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Role of glutathione S-transferase genetic polymorphisms in persons with liver

damage due to microcystin exposure
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College of Military Preventive Medicine Third Military Medical University Chongqing 400038 China

Abstract Objective  To study the role of genetic polymorphisms of glutathione S-transferases
GSTT1 GSTMI1 in persons with liver damage due to microcystin  MC  exposure. Methods  Concentra-
tions of MC in drinking water and aquatic products in Fuling District Chongqing China were measured by
enzyme-linked immunosorbent assay and 81 persons with liver damage were randomly selected as an observa-
tion group and 92 healthy persons served as a control group. Genetic polymorphisms of GSTM1 and GSTT1 were
assayed by multiplex PCR. Difference in genotypes was detected by Chi square test. Results  The concentra-
tion of MC in drinking water was higher than the national standard in the past 4 consecutive years and the posi-
tive MC rate was 100% for aquatic products. The frequency of GSTM1 null genotype was 43.2% in observation
group and 47.8% in control group P >0.05 . The frequency of GSTT1 null genotype was 60.5% in observa-
tion group and 39.1% in control group P <0.05 . The percentage of GSTM1 and GSTT1 null genotypes was
29.6% in observation group and 39. 1% in control group P <0.05 . Conclusion  GSTTI null genotype
may be the susceptible factor for liver damage in persons exposed to MC. GSTM1 and GSTT1 null genotypes
may increase the risk of developing liver damage in persons exposed to MC.
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S-transferase GST GSTs ;& —H B A HEIIEEREH
BN GG SRR AE W e A e Y AR B 2
— SR PUEAR ) EE M EERG  GSTMI Al
GSTT1 LN Z A5 11 AH A B ) 3% PR /N5 U AR
X BRSEMAR N ZRENEEERNEZ -
AR 2 T K P 2 Sz e 530 JH43 4 1% i 2 A s
YT AR IRER A Y e FRATR AR
% BRI 98 07 4 MCs 2258 AR iy GSTMIL Fil
GSTT1 FE[H 25 5 451 & PR 56 & S i 1k AN
4P MCs 5 B AT AR B8

1 S

L1 REFK 5

T 2005 2009 FERAERY 8 H 7 5 BT R Be X SCRIBE Y
FOKPEERIESE T 4 DRAES RERE 0.5 m KHEAS L
2009 4% 8 A e K e M RING T BR F i IS E S
SERPIUIFHE 1 g FILA S ¢ 20 CLRAFEA
1.2 Bt %

BEALEHCE DTS B D SO T /haz A 1 112 45 4R T
~15 % Bt B AR SRR RMER ) K
POKE A7 R AEAE R RE R AR AE A S
AELL L MCs B85 h 1244 780 & ISt BT A5 X B AR 20 6 %
o WHRIECENE AST AINFERE ALT  TRPEBERREE ALP
A ABEE KA GCT Ayl AR5 7] 45 8 2 F0 I ) Ae e il 45
B HEBROF SR RS R 81 4TI
HINBENMAF T4 AST = 35.7 £8.2 U/L ALT = 42.6 +
7.1 U/L ALP= 29.4 £8.3 U/L GGT = 357.2+90.7 U/L
[FIE7E MCs 258 AFFH BAALIEER 92 44 T DO I o) AFEVE N
MHAH RN RN A BMERERE Sk 2 ml
LMV R4 EDTA $HilE/s'E -70 CORAFEH
1.3 BHEREA

FEALLS AOLBEBROKES P ER B KA YR
fF BN AEUENE Whatman GF/C @R dR.Obl £
PTC2100 A4 s i 3 R 97 489 4L 5%
Thermo Electron Corporation  Hiyk## & [E Thermo E2lectron
Corporation = ¥ BE ¥& 0 IR BE B M8 7r B 2248 56 [ Alpha
T I S e A R & b R 2 ek AR
WIS £ PCR 514 H & RTHERHCA IR A R i
WAL S BUATH & Tag DNA REREEINE [ Lm0 KAR LR
HARAT
1.4 K37 %
141 MC-LRWGE  7KPE-80 “CURfL 3 U 43k 3B LF 4k
Rt g BORE 1 ol Bl JUPRRIJITFEAE 28 T Mt Y K {4
RN 5:25:70 Hhife C18 /PLid i HAR R TR ER /)
BATEERFIN FES Th MC-LR ) %2 SR FH BB S i W B vk 454
BRI SCER 5 dRiE
1.4.2 FEFRBIGMHT SR MRS R A R BT & 24T DNA
$2EC 20 CORFE4& ] RIESCHR 6 HEILESE T B-Globin
GSTM1 GSTT1 3 X 5|# % 1 LI B-Globin 3 Py X} & 5

