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¥ » Cytidine Deaminase B{EF 12817 5 —1EFEELEL R &
Cytosine Arabinoside |Z*T 5 5 FH| & MEDRES

SIRRFRFREFZ AV EREN LB E 5k 5B RS
(IRFEEES @ NERE)
(FE1E D DRE—HIE)

B4 OFEMOFEIRZTFSEELEN T L3, RETHRELERE LABBRBLORBIENTH S LV THER
ATaD, LbOYFY L F7 I+ —F (human cytidine deaminase, HCDA) iH{EFI12 51T 5 —H LB LT (single-
nucleotide polymorphism, SNP) Z[FE L, ZOEEEHIEL 2. AW TIE 5260 MM /Tl ) > 28 RAES] & 1696 Xt
M7 5 HCDA cDNAZ{Ef L, #OHBERAFERES — /L2 L7 RS sh7-SNPOMEEL, BLE TR AF A
ERHGCCEITL:. BRERIEENEs7 o= 79 7 1 —HPLC) #HWT, FEEHCDA & 2R HCDA & 3: F % S 1 A g%
HrEL:. E5ICFEHCDAFRILABEKOL P2 ¥ 79K/ ¥ F (cytosine arabinoside, ara-C) 12414 2 [&3% 1 % 19
AR L - THE L 7. HCDARETF OBFREEIZ3 DD R4 5 SNP (A79C, G208A, B L UNT435C) 3[4 & h, O
EEHEEZAEN201%, 43%, BLUT701%TH-o7:. ERE OIS SN hdh o7, S SNPTH 5B G8A IS
£ 3 N> 701k Alad b Thril B A70T) SRz, 20 Ala IFHCDADBEEMHMIEMICEREL, MBINTE CRESRT
VWi, HEEHCDALIEL T, ZOBEMRBEFEHCDATIT TR F ¥ v baraCho BB E LA 0Tl Z L2 47% &
37% LEEERL7: (p<0.01). HCDA-70T # BB L 72 B REER D ara-C L2383 5 50 % 35l BELE L 4114 757 + 33 M & x
SD) Tdh Y, KA (94158 M) L HHEIZEA o7 (p<0.01). A TIXHCDAM 208A BILNE T- T L s, 20
ZEBEERARTIERARICHEL, araCHEER L W HYT, EEMIHE L 2 RS SN BEAMCHNIC WL 2 e

FOSNPORHE & U'SNP 2 b OFHY K QA E ORI OMATIE, ANBEMENES OLFREOBIU B WT, Hilkik

FENEEEIZHETEL0TH 5.

Key words cytidine deaminase, single-nucleotide polymorphism, coding region, yeast expression

system, ara-C sensitivity

BEDT 7 AFFEICBIT 2R LRI L » TRIEFERIC
My 28BFREV20H5. —HELTRLH (single-
nucleotide polymorphism, SNP) 12 & FBIEFIZEED LN LED
HEDSWERTHS. SNPUEAETFHREEET -5 —
ELTEELRLZTTRL, —RNBIUBENLESRICET 2
SR (BE) LLT, FEARSHCHT LSRR T
BIRXTHERETHE. BELEFOEEIZLYSNPORER
DR EN, FOEEF 1B ETHEET A BEFLIC
FEHERTVAYY, R, ERHGIOL &, SNPHEIOER
TV—=712&Y), 142F U EDSNPH Y J L HFIZFE & nY,
ETNL B NEREZFOME, RRICHEETZRETFONRE, B
FUEYR B ER TN ER L RBEZTHRIILA. L
L, ZNLEESH/SNPOBIERABL AL V. BiEE
{ZF QBRI (cording region) #7D SNP (cSNP) 1242489
DREERZEEFELS . JO8,S, B{LSEEER

P14 1 RIS BXM, P42 B 152

ENBEYORHMBHERFRET 2B 5 SNPORER, &
FILBIT B EFBZHOSET, BMET %L L2580
HLIdLEZONS,

YFV 7T 3+ — ¥ (cytidine deaminase, CDA),
(EC3.54.5) 3¥) IV LB IME, vFyreFdd
VIFUYERT I AL, EREROYY) YU B
THEBEN—2THA, 512, CDAY LY TPIVEI Y
¥ (cytosine arabinoside, ara-C), 7H# L F ¥ (aza-cytidine),
BIU22V 7 VF0FFFy 2 F Uy 2,2-
difluorodeoxycytidine) IZfiREN B Y L& > X 7 Lt ¥ Pl
FORBICERLEEF R LTS, Bl2id, ara-Ci2CDA
R DRE SR, REEER YIS LTS YK (uridine
arabinoside, ara-U) &4 5. —J, araCliZDERBHED1H
IEE LR TH 274 £ F V¥ %5 —+ (deoxycytidine
kinase, DCK), ¥+ & ¥ ¥ F YL — p & 4+ — ¥

