6 (144 )

55 %, EBMEATYME : 77 5 A, £EHES
RAE . 19.5 » A & FOLFOX & FREDBERE
Dz, TORKBID X512, XELOXzbeva-
cizumab & & OF FOLFOX+bevacizumab ® K&

2006 £ ESMO (FkMB a4 %) b FOL-
FOX 123 LT XELOX DIELH ISR ENT 59,

2. FFENAEZEOHE
MOUTORBEILERE BT 281~ %
breakthrough i¥, S-FENEBEEORETH 2,
2003 €D ASCO IZBWT, KBEBEBICB VT

FFREBREDBEIS B MO THE SNz,

1) M1E R B 158 R 7 RE = 52
$ 9, bevacizumab (Avastin®) D& Il RERD
H|ETH A0, RHE, ML EREERT

VEGF (vascular endotherial growth factor) {23t

THE MUBES O— U4k Th B, IFL A REE,
IFL+bevacizumab 6 F % SERBE & L T E1L4
BEFIZNRICHLBRE 2 SN, 81k, =
R 3R (35 vs 45 %), I E & 77 4R (6.2 vs
10.6 » B), @&£FHM (15.6vs203 » A), Ow
THEBOWTHHARIERIENLIL VI DD
Thol(R3I). AEERIFABRICBVTH
m, mMRED, BBR, BILEZ%ENZHLA,
Tz, HILEFIFBEEETHA2TDLATY

% 3 IFL+bevacizumab vs IFL & [I 453588

" DR
- IFL+bevacizumab IF

FEBIE . 402

PFS : EBELIFHIM, MST : 7RI R{E
(Z#k 10 &£ +) 51A)

o FHNZ, MEFEMERL LTHOTELEH
MEERTHEVIBEEERL, 200442 A1ic
RT7AVACBCTEBIRTY S, HVCHEE
DIREEGHED 1 DTdh 5 FOLFOX & bevacizum-
ab DU RBEOHRUEN 2 RKIGEREF 25 L
L725 > ¥ A{LsE W BBk (E 3200 $8) ™ TR
SN (Y M R1E bevacizumab % vs
F=108vs 12.9 7 B) (K 4)o ZOHER ST,
REBIN Bv> Tid FOLFOX+bevacizumab 4t
BREDAEAR AT 2B ER L BB Ty
bo SHIIAL VA OMEBBROE ALK
L7z HBEABROFER (TREE 1, 2 3ER) 21913 2006
£ ASCO TEZDBRBRBMTAAEEN, oxali-
platin £ 3 ODR% 27 v k¥ ) I VDR
#% (mFOLFOX 6, bFOL=bolus 5-FU+oxaliplatin,
CapeOX=XELOX @ capecitabine+oxaliplatin) i=
bevacizumab M 5 L2k by, ERIFEE
MEEZHEEICE ¥ T oD, BPHEORE L EH
BUH, 24FPHOERENEONT, 3 BE
TOEFHM P IE L bevacizumab 4 vs £=18.2
vs 24.4 7 B &, bevacizumab OB ToOWIZ 2
ERBz(ES),

&2 AT, VEGF D ZE 4 (VEGFR) I= i3
VEGFR-1 (Flt-1), VEGFR-2 (KDR/Flk-1),
VEGFR-3 (Fit-4) D 3 B4 H 5, chbOE
i, /MR ERER T 2254 (PDGFR) % GIST
BETAHMRERYT S c-kit LEMLTHY,

x4 E3200 RBOKE

e S '

1 . 230

BV : bevacizumab, TTP : BRI, MST & &Mt
1@
(ST 11 £ Y E|M)
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#£5 TREE1 LU TREE2HBROKE

TREEI1 TREE?

oF c ° FOLFOX bFOL CapeOx
mFOLFOX§6 (o] B apeOx sBv BV +BV -
ey 50 a8 - T T 0

7 e b =5

70

_'-'TTPA‘/TTE ;—H}

MST (3EEHE

BV ! bevacizumab, TTP : SEIEEHME, OS : €4HFHE, MST : £HFHRhRE
(3@t 12, 13 &9 3IA)

VEGF 2, PDGFR, c-kit ##1% % sunitinib %,
VEGFR-1, -2, -3, PDGFR, c-kit##x %
PTK/ZK (vatalanib) 7 &£'i3 multi-target VEGFR
FAERL LT, KBEIEIPS OB THRKRBR
ThhTwd, 1 REHEFIIH L FOLFOX 4 12
PTK/ZK # $t B L 72 CONFIRM-1 RE;0 Cit,
B, EMEATYRCEIRD b 27295
7y MEN TIE LDH OFWE Tid PTK/ZK
HTREFLRERIB LN, 22T, HEHE%
AT BHIEM%ENHRITIT o 72 CONFIRM-2 KB D
AER AT 2006 F£D ASCO THE S W22k b
CONFIRM-1 [F#%, LDH OB WEOATOLEL
HEOEREZRTICET o T a9,

2) E MRS E R F R B ARAE S

¥/, LEMBEIERET 2% % EGFR (epider-
mal growth factor receptor) I2xf 3 5<% w Z-¢ k
A8 00— VHKTHS cetuximab
(Erbitux®) 2003 £ D ASCO 2BV T 2D
irinotecan NIEHERBREITH T 2 LB RBBR &
(BOND #ER)©»#& S h7z(%£6). EGFR Bt
T irinotecan NS DEFIZH L T cetuximab
& cetuximab+irinotecan $f & # ¥t ¥ 2 =
BTHY, ZHE(1% vs 23 %) L EBEHE

