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Cinnamaldehyde Inhibits TGF-8, Induced Epithelial-mesenchymal Transition of
Human Colorectal Carcinoma Cells LoVo via PI3K/Akt Signaling Pathway

LI Jie-pin', QIN Yin', ZOU Xi’*, PAN Ying-ying'"
(1. Zhangjiagang Hospital of Traditional Chinese Medicine (TCM) , Nanjing University of Chinese Medicine ,
Zhangjiagang 215600, China; 2. Jiangsu Province Hospital of TCM , Nanjing 210029, China)

[ Abstract ] Objective; To investigate the effect of cinnamaldehyde on transforming growth factor-8,
(TGF-B,) -induced proliferation, metastasis and epithelial-mesenchymal transition ( EMT) of human colorectal
carcinoma cells LoVo and explore its relationship with phosphatidylinositol 3 kinase / protein kinase B ( PI3K/Akt)
signaling pathway. Method: TGF-B, was used to induce EMT of human colorectal carcinoma cells LoVo, and then
different concentrations of cinnamaldehyde (0, 20, 40, 80 mg°L71) were used to intervene the TGF-8, -induced
cells proliferation. The effect of cinnamaldehyde on cell proliferation was measured by methylthiazolyldiphenyl-
tetrazolium bromide ( MTT) assay. Transwell assay was used to observe the changes in invasive ability of cells, and
Western blot was used to analyze the expression levels of epithelial phenotype marker protein E-cadherin, N-

cadherin, Vimentin and key protein of phosphatidylinositol-3-kinases/ proteinkinase B ( PI3K/Akt) signaling
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pathway. PI3K/Akt inhibitor LY290004 was used to verify the cinnamaldehyde effect in inhibiting TGF-g, -induced
EMT through the PI3K/Akt signaling pathway. Result: As compared with blank controls, cinnamaldehyde
effectively inhibited TGF-B,-induced proliferation and invasion ability (P < 0.01), significantly increased the
expression of E-cadherin, decrease the expression of N-cadherin, Vimentin, stimulated by TGF-8, (P <0.01),
and meanwhile, it could reverse the expression TGF-B,-induced EMT through inhibiting the activation of the PI3K/
Akt signaling pathway (P < 0.01). Conclusion: Cinnamaldehyde can inhibit TGF-8,-induced proliferation,

metastasis of colorectal carcinoma cells LoVo, and the mechanism may be associated with PI3K/Akt signaling

pathway.
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25 B W95 ( colorectal carcinoma, CRC) & % & W,
0T TR 22—, TE BR 36 2 3k R R 46 2 K E 3K
FEJE A, 7E 3% [ B A 25 0 KT i 82 L i B A Al & R
O 45 T T g ) e R B BR R RS 3, T
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b (EMT) J2 9 i 32 58 ML (10 5 — 2t J& S 45
WU 5 4 N R 0 A BE R R 25 1k % U AR
FH L EMT B %5 A 2 15 5 3 e K 4 DY T
P o ek AE K IR -8, (TGF-B,) J& 15
SNk A EMT ) G5 7, A 8F 58 FIl I TGF-B,
FSLE AN LoVo &/ T EMT 7 J4E 3k,
rh 20 v 33 BT PR VR FH AR A © Rk H A
EAN T R E W — A W, R B
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W RIORE IR B 1 L e A, BF g W H e
T A 3 N A R Tk T 2 R R
S 6 B A i I el 13 5 S pS3 M CD95 (APO-1)
5 3 I A RO I T HepG2 200 It 1 5, L 04
T, Ho A 22 53 50 Ak 2] 8 ( MAPK) 3 % 11
WG R ATRES 5 H Y H AR TS EE 4D
T 0 P9 A0 P B R T S U T, O TR R
Xt 235 o g A0 P04 2 5 B A FH I BIE S 32D, R A 3
IEBHWT EMT & #4012 2 B AE MR 2, 8
T P UL 3 3% it/ 28 11 g B (PI3K/ Ak ) i B% 7 )t
1 AR A PR AL R B R . A SCHE S A T ST RE
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SZW L IF AT AEALE, 38 5 PI3K/ Akt {5 53
KR
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L1 2594 HOE B2 B R 1wl (FE f2 5 0 1
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B S R B A5 3 28 R R M Ol 80,40,20 mg- L7
AL 25 4 44 1 552 36 i B BRI

