INEZRER T SRR B SUBS AN S H BR & BREBEL[E] 22 A5 M XIS i 3
B BRI FAR 4 B R

BRRAE, LHED, B, LEF Y, HEM, B I A Eorm ARERCEERERIRRGER), 258, bkl
B, 2R, AR BRI 519000]

WE: BW  AF R % %% Z 8% (xanthine dehydrogenase, XDH)#w & 3F i 4~ 5% B4 (guanosine monophosphate synthetase,
GMPS);EH A bk st B 2 A (azathioprine, AZA)PTEE M A7 H) Fo BLE 0 Hvd, K3 Lk 4% BB A NUDTI1S rs116855232
M) 3TN AZA PECER AR GG IE, T mRBSN Y ZIRARELRA AZA ST O S AR RRES, KEH
Wik o KR B AR F k0 E GMPS rs61750368 . rs61750369, XDH 152295475 rsl1884725. rs17011368. rs566362 #2 NUDTI15
rs116855232 A F A ARIER B R S o K 2 40, oA LR R H A 5 AZA P20 447 h) A= BE K 69 48 % M ,NUDTI1S rs116855232
A st REAL B, BER RN S0 BB, 2 ASE. BAE. S BMI AR 6-FRE A B BIREHY LR FHE R
Logistic ®1)2 547 %8, AZA FTECE 474 5 XDH 52295475 R A8 % (P=0.003, OR=3.10, 95%CI: 1.45~6.25), Z4k K
FRm B R OB JE A 69.6%, HFITE A 63.2%, ROC ¥4k AUC # 0.66; NUDTI15 rs116855232 R E 4.4 AZA PR 0B %
I7H) 48 % (P=0.008, OR=3.46, 95%CI: 1.21~9.93); A As S KRB H REZNL FHMIrH FBLLA X 15116855232 H A
A H 152295475 RER G B H 3T AL LB ARG Bk, E B 09 A A Z(OR=6.53, P=0.004), # Fi% % F %
TR M H 69 AL £ 5 (OR=51.67, P<0.001), £5i& AV E 8 F %k kB EH T XDH 52295475 RETHA AZA
FH R AR 0k AR B &, AT TR R BARAL S A TR ML, A3 XDH 354 NUDTIS rs116855232 Jaml, +THe
4 R4 NUDTIS %4 A 4 258 B4 5] FU0 R 269 KFe, 423 NUDTI1S £ & A a8 88 ¥ ] 3 69 e #k, 12 A B4R
E SN RATRIIE,
KRR ArkReh; B ERAREE; RS MLAEE; BT BLA
FESHES: RI69.4 NEkFRRRS: B XEHES: 1007-7693(2020)20-2498-08
DOI: 10.13748/j.cnki.issn1007-7693.2020.20.012
SIRAARI: &F4E, ¥k, B, & DRI H 2N A B 5 0 A R B A B % A st AR wE A BT 3R 3R 4 ) Ao
BLA W% a[d]. o B IR R 25 52, 2020, 37(20): 2498-2505.

Effects of Xanthine Dehydrogenase and Guanosine Monophosphate Synthetase Gene Polymorphisms on
Myelosuppression and Alopecia Induced by Azathioprine in Small Samples

QIAN Jiajian?, AI Xinbo®, CHEN Chao®, WEN Zhiyong?, HUANG Sichao?®, ZHOU Zhiling®[Zhuhai People’s
Hospital(Zhuhai Hospital Affiliated to Jinan University), a.Department of Pharmacy, b.Department of Gastroenterology,
c.Department of Neurology, Zhuhai 519000, China)

