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[Table 4.1] Statistical value of linear fitting for excess
numbers of y—HZ2AX foci in rat gliosarcoma........ccccceuuueunnnnn 22
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[Figure 2.1] HRS d4& Yehls AF-AESE 2T oA AA
< IR g 93t fitting AHE JAS LQ Edof 9% fitting A

= B T L= USSR RSRR 4
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[Figure 2.3] Al¥®2] &3 y -H2AX foci AX. 38 JdL
& g3 & &Y 254 2 y —H2AX focis gum|&t}. o]
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[Figure 4.1] Excess numbers of y—H2AX foci recorded 1h
post—irradiation in rat gliosarcoma at dose rates of (a) 0.125,
(D) 0.5, (C) 1.5 GY/IMIN cetvreeieeeneeeeeeeeeeeeneeseneesneeseneeseneesenseens 20

[Figure 4.2] Excess numbers of y—H2AX foci recorded 24h
post—irradiation in rat gliosarcoma at dose rates of (a) 0.125,
(D) 0.5, (€) 1.5 GY/MUN tttttteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeas 21

[Figure 4.3] DSB repair rates over time 1 to 24 h post—
irradiation in rat gliosarcoma cells exposed to 0.1 to 0.5 Gy at
dose rates of (a) 0.125, (b) 0.5, and (c) 1.5 Gy/min.......... 24
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[Figure 5.1] Dose-response curves showing the numbers of
normal cells with phosphorylated ATM after exposure to
high—dose—rate (HDR: open symbols, 2 Gy/min) or low—
dose—rate (LDR: closed symbols,0.3 mGy/min) radiation..26

[Figure 5.2] Occurrence of HRS phenomenon by DSB repair
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[Figure 5.3] The percent excess number distribution of y—
H2AX foci in different size groups for BEAS—-2B cells
exposed 0.1 Gy of alpha particles and X—rayS...cccceeuveeennen.. 30

[Figure 5.4] Size distribution of y—H2AX foci recorded 1 h (a,
c, e) and 24 h (b, d, f) post—irradiation in rat gliosarcoma
cells at dose rates of (a, b) 0.125, (c, d) 0.5, and (e, f) 1.5

[Figure 5.5] Normalized 1st/4th size group fraction of y—
H2AX foci recorded 1h and 24h post irradiation in rat
gliosarcoma cells at dose rates of (a) 0.125, (b) 0.5, and (c)
1.5 GY/MUDccoiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eee s 32

[Figure 5.6] Normalized 1st/4th size group fraction difference
of y—HZ2AX foci recorded 1 h to 24 h post irradiation in rat
gliosarcoma cells at dose rates of 0.125, 0.5, and 1.5 Gy/min

[Figure 5.7] Kinetics of y—H2AX foci formation in PBMCs
analyzed by fluorescence microscopy. Time response curves
represent the relative mean of y—HZ2AX foci at different time
points after irradiation. (A) Low and moderate doses (0.1,
0.25 and 0.5 Gy) or (B) high doses (1, 2 and 4 Gy) of X—
irradiation. Error bars represent + SEM (n=3).....cccceeuuune. 36

[Figure 5.8] Excess numbers of y—H2AX foci recorded 1h
post—irradiation in rat diencephalon at dose rates of (a) 0.125,
(D) 0.5, (C) 1.5 GY/MI urtitreeeiieeeeeeeeeeeeeeesneeesseneeeseneeessnneeses 38

[Figure 5.9] Excess numbers of y—H2AX foci recorded 24h
post—irradiation in rat diencephalon at dose rates of (a) 0.125,
(D) 0.5, (€) 1.5 GY/MN ttttrteeeeeeeeeeeeeeeeeeeeee ettt e e 39



[Figure 5.10] DSB repair rates over time 1 to 24 h post—
irradiation in rat diencephalon cells exposed to 0.1 to 0.5 Gy
at dose rates of (a) 0.125, (b) 0.5, and (¢) 1.5 Gy/min...... 40
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Magnification: 25.2x

Figure 2.3 A2l 3} y —H2AX foci A, F34 Jo2 IS
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Al 3 A dd 3 ¥