1.2 itk AZ5W9E LoVo 4k T rh B AL
[l (o DR 7/ R VI Y O SO I 0 B B
10% /N 1ML1E RPMI-1640 ¥ 32, 75 37 C 5% CO,
AR B RLEE % , IO H00) A R 3 B 4 i k4T 4
g S

1.3 X% RPMI 1640 ¥ 37 ( 3£ B HyClone 2%
Al A5 AAK208935) /A= ILYE , 0. 25% [l ( 55 [
Gibco 2 a) , It 5 43 Bk 1757812,25200-072 ) ; H 5
A MEE (MTT) |, £F 3% & H (FN) (3£ [H Sigma A H],
545 M2128 ,SLBM6118V) ;transwell /N2 ( 58
[ Corning 73wl , 4t %5 3421) ; Matrix Ji£ (3¢ [E BD 2>
A, b5 4272007 ) ; PVDF fi ( 24 [& Millipore 23 ), 4t
5 IPVH00010 ) ; TGF-B8, % T ¥} ( 35 [E Peprotech 2%
A, #it 5 0611209-1 ); E-cadherin, N-cadherin,
Vimentin, PI3K, p-PI3K , Akt, p-Akt,B-actin fHif A £
TLIEPIAAR (Cell Signaling Technology 2 &), #t 5 43
& 08/2015, 08/2016, 12/2015, 08/2015, 10/2015,
09/2015,08/2015,07/2015) ; — i i . B Pr (CST
a5 4 o 08/2016,09/2015)

1.4 {U£% 3111 A CO, B 3748 , Multiskan FC %! fif§
B B (3 [ Thermo 24 7 ) 5 SZ61 92 i
BT SRS ARPL ( H AR AR 22 7)) 5 5417R RS
%E DML (15 E Eppendorf 23 7)) ; ChemiDoc™ Touch
B 1 5 4 % B 3k ( Western blot) HE 3k 1X , Gel Doc
XR + B B I B AG 53 B & 48 (36 [ Bio-Rad 24 7)) 5
ACB-A BUE % TAE & (B ML Esco 2 H] ) ; MDF-
C8V1 U AR I KA ( H AR Sanyo A7) .

2 HiE

2.1 MTT Kpuigniasgss %% TGF-B, (5 pg-L™") +
B2 0,20,40,80 mg- L' 41, VI 4L, AR 41 6
NSl 12,24,48 h J5 B BV 2, M A PBS ¥k
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1 ~2%, BFLm A& MTT #) 1640 £ 3% W ( RPMI-
1640 100 wL + MTT 20 wL) 120 WL, il ARG 3246 5
724 ho B LS LA DMSO i 150 uL,
MR E T LR RERD 8 ~10 min, Hl 4 A il
FRAL I 5 490 nm A AE WG RE A, 15 L 25 vk B A
B2 WE X LoVo 40 A A 1S ZE B0 ) =R, 0o & =
(1 = Ay /A ) x100% ., SZEGTES 3 UK,
2.2 transwell SCEGAG I 40 {228 transwell /N3 |
= O B TG I3 8% 35 W EC R 4 4k TGF-B,
5 wege L7 4LRVEE R WAL S FH A [R) 5o o B A
% (0,20,40,80 mg-L™") 4 FANML 6 h J5 A L%,
WP FSF 45 A Wk 8 1 A iz TS iy oA b 400 i 3t 9 7= 2 B S 1Y)
MHIVEH . F =¥ A48 33 200 pl, ¥
transwell /NS TR A 24 FLARIR G Ak S0 8% 5% 24 h, 24 h
Ja WO /INEE 45 52 g BB T D8RR T TET 09 4
30 min, FA/NEREHLIHEC3 SOLEF AT R
2 B AUBR A BT T BN M, B g A 3 T R 1 4
MIA~%L,EE 3 IR,
2.3 Western bolt FrAH X H HFEL M EHRL10 cm
R b 3 Rh 2 x 10° 4> LoVo 40 it , 1% 3% fd 41 Jfa 10
BE A RV BE 5 25 855 32 W k530 RPMI 1640 85 5%
WS mL 4kZ2 3557 24 h 5 SR B SR B, DR
TR BCA LT (e B A bAeE . BFEJREAT
HLUK B 0T, FLTK S R >R TR 36 0 2 1 I
A F PVDF I 1 ,5% 4 1 H & A EiRE AL b5,
—H0 4 CIHE R (—HL 1: 1 000, B-actin 1:5 000) ,
TBST PEMR, —Hi(1:1 000) M 1 h, TBST W fi,
{ifiJfi ChemiDoc™ Touch 1 7 4 i 1k 2% & 6 1% 5 4t
Rl R A AR R EE(E, LB B8 H R B
{H/B-actin JK B {H &/ 8 A A R b4
2.4 geitsear At SR SPSS 19.0 Siit 43 Hr 4 A
A FRECHE BRI DL & 25 Fon ., ZAEIR A AY LA
% M Oneway-ANOVA 34, P <0.05 W& RHS5 1
3 &R
3.1 TGF-B, X} LoVo 4l il )£ &2 i 2wl 1]
TGF-B,(5 pg-L™") i T 45 I 8 41 i LoVo & 7
EMT,TGF-8, Hl# 12 h B 7% 48 0 B B 5098 252
HUAE P 24 h KER A3 4 i Ok L T IRDE KK fiik £ OB
B, 2R AKRIE XYY, MEH 48 h )5, 1B
AT SE A AT, 20 A IR BB 1 K AL H, S B
BEEIES, W1,
3.2 HEEEXS TGF-B, Y55 LoVo 4 i 3 58 i 5 i
FE % (20,40, 80 mg - L") 43 il /E H] TGF-B,

