AN AR L B S IR AR N A

CRF, FRM, TKiE, FRE, HREZ, X TRABGREER MRS BRI, M 350005)

NUDTI5¢.415C>T 1 TPMT*3C £HFZ 3

BE: B 2%, ik 2505k, BN NUDTIS c.415C>T = TPMT*3C £ B % &M, HiTRZANE. 5
&K 2017 5 5 A —2018 £ 5 F BA1a) A& 22 R sk B R R Aok eh 2 B e i AR, 4RIX DNA R & @0/ 5 5k
Jl PCR-RFLP % . PCR-Sanger M5 %425 %% & PCR ikt NUDTIS c.415C>T #= TPMT*3C #AT 4B % AMoR, ik
3 HFEG AL, AEERZFTN, RIEG @A, E0ERTH, KITEARZERFR L LML 2K G M
MR AR £, SRR EMN 129 BB, b Ak eRoA B G mit ) 15 6(11.6%). 3AFFTEMAR S AMAN %R
—2, TPMT*3C RAMRELAT. HB%H NUDTI5c.415C>T R EF45 4 B # IR R ik w2 ob 508 a0 ik Y 49 K & T 45
B A S 2 B A (OR=6.2, 95%CI: 2.5~15.4, P=0.000 054), di§% TPMT*3C XS ARE 54 F A RA LN
& @R Y Pl R B E £ F(P=0.393), NUDTI5c.415C>T % B % M0 & mped V4 &E A 533%, HFEH
85.1%,ROC ¥ £ AUC % 0.69. 453 3 #7535 47T A T W& kA M) NUDTIS c.415C>T #= TPMT*3C B % . PCR-RFLP
EAREZEARAE, ORFEZHFAMERE, RARIK, SFEE, 5HTHRME, FAESLHEA R LT T,
A8 HE Rk B A LR Bivk R T 4T NUDTI5¢.415C>T 4 B % A AR b TPMT*3C £ 216 RAN1E.

KRR AvkeZvh; @ity ; NUDTISc.415C>T, TPMT*3C; 3B % & Hibn

FESES: R285.5 XRAARARRD: A XEHS: 1007-7693(2019)09-1102-05

DOI: 10.13748/j.cnki.issn1007-7693.2019.09.015

SIRARI: $XF, XM, LKk, ¥ NUDTI5c.415C>T 4= TPMT*3C £ B % sl 7 ke s 506 & 2 AN, +
A B A 25,2019, 36(9): 1102-1106.

Comparison and Clinical Application of Genotyping Approaches for Azoioprine Induced Leukocyte
Reduction Alleles NUTT15C.415C>T and TPMT*3C

ZENG Dayong, DONG Jiashan, WANG Changlian, HUANG Pinfang*, LIN Rongfang, LIU Yiwei(Department of
Pharmacy, The First Affiliated Hospital of Fujian Medical University, Fuzhou 350005, China)

ABSTRACT: OBJECTIVE To establish an accurate, rapid and economical method for detecting NUDTI5 ¢.415C>T and
TPMT*3C gene polymorphisms and evaluate the value of their clinical application. METHODS Serum samples of patients
taking azathioprine for more than 2 weeks from May 2017 to May 2018 in Fujian were collected. NUDTI5 ¢.415C>T and
TPMT*3C were genotyping by PCR-restriction fragment length polymorphism (PCR-RFLP) , PCR-Sanger, and real-time PCR.
The accuracy, simplicity and economy of the three methods were compared. The association between genetic polymorphisms and
azathioprine-induced leukocyte reduction was analyzed in combination with clinical data. RESULTS A total of 129 patients
were included, 15 (11.6%) of whom developed leukopenia. The results of the methods were essentially equivalent. No mutant
homozygote genotype was found in TPMT*3C gene. There was strong associations of NUDTI5 ¢.415C>T with
azathioprine-induced leukopenia (OR=6.2, 95%CI: 2.5~15.4, P=0.000 054), whereas there was no relevance for TPMT*3C
(P=0.393). The predictive sensitivity of NUDT15 c.415C>T was 53.3%, specificity was 85.1%, and AUC of ROC curve was 0.69.
CONCLUSION The three methods can be used for clinical detection of NUDTI5 ¢.415C>T and TPMT*3C gene
polymorphisms. The PCR-RFLP method does not require special kit, no expensive equipment, low cost, simple process, easy
operability, and especially applicable to the basic medical institutions or scientific research units with limited conditions. The
detection of NUDT15¢.415C>T gene polymorphisms for Fujian Han patients with azathioprine has better clinical value than the
detection of TMPT*3C.

