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MTHFR }. GGHE P 2 A5 PE} )L 0Pk b L 20 11 i
R ez RV ¢ I 2y 9 I B w5 PE: 115 Wi

BHE &3 E& IM LRHD HE I A®
IE U LEm uarm B BeE

(M BEAF R S W BN ILE E R Mg A, g 221002)

[HE] B B2 ERE g A 1M (acute lymphoblastic leukemia, ALL) LA H 35 PO &2 34 5 il
(methylenetetrahydrofolate reductase, MTHFR) rs1801133 ;& vy - 4% & It /K f## B (v -glutamyl hydrolase, GGH)
1511545078 3 [K] Z2 25 PE %5 AR i 2 T ME S (methotrexate, MTX) 3677 )5 MTX Il 25 % £ (plasma concentration of
MTX, Cyp) BZGWFEE RN AIREI . T3k PEH 2021 4F 1 H—20244F 4 H 5112 TR M BRI 2B g 1 L EE =
Be i ALL SR LRI G, R 28 R G W6 S W B R K MTHER 151801133 & GGH rs11545078 J& K%Y, R H]
BT R AP 53 IO SE Cppy s FEREIE SN 5 BEAS R 538 JH AR TH AR E 5.0 P4, 434t MTHFR 11801133 & GGH
rs11545078 B[R HY 5 C, AR R FEMERONIOC R . R IRfE4] ALL L MTHFR rs1801133 5:[A#4 5 72 h €, T+
A AHIEE (P<0.05), e fa 41 MTHFR rs1801133 JE A A 5 48 h MTX C Jh & A7 AH P (P<0.05) . GGH
1511545078 FEH A 5 48 h C, THE A MM (P<0.05) . iS4l ALL )L MTHFR rs1801133 $EPH A1 5 1fil 21 7 4
WP IR A AICHE (P<0.05), GGH rs11545078 5K 5 il /Mgl b 1 & A G A G (P<0.05). 2518 FEHIR
FHEMTX 697 ALLIEF, nll K00 MTHER rs1801133 5 GGH rs11545078 KPR BTN C. . THED S 75 N 1Y
A, DU BB AR DCAL B, S et [FFEYRILRZEE, 2025, 27 (7): 802-807]
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Effects of MTHFR and GGH gene polymorphisms on plasma concentrations and
toxicity following high-dose methotrexate therapy in children with acute
lymphoblastic leukemia

TENG Lin-Xiao, AN Qi, WANG Lei, WANG Nan, KONG Qing-Ling, HAN Rui, WANG Yuan, LIU Lu, WANG Yan, XU
Shu-Mei, SHI Kun-Peng, QIU Fang-Shan, DU Xi-Xi, SHI Jin-Rui. Department of Hematology and Oncology, Xuzhou
Children's Hospital, Xuzhou Medical University, Xuzhou, Jiangsu 221002, China (An Q, Email: anqil 974@sina.com)

Abstract: Objective To investigate the effects of methylenetetrahydrofolate reductase (MTHFR) rs1801133 and y
-glutamyl hydrolase (GGH) rs11545078 gene polymorphisms on plasma concentrations and toxicity following high-dose
methotrexate (MTX) therapy in children with acute lymphoblastic leukemia (ALL). Methods Children with ALL
treated at the Xuzhou Children's Hospital of Xuzhou Medical University from January 2021 to April 2024 were selected
for this study. Genotypes of MTHFR rs1801133 and GGH rs11545078 were determined using multiplex polymerase
chain reaction. MTX plasma concentrations were measured by enzyme-multiplied immunoassay technique, and toxicity
was graded according to the Common Terminology Criteria for Adverse Events version 5.0. The relationships between
MTHFR rs1801133 and GGH rs11545078 genotypes and both MTX plasma concentrations and associated toxicities were
analyzed. Results In the low-risk ALL group, the MTHFR rs1801133 genotype was associated with increased MTX
plasma concentrations at 72 hours (P<0.05). In the intermediate- to high-risk group, the MTHFR rs1801133 genotype
was associated with increased MTX plasma concentrations at 48 hours (P<0.05), and the GGH 511545078 genotype was

