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W OE: HBY 5T 90 BE W R I 2 L i WE (4-amino-pynidine, 4-AP) X5 #19 Hela 41 i b & S5 1Y 2 il
Jiid: B S HeLa 40050 SIBEA R HE (01,5 ,10,20 mmol/L)4-AP 41,0. 67 Gy **Cf thFH& 5} J5 48 h, Fl MTT 2 A3 24
2 4SRRI 25 2L A M3 PR T3, 0,20 mmol/ T 4-AP 20 H MRS 5 24 .48 .72 h 43 5| ] RT-PCR i, Western blot 12 45 il
HIF-la mRNA JEEFRIAGEA . 458 TET IS 48 h 5 ,4-APVREEH0.1.5 .10 .20 mmol/L ], X HeLa 4 Hu 3475 A4
2435k 0, (38.81 £3.45)% (46.63 £3.88)% . (63.58 £6.19)% . (77.51 +8.87)% ,JHT-3 (% ) 45K (3.15 =
0.85)% .(8.01 £1.19)% .(16.00 =1.58)% . (47.20 +3.18)% .(62.56 +4.27)% , Z 2G5 i15 2 L (P <0.05), il
4-AP BTN HeLa 4GS 4E , 15 S0 T, JE 2 I B 9 7 AR M . 24 4-AP W R F 5 mmol/L A, HAEFHBH R (P <
0.01), 0.67 Gy “Cf i B85} 0,24 48 .72 h J5,4-AP ¥ & 250 mmol/L 41, HIF-1a. mRNA/B-actin {8 43 51| Jy (0. 423 +
0.116) .(0.464 +0. 111) ,(0.487 £0. 121) .(0.415 £0. 099 ) , Western blot J& Ji£ 3 4% B HIF-1o/B-actin 435124 (0. 723 =
0.116) .(0.664 +0. 111) (0.617 £0.121) (0. 515 £0.099) ,HIF-1a mRNA K5 [ 325 CHH B IRE, 2R LG 2%E
M(P>0.05), 4-AP ¥ & 420 mmol/L 41, HIF-la mRNA/B-actin {843 )47 (0.401 +0.121) . (0. 364 =0.142) . (0.257
0.137) .(0.165 £0.099) , Western blot J& J 354 45 5 HIF-1oc mRNA/B-actin 4352y (0. 879 0. 117) . (0. 645 + 0. 115) |
(0.312 +0.114) .(0.130 =0. 118) ,HIF-1o mRNA J 3R FRA B FL, ZRARITFE L (P <0.01), 458 HEilE
FELWT3A] 4-AP BERFAR 1 F U RYT IS 475 5 B 7 (HIF-1o0) 235, R4 HeLa 4038 58, (23 M T, 42 55 HeLa 4t b7 5
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Potassium channel blocker (4-AP) enhances the radiosensitivity of human cervical

cancer cell line HeLa to **Cf neutron ray

LIN Shuangl , LI Li' , LIU Yuan® (' Department of Obstetrics and Gynecology, *State Key Laboratory of Trauma, Burns and Combined
Injury, Department 3, Institute of Surgery Research, Daping Hospital, Third Military Medical University, Chongqing 400042, China)

Abstract: Objective To investigate the potential effect of 4-amino-pynidine (4-AP) on human cervical
carcinoma cell line HeLa to *”Cf neutron ray. Methods HeLa cells were treated with 4-AP(0, 1, 5, 10, 20

