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HWE. a6 KEFRERREHFF AR MR S 49 82 (human valvular interstitial cells, hVICs) & ‘B £~ & 45
W R, Fok  SRIUE RS S AR SP B 5 9 B R T e A6 ok 3T hVICs #EAT B 5§ 418 : D 2 mmol/L £
HUBEBR 2 +50 wg/mL 24 % C(2 mmol/L Pi+VC) ;@ 2.6 mmol/L ZALEEE # (2.6 mmol/L Pi) ;@ 2.5 mmol/L %
MUBEBL 2 +2.7 mmol/L #A45+50 pg/mL 44 % C(2.5 mmol/L Pi+Ca+VC) ;@ 10 mmol/L B-#5& H ik +10 nmol/L
o KA +8 mmol/L FALH5+4 wg/mL 4 4 % D3(B-GP+DXM+Ca+VD3) ;(® 10 mmol/L B-#% & H i +10 nmol/L
W EAAM+50 pg/mL %A% C(B-GP+DXM+VC), @it & &4 4 & RT-qPCR #= Western blotting %~ 7] *F 4540 I
R e SR ARG 0 AR ATIRAE, 4 BT S A FEFHEERTHEFEH 4.7.10,.14d t945 R\ R, K
2 mmol/L Pi+VC B-GP+DXM+Ca+VD3 #= B-GP+DXM+VC £ 10 d JL-F & A 454%, % 2.6 mmol/L Pi £ 5% 7 X
B I 24546 2.5 mmol/L Pi+Ca+VC 23555 4 RAE R NMA 45 AL F 7T AL LB, £F 14
X B, 2 mmol/L Pi+VC #54b4k Joh XA F kM R A BB, RBEAFREWEN 27, A2 BB/ 2 mmol/L
Pi+VC.2.6 mmol/L Pi = B-GP+DXM+VC 5 3% 7 X it 2% L (P<0.05) ; m EHEGLFFH T A HIEE
EIA(P<0.001), K&t 2.5 mmol/L Pi+Ca+VC ¥ &9 3 #2485 7 # 206D 74544 % 5, £ JL Pi+Ca #= Pi+Ca+VC
EiFFE T RSB EREF S T Pi+VC A= Ca+VC 12 ALP ki 2 F /KT Pi+VC = Ca+VC, % 7 X A 45 L AR T
BABTAMNBERLEL AMBLER LA KRT HBAILE, 44%& 2.6 mmol/L Pi #= B-GP+DXM+VC # ¥
hVICs & B 5L 8 2R &4,
SRR I 1) BT 2l R 5 R R A A5 AL RV BR 3 5 B-BRER H i
RE 4 E S R331 XHEFRERD A

Comparison of osteogenic induction methods for human

valve interstitial cells in vitro

XING Kai, ZHENG Qiang, SUN Jinshu, LIU Xiaolin, WANG Zhengjun
( Department of Cardiovascular Surgery, Shandong Provincial Hospital Affiliated to Shandong First Medical University,
Jinan 250021, Shandong, China)

Abstract: Objective To explore the effects of different osteogenic induction methods on the osteogenic differentiation
and calcification of human valvular interstitial cells (hVICs). Methods Five commonly used in vitro osteogenic in-
duction methods for valvular interstitial cells were selected from the literature; () 2 mmol/L inorganic phosphate+50 wg/mL
vitamin C (2 mmol/L Pi + VC); @ 2.6 mmol/L inorganic phosphate (2.6 mmol/L Pi); 3 2.5 mmol/L inorganic
phosphate+2.7 mmol/L calcium chloride + 50 wg/mL vitamin C (2.5 mmol/L Pi + Ca + VC); @ 10 mmol/L B-
glycerophosphate+10 nmol/L dexamethasone+8 mmol/L calcium chloride+4 pg/mL vitamin D3 ( B-GP+DXM+Ca+
VD3); ® 10 mmol/L B-glycerophosphate + 10 nmol/L dexamethasone +50 pg/mL vitamin C (3-GP+DXM+VC).
Alizarin red staining, RT-qPCR and Western blotting were used to assess calcium deposition and the expression of

osteogenic markers, respectively. Results By comparing the calcium deposition areas on day 4, 7, 10, and 14 induced

