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Vb FUERETERELTICBIT 5 —RELRSR L
B FFBICE T 5 A58

SRKFEEMELRNRHEME (EE  MRE—BID)
® #® ¥ H

WA BIHEELH], AV b L ¥t— b (methotrexate, MTX) DEMNERTH S V& FOERETER (dihydrofolate
reductase, DHFR) J#{EF 0 —Haf B4 (single-nucleotide polymorphism, SNP) % [l L 7z. &% i/ Rl e 57 8 3761,
TR IR 83 B TR L 245 5, DHFRM{ET-3'UTRIZ 721TtoA & 829CteT D 22D SNPATFE &7z, 829 C/C, 829 C/T,
829 T/T#%, HETI3% 4 83.8%, 10.8%, 54%T, MIBTIL% 4 747%, 19.3%, 6.0%T, BELHECTHEICHERZIEOE
Dot KiZ, 829CtoT Iz DWW TER % v DHFR®O mRNARHES U 7V ¥ 4 APCRIZTER L. 829 T/TT829
C/CH L1829 C/TIo Ik L CH %12 DHFRO RNART RN L TWo7e. & 512, 820CtoTIZ & 2 MIXNDORIEHENERE
WA L7, 829 C/C & 820 T/T ORItk L, #OMISHOD MTXIZx ¥ 2 EABE M FFE L 2 FrFREIRETES
ot F PN R R L LT, MTX 2455 LSIc I L 2SRl O BEE S L 7205, $EOLH
w@m%fmwwtmwmwmﬁ&um%m%b&#at.$m%vunmmﬁﬁ%m&mnmw#%ﬂ%&ﬁu%m%%
P o bk BRIV EE T & o 727%, SUTRADHFRBETRRARE MG LTV A TEEMAURE S L7,

Key words single-nucleotide polymorphism,dihydrofolate reductase gene, untranslated region,

gene expression, methotrexate response

Esr LR THbTwa [ b/ a7z ]IS
I N AOBERFIRESRL) ELTwEY. =
nicXhe MEEOBEEBEFROMBEIEL LEDLS Y,
WEHATERENS IZoKIE TRAPY—2 2V A] ELTE
B OEEFED SHTE A, SRFERIC L YESHERE
TFOBHAAES LI ST TR, SHERETRRACEEE
BXZLAER, HAZ REZORECKHSETEIPLTS
59 whws [FE] ORBRELRENTHB.

—JE M RET (single-nucleotide polymorphism, SNP) Xt
b #{ETF DNAKF| 0 SN —2TdH ), 10045 1,000bp =
1oL EHEEC BT 2 REFY— 2 —Thd. BHI-FHE
% (coding regions, CDR) MICTFFET A SNPIX7 3/ AT %
I KR FOERICEMNRERY b 0T, —F, FEE
W OSNP b REFRERF LS, EHICENEELD
b ETILEFMEELI AL, TOSNPY (B 2
EDTHEELLNTVA,

EEOBROS THERICY L TER 25 LHE, BRE
LTHOBZEOEEMIIE, EHERTLOPLEHRERE
BubobkEREnrEds. ERERIEMRELL L¥—7,
B 23| SRS TE A D, ALESRTHRIERANE
EENBEIL - TRRS. SHIREARHEEREORET
%ﬂﬁﬁ@&%ian,%nﬁ%ﬁ@ﬁ%,Xﬁwu@Aﬁé

TR 134E 1 A 29 B4, FH134 3 ANERE

oLk, fEoT, SNPEHAETLZZLIZLDRRIIL
Phedun (L 2o& ko), BEAD [FE] 26bE
FmE ) DV EN OBER, RSROEE (F—F— x4
FES) LR S5,

AV FL¥+— | (methotrexate, MTX) (&/NEILHIESRE
DEEIIBWTEERTENO—2THE. 7, EVIY
AR LEGREZOERO ST ) VY RO A OKEBES
7IJEIBRIATE), ERTEMHREOBTRRER KR
+3 Vb FOEBETEE (dihydrofolate reductase, DHFR) (2
mEICES LI NEBEET 9. FOMFEDNARISE O
8, DNAGHOBEE T ZETRERDRIALNS.
KB ICHIBERT VY I ML MTX i, o) » i
5T ABECNLCLEEEAI DL I EFHALNIENT
W, BMERE LTI, BEOIC L 2 R0RRS, RS,
LB L LABEEER EFH ), BRI
KRS ERENTRE L LREST TS,

MTX 35 B ERE IO W TIRERAZFRSZEN T
7. [EEHiakE - -BFE Tl DHFREET O R AR HRE
SATHEHY, EEROFEEHFDHFREHBFOMEEROTT
ERMTX T2 EMEETE L7256 Lz, $2ESHRO
DHFRBEFOREEN, BHREMEETHEMNLTVWA I LI H
ﬂl:l:é h’C\H% 12)13)‘

