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Table 1  Survival rates in different groups of mice 6 and 12 days after exposure/sham exposure to the lethal dose (LD 50/6) of
gamma radiation in the 1 phase of the study

251 Group AbF Treatment

52/ % Survival rate

&R E YetiflE/ Gy MR 6d MRS 12d
Adapting dose Challenge dose(LD50/6) After6d After 12d

21 Group 1 - - 95 95

42 Group2 ik MW - 95 95

413 Group3 {EFIEMST LDRG - 85 85

44 Groupd  FBHKTIEIRS - 100 100
MW-+LDRG

45 Groups5 ik MW 8.8 80 60

H6 Group6 &= LDRG 8.8 90 90

47 Group7  BHETIEIRS 8.8 90 80
MW-+LDRG

418 Group8 - 8.8 60 10
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R R AT 8 5 B0 RO R B S 0 M

B Osipov P25 2% SChikTg H K 3182 32 A8 PE AR 771
i FE AR S R 0% D 55 1 44T R R et v R S

050101-2



OB R R B R A R N AT

ERETROBURE . 2R L PTR W] DL IR e A R
AT DA S 0 i 7 R A 7 A 3 A SR

AER 7158 L B A A T At 4 o s 7 B A AR
TR RN, AL £ A LUE . B2
AN DNA B R ARG & i B AR S 7 S d
PER B EEWLS 2 —. HEERSTES DNA WU
Wr &, w2 2 BLAEF I OR i i %
(Nonhomologous end joining, NHEJ) A%, NHEJ
BEAH DA p53 B8, L5 R B4 35k
RAF (Ataxia-telangiectasia mutated, ATM)ZE [,
DNA < 8 1 I8 B 46 T 5267 ( DNA-dependent
protein kinase catalytic subunit, DNA-PKcs) & K/ Fll
Z R R AL B A -1 (Poly ADP-ribose
polymerase-1, PARP-1) JE[H%5. 7EAKH & 4R
Wik FEMMER N, p53 KB, ATM Al
DNA-PKcs RIETCHI AL, PARP-1 ZikIg T
Fi PARP-1 FJFHIT77 3-AB & 5 M i A SN o B H
ATM #1 DNA-PKes FH Wi 7l & 2 & & &
(WORTMANNIN) X3 8 14 S B TG 50, SRR 2
8 = A p38MAPK K PKCCRT % pS3 & A D).
FITLAU p53 FH1 PARP-1 2k PRI 4753 W % Jse Wz o e AR
BRI, 555, Yatagai 255058 R I 30 mGy y 5
LRAEF TK 6 A0 AT /645 T — 4> 1.2 mGy BRI ELHE
5, 5EEHAT 30 mGy MHILFEVEEASE G 7
50%. XUt AR A E B AL RE N AR T
EEEM . thAh, Bernal 250N i/ L5236 R BUK
FEH AR RS L DNA HFIEIRES . HR1E
A S 3 HIZ 5 /N BRIV A — E IR R .

22 MMM

Calabrese 25T\ A4 S 244 T AR A2 24 L
2 IR & B AR AT, AP SRR
PRAF P S B A7) B P B AR AR . AR AR -
MEUTRENY), WRRGAES HASZ B LR AT, eS8
R AR R A KR B R, AR IX e
S5 P A 2R R B R T S 2 14D ) AN 52 4 A
i RS 8 5 S R AR X ot 4
WARER TR, 250 2 R B 2 T
HAAT BRI BRI (), AR, AR KSR FRIIANF.
MAITESE T 0.015 mGy-d' (L1 4H). 0.03 mGy-d’
(L2 4). 0.06 mGy-d' (M 40). 0.09 mGy-d"' (H
H) 4 NFIEAF—ADXTRRA. 45 R RIUT R
RIS R L1, L2 ARFXERA, ™M 455 =
FEBASITFEN, HAM T RHA. AH: L.,