*2Cf neutron ray. The effect of 4-AP on proliferation of

mmol/L, respectively) and then exposed to 0. 67 Gy
Hel.a cells was assessed by MTT assay. Cell apoptosis were detected by flow cytometry. Reverse transcription
polymerase chain reaction ( RT-PCR) and Western blotting were used to investigate the levels of HIF-1oc mRNA
and protein of Hela cells treated with 4-AP (0, 20 mmol/L) and 0.67 Gy **Cf neutron ray. Results After
HeLa cells treated with 0, 1, 5, 10, 20 mmol/L 4-AP were exposed to 0. 67 Gy *>Cf neutron ray for 48 h,
their inhibitory rate was 0, (38.81 +3.45)% , (46.63 +3.88)% , (63.58 +6.19)% , (77.51 +8.87) % ,
and their apoptotic rate was (3.15 £0.85)% , (8.01 £1.19)%, (16.00 +1.58)% , (47.20 +3.18)% ,
(62.56 £4.27)% , respectively, suggesting 4-AP may inhibit the proliferation of HeLa cells and induce their
apoptosis in a dose-dependent manner (P <0.05). Of Hela cells treated with 0 mmol/L 4-AP, the optical
density ratio of HIF-1ao mRNA/B-actin was (0.423 £0.116), (0.464 +0.111), (0.487 £0.121), (0.415
+0.099) after 24-, 48- and 72-hour exposure to 0. 67 Gy **Cf neutron ray, while the optical density ratio of
HIF-1a protein/B-actin was (0.723 +0.116), (0.664 +0.111), (0.617 £0.121), (0.515 0. 099)
(both P >0.05). However, after treated with 20 mmol/L 4-AP and exposed to 0. 67 Gy *>Cf neutron ray for
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24,48 and 72 h, the optical density ratio of HIF-lao mRNA/B-actin of HeLa cells was (0.401 £0.121),
(0.364 £0. 142), (0.257 £0.137), (0. 165 £0.099) , while the optical density ratio of HIF-1a protain/3-
actin were (0.879 £0.117), (0.645 £0.115), (0.312 £0.114), (0.130 £0.118) , showing that the lev-
els of HIF-Ioe mRNA and protein both declined (P <0.01). Conclusion To Hela cells exposed to **Cf neu-

tron ray, potassium channel blocker (4-AP) pretreatment inhibits their HIF-1o expression and their prolifera-

tion and promote their apoptosis. The potassium channel blocker (4-AP) significantly enhances the sensitivity

of HelLa cells to neutron radiotherapy.
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P A0 R R S A AR T RL S HIF-1ao mRNA
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1.1 A )

NE T MMM A ZE G SR 4-AP I A Sigma A 7], BEME
W [ 3-(4, 5-dimethyldiazol-2-yl ) -2, 5diphenyltetrazolium Bromid
MTT |y H4e3E 49 TR ], e 7S e (PL) I H BD A+,
Trizol 3] & W H Invitrogen 2 &), J2 745 5537 &) H TaKaRa
/Nl HIF-1a B4 1iF 5'-ATGGTCAGGTCGCTTCAAAAA-3' |
i 5'-CACCGTCAGGGCAATCATTA-3, 8] #) & /i 120 bp;
B-actin 5|4 I il 5'-CACGGCTGCTTCCAGCTCCT-3", F i 5'-C-
TCCTGCTTGCTGATCCACATC-3', 5|41 /1N fy 300 bp, HIF-la
Yifk R Santa Cruz 23 5 ;= .
1.2 wmpafd

4 75 J5 H DMEM Jip 10% FCS ¥:3%,3 d f& 1 4%, Bex)
A KA, 0. 25% Trypsin A5 , 58 42 855 35 5L i B 240 i
B ARiE CO, WHAA 3%, Rl K =4 80% ml & A= KAt , T
IR, L)L 5% CO, 90% N, 5% O0,i84 S MAKLL 10 L/min fit
ISR BN AL N 1% .
1.3 %44

W A 53 AR +4-AP +0. 67 Gy **Cf - HRSF 2L (4-AP
FH4 0.1.5.10.20 mmol/L) . - FREGHIR R FFR B v %€
TRITHL,H-252 (2 CF) 7 IR 34 g il 2.3 MeV, 23281
2.645 4F P2 CE AREE R 1.4 mm x9. 0 mm, A& FLHR B K 500
e, TP RHHEN 2.3 x10°/ (s « pg) ,y FHELHH R 1.3 x

