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Radiation-induced Bystander  Effect

松 本 英 樹*「

Radiation-induced Bystander Effect: Matsumoto H (Dept of Experimental Radiology & Health Physics Fukui Medi-

cal Univ School of Medicine) 

  There has been a recent upsurge of interest in radiation-induced adaptive response and bystander effect, which are 

specific modes in stress response to low-dose/low-dose rate radiation. Previously we reported that the accumulation of 

inducible nitric oxide (NO) synthase (iNOS) was induced only in human glioblastoma  mutant  (m)  p53 cells by acute ir-

radiation with X-rays, suggesting a suppression of iNOS induction after acute irradiation with X-rays in  wild-type(wt) 

 p53 cells. NO secreted from the irradiated  mp53 cells induced the accumulation of p53 in unirradiated  wtp53 cells. The 

radiosensitivity of wtp53 cells was reduced by exposure to the conditioned medium from irradiated mp53 cells, suggest-

ing that NO is an initiator of radiation-induced bystander effects. 

  Recently, we found that the accumulation of iNOS in wtp53 cells was induced by chronic irradiation with gamma rays 

followed by acute irradiation with X-rays, but not by each one, resulting in an increase in nitrite concentrations of  medi-

um. It is suggested that the accumulation of iNOS may be due to the depression of acute irradiation-induced p53 func-

tions by pre-chronic irradiation. We found that the radiosensitivity of wtp53 cells against acute irradiation with X-rays 

was reduced after chronic irradiation with gamma rays. This reduction of radiosensitivity of wtp53 cells is just radiation-

induced adaptive response, suggesting that NO-mediated bystander effect may considerably contribute to adaptive 

response induced by radiation. 
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　近年,照 射装置の進歩 ・照射方法の工夫 によ

り,放 射線癌治療において低線量あるいは低線量

率放射線被曝の問題が唱えられつつある.治 療期

間の短縮 ・生物効果の不均一性の克服を考慮 した

密封小線源による組織内照射では,低 線量率連続

照射 が行 わ れてい る.強 度変 調放 射線 治療
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(IMRT)に お いて も,線 量 率か ら考え ると場合

によっては低線量率照射 となることがあ り,ま た

周辺の正常組 織に低線量被曝域が存在 している.

これ らの放射線癌 治療 における低線量 ・低線 量率

照射お よび被 曝が新た な問題 を浮 き彫 りにして く

る可能性が考 え られる.

　 この ような背景 を踏 まえて,低 線 量放射線に対

す る細胞応 答現象 の中で,最 近注 目されてい る,

Hyper-radiosensitivity(HRS),Increased　 radio-

resistance(IRR),放 射 線適応応答お よび放射線

誘発パイスタソダー効果 との関連性 について概説



 1076(26) avafc.  41  50 1" 13-1a  20044.12  .11

 t  Z.

1. Hyper-Radiosensitivity (HRS) 

 Tf Increased Radioresistance 

  (IRR)

