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WE  ZXEEEATLPSHE T FiFE A K 4 %& @ 4(bone morphogenetic protein 4, BMP4)
VLR B BRI 1] S 48 e (valve interstitial cells, VICs) /B A AL a9 VE A BAUh| , 4510 £ 5)
Jik 98 % 7 (calcific aortic valve disease, CAVD)#) T TREE /7 R ARIE . KA ST 440 AR M 4F
CAVDL A= CAVDAE # I 28 2 *F Runx2f2 BMP4#9 & 1%, Western blot#a | Runx24= BMP4 44 & & £ 34 ;
KR ISR Bl (1R )T AL IR S 5 B % VICs, ) o5 3¢ g @it AT R AV % R A LPSA= & 41 A BMP4
Hﬁ‘d%&k FVICs; FIALPE &, #FHFELSHE E . qQRT-PCRA=Western blotik A5 4m At & F- 2 F= i, 27 2%,

48 7 . Smadl/5/84= ERK1/269 85810 /K-F. 4 R 27, BMP44= Runx2%& & /£ CAVDZA ¥ 44 &k ik
7&% B % 5 T non-CAVDE., XM VICsH B R, B+ 0-SMA#= Vimentin £ FA4, CD31 2 A4,
LPSTT1£VICs ALP#E Mg 5% . 45 A8 % . 45404847 LI fnBMP43% n; BMP47T1£VICs ALP7E
MR, 453G % . 45438 4R EH, B A% Smadl/5/8F= EKR /269 BRER AL KT H 5. #--FLPSY
VA L BMP4 &4 &L #t m ARt VICs 9 A F AF 418, Smad1/5/85 ERK1/215 5 i@ 34 7T b £ 171442 F &
HEZER.
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LPS Facilitates Osteogenic Differentiation of Porcine Aortic Valve
Interstitial Cells by Upregulating BMP4

ZHU Mengying, SHI Qiong, AN Liqin, LIU Yan, WENG Yaguang*
(Key Laboratory of Clinical Laboratory Diagnostics of Ministry Education, Faculty of Laboratory Medicine,
Chongqing Medicine University, Chongging 400016, China)

Abstract This study aimed to investigate the effect and mechanism of LPS on osteogenic differentiation
of porcine aortic VICs (valve interstitial cells) by upregulating BMP4 (bone morphogenetic protein 4), which could
provide a theoretical basis for the intervention and treatment of CAVD (calcific aortic valve disease). The expres-
sion of BMP4 and Runx2 in the non-CAVD group and CAVD group were detected by immunohistochemistry and
Western blot. The porcine VICs were isolated by collagenase (type 1) after the digestion of the valve, and the phe-
notype was identified by immunofluorescence staining. VICs were treated with LPS and recombinant human BMP4

adenovirus. ALP (alkaline phosphatase) staining, alizarin red S staining, qRT-PCR, and Western blot were used to
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detect the early and late osteogenic differentiation abilities of cells. The protein levels of p-Smad1/5/8 and p-ERK1/2

were measured by Western blot. The results showed that the expression of BMP4 and Runx2 in the CAVD group

was significantly higher than that in the non-CAVD group. The porcine primary VICs were successfully isolated.

The staining of a-SMA and Vimentin were positive, while the staining of CD31 was negative. LPS significantly in-

creased the ALP activity and the deposition of calcium salts in VICs. The mRNA and protein levels of calcification

markers and BMP4 were increased. Besides, BMP4 also increased the ALP activity, the deposition of calcium salts,

and the mRNA and protein levels of calcification makers. Meanwhile, the protein levels of p-Smad1/5/8 and p-

ERK1/2 were increased by BMP4. In conclusion, LPS promotes osteoblastic differentiation of aortic valve cells by