107/(s + pug) , 25 P ES BT 1 em Ab ) o750 B Y ROl
23.4mSv-h™' - mg™! y BFEFIE S EE R 1.6 mGy - h ™' -
mg ", SR Y (DGy-eq) 45 B8 [ v~ AR X A 954 ( RBE)
(B x Pl + y JT28 RBE x y BTG50 6 ] 473150, BROSS
48 h 43 BRI A5 L AN ML TG 1 T3 ,0 .20 mmol/L 41 [ FR IS
24 48 72 h 43 5|k HIF-1o mRNA K 88 (3R 0l o
1.4 MTT &4 a fe &1

FEFPFHASTE 48 h )5 AL MTT 20 pl 3R3%H85), iFLIN#E
SAALE ST IR  BEEPRC (N =490 nm) WO EEAE [ D(490) ]

YN (% ) = [ XTI D(490) {8 - 254 D(490)
{8 ]/ % HB4L D(490) 1 x 100%
1.5 R fmpaisUemn 4 fe A =

WO A2 AN, 2 i it T Ak IS B AT A, PBS ik J5 LA 80%
VKBERE , —20 C1 77, PBS whyb 4Nt 25 bk 2.1 , 142 AN i 4
N1 x10° ml ™" A PL Y i i (&M 50 mg/L) | 5 it
Yett, 30 min, FEA ISR I , B OMRE SR 2 x 10* 441,
S 6 YK, CellQuest F 43T 4 A T~
1.6 RT-PCR ::#m HIF-1ao mRNA % &

H(0.5 ~1) x 10740l , $% Trizol 171 £ 15 W1 2 HUE RNA,
4 I 2 St U A A T 305 S SV . HIF-1ae mRNA ) PCR
RN A 94 °C A5 1 30 5,55 °C HIF-l1a 3B 2k 30 5,72 C
2 min, fJ5 72 CHEAH 10 min, A A Ik HIF-la mRNA
Fak AAERL A1 ARG 6 AN .
1.7 Western blot % % 2m i HIF-1o & & £ 3A

PEIAN AL B (1, SDS-PAGE H ik % i 0328 i —Hi ok
HIF-lo HIfA(1:200) , B-actin fE N2, ECL B4, X KK A %
g
1.8 %itzot

BARLL & x5 3278, R SPSS 12. 0 Ge it i, ih A7 B 22
T3 22500, A ) 25 5ok FH LSD ILAG 56

2 #R

2.1 0.67 Gy ™*Cf #F BB 4+/5 Hela 2m itL3g 7 o) Fp 4]
MTT S2E045 5 7R, 45T HE TR 0 1K 42045 14 , 6 4 [0 51
I HRGT T, 4-AP X HeLa 2034 56 (0 90 i 4 2L A5 7910 i A0 2%
HRE L 2R B2 L (P <0.05) ;24 4-AP ¥ ¥ =5 mmol/
L}, %} HeLa 4045 A0 4400 B 2 (P <0.01) , WK 1,
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2.2 0.67 Gy **Cf ¥ F 84t)5 HeLa 4u it 8 = 5
THREEREIR 45 TR ] AR U4 1, A6 A TR 5 77 £ 1
WEET T, b 4-AP ¥ BEHO T, HeLa 20 i 8 T- 2R WA B T &5, ELAT vk
BEMCHM: R EL A Gl 2 5 (P <0.01) . IR 1,
#1 HERAKREEERDFREFET, RERE 4-AP 31 HeLa 45
AT I FUE T IS0 (n =6)
4AP HE SR 0