Abbreviations © MTX, methotrexate; DHFR, dihydrofolate reductase; SNP, single-nucleotide polymorphism; CDR,
coding resions: UTR. untranslated region; LCL, lymphoblastoid cell line
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Z3 L7:Z & i DHFRE{EFIC BT 5 SNP#*, MIX [sacn
LEAORD EHtt. BIEHORR) CEEERIZLIAS
YERTIIEZ EES. 7= CEBZE it DHFREET OEE
BRI LSNPRREELE. BHAESNPO—2II2WVT,
RETEEEOERLEHo7. £85I, RBEARKELLT
ErakrBT LMTX o 2 BHIREH Y, EAAREE L
THRMEEEEEIH L TMIX 25 L RICHBLL 25
EEEROEEEYFETHI LT, ZOSNPOEETRE
L7

HEELUHE

I. #¥%

1987 545 1997 £ OMIZ, SRAFEZMDRHIZTHE
FEIFL SNLNEMEEBEED) b, HHLAER, B
BT TH - -2 v EME ALD 25%, &
BEMEEMAS (AMD) 7%, FERT XY Yo% (NHL) 5%, &38f
T &EMGE L. $7-1999 1A B & OV IR ST A 9R
REZH L7, DEEEEELEDLVWNET, RIYEMRNA
T ThoBEEEFHBE L.

IALBERERERETH o722, REEERITAIL
THESRFRESZCEEYEA VI ZE L. $1E
ANBERITEREIZL(EKRASNT, RESA TV, BEOAIC
DUTRHERKFREFRERDRERZELOKE LBz,

I. 5&

1. ##

FREEIIIREMAS 74 a— V= = BEELE
ICTEBRETEL7-.

2. RNADOHH

Chomezynski 5O FEXUT DL I IZHRA L TiTFo 72, B
BHEXIVEIZ 7=/ =L EF A LT oBES TS v bS8t
TRIzoL (Gibce BRL, USA) iml % 2 $HHS %2 BLAE L 7=, 0.2mlD
FUURNL (AVTINTLI-LEMAZVDLD) 2L
HELERTAHBER, MESESDROR (I -8BT,
RH) 12T12,000rpm, 1550, 4ACTELSEL:. LRERE
REL, SE0/ v 70/ - VENMASHBSRICSEEL,
RNAZ#TH &4, 12,000rpm T 105 H%0 L7, 3B (RNA)
ERO%WLY /- N TSR, LEEESREISETSSMN
BB LEREE7. 1 X TrisEDTA (TE) 4% # (10nM h Y 2
737252, ImMEDTA, pH6.8) IZi5# L 260nm OGS
FHEL TERNABELBEL S, $7:2600m, 280nm O
EEOREZMELRNAOHBEDOBEL L3, K2 Lo
RONZRNARZORA159 520k RIFTH o 7x.

3. —EKPDNADEH;

ERC L o THONBRNAREH L LY ¥ L7 1<
TIT—HRMDNAZEH L. 9, HRNAL 4 g2 80mM
FIILANFHRIVEFRT I v~ (5, BE) 3ul
EMA, 1XTERHHR (pH6.8) THES0 . LIZHEL 72
GeneAmpTM PCR System 9600-R (Perkin-Elmer Applied
Biosystems Division, California, USA) % Fi\>65°C T 104 545
%, 2032TTBCETHRHLT-. ZDBETRNADOLEH &
754?-@7:—U>7%ﬁot.ﬂ%ﬁgﬁmﬁ
[100mM Tris-HC! (pH8.3) , 200nM KC, 20mM MgCl, 20mM 3
FAAL A b= (dithiothreitol), % 2mM 0 4450 NTP, it
LEBERAVL (£B%) 1050 50 « 1%, 42CT60%

Table 1. Primers

Gene (Location) Oligonucleotide sequnence

5’-CTGTCATGGTTGGTTCGC-3'
5’-AGTCTAGATGATGCCTTA-3
5’-ATGAAGGTGTTTTCTAGT-3'
5’-AAGCTTTTGGTTATTTCCA-3'
5’-GGGGGAACAACTTAAACT-3"
5’-TAAGGCATCATCTAGACT-3'

DHEFR F-1 (38-55)

DHFR F-2 (319-336)
DHFR F-3 (608-625)
DHFR R-1 (979-962)
DHFR R-2 (623-640)
DHFR R-3 (319-336)

