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[# Z] HE: HiTAERam (CHE) XA G0 § 48 SKOV3 4 L iE 4% . 228 F 1 fz -] 5t % 1k
(EMT) M3mdIfER, B BHAROCAE IPLM . JFes: KON IR SKOV3 AL, 2 XM 2.5, 5.0,
10.0. 20.0 % 40.0 pmol-L~ " CHE 41, SRJHMEMEEE (MTT) il 4 4120 i 3% 58 10 il % . K41 K5 37
SKOV34iff, kit dl . #% & KK 7Rl (TGF-B1) 4. TGF-B1+5 pmol-L~ ' CHE 41 fl
TGF-1+10 pmol- L™ 'CHE 41, R FI 4H M Ja 5 52 56 A6 0 4% 41 40 M iF 8% %, Transwell /)N % 52 56 46 1 4%
220 B P B A M ORI AR 2R AR i K, Westren blotting % 4 I 2% 26 40 g b E-#5 25 & B (E-cadherin) |
N-#5%5 % (1 (N-cadherin) FEJE & 1 (Vimentin) 2 1A K T, G 5¢ 6 Yo 0 K6 I 45 20 40 il
E-cadherin #l N-cadherin 7 Y658 . Z58. MTT#, SXE4 4, 5.0, 10.0, 20.0#140.0 pmol-L ™"
CHE 21 20 o 58 54 i 3R 0 BT (P<<0. 0588 P<<0.01). 40 RIIRSEE:, SXFm4 i, TGF-p14H
AT AL R B B T (P<<0.01); 5 TGF-Bl4l %, TGF-B1+5 pmol-L~"'CHE 41 f1 TGF-B1+
10 pmol-L™'CHE 4 40 i iF # F W 8 %A% (P<T0.01). Transwell/NESLH, SXHEH L E, TGF-R1 4]
21 it rp T RS A0 R R RN AR 2R AN M K B (P<<0.05); 5 TGF-Bl 4l 4, TGF-B1+5 pmol-L™"
CHE 41 f1 TGF-B1+10 pmol-L~'CHE 41 40 i v iF #% 41 g %R 42 72 40 i £ 8 ek 2 (P<<0.01)
Westren blotting ¥ , 5 X MU L, TGF-B1 4040 Ml th E-cadherin 8 1 % 35K F W R FEAR (P<<0.01),
N-cadherin #l Vimentin 2 [ 35 K F B 8 7H 8 (P<<0.058% P<<0.01); 5 TGF-Rl4 4, TGF-pl+
5 pmol-L™'CHE 41 1 TGF-B1+10 pmol-L~'CHE 41 41 g "h E-cadherin & 1 35 K F W B 7H i (P<
0.01), N-cadherin Fl Vimentin 2 F1 &5 KV B B FEAL (P<<0.01) . sty , 55X A A,
TGF-B1 41 40 §fd ' E-cadherin 2¢ )6 38 B B 5 &Ik, N-cadherin 2¢ 658 B B @ F+ %55 5 TGF-B1 41 b4,
TGF-B1+45 pmol-L™'CHE 41 1 TGF-1+10 pumol-L~" CHE 4] il }ft b E-cadherin %% 5% 5% & W] & T+ 75 ,
N-cadherin %¢ )¢ 38 £ WH i B K . 4538 . CHE GEAE 0 H1 A U0 S SKOV3 4l ks 5 . T8 . REM
EMT.
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Effect of chelerythrine on migration, invasion, and epithelial-
mesenchymal transition of human ovarian cancer SKOV3 cells

ZHOU Jia', QIU Zhidong', LIN Zhe', LYU Guangfu®, XU Jiaming', LIN He', WANG Kexin',
WANG Yuchen', HUANG Xiaowei"*

(1. Department of Clinical Pharmacy and Pharmacology of Chinese Medicine, School of Pharmaceutical
Sciences, Changchun University of Chinese Medicine, Changchun 130117, China; 2. Department of
Pharmacology of Traditional Chinese Medicine, Jilin Ginseng Academy, Changchun University of Chinese
Medicine, Changchun 130117, China; 3. Basic Research Institute, Northeast Asia Institute of Traditional
Chinese Medicine, Changchun University of Chinese Medicine, Changchun 130117, China)

