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Lifetime Risk of Radiation and lts Expression :

Analysis on Influence of Age at Irradiation

Shunsaku Sasaki
Division of Physiology and pathology, National Instituter of Radiological Sciences

The present study was aimed to clarify influence of
age at irradiation on the lifetime risk of radiation and its
expression. Results of the experiment using female
B6C3F: mice were made subject of analysis. In this ex-
periment mice were irradiated at day 17 prenatal period
or day 0, 7, 35, 105, 240 or 365 postnatal period with
doses ranging from 0.95 to 5.7 Gy 7 —rays from Y¥Cs.
They were allowed to live out their entire life spans
under a specific pathogen free condition.

Radiation—induced lifetime risk which was ex-
pressed as fraction of the excess mortality (ECM) or the
cumulative relative risk (CRR) was calculated using the
cumulative hazard method for each experimental group.
It was fouud that dose response relationship for lifetime
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risk can be described by following equations:

CRR(D) = exp(aD + bD?

ECM(D) = 1 — exp(—aD ~ bD?
Parameters a and b were estimated by regression
analysis. Present analysis revealed that mice of the early
postnatal and juvenile periods are more susceptible than
fetal and adult mice for induction of lifetime risk and that
susceptibility decreases with increasing age during adult
period. The relative risk decreased with advancing age in
all groups examined. The decrease in relative risk after
irradiation during the middle~age adult period was
slower than that after irradiaton during the younger
period of life.
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Fig. 1. Age-specific mortallty as a function of age in
female B6C3F1 mice irradiated at day 0 with 0.95,,
1.9, 2.85, 3.8 or 5.7 Gy 7 rays in comparison with that
in the control group.
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Fig. 2. Age-—associated variations of the observed, ex-
pected and excess cumulative mortality in female
B6C3F; mice irradiated at day 365 with 3.8 Gy 7 rays.
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Fig. 3. Age-—associated variations of the excess
cumulative mortality after irradiation at day 0 with
0.95, 1.9, 2.85, 3.8 or 5.7 Gy y —rays.
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Fig. 4. Relationships between fraction of the excess
mortality and dose of y rays in mice irradiated at day
17 prenatal period (-2), day 0, 7, 35 or 105 postnatal
period.
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Fig. 5. Dose response relationship for the cumulative
relative risk in mice irradiated at day 0 with y —rays.

Table 1. Parameters of dose-response relationship for
tifetime excess mortality and lifetime relative risk in mice
irradiated at day 0, 7, 35, 105 or -2

Parameter Day 0 Day 7 Day 35 Day 105 Day -2

a 0.425 0407 0.341  0.207 0.018
(se) (0.033) (0.036) (0.008) (0.023) (0.003)
b 0.024 0.009 0.024 0014 0.074
(se) (0.012) (0.005) (0.002) (0.004) (0.001)
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Fig. 6. Excess cumulative relative risk after irradiation
with 3.8 Gy 7y —rays at day 17 prenatal period, day 0,
7, 35, 105,240 or 365 postnatal period.
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mortality from all causes of death, lymphoma and all
causes except lymphoma in mice irradiated at day 0
with 5.7 Gy y —rays.
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Fig. 8. Dose-response relationshps on the cumulative
relative risk for all causes of death except lymphoma
and leukemia in mice irradiated at day 17 prenatal
period (—2), day 0, 35 or 105 postnatal period.
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Fig. 9. Age-associated variations of the cumulative
relative risk for all causes of death except lymphoma
and leukemia after irradiation at day 0 with 0.95, 1.9,
2.85, 3.8 or 5.7 Gy 7 —rays.
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Fig. 10. Age—associated variations of the cumulative
relative risk for all causes of death except lymphoma
and leukemia after irradiation with 3.8 Gy y —rays at
day 17 prenatal period, day 0, 35, 105 or 365 postnatal
period.
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Fig. 11. Age-associated variations of the relative risk
for all causes of death except lymphoma and leukemia
after irradiation at day 0 with 0.95, 1.9, 2.85, 3.8 or 5.7
Gy y —rays.
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Fig. 12. Age—associated variations of the relative risk
for all causes of death except lymphoma and leukemia
after irradiation with 3.8 Gy 7y -rays at day 17
prenatal period, day 0, 35, 105 or 365 postnatal period.
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Fig. 13. Age—associated variations of the age —specific
mortality for all causes of death other than lymphoma
and leukemia after irradiation at day 0 with 0.95, 1.9,
2.85, 3.8 or 5.7 Gy 7 —rays in comparison with that in
control group.
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Fig. 14. Dose-response relationshps on the initial
relative risk for all causes of death except lymphoma
and leukemia in mice irradiated at day 0 in comparison
with that on the cumulative relative risk. The initial
relative risk was estimated with the suppressive activi-
ty model.
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Fig. 15. Dose —~response relationshps on the cumulative
relative risk for inducton of pituitary tumor after ir-
radiation at day 0 or 105.
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Fig. 16. Age—associated variations of the age —specific
mortality for pituitary tumor after irradiatin at day 0
with 0.95, 1.9, 2.85, 3.8 or 5.7 Gy 7 -rays in com-
parison with that in control group.
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Fig. 17. Dose—response relationshps on the cumulative
relative risk for inducton of liver tumor after irradiation
at day 0 or 105.
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Fig. 18. Age—associated variations of the age —specific