[k FT] 2024-11-12; [352 A T] 2025-05-22
[(TEEfIAN ] BB, &, Wt
Lafsfea ] 23k, 4o, FAEBEM. Email: angil974@sina.com,
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associated with increased MTX plasma concentrations at 48 hours (P<0.05). In the intermediate- to high-risk group, the
MTHFR 1s1801133 genotype was associated with the occurrence of reduced hemoglobin (P<0.05), and the GGH

rs11545078 genotype was associated with the occurrence of thrombocytopenia (P<0.05). Conclusions

Detection of

MTHFR rs1801133 and GGH 1511545078 genotypes can be used to predict increased MTX plasma concentrations and
the occurrence of toxic reactions in high-dose MTX treatment of ALL, enabling timely interventions to enhance safety.

[Chinese Journal of Contemporary Pediatrics, 2025, 27(7): 802-807]

Key words: Acute lymphoblastic leukemia; Methotrexate; Methylenetetrahydrofolate reductase; Pharmacogenomics;

Toxicity; Child

A (methotrexate, MTX) J& M FRZEHTAT
WYy, T PR R S R I, BH Ok
TAMRIE SR T SRR, NI DNA AR
WO A AR 1 Horr, SR i A P R
(high-dose methotrexate, HD-MTX) J& 4§ MTX %5 24
7 A >500 mg/m®,  J2 A T R R E A0 O
(acute lymphoblastic leukemia, ALL) JL##f4MNZ 1H
AT ILE A ROTE . EiRKIGIT R, 2
WA BB LI A7 AR BERT AT AN [6) e |6 FE i DA
I HAE HD-MTX ALy 7 18], 2 AR 4 8L Sa I A
DA 45 R (0 A [6] 10 s P AS [ 50) 2 /9 MTX, SR,
1252 HD-MTX AL (1 8 L& 23 3 B 25 4k 32 1)
Mk FE IR K ™ B A BEME SO, 9 A VR R
JPMEREPE . BB . RO . T AL O A
B e B & M2 R Y

WHIFEUEMRIAE T (methylenetetrahydrofolate
reductase, MTHFR) J2& I i 18 18] i& 72 19 5 B il |
MTHFR rs1801133 K&K 5745 il B AIRAEHE M, M TTT5Z
W) MTX A HEE, A= ™ B R B R ™0 S5,
v- AR KA (y-glutamyl hydrolase, GGH) J&—
Pl MR KA, BEAZ(E MTX Z R &R Eh /K i,
FAR e RIMTX, 25 MTX G, GCHEEN
Z2AVE ] I 5 e MTX TGP, ST 5206 MTX Y
IR

4 B = ] AP OC T MTHER 151801133 Fll GGH
rs11545078 J N Z2 25X ALL L HD-MTX AL) 7 )5
S A HE R IR R T SO W A 58 A — B AR
BIFFE {10 E 580745 73 Mt MTHFR . GGHE A
Z 15 ALL LA HD-MTX 5 1 3L 25 ) it
FERFEEME SN A OE R

1 #ZBSAEE
1.1 RIS

2021 4F 1 H—20244F 4 A TN ER MR
HMILEER 2 ALL 2L, A RILLES
Zfrfn B REYISE G, 5 MH LS D

KA AR WL BS54 . W 5B RF 6 L ALL
YT RE . b L bR PR A S Ak B A
MY 13 1L %5 2020 (Chinese Children's Cancer Group
study ALL-2020, CCCG-ALL 2020) 75 & /7 2 1k
J7 o AW SR BB A B o N L B= Bt
R s fib e (B35 . 2023-S12-K12), L
KB B G M E 1.