(mmol/L) D(490) T (% ) R
0 0.782 £0.037 12.26 2.27 +0.04
1 0.714 £0.035 14.34¢ 8.11 +0.02°¢
5 0.651 £0.021 24.534b 16.58 £0.032
10 0.472 £0.017 45. 67 47.63 £0. 042
20 0.243 £0.015 64. 32abcd 62.07 £0.02abcd

a; P<0.01, e;: P<0.05, 5 0 mmol/L 2B}t & ; b: P<0.01,5
I mmol/L 2064 ; ¢: P<0.01,%5 5 mmol/L £A}t4%; d: P<0.01,
5 10 mmol/L 20 b4

2.3 0.67 Gy °Cf ¥ F B4+ /5 Hela % i HIF-1«
mRNA £ ik & %

0 mmol/L 4-AP 4 ,0.67 Gy ®>Cf hFHE4J/50.24 48 72 h
HIF-1oc mRNA/B-actin {5 (0.423 £0.116) ,(0.464 0. 111) |
(0.487 £0.121) .(0.415 £0.099) , £ B FHE 4} j5 HIF-1a
mRNA J [ 3RA TTH B REL, 2 F RFEIT#E L (P >0.05,
KI1A) .

20 mmol/L 4-AP 4,0. 67 Gy P2Cf IR E 0.24 48
72 h HIF-1a mRNA/B-actin {H M (0.401 +0. 121) . (0. 364 +
0.142) .(0.257 £0.137) .(0.165 +£0.099) , B 20 mmol/L 4-
AP 4 BRI R  HIF-1a mRNA L8 A0 B AC, 22 54
BEGE (P <0.01, K 1B) .

M

1 2 3 4

2 000 bp—
17800 Bp—
500 bp—
250 bp—
100 bp—

L& & W 1 (3-actin 300 bp

& & M HIF-1a 120 bp

2 000 bp—

et B-actin 300 bp

HIF-1ae 120 bp

A: 0 mmol/L; B; 20 mmol/L. M 47rA; 1: 0 h; 2: 24 h;
3.:48 h; 4.:72 h
B 1 FEFE4-AP AEK1E S HeLa 448 HIF-1a mRNA &%

2.4 0.67 Gy ’Cf % F B4 )& Hela %o HIF-1a &
B kA R

0 mmol/L 4-AP 21 0.67 Gy **Cf hFHEETJ5 0.24 48 72 h

HIF-1o 2 |41/ B-actin {54 (0. 723 0. 116) . (0. 664 = 0. 111) |

(0.617 £0.121) .(0.515 +0.099) , T[] 4E K , 3635 T B 5 j%
K, EZRTGI2#E X (P >0.05,&2A)

20 mmol/L 4-AP 41 0. 67 Gy **Cf 1 FHRE})5 0,24 .48,
72 h HIF-1o %5 4/ B-actin {f Jy HIF-1/B-ACTIN 4} 5] 7 (0. 879
+0.117) . (0. 645 = 0. 115) , (0. 312 = 0. 114) . (0. 130 =
0. 118) , BT [ AE 4, Fe K B B BEAIK, ZERAFHITF R L (P <
0.01,& 2B) .
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«<HIF-1a 22X10?

A: 0 mmol/L; B; 20 mmol/L 1.0 h;2:24 h; 348 h; 4. 72 h
2 AEFIE 4-AP AL B 1H A HeLa 408 HIF-1a EH XKL