ABSTRACT: OBJECTIVE To investigate the effects of xanthine dehydrogenase(XDH) and guanosine monophosphate
synthetase(GMPS) gene polymorphisms on myelosuppression and alopecia induced by azathioprine(AZA). To explore the value
that combined detection of NUDT15 rs/16855232 and those genetypes predicted AZA induced myelosuppression. METHODS
Patients who have taken or are taking AZA for autoimmune diseases were retrospective analysed. Genotypes of GMPS
rs61750368, rs61750369, XDH 152295475, rs1884725, rs17011368, rs566362 and NUDTI1S rs116855232 were determined by
direct sequencing. Patients were grouped according to adverse reactions. The association of these genotypes with AZA-induced
myelosuppression and alopecia was analyzed, NUDT15 rs/16855232 as control gene. RESULTS  Eighty patients were included.
There were no significant differences in age, daily dose, course of treatment, BMI and 6-thioguanine nucleotide level between
two groups. Logistic regression analysis showed that AZA-included myelosuppression was associated with XDH 52295475
mutation(P=0.003, OR=3.10, 95%CI: 1.45-6.25). Sensitivity and specificity of this gene predicted myelosuppression were 69.6%,
63.2% respectively, ROC curve was 0.66. AZA-included myelosuppression was aslo associated with NUDT15 rs/16855232
mutation(P=0.008, OR=3.46, 95%CI: 1.21-9.93). No other genes were found to be associated with myelosuppression and
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alopecia. Patients with rs//6855232 wild-type and rs2295475 mutant had higher risk of myelosuppression compared to those
with two-gene wild-type(OR=6.53, P=0.004), while the patients with both genes mutated at the same time had much higher risk
of myelosuppression(OR=51.67, P<0.001). CONCLUSION XDH rs2295475 mutation may be an independent risk factor for
AZA-induced myelosuppression in Chinese autoimmune patients. Although the prediction accuracy is low but still has predictive
value. Particularly, XDH combine with NUDT15 rs/16855232 monitoring may compensate for the risk of inaccurate prediction
of myelosuppression in NUDTI15 wild-type patients. Combined testing can improve the accuracy of prediction of
myelosuppression by NUDT15 mutant type. But these results are further validated by clinical studies.

KEYWORDS: azathioprine; guanosine monophosphate synthetase; xanthine dehydrogenase; myelosuppression; alopecia

Tt MR IS4 (azathioprine , AZA)JE—Fh FH Filf
PRI BE 77 o SR1T, AZA N 20%~30%25 4 A
R 527 A 23 T B o JH At TR, S S ) o A
HHEEEE . BEAE ., TG . S, —ik
WFFER-44R 18, NUDTI15 R139C (rs116855232)557%8
55 AZA FITEU F A RS RN R 2 DA G
{H7E BTSSP B8 TIRZE 8 FE MR,
NUDTI15 R139C BEHBIZEAS 5 AZA PR ECH 40
U0 RE AR DG M s 0, ok, #E A NUDTIS
R139C BPAERIMPEBEA 8.5%~17.2%H I H
M/ RE S, iR NUDT1S R139C 244 T
W R A 32.1%~50.0% A L2 F) (40 gk /b
XN, E R R IR A HAl g AR
JHHS AZA ARV EEHSCHEER, s f T
HAb L 5 NUDT15 R139C B4 A o] LA B -
P v B R A %) Y

5 4F 18 & 5% M (guanosine monophosphate
synthetase, GMPS)/& AZA R B EF ~ —, 1T
DAL 6-%i Jik v I IS BB iR £6 (6-thioxanthosine
monophosphate, 6-TXMP)#AL B iE THEACIH =) 6-
B 5 22 04 4% ¥ B2 (6-thioguanine nucleotide ,
6-TGN), Kudo %% B, GMPS IVS 5-7T>C
(rs61750368)F11 993A>G (rs61750369) 728 FKAE H
A NBESY W 27%F0 28% , SR AT 1% A HE M X 2
AN S I S AR SR SN AZA AN R KUK
T 12204 15 S ¥ (xanthine dehydrogenase, XDH)5 %
W22 45 A Jif (xanthine oxidase , XO)[r] Ay 25 B 45 4L
RG2S SR, 2 AZA AR E B
Smith Z:B1 18 XDH 837C>T78 S4li & Kk HE AR
FOHE RS IR U0 (P=0.048) , SR TMTE
A XDH 837C>T B madEs . Bk
WX XDH FEHZ 55 AZA KRR W A &
IR

AHIFGE BT B 43 B v ] B s PR R
GMPS 7561750368, GMPS rs61750369 , XDH

R AN 242 2020 4F 10 H 25 37 245 20 1)

752295475, XDH rs1884725, XDH rs17011368 Al
XDH 15566362 BFER 280, JEEN ik Y
AZA FrEUE BRI AP A BIOCR o BRI FaR KA
A NUDTIS rs116855232 K% il AZA FrEL
B BE I A A 1
1 #&REFE
1.1 ERRIE

