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Abstract

Project Code: RMU 5180024

Project Title: Identification of single nucleotide polymorphisms (SNPs) of human folylpolyglutamate
synthetase (FPGS) gene and effect of FPGS SNPs on methotrexate efficacy in acute lymphoblastic

leukemia

Investigator : Associate Professor Dr. Budsaba RERKAMNUAYCHOKE

E-mail address : rabrk@mahidol.ac.th

Project Period: 15 May 2008 - 14 May 2010

Folylpolyglutamate synthetase (FPGS), an important enzyme in the folate metabolic
pathway, plays a central role in intracellular accumulation of folate and antifolate in the cell. Loss of
FPGS activity results in decreased cellular levels of antifolates and consequent drug resistance in
leukemia. We performed a mutation analysis of the coding regions of the FPGS gene and
investigated the association between single nucleotide polymorphisms (SNPs) within FPGS in a
case-control sample of Thai children. Seven SNPs were indentified from mutation analysis, 3 of
which, IVS13+55C>T, g.1297T7>G and g.1508C>T were novel SNPs not previously reported.
Association analysis of 6 SNPs covering FPGS showed a significant increase in ALL risk for SNPs
rs7039798 (p= 0.014, OR=2.14), rs1544105 (p=0.010, OR= 2.24) and rs10106 (p=0.026, OR=
1.99) in our samples. In conclusion, our finding suggested that common genetic variants within

FPGS were significantly associated with ALL risk in Thai children.

Keywords: folylpolyglutamate synthetase (FPGS), association study, acute lymphoblastic leukemia,

single nucleotide polymorphism, folate metabolizing gene
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1. PBABDWNIIATIVAANIDIRIAY WY SNP 098l FPGS

1.1 10819

¢28819 DNA Gt]’]f]l}';jl/l']’ltl ALL 97%73% 39 318 uazaulnd 37uan 33 18

1.2 339809

1.2.

1 DNA extraction

snadmatnifaanie lunizgniasihoviaautnddas  QlAamp DNA  Mini  Kit

(QIAGEN) laai¥in@a manufacturer’s protocol

2
o

1.2.2 mu@]aumnﬁ'wﬂ%mm DNA (polymerase chain reaction, PCR)

1.2.

>

An3dldviinsaanuuy primer $1u3u 13 ¢ aounaasluasnsi 1 tovhanldly
MRS DNAIﬁﬂS@Uﬂquﬁu FPGS 1uwua®9TIuAs  intron/exon
boundaries, 5'untranslated (5-UTR) waz 3’-UTR regions laglFfauiuadn989
310 Genbank NC_000009.11

WulSanae DNA dianmmudad§fton 1 wasawiidu 25 W deznaushs
genomic DNA NG 0.5-1 Wg, primer udazrhalanuidute 0.4 pmol of,
dNTPs waazshadlanuuts 200 pmol wazbaw baal AmpliTaq gold polymerase
AMNLLTNTY 1 unit

avragouNanIinySunos DNA lagld 2% agarose gel electrophoresis uagan

@28 ethidium bromide

3 TWADUNITATIIAANTEINN polymorphism 1ae3% Single Strand Conformation

Polymorphism (SSCP)
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A3719AANTB mutation lagld3T SSCP §A9 waw PCR product 1 LUl

Aa

ez SSCP gel loading dye 2 LUl 1l heat Namanndl 95 °C wiu 3 wiftudwgluibuds
N LR239 load adlu 12 % polyacrylamide gel (19 acrylamide: 1 bisacrylamide) run lagls
AnuaeangaaInIzua i 120 V lluanwin 2 89 4 Tlu9 uddan polyacrylamide gel

@78 silver stain solution

1.2.4 DNA sequencing
M3¥1 DNA sequencing lTtnenwas ABI Prism BigDye Terminator Cycle
Sequencing Ready Reaction Kit lasvinauUuaauuad manufacturer's protocol LAZaTBHA