B L cDNAR SR S €77, 90T, 24 M THIRERE &
RIESE, RIGHERTHLX TERIFR (pHS.0) 100 2 1%H1Z
BE200p1E L7
4. RT-PCR

t » DHFR mRNA @352 %) id GENBANK ACCESSION
No.J00140 #3|H L, DHFRIZHGRM AL AT I4v—k L
TDHFR F-1 (38-55) (1), TvFtrATI4v—LLC
DHFR R-1 (962-979) %8I L, Amid 79 2 LAt (0
IZREEL 7. PCREUGIZIAM L 7o — A4 cDNAD ) B5 1%
BHELT, B2 MOETT (47—, %200 MO4HK
$7 NTP, PCR G (10mM Tris-HCI, pH8.3, 50mM
KCl, 1.5mM MgCly), Taq DNAFE Y 2 F —+H (Perkin-Elmer
Cetus, Norwalk, USA) 1.25 Y. % i 2 &k 50 1 1'THF ok,
I GeneAmpTM PCR System 9600-R % Hivy, 94T X 5400 )
BBEE D, 95T X308, 51°CX30F, 72CTX60fa {1 7
JoT40[EIHEIR L 7=,
5. PCR¥ A L7 by—2 xR L BHHERS 05

PCREUGEM % 1.5% 7 A0 — A ")V (H14-Takara, 32175 1=
RELZF Iy a7a<d Fomik, ROBHEE (V7>
AANVIfh—%—, 7+ 3Y) LCHEELE. QAquick Gel
Extraction Kit (QIAGEN, Germany) % F\V B L%, ¥—¥
I A% Catalyst 800 (Applied Biosystems, USA) ZT{j#e
27z Thbbh, 96CTX 208, 50TX 3080, 60T X 4504
A7 NVCBEBYVELE. V=TV AT T 42— IZERT-
PCROT T A~ % ZDF EHA L WSS, Dbzl
mRNASSERRIIAMATE S L) 2Lz, 79 4% -0l
RFIERCT LOTRYT. @R 771 v~, bkt
¥ =W BIC TR LA, BB 310 Genetic
Analyzer (Applied Biosystems) (=T B B4 L7-. GENBANK
CEFR S NIRAERS A R L, REREL .
6. BET VIR RREE W

BB ENTERD ) B 829CtoT |20\ T i IS E I IREEE L2
LBUWICT, SSUABMOEROMEEFLo7. Thb
b, £¥A774<—¥& LTDHFR F-3 (608-625) (1), 7~
FEYATF4~<—& LTDHFRR (962-979) %>, ML
Te—FB{cDNAS 4 1R E LT, BIK02, MOKETIA
=, %200« MD4TEH D ANTP, PCRIKIS#EMI, Tag DNA
RY AT —¥ L25EMWE IR 2BS50 4 1 CRIPCREIGHT
oo RIBIZ94TX 55 DAHEMDIE, 95T X 308, 51T X
307, 72CX60BDH 4 7 V40 @ BIE L 7. %5 h7PCR
B 5 u 1%, HAEEFI5 NNCAGTGNN-3' % I R4 - 500
fIFREEZE TspRI (New England BioLabs, USA) |- & ¥ ZE iR
65CTLRSRISUL S ¢ 7. RIGH 0 DNAKEH % 2.0% 7 #10 —
ATVHKE) L2F Uy A 70w 4 Fifefath, SoMEIRYHEEE
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g L. PCREWIE372p D4 XTHBEH, 829 CH
cDNA I3 B3 KIE#: 222bp & 150bp DY 4 XIZEIWFE e = &
i,
7. VFNY 4 LHERNPCRIEIC & A DHFRBEFRIEDE
(e
1) EEpS

Y TP VY A LAERKYPCRYEITagMan DNAKE ) 2 5 —¥ D
Fr.y FX7 LT —HIELEFME L, TagMan 70— 7 & I
haEE7To— 7ORKMEO L, WBIZEITHTWE,
TagMan 70 — 7L EHRBMIC 7V F L4 ¥ ROBREBE (L
By —mF) W, YR -5 I ROBNEEE (70T
¥ =B WINNVERA) TR LFF FRLED, WS
FA=—MOy~4y MERIERINICT ==V T3 £ 0B
FrENTWS, LB~y —faB L rnrFyv—aHEE )T
RZUAFFENALTHALTORIRECR /LY F v —B%
& L= — A STV B, RIS
A B I SHARSRAE B &, L~y g sy
F oy —mEPOMEB L, M STz LR — & — BB
#eoh4-%. ABI PRISM 7700 Sequence Detector (Perkin-Elmer
Applied Biosystems, Foster City, USA) CZh%&E=%—L,
Sequence Detection V7 M = 7 Tl — & — T L B H%
EEY4 2N E Ty MEA L, PCREUSIC & B I80EE
P OREINC & O B R BB IR LT B, 22T
LR 7 - 30 &0 SOt S ud Lo BRI 1 7 v
(threshold cycle number, Ct) %%, PCR US40 @& % X
WFBI e, TNERNTLIEILRS.
2) CtongH

