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Single Nucleotide Polymorphism (SNPs) of DNA repair genes ((MLH1 and hMSH?2) in
Rheumatoid arthritis Patients and its association with rheumatoid arthritis by Smoking status

Yoon-Hee Cho?, Su-Young Kim", Hae-won Chung?, Seong-Chul Hang'
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- The purpose of this sludy is to examine the risk factors and the single nucleotide polymorphisms(SNPs) of DNA repair gene
(hMLH1 and hMSH2) associated with rheumatoid arthritis by smoking status and environmental tobacco smoke(ETS). This study
was planned to detect the susceptibility of the patients diagnosed by rheumatoid arthritis to the single nuclectide polymorphisms
(SNPs) of DNA repair gene(hMLH1 and hMSH2) by smoking status and environmental tobacco smoke{ETS). The single nucleotide
polymorphisms(SNPs} of DNA repair gene(hMLH1 and hMSH2) were analyzed by Dynamic allele specific hybridization(iDASH)
technique in rheumatoid arthritis patients and controls. The single nucleotide polymorphisms(SNPs) of DNA repair genelhMLH1
and hMSH?2) of patienis were compared to thase of age and sex matched controls, which are statistically analyzed and adijusted
by age, sex, smoking status, and ETS. This study showed that The SNP of DNA repair gene hMLH1 was significantly associated
with the susceptibility of rheumatoid arthritis, but that of hMSH2 was nol. Differential effect of passive smoking on the
association between the SNP of DNA repair gene hMSH2(CC type or CT type} and rheumatoid arhritis risk was found. It is
suggested that the SNPs of DNA repair gene correlated with susceptibility to rheumatoid arthritis by smoking status was able to
be used as its susceptibility marker and further as basic data to prevent the risk factors for rheumatoid arthritis, But the larger.
sample studies, including a variety of SNPs of DNA repair gene will be needed.(J Med Lite Sci 2011;8:25-34)
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Table 1. Primers and probes for amplification of Single Nucleotide pelymerphisms(SNPs) region of each genes.

Gene SNP region

Primer Probe

exon 15

hMLH iR
108 (G->A)
promoter region

. =g
hMSHE  TIEE (C—=3T)

Biotin—5'-GCTGGATGGAATAAGCTACAG
§'-AGTGCCTTGTGTTCACGTTCT

Biotin~b'-~ACCGAAACGAAGCCCTGGAAG
5'-GCTTTCGGCCACGGCGACCAC

@ ai 5-TCTTCCTTCAGCTGTAG
@ b 5-TCTTCCTITAGCTGTAG
@ :
@ :

5-CACACCCAGTCAGCTTC
5'-CACACCCAATCAGCTTC

a: match probe.
b mismatch probe.
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Table 2. General characteristics of study population at baseline

No. of subj
Rheumatoid Controls
Arthritis Patients

Agelmean * SD, years) 4881 £ 861 4508 + 923 0.053%
40 9(12.3} 16(20.3)

40(= — (50 29(39.7) 36(49.4) ;

»50 35(47.9) 24(30.4) 0.072%+F
Sex

male 10(13.7) 8(10.1}

female 63(86.3) 71(89.9) 0.617+%*
Smoking status

Never 56(80.0) 60(92.3)

Current smoking %(12.9) _ 5(7.7)

Ex—smoking 5(7.1) (0.0 0.047%%*
ETS*

No 26(406) 1658

Yes 38(59.4) Ta6(742) 00917
Alcohol intake

No 50(72.5) 31(54.4)

Yes 19(27.5) 26(45.8) 0.041%%*
Duration of diseaselyear) 899 + 6.24 -
Weight (kg) 896,77 £ 9.14 57,86 + 833 0,469%*
Hefght {cm) 159.83 £ 7.39 15749 + 6.68 0.056%
BMI{Height/Weight2) 2211 £ 2,77 2333 £ 274 0.011%*
Total ] 73(100.0) 7H100.0)

%, Environmental fobacco smoke.: * %iusing t-test.; % *
*;using X* test

Table 3. Distribution of the Single Nucleotide polymorphsims

Rheumatoid Arthritis Patients (RA) and Controls

2. RAMLJARIS] hMLHt 2 hMSH2 SFXte| ohelHzIct
| HAnt RolElA EEAzio) Y

ZolEls pEE el M - g9y 257 B A% Oz
72 DNAZ Ehusie] Jupels E¥ hMLHI ¥ hMSH2
AR T r|ohE AT BRIAAE ZASIH

