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[ ABSTRACT] Aim To investigate whether high blood glucose-induced vascular calcification in diabetes mellitus is
caused by the endoplasmic reticulum(ER) response and subsequent apoptosis. Methods We examined the effects of
high glucose on the ER stress response and calcification of vascular smoothmuscle cells (VSMC). Alkaline phosphatase
(ALP) activity, calcium content and osteogenic markers expression was measured by colorimetric assay, o-cresolphthalein
method and Western blot analysis. Results High glucose induced osteoblastic differentiation and ER stress of VSMC,
as evidenced by ALP activity, calcium content and osteogenic markers expression increase. 4-PBA treatment could inhibit
ER stress and apoptosis of VSMC, therefore, high glucose-elicited VSMC calcification was retarded. Conclusion
High glucose can activate ER stress and osteoblastic differentiation in VSMC, ER stress and apoptosis might mediate VSMC

calcification induced by high glucose.
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Figure 1. Immunocytochemistry identification of aortic

smooth muscle cells

1.3 HBEENE

Fw® A i VSMC £ | 8 4L # J5 , PBS o
W3 K, E 3L m N\ 0.6 mol/L HCI 37°C .45 60 min,
XABEFEERMNANG(FRAEESFH ELE
F)RM R A5 AE, #4048 PBS it 3
WK AN 2 L B AR VS #E 30 min Ja 1 0 B 7 A B
MEREEXEa A LERY B ERUNAME
HEEURE, TERFEHNAETEE,
1.4 BHEIFEENESSTR

Jy U E VSMC 45 AR, 44 VSMC #: 4 T 12 L3
FWP A EKE A 0%, Fk AL MR
TR EE,PBS %k 3 K, %K 4% % K H B
T 4°C E Z 10 min, PBS % 3t 3 K, AN 1% 76 & 41 S
VAN 4 30 min, H 0.2% B B v R b a1
KOREBR TR A ERNA, —FKEEMmH K,
BWME T WEILE,
1.5 EPEREERERE M E

B VSMC B M T 12 LB AR T, FHEF R,
PBS & ik ok ¥ 28 48 2 %, m 1 mL 1%Triton X By 4
HEAK,ACHKE24h, #BFHALE20 s, #2007
B B E R R T W A AR 12000 1/
min %8 10 min, BC_E & % A ALP A 03K 7 & (8
BR K 4035, & ALP WM R B 448 i &
EEAGEUREZME ALP &%,
1.6 Western blot ;& EAHIFKRIA

H# VSMC £ # T 35 mm 35 I | & K 5| 80%
HEL AL A TR ENAERE R G, EH AN
PBS 7 3 K, i N H AR 5 4°C # E 30 min, 12000
t/min %5 10 min, ] k7% & &k Al BCA R #HATHE &



670

ISSN 1007-3949 Chin J Arterioscler, Vol 24 ,No 7,2016

EE, REEET 2 5B 4 R W B % IR
7k (SDS-PAGE) % ¥ , ¥ F1 it £ PVDF & £, 5%
Jit H 474 2 Al 60 min, #8 & 4 m N 3E %tk ] By A
B —47t,4°C #E R 17, TBST % 3 K, # K 5 min,
PVDF £ A ECL X KR A B &, B2 B LA X &k
F AW Imag ] 2 TSR, EE 5 %,
1.7 SEitF4biE

SE 30 304 | SPSS16.0 AT Rt 24T, BT A
R Dxss FR, MM ERILLREXAERE T £
2t (one-way ANOVA) | i LSD-t #4735 % = 8] 0§
3k, P<0.05 5 £ R A L F &L,

2 # B

2.1 EHEFES VSMC L A BB 4 A

R TR AT VSMC e 5346 A 1B HE 240
(52, Lh B-H MR (BGP) AL FEE T VSMC 51k
SRPHMEXT B, AL BE 3 K S A b e ik I e
ALP 5% SfEAL ] 7 K5, 3833 O-cresolphthalein
15 Western blot | 2 45 & &t Fll 1 43 fb 5% 5% K+
(Runx2 Fll Osterix) , Z5 5 & B, 5 1E % X B4 g,
ALP JE PR R 455 = 3 0 . Runx2 F1 Osterix 15
A, TR S R 10 pe/L KRB R AL 7 R
AE LR LR I TRk (B 2 MK 3) . Lab4h
LR E AT LU S VSMC #5431k o0 Bl 41 i
(LRI R B AL BB RER )

