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Effects of retinoic acid on the radiosensitization in HL-60 cells transfected with IFN«

expression vector containing retinoic acid response element
ZHANG Qian-yong] , MI Man-tian' , CHENG Tian-min” ( 'Department of Nutrition and Food Hygiene, *State Key Laboratory of

Trauma, Burns and Combined Injury, Institute of Combined Injury, College of Preventive Medicine, Third Military Medical University ,

Chongqing 400038 , China)

Abstract; Objective To study the effects of retinoic acid on the radiation sensitivity in HL-60 cells trans-
fected with the IFNa expression vector containing retinoic acid response element and its possible mechanism.
Methods HIL-60 cells were transfected with pRARE4-IFNe, then treated by all-trans retinoic acid at the dose
of 2 x 10 "mol/L and/or irradiation under 4 Gy. The cellular proliferation capacity was observed with MTT as-
say , the cell apoptosis was measured with DNA fragmentation rate, the protein expression of caspase-3 was ana-
lyzed with Western blotting. Meanwhile, the activity of caspase-3 was examined. Results After HL-60 and
HL-60""cells were treated by RA and/or radiation, the cellular proliferation capacity was decreased, the DNA
fragmentation rate was increased, the protein expression and activity of caspase-3 were up-regulated. These
changes were more apparent in transfected cells than non-transfected cells, and more significant in cells treated
by radiation and RA than that treated by radiation or RA alone. The special caspase-3 inhibitor, DEVD-CHO
could inhibit the activity of caspase-3 and impair the growth inhibition and apoptosis induced by RA and/or ra-
diation. Conclusion  Our siudy demonstrated that DNA fragmentation and growth inhibition of transfected and
non-transfected cells induced by radiation could be enhanced with RA. The up-regulated expression and activity
of caspase-3 may play a partial role in cell apoptosis induced by RA and radiation.

Key words: retinoic acid; interferon; caspase; radiosensitization

BT ( retinoic acid, RA) Fl a- 482 (IFNa ) %)
BRI 54 AR TR T (3977030 SEEI LRGN B 7 5400 T4 ELAT B
Supported by the National Natural Science Foundation of China (39770303) fE'] 1’]’: R S % I F RA #1 IFNa I B
TEBBIA KA TI (1969 = ) 35, NI 45 76 7 i AL 0 T 30 H, = iy :}—l,;:.ﬁ \%%ﬁﬁﬁ%){kj__ﬁéﬂ}mqﬁﬂl@fﬁ T*EH"H—}’S& ’ m—lﬁk
MRS (018 (022) OT53955, ol st g 1S R I0) 0 £ 560097 WA 2 B0 TR 5
B ] RA 5% TN #1514 5 5L 40 Fiep 987 400 X o, 25

@ yahoo. com

YR B 1A :2004-11-08 ;% B B 3A . 2005-01-01



518 1

SRELH 5. WL BIMN pRAREA-TFNa 2 Dk ARG e HL-60 21 il S Rl e A 532 1827

A S BRI, SRS I P B R 5 o R 40 L 1) 4 S
ML AT B TR T —Fh A 4
# R K ot F (RARE ) ) IFNa B % & 1K R {K
( pRARE4-IFNa ) , HAE e HL-60 40 i Ji7 , IFNa (1) 34
3 RA i S, 2 x10 "mol/L RA 4bBH 24 h, 4 1064
41 TFNe 4200 7T 3% 200 ng/ml 2247 A HF9E 4
i RA XF pRAREA-TFN %% Y [ Ji 240 M £ 668 Sl Ja ke
(1) 5% M K HC R B3 HL A o

1 #BEFE

1.1 dmpedddc 438

pRAREA-IFNo 2 ik 4% {4 (1) F 4t B % e WL SC ik [3 ],
pRAREA-IFNa % 34 ) HL-60 40 i iy 4 A7 HL-60"™ , %% i 25 4§
{4h HL-60 4 il iy % 24 HL-60™" . #i i £ F& 100 ml/L 24 i
i i) PRMI1640 £ #5 i h 37 °C,5% CO,, WHIE RN, 4
J U BEHR ( ATRA, Sigma 75 ) 3 T — HIE AR, AL 10~ mol/
L 7T -20 °C  AbFRANH 2 H HE 1 2 x 107" mol/L.* Co y 5}
L BRI R 4 Gy, SCIR 43 okt BHUAL ATRA AbBRYT 4R
OFabEA ATRA + 55 56 & ab B0 4
1.2 Znfe s oh dedem] (MTT 552 )

41 x 10°/ml 40 i % 50 T 96 LK 37 4, 4L 200
pl, RA LbBRFL/EE 4 Gy $Gt, B9k 2 d, WORANMRT 4 b, R3£LIn
A 15 pl MTT(5 mg/ml) ,37 °C 5% CO, , 4HIE 204 T 53¢
4 h, ZARBEFRHL, INA 200 pl SEPRE  H AR A (11, V/
V). %0 30 min, FHEEAR{LAE 492 nm ZbIN D .

