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Mechanism of 3-arylcoumarin derivatives inhibiting vascular calcification
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Abstract To reveal the pharmacological mechanism of 3-arylcoumarin derivative 3-(4'-hydroxyphenyl)-6-
hydroxycoumarin (SJ-6) against vascular calcification, advanced glycation end products (AGEs) were used to
induce the calcification of human aortic vascular smooth muscle cells (HCASMCs), and calcification was
identified by alizarin red staining and quantification. The effects of SJ-6 on alkaline phosphatase (ALP) activity,
cell proliferation rate, calcium content, and total reactive oxygen species (ROS), superoxide dismutase (SOD),
AGEs, and tetra methylethlene diamine proteinase factor-a (TNF-a), interleukin-6 (11-6), interleukin-B (1L-),
runt-related transcription factor 2 mRNA (Runx2 mRNA), the receptor of advanced glycation endproducts
(RAGE), nuclear factor kappa-B (NF-«kB), napdh oxidase-1 (NoX-1), protein kinase C(PKC), protein kinase b
(AKT), p38 mitogen-activated protein kinase (p38 MAPK), and smooth muscle actin- o (SMA- a) protein
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expression were determined. According to our results, SJ-6 significantly decreased AGEs content, ALP activity,
intracellular calcium content, ROS content, Runx2 mRNA and inflammatory factors TNF-a, 1L-6 and 1L-B (P <
0. 05) and increased SOD content (P < 0. 01), with similar to those of the positive control drug aminoguanidine
hydrochloride (AGH). Therefore, we investigated the pharmacological mechanism of compound SJ-6, which was
found to significantly inhibit the expression of RAGE, NF-kB, NoX-1, PKC, Akt, p-p38 and other essential
signaling proteins in the calcified cell model (P < 0.01) and increas the expression of smooth actin SMA-a (P <
0. 01). SJ-6 inhibits vascular calcification by inhibiting oxidative stress and the expression of AGEs/RAGE, Akt/
PKC and NF-kB signaling pathways, suggesting that it may be a novel drug for the treatment of vascular

calcification.

Key words  3-arylcoumarin derivatives; vascular calcification; advanced glycation end products
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Figure 1 Synthetic route of compound SJ-6
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1.1 Zhab XA

SJ-6(ZHi:99. 07%) H LR 56— BERL R 22 2427
5 2Rl g e R IR R, 0. 2% PE R4S
YU MTT 8 A A B AL (SOD ) Al i) & L 5
RNA #2071 & . 40% 2 5 H 15 (b 5T Solarbio 28
A JRZF LS . DMEM 855735 (32 Gibeo A F] ) 5
TS bERE A AL E (32 [E Sigma 28 /] ) ; BlPE B R Bl
T 1 ki 59 & (I T Beyotime 23 F] ) ; WB-
KLS0100( 32 [ Millipore 23 Al ) 5 45 25 K i 124 751 &5
(4L 5 Leagene /A #] ) 5 p-p38 HLIA \t-p38 HiL {4 . PKC
PUiR NF-kBHLA (1 Cell Signaling Technology 2%
A]) s AktPiiR . RAGE HiiA (& [E Immunoway 23 A ) ;
NOX-1 A  B-actin HLfA& AR LI BT/ gG
(H+L) (22 [ Proteintech 23 7] ) 5 BAR FR1C LU i fR
1gG (H+L) (4L 5% Zshio 28 7] ) 5 1L- B i 156 f 922 3 5
£ L6 B iR ) & TNF-o IR S e i 57 &
AGEs B 56 50 128 15057 6 (b T B A M LB A PR
A ) 5 R RG] & (F Y Bestbio 23 F] ) ; Real
Time q-PCR &5 & ( H 4% TaKaRa 23 7] ) ; HoAth 12 5]
YR 0 4l 51 W& HE Biosune AE Y H AR\ F
BETA G 19751 (Z£ K : RUNX2; #5815 -TCTC-
CAACCCACGAATGCAC-3" , 5'-ATACCGAGGGA-
CATGCCTGA-3" ;59K & : 76 bp) .

1.2 B %

3111 % CO, 53546 . Evolution 220 28483556
&1 (ZEE Thermo A H) ) ; Eclipse TE 2000-S w G
f#48 ( H 7% Nikon 23 ] ) ; Infinite M200 PRO %! fif b5
X (¥[8 Tecan 23 ) 5 CFX96 TOUCK %% Y 5& i+
PCR {¥ . Trans-Blot SD 2} %% E[l £ 45 ( 3% [ Bio-Rad
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H AN S K 25T T 4 d, B8 R L 4% 20 40 B 555
FRGEIUG WS IR T MR 2% vh Eh 5 U (PBS)
MYE 23K, 4% 22 B W [ 78 15 min, 25 85 F /K Bk
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100 mg/L AGEs-BSA + 0. 5% DMSO + 0. 025 mmol/L
SJ-6) .SJ-6 4b #1240 (HCASMCs + 100 mg/L. AGEs-

