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BRS. IRRERFBEVAERERS . LERZAFE. FHRBEHREHATEQFEES
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\ o BEAHET 4 TEFEAMNZEEZRSEEN | TULETEZRILRT AR ZEERE
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IR, REAE
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B OE. MESE SEUENE S NI (chronic kidney disease, CKD) & 00 L5 00 R R HBET- R BN 28, &% T
KIBIT DA kG fil, WRILRFEHLE T IFB A48t . CKDILE 51k 52 2 Fh 4 i 3 3h 8 4% 10 7 60 B i 72
A~ L4 i (vascular smooth muscle cells, VSMCS){EARE IS N A BB FERL 404k, 43 WA 55 7 2R 00 T R4S 2 425 i DT
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New mechanisms of chronic kidney disease-associated vascular calcification
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Abstract: Vascular calcification is the crucial factor of high cardiovascular disease morbidity and mortality in patients with chronic
kidney disease (CKD), which causes a huge medical and economic burden. It is urgent to explore its pathogenesis and intervention
methods. CKD-associated vascular calcification is an ectopic osteogenesis process actively regulated by multiple cells. Vascular
smooth muscle cells (VSMCs) undergo osteogenic differentiation in a pro-calcification environment, and secrete matrix vesicles to
form calcium and phosphorus crystal deposition sites, which are key events in the development of CKD-associated vascular calcification.
This article reviews the new mechanism and technology of CKD-associated vascular calcification and discusses the role of the myokine
Irisin in CKD-associated vascular calcification.
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Oy ML 9% (cardiovascular disease, CVD) /& 15
4 ' JIF 9% (chronic kidney disease, CKD) H & LT 1)
FEER 1, 0 CKD #Bw ffE i) 32 Bk R, I
5L (vascular calcification) & CKD & KA R
O I FF RGN ER . SIS SRR
WA LA R, A BG40 /& CKD AH ¢ I A 85 46 1)
BTRFIE . BV BUIEE S K ORISR TR, 5]
MR EESE . BRI R, MG ok, o
FkREEAS S B g Ar B, S8 CKD s kA ™
H PO MAEA RS,

LB B (R B 78 22 B CKD I & 454k 1 & 2R 5
TE RSN, RAEN VA 7 IREFRERE 2R« RONE
ARSI = R, P2 51,
E NG TR VS R S U R . s [ K =
AT B T BEELFE I P18 LI (vascular smooth
muscle cells, VSMCs). N & 41 i (endothelial cells,
ECs). JAIZHM. B W20 A 08 P54 40 M 55, Horp
VSMCs il ECs {95l ik 8% ) 3= EE4H 0 287, £ 1
EPLR R AR R H], AT VSMCs,
ECs. HWR. Zpifatass R, AU EmE. 400
A e (extracellular matrix, ECM) 5 %8, fi & 14 #
1 LA S UL A i R 55 2 2 (Irisin) 7£ CKD AH %
(10 I 25 4 mh B4R T LRI FE AT 250

1 VSMCs

VSMCs B i Ak CKD I35 45 46 1 93 B A=
AL, /£ CKD § AR AL, JREFAERE R
KM EMIRHE ZAIEH T, VSMCs & 7 % B ¥
(Runx2. Osterix. Msx2 4§ ) ®i& Lifl, W4isEAx
IRk, T E T RO DG RIS RN WASE I, nE
P15 L (alkaline phosphatase, ALP). ‘B IEA K4 &
1 (bone morphogenetic proteins, BMPs) DL J & & i’
JEH BCM ™, WIS 46 78 AL 55 25y i R A8 11,
B FE VSMCs 70 125 i 2276 (matrix vesicles, MVs)
AT AMA AR A0 A IR R S A SR IR 4 or
O D KT (s AR

