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Clinically Relevant Radioresistant Cells; Past History and Future Plans
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Radiotherapy is one of the major modalities for the treatment of human cancers and has been established as an
excellent local treatment for malignant tumors. To know the molecular mechanisms of radioresistant cells we made
a system to compare between radioresistant and sensitive cells with the isogenic background. These cells continue
to proliferate under exposure to 2 Gy/day X-rays for more than 30 days. Therefore, we named them clinically
relevant radioresistant (CRR) cells. However, molecular mechanisms of CRR cell radioresistance remains to be
elucidated so far. In this review new methodologies to know the molecular mechanisms of CRR cell radioresistance

will be discussed.
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% R B IR AN L AT R ThH B .
T A DB S, b NFDSAHE HepG2 #l
B 7p &= STV AP AMIIE 15 Gy/
Ho X IR %479 & 30 HUIZIZIZ&ToMi
B LTz, o T, JhEEIN TV D 05AM
Fa O H I R LR RE & 72 2 SRR AT i o
EFETNELD ) BVAMILITFLEL TWiwnEE
ZHND. GERDPHITOITV DDA DGR
PEIZBE 9 2 WF7ECld, B C o U s 1
Fe HEBOD ATk T LB H W20, 4182
Gy O X # % HEEST L7z 0 10 Gy 7 & HEay i
B X MRS 21TV, B &R 7 % g
PorEMIlL e LTI L2 T 50— K TH -
Tz, W20 L, AT TR AR,
LA % L RIZ L T B 720, 155 W@
RSB O AN HR 3 2 B R P E 12 b
VCIEFL0ONEERMTHL. T/, HEEE O
BRI A R L7222 LCh, 2Gy/HD X #
ARG LB 5 LWL TL D) WREED RS T
B, R RASRIR SIS T & B oh 35T
HhH. T2, REOBIHE RG L THEEK- 72
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M % fEAT L7236, oA &Ko oMl
RO ZIZL TV AT REERD 2w, X
Bo-fllc2Gy/ HO X a2y T5L4ETD
MINEASFEI L C L E ) WTREMED RO TRive, FERE
FHATI0Gy O X #Mely L ThEEKZ-72e b
HSHERAY AR HeLa Mg 12 2 Gy/H O X #i % 57
TG L72& 2 A, 30 HUNIZ 2T oML
5T EERMERL TWw5b (un-published data).

Z TR A LERIR 1 & 2 2 B AR B A
AW E W S22 LT, X AR Gk
*BRETH72012, 2Gy/HO X #z S LT
bLE LTS % B 72 7% DS A MR AR O B 3712 B
DHLATE 2L T, DSAMBB~EST 2 X HOM
®% 05 Gy/H25 2 Gy/H EFTHEAICHEP L Tw
22X, 2Gy/HD X M 21T - T b Higl
2 MR OB AT THO THRII L 72, 2V 2
DAk L, BRE#EH SN T2 Gy/HO X
BOCIRPIME 2 R T 220, R By ST R
(clinically relevant radioresistant; CRR) #ifig & 44
7z, 2 T ToORED> S, CRR M IZEEA
AT RO AMBTH UL, & oMk
SOV THIENTESL. — T, MEGRICH
F9 % U937 Mg 72 &5 5 o CRR Mgk OB 5712
WL Twiwv, F72, ¢ NHRODPAMIET
1X 3 Gy/H & TP 2 53 5 2 & 2R
LTwh. CRRMEIZIE, 7/ 2B =D E—Tdh
PRI TV Db 720, CRRAMFLE BikkE %
R4 2 2 812 5 ) BUSIRPUE O ZH A5 12
HOE»ZR b EEZS5NS. CRRMILE BT 5
FTABEICEL T WIT 2 AR, CRR
EAEAAMINE A X ARIRGHZNEIG S8 B L 724
Atk CTH DLV HTHL. o T, MG
AN X RIS 2 21 T e WIEBNICHETET 5
BRI E LT LA HESHE L TH S L ik
SN, CRRAMEIE, GRS T
H52Gy/HO X HaEIRFIcEIMETH 2 L v
AR B E N LTI 21T > T 5. BITHR R 25,
ERZEBERICIGCHTZ 2008w ) MESILHEIC
FoTwa., L2aL, X#aEmaciknt =
TAAMBLD in vitro & L TOET I & L THEERW
MAARDIEEFHTH L EEZ TS, FHRIC
IS 57201213 in vitro DfFTER %Y, X— K~
7 A % 72 in vivo OIENT THEARGES 5 L ED D
L. E50T, AR ORISR E A R L
ot MREE W HRIEL LWETH 5.

