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[ ABSTRACT ] Aim  To investigate the effect and the possible mechanism of homocysteine (Hey) on vascular smooth
muscle cells (VSMC) calcification. Methods VSMC were treated with Hey, endoplasmic reticulum stress (ERS) inhibi-
tors 4-Phenylbutyric acid (PBA) and taurine (TAU).  Alizarin red staining, calcium content and alkaline phosphatase (ALP)
activity assay were used to determine VSMC calcification. ~Western Blot was used to measure the protein expression of endoplas-
mic reticulum stress (ERS) markers. Results Hcy with different concentration (50, 100, 200, 400 pmol/L) can exacer-
bate VSMC calcification. ~ Compared with the calcification group, calcium content of VSMC was increased by 2.5-fold (P <
0.01), 4. 17-fold (P <0.01), 5.83-fold (P <0.05) and 8.33-fold (P <0.01) respectively, the ALP activity, was elevated by
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1. 56-fold (P <0.05), 2.18-fold (P <0.05), 2.56-fold (P <0.01), and 3. 13-fold (P <0.01), respectively.
crease expression of ERS markers, p-PERK, p-IREl, and ATF6 were increased by 37.8% , 27.5% , and 26% (All P <0.05)
respectively, compared with calcification group alone. PBA and TAU inhibited the increase in ERS related proteins which in-
duced by Hey, compared with Hey group, p-PERK decreased 64% and 76% (both P <0.01), p-IREl decreased 65% and
41.1% (both P <0.01), ATF6 decreased 50% and 47% (both P <0.01), CHOP decreased 47.4% and 39.5% (both P <
0.01), PERK decreased 58. 6% and 69% (both P <0.01), GRP78 decreased 79.5% and 72.7% (both P <0.01) treated with
PBA and TAU. ERS inhibitor PBA and TAU could inhibit VSMC calcification induced by Hey, calcification node, ALP activity
In addition, PBA and TAU also blocked the VSMC contractile phenotype
transforming into to osteoblast-like phenotype induced by Hey.
3. 1-fold (both P <0.01), SM22« increased by 1. 8-fold and 2.3-fold (both P <0.01), OPN decreased by 2.73-fold and 4.2-

Hcey could in-

and calcium content were reduced by PBA and TAU.
Compared with Hey group, SMa-actin increased by 2. 9-fold and

fold (both P <0.01) by PBA and TAU respectively.

Conclusion Hcy exacerbates VSMC calcification via activation of the ERS.
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BRI R B VSMC BT Hey 7€ VSMC 516 TE B
1R R PR A S RT RE A BILT

1 #EFITE

FEMH
SD K B i b K S B S35 30 4 L 3 Ao #R
B-%5 B ol Hey .4 2K 2 T B (4-phenylbutyric acid,
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ATF6  SM22« f2 CHOP # 4tk 1 B Abcam /A 7],
SN T E AT,
1.2 KR VSMC #E5%

TR SD K B 3 kP I, & R 4 A 9
B, R 1 mm® B E T A 20% H 4 fuiE By DMEM
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2~3 R#M 1R, HERF 14 R, (2)FH N4, A

1.1



CN 43-1262/R W EBHIKAEL 245 2015 4557 23 B4

54 439

#5435 3 2 (DMEM #5755 2 % fm A\ 10 mmol/L B-#k
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r/min& % 10 min, Bradford 3 4 M| & & wE ., 10%
SDS-PAGE ®. 7k % & #f [l J& 45 & 48 JL 9 SMa-ac-
tin(1: 1000) .SM22a.(1: 1000) ,OPN(1:1000) .B-ac-
tin(1:4000) .GAPDH (1:1000) ,GRP78 (1:4000) .
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(1:1000) IRE1(1:1000) .P-IRE1(1:1000) f# ATF6
(1:1000) 014 ,4°C 5 & 1 7%, TBST ki, & & A48 2
HRRE AN BEARICE 4, £EBE 1 h, H
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L TR EE =R,
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HERBUxss X7, AR R XA L EH %
FE AN, W W & K A Student-Newman-Keuls
B, P<0.05 = REARITFENL,
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Figure 1. Hcy increase VSMC calcification(n =6)
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2.2 Hey 5 VSMC 5 M B89 80E

Hey (100 wmol/L) Kb ¥R I 2 F4 % VSMC N it X
R [ W, Western Blot 45 3 W7~ , 7E 45 T #5141k
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HiP, H ERS #1 #] PBA (5 mmol/L) F1 TAU (10
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1 41.1% | ATF6 43 5 K&K 50% F1 47% (¥ P <
0.01) ,CHOP 435Il F%AK 47. 4% F139.5% (¥ P <

