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Study on Relationships of Gene Polymorphism of MTRR and SLCO1B1 with Blood Concentration of MTX
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ABSTRACT OBIJECTIVE: To study the relationships of polymorphism of MTRR gene rs1801394 locus and SLCO1B1 gene
rs11045879 locus with drug concentration of methotrexate (MTX) and high-dose MTX (HD-MTX)-induced ADR in acute
lymphoblastic leukemia (ALL) children. METHODS: From Oct. 2015 to Sept. 2018, 70 ALL hospitalized children of Han

nationality in Sichuan area who received HD-MTX treatment and were in consolidation chemotherapy were selected retrospectively

o — from Sichuan People’ s Hospital. The blood concentration of
A SEGTH DU E RO TR TR (No.2019YFS0514) 5 1Y

JARHE RIS H (No.2016JY0192) 5 U J1] 45 15 2 25 B 24 RHIFR & (No.

MTX at 48 and 72 hours after administration was measured by

S17062. S16068) 3 U 1| 45 &2 B /U 1] 45 B B i 154 3 4 e B EMIT. The genetic typing of MTRR gene rs1801394 locus and
55 H (No.2015QN08 ) SLCO1B1 gene rs11045879 locus were detected with real-time

S B AT WL BFFE 7 i) « 2550 35 R 2 R A A 2 PCR. The relationships of the polymorphism of MTRR gene

E-mail: yaan_hbx@163.com and SLCO1B1 gene with MTX blood concentration
HRAEVES . EARZ0T, 11 2E S0, Tt WFSEdr i s R 252 | [dose-corrected concentration (cisw/D,48 h), the proportion of
BEBEZaF . HiTE:028-87393405, E-mail: tongrs@126.com children with different concentration of MTX (<0.1, >0.1
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pmol/L)] and ADR (such as myelosuppression, liver function damage, gastrointestinal response, mucosal damage, rash, etc.)
were analyzed. Binary Logistic regression analysis for the correlation of ADR with different influencing factors (gene polymor-
phism, blood concentration of MTX, immunophenotyping, body mass index, etc.) was carried out by Wald method. RESULTS:
Totally 31, 32, 7 children with MTRR gene AA, AG and GG genotype, while 23, 37, 10 children with SLCO1B1 gene TT, TC
and CC genotype were detected. The distribution of each genotype in 70 children conformed to Hardy-Weinberg equilibrium (P>
0.05). There was no significant difference in c;s,/D(48 h) of children and the proportion of children with different concentration of
MTX (72 h) among difterent genotypes of MTRR and SLCO1B1 gene (P>>0.05). There was statistical significance in the incidence
of liver function injury in children with different genotypes of MTRR gene (P<<0.05), and the AA genotype was significantly
higher than the AG+GG genotype (P<<0.05). There was no correlation of MTRR gene polymorphism with the incidence of other
ADR, neither SLCO1B1 gene polymorphism with the incidence of ADR (P>0.05). The results of Binary Logistic regression
analysis showed that liver function damage in ALL children was related to the gene polymorphism of MTRR; gastrointestinal
reaction was related to whether the plasma concentration was more than 0.1 pmol/L at 72 h; mucosal damage was related to the
immune type and BMI of children; the occurrence of skin allergy was correlated with body weight of children (P<<0.05).
CONCLUSIONS: Gene polymorphism of MTRR rs1801394 locus may associated with the occurrence of HD-HTX-induced liver
function injury in ALL children, but its polymorphism and gene polymorphism of SLCO1B1 rs11045879 locus are not related to

MTX blood concentration in ALL children.

