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Progress of HIF-1a and HIF-PHI in vascular calcification of chronic kidney disease
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Abstract Chronic kidney disease has become a major global public health challenge, and cardiovascular dis-
ease is the leading cause of death. Vascular calcification is characterized by pathological deposition of calcium
and phosphate minerals in the arterial wall, which can lead to vascular sclerosis and lumen narrowing. This not
only affects the blood supply to the kidneys, but also increases the risk of cardiovascular disease. In the pathologi-
cal setting of chronic kidney disease, the kidneys are in a constant state of hypoxia. Hypoxia inducible factors 1
alpha (HIF-1a), as a key transcription factor, is essential for cellular adaptation to the hypoxic environment. HIF-
la affects the progression of vascular calcification in chronic kidney disease through multiple pathways, notably
by encouraging osteoblast-like differentiation in vascular smooth muscle cells. Hypoxia-inducible factor-prolyl
hydroxylase inhibitor (HIF-PHI) is a novel oral treatment for renal anemia that can inhibit the degradation of HIF
to promote erythropoiesis and increase endogenous erythropoietin production by activating the body’ s natural
physiological response to hypoxia. Studies have shown that HIF-PHI has the potential to promote vascular calcifi-
cation, and its pro-calcification effects are closely related to the stability of HIF-1a. Therefore, it is important to
fully understand the potential harmful effects of HIF-PHI in vascular calcification and pay attention to it.
Keywords chronic kidney disease; vascular calcification; hypoxia inducible factors 1 alpha; hypoxia-inducible

factor-prolyl hydroxylase inhibitor
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24 5 JIE 9% (chronic kidney disease, CKD) J& %
PR 2R T BN B 25 M A D RE 18 MR AR L R R
BEHWRLAEFENZRZG", ME S (vascular
calcification, VC) J& Il | CKD 3 U L 595 61 5
ST F R 5 B AR S B R R 2 — IR
75 F Al 4~ 1a(hypoxia inducible factors 1 alpha, HIF-
Lo 1E A 1R 5 22 Ffr A 21 R £ o 72 A0 25 22 5% s [
T AR EE T Bl ik A R i P LA MY (vascu-
lar smooth muscle cells, VSMCs) [7] il & £ 41 il 4%
AR 30 3 sk 9 A LI S N AR B AR
2 0 3 TN W A 22 A AR 2 A CKD B I
BRI R A RS RS T BT il R B R AL B4
il] 771 Chypoxia-inducible factor-prolyl hydroxylase in-
hibitor, HIF-PHD #& 3 — X F PE 2L ML I6 77 2540, B 7T
& B HIF-PHI 7] 34 i1 VSMCs 1 /& i B2 &2 175 5 1
VC, i F HIF-PHI ¥4 J7 CKD & 3% ifiL & 75 {2 1 i
EES AL IR A A R A R R R T B I
P54k, 3 CKD & B il , TR\ 1 #% HIF- 1o AT
HIF-PHI#E CKD L8544 (1 57 32 g i SCE R

1 HIF-1a B EWFE T &E

HIF & —Fh 57 ARG S A, i 20 a2 B- 1
He FIAE BRI o- WP 3 M i, A AR R 32 BEAF 7 HIF-
Lo HIF-20 A1 HIF-30.3X 3 Ff [F] Y54V 3E . HIF-1a A1