A B cDNAS 1 1288 L LT, B#E09u MOETFA
—, fE#200nM 0 TagMan 70— 7', 2 X Master Mix [8% 7
) -z — ), 1 X TagMan buffer A, 200 p M dATP, 200 M
dCTP, 200 M dGTP, 400 uM dUTP, 0.05U/ 1 AmpErase
uracil N-glycosylase, 5mM MgCls, 0.01U/ x 1 Gold Amplitaq
DNA polymerase] (Perkin-Elmer) 25 . 12 M &850 2 1TV
TNy A LERNPCREIE R To72. T747—ik, ¥R
75 4 v —k LT5-AAACTGCATCGTCGCTGTGTC-3 (57-77),
7y F kv AT I 4<% - L TS5 -
ACCCATAATCACCAGATTCTGT-3' (183-204) Z#atL, &I
743 PRSI OE) I2FEEE L 2. TagMan 70— 74, 5-
CGTTCTTGCCGATGCCCATGTTCT-3 (80-103) iL R — ¥ —f
#E LTFAM#% 7 2 F v — L L TTAMRAR T
BEIWEL, SRS —Fr A=Y vy (T LE
L7

PCR 5 12 ABI PRISM 7700 Sequence Detector & fi\3,
MicroAmp Optical 96-well Reaction Plate (Perkin-Elmer) 3 & [
MicroAmp Optical caps (Perkin-Elmer) M TAT o7z, B
50°C X 2430 AmpErase uracil N-glycosylase L3, 95T X 1053
DMBPEEDH, 95T X 158, 60TX 1404 7V TLOHE
WIELZ. &F TNz oE3 2 v EMEAL, 37 2VOCt
DFHFEH LI, = O PCREGEF—RETIET % -7
3) MEMDOIER

EEALICIECLY b ERIIEY Y TVACEIRE I T
RO BRBHOERAVETH D, 4 HILEEY TV ITH
TREFYIVORBEEOLE L o TERETHIEEL,
PCREJG# 7% 5 B i FEC Y >~ 7 e % % cDNA b il

FL. Thbb, fElEY > T VIE4 L 7-DHFRcDNA & £
OFEFZRFIE L, FRENT S Ctr b RBRE/ER L1z
COEBIET Y TVOCtEHTIED LI ETEY T IVD
EHEG IV T A RBERO L ERD 2.

H ATy PO—-LIZLBHES

WRNATHBRIZ BT 2REMOBEOEF CtIcEEE B
XiZF0, ATy ha—LELTH) LT IVFE K3
el FEREFE (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) #{%F D% & % ABI PRISM 7700 Sequence Detector &
BWREBICHEIT L. Thbb, Bigdr S E20RHRTY]
% GAPDH COREMOIER D 7-HIREB L, hiid iK%
F S IVDOCGAPDHORBRED L ERD /. BEF L INILE
% DHFR/GAPDH %# 1 & L, &%~ 7V ®DHFR/GAPDH %
HHTAZETHIEL.

8. Epstein-Barr 7 4 )V AT EHEHR BMKHK (lymphoblastoid
cell line, LCL) ML

SMEL MR 2T I/ FNA Y FATOSATOT
4 F (2-aminoethylisotiouroniumbromide) (Sigma Chemical Co.,
St. Louis, USA) MLl v v UikliEkz AwvwTHo¥y P71
— N 28— o WEEAEICE W ER Yy MEREH £ 4B
B L7z, %4 OLCLIXE ¥y LA IC BI5-8 Ml R
g BER IR UCHISI L, okl k D 829 C/CMICL
L, 829 T/TOLCLZMIL L7z, &5 ITHEEIT10%TMLY >
& VRIS (fatal calf serum, FCS), 25mM HEPES, 5 X 10°M2- A
WH T LF J— ) (2mercaptoethanol), 100U/mi~=21) >
G, 10 x g/ml%" > ¥ <4 ¥ » % &1 RPMI 1640 5584 (Gibeo
Laboratories, Grand Island, USA) (2% S ¢, EE377T,
5%C0, M Fefh TH3E L /2. RPMI 16405 # i CIE B
1.0mg/l L HRETE TN, MHRAODHFRERICEEZ B L
2Tz edhs, LIRRPMI 1640 58O D Y (2 RPMI 1640
folate-free B35 (Gibco Laboratories) TS L /- ¥rEI % /ERK
L, LCLZ@EHkICEEEL L.

