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ARURR I PR 114 28 K 7K ST Bt A7 B 50 2 () B84 ITAT B4 0, 24 S B R A A ) 800 R R (R = 0. 61 ~0.97,P <
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[ Abstract]  Objective To investigate a potential radiation biodosimetry based on multiple gene
expressions. Methods Human peripheral blood were exposed to ® Co y-rays at doses from 0 to 8 Gy. The
mRNA expression levels of 10 selected genes were detected 6 and 12 h after irradiation by RT-PCR.
Individual variation was also examined. An optimal mathematical model of the dose response of these gene
expression levels at each time point was obtained by the stepwise regression method. A blind test was
conducted to validate the statistical accuracy of dose estimation. Results The 10 selected genes expression
levels at each time point were significantly increased along with dose from 0.5 to 8 Gy (R* =0. 61 —0.97,
P <0.05). Individual variations were evident in the gene expressions of TNFSF4 , PHPT1 and FDXR. The
gene expression levels of PCNA, CCNG1, TNFSF4, PHPT1, GADD45A and FDXR were incorporated into
the model at 6 h after exposure (R* =0.88, F =54.8, P <0.001); the gene expression levels of PCNA,
CCNGI1, TNFSF4, MDM2, GDF15 and TNFRSF10B were included in the model at 12 h after irradiation
(R*=0.82, F=42.767, P<0.001). These two statistical models can be utilized for the dose estimation
accurately. Conclusions The multiple gene expressions have a potential as a radiation biodosimetry.
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SRR A PO AR IR, 75 A S ) v R T T
A TR E A fR A A A, R 4 B
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ATHR I — T E LR

ASSLIGAE AT AT T B SE A T8 A I A S
ML 52 31) P 8 S A S — L A A TR A A
xRk MR AL (1A J7 ¥R STl JLAS SE D 4 AL
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1. SEIGAFRLRNLES : RNAprep Pure Ifil¥ &L RNA
PR G T RARAAERHE (Fbat) HRAF], &
& cDNA 5 5513050 &0 T35 B Thermo Fisher 2
#] , Power SYBR Green PCR Master Mix Iy F 3¢ [E
ABI A 6], Taq B4 W, DEPC /K I Tt 52 5 [ B a%
W AR A BRA ], 7500 Fast S2F 386 E 8 PCR X
W [ 25 [E ABI 2\ 7], NanoDrop 2000 448366 REAY
4 H 2 [ Thermo Fisher 22#]

2. WFFEX G AR B NG R R AT R, 26
BEARRCH TAE# | R Mg | LN T &M
e () 8 AR RS, B 4 N 4F
%30 ~39 % PR R (33,13 £2.30) &, H 4
B E R AETIKIAL 25 ml, FH %6 = 8 4~ 4 ml fF
REPUEEE A RIMAE NS . J3FMIUE 3 ZEHEA
SN 8 ml, o34 2 2 A4S 4 ml JFRPLEEE A
KM N, TR 4 A R R () B AR B IE

3. RSSO RAH IR IR O E A iy A T
sUTRE O fE = R AT IR, Wl i
1 Gy/min, J5 8 FE & 73.5 cm, F ¥ B 5F B K
30 em x 30 em, FELFHMO0,0.5,1,2,3,4.6,
8 Gy, HRJEKe AR B o 0 MRS S4 42 Rk P A 5
£ 8 ml 10% it 4= L35 1) RPMI 1640 3555 (5B
A& 15 ml 20M) BT 37 CHERFMATRR 6
FN2 h 7E B IR TIE 5L 50 H WU 6 RS A AP R i,
WS 25 R) B 5o 1 FD S Gy, RGBT 37°C
fEIRIEFRA SR 6 12 h,

4. 4 E RNA LS cDNA & 1l 5 e
Fsf 5] 5 KO AE 41 Y, 422 BB RNAprep Pure IfL 7 &L RNA
PRI ) 57 i Ul B A5 42 A RNA, AR 5 38 &t
NanoDrop 2000 5240535 56 B2 A 2 40 B (Aqy/Asgy
H 1.8 ~2.0) I TR, SRIG N FH R 2 o R sk iR
B L cDNA, B 100 ~200 ng RNA, fil A 20 pl £

RN AR Z w22 25°C 10 min, 37°C 120 min, 85°C
5 min JG 2R, - 20°C VKA IRAE .