1.3 DNA k giba 4 400

218 Lenardo 25 27 3=, FHAG I8 A28 it (10 mmol/L
Tris + C1, 1 mmol/I. EDTA, 0.2% Triton X-100, pH 7.5) i
A, b FTIE AR BIIA T ml 12, 5% — SO RERE, 4 Cite,
LA LW 80 pl 5% —AE AR, 90 °C, 15 min, fEILA 160
ol 7 £ TR AR £ e iR (1.5 g R L1 S ml HRARAR LO. 5
ml Z, 75 T 98 ml pKFEER ) ,37 CoKi 1,200 pl 7 % 96
FLIEFEM T, TR AE 595 nm AEFGI D {5, i35 DNA H Bt
EE R,

1.4 Caspase-3 &M 4547

(1~5) x 10°40if, A2k 19 0. 01 mol/L PBS % 2 ¥, i
0 1 4R 2B bR (50 mmol/L PIPES-NaOH, pH 7.0, 50
mmol/L KCI,5 mmol/L EGTA ;2 mmol/L. MgCl, , 1 mmol/L. DTT,
I mmol/L. PMSF,1 pg/ml Aprotinin, 1 wg/ml Leupeptin, 0.5 g/L
Digitonin, 10 ml/L NP<40)200 pl. 37 C/K#E2 h Ji, =20 C R
SRR 3 U B R RS, I E A R, 50 g i
IR A, R B vk (100 mmol/L. Hepes-KOH, pH 7. 5,20
mmol/L DTT, 1 g/L Ovalbumin, 100 g/L $EHH FFEE 1.5 ml, Nl
50 pl 1 mmol/L caspase-3 5 Pk it # DEVD-AMC ( CALBIO-
CHEM =) ,i%7,37 C/Kif 12 h, ] 930 66 HE T 1E k4%
2 W% 360 nm % B 450 nm R fF T SEGAL
1.5 %% ¢p i 4 #7 caspase-3 & & & ik K P

20 g B 19, FHAR R ph iR B 5 20wl i 20 pl 2 x

SDS B B IFE 22 plvife, &k 5 min, 10% SDS-PAGE, W1 %% £ 5%
5,10 g/L BSA B, i BLEL CPP-32 843 [ 4 4 ( CALBIO-
CHEM 7§, ,1: 800 Hi#%) ,37 CHERE | h, F55 0 80 S-r i)
SCEMFERRIC VUM E e EA— SRR G
P, Zymed 23 B ) K0, DAB .45,
1.6 DEVD-CHO 3 RA # 540 fe /) 1= 69 35 4 4E A
DEVD-CHO( CALBIOCHEM 7= i) Jit caspase-3 457 P 4101 il
#,'5 nmol/L DEVD-CHO -4/ ¥ 35 i, M%< DEVD-CHO
A RA 5 EANM Y caspase-3 3544 Tl 408 7R 00 i 1 240 e 15
L HLAER,
1.7 #hit$a®
Bl LA x £5 R, R SPSS 10,0 #EA T 251

2 &R

2.1 Aa4tAe RA 3 fm e gh o ik 6 %0

HL-60 £ U3 i 5 LA iU, 462 2 Gy oA RS At 4
W A% AR A R4 L ) B A K 58 Gy e U RE
7 S AN T AR 2 <3 WO AN R KR T
HEEHTAETS . (8 AT LS A0 M A AL « HL-60 A 23
8 Gy MUSHIG A7 (2 1 AR 0 0 A 200 Pk A 22 e o 2
J# b o MTT SERA5 5 W A TR RA AL ARG D(492)
TELH AR T S s 2 RA AR BRAL, b USRS S RA AL
PRy pRAREA-TFNa IR FRIA L e a2 D(492) (il 1) .

