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[ ABSTRACT |

an endonuclease and plays an important role in the development of cardiovascular system and the occurrence and progression
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Cardiovascular system development and cardiovascular disease are extremely complex process.  Furin is
of cardiovascular diseases. In this paper, the role of Furin in cardiovascular system development and cardiovascular disea-
ses was reviewed, and the relationship between Furin and cardiovascular diseases was explored, which provides a new

target for the prevention and treatment of various cardiovascular diseases.
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fitf , A& 7% AL B ( proprotein convertase , PC) ZJi%
AR 2 —, 1 794 DR FEFRAL, AL 45 N-%ifs =
JUR HIZS A S8 A S A R P A B B G- 1 5 5
25k, Furin HL5E RN T P #EEE F 9 R-X-K/R-R

SLPy R HEAT UIE] , R e 8 R S DR T
IRV Z PCIRY LTS, I, Furin 2 11
VEN 2GR iz 058, A RN Furin & [H (1) 5%
FAREAREAFELEL,

F1. A Furin EEHMERAREARELER

Table 1. Basic information of human Furin gene’s transcripts and proteins

Name Transcript 1D bp aa Biotype UniProt ID
FURIN-201 ENST00000268171. 8 4 247 7% aa Protein coding AOA024RC70/P09958
FURIN-202 ENST00000558794. 1 844 216aa Nonsense mediated decay HOYNBS
FURIN-203 ENST00000560018. 1 421 — Retained intron —
FURIN-204 ENST00000610579. 4 4191 7% aa Protein coding AOA024RC70/P09958
FURIN-205 ENST00000618099. 4 4 345 7% aa Protein coding AOA024RC70/P09958
FURIN-206 ENST00000680053. 1 4 287 7% aa Protein coding AOA024RC70
FURIN-207 ENST00000680086. 1 1378 — Processed transcript —
FURIN-208 ENST00000680687. 1 4 069 228aa Nonsense mediated decay —
FURIN-209 ENST00000681804. 1 4 189 234aa Nonsense mediated decay —
FURIN-210 ENST00000681865. 1 4118 792aa Protein coding —

AR RARE Ensembl W35 N A8« —" FoR R AR AT

Furin Zﬂﬁi,ﬁ/ﬁ’f'ﬁﬁ*ﬁ?ﬁﬁ%l—?ﬁz%& Furin HJ5E4s
O3ES . I L A R AR T A Ik A9 PR A BT
S A B YR A TEN BT, W8T U1 R YT AR S
Furin 256 B AR, W06 Furin X P 5T ) Hh 5 At i
PRI BT UIPE I o 58 kB ) & A A i R Bk
A BIVAZ G 4 ob iR i P B0 0T 0 R S O B3
Yl &M AV BT IKS Furin H1)€ 53 %5, Furin
BIEAL , I AR HAB AT R

2 Furin SOMEBERERE

Furin ER—F 084 PC KRR 0SS
Wi I s, A A Rl R 1 BRI AR ) R, AR A I
SRS IS N B £ NN B U3 I 1] 3 7 e
XL AE Y 7> T 2 5O E LR B A K,
OIEAHARE T Furin B85S 2 S BURIGSET | Bk
FURB B LA K s 2 38 AL R S, XL
KB S E G 0 A 20 0 B el D A AT G
TER BURIGSS 10 R OHEA B9 Furin A = 7KF
ZEIK 0 /B Furin ZEPIREER 56 11 K, RO e BE
SIS RILR B 2 A R TTS BN e T
35 B0 R BK T A& ( pro-atrial natriuretic peptide, pro-
ANF) BRI/ UGS 8 R0 LA bk 2 25T
HRAIK 5 9 RIRF mlde, BS B W7 FRE ., X Fh