 LQ  17  gilt  cDtaffiga5ntit?kieM— 

IV411114TX-4- , kttA0111fUEllYic 

ttz.. 1774J 

 Is4•-Cr7.6616.  -( allifRffla)  Joiner 6 

,  1  Gy  FACScan 

 1  tillraltoDElittagtiiM5  1  Yilft 

 7)1/3t4  JAILialg,MTTIJ/VitZMiiiffl 

vv-ctiti-4-Zz.:  Li:  9,  0-0.5  Gy  TittAts 

t#4g69{11-FiiMee3 b.,  0.5-1  Gy 

 *0)1=1lkffiCz:  9,  1  Gy  it  LQ 

o)t.V-44tz-3tLT< Lo 

 k.  IA  bit, 0-0.5 Gy TaDtatstA*(7)1MT 

 HRS,  0.5-1  Gy  TaDt.3*cr)  El&tzrIRR 

 Pfivtlo  ((21  1).  HRS  tslUIRR  it, 

ToD1Ordiz:filtat36tiZtigiMcgIALt-*1641 

 Z.  '61.,::R6itHRStslYIRIZiLtAgSPC, 

 b1J5Z oDiPWbNt-itit  1., 0.2 Gy (OttiN.114 

*fi(3,41- (DrHi op  --i)1/114PrilbI  6  I41191  -C.  it 

 BA  6  bNtriO  TMiL1TaHRS  1  YIRR 

             RI 1,k-2). a* tt60DMV..1 , 

0-0.5 Gy °MRO Tr.las5 ttZ HRS 

     torzaor-Olk*°)N4bIE -LI'  6ts kag5 

1:.X31t1.ZtMOJX(ONti.T,  0.5-1  Gy  (Dfl 

Raw  TiV.1.66t1Z  IRR  (I, DNA fflfgbITM",-1 

 Otti*a)Naffig  tz  tz.:941,  1Gyt 

±.1z:46koTit, 

 ZttAOJAL

2. iiasinittFM,

Wolff  6711 1-f*AgoyaRi:ti 

 (1:12). 
6).1A, Ats-,k4111JfdAtliik,N-0060)56 .1214 
-1-Zit3RiA0 <  ip4afz z."tt.t~. z0)1MiaiggiviS 

ZitfrMILFAtto)AtlVnts  ctrYiNi*XCIL 

                         ;M.14>A 

    ftgA, WilleMlit4aDtikdk trIfogNz

 1.0 

 HRS 
 IRR 

                                 • 

                          ,t3.1 
 Cl) 

                    ( 

 LC Li
. 0.1 

 co 

 0.01

 0 1 2 
 Dose  (Gy) 

 A 1 Hyper-Radiosensitivity  (  HRS  ) 
    Radioresistance (IRR)

1.0

C 
O 

 u- 0 .1 

 > 

U)

3

  Increased

 1E1A1/1E41-c-/MISORti  Maitittii-nffaV 

\------------                   „._z,,_-..,-:',„ immi^

 VAIRAMIAR.44-

0.01

attglgt10111-4

0  1 2 
      Dose (Gy) 

 El  2 liktiVAZZ,C,

3

 fLtsk,v-caggtrckoz3-6). 

inI,NtzTrAh 6,  00.025  Gy  1;I:FT(tigg-ATS



4‘1 50  •M13-'4.  2004  4.12  1077(27)

         attiS 

                               mira'\®RI139 
                     • 

                           

. 'oifit - -• -f
,......,,- - - -                                        kt,:-..:47,...„,, -- •-..,-- -----A, - 

   0 

                - ,-- '-'-'' - - ' --_.-liv .Y:.I'.', '; :4--i .ce,- , ̂ I'7::.;:3 ..! ' : -f` - . : 47:,-, , -p, .'7"7:',.;-' t t*F'            .: . - 777 --•- - -."` - , , • 1.41kir ,-- -: -.: `. . 4". ' 'L. , .,'''° :1 =L, *''.                                                                                                                                         ,, .,,... . 

              'T
: f, , . ,-.77

1,,77:41,
04),,,.;,.;tiii,,7:1115'                                 11''',"...h4....'.''''.:

„r0"5-'                l'-4111i,,_,.: ''' . _ ,,4:::"fir j,,i_,, 
                                                             -;; 

                  ;:'IC:Pli^
L;...""dimPtil,b'                        77 '...v-,.._,; 

 it 3  WillOklfe/(4

4t-Zg4* iitcciP tz,  0  0.05-0.1  Gy  Tit  2 

2.5t)1*(7)*Bniz..-.AZZZILIZVEMVIVIE 

itaDMI4btaib6iltz.-, OO  0.15-0.2  Gy  TitN 

ChATISTM±Z§4  0  0.3-0.5  Gy 

 Tit 2 ArrIlkiz--AZZic.‘t ZIMMR1#10) 

 i4b11-2,66titz.LOI,L, LT1.,Z5). 

 k0)  z6164-111ACCZ.7)$§4,1;t 

  675Ntz:ii.-CtiNtsobl, < 'Db'Opfgabgjillig 

 i=  *4t,  WifitArarg PKC 

©MttiL4,10W-C.ZPKC iz: 

