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[ Abstract ] Objective: To investigate the effect of 1, 2.5, 6-dianhydrogalactitol ( DAG) in witro
proliferation and apoptosis of human lung cancer cell lines. Method: Cell counting Kit-8 (CCK-8) method was
used to measure the inhibition rate of DAG in wvitro proliferation of 11 kinds of human lung cancer cells; Calu-1,
NCI-H1650, NCI-H358, NCI-H1299, HCC827, PC-9, A549, NCI-H661, NCI-H292, 95-D and NCI-H446,
then cells with higher inhibition rates and good growth conditions were selected for subsequent research. Trypan
blue exclusion method was used to detect the cell survival rate after treatment by DAG. Transmission electron
microscope was used to observe the changes in submicroscopic structure after apoptosis. Real-time PCR was used to
detect the effect of DAG on Bax, Bcl-2 and Caspase-3 mRNA expression levels within the cells. Result: DAG
significantly inhibited the 11 kinds of human lung carcinoma cell lines with a good concentration-effect relationship.
As compared with the blank group, the inhibition rate on cells proliferation was increased with the increase of dose

(P <0.01). Trypan blue exclusion results showed that, with the increase of drug concentrations, the count of
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cells in blue (dead cells or cells with damaged membrane) was increased. Transmission electron microscope results
indicated that, after 48 h treatment, apoptotic cells were rounded overall, microvilli fell off, with karyopyknosis
and margination, heterochromatin with high electron density in the nucleus was condensed into lumps and
aggregated on nuclear membranes, with mitochondrial swelling and vacuolar degeneration within cells. Real-time
PCR results indicated that the expression of pro-apoptosis gene Bax was up-regulated, expression of anti-apoptosis
gene Bcl-2 was down-regulated, and Caspase-3 was activated. Conclusion; DAG can inhibit the human lung

carcinoma cells growth and induce their apoptosis, and the potential mechanism may be associated with up-

regulating the expression of Bax, down-regulating the expression of Bcl-2 and activating Caspase-3.
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R A X AR R, LR ESR 3 IR,

AN AE KA =1 = (Apyay /Ay ) X 100%
2.3 5 AR S U0 AN I A NS R 40 3R gk
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AT 5 R = 0% 20 R B/ (I 20 A B + BE 4 L

