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[ Abstract | Objective: To investigate the effect and mechanism of cinnamaldehyde on the angiogenesis of

diabetic retinopathy, and the effect of cinnamaldehyde on vascular endothelial growth factor ( VEGF) induced
proliferation, migration, tube formation and Janus kinase 2/signal transducer and activator of transcription 3
(JAK2/STAT3) pathway of EA. hy 926 cells were observed. Method: EA. hy 926 cells were divided into normal
control group, model group (7 pg-L~'VEGF), and VEGF + cinnamaldehyde group (60, 90, 120, 150 pmol-L™").
The methyl thiazolyl tetrazolium ( MTT) assay and scratch test were used to observe the effect of cinnamaldehyde on
the proliferation and migration of EA. hy 926 cells induced by VEGF. EA. hy 926 cells were divided into normal
control group, model group (7 pg+L ™ 'VEGF), and VEGF + cinnamaldehyde group (90, 150 wmol-L™'). The
tube formation experiment was used to observe the effect of cinnamaldehyde on the tube formation of EA. hy 926
cells induced by VEGF. EA. hy 926 cells were divided into normal control group, model group (7 pg-L~'VEGF),
VEGF + AG490 group (50 pmol-L "), VEGF + cinnamaldehyde group (90 pmol-L "), VEGF + cinnamaldehyde
group (150 wmol-L.""), and VEGF + cinnamaldehyde group (150 wmol-L™") + AG490 group (50 pmol-L™").
Western Blot method was used to explore the effect of cinnamaldehyde on the JAK2/STAT3 signaling pathway in
EA. hy 926 cells induced by VEGF. Result: Compared with the control group, model group obviously promoted the
proliferation and migration of EA. hy 926 cells (P <0.01). Compared with the model group, cinnamaldehyde
(60, 90, 120, 150 pmol-L~") significantly suppressed VEGF-induced proliferation and migration of EA. hy 926
cells (P <0.01). Compared with the control group, VEGF group could promote the tube formation of EA. hy 926
cells. The number of nodes, junctions, meshes and vascular branches were increased, but with no statistical
difference. Compared with the model group, cinnamaldehyde (90, 150 pwmol-L ") showed an obvious inhibitory
effect on the number of nodes, junctions and meshes of tubules (P <0.05, P <0.01). Compared with the control
group, the expressions of p-JAK2, p-STAT3, and STAT3 in the model group were significantly increased (P <
0.05, P <0.01). Compared with the model group, Cinnamaldehyde (150 pmol-L ") significantly reduced the
expressions of P-JAK2, P-STAT3, STAT3 proteins (P <0.01). Cinnamaldehyde (90 pmol-L™") obviously reduced
the expressions of p-STAT3 and STAT3 proteins (P <0.05, P <0.01). Conclusion: Cinnamaldehyde showed a
significantly inhibitory effect on the proliferation, migration and tube formation of VEGF-induced EA. hy 926 cells,
which was related to the inhibition of the activation of JAK2/STAT3 pathway.

cinnamaldehyde; vascular endothelial growth factor ( VEGF ); EA.hy 926 cells;
proliferation; migration; tube formation; Janus kinase 2/signal transducer and activator of transcription 3 (JAK2/