mortality for liver tumor after irradiation at day 0 with

0.95, 1.9, 2.85, 3.8 or 5.7 Gy y —rays in comparison

with that in control group.
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Preliminary studies on genetic effects of low dose radiation —towards

the establishment of radiation sensitive (repair —deficient) mice.

Tadahiro Shiomi, Yoichi Matsuda, Yoshinobu Harada and Toshiyuki Saito.

Division of Genetics, National Institute of Radiological sciences, 4-9— 1,. Anagawa, Inage —ku, Chiba, 260 Japan.

Abstract

The intricate network of biochemical repair systems
has evolved to counteract the deleterious cosequences of
DNA injury and permanent mutations. One of the major
repair processes is the nucleotide excision repair
pathway. This system removes a broad category of DNA
lesions caused by very dissimilar agents such as UV -in-
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¥ B
BHREOBEHEE Y <Y AZOEREYW LY BTk
570, BREKOBYELE LT 5, DX
90 ARHIICER$ 5 7201, B & S B
TEHERROFEL DR RTH 5 & B s, BEERIC
BREM L o To< I ZARMAEBIL T 5 Z B TEIIL,
I BOY ATHE RO LR L B L~ )L CEEIC
B LBIgE 3 5 DI OB 2 5 L i S n 5,
W, oA A<y ARE (ES) MRz
FR—=N T4 VT EERVEEDRETICOLERER
Tl A L7-ZF R ES fifar < A0 (REIEE) 108
BHEAL, ThhbER<Y AEEEEHE T 5 H BN
ENTEL, BHEOICIE., COFHEEZRWAE, IO RAD
BETE7o— AT NE, TORETFERBLIEIIA
R A ERTATREIC i 5 T &, BRADWRIN—T
T, Th¥E Tk FESHRE DNA BEEEICES 45
#ETF (ERCC5) 0y o—=v 7 RURIET 5L + cDNA
DB LT &y £ & TR RSN <7 21RO
EF N — A LTERCCS BT RWBERIE<Y
AVEM A Big LT a DTz,

AR (BEXIB) v XEEEROFEE

DNA HBEBBEEBEOBEAIERIC T 5%E, AbHA
fb. #Fb, HHLIC ED XS ITEE LTV AR TR LMCT
By, BEXBOEREY P IN S LHAULA
TH DI DFEAETH BEFILFOESICLD, 70—
M= LRIET & &5 iR E T 5 =0 ARERM
farHAEHEPAWLEICED, TORETEREBELL

duced cyclobutane pyrimidine dimers and photoproducts,
as well as bulky chemical adducts and DNA cross —links.
An UV -sensitive repair deficient mouse strain, if
established, would be very useful for studying the
nucleotide excision repair mechanism in vivo. For the
first step to establish such a mouse strain, we isolated a
mouse counterpart of human DNA repair gene ERCC5.