1T #A B 90 & B Runx2 BR %5 5 i 2] A 7 5%
Ak, i w] BLIE IS 2H 2R 1 H2AX BEER 1 1 . DNA 457
L, BRI Z DNA #4515 5 5 RlE 28 R i %
KA T ROAR A, M IR s 4k U R Al
K LN F Osterix /& Runx2 [f FiifE R 1, fE
Ii] 75 ) /S BRI S S AL B Y T R A B 3 B, A
K Osterix Ji7 n] 4101t VSMCs /i 55k A4k ", BMPs

A A KR T - (transforming growth factor-B, TGF-P)
KT, ] BT AR 3 S A8 T U E 45 3
H, IRKI BMPs AU ML R GRS
YR 4 S AR A U, R I A S A R A AR
VSMCs % #4131 45 22 5 22 U, BMP2
B S S AE £ VSMCs A 8 s ™, wrim i
ALK/Smad i # 3 55 Bl 5% 3¢ A 5 Runx2. T 4f
Jit 578 A/ 9 B8 5 K] T (T cell factor/lymphoid
enhancer factor, TCF/LEF). Msx2 2531k, W n[i@Ed
Wnt/B-catenin 5 Smad {5 5 ¥ [7] 2 717 Hu € F ALP
Fk AR P fEHNIRE A E (apolipoprotein E,
ApoE) i /N, {2 #E VSMCs ) BMP2 3 A %
IR T ESKA R, [, | BMPs 55
MAEAEALTE pls o s = BMP2/4 HIHIFE R v- 2
HARE MR T A (matrix y carboxyglutamic acid protein,
MGP) tH 1] 35 VSMCs B FE b S A i) A= B
FH R B 3 1% BMP 401 757 DMHT DU Ap 400 i
VSMCs B 43k, Sl kb s g =,

bR % SR AR A, RUMBEZ BN S5
VSMCs & #8574 72 35 2R & I/ RNA
(microRNA, miRNA) 7E VSMCs J B B 1 4k F145 14,
ORI I AR - 4] A R E miRNAT25b AT
3B I HE 17) Osterix {2iF VSMCs SUEFE- L B4, Tis
£ miRNA-204/miRNA-211 ({4 M AR iE 42 ] BMP2
Y3 VSMCs 1) BB A 6 A6 A1 485 4k *. miRNA26
AT AP R R A B O 3B, dE ik Wnt/B-catenin/
C/EBPa {5 5 i i 1 47 VSMCs B #F B 4 1k B9
% miRNA 4k, DNA HIE:AL J2 20 3 21 th 2 5 1
EEAGERE, sl 2 DNA FUER R (DNA
methyltransferase, DNMT) fiE 4, 735 SMA22a 5
B F AR T S A BT, AL AR (R R 25
FeALBg IMID2B ) AT 3@ i ] Runx2 J3 3l X 381
ST )T AN 5 T 55 Runx2 fO3RIA P,

B T R A M AE AR B D) RE 1) RS T
T, VSMCs fA1E 5 2% 8515 5 P ATALEI, 30 A8
BUBSZ AR (CaR) A5 22 405 3 18 A B 405 % 4 4R 55,
Z5HFFMRNSRE. FFTHE IS B AT LR
Job B i (] o R £ SR VSMICs Ji FERG AL, 45 1
AL TR, 6 MGP Ri&, & 0] HEUL
FRT L 55 BE il g e B gl A A 1 2 S Az, n el if
EEAI R AR R, Ui VSMCs =R ik L&
145 LR 3050 DAL / A 5T Y RyR 244, B
HHE VSMCs Nl 3R3A T #4458 HAK# X RyR %
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P B, Rl O R AL A0 M PN A S R R AR AR B
VSMCs 7 ()54 . CKD 3 I B ib T
5 A7 g, ek R R HORT i A7 5 R T 3 VSMICs 4]
M ESEREL, (R ThREREAS, F A RO,
MR AL, AT PO, A, AN
AN BT ) CaR 835 N VA AT LA RIAA A 4 afn
B4k, T 3 0 CaR BB B 0145 751 R-586 AT 1)1 il
CKD IfiL 5 #5 4k 3 J8 B4, % e 8 m 45 i il it CaR
9 MGP (8555 B, HEDE T CaR JEA4H i A4S
BIFURPE AT RE A VSMCs %o i 85 PRI HR AR S8