TEREAE BRI TN R I e ¥ 28 IR P = 1 7 il
AZA, H#2W A A SRt iy b E R
AT G AZA FI I F R 0.5~2.5 mg-kg'-d !,
JrfEs1 A, FIISAFERE 1A H WA EA
RN IR AZA IGIT B . 2R8I T =
BiACBEZE 01 b, IEAER A RTARAS T T
PRI )R o & A o B 0 o AR B8 R AN R R oy ) AR
HAESCHBFFEAL, R & A B R R AN R
I ) JR I E SO HR A o HEBRARIE : DA R
J M I HL b T BB R D RN A 1)
T ZE IR, Anng A R . RS B A
B S s QAZA AR B & A5 iOH 4
AZA P25 N BIERE) ; MR, FFIE
ME)FMEEAEMBRE; @AZA Fl &
<0.5 mg-kg !-d' 5>2.5 mg-kg !-d ! ; @UE PRI ol H
AWEE; ©Fkk<16 £ >80 ¥ MEE; Oz
HIL AT N H 3™ B 0 o) sl ot e 1) B
@7 JE-H R H U & B S GE; QA
BEZH5NEE; OARRRATEAIEIRTOR . A
BER IO SEAR GG R ER, FGAEE . MR, 12
Wr. Rrgmaiat . 2L R R,
1.2 AR bRiE

SR 5% 24 b AN RS2 R W 0 v 4 22 1
TEAGAS RSO B G HEE  AZA FIn S0 - Bl € X
AN R<3.5%10%- L1 B v v ks 20 i 3%
<2.0x10°-L7'0), Wi kA FGER I & FE B &, %
BEWE AR B B S & BB S5 RSN R R
R N B H R T E T AZA IRYTI,
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1.3 JEEASI L K 6-TGN I 5 ik

A BE N E#E KN 2 mL, & T
P4 Z. iR (ethylenediaminetetraacetic acid, EDTA)
PUEEE . R 3R & W% I 1V (polymerase chain
reaction, PCR)FI B4 57 X7 GMPS rs61750368 .
GMPS rs61750369 . XDH rs2295475 . XDH
rs1884725. XDH rs17011368. XDH rs566362 Fl
NUDTIS rs116855232 437, DNA 2, 4%
B 5 1P 9 BTG B By A S A
R R A BR S w58 1 IETE IR AZA 835
TEM AZA 1 A H 5B EF kI 2 mL, &
T EDTA HistE, SRH HPLC W@ <14
6-TGN MM, M AEASTE 28 ) M 3R 22 I R SE 50
LA
1.4 SGeit=eab g

KHH SPSS 25.0 GEit #4514
Bro IMEFRF G ESSHMEUX s FTm, AT
A IESA A U8 WA Bk s, 432878 &
DANBESHIR IR . s R I LR 2 K
B, EZLALIE ) K Fisher . SR H
Mann-Whitney U Kz#s¥, ¢ A6 50 0P A4 1% 2248 5 2 [A]
255 . RECHBE T BN & AR R R =
JG Logistic ZH R [HIH5347, KH ROC <k El 5
HrAH G R R BURE . ] Hardy-Winberg #4656 4+
AR, THEAS SO B AR % . P<0.05
HERBGIERE L,
2 SR
2.1 BE R

FepED; 112 GEAE B 2 AZA (1
L, Ho 32 i TR R R R AR Z b
AEZ50n=18), $HETFEAREm=6), [FERH
5 —Fh M) (n=4), KEBEVI(n=4). )59
A 80 Bl FH AT /AT, H B e R A A AR
RGEMATRIE(n=6). w BW(n=45). Wz
HHER(n=12). A BREEFR0=2). £k
t(n=4). 1gG4 HHIRLRG (n=1). MER(n=1). i
Gtk R (n=4). B S RBEHR R (n=2). 7 =-
EERZEAIEm=1)., ERENTT S (m=1). HEKW
(n=1). W54 35 1, Horb 24 5 90 R 6
13 BB &, Horb 4 PR Sk i k™ B A il
AZA 1 DHJEEZ . 2 BEAEFR . R
% (body mass index, BMI), AZA 7| & . AZA J7 .
6-TGN VR Yo 22 5, 455 W3 1. HE7E
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2 MG 25 5(P=0.048) , HEAT I 443 B 1k )
P BRI ) & 2E R B T02E F(P=0.84), el & KA
H[BA 22 5(P<0.001),
2.2 XDH rs2295475 . XDH rs1884725 . XDH
rs17011368. XDH rs566362. GMPS rs61750368 .
GMPS rs61750369 F1 NUDTI15 rs116855232 A
RSB 2 R