FrtEls TEd @2 ¥ tiEd9] hMLHD #AAE] exon
15G-HAR Wl fA% Gddritiddy 389 Reg
E4%F Bl Table 39|4 My vkel 7 Wild typed] GGE,
Heterozygous type?l GAE @ Homozygous type9] AARS
Frtes A #Ake] e 22 17.8%, 726% B 96%%92
o, 272 AL 11.4%, 62.0% U 266%2 T 77t hMLHI]
AR AlolE WEEY 4= AHp=0.022). ©iF 4, 9%, ¥
Bogien 2A% Fo: hMIH1 GC¥ £& GAY wo] AAY
of vlaf Fubels TAEe] o)ghd o] wA =D (
0.05).

hMSHZ #7329 promoter £4] (C->Tioll AT D Gt
e FHREe RS BEHF ZIE Table 3004 B
vhe} 2} Wild type§l CC#H, Heterozygous type$l CTY ¥
Homozygous typed] TTE-S Folels 2 ghatel A ztzh
4.1%, 39.7%, D 562%¥od, WRPEY AL 0% 32.9% 4l
67.1%5 & ¥} hMSH2 F-321E Xolg T 4 giodch
olF A, 9%, ¥ THYoE 23 Fofk hMSH2 CT% 2
TTHo| CcCHoll vl Futels BHEA o|gE e AT
A gokckp > 0.05),

hMLH1 GGE ¥ GAFS 7P AS 28 S, 3%, =1A
E T Al F9sh= Aol gle A7t 18R g2 Al
H& Jate]ll HEGe oE ¢ #HAER ggtedy,
A%, 4 ¥ TR HAT Fo= FAHCE folEhA|
ofofch E3 hMLHI AARS 7PA 29 Ad A3, 44,
of hMLH1 and hMSH2 gene and Estimated Risks among

-~

Genotype Rheun?atoid Arthritis Controls Crude OR Adiusted ORd
Patients{n=73) (n=79) (95% CI) (95% CI)

hMLH1
GGa 13(17.8) 9(11.4) 1(reference) 1(reference)
GA 53(72.6) 49(62.0) 0.749 (0.294-1.906) 0.663 (¢.221-1.991}
AA 7(9.6) 21(26.6) 0.231 (0.069-0.771) 0.183 (0.042-0.798}
GG or GA 66(90.4) 58(73.4} 1({reference) 1({reference)
AAC 7(9.6) 21(28.8) 0.298 {0.116-0,739) 0.256 (0.080-0.814)
hMSH2 )
CCa 34.1 0(0.0) 1{reference) Iireference)
CT 29(39.7) 26(32.9) (0%(0)?)?‘} (O(.)d(())g(i_)
TT 4156.2) 53(67.1) '(O(.)(-)g%(i.) (G_C%SE)O )
CCor CT 32(43.8) 26(32.9) 1{reference) 1{reference)
T 41(56.2) 53(67.1) 0.629 (0.325-1.215) 0.776 (0.355-1,695)

a, Adjusted for age, sex, and smoking status.
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AAT T A0l FASKE Aol gk ALt D% ge o, 9¥, 4 2 TUHeR By Yo AR SOy
Aol d]g] Folels HmERlde) oFhe $H-2 A=A Y Sshet (Table 4).

Table 4. Distribution of the Single Nucleotide polvmorphsims of hMLH1 gene and Estimated Risks among Rheumatoid
Arthritis Patients (RA) and Controls according to smoking status and environmental smoking status(ETS)

RA Controls Crude OR Adjusted OR RA GControls Crude OR Adjusted OR
(n, %) (n, %) {95% CI {85% CI) (n, %) (n, %) (95% CI (95% CI)
Smokinga o |
Never smoke 54(84.4) 43(89.6) 1 1 2A33.3) - 17(100.0) 1 1
. 0.956 (0.273—~ 4.738 (0,492- 13.72 21,75
Current smoking 6(9.4) 5(10.4) 3 344) 45.606) 3(50.00 0(0.0) (©.000-) (0.000-)