ABSTRACT Obijective: To discuss the inhibitory effect of chelerythrine (CHE) on the migration,
invasion, and epithelial-mesenchymal transition (EMT) of the human ovarian cancer SKOV 3 cells, and to
clarify the associated mechanism. Methods: The SKOV3 cells were cultured in wvitro and divided into
control group and 2.5, 5.0, 10.0, 20.0, and 40.0 pumol-L~' CHE groups. Methylthiazolydiphenyl-
tetrazolium (MTT) assay was used to detect the inhibitory rates of proliferation of the cells in various
groups. The SKOV3 cells were cultured in vitro and divided into control group, transforming growth
factor-f1 (TGF-B1) group, TGF-B1+5 pmol:L ™' CHE group, and TGF-B1410 pmol-L ™' CHE group.
Cell scratch assay was used to detect the migration rates of the cells in various groups; Transwell chamber
assay was used to detect the numbers of migration and invasion cells in various groups; Western blotting
method was used to detect the expression levels of E-cadherin, N-cadherin, and Vimentin proteins in the
cells in various groups; immunofluorescence staining method was used to detect the fluorescence intensities
of E-cadherin and N-cadherin in the cells in various groups. Results: The MTT assay results showed that
compared with control group, the inhibitory rates of proliferation of the cells in 5.0, 10.0, 20.0, and
40.0 pmol-L~! CHE groups were significantly increased (P<Z0.05 or P<C0.01). The cell scratch assay
results showed that compared with control group, the migration rate of the cells in TGF-31 group was
increased (P<<0. 01); compared with TGF-B1 group, the migration rates of the cells in TGF-81+5 pmol-L ™"
CHE group and TGF- 81410 pmol-L.”" CHE group were significantly decreased (P<C0.01). The
Transwell chamber assay results showed that compared with control group, the numbers of migration and
invasion cells in TGF-B1 group were significantly increased (P<Z0. 05); compared with TGF-81 group, the
numbers of migration and invasion cells in TGF-g1+5 pmol-1.™" CHE group and TGF-81+ 10 pmol-L.' CHE
group were significantly decreased (P<C0.01). The Western blotting results showed that compared with
control group, the expression level of E-cadherin protein in the cells in TGF-81 group was significantly
decreased (P<C0.01), while the expression levels of N-cadherin and Vimentin proteins were increased (P<C
0.05 or P<C0.01) ; compared with TGF-B1 group, the expression levels of E-cadherin protein in the cells
in TGF-Bl1+5 pmol-L.~" CHE group and TGF-Bl+10 pmol-L.™' CHE group were significantly
increased (P<C0.01), and the expression levels of N-cadherin and Vimentin proteins were significantly
decreased (P<C0.01). The immunofluorescence staining results showed that compared with control
group, the fluorescence intensity of E-cadherin in the cells in TGF-1 group was decreased, and the
fluorescence intensity of N-cadherin was increased; compared with TGF- 81 group, the fluorescence
intensities of E-cadherin in the cells in TGF-81+5 pmol-L~" CHE group and TGF-81+10 pmol-L~*
CHE group were significantly increased, and the fluorescence intensities of N-cadherin were decreased.
Conclusion: CHE can inhibit the proliferation, migration, invasion, and EMT of the human ovarian cancer
SKOV3 cells.
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1.1 w4 2 2XNARNE  OI§UESKOV3
A CGRIGEEFE A mRHCA R AR . CHE (E
IR AR R AR, 415 B20052) . i
1My (WK Clark 24 &), RPMI 1640 K 37 3t
(3£ Hyclone A7), TGF-p1 (Z£[H Cell Signaling
N d) ), Transwell /) % fl Matrigel % it ig (€ [
Corning A Fl ), —H WM (dimethyl sulfoxide,
DMSO) A1 #g ™ 5  (methylthiazolydiphenyl-
tetrazolium, MTT) (b RFEEFFARAA),
E-45 % & 1 ( E-cadherin ). N- 45 % & 1
(N-cadherin) , #JEHEH (Vimentin) FlB-lzh &
H (B-actin) (R =B AEWHARAR LA,
Alexa Fluor 488 #5 ic I 2 #t % IgG (H-+L) Al
Alexa Fluor 647 fric I ¥ 1gG (H+L) (L
BRKREYHBEARAE) . BERTAES (B5.
SW-CI-1FD, & i A n), 8 b5+
i (A5 MCO-17AIC, HEE SANYORA ), %
e s (5. N73, HZAOlympusA#]), &
PPk A (B85 . BE6085, 3£ [E Bio-Rad 24 #l ),
ZIREALF SO AR AL (B . Q9-Aliance, e[

mesenchymal transition,

Chelerythrine; Ovarian neoplasm;