R F SRR Furin FTREBT Y] pro-ANF, #F—2
WFFEUESE Furin 3833 854 pro-ANF AY47 45 ( RXXR) 1fif
P A ANF') T ANF SR S 80RO
MAEE T, Nkx2.5 J2 O IEE R & 7 AL IEYI6E
RISV -2 2 VA% NP 55 o S 455 < DT e
2K Furin 25 BUF I 19 UAF 2728/ BRUEG PR 1] 5] S
KX~ B Nkx2. 5 (9/NRURTAZE Nkx2. 5 %€
AFPRIFALE B NI RMHZEIER T Furin 760
M AT R &% T EEAE, A, Furin 1
HIE & K& 4 H 11 4 (bone morphogenetic protein 4,
BMP4 ) A HC gzt T 2l ik il ik it 10 0 5 2 0]
W ITE R AT 19, I 2, BMP4 R RERL G 1L, 0] 2%
BHNERUOIER B R RIS R AR
1 10 Hij & ( pro-bone morphogenetic protein 10, pro-
BMP10) th75 % Furin 5 E 8% ", I HAEIRIG &
7 8.5 ~9.0 KILLAEH Y Furin F1 BMP10 mRNA 5t
EHFUR AT . T SE Furin BEFRELH & BMP10
P SRR T AR (OE/NREE (ORDERE
AL RS BAE R W, S B IR R & /10,5 K
FET B0KE Furin BYEIIN S 5.0 0ER & 1Y OCHER
TREETE2,

3 Furin 510ME 25 % K

3.1 Furin 5hBkHEEERE/L
oh ik ok B A5 K ( atherosclerosis , As) Jii 2% T B
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% 2. Furin IY18 5.0 BE BN XERF
Table 2. Key factors involved in cardiac development

that cleaved by Furin

Target molecule References
ANF (7]
NPs (8]
chondromodulin-1 [13]
BMP2 [10]
BMP4 [14]
BMP7 [10]
BMP10 [11]
endothelin-1 [14]
daernomdeulni [14]
TGF-B [15]

H:BMP . 5 E 35 & 4= 8 H ( bone morphogenetic protein) ; TGF-B
b KT B (transforming growth factor-B) ;NP ;44 JR K ( natriuretic
peptides) ; ANF; > 0 R I (‘atrial natriuretic factor) ; daernomdeulni ;
B R

55l kB b 40 e 21 L 5 LGS P LA AR R B L B
WEAN AR BRAE R A 26, FEAK As gkt
A5 S- Ve LA | PN B 40 B R B AZ A0 L) Furin 28
SEIBEANTY W1 IR Furin 2 As 2898 B0 G 4
HF, JETIRESE & B, Joie & MR if e it ik
Furin BJE LI As /NI oE RS Pl L,
T LDLR ™™ S IR MLAE I & As /)N BUBL Y 34 J2& 551
K A T IR Furin §97K 485906 728 72
SIEME, 3 HAE LDLR™ /N, 2440 ] Furin
TR RE 3 O I A P B A R A e B B
Ab AN Furin 2235 R 3006 S 42005 5 00 9 B2 20 JfL
B, I-BHIT TGF-B 7% fb b i P47 9 e N2 2
W N B2 4RI %) Furin #5577 FEAIR Y B2 2 1 (endo-
thelin-1) [543 AZ K ¥ JB iGPE . VCAM-1 A1 MCP-1
(835 DS A% A0 P B 6 B A S ik e
B8 Dl A ) Furin HAT HESE As S Rk AV FH
O 1 38 37 4 J& 85 F i 2 (matrix metalloproteinase-2,
MMP-2) F 5 TH R 515 As BEHLEEZL i MMP-2 14
I Furin B . B, 0] Furin/MMP-2 %
AT REJSEIRZE As TR TRTEIR YT R
3.2 Furin EEMER

— T4 JE P A IR 5T & B, N Furin K P
R A ARG 5 Wi i RN R A TR 56 048 Mt
2 MAERIR T Furin 5 & MR Z BN R, #F—
LI FE R LT Furin 2K 285055 1K Z B
FHHV) LI, H X R B G A B 22 532 ) Furin
P RIARZ TR 40 F A — S 5 I i 4

V-1 JULEH AR Y 5 B R A% | I A AR OK B R
ik JO A RS 2R S A D Tk 2 T R A
RS YIAE . b, Furin 88 B R IEK
S5 I AH G B8 25 b A% B A2 200 e | 3
ok 2 2R G U A VAN A Y AR A AR TE — 2
PET DL EFSE 3 B Furin 78 15 IR o & 15 B
AR,