600-
500- b
400-
300- a
200-
100

0-

ALPiE(IU/g protein)

control BGP HG+BGP HG

8-
7
6
54
44
3
2
14

b b

$E-4 8 (mg/mg protein)

control BGP HG+BGP HG

B 2. SHEFS VSMC B ALP iF BB 2HEM (v
5) a N P<0.05,b N P<0.01, 45 1F % A4 Hu s,
Figure 2. High glucose induced ALP activity and calcium

content increase of VSMC(x+s)
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Figure 3. High glucose induced osteogenic markers upregu-

lation of VSMC(x+s,n=5)
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Figure 4. 4-PBA suppressed ER stress of VSMC (x+s,n=5)
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Figure 5. 4-PBA suppressed calcification of VSMC induced by high glucose(x+s,n=35)

3 3 it

ENVIENERE STV NS L N R VIR N i
PRIGIRZS ) i S VSMC PN J5k R 37 384 52 o7 1 8 7~ 448
hn, o F AR 4-PBA (PN J5T 905 384 i 560 ) i BEL T
VSMC P98540 (ifn A A Ak iy B 220t AR ) |, DL S5 2R 42
73 PN S5 19 7 3 T B 2 VSMC 45 Ak it 3 ML
(HARE R AR, 4-PBA 76 T 18 PN 5 X W 30bs i 2
FIEIET 980 T VSMC /12, 3EZ% T VSMC M SMC
W 2 10 1) B R T B e Ak AR ISR B IR R

TN BT MR T T RS R VSMC £S5 1k

I A5 R AR PR s BB R LI R, 0
PR 5 95 R R R R FE R A Al ST fE R R
H AT 2280 30 R 1058 5 40 2 1 1 1 E shid 72
WA IR & 5 R8BI VSMC #501E
BB REANE T Bk 2 T & B, B BT BE 2 5
A VSMC £54k , b e B8 2 00 45 B 20 il G H 2 vSMC
FEhB 5HEMUE KB LR "D, VSMC &4 R
AL A E5 4k b R HEEZAVE A, VSMC 11 BB A



672

ISSN 1007-3949 Chin J Arterioscler, Vol 24, No 7,2016

i R A — 208 W, B AL 5 T Runx2 1
Osterix FHL23TE VSMC EIE T, Arak & LS 451k
MR VMC SR —Fh i RIIRE b 2 B
TR AR 2R o3 A 20 i, XoF T i A8 1) Wi 4 i sk A
T EEIER  SMEFR R R A

DIAERBFIE R B - 8 Wl PR B B8 15 S 1441 VSMC
FHAE SR, EREA S VSMC S5 ALY L AR
WG, 53— 7 1D, e W B A Wy ) 2 W g vl 5
& VSMC P 5T M 1 38, 5 3l bk ok R B Ak B A
SRS P S5 R 98 RIS R R (un-
folded protein response, UPR) , UPR f#f IRE1 , XBP1
A IS R FE PN X B ( protein kinase R-like
endoplasmic reticulum kinase, PERK)) S . W
JBE P S AR DGR T2 A5 2 5 Ml 75 & VSMC 454k
i A T, AS I 9T 25 SRR A 7 2 R B
BSOS R PR LR, VSMC 19 PN J5T 99 07 330 i 2 1
SR G PR T2 8 1 &R G5 B (GRP78, CHOP Al
Caspase-12) ,4-PBA FiiZb #REE T I8 B AT A9 R ik, #1
8 T AL & A KB A Caspase-12 3 3k FEAIG,
ALP THPEREAR A5 & i T BRSO D, LA 145
S AN DT DA € WS & s =18 Y= W (TR =4
BEAL, BRI UESE . RNAT $2 R BHIE PERK 145 4
JORC IO 7 40, BE A 1) 3 B VSMC ] B A AT
O A (1 10 1= R A ER
LG — 2D B E T N BT LA S T e AR
o B85k .

