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DUSEER , SRTAT R PR TAE S —E 148 SRR, [RIR , R4k RIS 7 25 B 8 $15 LE ALL (57 R4 UL AL
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Abstract: Objective To analyze the correlation between the polymorphism of NUDT15 gene for thiopurine (6-MP) metabolism and
acute lymphoblastic leukemia (ALL) in children of Yi nationality in Yunnan province,and to provide further guidance for the clini-
cal application of 6-MP and a new theoretical basis for individualized treatment of acute lymphoblastic leukemia (ALL).Methods
From January 2017 to September 2018,50 cases of healthy Han children, healthy Yi children and first-onset ALL children (aged 1-
16) of the Yi nationality in the Children’s Hospital Affiliated to Kunming Medical University were randomly selected as subjects.
DNA was extracted from peripheral blood samples. After gene amplification and sequencing of exon 1 and 3 of NUDT15 gene, ex-
pression differences were analyzed,and the myelotoxicity of 6-MP in ALL treatment was clinically recorded.Results Two variants,
15186364861 (c.416G > A, coding p.Arg139His) and 1s554405994 (c.36,37insGGAGTC, coding p.Vall8_Val19insGlyVal) , were
found after NUDT15 exonl sequencing of 150 enrolled children aged between 1 and 16 years old in Yunnan province.The percent-
age of heterozygote mutant TC genotype (18%) was much higher than that of homozygote mutant TT genotype (1.3%),and the per-
centage of wild type CC genotype was 78%-84%.During 6-MP maintenance therapy, fever, leukopenia, neutropenia, thrombocytope-
nia, septic shock and other adverse reactions occurred. Conclusions The specificity of two variants (rs186364861, 15554405994 )
of NUDTI15 exonl which were found in all the children is poor.They are not suitable for the detection of 6-MP adverse reactions in
Yi nationality of Yunnan Province, but it is helpful to clinical practice.We should continue to look for other thiopurinine sensitive
genes suitable for ALL of Yi children in Yunnan Province.
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PR UK 4 i IS (acute lymphoblastic leu-
kemia, ALL)J& B R 5 T Rk U 40 HL 7 B PN S8 1
A R IR R . FESR A\ MULEBRE R
ALLEFR /N LR e v o2 e DL, A3 10 %2
(47N L IR 9 & A2 23858 3710 5 ~4/10 1, K9 i
W 2~5 %, H B MR W% T4, ALLJL
HAE AR I 8 G2 D RE S AN TR X R e 1) 2 o A,
S, ALL PR A ok o m | (R RAH
15%~25% W NZERG 82 kD ik W) 8 kL3
FET-HIR N Z— o 534b, i T AT s 2 Wit 24 1
B3 ALL I AAEIRYT A F v R BB PR s 0, 33
ENEYEE S

ALLZERHBYT B B, 12 e 2 R R T 25 U9
2511 R H LA (6-MP)™, 6-MP E 9 TRy 25
JLE [ B G MR , WA P e A 28 1 1f,
o ThIBT 6-MP I 4ERFG YT & T B R R 3
T3 25 6-MP AT S5 B = ALL g A A A7
R AHEFR KA 6-MP 25| & BEm bl B,
I, R A PR TR % 6-MP 25 AR, A A
$E 3B FHREE 53— BRI 2R -G YA SR
NI 6-MP B IR A=W MR B X% 6-MP
BT ALL (I RS FH AR A ARG 4 SR

