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WE BE it SR B A M5 (ALL) L3 22 2 R 52 WIS IS 1 (SHMTrs1979277
A R Z AT RS (MTX) 25030 ) A IEANIR R TS OS2I D7k I F 2
B A/ P S R AT IR T SR 1 45 56 B 151979277 FE DRI RGN, 1 PR B RHIS AR (45 MTX IftL
ZIRE . MTX I A RFA ALL SRIEDL, 8T SHMTI 1s1979277 G>A JEF B 5| &
RIER MTX WREELUE (C/D HfE) A RFAAME RN, T AME BT IRER
rs1979277 £ 5 SHMT] FikHIR R GR EPINK 146 9] ALL B )LEAE S, 151979277
GG 4i& 7 5L 85.62% (125/146), GA &G L 14.38% (21/146); G ZEALEEA & Ehik
92.81% (271/292), i A ZA7FERM Y 7.19% (21/292). GG #i& AL 24 h F 47 C/D
FEAE[12.06 (umol - m*)/(L-g)]i= T GA #2& A4 JL[10.96 (umol-m?)/(L-g)], HAK#H (12.80%)
T GA REMEIL (9.52%), HUL EERHTSIFE L (3B P>0.05). GA RE8L
HAHIPIR RGN (19.05%) FIFFIhEERIE (33.33%) MIRARRERT GG 4ifH)LE
(3714 4.00%AH1 12.00%, P<0.05), HARARFMHHRERERBTG R EVE
B RER, 151979277 () A S LR B4R sh k. AR, B FIREGEZ A gih
) SHMTI Fik (P<0.05). 85 SHMTI 151979277 GA 3R A AT AE & ALL LR ZEFIR R
GEAS [ AT Th e 4 5 1 fa b R 3
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Abstract Objective To explore the effects of serine hydroxymethyltransferase 1 (SHMTI)
rs1979277 polymorphisms 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 spectrometry was used for SHMTI
rs1979277 genotyping. Clinical data including serum MTX concentrations, incidences of adverse
events, and ALL relapse after chemotherapy with MTX were collected. The associations of SHMT!
rs1979277 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 SHMTI
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 (umol-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
heterozygous genotype were significantly higher than those in GG homozygous genotype carriers
(4.00% and 12.00%, respectively, P<0.05). There were no statistically significant differences in the
incidences of other adverse events. Bioinformatics analysis showed that the rs1979277 A allele was
significantly associated with higher SHMT1 expression 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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MM E YA A% (acute lymphoblastic leukemia, ALL) & ) L2 A B 5 I 0 % 14 ik
o, PEE R R LR A AR KSR (RS (high-dose methotrexate, HD-MTX) {437
7& Bl ALL VR97 %O F B, B3 e B LI AE AR R ARG A e D), KT, Il PR S 1 HD-
MTX Fr8EE [ N AFAE 2 2 B MAZE 5, PP E IR T ORI E AR R, B 251t
FJ BB X P22 e IR — AN B R R B

YA MR IREASEE 1 (serine hydroxymethyltransferase 1, SHMTI) & M- B4 8 i
OB, i 22 A DU SR S S A i R A 5,10-30 U DU MR, Oy — Bk B AR
WA DNA & s 75 FORHA i Fe IR W, SHMTT J (K] 22 25 1 ATl §Ema - BR AR MK,
FHHZ IS (methotrexate, MTXD MBI L Z5EE, FEULITIT RORIAS R SR
ME2ZER . (B HET SHMTI 2K 2 505 MTX 253K B KAk sy 8 P8 i SCme s A B, H.
WA RAFAEA — Bt B, AR s A ALL &)L SHMTI 3K 2 35 1AL A
PRV HR MTX ML LA AR TR, B AE ) MTX MR TT Rl R TS A
FEALHT I bR SV AR AR .
1 MRS
1.1 RHIER

