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21 kTN Co y ST ZR MBS XT AS49
N BEAS-2B 4 fifd A& ¥ 5= 3800 19 5 i)

MAAL FEX ZERHK NFH FHR RF—F

[H#ZE] B# BT DRFRC Co v SFXFAE /NI (NSCLC) AS49 AR IE % <3
I Bz BEAS-2B M= M2 (S, 3% A549 BEAS-2B AT TR T-F1% Co y ST AN
T RSP 3 VBT ol S G A0 40 A5 43 85 92X 400 O A G Y0 200 o ] 39 R 440 JHL R T %% 5 Wesstern: blot
KPR T-ACE (I RIAKT, R AS49 HIITE 4.6.8 Gy FESTI, ™ T K77 20 40 I 52 B A7 35 40
B CofL AT A i (£ =6.06.9. 42 4.90, P <0.05) , A549 ZHMITE 4 Gy BF, G, W14 Ho (7' 1 kr
TR T70.67% £1.49% ,%Co 4N 59.59% +0.71% (t =10.77,P <0.05) ; 40 LA T-F"> 1 ki T4
$918.09% +0.73% ,“Co 414 9.81% =0.16% (t =19.40,P <0.05) ., T #i 7 M5B & _E 4 Bax,
cleaved Caspase-3 2 119 3%35, [FIAS R 8 Bel2 25 RIS, (HAS [R5 4k R — 5] 2 sl A ) S AR TR
FE T, BEAS-2B AUMIAA TR R PR T M M RIA T B Ak, 4t IR FREESR
HEGHE™ Co v SR w7l i SR BRG] AS49 MU BE RN SRR i, Bel-2/Bax B [ HLARHT , 2443
Caspase-3 & [ TG AL AL 1 RL T 47 52 0 57 52 2% FR S5 400 1l ik 9o 400 o 8 40 1) 455007 P AT B R FE SR B2 1Y)
fEM
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[ Abstract] Objective To investigate the biological effects of 1 seeds and ®Co vy-rays on the
non-small cell lung cancer cells A549 and the normal bronchial epithelium cells BEAS-2B. Methods
A549 and BEAS-2B cells were irradiated with '*1 seeds and ® Co y-rays. The survival fraction was detected
by colony formation assay. The cell cycle and cell apoptotic ratio were detected by flow cytometry. The
expression of cell apoptotic related proteins was examined by western blot. Results After irradiation with
different doses, the survival of A549 cells irradiated with T seeds was lower than that irradiated with -
rays (1=6.06, 9.42, 4.90,P <0.05). After irradiation with 4 Gy of "I seeds and ®Co y-rays, the G,
phase percentages of A549 cells were 70. 67% +1.49% and 59.59% +0.71% (:=10.77,P <0.05),
and the apoptotic ratios of A549 cells were 18.09% +0.73% and 9.81% +0.16% (t=19.40,P <
0.05) , respectively. I seeds irradiation remarkably up-regulated the expressions of Bax and cleaved
Caspase-3 proteins, down-regulated the expression of Bel-2 proteins compared with ®Co y-rays irradiation
on A549 cells. However, the apoptotic ratio and the expressions of apoptosis-related proteins in BEAS-2B
cells had little difference between two types of radiation. Conclusions The anti-proliferative effect of
"1 seeds irradiation on A549 cell is more remarkably than that of ©Co y-rays. The imbalance of Bel-2/Bax
ratio and the eventually activation of Caspase-3 proteins may play an important role in the anti-proliferative
effect induced by the continuous low dose radiation of I-seeds.