KEYWORDS: azathioprine; leukocyte; NUDTI1S5 ¢.415C>T, TPMT*3C; gene polymorphism detection
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T RO R BT AR 250, 8 IEE A e o v 1 7
Y 6-Fi SRR TR 5 R AEIR TR, SRS H
H: # %% [ (thiopurine  S-methyltransferase, TPMT)
ST 5 MR B PR MR e AU 1) SC BB 2 — o TPMIT = R 2%

EEWB: WMy LA ERHFES T AAREIFRTH (2016-ZQN-38); M HEH P A THERMIFAA 1 72150 H % B1(2018-ZQN-53)
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AR G BB 1 PR B =, 115 6-f LIRS AL
PR VAR 3o v 1 5 A 7™ B BE AR TPMIT 3 L
() FEAZ S N7 FE R R TPMT*2 TPMT*3A. TPMT*3B
A TPMT*3C, o TPMT*3C AR TN AHE
BOW IR AR SRR BL, NUDTI15 1 K il »
FE (S PR M A PR3 14 AR 420 6-TGTP 1 6-TGDP 2
WA T gk B, IR AR 2 I AR I, TR
NBEFIEIE R RAZZR G 5 T TPMT*3C, LM
IA S 40 MR/ R SR R S HE . Rk, g
— MR PRiE. 2B JTER TR NUDTLS
c.415C>T Fl TPMT*3C RN 250, &HRER
W REE A FH B, Ok Ao 40 MR D, B BT IR
IAZER X IERS
1 UEEMR
1.1 BFAFEA

2017 4 5 H—2018 4 5 H {EA8 2 LR R R 24 M
J& 2SR Be e 2 B MR R T 2 JE DA B A A R
DR 8 o B e R e 3 48 i B (WBC)<3.0x
10°-L7" U9 N 11 40 M 6k 2> 41, WBC=(3.0~9.5)x
10°-L7" F AN FIARM IR 4. R AR P e n
JIGe 6 el 2 4 7 1 4 9 2> B0 At 245 ot B 0
1 E AR BTN
1.2 AE 5

BIO-RAD T100 £ 5 PCR X (FE E A KA );
TL998A ZY B PA 4™ 3 ¢ Yok WA (P4 2 R R A
PR ) ABI 3730 B4 3[R 43 B A3 (3 L B FH A=) &
G F]); DYY-7C B BN (AL 3 T 7S — A &%
J7); Tocan240 4= H 8 5t/ A% 2 48 (il U A4
BHEABRAF); TCHS-05RO/10F #6536 73 41 FH 4l 7K
WA (UM R AN SRR A A R A ) CU-420
L HACE R KA (R —E R A A PR A A
AE-240 XU R HL 78 R P (Mg ) — FE 7] 2 AU
BIRAA).

MRS 2H DNA $2HGR A & (B O AR I
J7 B 8 e AR & (b e B A R R R Fe B
FRAA, #it5: 4220180119); 2xTaq PCR MasterMix
[RARAEMRHL A AR AR 8514 TR
VTR R ARAF]; 4S GelRed IR
El. BJIERE. DNA Marker $J3€ [ BBI 4 fir Bl 4
B A s BRI E N U1 E§ Taal(HpyCH4II) . Accl
(Xmil)¥)>k B FeBR K RBHE A H] .
2 Hik
2.1 FEAUEE K& DNA 21X

28 JE G [R) R BOA R JE K I 1 mL, EDTA

o EBACR I 252 2019 4 5 H 55 36 555 9

Prit, CLAMRBAEVESREL DNA, 58 AMR vl
DNA 4l . RN OD2so/ODago EUfE 1.7~1.9, &
FrJE BRI 2 20 ng-pl™, =70 CHRAE.

2.2 PCR §1¥

R = % Sk (9] Wit 91 % . NUDTIS
c.415C>T 5|¥)F%1: F 5-CCCAAATAAACACCCT
TTGTTTTCTGT-3, R 5-CCTTTGTATCCCACCAG
ATGGTTC-3; TPMT*3C 51#)/7%: F5-CACCCA
GCCAATTTTGAGTA-3, R 5-CAGGTAACACATG
CTGATTGG-3.

P14k % . 2xTaq PCR Master Mix 12.5 pL,
FEAS DNA 2 pg, ETF# 31410 pmol-L™)%
1.0 pL, JNAZE/K A 25.0 pL.

Yt AR TE 95 °C 10 min, A8 95 °C
1 min. iBK(NUDTI5¢.415C>T 62 C; TPMT*3C
60 ‘C)45 s, JEfH 72 °C 45s, 3L 35 DMEH, &K
ZEH 72 °C 10 min, 4 C{#-fF.