3 FHLH E Furin 385200 408 41 1 5888
WS 5 i ik . DFurin 3458 206 1
@Furin 24 f# I f7 Na* i i & A (epithelial sodium
channel , ENaC ) a-y-3F. J£ i #7% ENaC'®' | ENaC i
aob E e v B B A ST Na™ EE WA R A0 Rk 4 7
Na™ I K™ FORRZS K45 1 @E TGF-B mI
IR {02 Emily 1§57 M5 TCF-B AL
G5 AN Furin A REA ROR B TCF-B 1y BI FI 7
KU TGF-B ANRERLIE L, T HI I TGF-B 15 538
T L A R0 @i A B TR R T RERS e itk K R
M4 ALY Furin #9238, 75 PE ) TGF-B
7 A BT AR 2 21 A A 728 AR IE 1, A0 1 45 B
S =Y s B Furin #4315 B%i 44 1K ( brain natriuretic
peptide, BNP) , 4 BY F I F#AG , I H -5 AR ML 19 &
FEAA R 2, Furin Rk 5 5T BNP
BOARRE N T, BA DRI EEREAR 25 1 e
I 7, Furin #2458 2% HOSCH A T 1E T
3.3 Furin 5LARIR

A 3 3 U B — > B S O LA B R R Y ANP
1 BNP S, eSS H R A 2K,
G, I 50 WL B RN B2 4 240 e ) B A T
SO LSS AT RE . C AUAN PR K (C-type natri-
uretic peptide , CNP ) 3= BRI TP B2 4, 38 i — Fol
SRR B 2 URTE M AN K T fE b A 4%
ZAE . Furin ALA R CNP BNP #4645 1 1
[¥) CNP 1 BNP, i #£ Furin &2 (¥ 41 i WA BE
A IEPER) CNP AT BNPPY 5T KB, 7E K U
WUREZE Jim 5 A A0 g 562 3 1 0 B FLO 7 4 2R
Furin Fl BNP mRNA FA 21, H P& R A2
fhfadh gt —s > = b , Furin A9 FF 55 1T BE bR
TXFER K= 5 m LUK, 38 X TGF-B , endothelin-1
AT 2B KL 57 4 )& A FI % 1 ( membrane-type |
matrix metalloproteinase-1, MT1-MMP-1) 11} IR NIRRT
A G, X 287y 7 1 5 Jy 32 v 1 & A R T f
. TGF-B1 W& LT B Furin (95 5, 1 TGF-B1
FEHEAL MMP-1 R SCIE 5T Furin, HEIHE 16
R F1 B0 fE 7, i 48 3 J2 1 A1 s MT1-MMP/
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MMP-2 I @ #55° PRLE, $2 78 Furin 7] GE7E TGF-
B1/MMP A E M rp HOE . 73 A il miR-
24 A7 T Furin B9 8 H Ml mRNA 7K, I il i
Furin-TGF-B i A= 1E.0 U AL I 1.0 T BE AL LT
AL SRR
3.4 Furin SEME OIS RS S

IR EN7 ML Bl 25 A A (postural orthostatic
tachycardia syndrome , POTS) J&—Fl LI 37 v it 32 A 4
AEMYC M A B2 EEELS . HOR R M AR A, AT
AES B S S AR E SO A G, i R WF 9 3R
W, POTS 41 ML 3 Furin 7K F i 3 A% T 1E W X
A BETHH Furin nTRES S E B M A B 05
P 28 KR T R (1 & 0 4T Furin 7]
el o e R LR = 5 POTS kit fE, (H7E
—#41396 45 POTS & A 1 BlHi2 o A Bz
MR R, )4 POTS ' Furin #8328 2[RI
() AR L VI R ML A T i — 2D ISR
3.5 Furin SEMOMEHER

— T A I R 5E ) & B, Furin 5 200 )1
1% (acute myocardial infarction, AMI) H # Y 4
%T‘:ﬁ%ﬂgk@'b[ﬂl%$ﬁ:$ﬁéé, B Furin 7K1
T TR SO WU BE B8 3 B R T2 3R FLC 1
Foftk, RS TR R R bR B
FERI, B F Sk BE 7 5, Furin 78 3 3 Ik 1)
FERFEAR T HAMH Furin (43235 )5 8510 R & 1)
TE WURNB A DG Sf A FNER 1 R 3G T, 32 30 ke e
AR, BAh, Furin 38 i 4 1L yBNP #% 1k
Sy BNP-45 , i 50 LA Mg i JE R A= K 7 2 A
BEDRs EB A b, Furin 7K 5.0 148 R REAHSET
A PR 1 o JEE 5 2 W B g o 1026 P 380 1
MIFAAE , BA BB M BIE R, X 487K Furin 585K
o O IEE A A A A OCIEG , {EAT 56 Furin 7EKE IR G
PR ISR BT 58 18 R ILAHGE