F 1 BEHTAN RA X 4R ARG T RERO NG (x 250 =3)
Tab 1 Effect of ATRA and/or radiation on the proliferation ca-

pacity of cells ( x £s,n=3)

Group 0 Gy 4 Gy 4 Gy + DEVD-CHO
HL-60 0.851 +0.004 0.520 0. 037" 0.786 +0. 067°
HIL-60Ne 0.831 £0,056 0.502 0. 013" 0.765 +0. 053¢
HL-60 + RA 0.564 +0.034° 0.403 +0, 0240 0.687 £0.041°
HL-60"Ne L RA 0,486 0,031 0.341 £0.0219% 0,716 +0, 075"

F 135.054 44,368 3.019
P 0 0 0. 094

a; P<0.05, »s HL-60 and IL-60 [FNe; by P<0.01, vs0 Gy; c: P
<0.01, vs 4 Gy; d; P <0.05, vs HL-60 + RA
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DNA F Btk 4y a0 #e 0, RA fgliab 51 2 d o 4 Gy fi
UG 2 d 4 DNA H Bl B 40 R W15 T &, RA RIS S0 5
PPZH DNA J Bl i - 2 T e s (B 1) o
2.3 45442 RA & caspase-3 & & ik o) %A

RA FIVR S 2 ik b 70 BE 137 HL-60 4l caspase-3 i |
ek, (AL, 8 5 A0 RABK A 4k 1 2 L 46t G o g Ak 2R 4
caspase-3 3 [ F KK FE (& 2) .
2.4 F4tAe RA &} caspase-3 # ka9 # @

L Ac-DEVD-AMC Sy K4 43§ caspase-3 3% P, 45 & W],
RA 451 ~2 d ff] HL-60 \HL-60"™ 41}l caspase-3 &£ i 7
(P<0.01),4 Gy 54 thE I 4 HL-60 HL-60"" 4fl jfi caspase-3
TEPECP <0.01) %5 RA FISESHIRES 40 B A HL-60 H1 HIL-60"
AN caspase-3 J VRN I L 3, FLARA B RA SRURMAR IR (5 (P
<0.01), Hrp RA FUAE ST G 40 HL-60"" £l [l caspase-3 117
P S LI AR H HL-60 A (P <0.01) ($£2),
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Fig 1 Influence of RA and/or radiation on DNA fragmentation rate

2.5 Caspase-3 4% Jf b A &) ) #4541 3 40 B8 =49
Ap ) 4E R
TF 568 5 R/ 8% RA A0 F9A0 I 9 [l sk i AL 5 nmol/L0 DEVD-
CHO, af {0l 46 595 A RA g2 1) caspase-3 (17GHE LI #2)

ES AR AE PR B RA B0 MR SR (= (e 1)

1 2 3 4 5 6 7 8§ 9
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1: HL-60; 2: HL60 + RA; 3; HL-60"™; 4, HL-60" + RA;
5. HL-60 + radiation; 6; HL-60 + RA + radiation; 7: HL-60"" + ra-
diation; 8: HL-60"" 4+ RA + radiation; 9. Marker
B2 RA FI4E51%} caspase-3 & H R EMHIE
Fig 2 Effect of RA and radiation on the protein expression of
caspase-3 in HL-60 cells transfected with pRARE4-IFN«

#F 2 RA FESTAT caspase-3 BRI (x £5.n=3)

Tab 2 Effect of RA and radiation on the activity of caspase-3 in cells(x +5 ,n=3)

Group 0 Gy/1 d 0 Gy/2d 0 Gy/2d/DEVD-CHO 4 Gy/1 d 4 Gy2d 4 Gy/2 d/DEVD-CHO
HL-60 11.720.3 11.5+0.2 9.220.2 6.2 +2. 8¢ 61.51.2° 17.5£0.1
HL-60 Ma 12.2 £0.5 11.2+0.3 12.5 0.4 62.3 2.6 58,7 +0.7 17.0£0.1
HL-60 + RA 52.31.2¢ 46.7 +0.8* 15.8+0.7 77.0 £1.8% 70.3 £1.5% 17.2+0.3
HL-60 "Na 4 RA 64.5 2. 10 57.3+1.0%" 16.7 +0.6 87.7 1,34k 85,3 +2,9ulx 17.7 £0.2

a; P<0.01% vs HL-60 group; b, P <0.05, vs HL-60 + RA group; ¢: P <0.01, vs groups without radiation
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SRt UK 5 7 TP X 5 5 M IR0 48 A1) 8 1 B 19 £
FHETIIG 2 53 ah AEPR I RA L TEN I8 4
345 R A LA 05 A7 SR 0% . A 41 RA
IEN Al G P 0 /I BUVS L B2 A I 6 05 L T3
I P LS IS /0 B SR A 1 i A SO0 B, LA
DUBCHEON . FRIFE & W] RA FIIFN HLAT XU i
T T L 0F b9 20 e AT 18 A0 S £ 200 e A 1 i
PR POGE IE B 220 M A o S A T, MTT =%
Ho 1 DNA F BAKTT 43 30 I 25 SR W], ol s F A £
RA L BT 201 ) 4 S0 410 il 075 08 1 41 30 L i 5 2
RA Pl b #ss . 15EW] RA o] 4 @ 6 5 % HL-60 4 jfd
40 M B A5 F , RA R S b IRE TFNa B R 7= 4
S £ 0 o 95 40 X 50 S B £ 1 P SR R