KEYWORDS Acute lymphoblastic leukemia; Children; MTRR gene; SLCO1B1 gene; Single nucleotide polymorphism;

Methotrexate; Blood concentration; ADR
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BT, 5 R SR RAE85 % LA 1, K
2 14 (High-dose methotrexate, HD-MTX) FH 24 J5 %8 8%
]z AF ALL UL IRIATT  (HI%0 R AERAT R AL
R RIHARCRA R, B4 SR REN S S IE RO
AR KA HAMRZE Sk, 7™ g i i LY
FHZMAPES , F 2 04 (Methotrexate , MTX ) 2&—Fl4H
I TSR AR S P 18] — P R A S I i 551) , T 0 o e 4
Jitl DNA 145 1%, M5 i AR 4 5 0 s ARG R
WWEE R RS, Wk e IR A 2 24 2y
HREE I KR LB B s R KRS X s iz
A R i 2R Gt 0 35 DT 1) BRLAZ R 2 25 M (SNP) 2 38 %
MTX B [ 9 2R, Hodr ) BB R 5 %
i A8 i (MTRR ) 2 AR A A S Sl , 7 [ 70 e 2
i P FR Ak R R A R ) el A Pl 3 R A L g
FEPR MTRR 11801394 (A/G) v 55 58 7% 2 5 2 MTRR [
TGP S AR AT, e A R A B, DA T S ) MTX
FIRNACEE RS, AL B T2 ZIK(OATP1B1) i
FENL T NG 12 5 Yok 1% SLCO1B1 B A 4, & 5
22 24 4 DALV 1) JH 200 L 1) 5 S 5 32, MTX 2 R W)
2z, WA %R 111045879 (T/C) W 5 2 75
PES MTX 258022 FREAR G, AT 2 )5 3 i 25 -0 th 4
1 FL(AUC) AT B3R (CL)™ ., FE A SCHRA RS E A
WI935 T MTRR .SLCO1B1 3L (1) SNP 5 JLIE 1k,
J7 ) ALL £ LR I HD-MTX J5 [fiL 285 46 343 Aii e AN R
N ARG B #E A ALL L% 420 HD-MTX g /b
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1 #ERSAEZE
1.1 #RIH

[A1EPE AR 2015 4F 10 H —2018 49 A P4 1|44 BE 24
Bl N R EE B (LU fRiFR T Be ™) WaaE i 70 £l
52 HD-MTXIGY7 19 1~16 % U )1 | X% ALL A= B
SBILAR TR
1.2 MANEHRIRE

Y ANRUE B2 ALL, W FH PP L EE 1 i B
2H 2008 (LA T faiFR“CCLG 2008” ) fky7 5 22 H &b T 37, [
TP AR R . HEBRARME : Hofth /DB R sl 55T
HoAh A 1 Y s B B B T RE SR AL (BRI
R IRI B L. A 1 TR B PR AR PR
DAL U S AR T (BF) 2015 4255 52 5], HH [
Il AR S 36 0 78 IS - ChiCTR 1800015307 , L a4
AN¥IC FEIZIT B AN M1
1.3 BFHE

Fr A LY S IO L ZoPE i A o 27 2t
W AUAETT) ) H FIrfEFE) CCLG 2008 17 7 %, Al
s A 5 J5E 53 A P e S5 ] PR e v (53 i 5 245
A BR S | S [ 25 M5 H32026197, MUk : 1 g)
2~5 g/m’: FeLL B ZG 25 1/10 VE A 2885 555 T 30 min
B EE B K 1 , A T 23.5 h N AT KR TE . %)
AW £ LAY A4S T R T8 A (AL 455 I 20 i 4 B BT 2
AT 45 ), T LABRIR 2V A (ISR 20l A FRA
AL HEESCS  FE 25 T H31020474, KK 0.5 g) I ARE
T 75 KA TR (pH y 7.0~8.0) , £ 1 b v 5
FH R 5 (T3P 3 = 24 B 003 A5 BIR A v, b S0
T H32022391, A% « 3% CooHaaN,O; 3124 100 mg) F
MTX JF 4G FE IR 42 h B L 15 mg/m? PEAT R, HEAK 3
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AR e - s A% 2 - A 2 (MICM) 12 W7 43
Y T/ INER B39 (MRD ) 7K1 LA IR f s B 434