B HYK, NUDTI5¢.415C>T fl TPMT*3C
1A= 5 BILE 191 bp AT 494 bp AbF Fr 7 1 4% 77
B, F 51K A RFLP v£ M1 Sanger Ml /7 [Z4E4: T
AV TR R AR AR, HEATIEE 8.
2.3 PCR-RFLP i

Taal Y] MK & (20 pL): PCR production
10 pL. 10 X Buffer Tango 2 pL.Taal 1 pL.Nuclease-
free water 7 L. M2 F: 65 C F7KI% 4 h; Accl
fiff 1) |2 % 4% 2220 puL): PCR production 10 pL. 10x
Buffer Tango 2 uL. Accl 1 pL. Nuclease free water
7 uL. RBZAF: 37 CRKHt 4 he BEVIF=ME
R YK, IR E R,

ZEHH5E  NUDTIS ¢.415C>T 84414 1(CC)
IR EE 191 bp FeFRE%T s ARG T(CTHFE 191,
122, 69 bp &b H IR R 51 RS F(TTHIE
122, 69 bp AbHIIUFE RS . TPMT*3C BFA= 46
HATFAAMNIRE 494 bp K5 RABME
(AG)TE 494, 314, 180 bp AbHIIUAF ML, -
A4 4 T(GG)TE 314, 180 bp Ab H IR 441 .
2.4 POLER PCR L

RAEEEVETF M, MO MR A $R B 40
fd, AN 60 pL & H SNP MR 7, RS JE B
1.5 uL AL H SNP 73 A AL BT, 78508
SJTAN TL99BA Kl f #s b, iZATHE R, B3t
38 TMPT*3C R Z XML R. T RA
NUDTI5 c¢.415C>T TR &, HERZEER
F LRI
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2.5 Gk JTik

fliFH SPSS 20 Siit A T Gt o ir. it
ERRRH X ts, BRI AL Fisher
KU, 120 M2 AH OC R 25 R H Logistic A4
oM, MR ZBUR B R A ROC 2R #7 -
P<0.05 AERA G 7 E L.
3 #R
31 EATR

AL 129 B G, T2t 89 :
40, FEIFERANGAEINS, (13~66)% . HLEIK
D15 B1(11.6%), HAMLIER2H 114 41(88.4%),
S oM, 2 AHAEPET . AU RN P N A7) Ry T 22
R¥TH I FE L, EHRIE 1.

1 mRekEed T a0 B D A K & AT

Tab. 1 Analysis of related factors of leukocyte reduction
induced by azathioprine
HRHEE F (%) ER% FlE/mg kg -d!
20 9 2> 41 (n=15) 8(53.3) 34.149.8 1.240.4
40 i 1 4 (n=114) 81(71.1) 33.7+11.1 1.3+0.5
e 1.21 0.32 0.73
Pl 0.272 0.570 0.395

3.2 R RER

NUDTI15¢.415C>T A 4. CC 104 #
(80.7%), CT 23 f(17.9%), TT 2 %i(1.6%), AL
FER(T)RASE N 10.5%; TPMT*3C JE[H 4 A
AA 125 1511(96.8%), AG 4 §1(3.2%), ¥A KR
aiGT, FAEEE(G)RALMERN 1.6%. 2 FikH
ZEZM D AMYIFF S Hardy-Weinberg “FHTEfE, 45
RIWE 2.

%22 NUDTI5 ¢.415C>T fa TPMT*3C 3 A 4 A &

Tab. 2 NUDTIS5 ¢.415C>T and TPMT*3C genotyping
results
NUDTIS5 ¢.415C>T+ H4If 8/ E a0 IEH 4H/ &t/
TPMT*3C BI%(%) 1 %0(%) BIHL(%)
CC+AA 7(46.7) 95(83.3) 102(79.1)
CC+AG - 2(1.8) 2(1.6)
CT+AA 5(33.3) 16(14.0) 21(16.3)
CT+AG 1(6.7) 1(0.9) 2(1.6)
TT+AA 2(13.3) - 2(1.6)
it 15 114 129

G C

110 100
G C G T T G G T G T T G G AT A T C 1 C 1
(\ l/ CTH “ ¢ TTH ” ccHd Ny AATY

2 NUDTIS5 c.415C>T F1 TPMT*3C ¥ 8 =5 B B |

PCR-RFLP . PCR-Sanger Ml 5* J ¢ 5 &
PCR iE45 R 0 W 1~3.

