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W= BH HiTBRAERES S F FORK T FEINmE (VSMCs ) 451 89 % vk B H AL,
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ALP &M, Runx2 o NFATcl A& B (P <0.05), AAEESH LI, NFATcl &8 REKFE5 ALP F i,
Runx2 & & R EKFZEME (P<0.05), it BRHEIRETAH 555 569 KK VSMCs 4548, FEAusl =T
AT B AL MK NFATCl &34, #p6] VSMCs & A 2540 R 523049
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Mechanisms of acidic environment inhibiting vascular smooth
muscle cell calcification induced by high phosphorus in rats*

Tong-hui Geng, Jin-sheng Xu, Ying-ying Han, Ya-ling Bai, Jun-xia Zhang, Li-wen Cui, Sheng-lei Zhang
(Department of Nephrology, the Forth Hospital of Hebei Medical University,
Shijiazhuang, Hebei 050011, China)

Abstract: Objective To explore the effect and possible mechanisms of acidification on high phosphorus-
induced vascular smooth muscle cell (VSMC) calcification in rats. Methods VSMCs were isolated from rat aorta,
and randomly divided into control group and high phosphorus group. The high phosphorus group was further
settled into two subgroups, i.e. high phosphorus+pH 7.1 group and high phosphorus+pH 7.4 group, which were
treated with B-glycerophosphate, and acidified by HCI to adjust the pH. The mRNA expressions of nuclear factor
of activated T-cells cytoplasmic 1 (NFATcI) and Runt-related transcription factor 2 (RUNX2) in VSMCs were
detected by RT-PCR after stimulation for 4 days. The activity of alkaline phosphatase (ALP) and calcium deposition
were tested after culture for 14 days. Results Compared to the control group, calcium depositon and ALP activity
were significantly increased in the high phosphorus+pH 7.4 group (P < 0.05), and the expressions of NFATc1 and
RUNX2 were upregulated as well (P < 0.05). Meanwhile, the calcification level and the expressions of RUNX2
and NFATecl in the high phosphorus+pH 7.1 group were lower than those in the high phosphorus+pH 7.4 group
(P < 0.05). NFATcI expression level was positively correlated with ALP activity and RUNX2 expression level
(P <0.05). Conclusions Acidic environment can inhibit VSMC calcification induced by high phosphorus in rats, its
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mechanism is possibly by downregulation of NFATe1 expression and prevention of VSMC phenotypic transformation.

Keywords: vascular calcification; vascular smooth muscle cell; NFATel; RUNX2; chronic renal failure

18P R ( chronic kidney disease, CKD ) HBE
O LA BN A F Tl AT 10 ~ 30 4%, 1A
AL FESGR R P AR A S A
WAL, ATV (vascular smooth muscle
cells, VSMCs ) FRAVF AL HEZHLH] . (CHrEmR T
Bz CKD B WHIERIE. BRI, IRIERRIE T
M B F5 1L, (EEAABLE] A BIES " WA T
L% F (nuclear factor of activated T cells, NFAT )
S Z RN 5% 1, GOETTSCH 4
I, NFATe X A ES A PEHEVE T o DR A 1,
FRPERRSE T REIE L T I NFATe1 ik, #0551k .
ARSEE LA B VSMCs ABTSER &R, B TER TR VE R
B =i SR VSMCs 854k 2 B AT BEIL]
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1.1 &

L1 SEEshd 6 H 4 JEISERREENE SD KR, 5
PIGFER BRI B LA, R EUE B Tt R
KESLR BNt AR : 1305090,

112 EEMEARG FIEMAZEEMEE (LH50A
B ( HAR Olympus 22 F] ), CYTATION3 HITFFRAL (22
[ Biotek 22 F] ), FAA- ML . 40 Ma K =30 [ 3E
Gibeo AF], B —HIMBENE ( JEE Sigma A7) ), MRJE
I (A AR A A R AR ), iR b
(alkaline phosphatase, ALP ) JEPEIG & ( Byt at e
Y TR ), B e an & (deat AR dn s
LY A BRA T ), RNA $EBGA & . RNA 3
St & (55 Thermo AF] ), PCR 514 ( it
HEREIL N E] ), NFATel., Runt A1 CH K7 2 (runt
related transcription factor 2, Runx2 ) ${ 1K ) H %
Abcam A 7], GAPDH #ii& ( S2[# Bioworld 4] ).