3 it

B (cervical cancer, CC) & 1HR} = JE M i
Az —. h MR RS AT o E Y TR
FEER AT CE R UIRYT . P Cf th TR T R RE
54 (linear energy transfer, LET) S 2%, B B2 0% I8 240
Hips DNA 53T 3 DNA XUEEIFZL( DSB ) HL 5 ,
I I IR 20 i oA 45 by, 5 3002 2 1 DNA FL 4, 40
JIME T, A& — MR I8 Xy T2
SR, BT AR MR A T B B BRI A B R
HLesb . T2 Cf W7 T AR A5 W EAE 1 45 3
&5 (SLDR) KB 152 (PLDR) , H HA
AR A= P800 (RBE ) 85 % 2 48 40 i ARSI X 440 )
B /NI AR 2 e AR T2 N D M
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H T AT IR I B IR e R AN SR kAT A ek i
LHRIL R TG AT, IR KA B4R A 20 0000 A
FET B S R A K o IR N 2 A X A TE
SUERMC AL R T 0 B A AIF 5T R B R N R
HIF-1o 3548 2 T BUME B X0 0T 7 A AR
FHEFEHNZ —, 5EEWEZ2U B0, FEUEH S
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BRAETE T AT (HIF-1) 2 AR SR SR T T2 AT
LSRN B — R S R o TEBREAY AR
AT LT B A o B 1 20 40 A 3R ) 28 2
A O T e it 10098 N B AR A PR 5~ (VEGE ) 45 22 T ik
PRI RIR , A4 S LA Iz i 49 e 0 AT B A 1 g
J1 BEHLAGE R SR R AT o HIF-1 R TH S
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S HIF-1 RN RARE , Z A2 H PR T
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BRI PR 31X 652 X 2R Bl i HIF-1 53X 45 3L [H]
H AL s A 2 A e A= et H . 4
0 FE B 3 3 2 5 A0 22 R OAS [R) 1) A BTG B T 2%
75 s A3 2 P B R0 T AR e e g 4 i
Bz B REEEN . BT uEsE 2 F g4l
U BITE T R FaA . 20 ML) SR R B AR S A
FtAL, JE A A KT LR, SO AR L E il G’ gk —
UG HIF-1o 635, BIEMURR — RN . LK
AR 3 BRI, 45T 0. 67 Gy Cf (M4 T 2 Gy
X 2o/l ) IR S 24 .48 .72 h HIF-la
mRNA K 25 P 3k 34 J0 I S AR o i 4 [ 8 2% 1
T, A A 38 38 FH 7] 20 mmol/L 21,24 48 .72 h )5
HIF-1oe mRNA FIEE 22807 58 F 8, U8 B 4 5 13l 3
96 A L JR A7 il Aot A PR EE AR L A Tl
TEBH KT 4-AP GEIH B AL HIF-1o 23k, K HIF-1a
12 2 IR T B R I SR T R

PR T 7 B0 dob U 55 R e S5 A 2 D)
o WAk R T LA B R A0 I R S A AR T 7 F S
B AR A — g, K A A R P Re 20 A 5 A O
TR R E A TR B T B
AT AT | 7 ey 40 f) 0 1, 5 5L 00 o g A K )
PR, PR tA A 40 73 3 LT 750 o] DAV A e s Ak
J7 RS AR ) T R e R 0 i 4 5 A
Toid AR B AR A, Gomez 251 % BLAT i 3# 5 41
FRLH8 B 434 2 DT AH O, 4 388 T BEL v 700 T 4R 1 v 98 40
JAT. Coiret 2 (YT LK B, fEFLARIE MCF-7 41
M AEAE K R, H PR S0 Y K 3l T 7 200 i 3 1ok
e v BV P A4 T B 70 X 40 ) 348 A 0
YERH o K™ (485 R4 1 X 44t M 334 e A8 T 9 Pl A
FATE AR, B R A T LIS i 4R 3, 2 5 A
A 225y 50 R AR AR & AR R SR R v i
AIPERIT . AR SCIRTEAR T 7 BRS04 T AR
VAR 3 T BEL BT ) 4-AP, B MITT 32 i =X 4 A 43
SSHIG SR R 10 B 98 HeLa 40 i i b 3 5
(1) 1 B 1 T 2R T R A T AN, 2 LR 4-AP 7))
BT, N TR 2H 0095 A M v - IR 1 A 4 5 A
JAT- 200 B0, B 0 WA MR AR I . 45 R
R 4-AP BESN I B Hela 20 J 5, 2 08 T, &
I IR BT RS HeLa 21 i o F IO

AR S I 3 o T WA T TG 59 HIF-lo, 325
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