upregulating BMP4. The Smad1/5/8 and ERK1/2 signaling pathways may play important roles in these processes.
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MEMELH 2, BMP2I RIS SN, HAEMRAMSLIG
BMP2 ] LA VICs 1 [ ALPTH 5, {H LB AR F ML
REgnel, et BMP4.5 BMP2AAT 1R H2 AOAE i AE
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1.1.2 KA FEEGHARE: ERER. LPS(EE
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AR, HARR. HRAOPR bR REREDER
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RHEA D), BHTARunx2, Hfii A Smadl/5/8F1£47
A p-Smad1/5/8(3 [ SantaCruz/A 7] ), %t A ERK1/2
At Ap-ERK1/2(3E E CSTA A), i Na-SMAF!
G Pt N CD3(F[E Abcam A &) ), EHTR . LEPTR
Aadtl = =t AL PRSI ARGIRAF),
RN P (AL ERREDHEARBIRAA), 102
KA E S B 9 LM (polyvinylidene fluoride,
PVDF)Ji (Milipore 22 & ), Trizolifk 7). {7 &
(TaKaRa/~ #] ), 2x SYBR Green(3 [E Bimake /A #] ),
qRT-PCR 5| P& il T IR DI R 3 IR 4 A BR A 7
TRl 1 s R g (A LP) S iR 7R 5 (L8 = RAEM R
AIRA A FHAIRAI ik 15328 5k = =B 4l
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12.1 #VICs#ynBE53zar HEKTELX)
Yk % 58 U SE AL SO I, LRI B KO
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FIRH S 1% 5 % %= /555 £ PBSHE3 X, [FR I 1
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Ak, N LUE 60% T8 AL B EUIR YD, R S i
WEM G, 1B AE. 1000 t/min.0»3 min,
T 10% FBS. 1% 5 & % /A R IMI199K; 7= AL &
=, BT ALK g 75 5444 837 °CL5%
CO,, 3R 1IR; 20 M A= K% B 1K B 80% /o A7 i
FEAR, B 3~84RVICs I T )5 8525

122 KEALFERE AT 56 °CHEA3 h,

TS 100%. 95%- 80%- T0%IFIRE M UL, Mtk
FREN G MR I AT B R AE ., 3% HO. 8 AN
PRPEI AR LS min, 112 i3 %03 120 min, 23
BRAERE ST 5, MR —Pi4 OB IR K
TN ZFRC I BT, W8 F & P TBUE 20 min, 28 )51
IS A B, DABYE. (4, B N WS gL (15 I
281k, DRAR R, WK, B, 3 .

123 SERAEZ@MBEAA  JEVICsHFT24
FUIR IR J, £950%4H M 2% B i) F 4% % 5 F g [ o
30 min; 0.5% Triton-X 1008 AL FE20 min; 3% H,O,
Ab T Py B T L S A A BB LS ming =R R L 2E S
B 130 min; I 1:507%% B 1K) — Hi (% 5t Na-SMA,
CD31A1Vimentinfi 14) 4 °CH¥ & L 7%; 11 A 1:200%
PRI ZHu (P Y BHAR 1E 11 2E 9T S lgG it 4% =2 T 8
J6E E2 h; DAPIE G4l iut%; T 206 Wik T s
0-SMA. CD31. VimentinZZik .

1.2.4 VICs#) & 44 %EF 10 mmol/L B-H
THEBERREA. 50 pg/mL4EAEZR C. 100 nmol/LHBZFEAKNA T
M199KEFRAE R #h i SRk, F T5% VICsH)
B 3. A RIS RE f5 % BE IR B2 50% 8, JEATAbBE .
1.2.5 LPS. BMP44:32  HUGHEUAE KR4 f A%
R, 4025 FE ik 31 50%~60%)5 , NI EE 4 ug/mL
B LPSALFE 36 h, qRT-PCRAG I $2 B 21 i 5 RNA;
AbEE 48 h, Western blot Il 2 4S8 85 . 4
5% P IR B 60%~T70% )5 , ¥ Y H 4 N BMP4 IR %
B, GFPRRIRTEAE NS O R, 12 hiG#eiR, 24 hJE W
SR YL B . Y36 hAl 72 hit), $EECYE A
RNA, H T )5 2EqRT-PCRAG; /4448 hF196 hirf, #
I B 1, FH T )5 2211 Western blotG Il . 5k
9643 N34 : (1) Blank4H , B AR ZAT (] kb3 (K] VICsYH
i ; (2) GFP4L, R4 3R 4k (0 0 6 1 JI s 25 A HE 1)
VICs4Hfig; (3) BMP44H, R4 5 40 N\ BMP4R 254k
P HIVICsHH il o

1.2.6 qRT-PCRi%4&M| VICsF BMP4rA B A % A F
FAREmRNAK A JTIPBSHE AL B S 40 i3 7K,
TrizolVEHE B AL 40 A (1) 5 RN A, 52575 RNA Y
B3 ) cDNA JG #4T QRT-PCRY™ 14 . b Py % i
GAPDH, #2040 s 1 BMP4. Runx2f1 OPNH]
FIEIKF-o qQRT-PCRI AR R N10 pL, M54
95 °C 30 s; 95 °C 5 s, 60 °C 30 s, 40MEFL; 72 °C
30s. HEESINIR, SIMTHINEL,