1.2 HD-MTX4ITHi%

Z: [ CCCG-ALL 2020 J7 % ™ XF ALL Lt fT
BT, AT ARE AR . KEE L3 g,
e LS5 o/m’s HD-MTX 24507 20k 24 h #5745
bk, HOEEOSh NG THArRE (RFE
1 10%, K500 mg), AP T 23.5h N
SEOLE T . BULIHEZ 4 IR HD-MTXALSTF, & HL
WA MTX i T 46 /5 24 48, 72 h B MTX L
254 (Plasma Concentration of MTX, CMTX> , w4
FBILTFHEM 96 h S VL Y Cypio TEMTXHiVE42 h 5
FFUE W R4S (calciumfolinate, CF) fERIGIT,
6 hEEE —IK, ZHZG3K, LURIRIE C, a8 it
ROKREL . CFHlE K 15mgm’ (| &fE)
10 mg/m* (fIf&), SRIEMHE48. 72 h C, &5 K17
P2, 48 h Cyp>1.0 wmol/L 2 34 il CF 5] & Fl/ag,
72 h Cy,>0.1 pmol/L #3411 CF | 3 I 474 2 MTX
TR PEBIE . WS B UL s B g R v R B
CF ff BRI 36 ho AU MTX A4 5] B AR 4 1 —
W24, 48 h Cop HEATIREE (AR MTX I8 %8 5] &
UL CCCG-ALL 2020 5 ™), [a A xf )L I s %k
. B piE R AR EAT ORI, AT R
MFHL, FFEhae. Kb, BRbIRmaE.

1.3 FHERMIFME

Z: 18 3¢ [ [ 589 i W 98 il A R =38
FAARTERRUES.0 R 2 AL MTX A a5
1.4 C, &

MTXJFUAR NG 24, 48, 72 h, RAEH LN
2mL, B0, BT, SRHIBERBOR S sl e
Cyro R FHVETTF SYVA Il 25 4 BE 43 A (B15,
CIVA-EV-TWIN 2000) FIMTX KR & (F4] B
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2FRGG T, S 6L127UL), MTXHEMAERE S 6 (87.9%), T-ALL&EJL 134 (12.1%) . K/ H

48 h Cyp>1 pmol/L, 72 h Cyypy >0.1 pmol/L %, JL19%1 (17.8%), i faEIL8s il (82.2%), &
1.5 EEKN JLEE IS B4R N (6+3) %, 107 Bl L,

S X A LA IBEASHERT DNA BRI, 2 A7 168 (15.0%) 8L Gy A AE F AR EEVS Y
HUR ) DNAREAS, RIMZ BB AR AT AR CCOG-ALL 2020775 ™ I
e ErE, RN A BAR K B2k 2.2 MTHFR rs1801133 #1 GGH rs11545078 %
PRT, NEEE SR AR I R BRS
U 023k P 5105 A B b3 F Py w50 b 5 A BEFEIL A 107 ) ALL 8L, MTHFR
VEY ST SO, RLE AT BRI At 1801133 R CCL CTL T A AR 51 0 17
(9SO, R 7E Dlumina Novaseq6000 PE 150 bp 7 (15.9%) . 584 (54.2%) , 324 (29.9%), CA#fiL

3 58 B E I BE R 3 43.0%, T 45 or B IR B %R 57.0%;
1.6 FitsEaim GGH 1s11545078 2L CC. CT. TT 3 K #4351 Ky

% JH] SPSS 26.0 Bt 4b BRECHE K S5 31224040, 9361 (86.9%) . 1441 (13.1%) . 0] (0%), C%
SRR T YI R £ bRiiE 2 (R +s) o5,  DIEERIA 93.5%, TAEAEEFEIAN6.5%, &
) LR PR oA B s T 25007, AEIEZA Sy WRST AHRIE OB B S (6 B U, 22 ) K i
fi YR R A2 (DUl EE) (M (P,  (£°=0.052, P>0.05), £} Hardy-Weinbegr 734 %
P, 1 FoR, YE SR FH Mann-Whitney UK S5 L PBREN, $RRAHTTESOREA FRAI U
5% Kruskal-Wallis HFG 50 . JEFESIR R AR IS 2.3 MTHFR rs1801133 #1 GGH rs11545078 &
IR, TPECRRLLUIECRR (%) #on, difte BEES5CBIXR

BERH 2 K . R 0T logistic 114 4347 5 K] 2 AW, 107 i) & L3 42 32 428 {41 X HD-
LR EFER M ER, LLP<0.05 R4 MIXAST, 250 428 (il 24 48 172 h Cypyo
Biilee s . R f& 4l /)L, MTHFR rs1801133 %5 [ v TT %Y

72h Cyw i T CC, CTH, ZREFHITFE X
2 R (P<0.05). " fedlE L, MTHFR rs1801133 J&

i, CT. TTHI48 h Cy i T CCHY, 2R A5
2.1 —RAER 2 L (P<0.05); GGHrs11545078 #£[K v, CT A

