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FIEM LR, R TEHA 146 0] ALL HILEHA D, 151979277 GG 4455 1 85. 62%(125/146) , GA 224 %1 5 1 14. 38%
(21/146) 5 G 257 FE A (5 HL ik 92. 81%(271/292) , 1fif A 27 3 A 5 7. 19%(21/292) o GG 4li45 A & JLAY 24 h P47 C/D U (H
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el 3n B B LR 2 5 @ £ & E bR ALL 12 W b5
HEC B AR R T 18 JH B EAIRBR ;@ 697 7
FHES MTX )7, HEWE L 25 )5 24 h f142 h(1)
MTX Il 245 4% B o A58 i HEBR br 1522y :
MTX A7 A 1 g/m*; @ SHMTI rs1979277 G>
A TR SR BRUR ) 5B 5 DI BEREAR 582

1.2 FHi&

1.2.1 k775 ETEEMKIZES . HIiE
2 B G e SR AN A LB A% 2 B O T AR W) A R AR 4
B UL AWy RS B 8 1 A0 R T B A T B
JEAY 2, 0 B4 T MTX 3~5 o/m? = i JE 7 R (= &
) 2~<3 g/m>F M (P fad]) Fl<2 g/m> (L5 5%
FlHE (BRfG2) . H5ek 16 25 (R #iH 0.5 g)
£ 30 min PR, AW AEEE FoRU23.5h
PAYS ST HREE 0 BE A TR KR

1.2.2 ABFZADNARR fREEE LT, ITH
FEA S MTX AR I 1A 7 e 883000 e 8 23 1 I, A
FEHUL K ZH DNA . R H 5840 23 0O BE VA T %E DNA
VR RNl FH S BB M PR VKR DNA S
HEAT WU B AR T e 4

1.2.3 SHMTI rs1979277 G>A A B & -l A HF
5% 00 FH 35 0T i Bl O R /R B RAT B JR] ST 3
(matrix-assisted laser desorption/ionization-time of
flight mass spectrometry , MALDI-TOF-MS) - & 5¢ h¥,
SNP 43 # kW7, pie H 514 43 5 R 57-ACGTTG
GATGGGAGGAGGTTGAGAGCTTC-3' | 5'-ACGTTG
GATGAGAGTGGGCCCGCTCCTTTA-3" I 5'-CAGG
CAGAGGGAAGA-3" , AT 415 R BRI
1.2.4 MTX fe 25k EF4x3t £ AR PO
i 41 928 3 00 7 MTX If 24 3k B, 3l A MITXC IfiL 24 V¢
J& 5554 22 [8] B9 FE B ( concentration-to-dose ratios, C/
D LAl ), %% SHMTI rs1979277 G>A K&K I % MTX
L2596 FE W52 . C/D HeE AR N A2 )E
24 h F1 42 h 22 1 MTX I 25 3R FE (umol/L)/MTX 25
27 (g/m?) .

1.2.5 MTX RRFEHFZ  ARHFFESHTH MTX A
KPR MTXIRYT i A o s 21 A9 1MV R 4
EEIM ARG PR R G0 il R G AR T O E
FUE | B B R 788 S 45 T S R S A i 24 i
M RSB E AR e 5. O WS HEF T o
1.2.6 MEALLILE AL HL AW ELSLE
T ALLJLERUTI N E KA. B RN E L
ZIE A A s AL B0y AR W A R A TR AT
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1.2.7 A% &F o4 A5 K Regulom-
eDB v2.2 (https://www. regulomedb. org/regulome-
search/)"*" I VannoPortal (http://www. mulinlab. org/
vportal ) "B PE X rs1979277 AT T IREERE . [F]
iy, H UCSC Xena V-3 F 2 I ALL 5% (132 44]) Al
fat FE X BB (337 461] ) 1) RNA I 5 558l , % 4> 3A1H
17 T Log, (x+0.001) 2248 , DL 73 By SHMT1 KA 7x:
ALL 5 IE % XF Brp iy R ik 22 = 0 e dh, 3T
TARGET %l 28 I R 1 Kbl , #4895 SHMT 1 K 3%
ik 5 ALL #8 # JC 5 4 78 B (disease free survial,
DFS) B 5 H€ . {5 B STRING v12. 0 %38 4 (815
{5 >0. 7) $2 HU SHMT1 8 A BRI I 2%, 25 45
A AS4K (gene ontology , GO) T HE 2 2 & 4 1 5t # Ak
R A4 = R4 P (Kyoto encyclopedia of genes
and genomes, KEGG) it % & 5 7347, #1791 25 70+
PLHIERE