Thermo Electron Corporation

Innotech Corporation

GSTT1 GSTMI [G]A3 1853472 & PCR #:10)

®1 PCRIIMFFIESTEFBERM
kA J¥5 53’ IR B bp
B-Globin  CAACTTCATCCACGTTCACCGAA GAGCCAAGGACAGCAAC 268
GSTM1  CTCCTGATTATGACAGAAGCCCTGGATIGTAGCAGATCATGG 650
GSITI  TICCTTACTGGTCCTCACATCTCTCACCGGATCATGGCCAGCA 480

PCR K Z 25 ul 4 DNA 4% 20 ~30 ng 5[4 1 H12
£1 ul 2 x Master Mix 12.5 pl i@ & ddH,0 PCR S 444
94 °C 251k 3 min 94 C2A8 30 s 56 CiE k 30 s 72 CZEfH
1 min 3t 34 MR )5 72 CHEMF 5 min 1. 7% SARHHEE IR
HLPK R B SRR R G AT TR
1.5 %it5on

SR HI SPSS 12.0 Geit kAT 40HE 50 Bt AR 4 A40HiE 40 A1 4 a5 R
¢ Ko B AN B RS U0 LA BT 4 A BE A T 25480 XA 0 LA 4%

LR L OR 2 95% nl {5 X [a] 95% CI LIS
a = 0.05 ARz K IE
2 #R
2.1 MC-LR #n|
2005 - 2009 4G MK EE 20 £y FHPEZEH 100% 2005 —

2008 4EJKFEF MC-LR ¥ EEMRYR g 1.1 3.2 4.1 4.3 pg/L 1
BT EFRERRE 1 g/ 2009 4R45 11 F7 05 MC-LR ¥ 2
Jl R B4R 0.2 pg/L

2009 47 8 AA/KEEH AR T 6 Fh 28 1 FhEg 28 Kol 2y
SRILER 2 JHFREFILR A rh B8R 4 MC-LR - LR v B v
TR EE TESEAFIE MC-LR & i 580 +34  ng/g
DW dry weight T &

£2 KRB MC-LR &R ng/s FHRE i4s

s Kot JFE LA

I fie 6 564 +25 485 +32

AL fite 4 580 +34 320 +27

£t 5 86 =16 7519

it 5 510 +28 243 +34

KA 6 286 +53 125 +43
1 3 215 +21 107 +18

2.2 AREBHE
SRFZ T PCR 3 ARK M GSTMI F1 GSTT1 H 3k 45 4t WL 1&]
1 8L 650 bp 1 268 bp H I 45 JIE A GSTM1I  + /

GSTT1 — 4B 480 bp H1 268 bp H (44 F15E % GSTMI
— JGSTT1 + ¥JHBL650 bp 268 bp 1480 bp H 144

N E K GSTM1  + /GSTTL +
S GSTM1 - /GSTT1 -
2.3 ARAAHL
AR T JFRGHFER S 10.9 £2.1 2 AN
1.42.0 % FWAXLGI$2ES P=0.13  JFHH L4 T
BY47 4 58.0% HHUKE 1.1x0.3 L {KFEEHEH
body mass index BMI & 11.2 +1.8 X B8 4 BBk 58
63.0% % HHPKE 1.2+0.2 L BMI F 11.5+2.1 5]
ZH AR PE A okl BMI e85 P=0.29

T AL BE 268 bp H #2647
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M 44 1 GSTMI

+ /GSTTI -
+ 3 GSTM1 + /GSTT1 +
E1 GSTMI 71 GSTTI EEAHE

2 GSTM1 - /GSTT1
4 GSTM1 - /GSTT1 -

2.4 KRABHH

TOZH ABER) GSTMI il GSTTI P& i) 43 A o U, 2% 3
PIZLI] GSTMI JERARI A it 225 P=1 XKl
{EJFG2H H GSTT1 FEPR Gl e B A 30K Ky 60. 5% 1 35 v T X
WRZHIY 39.1% HESHEAGHEE P=0.006 X f:

*®3 FRGASXRAR GSTTI GSTM1 EEE A%

GSTM1 GSTT1
20 5] n
+ - + -
2 81 42 56.8% 39 43.2% 32 39.50% 49 60.5%
it B2 92 48 52.2% 44 47.8% 56 60.9% 36 39.1%
el 0.37 7.87
P 0.65 0.01