AT A 107 B ALL FBIL, HopHE64  48h Cy i T CC B, ZRA G %E X
i (59.8%), L4361 (40.2%), B-ALL & JL 94 (P<0.05), W#*1,

F1 ALLBILEZEEBHD-MTXUFFEEMESRC,MKFE  [M (P, Py), wmol/L]

MTHFR 151801133 GGH1s11545078
CC (n=17) CT (n=58) TT (n=32) HiE  Pff CC (n=93) CT (n=14) Zf Pl

FRF 7] A5

fRfaa
24h  31.50(20.34, 45.45) 27.18(20.25, 44.19) 19.80(15.66, 30.69) 3.485 0.175 27.18(18.54, 43.92) 27.18(20.34, 34.83) -0.212 0.832
48 h 0.23(0.14,0.27)  0.19(0.14,0.26)  0.24(0.19,0.34)  4.071 0.131 0.21(0.14,0.27)  0.23(0.18,0.37)  -0.915 0.360
72 h 0.03(0.02,0.08)  0.06(0.03,0.11)"  0.12(0.08,0.13)  11.534 0.003 0.07(0.02,0.12)  0.06(0.03,0.10) -0.450 0.653
s fa 2
24h  56.88(40.41, 63.72) 53.82(44.73, 66.89) 50.04(39.24, 65.97) 2.962 0.227 52.92(43.20, 66.15) 52.92(41.58, 66.96) —0.073 0.942
48 h 0.30(0.21,0.38)  0.34(0.26,0.44)*  0.35(0.25,0.46)*  5.800 0.033 0.33(0.26,0.42)  0.42(0.26,0.57) -2.448 0.014
72 h 0.07(0.05,0.10)  0.08(0.04,0.14)  0.09(0.05,0.14)  4.384 0.112 0.08(0.05,0.14)  0.10(0.05,0.14) —1.066 0.286
e RS TTRILES, P<0.05, #/85CCTRIELH, P<0.05,

2.4 MTHFR rs1801133 1 GGH rs11545078 & (=3%%) . PRI (=349%) . MglE [
HESESHD-MTX KT ESEERNEX R (=24%) . I/ ZD (=240) . IFIhaEME (=2
107 il 88 L& HD-MTX AL¥7 J5, E4iiEm > %) KAR5 5k 78.5% (84/107) . 89.7% (96/
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107) . 93.5% (100/107) . 13.1% (14/107). 39.3%
(42/107), FhREHI 3 KA %30.8% (33/107), B
T RN R EE027.1% (29/107) . Wi fad] ALL B
JLHR, MTHFR rs1801133 3[R A1 5 % A= 1f 21 8 I8
AR A OG22 R A Gt E L (P<0.05)
GGH 1s11545078 5& [ 8 5 & A= 1t/ sk 20 1 JXUSS:

MK, ZRAGIT¥E L (P<0.05) . W& 2,
MTHFR rs1801133 SE (A AU, 5 CCARILL#E, CT.
TT B Az 121 85 8/ RS B S 34 & (P<0.05) o
GGH rs11545078 JE A A rhr, CT AU Az 1/ N s 2>
KB CC R B3R (P<0.05). W33,

