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WERREL B0 N E R A FE M, XA TP AR R A B4 KB (MSP ) 3% 40 | 2 A 105 4] 7 o 2 4 3 Fn 82 1
At PN BESNJE o o hMLHT F7 hMSH2 35 & 2 F X oy W AL 6 0L % I R A B sl RN - 25 % % A M 2 A ( PCR-SSCP )
A 110 7] Ab o 2 B 2 110 7] % JB A BESN B fn o AMLHI F0 hMSH2 2 F exonl2 RE KR, [4F] O%. 4. &2F
Y B hMSH2 FEE B R B K 11.76% . 16.28% F132.14%, HA B8 T EH, EFHATHES THRE
A (P<0.052 P<0.01); %A EHEWMLHI 7 hMSH2 3 B W 34k B M 22 45 9 11.11% 40 27.78%, 35 9 & & T x¢ B 40
(P <0.05); hMLHI %0 hMSH2 % & B 340 P M R MG KR A R R 2 E B & (P < 0.053 P < 0.01 ), @fF
15] 40 70 %t B8 4135 ok K I hMLHI Fo hMSH2 2 FH exon12 R4, [ 4 | 8B E X EH hMLHI F2 hMSH2 B 31 F X ¥ 24t
RUEPHERERRTIZHEENEHOTHE, FTAREIRERC AR BEHNEET N2 —.
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A Study on Ralationship of the Methylation and Mutation of Mismatch Repair Gene #/MLHI and
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Abstract: [ Objective | To explove the relationship of the promoter 5> CpG island methylation of mismatch repair gene
hMLHI and hMSH?2 and the mutation of their exon12 with the effect of arsenism development cause by coal-burning, and also
the process of canceration. [ Methods | A total of 110 cases of arsenism patients were selected as case group, classified as mild,
moderate and severe subgroups according to their clinical diagnosis, and also divided into non-cancerous and carcinoma subgroups
according to the pathology of their skin lesions. Methylation status of the AMLHI and hMSH?2 promoter region were assayed by
methylation-specific polymerase chain reaction ( MSP ) in peripheral blood of 105 arsenism patients and 82 normal controls. The
mutations of AMLHI and hMSH?2 exonl2 were analyzed by polymerase chain reaction-single strand conformation polymorphism
( PCR-SSCP )in peripheral blood DNA of 110 arsenism patients and 110 normal controls. [ Results ] (D The positive rates of
hMSH?2 methylation were 11.76%, 16.28% and 32.14% in mild, moderate and severe patients respectively, all significantly higher
than those in controls, and the rate in severe patients were significantly higher than that in moderate. The positive rates of AMLH 1
and AMSH?2 were 11.11% and 27.78% in non-cancerous and carcinoma groups respectively, both significantly higher than that in
controls. With the severity of clinical condition and skin lesions the positive rates of AMLHI and hMSH?2 methylation increased.
(2 There were no mutations of mismatch repair gene hMLH1and hMSH?2 exonl2 in patients and controls. [ Conclusion | The
promoter hypermethylation of the mismatch repair gene AMLHIand hMSH?2 is an early incident in the development of arsenism and
in the process of carcinogenesis , and it may be one of the main reasons leading to its defect or deactivation of gene function.

Key Words: arsenism; coal; mismatch repair gene hMLHI; mismatch repair gene hMSH2; methylation; mutation

[EE£TB JEEHRFEESRIIHE (4i%: 30760225, 30960337 );

T RIS (45 BYRHAER LT 2006 16016 )

IR (1981-), 53, WAy WFSETrI: oy 7R flag;

E-mail: 89597563@qq.com

[ *BE1ER IR EFRHPE; E-mail: aihuagy@yahoo.com.cn

[1EHEBAL 1. StPHEEBEAIE DA ERE, S SEPH 5500045 2. %I
L XA B BT, 7% BRI 5181055 3. HELA
FOBRICASS 44 2B, SEMI 2B 550000

[1EER T

Mo PER hRE AT DU ORI R Z RS | 2 RGHE, TTh
L ) S SIS0 I A Rl g v i U A s SR A
T Y B RIBLEIN AT 2 . BRI, PO s ) %
A sl RGBSR G, DNA BB 2 R G R A K R
R EEAE . IEWEOUT , AMRNAATESEE ) DNA $iiis 2
45, ] R RO R Z AR DNA, FRUEHLAIE R AR e A
WA HER T 7108 DNA 2B e 2 — A B ICIE & (mismatch