. 12.51 27.40 13.72 13 87
Ex-smoking 4(6.3) . 0(26.8) (0.000-) (0.000-) 1(18.7) 0(0.0) (0.000-) (0.000-)
ETSb
No  35(60.3) 32(74.4) 1 1 365000 14(737) 1 1

0.523 0.472 ; 0.357 ( 0.000
ves 2.7 @258 o011 941) (0178 1258 000 BB 4 ost-na88)  (0.000-)
a, Adjusted for age. sex and ETS, b, Adjusted for age, sex and smoking.
WMSH2 CC¥ 9 OTHE 71 A9 Wel B, 44, A o Bk Aol g A5t I8X g ARdel vwis) Rot
£ & A0 sk Alge] gl Hgot 194§ Al B4 g olgkE f¥e 0.708(p > 0.05)0%eH, I,

Bja Futels wdge| oj#E HHE2 01710 { 0.05)% 9, 4 B FAdes HAR Tox FAHeR folskA ¢t
Aol Fdgen BAY Tolx FAA o2 fofstglct. 1Bt (Table ).
hMSH2 TT%& 7H A5 A3 FHE, 4%, 448 8 239

Table 5. Distribution of the Single Nucleotide polymerphsims of hMSH2 gene and Estimated Risks among Rheumatoid
Arthritis Patients (RA) and Controls according to smoking status and environmental smoking status(ETS)

RA Cantrols Crude OR Adjusted OR RA Controls Crude OR Adjusted OR

{n, %) (n, %) (95% CI) (95% CI (n, %) {n, %) (95% CI) (95% CI)
Smokinga
Never smoke 25(83.3) " 19(90.5) 1 1 31077.5) 41(93.2) 1. 1
. 0,760 (0.098- 31.92 3.086 4.520
Current smoking 28.7) 2(9.5) 5 896) (©.000-) 7(17.5) 36.8) (0.738-12.904) (0.689-29.977)
. 12.34 33.18 ) 14.82 18,76
Ex—smoking 3(10.0) 0(0.0} (0.000-) (©.000-) 2(5.0) 0.0 (0.000-) (6,000~
ETSh
No 16(59.3) 17(88.5) 1 1 22(59.5) 2%67.4) 1 . 1
ves 116407 210.5) 0171 0.91 15(40.5) 14(32.6) 0708 0.520

(0.033-0.895) (0.010-0.857) (0.284-1.768) (0.183-1.479)

a, Adjusted for age, sex and ETS, b, Adjusted for age, sex and smcking,

P
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4, 1 =
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gut AE el 50% o4, EYATEE §x g AlE
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gEukse o fda 84de] =8 ¢ s e
HAEATE =3 Simelyte E(2004017 A Tule]ls HEd
gab, =alA wEe 2k, A7 ARE gAeE hMSH2,
hMSHS 3! hMsHs @efd als 21 4y FopglA 4Edy
BALe] Ul oA olE DNA &4 32 vhifzl 9do]| a7
Taugon, A£Ee gFHhEod Arle a4l
23 MMR WA wde] FrbE rhs4de Rastdd. HiE
HojelA BEHE et EefAe] GHA Eddeld 9t 7lE
oz 9igt Adhs oRutA] F deA A GRATE FER
$de] DNA £4318 7130] Agat7ldle e #=d] A=
Aol =2sle] A Aog gordr) o hMIHI S-d3F

o2 BMLHL W¥jd wilo] a4 Eojxx MSV} F2siof

2 Flo8 ghETh

DNA £435 7|H F <1288 S8 MutSe(hMSH2%
hMSHE% MutS#hMSH29 hMSH3)= MMR 7149 a8 g
& w@eka gled, oldl MutSes ©WHEZ] MMR 7],
MutSge A9 & 244 294 MMR 7)del 8 25 o7
Gli= Zog A QIrHs 19 hMSHY FH7H= T o|¥@ gt
e ztzke] g QiR FA=|e] gicho 1819 o|=FF DNA
AR E 3 §A o] olide] M2 AR BEREA @2 G384
2FE0] o] Hu, g=Foz #E oA Hade|X=
A2 BFel7t FFEojzrhes9, vA9l4Yd DNA SHH
ol{microsatellite instability; MSI}v= Aol = A oIz
EFHelMAY 28 FAHZ AMgHox| ot MSIE A4