#2 ALLBJILEZERBHD-MTXUTEEERNEERRE (6 (%) ]
» MTHFR 151801133 GGH 1511545078
sl CC (n=17) CT(u=58) TT(u=32) ;i P CC (1=93) CT (n=14) Ml Pli
iy [eRz) 5(29) 11(19) 3(9) 17(18) 2(14)
4N s 2(40) 9(82) 1(33) 4.028 0.133 11(65) 1(50) 0.161 0.688
kLA D 2(40) 9(82) 3(100) 4.740 0.094 14(82) 1(50) 0.940 0.332
1M1 £T 28 > 5(100) 10(91) 3(100) 1.133 0.567 16(94) 1(50) 2.408 0.121
/MR 0(0) 2(18) 0(0) 2.356 0.308 2(12) 1(50) 1.468 0.223
I REM: 1(20) 4(36) 0(0) 2.476 0.290 4(24) 1(50) 0.578 0.447
Rilsdn & 1(20) 2(18) 0(0) 1.139 0.566 2(12) 1(50) 1.468 0.223
Wit v 0(0) 2(18) 0(0) 2.356 0.308 2(12) 1(50) 1.468 0.223
W fa g 12(71) 47(81) 29(91) 76(82) 12(86)
SEA ot 11(92) 35(74) 26(90) 3.687 0.158 63(83) 9(75) 0.405 0.525
e 4 A et 2L 10(83) 45(96) 27(93) 1.898 0.387 71(93) 10(83) 1.178 0.278
JiEAR: =2 8(67) 46(99)° 28(97)" 10.153 0.006 72(95) 11(92) 0.164 0.685
I/ N s/ 2(17) 6(13) 4(14) 0.120 0.942 709) 4(33) 4313 0.038
SRR 5(47) 23(49) 9(31) 2.359 0.307 32(42) 5(42) 0.001 0.977
FhE 6(50) 16(34) 8(28) 1.898 0.387 26(34) 4(33) 0.004 0.952
& Mif 4(33) 16(34) 7(24) 0.873 0.646 24(32) 2(17) 1217 0.270
e RS CCHILER, P<0.05. (KfELH K Hh i fE A B O & A 2R LAAH I 20 3 B AR H Ry o3
#3 HER/AALLEBILEEFESEMRMK T logistic E)A4#7
MR L TRAE B SE Waldy? P OR 95%CI
IM£TEE Hd >
CT €C=0, CT=1 3.135 1.182 7.039 0.008 23.000 2.27~233.19
TT CC=0, TT=1 2.639 1.188 4.937 0.026 14.000 1.37~143.59
RN
CT €C=0, CT=1 1.595 0.730 4.779 0.029 4.929 1.18~20.60

e MLTE IR MTHFR rs1801133 ZE I8, 1/ A GGH 111545078 ZERI L7347 .

it

18]
MTX & JL3#E ALL 1 —Z4bI7 2549, HD-MTX
A RLH; ALL B LBES A IR I &, Cuno R
B MTX 2 14 19 % 45 bR ' HD-MTX ZE I IRIG 7
rh TR 45 s Y 24 RS, MTX I 8 3R 0 7T fi

FO R BEE SV & . B AFGE A B, MTX AHE
FRIBEE R 2 25 P T2 MTX A94R8, MTHFR Rl
GGHIEHZ 5 MTX i i, H k%5 E2AE

1S 2A
2

FH 557 MTHFR rs1801133 Fil GGH 111545078 %t
PR 9 AR AT AR GG M T B, 33 MTX 45 24 5 23 1 S
N )R A B YEIn, ALHE i  cE . R
B . BmE RN . 2rEEmOSE D

H #T E N A 5E A TA 1Y & A I E 2 Gy
<0.1 pmol/L, MTXHRHIERE A48 h €y >1 pmol/L,
72 h Cyp>0.1 pmol/L o T ECHEM ZE IR [y PR AT 1R
Z, FAREAUELA AR . WA EAER . M
KILHA AL, AR LM, (KfAEL ALL
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L MTHFR vs1801133 &R [] 36 PR 2 £ JL7E HD-
MTX 525 )5 72 h Cpy [RIFFAEZE S, TTIEE A 72 h
Cyrx ¥ F CC/CT HE AL, vh s fE 41 ALL &2 L
MTHFR 1s1801133 %& KA [\ 3 A 284 £ LAE HD-MTX
52j)5 48 h Cy [HIfFFEZE S, CT/TT HEH A Cyy 5
FCCIH A, Z=IRAE" W5 W /8 MTHFR
rs1801133 LK TT HE K Y 72 h C,py 1 T CC/CT A
B, X S5IATHIFREE R —2, 1 Haase 55 1 1)
WEFT 4l M FeoR CCHEN AL 42 . 54 h Cyppy 55 T CT/TT
FERAL, HAETET MTHFR rs1801133 JER 5 €,y
(IR RMAA —BUNESIE, BEAFEMH MR
HE— 05T . KT MTHFR 11801133 K& [K 7 5 75
580 MTX HE it 28 38 (% J5 A AT e J& . MTHFR
rs1801133 FE (K 1 CC LA HY (5 15.9%, CTHEH A
54.2%, TT R 29.9%, FLPHRAL AT S B
PET RS, TTHICT R A &L MTHFR &Y% CC
FE[H AU BB LR B 70% F140% = 0, A, FoAi145
HHEE T T AR LR (0 BB LT 25 5 S B MTX HE itk
Ro KT MTX HEMAER i & A, TR S SR e 2=
5, AIRgEmE A S MEAZEFIERA