A.0 h;B.12 h;C.24 h;D.48 h
B 1 TGF-B, ¥f LoVo A AWK R M0 (55 855, x400)
Fig.1 Effect of TGF-8, on LoVo cell morphology changes( inverted

microscope, x400)

(5 ng L™ )PESFM LoVo 411 12,24,48 h if, 45 24
VAR R v LA R R s ) R 5 A 41 o £ P g
B 2SS, E 6 h DL EE K i R 6T 4
B mE A B S A0 VR L AR IS 2R transwell {2 28 52
PR T WAL 6 h 2, AE 48 h B G A
M BEFA TMEAE R (P <0.05) ,3f H 48 h J§ TGF-
B, XA T WAL SEEH (P <0.05),12 h
20 e foe R A R AR R O, WS SRR 24 h 452
T, W& I,
3.3 H:EEXT TGF-B, 55 LoVo 4 {2 22 5E 11 1
e 525 A, LoVo 4184 TGF-8, H i
24 h, BRI W 23S £ (P <0.01) , #&7R5 TGF-B,
RE T2 =0 20 A= 28 6E 0, T M AL % AR 28 6e 01 A ]
WRW . R TR, 5% A ) TGF-B, 41k
B, R A0 R FEAR (P <0.01) , B Rl A5 R 52 1Y
K, X A0SR AW SR, WK 2, 2,
3.4 KX TGF-B, 15 LoVo 41 ig EMT (152 i
FE B2 | (20,40,80 mg- L°") ff ] T3 if TGF-B,
(5 wg L") M LoVo 40 24 h 5,5 TGF-8, 4
P, B e R TGF-B, ¥y Bl T b R AbR I
[ E-cadherin 3K (P <0.01) , R AL [H] T 36 B bR
10 #E 4 N-cadherin, Vimentin i35 (P <0.01), H
5 W AR P o B R E T TGF-B, 15 R
1) LoVo 4l EMT iy %4, WK 3,5 3,
3.5 KR K TGF-B, 4 5%t PI3K/Akt {5 5 il %
MR 575 (41 R, R R I (40 mg- L7 fEH
ML 24 b, WEEME TS ALY p-PI3K K p-Akt 2
3k (P <0.01) , 35 B 4E J2 8 (40 mg-L~") B Af
0 PI3 K/ Ak 5 38 B (14 35 1k o o T i 22 TGF -8,
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F1 =EHEX TGFB,FSH LoVo MMIEHEK AN (x +5,n=6)
Table 1 Effect of cinnamaldehyde on TGF-3, -induced proliferation of LoVo cells(x +s,n=6) %
21 ) SRV B /mg - 17! 6 h 12 h 24 h 48 h
2= H - 0 0 0 0
TGF-8, - 0.21 0. 13 0.47 +0. 64 1.09 £0.37 4.80 £0.21"
H e + TGF-B, 20 1.45 +0.93 25.36 +3.153% 31.93 £1.47% 47.04 £1.47%%
40 1.11 0. 85 35.08 £2.18% 53.21 £2.34%% 65.38 +4. 78>
80 1.83 +0.76 45.55 3. 45% 84.04 £1.99%% 91.90 +1.54>%
sl - 0.69 +0.43 0.44 +0.37 1.28 +0. 12 5.923 +0..32%