 1Z  5  './A'5  Wa)  9 './FOILiA ttz: 

tA/aArowgisra-vtow:  TX414-1,Z 
Ill I.:1  71-05  ”, 

             p53  PI3K  °AMIE 

b'-Z c: Atha,  E1MP53 

    tsv N-CAUSAIiitNiglPeaPf,41-TWX 

 p53 0)%ct4 AtiLls CY'74-' .--/©$§ 

4b11.60)1EV-Iki-VANtriMMIL ck -C9fit 

  4-LZ z.:toM4-MIAZZ 

 6)1  t  :=X1).0)---DTZZ  LNPIALts)

3.  RAMM5gic4

 1992 Nagasawa Little  7514P  M  fl9 

t-sits DNA lac% tx ‘14314VeitazNIVWC 

4z:--)o-00f?; L/L-0)7)IR4-10-$§58)i-f  './Y-

0A0DRIOVA3Z9)T h , < oDtrialitg 

 56)“  r:/3/*—ATI'-'-'139-4"ZgUC754g1=h1 

T -(1)1,1 Ebliftitk.0) a R-T-VIJ

otzTWC=A5 Z. igaRia-A5t)-( 

iLlstiv-c lik#IttiMrifZ 

                Wt4T-Vtit, 

 gtA,  rwkopittu, p53 

10)JiNMZ oitt;0'4VP trlfzig2,V42 

        LbILtsbIlik41-S-Z§56)i-f T'./ 

1—WEit ,II) fa 1/A/K.t.31,N.-CPciae)641-006o) 

                   6b.`"C-Ofsto (Q 3). 

 VdtttraRis-f  x  5  v3f—AWD)z  =X./Nit 

+5)-ic !IA 6iPtzl*trci.N trit41-WILMOlz 

• fitcOrSJ  fra  12  (;i4 

• J  — nap 

 ‘7_  < 

^tIlarolTa)1E5)-150N0).3ZIAiz:Bnb-) -Co 
         -CZ l'OraVE ,WRRM-

iggiAA314-4-Z 1 

FiAvAR .0).aZglt 3t-

32-) bli9M-P Z>“ 5 4llid'N-t 

*CI L, 5 './Y-1,4Mtal§58' 

•l‘N t'‘ Z1°)* 

 glIRNIT-5]±©MteA  LT  9  t" ./ 

•°WV-1*K: iNa 1 , -C 

OIZINR)“  5r-3  ffit.t 

         011WillfdL)i-f 

 To)  Fas  J  UU  Fas  7  7111--;/ 

•44-± c:0>E.5')1/0)04-1"."C' z btu), 1 Gy 

 T  0)11M-kaitcfifil  Fas  Fas  9  t 
'./1:0)*§441.V`trCtoto,\.



 1078  (28) aoplaw  N150  13-g. 2004 12

 Pti&-PittltzLiArTiz:4-- tling,1-c.0;“ 
   -./Y—VR0)$§5eiz:(±, R4-far.:: tt k 

anigargp65)-otlz 

Mothersill  c Seymour  i±  , 0.5 Gy y t 

 ut,:gliBNopm  5--  4  ;/  a (irradiated  con-

ditioned medium,  ICM)  ©ex 
•./5*-111BN0DIVVDaTtS11,,ffi er$011111N 

75>6531,6t16T1figtior))4 -./3(-1“-b13r 
 ',/)5n6(1)1311Mittn- L 

 t:12).  Lehnert  6  (I,  8.4  cGy  a  VKi4f 

tit,-.:0-sfrgmE75,65)16t16-rifigtta)/“ 
 —Iti-bitattrMi ,  TNF-ct  tiN(t  TGF-

/31 -C.5 6T9Th-Ett t'7T  Ltz:13,14).  Barcellos-Hoff 6 

tart/9 •Il&b163)16i1.67ifigttc);“ 

 37*-111.7-iATGF-fil©figttt1.-"C4o 

 615). WZ.6ii, ):4 

 113  it nitric oxide (NO)  -"C°  6 SIVNIM 
 16.17)

  w-   pp-wwwwpmfgm 

+0; Bystander Effect 

4.  afrIVAZZ#4,^oi  $)'  >VP-

  316A01Pr-14

 LET  liMTitiezMArtSZ(ire,a5 641 

tskiN LFIN  tc-C1,‘  6.  t  tc:A4-110)71,  RAM 

-011,I,Mic3ti-,!. -("‘abaltilaDVAIiedfigiz.:0: 

