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Genome-wide Gene Expression Analysis of the Liver from Low Dose-rate-irradiated Mice
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Abstract

Previously we reported life span shortening and increased incidences of cancer and non-cancer
diseases in B6C3F1 mice irradiated with gamma-rays at 20 mGy/day for 400 days. In the present study, we
investigated the genome-wide gene expression profile of the liver from male and female mice irradiated at
20 mGy/day for 100, 200, 300 and 400 days. In the Ingenuity Pathway Analysis, no significant alteration
was found in the “p53 signaling” pathway. Instead, female mice irradiated at 20 mGy/day for 200 and 300
days showed prominent upregulation of several pathways related to lipid metabolism, such as “Cholesterol
biosynthesis” and “Adipogenesis” pathways. In male mice, however, alterations in these pathways were not
conspicuous. These results may correspond to the increased incidence of fatty liver and obesity, which may
promote hepatocarcinogenesis, in low dose-rate-irradiated female mice.

1. B®

ATHA TIX, PRk 27~28 ST, RiTFHE D TR
FIfER F2BR ) T DAV AR SR R R R~ & 2
JlgE > 7L & W C L E & PCRIEIZ K D {E B 0
BT DIBUFNT 21T o 7o, AL 29 D DI, AFH

F RGN O MR T HBA~DORBE LT DM
DWW THEFRRY 22 AT 24T > T,

2. Hik
2.1 =) ARG & RERFEH ORI

BEOWRFER THI~ T AT 7 v 2o, <
A7 T UAEIC L DR 722 R B R TS BT
BT T 5D, FERET, E£ERELFE CICLZK
FRECRIEATEE (20 mGy/Hx100 H., #E7&#R&E 2,000
mGy) K O E =R R (400 mGy/Elxs A, %8
FE 2,000 mGy) DOLEEZITV, HEEICL HER
FRBLOENZH LI Uiz, S4HEE, 1&%%1
PRSI RE (MERE. 20 mGy/ Hx100, 200, 300 % L <
% 400 H. #EMEHE 2,000, 4,000, 6,000 % L< i
8,000 MGy) DY v TIVNEAH ST Lk | (KR E

6 W #n > Specific pathogen free (SPF) B6C3F1 <~ 7
ZMERER 64 VC (HAZ LT) %, 8 LM 8
FLOEBRFEZ 53T, 2 B OME D%, SPF BREET
TfiHE L7=, LD100, LD200, LD300, LD400 EfiZ
%, 8 M5 Z 4 100, 200, 300, 400 H
137Cs-y MR N (&2 20 mGy/H) %1T7-7-,
D QRGN T 5 [F H s ot EEE (C100,
C200, C300. C400 #¥) # . FEMNEREE T CHIE L
Too BRTCO~ T AL, S B ORTH D 22 KefiE A
S, B T %30T LTI~ &



(EYN
2.2 %4707 LA

BB L7~ v ZFhE (—5 mm3) ~ 500ul @
ISOGEN i (=v Ry v—r) ZMATHREI A
A LT, -20 ECHAE R LTc, RFREND
RNeasy (7 4>) ZJHWT mRNA Zhii, kil
L7z, B 5i7c RNA UBHORERE | U E(T 2100
Bioanalyzer (7L > ) 3 J U Nanodrop 43 Y6t
it (P—F7 1 vy —) THIELE, BRI
~ A7 a7 VAL, 7Y D LEGET T b
2 JUZHE > TiT- 72, mRNA B+ 400 ng %#. Low
Input Quick-Amp Labeling Kit (7L > K) ZHW
Cyanine-3 #{tAE . L 72, A5k S 4172 cDNA 5k & |
8X60K 7+ —~ v hD~T AL Xl T LA
(SurePrintG3 Mouse GE ¥ 1 7 17 L1 G4852B,
TV AT I EA X LT, @ty 7
OMHIZIZ, DNA~ A7 a7 LA AFx ¥ F— (T
L) RV, BUIAATZEIG T — % OFdEkIz
%, Ml Y 7 b 7 = 7 FeatureExtraction (7L >
N ERWe, BiEl S BE T RET — X O
Hr (FE BRI EE D < BB FIHFMO T OHEFHRITE)
I, BEEHEST Y 7 b = 7 GeneSpringGX (7Y L
YR RONNZAT =AY 7 BT =7 Ingenuity®
Pathway Analysis (IPA, 7% >) &Mz,