142 MTXIMZEWE F4i2h)E48.72 h R&ERIL L
JEc# ki 2 mL, & T HUEEE L DL 4 000 r /min #.0 5
min, BCF IS GE 5 R AR e 2 (EMIT) DL
Viva-E 14 H 2l 43 Hr{% (18 [ Siemens /A & ) & , A~
W S PR R B o MRS Ifn 2 v J3 1 2 1 31
70.1~2.0 pmol/L, 5 & F B 0.1 pmol/L, K5 %5 & 1k
1 8 5y i AR R 2 i 2 SR I AR A R,
48 b B AT G I 28] i 24 3 B P EL AL, T 72 b A Il 24
WeE R L2 R IA R E B AR (0.1 pmol/L) , = AR,
TZRA 75 18, 48 hEs A% I 25 3k B DA A IE R B (cus/ D,
B[ 48 hisf MTX I 254k 2 5 8L 2550 LD .72 h
i ) I 245 35 AR T] i 24 3 T Rl (<<0.1,>0.1 pmol/L)
(LR T 43 B0

143 FEHEGH RS9 E R A W EE I
(PCR)¥ER I H LKL A0 Y, 150G, SR P I 3 IR 4 4
/NGO & (AU B 22 A R A TR A A,
F R i R L B A5y vk SR IO LA A I DNA, SR A
NanoDrop 2000 A% R vk £ W 7 4% ( 32 [&] Thermo Fisher
Scientific 2% ] ) 46 1) FHC DNA ¥k J& F1 45 & [DNA ¥k &
10~30 ng/uL; 45 (Aso w/ Azso ) F 1.6~2.0] RJH MTRR
F MTHFR J PR 38 7] 6 (kDU 22 A B T R SR Ay
AR L), ™ kg Fe FLUE B A5 5 7k D 7500 7 5 B o i
PCR {% (3 [#] Thermo Fisher Scientific 23w, T[] ) £ il
MTRRFEH rs1801394 v 5. 14374, 51 I K 2 K =
SR A BR A RIS ARG, BRIP4 5 57 -AG-
GCAAAGGCCATCGCAGAAGAAAT-3' .5 - TGTGAG-
CAAGCTGTGGTACATGGAT-3', Je Wik Z (F£25 uL) .
DNA AR 1 pL A9 493057 (5 PCR 2% 1P . dNTPs  f¥
SRS [ RERER N BR S | P ANEREL | Taq i . UNG i 55)
24 uLo SN 550F: 37 CHiALHE 10 min; 95 °CHlAS 14 5
min, 95 CAP 155,60 CiB 2k 60 s, H: 40 MFFR . R
SLCO1B1 Tagman SNP & [ 43 74 12 57 £ ( 38 [ Applied
Biosystem /A F] ) , "™ 3 Hit B A3 774 DL 7500 T SE R A
H PCRAYAG I SLCO1B1B KEA rs11045879 137 5 14371,
5|4 i 35 [ Applied Biosystem /A ml1& 31 &R, R
5143914 5'-TTCTTTGATGATATATATGAAGATG-3',
5'-TTGATTCTGTTATATTAACCCTGGA-3' . Jz v 1k &
(4£ 25 pL) : DNA #i4% 1 pL . Master Mix 12.5 pL,20x
TaqMan SNP Genotypin Assay T {F# 1.25 uL, F ddH.O
MR 25 pL, 2 460 CCHRARIE 20 5595 CHZASHE: 5
min, 95 CAFM 5 5,60 CiR k60 s, H: 40 PMIEH ;60 °C Ak
f#15 min, i ] 7500 7SR A2 R PCRAY B 32 e, IF-44
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HERF I X7 0t BH A3 80 HLSE R 4 A
144 AR JEALYT B ALL B OLE K
HD-MTX & 7 d, ¥ [ 36 [ [ 57 e 0F 52 T 8 AR R
I3 PE FR E (NCI-CTCAE ) 4.0 X £ JLEFTAS BL B2 1 43
P, Mo/ =2 W), nACh KA T RAH € B A7 BRI s
R, EEPEMFEHR——O-F BEINH A0 A<
3.0x10°L~", A i Fp Pk A A T4 <<1.5x 10° L™, R E
AT TEL<<0.8x10°L7", I/ MR T4 <75.0x10° L7, 14T
F1<810.0 g/dL. T Akt 3 : 1N 2 R i 2 1l >
3.0~5.0fFIEHAH F R, RAG R & > 3.0 f5 1E % {H
FBR. OB I SN« 48 U/ H G B S 4 A o o
TR, BB K B TR BAGEC H 24 h N EAE 3~5IK
(a1 B8 5 min) PMX L A AT B . @RR I« DL
PR AN FEM 8 TR T SR B IR B 1 1 S A
F. QFB . IKFE R IL S R R . @4
RIEG AT IS MUARHRHT K T B0 IR I6 7 1 8%
Yo, DM RGEENE: HPIVEHE | 5B 4 .,
B DhRE DL B B ORILEF > 164 pmol/L) .
15 FitEHIE

