HEPR2EHR Acta Physiologica Sinica, December 25, 2022, 74(6): 949-958 949
DOI: 10.13294/j.aps.2022.0086  http://www.actaps.com.cn

REX, B, B/ HET, PRI LILESEREHRE A LI EHR PR IR,
HRPERA . SIAKERREL. S AR T RERR B E TR AT PR D ERERI.
FOMESHL, ETHE. SIWREENEREE, RAREERNF. £WER%¥E. 2 TFEWE
LEBEARTE, WAFFOMESLRREIS, BIEROLIESL RSP R AT
RIBE . 2017 SEE E 7R NERIR BRI EE £ 2 O i B S5 FURIRA,  SE/R4RIERISER /
#, EOLESHTEBIAT N ARS. BNERBABEEFER/MNEESET L. FE
&, URTHEEARBEESEANZTRTHAE, REHEFERAERTFARRLERR
fE Cardiovascular Research Vascular Pharmacology Trends in Biochemical Sciences. Journal of
Biological Chemistry 1 Molecular and Cellular Endocrinology M EZ5E L, KRRELL 20 KE.

— & L RESREHEYLLNEEVEREHEER. CREREEEY SO NEEVERERR.
Frontiers in Cardiovascular Medicine ¥53¥%%%8 . Frontiers in Cell and Developmental Biology 8B X%, P EIKEL S
) FERE. EXERMNFESTRRE /T RE BRFFREST RSB IRIEE,

AS 2@ NF-kBHB-catenin {5 S8 B HHI M E54L

A BLP O gt 3 Rl R ERC, TRAERK, 2 Z', EAE, #FA' kA&
JUIM BERF R R e 2 B R b 2 SR e Aoy AR ARl e, TN 511436

B OB SR REESTES SN EEANRS L DT RIS RO IR . I L R
i B 0O FE RS S R B 2820 B3 L L BRSO, SR 35 ) I 5 A RS 2 . AR
F LT UL L5 5 RS20 L% R 2 2D, S 0/ B A5 LR 70 2 MR 255 £ 1
PRI AN . 95 2 Y RO B T e et R, FL B a s S0 S 5 10 1L T LA A L3R4S 1L . qPCR
HIWestern blots 5.2 BT+ 2 B adfh i 5 V- H LA 60 e REAANHUE S P ST th 52 0 70 B 42 3D, 5.5 10/
BRI 5 5 T L PR R 50000 WUBIIE ST %, 2 R La b T35 11598 LA oY NE - kBT B-cateninf 2 B
Vo b, SFHBEIaK0L, NF-cBRIB-catenindh 5 HEHIHIAISCTS 741 AILF3 4] 2BV 0 175 P38 WLANHAS (b . i
LE ), PSR 4540510 NE-B I B-catenin B B WA I 945 (U002 , B -2 T Ta v Al J2 36077 1 5510
i L 2.

X@R: SIZE0a; MR WU NF-«BAHIB-catenin{s 5 iH

This work was supported by the National Natural Science Foundation of China (No. 82170428) and the “Yangcheng Scholar’ Grant
of Guangzhou (No. 202032768) to ZHU Dong-Xing, ‘Climb Plan’ Science and Technology Innovation Fund for The Undergraduate Students
in Guangdong Province (No. pdjh2021b0418) to LI Dai-Ying, and Research Training Grant for The Undergraduates of Guangzhou
Medical University (No. S20211057058) to CHEN Jie-Yi.

"These authors contributed equally to this work.