Z K4, XDH rs2295475. XDH rs1884725.
GMPS rs61750368 . GMPS rs61750369 1 NUDT15
rs116855232 LB 4if54 Hardy-Weinberg F-
i, XDH rs17011368 Fl XDH rs566362 7 Pk
Ry, 45 0L%& 2. 7F 80 HlHE#H+, XDH
152295475 GG .GA Fl AA RIERISTR MK 53.75%,
37.50%% 8.75%., XDH rs1884725 GG. GA Fl AA
T PR R 3 R 66.25% . 31.25%F1 2.50%
GMPS rs61750368 TT. TC Fll CC B KL R /3 5]
H 66.25% . 30.00%F1 3.75%. GMPS rs61750369
AA . AG Tl GG BIEL R34 65.00% . 30.00%
F15.00%. NUDTI1S5 rs116855232 CC il CT BRIFEASH
1R 80.00%F 20.00%

R/l 2HEBE—FERARLER

Tab. 1 Comparison of clinical baseline in two groups

I AR A6 zzdl Xif R 21 P
BIE1 (%) 35(43.75) 45(56.25) -
514z /4] 14/21 28/17 0.048
R Y% 32.00(28.00~35.00)  33.00(28.00~44.50) 0.43
BMI® /kg-m™> 20.58(18.82~22.51)  21.26(18.34~23.80) 0.47
AZA fﬁjﬁf/ 1.43(0.93~1.67) 1.56(1.43~1.71)  0.12
mgkg l.d 1
6-TGN®/

pmol-8x10°$ RBC 258.38(212.66~372.43) 279(215.89~377.99) 0.95

AZA I/ A
PRI A3 AT 15 10/
RGN BRI 4 2
% B 26
PR 2 B R
EREE R eI
L Rkl
1gG4 FHTE NG
IKES
1 B Gy Mefi 4
AR AR
1 ZE B
FIENLL S

6(2~24) 9(6~24) 0.17

—_
el

S O = = H O O = = b
—_ m, O = O = = W =

H: a—? K% ; b-Mann-Whitney U K%,
Note: a—y? test; b-Mann-Whitney U test.
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%2 XDH 152295475, XDH rs1884725. XDH rs17011368. XDH rs566362. GMPS rs61750368. GMPS rs61750369 #u

NUDTI5 rs116855232 % {2 B th 477

Tab. 2 Distribution of alleles XDH rs2295475, XDH rs1884725, XDH rs17011368, XDH rs566362, GMPS rs61750368,

GMPS rs61750369 and NUDT15 rs116855232

A7 IR KT
v 5 Jik R Y F5 Fe IR R /%
FiFEH A R DU R /% HWE P {ii

GG 43 53.75 G 72.50 0.87
XDH 752295475 GA 30 37.50 A 27.50

AA 7 8.75

GG 53 66.25 G 81.87 0.89
XDH 151884725 GA 25 31.25 A 18.13

AA 2 2.50
XDH rs17011368 TT 80 100.00 T 100.00 -
XDH rs566362 GG 80 100.00 G 100.00 -

TT 53 66.25 T 81.25 0.99
GMPS 1561750368 TC 24 30.00 c 18.75

cc 3 3.75

AA 52 65.00 A 80.00 0.86
GMPS rs61750369 AG 24 30.00 G 20.00

GG 4 5.00

cc 64 80.00 90.00 0.61
NUDTIS5 5116855232

CT 16 20.00 10.00

1. HWE 3%/5 Hardy-Weinberg -1,

Note: HWE meant Hardy-Weinberg equilibrium.

2.3 XDH.GMPS .NUDTI5 %K £ &MY 6-TGN
WeRE . BRI LA SO A AR DG

M H —JC Logistics Z K % 8115047 XDH .

GMPS J NUDTI15 #F M5 AZA Frsin B
] 2 . 4 XDH 152295475 ¥ 1E£ (GG
13 151(30.23%) 1 8015 B 1 BB 2 , 52 8 AU (GA +
AA)EE 22 1§1](59.46%) H B BEID HI S A&, %

A R R e o A Sl A o
(P=0.002), S5#EEFAESEAIEF(G)EM L, #H

GRAR S BE PR (A) 2 HE 0 00 o) 005 IR B vy
(OR=3.08, 95%CI: 1.50~6.34), 1% T & 46
) BB K KRS B BB BE Sl 57.1%, RSN
71.0%, ROC #hZk AUC Ny 0.64. #4F NUDTI15
rs116855232 B BY(CC)H 3 23 11](35.94%) HH B &
BE R EON &, RASI(CT)HRE 12 #1(75.00%)H

U BRI SO A, %A A5 AR A 5 A A L g
A G522 57(P=0.026), 53 B AE SR L ()
HAL, AT AR SR LR (T) 3t BB B 1 )
Ji & XUR: B 5 (OR=4.45, 95%CI: 1.37~14.47), Tiij
XDH rs1884725 . GMPS rs61750368 . GMPS
rs61750369 B A Jz BIHLIE R 58 A5 2 14 T -5 B 41 il
s R R, 2RI 3.