Abbreviations : ara-C, cytosine arabinoside; ara-U, uridine arabinoside; CDA, cytidine deaminase; DCK,
deoxycytidine kinase; HCDA, human CDA; HPLC, high-pressure liquid chromatography; ORF, open reading frame;
PCR-RFLP, PCR-restriction fragment polymorphism; SNP, single-nucleotide polymorphism; TE, Tris-EDTA.
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(deoxycytidylate kinase), BLUF IV FA 77 - F+—F
(diphosphate kinase) DM 12 & 1) iGH:50) ara-CTP ~ D iE ks
VETHBY. 2oL 52 ara-C O AT PELEESE & RiE
HABEDNT P AD LIZE Y L oTWwadEni s, v i
CDA (human CDA, HCDA) 122K Tl 4 0 [d— 16 KDa %
Tazy b RBNFAREIEEL, FhEFhodTazy k
PR ORI TEERE T2 474 5%, CDADRIIZHMC TR
MTRELRERD, Fl2IE, & MFIZIEE LNV CDA%
HABEOLNTENY, 207 diEW IS ®IFCHle s IR
ERALERADT, MO ara-CMUNEIEFIE L o T
WA HCDA O 5B & ara-C P4 & o) 6B L 0
MO Ee A de & 37109 SRR 0 AML B # T
L ARVOHCDAG A R Z LA WME SN THEY, Lk
T, ara-CORFALIZBERHEL DA M E LT €5 —2
DEELRFEEZLNLTVWS, HCDAMET-Oro—= >
LD, BET-EHOMENTREIC & - 72 W9, BIERIR AL
D20OER, ATIC (K27Q) & T435C (silent) AVHE S TW
B0 m oo Wy 27 0E N, RN TaraC O T 2
JREBLEE) B, Ara-CUIHZ A SN 5K E R HEKED
—HBEMET SN TR CE L0 d Litan" Ui,
HCDA MUZ-F- 0l & BRFENY 7 Wl i3 2 B3 REANC i 9E+ 2 44
YN H D,

KEFFETIEHCDAMAE T2, i 34TV 5 220 cSNP L
WMZH =% eSNP % [ 52 L /2. T 4L cSNP O EM (G 3Gt~
DG 2T 5 726, 181 (Saccharomyces cerevisiae) i{x
T-IBLL AT L e, ara-CORT 3 /i51ES L U'SNP &
MASNAFROEAEZM:2WE L, FLARES L
HCDAHZE TSNP, G208A (A70T) (F CDAGM:# FEIZIET
B, BRELT, ZOSNPEEAL AT araClilti+5
TEEMAEE o7z RIFEOF R, T4 227U HUE
2, LOBVESHEATANROEEEZWS 2L, £
BRI A SNPISIC IS S s 2 &R L7

WERE JUFE

[.x =%®

1990 4E4* & 1997 SE DM, SR KSIESEANREIZB VT
HEFERA e SN/ R MR o 9 b, L FEE,
KRS B Cd o 7= 20 ) 2SR ILE (ALL) 37 %, &
MBI M (AML) 10 %, JER T F ) 2 o3E (NHL) 54,
HES2 R R E L, T, MilEgEAEED VAR
T, EMMIRINA TR TH - 721694 # EFHBE LA §X
TOHEIG HA/NERE - FIIERTE 7V — 7 ORRIRIFFE I 8%
XN, fEREEN T O b I — Lo LS o T s,

LB, FgRIC AR E L 2 ARFRICHT 2 ERE
MAAFINBLUMOD OT, BRMEEIETS. Lo
T, REFELLT S 2 L ORIV RMEE VBTSSR
WEIEEL, 2515, EABRIERCECRASHT, &

HMENTWS, UEDHIZOWT, SRAFESBEEDHE
EREEOERBER .

.5 &

1. ##

BT O BE OB S O HAEMAL (5 iR I3 80 % L
£, &2 viddrE Mg 5 oKk I E MR & Ficoll-
Hypaque AR CTHMEL, MAEEETIZRE L.

2. RNA Db

Chomezynski 5D FEZLUTOL I KB L TiTo /.
BEREX10MEIC 72 /) — N EFF LTI T oI E0
TRIzoL (Gibco BRL, Gaithersburg, USA) 1ml % N2 #ilfa % glf#
L. 02mlosoakivh (AVTILTLI-NENAL
W 0) FINAEELERTSSEERERS, SRR EEO
(3T, #E) (2T12,000 rpm, 1570, 4°CTHEL45
HEL 7z, EREERBL, S804 705 - LEgNZTS
SR EIRAE L, RNAZATH &+, 12,000 rpm T 10 43[40
L7, iCE: (RNA) #70% %Iy / — LTk, LiEtis
IZBR &, ZIRTHOMHGE Lt S47:. 1 X Tris-EDTA (TE)
FBEW A0nM RV AT 2/ A% ¥, 1 mM EDTA, pHG.8) (214
% L 260 nm OB E £ HIE L THRRNAMELMEL . £/
260 nm, 280 nm OWEHE N L {l%E L RNADIEEDNR# & L
75, RFBEIZL o THONARNAIRZOLA15452.0 L ]
HFthoi:.