2.5 GSTMI1 GSTTI1 BE44F A
PIZH ABE GSTM1 1 GSTT1 3 [RI B4 1 i A b 4 L3 4
1€ GSTM1 I GSTT1 L H A4 /E I GSTMI  + /GSTTI
+ EGSTM1 - /GSTTI - HEEMHES P=0.04 OR
=2.54 i GSIM1 + /GSTT1 + & GSTM1 + /GSTTI
- GSTM1 - /GSTT1 + XTXFIR-AVE 0L K (] 3
TF#E L P>0.05

%4 GSTT1 o GSTMI1 BX & 1ERAMILLER

GSTM1/GSTT1 541 R4l X2 P OR 95% CI
+/+ 17 27 - - - -
+/ - 25 21 2.23 0.15 1.89 0.82~4.38
-/ + 15 29 0.20 0.83 1.22 0.51 ~2.91
-/ - 24 15 4.34 0.04 2.54 1.05~6.16
3 itig
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JEOREREE A i FL45 A B At e ok B K i gl
ARG E M 5 07 T F DR T I B DX ORI AR K MCs
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FRIOBRAE e A 2 R R R 2 b N
AR FZBUK FER RO K. MCs 2585 I [E] A2 1

MCs 18 P2 #5381 oK Bz ot AR R 22
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SR e R ARG feffk GSH By%ilt -SH
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BRI = A S5 R YA BRI B B R
FIREL S W RE M HE L FERE AR h R R 2 AR
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X FERBIE A AR = IR BTG PE E LA S0 # R Y
SRR yass 7/ B8yl | W 7 O o 5
AT 5% 5 S 2 B 40 495 4H % 52 4 GSTMIL itk
HISTR AR 43. 2% Fil 47. 8% PRALI) A G itk
5 P=1.00 [EXBEFEE " BT BN TE R4 162
Al GSTM1 - [5%k 63% & T X HE 2 52%
HEASG 2R P<0.05  F5 X" ks
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60.0% 435 E FXF 84l 47. 4% F140. 7% FE4L a4
GiitegR P<0.05  GSTMI ik (22 5 8 o I 3%
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AL 0] BRI RE A NS R 2
AT G5 R L Il b GSTTL - A3
1 60. 5% & F AR 39. 1% HEA% %25
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B I A4 5% BRZE GSTT1 BLPR B A3 A5 5 G it 2%
5 OR $0.35 95%CI }30.12 ~0.97 P <0.05
HZJC Logistic [A1 )5 43 #7 [F] 4 i 75 GSTT1 J [A I
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KB P<0.05 X EOBEE SR AR 06 I8 gk
U VG NBEIT I 2 B R 25 R R IE W AR
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OR #2.367 GSTT1 - WIRESFE 74 A 5 &
PRGN
PG 0 A — K 4 ad A AR
AN Z BRI R R ILEER i H A e 5L
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B fE R 4 3 e GSTM1  + /GSTT1  + 5 2. 54
fi5 R ESE 2 BT GSTML 5 GSTT1 — & 2h
REA AR AR B2 10 T B 1l 38 S B35 DR 1) Tl 48 7 1 Dk
SR B A BRI BE Y GSTs 5 Hufth j B2 1 1 I 78 2%
RN RME B A F PRI [R] s e 452 Al e e 1 B3 o ¢ M2
VER SRR * fEHF5E GSTML /GSTT1
5w s 4 oy et s th A 3 OR (H LB 5 #0A
GSTM1 /GSTTL  — 35k PR Y i - A e 0 T 4 e g
G 13 i 4. 57 £%

] P AN [i) b DX AR 178 A S R 22 285 o A o
TEAE—E 25 IRA DTN 4 T Y 3L K A4 20 A ik
7 gttt BRI T SMmx ®
FHUX P AR GSTMI i K AU 43 A TG
Giits2S P>0.05 (HEEKMX MK T8
MK TR X RS T WX A ARE
GSTMI SN A EZF HAZIT#E X P <
0.05 ERMIX SEMMX VLA TP HIX )
e X AN HEH GSTT1 SRR B LS it 2R P>
0.05 (HERMX RMMX THX | rhH X
AT bh DX WiV DX R Y GSTMI JE R AU 4y A B
B2 % P<0.05 AW+ GSTM1 A
GSTT11 R Bl 54550 5 47. 8% F139. 1% WA
A B2 1 U R 29. 6% 5 i VMl IX 35 PR 43 A 4
RHER

R BT AR SO 25 R 7E MCs 8 AHE
GSTT1 FEPH B v] BESE 403 1) F SR (R A0 R A 31
Wiz ] GSTMI 225 nTRE 2 AFEREAS /N1 iR
Al GSTMI Al GSTT1 AL FEPR BIAZ B AR 38 hn & A
SRR fE R P 5 202 B AN MCs BRI 1 &
SRR (H AR R ARSI frdE— 5T

S 3k

1 Grosse Y Baan R Straif K et al. Carcinogenicity of nitrate nitrite
and cyanobacterial peptide toxins J . Lancet Oncol 2006 7 8 628
-629.