AT — T I i AR R AR K 2 bt & Ab T th 20 3R R e Bt i A0 382 D3 2 A ) [m] oot
PERFTT, AR TN sjtkyll-1x-2020 (59). HfFFTLL 2009 4F 8 H & 2022 4F 7 A, £ E#
PR R 2= B @ AL s e R B B ) LRHE 2 MTX J7 ) ALL JLENBFFIN R @I B Bef i
T RS, WETREEILFRBETER, BREFER. . MTX 4278, 24K
2 ARFM IG5

BT AFRE R E A : © 7E 2009 4F 8 H %2 2022 4F 7 H I 1B N T 4Bt LR 2
@ & EBR ALL 2WibsiES); @) SR Al 18 A%, AN @ J/I7  REH MTX
thy7, HEMESZh)E 24 h F1 420 1 MTX 253K . AR HBRbRdE R 2 A : © MTX
ITFIEAL 1 gm?; @ SHMTI 151979277 G>A RR TR @ R EAEE,

1.2 A

1.2.1 fbIr i $
HTHRARIESY. AR AR R MG 5 oy T AV FRAE, 456 H)L

RRAERS . DRI 0 T B AT e B A, 4 IS T MTX 3~5 g/mPi i 7 & (7



fEd) . 2~3 gmeEHAE Chfad)) <2 gmRRBEARE drEdD. B 16 Mz
(Rt 0.5 g) 7€ 30 min A PRIEIE, RENTER: FRE 23.5 h A LA SIRRE 0 FE1EAT

FIKIRN o
1.2.2 Z:[F 4 DNA $#RE

IR A, BT FIREAC MTX AT 5 BEAT W RE 5 ol AR I M, A P R E R 4
DNA. SRAEAMr G EEVR DN 5E DNA WREEAISERE, FHB R Bl FL B A I DNA 5281,
HEAT XU FE AR 4
1.2.3 SHMTI rs1979277 G>A FF RS

ARE 5T N F R 5 R B % R IR/ B K AT B ) T B% ( matrix-assisted laser
desorption/ionization-time of flight mass spectrometry, MALDI-TOF-MS) V-4 5 SNP 4374
B v, g A8l % 4 i A ACGTTGGATGGGAGGAGGTTGAGAGCTTC
ACGTTGGATGAGAGTGGGCCCGCTCCTTTA #l gggaCAGGCAGAGGGAAGA, HASZI
7 A BE AR AR 7R
1.2.4 MTX IZ53R FEFRFRTHE

AW FE R A DGR G2 2 MTX 259K, Sk MTX i 249K FE 45 77 8 2 IRl L
fE (concentration-to-dose ratios, C/D FAHD, H% SHMTI rs1979277 G>A FF AL MTX Il
ZHRFEI RN . C/D EHE R A RN 452455 24 h F142 h € ) MTX I 2534 B (umol/L)
IMTX 4525578 (g/m?).
1.2.5 MTX R R B4 &

AHEFAHTH MTX A R FHAEHE MTX E7 SRR R IR R 5. SRS
W RS, BpIE RS AR OAT. FERE. BRI EE S A R F AR, R AT
FI A R FAEAREVE E bRt 5.0 BREHEAT 52
1.2.6 W& ALL JLEE RIEN

AWFFCE SOGET ALL JLEREVT A I E RGN . HRIE SURATEAS. 41
He 2B FAEMD ARG AT, CEAT AT I H 0 1 R R
1.2.7 £YME B E 04T

A 7% K Fl RegulomeDB v2.2 Chttps://www.regulomedb.org/regulome-search/ ) P! il

(&

VannoPortal Chttp://www.mulinlab.org/vportal ) U5 45 22 X} rs1979277 #EAT T ThREHFFE . [FIRT,

H UCSC Xena V& N4 I ALL & (132 ) FfEFEE R (337 41D 1) RNA 7204,
FANRISEHAT T Loge (x+0.001)38 e, LLorAr SHMTI JERITE ALL 5 1E % % e i () 304 22
St. MAh, FET TARGET #4l FEIm R TS 845, #R9T SHMTI FERERIL 5 ALL & oA



