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RadGenomics Project

Mayumi Iwakawa, Takashi Imai, Yoshinobu Harada,
Sadayuki Ban, Yu-ichi Michikawa, Kumiko Saegusa,
Masasi Sagara, Atsushi Tsuji, Shuhei Noda,
and Atsuko Ishikawa

Human health conditions are largely determined by a com-
plex interplay among genetic susceptibility, environmental
factors, and aging. The RadGenomics project, which began
in April 2001, promotes analysis of genes in response to
irradiation, identification of their allelic variants in the hu-
man population, development of an effective procedure for

interrelationship between genetic heterogeneity and suscep-
tibility to irradiation. Major groups of genes with which the
project will concern itself include DNA repair genes, cell
cycle genes, oncogenes, tumor suppressor genes, genes for
programmed cell death, genes for signal transduction, and
genes for oxidative processes.

The outcome of the RadGenomics project should lead to
improved protocols for personalized radiotherapy and reduce
the possible side effects of treatment. The project will con-
tribute to future research on the molecular mechanisms of
radiation sensitivity in humans and stimulate the develop-
ment of new high-throughput technology for a broader ap-
plication of the biological and medical sciences. Identifica-
tion of functionally important polymorphisms in the radia-
tion response genes may determine individual differences
in sensitivity to radiation exposure.

The staff members, who are specialists in a variety of fields
including genome science, radiation biology, medical sci-
ence, molecular biology, and bioinformatics, have come to
the RadGenomics project from various universities, compa-
nies, and research institutes.
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quantitating individual radio-sensitivity, and analysis of the |
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WFER, - FREFRBOWREEA S TN, Thbb, ¥/
LIHEMT D &9 eHEEROFEC L LA, FLT, T
oo — S HfIc AR SN 221 L DM EIET L2 L
Z R WEEEHT GO EhZE L, WA, ShETY,
RRDI S - e E - bIc kY, 72w EFITbhTa
72, B2 { DIERRIIZE IR, SEBORR(FRIM)
(2 B HERRCIR OB CTH 5. BRI L 20, Rl
DHREATEZRTHA L2, MBI - Eil L2 L 2080 %
DAEMBRTIRED—TH A9 . & b7/ ABRFIOHHD b
2O THMERIL, ThOBERBETOF— ¥ ERITT
%, MIETEIOFFMZSINEREL 35, BEIEYE L#EEE
HOFEMZAICIZ LY, % OBBOBEHERLHS I
TAHIENTREE Y, BUEAH L STV AREDHIHA
H#ETT5H, LT, #0ETD, FORMER - FHHERESE
BASTREE 2B 2 LA Pl S NG, ZOMERN L BB ED
AT DG & LT, DNADZ TR, Ko —1EHke M
(SNP, A= 7, A=y FA)NH5b.

20014F, #FrLV2lROBBITICS £ I v I gbei
TEL, BOHREERATITERTICH LYo s b,
PUEZ {579 Y = 7 PRadGenomics(F F¥ ./ 3 7
A)HSBAMG S N7z, RadGenomicsid, FbTHse i 4 e
B MEEFREZ NN AT L, BER LoRgticxtd 5
B (BWERD) &7 7 A 5 EEFEECH | 05\ OAHBI RS
FREHOMITEIELELZHME LTS, FLTAZ Yy Tt
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MOKRfY & 7 a2 = 7 b & LT Z ®RadGenomics % [ff L
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Lz EiZdh B (Fig. 1).

BEET R

HEHRERDIR T - 72O, ThbbItLF—H°
B OT, EHEENSTSEIEPROEELHLFTH
Y, R 5ERgE (skin erythema dose) AT Zefiti # A& L,
RKEOEHPRIGHS, MO B VTS, HitHE LR
PE LTz, e B, BRROEET ORISR H, 2
DEVEIFUEAS, SR OWIRIE & T THE—ET sb
TlIWnI S b kol EFKZ, —EROBN, T
7z b Hataxia telangiectasia (AT) DEH EAHS Z &b
L7z, SNHATORE S ALY, B{EHYIChypersensitive T
HBHEREIFON TS EHFS I, BUmEEEE v
IS Tz, FORR, BORAEDIEEEIC BT 5
TS T AT (predictive assay) FFFED KT % & 72
5 L7 WD E o 72DId ) ¥/ SEReRHEF A E
THhoil.