TE 5o ALY P <0.05,2 P <0.01;5 TGF-B, AALHEY P <0.05,”P<0.01(E2[,%2~6 ),

R2 HEREBEX TGF-B, H5M LoVo BB EENM

B (x5,

n=6)
Table 2  Effect of cinnamaldehyde on cell invasion of LoVo cells
(xxs,n=6)
28 51 o e JEE /mg - L o5 L 40 L /A~
il - 243.73 +16.33
| - 229.66 +9. 67
TGF-B, = 251.33 +18. 117
HE B + TGF-B, 20 148.36 + 14.45%%
40 100. 08 + 11,5224
80 60.55 +11.23*%

A.TGF-B, (5 wg- L") 4 ;B. i #4 ; C.

LR 4L E. TGF-8, +40 mg-L ™" % B 41 ; F. TGF-B8, +80 mg-

LUk pe AL (18 3 )

25 14 ;D. TGF-B, +20 mg-

B2 #EEX TGFB, B5H LoVo AMEZEE NRIR M (454

Yt x400)

Fig. 2 Cinnamaldehyde inhibited TGF-B8; induced invasion of

LoVo cells( crystal violet stained, x400)
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E-cadherin s —e——— o oo o 135 kDa

N-cadherin == —— @— —

140 kDa
Vimentin e e o o— - 57 kDa
[-actin e—— e — — wm— 42 kDa

A B C D E
B3 HERBEYE TGF-, 5 SH LoVo @l % £ EMT

Fig. 3 Cinnamaldehyde inhibited TGF-8, induce EMT of

LoVo cells

B AR B R, LB TGF-B, (5 pg- L7 AN [ B[R] £
(0,0.5,1,2 h) 3 40 f J5 p-Akt, p-PI3K %3k, 45
R h RIA]fd PI3K/ Ak il #6054k, 2 h 561k
RORT A, MOR I BUYE 2 h R4, W3k 4,5,
Kl 4,

3.6 MM PI3K/Akt {55 8 # X TGF-B, i
T EMT @ 52w % H 30 0 4 0 2 07 0 9l 1
LY294002 YE S BHYE 2 , & 0 DL 1 4% 2 PI3K, Akt, p-
Akt,p-PI3K (e 3k , W B A 5z 15 1% BEL DT 0 2R o 45
R R R B X 128 %A W A Y B AR L 5 TG -
B, ALHLEE, A LY294002 FilkE: iz B Ji5 , p-Akt 7K F
TRE(P <0.01), 5LH] TGF-B, XI Akt fie i B2 1k i 1
FH#E PI3K 3 (# BH BT 751 1.Y294002 Fl A Ji ¥ i BHL 18 .
B 1LY294002 , i p R a] BEL A PI3K f 36 4L, 2 T BEL
i Akt 1546 (P <0.01),

5 A L, TCF-B, 4 EiH T N-cadherin £l
Vimentin & [ # 15, # #] T E-cadherin & [ £ ik
(P<0.01); 5 TGF-B, #H It &, & &’ H X
LY294002 % N-cadherin f1 Vimentin & [ 7% ik &%,
E-cadherin B FE LT E (P <0.01) , HHEECS A 1Y
HORFNE 5 (P <0.01) e pz 1 AT B8 i 2 10 il
PI3K/ Akt {5 538 #% 1Y BTG 52 L33 5% TGF-B, 55 1Y
bR E A AL, WK S, K6,