NUDT15 S SR A8 S5 5 ALL ) R AR R TR
I FR o NUDT1S 3 [ 38 4470 53 52 0 25 ) 11
TRARAVER , RS I 1 X6 25 W B Pk AR SR A
HAS7 % LR HA NUDT15 250 3 AR S ALLS A
1, 6-MP (134245 25 550 I T AR R 4l 5 S5 S5 A
9 N o Cheng S I 6-MP A4ERRAY T ]
51 NUDT1S 25 2848 (A (TT 3 P A ) ALL S A1 1
MFEE, NUDTI5 rs116855232(c.415C > T) 78 5 J2-
FA M A/ B TR0 PR, B P ] ALL JLEE 6-MP
i 32 e AE TN P ", {H2 ,NUDT15 28 5% 5 < p
BAEIG ALL LI 2 A RIBAT R0, R, AR BF5Y
() B H IS 108 = A S % ALL JLE R A
NUDT15 28 5 A%, IR A HOCHPE . A, i
NUDT15 48 55 6-MP BUgE Fag it ek
1 #Rl5A®
1.1 w8y
1.1.1 £ &4X5 TIANquick Midi Purification KiT
(b 5t TIANGEN 4: 7, 4% %5 : DP204-02) , DNeasy
Blood & Tissue KiT(f#[E QIAGEN 477, $95:69504) ,
2xTaq PCR MasterMix 2% (Jt. 50 TIANGEN /= | 4%
5 :MT201-01) ,5XTBE Buffer(Jt 5t TIANGEN /[ 7=,
125 :RT205) , HLIKAH S (L3 TIANGEN A7) o
112 £ZFBRME FENLEEEA PCRY

Y (SE[E BIO-RAD /A #], 7945 . T100) , J PR P
(£ ABIAF], IS . ABI-3130x1) , BEIE 1% R 50
EC3(ZEE UVP/AH], A% : EC3 Imaging System) , 55
AN EETH(SEE Beckman A H] ) o

1.2 BHEARERME AMRASAEREEDE
ROREFHEE FOMHCELR . HURIE: (1) S rh4e
B2 2 LR 0 45 I 24 4L i E 1) L 3E ALL 2T
W2 Q)W AN A RS SR fadthk
JLEE LA 3L T 2% % & i 7 R WA BE R R 27 [ i
JUEE B Be Ak filt R L ZAE A AFFE X 4, ALL s Lok
H B R A E L EEBE 200 6% L. Irg 2
55 B 5 A R AR A 2 S 200 5995 JL T 2017
AR 1A 2201848 9 H BRIk e B I BE B 2=
JUFEEE B, Hics# TR X R B9 AR, B
B £aTR IS RV €T ETWIN 9 FUN e WS & TPl
AL AL BEALIE R S0 DU g R L B il
JLEE ARG K& 1 ALL R L (1~16 %) I8 1 8 ik
SIMFEA . B FRE S AMI3 mL A& I, S8 )5
BRPE N HLAS R AMAE (0 AR AS 548 N I THE ) 5843
RA S5 5 BT — 80 CHBMRIR VKA AR5 H .
1.3 DNAREU {2t F24% It DNeasy® Blood &
Tissue KiT i HIIEH] B4R, SRS P2 U5 21 iy S A
41 DNA I F B8 T, BT - 20 CHRAES

1.4 DNABEARBM BB ZRAER) DNA A T
PKAR TR, SR 5 38 1 2R EE TR DNA AR
24l DNA 4l = 0D260/0D280 (0D A 1l K6 I 49y 1%
W G2 B2 L BRI OGRS ; 0D260/0D280 HfH 45 260
nm 1280 nm N IIEEE HUAE) , 24 0D260/0D280 45
WRRT 2.0, FRFEA AT GEA DNA FEfi# 5 RNA
24 0D260/0D280 55 i 7~ /NTF 1.8 i, KR FEA h
B RSB0 5 24 0D260/0D280 45 iR/ T 1.8
~2.0, 3%~ DNA e, At A 4%, ol HFT .