BSA +0. 5% DMSO +0. 012 mmol/L.SJ-6) .SJ-6 At F
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0. 006 mmol/L SJ-6) , 1755 S 259 T 1ii 4 d, ff K4
TR, A5 L A0 B % % 58 S, e RO ol 1R A T )
I 3K 70) G 10 BH E A7 2R A FOIRE I A 4% 4 A
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ALP G
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BUERIRS BUFH945 2 ~ 548 HCASMCs , % 18
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BB BT C(PKC)HTA(1:1 000) , et A
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PR dLE 25, P < 0.05 5k F£oR 25 B4 %1
3 & B
3.1 REKRESI-6 5w iE Rt ek
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Figure 2 Effects of different concentrations of compound SJ-6 on cell
viability (x + s,n = 3)
1: Normal; 2: DMSO; 3: AGEs; 4: AGEs+DMSO; 5: AGH; 6: 0. 025
mmol/L SJ-6; 7: 0. 012 mmol/L. SJ-6; 8: 0. 006 mmol/L. SJ-6
AGEs: Advanced glycation end products; AGH: Aminoguanidine hydro-
chloride
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Figure 3 Calcified nodules of smooth muscle cells stained with alizarin red
1: Normal; 2: DMSO; 3: AGEs; 4: AGEs+DMSO; 5: AGH; 6: 0. 025 mmol/L SJ-6; 7: 0. 012 mmol/L SJ-6; 8: 0. 006 mmol/L. SJ-6

A: Alizarin red stained calcium nodules under microscope(100 pm); B: Alizarin red staining quantitative results (¥ + s,n = 3)

8P < 0. 01vs normal group; P < 0. 01 vs AGEs group

3.3 ALA-h ST-6 5F-F B LML ALP & 5 9% uﬁ Table 1  Effects of compound SJ-6 on alkaline phosphatase (ALP)
BRI ALP 55 S ks f s g e o, aeiin e e =

R VA LA KA SR BRASE B 1T S b . Croup ALP activity(U/me)

A A2 A 0 AL 5 b, 5 3044 e A

[ ST-6 34 AT Sk 25 410 11605 A 114 0 A8~ 2 JUL 200 A v 1) AGEs 0.245 + 0.003%

ALP 3P < 0.01) (£ 1), #EW AL 5 ¥ ST-6 XF AGEs +DMSO 0.241 + 0,002

F Bk AT e BAT R AP vE R AGH 0.183 +0.003"

3.4 RE#RESI-65F AGEs &%t % 0.025 mmoi/L SJ-6 0.180 = 0.004:

- 0.012 mmol/L SJ-6 0.187 + 0.005

S5XEAIHHH, AGEs LI 4l i N AGEs & & 0,006 mmolL S1-6 0,208 2 0.003"

WERIMP <0.01) (Kl 4), BEEWRERIM, 1k
G SI-6 12 Wi FEAL A AL 1 Y AGEs (P < 0.01) .
HEM X LEAL G W] REREDS B 24 AGEs BUIE 5 AGEs ZHAH Hb , A W) W & 1 SJ-6 1 74l 25 40 it 7Y
AGEs %) A 88 7 itk BB AR (P < 0. 01) , fE AR MR 4L 22 1A]
3.5 REKEST-6 54 e M A5 A 6w Wil 25 £k A 0 0 T BE 3G, A0 B N S S BT R
FHECRTIRZH , AGEs ZHANMI N E5 & BT B, Ul W 1k & 9 SJ-6 1T LL 1 il AGEs 5 3 11
(P<0.01), 58] AGEs 1] A5 HCASMCs 851k, HCASMCs 54k , H. 41 i P9 45 & 20> 51k &9

4P < 0. 01 vs normal group; P < 0. 01 vs AGEs group
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Figure 4 Effects of different concentrations of compound SJ-6 on
AGEs content (¥ + s,n = 3)

1: Normal; 2: DMSO; 3: AGEs; 4: AGEs+DMSO; 5: AGH; 6: 0. 025
mmol/L SJ-6; 7: 0. 012 mmol/L SJ-6; 8: 0. 006 mmol/L SJ-6

4P < 0. 01 vs normal group; “P < 0. 01 vs AGEs group
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AR T LA &0 A e >, 50 R
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0.025 mmol/L SJ-6