1.3 ZitZE4E  A#F5 RN T Graphpad Prism
9. 0 WA FI R KA 4. 2. | UA#AT ST 04, T A
GEit oA B T ORURAG S, K 30K 1 o 30 5E 4 0. 05
Xf T AN AR I AR A B SE R ANARE R MTX ]
TR 2R A AM (P, P T 3R . XTI
BRI LA n (%) B2 R 7 A 56 5l
Fisher” s K i K 56 43 T SHMT1 151979277 G>A SE
ARSI A SE AT A Hardy-Weinberg 47, UL & GG 5
GA JE P RI[A] MTX AN KL A A 30T ALL & K31 (1
Zedt o [AIMS, 73R H] Z2 502 Pk M1 H F1 25T Logistic
[ 1 53 A £ 455 25 DA RS 26 TR 36 MTXC C/D B fE AN
ALLE KRB, R Kaplan-Meier 3227 ALL 5
JUAEFE M 2L, 38 5 Log-rank 6 %6 L %8 SHMTI & AR
FIRAZ MM ERFZES . P<0.05 A ERALITF

2 #R

2.1 MARIE—MHBELR WK 1P, AR ILG
AALL L 146 6] (5 35 89 4] 4 3 57 ) , b fee
f& . fE L 4 5 A 92,3222 (9, w2 AR 6
(4.00,10.25) % ,MTX 15l £/ 2. 50(2. 00, 2. 50)
g/m’,

2.2 SHMTI rs1979277 G>A &7 HE ALL £ )L
FRASWER 7 146 9] ALL B L, 151979277
GG 4li 451 5 1L 85. 62%(125/146) , GA 2241 5 1
14.38%(21/146) , & WL AA FEPR R, G & 5L 7 5
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b3k 92. 819%(271/292) , A v 3 AL 5 7. 19%(21/
292) , £ 4 Hardy-Weinberg V-7 (P>0. 05) , #2718 F
FENBEAEILAL A F it PR A —E B
R, SHMTI rs1979277 GG 5 GA JE [F I 4[] fi
LB IE LW 2R (R,

2.3 C/DILE HHAFRE 5 R% ER
3R SHMTI rs1979277 FER L 4 31 FH 25499 A MTX
C/D AR M 5 rh , Z2 oot A i os , &9
JH R ZE A AR HE I 5 IV R 45 fige Rt 24 b C/D e

F1 ALL BJLEZYSE

Tab. 1 Baseline characteristics of AL

(B0 5825 (P<0. 05) , 58 0 - J% 95 iff sfo6F 42 h €/
D L AE 20 582 (1 P<0.05) . GG R L & iy rh
124 h C/D FLAE[ 12. 06 (umol-m?)/(L-g) 17 F GA
FEHAILEE[10. 96 (pumol-m*)/(L-g) |, Wi 5k [ Al
JLE R 37 42 h C/D HAE AR 0. 08 (pmol-m?)/(L-
g) |, X MTX C/D HUAETC i 25 mm (3R 2) .

2.4 GGEHEEBEMGAEREBBILARESRELAE
R OMRIPR, GA FEF AL I R 58 50 A
ST RE 3 0 K R R R e T GG AR A B L (1

n(%) ,M(Py,P,)]
L children [n(%) ,M(P,,P,) ]

