hanoi, Viet Nam

» Tanabe, S., Center for Marine Environmental Studies (CMES), Ehime University, Bunkyo-cho 2-5, Matsuyama, 790-8577,
Japan

References:


http://www.scopus.com/inward/record.url?eid=2-s2.0-73449092791&partnerID=40&md5=d29f385e07acd49bd7569885c009e28f

* Agusa, T., Kunito, T., Kubota, R., Monirith, 1., Tanabe, S., Tana, T.S., Arsenic pollution in Cambodia (2002) Biomed. Res.
Trace Elem., 13, pp. 254-255. , (in Japanese)

* Agusa, T., Kunito, T., Fujihara, J., Kubota, R., Minh, T.B., Trang, P.T.K., Subramanian, A., Tanabe, S., Contamination by trace
elements in groundwater of Vietnam (2004) Biomed. Res. Trace Elem., 15, pp. 339-341

* Agusa, T., Inoue, S., Kunito, T., Kubota, R., Minh, T.B., Trang, P.T.K., Subramanian, A., Tanabe, S., Widely-distributed
arsenic pollution in groundwater in the Red River Delta (2005) Vietnam. Biomed. Res. Trace Elem., 16, pp. 296-298

» Agusa, T., Kunito, T., Fujihara, J., Kubota, R., Minh, T.B., Trang, P.T.K., Iwata, H., Tanabe, S., Contamination by arsenic and
other trace elements in tube-well water and its risk assessment to humans in Hanoi (2006) Vietnam. Environ. Pollut., 139, pp.
95-106

* Agusa, T., Kubota, R., Kunito, T., Minh, T.B., Trang, P.T.K., Chamnan, C., Iwata, H., Tanabe, S., Arsenic pollution in
groundwater of Vietnam and Cambodia: a review (2007) Biomed. Res. Trace Elem., 18, pp. 35-47

* Agusa, T., Fujihara, J., Takeshita, H., Iwata, H., Minh, T.B., Trang, P.T.K., Viet, P.H., Tanabe, S., Relationship between genetic
polymorphism of arsenic (+3 oxidation state) methyltransferase (AS3MT) and profiles of urinary arsenic compounds in
Vietnamese (2008) Biomed. Res. Trace Elem., 19, pp. 265-267

* Agusa, T., Kunito, T., Minh, T.B., Kim Trang, P.T., Iwata, H., Viet, P.H., Tanabe, S., Relationship of urinary arsenic
metabolites to intake estimates in residents of the Red River Delta (2009) Vietnam. Environ. Pollut., 157, pp. 396-403

» Agusa, T., Iwata, H., Fujihara, J., Kunito, T., Takeshita, H., Minh, T.B., Trang, P.T.K., Tanabe, S., Genetic polymorphisms in
AS3MT and arsenic metabolism in residents of the Red River Delta (2009) Vietnam. Toxicol. Appl. Pharmacol., 236, pp. 131-
141

* Agusa, T., Inoue, S., Kunito, T., Minh, T.B., Ha, N.N., Tu, N.P.C., Trang, P.T.K., Tanabe, S., Human exposure to arsenic from
groundwater in the Red River and the Mekong River Deltas in Vietnam (2009) Int. J. Environ. Stud., 66, pp. 49-57

Aposhian, H.V., Aposhian, M.M., Arsenic toxicology: five questions (2006) Chem. Res. Toxicol., 19, pp. 1-15

* Board, P.G., Coggan, M., Chelvanayagam, G., Easteal, S., Jermiin, L.S., Schulte, G.K., Danley, D.E., Pandit, J., Identification,
characterization, and crystal structure of the omega class glutathione transferases (2000) J. Biol. Chem., 275, pp. 24798-24806
Challenger, F., Biological methylation (1945) Chem. Rev., 36, pp. 315-361

* Chiou, H.Y., Hsueh, Y.M., Hsieh, L.L., Hsu, L.I., Yi-Hsiang, H., Hsieh, F.I., Wei, M.L., Chen, C.J., Arsenic methylation

capacity, body retention, and null genotypes of glutathione S-transferase M1 and T1 among current arsenic-exposed residents in
Taiwan (1997) Mutat. Res., 386, pp. 197-207
Cullen, W.R., Reimer, K.J., Arsenic speciation in the environment (1989) Chem. Rev., 89, pp. 713-764

Fujihara, J., Kunito, T., Takeshita, H., Frequency of two human glutathione-S-transferase omega-1 polymorphisms (E155
deletion and E208K) in Ovambo and Japanese populations using the PCR-based genotyping method (2007) Clin. Chem. Lab.
Med., 45, pp. 621-624

* HapMap, , http://www.hapmap.org/index.html.ja

Hayakawa, T., Kobayashi, Y., Cui, X., Hirano, S., A new metabolic pathway of arsenite: arsenic-glutathione complexes are

substrates for human arsenic methyltransferase Cyt19 (2005) Arch. Toxicol., 79, pp. 183-191