8 RA IEN 50 36 97 KB o 2 ol 4789, (HE 3L
G FOLEAIAS i A
SRS S A0 M T A P g R A e, R
JEL LN T AR I O T pS3 RN T AE
SR NURERER T BT S N L 31 37 S 2
FE Lf caspase G A AEW o800 . FIIFH DNA fif
WA A58 42T, % e 535 S 00 ML 080 O A B 1 4
P e AR 4 A A S T S e PR R IR AR A ]
S RO 0 M A 0 Sh R AR T O
% caspase JRIDCIH i , 1148 ST B 1R A0 ML SRS AT
B—3E T . HSE bR RS caspase fiY 2 1k s/ RIS
P, 4S9 R caspase-3 TEPE T &, 530 Bid KA, fit i
At & C R, BRI AR caspase-3 S ifif 2 11
BB L V2 WFSE o, M caspase 11475 P 5
il ek 535 68 B 05 S AN R 1, W] caspase 3305 56 7]
P AR UV G2 A A IS (1 458 3 1f el 20 240 I 0 1 5 40 ol
caspase-3 [1J{GPE AT LT Fas L F1 UV i S A998 1, 400 6l
caspase-8 )i P 0] 5¢ 2 PHIKT Fas L 47 5 A9 40 M 98 1
RSB UV 7 S A MI0 72 " 5 Coelho 252 AN
caspase-3 JI1i| 77 S AEBH W46 55375 T 00 40 M 98 1, (H 41
MIAET, HEM caspase-3 2k 5 58 59175 S 00 41 U SE 12 7
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Ko ASLIREE KR RA FUER G op 0 = 306 75 4 L)
HL-60 F1 HL-60""" 4ii fifi caspase-3 4K |1 7% i F13% P 14
R TE 5 T A/l RA b B340 G 4 1) F AL 5 nmol/LL
DEVD-CHO, a] #1148 51 A RA 2| 1 caspase-3 [ {ff
PEETE Ay R0 B B RA 0 290 it 184 g 4100 ) 4 T
B2, caspases 7E 57 575 3 40 M 8 Tk AR P oA TR AR

, RAEAR] ) caspase 78 A [ 28 5 i) 3 28 5 [ R AS ]
TP 2HS 40 0 0 1 e T A ) 1 TR AS 5 4 A )

AWF9E s, B Y i caspases i) 42 ik 7
STATI g/ F1 IRF-1 92 5, A 1-{5 5 A~ AB5 5 STATI
R A0 M caspases ) 2 3K 1Ml A~ RE i S L8 T, i
STAT1 Gk 5 40 M &% e STAT1 FE A Jg n] P & X T T2 15
SR IRATLART A5 £ W RA F IFN 7]
E i HL-60 #1 MCF-7 #ii ffi IRF-1 F1 STATI ff) %
i BESR caspase {5 SHE S AN T A A oA TR
SR, T RA R IEN SLAE | 8 JE 26 i g 40 fifg STATI
FUIRF-1 [y 321k Mifie #F caspases 1) 3 1K 4576 1k, LW
RA F1 TEN A5# 55 | caspases ()38 3k 15 1% M ifif 45 &
AR S 4 08 %) R

VAT 9 {5 5 2 1 e A T 0 175 5
PREE LRI 2 AR 15 538 6 22 18] iR A e A8 28 SUAE
{H &, caspase (¥ 3 7% 51 & 40 fg 94 1= 9 2% [A) 26 38
Caspase 71458 5175 5 20 ML 000 T ot A v & 445 T B4 A, —
SERBAEIE caspases &1 55T At PR3 T 418 oy Ayt 4
MRS . 22 RA BHLiR S SR TFNe S
P51 7= 40y i 1 1 e 9 40 L %ot el 2 4 S 1) O,
STATL il IRF-1 [ 3Rk, IF{2 i caspase ()46 1K 5 80
A ABSE RA Fi/al TF N $5E o i 8 200 0 4 S5 A v A1 4
THLHZ—.
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