I@Ul“ﬁlﬂ'%ad ABI Prism 3130 Genetic Analyzer (Applied Biosystems, Foster City, USA)
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A1371990 1 LEAIRIALILE ANeNIT8d PCR product LLaz annealing temperature Alrlutuaawns

i1 PCR 284 primer Uaingg

Primer Length (bp) Annealing Temperature (°C)

Ex1-F 5'-CTGATACCTGGTACTCCATGCTC-3' 564 63

Ex1-R 5-GCTGTTTAGAGGTGTCCACCA-3'

Ex2-F 5'-GAGCCTTAACCTACTATCTGG-3' 219 57

Ex2-R 5'-CTACGGGAATCACAAATGGG-3'

Ex3-4-F 5'-CCCATTTGTGATTCCCGT-3' 285 59

Ex3-4-R 5'-ACACAGACACCACATCCC-3'

Ex5-F 5'- GGGAAGGGAGTCCTGATGAC -3' 211 59

Ex5-R §'- GTGCTGGAACACGTAGCAC- 3'

Ex6-F 5'-CTGACATGTCCCTGTGCCA-3' 134 59

Ex6-R 5'-CCTCAGATGCAGGGTTCTAGG-3'

Ex7-8-F 5'-CTCTGGGCACCCTCATATCC-3' 368 57

Ex7-8-R 5'-AAACGTAGACTCCCAGGC-3'

Ex9-F 5'-CCAGAGATAGGAGTGTGGAGGA-3' 189 59

Ex9-R 5'-CAGGAGGGACACAAACCCA-3'

Ex10-11-F 5'-AGAGATGCAAGGGCTGAC-3' 420 58

Ex10-11-R 5'-TGGGCAGGAAGGTCTAACTC-3'

Ex12-F 5-GTTGCCTGAAAGATTCCACCAG-3' 579 65

Ex12-R 5'-TGAAGAGCAAGACTCGAACC-3'

Ex13-F 5'-CCTTTGACCCAGCTCCTCAC-3' 231 62

Ex13-R 5'-GGCACCTTGTCACATCTAATCC-3'

Ex14-F 5-GGAAGTTGGTGACATCCTTTCG-3' 142 61

Ex14-R 5'-TGCCTGTCACCTCTCAACC-3'

Ex15.1F 5-TGTCCCTTACTCCCTCTCCC-3' 467 60

Ex15.1R 5'-CCTTGGCTACTGGGACAGTG-3'

Ex15.2F 5-TGGTGTCCTGAAGCTGCTG-3' 478 63

Ex15.2R 5-GCTTTAATTCACTCCAGCCACC-3'
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2. IRADWNIANHIANNTNNREIENIN9 SNP 2298% FPGS UazaAaLAszasnsiinnztse
LIALABANIBRALRLUNA (case-control association study)
2.1.1 Madd
¢28819 DNA ﬁnﬂ;jﬂw ALL 97%3% 95 318 uazaulnd 37121 98 18

ﬁ]’]ﬂﬂ’?ﬂ%%’]f}&l’ﬁnﬁﬂ’]ﬁ@l% AUUNNLANRAT ISG‘W BNUNATINNDLA

2.1.2 SNP selection

s

SNP fldlumsenmnessfianan 2 unss et

1. 9INMIATIIRaNI0911 SNP lagidan SNP A% minor allele frequency >
0.05 @3 SNP #ldniuneuitie SNP rs10106, SNP g.732C>T uaz SNP
IVS13+55C>T

2. 91N dbSNP database (http://www.ncbi.nim.nih.gov/SNP/) and SNPper

(http://snpper.chip.org/) wazlzllsunsy Haploview (http://www.broad.mit.edu/mpg/

haploview/) lunsun Tag SNP &9 SNP #ildaniunaniisa SNP rs7039798,
rs7033913 Ua rs1544105

2.1.3 Genotyping

Tudiuaaunnsvia genotyping Inaneds aodi
1. The Golden Gate Assay of the VeraCode technology lasold BeadXpress reader
System (llumina, San Diego, CA) #1930 SNP rs7039798, rs7033913, rs1544105

Waz rs10106 laavin@a manufacturer’s protocol

2. TaqMan®aIIeIic discrimination assay (Applied Biosystems, Foster City, USA)
#MIU SNP g.732C>T lag¥in@na manufacturer’s protocol

