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Piperlongumine attenuates high calcium/phosphate -induced calcification of aortic valve
interstitial cells by inhibiting BMP2/pSmad1/5 signaling

TANG Shi, SUN Wei, KONG Xiangqing, SHENG Yanhui"

Department of Cardiology ,the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029 , China

[Abstract] Objective: To explore the role and mechanism of piperlongumine in high calcium/phosphate -induced calcification of
aortic valve interstitial cells (AVICs). Methods: Porcine AVICs were isolated and cultured in vitro. AVICs were treated inductively
with high calcium/phosphate medium and piperlongumine of different concentrations for 16 hours. Flow cytometry was then performed
to measure cell apoptosis. AVICs were treated with 2.5 mmol/L piperlongumine or 100 ng/mL bone morphogenetic protein 2 (BMP2)
under the condition of high calcium/phosphate. The effect of piperlongumine on calcification was measured using calcium
quantification, alkaline phosphatase activity and alizarin red staining. The protein and mRNA levels of osteogenic markers were
determined by Western blot and real -time PCR. Results: (D Flow cytometry showed that piperlongumine under 5 mmol/L had no
obvious effect on AVICs apoptosis treated with high calcium/phosphate medium. ) Calcium quantification, alkaline phosphatase
activity and alizarin red staining showed that 2.5 mmol/L piperlongumine attenuated the calcification of AVICs induced by high
calcium/phosphate medium. 3)Western blot, real-time PCR showed that 2.5 mmol/L piperlongumine inhibited the protein and mRNA
expression of osteogenic markers including BMP2, phosphorylated Smad1/5 and RUNX2. @) Exogenous recombinant BMP2 may
reverse the effect of piperlongumine in witro. Conclusion: Piperlongumine attenuates high calcium/phosphate - induced AVICs
calcification by inhibiting BMP2/pSmad1/5 signaling.
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IR LA AL, S AL PRAT & 3R S5, O 22
B en) L7/ N (el S AR | =R Y R (D = SN
DMEM = B85 9% 3 (& HEPES) I 2F 1ML 35 | 75 /4% 5%
RIWMERE R iR (Pi) EALES  BE2E B (Sigma-
Aldrich 28\, 32 [H) ; BCA £ H & 5 51 & (Thermo
Scientific Pierce 23 ], €& ) ; #5730 #1075 & (DICA-
500, QuantiChrom 23 &) , JE[E] ) ; B M BEFR 1 (alkaline
phosphatase , ALP) Kl i) & (WAKO A /], HAS) ;
#1240 N 58 35 % A H (bone morphogentic protein
2, BMP2) (R&D SYSTEM, 3¢ [& ) ; GAPDH # 14 (#
5174) . Smadl/5 Hi 14 (#6944) | RUNX2 4 1A (#
12556) , OPN i {4 (#1264) . BMP2 $it {4 (#14933) |
BMPR - I $i {4 (#393304) . pSmad1/5 HL {4 (#9516) |
HRP #5109 £ 51 9 —$L (Cell Signaling Technology
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200 r/min) JHAL 3 he B.OF B, I EE 58 21 37
F(DMEM =y i85 27 3, B 20% BG4 L7 1.4% 7/
HERRIWIMERE R .2 mmol/L L B A Z B 1) ,
100 wm JE R I8 5 5% A 25 em® 35558017 37 °CL, 5%
CO, S5 IR A R 5 9% . 48 h WLZE I BEA% Il , 4o b 5%
5o MM RAREE R, JE S S I R 3~5 %
MAR AR EAT o S50 2 AT A I 90 30 2 He 2 98 6 U vk
FRig AVIC ¢ 53 R IR L B A T 58, S5 SR %
HHFRA THE A3 AVIC 4EEE#E it 909%™,

1.2.2 AR fm R AUE ) 4a e 8 —
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25 IR IR (Curl 21, DMEM £ 3% ) 5 B 2 45 441
(Hea 21, BB A 95 ) LR TR) e i BB I AR AL #HL4H
(PLG+Hca 41, PLG+im W = 854557 ) , A 31K 1L,
Figi 16 h g, JERE AL WS AR AL . 4 °C 450 g B0
5 min 5 PBS TG ¥ 2 . H A& T 100 pl. Annexin V
binding buffer 40 A 5 WL Annexin V-FITC
5 wL PIZE 1RO 15 min, LA 400 pL Annexin
V binding buffer, 37 B JH 3t =X 48 B 434S D 4 At 94
o, RV T 40 (Annexin V-FITC FHPE, PTBAE)
PEF AT B8R 5 a1 8 1740 g (Annexin V-FITC FH
P, PLBHME) A2 T4 BB 5 1F % 41 il (Annexin V-
FITC A%, PLEAIH) A T A T LR . 45 2R LA Annexin
V-FITC [HP4 G € 2 i B -5 300 308 1 s 30 00 T 2508
A B A A oy B R B
1.2.3  mpess kg m e

