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ABSTRACT: Chronic kidney disease-mineral and bone disorder (CKD-MBD)-induced vascular calcification has been proved to be
an independent risk factor of cardiovascular events in patients with chronic kidney disease (CKD). Impaired calcium and phosphate
homeostasis, increased oxidative stress, loss of calcification inhibitors and increased expression of RANKL are related to the vascular cal-
cification in CKD. Additionally, impaired bone may be implicated in the pathogenesis of vascular calcification through perturbing serum
calcium/phosphate and parathyroid hormone, thus contributing to increased vascular calcification in CKD. Therapeutic approaches for
CKD, such as phosphate binders and bisphosphonates, have been shown to ameliorate bone loss as well as vascular calcification. This ar-
ticle reviews recent progress of the pathogenesis of vascular calcification in CKD-MBD.

Key words: CKD-MBD; Vascular calcification; Bone loss; Runx2; RANKL

Chinese Library Classification(CLC): R692.5 Document code: A

Article ID: 1673-6273(2018)10-1996-05

YN

]

o}

P B S A A AR B I A8 85 A0 5 B AR e i 2 2
KDIGO(Kidney Disease: Improving Global Outcomes) & X &
PEE AW - 59 A E G EE L(CKD-MBD) , Holi 75 1 A 71
B W P IT B — R A SRR AL I TS L R SE
PREER (PTH)MYEA: 2 D /K281, B4k 071k 52
et A K B R SR DL R R A 2R sh e BLPE A 4L = AT
Y, Hor, CKD-MBD S350 148785 £0 RO 1l 8752 995 25 VI AH
K, & CKD B0 A A ey s e R, A 851k
Al R&A7E CKD BB, &A% 4E CKD3 {1l 25% ,CKD4 H1k
35% it NIENTI , BT 50%0 CKD S35 A7 IS 45405 IAE
TF9% 3 B I 4575 P2 14 B A S i g S DU R A A B, T2 —
A A T 0 TS R - IS LA (VSMC)Z:

*EEGIUH [ R A AR ARG BT (31571169)

Or R TR MU R B AL i CKD 1 E Msh i
AR RIS A Tk P AR B A RN A A Y, 3
WITE L EUR S E B RS T, B RIS RO 8T A 52 AN TR N RS
SETEEEY . FAT, S BUME SRR DB L B 5
AP 1 A B o AR SCERIR 1AL IRFEAE N R A1 Q
WEEALTE CKD I 85 A A b s AR

1848 Y RS I 45 B A R

LA A AR H AN ] B4 38028 A T 70 Jhy A TS A A o 24
b, CKD f# i WL A5 AL 28 1L 2 b 2454k, KA Moncke-
berg F54L, H 3= BRF SR TETC R PR AR 1 KR B TUAR A PRI
Bk b R B DU R R R I A AR RS . 1R
BENTEFE o2 SR B 52 ) S A G R LA AR
SREI A A 1 G Bl IR P AR A S P 4 AR A 44 3 o A

YEF I WGP (1991-), BULAFFEA: , BT TT 10 - 18 M A S I e B9 & A Ll S i it

i : 18360866700, E-mail: 570201550@qq.com
A HEIRVEE A% , E-mail: heweichun@njmu.edu.cn
(s H:2017-04-30 4352 H 1. 2017-05-27)



DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine VolL18 NO.10 MAY.2018

- 1997 -

EFORINRE , TS 20O HR HFISEAE

CKD R nl K A sl Dk ok R R AL RS A6, IS T 3
ety HE AR SRR 2 AR DU OG0 IR B RN 2 1 8k
IEi1 A SR RIS IO P 38 S 7, 375 5 A B 2 R~ LA
FIRRNEI T, T AL AN / R i . R, 7
SRS EERE AL AZ T, ST I o SR MV 2T 4 S5 o 0 ) S
REIN I 854k , e 2 S S IKRFERE (L BREBR IR . X T4
MAEES LR CKD BEN, JCiee sk A I fe itk
ST T Ak R L R TR EAS Mk, SR PSRy CKD &
FAALE O MAFAE TR B BT

2 BRGAS M SL

—IGCA I 2 AR BRAIIEE o CKD SB35 A5 55 1k i) & i
SRR GUEOC, T HAE T 9 5 A R APE T A DA
R T o A AT A IR TEEAR S i T -5 o B RSk e
55 i S U OGP B CKD R BUSEAL IS /s I A A5 T A
BB Z RIS X LB FE 47 CKD Hhi 4 O A i A
AR E A B IR R 2 FRL . SR, R TP
ARGEZ AR R T Z B s P IR R B A5 0R A
SHKES AL AR HLH P2 LB LA

3 CKD &5 HY & AP H

CKD [l & F5 A 5T v R e A B o =B IAE | HOIR
SERRTIRETUAE | AU L0 T I B A 0 o) 300 A D S T LA
R 76T MCATSE L AESE T Runt A6 CH;
SERF 2(Runx2)JE I A5 AU ZE A 15 . Runx2 f& Runx
GG IR BB YL 53 A R 2 L s %) DG B A S PR 19
TEIE & B IS AL (HFE CKD B3 1 sl kb 25, 427
Runx2 7£ CKD AHICH M4 8540 & A= vh R ¥ ZAE A . 72 CKD
o, Runx2 74 SMRFHE R R ITAS, SRS ESREK
S AR R S A ) A PR O A A S gkt
FEAL T RN AN R A TR
3.1 BEUFPRERHENSRET