4 itig
EMT J& 48 76 55 58 09 A4 SR B 251 T, 20 Ak iy



523 5 18 1) RELEATFZERE Vol.23,No. 18
2017 49 H Chinese Journal of Experimental Traditional Medical Formulae Sep. ,2017

*3 BEFEEX EMT 8% E-cadherin,N-cadherin, Vimentin & 8 &KX &M (x +5,n=6)

Table 3 Effect of cinnamaldehyde on E-cadherin,N-cadherin, Vimentin protein expression of EMT (% +5,n =6)

205 SO A e E-cadherin/B-actin N-cadherin/g-actin Vimentin/B-actin
TGF-g, 5 pg-L7! 0.91 +0.16" 0.77 +0. 1% 0.89 +0. 13%
2 - 1. 04 0. 06 0.65 +0.07 0.75 0. 07
5 pg L' +20 mg-L~! 1.33 £0.19%% 0.58 +0.08%% 0.49 0. 11*%
TGF-B, + t i Bt 5 pg L' +40 mg-L~! 1.55 £0.08%% 0.51 £0.07%% 0.45 +0.06>*
5 pg L' +80 mg L' 1.75 £0. 06>% 0.25 0. 05%% 0.21 0. 02>%
F4 HEEEXN PBK/AKtFSEENFM(z+s,n=6) PI3K whuw wer e w=e - 100kDa

Table 4 Effect of cinnamaldehyde on PI3K/AKkt signaling pathway p-PI3K == e e ww - 100kDa

(x£s,n=6) Akt on» o> o= o=e <« 00kDa
, -Akt =
5 o v p-Akt p-PI3K Ll g 603
A /mg-L"! / Akt /B-actin E-cadherin e —— ey ams e 135 kDa
2 H - 0.74 £0. 15 0.83 £0.08 N-cadherin @ e e w = 145kDa
E Hz 40 0.35+0.11% 0.42 0. 13% Vimentin === em» e e -- 57kDa
[-actin e e — ——— 4) kDa
£5 TGF-B, xt PBK/Akt 5 2B HHM (55,1 =6) ALBCDEE
Table 5 Effect of TGF-8; on PI3K/Akt signaling pathway (x +s, A.TGF-B, (5 pg-L7") dl;B. 2 (1415 C. TGFB, (5 pg-L7') +
n=6) LY294002 (50 p,m()l'Lil )& ;D. TGF-B, (5 p,g'L’]) + H: BZ % 40 mg-
415 i i /h p-Akt/ Akt p-PI3K/B-actin L4 E. TGF-B, (5 pg L") +1Y294002 (50 pmol-L~") + i i
2 - 0.19 £0. 05 0.09 £0. 17 40 mg-L~'41
5 i@t PIBK/Akt {5 238 % %t TGF-8, & S EMT #
0.5 0.28 £0.2 0.34 £0.09? S HEEEL PBK/AKE S &I TCF-A, % S W
TCES, #h
1 0.49 0. 16% 0.62 +0.22%
Fig. 5  Effect of cinnamaldehyde on TGF-B8,-induced EMT via
2 0.73 +0. 16* 0.81 0. 19 -
PI3K/Akt signaling pathway
PI3K e s o e b o= 100 kDa J:Ezémﬂ@ml‘mﬁﬁémH@EQ%Engm%o EﬁIE%{q:
PPIK e cmm emmiib S 100 kDa TLEMT 5 I 5z 41 Bl >k U8 0 b 988 1= 28 &% 7% 5K % A
Akt ammm s — — e (0 kDa v [13] N N SH N
X XA R R A A0 MY A A0 S A0 B R Y
P-Akl somm gmm = = = == (0kDa . TN ; i
‘ BB (R BT Y A8 b B 20 AR 5 3 A S O I A
[-aCHD . . e e v emes 42 kDa
A B C D E F Wk ERERAS bR A A R 8 4= A JE R A 5 0T A

