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Radiotherapy (RT) is one of the major modalities for the treatment of human cancers and has been established
as an excellent local treatment for malignant tumors. Conventional fractionated RT consists of 2-Gy X-rays,
fractionated once a day, 5 days a week for 5-7 weeks in total 60 Gy. The efficacy of RT depends on the existence
of radioresistant cells, which remains one of the most critical obstacles in RT and radio-chemotherapy. To improve
the efficacy of RT understanding the characteristics of radioresistant cells is one of the important subjects in
radiation biology. However, the concordant mechanisms of cellular radioresistance have not been clarified yet,
presumably because radioresistance has been studied among cells with different genetic backgrounds, that is, cells
from different origins. Recently, a system to compare between radioresistant and sensitive cells with the isogenic
background was established. In this review, some aspects of cellular radioresistance mainly focusing on clinically
relevant radioresistant (CRR) cell lines that can continue to proliferate even under exposure to 2-Gy X-rays, once
a day, for more than 30 days are described.

Key words — cancer radiotherapy, clinically relevant radioresistant (CRR) cell line, fractionated radiation,
radioresistance
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Fig. 1. Schematic illustration for the establishment of clinically relevant radioresistant cell lines. Establishment of CRR
cell lines are conducted by step-wise increase of X-ray dose of fractionated radiation from 05 to 2 Gy/day in vitro.
(based on Kuwahara et al 2017 with some modifications)
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Table 1. clinically relevant radioresistant cell lines.

parental cell line origine clinically relevant radioresistant cell line
A549 Human alveolar adenocarcinoma AB49-R (2 Gy/day)
COS7 derived from monkey kidney tissue COS7-R (2 Gy/day)
H1299 Human non-small cell lung carcinoma H1299-R (2 Gy/day)
HeLa Human cervix adenocarcinoma HeLa-R (2 Gy/day)
HeLa-R-3 (3 Gy/day)
HelLa-R2 (2 Gy/day)
HeLa-tmp-R (2 Gy/day)
HepG2 Human hepatocellular carcinoma HepG2-8960-R (2 Gy/day)
HepG2-8960-R-3 (3 Gy/day)
HepG2-R (2 Gy/day)
HepG2-400-R
HepG2-A-R
HepG2-tmp-R
HSC2 Human oral squamous cell carcinoma HSC2-R (2 Gy/day)
HSC3 Human oral squamous cell carcinoma HSC3-R (2 Gy/day)
HSC4 Human oral squamous cell carcinoma HSC4-R (2 Gy/day)
KB HeLa contaminant KB-R (2 Gy/day)
LS174T Human colon adenocarcinoma LS174T-tmp-R (2 Gy/day)
MMI102-R Mouse breast cancer MMI102-R (95 Gy/day)
PC3 Human prostate adenocarcinoma PC3-R (2 Gy/day)
SAS Human tongue carcinoma SASR (2 Gy/day)
SAS-R-3 (3 Gy/day)
SASR2 (2 Gy/day)
SAS-tmp-R (2 Gy/day)
U20S Human bone osteosarcoma U20S-R (2 Gy/day)

(based on Kuwahara et al 2017 with some modifications)
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Fig. 2. In vivo model of clinically relevant radioresistant tumors. Parental SAS and radioresistant SAS-R cells were
subcutaneously injected into the backs of immunodeficient nude mice. (a) SAS tumor without X-irradiation. (b) SAS
tumor with 30 X 2-Gy of X-rays. Many pyknotic cells (arrows) and giant cells (arrow heads) are observed. (c) SAS-
R tumor without X-irradiation. (d) SAS-R tumor with 30 X 2-Gy of X-rays. Unlike SAS tumor exposed to total 60 Gy of
X-rays pyknotic or giant cells are seldom observed. (based on Kuwahara et al 2017 with some modifications)
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Fig. 3. Representative photographs of a comet showing DNA migration pattern in HepG2 cells stained with ethidium
bromide. Comet tail indicates DNA double strand breaks in HepG2 cell. (a) HepG2 cells without irradiation. (b) HepG2
cells immediately after exposure to 10 Gy of X-rays. (c) HepG2 cells 6 hours after exposure to 10 Gy of X-rays.
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et TERMICHNT T S L, HepG2Miflus L O°
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Fig. 4. X-Irradiation induced autophagy in REFP-LC3 expressing U20S cells. (a) and (b) RFP-LC3 expressing U20S cells
without irradiation. (¢) and (d) RFP-LC3 expressing U20S cells 5 days after exposure to 10 Gy of X-rays.
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HOTIE W& # 272, CRR A% rapamycin
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autophagy 7% CRR #lIE O s s M B 5- L ¢
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X Bt EmP AR