B2 WA Ho) BAMelS AU, ol BF FA% L4

H749] MMR 7AYo T gl AZniar deid ok
-2 ol A HRAYSHE DNA £43 £A4HE7|AE Fules
FEGAML DNA 4 &R VIAL olslEted REEE
E 4 9ok ol B ZAYe Ae MSE 4 Ee A
EdHolE deorlA He Edwe)d a3 FAz oA
alen, o] MSI= £ DNA MMR 7|5 #ol& <lz] A7ictn
HuE1 9}, ol#g MSK: FulElas THEE Baby Zof mo)
Telo]l A1 vt B oA WSH2 542 SNPE Jot
E|lA FEP Aol gie L= vERdth I3 hMIHI
F3AL SNPE FulE]l2~ TR Bedo) Qls AR Yehych

SoflAl gt okl 7ol hMLH1 ¥ hMSH2:= DNA MMR
7148 Fa fHAR dEA e, B {HA veFF
A2t hereditary non—polyposis colorectal cnacer; HNPCC)2
e ol F4A Hol7t Fag Hhg $iohy g QU
Ot o whld 2 MSl WAl o @Al o)
FoiQIR| = HEks|A] ¢hoLt, Chang 5 (20000292 MSISE 4
H hMLH1 ©hd 2rEy gele| ¢lvhw HExmelsdn. hMIHL
chl % hMSHE TelEe MMR ST T faldo g
e 98-S @Ysle Aod HIET Qe hMSH2 whiya
£ &4 DNAE QlAsHe IEE whgahs b, hMinl why
AL &4F DNA 97 Eel Beg o2 chalEijol ol
48 LS 2ol 715 BEFETEY. 28} Xinariancs 5
(2000)2M2 H]|4A EZH Y (Non-Small Cell Lung Cancer;
NSCLC) &4 hMILHITH hMSH2 w2 &S vlw @73t
Aeld T g s EHAo s wEsw, Az Wl gitku
RIsla ok, EF o] 52 ghRA oA hMLH1T hMSH2 T
Aol gavt BGTHg dehe oW Yadee 2 gl
% @eo] glokn Bajgioh,

AL E | (promoter) F9E V1S protein—coding H$h= oy
ANt F2Ape] HMALRH| o]FoiR| e H9olr] uiRe] o] 1Y
SNP2| E-4& mebsh= & F RS} protein-coding #9129
=MoL ENPCCE| Hhy 919] AbgHEL Axsk=d] bl
o] 28e)l ofd Hlo|vh LehtR] of= fale REEEA itk
ol FZ3ke] olglgt FAES FHH= of A Aol A
o 71 gele] & 5= gicki grefA glci®, W wh ohet ZEw
Bl RH9  HEdHeE fAHHY  gyopAHIL)E
(retinoblastoma)}g -FE3IcHe G AAIE T Qo] Al 2F
2ole) 728 e dota "aiol A gl

2 el hMSH2 F34ke] premoter H9ol ZAf3ls
SNP(C->Th= Fote| A~ TEAex9} o227} Aol 25z
oot et 2 o7 de 2AbE hMSH2 fARE AT
& FobEs B wriT= weo] gl Ados mubgd
vt HNPCC 8RR & FAHE g Aol = o §-4313 0|
4.0%, CT H-d2F40] 8.0%, TT F+32H0| 83.0%= vfept 2
Ao Me] vt qiFE ¥ Folela BEY #@xly o7
3 vlg) EAHEA UL TT FJAEL B4 B4yl
o} HNPCC 2Ate] A= dultizst © Fotejs A9 gk
o & ¢ dPgH-AA N allele) BAHo] @7] bl HNPCC At
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8] HERA F4 drAle] AESE #2249 s
HoiZm glrles,