[ Key words] '*1seeds; Low dose rate; “Co; High dose rate; Non-small cell lung cancer;
Cell apoptosis
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AR TR R LEAIR i % (CLDR ) PN IS
T DA AR R R B ARG v B0 X N F S X
SRR AR A5 P a5 0 357 IO FH T vl e 00 0 e e 9gE 1) )
HIRTT ) mifE g R AN EHAIT, % Co v BT
% (HDR ) feU R, DT Ji BBl E & 20 8L 6
Vg, — e R LR T B MG R, BF5E
21Ok AL LA AR YT RE A A 1/ B
Lewis A KB, AW £ M, i vE™> 1 kT
TR )4 L 8UA N R R B 403405, (R sk it 5 1)
Pt B B R RE B, IR W K 4
T AR 5 R FE AR /N 40 i 9 ((NSCLC) 40 i
AS49 IEH XRE LA BEAS 2B, 3 9 A iR
772X NSCLC. 20 B A= 42 3500 5% T 1) 22 5%

HRLS Tk

1. 4 REE . AR AR I R AS49 | IE# 2 RE
- K2 BEAS-2B ¥ H 95 N R 2 U A W 2 S B
EXIIF A AT G | AR5 T A S YA 5 K2
T B2 5 B 4P 2 B A8 S LI E SR A, A A
A 10% FBS[ FEBR CH/RBHE (hED) ARAF ],
100 U/ml HHE K 100 ¢/mlfF R ( FiFHE ~ K E
Y ARA PR &) ) DMEM [ 28 2% % i R BEEE (h
) AR | bR R S G R IR E T 37°C 5%
CO, MG FAATIET .

2. 2 A BRI A SE GG R A Gray SEE0 %1 L
HE SRR 00 2R iy SRR 2 0m AR AL, 4 R
W2, B2 S b, N2 8RR, A
RSB SN il e 254 2 T B4k 6 > 1A
35 mm BRI, BEA R A SRR HESE 14 411
i ——XF R AR 14 4071 R, JL RT3 84 M
BT, LEAMER IR AT CE 6 A~ EH AR 35 mm 1Y
AN SR L, 40 A 5 55 - T %) W AR i D KA [
HESS 390 & 7 5 19 RS e ] S 2ok 0 o Fn O F AR A5
WY TR BRI IR B S 0 T A I A
HH: D, = Dy(1.44T,,) (1 — N2y o D
Rzt o B R BRSS9 BRI & oGy ; D, i S
PR BRI GG ) &%, cGy/h; T, ,, B2 T k52
T, ARSCESR R BT-125-1 "1 K I T iRk
BHEZEABRA T, , 79 60. 1 d, B0k T 5 295
E R 2.5 mCi(1 Ci=3.7 x10" Bq) , 2l i 55 351 1
AR A7) 1R 0 18,32 ¢Gy/h, IR 2 .46
8 Gy [N Y H& 5F Bk [l 43 %1 A 10.97 22 33. 08,
44.23 h, CLDR RS, 1 b FROR — BB T

VU JE A 37 AL 0 B P TRD B T A A IR A
7R R AR AE K TR CO, KAkt A SR TR
-, 7 1 S T s

“Co y 474 HDR HE I} 2R F 750 M K2 B s
GWXJ80 HU4)-60 i B AT HL( T EA%3h T 58 ik
THBei s dil &), St BE 23 5 °h 1. 17 MeV FlI
1.33 MeV BIBFOLT,SFIRER N 1.25 MeV' | 8
PR A M B FE 1 2 0. 8 m, 41 I K% 57 1f A9 )

A E K 0.5 Gy/min, WL R 2 4.6 .8 Gy i}
RG] 2351 4 4 .8 (12,16 min, FrA SE40 476240
[ QA o a7 o N o 1| K 2 N i o [ = Rl W T
CLDR FESFFI® Co v SF2k HDR BT, XoF HE 25 FE 2551
TN 0 Gy, HAMb 256 45 1 5 RS AR R, T A5 52 56
HE 3 K, FRHE 3 S PATHE,

3. SREAFIESCE. PR AU KA AS49 I
BEAS-2B 4l i 28 JRREGHE AL )5 , LAAS[R] iY 20 i 5542 b
F 35 mm BrFRMLA, B2 24 b 54000471 kKT
CLDR FRETFI® Co v 514k HDR BEST W& 4 0.
2.4.6.8 Gy, 4 I G IS 4k 2 T 37°C 5% CO, 4
MuBE A IR, HE WP, 2910 ~ 14 d. &5
e HIEEE 25 R et TR s R