HIF-20 B AT FHABLR) S5 4, 5 ok S80I 25k R ) R i 1
BT 5% 5 AR, EATTAR 48 40 0 AT AT 4 2L 1Y
TE S, ANE LR R . ), HIF- 1o 76 57T A I
FLBNH MR i 3 2K T HIF-200 Al HIF-30
TE A 2 20 W rh 223K, dn it T 7R e 48 i ) Joi 48
AU 25T A0 Mo 7 R S PR 85 o, 200 i T e 5 3
HIF-1o B3R5 KWk E H AR IS 5 A5
N HIF-1o b 1R 2208 e 1 W] 48 il 208 74 AL 8 (pro-
lyl hydroxylase domain, PHD) ¥ 5l 383 1My & A= 2 5
1, i — Pk 5 E3 2 BN 2 SR, Ik
JIe 96 e 240 JY 9 T 4170 1 8 25 1 (von hippel-lindau tu-
mor suppressor, pVHL) AT iR 5], 5 £ HIF- 1o @ i 72
R EEMRARIRIREM . A, BRI I T HIF-
Toe mRNA F 56 S35 5 A HIF- 1o 72 20 i 5 b 2R
HHENGH % T 5 HIF-1 — %4k, JE R HIF-1 B &
. HIF-1 8 &M 538 LGS 7 5, 50
SR R R B 1 X3 AR 280 N 76 % (hypoxia
response element, HRE) # 45 & , 15 5 HIF-1 $ 5 ]
s, X SCRRIEY , G4 21 48 i AE R Cerythro-
poietin, EPO) . Ifil & P & 4= K [Al -+ A (vascular endo-
thelial growth factor A, VEGFA) ] %] Bl #4125 11 1
(glucose transporter 1, GLUT1) & 1] & ¥ AH B [¥) T
RE » I Ik LT A PR A R I A R R SRR T A
TR 3 S 5 I AR 4 M 0 R 4 A R BT D) 6

Wi it

R 40N HIF- Lo 76 20 i 5T o RS T 38 N 40 Jif % v 5 HIF- 1B

TRk TERCHIF-1 B &4, 48 52 5 3 3L 30E IR F- (an CBP/

p300) , SARAE N LK A B+ X3 N 1 HRE AHSS &, 755 HIF-1 #1238 R 3 5%
Bl #45 HIF-105 585
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R AR, TAREIF B (5% O, FH =11
VSMCs #5704 v, M1 %2 31 HIF- 1o 7 5 S J8) 49 1 7 2
A2 1t VSMCs 21 il 71 55 J5ft (extracellular matrixc,
ECMD) (854 3k 2, JF il i M @ IR A B i G e N
10% O,) {7 AR AR, 33F — 3B E s 7 st
B9 HIF-10 [P35 15 5 VSMCs 1546, M i ik
VC. IbAb, mfdPh5E & 5 VSMCs 85 10 1 51 22 A
25, o B INLE RS 0% ) B HIF- 1o (2234 , 3 — 0 0
FL T i, I 30 I A ST T LA B 1 i i R B A
T AR S, TR, BRI I B /K - AT gl o
1] HIF- Lo F 35 PE SR k> VC. Guo Z5UF 78 & FHL
HIF- 1o 3ok T 2R 44060 1 B R £k 3% iz B (1 1 (Pit-1)
VA EE S I B4k, #8787 HIF-10F1 Pit-1 A
VE NIRRT VC IR ITHE A,

2 HIF-1a%5 CKD mE$5 4 B4 i

CKD 351 VC 32 B AR AE M8 i, R 300
R R IR SR AT 40 5 LE B0 Jik B 1 BRSO . B
N CKD IS 85 AL 52 A2 P PR AN TAIR , HIF-1a
VBN B 45 IR 7 (/R B A . CKD
DAL B 1ML I 785995 70 RN 2 R AR T RE B A5 45, T S 3K
PR AL T ERECIRAS , T B I RS AR IR S 7T 513
HIF-1a K54 5E Fif, B3 HIF-1o /5 5882 5 &
EEALHEEFE (B 2)

y - N
-

‘ VEGFA ‘ l PDK4, GLUT1 | ‘iNOS,ROS,NF-KB‘ ’ BCL-2, BNIP3

‘ BMP2,RUNX2 ‘ TNF-0,IL-6 ‘
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HIF- 1o AE Jy 4% 22 Pl A BRI 3 A2 1) B B S IR T
AL E VSMCs [7] 1B A 4 i 2 A% , 3838 3ak ] s S A0 7 38
FNE N I AR AR LA VA TR [ WA 2 R AR S
CKD M # R E R