STAT3) pathway
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0 B I T R EL A 0 T A A R TR R,
ARSCR A N A K B (VEGF) 5% EA. hy
926 A, WFFE T FE K X 20 B 3G A L L AR
FH B2, 0 HAE FIHLE AT 78R, 45 2R Bk
S T R 6% W I 410 1) A 2 G AT A RORT A 1l A Y B
B, BN RE B BE AT BEXT DR, B yRg &5 1fi B 8 A AH SR R
i H A —E BB IR AE R, (6] B A Sy 2 — 25 48 75 B 1)
B H WURIR YT DR BAE AL 24 1 525044
1 #
L1 25 54900 e pemext B (b B & 5 2
K B8 B , L5 10710201217 ) ; EA. hy 926 48 g
(Mg B v EF 2B A0 ) .
L2 {5 R4 imiE (FBS) , mibl DMEM 85 3% W,
0.25% g2 1 W ( 55 [ Hyclone 23\, 41t % 43 1l iy
SV30087. 02, SH30243. 01, SH30042. 01) ; 75 4 75 2
BAW (At R EFREA R A A, it 5 P1400-
100) ; — 1 EE W7 AR ( DMSO ) , BE g i (MTT) ( 3¢ [
Amresco 2y &, it 5 43 51 i 0231,0793-1¢g) ; Matrigel
HEF I (36 [E Corning 728 w], it 5 354253) ; B4 A
VEGF165 ( Z£ [# Peprotech 2\ #] , it 5 121610-1) ;
fR A4k Janus ¥ AF 2/ (p-JAK2) , JAK2 , B g 1k (5 5 1%
T 5 RGBT 3 (p-STAT3 ), STAT3 $7T 44 (3£ [F
Cell Signaling Technology 72\ &l , it 5 43 %l S 3776,
3230,9145,4904) ; B-JL 3 5 [ (B-actin) Hi f4& (b 52
PR EWEYEARARA AL, M-S TA09) ; BRI
A ALY I (HRP) Frid 1 3Bt f =3t (3 [ Jackson
ZANE] LS 111-035-003)
1.3 {¥8% YT-CJ2ND B THE & (dbat W%
FHEEALES AR A R 7)) s MCO-175 58 = 48 Ak Bk 15
Fe4H ( HAS SANYO 22 7]) s BDS200 7 {8 A 22 W it
Bi (IR B RR O 22 AU A BR A A ) MULTLSKAN
MK3 BRI AR AL (22 [ Thermo 24 7)) s LXJ-11 A #Y g
DML B2 B2 AL SR T ) s VE 180 7Y 2 H L IK
M, VE 186 R 5e A% 1 vk H ( IV K RE R H A IR &
Al ) 5B TS-2 AU AR PR (1 T AR DL R A 2 i i
ARAF)
2 AFiE
2.1 4K g EA. hy 926 40 g A i B DMEM 5
FRW (7 89% 1= B DMEM H5 37 K&, 10% Jify 4 1L 78
1% HHERZIRA W) 78 37 C 5% CO, M ANE 4
PETRHEFR 83 ~4 dAB0 1T 3, LA T3 A Az AR, 9]
B 1 U, WSO o 5 A K S0 A i T 5
2.2 MTT L fa vkl % VEGF i S EA. hy 926 4f iy
HPAAE L BOE R AR WA, 90% @il Gt TH AL IS
.30 -

PR T 96 LI IR (BEAL 5 x 10° N4 ) , B 40 i
FFRRA AR IR o KGR 24 h JR WV S SR, R AT 00
2,50 M R as A, BERL A (7 pg - LT VEGF),
VEGF + H: fz ¥ (60,90, 120, 150 pmol - L™") 41,
DMSO % 41 5 B2 5 A5 AL, B AL 1k 55 57 W
150 wL, 43 5l 4% 22 K5 3% 24 ho B AL MTT % W
(5 g-L71)20 pL,F 37 C 5% CO, 1 G A 1 55 5%
PN E 4 ho 3 &KW, 8L A DMSO
100 pL, EEHRP RS 15 min, 570 nm 40 E 6
JE A, B ISR, ME R = (AL - Agus )/
(A = A ) x100% o

2.3 RPRSCEA T VEGF 5% EA. hy 926 41 jitd i
AR BUER A4 KA 408,90 % fl & B, i 46 )5 L
AL 1 x 10° A4 A 2 B2, 3 R0 T 6 FLI% R AR (AR
JRH S 1 2B %8 T i P Ak AL PO 1O AT
&), EMMp IR ARSI R 24 h FEERE R, M
10 pL KE 6k B FL KT 3 20320 47 1 25 R (1R
HF R, I AR L 2% i (PBS) 15 B 25 JE b 41
L, HEAT 43 20, 4% 50k 2s AL B2 (T pge L
VEGF ), VEGF + H: J B (60, 90, 120,
150 pmol - L") 20 , MR 45 2 2H 40 31 5 4 AS (] A1) %5 5%
(ARG, R TR A 2 mL, k25557 24 h,
IR Image J 34450 B 25 IR AR o

