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Artificial sodium channel amine ligands suppress growth and invasion in prostate

cancer cells in vitro
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[ Abstract | Objective  To determine the effect of artificially synthesized sodium channel amine
ligands (SCALs) on the growth and invasion of prostate cancer cell lines. Methods  SCALs compounds,
S1127, S1156, S1169, S1170, S1178, S1180, and S1182 were synthesized and confirmed. Prostate cancer
cell lines, PC3 and DU145, were used in this study. The cell viability was assessed by MTT assay in the cells
after the treatment of SCALs respectively. The cell apoptosis and cell cycle progression were assessed by flow
cytometry. The cancer cell invasion was assessed by Transwell chamber assay. The protein expression of
prostate cancer sodium channel o subunit, Nav 1.7 was determined by Western blotting. Results  Three
compounds, S1127, S1169, and S1180, inhibited the growth of tumor cells in a dose-dependent manner.
S1180 was found to be the most potent among the 7 compounds. The ICy, values of S1180 were 2. 9 and
2.5 pmol/L respectively for PC3 and DU145 cells. At 10 pwmol/L, S1180 improved cell apoptosis in 12. 89%
PC3 cells, and suppressed the cell invasion in 75.53% cells, and exerted significant effects on cell arrest, and
down-regulated Nav 1.7 protein expression. Conclusion  Three SCALs compounds, especially S1180, have
obvious anti-tumor effect on prostate cancer cells, and might be a potential therapeutic agent for prostate cancer.

[ Key words ] voltage-gated sodium channels; sodium channel amine ligands; prostate cancer; PC3

cells; neoplasm invasiveness
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2 Bk AR F) R 98 40 0 PC3 . DUL4S 34 2 A 5236 % R 77
DU145 4jfa s 75 F 2t B % RPMI1640 15 32 W%+, PC3 41 il FHl
FI2 B35 G 9% . S5R39 10% 2k i, T 37°C 5% CO,
G R, 2 ~3 d 15218,

FPES 3 T8 S AR - S1127 . S1156 . S1169 . S1170 . S1178
S1180 ,S1182 M PR LB} K 2 24 e 22 e sl 2 b AR 15 s R
7 RPMI1640 ( HyClone 7\ ], 2% [ ), HAM® S/F-12 k% 3 3t
(HyClone A ], 3 H ) ; 4R ML (HyClone 24H] , 32 ) 5 P4 FF 5
R 2 ( Sigma A W], JE ) 5 —H IR (Sigma A F], L) 5 8
FRER IR (AL R S E M AR A R A ) 5 IR (FE R
WHAGRAF) s T & ( RIg A ) ; Matrigel i
(BD A #], ) ; Transwell /N%E (Coming 2], K H ) s 51

iRk & (Bio-Rad 2w, £ [H) , Z D) RE A5 1Y ( Tecan 23 H],
infinite M200) ; BEE 1% 22 45 ( Viber Lourmat /A7), ) o
1.2 SCALs #5455,

o PRI 2 2452 [t 24 A 3 280 452 1T BN 425 ) A 400 e £
3D QSAR Y CoMFA ( Comparative Molecular Field Analysis) ({44
R £ (structural activity relationship, SAR) 438 52, 857 T LA
P AR O o T 1 2 W 5 R I
REAL SN TERZ S A ROC R I BE Al b, Bt g 2L
AN T E AR L T AR R T E O
R e TP R 25 045 B AL IF B T — RIS SCALs, 3k
7R, 5y Bl 4w 5 S1127 ,S1156 ,S1169 ., S1170,S1178 . S1180,
S1182, X —JAbGW) i R HE , A B AR A E S &
OHY NH s BB 2 AR /Mg K e &0
1.3 MTT &4 am jo A 7 5