Characteristics Total GG GA ZIy? value P value
Number 146 (100.00) 125 (85.62) 21 (14.38)
Age (years) 6.00 (4.00, 10.25) 6.00 (4.00, 10.00) 7.00 (4.00, 11.00) -0.27 0.78
Gender 0. 01 0.55
Male 89 (60.96) 76 (60.80) 13 (61.90)
Female 57 (39.04) 49 (39.20) 8 (38.10)
Nationality - 0.72
Han 141 (96.58) 121 (96.80) 20 (95.24)
Minorities 5(3.42) 4(3.20) 1(4.76)
Risk 0.15 0.93
Standard 92 (63.01) 78 (62.40) 14 (66.67)
Middle 32 (21.92) 28 (22.40) 4(19.05)
High 22 (15.07) 19 (15.20) 3(14.28)
Immunotype 0. 60 0.90
B lineage 114 (78.08) 98 (78.40) 16 (76.19)
T lineage 14 (9.59) 12 (9.60) 2(9.52)
Mixed 2(1.37) 2(1.60) 0(0)
Unknown 16 (10.96) 13 (10.40) 3(14.29)
MTX dose (g/m?) 2.50 (2.00, 2.50) 2.40 (1.70, 5.50) 2.20 (1.75, 4.20) -0.09 0.93
Concomitant drug
Furosemide 62 (42.47) 52 (41.60) 10 (47.62) 0.27 0.61
Intensive leucovorin rescue 6 (4.11) 5 (4.00) 1(4.76) - 1.00
*2 ZRLMEBREASHFERIERNMTX MEREZME R
Tab. 2 Multiple linear regression analysis of factors affecting dose-adjusted serum MTX concentrations
C/Din24h C/Din42h
Variables
s SE 95% CI P value L SE 95% CI P value
Intercept 10. 82 1.17 8.51-13.13 <0.01 0.20 0.07 0.07 - 0.33 <0.01
Age 0.10 0.16 -0.21-0.42 0.54 -0.01 0.01 -0.03-0.01 0.25
Female -0. 46 0.95 -2.34-1.41 0.63 -0.08 0. 05 -0.18-0.03 0.16
Minorities 1.19 2.52 -3.79-6.17 0. 64 0.02 0.14 -0.27-0.30 0.91
High risk -1.88 2.07 -5.97--2.21 0.36 -0.02 0.12 -0.26-0.21 0. 85
Middle risk 0.48 1.54 -2.57-3.53 0.76 -0.01 0. 09 -0.20-0. 16 0.90
T lineage 0.97 2.47 -3.92-5.85 0.70 -0. 16 0.14 -0.44-0.12 0.26
Unknown lineage 0.07 1.47 -2.85-2.96 0.97 -0.04 0.08 -0.20-0.12 0.62
Mixed lineage -3.91 4.01 -11.85-4.02 0.33 0.08 0.23 -0.37-0.54 0.71
GA genotype 0.05 1.28 -2.49-2.58 0.97 0.01 0.07 -0.14-0.15 0.93
Furosemide 3.10 0.95 1.22-4.99 <0.01 0.03 0. 05 -0.08 - 0. 14 0.55
Intensive leucovorin rescue 8.54 2.36 3.88-13.20 <0.01 1.91 0.13 1.65-2.18 <0.01
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P<0.05) . GAFEPIARIAE LA I 22 A KON BE L
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KARET GG I AL, GA FER R £ ILRY f2 15
B S8 RAEZALT GG I A B L B FAR

BN Je i R 22 5 B o gt 2 7 L (34 P>0. 05)

#£3 SHMTI rs1979277 G>A EE &35

3t ALL 2JLMTX NREHHZME[ 0 (%) ]

Tab. 3 The effects of SHMTI rs1979277 G>A polymorphism on
adverse events of MTX in ALL children| n(%) ]

2

Adverse event ce oA s P
(n=125) (n=21) value  value
Hematological disorder 37 (29.60) 7 (33.33) 0.12  0.73
Coagulation disorder 2(1.60) 2(9.52) - 0.10
Respiratory disorder 5(4.00) 4(19.05) - 0.03
Digestive disorder 25 (20.00) 5(23.80) 0.16  0.69
Electrolyte disorder 15 (12.00) 3 (14.29) - 0.73
Cardiac disorder 5(4.00) 2(9.52) - 0.27

r [ %71 Y

15 (12.00) 7 (33.33) 6.39 0.01
6(4.80) 1(4.76) - 1. 00

Hepatic disorder

Skin rash and mucositis

2.5 EXF EPRMRET 17(11,26) 4 H 2
Wy, S E] 18 ) ALL B & 54, Hovb GG 4l A Y
7 88.9%(16/18) ,GA Z& 5 BN &7 11. 1%(2/18) . F¢
AR M L RE BB L A Y SHMTI
151979277 AL G I ALL&E & [l 75 72
H1, 27T Logistic [F1H 43 H7 7= FXT ALL & & U )
TR EFM(P>0.05), W4,