K H1 Excel 2010 X 454 1 7R 3, SR H] SPSS 24.0 %k
PEHATSIT . R I S0 & BE IR AR B AT 6
Hardy-Weinberg it {571 . & Fi] Shapiro-Wilk 3 X 1+
TORHIEATIES R fF A IES MR Y +s %
7, AR ELAER FH R s AT A IS oA i Bk LA 4o
B (PUsrial e ) FR , 21 18] F R A Kruskal-Wallis Bk
Ko THECTERE LGB R R, AL ) B AR F A
5o R Wald #0832 % 45 52 i R 25 5 BB LA RSO Y
AHSAE R T 00 Logistic FIH M. P<0.05 2747
GitaEE L,
2 R
2.1 BIL—MEH

70 5] gL H, 53 PE 45 1] (64.29% ) | L Pk 25 il
(35.71%) , JH— (5 B £ 1,
2.2 ERSBBMER

AW LR MTRR SRR 3Fh, 435 AA LAG
GG &Y, 4% 31,327 4 ; 2okt SLCO1B1 FE K BY 3 Ffr | 43
BIA TT . TC.CC #Y, 45 23 .37 .10 il . 4% 3 K 78 43 413 43
RIGFF-4 Hardy-Weinberg V-1 (2435124 0.09,0.63 , P>
0.05), T ILFR 2 SFA S A (A (G T .C AR SE PRI 5
3514 0.671.0.329.,0.593,0.407 ) 55 [# Pt f4 24 B4 %L
& FiE (PharmGKB, https : //www.pharmgkb.org) H' F& [F 7
D5 DU NTRE R S50 L RT3 (REAC Bl 210 9], A LG LT
C 25 SE R4 51247 0.748 .0.252 ,0.548 ,0.452 ) FHIf o
2.3 ERSHMSR)LMEARERNBEEME

MTRR F1 SLCO1B1 % FE K 7Y ALL (8 LA 51 4
N =TI NI A T FANN N T (3 Q2 e N [ 05
R R E R RS E X (P>0.05), AT
A, TEILER 1, IR L cis/D(48 h) LK AT
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Tab 1 General information of children

MTRR IR 151801394 i £

SLCO1BIHEA 1511045879115

fitn et AATH AGH! GGH TTH TCH ccHl
i RICA)

il 45(64.29) 20(44.44) 21(46.67) 4(889) 14(31.11) 24(53.33) 7(15.56)
ik 25(35.71) 11(44.00) 11(44.00) 3(12.00) 9(36.00) 13(52.00) 3(12.00)
Ef(its), % 827465 83246 8.66+491 6294340 770£5.12 8354450 930+427
5HE(ts),em 126.03£29.88 126.84£28.92 127.66+32.74 115.00£19.82 123.13£33.98 12551£28.99 1383042155
R (T Es) kg 30.05£16.98 295141453 32.10£20.13 B.03+921 297141843 2932+1746 33501206
ETR(T£s),m 1.00£039 1.00£036 1.04£045 0.84+024 098+044 098+039 1124028
[RFERH (v t5) ke/m 1737+2.64 17204234 1767£3.10 16.77+143 1780270 17241280 1689+ 185

MICM A f (% )

T# 12(17.14) 3(25.00) 7(58.33) 2(1667) 4333) 6(50.00) 2(16.67)

BZ 44(62.86) 22(50.00) 19(43.18) 3(6.82) 15(34.09) 2(5227) 6(13.64)

BiKil 14(20.00) 6(42.86) 6(42.86) 2(14.28) 4(28.57) 8(57.14) 2(1429)
W RAEREE B (%)

fife 3(429) 3(100) 0(0) 0(0) 2(66.67) 1(3333) 000)

i 18(25.71) 8(44.44) 8(44.44) 21L11) 6(33.33) 9(50.00) 3(16.67)