L2 s TR, M 24 55 IR 2 R E Gt 2
B HAMRT XA R L2 K TXHE4, L1,
M ZH 55 HRAH 1) 22 R A Goih 24 3, H A xR
R B H AR T A2 BRI R X SR IR 0T
RIAEKEREBA —e M ER, BEEZR X 5
RFNERIRN, XA R RS H AT BRI AR K
RE RIS HI RS E . A P4 ST LDR
o N 7E T4 (BM-MSC) AE K5I,
Wi 7 50, 75. 100 mGy 3 MRS FIE, K
F MRS B B 2 e X edl, 4r2HW%¢ LDR J&
1-5 RAMAKIIRL, R &0 O 5 M
HoER 1-5 R&EHAMBEH . 258 KH, WY
JE 28 3 Rt BM-MSC 3t NS BRI, 500 75,
100 mGy X 28RS S g E Kk, LDR J&
BM-MSC EK 4K B : LDR X BM-MSC 4K
HMA N, Refedt BM-MSC A& . &l
Draghiciu %0 '5@ 13 5F 72 & DU & i B4R 5 5 9t
i 96 928 T I G A FH S B8 K OKH 92 i (A FH SR
Bk — 0 SO IR P 00 S B ST AlET, 3 K R P
HFE A o KR TORHR ARG & F 2 4 O R S R
21 LS A P A LA TR AR T R REAE A 26
]3P, Doss 3t X SR SE A7 2 B U R 25 BRI R
I AR R AE SR R0 25 X 1) e R SRR RE 1) J L8 L il
i BPAZ BT & B AT THS B0 T 2 P 250
AN g 435 1 26 14 TG I S B T R R X R AR
DR A 26 1 TG A 2R o A, 5 o 22 A U (BRRD, 4
T UMEIE. DU RERF R A S e R, 1B1EE
(o2 DL 13, B 1 AT, A R
Bl A R A 5| R S8 i SOE 3 o il . Ik,
[l B bt A 2% 25 1 HR AR = R B B T o I A 5
7 A fii g LA A 1 Y

1

08

°
>

a8
=

>
Y

=

ERR corrected for -20% bias in baseline cancer mortality rate
=
¥
T

04

B 1 IR % R 2 2

Fig.1 Reconstructed weighted colon dose
ST f R S Dy AN AL A H HTAIT 7T
HIFEARARIEA o 0 AT 5 R A S T

050101-3



WA A SRS L2 % 2013,31:050101(6)

PRI 58 R G50 Salbul HA K AR B /K 1 L B 4
FE I I AL B SRS 5 R Gk A R o
Osipov 25213 o 5T 56 452 Hh 1% 771 55k ol 126 5 ot ok 9
DNA XUEEWT R MBE SN, I HA A EE. KT
BMETE, BRSO KRR A4 b
ATTHR 45 SRR 2 8 T B AR R F) IE A R4 H 38T FA ot
Bto MATVONED T, HREHFERTR A
fHI, B RS AR A R R Bl
i 12 52 PRV 3 DU A ARG L I 5 A X 4 A 231 1)
1 Eshliihs: S N el I EK (B E 14 2 Lt I PSR AAS 19
T FEAFIR S B 117,

3 g

JBURGTT B AT S 2oy — M E R HIR)T T
B JUHARAEBANEI R 1R 5 TS 75 KK
Bo ST, R ERIBOUR 6T L HT (0 A1 i 77 B L B
ST 5 ARG P A A TR R L B Ty D T R L A
IR B BRI 1L, iR fE A R R
2N, WA RO AT 18 B RN AN A 2K
I8 o Borghini 5 A A7) it FHL B9 S ¢ ML R 4
W RA RIIEVER, SOP AR, B ATIA
ESRI T T B K R AL O AR rp . PTREAAAE S
FAHLGIAR AR o BF TE 3 ML B N R 2 A 3RAT ]
FBE Rl 7RG R I A RN, AR T T
S5 BRI (14 273 WA AT vl BEAR A 1K
A L S S T A A R R e 2 kAR e
12 (0 FREATL P 20 A AR A L oA e v 4L i
IZEIETC IR R AT PRAG ) o IR RHIRTR A
W8 PR VPl A2 MR i 751 B A 0 8 i e 2 AT S
(WO BRI, T R 22 (RO RIF 73 et SR et G
R TR P I 7 B L e A e 5 1 ) 2 L ) L
PSR TR SE o DR IR 7] 2 S ) A
PIRAERE TG SR I — R, BRIEZ SNEAE
FEAR 22 HoAt )2 AT H AT EIRMR A 1. W&
AT RONL IR BV S ) B RN 3 N RN
WA VERN B EAFAET 6, iR I A R
TTINE, B 75 AR A R 7 R P 12 2 A D0 I 288
PR N JBOT AT 25 T — MR IR, dn 2R AT DO
ANAZLE T2 KGR . XL R 7T AR
—HAEWH, (BRIBCA R RIR A, R
BRI FURTT o ] ) PRI B P R A 11
A NLPE RN AN AT VRN, B KRR E R A 3 2