%4 %tLogisticEFASHTALL 8 £ X E &
Tab. 4 Multiple Logistic regression analysis of

ALL relapse risk factors

-0.49 0.82
Furosemide 0.15 0.55

.62 0.09 - 2.56
.16 0.38 -3.40

GA genotype

Variable p SE OR 95% CI P value
Intercept -2.35 0.69 0.10 0.02-0.34 <0.01
Age 0.02 0.10 1.02 0.85-1.24 0.85
Female 0.28 0.53 1.33 0.45-3.78  0.60
Minorities .66 1.02 5.25 0.59-38.88 0.10
High risk -0.43 0.83 0.65 0.11-3.07 0.60
Middle risk -1.19 1.08 0.30 0.03-2.07 0.27
Non-B lineage 1.04 0.63 2.83 0.79-9.62 0.10

0 0

1 0.

Intensive leucovorin
0.31 1.22 1.36 0.06-11.44 0.80

rescue

2.6 HEYEERESIWER

2.6.1 151979277 Jr %t iE#  RegulomeDB v2. 2 4§
I 23 4 SR B L 1s1979277 Y HAEIE % M 1f, 2
7N 1% SNP 7 13 Ry 3% 3k i MR A7 85 (expression
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quantitative trait locus, eQTL) % 5K 145 & 07 5%
DNA i 1THE SURA 55, P DI BEH 5 . VannoPortal
B A3 W45 5 B L 1s 1979277 YT RE T B R s L
KA, GAE A FHEE 474 S E MR ZRARAE N
IR , 2 3G IR Sk AR B bR A 2 Fh 41
W SHMTI ik 25 R W3R 5. 3 6 Wh/ni% SNP i/
A7 F CHD1., EP300. IRF1, IRF2, GABPA . MAZ .
WRNIP1, TAF1, TAF2, SPI1, TAL1, ZEB1, CHD2,
SP2.SP1.ZBTB7A 54 s il 45 K 1 2 3 45 G0 i
N, 23 5 M B SR 45 T B 45 A SE AT X nT e
151979277 G>A 2 45 1 A 45 SHMTI 41 41 3% ik 1)
B

2.6.2 SHMTI A £ ALL P #9 £ 7 F ik Fo U5
M54 WK1, ALLZH (n=132) SHMTI K[ iy
RN 3.25(1. 54,5, 34) , 3 T IE % % IR [n=
337,0.81(=0.11,1.70) , Z=—11.77, P<0.001] . %
B /N HEEARBUR T 25%, it KREEAR B4 /N T
75% , i FH R #4463, maxsta 11845 1Y SHMTT ) 5 4%
FWTE N 3. 62, K1 5 E i SHMT1 ¥ #3k 4 (n=75,
56. 8% ) FIE 22 35 20 (n=57,43. 2%) . i it Kaplan-
Meier 2 fE43 M1 & B, SHMT1 15 3¢ 35 20 58 3 (g vh for
DFS g 4. 824, B 3500 THRK B K 2. 77 4F | Log-
rank 6 95 1 7% 21 [A] A A7 i 26 25 = 1 3 (P=0.03) .
SERILE 2,

20 ALL
Normal
15F
=
.2
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2
g
=
o
o Hkeok
B
g 5T
(o}
o
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5t

SHMT1
1 SHMTIFEALLHBEFRIE
Fig. 1 The significantly high expression of SHMT]I in ALL
“"P<0. 001 »s ALL group.