Epithelial-mesenchymal transition; Transforming

UVltee A d& ), £ I 68 W fL 8 b5 1L ( & 5.
Multiskan FC, Z&[E Thermo /A #) ),

1.2 @i U4 SKOV3 AR H & 10%
Jif 4 Il RN 1% 75 -85 F 1) RPMI 1640 K; 5% 3L 78
37°C. 5% CO, A #53%

1.3 MTT:kmMEMmbgamad BOEUE
KW SKOV3 4l , LA 1X10'mL ™" % EE /1T 96 1L
ML SRR, 24hFEm&AHAMAO, 2.5, 5.0,
10.0. 20.0 1 40.0 pmol-L"' CHE, #4541 &
fL, Opmol-L ' CHEZ A X M4, FFH 24, 48F1
72h)5, BALMA L0 uL MTT %W, 4 hJa % L
. A 150 pl. DMSO 7t 55 % fift W, i b A
SE 570 nm K ANOGE (A) {H, & 440
FEMH R, MM EM R = [1— (AL
AE—=HAILAME) / (B AME -2 HAL
Aft) 1 X100%.

1.4 ZmpXREBENSEmEEHE T
AR SKOV3ZNAE, LI1X10°mL S EHFT 6 L
A EE SR, A X IRAL . TGF-RL4l, TGF-pl+
5 pmol-L7'CHE 4 #1 TGF-B1+10 pmol-L.”' CHE
. XTHRAL . TimiE R R SR, TGF-BL4: 7
g 0 B 5 b A 20 ng+ L' TGF-Bl; TGF-B1+
5upmol-L™" CHE 41 : 7 40 ffd £ 7% 5 b 43 51 m A
20 ng+L.”' TGF-B1 M1 5 ymol- L' CHE; TGF-pl+
10 pmol-L™" CHE 41 : 7E 40 Jf 35 % & vh 43 5l im A
20 ng+L™' TGF-B1 fi1 10 pmol-L™' CHE., Fi24 h
JE AT SR . Al ML A K & 80% Al A B, A
200 pL B WA AR Sk Wy AN FLH R 26, PBS 2% i i
TEVE S H . 24 hJs X [E]— 07 B AR iR, 35 an
MliER R, MEEHRE= (OhxHMM—24 h=
FEAD) /0hzs A X 100% .

1.5 Transwell > & 5 B4 M| & 20 40 fioo 3T 45 4w o
Az mie HMNAN 147 HHEkEN
SKOV3 4 Mi H Jo il 3 35 7% 3 & &, LL2.5X
10° mL7'" % & 2 Ffp T Transwell /N=E 2, &1L
100 pls FE4 AN A & 10% 1L 7 0 5 37 3 i 6
1) TGF-B1, TGF-Bl+5 pmol-L.'CHE il TGF-Bl1+
10 pmol-L™'CHE, % fL 500 pul.. 4k 4L 55 3% 24 h
JG . PBSZEMBEVE/NE, 4% 28 W w4
IEHES R g, MBRTEIL/NE L2
Je . WAUBE N A IR IR A, 34 BE ML B B
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F14) 25 TS 240 J0 50 340 {1 B0 Ay A B8 FNA 2B A 4, AR el
JLE R FIR 2R J) . Hirh, (RELEERATENE
2 Matrigel JE I, JE 22BN I .