75 B #7:2024-07-04
ELTBR . ILARA H KR4 (ZR2021MHO065 ; ZR2022QH347 )
BEEE . FIE%, E-mail; zhjwang512@ 163.com

XJIFEHRK . E-mail ; liuxiaolincool@ 126.com



12 I PN - O SO ') 63 5 6 )]

by five different induction methods, it was found that there was almost no calcification within the first 10 days with
2 mmol/L Pi+VC, B-GP+DXM+Ca+VD3, and 3-GP+DXM+VC. In contrast, significant calcification appeared on day
7 with 2.6 mmol/L Pi, 2.5 mmol/L Pi+Ca+VC showed significant calcification on day 4 and almost all calcification on
day 7. On day 14, except for the relatively low calcification with 2 mmol/L Pi+VC, all other methods showed signifi-
cant calcification. Osteogenic marker detection indicated that alkaline phosphatase was significantly upregulated on day 7
with 2 mmol/L Pi+VC, 2.6 mmol/L Pi, and B-GP+DXM+VC (P<0.05), while osteopontin showed significant
upregulation on day 7 in all methods ( P<0.001). Subsequently, calcium induction was performed with pairwise combi-
nations of the three components in 2.5 mmol/L Pi+Ca+VC. It was found that the calcium deposition areas were signifi-
cantly larger with Pi+Ca and Pi+Ca+VC on day 7 compared to Pi+VC and Ca+VC, but ALP expression was significantly
lower in Pi+Ca and Pi+Ca+VC, suggesting that this calcium deposition might be due to the reaction between inorganic
phosphate and calcium chloride forming calcium phosphate precipitates. Conclusion The optimal effect of inducing
osteogenic differentiation in hVICs was achieved with 2.6 mmol/L Pi and B—-GP+DXM+VC.
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VICs BT . ABRAHE L 4EE R C 3 & E MCE 24 F], RNA &

BT XK Tk, Aok WAl & % sk & . SYBR Green qPCR Mix
T E R 5 O VICs #7718 A IR ERHEA Y EORA IR\, 8 H e &)
O 2 mmol/L TCHUBERREE+50 wg/mL 442 C™*''; & BCL fbf &G R & F rg mt i mE R L )
@ 2.6 mmol/L JCHLBERREE """ ;@ 2.5 mmol/L HL  AFRAF, 2% vh R 20 Ye i W [ 2D ZE 4k R AW 8
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(i Tecan 28 w]) HLIKAS LIk A G Rl (b e
WA 5 A 2E KO AL (25 E BIO-RAD /4w )
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RLLY (A M RT-qPCR 256, SEU0 FH AY 40 i A0 B e
52 MREH SR,
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@ 2 mmol/L JCHLB%E M2 4k +50 ng/mL 4 £ & C
(2 mmol/L Pi+VC); @ 2.6 mmol/L J& HL B iz £h
(2.6 mmol/L Pi); @ 2.5 mmol/L JG ML #§ FR £h +
2.7 mmol/L5AL 45 +50 pg/mL 4425 C (2.5 mmol/L
Pi+Ca+VC) ;@ 10 mmol/L B-®§2 H i+10 nmol/L i
FEAK AN +8 mmol/L A LS +4 pg/mL 4t 4 % D3

(B-GP+DXM+Ca+VD3) ;& 10 mmol/L B-fifik H
i+ 10 nmol/L Hh ZE K #4 + 50 pg/mL 4E4: K C
(B-GP+DXM+VC) , fE}EF: 4 .7.10 14 d 5K b
R Yo A S TR AR, A5 5R 5.7 d Ja, o0 il
K H RT-qPCR Fil Western blotting 32 6 0 A% i A s
Y ALP F1 OPN 353k, DAAKE S AIMNE X IE
1.2.3  PERAYEARIES TR