1. AEFHHEX ERS HHEFEMEMM (v £5,n=3)

0.01) , PERK 43 5l B% {1k 58.6% 1 69% (¥ P <
0.01) .GRP78 4l &Ik 79. 5% F1 72.7% (¥ P <
0.01 ;& 2 F1€ 1) . ERS 500 ] @ Z4m k510 +
Hey 41 VSMC #5545 4k + Hey AL, 4
T PBA Fl TAU J&, 45 & &t 43 JI B AR T 55.3% Hi
53.9% (¥ P <0.01) , ALP 3G M43 BIFEAR T 56. 8%
M37.9% (¥ P <0.01;3%2), pERaPLERE
B, 854k + Hey 41 BLR EIRLL 50 Z5 1T 145 T
PBA 1 TAU J& 7T LA BH I sk 5 45 6 25 45 09 2 1 ( &l
3) . 4T PBA Fll TAU J5 i v] LI $% Hey Frg iy
F54E VSMC Y4 22 750 1] i 40 i e B A (IR 4
M 3), 5851k + Hey HAH HE , F54k + Hey + PBA 21
MEGAL + Hey + TAU 4 SMa-actin 4357+ 55 T 2.9
fER 3. 145 (¥ P <0.01) SM220 233 FFES T 1.8
52,3 f5% (¥ P <0.01) ,OPN 3 BIFEAK T 2. 73 £
4.2 53 P<0.01), LA EE5HR U Hey n] fEJ&
WG ERS U AR E VSMC 5 1k i Jin = A R
RIRY S

Table 1. Effects of different interventions on the expression of ERS relative proteins(x +s,n=3)

| p-PERK p-IRE1 ATF6 CHOP PERK GRP78

Xof R 0.75+0.43 1.35+0.05 0.53 +0.44 1.43 +0. 46 0.52+0.36  2.31£0.10
Ak 20 1.84 0. 34" 1.48 +0.09° 1.45+0.22° 1.89 £0.79* 1.19 £0.06"  3.55+0.13"
E54K + Hey 21 2.60 +0.2" 1.91 £0.15" 1.81 +0.58" 1.96 +0.37 0.89 +0.31 4.29 +0.30
BEL + Hey + TAUZL  0.89 +£0.45°  0.68+.173°  0.83+0.50°  1.04+0.58°  0.39+0.09° 0.99 0. 12°
#54F, + Hey + PBA 4 0.58 +0.68° 1.10 £0.53° 0.87 £0.64° 1.16 £0.46° 0.28 £0.04°  1.03 £0.23°

afJ P<0.05, S5XTHRALLLES ;b o P <0.05, 5854l b ;¢ S P <0.01, 5554k + Hey 21 HLEL,

1 2 3 4 5

— — — —

p-PERK(170 kDa)

R s e

——— ——— ATF8&(78 kDa)

CHOP(29 kDa)

PERK(170 kDa)
I — = <— G RP75(78 kDa)

S S e e eww (3 —zctin(43 kDa)

N ———— —

2. REFHITEX ERS X EAKEM(n=3)  1H
Xt B2 A4kl ,3 454k + Hey 41,4 854K + Hey + TAU 41,5
5L + Hey + PBA 4,

Figure 2. Effects of different interventions on the expression

of ERS relative proteins(n =3)

% 2. %4°F ERS #HIFE4E Hey BT SH VSMC $546 (v +
s,n=6)

Table 2. ERS inhibtors blocked VSMC calcification induced
by Hey(x +5,n=6)

| 555 (wmol/g)  ALP IEE(U/g)
Xt B4 59.33 £3.06 0.06 +0.01
Ak 178.33 £7.64*  0.09 £0.01"
FEAL + Hey 41 204.67 +15.01>  0.12 +0.01"
BG4k + Hey + TAUZH  90.67 £7.57°  0.05 £0.002°
54 + Hey + PBA 41 77.33 £6.11° 0.07 0.02°

ay P<0.05, 5XHRAHE ;b A P<0.05, SEILUA HH ;e N P<
0.05, 5454k + Hey 4 L4,
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3. HEOLBER ERS #MHFIRE Hey Frif S8 VSMC £ ( x50)

1t + Hey + TAU 41, E 454k + Hey + PBA 41,

A Jgx B, B SR, C 54k + Hey 2H,D 55

Figure 3. ERS inhibtors blocked VSMC calcification induced by Hey( x50)

SM o —actin(42 kDa)

SM22 « (22 kDa)
GAPDH(37 kDa)
OPN(60 kDa)

- -t

4. ERS #IHIFME VSMC REFET (n=3) 1 xR
41,2 MASLLL,3 J9E54L + Hey 21,4 H554L + Hey + TAU 41,5 J945
1k + Hey + PBA 41,

Figure 4. ERS inhibtors blocked VSMC phenotype transi-
tion induced by Hey(n =3)