4. 3 3K 4 6L ASORS: 00 240 i ) 491 . AS49 A1 BEAS-
2B 41043 47 0.2 4.6 .8 Gy "I %i ¥ CLDR Mkt
F%Co vy H12E HDR MU, HRGTIS 24 b, 400 22 G
ML, B 02F4£16 em,1 000 r/min, &0 5 min, 7
TR, VK PBS 58 1 ~2 ¥K,70% L1 4°C [ 52 147%
RO O (SRAFIRIRTUC) |, 5 18 W, 7K PBS W5 PE 1 ~
2 WJE M0 mg/ml RNA [ S 300 pl 500 pg/ml PI,
FIRBEGYL R 15 ~30 min, 177240 ARSI

5. T AR I 240 95 T . AS49 il BEAS-2B
M5 94T 0.2 4.8 Gy 1 KL § CLDR FEHHFI® Co
v $14 HDR FEGf, HEGS 5 48 h 4% M8 Annexin V-
FITC/PL ALY A T30 & (P st L AE W B R A TR
A PR AS00 w28 il T4 5
Annexin V-FITC |5 wl PI, &R EEYL (S 15 ~ 30 min
JE AT v A SRS

6. IS . AS49 A1 BEAS-2B 41 it 43 1)
170.4 .8 Gy "I ki ¥ CLDR HREFFICCo v 14k HDR
MRS, BEGTIS 24 h, JBEEG I A B0 (SRR T Ik
4) UK PBS V&R, Mg il ( LA R AEY T
ARAFRAF) 1 mmol/L PMSF ( 24 7 KA Y4
RABRAT) 1 7 E AR EFNH71/10 ml 2% 2%
PR (P B G ) A ) 1 A VR 4 R R
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F,BCA BEE MBS, A& ZART 20 wl &4 50
ng &AM L RE L, 22 SDS-PAGE HL K , 1 I L 5%
% PVDF 5 ,5% BRGF W Z 4 1 h 4 CHEF —di.
B-NzhE H , Caspase-3 , Bax, Bel-2 (I =& =94
RAEBRAF) 0, 4Kl TBST BER | 28 IR 007 7 R
i EAL - E R 1gG (H + L) ( B2 =R
WBAR A BRAF] ), BRAR I 410 P - 1L = 0K R
IgG ZHt1 h TBST PR, S5 L fliR A (B KOG ic)m
1T ECL RIC RGN 50T 2500 .

7. GeiteE b L AR DL x o+ s TE IR,
K H GraphPad Prism 5.0 34 8E4T 404, P9 4 [0) 22
SO ¢ R, 22 2 1) 22 S L ROR R R IR 2R 22
ST, P<0.05 AESAGIFEE X,

# X

1. TEREAFIGSCHG . W 1 s, AS49 4IfiufE'1
ki CLDR HRES I Co v 512k HDR MRS )5 , v pEAT
5 53BN FAH B 0 B I (F = 262.1.,254.2, P <
0.05) . 1M A549 4HE7E 4 6.8 Gy FEEFH;, ™1 ki1
CLDR R 4 Jifd 5 B 7735 73 3088 Co y T4k HDR
FESHMIK (1 =6.06.9.42 4.90,P <0.05) , W5 K
2 Gy I 0 e 25 0 S T 350 o A7 0 A B T 2
To4giit2# 2 X, BEAS-2B 41 i1 CLDR &
GIFI% Co v H4E HDR BRGTS | s BEAF I 23 Bl vt IR
ZH I AR (F =225.2 .249. 9, P <0.05) , {HAE R BE
HRGF AR, Tl F, 2 4 S T 3850 e A7 0 43 B0 )
ZERIGE X,

F 1 A549 BEAS-2B 4 TEA R )& 1 ki1 F1
O Co vy HHR B ST G FEREAFIG DRI E R (2 £5)

A,

g T FEAKL 125 9 Co i PAE
(Gy)