W A 53 R e 96 LA (4 ~5) x10°/4L] £ 37 C
Big% 24 h g, 4wl A S1127 . S1156 . S1169 | S1170 , S1178 |
S1180,S1182(1.,2.5.,5,10.,25 50 pwmol/L) , SCALs Ff§ DMSO ¥
R TR PR 4 8, B AR HEAR B 1 000 A% 5 i 24, [] ik A% B 1 000
&5 H) DMSO AEFAE X RA . R DR B 3 P A7 4L, Iny
JaHiFR 72 h )5 BALAHIMA 10 pL MTT %53 (5 mg/mL) , 7E
37 CHiFE3 h Ja v BD B BE W, AT 100 pl i) — H1 &L 7
(DMSO) FE53 ¥ il WP 4. T 22 2D RE Bl AR AL AE I 4 490 nm
AT SFEGRE FEAE . A A7 3 1) 92 50 AL AR Ol % B2 B LA X BR AL
oG BRI, BRI E A 3 kel 3 L L
1.4 R X e slsn g fe =

BOSECE I PC3 401, R0 7E 6 fLak b, I MTT 32
i et SO R BRAR Y S1180(1.,2.5.5 .10 wmol/L) A T4,
FRHPIAFEAT,48 h G UE A AL AN A 13,2 000 r/min 2.0
5 min, 3% B3, A PBS PR 2 1R, L 200 L 1 x 254K B 40
JiiL, A 5 wl Annexin V-FITC Y a8 Y851 J5#E5E 15 min, F0
A 10 pL P12 ~8CHEEHE 5 min,

PHTHRE = TIRALRT B 43 b/ X HBAPH T H 43 L x 100%
1.5 A fmpetibm) g e B 2R

W 2: S1180(2.5.5,10 wmol/L) 4B f5 Y PC3 2 g 4%
6 x 10°/mL, il PBS Y2 Y, A 70% Z R e 4 Ciba, 7 2
[, PBS PbJ5 HE T 100 pg/mL RNAase 2 50 wg/mL PI
190.5 mL Je i, 4 CahE g 30 min 5 3 2 40 i ASCR: I 40
Jitl DNA & i, THE & A Y o]

1.6 Transwell 4k 43 £ 52 3

KM Corning 237 8 pum MEARATHE BT AY Transwell /v, LA
TCMLIF 55 5 HaAf B Matrigel 52 (8: 1) ,50 pL G B3R, A
WEAR I . IEH I AL PC3 A5, 76 L= Hoin A 100 L & i
TR (A 2 x 10°4) I & 1 B N2y , Al £ /N3 1
TEPIIA 600 WL 75 10% Jif 4= MLk (¥ J5 35 360 ) ot 4
AN TC MG R TR, Ak S R 48 h S /N E IR A R
ERPERR - S ICERAN M, T PBS {550t 3 1K, 4% £ 5 I &1 5 4 g
30 min,PBS Bt 3 W, ARG A 0. 1% 25 Fh 2 YL 6 20 min, £
TERAEE T (K 20 £5) UL 10 S8 BARTR AT, IF 4T
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1.7 Western blot 4| 4m ¢, Nav 1.7 & G k&

PC3 ZHff12: S1180(0.5.10 wmol/L) 4bFH 24 h j5, vk [/
A E AR IR AR 1,4 °C,12 000 r/min E5.0 30 min, 37
i BCA P E AR S T E A g w5, A S x
SDS FHEGE R ,95 CA& Mk 5 min i8R 4B M, 4T SDS-PAGE
HL K, AR5 iR (220 mA 2 h) $ 8 %8 0.22 um [ PVDF %
o MEFIBIEAIE R B 2 b J5, 1 400 FR B Nav 1.7
—Pi 4 CHEIW . 52 REWEEHE 1 h 5% 10 2340 H TBST
VERE 1 63 WG AR E FIAE R R ic —HiERBEE 1 h )5k
JEE, T8I LR 2R BE G R AT o
1.8 &“itsxam

B DL & x5 FR >R SPSS 11,0 Seit kAT R 2
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2 HR

2.1 R SCALs %87 7 Ak 2 e 6 7 A 2R
g 1 PR ARG 7 Ff SCALs A0 i 8 41 72 h
J5 ,PC3 J DU145 4 il $4 %F S1170 ., S1178 . S1182 A=K, T

