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R PI3K/ AKT 38 [ AH G B R A0 25 1 R 20 Jf 29 4 A% 2 11 (PCNA) IR E K, R 4 CCK8 ki, A<
WS 120 s YENFOGIRE MR &, TS, T &R E6sh 4 40 i 216 %5 PDGF-BB 4l Lh#%,
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Xt HRZH A0 PDGF-BB 4 ( P<0.01) , Ytsh f1 43 7 41 M A% Bt )5 ( PCNA) PI3K/AKT 3 Bl R AL 28 H A9 k8
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[ Abstract] Objective  To observe any effect of photodynamic therapy ( PDT) mediated by curcumin
(CUR) on the proliferation of vascular smooth muscle cells (VSMCs) induced by platelet-derived growth factor-BB
(PDGF-BB) through the phosphatidylinositol 3-kinase ( PI3k)/serine threonine protein kinase ( AKT) signaling
pathway and explore its possible mechanism. Methods Twenty pg/L of PDGF-BB was used to induce prolifera-
tion of VSMCs in A7RS rat aortic smooth muscle cells and mouse aortic smooth muscle cells. Well-cultured VSMCs
were randomly divided into a normal group, a PDGF-BB group, a curcumin group, and a low-dose PDT group (ir-
radiated for 60s) , a medium-dose PDT group (irradiated for 120s), and a high-dose PDT group (irradiated for

180s). The normal group was not given any intervention, and the PDGF-BB group was starved overnight and then
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stimulated for 24h by adding fresh medium containing 20wg/L of PDGF-BB. The curcumin group was first given the
same intervention as the PDGF-BB group, and then placed in a medium containing 20mol/L of curcumin for 6h.
The PDT groups were first given the same intervention as the curcumin group, and then irradiated using a 425nm
laser after removal of the medium. A CCK8 cell counting kit was used to detect the survival rate of VSMCs in the
PDT groups after irradiation with the different laser doses. VSMC proliferation was detected using 5-ethynyl-2'-de-
oxyuridine (EDU) positive labeling. The cell cycle was observed using flow cytometry, and the expression levels of
related phosphorylated proteins of the PI3K/AKT pathway and proliferating cell nuclear antigen were detected using
western blotting. Results The CCK-8 counts suggested that 120s was the optimum irradiation dose. The cell sur-
vival rates in the medium-dose and high-dose PDT groups were significantly different from the PDGF-BB group’s av-
erage. The proportion of proliferating cells in the PDT groups was significantly lower than in the PDGF-BB group.
The proportion of cells in the GO or G1 phase was significantly lower in the PDT group than in the normal group,
while that in the G2 or M phase was significantly higher than in the normal and PDGF-BB groups. The expression of
proliferating cell nuclear antigen and the phosphorylated proteins of the PI3K/AKT pathway had decreased signifi-
cantly in the PDT group compared with the PDGF-BB group. Conclusion CUR-mediated PDT inhibits PDGF-

BB-induced proliferation of vascular smooth muscle cells, probably by down-regulating the expression of phosphoryl-

ated proteins related to the PI3K/AKT pathway.
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TE AS LA fRpe 7 vh i 45 2 OC B SR /E M, 7E4n
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CUR W H 2 [# Sigma 23 A&, $ HE T — H K
( dimethyl sulfoxide, DMSO) 7, If it % {47 F - 20°C
RIRFREE . KB PDGF-BB F1/)h fl PDGF-BB 43 il
W [ v 4 0 3 A= P BB 2N B R3S [E PeproTech 24
A, B PDGF-BB & fif 7E T WK T, SR )5 FH s 3
2 VR B B e E TR (20 wg/ml) J5, T -80°C RIE
fEfE . W AR A Dulbeco’s & B 1% 3% %5 ( Dul-
beco’s modified eagle medium , DMEM) Jif 4 IfiL 75 W4 F
EE Gibeo 24 W, 4l M 3% FE B M A W L 7 £ (Cell
Counting Kit-8,CCK8) 4 Ff 32 [ MCE /A Al ,5-Z Je 3 -
2/ - IR AT ( 5-ethynyl-2'-deoxyuridine , EDU ) 4 if] 3%
ARG B F b [ 28 5 KA F], B-actin NS HT
PR 38 5E 20 B AZ T ( proliferating cell nuclear antigen ,
PCNA) iR B AR 1L p-mtor FLIRNG T35 E CST A H],
p-PI3K HLiA  p-Akt FUi&E TIL 5T BIOSS AW AR~
A, 425 nm BOEE IR (DR B N 40 mW/em®) 1
FEREHOCEARGRA A,

