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Abstract: Objective: To explore the molecular mechanism of Tanshinone II A in inhibiting oxidized low—density
lipoprotein (ox—LDL) induced proliferation of vascular smooth muscle cells and Warburg effect by regulating the PKM2/
EGFR signaling pathway. Methods: The human aortic smooth muscle cells were used as the research object. The
negative control group, the ox—LDL control group and the low and high doses of Tanshinone II A group(10. 50 pwg/mL)

were respectively set up; MTT assay was used to detect the effect of Tanshinone II A intervention on the proliferation of
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smooth muscle cells induced by ox-LDL, and flow cytometry was used to detect the changes in cell cycle; the
changes in protein expression of pyruvate kinase isozyme type M2 (PKM2) , phosphorylated epidermal growth
factor receptor (pEGFR), active B—catenin, cyclin D1, Glutl and LDHA protein was detected by Western blotting,
and the levels of PKM2 mRNA were detected by fluorescence quantitative PCR ; glucose consumption and lactic
acid production were measured by spectrophotometry. Results: Tanshinone Il A inhibited the ox—LDL-induced cell
proliferation in a dose—dependent manner. The proportion of cells in G1 phase was elevated, and reduced in S phase and
G2/M phase. Tanshinone Il A inhibited the expression of PKM2 by the regulation of proteins and transcriptional level,
down-regulated the protein expression of pEGFR, active (3 —catenin, cyclin D1, Glutl and LDHA, and reduced
glucose uptake and lactic acid production. Conclusion: Tanshinone II A can inhibit the ox-LDL~-induced proliferation
of smooth muscle cells and metabolic reprogramming by regulating PKM2-mediated EGFR.

Keywords: Tanshinone Il A; Vascular smooth muscle cells; oxidized low—density lipoprotein; Pyruvate kinase

isozyme type M2; Phosphorylated epidermal growth factor receptor; Metabolic reprogramming
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B—catenin FiE NI, IR AN ALIE 5 . ox—LDLJ&
S ECAS I E B T, A LUK Wt 19 7 2 E0S
B—catenin, 75371 LN LN GO/G1 A 1] S HAHEE
TR E AN MG 5, i AS SRR, AR ASHIF S i A S 56
R B, PKM2 M E 37X EGFR & #E  #4F 41, B
ox-LDL i i ¥ ¥ PKM2 4 % 9 EGFR 7§ 1 12 ik
VSMCs 14 58 AR 5 25 ALY . 56w S F o8 45 SR
SCHRRGE , AR B EHETT TS A G858 i
% PKM2/EGFR/B —catenin il 1% T ¥ cyclin D1 /K4
il ox-LDL 755 /) VSMCs 3458 , If H.i# i3 8 PKM2
S-S Glut] F1 LDHA k2] IEA S 2L
ox—LDL HA7 Fifi %5 ¥ B2 38 Jin ot VSMCs 2 81 i 2
S I [ 40 S G R . AR S E T RS
VSMCs 3451 (1) 43¢ 18 ox—LDL 3] 3o 58 At e], 2528 %
B ox—LDL i 4H 4% 58 04 {75 56 1 BRAE 50 wg/mL, 7E
100 pg/mL 247 A IE AR - G 1. X 3R ox—LDL
HREAE — G B U N X VSMCs & FE (R A 225 34
VEFH, YR ox—LDL(200 we/mL) H35ox 40 i BAT 75
PEAE TS0 6 240 3G 58, X 5 2 A SR I 4
F—2 J3hb, TESLYR I A9 Rl Y VSMCs 1 5 72 BE
Bl 1 FH B TR] A 38 i 3G i, X5 AS J& T8 M RAE
PEBEG, ox—LDL X Il 7 BE ) 4 35 2 K IR B 44 SR
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PG RIS . I, 50 we/mL ¥ & ox—LDL 34
12 h 824 h &5 5 VSMCs 5958 () BIAR 454, BT |
W SCIERE , ABFIEEERE T 50 pe/mL ox—LDL il 12
h 5 24 h1E R 5 2925 ) ox-LDL B & 1F o R PR
FFZ 0 A T 7 VSMCs 34 58 (1) 4 18 77 & 5 Bsf fa] B
AT K BUSF S A LA B 5 X i ox—LDL
V551 VSMCs 38, BEHA P S 1T A AL R 42 10 1
i A A A, TRIRE T A ] ox— DL 35 5 19 1l 5 7
gl s