3. — AR DNAD &

FHRICE o THONTBRNAZHNE LS YL T T4
— I T—AHcDNAZ G L7z, F9, #RNA 2 .gl280 mM
Sy FLNFHRILFFRTT A7 — (EiE, WL 3l
FMAZ, 1 XTEMRME (pH6.8) THIIL50 x) 12 L 7.
GeneAmp® PCR System 9700 (7 77 1 FN4 4+ S AF LAY
w28 BTl W) V65 CT 104 M mIER, 2050
T CETHHLE., ZOBRBTRNADELEE 7T < —
DT ==1) > TEiTofz. 5lE&FEE, KIGH [100 mM Tris-HCl
(pH8.3), 200 nM KCI, 20 mM MgCl,, 20 mM ¥ F+ AL 1 b —
I (dithiothreitol), %2 mM @ 4FE¥ ) ANTP, 5 fE#
RAV?2 (i) 10HAL] 50 «1%2W0A, 42°CT60RIMEL
cDNA % &M 88721, 90T, 20 M THIEERELFHs¢
7. RIB#T#% 1 X TERR#EE (pH8.0) 100 plZzMA, #E200
ul EL7.

4. 5¥IEE PCRILIE (reverse transcription-PCR, RT-PCR)

v  CDA mRNA D E B2 512 GenBank accession No.
127943 %5 L, SR (ORF) EFl % &t & 5 c4hRn
1 7J 1 <v—5-GAGGAGCCG CAATCGTGTCTG-3 (> A) &
5 TGCTGACTCAGGCTGGAGTGTAATC3 (T > Ft» A) &
AL, AU 7 o 2 BalAt GUR) IC&SEL 2. PCR
FUS ST L 72— A cDNAD ) L5 pl & $ E LT,
02 uMNET T A4 ~v—, # 200 M @ 4 i3> AINTP, PCR JLIE
B4 (10 mM Tris-HCl, pH8.3, 50 mM KCI, 1.5 mM MgCly),
LATaq *KY A —+ (Takara) 25 W #NX, 4850 . 1T
572, FEE GeneAmp®PCR System 9700 (775 4 Fs54 o
YAFL, Yy8r) #EV, 4TX 550U EED#%,
95 T X 30%%, 59T X 30%, 72T X30HDH £ 7 1L-C30[@H
WLz %2, HERFFREIAI-FaRr0AZIFEEL
7.