A549 0 3 1.00£0.00 1.00=0.00 - -
2 3 0.76+0.11 0.85+0.05 1.28 0.330
4 3 0.1920.04 0.47+0.05 6.06 0.026
6 3 0.060.01 0.29+0.05 9.42 0.011
8 3 0.01£0.01 0.07+0.03 4.90 0.039

BEAS2B 0 3 1.000.00 1.00+0.00 - -
2 3 0.8520.04 0.90=0.02 3.21 0.085
4 3 0.58+0.04 0.61+0.03 1.80 0.214
6 3 0.39+0.05 0.41£0.04 1.73 0.225
8 3 0.2020.04 0.21+0.05 0.33 0.774

2. BRI AN 2 Frs, AS49 4R 4 |
8 Gy '™ 1 k¥ CLDR JEGIFIYCo v $74k HDR e}
JEE T B B B G, WIBH W (F = 163.8,
39.0, P <0.05) 7 H'™1 %+ CLDR FEHS L Co vy

$h¢% HDR M8 51 S 20 G, 9 BH A 200 B I (¢ =
10.77 4.64,P <0.05) ,GRI 528 2 Gy i 20 Jfd )&
WRE AT Y 22 S 0T R R, W3R 3 TN, BEAS-2B 4
JIAE "1 #iF CLDR HREFFNY Co v F4k HDR HRE)S
BB G,/ 3 BEL , 1L 240 i J) 300 BEL v %) R 25
g EX(F3) .,

T2 AS49 HEAEAREFRE P TR T 5% Co v SHE RIS
G, AL BIAEI (% ,x £5)

FIE(Gy) A% 1251 0 Co
0 3 50.42 +£3.52 47.93 £3.70
2 3 53.95 +2.06 52.51 +£3.63
4 3 70.67 +1.49 59.59 +0.71%
8 3 80.29 2. 65 70.72 +1.21°

. 5EFES R, =10. 77 4. 64,P <0.05

®3 BEAS2B 4iffirE RRIFIE"> TR T 5% Co v H4E
eSS G,/M B4 te A8 4k (% ,x +5)

it (Gy) FEAZEL 1257 0 Co
0 3 12.03 +1.01 11.19 £1.09
2 3 12.66 1. 35 12.60 + 1. 85
4 3 16.86 +0. 51 15.58 +0. 83
8 3 22.81 +2.65 21.14 +1.16

3. AAEPRTZ AT AR 4 FTR, AS49 AiAE 4
8 Gy 1 KiF CLDR HEE I Co v HF4k HDR R
ISPV A L T R X IR B I (F = 149.9
217.3,P <0.05),2 Gy MRS IH T %1 2= 570
GEiT2ER S, SR TE R RE A B Rl &= R, R
CLDR H& 5} FT 30 AS49 41 i 98 T2 F 5% Co v T4
HDR MRS & (1 =19.40.7.73, P <0.05), fH
BEAS-2B 4 f e WG e S U RS 5, di i TR 2
2SI EE X, FEe LA HAES T kT
CLDR FEEHHI® Co y 54k HDR FESHS , A549 4 it 4
TR & T BEAS2B 40 g (+ = 19.09.8.78,
18.64 13.18,P <0.05)

4 A549 BEAS-2B 4H7E ' T ki1 IR S
I Co v SIS R TRT R 2E T (% 2 +5)

MR FME(Gy) FEAR 1257 0 Co
A549 0 3 6.06 +0.76 6.00 0. 65

2 3 6.63 +0.30 6.54 +0. 11
4 3 18.09 £0.73 9.81 0. 16
8 3 25.53+1.72  16.55 +1.04"

BEAS-2B 0 3 5.98 +0.98 5.65 +0.70
2 3 6.48 0. 26 6.25 +0.29
4 3 7.26 £0.28°  7.07 =0.39°
8 3 8.69 +0.30"  8.38 £0.37¢

5 AS49 AT LR, e = 19.09,19. 40, P <0.05;
b1 =18.64.7.73, P <0.05;5 A549 4 fifl [ 5 4 Co v S £k L%,
©1=8.78, P<0.05;%1=13.18, P <0.05
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X‘Tﬁﬁéﬁ. GOCO lZSI
RKHEGY) 0 4 8 4 8
B e — D G