B AE N S I IR £ 1) 2 A 48 XX R REHLIR I ) o
A R E T, U A SZ A RO M A AR T XU . IR
S5 BRTITRE TUAE T | A B IR e 8 TSR B A2 400 i )
AR, S350 CKD fE 5™ 5 A6 v ol AT o /o v B i itk — 203
RS R R PTHAY 436, JE B EIG 3R . H AT T R W
PTH 2 — M2 RGEMIREHERR , HUK P8 & 5 ik 835 1
M A AEA 56 o PRFFAE LI AT 085 ST L2 45 £ ) 5 7 -5 1,
% PTH /K5 TEAA S0, K, CKD B35 3245 BB 671k Al fiEs
LAY PTH WS MRS B S,, ASHREMHT YN
WEHEL, (e ML) &R I E tL 4 58 FGF23 Jt
1, FEHEH BT Klotho &5 [ HREN T #0155 X i g 26 i 2
W, (e ik PRBHENE . (B3] T CKD &R, Bl 7R AT B 2 )
HE—2E R JCB T Klotho FEakisk /b, FGF23 Jo i 5L BT 1M i
B RR T, FEUM SRS = I m A 51k

CKD B B 2 s m A R R s T B E
BB IR BN . BB MBS, BT B TR BRI
BT . AR  HESZ AR R A NTHY) ESRD B E 3]

AR R A R TS, SiEITRYT S R a2 A
RIBEZE AR . A b =R, BN S E TR B PTH A
Koo 7E CKD /NGB R 58 1238 1) /D 5 v B8 IO AR 00855
A G, At BMP-7 A7 AT HETR B R SR DURR , DA T 28 1Kol At
FPFRI ] IS, R b & CKD B il s
AR WIBAX, BRI BRI w55 7K~ PTH i fin &
A PTH 33 14 0 B 40 = A A R T -« B 32 ARG AL R 7
B (RANKLYE 6% B 4 T8 R s B BRI . RANKL 2
B AR A s A R . CKD o PTH e A& B T3
BV I Y A RS 118 AR S, e U R £h 5 RANKL i A
I EE IR A R B L 1 4S5 400, e B i e AL B s 5 1l A4S
R JRAR DG
32 §EROKFERFAS

RV RS R B IS S A R ZE AR R 2R (A e
TR K- F2 BB L v 8 = IS, 9 B v 9 IR 76 I 7
b i EZAE ., Linefsky™5XT 6814 S LA O MBI
NI 22 B i KT 75 55 S B DROIRAES 10 A SR 2R o 2
BTG . FE LR EH VI R P, R AR R 1 K O R IE S
RO ISR A RN BE T DRSS P38 R S0, sl I D 38 P B 2
MURE A fiEvs /> annexin IT Z33A 04 PN K2 A0 BB ARk, DA TATHG I
PR A TR AT SN, BN B AL T, CKD Hy, il
N T 5 LAE S ST 0 S, R E VSMC BB S
AOPERE , AT S8 h Bk A5 AR, LiUSE5EIE S i iz 3 45 S W L
2 LS AR R S I BU4N - B [E A% IE 8 (type T sodi-
um-dependent phosphate co-transporter), i | Runx2 [ 3
KSCEL, H L Runx2 fEFE4MAS VSMC 454k, K, R A
A5 ES VSMC Hf Runx2 1) FiRIBEAR 2F 145451k
3.3 Sk AN

R £ BIEE 22 B CKD g5 sh A7 7E S AL R 38 i .
Koleganova™4§ & )l CKD i £ s kA5 X 4- I T4
(4-HNE) FIH B A ALRAH AR &K T8 , 4-HNE 24
AR T A S B ) R B = 2 — |, TR Py A S B 3 35
A& LRI S CKD M A F5 {0 & R VIM . — I et
TFF 5% b s 204 B S N I8 9 8 0 5 468 22 5 4 Lo - A i XL
SHAINA DG, E— DU A DY AR A N B AR AR R G
DY FH SR IE S —F P A AR , 78 PR BT 2 s 8 v R0 ) a4
AL RHEIE X R IREEIE 2 M AL R AT 2 3 CKD I 4
FEALRY R | T IR S A L 2 T 00 T P B R AR
i AL SN S A T RE M A S SN E S TR
Byon®!45 % B S Ak &0 0] 2 R AR LR 2F VSMC iR i
R [ 5 E A0 MR B A 4, 1 Runx2 (238, WAl fr o 4
S R 22 R / 7 AR PRS- 5 B AT ABH T Runx2 ()
FIRFNNEF510 . NADPH S AL F 2 AEFr W4 il 4 s ROS
HFE BRI . NADPH S0 BfHE it R o 7 40 A 3 Ak AR e A
KRERRFRIES 5 MBI Martin™55 % IO R/ R 3250
[k NADPH 1 i 3 P B W 77 0F % BE/NRR, dl A A
Runx2 Fik i ST WIAEES 1 . MuteliefuP"45 % LR 2
N5\ P 5E A 1 9% NADPH Sk 4(Noxd)Hl A E shilikcr-i
L4 M (HASMCs) 1 ROS (174 , 31175 5 HASMCs H1 (1% i
A AR e AR 1 ANk R B (A LP) AN W 2R 1 (OPN) 1Y 3R 3K