* Iwata, H., Kim, E.Y., Yamauchi, M., Inoue, S., Agusa, T., Tanabe, S., Chemical contamination in aquatic ecosystems (2007)
Yakugaku Zasshi, 127, pp. 417-428. , (in Japanese)

« Kile, M.L., Houseman, E.A., Rodrigues, E., Smith, T.J., Quamruzzaman, Q., Rahman, M., Mahiuddin, G., Christiani, D.C.,
Toenail arsenic concentrations, GSTT1 gene polymorphisms, and arsenic exposure from drinking water (2005) Cancer
Epidemiol. Biomarkers. Prev., 14, pp. 2419-2426

* Kubota, R., Kunito, T., Agusa, T., Fujihara, J., Monirith, I., Iwata, H., Subramanian, A., Tanabe, S., Urinary 8-hydroxy-2'-



deoxyguanosine in inhabitants chronically exposed to arsenic in groundwater in Cambodia (2006) J. Environ. Monit., 8, pp. 293-
299

e Lin, G.F., Du, H., Chen, J.G., Lu, H.C., Kai, J.X., Zhou, Y.S., Guo, W.C., Shen, J.H., Glutathione S-transferases M1 and T1
polymorphisms and arsenic content in hair and urine in two ethnic clans exposed to indoor combustion of high arsenic coal in
Southwest Guizhou (2007) China. Arch. Toxicol., 81, pp. 545-551

* Lin, S., Shi, Q., Brent Nix, F., Styblo, M., Beck, M.A., Herbin-Davis, K.M., Hall, L.L., Thomas, D.J., A novel S-adenosyl-I-

methionine:arsenic(IIl) methyltransferase from rat liver cytosol (2002) J. Biol. Chem., 277, pp. 10795-10803

Lindberg, A.-L., Kumar, R., Goessler, W., Thirumaran, R., Gurzau, E., Koppova, K., Rudnai, P., Vahter, M., Metabolism of

low-dose inorganic arsenic in a central European population: influence of sex and genetic polymorphisms (2007) Environ.
Health Perspect., 115, pp. 1081-1086

Loffredo, C.A., Aposhian, H.V., Cebrian, M.E., Yamauchi, H., Silbergeld, E.K., Variability in human metabolism of arsenic
(2003) Environ. Res., 92, pp. 85-91

Mandal, B.K., Suzuki, K.T., Arsenic round the world: a review (2002) Talanta, 58, pp. 201-235

* Marcos, R., Martinez, V., Hernandez, A., Creus, A., Sekaran, C., Tokunaga, H., Quinteros, D., Metabolic profile in workers
occupationally exposed to arsenic: role of GST polymorphisms (2006) J. Occup. Environ. Med., 48, pp. 334-341
Marnell, L.L., Garcia-Vargas, G.G., Chowdhury, U.K., Zakharyan, R.A., Walsh, B., Avram, M.D., Kopplin, M.J., Aposhian,

H.V., Polymorphisms in the human monomethylarsonic acid (MMAV) reductase/hGSTO1 gene and changes in urinary arsenic
profiles (2003) Chem. Res. Toxicol., 16, pp. 1507-1513

* McCarty, K.M., Chen, Y.C., Quamruzzaman, Q., Rahman, M., Mahiuddin, G., Hsueh, Y.M., Su, L., Christiani, D.C., Arsenic
methylation, GSTT1, GSTM1, GSTP1 polymorphisms, and skin lesions (2007) Environ. Health Perspect., 115, pp. 341-345

* Meza, M.M., Yu, L., Rodriguez, Y.Y., Guild, M., Thompson, D., Gandolfi, A.J., Klimecki, W.T., Developmentally restricted
genetic determinants of human arsenic metabolism: association between urinary methylated arsenic and CYT19 polymorphisms
in children (2005) Environ. Health Perspect., 113, pp. 775-781

* Mo, Z., Gao, Y., Cao, Y., Gao, F., Jian, L., An updating meta-analysis of the GSTM1, GSTT1, and GSTP1 polymorphisms and

prostate cancer: a HuGE review (2009) Prostate, 69, pp. 662-688

Mukherjee, B., Salavaggione, O.E., Pelleymounter, L.L., Moon, 1., Eckloff, B.W., Schaid, D.J., Wieben, E.D., Weinshilboum,

R.M., Glutathione S-transferase omega 1 and omega 2 pharmacogenomics (2006) Drug Metab. Dispos., 34, pp. 1237-1246
* Naranmandura, H., Suzuki, N., Suzuki, K.T., Trivalent arsenicals are bound to proteins during reductive methylation (2006)

Chem. Res. Toxicol., 19, pp. 1010-1018

Nordstrom, D.K., Worldwide occurrences of arsenic in ground water (2002) Science, 296, pp. 2143-2145

* Paiva, L., Marcos, R., Creus, A., Coggan, M., Oakley, A.J., Board, P.G., Polymorphism of glutathione transferase Omega 1 in a
population exposed to a high environmental arsenic burden (2008) Pharmacogenet. Genomics, 18, pp. 1-10