1.5 NUDT15 EE 1-3 S48 Fi#t 1T PCR ¥ 18
iz F PrimerS 7TEL A5 1 PCR Y714 5[4, NUDT15
A (Exon) 1 (Y5175 : IE [0 81 5 -CAAAGCA-
CAACTGTAAGCGACT - 3" , & [ K 5 -
GAAAGACCCAGCTAGCAAAGAC-3" ; Exon3 5| ¥)
P 1E WM 5 -AAGCAAATGCAAAGCATCAC-3",
K18 A 5" - GGCTGAAAGAGTGGGGGATA - 37
NUDT15 Exonl PCR JZ W {A& F 4 25 wL, 7% 2xGC
Buffer 12.5 L, dNTP Mixture 4 pL, LA Taq [ 0.25
wL, 1F [ 514 (20 wmol /L) 0.5 wL, 52 4] 71 4 (20
wmol/L)0.5 pL,DEPC 7K 6.25 wL, DNA £# 1 wL(Zy
100 ng) , ¥ 34 51 2 94 °C 3 min; 94 °C 30 s, 64 °C
305,72 °C 1 min, fFH 36 UK ; FHLE(H 72 °C 5 min, §°
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7 ) 25 B RS W R A PR DK RN S 26 A TR AR TR
Y1/ wl AT RE . NUDTIS5 Exon3 PCR W AR 2N
25 L, 1% 10xBuffer 12.5 pL, dNTP Mixture 2 pL,
rTaq [ 0.125 wL, 1E M 514 (20 wmol/L) 0.5 pL, X
51 #) (20 wmol/L) 0.5 wL, DEPC 7K 18.375 plL,
DNA K 1 wL (#9100 ng) , ¥ 48 2 4452 98 C 1
min;98 °C 105,55 °C 30 s,72 °C 1 min, fHFF 36 X ;
FIE{H 72 °C 5 mins

1.6 PCR=#42% HL5 pL PCR =¥ T /&%
HL AL U SRBS S (SAP) K 6 U A% FRAMIT B T(Exo
1), 1857337 CHEL 15 min; 80 CHEAL 15 min; B T
25 C(ZER) s W 10 wL PCR =4, A 2 L (7R
3 5 BRIR A S AN 1.2% M B IR SRS 2 ke £L
v AT LK, HL K S ] A 40~50 min, HL R R HE R
100V, HLUKES 9 B e, 32 P8I i 1% 22 G itk
TTEs R IER

1.7 DNARE 7519750  Exonl 5197
51245 -CAAAGCACAACTGTAAGCGACT-3" , Exon3
HI5 15514 5" -AAGCAAATGCAAAGCATCAC-3 ",
1RG5 ROV 2 wL Big Dye3. 1R, 2 pl 0.4 pM i
MFES 19, 1~2 WLAfER PCR =1, S 4564296 °C
1 min;96 °C 105,50 °C 5 s, fFFF 28 K ;60 °C 4 min,

1.8 IEKIER A& ALLJK A, K H CCLG-ALL
2008 77 % (China Children Leukemia Group ALL 2008
%) 8 CCCG-ALL 2015 J5 % (China Children Can-
cer Group ALL 2015 77 %) , 7E - 14k (UL 421
sRAl HERRG T I AR, N 6-MP HATIRYT
FEIRYT 12k A8 v Hh 00 T B | rh MR 8 sk 2 | 1
9 i R AT /N A 2 R PR e A ) D
il , SR 2 A R [R] SRR

1.9 HIEREIBESSMH  ICEDUGEERE LE Sk
FRLEE %08 ALLJpg N0 S PRI P 25 5, SR I F 3
DRI AL B X S5 SR A 7 8e 115341 , 932 F Polyphred
BRAEHEA T SNP (BT IR 1) 22281 ) FN 28 73t o

2 H#R

2.1 150 BRI KHINUDTISEE 1-3S5EF
EEH Exon2 ¥R MB]  FRATH AT RIFET
1K 50 mg/m’ ) 6-MP {67 : 4 H 4 i 1.5x10°/L~
3.0x10°/L, PRI 1.0X10°/L~1.5x10°/L I}, 4% 1F
W Y 40 1.0X10%/L~1.5x 10°/L,, i 20 it
0.5%10°/L~1.0x10°/L I}, 6-MP FA57 082 5 24 1 411
< IX10°/L, PR A < 0.5%10°/L, Ifil /M < 50
10°/L 1}, 45 1F 6-MP 6T o FRATR AR AE 141
JA AT NUDT15 59 1-3 540 7 5L PR A ) , 2%
R BIX 150 BB 55 XF 42 %) NUDT15 2 A 1-3 54k

I Y Exon2 YA ]

