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Radiation-induced DNA strand breaks in EL4 cells
and mouse spleen lymphocytes
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Abstract: The filter efution technique was used to assay ®Co y ray-induced DNA strand
breaks(SB) in EL4 mouse leukemia cell and mouse spleen lymphocyte.

The lymphoeytes were stimulated with lipopolysaccharide (LPS, 20pg/ml) to label [*H]thy-
midine. EL4 cells and lymphocytes in suspension were exposed at 0°C to 0Gy, 1Gy, 5Gy, 10Gy
or 15Gy for DNA single strand breaks(SSB) assay and 0Gy, 25Gy, 50Gy, 756Gy or 100Gy for
DNA double strand brcaks(DSB) assay of ®Co radiation and elution procedure was performed
at pH12.1 and 9. 6.

The number of DNA strand breaks increased with incrcasing doses of y rays. The strand
scission factor (SSF) was estimated in cach experiment (eluted volume 21ml), The slope of SSB
EL4 cells was 0.01301+0.00096Gy~? (n=5), the slope of SSB for lymphocytes was 0. 010973
0. 00091Gyt (n=5) and the slope of DSB for lymphocytes was 0. 0017070. 0000573Gy ! (n=5).
Thus EL4 cells were more sensitive to induction of DNA SSB by ionizing radiation than
lymphoeytes (p<{0.005). The ratio of slope of dose-response relationship (SSF versus dose) of
lymphocytcs DNA SSB as compared with the slope of DNA DSB was 6. 4.

Key words Radlahon, EL4, lymphocyte, DNA strand breaks, filter elution.
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Nucleotide strand breaks DNAY =i T2
QA AL o& AR A4 Ao shrie]s
o] 1 gt strand breaks¥ double helix% 2] 3}}(single
strand breaks, SSB) =+ <% (Double strand breaks,
DSB)9] Axto] ek}, o] 23 whabAlell 9] &k strand
breaks= DNA9] 7] &34 %, RNA 34 & 98 DNA
9 A= As == DNAS A% 24 5 &
Hhgteh T A EA Zel  glelA) Wbl 9 FF strand
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9] DNA strand breaks £ % s ¢3 FAlo A&
7AA Ag"E Pdg Adetz xzsie] volsh B

Agude md gt A4 A8 4uE dzg
3
ME 5oy
Ha qutTel g2l U S HX 653 Spra-

gue-Dawley(SD) HE9 658 C57BL/6wH5-29 ¥]
A& A 334 Hank’s balanced salt solution(HBSS)
o] A A8 ¥ 10mle) HBSS7} =7 petri-dishell A A
B AR AZE BHAZSt BRAR AZE
Ficoll-hypaque £9¢jo] Z33te] 400gel 4 3087k
A48 . o8 ALE mld 5x10° celld
204g/mle} lipopolysaccharide(LPS) (Sigma Chemical
Co) % - 1etx: #4724, 48, 7247 F<¢ micro
culture assay2 Al ZZ4 ¢ 348 grh. [*H] thymi-
dine (3.0TBq/mmol, 81.9Ci/mmol)& 2xCi/mle} &
grow woF E8 447 A A Al

MEME EL4 vpf2 3@y A 9 LPSHA
Al ZA 0] Ro|8 C57BL/6 wH-2 a9 ul# ¢ st
T A . g Az ke 10% fetal bovine
serum (FBS), 100 unit penicillin, 10xg streptomycin,
2mM L-glutaminee] % 7} RPMI 1640 Wi 2 & A}
tglel. [PH] thymidined] ®A % ¢ 3o EL4A &=
mler 1x10° A o] 0.2¢Ci¢] #oz 23 doubling
timee] 16417+ wl FatQ on w2 skt 5x10°
Al Zol LPSH 7} 442 7% 2pCio) ko g 447 wjoF
gk 2 ¥4 AlEx [PH] thymidineo] 3715 ]
i Ao 247 )k F APl A el

BAM XA [*H] thymidineo] Exld EL4AZ
2 o u}F & trypan blue ¢4 ¥ hemocytometerei
A Aze A2Ee AT F 1x10° Az 24 well

bottom culture plate(Flow Lab. Inc.)8] 2} 4 well
of ¥5g Fodgefola] wWalAlg 24 "U] Gk Al
Ao DNA SSBe) 8% 0, 1, 5, 10 =€ 15GyE,

DNA DSB¢ # % 0, 25, 50, 75 %+ 100Gy®l
7 ray(Theratron-780) 5 96 rad/minutes?] A&
13 22} b em WA 24 & FA Az {9
& Y29 phosphate buffered saline(PBS) e 3 10W
5 A gk ot

