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Anti-osteosarcoma activity and underlying molecular mechanism of
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Abstract: The purpose of this study is to further explore the effects of SI1-4650, a newly discovered small
molecule inhibitor of spermine oxidase (SMO) in our laboratory, on proliferation and migration of human osteo-
sarcoma 143B cells and its underlying molecular mechanism. Chemiluminescence and high performance liquid
chromatograph were used to analyze the effect of SI-4650 on SMO activity in 143B cells. DCFH-DA-staining/
FCM was used to analyze the accumulation of cellular reactive oxygen species (ROS), whereas MTT and FCM
were used to detect proliferation and cell cycle. Transwell culture and Western blot were used to analyze the expres-
sion levels of migration-related proteins. P1/FITC-Annexin V/FCM, fluorescence microscopy and Western blot
were used to analyze apoptosis and autophagy. Our results showed that SI-4650 could significantly decrease SMO
activity, inhibit cell proliferation or migration, and induce a S-phase cell cycle arrest in 143B human osteosarcoma
cells. The mechanism may be related to interfering with polyamine metabolism, activating mitochondrial-mediated
apoptosis and causing autophagic death. These results suggest that SI-4650 has the potential for clinical use in
treatment of osteosarcoma.
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Figure 1 Molecular structure of SI-4650
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80 umol - L SI-4650 4b 2 48 h ) 143B 41 g, H 1 mL
DCFH-DA % T/E Wi B &5, Fr4n il B 37 CR: 724
P % & 20 min, &ERE 5 min SR 5] 1K, HERE 5 41
M 78 7 B fi . 53R 1 000 r-min B0 5 min, 3 L35, N
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B, TBST ¥EME 10 minx3 U It N i =in i &
2 h, TBST ¥ /i 10 minx3 Ik, ECL 2% &t i dar il 2 A
Riki.
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Figure 2  SI-4650 inhibited proliferation of 143B cells. 143B

cells were treated with S1-4650 (0, 10, 20, 40, 80, 160 umol - L)

for 24, 48 and 72 h, and then the inhibitory rate of cell prolifera-

tion was detected by MTT assay. X + s, n = 3. "P<0.05, "P<0.01,

"*P<0.001 vs control (O umol-L™)

2 SI1-465015 5 143B AR % £ B HAME i
gl AR o M 5 R B R, 5ot R 2 41 R A L,

SI1-4650 Kb HH ] A 1438 2 Jfa J& J1 5 A 94 8 A i 1 1) ik

FELE, S AN R AR B £, 1 Gy/G, R G,/M

B 241 e K e /D, 1 7 SI1-4650 AT 3 ) 143B 41 i 1
TE (£ 1),

Table 1 Effect of SI-4650 on cell cycle of 143B cells. x s, n = 3.
*P<0.05, "P<0.01, ""P<0.001 vs control

SI-4650/umol Lt G,/G,/% SI% G,/M/%
0 55.7242.61  24.77+1.47 19.52+1.15
40 49.08+0.69"  3359+1.89"  17.34+2.58
80 4339+1.99”  41.86+0.43"  14.76x2.42°

3 SI-4650 3l 143B 4AAE A SMO HOESSE 14

143B 4 s 4 iF 0.40.80 pmol - Lt SI-4650 4t ¥
48 h &, o i Ak 2 R ik i U4l i R FI HPLC VA4S
20 SMO & M . 15 0 HE 4 40 i A B, SI-4650 Ak
S 40 i o SMO B TE 1 B R B (B 3A), HEH
W PE M (P<0.01); Fifi SI-4650 34 & 14 fin, 4 i
SMO JiE ) Spm & #i 1#4 % 1l 74 Spd B 2 /> (1 3B),
A H,O, & & 5 R a3 (&13C), 4t & 2 ik
EEMEE T, $#5 SI1-4650 A8 2 H] 1438 41 i
Ht SMO i 5 P, BE Spm %% 46 Spd 1) B2 ) B, F
P22 e AR, I8/ i e 20l e 2 i
4 SI-4650 #1Hl| 143B AT

F Transwell £ A 43 #7 1 SI-4650 % 143B 4H g i 7%
RE ST sE ), 25 Bk L5 6] HE 4 i AH B, SI1-4650 b 3
Jei 2 Tk PR L 0 40 B 2 98, $ 7R SI1-4650 i A )
143B 41 i #%, HAMHIRe 11 R ERHME (B 4A~C).

13— 20 FH Western blot &l 1 1T A % B 1 %
kK-F, B SI-4650 ¥ 2 39 I, 143B 41 g v 1 284
B4 5 25 (1 E-cadherin ¥ 38 1K & 1% TH &, 10465 B AR
1 N-cadherin 13 & 2 (4 Vimentin 2 i& &8 > (K
4D). #E7~ S1-4650 11| 143B 41 filiE & I HLHI 7T B S5
S8 T 4 e [ 26 B, BRI 4 S B RE 77, 1755 T e A L 1)
b R 3R B e A AH O
5 SI-46501% 5 143B fAAE T

PI/FITC-Annexin V X 4% it 2040 B AR 57 (&
5A), 143B 41l Jfi1 4 40,80 umol - L SI-4650 4k B 48 h,
FITC-AnnexinV (+)/PI (=) F1FITC-Annexin V (+)/PI (+)
4 ff K 5 35 B S1-4650 ¥R FE IS =TS n . $27 S1-4650
755 143B 4l g R AR T .