“Corresponding author. Tel: +86-20-37103613; E-mail: dongxing.zhu@gzhmu.edu.cn



950 HEH2EHR Acta Physiologica Sinica, December 25, 2022, 74(6): 949-958

Tanshinone Ila attenuates vascular calcification through inhibition of NF-kB and

B-catenin signaling pathways

ZHONG Hui" ", LI Dai-Ying™", WANG Su-Ying’, CHEN Jie-Yi’, CHEN Jia-Xin', TAN Xiao', WANG Yue-Heng',
XIE Yu-Chen', ZHU Dong-Xing""

'Biomedical Research Center, Basic Medical School; *School of Life Sciences, Guangzhou Medical University, Guangzhou 511436,
China

Abstract: Tanshinone Ila is a key ingredient extracted from the traditional Chinese medicine Salvia miltiorrhiza (Danshen), and is
widely used to treat various cardiovascular diseases. Vascular calcification is a common pathological change of cardiovascular tissues
in patients with chronic kidney disease, diabetes, hypertension and atherosclerosis. However, whether Tanshinone Ila inhibits vascular
calcification and the underlying mechanisms remain largely unknown. This study aims to investigate whether Tanshinone Ila can
inhibit vascular calcification using high phosphate-induced vascular smooth muscle cell and aortic ring calcification model, and high
dose vitamin D, (vD;)-induced mouse models of vascular calcification. Alizarin red staining and calcium quantitative assay showed
that Tanshinone Ila significantly inhibited high phosphate-induced vascular smooth muscle cell and aortic ring calcification. qPCR and
Western blot showed that Tanshinone Ila attenuated the osteogenic transition of vascular smooth muscle cells. In addition, Tanshinone
IIa also significantly inhibited high dose vD;-induced mouse aortic calcification and aortic osteogenic transition. Mechanistically,
Tanshinone Ila inhibited the activation of NF-kB and B-catenin signaling in normal vascular smooth muscle cells. Similar to Tanshinone
IIa, inhibition of NF-kB and B-catenin signaling using the chemical inhibitors SC75741 and LF3 attenuated high phosphate-induced
vascular smooth muscle cell calcification. These results suggest that Tanshinone Ila attenuates vascular calcification at least in part
through inhibition of NF-kB and B-catenin signaling, and Tanshinone IIa may be a potential drug for the treatment of vascular calcifi-

cation.
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#1. RT-qPCR3| 4 5 7
Table 1. RT-qPCR primers used in this study

Gene symbol Forward primer (5'-3") Reverse primer (5'-3")

Runx?2 ACCATAACAGTCTTCACAAATCCT CAGGCGATCAGAGAACAAACTA
Bmp2 GCTTCTTAGACGGACTGCGG GCAACACTAGAAGACAGCGGGT
Msx2 GGAGCACCGTGGATACAGG TAGAAGCTGGGATGTGGTGAA

Opg (Tnfrsf11b)

Osteocalcin (Ocn)

B-actin

CAGAGAAGCCACGCAAAAGTG
AAGCAGGAGGGCAATAAGGT
Alpl GGGACGAATCTCAGGGTACA
GGCTGTATTCCCCTCCATCG

AGCTGTGTCTCCGTTTTATCCT
TTTGTAGGCGGTCTTCAAGC
AGTAACTGGGGTCTCTCTCTTT
CCAGTTGGTAACAATGCCATGT

%2. Western blot3i a1z &
Table 2. Source of primary antibodies used for Western blot

Antibodies Source Catalogue no. Dilution

RUNX2 Abcam ab192256 1:2 000 in 5% BSA
MSX2 Abcam ab223692 1:2 000 in 5% BSA
Erk1/2 CST 8814 1:2 000 in 5% BSA
p-Erk1/2 CST 4370 1:2 000 in 5% BSA
p-Akt CST #4060 1:2 000 in 5% BSA
Akt CST #4691 1:2 000 in 5% BSA
NF-«B p65 CST #8242 1:2 000 in 5% BSA
NF-«B p-p65 Abcam ab183559 1:2 000 in 5% BSA
B-catenin CST #8480 1:2 000 in 5% BSA
Smad1/5/9 CST #12656 1:2 000 in 5% BSA
p-Smad1/5/9 CST #12656 1:2 000 in 5% BSA
B-actin Santa Cruz sc-81178 1:10 000 in 5% BSA

BSA: bovine serum albumin.
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Fig. 1. Tanshinone Ila (Tan Ila) inhibits high phosphate (Pi)-induced calcification in vascular smooth muscle cells and aortic ring in vitro.

