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Abstract: To explore the anti-tumor effect of three cervical cancer cell lines Hela, Siha and C-33A
induced by gossypol acetic acid (GAA) respectively and the mechanism. The inhibitory effect of
GAA on the growth of three cervical cancer cell lines was detected by MTT assay.The DNA damage
of three cervical cancer cell lines caused by GAA was detected by single cell gel electrophoresis. The
expression of phosphorylated histone protein (yH2AX) in three cervical cancer cell lines produced
by GAA was detected by immunohistochemistry. Results:GAA (0~160 pwmol/L) inhibited the
growth of three cervical cancer cell lines in a dose-time dependence. The inhibition rate increased
with the increase of concentration and time. 2.5~40 pmol/L of the GAA for 24 h,or 20 pwmol/L GAA
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FTAT % . BEERAR B 5 =4k 5 20 /% 29 1 DNA U4 B 5L 8F 50

role 3~48 h, The result of single cell gel electrophoresis display that cell comet head DNA percentage

was reduced, but tail length,comet length,tail DNA percentage,tail moment and olive tail moment

was increased ;and immunohistochemistry results showed that,the YH2AX positive rate increased in

a concentration-time dependence. The mechanism of antitumor by GAA is to inhibit the proliferation

of three cervical cancer cell lines,induce DNA double strand breaks,and lead to cell death. And the

sensitivity of C-33A was the highest,the Hela was the second ,and Siha was the most insensitive.
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20 wL,37 CHRLEEH 4 h, &KL F . MO

LHSEHRAZIL 2018 FE 7 HE 2




RESEARCH ARTICLE

HE Renke,et al: Research of Gossypol Acetic Acid Inducing DNA

Double —-Strand Breaks in Three Cervical Cancer
Cell Lines

WG TR LW, AALINA 150 pl DMSO, #&% 10
min , i 45 & 9 75 50V A o BEEAR AL D 22 4541 490 nm
AW BB (A o) o ASSEERH A 3 K, #F XG5

0 2B A R (%)= (1-M /M) x100% (1)
(), My A%t B WG AE T B (E s M, R 5250 4
W OGAH - 341A

PL Excel Forcast pR T 2 Bl il ¥k & (ICs,
(ED
123 PR mR IR Bk R WE AR E
GAA Ab# 24 h LA 20 wmol/LGAA Ak A [w] i
[ Hela Siha C-33A 4AEEA 74 A0 MIEE I FLYK

A1 o o O D R OB = S L Y O
4x107 4/L,

il A s K 50 w1 g/dL B w Bl B B 458 e
(Agarose type VI) HI56IF F BB I, IR Tk
BEM ., ¥ 400 pL BATMEFT 1.2 mL 1 o/dL IR &
AR BEBEE 40 CTF Wik, TR A) 5 TV 2 2R — )2
BEE F (29 1.4 mL), vK E[E 4L 3 min,

S K B IR TR G 4 T S
(% 0.4~0.5 mg/mL & AH K, fHHFETMA),4 CH
fi# 1 h,/NDFEA 37 CHEREEE 18~20 h,

fif i€ . TBE MR 238 A 3 WK, K 30 min, K538
P B T KRS T 30 min, 1WA T A A
2 mm, G,

LUK - IR % ph 0 T s B, FRL R R 16~18
V, 2 7 mA, HLPK 25 min,

gt RPN 1% H0, FEE 3R 10 min, XX
KTV Y , PICATT W E R 5 ng/mL) J 4
30 min, # THMHRET 4 CRAF, (F£24 h WM
58, LAB 1L 70K )

ML . AE T8t BT (10x40 %) 2406 (UV) Y
kT DNA FUR G20, A8 H sz
50 AN, AR E 3 Kk T, AR ER 3
W B R CASP 453 At o 1153 B 4K (Tail length) |
3L DNA H 43 % 2 (Head DNA%) , BB DNA B 4>
£ (Tail DNA) 4R (TM) #l Olive &4 (OTM ) %%
fEbr. T™M & X ohy . TP 55 EA DNA
MBI, OTM T3 i RO B0 5
St HE EO 2 1A Y HE B < BB B DNA H 4 & 1t
124 SR AEEE

1) 208 5% K 4b PE . Hela  Siha ,C-33A 41 il 55
FRIA) 1.2.1 J7 i, VA B 40 Mok B2 2R 2x 108 AN/LL, 4% Ht