1 2 3 4
500
400
300
200 +— 191 bp
150 «— 122 bp
100
“—069 bp
75
50
CTH! ccHy
1 2 3 4
494 bp —»
500
3l4bp — 400
300
180 bp —> 200
150

AAMY AGHY
1 NUDTIS c.415C>T fn TPMT*3C 43§ 7= 4 X B 1 7=
o, vk B
Fig. 1
products and digestion products of NUDTI5 ¢.415C and
TPMT*3C

Gel electrophoresis results of PCR amplification

3.3 AL

2 H AR, 3 FPO7 VAN e g5 R — 8 #TH
T NUDTI5 ¢.415C>T Fl TPMT*3C FE[K 2 2546
W, ERAMLE A PCR-RFLP i 1E D B R £,
{RFEI B0RE, AR & BORAK, BRI A A s
¢ E B PCR VA (4, FEMSEHL, (HLH %
AR &, HNMsES, Bk R S
PCR-Sanger Wl FVAEAX 28 A B e B, 5 ZRHE A )
W, FERREORIE M, Wk 3.
3.4 FEIR 2 A T P A S5 40 B s R A S

s NUDTI5¢.415C>T FAZ S0 2 K 3 IR
i W P 14 550 P9 01 B i 2> B A7) o T 5 o T AR A5
K% (OR=6.2, 95%CI: 2.5~15.4, P=0.000 054),
M TPMT*3C RAZTEALHEN 5 5 B A 55 Bt
Rl 3 o B4 ek /> b Of e B E M E
(P=0.393). NUDTI15c.415C>T 3EH % 2MEH0 A
I A D BUR N 53.3%, RFSHF N 85.1%, ROC
HiZk AUC N 0.69, 455 W% 4.

140 150

AT G T
v AGH

T T

Fig. 2 DNA sequencing analysis results of PCR amplification products of NUDT15 ¢.415C>T and TPMT*3C
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AATY

2 19-cc, chl

4
a 3
B 19-cc, ch2
K 2

1

0 ; = ; ; ;

10 20 30 40 50
TEIR
19-tc, ch2
. AGH!
19-tc, chl

4
m 3
RE
2

1

0 : : = ; ;

10 20 30 40 50
B

3 TPMT*3C %Ot Z & PCR MM &R
Fig. 3 Realtime fluorescence quantitative PCR results of
TPMT*3C

F3 3MEEZAERINT ENLER
Tab. 3  Comparison of three genetic polymorphisms
detection methods

Fer/ WA AR
h  Je/Ais Jigt
DNA #2H(-PCR ¥ 38-% 7.0 35 6
Ji2 H kA1 B - D7) - A
FL K A A A
PCR-Sangerll/7 DNA $2H(-PCR ¥ #§-%t 7.5 55 406
% Ji2 B kA R - 3 =)
PRG-I T 53 B
DNA #2H(-PCR # #-%¢ 500 40 6
Jie vk AR R -ZE AR
v
PG R PCREE AMMBBE-MAL R 3.0 350 -
- JT E B i
VE: ETAUER A S % Thermal cycler TIOOPCR 1X 5 ABI3730 4: [ 5
FEH G BT A% , TL99BA kil 28 S I M AR E, A 7 #E 2 1A
&
Note: The main instrument cost refers to the price of Thermal cycler
T100PCR and ABI3730. The price of TL998A allocates to the kit.

Ko7 i 5o

PCR-RELP

TN

4 Wit

ARWFFER 3 FhOTVEA EIGAE, PR LE BT
SEME. SZIF PO E B PCR VER AN [F) 54 R Rl bR
0BG G 0T 22 e, I A AR S 1) 2GR
SORAIMIE R A, R, AR, HRAE
i, FEmT A, PrAAXESIEAIR G 5, 5 T
FAER o ARAZE 0 50 T 34 1) & R RGR &
FRA B iy, & T XA AL R R AR .
PCR-RFLP it fR&IVERZ R N VTR Y) v Br K 2
AR DNA B3 550 A = 7, sl T
RS RMAEHTTEZ —, BAEDIRRT 2K
Mo BARBEER G, X7y al B2k AT
Z1, THmFREM AR &, BRARMK, 7T E S
R, HEZELF THRERNTE, ZEERS],
TAERER K, AR T REEARN, HREEHS
BEERZEESR, AT R&F4ERNSEE
FIFJE/NREA )AL . Sanger I, AR ELREM
JPi%, & DNA FAIA TG )53, Bail AR
SR oy B S A fE o %R AT A ES B B
DNA J¥51, (AR FALE BT, K Ee s 5,
BAEROR, Y=ol S TR, RHEIG
RN IR, RS K. WREFRIENE, W
RE 52 0] BN 250K