Filter elution : filter elution& Kohn%!22] 44
& Anz 4 size) 9]
polyvinyl chloride filter(Gelman Sciences Inc.) & 7]
2. filter holder(Gelman Scicneces Inc.)ell 1x10% A X
2 nzgn yzbd PBS 33 A ¥ & Koval ¥
Kazmare] @ 3e] =iz} pH9. 69 lysing89 {0.05M
Tris(base), 0.05M glycine, 0. 025M EDT A (disodium
salt), 29 w/v SDS, 0. 5mg/ml proteinase iK]% 5ml
¥ B3 AA AxE §8) Aglth. Lysing $o] %
Iml 23L& = g AAAZ 4 3083
‘ncubationd}$] 72 lysing solutonell ¢l43lo] SSBF
F9 A% pHI2 19 elutiongH[0.05M Tris (base),
0.05M glycine, 0.025M EDTA(disodium salt), 2%
w/v SDS]-& &3} A7 on DSB&A-L pHO. 69 elut
ong N g 21839k lysing @ clution &9 %3}
= multi channel pump(Manostat cassettc pump)-
AL-&3ke] 0. Iml/minutess] HE 8 ¢ 2w
SRe df 308 F¢ 134 F 108 g delst 2
a9 Frhe talelA) AAsg . Filter holder v
2 filtere A A%t holderys 0.4M NaOHz A g
& scintillation countingg& A A 39 o},

Liquid scintillation counting : lysing &, 3]+
¥ zF A7k elution89), 9@ filter holder¥- Aﬂiifs‘}
FHolAl Zzt 1mld-& A Hetgleh. Filter ®y A3
4 A ze) 10mle scintillation cocktail(Lumagel,
Netherlands) € % 718 % radioactivity$-

25mm=] & (1. 2pm porc

$ee]

elution

Lumac,
liquid scintillation counter(Packard Co.) 2 &% 3}
t},
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Single strand breaks : EL4A = 2 9 s}Fo] A9
ylal o] 93 SSBE elutionxr] & AR FEH
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15Gy 2AH-E A9 AzAEAA A g 49
W3 E ey o (Fig 1, Table 2). AshFol Aol w3

Table 1. Lymphoproliferative responses by lipopolysaccharide

C57BL/6 mouse

Sprague-Dawley rat

Incubation
time (hours) None 20pg/ml None 204g/ml
24 2218. 6+£159. 5* 82301.2+ 2531.8 763. 1%+ 41.7 11511.54100.9
48 4414.13962.0 340087. 31:28776. 1 1817.0£128. 3 32667. 14+744. 8
72 4190. 2-657. 7 135918. 8+10813. 4 486.8+ 78.0 4600. 21-536. 5

#* Mean=S.D. of the counts per minute of tritiated thymidine incorporation by triplicate microcultures

of 1x10° normal lymphocytes.

100

g

o

~ p

-«

)

]

‘é 3

g v

& e
..'/'

83 a3 ¢ & 10 1z 14 16

Dose (Gy)

Fig 1. Percent of EL4 leukemia cell DNA retained
on the filter versus elution volume in DNA
single strand breaks assay.
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Fig 2. Percent of mouse spleen lymphocyte DNA

retained on the filter versus elution volume

in DNA single strand breaks assay.
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Fig 3. Percent of DNA single strand breaks for
EL4 (e) and mouse lymphocyte (») (eluted
volume 30ml)
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Fig 4. Strand scission factor of DNA single strand
breaks versus radiation dose for EL4 leukemia
cell and mouse lymphocyte,
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Table 2.
from 7 ray irradiated EL4 cell

Percentage of DNA single strand break formation in cach fraction to total amount of DNA

Number of fraction*

Groups — e

1 2 3 4 5 6 7 8 9 10

Control 7.75 4.64 4.82 2.89 1.94 2. 44 1.5 2.52 1.62 1. 16
+1.06%* + 1.1 #1.58 +0.52 £0.92 £1.39 +£0.74 +£2.29 +1.08 :-0.63

1Gy 7.78 6.72 6. 42 3.39 2.61 1.95 1.24 2.14 1.57 2.55
+5.07 =*£1.58 +£2.36 =£1.79 =£1.47 +0.86 +0.89 +0.61 F0.55 +2.02

5Gy 10. 38 8.03 5.63 3.29 2.22 3.18 2.25 2. 69 1.48 1.21

+4.8 +0.68 +4.32 =+1.98 =+1.35 =+1.59 1.1 +2.08 +0.78 +0.5

10Gy 10. 05 8.81 6. 56 5.78 3.44 3.33 3.8 3.53 2.96 2.58
+£3.75 *£3.45 £2.89 +£1.69 029 H0.65 +2.62 +1.07 £2.22 +1.57

15Gy 26.99 8.1 5.91 3.29 3.37 3.68 3. 56 3.03 4. 58 3.23
+2.43 £2.03 +£1.19 +1.07 +0.83 =+1.18 +0.45 =+0.45 +0.72 :+0.32

* Fractions were collected every 30 minutes at a flow rate of 0. Iml/minute.
** Mean=+S.D.