Fifi 49(70.00) 20(40.82) 24(48.98) 5(1020) 15(30.61) 27(55.10) 7(1429)
MGk ERILLE (72 h) I EZ R RS IT¥E XL R4 MTRR B H rs1801394 i & 1 SLCO1B1 &

(P>0.05), 7L 3,
% 2 MTRR & & rs1801394 fi /5 #1 SLCO1B1 £
rs11045879 i R EFE B 537561 ( %) |
Tab 2 Distribution of the genotypes of MTRR rs1801394
locus and SLCO1B1 rs11045879 locus[case (%) ]

rs11045879 (i m S M S BILA R R MR XM
[51(%)
Tab 4 Relationships of gene polymorphism of MTRR
rs1801394 locus and SLCO1B1 rs11045879 lo-
cus with ADR [case (%) ]

M fi R S Wigl R B Wi BhE AR .k WER B

MIRR 151801394 AA 31(4429) 31.55(45.07) HH BOOomE BE RN Bl i B gEM Bk
AG 3(45.71) 3088(44.11) MIRR  AA 31 15(4839) 16(51.61) 4(1290) 15(4839) 2(645) 11(3548) 0(0)  1(3.23)
GG 7(10.00) 755(10.79) AG 32 20(62.50) 4(12:50) 8(25.00) 10(31.25) 3(9.38) 16(50.00) 3(9.38) 1(3.13)

SLCOBL 11045879 T 23(32.86) 2406(437) GG 7 3(4286) 3(4286) 3(4286) 2(2857) 0(0)  2(28.57) 1(14.29) 0(0)
TC 37(52.86) 33.79(48.27) 7 1673 1272 3490 228 0801 1897 369 0229
cC 10(14.29) 11.60(16.57) P 043 0004 0175 0320 0670 0387 0163 089

%& 3 MTRR & [ rs1801394 {i & 1 SLCO1B1 %
rs11045879 i ;2 7515 B LM 25K B R4 K
Tab 3 Relationship of gene polymorphism of M7TRR
rs1801394 locus and SLCO1B1 rs11045879 lo-

cus with blood concentration

R 48h Th

4 S A

HEOR » i;%ééw”“l Wﬂ/ gop SULpmoll, S0lpmdl, Lo
7 umo m’) m(%) m (%) 1

(Lg)

MIRR  AA 31 00920.179) 5065 0079 16(2286)  15(2043) 0.43 0886
AG 32 0156(0211) 170429)  15(21.43)
GG T 015500220 3(429) 4(571)

SLCOBITT 23 012000177) 0306 0858  13(1857)  10(1429) 2179 0336
€3 0IB015) 00857 17(429)
cCo10 0108(0.295) 3429 7(1000)

24 ERESHMS5EILFARREAELME

MTRRANFSER YL RES B R AR =R B E
(P<<0.05), H. AA YL DI REM 1 K AR B 25 = T
AG+GG AU JL(P<<0.05) . 1l MTRR AN 7Y £ LH:
AN B 207 %2t 2D Ky SLCO1B1 AS[Rl JL K 70 i LT A
AN RN ) & A R A ) e 22 S e G i 2 i (P>
0.05), FEILF 4.3 5,

HEZED; 201945 30 5 24 1

SLCOIBL TT 23 1(435) 7(30.43) 3(13.04) 13(56.52) 3(13.04) 12(52.17) 1(435) 0(0)
TC 37 19(5135) 15(4054) 9(24.32) 11(29.73) 1(270) 14(37.84) 3(8.11) 2(5.41)
CC 10 4(40.00) 1(10.00) 3(30.00) 3(20.00) 1(10.00) 3(30.00) 0(0)  0(0)

a 2058 3419 1581 4659 2430 1829 1079 1836

P 0357 0181 0454 0.097 0297 0401 0583 0399

*®5 MTRRERBABGRTRE)LFINGERELSE
&R LB

Tab 5 Comparison of the occurrence of liver function

injury between wild type and mutant type of

MTRR gene
JEREL n Hitk, % e P
A 16 31 8872 0.003
AG+GG 7 3043 ) )

2.5 HD-MTXEH AR RMEHEXEZDH

A1) 204t 1 s, ALL BOLIF S eI E R &4 S5
MTRR 3 rs1801394 13 o5 1) 2 5 AT 5C (P<<0.05) , iX
5%% 5 G845 AR s (H AG AU 5 AA R GG R 5

RUB LM H R 22 R LG22 3 L (P>0.05) .