5. PCRE#Y — 7 2> AEIZ L AR O

PCRIEIGHEY % 1.5% 7 # 2— X 4 (Hl4-Takara, FEiliE
WIkEIL=F ¥y A 70w 1 Ptk ENGEHER (M
YAANVIA—F—, 7+ 3y LTEHEL. QlAquick Gel
Extraction Kit (QIAGEN, Germany) % ffv»T PCREEY) & 58 L
72, Y= I A% Catalyst 800 (7754 K4 4+ %
FLAY xRy, W) WX TT-7%, Thbh, 96°CTX20F, 50
TX30F, 60CX457DF A 7V T250EDE L, o — 2
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IYATFA4w—IZERTPCROTIA v~ % FDTEHEHAL
LA, B HIZEREN L, IR L 7o cDNA D 2R AT A
FBTELLIICLE, BREETIAT—LEREETLY /—
LB TlRE L /-2, 1E3ET)13310 Genetic Analyzer (7 7°
SANKNAFLAT LT v 282, BE) [ CHBER L.
GenBank |2 B4 & N ERY £ BB E LTERERE
L7
6. EE7 Y NERNREEREDIT
Bl N EROS 5 HCDA 208GH 5 A, L435TH5C~
DOERIE, FNLFNRy I L Hinf I FIRBRU S 2HESE
B &b, RIRBRYE R ESE (PCRrestriction fragment
length polymorphism, PCRRFLP) MTEEZ HWTINHOER
ORI To7z. Tabb, BONIPCREYS u1%, Th
FNIEERY A S RMICON T 20 RERRsy I & Hinf I
(New England BioLabs, USA) {Z & V) E& iR 37 C T LI KIS
s/, RIEBRODNAKR #20% 7 #0— 27 W (ZikE) L
FUTLTETA N, BARRTEE TR L.
7. BRI
K9S CHERE L 7> Saccharomyces cerevisiae [ B:#k YPH499
(MATa, ura3-52, lys2-801, ade2-101, trp1-A 63, his3- A 200, leu2-
A1) i3, YNN216 DR TH B Y. HHIZYPDA (1% MR
Wi, 2% <7 b, 0.004%HET 7=, 2% 7 La—2)
EAREERER [(SC), 0.67% 73 /ERERINEEEEE KR,
2% FNVa—R, 2%FER, 02%RAT I /8 (20 mg/L L-Arg,
20 mg/L L-Met, 30 mg/L L-Tyr, 30 mg/L L-Lys, 50 mg/L L-
Phe, 100 mg/L L-Glu, 100 mg/L 1-Asp, 150 mg/L L-Val, 200
mg/L L'Thr, 400 mg/L L-Se)]% Fv:, %411 Sigma-Aldrich
(ER) BLUFINAETE (KIR) 220BA LA, SEICEL
TLLey LHis, BL U7 7= £ 100 mg/L&iRIML 7.
BIEFEATY 57 LEEMEEN E AV, SEHERM:OEETF
A B DERIZ 1T geneticin® (200 g/ml, G418, Sigma) %
L7
8. BERCDAEIRT (CDD1) MRk
BB K 1D CDAEE T CDD1 [GenBank accession No.
U20865] @ ORF & RE X2 012, HEREAEARZ 12
TVl -EEEETIEETE BV 27, CDDLEET%
FRT—H—TH BG4 % T~ FTHMEF (kanMX) & Bi
T5HMT, loxPkanMX-loxP cassette * %+ 5 pLKG 7/'F & 3
F (@IRKEFAFEFRKE—FE L2 6 45) 2HWwE.
PCR#EIZTpLKG #* 5 = O cassette % #4IE$ 5 %4, CDD1:#
EFHRESRO LRSS LUTREIAFRA0ERRTI 250 &
AERINLTIA T —%H w7 0 CDD1-KOup (5
GGAAAACCAAACAGAGAATCTCAAGCAGAGAAATAAGGTAC
TAATACGACTCACTATAGG-3’);CDD1-KOdown (5'-
TTCGCTTTCTTTTCGGGGAGCAGCCAAATAAAGATTGCTGA
GTTCCAACTAGTGGATCTG-3"). L7=d» T, WiEEn/
DNA WA 13002 loxPkanMX-loxP cassette #, iz CDD1
BEF EHARORERNZET L. HEOLMEIZ, 94TXSE
TOZE, 94TX30F, 50CTX 308, 72T X245 30H D54
17 Wik, 94 CTX30%, 68T X34D254 1 & )L THIE X &,
FRIZT2TX 109 THE S/, YPH49IBERAING 1= = D /IE
T ZEAL, HEEARZIZL > TEL /- CDDInullER
Bk (YPH499 A cddl) 14200 ng/ml G418 % & ¢ YPAD ¥54th T
RL7. RELCODIEEMAOMERITBIAIPCR 2 AWV THE

B

fEEEL 72,

9. BNy ¥ —

HCDAZEBIZHAV /2 pATWA 7 5 A 3 ¥ (pAS2-1 DEFFE L)
&, ADH7 O E—-¥ —IlL D BLNLOMAIIMEZ BEHORH
A THD, FOERY—H—L LTTRP1ZH Wi,
HDCK @531z, URA3 % IR~ — 1 — & L72pATWAOFH
EBR, pPATUT S A3 FEHWR, EH550D7TFR23 FIZLHE
AIAL S REMIZT? =€ b — FHERFIEA SR THEY,
IR &) BB E O NG T?-9 7 2ER S h®,

10. EEREE ) DNAFRAR R & HERESE T

FR B L OERBMES & &L HCDAEEZE T @ £ HHER i
cDNA#ZPCREWTHIFELAL., 774 v—135-
ATATGGATCCATGGCCCAGAAGCGTCCTG (¥ A) k5~
ATATGAATTCACTGAGTCTTCTGCAGGTCAATTCACTGAGTC
TTCTGCAGGTC (7 > Ft > R) & H\v /=, FHEZ, #E:CDD1
ORFI3 79 4 ¥—5-ATATGGATCCATGAAAGTAGG
TGGCATAGAAGAC & 77 4 ¥ — 5-ATATGAATTCTA
GTTTAAATGAGATGGACC % I\ TR L, pATWAIZIEAL
7. HDCK (GenBank M60527) cDNA® ORFI$ 77 1~ —5"-
ATATGGATCCATGGCCACCCCGCCCAAGA & 5'-
ATATGAATTCTCACAAAGTACTCAAAAACTCTTTGAC # v
THIWEL, pATUTZ A 3 FIZEA LA, #AL7AHCDA,
CDD1, # & UDCKDIRIERFNHIEHE S — 7 12 R THIE
MEE L7z, Ara-C~OEEMONEIZIEDCKIZ & % ara-C D
PALDLIHTH 5. BERIEDCK 2 RIUNT 5 708, BEH:A cddl
#RIZpATU-DCK 3 A L 7=,