IR LR, #FEE VSMCs #iibk /%],
R Z M VSMCs AMUEEZFrEDRIL L, B kb
# Runx2. ALP. BMP2 % i # 5 & ¥k 38,
A R RE AR BT CKD 15 5 T £ R B
PR KU R BEAEBE R . AR . JRE 2 n i
G VSMCs it R g, InEMmESALKRE. TR
W, CKD i3 e fik v I3 2 AR B4 ple A B- 2
FLBELFEGBE PE4n i 2, B AEBE Runx2 RIABN,
KU 5 LPRER LRI R ERA, 5 e
b2 M e BV, BRI WY (indoxyl sulfate, IS) A
R IR KB E Sk S VSMCs 5 Z A0 bR &
P53 M A% 4T |2 25 A lamin A B {A (prelamin A) ik,
Rk B- AU B AL, INE VSMCs BUE HEE: AL
Je EKESE P W FE R, prelamin A fE45 1L
N VSMCs 1 #12, nl % DNA #45 ) B, {2 ik
VSMCs & b5, gk .

VSMCs FRUEAAE 73T 7K P Bk R BE R 3R IA
ML =B EAKE 87U R
L2 ot 11| Mk I NS R RN E A i o)
B, W EAIRTEE. AN TSEMED, 2
LSRN R, W2 RS S,
MBS R REHEEN 3, Kk, HimESt
T R A D 24T R S EL R I, R4 41
FCH R A IR 7 1 B A LSS A 1) 2 R

2 ECs

ECs & I8 A 1) B2 R, A of 7 B K A0 of
BRI (I RAER 7 IRERER R WS ) 5 —
TEBERE, HLoE B 4R R T BRSSO B
WEFEE M, ECs fEME S RIEEZ/ERN - |k,
ECs & ML 45 A A I RVR 2 — o 7E SORE S5 I A
T, ECs &N - Al 785 #% 4k (endothelial-mes-
enchymal transition, EndMT), 38 #3 2 Fh /4078

915

IKE% [40, 41]0

A, TR AR ZERE 1 N, B hAe
EndMT & ECs $R758 / B i 2 AU (1 S Z ML >+,
TNFo/IL-6 7] %5 A\ E50k ECs &4 EndMT, i
BMPR2, j#il INK {55158 BMP9Y i S e .
FUIR 55 i34 2% (parathyroid hormone, PTH) 7] % 5 JR
FHE KRB ECs & 42 EndMT, {253k Ifi 45 45 4k 1) % Ak 1),
R S AN Bk ECs i@ it EndMT # 4k N #cE
2 M LENUR SR T, ECs 3@ i F A BMP2
ik, AT IR (A) 0T 40 B A B R Rk, R
M54 ¥, Hik, ECs i a] LLE& R 2 % fh Ak
YEVER TR UL A i 1 55 i e S 5 L AL
i Ak & (H,S) J& i1 ECs P bt % Fik 24 fi# i (cystathi-
onine-y-lyase, CSE) fi{b /= £ ) SMRME 5 01, AR
IR 515 510 VSMCs #54k ™. i ECs & A4y
WA TR HRORR 55 R U 2 AH 9% K (parathyroid hormone-
related protein, PTHrP) Wil id #7F BMP2 {5 55 5
A4Sk ¥, P H 2 (endothelin, ET) #] @it ET 5%
AT P i T L B R A PR AR s M B R ek, 15 T
HR B RERAL B EE S, ECs SRIEHIHAHE
(extracellular vesicles, EVs) A] /S 4l i [AiEE = 5
MR E . SRR bk ECs BN & &
4 Notch3 f] EVs, i i mTOR i #% 12 #f VSMCs
BEAL AR 2 B, 32 ECs Al 0 i KB W 585 5
A1 BMP2 () EVs ™2, RAUAE A5 4k (1) A% A7 o5,
] e VSMCs Bol FEFE AR 1k, A S B4R 4
IS