A 148 Ax 9 AxE ag

E Ao, Ade Rat Diencephalon cells (DI TNC1) [Catalog
No. CRL—-2005, American Type Culture Collection (ATCC),
Manassas, VA, USA] 18|31 Rat Gliosarcoma cells (9L/lacZ)
[Catalog No. CRL—2200, ATCC] 2&Fel tisto] Fastsict. 24749
Az AR PA oA WARD REg 5SS ZdE] flsho

T AIEQ viR|E= EF 90% Dulbecco’ s Modified Eagle Medium
(DMEM) [Catalog No. SH30022.01, Hyclone, UT, USA] ¥ 10%
Fetal Bovine Serum (FBS) [Catalog No. 30—-2020, ATCC]9]
Egtle ARgEITh AlEE 25-T flask kellAl 7h5 AEle] 37T,
10% CO2 =xolA HiF= A wikel> Az Hdde S8l
AdFdol] HAa 3W o]} wEsFUTE. AL o]F Mol AEE petri
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A= Mg
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[version 2.1.1, Broad Institute’ s Imaging Platform, USA]
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Figure 4.1 Excess numbers of y—HZ2AX foci recorded 1h post—

irradiation in rat gliosarcoma at dose rates of (a) 0.125, (b) 0.5, (c)

1.5 Gy/min

20

B

e

]
|



Excess Number of y-H2AX Foci per Cell

3.0

25

2.0

15

1.0

0.5

0.0

-0.5

~
o
NZ

Excess Number of y-H2AX Foci per Cell

3.0

25

2.0

15

1.0

0.5

0.0

-0.5

~
(@]
N~

Excess Number of y-H2AX Foci per Cell

3.0

25

2.0

15

1.0

0.5

0.0

-0.5

m  0.125 Gy/min, 24h

Rrsquare:0.901

0.0

0.1

0.2 0.3

0.4 0.5

Absorbed Dose (Gy)

m 0.5 Gy/min, 24h

R-square:0.885

0.0

0.1

0.2 0.3

0.4 0.5

Absorbed Dose (Gy)

[ = 15Gy/min, 24h

R-square:0,616

0.0

0.1

0.2 0.3

0.4 0.5

Absorbed Dose (Gy)

Figure 4.2 Excess numbers of y—HZAX foci recorded 24h post—

irradiation in rat gliosarcoma at dose rates of (a) 0.125, (b) 0.5, (c)

1.5 Gy/min
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Table 4.1 Statistical value of linear fitting for excess numbers of y—

H2AX foci in rat gliosarcoma

1h 24h
Dose Rate
Slope R-square Slope R-square
0.125 Gy/min 1.423 0.797 1.251 0.901
0.5 Gy/min 2.638 0.939 1.556 0.885
1.5 Gy/min 3.123 0.819 1.210 0.616
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Figure 4.3 DSB repair rates over time 1 to 24 h post—irradiation in

rat gliosarcoma cells exposed to 0.1 to 0.5 Gy at dose rates of (a)
0.125, (b) 0.5, and (¢) 1.5 Gy/min
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Figure 5.1 : Dose-response curves showing the numbers of normal
cells with phosphorylated ATM after exposure to high—dose—
rate (HDR: open symbols, 2 Gy/min) or low—dose—rate (LDR:
closed symbols,0.3 mGy/min) radiation. [39]
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Figure 5.3 The percent excess number distribution of y—HZ2AX foci
in different size groups for BEAS—2B cells exposed 0.1 Gy of alpha
particles and X—rays [31]
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Figure 5.5 Normalized 1st/4th size group fraction of y—H2AX foci
recorded 1h and 24h post irradiation in rat gliosarcoma cells at dose

rates of (a) 0.125, (b) 0.5, and (¢) 1.5 Gy/min L :
32 2 A2t gk



1st/4th Fraction Difference

®  0.125 Gy/min L
® 0.5 Gy/min P
1.5 Gy/min -
- |
-~
-
-
[ Pig .
-
-~ u
-~ - - -
e | =
» - ® °
T— -~ _o
\
]
0.1 0.2 0.3 0.4 0.5