3 (disease free survial, DFS) [F5GHE. ) STRING v12.0 ¥ fE (EAEFEBIME=0.7) 2
B SHMTI1 FE M HAE ML, 4563 A4E (gene ontology, GO) INREJE K & S m{ #i %
N5 ERH G RH44 (Kyoto encyclopedia of genes and genomes, KEGG) B & HE50#r,
AT 7 FHLRHR R o
1.2.8 ZiitEAbE

AW F KA T Graphpad Prism 9.0 BRAF R #AF 4.2.1 BABEAT Geit 2347 Pl Geit 4y
B2 T XURK S, RIKIE o BEN 0.05. X T AL IEAS I E BEEHE, IE.
MTX FIE M 25 ESE, CAPAL S (DU ALRIEED [M (Pas, Prs)| AT Rom . WFFiHE0ssl,
WP n (%) IR EI. RH 2 K56 EE Fisher's K BRI /0T SHMTI 1s1979277 G>A H:H
A3 M R 57 £ Hardy-Weinberg “F4, LU GG 55 GA JED R IR MTX A B S b 42 2 2 il
ALL ERFMZE R [, 55K H 2 78RR J6 Logistic [7] U543 B 645 1 K 14 46 [
ZXF MTX C/D EUAEF ALL BR300 . K H Kaplan-Meier 1521l ALL & JLAEAFZR, @
i Log-rank K36 LLH SHMTI 15y« ARFRIAH Z M AEAE 2 57
2 R
2.1 BN R —RER

WL 1 Frn, ARUFFRILOIN ALL 8L 146 5] (553 89 5l Zcia 57 #D), Axfa. HfaE.
BfE ) LE AN 92, 32+ 22 6, BEiZ4EE A 6 (4.00, 10.25) ¥, MTX [IFE N 2.50 (2.00,
2.50) g/m?,

2.2 SHMTI rs1979277 G>A ZFMHALE ALL BI)LF RS HER

7 146 5 ALL &)L, 1s1979277 GG 2051 (5L 85.62% (125/146), GA &G HEL
14.38% (21/146), KR AA FERAY, G SO [ HIk 92.81% (271/292), A ZEALEPRX
5 7.19% (21/292), 4 Hardy-Weinberg “Ffif (P>0.05), $ERHFFLNBFEZAL Ak T8 4%
PHORAS, B e BAREME . SHMTI 1s1979277 GG 5 GA F [KI 40 8] () L 2R 451 0
EER (R,

R 1 ALL 8)LELIFE [n (%), M (P2, Prs)]

Tab.1 Baseline characteristics of ALL children [n (%), M (P25, P75)]



Characteristics Total GG GA Z/x*value P value
Number 146 (100.00) 125 (85.62) 21 (14.38)
Age (y) 6.00 (4.00, 10.25) 6.00 (4.00, 10.00) 7.00 (4.00, 11.00) -0.27 0.78
Gender

Male 89 (60.96) 76 (60.80) 13 (61.90)

Female 57 (39.04) 49 (39.20) 8 (38.10) 0.01 0.55
Ethnic Group
Han 141 (96.58) 121 (96.80) 20 (95.24)
Minorities 5(3.42) 4 (3.20) 1 (4.76) - 0.72
Risk
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) 0.15 0.93
Immunotype
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) 0.60 0.90
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 6 (4.11) 5(4.00) 1(4.76) - 1.00
Rescue

2.3 C/D HAE

FRAERS . PER . RO fERRE . JaBE AL, SHMTI 151979277 R R AL, &3 HZ9 N MTX
C/D WA FAT R, 2 T2 RN /34T SR, A I IR ZEK AR HEHE N 58 7 i R % A RS
24 h C/D LA MR 22 (P<0.05), fIN5E 7 B85 fF KO0 42 h C/D HUAE 54 2 2 (35 P<0.05)
GG FEFALHE M HAL 24 h C/D HAE[12.06 (umol-m?)/(L-g)] T GA JEF M L #[10.96
(umol-m?)/(L-g)], PiFFEAAY )L KL 42h C/D HLAEAHF[0.08 (umol-m?)/(L-g)], *F MTX