N2 A 45 Jei Xt IR 7 B F R A AR AT T R — AR ) H
bR, TEBATE L R .

SE 3k

1 J7ik. BIamos s g — R EAES ()] EER
REZFFHIFT, 2005, 9(1): 28-32
FANG Da. To prevent radioactive contamination is an
important task [J]. Studies in International Technology &
Economy, 2005, 9(1): 28—32

2 Schauer D A, Linton O W. NCRP report No.160, ionizing
radiation exposure of the population of the UnitedStates,
medical exposure—are we doing less with more, and is
there a role for health physicists? [J] Health Phys, 2009,
97(1): 1-5

3 National

council on radiation

NCRP REPORT No.l144"Radiation

protection  and
measurements.
protection for particle acceleration Protection and
Measurements"[R]. 2003: 146—268

4 National council on radiation protection and
measurements. NCRP Report No.151"Structural shielding
design and evaluation for Megavoltage X-and gamma-ray
radiotherapy facilities"[R]. 2005: 1-246

5  National council on radiation protection and
measurements. NCRP Report No.49"Structural shielding
design and evaluation for medical use of X rays and
gamma rays of energies up to 10 MeV"[R]. 1976: 1-126

6  Kathren R L. Pathway to a paradigm: the linear
non-threshold dose-response model in historical context
[J]. Health Phys, 1996, 70(5): 621-635

7 Brenner D J, Hall E J. Computed tomography-an
increasing source of radiation exposure [J]. N Engl ] Med,
2007, 357(22): 22772284

8 Puskin J S. Perspective on the use of LNT for radiation
protection and risk assessment by the U.S. Environmental
Protection Agency [J]. Dose-Response, 2009, 7(4):
284-291

9 ABeJF, KR, WL, 55 GR B R AR SR
PEN AR S AR A 250 (1], Dok PR S0,
2011, 37(3): 155158
LI Quankai, ZHANG Suying, HU Jiang, et al. Effect of
low-dose ionized radiation on hemogram and

cytogenetics of exposed workers [J]. Ind Hlth & Occup

Dis, 2011, 37(3): 155-158

050101-4



SROAH A R B AR A E ORI T

10

11

12

13

14

15

16

17

18

19

N, TR, AR, &GN R R T R G
HEVER A S R GRS (7] b [R5 TR, 2008,
17(2): 157-158

MA Li, LEI Chengxiang, SHEN Xianrong, et al. Effects
of long-term low dose rate fission neutron irradiation on
the reproductive system of male rats [J]. Chin J Radiol
Health, 2008, 17(2): 157—-158

BB R, AT, TR, . 7R S ©Co v %t SD
KRR 07 AR BB 7T (9] P B RS A, 2012,
21(1): 11-12

HOU Dengyong, SHEN Xianrong, HE Ying, et al. Effect
of Low-dose rate “°Co y-ray Ionizing Radiation on SD
Rats [J]. Chin J Radiol Health, 2012, 21(1):11-12

Bi X, Feng D, Korczeniewska J, et al. Deletion of Irf5

protects  hematopoietic stem cells from DNA
damage-induced apoptosis and suppresses
y-irradiation-induced thymic lymphomagenesis [J].