ERIERT ARVERT 5 L RAREIC n > T& 7,
A% (Embrionic Stem, ES) fifig &3, <~ AZIEH
TEE LT bNc S Lieh R Liciaks S 4,
ES fifia# faftfi o< ZAZREINCEA LT 5 &30
HSROMIfE & b L TREEEBICH TH 0, Sidk s
ES sk OB E - /-@k (F45) HEEh
Bo L7co TES MifRIZINICER TS O WDENE
BoTwiiwz b, TOX>7% ESHiC, RBEAT
RREREZEA L~ AOBEBET (ERCCOTTA
HRBET) 2B AT LEVEETES 52, ARER
ZIED, ERBEFIRRERARFLEE»DVERE
BEFERANTFD (FE:+ /B8R -) Ch-7-ESH#
JAaRHBRT 5, O X5k ES filatigaiio<y 2%
BINCRES &, BEERETFNRE (+,/+, BdE) &
Fa (+,/—, ESHR) OMfarbikbF A5 AM
HESD (CDLE, BEORL 2T AREOME
ESfifazxAAbLR-AWS &, FASORGTHERIC
T&5, ) ThbDHh ES fiasLmaicsib Lz~
D ABEE BCEHIT ALY EEDH LI L DVEEREBD
BE (=) BEEBLIENTES (W1) .

ERLER
1. < ABEXERIMG SRS T RGO K8 21
St MRETO/R—ZV T,

T AN RE R RAE XL216 1%, o O
NBEREREEEBROEBUEFOESHICET 5,
XL216 DRBHEHO . MEETFOI/ A~V T HEUTO
EOIC LTI -7, HIMREESE EcoRI TR MLk
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 HaLa #ifs DNA (F#60Kb) & EcoRI THIMT L7
5 A F pSVneo # U H— Y CHEEE LK. UV VBRIV
T AT X216 Mg EA L. FEH G418 L EAB O
AHICEREIC i - B — WMl (TSR1) %#&
72 THICE—WIVEERMI DNA % XL216 fifaic#&
AL, G418 X EMAMBCTERL., E_RkPEBERMR

(TS2R1) %77z, b FH#ifa DNA 213 neo BEF A E
BEINTWa2 b, BoWERRMRFCREIATY
Ab MEEEET (BES5HOXKBERHO D ERCCS &4
15 %) OEBEICIT neo BEF VB SINFET HILT
THbH, TS2RIDNADDBIAI FSA TS5 Y—E5A
7 57—=V54 TS5 —%BEL, TDneoBEFEH
HIZLTaAIFSA4A 750 —n6k r DNA &8

—VEE, LIARINHGDIRAI Fru—dhE
DREETH - 7ofcd T A F DNA O—H ik %7/ —
TJRELTEDBR Ty —VFATS5YU—% AT Y2
L. & E3ko DNA 30kb #ER L., FIRERZRHR 2
fEL7 (2) ., [EIR L7 DNA TR 13RSI B L /- %8
IR EFETEGRRMAR T N TCREIh T Eh
b, Ch2ENOL MEETF ERCCS 2 %2 bhis,

2. ERCC5 B{ET cDNA D45,

v r ERCCO BIEZTFOLY Y vEELHR #7/u—71IC
LT, pCD2ICEBEL/A-Z2DL FcDNA S4 75—
HAZ UY=L, 30EOBR s n—vE R, Th
HD cDNA 71—/ % XL216 a8 A LB nwIhod

Restriction map of ERCCS gene

A B
Skb
iy EE EEEE Ef R
mouse human(ERCCS) PSV2neo  mouse

cos®

F0-1

R&-2
“R6

B2 ERCCS5BEFOFIRERHE

—v 3 XL216 Ml DB/ EEREZHOMEXE T
EBRTELPolc, TED cDNA 133.2kb TH - 7273,
J =¥ Tay FEETHEN] ERCC5 © mRNA O 4 X

(—3.8kb) ICHARLRE L, FIREFMR D XI5
L. Bl RERD A BN, ZITHRERD S 4l
cDNA B % RACE (Rapid Amplification of Complemen-
tary DNA End) ®BIZ LD EK L. BIR L7, & I ERCC5
cDNA %70 —JIC L THEEHEDO<T I A DNA S TS5
V=% A7 V==V 7 L YEOBRHE s 0— % B/i, —2
Oy —32.8kb DEXTH AIIIEZELTH A 3 AliC
REBB -7z, 42D —3 5 filE 3 fAOBHICK
BYEDoTc, BODLOD7B—/35IIC/RER RSO
BRI MEAELETHEALT Ehbhol, 5 MBESLLY
O— b 3 IPBELEL s O—vih B/ cDNA #EERN
CEBELTELED DNAW R A —T /) —F 4
VI T VU—AI35ESE) BFR L, T cDNA % pSV2
OBy Z—ZHFHEA L pSVMERS s &££HF7-(F3) .