IheDifFED BIEIE, HECES T, Kl - #EA
ORGHRIREROFHEICH D, BEHRGEHRO TV Th 5K
NORGHREEEZ M, RARDBESHIEHRAIR “To minimize
late effects of effective radiation therapy” % Hi§ L T2 5.

(DRadiation survival assay . @ IZx3 2 Bl - &)
A F RS AR FEMIE, in virolZBWTIE, BHR

Frk 1448 A25H

&R L 7ol & o B3R % $ < cell-survival curve T
5. FHilid S hSsurvival cell Tdh A 721214, ML ASEEHE T
fikd B \VITIICH D Z LKL kB, FLT, ZOH
Jtifie % 259 Z & (loss of reproductive integrity) %%cell death &
EFSN, £FKRY, HHTELZ—EOKESINDID=—%
JH T & % (clonogenic) M2 7217 A%, survivor& EFE S
4. £ oT, Survival assayld, HIFEREDE HEHINE G H
sz Ex e LIgEic BT, FERICHFRETFETH
5. LoL, ZORDHEHMECALDIX, FFFIRO NG
BAEWFEOFIRT Lk, BilifEz ko7 LT, Mg
IERAICHFAEL, BE DD VIIRNAGHD IREL Z Lid
a5,

@SF: © K[ D4 S 1% 5 7 HEF MR 22 Gy BT L
T & N7V E] 4 (the fraction of cells surviving a dose
of 2 Gy) X Bz i OIS 4 JER 1A IS TR TH 5.
LA L, #EFlaosg iz EMz2ETas2L, $72,
SMMEEITHTE LR EOREFEIS N TE .

(@Micronuclei formation : DNAE - Zutafidq i O EEh|Z
VS NBIHEEFIN L7z )ik Th b, B2 U
B2 F T 5% S B Yt R % /1M (micronuclei) &
L, 20%%WET 5. PHA% W THFlafilasi 5
L, BtfkoBfkoifarm)RanTIMEE b, 7%
fE151 Teytochalasin-B (2 & ) 364 (f51k) S7- "Mz B
A ETRES NS,
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(@Comet assay (7 A v b7 v +t1) | comet assay (single cell
gel electrophoresis) 131984 4F 12 B %8 & M7=l RE E R4 T,
&l 4 DA L~V CDNAFRB Mt § 2 Hif & LTHREL
7. TV LA R R LR, TV ) RGT
TDNA unwinding & EXUKE) 21TV, DNAfRE ZEm{bd
5. AHEOFHE LTI, KL~V ODNAEHOBH! %
JEAs & <, WERED A % < T, TS 5
TTEDHIEHNZEITHNAS. Comet assay & FiGHHE Dsurvival
assay & & b |[ZRRT L7285 5%, Comet assay & Fi V> 74T 140k
SHRURSEM: 2R3 Dok & < BE L2 L L7z (Fig. 2).

Dk, fix OWdssh 570, Hehh s, EDpredictive
assay b, ZEAOREHEERZEEEIEL <, Sz, »OFK
FIZTHIT 52 LI3TEY, BWEHBROS I35 HE <
MBS, ME—, FRBOAT I, heterozygotesTdH - T
BOHESEAMEEA L VBV LRGSR TEBY, 2D
&) BIETEBE T B Lid, KEDDHVIIBED
B L o Twah. Thbb, R
Wb BBIEFEAA S R UE, BRTO(EBRETIESR )
BBE S ADBEHIRSAE (REETH) ASTREIC 2 2 EHIfE S
A, 29 Lo R% 5T, RadGenomicsSBifh S 7z, Ko
WEZHRET L L TOBRBRETRYALADEHNT,
RadGenomics Tld, HAED & Z 5, Radiation survival assay,
Micronuclei formation assay, Comet assay % & bl - &)
FEBRIZBWTHIAT L T 5.