C/D tWETLEFEZEmM (& 2).
F 2 ZAKEFIBSVFIERIER MTX LB E W E R

Tab. 2 Multiple linear regression analysis of factors affecting dose-adjusted serum

MTX concentrations

C/D in 24h C/D in 42h
Variables
i SE 95% ClI P value s SE 95% ClI 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--221 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

8.54 2.36 3.88-13.20 <0.01 1.91 0.13 1.65-2.18 <0.01

réscuc

2.4 GG ZER B GA R B LA REMHRER
W% 3 iR, GA FEFIBLE LA P R G0 s SR DR 35 i R A R B & T GG 2
HEIL (B P<0.05). GA ERBEILP A S A RN BEMLD)RER S . BiE RN, B
AL OIRER R AR AR ET GG B HALE)L, GA HEALE LIRS R R E
FLT GG ERFBEIL, HU EA R KRN KAERZERE LG %R L (3 P>0.05).
R 3 SHMTI rs1979277 G>A EFRZHHEXT ALL &)L MTX A R E4HIR

Tab.3 The effects of SHMTI rs1979277 G>A polymorphism on adverse events of MTX in

ALL children
Adverse event GG (n=125) GA (n=21) ¥ value P value
Hematological disorders 37 (29.60) 7 (33.33) 0.12 0.73
Coagulation disorders 2 (1.60) 2 (9.52) - 0.10

Respiratory disorders 5 (4.00) 4 (19.05) - 0.03




Digestive disorders 25 (20.00) 5(23.80) 0.16 0.69

Electrolyte disorders 15 (12.00) 3 (14.29) - 0.73

Cardiac disorders 5 (4.00) 2 (9.52) - 0.27

Hepatic disorders 15 (12.00) 7 (33.33) 6.39 0.01

Skin rash and mucositis 6 (4.80) 1 (4.76) - 1.00
25 BRE

ERAIEEY 17 (11, 260 A BN, Hids3) 18 4] ALL 8BRS/, Hrh GG 4i
HR L 88.9% (16/18), GA Z &L 11.1% (2/18), H4ER. M. Rk, BRE. %
$ . SHMTI 11979277 ZERAL . &I AN ALL B K [FIJH7RE 9, £ JC Logistic [7115
St SR BN ALL 2R K8 6 B2 520 (P>0.05).

# 4 £Ju Logistic B H43#7 ALL £ R RAKIE &

Tab. 4 Multiple Logistic regression analysis of ALL relapse risk factors

Variable p SE OR 95% ClI P value
Intercept - 235 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 1.66 1.02 5.25 0.59-38.88 0.10
High risk - 043 0.834 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
GA genotype - 0.49 0.82 0.62 0.09-2.56 0.55
Furosemide 0.15 0.55 1.16 0.38-3.40 0.78
Intensive leucovorin rescue 0.31 1.22 1.36 0.06-11.44 0.80

2.6 EMEBFEIMER

2.6.1 rs1979277 DIReIHRE

RegulomeDB v2.2 $#E FE 3 Hr 45 SoR, 151979277 (THAEIES AN 1f, $781% SNP A7 /5
HNRIBBEMIRSL A (expression quantitative trait locus, eQTL). 4% [ F45 447 A8 DNA
Mg 1R S, IS ThRER 5% . VannoPortal 04 2 0 i1 45 B IR, 151979277 WD REIERE
N RA, GAN A FEEE 474 SRAERHTARLNNER, ©EWMRaNk. B

B _EIREEZ R LA B SHMTI 31k, 45 58 W3 5.38 6 &7~1% SNP 4 A7 F CHD1.EP300.