FREE S IL PR 2010 4F 10 H 25 27 B55 10 ] ] Environ Occup Med, Oct. 2010 Vol.27 No.10 - 619 -

vepair ) SRR A A K SRR EY Y, HhiZ RS hMLHT
1 hMSH2 SER ARG S 1 e Py i 2 E Ay 2,

WFFE R R AT PE (MST) RS 16 52 3 R Sh e Bl
ST I BRI R BURIRS YL R v 2 R
H AR GUTAE MSTEUAE 5 B AR A50 TRG I R BRA P A6 52 I
hMSH2 mRNA Rk B i 28 B R 28 i e i ke, 1
IREE R R 15 Y R o B R A ARSI S BE IR D R BB
SRR | AR CR 4 5 DR B LS R Z R 4 43 HIL AT AE

A5 0038 2oL K I AMLH T hMSH2 35 H I 8h F X CpG
55 BRIl 5 12 4D BT Cexon12) SRABTEBL, 43 He 5 4 7 1k
T RE R AR R RIOCFR s JEAI A b 2 s 114 b 33 491 B IR T
AR B RARAS, WGBSR 73 Ay B JRAes A2 55 A B Jikdgs A8 20 6 7
Vg NS 38 SRR | A IR PN LR S (R TNV £
TSI R JER AR A Y U sl Ry S AR R PR R

1 MR5H%
1.1 A& R RS

BEZH 2006 4F 12 7 LN A8 241 B ok £ RIS Y A b
Jr Al EE C LAF AR EE ) W55 XA 2 AN R R AT AT, i
Pt oy PER P 2 WS o (WS/T 211—2001) #1219 110
ol 3 R R AL, X 33 4 B TR IR Y R AT
S IR B 2 ARG A, F B2 W A S AR AR 2
(fFE R A L B A ) 1S B (CHop | oL SRS 500
2. 8., 54 ) FEAARZH (4035 Bowen’s i . JLICAN MG | SRR A0
SR AN SR A= 18 il I de | L EREEL AR 3. 6. 9B ),
TR XA ABLY 13 ki, BRICHAIGEmN 58 28 SN LA S AR
AR AP I 2R I L 2 R 2 ARG A 119 110 4615 BAE Ry Xof B2
DA XSG HERR : BEAR 20 52, BRI o, MR SR PR A8
e sl , i5tA% R Mg R sk, AR P JC L B R AT L IR 4
BEPEZGY A B2 MAEAS I R G S S B, AR S b R 3
ARG WU (1 28 >y 105 8] [ Fe b o R s DR 43 BE A I Sl e 32 (34
), v (4340 ) FER IR 2H (28 4] ) ], XeFBRZH Ny 824415 G878 K
W 1) 5 X6 B2 259 110 9]

12 HARERLE

TEANE RN R, ARG X523 2 18 i b 2~
3mL, Z WP =44 (EDTA Na, )i, Z200h - G hhEeE
FEA DNA, BB 70T ( 2= 2B PG\ ), Ultrospec2100pro
T ) E LG EFIR L , Doso/Daso FUIEAE 1.8~2.0 Z [1]

1.3 hMLHI = hMSH2 3K W & 5 X 7 A Aia ]