- 1998 - PURAMIESHE  biomed.cnjournals.com Progress in Modern Biomedicine VoL18 NO.10 MAY.2018

i i siRNA @ fr NADPH 4 fk. /i 4 )5 7] LAl =35 5 = A4
ROS Fil ALP }z OPN mRNA ()3 ik, 7% NADPH 4 {k 24
¥ VSMC [n] BB FE AU fad F 5 5 i 454k A Ak N
i A Runx2 kiS5 VSMC £51k, 3R 4 Runx2 2
FLKIE N Runx2 AYFESRIETE, MM AKYFOXO1/3 {55
kPRI

3.4 FBUMEIFIERE D

CKD S F 5B/ AOBE 0, 1 i s AL 7 e 55 R Bk
FEE -A FEBERIAHR D, 7T B8 BN F5 1L R38N BBk
A FIEEBEIR A VR FE T RE 5 I % 85w A 0 R Y B A
Koo MIFENREREE M A J2—Fh 325 b P40 300 A Il IY 22 T g
VHEE 1, BB S5 4545 5 T8 BURE 1) IS A5 2 1 B0k, 2 — PP AR R
FAS BRI , % 5 A5 A B am e . BFgT R IR
BRIEE A TE A 510 F 305 A2 b 5 AL IR R A
50% LI B, BREREE 1 A AT LIRE VSMC $RE, 38 3 38 5/ N Y
T3 I a1 35 0/ N YL 15 | e () IR A6 A , T R 5 A%
e FEUMAEES N R A . E— MW IR, S X IR AR L,
BARR MG NGIRE A KT 545 5 1040 8% 5T REA R,
X CKD S5, W BRERE 1 A W] LA 1k &1 0 2 A
il 1 A E5 462, Mattinzoli DPISF (A5 R IAMGER A T A T
B, T URIES: FGF23 0] LIRS BB 4 4 W Ha
BREEM Ao B FGF23 FRERER (1 A 768 A0 IS 2 #0
REBETIANEH , X TEE R CKD-MBD 3% BTt 7 —4
BRFZE T 1)

H R R T 2 0 CKD B 3R AR B R 09 & i 5 4
BEALFRIE RS, HAZ BN AN B FRRAS 1 R 2 3
TR/ CKD mAFES ke, R 1A —
FhA G, AT 2= BRI E I ES & T B A 45 2R 1H
IR IR AL, A SRR 5455 1Ak . SRR E:
BRI RE RS 1F W7 T 1 B 40 e P R it 5 7 i L4 A 45
Ak, WY BB i D PR IR A 45 ST BT S B o [ B
s T S AR A AR i v 2 A I PR B K R A 45 ki &
Az RN B, SUBERER AN —Fh N TG s A iR b2t
U, AR N 5B T R I A A A A, BT 2B R
PREE , BELE W 40 M E A B RO 2 Bl L ER B, - Al 3k
il 40 A AR T A AR A T RE , AT s B
FRE, L, SRR ER AR BERRNR (AR K RS Rz i H
FIRIT LS BB AMIE .

3.5 RANKL Fik g in

RS T, B gERA R ER (OPG) K&
RANKL, RANK & 4iffi ek, HAE R RANKL ZIEAE k&
YA AR 0 E— 2 0, 388 220 7610 B A i B AR A % 1 5
RANKL %54, BRI B A oA a2 LA B Am il i 40 i
JHT . Darnay™ 55 & AR RANK FEFF /NG R e 2 15 B 4
i 2230 A 7 T R AL, 28] RANKL/RANK X B840 it 43k
HIETEWRATEH .. OPG 2—F /il ME R A, VR M iHZ A1
Bt RANKL 5 RANK Z54, DT 00 il B 240 B 50 A G, i i
HAT, wigFmliodfe, FEEFNEEHE T, M OPG 5
PTH Al B /KPR IEAAS, SIAEREA A K2 AL, 78
CKD5 &, m/KFMiiE OPG 5 RANKL A1 PTH £ 1E

HHE, 5 EW IR EY TRAPSD 27 AHSEE, LI PREFITIIE
SET IME RANKL e {52 & OPG, 5 CKD [l & 451k2
IEAAE. RANKL 1 OPG #Ei#% CKD i #4541k H A9 1 LI
PSRN . SR, B ATE SR A B0 B 20 3 I3 A SR 40
LR RGeS O AR Z M AEAECER . 55— 3 kF OPG
FEMAEESAS B BB A6 R b B H B UESE U5 -8 OPG
S bR/ N Bucay™ 55 (1HF5Y 26 B OPG file = (1) /NEL AT Hi 31
M5k B3 T BEAE T XS TR . i EZH OPG AT RE
1 3E B OPG K fie= /1N BUAY 1ML 45 4L B3 RinotasPI45 (i 5T
F W] RANKL #3E R/ RANKL 136 1588 m] 8508 i
B AR 1554 . Morony "85t iE 521 #e ik RANKL BE il
RESEDR/IN RO L5 4L , 1773k 2626 PR /N R T RANKL 47
1 - M3 AT (denosumab), FIAT A RAARE B B AARE F1 20 kS
1k, Denosumab J&—Fh5E 4 N FE 4L A HEFLIAR, NI />N OPG 2%
I A S RANKL, £ RAFFE 1, denosumab GEAT A5 il
SR T AIE (14 408 28 5 101 1) 3 B RV T XU L i
F SIS (AC) <6 L E I M AT H5 1L, (X T AC2 6(™
M, W EE N E NS0, Pt iR AN FiEAAN
RANKL F K /N i, denosumab fE48 2008 H: 3 30 iR 1 3
JikA5 AP, Denosumab it £ I 55 LA SR B VR T RS 2208 £
FISEBG ST R B, 75 0 2550k T % RANKL/OPG 7£ i
W E T BRI 5 Ak T AN TR AL