Western blot # | 143B #H g 98 1= 41 9% 25 [ A1 iR
Y AR 73 BT 40 i 2 R 4 i A7 (1 5B I C), &5 S aT
U, S1-4650 B 51 AT 143B 4 i Py A5 & M 8 T Bf A B2 1
C-PARP ik /K~ B R 3G hn; E 4R T & H Bax. T
W R T4 2 E Bel-2 (1) %k 7K1, Bax/Bel-2 HU{H 2
ZTHE 4K K Caspase 3 £ IA /D, w VI E| 5 G 15
') c-Caspase 3 7 & ‘2 2 34 I1l; H.{& DIOC6(3) 1) 4k £



- 458 - 222224 Acta Pharmaceutica Sinica 2019, 54(3): 454 462

w
2
in

_‘:Qc.?‘ 300000 O 0 pmet-L! < -
: — . = [ 40 ymot-L"! i,
ﬁ 250000 § zof M sopmoii?
2 200000
5 g 15
2 150000 &
= 100000} “g 1.0 e
50000
pis z 05
= " = ...
a 0 40 80 o0
Concentration of SI-4650 / pmol-L"! Put Spd Spm  Total PA
€ a5
350- Mean: 1263 2504 % Mean: 1067 i Mean: 901
300 | 300 - E
i 250
250 250 i ]
i i
g 200 - g 200 | e
! ]
150 150 E 150
100 100 E 100+
50 50 ' 50+
i
[ R . - - L B - - 0 e -
[ N R T T ' 1 0w 1w
DCF-A DCF-A DCF-A
0 pmol-L! 40 pmol-L-! 80 pmol-L!

Figure 3  Effects of SI-4650 on SMO activity in 143B cells. After treating with SI-4650 (0, 40, 80 umol - L) for 48 h, chemiluminescence
assay was used to analyze the enzymatic activity of intracellular SMO (A); HPLC was used to analyze the changes of cellular polyamine
contents (B); DCFH-DA probe staining/flow cytometry was used to analyze the accumulation of cellular reactive oxygen species (C).
X £, n=3."P<0.01, **P<0.001 vs control

A SI-4-650 0 umol L' B SI4650 40 umol Ll c  SI-4650 80 u.mol Lt

Relative protein expression

pacn |- 0w
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Figure 4 Effect of SI-4650 on migration ability of 143B cells. 143B cells were treated with SI-4650 (A: 0 umol - L, B: 40 pmol -L*, C: 80
umol - L) for 48 h and then the migration ability of 143B cells was detected by Transwell assay (200x); D: Expression level of migration-

Hokk

related protein determined by Western blot assay and quantized graph. X s, n = 3. “"P<0.01 vs control

TG AH 8 2 2450 P 1) T v B A, 2% W 2 R AR 6 SI-46501% 5 143B 4HAE B &
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4650 18 1 Vi 1 2R A2 ARG (10 4 B U T % 45 15 5 143B Ji, 43 5 Fi 0.40.80 pmol - L SI-4650 4k ¥ 48 h, {3 &
R AT eI 0B T WL %% 143B 41 A R A IR 14 R IA 1 GFP-
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Figure 5 Effect of SI-4650 on apoptosis of 143B cells. A: FCM was used to determine effect of SI-4650 on apoptotic rate of 143B cells; B:
Western blot assay was used to determine expression levels of apoptosis-related proteins and quantized graph; C: FCM assay combined with
DIOC6(3) probe to detect the change of MMP. x + s, n = 3. "P<0.05, “P<0.01, *"P<0.001 vs control
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Figure 6 Effect of SI-4650 on autophagy of 143B cells. A: Fluorescence microscope was used to observe subcellular distribution of GFP-

LC3 fusion protein in 143B cells (1 500x%); B: Western blot assay was used to determine expression levels of autophagy-related proteins. C:

Western blot assay was used to determine expression levels of autophagy-related proteins of 143B cells treated by 2.5 mmol - L 3-MA and
80 umol - L SI-4650. X + s, n = 3. "P<0.05, *"P<0.001 vs control; P<0.05, **P<0.001 vs SI-4650 (80 umol-L"?)

Table 2 Inhibition rate of 3-MA and SI-4650 on growth of 143B
cells. x £5s, n = 3. “P<0.01,”"P<0.001 vs SI-4650 (40/80 pmol - L)

SI-4650 / pmol - L*

Inhibit

nhibttor 0 40 80
3-MA 0 mmol-L™ 0 2286+453  55.38+2.62
3-MA 2.5 mmol - L* 0.33+4.43  826+683"  28.67+281"

JFH SI1-4650 1 1] 48 h ] 143B 4 ffil 7 Beclin-1 #1 LC3-1I
FiL WD, [F I 40,80 pmol - Lt SI-4650 %f 143B 4H fifd
(1 410 1) 2K 43 51 A 22.86% F1 55.38% N [% 4 8.26% £l
28.67%, % M4 3-MA Tl 4b # BE 4111 S1-4650 %5 5 143B
B W, [ IS D55 S1-4650 X 1438 iR 48 fifd 1 £E K-
HHIAE F, $E7 S1-4650 175 5 410 [ W AR T 2 H i A
B IR 143B 4R 5 TALHIIZ —

g
B AR A B LI B AP R, e R T
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F SI-4650 S LA SMO Ay #E 55 ¥ 1 i % 19 E (1 /N 4
IR, A TE B SR A6 2 ki i A i A
HPLC 238 IF S1-4650 Xf 143B 41l g+ SMO i 14 1 52
Wi o 45 5 5 R BE 35 S1-4650 YA FEE X1 i, 143B 48 i
SMO ity 3 M 12 3 FRAIC, G 02 S 82 7= 4 Spd #1 H,0,
FrEAKCEZE D R B, TR Spm R EERE I . TR B R B0
SI-4650 fit = 2040 1 143B 41 g (¥ 1 58 (48 h, 1Cs, N
79.85+3.32 pumol - LY), H A28 5 S1-4650 1 FH B[]
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