Amp’

pSVMERS

pBR322 ori

SV40 promoter X

. ﬂ;é%@”

1kb

B3 pSVMERS O#E

pSVMERS %1 0 A A 72 XL216 Mfaid SRR I I
%% (K4) T e bERE L7 cDNA 35847 ERCCS
EQBEra—F95LELLNL,

3. ERCC5 cDNA OfE&E B L U7 3/ B,

ERCC5 cDNA oiE EZEFIHHRE LA (K5)
ERCC5 cDNA (37K YU ASFAIO19EE EFiC SRR Y
A7 F ) (AATAAA) %% L Tw’, ERCC5 cDNA
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. BEEIAOGEHEL T, 11857 I/ Br bk A5F
H1325190EH[E#a— FLTW5, F—FZN— 2%k
ERY—Y—F LT, HFEEH (Saccharomyces
cerevisiae) DRREBGEBIEEET RAD2 Da— F¢ 5%
HE & ERCCO BEEEMARBICHRAMELSE W L Bbho
7co BIZC RAD2 ©1-110%FR &, 767-866F BT 3/
MEL%1 & ERCC5 D1-110%H L 764-863BHDT X /R
EEFIBEBICHBERE L. SIN DT 2 ) BBERFE—T
Holc (H6) , EBIBX DT I/ BMBELSHEETH-
72o ERCCO BEBEICII —2OBBITY 7F L6 LWT 3
JBEFINRBOONEI D, BRKBWTECEAE L
Z2bhsb,

ERCC5 1 MGVOGLWKLLECSGROVSPEALEGK ILAVD S IWLNQALKGVRDRHGNS | ENPHP
[ S N T I H N R |
RAD2 1 MGVHSFWD [ AGPTARPVRLESLEDKRMAVDAS I ¥ 1 YOFLKAVRDQEGNAVKNSH1

ERCC5 56 LTLFHRLCKLLFFR!RP|FVFDGDAPLLKKOTLVKRRORKDLASSDSRKTTEKLL
L RS R R R B R R A RN R R0 B S M B PR S E HI B
RAD2 56 TGFFRRICKLLYFG)RPVFVFDGGYPYLKRET | RORKERROGKRESAKSTARKLL

ERCCE 764 VTGOMFLESQELLRLFGIPY | QAPHEAEAQCAVLDLTDOTSGT I TDDSD I WLFGA
I e N R O R R AR NN N R R RN RN O A LA R R N F R E TR
RADZ 767 VTUDMIKEVQELLSRFGIPY | TAPMEAEAQCAELL OLNLVDGI | TDDSDVFLFGG

ERCC5 829 RHVYRNFFNKNKFVEYYQYVDFHNQLGLDRNKL | NLAYLLGSDYT
B H N e F Y - R E S M R R R AT
RADZ 832 TKIYKNMFHEKNYVEFYDAES | LKLL GLDRKNMIELAQLLGSDYT