35 mmx10 mm H5FRIL 6 4>, HL 100 wl 42 i 4%
P CCA S Or B (R R RRRR IR, W
T 5 AR R340 95% £ B i s 3ok ok, TP T A 35
FRMLr) & 37 CAEREE 2 h, BN A DMEM
Regid 2 ml, ¥532 24 h J5, W2 BWEW, A&
GAA (20 wmol/L) W 5 % 5 dk s i 5% . 37 °C Ak
TR EL 5% CO, GRS 557, TEAN A I IA) SO o 5
Gk, AT GAA 4 BR Hela Siha .C-33A 41 il
24 h JEHUH

2) T PE N Y AT I yH2AX £ 05 e oot
Kl 2 B Macphail S50 753k R VE s sh®, o4k
P 1) 20 L 3] 3k 1 ) S0, TV 1 TBS VR 2 1K

[ 22 .4 o/dL Z R [E 2 20 min; TBS k%,
5 minx3 ¥X;

WA . KRB %00.2% Triton—X 100 B 5
15 min; TBS ¥ ,5 minx3 X ;
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FICsy R RN o 1Cs S 15 1t 20 B Ak T BB 1 48 4327 pmol/L,48 h Y ICs 43 % A 49.59 .39.61 .
Z— . BREEMMAEE RN S0% N 25 ICs,  37.25 pmol/L,72 h ) ICs 43 % N 43.29 37.40,
B, 1%7’1@51‘“\@%_15&02.5460 wmol/L [ ¥ i i Fil 32.68 wmol/L, SEEREEF & B, GAA BEAE I W 1l 3
N GAA %} Hela Siha C—-33A 40 i 4= K 5 0 B 1 Fofr 40 i %) A 4 1Cso KZNA C-33A<Siha<Hela, #
PR H S B[] — e B AR P . GAA XT Hela Siha J&PE R C-33A b Siha 5, Hela 255 (£ 1, £2,%

C-33A 4UHLAEF 24 h (4 1Cs 4391 7 60.64 .48.37, 3, 1),
F1 GAA 3 C-33A fHRIE AR AN FI1E R
Table 1 Inhibitory effect of GAA on the growth of C-33A cells

(L ELR

GAA/
(pmol/L)

0(con) 0.583+0.165 0 0.752+0.123 1.172+0.006
2.5 0.481+0.086 12.77+9.27 0.615+0.046 17.00+7.46 0.903+0.057" 22.95+4.44
5 0.437+0.062 21.74+11.64 0.543+0.005 25.92+11.45 0.793+0.099" 32.36+8.08
10 0.406+0.051 26.95+11.88 0.4660.029 35.64+14.34 0.636+0.128" 45.81+10.81
20 0.293+0.024 46.58+10.93 0.249+0.025" 65.41+8.97 0.341+0.066™ 70.89+5.44
40 0.107+0.007 80.59+4.03 0.130+0.004 82.23+3.37 0.172+0.018™ 84.37+0.41
80 0.081+0.021" 86.03+0.38 0.069+0.002" 90.53+1.82 0.072+0.002" 93.89+0.17
160 0.074+0.024" 87.52+0.53 0.062+0.004" 91.49+1.98 0.065+0.001™" 94.47+0.06

T BB AR R n=6, 5 1E 5 X R ALAH LE,* . P<0.05, %% . P<0.01, *#*, P<0.001 ., [f] — 47 9 BE AR LSD £ & b3, J5 iR 4 A [+

B b b B U e R BAT 35 PR 22 2 (P<0.05) .
% 2 GAA % Siha 4 i 38 58 B 30 40 1 A

Table 2 Inhibitory effect of GAA on the growth of Siha cells

GAA/
(mol/L) i S 1% i 3 /%
0(con) 0.627+0.133 0 0.731+0.035 0 1.058+0.077 0

2.5 0.524+0.093" 16.20+2.13 0.592+0.009" 18.97+1.83 0.796+0.013™ 24.63+2.99

5 0.509+0.009" 18.59+2.08 0.555+0.012" 24.01+1.35 0.749+0.112" 29.40+3.86

10 0.466+0.050" 24.82+5.69 0.504+0.013" 30.96+3.62 0.619+0.071™ 41.58+1.74

20 0.397+0.105™ 37.03+2.37 0.338+0.025™ 53.76+0.91 0.211+0.018™ 80.11+0.16
40 0.161+0.016™ 74.01+2.15 0.074+0.005™ 89.80+0.85 0.100+0.020™ 90.63+0.88

80 0.078+0.022" 87.61+0.57 0.065+0.005™ 91.05+0.17 0.083+0.018™ 92.16+0.79
160 0.072+0.019" 88.52+0.42 0.062+0.004™ 91.52+0.13 0.067+0.015™ 93.69+0.70