K2 HIF-1a 258510 AL

AR TR
o Hmg 4

2.1 it VSMCs B FE L VC T i — 1
AT DA A0 42 ) B R, HOC R i
VSMCs [n] J B A 40 il R AL (1) 4% A, X — it B 5
KBRS AMIEE VC BT 2 VSMCs
UXZN, F EALFE VSMCs 1 B G A2 3% 70 A0 o i 4
LI . VSMCs 1 T2 BA K VSMCs fi7 A2 ) #1544
JL [ FE Y (matrix vesicles, MVs) IR . #5010 1)
VSMCs 41 it B 4 B 2 B T 28 1ol R 45 o A4 1) 71
WA TR, X e FE 23 33 N ECM FE S 2 ECM [
o FHCHEFER M, 2 MiE Y an S A NG BT B IR
Eh VR BEAE 5 3 S PE 4 (reactive oxygen species,
ROS) &, #8E 1l REAR 8 VSMCs 1] i B #F & R 3k 47
A, — g Ve k™., IEE AL T,
VSMCs F E A1 T 4EHF & 3 5 IR i hse . 2R
M, 7E 98 AU =y B PR 52 N, HIF- Lo (1) £2E 14 A
T T R 3 5 , AT AR iE VSMCs Bl #E 74k, 1X
— 3 R A A P R R ORI A - T ) RO
AE A AH L R 1 I, 4B T3S 5 H 2 (bone
morphogenetic protein 2, BMP-2) il Runt A 2¢ #% 5%
¥ 2 (runt-related transcription factor 2, Runx2) %%,
f8 VSMCs 2 BIL H 1 240 J R A, 98 7 i 23 e 5t gt AR
F BRI A S A 25150

2.2 TTHEACH AT TR, MR R R
AJ 2 2E 2 T VSMCs A T il B8 15t &I 38 1 4 (pyru-
vate dehydrogenase kinase 4, PDK4) Al HIF-1a, 1] 3%
ik, 3F FIH HIF-1o FilF$E R R GLUTI F VEGFA , 5
S E . BEAh, HIF- Lo Jm I 3006 B2 i R 1%
AT DLSE 2 i oA ) FLER FR 2R, 5 B0 R PN A B K
FE) BT, N i VC iyt ™. — Tt Fi R B,
B RS 2 R H 2L ¥ % I 3 (protein arginine methyl-
transferase 3, PRMT3) 7 CKD /) 5 I il 3 Jik )
VSMCs A1 B- H i 3 B2 lig (B- Glycerophosphate, [3-
GP) %5 3 [ VSMCs &1L Eiff . fE/K N, PRMT3
141 77 SGC707 W] Yk 8 CKD /I B ML 8545 44, I 4101 1
PEREfR . AEARAL , PRMT3 [ 2R 38 ik 4170 k1) bk 1% e
% T B-GP 5 T 1) VSMCs B # b . Bh4h,
PRMT3 5 HIF-1a M A F] , PRMT3 f) T Y3 i 410
fifll HIF- 1o () AL AT FAIR T HIF-1a (M8 A RIE
Ifi HIF- Lo ] 3% 13 30 % 7 PRMT3 6k 2k % T [
VSMCs J8 1 73 A0 F0O0E e fife ey 4l o 25 SRR B,
PRMT3 i it 4% 5% HIF- 1o K 2 2 FH 225 44 1 0 8
fie i CKD 53 1 ML 45 461