) x100%
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F1 DAG X 11 Bk ARTFEEMAMEBEMHEELNIME (2 25,n=5)
Table 1 Inhibition rate of 11 human lung carcinoma cell lines treated with different concentrations of DAG (x £5,n=5)
e B Calu-1 NCI-H1650 NCI-H358 NCI-H1299
21 5
/mgelh AMEHERL A HIRISR/%  MIEEEAL A MHISE/% dIMIESRE A WVRIR/%  AIMEEEEL A WVEIR/%
25 1.11 0. 029 - 1.50 +0. 046 - 1.18 0. 012 - 1.25 +0.033 -
DAG 6.25 1.03 £0.033" 9.16 1.36 £0.030" 8.08 1.02+0.039"  13.92 1. 14 0. 047" 19. 44
12.5 1.00 £0.031"  12.13 1.16 £0.029" 22.81 0.87 £0.025"  28.43 1.05 £0. 034" 25.58
25 0.90 +0.016"  22.08 0.91 £0.031Y  41.71 0.75 +0.025"  39.57 0.89 +0.035"  40.38
50 0.57 £0.024"  56.31 0.70 £0. 003>  58.02 0.57 £0.023"  56.53 0.48 +0. 008 69. 98
100 0.30 £0.007%)  83.45 0.43 £0.004% 78.71 0.36 £0.035"  76.18 0.19 0. 006% 92.9
200 0.25£0.011"  89.07 0.39 £0.005>  82.02 0.31 £0.018"  81.33 0.17 £0. 005% 94.5
e HCC827 PC9 A549 NCI-H661
20 41
/mg-L70 AieE A R/ %  ATRBIEE A MR %  AUMEHEEN A WK/ %  ANIETE A EIR/%
25 1.15 +0. 032 - 1.29 +0. 026 - 1.71 £0.033 - 1.22 £0.028 -
DAG 6.25 0.94 £0.010"”  23.31 1.05+0.032"  19.16 1.44 £0.020"  16.99 0.88 +0.031" 31.31
12.5 0.82+0.013"  35.69 0.88 £0.038"  33.66 1.29 £0.047"  27.11 0.88 +0.018" 31.36
25 0.70 £0.019"  47.97 0.75 £0.021"  45.03 1.08 £0.017"  40.58 0.74 £0.003% 43.57
50 0.62 £0.029"  56.93 0.47 £0.018"  68.29 0.53 £0.012"  76.69 0.55 £0. 021" 61. 60
100 0.46 +0.006>  73.73 0.23 £0.012"  88.32 0.20 0. 007> 97.07 0.26 £0. 015" 87.70
200 0.45 £0.012"  75.18 0.20 £0.014"  90.73 0.17 £0.004%  98.67 0.19 0. 002% 93. 84
e Jir NCI-H292 95-D NCI-H446
45 .
/mg- L~ I 3G 5H A i 3R/ % 4l 34 7 A 48 %/ % 4l 34 7 A il 2/ %
25 1.05 +0.025 - 1.20 +0.026 - 1.74 +0.032 -
DAG 6.25 0.86 +0.031" 20. 49 0.86 +0.027" 31.73 1.36 +0.027" 23.43
12.5 0.71 £0. 029" 36. 68 0.67 £0.017" 49.29 1.07 £0. 029" 42.15
25 0.46 £0.014" 62.12 0.49 +0.022" 59.49 0.60 +0.016" 71.39
50 0.22 £0.012" 87. 68 0.39 0. 022" 66. 12 0. 40 £0. 005% 83.02
100 0.16 +0.005% 94. 02 0.29 +0.025" 79.33 0.23 +0. 004> 93.95
200 0.15 =0. 007> 95.31 0.18 £0. 023" 94. 00 0.18 0. 005> 96. 96
W5 EA KDY P <0.05,2P<0.01,
#2 DAG X 11 £ 7 B9 A B 48 Bk 3 5% 48 h ST i IC,, 9 IR 1993
(xxs,n=3) 22: b
Table 2 IC,, of 11 human lung carcinoma cell lines treated with S gg- IT)
wel 1 T
DAG for 48 h (x +s,n=3) mg-L ™! ffg gg lT)
£ 601 :
4 bk Ic 2 b IC 2 559
> % g 50] 2
45
Calu-1 43.02 £2.29 A549 23.17 £3.74 401 .
35
NCI-H1650 39.22 £3.52 NCI-H661 22.82 +0. 64 30 . . . .
Z=H 8 16 32
NCI-H358 37.05 £4.19 NCI-H292 17.07 £1.74 & /mg.L"
NCI-H1299 32.86 0. 89 95-D 16.14 £2.76 Hos kY P <0.05,2 P <0.01 ([ 3 [H)
HCC827 31.10 £2.44 | NCI-H446 15.06 +2. 89 El1 DAG 3t NCI-H292 7B RMHM (v £5,n=3)
Fig. 1 Survival rate of NCI-H292 cells treated with different
PC9 25.07 £3.90 . B
concentrations of DAG (x £5,n=3)

3.4 DAG XJ NCI-H292 4 i P 4 1= AH 5% 2 K AR %) &

PRI B R Y T (8,16,32 mg- L),
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A.Z5 41 ;B ~ C. DAG 16. 00 mg-L "4
B2 DAG 45 NCI-H292 RSB MEHNKE (BE)
Fig.2 Ultrastructural changes of NCI-H292 cells treated with DAG

( electron microscope)

NCI-H292 #fi fifg o {2 9 7~ JE [l Bax [ AH X 38 5k 4t 4
(P <0.05) , HiilT- K Bel-2 Al X 2 1% sk 2>
(P <0.05,P <0.01) 40l | Caspase-3 K& [F ¢ # i%
(P<0.05,P<0.01), WZHEK3 A HEEH R
Vs i 2 3 Dl B — BRI 0 £ 0%, BRI PCR 9734 7= )
Tl — RAR SR R ey 1, By i & v, A
U1 e By g . WAl 3,

2.44

3 0 mg-L)
1) 8 mg-L,
B8 16 mg-L
32 mg-L

980G

B 3 DAG 3 NCI-H292 40 Bl & Bax, Bcl-2 #1 Caspase-3 mRNA £
EHEI (x+s,n=3)