3. HEDHE
3.1 BISERMEHRBH T IYRFE TERELT S
EIEF DR

B6C3F1 ~ 7 A DMl 8 S D EEREE (C100~400
#f, LD100~400 &) 4 8 VCOfFhgY> 7 v
b7z mRNA ZHWcBBE T RB~ A 7 r T LA
FRNTIZ L B HEOBIR TR T 07 7 A Va2,
P BEIZ LN THE (p<0.05, fold change>=1.5)
B L CWEB B F a2 Lz, sz
R TIZOWT, IPA X D82 T = A T GEB
T HgRER L OVEMLRRER Z L2 7 v — T LT3
BIEE & MRHT) Z1To7-, SREHCHERELBZ
RLEBEBE IO L EMIZEKLILONRED LS 2
HLDOTHDNERE L7223, FEIZ A 2 LD300 #EOfiF
W CEAE 7R MG S 7z, Fig. 11213, A A LD300

HECORAEBOFBMEN @D - T #E s B EAr
10 f#iz->\ T, LD100, LD200, LD300, LD400 #f
TORBETBOFFEMEZ /R LT, A A LD300 BELZN
Z LD200 T, =2 L AT 1 — /LA RS T
BECIRE R EE R TR O BEREB N R S
77, Fig. 2 1%, 2=V AT u— VAL KERDERLF 3
i (Cyp51. Sqle. Fdps) ([Z oW TERBIDZEE 23 L
bDThD, T ORERBRFITONTIE, A
A2 DFEIRGSFETITINERIZfE O FEBL LR DA ST,
MR HEE (LD200, LD300) CIIIEMSREIC R TH
BB LA L, 2o o<z L2
B TRBEEIX, AATIETRD LN hoTm, —
75\ BRI < BEEAGHTTHIEIA 7 O B A5 1 (Srebfl,
Pparg) OFBLEZFERICHRFT L& Z A, A AT
TNERRE D R B EH N A 50, F72 LD200 LI D i
SHEECIERRIBEIC R THEIZHRIL LA LTz,
FAZBNTH, 2L HIEHEF ORI DA,
R OB T OE L IXR2 0 | MR X 5
B L NEO LN, B A ABKEEECBIT D
a L AT 1 — VARG B AR RO RE R R
B EORBELEERNL, ZhE TREM CIThN
A (Graallh, RRRrAHIR e, (R E SO AR
IR IR RE S SR A, AR B R B 3 2
AR E R BEBRE) CHMICR TR A A~
AT A EREHE L TS EEZILND,
FASTADNAY 2 A fFPTOFER, 2L AT R
— VSRR BEEE G F RO N RO bR b
DD, A ANFEEHAE T RN > 72, —J7. DNA il -
EERREO BT REOFBERBILEHNRD b,
DNA B EEIZRE 59 5 T2 E R ¥ v XV EDls
T < o7 (Memé4, Rpal, Ligd, Chafla, Gtf2hs)
X, A A LD300 B CTHEIZ EH L TWi=as, thoff
TITZEENIBEE Tl o7z, £, BETFIREO
EENRD S —H>0 DNA EERE (S 2~y
F{E18. Mismatch Repair X XX 7 L A F REREEE,
NER) %, BUHMBOEMERZE 2% L CRb HE
L&D DNA 5 (AU 2 EET 5729
DR TITRNWZ LMD, TRHDEREIZOW TR
ELICHMFT20ERDD EEZDLND,
ELOMERED LD300 FETOIRBLEB OF EMED



B Lo TSN TERLBEFHOZ I, S, THETITHE SRR EOMEE D &
LD400 B CTIIAEMZ RS 2< 72> Tk (Fig. 1), DR 2T O L LB, TRHEDEHD S b
ret i (AR 29 2% & & bIic & v g8 T ENMEFRERBEIROZE L L TARENZR b O
BHEIZ R > TIT b DO TIERWZ LRI SN D, THLPERR LTV BERH L LB LD,

[[]J20 mGy/day x 100 days
[[J20 mGy/day x 200 days
)20 mGy/day x 300 days

RN = 20 mGy/day x 400 days

E

i

(=X

&

2 Threshold
{(p=0.05)

Fig. 1 Alterations in gene expression in low dose-rate-irradiated female mice. Ten most significantly altered
canonical pathways in the liver from female mice irradiated for 300 days were identified by the gene
ontology algorithm of Ingenuity Pathway Analysis. Columns represent groups with different irradiation
periods. The y-axis represents the negative log of the p-value from Fisher's exact test. The dashed line
indicates a p value of 0.05 as a threshold of significance. The pathways related to lipid metabolism are
marked by red boxes.
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Fig. 2 Box-and-whisker plots of the expression of the genes encoding cholesterol biosynthesis enzymes. The y-axis

indicates normalized gene expression signals processed by GeneSpring. Tiny red lines in graph areas

indicate outliers.