9. EFRIERZMERER
1) LCL~O MTX %%

LCLOMTXIZi T 2 BSHIEUATOREIC LN TR o7,
SHEGEREC B HHIILE 4 X 10°/mlICTHEE L, T OMIRIFET
% 24 RFEE 7L — I (Costar, Cambridge, USA) 1Z%7T400 4 1
FofET. RE37C, S%COFAET T24RME, MIXEMN
X 7-REFEH400 1 12N A MTX DEHEE % InM ~ 100nM &
L, ¥ b=V iEsERRO A% REMA . T2REREEE,
#7550 1 1% $RELL PBS (pH 7.2) IZCLOEFRL T >~ T
L7
2) {7 u ¥ Ty ARLY AAEER

WRZEICE Y, MREEAMEATIE LR TIA DNAK &
#BFECH LI L7 ¥ L (propidium iodide, PT) ALY 3A
FnChrfiTaZENTERY. COBEERAL, AT
FH I IC o -l PIOREBELOM S EIBFEL L
T7a—H4 b A M) =D& D@ LA, AT T
IZ1pl/ml& 7% & ZPLERERMLL.

3) ERFRUMIRL R E

Ja—HF4 b A ) —EOFHBEE-EILTAI LD
Y, —EFEH) OMSNAREONESTETHS. EHW
LCLIX ) v oSEREEIIC BT T 5 2%, HilREH 2 VWIETR -
AW I AT FEELOIR T % & o 70w, 3) v SEREHI
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DAL THRICBRET A I LI W EFLCLOMBE LT
fT&5. SHUBMZ605 L LET TV EBITL.
4) BEREEH] AR O MR

MTX %Mz ZVOEZ Y b —LOHEIZNTHET
FELETFEE LS. 1HOEBREIROFHEE S o TEDE
BICBTAERFROEL L. FRAFIOMEE 70y b LER
UER LEABRSHOBE: L, JORSHERBRIETNTS
\l4T o 7.
10. MEEERE CBIT A MIXESRORER

FAOBWBEARENK - EXBEFREFRI V-
(CCLSG) iz&MLTwa., ALLIEHE ST b a— b 9411241
MTX O &S5 (225500mg/m?) #5, NHL#E#E 7T ba—)b
960 I B AE I 35g/m?) FETh, FEMBERIIGL
MTX OB b TSR TnaA ™Y, &, MIX2#%5 L/E
BICEFREE%Z B 72ALL 19%, NHL3ZIIBWVT, MTX%
UL UAYBOER > RBERORIERZ R b, BUE
B o E#E & 1% Japan Clinical Oncology Group (JCOG) @
Common toxicity criteria (CTC) # BB L9275 &

3

TR FEL.
11, fFEFLERE

AONIEET N TEHELEREFREB IR RETEL
7z, 820CtoT TH N — 75T L7 BB IER YN A% L, &8
WEBESBLTVD LEDEENTERVDT/ V8T X M)y
YREETIT) LEMIDH S, DHFREGEFRAOERLICS
VB EEMREICIE Kruskal- Wallis 58 % Fi V272, 829CtoTi:
BT 5502V 2BEORENC I v X & 95%EIRIX M % %
B, fEEROFHEI Fisher DEHERFREE T v, Gk
5% SRilDIFE (p<0.05) A EMEFEEZD D LHEL /2.

34 #

1. DHFR mRNA QOISEEFIEITIC L 2 TROBH

FTRCORBTERE ENDB YA X 942bp) DPCREW % £
7. EEEFIOMBIFIIPCRTIAY—L Y=V ATI4
T—REAELELI LI N EEEEBITT LI LHTE
7=,

CDR (43-606) iZi3 GENBANK IZ &% & LT 21 A5 &

A C/C T/T
CCTGC TACAGTGAGC \CCTGCI’AIAGTGAGCI\CCTGCTATAGTGAGC
90 ¢ 200 2oo 200 + 21
c/iC C/T T/T M
bp
32—
222 —
150 —

Fig. 1. Identification of DHFR 829CtoT polymorphism. (A)Representative electropherogram of each type of 829 polymorphisms. Double

peaks labeled with N and an arrow contain both the C and T peaks and indicate the heterozygous genotype(C/T).(B)Representative PCR-
RFLP assays to confirm the variants. Digestion of PCR products with TspR1 restriction enzyme produced 222-and 150-bp fragments in
prototype C/C, 372-, 222-, and 150-bp fragments in heterozygotes(C/T), and a single band at 372 bp in homozygous variants(T/T).