1.2.7 Wertern blot# | VICs ¥ BMP4vA B AR % & ‘B
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#1 qRT-PCRAZIRISI¥IF5
Table 1 The sequences of primers for qRT-PCR

FH S EIE—3")
Genes Primer sequences (5'—3")
BMP4 (human) F: GGT GGG AAA CTT TTG ATG TGA G

R: TTG AGG TAA CGATCG GCTAAT C

BMP4 (pig)

F: TGT GAG CCC TGC GGT CCT TC

R: TGG TGG GTC CGT GTC TGATGG

Runx2 (pig)

F: GCA CTACCCAGC CAC CTTTA

R: TAT GGA GTG CTG CTG GTC TG

OPN (pig)

F: GAG CAAACA GAC GAT GTG GA

R: GAC CAG CTC ATC GGA TTC AT

GAPDH (pig)

F: GGT GAA GGT CGG AGT GAA CG

R: CGT GGG TGG AAT CAT ACT GGA

AR ZEARE RISHARN SRS, IS
EA RS, 10 minZEEEAME. FIBCAL
M B AL, SDS-PAGES & H I H , fHIH 2
PVDFJE, 5% g Wk 2 i 412 h, F—dt4 °CiF & i
W (FifE ELIBMP4, Runx2. p-Smad1/5/8. Smad1/5/8
¥J°41:500, OPN. p-ERK1/2. ERK1/2¥J°41:1 000,
GAPDHA1:2 000), HefiE, —$137 °CilEE 1 h(#ikE L5
J91:5 000), e, Rmd%. H Image-labB 4o &
S IR FEAE, LA 2 GAPDHIF K FE (A NHIE, 154
H A B AR R, B SI3IK.

12.8 ALPH & W VICSYIuERh T-24FL00S, 15
Y1 o 2% FE IR ) 50% 5 IS [ AR EE , 12 hfS 4k,
FIR NS EhRE R R R TR, Z R LR AN
PBSPHYE3UK, 4%% T F IS = iR [ 52 20 min, 31 2%
HRE S, BEFLIIN K L1200 pL i) Geiiiib 4T ALPYL (4,
WEE30 minf5 M EZ YL th 25 5L

129 #HELSEE  KVICsYIHIEEFRT24FLAK, 41
Pl FEIR BI50% 0 45 T ANF AR FE, 12 hiE#e, [F]
BN SRR IR IR TR 14K% , 7 L3R5 H PBSIT
3R, 4%% T H I =R [ 220 min, FF 2 RGN
0.4% 5 K40 SYLI, Yett 5 min, FFEPWIFHZH T
IKPEEE AL b OB, e T S TR
12,10 ZitFa®  SEREIRNS T iR A
GraphPad Prism 5. 1t 5 % kL H 24 Batbr 4 22
(ts)FRon . L IR] b oA 56, 2 1) s FH B A
R EM - P<O.0SFRGER A BEG T HER.

2 &R
2.1 BMP4FIRunx27ZECAVD{HF RIZAEFHA S
W BNk T R IEE . 5 Ak ek M P s H 3

BN, G H U et 45 I 7R, CAVDIR IR
ZH 23 BMP4AH Runx2 ) 8 FH 7K BB T 5 (B 1A);
Western blot4s 54 2.7~ , CAVDZ # BMP4 A1 Runx2
() 85 1 4k 7K P8 non-CAVD AL &3 T i1 (P<0.05,
P<0.01, P<0.001, B 1BFIE 1C). 45H4E/~, BMP4
AT e (e B IS AL 4B A%, H7E CAVDIW R AE K
B EEAEA
22 BEREVICSHESEHERRBLE

VICsEEFNT- 24501k 24 hJm MGEE | 41 S BIUAR T
(BI2A); s e et B o, 75 ks 77 4 i () 20 o
w5 A R S P B bR S a-SMA FH PR R IA (K]
2B). VimentinPHPER L (B 2C); T P 57 20 f A 5 1
PrEYICD31EHIL(F2D). 4551 %W, JFEAUE VICs
I3 B
2.3 LPSIRHEVICsHIBMP4RIEF A& 771t