KT GGH rs11545078 L H #I 5j C,, A9 5C R
A, AR b kB E a4 ALL 8L GGH
1511545078 £ [H CC/CT JEPH & LAE HD-MTX 45 24
J5 48 h i) Coy [HIAFAEZE ST, CTHRHAL 48 h Cpy i T
CCHEEAY, 72h Cyp MARSEAH ALL )L 48, 72h
Con BIAR W B 7% . MHXWRER, GCH
rs 11545078 F PR 28 25 ] Bl 15 P FE AL 67%, CC 3t
H A5 90.2%, CT 35 9.0%, TT XK & &
0.8%, ZHEZEA 2L, KK 5248 AT HEXT T MTX
RN, 5 Cn A A B3 1, XF
GGHrs11545078 55 C,, & R IB TG i — 5T .

AHFSE % PR G40 ALL 58 )L MTHFR rs1801133
N GGH rs11545078 FE K # 5 HD-MTX 4L 77
JE R IR B RO 25 R RS EE L, Eh G
ZH ALL 2L, MTHFR rs1801133 CT/TT K[ AU &
JLR A= I 2188 s /b B XU ¥ i T CC LR B, 5
WEAAFIE 25 5 —2L "', MTHFR rs1801133 3 [K Y
HEsEimgm g AR, SRS
o Al RE K S MTHFR rs1801133 A %
AREBETE VTR, A0 N R T PR AR L [l A
e R A BE i, T4 DNA S i fiis 2, 1
TR MTX 8 S I B 3241, I3 2L
MTX %3 24 )7 B8R 1 By g AU 385 e ' {HL[]
I G A SE R 1 A MTHFR rs1801133 JE A 1 &5

[20-21]

HD-MTX 1L 57 J& B0 2% 1 52 7 T AR 56 4 ,
Song % ' WUBFAE 45 5 B 7R MTHFR rs1801133 3 [A
RS B S R I A A A
ARG, T IR L kg s |
MRS . FREREE . B E . B AiE R
SEMSETEME SOV AE ALL 2 )Lh 5 MTHFR rs1801133
BB RKMAGI B L, iR SHEARK
AR, TS, Kalantari % > 58 0
F7R8 GGH rs11545078 3£ [H 1 5 HD-MTX 1L 37 )5 7
PR & A TOAH e, AR 9% & B0 i 1
ZHALL 2L, GGH rs11545078 F K A1 5 ifin /Ml
I/ ) A B FEEAR DG, CT BRI AL & - CC 2
R, 5 R g A —38. HEX T GGH
rs11545078 3L K £ 251 5 HD-MTX 17 )5 H 3 1k
RV RE D, ARFiE—Po.

i Lprik, E WA T MTHEFR rs1801133 Fl
GGH rs11545078 JE[KIX 2 M3 15 BRI S ATEAE— B Y
FES . AW EE R BN, MTHFR rs1801133 Al
GGH 1511545078 J& [A 7Y A G 5% W) ALL & JL HD-
MTX 6 J7 J& Cyn, ALL HJL AT 38 3 45 0 MTHFR
rs1801133 5 GGH rs11545078 JE K R F50) #: )L n] fE
I Cp 15 SRR RNV &, BT LA
PREARTE, ¥ MTX HE HE IR FIEEPE s 0 Y & A
BRI SE I A0 AR A R TR e, FEA A BR,
A & MTHFR rs1801133 Fil GGH rs11545078 %& [ 7l
XL ALL AT H B AE OC 2R M AT A T R A
58, N WY IMBIEARL R, #H—LiffT
FHEHIFFT o

YE TR AR BT Aok, ¥ o
MHEREIIEE; &G v LFRT. SR
FA, FLRZ . B, EZHE. R, 25 R
ML LEM . uF M. AEBE. R AT ER
s wE L E MBS,

Rk R B AR FARA R,

5 % X @]
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