Table 2. Frequencies of DHFR 829 variant types
Variable Case (%)

Control (%) OR¥* 95%Cl p value**

c/C 31(83.8) 62 (74.7) 1t - -
cr 4(10.8) 16 (19.3) 05  0.15-1.62 0.18
T/T 2(5.4) 5 (6.0) 08  0.15-4.36 0.58

*, Reference category.
* ORs were calculated in the standard unmatched fashion.
#* Fisher's exact probability.
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BaeLERERED SN a7 £, SUTROERFIAHET
WEET, FOHIZT21TtoA & 829CtoT ¢ 2 2°FTD SNP % #iith L
7z, T21TtoA M L 7= &RE TR . 829Cto T3 2761 (B
F6H, WP TRHLNZ. FDH B, TH (RF24,
WRSH) IEEREL D8 TORTREL, 206 (BE44,
B 1640) 12829 T & GENBANK |2 B4k S L T\2 5 829 COT
FERBLTW (D1A,5%2). Thbb, AiEL829 T/T, #*
EBH829 C/T ez h. BEEEAIREET829CtoT D430 IZHERT
FHAREIL R, SNPORELERORERED b ko 7.
(829 C/TD 829 C/CIzat$ A4 v X, OS%EEEMITENE
7.0.50, 0.15-1.62T, 829 T/T™829 C/CIxT 54 v X1,
5% EER L F M #410.80, 0.154.36 TH o)

820CtoTIZ DWW TR 7 VE RS REEY N ClREL
WAL, ¥4V N Y=LV RETORRMETET 5%
KD %o 7= (D 1B).

I. Y741 LERMWPCREIC L3 DHFREBEEOER

{bnigst

829CtoTIZiEH L, = HSNPOEHRZHRE L7, 829 C/C 15
Bl GFIB 10460, BE5H), 829 C/T 1261 GiEsHl, BE4LHFD),
829 T/T 1041 (HER8HY, BE26) LBV TY TN LER
HIPCRE#M1T L, HREEHE 7V ICx§ 5 L TDHFR
RHBEEEBILLE. WHEEIIBVT, 829 C/CIF0.22£0.11
(FHL1E 0.18), 829 C/T130.40 % 0.08 (0.41), 829 T/Tix2.54 =
148 (2.53) TH Y, 829 T/T TH E 2 DHFRB{ZFHIDHI

103
1 (e}
] : -
p 4+
2 e 3 °
14 °
E . o © o
m —
_ 1 s o '!‘ o
s 1L ®
&) <+
EO.I: :
m ]
fan L 1 —
] *
0.01 T T i

C/C C/T T/T
829 variant type

Fig.2. DHFR mRNA expression in the 829 variant types. The
levels of DHFR and GAPDH (internal control) mRNA were
quantified by a realtime PCR method in each of samples with
829 variants from non-hematologic controls(closed circles)
and leukemic patients(open circles). The ratio of relative
quantity of DHFR and GAPDH expressions (DHFR/GAPDH
normalized) was compared in each type. Median values were
indicated as horizontal bars. Kruskal-Wallis test indicated
statistical significance(*p<0.05) in the expression of DHFR
mRNA.

HED LN (p0.05) (M2). —H, BHEEIIBVTIRER
A CHEHEMREHE T E 2 VAT, PIED 829 T/TO26T
DHFREET-EHEAHEM L Tz,

I. LCL # Buv - EXIR S OIRE

MTX 2 X 2 LCL ¥l phag © R L 72 (BU3A, 3B). &E#
IDEVEREIEECTOERET, HBETOREIILAMIXIC
I BB R ATV E R A5 b A7z, 829 C/C & 829
T/TAET O SRS OZIZEROBREICHRLCBDL

A
1"\
0.5
8
52 0- T :
8 B
ERR
2,
=
9]
0.5
O 1 T 1
1 10 100
MTX (nM)

Fig.3. Cytotoxicity assays in the 829 variant types used by
LCL. Survival cell ratio was determined by comparing with
the survival cell cultured without MTX. (A)Cytotoxicity of
MTX was measured by the cell count. (B) Cytotoxicity of MTX
was measured by PI(propidium iodide) expression. [], 829
C/C(medium 1);M, 829 T/T (medium 1);O, 829 C/C(medium
2);@, 829 T/T(medium 2) (SD was not shown.) Medium 1
included substantial concentration of folic acid benefiting cell
growth, while medium 2 included low concentration of the
agent.
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Table 3. Patient characteristics

i3

Case Age  Sex  Diagnosis Toxicities Grade Outcomes
(year)