(15vs 4.1 » B) TOBMBRIRIE S 228, £
AEFHMTRAERE T2, o2 ERHEESRI,
F A KT 5 /2 infusion reaction 253D &
nN5Zt, TEUROEE, NOEE, MEkz
EPBRESNT VS, AHDI—0 v IlHEE,
20041 BIZT7 AU AIWCTEREENT. 25T,
cetuximab/bevacizumab O HBEDIHE S L
T&Tw5b, Saltz 5 i irinotecan RIS D B
TEERRAEBERME 74 Bl 2RI, cetuximab+
bevacizumabtirinotecan #f A&k * EH L /-
(BOND 2 & B&)'", cetuximab+bevacizumab
(CB) #/ cetuximab+bevacizumab+CPT-11 (CBI)
HORPEBIENENR, 23%, 38%, EHEL
FHIMIX 6.8 28, 85 v BEWIHIRRET, beva
cizumab 2 irinotecan FAIBFHIHF L, cetuximab
B A ¥ 721% cetuximab/irinotecan St HEEDH )
B % Bz, BTE bevacizumab NIGFIIR L,
CB/CBIBOERHEORFEVPEENT VS
(BOND 3 #E&) .

FIZ 2 RiGHELETRET S LT/ cetuximab
DOHEERICBT A5EHEIE, IFL, CPT-11+
AlOregimen, FOLFIRI, FOLFOX, FUFOX &
DOHAREDOETHRARTHRESh TS, %
2 T%H FOLFOX 4 & cetuximab OBt HEETH
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%6 BONDXBOHE

CPT 11+Cetuxumab
Cet b 8%

TTP : SEELM, MST : &R RE

5 ACROBAT BRBRTix, ZXNFE 81 %, EEEL
FHM 123 2 B, IS WOBRTETHo 8
BEOUIRYP IBITHERRL 252 EHEICRL
TRBEVIBRE IR, 7/, FOLFIRIL/
FOLFOXz*cetuximab O 4 F#ED LR DO P
F A% 2006 £ ASCO T# SN, cetuximab
DI LCTESFIL2%: 32%LBRIEN
Twizw, BWIE, 1 REHFEEL LT, CRYSTAL &
E& (FOLFIRItcetuximab) 2%, 2 kif# & L T
FOLFOX EE B39 % EPIC 3 ER (CPT-11+
cetuximab) 2%, % 7z 5-FU, CPT-118& U
oxaliplatin XTI ZEFITH L T NCIC-
C0.17 3B (best supportive care vs cetuximab)
PEFTFH B VIERT LTS, cetuximab DK
BEHE 2 51T % survival benefit 2S#EE & v 5 A,
BROBHIPES-N TV, 2006 4F 11 B2,
2?9 HNCIC-CO.17 AR TEEFHMIc B
T cetuximab EFEEICEN TV L ET LAY
Y- ATHE SNz T 2007 FOFXITHR
ESINBLEFETH 5,

¥/, T4t MK EGFR ik Td % panitu-
mumab (ABX-EGF)iX, ¥ A 55k TH 3
cetuximab {ZH-X, infusion reaction 2 L DHE
BROBEFL 2 VEREEIN TS, CPT-11
B & U oxaliplatin IZ RIS & 2 ) B3R BEEN
ZWABEEE % 3R I panitumumab ¥ HF &
BSC L OLEABRBITTHhh, EEREFLHEIC

B> C panitumumab BPERTWVA0, Z DR,

(3Z#k 16 & W51 H)

2006 £ 9 A, 7 XY AIZBvT panitumumab ¥
)2 salvage 68 & L CARRE Nz, BE, FH
& FOLFOX % FOLFIRI, bavacizumab 2 && ®
BRHEBEEORF DITOA TS, FOMITDH,
EGFREEF 0 ¥ 3 F—ERBFEBEERL LT
gefitinib, erlotinib, lapatinib 72 & ASEERRERERIZ
BOWTABEZRIESWODOH 5,

I FENEHEEIL 5-FU+LY, irinotecan,
oxaliplatin 12t <, £4DOEH L LTRE L5
BHhTw5D, BELORAROEM~EZ &
BT ANVABWTERREZEEL T A,
AR 2 » A B O FEH) R 4 bevacizumab B
T2AFN, cetuximabPFHT3I ARV EVIE
EgENE, BAOEFHOALE LT, HEehELT
SO BERIV POV EEREERE L
BEHEINTAEEEREL DL ) ITRITANS
POIVE Y RAELEET D, BIRDL ) ITHE
OHER L FRAEREICEZRR L Z LT
i, MEYE, EEEFREZEOBERES
BRRG CTOBEPKIBICER TS Z LWL
BHEOBERIKEVEER b,

3. REDKREGFR

BIE NCI-PDQPRE&XKEHREL Y P77
(National Comprehensive Cancer Network :
NCCN)® (F 1) 2 BT I s DEBEKRAER
OIREREDTCTEGRERROTA F 54 H4
iéﬂfﬁb,@%@ﬁﬁﬁ’@ﬁﬁ%%tkf
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BELERTHEVIFIIFRI > T3, £h
W2k BE, 1R#EHEELTFOLFOX (F/-41%

CapeOx) +bevacizumab # 1T o 358, 2 Rk

. {2 FOLFIRI % L < i3 irinotecan ¥#|+cetuximab,
Z LT 3 RiG# T cetuximabzirinotecan & % \»

tX panitumumab & 2o Twb, /i3, 1K

#% T FOLFIRI+bevacizumab % #iR L 7:35 413,

2 RiGH, 3 RiEHT FOLFOX (% 7243 CapeOx)

% L < iF cetuximabzirinotecan & 5 \» i panitu-
mumab 2 VS LR INTVE, WZIZ,
HfEiE Grothey D3 \>72 “3#)” |2 bevacizumab,
cetuximab B X Uf panitumumab #iN%x 7= “6 &~