2.6.3 SHMTI it & & ZAF M &A% — 5 AR5
EHHAEM L Hras B 2~ , SHMT1 3% 5 DHFR .
MTHFR, MTHFD1., MTHFD2. MTHFD2L. GART.
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— High expression group
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041 HR=0.60 (0.37-0.95)
. P=0.03 . . .
0 12

6
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2 SHMTIEREFRiE3S ALL B DFS B
Fig.2 The effects of SHMT1 expression on DFS of ALL patients

RS5  rs1979277 G>A M5 SHMTI BAREH B EHXE
Tab. 5 The significant associations of the rs1979277 G>A

polymorphism with SHMTI expression in tissues

Tissue Bfective 0 6p pralue
allele

Tibial artery A 0.6l 0.03 10858
Pancreas A 051 0.06 7. 1518
Adrenal gland A 0.50 0.06 29513
Fsophagus muscularis A 0.46 0.03 4 10e-35
Aorta artery A 0.40 0.04 8 80e2l
Left ventricle A 0.40 0,05 1. lde-14
Prostate A 039 0.07 58108

Esophagus gastroesopha-

=
(=]

.38 0.04 1. 89e-19

geal junction

Ovary A 0.36  0.08 8. 32e-06
Tibial nerve A 0.36  0.03 1. 07e-29
Skeletal muscle A 0.35 0.03 2.79%-24
Sigmoid colon A 0.35 0.05 7.73e-12
Pituitary A 0.34 0.05 3. 26e-09
Atrial appendage A 0.33 0.04 6. 63e-14
Whole blood A 0.31 0.04 1. 24e-15
Caudate basal ganglia A 0.30 0.07 1.91e-05
Thyroid A 0.30 0.03 4.49e-22
Stomach A 0.27 0.04 8.57e-11
Transverse colon A 0.24 0.03 1. 19e-15
Coronary artery A 0.24 0.04 3. 50e-09
Terminal ileum A 0.21 0.04 8. 46e-08
Lung A 0.21 0.02 1. 14e-21
Esophagus mucosa A 0.15 0.03 2. 20e-08
Subcutaneous adipose A 0.11 0.02 8. 54e-07
Sun exposed lower leg skin A 0.10 0.03 0.000 3

f is the regression coefficient based on the effect allele, and f > 0

indicates that the effect allele upregulates gene expression.

ATIC.GLDC.TYMS.PSPH %5 & 11 th [A) & #5 /E 1 .
ERL UL 3, XL E AT GO ThBE & S0, 45
WER, YRS H & RTS8 o 5 &
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WEnE ik A PR R S R AL A AR A L
AN FRAC R | DU AR R A B AL —f ARt
FE(E4A) ;53 F i 55 B & ST 5 4538 1530 R
1B F AR CH—NH 5L A 19 & Ak 18 TRl 3 v L DL
NAD ¢ NADP h 32 & 4EH T ik CH—NH % 41119
AL DR TG 1 PR PG | IR 3 R A B S T G
PE I H RS PO S 2 B S (NADP+) 3 1P R R K i
il % 1 (51 4B) s 0 LZE o0 4% H 5 4 1038 6 53 ) R &
AR T LR AR R 2 il 2 6 (K1 4C) .
KEGG i & 04, 45 R o, = 4R BT 5 2538 %
A3 R — R R P R 2 L H AR 2 E R
AR R AT ARG (&1 4D) .

3 SHMT1ZEBEEMZKSHE
Fig. 3 Protein-protein interaction network of SHMT1

MTX 2 JL 3 ALL L [ A1 4E 3596 77 1) 55 5 41 il
BB A3, % T B R 28 R G s R BE A B R LA
RHEEAERY . BIIRITHEEUR 28l A k2=
SR, ETAMALL 25 . SHMTIAE R MTX 4R
T [ L A A A, HG R PR A S AT R S o 5 e i 3 M A
FIRIKF, THEMTX AR 5 0. ARG A MTX
M2 BE AN BN S0 S5 A B 4R T SHMTI
151979277 G>A Z35 % ALL LAY SZI .

ARWFFE B, SHMTI rs1979277 J PR 7 1 45 37
FHE PRI 3R 5 BRI Tl DB A — 3, T b 2 2
S, EL A S e R AR L S 5 7 R R 114 0 A A 3 W
T F WM HE ", $e 1% 2 B M A AE PR 25
S, E ALL JL#E X MTX B4R AT BE -5 5 in &R /28
NANBEA R, 7 S TE bR R 5T 108 PR 307 A% 22
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F6 r1s1979277 G>A ZHEMH MM ERER
Tab. 6 Regulatory motifs altered by the rs1979277 G>A polymorphism