PRI AT R S T8 AWK T RS Y S AR
HEXRMBIZE ] . LW EE2: 2003 15 9 435 -438.
Kadouri . Kote-Jarai Z Hubert A et al. Glutathione-S-transferase
M1 TI and Pl polymorphisms and breast cancer risk in BRCA1/2
mutation carriers J . Br J Cancer 2008 98 14 2006 —2010.

4 PGSR BEEE. NPRREEAREIE MR R T . P AER g B
2k 2005 28 6 659 —663.

Sheng ] W He M Shi HC et al. A comprehensive immunoassay for

the detection of microcystins in waters based on polyclonal antibodies
J . Anal Chim Acta 2006 572 2 309 -315.

Ladero J M Martinez C  Garcia-Martin E et al. Glutathione S-trans-

ferase M1 and T1 genetic polymorphisms are not related to the risk of

hepatocellular carcinoma a study in the Spanish population J . Eur]

11

13

15

16

17

18

19

20

21

22

23

Cancer 2006 42 1 73 -77.

B OREE XIEM S EPRMIXOAEE GSTTI il GSTMI &K

ZBMESE B SBIEIR T . BEEEREEM 2003 25
19 1714 -1717.

ok dkEAe REOE S APH KBS EE M1 R T1 BEK 2

STESEERB R R ER T . REMIDR AR 2007

26 1 6-8.

fhasfi mKB Red % S GRS GSTM1 GSTTL I

GSTP1 FER LM ST AR S BER R ] . MR

BhR22E AR 2007 27 2 196 —201.

Jegar DE HIGE SF. TR XONHE gstM1 Rl gatT1 Zfith 3
K A0 5 A0 M g 5 M A T T . AR RAT R
2005 26 10 777 -781.

AR WEETE A WA RS B H R
fifg TI M1 FER BRI . IS AEMAE 2000 17
2 88-92.

MRd S0t BB A ARBUH RS EE T1 R M1 B 2735
PERRAR 525 B AR R R X BB SY T . AR 2% 2004
26 11 645 -648.

WEISC EHE O A PR R XU S R RO K
BRERTTRIVR bR . DADREE 2007 36 4
471 - 472.

Chorus I Bartram J. Toxic Cyanobacteria in Water A Guide to their

Lon-

NP Iy
R

public health consequences monitoring and management M .

don E & FN Spon 1999.

Kishi R Sata F' Yoshioka E et al. Exploiting gene-environment in-

teraction to detect adverse health effects of environmental chemicals on

the next generation J . Basic Clin Pharmacol Toxicol 2008 102
2 191 - 203.

Palma S Comnetta T Padua L. et al. Influence of glutathione S-

transferase polymorphisms on genotoxic effects induced by tobacco

smoke J . Mutat Res 2007 633 1 1-12.

Mege A5G . RN B I N IR R B M1 JE
PRI T . AR ZeER 2001 23 6 477 -479.

T B MRk UM A A H IR RS iR X

BURRIBTSE T . PR 2003 23 6 464 -466.

White D L. Li D Nurgalieva Z et al. Genetic variants of glutathione

S-transferase as possible risk factors for hepatocellular carcinoma a

HuGE systematic review and meta-analysis J . Am J Epidemiol

2008 167 4 377 -389.

S5 TRE ZEN % WORBUFB S WA HE R
HEBMEMICER T . PS5 AR A& 2001 19 6

412 - 415.

X I BE F ANCH IR-G-AE R T1 BE IR G A
RES PR AR DCIERE Y T . ) IHBERIR 4 2003 20 2
161 - 163.

iEE e EEN S TPk ARE GSTMI I GSTTI %
HWEEBMES T 5 B R R OER . AR R B iR 2 &

2009 16 13 970 -973.
FPEpE hdsE VLW SF. Y PHTT GSTMI A1 GSTTI fe sk 3 N
SRR s S 1. M 2005 25 1 58 -6l.

Y7 2010-06-18 f&E 2010-07-16

At AR

BiA]

et