DEANCEEL LA OERLBRL, £EPERO

BABOERZROTW I LR 5B,

bb\lb.as

i l:am: 2006 4 12 Hﬁ#f TAVABIC
LAV ETKBREEICBETIR TV aHER 0—
BEZRT (R, bAFEIZBWTKE, FIIEO
7oALY IV VREAFRA ST ERY S
5o BIWEHBBRETCRZOMELD> LCERIC
Dl VERSNTE LN+ BEROERIIRE
SNTWLd o 7z, 1995 E 21T irinotecan AS7K
BINT-PERMERICEESLS, 0% 1999
FICHLPETCOBRPLE IHRBROBEREL D &IC
5-FU/LV #SRPMI L ¥ # VIZ TARESh, BF
I CHB SN TE . 2003481243 UFT/LV™,
S-1wmpMERT R E & V), D%, IFL 2
IBER&ND XS il% o725, FOLFOX4 1245
TENFESH, FAEEERLBCHALYT

Initial therapy

ETHELREBEABEICN T 2 bems

Therapy after First Progression

Therapy after Second Progression

Cetuximab or panitumumab

or

therapy bevacizumab

or

or

5~-FU/leucovorin |, | or
+bevacizumab lnnotecan |

FOLFIRI
FOLFOX+ ?r
bevacizumab ”nOtecan
g;\%::‘i’;?n)w(;b FOLF'R|+Cetux1mab

——— Clinical trial or best supportive care

Cetux1mab+|nnotecan

Patient can .
tolerate FOLFOX or CapeOX ————>
intensive FOLFIRI+

. Cetux:mab or panitumumab

Cetuximab+irinotecan

FOLFOX or CapeOX —————— Irinotecan —

or
Cetuximab+irinotecan

Cetuximab or panitumumab
or
Cetuximab+irinotecan

FOLFOX or CapeOX

Cetuximab or panitumumab
or

Cetuximab-+irinotecan
Cetuximab or panitumumab

FOLFIRI |

Capecitabinetbevacizumab

tbevacizumab - -

Patient cannot . Improvementin . Therapy after first
tolerate or functional status progression as above
intensive ) Noi . e
therapy. _FU+ i o improvement in )

i S-FU+leucovorin functional status ,Be;t supportive care

or
Cetuximab-+irinotecan

1 NCONHA KRS
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x£7 XBEHS

EICEW&

Panitumumab-

L)

UFT/LV -

CBEFCHL BB L2 oRAERERIBWA L
DD0Hbo 2006F 20, FHAHEHICXD S5
FU/LV 2%, 2005 4E 3 AT oxaliplatin 2532
sh, TOHKE20054 48 &) FOLFOX V¥
AVHMERATREE 2 ) BEEREL LTRRICE
L72o ¥7, FOLFIRI b HEOHMMIHZ b D
DEATREL 2> TERL, 2006 FKICIIEE
BHEAZRBOBREIPBRE S, LK
capecitabine DENHE TOREIRT LT 5,
bevacizumab, cetuximab, panitumumab 7% &®
SFEHEH S E THRABRSETP T, KR
BLT207Ep L2 5RRAHRTHD, TEE
BEABORBHNEAORKAL LTS 1L
oxaliplatin % irinotecan & DBFHEE O 72
ERTWBEZATHD, —FH, HEEEER,
EHFFELL L TEEHNDRIERL TS
bOD, FNAREOHBR L LV METH), RE
FFENE+CPT-11 £ H1% 5 O WK I/T MREA
EITHTH DB, TOFMMEIVILET o TR
Vi, »

DEXbh, bEEIZBWTIZEES T FOL

hTWBEHE TORBTEE

2006/9

KAEER 2003

FOX, FOLFIRI A5, EITRKBBRIHTLIELE
RokEs: 8hb, FOLFOX, FOLFIRI w§'h -
REATERBREPIZOVTIEBRELI VY
ARV, HILERZEOWERRLEFREL R
%L, FEERPBRECHSHBPLAZETHRET
LERETHEB, BEE S PS (performance sta-
tus) AN BT 5-FU/LV ®# UFT/LV, S-1%& &
HEIRIRERY I B, TNHIX 200547 BIiC
KBBHREE»ORBRIN: [KBREESAF
FA VA IZHEINTV D,

RBDEBh, 20054 3 A, oxaliplatin 237
REh, bHFETH FOLFOX BEAERTRE L -
ZOLITC2EPRABALEIIELELTV S,
FOLFOX #E i3 B, HBRABRTRIIATY
% FOLFOX 4 2% ® 5-FU/LV @ 2 BRI D Y &
L#x5% 1 BicffifE{k L7 FOLFOX 6% FOL-
FOX 7O FBENTWE, L LEH 6, LD
LIAVHEBNRTOWAENIIOWTIREERETATE
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NTBLTHFLT— 3%, bFEICBITS
ABBHICRRKRTCOIYF Y 2% ZE L, FOL
FOX4 2 #RTHIHTRETEN TV, 2BH
- OEIZ2HARBRELZTRE 2SRV &4
HMETHS. DHPETRZOBHES XY FOL-
FOX 6 2%4FF h, & 512, oxaliplatin D5E%
AZHEAND 85 mg/m? 12 & L 72 modified FOL-
FOX 6 (mFOLFOX6) DA HENRE IR T
50, YEIZBWTHBAEREIC mFOLFOX 6 %
HHLTBY, FEERSHID retrospective 218
HoOlBWT, EHR, EMEAEHE, S
BWTHENTO FOLFOX 4, FOLFOX 690 #t
HELHLPRERZRD TR,