IRF1. IRF2. GABPA. MAZ. WRNIP1. TAF1. TAF2. SPI1. TAL1. ZEB1. CHD2. SP2.
SP1. ZBTB7A S5¥e il TIPS S A, S maE S R T &R, X

Al AESE 151979277 G>A LA SHMTI HRF AL
£5 rs1979277 G>A 2315 SHMTI HRFER BEMEE

Tab. 5 The significant associations of the rs1979277 G>A polymorphism with SHMTI

expression in tissues

Tissue Effective allele S SE  Pvalue
Tibial artery A 0.61 0.03 1.08E-58
Pancreas 0.51 0.06 7.15E-18
Adrenal gland 0.50 0.06 2.95E-13

Esophagus muscularis 0.46 0.03 4.10E-35

Aorta artery 0.40 0.04 8.80E-21

Left ventricle 040 0.05 1.14E-14

Prostate 0.39 0.07 5.81E-08

Esophagus gastroesophageal junction 0.38 0.04 1.89E-19

Ovary 0.36 0.08 8.32E-06

Tibial nerve 0.36 0.03 1.07E-29

Skeletal muscle 0.35 0.03 2.79E-24

Sigmoid colon 0.35 0.05 7.73E-12

Pituitary 0.34 0.05 3.26E-09

Atrial appendage 0.33 0.04 6.63E-14

Whole blood 0.31 0.04 1.24E-15

Caudate basal ganglia 0.30 0.07 1.91E-05

Thyroid 0.30 0.03 4.49E-22

Stomach 0.27 0.04 8.57E-11

Transverse colon 024 0.03 1.19E-15

Coronary artery 0.24 0.04 3.50E-09

Terminal ileum 0.21 0.04 8.46E-08

b I e e e R

Lung 021 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  0.0003

[ is the regression coefficient based on the effect allele, and > 0 indicates that the effect allele

upregulates gene expression.

£ 6 151979277 G>A ZHMEEMPEFEFR

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
HM02681 TAL1 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 SP2 17:18232082-18232098 - -6.00-0 6.00
HM02819 SP1 17:18232090-18232097 - -7.10 - -10.77 3.67
HM02801 ZBTB7A 17:18232089-18232096 - -6.02 — -8.96 293

2.6.2 SHMTI ZFTE ALL F £ R RIEM TSN E 5 b
W 1 Fis, ALL 40 (n=132) SHMTI R ALECHN 3.25 (1.54, 534), BE & TIE

W [#=337, 0.81 (-0.11, 1.70), Z=-11.77, P<0.01]. V& &/Nr@HFEAREKT 25%, B



KEERBYHNT 75%, i R AR maxsta (575 H SHMTI RSB ERIHE N 3.62, ¥
BE DR SHMTI &35k 4 (n=75, 56.8%) FULFILA (n=57, 43.2%). it Kaplan-Meier
AT R I, SHMTI 35 B35 1AL DFS  4.82 4, BE M TARRIAAN 2.77 4,
Log-rank fuds BoR 4L A AEAF 2% 7 8% (P=0.03). SR WE 2.

B 1 SHMTI £ ALL F B Z & RiE

Fig. 1 The significantly high expression of SHMTI in ALL

B 2 SHMT1 ZEEFREN ALL B35 DFS KM



Fig.2 The effects of SHMTI1 expression on DFS of ALL patients

2.6.3 SHMTI 3833 & H HAEM 2% 1% —BRACH

HEABAEME T4 R R, SHMT1 £ %5 DHFR. MTHFR. MTHFD1. MTHFD2.
MTHFD2L. GART. ATIC. GLDC. TYMS. PSPH %5%& (A Wh[AIKIEEM . SRIILE 3. X}
LA EAyFHET GO DhRE & i, S8R TR, AEWd % H & SEIAT 5 Z0EER 5 7k 7 ke
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Fig. 3 Protein—protein interaction network of SHMT1
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Fig. 4 GO function and KEGG pathway enrichment analyses
A: Biological process enrichment; B: Molecular function enrichment; C: Cell component

enrichment; D: KEGG pathways enrichment.
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