o E AR F 252 2020 4F 10 H 45 37 545 20 1)

#Err XDH rs2295475 BpAERNGG)HRE 7 #
(16.28%) H BUE BEINH, KA (GA+AA K 17
1511(45.95%) 1 PREBEANE] , 2075 5 A8 7Y 5 By AR A
A G832 22 5 (P=0.003) . 5 5 B 11 540 Bk
B (G) A L, #5772 AR S50 LR (A) 3 H BB
il XU B 5 (OR=3.10, 95%CI: 1.45~6.25), %k
AL 0 - 0 S BURR B  69.6% , 45 5 BE R 63.2%,
ROC [ff1£k AUC 7 0.66, #5747 NUDTIS5 rs116855232
A RU(CO)EBRE 15 11(23.44%) H BLE-BEMD
A F(CTHRE 9 11(56.25%)H BLHE BEMH] Wu 15
GEAR 55 B A W LA e i 25 7 (P=0.008) . 5
Horr B AR S BRI (C) A L, #5798 78 A 6 BE A
(T)& H BB BE 30 61 XURS: B 55 (OR=3.46, 95%ClI:
1.21~9.93), 1] XDH rs1884725 .GMPS rs61750368 .
GMPS 1561750369 BA & INFIE P 5848 38 i
BEIIHI XS, 455 0L3% 3. IABFITIT s B R &
PR PR 58 A48 S A kRS, JEHEXE 4 431 PRI
RMMFHETARKINES
2.4  6-TGN ZLAHMHE FE 5 R 3 PR 43 B DL K
N Efir“l‘ﬁl IS
I 62 B E W 6-TGN ZL4HiIHeEE, XDH
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%3 XDH. GMPS #H# |

6-TGN Ik & 5 i & 7o B B 47 %) 09 48 % 1
Tab.3 Association of XDH and GMPS genotype, 6-TGN levels with alopecia and myelosuppression

fir ERA KK 6 TGN/ ‘ )
pmol-8x10"RBC R R S B fii %
XDH 152295475 GG 43 288.00(1=35)(215.86~354.51) 13(30.23) 7(16.28) 8(18.60)
GA 30 282.02(n=24)(218.22~447.48) 16(53.33) 13(43.33) 3(10.00)
AA 7 159.30(n=3)(132.50~237.90) 6(85.71) 4(57.14) 2(28.57)
P 0.89° 0.002 0.003 0.89
4 (3L OR(95%CI) - 3.08(1.50~6.34) 3.10(1.45~6.26) 0.97(0.37~2.49)
XDH 51884725 GG 53 297.18(n=40)(214.26~380.72) 23(43.40) 15(28.30) 9(16.98)
GA 25 247.19(n=22)(216.92~325.95) 10(40.00) 7(28.00) 4(16.00)
AA 2 - 2(100.00) 2(100.00) 0(0.00)
P 0.35° 0.85 0.92 0.97
4 (3L OR(95%CI) - 1.12(0.50~2.52) 1.40(0.59~3.27) 0.79(0.25~2.50)
GMPS 561750368 TT 53 302.30(1=41)(228.03~388.35) 23(43.40) 16(30.19) 9(25.00)
TC 24 252.60(n=19)(156.82~309.00) 10(41.67) 6(25.00) 4(26.67)
cc 3 118.90~607.53(n=2) 2(66.67) 2(66.67) 0(0.00)
P 0.038 1.00 1.00 1.00
4 (3L OR(95%CI) - 1.03(0.42~2.52) 1.31(0.56~3.06) 0.91(0.27~3.08)
GMPS 561750369 AA 52 302.30(1=41)(228.03~388.35) 23(44.23) 16(30.77) 9(17.31)
AG 24 253.34(n=18)(156.11~309.54) 10(41.67) 6(25.00) 4(16.67)
GG 4 156.82(n=3)(118.90~607.53) 2(50.00) 2(50.00) 0(0.00)
P 0.041° 1.00 1.00 1.00
4 (3L OR(95%CI) A 1.07(0.49~2.33) 1.16(0.50~2.69) 0.69(0.22~2.16)
NUDTIS5 5116855232 cC 64 271.07(n=53)(215.88~377.61) 23(35.94) 15(23.44) 8(12.50)
CT 16 252.60(n=9)(188.61~370.40) 12(75.00) 9(56.25) 5(31.25)
P 0.77 0.026 0.008 0.63