23 5T RE A AL BB SORE A AOE R [
CKD I & #5420 78 R I, HIF-1od i
F T 078 7 0 VLA MO P R 40 e L I 4 e, A
VEGF. ROS 1 IfiL /5 47 A2 4 K R 7 (platelet de-
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rived growth factor, PDGF) [1)3 1A i , 5 3% 4% %
¥ kB (nuclear factor-«B, NF-kB) {5 5 i % 1 &
v > B 45 B R SR ZE TR - -a(tumor necrosis factor-o,
TNF-a) [/ -6 (interleukin-6, TL-6) 25 4i fg [X] 1
(R ITE TGN, 15 T RAE RN, e ZfiE 3 VSMCs B
FEEE AL, S AL N Coxidative stress, OS) 72 541
Mo AN ZH 21 it & 77 A2 ROS, T i B R G T IEEA %%
P H A A, OS kAT CKD F 3, i B AT 45 3 10
HEREINEE , g B S AR A 972 51 S OS 3 55 1
RNz —1s Ak, SRR SR [ ROS X 44
UKzl 1 4 B S S B AT SG B e AR B T e AT A
F&E HIF-1a™. — DA 08 i AR A0 28 B 8 7 B0
B DL HIF- 1o K #50f ROS 4461 1 7 2 % /N R £
Sk SR 2, R AN 32 BRI ) ROS 177 AE AT
Ae 72 VSMCs & 8 4 B 2 e 1048 5 9%,
28 QK= T A A
24 FRAMETMMBAYE g2 MEMN
i A 7 3 A7 E 1) 43 AR R, SIS 5 VSMCs
PR T AFAE S VIR . FHCIFUR I,
WA 5 40 R VB CE ML 20 L% 2] H fft Jog R A
AR IR AR S5 R, o 2 MR 2 1l
HRHEAEM . B, Klotho & B IE 1 L& 3 K+,
Klotho it = 8 i 175 5 R4 P 15 Wi 58 0 >k et 47 if 45
1k, T %0 78 Klotho R 13— 22 #F 1 W AF F T e
B5AL, X0 AR R R VA7 I 510 B 2R 5 5
NP B SRR B, 8 I O R AR S 4 X IR
FEPA, A] DA _E U HIF- Lo 2K 7K F, X i 2t
— PR I G SR AR AR T Ui R B B R A Bel-2 i
i #/E1B19-kD A H.{F [l & H 3 (adenovirus E1B19
kDa interacting protein 3, BNIP3) [] 3R ik , J& 2 £k ¥
AR A VEFE T . AR T RE U8 I I 5 B
TE G RAA H SZ 40 1 X35, AATT BT 1 ROS 5 2 R A
JB5 LA () R SR 401 T, A PR R AR T BE ) R e 1k, i
AR HENLAR B AR T e I BG% ™. Ak, A St 72
71N » HIF-1a/PDK4 43 1 [ W 8 3 #% BE 96 77 1 e
G JH 1% B A g 24 72 W15 3 1) VSMICs #9544, #2718
1 HIF-1o 85 A 5 40 B 3 W AE S 45 40 o oml Rk 45
RAE .
2.5 HIF-1o 5 HAR M8 A0 AH S 5 10 2% 1) 5 3
HIF-1a 5 2 B il & 45 A AH A5 58 % 2 ] 17
1E & K% 1 8 3L, 41 Wnt/B- catenin. Notch RhoA/
ROCK & . 1™ Py AR U 5 , g 25 7 HE = st 2>
A3 ] B 3 VSMCs il FE ™. b4k,
5Tl 1 3 2 T 2 1 R 5 I 4 PR VSMIC s SR 1))
T/ Capoptosis body, ABs) [ Wit bk , 7 5 2 fie
B M Vs [RORE T B IR R R R I S A 1 —

ANEE R 2 Be i i ) HIF- Lo ()R IE , i — 20
IS Wnt/B-catenin 8 2% , HIF- 1o [ 48 2 4 3 58 5
Wnt/B-catenin ()78 P4 39 i1 4 [7] 5 SO B85 K A DT
AR VSMCs J i R 23 A AN il A 5, n Jel
MAE AR, B FE 0, il i i) HIF-1o (5
o3 B, s A S S B B IS LB K, RT RE AR
I7 LB P B AT 2T B