3. PCR-restriction fragment length polymorphism (PCR-RFLP) lag 1o lasf
restriction endonuclease Acil (New England BiolLabs, Beverly, MA) &1%3U SNP
IVS13+55C>T I@mﬂ'uﬂ%mmmsﬁugmmi@ﬁ% PCR n#saniiusa DNA lag

waulrdaadwiziia Acil Wa2 run electrophoresis laeld 2% agarose gel LAZQANR
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A8N1388% ethidium bromide

2.1.4 Statistical analysis
ANUNVa allele (allele frequency) 3:%374 case WaT control o Chi-square test

(¢ lagl#lsunsy Haploview lumséwios @1 odds ratio (OR) uaz 95%

confidence interval (Cl) fwlasls logistic regression lagld R statistical software
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3. wuma%miﬁnmﬁamwL&Ju‘lﬂ‘lé’fﬁammqﬁ%awﬁ'\ﬁﬂao SNP rs10106
3.1 RNA sample
dag1e RNA ndithe ALL dwiw 65 18 ﬁnnmﬂ%wqmnwma@% AT

WANHFERT IiGW ENLNATINNTUA

3.2 RNA reverse transcription LLaz genotyping 283 SNP rs10106 20981 FPGS

o SuperScript™ Il Reverse Transcriptase Tunsifsu RNA 1w cDNA Tasvinana

manufacturer's protocol &4n15¥1N genotyping 135 DNA sequencing 33¥inasdan 1.2.4

3.3 mRNA expression study

N33R UNTUEAIDaNTEI MRNA 28981 FPGS 493 genotype 189 SNP rs10106
fuandronn lagl43% Tagman Real-Time qRT-PCR 33vhdsatunslunisdnsuas Guy J.
Leclerc kazame (13) laoil GAPDH lu endogenous control LLazﬁhuNaI@ﬂ"ﬁ’Lﬂ%ad ABI
PRISM 7000 Sequence Detection System (Applied Biosystems, Foster City, USA)

3.4 statistic analysis

WSsuifisy dlafauas FPGS/GAPDH mRNA expression 189 SNP rs10106 udias
genotype lag Mann-Whitney Test laglalisunsn SPSS 16.0
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AAINIINAADI

1. PBADWNITATIVNRIATLAILY SNP 2298 FPGS

® AMIATAIN SNP 2838w FPGS mamqu‘ﬁa 15 exon, intron/exon boundaries,
5UTR uaz 3UTR ludrat1e DNA maa;&”ﬂw ALL uazauln® Wy SNP 7 @lnik
(é’mamhgﬂﬁ 1)
® 911 SNP %1 7 énumis wudn § SNP g 3 AN Ju sNP Ainwulndldaed
NeNwINa laun
O SNP IVS13+55C>T
O SNP g.1297T>G U@z

O SNP g.1508C>T

o Gumisuazanufiuas SNP 119 7 Anvlunsnenessil ugesluansed 2
O 1 SNP 5 dunus agflusdunils coding region ldir
exon 10 (g.732C>T waz g.789C>T)
exon 14 (g9.1297T>G)
exon 15 (g.1508C>T a2 g.2006C>T)
O & SNP 2 duniky a%ﬂummaa intron boundaries l@lA
IVS9+19G>A

IVS13+55C>T

® 1ag SNP 2 dunsd Anwulu coding region Anadanmsifsusfinvainiaezilu fe
A A A o Y &
SNP Anulu exon 14 (9.1297T>G) T9luavinl Phenylalanine LIu Valine
Az

SNP fiwulu exon 15 (g.1508C>T) n3aasdluasuain Alanine 1w Valine

L%

® uazuananBaell SNP 8n 2 dunriils exon 10 (9.732C>T uaz g.789C>T) 1iu

synonymous SNP @a livinlwnsaaziluilfounias

20



IVS13+455C>T

IVS9+19G>A g.1508C>T
1 234 567 8 91 10 11 12 13 14 15
5 B—Hi—Hi i f "
0.1297T7>G
9.732C>T g.2006T>C
g.789C>T