RSP AR LR o eV 2 b BOR IR B4 b8

AL ZS 4B, KRR 40 mg-L7'41;C. 0 h;D.0.5 h;E. 1 h;F.2 h

B4 #EER TGFB, 4513t PI3K/AKt 55 18 5% % 1 FLUIR S MR B R B A EMT 1 &
Fig. 4  Effect of TGF-8, and cinnamaldehyde on PI3K/Akt H U E-cadherin 4 7 410 352 ok 0 B R LK 4 T

signaling pathway

FRICY, 25 T 40 10 285 B 45 K B JE B, 70 2 4 B

F6 EHEERET PBK/AKt FSEBY TGFB, BSH EMT MM (x +5,n=6)
Table 6 Cinnamaldehyde effect on TGF-B, -induced EMT via PI3K/Akt signaling pathway(x +s,n=6)

N p-Akt p-PI3K E-cadherin N-cadherin Vimentin
21 ) e . . . .
/ Akt /B-actin /B-actin /B-actin /B-actin
s - 0.32 £0. 16 0.39 £0. 15 0.96 £0.22 0.89 +0.13 0.74 £0.27
TGF-g, 5 pg L7 0.78 +0.15%  0.53 £0.22%  0.69 =0. 14> 1.02+0.02"”  0.87 £0.15"
TGF-B, +1Y294002 5 wg-L7" +50 wmol-L~! 0.17 £0. 12>* 0.42 +0.08" 1.16 +0.14"% 0.78 £0.22" 0.64 +0.21"*
TGF-B, + FE & % 5 pg L7 +40 mg-L~! 0.15+0.11*% 0.20 £0.07"* 1.23 20.06>* 0.68 £0.13**  0.61 £0.13%%
TGF-B, +1Y294002 + 5 pg-L ™' +50 pmol-L " + 0.09 £0.01%* 0.07 £0.03%% 1.54 £0.11*% 0.35 0. 12**  0.23 £0. 08>
e Bz 40 mg-L~!

- 109 -



523 H455 18
2017 49 H

RESSEAFZERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol.23 ,No. 18
Sep. ,2017

240 L P R0 BT R o R P rh R P AR, R
TR G 5 R o 3 RN 4 9 SR E A OG . 7E EMT (5
B E R4 )8 E-cadherin, [fif Vimentin i1 N-
cadherin 2% ik 14", TGF-, 1 N —Fh £ 1) fiE
F18) 248 B A1 7, 7 B S Sy Jieb e 0 ) R A1 e 4 o g
20 A 3 A S Sl PR R AN B R T T 7 B U B
BCRB A 38 oF 22 Fh WL A2 1 i Y R, TGFB 5 52
LG Ja AT i 22 F i S I - i 3k, 51 b AR
Ybs W E-cadherin 3k, [0 BT A Y bR B9 N-
cadherin, Vimentin 85 8 [1 3835 LR, i 1 R IR 9
iy A e 2 2 M S T A SRR BN P RE 0 T R, 4
JfLE RS MR 22 68 1 W o, {2 iF EMT 9 & 4. B,
i 5L BH BT TGF-8, 1752 1 EMT [ & A= 44 W] Ji A 411
R A MR BRI TN T2, 0
TEREPLR , miRNA 2540 EMT #9 3C 3500 B 3T,
w24 AR R A2 T e B A Sy R R b R B e
EMT B4, i ot i R 25 0T % A 45 S 30 .

HHE Rz T AR A DA PR A AR Bz e i BB — o 24 0%
YT, O R S B A U P PR AR s A
SRR L T R 5T e W R R B A g A
WATH 5 R T R I 2 R g ) 2 AL R
FEGUM R BV L R e TR R I T P4
I 200 0 A2 28 5 B8 0 & 1 6 EMT () 0F 55475 1H A Bk
HARRR . ARWFITIE T 4L 7 BEXT TGF-B, 51
LoVo 4l it 3 5# B A7 B 50 (0 i 4, 5 F ] B ik
SEIEAHCE . A transwell (722 5256 25 5L b 7R A
BEYX A TGF-B, 2128 Y 240 it B sl /b, vk B &2 1F
FHG . 20 R HE B B A AR LoVo 41 M (= 28
(I HE T

PI3K/ Akt {55538 % 78 U8 15 20 i 1 5 | 24 5 ik 9
20 L P S 2R 2 R R T TR AR, A
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