S1172 ,S1156 S1169 ,S1180 ¥ 4fl /1 i1 3 445 52 0, HLFifi b B

%o 1€ PC3 4l DUL45 4, L% 245 9 9 OB I S
S1180 > S1127 > S1169 > S1156, 25 MTT i 1% 4 1L, S1180
FE 7 Flt SCALs th A58 R i, J5 82925086 LA S1180 Sy T 1i2Y
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*1 7 % SCALs %t PC3 40 A1 . DU145 20 B89 3245 2B ( umol /L)

PC3 4y DU145 4

SCALs

1Cy 1C5g 1Cgp 1Cy ICs, ICg
S1127 1.1 4.4 9.4 2.6 4.9 10.3
S1156 5.2 9.4 17.6 2.8 15.23 22
S1169 1.8 3.5 11.6 9.9 17 24.8
S1170 24.8 >50 >50 16.67 >50 >50
S1178 22.3 >50 >50 4.8 >50 >50
S1180 0.8 2.9 6.8 0.8 2.5 11.3
S1182 10.7 >50 >50 9.6 >50 >50

2.2 S1180 42t PC3 2t /A =

AT EE R R ALY S1180 AbHE 48 h )5, 2 a4
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2.3 S1180 %} PC3 4m i, ) #A 33 42 04 [ 45 )

ANTE M BE g S1180 AbBE 48 h J5 , Vi 2K 201 M ASUAG: ) 2% B i
7R, Gy/M W4 FLIFE 510 wmol/L S1180 AbFRA |- FF, 5%t
MAMLIL, ZR A RITFE L (P <0.05),5&H] 5,10 wmol/L
S1180 512 PC3 4 i A WABHLME T G,/M B (&1 2) .

sor w4
70F 2.5 wmol/L S1180 £H.
B5 pmol/L S1180 21
60 010 pwmol/L S1180 4
~
< sof
=
R 40f
o
=
= 30r
IS
20r
10 \

0

Gy/G, G/M
a:P<0.05,5 s B4
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2.4 S1180 #p%4) PC3 m etk SN2 248 A

Transwell {378 5256 45 ¢ W w : AR [R) ¥R B2 (¥ S1180 X%if
PC3 4347 T HUG , 5% BRA1( DMSO) A L, A 5,10 pumol/L
S1180 J ¥4I MAI AT 91 i 4 M P 1R 22 RE 11 (2 2 1 3) .

&2 S1180 3f PC3 AAAMEIMEREMHM(n=10,% £5)

A5 REE(%)
popel 100. 00 0. 00
5 wmol/L S1180 41 36.26 £2.76%
10 pwmol/L S1180 41 26.47 £1.30°
a:P<0.05, 5 % i 20 L 4%
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1.7 EEAREA BEWHIEA (& 4) . W] S1180 Fel WA
Nav 1.7 3 P3R5, M 4012 2%

- T ’ BRSO S
o
oo % ., ‘s" 2
o o s s 5 & T
° o o . s
s % % o ' < " 8
lof T o - . Ay .
e : y 5 S
- . ..' g & .‘ I
o oo OB ©a o WS G
[ g 1 e .o : g V.
e B, SR LAz
g % "8 . B M . &
- . L H
L o 3 3
-.' A P - I s 2 AP, 2
L. & . . e T’ 5
'7.* cop ¥ : . «d v
-‘ B - TP
| - . - L
Eor e L4 \AA t £

. . e ,.?‘c' B s Qe @ w0
o o% . e e 4 o oa ol
o8 . & o SRR oot
e L S
o B
"

o s .
o o - . e oo
° ° . By . o0 e L2 -2 ° o0 &Y
HEWRI. -0 " | SRR B S
ol - | ™ 3 ° ° oS ' e« 0 0o o o L
LAl . . ° * o g s s "o ¥
e
° )

-
. R .
. -~ i ey o0 s
# %02 o @ - »
o . ° % o0 - 4
o, o . 5 . . LR S0
B o : .
.\° _n <88 5 S 2 “' E R o
° o e 3 ° 3 %y %98 ° %
MR WS T ENa e s Be ) w7 T, G e {
B 4 o s s .
. P S 3 s ese @ T g
° - e °
e