ECs @ I 73 2 P A Wis YY) iR EVs, DL
MU S I3 30 77 2 A8 A0 S 1 1 45 40 v R 3 3
ER, RN B ECs 7EAN R #LH1ECT Thae 2 k.,
#2578 ECs M1 VSMCs 2 [a] {116 R 47 Bh T 1f
AL B R o

3 B

H e —Fh g i B R A AR, @I B R
A b5 25 S B A A 47 A R B AN B 1 RS RSy, AT AL
P20 it fit A SR PR % 10 R B B W
B NIEME RIS —, EHRIF N
VSMCs 5L IR AT CKD K RERI A, miis GG
444 (reactive oxygen species, ROS) 24, {3k 5k
KA, HEE > MVs RS 4548 BT 78
o TR R SR 1) DBA/2 /NER T, SR E] F RoK
SEHE TN, H) B w0 R VSMCs 54k, Tl A
A %5 2Rk — 21 5 E WA VSMCs Bl #4E,
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SRR 540 B, BhAh,  BELINT [ 5 AT 5 e v
FHIEHECs AT, RiRgEREW, HMsir b
SE S ST S AUV RIE S R B, I8 A
5 VSMCs il fE#5 10 AT RIE 6 MVs B g
FIR A AL RS . CKD I A [E W5 S el 4 5 17
TEGRPE 2 IR, AEANFZRPE T B R S 25 2
FERN . (R TR R HE MVs B, hiit—20
T

LR RLIR E W E W R R IE 20, 2 ek i
Wz 1% B BRI AT PR A . 1t PINK1/Parkin {55
iR KA SMIESZ & (40 FUNDC1. BNIP3, BCL2-L13
S5 A TR LR AR [ 0 T T AR S 1 W R 2 A
i &kith, S 58&RRTRESYER, Bk
ik DNA #5581 &, ROS EM M MAET:, (£
A R R A AR B, R RS ) PR T
ik BNIP3 A5 HIZR R A [ W e 155 48010 B SOFn )
T2, {2ik VSMCs i FEF AL RIS P70tk m] I,
LR RLAR A B T FR A5 VSMCs H T B8 2 1 1)
LRhig, FME M R A 325 R A PINK]
i [ /N BREEAT 0 U A Bh T B B R R A If A
AL B

4 RFRSKE

LR Ry ar i e EACH I O, BREERESNIE
22 5 ARG B, ROS AL AL H
Mg 5T, KRR A HU4ERE X T A0 AR A = 0
HE,

2 WA AR ) AR T S TR T 2R R4 Th e A ATP
KPR VSMCs R AL . AIFFTR] . —HX
AT 38 5 ek i B- H i B IR R 15 T O L AR AR K
A2, A P R R i S BROSE (pyruvate dehydro-
genase kinase, PDK) /1 5 ] VSMCs 48 {4 B 3 A1
T2, B REAR VSMCs Bl R AL RS 16 B0 4
AV AR S8 T V0 S2 ARy FLBEE R 5 1o (peroxi-
some proliferator-activated receptor y coactivator 1-q,
PGCla) 7ESRLAR AL R A R R BEE L, 7Tl
REE Sirt3 i 2Rk ROS /K, I i 3 A5 1%
(A B BIRRF R, SRR A AR R v
LA VSMCs R ALEAL KA1 .

LRRLAA 7y 2R | R T SRR AR 2 T Y i L E Y
T, RARNRA BT BRI AR, Ba i
WA B T ARRE S . 15 B AL A4 N g B E o)
Fie %, BRI, RN R SRR AR Ak, SR