[
[

311 1 LEAIlATIRII9UBY human FPGS gene LAz FUANNL SNP 3nnsAns1Id8aiad

AN 2 LRAIFILAUILAZANNAYY SNP Awulunis@nuienn SNP aasin FPGS 91nnns

Ansisunsan
Nucleotide Nucleotide Amino acid Frequency of variant allele

Name of SNP  Location

position change change/Function Case Control
IVS9+19G>A IVS 9 19 G>A - 0.031 0.000
g.732C>T Exon 10 732 C>T Gly (synonymous SNP) 0.077 0.060
g.789C>T Exon 10 789 C>T Asn (synonymous SNP) 0.013 0.000
IVS13+55C>T IVS 13 55 C>T - 0.051 0.015
g.1297T>G Exon 14 1297 T>G Phe>Val 0.000 0.015
g.1508C>T Exon 15 1508 C>T Ala>Val 0.013 0.000
g.2006T>C Exon 15 2006 T>C 3JUTR 0.661 0.543
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09: L g o 1 y = “
2, ‘].I%Gla%ﬂ15ﬁﬂﬂﬁﬂ31NﬁNW%§i$ﬁ?ﬂﬂ SNP 2098% FPGS LazraMNLELIBaIn1SNaNELSs

[ a o T
WALRBAVIITRALRLUNAT (case-control association study)

SNP 6 éu¥id was8u FPGS Qﬂﬁ’]&lﬂ“ﬂ%ﬂ’]iﬁmﬂ’] association study NUANLFEIGENTT
LAANZISILNALR AN TRARLUNAY Lag SNP 3 ¢Lnid aNaNTwaann1I93239%) SNP 483 FPGS
gene UWaz SNP 80 3 ¢urid ¥131NN1IW1 tag SNP 289119 whole gene Iﬂﬂ*’ﬁﬁaga 21N HapMap

(www.hapmap.org) wazlsllsunsy Haploview (http://www.broad.mit.edu/mpg/haploview/) luns

\Ran tag SNP

namIanEIWUd Wawsauiieudn allele frequency 329319 case waz control Wyt laidl
ANALANAIVDY allele frequency J:WIN case WAL control Uad SNP ¥ 6 @Rt eouaadlu
7197 3 wdlloAnmanuduiutuas SNP 119 6 s uazanuEssdensiiauzsuiaden
Roarfia ALL WUE SNP 3 éunts Sanudunusiuanuiasdansiia ALL fis AG genotype
wad SNP rs7039798 (p= 0.014, OR=2.14, 95%Cl 1.16-3.94), AG genotype Las G allele W8y SNP
rs1544105 (p=0.010, OR= 2.24, 95%C = 1.22-4.12 &z p= 0.038, OR = 1.83, 95%CIl= 1.03-3.24,
NNBIAL) ez AG genotype a3 SNP rs10106 (p=0.026, OR= 1.99, 95%Cl = 1.08-3.64) AJLEN

luanen 4

A13199 3 LRAI Minor allele frequency 483 FPGS polymorphism WAINNIIYN genotyping

Minor Allele Frequency

SNP Name Minor allele P value
Case Control

rs7039798 G 0.305 0.260 0.3255
rs7033913 G 0.063 0.082 0.4842
rs1544105 G 0.311 0.260 0.2735
g.732C>T A 0.053 0.020 0.0905
IVS 13+55C>T T 0.011 0.020 0.4327
rs10106 A 0.311 0.281 0.5195
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M13199 4 LFAINA SNP effect U89 FPGS polymorphism 68 AUl §e1a9n13LAe ALL