INFTOMNAS, CRRAMILIE X BTHIRE
N52DNAWBGZRELIIBET L L, 2D
autophagy MIFEESFEFE ST W & 2 F 701
/INEREATLER]TH 5 Docetaxel |[ZIPULHE % 7R
TIERETHLNMILTE W EHZ, X—
RN~ ZAHHEE T IR A L 72 CRR 5 (X Bk H R
DR & )b XS ERGF It TH L LD
55729, Invivo T CRR EEDSHER SN Twb Z
LW o Tz ® Z LC, CRRESE CIXINEHE
DENZ L L3> TEBY, M HTELER 25
SIRPTIEIE S O RICERI TH B 2 L 2 5
L7 LaL, 2hFETIZE L OWfZEE ) CRR
ML 2 A L R Rt I B 53 2 W] F O H
HEA A TWDLDS, B L7242 To CRR Mgz 3t
WY 5B BIERTIER T OB EICIZIVwERES T
W, HRAER S A RIFR—-TH L0
D, CRR#Mifg & Bk % K - T3 5 2 & Thugt
PRI ICE S T 2R TFERHETEZL2DTHA )
A AEHTIE, COHEEERLIVWERS.
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CRR #ifa(C & T 5 X fREMMH DR E (I RFLHE) b
7 L 724 C o CRR Mgl 2 Gy/H @ X #i55El
EHIEPIE A R 720 Cld A <, N ERE
? 10 Gy ® X #EH ARG S IPriE xR L7z, 20
o T, CRRAMIEA X MK DOTLE % 15 L T
WA E WS IEREEV v, CRR AL, X iR
ViMEOTE 243 5720, BH2Gy O X #i%x 1
RIHE ST LT\ % (Maintenance Irradiation; MI).
o T, ITNFE TORBSMHES 5000 Gy % i 2
Twb CRRMNOFET S, £2AT, MILZAT
HIICEFE L 72 CRR M X RS iR gh 2 3Pk
ERTDESL ) D ZOBMIZEZ L0, ML %
f1H 912 CRR Mg 2 BB L, X RS
AL B ODE AT L7z B4ER MI 247 h 128
# 72 CRRMILTIE, 2 Gy/HD X IcEpiik %
RYBHEEMREL Tz, LaL, 14EUDEMI %
ITHFITEEE L 72 CRRAMMNEIC 2 Gy/H D X #i % 1d
W aE, 30 HUMICETOMBLSER L 72, %
72, BB NOBGREZE LR 729012
Modified high-density survival assay % 179 &, 2
AR MI &2 4703105548 L 72 CRR Mg L Hikk I
HARTHL I X BICEIEE R L7200, 1
LU E ML 24703 12857 L 72 CRR Mg o> X #k
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ENTHY, XHBETHEORE I THHTH DL S
LDy 7z,

CRR #ifIC & T 2L EEDER

T #R R % 520 7o B S G AR B SR 56
ENDLZEDH L. B 5T, 2Gy/HD X
B % 14ELL R T B CRR ML O Geto (R i A
BRREFEHFEOT I THLEREZ SNV, Ly
L, ThETOmMIT2 S CRRMEIE X HTHFRES
N5 DNAOZKHYW 2 xR L BETH L
L2, XS CHE SN L Z2RERPE DKV
EDG o TS, TOZEPSHERTSEE, K
SHRARBTIE % 45 L 72 CRR M8 Tl gtk o R
B X ZNITIEE LTV WO TR W & HEH S

HepG2

L 1RT

s, CRRAMIEIE 2 Gy/HD XM E17-> T
L L CHGELE 2MIdTh 2720, Ftafko
R % BIMR & T 5 2 L TRV R TH 5.
% 2T, G-band 7r 4k 2TV e R oo B,
W, FRORK EDRENEL T D D0 %
Mrizz. b bodetafkid 22 O E G ka2 K
FTOLMBBAENF2RTHEL SN TS, BITO
KA, B TDH 25 HepG2 ML D Gt A 13 5
EHB L CBE LRI R, TRtk
PEREETHLOPZEINT LI ENTE
(Fig. 1). LA L, CRRfilatkTdH % HepG2-8960-
R MR DGtk 2 T3 5 &, Mo THMEZ F
WAELTEY, FOhESoHHIIATRET
& - 72. HepG2-8960-R ML Tix, CRR #ilfg iz
WA D L <id MIIC X0 BBtk YT & fiks & oM
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Fig 1. Chromosome analysis of parental HepG2 and clinically relevant radioresistant HepG2-8960-R. Chromosome spreading
combined with Giemsa staining was performed. Complex chromosome rearrangements are occurred in HepG2-8960-R.