Oncogene, 2013, 295: 1-10

Monceau V, Meziani L, Strup-Perrot C, et al. Enhanced
sensitivity to low dose irradiation of ApoE-/-mice
mediated by early pro-inflammatory profile and delayed
activation of the TGFB1 cascade involved in fibrogenesis
[J]. PLoS One, 2013, 8(2): 1-11

TH, REM, HIER, & SO RZEIRST 8RR
RYMIME [7]. SERERESE, 2001, 16(5): 449-451
DING Yong, GUAN Zhiwei, TIAN Jiahe, et al. Reverse
dose-rate effect in multiple low-dose RIT [J]. The
Practical Journal of Cancer, 2001,16(5): 449-451

Collis S J, Schwaninger J M, Ntambi A J, et al. Evasion of
early cellular response mechanisms following low level
radiation-induced DNA damage [J]. J Biol Chem, 2004,
279(48): 49624-49632

Scott B R. Residential radon appears to prevent lung
cancer [J]. Dose-Response, 2011, 9(4): 444-464
Pollycove M, Feinendegen L E. Biologic responses to low
doses of ionizing [J]. J Nucl Med, 2001, 42(9): 26—37
Audette-Stuart M, Kim S B, McMullin D, et al. Adaptive
response in frogs chronically exposed to low doses of
ionizing radiation in the environment [J]. J Environ
Radioact, 2011, 102(6): 566—573

Cai L, Liu S Z. Induction of cytogenetic adaptive

responses of somatic and germ cells in vivo and in vitro

20

21

22

23

24

25

26

27

28

050101-5

by low dose X-irradiation [J]. Int J Radiat Biol, 1990, 58:
187-194

Mortazavi S, Mosleh-Shirazi M, Tavassoli A, et al.
Increased radioresistance to lethal doses of y-rays in mice
and rats after exposure to microwave radiation emitted by
a GSM mobile phone simulator [J]. Dose Response, 2012,
11(2): 281-292

Ak, TRAE, WE, & R RS T IR K
BRCE REAN ML S [7]. RS AE, 2008, 29(2):
99-102

PENG Waulin, LEI Chengxiang, JANG Dingwen, et al.
Effects of low dose rate neutron irradiation on the bone
marrow nucleated cells of rats [J]. Journal of Navy
Medicine, 2008, 29(2): 99-102

Osipov A N, Buleeva G, Arkhangelskaya E, et al. In vivo
gamma-irradiation low threshold for suppression of DNA
double strand breaks below the spontaneous level in
mouse blood and spleen cells [J]. Mutat Res, 2013,
S1383-5718(13): 00118-6

Vaiserman A M. Hormesis and epigenetics: is there a link?
[J]. Ageing Res Rev, 2011, 10(4): 413-421

BT R, XRE, PEOCEL T B TN AR
W2 o S Y J 2 [ A AR S BOR 2R [R]. P E T
B4+ &, 2007(2): 72-73

GONG Shouliang, LIU Shuchun, CHENG Guanghui, et
al. Radiological health of chinese preventive medicine
association of professional committee of the fourth
national academic conference meeting report [R].China
Preventive Medicine, 2007(2): 7273

Yatagai F, Suzuki M, Ishioka N, et al. Repair of I-Scel
induced DSB at a specific site of chromosome in human
cells: influence of low-dose, low-dose-rate y-rays [J].
Radiat Environ Biophy, 2008, 47(4): 439—444

Bernal A J, Dolinoy D C, Huang D, et al. Adaptive
radiation-induced epigenetic alterations mitigated by
antioxidants [J]. FASEB J, 2013, 27(2): 665-671
Calabrese E J. Converging concepts: adaptive response,
preconditioning, and the YerkeseDodson laware
manifestations of hormesis [J]. Ageing Res Rev, 2008,
7(1): 8-20

Jacquet P. Sensitivity of germ cells and embryos to
ionizing radiation [J].J Biol Regul Homeost Agents, 2004,
18(2): 106—114



WA A SRS L2 % 2013,31:050101(6)