A: Representative images of alizarin red staining of vascular smooth muscle cells at day 14 (Plate view). Murine vascular smooth

muscle cells were cultured with control or 3 mmol/L inorganic phosphate medium, and treated with DMSO or 1 umol/L Tan Ila for 14

days. B: Calcium quantitative assay showed that 1 umol/L Tan Ila significantly inhibited calcium deposition in vascular smooth muscle

cells. n = 5. C: Representative images of alizarin red staining of aortic rings at day 7 (Microscopic view). Murine aortic rings were

cultured with control or 5 mmol/L inorganic phosphate medium, and treated with DMSO or 1 umol/L Tan Ila for 7 days. D: Calcium

quantitative assay showed that 1 pmol/L Tan Ila significantly inhibited calcification in aortic ring. n = 7. Data are presented as mean +

SD. Statistical analysis was performed using one-way analysis of variance followed by Bonferroni post hoc-test. P < 0.001, P <

0.001.
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Fig. 2. Tanshinone Ila (Tan Ila) attenuates the osteogenic gene expression in vascular smooth muscle cells. Murine vascular smooth

muscle cells were treated with DMSO or 1 pmol/L Tan Ila for 48 h. 4: RT-qPCR for mRNA expression of the osteogenic gene Runx2,
Bmp2, Msx2, Osteocalcin (Ocn), Opg and Alpl in vascular smooth muscle cells. n = 6. B: Western blotting for RUNX2 and MSX2
protein expression in vascular smooth muscle cells. C: Semi-quantification analysis of RUNX2 protein expression. n = 3. D: Semi-quan-

tification analysis of MSX2 protein expression. n = 3. Data are presented as mean + SD. Statistical analysis was performed using

unpaired Student’s ¢ test. P <0.05, P<0.01, P <0.001.
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Fig. 3. Tanshinone Ila (Tan Ila) reduces high dose vitamin D, (vD;)-induced mouse aortic calcification and osteogenic transition. 4.

Representative images of alizarin red staining of mouse whole arteries. B: Calcium quantitative assay showed that calcium deposition

was reduced in arteries isolated from mice treated with Tan Ila. n = 4. C: RT-qPCR for the osteogenic gene expression in mouse arteries

including Runx2, Bmp2, Msx2 and Ocn. n = 4. D: Western blot for MSX2 protein expression in mouse arteries. £: Semi-quantification

analysis of MSX2 protein expression. n = 3. Statistical analysis was performed using one-way analysis of variance followed by

Bonferroni post hoc-test. Data are presented as mean + SD. P < 0.05, "P < 0.01,
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Fig. 4. Tanshinone Ila (Tan Ila) attenuates high phosphate-induced vascular smooth muscle cell calcification at least in part through
inhibition of NF-kB and f-catenin signaling pathways. A—E: Representative images and semi-quantification analysis of Western blot
for the NF-xB, B-catenin, Smad, Akt and Erk1/2 signaling pathways in vascular smooth muscle cells. Murine vascular smooth muscle
cells were treated with 1 pmol/L Tan Ila at the indicated time. P < 0.01, " P < 0.001 vs 0 min. F: Murine vascular smooth muscle
cells were pretreated with 1 pmol/L SC75741 (NF-kB inhibitor) or 10 pmol/L LF3 (B-catenin inhibitor) for 2 h, and incubated with
control of high phosphate medium in the absence or presence of 1 umol/L Tan Ila for 14 days. Representative images of alizarin red
staining at day 14. Scale bar, 5 000 pm. G: Calcium quantitative assay showed that Tan Ila or inhibition of NF-xB and -catenin signaling
attenuated high phosphate-induced vascular smooth muscle cell calcification. » = 5. Data are presented as mean + SD. Statistical analysis

was performed using one-way analysis of variance followed by Bonferroni post hoc-test. P < 0.001, P < 0.001.
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