S KR OR(95%CI)

4.45(1.37~14.47)

3.46(1.21~9.93)

2.66(0.84~8.44)

H: a F/R Mann-Whitney U /5, 28288 5 A= 7Y L 5%

Note: a meant Mann-Whitney U test, comparison of mutant and wild type.

r$2295475 . XDH rs1884725 FI NUDTI15 rs116855232
PP SR A RIS 6-TGN LIk E TG4
5, 1 GMPS rs61750368 1 GMPS rs61750369 Hf
AT E 6-TGN LIk B v TR, 2
A G E L(P=0.038, P=0.041), Z5HR W3 3,
OB CE OBE B0 R E 6-TGN 4 40 g vk
307.62(216.94~477.48)pmol-8x10°*RBC, # H FlH
BE W R 6-TGN £ 40 g ¥k ¥ 261.56
(215.33~351.25)pmol-8x10°RBC, Wi# L4t it %
SE(P=0.38) I L EHE 6-TGN 1 4l il ik &
246.00(207.22~307.84)pmol-8x 10 RBC, # i #fii
KIBFH 6-TGN ZLAHHEMREE 290.65(218.04~391.78)
pmol-8x10*RBC, Fi# 6-TGN LI 4k i T4t it
2227 (P=0.24),

-2502 -
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2.5 XDH rs2295475 353 RUF S [R] i RGBT
AN B 5 ]

PRI XDH 152295475 AR #5588 R R
H 6-TGN ZLANMHRE | M1 L J7 R AN AZA X
RN BN A B R A A TC N, G5 R IEK 4,
XDH 52295475 B/4ERVT , LR BE IR AZA J5
I A AR S THEEE, ZRAFITH¥E
X (P=0.017), XDH rs2295475 587 HIF , HH
REFDHIE 6-TGN 140 M vk B = T JC B BE 4 il £
H, HERTILG %R L[378.40(235.61~607.53)
pmol-8x107* RBC vs 242(172.90~335.09)pmol-8x10
RBC, P=0.068]. AZA FH#5i5| & LI K IR 2597 T AE
AN[F] XDH 752295475 LR 43 B X6 a4 ) mlo A
RITCMm
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%4 XDHrs2295475 TR EFE A &= HA A2, T2, 6-TGN Ik E X 1~ B K K # #2
Tab. 4 Under XDH 52295475 different genotyping, the effects of gender, dose, course of treatment and 6-TGN concentration
on adverse reactions

o (1) AZA FlH/mg-kg!-d! AZA J7 /A 6-TGN/pmol-8 x 108 RBC
R B gD Ppa: RAED Loy RAED D RAED
B REH 1/6 12/5 1.33+0.46 1.38+0.29  10.0(2.0~20.0) 6.0(3.5~24.0) 230.88(188.61~330.37)  378.40(235.61~607.53)
ToEEIE 18/18 11/9 1.60+0.46 1.40+0.46 6.50(4.5~24.0) 10.5(5.2~24.0) 290.65(222.31~371.53) 242(172.90~335.09)
Pl 0.18 033 0.64 0.058 0.85 0.69 0.40 0.068
Jbi % 0/8 /4 1.44(0.95~2.38) 0.85(0.82~1.67) 6.0(1.1~20.5) 12.0(1.0~60.0) 237.48(184.00~307.84)  246.00(219.77~322.72)
T & 19/16  22/10 1.56(1.23~1.82) 1.44(1.14~1.67) 7.00(6.0~24.0) 6.00(4.2~24.0) 293.30(227.67~374.85)  260.47(194.30~504.90)

P{E 0.017 0.11 0.85 0.27 0.18 0.91 0.24 0.68

7 DXDH 52295475 B 24ET(GG); PXDH 52295475 82T (GA+AA).

Note: VXDH 752295475 wild type(GG); ?XDH 52295475 mutant type(GA+AA).