829 C/C

1 2 M CALL Neutropenia 4 Died

2 8 M CALL Liver injury 3 Alive

3 3 M CALL Neutropenia 4 Alive

4 8 M CALL Liver injury 3 Alive

5 2 F CALL Liver injury 3 Alive

6 14 F CALL Anemia 3 Relapse

7 4 M Pre-B ALL Neutropenia, Stomatitis 3 Alive

8 4 F Pre-B ALL Liver injury 3 Alive

9 1 F Pre-B ALL Liver injury 3 Died
10 9 F TALL Liver injury 4 Alive
11 6 M TALL Neutropenia 3 Alive
12 14 M TALL Neutropenia 4 Alive
13 0 F Infant. ALL Pancytopenia 4 Relapse
14 2 F NHL Neutropenia 4 Died
15 9 M NHL Neutropenia 4 Relapse
16 11 M NHL Renal injury 3 Alive
829 C/T ’
17 2 F CALL Liver injury 4 Alive
18 2 F CALL Neutropenia 3 Alive
19 12 F CALL NA NA  Died
20 1 M Pre-B ALL Anemia 4 Alive
829 T/T
21 10 F TALL Pancytopenia 4 Alive
22 13 M TALL Infection 4 Alive

CALL, common acute lymphocytic leukemia; F, female; M, male; NA, not
available; NHL, non-Hodgkin lymphoma; Pre-B ALL, B-cell precursor ALL;

TALL, T-cell ALL.

Nhahorz, EFREPIEEMBEENED2oDHETHER
LA, FECEDCOERFREREZZLIZRD o7,

V. MEEEEECS 5 MIXESEOREB OB
829FEHDEEDHEIZL Y MTX 245 Lg% 7 V-7
I T AL, 829C/C16%, 829 C/T4f5l, 829 T/T2M ¥ %o
7= (E3). ZHIEREETH 2 2 &h 6 MTXEMO RIS, B
TEROHMBOFMIRETH 555, FV—7ETFRICHL D
REREDR, o2 BWERAOREL LT, FRE, FEE,
OfEREE e LIRS, Rn3kRds & eFnicE) sk
FEFEDI. BEEEOAITIISDLANE WA, HIERT D
BERELBLDE o7, FV—TECRIEH ORELRI R
EEEOHEIHEI TR L1

% =

AR TIEMIXATEET » ENEZEDAFREEFIC BT S

SNP ##% L 7. GENBANK |2 B8 3 T\ 5 1R EE 5 %41
XHRE L THELZY, CORIZSNPE LU SERBZED 20
o72. COREDERIZT I/ BEFIZE(LE ¥ IHER, BE
BREFZRIEEEIE. ROEGHBFCULALEETDH S
DHFREEFTIN L) BREIRI BT LI %, EFFD
LDIFEP2E, b 2hvwordLhtw., £E, 4TI
HESNZZCOROEERRIZLETHRBOATORETH -
73:9)11)' .
FEFFE T IUTRIZ2HFT D SNP % b 72, 741TtoA I3 4-H
FARIRELEHATRD, RIEFENLSNPTH L HEMEIE
Rbhi. —7F, 829CtoT 4 EMRIRETS SHELRD
oo W7 IUNELOEGEFRAFIFRLETHS ETHIES/ 4
DNAIC BV 2 BIEETHEIZ0.142E 2 5

SUTRIZA b v 7a F¥ (ZABHIEIUTRIZE TR EW) B2

LARDAFTOHEBEEFKZS N, SUTRE & HIZcDNAKIEE
FNDHFEANIHR SN AV, BEE TONELSH mRNAD
EM (stability) & % W3 0fi# (degradation) Dl E R 5 L #
ZAHENTWE?, mRNADMRDHE L LTRY ADEHILS
SUTR DEIKIA D 5N TH Y 2, UTREBICHERET 2B E
L%, BEOBELFO L SR b EFEHRESLTY
5B, ftoT, AHEERE LSNP b RIFETFORBAGICEEL
RIZL, SRELTHBESSICRBACBITAEHLEE 5
LTW A hEH S 5.
829CtoTIZ2W T, VTV ¥ A AEREMPCRIES Y, B
HERICBIT A2 mRNARHE» ERL L. 80T/TTHEIE
REWE W EATREN, 829CtoT D ARBEEDREM:ICHEE
BT ILERETI2RRECERTH o2
DHFR &{ZFRBE OB IME MTX 83 B B g0 —
DELTHEER TS Y, EEMIE L EFMET
DHFRASEML, & 512, FHD R BRTERM M ALL I
L TR TH A T-ALLTCDHFRAHM L TVWA LS. 2
T4 [E D 829CtoTA R L T MTX it icH EEZ L b 26T,
Tabb 820FE OEESEHWUEEOES L [EE] TH
BILEETFHEED BhERE L.
HEENREE LT, M L2 2BE0LCLICMTX 2 2%
BB L THEELHEL. FRETOMIXIZLALCL
OETEIH| FIRE L L7225, 829CtoTIC L N HEZIZDL N
Lol FOBEAO—DE LT, T TICLCLAHCHEHEY
5L, MM O DHFREETRBE ARG M ALK g LF
LSEMLTWAZ EFZEL TR0 Lk,
EEANREE LT, NROEEEBRE BT 2 MIXOER
MRTEBOBRETHET 208 LT, ZhiZidwioHh
OHMESEEt. BILFEBEEISHERABEENDLTHD,
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MTX B0 BEEMBEOFMIEEE LY. 4o, gnRLA LI
DHFRBEFRBESMEORFIMIZE D FTIHRL TS
D EEMEOMBEROEELE. S5, MTXiox
T ATHESEICIZDHFR 251 T, EHERY IV I U BE
WEE (folylpolyglutamate synthetase, FPGS) Ry -7 V¥ I
MK MEEEE (7 -glutamyl hydrolase) & 5 LT3, 4
F R BEMRAD 829 T/Tix 261 & b R L Wb 5 T-ALL
Thor=?, ELVEMIICIZAE 2 REMILETHAS .