IR

BE, BEEIRIRECEELTWA. &k DlIntensity-
Modulated Radiotherapy (IMRT) D&%, #4501
XK, 1 EHEOZEAL, (LARER & DPERZ E, BUTG#E
V20D BHER IR TN 2 /87 2 — & — 138 H %
BLTE7: ik, BEHROAYIT 5 500id, Bz
& LIEEI RIS T 3 AW ERAER - LR BUGAS, S
PORMO S S E LM ERTEDENREE LTHERT
5. NGO, EEEHRE KT 2 S H > T
b, TOREEE - EOIEE O AR (kS
A AWMAHE) PEELIGEREL 25, EFHBOHRE
ML S% OFEFICEEN AT IMEL LTRESRS
5, BER A, EAMOZEREN DB Z LS TWY
A. INZEH, RadGenomics DHFZE % ME S 5 IZFE - 7-#%
HBTHY, FERLOBELLEZSAOWMNEET, 20
7 AR EAT) T LS, BUSUERSVERIA T TN A ABA%E
WZDOBHBLEEZTND,

HE, RIfEH Ol E LTid, FHEEFES 2National
Cancer Institute—Common Toxicity Criteria (NCI/CTC) 3t
FPEIEHE, 35 X URTOG D Acute Radiation Morbidity Scor-
ing Criteria% Fi\>, BR{iEE 22Tk, RTOG/EORTCiE
SEVERCSHR UGS AR 2L HE 3B X OF,  late effects of normal tis-
sues (LENT); Subjective, Objective, Management and Analytic
(SOMA) # T\ 5. 2EOHFERRREHLT, I
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Figéé iMARfE TR T & Ssurvival assay #5 & U'comet assay
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#HiatkA, B, C, D, EIZHF3Dwold, #MBE#EA, B, C, D, EDIE
ICHEINLTW3, Thbs, APROESHERBSETSHY, EXFHS
B TH DI EERLTWVWA. —Hcomet assayDERTH S
tail momenti$8Gy, 4GyfLEEEF & £(2I1ZITA, B, C, D, EMIEIC
Wb LTHY), survival assayDIER & ZIZRERIC, A, BARHT
FHERSMETHY, D, EVHEHRMEMMETHAZEERLTVS,

DFHMIEE D WTHEHIEFE L HE LT, BT ~DAT v Tai
HTWED,

KEREMET IV

WCREEE - R 2 WI7ES 2 H 0 CEMERE 7 VL EE
v 50T 52, clonogenic assay DR #Fe ) 2 X 5
&, B E A zinsitFERRAHZE < H 1), RadGenomicsiZ
BWTY, BIHRESZE 20 b 2 BIETEEORGHE L %
H#Z, SRHEOTIRAEANT, DT XS 2LHHD
assay # 17> T\ b, Mg, BE 2 ) 7 Mllaoma g
JOH L7-3HE, B iR sy s o v = —FFifik,
B BUCEHE, AR, MR x L, &F
S LAl VT, SRHET T AERETo TV 5.
I, BEBROMERERXICREMERETRBLTY
5. TOF%E D LIZ, congenic mouseZ TER L T % Dl
PRSP 5-3 A B/IETF O Y ARIHEILTTWA, ¥
7z, WEHERNRIZBAS 3 A5 F% % — 5 v I Zknockout
mouseZ VA ERLFIH L TH Y, KRS hs{n %
DIEEEER T ETRTH B, FHICL Y, HEEICOHIAE
el - EAERE I ERTRO 5.

microarray

DNAF v 7 WA T A K7 T A LICEHHDRL - 7-DNA
ZEFHELEEL LT, £0 ETHEMRNA (DNA) Dhybrid-
ization Z T\ 70— 7 LOHEINEY 7V R T HHEAMTTH
%. RadGenomics TIZZAFEDNA T — # X — A5 5 #114,000
oL MEETES 2 L, AgilentthIiZEFE, A0V T
TUARERL, BHEOZLERH T TH 5 (Fig. 3). %
75— 32 OBBEC R R, BOEREZFHIIe L 5

HAEREE #628& 9%
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Agilenttt# & koligochip

105 22.5K array. . . 22,500apots/chip
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Channs| Rad 8 Grany Fows? 157 (w46, messmil s FrEFRIZT AL fzreferencedt# (31

o ki Kti?f)ttargeﬁitﬂ(ﬁlllliﬁ LEERES)
1A SEEDICHNT, RREDEVHIED
r1 BUWA &R ELTREANG, B

l . 5t L 7=14,0008{=F (BI=FH#TH) %
hF hiChybridization U 7=&# A 8%

{4
e J i L EUTABIETE D, PLARHDS

210 210 2o

b, TONEE—E, E5ICFT0O—FT
(CH 1 BESNEE Ereferencedd Bl &
targetil Z N Fh TR L 7.