VICs H PBS VR MR, TE 4% 22 5 H v [
15 min; ITA 2% 75 RELLHEF A 30 min 5, H2liK
Ve LB 2R n ekt b s , Y e 4 EVOS
M7000 3 5 £ 73 B R G2 A2 40 B8, Imaged
1.54 W FE AL AL H TR . BALEE T 6 4
BT IR SE G b
1.2.4 >R JH RT-qPCR #: 4l ALP fI SPP1 [

mRNA ik

AR RNA FH RNA 57 & 48, i s it
7 G 4 B UL B A5 E AT I B SR, 45 %) cDNA, i
SYBR Green #% % %E ik 44 Bl ( SYBR Green Nucleic
Acid Gel Stain) #£17 RT-qPCR, #&:ill ALP F143 i
AU S 1 1 (secreted phosphoprotein 1, SPP1, %65
OPN) [ ik, K 54 4. 95 T30 s, Fl A8 Pk
95 CAEPE 105,60 TRk 30 s,40 M ; GAPDH
YERNNZS, B ERE 3 KK, MY CT
A ARNT R AT, FIYPFILE 1,

# 1 RT-qPCR 5|#/F5

Table 1 Primer sequences for RT-qPCR
519 GiL7E2)
ALP F: ACTGGTACTCAGACAACGAGAT R: ACGTCAATGTCCCTGATGTTATG
SPP1 F: GAAGTTTCGCAGACCTGACAT R: GTATGCACCATTCAACTCCTCG
GAPDH F: CTGGGCTACACTGAGCACC R: AAGTGGTCGTTGAGGGCAATG

1.2.5 >KH Western blotting 746 ALP 1 OPN )&
BESIN

F 20 L0 R FH 3 A AR Y S it 78t 98 ( phenylm-
ethylsulfonyl fluoride, PMSF) 4t i G R UTIE 43 #T
2% P ( radioimmunoprecipitation assay buffer, RIPA)
SURANN, SREVREER A BCA S FINE I
20 wg/20 pL /K R % & RS AR [ 10% 1
TGE B R G0 — 5K TN A Tk P 95 I PR UK 0 B AR R 1Y
BT, I8 5 7% 31 5 I 91 & M5 JBE ( polyvinyli-
dene fluoride membrane, PVDF) I, B2 15614
Lh)a HF iR —Pi4 CHEE SR, —IEREE
1 h,fdi/H] Bio-Rad BUR RGuA I KL, SCHHA
3 WK, f8 ] Tmagel FRAFXF SR AT IR BE 73 AT
1.3 Fit=EaE

K H GrapgPad Prism 9.5 #f4: . X %88 #:17 1E
BRI A5 IEA LA xxs FoR , 24 ] LA

KA 2 7 2250 M1, I He %8 Rk A Dunnett ¢ £
5. KE/Ki#E «=0.05,

2 & R

2.1 $ERiRERKeN

ST s B 07 U5 5 hvICs 0,47,
10,14 d, 2R FH P8 52 21 G (0 240 00 - 25 200 i 19 45 T AR
A, 455 578, 2 mmol/L Pi+VC ., B-GP+DXM +
Ca+VD3 il B-GP+DXM+VC 7EHT 10 KILF %A 4G
1k, 1 2.6 mmol/L Pi 7E55 7 K H B B 451k (P<
0.01) ,2.5 mmol/L Pi+Ca+VC FetR7EiE S 4 KA H
MRS P<0.001) , HLAESS 7 R JLP-2H A E S
1h(P<0.001) . 43 14 KAT, % 2 mmol/L Pi+VC 45fk4s
AN AR A B R A5k (P<0.001) , WL 1,
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Alizarin red staining and calcification deposition area statistics for 5 osteogenic induction methods in different days ( “"P<