Z: HE HERMAN 2517 {15 75 14 T LR 21 DNA 9310 B 12 =040
B4, 415t AMLHT R AMSH2 JE N R 311 CpG B £ F X, Bt
Ak B SR R0 LA S 9, hMLHT AE R 384E F 3514 4 5'-TTT
TGA TGT AGA TGT TTT ATT AGG GTT GT-3', R 5 1#14 5-ACC
ACC TCA TCA TAA CTA CCC ACA-3"; WAL FI75 1410 5-ACG
TAG ACG TTT TAT TAG GGT CGC-3', Fil#514 4 5-CCT CAT
CGT AAC TAC CCG CG-3', hMSH2 AW 24k 351910 5'-GGT
TGT TGT GGT TGG ATG TTG TTT-3', F #7514 5 5'-CAA CTA
CAA CAT CTC CTT CAA CTA CAC CA-3'; WE:AL Ees 9N
5'“TCG TGG TCG GAC GTC GTT C-3', 54 h 5-CAA CGT

CTC CTT CGA CTA CAC CG-3'o RJHH FAL R B A5 Tl S
i ( MSROKHIN , hMLHT RV 454 : 95°C Smin. 94°C 455, 56°C
CAEH Ak )/59°C ( I KEAE )45, 72°C 45, 35K PEFR, 72°C
FEAENP 10 ming AMSH2 N 54 : 95°C Smin, 94°C 455, 62°C
(AER3EAE ) /64°C (HBEAL )45, 72°C 455, 30 IRFGFR, 72°CH
SEMT 10 min; B WEEE SN ( PCR) 771 L 2.0% (BB 23050 ) 1Y
TR BHRE e F UK, BRI G 3BT R 48 ( 355 BIO-RAD 23] ) |
B PAM.Sss- T FEARTE ( 35 [ NEB 23w ) A 31 Jif 3 24H 24
DNA g BN B, DIR 2B AL FERG 520 20 DNA S BAPEXT E,
PITG T KA AR A R 2 UG IE, FRIR T S T 35 15 PH A X
HELL BFV ) BRI 2 6 R 22 R A e S 5 [ ) 14 R A i
2% R H AR PR PE , 0 AR 3L H 4 o F AR BA
PEs FEALREE R AL PS5 [ 2 — A AR
1.4 hMLHI #= hMSH2 3 B exon12 & % #oi]

K PCR- HAEEAE 52 Z2 5L 531 ( PCR-SSCP ) K, Z:BEAH
SRS 14, o AMLHT exon12 5191551 FliEHR 5-ACA
GAC TTG CTA CCA GGA CTT G-3', R} 5“TGT CTA TCC TCT
GTG ACA ATG G-3', 217bp; hMSH2 exon12 31H1FE% . it H
5-CAG GCT ATG TAG AAC CAA T-3', Tl 5-TAC CCC CAC
AAA GCC CAA A-3', 283bp, 2 W 4% f4: 95 C 11 28 1 Smin .,
94°C7ETE 455, 55°CIE K 455, 72°CIEMI45 s, JEFR 30K . 72°C
FFLEAH 10 min, HX 8 uL PCR ™45 8 pL SSCP 28 M2 nfif iR &)
—98°C 10min —37 BIYKIA 3 min— 8% ( T & 2085 ) AR A8 IR N
975 T JHe B A FEL VK — 0.2% ( BT 3t 4345 ) AgNOs J 5,— 6.25% ( JoT
35340 ) NayCOs + 0.05% (AFRAM40) HE 1 853 BT, A2 DNA
T AR AL 31 0 S0 () DNAREAS Jg xof B, 45 v 47 1 2 18 it
B, AR RE A 1 2% 1 /D sl oy 8 B e 45 55 Tk 3
Zl AR BAEREAS , PHPEAE AR 5 28 3 2R D 30 TaF e — 380k 5
FEATANEL 10% 9 DNA FEASHETT DNA U JF350E o
1.5 %o