Bel-2 W -

B-UZIEE - e G S S— @

Xﬂ-ﬂﬁgﬁ SOCO lZSI

RKFHIEGY) 0 4 8 4 8

Bax

B-LZNZE 1 M- A —

Bl 1 A549 BEAS-2B UM7E 1 KT HEEHFIC Co v ST IEATS Bax Bel-2 A AE A, A549 4Jf1;B. BEAS-2B 4/

MEA  “9Co 125]
RBGIEGY) ~ 0 4 8 4 8

Caspase-3 WS SN S S

cleaved Caspase-3 - . —

B-HIZIE ] . e a— — (1)

XA  “Co 123
IR (Gy) 0 4 8 4 8

Caspase-3 WEG—_-S—=_-=———

cleaved Caspase-3

B-Mfﬂﬁe-----

B2 AS549 BEAS-2B AU 7E > 1 ki FHBESFIC Co vy SR MBAT)S cleaved Caspase-3 KK A, A549 4ififd; B. BEAS-2B 4Hjifg

4. Bel2/Bax & M W KA. WK 1A FioR,
A549 AIHTE 4 .8 Gy RESTHT 5% FE LA b Bax 2 A
2R B8 F IR B Bel 2 25 22345 B W R,
FHE 1A $#2/R Bax FEHF 5 LM Bel2 FEHEIA
TR —RLR ZE TR CLDR MRS /5 &, {2
P 1B 27 [RI A B B 25 T, BEAS-2B 4 ffd Bel-2
Bax £ W RIAINA AN B2 (E 1B)

5. Caspase-3 1A U0E . WIE 2A Fi7, A549
YHEAE 4 .8 Gy "1 RiF CLDR BRI FIC Co v T4k
HDR M5} )5 cleaved Caspase-3 25 [ #2815 K4 %)
MR R B Ah, 78 [FIRE Y B 2544 R 1 1 kL
F CLDR MBHJ)5 cleaved Caspase-3 £ 1Y 3k K
B 55 T Co y 4748 HDR MRY). {H7E BEAS-2B 4
L 550k B2 A bE TR A R O R IR O S cleaved
Caspase-3 £5 [ 1 F KK %A B B 19 42 1k (
2B),

o

1K CLDR N IESHA TR T AR DL LS R
SHAIT A SR 7R IR TT R i, © % B T 4
H S R R TR SR B RERIR T AR
ST HEH NSCLC il iR 40 i 3R A549 DL KIE# S2<
& &z 40 M 2 BEAS-2B 8 15 5 Fh AR 5 77 =X %t
NSCLC 2 A5 W20 s i ) 22 5

AWF5E M, P 1R T CLDR BRES L Co v SR
HDR FESFH0 ] AS49 20 it 384 5 119 5507 B8 BH &, 3 —
AERN At B 57 45 R R — B0 [E s OE n
Nishizaki 45" #fF 7 /1 BT 2 W1, A0 %% F NSCLC 41 g
A549 T 5, 1E % BEAS-2B 4 i % 15 Ffr ey 25 45 5 1
T T —E iR SPieE.

AR T, 7E DNA 52 21 v, 52 5 S 2 i, J) 400
AN, 2 T A S BELA , AR TG DNA 453
B EAG 5 MK ET S TR T, DI T B4 i & A
AR ArE , A, 5% Co v 14k HDR
SHAREE™ 1R 7 CLDR MG 520 A549 40 it 4 A o
MR G, WIBHHE 75 Wang 2" Liao 1" DL g
I A0 A T 27) H A A0 P A A 5 30 A ) BIF 5 45 R
FaH—E, 0 Wang 55 (05T R W, 26400 b ) i
FH2.77 cGy/h RWGI &R 4 Gy B AS49 4 fis &
AR I FRRY G,/ M IR | AR 58 2 1R I 46
FIEERN 18. 32 oGy/h, [AIFEAY IR T AS49 40
M WA G, IR . 0 4R R A 40 IR
S FRII KR A2, 7T RE 2 T B 22 5 19 9 23 5
B E T D T Y BIR AT R 2 S e B Y
PLHI AT IR AR OT ST, [FIRE R IR 25 K, BEAS-
2B AR G,/M BHM R P Fh e, 2 4 5 BE G
Je A BT BE i 0 AR EE O T 25 5