A: Alizarin red staining; B: Calcium deposition area statistics.
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FHl RT-qPCR £l ALP 1 SPP1 mRNA # ik,
HHESMEGRE R, BERZEFARIT¥E X
(Fopsy=15.28 P, 5,<0.001;F, ., =32.49,P, .
<0.001 5 Fppy 54=6.92, Pppy 54=0.003 ; Fgpp, 0= 17.52,
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5 KA 7 K2 Ei#(P<0.05) , IWE2A~D,

K H Western blotting 744l ALP F1 OPN A2
FHKERIL, BRESER SR, BERER AR

A B C
ALP ALP

8r 25
Eg 6r ﬂ%ﬂz.o
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AR SN NP N S S SN E S TR e (7 )
4 RIHEH BT B @ 1854k, (%41 ALP Rk 5
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Figure 2 The mRNA and protein expression of osteogenic markers in hVICs induced by 5 methods on day 5 and day 7( "P<0.05,

"*P<0.01, """P<0.001 vs. uninduced group)

A, B: The mRNA expression of ALP induced on day 5 and day 7; C, D: The mRNA expression of SPP1 induced on
day 5 and day 7; E: The protein expression of ALP and OPN induced on day 5 and day 7; F, G. Gray-scale analysis of
the relative protein expression of ALP induced on day 5 and day 7; H, I. Gray-scale analysis of the relative protein ex-

pression of OPN induced on day 5 and day 7.

2.3 2.5 mmol/L Pi+Ca+VC AR5k 2 £ g

§EITLERLE R

J T HRFE 3 A 2.5 mmol/L Pi+Ca+VC 54k i
5 ALP KIBGERAFFIYE A X 2.5 mmol/L Pi+
Ca+VC 1y 3 F el i 4L & AT 85105 S
RT-qPCR #ll ALP fll SPP1 mRNA ik, [N
ST R BN, BRIRER A G E L (Fayy =
11.78 P, ,=0.001; Fpp, = 8.52, Pgpp, = 0.003) , JH
Western blotting £ 1] ALP 1 OPN )& 4 /K °F %

A EN s

Pi+VC

Cat+VC

K, BNRMTEERBR, ALP Bk SA R
S, OPN Sk 22 e Ge 1245 L (F y, =60.88, Py <
0.001; Fop=2.44,Po=0.12) , &5 F M Pi+Ca 4]
F1 Pi+Ca+VC AR PLATH AR 3 & T RiB S A
(P<0.001) , 1] Pi+VC 4 Ca+VC 45 Ki%FH
M TC B2 R(P>0.05) . 1M ALP 7E Pi+VC 4151
Ca+ VC A By RIB M E & (P<0.05), &I
Pi+Ca+VCZH AL & i T 77 4 T B E5 Ui vE, WL
3,

Pi+Cat+VC
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KiFET)

A PERLYA(x40) ;B ABUIRRIX 4 i1 ; C: ALP 7F mRNA /KEf%ik; D:SPP1 7E mRNA /K3 ik; E: ALP I
OPN 7E2E H/K -1 3%35 ; F: ALP BYZE I AHXS F3A 5 09 K BE 43 BT E ; G : OPN (192 AR X 3Rk 12 IR B2 43 BT 1

Figure 3

Pi, Ca, and VC were paired to induce osteogenic differentiation of hVICs, detecting calcium-deposited regions and the

expression of osteogenic markers( "P<0.05, “*P<0.01, **"P<0.001 vs. uninduced group)

A'; Alizarin red staining (x40) ; B Statistics of calcium deposition areas; C: The mRNA expressions of ALP; D: The
mRNA expressions of SPP1; E. The protein expression of ALP and OPN; F. Gray-scale analysis of the relative protein
expression of ALP; G: Gray-scale analysis of the relative protein expression of OPN.
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