1 2 3
Nav 1.7(250x10°)— ‘ “ ™

B-actin(46x10°)— — - - ®

40p
2 3

3.5f
it 3.0
2151

X ost
=20t
=
= 15f
# ot

0.5t

0

1.2 p40;2:5 wmol/L S1180 #8;3:10 pwmol/L S1180 41
A: Western blot #i4 R ;B. ¥ £ 454 a:P<0.05, 55k
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AP B Navl. 1 ~ 1.4 Navl. 6 FI Navl. 7 X ] 5 8 2
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Xl H 6 A o BRTEL B 85 B R B R ST ~ 6, TEfH
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I A2 P R e DRt i o G e e 440 e 1 40 i
AT BE LA “ AT %A DIRETE R VGSCs Fak al {# i
JeE AN S I L RS L FE . A EHE R B, VGSCs
AR SR A8 S T A R A 5 B o e e A R LR
A BRI A M ( Mat-LyLu 41 ) K% i 5% B8 1 R 9 Bij 8
AL (PC3 40 ) 43 50 A0 X F 55 75 B AT-2 41 g J2
LNCaP 4 g, H: VGSCs ) o M. BAf7 SCN9A ( Navl. 7)
mRNA &35 F %] 1000 455, [ & 8, TTX sk
(A S T L A AE T e S R MR 9 B 40 1

Bt Xof i A1) B 9 S LAt IR (1) VGSCs D BE 5 iy
SR UIAH G, — 28251l VGSCs 3 1 BH 18 711
AN E PR 5578 o ST o, TTX AT 306 250 A28
W 1A 2K 3l 1 LR R L R S R g e A0 R T
B2 UK 252 2 R (VGSCs BT ) 4 5l iy 1) i
SN WA B A S B0 PSA R 16", HRiT, %
XFEERSPEFLIE VGSCs 1 o WAL Navl. 5 [l A 5T 35
1B IR, I Navl. 5 A 45 g LRI B (0 25 4045
11 Navl. 7 J& R4 B9 0 e £ S U b o (AR
WFoE SR , N HT S B ses o B D) A A0 s o2 i PCR &
Bl Navl. 7 (5 mRNA kK583 IR wisl i
A RES A 25 SR [ R s VGSCs 133k 1
P PRI LA Navl. 7 75 S 5% 5% 1 1 51 B 96 8 1) 245 4 4
PR L — DT

N LA BN TG 2 s A7 254 1) S 22
RUF . B THEHUA B 2591511 ( computer-aided drug
design, CADD) £ XH#EbR O L5 F B & 90, N T &
WG , AR NN R TR I PR T 25 B R 2R
[ s 7 e A R T AT A P ok , A B R B0
g A K AL & o

AW LA RS A 240 L 25 3 1A SE A,
3D [ CoMFA ¥J5{ 06 R S5 MR8 1F, FE AT N T4k
ST — FR G B T e R A, 15 3 T FR Ak
& M. S1127 . S1156 ., S1169 . S1170, S1178, S1180 .
S1182 . 3 2L iy 41 A 20 A 1 PR SN R i 98 AN T4
G P R A A ) 1 ) At 4 o 2 K A AR, , DA 32
o A RS R AN A K 2B R e 2 . oK
Bk L 0% S1127 .S1156 ,S1169 . S1180, Ji Hi /& S1180
XoF A1) B 9 200 LA % A VR R 5, DL PC3 240 i 5 m 4
J&, PG FRATT I L Transwell {728 52 55 451 S1180 X
PC3 4l {22266 1 i s i, F 3t X 200 B S0 ) JHL A1
200 O T e BEL i 40 JE 0 B B T, DA BB X Nav 1.7
HEAFRMRZ M, 7R I 254 7] RE A iR YT HRPC (1

— B2y (1 2 2R SR IR AR I

L5 L RTIA 4R e R O AR S1127 .S1169
S1180 iX 3 P b AW HE <17 pumol/L ¥ & P R B H
XFRITH IR 20 i Ak (PC3 20 fitg . DU14S 40 ) A W 2 /Y
AR, I H S1180 REARUE A 4 Ml {2 5% , 2 i
2R MR T, BELORT 20 i S SO , T R AR Nav 1.7 EH
ik, 0 SCALs BN BT MR 244 58 7 e S

S Xk
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