1.6 Western blotting & # ® &2 28 j& 7 EMT 48
2EGEREIRTE QA AEN “1.47, KT
AR A SKOV3 4TI LA 1X10°mL ™" % & 4% fp T
6FLANMIBE TR, Al A K 2 80% Ml A B, 3
B, A TR TR AR, 2405, TR
Y2 PBS 22 Ml vk 4, B AL o A R g
0 ) 3500 0 B R AT o R0 B RIPA S48 150 pl, 40
Mo T, 12 000 remin &0 5 min, 15 %]
A MR A0 TS . BCA R kit 51
& E B BT B T & . #E 1T SDS-PAGE WK
W, BEMCU R 120, BAL BFER O 15 pL, HIJK
180 150 V. 80 min; 1Bk % WL, T MLk
200 mA | 45 min. 5% BAE WK £ 2 h, TBST B
YWa, i A E-cadherin, N-cadherin, Vimentin
M B-actin Uik, 4 B UL T 45 LA B, 4 "CokA %
HFakn; WHIE—F, TBST k%, —HHEH
2h, ECLECW W0, 28 &t g
M, SR Image J PR 40 07 8 1 4% K BE A, 11
HIE A RAKT . BIWEARILKF=HMWEN
FO KA/ NS 8 1 4% KA .

1.7 %BEFALEEANELAmI P E-cadherin Fo
N-cadherin % X3 E 41l 2A 0L “1.47, ¥iabT
XA KA B SKOV3 A L 1< 10" mL ™" 4% B 45 Fh
F 6 FLAN AT TR P, A0 K & 80 %0 fill A I,
bW, B AT LT ALGLE, 2405,
PBS Zoh il vE A 40, 4% Z R EEE E i, I
FH0.1% Triton X-100 #1740 B 4T L . 5% BSA &f
4] 60 min )5, 2330 A E-cadherin #1 N-cadherin $1i
e, HE UL B IR R, 4 CUKFEM R R . K
H Mg —¥30, TBST #%, Alexa Fluor 488 #5ic 1l
PR 1gG (H+L) % F E-cadherin 41, Alexa
Fluor 647 #5 i 1 ¢ #t & IgG (H+L) B F
N-cadherin 41, % _HiWEE 2 h, I DAPI (@
10 min. 2R %6 6 BB X 9 615 5 AT W2 IR 40
B . R Image JFCPRAG I 28 B, DA 9 ik
ZFEoN % 2H 40 i b E-cadherin Fi1 N-cadherin 25 (4 % 35
R

1.8 %t %44 R SPSS 22,04 i ik 47
SN e 2 TS St OB N1 UG S 22
IR Fi i 22 40 i 50 S EMT AH 56 28 11 £ 3k K F ¥ 55

BIEBDHIETEF, DatsFEn, ZHBEA
PIECBOR R N R 5 22 0 0, AL ) R AR B4 55000 7R
FEAS R F LSD- 465 . LA P<<0.05 M2 %H G il

2 & B

2.1 Rampihawa R CHEALH 24, 487
72hif, HxEARE, 5.0, 10.0. 20.0
40.0 pmol-L™" CHE 41 41 fg 3% 5 50 1 2% W] & 7+ &
(P<<0.058 P<C0.01)., W 1.

2.2 pamipeEBE HIMANLK, TGF-pl
H AN AT B R BT m (P<<0.01); 5 TGF-14
Fo 4, TGF-B1+5 pumol-L™'CHE 4] il TGF-B1+
10 pmol-L™'CHE 41 41 Mi i # % W] W f% A% (P<<
0.01)., WK 1MZE2,

R K H T &

Tab. 1 Inhibitory rates of proliferation of cells in various
groups (n=3,2%s5,7/%)
Inhibitory rate of proliferation
Group
(¢/h) 24 48 72
Control 0 0 0
CHE(pmol-L™")
2.5 0.04£0.03 0.14+0.11 1.31+0.13
5.0 0.70-+0.33" 3.34+1.36" 5.76+0.82"
10.0 16.65-2.97"  19.384+3.657  29.88+2.74"
20.0 60.47+£4.92"  83.96£1.43"  86.24£3.20"
40.0 83.74+5.70"  90.93+0.70"  93.42+0.89"

"P<<0.05, 7 P<<0.01 ws control group.