AVIC DL I 10°ALRY S R F 12 4L, 7
LA v 198 e %5 FI/ER 2.5 mmol/L BEZ B §% . 100 ng/mL
BMP2 b 16 h )5, F PBS 1 3 K, LA 500 pl.
0.6 mol/L HCI, 4 “CHEK 24 h, {fi FHAS 43 B 7 &
FFAKEFR IS WL A 96 FLAR , A 200 WL TAE ,
FE IR 3 min, i Synergy™ 2 microplate reader
(BioTek 23], 96 [ )i2HL 612 nm AL GEE . #1241
i AR R 0, T PBS ik 3 R JE A 0.1 mol/L
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NaOH/0.1% SDS. K EEfLANHIE] T ,4 °C 13 000 g &
0> 20 min, B E 58 BCA 0026 (v, A5k JF
{1 AR AL ES TR B (wg/mg protein ) =28 X A5k 4/
B
124 ALP#E MM &

B 12 FLAR R R IR AVIC [H) 1.2.3 40 B,
PBS {5 Uk 3 UK, & FLI 1 250 L 0.05% ) th 3758 X -
100, #4752 3 IR URRERAE . R BAL A 4 <C
15 000 g .05 15 min ZbF O L& AL BB EP 45
o IR AR SRR &, B ALP RG50S A T A
W+ 75 96 FLA Z AN 100 WL JEE M 22 vhile F11 20 LA
i, TERFLAR R T b 78034837 1 min, 37 CEH
15 min J5 #0080 WL KW 241k o TETUFLIGR 7 fir
743 ¥% 7% 1 min, FH Synergy™ 2 microplate reader il
405 nm A PIGAE . [AIRE A 725 1 (GEIBK)
Xof HEFIVBRVE it ARSI, bR . BCA AR
AR R T ALP 15, ALP 15 (U/pg) =
(S5 21 W' - 25 1 A WO (B ) <7 R A 550 = 1
1]
125 HFEafeE

W12 FLH A AVIC [F] 1.2.3 Ab 385, W 4 b5 55
H PBS A3 . 4% PR 3 R T 10 min Ji5
PBS VL 31K, 95% 12 i [ 78 40 20~30 min, 2%
BT KIEVE 330 . 2%t L1 S YL (A 1~5 min, 55 T
SR LT IRy, T8 PRI DE
Bk, kR g, MR R S
1.2.6 Western blot #%| & & & ik

AVIC 4 g [7] 1.2.3 4b B /5 ] Cytoplasmic Ex-
traction Reagents (Thermo 23wl , 5% [ ) #1057 & 15 A
LB 1, 10%~15%17) SDS 5 7R s 15 i e v Yk I
% 2| PVDF i (Roche 24 F) , 3 +:) b, I 5%BSA %
BT, BAREE A E — P i, R —Pin T
GAPDH Ht & (1: 1 000) | Smad1/5 Hp#4 (1: 1 000) .
RUNX2HifA&(1:1 000) ,OPN #7424 (1:1 000) .BMP2
Pt (1:1000) .pSmad1/5 B4 (1:1 000) .BMPR-II
PR (1:200) , JEWFE AT HRPARICHFEPTER —HT .
FPrrRPr(1:5 000 RE) o Al FH BN 1 min
J&i , 7E ChemiDoc XRS % 24t NG, Image Lab™
AT 200 KB 53 HT
127 SB# X2 2 PCR

AVIC 4tiffd [A] 1.2.3 4P )5 {5 ] RNeasy RNA iso-
lation kit (Qiagen 23 Al , 35 [E ) $2& HU &L RNA, fifi
PrimeScript RT™ reagent Kit (TaKaRa 2y ], H 4%) i
ikt SERT9EEE B PCRAF ] Prism7900( ABI 2

AL EE) ARG, S BT, SIS,
i 962 ' PCR W B 31K, L GAPDH A 1A
IR I 2700 A A T PR AR o A o

%1 PCR3I¥FF]
Table 1 The primer sequences for PCR
HEH % S1HFS(5—3")
RUNX2 F:CCTCCTCTTAGTCTGGCTCG
R:ATCTGAGTTCCAGCGTCGAT
OPN F:GCCACAGAGGAAGACCTCAC
R:ATGCTCATTGCTCCCATCAT

BMP2 F:AAACCTGCAACAGCCAACTC
R:AGACCTGCTAATCCGCACAT
GAPDH F:CGTCAAGCTCATTTCCTGGT

R:TGGGATGGAAACTGGAAGTC

1.3 %itFak

JIT A 0 2 B T s R B AR IR (3 £ 5.) o
fifi H GraphPad Prism 7.0 #4 LL A b FRAH 55 %7 HEZH %K
B ZHERE LR K 28 5 225397, Bonferroni
AT Z B P < 0.05 MEFA LR X,

2 5% R

2.1 ERYBATEHESSHEFAVIC AT

T A R R S e A PR A o R A
M, BEFES T AVIC IR T . BEX Ik %
T+5 mmol/L B Xof v 4% i i A BT 5 1Y AVIC P 12
T EBAER, BT 5 mmol/L i, AL T-/EFHH &
(1) o B4 BER BT IE (A e SCE ™ 2
BRI E R R AR 2.5 mmol/L BE % B B H T
Je ST AAE T
22 EEE BT F 45 S AT 09 AVIC 4510