5. SEATE R PCR 51905 W #i 4 GeneBank %k
P& B9 FERAE B, N Primer Premier 5. 0 3411
FHTSEETE it PCR A 4 59 SRS R DA B N & 3 1A
B-NlzhE HF1 B2M 5975, 519 il T
HEVFARGRAE G, PR 1,

&1 5IWF5

Table 1 Primer sequences

IR 2 Fx SlHFHI(5'—3") TR/ (bp)

B-lEh&E I IE [ : TGTGTCCGTCGTGGATCTGA 162
JZ 17 : TTGCTGTTGAAGTCGCAGGAG

B2M 1E[7] : AATGTCGGATGGATGAAACC 128
JZIii] ; TCTCTCTTTCTGGCCTGGAG

TNFSF4 E [ : TTGAATTCGAGGATACCGATG 0
JZ 7] : GTAATTCAGGGACTGGGGCT

PHPTI1 1E[7] : TTCTCAGTTGAAATGGCGTG ol
JLI] : GCATCTCCCACCAGAGTCA

GADD45A  1E[1] : GCAGGATCCTTCCATTGAGA .
JZ 1] : AGCTCCTGCTCTTGGAGACC

FDXR 1E[i] ;: GTACAACGGGCTTCCTGAGA 1
S ; CTCAGGTGGGGTCAGTAGGA

PCNA E [ : GCACTCAAGGACCTCATCAA 7
217 : TCCATGCTCTGCAGGTTTAC

CCNG1 1E [ ; AAGCAGCTCAGTCCAACACA 6
S 1] : CAGTTCTTTGGCTTTGACACA

MDM2 1E[7] : CTGATCCAACCAATCACCTG 130
J2 I : AAGCCTGGCTCTGTGTGTAA

XPC 1E [ ; GGCTCTAGGGAACTGGAAGTTG 70
J2 1] ; CCCGTAGCGACGCTTCAG

GDF15 iE [ ; GTTAGCCAAAGACTGCCACTG 105
JZ2I] : CCTTGAGCCCATTCCACA

TNFRSF10B  IE[1] : GGCTGGACCTCTTTTGTTGT 120

JZ 18] : AGACCCTTGTGCTCGTTGTC

6. SEEE fE PCR AL WA RN 20 pl:
10 pul 2 x SYBR green 1,2 pl ¢cDNA B, E s
Y3 0.5 pl F17.5 wl WZEAK, SN ZRAF:95°C s
P 10 min J5 #EAT TR 40 DR 95C B E 15 s,
60°C IR K MIEMIL 1 min, BAHEME 3 P47
B 7 AR R SEI RE i PCR ORI S o A7 94 fifk il 48 40
Br, AHERR S 1) — AR B 52w , [6) I 52 S e 5| a8
FIXT AR A 3 ISR,

7. PCR KB4 7341 : FIH] Applied Biosystems
7500 Sequence Detection Software ( SDS) #4745 % 43
Bro FH27%¢%, LL B-ILsh & F A B2M Sy N 24k
AHXTE 1 2 AN]SR 8 AR i A S R R
KA K, Hoh, N2 B E G o=

Ct (B-HlzhEA) x Ct (B2M) ',
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ST Y F R FH 22 TR R A 00T, ©Co v SRR SIS , AR [ ) 2 AR 52 BE ) i
P<0.05 AEFAFIFFEL, [B], 10 4 5 SRR PR ) A X 2% 38 B Y B o 32 R A

| ]
R B
e "
® ®
g z
R
] |
) 3 6 2 ® 3 3 6 8
W B (Gy) TSI (Gy)
|
ke ke
® ®
X g
# #
|
ke ke
e e
® ®
B z
R
] B
] ;
9 %
% ® 3
®
£ 2
oy 2]
hﬁ% m 1
0
TSI EL(Gy)
5r »-6h
| ]
® 7 B0 e 5
z Z 2 - T
=
b w1
0 3 3 6 N O)
RSB (Gy) TR AHRIEL(Gy)

Bl 1 REFIES Co y SRS A ] 45 3% K A AR XT3k K F - A. TNFSF4; B. PHPTI;
C. GADD45A; D. FDXR; E. PCNA; F. CCNGI; G. MDM2; H. XPC; I. GDF15; J. TNFRSF10B
Figure 1 Gene expression levels in ex vivo irradiated blood cells detected at different times after irradiation with different doses

A. TNFSKF4; B. PHPT1; C. GADD45A; D. FDXR; E. PCNA; F. CCNGIl; G. MDM2; H. XPC; I. GDF15; J. TNFRSF10B
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Figure 2 Individual variations of gene expression levels in ex vivo irradiated blood cells at 12 h after irradiation wiht different doses.