Il WZAS»7ay54» 7

KB OB R AR S MR e R LA 1
OD Aso 4 B OHIL (1 X 107 %K LT 150 ] OBIEETL @M
NaOH, 2% 3-ANAT b2y /= VTIOGMRIELY:. 20
%130 1060 % =IRILEERECHRM L, HIREAIZECIZEY
V4 L7z, % M %% 4 Bradford assay (Nippon Bio-Rad
Laboratories, XR) TifllE L7z, 1 X 10°HI a4 Y4 o & Ffh
Mx 15% SDS-PAGEZTHEEL, = ot o—AKEIZHEE
L7z, —k¥ifke LTHIT?-% & (tag) v AM 70— itk
(Novagen, Darmstadt, Germany), Zk#iifth& LTH—2AF
FA v arldFS Y —¥ (HRP) 8 L 2B~ 7 X g6
$i4k (Dako Co., Calpinteria, Canada) # fiv>7z. ECL% v b
THREMREL, NIHA A=YV 7 Y27 (Versionl.60) T%
L (APAN

12, EEEEAIZEEE L AR X HCDABE R IHME O Bl i i 7
v~ %57 4 — (high performance liquid chromatography,
HPLC) 4347

EEHE A 9 b 757 4 — (HPLC, M-8000, LC/3DQM,
Hitachi Ltd., 3H) HEIC & » T, BEPICHER LM AR
HCDAD YY) ¥V BFEBARNOIIRE L ME Lz, ¥ho g
DORIETFEABERNAE, T9AC—-XE2AVWTERESR
BEEHEH (1 mM AEBSF 3HEHE, 2 pg/ml 7 7OF= >, 2
mM X X7 3V UE#E, 10 M leupeptin, 10 xM
chymostatin, 1 M pepstatin) OFFE TICHIEL L. BHIBE
{3 Bradford assay (Nippon Bio-Rad Laboratories) TifllE L 7=. 5
10 pg DEEMBW A 125 uM ¥ F ¥~ (Sigma) & 5\ idaral
(Sigma) & ZN 21200 £1D 10 mM YV > EEBREHE O CRIGE
&7z, 37°CT3, 5 10, 15, 304M OIS, 20 MibiEst
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ElExd. ZORIGRAWE C18 HPLC 4 7 4 (0.46 X 25 Wsz L7 METEABRS —BRNEERL, TO®RIER
cm, Shiseido, HEY) IZIEAL, 5% 2%/ — 1 (05ml/5) T ML, 9510 .l %H4 OHBE (0, 10, 50 mM) ®ara-C % &
WHULE. YF¥vew) Py, araC & ara-Uld 254 nm TH SC-Trp-Ura ERHEHEM L7, Z0FEZ30TT3H S
gL, FRENRIA L1225, 10.9L 1534 DEMEHETRES L, BHEh7a0=—0MlawEzRcERE L. AraC
CABES N, FIoH & RE 0L Y -y KO S EkE 50 9% HIFETF 24 (the concentration for 50 % inhibition of cell
#IME L. BREOENIE37CTOimol K4y catiEL, M viability, ICs) ®M5EIZIZ10°/ml DEERAIE % 0~ 10mM @ ara-
Mo O mg T E M7 D (nmol/mg) TFAR L /2. C# &t iedeifhT30°C, 15MFMIIEER, 600 nm CHRELE

13, Ara-C ORI FHHPRIZE O E WeE L, WA R MR LA, BEBNETNT3ET ML

Ara-C Iz & BRIz R 20 = —BEEERIZL » T TIh o7, WREOE S (%) 1fara-C i D flog D

Table 1. Number of leukemia/lymphoma patients and controls, and ORs and 95% ClIs by CDA79, 208, and

435

Variable Case (%) Control OR" 95%CI p value”
79 AJAY 31 (59.6) 70 (66.7) I - -
79 A/C 17 (32.7) 32 (30.5) 0.83 0.09-0.24 0.75
79 C/C 4(1.7) 3(2.8) 0.33 1.06-2.09 0.15
208 G/G¥ 47 (92.2) 157 (92.9) I — -
208 G/A 2(3.9) 11(6.5) 1.65 0.09-0.41 0.40
208 A/A 2(3.9) 1(0.6) 0.15 1.17-3.11 0.14
435 T/TV 8 (16) 11 (10.1) 1 - -
435 T/C 18 (36) 39 (35.8) 1.57 0.31-0.70 0.28
435 C/C 24 (48) 59 (54.1) 1.79 0.71-1.25 0.20

Y ORs were calculated in the standard unmatched fashion. "™ Pisher's exact probability. ' Nucleotide
position is rhe first base of the start codon. 4 prototype. ' Reference category.