¥ XDH 752295475 5 NUDTI1S5 rs116855232
W G 0 5 B E A A AE DG M . A X T XDH
rs2295475 BpAEAL, NUDTIS rsl116855232 5R7A55]
W BE I G K OR=9.07(P=0.027) ; XDH
7$2295475 875 M . NUDTIS rs116855232 HfH: Y
HHE BB G OR=6.53(P=0.004); XL
B 51 5748 5| i B 40 B S B OR=51.67
(P<0.001), JEERTHIME, W3R S5, 5501 HiF
Aef LB RS 15 28 A8 18 55 1 BB 2 IR AZA 5 AT
LA REE, (R AR IR S .

x5 TEREHAEAET RALESHEE NN
2

Tab. 5 Comparison of azathioprine-induced myelosuppression
induced by different gene combinations

VZVNSES -

HAEHH F PR 7Y . ¥ OR(95%C. P{E
R 5tk KK (G3%Ch
XDH 1522954757/

GG/CC 3/31 1
NUDTI15"
XDH 1522954757/

GG/CT 4/5 9.07(1.55~53.07) 0.027
NUDTI15*
XDH 152295475/

GG +AA/CC  12/19 6.53(1.63~26.15) 0.004
NUDTI15
XDH 152295475/

GA+AA/CT 5/1 51.67(4.45~600.16) <0.001
NUDTI15*

e FOREER, FROREAER,
Note: ‘meant wild type; “meant mutant type.

3 Wit

X EH e h e m O8I, Y AZA fE R
—JRITET, RMEMIERSE 6-TGN W, %M
230~450 pmol-8 X 108 RBC, #Ak1fi, Kimifss kM
AL WEI 6-TGN T AZA {57 ROFN 4 AT A AE 4
W Fei FFHRIL, 3L 4 s /e 580 H 3
20 E (1) R 6-TON WA it r 45
(P=0.15), ABFoEds % B B A B i & 6-TGN
P BB 2652 2020 4F 10 A 55 37 55 20 141

W 55 BB BN 1 TS Be T2 25 (P=0.38),
JUS A G225, BXFT XDH 152295475
HRARR B, HIUEBEIIH]E 6-TGN MR B2 ms &
Tk W BB B 40 6 & [378.40(235.61~607.53)
pmol-8x10~® RBC vs 242(172.90~335.09)pmol-8x10°*
RBC, P=0.068]. M TAMFFALHE 62 Bl H T
6-TGN 2L 20 i B2 Wl , PNk b % o Ge
THE2E RN TEEEE ZINREARIE

FNZENS H LA AL il (thioprine S-methyltransferase,
TPMT) /& AZA KHEACHEGZ —, AR ARE
TPMT K45 5 AZA FrEcs s iAo, T
Shte UL, FEMEH] AZA Z iR A
TPMT &K RUA Bl —F T 245 4 B S0 -1 1k XL
W o BRI, —LEffF 5T RO, FErh E AR TPMT
5 DR A 0 A R A o I HL AT e RAE
T P ] ER P 200 2 R R R T e D IR T
I, NUDTI1S 3[R ARG ) SO AR S A
TPMT R BIAGI , NUDT15 &—Fh 17K it il
Reflt AZA TEPERE Y LWkl FIEEATRA
DNA fi 3 2> 8 M . A B 5% 38 & NUDTIS
rs116855232 MR X RO 05, S5 RARAR %A 1 58
JE AZA JITECE BRI )8k ST AR R ER (P=0.008),
5 H A 7 4 GE AR — B (HAF AT R E 0 2
8.5%~17.2% NUDTI5 rs116855232 BpH:= 70 2 3 1y
PR AN, A 32.1%~50.0%% A8 I H
RAMEE R FREIH o AT 23% NUDTIS
rs116855232 WA= BB H BB BEAN I, 29 43%%8
AR YRR R OUL 5% B RE A R o AS A 5 R R
NUDTI5 5116855232 B4 %1 H. XDH 152295475 %
7RI RR O LR S B AR B A R, HE R
il 04 f B A5 FH 25 (OR=6.53 , P=0.004), T Wi{3; s [l
BF 5 A5 25 B B8 T 46 0% A B (B T =5 (OR=51.67 ,
-2503 -
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P<0.001), RSG5 RARR I s 565 MU AT BB 23 7R
# NUDTIS rs116855232 WA= 5 BE 0 i 751
DA 2 B RS, FTRE 23R NUDTIS rs116855232
G IR B 0 o O A M T