Lee 5(2003)10& Futels LA Eupqz 4 dx
gy FHEE S guhdE 28 vingt gitef|A Folgl
2 g gpel GeAEo A thed] MSIZF 23ty 1o
skl 9t 3hEH AFHE LANoxidative stress)}E DNA £AMS]E
714 YAE = gick oA ATEY, X% Lee 5 (2003)10
2 A AR, EREYE 8= 9 Fuiels S3Ed 3Ry
AT RAME A BIPNE (fibroblast-lke synoviocyte; FLS)
oA hMSHS, hMSHS, SMSH2, hMLH1, ¥ hPMS2 whudzl
WEe Bast At Fobels BEYE k) FLSelAd hMSHS,
hMLH12] ¥Ha-2 @37, hMSH3 3 hMSH2®) 938 e &gtovy
zh Z5 Zol7t ge Aoz Ruslsl MMR SAx- xAY a3
b= MMR A9} $73710] AFEakgol o3t ¢io] FEs)

Ari, o]Fe] 7o wEH0 NO B H202 & o5t Altakb -

“Hoxidative stress)oll 2|3l Folels B @ale] FLS7 o2
izl BE hMSH2 ¥ hMSH3Y H& 433t hMSHES]
o WS B usigl oo hMSH2E A2 ofE thila dg e
Lakuks BAE B¢] o2 Hasln ich

chill= 400di8e) WAERS Zgh 40000 £ sletEdE
ojfojAglon] =W FAo] HLL DNA adductd HHJA#
DNA EAA| DNA £48 FU3bA Hi, o]afsh &4fo] B
7 gon FEHoE FHA FZRBo|E ZHEA fHurRi-a,
EF AREhE AR dIEEE] NOE Rotels BAET A
Az 2o WA oS4 g gel 2Ask =l d F4
Hog dhlshe: NO7H SU¥elE FEAIFIL, oA HAH
FEA &4 3 Sdiels S BA dEREE FuEA
TEE TIAE Yo To] £33} Hrjs-sn. ojnff MMR
71A2 o|2% £4S Hske HEFS DNA S45 7)30]
o}, MMR 7|30 AEE AL vliRAH(microsatellite) AE
el 2 HHE Ade] o wolzlAL glejARE #4el
MSI(microsatellite instability)7} QA= o MSH= vzt
ek, Wor 5oz g okdal 9 FolelA BHEE Yot HiE
ol 4] WHEEe] AT glrf 9, makA] MSis MMR 7139] &4
AZRE Ardels EE FLE0R7])E §]e,

Kouso 5 (2008Y03} Chang 5 (20001292 MSI7F B2 #3)
ofAlA hMLHI drEe] WtT, hMLH1 Fite] MSieh 2)g
AL veldokr 2oEigA] T nMSH2es @ee] ¢l
Feg wistglet, 1o gkl Fdol ofF &4 E-i= hMSH2
2} Tl 9l 22 BiskAT gt hMLHL @iizo] A
SHENE o] F2AE= hMLH] promoter £9]2] hijzlo] 2)3
hMLH1 ©hf3 Wglo] vjEg3te= Aol o] e F=4<
2 MSI7h Al7lgE Aleoio 40, a8 Yu T (200802 o
42 3AADE f4o2 hMLH1 -93GrA, hMLH1I219V 2
hMSHE G39E 33 chdA4E AR BT d7elA
Fdo] MMR 71He] &4T THe] ow, 535 nMLIHL -
93GrA -2 v Aol ulel Fddo] WAEE A v]Al=
A¥e| 7keke ez Hastgel

B A7dd nMSH2 A9 S A 2 28 EAs
o] gl Ao vehghout, hMUHL fH2H SRk o
Faw dgol g Aes ekt

We ATolx FAo HuAel 9ME A glon, U
A, W7 olAl 9 THE HEuTe) FEe nAtkn Rus
Qe B8] Friela BEYY Wy 9 FER PHAeR
BIED YO, Criswell £ (0061DE FAL A A 1
Fol A&Ho] Gakg SlHch: A& WY 7] Ao

™R

A
o

- HE FR% 9L oWtz BRI ¢le], hMSHI SNP TTE

FHAE 7P HEAA ] vlE] HA Az, dA) SoiREc
T4 EAFelAA Fores S4E T Yol o & 2 F
ATE ST ek & Fobgs wEE WY 27)e) 5o
o2 <lF LAF DNaAtE] AlEA &4to] hMSH2 RHARY
homozygous variant®E 713 AFSelAA] DNA MMR 7|3
FRAOR FEEL WEn DNa £43E7Hd ReE 29
3 F=EHoE MSIE wFHAFIEA Fobes TEHE Wy
AEE oA d & Ak