A. TNFSF4; B. PHPT1; C. GADD45A; D. FDXR; E. PCNA; F. CCNG1; G. MDM2; H. XPC; I. GDF15; J. TNFRSF10B
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PRUAE N 236 f ) MR B 22 S 35/ F 3 A5 (BT 2 CLE,
F) ;i TNFSF4 | PHPT1 il FDXR 3 M3 [H 235 7K
FEARTR) 5 50, AN RIS AR TR 9 22 5 AT ik 5 A5 LA B
(K2 A,B,D),

3. HEHFA A FRABAIR S B 1 AT, 4%
FERTERS 6 A1 12 h B9 3L AR 36 5A 1 5 52 iR
BRI A M, SR 2 on B A 0 H Ty
R AEY R R AR (L 2)6 hoy =
0.213TNFSF4 — 0.604PHPTI + 0.542GADD45A -
0. 06FDXR +0. 91PCNA — 1. 407CCNGI (R* =0. 88,
F=54.8,P <0.001);12 h:y = 0.575MDM2 +
0.916PCNA + 0.504GD15 - 1.539TNFRSF10B +
0. 167TNFSF4 — 0.667CCNG1 ( R® = 0.82, F =
42.767,P <0.001) , H:r y IR Gy ZE N 4
Pk Ry R A [ Bsf 18] 12 35 DR (R AR G Rk 1

R2SENYLG RIBBRLZ A W 53
Table 2  Stepwise regression analysis of multiple gene

expression-based models

EURRE brEiRE ArifEfbii

L b Sb HIEES§¢] 8 PE
6 h
TNFSF4 0.213  0.044 0.776 4.892  0.000
PHPTI -0.604  0.142  -0.551  -4.254 0.000
GADD45A 0.542  0.125 0. 439 4.337 0.000
FDXR -0.060  0.013  -0.541  -4.686 0.000
PCNA 0.910  0.098 1.152 9.275 0.000
CCNG1 -1.407  0.429  -0.417  -3.282 0.002
12 h
MDM2 0.575  0.098 0.517 5.880 0.000
PCNA 0.916  0.127 0. 967 6.732  0.000
GDFI5 0.504  0.136 0.232 7.221 0.000
TNFRSFIOB -1.539  0.179  -1.049  —8.592 0.000
TNFSF4 0.167  0.033 0. 622 5.112 0.000
CCNG1 -0.667  0.233  -0.278  -2.859 0.006

4. FEHNAGRBBRPPILRUE 1 15 Gy
“Co v BT AR 3 AR A SNE I, BEUS 6 112 h
G000 298 ARSI (14) 35 D] AF X 2% 38 o, Iy A R 1 35 PR
HERIEAUEEZ IR 5, 5 6 h,2 55 A
(- X5 Ak B850 B 43 91 O (1,05 £0.43) F1(5.10 +
0.15) Gy; HESF 12 h,2 N5 5 S Y4k 555 & 43
WIS (1.07 £0.21) F1(4. 87 0. 28) Gy, 45 F 5 5.
AR 22 (1 AR SR i — ELSE R 1) <0.5 Gy,

o

TER I A 15 40 o R 28 o AR PR A
R0, TR AR W0 S A 40 B 1 G S i S R 2

PORECHE, AR ARG SE N A A
HEST AN B L 2 R R B AT A RO,
B RER G 2 HE K Y e iR fb X 2 B ) gk A 7
AR AT LA A R R it v 791 £ B ) v A R 4R
AN A RESEAR S AE M R BT R B T AR A
eI SEIG A FEAE b AR E A 10 4 S ek
FEPR 3K KT [ B 43 BT 41 Ik PR A A ) A 1k i)
M2k 225 it Z 0B A A W g sr T4
Py B A S A A B |

TNFSF4 . PHPT1, GADD45A . FDXR, PCNA
CCNG1 . MDM2 ., XPC . GDF15 Hl TNFRSF10B j&4<
SER AU IT 20 4 2 & 2 0 E SN SCHISE , i H
SCHRTT 12 Tl AE A5 B2 55 O 15 7 2 O 99 0k /= B
S BRSSO AR R R TR Y
BRI A5 — 2 Py S 3R 1 ik & A AR, R
PRUFSCI S5 B R M S Ae e v, AR WF5E A B-WL
SR R B2M L [EAE S S
8 ZIEH ASMNEIMAEZ ] 0 ~8 Gy “Co vy FH£E MR 5
Ja RS REAR L, KB 10 DNEEH 1 k7K
F5) 2 PR o OSSR S T B 0, S B A 1 7 -
NP & Z; [A] BF TNFSF4 . GADD45A . CCNGI .,
MDM2 Fl1 TNFRSF10B 5 >3 [K /) A0 XF 2 3k & bl %5
2 RS [B] 3 in s T 5, 3X 5 22 A L 4 E B T 4
REEARAM — 2" EA AR 8] 22 57 07 1T, TNFSF4
PHPT1 F1 FDXR 3 /™3 Pt e i 4 S HLA i ) 4
SR (AR BEAE A B S AR 2% Sk, A 4 Gy
OCo v BFLLIEG) 12 h J5 , TNFSF4 & [K] 1) A1 XF 3 3k
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