2.4 EBEEREZKKN VEGF 55 EA. hy 926 41
FBEE L TS H% Matrigel™ Matrix 3 5% &
4 °C vk A b 1 Uk R, [R) I HE O TR AR Sk A 96 LR T
4 COKFT L o 96 FLAR 52 52 A Fk ot i %%
W60 WL (K F#fE) R & T34 1 h ffi
Matrigel 55 Matrix % A B & ) b, BE B RZE . B 5% 57
9 EA. hy 926 41 it LA4E L 3 x 10° A28 i iy 25 5, 43¢
T 96 AL AR, g nl ik B s [ A, B AL
(7 wg-L"'VEGF), VEGF + 4 } ® (90,
150 wmol-L™") 41, &411% 3 A& AL, & 35 W oAy
100 L, 4k 1555 8 h, MR, A Image J 3 {4 #E17 43
Bro

2.5 FEEEXT VEGF %S EA. hy 926 4 ffl JAK2/
STAT3 3 ¥ (1) 5 M)

2.5.1 MR AEAE K EAL hy 926 41
PeFp T 25 em® BRI BRI 1 x 1040 L, 1% 5%
AR, s 4, R (7 pg- L7 VEGF)
VEGF + AG490 (50 pmol - L") 40, VEGF + FE iz ix
(90 pmol-L™") 244, VEGF + 4z % (150 pmol-L ")
40, VEGF + 4 iz /% (150 pmol - L™") + AG490
(50 wmol - L") 4, H ' VEGF + AG490 4, VEGF +
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HEZEE (90 pmol - L7') 41, VEGF + 4 fiz B
(150 wmol - L") 41, VEGF + # fz ¥ (150 wmol-L™") +
AG490 4143 315R Fl AG490 , FE & % (90 pumol - L™ ) Ak J7
P (150 wmol - L~") A Bz % (150 pmol-L™") + AG490
T EAT WAL FE 1 h, B A VEGF g2 5%, 4k
LR 15 min J5 3¢ R B SR W, B0 1 PBS Uk 4
WK, IF R WS A0 B 8 R O AR A 1 PBS, B 5
T UK b R 100 L, 46 I T A Tip Skl
BEE A POK 4 C,12 000 x g B0 10 min, R |-
H, 80 CLRAFH M.

2.5.2 BCAEEMHER LUl B#HME, N EE
FIR B, I R R E o 0.9 g L7 A 5 x 2R
FAE 22 o, B 5 ming

2.5.3 H QY R ED I B ( Western blot ) # I
p-JAK2 | JAK2, p-STAT3 ,STAT3 & 136 WRIEH
) 2 11 A X 3 JoT o, TC 0 15 G, e A S AR R 43
R S5% , Fifill s AReS EAER N 18 pg/fl. H
UK A Ry e 45 e B 90V, 24 20 min; 43 55 B E R
120 Vi i F 4% 2 . Marker SR 8 5 HL UK 45 1E I ]
BN T 35 B 5% 75,300 mA fH 5, 0.45 pum L 42
PVDF B, 56 B[R] 90 min, #5822 % T 5% 4
ME H & -8 3Ll Tris 22 o 2= 3 5 7K ( BSA-
TBST) 1, 7K FHEIRBEE 1 h 5% BSA-TBST i ft—
Hi (p-JAK2 ,JAK2 ,B-actin #534 1:1 000, p-STAT3 FI
STAT3 ¥j51:2 000) ,4 CARFHEIKIET LK. K
H,TBST ¥ 3 ¥k, %k 10 min, 5% BSA-TBST #; %
ZHLI SR TG (H + L)HRP 121 7, EiREH
40 min, TBST ¥ 3 ¥, &% 10 min, ECL ji§ in 2|
JE %) 2 LT, S 3 ming, B S%2 min, 2 52 2 min, &E
%o B EE, IF A Gel Image system ver
4. 00 43 B8 H K EEAE .

2.6 HiitF ik R SPSS 19,0 Bk xf £ s i
G200, SE g B ] & = s Ron , ] TL 3R
FHERPR R J5 225341, P <0.05 h2Z 5 AH G F 5 L.
3 #£R

3.1 M EEXT VEGF i 5 EA. hy 926 4 il 3% % {F
HrysZm 525 H4 e, DMSO % 7 20 7 i 2% 1
225 I (] DMSO %5 fif FE 5 X 52 56 45 51 6 5
M, 525 A S, VEGE JIiEL 24 h BE 6% 1 35 M {2
it EA. hy 926 4 i35 5 (P <0.01) , H5E A
B, K 5% 24 h BE K E (60,90,120,150 pmol - L")
4 ASve EE X VEGF 355 EA. hy 926 4 i 34 5 #4145
BEMEER (P <0.01), WK1,