A

79 208 435
[K27Q] [A70T] [T145T]
A/A* . A./C q C/C ~ G/G* . G/,\A - A/A o :r/’]:‘* H LR :l:/'fﬂcﬂ G i ECIL/S MG 3

T
|

\ P f

g

Ed ml‘ K
s ;M M

(bp) Hinf'1 digestion

398—
239_
150~
CGGA/TCCG ANTC
GCCT/AGGC CTNAG

Fig. 1. Identification of the SNPs in the coding region of the HCDA gene. (A) Representative electropherogram of the genotypes of each
SNP. The nucleotide position 1 is the first base of the start codon and the position of SNP is shown on the top of each electropherogram.
An asterisk represents the prototype and an arrow indicates a variant base. (B) Representative PCR-RFLP assays to confirm the variants.
The Rsr I-digestion for the 208 variant producing 271- and 209-bp fragments in prototype (G/G); 480-, 271-, and 209-bp fragment in
heterozygotes (G/A); and a single band at 480 bp in homozygous variants (A/A). Similarly, the Hinf I-digestion for the 435 variant
produced 239- and 150-bp fragments in prototype (T/T); 398-, 239-, and 150-bp fragments in heterozygotes (T/C); and a single band at 398
bp in homozygotes (C/C). No adequate restriction enzymes for the 79 variant were available.
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B LT, T STIROMBMSHIH ME AN, D (CCLSG) =&ML TWwa. JEMIEALL941, AML92053 A\
Hi#E & B & 12 ICs Ml % ML AT 50 %R T LR HEA| DB & IZNHL960 72 P I =L OWFRIZCTHRBE N, TRTO
LTatEL 7. 78 b3 — il idara-C ORI S (160-200 mg/m* X 5 H H#
14, MFEEEERIZET 2 araCik5ROREIERH i) EI2EKEHRS (12 g/m*/ 120 X 8H) 2% TR, i
FAeofd N RBnE BEESRRFE V-7 FEATHBEEFEE L Tara-CORMIES TSN T WD, 4,
208G/A[Ala70Thr]
Human ~-CYPLGICAERTAIQKAVSEGYKD-FRAIAIASDMQDDF IS PCGACRQVMREF -~
Mouse -~CYPLGVCAERTAIQKATSEGYKD-FRATAISSDLQEEFISPCGRCRQVMREF -
Yeast --SYSNCICAERSAMIQVLMAGHRSGWKCMVICGDSEDQCVS PCGVCRQFINEF -~
Mycoplasna ~~SFPVTLCAERSATASMVTSGHRK-IDYVFVYFNTKNKSNS PCGMCRONLLEF -~
E.coli —~TMQQTVHAEQSATSHAWLS GEKA~LAAI TVN——m - e m YTPCGHCRQFMNEL -~
Consensus Sequence  ~--— C(H)AE~——=———==——m (X)g4.30=~—=———— --PCXXC -
79A/C[Lys27Gln]
Human ~==~LLVCSQEAKKSAYCPYSHFP VGA==—— ——mm
Mouse - ~—=LLLSSREAKKSA YCPYSRFP VGA~——— ————
Yeast = =~~LKRAALKACELS YSPYSHFR VGC = mmm e
Mycoplasma —==~—ITKQLOMIVKRAYTPFSNFKVAC- = —mmmme

Fig. 2. Multiple alignment of the conserved catalytic domain of CDA from different species. GenEMBL accession numbers for the
reference amino acid sequences are as follows: Human (P32320), Mouse (P56389), Yeast (Q06549), Mycoplasma genitalium (P47298),
and E. coli (P13652). The conserved amino acid residues of the active site signature are shown as consensus sequences in parallel, and
the corresponding residues in the alignments are in italics. The conserved amino acids at codons 70 and 27 referred to in the text are
indicated in bold letters, respectively.

QO
8 8 _
B <k < xa< @
A0 AAAQ A A
SOV 00Q0Q
TS T A+ 4+
288588883
S Q0 AAAAAA
d
?];{10 — - eseseses < DCK
. (1.0)  (1.0)(1.0)(1.0)(1.0)
21.5 2]
- T I TR ™ g <« CDA/CDDI
14.3 (1.0)(0.9) (0.9)(0.9) (1.3)

Fig.3.  (A) Human cDNA of CDA-WT, CDA with SNPs, or yeast CDD1 was co-transformed with HDCK gene into the YPH499- A cddl
strain. (B) Cellular extracts from the transformants with the plasmid containing T7-tagged human ¢cDNA of CDA, DCK, or yeast CDD1

were separated on 15% SDSPAGE, detected with anti-T7-tag antibody, and qualified using NIH Image. The relative intensity of each
protein is shown in parentheses.
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Fig.4. Comparison of conversion rates (%) of cytidine (A) and ara-C (B) by recombinant HCDA-Wt (), and HCDA variants [27Q (H),
and 70T (O)] expressed in yeast. Cellular extracts from the yeast transformant cells were incubated with 125 .M substrates for 3, 5, 10,
15, and 30 min. The respective substrates and products were separated through a HPLC column. The representative results were shown
using two independent HCDA preparations. (C) Colony formation assays. The diluted transformants (3 X 10° cells and 1 % 10° cells) co-
transfected with HCDA or variant HCDA and HDCK were spotted onto SC-Trp-Ura plates containing indicated concentrations of ara-C.

The plates were then incubated for 3 days at 30 C, and photographed.
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Fig. 5.