L L RR FOREVE T VSMC #5430 h B B 40
Jf, Iy VSMC 1) ALP I PESS SR 45 2 1 1 i
oA SRR 1R h B R AL B | B PN 5T R
W T2 5 — T, 4-PBA B RS S0
VSMC P4 J5it 7 38 8 T RS Ak, RS T P J5E I 3
AT T RBESIER VSMC £51E

[ &3k ]

(1] 1%, ARt &2 &, %5 &k S 8iE T A -F
BIAMES LR [ ]. St FRE#Bi =4k, 2015, 40
(6): 603-607.

[2] Chen NX, Duan D, O“Neill KD, et al. High glucose in-
creases the expression of Cbfal and BMP-2 and enhances
the calcification of vascular smooth muscle cells [ J].
Nephrol Dial Transplant, 2006, 21(12) . 3 435-442.

[3] b2, Be¥is, Epk. I 250 ni B 200 it 1 454 1t
VI LA S A s e S LB D). e R B A
iR, 2015, 21(3) : 269-274.

(4] B B, A=K, E S, S5 g 51 TR i P 5 P9 17 3838
P TR AR R B A P3N S SR ) ). hEEZ
T8, 2015, 13(7): 13-16.

[5] Wang Y, Shan J, Yang W, et al. High mobility group box
1 (HMGBI) mediates high-glucose-induced calcification in
vascular smooth muscle cells of saphenous veins[J]. In-
flammation, 2013, 36(6) : 1 592-604.

(6] L, thaTh, RIVE, & v TR &#A K
BT A5 -3 LAN RSS A s e I [0 . vl L 1 A 2
&, 2015, 20(1) ; 62-66.

(7] B B, s K, [ S, S5 AR 51 65 i P 5 o R 3
P TR AR K R4S LA i s ey sz m [ ], v E
FIkEfL L, 2014, 22(4) ; 351-356.

(81 #F SC. i V¥ LR M 55 1 48 45 Ak AL il 1) AT 50 3
[J]. BE2ggiR | 2013, 19(16) : 2 898-901.

(9] 2R #a. 2 )7 40 M8 1= 5 1 48 45 16 ¢ R Y BIF 50 3
(1. PE T LB AAE, 2013, 13(4) : 639-642.

[10] 4 o, JHEmy, RN, 55 11 WLA0H A o e B
A ES AL MAPK {55 38 i A Y R IR 8 A2k [ ],
T EIZLZUT RS, 2013, 17(20) : 3 618-625.

[11] Bl =, O, LR, 4. @S WNT {55
e B I AS 10 UL MR A [ 0] P 7 BE R R 2 24
2015, 35(1) . 29-33.

[12] Yoshida T, Yamashita M, Horimai C, et al. High glucose
concentration does not modulate the formation of arterial
medial calcification in experimental uremic rats [ J]. J
Vasc Res, 2013, 50(6) ; 512-520.

[13] BRAR4E, B2epk, 25 5, S5 B985 S R Bl - 1
M pLRI g 1], HEER K, 2015, 30
(1) 64-67.

[ 14] Zhou YB, Zhang J, Peng DQ, et al. Peroxisome prolifera-
tor-activated receptor vy ligands retard cultured vascular
smooth muscle cells calcification induced by high glucose
[J]. Cell Biochem Biophys, 2013, 66(3) : 421-429.

[15] BRI, BUAML, BESCR . SRl s 4 5w UL 4 e
ARIE cbfo-1 M1 OC FYSLEBFTE[T]. PUNIR A=Al (BR
2£0R) , 2010, (5): 784-788.

[16] Liu F, Zhong H, Liang JY, et al. Effect of high glucose
levels on the calcification of vascular smooth muscle cells
by inducing osteoblastic differentiation and intracellular
calcium deposition via BMP-2/Cbfa-1 pathway [ J]. J
Zhejiang Univ Sci B, 2010, 11(12);: 905-911.

[17] MRRTE, BELR, Wr 41, %. Klotho & %5 14574 L
AHESALARENE [ T]. AR B RS, 2015, 31(6) .
434-439.

(MSCHE FE)