Absorbed Dose (Gy)
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H2AX foci recorded 1 h to 24 h post irradiation in rat gliosarcoma
cells at dose rates of 0.125, 0.5, and 1.5 Gy/min
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Figure 5.7 Kinetics of y—HZ2AX foci formation in PBMCs analyzed
by fluorescence microscopy. Time response curves represent the
relative mean of y—HZ2AX foci at different time points after
irradiation. (A) Low and moderate doses (0.1, 0.25 and 0.5 Gy) or
(B) high doses (1, 2 and 4 Gy) of X-—irradiation. Error bars
represent + SEM (n=3). [41]
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Figure 5.8 Excess numbers of y—HZ2AX foci recorded 1h post—
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Abstract

Study on the Low Dose
Hyper—Radiosensitivity
through y—H2AX Foci Analysis

Kim Tae Kyu
Department of Nuclear Engineering
The Graduate School

Seoul National University

The research about risk of low—dose radiation exposure is an
important challenge in the field of radiation protection and treatment
over a long period of time. The ICRP recommends using the LNT
model to assess the low dose impact. However, contrary to LNT
model, biological characteristics of low—dose radiation have been
found, and research on the effect of low—dose radiation is still being
actively conducted. Among them, a Hyper Radio Sensitivity (HRS)
phenomenon was observed in the low—dose region (<0.3Gy)
showing a lower cell survival probability than predicted based on
the LNT model. Many studies have been conducted on the
mechanism of HRS phenomena, but the interpretation between DNA
repair and HRS phenomena has not been clearly discussed.
Therefore, in this study, y—HZ2AX foci analysis was conducted to
evaluate radiation—induced DSB, and through this, a study was
conducted to confirm the relationship between HRS phenomenon
and DSB expression and repair.

At the dose rates of 0.125, 0.5, and 1.5 Gy/min, the number of foci

:l'l 3 211
49 A =T1LH



exceeding the linear relationship value was recorded 1 hour after
irradiation for Rat gliosarcoma cells at 0.1 Gy dose exposure. After
24 hours, the number of foci exceeding the linear relationship value
was recorded at 0.2 Gy dose exposure. Through this, it was
confirmed that the HRS phenomenon was observed at both the time
of Foci's expression and repair in the low—dose section. In addition,
when the dose rate was large, the degree of decrease in the number
of Foci over 1 hour to 24 hours after irradiation was large, so it was
confirmed that the repair rate of DSB damage was large when the
dose rate was high. Additionally, the repair efficiency of the DSB
was calculated. 0.125 Gy/min dose rates showed no significant
repair of DSB for 0.2 Gy and 0.3 Gy exposures whereas 1.5 Gy/min
dose rates showed significant repair in the entire dose interval (0.1
to 0.5 Gy) for exposures. In summary, it was confirmed that there
was a dose interval in which no significant degree of DSB repair
was performed during low dose (< 0.5 Gy) exposure, and this
interval was reduced as the dose rate increased. Finally, the Foci
size distribution analysis was conducted to discuss the reason for
significant repair from 0.1 Gy exposure. As a result, it was
confirmed that complex DSB was involved in DSB repair 2 hours
after irradiation, and it was estimated that the absolute number of
complex DSB was affecting the DSB repair.

In this study, unlike the commonly known fact that the HRS
phenomenon overreacts to radiation in low—dose regions, the HRS
phenomenon is described as a phenomenon in which significant
repair does not occur when dose and dose rates are less than
certain values. In addition, it was confirmed that the degree of
expression of the repair mechanism of DSB is determined by the
dose, dose rate, and complexity of DSB.
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Through this study, the complexity of DSB was mentioned as a
factor determining the HRS phenomenon, suggesting that it is
necessary to judge the risk considering the complexity of DSB
under dose/dose rate conditions in which repair does not proceed
well. Finally, it was suggested that it is necessary to consider the
HRS phenomenon when planning radiation therapy for cancer

treatment.

Keywords : Low dose radiation, HRS phenomena, DSB repair, y—

H2AX analysis, y—H2AX dephosphorylation, y—H2AX foci size

analysis, DSB complexity,
Student Number : 2020—26515
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