HR AZA J5 o] EIEAR N AR 6-5i HE IR
W%, XDH 2% | #i25 6-siSLmme I g, o-
i HENERS 2 84% 1 XDH AR 4k 0 Jo 2 B 1 1
6-Bi PRIRI . Y | ERE S hR iR 5 AZA & HIET,
S T] B AIG XDH 5 14 T30 AZA 2R BV,
HIL# & & BT AZA S8 . Big L,
XDH K AR s WG PEREAR, W25 B s A]
AEHETN, Kudo ZEU4% L 10 4~ XO JEH AL gt
BRI Y EIER WSS, 2 AR
(Argl49Cys, Thr91O0Lys)fi G LSRR, 6 1~5848
[Pro555Ser, Arg607GIn, Thr623Ile, Asn909Lys
(r$566362),Prol150Arg Fl Cys1318Tyr (rs2295475)]
RS PERRAR, 2 27811703 Val (rs17011368),
His1221 Arg){fi B & PRGN, AATHhA 2 B 4
A~ 98 75 [Argl49Cys , Asn909Lys (rs566362) ,
Thr910Lys I Prol150Arg] % ZMEEY) 6-H s
A AC S I BR, M 2 S % 48 [Arg607GIn Fll
Cys1318Tyr (1:52295475) ] FEARAR S5 1

Park Z53I5E Argl49Cys A1 Thr910Lys 2848
FLEFE DL . Hawwa SEUTEILUESE XDH ¢.1936A>G
il c.2107A>G 5 AZA Fr8CE SE G AHC o FEAIT
5, AREWME] XDH rs17011368 (c.2107A>G)
5878 . Kurzawski 25 4738 XDH 152295475 F1 XDH
rs1884725 MBS EMMZE T AZA XA
iU SR AE 1 B SN - S I N 7 1 DO
rs1884725 2728 IMFFEE— 3. HARRIIE, A
PR R IR 152295475 G875 5% AZA PR & REHD
] 0k ST A R R 22 (P=0.003) . ix Su4 9% Senf fiE
5PN brAS R RS0 7 A A & . Kurzawski
WS MRTIETERFSY, AZA FIESHYE WBC 4k
ACHEAT IR, A SO A <
3.0 x 10°- L' ASHREUA [m] i 5% , S8 iR AZA
FEARYE 6-TGN ZLANMIIR B PR . MiASIFIE 40
L () e X 22 e e R r A, R 4
J1H4<3.5 x 10°-L", [FIH 22548 pa 4 v PR 40 i
<2.0 x 10°-L-" (B E WA AT BEIR . %38 B
b A = B )i A R o v 1 O A el 4 G [ N VA 73
BFE AZAIRIT HEWIRPRIK R IE R o AR AL
I XDH rs2295475 5878 BARR TN AZA 80
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REAN A — & A E, E TR0 HER PRI (ROC il
Z¢ AUC 7 0.66).

25 20%%F AZA ToRH S AE T B LA
WA 6- H 3t 5 I 152 0% (6-methylmercaptopurine
6-MMP). Roberts I3 (T 1 % GMPS ZhfE
(L7 AR A/ 6-TGN AR, AbAl ] & BRAE
1145 6-MMP : 6-TGN FbZTEH i 4 FR 3 G 2
GMPS 19 2 A~ HE A BB 1T R (15747629729,
rs61750370). MATHE—WF5E LB, 75 264 5
IR AR IEVE R 85 & B 6-MMP @ 6-TGN
=100 5 rs61750370 WEHFIE(P=0.031), REAR
PR DL K H OErE NS ] R & B GMPS
rs61750368 F1 GMPS rs61750369 S5 2314111 AZA
A DB B A1 T R0 ) XU, (H AR B9 & 3 GMIPS
rs61750368 F1 GMPS rs61750369 575 6-TGN ¥
JEAR TR A RR S, WTREX 2 M AR AR T35
B TEPERRAR, /D 6-TXMP % 1Lik 6-TGN,

AWM RAEE—EJRIRYE. B, AR
N, RS R R S AR, JUHX T
[Rl I A77E XDH 752295475 F1 NUDT15 rs116855232
RAS RIS BESE 5 NUDTI15 5116855232 TN,
EARHE— 2P0 5T . Hk, A TSR W5
BB 43 £ N BB 4 IR W I i F RRN R D RE o
AZA HAWAS K a0 S e Ny s R AT
e —idthiE 5 EIFAWA X, BEMELLAR
7 [0 JBU P AT S A AR 1) . PR, AR BRI A
B REA R VR M e A o [ Bt T R T
T E AT E T IE R EAl XDH I GMPS JE[H £
S AZA FHA RN RS o

gE LRTR, ARWEIE & B E H B et
Js L XDH 752295475 RAE T BE R AZA 51
T 400 0 ok S fa B &, U H KA NUDTIS
rs116855232 Wi W , ®] HE < 9% £ NUDTIS5
rs116855232 M Hz 760 385 X6 -1 400 ofil) 000 A8 2 A JRL
W , 4555 NUDTIS5 rs116855232 G875 RN E B 75
WIERRE, (HRL 25 R T5 0 2 m RISk
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