VSMC i, FFi 11 Runx2 il 45 RANKL J5 87X
%S RANKL (335057 i fmas VSMC §54k ., 7EBHEE 1k
AL VSMC (g 3, RANKL 9 % 30 52 1 o s 4
MR ES A PR T (9 e 3k TR]4AE 9 VSMC 454k, 723 Ik RERE 1L,
Joa AR H , VSMC 45 Ak T 1 B A0 e 22 [ A7 A 1E A M), 5%
B eI A B4R T —E , RANKL s, A 38 i V8 I TR 400 i sk 3
ML o TS B WA SUBE AR R 2 25 A1 o 1t 5
54k, RANKL J# CKD I 4545 £ i A% i /6 P AT e 22 ik — 2
FIBFIE LARRE

4 CKD MEHBBIRITHIE

FI, CKD I A 451 RNRYT 5 ik 2 S IR w45 5 7], $58
SZAB SR FEBERIS MUY . IR L 25 )7 RO — B (H
HCHIRE LRI T HARECR .

4.1 BEAFH

e WA IILAE A RS UL A5 A B 2 PR 3R 22—, DR e ) i
IKFAREEEL . mIAERIUR S — e L4 iRYT CKD &
e W IILAE A AR5 5 R RS 5 77 R IIRE DI IRk W] m] i 4
T AR P LV S B A8 LT 5 R A /K 1 5 A 5 4
15 Klotho & IKIENIAT SCH. S S g tu itk S w] 4Ef7 A e
T A BT R A, SR S AR AT AT O R R —
PR S EGR WSS & 0], R 2l AT EHR, 78 CKD B S R
DRI o AAHIMIF S 3 T T B0 R I 00 o s 75 14 . A
TR AS AL, DFE oA O T RRIR S , Bk 698 X411 ol L
AT R TR B RS AL HE R A . S B, 5 R th T
SRR RS NN B R i R AT TG o B n] LA
T BERRES A S A, G2t WA R A LS 451K . Yusuke Sak-
aguchiSEX] 109 44 3Fi#& M CKD 835 i ¢ B e Ik sl ik £



DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine VolL18 NO.10 MAY.2018

- 1999 -

A28 B A I KT B RT3 0 .. Tzanakis* 55X 59 44 Il
BERFAT 124 A WS BB ES A 70 sl & 5 B 25 A R YT IS L 45
TR B RS & AT A SRS (L TR 194 . (0 B
YA N AT T T A, DR A I e L3 K A S
HER . MIGRREFER—Fos BB ES 450, AUH PR E
F i ELAT LBl CKD-MBD (% M7E MR . ELA I RBFST
e I 11 R AR A 3R 5 e P e SR R L, AN 2 o o 378 £
FH AR, BORIGIRIGI TSR T — i T £
4.2 SEEZAEENF

RS —Fh 32 RS & B IR 1, HLAT AR R b
BAHVESEE R W R A o REASLOH: 2 30 A0 S S B 1 X
FUR 5 AR AN A FE o AE 4B 35 o 3 a4 4 A 7 R
FOH AR ZTIBE T LADIEE I 1 WU £S5 A0, AH R M, 4515
S A IR S LT S A e A 5 7 AR S s 37 R-568 i B,
[FRE, ASEZ AR s R-568 T AMG641 1] LM A 1M 45
Y LA A Ak, 3RS SHURRSZ PR R B T 26, FEIRR g 2
WG DA =& FH (4 5 A0S A S st 391, A3 A FH P 0 = 2, 4o il
BT A IR E S kA AL R 3k e, 308 2 31 A 7K T T LA RAIR
MLRGE T A BO U SR RET- 260, (H H A 5T R
JNPEAR-RZEMIRYT R RS QT (M MK A X, F S EH
VR B SRR AR,
4.3 EREERELW