—7%, WHHE - REOEME, KEpERE Vo
7= oxaliplatin ¥ F OMBRRE O 2D, FWEMFEF
&% 255 FOLFOX % #8 T & W& d 4%
{BRnZ LHHBEL 72, oxaliplatin DMEEFEME X
EHEMESD Y, 850mg/m L ETEFDOEENE
K%2h, BIEEVEBRETHLINDW, 22T
oxaliplatin ® dose intensity # ) 2RETH L &h
T &7z, 2004 8 ASCO THER S 7z OPTIMOX 1
(FOLFOX 4 vs FOLFOX 7% 6+sLV 5 FU 2% 12+
FOLFOX7x6)DHERIIEBLIEHEK . 4
58 %, SAFEHIM 14520 » A CRA%TH oA,
HREHIBETERICBA LI, Fl&ks
2006 £ ASCO Tid OPTIMOX 2 "®FE & h,,
FOLFOX 7 % 6 ¥4 7 VHEITEIZ sSLVSFU 2 12
X B HERBELTHOTICHRET S chemotherapy
free interval (CFI) % 3 <{ T L S EENIZOWT
BETA %2 & /-9, primary endopoint T3 %
DDC (duration of disease control) iZE% T -
7oh, BHEEAFERBEIE CFIHETERIIEY -
oo EAEFHBRARINTELT, ZORKES
TR CFI2BLZEDULZOWMEBMIZIZR DB
72\, ¥ 72, neuromodulatory agents & L C#
K # M % Bl 5 BT xaliproden % Ca/Mg 7%
L o DEF OV TEERRBITbhTw
B, BT THOILAMEERLL bt

Vo HERETORFBIUHNTORENIT LS
L, BREREZELBE0UET Cofiod
REIRH 13 BL Sh, £/ PD (progres-
sive disease) £ 2o TL E I EASL L BHoh
Tk, ThWIBEEEZE2T2X)0EEL
BEUSHURT SENRELIT) L FFEEE L
b1, FOLFOX BEDHEMXB LN TWHIX
sLVS FU2 IC X 2 #RFFEELZTVWEELZHFOD
HEBEEZ D,

DB REBERBE IR T b2 E I,
1990 ERHEDS 10ER L TOMICKE LA
PHRBNTVD, RHERICETE S Wi BRREBRO
MAERICL Y, BERECHRBBREOTME:
—RAL % D, RF SRRV O 4 1E 1R
BEREDS 2 AP LSP 2 ERBLARRL
ol BREB T, BREORES L UER
TOMHE - WEREKZZLLTHMOTHI I &
THHE L BEO QOL S EMEHEIMS b B
L7 £ T ot 45BN & B maki 0 HIbF 47
FIENETETEEL RT3, ERNER
BEOELZEIIZ7 A0 —LAad s, BEDEE
A BEICRET S LTS BRI HYE £
DEEEMEICED STV 5,
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Abstract Dihydropyrimidine dehydrogenase (DPD) is an
inactivating and rate-limiting enzyme for 5-fluorouracil (5-
FU), and its deficiency is associated with a risk for devel-
oping a severe or fatal toxicity to 5-FU. In this study, to
search for genetic variations of DPYD encoding DPD in
Japanese, the putative promoter region, all exons, and
flanking introns of DPYD were sequenced from 341 subjects
including cancer patients treated with 5-FU. Fifty-five
genetic variations, including 38 novel ones, were found and
consisted of 4 in the 5'-flanking region, 21 (5 synonymous
and 16 nonsynonymous) in the coding exons, and 30 in the
introns. Nine novel nonsynonymous SNPs, 29C>A
(Alal0Glu), 325T>A (Tyr109Asn), 451A>G (Asn151Asp),
733A>T (Ile245Phe), 793G>A (Glu265Lys), 1543G>A
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(Val515Ile), 1572T>G (Phe524Leu), 1666A>C (Ser556-
Arg), and 2678A>G (Asn893Ser), were found at allele
frequencies between 0.15 and 0.88%. Two known nonsyn-
onymous variations reported only in Japanese, 1003G>T
(*11,Val335Leu) and 2303C>A (Thr768Lys), were found at
allele frequencies of 0.15 and 2.8%, respectively. SNP and
haplotype distributions in Japanese were quite different from
those reported previously in Caucasians. This study provides
fundamental information for pharmacogenetic studies for
evaluating the efficacy and toxicity of 5-FU in Japanese and
probably East Asians. )
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Introduction

Dihydropyrimidine dehydrogenase (DPD) is an inactivat-
ing and rate-limiting enzyme for 5-fluorouracil (5-FU),
which is used in various therapeutic regimens for gastro-
intestinal, breast and head/neck cancers (Grem 1996).
While the antitumor effect of 5-FU is exerted via anabolic
pathways responsible for its intracellular conversion into
anti-proliferative nucleotides, DPD affects 5-FU avail-
ability by rapidly degrading it to 5, 6-dihydrofluorouracil
(DHFU) (Heggie et al. 1987). The importance of DPD in 5-
FU metabolism was also highlighted by a lethal drug
interaction between 5-FU and the antiviral agent sorivu-
dine. Due to inhibition of DPD by a sorivudine metabolite,
severe systemic exposure to 5-FU caused several acute
deaths in Japan (Nishiyama et al. 2000).