2 240 0 32 30 i B R AR I, JC & DNA Xk
WL OIS DNA $5 40 /852 2% 6 4 1L 489 sk e 3 5
PP € AF FE A (ataxia telangiectasia-mutated, ATM )
SITERLIN ] N IE I [ B R Ak J7 X, ki o |
ZIEE 1 H2AX DL K DNA K #i 2 11 3 B8 ( DNA-
dependent protein kinase, DNA-PK) %5 — 48 DNA i
PiB AR 510 B . — H DNA DSB #it
Pt 5 SR st & R AN T 0 i A R AR B — e R,
AUMLKE 2> & AP To s BE T o Bel-2 B R
AP T A A0 A BOAPE 7R NSCLC A&
HH Bel-2 1 F i Rk E X IT 2 A BUREE A
I Bax 5 Bel-2 B VR FIAA R, £ & 4R
FT-RIVERS . 8% Bel2 M Bax SEH - F 2
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] (4 LR e e T A A &R T T
Hi Caspase-3 8 F /& e W T-HUAT 0, W H
Caspase-3 FEH 75 1L, B cleaved Caspase-3 25 F A9
Wb EE W T F R R AT AR R, 1E
A549 4 g ' 1 %7 CLDR MR 5™ Co y STk
HDR G EOE 2110 A549 i &AW, e L
V& Bax 25 1 fl cleaved Caspase-3 & [ A&k, T
Bel-2 HFRYFEik, £ W] Bel-2 5 Bax & L&
(AT BEGEIE AS49 ANMEA T &A=, H AR
i 5 70 2 23 110 AT, F S i ) 0 9 A 4 4 R A
YA 2532 Wid 55 , (LT XA 78 FF '™ 1 K CLDR
HESF L™ Co y H128 HDR BEST FBOE 211 A549 41
KA PR3 — 25 T A R 50 SR A5 AR ) o
R e S AU R i R, B4R R < 1 Gy/h B,
B 5 751 2 23R 11 AR U 4 6 1% R S R s 3 T T
E 1 Wera 25UV H Collis 25N ST R, IR
il B e Sy AT =i s R (A == e 1K 3571 b= s D)
AHE ok A GE A &R s ATM, R 3 A9 41 5 A
H2AX £l DNA PK %5 DNA #1518 52 G 8E H R
REBA BOS , IR F 3 Bel2 115 Bax HA K
R I A LA S Caspase-3 2 AYITE , I R B0 M A%
FI e R B R S A R T R i, SR
BEAS-2B 7E W L, 125 4 S5 BRUBE 5 1 7 A= 400 Jfd v
TETE AT BRI R A I 4G G,/ M JBIBEL , (R T
RIA R BAE, 5 A549 40 AH I BEAS-2B
MR T —E FR IR X 5 HA 2= 3 G A
FEEEIRARRE

"1KF CLDR BRES ™ Co v 14k HDR BA G
il A549 24 H 38 56 i 200 B 5, 5 AS49 4 AR
Et, BEAS-2B 4 A xS WA e 2 e S R B T —E 1Y
AT PR, Bel-2/Bax & 1 HL 0 O T | e 4B
Caspase-3 5 H AU ALAE T ki T CLDR H& 4101 il i
Jed A ML 5 () RN T BB R M E AR, A4
T4 7 BRI, A 58 (U 35 BT A T, i
WA ERANGY DNA $51 4518 = DL 240 fifg J8 1 5
RN, AW AT e8] NSCLC 3%
(I RYATT H At T —Se S 4f4h

& # X

[1] Lehnert S, Reniers B,

Verhaegen F. Relative biologic

effectiveness in terms of tumor response of ' implants compared

with ®*Co gamma rays[ J]. Int ] Radiat Oncol Biol Phys, 2005,
63(1):224-249.