XUBE R ER IS YR N FEE RIS ) il ik 55 2 il i A1 &5
A, BRI TG - A AR Ak, DT 5 T, IR YT BB
Few FHRZEY) (0 X 262576 CKD 3 FP Al A BRI Y,
DA hy AU - 0 3 oL P AR TS, 3K PT B :3 CKD g B
JEARS B S . DAL, % T eGFR /N T 35 mL/min/1.7 m? [
SRFIAHEEA S, SUBS R RS2 Y #E N RN Sh ) S 56 vh & 1
A Zh RS AL, A 4SS A A BLI] R 8 v A . RS
YIRS, SUBE IR ER 25 245 ) RE A R I 45 A5 4659 {0\ A
FE R G FR AR L U o — A% CKD 3-4 3340 g 25 (1 [31 st
PEBAGIIFFE 2 A, BB IR ER 2R YT AR A4 BB TR 1Y
JRURSE FEARC A 5 , IEAS RERAR A1 O LA S0 (0 XU, o YRR R O
PO B B R A L i S BG4S, BT R AR 4N O
RNBELELE CKD3-4 1] 34 I 45 A5 Ak A i B ST, R, XUBE R £6
JRYT CKD B A S5 AU AR —B0Y, 375 Z 0 Z AY
FER T fif DU IR L S 25 s i 5 Ak A AL

5 &ig

CKD-MBD J&:—~ 5 2 9 i i 7] &8, CKD 84 1ML 45 4k
14 5 Ji 5 B BE R SR AR O, O LA BT ) S 2R RIS E TR
YIRS, MAEES AR ™ B R EE n] H CKD (35 LA B
ABETR PR IILAE | FARSS BRI RETUE \FGF23 AN F AL
DR RE AL U B B A AL A E5 1k . CKD s AR i 25 L T
PERL ML 50 K7 A PTH (55, 25 A PSR R . 1esh,
PG KT AR R P -A FEBERRER A D E— 2D R T
M. 7E VSMC rf, — BB RN #5 K7 ML R
A Runx2 33K Fi, 75 T aE e MIES 1. RANKL 25
240 0 B4 S B R 19 P] 7, Runx2 BEVS 1L 1 RANKL Y3RIK . 4t
B WS RURE R R 28 259 15 RANKL it (AR il - 5T i A Al

M54k, 3878 RANKL 2 145785 17 i) 15 I8 7
5 % 3L #k( References)

[1] Moorthi RN, Moe SM. CKD-mineral and bone disorder: core curricu-
lum 2011[J]. Am J Kidney Dis, 2011, 58(6): 1022-1036

[2] Chen NX, Moe SM. Vascular calcification: pathophysiology and risk
factors[J]. Curr Hypertens Rep, 2012, 14(3): 228-237

[3] Vervloet M, Cozzolino M. Vascular calcification in chronic kidney
disease: different bricks in the wall [J]. Kidney Int,2017,91(4): 808-817

[4] Goodman WG, London G, Amann K, et al. Vascular calcification in
chronic kidney disease[J]. Am J Kidney Dis, 2004, 43(3): 572-579

[5] London GM, Guerin AP, Marchais SJ, et al. Arterial media calcifica-
tion in end-stage renal disease: impact on all-cause and cardiovascular
mortality[J]. Nephrol Dial Transplant, 2003, 18(9): 1731-1740

[6] Libby P, Ridker PM, Hansson GK. Progress and challenges in translat-
ing the biology of atherosclerosis [J]. Nature, 2011, 473 (7347):
317-325

[7]1 Rodriguez-Garcia M, Gomez-Alonso C, Naves-Diaz M, et al. Vascu-
lar calcifications, vertebral fractures and mortality in haemodialysis
patients[J]. Nephrol Dial Transplant, 2009, 24(1): 239-246

[8] Lee SH, Park SJ, Kim KN, et al. Coronary Calcification Is Reversely
Related with Bone and Hair Calcium: The Relationship among Dif-
ferent Calcium Pools in Body[J]. ] Bone Metab, 2016, 23(4): 191-197

[9] De Schutter TM, Neven E, Persy VP, et al. Vascular calcification is as-
sociated with cortical bone loss in chronic renal failure rats with and
without ovariectomy: the calcification paradox [J]. Am J Nephrol,
2011, 34(4): 356-366

[10] Byon CH, Javed A, Dai Q, et al. Oxidative stress induces vascular
calcification through modulation of the osteogenic transcription factor
Runx2 by AKT signaling [J]. J Biol Chem, 2008, 283 (22):
15319-15327

[11] Estepa JC, Aguilera-Tejero E, Lopez I, et al. Effect of phosphate on
parathyroid hormone secretion in vivo[J]. J Bone Miner Res, 1999, 14
(11): 1848-1854

[12] Lee SA, Lee MJ, Ryu GW, et al. Low serum intact parathyroid hor-
mone level is an independent risk factor for overall mortality and major
adverse cardiac and cerebrovascular events in incident dialysis pa-
tients[J]. Osteoporos Int, 2016, 27(9): 2717-2726

[13] Elmariah S, Delaney JA, O'Brien KD, et al. Bisphosphonate use and
prevalence of valvular and vascular calcification in women MESA
(The Multi-Ethnic Study of Atherosclerosis)[J]. J Am Coll Cardiol,
2010, 56(21): 1752-1759

[14] Lomashvili KA, Khawandi W, O'Neill WC. Reduced plasma py-
rophosphate levels in hemodialysis patients [J]. J Am Soc Nephrol,
2005, 16(8): 2495-2500

[15] Linefsky JP, O'Brien KD, Sachs M, et al. Serum phosphate is associ-
ated with aortic valve calcification in the Multi-ethnic Study of
Atherosclerosis (MESA)[J]. Atherosclerosis, 2014, 233(2): 331-337