4 BERSRE

AT /R T Furin 750 L5 & F MZFhl
A8 RGN KA R Eh BAEZEER(E 1),
EAR AL 1 A 58 4 W1, JF HAA ¢ Furin A0 I
EHXR TR AR AR B, 45 %
AR X Furin AT RACIESE . D% F Furin &
— PR A DI, A 0 IR AL 7 R IR I TA
QF K Furin 5.0 8 & B MBF5E 9 2k — D5
R, REE B Furin 760 L5 R 58 3R 15 10 B 25 F
P @ HHEIA X Furin 5.0 M5 RGBT R E R

JRBR, 75 56 3% Furin 78880 M0 45 90 3 2R IA 1Y
Kl Bz D RE B 5T ; @ 38 4042 9 Furin 2 5 59 U115 £k
()R VR AR 1,8 0 IS 5895 1) 43 ML B2 AR
HIEE ; @A SCRRTE ), Furin 7] DL 037 76 5% 75
YL F OIS R AR HLE 0T e 508 e
i E Spike % /75 T Furin/ACE2 {55 fli Ay &1+
FH 2R Furin A] GEZE BT 708 35 A9 00 100480908 T ACAE
B iA A S TE R VE T @ @ A H RS 5 19 Furin 51046
FRTF R AEAFIRE . 2480, Furin 76 R A 57 08 52
AL Z I GV  (HAE O A U b R AT T A
BEL, B 1] Furin B AR 55 38 BB A 00 048795 95 1 70
B AN YT R AT Y B i
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Figure 1. Schematic diagram of the relationship between

Furin and cardiovascular system diseases

[ &% 3Hk]

[1] FULLER R S, BRAKE A J, THORNER J. Intracellular targe-
ting and structural conservation of a prohormone-processing
endoprotease[ J]. Science, 1989, 246(4929) . 482-436.
TIMMERS P R, MOUNIER N, LALL K, et al. Genomics

of 1 million parent lifespans implicates novel pathways and

2

[

common diseases and distinguishes survival chances[]].
Elife, 2019, 8. €39856.

[3] BOON L, UGARTE-BERZAL E, VANDOOREN J, et al.
Protease propeptide structures, mechanisms of activation,
and functions[ J]. Crit Rev Biochem Mol Biol, 2020, 55
(2): 111-165.

[4] ZHAO G, YANG W, WU J, et al. Influence of a coronary
artery disease-associated genetic variant on FURIN expression
and effect of furin on macrophage behavior[ J ]. Arterioscler
Thromb Vasc Biol, 2018, 38(8) : 1837-1844.

[5] DUPAYS L, TOWERS N, WOOD S, et al. Furin, a tran-

scriptional target of NKX2-5, has an essential role in heart de-



CN 43-1262/R 1 [E sh ik fb42ids 2022 4F55 30 525 8 1)

735

velopment and function[ J]. PLoS One, 2019, 14(3) : e0212992.
[6] ZHENG M, STRECK R D, SCOTT R E, et al. The devel-
opmental expression in rat of proteases furin, PCl1, PC2,
and carboxypeptidase E: implications for early maturation
of proteolytic processing capacity [ J]. J Neurosci, 1994,
14(8) : 4656-4673.
ZELLER R, BLOCH K D, WILLIAMS B S, et al. Local-

—
~
[

ized expression of the atrial natriuretic factor gene during
cardiac embryogenesis [ J ]. Genes Dev, 1987, 1(7):
693-698.

KAWAKOSHI A, HYODO S, NOZAKI M, et al. Identifica-

—
o]
[

tion of a natriuretic peptide (NP) in cyclostomes (lamprey
and hagfish) : CNP-4 is the ancestral gene of the NP family
[J]. Gen Comp Endocrinol, 2006, 148(1) ; 41-47.

CHANG H M, CHENG J C, KLAUSEN C, et al. Recom-
binant BMP4 and BMP7 increase activin A production by

—
=]
[

up-regulating inhibin BA subunit and furin expression in
human granulosa-lutein cells[ J]. J Clin Endocrinol Metab,
2015, 100(3) : E375-E386.

[10] KIM H S, NEUGEBAUER J, MCKNITE A, et al. BMP7
functions predominantly as a heterodimer with BMP2 or
BMP4 during mammalian embryogenesis [ J ]. Elife,
2019, 8. e48872.

[11] QU X, LIU Y, CAO D, et al. BMP10 preserves cardiac
function through its dual activation of SMAD-mediated and
STAT3-mediated pathways[ J]. J Biol Chem, 2019, 294
(52): 19877-19888.