Table 3. Percentage of DNA single strand break formation in each fraction to total amount of DNA

from y ray irradiated mouse lymphocyte

Number of fraction*

Groups
1 2 3 4 5 6 7 8 9 10
Control 5.04 2.95 1.79 1.34 2.03 1.14 0.77 0.75 0.99 0.8
+0.29%* +1.0 +0.3 +0.37 =*1.24 =*£0.21 =£0.26 +0.12 +0.63 0.5
1Gy 5. 68 4.98 2.42 1.76 1.47 1.5 1.23 0.85 1.09 0.87
+0.42 =*£1.05 =£0.21 +£0.06 =+0.14 =+0.57 =051 =+0.1 +0.44  +0.29
5Gy 8.35 6. 01 3.61 2. 46 1.8 1.29 0. 96 0.74 0.8 0.76
+0.62  +0.69 +0.47 +0.43 +0.17 +0.08 0.1 +0.09 +0.24 £0.29
10Gy 9.47 7.49 5.13 3.08 2.12 1.51 1.01 1.09 0.63 0.63
+0.93 =+0.4 +0.49 +0.1 +0.23  £0.17 +£0.12 +0.2 +0.06 :=0.06
15Gy 12. 62 9.12 8.78 6.03 .0 2,26 1.42 1. 62 1.82 0. 88
+1.55 +1.63 2.4 +1.76 =*1.5

* Fractions were collecte;l_e?ery 30 minutes at flow late of 0. lml/minutc.
** Mean=+S.D.

+0.52 +8.31 -+1.03 +1.59
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Fig 5. Percent of mouse spleen lymphocyte DNA
retained on the filter versus elution volume
in DNA double strand breaks assay.

breaks versus
lymphocyte.
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Table 4. Percentage of DNA double strand break formation in each fraction to total amount of DNA
from y ray irradiated mouse lymphocyte
Number of fraction*
Groups
1 2 3 4 5 6 7 8 9 10
Control 2.92 3.19 1. 68 1. 28 1. 07 1.01 0.78 0.63 0. 61 0.58
+0.33%* +0.47 +0.21 +0.31 +0.29 +0.58 +0.38 +£0.28 +0.11 £0.29
25Gy 7.20 3.17 3.01 1.63 1.31 0.73 0. 68 0.61 0. 50 0.43
+2.32 +0.68 +0.93 +0.07 =+0.50 +0.26 +0.10 +0.17 =+£0.06 =£0.08
50Gy 8. 89 6.22 3.90 3. 42 2.31 1.60 1.46 1. 20 1.07 1.29
+0.62 +0.8 +0.40 =£0.38 +£0.48 +£0.31 +0.17 =£0.10 =*=0.15 +0.29
75Gy 11.83 8.93 4.00 3.7 2.36 1.49 1.27 0.91 0.97 1.43
+2.13 =*1.26 +£1.83 +0.48 +0.11 +0.26 +0.39 £0.47 £0.28 £0.06
100Gy 18.88 9.00 7.34 3.19 1.31 1. 00 0.75 0.50 0.45 0.83
+505 £1.60 +£2.40 =+0.83 +0.41 +0.42 £0.26 £0.14 £0.13 +£0.33

* Fractions were collected every 30 minutes at flow late of 0. Iml/minute.

** Mean+S.D.

£ 156ml eclutiono} F R ulssd A g g
2o} (Eig 2, Table 3). EL4 2838 A4+
AR Tl wisle WA vl 2A H2F dAE 2
X o SSBE #F ¥ 4 glew(Fig 3) SSF& 21
ml elution%}& 7| Fo 2 WAAHY azzd FAF
o] £F—u-3AE A4t (Fig4). A4 slopex EL4
Az A 0.013010. 00096Gy ™! (n=5)o]Px }F
£ 0.01097+0.00091Gy™! (n=5)% ez axy 2R
ARl A WMol 2 DNA SSBE A 49 shFol 1)
&te] EL4 A 2ol A "1 7HsFS o (p<0. 005).

Double strand breaks: ¢ s Fo] g wWALAl9
DSBE o) A elutiond] =& 7z #39 43 Wile
SSBe} wl &% A &-¢ velyl o.r (Fig 5, Table 4) 21
ml9] elution®& 71 Fo2 423 SSFo Gak—uk$
Ae 29 63 2z A4 slope: 0.00170740. 0000
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DNA strand break® & A3t w9 -& alkaline unw-
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