Ara-Crelated adverse events with CDA genotypes. Treatment-related adverse events were graded using Common Toxicity Criteria

(CTC, version 2.0) with special criteria for pediatric populations from the Cancer Therapy Evaluation Program (NCI). Adverse events are
as follows: Hb. in (A) and (E), leukocytes in (B) and (F), platelets in (C) and (G), serum glatamic oxaloacetic transaminase (SGOT)/

serum glatamic pyruvic transaminase (SGPT) in (D) and (H).

Table 2. CDA activity determined by HPLC assay and ara-C IC,,

CDA activity”
Cytidine” Ara-C ICy, (M)
Wt 165%21.8 (100)° 54£9.4 (100) 941458
27Q  190+13.8 (114) 64162 (118) 856138
70T 78%£159%7 (47)  20%3.8%9(37) 757339

* Enzyme activity is given as nmol/min/mg protein. Values are
X£SD of three separate experiments measured at 15 min after
incubation, " substrates; ' % of control; ¥ P<0.01 vs. Wt; @ P
<0.01 vs. 27Q; " Ara-C concentration inhibiting the growth of
cells by 50% compared with untreated control cells. Values
are X=SD of three independent experiments. ¥ P<0.05 vs.
27Q.

ZR% &+, CDDI-nullZEE4 (YPH499 A cddl) #{ERE L 7-.
Kz, FEIHCDA L 20ZEER (27Q & 70T) % Z ®YPH499 A
cddLIZEETFEALA. 48, BRZaraCOEEICLER
DCK %X+ 57:%, &} DCK-cDNA % [FBHI&{EFEAL
7z (K 3A). ZR¥FOHCDA L HDCK DRB L ~ )V i AR
REHIHAELATE-Y FOBEBIIC L DRE LR, H3BIIRT
Z& <, 16kD, 15kD B & U381 kD D EHIZF N EFIHCDA,
CDDI1FEZEAB L FHDCKEHERL TS, NIHA A=Y
EFRHWTRRALANLVEEET S &, MiMEmIcEInTns
HCDA & % W HDCK DESHMAE (10°Hfa47: 1) 1d RN
TE—T&Hho':.

. ZEEHCDADBEEE

HPLCZ v, ¥F I v /araCh ) ¥ faraUNDIEIE
FrMlELA. QECIEFERNHCDAD 3 W IZZEET HCDA

@7Q, 70T) DA% BBTFHA L 2=BED & 0 B % 1
Lz, >F 0y )Y rBE0araClaraUNBHEY -7k
FRFNEHEE D4 L 122, 109& 15353 Th o7, £
FIEREW R TTE— 2 AW o h 0N S R E— 2 b4
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AL L7z (44, B), L7z75> T, [EE:E 1549 TOiFE
gLz, ¥ F Yy EaraCHRENORL % Km (ara-CHKmits
EEV) FRWLL, araCEEORT 3 /R FIrD13T
otz (F2). REHCDA L b5 &, HCDATOTD Y T3
Yl araCRBIZHTHMT I/ RIZFNFNAT% L IT%TH
h, HEICERBEZRLE @<001). —J7, Lysh b Gn~O%E
FEH (K27Q) TIZEMHCDAICILEKEL T, Y+ ¥ rhbvid
araCEH I T AESICIFES IR b o7,

V. ZEIZ T3 ara-C DHEEHEITR

HCDA & HDCK O Wl FEAZR T-3 ABE AR O ara-C I 5§ 5 8
ZHE MRS RTHE L, 9, H4CTRENS
Tt <, HDCK@#E Az & 1) ara-C W% YPH499 A cdd 14
araCEES RO ZEIE (CDD17/DCK™) (Z#Eie L, ara-CiFHlL
BITH5DCKOEAMBEREUAIREINAL, D&, 20
CDD1 " /DCK*#kiZHCDADEAIZ L V), ara-CTiENKEE
TR L7, ERHCDAEARRL LKL T, 0= —TEROR
AIZHCDATOTEARRIZ B VT S A 250 b 7-25, HCDA
2TQIRTIIEILIZEED SN b o 72, Ara-C ICsfH i3 HEMHEE
L DRI L7 (3R2). HCDA-T0T #k? ICs 1 757 + 33 M
THY), FEREHCDAR (94158 uM)IZHE LHEEICHALLT
Wiz (p<0.01). HCDA-27Q#k (ICs1& 856 = 38 xM) TidaraC
BEEICBVWIEEEIRO N2 o7,
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V. MEEBEEICH 2 ara-CHREBOEITEAORET
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%, SEOORSNEFRORE TREEMF0 2 HIITIITE
AN A
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BRERA L. BEOE A, 0T I/ BERSBEEELK
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BRI 2 D O Thr FEEANERET 2 720, BAFFESHHINS
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KIFFETIIE 512, HCDABEFIZBW T2 0 DBRIETFER,
AT79CW 19 L T435CO D 7 L VEIRER L BIE TR OS5 2 BH»
LiZL7. aFry27%a—FTBX 7 LAF FTIDBREFE
BRI OFIEIZHCDAEEZFODNAZ O—= > VBRETHL R
OB NW HEIICHT LVERKE201%THY, 20D
SR AFFEOEF R TIHEM TH -7, T F 27 N-KM
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B L TEART v PV —TOBEICES L Tw b WS H
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) araCOBT7 3 7 EHOET (L34 »°Kirch 5 92k o TH
BENTWVES, LaL, RFETEEBEREE, H5HvidaraC
AT BT IR S HCDA2TQER TV B L Z LD 5
Nhdol. ZOREIBEEEOSMFEIIBITLN (2P
DB L2 —FERELTELZLND. BEMREDIC
B IYR oLV Y=y ) YU FF—EFETNTS
D, #h5IXHCDA LA LEEZHATEY. LitdoT, &
NOEOBEICLLVFUVEEOHED, EOIMLIR
HEI N S Rk N LA TR T E 2w, & F
T URHZBITHHCDA L IET ABBEES L OMROER
137 BRBTH 5. HPLCAHTETHE S W BEOKH Y -
7, REEFOEWERTE - 7B L TEDDOTHEL,
L7hio THEREGERAOER TP RV EE L bR,