3 HIF-PHIH{ER#LE

PHD & — 28 2- [ - B XU , BEFIH 2-76 —
iR 554, @i K e B RS — R
N P IEAT R . AR () PHD 5 3 F [R YR 2
R, 635 PHD1.PHD2 1 PHD3. AS[A] ) HIE-PHI %}
T4 3 % PHD B A e Mk 8, H a0 T IR
HIF-PHI % [A] i} 4011 3 # . HIF-PHI Al 3@ il 5 2-5
TR R e A R PN PHD 35 P , B 1E HIF-o0 (38 55
1., 38 fo L I 72 R -BR AR OR AR R A, BRI R 5
FaE HIF-o FIPE AT, 1 J5 3 5 HIF-B R AE =% AL, |
WALTE EPO TE P 1) 2 FhEEJE R, 38 0 3 P54 EPO 7~
A, B AT, HIF-PHIZEALAR N BR T 12 3 EPO
Je H B2 RIE 0 38 1 41 i 5 R B 12 AN R
FA M < B8 1A W 20, 38 6 Bk i mT L RIS
HIF-PHI 4 38 3o B2k 8 28 i3 1, 3 — 2D (R A 8k
B2 2R TICAN N Rk, X e AL ) S R A (43
HIF-PHI EATUA P J 4% 35 (1 13 0 2 17 21 40 e A 1 1
CREMEAER™ . HHT 2 R0 HIF-PHI, W % ¥ w4 |
3 At ARIA T AR S, 25 O IR R R 5 R B
TIRIT B2 A A RO R 2 R, = AR ],
HIF-PHI & 4 B 14 3% 000 136 7 S (AR R 35 B, {5 i
T HIF ¥ J 2 Fiod 8% R 5, R TE R 3 3L 2 Bl (R 9
ML () R B 1 7T B8 A B 25 i v 78 RV 5 2 i
CTYEAL R A K L JRE o I AU 250

4 HIF-PHI Xt CKD Il & §5 ¥, fY £ Ml

AL T 4L GE BIE 97 77 15, W20 40 B 2B Rl
7, HIF-PHI & BLH JURR A1 34, B8 I S 2 T
TR IE K EPO 7E A BRIR FE N IR IE , WHELIR A
K 1% 07 A B kb H s 74/ BPO BTG R O
MR REFIME. 800, T PHD &M £
FEE AT HIF 2 R85 2% 14 , K 348 F HIF-PHI 7] R
S I R LA S A B AR o PRIt 7R X 2R 2
W, 75 X HVEAE R PR

Toth 2520 i W FH BRI R4 15 5 1) CKD /) BRAE
R, B2 w) A BR T AE 24 1E S I T A A 25 A
Ab NI T I 2 R R /KT S K CKD /N R (1) 323
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kA5 AL , F H AR5 40 A B AR T HIF-1a A8
[F) BN AE S 1 IA 38 =] A 7 n s s 18 45 5 11 VSMICs
IAE F R B 2515 F2 € HIF- 1o 1 [F B, 7] B JE
O HIF-1 15 58 B 02 2k 1 45 40 ) b A2, 48R
T HIF-Louish B 305 v B8 Y R I8 78 ARG o [T L
D, %oF T A v B IURE () 02 B S R, IR A
S A AT BE 2 1 i A A0 XU A B I A K
BE T HABEATHE— B A . AN F R ORI, N R-1
(endothelin-1, ET-1) /& 54k VSMCs H | 1 ) 22 57
LI, HIF-10. 1T ET-1 75 CKD K 5 LB 45 4k 41 i A1
VSMCs R IEB BN . 2 vb Al fE R — ik #
P PHD3 #1157, 2 {6 BiE HIF-2a, 1) HIF-2a 1
HIF-lo 2 [H A M EHETER , &£V A fhia )T
J& » I35 HIF-1o A1 ET-1 B 2 F#AIC, HIF-20 3214 12 35
R 2 0 HIF- 1o 830 ] HIF-20 ) 23380 4% 2 b =)
fld VC B s o AR UGIER T B Vb R
& 38 3 Y 5 HIF-2/HIE- Lo [ “F %5 % 22 3% CKD [
VC, B SEI AN REHERR 2 b 7] A 3d i i 342k 1 i e
I S 5 2k A 265 g I8 AR A 87 S0 M T #100461) VC )
AFREME, % T L2502 15 tH 252 VC A I J8E V3R
e RV AR 25 I N TR b 7 B A5 5 38 R 75 gk
ﬁﬁﬁﬁ%[ﬂ]o