5-FU catabolism occurs in various tissues, including
tumors, but is highest in the liver (Naguib et al. 1985; Lu
et al. 1993). Wide variations in DPD activity (8- to 21-fold)
were shown in Caucasians, and 3-5% of Caucasians had
reduced DPD activity (Etienne et al. 1994; Lu et al. 1998).
This variability, which is partially attributed to genetic
defects of the DPD gene (DPYD), leads to differential
responses of cancer patients, resistance to or increased
toxicity of 5-FU (van Kuilenburg 2004). Complete DPD
deficiency is also associated with the inherited metabolic
disorder, thymine-uraciluria, which is characterized by
neurological problems in pediatric patients (Bakkeren et al.
1984).

To date, at least 30 variant DPYD alleles have been
published, with or without deleterious impact upon DPD
activity (Gross et al. 2003; Ogura et al. 2005; Seck et al.
2005; van Kuilenburg 2004; Zhu et al. 2004). Of these
variations, a spliéc site polymorphism, IVS14 +1G>A,
which causes skipping of exon 14, is occasionally detected
in North Europeans with allele frequencies of 0.01-0.02
(van Kuilenburg 2004). Detection of IVS14 + 1G>A in
patients suffering from 5-FU-associated grade 3 or 4 tox-
icity revealed that 24-28% of them were heterozygous or
homozygous for this single nucleotide polymorphism (SNP)
(van Kuilenburg 2004). However, this SNP has not been
reported in Japanese and "African-Americans. Recently,
Ogura et al. (2005) have shown that a Japanese population
exhibits a large degree of interindividual variations in DPD
activity of peripheral blood mononuclear cells. They also
identified a novel variation, 1097G>C (Gly366Ala), in a
healthy volunteer with the lowest DPD activity and dem-
onstrated that the 366Ala variant has reduced activity
towards 5-FU in vitro. At present, however, information on
variant alleles with clinical relevance in Japanese is limited
and cannot fully explain polymorphic DPD activity.

In this study, we searched for genetic variations in
DPYD by sequencing 5 regulatory regions, all exons and

surrounding introns from 341 Japanese subjects. Fifty-five
variations including nine novel nonsynonymous ones were
identified. Then, linkage disequilibrium (LD) and haplo-
type analyses were performed to clarify the DPYD
haplotype structures in Japanese.

Materials and methods
Human DNA samples

Three hundred and forty-one Japanese subjects in this study
included 263 cancer patients and 78 healthy volunteers. All
263 patients were administered 5-FU or tegafur for treat-
ment of various cancers (mainly stomach and colon) at the
National Cancer Center, and blood samples were collected
prior to the fluoropyrimidine chemotherapy. The healthy
volunteers were recruited at the Tokyo Women’s Medical
University. DNA was extracted from the blood of cancer
patients and Epstein-Barr virus-transformed lymphoblas-
toid cells derived from healthy volunteers. Written
informed consent was obtained from all participating sub-
jects. The ethical review boards of the National Cancer
Center, the Tokyo Women’s Medical University and the
National Institute of Health Sciences approved this study.

PCR conditions for DNA sequencing

To amplify 22 exons (exons 2-23) of DPYD, multiplex
PCRs were performed by using four sets of mixed primers
(mix 1 to mix 4 of “first PCR” in Table ). Namely, five
exonic fragments were simultaneously amplified from
50 ng of genomic DNA using 0.625 units of Ex-Taq (Ta-
kara Bio. Inc., Shiga, Japan) with 0.20 pM primers.
Because of the high GC content in exon 1 of DPYD, this
region was separately amplified from 50 ng of genomic
DNA with 2.5 units of LA-Taq and 0.2 uM primers (listed
in Table 1) in GC buffer I (Takara Bio. Inc.). The first PCR
conditions were 94°C for 5 min, followed by 30 cycles of
94°C for 30 s, 58°C for 1 min, and 72°C for 2 min; and
then a final extension for 7 min at 72°C. Next, each exon
was amplified separately from the first PCR products by
nested PCR (2nd PCR) using the primer sets (0.2 pM)
listed in “second PCR” of Table 1. The second PCR
conditions were the same as those of the first PCR, and LA-
Taq (2.5 units) for exon 1 and Ex-Taq (0.625 units) for
exons 2-23 were used. All PCR primers were designed in
the flanking intronic sites to analyze the exon-intron splice
junctions. The PCR products were treated with a PCR
Product Pre-Sequencing Kit (USB Co., Cleveland, OH) and
sequenced directly on both strands using an ABI BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems,