K6 ERCC5 &EERIRAD2 D7 3 /BECHIDHEREM

4. ERCC5 cDNA iz XPH 5 WE CS ORBEZHET 5

P

> W ODH 5 HOERMMAOBE ISR RRZH
v MEEREREREE XP 2 a7 A VIEERR CS OE
ZTWwW5, 22Ty a—y4b L7z ERCC5 cDNA %\
T, TH (A-G) O XP L 2% (A-B) O CS &t O
RBRETh -/, SHEEFOBEHRMEBOBEAIIC
ERCC5 @ cDNA Z#E A%, XP fMifa Cli BN FHRTE
i DNA &5 (UDS) omIfEDHE . CS Mg ity
BEE D RNA &SI O EE OB 8% FeEIC L CH#EE
DOF AL BHE L7, ERCC5 cDNA |3 XP o GHEMla
DEERBEHERMCHEB L. (EL) , XP OMORFEP
CS ORBITHEE Lind - /-, ERCC5 cDNA ##&EEA
L7z XP-G #ifg UDSIHITIFIEEMPa L~ cafE
LTWwie (K7) , XP-G#ila (XP3BRSV) iz ERCC5
cDNA (pSVMER5) ##EA L, S/BEEICE - 2B
BEBEREsEB L, CO>5b 220070~V
(XP3BRSVRI, 2) iZ DWW TEMRIIH 3 AR & 1E
L (B8) , 270—y &S8R LTITIFE
UL & CTEIEIC - T, ERCCh BETFIT
XP-GHOENMEEREZM 1 b I BHERIB 2 BRI
A b, XP-GHTRBLTWIRARET
ThrEEZLND,

5. XP #fifaic k> 5 ERCCS EIETDFRH,
AAERERFICE I 5 XP fiflae 5T - Hela fifan
5RY AT S5 XD RNA it L .ERCC5 cDNA % /11—
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%1 ERCC5BEFICLDH/E XP ¥ CS MlzDia#tH
By

Grains/Nucleus

Cell (Complementation group) Non-injected Injected Correction

Kpsd (XP~A) 4+1 4+1 -
CRL1199 XP-B) 6x1 6+1 -
GM3176 XP-C) 312  30%£3 -
Kpsl XP-G) 35+2 33+£3 -
GM2415B (XP-E) 72+5  74+£5 -
Npsl XP-F) 25+2 253 -
Spsl XP~-G) 6+2 93+7 +
GM3021A XP-G) 7+2 907 +
Mpsl (CS-A) 122+11 127=+13 -

CS1IMO (CS-B) 11511 111+13

|

o

7 XP-G EHAR®D UDS
ED#BRaRE (% ERCCB cDNA Z BT A L7:

TELT/ YT By 54 VIR TR (B9) o %
OFEE, XP-G#ifa (CER KW THEFLEDY
HWKEZOmRNA #EH L BIEREZEAHRLTWA I E
Bhohol, COZ EhBFEANI XP-G f#ilad ERCC5
HBEFICEU-ERERIT., ZORBEECmRNA DR X
ICEELPRIFT IO KRERSOTIIEL, BbAREA
TR, BHANEIEBICNERREDLDZHDTHA,AD
tHEEINhS, XP-GRAEMR TR % ERCCS &R
FETOERREREFET S I LRISHBICEIN/MET
H5,

6. F—F o547 N7IA—DOFH

BEFA—T T4 VIETANE T EETICERE
REBA U<y ARE (BS) Miazo5BEL. ThhebE
By 2AEGEAERT A HEPHE SN, DABRETFOME
TOE) E PBRENCBET AMRAE A T L ARIREICTE - T
£/, TOHH% ERCCS BiETFICHEBT A0, BT
=54 VBRI Z—OfEH AR AL, £T.
ERCC5O < ZAMREETOREE® BiE Lz, ¥V AD
JFRNA » 6 cDNA 54 75U —%{FHRL, b I

ERCCSmRNA—>
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vOEERFIEZHRE L. &k ERCC5 @ cDNA 5 AT
LI A EERIChIc > TRREMR ch TwWA T &5
bhol, TOIEE, FEEL7/Ac< 7 X cDNA 73 ERCC5
Dy ZAERBEF D cDNA THAHZ L& IRBR LT
W5, COT A ERCC5 cDNA # 7o — 7z LT
C57BL/6 <7 ARG RSk fifle DNA L BIER L7y / A5
LTS5 =% A7 Y~ 7 LT X ERCCS B{ETFE
F (#20kb) #EIRTE/, X HIKIOW A % Hindlll
b EcoRI ¢4 LT 7/-7.5kb ¥t #icid. ERCCS D i,
BRAZN0.Tkb DT Y vEREL T ERbhoTe, &
2T, TOH-EMK% pUCI19 17 a— 4Ll 0.7kb
DI 7@ Sphl site |2 polyA ¥ 7 F % K <
MClneo% A L, HAMOERZEA LA (o PE—
AR Z—) o 5T neo 6 THK1.1kb @ Bglll site
O THEMN ARV N Z =T 4 VTR 8 —%1E
WL (F—FF IRy a—) (K10) ,
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