       :HirdtafiffiiezNigAgSgc-;&0M01 

Nki“  3r  :/3f----0.1Ait, iffIno)1.#1:JMU 

 t--5-6NtiAliLA,E-C6  ,  ttc.(4  LET  ts 

 rya LETifaltigii\--rttict-swC4).-EY)6416 

iiiSzTZ tz...61LIIIIIY0)1.-VtatiidtiOATM 

 ©1 

 taf ALI tW--4- 6  2  -DoMINliAl. 

 <  6. LET Vatin-clift4i-W 

ATISMIEJ,66tttroop-C6 .)7!)1L1,N 
-c.g56 .  4) 101M4Flitaigaiikk 

             AMkNiAbIe ;m t-3131.4 

 m < tuliNGDA 

                        -t-o) 't-sAlgi 

 TTIcsiVL  tr..)  -Co  6-4--CO  111  RN  IL  Iso-Ciioll 

WAKUM)4§4 tt.-CN 6 L-AT.6 LR4-1-411t 

RttON84-1LRAMM56-i  7  5-56 T-

S 
  Hyper-Radlosensitivity (FIRS) 

  & Increased Radioresistance 
1:5

 El 4 gartatin(Z--Wrt4nregtSZ,VgaZ

  <4-L-0060-CIttrObILkog€11.9-"C 

 6.  RA, PlE414$§56> v3t-56T1:: 4) 

 Jr0,0141:4fIltrMk  41E1'6 Lt-7T--,-1111A 

7511tM C \ . VZ-6(t, 1415 rYllt 

 LET  &NV  (UM-kals  x bl,N561-6) 

  79'./9P—OiTr..119>“ 

               4-16 

         79-./3!--;1-6Z:Lt-TrL 

 t:Estlp53 ing-2 *Ron 

KIN I at, -CrISR-Vildf4E4-1-1- 6 p53 

 iNOS 0)$§44ffi 

ec.: 9,  NO  bIgt.ti6L  

.  Shao  6  ,  1Gy1),±0ALET131rE1 

 LET  likl#4  (XZVO.3  ct  0,  X  kg) bv-a56-4- 6 

 Zit ./3r—ZV.1:..-1 6iir-j3e—iiiirdo)t. 

 ctrr  /.11WW/Zop1iTtk4'M 

 L, NO  blis4 rvY-12H--c6,-L Lt7T-1. 

 Iyer  6  it,  gzit-R-69  a  t1tliii41- 

 flida)ifil%zii-f  75  —411111NtLea  , 

filltRthiAX4 tt6  Ltz:'9).  L 

kiA -7 "C., gatfaATigiS 1 6/ittINIAtio) 

 Niz"LiiiINti  NO  tliL71,-_>“  Zr-j3t 

751130-L-Cli,6wMtbVT---.5c6t1.6.

 OLE,  HRS  •  IRR,  AlcmigAktrisvts  otigc 

 3t  ./3t.—  at1-6 

4440DASglazit, ©111Eff 1:119 V,: 

  4-1.69,c:J5 1 i:E;t6  (0  4). 

4-1411MRVffilh136*-1.-Cts  P3  , 
 —./Algt4ttltfnotc_iiifiATiA51Mtt.6



 IA  (DAM tg 50 A  M  13  -U. 2004 12  fi 1079 (29)

is  Jz  h  ,  HRS  •  IRR,  gtttixAgsr,  z  wit 

41171MAA4 

      < ,ff

3Z kk

 1) Joiner MC, Marples B, Lambin P, et al: Low-dose 
   hypersensitivity: Current status and possible 

   mechanisms.  int  J Radiat Oncol Biol Phys 49:  379-

   389, 2001 

2) Joiner MC, Lambin P, Malaise EP, et al: Hypersen-
   sitivity to very-low dose single radiation doses: Its 

   relationship to the adaptive response and induced 

   radioresistance. Mutat Res 358: 171-183, 1996 

3) Olivieri G, Bodycote J, Wolff S: Adaptive response 

   of human lymphocytes to low concentrations of 

   radioactive thymidine. Science 223: 594-597, 1984 
4) Cai L, Liu SZ: Induction of cytogenetic adaptive 

   responses of somatic and germ cells in  vivo and in 
   vitro by low dose X-irradiation.  Int  J  Radial Biol 58: 