Motif ID Factor affected Motif binding site Binding strand Affinity changes Log-odds
HM10064 CHD1 17:18232084-18232098 - =7.93 -0 7.93
HM10123 EP300 17:18232087-18232100 + -7.54-0 7.54
HMO01056 IRF1 17:18232084-18232096 - -7.18-0 7.18
HMO01057 IRF2 17:18232084-18232096 - =7.01 -0 7.01
HM06048 GABPA 17:18232087-18232096 + -6.94 -0 6.94
HMO03155 MAZ 17 :18232089-18232096 + -6.76 - 0 6.76
HM10643 WRNIP1 17:18232090-18232101 + 0--6.53 6.53
HM10336 MAZ 17:18232084-18232100 + -6.46 - 0 6.46
HMO05285 MAZ 17:18232083-18232104 - -6.38-0 6.38
HMO05396 TAF1 17:18232088-18232103 - 0--6.27 6.27
HMO07219 TAF2 17:18232088-18232097 + 0--6.10 6.10
HMO00111 SPI1 17 :18232084-18232097 - 0--6.08 6. 08
HMO02681 TALIL 17:18232088-18232096 + -6.08 - 0 6. 08
HMO00958 ZEB1 17:18232092-18232100 + 0--6.05 6. 05
HMO02778 CHD2 17:18232090-18232097 - 0--6.04 6. 04
HM10565 SpP2 17:18232082-18232098 - -6.00 - 0 6. 00
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A: Biological process enrichment; B: Molecular function enrichment; C: Cell component enrichment; D: KEGG pathways enrichment.
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Effects of SHMTI rs1979277 genetic polymorphisms on serum
concentrations and adverse reactions of methotrexate in children

with acute lymphoblastic leukemia
Meng Lingjia', Liu Sihan"?, Li Miao'"’, Wang Shumei'
('Department of Pharmacy, *Department of Pediatrics , Beijing Shijitan Hospital ,
Capital Medical University, Beijing 100038 ; *Department of Clinical Pharmacy,
College of Pharmacy, Capital Medical University, Beijing 100069)

Abstract Objective To explore the effects of serine hydroxymethyltransferase 1 (SHMT1) rs1979277 polymor-
phisms on pharmacokinetic characteristics and clinical prognosis of methotrexate (MTX) in children with acute
lymphoblastic leukemia (ALL). Methods Matrix-assisted laser desorption/ionization time of flight mass spectrom-
etry was used for SHMT1 rs1979277 genotyping in children with ALL . Clinical data including serum MTX concen-
trations, incidences of adverse events, and ALL relapse after chemotherapy with MTX were collected. The associa-
tions of SHMTI 1s1979277 G>A genotypes with dose-adjusted serum concentrations (C/D ratios) , adverse events
of MTX, and relapse were analyzed. The associations between rs1979277 genotypes and SHMT1 expression were
explored based on Bioinformatics methods. Results Among the 146 children with ALL included, the rs1979277
GG homozygous genotype accounted for 85. 62% (125/146) , while the GA heterozygous genotype accounted for
14. 38% (21/146). The frequency of the G allele was 92. 81% (271/292) , while the A allele was only 7. 19% (21/
292). Children with the GG homozygous genotype had higher median C/D ratios of MTX in 24 h [12. 06 (umol-
m?)/(L+g) | and higher relapse rates (12.80%) than those in GA heterozygous genotype carriers [ 10. 96 (pumol+
m?)/(L-g), and 9. 52%, respectively ]. However, none of the above differences were statistically significant (all P
>0.05). The incidences of respiratory (19.05%) and liver disorders (33.33%) in children with the GA heterozy-
gous genotype were significantly higher than those in GG homozygous genotype carriers (4. 00% and 12. 00%, re-
spectively, P<0.05). There were no statistically significant differences in the incidences of other adverse events.
Bioinformatics analysis showed that the 1s1979277 A allele was significantly associated with higher SHUT1 expres-
sion in multiple tissues, such as the tibial artery, pancreas, and adrenal gland (P<0. 05). Conclusion SHMTI
rs1979277 GA genotype may be a risk factor for respiratory and liver disorders in ALL children treated with MTX.
Key words acute lymphoblastic leukemia; serine hydroxymethyltransferase 1; genetic variation; methotrexate ;
adverse event; prognosis
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