W B bRHE TR n=6. 5 1E# X RALAH EL, * . P<0.05, #% . P<0.01, ***, P<0.001 . [{] — 17 (W EEMR I LSD £ F i, J5 1 R A A [H
F b R U s B I 3 P 22 7 (P<0.05)
=3 GAA ¥t Hela 40 B 18 58 i 30 %0 1€ A
Table 3 Inhibitory effect of GAA on the growth of Hela cells

i) T N N L o[ I

O(con) 0.419+0.108 0 0.542+0.008 0.743+0.001

25 0.402+0.110" 4.15+1.12 0.495+0.018™ 8.60+1.47 0.658+0.008"* 11.51+0.86
5 0.386+0.104" 8.02+0.75 0.475+0.018™ 12.39+1.42 0.634+0.001" 14.69+0.04
10 0.365+0.103" 13.17+1.45 0.434+0.030™ 19.98+3.16 0.555+0.020" 25.30+1.98
20 0.331+0.090" 21.17+0.77 0.357+0.034™ 34.11+3.76 0.381+0.053™ 48.80+5.11
40 0.157+0.046™ 62.78+0.96 0.118+0.013™ 78.32+1.54 0.085+0.019™ 88.61+1.78
80 0.078+0.027" 81.58+1.18 0.057+0.000™" 89.48+0.10 0.062+0.008™ 91.72+0.75
160 0.056+0.025™ 87.07+1.82 0.043+0.002" 92.16+0.20 0.045+0.006"" 93.99+0.64

T YR bR AR n=6. 5 1F % % BZH AR L % . P<0.05 , %% P<0.01, *%*, P<0.001 . [f] — 17 F BE M4 LSD £ H 4% | J5 1 BR 25 A )
1Y b A B ) R BB M 22 5 (P<0.05)
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1 GAA 3t C-33A.Siha Hela 4 it tG5E #) H14E AR £ R HE L E
Fig. 1 Difference comparison of inhibitory proliferation effect of GAA on C-33A .Siha and Hela cells

BT 3 BRI 1Cso AR, B 1 e A 25 W)+ il
W R 20 pmol/L, #EHL 20 wmol/L GAA b3 j5 AN
[vi) BR8], 25 400 JH JE 28572 P 1 e T AR 4 it 24

25 um

(a)Control

Yy VE I A SE K R 22 1 4 B A L AR TR
7% 48 h, AU AR AR /N K AU, WK 2,

()3 h (c)6 h

25 um o 25 um

(d12h

()24 h (48 h

E 2 20 pmol/L GAA {EF] Hela MR E A B mEEFETHK
Fig. 2 Effect of 20 pmol/LL GAA on cellular morphology of Hela cells at different time

2.2 i B A0 B SR AR FB Sk 48 U DSB

BiE GAA VEEERIISG N (VEH] 24 h), Hela 41 Jif2
33 DNA H4r & (Head DNA%) &A%, mWiREK
(Tail length ) ZF#i ALK, 2.5~40 wmol/L 1) GAA fEH
20 Mi24 h, 5 20 wmol/LGAA 43 5 F ] 0~48 h,
Hela Siha ,C-33A # &2 4fi jfg 1 3k %8 DNA 7 4> & &=t
(Head DNA% ) ik /> , &+ (Tail length) | # & K FF
(LComet) . J&#B DNA H 73 & & (Tail DNA%) B4
(TM) F1 Olive %1 (OTM) 3 i, 35 W] GAA Xt 41 g
DNA RUHE 5 45 P 5 522 Wk 32 B ) — 40l 1 (181 3, 3%
4—3%9), Hr  GAA Xt C-33A 7= 1Y DSB #i45ifi
M=, Siha 'R Z ,Hela 5% 55 ,{H4 0] 8 (& 4)
2.3 GAA £ 5 Hela,Siha,C-33A 40} yH2AX £
=N i

W5 A i 2 240 736 4521 )20 pmol/L 1) GAA

B E A R | 5 5 48 h B ik g
fEH(E 5), 0~40 wmol/L i) GAA i/5F Hela Siha C~
33A W H2AX KA R L T8 Ak A, HL 52 590 -5k
VK FR (P<0.05) , FATR I, 76 7 — W B | a]— B[]
T,C-33A AR B B £ | T Hela J2& 50 1Y (&
6—I& 8,P<0.05)

|3 i L

"B U — 0 DA T AT LA S R AT T
TR, ELED SR A A AT 2 ™ B L 4 L i R 11 DL
AR bR 2 — BRI B P A 3R v R
VRS P VARG RPN 7 RN S A
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FTAT 4 B BRAR B35 - =4k & 1% 29 16 DNA U4k 7 5L AT 70