@ Springer

—214—-



J Hum Genet (2007) 52:804-819

806

ovy £¥S0081S - JLOLOOLOOVIVOLYVLIOLOL 78600815 DLOVYDLLOLOIIOLYDOOL €1 uoxg
89y PIvYERIS VOVLVLIDIIOLYVVOVLIYVVIOY 188¥E81S LO1DLVYVVILIODDIOLOVIL Tl voxg
Wy 87985816 OVIDOVVVOILIIILLYVD 69065815 OVYILOVVVOLOVVLIODLOV 11 uoxgz
6v9 6S8LLBIS AVIDVLILOVOVVOOLYLVOOVOL LOS8LBIS LIDLOLIVVVVLIVVOODLYVYVY 01 uoxg
(144 S686L81S OVOVOLOLOODLIOOVVID SEL0881S ODLLIVLOLOLYODV.LILYOLOL 6 uoxg
16€ T€8E9616 DOLOLOLYVYVOIIOLLILYD 12TP961S LLLLLOLLVDLLLLOVOLJ9D 8 uoxg
444 1$S9L61S JIDVIOLYDHIODOIOLIIO €S69L61S DIVOOLOVOLLOLVIOLOVIOLL L uoxy
88y 10Z¥861S LVYOLVLVIODLLOVVOLIDOVD 889¥861S JDOOVLLOVVVOLOVOVVVOOVY 9 uoxy
8T¥ 8v€9002S OODLLOLYVYVVVYIOVIVILOL §LL900Z8 DLLYIOVLOVLVOLODLLOOLYOL ¢ uoxg
143 £LTSTOTS VOVVYOVVOVOVLYVLYOVIVIIOV 10952078 VOVOVIOVVVDLVOVVVDIOL ¥ uoxg
L8¢ 66821128 JLODDVIVLIVVVIIVVVVILL 3:149) -m DOLOVVVLLVVIIIVIOOLYVYO £ uoxg
4 PT6LIITS LLOOLYVVYVYVILVYLLODOLVLVD 1Ly8912§ JDLOVIIVIOLLYOVOIOVYOLO ¢ uoxg
816 98550728 JDDVOIDOLOOVIVVVIOY £05902Z8 JO0109LLLLLOLVOOIOL [ uox3 0 J1N-.S YDd puodsg
958 $8899¢€16 JOVILVILVYOOVVOVOOOLL OpLLIETS DDOIVIVILIVVIVVLVIIDO T uoxy
TLL LB6TRETS VOVIILLLIOOVIOLOLVVY 8SLESEIS JVOVVOVOIDVIVOLIIVYD 17 uoxg
€0L CELLLYIS VLIOVIVIIVOLVILOVODOL SEV8LYIS OLLVYIDVLLYDDVIVOLOLD 0c uoxgz
S16 98S6ISIS DDDVV.IOILLOODIOVIVOV 00502816 JLLLLOVIOVVILLYDOLOD 61 uoxg
65S°1 £E66851S OVOVOVDLOVYOVVVVIDOL 16¥16S1S DOVOLLOLILINOVVVIOLL 81 pue L] suoxg ¥ XIN
PLO'T 9LEEIETS YLLOVLLLLYDODOVVODOV 60VP9L1S JDLOLOVYODIIIVOVVVYOOL €T uoxg
L68 S189991¢ YIDVOLIOLOOVVVVYODOLVYL T1LL99TS VIDLDIOJLVVVVLOVIDOV §1 uoxy
LE6 POLYELIS VYVYVVOLOVIOVLVYIVIDOVID OY9SELLS DDOLVIVILLYOLOVIOLLIDD ¥1 uoxg
608 05v0081¢ OVOVLIIODLLOOLLOLLLOLY 8STI081S YI1OVOOVOLILOLV.IVIIDD €1 voxg
999 6LTYERTS ODVLLYIODOVLIVLLVOOOLOD broresls VYOOVOLLVYDOVVVOLILIOID T1 uoxg £ XIN
zIs P118S916 OVIOVLLLYIIDD9LODIOL §T68591¢ JIVILLOVOLLIOOLYILIIODLD 91 uoxg
665 T958S81S DOLLVOVVILVVOLLLLODD 0916S81S DDDOLVOLVLIDOVLIVVVOV 11 uoxy
LE9'T S6LLLBLS DOVLLYLLOLOLOLYLODDOL LEP0881S DIJDVVIVLVVOVVIOOVOL 01 pue g suoxg
T o6pL L99E961S LVYOLV.LLLODLYOD1OVVID S1¥P961S Y1IVOVVOLLLIOLODLVOVD 8 uoxg
€16 8619L61S OD0DLVVVIVOVIVOVIOVD OTPLLOIS OOVLVIIDLOVLIVVLVVVILO L uoxyg YN
859 S11v861§ VVVIDLIVVOIOVYILLOOL TLLYBGIS IOLVVLLOVOOOVOVOOVOY 9 uoxg
€18 $£2900T8 OOLLYDOOLIDLIDVVIVYL 9v0L00ZS LOVOLIIVVYLVOOVOOLVYVY G uoxg
96v §91520TS LOOLOVVOOLLOVVYIVILVY 09957075 <E.O<U<OOO<OO<O<O.H.UV_. b uoxy
0€L 9L8TIITS JDLVYLLLVYOVVLLOODVYOL) SO9E11ZS OLVVILOVLIOLVILLODIOL ¢ uoxg
$69 7€8L912¢ JDDVLLVOIOLOLLYDLVIO 97689126 OLODYVIOVOVOHOLLOVLID T uoxg I XIN
9EL'L £¥PSozTS OVVYOLOOVOOVIVLVYIVODY 8L1LOTTS DOLVOLOLYVLODOVVOOLOLLO | uox3 0} YLN-.§ yod sid
Juonisoq (,£ 01 .6) mmucoscom Juonisoq (.¢ 01 ,6) seouonbag