SERGHE R F SPSS 12.0 Gt H A iEA T 2 K 3 L B 2 Ko
5% | Fisher’s #HHIMERIEAHT, K08 /K1E = 0.05,

2 BB

2.1 AP & & H hWMLHI A= hMSH2 3k B & 3T X F AR Aem 25 R
S5 (I£F A b 75 3 hMILHT F hMSH?2 $EIR PR AR BRI R 4

TR 4.76%( 5/105 ) F119.05% ( 20/105 ), Horh hMSH2 F:[H F AL

Al B SR S 3 T R ZH (P < 0.01 ), EEIKEESR UL 1, & 2,

[ & JA: FA M %t B ( Negative control ); B: [H P %t & ( Positive control ); C:
[ P A A (Positive sample ); D: [A PR ( Negative sample ); M:
F H AL 5] 44 3 ( Strap of methylation primer ); U: 3E F 4L 5| 4
7 ( Strap of unmethylated primer )o
El1 MSPE&ET AMLH B3 F X REL R BRIk E
Figure 1 The situation of AMLH1 gene promoter methylation assayed by MSP
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[ 7F JA: FA M2t BE( Negative control ); B: [E % %t B ( Positive control ); C:
[H MEA¥ A 1( Positive sample 1 ); D: [H P4 A 2( Positive sample 2 );
E: [A M # K (Negative sample ); M: F Z At 5| 47 47 34 ( Strap of
methylation primer ); U: 3 ¥ ZE4 5] 479 3 ( Strap of unmethylated

primer )o
2 MSP &l hMSH2 IR 3 F X FRE AL H ik
Figure 2 The situation of AMSH2 gene promoter methylation assayed by MSP

GRS W s R os, & o AR
hMSH2 B[R FBAR B 343 51 11.76% . 16.28% #132.14%,
B ETFXEEA (P <0.01), HEEHHE S TREH(P <
0.05); ZHaH 2 KU R hMLHI F hMSH2 F: 8 F 54 FH 1
AR I R N T = (P < 0.05 )(FR 1),

®1 SRAMPEFRERMLHI T hMSH2 BEFXRAELER
Table 1 The situation of AMLH1 and hMSH?2 gene promoter hyper

methylation in different arsenism groups

. hMLHI" hMSH2®
23 - - - — -
G PR WEE(%) W BHERE(%)
Positive number Positive rate Positive number Positive rate
i AR ]
AL 0 0.00 82 1 1.22
Control group
p
Eg'ﬁ 34 1 2.94 34 4 11.76*
Mild group
s
hECAL 2 4.65 43 7 16.28"
Moderate group
4]
A 28 2 7.14 28 9 32.14*4

Severe group

[ ]*: 5 xt# 4 % ( Compared with the control group ), P < 0.05, **:
P <0.01; 5% 4 % ( Compared with the mild group ), *: P <
0.05; # % »* % % ( Trend chi-square test ), @, 7 =4.992, P<0.05
2y =4.998, P<0.05,

4 7 JR 5 BRI W AL 1 45 SR o, g AR AL A b R
hMLHT F hMSH2 35 B LB BAM: 3008 11.11% #127.78%,
K] B TRHBRZE (P < 0.05), Z#a 2 K5, 22534 G2
(P <0055 P < 0.01); HIEEASL AR AR L0 7] 22 5+ T 48
PEEE (P> 0.05)(#£2).

#2 BE. EETAEBE KMMLHI I hMSH2 BEHFRRELRA
Table 2 The situation of hMLH1 and hMSH?2 gene promoter hyper
methylation in peripheral blood of arsenism patients with skin carcinoma and

without skin carcinoma

. hMLHI® hMSH2®
ZHH Y Y
Cop WEEB R (%) PR R (%)
n n
Positive number Positive rate Positive number  Positive rate

qpiEEs
R REAL 82 0 0.00 82 1 1.22
Control group

2 AR

T2zl 0 0.00 15 1 6.67
Non-cancerous group
S AR
e 18 2 1.1 18 5 27.78"*

Carcinoma group

[ V£ ]*: 5 M 4 % ( Compared with the control group ), P < 0.05, **:
P<001; #% /%5 (Trend chi-square test ), V: »*=8.732, P <
0.05, ?: ¥=16.79, P<0.01,

22 Apsp &8 E hMLHI = hMSH2 3 B 52 % A 25 R

110 1 A v 2 583 55 110 6% REON R A0 ) il hMLHT 1
hMSH2 £ exon12 28 PCR JSUW 344 38 5] H (%) DNA [ Bz, SSCP
SR RIS E K shak s REPLMI 10% 1) B % DNA FEA
AT E BN REIAE, TRA R I AMLHI F hMSH2 £ exon12 45 58