   187-194, 1990 

5) Yonezawa M, Misonoh J, Hosokawa Y: Two-types 

   of X-ray-induced radio-resistance in mice: Presence 

   of 4 dose ranges with distinct biological effects. 

   Mutat Res 358: 237-243, 1996 

6) Wolff S: The adaptive response in radiobiology: 
   Evolving insights and implications. Environ Health 

 Perspect 108: 277-283, 1998 

7) Sasaki MS: On the reaction kinetics of the radioada-

   ptive response in cultured mouse  cells.  Int  J  Radiat 
  Biol 68: 281-291, 1995 

8) Takahashi A: Different inducibility of radiation- or 
   heat-induced p53-dependent apoptosis after acute 

   or chronic irradiation in human cultured squamous 

   cell carcinoma cells.  Int  J Radiat Biol 77: 215-224, 

  2001 
9) Nagasawa H, Little JB: Induction of  sister chro-

   matid exchanges by extremely low doses of alpha-

   particles. Cancer Res 52: 6394-6396, 1992 
10) Azzam  EI, de Toledo SM, Little JB: Direct evi-

   dence for the participation of gap junction-mediat-

   ed intercellular communication in the transmission

   of damage signals from alpha-particle irradiated to 

   non-irradiated cells. Proc  Natl  Aced  Sci USA 98: 

   473-478, 2001 
11) Albanese J, Dainiak N: Ionizing radiation alters Fas 

   antigen ligand at the cell surface and on exfoliated 

   plasma membrane-derived vesicles: Implications 
   for apoptosis and intercellular signaling. Radiat Res 

   153: 49-61, 2000 

12) Mothersill C, Seymour CB: Cell-cell contact during 

   gamma irradiation is not required to induce a 
   bystander effect in normal human keratinocytes: 

   Evidence for release during irradiation of a signal 

   controlling survival into medium. Radiat Res 149: 

   256-262, 1998 

13) Lehnert BE, Goodwin EH: Extracellular  factor  (s) 

   following exposure to a particles can cause sister 

   chromatid exchanges in normal human cells. Cancer 
   Res 57: 2164-2171, 1997 

14) Narayanan PK, Goodwin EH, Lehnert BE: Alpha 

   particles initiate biological production of su-

   peroxide anions and hydrogen peroxide in human 
   cells. Cancer Res 57: 3963-3971, 1997 

15)  Barcellos-Hoff  MH, Brooks AL: Extracellular sig-

   naling through the microenvironment: A hypothesis 

   relating carcinogenesis, bystander effects, and 

   genomic instability. Radiat Res 156: 618-627, 2001 
16) Matsumoto H, Hayashi S, Hatashita M, et al: In-

   duction of radioresistance to accelerated carbon-ion 

   beams in recipient cells by nitric oxide excreted 

   from irradiated donor cells of human glioblastoma. 

 Mt  J Radiat Biol 76: 1649-1657, 2000 

17) Matsumoto H, Hayashi S, Hatashita M, et al: In-

   duction of radioresistance by a nitric oxide-mediat-

   ed bystander effect. Radiat Res 155: 387-396, 2001 
18) Shao CL, Aoki M, Furusawa Y: Medium-mediated 

   bystander effects on HSG cells co-cultivated with 

   cells irradiated by X-rays or a 290 MeV/u carbon 

 beam.  J  Radiat  Res 42: 305-316, 2001 
 19) Iyer R, Lehnert BE: Alpha-particle-induced in-

   creases in the radioresistance of normal human 

   bystander cells. Radial  Res 157: 3-7, 2002