29

30

31

32

33

34

s, ERE, BEE, & NE X SRR RE
AR AR B IS0 (7] o S T A, 2009,
18(2): 156-158

ZHANG Wei, WANG Peijun, LI Minghua, et al. Effect on
the growth of offsping received low doses radiation in
uterus [J]. Chin J Radiol Health, 2009, 18(2): 156—158
Mok, WRIE, 257k, A, AR5 A BEAR A O A i ) e
JT 20 A R PR RO RO (D], 35 MRS 2R (B2
JiK), 2008, 34(1): 2831

YANG Yan, CHEN Xiao, LI Weli, et al. Effect of low dose
radiation on biological characteristics of human
mesenchymal stem cells from bone marrow [J]. Journal of
Jilin University (Medicine Edition), 2008, 34(1): 28—31
Draghiciu O, Walczak M, Hoogeboom B N, et al.
Therapeutic immunization and local low dose tumor
irradiation, a reinforcing combination [J]. Int J Cancer,
2013: 10
Pollycove M, Feinendegen L E. Low-dose
radioimmuno-therapy of cancer [J]. Hum Exp Toxicol,
2008, 27(2): 169175

Doss M. Evidence supporting radiation hormesis in
atomic bomb survivor cancer mortality data [J].
Dose-Response, 2012, 10(4): 584—592

Bruce V R, Belinsky S A, Gott K, et al. Low-dose
gamma-radiation inhibits benzo[a]pyrene-induced lung
adenoma development in a/j mice [J]. Dose Response,

2012, 10(4): 516-526

35

36

37

38

39

40

41

Liu S Z. Cancer control related to stimulatiof immunity
by low-dose radiation. Dose-Response [J]. 2006, 5(1):
39-47

Salbu B, Denbeigh J, Snith R W, et al. Environmentally
relevant mixed exposures to radiation and heavy metals
induce measurable stress responses in Atlantic salmon [J].
Environ Sci Technol, 2008, 42(9): 34413446

Calabrese E J, Bachmann K A, Bailer A J, et al.
Biological stress response terminology: Integrating the
concepts of adaptive response and preconditioning stress
within a hormetic dose-response framework [J]. Toxicol
Appl Pharmacol, 2007, 222(1): 122—128

Borghini A, Luca Gianicolo E A, Picano E, et al. Tonizing
radiation and atherosclerosis: Current knowledge and
future challenges [J]. Atherosclerosis, 2013, 230(1):
4047

Martin L M, Marples B, Lynch T H, et al. Exposure to
low dose ionising radiation: Molecular and clinical
consequences [J]. Cancer Lett, 2013, 338(2): 209218
Schettino G, Folkard M, Prise K M, et al. Michael,
Low-dose hypersensitivity in Chinese hamster V79 cells
targeted with counted protons using a charged-particle
microbeam [J]. Radiat Res, 2001, 156: 526—534

Schild D, Wiese C. Over expression of RADS51 suppresses
recombination defects: a possible mechanism to reverse
genomic instability. Nucleic Acids Res, 2010, 38(4):
1061-1070

Biological effects of low-dose ionizing radiation

ZHANG Zhongxin LIU Jiangong LIU Hongyan WANG Chao DUAN Zhikai
(Department of Radiological and Environmental Medicine, China Institute for Radiation Protection, Taiyuan 030006, China)

ABSTRACT Low-dose ionizing radiation becomes a focus on the domain of radiation biological effects. Theories

about the harmful effects, adaptive effects and the excitatory effects of low-dose ionizing radiation are progressed.

The harmful effects of low-dose ionizing radiation coexist with the non-deleterious effects, and the mechanism in

which harmful effects and non-deleterious effects exist as a whole remains unclear at present. In the past, the

low-dose ionizing radiation biological effects were linearly extrapolated from the high-dose effects curves. However,

scientists increasingly question the validity of the linear no-threshold model in predicting the biological effects of

low-dose ionizing radiation. The occurrence and mechanism of the three radiation biological effects of low-doses

ionizing radiation are summarized and some may be helpful for further research project.

KEYWORDS Low-dose ionizing radiation, Adaptive effects, Excitatory effects, Linear no-threshold model
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