A1) v 7 OuREYE, BRETERIEHE ORI LR LI20 &
figtr LTHY, bﬁﬁfﬁ’«'}!f}‘faf HIET- DRV 3AH % HEIZHFZE
LTwa, b, SEFRBZ 24 ¥ 7RG T
1RO RS 6 22T B EEED S D, MR T
DFFTIZERTH A, 2D K 12 microarrayDEH;IZ X1,
BEDSHOMEFIZOWT—EIZITT 5 Z AT HEE
o T&7. #alt, microarray & H\ 72 FE OB MBI EE A3
BWATHD. TNENOHIZET 5 BIETHRIL LI L
5z, TOFERTOT 7 AW T Ty
L. BRI T 7 A NOENDS TV — T TH LWEig
wiTV, L O ) LWV — T TFEIC ;I%u{f&‘)
fe b DD B %39 b&zaﬂmﬂt& P BT 5 W5 T4
K- LREBMEOFE IS 2 8EFOEBRICIE,
microarray AT 12 & 1) 1?611?11&%%«'3{[" S (R i o
i LTHWATFETH L. EBRRO—IMTHAHA, b
[EE A O RS B8 5 A Dio & microarray D &
#Fig. 4\2RY. COfFRIE, »HMRICBYTFEHRET
BORBEZRETAILICLD, DkigEe LR
P RO TFHDETHL I L 2RE LTS,

SNP, Z=w 7, A=Zw A

SNP, A=vw 7, A=v 7A&IZ, single nucleotide poly-
morphismDEETH H, AW IZBT 5 — BB (—IFE)
DENEEFRT L. A=y FI3EEEES D f;)] L0005 Hax
I—2DHEIGTHET AL ENTEBY, &7/ L%IZid300
Hﬁ%mmﬁmx:vfﬁ@%tTﬂéﬂfw%.Lb%
AT HOOHE, v—Hh—& LT, 319804 LA

Erf 144E8 H25 H

IZ %4 L 72 @ HRFLP (restriction fragment length
polymorphism : HIPREERVIKTFREZH) TH Y, FH 70
v MEEHWT, LSRR ETEL LWTE2— 2o
7z, DWW, 19804 # 2 IZIZVNTR (variable number of
tandem repeat : D 5 RO Y & LEH]) DT
LR, 1990FRIITA 2 BH 7T 4 FEHOBHEE &
ot A=y TIBEFEHY— -0 4TS Y,
QMRS E D LWHHMI Th 5. LELY ¥ T VEhd
WTIWI &, 7/ APCEERD 510005 L EFET %
Zk, HENESGTHAZ L, FELA T, HHLIEH
BHTHHI L NS, BHETREDS A EY FHPERT
&, high-throughput2s¥ — 7 — K CT& 521 i 7R D E
BEhoTnAY, BIZTFHIRICEY, BWEHOFHABLIC
WREE o 7zBb B Y, BNFER ED) A7 Tl bIFFEOH
FICA-oTEL, A=y TEHWANIETIE, FHELERE
BfRT ASNP, A= w7, A=y TADKREI) ONEIER
ThHY), &7/ LT BT EFETT D DIEEHR CTHE
TR, L L, EEFMEEOBEHURZE 0 b 5 R
B, vhbbHEFRROEL I, FEL Vo z—IRIERR
BThHY, HorhERL L’C@lﬁ[ﬁ@iﬁﬁﬂ’i’ﬁ‘%{’ <
\». RadGenomics® 7' 0¥ = 7 MEEHEDORMEL S13£ 212
5. MR Y £ED> S HEFL L E L BEHRGHREO R
HEADBHNEBLI LDV EETHA.
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Ras pathway
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b MESEEMRAD 5WORMSHRESIEICEI T 5D &microarray
OIERETZTIIRT. COERE, H5MRICEVWTEDEET
BORBRBERETHIEICEY, DokiBEL LB - BS54
DFRHAETH B EETEL T WS,