ORI, IR SE R 4 . FRI D) REAT ATP ()7~
A, REFEIR I R E. B IS E A 1 (Dynamin-
related protein 1, Drpl) A& i 4% £& b4 4r 2L B R
F, Drpl fEZERLASr 28 1 (fission 1, FIS1) 14
G5 MR e A 28 B R A A I I 4 25 A A2 15 R 2K
Rk 7> 2L S B A Y, E m S S RS L R
Drpl Kis38 N, Zkii&# 4k, ROS KTt &,
SEOE T EAA AL R, T Drpl WA Bh
Tk A LR AR S ZERVR AL S A, A Ak
TENFEN K ES A 2 Drpl ik, #iil Drpl 7]
%55 N VSMCs ZRi 1A Dy e b b, 40 i 28 = 4F,
IFFEAK ALP 3514, #0001 5L o A A0 A I A A 4L 5 £
4 AL T A 5 AT T 2 Bl /kexin 9 (proprotein
convertase subtilisin/kexin type 9, PCSK9) I)j f¢ 3K 15
PEBN KRR AR, Drpl S5 /)N BRI 4540
oM, SR, HEARIEOE S AL, #0) Drpl
) TS & A O, SRR Drpl sk i
A B TR EAAM I Z 5. Ak, Drpl (OB 2k
FiARIE B o> R A (R AR T R A, (R idk4n
Mz C IR T35 S R ORI, T 4 B ) T 4%
Al Bax 0] DL 5 24408 0 O¢ B 1 3t [R] 4% 2R 44
ﬁ% [64]o

FHUE T DL, 2R AR AR AS S i 2 I 45 4 1Y) B 2
Pl —, SRR FaAS T 2 07 N AR RN
TS, WRAARIE . AR, T PR
BLEEZ N R, X AR 2 8] (A8 BTG S
VAN T TR s AN IR, AR — PR

5 R ERIE

JUT4FEHT, Warburg & 3 RIS 7E 50 78 2 1 5%
PETR TR 400 A PR 1 R R A S SR AT AR B o ), 3k
FIT 18 (1) Warburg 250 S i H1 8% DA A & A 2 A 44 51
LI, (HBLRY BT T A AR T 3 2 PR
B 1) 75 SR T 2 B B AR 7. B MR 4t i At
A SR TS R T A T 1 T P B A g P AE
PEYI M P R A AR, VAL E RN AL
YN A Ebk e Y ok 2 (T S R I, AR
B LR E R AE 557 SRR K.

ETE O R (R AL R A R B2 A )
I P BE ) £ B 42, VSMCs AT DL o i
S B U I8 50 B B A i R R Y R R R R AR
(B ), T HB R fIE e 2 BH, 2Rk A4 R I A
BEBE A A 8T 4% 4 55 4% VSMCs [l #E 56 40 AL Al
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MG S AR, EREENL, BEEAS
FERRMIEN T, VSMCs IR HFERE AR LA, VSMCs
hALER P B T HE KT B E. AW ME
fRRE T IX — B U (1) BEEE AR RSB AL R AL N
VSMCs RRAYZEAT e &, AR5
T LA S K e s DA O, T B P AR 5 e e I8
REARRA S VR (2) BEEE AR AT IR R L- SRR, L-
LIRS 1 5o 28R IR U i £ BE 0 A, T BA Do
YT B = EHLIRPTRE S, FEERKAFEE . ok
Ab, AR AT DL O A I R R, A b
A LR ) EE b 2 s Ak v ) 2 B 5 A SR AT TR R R
10~100 3%, 4 ATP faHLH 40 i T LAPLHE 305 A A
Bt ftae s .

REZH LKW, A AR S VSMCs i
FEE ML IRFIE 2 — . M5 S T VSMCs 28R4
ThRERets, FERDCNERARIEHEALPEAC, BT 1%
i 5 RN B EUE ROS B VY, ATP A 56 I 1