o THMETIE, B B AL EH ORFRIEHE
LTh Y, EEMRICH L CRMMG R 2R TREIMAITH
NiEgHobizE, —FT, EFMRTH 2 MM, WHFCEELE
EREFIERITTHA I LEL, BEOMIXEKGRICRE
LE-BMEROEEE 4 A4 L. DHFREGFRHAOL BV
829 C/C DIEBICEME 2 BIVER DRAEAZ W T LA S s
7%, 829CtoT D [HF D & TRIVEF 0 FEAERIAL R EAE AL I HERT 27
A EZEED NP o7z,

oL ICHEMERTH® 57z 829CtoT I & 5 DHFREET
BUPOEE, RBENES 5 W IGEERREE LTEEL L
WHCIIERENEL LTHED b Lh v o2z, 4 EITHEEK
B L7oAY, BAEKEBMIM, THRE, Bk & oMfzam
POk Y, BERGTIRIESNRISKBIZ DL DS,
Lt % ZAEHIL ST T @ DHFR B T-H A O MR L EE B
s, THISEIVER ORBINA & 7 2 S HH I T DHFR
BEFREBROMELRFT2LEWIH B L) FTH A
Thhb.

SNP7u ¥z MEIHERIEHTED LN TS, SNPIZ X
DRETFHRERRGIHERA SN SEOBRE, 4BREBDE
B RET RSB R T 0 SNPIE#HR 2 BT 2
LT, FNENOBEICHE LA — 5 — A4 FEFEISERT
BElc BT L ERHTA. &5 IZIFRIZIISNPIFERA T I
E2IZDAENE2S Lk,

&

#

NSRS OB THERN SN2 BRI MBI,
MTX O EfEEE T3 5 DHFR © mRNA O % £ % I ¥ 5 37
B, EEAESIFITHREL:.

1.CDRIZZRIZ#S b1, PUTRIZ 2 AT O SNP (721TtoA,
829CtoT) %7z, 721TtoA DRIETHHE L 1.000 T - 7275,
829CtoT DE{E TR IX0.142 E S HOREICBVWTEHMZ
et oPA

2. EE LR O R ML EAETR - B 1) 5 DHFRB{EZTF O mRNA %
HE®, VTNF A4 LEEMPCREICTHEL, 829 T/TTH
FIZHMLTW . ZOEEFmRNAORERICESTH2 L
RRBTAERTH o2,

F%# 25\ A, IS L HERZEY I LASRAERESE/ND
B A S HIE SRR A A RBOBERL Y. EoEBEEY
RE5Y F LARIIKEMIC O BBz LEY. SRS X
OMBHN EEY T LEEIRRENBHEHEOR LT 1 5 I HHRTH
BROF 2 BB LET.
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Abstract

Methotrexate(MTX) acts as a tight-binding inhibitor of dehydrofolate reductase(DHFR). A single-nucleotide
polymorphism (SNP) of the human DHFR gene transcript was identified in the study population of 37 patients with childhood
leukemia/lymphomas and 83 healthy Japanese children. There are two SNPs in the 3’ untranslated region, 721TtoA and
829CtoT. Frequencies of DHFR 829 C/C, 829C/T , and 829T/T genotypes were 83.8%, 10.8%, and 5.4%, respectively in the
cases and 74.7%, 19.3%, 6.0% in the controls, showing no significant difference in genotype frequencies between the cases
and the controls. When determined by a real-time quantitative RT-PCR analysis, the highest expression of DHFR transcript
was demonstrated in the samples with a DHFR 829T/T polymorphism( p<0.05). However, in vitro cytotoxicity assay of
lymphoblastoid cell lines after 72 hrs-incubation with MTX revealed no significant difference between 829 C/C and 829 T/T
genotypes. In addition, correlation of the presence of SNP with the MTX-related adverse events in the clinical setting of each
patient was not demonstrated in this limited analysis. These data suggest that the novel DHFR 829 polymorphism was

associated with a positive role in gene expression and provide evidence of functional SNP in the 3’ regulatory region of the
gene.