(dq) jonpoad
dod

Jownd 351349y

Iownd premiog

uoidar paouanbas pue payiduy

QidQ uewny 10} seouanbas rownyg [ Iqer,

pringer

as

—215—



807

J Hum Genet (2007) 52:804-819

L'LL6TE0 LN uo 1aurzd yoea jo pus ¢ 2y jo uonisod spuosjony

1T8€9¢E1S OVOVVVOOLLLYVLLLLOLLLYL 90TH9EC1S | J1D019991H1OVIVILOLOLLO tc uoxg

STILILIS DVVVOVIVODYIVOLIDOVV.LY 01SL9E1S VOLIOLYVVVODVIVVVVVLIVIO T¢ voxg

STTEBLIS VVVLVLIOVYVVVLDLLOLOVIDOL Yr9E8EIS DLOLLOLDLLLLLYODDLIOLYL 17 uoxyg

9Z6LLYLS DOLVOVOLOLVVOVOLOVLLOLLL SOT8LYIS OVOOLLLOLLLYVOLOVVOVD 0z uoxg

SILEISIS DVOLOLLLLLLLLLLVIDOLVVOD 8Y00TSTS DIOIDOIVOLOVIDLOLLLY 61 uoxg

92006518 VOLLOVOLOLIOLOLIDLYD 19v0881S IOVOVVOVDOVOLLLOVVOVYDLO 81 voxy

986065 1S LOVVYVYODLOVVYILIDLOVYOLY LOPI6S1S DDVDOVOLIVLIVVLOLODOVIOLOV L1 uoxy

0by8S91S ODDODIVIVIILYIOVVILOVIL 17885916 LVYVVLOVOLOVOOVOLY.LLDIDD 91 uoxyg

LOLL99IS DOVVIDLVVVOLOLOLOVLIOOVL 1LSL991S OLLLLV.LIDLODDVLLOLYLDD Sl uoxg

LLBPELLS JLLYOVIODLIVVIOVVVYIOVD LBTSELIS JDVODOVOOVOLOLYIVYVIODL $1 voxg

mv.mocfm JLOLODLODVLVOLYVIOLOL 78600816 DIHOVVYHLLOLOLOOLYDODL £l uoxy

6EYPEBIS DVODVVOLYVV.LYVVVVILYIOVD 188v€81S LOLOLYVVILLIDIOLOVIL Z1 uoxg

RT98SRIS OV.LIDOVVVOLIDILLYVYD 69065816 OVDLOVVVOLIVY.LOOLIV 11 voxg

6018L81S DOLLOLILVVVVIIDLILYILL LOSBLBIS 11DLOLOVYVVIVVYDOOLVVYVY 01 voxg

S6B6LRIS OVOVOLOLOHOLLOOVVID SEE088IS OOLLOVIOLOLVODV.LLLYOLOL 6 voxg

1£8€9615 DDIDLOLVVVOIDIOLIDLYD 1229615 LLLLIOLLYDLLLIDVOLOOD 8 uoxg

TPS9L6IS JDOVIOLVOLDIDLIOLIID £569L616 DIVIILIVILLOLVIOLOVIDLL L uoxg

10Tv861S LVOLYLVLIOOLLOVVOLIODOVD 095p861¢ JOVVIOLYVDOVOLLLOLVLVVVYY 9 uoxyg

8¥£900TS DDDLLOLYVVVVIOVOVILOL §LLI00TS OLLVLOVLIOVIVOLOOLLODLYOL 6 uoxg

£LTSTOTS VOVVOVVOVOVLYVLVOVIVIODV 10952028 VYOVIOVOVVVOLVOVVVDODL b uoxg

66871179 UFUUO<U<&<<<UU<<<<UE S8TEITS ODLOVVV.LLVVIIOVLOOLVYVD ¢ voxg

75189128 OVOLOVODLOLOLYYDV.LLODD 9EV8OITS LOODVOVOVOVOLOVVVOVOLD ¢ uoxy

985507TS JDJVDODILODVIVY VIOV L8650TTS ODLLLLOLIIDLOLOVLIIOD [ uoxs 0 Y L-.§

££6507TS DDVIVOLOVVIDDVIVOVID 85790TTS OOLLIODOVLLLIDSLOVOOD 1 Uox3 01 Y LM-.S

£0590228 DODLOOLLLLLOLYODLOL 1 vox2 01 Y111-.§ Supouanbog

998 1P9€9E1S VODOLOVVIVOVY.LVOVOLLLLL 90TY9LTS OLIDOLIODLOLOVLIYILIOLOLLD £T uoxy

169 £E0L9ELS VVVVVLVLODLVVVOLVYOLODD ETLLOETS SLOLDLLLIDLLYLLLYDLOLO9D TT uoxg

LIS 122¢8¢€1S VYYVVIOLLOLOVIOOLLIOL LELESETS DLOVOLVVOVVYVVIOLOOLOV 1T voxyg

ove 9T6LLYIS DOLVOVOLOLYVOVOLOVLLOLLL S9T8LYIS OVDOLLLOLLLVYOLOVVOVD 0z uoxg

ozy 62961616 OVILOLIOVVLVILLILILIOOVIL 8¥002S1S JIOLIDIVOLOVIDLOLLLY 6] uoxg

9ty 9T006S1S VOLLOVILOLIDLOLIDLYD 1906516 OVOVVOVOOVOLLLIVVOVYOLO 81 uoxg

(444 98606S1§ LOVVVODLOVVILIOLOVVIOLY LOPTI6STS DDVYOOVOLIVIVVIOIOOVIDLOY L1 uoxg

T8¢ 0vb8S91S ODDDODVILVYIDLVIOVVIOVL 1C88591¢ LVVVIOVOLOVYIOVOLYLLIDID 91 uoxg

13414 LOTLY91S DOVVIDLVVVOLOLOLOVIOOVL 1LSL99TS OLLLLVYLOOLODOVLLIOLY.LDD §1 uoxy

934 LLBYELIS OLLYDVIODILIVYODVVVIOVD L8TSELIS DOVOODVHOVDLOLYLYVVIDL ¥1 uoxg
Luonisod ' (.£ 01 ,G) saousnbag Luonsoq (,£ 01 .§) saouanbag