» Schl & wicke Engstrom, K.S., Broberg, K., Concha, G., Nermell, B., Warholm, M., Vahter, M., Genetic polymorphisms

influencing arsenic metabolism: evidence from Argentina (2007) Environ. Health Perspect., 115, pp. 599-605

Schmuck, E.M., Board, P.G., Whitbread, A.K., Tetlow, N., Cavanaugh, J.A., Blackburn, A.C., Masoumi, A., Characterization of

the monomethylarsonate reductase and dehydroascorbate reductase activities of Omega class glutathione transferase variants:
implications for arsenic metabolism and the age-at-onset of Alzheimer's and Parkinson's diseases (2005) Pharmacogenet.
Genomics, 15, pp. 493-501

» Schoen, A., Beck, B., Sharma, R., Dubé, E., Arsenic toxicity at low doses: epidemiological and mode of action considerations
(2004) Toxicol. Appl. Pharmacol., 198, pp. 253-267

* Smedley, P.L., Kinniburgh, D.G., A review of the source, behaviour and distribution of arsenic in natural waters (2002) Appl.



Geochem., 17, pp. 517-568

* Sreeja, L., Syamala, V., Hariharan, S., Madhavan, J., Devan, S.C., Ankathil, R., Possible risk modification by CYP1A1, GSTM1
and GSTT1 gene polymorphisms in lung cancer susceptibility in a South Indian population (2005) J. Hum. Genet., 50, pp. 618-
627

» Steinmaus, C., Moore, L.E., Shipp, M., Kalman, D., Rey, O.A., Biggs, M.L., Hopenhayn, C., Smith, A.H., Genetic
polymorphisms in MTHFR 677 and 1298, GSTM1 and T1, and metabolism of arsenic (2007) J. Toxicol. Environ. Health A, 70,
pp. 159-170

Takeshita, H., Fujihara, J., Takastuka, H., Agusa, T., Yasuda, T., Kunito, T., Diversity of glutathione S-transferase omega 1
(A140D) and 2 (N142D) gene polymorphisms in worldwide populations (2009) Clin. Exp. Pharmacol. Physiol., 36, pp. 283-286
 Tanabe, S., Environmental Specimen Bank in Ehime University (es-BANK), Japan for global monitoring (2006) J. Environ.
Monit., 8, pp. 782-790

Tanaka-Kagawa, T., Jinno, H., Hasegawa, T., Makino, Y., Seko, Y., Hanioka, N., Ando, M., Functional characterization of two

variant human GSTO 1-1s (Alal40Asp and Thr217Asn) (2003) Biochem. Biophys. Res. Commun., 301, pp. 516-520

Vahter, M., Genetic polymorphism in the biotransformation of inorganic arsenic and its role in toxicity (2000) Toxicol. Lett.

112-113, pp. 209-217

Vahter, M., Mechanisms of arsenic biotransformation (2002) Toxicology 181-182, pp. 211-217
(2004) Guidelines for Drinking Water Quality. 3rd ed, , WHO, World Health Organization, Geneva, Switzerland
Whitbread, A.K., Tetlow, N., Eyre, H.J., Sutherland, G.R., Board, P.G., Characterization of the human Omega class glutathione

transferase genes and associated polymorphisms (2003) Pharmacogenetics, 13, pp. 131-144

* Wood, T.C., Salavagionne, O.E., Mukherjee, B., Wang, L., Klumpp, A.F., Thomae, B.A., Eckloff, B.W., Weinshilboum, R.M.,
Human arsenic methyltransferase (AS3MT) pharmacogenetics: gene resequencing and functional genomics studies (2006) J.
Biol. Chem., 281, pp. 7364-7373

» Zakharyan, R.A., Aposhian, H.V., Enzymatic reduction of arsenic compounds in mammalian systems: the rate-limiting enzyme
of rabbit liver arsenic biotransformation is MMA(V) reductase (1999) Chem. Res. Toxicol., 12, pp. 1278-1283

o Zakharyan, R.A., Sampayo-Reyes, A., Healy, S.M., Tsaprailis, G., Board, P.G., Liebler, D.C., Aposhian, H.V., Human
monomethylarsonic acid (MMA(V)) reductase is a member of the glutathione-S-transferase superfamily (2001) Chem.
Res.Toxicol., 14, pp. 1051-1057

o Zakharyan, R.A., Tsaprailis, G., Chowdhury, U.K., Hernandez, A., Aposhian, H.V., Interactions of sodium selenite, glutathione,
arsenic species, and omega class human glutathione transferase (2005) Chem. Res. Toxicol., 18, pp. 1287-1295

* Zhong, S.L., Zhou, S.F., Chen, X., Chan, S.Y., Chan, E., Ng, K.Y., Duan, W., Huang, M., Relationship between genotype and
enzyme activity of glutathione S-transferases M1 and P1 in Chinese (2006) Eur. J. Pharm. Sci., 28, pp. 77-85

Download: 0202.pdf


http://tintuc.vnu.edu.vn/upload/scopus/0202.pdf