22 150451)JLEHNUDTIS Exonl AF2HMTR
& AER 150k H = FA LEFR AN T 1~16
4 % NUDT15 Exonl #E4700 ¥ J5 & BT A JLEE#D
2 TR AR, 43 M 15186364861 (¢.416G > A, Z
5 p. Arg139His) , rs554405994 (¢.36_37insGGAGTC
6% p.Val18_Val19insGlyVal) (W36 1), Hrh =
B ARG I L B A 32 4, LA 18 i,
15186364861 F 1 il (%) , /5 2%, 15554405994 F
VLI (7 BB 4%, 4 L d%) , i 22% , 16 To 548 1 B
ARV 384, i 76.0%. 2 B A4 DU ) fd e L3
B 1% 330, 2 1% 17 151, rs 186364861 47 1 15l (B %),
i 2%, 1554405994 47 6 15 (4 19 35 4% , 2 Bl 2 4% ) , i
12%, 1EH T2 7% W BF = BUAG 43 1], 5 86% . =7
B ALL JL 3 : 1s554405994 45 8 151 (3 151 51 1% , 5 191
L1%) 15 16%, 1186364861 A 1 4l (&£ 1%) , 15 2%,
IE R TR AR W AR AT 41461, Y 82%.

R1 =FAILIE 150 FINUDT15 Exonl Ml 45 54

eSSl 15186364861 15554405994 A A1
SRR ) LT 1 11 38
DU )L 1 6 43
FERALLIL 3 1 8 41

23 NUDTISZRERBIFTSLEGIZREXR Ak
1 150 5] JL#E A NUDT1S rs116855232 Z5vi LKA T/
C, &KL R R FT &5 1] CC > TC > TT, BEAR 95 A %L
W2, =GR ILENLE TR TT A
UG V18 2%, 0 2% 426 F 28748 TC LR A —
A 700, Horh L %2 361, B 40, i 14%; 874
R CC R ARIILAT 42 1], 4 84%. = R DU HE )L
WLl AT 248 TT R E B 06, b7 0%, 226 T4
AR TCHEER ML 11 (Lt 449, B4 7 61 6, 5 22%,
B A= A CC KL KA 39 ], 5 78% . =~ FI#F % ALL JL
N AT 53748 TT I F R JE 1 Bl L%, i 2% ; A4
GRS TC N BRI A 9 9] . Lo 4% 3 1, B 4% 6 il
7 18%; BFAE 7 CCHE R RIMAT 40 4], 7 80%

K2 A JLE 150 NUDT15 rs116855232

AT e [R 545 2 4
- AT oA IR T oA isgacit’
- T % TCHE CCHEp
SR L 1 7 42
DU L3 0 11 39
FEALL L 1 9 40

24 ALLJEAFE6-MPEITMEL, HIIAEEER
ARRM ANRRNA LR H YRR SR
2 RS AN AN TR A A G U N = e B
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%o A IIREER, FATE I : ALLSK A FEHEZ 6-
MP B IR YT 5, A7 78 NUDT15 36 R 4l 5 28 48
TT 95 A B BRI G R fe ™ Y, 225 2848 CT
g N R R 2 R ) BE I R B4, I NUDT 15 3
PRI A= 0 CC g N B RETI T NG R B
3 itig

NUDT15 &t —Fh Nudix 7K fiff B 500 O Tl , 2
TRRERS TE AL R BRI 1Y T 7. NUDT15 28484
5 M WEE S AL 28 0 1) s g, 5 B0 M P AR AN
R, I 5B EER 5 T 1 0 A DA G, 6-MP
5 RS (MTX) 45 & 02 L ALL BRI 1
FEARH T A RITRIEAGERN TR
AN RN, s aE i K A O R
2548 i 8 P L R RUBS: . FEARA ST R g
PRI RSO, FE 288 A AR AR L P 4
L i N R R AR A R BRI S
J T I 6-MP AN B S, %o AN [ 85437 J2 PR 7Y (1)
JLEAT T I A