Based on ref. 39.
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Comparative genomic hybridization (CGH) f##T %
To72. Fefafk CGH fNTCTIE, X 0 FFll 2 etk
LAV TOaE—Hold, @, BIOHEIEE
322 L TE S, BTOR R, HepG2-8960-
Riifgr 7 acid&TcodtufficbizoTa
=80 L, BF, BXUOMIENIAEL TV

1 2 4 5

(Fig. 2). 25612, HEOFOARBEIRICEIT S
Fluorescence in situ hybridization (FISH) %17 -
TR 5 b, HepG2-8960-R Mg I BV CTld gt
ROBEIEHDE LTz (Fig 3). M ED#EREDS
CRRAMMIEIZIZ T/ LA FADE— T & 5 BRI AL
LTwab00, FEAROHEITERL-TH
D, BBRLIZTZVWREL S MIICELL TR D
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Fig. 2. Whole-genome idiogram of the submegabase resolution tiling array relative to the parental HepG2 cells. The array
comparative genomic hybridization profiles of HepG2-8960-R cells are shown. The graphic profile represents the relative
copy number of HepG2-8960-R to that of HepG2 along with each chromosome. Bars to the left show losses, and bars to

the right show gains. Based on ref 22.
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Fig. 3. Chromosome in situ hybridization of indicated gene loci of clinically relevant radioresistant HepG2-8960-R cells.
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CRRAMIED X H1I2BkE T/ A BEREDPFE—TH
2 SRS PIE R 2 B2 L, T ISV Cn S
HEHH 2 TWwW5, 3082 s 0 TlE, CRR
MO X ) I RWEEO X M2 oERE L <,
BAICHGHE R 2R LT &, i
JaZBIZLTnwaiadbds. % Larl, iFs
T B SRR HTE I B 5 2 ERIZ LIS b
7eoTBY, & TORGHIRTUEMIZICIEES 2
W7 oME LR, SH5 X, MiR-7-5p 25 Hh i
EHEICES L Cwb e LTBY, 0 — kKT
F&7K 5 1% Guanine nucleotide-binding protein 1 A%
BRI ICES L Twh EHMELTWna, 30
T AT BRI OBERN R ET 5729012,
B4 e MR HSRT 5 & P ATAMIIEER D> & CRR A
fo & AR . LT L C & 72 F72, HE o
W% A% CRR M % F v CHRUH ARSI O 2R
EXIED LD E LTEL 3530 25D OF
21X, microarray fENT R A ¥ RO — L AT 72 &3
HbH. LhL, BUKRTIIHIT L7242 To CRR #Miflg
23kl L CREDSZILL T B EE TR ILR
D)o T, F72, miRNA OFB % MR
fEFTLCL, FETH 5.

CRR Mifgid, BEHMFEOZ-OHH MI 2475 T
Wh L DS AMIIBERTIE, 2 Gy/H O X #5E R gt
A7) T TOREBEFRIUIAS 2122 T 562
EDRHESINT VL. B 7 ) AEFENE—TH 5
EWIHBHEA,SHME CRRAMEZ LB L TH BV
DTH D). FBARBH 2O 55ho72 LT,
B L CRRAMAL L TRkl L Tldhz ) 2
HoTBY, BETOaV—HIIBVWTLRLR -
TG HBEHALET A LD GnoT. fEo
T, BHRE CRRMLE Z LB L 72354, MIO#
BRI T ORBEDN /) A4 XL 70 i kit
WS T2HRTOEEICIZIES VO T RWVD
LESRL. BHS CRR M % 87 L 72 B
T, b LT/ ABERIEIFA—-THLLDOD,
WEITE R THLEEDLEL 2%
V. HIRBOEREEICB W T, CRRAMAIZEMKICIE
NRTPEV, E52, MIZFT2 )13 EE L~
REAREOMERIETEZELLN, 1EFHOD
CRR #Mifig & 4o CRR Mg XA UMl & 135 2 %

Vo INE T, BRI OR TR REE T 5
7202, BRRE MI 2475 T\ 5 CRR MM & % 1L
BLTE72b00, RGO ZER A & 5
o TWRWOIRZ DEIZHEDH LD T
bl ENG. 2 TIE, E0 X9 R
IRV TH S ) D

CRR#MIMEZ MI 7 L CLAEL EEs 2 LT 5 &
X Mo g I3 dbn 5. CRR ML, #HEE
fERFZ OB Lo T2 2, ZORE
L 1ELUEMI #frbhwnwkdbhls, ZOZ L0
5, 14D MI Z& L TR 2 L #tld 72 CRR Al 1%
CRRIEEZ K- TwhbEEZOLNL. F72, MI
7o LCRiEE L) 72 CRR Ml X #REEST % 5219 C
Winwice, 2o, FEARFIZELCIZVE
EZoNL, INHLDZ EnL, T L7z CRR
B O —# % HAEERAE L, 320 ofii% CRR BE
MNEbNDLFETM & LTHE LK), CRRIEE
A b N7z BBy T ok L C BV 72 CRR Al & Thi
T, Rtk s ) A EOBEEZEFO Y —Hi
ZIZFRCTH DD, WFHIEZ A% 2 A
oz b4 52 IR bDTEIRVREEZ LN
5. ZOX)HRRBOHFEFESETICR L, BE
MO BERZ S PIZ LR T 5D TIE AR
Wt EZHND.

B AW e A 19K12326, 16K00538,
25340026 DRI 2T 72 DTH .
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