[16] Sun Y, Byon CH, Yuan K, et al. Smooth muscle cell-specific runx2
deficiency inhibits vascular calcification [J]. Circ Res, 2012, 111(5):
543-552

[17] Hou YC, Liu WC, Zheng CM, et al. Role of Vitamin D in Uremic
Vascular Calcification [J]. Biomed Res Int, 2017, 10 [Epub ahead of
print]



<2000 - PUREMIESSHE  biomed.cnjournals.com Progress in Modern Biomedicine VoL18 NO.10 MAY.2018

[18] Turtle KR, Short RA. Longitudinal relationships among coronary
artery calcification, serum phosphorus, and kidney function[J]. Clin J
Am Soc Nephrol, 2009, 4(12): 1968-1973

[19] Koleganova N, Piecha G, Ritz E, et al. Arterial calcification in pa-
tients with chronic kidney disease [J]. Nephrol Dial Transplant, 2009,
24(8): 2488-2496

[20] Reynolds JL, Joannides AJ, Skepper JN, et al. Human vascular
smooth muscle cells undergo vesicle-mediated calcification in re-
sponse to changes in extracellular calcium and phosphate concentra-
tions: a potential mechanism for accelerated vascular calcification in
ESRD[J]. J Am Soc Nephrol, 2004, 15(11): 2857-2867

[21] Yamada S, Taniguchi M, Tokumoto M, et al. The antioxidant tempol
ameliorates arterial medial calcification in uremic rats: important role
of oxidative stress in the pathogenesis of vascular calcification in
chronic kidney disease[J]. ] Bone Miner Res, 2012, 27(2): 474-485

[22] Byon CH, Javed A, Dai Q, et al. Oxidative stress induces vascular
calcification through modulation of the osteogenic transcription factor
Runx2 by AKT signaling [J]. J Biol Chem, 2008, 283 (22):
15319-15327

[23] San Martin A, Du P, Dikalova A, et al. Reactive oxygen species-se-
lective regulation of aortic inflammatory gene expression in Type 2
diabetes[J]. Am J Physiol Heart Circ Physiol,2007, 292(5): H2073-82

[24] Muteliefu G, Enomoto A, Jiang P, et al. Indoxyl sulphate induces ox-
idative stress and the expression of osteoblast- specific proteins in
vascular smooth muscle cells [J]. Nephrol Dial Transplant, 2009, 24
(7): 2051-2058

[25] Chinke T, Amendt C, Trindl A, et al. The serum protein alpha2-HS
glycoprotein/fetuin inhibits formation in vitro and in mineralizing cal-
vatia cells: a possible role in mineralization and calcium homeostasis
[J]. J Biol Chem, 1996, 271(6): 20789-20796

[26] Sage AP, Lu J, Tintut Y, et al. Hyperphosphatemia-induced nano-
crystals upregulate the expression of bone morphogenetic protein-2
and osteopontin genes in mouse smooth muscle cells in vitro[J]. Kid-
ney international, 2011, 79(4): 414-422

[27] Mattinzoli D, Rastaldi MP, Ikehata M, et al. FGF23-regulated pro-
duction of Fetuin-A (AHSG) in osteocytes[J]. Bone, 2016, 83: 35-47

[28] O'Neill WC, Sigrist MK, McIntyre CW. Plasma pyrophosphate and
vascular calcification in chronic kidney disease [J]. Nephml Dial
Transplant, 2010, 25(1): 187-191

[29] O'Neill WC, Lomashvili KA, Malluche HH, et al. Treatment with
pyrophosphate inhibits uremic vascular calcification [J]. Kidney Int,
2011, 79(5): 512-517

[30] Russell RG. Bisphosphonates: the first 40 years [J]. Bone, 2011, 49
(1):2-19

[31] Darnay BG, Haridas V, Moore PA, et al. Characterization of the in-
tracellular domain of receptor activatior of NF-kappaB(RANK). Inter-
action with tumor necrosis factor receptor-associated factors and acti-
vation of NF-kappab and c-Jun N-terminal kinase [J]. J Biol Chem,
1998, 273(32): 20551-20555

[32] Lomashvili KA, Narisawa S, Millan JL, et al. Vascular calcification is
dependent on plasma levels of pyrophosphate[J]. Kidney Int, 2014, 85
(6): 1351-1356

[33] Montanez-Barragan A, Gomez-Barrera I, Sanchez-Nino MD, et al.
Osteoprotegerin and kidney disease [J]. J Nephrol, 2014, 27 (6):

607-617

[34] Walsh MC, Choi Y. Biology of the TRANCE axis [J]. Cytokine
Growth Factor Rev, 2003, 14(3-4): 251-263

[35] Bucay N, Sarosi I, Dunstan CR, et al. Osteoprotegerin-deficient mice
develop early onset osteoporosis and arterial calcification [J]. Genes
Dev, 1998, 12(9): 1260-1268

[36] Osako MK, Nakagami H, Shimamura M, et al. Cross-talk of receptor
activator of nuclear factor-kappaB ligand signaling with renin-an-
giotensin system in vascular calcification [J]. Arterioscler Thromb
Vasc Biol, 2013, 33(6): 1287-1296

[37] Beata Znorko, Ewa Oksztulska-Kolanek, Pawlak K, et al. Does the
OPG/RANKL system contribute to the bone-vascular axis in chronic
kidney disease? A systematic review Advances in Medical Sciences
[7]. Adv Med Sci, 2017, 61(1): 52-64