2 A7 A7 hMSHZ AR wild type CCE o
heterozygous variant CTE-S 71T lewA A Fa2
Bt AL ZA FAAR) s Arde] F9E W A
gl Algre] niE Fute]ls IR olEE Aol wA el
21 FAFRCRE H9stA] gUth, hMSH2 /A9
homozygous veriant TTHE 7171 §lowA |7 -FHE& st
7 A EdAFe] e Aol E9E i HEo| gle
Abgel| 3] Fute]ls FE olgd fgo] wA vete,
%, 4, ¥ HTEE 2T Folle A Jehodt 5413
o7 Hoap] ghglrt. ol 2 dridREe] qiiste] odE
BA(RolEA BEY 3 86.3%, R 82.9%) ¢eluel
EoAbe] diiEo] Ydads s & 1 £ AT Edd

2 FulelA WEFGT hMSH? A dAfAe vhalre
£ sA7L slsith ol8 Balsly] 8] SR, 23 8 7Ehe
A FHste ARge] eA| oid wEr fobeEs TEdE
hMSH2 -F3217he] AadE 2AFS) 2ottt hMSHM2 #3442
wild type CC%H W heterozygous variant CTE2 7R 9l&
wA FE, A4, 9 7IEpelld g8k Aol e ARl
TR o2 Algel sl FrbE s TEEe] o2 ¥Eo) A,
dg, ¥ ZdEE HAT Fof 009182 veged], o
EAHeR Soatgey. 23U hMSHE $-382F homozygous
variant TT8& 7HAZ lewA] SR, A3k, 2 7[ehedA
S8k Aol e AbeRe] 23X ghe ARt b FabE
TEdd olF 9ge] 4, 9%, ¥ F9YE BT 4
0.520802 fehtan o]i= hMSHM2 §34H2] wild type CCH
2 heterozygous variant CTH-E 7T ¢l Aol b)) 7H4
Eode] og Fobeld FEg olfe] o HEE Ac=z o=
Holu} ol FAFHoR {folER] gkt

2 AFof A= hMSHZ f-3d4b= AHRE Fotes gEd
Hhe] o] fi%iot £4 2L ST HEe-g S
FUrelA: FEE ol YsHA AeE AleR HE|eAc)
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Yu £ (2006)& hMLHL -93G>A, hMLH1 1219V 3! hMSH6
G39E St} AT A R-%(colorectal polyps)?te] «Al
& ZAF A olE SHAEE AYEY BHEE gl AR
2usige, oo Qg g4 &4 B HHA oEd
hMLHI -93GYAo] dia 8-&1 dde] 908 ¢ e AHE
s stgdct, 22y Lipkin 5(2004)49& 4 diaekal
hMLH1 1219V ¥ D132H §$32F chg4gzhe] duygds st
S iz dold hMLHD [219ve A4l dxe] glovt
hMLH1 D132H variant2h= 23] o] qickn Ko
o], £3] hMLH1 D132H varants 32 MSI @4zh= dTbo]
g ez wusie debd ¥4 AFAFES shushle
hMLH1 §A ool A MMR 7149 ZHYo Wkles
A83H= Ao] o, B hMLHL $-82) cig4do] DNA &4
iAo deke FaeAr), Fd mdol g3 WAsk= DNA
£4He HMpslels DNA MMR 882 d447)e 2oz BEx
3lo]. hMLH1 SNP7} fHobelA AP dide] glew Fdo
hMLH1 SNP f-@el ujet Fule)s #ade] rlgtze] F34E
03 4 U= 7Hs4S EoE B A7EaE sdAsta o

2 odps oA AFe uiel ol AFdYAty diREEo]
d4deax el FA4 FAA difgel dAoldes
Ae #Agket o Ao w2 Fotels WY hMLHI E
hMSH2Tel AL slabslr]oli= Adto] l9let. E§ cfokgt
hMLH! ¥ hMSHZ 44 chgAe 2A1EkA) 523k €49
gt 28y B g3l Fopela ZAe] o o RER
o A4S 2Y 4 Y= dujAE 9 r|RAEEA $8E £
ol Aoy ArEs olf RHutels AP DNA 4%
fxixte] SNPE 2AR| st dife A7r el e
wrckelch,

“o Qe 2004UE AFHARYIZ BUREAT7IZY
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