TE V8 A B D) IE 2M FPik #R L 4 1k PCR 4
BRI K SRR, At PCR 948 S b
B ISR B FL K SR A S5 R AR I R ) oK
oy . fER iR R R DNA (4, 3 E w2
FAREAE, 51 25 55 2 23 je e A 45
TE J N 5 A OB G B 2 S IR, B 5 )
KB B A S IR, I B R A K
W . ARWFFCH NUDTIS 4738653 51 DAAS [F) 06 P2 UL
F£(56, 58, 60, 62, 64 C)EANBKILE, i
S5 W IR KRN 62 °Cs TPMT*3C ¥4
43 53 CAAS [|) o6 B IR B (52, 54, 57, 60, 62 C)
PE IR KRS, o e s iR KRN 60 C.
TR MR T B I . KR s R, R
K=V R AR LT 1) 4 B, W B I w8 7 2 48 K LUk

&4 NUDTIS5 c.415C>T #1 TPMT*3C 2 [ £ &1 5 4wk vEvd 35 1 40 IR D R B
Tab. 4 Association of NUDT15 and TPMT*3C genotypes and leukopenia

FE K A 44 ek 2> L A5 /% P1{H EAEER B/ % P OR(95%CI)
NUDTIS5 c.415>T CC 6.7(7/104) C 89.5
0.000 054 6.2(2.5~15.4)
CT 26.1(6/23) 0.000 372 T 10.5
TT 100.0(2/2)
TPMT*3C AA 11.2(14/125) A 98.4
0.393 0.393 2.6(0.3~27.2)
AG 25.0(1/4) G 1.6
= IR N 252 2019 45 5 H 26 36 555 9 Chin J Mod Appl Pharm, 2019 May, Vol.36 No.9 -1105-



B KR, XS R 2 530 PCR P4 B
VIF= W45 By i, Uk Sk . Rt ARHiE 5T
TS 56 43 ) ) % A R R E (1.5%, 2.0%, 2.5%,
3.0%, 3.5%, 4%)HIBNEREELR, 7EA I %80,
90, 100, 110 V) &L A [A] 5 8] (45, 60, 75, 90, 105 min)
THYK, IIEHE 3.5%MEARFEERTE 100 V.
90 min %414 F, DNA Marker 1 PCR /=4 55l 7]
FE LK R B U o

A W 5T W B B NUDTIS c.415C>T Al
TPMT*3C FEAL L R RAZZE 7351 9 10.5% A1 1.6%,
AT I B N 366 AT 2 B8 26w o R O DO N
RAFZE 16.19%F1 2.86%"%, 5k g Mg g7 oh
FE] 0 i N BE TPMT*3C RAS R 1.33%HiE . 45
RN, NUDTIS c.415C>T R7AZH W 5 KA A M
HL /> (P<<0.05). Hodr 2 45 i K e AR 4l
T 1) RR A T FH R e MR A S5 5 HH 3TV ™ B i A1
W, SEPMN 2 FRGERES L. TPMT*3C %
B AWM AR ZEMK, X5 H AN
TPMT RARR(REYIH K. Fk, EEEANEES N
7 RE o g e PSR A BN A AR sk /D, 2 ET AT
NUDTIS5 ¢c.415C>T R ZFMRM L TPMT*3C
il vl BE A IR R = S, (HIFARER TPMT B
ZEMRNBEENE. A RKEIEHR L RFERT R
= EMABENSER KB AR TPMT*3C 1k
WANAE, 17 HLiZ 3k PR R AR 3 5 i 40 B 80 L 25 HE 5
P S, B, FDA COtHERE 6-37 FEmmns |
6~ 5 MR A | AR P A R IR ) 24 il 10 B 5w B
TEAZRTRET TPMT 2 S HAAN KRN %
T 6-Tt B MR A% TR UK 52 AN B 4 o B 1 S
R B S e 77 4 ), R R R
KEt— DR, R 24 A A DG Sk R g A
AR BME -

I 2 25 PRSI 5 R 1) H 2 o 5 R, ok
WEZPE, L @FMRRTRZ SEM AT
EABH L, b s o HE R M M kA, (R
PR ZW R He R8s =5 41
JRAETE AR R T, IR AR B R Bt Rk
tG SR BTVE, — 2 gkl T VR AR AT LA A
A HE 5T E A S PCR-RFLP i 7] BL A F 46 0
NUDTI5 ¢.415C>T M TPMT*3C ¥K £ &M, A
AHEh. POE. . SPFEMR A, RS A
EEIT MU SR 507, A BT BRI e I 4 350
20 B0 IR e A AR, B e R e 4
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