HAHLE , AGEs 2H 41 fifg & €8 5 S T AR i 15 K (P <
0.01), HAOBmE TR . 5 AGEsHXfIE,
A TR e BE Ak B ST-6 2H 43 (5,75 S Tl AR i Vs /b
(P <0.01), H pifi ve B 38 i 1 FRZ s /b, 15 ]
AGEs 1] 5 5 HCASMCs % A= 5 Ak N 38 1, (H 4k
A0 ST-6 43X — R, X HCASMCs it F {514
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Figure 5 Effects of different concentrations of SJ-6 on intracellular
calcium content (¥ + s,n = 3)
1: Normal; 2: DMSO; 3: AGEs; 4: AGEs+DMSO; 5: AGH; 6: 0. 025
mmol/L SJ-6; 7: 0. 012 mmol/L SJ-6; 8: 0. 006 mmol/L SJ-6
24P < 0. 01 vs normal group; P < 0. 01 vs AGEs group
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Figure 6 Effects of compound SJ-6 on ROS. The induction of AGEs increases the ROS content in vascular smooth muscle cells, and each

compound group can reduce the ROS content

A: Effects of different concentrations of SJ-6 on ROS fluorescence intensity of each group (100 wm); B: Quantitative results of ROS fluorescence

intensity of cells in each group with different concentrations of SJ-6 (¥ + s,n = 3)

1: Normal; 2: DMSO; 3: AGEs; 4: AGEs+DMSO; 5: AGH; 6: 0. 025 mmol/L. $J-6; 7: 0. 012 mmol/L. SJ-6; 8: 0. 006 mmol/L. SJ-6

8P < 0. 01 vs normal group; P < 0. 01 vs AGEs group
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3.7 REVKESI-6 %7 SOD &k 34 %A

55 % BB ZHAH L, AGEs 41 40 i 19 1 A Ak 46 A
SOD (M i E AR (P < 0.01) . AHH AGEs 4N
[l Ak &9 ST-6 TP 2 40 it P9 SOD A4 35 1 I i
FE (P <0.01), BRI E 240 Z 8], SOD A9 3% 14
Wil Ak A5 e 3 8 o 28 8 T v, Ul B4R ST-6
AT DL s 20 L ) B A A e T, HLBT AU RE D) By 3 B
5 16A1 ST-6 Sk BRI (K 7).
3.8 FRERESI-6F K JEH T TNF-a 1L-6.1L-B
F &AL

550} HRZHAH L, AGE's 2H 20 Jfd () 4 4 441 Jifd TR -7
TNF-«, 11-6 il 1L-B & 3 Jin (P < 0.01) , & B
AGEs 1] LLiFs 5 HCASMCs & A= RAE I o 1 L
AGEs 41 AN [A] ¥ i SJ-6 Tt 41 41 g P 4% o P 1
TNF-a, 1L-6 \1L-B i FRIK B B AL (P <0.01), H

ANTRIHR BE 20 2Z 8], R AE PR 2 3k 1 bl Ak & vk B
BT 2T B, AR AL A P ST-6 T LI AGEs
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Figure 7 Effect of different concentrations of compound SJ-6 on SOD
expression (¥ + s,n = 3)

1: Normal; 2: DMSO; 3: AGEs; 4: AGEs+DMSO; 5: AGH; 6: 0. 025
mmol/L SJ-6; 7: 0. 012 mmol/L SJ-6; 8: 0. 006 mmol/L SJ-6

4P < 0. 01 vs normal control group; P < 0. 01 vs AGEs group
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Figure 8 Influence of different concentrations of compound SJ-6 on the expression of inflammatory factors TNF-a(A), 1L-6(B), 1L-B(C). The induc-

tion of AGEs increased the content of TNF-a, 1L-6, 1L-B (¥ + s,n = 3)

1: Normal; 2: DMSO; 3: AGEs; 4: AGEs+DMSO; 5: AGH; 6: 0. 025 mmol/L SJ-6; 7: 0. 012 mmol/L SJ-6; 8: 0. 006 mmol/L. SJ-6

8P < 0. 01 vs normal control group; P < 0. 01 »s AGEs group
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Figure 9 Effect of different concentrations of compound SJ-6 on the
expression of Runx2 mRNA (¥ +s,n = 3). The induction of AGEs
increased the Runx2 mRNA content of the osteogenic transcription
factor in vascular smooth muscle cells, and each compound group could
reduce the Runx2 mRNA content

I: Normal; 2: DMSO; 3: AGEs; 4: AGEs+DMSO; 5: AGH; 6: 0. 025
mmol/L SJ-6; 7: 0. 012 mmol/L SJ-6; 8: 0. 006 mmol/L SJ-6

44P < 0. 01 vs normal control group; P < 0. 01 vs AGEs group
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Figure 10 Effects of compound SJ-6 at different concentrations on RAGE, SMA-a, NF-kB, p38, Akt, PKC, NOX-1 protein expression induced by

AGEs (x + s,n = 3)

A: Protein expression trends of RAGE, SMA-a, NF-kB, p38, Akt, PKC, NOX-1 at different concentrations of SJ-6 were detected by western blot; B:Gray
analysis of the relative gray value of RAGE and SMA-a protein bands; C: Gray analysis of the relative gray value of NOX-1 and NF-kB protein bands;

D: Gray analysis of the relative gray value of p-p38 and t-p38 protein bands; E: Gray analysis of the relative gray value of Akt and PKC protein bands

8P < 0. 01 vs normal group; P < 0. 01 vs AGEs group
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