EARELRFTH S, Bioinformaticstd, HEMEE - [E5: - i
HIZPAY 57— & DG - #H - RRIL - 77— 5 =1L,
fifdT - WAL A e 72 B O 72 8 Dcomputer tool 3B L VT
O —FOf9E, FORGE - ICHEEFRSI NS, 7/ LT,
7 3B, B, I U AZV T b—aDF—-5E LD
12, ZOT— 5 HOBUROMRZBH$ 5 LIZk Y Edyk
VATLELTHBTLILEFEMLTWEY, T4hbbsy
T - |EEMOMHESEH, MIENRBEMLBEICOERL, ¥ 3
2 b—3a 32549 (Fig. 5). BU{E, GenBank,
EMBL, DDBJL Vo727 = R—= N[ T ¥ETH 5
Incyte, Celera, GenelogicZs &b b, THHOY 7 —F v
MR Z/ED EFTw5. RadGenomicsTh, ThbERKA
BRIZIEH L, %R0 RWiF9E% 17> Tvr 4. Ras pathway %
PEAL L72Fig. 5% £# (278 L7z, RadGenomics Tl [E 4 D
SNP, A=v 7, A=y 7 A data base D& Hig L Tw»
5.

&= %I

RadGenomicsid, 5EDMRMED T 27 FTHD,
BELZ 1 AEZ 08 L7, PR 34ERE (RadGenomics HI4EFE) 12,
iR & OEHEZBWTIE, 7, b MR TR A
v7A=hFarerh, Ml - SRR O 7o b a
=R L7, 8 HED, K5 > 571 795 A4 Ak
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Fig. 5 Ras pathway® 1 * — JFRR®
F—a~N—2ZMO—D2Tranpath £ ®Ras pathway &R L /.
[Bioinformatics |5 E TN E N TWE, —Dd—2OHFEET %
ALTW3, BirFREHOBETEIREL - TWwWa. JME
BIRT B EICLY, ZOEBETIER SS5ICRERTICAEES
ZENTES.

PRI, 107 & D EE 4 2R E G L, ThF
TIZ400 NLL B 1 21572, BFZEm IR & LC, KU
EAE S mR HERE Y ¥ —, N L3, TIEX
FEREHE IR, B, TREESFALY S —, L
SPEbED S BEICECEHR B T TB Y, BIBERE,
BRina HARS ke, WERERREREERE 5 —, B
EEIMEISERE, ARSI EERIRS:, SRIERIRS:, Kih
VERGERE LY —, St ai b, FORERSEEIR
%, LEEREOMHEZBXIIHETTH 5.
RadGenomics® X ) 7277/ LWL, BRI AT
VLENSH D, & N L BT, [EA %N
RUCLIRIRICRE KIRAEEL, 72, IFROBRTHS M
BRI, ZOREHRMIEE R FOFIEDBEWFER 20 5
WICT AIREED D Y, EOWY R X o TZ, HERY,
T, iR < itk o, RROERE ST,
A, B, EEEES B L ORI T A E T F
T, [EEARER 2 e Lz, ZolHEREH e &7 407
FENZ BV AR E ] & LTREMN T B, e - B
FEMETTREMEMFTH D L L b, FREHRtE &
HE—WHALSHIIBLARSERWEL ST TH AL, FHI24E
4 A28 HIZIZ, EARAER A CmEREARE M a & ) £
E O & BRI FRATIIZEI AT HES 2 REERES SIe T
Lz Ofast IDER S h, CEEE TR S, EEEEE
Flepaiiker, Mg A LFmlRs, FSHmaEEsm
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HIEFEEHICR DV T, RadGenomics 7AY 17 MoBITB3ERIEY AF L EHEKXRITRL 7.

BEARIBVWTIHIIHHS N, FAMITIHESE 3 AX,
fiEasr & LTHESNAIZE 72, RadGenomicsid Z DiF
$PaMsF L, WMELEAGRERL L UEALETTo729
2T, Weatr-> T\ 5 (Fig. 6).

BT & 2 A 4 FOMICHGHERZ MR {E T (2§ A SNIP

LD A0, SHOBREDT %15, et
RERIToTWVA,
H AR RSB0 ET O TIRE L A L < BV

Wiz LET.
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