3 g

A RN A, A B 9 & A R T 2 9 R 5 e BOL
TR DNA Bz Gt R 54 O o PRS2 i A I 5 RS AR e
T 8 BN PG IR YL 65, B 4 ( SCE ). DNA S 54 |
YL o RIS | IR S B8 . SCE . DNA B W22 45 i B fin &2
A RIS AL . 4R A BB SRR, ISR IR AT N 1) 2 )
16 52 5 1 A R I R, B & R AR AN ARG S SE IR
hMLHI Gt R A LB R E RE W0 XS HEIEE R
N, SRR RO RS S 45 G RCRE A G AN, AT
55 41 e A 7 i 52 K 240 JE B R 45 A S, hMISH2 FE IR
Y% 5 A B S, DNA SRR S0 1 s &
HIVEFT; PRANSEI B, hMSH2 TR 1 23207 57 Xl - i 5Ll
B R Tl R A A Bl e A C i 2 10 A OB A2 SE I hMLHT Rl
hMSH2 SIREBFA LSS, B FBUEAMEBRUEE R, (40
JUAE S AR AR P AR SLA L | SR A S R S5 5 R AR R
&5, RINREPLISAS R = . MSI, i B LR A AT
FE, S — RPN NS H A A L k. TSR G
PR RS | S 24 BB sl MR T Bl o,

B DR 2 A 2 S 3Ok TR T e e B e 2 ) i st A% 2 AL
Tl WF9E 22 R ICAG 58 K hMLHT F1 hMSH?2 5875 5217 22 s
SR K R R R DR 22— D12 ARG I T A 4G A S TR
hMLH1 Fl hMSH2 87 553K 8 55 1) exon 12113714, 25 BRI 2 5|
PRIET i ch 2 5 hMLH T F hMSH2 K1 exon12 F5E7%E | $275%
AT REAFFE LI R 588 2 A O R D B e 8 2 15 1) X
DNA A0 4 SR B 5 5 A TR A AT RE S B0 IR D RE B
o T B R AL 2E ML . DNA S0t HOR JS 37 X DNA F
ALK SE R 1 25 B IEEVE R, DNA JG 8h 7 X 38 k2R
HSLAL)S , DNA (180U T 25 b A5 A5 B0 i 5% 286 I 5 i A e oL
N0 PR St el A, S R TRl o R 2R
IR LR hMLE T RN hMSH2 IR 85X H Ak a] A i
5 SRR IR TS BOL I REBIFA B R TG 7, AR 25 R B
W16 2 VT A ) 155 2 B8 3 hMISHL2 355 [R5 31X R A B %
U S X AL, BT AR 4 hMLH T R hMSH2 i )
TIX A P 2R I (i s T BE AL, WA 4 7 L A
WUAE A, RIVBA b BRI R R R S O A B o
FEALPHPER M, REAh h g R hMSH2 SER A hMLH ] 3L
Jed B DX H AL S5 BT S0 PR 3 B DA OG o S TR IR ks
(LU AR IE R R AR R e L R TR Pl 2R, 45
PR T RIS & B, hMSH2 mRNA 4 3 15 B b 5 28 3
B JER 7 735 1 T EE I R AR, A el TT R ok B hMLH
H hMSH2 J7i 2hF X B SAL S 520 DNA Bl 72, 30l 5%
IR 2 5%, 4k i BOL D RE SRR R IE , ASRE K EHE & DNA
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— o AR S O I ) S A M M SR LR A M R B, A
LR P R R R R IR . ARSI AR ARl A 2
hMSH?2 BERFT hMLHT 3% PR )1 DR IR RO AE 22 57 058
TR, (HBL ] R AR B M2 ek, LS IR 5 5
B0 K, AT G — 2 IR BIBOR AT

25 TR, AN 8 2L AMLHT F hMSH? )3 )1 X H K
PR ERRIEE T Y R e o 75 2 A T 2R S ) B 0 FRRAE , R
A AE R RSB A D RE G 1 F B N —, IR AT
FEXHE /RSO sk SO L AT EEME .
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