1.2 FHik

12,1 454L VSMCs a9 4] & B 420 B4 JEI IR fd ¢
et SD R BLEYM T3k, R FHZH 2L R 1 15 7
f& VSMCs, SZEGH3 ~ SN, R A BEALE 7%
2, 4 VSMCs FfHLA R 1E 5 6 R . i+ pH 7.4
4. EBE+ pH 7.0 41, IEE X RRAHE 10% M4 i
IR IR, W pHHE 74 ; MW+ pH 74 41
£ 10% JRAF MGG TR 10 mmol/L B — HM#%E

%, P pH (H 2 7.4; mWi+ pH 7.1 4 S BERE Rt
P pH {E % 7.1, i 1 mol/L ££ 18 HC A1 7.4% Bk
i S MR R SR 3k pH A, #1124 he
122 wmssesale 8 24 LRGSR AT
W14 d )5, FEF®, A 1 mmol/L HCI ki 7, Bt
T, R I TR A T v S A 5 A
FH 0.1 mol/L S S8 AL AT 0.1% B I BREN 7
fift 30 min, FRAEUOCEEEITEAMME A &R, VSMCs
S o A5 R A S 5 & 5 P S = A EROR
(mg/g ).
123 #Eede W4~ sARYMLL 5 x 10° 4/ 1L
WA T 24 LAY, 1T 14 do I pH 84 MREE R
0.1% WPE R ELYSBGHATES AL g £, 15 8 S A I Wie
HEAH . Z5 SR FIWThRIE « PR iTRUAGLL (A,
124 ALP @Fdale  HAIEEEFRE 14 d 55 1,
WERRER G2 PRI WY 2 K, A 1% R O R HOR
FEfE AR FERK, BT 4°CA 24 h JFEO, BUEVER,
i ALP WP S ud W A, D Hm vk, 45 R
B
1.2.5 i 4 KR A B4k R (reverse transcription—
RT-PCR A&l
VSMCs H B ik, T 100 4 d J5 32 U4 1 40
mRNA, ll5E NFATe1 Fl Runx2 FER ARk, PCR 5|
YIH Primer 5.0 #1303, 51974 W3R 1. PCR J
KZ K 2001, NFATe1 54+ 95°CHIAEYE 5 min,
95°CAEME 30 s, 60°CIE K 30 s, 72°CHEH1 45 s, 3132
MBS 5 GAPDH RV AT+ 95 CHUZEYE 5 min, 95°C
AR 30 s, S8°CIH Kk 30s, 72°CHEfH 45 s, F£ 324
MG 3 Runx2 T W 2514+ 95°C AR VE 5 min, 95°C7R
P 30's, 55°CIE K 30s, 72°CHEf 45 s, L 28 PMEHR,
72°CHRLEIEAR 10 min, SCEGTEE 3 K.

%1 RT-PCREI#7I

polymerase chain reaction, RT-PCR )

FEH L7127 KJE /bp
1E: 5'-GTGGCAGCCATCAACGCCCT-3'

NFATc1 ) 241
J2m]: 5'-TACGAGGCCTGTGGCACCGA-3'
1E[f]: 5'-CCGCACGACAACCGCACCAT-3'

Runx?2 289

Jml: 5'-CGCTCCGGCCCACAAATCTC-3'

1EM: 5'-CAAGGTCATCCATGACAACTTTG-3"
GAPDH 496
) : 5'-GTCCACCACCCTGTTGCTGTAG=3'
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1.2.6  Western blot #  Western blot £l VSMCs
HiE ARk, TH 4 d GRS HMBES, W
FE NFATcl il Runx2 I RE. A A =
P SERIR AN — FEN IR RIS F VK 73 25, e . st AT
IMA—HF B (NFATe1 1 ¢ 1000,Runx2 1 : 500,
GAPDH 1 : 5000), 4CHFHEIHR. VB, A ZH
R (1 2 5000), =R FIEE Lh, EEE, o
Br&li IRBE(E . S 3 Ik
1.3 SFitEHE