50 pm 50 pm 50 um

(a)Control (b)2.5 umol/L GAA (¢)5.0 umol/L GAA

50 pm 50 pm 50 um

(d)10 umol/L GAA ()20 pmol/L GAA (H)40 pmol/L GAA

B 3 GAA 432 Hela 4881 24 h P &2 EE &
Fig. 3 Representative images from the neutral comet assay showing the effects of different concentrations of GAA on Hela
cells at 24 h

X4 GAAFES C-33A 4f DNA B H9R XM (24 h)
Table 4 GAA induces DSB in C-33A cells in a dose—dependent manner (24 h)

74.75+20.54 205.00+48.345 85.56+22.21 21.13£5.91 18.55+6.08 18.19+5.53
2.5 76.70+15.98 213.74+40.37" 83.69+25.91™ 24.78+6.37" 21.36+5.69"" 21.85+£5.43"
5 78.98+18.94 217.52+35.03™ 80.69+24.52™ 25.60£6.16™ 22.14+8.52™ 23.48+6.41"
e 10 81.78+25.59" 223.02+21.58™ 79.65+39.09 31.51+7.86™ 25.79+5.69™ 29.31+8.44™
20 93.24+27.59™ 227.72+47.23" 76.37+£17.74™ 41.92+16.17""  38.10+12.17"  38.50+8.67""
40 120.18+32.95™ 238.10+43.48" 72.44+23.52" 49.92+13.84™  51.41£15.02"  50.64+11.49™

R hRE R  n=6, 51 XTHRZEAR 1L, * . P<0.05, %%, P<0.01, *** . P<0.001 ,

%5 GAAES Siha 4058 DNA B 289K ERM (24 h)
Table 5 GAA induced Siha cells DSB in a dose—dependent manner (24 h)

66.80+17.21 195.03+49.53 84.24+22.13 18.43+5.41 14.44+8.14 14.66+9.57
2.5 69.20+ 24.05 197.62+51.48™ 83.65+30.85™ 20.27+5.62™ 16.53+6.23"" 16.17+5.88"
5 71.90+£23.12™ 202.92+42.08™ 81.83+£24.31™ 23.31+8.45™ 18.52+£5.79" 18.44+8.61™
e 10 77.68+18.21™ 207.82+43.08™ 75.48+25.55™ 27.37+£5.52™ 21.76+8.99"" 20.71£9.08""
20 83.23+36.36™ 215.26+24.90° 70.64+21.62" 30.15+9.14™ 25.42+8.30™" 23.72+£8.95™
40 92.97+£30.39™ 226.54+47.37™ 62.09+24.05™ 35.33+10.19™  36.36+12.28™  30.33+8.70™

T B AR iR n=6. 5 1E % X A AR 1L, *: P<0.05, ** . P<0.01, *** . P<0.001 .
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*& 6 GAA 55 Hela 4408 DNA B A9 R B XA (24 h)
Table 6 GAA induced Hela cells DSB in a dose—dependent manner (24 h)

e
72.45+16.53 204.02+29.67 86.80+17.22 18.46+7.41 17.68+4.35 16.35+£10.93
2.5 73.58+18.34 208.38+16.18 84.33+53.94" 23.28+9.14" 20.90+6.97" 18.90+6.85™
. 5 75.86+25.22° 211.76+49.93™ 83.16+35.64™ 26.72+20.91° 21.86+8.19™ 21.64+5.62"
10 79.74+20.95™ 217.51+34.18™ 80.74+20.09™ 30.43+9.06™ 23.36+5.97" 25.73+5.48™
20 86.52+39.43™ 225.42+46.41 75.24+23.92" 35.63+17.01"  28.42+6.04™ 35.21+9.67
40 113.38+27.84™ 236.81+30.62" 69.53+27.55™ 41.18+13.19™  45.08+12.07"  42.42+8.86™

W B AR R n=6. 5 I1E# XA 1L, * . P<0.05, % . P<0.01, *#*, P<0.001

#7 GAA BT C-33A #ia DNA 7 2 (19 B 18] 3805 (20 pmol/L)
Table 7 GAA induced C-33A cells DSB in a time—dependent manner (20 pwmol/L)

HJ«(H:)?//L) HE K /pm 3k DNA/% B DNA/% FE4E (OTM)
0 73.99+30.73 204.74+40.47 85.61+13.47 20.81+8.08 16.87+5.95 17.66+5.63
3 69.01+17.35 210.28+19.84 84.01+23.12 23.35+9.60° 20.10+7.44° 19.2748.67°
74.17+29.23 212.74+24.82° 82.64+11.59" 27.17+6.147  22.69+10.39"  22.41+12.83"
334 12 83.50221.10° 220.29+39.54° 79.68+22.39° 35.75+17.327  27.76+8.87°  28.45+8.16™
24 93.30+£19.84° 225.59+36.39" 78.06+19.82" 41.99£11.27*  38.16+12.83™  35.75£13.82"
48 118.13424.82°  238.74+22.82° 64.7033.72° 53.83+13.71°  47.00£9.92  40.20+14.16™