F1 REHEEX VEGF %S EA. hy 926 H & EERE I
Table 1 Effect of cinnamaldehyde on proliferation of VEGF-
induced EA. hy 926 cells

B B/ pmol- L™ A(x£s,n=5) 24 h iHIE/ %
TR - 0. 139 0. 002 -
2 H - 0.838 £0.018 -
[ - 0. 890 0. 009" —7.44
e 150 0. 488 0. 024% 50. 07
120 0.497 +0.014% 48.78
90 0.580 £0.013% 36.91
60 0. 588 £0.029% 35.77
DMSO - 0.841 +0. 025 -0.43

B 5 IE W 4D P <0.01; 588 4] )8 P <0.01
(F20),

3.2 REJEEXF VEGF 755 EA. hy 926 4i Jifl if #% 1F
MR sEm 525 J 4 e, VEGF fig 48 b 2 5%
EA. hy 926 ZHflf) £ 0 @& 2 (P <0.01) . 5HA
28 A, B B (60,90, 120,150 wmol - L™ ) 4 A i
J 41 %t VEGF % S EA. hy 926 4108 59 {4 1 i1 & % 1
HAT B ZMMEE (P <0.01), W2,

®2 HEKEEX VEGF S EA. hy 926 I BERMIFM (2 <5,
n=3)

Table 2 Effect of cinnamaldehyde on migration of VEGF-induced
EA. hy 926 cells(x +s,n=3)

4151 e/ wmol - L7 24 h i @A E/ %
25 14 - 64.04 £1.72
A - 78.50 £4.23"
HH: e 150 31.99 £9.23%

120 42.89 £3.29%
90 61.90 4. 47%
60 63. 80 £4.95%

3.3 K EENT VEGF i 5 EA. hy 926 41 it % 4% 1
My 25 H2H EAL hy 926 4 i 58 0% JE 148 e MR
M, 525 (4 &S, VEGF X} EA. hy 926 41 Jfd i,
B HAEIEE T, BB 179 8 28 S A IR %L
A 73 B A M, B2 R TSE ¥R, 5
RS2 LA, B B I (150 pmol - L™1) 21 % 45 s 4
2 S B0 T IR R I A 43 S Bk A B i AR
(P <0.01), JLTJC 5% % 0% I 8 i A R
(90 pmol - L") £ %k 4 i 4 L 38 S A5 B0 I R B A
B2 sl fE A (P <0.05,P<0.01), WK 1,53,
3.4 X VEGF 1% S EA. hy 926 418 JAK2/
STAT3 {F5 M B 2 525 HA R, A A
- 31 -
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c "
AZSPI 4 B AL 4 Co kR B2 BE 150 wmol « L' 21 ; D HE K¢ 8
90 pwmol-L "4
E1 #EEBEX VEGF %S EA. hy 926 4815 & E A A0 ( x40)
Fig. 1
induced EA. hy 926 cells( x40)

Effect of cinnamaldehyde on tube formation of VEGF-

p-JAK2 ,p-STAT3,STAT3 HH £ LW B I+ & (P <
0.05,P <0.01);AG490 £} JAK2 ¥r S HEHE P,
fe iy W E M JAK2 1 STAT3 kR 1k (P <0.05,
P <0.01), i 40 VEGF B| i % JAK2/STAT3

5 55 30 % R 3 R RS (150 pumol - L™1) BB A% 1 35 )
il VEGF 5|y p-JAK2, p-STAT3 , STAT3 & [ 3 ik
THRE (P <0.01) B % (90 wmol-L~") AEHS & 2 1)
il VEGF 5| 19 p-STAT3, STAT3 3 H £ ik It &
(P<0.05,P<0.01), WKE2,%4,

P-JAKD e s S - s s— e 125kDa

JAK? S S S s——— |25 kDa

2010 | ————— 3 kD2

s

A B C D E F
A ZS B B 5 C AG4A90 £ 5 D. 4L JZ % 90 wmol - L' 41 s E.
JZ 150 pmol- L ™" 20 ; F. Bz J 8 150 wmol-L ™" + AG490 #H
B2 £&48 EA. hy 926 48 p-JAK2,JAK2,p-STAT3 5 STAT3 &
B RE Bk
Fig.2  Electrophoresis of p-JAK2, JAK2, p-STAT3 and STAT3

protein expression in each group EA. hy 926 cells

#3 KB VEGF F5 EA.hy 926 AMMEERAMNEM(x+s,n=3)