[12] CHEN H, SHI S, ACOSTA L, et al. BMP10 is essential
for maintaining cardiac growth during murine cardiogenesis
[J]. Development, 2004, 131(9); 2219-2231.

[13] ZHU S, QIU H, BENNETT S, et al. Chondromodulin-1
in health, osteoarthritis, cancer, and heart disease[ ] ].
Cell Mol Life Sci, 2019, 76(22) . 4493-4502.

[14] KIM W, ESSALMANI R, SZUMSKA D, et al. Loss of
endothelial furin leads to cardiac malformation and early
postnatal death [ J ]. Mol Cell Biol, 2012, 32 (17):
3382-3391.

[15] MURATA K, KINOSHITA M. Establishment of proprotein
convertase, furin A knocked-out lines in medaka, oryzias
latipes, and unique form of medaka furin-like prorprotein
convertase ( mfIPC) [ J]. Comp Biochem Physiol C
Toxicol Pharmacol, 2015, 178 169-180.

[16] BRRIAE, Tk 4, A, g i e (G s ko
FEREACROBE ST [ T]. P EZIKEE IR, 2020, 28
(1): 74-80.
CHEN Y F, SHEN W, SHI H M. Advances in studies on
macrophage immunometabolism and atherosclerosis [ J].
Chin J Arterioscler, 2020, 28(1) : 74-80.

[17] STAWOWY P, KALLISCH H, BORGES P N, et al. Im-

(18]

[19]

(20]

[21]

[22]

(23]

[24

[

[25]

[26]

[27]

munohistochemical localization of subtilisin/kexin-like pro-
protein convertases in human atherosclerosis[ J]. Virchows
Arch, 2005, 446(4) : 351-359.

PESU M, MUUL L, KANNO Y, et al. Proprotein conver-
tase furin is preferentially expressed in T helper 1 cells
and regulates interferon gamma|[ J]. Blood, 2006, 108
(3): 983-985.

YAKALA G K, CABRERA-FUENTES H, CRESPO-AVI-
LAN G E, et al. FURIN inhibition reduces vascular re-
modeling and atherosclerotic lesion progression in mice
[J]. Arterioscler Thromb Vasc Biol, 2019, 39 (3):
387-401.

BAUMANN J, HUANG S F, GASSMANN M, et al.
Furin inhibition prevents hypoxic and TGFB-mediated
blood-brain barrier disruption[ J]. Exp Cell Res, 2019,
383(2) . 111503.

YANG X, YANG W, MCVEY D G, et al. FURIN ex-
pression in vascular endothelial cells is modulated by a
coronary artery disease-associated genetic variant and in-
fluences monocyte transendothelial migration[ J]. J Am
Heart Assoc, 2020, 9(4) . e014333.

RICCI C, RUSCICA M, CAMERA M, et al. PCSK9 in-
duces a pro-inflammatory response in macrophages [ J ].
Sci Rep, 2018, 8(1) . 2267.

TURPEINEN H, SEPPALA 1, LYYTIKAINEN L P, et
al. A genome-wide expression quantitative trait loci
analysis of proprotein convertase subtilisin/kexin enzymes
identifies a novel regulatory gene variant for FURIN ex-
pression and blood pressure[ J]. Hum Genet, 2015, 134
(6): 627-636.

INTERNATIONAL CONSORTIUM FOR BLOOD PRES-
SURE GENOME-WIDE ASSOCIATION STUDIES, EHRET
G B, MUNROE P B, et al. Genetic variants in novel path-
ways influence blood pressure and cardiovascular disease
risk[ J]. Nature, 2011, 478(7367) : 103-109.
NAKAYAMA K. Furin: a mammalian subtilisin/Kex2p-
like endoprotease involved in processing of a wide variety
of precursor proteins[ J]. Biochem J, 1997, 327(Pt3):
625-635.

GONZALEZ A A, PRIETO M C. Renin and the ( pro)re-
nin receptor in the renal collecting duct: role in the patho-
genesis of hypertension[ J]. Clin Exp Pharmacol Physiol,
2015, 42(1); 14-21.

FATHY S A, ABDEL HAMID F F, ZABUT B M, et al.
Diagnostic utility of BNP, corin and furin as biomarkers
for cardiovascular complications in type 2 diabetes mellitus
patients[ J ]. Biomarkers, 2015, 20(6/7) ; 460-469.
ZACHAR R, MIKKELSEN M K, SKJ@DT K, et al. The

epithelial Na* channel - and vy-subunits are cleaved at



736

ISSN 1007-3949 Chin J Arterioscler, Vol. 30, No. 8,2022

[32]

[33]

[36]

predicted furin-cleavage sites, glycosylated and membrane
associated in human kidney [ J]. Pflugers Arch, 2019,
471(11/12) ; 1383-1396.