(dq) yonpoad

¥od -

Iounid 25109y

Iowd premliog

uotda1 pasuanbas pue poyndury

QAdd uewny o} sasusnbas 1wy | aqe]

pringer

Qs

—216—



808

J Hum Genet (2007) 52:804-819

Foster City, CA) with the primers listed in “sequencing” of
Table 1. Excess dye was removed with a DyeEx96 kit
(Qiagen, Hilden, Germany). The eluates were analyzed on
an ABI Prism 3700 DNA Analyzer (Applied Biosystems).
All novel SNPs were confirmed by sequencing of PCR
products generated from new genomic DNA amplifica-
tions. The genomic and cDNA sequences of DPYD
obtained from GenBank (NT_032977.7 and NM_000110.2,
respectively) were used as reference sequences. SNP
positions were numbered based on the cDNA sequence,
and adenine of the translational initiation site in exon 1 was
numbered +1. For intronic polymorphisms, the position
was numbered from the nearest exon.

Linkage disequilibrium (LD) and haplotype analyses

Hardy-Weinberg equilibrium and LD analyses were per-
formed by SNPAlyze software (Dynacom Co., Yokohama,
Japan), and pairwise LD parameters between variations
were obtained as the ID’l and rho square (r%) values. Some
haplotypes were unambiguously identified from subjects
with homozygous variations at all sites or a heterozygous
variation at only one site. Diplotype configurations were
inferred by LDSUPPORT software, which determines the
posterior probability distribution of the diplotype for each
subject based on the estimated haplotype frequencies (Ki-
tamura et al. 2002). Although the nomenclature for
nonsynonymous DPYD alleles (DPYD*! to DPYD*13)
have been already publicized (McLeod et al. 1998; Collie-
Duguid et al. 2000; Johnson et al. 2002), several reported
alleles remain unassigned. To avoid confusion with the
previous DPYD allele nomenclature, our block haplotypes
in this study were tentatively defined by using ¥ instead of
“**_ A group of haplotypes without any amino acid change
is designated as *1, and the haplotype groups bearing
already defined alleles, DPYD*5 (lle543Val), DPYD*6
(Val732Ile), DPYD*9 (Cys29Arg) and DPYD*1]
(Val335Leu), were numbered by using the corresponding
Arabic numerals, #5, *6, #9, and *11, respectively. Other
haplotypes with known nonsynonymous SNPs such as
496A>G (Metl66Val) or with the novel nonsynonymous
SNP were represented by * plus amino acid positions
followed by variant residues (for example, #166V). Sub-
types within each haplotype group were consecutively
named with small alphabetical letters depending on their
frequencies. Haplotypes ambiguously inferred in only one
patient were indicated in the Fig. 3 legend. Combinations
of block haplotypes were analyzed by Haploview software
(http://www.broad.mit.edu/mpg/haploview/index.php)

(Barrett et al. 2005), and the long-range (whole gene)
haplotypes spanning all blocks were inferred by Hapblock

@ Springer

software (www.cmb.usc.edw/msms/HapBlock/) (Zhang
et al. 2005).

Typing data on DPYD from unrelated 44 Japanese and 30
Caucasian trios were also obtained from the HapMap project
(HapMap release 19: http://www. hapmap.org/). The LD
profiles and haplotypes of the HapMap data were obtained by
Marker beta in Gmap Net (http://www.gmap.net/marker)
using its four (1254711, 1254712, 1254713, and 1254714)
and six (1166276, 1166277, 1166278, 1166279, 1166280,
and 1166281) datasets covering DPYD genomic regions for
Japanese and Caucasians, respectively.

Drawing of protein structures

The coordinate data (1gth) of the crystal structure of pig
DPD (Dobritzsch et al. 2002) was obtained from the Protein
Data Bank. Protein Explorer (http://proteinexplorer.org)
(Martz 2002) was used to display the structural features of
pig DPD and depict three-dimensional views.

Results
DPYD variations found in a Japanese population

We identified 55 variations, including 38 novel ones by
sequencing the promoter regions (up to 613 bp upstream
from the translational initiation site), all 23 exons and their
flanking regions of DPYD from 341 Japanese subjects
(Table 2). The distribution of the variations consisted of 4
in the 5° flanking region, 21 (5 synonymous and 16 non-
synonymous ones) in the coding exons (Fig. 1) and 30 in
the introns. Since we did not find any significant differ-
ences in allele frequencies between healthy volunteers and
cancer patients (P > 0.05 by x* test or Fisher’s exact test)
except for one variation, IVS14 + 19C>A, (P = 0.027 by
Fisher’s exact test); the data for all subjécts were analyzed
as one group. All detected variations except for 451A>G
(Asnl51Asp) and IVS13 + 40G>A were in Hardy-Wein-
berg equilibrium (P = 0.24).

Thirteen novel variations in the coding region (enclosed
by a square in Fig. 1) contain four synonymous SNPs, .
474T>C (Phel58Phe), 639C>T (Asp213Asp), 1752A>G
(Thr584Thr), and 2424T>C (Ser808Ser) and nine nonsyn-
onymous SNPs, 29C>A (Alal10Glu), 325T>A (Tyr109Asn),
451A>G (Asnl51Asp), 733A>T (Ile245Phe), 793G>A
(Glu265Lys), 1543G>A (Val515lle), 1572T>G (Phe524-
Leu), 1666A>C (Ser556Arg), and 2678 A>G (Asn893Ser).
451A>G (Asnl51Asp), 325T>A (Tyrl09Asn), and
2678A>G (Asn893Ser) were found at frequencies of 0.009,
0.003 and 0.003, respectively. The others were detected as
single heterozygotes (allele frequencies = 0.0015).
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