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ABSTRACT

Purpose: Zinc, a biomineral present within and outside cells, manages various cellular mechanisms. In this study, we
examined whether zinc was involved in vascular smooth muscle cell (VSMC) calcification via regulation of calcification
inhibitor protein, osteopontin (OPN). Methods: Rat aorta cell line (A7r5 cells) and primary vascular smooth muscle cells
(pVSMCs) from rat aorta were cultured with phosphate (1-5 mM) and zinc (0—15 uM) as appropriate, along with osteoblasts
(MC3T3-E1) as control, The cells were then stained for Ca and P deposition for calcification examination as well as
osteopontin expression as calcification inhibitor protein was measured. Results: Both Ca and phosphate deposition
increased as the addition of phosphate increased. In the same manner, the expression of osteopontin was upregulated as
the addition of phosphate increased in both cell types. When zinc was added, Ca and P deposition decreased in VSMCs,
while it increased in osteoblasts, Conclusion: The results imply that zinc may prevent VSMC calcification by stimulating cal-

cification inhibitor protein OPN synthesis in VSMCs,

KEY WORDS: vascular smooth muscle cells, calcification, osteopontin, osteoblasts

M

oL S| LAYl EAlsks vlo]lrUHEA A
o Qo EANEAA FHS ME Aol Bofsiar
ok AAZE Bagh dld 9 3o A DNAZTE
mRNAZ} WHEOA= HARge] Fojshe AARIAL
(transcription factory= M¥7} Q2 dl= 22 ol
AL vtesd #Agt) 53] AARIZ EiE F 4 A
o= ofds FhrehH Eo] &7 2ot sl zine-
finger transcription factorg}al 2]+ AR} =
] o] FARIALE FAA ofde T 23 IS Fir)!2

A oL wie] AL molFEthe AT HarEo] Q)
om 3 0 P woE AR AZH W 7
#35 FAAZOE dFAREe] Husa Yot B
T AxA W 229 e AR Alxe] 714

30, |

(extracellular matrix)?ll Ca¥} Po] %odA] QQ1ks)5HE-9] o
0] "3) slo|=ZA|olaE}o]E (hydroxyapatite, HA)
£ s =, o] HA o] st Wi o] 225 34
SHA H= Aot 28y 3 22 AxZ A= Caolvh
Pe] XF e sk 3o Fels A Ha
A H3eS s HER, AxZdA e 2319 o]

3 SFEo] AEofA THEOIHA] M3 HEo g HH]
SHA EH, o33 dilAEe] Hue) Aw3le 838}
= 28-S M AR AxAS FA8IAL d= 7]
o] ek’

©lE osteopontine AHAIS-
7 RES gaa)7)e ZHgo] Tk = mzA o)A
ZA 9] W AL HiAlHE, A A
I2817] QJaiAolnt. mEbA] B A oA

=

A
‘— >
H

Received: February 1, 2016 / Revised: February 16, 2016 / Accepted: February 17, 2016
*This work was supported by 2012 ANU Industry-Academic Research Grant from Andong National University.

"To whom correspondence should be addressed.
tel: +82-54-820-5917, e-mail: iskwun@andong.ac.kr

© 2016 The Korean Nutrition Society

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided

the original work is properly cited.



60/011o] P A3l HE a3

WA]3ka1x} 8 wWii= osteoponting] #-H]7}F EolR|E Alo]
T} B ATe ofelo] ez L4yt A4
] osteoponting} o] Ao A Lolr iz}
skt

o1

M|=zHi

IHHZGZA|E (vascular smooth muscle cell, VSMC)
2= 5 7 g9 2dS ARSI o tis
w8 o 2 2E 233 primary vascular smooth muscle
cells (pVSMCs)#} M 2Rlel] 3= AT7r5 cells (rat
aortic vascular smooth muscle cell line, ATCC, CRL-
14445 AR&3ISATE. pVSMCs AF ol thgh 8-2 7] B
a5lo] = w28 243t AdS 1) 9
st gl AErRdEAs A5 FEHY ZZAE 21
(MC3T3-E1 cell line, ATCC, CRL-2593)2 A}8-8}53t}.
HEZAZANA Zgslel] e Ca 2 P JF AHx9}
osteopontin A ] WHS B7] A Aol QS
TFPHA wiksld=0] (beta-glycerophosphate SEY,
0~5 mM P, 12¢d &<h), o= <lo] Zw3 AgebuA
hydroxyapatites ¥H=7] 91§+ 34lEdo]7] wo|th. B

A. Ca deposits
2. pVSMCs

00060
e B e

b. A7rS cells

0.25
0.20

0.15

(OD 405 nm)

0.10

0.05

Alizarin red extracts
Alizarin red extracts
(OD 405 nm)

0.00
[ 1

0006

T ZIAEE Q1Y FEE 10 mM o} Aeke 97t
A} B T2 AFolAM= 919 F53 vl olds =
g Agshds wjeFeiaitt (FdgEAl|zolA ol
FF 0~15 uM, 12 F<h.

243t Ca U P AA HE)

PR AES} =L Bse] JE e
e Ca @ o) A% o5 o253 AR AANL
o1g:3e] Z3HArh. Alizarin BAPEE o] FHe A4 A
Ok

o] a9l 7149] Ca 0|23} ZA¥sh= A4S o83}
o] AM3IATE Alizarin GMUGE FHH 7S Q84| 10
(w/v) cetylpyridinium chloride (CPC) : 10 mM sodium
phosphate buffer (pH 7.0)% &334 562 nmoj|A] £33+
21315Act. von Kossa G24H-2 A|F silver nitrateo] <14k
(PO) Lolew} Afeke AAE ol8ala Pol ARG =
A 4= 2001, silver nitrated} {14k Sol-9] AFt Fit-
o] A& B0z Aol Hr}S

_l

Western blot

M FHe] e osteopontin®] WL Western blotg
o] gt SAIATE A ZR] ATr5 (FHHGIAFE) 2
MC3T3-El (ZZAE) AEES vfsle] e de 213

¢. MC3T3-E1 cells

.5

Alizarin red extracts
(OD 405 nm)

0 1 H] 10
P (mmol/L)

3 5

P {mmol/L) P {mmaol/l)
B. P deposits
a. pVSMCs b. A7r5 cells c. MC3T3-E1 cells
0 1 3 5 PumolLl) 0 1 3 5 P(umoll) 0 1 5 10 Pammolr
(ol el e, - @S
e Laew ot

Fig. 1. The addition of phosphate induced Ca (A) and P (B) deposition in vascular smooth muscle cells (pVSMCs and A7r5 cells) as well
as in osteoblasts (MC3T3-E1 cells). Cells were cultured with the designated phosphate levels for 12 days and stained for Ca (A, in red)

and P (B, in black) deposition.
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Fig. 2. Calcification inhibitor protein, osteopontin, upregulated as
the addition of P in creased in both VSMCs (A, A7r5) and osteo-
blasts (B, MC3T3-E1). Cells were cultured with the designated P
level for 12 days.
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Fig. 3. The addition of zinc prevented Ca and P accumulation in vascular smooth muscle cell A7r5 under calcified condition (A. at 3 and
5 mM P addition), while zinc stimulated Ca and P accumulation in osteoblasts. Cells were cultured with the designated Zn and phos-

phate level for 12 days.
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