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e (D2) A 1.5 Gy GiEZ 287 mGy/min), DI 1 D2 [H][& 6 ho 38 iz 2040 i AR 00 EC 40 Mo 3 7 7 40 %
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LI H EL-4 WK EUR AN IRR, AREORAF. LK
S MRS 4H (Sham-irradiation). D2 ZH41 D1+ D2
Mo LI WTBUAT: —5& D1 A 25, 50, 75,
100 #1200 mGy, D2 4 1.5 Gy; & D1 24 75 mGy,
D2 4 0.5. 1.0, 1.5. 2.0 #113.0 Gy.

12 BBHEEH

M= XSS205(FZ) ¥ X S 2evayr HLIE R 41
M, FE 200KV, HLAL 10 mA, JEAHT 0.5 mm. 4
1.0 mm. 4 15 e 32 15 3 )5 (D1 4 25~200 mGy,
FEHR A 12.5 mGy/min) FF, 6 h J5 852 Bt
(D2 4 0.5~3.0 Gy, FIHEE A 287mGy/min) JE i .
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AR AR X SR 5 444 BL-4 90k (U987 40 W 138 S s B B 34 m] e L) 71

HH AT Y EL-4 4 B R S BT 37 °CE L /K ik,
281 ~ 2 min Ji5 FE40 MR 56 A AL N 10 mL 2% 25
L H RPMI-1640 JSEM IR, REK 1500 r/min, &
0> 5 min, SR KGN IOAS BB, 7 RPMI-1640
AREFREEPIN 10% BRI, LA 5% CO, 2573 il
I 46 E P ARACES I . AN I IR) 0 14 h, Y
FEBCE KA, WA E R 5 x 10°mL ", 7E 6
FUBRAEFLH I 1 mL, 6 FATHES

1.4  {HRATINE

HUA5 40 Mo 0.01 mol/L PBS ¥E 2 W&, &0
(1500 r/min, 4°C, 5 min), = 7%, 70 0.01% RNase
100 pL, 37°C 7K# 30 min, PBS ¥t 1 7K, 1l 50 mg/L
WAL A BE 0.5 mL, 4°C &% 30 min Ji5 B 4l
HOASCAS I o CellQuest 3R 10 000 41, 4 i
P-4 H ModFit S E50 4T, dsk Ap X4 i
FITIH o HL

1.5 EHREEHP5S3. Bcl-2 FBaxF & BN

KGR A AR . B 1 mL 411
&L 75%1% ZIERE, B 0.01 mol/L PBS ik
2 K, & —PiAk McAb-p53.McAb-Bcl-2 ¢ McAb-
Bax (Santa cruz biotechnology inc, USA) 1 uL, 4°C
SR 45 mine PBS {HUE 2 K, NS —HUiRFH0N
IgG-FITC (Research Product Division, Gaintherburg,
MD, USA) 50 uL (1 : 200 %ik¢), 4°CJ v 45 min,
PBS JFUL 2 Ko B 4FE AL BEARRE X, L PBS
RE Pk, HRAEE . H FACScan it U4
fuf (Becton-Dickinson, USA) Kl F153#, 1%
B[R p53.Bel-2 Al Bax 5 KB40 M1 71 0 %,
P2 AR o AR, RITA R R AR kK-

1.6 SFitFiiE

SEIGEE R X + s #ow, t R TEN S it
22w X, H SPSS Geil- At AbFRAr BT 45 5 .
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21 LDRIFESRINEL-S HBEBEMEBAT T E
R

EL-4 ik E08 40 M AR S TS 23 il 52 25+ 50
75, 100 1200 mGy (D1) X H£k #k 55 6 h,
P2 1.5 Gy (D2) X IR, TR 18 h J5 M
SILPHT- MM E B (R D o R 1T,
D2 T 40 o0 E B m s TR (P <
0.05) ; D1 +D2 41T 41Ml & 7 55 % A D2 41

FLi, B 200 mGy + 1.5 Gy IS¢ XAk, H
REMIA B E R (P<0.058P<0.01) .

2 D14 75mGy, D2 4 0.5, 1.0, 1.5, 2.0 fll
3.0 Gy i}, D2 #4187 4l H 3 5084k 2 ) o+
1o 1 a0, D2 B4 40 i 2 5086
Fr N E T4 (P<0.01 8, P<0.001) ; ifif D1
+D2 %41 AB Hr %, Bk 75 mGy+3.0 Gy 414h, ¥
HREEXMTHE D24 (P<0.055P<0.01).