AN SR A AL v

K SN 3= 3 bk 7 HE WLAE I R ( ATRS) A/ BUE
FKE- 1 L0 22 (MOVAS) i F & 10% G 4 1
i (fetal bovine serun, FBS) Fll 1% & %% -5 8 2 )
DMEM #5552 35555  RIF B T H 5%CO, MR E
M (37°C) B MRS TR, 1 0.05% B 25 1 g I 1k
FEUSCEE X5 A B I 20 B, I 5 40 M 2 b 21 6 L AR %
35 mmi¥ 35 57 ML, 1 40 B kG B2 2 80% I, >R
20 pg/LHY PDGF-BB X 4f Jfd 47 8, 75 5 4 41 41
JO BB K 40 Sy 6 BR4H PDGF-BB 41 | 3% 8%
R4 JeshJ14L, esh 1 4 AR s R 55 OS]
Moy MR RGBT 4 (BRE 60 s) OGS )
(RS20 s) R EGsh T4 (B ST 180 ) , 31 3
M4,

= P

X BRZH by 1E LA STV WLAR M, BRUER A 7 o, A
TALATHIEL, PDGF-BB YUk % 5 A% 20 pe/L
1) PDGF-BB A 45 7 5 24 h, MR AL T
5 PDGF-BB A9, S8 S5 I A 7 20 pmol/L
CUR By 5 35 5L 038 6 h, Gsh e B8 7 538
R AR AT, F-4008U5 2R H 425 nm JOEXT 630
J7 445 S A AT 56 07 s AR SO B G

LN Sl RS

1. #4047 15 22 € J7 7% . PDGF-BB 1 CUR
STU Vi BE G, 43 B R 20 pe/L.20 wmol/LI A
T FE AN [R) A0 340 R S Bsf 1) 60 5,120 5,180 s, 43l X

MHFERSE N 2.4 J/em? 4.8 J/em® 7.2 [/em®,
CCK-8 K 25 2H 240 i 19 4705 %2 B VSMCs 4 7 51
96 fLA A E 3~5 M EEMIL, #E37C . F
5%CO, WU FERE B 37 VSMCs, B3 T AR Bk 7 B
b AR T AL BSR4 R
12 2% P ER %5 WX ( phosphate buffered saline , PBS) 75 1
20, R EEE A FL A 100 uL % CCK8 1Y
DMEM %% 3£ ( DMEM : CCK-8=9 : 1), 7 37C .
5% CO, IRBE T, H A7 B 595 0.5~4 h,
THOBR B 352 s 0 5 9 Kl 450 nm YWEOGRE e, AR
I8 41 e 18 5 15 DU AS H VSMCs B AT I R M I 1% 285
VEFEAHIE ST TP e FT AL B O RS R e, RIS R =
(SEER ALV OD H -5 F X R 41735 oD fH) / (B
PEXT BE 2 -2 OD fH - %5 A X B 4172 oD fH) x
100% .

2. 4 ZH 40 3 A TS R ARG I vk B 4 4 VSMCs
14 #1910 wmol/L EDU TAEWAE 37°C Y R85
AL 2 h, 4% 22 B Wl ( paraformaldehyde, PA)
i 72 24 i 29 15 min, 5 H %A 0.5% il Hi 8 X-100
(Triton X-100) A 1 xPBS & VL4 5 WK, 4 & Uk
3 min( ZHMLEAL) o B Triton W5 PR S 236 24 10 % 1)
S A S Apollo 4 €0, TR 4 16 BE I v i
H 30 min, HJa, B B A2 ) 40 I B 30 0 Ot e )
33342 ( Hoechst 33342) 4 {1, 10 min, 7E%¢ ¢ 5%
RS B 2 A1 M, EDU K B4 5 ) 4 M AR 12 Sk 2k
Hoechst 33342 ¥ 4 A% FRic Mg