E2f3 8 (Saccharomyces cerevisiae) 75k M E{ZT R OH#E
e E TN E LCHEERERIE, BREETRENERLTSH
D, EBReEEOE—BEFOT2YE (oull mutant) A7)

FETH AN, b b LEEERET, METOERERSRESAT
WBRY BROBEBEMELTEDY ) LERFISEBAIAT
WBY, ZEhEThHL. HEHIEREL, TRLOMEATD
Z AL EGHT B BT, B OEMEETICEET 5 5Ek
BREERELED Z LR OMBMRE 2o TR, E
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TR EFEELTS. cerevisiaeZ EF N & LTEIRLZ. &
DFEFHCT, HLo—EEERAEEEEEORIL L E
FIBFEIC B TEEL TWA I L EIF L., LA LSKkas
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BIEAT2 LD TEBLIE I PREROHLLEZATHS.
HCDAWFEMEKE L THET2. Lid-T, KR
HCDA (70T) #72= v M3 FOMUEREEA~ DS - HCDA
OFEMICEET RS S S, A, ERMICERREE
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FIEMRBIIBWT N IF Y AT 1 THEEYE L 2T
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2Bl FOREENDHATH Y, HCDA208|IET I & ara-CHA
EE L OB O EENEEE R RN IHER O T b kb
7o, EWELOERWY Y TVOER Y B E L KRERT
EALETHD.
BEREFTHCHET 2 EETFEREICHTAEN S-S v b &
ST BENE, BEE—A—ANCEFRLENRELGEET £l
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WEBOEERRBLE. ZOT7 70— FIHEOERIZET
Y AZRATO PI—RICBVT, BETFENRER RS
HSW AR R R T A OO EORERIRRT L EE
Zba.
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52610 E LR/ B >3 HE L 1696 OXFER A 5 @ HCDA
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B HCDA70T OB7 3 /iEMFERIETL, araC~ DR
FEEAHIIL 2.

4. HCDA 2088 {ZT Bl L BEPR E O ara-CEHEROFRMES L UF
ara-CREE M & OMBEIE, BERY Y TVEPL w0,
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Abstract

Analyses of drug targets for polymorphism will help to establish gene-based information for the treatment of cancer
patients. To test this hypothesis, we attempted to identify and analyze functional single-nucleotide polymorphisms (SNPs) in
the human cytidine deaminase (HCDA) gene the products of which catalyze inactivation of ara-C. By sequencing cDNA
derived from 52 tumor samples with leukemia/lymphoma and 169 blood samples with non-hematological disorder, we have
identified three different SNPs in the coding region of the HCDA gene. A novel SNP at position 208 within the conserved
catalytic domain of HCDA is a G-to-A transition (G208A) producing an alanine to threonine substitution [A70T]. Two known
variants, A79C [K27Q] and T435C [silent] were also defined as SNPs in this study. These SNPs at position 79, 208, and 435
display allelic frequencies of 20.1, 4.3, and 70.1 %, respectively, and were not associated with susceptibility to the disease.
Using the yeast expression systems, catalytic activities of the prototype HCDA and variant HCDAs were determined by an
HPLC assay. Relative to the prototype HCDA, the HCDA-70T showed 47 and 37 % activity for cytidine and ara-C substrates,
respectively (P < 0.01). The ara-C ICsy value of the yeast carrying HCDA-70T was 757 £ 33 1M and was significantly lower
(p < 0.01) than that of prototype (941 %58 xM). These results indicate that a subpopulation with 208A homozygous
genotype in the HCDA gene is potentially more sensitive to ara-C treatment than prototype. Accumulation of SNPs in the
genes responsible for drug metabolism and determination of SNP-induced biological variations could provide the additional
therapeutic strategies in risk-stratified protocols for the treatment of childhood malignancies.