Table 1 Adaptive response of EL-4 lymphoma cell
apoptosis induced by irradiation with different low doses

Group Percentage of apoptosis /%
Sham-irradiation 10.2+1.71
1.5 Gy 13.4 +2.05
25 mGy + 1.5 Gy 10.9+1.53"
50 mGy + 1.5 Gy 9.5+3.09"
75 mGy + 1.5 Gy 10.0 £2.69
100 mGy + 1.5 Gy 9.9+1.18"
200 mGy + 1.5 Gy 11.3+3.06

Note: X +s,n=6;"P <0.05, vs sham-irradiation group;
P <0.05,""P <0.001, vs 1.5 Gy group

D1+D2
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- Sham

The apoptosis rate of thymocyte / %

a b ¢ d e

Fig. 1 Adaptive response of EL-4 lymphoma cell apoptosis
induced by irradiation with 75 mGy.
X +s n =26 "P <001, P < 001, vs
sham-irradiation group; *P < 0.05, P < 0.01, vs D2
group; the doses of D2 in a, b, ¢, d and e are 0.5, 1.0,
1.5, 2.0 and 3.0 Gy, respectively

2.2 LDRIFESRINEL-4 itk BIELMAE N 1 & N
BHEXEREEQRIE

M X S IRSHASN EL-4 R0, H D1
FIHEH 25.50.75.100 A1 200 mGy(12.5 mGy/min),
D2 &4 1.5 Gy (287 mGy/min), D1 1 D2 [a]fH
6h. % 2 or, D2 A 5EMU4IE, Ha T
FHOGKEA Bel-2 H FERIA PHE 1 20 %640 10 2 = X%
it (P<0.05), Bax i BEE XN (P<0.001),
1M Bel- 2/Bax FUAE AT i 25 = LR (P < 0.001); pS3
HEEZ X (P<0.01). DI +D2 415 D2 41tk
1, D1 A 25 A1 50 mGy f5 1) Bel-2 BHTE 0 %A
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BEBEIIN (P<0.05), 25, 50, 75 fll 100 mGy
HEUR 1) Bax A7 2 25 i FAIR(P < 0.05 8 P < 0.001),
1M 25+ 50 75 #1100 mGy M5 ) Bel-2/Bax HAH A

BEEWE (P <0018, P<0.001); 25. 50 fl
75 mGy HESH1) p53 A3 0 = B (P < 0.05 8 P <
0.01),

Table 2 Expressions of EL-4 lymphoma cell apoptosis-associated gene Bcl-2, Bax and p53 proteins
induced by different low doses

Group D1 /mGy Bel-2 /% Bax /% Bcl-2/Bax p53 /%
Sham-irradiation — 709 +5.28 81.6+2.04 0.87 £0.06 18.1+2.48
D2 — 63.0+5.72" 91.1 £2.13" 0.69 + 0.06™ 28.2 + 4.86™
DI +D2 25 72.4+£7.64 81.1+1.76"™ 0.89 + 0.09™ 20.8 +3.68"
50 71.0 +5.45" 82.1+2.44™ 0.86 +0.07" 20.7+2.20"
75 67.8+3.92 80.5 +5.08™ 0.84 +0.05™" 22.6+2.99"
100 66.3+5.57 86.2+3.56" 0.77 £ 0.06" 254+539
200 68.3 +3.00 92.5+3.46 0.74 £ 0.03 31.6+5.32

Note: X s, n=>5;P<0.05,*P<0.01, P <0.001, vs sham-irradiation group; "P < 0.05, "P < 0.01, ""P < 0.001, vs D2 group
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Adaptive response of apoptosis in EL-4 lymphoma cells induced by
low dose radiation and its mechanism

LIU Shuchun GONG Pingsheng WANG Zhicheng SUN Liguang GONG Shouliang
(Key Laboratory of Radiobiology, Ministry of Health  School of Public Health, Jilin University, Changchun 130021, China.)

ABSTRACT EL-4 lymphoma cells were irradiated with the inductive doses (D1: 25 ~ 200 mGy, dose rate:
12.5mGy/min) and the challenging dose (D2: 0.5 ~ 3.0 Gy, dose rate: 287 mGy/min), and the time interval between
D1 and D2 was 6 h. The percentage of cell apoptosis and the expressive levels of cell apoptosis-associated gene pro-
teins were measured with flow cytometry. The percentages of cell apoptosis in the D1 + D2 group with 25 ~ 100 mGy
(D1) and 1.5 Gy (D2) or 75 mGy (D1) and 25 ~ 200 mGy (D2) were significantly lower than those in the D2 group.
As compared with the D2 group, the positive percentage of cell Bcl-2 protein expression increased somewhat, and
Bax decreased significantly, meanwhile the ratio of Bcl-2/Bax increased significantly and p53 decreased somewhat in
D1 + D2 group with 25 ~ 100 mGy (D1) and 1.5 Gy (D2). The adaptive response of EL-4 lymphoma cell apoptosis
could be induced by pre-irradiation with 25 ~ 100 mGy. Meantime, the expressive levels of cell apoptosis-associated
gene Bcl-2, Bax and p53 proteins could change accordingly with cell apoptosis. These gene protein changes may play
an important role in the mechanism of the adaptive response.

KEYWORDS Ionizing radiation, Lymphoma cell, Cell apoptosis, Apoptotic gene, Anti-apoptotic gene, Adaptive

response
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