2.3 BumperEBmpaldRgegmok S
WA LB, TGF-R1 4140 i rh i B 4i i 550F 4= 28 41
Jig & W @8 (P<<0.05); 5 TGF-p1 41 kb %%,
TGF-81+5 pmol-L ' CHE 4 1 TGF-p1+
10 pmol-L™" CHE 21 4 i v i %% 20 g 5500 4= 2% 40 i
B Wb (P<<0.01). WK 2F15 3,

24 ZuampePEMTHAESRAKF HXF
M L #, TGF-B14H 40 it b E-cadherin £ 1 4 ik
KB B A% (P<<0.01), N-cadherin F1 Vimentin
B RBAKCE B AR (P<<0.058 P<<0.01); 5
TGF-Bl 4 b #, TGF-p1+5 pmol-L~'CHE 4 F1
TGF-B1+10 pmol-L ™' CHE 41 4ii ffd 1 E-cadherin £
2R3k K SE B B 7+ & (P<<0.01), N-cadherin #
Vimentin # [ % 35 K F W] & B (P<<0.01) .
UL 3R 4.
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A—D:0h; E—H:24 h; A,E: Control group; B, F: TGF-B1 group; C,G: TGF-B1+5 pmol+L ™' CHE group; D, H: TGF-81+

10 pmol-L~" CHE group.

BT 2 AR B S A U 4% £ 4 B R R & & 1% O (Bar = 200 pum )

Fig. 1 Scratch healing of cells in various groups detected by cell scratch assay (Bar=200 pm)

K2 ZAPRIBR

Tab.2 Migration rates of cells in various groups

(n=3,x%s,7/%)

Group Migration rate
Control 44.774+0.18
TGF-81 55.92+2.32°
TGF-B1+45 pmol-1.~' CHE 26.94+2.28"
TGF-B1410 pmol- L~ CHE 12.104+2.73"

"P<C0.01 ws control group;“P<0.01 vs TGF-B1 group.

2.5 B4 P E-cadherin # N-cadherin % & 7%
B H5XRA i, TGF-B14] E-cadherin %¢ Y6 i

E F

B B B IK, N-cadherin ¢ G 5® JE I B &5 5
TGF-B1 4 L%, TGF-B1+5 pmol-L~'CHE £ il
TGF-B1+10 pmol-L~"CHE 41 41l jfi /b E-cadherin %¢
658 B B B TF i, N-cadherin 2 )i 5% B B & A% .
L4,

303 i

CHE 2 eh B i) EEEm N2 —, B
APR . PUE RPN RS L R G B L AR
Fe AT T WK . CHE ZE4T IR J7 1 2 3Lt AR 5
(LR A, AT LG A [ A B2 st 4 ) bR
ARG . IEAE MR R, AR SR R AU

H

A—D:Migration; E—H:Invasion; A,E: Control group; B,F:TGF-B1 group; C,G: TGF-81+5 pmol:L ™" CHE group; D,H: TGF-81+

10 pmol-L ™' CHE group.

E2 S4HETEHMERENR(ERBE,Bar=200 pm)

Fig. 2 Migration and invasion of cells in various groups(Crystal violet, Bar= 200 pm)
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Tab. 3 Numbers of migration and invasion cells in various

R4 BSHAMEDEMTHAE B REKF
Tab. 4 Expression levels of EMT related proteins in cells in

groups (n=3,x%s) vatrious groups (n=3,x+s)
G Number of Number of Group E-cadherin  N-cadherin ~ Vimentin
STOup . . . .

migration cells ~ invasion cells Control 0.4640.02 0.724£0.01 0.864-0.02
Control 365.67£17.04  222.67432.88 TGF-pl 0.31£0.02" 0.9240.01" 0.9140.01"
TGF-pl 432.67+20.21"  342.33+61.23

143.33+22.03"
84.33+6.81%

233.00419.08"
99.33+10.97

TGF-p1+5 pmol- L~ CHE
TGF-p1+10 pmol-L."" CHE

P<20.05 ws control group ;= P<20.01 vs TGF-B1 group.

1 2 3 4 Mr
E-cadherin s S c— 135 000
N-cadherin  —  S— 120 000
Vimentin — C— . 54 000
B-actin — 42 000

Lane 1:Control group; Lane 2: TGF-81 group; Lane 3: TGF-B1+
5 pmol-L ™' CHE group; Lane 4: TGF-B1+410 ymol-L ™' CHE
group.