917

e FH WU J d5 K VPR B T BEAR,  ATP 7 B 7,
et w5 S T VSMCs s 61k, A M T3
L, PR E SRS AR ) MVs,  sE TR L4
tho WEFLERE, 54k VSMCs i %) HE S5 O m, b
3 AR A O PR TR /K P 8 v ), S ) T S B T
ftRe, FECALRRHE . NERER Il S GV 4 (pyruvate
dehydrogenase kinase 4, PDK4) &1 75 A Bl R 424K 1
KRG, 7ES W T ML VSMCs H PDK4 £ ik
SN, WEREMRAH SR RIA T, FLRA Y 2,
1M ¥ PDK4 J5 A I fif AH 0 B R Rk ek /b, FLIRAE
PR, Bk U fE4EE R Dy i T RS LR
Brp, B8R A DL A T 1o (hypoxia-
inducible factor 1a, HIF Lo) & #5238 hn 5 745 bl
Feia PE MK, FFRE VSMCs i 0 AL A S
T LR A B AR 1N A, T
Drpl /3 2R A4 I FE 4 4R BNIP3 A T 1) 48 kL
PREWRERRG, (R T, HA&IE VSMCs %

Glucose
Iéalc;LUT
r Cytoplasm
Glucose
l HK
G6P
l Mitochondrion
F6P
o Acetyl-CoA <+—— FA FA «<@8— FA
l PFK 3 \
OAA
Glycolysis{ ~ F1,6BP Pyruvate e
MPC14X Malate TClA Citrate
cycle
AN e
o-KG
3PG
PKM2 Citrate
Pyryvate Glutamate — GSH+—GSSG  Acetyl-CoA
LDH 1
Lactate Glutamine Fatty acid
- ﬁ synthesis
LIJMCT SLC1A5
Lactate Glutamine

L A8 LA B AR i A2

Fig. 1. Metabolic pathways of vascular smooth muscle cells (VSMCs). GLUT, glucose transporter; G6P, glucose-6-phosphate; FOP,
fructose-6-phosphate; F1,6BP, fructose-1,6-bisphosphate; 3PG, 3-phosphogylcerate; HK, hexokinase; PFK, phosphofructokinase;
PKM2, pyruvate kinase isoform M2; LDH, lactate dehydrogenase; MPC1, mitochondrial pyruvate carrier 1; MCT, monocarboxylate
transporter; PDH, pyruvate dehydrogenase; OAA, oxaloacetate; FA, fatty acid; GSH, glutathione; SLC1AS, solute carrier family 1,
member 5; TCA, tricarboxylic acid; a-KG, a-ketoglutarate.
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HRERALRIES G B SRR LSS AN, Alesutan
ST FR I, AU VSMCs 28 K7 44 I 1%
80T BE A2 45, VSMCs 1) K8 JIg 17 8 25 48
IRV BERE, LRI IE IR it £ FH HEL TR & AR PRI,
SR ST, 30 S R A IR S i % A (1 A
R I BRI, A 1) 2L 1R R I 1 A4 & 420 T T 3 1 B-
HIMRRS B RIS 1 7, ki A
I A SR ATP fitaE,  H = FRERIGH = A AR
PR LA TS M T A, TR R
HORE B ROS & 0] L5 40 L T ik . ROS /K12
LR p R 2 5 i A A BB . RN S
SIS A FE R, X SR AR IR I T REAS I AR
T R IR AN 46 FH PR KCF- 35 R T

AR g P2 E 0L 4 P O R 4 R 9 1)
POH . R PEACIZE VSMCs FCBRE B A0 R4 Ak i
R RIER RS A, W/ AREN A
5 bR FR S LR B V)G, J&2 VSMCs
oI oc. MEm A ARERIRAS I 20, SR
W 25 BTk — 25 B # VSMCs ¥ 7040 RS 4k 1)
KA. H R T B AR T AR A PR g ) AR
H, WA =PI Fi i . Ak, R R A A
W2 A 1T 4 A2 AE VSMCs 26 B B4k v (9 /F FH AN 7
B AL