A, Nagy P FLHR 7R 7 BELE TR & £S5 10
R TEAE F S R IR DA B AR I 1 7 A v
1175 5 1 VSMCs 14k, , FF 855 HIF-PHI 7E 5 i 75 5
WA R EE R . BT L] VSMCs 1B 3K
TE R B e e, S BER IUA PRI N, P2 BMP-2
2k DA P LA B e S i pm e i) & k. A
I, K8 HIF-PHI 0] B8 00 R & 5% 75 5 19 VSMCs 45
b ABEE B AR 78 AT DL A% 31X — I 4, 25 i PR AT 7 B
fifi HIF-PHI B A (R 8540 AE F , T DL25 8% A Ah 78
TBIT SRS , LLYREE T e SR AN R B2 .

5 BHEERE

HIF- 1o 5 L8 85 40 1) SR BR AT 70 B 1 A2
CKD I3 45 40 HEFE i ot A7, RO S5 L L A4
FENLI B O A 2 e , (B A [R5 BB B HIF- 101
YEF 2 5 UL R A ] 2 1F % — PR AN 22 4 1 Sl 4% 1
HIF- 1o 75 58 W  arAe] 38 5 5 HIF-1a. /5 5 Sk BH W
Ik 1 2 2 BB 1R 1 T R RIRAIT 7T . It
4b, H BT HIF-PHI B 2, IR RN R iz, %)
ff FZ R 2510 B 3 N AT KBS ] B U . [H)
B 2R of N R LA B e B AR AR BT
T HIF-PHI, L W 5 B FE 4R 29 SR I, AT S5 KRR S
by 3B G 2590 % CKD £ 3 178 05 A 1 B2 i 5 S BN
ALIRTT -

IR ERF R 22 R 2024 Aug. 41(8)
S 3K :

[1] CHARLES C, FERRIS A H. Chronic kidney disease[J].
Primary care: clinics in office practice, 2020, 47(4): 585-
595.

[2] ZUNUNI VAHED S, MOSTAFAVI S, HOSSEINIYAN
KHATIBI S M, et al. Vascular calcification: an important
understanding in nephrology[J]. Vascular health and risk
management, 2020: 167-180.

[3] COPUR S, UCKU D, COZZOLINO M, et al. Hypoxia-in-
ducible factor signaling in vascular calcification in chron-
ic kidney disease patients[J]. Journal of nephrology, 2022,
35(9): 2205-2213.

[4] HE J, JIA Z, ZHANG A, et al. Long-term treatment of
chronic kidney disease patients with anemia using hypox-
ia-inducible factor prolyl hydroxylase inhibitors: potential
concerns[J]. Pediatric nephrology, 2024, 39(1): 37-48.

[5] CHAO Y, ZHONG Z F, WANG S P, et al. HIF-1: struc-
ture, biology and natural modulators[J]. Chinese journal
of natural medicines, 2021, 19(7): 521-527.

[6] SHU S, WANG Y, ZHENG M, et al. Hypoxia and hypox-
ia-inducible factors in kidney injury and repair[J]. Cells,
2019, 8(3): 207.