B 3 Western blotting P #& & 4 40 g EMT A 5%
EHREHRKE

Fig. 3 Electrophoregram of expressions of EMT

related proteins in cells in various groups

A B C D

TGF-B1+45 pmol- L™ CHE  0.54+0.01" 0.3140.02" 0.7540.03"
TGF-81410 pmol- L.~ CHE 0.62+0.01* 0.160.01" 0.36+0.01"

'P<C0.05, “"P<C0.01 ws control group; “P<C0.01 ws TGF-p1

group.

S22 PR L PR v RIS o (R A R T L A A A
WS AR A S R A TS 2 R R R &
FERUMEAE T o B9 8198 2 Lot B Boar i A RHEAE 2
—, FH T OIS g e PR R e B R L O A IR, 5
MBME KR, HSFEAFFEE0% W, BARAL
SR B IR AR 4 A AT A R IR T SR LR AT IRIR T D
o, HERBESTESENHIE LMEER ™,
i 958 200 ) 12 28 I B 8 28 WA R BB AE T
BRE L B, BEE 20 RE A 80 B R
AT . RZBRIFL R ZG Y, WL Oy AT R
B Z e, AR MTT gAG il CHE X b 42
i SKOV 3 4 g 14 5 4 R 1 52w, >4 CHE e &
i 5.0 pmol- LB, SKOWV3 4 Jifs 184 5 17 1 2 52 5
SRR TR, R B CHE BT R i B S50 40
JH 38 5

E F G H

A—D: E-cadherin; E—H:N-cadherin; A,E: Control group; B,F: TGF-pl group; C,G: TGF-81+5 pmol-L~" CHE group; D, H: TGF-B1+

10 pmol-L~' CHE group.

K4 BHMAKT E-cadherin F1 N-cadherin T8 B (HEHIG, < 100)

Fig. 4 TFluorescence intensities of E-cadherin and N-cadherin in cells in various groups (immunofluorescence, X 100)
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Ui A SR AR . R A B, EMT
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Transwell /N2 5256 £ CHE 4b 2 J5 SKOV 3 4 il
226 1 A2 e B oL, 45 R Box: CHE A]
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% FI = 22 40 i %, 22 W] CHE fig 92 31 il 51 52 9
SKOV 3 4l }fd i1y 3 7% MR 2%

TEME EMT kv, 40 8% kA
AL REMAE . BRPERIAN AR E R, AR
E-cadherin & ik 7K °F B& A%, [ 7 B br & W
N-cadherin 1 Vimentin 235K FEF 5 #' . E-cadherin
S — S R B TR R R 1, 7R EMT fil & I
H b7 A9 5% s I F Snail . Slug FTE & 45 & 8116 &
F1 (zinc finger E-box binding homeobox, ZEB) X
TGF-R ¥ A F ¥ E-cadherin [ ik ™' Wz ™ &
Wl: EMT 2 5 % 40 M (912 28 5% B S0C S g, 76 Utk
BB, i A R 3 i R ) S o B P O K AR N
B, 38 AR AE PR A b A M R, S B R A
TS SR O g ) A e o DR, e R i EMT
i RO o R E TR, AMERCR A
Western blotting ¥ F1 50 J5 %¢ J't 4% £ v 46 I 4% 25 40 fitd
HEMT EZ AR EY R REEL, 4R8N
CHE #] DL @ i 8 fil E-cadherin % ik 1 W& /b
N-cadherin #1 Vimentin 3% ik , ¥ %% 5§ 8 )% SKOV 3
I EMT ik F2 .

Li LTk, CHE RERS A H] SKOV 3 4 it 3 78 |
A MR 2R, B 1k 8% i SKOVS 4l g EMT
B R . ARWESR S5 R CHE IR 97 9P 595 () if 5% 48
HE T HIS AR, CHE A BAE b — Fiopr B4t o1 519
B 25 0 A6 I R R E G T BLARVE AL A A
fritk— 5% o

FaE s
A AR & P RS AE AR R 2 o8
EERBAEN:

JAAEZ 5 B B AR R NI SO B R AR
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