R TIPSR A 6] ox—LDL 755 1) 4 A 1
FE ML S H 5 PKM2 22 [B] (4 SC R, AR GE BERRAIK
RS A ST IR 825000 . 25 R BoR S
A ox—LDL % S %) VSMCs ¥ FH 7 G1 30] . AR
P 7E HHE 3 240 1t JR] 10 5 1 B 30 22 ) e 4 v R 4 AR
H, HAoRsh4n i by G1IATE A S 3 1% G 5 ] 3 25 1
J& cyelin D1, H o AZE CONDI A 4 i Y G 1/S 45 5
20 i S A R A A L A A R A R AR
CDKs FOIFEE . cyclin D1 7640 M & W0 i Je a5
JF HAE G rp i 1K 08, B 2 40 i 2ok G1/S K 4
M, B GUHHEA S, e sE 4 sE™, 7%
UEFH S 1A BHAS ox—LDL 75 5 40 fits 1 58 25 {1 41 it 5
W T G1HIE T2 1A PP cyclin D18 ik
FOHEIN , AR T cyclin D1 23k KF-, 255
B —2, P2 A A AR T 8 ox—LDL
LI eyclin D12 (A #GA, 10 ELPHS A DL AR
i 75 M pEGFR . PKM2 75 14 26 4 FI1 PKM2 mRNA
IR0 B S A S PKM2 2:k 323K 240 Jf ik 1 PKM2
siRNA T T 4f il PKM2 2 35 7K1 2k W52 PKM2 AE R I
W31 X% pEGFR Fl cyclin D1 FREEMER . 459 R
g I PKM2 2 35 K AN AL 3 T pEGFR F1 3% 1
B —catenin, [ ELAH| T eyclin D1 8 &35, PKM2id
FEE N 2 ISR M ZE R . A T B0 AIE pEGFR X%
P B—catenin 7K B2, AHF 58 FH EGFR 45 5
I AG1478 AT T, 45 R &I HH EGFR Al LA
B 100 B AR 1 B—catenin 7K 7, 45 G Z AT L0 45 2
Ui B 16 1 B —catenin £ 3K 7K - 32 PKM2 4§ 49 EGFR
5 U A 8 F eyelin D1 J& B —catenin
B R WA BT LA AT LAHERT SRS A S
cyclin D1 F5J&HF N T PKM2 431 EGFR i £,

S 1% M B—catenin FIKFEARIE LAY . A TS
P 11 A #14] ox—LDL 5 5 1Y) VSMCs 34 5 1) [F] B+ 2 75 fig
2 1F ox-LDL 53 Y BRI 2K AL & . A5 [
EREARSI T P FS R 1T A 10U 40 55 57 35 A 8 26 1 D
A EAEL . ZR ARSI A RGE R K
ox—LDL 755 1) VSM Cs ] 4 WHH B 1t A ZL IR A= il

Warburg &80 W & —F b 9 A i gm it 7 =, RIJE
VS JE A R AR, B B 0 A T b RS A0 AR ] R
I ol b e s e A e 2L o £, SR
TEIR BB . Be it QR 45 248 )R I 47 ok B2
2FWIF AT A S A0 . Warburg LN A 3 4N 41,
B PKM2. Glutl Fl LDHA . Glutl 42 4 Jid b 5% Bt 5 2
PSR 40T o LDHA WA A0 9 B R 5% Ak b 2LIR LA
T BIR AT 3 i AR R T P e M 4 — A 1 R (NADH) % 78 1
A T fz e P 1V — A TR (NAD® ) B S B A Qg . 41t
i, cyclin D1, Glutl fl LDHA #B& B—catenin f%) T Jif
HUIE R PR, PSR LA ] ox-LDL i $ /Y
Warburg 2 W AL A% A GEJZ T8 T B—catenin i 21>
B AP A Glut] FLDHA fUE3K

25 FRTIR, ARBFE N AS 5 BEiE AR o S T
% (ox—LDL F1 VSMCs) [ B F+ Z: i [T A 4% PKM2 &
FEHTAS AL . PKM2 1] GE & AS 15 53 i 1Y 280 15
SOCHEIE 7, ARWFS R IR T PKM24E
R AS Bl if B2 S A . XN IRAE IR ST S
T I A B0 U450 A LS4 T Al o SR 7E
R VR S R R A AR AE B RN o DL S A o
FZIIE RN s, A TP TRA S

(5% 30Hk]
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