[71 HASEGAWA S, TANAKA T, NANGAKU M. Hypoxia-
inducible factor stabilizers for treating anemia of chronic
kidney disease[J]. Current opinion in nephrology and hy-
pertension, 2018, 27(5): 331-338.

[8] KAPLANJM, SHARMA N, DIKDAN S. Hypoxia-induc-
ible factor and its role in the management of anemia in
chronic kidney disease[J]. International journal of molecu-
lar sciences, 2018, 19(2): 389.

[91 NEGRI A L. Role of prolyl hydroxylase/HIF-1 signaling
in vascular calcification[J]. Clinical kidney journal, 2023,
16(2): 205-209.

[10] GUO C, QUAN Z, KE J, et al. Hypoxia-Inducible Factor-
la Regulates High Phosphate-Induced Vascular Calcifica-
tion via Type III Sodium-Dependent Phosphate Cotrans-
porter 1[J]. Cardiology research and practice, 2024,
2024(1): 6346115.

[11] LIU H, L1'Y, XIONG J. The role of hypoxia-inducible fac-
tor- 1 alpha in renal disease[J]. Molecules, 2022, 27(21):
7318.

[12] DUSING P, ZIETZER A, GOODY P R, et al. Vascular pa-
thologies in chronic kidney disease: pathophysiological
mechanisms and novel therapeutic approaches[J]. Journal
of molecular medicine, 2021, 99(3): 335-348.

[13] LAI J, AKINDAVYI G, FU Q, et al. Research progress on
the relationship between coronary artery calcification and

chronic renal failure[J]. Chinese medical journal, 2018,



T 8,5 HIF-10 A0 HIF-PHI7E 1S M B W98 185 40 o it 5T itk i - 1205

131(5): 608-614.

[14] ORTEGA M A, DE LEON-OLIVA D, GIMENO-LON-
GAS M J, et al. Vascular calcification: Molecular network-
ing, pathological implications and translational opportuni-
ties[J]. Biomolecules, 2024, 14(3): 275.

[I5] LI F L, LIU J P, BAO R X, et al. Acetylation accumulates
PFKFB3 in cytoplasm to promote glycolysis and protects
cells from cisplatin-induced apoptosis[J]. Nature commu-
nications, 2018, 9(1): 508.

[16] ZHOU G, ZHANG C, PENG H, et al. PRMT3 methylates
HIF- 1o to enhance the vascular calcification induced by
chronic kidney disease[J]. Molecular medicine, 2024,
30(1): 8.

[17] JAIN T, NIKOLOPOULOU E ABU Q, et al. Hypoxia in-
ducible factor as a therapeutic target for atherosclerosis
[J]. Pharmacology & therapeutics, 2018, 183: 22-33.

[18] CAI X, TINTUT Y, DEMER L L. A potential new link be-
tween inflammation and vascular calcification[J]. Journal
of the American heart association, 2023, 12(1): ¢028358.

[19] YEPES-CALDERON M, SOTOMAYOR C G, GANS R
O B, et al. Post-transplantation plasma malondialdehyde
is associated with cardiovascular mortality in renal trans-
plant recipients: a prospective cohort study[J]. Nephrolo-
gy dialysis transplantation, 2020, 35(3): 512-519.

[20] KORBECKI J, SIMINSKA D, GASSOWSKA-DOBRO-
WOLSKA M, et al. Chronic and cycling hypoxia: drivers
of cancer chronic inflammation through HIF-1 and NF-
kB activation: a review of the molecular mechanisms[J].
International journal of molecular sciences, 2021, 22(19):
10701.

[21] BALOGH E, TOTH A, MEHES G, et al. Hypoxia triggers
osteochondrogenic differentiation of vascular smooth
muscle cells in an HIF-1 (hypoxia-inducible factor 1) -
dependent and reactive oxygen species - dependent man-
ner[J]. Arteriosclerosis, thrombosis, and vascular biology,
2019, 39(6): 1088-1099.