[38] Rinotas V, Niti A, Dacquin R, et al. Novel genetic models of osteo-
porosis by overexpression of human RANKL in transgenic mice [J].J
Bone Miner Res, 2014, 29(5): 1158-1169

[39] Yang S, Feskanich D, Willett WC, et al. Association between global
biomarkers of oxidative stress and hip fracture in postmenopausal
women: a prospective study [J]. J Bone Miner Res, 2014, 29 (12):
2577-2583

[40] Antoniucci DM, Yamashita T, Portale AA. Dietary phosphorus regu-
lates serum fibroblast growth factor-23 concentrations in healthy men
[J]. J Clin Endocrinol Metab, 2006, 91(8): 3144-3149

[41] Deuell KA, Callegari A, Giachelli CM, et al. RANKL enhances
macrophage paracrine pro-calcific activity in high phosphate-treated
smooth muscle cells: dependence on IL-6 and TNF-alpha [J]. J Vasc
Res, 2012, 49(6): 510-521

[42] Lin HH, Liou HH, Wu MS, et al. Long-term sevelamer treatment
lowers serum fibroblast growth factor 23 accompanied with increas-
ing serum Klotho levels in chronic haemodialysis patients [J].
Nephrology (Carlton), 2014, 19(11): 672-678

[43] Tokumoto M, Mizobuchi M, Finch JL, et al. Blockage of the
renin-angiotensin system attenuates mortality but not vascular calcifi-
cation in uremic rats: sevelamer carbonate prevents vascular calcifica-
tion[J]. Am J Nephrol, 2009, 29(6): 582-591

[44] Nikolov IG, Joki N, Nguyen-Khoa T, et al. Lanthanum carbonate,
like sevelamer-HCI, retards the progression of vascular calcification
and atherosclerosis in uremic apolipoprotein E-deficient mice [J].
Nephrol Dial Transplant, 2012, 27(2): 505-513

[45] Ciceri P, Elli F, Brenna I, et al. Lanthanum prevents high phos-
phate-induced vascular calcification by preserving vascular smooth
muscle lineage markers[J]. Calcif Tissue Int, 2003, 92(6): 521-530

[46] Sakaguchi Y, Hamano T, Isaka Y. Effects of Magnesium on the Phos-
phate Toxicity in Chronic Kidney Disease: Time for Intervention
Studies[J]. Nutrients, 2017, 9(2)

[47] Tzanakis IP, Stamataki EE, Papadaki AN, et al. Magnesium retards
the progress of the arterial calcifications in hemodialysis patients: A
pilot study[J]. Int Urol Nephrol, 2014, 46(11): 2199-2205

[48] Tanaka M, Miyamura S, Imafuku T, et al. Effect of a Ferric Citrate
Formulation, a Phosphate Binder, on Oxidative Stress in Chronic Kid-
ney Diseases-Mineral and Bone Disorder Patients

Hemodialysis: A Pilot Study [J]. Biol Pharm BulL, 2016, 39 (6):

1000-1006 (#1985 T )

Receiving



DREYESSHE  biomed. cnjournals.com Progress in Modern Biomedicine VolL18 NO.10 MAY.2018

- 1985 -

independent prognostic factor in severepreeclampsia: a matched co-
hort study[J]. Arch Gynecol Obstet, 2017, 5(23): 7-8

[12] Jayaram P, Mohan M, Lindow S, et al. Postpartum Acute Colonic
Pseudo-Obstruction (Ogilvie's Syndrome): A systematic review of
case reports and case series [J]. Eur J Obstet Gynecol Reprod Biol,
2017, 2(214): 145-149

[13] Wen SW, Tan H, Retnakaran R, et al. Pre-gravid predictors of new
onset hypertension in pregnancy - Results from a pre-conception co-
hort study in China [J]. Eur J ObstetGynecol Reprod Biol, 2017, 12
(214): 140-144

[14] Garmendia ML, Zamudio C, Araya M, et al. Association between
prepregnancyobesity and metabolic risk in Chilean premenopausal
women 10 y postpartum([J]. Nutrition, 2017, 38(8): 20-27

[15] Patel AB, Prakash AA, Raynes-Greenow C, et al. Description of inter-
institutional referrals after admission for labor and delivery: aprospec-
tive population based cohort study in rural Maharashtra, India [J].
BMC HealthServ Res, 2017, 17(1): 360

[16] Salimi S, Mohammadpour-Gharehbagh A, Rezaei M, et al. The
MDM2 promoter T309G polymorphism was associated with
preeclampsia susceptibility [J]. J Assist Reprod Genet, 2017, 5(15):
941-943

[17] Girchenko P, Lahti J, Czamara D, et al. Associations between mater-
nal risk factors of adverse pregnancy and birth outcomes and the off-
spring epigenetic clock of gestational age at birth[J]. Clin Epigenetics,
2017, 8(9): 49

[18] Keepanasseril A, Yadav BK, Maurya DK. Antenatal risk factors asso-
ciated with need of postpartum antihypertensives in wom en with
preeclampsia in South India: Case control study[J]. Pregnancy Hyper-
tens, 2017, 5(8): 42-45