LI'Y, SHEN X Z, LI L, et al. Brain transforming growth
factor-f3 resists hypertension via regulating microglial acti-
vation[ J|. Stroke, 2017, 48(9) . 2557-2564.
RANDELL A, DANESHTALAB N. Elastin microfibril in-
terface-located protein 1, transforming growth factor beta,
and implications on cardiovascular complications [ J ]. J
Am Soc Hypertens, 2017, 11(7) ; 437-448.

Zel & ATBOT, BRI, A% A KR T R
B DL IS PR B R ISR [T ], AR
MR IS4, 2011, 13(10) ; 922-924.

CEN CF, ZHU S F, CHEN F Y, et al. Effects of angio-
tensinll on furin expression in cultured rat vascular smooth
muscle cells[ J]. Chin J Geriatr Heart Brain Vessel Dis,
2011, 13(10) ; 922-924.

NISHIKIMI T, NAKAGAWA Y, MINAMINO N, et al.
Pro-B-type natriuretic peptide is cleaved intracellularly .
impact of distance between O-glycosylation and cleavage
sites( J]. Am J Physiol Regul Integr Comp Physiol,
2015, 309(6) : R639-R649.

POLLOK N E, RABIN C, WALGAMA C T, et al. Elec-
trochemical detection of NT-proBNP using a metalloimmu-
noassay on a paper electrode platform [ J]. ACS Sens,
2020, 5(3) : 853-860.

WU C, WU F, PAN J, et al. Furin-mediated processing
of pro-C-type natriuretic peptide[ J]. J Biol Chem, 2003,
278(28) : 25847-25852.

SAWADA Y, INOUE M, KANDA T, et al. Co-elevation
of brain natriuretic peptide and proprotein-processing en-
doprotease furin after myocardial infarction in rats [ J].
FEBS Lett, 1997, 400(2) . 177-182.

WU J, JACKSON-WEAVER O, XU J. The TGFB super-

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

(M SC

family in cardiac dysfunction[ J]. Acta Biochim Biophys
Sin (Shanghai) , 2018, 50(4) : 323-335.

WANG J, HUANG W, XU R, et al. MicroRNA-24 regu-
lates cardiac fibrosis after myocardial infarction[J]. J
Cell Mol Med, 2012, 16(9) : 2150-2160.

BRYARLY M, PHILLIPS L' T, FU Q, et al. Postural or-
thostatic tachycardia syndrome; JACC focus seminar[ J].
J Am Coll Cardiol, 2019, 73(10) : 1207-1228.

SPAHIC J M, RICCI F, AUNG N, et al. Proconvertase
furin is downregulated in postural orthostatic tachycardia
syndrome[ J]. Front Neurosci, 2019, 13 301.

CAO R, ZHANG Y, DU J, et al. Increased FURIN expres-
sion in rheumatoid arthritis patients and its anti-inflammatory
effect[ J]. J Clin Lab Anal, 2020, 34(12) : €23530.
WANG Y K, TANG J N, HAN L, et al. Elevated FURIN
levels in predicting mortality and cardiovascular events in
patients with acute myocardial infarction[ J]. Metabolism,
2020, 111 154323.

PELTONEN T O, TASKINEN P, SOINI Y, et al. Distinct
downregulation of C-type natriuretic peptide system in
human aortic valve stenosis [ J]. Circulation, 2007, 116
(11) . 1283-1289.

GALLO G, PRESTA V, VOLPE M, et al. Molecular and
clinical implications of natriuretic peptides in aortic valve
stenosis[ J]. J Mol Cell Cardiol, 2019, 129. 266-271.
SAWADA Y, SUDA M, YOKOYAMA H, et al. Stretch-
induced hypertrophic growth of cardiocytes and processing
of brain-type natriuretic peptide are controlled by propro-
tein-processing endoprotease furin [ J ]. J Biol Chem,
1997, 272(33) . 20545-20554.

MING Y, QIANG L. Involvement of spike protein, furin,
and ACE2 in SARS-CoV-2-Related cardiovascular compli-
cations[ J]. SN Compr Clin Med, 2020 1-6.

ZIHF)