W A0 B M T 55 SR L, 40 5 A B 60% )
FILPS(4 pg/mL)ALFE 36 h, 2R 5 $2HU4H L5 RNA,
qRT-PCR%E S 7R, BMP4. Runx2F1OPN3E R /KT
e F R E TR (P<0.05, BI3A); AR LPS At
48 h)G, RIS B H, Western blot4h R WK,
BMP4. Runx2H1 OPNH H/KFE 2 HA R EF S
(P<0.05, P<0.01, K 3BAIKE3C). F=HAME,
LPSACFE VICs 7R BEHH T 38 58 ALP Y (0 (K 3D), 4k
14 RAS R PO B B3 (K 3E). 45 R &R, LPS
RE (2 E 48 VICs I i Fi5 An Tt i Fll BMP4 1) 1k 1
I, &2 2k VICs ) 5 ARG 30 Rl B 3R R e 4k
2.4 BMP4{EFHIEVICSHIR T 771t

a0 % FE IR B 70%)5, % Y Ad-BMP4. Ad-GFP,
FEELAR L M RNA . qRT-PCRZE 7%, BMP4id %5k
Tl , BMP44H. Runx2 1 OPNEE R /K43 HIAE 36 hAll
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(A) Non-CAVD CAVD (B) R
) : S AT A N
i ST N SN

&> & & g

Q’ ) \0 \O N

%0 Q‘b Q‘Zv Q‘b C‘b

s A | 0 1Da
pars | A D om0 A8 | <7 00

GAPDH | SlD @wam S Ss guum | 37 kDa

—_ Non-calcified AV

2.01 — £ Calcified AV-1

E3 Calcified AV-2
1.57 [ Calcified AV-3
10 Calcified AV-4

Relative protein expression

AMMMMMIMIINnNSaG.

A: AWK Mnon-CAVD 5 CAVDIR A 2H 21 FF Runx2 FIBMP4H 3Rk, A &3k Frdg A BH 45647 ; By C: Western blot& | Runx2 FIBMP4[1) & [
FIEKF. *P<0.05, **P<0.01, ***P<0.001,
A: the expression of BMP4 and Runx2 in non-CAVD group and CAVD group were detected by immunohistochemistry. The arrows indicate the positive
areas; B,C: the protein expression levels of Runx2 and BMP4 were detected by Western blot. *P<0.05, **P<0.01, ***P<0.001.
Ell Runx2FIBMP4ZE B ECAVDAEHARSRIA
Fig.1 The protein expression levels of Runx2 and BMP4 in CAVD group were significantly higher

100 pm

© D

100 pm 100 pm

A B RS FVICSIZA; B: a-SMA S 586 Y th; C: Vimentin 65258 6 Y t; D: CD31 5058 e 4t
A: light microscopy image of VICs; B: immunofluorescence staining of a-SMA; C: immunofluorescence staining of Vimentin; D: immunofluorescence
staining of CD31.

E2 HEVICSHASRRELEE

Fig.2 Morphological and phenotypic characterization of porcine aortic VICs
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(A)

2.0 5
1.5 . R " Blank
= ELPS

in

=y

e
4

=
Cdl

Relative mRNA expression
= 2

A: JEALPS(4 pg/mL)KrMRunx2. OPN. BMP4{{JmRNA/K-¥; B. C: JIALPS(4 pg/mL)f#llRunx2. OPN. BMP4[f) & [ 7KF; D: ALPY ik
DIVICSI - 7 E /o5 B: 9 R AR G M VICS I W B i AL RE 1o #P<0.05, *#P<0.01.

A: the mRNA expression levels of Runx2, OPN, and BMP4 were detected by adding LPS (4 ng/mL); B,C: the protein expression levels of Runx2, OPN,
and BMP4 were detected by adding LPS (4 ug/mL); D: the cell early osteogenic differentiation ability was measured by ALP staining; E: the cell late
osteogenic differentiation ability was measured by alizarin red S staining. *P<0.05, **P<0.01.

E3 LPSIR#HFEVICSHIBMP4RIAF KB 731K

Fig.3 LPS promotes BMP4 expression and the osteogenic differentiation of porcine aortic VICs

72 h¥% Blank#H . GFP4H .3 Ft & (P<0.05, P<0.01,
P<0.001, El4A); $RICANLEE S, Western blot4
R IR, BMP44] Runx2 1 OPNE 17K -4 I 7 48 h
196 hi%BlankZH . GFP4H 2 3% F 1 (P<0.05, P<0.01,
P<0.001, K 4B~Kl4E). [FZH4AHLEL, BMP44b#E
VICs 7RALPY G IN(EI4F), Ab3E 14 K55 EL A
In(E4G). 4558 Eor, BMPAREAEIEVICS ) FHA A
RSB PR B S A AR BB e A T
2.5 FEVICsHBMP4# T 3R A XfSmad1/5/81% 3%
FERK1/218 I8 B0 201