6 ECMEZ%

ECM HRIRE A s A RE [ 2 P55
FAIR, A2 25 M 5 B ) B AN 465 M R e ) . 7 1T
B AT, ECM H i 2 5 & 451k
(R, BPER & BECM I EER Sy, S T4
SKEES) e R e B, MR AR #E
YN TP BB IR SO SE B B, A
T PER R 1 W IR TR . BRIz 4, SpELT
Y B A P AR TR B 1 R B T DU T I AN e IR
A Hodk— 25 %, i BECM H R 7. IR E A
g REH KA RIFREL TN, 25
VSMCs KA, 1HREMAHEEREAFESE
A VSMCs ™, TV B 5 J 2 R i 8 (1 I i
i VSMCs R, BB 4h, VSMCs X ECM
(23 A 25 M R4 (15 R3S ) s UK. =4
FEAYERFE VSMCs Wi R BRI 2R B,

H )i 4 & 52 A (matrix metalloproteinases, MMPs)
J& TR OB Y IR KR, 47 5T ECM. ) B4 A BRI
W, 78 ECM EM T RIEFEE(EH, SiMmEMSILK

A, W EWLE CKD £ 3k MMP2/9 £ ik
g, WIS Wt 8B (2 VSMCs J&E 74 A I
EAESAE ™, Mk MMPs 0 AT CKD K B3 3 ik
F54E B, MMPs A 53 85 o B e A Bk 2 IR
PERK, (R0 B T, I AT ) Ol B S I T
Cbfal fl ALP ik, {3 VSMCs B FF 5% 4k ™,
B T PR MR FAE B AN, MMPs i8G9 55 22 Bl 4 i
PRl AH ELAE F R i A 454k, 40 TGF-B. TN-C &%,
W 5T & B MMP-2 ] Ji i I i TGF-B/BMP-2 {2 it
VSMCs 54k, U™, 7 gk 25 1 0 N 485 0 KRR Y
o, MMP2 I TN-C 7£ £5 {4 ¥ o7 7= 2 8, MMP ]I
#171) BB-1101 75 i MMP2 ][ B4 TN-C 3
B

1 9 4 B st DL AE A7 I R 5%, ECML % 4 43 7
VSMCs A 1E. oAb J i s R 4 55 R ) % 0 F
(A AR B 240, ECM B3 e F7 2 5 1 ik 5
A] BN LA 40 B v B AR ) R

7 BiEER LS

JV 3 B R e M N SRR R OB R 3R, R
Tt 708 B R R AT 2 CKD B K AEARN RO I
F M fER AR . JREE R R i SR i i
TR, 1 PV T8 TR R AT, A o S TR A I il
WA R, SR GIRTE IR BE R R ARG 2,
A B 5 S DhRe AL, RS R, SLEnE T
JREFRERE R 1) AN 18 B gl A, T O IEG3
H BT S RS2 2 I8 A AR ) 5 CKD L& 45
A%« AL = % (trimetlylamine oxide, TMAO)
A] 35 NLRP3 fil NF-xB {5 5, {2t VSMCs i &
SRR CKD K BRI 85 4k B ¥, TS Rt H 7y A% iR
Eh (p-cresyl sulfate, PCS) 7] 41141 ECs 34 F1451 157 1&
2, gt ECs B s g ™ IS ie vl @it
Notch 15 55 § VSMCs BB #E b fgE T ™ 3
YISEIG R B, IS fat i K R 32 3 ks B AR EY)
A R A Y el R o ke v A S R A P
1 BT P 2% W B 751 AST-120 0 /b CKD 3% F 3
BikAs Ak B2 Ak, PR BRI DD REREAT . il R R
WA SIS CKD RStk R e AN B
THEEEAL R o %, i T I A AL R
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Fig. 2. New mechanism of vascular calcification in chronic kidney disease (CKD). The loss of calcification inhibitors, calcium and

phosphorus (Pi) overload, oxidative stress, inflammation, and intestinal flora alteration constitute a pro-calcifying environment in

patients with CKD, leading to defective autophagy, mitochondrial dysfunction, metabolic reprogramming, and epigenetic changes in

calcified vascular smooth muscle cells (VSMCs). Additionally, endothelial cells (ECs) injury, calcified matrix vesicles release, extra-

cellular matrix (ECM) remodeling and senescence are also involved in the occurrence and development of vascular calcification in

CKD. MMPs, matrix metalloproteinases.
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