BRSBTS FH SPSS 21.0 Geitikst:, TR
BIE + bRifEZE (xxs) Fn, 2R E T2
A3, LRI P B SNK—q K356 5 AH 56140 B
Pearson 35, P <0.05 NERES 5 X,

2 #R

21 ERMEIREXEBES VSMCs $5rsm

T W4diE, IEHXEA, &+ pH 74
M. W OB 4+ pH7.1 4 VSMCs i 45 & & 4 Sl
H (47.423 +10.515), (119.306 = 13.443) Al
(89.738 £12.542 ) mglg, L2450, ZERAGI¥
X (F=22138, P=0.0017), i#— 4 H P L2
SNK—q K5 , 25 20 L 22 A e it 3 L(P <0.05 ),
BT T KB VSMCs 855 2K F-TH R 5 pH BRI
B VSMCs 5% kb

SRS E AL, PER LY ] DL IE F ) R
VSMCs TCIFZL EF5ER 45T L, B A K Eidel
PEERTORR, AR T 1] B AR ORI . LR 1,
22 BUEFEXSHIFS VSMCs REE LK
Al

IEE XA, S+ pH 74 4. = B 4 pH
7.1 44 VSMCs %) ALP I 1k 73 3] (32.510 £2.393 ),
(106.206 + 4.294 ) FlI( 85.715 = 6.227 )ulg, ZT7 25047,
ZEREG I E X (F=40909, P=0.000), #—LH

-+ pH 7.4 41

W L34 SNK—q K, A5 4H IR Hd 22 A giitFaa L
(P <0.05 ). M+ pH 7.4 41 ALP 35 5 T 1E 5 X IR 4
TR TG ALP TEPERAL

TEHRTIRAE . m s +pH 7.0 4. EwE +pH 7.4 40
VSMCs 1) Runx2 mRNA A X 3% i5 & 4> il 4
(0.213+0.008 ). (0.317+0.054) A1 (0.562 +0.070 ),
27 N, 25 A I E L (F=36.924,
P =0.000), 1EF XML, S8 +pH 7.0 4. S+
pH 7.4 41 VSMCs 9 Runx2 #K [ A1 X 3 1k 12 2 51 4
(0.390 +0.108 ), (0.785+0.069) F1 (1.095 +0.121),
G E N, 25 A S B L (F=36.408,
P =0.000 ), 2L MW LA ZE SNK—q K285, 1 H %
WRZL . B+ pH 7.1 21 Runx2 mRNA FI#E [ 363k K
A FE W+ pH 7.4 K (P <0.05), FHFRMEIREE AT
T Runx2 3235, LA 2.
2.3 BMREISHIFESH VSMCs #1 NFATcT
FRIEHF

WAL, =B +pH 7.0 41, = B +pH 7.4
ZH VSMCs ) NFATc1 mRNA #H Xf % 35 & 4> %]
(0.264 +0.043 ). (0.419+0.073 ) F1 (0.668 = 0.097 ),
27 N, R A I E L (F=22512,
P =0.002), 1EF# %R, S8 +pH 7.1 4. &+
pH 7.4 # VSMCs ) NFATc1 25 A X 26 3500 51 0
(0.155+0.066 ), (0.362+0.031) F1 (0.661 =0.096 ),
27 b, 5 A S E L (F=36.408,
P =0.000 ), i—LPIM AL SNK—q K35, 1E 5 %)
VB2 W+ pH 7.1 4 NFATc1 mRNA FIEE HFikk
PR+ pH 7.4 41K (P <0.05), FfEREE NFATc1
FikFE . WHE 3.
2.4 NFATc1 5 Runx2, ALP WyfEx1%

VSMCs ' NFATcl 5 Runx2 % 35 & IF M %
(r =0.801, P=0.003), NFATcl 5 ALP I 5 EAH %
(r=0.698, P =0.002 ),