ST PN A S T S AP S MRS i 24T e
A5 R R S E WA ZH 5 PR ZEL A e B 35
JTAVICH L., 2.5 mmol/LEEZE WAL B , AVIC
FEALAS BT A . LA S5 R 2.5 mmol/L BET
B R, o) 25 45 v B 75 5 10 AVIC 45 Ak B R 54
(K2),
23 R BITE S5 SS9 AVIC R 2L

Western blot 2553 7 , 76 =85 = i B 55 3 vh o
A 2.5 mmol/L ¥ET% B g AL FRIN 1] T B 43 b br ik
1 RUNX2.0PN .BMP2 F1 BMPR (235, LA S s
A3V % 4R 11 Smad 1/5 FOBETR AL, TH T AVIC
1) B 4> 6 (B 3A.B) o Real - time PCR £ ]
RUNX2.,0PN & BMP2 % 5 B 43 b 48 55 1) mRNA 7K
-, 25 B 1R 2.5 mmol/L BE 2% BRI 1 = 5 2 w175
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10° 10 10° 10° 10 10° 10 100 10° 10 10° 10 100 10° 10 o Q, Q%E’XE&GQ&Q’X%’X&
QIR Y Q)
10" 10'3 10" R N A
310 mmol/l, PLG+Hea 315 mmol/[. PLG+Hca 320 mmol/|. PLG+Hea ORDANRY \\” R
] ] ] TS Tl oS
10" = 10‘; | 10" N 5 NN N
10°4 * 10°4 ’ 10° ’
04 10’ i 10'
28.8 ] 30.3 28.0
0 0 0
1 T 1 LA NRALAL R 1 L4 AL S el
10° 10 10° 10° 10° 10" 10' 10° 10° 10'  10° 10' 10° 10° 10'

AV

L ELES, P < 0.001(n=3).,

E1

Bl EEEX AT & 55 & BE S AVIC H TR0

Figure 1 The effect of piperlongumlne on AVICs apoptosis treated with high calcium/phosphate medium
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Figure 2 Piperlongumine attenuates high calcium/phosphate induced AVICs calcification
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A : Western blot ¥ 1 88 70 b 25 11 ; B: Western blot G211/ #1455 (n=6) ; C: RUNX2 mRNA 357K F; D: OPN mRNA F ik /K ; E: BMP2

mRNA FE K- (n=12) s I HLEE,"P < 0.05,P < 0.01.
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Figure 3 The inhibition of piperlongumine on osteogenic differentiation of AVICs
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INGYF BIE B EAT S AU AL AR VR T
FEIEZAE NP R WA Z — , B THUEs s
ST A2 — DA R 7R, P AR B a5 1k
YR REAEAE I AE BN VR T, N B Pu 1
By 2 B A SR FT BE AP AS AL 25 ) R — R AT AT
MIRERE . ARSCIFSE T BEZE BB A DU AS A5 A0 A T
SRR AR B R AL B 8 AVIC Hh  BE
2 WIBAAE KT 5 mmol/L ) A (e g8 8 T, ik
F 5 mmol/L I X 41 A 98 1= JC A HEAE L 42 7R BE 26 B
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T =B R B AR L A 2.5 mmol/L BE X2 B

AEEE AVIC, FoAT K BUBE 2 WA BB AE 0% b 40 ] = 5 1
W5 T 1 AVIC 854k, 306 5B A 5 4 ALP 135 7
FR > T A5 ER AR X R oAb A 3 R Y real
-time PCR 7317 7 : BE2E WA 30 il T RUNX2 .
OPN . BMP2 S55E K [ 63k

REAE AT 9E 2 W, BMP2/pSmad1/5 15 5 18 J% S22
HERLAA BB - A L 5 T B DG B 1, 12238 1
) S A 2 T2 B0 IO 5 1 e A R 1) 32 AL
2 TEAREGE T FRATTAE F AT T BE 2L WO
2R T I VE 5 SRR e 0 AT L G 25 T
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— AL TE S e AL B A TR B A SR 4 BMP2 S EE
R, , 245 S5 3 1 5 41 BMIP2 R i 22 BH 07 2E 25 W ik
FIPTESAE T o 25 o] UL, BEZE B 2 08D 1
5 5 S 0 BMP2 Rk o [R A BMP I A4 52 {
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0 v 55 v B S 1) BMP2 336 1 ELIAR ML A e 2
E— IR AT o

ZE LA ARG 1 UUE B EE S B AT L S 3
T 5 4 S WA S AVIC 454k, Hebi A Ab 1 1 &
IR A ] BMP2 38 5 S, M0 )1 e g )
JOT 240 L ) BE A3 Ab o ARSI SR A I DR I R T R 4L
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Figure 4 BMP2 reverses the anti-calcification effect of piperlongumine
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