Jtt%  WiE s g i & A 5 L 72 b I 24 R EE > 0.1
umol/L 5 &4 56 , i1 5 LGy /B IR 45
AL (P<0.05); H5BREJLMEL, TREILES &
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AEFRBEAR A ) (P<<0.05) 5 BB i & 2R 5 S LR ST ik AT
K(P<0.05), 146,
&6 HD-MTXHFRRMHIEXERSITER
Tab 6 Analysis results of relevant factors affecting
HD-MTX-induced ADR

ARRN HERE HAI(OR)  95% EfEKM(CD) P
FEnmestE  MIRR 0.007
MTRR(1) 1422 0272,7438 0676
MIRR(2) 0.190 0.031,1.184 0075
BRI 72 bl 25> 0.1 pmol/L 0.167 0.042,0.659 0011
HERG 0.016
Sl 6459 1.292,32.299 0.023
S I2) 0.792 0.093,6.746 0831
[INiaerEe 1320 1.059,1.645 0013
&% S 1052 1.002,1.105 0.043

T MTRR(1) /R AG T 55 AA T L4 MTRR(2) 8 GG T Y
AATILLAE; G /3 (1) FROR T 25 B R U ey 43 T (2) FR HoAth
FHBARILK

Note: MTRR(1) indicates comparison of AG genotype and AA ge-
notype; MTRR(2) indicates comparison of GG genotype and AA geno-
type; immune typing(1) indicates comparison of type T and type B; im-

mune typing(2) indicates comparison of other immune types and type B
3 Tt

MTRR AT NS 55§k b, 24 2 094 bp;
Horp rs1801394 J2 H BIAIF T 5 0 A TR 67 1 22—, 1A
B A—G AL A FE G5 1 B R AR R S AR,

S0 MTRR B PE , 15 B BR G e , e 52 i 24

YA AR SLCO1B1 FE R F A5 12 5 et fA
-, 42K 10.86 bp; i1, rs11045879 fir 5. 1] & A= T—C %8
A5 BN G 524 S R A AR L T S I g 5 3 R
(R ST AARZE ) AT AR 5 3 (AR ) 0 A 5 i JFC A 1) 5
B3 ™ B IE 1 [ 43 B v HD-MTX G971
70 5 L[5 £b 97 1) ALL SEROL A I IR B2k, #0880 T
MTRR 1 SLCO1B1 3£ [H 2350k 5 Hl 245 e B oA R
IF PR AH S

A 5T R FH S 98 5t 58 B PCR 36 304G HE MTRR 3%
SFhAr T AA BRI (31 4]) . AG I (32451]) .GG B (7)) 5
kG SLCO1B1 KA 3 43 1. TT 4 (23 ] ) \TC #4 (37
%) .CCRICLOMB ) o I iR I R 45 FL [N USRI 745 Har-
dy-Weinberg “F-fff (P>0.05) , & {37 3 [K 45 % 55 PharmG-
KB 45 12 14 3% [ Ry DU T 1 45 37 35k R A R A
I BERAEIE Z RN AT B

H W58 B, SLCO1B1 K2 A 1511045879 fif 5 CC %Y
5 MTX I 25 9 A 5%, 107 s 28 A% J& 5% ] ALL 8L
MTX 258 2¢ 47 I E BN 2, 5 MTX i35 BR R % U1
X, MTX 3R A/IME IR N TT R >CT R >CC R, %A
AT LG RYT O a1 iR 5 MTX Y
W 18 B A S0 (H ] It A A SR I SE 45 SRR
rs11045879 i f5 2 85 LR 24,48 h B 1 MTX
254 BE T 5% B 5 MTX AN KR & A4 e, A
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MTX Ifil 245 4 FE % HD-MTX B0 B & A B AR &
Al S Z IR A AR RAEAS A G
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