-+ pH 7.1 41

B 1 KHEKAR VSMCs §52iAR (RO RE)
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FRHPERR T3 02 CKD BB 1 WIT A i
WF5E K B0, ARG RR o 25 T LA ] VSMCs 65640 1,
AR SRR R M A X T B VE SR BN IR A, SR
T HOT 0L A5 A A VR FHBIFSE 20, WIESE VSMCs B
BB R R R LR 2 — ", B, AT
W BRME PR BT -V FH 052 i 4 2 i A 54k o il
B IEJE CKD B3 A D INAS SR G R N 2& ,
AR TSGR AR SRR, CKD 2 LA

AL AL 28 B . VSMCs E A i Hh IR A
BT, RS R EEE . AR
WA ARSNE IR VSMCs, TR A SRR A BE X VSMCs
FEALERENE, PSR R IR L, S
VSMCs 4§54k, BRI AT 4 i = w5 1 VSMCs 854k
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Bklles, 45 - BRTEFRECNG] Fwiss K B VSMCs A5 pLsiI b sY

167 ALP IR R 40 MO o R AR R . B TE
IEH VSMCs HRIREAIR, AEF5 00 A I 4 0o I R A £
A FakTE Y, Hik, "TRASERE VSMCs 37 Runx?2 A9
FEIRER ALP 36 PRI R 7 & AR CE R R LA
AL B, SEii+ pH 7.4 HA L, Sk +
pH 7.1 4 VSMCs Y Runx2 FikFl ALP 7G PEFEAG, 2
T1% T TR Pk FR B 41 1) VSMCs 45 1k 59 HL i 7T 68 2 40 1l
VSMCs &4 B R AV AL

NFAT S 475 T 20 Jfd v Ds] 3G 2 ] 45 4 F 9k
M, ZJE KRIBRGRIE RGN, NFAT st 17 HoAlh
WAz oA, oL, BHasiL. B4 ST,
HAZMAETIRE, S 5005 T A0HEfL . i
MR VER . B Aot RE N R A0 A
VSMCs 3458 ", NFAT Z 8 (16 Pk F 2 i Ca™/ 45
P 2R ( Calcineurin, CaN ) J#97. 4 Ca™. 45
JHHEMY CaN 458 515K CaN GBS, i F B4
Wl R, ZRER RN, T2 CaN WAk, kil
I NFAT imkiafh, e HAZE M5, NFAT
TG AR, 5505 N A Si X - D Rl 8 1 Z2 b 5k
HETEE " WFFE M, 7E VSMCs H1,NFATel B33k,
NFATc3 /b i3k, 1 NFATe2 Fil NFATc4 JLF A3
R AR, AR AARE B AR B 15 VSMC
AL R, NFAT R EZAEN, RER NFAT 52
AEAM ] Runx2 3k ML TR0 L . DL L WF o0 & 9,
NFATel 7EIMAEE5 b h R E LR, B H
NFATcl Al fES S5ERAMH] VSMCs F5Ab i L. ABFE
MARSPSZEAREE VSMCs HY NFATel B985, 4550k
R 4 pH 7.4 241 VSMCs "' NFATel ik & F 1E % %F
MREH, $27R8 NFATel 25180 B o Ul A A5 A6 1Y)
KA, FTREXHAMEHER D BRI, Rt
PRI RE S I ] VSMCs F NFATcl mRNA FI4E (4 i3
ik, FHHHEN NFATC1 AT RERRRINE VSMCs 510 % A=
HIHEZ—.

NFATe1 78 BR 4 il = 8535 5 19 VSMCs £54k H
il R AEAE 7 AWFFEHE VSMCs H NFATel 2 3R ik
KV 5 Fe B LA 5 AR (ALP 35 7 A1 Runx2 & 1 %35
HKOF ) MAHICHE AT, 455 A NFATe1 5 Runx2 £
A ALP TR R IEASE, I, 285 R &
VSMCs % A5 55 Ak 11 v] BEAIL i 2 3 3 B AR NFATel %
ik, Il VSMCs & A FRIEE LA SR -

Zi LRTAR, ARBRCE SN R, IRYES BT
A LA 5 125 S Y K B VSMCs 54k, AT BEAL
SRR NFATel ik, #H] VSMCs &4 el Ak
I o (AAWFFEAL NI E 2 S E NFATe1 78
A IS S VR, ERBLRIT 2 90
7T, LA I R 5 AING YT CKD 3 B I A 454k
PEALHTHE &
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