6-MP [T 5 NUDTI1S g s 2 251 561, A
AR A AV DR SR A R T IR R o, R 2 4l
B RAFFER AR . 78 ALLIRYT H ,NUDT15 5
6-MP A1 1 230 6-MP 5518 P 40 s /A 6
B RAEMERAIR I &L 31X 5 NUDT1S Fp 2748 5 (U
SCSNP:1s116855232, 175 F R139C) f7 K, X LA 53
FEI I Bh R S, 40, rs 116855232 Fl78 S S5 if
FERTEAR W AN PG PEA N b B AE i & AR
N HEAR S BRI, ] e A 35 R 9 3 DA B A2
IR R AR . EAIESE D, AT T 6-MP 1Y
BHIFHE T oA HBEILE6-MP I Z 15
NUDT15 7% 5 2Z [a] AR OC 3 o A58 6 2 9 AR i
CCLG-ALL 2008 J7 £ 8 CCCG-ALL 2015 77 £ ik 17
IRYT o TELERFUIE] MRS M 52 A 6-MP 5l i . 4EHF
AT BB, 6-MP 1K1 45 K 50 mg/m?, 40 AL A 1.5%
10°/1.~3.0x 10°/L, H Pk 41 i A 0.5%10°/1.~1.5%10°/
Lo iH 6-MP J5 4 i 9d /b, 6-MP 5| i 9/ % : CC
(BF A R 65%~95% ; TC (Z2E ) T I 60%~
80%;; TT (Zli4 7)) N 25%~40% , LA A+ 1 40 il 51
H 1.5%10°/L~3.0x10°/L, Fp MR 20 0 50K 0.5%10°/ L~
1.5%10°/L A4

NUDT15 /& 2P B i 7E 1 6-MP URPE 1Y
F [ ZEZ— ,NUDTI15 rs116855232 4li &5 9828 433
P IR 12 N o i TR R R S e S N 1
L FRATT R I S0 ALL Y LA A7 1 BIREEA 1Y, 9 4
ETCHA TRA, A ANPEHFE NUDT15 R A48 &
ALLJLE ™ 6-MP- B B8 R W B2 m R R ™ iF 17

NUDT15 £ A ALL ARG 7 B B2 8
IRE S AR AR, AT R L Z 6-MP 5 #L
FIFEIRIT 1 ALL S AN AETE NUDT15 SRR 4 58748
TT RN, o BE G R ™ B 1Y, A R AR
CT 5 AW M BR w3 28 o B 1 B 400 ) 90 42, i
NUDT15 JEH B A=A CC A A BRI B B il B
Bl AHJE, 7R 506 = A #5605  LEE ALLYg A, 46
A TFRATTIEHF BB (L %), 2%, 226 T %
AR TC I AIIL 9 (L% 3 6], B 6 6l , 15 18.0%,
ARG AR LB, A T-58728 TT LAY 1 41 (3
) 15 2%, 245 1578 TC HE N RIHAT 7 4], 43 50) 2
LRI GIRMB LA, 5 14.0%, —HF LR TL 5
S, FE A R L ALL YR A NUDT15 %
IR 278 BRI, , NUD TS JE RRE A = 8 3%
JLEEAEHR 6-MPAS K7 AR ARG L A

S 3k
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TEE:BE SPRMAELRER SO WA ZE A B B 2ok O USEZERE A DI PRAFAE L IRy AL S i T g, ik Ml
PEFE20164F- 6 H 222018 41 5 H 115838 K I 2 e B 56 T R e i ) A O JIURE A A3 202 681, F oA i AR RO
JUUASFE 52451, A7 S i o UL AT 150 461, X PHAELRS A IEA T I RARIE SR L4 . SR SRl 2t O UBESE 4 LU s, ANt
HIRER 2V O WUIFEH R AR B K[ (75.6213.2) % 11(65.2+12.1) % ,P<0.05], Lo (28.8% ¥, 18.7%, P < 0.05) B A1-AT H R
993 (48.1% 11 24.7%, P < 0.05) 5 A\ LU I T vy o Al ST Beh vy B0 JUASE BE555 A L f91) 65 3L 78 Je o7 2 13 (46.2% 11 20.7% , P <
0.05) o ASHIELRER O LA B A A 555 77 22 152 B 1) 45 [ (380446 ) min [ (240+21 ) min, P < 0.05 ], 75 5135 I B 5 5012 B[] 2B 4
[ (125+23)min 6 (20£5)min, P < 0.05], #32 22 P IR YT & HLERAK(38.5% L 70.6%, P < 0.05) . ANBLILRERR.C IUATFES R A
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