Table 3 Effect of cinnamaldehyde on tube formation of VEGF-induced EA. hy 926 cells(x +s,n =3) A~
4151 He )/ pmol - L~ W XK 9 R % 178 53 3 H
2= - 70.0 £21.4 21.0£6.6 7.3+4.0 10.0 £3.5
A - 103.7 £46.6 30.0 £11.5 10.0 £5.3 14.0£4.6
e 150 6.0 +5.6% 1.7+1.59 0 3.0 £2.6%
90 33.7 +15.6" 9.3 +4.0” 1.0x1.0" 13.7+1.2

T SR I P <0.05,7 P <0.01,

#x4 HEBEX VEGF iS5 EA. hy 926 4101 JAK2/STAT3 @M (s +5,n=3)
Table 4 Effect of cinnamaldehyde on JAK2/STAT3 signaling pathway of VEGF-induced EA. hy 926 cells(x +s,n =3)

25 53 e E/ pmol - L, ™! p-JAK2/B-actin JAK2/B-actin p-STAT3/B-actin STAT3/B-actin

251 - 0.298 +0.016 0.401 £0.012 0.385 0. 049 0.819 £0. 103
8] - 0.565 +0.013% 0.502 £0.017 0.555 +0. 058> 1. 056 +0. 096"

AG490 - 0.369 +0. 038" 0.505 0. 073 0.463 +0.041% 0.906 0. 111
R 90 0.555 £0. 064 0.481 £0. 123 0.339 £0.017% 0.824 0. 104>
150 0.465 £0. 048 0.416 £0.015 0.339 £0.016% 0.653 £0. 103%
FEFZ B + AG490 150 0.341 +0.031% 0.391 +0. 054 0.309 +0. 026* 0. 615 +0. 066*

W HE ALY P <0.05,7 P<0.01; SR L P<0.05, P<0.01,

4 itig
EA. hy 926 4fi ifs /& 1983 4 Edgell %544 J5i ¢ 4%
FE NI 5 K P9 Bz 40 i (HUVEC) Fl AS49/8 41 Jifs
(e AT T 988 400 B 1 37 8 ) AR Ll T 5 3 1 A
Al NS IVK PR R 20 2 L R A B AR N R e L
BETE IR AL AR, W12 0 T I A8 37 2R L 46 25 A D
g wEgE R . VEGF S H T & B 5 58 1) 42 i 4% 4
T 7E DR 345E ), VECF REMS 5 5 N 2 4
S 8 B, S O B A A e g A

- 32 .

WF5E & B0, 5 0F & 4140 b, 39 55 ) DR R 3% I
VEGF &t 7, 53 8k h VEGF & & 2 IF
HH2E, VEGF FUB A i & i & 4 B %Y1 5 & . VEGF
SRR G T LMIE Z AT E S,
M, AR SR T EAL hy 926 4 IAE R BFSE x4, R
VEGF i 5 EA. hy 926 41 i, BF 58 T HE K2 18 X 40 fifd
g GERS SUEAE IR I — T T R
%} VEGF 2|2 i JAK/STAT {5 2 i I % 1% 1

LA
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ARSCHE ST 25 R W oR, B B (60, 90, 120,
150 wmol-L~") %t EA. hy 926 4l jfi it 3458 T # B A
B P R VE o AR i 1 B R B S R A5 L, A
VERE T WISV HEAT T A IR I AT, 25 SRR,
FE B2 (90,150 pwmol-L™") %} VEGF i 5 EA. hy 926
2 D 100 A5 B T TR LA T S B A R A T o 3
SELE PR N EERELE 0.1,0.5,1,10 wmol-L™" #k &
F ¥ A) 5 5 HUVECs 3450 i @ A B8 DL &
EIEER, T2 IR BOCR , 5 A T 5058 45 AR
R o A ST RS A (5] v JEE e o o N 6
B 2T % (knee osteoarthritis, KOA ) 5 JJ& i\ 2T 4 41
JHL B 52, e IR v ok R e A ] 24,4872 h, B
Y S N KOA 9 R Bl 2T 24 4 A 1 389 5, H 52 B[R]
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