CRR Mg id 228 X #ICHEIE L RT OH, £D
AN Z AL WS PIZT B2, TEHETOR
% 5 OPS AHK & DM A WST (water
soluble tetrazolium salts) assay 8 &£ U modified
high density survival assay® TH-~X72. X ikt
V& M R TIDAR ZFFET H 2 EHNT
SR, TORDBAKIOVEREER 25 X # ket
DAHZALGAND EER T2, VAT TTF IR
TV A T rRE, BNAMBANOERERR R
% 2B OFMBETUEEEGEE H WA s
) == TRERe S, B L 724 T o CRR Mgl
XY CROVPAKNTH L P F L)L
(docetaxel; DTX) 12X XigtE% /R L7z, DTX I3,
tubulin ® EA & A L CTRUNE 2 LELT H. 2

Fig. 5. Membrane potential (A ¥m) of mitochondria in parental SAS (a-c) and clinically relevant radioresistant SAS-R
(df) cells determined by 5, 5 6, 6'tetrachloro-1, 1’ 3, 3tetraethylbenzimidazolylcarbocyanine iodide (JC-1) staining.
To represent the mitochondrial mass MitoTracker green staining was performed.
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7z (Fig.5). MitoSOX red % T, X #il4fcs &
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oxygen species; ROS) % i3 % &, #HkkTidmt
ENDHDIZH LT CRR Ml Cldti Sk 2o 72,
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IPUEICBEG- L CWwa 2 el R sz, ®

MR mt (ZAF1E L T %75, mtDNA % &Rk
LTw5p0filaTd 9 APm O TFT2H 5N T
Wh, £ZT, p0 Ml A7 LT X MRS S &
O DTX szt % AT L7z, p0 M, M 2 (%
I O ethidium bromide WL 5 Z & TS 128
VI AL ENTE S, % HeLa-p0 Mg SAS-p0 Al
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HeLa-p0 FHAZ R SAS-pO HH |2 AZE e 1Y Jile B e 1 %
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HeLa-R-p0 i 13 X #H [\ FEGH L 3HRPTME 2 7R 3748,
P RR IR R R S o T 2
DT ENL, mtOEELTEEICHHLTLE) &
X A E ARG EPIEIC 2 2 b oo, X HaE
FRGFI20h 3 2 EPTMELC 1E mt OFEREDS AR CTH %
ZEHEN S T

CRR #ifan5#

CRR 1%, W ki iC B3 % 25 Al
O X ARG E P S 22T 5 ETRER H 2 il
Ths., 5FTORIT2L, mt 2CRRIZEIC
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AP IS L COILE REERE VR TH
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EZ N5, FHHESIL, HepG2-8960-R Mg T,

70 E— & —FH O X FIOVILIZPE S EGFR D388
BKTFEHEL2ICL, £V F T <712 CRRAMBICH
R RE RN LG L TWaE, O HEAEL I,
GBP1 @ & 3831/ CRR Ml o i G Rt HRH0 14 12 B 5
LTWAZEEMEL TS, D T, EESIE
REIEE A CRR ISR CTH L 2 & 2 L
TW5, W IHE EROZEHRE T CRR Ml o fF
MAATHILT WS,

i ABFZe IR E 16K11513, 16K15571,
16K00538, 24659174, 16K15571, 26670184 @ Bk
22T DTH S,

Fla R
b EEA.
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