% 3. 44F ERS #IHIFHE VSMC REFET (v +5,n=3)
Table 3. ERS inhibtors blocked VSMC phenotype transition
induced by Hey(x +5,n=3)

| SMa-actin SM22a OPN

Xt HE 20 0.48+0.17  0.73 £0.08 0.74 +0.20
e 0.27 £0.06* 0.66+0.18* 1.19+0.11*
HEAL + Hey 41 0.24 £0.04> 0.48 +0.18" 1.70 +0.28"
F54L + Hey + TAUZL  0.74£0.02¢  0.88 £0.07° 0.61 +0. 16
FEAL + Hey + PBA 4] 0.77 £0.14%  1.14 £0.07° 0.41 0. 14¢
a P <0.05, XL ;b o0 P <0.05, SE5{L A ik ;¢ b P <

0.05,d 4 P <0.01, 5554k + Hey 4 HL4E

3 i

MG — M A 2% B BRI R, 5 2 Bl
WIS, HAR K g L 1 AN W B il F 5 % B
EZUPTEe SRS HIK (B IR R f IR VAT
i ESTEACI 2L 20 A U8 TR R AR 2 i R K Y
S0, 3 HAEN PRAFE ST b A B AR 3l KBS A 0 1
P A AR FIAET SR 4 b 57 O R A 1T ELAR 32
B BKEG AT 2 S e LA A 2 — IO A

MFEART  FRZR AT 85 1k 2 9 1B L X T By iR
MAEES I LA HE R L, AR kB Hey B 342
HEIM AL, IS ERS KR, N FH ERS #i51 4-
ASFET IR AN A i {2 v BHT Hey 5519 VSMC £54k
1 ERS #4035

Hey 1B —Fpok A TR &R 1 & i 2 LR, v]
DAEMLIAR P R AR 2 FPAE T, Qs B A2 B g 4 i v
14 9 RE A 55 3 5 ) A 1F PN B 40 M ) 8 110 R 0, i
SEACNLE, I FESIKRE A & AT Zou ST
KIRFE VSMC 1, Hey P38 33 005 p38 22 3% 1k
5 H 4 B ( mitogen-activated protein kinase, MAPK )
FE paTphox HEIR fL 755 NADPH 48 Ak il (1 35
1 , NI VSMC TPl 43, I 4Ek , 200
I RBFFTIESE Hey 5 A H54L 2 V1A S, Sun 254
FE# IR 659 A H BRI RO I 45 95 0 i IR 11 1R
FHEAT I RAG I, AR 45 FL il Y Hey 7K P4 L 3F
119325, KB Hey 5 564k ) Jik ok A i A0 Bt e v 11 45
R UIM G, FE 05 — Wl IR W98, Kim 55 BF 5%
Y BEHLE 21235 (il [ 53 AT AR S S L
SYFRBRAAE I, AR P 10 Hey /K 2EAT 4025,
R FRERI, Hey 7K 7 5 IR 30 Bk 85 Ak K- B A
MST ARG R, ARFFETE B AAE SR 1Y VSMC 54k
R B Hey 02 0E K R VSMC F545 15T 1,
S A ALP T T N, 5 SCHREs R —S0

Li Al Van SERF5E 0 40 51 & BL, Hey AALA]
DL i MAPK 3 B2 UE VSMC FR 851k B9 R, 38 1T
T IR A A R R A A A S S A S A Y
KRR, BATIRZE RN &, ERS K H:
RIS T I S A kA Rk SR R e
HEEAEM, B RS SCHRR M, Hey 0] 7E 2 50 41 i
et ERS S & A i Hey AT LLUGE &L BTG ERS
FESHON B AR T 8 ] i R ERS 2
PRS0 B 5 R IRBT A & A ARG R
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1% Hey {2 R JEE54L VSMC PN o I 37 354 16 384
% ,p-PERK . p-IRE1 , GRP78 % ERS 4> T £ ik
WER R, LR WESE & B ERS I EHE S REPEND
il PBA F1 TAU A B {2 FHWT Hey 55 /9 VSMC
ERS #5345 F 19 R 3k K F, 5 T Hey W55 1
VSMC $5A0E5 51 B 85 & A1 ALP 5 PR 3G I, #17)
VSMC [ i B FEAN I R RS AL BT 45 R 4278 Hey
Al B A VSMC % ERS JinEE VSMC £54k.,

ZE BT IR, FRATT B 5 AR B R KR 3R 1 KR
VSMC #5467 |- % B Hey 1] LU #E VSMC £54k
g ERS N, ERS #4570 oF BELBE Hey (1) i 4R
. FATABFSEE X & B Hey 7T LAIE i3 #4035 ERS
J R A 54k, #8787 Hey 42 3F 1f 45 45 16 i 8
BLHL, 4 IS5 A A TR P R AL T A
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