[2] Wang ZM, Lu J, Liu T,

et al. CT-guided interstitial

brachytherapy of inoperable non-small cell lung cancer[ J]. Lung

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Cancer, 2011, 74(2) :253-257.
i IR I A a1 Y WS 0y € RIS E AP ORANY 0L 22
HUE/EHRSEIRBIFEL D], AR W BERI:,2007.
R R EIRE o, 55 U 1R A A ROE S
S B MK R 2 R B s K 22 e[ T ]
FMIRFAAR (R ,2008,34(5) :821-824.

Aird EG, Folkard M, Mayes CR, et al. A purpose-built iodine-
125 irradiation plaque for low dose rate low energy irradiation of
cell lines in vitro[ J]. Br J Radiol, 2001, 74(877) :56-61.
FUAR, R, E S5 JITE 1R T R SR 1% 1R
SRR AR PANC-1 HIXT A= M2 OBt I FE (D] H A
G PR 2 S B4 2% 35,2008 ,28 (3 ) :252-255.

HF], 2B R 60 1R HLET SR A B BT (0], IR
KR (BT ,2012,32(2) :170-173.

Qu A, Wang H, Li J, et al. Biological effects of I seeds
radiation on A549 lung cancer cells; G2/M arrest and enhanced
cell death[ J]. Cancer Invest, 2014, 32(6) :209-217.
Nishizaki M, Meyn RE, Levy LB, et al. Synergistic inhibition of
human lung cancer cell growth by adenovirus-mediated wild-type
p53 gene transfer in combination with docetaxel and radiation
therapeutics in vitro and in vivo[ J]. Clin Cancer Res, 2001, 7
(9) :2887-2897.

Kastan MB, Bartek J. Cell-cycle checkpoints and cancer[ J].
Nature, 2004, 432(7015) :316-323.

Wang J, Wang J, Liao A, et al. The direct biologic effects of
radioactive 1 seeds on pancreatic cancer cell PANC-1, at
continuous low-dose rates [ J ]. Cancer Biother Radiopharm,
2009, 24(4) ;409416.

Liao A, Wang J, Zhuang H,

et al. Relative biological

effectiveness and cell-killing efficacy of continuous low-dose-rate
1251 seeds on prostate carcinoma cells in vitro[ J]. Integr Cancer
Ther, 2010,9(1) :59-65.

Groeger AM, Esposito V, De Luca A, et al. Prognostic value of
immunohistochemical expression of p53, BAX, Bcl-2 and BelxL.
in resected non-small-cell lung cancers [ J]. Histopathology,
2004, 44(1) : 54-63.

Walensky LD. Bcl-2 in the cross hairs: tipping the balance of life
and death[ J]. Cell Death Differ, 2006, 13(8) :1339-1350.
Odonkor CA, Achilefu S. Modulation of effect or caspase
cleavage determines response of breast and lung tumor cell lines
to chemotherapy[ J]. Cancer Invest, 2009, 27(4) .417-429
Weéra AC, Borlon C, Nuttens VE, et al. Comparison of the
clonogenic survival of A549 non-small cell lung adenocarcinoma
cells after irradiation with low-dose-rate beta particles and high-
dose-rate X-rays [ J]. Int J Radiat Biol , 2012, 88(3) :253-257.
Hall EJ, Giaccia AJ. Radiobiology for the radiologist [ M ].
Philadelphia; Lippincott Williams & Wilkins, 2011.

Collis SJ, Schwaninger JM, Ntambi AJ, et al. Evasion of early
cellular response mechanisms following low level radiation-
induced DNA damage [ J]. J Biol Chem, 2004, 279 (48):
49624-49632.

( Wk B 451:2014-12-30)