SNP Genotype Control (N) Case (N) OR 95 %ClI P Value
rs7039798 AA 58 43 Ref - -
GG 11 6 0.74 0.25-2.15 0.574
AG 29 46 214 1.16-3.94 0.014
GG/AG V.S. AA 40 52 1.75 0.99-3.10 0.054
rs7033913 AA 83 83 Ref - -
GG 1 0 0.00 0.00 0.987
AG 14 12 0.86 0.37-1.96 0.715
GG/AG V.S. AA 15 12 0.80 0.35-1.81 0.593
rs1544105 AA 58 42 Ref - -
GG 11 6 0.75 0.26-2.20 0.604
AG 29 47 2.24 1.22-4.12 0.010
GG/AG V.S. AA 40 53 1.83 1.03-3.24 0.038
g.732C>T GG 94 85 Ref - -
AA 0 0 ND ND ND
AG 4 10 ND ND ND
AA/AG V.S. GG 4 10 2.76 0.84-9.14 0.096
IVS 13+55C>T cC 94 93 Ref - -
TT 0 0 ND ND ND
CT 4 2 ND ND ND
TT/CT V.S. CC 4 2 0.51 0.09-2.83 0.437
rs10106 GG 55 42 Ref - -
AA 12 6 0.65 0.23-1.89 0.433
AG 31 47 1.99 1.08-3.64 0.026
AA/AG V.S. GG 43 53 1.61 0.91-2.85 0.099

ND = not determined
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Qq: G 1
3. ﬂ%@lﬂ%ﬂ’liﬁﬂi&l’]ﬂ?'\&lLﬂ%lﬂlﬁ‘lla\‘lﬂ’lLﬁﬁlﬂ%a‘lﬁﬁ’lﬁﬂa\‘] SNP rs10106

A a \ o | A & o , a4 v o
L148497n SNP rs10106 w248 FPGS a%llu@l']ljl,ﬂu\j JUTR D9t AL A UINLINLIVRINLANT

£ ]
£ e =) a

L§AI88N (expression) VBIEU AIUUET §39R0NNILANIINTUEAIEAN MRNA Uaddu FPGS 284

SNP L6z genotype F99NNIIANHINLIT FLaSe89 FPGS/GAPDH mRNA expression 184 CT
genotype L¥iNAU 7.89112.02, CC genotype L¥inNLU 5.9815.48 uaz TT genotype L¥innu
11.07112.55 Gswuinen FPGSIGAPDH mRNA expression 283leaz genotype e luuandranu

(p> 0.05) Fsuaasluzud 2

P =0.752
12 P=0662
A

= 10 +
o
®
$ P=0719
a 8
>
@
<
2 .
E (-]
=
(=1
by
It 4
w
o
o
Ll 2

0

CT cc T

Genotype

3U7 2 WRAITTAUMIUEAIBBNUEY FPGS expression lag normalized @38 GAPDH /Souifizuninu

Wsiaz genotype U3 SNP rs10106 2848k FPGS
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Folylpolyglutamate synthetase el rﬁﬁmmé’]ﬁmﬂum:mumi folate metabolism
o v A a . o ] . A o o | A
v niAungnaaue  (glutamate)  ludlWiaauazenlungu  anti-folate  Favilwansinaniid

A . X4 . e T 2 . _
UsednTawlumarinaudau Sediaadil FPGS acitivity dnazvihliiaaduudadamlungy anti-
folate ‘¢ (14)

ANNMIANHIA polymorphism 28381 FPGS ludseminsinuassfiny SNP lnaif liasd
MINBNBINAEK Aa SNP IVS13+55C>T, g.1297T>G uaz g.1508c>T weatnd lsnay Anuanud
g anLin SNP IVS13+55C>T  LazannMsaAnAMUFNNBEIZ# I polymorphism 2848w FPGS

A A & & A A A o | A =2 o ' Aa
wazaNIlFsaImMIiaussudalfioaanahadounas w1 J SNP G99 3 dunis 93
L - Q { { J
ANUFNRUSIUANUEBINFIIUBIM TN ALL @8 SNP rs7039798 (p=0.014, OR=2.14),
rs1544105 (p=0.010, OR=2.24) .8z rs10106 (p=0.026, OR=1.99)

900 SNP 113 3 dnunianiianuduiuiiuanuiessasnsiia ALL wudn SNP rs10106 agj
lugiw 3UTR 2848 FPGS Taiduduniann13duwes miRNA S913lu non-coding RNA ¥inniinf
AuguMILEaIaanvadtin uazdunsdasiunmaifiausiadig (15) udanmsdnmaiaiwudn s