[22] LI L, LIU W, MAO Q, et al. Klotho ameliorates vascular
calcification via promoting autophagy[J]. Oxidative medi-
cine and cellular longevity, 2022, 2022(1): 7192507.

(23] 58 I8, VL kA S8 o, 55 HIF-1 4> 31 5 W 7E 15 1 B
U973 10055 465 A v () A 7 3 R (0], 2R PR I 2#,2023,52(20):
3177-3181.

[24] YANG R, ZHU Y, WANG Y, et al. HIF-1a/PDK4/autopha-
gy pathway protects against advanced glycation end-prod-
ucts induced vascular smooth muscle cell calcification[J].
Biochemical and biophysical research communications,
2019, 517(3): 470-476.

[25] WANG P W, PANG Q, ZHOU T, et al. Irisin alleviates

vascular calcification by inhibiting VSMC osteoblastic

transformation and mitochondria dysfunction via AMPK/
Drpl1 signaling pathway in chronic kidney disease[J]. Ath-
erosclerosis, 2022, 346: 36-45.

[26] LI M, WANG Z W, FANG L J, et al. Programmed cell
death in atherosclerosis and vascular calcification[J]. Cell
death & disease, 2022, 13(5): 467.

[27] WANG S, ZHAO L, LIU H, et al. Lanthanum hydroxide
inhibits vascular calcification by regulating the HIF- 1
pathway[J]. Cell biology international, 2022, 46(8): 1275-
1287.

28] AP B BLIR X R AR T K - T R AR AL
i 716 97 Bk BT A BIF T R ], b AR IR 2
2020,36(9):726-730.

[29] WU R, 3R A . AR e T3 I gt e 1 Bl A o) 71 0
i 45 A FR A P 0], o B BLAR R 27 2% ,2023,33(9):64-
70.

[30] CHOU Y H, PAN S 'Y, LIN S L. Pleotropic effects of hy-
poxia-inducible factor-prolyl hydroxylase domain inhibi-
tors: are they clinically relevant?[J]. Kidney research and
clinical practice, 2023, 42(1): 27-38.

[311LIZ L, LV L L, WANG B, et al. The profibrotic effects of
MK- 8617 on tubulointerstitial fibrosis mediated by the
KLF5 regulating pathway[J]. The faseb journal, 2019,
33(11): 12630.

[32] TOTH A, CSIKI D M, NAGY J R B, et al. Daprodustat ac-
celerates high phosphate-induced calcification through the
activation of HIF-1 signaling[J]. Frontiers in pharmacolo-
gy, 2022, 13: 798053.

[33] WANG Y, XIAO M, CAI F, et al. Roxadustat ameliorates
vascular calcification in CKD rats by regulating HIF-2a/
HIF- 1a[J]. Environmental toxicology, 2024, 39(4): 2363-
2373.

[34] NAGY A, PETHO D, GALL T, et al. Zinc inhibits HIF-
prolyl hydroxylase inhibitor-aggravated VSMC calcifica-
tion induced by high phosphate[J]. Frontiers in physiolo-
gy, 2020, 10: 1584.

ARG HIRE R

F OB RE  BLE HIF- 1o Al HIF-PHI 7518 M 5
JUE 7 0L A5 A IR RIE S R (D). T U R R R A AR,
2024, 41(8): 1200-1205.DOI: 10.16190/j.cnki.45- 121 1/r.
2024.08.014

WANG A, LI X Y, XIONG Y, et al. Progress of HIF-1a
and HIF-PHI in vascular calcification of chronic kidney
disease[J].Journal of Guangxi medical university, 2024,
41(8): 1200-1205. DOI: 10.16190/j.cnki.45- 1211/r.2024.
08.014


Administrator
打字机
Ö

Administrator
打字机
Á

Administrator
打字机
Á