Fig. 3 Effects of DAG on Bax, Bcl-2 and Caspase-3 mRNA
expression levels within NCI-H292 cells (x +s,n =3)
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4 16 45 R 40 0 T R A i A G A R
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SIEERT . AT TR A T R TN,
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(9 20, A0 A ) I RA S B0 M E RS R
21 B 8 T A R 4 2R R R Y IR R B 4 A
JIV 75 5 200 M 98 Tt B T i R 2 ) e 3 O R A
FIHLH =z —

DAG & —Fi by OB 5 7 2 15 31 B4 20 i 7 4 2%
PR 26, 3 32 00 1 ML A R i i R B B OR 2R 1
P40 DA 19 008 AL P L (o DNA & B4k, AT 470 461
DNA &, 7 T 75 5 400 0 1 0l 3 00 60 47 1 L
HALIEMH RNA AR AR AR, ZAHME 4k
T I 325 387 1% R A0 1 i s LA % s

AWFFE R CCK-8 J7 i 45l DAG XJ 11 #k Al
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57 2 Rk 1) 38 B ) 2, BUSE B SR T DAG fEH
24,48 .72 h J5 IR R RIS EH 24 h 5 80CR
B R, WiVEF 72 h J5 DAG X 4% 4 g bk ¥ 32 30 10
THGRAMEIE R, L2 T, 25 1E A 48 h JE fig
TG M DX 4 DR L1 R il 9 4H R AR X DAG ) %
P AR SCR I 25 VR T 48 b J5 #EAT A, 45 S w]
1 DAG 1B X I A 41 i ik 349 4 B S (7 344 2 1 441 1
FHIE 2 B0 M R A 0 VR B 280 AH S, 2 45 24 Rk Gk
F| 200 mg L0, XF 55% F i 457 20 A B0 0 R 2R 24
KENT 90% L I, X AS49 4H Jif Bk i 30 K 5 ik
98.67% . TEFR/NIILE M E (6.25 mg-L ™) F 4l
il %Al W] LAk F) 8.08% ~31.73% ,1C,, <20 mg-
LY BIXF DAG i hy SRR (0 40 Mk A A bk £ 45 2 %
Jiti 98 20 e NCI-H292 , A i 5% % Jifi i 40 B2 95-D F1 A
JINT i 9 40 B H446 R 4 I e 40 i 7 B R T
YLV LR /NFI A AS TR]  IG DR K il 96 53
/NG L s ( SCLC) AR 71N 4 Bt il 98 ( NSCLC) |, 7£
12 0 il 95 95 61 b, 2220k NSCLC, 5 80% L) I+
g5 b AW I T I R A HAE KRS R4
NCI-H292 4t jfi tk #E 17 J5 SLAF 5% o

AL T R T SR PR — R A BE IR
SEPAR TR AN A R AR 23 BT R B A O T A A
APy ko AWFFEHRYE 1C,, LW T 8,16,32 mg-L ™' 24
Y e B, R 65 W i Y A HEAT DAG AR FH 40
48 h JEMRTIN . 25 R R BB DAG YR EE (3%, 44
it 5% 5 A T T RS 1) 4 S 2 A A TR R AR
B 2 B AR, B CCK-8 461 45 J 5K — %k, 350 W] DAG
AR fab ARSI 9 200 B P MR A7 06 2R o 3 G PR B 0 45
R ,16 mg- L' DAG fEHIJS , i 40 i (1 1 1o
SERY LT LA P TR S SRR . AR TE S AR
fF R ZZ 48 5L Al LI DAG {E FH it 8 40 i 5 1l g2
K — RN KRBT S E MU

BT 52 A 38 45 RV 2 R AR 34 74 Ay 440 R ) 1 14 G 4
2L 345 . Bax F Bel-2 [[]J@ T Bel2 Rk, 1 &
JETELRIAS 5Tk AP REEEN, =
YR Bt g 25 9 AV L 4 F 5 4. Caspase
FEHENEW T B b LHH 22—, Hp
Caspase-3 1F Jp i 7215 5 1% 34 iy 2k [ 38 #% , w] w5 £ Fh
WTAESHE, S 5 a8 T 1 PR 4%, B A ko
Z 5 AR SE A S W s DAG R 40 4R g T
LR Bax ik L, U 723 K Bel-2 R8T A,
Caspase-3 ##7% , 45 278 DAG 1 FH 40 g )5 v A
PO T A0 T R R AR TS AR T

25 L TR, DAG R % 400 il fili 95 4H B 1) 185 58, O %
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S it 4 40 M 4 5 40 0 FEDBL A6 40 T 760 0 30
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