Yt Ad-BMP4. Ad-GFPZ% VICs 24 hj5, H
Western blotfa il Smad1/5/8F1 ERK 1/215 5 i % 1]
WAL, [ Blank4l. GFP4LAHEL, BMP44 i p-
Smad1/5/838 4 £l p-ERK 1/2:38 & 4% i87% (P<0.05, &
5A~E 5F), {H 5 ) Smad1/5/8 1 ERK 1/25 1 %A 7K
AR = A T 7 5 (P>0.05, BISA~EISF). 45
F IR, BMP4 ] g T Smad1/5/8 A1 ERK1/215 5 il

R T VICS A I 1) B R 54k

3 g

CAVDI R A 5HER L, Ik CAVDHEIA
R — Tl B IR IR AT VR0 5 SR, BT A 7 R IR
CAVDse —FiiEERI . A M IR it #2 1T FE A
e BESE AR b | BH B A VICSTRFRi 1k, 35 i 2T 4k 4
PREERAE, (HAE CAVDH VICs 2 ] B AL R AL 04k,
££4 Runx2. OPN. OCN. ALPAIBMP2#) ik Tt
T U190, JORE IR AR AR E VICS I BB FE R B 4L
LPSHIFVICs, f###1L-6. IL-8. TLR2. TLR4[{]F
IS, R RE9E K5 11 70 W, WUENF-kBAIMAPK
S, MR VICSH R RE R AL . IR
HEWF TR &I, LPSAERE VICs i 73 i 72 £
A A 8 bR Runx2 A1 OPN ) R 1A T 5 I ££45 BMP4
FILKIN, P L TR PR ALPYL NI, M 1451k 45
PREG BTG . fEML I AR, BMP4KF T,
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™
A .. (B) @\# & &8 (®)
+x @@ Blank nA— . E3 Blank
3504 M EGFP  Runx2 E ; ; €3 GFP
3001 é & BMP4 S— ‘ & BMP4
wl srs (S0 | >

GAPDH |” - ~| 37kDa

Relative mRNA expression™

(E)

OPNI ' e W| 55 kDa

GAPDH | e . s | 37100

Relative protein expression

Relative protein expression

—_
wn

—_
=3

0.5

200 pm

A: JINAd-BMP4, {5 llRunx2. OPN. BMP4[fJmRNA/KF; B. C: I ANAd-BMP4 48 h, #illRunx2. BMP4[#J % H/K*F; D. E: i A\Ad-BMP4
72 h, KrIOPNIY 2R F /K F; Fr ALPY G MIVICS ) - B e 23 1k B8 D15 G: o8 AL Y A I VICS ) e B i 20 4k 6 71 #P<0.05, **P<0.01,

*#%P<0.001,

A: the mRNA expression levels of Runx2, OPN, BMP4 were measured after adding Ad-BMP4; B,C: the protein expression levels of Runx2, BMP4
were measured after adding Ad-BMP4 for 48 h; D,E: the protein expression of OPN was measured after adding Ad-BMP4 for 72 h; F: the early osteo-
genic differentiation ability of VICs was measured by ALP staining; G: the late osteogenic differentiation ability of VICs was measured by alizarin red S

staining. *P<0.05, **P<0.01, ***P<0.001.

&4 BMP4{RIHEVICSHIB B 7L

Fig.4 BMP4 promotes the osteogenic differentiation of porcine aortic VICs

ML ATBRAE N LPSTE (0 R 3 R 2 5 VICS I U
3.

BMPsTEC I R B R 7 sk 2 b A E 2
PEF O, A5 Ak 1 32 30 kI HH R I BMP2C A = %
ik, [FINAE A p-Smad1/5/8 35 081921221 3% 4% B BMPs
KA H 24 A5 5 38 % Smad 1/5/87E I B 454k &
7T EEAEM .. A SCHERIRGE , BMP2F1 BMP4#E AN
S AL T A E LI BMPs, SAT A% T BMP2 B
AL, [F KR FIBMPATE £ (12 5 P B AR 3R 2
AH2 230, B 9 45 A 3ok R b 2 ) BRI AE P B2 4 B )
TR F0 P R ) (] 52 A4 Y, e 4RI VICs R A
Ak AWFTIESE, BMPAT] LA S IS Y 2 40 i 7

AR 1A 41 B 2 B 41 - 1 (vascular cell adhesion mol-
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Fig.5 The effects of BMP4 on Smad1/5/8 signaling pathway and ERK1/2 signaling pathway
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