LB bR R n=6, SIEH XTI L, *. P<0.05, %% . P<0.01,%%*. P<0.001 ,

& 8 GAA 55 Siha 44 DNA B 2 #Y B 18 3Lz (20 pumol/L)
Table 8 GAA induced Siha cells DSB in a time—dependent manner (20 pmol/L)

66.44+35.15 194.47+43.37 89.23+23.79 12.86+9.64 14.81+7.23 14.45+8.97
3 72.95+26.18" 198.39+50.79" 85.75+19.62" 16.86+10.67" 17.11£5.74° 16.46+9.96™
) 6 75.32+31.79° 203.28+28.68" 83.63+23.09" 18.83+5.97" 18.87+6.63" 18.86+8.97"
Siha 12 81.09+26.51" 211.31+35.57" 80.35£16.21" 26.24+6.72" 21.59+13.16™ 23.15+9.28"
24 83.48+47.13™ 217.94+29.43" 75.16£22.16™ 30.25+11.18™  26.18+10.75*** 23.32+13.96™
48 112.46+22.71" 233.78+48.41™ 65.76+13.46™ 43.70+6.34™ 33.1849.96**  35.85+12.59™

TR bR ME DR n=6, 5IEH X RRALM H ,* . P<0.05, %%, P<0.01,***, P<0.001,
R 9 GAA 5SS Hela 407 DNA B 2 89 B 8 %L (20 pmol/L)
Table 9 GAA induced Hela cells DSB in a time—dependent manner (20 pmol/L)

mo.

72.01+17.82 204.50+28.70 88.22+21.43 16.86+5.72 17.96+6.18 14.41+9.17
3 74.20+24.51 210.93+37.30" 85.12+34.16" 19.54+6.45 20.25+5.99" 18.88+5.92™
6 76.87+19.07 213.26+41.28" 82.79+24.19™ 21.11£9.785™ 22.51£9.18"  20.76+10.16™
Hela 12 84.36+23.31" 220.55+65.48" 78.75+17.75™ 26.83+6.132"  26.09+£5.830"  24.78+13.62™
24 85.72+40.39™ 225.39+£24.31" 74.46+£20.01™ 33.55+7.83" 28.86+8.41" 35.50+7.78"
48 118.39+34.51™ 239.11+26.15™ 65.30+17.66™ 43.00£12.21"  45.96+12.66™  45.19+11.21™

LB bR R n=6, S5IEW XTI L, *. P<0.05, %%, P<0.01,*%*. P<0.001 ,
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FTATT 4. BEBRAR B 45 5 =4k & 20 /8 29 16 DNA XU4% i 3L 87 50

0 25 50 10 20 40 0 3 6 12 24 48
WS/ (umol/L) i 1H] /h
(a) (b)
E 4 GAA iF5 C-33A.Siha Hela 20 At DNA B 2 597K & | B 8] 85052 B9 2 S EE 48 (WL Tail length 5 i)
Fig. 4 DNA damage difference comparison of dose and time effect of GAA on C-33A.Siha and Hela cells (Taking Tail

length as an example)
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GAA

0 W OS5 ORI, s (5 5 R yH2AX, &SI Z 5 i G a0 F K s
5 20 pmol/L GAA AR E R E1E S Hela 48 yH2AX £ S A&
Fig. 5 Immunofluorescence staining of YH2AX foci in Hela cells treated with 20 pmol/LL GAA for different time
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1 :Mean+SEM ,n=5,* . P<0.05,*%* . P<0.01vs control

B 6 GAA %5 Hela,Siha,C-33A 4084 B yH2AX HIiR
E XL (24 h)

Fig. 6 GAA induces YH2AX foci in Hela.Siha,C -33A

cells in a dose—dependent manner

1 :Mean+SEM, n=5,* . P<0.05, ** . P<0.01vs control(0 h)
B 7 GAA(20 pmol/L) % 5 Hela,Siha,C-33A 48 fl 4 FX
YH2AX 3 B 18] 3% Kz
Fig. 7 GAA (20 pmol/L)induces yYH2AX foci in Hela,

Siha,C-33A cells in a time—dependent manner
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Fig. 8 Difference comparison of foci formation of GAA on C-33A .Siha and Hela cells
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