' \ [ ' ]
usasaanvaidn FPGS luuandnsnuluusdas genotype 289 SNP rs10106 Tia13aziiatngunain
= g; v 1 v v 1 1 Qa 6 A
niusasaanvaiiin FPGS wugnaugudiainaias 2 naln ldud 1) szazmiudsdzassadnia
1 Qs 6 &/ g d? dl' 1 a
MIUAAIVBILTAN Wae 2) Iwnuihatboudazsia (16)

%

c:lv = dl dl v . = o o o 6 a
BANIINULINIILINBDULNYINY  polymorphism 12381 FPGS AUANUFUNBIVAINITLNG

a

VLSIIY 13U MIANEINAMLTad Lim (11) uae Ameaad Lee (12) Wuil SNP rs10106 3
e o ga a A4 da X a . . &
ANMURNANBINUNITUAMVULRYINLNNTI WL DINITLNG non-Hodgkin lymphoma 11 Caucasian wananii
Galn1sdnslugilae rheumatoid arthritis ludwifnaawnila wudn SNP rs1544105 AA uaz AG
a v o o AN A o o . & <A
genotype AANUFNABTALNIABLAWEIN LIAREN1TINENG887 methotrexate (17) Beng lsAMUAK
NONUN INLANMVFUWRTILING polymorphism 28381 FPGSIuuLSI (18) daeLgun

INMIANBIATIN Vm;ﬁ%’ﬂ"l,ﬁﬁmmﬁammé’mﬁuf‘i:wjn polymorphism 2848% FPGS
& [ o A

LAzAMNLFLIAaNTAANISITAIRAAT 889 IR ANMIANBATIRIINTaINAEEI 1IN

s 1 A =3 v Ql o a ] v J <3 o v ¥ J ¥ 1 o
G089 TINVUIALAN mmummumamﬂ%mﬂmum}zmi%Nams‘n@aaagﬂmaamnmum gEDUNH
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= & & v & . A A v o go
TilqﬂNaﬂ’]iﬂﬂﬂqluﬂiﬂuua@ﬂlﬂLViu’J'] polymorphism 2838% FPGS {aMURVINUINUAINY
A a & & A A A Y A =« ) Aa
LﬁﬂﬂluﬂqiLﬂ@NZLiﬂL;J@Lﬂa@]“ﬂ’]')?ju@Lﬂﬂuwauluﬂiz"ﬁqﬂivlﬁU FILT WINLIURUULINNINITINLINY
fi9 polymorphism 2898% FPGS nuanudssvasmsiia ALL msewnuluassfienazioluns
ﬁ@“u’]ﬂ']i@]s’)ﬁ]ﬂ’]ﬂ?ql]Laﬂﬂ@iﬂﬂ’]‘ﬂﬁ@] ALL Ta@LL@iaZl‘!ﬂﬂavL@T ﬁ%ﬂa’]wqiﬂa%‘ﬂqﬂﬂavlﬂﬂ']'il,ﬁ@]wzl,%’ﬂ

~ A Q U
watRaaunluwzaulszmnyle
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Abstract

Folylpolyglutamate synthetase (FPGS), an important enzyme in the folate metabolic
pathway, plays a central role in intracellular accumulation of folate and antifolate in the cell. Loss of
FPGS activity results in decreased cellular levels of antifolates and consequent drug resistance in
leukemia. We performed a mutation analysis of the coding regions of the FPGS gene and
investigated the association between single nucleotide polymorphisms (SNPs) within FPGS in a
case-control sample of Thai children. Seven SNPs were indentified from mutation analysis, 3 of
which, IVS13+55C>T, g.1297T>G and g.1508C>T were novel SNPs not previously reported.
Association analysis of 6 SNPs covering FPGS showed a significant increase in ALL risk for SNPs
rs7039798 (p= 0.014, OR=2.14), rs1544105 (p=0.010, OR= 2.24) and rs10106 (p=0.026, OR=
1.99) in our samples. In conclusion, our finding suggested that common genetic variants within

FPGS were significantly associated with ALL risk in Thai children.
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