3. 4 41 40 JE S A I 5 kLK 4 41 VSMCs (1
10°/90) 3R 2] 6 FLA P, 76 37°C .5%CO, KT
BErR SR 24 by, SRJG K A0 AE TG I B 9% 3 R
FE R, ISE B GO/GL Wy [l 26 4k, PDGF-BB 4 |
FLWEH D63 140 % PDGF-BB Bl ( X B4 A H
PDGF-BB Hl#) 24 h J5 , M A 20 pmol/L CUR #J 1%
52 LT 04 B i R R 3k A0 FE 6 h, SR PBS T U 2
WO A % 425 nm PR BOE RS 120 s, RH
0.25% 5 25 1 B 4 1k 4 41 VSMCs, %> (1000 rpm,
5 min) JEUCEE ARG 1 mL ¥ PBS 35Uk, I AE 4°C 1Y
T5%V% LT [ 224 b, [ E S5 140 PBS i Uk
3, LA TN BE (propidium iodide , P1) FIAZ H¥ % iR
fiff ( Ribonuclease , RNase ) A 4 {4 30 min, #x /)5, i
NS 53 BT 45 41 40 B A 1 454 40 e 0 B i
LU o DAL PR G €0 4% 1) 35 5 A B 53 25 T DACKS: 240 i ]
W14y = 1. GO/G1 ] (DNA & i Z Hir, 4t {k
2N) .S HWI(DNA IE7E &, Ye @k 2N-4N) . G2/
M ] ( DNA & il 58 1L, Ye ik 4N) .

4. Western blot &4 I 75 7% . K ] Western blot £
K 4 ZH 40 s PCNA | p-PI3K . p-AKT . p-MTOR By
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INEOL, 3 HANME T K E 5020 5 FH 4 R AR 1 AL
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fluoride , PVDF) i |-, #R J5 H 5% 1) i fig 2F W5 7 Pk b
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2 pPI3K (1 : 10000) 3 B-actin(1 : 1000) , )5,
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TWFE L h, SRJGH TBST 28 vh i 76 $5 PR - P 3k Pk i
3 WK, A B am YAk 22 & 63K ] (enhanced chemilumi-
nescence, ECL) £ &t & AR AL F 3P Al & B B 5kl
I, PR Image J 315 #EAT 3 — 20 B BLHE 407 .
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FE T X IRZL (P<0.05) |, WiY63h J1 40 VSMCs 4 5
T PEN] B K T PDGF-BB 4H ( P<0.05) , 2% 3 ¥4 58
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R4 ARG R (%, xxs)

215 G0/G1 G2/M 1 S
X HR 2 71.83+6.06 5.24+2.51 22.92+7.74
PDGF-BB £ 49.59+3.44* 5.83+5.11 44.58+8.52°
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P RTIPIE: 32.67+15.20 32.68+11.50* 34.65+8.00

. SXHRAUM L, *P<0.05; 5 PDGF-BB 41 kb, P<0.01
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T HRELL AL, * P<0.01; 5 PDGF-BB 4 b4, P<0.05, ©P<0.01
B 1 &4 VSMCs IFEE 2 A
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ABFFTEE R |, 6 3h 7 4L 36 FE Y BH M 41 L ]
BFL T PDGF-BB 4 ( P<0.05) , St 3h /1 4H 40 M 7E
GO/G1 A LE A B S ARG T X B 2H ( P<0.01) |, T 7E G2/
M ] 4 Eb 45 U] BH S = X IR 4 il PDGF-BB 41 ( P<
0.05) , H 63l 14 1% PCNA PI3K/AKT i % W5 1R 1k &
FIAY 2508 2K T PDGF-BB 41, 2 394 481245
X (P<0.05), L#RZEHEEER, CUR 451 PDT A fig
Wit PI3k/ AKT {5 53 i 3k #l il PDGF-BB %5 F 1Y
VSMCs HY345HE

AR B A AIFSE % BE, CUR 43118 PDT ] LA
P VSMCs (RS PR B AL IELE AS 1 A& S, HAL
TR S w4 | A ", HAEr, CUR A~ 31
PDT X} VSMCs 34 5 68 J1 () H 44 52 mia 475 A 35 4
VSMCs B)-5 5 18 5 2 J BV I 45 51040 % A RN R R A
FEERMN, LS5 T shkoBrertifl 48 YA G ik
2 A8 G I 0 BT R, CUR 2 —Fh A 4
ZeH P AREU /N T B R VE B 2 I, ORI
PR BrEA B Brah ko RERE AL R g 26
JEE AR IV SR AR B 24 B o LA e, 2
SRR FK I — R AIEE R, PDT A B T 1%
fik VSMCs Byad BERAE ™ . XA R A, X CUR
A0 PDT X VSMCs 3455 5% Wi (5%, A B R
RIATT BB NS R 1 A S8 T 1)

PE4eE , PDGF-BB A3 3 4 3 40 i P9 15 5 3 [ o
Ja sh— Z BN RO, NITIEST VSMCs FY 378 Fndd
B FESEAE S B P, PI3K/AKT/mTOR 38 & &
— S AR B A O 2 L5 S aE B, AR AS ik
JErh ,PDGF-BB X VSMCs 4 #1381 FH T LA 5 PI3K
FOTERR AL F0 T I 55 11 mTOR AU BLTR Y . WF98 & BH,
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