[19] Ayorinde AA, Bhattacharya S. Inherited predisposition to preeclamp-
sia: Analysis of the Aberdeen intergenerational cohort [J]. Pregnancy
Hypertens, 2017, 4(8): 37-41

[20] Dale AG, Holbrook BD, Sobel L, et al. Hyperparathyroidism in Preg-
nancyLeading to Pancreatitis and Preeclampsia with Severe Features

[J]. Case Rep ObstetGynecol, 2017, 20(17): 6061313

[21] Wang C, Geng H, Liu W, et al. Prenatal, perinatal, and postnatal fac-
tors associated with autism: A meta-analysis [J]. Medicine (Balti-
more), 2017, 96(18): e6696

[22] Verlohren S, Perschel FH, Thilaganathan B, et al. Angiogenic Mark-
ers and Cardiovascular Indices in the Prediction of Hypertensive Dis-
orders of Pregnancy[J]. Hypertension, 2017, 69(6): 1192-1197

[23] Spiel M, Salahuddin S, Pernicone E, et al. Placental soluble fms-like
tyrosine kinase expression in small for gestational age infants and risk
for adverse outcomes[J]. Placenta, 2017, 55(52): 10-16

[24] Arabin B, Baschat AA. Pregnancy: An Underutilized Window of Op-
portunity to Improve Long-term Maternal and Infant Health-An Ap-
peal for Continuous Family Care and Interdisciplinary Communica-
tion[J]. Front Pediatr, 2017, 13(5): 69

[25] Alma LJ, Bokslag A, Maas AHEM, et al. Shared biomarkers between
female diastolic heart failure and pre-eclampsia: a system atic review
and meta-analysis[J]. ESC Heart Fail, 2017, 4(2): 88-98

[26] Salimi S, Farajian-Mashhadi F, Tabatabaei E, et al. Estrogen receptor
alpha Xbal GG genotype was associated with severe preeclampsia[J].
Clin Exp Hypertens, 2017, 39(3): 220-224

[27] US Preventive Services Task Force, Bibbins-Domingo K, Grossman
DC, et al. Screening for Preeclampsia: US Preventive Services Task
Force Recommendation Statement [J]. JAMA, 2017, 317 (16):
1661-1667

[28] Shen M, Smith GN, Rodger M, et al. Comparison of risk factors and
outcomes of gestational hypertension and pre-eclampsia [J]. PLoS
One, 2017, 12(4): 0175914

[29] Bambrana V, Dayanand CD, Kotur P. Relationship Between X an-
thine Oxidase, Ischemia Modified Albumin, Nitric Oxide with An-
tioxidants in Non Pregnants, Preand Post-delivery of Normal Preg-
nants and Preeclampsia [J]. Indian J Clin Biochem, 2017, 32 (2):
171-178

[30

=

Kolialexi A, Tsangaris GT, Sifakis S, et al. Plasma biomarkers for the
identification of women at risk for early-onset preeclampsia[J]. Expert

Rev Proteomics, 2017, 14(3): 269-276

(5 2000 77)

[49] Alam MU, Kirton JP, Wilkinson FL, et al. Calcification is associated
with loss of functional calcium-sensing receptor in vascular smooth
muscle cells[J]. Cardiovasc ReS, 2009, 81(2): 260-268

[50] Henaut L, Boudot C, Massy ZA, et al. Calcimimetics increase CaSR
expression and reduce mineralization in vascular smooth muscle cells:
mechanisms of action[J]. Cardiovasc Res, 2014, 101(2): 256-265

[51] Nakayama K, Nakao K, Takatori Y, et al. Long-term effect of
cinacalcet hydrochloride on abdominal aortic calcification in patients
on hemodialysis with secondary hyperparathyroidism [J]. Int J
Nephrol Renovasc Dis, 2013, 7: 25-33

[52] Temiz G, Yalcin AU, Mutluay R, et al. Effects of cinacalcet treatment
on QT interval in hemodialysis patients [J]. Anatol J Cardiol, 2015,
6284[Epub ahead of print]

[53] Cutini PH, Rauschemberger MB, Sandoval MJ, et al. Ascular action

of bisphosphonates: In vitro effect of alendronate on the regulation of

cellular events involved in vessel pathogenesis[J]. J Mol Cell Cardiol,
2016, 100: 83-92
[54

[y

Kranenburg G, Bartstra JW, Weijmans M, et al. Bisphosphonates for

cardiovascular risk reduction: A systematic review and meta-analysis

[J]. Atherosclerosis, 2016, 252: 106-115

[55] Hartle JE, Tang X, Kirchner HL, et al. Bisphosphonate therapy,
death, and cardiovascular events among female patients with CKD: a
retrospective cohort study[J]. Am J Kidney Dis, 2012, 59(5): 636-644

[56] Tanko LB, Qin G, Alexandersen P, et al. Effective doses of iban-
dronate do not influence the 3-year progression of aortic calcification
in elderly osteoporotic women [J]. Osteoporos Int, 2005, 16 (2):
184-190

[57] Toussaint ND, Lau KK, Strauss BJ, et al. Effect of alendronate on

vascular calcification in CKD stages 3 and 4: a pilot randomized con-

trolled trial[J]. Am J Kidney Dis, 2010, 56(1): 57-68



